January 2009

Benzoylpyruvates in Heterocyclic Chemistry 1

Jens M. J. Nolsoe and Dirk Weigelt*

Medicinal Chemistry, Local Discovery Research Area CNS and Pain Control, AstraZeneca R&D
Sodertilje, Sodertilje SE-151 85, Sweden
*E-mail: dirk.weigelt@astrazeneca.com
Received June 9, 2008
DOI 10.1002/jhet.15
Published online 11 February 2009 in Wiley InterScience (www.interscience.wiley.com).

O

HN—N
RO X I

O

N
Z

The present review covers the utility of benzoylpyruvates as a vehicle for the preparation of highly
functionalized heterocycles. Regio- and chemoselective features are discussed with reference to the
application of different nucleophilic species. In this context, the preparation of such rings as pyrazoles,
isoxazoles, primidines, and pyridines are presented. As the means to establish a distinct functional pat-
tern, the rendered strategy can be seen as an alternative to cross-coupling protocols.

J. Heterocyclic Chem., 46, 1 (2009).

INTRODUCTION

4-Aryl-2,4-dioxobutyrates are formally derivatives of py-
ruvic acid and are as such trivially referred to as benzoylpyr-
uvates. Being endowed with multiple functionalities, they
are important synthetic precursors, capable of interacting
with both electrophilic as well as nucleophilic reagents. In
particular, in the latter case they offer a versatile scaffold on
which to mould annulated rings carrying distinct structural
features. This versatility draws its impetus from the conspic-
uous qualitative differences between the three carbonyl func-
tionalities, which makes regio- and chemoselective discrimi-
nation possible. Through a judicious matching of the applied
nucleophilic species, the mode of annulation may be pre-
dicted, rendering a powerful tool for the construction of a va-
riety of heterocyclic compounds. For example, the approach

has found its use in the preparation of pyrazoles, isoxazoles,
pyrimidines, and pyridines carrying a y-aryl ester motif.

From a pharmaceutical point of view, the spatial
arrangement of substituents conferred on heterocycles via
benzoylpyruvate chemistry is highly interesting, since it
can give rise to pronounced biological activity. Within the
compound classes covered by pyrazoles, isoxazoles, pyri-
midines, and pyridines, such diverse effects are observed
as GPCR antagonism [1-4], ion-channel modulation [5]
and kinase inhibition [6,7].

GENERAL CONSIDERATIONS

The ambivalent electrophilic nature of benzoylpyru-
vates resides on the presence of three interrelated
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a-Keto ester

[-Diketone

Figure 1. Dual nature of benzoylpyruvates.

carbonyl entities, capable of modulating and accentuat-
ing the individual electronic character through inductive
and tautomeric effects. Embedded within the framework
of the benzoylpyruvates are both the structural features
of a-keto esters and P-diketones (Fig. 1). As a conse-
quence, the chemistry of benzoylpyruvates may be
expected to resonate this dual relationship.

In the case of ao-keto esters 2, the adjacent carboxyl
moiety imparts the ketone with an enhanced electro-
philic character due to its inductive withdrawal. How-
ever, this may be moderated by the presence of active
protons due to keto/enol tautomerisation between 2 and
3 (Scheme 1).

In the case of B-diketones 4, sharing an active methyl-
ene group enables both carbonyl functionalities to undergo
keto/enol tautomery between 4, 5, and 6, effectively form-
ing a Michael acceptor. To what extent the incipient
groups are electronically distinguishable, i.e. the regio-
chemical preference leading to either 5 or 6, depends on
the peripheral substitution pattern (Scheme 2).

Combining the two features of the disseminated struc-
ture, yields a supposition on the reactivity of benzoyl-
pyruvates, where the cooperative effect renders the posi-
tion adjacent to the ester most susceptible to attack by
nucleophiles (Scheme 3). Thus, in terms of regioselec-
tivity, the outcome seems predictable.

If the applied nucleophile contains multiple activity,
i.e. an ambident nucleophile like 10, benzoylpyruvates
can form rings via a formal cyclodehydration process.
However, the annulation might either involve reaction
on the ketone or on the ester, leading to 11 or 12,
thereby posing a chemoselective issue (Scheme 4).
What is immediately evident is that the two reactive
modes will result in different ring sizes and hence mak-

Scheme 1. Keto/enol tautomery in o-keto esters.

5
0 O,H\
O
R'\)H‘/OR I R'\)\/(
3+ =
2 3 o

Journal of Heterocyclic Chemistry

Vol 46

Scheme 2. Keto/enol tautomery in B-diketones.
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ing allowance for kinetic versus thermodynamic control.
In particular, the added stability originating from
resonance energy, aromatization favors the formation of
a y-aryl ester motif 11. Thus, the linker that joins the
nucleophilic ‘‘warheads” and indeed the nature of
the “‘warheads” themselves decide the direction of
annulation.

Because of the structural features exhibited by ben-
zoylpyruvates, expectedly both acid and base catalysis
may advance the cyclodehydration.

The benzoylpyruvates themselves are readily prepared
by reacting enol ates of the corresponding acetophenone
with a suitable oxalic diester [8§—10]. In this respect, lith-
ium enol ates offer a particular advantage by allowing
the desired product to be isolated as a solid, shelf-sta-
bile, 1:1 lithium complex. Generally, the protocol can
be used to furnish benzoylpyruvates with an aryl moiety
carrying either electron donating or electron withdraw-
ing substituents [10]. Considering the number of com-
mercially available acetophenones, benzoylpyruvates as
a class do indeed constitute a diverse starting point for
the preparation of heterocycles incorporating an aryl
motif.

N,N'-DINUCLEOPHILES

Linked directly. Hydrazine 14 and its monosubsti-
tuted derivatives react smoothly with benzoylpyruvates
in a highly chemoselective manner to afford 3,5-difunc-
tionalized pyrazoles. In the simple case of hydrazine 14

Scheme 3. Expected tautomeric contributions in benzoylpyruvates.
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Scheme 4. Possible outcomes of reaction between benzoylpyruvates
and dinucleophiles.
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itself the regiochemical feature is void and the reaction
proceeds to yield only one product [11-16]. As the start-
ing benzoylpyruvate, exemplified by 13, provides the
carbon framework in its entirety, densely functionalized
pyrazoles like 15 can be obtained in this manner
(Scheme 5) [11,12,15,16].

On the other hand, attaching a substituent on hydra-
zine 14 could a priori be expected to give rise to regio-
chemical ambiguity. In practice, there is generally an
accentuated preference, favoring formation of the 1-sub-
stituted pyrazole 18 over the 2-substituted pyrazole 19,
when arylhydrazines 17 are employed [17-19]. Nonethe-
less, the regioselectivity is subject to some extent of
electronic modulation, both in terms of the substitution
pattern on the benzoylpyruvate 16, as well as on the
arylhydrazine 17 (Scheme 6) [10]. Thus, with regard to
matching the condensing partners, the regioselectivity is
enhanced when an electron rich benzoylpyruvate 16
reacts with an electron poor arylhydrazine 17.

Taking advantage of the observed regiochemical pref-
erence, it is possible to invert the outcome of the reac-
tion. Thus, transiently blocking the a-position in 20 as
an oxime 21, prior to performing the cyclodehydration
step, allows the selective preparation of 2-substituted
pyrazoles 24 (Scheme 7) [20].

Switching from an aryl to an alkyl substituent on hy-
drazine 14 may influence the regioisomeric distribution,
for electronic reasons residing on the dinucleophile. On
the other hand, interplay of steric factors can act as a

Scheme 5. Example on reaction between benzoylpyruvates and
hydrazine.
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Scheme 6. Observed regioselectivity in reactions between benzoylpyr-
uvates and arylhydrazines.
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counter to the erosion. Thus, in the case of bulky alkyl
substituents, like cyclohexyl, the selectivity matches that
which is observed for arylhydrazines 17 (vide supra)
[21]. However, as expected when steric demand
becomes smaller, reacting a benzoylpyruvate with a

Scheme 7. Example on path leading to inverted regioselectivity in
reactions between benzoylpyruvates and arylhydrazines.
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Scheme 8. Example on erosion of regioselectivity in the reaction with
sterically nonencumbered alkylhydrazines.
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non-bulky alkylhydrazine 26 significantly increases the
amount of 2-substituted pyrazole 28 (Scheme 8) [22,23].

Linked by one unit. The category of N,N’'-dinucleo-
philes mutually appended to a central atom is generally
restricted to compounds carrying a linker consisting of
an sp’-hybridized carbon. Thus, within that scope fall
several interesting structural families, like amidines 29a
(R = H, alkyl or aryl), isoureas 29b (R = O-alkyl or O-
aryl), guanidines 29¢ (R = NH,, NH-alkyl, NH-aryl
etc.) and ureas 30 (R = O or S). However, the majority
of these dinucleophiles have as yet not seen any use in
the chemistry of benzoylpyruvates, although having
been applied to other B-diketones [24-27]. Resulting in
the formation of an aromatic or latent aromatic system,
the reaction should accordingly be highly favored, yield-
ing 2,4,6-trifunctionalized pyrimidines 31 or derivatives
thereof (Scheme 9).

Amongst the examples following the delineated strat-
egy, is the synthesis of pyrimidin-2-ones like 34. Thus,
the presence of base has been used to promote conden-
sation between a benzoylpyruvate 32 and urea 33
(Scheme 10) [28].

In a similar fashion, condensation between a
benzoylpyruvate 35 and guanidine 36 gives an entry

Scheme 9. Strategy leading to 2,4,6-trisubstituted pyrimidines.
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Scheme 10. Example on preparation of pyrimidin-2-ones.
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to the imprinted 2-aminopyrimidine 37 (Scheme 11)
[29].

On the other hand, the N,N’-dinucleophile may be
encased within a cyclic framework. Thus, the amidine
and the guanidine make-up can be found as an integral
part of heterocyclic amines, like in 2-aminopyrrole 38a
(X=H, Y =H, and Z = H,) and in 2-aminoimidazole
38b (X =H, Y = H, and Z = N) (Fig. 2).

Reaction between benzoylpyruvates and five-mem-
bered aza-heterocyclic amines may offer an entry to a
variety of [a]-fused pyrimidines, in consonance with the
regiochemical supposition. An illustration of this strat-
egy is cyclodehydration involving 3-aminopyrazole 40,
which affords only pyrazolo[l,5-a]pyrimidine 41
(Scheme 12) [30].

Scheme 11. Example on preparation of 2-aminopyrimidines.
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Figure 2. Five-membered aza-heterocyclic amines as potential N,N'-
dinucleophiles with a one-unit linker.

Linked by two units. The selection of potentially ap-
plicable N,N’'-dinucleophiles carrying a two-unit linker is
wide in terms of a cyclodehydration sequence on ben-
zoylpyruvates. Considering the acyclic case, the linker
may contain both carbon and heteroatom in combina-
tion, as well as varying in terms of hybridization, i.e. C-
sp> versus C-sp>. Accordingly, N,N’-dinucleophiles such
as ethylene diamines 42, a-amino amides 43 (X = O or
S), aminoamidines 44, semicarbazides 45a (X = O or
S), and aminoguanidines 45b (X = NH) fall within this
category (Fig. 3).

In contrast to the N,N'-dinucleophiles carrying shorter
linkers, the product will not be aromatic when condensa-
tion involves the PB-diketo moiety of the benzoylpyru-
vate. This mode of cyclisation will only lead to a labile
seven-membered diimine. On the other hand, when con-
densation takes place across the a-keto ester moiety, the
resulting annulet may or may not be aromatic. This
mode of cyclisation leads however to a stabile six-mem-
bered ring containing a lactam function. As a conse-
quence the observed chemoselectivity is altered relative
to the previous examples (vide supra). Several of the
dinucleophilic types listed in Figure 3 have been reacted
with benzoylpyruvates and in all cases annulation
involved the o-keto ester moiety [31-34]. Examples on
these reactions are rendered in Scheme 13. Reactions
involving ethylene diamines 49 or o-amino acrylamides
51 lead to piperazine-2-one derivatives like 50 and 52.
Similarly, reaction with semicarbazides 47 and amino-
amidine 53 lead to 1,2,4-triazine-5-one derivatives like
48 and 53. An important feature is the generation of a

Scheme 12. Example on cyclodehydration involving cyclic N,N'-dinu-
cleophiles with a one-unit linker.
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Figure 3. Selection of N,N'-dinucleophiles with a two-unit linker.

v-related diketonoid motif that may be utilized in a sec-
ond cyclodehydration step [34].

For the cyclic N,N'-dinucleophiles carrying a two-unit
linker, the number of feasible candidates resonate the
acyclic counterpart. In addition, the two amino groups
may be joined through an ethene bridge, as is the case
with aromatic systems containing vicinal amines.
Accordingly, 3-functionalized 1H-quinoxaline-2-ones 57
can be made by reacting benzoylpyruvates 55 with a
1,2-aminobenzene 56 (Scheme 14) [35-39].

In some cases, the ethene bridged diamines need not
an aromatic framework as support. For instance,
benzoylpyruvates react with 5,6-diaminopyrimidine-2,
4-dione derivatives 59, yielding dihydropteridine-2,4,6-
trione 60 and 61 (Scheme 15) [40]. It has been demon-
strated that, depending on whether the reaction media is
basic or acidic, it is possible to influence the

Scheme 13. Summary of examples on cyclodehydration involving acy-
clic N,N'-dinucleophiles with a two-unit linker.
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Scheme 14. Example on cyclodehydration involving cyclic N,N'-dinu-
cleophiles carrying a two-unit linker.
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regioselectivity residing on the non-symmetrical nature
of the N,N'-dinucleophile.

N,O-DINUCLEOPHILES

Linked directly. Because of the monovalent nature
of oxygen, the category comprising directly linked N,O-
dinucleophiles is limited to only one member, namely
hydroxylamine 62. However, the reaction between ben-
zoylpyruvates and hydroxylamine 62 is facile, proceed-
ing with both excellent regio- and chemoselectivity to
afford the corresponding 5-arylisoxazole-3-carboxylic
esters 63 (Scheme 16) [41-44]. Accordingly, the
sequence of attack is therefore in adherence to what is
expected of a Michael acceptor, where the softer amino
group takes precedence over the hard oxygen.

Scheme 15. Example on regiochemical control involving cyclodehy-
dration with N,N’-dinucleophiles carrying a two-unit linker.
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Scheme 16. Example on cyclodehydration involving directly linked
N,O-dinucleophiles.
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Linked by one unit. Compounds filling the role as
potential N,0-dinucleophiles appended with a one-unit
linker are difficult to conceive. Thus, by analogy, when
a B-diketone 64 is treated with ammonium carbamate
65, the reaction results in quantitative formation of the
corresponding o,B-unsaturated 1,3-aminoketone 66 [45].
Evidently, decomposition of either the prospect N,O-
dinucleophile or any of the condensed intermediates pre-
clude formation/isolation of a 1,3-oxazin-2-one, yielding
instead B-enaminone 66 (Scheme 17).

Linked by two units. As in the deliberations for the
N,N'-dinucleophiles with a two-unit linker (vide supra),
the same general considerations do apply for the N,O-
dinucleophiles. In the acyclic case, one would therefore
expect species like 2-aminoethanols and glycolamides to
react with benzoylpyruvates following the hard/soft
argument, affording dihydro-1,4-oxazine-2-ones and 1,4-
oxazine-2,5-diones, respectively, via condensation across
the o-keto ester moiety. However, apparently the litera-
ture does not contain any such examples.

Cyclic N,O-dinucleophiles appended by a two-unit
linker are restricted to 2-aminophenols. Thus, when a
benzoylpyruvate 55 reacts with 2-aminophenol 67 itself,
the result is formation of the corresponding 1,4-benzoxa-
zine-2-one 68 (Scheme 18) [46-48].

C,N-DINUCLEOPHILES

Linked directly. In the strict sense, directly linked
C,N-dinucleophiles do not exist. However, some species
might serve as surrogates to fulfill this purpose. One
example is the radical anions, generated from imines or
hydrazones in the presence of Ti(0), that react with -

Scheme 17. Analogous example on reaction with a prospect N,O-
dinucleophile.
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Scheme 18. Example on cyclodehydration involving cyclic N,0-dinu-
cleophiles carrying a two-unit linker.
R
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55 Yields, 54 t0 92%
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4-F, 4-Cl, 4-Br,
4-NO,
R'=4-SO,Et

diketones to afford N-substituted pyrroles [49]. Another
example is prodinucleophiles, such as 2-aminomethyl-
pyridines, which are capable of reacting via an incipient
active methylene, condensing with B-diketones to form
2-(2-pyridyl)pyrroles [50]. As yet, their extension to
benzoylpyruvates has not been reported.

Linked by one unit. The C,N-dinucleophiles contain-
ing a one-unit linker are in principle diverse and the
scope is wide, because it will afford substituted pyri-
dines. In terms of regiochemistry, the directional prefer-
ence of the cyclodehydration is perceivably unambigu-
ous: The soft C-nucleophile is expected to attack at the
benzoylpyruvate o-position, followed by annulation via
the N-nucleophile on the y-position. Thus, in the acyclic
case, examples involving condensation with certain acet-
amide derivatives and enamines like 69 have appeared,
resulting in the formation of pyridines 70 functionalized
in the 2-,3-4-, and 6-position (Scheme 19) [51-53].
This approach provides an expedient entry to densely
ornamented pyridines.

Acetamidines carrying an electron withdrawing sub-
stituent may participate in a cyclodehydration sequence
with B-diketones. This process is commonly referred to
as Guareschi-Thorpe condensation [54]. An account of
its application to benzoylpyruvates has been reported,
involving reaction with nitroacetamidine 71 to afford
pyridine 72 (Scheme 20) [55]. Subsequent elaboration

Scheme 19. Example on cyclodehydration involving acyclic C,N-dinu-
cleophiles carrying a one-unit linker.
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Scheme 20. Example on Guareschi-Thorpe condensation involving
benzoylpyruvates.
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via reduction of the nitro group can then be used to fur-
nish fused pyridines.

Applied to the cyclic case, in addition to performed
enamines, aromatic amines could conceivably also serve
as C,N-dinucleophiles. However, due to the relatively
poor C-nucleophilicity, one would expect the amino
group to take precedence. Formally, this type of cyclo-
dehydration would be classified as a variation of the
Skraup-Doebner-von Miller quinoline synthesis [56].
The major difference is the expected regiochemical out-
come, since it is projected to occur with opposite sense
of what is generally observed for the classical reaction.
A route involving benzoylpyruvates would thus offer a
complement in the preparation of substituted quinolines.
Unfortunately, only the first step of the sequence leading
to intermediate B-enaminone 75 has been demonstrated,
emphasising that the critical point is the C-nucleophilic-
ity (Scheme 21) [57]. Instead of yielding pyridine 76,
the overall sequence leads to annulation across the o-
keto ester moiety, affording 77. By analogy, the reaction
between benzoylacetones and electron rich anilines is
facile under acidic conditions [58].

Scheme 21. Reaction with a prospective cyclic C,N-dinucleophile car-
rying a one-unit linker.
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Scheme 22. Example on cyclodehydration involving cyclic C,N-dinu-
cleophiles carrying a one-unit linker.
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The reaction with performed cyclic enamines is none-
theless a facile process. In this case, the regiochemistry
corresponds to that observed with acyclic enamines.
Thus, when treating a benzoylpyruvate 39 with cyclo-
hexane-1,3-dione 78 in the presence of an ammonia
source, the reaction yields quinoline derivative 79
(Scheme 22) [59].

Linked by two units. Literature does not contain any
example on the application of C,N-dinucleophiles with a
two-unit linker, neither in relation to benzoylpyruvates
nor B-diketones.

MISCELLANEOUS

The preparation of heterocyclic compounds from ben-
zoylpyruvates needs not be limited to condensation
entailing dinucleophilic species. An example is the reac-
tion between malononitrile 80 and benzoylpyruvate 32
(Scheme 23) [28]. The incipient enol ate, formed by ini-
tial conjugate addition, attacks in turn one of the elec-
trophilic nitriles to render a 3,4,6-functionalized pyran-
2-one 81. Therefore, within this context, reactants com-

Scheme 23. Example on cyclodehydration via mixed mode.

0 O
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Journal of Heterocyclic Chemistry

Vol 46

Scheme 24. Example on 1,3-dipolar cycloaddition on benzoyl-
pyruvates.

o 40 10 60 °C
Yield, 14%

58

Scheme 25. Example on intramolecular cyclodehydration.
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NaOQAc
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Yield, 94%

bining both nucleophilic and electrophilic features offer
an alternative mode to form highly substituted rings.

Another aspect related to the partially unsaturated na-
ture bestowed on benzolpyruvates by the B-diketo moi-
ety is a certain proclivity to engage with 1,3-dipoles.
Thus, when treated with an organic azide, benzoylpyru-
vates may react to form cycloadducts, like 1,2,3-triazole
82 (Scheme 24) [60].

Benzoylpyruvates may themselves serve as cyclic pre-
cursors in the absence of external nucleophiles. With
heteroatoms located at the 2-position of the aryl moiety,
as in the case of 83, it is possible to obtain fusion by
intramolecular cyclodehydration across the a-keto group.
This approach has been used to prepare chromone esters
like 84 (Scheme 25) [61].

CONCLUSION

This review has highlighted the value of benzoylpyru-
vates as a synthetic template in the preparation of func-
tionalized heterocycles. In particular, the value is evi-
dent when considering strategies towards biaryls, as an
alternative to cross-coupling protocols.
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INTRODUCTION

Alzheimer’s disease (AD), the neurodegenerative syn-
drome first described by Alois Alzheimer in 1906, affects
more than 37 million people worldwide [1]. B-Amyloid
cleaving enzyme-1 (BACEI) is an aspartyl protease iso-
form which is the principle neuronal protease responsible
for the formation of AP fragments in the brain [2].
BACEI is an excellent target for antiamyloid AD therapy
and potent inhibitors of this enzyme have already been
reported [3]. However, first generation inhibitors based on
the peptidomimetic strategy showed problems related to
the nature of their structure, such as blood-brain barrier
crossing, poor oral bioavailability, and susceptibility to P-
glycoprotein transport [4,5]. To overcome these difficulties,
new nonpeptidomimetic B-secretase inhibitors were
designed. After the discovery of the first nonpeptidomi-
metic inhibitors by Takeda Chemicals in 2001 [6], inten-
sive efforts in research by both institutional and industrial
laboratories resulted in the synthesis of hundreds of new
generation inhibitors. We here review the synthesis of the
most significant inhibitors, with particular emphasis on
those developed by pharmaceutical companies.

ISOPHTHALAMIDE-BASED INHIBITORS

Elan Pharmaceuticals synthesized a variety of hydro-
xyethylene (HE) BACEI inhibitors bearing the optimal

isophthalamide N-terminus of the statin series and dif-
ferent C termini at the P1’ substituent. As an example,
compound 1 inhibited BACE1 at 50 nM concentration
[7]. Reaction of 3,5-difluorobenzaldehyde with vinyl-
magnesium bromide according to Orito [8] afforded 3-
(3,5-difluorophenyl)-1-propen-3-ol which was treated
with diethyl malonate in the presence of titanium tet-
racthoxide to give ethyl 4-(3,5-difluorophenyl)-3-bute-
noate 2. Ester 2 underwent alkaline hydrolysis to the
acid which was transformed into the corresponding acid
chloride 3 with thionyl chloride. Coupling reaction of 3
with (1R,2R)-(-)-pseudoephedrine in the presence of tri-
ethylamine (TEA) and subsequent treatment of 4 with
ethyl bromide in the presence of lithium diisopropyl-
amide (LDA) and LiCl afforded a compound, which on
treatment with N-bromosuccinimide (NBS) and AcOH
at reflux underwent intramolecular lactonization to give
5. The bromide was transformed to the corresponding
azide by nucleophilic attack with sodium azide and con-
comitant inversion of the alpha chiral center. The azide
was reduced with hydrogen in the presence of palladium
as a catalyst and protected with bis-(zert-butoxycarbony-
Danhydride to give a compound, which then was treated
with trifluoroacetic acid to afford 6. N-Ethyl-N'-(3-dime-
thylaminopropyl)carbodiimide (EDC)/1-hydroxy-benzo-
triazole (HOBt) amide coupling to the isophthalamide
furnished the lactone 7. Finally, 7 was ring-opened
using trimethylaluminum and the required amine to pro-
vide 1 (Scheme 1) [7,9].
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HE transition state-based inhibitor was replaced by an
hydroxyethyl secondary amine (HEA) isosteric group in
order to improve cell-to-enzyme potency. Compound 8
was a potent cellular inhibitor of Af production (more
potent than the statin and the HE BACE inhibitors with
comparable enzyme potency) [10]. The synthesis of 8
was accomplished starting from the erythro (R)-amino
epoxide 9, which was transformed into the Boc-pro-
tected amino alcohol 10. Removal of the protecting
group under TFA acidic conditions (11) and subsequent
coupling reaction provided 8 (Scheme 2) [10].

Merck Research Laboratories synthesized HEA iso-
steres among potential HE motifs because of its lower
molecular weight and one less amide bond. In addition,
introduction of a sulfonamide group in a series of iso-
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phthalamides led to potent and selective BACE1 inhibi-
tors [11-18].

Compound 12 displayed excellent activity in both en-
zymatic (ICso = 15 nM) and cell-based assays (IC5g =
29 nM), but showed moderate BACE1/BACE2 selectiv-
ity [12]. Isophthalamide 12 was prepared from 5-amino-
isophthalic ester which was mesylated and then N-alky-
lated with methyl iodide to give 13. Alkaline hydrolysis
of 13 furnished the mono-ester which was coupled with
(R)-a-methylbenzylamine in the presence of (benzotria-
zol-1-yloxy)tris(dimethylamino)phosphonium hexafluor-
ophosphate (BOP)/N,N-diisopropylethylamine (DIPEA)
to furnish 14. Subsequent hydrolysis of the remaining
ester, and amide coupling of 15 with 1-benzyl-3-cyclo-
propylamino-2-hydroxypropylamine gave 12 (Scheme 3)
[12].

Analogues of 12 with both lower polar surface area
and fewer H-bond donor/acceptor groups showed better
pharmacodynamic and/or pharmacokinetic properties.
Compound 16 was synthesized as S3-truncated analogue
of 12, and showed excellent binding activity [16]. An
optimized synthesis of 16 is depicted in Scheme 4.
Methyl 3-nitrobenzoate was treated with N-iodosuccini-
mide (NIS) in triflic acid (TfOH) to produce methyl 5-
iodo-3-nitrobenzoate which was reduced to amine 17
with stannous chloride dihydrate. The aniline 17 was
mesylated and then methylated with iodomethane in the
presence of sodium hydride to give 18. One-pot hydro-
indation/Suzuki coupling reaction furnished (Z)-methyl
3-(2-cyclopropylvinyl)-5-(N-methylmethylsulfonamido)-
benzoate exclusively in 93% yield according to Oshima
and coworkers [19]. The ester intermediate was then
transformed into acid 19 by alkaline hydrolysis.

Scheme 2
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Reaction of 19 with the required amine in the presence
of BOP and DIPEA afforded 16 [16].

Either small alkyl groups or longer hydrophilic sub-
stituents at the P1’ region produced compounds endowed
with high BACEI inhibitory potencies, and selectivity
over BACE2 and human renin. Compound 20 was pre-
pared by reaction of iso-butylamine with N-Boc-L-ala-

Scheme 4
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nine and subsequent deprotection with gaseous HCI to
afford N-iso-butylalaninamide (21). This compound was
treated with N-Boc-L-phenylalanylaldheyde in the pres-
ence of sodium cyanoborohydride, and then deprotected
with HCI to give 22. Subsequent amide coupling of 22
with the appropriate benzoic acid in the presence of
BOP and DIPEA afforded 20 (Scheme 5) [17].

X-ray crystallographic data of the 12/BACE1 complex
revealed the presence of space in proximity of the P1
and P3 groups. This observation prompted the design of
macrocycles that would link these groups in an iso-
phthalamide-based inhibitor. Macrocyclic 23, which also
incorporated a Y[CH,NH]-reduced amide bioisosteric
group, exhibited high inhibitory potency (ICsy = 32 nM,
assayed as 1:1 diastereomeric mixture); however, in the
cell-based assay 23 was significantly less potent (IC5q =
5.4 uM) [18]. Compound 23 was synthesized by reaction
of 3-(N-methyl-methansulfonamido)-5-benzyloxycarbo-
nylbenzoic acid with 3-tyrosine methyl ester in the pres-
ence of BOP and DIPEA to produce phenol 24 which
was alkylated to 25 with fers-butyl (2-iodoethyl)carba-
mate. Deprotection of the benzyl ester using Pearlman’s
catalyst, followed by removal of the amino Boc protect-
ing group afforded the corresponding seco-acid 26. This
acid underwent macrocyclization to 27 in the presence
of BOP reagent and DIPEA. Subsequent two-steps trans-
formation of 27 into the corresponding aldehyde and
final reductive amination with (§)-2-amino-N-iso-butyl-
butanamide afforded 23 (Scheme 6) [18].

Efforts to improve potency culminated in the synthe-
sis of macrocycle 28 as a single diastereomer. As
BACEI]1 inhibitor, 28 (ICsy = 4 nM) was 8-fold more
potent than 23, and showed significantly improved
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apparent permeability. An elegant synthesis of 28 is
depicted in Scheme 7. Allylation of the iodoarene 29
under Stille conditions and subsequent hydrolysis of the
methyl ester provided benzoic acid 30. This acid was
coupled with (S)-3-allyl phenylalanine to furnish the
precursor 31. Macrocyclization was accomplished
through metathesis reaction using second-generation
Grubbs catalyst. Hydrogenation of the E-olefin 32 and
subsequent reduction of the ester using LiBH, provided
alcohol 33. The latter compound underwent Parikh-
Doering oxidation, and finally reductive amination with
N-isobutyl-L-norleucinamide to afford 28 [18].

ISONICOTINAMIDES

In an effort to improve CNS penetration and pharma-
cokinetic stability of BACEI inhibitors, Merck discov-
ered a series of highly potent and selective isonicotina-
mides [20-22]. The improvement in potency was due to
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the incorporation of a trans-methyl-cyclopropane P3 that
could be responsible for enhanced van der Waals con-
tacts within the context of a 10s-loop down BACEI
conformation. Noncapped compound 34 displayed
potent activity in both BACEl (ICso, = 11 nM) and
sAPP_NF cellular (IC590 = 38 nM) assays. Compound
34 was synthesized by reaction of methyl 2,6-dichloroi-
sonicotinate with N-methyl methylsulfonamide in the
presence of tris(dibenzylideneacetone)di-palladium(0)
(Pdy(dba);) and 9,9-dimethyl-4,5-bis (diphenylphosphi-
no)xanthene (xantphos) to afford the intermediate aryl-
sulfonamide 35. Amide 35 underwent alkaline hydroly-
sis to afford the corresponding carboxylic acid 36. Cross
coupling reaction of 36 with trans-1-methyl-2-benzyla-
minomethylcyclopropane in the presence of palla-
dium(O)tributyl-phosphine  (Pd/P(tert-Bu);) gave 37.
Aminoacid 37 was coupled with the amino azide in the
presence of N-(3-dimethylaminopropyl)-N'-ethylcarbo-
diimide (EDC), and then hydrogenated with concomitant
deprotection to provide 34 (Scheme 8) [20].

Scheme 7
O 0N
/S\N/\/ S N/
1. BuzSnAllyl,
Pd(PPhg)s
_ -
O 2 NaOH 0
OMe = OH
2 30
0\\5//0
o] PN
N
HQN\.:)J‘OMe M
= 2 Mes’N\rN‘M&s
. 0] e N
BOP, DIPEA Grubbs2

1. 80Py
Parikh-Doering Ox
—_——

2. o]
N

H,N
NaBH,CN

DOI 10.1002/jhet



14 G. La Regina, F. Piscitelli, and R. Silvestri Vol 46
Scheme 8 GUANIDINES

0, 0 Guanidines were also reported as f-secretase inhibi-
cl MeNHSO, Me e i tors [28—38]; among these, indoleacetic acid acyl guani-
NN . agggrtfgs N NaOH dine 44 inhibited BACE at <0.1 pM concentration [38].
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cl ct benzonitrile which was treated with sodium hexamethyl-
© 35 © disilazane (NaHMDS) and acetyl chloride to form 45
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¢l \\\\“‘wN 3,5-dichlorobenzylcarbamidoyl-carbamate ~ (47).  This
- © d © compound was coupled with 6-bromoindole-3-acetic acid
in the presence of HATU and DIPEA to give 48, which
37 after deprotection with TFA afforded 44 (Scheme 10)

1. Ny [38].
HzN\é/\/\/ o\\s,io _ High-throughput screening (HTS) of Wyeth’s com-
(g]/ 7N pound library by means of a FRET assay identified acyl-
EDC NT | guanidines as a new class of BACE] inhibitors (i.e., 49:
2. H, PAOH), BACE1 IC5q = 3.7 uM) [28]. Wyeth synthesized ana-

HETEROCYCLIC DERIVATIVES

Bristol-Myers Squibb synthesized heterocyclic deriva-
tives, i.e., pyrrolidine, pyrrolidinone, and azepinone
compounds as f-secretase inhibitors [23-27]. Compound
38 inhibited BACEI at concentration <0.1 pM [26].
Compound 38 was obtained by treatment of the starting
pyrrolidine derivative with rhodium tris(triphenylphos-
phine) chloride (Wilkinson’s catalyst) to afford (2R,4R)-
tert-butyl  2-((1S5,25)-2-benzyloxycarbonyl)-1-(tert-butyl
dimethylsilyloxy)-3-phenylpropyl)-4-hydroxypyrrolidine
-1-carboxylate (39). This compound was transformed
into the corresponding mesylate by reaction with metha-
nesulfonic acid in the presence of triphenylphosphine
and diethyl azodicarboxylate, and then treated with so-
dium propanethiolate to give the 4-propylthiopyrrolidine
derivative 41. After oxidation of sulfur to sulfone with
oxone (42), the Cbz protecting group was removed by
catalytic reduction with hydrogen (Pd/C) to give 43.
Coupling the amino group of 43 with 3-dipropylamino-
carbonyl-5-oxazol-2-yl-benzoic acid in the presence of
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU) and DIPEA gave a com-
pound which was deprotected with 4N HCI to provide
38 (Scheme 9) [26].

Journal of Heterocyclic Chemistry

logues 50-52 which were potent BACEI inhibitors.
With the exception of 49, these compounds were gen-
erally highly selective for BACEL over cathepsin and
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pepsin (ICsg > 50 pM). Compounds 49-53 were synthe-
sized from the 1,4-diones 54 which were coupled with
glycine methyl ester followed by alkaline hydrolysis to
give different 2-(2,5-disubstituted-1H-pyrrol-1- yl)-acetic
acids 55. Activation of the acid with 1,1’-carbonyldiimi-
dazole (CDI) and subsequent reaction with guanidine
hydrochloride gave 49-51 (Scheme 11). The substituted
acylguanidines 52 and 53 were prepared by reaction of
the corresponding pyrroleacetic acid 55 with 1H-pyraz-
ole-1-carboximidamide in the presence of CDI and sub-
sequent displacement of the pyrazole leaving group of
56 with 3-amino-1-propanol (Scheme 12) [28].

Janssen Pharmaceuticals applied for 2-amino-3,4-
dihydropyrido[3,4-d]pyrimidines which showed K; val-
ues in the submicromolar range of concentration [37].
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Johnson & Johnson Pharmaceuticals also focused SAR
development on 2-amino-3,4-dihydroquinazoline [35].
The S-enantiomer 57 inhibited BACEl with K; = 11
nM (as racemate K; = 30 nM). This compound exhibited
excellent potency in a cellular assay, and additionally,
lowered B-amyloid,_4, in plasma by 40-70% in rats
after per oral administration. Compound 57 was pre-
pared from (R)-cyclohexylglycine 58 (>97% e.e.) which
was treated with Meldrum’s acid in the presence of
EDC and 4-(dimethylamino)pyridine (DMAP) to afford
59. NaBH, reduction of the ketone functionality pro-
vided 60 which underwent thermolysis in boiling tolu-
ene to give a lactam which was transformed into acid
61 by alkaline hydrolysis. Compound 61 was coupled
with cyclohexylmethylamine in the presence of EDC,
TEA, and HOBt to give amide 62. After acidic cleavage
of 62, reaction of amine 63 with 2-phenoxy-5-nitropyri-
din-4-carboxaldehyde in the presence of sodium triace-
toxyborohydride gave the nitroaminoalkyl intermediate
64 which was reduced to amine with hydrogen in the
presence of palladium on carbon, and then cyclized to
57 with cyanogen bromide (Scheme 13) [35].

OTHER COMPOUNDS

Sunesis Pharmaceuticals considered the primary
amine group as a possible bioisostere of the hydroxyl
group present in HE-containing BACEI inhibitors [39].
Replacement of the HE motif with the aminoethylene
bioisostere afforded compounds endowed with slightly
reduced enzymatic inhibitory activity but distinctly
improved cell potency (the S-isomer was preferred for
activity). Incorporation of a benzyl P, substituent (i.e.,
65) resulted in a net increase in inhibitory potency rela-
tive to the isobutyl analogues. Compound 65 was syn-
thesized from N-Boc-L-phenylalanine methyl ester which
was treated with dimethyl methylphosphonate in the
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presence of n-butyl lithium to provide the corresponding
phosphonate 66. Reaction of crude 66 with ethyl pyru-
vate and n-butyl lithium gave ethyl (55,2Z)-2-methyl-[5-
(tert-butoxycarbonyl)amino]-4-oxo-6-phenyl-hex-2-eno-
nate (67). Sodium borohydride reduction of 67 with
concomitant intramolecular cyclization gave 2,5-dihy-
drofuran-2-one 68. This compound was reduced to tetra-
hydrofuran-2-one with hydrogen in the presence of
palladium over carbon, and then with lithium aluminum
hydride to furnish (25,3R,5R)-2-tert-butoxycarbonyl-
amino- 1 -phenyl-5-methylhexan-3,6-diol (69). The diol
was subsequently treated with fers-butyl-dimethylsilyl
chloride (TBSCI) and imidazole (70), and then with
methanesulfonyl chloride and triethylamine to furnish
the corresponding methanesulfonate. Introduction of the
azido group by displacing the methanesulfonate with so-

Scheme 13
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dium azide, and cleavage of both protecting groups with
hydrochloric acid resulted in aminoalcohol 71 which
was coupled with N,N-dipropyl isophthalamic acid in
the presence of ECD, HOBt and DIPEA to form 72. Ox-
idation of 72 to acid 73 with Jones’ reagent (chromium
trioxide and sulfuric acid) and further elaboration as
above reported provided 65 (Scheme 14) [39].

CONCLUSION

Three-dimensional structural information for BACEI1
in complex with a variety of inhibitors has led to great
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strides in the development of new effective agents for the
treatment of AD. Both academia and pharmaceutical com-
panies focused their efforts to develop new synthetic strat-
egies for the synthesis of potent BACEI inhibitors, such
as isophthalamides, isonicotinamides, heterocycles and
other derivatives, which showed improved drug properties
when compared with first generation peptidic inhibitors.
These synthetic routes may serve as useful tools for me-
dicinal chemists in discovering new AD therapeutics.
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N-Aryl-4-hydroxy-6-methyl-2H-pyran-2-one-3-carbothiamides and N-aryl-4-hydroxycoumarin-3-car-
bothiamides were synthesized by the reaction of arylisothiocyanates with 4-hydroxy-6-methylpyran-2-
one and 4-hydroxycoumarin, respectively. Novel products 3-[bis(arylamino)methylene]-6-methyl-2H,4H-
pyran-2,4-diones and N,N’-diaryl-4-hydroxycoumarin-3-carboximidamides have also been obtained in
the same reactions. Novel 4-acetoacetyl-3-phenylamino-4,5-dihydro-5H-pyrazol-5-ones were synthesized
from the reaction of N-aryl-4-hydroxy-6-methyl-2H-pyran-2-one-3-carbothiamides with an excess of hy-
drazine. The structure of all compounds was established by NMR and mass spectra.

J. Heterocyclic Chem., 46, 18 (2009).

INTRODUCTION

2-Pyrones and coumarins are an important class of het-
erocyclic compounds presenting important pharmaceuti-
cal properties. They have been found in a large number of
natural products displaying significant biological activ-
ities, and certain synthetic derivatives are biologically
active compounds (e.g., potent HIV-1 protease and photo-
synthetic electron transport inhibitors; presenting seda-
tive, anticonvulsive, anesthetic, and antifungal properties)
[1-8]. These important potential applications led to the
development of a plethora of synthetic procedures to syn-
thesize pyrone derivatives either by traditional approaches
or by transition metal-catalyzed procedures [9-21].

Taking into consideration the referred important biologi-
cal activities of the 2-pyrones and coumarins and following
our studies on the transformations of 4-hydroxy-6-methyl-
pyran-2-one (triacetic acid lactone, TAL) 1 [22] and 4-
hydroxycoumarin 4 [23-25], we developed a new synthetic
method for N-aryl-4-hydroxy-6-methyl-2H-pyran-2-one-3-
carbothioamides 2 and N-aryl-4-hydroxycoumarin-3-carbo-
thioamides 5. In these transformations, novel products 3-
[bis(arylamino)methylene]-6-methyl-2H ,4H-pyran-2.,4-dio-
nes 3 and N,N'-diaryl-4-hydroxycoumarin-3-carboximida-
mides 6 have also been obtained. In this communication,
the synthesis of novel 4-acetoacetyl-3-arylamino-4,5-dihy-
dro-5H-pyrazol-5-ones 10 were also established, by the
reaction of N-aryl-4-hydroxy-6-methyl-2H-pyran-2-one-3-
carbothioamides 2 with hydrazine hydrate.

RESULTS AND DISCUSSION

Treatment of 4-hydroxy-6-methylpyran-2-one 1 with
arylisothiocyanates in the presence of sodium hydride in
DMF for 15 h led to the formation of a solid after the
addition of water to the reaction mixture. The aqueous
layer was acidified with hydrochloric acid (pH = 4-5),
and after vigorous stirring at room temperature for 1.5
h, it led to the formation of a new solid. The elemental
analysis and the mass spectra of the first solid indicated
the absence of sulfur in the structure and that two mole-
cules of arylisothiocyanates reacted with 1. In the case
of compound 3a, apart from the molecular ion at m/z
320 (C19H¢N,0O3), its mass spectrum presents peaks
corresponding to the loss of Ph—NH, and Ph—NH and
intense peaks at m/z 85 and 65 corresponding to the
characteristic fragments from cleavage of the 2-pyrone
ring. These data suggest the formation of 3-(bis-phenyl-
aminomethylene)-6-methyl-2H ,4H-pyran-2,4-dione ~ 3a.
This structure was also supported by its '"H NMR spec-
trum, which presents four signals as singlets at 6 2.23,
5.73, 12.00, and 14.18 ppm because of the 6-Me, H-5,
and two NH proton resonances, respectively. The '*C
NMR spectrum of 3a presents two signals for the reso-
nance of each carbon of the pyrandione moiety: C-3 (&
85.2 and 104.4 ppm), C-5 (& 105.8 and 108.4 ppm), C-6
(6 140.3 and 163.4 ppm), C-4 (5 178.8 ppm assigned to
C—OH; 6 186.2 ppm assigned to C=0), and C-1’ [
168.9 ppm assigned to =C(NHAr),; 6 182.5 ppm

© 2009 HeteroCorporation
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assigned to —C(NHAr)=NAr and the signals of the aro-
matic carbon. The appearance of this type of double
3C NMR spectra is due to the presence of two tauto-
meric forms of compound 3a (Scheme 1). All the spec-
troscopic features of 3b and 3¢ are similar to those
described for 3a, except for the resonances of the aro-
matic moieties and for the corresponding m/z values;
confirming the generality of the reaction for other sub-
stituted arylisothiocyanates (Scheme 1).

The elemental analysis and the mass spectrum of the
second solid are consistent with the structure of N-aryl-4-
hydroxy-6-methyl-2H-pyran-2-one-3-carbothiamides 2a-c,
bearing sulfur and nitrogen atoms in the structure. The 'H
NMR spectra of 2a—c present four singlets at 6 2.29-2.30,
6.36-6.38, 12.70-12.92, and 14.90-15.89 ppm because of
the resonance of 6-Me, H-5, NH, and OH, respectively.
The "*C NMR spectra of 2a—c present signals characteris-
tics of the carbothiamoyl group at & 187.5-189.6 ppm.
The mass spectra of 2a—c present peaks corresponding to
the molecular ion followed by the peaks corresponding to
the loss of Ar—NH, and Ar—NH and intense peaks at mi/
z 85 and 65 corresponding to the characteristic fragments
from cleavage of the 2-pyrone ring.

Surprisingly, to the best of our knowledge, 3-[bis
(arylamino)methylene]-6-methyl-2H,4H-pyran-2,4-diones
3a—c or related compounds have never been described
in the literature; however, Bruno et al. have studied an
analogous reaction of 5,6-dihydro-4-hydroxy-6-methyl-
2H-pyran-2-one with arylisothiocyanates under the same
experimental conditions and have isolated only 5,6-dihy-
dro derivatives of compounds 2a—c [26]. The formation
of compounds 3a-c would be explained through the for-
mation of unstable intermediates thiocarbamic acid
derivatives from arylisothiocyanates, which yields ani-
line derivatives after a decarboxylation-type reaction
[27] that react with the already formed N-aryl-4-
hydroxy-6-methyl-2H-pyran-2-one-3-carbothioamides 2a—c
affording 3a—c (Scheme 2). The yield of 3a was consid-
erably dependent on the amount of phenylisothiocya-
nate; using one molar equivalent 4-hydroxy-6-methyl-N-
phenyl-2H-pyran-2-one-3-carbothioamide 2a was the
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major product (75%), while using two molar equivalent
led to the formation of 3-[bis(phenylamino)methylene]-
6-methyl-2H ,4H-pyran-2,4-dione 3a as the major prod-
uct (90%). This condensation was attempted in DMSO
as solvent and in the presence of triethylamine giving
rise to the expected products 2a and 3a in 45 and 55%
yield, respectively.

To confirm the formation mechanism of 3a—c, we
have reacted 2a with one equivalent of aniline in DMF
for 2 h at room temperature and 3a was obtained in
good yield (90%).

The condensation of 4-hydroxycoumarin 4 with aryli-
sothiocyanates, using DMSO as solvent, gave the corre-
sponding  N-aryl-4-hydroxycoumarin-3-carbothioamides
5a,b and also N,N'-diaryl-4-hydroxycoumarin-3-carboxi-
midamides 6a,b (Scheme 3). The '"H NMR spectra of
5a,b show two singlets at & 13.34-13.35 and 17.45-
17.60 ppm because of the resonance of NH and OH
groups, whereas the '?*C NMR spectra show a character-
istic carbothiamoyl signal at 6 188.4-189.1 ppm.

The IR spectrum of 6a presented strong peaks at 1636—
1617 and 3479-3407 cm ™!, which were attributed to the
carbonyl (C=O0) and —OH groups on the coumarin ring,
respectively. The mass spectra of compounds 6a,b indi-
cated that the coumarin ring was conserved, with peaks
being observed corresponding to the fragmentation of the
coumarin ring at m/z 134, 143, and 117 [28,29]. From
their "H NMR spectra, it is possible to observe the pres-
ence of signals corresponding to the resonances of two
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exchangeable protons at 6 13.30-13.35 and 17.46-17.54
ppm, then assigned to the NH and OH groups, respec-
tively. The '>C NMR spectra showed that compound 6a,b
exist as a mixture of two tautomers (Scheme 3).

The next step of our work considered the reaction of
compounds 2a-c¢ with hydrazine hydrate. These com-
pounds 2a—c have four (A, B, C, D) susceptible centers of
nucleophilic attack, three of them into the pyrone ring,
and a single molecule of hydrazine would therefore be
liable to give a wide range of products (Scheme 4). Com-
pounds 2a—c reacted with hydrazine hydrate under reflux
in a (1:1) mixture of ethanol/acetic acid and yielded only
a single isolated solid as the reaction product. Elemental
analysis and mass spectra showed that only one molecule
of hydrazine had reacted, and the mass spectra also indi-
cated the presence of fragments corresponding to an ace-
toacetyl group, with peaks at m/z 85, 56, and 43. This
structure was also supported by the 'H NMR spectra of
10a—c, which present five singlets characteristics of a tau-
tomeric equilibrium of acetoacetyl groups at 6 2.06-2.07,
2.32-2.33, 4.30-4.40, 6.11-6.13, and 16.30-16.70 ppm.
These signals are assigned to the proton resonances of
CH; (keto-enol form), CH; (B-diketone), CH, (p-dike-
tone), CH, and OH (keto-enol form), respectively. We
also observed two other singlets at & 7.90-8.62 and
13.00-13.15 ppm, which were assigned to the NH-pyrazo-
lone and NH—Ar groups, respectively. This condensation
reaction allowed us to synthesize novel aminopyrazole
derivatives in good yields (95-98%).

An explanation for the formation of pyrazole deriva-
tives 10a—c considered the hydrazine attack to the thioa-
mide group (center A) of compounds 2a—c leading to
the carboximidamides 7a—c. An intramolecular nucleo-
philic attack of the amine group from the amide moiety
to the lactone carbonyl carbon (center D) gave rise to
intermediates 8a—c, which can follow two possible path-
ways (a and b). However, the isolation of pyrazole-type
compounds 10a—c led us to conclude that 8a—c under-
went the opening of the pyran ring by pathway b.
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EXPERIMENTAL

Melting points were determined on a Stuart scientific SPM3
apparatus fitted with a microscope and are uncorrected. 'H and
3C NMR spectra were recorded in CDCl; or DMSO-dg solu-
tions on Bruker Avance 300 (300.13 MHz for 'H and 75.47
MHz for '*C) and Nujeol GSX 270 WB (270.00 MHz for 'H
and 67.5 MHz for '*C) spectrometers. Chemical shifts are
reported in ppm (8) using TMS as internal reference and cou-
pling constants (J) are given in Hz. '>C assignments were
made using DEPT-135, HSQC, and HMBC (delays for one
bond and long-range J C/H couplings were optimized for 145
and 7 Hz, respectively) experiments. Mass spectra are obtained
with ESI(4+) and GC-MS. Positive-ion ESI mass spectra were
acquired using a Q-TOF 2 instrument [diluting 1 pL of the
sample chloroform solution (~10~> M) in 200 pL of 0.1% tri-
fluoroacetic acid/methanol solution. Nitrogen was used as neb-
ulizer gas and argon as collision gas. The needle voltage was
set at 3000 V, with the ion source at 80°C and desolvation
temperature at 150°C. Cone voltage was 35 V].

General procedure for the synthesis of N-aryl-4-hydroxy-
6-methyl-2H-pyran-2-one-3-carbothioamides (2a—c) and 3-
[bis(arylamino)methylene]-6-methyl-2H,4H-pyran-2,4-diones
(3a—c). A solution of arylisothiocyanates (21 mmol) dissolved in
5 mL of DMF was added to a stirred solution of 2.52 g (20
mmol) of 4-hydroxy-6-methylpyran-2-one 1 and 0.576 g (24
mmol) of NaH 20% in mineral oil in 10 mL of DMF, under a
nitrogen atmosphere. The reaction mixture was stirred at room
temperature for 15 h. After this period, 50 mL of cold water
was added to the reaction mixture, and the precipitate thus
formed was collected by filtration and washed several times with
a (1:1) mixture of diethyl ether:light petroleum. The solid was in
each case recrystallized from isopropyl alcohol giving 3-[bis-
(arylamino)methylene]-6-methyl-2H 4H-pyran-2,4-diones ~ 3a—c:
3a, 1.92 g (30%); 3b, 1.92 g (20%); 3c, 3.08 (35%).

The aqueous layer was acidified with HCl1 IN (pH = 4-5).
After vigorous stirring at room temperature for 1.5 h, the pre-
cipitate thus formed was collected by filtration and washed
several times with diethyl ether. The solid was in each case
recrystallized from methanol giving N-aryl-4-hydroxy-6-
methyl-2H-pyran-2-one-3-carbothioamides 2a-c: 2a, 3.13 g
(60%); 2b, 5.10 g (75%); 2¢, 2.57 g (40%).

4-Hydroxy-6-methyl-N-phenyl-2H-pyran-2-one-3-carbothio-
amide (2a). This compound was obtained as yellow powder,
mp 189-190°C; 'H NMR (CDCl3): § 2.30 (s, 3H, CH3), 6.37
(s, 1H, H-5), 7.31 (t, 1H, J = 7.5 Hz, ArH), 7.43 (t, 2H, J =
7.50 Hz, ArH), 7.53 (d, 2H, J = 7.5 Hz, ArH), 12.92 (s, 1H,
NH), 15.89 (s, 1H, OH); *C NMR (CDCl;): & 19.1, 97.6,
102.6, 124.8, 127.0, 128.6, 137.1, 162.8, 165.3, 175.7, 187.5;
ms (ED): m/z 263 (6, **S), 262 [28, (M+H)"], 261 (M ", 100,
*28), 260 (77), 228 (87), 93 (42), 77 (40), 85 (32), 69 (12).
Anal. Calcd. for C3H;NO5S (261.30): C, 59.76; H, 4.24; N,
5.36. Found: C, 60.07; H, 4.60; N, 5.59.

N-(4-Bromophenyl)-4-hydroxy-6-methyl-2H-pyran-2-one-3-
carbothioamide (2b). This compound was obtained as yellow
powder, mp 190-191°C; '"H NMR (DMSO-d): & 2.29 (s, 3H,
CH,), 6.38 (s, 1H, H-5), 7.58 (d, 2H, J = 8.0 Hz, ArH), 7.63
(d, 2H, J = 8.0 Hz, ArH), 12.70 (s, 1H, NH), 15.30 (s, 1H,
OH); '>C NMR (DMSO-de): & 20.0, 99.7, 102.9, 120.0, 128.0,
132.7, 137.4, 163.2, 166.0, 174.8, 188.7; ms (ESI+): m/z 364
[7, M+Na)*, *'Br, **S), 362 [9, (M+Na)*, "Br, ], 342
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[80, (M+H)", ®'Br, **S], 340 [100, (M+H)", "Br, **S]. Anal.
Calcd. for C;3H;(BrNOsS (340.19): C, 45.90; H, 2.96; N,
4.11. Found: C, 45.95; H, 3.01; N, 4.16.

N-(2,5-Dimethoxyphenyl)-4-hydroxy-6-methyl-2H-pyran-2-
one-3-carbothioamide (2c). This compound was obtained as
yellow powder, mp 169—170°C; '"H NMR (DMSO-d): & 2.28
(s, 3H CH3), 3.80 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 6.36 (s,
1H, H-5), 7.60 (d, 1H, J = 7.3 Hz, ArH), 7.70 (d, 1H, J = 7.3
Hz, ArH), 8.10 (s, 1H, ArH), 12.70 (s, 1H, NH), 14.90 (s, 1H,
OH); '*C NMR (DMSO-dq): § 20.3, 58.0, 60.0, 100.9, 102.7,
125.8, 127.0, 129.6, 131.2, 131.5, 131.8, 162.9, 165.9, 174.0,
189.6; ms (EI): m/z 321 (M'~, 45), 233 (100), 221 (5), 189
®), 125 (8), 116 (10), 85 (20), 69 (55). Anal. Calcd. for
C5HsNOsS (321.40): C, 56.06; H, 4.70; N, 4.36. Found: C,
55.95; H, 4.57; N, 4.36.

3-[Bis(phenylamino)methylene]-6-methyl-2H 4H-pyran-2,4-
dione (3a). This compound was obtained as yellow powder,
mp 147-148°C; 'H NMR (CDCl5): & 2.23 (s, 3H, CH3), 5.73
(s, 1H, H-5), 6.70-6.86 (m, 5H, ArH), 7.14-7.28 (m, 5H,
ArH), 12.00 (s, 1H, NH) 14.18 (s, 1H, OH); '*C NMR
(CDCl3): 6 19.1, 19.5, 85.2, 104.4, 105.8, 108.4, 117.4, 119.8,
123.4, 126.8, 128.2, 129.3, 140.3, 142.1, 144.8, 161.0, 163.4,
168.9, 178.8, 182.5, 186.2; IR: v (cm ') 3478, 3209, 3031,
1636, 1550, 1448, 1342, 927, 759, 696; ms (EI): m/z 320
(M1, 18), 227 (14), 194 (38), 93 (100), 85 (4), 69 (17). Anal.
Calcd. for CioH;gN,O5 (320.34): C, 71.24; H, 5.03; N, 8.74.
Found: C, 71.79; H, 5.13; N, 8.72.

3-[Bis(4-bromophenylamino)methylene]-6-methyl-2H ,4H -
pyran-2,4-dione (3b). This compound was obtained as yellow
powder, mp 159-160°C; 'H NMR (DMSO-de): & 2.27 (s, 3H,
CH3), 5.93 (s, 1H, H-5), 7.43 (d, J = 8.0 Hz, 2H, ArH), 7.49
(d, J = 8.1 Hz, 2H, ArH), 7.55 (d, J = 8.1 Hz, 2H, ArH),
7.62 (d, J = 8.0 Hz, 2H, ArH), 13.20 (s, 1H, NH), 14.3 (s, 1H,
OH); '*C NMR (DMSO-dq): § 19.6, 20.0, 88.9, 103.3, 108.0,
117.1, 119.9, 126.1, 131.8, 132.3, 135.6, 137.6, 158.7, 162.3,
165.7, 166.3, 174.9, 182.9, 188.8; ms (ESI+): m/z 503 [5,
(M+Na)*, 2 x 8'Br], 501 [9, (M+Na)*, *'Br, "Br), 499 [4,
(M+Na)™, 2 x "Br], 481 [50, (M+H)", 2 x ¥'Br], 479 [100,
M-+H)*, ¥Br, 7Br], 477 [52, M+H)", 2 x "°Br]. Anal.
Caled. for C oH4Br,N,O5 (478.13): C, 47.73; H, 2.95; N,
5.86. Found: C, 47.78; H, 2.96; N, 5.88.

3-[Bis(2,5-dimethoxyphenylamino)methylene]-6-methyl-2H,
4H-pyran-2,4-dione (3c). This compound was obtained as
white powder, mp 186—-187°C; 'H NMR (DMSO-d): & 2.24
(s, 3H, CH3), 3.80 (s, 3H, OCHs3), 3.90 (s, 3H, OCH;), 6.25
(s, 1H, H-5), 7.40 (d, J/ = 7.2 Hz, 1H, ArH), 7.58 (d, J = 7.2
Hz, 1H, ArH), 7.60 (s, 1H, ArH), 7.67 (d, J = 8.2 Hz, 1H,
ArH), 7.70 (d, J = 8.2 Hz, 1H, ArH), 8.12 (s, 1H, ArH),
13.20 (s, 1H, NH), 14.20 (s, 1H, OH); '*C NMR (DMSO-
de): & 19.6, 19.9, 56.6, 88.9, 100.8, 103.3, 124.3, 125.5,
125.6, 126.5, 126.9, 130.8, 131.1, 131.3, 138.8, 139.8, 140.0,
147.0, 149.0, 162.9, 164.0, 165.0, 174.9, 180.0, 189.9; ms
(ED: m/z 440 (20), 368 (14), 358 (29), 253 (9), 233 (69),
207 (100), 85 (12), 69 (20). Anal. Calcd. for C3H,4N,O4
(440.45): C, 60.52; H, H 5.30; N, 6.14. Found: C, 61.07; H,
5.61; N, 6.39.

General procedure for the synthesis of N-aryl-4-hydroxy-
coumarin-3-carbothioamides (5a,b) and N,N'-diaryl-4-
hydroxycoumarin-3-carboximidamides (6a,b). Aryliso-thio-
cyanates (15 mmol) was added to a stirred solution of 0.81 g
(5 mmol) of 4-hydroxycoumarin 4 and 0.8 mL (5 mmol) of
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triethylamine dissolved in 10 mL of DMSO. The reaction mix-
ture was stirred at room temperature for 15 h. After the addi-
tion of 50 mL of cold water, the precipitate thus formed was
filtered and washed several times with a (1:1) mixture of
diethyl ether:light petroleum. The solid was in each case
recrystallized from isopropyl alcohol giving N,N'-diaryl-4-
hydroxycoumarin-3-carboximidamides 6a,b: 6a, 979.0 mg
(55%); 6b, 1.15 g (45%).

The aqueous layer was acidified with HCl IN (pH = 4-5).
After vigorous stirring at room temperature for 1.5 h, the pre-
cipitate thus formed was collected by filtration and washed
several times with diethyl ether. The solid was in each case
recrystallized from isopropyl alcohol giving N-aryl-4-hydroxy-
coumarin-3-carbothioamides Sa,b: 5a, 445.5 mg (30%); Sb,
659.8 mg (35%).

4-Hydroxy-N-phenylcoumarin-3-carbothioamide (5a). This
compound was obtained as yellow powder, mp 145-146°C; 'H
NMR (CDCl;): & 6.88-7.54 (m, 5H, ArH), 7.68-8.17 (m, 4H,
ArH), 1335 (s, 1H, NH), 17.60 (s, 1H, OH); *C NMR
(CDCl3): & 98.2, 117.0, 124.1, 1254, 126.2, 128.1, 128.9,
129.5, 135.7, 137.7, 152.5, 163.6, 175.1 (C—OH), 189.1
(C=S), ms (ESI+): m/z 320 [100, (M+Na)"], 298 [45,
(M+H)"]. Anal. Caled. for C;gH;;NO3S (297.33): C, 64.63;
H, 3.73; N, 4.71. Found: C, 64.68; H, 3.71; N, 4.71.

N-(4-Bromophenyl)-4-hydroxycoumarin-3-carbothioamide
(5b). This compound was obtained as yellow powder, mp
270-271°C; 'H NMR (CDCls): & 6.75 (d, 2H, J = 9.8 Hz,
ArH), 7.17 (d, 2H, J = 9.8 Hz, ArH), 7.31 (t, 1H, J = 9.0 Hz,
ArH), 7.37 (d, 1H, J = 9.0 Hz, ArH), 7.69 (t, 1H, J = 9.0 Hz,
ArH), 8.12 (d, 1H, J = 9.0 Hz, ArH), 13.34 (s, 1H, NH),
17.45 (s, 1H, OH); *C NMR (CDCly): & 97.3, 116.0, 123.7,
125.3, 126.8, 131.2, 131.7, 134.7, 135.7, 136.0, 151.5, 162.7,
179.4 (C—OH), 188.4 (C=S); ms (ESI+): m/z 400 [26,
(M+Na)™, ¥1Br], 398 [29, (M+Na)™, "Br], 378 [96, (M+H)™,
81Br], 376 [100, (M+H)", "Br]. Anal. Calcd. for C¢Hjo
BrNOsS (376.23): C, 51.08; H, 2.68; N, 3.72. Found: C,
51.39; H, 3.04; N, 3.95.

4-Hydroxy-N,N'-diphenylcoumarin-3-carboximidamide
(6a). This compound was obtained as white powder, mp 179—
180°C; 'H NMR (CDCl3): & 6.82-7.68 (m, 10 H, ArH), 8.05—
8.10 (m, 4H, ArH), 13.30 (s, 1H, NH), 17.54 (s, 1H, OH); °C
NMR (CDCly): 6 89.3, 97.7, 116.2, 116.5, 120.7, 123.6, 124.0,
124.9, 125.7, 125.8, 127.6, 128.4, 129.0, 135.2, 136.0, 137.2,
152.0, 152.6, 158.7, 163.0, 165.9, 174.6, 179.6, 188.6; IR: v
(cm™") 3479, 3407, 3235, 1617, 1381, 1048, 754; ms (ESI+):
mfz 379 [80, (M4-Na)*], 357 [100, (M+H)*]. Anal. Calcd. for
CxH N,O3 (356.34): C, 74.15; H, 4.53; N, 7.86. Found: C,
73.60; H, 4.52; N, 7.88.

N,N’-Di(4-bromophenyl)-4-hydroxycoumarin-3-carboxim-
idamide (6b). This compound was obtained as white powder,
mp 235-236°C; 'H NMR (CDCly): § 6.74 (d, 2H, J = 9.6 Hz,
ArH), 7.17 (d, 2H, J = 8.7 Hz, ArH), 7.28 (d, 1H, J = 9.3
Hz, ArH), 7.31 (d, 2H, J = 8.7 Hz, ArH), 7.37 (t, I1H, J = 9.3
Hz, ArH), 7.55 (d, 2H, J = 9.6 Hz, ArH), 7.69 (t, 1H, J = 9.3
Hz, ArH), 8.12 (d, 1H, J = 9.3 Hz, ArH), 13.35 (s, 1H, NH),
17.46 (s, 1H, OH); '3C NMR (CDCls): & 89.4, 97.4, 116.1,
122.2, 123.8, 124.5, 124.7, 126.9, 131.3, 135.7, 149.2, 151.6,
158.7, 162.7, 166.0, 174.3, 180.2, 189.5; ms (EI): m/z 512
(40), 449 (9), 447 (10), 359 (18), 357 (20), 216 (15), 215
(100), 214 (15), 213 (99), 183 (3.9), 181 (4), 158 (2.5), 156
(3), 155 (25), 143 (2), 134 (50), 117 (2), 107 (9), 76 (8). Anal.
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Calcd. for CyH4Br,N,O3 (514.17): C, 51.39; H, 2.74; N,
5.45. Found: C, 51.64; H, 2.80; N, 5.51.

General procedure for the synthesis of 4-acetoacetyl-3-
arylamino-4,5-dihydro-5SH-pyrazol-5-ones (10a—c). Acetic
acid (10 mL) and 5 mL ethanol were added to a mixture of
N-aryl-4-hydroxy-6-methyl-2H-pyran-2-one-3-carbothioamides
2a—c (10 mmol) and 5 mL (0.1 mol) of hydrazine hydrate.
The reaction mixture was refluxed for 5 h and poured into
crushed ice, and then the solid was collected by filtration,
washed with water, and with a (1:1) mixture of water:ethanol.
The solid was in each case recrystallized from A (1:1) mixture
of ethanol:acetone giving 4-acetoacetyl-3-arylamino-4,5-dihy-
dro-5H-pyrazol-5-ones 10a—c (which are in equilibrium with
the corresponding enolic form): 10a, 2.47 g (95%); 10b, 3.21
g (95%); 10c, 3.13 g (98%).

4-Acetoacetyl-3-phenylamino-4,5-dihydro-5H-pyrazol-5-one
(10a). This compound was obtained as green powder, mp
179-180°C; 'H NMR (CDCly): & 2.06 (s, CHs-enol), 2.32 (s,
CHs-dione), 3.90 (s, 1H, H-4), 4.40 (s, CH,-dione), 6.11 (s,
CH-enol), 7.31-7.53 (m, 5H, ArH), 8.60 (s, 1H, NH), 13.15 (s,
1H, NH), 16.70 (s, 1H, OH); '*C NMR (CDCly): § 20.7, 64.0,
97.2, 104.0, 126.0, 127.6, 129.6, 137.3, 164.2, 164.5, 177.9,
188.3; ms (EI): m/z 260 [100, (M+H)"], 228 (80), 217 (9),
203 (7), 175 (20), 93 (67), 77 (47), 85 (50), 56 (14), 43 (20).
Anal. Calcd. for C3H3N305 (259.26): C, 60.23; H, 5.02; N,
16.22. Found: C, 60.73; H, 5.38; N, 16.45.

4-Acetoacetyl-3-(4-bromophenylamino)-4,5-dihydro-5H-pyr-
azol-5-one (10b). This compound was obtained as green pow-
der, mp 200-202°C; '"H NMR (CDCls): & 2.07 (s, CHs-enol),
2.32 (s, CHs-dione), 3.91 (s, 1H, H-4), 4.40 (s, CH,-dione),
6.11 (s, CH-enol), 7.40 (d, 2H, J = 9.1 Hz, ArH), 7.56 (d, 2H,
J = 9.1 Hz, ArH), 8.62 (s, 1H, NH), 13.15 (s, 1H, NH), 16.50
(s, 1H, OH); C NMR (CDCly): § 20.1, 65.0, 97.3, 104.0,
121.0, 127.3, 132.2, 136.3, 164.1, 164.7, 178.0, 188.6; ms
(ESI+): m/z 362 [96, (M+Na)™, 8'Br], 360 [100, (M+Na)™,
Br], 340 [45, (M+H)", *'Br], 338 [50, (M+H)", "Br].
Anal. Calcd. for C;3H,BrN3;05 (338.16): C, 46.29; H, 3.56;
N, 12.46. Found: C, 45.74; H, 3.20; N, 12.23.

4-Acetoacetyl-3-(2,5-dimethoxyphenylamino)-4,5-dihydro-5H-
pyrazol-5-one (10c). This compound was obtained as green
powder, mp 186-187°C; 'H NMR (CDCls): & 2.07 (s, CHs-
enol), 2.33 (s, CH;-dione), 3.86 (s, 1H, H-4), 3.93 (s, 3H,
OCH3), 3.95 (s, 3H, OCH3), 4.30 (s, CH,-dione), 6.13 (s, CH-
enol), 7.37 (d, 1H, J = 8.9 Hz, ArH), 7.49 (d, 1H, J = 8.9 Hz,
ArH), 7.70 (s, 1H, ArH), 7.90 (s, 1H, NH), 13.00 (s, 1H, NH),
16.40 (s, 1H, OH); >C NMR (CDCl3): & 20.1, 54.0, 58.0,
65.0, 104.0, 122.7, 125.2, 127.5, 131.3, 132.9, 136.6, 164.1,
164.9, 178.0, 188.0; ms (ESI+): m/z 342 [100, (M+Na)*], 320
[33, M+H)"]. Anal. Caled. for C;sH;N30s (319.31): C,
56.43; H, 5.33; N, 13.16. Found: C, 56.98; H, 5.34; N, 13.70.
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A facile synthesis of trisubstituted allyl thiols and allyl thiocarbamates has been accomplished from
Baylis-Hillman adducts through bromination, thiocyanation, and acid-assisted hydrolysis reaction.
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INTRODUCTION

Thiols have attained significant importance as syn-
thetic intermediates for valuable sulfur-containing com-
pounds [1]. A number of reports have appeared on the
potential applications of thiol functionality in various
scientific disciplines such as pharmaceutical chemistry
[2], self-assembled monolayers [3], nanoparticles [4],
and conducting polymers [5]. Also, S-alkyl thiocarba-
mates are an important class of compounds that have
received considerable attention [6,7] because of their
numerous biological effects including anesthetic [8],
fungicidal [9], bactericidal [9,10], pesticidal [11,12], and
antiviral [13]. Despite the aforementioned reasons, thio-
carbamates are most noted for their use as commercial
herbicides [14].

Generally, thiols have been synthesized mainly from
alkyl halides with thioacetate ion followed by deacetyla-
tion with base [15], disulfides via reduction [16],
alkenes via anti-Markovnikov addition of thiolacetic
acid, followed by deacetylation with strong base [17],
alcohols via refluxing with hydrobromic acid and thiou-
rea, followed by hydrolysis with strong base [18], thio-
cyanates via reduction [19], and thiocarbamates via hy-
drolysis [20]. The most widely used method for the
preparation of thiocarbamates makes use of gaseous car-
bonyl sulfides and an amine, followed by subsequent
treatment with base and alkyl halide [12,21], condensa-
tion of a thiol with an isocyanate [10], nucleophilic
substitution of trichloroacetyl chloride with a thiol, fol-
lowed by treatment of an amine [22], and the hydration
of an organic thiocyanate [23,24]. In view of their sig-

nificance in organic synthesis, it is still necessary to
extend the scope of the allyl thiol and thiocarbamate
families and develop new and convenient synthetic
routes. Here the Baylis-Hillman (BH) chemistry [25]
has been applied for the synthesis of these compounds.

RESULTS AND DISCUSSION

The BH reaction is well known as a powerful car-
bon—carbon bond forming methods in organic synthesis
[26]. Nucleophilic displacement of BH acetates or bro-
mides is an important protocol for the synthesis of tri-
substituted alkenes. Although there exist several meth-
ods for the nucleophilic displacement of BH acetates or
bromides with various reagents [27], displacement with
sulfur nucleophiles is limited [28].

Recently, we reported substitution reaction of BH
acetates 1 with thiolacetic acid followed by deacetyla-
tion with base [29], and with sodium sulfide [30] to give
the symmetric diallyl disulfides 2, respectively, as
shown in Scheme 1. No traces of the intended allyl thi-
ols were produced. Although the literature has reported
some interesting schemes to obtain allyl thiols, we felt
that thiols can be obtained from allyl thiocyanates.

The known allyl thiocyanates 4 were obtained in high
yields by displacement of 2-(bromomethyl)alkenoates
with sodium thiocyanate [31], derived from BH adducts
with N-bromosuccinimide-dimethyl sulfide [32]. Treat-
ment of allyl thiocyanates 4 with 95% sulfuric acid—ace-
tic acid (9:1, v/v) at —5 to 0°C produced allyl thiocarba-
mates 5 in 54-96% yields. On hydrolysis reaction of §
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Scheme 1
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with one equivalent of p-toluenesulfonic acid monohy-
drate (PTSA) in toluene and dichloromethane (9:1, v/v)
reflux temperature, allyl thiols 6 were obtained in 75—
94% yields (Scheme 2, Table 1). When using 0.1 equiv-
alent of PTSA, the reaction was sluggish and the yield
was low (Entries 1, 2, 7). Direct one-pot transformation
of thiocyanate 4 to thiol 6 was unsuccessful with PTSA
in refluxing toluene. All the products are unambiguously
characterized using infrared spectra, 'H and '*C NMR
data. In the 'H NMR spectra, the characteristic chemical
shift of the thiol protons of 6 were found at & = 2.05—
2.12 as a triplet (/ = 7.6-8.3 Hz), the methylene protons
were observed at & = 3.33-3.60 as a doublet (J = 7.6—
8.3 Hz), and the methine protons resonated at 6= 7.63—
7.92 as a singlet. Their infrared spectra showed absorp-
tion at 2557-2593 cm ' for the thiol band.

1

CONCLUSION

In conclusion, a new method for the synthesis of tri-
substituted allyl thiols from BH adducts has been devel-
oped through bromination, thiocyanation, and acid-
assisted hydrolysis reaction.

EXPERIMENTAL

Silica gel 60 (70-230 mesh ASTM) used for column chro-
matography was supplied by E. Merck. Analytical thin-layer
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chromatography (TLC) was performed on Merck silica gel 60
F,s54 TLC plates. Melting points were measured by an Electro-
thermal melting point apparatus and were uncorrected. Micro-
analysis was obtained using a Thermo Electron Corporation
Flash EA 1112 element analyzer. Infrared spectra were
recorded with a Nicolet Magna 550 FTIR spectrometer. The
'"H and *C NMR spectra were measured on a Gemini 300
spectrometer using deuteriochloroform. All chemical shifts are
reported in parts per million relative to tetramethylsilane. The
coupling constants (J) are expressed in Hertz.

The known methyl 3-aryl-2-(thiocyanatomethyl)propenoates
4 were prepared according to the literature procedure [31].

General procedure for the preparation of methyl (Z)-3-
aryl-2-(carbamoylthiomethyl)propenoates 5. To an ice-cold
mixture of 95% sulfuric acid (9 mL) and acetic acid (1 mL),
allyl thiocyanate 4 (2 mmoles) was added in small portions for
15 min under stirring at —5 to 0°C. After dissolution of 4, the
mixture was stirred at room temperature for 0.5-2.5 h and
then poured onto crushed ice. The white precipitate was col-
lected by suction filtration, dried, and crystallized from
dichloromethane and petroleum ether to give compound 5.

The physical and spectral data of § prepared by this general
method are as follows.

Methyl (Z)-2-carbamoylthiomethyl-3-phenylpropenoate
(5a). Reaction time: 1 h; white solid; yield: 75%; mp: 99—
100°C; ir (potassium bromide): 3419, 3327, 3182, 1707, 1675,
1597 em™'; "H NMR (deuteriochloroform): & 3.85 (s, 3 H,
OCH,), 4.11 (s, 2 H, CH,), 5.58 (s, 2 H, NH,), 7.37-7.47 (m,
5 H, aromatic), 7.82 (s, 1 H, CH); '*C NMR (deuteriochloro-
form): & 27.8, 52.4, 127.1, 128.7, 129.3, 129.5, 134.4, 142.5,
167.6, 168.4. Anal. Calcd. for CoH3NOsS: C, 57.35; H, 5.21;
N, 5.57; S, 12.76. Found: C, 57.20; H, 5.07; N, 5.39; S, 12.53.

Methyl (Z)-2-carbamoylthiomethyl-3-(4-chlorophenyl)pro-
penoate (5b). Reaction time: 1 h; white solid; yield: 84%; mp:
108-109°C; ir (potassium bromide): 3396, 3298, 3202, 1707,
1655, 1619, 1592 cmfl; '"H NMR (deuteriochloroform): & 3.85
(s, 3 H, OCH3;), 4.07 (s, 2 H, CH,), 5.50 (s, 2 H, NH,), 7.40
(s, 4 H, aromatic), 7.75 (s, 1 H, CH); °C NMR (deuterio-
chloroform): 6 27.7, 52.4, 127.7, 129.0, 130.9, 132.8, 135.3,
141.0, 167.4, 168.2. Anal. Calcd. for C|,H;,CINO;S: C, 50.44;
H, 4.23; N, 4.90; S, 11.22. Found: C, 50.19; H, 4.08; N, 5.20;
S, 10.96.

Scheme 2
OH O 1.NBS, CI11;SClI; 0 11,S0,, 110Ac
2. NaSCN, CH;0H -5100°C, 0.5-2.5h
X oMe 3 TS Me 0 ©
L » o
N ref [31] O SoN 54-96%
3 4
O
0O
| X OMe PTSA, toluene
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Table 1
Allyl thiocarbamates 5 and allyl thiols 6.

Entry X Reactant Time (h) Product Yield (%) Time" (h) Product Yield® (%)

1 H 4a 1 Sa 75 7 6a 94

(32) (82)
2 4-C1 4b 1 5b 84 4 6b 89

(56) (77)
3 2-Cl 4c 2.5 Sc 85 10 6¢ 83
4 2-Br 4d 2 5d 86 5 6d 77
5 2-F 4e 1 Se 87 5 6e 78
6 4-NO, 4f 1 5f 96 6 of 85
7 2-NO, 4g 05 5¢ 89 4 6g 94

(26) (68)
8 4-Me 4h 1 5h 54 7 6h 75

“Values in parentheses indicate when 0.1 equivalent of PTSA was used.

Methyl (Z)-2-carbamoylthiomethyl-3-(2-chlorophenyl)pro-
penoate (5¢). Reaction time: 2.5 h; white solid; yield: 85%;
mp: 102-103°C; ir (potassium bromide): 3419, 3326, 3308,
1698, 1662, 1607, 1438 cm™'; "H NMR (deuteriochloroform):
0 3.87 (s, 3 H, OCH3), 3.97 (s, 2 H, CH>»), 5.42 (s, 2 H, NH,),
7.30-7.46 (m, 4 H, aromatic), 7.89 (s, 1 H, CH); '*C NMR
(deuteriochloroform): & 27.7, 52.5, 126.8, 129.5, 129.6, 130.1,
130.2, 133.2, 134.1, 139.3, 167.0, 168.1. Anal. Calcd. for
C»H,CINO;S: C, 50.44; H, 4.23; N, 4.90; S, 11.22. Found:
C, 50.22; H, 4.12; N, 4.76; S, 11.03.

Methyl (Z)-3-(2-bromophenyl)-2-(carbamoylthiomethyl)pro-
penoate (5d). Reaction time: 2 h; white solid; yield: 86%; mp:
93-95°C; ir (potassium bromide): 3418, 3334, 1712, 1673, 1465,
1435 em !, '"H NMR (deuteriochloroform): & 3.87 (s, 3 H,
OCHy), 3.94 (s, 2 H, CHy), 5.47 (s, 2 H, NH,), 7.20-7.39 (m, 3
H, aromatic), 7.62-7.64 (m, 1 H, aromatic), 7.82 (s, 1 H, CH);
BC NMR (deuteriochloroform): & 27.6, 52.5, 124.0, 127.4,
129.3, 130.2, 130.3, 132.8, 135.1, 141.4, 167.0, 168.0. Anal.
Calcd. for C,H,BrNOsS: C, 43.65; H, 3.66; N, 4.24; S, 9.71.
Found: C, 43.42; H, 3.40; N, 4.38; S, 9.52.

Methyl (Z)-2-(carbamoylthiomethyl)-3-(2-fluorophenyl)pro-
penoate (5e). Reaction time: 1 h; white solid; yield: 87%;
mp: 102-104°C; ir (potassium bromide): 3421, 3323, 3310,
3193, 1701, 1662, 1610, 1485, 1438 cm ™ '; 'H NMR (deuter-
iochloroform): & 3.86 (s, 3 H, OCHj3), 4.04 (s, 2 H, CH,),
5.42 (s, 2 H, NH,), 7.09-7.49 (m, 4 H, aromatic), 7.85 (s, 1
H, CH); 13C NMR (deuteriochloroform): & 27.8, 52.4, 115.6
(J = 22.0 Hz), 122.5 (/ = 13.4 Hz), 124.2, 129.6, 130.2,
131.0, 134.7, 160.4 (J = 250 Hz), 167.0, 168.3. Anal. Calcd.
for C;,H,FNOsS: C, 53.52; H, 4.49; N, 5.20; S, 11.91.
Found: C, 53.70; H, 4.37; N, 5.02; S, 11.76.

Methyl (Z)-2-(carbamoylthiomethyl)-3-(4-nitrophenyl)pro-
penoate (5f). Reaction time: 1 h; white solid; yield: 96%; mp:
144-145°C; ir (potassium bromide): 3401, 3324, 1717, 1633,
1592, 1517, 1345 cm™'; "H NMR (dimethyl sulfoxide-dg): &
3.78 (s, 3 H, OCHj3;), 3.90 (s, 2 H, CH,), 7.66 (s, 2 H, NH,),
7.73 (s, 1H, CH), 7.76 (d, 2 H, J = 8.8 Hz, aromatic), 8.27 (d,
2 H, J = 8.8 Hz, aromatic); '*C NMR (dimethyl sulfoxide-dj):
0 26.2, 52.4, 123.6, 130.6, 131.6, 137.9, 141.1, 147.2, 165.7,
166.6. Anal. Caled. for C,H ,N,05S: C, 48.64; H, 4.08; N,
9.45; S, 10.82. Found: C, 48.39; H, 4.27; N, 9.28; S, 10.63.

Methyl (Z)-2-(carbamoylthiomethyl)-3-(2-nitrophenyl)pro-
penoate (5g). Reaction time: 0.5 h; white solid; yield: 89%;
mp: 113-114°C; ir (potassium bromide): 3436, 3335, 3175,
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1712, 1680, 1606, 1522, 1437, 1344 cm™'; "H NMR (deuterio-
chloroform): & 3.79 (s, 2 H, CH»), 3.87 (s, 3 H, OCHj3), 5.37
(s, 2 H, NH,), 7.37-7.73 (m, 3 H, aromatic), 8.06 (s, 1 H,
CH), 8.21-8.24 (m, 1 H, aromatic); '*C NMR (deuteriochloro-
form): & 27.3, 52.5, 124.9, 129.4, 129.5, 130.9, 131.2, 133.7,
139.2, 147.3, 166.7, 167.8. Anal. Calcd. for C;,H;,N,05S: C,
48.64; H, 4.08; N, 9.45; S, 10.82. Found: C, 48.40; H, 3.88;
N, 9.20; S, 10.59.

Methyl (Z)-2-(carbamoylthiomethyl)-3-(4-methylphenyl)pro-
penoate (5h). Reaction time: 1 h; white solid; yield: 54%; mp:
119-120°C; ir (potassium bromide): 3376, 3298, 1699, 1678,
1616, 1436 cm ™ '; '"H NMR (deuteriochloroform): & 2.38 (s, 3
H, CH3), 3.84 (s, 3 H, OCH3), 4.13 (s, 2 H, CH,), 5.49 (s, 2
H, NH,), 7.23 (d, 2 H, J = 7.9 Hz, aromatic), 7.37 (d, 2 H, J
= 7.9 Hz, aromatic), 7.80 (s, 1 H, CH); 13C NMR (deuterio-
chloroform): & 21.4, 28.0, 52.3, 126.0, 129.5, 129.7, 131.5,
139.6, 142.6, 167.8, 168.6. Anal. Calcd. for C;3H;5NO3S: C,
58.85; H, 5.70; N, 5.28; S, 12.09. Found: C, 58.61; H, 5.43;
N, 5.03; S, 12.31.

General procedure for the preparation of methyl (Z)-3-
aryl-2-(mercaptomethyl)propenoates 6. A stirred solution of
thiocarbamate 5§ (1 mmole) and PTSA (0.19 g, 1 mmole) in a
mixture of toluene (9 mL) and dichloromethane (1 mL) was
heated at reflux temperature for 4-10 h. After cooling to room
temperature, the mixture was diluted with saturated aqueous so-
dium bicarbonate solution (5 mL) and extracted with dichloro-
methane (3 x 10 mL). The combined organic layers were dried
over anhydrous magnesium sulfate and the solvent was evapo-
rated in vacuo. The resulting mixture was chromatographed on
silica gel eluting with hexane/ethyl acetate (15:1) to produce 6.

The physical and spectral data of 6 prepared by this general
method are as follows.

Methyl (Z)-2-(mercaptomethyl)-3-phenylpropenoate
(6a). Reaction time: 7 h; colorless oil; yield: 94%; ir (neat):
2571, 1712, 1628, 1493, 1447, 1434 cm™'; '"H NMR (deuterio-
chloroform): & 2.06 (t, 1 H, J = 7.9 Hz, SH), 3.60 (d, 2 H, J
= 7.9 Hz, CH,), 3.87 (s, 3 H, OCH3), 7.35-7.45 (m, 5 H, aro-
matic), 7.70 (s, 1 H, CH); >*C NMR (deuteriochloroform): &
21.2, 52.2, 128.7, 129.0, 129.3, 131.8, 134.8, 139.7, 167.4.
Anal. Caled. for C;1H,0,S: C, 63.43; H, 5.81; S, 15.40.
Found: C, 63.19; H, 5.75; S, 15.27.

Methyl  (Z)-3-(4-chlorophenyl)-2-(mercaptomethyl)prope-
noate (6b). Reaction time: 4 h; colorless oil; yield: 89%; ir
(neat): 2573, 1712, 1630, 1591, 1489, 1435 cm™'; 'H NMR
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(deuteriochloroform): 6 2.06 (t, 1 H, J/ = 7.6 Hz, SH), 3.55 (d,
2 H,J = 7.6 Hz, CH,), 3.86 (s, 3 H, OCHs3), 7.36-7.41 (m, 4
H, aromatic), 7.63 (s, 1 H, CH); 13C NMR (deuteriochloro-
form): 6 21.1, 52.3, 129.0, 130.7, 132.3, 133.2, 135.0, 138.3,
167.1. Anal. Calcd. for C,H;,ClO,S: C, 54.43; H, 4.57; S,
13.21. Found: C, 54.22; H, 4.29; S, 12.90.

Methyl  (Z)-3-(2-chlorophenyl)-2-(mercaptomethyl)prope-
noate (6¢). Reaction time: 10 h; colorless oil; yield: 83%; ir
(neat): 2582, 1714, 1633, 1468, 1436 cm™'; "H NMR (deuter-
iochloroform): 62.08 (t, 1 H, J = 8.3 Hz, SH), 3.45 (d, 2 H, J
= 8.3 Hz, CH»), 3.88 (s, 3 H, OCH3), 7.31-7.48 (m, 4 H, aro-
matic), 7.76 (s, 1 H, CH); >*C NMR (deuteriochloroform): &
21.3, 52.4, 126.9, 129.7, 129.9, 130.0, 133.5, 133.6, 134.1,
136.5, 166.8. Anal. Calcd. for C;H;;ClO,S: C, 54.43; H,
4.57; S, 13.21. Found: C, 54.31; H, 4.40; S, 13.03.

Methyl  (Z)-3-(2-bromophenyl)-2-(mercaptomethyl)prope-
noate (6d). Reaction time: 5 h; colorless oil; yield: 77%; ir
(neat): 2574, 1714, 1633, 1464, 1434 cm™'; "H NMR (deuter-
iochloroform): & 2.07 (t, 1 H, J = 8.0 Hz, SH), 3.43 (d, 2 H, J
= 8.0 Hz, CH,), 3.89 (s, 3 H, OCHj), 7.23-7.65 (m, 4 H, aro-
matic), 7.70 (s, 1 H, CH); >*C NMR (deuteriochloroform): &
21.2, 52.4, 124.0, 127.5, 130.0, 130.2, 132.9, 133.3, 1354,
138.7, 166.8. Anal. Calcd. for C;;H;;BrO,S: C, 46.01; H,
3.86; S, 11.17. Found: C, 45.88; H, 3.60; S, 11.31.

Methyl  (Z)-3-(2-fluorophenyl)-2-(mercaptomethyl)prope-
noate (6e). Reaction time: 5 h; white solid; yield: 78%; mp
32-34°C; ir (potassium bromide): 2557, 1708, 1632, 1608,
1482, 1461, 1434 cm™"; 'H NMR (deuteriochloroform): § 2.08
(t, 1 H, J = 7.9 Hz, SH), 3.52 (d, 2 H, / = 7.9 Hz, CH,), 3.87
(s, 3 H, OCHj), 7.08-7.51 (m, 4 H, aromatic), 7.72 (s, 1 H,
CH); "*C NMR (deuteriochloroform): & 21.4, 52.3, 115.8 (/ =
22.0 Hz), 122.8 (/ = 13.4 Hz), 130.1, 130.8, 130.9, 132.1,
133.8, 1604 (J = 250 Hz), 166.8. Anal. Calcd. for
C,H,,FO,S: C, 58.39; H, 4.90; S, 14.17. Found: C, 58.52; H,
4.72; S, 14.02.

Methyl (Z)-2-(mercaptomethyl)-3-(4-nitrophenyl)propenoate
(6f). Reaction time: 6 h; yellowish solid; yield: 85%; mp 78—
80°C; ir (potassium bromide): 2593, 1717, 1633, 1592, 1517,
1434, 1345 cm™"; 'H NMR (deuteriochloroform): & 2.12 (t, 1
H, J = 7.7 Hz, SH), 3.53 (d, 2 H, J = 7.7 Hz, CH,), 3.90 (s,
3 H, OCHj), 7.60 (d, 2 H, J = 8.3 Hz, aromatic), 7.70 (s, 1 H,
CH), 8.28 (d, 2 H, J = 8.8 Hz, aromatic); '*C NMR (deuterio-
chloroform): & 21.0, 52.6, 123.9, 130.0, 134.9, 136.8, 141.3,
147.6, 166.5. Anal. Calcd. for C;;H;;NO,S: C, 52.16; H, 4.38;
N, 5.53; S, 12.66. Found: C, 51.90; H, 4.02; N, 5.32; S, 12.37.

Methyl (Z)-2-(mercaptomethyl)-3-(2-nitrophenyl)propenoate
(6g). Reaction time: 4 h; yellowish solid; yield: 94%; mp 48—
49°C; ir (potassium bromide): 2569, 1721, 1635, 1605, 1569,
1513, 1429, 1337 cm™"; '"H NMR (deuteriochloroform): & 2.08
(t, 1 H, J = 8.2 Hz, SH), 3.33 (d, 2 H, J = 8.2 Hz, CH,), 3.89
(s, 3 H, OCH3), 7.53-7.74 (m, 3 H, aromatic), 7.92 (s, 1 H,
CH), 8.18-8.21 (m, 1 H, aromatic); *C NMR (deuteriochloro-
form): & 21.2, 52.4, 125.1, 129.6, 130.8, 131.0, 133.1, 133.8,
136.4, 147.4, 166.4. Anal. Calcd. for C;;H;;NO,S: C, 52.16;
H, 4.38; N, 5.53; S, 12.66. Found: C, 52.03; H, 4.11; N, 5.42;
S, 12.82.

Methyl (Z)-2-(mercaptomethyl)-3-(4-methylphenyl)-prope-
noate (6h). Reaction time: 7 h; colorless oil; yield: 75%; ir
(neat): 2566, 1710, 1627, 1608, 1511, 1435 cm™'; '"H NMR
(deuteriochloroform): 6 2.05 (t, 1 H, J = 7.6 Hz, SH), 2.38 (s,
3 H, CHy), 3.60 (d, 2 H, J = 7.6 Hz, CH,), 3.85 (s, 3H,
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OCH3), 7.23 (d, 2 H, J = 7.9 Hz, aromatic), 7.35 (d, 2 H, J =
7.9 Hz, aromatic), 7.67 (s, 1 H, CH): >*C NMR (deuterio-
chloroform): & 21.3, 21.4, 52.2, 129.4, 129.5, 130.9, 131.9,
139.3, 139.8, 167.5. Anal. Calcd. for C;,H,,0,S: C, 64.83; H,
6.35; S, 14.42. Found: C, 64.61; H, 6.22; S, 14.28.
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Condensation of 3-cyano-7-diethylamino-N-ethoxycarbonyl-iminocoumarin with various hydrazides as
N-nucleophiles gave a new series of 2-oxo-2H-1-benzopyrano[2,3-d]pyrimidines bearing an acylhydra-
zino fragment in the 4-position. The structures of the products obtained were characterized using IR, 'H
NMR, "“C NMR and elemental analysis. The optical properties were reported for three of these

compounds.

J. Heterocyclic Chem., 46, 28 (2009).

INTRODUCTION

Benzopyranopyrimidines have been increasingly inves-
tigated because of their important biological properties.
They exhibit for example anticancer [1,2], analgesic [3],
and antithrombotic [4] activities. In addition, benzopyra-
nopyrimidines could also be of interest because their
structure is close to that of rhodols, rhodamines, and fluo-
resceins [5], which constitute a well-known class of dyes.
Different routes have been described in the literature for
the synthesis of this class of condensed heterocycles [6—
8]. As part of our investigations on the synthesis of ben-
zopyranopyrimidines, we have reported previously [9], a
new method based on the transformation of 3-cyano-imi-
nocoumarins under the action of primary aliphatic and ar-
omatic amines, on heating in methanol. We have shown
that the reaction proceeded by an original mechanism that
involves several consecutive steps including nucleophilic
attack of the iminolactone ring, pyran ring opening, E/Z
isomerization, and subsequent cyclization. As a continua-
tion of our studies on the reactivity of 3-cyano-iminocou-
marins with N-nucleophiles, we wish to report in this ar-
ticle on the condensation of 3-cyano-7-diethylamino-N-
ethoxycarbonyl-iminocoumarin 1 with different hydra-
zides. The aim is to obtain a new series of benzopyrano-
pyrimidines incorporating an acylhydrazino fragment in
the 4-position, since the presence of this function could
improve physiological activities. The optical properties
of some benzopyranopyrimidines were also regarded.

RESULTS AND DISCUSSION

Iminocoumarin 1 was obtained by Knoevenagel con-
densation followed by N-ethoxycarbonylation as previ-
ously described in [9]. The condensation of this com-
pound with various hydrazides (2-11, see Table 1) was
studied, first focusing on a specific system, namely 1 and
benzoic hydrazide 2 (Scheme 1), to determine the best
conditions for synthesis. The progress of the reaction was
followed by TLC analysis and by the changes in FTIR
spectra of samples taken at regular intervals from the
reaction medium. Thus, the FTIR spectra showed the pro-
gressive disappearance of the original peaks at 2214 and
1724 cm ™" arising from the C=N and COOEt functions,
respectively, as well as the appearance of characteristic
peaks of the pyrimidine moiety at 1632 cm ' (C=N),
1664 cm~! (NH—NH—C=O0) and 1644 cm~ ' (C=0).
The best result was obtained by refluxing the mixture of
1 and 2 in methanol during 2 h. 4-(2-Benzoylhydrazino)-
8-diethylamino-2-oxo-2H-1-benzopyrano[2,3-d]pyrimidine
(11) was thus obtained with a yield of 92% (Scheme 1).
This product was isolated by simple filtration with high
purity as confirmed by '"H NMR, which showed the ab-
sence of resonance at 1.37 and 4.32 ppm arising from the
original ethoxy fragment, and the presence of two peaks
in the region of 10-11 ppm indicating the presence of the
NH—NH—CO function.

When the reaction was carried out in acetic acid at
room temperature the condensation of 1 with 2 did not

© 2009 HeteroCorporation
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Table 1

Benzopyranopyrimidines obtained by condensation of iminocoumarin
(1) with various hydrazides.

Hydrazide

(RC(O)NH Time Yield

NH,) R Benzopyranopyrimidine (h) (%)
2 @ 11 2 9

K
3 O 12 363
4 @ 13 75
5 OHO 14 187
6 Ny ) 15 2 75
7 @* 16 8 48
0]
8 NC% 17 16 70
9 CH, 18 1 45
OH
10 19 385

3

Reaction time and yield according to the nature of substituent R.

take place and no benzopyranopyrimidine 11 was
detected. It was found that 1 reacted intramolecularly in
these conditions to produce the oxidized derivative 1la
(Scheme 1). This type of compound was reported by Bly-
thin et al. [10] when carrying out the Knoevenagel reac-
tion with salicylaldehydes and N-cyanoacety-lurethane.

On sight of these results, compound 1 was then con-
densed with hydrazides 3-10 at reflux in methanol and
the progress of the reaction was monitored by TLC. The
reagent specific structure induced changes in reactivity
and the reaction time had to be modified (Table 1).

In each case, the reaction afforded the corresponding
4-acylhydrazinobenzopyranopyrimidine 12-19 as shown

in Scheme 2 that summarizes the synthesis. The FTIR
and NMR data relative to these compounds were in
good agreement with their structure. It is interesting to
note that the presence of both amine and hydrazide
functions in hydrazide 6 could lead to the formation of
two isomers (15 and 15a) resulting from the interaction
of the imidic carbon with the two N-nucleophilic centers
in the first step of the mechanism (Scheme 3). However,
chromatographic and spectroscopic analyses showed that
the iminocoumarin was selectively converted into 15
whereas 15a was not detected, probably because the
amine function is less nucleophilic than the hydrazide
function. The structure of 15 was clearly confirmed by
the 'H NMR spectrum, which showed the presence of
Ar—NH, (s, 2H, 5.71 ppm), NH—NH—CO (s, 1H,
10.16 ppm and s, 1H, 10.60 ppm) and the absence of
peak around 4-5 ppm related to the NH, group of the
hydrazidic fragment.

OPTICAL PROPERTIES

The electron conjugated system of benzopyranopyri-
midines 11-19 is identical and should be poorly affected
by the nature of the R substituent. It can therefore be
expected that all these compounds share common spec-
troscopic behaviour. The optical properties were mea-
sured on three of them (namely compounds 12, 13, and
15). The results are gathered in Table 2.

Compounds 12, 13, and 15 were poorly soluble in or-
ganic solvents. All were studied in dimethylsulfoxide,
but only two of them could be dissolved in dichlorome-
thane. The solutions were filtered on paper filter prior to
spectroscopic study. However, for most of the samples,
the absorption spectrum was particularly wide, with a
markedly high baseline. This indicates that in spite of
filtration, some particles were present in solution and
scattered light.

For each sample, the excitation spectrum was much
narrower than the absorption spectrum. For compound
13, both spectra had almost the same maximum. For 15
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Scheme 2. General scheme of the synthesis. Substitutent R as described in Table 1.
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and 12, the excitation spectra showed a considerable
blue shift reaching 50 nm compared with the absorption
spectra. Besides, the excitation spectra did not vary with
the emission wavelength, and conversely, the emission
spectra were independent of the excitation wavelength.
This indicates the presence of only one fluorophore in
each solution. The discrepancy between the absorption
and excitation spectra could thus be attributed to the
presence of nonfluorescent impurities. But, the TLC
analyses of the three compounds gave a single spot, so
the presence of impurities could be discarded. Conse-
quently, it is most likely that these poorly soluble com-
pounds form nonfluorescent aggregates in solution, these
aggregates being particularly visible at long wavelengths
on the absorption spectra.

The emission spectra did not show fine resolution.
Their maximum was rather close for the three com-
pounds, around 520 nm in DMSO and slightly above
500 nm in dichloromethane. A small solvent effect can
thus be noted. The lifetimes were found to be monoex-
ponential, above the nanosecond. The quantum yields
were not calculated since the absorption spectra corre-
sponded to two species at least, only one of which is
fluorescent. Therefore, the quantum yields measured
would have been lower than their actual value.

If comparing the properties of these benzopyranopyri-
midines with those of parent compound 1 in the same

HH ==NH=—C =R

s i
Et

N\ /kt

W o H 0
El!‘

11-19

MeOH
—_—l

solvents [11,12], it appears, as could be expected, that
cyclization has led to a moderate shift of the absorption
and emission wavelengths towards longer wavelengths.
In contrast, the fluorescence lifetime is quite similar for
the two types of compounds.

CONCLUSION

This article reported the facile synthesis of new 2-
oxo-2H-1-benzopyrano[2,3-d]pyrimidines from the con-
densation of a 3-cyanoiminocoumarin with various
hydrazides. The products were easily purified and
obtained with a good yield. Their limited solubility in
most of organic solvents could be a drawback for subse-
quent applications. However, it is possible that these
compounds display interesting biological properties,
which would deserve further investigations.

EXPERIMENTAL

7-Diethylamino-2-hydroxybenzaldehyde, malonitrile and
hydrazides were commercially available from Aldrich. All
melting points were determined on an Electrothermal 9100 ap-
paratus. Infrared spectra were registered on a Jasco FT-IR 420
spectrophotometer apparatus using KBr pellets. 'H and '*C
NMR spectra were recorded on a Bruker WP 200 spectrometer
at 300 MHz in DMSO-d¢ with TMS as internal standard
(chemical shifts in ppm).
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Table 2

Maximum absorption wavelength (A,ps), maximum excitation wavelength (A.x), maximum emission wavelength (A.n), and fluorescence lifetime (t)
for compounds 12, 13, and 15 in dimethylsulfoxide and dichloromethane.

Compound Aabs (NM) Aex (NM) Aem (NM) T (ns)

12 (DMSO) 504 458 520 2.6 +0.3
13 (DMSO) 486 476 518 2.9+ 0.2
13 (CH,Cly) 484 (508 sh) 480 502 32+02
15 (DMSO) 508 480 520 1.54+0.2
15 (CH,Cly) 502 451 507 1.9+0.2

UV/vis absorption spectra were recorded on a Hewlett-Pack-
ard 8452A diode array spectrophotometer. Steady state fluores-
cence work was performed on a Photon Technology Interna-
tional (PTI) Quanta Master 1 spectrofluorometer. All excitation
and emission spectra were corrected. Fluorescence decay was
measured with the stroboscopic technique using a Strobe Mas-
ter fluorescence lifetime spectrophotometer from PTI. The ex-
citation source was a flash lamp filled with a mixture of nitro-
gen and helium (30/70). Data were collected over 200 chan-
nels with a time-base of 0.1 ns per channel. Analysis of fluo-
rescence decay was performed using the multiexponential
method software from PTI. All spectrophotometric measure-
ments were conducted in a thermostated cell at 25°C.

3-Cyano-N-ethoxycarbonyl-7-diethylamino iminocoumarin
1. 3-Cyano-N-ethoxycarbonyl-7-diethylamino iminocoumarin 1
was prepared as previously described in [9].

General procedure for the synthesis of benzopyranopyri-
midines 11-19. A solution of 3-cyano-N-ethoxycarbonyl-7-
diethylamino iminocoumarin 1 (1.56 g, 5 mmol) and (5 mmol)
of hydrazide in 30 mL of absolute methanol was refluxed dur-
ing the time indicated in Table 1. After complete reaction, the
benzopyranopyrimidine obtained was separated by filtration
and washed with ethanol. For spectroscopic use, compound 12,
13, and 15 were purified on TLC plates using chloroform as
the eluent.

4-(2-Benzoylhydrazino)-8-diethylamino-2-oxo-2H-benzopyr-
ano[2,3-d]pyrimidine (11). Mp: 244°C. IR (cm™Y): 1632
(C=N), 1644 (C=0), 1664 (N—CO—N), 3331 (NH). 'H
NMR: & = 1.14 (t, J = 6.9 Hz, 6H, CH3), 3.51 (q, J = 6.9
Hz, 4H, CH,N), 6.74 (s, 1H, Hy), 6.88 (d, / = 9.0, 1H, Hy),
7.45-7.55 (3 H, COR), 7.75 (d, J = 9.0 Hz, 1H, Hy), 7.87—
7.89 (2 H, COR), 8.47 (s, 1H, Hs), 10.49 (s, 1H, NH), 10.64
(s, 1H, NH). Anal. Calcd. for C,,H,;NsO5: C, 65.50; H, 5.25;
N, 17.36. Found: C, 65.46; H, 5.33; N, 17.35.

4-[2-(3-Fluorobenzoyl)hydrazino]-8-diethylamino-2-oxo-
2H-benzopyrano[2,3-d]pyrimidine  (12). Mp: 249°C. IR
(em™"): 1634 (C=N, C=0), 1664 (N—CO—N), 3331 and
3335 (NH). '"H NMR: § = 1.14 (t, / = 6.9 Hz, 6H, CH3), 3.51
(q, J/ = 6.9 Hz, 4H, CH,N), 6.75 (s, 1H, Hy), 6.89 (dd, J =
7.2, 1.8 Hz, 1H, Hy), 7.39 (m, 1H, COR), 7.53 (m, 1H, COR),
7.76 (m, 2H, COR), 7.74 (d, J = 7.2, 1H, He), 8.49 (s, 1H,
Hs), 10.50 (s,1H, NH), 10.60 (s, 1H, NH). °C NMR: § =
12.71 (CHj), 44.90 (CH,—NH), 96.73 (Cy), 104.92, 110.00
(Cpa, Cy3), 111.80 (Cy), 114.74, 118.26, 124.35, 130.63
(CH—R), 132.02 (C¢), 136.76 (R), 138.04 (Cs), 140.76 (Cy),
153.31 (Cy), 156.14 (Cyp), 160.52 (Cyy), 162.13 (C—F), 163.75
(C=0), 167.95 (NH—C=0). Anal. Calcd. for C;,H,,FN503:
C, 62.70; H, 4.78; N, 16.62. Found: C, 63.10; H, 4.80; N,
16.50.

Journal of Heterocyclic Chemistry

4-[2-(2-Thienylcarbonyl) hydrazino]-8-diethylamino-2-oxo-
2H-benzopyrano[2,3-d]pyrimidine  (13). Mp: 247°C. IR
(em™hH: 1619 (C=N), 1639 (C=0), 1660 (N—CO—N), 3289
(NH). "H NMR: & = 1.14 (t, J = 7.0 Hz, 6H, CH3), 3.51 (q, J
= 7.0 Hz, 4H, CH,N), 6.76 (d, J = 2.1 Hz, 1H, Hy), 6.61 (s,
1H, COR), 6.89 (dd, J = 9.0, 2.1 Hz, 1H, Hy), 7.18 (s, 1H,
COR), 7.71 (d, J = 9.0 Hz, 1H, Hg), 7.80 (s, 1H, COR) , 8.46
(s, 1H, Hs), 10.46 (s,1H, NH), 10.69 (s, 1H, NH). Anal. Calcd.
for Cy0H9N5O3S: C, 58.67; H, 4.68; N, 17.10. Found: C,
59.01; H, 4.64; N, 17.11.
4-[2-(4-Hydroxybenzoyl)hydrazino]-8-diethylamino-2-oxo-
2H-benzopyrano[2,3-d[pyrimidine  (14). Mp: 270°C. 1R
(em™h: 1608 (C=N), 1636 (C=0), 1664 (N—CO—N), 3326
(NH), 3423 (OH). 'H NMR: & = 1.13 (t, / = 6.9 Hz, 6H,
CH;), 3.50 (q, J = 6.9 Hz, 4H, CH,N), 6.73 (s, 1H, Hy), 6.82
(d, J = 8.7 Hz, 2H, COR), 7.77 (d, J = 8.7 Hz, 2H, COR),
6.85 (d, J = 9.3 Hz, 1H, Hy), 7.72 (d, J = 9.3 Hz, 1H, Hy),
8.42 (s, 1H, Hs), 10.28 (s,1H, OH), 10.46 (s,1H, NH), 10.69
(s, 1H, NH). Anal. Calcd. for C»,H,N5O4: C, 63.00; H, 5.05;
N, 16.70. Found: C, 62.90; H, 5.23; N, 17.71.
4-[2-(4-Aminobenzoyl) hydrazino]-8-diethylamino-2-oxo-2H-
benzopyrano[2,3-d]pyrimidine (15). Mp: 245°C. IR (em™Y):
1605 (C=N), 1637 (C=0), 1663 (N—CO—N), 3210 and 3334
(NH), 3439 (NH,). 'H NMR: § = 1.12 (t, J = 6.9 Hz, 6H,
CHs3), 3.47 (q, / = 6.9 Hz, 4H, CH,N), 5.71 (s, 2H, NH,),
6.57 (d, J = 8.4 Hz, 2H, COR), 6.65 (d, / = 8.4 Hz, 2H,
COR), 6.69 (s, 1H, Hy), 6.82 (d, J = 9.3 Hz, 1H, Hy), 7.67 (d,
J = 9.3 Hz, 1H, Hg), 8.36 (s, 1H, Hs), 10.16 (s,1H, NH),
10.60 (s, 1H, NH). >C NMR: & = 12.69 (CH;), 44.84
(CH,—NH), 96.68 (Co), 105.67, 109.90 (Cjp, Cy3), 111.58
(Cy), 11277 (CH—R), 120.49 (C—R) 129.78 (Cq), 131.67
(CH—R),136.96 (Cs), 137.38 (C—R), 152.32 (Cg), 152.93
(Cy), 155.81 (Cyp), 156.30 (Cyp) 163.57 (C=0), 168.09
(NH—C=O0). Anal. Calcd. for C,,H»,NzO5: C, 63.15; H, 5.30;
N, 20.08. Found: C, 62.90; H, 5.33; N, 20.00.
4-[2-(2-Furoyl)hydrazino]-8-diethylamino-2-oxo-2H-benzo-
pyrano[2,3-d[pyrimidine (16). Mp: 246°C. IR (cm™Y: 1607
(C=N), 1636 (C=0), 1663 (N—CO—N), 3290 (NH). 'H
NMR: & = 1.13 (t, J = 7.0 Hz, 6H, CH3), 3.51 (q, J = 7.0
Hz, 4H, CH;,N), 6.66 (m, 1H, COR), 6.76 (d, J = 2.1 Hz, 1H,
Hy), 6.89 (dd, J = 9.0, 2.1 Hz, 1H, H;), 7.24 (d, 1H, COR),
7.76 (d, J = 9.0 Hz, 1H, Hy), 7.89 (m, 1H, COR), 8.46 (s, 1H,
Hs), 10.15 (s,1H, NH), 10.55 (s, 1H, NH). Anal. Calcd. for
CyoH9N504: C, 61.06; H, 4.87; N, 17.80. Found: C, 61.20; H,
4.93; N, 17.84.
4-(2-Isonicotinoylhydrazino)-8-diethylamino-2-oxo-2H-ben-
zopyrano[2,3-d]pyrimidine (17). Mp: >270°C. IR (cm™'):
1607 (C=N), 1640 (C=0), 1661 (N—CO—N),3234 (NH). 'H
NMR: & = 1.15 (t, J = 6.9 Hz, 6H, CH3), 3.52 (q, J = 6.9
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Hz, 4H, CH,N), 6.66 (m, 1H, COR), 6.68 (d, J = 2.1 Hz, 1H,
Ho), 6.89 (dd, J = 7.0, 1.5 Hz, 1H, Hy), 7.73 (d, 1H, COR),
7.77 (d, J = 7.0 Hz, 1H, Hg), 7.82 (dd, 2H, COR), 8.53 (s,
1H, HS)’ 10.67 (S, ZH, ZNH) Anal. Calcd. for C21H20N6O3I C,
62.37; H, 4.98; N, 20.78. Found: C, 61.97; H, 4.80; N, 20.44.

4-(2-Acetylhydrazino)-8-diethylamino-2-oxo-2H-benzopyr-
ano[2,3-d]pyrimidine (18). Mp: >270°C. IR (ecm™Y: 1609
(C=N), 1636 (C=0), 1662 (N—CO—N),3232 (NH).'"H NMR:
o = 1.14 (t, ] = 6.9 Hz, 6H, CH3), 2.17 (s, 3H, CH3), 3.42 (q,
J = 6.9 Hz, 4H, CH,N), 6.63 (d, / = 2.1 Hz, 1H, Hy), 6.78
(d, J = 7.0, 2.1 Hz, 1H, Hy), 7.50 (d, J/ = 7.0 Hz, 1H, Hg),
8.12 (s, 1H, Hs), 10.73 (s, 1H, NH), 10.76 (s, 1H, NH). Anal.
Calcd. for C{7H;9N5O5: C, 59.81; H, 5.61; N, 20.52. Found:
C, 60.07; H, 5.63; N, 20.80.

4-[2-(2-Hydroxybenzoyl)hydrazino]-8-diethylamino-2-oxo-
2H-benzopyrano(2,3-d|pyrimidine (19). Mp: >270°C. IR
(em™): 1606 (C=N), 1640 (C=0), 1661 (N—CO—N),3234
(NH), 3433 (OH).'H NMR: & = 1.13 (t, / = 6.9 Hz, 6H,
CHs), 3.51 (q, / = 6.9 Hz, 4H, CH,N), 6.77 (s, J = 1.5 Hz,
1H, Hy), 6.90 (dd, J = 7.0, 1.5 Hz, 1H, Hy), 7.39 (dd, 2H,
COR), 7.75 (d, J = 7.0 Hz, 1H, Hg), 7.90 (d, 2H, COR), 8.53
(s, 1H, Hs), 10.60 (s, 1H, INH), 10.75 (s, 1H, OH), 10.90 (s,
1H, NH). Anal. Calcd. for C5,H,1NsO4: C, 63.00; H, 5.05; N,
16.70. Found: C, 62.61; H, 5.42, N, 16.57.

Synthesis of 8-diethylamino 2H-benzopyrano[2,3-d]py-
rimidine-2,4(3H)-dione (11a). A mixture of (1.56 g, 5 mmol)
of 1 and (0.68 g, 5 mmol) of benzoic hydrazide 2 were stirred
at 20°C in 20 mL of glacial acetic acid for 20 h. The product
was isolated by filtration and recrystallized in dimethylsulfox-
ide. Mp 250°C. Yield: 55%. IR (cm™"): 1641 (C=0), 3246
(NH). '"H NMR (300 MHz, DMSO-d¢): & = 1.14 (t, J = 6.9
Hz, 6H, CH3), 3.53 (q, / = 6.9Hz, 4H, CH,N), 6.80 (d, J =
1.5 Hz, 1H, Ho), 6.89 (dd, J = 6.9, 1.5 Hz, 1H, Hy), 7.74 (d, J
= 6.9 Hz, 1H, Hy), 8.59 (s, 1H, Hs), 11.06 (s,1H, NH). *C
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NMR: & = 12.86 (CHj), 45.29 (CH,—NH), 96.97 (Cy),
104.98, 110.31 (Cy,, Cy3), 112,49 (Cy), 133.41 (Ce), 144.38
(Cs), 154.89 (Cy), 157.34 (Cy), 157.57 (Cyp), 162.52 (C=0),
168.57 (C=O0). Anal. Calcd. for C;sH;sN;O3: C, 63.15; H,
5.30; N, 14.73. Found: C, 62.96; H, 5.21; N, 14.69.
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A tandem inter- and intramolecular Pd-catalyzed amination protocol was studied on 4-chloro-3-iodo-
quinoline and 3-chloro-4-iodoquinoline with different aminohetarenes. Applying this method, ten novel
quinoline derivatives and eight new heterocyclic ring systems were synthesized.

J. Heterocyclic Chem., 46, 33 (2009).
INTRODUCTION

The quinoline-containing polycyclic compounds are
expected to have interesting biological activity. Pyrazo-
loquinoline derivatives are active agents for the treat-
ment of cancer and herpes virus infections [1,2]. Substi-
tuted indoloquinolines display biological properties such
as antimalarial, antimuscarinic, antibacterial, antiviral,
and cytotoxic activities in vivo, and significant antitumor
properties in vitro [3-6].

The aim of this work was to prepare new heterocyclic
ring systems, containing the quinoline skeleton. 4-
Chloro-3-iodoquinoline (1) and 3-chloro-4-iodoquinoline
(2) were reacted with aminohetarenes 3a-3e to get hith-
erto unknown heterocyclic scaffolds.

RESULTS AND DISCUSSION

In 2004, Loones et al. described the first auto-tandem
inter- and intramolecular Pd-catalyzed amination proto-
col on 2-chloro-3-iodopyridine with different amino
(benzo)(di)azines [7]. A few years later, they extended
their amination procedure on the benzo-analogue of 2-
chloro-3-iodopyridine; 2-chloro-3-iodoquinoline [8]. To
the best of our knowledge, there are no reports on the

above-mentioned Pd-catalyzed amination of either 4-
chloro-3-iodoquinoline (1) or 3-chloro-4-iodoquinoline (2).

At the beginning of this work, we had some doubt
whether this one-pot double amination reaction would
work on our substrates 1-2. To find the optimal condi-
tions for the synthesis of 4-7, some preliminary experi-
ments were needed. The effects of solvent and ligand on
the reaction rate were investigated for compound 1.

In a first approach, we studied the effect of ligand on
the auto-tandem Pd-catalyzed amination. rac-BINAP
(2,2'-bis(diphenylphosphino)-1,1’-binaphthyl) [9] and
XANTPHOS (4,5-bis(diphenylphosphino)-9,9-dimethyl-
xanthene) [10] are commonly used ligands in the Buch-
wald-Hartwig aminations [11,12]. Concerning the ami-
nation of 1 with 2-aminopyridine (3a) under the same
conditions (Pd(OAc),, Cs,CO3, toluene, reflux), XANT-
PHOS gave higher conversion for 6a than rac-BINAP
after the same reaction time (Scheme 1).

The effects of different solvents like toluene, DMF,
and DME were studied keeping the other reaction condi-
tions unchanged. The fastest reaction was observed in
toluene.

On the basis of the small-scale experiments, different
amino(benzo)(di)azines 3a-3e were coupled with 4-
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Scheme 1. Synthesis of 4a-4e and 6a-6e.

Cl
| Cl
= i N
_ e >y
N Z
1 N

4a-4e
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chloro-3-iodoquinoline (1) in toluene in the presence of
Pd(OAc),, XANTPHOS and Cs,COj at reflux tempera-
ture to get the unknown 3-amino-4-chloroquinoline
derivatives 4a-4e and the new polycyclic heterocycles
6a-6e.

Table 1
Synthesis of 4a-4e.

3 Time (h)  Yield (%) 4
N/
cl |
3a 6 61 N
NH
~
N
N
3b 3 61

pd
A\

3d 5 78 N
cl |
N [
oY’
~
N
N/
cl
3e 4 43 LN
NYH
~
N
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Table 2
Synthesis of 6a-6e.
3 Time (h) Yield (%) 6
—
N
3a 21 32 \ )
Na N
f\
N
N_
3b 20 84 \ />)
N N
/4}
N [/
3c 21 Traces \ />/N
Nx N
3d 29 30 N
Ny / Ay
——
N
3e 22 51 1 m
N/ N

The desired intermediates 4a-4e were obtained in
moderate to good yields, 43-78%. The reaction time
was different in every case but was comprised between
3 and 6 h. In the case of 4-chloro-3-(pyrimidin-2-yl)a-
mino-quinoline (4¢), only traces could be detected after
6 h; so the reaction was left longer (20 h) at reflux tem-
perature resulting in a good yield of 72% being
achieved. The results are reported in Table 1 and in the
Experimental Section.

The new ring systems 6a, 6b, 6d, 6e were obtained
after 20-29 h, with varying yields (30-83%). 5,7,8,11a-
Tetraazabenzo[c]fluorene (6¢) was also formed, but only
as a minor compound (Table 2).

We expanded our investigation to 3-chloro-4-iodo-
quinoline (2) as a substrate. The coupling reactions were
carried out with the same aminohetarenes 3a-3e. The
monosubstituted intermediates Sa-Se were prepared in
the same way as when using 4-chloro-3-iodoquinoline
(1) (Scheme 2).

A similar behavior was observed as in the case of 4a-
4e. The Pd-catalyzed intermolecular aminations afforded
compounds 5a-5e in moderate to good yields (50-78%).
The reaction time was again the longest with 2-amino-
pyrimidine  (3c¢), which resulted in 3-chloro-4-
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Scheme 2. Synthesis of 5a-5e and 7a-7e.
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XANTPHOS (0.04 mmol), toluene, reflux temperature
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ii, 2 (1.73 mmol), 3a-3e (1.73 mmol), Cs,CO, (6.92 mmol), Pd(OAc), (0.17 mmol),
XANTPHOS (0.17 mmol), toluene, reflux temperature

iii, 2 (1.73 mmol), 3a-3e (1.73 mmol), Cs,CO; (6.92 mmol), Pd(OAc), (0.17 mmaol),
XANTPHOS (0.17 mmol), Cul (0.35 mmol), DME, reflux temperature

(pyrimidin-2-yl)aminoquinoline (Sc¢). The results are
reported in Table 3 and in the Experimental Section.

In contrast, the reaction conditions optimized for 6a-
6e did not work for the synthesis of 7a-7e: in all cases,
the reactions stopped at the stage of 5a-Se. No intramo-
lecular amination was observed, so we had to change
our strategy. We wondered if it would be possible to
prepare 7a-7e in one-pot via orthogonal tandem catalysis
(with simultaneously operating palladium and copper
catalysts). Fortunately, by adding Cul (0.2 eq) to the
reaction mixture (2, 3a-3e, Pd(OAc),, XANTPHOS,
Cs,CO; and DME as solvent), the desired heterocycles
7a-Te could be synthesized [8] (Scheme 2).

The formation of 7a-7e directly from 3-chloro-4-iodo-
quinoline (2) and 3a-3e gave varying results. Only
traces of 5,6b,10,11-tetraazabenzo[a]fluorene (7c¢) were
formed. Low yields were obtained in the reaction with
2-aminopyridine (3a) and 2-aminoquinoline (3d). In the
coupling with 3b and 3e, moderate yields were achieved
(Table 4).

In conclusion, the tandem inter- and intramolecular
Pd-catalyzed amination protocol was applied on 4-
chloro-3-iodoquinoline (1) and 3-chloro-4-iodoquinoline
(2) with five different amidines 3a-3e, affording novel
heterocyclic systems. The reactions that were performed
with compound 1 gave higher yields compared to the
experiments with the other isomer 2. Unfortunately in
two cases—1 and 2 with 2-aminopyrimidine (3c¢)—the
reactions only gave traces of the desired products
6c¢, 7c.

In summary, we succeeded in preparing ten monosub-
stituted intermediates 4a-4e and Sa-Se and eight new
heterocyclic scaffolds 6a, 6b, 6d, 6e, 7a, 7b, 7d, 7e
whose biological activity warrants further investigation.
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EXPERIMENTAL

All melting points were measured on a Biichi-545 apparatus
and are uncorrected. Magnetic resonance spectra (‘H NMR)
were recorded on a Varian 400 MHz spectrometer. Chemical
shift values are reported in & (ppm) relative to an internal
standard (tetramethylsilane). All coupling constants are given
in Hertz. Multiplicity is indicated using the following abbrevi-
ations: br, broad; d, doublet; t, triplet; m, multiplet; s, singlet.
The mass spectra were measured on a FISONS TRIO 1000.
Elemental analyses were carried out on an Elementar VARIO
EL. Reactions were monitored by TLC on silica gel-protected
aluminium sheets (Type 60 F 254, Merck), and the spots were
detected by exposure to a UV-Lamp at 254 nm for a few sec-
onds. Column chromatography was performed on silica gel. 4-
Chloro-3-iodoquinoline (1) and 3-chloro-4-iodoquinoline (2)
were synthesized using a modification of a known procedure
described in literature [13,14]. All reagents were purchased
from Aldrich except 2-aminopyrazine and 2-aminoquinoline,
which were ordered from Fluka and Apollo, respectively. All
the solvents were of the highest analitical grade.

General procedure for the preparation of 4a-4e and 5a-
Se. A round-bottomed flask was charged with Pd(OAc), (9
mg, 0.04 mmol, 0.02 eq), Xantphos (4,5-bis(diphenylphos-
phino)-9,9-dimethylxanthene) (24 mg, 0.04 mmol, 0.02 eq)
and toluene (8 mL). The solution thus obtained was flushed
with argon for 1 h under magnetic stirring at room tempera-
ture. Meanwhile, a three-necked round-bottomed flask was
charged with 4-chloro-3-iodoquinoline (1) (0.50 g, 1.73
mmol, 1.00 eq) or 3-chloro-4-iodoquinoline (2) (0.50 g, 1.73
mmol, 1.00 eq), the corresponding amidine 3a-3e (1.73
mmol, 1.00 eq), Cs,CO;3 (2.25 g, 6.92 mmol, 4.00 eq) and
toluene (15 mL). To this suspension, the preformed Pd-cata-
lyst was added. The resulting mixture was flushed with argon
again and heated for 3-21 h at reflux temperature. After
cooling to room temperature, toluene was removed by evapo-
ration, the residue was mixed with silica gel, and it was
brought on top of a silica gel column and purified by flash
chromatography.

4-Chloro-3-(pyridin-2-yl)aminoquinoline (4a). Purification
by flash chromatography using hexane:EtOAc = 7:3 resulted
in a white solid. Yield: 0.27 g, 1.05 mmol, 61%; mp. 213.4—
213.5°C; 'H NMR (CDCl;) 5 6.86-6.88 (m, 3H, ArH, NH),
7.57-7.64 (m, 3H, ArH), 8.05-8.11 (m, 2H, ArH), 8.25-8.27
(m, 1H, ArH), 9.62 (s, 1H, ArH); MS: m/z = 255 M™); Anal.
Calcd. for C 4HoCIN; (255.71) C, 65.76; H, 3.94; N, 16.43.
Found: C, 65.94; H, 3.93; N 16.38.

4-Chloro-3-(pyrazin-2-yl)aminoquinoline (4b). Purification
by flash chromatography using toluene:MeOH = 95:5 resulted
in a brownish solid, which was recrystallized from toluene to
give a beige solid. Yield: 0.27 g, 1.05 mmol, 61%; mp. 176.2—
176.3°C; '"H NMR (CDCls) § 6.98 (br, 1H, NH), 7.61-7.68
(2H, m, Ar), 8.08-8.18 (m, 4H, ArH), 8.32 (d, 1H, ArH, J =
1.2 Hz), 9.70 (s, 1H, ArH); MS: m/z = 256 (M"); Anal.
Calcd. for C;3HoCIN, (256.70) C, 60.83; H, 3.53; N, 21.83.
Found: C, 60.62; H, 3.52; N 21.89.

4-Chloro-3-(pyrimidin-2-yl)aminoquinoline (4c). Purification
by flash chromatography using hexane:EtOAc = 3:2 resulted
in a white solid. Yield: 0.32 g, 1.25 mmol, 72%; mp. 156.5—
157.2°C; '"H NMR (CDCl3) 3 6.81 (t, 1H, ArH, J = 4.8 Hz),
7.55-7.64 (m, 2H, ArH), 7.71 (br, 1H, NH), 8.05-8.10 (m, 2H,
ArH), 8.44 (d, 2H, ArH, J = 4.8 Hz), 9.90 (s, 1H, ArH); MS:
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Table 3
Synthesis of 5a-5e.

3 Time (h) Yield (%) 5

/

\
zZ

3a 3 57

Zg\ /; £
o

D,

3b 3 50

z
I
]

z} A/

—

3c 21 74

zg\ /; £
o)

3d 3 66

\N
z

Q

3e 6 78

Q

Zg\ /; g g\z /; Zg\ /; £

m/z = 256 (M"); Anal. Caled. for C3HoCIN, (256.70) C,
60.83; H, 3.53; N, 21.83. Found: C, 60.93; H, 3.52; N 21.88.

4-Chloro-3-(quinolin-2-yl)aminoquinoline (4d). Purification
by flash chromatography using hexane:EtOAc = 7:3, 1:1
resulted in a light yellowish solid. Yield: 0.41 g, 1.34 mmol,
78%; mp. 171.0-172.1°C; 'H NMR (CDCl3) & 7.00 (d, 1H,
ArH, J = 8.8 Hz), 7.13 (br, 1H, NH), 7.33-7.37 (m, 1H,
ArH), 7.59-7.69 (m, 4H, ArH), 7.83 (d, 1H, ArH, J = 8.4
Hz), 8.02 (d, 1H, ArH, J = 8.8 Hz), 8.03-8.13 (m, 2H, ArH),
10.23 (s, 1H, ArH); MS: m/z = 305 (M"); Anal. Calcd. for
CgH>CIN3 (305.77) C, 70.71; H, 3.96; N, 13.74. Found: C,
70.84; H, 3.95; N 13.71.
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4-Chloro-3-(isoquinolin-1-yl)aminoquinoline (4e). Purifica-
tion by flash chromatography using hexane:EtOAc = 7:3
resulted in an orange solid which was recrystallized from
EtOH to give a yellowish solid. Yield: 0.23 g, 0.75 mmol,
43%; mp. >250°C; '"H NMR (CDCl;) 8 7.26 (d, 1H, ArH, J =
6.0 Hz), 7.61-7.71 (m, 5SH, ArH, NH), 7.81 (d, 1H, ArH, J =
8.0 Hz), 8.06-8.14 (m, 4H, ArH), 9.98 (s, 1H, ArH); MS: m/z
= 305 (M™); Anal. Calcd. for C,sH,,CIN; (305.77) C, 70.71;
H, 3.96; N, 13.74. Found: C, 70.83; H, 3.95; N, 13.71.
3-Chloro-4-(pyridin-2-yl)aminoquinoline (5a). Purification
by flash chromatography using hexane:EtOAc = 3:2 resulted
in a beige solid. Yield: 0.25 g, 0.98 mmol, 57%; mp. 177.6—
178.5°C; 'H NMR (CDCl3) & 6.41 (d, 1H, ArH, J = 8.0 Hz),
6.85-6.88 (m, 1H, ArH), 7.12 (br, 1H, NH), 7.46-7.50 (m, 2H,
ArH), 7.69-7.72 (m, 1H, ArH), 7.81-7.83 (m, 1H, ArH), 8.11
(d, 1H, ArH, J = 8.4 Hz), 8.24-8.25 (m, 1H, ArH), 8.88 (s,
IH, ArH); MS: m/z = 255 (M"); Anal. Caled. for
C14HoCIN; (255.71) C, 65.76; H, 3.94; N, 16.43. Found: C,
65.51; H, 3.95; N, 16.47.
3-Chloro-4-(pyrazin-2-yl)aminoquinoline (5b). Purification
by flash chromatography using toluene:2-propanol = 9:1
resulted in a beige solid. Yield: 0.22 g, 0.86 mmol, 50%; mp.
>250°C; '"H NMR (CDCls) & 7.08 (br, 1H, NH), 7.44-7.53
(m, 1H, ArH), 7.70-7.74 (m, 1H, ArH), 7.77-7.80 (m, 1H,
ArH), 793 (d, 1H, ArH, J = 1.2 Hz), 8.10-8.14 (m, 3H,
ArH), 8.89 (s, 1H, ArH); MS: m/z = 256 (M""); Anal. Calcd.
for C13HoCINy (256.70) C, 60.83; H, 3.53; N, 21.83. Found:
C, 60.62; H, 3.54; N, 21.87.
3-Chloro-4-(pyrimidin-2-yl)aminoquinoline (5c). Purification
by flash chromatography using hexane:EtOAc = 3:2, 2:3, 1:9

Table 4
Synthesis of 7a-7e.

3 Time (h) Yield (%) 7
N X
3a 19 5 NN~
=
Ny
3b 28 66 Nn A
N=
NY\Nj
3¢ 28 Traces NN~
=
Nar N\
3d 28 4 NN
=
N
3 21 43 \ N
¢ - N
N =
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resulted in a white solid. Yield: 0.33 g, 1.28 mmol, 74%; mp.
232.8-232.9°C; '"H NMR (CDCl3) & 6.80 (t, 1H, ArH, J = 4.8
Hz), 7.37 (br, 1H, NH), 7.49-7.53 (m, 1H, ArH), 7.68-7.72
(m, 1H, ArH), 7.87 (d, 1H, ArH, J = 8.4 Hz), 8.10 (d, 1H,
ArH, J = 8.4 Hz), 8.37 (d, 2H, ArH, J = 4.8 Hz), 8.90 (m,
1H, ArH); MS: m/z = 256 (M"); Anal. Calcd. for C;3HoCIN,
(256.70) (C, 60.83; H, 3.53; N, 21.83. Found: C, 60.71; H,
3.54; N 21.79.

3-Chloro-4-(quinolin-2-yl)aminoquinoline (5d). Purification
by flash chromatography using hexane:EtOAc = 3:2 resulted
in a white solid. Yield: 0.35 g, 1.14 mmol, 66%; mp. 118.3—
119.2°C; "H NMR (CDCl3) 5 6.61 (d, 1H, ArH, J = 8.8 Hz),
7.31-7.35 (m, 1H, ArH), 7.41-7.45 (m, 1H, ArH), 7.57-7.61
(m, 1H, ArH), 7.65-7.71 (m, 3H, ArH, NH), 7.85-7.89 (m, 2H,
ArH), 8.10 (d, 1H, ArH, J = 8.0 Hz), 8.87 (s, 1H, ArH); MS: m/
z = 305 M™"); Anal. Calcd. for C;sH;,CIN; (305.77) C, 70.71;
H, 3.96; N, 13.74. Found: C, 70.88; H, 3.95; N, 13.71.

3-Chloro-4-(isoquinolin-1-yl)aminoquinoline (5e). Purifica-
tion by flash chromatography using hexane:EtOAc = 3:2, 1:1,
2:3 resulted in an orange solid. Yield: 0.41 g, 1.34 mmol,
78%; mp. >250°C; "H NMR (CDCl;) (the mixture of two tau-
tomers) & 7.32-9.00 (m, 12 H, ArH, NH); MS: m/z = 305
(M"); Anal. Caled. for CgH;»CIN; (305.77) C, 70.71; H,
3.96; N, 13.74. Found: C, 70.85; H, 3.95; N, 13.70.

General procedure for the preparation of 6a-6e. A
round-bottomed flask was charged with Pd(OAc), (39 mg,
0.17 mmol, 0.10 eq), Xantphos (4,5-bis(diphenylphosphino)-
9,9-dimethyl-xanthene) (0.10 g, 0.17 mmol, 0.10 eq) and tolu-
ene (8 mL). The solution thus obtained was flushed with argon
for 1 h under magnetic stirring at room temperature. Mean-
while, a three-necked round-bottomed flask was charged with
4-chloro-3-iodoquinoline (1) (0.50 g, 1.73 mmol, 1.00 eq), the
corresponding amidine 3a-3e (1.73 mmol, 1.00 eq), Cs,CO;
(2.25 g, 6.92 mmol, 4.00 eq) and toluene (15 mL). To this sus-
pension, the preformed Pd-catalyst was added. The resulting
mixture was flushed with argon again and heated for 20-29 h
at reflux temperature. After cooling to room temperature, tolu-
ene was removed by evaporation, the residue was mixed with
silica gel and it was brought on top of a silica gel column and
purified by flash chromatography.

5,7,11a-Triazabenzo[c]fluorene (6a). Purification by flash
chromatography using toluene:2-propanol = 4:1, 3:2, 2:3
resulted in a brownish solid which was recrystallized from tol-
uene to give a beige solid. Yield: 0.12 g, 0.55 mmol, 32%;
mp. 192.5-193.3°C; '"H NMR (CDCl3) & 7.05-7.08 (m, IH,
ArH), 7.47-7.51 (m, 1H, ArH), 7.66-7.71 (m, 2H, ArH), 7.85
(d, 1H, ArH, J = 6.4 Hz), 8.32-8.34 (m, 2H, ArH), 8.96 (d,
1H, ArH, J = 4.8 Hz), 9.51 (s, 1H, ArH); MS: m/z = 219
(M™); Anal. Caled. for C4HoN3 (219.25) C, 76.70; H, 4.14.
Found: C, 76.96; H, 4.13.

5,7,9,11a-Tetraazabenzo[c]fluorene (6b). Purification by
flash chromatography using toluene:2-propanol = 9:1, 4:1, 3:2,
1:1 resulted in a light brownish solid. Yield: 0.32 g, 1.45
mmol, 84%; mp. >250°C; 'H NMR (DMSO-ds) & 7.82-7.90
(m, 2H, ArH), 8.23 (d, 1H, ArH, J = 4.8 Hz), 8.30-8.32 (m,
1H, ArH), 8.88-8.91 (m, 1H, ArH), 9.52-9.57 (m, 3H, ArH);
MS: m/z = 220 (M""); Anal. Calcd. for C,3HgN, (220.24) C,
70.90; H, 3.66. Found: C, 70.75; H, 3.96.

5,7,13b-Triazadibenzo[c,g[fluorene (6d). Purification by
flash chromatography using DCM:MeOH = 100:1, 100:2, 95:5
resulted in a yellowish solid. Yield: 0.14 g, 0.52 mmol, 30%;
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mp. 179.6-181.0°C; 'H NMR (CDCl;) & 7.55-7.78 (m, GH,
ArH), 7.89 (d, 1H, ArH, J = 7.6 Hz), 8.36 (d, 1H, ArH, J =
8.0 Hz), 8.62 (d, 1H, ArH, J = 8.4 Hz), 9.53 (s, 1H, ArH);
MS: m/z = 269 (M™); Anal. Calcd. for CgH, ;N3 (269.31) C,
80.28; H, 4.12. Found: C, 80.55; H, 4.11.

6a,l11,13-Triazadibenzo[a,g]fluorene (6e). Purification by
flash chromatography using toluene:2-propanol = 4:1, 3:2, 2:3
resulted in a brownish solid which was recrystallized from
EtOH to give a dark yellowish solid. Yield: 0.24 g, 0.89
mmol, 51%; mp. 229.7-229.8°C; '"H NMR (DMSO-dg) & 7.57
(d, 1H, ArH, J = 7.6 Hz), 7.80-7.87 (m, 4H, ArH), 8.05-8.07
(m, 1H, ArH), 8.28-8.31 (m, 1H, ArH), 8.76-8.78 (m, 1H,
ArH), 8.91-8.93 (m, 1H, ArH), 933 (d, 1H, ArH, J = 7.6
Hz), 9.52 (s, 1H, ArH); MS: m/z = 269 (M"); Anal.
Calcd. for CgH ;N3 (269.31) C, 80.28; H, 4.12. Found: C,
80.07; H, 4.13.

General procedure for the preparation of 7a-7e. A
round-bottomed flask was charged with Pd(OAc), (39 mg,
0.17 mmol, 0.10 eq), Xantphos (4,5-bis(diphenylphosphino)-
9,9-dimethyl-xanthene) (0.10 g, 0.17 mmol, 0.10 eq) and 1,2-
dimethoxy-ethane (8 mL). The suspension thus obtained was
flushed with argon for 1 h under magnetic stirring at room
temperature. Meanwhile, a three-necked round-bottomed flask
was charged with 3-chloro-4-iodoquinoline (2) (0.50 g, 1.73
mmol, 1.00 eq), the corresponding amidine (1.73 mmol, 1.0
eq), Cs,CO5 (2.255 g, 6.92 mmol, 4.0 eq), Cul (66 mg, 0.35
mmol, 0.20 eq) and 1,2-dimethoxyethane (10 mL). To this
mixture, the preformed Pd-catalyst was added. The resulting
mixture was flushed with argon again and heated for 19-28 h
at reflux temperature. After cooling to room temperature, 1,2-
dimethoxyethane was removed by evaporation, the residue was
mixed with silica gel and it was placed on top of a silica gel
column and purified by flash chromatography.

5,6b,11-Triazabenzo[a]fluorene (7a). Purification by flash
chromatography using toluene:MeOH = 95:5 resulted in a yel-
lowish solid which was recrystallized from EtOH to give a
beige solid. Yield: 0.02 g, 0.09 mmol, 5%; mp. 244.7—
244.8°C; 'H NMR (CDCl;) & 7.08-7.11 (m, 1H, ArH), 7.58-
7.62 (m, 1H, ArH), 7.70-7.81 (m, 2H, ArH), 7.91-7.92 (m,
1H, ArH), 8.26-8.28 (m, 1H, ArH), 8.73-8.75 (m, 2H, ArH),
9.50 (s, 1H, ArH); MS: m/z = 219 (M") Anal. Calcd. for
C14HoN; (219.25) C, 76.70; H, 4.14. Found: C, 76.81; H, 4.13.

5,6b,9,11-Tetraazabenzola]fluorene (7b). Purification by
flash chromatography using toluene:MeOH = 9:1, 4:1, 1:1
resulted in a brownish solid which was recrystallized from
EtOH to give a light brownish solid. Yield: 0.25 g, 1.14
mmol, 66%; mp. >250°C; 'H NMR (DMSO-d¢) & 7.75-7.85
(m, 2H, ArH), 8.19-8.22 (m, 1H, ArH), 8.27 (d, 1H, ArH, J =
4.8 Hz), 8.61-8.63 (m, 1H, ArH), 9.41-9.42 (m, 1H, ArH),
9.49-9.50 (m, 1H, ArH), 9.91 (s, 1H, ArH); MS: m/z = 220
(M"); Anal. Calcd. for C;3HgN, (220.24) C, 70.90; H, 3.66.
Found: C, 70.79; H, 3.67.

5,6b,13-Triazadibenzo[a,g]fluorene (7d). Purification by
flash chromatography using hexane:EtOAc = 3:2, 1:1, 2:3
resulted in a brownish solid which was recrystallized from
EtOH to give a beige solid. Yield: 20 mg, 0.07 mmol, 4%;
mp. >250°C; '"H NMR (CDCly) § 7.58-7.62 (m, 1H, ArH),
7.71-7.96 (m, 6H, ArH), 8.29 (d, 1H, ArH, J = 8 Hz), 8.67
(d, 1H, ArH, J = 8.4 Hz), 8.77-7.79 (m, 1H, ArH), 10.07 (s,
1H, ArH); MS: m/z = 269 (M""); Anal. Calcd. for C;gH; N3
(269.31) C, 80.28; H, 4.12. Found: C, 80.05; H, 4.13.
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5,6b,13-Triazadibenzo[a,i]fluorene (7e). Purification by
flash chromatography using toluene:MeOH = 95:5, 1:1
resulted in a brownish solid which was recrystallized from
EtOH to give a beige solid. Yield: 0.20 g, 0.74 mmol, 43%;
mp. >250°C; 'H NMR (CDCls) & 7.28 (d, 1H, ArH, J = 7.2
Hz), 7.71-7.83 (m, 5H, ArH), 8.26-8.28 (m, 1H, ArH), 8.41
(d, 1H, ArH, J = 7.2 Hz), 8.81-8.83 (m, 1H, ArH), 8.95-8.98
(m, 1H, ArH), 9.46 (s, 1H, ArH); MS: m/z = 269 (M™") Anal.
Calcd. for C;gHy;N; (269.31) C, 80.28; H, 4.12. Found: C,
80.43; H, 4.11.
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Substituted 4-(5-alkyl-thiazol-2-ylmethyl)-3,4-dihydro-2H-1,4-benzoxazines and 5-(2,3-dihydro-1,4-
benzoxazin-4-ylmethyl)-4-methyl-1-phenyl-1H-pyrazol-3-ylamines were prepared by the reaction of
(2,3-dihydro-1,4-benzoxazin-4-yl)-acetic acid methyl ester and some common reagents to provide the

product in satisfactory yields.

J. Heterocyclic Chem., 46, 39 (2009).

INTRODUCTION

Benzoxazines have been used as intermediates in the
synthesis of many heterocyclic structures of biological
importance. These derivatives have been shown to be
selective serotonin reuptake inhibitors. They have also
shown activities toward 5-HT; receptor while the 1,4-
benzoxazine imidazole derivatives have shown in vivo
activities against a murine experimental model of candi-
diasis. Some of the benzoxazines were most effective in
promoting HUVEC apoptosis and inhibiting A549 cell
proliferation [1-4]. Some of the N-substituted benzoxa-
zines have been reported to cure thrombi-related dis-
eases, for instance, platelet aggregation, thrombosis,
myocardial infarction [5] etc. Derivatives of benzomor-
pholine have been incorporated to show hypotensive/
antihypertensive effectiveness [6] as well as potential
dopamine D; receptor ligands and inhibitions of cardiac
phosphodiestrase (PDE) fraction in vitro and for positive
inotropic activity in vivo [7]. They also tend to inhibit
oxidative stress mediated neuronal degeneration in neu-
ronal cell cultures [8,9].

The pyrazole and thiazole ring systems are common
structural motifs in a number of biologically active mol-
ecules. Thiazole ring systems originate in nature as a
consequence of peptide modification containing cysteine
side chain residue and are the product of cyclodehydra-

tion and redox reactions. More recently, extensive stud-
ies have been focused on aryl pyrazoles for exhibiting
cyclooxygenase-2 (COX-2) and non-nucleoside HIV-1
reverse transcriptase inhibitory properties. This structure
has found applications in drug development for the
treatment of allergies, hypertension, schizophrenia,
inflammation, bacterial, and HIV7 infections. Amino-
thiazoles are known to be ligands of estrogen receptors
as well as a novel class of adenosine receptor antago-
nists, whereas other analogues are used as fungicides,
inhibiting in vivo growth of Xanthomonas and as an
ingredient of herbicides or as schistosomicidal and anti-
helmintic drugs [10-15].

RESULTS AND DISCUSSION

As part of an ongoing program aimed at synthesizing
benzoxazine derivatives of biological interest, we
wanted to introduce different heterocyclic ring systems
on the N-atom of the benzoxazines. Our literature survey
revealed that benzoxazines-bearing pyrazole and thiazole
rings on the N-atom have not been reported in spite of
the fact that these two heterocyclic systems played an
important role in drug development.

Earlier, we have reported [16] the synthesis of 3,4-
dihydro-1,4-2H-benzoxazine from 2-aminophenols and

© 2009 HeteroCorporation
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Table 1
Preparation of N-substituted 3,4-dihydro-2H-1,4-benzoxazines.

Product (2a—j)

Product (3a—j)

R> oj
Rz: ; :N
R1

“—NH,
Q /©/ NN
Entry Yield 2a—j (%) RS Yield 3a—j (%)
a R'=H,R*>=H,R*=HR*=Me 64 R'=H,R*=H, R*=H,R°=H 59
b R' = H, R*> = H, R? = HR* = CH,CH; 61 R'=H R>=H,R*=H, R’ = Me 57
c R'=H,R>=H, R® = Me, R* = Me 53 R'=Me,R>=H RP=H,R°=H 59
d R' = H, R?> = H, R® = Me, R* = CH,CH; 54 R'=H,R>=Me,R*>=H,R°=H 61
e R' = HR? = Me,R® = H, R* = CH,CH;, 61 R'=H R’>=F, R = H, R’=H 62
f R' = Me, R? = H, R? = H, R* = CH,CH; 57 R'=H,R*>=CF;,R>=H,R°=H 45
g R'=H,R*>=H,R*=H,R*=Ph 58 R'=H,R>=CIL,R*=H, R’ = Me 41
h R'=H,R>=H,R*=Me R* = Ph 59 R' = H,R> = Me, R* = H, R’ = Me 47
i R'=H, R>=Me, R®> = HR* = Ph 62 R'=H R?=F,R*=H R’ =Me 46
j R'=Me, R* = H,R* = HR* = Ph 62 R'=H,R>=H R*=Me,R°=H 61

1,2-dibromoethane using K,CO; in DMF, which was
then subjected to N-substitution using alkyl bromide.
Subsequent debenzylation and esterification yielded
(2,3-dihydro-1,4-benzoxazin-4-yl)-acetic acid methyl
ester 1. Here, we report the synthesis of 4-(5-alkyl-thia-
zol-2-ylmethyl)-3,4-dihydro-2H-1,4-benzoxazines  and
5-(2,3-dihydro-1,4-benzoxazin-4-ylmethyl)-4-methyl-1-
phenyl-1H-pyrazol-3-ylamine starting from (2,3-dihydro-
1,4-benzoxazin-4-yl)-acetic acid methyl ester.

The compounds 2a—j (Table 1) were first prepared by
converting the methyl ester derivatives to amide deriva-

tives by passing NH; (g) through the solution of 3 at 0—
5°C and then to the corresponding thioamides using
Lawesson’s reagent (Scheme 1). Further treatment with
I-bromo-alkan-2-one in ethanol gave the desired prod-
ucts in about 53-64% yields.

Compounds 3a—j (Table 1) was prepared by first convert-
ing the methyl ester derivatives to the corresponding butyr-
onitrile derivatives using NaH and acetonitrile. Further
treatment with phenyl hydrazine yielded the desired prod-
ucts in 41-62% yields (Scheme 2). Catalytic amounts of
KF increased the rate of the reaction and hence the yield.

Scheme 1

BOGRE s @I
KZCO Ethanol
CILCN COOB” 2) Cs,C03 COOMe
Mel, DMF
1) NHj(g)
Methanol
2} Lawesson's
Reagent
TIF
O
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Scheme 2
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EXPERIMENTAL

Carbon, hydrogen, and nitrogen analysis were performed
with a Perkin-Elmer 2400 series II instrument. IR spectra were
recorded on a BOMEM DA-8 FTIR spectrophotometer. The
'"H and '*C NMR spectra were recorded on a Bruker AMX
400 spectrometer. Positive-ion and negative-ion electrospray
ionization (ESI) mass spectra were measured on an ion trap
analyzer Esquire 3000 (Bruker Daltonics).

Synthesis of Substituted 4-(5-alkyl-thiazol-2-ylmethyl)-
3,4-dihydro-2H-1,4-benzoxazine. The methyl ester derivative
(1) was first dissolved in methanol, the reaction mixture was
cooled in ice, and NHj; gas was passed through it for 10 min.
The reaction mixture was stirred overnight at room tempera-
ture, resulting in separation of dirty white solids, which were
separated by filtration to yield the amide derivative. The crude
product was washed with hexane to yield the pure product. IR
(KBr) v cm™' 3330 (m) and 3050 (m) (CONH,) H' NMR
(DMSO-dg, 400 MHz) & ppm 3.3 (t, 2H, J = 14.1 Hz), 4.07
(s, 2H,), 432 (t, 2H, J = 9.1 Hz), 6.24 (b, 2H), 6.46-6.5 (m,
4H). Calc. for C;oH;,N,O, C, 62.49; H, 6.29; N, 14.57%;
observed were C, 62.50; H, 6.28; N, 14.56%.

The amide derivative was then dissolved in Dry THF and
treated with Lawesson’s reagent (0.5 eq) and stirred overnight
under N, atm. The reaction on completion was evaporated in
vacuum and extracted with ethylacetate. The complete organic
extract was dried over Na,SO, and concentrated. The crude
product was purified by column chromatography using ethyl
acetate and hexane (1:10) as an eluent to yield the desired
product. IR (KBr) v cm™' 1175. The 2-(2,3-dihydro-1,4-ben-
zoxazin-4-yl)-thioacetamide was then refluxed with 1-bromo
butan-2-one in ethanol, the reaction was monitored using TLC.
The reaction on completion was evaporated in vacuum and
extracted with DCM. The complete organic extract was dried
over Na,SO,4 and concentrated. The crude product was purified
by column chromatography using ethyl acetate and hexane
(1:20) as an eluent to yield the desired product (2b). IR (KBr)
v em™! 1725 (C=N stretching) H' NMR (CDCls, 400 MHz) &
ppm 1.17 (t, 3H, J = 14.2 Hz), 3.3-3.31 (q, 2H, J = 8.6 Hz),
3.82 (t, 2H, J = 14.3 Hz), 4.27 (t, 2H, J = 8.9 Hz), 5.72 (s,
2H), 6.46-6.65 (m, 4H), 7.04 (s, 1H). C'* NMR (CDCl;, 100
MHz) § ppm 15.6, 22.8, 57.6, 60.2 (NCH,), 73.1 (OCH,),
112.8, 116.8, 117.3, 119.5, 130.2, 133.4, 140.1, 141.3, 166.1,
mfz = 261.26. Calc. for C14H(N,OS C, 64.58; H, 6.19; N,
10.76%:; observed were C, 64.60; H, 6.18; N, 10.75%.

(2a). IR (KBr) v em™' 1720 (C=N stretching) H' NMR
(CDCl3, 400 MHz) 6 ppm 2.37 (s, 3H), 3.81 (t, 2H, J = 14.3
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Hz), 422 (t, 2H, J = 8.9 Hz), 4.72 (s, 2H), 6.46-6.65 (m, 4H,
ArH), 7.23 (s, 1H). C'* NMR (CDCl;, 100 MHz) & ppm 14.2,
58.6, 60.2 (NCH,), 73.1 (OCH,), 113.8, 115.8, 118.3, 120.5,
130.6, 133.7, 140.1, 143.3, 165.4, m/z = 247.26. Calc. for
C;3H4N,0S C, 63.39; H, 5.73; N, 11.37%; observed were C,
63.41; H, 5.75: N, 11.36%.

(2c). IR (KBr) v cm ! 1722 (C=N stretching) H' NMR
(CDCls, 400 MHz) & ppm 2.32 (s, 3H), 2.47 (s, 3H), 3.84 (t,
2H, J = 12.3 Hz), 422 (t, 2H, J = 9.1 Hz), 4.76 (s, 2H),
6.46-6.65 (m, 3H, ArH), 7.31 (s, 1H). C'* NMR (CDCls, 100
MHz) & ppm 14.5, 21.7, 58.4, 60.2 (NCH,), 74.1 (OCHy),
113.5, 115.9, 121.5, 127.1, 127.8, 133.7, 140.1, 143.3, 165.0,
m/z = 247. Calc. for C4H;gN,OS C, 64.58; H, 6.19; N,
10.76%; observed were C, 64.60; H, 6.20; N, 10.75%.

2d). IR (KBr) v em ! 1721 (C—N stretching) H' NMR
(CDCls, 400 MHz) & ppm 1.18 (t, 3H, J = 14.1 Hz), 2.31 (s,
3H), 3.29-3.39 (q, 2H, J = 8.7 Hz), 3.82 (t, 2H, J = 14.3 Hz),
427 (t, 2H, J = 14.1 Hz), 5.69 (s, 2H), 6.41(s, 1H), 6.38 (d,
1H, J = 7.2 Hz), 647 (d, 1H, J = 7.2 Hz), 7.11 (s, 1H). C?
NMR (CDCl;, 100 MHz) § ppm 15.5, 21.9, 22.7, 57.7, 60.1
(NCH,), 73.3 (OCH,), 112.8, 113.3, 119.9, 127.1, 130.4,
133.5, 140.2, 1414, 166.1, m/z = 274.26. Calc. for
C,5HgN,OS C, 65.66; H, 6.61; N, 10.21%; observed were C,
65.64; H, 6.60; N, 10.22%.

(2e). IR (KBr) v em™' 1718 (C=N stretching) H' NMR
(CDCls, 400 MHz) & ppm 1.15 (t, 3H, J = 14 Hz), 3.29-3.33
(q, 2H, J = 8.7 Hz), 3.80 (t, 2H, J = 14.2 Hz), 4.26 (t, 2H, J
= 14 Hz), 5.69 (s, 2H), 6.51-6.60 (m, 4H), 7.15 (s, 1H). C"3
NMR (CDCl;, 100 MHz) § ppm 15.7, 22.9, 57.4, 60.2
(NCH,), 734 (OCH,), 113.1, 114.3, 1189, 120.5, 130.9,
133.9, 140.6, 1419, 1663, m/z = 261.10. Calc. for
C,4H,N,OS C, 64.58; H, 6.19; N, 10.76%; observed were C,
64.60; H, 6.18; N, 10.74%.

2f). IR (KBr) v cm™ ! 1719 (C=N stretching) H! NMR
(CDCls, 100 MHz) & ppm 1.15 (t, 3H, J = 14.1 Hz), 2.30 (s,
3H), 3.34-3.39 (q, 2H, J = 8.9 Hz), 3.84 (t, 2H, J = 14.2 Hz),
429 (t, 2H, J = 14.0 Hz), 5.70 (s, 2H), 6.41-6.47 (m, 3H),
7.16 (s, 1H). C'* NMR (CDCls, 400 MHz) & ppm 15.5, 16.9,
22.5, 57.5, 60.2 (NCH,), 73.6 (OCH,), 112.8, 119.9, 120.7,
127.1, 130.4, 130.9, 133.5, 141.4, 165.8, m/z = 275.12. Calc.
for C;5H;3sN>OS C, 65.66; H, 6.61; N, 10.21%; observed were
C, 65.64; H, 6.62; N, 10.20%.

(2g). IR (KBr) v cm ' 1720 (C=N stretching) H' NMR
(CDCls, 400 MHz) & ppm 3.84 (t, 2H, J = 14.0 Hz), 4.20 (t,
2H, J = 9.0 Hz), 4.76 (s, 2H), 6.46-6.65 (m, 4H, ArH), 7.23-
7.32 (m, 5H, ArH), 8.21 (s, 1H). C'* NMR (CDCl;, 100 MHz)
S ppm 14.5, 21.7, 58.4, 60.2 (NCH,), 74.1 (OCH,), 113.5,
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115.9, 121.5, 127.1, 127.8, 133.7, 140.1, 143.3, 165.0, m/z =
247. Calc. for Cj4HgN,OS C, 64.58; H, 6.19; N, 10.76%;
observed were C, 64.61; H, 6.21; N, 10.75%.

(2i). IR (KBr) v cm™! 31722 (C=N stretching) H' NMR
(CDCl3, 400 MHz) & ppm 2.34 (s, 3H), 3.80 (t, 2H, J = 14
Hz), 4.32 (t, 2H, J = 14.1 Hz), 5.76 (s, 2H), 6.33 (s, 1H), 6.39
(d, 1H, J = 7.8 Hz), 6.47 (d, 1H, J = 7.8 Hz), 7.39-7.45 (m,
5H), 7.89 (s, 1H). C'* NMR (CDCls, 100 MHz) & ppm 23.5,
57.9, 60.7 (NCH,), 73.9 (OCH,), 112.8, 114.9, 118.7, 126.1,
128.2, 129.1, 130.3, 135.7, 133.5, 141.4, 142.8, 147.3, 166.8,
mfz = 322.11. Calc. for C;9HgN,OS C, 70.78; H, 5.63; N,
8.69%; observed were C, 70.77; H, 5.61; N, 8.68%.

2j). IR (KBr) v cm™"' 1715 (C=N stretching) H' NMR
(CDCl3, 400 MHz) & ppm 2.31 (s, 3H), 3.82 (t, 2H, J = 14
Hz), 4.31 (t, 2H, J = 14.1 Hz), 5.79 (s, 2H), 6.43-6.49 (m,
3H), 7.36-7.42 (m, 5H), 7.91(s, 1H). C'> NMR (CDCl;, 100
MHz) & ppm 15.5, 57.9, 60.7 (NCH,), 73.9 (OCH,), 112.8,
119.9, 120.7, 126.1, 127.1, 128.2, 129.1, 130.9, 135.4, 133.5,
141.4, 147.3, 166.8, m/z = 322.12. Calc. for C;oH;gN,OS C,
70.78; H, 5.63; N, 8.69%; observed were C, 70.76; H, 5.62; N,
8.70%.

Synthesis of 5-(2,3-dihydro-1,4-benzoxazin-4-ylmethyl)-4-
methyl-1-phenyl-1H-pyrazol-3-ylamine. It involves the syn-
thesis of butyronitrile derivative from the methyl ester(1) using
acetonitrile (1.5 eq) and NaH (1.5 eq) in THF under N, atmos-
phere. The NaH was dissolved in THF, and acetonitrile was
added drop wise at 0°C. The reaction mixture was allowed to
stir at room temperature for ! h and followed by drop wise
addition of (1) solution in THF at 0°C. The reaction was then
stirred at room temperature for 3 h. On completion of the reac-
tion, the solvent was evaporated and work-up using ethyl ace-
tate, the complete organic extracts were dried over Na,SO,4 and
evaporated to yield the crude product, which was purified by
column chromatography using ethyl acetate and hexane (1:20).
IR (KBr) v cm™' 2242 (CN stretching) H' NMR (CDCls, 400
MHz) é ppm 3.61 (s, 2H), 3.82-3.86 (m, 2H), 4.24-4.26 (m,
2H), 4.56(s, 2H), 6.5-6.84 (m, 4H). Calc. for C,H,N,O, C,
66.65; H, 5.59; N, 12.96%; observed were C, 66.64; H, 5.60;
N, 12.94%. The butyronitrile derivative was then refluxed with
substituted phenyl hydrazine (1.2 eq) for 4-5 h. The reaction
on completion was evaporated under vacuum and worked-up
using DCM. The complete organic was dried over Na,SO, and
evaporated to yield the crude product, which was purified by
column chromatography using methanol and DCM (1:50) as an
eluent.

(3a). IR (KBr) v cm™' 3420 (NH, stretching) H' NMR
(DMSO-dg, 400 MHz), 6 ppm 3.84-3.86 (t, 2H, J = 14 Hz),
4.25-4.27 (t, 2H, J = 8.9 Hz), 5.56 (s, 2H), 6.4-6.84 (m, 4H)
7.3-7.5 (m, 5H) 7.9 (s, 1H) 8.2 (b, 2H). C'* NMR (CDCl;,
100 MHz) & ppm 50.1, 60.2 (NCH,), 73.1 (OCH,), 94.8,
112.8, 116.8, 117.3, 118.8, 119.5, 126.5, 129.1, 130.2, 135.6,
139.8, 141.1, 164.3. m/z = 307. Calc. for C,;gH;sN,O C,
70.57; H, 5.92; N, 18.29%; observed were C, 70.59; H, 5.91;
N, 18.3%.

(3b). IR (KBr) v cm ' 3412 (NH, stretching) H' NMR
(DMSO-dg, 400 MHz), 6 ppm 2.36 (s, 3H), 3.86 (t, 2H, J =
14 Hz), 4.27 (t, 2H, J = 8.9 Hz), 5.42 (s, 2H), 6.35 (s, 1H),
6.48-6.64 (m, 4H) 7.35-7.51 (m, 4H, ArH), 8.12 (b, 2H). C"*
NMR (CDCl;, 100 MHz) & ppm 21.2, 50.2, 59.2 (NCH,), 74.1
(OCH,), 94.8, 113.8, 115.8, 117.9, 118.3, 121.5, 129.5, 130.8,
135.2, 136.1, 136.9, 143.1, 164.1. m/z = 321. Calc. for
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Ci9H,0N4,O C, 71.23; H, 6.29; N, 17.49%; observed were C,
71.25; H, 6.31; N, 17.51%.

(3c). IR (KBr) v em™' 3412 (NH stretching) H' NMR
(DMSO-dg, 400 MHz), & ppm 2.42 (s, 3H), 3.81 (t, 2H, J =
9.8 Hz), 4.20 (t, 2H, J = 9.0 Hz), 5.22 (s, 2H), 6.31 (s, 1H),
6.40-6.44 (m, 3H) 7.31-7.45 (m, 5H, ArH), 7.02 (b, 2H). C"3
NMR (CDCls, 100 MHz) & ppm 13.2, 50.4, 59.6 (NCH,), 73.9
(OCHy), 94.9, 112.8, 118.0, 118.6, 121.8, 126.2, 129.2, 131.1,
136.1, 136.9, 139.9, 143.1, 163.8. m/z = 319. Calc. for
Ci9H,0N4O C, 71.23; H, 6.29; N, 17.49%; observed were C,
71.24; H, 6.30; N, 17.48%.

(3d). IR (KBr) v cm™' 3421 (NH stretching) H' NMR
(DMSO-dg, 400 MHz), & ppm 2.47 (s, 3H), 3.85 (t, 2H, J =
9.5 Hz), 4.23 (t, 2H, J = 9.1 Hz), 5.27 (s, 2H), 6.39 (s, 1H),
6.41 (s, 1H), 6.47 (d, 1H, J = 7.2 Hz), 6.52 (d, 1H, J = 7.2
Hz), 7.31-7.45 (m, 5H, ArH), 7.06 (b, 2H). C'* NMR (CDCl,,
100 MHz) & ppm 23.2, 32.3, 59.3 (NCH,), 74.1 (OCH,), 92.9,
113.8, 114.5, 115.1, 118.6, 126.2, 129.2, 130.1, 136.1, 137.9,
139.9, 143.1, 160.8. m/z = 320.16 Calc. for CioHooN4O C,
71.23; H, 6.29; N, 17.49%; observed were C, 71.22; H, 6.30;
N, 17.47%.

(3e). IR (KBr) v cm ' 3420 (NH stretching) H' NMR
(DMSO-dg, 400 MHz), & ppm 2.45 (s, 3H), 3.82 (t, 2H, J =
9.5 Hz), 421 (t, 2H, J = 9.1 Hz), 5.25 (s, 2H), 6.38 (s, 1H),
6.40 (s, 1H), 6.44 (d, 1H, J = 7.1 Hz), 6.50 (d, 1H, J = 7.1
Hz), 7.33-7.45 (m, 5H, ArH), 7.03 (b, 2H). C'> NMR (CDCl;,
100 MHz) & ppm 32.9, 59.4 (NCH,), 74.2 (OCH,), 92.9,
103.7, 105.8, 116.1, 118.6, 126.2, 129.2, 136.1, 137.9, 138.9,
146.1, 154.1, 160.8. m/z = 324.16 Calc. for C;sH;7FN,O C,
66.65; H, 5.28; N, 17.27%; observed were C, 66.63; H, 5.30;
N, 17.26%.

(3f). IR (KBr) v cm ' 3427 (NH stretching) H' NMR
(DMSO-dg, 400 MHz), & ppm 3.86 (t, 2H, J = 9.1 Hz), 4.24 (t,
2H, J = 9.2 Hz), 5.28 (s, 2H), 6.41 (s, 1H), 6.74 (s, 1H), 6.79
(d, 1H, J = 7.0 Hz), 6.85 (d, 1H, J = 7.0 Hz), 7.36-7.45 (m,
5H, ArH), 7.23 (b, 2H). C'*> NMR (CDCls, 100 MHz) & ppm
33.1, 59.5 (NCH,), 74.4 (OCH,), 93.2, 110.5, 115.1, 116.0,
120.8, 124.1, 125.9, 129.2, 136.1, 137.9, 138.9, 144.1, 146.1,
160.8. m/z = 374.26 Calc. for C;oH;,F3N,0 C, 60.96; H, 4.58;
N, 14.97%; observed were C, 60.97; H, 4.60; N, 14.96%.

(3g). IR (KBr) v cm ' 3439 (NH stretching) H' NMR
(DMSO-ds, 400 MHz), & ppm 2.31 (s, 3H), 3.85 (t, 2H, J =
9.0 Hz), 421 (t, 2H, J = 9.1 Hz), 5.30 (s, 2H), 6.39 (s, 1H),
6.54 (s, 1H), 6.69 (d, 1H, J = 7.2 Hz), 6.75 (d, 1H, J = 7.2
Hz), 7.45 (d, 2H, J = 7.1 Hz), 7.48 (d, 2H, J = 7.1 Hz), 7.18
(b, 2H). C'* NMR (CDCl;, 100 MHz) & ppm 24.1, 33.5, 59.8
(NCH,), 74.1 (OCH,), 93.7, 115.1, 116.0, 119.2, 120.8, 125.9,
129.2, 136.1, 137.2, 139.9, 144.1, 145.2, 160.8. m/z = 354.16
Cale. for CoH;oCIN,O C, 64.31; H, 540; N, 15.79%;
observed were C, 64.30; H, 5.41; N, 15.80%.

(3h). IR (KBr) v cm ' 3424 (NH stretching) H' NMR
(DMSO-dg, 400 MHz), & ppm 2.31 (s, 3H), 2.35 (s, 3H), 3.80
(t, 2H, J = 9.0 Hz), 4.23 (t, 2H, J = 9.0 Hz), 5.31 (s, 2H),
6.35 (s, 1H), 6.44 (s, 1H), 6.51 (d, 1H, J = 7.1 Hz), 6.59
(d, 1H, J = 7.1 Hz), 7.42 (d, 2H, J = 7.0 Hz), 7.49 (d, 2H, J
= 7.0 Hz), 7.21 (b, 2H). C'* NMR (CDCls, 100 MHz) & ppm
24.1, 33.5, 59.8 (NCH,), 74.1 (OCH,), 93.7, 1145,
115.5, 119.7, 120.8, 129.2, 130.3, 136.1, 137.2, 139.1, 144.1,
145.1, 160.8. m/z = 335.16 Calc. for CooH,N,O C, 71.83;
H, 6.63; N, 16.75%; observed were C, 71.82; H, 6.62; N,
16.77%.
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(3i). IR (KBr) v cm™' 3429 (NH stretching) H' NMR
(DMSO-dg, 400 MHz), & ppm 2.32 (s, 3H), 3.82 (t, 2H, J =
9.0 Hz), 4.24 (t, 2H, J = 9.0 Hz), 5.32 (s, 2H), 6.41 (s, 1H),
6.56 (s, 1H), 6.70 (d, 1H, J = 7.0 Hz), 6.75 (d, 1H, J = 7.0
Hz), 7.45 (d, 2H, J = 7.1 Hz), 7.48 (d, 2H, J = 7.1 Hz), 7.23
(b, 2H). C'* NMR (CDCl;, 100 MHz) & ppm 24.3, 33.7, 59.9
(NCH,), 74.5 (OCH,), 93.4, 115.1, 116.0, 119.2, 120.8, 125.9,
129.2, 136.1, 137.2, 139.9, 145.1, 144.1, 160.8. m/z = 339.16
Calc. for C1oH;oFN,O C, 67.44; H, 5.66; F, 5.61; N, 16.56%;
observed were C, 67.43; H, 5.60; N, 16.58%.

(3j). IR (KBr) v cm ' 3422 (NH stretching) H' NMR
(DMSO-de, 400 MHz), & ppm 2.45 (s, 3H), 3.85 (t, 2H, J =
9.0 Hz), 428 (t, 2H, J = 9.1 Hz), 5.32 (s, 2H), 6.37 (s, 1H),
6.41 (s, 1H), 6.47 (d, 1H, J = 7.1 Hz), 6.52 (d, 1H, J = 7.1
Hz), 7.36-7.45 (m, 5H, ArH), 7.16 (b, 2H). C'* NMR (CDCls,
100 MHz) & ppm 23.6, 32.6, 59.5 (NCH,), 74.3 (OCH,), 92.5,
113.9, 114.5, 115.1, 118.6, 126.2, 129.2, 130.1, 136.1, 137.9,
139.9, 143.1, 160.8. m/z = 321.21 Calc. for C;oHyN,O C,
71.23; H, 6.29%; N, 17.49; observed were C, 71.22; H, 6.30;
N, 17.47%.
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A series of new imidazole derivatives containing 2(3H)-benzoxazolone or 2(3H)-benzothiazolone ring
were synthesized as analogues of the antifungal drug bifonazole. All compounds were tested in vitro
against Candida albicans, Candida parapsilosis, and Candida krusli.
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INTRODUCTION

As a result of the dramatic increase in fungal infections,
in recent years serious attention has been directed toward
the discovery and development of new antifungal drugs.
Mostly caused by Candida albicans, these infections are
often spread through the use of broad-spectrum antibiot-
ics, immunosuppressive agents, anticancer, and anti-AIDS
drugs [1]. The main problem in the treatment of fungal
infections is the increasing prevalence of drug resistance
especially in patients chronically subjected to antimycotic
therapy such as persons infected with HIV [2].

Azoles (imidazole and triazole) are presented in many
effective antifungal drugs widely used for the treatment
of topical or inner mycoses, in particular AIDS-related
mycotic pathologies [3]. Their main effect is to block fun-
gal ergosterol biosynthesis by preventing the access of
natural substrate lanosterol to the active site of the cyto-
chrome P-450-dependent enzyme 140a-lanosterol demeth-
ylase [4,5]. Since the identification of clotrimazole in
1972 [6], a number of antifungal imidazole agents have
been studied and now are used in clinical practice: mico-
nazole, bifonazole, etc [7]. Fluconazole is one of the most
important drugs in the triazole family (Fig. 1).

In searching for new compounds with potential antifun-
gal activity, we synthesized a number of imidazole deriv-
atives, containing 2(3H)-benzoxazolone or 2(3H)-benzo-
thiazolone moiety. These compounds could be examined

as heterocyclic analogues of bifonazole, in which the
biphenyl moiety could be replaced with benzoxazole or
benzothiazole ring. A chlorine atom was introduced at
different position on benzene cycle.

In this article, we present the synthesis and the results
of the initial biological investigations of series bifona-
zole-like imidazole derivatives.

Po o™

N. Cl N
Vi {
L L
clotrimazole bifonazole

Cl

<N\j OH FN>
Cl cl \N, N I\f\N/
KTO E } 1‘
N
Cl g‘)

N F
fluconazole

miconazole

Figure 1. The structures of azole antifungal drugs used in clinical practice.
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RESULTS AND DISCUSSION

A series of new imidazole derivatives 10a—o with
2(3H)-benzoxazolone or 2(3H)-benzothiazolone moiety
were prepared as potential antifungal agents as shown in
Scheme 1.

The acylation of 3-methyl-2(3H)-benzoxazolone (4),
5-chloro-3-methyl-2(3H)-benzoxazolone (5), and 3-methyl-
2(3H)-benzothiazolone (6) was carried out in polyphos-
phoric acid (PPA) with unsubstituted and various chloro-
substituted benzoic acids and led to the corresponding
6-benzoyl derivatives 7a-o.

The acylation of 2(3H)-benzoxazolone and 2(3H)-ben-
zothiazolone was previously studied and was found to
proceed with high regioselectivity [8—10]. The precise
position of acylation was unequivocally assigned by X-
ray single-crystal diffraction in the case of 6-benzoyl-
2(3H)-benzoxazolone and 6-benzoyl-2(3H)-benzothiazo-
lone [11,12].

Compounds 8a-o0 were obtained in high yields and
purity by a sodium borohydride reduction of the corre-
sponding ketones 7a—o0. The reaction was carried out at
room temperature in methanol and afforded the desired
hydroxyl derivatives, which were the starting materials
for the imidazole series.

Two general approaches can be used for the synthesis
of imidazole derivatives 10a—o: by reaction of carbinols
8a—o0 with N,N'-carbonyldiimidazole (CDI) [13] or N,N'-
sulfinyldiimidazole (SDI) [14] or by conversion of cor-
responding hydroxyl derivatives 8a—o via their chlorides
to the desired heterocycles 10a—o. Our early experi-
ments showed that the use of the first method of
approach (CDI or SDI) brought low yields or in any
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case did not form the expect imidazole derivative. It
may be possible, instead of the desired compounds 10a—
o, imidazole-N-carboxylic ester intermediates are formed
[13]. Therefore, we followed the second approach: the
compounds 8a—-0 were converted to the corresponding
chlorides 9a—o by refluxing with thionyl chloride in tol-
uene. This reaction afforded sufficiently pure chlorides
9a—0, which were used without further purification. The
condensation of crude chlorides 9a—0 with two equiva-
lents of 1H-imidazole provided target imidazole deriva-
tives 10a—o and the formation of imidazole hydrochlor-
ide as a by-product. Compounds 10a—o were isolated in
good yields (Table 1) and purified by recrystallization.

The imidazole derivatives 10a—o have one asymmet-
ric carbon atom; however, we did not make any efforts
for the separation of individual enantiomers in view of
the fact that both enantiomers of bifonazole have been
reported to possess the same antimycotic profile and po-
tency [15].

The yields, melting points, and molecular formula of
imidazole derivatives 10a—o are listed in Table 1. All
spectral data are in accordance with the assumed struc-
tures. In addition to the signals for aromatic protons, 'H
NMR spectra of the compounds 10a-o reveal singlet at
3.39-3.47 ppm for the N-CHj3 protons from 2(3H)-ben-
zoxazolone or 2(3H)-benzothiazolone ring. Furthermore,
the spectra show singlet for methyne proton at the asym-
metric carbon atom in range 6.53-6.92 ppm.

IR spectra of compounds 10a—o, containing 2(3H)-
benzoxazolone or 2(3H)-benzothiazolone ring showed
carbonyl bands at 1750-1795 cm ™! and 16501680 cm ™!,
respectively.

Scheme 1
Cliy Cl, CH;
RL X R N RS R N R Rl N
o =m0~ T~ O
X X R3 X R3 X
2
1:X=0 R~ 4:X=0 R'=H 0 RTOH
2:X=0R'=Cl 5:X=0R'=Cl 7
3X=S RI=N 6:X=S R~ a-o 8a-0
“ompds.
Compds. v R g R OR
CH. (i
RS R! U RY R N a O H H Fl
N N y b O H ¢ H H
— 0o —— e S N
R3 d H Cl
R? X Lol e o uoa noa
2 | < f O H H
R C g_) " O ¢ ¢ H H
N h O C u < u"
% -0 i O C H H qa
j o ¢ a "o
10a-0 Kk S H uH M o u
1 S W ¢ U H
m S H H C H
n S H H M
o S H ¢ H <

Reagents and conditions: (i) (CH5),80,, NaOH; (i) benzoic acid or chloro substituted benzoic acid, PPA,

140°C; (iii) NaBH,, CH;01; (iv) SOCly, toluene, reflux; (v) imidazole, toluene, reflux,
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Table 1
Yields and physical data of compounds 10a-o.

Compd X R' R? R? R* Yield (%) Mp (°C) Molecular formula
10a e} H H H H 80 144-145 CisHsN30,

10b 0 H Cl H H 82 143-144 C1sH14CIN;0,

10c 0 H H Cl H 60 124-125 C,3H4CIN;0,

10d e} H H H Cl 68 108-110 C,sH14CIN;0,

10e 0 H Cl H Cl 50 167-168 C13H3CLN;O,

10f e} Cl H H H 69 195-196 C,3H4CIN;0,

10g 0 Cl Cl H H 70 189-190 Ci5H5CLN;0,

10h 0 Cl H Cl H 55 232-234 C,sH3CLN;O,

10i ¢} Cl H H Cl 52 119-121 Ci5H5CLN;0,

10j 0 Cl Cl H Cl 53 208-210 C13H,C15N;0,

10k S H H H H 64 132-133 C,3H,5N;08

101 S H Cl H H 84 182-184 C,sH4CIN;0S

10m S H H Cl H 78 149-150 C,3H4CIN;0S

10n S H H H Cl 75 188-189° CsH14CIN;OS x HNO,
100 S H Cl H C 70 196-197 C,3H3CLN;0S

# Compound was isolated as a nitrate.

The new imidazole derivatives 10a—o were evaluated
in vitro against several pathogenic fungi responsible for
human diseases using the twofold agar dilution method
[16]. The results of this biological investigation did not
report any significant activity against yeast. The most
active compounds in the series showed weak antimicro-
bial activity against Candida albicans, Candida parapsi-
losis, and Candida krusli with MIC values 100—400 uM.

The results of the biological tests revealed that the
replacement of the biphenyl portion of the bifonazole
with 2(3H)-benzoxazolone or 2(3H)-benzothiazolone
moiety afforded heterocyclic analogues, which are inac-
tive as antimycotic agents toward Candida strains.

EXPERIMENTAL

Melting points were determined on a Boetius hot-stage
microscope and are uncorrected. IR spectra (nujol) were
recorded on a Specord 71 spectrophotometer. '"H NMR spectra
were obtained on a Bruker DRX 300 spectrometer operating at
300 MHz in CDCl;. Chemical shifts were reported in & units
(ppm) relative to (CH;3)4Si as internal standard. Coupling con-
stants (J) were reported in Hz. Elemental analyses (C, H, N,
S) for final compounds were performed on a Vario III micro-
analyzer. Obtained results were within 0.4% of theoretical val-
ues. Thin layer chromatography (TLC) was carried out on
Silica gel plates (Merck 60 F,s4) using toluene—chloroform—
ethyl acetate (3:1:1) and ethyl acetate—isopropanol (3:1) as
eluent.

Ketones 7a—0 and corresponding alcohols 8a—o were pre-
pared according to the method described previously [17,18].

6-[(1H-Imidazol-1-yl)phenylmethyl]-3-methyl-2(3H)-benz-
oxazolone (10a). A solution of hydroxyl derivative 8a (1.28 g,
5 mmol) in toluene (10 mL) and thionyl chloride (1 mL,
14 mmol) was refluxed for 30 min and then the excess of thi-
onyl chloride was evaporated under reduced pressure. The
obtained oil of 9a was dissolved in toluene (15 mL) and imid-
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azole (0.68 g, 10 mmol) was added. The mixture was refluxed
for 6 h, until the chloride 9a was no longer detectable (TLC).
After cooling of the reaction mixture, 5% aqueous NaOH
(10 mL) was added. The organic layer was washed with water
and extracted with 10% HCL. The aqueous layer was neutral-
ized with 10% NaOH, extracted with dichloromethane, dried
(MgSO,4), and evaporated under reduced pressure. The
obtained crude product 10a crystallized slowly. Yield 1.22 g
(80%), mp 144-145 °C (ethyl acetate); ir (nujol): 1765 (C=0)
cm™'; '"H NMR (CDCLy): & 3.41 (s, 3H, NCHs), 6.56 (s, 1H,
CH), 6.84-7.11 (m, 7H, ArH and ImH), 7.36-7.42 (m, 4H,
ArH and ImH). Anal. Calcd. for C;gH;5sN3;O,: C 70.81; H
4.95; N 13.76. Found: C 70.56; H 4.98; N 13.46.
6-[(2-Chlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzoxazolone (10b). This compound was obtained
according to the procedure for 10a, using compound 8b as a
starting material. Yield: 1.36 g (82%), mp 143-144 °C (hex-
ane—ethyl acetate 1:1); ir (nujol): 1780 (C=0) cem ' '"H NMR
(CDCl3): 6 3.43 (s, 3H, NCH3), 6.79-6.85 (m, 2H, ArH and
ImH), 6.92 (s, 1H, CH), 6.95-6.96 (m, 3H, ArH and ImH),
7.14 (s, 1H, ArH), 7.28 (dt, 1H, ArH, / = 1.8 Hz, J = 7.8
Hz), 7.35 (dt, 1H, ArH, J = 1.8 Hz, J = 7.8 Hz), 7.42 (s, 1H,
ImH), 7.45 (dd, 1H, ArH, J = 1.8 Hz, J = 7.8 Hz). Anal.
Calcd. for C;gH4CIN;O,: C 63.63; H 4.15; N 12.37. Found:
C 63.90; H 4.18; N 12.44.
6-[(3-Chlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzoxazolone (10c). This compound was obtained
according to the procedure for 10a, using compound 8c as a
starting material. Yield: 1.02 g (60%), mp 124-125 °C (hex-
ane—ethyl acetate, 1:1); ir (nujol): 1780 (C=0) cm™'; 'H
NMR (CDCly): & 3.43 (s, 3H, NCH;), 6.54 (s, 1H, CH), 6.85
(s, 1H, ImH), 6.96-7.08 (m, 5SH, ArH and ImH), 7.14 (s, 1H,
ArH), 7.33-7.36 (m, 2H, ArH), 7.44 (s, 1H, ImH). Anal.
Calcd. for C;gH4CIN3O,: C 63.63; H 4.15; N 12.37. Found:
C 63.86; H 4.18; N 12.45.
6-[(4-Chlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzoxazolone (10d). This compound was obtained
according to the procedure for 10a, using compound 8d as a
starting material. Yield: 1.16 g (68%), mp 108-110 °C (cyclo-
hexane—ethyl acetate, 1:1); ir (nujol): 1760 (C=O0) cem 5 'H
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NMR (CDCly): & 3.43 (s, 3H, NCH;), 6.55 (s, 1H, CH), 6.84
(s, 1H, ImH), 6.95-6.96 (m, 3H, ArH and ImH), 7.02 (d, 2H,
ArH, J = 8.4 Hz), 7.14 (s, 1H, ArH), 7.34 (d, 2H, ArH, J =
8.4 Hz), 7.44 (s, 1H, ImH). Anal. Calcd. for CgH4CIN3;0,: C
63.63; H 4.15; N 12.37. Found: C 63.96; H 4.10; N 12.56.
6-[(2,4-Dichlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzoxazolone (10e). This compound was obtained
according to the procedure for 10a, using compound 8e as a
starting material. Yield: 0.94 g (50%), mp 167-168 °C (ethyl
acetate); ir (nujol): 1750 (C=0) cm !; 'H NMR (CDCls):
8 3.43 (s, 3H, NCH3), 6.7 (d, 1H, ArH, J = 7.4 Hz), 6.81
(s, 1H, ImH), 6.85 (s, 1H, CH), 6.93-6.98 (m, 3H, ArH and
ImH), 7.15 (s, 1H, ArH), 7.27 (dd, 1H, ArH, J = 2.0 Hz, J =
7.4 Hz), 7.39 (s, 1H, ImH), 7.48 (d, 1H, ArH, J = 2.0 Hz).
Anal. Calcd. for CgH;3ClLN30,: C 57.77; H 3.50; N 11.23.
Found: C 57.68; H 3.62; N 11.07.
5-Chloro-6-[(1H-imidazol-1-yl)phenylmethyl]-3-methyl-
2(3H)-benzoxazolone (10f). This compound was obtained
according to the procedure for 10a, using compound 8f as a
starting material. Yield: 1.17 g (69%), mp 195-196°C (ethyl
acetate); ir (nujol): 1790 (C=0) em % 'H NMR (CDCly):
d 3.41 (s, 3H, NCHy), 6.70 (s, 1H, CH), 6.81 (s, 1H, ImH),
691 (s, 1H, ArH), 7.05-7.07 (m, 3H, ArH and ImH), 7.13
(s, 1H, ArH), 7.34-7.40 (m, 4H, ArH and ImH). Anal. Calcd.
for C;gH4CIN;O,: C 63.63; H 4.15; N 12.37. Found: C 63.88;
H 4.16; N 12.56.
5-Chloro-6-[(2-chlorophenyl)(1H-imidazol-1-yl)methyl]-3-
methyl-2(3H)-benzoxazolone (10g). This compound was
obtained according to the procedure for 10a, using compound
8g as a starting material. Yield: 1.31 g (70%), mp 189—-190 °C
(ethyl acetate); ir (nujol): 1780 (C=0) cm '; 'H NMR
(CDCl3): 6 3.42 (s, 3H, NCHj3), 6.63 (s, 1H, CH), 6.76 (dd,
1H, ArH, J = 1.5 Hz, J = 7.5 Hz), 6.81 (s, 1H, ImH), 7.10 (s,
1H, ArH), 7.15 — 7.17 (m, 2H, ArH and ImH), 7.23 (dt, 1H,
ArH, J = 1.5 Hz, J = 7.5 Hz), 7.33-7.39 (m, 2H, ArH and
ImH), 7.46 (dd, 1H, ArH, J = 1.5 Hz, J = 7.5 Hz). Anal.
Calcd. for C;gH3CI,N30,: C 57.77; H 3.50; N 11.23. Found:
C 57.83; H 3.49; N 10.86.
5-Chloro-6-[(3-chlorophenyl)(1H-imidazol-1-yl)methyl]-3-
methyl-2(3H)-benzoxazolone (10h). This compound was
obtained according to the procedure for 10a, using compound
8h as a starting material. Yield: 1.03 g (55%), mp 232-234 °C
(toluene); ir (nujol): 1790 (C=0) cm '; 'H NMR (CDCls): &
3.39 (s, 3H, NCH3), 6.65 (s, 1H, CH), 6.81 (s, 1H, ImH), 6.89
(s, 1H, ArH), 6.93-6.96 (m, 1H, ArH), 7.04-7.15 (m, 3H, ArH
and ImH), 7.31-7.41 (m, 3H, ArH and ImH). Anal. Calcd. for
C,sH3CI,N;30,: C 57.77; H 3.50; N 11.23. Found: C 57.93; H
3.41; N 11.36.
5-Chloro-6-[(4-chlorophenyl)(1H-imidazol-1-yl)methyl]-3-
methyl-2(3H)-benzoxazolone (10i). This compound was
obtained according to the procedure for 10a, using compound
8i as a starting material. Yield: 0.97 g (52%), mp 119-121 °C
(cyclohexane—ethyl acetate, 2:1); ir (nujol): 1795 (C=0)
ecm™'; '"H NMR (CDCl3): § 3.42 (s, 3H, NCH3), 6.67 (s, 1H,
CH), 6.80 (s, 1H, ImH), 6.88 (s, 1H, ArH), 6.99 (d, 2H, ArH,
J = 7.0 Hz), 7.07 (s, 1H, ArH), 7.14 (s, 1H, ImH), 7.35-7.39
(m, SH, ArH and ImH) Anal. Calcd. for C18H13C12N302: C
57.77; H 3.50; N 11.23. Found: C 58.09; H 3.72; N 11.27.
5-Chloro-6-[(2,4-dichlorophenyl)(1H-imidazol-1-yl)methyl]-
3-methyl-2(3H)-benzoxazolone (10j). This compound was
obtained according to the procedure for 10a, using compound
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8j as a starting material. Yield: 1.04 g (53%), mp 208-210 °C
(toluene); ir (nujol): 1780 (C=0) em ' 'H NMR (CDCly): &
3.42 (s, 3H, NCH3;), 6.61 (s, 1H, CH), 6.69 (d, 1H, ArH, J =
8.4 Hz), 6.79 (s, 1H, ImH), 7.09-7.15 (m, 3H, ArH and ImH),
7.27 (dd, 1H, ArH, J = 2.1 Hz, J = 8.4 Hz), 7.37 (s, 1H,
ImH), 7.49 (d, 1H, ArH, J = 2.1 Hz). Anal. Calcd. for
C18H12C13N3021 C 5290, H 296, N 10.28. Found: C 5279, H
3.22; N 10.33.
6-[(1H-Imidazol-1-yl)phenylmethyl]-3-methyl-2(3H)-benz-
othiazolone (10k). This compound was obtained according to
the procedure for 10a, using compound 8k as a starting mate-
rial. Yield: 1.03 g (64%), mp 132-133 °C (ethyl acetate); ir
(nujol): 1680 (C=0) ecm™'; "H NMR (CDCls): & 3.44 (s, 3H,
NCH3), 6.54 (s, 1H, CH), 6.84 (s, 1H, ImH), 6.99-7.13 (m,
6H, ArH and ImH), 7.35-7.43 (m, 4H, ArH and ImH). Anal.
Calcd. for CgH;sN50OS: C 67.23; H 4.70; N 13.07. Found: C
67.09; H 4.55; N 13.43.
6-[(2-Chlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzothiazolone (101). This compound was obtained
according to the procedure for 10a, using compound 8l as a
starting material. Yield: 1.49 g (84%), mp 182-184 °C (cyclo-
hexane—ethyl acetate, 1:1); ir (nujol): 1670 (C=0) cm ' 'H
NMR (CDCls): 6 3.47 (s, 3H, NCH3), 6.81-6.84 (m, 2H, ArH
and ImH), 6.91 (s, 1H, CH), 7.02-7.13 (m, 4H, ArH and
ImH), 7.29 (dt, 1H, ArH, J = 1.8 Hz, J = 7.8 Hz), 7.34 (dt,
IH, ArH, J = 1.8 Hz, J = 7.8 Hz), 7.39 (s, 1H, ImH), 7.45
(dd, 1H, ArH, J = 1.8 Hz, J = 7.8 Hz). Anal. Calcd. for
C;sH4CIN;OS: C 60.76; H 3.97; N 11.81. Found: C 60.87; H
3.99; N 11.62.
6-[(3-Chlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzothiazolone (10m). This compound was obtained
according to the procedure for 10a, using compound 8m as a
starting material. Yield: 1.39 g (78%), mp 149-150 °C
(ethyl acetate); ir (nujol): 1670 (C=0) cm !; 'H NMR
(CDCl3): & 3.47 (s, 3H, NCHj3), 6.53 (s, 1H, CH), 6.85 (s,
1H, ImH), 6.96-7.16 (m, 6H, ArH and ImH), 7.32-7.35 (m,
2H, ArH), 7.43 (s, 1H, ImH). Anal. Calcd. for
Ci3H4CIN;OS: C 60.76; H 3.97; N 11.81. Found: C 60.53;
H 4.02; N 11.81.
6-[(4-Chlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzothiazolone nitrate (10n). This compound was
obtained according to the procedure for 10a, using compound
8n as a starting material. The crude product 10n, obtained as a
viscous oily residue was dissolved in isopropanol and conc.
HNO; was added. The obtained precipitate was collected by
filtration and washed with cold isopropanol. Yield: 1.57 g
(75%), mp 188-189 °C (isopropanol); ir (nujol): 2770-2250
(NH™), 1660 (C=0) cm™". Anal. Calcd. for C,gH,4CIN;OS x
HNO;3: C 51.62; H 3.61; N 13.38. Found: C 52.00; H 4.01; N
13.10.
6-[(2,4-Dichlorophenyl)(1H-imidazol-1-yl)methyl]-3-methyl-
2(3H)-benzothiazolone (100). This compound was obtained
according to the procedure for 10a, using compound 8o as a
starting material. Yield: 1.37 g (70%), mp 196197 °C (ethyl
acetate); ir (nujol): 1650 (C=0) cm '; '"H NMR (CDCl5): &
3.47 (s, 3H, NCH3;), 6.75 (d, 1H, ArH, J = 8.4 Hz), 6.81 (s,
1H, ImH), 6.85 (s, 1H, CH), 7.02-7.16 (m, 4H, ArH and
ImH), 7.27 (dd, 1H, ArH, J = 1.8 Hz, J = 8.4 Hz), 7.38 (s,
1H, ImH), 7.48 (d, 1H, ArH, J = 1.8 Hz). Anal. Calcd. for
CgH3CILN30S: C 55.39; H 3.36; N 10.77. Found: C 55.78;
H 3.46; N 10.55.
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The solvent-free, microwave (MW)-assisted synthesis of a new series of 3’-(aryl/heteroaryl)-1-mor-
pholinomethyl/piperidinomethylspiro[3H-indole-3,2 -thiazolidine]-2,4’(1H)-diones has been achieved in
an open vessel. Isatins 1 undergo an easy condensation with various aryl/heteroaryl amines by MW
using montmorillonite K10 clay as a solid support to afford Schiff bases 2, which subsequently undergo
smooth cyclization with TGA under neat MW conditions to afford the spiro thiazolidinones 3. The
spiro-compounds are made to react with morpholine/piperidine and formaldehyde to give the corre-

sponding Mannich bases 4/5 in reasonably good yield.

J. Heterocyclic Chem., 46, 49 (2009).

INTRODUCTION

Microwave-assisted organic synthesis (MAOS) has
been recognized as one of the most fascinating areas of
current research [1-3]. Coupling of microwave (MW)
irradiation with the use of catalysts or mineral supported
reactions, under solvent-free conditions, provides a clean
chemical process with an advantageous merit of

enhanced reaction rates, higher yields, greater selectiv-
ity, and ease of manipulation [4-7]. Isatin Mannich
bases are found to have cytotoxicity against a panel of
human cancer cells [8]. They also possess antibacterial,
antifungal, antiviral, anti-HIV, anti-protozoal, and ant-
helmintic activities. Indole ring, when joined to the
other aryl/heteroaryl systems through a spiro carbon
atom at C-3, the resulting spiroindoles exhibit an

© 2009 HeteroCorporation
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Table 1

Physical and analytical data of compounds 2.

Compound R R' Time (min) Mp (°C) Yield (%) Molecular formula
2a H p-BrCeHy 3 242 94 C14HoBrN,O
2b H Ph 3 183 97 Cy4H;oN,O

2¢ Br CH2C5H5 3 105 90 C15H11B[N20
2d Br 2-thiazolyl 2.5 120 63 C,HgBrN;0S
2e Br 2-pyridinyl 2 190 65 C,3HgBrN;O

increased spectrum of biological activities [9-11]. Fur-
ther, spiro[indole-thiazolidine]-diones show a wide range
of pharmacological properties as anticonvulsant, anti-
inflammatory, antibacterial, and anti-fungal [12—-14]. N-
Piperidino-(or morpholino-) methylisatin-3-anils possess
potential biological activity and have been prepared by
the condensation of isatin with arylamines followed by
the Mannich reaction with piperidine or morpholine
[15]. Some new spiro[indoline-3,2'-thiazolidine]-2,4’-
(1H)-diones and  bis[spiro[indoline-3,2’-thiazolidine]-
2,4'(1H)-diones] have been obtained thermally and
under MW irradiation by the condensation of isatin, aro-
matic amines, and mercaptoacetate without isolating the
imine intermediates [16]. 3’-Substituted phenylspiro[3H-
indole-3,2'-thiazolidine]-2,4’-(1H)-diones are reported
to have significant antimicrobial activity [17]. A con-
venient synthesis of spiro[3H-indole-3,2'thiazolidine]-
2,4'(1H)-diones has also been carried out by the conden-
sation and cyclization of isatin with various aromatic
amines [18]. In view of the above and prompted by the
solvent-free MAOS, we describe herein a MW-assisted
regioselective synthesis of 3’-(aryl/heteroaryl)-1-morpho-
linomethyl/piperidinomethylspiro[3H-indole-3,2'-thiazo-
lidine]-2,4'(1H)-diones under solvent-free conditions.

RESULTS AND DISCUSSION

The reaction sequence involves MW-induced prepara-
tion of Schiff bases 2a—e (Table 1) from isatins la-b
and amines (R>-NH,) using montmorillonite K10 clay
as a solid support, followed by the cyclocondensation of
Schiff bases 2a—e and mercaptoacetic acid under neat
MW irradiation conditions to achieve the synthesis of
spiro[indole-thiazolidine]-diones 3a—e (Table 2). The

resulting compounds 3a—e are then allowed to react with
either morpholine or piperidine and 37% formaldehyde,
under solvent-free MW irradiation conditions, to afford
the corresponding Mannich bases 4a—c and Sa,b (Table 3)
in reasonably good yields (Scheme 1).

To optimize the yield of products, the effect of vari-
ous parameters such as MW power, irradiation time, and
molar proportions of the reactants were investigated in
detail. The preparation of 2a as reference compound
was observed under three different sets of reaction con-
ditions. In the first run, isatin was refluxed with p-bro-
moaniline in absolute ethanol for 2 h, yielding the prod-
uct 2a (83%). In the second run, the reactants were
refluxed in triply distilled water containing a few drops
of glacial acetic acid for 30 min affording 2a (82%).
Finally, the reaction was carried out under MW-assisted
(800 W) solvent free conditions using K10 clay as a
solid support, to afford 2a (94%) in just 3 min. Because
of the unambiguous merits, MW method was adopted
for the preparation of the rest of the compounds (Ta-
ble 1). It is worthwhile to mention that in the case of
compounds 2d and 2e (cf. Table 1); a 500-mL Borosil
beaker containing 200 mL of water was kept as a heat
sink to avoid the burning of the compound. For com-
pound 3a, a higher MW power (420 W and 320 W)
resulted in reasonably poor yield of product probably
due to the loss of low boiling mercaptoacetic acid.

However, 160 W irradiation using equimolar quantities
of 2a and mercaptoacetic acid gave rise to an enhanced
yield (65%) of the product 3a. The yields of 3a—e were
considerably increased (72—-86%) when the molar ratio of
the reactants 2a and mercaptoacetic acid were kept to be
1:2. A trace of acidic compound was also observed in this
run. To achieve the optimum yield of Mannich bases 4/5,

Table 2

Physical and analytical data of compounds 3.

Compound R R' Time (min) Mp (°C) Yield (%) Molecular formula
3a H p-BrCeHy 6 90 72 Cy6H;1BrN,O,S
3b H Ph 5 230 76 C16H12N>0,S
3c Br CH2C5H5 5 125 75 C17H13BYN2025
3d Br 2-thiazolyl 4 135 78 C3HgBrN;0,S,
3e Br 2-pyridinyl 4 120 87 Cy5H;oBrN;0,S
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Table 3
Physical and analytical data of compounds 4/5.

Compound R R' X Time (min) Mp (°C) Yield (%) Molecular formula
4a H p-BrCeHy (0] 2 114 71 C51H0N305S
4b H Ph (0] 1.5 101 77 C,1Hy1N305S
4c Br 2-pyridinyl (6] 2.5 70 74 CyoH9BrN4O3S
Sa Br CH,C¢Hs C 2 85 70 Cy3H,4BrN;0,S
5b Br 2—thiazolyl C 3 120 72 C]()HI()BI'N4OZSZ

the reaction mixture was irradiated intermittently (30 s/
cycle) to avoid the loss of low boiling reactants.

All the reactions were monitored by TLC and then
worked up to afford the products, which exhibited phys-
ical and spectral data consistent with their structures.

EXPERIMENTAL

IR spectra were recorded on a JASCO FT/IR-5300 spectro-
photometer, whereas NMR was run on a JEOL AL300

FTNMR spectrometer. The chemical shifts are given in & ppm
with respect to TMS as internal standard. The TLC spots were
detected using iodine chamber. All commercially available
chemicals were purchased from Aldrich and Merck.

General procedure for the synthesis of isatin Schiff bases
(2). Equimolar quantities (1 mmole) of either isatin or 5-bro-
moisatin and corresponding amino reagent were blended with
Montmorillonite K10 clay (20 mg) and heated for 2-3 min in
a MW oven set (LG, Model MS-194W) for 900 W. Upon
completion of the reaction, as checked by TLC, the product
was extracted with CH,Cl, (3 x 10 mL). After evaporation of

Scheme 1
R 0 R N—R!
m K 10 clay, MW | -
+ HzN—Rl 800 W, 3 min
N o Boo
2a-e (63-97%)
1a-b
R=H, Br R=H, Br; R =Ph, p-BrC¢H,,
CH,Ph, 2-triazolyl, 2-pyridyl
HSCH,CO,H,
MW, 160 W,
R S/yO 4-6 min
—R|
| NTR R $7N=0
CH,0, Morpholine, MW,
N” 0 . N—R!
i 640 W, 1.5-2.5 min |
2 -
N N o
[O 3a-e (72-86 %)

4a-c (71-77 %)
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CH,0.,
Piperidine, MW,
650 W, 2-3 min

5a-b (70-72 %)
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the solvent under reduced pressure, the product was recrystal-
lized from ethanol.

3-(p-Bromophenylimino)-isatin (2a). From p-bromoaniline,
yellow crystals (94%), mp 242°C; ir (potassium bromide): NH
3236, C=0 1700, C=N 1619 cm'; '"H NMR (DMSO-dg): &
9.2 (s, 1H, NH), 7.0-7.8 ppm (m, 8H, Ar—H); *C NMR
(DMSO-dg): 168 (C=0), 160 (C=N), 152 (C—N=C), 120-
139 ppm (Ar—C'’s). Anal. Calcd. For C;;HoBrN,O: C, 55.84;
H, 3.01; Br, 26.53; N, 9.30; O, 5.31. Found: C, 55.89; H, 3.06;
Br, 26.48; N, 9.33; O, 5.28.

3-(Phenylimino)-isatin (2b). From aniline, yellow solid
(97%), mp 183°C; ir (potassium bromide): NH 3260, C=0
1695, C=N 1612 cm™'; '"H NMR (DMSO-dg): § 9.3 (s, 1H,
N—H.,); 6.8-7.6 ppm (m, 9H, Ar—H); >C NMR (DMSO-d;):
166 (C=0), 162 (C=N), 155 (C—N=C), 120-138 ppm
(Ar—C’s); Anal. Calcd. For C14H(N>O: C, 75.66; H, 4.54; N,
12.60; O, 7.20. Found: C, 75.63; H, 4.55; N, 12.63; O, 7.18.

5-Bromo-3-(benzylimino)-isatin (2c). From benzyl amine,
shiny light brown solid (90%), mp 105°C, ir (potassium bro-
mide): NH 3350, C=0 1690, C=N 1610 cm™'; '"H NMR
(CDCly): 6 9.1 (s, 1H, NH); 7.1-7.7 (m, 8H, Ar—H); 4.8 ppm
(m, 2H, N—CH,—C); '*C NMR (DMSO-dy): 168 (C=0), 161
(C=N), 152 (C—N=C0), 118-137 (Ar—C’s), 57 ppm
(N—CH,—C); Anal. Calcd. For C;sH;;BrN,O: C, 57.16; H,
3.52; Br, 25.35; N, 8.89; O, 5.08. Found: C, 57.21; H, 3.57;
Br, 25.27; N, 8.91; O, 4.91.

5-Bromo-3-(2-thiazolylimino)-isatin (2d). From 2-thiazolyl
amine, dark brown solid (63%), mp 120°C; ir (potassium bro-
mide): NH 3370, C=0 1692, C=N 1615 cm '; '"H NMR
(CDCl3): 6 9.2 (s, 1H, NH); 7.4-7.8 (m, 3H, Ar—H); 7.3, 8.0
ppm (m, 2H, heteroAr—H); 3C NMR (DMSO-dy): 166
(C=0), 163 (C=N), 154 (C—N=C), 118-153 ppm (Ar and
heteroAr C’s); Anal. Calcd. For C;{H¢BrN;OS: C, 42.87; H,
1.96; Br, 25.93; N, 13.64; O, 5.19; S, 10.41. Found: C, 42.79;
H, 1.91; Br, 25.97; N, 13.60; O, 5.24; S, 10.50.

5-Bromo-3-(2-pyridinylimino)-isatin(2e). From 2-pyridinyl
amine, yellow—orange solid (65%), mp 190°C; ir (potassium
bromide): NH 3452, C=0 1685, C=N 1618 cm '; '"H NMR
(CDCl3): 6 9.0 (s, 1H, NH ); 7.4-7.8 (m, 3H, Ar—H); 7.2, 8.6
ppm (m, 2H, heteroAr—H); 3C NMR (DMSO-dy): 168
(C=0), 162 (C=N), 152 (C—N=C), 118-175 ppm (Ar and
heteroAr C’s); Anal. Calcd. For C;3HgBrN;O: C, 51.68; H,
2.67; Br, 26.45; N, 13.91; O, 5.30. Found: C, 51.61; H, 2.72;
Br, 26.50; N, 13.85; O, 5.38.

General procedure for the synthesis of 3'-arylspiro[3H-
indole-3,2'-thiazolidine]-2,4' (1H)-2,4-dione (3). A mixture of
2 (1 mmol) and mercaptoacetic acid (2 mmol) was heated for
4-6 min in a MW oven set for 160 W. The completion of the
reaction was checked by TLC. The reaction content was then
treated with 15 mL, 10% NaHCO; solution and stirred well.
The resulting compound was filtered, washed with water, dried
and recrystallized from ethanol to give the pure product.

3-(p-Bromophenyl)spiro[3H-indole-3,2'-thiazolidine]-2,4'
(1H)-dione (3a). From 2a, yellow solid (72%), mp 90°C; ir
(potassium bromide): NH 3260, C=0 1720, 1690, C=N 1608
em™"; 'H NMR (CDCls): § 8.5 (s, 1H, NH), 6.8-7.5 ppm (m,
8H, Ar—H); ">C NMR (DMSO-de): 77 (spiro C), 170,168 (2
C=0), 35 (S—CH,—C), 118-141 ppm (Aromatic-C); Anal.
Calcd. For C;¢H;;BrN,O,S: C, 51.21; H, 2.95; Br, 21.29; N,
7.49; O, 8.53; S, 8.55. Found: C, 51.17; H, 3.09; Br, 21.37; N,
7.53; O, 8.44; S, 8.61.
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3'-(Phenyl)spiro[3H-indole-3,2’ -thiazolidine]-2,4'(1H)-dione
(3b). From 2b, dark brown solid (76%), mp 230°C; ir (potas-
sium bromide): NH 3258, C=0 1730, 1695, C=N 1608
em™'; 'H NMR (CDCly): § 8.1 (s, 1H, NH), 6.8-7.5 (m, 9H,
Ar—H), 3.5 ppm (S—CH,—C); *C NMR (DMSO-ds): 77
(spiro C), 170,168 (2 C=0), 35 (S—CH,—C), 120-141 ppm
(Aromatic-C); Anal. Calcd. For C;sH2N,0,S: C, 64.85; H,
4.08; N, 9.45; O, 10.80; S, 10.82. Found: C, 64.91; H, 3.95;
N, 9.52; O, 10.87; S, 10.90.

5-Bromo-3'-(benzyl)spiro[3H-indole-3,2' -thiazolidine]-2,4'
(1H)-dione (3c). From 2¢, brown solid (75%), mp 125°C; ir
(potassium bromide): NH 3345, C=0 1732, 1687 cm '; 'H
NMR (CDCls): 6 8.3 (s, 1H, NH), 7.1-7.4 (m, 8H, Ar—H), 3.4
(S—CH,—C), 4.5 ppm (N—CH,—C); >C NMR (DMSO-dj):
74 (spiro C), 170,171 (2 C=0), 35 (S—CH,—C), 47
(N—CH,—C) 119-137 ppm (Aromatic-C), Anal. Calcd. For
C7H3BrN,O,S: C, 52.45; H, 3.37; N, 7.20; O, 8.22; S, 8.24.
Found: C, 52.39; H, 3.31; N, 7.14; O, 8.30; S, 8.38.

5-Bromo-3'-(2-thiazolyl)spiro[3H-indole-3,2 -thiazolidine]-
2,4'(1H)-dione (3d). From 2d, shiny blackish solid (78%), mp
135°C; ir (potassium bromide): NH 3360, C=0 1730, 1698
em™ 'y 'H NMR (CDCLy): & 8.5 (s, 1H, NH), 7.2-7.4 (m, 3H,
Ar—H), 3.5 (S—CH,—C), 6.6-7.5 ppm (2H, thiazolyl), *C
NMR (DMSO-dg): 76 (spiro C), 170,168 (2 C=0), 35
(S—CH,—C), 119-141 ppm (Aromatic-C), 108, 138, 172 (thia-
zolyl C), Anal. Calcd. For C;3HgBrN;O,S,: C, 40.85; H, 2.11;
Br, 20.90; N, 10.99; O, 8.37; S, 16.78. Found: C, 40.91; H,
2.04; Br, 20.83; N, 11.03; O, 8.31; S, 16.84.

5-Bromo-3'-(2-piperidinyl)spiro[3H-indole-3,2’ -thiazolidine]-
2,4 (1H)-dione (3e). From 2e, brown solid (87%), mp 120°C;
ir (potassium bromide): NH 3450, C=0 1732, 1690 cmfl; 'H
NMR (CDCls): 6 8.7 (s, 1H, NH), 7.2-7.4 (m, 3H, Ar—H),
7.1-8.5 (4H, pyridine), 3.5 ppm (S—CH,—C), '*C NMR
(DMSO-dg): 76 (spiro C), 170,168 (2 C=0), 35 (S—CH,—C),
119-152 ppm (Aromatic-C and heteroAr-C), Anal. Calcd. for
C,;sH,(BrNzO,S: C, 47.89; H, 2.68; Br, 21.25; N, 11.17; O,
8.51; S, 8.52. Found: C, 47.95; H, 2.73; Br, 21.19; N, 11.11;
0, 8.57; S, 8.46.

General procedure for the synthesis of 3'-aryl-1-morpho-
lino/piperidinomethylspiro[3H-indole-thiazolidine]-2,4'(1H)-
dione (4/5). An equimolar quantity of 3 (5 mmol) and
morpholine/piperidine (5 mmol) was blended with 37 % form-
aldehyde (0.5 mL) and then irradiated in a MW oven at
640 W with 30 s/cycle for 2-3 min, as checked by TLC. After
cooling, the product mixture was recrystallized from aqueous
ethanol to afford product.

3'-(p-Bromophenyl)-1-morpholinomethylspiro[3H-indole-
thiazolidine]-2,4'(1H)-dione (4a). From 3a, yellow solid
(71%), mp 114°C; ir (potassium bromide): C=0 1720, 1690
em™'; '"H NMR (CDCly): § 6.9-7.5 (m, 8H, Ar—H), 2.4-3.7
(m, 10H, 5 x CH,), 4.6 ppm (s, N—CH,—N); >*C NMR
(DMSO-dg): 74 (spiro C), 170,168 (2 C=0), 35 (—CH,—), 70
(N—CH,—N), 54-71 (4 x CH,), 118-142 ppm (Aromatic-C);
Anal. Calcd. for C,H,oBrN;O5S: C, 53.17; H, 4.25; Br,
16.84; N, 8.86; O, 10.12; S, 6.76. Found: C, 53.26; H, 4.18;
Br, 16.76; N, 8.80; O, 10.21; S, 6.82

3'-(Phenyl)-1-morpholinomethylspiro[3H-indole-thiazoli-
dine]-2,4'(1H)-dione (4b). From 3b, yellow solid (77%), mp
101°C; ir. (potassium bromide): C=0 1730, 1695 cm_l; 'H
NMR (CDCl): 6 6.9-7.3 (m, 9H, Ar—H), 2.4-3.4 (m, 10H, 5
x CHy), 4.6 (s, N—CH,—N), 3.4 ppm (S—CH,—C), "*C NMR
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(DMSO-dg): 74 (spiro C), 169,168 (2 C=0), 33 (—CH,—), 71
(N—CH,—N), 54-71 (4 x CH,), 120-140 ppm (Aromatic-C),
Anal. Calcd. for C5;H,;N305S: C, 63.78; H, 5.35; N, 10.63;
0O, 12.14; S, 8.11. Found: C, 63.85; H, 5.28 N, 10.60; O,
12.08; S, 8.28.
5-Bromo-3'-(2-piperidinyl)-1-morpholinomethylspiro  [3H-
indole-thiazolidine]-2,4'(1H)-dione (4c). From 3e, brown solid
(74%), mp 70°C; ir (potassium bromide): C=0 1740, 1700
cm 'y 'TH NMR (CDCly): & 6.9-7.3 (m, 3H, Ar—H), 2.3-3.7
(m, 8H, 4 x CH,), 4.5 (s, N—CH,—N), 3.3 (S—CH,—C), 7.2—
8.5 ppm (4H, pyridine), 13C NMR (DMSO-dg): 75 (spiro C),
170,168 (2 C=0), 33 (S—CH,—C), 70 (N—CH,—N), 54-71
(4 x CHp), 119-142 (Aromatic-C), 115-153 ppm (pyridine C),
Anal. Calcd. for C,o0H;oBrN,O5S: C, 50.53; H, 4.03; Br,
16.81; N, 11.79; O, 10.10; S, 6.75. Found: C, 50.59; H, 4.11;
Br, 16.77; N, 11.84; O, 10.17; S, 6.81.
5-Bromo-3'-(benzyl)-1-piperidinomethylspiro[3H-indole-
thiazolidine]-2,4'(1H)-dione (5a). From 3¢, brown solid
(70%), mp 85°C; ir (potassium bromide): C=0 1728, 1695
cm™!; 'TH NMR (CDCLy): & 6.9-7.5 (m, 8H, Ar—H), 1.5-3.3
(m, 12H, 6 x CH,), 4.6 (s, N—CH,—N), 4.5 ( N—CH,—C),
3.3 ppm (S—CH,—C), '*C NMR (DMSO-dg): 68 (spiro C),
171,168 (2 C=0), 35 (S—CH,—C), 70 (N—CH,—N), 54-71
(4 x CH,), 125-141 ppm (Aromatic-C), Anal. Calcd. for
C,3H4BrN3;OsS: C, 56.79; H, 4.97; Br, 16.43; N, 8.64; O,
6.58; S, 6.59. Found: C, 56.67; H, 5.08; Br, 16.49; N, 8.70; O,
6.49; S, 6.50.
5-Bromo-3'-(2-thiazolyl)-1-piperidinomethylspiro[3H-indole-
thiazolidine]-2,4' (1H)-dione (5b). From 3d, coffee colored
shiny powder (72%), mp 120°C; ir (potassium bromide): C=0
1735, 1692 cm™'; '"H NMR (CDCly): § 6.8-7.3 (m, 3H,
Ar—H), 1.5-2.4 (m, 10H, 5 x CH,), 4.5 (s, N—CH,—N),
6.5,7.5 (2H, thiazole), 3.3 ppm (S—CH,—C), *C NMR
(DMSO-dg): 74 (spiro C), 173,172 (2 C=0), 35 (S—CH,—C),
70 (N—CH,—N), 54-71 (5 x CH,), 119-141 (Aromatic-
C), 138,168,171 ppm (thiazole), Anal. Caled. for
ClnggBrN4OZSQZ C, 4760, H, 349, Br, 1667, N, 1169, O,
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6.67; S, 13.38. Found: C, 47.51; H, 3.56; Br, 16.71; N, 11.75;
0, 6.59; S, 13.47
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A simple facile one-step microwave-enhanced synthesis of methyl 4-substituted-6-amino-5-cyano-2-
methylpyridine-3-carboxylate derivatives via a three-component reaction of aromatic aldehydes, malono-
nitrile, and methyl 3-aminobut-2-enoate has been developed. It is an efficient and promising synthetic
strategy to build the polyfunctional pyridine skeleton.

J. Heterocyclic Chem., 46, 54 (2009).

INTRODUCTION

Multicomponent reactions (MCRs), an important class
of organic reactions, are one-pot processes with at least
three components to form a single product, which incor-
porates most or even all of the starting materials [1].
The huge interest for such multicomponent reactions
during the last years has been oriented toward develop-
ing combinatorial chemistry procedures, because of their
high efficiency and convenience of these reactions in
comparison with multistage procedures. Hence, much
scientific effort has been focused on the development of
multicomponent procedures to prepare diverse heterocy-
clic compound libraries [2].

Pyridine and its derivatives have a vast range of bio-
logical activities. They have been used as herbicides [3],
for enrichment of cereals [4], for regulation of arterial
pressure [5], and cholesterol levels in blood [6]. In addi-
tion, some pyridines constitute an important class of
antitumor compounds, which have been attracting signif-
icant attention [7,8]. Some polyfunctional pyridines are
used as nonlinear optical materials [9], electrical materi-
als [10], chelating agents in metal-ligand chemistry [11],
and as fluorescent liquid crystals [12]. Therefore, devel-
opment of efficient procedures toward functionalized
pyridines is a quite important task in organic synthesis
[13].

There is a great variety of methods described in the
literature to synthesize similar skeleton [14]. Many prec-
edent methods, however, have inevitable drawbacks: the
aromatized polysubstituted pyridines were previously
mostly synthesized through two steps: 1,4-DHPs were
first prepared, which further proceeded to be oxidized to
provide the corresponding aromatized compounds.

As part of an ongoing development of efficient proto-
cols for the preparation of polysubstituted heterocycles
from common intermediates [15], we recently discov-
ered a simple and efficient method for the synthesis of
polysubstituted pyridines (Scheme 1) via aldehydes,
malononitrile, and methyl 3-aminobut-2-enoate under
microwave (MW) irradiation.

RESULTS AND DISCUSSION

To optimize the reaction conditions, different organic
solvents, such as ethanol, glycol, acetic acid, DMF, and
mixed glycol-HOAc were tested in the synthesis of 4b
at 100°C. Table 1 show that the reactions in mixed gly-
col-HOAc (2:1, v/v) gave the best results (entry 6 of
Table 1).

Moreover, to further optimize the reaction tempera-
ture, reactions using 4-chlorobenzaldehyde (1b, 1.0
mmol), malononitrile (2, 1.0 mmol), and methyl 3-ami-
nobut-2-enoate (3, 1.0 mmol) were carried out in the
range of 90-150°C in increments of 10°C each time in
mixed glycol-HOAc (2:1, v/v) under microwave irradia-
tion (initial power 100 W, maximum power 200 W).
The results are shown in Table 2. When the temperature
was increased from 90 to 120°C, the yield of product 4b
was improved. However, no significant increase in the

Scheme 1
c NH, © lycol/HOA N
N 2 glyco c NC CO,CH
ArCHO +< +)\/U\OCH MW > rji Ze
CN 3 HN""N"CH,
1 2 3 4
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Table 1
Solvent optimization for the synthesis of 4b under MW.

Table 2

Temperature optimization for the synthesis of 4b under MW.

Entry Solvent Time (min) Yield (%) Entry T (°C) Time (min) Yield (%)
1 EtOH 12 37 1 90 9 70

2 glycol 10 54 2 100 9 76

3 HOAc 10 55 3 110 9 83

4 DMF 10 48 4 120 7 88

5 glycol-HOAc(1:1)* 9 60 5 130 7 85

6 glycol-HOAc(2:1)* 9 76 6 140 7 83

7 glycol-HOAc(3:1)* 9 70 7 150 7 80

8 glycol-HOAc(4:1)* 9 64

% Volume ratio.

yield of product 4b was observed as the reaction tem-
perature was raised from 130 to 150°C. Therefore, the
temperature of 120°C was chosen for all further MW-
assisted reactions.

The use of these optimal microwave experimental
conditions [120°C, glycol-HOAc (2:1)] for the reactions
of different aromatic aldehydes afforded good yields of
polysubstituted pyridine derivatives. The results (Table
3, entries 1-10) indicated that aromatic aldehydes bear-
ing either electron-donating (such as alkoxyl groups) or
electron-withdrawing (such as nitro or halide groups)
functional groups were all suitable for the reaction.
Moreover, a heterocyclic aldehyde, thiophene-2-carbal-
dehyde (Table 3, entry 11), still showed high reactivity
under these standard conditions.

Although the detailed mechanism of the above reac-
tion remains to be fully clarified, the formation of 4
could be explained by a possible reaction sequence pre-
sented in Scheme 2. Compound 4 is expected to proceed
via initial condensation of aromatic aldehydes with
malononitrile to afford alkylidenemalononitrile 5, which
further undergoes in situ Michael addition with methyl
3-aminobut-2-enoate 3, to yield intermediate 7, which is
then cyclized and subsequently dehydrogenated to afford

the aromatized product 4. This type of hydrogen loss
was well precedented [16].

To test the mechanism described earlier, the reaction
of intermediate product 5S¢ and methyl 3-aminobut-2-
enoate 3 was carried out under microwave irradiation
conditions. The target compound 4¢ was obtained, in
similar yields by the one-pot reaction. The results sup-
ported the proposed mechanism (Scheme 3).

In this study, all the products were characterized by
IR and '"H NMR spectral data as well as elemental anal-
yses. Furthermore, the structure of 4a [17] was estab-
lished by X-ray crystallographic analysis. The molecular
structure of 4a was shown in Figure 1.

In conclusion, the microwave-assisted synthesis of
polysubstituted pyridines in this paper is an efficient
methodology allowing the facile preparation of these
important polycyclic compounds. This procedure offers
several advantages including operational simplicity,
increased safety for small-scale high-speed synthesis
that makes it a useful and attractive process for the syn-
thesis of these compounds.

EXPERIMENTAL

Microwave irradiation was carried out with a microwave
oven Emrys™ Creator from Personal Chemistry, Uppsala,

Table 3
Synthesis of products 4 under MW.

Entry Product Ar Time (min) Yield (%) Mp (°C)
1 4a 4-FC¢Hy 6 89 279-281
2 4b 4-CICeH4 7 88 254-256
3 4c 4-BrCgHy 6 89 248-250
4 4d 4-NO,CgHy 6 87 280-282
5 4e 4-CH;CqHy 9 88 295-297
6 4f 2-CIC¢Hy 7 85 268-270
7 4g CeHs 6 86 256-258
8 4h 3,4-C1,CeHs 8 88 252-254
9 4i 2,3-(CH30),C¢H3 10 84 230-232
10 4j 3,4-(OCH,0)CgH3 9 83 263-265
11 4k thiophen-2-yl 8 82 274-276
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Sweden. Melting points were determined in the open capilla-
ries and were uncorrected. IR spectra were taken on a FTIR-
Tensor 27 spectrometer in KBr pellets and reported in cm™".
"H NMR spectra were measured on a Bruker DPX 400 MHz
spectrometer using TMS as an internal standard and DMSO-d
as solvent. Elemental analysis was determined by using a
Perkin—Elmer 240c elemental analysis instrument. X-Ray crys-
tallographic analysis was performed with a Siemens SMART
CCD and a Siemens P4 diffractometer.

General procedure for the one-pot synthesis of com-
pounds 4 under microwave irradiation conditions. Typically,
in a 10-mL EmrysTM reaction vial, aldehyde 1 (1 mmol),
malononitrile 2 (1 mmol, 0.066 g), methyl 3-aminobut-2-
enoate 3 (1 mmol, 0.115 g), glycol (1.0 mL), and HOAc (0.5
mL) were mixed and then capped. The mixture was irradiated
for a given time at 120°C under microwave irradiation (initial
power 100 W and maximum power 200 W). Upon completion,
monitored by TLC, the reaction mixture was cooled to room
temperature and then poured into cold water. The solid product
was collected by Biichner filtration and was further purified by
recrystallization from EtOH (95%) to give the pure product.

Methyl 6-amino-5-cyano-4-(4-fluorophenyl)-2-methyl-pyri-
dine-3-carboxylate (4a). This compound was obtained accord-
ing to the above general procedure; ir (potassium bromide):
3390, 3321, 3172, 3076, 2220, 1715, 1652, 1565, 1434, 1376,
1229, 1166, 1077, 958, 882, 665 cm™'; '"H NMR: 7.39-7.37
(m, 2H, 3,5-ArH), 7.36 (s, 2H, NH,), 7.34-7.31 (m, 2H,
2/ 4-ArH), 3.43 (s, 3H, OCHj3), 2.38 (s, 3H, CHj;). Anal. calcd
for C;sH,FN3O,: C, 63.15; H, 4.24; N, 14.73. Found: C,
63.12; H, 4.28; N, 14.75.

Methyl 6-amino-4-(4-chlorophenyl)-5-cyano-2-methyl-pyri-
dine-3-carboxylate (4b). This compound was obtained accord-

Scheme 3
Br
CN NH,O
= + 2 —=NC CO,CH
BrmN e ocH, Dt
H,N" N CH,
5c 3 4c
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Figure 1. ORTEP diagram of 4a.

ing to the above general procedure, this compound is known
(RN: 176689-71-7) [14d]; ir (potassium bromide): 3383, 3324,
3178, 3086, 2221, 1721, 1653, 1576, 1496, 1378, 1284, 1197,
1094, 960, 863, 661 cm™'; '"H NMR: 7.57 (d, 2H, J = 8.4 Hz,
2’ 4'-ArH), 7.40 (s, 2H, NHy), 7.34 (d, 2H, J = 8.4 Hz, 3',5'-
ArH), 3.44 (s, 3H, OCH3), 2.39 (s, 3H, CH3). Anal. calcd for
Cy5H1,CIN;O,: C, 59.71; H, 4.01; N, 13.93. Found: C, 59.76;
H, 4.05; N, 13.90.

Methyl 6-amino-4-(4-bromophenyl)-5-cyano-2-methyl-pyri-
dine-3-carboxylate (4c). This compound was obtained accord-
ing to the above general procedure; ir (potassium bromide):
3405, 3313, 3161, 3069, 2217, 1718, 1651, 1557, 1437, 1376,
1283, 1104, 1012, 957, 882, 665 cm™'; '"H NMR: 7.71 (d, 2H,
J = 8.4 Hz, 3',5'-ArH), 7.40 (s, 2H, NH2), 7.27 (d, 2H, J =
8.4 Hz, 2/ 4-ArH), 3.45 (s, 3H, OCH3), 2.39 (s, 3H, CHj3).
Anal. calcd for C;sH{,BrN3;O,: C, 52.04; H, 3.49; N, 12.14.
Found: C, 52.00; H, 3.45; N, 12.15.

Methyl  6-amino-5-cyano-2-methyl-4-(4-nitrophenyl)-pyri-
dine-3-carboxylate (4d). This compound was obtained accord-
ing to the above general procedure; ir (potassium bromide):
3383, 3331, 3151, 3061, 2222, 1720, 1661, 1562, 1433, 1382,
1282, 1107, 1017, 955, 888, 665 cm™'; "H NMR: 8.35 (d, 2H,
J = 8.8 Hz, 3,5-ArH), 7.62 (d, 2H, J = 8.4 Hz, 2’ .4-ArH),
7.53 (s, 2H, NH,), 3.40 (s, 3H, OCHj3), 2.43 (s, 3H, CHj).
Anal. calcd for CsH,N4O4: C, 57.69; H, 3.87; N, 17.94.
Found: C, 57.70; H, 3.85; N, 17.95.

Methyl 6-amino-5-cyano-2-methyl-4-p-tolylpyridine-3-car-
boxylate (4e). This compound was obtained according to the
above general procedure; ir (potassium bromide): 3338, 3321,
3173, 3048, 2219, 1712, 1652, 1560, 1434, 1376, 1286, 1110,
1077, 961, 882, 664 cm™'; '"H NMR: 7.30 (d, 2H, J = 7.6 Hz,
2’ 4-ArH), 7.19 (d, 2H, J = 8.0 Hz, 3',5'-ArH), 7.11 (s, 2H,
NH,), 3.43 (s, 3H, OCHs;), 2.37 (s, 6H, CH3). Anal. calcd for
Ci6H5N305: C, 68.31; H, 5.37; N, 14.94. Found: C, 68.35; H,
5.39; N, 14.95.

Methyl 6-amino-4-(2-chlorophenyl)-5-cyano-2-methyl-pyri-
dine-3-carboxylate (4f). This compound was obtained accord-
ing to the above general procedure; ir (potassium bromide):
3385, 3325, 3177, 3052, 2222, 1717, 1654, 1594, 1431, 1378,
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1283, 1168, 1035, 958, 802, 663 cm '; 'H NMR: 7.61-7.59
(m, 1H, ArH), 7.49 (s, 2H, NH2), 7.47-7.42 (m, 2H, ArH),
7.29-7.27 (m, 1H, ArH), 3.37 (s, 3H, OCHj3), 2.45 (s, 3H,
CH3) Anal. calcd for C15H12C1N302Z C, 5971, H, 401, N,
13.93. Found: C, 59.75; H, 4.04; N, 13.95.

Methyl 6-amino-5-cyano-2-methyl-4-phenylpyridine-3-car-
boxylate (4g). This compound was obtained according to the
above general procedure, this compound is known (RN:
176689-69-3) [14d]; ir (potassium bromide): 3395, 3320, 3169,
3057, 2219, 1714, 1652, 1558, 1436, 1377, 1284, 1168, 1077,
960, 803, 662 cm™'; '"H NMR: 7.50-7.48 (m, 3H, ArH), 7.35
(s, 2H, NH,), 7.31-7.29 (m, 2H, ArH), 3.39 (s, 3H, OCH3;),
2.39 (s, 3H, CHj3). Anal. calcd for C;5H;3N30,: C, 67.40; H,
4.90; N, 15.72; Found: C, 67.44; H, 4.95; N, 15.70.

Methyl 6-amino-4-(3,4-dichlorophenyl)-5-cyano-2-methyl-
pyridine-3-carboxylate (4h). This compound was obtained
according to the above general procedure; ir (potassium bro-
mide): 3395, 3315, 3168, 3066, 2216, 1712, 1650, 1505, 1449,
1377, 1287, 1167, 1038, 926, 820, 775 cm™'; 'H NMR: 7.78
(d, 1H, J = 8.4 Hz, ArH), 7.68-7.67 (m, 1H, ArH), 7.47 (s,
2H, NH,), 7.32 (dd, 1H, J; = 8.0 Hz, J, = 2.4 Hz, ArH), 3.47
(s, 3H, OCH;), 241 (s, 3H, CH;). Anal. calcd for
Cy5H;1CLN30,: C, 53.59; H, 3.30; N, 12.50. Found: C, 53.60;
H, 3.33; N, 12.55.

Methyl 6-amino-5-cyano-4-(2,3-dimethoxyphenyl)-2-meth-
ylpyridine-3-carboxylate (4i). This compound was obtained
according to the above general procedure; ir (potassium bro-
mide): 3384, 3331, 3177, 3050, 2224, 1713, 1657, 1567, 1433,
1335, 1265, 1193, 1091, 818, 743 cm™"; "H NMR: 7.31 (s, 2H,
NH,), 7.15-7.09 (m, 2H, ArH), 6.64 (dd, 1H, J, = 8.0 Hz, J, =
2.4 Hz, ArH), 3.86 (s, 3H, OCH,), 3.61 (s, 3H, OCH,), 3.41 (s,
3H, OCH3), 2.40 (s, 3H, CH3). Anal. calcd for C{7H;;N30,: C,
62.38; H, 5.23; N, 12.84. Found: C, 62.36; H, 5.25; N, 12.80.

Methyl 6-amino-4-(benzo[d][1,3]dioxol-6-yl)-5-cyano-2-
methylpyridine-3-carboxylate  (4j). This compound was
obtained according to the above general procedure; ir (potas-
sium bromide): 3380, 3325, 3171, 3052, 2225, 1712, 1658,
1567, 1430, 1338, 1264, 1183, 1090, 810, 750 cm™'; 'H
NMR: 7.27 (s, 2H, NH,), 7.02 (d, 1H, J = 8.0 Hz, ArH),
6.92-6.91 (m, 1H, ArH), 6.75 (dd, 1H, J, = 8.0 Hz, J, = 1.6
Hz, ArH), 6.12 (s, 2H, CH,), 3.48 (s, 3H, OCH3), 2.35 (s, 3H,
CH3). Anal. calcd for C;gH{3N304: C, 61.73; H, 4.21; N,
13.50. Found: C, 61.76; H, 4.25; N, 13.54.

Methyl  6-amino-5-cyano-2-methyl-4-(thiophen-2-yl)pyrid-
ine-3-carboxylate (4k). This compound was obtained according
to the above general procedure; ir (potassium bromide): 3390,
3320, 3163, 3060, 2219, 1713, 1654, 1560, 1434, 1330, 1261,
1168, 1041, 839, 736 cm™'; '"H NMR: 7.81 (dd, 1H, J; = 8.0
Hz, J, = 1.2 Hz, ArH), 7.35 (s, 2H, NH,), 7.29-7.28 (m, 1H,
ArH), 7.21-7.19 (m, 1H, ArH), 3.55 (s, 3H, OCHj3), 2.35 (s,
3H, CHs3). Anal. calcd for C13H{N30,S: C, 57.13; H, 4.06; N,
15.37; S, 11.73. Found: C, 57.16; H, 4.05; N, 15.34; S, 11.75.
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A group of acetylene regioisomers were designed such that a cyclooxygenase-2 (COX-2) SO,Me
pharmacophore was located at the ortho-, meta-, or para-position of the acetylene C-1 phenyl ring, and
an iron-chelating 5-lipoxygenase (5-LOX) N-hydroxypyridin-2(1H)-one moiety was attached via its C-5
position to the C-2 position on an acetylene template (scaffold). These target linear acetylene regioisom-
ers were synthesized via a palladium-catalyzed Sonogashira cross-coupling reaction. Structure-activity
data acquired using in vitro cell-based inhibition assays indicated that this novel class of 1-(2-, 3-, or
4-methanesulfonylphenyl)-2-[5-(N-hydroxypyridin-2(1H)-one)]acetylene regioisomers did not inhibit the
COX-2 or (5-LOX) enzymes, and that they are devoid of in vivo anti-inflammatory activities.

J. Heterocyclic Chem., 46, 58 (2009).

INTRODUCTION

Dual inhibitors of cyclooxygenase-2 (COX-2) and 5-
lipoxygenase (5-LOX) represent an attractive safer alter-
native to selective COX-2 inhibitors. This view is based
on a potentially greater anti-inflammatory efficacy
because of their ability to synergistically block both
metabolic pathways of the arachidonic acid (AA) cas-
cade [1]. A group of 1-(2-, 3-, and 4-methanesulfonyl-
phenyl)-2-(2-, 3-, and 4-pyridyl)acetylene regioisomers,
which are effective COX-1/COX-2 inhibitors that ex-
hibit in vivo anti-inflammatory activities, were recently
reported [2]. The most successful effort to develop 5-
LOX inhibitors has been in the area of hydroxamic acids
and related N-hydroxyureas that likely chelate iron pres-
ent in the 5-LOX enzyme [3]. The recently described 1-
(methanesulfonlylphenyl)-2-(pyridyl)acetylene regioisom-
ers possess a suitable scaffold (template) to design novel
acyclic dual inhibitors of the COX and LOX enzymes
[2]. It was anticipated that replacement of the pyridyl
ring in these parent acetylenes by a N-hydroxypyridin-
2(1H)one moiety, which has the potential to chelate iron,
may provide a hitherto unknown class of dual COX/5-
LOX inhibitory anti-inflammatory agents. Accordingly,
we now describe the synthesis of a novel group of 1-(2-,

3-, or 4-methanesulfonylphenyl)-2-[5-(N-hydroxypyridin-
2(1H)-one)Jacetylene regioisomers (8a—c), to determine
their potential utility as inhibitors of the COX-2 and 5-
LOX enzymes.

RESULTS AND DISCUSSION

1-(Methylthiophenyl)-2-(2-methoxypyrid-5-yl)acetyl-
enes (6a—c) were prepared in 28-72% yield using two
consecutive palladium-catalyzed Sonogashira cross-cou-
pling reactions [2,4-7]. The subsequent transformation
of 6a—c to the target 1-(2-, 3-, or 4-methanesulfonyl-
phenyl)-2-[5-(N-hydroxypyridin-2(1H)-one)]acetylene
regioisomers (8a—c) was carried out using the synthetic
methodologies shown in Scheme 1. A modified proce-
dure [8] was used to synthesize 5-ethynyl-2-methoxy-
pyridine (4). Thus, Sonogashira coupling of 5-bromo-2-
methoxypyridine (1) with 2-methylbut-3-yn-2-ol (2) in
the presence of Et;N, cuprous iodide (Cul), and
dichloro-bis(triphenylphosphine)palladium(0) ([PdCl,
(PPh3),]) catalyst afforded 4-(2-methoxypyridin-5-yl)-2-
methyl-but-3-yn-2-ol (3) in 75% yield. Subsequent re-
moval of the isopropanol moiety using sodium hydride
furnished 5-ethynyl-2-methoxypyridine (4) in 82% yield.
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Scheme 1. Reagents and conditions: (a) Et;N, Pd(PPh,),Cl,, Cul, 70—
75°C, 3 h; (b) benzene, NaH, 105-110°C, 1 h; (c¢) E;N, Pd(PPh,),Cl,,
Cul, 90°C, 5 h; (d) m-chloroperoxybenzoic acid, CH,Cl,, 25°C, over-
night; (e) (i) acetyl chloride, reflux, 1 h; (ii) MeOH, 25°C, overnight.
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A second Sonogashira cross-coupling reaction of 4 with
the halothioanisole (Sa—c) regioisomers was carried out
under an argon atmosphere in EtN using [PdCl,
(PPh3),]/Cul as catalyst to furnish the respective 1-
(methylthiophenyl)-2-(2-methoxypyrid-5-yl)acetylenes
6a—c in 28-72% yield. Oxidation of 6a—c with meta-
chloroperbenzoic acid in dichloromethane [9] afforded
the  1-(methanesulfonylphenyl)-2-(1-oxido-2-methoxy-
pyrid-5-yl)acetylenes (7a—c) in 44-51% yield. Finally,
reaction of the N-oxides 7a—c with acetyl chloride at
reflux, and then methanolysis in place of hydrolysis [9]
furnished the target N-hydroxypyridin-2(1H)-ones (8a—c)
in 69-91% yield.

Replacement of the carboxyl (CO,H) in traditional
arylacetic acid nonsteroidal anti-inflammatory drugs
(NSAIDs) by a hydroxamic acid (CONHOH) moiety
provided potent orally active 5-LOX inhibitory agents
[10]. NSAIDs having a CONHOH or CON(Me)OH
(pKa 9-11 range) in place of the CO,H in traditional
NSAIDs (pKa generally in the 4-5 range) are much less
acidic, which decreases ulcerogenicity [11].

The rational for the design of the acyclic acetylenes
8a-c was based on the expectations that (i) the phenyl
ring bearing the SO,Me pharmacophore will confer
COX-2 inhibitory activity, and (ii) the N-hydroxypyri-
din-2(1H)one moiety will confer 5-LOX inhibitory ac-
tivity. The CONOH part of the N-hydroxypyrid-2(1H)-
one ring present in 8a—c can be viewed as a cyclic
hydroxamic acid mimetic. These N-hydroxypyridin-
2(1H)-ones, like acyclic hydroxamic acids, are expected
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to serve as effective iron chelators to exhibit 5-LOX in-
hibitory activity. However, these cyclic N-hydroxypyri-
din-2(1H)-ones, unlike acyclic hydroxamic acids which
undergo facile biotransformation to the carboxylic acids,
are expected to be metabolically stable with improved
oral efficacy.

In vitro cell-based inhibition assays were carried out
to determine the biological effect of compounds 8a—c on
eicosanoid synthesis/release by measuring the amounts
of cysteinyl leukotrienes (collectively referred to as a
group of 5-LOX derived metabolites LTC4, LTD,4, and
LTE4) and prostaglandin E, (PGE,) secreted into the
culture medium of human brain cancer cells. The assay
to determine the ability of 8a—c to inhibit in vitro cell-
based 5-LOX activity showed that all three regioisomers
failed to inhibit the 5-LOX enzyme (ICsq > 50 uM)
relative to the reference drug nordihydroguaiaretic acid
(NDGA, IC59 = 35 uM). Compounds 8a—c were simi-
larly inactive (ICso > 100 pM) inhibitors of the COX-2
isozyme relative to the reference drug celecoxib (ICsy =
2.5 uM) in a cell-based assay.

The anti-inflammatory activities exhibited by the
regioisomers 8a—c were determined using a carrageenan-
induced rat foot paw edema model at a 50 mg/kg oral
dose. In this assay, compounds 8a—c were all inactive
anti-inflammatory (AI) agents compared with the refer-
ence drug celecoxib (79.9 £+ 1.9% inhibition at 50 mg/
kg po; IDsg = 10.8 mg/kg po).

The biological data acquired in this study indicate
that the 1-(methanesulfonylphenyl)-2-[5-(N-hydroxypyri-
din-2(1H)-one)]acetylene structure is not a suitable tem-
plate for the design of anti-inflammatory agents that act
by inhibition of the 5-LOX and/or COX-2 enzymes.

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover capil-
lary apparatus and are uncorrected. Unless otherwise noted,
infrared (IR) spectra were recorded as films on NaCl plates
using a Nicolet 550 Series II Magna FTIR spectrometer. 'H
NMR spectra were measured on a Bruker AM-300 spectrome-
ter in CDCl3 or CDCl3 + DMSO-dg with TMS as the internal
standard. Microanalyses were performed for C, H, N (Micro-
Analytical Service Laboratory, Department of Chemistry, Uni-
versity of Alberta) and were within +0.4% of theoretical val-
ues. Silica gel column chromatography was performed using
Merck silica gel 60 ASTM (70-230 mesh). 2-lodothioanisole
(5a) [12] and 3-iodothioanisole (5b) [13] were synthesized in
91% and 76% yields, respectively, starting from 2-(methyl-
thio)aniline and 3-(methylthio)aniline using the procedure of
Ullmann [14]. All other reagents, purchased from the Aldrich
Chemical Company (Milwaukee, WI), were used without fur-
ther purification.

4-(2-Methoxypyridin-5-yl)-2-methylbut-3-yn-2-ol (3). PdCl,
(PPh3), (63 mg, 0.09 mmoles) and Cul (19 mg, 0.10 mmoles)
were added to a stirred solution of 5-bromo-2-methoxypyridine
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(1) (2.75 mL, 21.39 mmoles) and 2-methylbut-3-yn-2-ol (2)
(2.20 mL, 22.61 mmoles) in EtzN (40 mL) under an argon
atmosphere at 25°C, and the reaction was allowed to proceed
at 70-75°C for 3 h. The reaction mixture was allowed to cool
to 25°C, filtered, and excess Et3N was removed from the fil-
trate in vacuo. The dark brown residue obtained was purified
by silica gel column chromatography using hexane-EtOAc
(3:1, v/v) as eluent to afford 3 in 75% yield; yellowish oil; IR
(film): 3368 (OH), 2235 (C=C) cm™'; '"H NMR (CDCl;) &
1.62 (s, 6H, CMe,), 2.44 (br s, 1H, OH), 3.94 (s, 3H, OMe),
6.69 (d, J = 8.5 Hz, 1H, pyridyl H-3), 7.59 (dd, J = 8.5, 2.1
Hz, 1H, pyridyl H-4), 8.27 (d, J = 2.1 Hz, 1H, pyridyl H-6).

5-Ethynyl-2-methoxypyridine (4). Sodium hydride (26 mg,
1.08 mmoles) was added to a solution of 4-(2-methoxypyridin-
5-yl)-2-methylbut-3-yn-2-ol (3) (1.52 g, 7.96 mmoles) in ben-
zene (7 mL), and the reaction mixture was heated at 105—
110°C for 1 h. Removal of the solvent in vacuo gave a dark
brown oil, which was purified by silica gel column chromatog-
raphy using hexane-EtOAc (3:1, v/v) as eluent to afford 4 in
82% yield; brown oil; IR (film): 2230 (C=C) cm '; '"H NMR
(CDCl3) 6 3.12 (s, 1H, C=CH), 3.96 (s, 3H, OMe), 6.72 (d, J
= 8.5 Hz, 1H, pyridyl H-3), 7.66 (dd, J = 8.5, 2.1 Hz, 1H,
pyridyl H-4), 8.27 (d, J = 2.1 Hz, 1H, pyridyl H-6).

General procedure for the synthesis of 1-(methylthio-
phenyl)-2-(2-methoxypyrid-5-yl)acetylenes (6a—c). Cul (46
mg, 0.24 mmoles) was added with stirring to a solution
containing PdCl,(PPh3), (85 mg, 0.12 mmoles), 5-ethynyl-2-
methoxypyridine (4) (6 mmoles), and a halothioanisole Sa, 5b,
or 5¢ (4 mmoles), in EtzN (10 mL) under an argon atmos-
phere. The reaction mixture was heated at 90°C for 5 h, cooled
to 25°C, and filtered to remove the inorganic salts. The solvent
from the filtrate was removed in vacuo, and the residue
obtained was purified by silica gel column chromatography
using hexane-EtOAc (10:1, v/v) as eluent to furnish the respec-
tive product 6a—c. Some physical and spectroscopic data for
6a—c are listed below.

1-(2-Methylthiophenyl)-2-(2-methoxypyrid-5-yl)acetylene
(6a). The product was obtained as a pale yellow oil using the
Sonogashira coupling reaction of 4 with 2-iodothioanisole (5a)
in 72% yield; IR (film): 2213 (C=C), 1615, 1580, 1488 (Ar)
cm™!; 'TH NMR (CDCl3) & 2.52 (s, 3H, SMe), 4.00 (s, 3H,
OMe), 6.77 (d, J = 8.5 Hz, 1H, pyridyl H-3), 7.12 (ddd, J =
7.6, 7.6, 1.2 Hz, 1H, phenyl H-5), 7.19 (dd, J = 7.6, 1.2 Hz,
1H, phenyl H-3), 7.31 (ddd, J = 7.6, 7.6, 1.2 Hz, 1H, phenyl
H-4), 7.48 (d, J = 7.6, 1.2 Hz, 1H, phenyl H-6), 7.77 (dd, J =
8.5, 2.1 Hz, 1H, pyridyl H-4), 8.41 (d, / = 2.1 Hz, 1H, pyridyl
H-6).

1-(3-Methylthiophenyl)-2-(2-methoxypyrid-5-yl)acetylene
(6b). The product was obtained as a pale yellow oil using the
Sonogashira coupling reaction of 4 with 3-iodothioanisole (Sb)
in 44% yield; IR (film): 2229 (C=C), 1588, 1560, 1495 (Ar)
em ' '"H NMR (CDCl3) & 2.51 (s, 3H, SMe), 3.99 (s, 3H,
OMe), 6.77 (d, J = 8.9 Hz, 1H, pyridyl H-3), 7.20-7.31 (m,
3H, phenyl H-4, H-5, H-6), 7.39 (s, 1H, phenyl H-2), 7.72 (dd,
J = 8.9, 2.1 Hz, 1H, pyridyl H-4), 836 (d, / = 2.1 Hz, 1H,
pyridyl H-6).

1-(4-Methylthiophenyl)-2-(2-methoxypyrid-5-yl)acetylene
(6¢). The product was obtained as a pale yellow solid using
the Sonogashira coupling reaction of 4 with 4-bromothioani-
sole (5¢) in 28% yield; mp 85-87°C; IR (film): 2230 (C=C),
1602, 1560, 1495 (Ar) cm™'; 'H NMR (CDCl3) § 2.51 (s, 3H,
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SMe), 4.00 (s, 3H, OMe), 6.77 (d, J = 8.5 Hz, 1H, pyridyl H-
3), 7.21 (d, J = 8.5 Hz, 2H, phenyl H-3, H-5), 743 (d, J =
8.5 Hz, 2H, phenyl H-2, H-6), 7.72 (dd, J = 8.5, 2.1 Hz, 1H,
pyridyl H-4), 8.36 (d, / = 2.1 Hz, 1H, pyridyl H-6).

General procedure for the synthesis of 1-(methane-
sulfonylphenyl)-2-(1-oxido-2-methoxypyrid-5-yl)acetylenes
(7a-c). m-Chloroperoxybenzoic acid (77% max.) (12 mmoles)
was added to a stirred solution of a 1-(methylthiophenyl)-2-(2-
methoxypyrid-5-yl)acetylene (6a, 6b, or 6¢, 2 mmoles) in dry
CH,Cl, (25 mL), and the reaction was allowed to proceed
with stirring at 25°C overnight. The solvent CH,Cl, was
removed in vacuo to give a crude product, which was purified
by silica gel column chromatography using methanol-EtOAc
(2:3, v/v) as eluent to afford the respective product 7a—c.
Some physical and spectroscopic data for 7a—c are listed
below.

1-(2-Methanesulfonylphenyl)-2-(1-oxido-2-methoxypyrid-5-
ylacetylene (7a). Yield, 48%; pale yellow solid; mp 140—
142°C; IR (film): 2220 (C=C), 1669, 1602, 1521 (Ar), 1313,
1145 (SO,) cm™'; '"H NMR (CDCl3) § 3.25 (s, 3H, SO,Me),
4.16 (s, 3H, OMe), 6.98 (d, J = 8.5 Hz, 1H, pyridyl H-3),
7.52-7.70 (m, 3H, pyridyl H-4, phenyl H-4, H-5), 7.74 (dd, J
= 7.6, 1.5 Hz, 1H, phenyl H-6), 8.15 (dd, / = 7.6, 1.5 Hz,
1H, phenyl H-3), 8.54 (d, / = 1.8 Hz, 1H, pyridyl H-6).

1-(3-Methanesulfonylphenyl)-2-(1-oxido-2-methoxypyrid-5-
yDacetylene (7b). Yield, 51%; pale yellow solid; mp 172—
174°C; IR (film): 2227 (C=C), 1609, 1528 (Ar), 1307, 1145
(SO,) em™'; '"H NMR (CDCly) § 3.09 (s, 3H, SO,Me), 4.14
(s, 3H, OMe), 6.93 (d, J = 8.5 Hz, 1H, pyridyl H-3), 7.47 (dd,
J = 8.5, 1.8 Hz, 1H, pyridyl H-4), 7.61 (dd, J = 7.6, 7.6 Hz,
1H, phenyl H-5), 7.77 (ddd, J = 7.6, 1.5, 1.2 Hz, 1H, phenyl
H-6), 7.95 (ddd, J = 7.6, 1.5, 1.2 Hz, 1H, phenyl H-4), 8.10
(dd, J = 1.5, 1.2 Hz, 1H, phenyl H-2), 8.45 (d, / = 1.8 Hz,
1H, pyridyl H-6).

1-(4-Methanesulfonylphenyl)-2-(1-oxido-2-methoxypyrid-5-
ylacetylene (7¢). Yield, 44%; white solid; mp 175-177°C; IR
(film): 2227 (C=C), 1602, 1522 (Ar), 1300, 1146 (SO,) cm™';
'"H NMR (CDCl3) & 3.08 (s, 3H, SO.Me), 4.14 (s, 3H, OMe),
6.93 (d, J = 8.9 Hz, 1H, pyridyl H-3), 7.48 (d, / = 8.9, 1.8
Hz, 1H, pyridyl H-4), 7.71 (d, J = 8.5 Hz, 2H phenyl H-2, H-
6), 7.95 (d, J = 8.5 Hz, 2H, phenyl H-3, H-5), 8.46 (d, J =
1.8 Hz, 1H, pyridyl H-6).

General procedure for the synthesis of 1-(methanesulfonyl-
phenyl)-2-[5-(N-hydroxypyridin-2(1H)-one)]acetylenes (8a-c).
Acetyl chloride (6 mL) was added to a 1-(methanesulfonyl-
phenyl)-2-(1-oxido-2-methoxypyrid-5-yl)acetylene (7a, 7b or
7c, 2 mmoles) and the reaction was allowed to proceed at
reflux for 1 hour. The reaction mixture was cooled to 25°C,
and excess acetyl chloride was removed in vacuo. The residue
was dissolved in methanol prior to stirring at 25°C overnight.
Methanol was removed in vacuo to give a solid product which
was then mixed with Et;O (10 mL) to form a slurry. Finally
the product was filtered out and dried under vacuum to give
the respective product (8a-c). The spectral and microanalytical
data for compounds 8a-c are listed below.

1-(2-Methanesulfonylphenyl)-2-[5-(N-hydroxypyridin-2(1H)-
one)]acetylene (8a). Yield, 71%; brown solid; mp 198-200°C;
IR (film): 2210 (C=C), 1650 (CO), 1300, 1140 (SO,) cm ';
'"H NMR (CDCl; + DMSO-dg) 5 3.18 (s, 3H, SO,Me), 6.54
(d, J = 9.2 Hz, 1H, pyridone H-3), 7.39 (dd, J/ = 9.2, 1.2 Hz,
1H, pyridone H-4), 7.46 (dd, J = 7.6, 7.6 Hz, 1H, phenyl H-
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5), 7.55 (dd, J = 7.6, 7.6 Hz, 1H, phenyl H-4), 7.60 (d, J =
7.6 Hz, 1H, phenyl H-6), 7.93 (d, / = 1.2 Hz, 1H, pyridone
H-6), 7.99 (d, J = 7.6 Hz, 1H, phenyl H-3). Anal. Calcd for
Cy14HNO4S-1/2H,0: C, 56.32; H, 4.02; N, 4.69. Found: C,
56.30; H, 4.10; N, 4.83.

1-(3-Methanesulfonylphenyl)-2-[5-(N-hydroxypyridin-2(1H)-
one)Jacetylene (8b). Yield, 69%; brown solid; mp 205-207°C;
IR (KBr): 2210 (C=C), 1650 (CO), 1300, 1145 (SO,) cm™";
'"H NMR (CDCl; + DMSO-ds) & 3.01 (s, 3H, SO,Me), 6.54
(d, J = 9.4 Hz, 1H, pyridone H-3), 7.35 (dd, / = 9.4, 2.4 Hz,
1H, pyridone H-4), 7.50 (dd, J = 7.6, 7.6 Hz, 1H, phenyl H-
5), 7.65 (ddd, J = 7.6, 2.7, 1.5 Hz, 1H, phenyl H-6), 7.80
(ddd, J = 7.6, 2.7, 1.5 Hz, 1H, phenyl H-4), 7.89 (d, J = 2.4
Hz, 1H, pyridone H-6), 7.93 (dd, J = 1.5, 1.5 Hz, 1H, phenyl
H-2). Anal. Calcd for C4H;;NO,S-1/2H,0: C, 56.32; H, 4.02;
N, 4.69. Found: C, 56.71; H, 3.80; N, 4.83.

1-(4-Methanesulfonylphenyl)-2-[5-(N-hydroxypyridin-2(1H)-
one)lacetylene (8c). Yield, 91%; pale yellow solid; mp 234—
236°C; IR (film): 2211 (C=C), 1651 (CO), 1300, 1144 (SO,)
cm™'; '"H NMR (CDCl3) § 3.20 (s, 3H, SO.Me), 6.55 (d, J =
9.5 Hz, 1H, pyridone H-3), 7.50 (dd, J = 9.5, 2.4 Hz, 1H, pyr-
idone H-4), 7.70 (d, J = 8.5 Hz, 2H phenyl H-2, H-6), 7.93
(d, J = 8.5 Hz, 2H, phenyl H-3, H-5), 8.33 (d, / = 2.4 Hz,
1H, pyridone H-6), 12.1 (br s, 1H, N-OH). Anal. Calcd for
Cy4H1NO,4S: C, 58.12; H, 3.83; N, 4.84. Found: C, 57.80; H,
3.87; N, 4.95.

In vitro cell-based enzyme immunoassays for determina-
tion of prostaglandin E, (COX-2) and cysteinyl leuko-
trienes (5-LOX). The biological effects of the test compounds
8a—c on eicosanoid synthesis/release were determined by
measuring the amounts of prostaglandin E, and cysteinyl leu-
kotrienes (collectively referred to as a group of 5-LOX derived
metabolites LTC,4, LTDy, and LTE,) secreted into the culture
medium of human brain cancer cells. Primary culture of ED
273b-BT human glioblastoma cells derived from patient was
established and characterized in our laboratory as previously
described [15]. Cells were seeded in 12-well plates (2 X
105cells/we11) and cultured in Dulbecco’s modified Eagle’s
medium and F-12 nutrition mixture (Invitrogen, Grand Islands,
NY) supplemented with 10% heat-inactivated fetal calf serum,
100 units/mL penicillin, and 100 units/mL streptomycin at
37°C in a humidified atmosphere of 5% CO, The cells were
stimulated with the appropriate concentrations of the test com-
pounds and the positive controls celecoxib (LKT Laboratories,
St. Paul, MN) for COX-2 activity and NDGA (Cayman Chem-
ical, Ann Arbor, MI) for 5-LOX activity_ After a 24-h incuba-
tion, supernatants were harvested, centrifuged for 10 min at
2000 rpm and stored at —80°C until assayed. The concentra-
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tions of eicosanoids were determined using prostaglandin E,
(catalog number 514010) and cysteinyl leukotriene (catalog
number 520501) enzyme immunoassay kits (Cayman Chemi-
cal, Ann Arbor, MI) according to a previously reported method
[16].

In vivo anti-inflammatory assay. The test compounds 8a—c
and the reference drug celecoxib were evaluated using the in
vivo carrageenan-induced foot paw edema model reported pre-
viously [17].
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Spirocyclic 4-{3’-benzo(2’,3’-dihydro)furo }-9-methyl-2,3,9-trihydrothiopyrano[2,3-b]indoles are regio-
selectively synthesized by treating suitable enol ethers, 4-aryloxymethylene-9-methyl-2,3,9-trihydrothio-
pyrano[2,3-blindoles with H,SO, in dichloromethane-methanol-water. The substrates for the aforesaid
reaction are in turn synthesized by the thio-Claisen rearrangement of 2-(4'-aryloxybut-2’-ynylthio)-1-

methylindoles.

J. Heterocyclic Chem., 46, 62 (2009).

INTRODUCTION

Indoline-2-thiones are important starting materials in
the synthesis of thiopyranoindole derivatives and have
been applied for the synthesis of biologically active com-
pounds [1]. There are many biologically active indole
derivatives in the alkaloid family and indole derivatives
are well known as medicinal compounds for their pharma-
ceutical and physiological activities [2]. Synthesis of oxy-
gen-, nitrogen-, and sulfur-containing heterocyclic com-
pounds [3] have received great attention in the field of
synthetic organic chemistry and the synthesis of indole-
annulated heterocyclic compounds are important as they
are present in the wide range of natural products, many of
which exhibit potent bioactivity [2,4]. The familiar bioac-
tivity of various indole derivatives has drawn our interest
to this area and we have tried to synthesize oxygen and
sulfur containing indole derivatives. In this study after
construction of a thiopyran ring fused with indole by
means of thio-Claisen rearrangement [1,5] of the suitable
sulfides we focused our attention to the synthesis of
indole-annulated poly-heterocyclic compounds by acid
catalyzed reaction of the enol ether [6-8]. Herein, we
report the results of our investigation.

RESULTS AND DISCUSSION

The required precursors for our present study 4-(ary-
loxymethylene)-9-methyl-2,3,9-trihydrothiopyrano-[2,3-b]

indoles (4a-1) were synthesized in 80-88% yield by the
thio-Claisen rearrangement [5a] of 2-(4'-aryloxybut-2’'-
ynylthio)-1-methylindoles (3a-l) in refluxing chloro-ben-
zene for 1 h. The compounds 3a-l in turn were prepared
in 90-94% yield by the reaction of 1-methyl-indoline-2-
thione (1) and 1-aryloxy-4-chlorobut-2-yne (2a-1) under
phase transfer catalysis (PTC) condition [5a,9] using
benzyltriethyl ammonium chloride (BTEAC) as a phase
transfer catalyst (Scheme 1).

A close examination of compounds 4 reveals that these
are enol ethers and it is well known that enol ethers
undergo hydrolysis in the presence of acid leading to the
formation of corresponding aldehyde or ketone and alco-
hol or phenol [6-8]. With a view to hydrolyse the enol
ether [8], compound 4a was refluxed with conc. H,SO4 in
dichloromethane-methanol-water mixture for 4 h. Three
different products were obtained, a spiroheterocycle (Sa,
11%), exocyclic double bond reduced product (6a, 42%)
and a ketone (7, 8%) (Scheme 2).

The "H NMR spectrum of product 5a showed two sets
of one proton multiplets at & 2.12-2.20 and 2.43-2.48 due
to —SCH,CH, and another two sets of one proton multip-
let at 6 3.11-3.15 and 3.19-3.23 due to —SCH,; two sets
of one proton doublet at 6 4.40 (/ = 9 Hz) and 4.65 (J =
9 Hz) due to —OCH, (which are diastereotropic protons).
3C NMR and DEPT-135 spectrum of 5a indicates the
presence of nineteen carbon atoms; among them one is
CH;, three are CH,, eight are CH, and seven are
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Scheme 1. Reagents and conditions: (i) 1% NaOH sol.,, DCM,
BTEAQ, stirring, 15 min., rt. (ii) Chlorobenzene, reflux, 1 h.
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quaternary carbons. The "H NMR spectrum of product 6a
exhibited two sets of one proton multiplets at & 2.09-2.20
and 2.60-2.67 due to —SCH,CH,, another two sets of
one proton multiplets at 6 2.97-3.04 and 3.23-3.32 due to
—SCH,; one proton multiplet at 6 3.64-3.73 due to
—CH,CH at the asymmetric centre; one proton triplet at &
3.86 (J = 9.4 Hz) and another one proton double of a dou-
blet at 6 4.38 (J/ = 9.4, 3.9 Hz) due to —OCH, (diastereo-
tropic protons). IR spectrum of compound 7 revealed a
peak at 1719 cm ™' due to carbonyl group. "H NMR spec-
trum displayed to sets of two proton doublets at & 6.93
(J = 8.7 Hz) and at & 7.13 (/ = 8.7 Hz) due to
—SCH=CH and —SCH=CH, respectively.

The products 5a, 6a, and 7 were characterized from
their elemental analyses and spectral data as 9'-methyl-
2',3’-dihydro-9'H-spiro{ 1-benzofuran-3,4'-thiopyrano[2,
3-blin-dole} (5a), 9-methyl-4-(phenyloxymethyl)-2,3,4,9-
tetra-hydrothiopyrano[2,3-b]indole (6a) and 9-methyl-2,3,
9-tri-hydrothiopyrano[2,3-b]indole-4-one (7). The product
Sa is the structural isomer of the spiroheterocyclic com-
pound obtained by the aryl radical cyclization [5a] of the
corresponding o-bromoenol ether.

To generalize the reaction all the substrates 4b-1 were
similarly treated. The spiroheterocyclic products Sb-c,
h-k were obtained in 28-60% yield, the products 6b-I
were isolated in 18—48% yield along with the product 7
(4-8%) (Scheme 2).

Formation of products 5 to 7 from compounds 4 by
acid catalysis may be explained by the initial protona-
tion of the enol ether double bond of 4 to form a latent
carbonium ion 9. The protonation of vinyl ether nor-
mally occurs at the remote position relative to the oxy-
gen function [6,7]. But, here the more basic nitrogen
function of the diene unit is the controlling site of proto-
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nation [8]. The potential carbonium ion 9 may undergo
nucleophilic attack by the aromatic double bond (path-
way a, Scheme 3) to give a resonance-stabilized carbo-
cation 10, which may then lose a proton to give spirohe-
terocyclic compounds 5.

Intermediate 9 may also undergo nucleophilic attack
by water molecule (pathway b, Scheme 3) followed by
deprotonation and elimination of anisole 8 to give 13
which may then undergo double group transfer reaction
[8,10] with 4 to give compound 6 and compound 7
(Scheme 3). Removal of the anisole (8) was demon-
strated by the GC analysis of the crude reaction mixture
after usual workup of the reaction mixture of compound
4a (Compared with a standard sample of anisole). RT
(min) of the standard sample of anisole was 2.762
whereas; the reaction mixture gave a peak at 2.802.

The nucleophilic attack by the aromatic double bond to
the latent carbonium ion 9 becomes facile when the phe-
nyl ring becomes electron rich. The unsubstituted phenyl
ring participate in nucleophilic attack leads to only 11%
spiroheterocyclic product 5a but the presence of electron
donating methyl group in the phenyl ring increases the
yield of the product 5. The dimethyl substituted phenyl
ring gives higher yield of the product 5 and the yield
markedly increased when the methyl group is present at
the o-, p- position with respect to the participating carbon
atom of the phenyl ring, e.g. 5S¢ was obtained in 60%
yield. Product 5§ was not obtained for p-methoxy substi-
tuted phenyl ring. The presence of the electron withdraw-
ing chlorine atom at the phenyl ring inhibits the nucleo-
philic attack by the phenyl ring to the latent carbonium
ion 9 and the spiroheterocyclic product for those cases
were not obtained. The double group transfer reaction is
possible in all cases irrespective of the substitution in the

Scheme 2. Reagents and conditions: DCM, MeOH, HZSO 4 H20,

reflux, 3—4 h. :
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phenyl ring. Therefore, we obtained the products 6 and 7
in all the cases studied so far.

In conclusion the conditions under which the spirohe-
terocycles are formed is normally the usual ones for enol
ether cleavage. From the experimental observation it is
clear that the substituents on the phenyl ring seem to have
a pronounced effect on the course of this reaction. We
have developed an attractive strategy for the successful
synthesis of spirocyclic indole annulated oxygen hetero-
cyclic compounds having different connectivity between
the furan and thiopyran ring with respect to the spirocy-
clic product obtained by the aryl radical cyclization [5a].
The methodology described here is synthetically useful
and exhibits appreciable regioselectivity.

EXPERIMENTAL

Melting points were determined in open capillaries and are
uncorrected. IR spectra were recorded on a Perkin-Elmer L
120-000A spectrometer (A in ecm ) on KBr disks. UV
absorption spectra were recorded in EtOH on a Shimadzu UV-
2401PC spectrophotometer (A, in nm). '"H NMR (300 MHz,
500 MHz) and '*C NMR spectra were recorded on a Bruker
DPX-300 and Bruker DPX-500 spectrometer in CDCl; (chemi-
cal shift in 8) with TMS as an internal standard. Elemental
analyses were recorded on a Leco 932 CHNS analyzer instru-
ment; mass spectra were recorded on JEOL JMS-600 and Q-
Tof micro instrument. '"H NMR and '*C NMR spectra were
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recorded at the Indian Institute of Chemical Biology, Kolkata
and Bose Institute, Kolkata. GC analysis was performed at
IICB, Kolkata on a Hewlett-Packard 6890 puls fitted with FID.
Silica gel [(60-120 mesh), (230400 mesh), Spectrochem,
India] was used for chromatographic separation. Silica gel G
[E-Merck (India)] was used for TLC. Petroleum ether refers to
the fraction boiling between 60 and 80°C.

General procedure for the synthesis of compounds 3a-l.
To a mixture of 1-methylindoline-2-thione (1, 0.49 g, 3 mmol)
and l-aryloxy-4-chlorobut-2-yne (2a, 0.58 g, 3 mmol) in
dichloromethane (30 mL) was added a solution of benzy] triethyl
ammonium chloride (BTEAC, 0.5 g, 1.8 mmol) in 1% aqueous
NaOH (30 mL) and the mixture was magnetically stirred at
room temperature for 15 minutes. The reaction mixture was then
diluted with water (20 mL) and the dichloromethane layer was
washed with 2N HCI1 (2 x 20 mL), water (2 x 20 mL), brine
(20 mL), and dried (Na,SO,4). Removal of dichloromethane at
room temperature left an oily residue, which was subjected to
column chromatography over silica gel (230-400 mesh). Elution
of the column with petroleum ether-ethyl acetate (50:1) afforded
compound 3a. Compounds 3b-1 were prepared similarly.

Experimental data of compounds 3a—g were published ear-
lier [9].

1-Methyl-2-{4-(p-tolyloxy)but-2-ynylthio}-1H-indole (3h).
Yield: 91%; Viscous liquid. IR (neat): vy.x = 1462, 2923
em™'. UV (EtOH): Apax = 220, 290 nm. 'H NMR (300 MHz,
CDCly): oy = 2.16 (s, 3H, ArCH3), 2.23 (s, 3H, ArCHy), 3.44
(s, 2H, —SCH,), 3.75 (s, 3H, —NCH,3), 4.59 (s, 2H, —OCH,),
6.65-6.83 (m, 3H, ArH), 6.92 (s, 1H, =CH), 7.03-7.56 (m, 4H,
ArH). MS: m/z = 335 (M"). Anal. Calc. for C,,H,;NOS: C,
75.19; H, 6.31; N, 4.18%. Found: C, 75.35; H, 6.36; N, 4.07%.

2-{4-(3,5-Dimethylphenoxy)but-2-ynylthio}-1-methyl-1H-indole
(3i). Yield: 94%; Viscous liquid. IR (neat): vy, = 1466, 2931
cm L. UV (EtOH): Apax = 224, 287 nm. 'H NMR (300 MHz,
CDCl3): 8y = 2.30 (s, 3H, ArCHj), 2.31 (s, 3H, ArCHj3), 3.43
(s, 2H, —SCH,), 3.72 (s, 3H, —NCH,), 4.55 (s, 2H, —OCH,),
6.51-6.58 (m, 3H, ArH), 6.75 (s, 1H, =CH), 7.04-7.54 (m,
4H, ArH). MS: m/z = 335 (M"). Anal. Calc. for C,;H,,;NOS:
C, 75.19; H, 6.31; N, 4.18%. Found: C, 75.38; H, 6.21; N,
4.05%.

2-{4-(4-Chloro-2-methylphenoxy)but-2-ynylthio}-1-meth-yl-
I-indole (3j). Yield: 89%; Viscous liquid. IR (neat): vy, =
1456, 2930 cm ™!, UV (EtOH): Apmax = 219, 289 nm. '"H NMR
(300 MHz, CDCly): 6y = 2.26 (s, 3H, ArCH3), 3.46 (s, 2H,
—SCH,), 3.76 (s, 3H, —NCH,), 4.58 (s, 2H, —OCH,), 6.65—
6.83 (m, 3H, ArH), 6.92 (s, 1H, =CH), 7.03-7.56 (m, 5SH, ArH).
MS: m/z = 321 (M™"). Anal. Calc. for C,oH,oNOS: C, 74.73; H,
5.96; N, 4.36%. Found: C, 74.58; H, 6.02; N, 4.25%.

2-{4-(2,4-Dichlorophenoxy)but-2-ynylthio}-1-methyl-1H -
indole (3k). Yield: 94%; Viscous liquid. IR (neat): vy.x =
1459, 2919 cm ™. UV (EtOH): Amax = 217, 226, 286 nm. 'H
NMR (300 MHz, CDCl3): 6y = 2.16 (s, 3H, ArCHs), 2.23 (s,
3H, ArCHs3), 3.44 (s, 2H, —SCH,), 3.75 (s, 3H, —NCH,3), 4.59
(s, 2H, —OCH,), 6.66-6.85 (m, 3H, ArH), 6.92 (s, 1H, =CH),
7.06-7.56 (m, 4H, ArH). MS: m/z = 335 (M™"). Anal. Calc. for
C,;H,NOS: C, 75.19; H, 6.31; N, 4.18%. Found: C, 75.39; H,
6.22; N, 4.25%.2-{4-(2,3-dimethylphenoxy)but-2-ynylthio}-1-
methyl-1H-indole (31): Yield: 92%; Viscous liquid. IR (neat):
Vinax = 1460, 2931 cm™'. UV (EtOH): Amax = 221, 289 nm.
"H NMR (300 MHz, CDCls): 8y = 3.44 (s, 2H, —SCH,), 3.76
(s, 3H, —NCHs;), 4.73 (s, 2H, —OCH,), 6.74 (s, 1H, =CH),
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6.93-7.82 (m, 8H, ArH). MS: m/z = 341, 343 (M"). Anal.
Calc. for C19H;4CINOS: C, 66.75; H, 4.72; N, 4.10%. Found:
C, 66.63; H, 4.80; N, 4.04%.

General procedure for the synthesis of compounds 4a-l.
Compound 3a (0.46 g, 1.5 mmol) was refluxed in chloroben-
zene (10 mL) for 1 h. Then the crude mass was subjected to
column chromatography over silica gel (60-120 mesh). Elution
of the column with petroleum ether followed by petroleum
ether-ethyl acetate (50:1) gave compound 4a as white solid.
Similarly, compounds 4b-1 were synthesized from 3b-1.

9-Methyl-4-(phenoxymethylene)-2,3,4,9-tetrahydrothiopy-
rano[2,3-bjindole (4a). Yield: 83%; White solid; mp 120—
122°C. IR (KBr): Vpayx = 1482, 2921, 3044 cm™'. UV (EtOH):
Amax = 216, 230, 247, 257, 277, 308 nm. '"H NMR (300 MHz,
CDCls): 6y = 3.06-3.08 (m, 2H, —SCH,CHy,), 3.13-3.17 (m,
2H, —SCH,), 3.64 (s, 3H, —NCHs;), 6.98-7.10 (m, 2H, ArH),
7.12 (s, 1H, =CH), 7.14-7.70 (m, TH, ArH). ’C NMR (75
MHz, CDCls): dc = 24.12, 27.81, 29.83, 108.48, 115.98,
116.40, 117.22, 118.82, 120.09, 120.90, 122.30, 124.77,
129.65, 132.99, 133.57, 137.55, 157.85. MS: m/z = 307 (M™").
Anal. Calc. for C;oHsNOS: C, 74.23; H, 5.57; N, 4.56%.
Found: C, 74.41; H, 5.49; N, 4.66%.

9-Methyl-4-(p-tolyloxymethylene)-,3,4,9-tetrahydrothiopy-
rano[2,3-bJindole (4b). Yield: 83%; White solid; mp 122—
124°C. IR (KBr): Vpayx = 1466, 1499, 2916 cm™'. UV (EtOH):
Amax = 205, 253, 277, 310 nm. 'H NMR (300 MHz, CDCl):
0y = 2.32 (s, 3H, ArCH;), 3.08-3.11 (m, 2H, —SCH,CH,),
3.14-3.17 (m, 2H, —SCH,), 3.65 (s, 3H, —NCHj;), 6.81-7.02
(m, 3H, ArH), 7.15 (s, 1H, =CH), 7.25-7.65 (m, 5H, ArH).
MS: m/z = 321 (M"). Anal. Calc. for CooH;oNOS: C, 74.73;
H, 5.96; N, 4.36%. Found: C, 74.88; H, 6.02; N, 4.48%.
4-{(3,5-Dimethylphenoxy)methylene}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-b]indole (4c). Yield: 88%; White solid;
mp 100-102°C. IR (KBr): Vinax = 1464, 2904, 3047 cm™'. UV
(EtOH): Amax = 217, 247, 252, 257, 276, 307 nm. 'H NMR
(300 MHz, CDCly): 6y = 2.29 (s, 3H, ArCH3), 2.31 (s, 3H,
ArCHs), 3.03-3.07 (m, 2H, —SCH,CH,), 3.12-3.16 (m, 2H,
—SCH,), 3.64 (s, 3H, —NCH,3), 6.57-7.13 (m, 4H, ArH), 7.14
(s, 1H, =CH), 7.17-7.67 (m, 3H, ArH). >*C NMR (75 MHz,
CDCl;): 6c =21.33, 24.06, 27.81, 29.77, 108.43, 11247,
113.70, 114.17, 116.87, 118.82, 120.02, 120.86, 123.30,
124.06, 133.80, 137.52, 139.46, 157.86. MS: m/z = 335 (M™).
Anal. Calc. for C,;H,;NOS: C, 75.19; H, 6.31; N, 4.18%.
Found: C, 75.35; H, 6.42; N, 4.22%.
4-{(4-Methoxyphenoxy)methylene}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano(2,3-blindole (4d). Yield: 86%; White solid;
mp 72-74°C. IR (KBr): Vinux = 1497, 2938 cm™'. UV (EtOH):
hmax = 216, 252, 257, 276 nm. 'H NMR (300 MHz, CDCl,):
oy = 3.06-3.08 (m, 2H, —SCH,CH,), 3.13-3.17 (m, 2H,
—SCH,), 3.64 (s, 3H, —NCH;), 3.79 (s, 3H, —OCHj;), 6.86—
7.09 (m, 4H, ArH), 7.11 (s, 1H, =CH), 7.13-7.64 (m, 4H,
ArH). MS: m/z = 337 (M"). Anal. Calc. for C,0H;oNO,S: C,
71.19; H, 5.68; N, 4.15%. Found: C, 71.13; H, 5.72; N, 4.11%.
4{(4-chloro-2-methylphenoxy)methylene}-9-methyl-2,3,4,9-
tetrahydrothiopyrano[2,3-bJindole (4e). Yield: 84%; White
solid; mp 122-124°C. IR (KBr): vy = 1477, 2922 cm™ . UV
(EtOH): Aoy = 212, 230, 256, 279, 311 nm. '"H NMR (300
MHz, CDCl3): 8y = 2.31 (s, 3H, ArCHs), 3.04-3.08 (m, 2H,
—SCH,CH,), 3.14-3.17 (m, 2H, —SCH,), 3.65 (s, 3H,
—NCHs;), 6.96-6.99 (m, 1H, ArH), 7.10 (s, 1H, =CH), 7.12—
7.63 (m, 6H, ArH). MS: m/z = 355, 357 (M"). Anal. Calc. for
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C,0HgCINOS: C, 67.50; H, 5.10; N, 3.94%. Found: C, 67.38;
H, 5.15; N, 3.85%.
4-{(4-Chlorophenoxy)methylene}-9-methyl-2,3,4,9-tetrahy-
drothiopyrano[2,3-bJindole (4f). Yield: 80%; White solid; mp
108-110°C. IR (KBI): Viax = 1486, 2920 cm™!. UV (EtOH):
hmax = 212, 219, 253, 278, 310 nm. 'H NMR (300 MHz,
CDCly): 6y = 3.03-3.05 (m, 2H, —SCH,CHy,), 3.14-3.16 (m,
2H, —SCH,), 3.65 (s, 3H, —NCH3), 7.03-7.05 (m, 2H, ArH),
7.11 (s, 1H, =CH), 7.13-7.63 (m, 6H, ArH). MS: m/z = 341,
343 (M"). Anal. Calc. for C;oH,cCINOS: C, 66.75; H, 4.72;
N, 4.10%. Found: C, 66.85; H, 4.67; N, 4.21%.
4-{(2,4-Dichlorophenoxy)methylene}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-bJindole (4g). Yield: 85%; White solid;
mp 116-118°C. IR (KBr): vp. = 1474, 2928 cm '. UV
(BtOH): Apax = 211, 252, 280, 311 nm. '"H NMR (300 MHz,
CDCly): 6y = 3.07-3.10 (m, 2H, —SCH,CH,), 3.14-3.18 (m,
2H, —SCH,), 3.65 (s, 3H, —NCH3), 6.96-7.07 (m, 1H, ArH),
7.10 (s, 1H, =CH), 7.14-7.62 (m, 6H, ArH). MS: m/z = 375,
377, 379 (M"). Anal. Calc. for C;oH,sCI,NOS: C, 60.64; H,
4.02; N, 3.72%. Found: C, 60.48; H, 4.09; N, 3.65%
4-{(2,3-Dimethylphenoxy)methylene}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-bJindole (4h). Yield: 86%; White solid;
mp 114-116°C. IR (KBr): V. = 1466, 2918 cm '. UV
(BtOH): Apmax = 206, 254, 276, 306 nm. '"H NMR (300 MHz,
CDClz): oy = 2.26 (s, 3H, ArCHj3), 2.31 (s, 3H, ArCHj3),
3.09-3.11 (m, 2H, —SCH,CH,), 3.14-3.18 (m, 2H, —SCH,),
3.64 (s, 3H, —NCHs), 6.87-7.08 (m, 3H, ArH), 7.11 (s, 1H,
=CH), 7.13-7.65 (m, 4H, ArH). MS: m/z = 335 (M™"). Anal.
Calc. for C,;H,NOS: C, 75.19; H, 6.31; N, 4.18%. Found: C,
75.39; H, 6.24; N, 4.29%.
4-{(2,5-Dimethylphenoxy)methylene}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-bJindole (4i). Yield: 88%; White solid;
mp 112-114°C. IR (KBr): Vpax = 1465, 2925 cm™'. UV
(BtOH): Apax = 209, 253, 275, 307 nm. '"H NMR (300 MHz,
CDCly): 6y = 2.29 (s, 3H, ArCHjy), 2.31 (s, 3H, ArCHj3), 3.06-
3.10 (m, 2H, —SCH,CH,), 3.14-3.18 (m, 2H, —SCH,), 3.66
(s, 3H, —NCHs;), 6.77-7.07 (m, 2H, ArH), 7.09 (s, 1H, =CH),
7.12-7.67 (m, SH, ArH). MS: m/z = 335 (M"). Anal. Calc. for
C,1H,NOS: C, 75.19; H, 6.31; N, 4.18%. Found: C, 75.36; H,
6.19; N, 4.13%.
9-Methyl-4-(m-tolyloxymethylene)-2,3,4,9-tetrahydrothio-
pyrano[2,3-blindole (4j). Yield: 84%; White solid; mp 118—
120°C. IR (KBr): Vmae = 1475, 2922 cm™'. UV (EtOH):
Amax = 208, 252, 276, 308 nm. '"H NMR (300 MHz, CDCl):
oy = 2.32 (s, 3H, ArCH3), 3.08-3.12 (m, 2H, —SCH,CH,),
3.14-3.18 (m, 2H, —SCH,), 3.65 (s, 3H, -NCH3), 6.81-7.04
(m, 3H, ArH), 7.15 (s, 1H, =CH), 7.23-7.63 (m, 5H, ArH).
MS: m/z = 321 (M"). Anal. Calc. for C,0H,;oNOS: C, 74.73;
H, 5.96; N, 4.36%. Found: C, 74.63; H, 6.03; N, 4.30%.
4-{(2,4-Dimethylphenoxy)methylene}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-b]indole (4k). Yield: 85%; White solid;
mp 110-112°C. IR (KBr): vp., = 1488, 2918 cm '. UV
(EtOH): Apax = 206, 254, 275, 305 nm. '"H NMR (300 MHz,
CDCly): oy = 2.29 (s, 3H, ArCHj), 2.30 (s, 3H, ArCHj3),
3.08-3.10 (m, 2H, —SCH,CH,), 3.13-3.17 (m, 2H, —SCH,),
3.64 (s, 3H, —NCHs), 6.93-7.12 (m, 3H, ArH), 7.14 (s, 1H,
=CH), 7.16-7.64 (m, 4H, ArH). MS: m/z = 335 (M"). Anal.
Calc. for C,;H,NOS: C, 75.19; H, 6.31; N, 4.18%. Found: C,
75.32; H, 6.42; N, 4.26%.
4-{(2-Chlorophenoxy)methylene}-9-methyl-2,3,4,9-tetrahy-
drothiopyrano[2,3-bJindole (41). Yield: 82%; White solid; mp
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98-100°C. IR (KBI): Vinax = 1471, 2920 cm™'. UV (EtOH):
hmax = 216, 247, 252, 257, 278, 310 nm. '"H NMR (300 MHz,
CDCly): 6y = 3.09-3.12 (m, 2H, —SCH,CHy,), 3.14-3.17 (m,
2H, —SCH,), 3.64 (s, 3H, —NCH3), 6.87-6.95 (m, 1H, ArH),
7.12 (s, 1H, =CH), 7.13-7.64 (m, TH, ArH). MS: m/z = 341,
343 (M"). Anal. Calc. for C;oH;¢CINOS: C, 66.75; H, 4.72;
N, 4.10%. Found: C, 66.87; H, 4.64; N, 4.05%.

General procedure for the acid catalyzed reaction of
compounds 4a-l. To the dichloromethane (8.4 mL) solution of
compound 4a (0.3 g, 1 mmol), water (3 mL), methanol
(13.5 mL) and concentrated sulfuric acid (2.3 mL) were added.
The reaction mixture was then refluxed on water bath for 4 h,
allowed to cool and extracted with dichloromethane (2 X
10 mL). The combined extract was washed with sodium bicar-
bonate solution (3 x 15 mL), water (3 x 15 mL), brine
(15 mL) and dried (Na,SO,). After removal of the solvent the
crude mass was subjected to column chromatography. Elution
of the column with petroleum ether-ethyl acetate (50:1) on
silica gel (60-120 mesh) afforded the compounds 5a, 6a, and
7. Compounds 4b-1 were also treated similarly.

9'-Methyl-3',9'-dihydro-2H,2'H-spiro[benzofuran-3,4' -thio-
pyrano[2,3-bJindole] (5a). Yield: 11%; White solid; mp 156—
158°C. IR (KBr): Vpax = 1479, 2898, 2918 cm ™ '. UV (EtOH):
hmax = 233, 289, 297 nm. 'H NMR (300 MHz, CDCly): &y =
2.12-2.20 (m, 1H, —SCH,CH,), 243-248 (m, 1H,
—SCH,CH,), 3.11-3.15 (m, 1H, —SCH,), 3.19-3.23 (m, 1H,
—SCH,), 3.64 (s, 3H, —NCH3), 440 (d, 1H, J = 9 Hz,
—OCH,), 4.65 (d, 1H, J = 9 Hz, —OCH,), 6.70-7.23 (m, 8H,
ArH). >C NMR and DEPT-135 (75 MHz, CDCls): 8c = 25.49
(CH,), 30.21 (CHj3), 38.03 (CH,), 46.65 (C), 82.63 (CH,),
107.80 (C), 108.60 (CH), 110.32(CH), 118.93 (CH), 119.60
(CH), 120.89 (CH), 121.46 (CH), 124.72 (CH), 126.71 (C),
128.99 (CH), 131.86 (C), 134.54 (C), 137.87 (C), 160.17 (C).
MS: m/z = 307 (M"). Anal. Calc. for C;oH,;NOS: C, 74.23;
H, 5.57; N, 4.56%. Found: C, 74.34; H, 5.66; N, 4.68%.

5,9'-Dimethyl-3',9'-dihydro-2H,2'H-spiro[benzofuran-3,4' -
thiopyrano[2,3-bjindole] (5b). Yield: 28%; White solid; mp
114-116°C. IR (KBI): Viax = 1466, 2920 cm~!. UV (EtOH):
hmax = 234, 288, 300 nm. "H NMR (300 MHz, CDCly): 8 =
2.16 (s, 3H, ArCH3), 2.38-2.42 (m, 1H, —SCH,CH,), 2.43—
2.46 (m, 1H, —SCH,CH,), 3.11-3.16 (m, 1H, —SCH,), 3.18—
3.23 (m, 1H, —SCH,), 3.65 (s, 3H, —NCHy), 4.38 (d, 1H, J =
9 Hz, —OCH,), 4.65 (d, 1H, J = 9 Hz, —OCH,), 6.71-7.25
(m, 7TH, ArH). MS: m/z = 321 (M"). Anal. Calc. for
C0H9NOS: C, 74.73; H, 5.96; N, 4.36%. Found: C, 74.92; H,
6.02; N, 4.28%.

4,6,9'-Trimethyl-3',9'-dihydro-2H,2'H-spiro[benzofuran-
3,4'-thiopyrano[2,3-bJindole] (5¢). Yield: 60%; White solid,;
mp 172-174°C. IR (KBr): vp.x = 1463, 2914 cm . UV
(EtOH): Amax = 236, 289, 299 nm. 'H NMR (300 MHz,
CDClL): o6y = 1.65 (s, 3H, ArCH;), 2.14-2.23 (m, 1H,
—SCH,CH,), 2.30 (s, 3H, ArCHs;), 2.33-2.40 (m, 1H,
—SCH,CH»), 3.05-3.11 (m, 1H, —SCH,), 3.17-3.26 (m, 1H,
—SCH,), 3.64 (s, 3H, —NCH3), 4.33 (d, 1H, J = 9 Hz,
—OCH,), 4.52 (d, 1H, J = 9 Hz, —OCH,), 6.41 (s, 1H, ArH),
6.59 (s, 1H, ArH), 6.78-7.23 (m, 4H, ArH). '>C NMR (75
MHz, CDCl3): 8¢ = 17.27, 21.89, 25.69, 30.26, 34.75, 46.36,
82.26, 107.69, 108.47, 108.72, 118.44, 119.63, 120.89, 124.49,
127.15, 127.98, 131.08, 135.35, 137.75, 139.05, 160.61. MS:
mfz = 335 (M"). Anal. Calc. for C,;H,;NOS: C, 75.19; H,
6.31; N, 4.18%. Found: C, 75.35; H, 6.20; N, 4.29%.
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6,7,9'-Trimethyl-3',9'-dihydro-2H,2'H-spiro[benzofuran-
3,4 -thiopyrano[2,3-bJindole] (5h). Yield: 56%; White solid;
mp 154-156°C. IR (KBr): Vpax = 1462, 2929 cm™'. UV
(BtOH): Amax = 225, 237, 288, 299 nm. 'H NMR (300 MHz,
CDCly): 6y = 2.13-2.16 (m, 1H, —SCH,CH,), 2.23 (s, 3H,
ArCH3), 2.27 (s, 3H, ArCH3), 2.40-2.42 (m, 1H, —SCH,CH,),
3.12-3.14 (m, 1H, —SCH,), 3.15-3.18 (m, 1H, —SCH,), 3.64
(s, 3H, —NCH;), 4.39 (d, 1H, J = 9 Hz, —OCH,), 4.63 (d,
1H, J = 9 Hz, —OCH,), 6.62-7.24 (m, 6H, ArH). '*C NMR
(75 MHz, CDCls): &¢c = 12.10, 19.91, 25.47, 30.17, 37.95,
46.94, 82.38, 107.97, 108.49, 118.97, 119.12, 119.45, 120.76,
121.21, 122.79, 126.78, 131.32, 131.71, 137.55, 137.80, 158.64.
MS: m/z = 335 (M"). Anal. Calc. for C,;H,;NOS: C, 75.19;
H, 6.31; N, 4.18%. Found: C, 75.01; H, 6.38; N, 4.31%.

4,7,9'-Trimethyl-3',9'-dihydro-2H,2'H-spiro[benzofuran-
3,4 -thiopyrano[2,3-bJindole] (5i). Yield: 58%; White solid,;
mp 170-172°C. IR (KBr): Vyax = 1466, 2920, 2941 cm™'. UV
(BtOH): Apmax = 224, 235, 288, 299 nm. '"H NMR (300 MHz,
CDClz): oy = 1.65 (s, 3H, ArCHj), 2.18-2.22 (m, 1H,
—SCH,CH,), 2.27 (s, 3H, ArCHs), 2.35-2.42 (m, 1H,
—SCH,CH,), 3.05-3.12 (m, 1H, —SCH,), 3.18-3.27 (m, 1H,
—SCH,), 3.64 (s, 3H, —NCHj3), 4.35 (d, 1H, J = 9 Hz,
—OCH,), 4.53 (d, 1H, J = 9 Hz, —OCH,), 6.48-7.23 (m, 6H,
ArH). MS: m/z = 335 (M"). Anal. Calc. for C,;H,;NOS: C,
75.19; H, 6.31; N, 4.18%. Found: C, 75.30; H, 6.37; N, 4.26%.

4,9'-Dimethyl-3',9'-dihydro-2H,2' H-spiro[benzofuran-3,4' -
thiopyrano[2,3-bJindole] (5j). Yield: 46%; White solid; mp
104-106°C. IR (KBr): Viax = 1464, 2912 cm ™. UV (EtOH):
hmax = 235, 288, 299 nm. 'H NMR (300 MHz, CDCL;): &y =
1.70 (s, 3H, ArCH3), 2.16-2.25 (m, 1H, —SCH,CH»), 2.35-
2.42 (m, 1H, —SCH,CH»), 3.15-3.19 (m, 1H, —SCH,), 3.23—
3.28 (m, 1H, —SCH,), 3.66 (s, 3H, —NCHy), 4.35 (d, 1H, J =
9 Hz, —OCH,), 4.55 (d, 1H, J = 9 Hz, —OCH,), 6.58-7.25
(m, 7H, ArH). MS: m/z = 321 (M"). Anal. Calc. for
C,oH9NOS: C, 74.73; H, 5.96; N, 4.36%. Found: C, 74.92; H,
5.90; N, 4.29%.

5,7,9'-Trimethyl-3',9'-dihydro-2H,2'H-spiro[benzofuran-
3,4'-thiopyrano[2,3-b]indole] (5k). Yield: 34%; White solid;
mp 158-160°C. IR (KBr): vp.x = 1466, 2909 cm L UV
(BtOH): Amax = 225, 235, 290, 297 nm. 'H NMR (300 MHz,
CDCly): 6y = 2.13 (s, 3H, ArCHj), 2.18-2.23 (m, I1H,
—SCH,CH,), 2.28 (s, 3H, ArCH;), 2.36-2.47 (m, 1H,
—SCH,CH,), 3.06-3.16 (m, 1H, —SCH,), 3.17-3.27 (m, 1H, -
SCH»), 3.65 (s, 3H, —NCH,), 4.36 d, 1H, J = 9 Hz, —OCH,),
4.53 (d, 1H, J = 9 Hz, —OCH,), 6.48-7.24 (m, 6H, ArH). MS:
mfz = 335 (M"). Anal. Calc. for C,;H,;NOS: C, 75.19; H,
6.31; N, 4.18%. Found: C, 75.34; H, 6.22; N, 4.30%.

9-Methyl-4-(phenoxymethyl)-2,3,4,9-tetrahydrothiopy-rano
[2,3-bJindole (6a). Yield: 42%; White solid; mp 90-92°C. IR
(KBr): Vmax = 1469, 2912 cm™'. UV (EtOH): Apax = 224,
238, 279, 300 nm. '"H NMR (300 MHz, CDCl;): 8y = 2.09—
2.20 (m, 1H, —SCH,CH,), 2.60-2.67 (m, 1H, —SCH,CH»),
2.97-3.04 (m, 1H, —SCH,), 3.23-3.32 (m, 1H, —SCH,), 3.61
(s, 3H, —NCHy), 3.64-3.73 (m, 1H, —CH,CH), 3.86 (¢, 1H,
J = 94 Hz, —OCH,), 4.38 (dd, 1H, J = 9.4, 39 Hz,
—OCH,), 6.90-7.51 (m, 9H, ArH). *C NMR (75 MHz,
CDCl;): d¢c = 24.27, 2559, 30.15, 32.04, 69.92, 105.45,
108.74, 115.01, 115.33, 117.12, 119.75, 120.90, 121.25,
128.14, 130.00, 131.01, 137.57, 159.40. MS: m/z 309 (M™).
Anal. Calc. for CoH;oNOS: C, 73.75; H, 6.19; N, 4.53%.
Found: C, 73.90; H, 6.24; N, 4.65%.
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9-Methyl-4-(p-tolyloxymethyl)-2,3,4,9-tetrahydrothiopy-rano
[2,3-bJindole (6b). Yield: 32%; Viscous liquid. IR (neat):
Vinax = 1466, 2921 cm ™. UV (EtOH): Apnax = 226, 238, 286,
300 nm. '"H NMR (300 MHz, CDCl;): 8y = 2.08-2.17 (m,
1H, —SCH,CH,), 2.27 (s, 3H, ArCH3), 2.60-2.66 (m, 1H,
—SCH,CH,), 2.96-3.01 (m, 1H, —SCH,), 3.22-3.30 (m, 1H,
—SCH,), 3.60 (s, 3H, —NCH3), 3.65-3.68 (m, 1H, —CH,CH),
3.83 (t, 1H, J = 9.4 Hz, —OCH,), 4.35 (dd, 1H, J = 9.4, 3.8
Hz, —OCH,), 6.80-7.50 (m, 8H, ArH). MS: m/z = 323 (M™").
Anal. Calc. for C,o0H,NOS: C, 74.27; H, 6.54; N, 4.33%.
Found: C, 74.45; H, 6.59; N, 4.40%.
4-{(3,5-Dimethylphenoxy)methyl}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-b]indole (6¢). Yield: 20%; White solid;
mp 92-94°C. IR (KBr): v = 1464, 2919 em~ L. UV (EtOH):
hmax = 224, 235, 255, 300 nm. '"H NMR (300 MHz, CDCl5):
Oy = 2.05-2.19 (m, 1H, —SCH,CH,), 2.27 (s, 6H, ArCH3),
2.59-2.67 (m, 1H, —SCH,CH,), 2.96-3.03 (m, 1H, —SCH,),
3.23-3.32 (m, 1H, —SCH,), 3.62 (s, 3H, —NCHj;), 3.65-3.71
(m, 1H, —CH,CH), 3.83 (¢, 1H, J = 9.4 Hz, —OCH,), 4.35 (dd,
1H, J = 9.4, 3.8 Hz, —OCH,), 6.56-7.51 (m, 7H, ArH). "°C
NMR (75 MHz, CDCl3): 6 = 21.83, 24.18, 25.47, 30.09, 31.97,
69.73, 105.47, 108.66, 112.70, 117.03, 119.65, 120.81, 122.93,
128.07, 130.92, 137.51, 139.67, 159.40. MS: m/z = 337 (M™).
Anal. Calc. for C,;Hp3NOS: C, 74.74; H, 6.87; N, 4.15%.
Found: C, 74.93; H, 6.94; N, 4.06%.
4-{(4-Methoxyphenoxy)methyl}-9-methyl-2,3,4,9-tetrahy-
drothiopyrano([2,3-bJindole (6d). Yield: 45%; White solid; mp
62-64°C. IR (KBr): vpu = 1467, 1510, 2924 cm™'. UV
(BtOH): hmax = 226, 235, 240, 255, 261, 300 nm. '"H NMR
(300 MHz, CDCls): oy = 2.09-2.19 (m, 1H, —SCH,CH»),
2.60-2.66 (m, 1H, —SCH,CH,), 2.97-3.04 (m, 1H, —SCH,),
3.23-3.31 (m, 1H, —SCH,), 3.61 (s, 3H, —NCH3), 3.64-3.69
(m, 1H, —CH,CH), 3.76 (s, 3H, —OCHs), 3.82 (#, I1H,J = 9.4
Hz, —OCH,), 4.33 (dd, 1H, J = 9.4, 3.8 Hz, —OCH,), 6.80-
7.50 (m, 8H, ArH). MS: m/z = 339 (M"). Anal. Calc. for
C,0H,1NO,S: C, 70.77; H, 6.24; N, 4.13%. Found: C, 70.65;
H, 6.35; N, 4.21%.
4-{(4-Chloro-2-methylphenoxy)methyl}-9-methyl-2,3,4,9-tet-
rahydrothiopyrano[2,3-b]indole (6e). Yield: 46%; Viscous lig-
uid. IR (neat): vy = 1467, 1492, 2922 cm™'. UV (EtOH):
hmax = 235, 289, 300 nm. 'H NMR (300 MHz, CDCL;): 8y =
2.02-2.19 (m, 1H, —SCH,CH>), 2.23 (s, 3H, ArCH35), 2.58-2.65
(m, 1H, —SCH,CH,), 2.97-3.04 (m, 1H, —SCH,), 3.23-3.31
(m, 1H, —SCH,), 3.60 (s, 3H, —NCHs;), 3.67-3.73 (m, 1H,
—CH,CH), 3.82 (t, 1H, J = 9.2 Hz, —OCH,), 4.35 (dd, 1H, J =
9.2, 3.8 Hz, —OCH,), 6.66-7.48 (m, TH, ArH). MS: m/z = 357,
359 (M™1). Anal. Calc. for CooH,oCINOS: C, 67.12; H, 5.63; N,
3.91%. Found: C, 67.01; H, 5.50; N, 3.96%.
4-{(4-Chlorophenoxy)methyl}-9-methyl-2,3,4,9-tetrahy-dro-
thiopyrano[2,3-bJindole (6f). Yield: 45%; White solid; mp
106-108°C. IR (KBr): Vyax = 1465, 1491, 2917 cm™'. UV
(EtOH): Apmax = 234, 290, 300 nm. '"H NMR (300 MHz,
CDCly): 6y = 2.09-2.21 (m, 1H, —SCH,CH,), 2.55-2.64 (m,
1H, —SCH,CH,), 2.98-3.05 (m, 1H, —SCH,), 3.21-3.30 (m,
1H, —SCH,), 3.61 (s, 3H, —NCH;), 3.64-3.72 (m, 1H,
—CH,CH), 3.84 (¢, 1H, J = 9.4 Hz, —OCH,), 4.33 (dd, 1H,
J =94, 4 Hz, —OCH,), 6.81-7.49 (m, 8H, ArH). MS: m/z =
343, 345 (M"). Anal. Calc. for C;oH;sCINOS: C, 66.36; H,
5.28; N, 4.07%. Found: C, 66.52; H, 5.35; N, 3.97%.
4-{(2,4-Dichlorophenoxy)methyl}-9-methyl-2,3,4,9-tetrahy-
drothiopyrano[2,3-bJindole (6g). Yield: 48%; White solid; mp
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94-96°C. IR (KBr): Vpa = 1466, 1483, 2927 cm™'. UV
(BtOH): hmax = 236, 294 nm. 'H NMR (300 MHz, CDCl):
oy = 2.14-2.25 (m, 1H, —SCH,CH,), 2.65-2.72 (m, 1H,
—SCH,CH,), 3.00-3.07 (m, 1H, —SCH,), 3.25-3.34 (m, 1H,
—SCH,), 3.62 (s, 3H, —NCH3), 3.73-3.78 (m, 1H, —CH,CH),
3.87 (t, 1H, J = 9.2 Hz, —OCH,), 4.42 (dd, 1H, J = 9.2, 3.8
Hz, —OCH,), 6.79-7.49 (m, 7H, ArH). MS: m/z = 377, 379,
381 (M™). Anal. Calc. for C;oH;7CILNOS: C, 60.32; H, 4.53;
N, 3.70%. Found: C, 60.44; H, 4.45; N, 3.81%.
4-{(2,3-Dimethylphenoxy)methyl}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-bjindole (6h). Yield: 22%; White solid;
mp 116-118°C. IR (KBr): vy, = 1466, 2916 em L. UV
(EtOH): Apax = 235, 239, 300 nm. 'H NMR (300 MHz,
CDCly): 6y = 2.12-2.14 (m, 1H, —SCH,CH,), 2.21 (s, 3H,
ArCH»), 2.28 (s, 3H, ArCH3), 2.65-2.69 (m, 1H, —SCH,CH,),
2.98-3.03 (m, 1H, —SCH,), 3.25-3.31 (m, 1H, —SCH,), 3.62
(s, 3H, —NCH3), 3.69-3.74 (m, 1H, —CH,CH), 3.84 (¢, 1H,
J = 9.2 Hz, —OCH,), 4.40 (dd, 1H, J = 9.2, 4 Hz, —OCH,),
6.67-7.49 (m, TH, ArH). MS: m/z = 337 (M"). Anal. Calc.
for C,;H,3NOS: C, 74.74; H, 6.87; N, 4.15%. Found: C,
74.59; H, 6.95; N, 4.22%.
4-{(2,5-Dimethylphenoxy)methyl}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-b]indole (6i). Yield: 18%; White solid;
mp 72-74°C. IR (KBr): Vpmax = 1464, 2924 cm '. UV
(EtOH): Amax = 239, 282, 300 nm. 'H NMR (300 MHz,
CDCly): 6y = 2.12-2.18 (m, 1H, —SCH,CH,), 2.23 (s, 3H,
ArCHs), 2.26 (s, 3H, ArCH3), 2.64-2.70 (m, 1H, —SCH,CH,),
2.97-3.04 (m, 1H, —SCH,), 3.25-3.34 (m, 1H, —SCH,), 3.62
(s, 3H, —NCHy), 3.69-3.75 (m, 1H, —CH,CH), 3.83 (¢, 1H,
J = 9.3 Hz, —OCH,), 4.39 (dd, 1H, J = 9.3, 3.6 Hz,
—OCH,), 6.62-7.51 (m, 7H, ArH). MS: m/z = 337 (M").
Anal. Calc. for C,;H»3NOS: C, 74.74; H, 6.87; N, 4.15%.
Found: C, 74.92; H, 6.77; N, 4.06%.
9-Methyl-4-(m-tolyloxymethyl)-2,3,4,9-tetrahydrothio-pyrano
[2,3-bJindole (6j). Yield: 24%; White solid; mp 86-88°C. IR
(KBr): Vmax = 1464, 2922 cm™'. UV (EtOH): Apay = 235,
288, 299 nm. 'H NMR (300 MHz, CDCl;): 8y = 2.07-2.15
(m, 1H, —SCH,CH,), 2.29 (s, 3H, ArCH3), 2.57-2.63 (m, 1H,
—SCH,CH»), 2.91-2.98 (m, 1H, —SCH,), 3.19-3.27 (m, 1H,
—SCH,), 3.56 (s, 3H, —NCH3), 3.64-3.67 (m, 1H, —CH,CH),
3.83 (t, 1H, J = 9.3 Hz, —OCH,), 4.34 (dd, 1H, J = 9.3, 3.7
Hz, —OCH,), 6.70-7.49 (m, 8H, ArH). MS: m/z = 323 (M™").
Anal. Calc. for C,yH,NOS: C, 74.27; H, 6.54; N, 4.33%.
Found: C, 74.13; H, 6.62; N, 4.45%.
4-{(2,4-Dimethylphenoxy)methyl}-9-methyl-2,3,4,9-tetra-
hydrothiopyrano[2,3-bJindole (6k). Yield: 30%; White solid;
mp 68-70°C. IR (KBr): Vi = 1466, 2920 cm™'. UV (EtOH):
hmax = 232, 286, 298 nm. '"H NMR (300 MHz, CDCl;): 8y =
2.10-2.19 (m, 1H, —SCH,CH,), 2.24 (s, 6H, ArCH3), 2.62-2.68
(m, 1H, —SCH,CH,), 2.94-3.01 (m, 1H, —SCH,), 3.22-3.35
(m, 1H, —SCH,), 3.58 (s, 3H, —NCHj), 3.64-3.72 (m, 1H,
—CH,CH), 3.80 (¢, 1H, J = 9.2 Hz, —OCH,), 4.37 (dd, 1H, J =
9.2, 3.6 Hz, —OCH,), 6.66-7.49 (m, 7TH, ArH). MS: m/z = 337
(M™). Anal. Calc. for C,;H,3NOS: C, 74.74; H, 6.87; N, 4.15%.
Found: C, 74.85; H, 6.97; N, 4.07%.
4-{(2-Chlorophenoxy)methyl}-9-methyl-2,3,4,9-tetrahy-dro-
thiopyrano[2,3-bJindole (6]). Yield: 42%; White solid; mp
102-104°C. IR (KBI): Viax = 1465, 2920 cm ™!, UV (EtOH):
hmax = 208, 222, 238, 300 nm. 'H NMR (300 MHz, CDCl;):
oy = 2.14-2.25 (m, 1H, —SCH,CH,), 2.72-2.79 (m, 1H,
—SCH,CH,), 3.00-3.07 (m, 1H, —SCH,), 3.27-3.36 (m, 1H,
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—SCH,), 3.62 (s, 3H, —NCHs), 3.76-3.85 (m, 1H, —CH,CH),
3.88 (¢, 1H, J = 9.2 Hz, —OCH,), 4.48 (dd, 1H, J = 9.2, 3.6
Hz, —OCH,), 6.80-7.56 (m, 8H, ArH). MS: m/z = 343, 345
(M™"). Anal. Calc. for C,oH;3sCINOS: C, 66.36; H, 5.28; N,
4.07%. Found: C, 66.18; H, 5.35; N, 3.98%.

9-Methylthiopyrano[2,3-bJindol-4(9H)-one (7). Yield: 4—
8%; Viscous liquid. IR (neat): vy, = 1453, 1719, 2922 cm .
UV (EtOH): A = 201, 229, 289 nm. 'H NMR (300 MHz,
CDCls): oy = 3.67 (s, 3H, —NCH3), 6.93 (d, 1H, J = 8.7 Hz.
—SCH=CH), 7.13 (d, 1H, J = 8.7 Hz. —SCH=CH), 7.32—
7.60 (m, 4H, ArH). MS: m/z = 215 (M"). Anal. Calc. for
C,HoNOS: C, 66.95; H, 4.21; N, 6.51%. Found: C, 67.11; H,
4.30; N, 6.44%.

GC analysis of Compound (8). The crude reaction mixture
of compound 4a after usual work up was injected into the col-
umn (oven temperature 40°-5-12C/mim-240-18). RT (min) of
the standard sample of anisole was 2.762 whereas; the reaction
mixture gave a peak at 2.802.
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1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) efficiently catalyzes three-component one-pot condensa-
tions of aldehyde, malononitrile, and thiophenol to produce highly functionalized pyridines in excellent

yield in aqueous ethanol.

J. Heterocyclic Chem., 46, 69 (2009).

INTRODUCTION

The pyridine scaffold is a key constituent of a wide
range of naturally occurring and synthetic bioactive com-
pounds, pharmaceuticals, and functional materials [1-3].
Penta-substituted pyridines are known as medicinally priv-
ileged scaffold, inhibit MAPK-activated PK-2 [4] and
modulate androgen receptor functions [5]. These com-
pounds are also useful in the treatment of urinary inconti-
nence [6], HBF infections [7], Creutzfeldt-Jacob disease
[8], and Parkinson’s disease, hypoxia/ischemia, asthma,
kidney disease, epilepsy, cancer [9-11] and also exhibit
antibacterial, anti-biofilm and anti-infective activities [12].
The importance of this class of compounds can be real-
ized by the number of patents filed in the recent years [4—
7,12]. Thus, synthesis of highly functionalized pyridine
derivatives, with the aim to develop new drug molecules
has been an active area of research [13—15]. Various syn-
thetic protocols have been developed for the synthesis of
pyridine-3,5-dicarbonitriles [16-25]. The most interesting
synthetic methodology has been three-component conden-
sation of aldehydes, malononitrile, and thiolphenols
[17,26,27]. Various bases such as Et;N, DABCO
[17,26,27], and piperidine, morpholine, thiomorpholine,
pyrrolidine, N,N-DIPEA, pyridine, 2,4,6-collidine, DMAP,
aniline, N-methyl-aniline, N,N-dimethylaniline, and N,N-
diethylaniline [27] have been used. However, the major
drawback of these procedures is the formation of various
side products [26], thus reducing the yield of the desired
product to 20-48% [26,27]. It is important to mention
here that Ranu et al. [28] have reported a better synthetic
protocol for this reaction and immidazolium-based ionic
liquid and ethanol have been used as reaction media.
Although ionic liquids are considered to be green solvents

as the risk of air pollution is significantly reduced due to
their nonvolatile nature [29,30] but their toxicity, espe-
cially, immidazolium-based ionic liquids and cost has been
a matter of concerns [31,32]. So, development of an
improved synthetic protocol for the generation of pyridine-
3,5-dicarbonitriles for lead optimization is of considerable
interest. As a part of our ongoing effort towards the synthesis
of biologically active compounds [33—35] and keeping the
medicinal values of pyridine-3,5-dicarbonitriles in mind, we
considered it necessary to develop an efficient high yielding
synthetic protocol for the synthesis of this class of
compounds.

RESULTS AND DISCUSSION

Careful literature analyses revealed that a variety of
bases with pK, ranges from 4 to 11 have been used for
this multicomponent reaction. We speculated that use of
neutral organic base that have high basicity, and can
form a stable protonated species, may suppress the for-
mation of enaminonitrile and other side products. 1,8-
Diazabicyclo-[5.4.0Jundec-7-ene (DBU) fulfills these
requirements, and it has been used in many organic
transformations in recent years. DBU is commercially
available, cheap homogenous catalyst. It is a sterically
hindered amidine base and especially useful where side
reactions due to the inherent nucleophilicity of a basic
nitrogen are a problem [36—40]. DBU is one of the
strongest organic neutral base (pK, = 12) and the +M
effect of the adjacent nitrogen stabilizes the protonated
species. Inspired with the catalytic potential of DBU, we
examined the catalytic role of DBU in the synthesis of
pyridine-3,5-dicarbonitriles via three component reaction
of aldehydes, malononitriles, and thiols. The reaction of

© 2009 HeteroCorporation
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Scheme 1
R
Q CN 10% H,O/EtOH, 5 Mol% DBU ~ NC~ -~ _-CN
R)kH + < + R'SH > |
CN 35-65 °C,10-40 min, 75-91% HoN N
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an aldehyde (1), malononitrile (2), and thiol (3) was car-
ried out in the presence of catalytic amount of DBU
(Scheme 1). We were pleased to observe that use of
5 mol % DBU as a catalyst in 10% aqueous ethanol sig-
nificantly increases the rate of reaction and yield of the
product at lower temperatures (Table 1). A wide range
of substituted aromatic as well as heteroaromatic alde-
hydes underwent this three-component condensation
with malononitrile and thiols to produce pyridine-3,5-
dicarbonitriles (4) in high yield. The results are summar-
ized in Table 1. All the utilized functionalities were
found to be compatible under the reaction conditions.
For example, three-component reaction of benzalde-
hyde, malononitrile, and thiophenol lead to the formation

Vol 46

of 4a at 35°C in 15 min in 80% yield, while the same
reaction takes 1.5 h to complete at reflux temperature in
ethanol, and yield of the product was reported to be 35%
when other bases were used [26]. Encouraged by this ob-
servation, a series of reactions were carried out under
identical reaction conditions, and in all of the cases the
product was isolated in very good yield (Table 1). How-
ever, reaction temperature was increased up to 65°C in
some cases. A library of compounds was synthesized
using 5 mol % DBU as base. The same reactions were
also carried out in ethanol, but it was observed that the
addition of 10% water in the reaction lead to increase in
the yield to 8-10%. However, when ethanol-water (1:1)
and water was used as a reaction media, no or very low
yield was observed even at elevated temperature, due to
the insolubility of the starting materials. We have also
explored the possibility of using polyethylene glycol
(PEG) as a reaction media, but no product formation was
observed in PEG. This multicomponent reaction works
well for unsubstituted (entry 4a, 4q, 4w), electron poor
(entry 4g, 4h), electron rich (entry 4b—e, 4i—4v), and

Table 1

DBU catalyzed three-component synthesis of substituted pyridine-3,5-dicarbonitriles via Scheme 1.

MP (°C)
Compd. No. R R’ Temp (°C) Time (min) Yield (%) Found Reported
4a Ph Ph 35 15 80 220-221 218 [26]
4b 4-Cl-Ph Ph 35 15 87 223 222 [26]
4c 4-OMe-Ph Ph 50 15 90 241-244 240 [27]
4d 4-OH-Ph Ph 55 15 89 313 315 [17]
4e 3-Pyridinyl Ph 50 25 85 <300 305-306 [26]
af 1-Naphthyl Ph 65 15 87 258-260 -
4g 3-NO,-Ph Ph 55 15 85 219-220 -
4h 2-NO,-Ph 4-Me-Ph 50 20 83 290-291 -
4i 4-CI-Ph Ph 50 15 85 230-231 228-230 [28]
4j 2-Naphthyl Ph 50 10 89 236 -
4k 4-F-Ph Ph 50 20 88 248-249 250 [10]
41 2-OH-Ph Ph 50 15 88 265-266 -
4m 3-Me-Ph Ph 55 20 89 278-280 280 [10]
4n 4-Br-Ph Ph 35 20 90 255-257 -
40 3-Me-Ph 4-Me-Ph 55 20 91 236 -
4p 4-Cl-Ph 4-Me-Ph 55 15 89 245-246 -
4q Ph 4-Me-Ph 50 15 86 238 -
4r 4-Me-Ph 2-NH,-Ph 55 30 80 208-210 207-208 [41]
4s 4-OMe-Ph 2-NH,-Ph 55 35 85 232 235-236 [41]
4t 4-Cl-Ph 2-NH,-Ph 60 30 80 233 239-240 [26]
4u 4-OH-Ph 2-NH,-Ph 60 40 75 175 -
4v 1-Naphthyl 2-NH,-Ph 55 25 88 220-222 -
4w Ph g 60 40 85 189 -
4x 4-Me-Ph L 60 35 80 180181 -
4y 4-Br-Ph A 55 30 79 180-182 -
4z 1-Naphthyl A 60 25 83 220-222 -
4aa 2-Naphthyl A 60 25 85 248 -
4ab 4-OMe-Ph A 60 40 85 198 -
dac 4-Cl-Ph A 55 30 85 193-195 -
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heteroaromatic aldehydes (entry 4e). However, aliphatic
aldehydes either gave very poor yield or did not react.

According to the proposed mechanisms, the first step
of this reaction is the formation of Knoevenagel product
by the condensation of an aldehyde with malononitrile
[26,27,41,42]. During this base-catalyzed three-compo-
nent reaction, formation of many side products such as
enaminonitrile, higher adducts, reduced products, and
malononitrile self addition products have been noticed
[26,41]. We believe that low reaction temperature,
higher basicity, and stability of DBU-H" species gener-
ated in this reaction suppress the formation of these side
products and, hence, yield of the product increases. It is
important to mention here that use of DABCO has been
shown to promote the reaction of hindered aldehydes,
with marginal increase of yield of the product [26].

To assess the feasibility of the methodology on higher
scale under identical reaction conditions, we carried out
the reaction on a 50 gm scale (entry 4b, 4g) and it was
observed that the reaction proceeded smoothly and the
desired product was isolated in 87% and 85% yields,
respectively. It is important to mention here that the
reaction media can be reused for further reactions. For
example, after completion of the reaction, the reaction
mixture was cooled, and solid product was collected by
filtration (entry 4b). To the filtrate, p-chlorobenzaldehyde,
malononitrile, and thiophenol were added in the same
molar ratio without additional load of DBU. The reaction
mixture was stirred for specified time, marginal loss of the
yield was observed in first three run (87%, 86%, and
83%), while in fourth and fifth run the yield dropped to
75% and 65%, respectively. Structures of all of the com-
pounds were identified by their mp and spectral data.

CONCLUSION

In conclusion, we have developed a novel synthetic
methodology for the synthesis of pyridine-3,5-dicarbo-
nitriles using 5 mol % DBU as a catalyst and 10% aqueous
ethanol as the reaction media through a three component
condensation of aldehydes, malononitrile and thiols. The
short reaction times, high yields, use of commercially inex-
pensive DBU as a catalyst, and reusability of the reaction
media are the main advantages of this process.

EXPERIMENTAL

All of the chemicals used in the synthesis were purchased
from Sigma-Aldrich and used as received. Thin-layer chroma-
tography was used to monitor reaction progress. Compounds
were purified either by crystallization or over silica gel col-
umn. Melting points were determined on a melting point appa-
ratus and are uncorrected. IR (KBr) spectra were recorded
using Perkin-Elmer FTIR spectrophotometer and the values are
expressed as Vipax cm~ L. Mass spectral data were recorded on

Journal of Heterocyclic Chemistry

a waters micromass LCT Mass Spectrometer/Data system. The
'"H NMR and *C NMR spectra were recorded on Bruker
Spectrospin spectrometer at 300 MHz and 75.5 MHz, respec-
tively using TMS as an internal standard. The chemical shift
values are recorded on & scale and the coupling constants (J)
are in Hz. Elemental analysis were performed on a Carlo Erba
Model EA-1108 elemental analyzer and data of C, H, and N is
within +0.4% of calculated values.

General procedure for the synthesis of substituted
pyridines. To a stirred solution of substituted benzaldehyde
(4.71 mmol) in 10% aqueous ethanol (5 mL), DBU (5 mol %)
was added followed by dropwise addition of malononitrile
(9.43 mmol) at room temperature. To this stirred mixture sub-
stituted thiols (4.71 mmol) was added dropwise. The reaction
mixture was stirred at 35-65°C as specified in Table 1; reac-
tion progress was monitored by TLC. The crude product was
collected by filtration and was purified by crystallization or by
SiO, column chromatography. Spectral data of all unknown
compounds is given later.

2-Amino-4-(1-naphthyl)-6-phenylsulphanylpyridine-3,5-
dicarbonitrile (4f). IR: 3437, 3327, 3217, 2219, 1626, 1552,
1462, 1377, 1270, 798, 776, 750, 721 cm™'; "H NMR (300
MHz, DMSO-d;): 6 7.53-7.62 (m, 5H), 7.66-7.68 (m, 5H),
791 (brs, 2H), 8.07-8.15 (m, 2H); HRMS calc. for
CosH4N4S: 378.0939, found: 378.0929; Anal. calc. for
CosHuN,S: C, 72.99; H, 3.73; N, 14.80; S, 8.47; found: C,
72.89; H, 3.66; N, 14.88; S, 8.42.

2-Amino-4-(3-nitrophenyl)-6-phenylsulphanylpyridine-3,5-
dicarbonitrile (4g). IR: 3400, 3323, 3230, 2213, 1647, 1550,
1526, 1426, 1377, 1260, 1037, 805, 754 cm™'; '"H NMR (300
MHz, DMSO-dg): & 7.52-7.61 (m, 5SH), 7.89-7.94 (m, 2H),
8.07 (d, /] = 6 Hz, 1H), 845 (d, J = 6 Hz, 1H), 8.52 (brs,
2H); HRMS calc. for C;oH;{NsO,S: 373.0633, found:
373.0631; Anal. calc. for C19H;;N5O,S: C, 61.12; H, 2.97; N,
18.76; S, 8.59; found: C, 61.18; H, 3.01; N, 18.69; S, 8.51.
2-Amino-4-(2-nitrophenyl)-6-(4-tolyl)sulphanylpyridine-3,5-
dicarbonitrile (4h). IR: 3395, 3323, 3231, 2211, 1645, 1551,
1523, 1463, 1354, 1258, 1036, 813, 736 cm™'; '"H NMR (300
MHz, DMSO-d,): & 2.37 (s, 3H), 7.30 (d, J = 8 Hz, 2H), 7.50
(d, J = 8 Hz, 2H), 7.91-7.94 (m, 2H), 8.05 (d, J = 6 Hz,
1H), 843 (d, J = 6Hz, 1H), 852 (brs, 2H); ">C NMR
(75.5 MHz, DMSO-ds): & 87.15, 93.22, 114.78, 115.09,
123.36, 123.59, 125.13, 130.18, 130.65, 134.92, 135.21,
135.42, 139.66, 147.66, 156.26, 159.52, 166.64; HRMS calc.
for CroH;3N50,S: 378.0790, found: 378.0799; Anal. calc. for
CyoH13N50,S: C, 62.00; H, 3.38; N, 18.08; S, 8.28; found: C,
61.96; H, 3.42; N, 18.13; S, 8.20.
2-Amino-4-(2-naphthyl)-6-phenylsulphanylpyridine-3,5-
dicarbonitrile (4j). IR: 3371, 2209, 1615, 1545, 1458, 1377,
1246, 815, 736 cm '; 'H NMR (300 MHz, DMSO-dy): &
7.50-7.53 (m, 5H), 7.63-7.65 (m, 5H), 7.89 (brs, 2H), 8.06—
8.18 (m, 2H); '*C NMR (75.5 MHz, DMSO-d,): & 87.34,
93.63, 115.06, 115.38, 125.38, 127.03, 127.75, 128.41, 129.46,
129.67, 131.41, 132.25, 133.33, 134.82, 158.66, 159.68,
166.18; HRMS calc. for C,o3H4N4S: 378.0939, found:
378.0935; Anal. calc. for CosH14N4S: C, 72.99; H, 3.73; N,
14.80; S, 8.47; found: C, 72.93; H, 3.64; N, 14.85; S, 8.42.
2-Amino-4-(2-hydroxyphenyl)-6-phenylsulphanylpyridine-
3,5-dicarbonitrile (41). IR: 3422, 3338, 3208, 2183, 1639,
1614, 1579, 1545, 1460, 1404, 1377, 1263, 1193, 1046, 763,
749 ecm™'; '"H NMR (300 MHz, DMSO-d,): § 6.95-7.15 (m,
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6H), 7.33 (brs, 1H), 7.50-7.61 (m, 5H); HRMS calc. for
CioH{,N4OS: 344.0732, found: 344.0738; Anal. calc. for
C,oH{,N4OS: C, 66.26; H, 3.51; N, 16.27; S, 9.31; found: C,
66.30; H, 3.55; N, 16.33; S, 9.40.
2-Amino-4-(4-bromophenyl)-6-phenylsulphanylpyridine-
3,5-dicarbonitrile (4n). IR: 3441, 3336, 3220, 2219, 1629,
1555, 1529, 1459, 1378, 1312, 1257, 1022, 784, 758 cm™'; 'H
NMR (300 MHz, DMSO-dy): 6 7.52-7.60 (m, 5H), 7.80-7.82
(m, 4H), 7.88 (brs, 2H); Anal. calc. for C;oH{BrN,S: C,
56.03; H, 2.72; N, 13.76; S, 7.87; HRMS calc. for
CoH;BrN,S: 405.9888, found: 405.9885; found: C, 56.09; H,
2.78; N, 13.69; S, 7.81.
2-Amino-4-(3-tolyl)-6-(4-tolyl)sulphanylpyridine-3,5-dicar-
bonitrile (40). IR: 3487, 3324, 3219, 2215, 1631, 1548, 1460,
1377, 1264, 1243, 1016, 801, 716 cm'; 'H NMR (300 MHz,
DMSO-dy): & 2.40 (s, 3H), 2.44 (s, 3H), 6.89 (brs, 2H), 7.25—
7.30 (m, 4H), 7.33-7.36 (m, 1H), 7.40-7.45 (m, 3H); HRMS
calc. for Cp1HgN4S: 356.1096; found: 356.1099; Anal. calc.
for C,1H¢N4S: C, 70.76; H, 4.52; N, 15.72; S, 9.00; found: C,
70.80; H, 4.48; N, 15.77; S, 9.05.
2-Amino-4-(4-chlorophenyl)-6-(4-tolyl)sulphanylpyridine-
3,5-dicarbonitrile (4p). IR: 3477, 3346, 3222, 2214, 1635,
1574, 1495, 1457, 1377, 1258, 1092, 836, 805, 795 cm '; 'H
NMR (300 MHz, DMSO-dg): 6 2.37 (s, 3H), 7.30 (d, J =
8Hz, 2H), 7.48 (d, J = 8Hz, 2H), 7.58-7.68 (m, 4H), 7.83
(brs, 2H); HRMS calc. for C,oH3CIN,S: 376.0549, found:
376.0546; Anal. calc. for Co,0H3CIN,S: C, 63.74; H, 3.48; N,
14.87; S, 8.51; found: C, 63.77; H, 3.51; N, 14.81; S, 8.4.
2-Amino-4-phenyl-6-(4-tolyl)sulphanylpyridine-3,5-dicarb-
onitrile (4q). IR: 3451, 3323, 3208, 2215, 1618, 1547, 1523,
1458, 1377, 1266, 1015, 897, 810, 755 cm™'; 'H NMR (300
MHz, DMSO-dg): 6 2.37 (s, 3H), 7.30 (d, J = 8Hz, 2H), 7.47
(d, J = 8Hz, 2H), 7.54-7.56 (m, 5H), 7.80 (brs, 2H); HRMS
calc. for CyoH4N4S: 342.0939; found: 342.0949; Anal. calc.
for CooH 4N,4S: C, 70.15; H, 4.12; N, 16.36; S, 9.36; found: C,
70.20; H, 4.08; N, 16.30; S, 9.30.
2-Amino-4-(4-hydroxyphenyl)-6-(2-aminophenyl)sulphan-
ylpyridine-3,5-dicarbonitrile (4u). 1IR: 3317,2197, 1638, 1610,
1542, 1508, 1456, 1410, 1247, 1170, 1023, 845, 760 cm™'; 'H
NMR (300 MHz, DMSO-dg): 6 5.50 (brs, 2H), 5.88 (brs, 1H),
6.40-6.46 (m, 2H), 6.79-6.86 (m, 4H), 7.28-7.31 (m, 2H), 7.69
(brs, 2H); HRMS calc. for C;oH;3N50S: 359.4056; found:
359.4146; Anal. calc. for C;9H3NsOS: C, 63.49; H, 3.65; N,
19.49; S, 8.92; found C, 63.51; H, 3.70; N, 19.41; S, 8.96.
2-Amino-4-(1-naphthyl)-6-(2-aminophenyl)sulphanylpy-rid-
ine-3,5-dicarbonitrile (4v). IR: 3429, 3333, 3219, 2217, 1632,
1611, 1548, 1468, 1310, 1271, 1162, 1022, 996, 797 cm™'; 'H
NMR (300 MHz, DMSO-dg): 6 5.50 (brs, 2H), 6.58 (¢, 1H),
6.81 (d, J = 8 Hz, 1H), 7.20 (¢, 1H), 7.29 (d, J = 8 Hz, 1H),
7.55-7.69 (m, 4H), 7.77 (brs, 3H), 8.05-8.13 (m, 2H); HRMS
calc. for Co3H sNsS: 393.4649; found: 393.4556; Anal. calc.
for Cy3H5NsS: C, 70.21; H, 3.84; N, 17.80; S, 8.15; found: C,
70.25; H, 3.88; N, 17.88; S, 8.11.
2-((Furan-2-yl)methylthio)-6-amino-4-phenylpyridine-3,5-
dicaronitrile (4w). IR: 3470, 3325, 3215, 2210, 1625, 1540,
1419, 1243, 1150, 1010, 930, 780 cm™'; '"H NMR (300 MHz,
DMSO-dy): 6 4.59 (s, 2H), 6.40-6.56 (m, 2H), 7.54-7.60 (m,
6H), 8.16 (brs, 2H); HRMS calc. for C;gH{,N4OS: 332.3802;
found: 332.3781; Anal. calc. for C;3H;,N,OS: C, 65.04; H,
3.64; N, 16.86; S, 9.65; found: C, 65.09; H, 3.57; N, 16.90; S,
9.69.
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2-((Furan-2-yl)methylthio)-6-amino-4-(4-tolyl)pyridine-3,5-
dicaronitrile (4x). IR: 3458, 3331, 3225, 2208, 1634, 1543,
1263, 1007, 769, 732 cm™"'; 'H NMR (300 MHz, DMSO-dj):
o 2.38 (s, 3H), 4.58 (s, 2H), 6.39-6.54 (m, 2H), 7.34-7.59 (m,
5H), 8.16 (brs, 2H); HRMS calc. for C;oH4N4OS: 346.4068;
found: 346.4159; Anal. calc. for CoH;4JN,4OS: C, 65.88; H,
4.07; N, 16.17; S, 9.26; found: C, 65.82; H, 4.17; N, 16.21; S,
9.30.

2-((Furan-2-yl)methylthio)-6-amino-4-(4-bromophenyl)pyri-
dine-3,5-dicaronitrile (4y). IR: 3407, 3337, 3245, 2216., 1629,
1573, 1527, 1487, 1373, 1294, 1133, 1090, 1016, 806, 743
cm'; 'TH NMR (300 MHz, DMSO-dy): & 4.11 (s, 2H), 7.29-
7.33 (m, 3H), 7.50-7.65 (m, 4H), 7.99 (brs, 2H); HRMS calc.
for C3H;;BrN,4OS: 411.2763; found: 411.2753; Anal. calc. for
C;sH{BrN4OS: C, 52.57; H, 2.70; N, 13.62; S, 7.80; found:
C, 52.61; H, 2.71; N, 13.61; S, 7.89.

2-((Furan-2-yl)methylthio)-6-amino-4-(1-naphthyl)pyrid-
ine-3,5-dicaronitrile (4z). IR: 3475, 3328, 3220, 3053, 2993,
2214, 1630, 1547, 1503, 1419, 1269, 1245, 1211, 1155, 1040,
1010, 933, 825, 780, 733, 685 cm™'; 'H NMR (300 MHz,
DMSO-dy): 6 4.64 (s, 2H), 6.43-6.61 (m, 2H), 7.57-7.63 (m,
4H), 8.05-8.10 (m, 4H), 8.13 (brs, 2H); HRMS calc. for
CoH4N4OS: 382.4389; found: 382.4487; Anal. calc. for
CoH14N4OS: C, 69.09; H, 3.69; N, 14.65; S, 8.38; found: C,
69.10; H, 3.73; N, 14.61; S, 8.39.

2-((Furan-2-yl)methylthio)-6-amino-4-(2-naphthyl)pyrid-
ine-3,5-dicaronitrile (4aa). IR: 3475, 3328, 3220, 2214,
1630, 1547, 1461, 1419, 1269, 1245, 1211, 1155, 1040, 1010,
933, 860, 780, 733 cm™'; '"H NMR (300 MHz, DMSO-dj): §
4.60 (s, 2H), 6.40-6.56 (m, 2H), 7.61-7.63 (m, 4H), 8.00-8.09
(m, 4H), 8.12 (brs, 2H); Anal. calc. for C,,H4N4OS: C, 69.09;
H, 3.69; N, 14.65; S, 8.38; found: C, 69.13; H, 3.79; N, 14.66;
S, 8.32.

2-((Furan-2-yl)methylthio)-6-amino-4-(4-methoxyphenyl)-
pyridine-3,5-dicaronitrile (4ab). IR: 3469, 3326, 3211, 2218,
1616, 1574, 1542, 1455, 1294, 1255, 1177, 1019, 839, 816,
749 cm™'; 'H NMR (300 MHz, DMSO-d,): & 3.83 (s, 3H),
4.58 (s, 2H), 6.40-6.55 (m, 2H), 7.09-7.11 (m, 2H), 7.48-7.60
(m, 3H), 8.12 (brs, 2H); HRMS calc. for C;oH4N4O,S:
362.4062; found: 362.4162; Anal. calc. for C;oH;4N4O,S: C,
62.97; H, 3.89; N, 15.46; S, 8.85; found: C, 62.92; H, 3.93; N,
15.40; S, 8.79.

2-((Furan-2-yl) methylthio)-6-amino-4-(4-chlorophenyl)pyri-
dine-3,5-dicaronitrile (4ac). IR: 3455, 3336, 3229, 2211,
1634, 1573, 1544, 1494, 1264, 1092, 929, 805, 742 cm™'; 'H
NMR (300 MHz, DMSO-dy): 6 4.58 (s, 2H), 6.39-6.55 (m,
2H), 7.56-7.66 (m, 5H), 8.20 (brs, 2H); HRMS calc. for
C;gH{CIN4OS: 366.8250; found: 366.8151; Anal. calc. for
C,sH{;CIN,OS: C, 58.94; H, 3.02; N, 15.27; S, 8.74; found:
C, 58.99; H, 3.03; N, 15.29; S, 8.78.
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A simple and eco-friendly protocol for the synthesis of substituted 2-arylbenzimidazoles is described.
In this process, 2-arylbenzimidazoles were prepared in the presence of a newly introduced ionic liquid
prolinium nitrate [Pro]NOj; as catalyst, under solvent-free condition. This process was performed under
mild condition without using any oxidant with good to excellent yields and remarkable chemoselectivity
in the absence of any byproduct. The ionic liquid can be recovered easily and reused.

J. Heterocyclic Chem., 46, 74 (2009).

INTRODUCTION

The benzimidazole ring system is an important phar-
macophore in medicinal chemistry and modern drug
discovery. Benzimidazole derivatives exhibit activities
against several viruses such as influenza [la], human
cytomegalovirus [1b], and HIV [Ic]. Benzimidazole and
its derivatives have also been known to act as topoisom-
erase inhibitors [2], selective neuropeptide Y Y 1 recep-
tor antagonists [3], potential antitumor [4] and antimi-
crobial agents [5], and factor Xa inhibitor [6]. The wide-
spread interest in benzimidazole-containing structures
has led to extensive studies toward their synthesis. The
most important methodology toward synthesis of benzi-
midazoles is the oxidative cyclo-dehydrogenation of ani-
line Schiff bases, which are often generated in sifu from
the coupling reaction between o-phenylenediamines and
aldehydes. Various oxidants have been examined for
this two step process which we hereby refer to some of
them such as nitrobenzene (high-boiling oxidant/solvent)
[7], 1,4-benzoquinone [8] DDQ [9], tetracyanothylene
[10], benzofuroxan [11], MnO, [12], Pb(OAc), [13],
oxone [14], and NaHSO; [15]. The availability of a vast
number of aldehydes has certainly caused this two-step
process to be extensively investigated by chemists.
However, most of these procedures produce toxic or

environmentally harmful byproducts, which often
require laborious work-up to remove them from the
reaction mixture, and/or suffer from low yields of isola-
tion product. Molecular oxygen as oxidant has also been
used but drawbacks such as prolonged reaction times
and high temperature make it less useful [16]. In the
case of I,/KI/K,CO3/H,O system, the yields for alde-
hydes with electron-donating groups were poor [17].
Very recently, iodobenzene diacetate (IBD) as oxidant
in dioxane as solvent has led to significant results but
the use of dioxane as a toxic solvent is the major limita-
tion for this process from the environmental viewpoint
[18]. In another report, application of L-proline in
CHCI; as organocatalyst was presented but this route
led to the formation of 1,2-di-substituted benzimidazoles
exclusively not the 2-aryl derivatives [19].

The drive to environmentally sustainable, or so-called
“green chemistry,” has provided one of the greatest
challenges for the chemists of today [20a]. One of the
major areas of research in this field is using ionic liquids
(ILs) as both solvents and catalysts [20b]. There is only
one report regarding formation of these compounds
using an imidazolium IL (butylimidazolium tetrafluoro-
borate, ([Hbim]BF,) as medium. In this process, the
yields are good and the reaction times were short, and

© 2009 HeteroCorporation
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formation of byproducts had a negative effect on the
yield [21].

ILs based on amino acids such as proline are one of the
most important groups of recently developed ILs referred
to as fully green ILs based on natural products. Their im-
portance includes two different aspects. Bio-renewability
and economical benefits are the major features of materials
of this kind. Moreover, ILs of this type do not show
defects such as air- or water-sensitivity of chloroaluminate
ILs nor the potential HF releasing of hexafluorophosphate
ILs. So, because of these advantages, attempts for the de-
velopment and introduction of novel ILs based on natural
products such as amino acids have been intensively inves-
tigated [22]. The main thrust of this work was to provide a
new oxidant-free, selective and more sustainable protocol
for the synthesis of 2-arylbenzimidazoles.

To the best of our knowledge, benzimidazole deriva-
tives have rarely been synthesized with electron with-
drawing substituents such as NO, and CO,H on the
fused benzo ring of benzimidazole. So, our other goal
was to synthesize such derivatives using 4-nitro-1,2-phe-
nyl-enediamine and 3,4-diaminobenzoic acid as reactant.

RESULTS AND DISCUSSION

During our investigation, at first, we chose o-phenyl-
enediamine and 4-chlorobenzaldehyde as model reac-

Table 1

Prolinium nitrate ([Pro]NO3) promoted preparation of
2-(4-chlorophenyl)benzimidazole (3e) under various conditions.

Amount Product (%)*

of IL Temperature Time -
Entry (mol %) “C) (min) 3 4
1 20 r.t. 20 89 -

2 20 60 20 89 Trace
4 40 r.t. 25 89 -

5 40 60 25 89 Trace

7 60 r.t. 25 85 Trace
8 60 60 25 70 20
10 100 r.t. 50 85 15
11 100 100 40 80 20
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tants and examined the effect of the amount of proli-
nium nitrate ([Pro]NO;) IL as catalyst in the absence of
solvent under various temperatures (Scheme 1, Table 1).

To determine the optimum reaction conditions, three
moles of phenylenediamines and three moles of 4-chlor-
obenzaldehyde together with a specified amount of IL
were reacted under different temperatures. The results in
Table 1 showed some interesting points. First of all,
increasing amount of IL did not improve obviously the
yield of 3e. So, the optimum amount of IL was found to
be 20% relative to reactants. The second important point
which could be elicited evidently from these results is
that raising the reaction temperature from r.t. to 60°C
did not increase the yield and also did not improve the
reaction rates. Moreover, the chemoselectivity decreased
and formation of the byproduct 4 was observed in the
process. These results indicates that the reaction is better
to be carried out at r.t. using 20 mol % amount of IL
without solvent to achieve the best results for the prepa-
ration of desired product 3 not product 4.

Then, we continued our study to examine the reus-
ability and recoverability of the catalyst as an additional
important factor in the field of ILs. To achieve this, the
model reaction of o-phenylenediamine (4 mmol) with
4-chlorobenzaldehyde (4 mmol) was carried out in the
presence of IL (0.8 mmol). After completion of the
reaction, the IL could be recovered as specified in Ex-
perimental section. The results of which are given in Ta-
ble 2. These results showed a good recoverability and
reusability for the synthesis of product 3e. It can clearly
be seen that even after four runs, the recovery percent-
age is high. However, the yield decreased significantly
after four runs (Table 2, Run No. 4).

The decrease in the yields of the reaction after each
use of IL could possibly be due to the fact that we could
not manage to recover the catalyst quantitatively after
each run. Consequently, we repeated the reaction with
lower amounts of catalyst. To test this idea, we repeated
the reaction by adding some fresh catalyst to the IL
recovered after the first use and the result was the same
as the first run (Table 2, No. 1). Moreover, we observed
a slight change in appearance for the recovered IL,

Table 2

Results for reusability of IL [Pro]NO; in the process
of 2-(4-chlorophenyl)benzimidazole (3e) synthesis.

Recovery Reaction Yield
Run no. percent time (min) (%)*
1 95 30 89
2 90 40 82
3 90 55 78
4 90 60 70

“Isolated yield.
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which would be due to trace impurities from the reac-
tion. These changes in appearance were observed more
obviously after any recovery.

To evaluate the scope and limitations of this IL under
solvent-free condition various benzaldehyde derivatives
and different derivatives of o-phenylenediamines were
examined (Table 3, entries 1-17). Among the various
benzaldehydes tested, the best yields were achieved for
benzaldehydes with electron-withdrawing substituents
(Table 3, entries 4-7). While among o-phenylenedi-
amine derivatives the yield of products obtained from 4-
nitro-o-phenylenediamine were high and the rates of
reactions were also remarkable (Table 3, entries 8—12).
In all reactions, byproduct 4 was not observed by TLC.
Only in the case of 4-methylbenzaldehyde as reactant
(Table 3, entry 11), the reaction rate was relatively long
and the yield was moderate not high. Repeating the
reaction with 3,4-diaminobenzoic acid showed the best
yield and reactivity for 4-nitrobenzaldehyde (Table 3,
entry 17) and the other derivatives were also synthesized
with interesting yield. These results demonstrate a great
level of versatility and efficiency for the synthesis of 2-
arylbenzimidazole derivatives.

To complete evaluation of chemoselectivity, our
attempts were focused on performing the reaction with a
new variation. At this stage, we carried out the model
reaction of o-phenylenediamine derivatives (I mmol)
with 4-chlorobenzaldehyde (2 mmol) under optimal con-
ditions (r.t. and 20% of IL relative to o-phenylenedi-
amine derivatives). Surprisingly, even after 3 h, no
byproduct 4 (4e, 4i, and/or 4n) were formed and TLC

Table 3

Synthesis of 2-phenylbenzimidazole derivatives using
amino acid based IL [pro]NOs.

Entry R, R, Time (min)  Product  Yield (%)*
1 H H 50 3a 85
2 H Me 45 3b 82
3 H Ome 45 3c 85
4 H Br 30 3d 93
5 H Cl 30 3e 89
6 H F 20 3f 81
7 H NO, 25 3g 90
8 NO, Br 60 3h 92
9 NO, Cl 50 3i 93
10 NO, CN 45 3 95
11 NO, Me 80 3k 76
12 NO, NO, 25 31 85
13 CO,H Br 45 3m 86
14 CO,H Cl 45 3n 90
15 CO,H CN 30 30 88
16 CO,H Me 60 3p 80
17 CO,H NO, 20 3q 92

“Isolated yield.
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analysis showed only the presence of products 3 (3e, 3i,
and/or 3n) with the excess amount of benzaldehydes
used.

According to these findings, a proposed reaction path-
way for the synthesis of 2-arylbenzimidazoles is shown
in Scheme 2. As can be seen, prolinium cation from IL
first interacts with both reactants to form the Schiff base
intermediate (A) which then undergoes cyclization via
intramolecular attack by another amino moiety on Schiff
base to form protonated benzimidazoline intermediate
(B). Then, this intermediate would be deprotonated to
2,3-dihydrobenzimidazoline (C). Finally, the intermedi-
ate (C) would be aromatized by air oxidation under
reaction vessel conditions.

In summary, we have developed an efficient, eco-
friendly as well as solvent and oxidant-free protocol for
the synthesis of 2-arylbenzimidazole derivatives starting
from phenylenediamine derivatives and diverse benzal-
dehydes using fully ‘“‘green’ IL L-prolinium nitrate as
catalyst. The yields of products are very good to excel-
lent and use of toxic solvents is avoided. Synthesis of
some novel 2-arylbenzimidazole derivatives under mild
conditions is the most important aspect of this study.
Simple work-up and high degree of IL reusability are
other interesting points of the developed procedure.

EXPERIMENTAL

Melting points were recorded on a Buchi B-540 apparatus.
IR spectra were recorded on an ABB Bomem Model
FTLA200-100 instrument. 'H and '>C NMR spectra were
measured with a Bruker DRX-300 Avance spectrometer at 300
and 75 MHz using TMS as an internal standard. Chemical
shifts (8) are reported relative to TMS, and coupling constants
(J) are reported in Hertz (Hz). Mass spectra were recorded on
a Shimadzu QP 1100 EX mass spectrometer with 70 eV ioni-
zation potential. Elemental analyses of new compounds were
performed with a Vario EL III O Serial No. 11024054
instrument.

DOI 10.1002/jhet



January 2009

Typical experimental procedure for the preparation of
substituted 2-arylbenzimidazoles wusing [Pro]NO; as
catalyst. To a mixture of 4-chlorobenzaldehyde (3 mmol) and
o-phenylenediamine (3 mmol) was added prolinium nitrate
(prepared according to literature [22]) (0.6 mmol, 20% relative
to reactants). The reaction mixture was stirred at 30°C and
monitored by TLC (ethyl acetate:petroleum ether, 1:4). After
completion of the reaction, water (10 mL) was added and the
mixture was scratched and stirred for at least 30 min. The
aqueous layer was filtered and the residues were purified by
crystallization from EtOH:Water mixture. The product 3e was
obtained with 89% yield.

Aqueous layer containing IL was concentrated in vacuo to
recycle and reuse the prolinium nitrate in another reaction.

Spectral and analytical data for substituted 2-arylbenzi-
midazoles.

2-Phenylbenzimidazole (3a). Light yellow solid; mp 283—
285°C (Lit. [19] mp 289-291°C). IR (KBr): 1621 (C=N),
3447 cm™' (NH). '"H NMR (300 MHz, DMSO-dq): 8 13.31 (s,
1H), 8.27 (d, 2H, J = 3.0), 7.69 (m, 2H), 7.59 (s, 3H), 7.34
(m, 2H). *C NMR (75 MHz, DMSO-dy): & = 114.65, 123.62,
127.13, 127.35, 129.20, 131.23, 136.34, 150.16.

2-(4-Methylphenyl)benzimidazole (3b). Light yellow solid;
mp 268-270°C (Lit. [24] mp 277°C). IR (KBr): 1617 (C=N),
3060, 3435 (NH) cm™'. '"H NMR (300 MHz, DMSO-dq): &
12.87 (s, 1H), 8.10 (d, 2H, J = 8.1 Hz), 7.61 (m, 2H), 7.33 (d,
2H, J = 8.1 Hz), 7.19 (m, 2H), 2.35 (s, 3H). >C NMR (75
MHz, DMSO-dg): 6 20.96, 111.21, 118.72, 121.59, 126.42,
127.50, 129.52, 139.56, 151.45.

2-(4-Methoxyphenyl)benzimidazole (3c). Light yellow solid;
mp 217-220°C (Lit. [19] mp 224-226°C). IR (KBr): 1612
(C=N), 3420 cm " (NH). 'H NMR (300 MHz, DMSO-de): &
12.73 (s, 1H), 8.11 (d, 2H, J = 9.0 Hz), 7.54 (s, 2H), 7.16 (m,
2H), 7.11 (d, 2H, J = 9.0 Hz), 3.82 (s, 3H).

2-(4-Bromophenyl)benzimidazole (3d). Light yellow solid;
mp 294-296°C (Lit. [19] mp 299-300°C). IR (KBr): 1597
(C=N), 3420 cm™ ' (NH). '"H NMR (300 MHz, DMSO-d,): &
12.99 (s, 1H), 8.12 (d, 2H, J = 9.0 Hz), 7.75 (d, 2H, J = 9.0
Hz), 7.65 (m, 1H), 7.53 (m, 1H), 7.21 (m, 2H). °C NMR (75
MHz, DMSO-dg): 6 111.43, 118.98, 121.86, 123.26, 128.35,
129.39, 131.98, 150.22.

2-(4-Chlorophenyl)benzimidazole (3e). Light yellow solid;
mp 283-286°C (Lit. [19] mp 292-294°C). IR (KBr): 1597
(C=N), 3420 cm~' (NH). 'H NMR (300 MHz, DMSO-dg): &
12.98 (s, 1H), 8.18 (d, 2H, J = 9.0 Hz), 7.62 (d, 3H, J = 9.0
Hz), 7.52 (d, 1H, J = 6.0 Hz), 7.21 (m, 2H).

2-(4-Fluorophenyl)benzimidazole (3f). Light yellow solid;
mp 242-245°C (Lit. [19] mp 250-251°C). IR (KBr): 1602
(C=N), 3405 cm~ ' (NH). 'H NMR (300 MHz, DMSO-dq): &
12.92 (s, 1H), 8.22 (m, 2H), 7.58 (m, 2H), 7.39 (t, 2H, J =
6.0 Hz), 7.19 (d, 2H, J = 6.0 Hz).

2-(4-Nitrophenyl)benzimidazole (3g). Light red solid; mp
307-309°C (Lit. [19] mp 316°C). IR (KBr): 1606 (C=N),
3409 cm~' (NH). "H NMR (300 MHz, DMSO-dq): & 13.28 (s,
1H), 8.40 (m, 4H), 7.65 (m, 2H), 7.26 (m, 2H).

2-(4-Bromophenyl)-5-nitrobenzimidazole (Mixture of tauto-
meric 3h and 4h). Yellow solid; mp 161-164°C. IR (KBr):
1608 (C=N), 3481 cm~' (NH). '"H NMR (300 MHz, DMSO-
de): 8 13.64 (s, 1H), 8.11 (d, 1H, J = 8.4 Hz), 8.01 (d, 3H, J
= 9 Hz), 791 (dd, 1H, J; = 9.0 Hz, J, = 2.4 Hz), 7.78 (d,
1H, J = 8.4 Hz), 7.70 (d, 3H, J = 9 Hz). '*C NMR (75 MHz,
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DMSO-dg): 6 108.05, 112.88, 113.13, 115.60, 124.55, 125.20,
128.24, 128.87, 131.00, 131.71, 132.20, 133.47, 133.96, 135.26,
135.90, 142.81, 143.36, 151.18, 158.54. MS (EI): m/e = 318
(M™), 272, 162, 116. Anal. Caled. For C;3HgBrN;O,: C, 49.06;
H, 2.52; N, 13.21. Found: C, 48.89; H, 3.0; N, 13.23.
2-(4-Chlorophenyl)-5-nitrobenzimidazole (3i). Yellow solid;
mp 277-281°C. IR (KBr): 1601 (C=N), 3281 cm '(NH). 'H
NMR (300 MHz, DMSO-dg): 6 13.60 (s, 1H), 8.41 (s, 1H),
8.16 (d, 2H, J = 7.5 Hz), 8.08 (d, 1H, J = 8.4 Hz), 7.71 (d,
IH, J = 8.4 Hz), 7.62 (d, 2H, J = 7.5 Hz). '*C NMR (75
MHz, DMSO-de): & 118.08, 120.60, 122.3, 123.64, 127.85,
128.63, 129.23, 135.66, 136.59, 142.75, 154.62. Ms (EI): m/e
=273 (M), 227, 192, 111. Anal. Calcd. for C;3HgCIN;O,: C,
57.05; H, 2.95; N, 15.35. Found: C, 57.44; H, 2.61; N, 15.62.
2-(4-Cyanophenyl)-5-nitrobenzimidazole (Mixture of tauto-
meric 3j and 4j). Yellow solid; mp 190-193°C. IR (KBr):
1602 (C=N), 2228 (C=N), 3363 cm ' (NH). "H NMR (300
MHz, DMSO-de): 6 13.73 (s, 1H), 8.88 (s, 1H), 8.41-7.73 (m,
12H), 6.88 (s, 1H). '>*C NMR (75 MHz, DMSO-de): & 112.88,
113.20, 118.39, 118.66, 124.93, 127.46, 129.60, 132.52,
132.73, 133.00, 135.85, 139.96, 142.98, 151.43, 153.73,
157.75. MS (El): mfe = 264 (M™"), 218, 192, 162, 118. Anal.
Calcd. for C4HgN,4O,: C, 63.64; H, 3.05; N, 21.20. Found: C,
63.98; H, 2.77; N, 20.88.
2-(4-Methylphenyl)-5-nitrobenzimidazole  (3k). Yellow
solid, mp 211-214°C. IR (KBr): 1637 (C=N), 3435
cm '(NH). 'H NMR (300 MHz, DMSO-dg): & 13.53 (s, 1H),
7.39 (d, 2H, J = 9.0 Hz), 6.54 (d, 1H, J = 12.0 Hz), 6.04 (s,
2H), 5.06 (s, 2H), 2.39 (s, 3H). '*C NMR (75 MHz, DMSO-
de): 6 21.08, 108.03, 111.44, 115.61, 126.98, 129.78, 133.96,
136.79, 143.36, 153.14. MS (EI): m/e = 253 (M™"), 153, 107,
80. Anal. Calcd. for C14H 1N3O,: C, 66.39; H, 4.38; N, 16.59.
Found: C, 66.28; H, 4.09; N, 16.34.
2-(4-Nitrophenyl)-5-nitrophenylbenzimidazole (Mixture of
tautomeric 31 and 41). Red solid; mp 222-224°C. IR (KBr):
1612 (C=N), 3101, 3388, 3486 (NH) cm '. '"H NMR (300
MHz, DMSO-dg): & 8.98 (s, 2H), 8.32 (s, 4H), 8.11 (s, 1H),
7.94 (d, 1H, J = 9 Hz), 6.91 (s, 2H), 6.78 (d, 1H, J = 9 Hz).
13C NMR (75 MHz, DMSO-dg): & 113.26, 113.39, 122.27,
123.63, 123.77, 125.09, 130.11, 132.72, 135.88, 136.49,
141.69, 148.77, 151.51, 157.41. MS (ED): mfe = 284 (M™),
238, 192, 164, 118. Anal. Calcd for C;3HgN,O4: C, 51.41; H,
3.77; N 18.59. Found: C, 51.88; H, 4.13; N, 18.20.
2-(4-Bromophenyl)benzimidazole-5-carboxylic acid (3m). Pale
yellow solid; mp 183-185°C. IR (KBr): 1635 (C=N), 1678
(C=0), 3091, 3379 (NH) cm~". 'H NMR (300 MHz, DMSO-
de): & 13.49 (s, 1H), 12.74 (s, 1H), 8.14 (m, 3H), 7.80 (m,
3H), 7.65 (m, 1H). '*C NMR (75 MHz, DMSO-d): & 123.88,
124.79, 128.64, 128.82, 132.09, 151.95, 167.76. MS (EI): m/e
= 316 M" — 1), 273, 271, 191. Anal. Calcd. for
C4HoBrN,O,: C. 53.02; H, 2.86; N, 8.83. Found: C. 53.11; H,
2.54; N, 8.75.
2-(4-Chlorophenyl)benzimidazole-5-carboxylic acid (3n). Pale
yellow solid; mp 168-169°C. IR (KBr): 1622 (C=N), 1683
(C=0), 3101, 3414 (NH) cm™'. '"H NMR (300 MHz, DMSO-
de): 6 13.29 (s, 1H), 12.76 (s, 1H), 8.20 (d, / = 9 Hz, 3H),
7.84 (m, 1H), 7.64 (d, J = 9 Hz, 3H). '*C NMR (75 MHz,
DMSO-de): 6 123.67, 124.55, 128.45, 128.51, 129.20, 135.10,
147.1, 154.32, 156.63, 167.80. MS (EI): m/fe = 272 (M), 227,
192. Anal. Calcd. for C4HgCIN,O,: C, 61.89; H, 2.97; N,
10.31. Found: C, 62.14; H, 2.69; N, 10.12.
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2-(4-Cyanophenyl)benzimidazole-5-carboxylic acid (Mix-
ture of tautomeric 30 and 4o0). Pale yellow solid; mp 183—
185°C. IR (KBr): 1606 (C=N), 2228 (C=N), 3368 cm '
(NH). 'H NMR (300 MHz, DMSO-dg): & 13.48 (s, 1H), 13.05
(s, 1H), 8.14 (m, 3H), 7.82 (m, 3H), 7.67 (m, 1H). >C NMR
(75 MHz, DMSO-ds): & 112.43, 112.80, 113.72, 117.28,
118.54, 118.76, 125.23, 127.32, 129.33, 130.21, 132.57,
133.06 2 x C), 133.72, 140.44, 148.96, 151.68, 155.43,
167.51, 167.71. MS (ED): m/e = 263 (M), 246, 218, 116.
Anal. Calcd. for C;sHoN;O,: C, 64.76; H, 3.64; N, 15.11.
Found: C, 64.27; H, 3.94; N, 14.66.

2-(4-Methylphenyl) benzimidazole-5-carboxylic acid (mixture
of tautomeric 3p and 4p). Pale yellow solid; mp 200-205°C.
IR (KBr): 1628 (C=N), 1689 (C=0), 3369 (NH), 3426 (OH)
cm™'. '"H NMR (300 MHz, DMSO-de): § 12.70 (s, 1H), 8.16
(s, 1H), 8.08 (d, 2H, J = 6.0 Hz), 7.82 (d, 1H, J = 6.0 Hz),
7.63 (d, 1H, J = 6.0 Hz), 7.36 (d, 2H, J = 6.0 Hz), 2.49 (s,
2H), 2.37 (s, 3H). °C NMR (75 MHz, DMSO-de): & 18.56,
21.01, 123.47, 124.46, 126.69, 126.86, 129.82, 140.27, 153.70,
167.87. MS (EI): m/e = 252 (M™), 237, 207. Anal. Calcd. for
Cy5H,N,0,: C, 71.42; H, 4.79; N, 11.10. Found: C, 71.35; H,
4.61; N, 10.98.

2-(4-Nitrophenyl)benzimidazole-5-carboxylic acid (mixture
of tautomeric 3q and 4q). Pale red solid; mp 270-272°C. IR
(KBr): 1602 (C=N), 1671(C=0), 3394 (NH), 3501(OH)
em™'. '"H NMR (300 MHz, DMSO-dg): § 13.62 (s, 1H), 12.50
(s, 1H), 8.92 (s, 1H), 8.44 (m, 3H), 8.32 (s, 4H), 8.24 (s,
0.5H), 8.14 (m, 0.8H), 7.88 (m, 0.5H), 7.72 (s, 0.7H), 7.61 (d,
IH, J = 6.0 Hz), 675 (d, 1H, J = 6.0 Hz).’C NMR (75
MHz, DMSO-dg): & 113.80, 117.32, 118.54, 123.80 (2 x O),
124.37, 127.82, 129.75, 130.36, 130.66, 133.01, 142.18,
148.18, 148.54, 149.05, 154.96, 167.49, 167.69. MS (EI): m/e
=283 (M), 238, 192. Anal. Calcd. for C,4;HoN3O,: C, 56.43;
H, 3.28; N, 13.79. Found: C, 56.07; H, 3.67; N, 13.41.
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A synthetic approach involving a solubilizing protecting group strategy is described to generate pyr-
ido[2,3-d:6,5-d']dipyrimidine-2,4,6,8-tetrones functionalized at positions 1 and 9 with alkylamine

substitutents.

J. Heterocyclic Chem., 46, 79 (2009).

INTRODUCTION

Pyrido[2,3-d:6,5-d']dipyrimidine-2,4,6,8-tetrones (PDP)
4 illustrated in Scheme 1 are an interesting class of bian-
nulated pyridine compounds. Derivatives of 4 have been
shown to exhibit antibacterial and antiviral properties [1]
as well as NAD-type redox catalytic activity [2]. Solid-
state ribbons have also been described from the self-as-
sembly of an amine derivative of 4, which demonstrates
the potential of these heterocyclic compounds in supra-
molecular synthesis applications [3].

A typical synthetic scheme for these nitrogen-contain-
ing tricycles 4 is shown in Scheme 1 and begins with an
often low-yielding condensation reaction of functional-
ized urea 1 with cyanoacetic acid under thermal condi-
tions, followed by a base induced cyclization of 2 to
generate 6-amino-uracil 3 [4]. A second condensation
reaction between 3 and an electrophile such as triethyl
orthoformate [3] (or an aromatic aldehyde [5a], or di-
methyl sulfoxide [Sb]), generates the target compound 4
(Scheme 1).

As part of our research program on the hierarchical
self-assembly of a DNA-based GAC hybrid molecule
into rosette nanotubes in aqueous media [6], we required
PDP substrates 5 shown in Scheme 1, which were selec-
tively functionalized at positions 1 and 9 with a variety
of NHR? substituents such as L-Lysine. Given the harsh
conditions required to construct the intermediate 6-ami-
nouracil 3 and 4 (Scheme 1), we reasoned that it would
be best to introduce these amine substituents (some of
which would be incompatible with the acidic/basic con-

ditions) after the PDP core 4 was constructed. A conver-
gent strategy was therefore proposed as shown in
Scheme 2, whereby the desired PDPs 5 would be
derived from a common intermediate aldehyde 6 via a
reductive amination reaction with the requisite amines.
Aldehyde 6 would originate from an oxidative cleavage
of di-alkene 7, which in turn would be prepared from
urea 8 containing a robust allyl group. Herein we
describe the synthesis of 5 in detail, which required
overcoming some challenging solubility constraints.

RESULTS AND DISCUSSION

The synthesis of 5 commenced according to Scheme
3, by treating commercially available N-allyl urea (8)
with cyanoacetic acid and acetic anhydride at 85°C to
provide the condensed adduct 9. Cyclization of 9 in the
presence of 10% sodium hydroxide in a 2:1 mixture of
water and ethanol at 85°C generated uracil 10 with a
moderate 57% yield [4c]. Finally, treatment of 10 with
triethyl orthoformate in acetic acid under refluxing con-
ditions for 2 h provided the desired allyl functionalized
PDP adduct 7 in 80% yield [3]. Unfortunately, this
adduct was found to be insoluble in many common or-
ganic solvents such as dichloromethane, ether, tetrahy-
drofuran, acetone, and methanol and could only be
maintained in solution using dimethyl sulfoxide, reflux-
ing N,N-dimethylformamide (DMF), or pyridine. This
restricted our solvent choices for the subsequent two-
step  dihydroxylation/sodium  periodate  oxidative

© 2009 HeteroCorporation
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cleavage reaction for the preparation of 6. Diol forma-
tion was therefore attempted using catalytic osmium te-
troxide and an excess of 4-methyl-morpholine N-oxide
(NMO) co-oxidant in a mixture of dimethyl sulfoxide
and water, but only starting material was recovered.

To confer the required solubility to the PDP core 7,
various protecting groups (PGs) were installed on the
nitrogen atoms at positions 3 and 7. The benzoyl (Bz)
group was initially chosen and although it did afford the
required solubility to conduct the oxidative cleavage
reaction as illustrated in Scheme 4, the following reduc-
tive amination step of aldehyde 12 with protected lysine

Scheme 2
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in the presence of sodium triacetoxyborohydride and
N,N-diisopropylethylamine was very low yielding (5%).
This was attributed to the removal of the Bz group(s) on
12 under the basic conditions, which caused the result-
ing material to precipitate out of the solution prior to
undergoing the coupling reaction.

Scheme 4
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Scheme 5
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Base-stable benzyl (Bn) and p-methoxy benzyl (PMB)
PGs were subsequently installed on the PDP core 7
under standard conditions (Scheme 5). To ensure that
these groups could also be easily removed, the deprotec-
tion of 14 and 15 was attempted under radical (2,3-
dichloro-5,6-dicyano-p-benzoquinone, wet dichlorome-
thane, room temperature, 1 day), acidic (98% trifluoro-
acetic acid (TFA), 2 days) and hydrogenation (H,/
Pd(C), acetic acid, 20 psi) conditions. Surprisingly, only
starting material was recovered in all cases, except for
the latter, in which the allyl group was reduced. Only in
the presence of ceric (IV) ammonium nitrate in a 2:1
mixture of acetonitrile-water at room temperature for 14
h was the desired deprotected product 7 isolated,
although in a mere 50% and 68% yield from 14 and 15,
respectively.

As a result of these unsatisfactory deprotection yields
and limited conditions in which to remove the PMB/Bn
groups, a fourth N-PG, DMB (di-(4-methoxyphenyl)-
methyl) was also examined. Although it is less common
than other N-PGs [7], examples of its applications can
be found in amino acid [8a], allylic amine [8b], B-lac-
tam [8c], and urethane/uridine [8d] synthesis to name a
few. Gratifyingly, installation of DMB on compound 7
proceeded smoothly in the presence of sodium hydride
and di-(4-methoxyphenyl)methyl chloride [9] in N,N-
DMF to afford the bis-protected product 16 in quantita-
tive yield (Scheme 6). Solubility tests also confirmed
that 16 was soluble in a range of solvents such as ace-
tone, dichloromethane, dimethylsulfoxide, N,N-DMF and

Scheme 6

NaH (2.0 equiv.),
DBMCI (2.0 equiv.)

DMF, 0-25°C, 5 h, quant. W
7
100% TFA, room temperature 41\ /&
1 h,

90%

or
Ceric(lV) ammonium nitrate | 16 |
.0 equiv.
MeCN/H,0 (2:1),
room temperature
3.5h, 85%
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ether with heating. Furthermore, the DMB group was
easily removed under both acidic (100% TFA, room
temperature, 1 h) and oxidative conditions (ceric (IV)
ammonium nitrate, acetonitrile:water (2:1), room tem-
perature, 3.5 h) in excellent yields of 90% and 85%,
respectively (Scheme 6).

With this PG strategy in hand, the synthesis was con-
tinued from compound 16. Oxidative cleavage in the
presence of catalytic osmium tetroxide and NMO fol-
lowed by treatment with sodium periodate provided
aldehyde 17 in 80% yield for the two steps. Double
reductive amination of 17 with L-Lysine furnished the
coupled adduct 18 in 89% yield. Finally, treatment of
18 with a 94:6 v/v TFA:thioanisole solution ensured
complete removal of all six PGs (i.e., benzyloxycar-
bonyl (Cbz), trimethylsilyl (TMS) and DMB) and the
desired water-soluble PDP adduct 19 was obtained in
69% yield (~94% yield per PG).

In conclusion, a convergent synthetic strategy has
been developed to access PDP substrates functionalized
at positions 1 and 9 with amines such as r-lysine (i.e.,

Scheme 7

1.0.1 M Os0Oy4 (0.3 equiv.) in BUQH
50% NMO aq (6.0 equiv.), acetone/H,0 (4:1)
room temperature, 48 h

16
2. NalQ, (4.0 equiv.), CH,CI,/H,0 (4:1), room temperature
48 h, 80%, 2 steps
o} (0]
DMB N DMB  N-CBz-L-Lysine-OCH,CH,TMS

(2.5 equiv.
Na(OAc);BH (3.0 equiv.)
CICHZCHQCI room temperature
ﬁ
o}

8 h, 89%

M/g 94:6 v/v TFA:thiocanisole

room temperature

70 h, 69%
o] O
TMS\/\O NH HN/,,, O/\/TMS
NHCBz NHCBz
18
(0] 0]
HN = NH

0 H H 0
NH HN,,
HO " OH
19
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19) from the common intermediate aldehyde 17. Central
to this strategy is the protection of the nitrogen atoms at
positions 3 and 7 on compound 7 with the base-stable
DMB group. This PG provides the necessary solubility
to the parent compound for the alkene cleavage and
double reductive amination reactions and yet is suffi-
ciently labile on the PDP core under both oxidative and
acidic conditions for its eventual removal (Scheme 7).

EXPERIMENTAL

General. All commercial reagents and solvents were used
without further purification except for dichloroethane which
was purified on an MBraun solvent purification system. Reac-
tions were monitored by TLC analysis using silica-coated TLC
plates (Merck F 60254) and visualized under UV light. Flash
chromatography was carried out using Merck 60 (0.040-0.063
mm) or Merck 60 (0.063-0.2 mm) silica. 'H and '*C NMR
spectra were recorded on Varian Inova NMR spectrometers
(300, 400, 500, or 600 MHz) with the solvent as the internal
reference. The NMR data is presented as follows: chemical
shift, multiplicity, coupling constant, integration. The mass
spectra were performed at the Mass Spectrometry Laboratory
at the Department of Chemistry, University of Alberta, or at
the Analytical Laboratory of The National Institute for Nano-
technology, University of Alberta.

N-(Allylcarbamoyl)-2-cyanoacetamide (9). A mixture of all-
ylurea (104.8 g, 1.046 mol), cyanoacetic acid (89.03 g, 1.046
mol) and acetic anhydride (197.4 mL, 2.092 mol) was heated
for 3 h at 85°C. On cooling to room temperature, ether (530
mL) was added and the mixture was placed in an ice-bath for
2 h. The resulting solid was isolated, washed with ether and
dried on the high vacuum to yield 9 as a white powder
(C7HoN30,, 98 g, 58%). Ry = 0.6 (SiO,, 75% ethyl acetate/
hexane); mp 140.1-141.9°C; '"H NMR (300 MHz, DMSO-dg)
& (ppm): 10.56 (brs, 1H), 8.03 (brs, 1H), 5.83 (ddt, J = 17.1,
10.2, 5.1 Hz, 1H), 5.16-5.05 (m, 2H), 3.90 (s, 2H), 3.78 (ddd,
J = 5.1, 24, 1.5 Hz, 2H); °C NMR (125 MHz, DMSO-dy) §
(ppm): 165.0, 152.2, 134.9, 115.2, 115.0, 41.3, 26.7; MS: m/z
168.40 (M* + 1). Anal. Calcd. for C;HoN3O5: C, 50.29; H,
5.43; N, 25.14. Found: C, 49.90, H, 5.35, N, 24.83.

1-Allyl-6-aminopyrimidine-2,4(1H,3H)-dione (10). A mix-
ture of 9 (91 g, 0.54 mol) in water (248 mL) and ethanol (124
mL) was warmed to 85°C and slowly treated with 10% aque-
ous sodium hydroxide until a pH of 10 was obtained and the
starting material was fully dissolved. After 10 min, the desired
product 10 began to precipitate out of solution. The reaction
mixture was stirred for an additional 2 h at 85°C and then
treated with 1 N hydrochloric acid until the solution was
slightly acidic. On cooling to room temperature, the resulting
solid was isolated and dried on the high vaccum to furnish 10
as a white powder (C;HoN;O,, 51.5 g, 57%). Ry = 0.6 (SiO,,
20% methanol/dichloromethane); mp 271.2-273.1°C; '"H NMR
(400 MHz, DMSO-d) & (ppm): 10.38 (s, 1H), 6.71 (s, 2H),
5.79 (ddt, J = 17.2, 10.2, 4.5 Hz, 1H), 5.12-5.03 (m, 2H),
455 (s, 1H), 4.39-4.38 (m, 2H); *C NMR (125 MHz,
DMSO-dg) & (ppm): 162.5, 155.7, 151.0, 132.4, 115.7, 75.2,
42.5; HRMS: m/z 167.0699 (M™). Anal. Calcd. for C;HoN30,:
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C, 50.29; H, 5.43; N, 25.14. Found: C, 50.40, H, 5.39, N,
25.15.

1,9-Diallylpyrido[2,3-d:6,5-d |dipyrimidine-2,4,6,8 (1H, 3H,-
7H,9H)-tetrone (7). A mixture of 10 (51.5 g, 0.308 mol),
triethyl orthoformate (118 mL, 0.709 mol) and glacial acetic
acid (1.2 L, 21 mol) was heated to reflux for 2 h. After cooling
to room temperature, the precipitate was washed with glacial
acetic acid, isolated by filtration and dried under high vacuum
to provide 7 as a white solid (C;sH;3Ns04, 41.2 g, 80%). mp
= 351.6-353.2°C (decomposes); '"H NMR (500 MHz, DMSO-
de) & (ppm): 11.87 (s, 2H), 8.58 (s, 1H), 5.95-5.87 (m, 2H),
5.19-5.12 (m, 4H), 4.72-4.71 (m, 4H); °C NMR (125 MHz,
DMSO-dg) & (ppm): 160.1, 154.0, 150.1, 137.6, 132.3, 116.9,
106.7, 43.8; HRMS: m/z 327.0971 (M"). Anal. Calcd. for
C,5H3N504: C, 55.05; H, 4.00; N, 21.40. Found: C, 55.11, H,
4.03, N, 21.53.

1,9-Diallyl-3,7-(bis(4-methoxyphenyl)methyl)pyrido[2,3-d:6,5-
d'] dipyrimidine-2,4,6,8(1H,3H,7H ,9H)-tetrone (16). Compound
7 (1.3 g, 3.8 mmol) was slowly added to a mixture of NaH
(183 mg, 7.63 mmol) in N,N-DMF (26 mL) at 0°C. After stir-
ring for 1 h, di-(4-methoxyphenyl)methyl chloride (2.0 g, 7.6
mmol) was added and the reaction was slowly warmed to
room temperature and stirred for 5 h. After re-cooling to 0°C,
saturated aqueous ammonium chloride (50 mL) was added and
the product was extracted with dichloromethane (3x). The
combined organic phases were washed with water, dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo
to provide 16 as a white foam (C45H4;NsOg, 3.09 g, quantita-
tive yield). Ry = 0.8 (50% ethyl acetate/hexane). 'H NMR
(600 MHz, CD,Cl,) & (ppm): 9.06 (s, 1H), 7.36 (s, 2H), 7.33—
7.30 (m, 8H), 6.87-6.86 (m, 8H), 5.95 (ddt, J = 22, 10.8, 5.4
Hz, 2H), 5.24-5.20 (m, 4H), 4.88 (d, J = 5.5 Hz, 4H), 3.80 (s,
12H); >C NMR (125 MHz, CD,Cl,) & (ppm): 160.2, 159.3,
153.7, 150.6, 141.9, 132.0, 130.7, 130.3, 118.0, 113.7, 107.3,
59.9, 55.6, 45.7; MS: m/z 752.6 (M' + 1)-CoH3). Anal.
Calcd. for C45sH41NsOg: C, 69.31; H, 5.30; N, 8.98. Found: C,
69.68, H, 5.53, N, 8.74.

1,9-Diacetaldehyde-3,7-(bis(4-methoxyphenyl)methyl)pyr-
ido [2,3-d:6,5-d ]dipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetrone
(17). A solution of 16 (1 g, 1.3 mmol) in acetone/water (4:1,
50 mL) was treated with 50% aqueous N-methylmorpholine N-
oxide (1.9 mL, 7.8 mmol) at room temperature. After stirring
for 5 min, OsO4 (4 mL, 0.1M solution in ~BuOH, 0.4 mmol)
was added over a period of 5 min and the resulting solution
was stirred at room temperature for 48 h. Sodium sulfite
(~500 mg) was then added to quench the reaction and stirring
was continued for an additional 1 h. The solvent was subse-
quently removed under reduced pressure, water was added and
the product was extracted with dichloromethane (3x). The
combined organic phases were washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo
to provide 1.1 g of crude tetrol. Ry = 0.3 (5% methanol/
dichloromethane). A solution of the tetrol (1.1 g, 1.3 mmol)
and sodium periodate (1.11 g, 5.2 mmol) in dichloromethane:-
water (4:1, 200 mL) was stirred at room temperature for 48 h.
The organic layer was then separated, washed with water,
dried over anhydrous sodium sulfate, filtered, and concen-
trated. Purification by flash chromatography on silica gel (0—
2% methanol in dichloromethane) provided the desired product
which was subsequently re-dissolved in dichloromethane and

precipitated with hexane, filtered and dried under reduced
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dipyrimidine-2,4,6,8-tetrones

pressure to provide 17 (C43H37NsO,0, 812 mg, 80%) as a
white solid. Ry = 0.2 (90% ethyl acetate/hexane); mp 172.8—
173.9°C; 'H NMR (500 MHz, acetone-dg) & (ppm): 9.63 (s,
2H), 8.94 (s, 1H), 7.33-7.30 (m, 10H), 6.87-6.85 (m, 8H),
5.11 (s, 4H), 3.77 (s, 12H); °C NMR (125 MHz, acetone-ds)
S (ppm): 196.8, 161.1, 160.5, 154.8, 151.9, 142.3, 131.8,
131.4, 114.8, 108.6, 60.8, 56.1, 53.4; MS: m/z 784.6 (M™ +
1). Anal. Calcd. for C43H37NsO;o: C, 65.89; H, 4.76; N, 8.94.
Found: C, 65.98, H, 4.93, N, 8.60.

1,9-Di((S)-2-(trimethylsilyl) ethyl-2-amino-6-(benzyloxy-car-
bonylamino)hexanoate)-3,7-(bis(4-methoxyphenyl)methyl)pyr-
ido[2,3-d:6,5-d |dipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetrone
(18). A solution of 17 (200 mg, 0.26 mmol) in dichloroethane
(20 mL) was treated with N-Cbz-L-Lysine-OCH,CH,TMS (250
mg, 0.65 mmol) at room temperature. After stirring for 15
min, Na(AcO);BH (165 mg, 0.78 mmol) was added and stir-
ring was continued for an additional 48 h. The reaction was
then quenched with water and the product was extracted with
dichloromethane (2x). The combined organic layers were
washed successively with 10% aqueous citric acid, water, 5%
aqueous sodium bicarbonate and brine, dried over anhydrous
sodium sulfate. Concentration under reduced pressure followed
by purification by silica gel preparative thin layer chromatog-
raphy (90% ethyl acetate/hexane) yielded compound 18 as
white foam (C81H101N90163i2, 346 mg, 89%) R( =0.8 (90%
ethyl acetate/hexane); '"H NMR (600 MHz, CD,CL,) & (ppm):
9.02 (s, 1H), 7.34-7.29 (m, 20H), 6.85-6.84 (m, 8H), 5.03 (s,
4H), 4.98 (s, 2H), 4.35 (dt, J = 13.2, 6.6 Hz, 4H), 4.164.13
(m, 4H), 3.77 (s, 12H), 3.15 (t, J/ = 6.6 Hz, 2H), 3.06 (dt, J =
13.2, 6.6 Hz, 4H), 2.97 (dt, J = 13.0, 6.0 Hz, 2H), 2.80-2.76
(m, 2H), 2.0 (broad s, 2H), 1.60-1.25 (m, 12H), 0.96-0.93 (m,
4H), 0.02 (s, 18H) '*C NMR (150 MHz, CD,Cl,) & (ppm):
175.8, 160.4, 159.6 , 156.8, 154.2, 151.4, 141.9, 137.7, 131.0,
130.9, 130.5, 128.9, 128.5, 113.9, 107.5, 66.8, 63.4, 61.7, 60.0,
55.8, 46.1, 43.6, 41.4, 33.6, 30.2, 23.6, 17.9, —1.2; MS: m/z
1512.8 (MJr + 1) Anal. Calcd. for C81H101N9016Sizi C,
64.31; H, 6.73; N, 8.33. Found: C, 64.05, H, 6.78, N, 7.93.

1,9-Di((S)-2,6-diaminohexanoic acid)pyrido[2,3-d:6,5-
d']dipyrimidine-2,4,6,8 (1H,3H,7H,9H)-tetrone (19). A 94:6
v/v solution of TFA:thioanisole (10 mL) was added to 18 (70
mg, 0.046 mmol) at room temperature. After stirring for 70 h,
ether (50 mL) was added and the resulting precipitate was fil-
tered, washed with ether and dried under vacuum to provide
19 as a white solid (31 mg, 69%). "H NMR (500 MHz, D,0)
S (ppm): 8.93 (s, 1H), 4.69-4.65 (m, 4H), 3.82 (t, / = 6.5 Hz,
2H), 3.58-3.44 (m, 4H), 3.01 (t, / = 7.5 Hz, 4H), 2.02-1.90
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(m, 4H), 1.75-1.69 (m, 4H), 1.57-1.45 (m, 4H); *C NMR
(150 MHz, D,0) & (ppm): 173.1, 162.1, 154.8, 152.1, 140.2,
108.0, 62.6, 44.5, 39.3, 39.0, 29.6, 26.7, 21.8; HRMS: m/z
592.2838 (M"). Anal. Caled. for C,psHz/NoOg-3.2CF;.
COOH-0.5H,0: C, 39.06; H, 4.30; N, 13.06. Found: C, 38.66,
H, 4.69, N, 13.39.
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A number of benzo[c,d]indolium derivatives have been synthesized.
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INTRODUCTION

Cationic indolium and benzo-fused indolium moieties
are common heterocyclic end units in cyanine and other
polymethine dyes. As a general rule, the dyes containing
benzo[c,d]indolium systems are more stable and show a
batochromic shift in their electronic spectra in compari-
son with indolium, benzo[e]indolium, and benzo[g]indo-
lium counterparts [1,2]. Synthesis of several 1-substi-
tuted 2-methylbenzo[c,d]indolium salts and examples of
their use in the preparation of visible and near-infrared
dyes are described in this report. We have concentrated
on the chemistry of a hydrophobic N-butyl derivative 4
(Schemes 1 and 2) and its water-soluble analog 13
(Scheme 3). The common precursor to these compounds
is readily available 1,8-naphtholactam (1) [3,4].

RESULTS AND DISCUSSION

One of the synthetic routes to N-alkylbenzol[c,d]indo-
lium salts starting with 1 involves the intermediary of a
derivative 2 [5,6]. Following the well-established chemis-
try, compound 2 was alkylated with n-butyl bromide and
the resultant N-butyl derivative 3 was transformed to the
desired iodide salt 4 by treatment with a mixture of acetic
acid, hydrochloric acid, and potassium iodide. We found
that it is not necessary to purify the intermediate product
3 as the synthesis of 4 proceeds in high yield with crude
substrate 3. The 2-methyl group in 4 is activated toward a
reaction with a base such as pyridine to generate an inter-
mediate anhydrobase or an enamine by proton abstraction
(not shown). This intermediate product is nucleophilic
and, as such, can undergo a reaction with the electrophilic

Vilsmeier reagent derived from N,N-dimethylformamide
and phosphorus oxychloride (Scheme 1).

Interestingly, depending on conditions, two different
products are formed, namely an enamine 5§ or an unsatu-
rated aldehyde 7. The enamine S5 was independently
transformed to the aldehyde 7 by treatment with potas-
sium hydroxide in methanol under reflux conditions. Ei-
ther compound 5 or 7, can be efficiently condensed with
malononitrile to give a visible dye 6.

On the other hand, condensation of aldehyde 7 with
cyclohexanone under basic conditions furnished a bis(a-
minodien)one 8=O0 in low yield. This ketone is a visi-
ble dye (Anax = 645 nm) in methanol under neutral or
basic conditions. Under acidic conditions (pH < 2) dye
8=0 undergoes protonation at the carbonyl group with
the formation of a hydroxy-substituted cyanine 8—OH
that absorbs in the near-infrared region (Aj.x = 915
nm). The ketone/cyanine conversions are fully reversi-
ble, depending solely on pH conditions. Although the
cyanine 8—OH absorbs mainly in the invisible near-
infrared region, it shows a residual absorption of low in-
tensity in the visible region and is pink to the naked
eye. The color change from deep dirty-green at basic or
neutral pH to beautiful light-pink at low pH is quite dra-
matic. It should be noted that an attempted condensation
of enamine 5 with cyclohexanone under conditions simi-
lar to those indicated above failed to produce dye 8=0.

A different synthetic route to the dye system 8=0/8—OH
is presented in Scheme 2. We have previously used this
approach for the synthesis of other pH-sensitive dyes [7].

In this two-step preparation the substrate 4 was
treated with the Vilsmeier-Haack reagent 9 [8] in acetic
anhydride in the presence of sodium acetate as a base

© 2009 HeteroCorporation
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catalyst to furnish a chloro-substituted cyanine 10,
which then was transformed to 8=O by the reaction
with N-hydroxysuccinimide. The mechanism of this
highly efficient transformation has been discussed previ-
ously [7]. This synthesis of 8=0 (Scheme 2) is more
efficient and experimentally simpler than that shown in
Scheme 1. Because of the high efficiency it was not
necessary to purify the intermediate dye 10. The final
product 8=O0 was obtained in an analytically pure form
by using simple crystallization.

The synthesis of a water soluble pH-sensitive system
15=0/15—0H is given in Scheme 3. The aqueous sol-

Scheme 2
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ubility is provided by the presence of sulfonate groups.
As with other preparations discussed above, the starting
material is 1,8-naphtholactam (1). Compound 1 was
alkylated by the reaction with 1,4-butanesultone to give
a sulfonatobutyl derivative 11, the subsequent treatment
of which with methylmagnesium chloride furnished the
indolium product 13 [9]. The latter Grignard addition
reaction gave compound 13 in low yield, which is due
to low solubility of the potassium salt 11 in solvents
suitable for organometallic reactions. This problem was
overcome by transformation of the potassium salt 11 to
a highly soluble tetrabutylammonium salt 12. The reac-
tion of 12 with methylmagnesium chloride in tetrahydro-
furan furnished the desired product 13 in 85% yield.
The subsequent construction of the dye system 15=0/
15—OH is similar to that of 8=0/8—OH. The
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difference is in the use of a sulfonatobutyl derivative 13
(Scheme 3) rather than a butyl derivative 4 (Scheme 2)
for the condensation reaction with the Vilsmeier-Haack
reagent 9.

Since compounds 8 and 15 share the same chromo-
phore, they show virtually identical spectral properties
that depend on pH conditions. The transition ketone/cya-
nine for both 8 and 15 is characterized by pK, = 2, as
obtained by spectrophotometric titrations.

EXPERIMENTAL

1-Butyl-2-methylbenzo| ¢,d]indolium iodide, 4. Conversion
of the commercial substrate 1 to 2-(2,2-dimethyl-4,6-dioxo-
1,3-dioxan-5-ylidene)1H-benzo[c,d]indole (2), alkylation of 2
with n-butyl bromide to give 3, and then the treatment of
crude product 3 with a mixture of acetic acid, hydrochloric
acid and potassium iodide to give the desired salt 4 were con-
ducted by using general procedures for the preparation of simi-
lar derivatives [5,6]. After crystallization from ethanol/water
(1:5), compound 4 was obtained in a total yield of 40% start-
ing from 1, mp > 300°C; 'H NMR (deuteriochloroform): &
0.95 (t, J = 7 Hz, 3H), 1.45 (m, 2H), 1.78 (m, 2H), 3.20 (s,
3H), 4.17 (t, J = 7 Hz, 2H), 7.07 (d, J = 8 Hz, 1H), 7.47 (t, J
= 8 Hz, 1H), 7.59 (d, J = 8 Hz, 1H), 7.87 (t, / = 8 Hz, 1H),
8.02 (d, J = 8 Hz, 1H), 9.10 (d, J = 8 Hz, 1H). Anal. Calcd.
for CigH;gIN: C, 54.71; H, 5.17; N, 3.99. Found: C, 54.80; H,
5.13; N, 4.06.

1-Butyl-2-(2-dimethylaminovinyl)benzo[ ¢,d]indolium iodide,
5. N,N-Dimethylformamide (1.0 mL) was cooled to 0°C and
treated dropwise with phosphorus oxychloride (0.21 mL, 2.3
mmol) and then with a solution of salt 4 (0.35 g, 1.0 mmol)
and pyridine (0.2 mL) in N,N-dimethylformamide (2.0 mL).
The mixture was heated to 65°C for 40 min, then treated with
an aqueous solution of potassium hydroxide (60%, 1 mL) and
heated to 45°C for an additional 30 min. Extraction with
dichloromethane (4 x 10 mL) followed by concentration of
the extract and silica gel chromatography of the residue eluting
with dichloromethane/methanol (19:1) gave 0.28 g (70%) of 5;
mp 182-183°C; '"H NMR (deuteriochloroform): & 0.95 (t, J =
8 Hz, 3H), 1.45 (m, 2H), 1.78 (m, 2H), 3.47 (s, 3H), 3.86 (s,
3H), 4.17 (t, / = 8 Hz, 2H), 5.87 (d, J/ = 12 Hz, 1H), 7.07 (d,
J = 8 Hz, 1H), 7.47 (t, / = 8 Hz, 1H), 7.59 (d, / = 8 Hz,
1H), 7.87 (t, / = 8 Hz, 1H), 8.02 (d, / = 8 Hz, 1H), 8.96 (d, J
= 12 Hz, 1H), 9.10 (d, / = 8 Hz, 1H); ms (esi): m/z 279
(M™). Anal. Calcd. for C,oHo3IN,: C, 56.17; H, 5.71; N, 6.89.
Found: C, 56,05; H, 5.72; N, 6.83.

[2-(1-Butyl-1,2-dihydrobenzo[c,d]indol-2-ylidene)ethyli-
dene]malononitrile, 6. A solution of salt 5 (63 mg, 0.15
mmol), malononitrile (15 mg, 0.22 mmol) and sodium acetate
(16 mg, 0.20 mmol) in anhydrous ethanol (15 mL) was heated
under reflux for 1 h. Silica gel chromatography eluting with
hexanes/dichloromethane (5:1) gave 27 mg (60%) of 6; mp
180-181°C; 'H NMR (deuteriochloroform): & 1.00 (t, J = 7
Hz, 3H), 1.46 (m, 2H), 1.80 (m, 2H), 4.01 (t, / = 7 Hz, 2H),
6.25 (d, J = 9 Hz, 1H), 6.99 (m, 1H), 7.52 (m, 2H), 7.74 (t, J
= 8 Hz, 1H), 8.00 (d, / = 8 Hz, 1H), 8.10 (d, / = 8 Hz, 1H),
8.32 (d, J = 9 Hz, 1H); ms (maldi) m/z 299 (M) and 300
(MT + 1); vis: Apax in methanol, 519 nm and 556 nm. Anal.
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Calcd. For C,oH7N3: C, 80.24; H, 5.72; N, 14.04. Found: C,
80.22; H, 5.75; N, 13.91.
(1-Butyl-1,2-dihydrobenzo[c,d]indol-2-ylidene)acetalde-
hyde, 7. N,N-Dimethylformamide (1 mL) was stirred at 10°C
and treated dropwise with phosphorus oxychloride (0.21 mL,
2.3 mmol) and then with a solution of 4 (1.9 g, 0.54 mmol)
and pyridine (0.6 mL) in N,N-dimethylformamide (2 mL). The
mixture was heated to 80°C for 40 min, then treated with an
aqueous solution of potassium hydroxide (60%, 2.5 mL) and
heated to 80°C for an additional 90 min. After cooling the
mixture was extracted with dichloromethane (4 x 10 mL), the
extracts were concentrated, and the residue was purified by
silica gel chromatography eluting with dichloromethane/metha-
nol (19:1) to furnish 1.6 g (65%) of 7; mp 104-105°C; 'H
NMR (deuteriochloroform): 6 0.93 (t, J = 7 Hz, 3H), 1.39 (m,
2H), 1.66 (m, 2H), 4.00 (t, / = 7 Hz, 2H), 5.85 (d, / = 8 Hz,
1H), 7.12 (t, J = 8 Hz, 1H), 7.52 (m, 2H), 7.74 (t, /] = 8 Hz,
1H), 8.07 (d, / = 8 Hz, 1H), 8.60 (d, J = 8 Hz, 1H), 10.33 (d,
J = 8 Hz, 1H); ms (esi): m/z 252 (M"). Anal. Calcd. for
C;7HgNO: C, 80.92; H, 7.19; N, 5.55. Found: C, 81.05; H,
6.88; N, 5.56.
2,6-Bis[(1-ethyl-1,2-dihydrobenzo[c,d]indol-2-ylidene)e-
thylidene]cyclohexanone, 8=0. A solution of potassium tert-
butoxide (116 mg, 1 mmol) in ferz-butanol (15 mL) was stirred
under a nitrogen atmosphere and treated with the aldehyde 7
(150 mL, 0.67 mmol) and cyclohexanone (0.34 pL, 0.33
mmol). The mixture was heated under reflux for 12 h, then
cooled and quenched with water (1.0 mL). The resultant pre-
cipitate was collected by filtration, washed with water and
cold methanol, and dried under reduced pressure at 23°C; yield
54 mg (29%); mp 188-190°C; 'H NMR (deuteriochloroform):
& 1.00 (m, 6H), 1.48 (m, 4H), 1.80 (m, 4H), 1.99 (m, 2H),
2.79 (m, 4H), 3.88 (m, 4H), 6.06 (d, J = 13 Hz, 2H), 6.68 (d,
J = 8 Hz, 2H), 7.29 (d, J = 8 Hz, 2H), 7.40 (t, / = 8 Hz,
2H), 7.65 (t, J = 8 Hz, 2H), 7.77 (d, J/ = 8 Hz, 2H), 8.42 (d, J
= 8 Hz, 2H), 8.77 (d, J/ = 8 Hz, 2H); vis: Amax in methanol,
645 nm (¢ 50800 M~ cm™Y); nir: Amay in methanol with one
drop of concentrated hydrochloric acid (pH < 2, 8—OH), 915
nm (¢ 142000 M~" ecm™"). Anal. Caled. for CsoHsN,0: C,
85.06; H, 7.13; N, 4.96. Found: C, 85.33; H, 7.12; N, 4.95.
Alternative synthesis of 8=0. The Vilsmeier-Haack rea-
gent 9 was obtained as reported previously [8]. Condensation
of 9 with 4 was conducted in ethanol in the presence of so-
dium acetate by using a general procedure [10]. Crude product
10 was collected as a precipitate after treatment of the mixture
with ether (nir: Ay, in methanol, 1025 nm) and used for the
subsequent transformation to 8=0O without purification. Thus,
crude dye 10, obtained from 351 mg (1.0 mmol) of 4, was dis-
solved in anhydrous N,N-dimethylformamide (15 mL), and this
solution was treated with N-hydroxysuccinimide (0.33 g, 2.9
mmol) and triethylamine (0.5 mL) under a nitrogen atmos-
phere. The mixture was stirred at 23°C under nitrogen for 10 h
and then diluted with ether (35 mL), which caused precipita-
tion of 8=0. The product was crystallized by dropwise dilu-
tion of a solution in methanol with tert-butyl methyl ether;
yield 338 mg (60%) from 4. The spectral characteristics of
8=0 thus obtained were virtually identical with those reported
above.
1-(4-Sulfonatobutyl)-1,2-dihydrobenzo|[c,d]indol-2-one,
potassium salt, 11. This compound was obtained by the fol-
lowing modification of the published procedure [9] which did
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not include any characterization of the product. A mixture of 1
(1.69 g, 10 mmol), powdered potassium hydroxide (1.12 g, 20
mmol), and N-methyl-2-pyrrolidone (5 mL) was stirred at
23°C for 15 min and then treated with 1,4-butanesultone (1.49
g, 11 mmol). The mixture was stirred at 80°C for an additional
10 h, then cooled and treated dropwise with acetone (25 mL),
which caused crystallization of product 11; yield 3.26 g
(95%); mp 235-240°C; '"H NMR (deuterated dimethyl sulfox-
ide): 6 1.63 (t, J = 7 Hz, 2H), 1.78 (m, 2H), 2.45 (m, 2H),
390 (t, J =7 Hz, 2H), 7.24 (d,J = 7 Hz, 1H), 7.56 (t, J = 8
Hz, 1H), 7.65 (d, J = 8 Hz, 1H), 7.82 (t, J/ = 8 Hz, 1H), 8.06
(d, J = 8Hz, 1H), 8.20 (d, J/ = 8 Hz, 1H). High-resolution ms
(esi, negative ion mode): caled. for C;sH4NO,S, m/z
304.0643 (M™); found m/z 304.0655.

1-(4-Sulfonatobutyl)-1,2-dihydrobenzo[c,d]indol-2-one,
tetrabutylammonium salt, 12. This compound was obtained
by the following modification of the published procedure [9]
which did not include any characterization of the product. A
mixture of salt 11 (3.0 g, 10 mmol) and tetrabutylammonium
chloride (3.1 g, 11 mmol) in acetic acid (10 mL) was stirred at
90°C, treated dropwise with ethyl acetate, cooled, and filtered
from the precipitate of potassium chloride. The filtrate was
concentrated on a rotary evaporator and the oily residue was
dissolved in dry toluene (50 mL). The azeotropic removal of
traces of water by concentration on a rotary evaporator gave
salt 12 (5.0 g, 93%) as a viscous oil; '"H NMR (deuterated di-
methyl sulfoxide): 6 0.99 (t, / = 8 Hz, 12H), 1.43 (m, 8H),
1.65 (m, 8H), 1.95 (m, 4H), 2.90 (m, 2H), 3.27 (t, / = 8 Hz,
8H), 3.94 (t, J = 7 Hz), 6.98 (d, / = 7 Hz, 1H), 7.18 (d, J =
7 Hz, 1H), 7.25 (d, J = 7 Hz, 1H), 7.50 (m, 2H), 7.69 (t, J =
7 Hz, 1H), 8.02 (t, J = 7 Hz, 1H). High-resolution ms (esi,
negative ion mode): caled. for C;sH;4,NO,S (M™) , m/z
304.0643 ; found 304.0640.

1-(4-Sulfonatobutyl)-2-methylbenzo[c,d]indolium inner salt,
13. This compound was obtained by the following modifica-
tion of the published procedure [9] which did not include any
characterization of the product. Methylmagnesium chloride
(3.0M solution in tetrahydrofuran, 15.0 mL, 45 mmol) was
added dropwise to a stirred solution of salt 12 (5.46 g, 10
mmol) in anhydrous tetrahydrofuran under a nitrogen atmos-
phere. The mixture was stirred at 60°C for 1 h, then cooled,
neutralized by dropwise addition of 3M hydrochloric acid, and
consecutively diluted with ethanol (30 mL) and ether (30 mL).
Cooling to 0°C for several hours resulted in crystallization of
product 13; yield 2.58 g (85%); mp 143-145°; '"H NMR (deu-
terium oxide): & 1.77 (t, J = 8 Hz, 2H), 2.03 (m, 2H), 2.84
(m, 2H), 3.01 (s, 3H), 4.50, (t, J = 8 Hz, 2H), 7.72 (t, J = 8
Hz, 1H), 7.84 (t, / = 8 Hz, 1H), 8.08 (m, 2H), 8.42 (d,J = 8
Hz, 1H), 8.50 (d, / = 8 Hz, 1H). High-resolution ms (maldi):
caled. for C;gH sNOsS (MT + 1), m/z 304.1007; found m/z
304.1015.

Cyanine dye 14. A solution of inner salt 13 (303 mg, 1
mmol) Vilsmeier-Haack reagent 9 [8] (180 mg, 0.5 mmol),
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and sodium acetate (82 mg, 1 mmol) in acetic anhydride (20
mL) was heated under reflux for 8 h, then cooled and treated
with ether (30 mL). The resultant precipitate of cyanine 14
was crystallized from methanol/ether; yield 115 mg (30%); mp
> 300°C; 'H NMR (deuterated dimethyl sulfoxide): & 1.82 (m,
14H), 2.83 (t, / = 7 Hz, 4H), 4.01 (t, / = 7 Hz, 4H), 6.20 (d,
J = 13 Hz, 2H), 6.88 (d, / = 7 Hz, 2H), 7.29 (d, J/ = 7 Hz,
2H), 7.42 (t, J = 7 Hz, 2H), 7.73 (t, / = 7 Hz, 2H), 7.84 (d, J
= 7 Hz, 2H), 8.04 (d, J = 7 Hz, 2H), 8.37 (d, J = 13 Hg,
2H); nir: Ay, in methanol, 1013 nm. High-resolution ms (esi,
negative ion mode): calcd. for C40H3g35C1N206S2 M™), m/z
741.1860; found m/z 741.1871.

2,6-Bis[2-[1-(sodium4-sulfonatobutyl)-1,2-dihydrobenzo-
[c,dlindol-2-ylidene)]ethylidene]cyclohexanone, 15=QO. Cyanine
14 was allowed to react with N-hydroxy-succinimide in the
presence of triethylamine in N,N-dimethylformamide as
described above for a similar transformation of 10 to 8=O.
Product 15=0 was precipitated by addition of ether and crys-
tallized from methanol/ether; yield 115 mg starting with 150
mg of 14 (77%); mp > 300°C; '"H NMR (deuterated dimethyl
sulfoxide): & 1.86 (m, 14H), 2.85 (t, J = 7 Hz, 4H), 4.02 (t, J
= 7 Hz, 4H), 6.20 (d, J = 13 Hz, 2H), 6.90 (d, / = 7 Hgz,
2H), 7.32 (d, J/ = 7 Hz, 2H), 7.45 (t, J = 7 Hz, 2H), 7.75 (t, J
=7 Hz, 2H), 7.87 (d, J = 7 Hz, 2H), 8.06 (d, J = 7 Hz, 2H),
8.42 (d, J = 7 Hz, 2H); vis: Aqmax in methanol, 645 nm (e
50800 M~! cmfl); nir: Apg. in methanol with one drop of
concentrated hydrochloric acid (pH < 2, 15—OH), 914 nm (¢
142000 M~' ecm™"). High-resolution ms (maldi, negative ion
mode): calcd. for C4H39N,O,S, (M~ + 1), m/z 723.2199;
found m/z 723.2234.
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The reactivity of 3,4-diamino-1,2,5-oxadiazole (2) toward nucleophilic substitution of 3,6-bis(3,5-
dimethylpyrazol-1yl)-1,2,4,5-tetrazine (1) was studied. A new class of high nitrogen heterocyclic sys-
tems was prepared. It was determined that 3,4-diamino-1,2,5-oxadiazole did not display the required
nucleophilicity to be reactive. However, the anion of 3,4-diamino-1,2,5-oxadiazole, prepared by treat-
ment with strong base, was sufficiently reactive to act as a nucleophile.

J. Heterocyclic Chem., 46, 88 (2009).

INTRODUCTION

High nitrogen heterocyclic systems have seen increas-
ing interest over the past decade due to their potential
utility in numerous applications, such as propellants,
explosives, and pyrotechnics [1-4]. We have primarily
focused on the investigation of tetrazines [5-9] and
1,2,5-oxadiazoles [9] in the past, but had not combined
the two heterocycles into a new heterocyclic system.
Nucleophilic substitutions of tetrazines, in particular
3,6-bis(3,5-dimethylpyrazol-1yl)-1,2,4,5-tetrazine (1),
have been studied extensively by us [10] and others
[11,12]. Additionally, the nucleophilicity of 3.4-dia-
mino-1,2,5-oxadiazole (2) has been studied as well [13],
but there exist no literature examples describing the
reactivity of 1 with 2 or any other tetrazine. We began
our investigations by studying the substitution reaction
of 1 with 2. We wish to report here that we have been
successful in identifying conditions that allow us to pre-
pare the desired tetrazine-oxadiazole heterocyclic sys-
tems in good yield. We have also confirmed the struc-
ture through X-ray crystallography.

RESULTS AND DISCUSSION

Our initial efforts toward the synthesis of 3 involved
the reaction of 1 and 2 in refluxing acetonitrile (Scheme
1). Unfortunately, no reaction was observed even after 2
days. More polar solvents, such as dimethylformamide

(DMF) were also investigated, but only trace amounts of
product was observed by thin layer chromatography.
Because of these setbacks, we focused on an approach
we employed recently [5]. In this approach, we reported
the synthesis of some new high nitrogen materials by
reacting with the anion of nitroguanidine with 1 in
methanol. The success of this chemistry led us to inves-
tigate whether similar conditions might be applicable
with 1 and 2.

As shown in Scheme 1, our strategy involved the
deprotonation of 2 with sodium hydride in DMF. Our
ultimate goal was to prepare 3 and as such, we
employed two equivalents of 2. When the reaction was
performed at ambient temperature, we observed the
complete conversion of 1 to a new product after a few
hours as analyzed by thin layer chromatography. Isola-
tion and analysis of the product showed that the material
isolated was the mono-substituted product 4.

It was believed that as the product 4 began to form,
an acidic proton was generated, in the form of the oxa-
diazol-ylamino proton. This acidic proton serves to neu-
tralize the anion of 2, thus resulting in an unreactive
form of 2. We subsequently reasoned that the addition
of more equivalents of the anion of 2 would allow for
complete conversion of the intermediate 1 to 3.

Indeed, when four equivalents of the anion of are
generated in DMF by the reaction of sodium hydride
and 2, followed by the addition of 1 at ambient tempera-
ture, complete conversion of intermediate 4 to product 3

© 2009 HeteroCorporation
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was observed. To isolate the product, the reaction was
quenched by pouring into ice water and acidifying to
pH = 1 (Scheme 2). Compound 3 was determined to be
very thermally stable and doesn’t begin to decompose
until 280°C. An alternative approach that was equally
successful was the use of two equivalents of 2 and four
equivalents of sodium hydride.

X-ray quality crystals were grown from DMSO with
slow diffusion of water. A crystal structure was deter-
mined for bis-substituted product 3 and is shown in Fig-
ure 1. The crystals obtained were a DMSO solvate con-
taining two DMSO molecules and one molecule of 3.

Interestingly, as shown in Scheme 3, a bis-tetrazine
substituted 1,2,5 oxadiazole can be prepared by using
two equivalents of 1 and only one equivalent of 2.
Although these new heterocycles contain a large per-
centage of nitrogen, they are not energetic materials.
They are insensitive to impact, spark and friction. Each
of these new heterocyclic molecules will now be investi-
gated as potential starting materials for new high-nitro-
gen energetic materials.

EXPERIMENTAL

3-(3,5-Dimethylpyrazol-1yl), 6-(3-amino-1,2,5-oxadiazol-4-
ylamino)-1,2,4,5-tetrazine (4). To dimethylformamde (10 mL)
was added 70 mg of NaH (60% dispersion in oil, 1.7 mmol),
and 100 mg of 3,4-diamino-1,2,5-oxadiazole (1 mmol). The
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Figure 1. View of 3 showing the labeling of the nonhydrogen atoms.
Thermal ellipsoids are shown at the 50% probability level. [Color fig-
ure can be viewed in the online issue, which is available at www.
interscience.wiley.com.]

mixture was stirred at 23°C for 30 min. To the reaction mix-
ture, 135 mg of 1 (0.5 mmol) was added. The reaction was
then stirred at 23°C for 30 min. After this time 1 was com-
pletely consumed. The reaction mixture was then poured into
ice water and acidified to pH = 1. The reaction was allowed
to stand at 5°C for 16 h and a red precipitate formed. The ma-
terial was collected by filtration, washed with water and air
dried to provide 200 mg (73%), mp 87-89°C; IR (v, cm )
3477, 3354, 3227, 2925, 2851, 1646, 1609, 1581, 1558, 1527,
1450, 1417, 1323, 1262, 1082, 1049, 1025, 976, 955, 833,
800, 563. '"H NMR (deuteriochloroform, ppm): & 2.23 (s, 3H),
243 (s, 3H), 6.2 (s, 2H), 6.25 (s, 1H), 11.42 (s, 1H); *C
NMR (deuteriodimethyl sulfoxide): & 12.84, 13.37, 109.58,

Scheme 3

=
—

Z

=
z
zZ=Z ;
- )
Z—Z

Py H.N NI
NH
X N
R T A R . oy G
\f 7 DME, 23 °C NN un

Z

z—Z

s

N
N’ 2
)\J/

1

—
)\/<Z
~_7
4

DOI 10.1002/jhet



90 D. E. Chavez and D. A. Parrish

142.01, 143.37, 151.13, 152.36, 157.88, 159.98. Anal. Calcd.
for CoH;oN0O: C, 39.43; H, 3.68; N, 51.07. Found: C, 39.47;
H, 3.65; N, 51.04.

3,4-Bis[6-(3,5-dimethylpyrazol-1yl)-1,2,4,5-tetrazin-6-yla-
mino]-1,2,5-oxadiazole (5). To a mixture of 540 mg of 1
(2.0 mmol) and 100 mg of 3,4-diamino-1,2,5-oxadiazole (1 mmol)
in 5 mL of DMF was added 140 mg of NaH (60% disper-
sion in oil, 3.4 mmol) at 23°C. The reaction mixture was
allowed to stir for 1 h. The reaction mixture was poured
into 20 mL of water, acidified to pH = 1, the solid col-
lected by filtration and washed with water to give a orange
product 202 mg (45%), mp 196°C (dec); IR (v, em )
3228, 3056, 2986, 2933, 1577, 1480, 1421, 1274, 1077,
1047, 1027, 971, 951, 801, 568. 'H NMR (deuterioacetoni-
trile, ppm): & 2.27 (s, 6H), 2.52 (s, 6H), 6.20 (s, 2H), 9.63
(bs, 2H). '*C NMR (deuterioacetonitrile): & 13.72, 13.74,
111.20, 143.97, 147.01, 153.69, 159.81, 161.06. Anal. Calcd.
for C;cH14N;cO: C, 43.05; H, 3.16; N, 50.20. Found: C,
43.06; H, 3.17; N, 50.19.

3,6-Bis(3-amino-1,2,5-oxadiazol-4-ylamino)-1,2,4,5-tetrazine
(3). To a solution of 3.0 g (60% dispersion in oil, 75 mmol) of
NaH in 50 mL of DMF was added 2.0 g (20 mmol) of 2. The
mixture was allowed to stir at 25°C for 30 min. A total of 1.35 g
(5.0 mmol) of 1 was then added in one portion and the reaction
allowed to stir at 25°C for 1 h. The reaction mixture was then
poured into 200 mL of water and acidified to pH = 1. A red pre-
cipitate formed, the mixture was cooled in an ice bath, the solid
collected by filtration and the orange-red solid was washed with
water and air-dried to give 1.27 g (91%), mp 280°C (dec); IR (v,
em™") 3391, 3329, 3260, 3080, 2953, 2921, 2851, 1642, 1634,
1511, 1446, 1421, 1307, 1262, 1074, 1008, 980, 861, 812. 'H
NMR (deuteriodimethylsulfoxide): 6 6.15 (bs, 4H), 10.8 (s, 2H);
C NMR (deuteriodimethylsulfoxide): & 143.71, 151.76,
158.78. Anal. Calcd. for CéHgN,0,: C, 25.9; H, 2.17; N, 60.42.
Found: C, 25.5; H, 2.19; N, 60.44.

Single-crystal X-ray diffraction analysis of 3.
cl()ngleO%Sz, Fw = 4344§, monoclinic, POZI/C’ a =
10.1881(8) A, b = 19.4198(15) A, ¢ = 9.9515(8) A, o = 90°,
B = 114.649(2)°, v = 90°, V = 1789.5(2) A3 7 =4, Peale =
1.613 mg/m®, p = 0.186 mm ™", F(000) = 904, R, = 0.0456 for
3369 observed (I > 2ol) reflections and 0.0545 for all 3680
reflections, Goodness-of-fit = 1.095, 253 parameters.

A thin red/orange plate of dimensions 0.56 mm x 0.21 mm x
0.007 mm was mounted on glass fiber using a small amount of
Cargille immersion oil. Data were collected at the Advanced
Photon Source in Argonne National Laboratory. A Bruker three-
circle platform diffractometer equipped with a SMART 6000
CCD detector was used to collect the data. An Oxford Cryojet
low temperature device was used to keep the crystals at a con-
stant 103(2) K during data collection.

Data collection was performed and the unit cell was initially
refined using SMART v5.625 [14]. Data reduction was per-
formed using SAINT v6.36A [15] and XPREP v6.12 [16]. Cor-
rections were applied for Lorentz, polarization, and absorption
effects using SADABS v2.03 [17]. The structure was solved
and refined with the aid of the programs in the SHELXTL-plus

Journal of Heterocyclic Chemistry

Vol 46

v6.10 system of programs [18]. The full-matrix least-squares
refinement on F2 included atomic coordinates and anisotropic
thermal parameters for all non-H atoms. The H atoms were
included using a riding model.

CCDC 685362 contains the supplementary crystallographic
data for this article. These data can be obtained free of charge
from the Cambridge Crystallographic Data Centre via www.
ccde.cam.ac.uk/data_request/cif.
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2-Aminothiophenol and a variety of aryl aldehydes were allowed to react in one-pot operation to give
2-aryl-benzothiazoles in excellent yields in the presence of Dowex 50W in water. Very high yields
coupled with the ease of work-up procedure, formation of no side products, employment of “‘reusable”
catalyst, and ““green” synthesis in aqueous medium without maintaining anhydrous reaction conditions

are the most important aspects of this methodology.

J. Heterocyclic Chem., 46, 91 (2009).

INTRODUCTION

The 2-substituted benzothiazole moiety is particularly
very interesting in the area of medicinal and organic
chemistry. The benzothiazolyl system possesses highly
selective and potent antitumor activity. An example is
that of substituted 2-(4-aminophenyl)-benzothiazoles,
which show nanomolar inhibitory in vitro activity
against a wide range of human breast, ovarian, colon,
and renal cell lines [1]. Another such compound that
shows potent and selective inhibitory activity against
lung, colon, and breast cancer cell lines is 2-(3,4-dime-
thoxyphenyl)-5-fluorobenzothiazole [2]. Also, the 2-(4-
dimethylaminophenyl)-benzothiazole is an integral com-
ponent used for the treatment of Alzheimer’s disease
[3]. The presence of the benzothiazole nucleus is essen-
tial in the thermally stable rigid-rod polymers with high
tensile strength and modulus [4]. Thus, the synthesis of
this benzothiazole moiety is always a great challenge.

A number of synthetic routes are available for the
construction of the benzothiazole nucleus. Among
them, the most common ones being the condensation of
2-aminothiophenols with substituted carboxylic acids,
acyl chlorides, aldehydes, and nitriles [5]. An alternate
method includes potassium ferricyanide cyclization of
thiobenzanilides (Jacobson’s method [6]). Solvent-free
synthesis of benzothiazoles under microwave irradiation
in the presence of silica gel is also known [7a]. Very
recently, the synthesis of this moiety under microwaves
in absence of any catalyst has been reported by us [7b].
Most of these methods employ costly reagents and per-
fectly dry reaction conditions or the use of microwaves.
Thus, a truly efficient diverse green synthetic scheme of

such an important organic moiety in aqueous medium
still needs to be explored.

RESULTS AND DISCUSSION

It has been recently reported from our laboratory [8]
that Dowex 50W has proved to be a very effective and
efficient catalyst for the construction of the 4-aryl-dihy-
dropyrimidone nucleus. On the basis of such observa-
tion, we chose the sulfonic acid resin Dowex 50W in
aqueous medium for the construction of the benzothia-
zole ring. Thus, a variety of aromatic aldehydes (1)
were coupled with 2-aminothiophenol (2) in the pres-
ence of 10 mol % of Dowex 50W in water in a one-pot
operation for the first time to synthesize the 2-substi-
tuted benzothiazoles (3) (Scheme 1, Table 1) in excel-
lent yields. Water proved to be the best medium for this
reaction. The yields of the products decreased on per-
forming the reaction in water-methanol, water-ethanol,
or water-tetrahydrofuran mixed solvents (all 50:50 by
volume).

The advantages of using Dowex 50W are as follows:
(a) it can be reused at least three times without

Scheme 1
7 1 5 3
SH CHO 6 S, —
| \ Dowex 50W 2y 4
| e
70°C / \ /
NH / / water 5 N |
2 R 7 3 6 g 5
2 1 3
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Table 1
Synthesis of 2-arylbenzothiazoles by Dowex 50W in water under aerial oxygen.
Entry R (1) Time (h) Yield (%) (3) Observed mp (°C) Reported mp (°C) References
1 a: H 12 a: 85 112-114 114-115 [5a,10]
2 b: 4-OMe 10 b: 89 120-121 121-122 [5a,10]
3 c: 2-OMe 08 c: 83 101-103 101-102 [7]
4 d: 3-NO, 08 d: 88 181-182 183-185 [5b]
5 e: 4-Cl 12 e: 90 115-117 117-118 [5a,11]
6 f: 4-NO, 06 f: 87 228-230 229-230 [5a,7]
7 g: 4-OH 10 2: 92 225-226 227-228 [7]
8 h: 3-OH 12 h: 86 161-163 160-162 [12]
9 i: 3-OMe- 4-OH 10 i: 90 162-164 161-163 [12]
10 j: 3-Br 08 j: 92 84-86 83-84 [13]
11 k: 4-N(CHs;), 10 k: 88 160-162 160-161 [3]
12 1: 2-furanyl 09 1: 85 103-104 103-104 [5a,7,11]
13 m: 2-NO, 05 m: 83 135-136 138-140 [7]
14 n: 2-Cl 10 n: 85 84-85 82 [7]
15 o: 2-cinnamyl 07 0: 82 110-111 112 [5b]
16 p: 4- Br 08 p: 84 132 130 [14]
17 q: 3,4- (OMe), 07 q: 87 141-143 142-144 [15]
18 r: 2.5-(OMe), 07 r: 85 147-149 Not reported [16]

substantial loss of activity (b) dry conditions are not
required (c) the reaction takes place very smoothly (d)
no side products are obtained (e) the purification of the
final product is very simple (f) no hazardous wastes
from solvents or chemicals take place (g) the reaction
conditions are very mild employing temperature of only
70°C, thus being able to sustain quite a large number of
functional groups. Therefore, Dowex 50W is a ‘“‘green
catalyst” for the 2-aryl-benzothiazole formation in aque-
ous medium.

With salicaldehyde (1s), the reaction stopped at the
benzothiazoline [4(i)(s)] stage (Scheme 2, Table 2, entry
1), and the stability of this intermediate by six-mem-
bered hydrogen bond (intramolecular) (Fig. 1) prevents
it to react further to produce the benzothiazole. The iso-
lation of this intermediate [4(i)(s)] confirms our earlier
proposed mechanism [7b].

The fact that the reaction of salicaldehyde (1s) and 2-
aminothiophenol (2) stops at the benzothiazoline stage
is further proved by the work of Charles and Freiser [9].
The intermediate benzothiazoline [4(i)(s)] from salical-

Scheme 2
7 1
6 SO
SH Dowex SOW ><
+ Z-CHO 70°C 5 3/2 z
water i ’I\‘
NH; H
2 [ Z=(R substituted aryl)(1) 4(i) Z=R-substituted
Z=alkyl | aryl

(ii) Z=alkyl
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dehyde (1s) is converted to 2-hydroxyphenyl benzothia-
zole (3s) in good yield but under very drastic conditions
(Scheme 3, Table 3, entry 1). The isolation of 2-hydrox-
yphenyl benzothiazoline [4(i)(s)] surely proves that the
reaction passes through this intermediate. Following the
same mechanistic pathway cited in our earlier reference
[7b], benzothiazoles (3) are the final products for all the
cases cited in Table 1.

The reaction therefore proceeds via the intermediate
formation of benzothiazoline [7b]. This is further proved
by the actual isolation of such intermediates from 2-
chloro and 4-nitrobenzaldehydes by carrying out the
reaction for a shorter time (entries 2 and 3, Table 2),
which then proceed to completion (entries 2 and 3, Ta-
ble 3). When the same reaction with Dowex 50W was
carried out under argon atmosphere (in absence of oxy-
gen) (carried out with 2-chloro, 4-nitro- and 2-hydroxy
benzaldehydes), the reactions stopped at the benzothia-
zoline stage, which never proceeded to benzothiazoles.
This surely proves that aerial oxygen is not essential for
benzothiazoline formation, though it is absolutely essen-
tial for the oxidation step leading to the formation of
benzothiazoles. The overall yield of the stepwise reac-
tion was more or less the same as that of the one-step
reaction, although the total time required for the step-
wise reaction was slightly greater. It was not possible to
isolate the intermediate benzothiazoline for all the other
substrates as the next steps of oxidation and dehydration
were very fast leading to the formation of benzothia-
zoles (the ultimate products in all cases). Stopping
the reaction at various stages resulted in the formation
of a mixture of benzothiazoline and benzothiazole of
varied percentage compositions (done for 4-methoxy
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Table 2

Synthesis of 2-aryl and 2-alkyl-benzothiazolines by Dowex 50W in water both under aerobic and anaerobic conditions.

Entry Z (Scheme 2) Time (h) Yield (%)(4) Observed mp (°C) Literature mp (°C) References
1 Is: (2-OH)C¢H4 06 (1) s: 90 141-142 141-144 [9,17]
2 In: (2-C1)CgHy 02 (i) n: 85 76 Not reported [18]
3 1f: (4-NO,)CeHy 01 @) f: 87 115-117 117-118 [19]
4 t: —(CH,),CH; 06 (ii) t: 50 [20]
5 u: —CH,CH3; 07 (ii) u: 55 [20]

benzaldehyde) [benzothiazoline: benzothiazole = 43:57
(obtained by the 'H NMR integration of the methoxy
peaks after 2 h and benzothiazoline: benzothiazole =
26:74 after 6 h].

Thus, Dowex 50W catalyses both the steps; the for-
mation of the benzothiazoline ring and the formation of
benzothiazole from benzothiazoline. Carrying out the
reaction in argon (truly oxygen free) atmosphere, results
in the isolation of benzothiazolines (for 2-chloro and 4-
nitro benzaldehydes). Thus, the presence of the aerial
oxygen is essential for the benzylic oxidation (C—H to
C—OH) step, which is the penultimate one for benzo-
thiazole formation. Without Dowex 50W, the reaction
just initializes to 20% formation of the benzothiazoline
along with unreacted aldehyde, which then never pro-
ceeds further. Thus, Dowex 50W has a definitive cata-
lytic role toward benzothiazole formation. The reaction
is widely applicable to a variety of substrates; nitro,
methoxy, chloro, bromo, and hydroxy groups on the aryl
nucleus perform smooth reactions (Table 1). With ali-
phatic aldehydes, the reaction stops at the benzothiazo-
line stage (done with n-propanal and n-butanal, Table
2), probably because of lower stability of the resultant
benzothiazole (absence of conjugation with the aromatic

ring).

CONCLUSIONS

This procedure of the synthesis of 2-aryl-benzothia-
zoles by Dowex 50W in aqueous medium in one-pot

( the dotted lines indicating
H-bond formation)

Figure 1. Intramolecular six-membered H-bond formation in 2-
phenylbenzothiazoline.
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operation is a green, highly efficient, and cost effective
method than the existing procedures. We hope that our
method will be highly beneficial to both academic and
industrial processes, being a highly general one with
varied substituents in the aromatic aldehydes.

EXPERIMENTAL

A typical experimental procedure is as follows: A mixture
of 2-aminothiophenol (5 mmol), aromatic aldehyde (5 mmol),
and Dowex 50W (10 mol %) were stirred in water (4 mL) at
70°C for the specified time period (Table 1), till the TLC
showed the absence of the starting aldehyde. The reaction mix-
ture was cooled, diluted with ethyl acetate (20 mL), filtered to
remove Dowex S0W and extracted the aqueous part with ethyl
acetate (2 x 20 mL). The combined organic layers were
washed with brine, dried over Na,SO,, and concentrated in
vacuo. The crude products were purified by crystallization
from ethyl acetate and petroleum ether (60-80°C) to afford the
2-aryl-benzothiazoles (or 2-aryl-benzothiazolines) in excellent
yields. All the products were characterized by their melting
points, IR, "H NMR, and '>C NMR spectral analyses. The data
for a few selected compounds are given below:

2-(2'-Methoxyphenyl)-benzothiazole. (Table 1, entry 3): IR
(KBr): 3435, 2932, 2372, 1586, 1458, 1427, 1286, 1246, 1013,
and 754 cm™'; '"H NMR (CDCls, 300 MHz) 8: 8.51 (dd, J =
7.9 Hz and 1.7 Hz, 1H, C4-H), 8.07 (dt, / = 7.8 Hz and 1.0
Hz, 1H, C;-H), 7.89 (dt, / = 7.4 Hz and 0.6 Hz, 1H, Cy-H),
7.48-7.38 (m, 2H, Cs-H and C¢-H), 7.33 (dt, / = 7.5 Hz and
1.1 Hz, 1H, Cg-H), 7.10 (dt, J/ = 7.8 Hz and 1.1 Hz, 1H, Cy-
H), 7.02 (dd, J = 8.0 Hz and 0.7 Hz, 1H, Cy-H), 4.00 (s, 3H,
OMe); >C NMR (CDCl;, 75 MHz), &: 163.1, 157.2, 152.2,
136.1, 131.7, 129.5, 125.8, 124.5, 122.8, 122.3, 121.1, 121.1,
111.7, 55.7.

2-(4-Hydroxyphenyl)-benzothiazole. (Table 1, entry 7): IR
(KBr): 3436, 2366, 1601, 1479, 1308, 1256, 1171, 1025, 832,
and 760 cm™'; "H NMR (DMSO-dg, 300 MHz) &: 10.23 (brs,
1H, OH), 8.07 (brd, J = 7.9 Hz, 1H, C4-H), 7.98 (brd, J = 8.1

Scheme 3
8,
H
s, —
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Table 3
Conversion of 2-arylbenzothiazolines to 2-arylbenzothiazoles under aerobic conditions (does not take place without oxygen).
R [4(1)] Time Yield (%) (overall) Observed Literature
Entry (Scheme 3) (h) (w.r.t. starting aldehyde) (3) mp (°C) [7b] mp (°C)
1 s: 2-OH 25 s: 70 124-126 127-128
2 n: 2-Cl 10 n: 85 84-85 82
3 f: 4-NO, 05 f: 88 228-230 229-230

Hz, 1H. C;-H), 7.94 (d, J = 8.6 Hz, 2H, C»-H and Cg-H),
7.50 (brt, J = 7.1 Hz, 1H, Cs-H), 7.40 (brt, / = 7.6 Hz, 1H,
Ce-H), 6.94 (d, J = 8.6 Hz, 2H, Cy-H and Cs-H); °C NMR
(DMSO-dg, 75 MHz), &: 167.9, 161.0, 154.2, 134.6, 129.5,
126.9, 125.4, 124.5, 122.8, 122.6, 116.6.
2-(2'-Hydroxyphenyl)-benzothiazoline. (Table 2, entry 1):
IR(KBr): 3256, 1585, 1484, 1460, 1232, 755 cm™'; 'H NMR
(DMSO-dg, 300 MHz) 6: 9.87 (s, 1H. OH), 7.39 (dd, J = 7.6
Hz and 1.5 Hz, 1H, Cg¢-H), 7.11 (dt, J/ = 7.6 Hz and 1.2 Hz,
1H, C4-H), 6.94 (brd, J = 7.3 Hz,1H, C;-H), 6.89-6.76 (m,
3H, C4-H, Cs-H and Cg¢-H), 6.67 (dd, J = 7.8 Hz and 0.7 Hz,
1H, Cy-H), 6.57 (dt, J = 7.5 Hz and 1.1 Hz, 1H, Cs-H), 6.48
(d, J = 14 Hz, 1H, C,-H), [the absence of the NH proton
around & (4-4.5) indicates that it is H-bonded to the more
electronegative O-atom]; 13C NMR (DMSO-dg, 75 MHz), o:
154.0, 148.3, 130.1, 129.1, 126.4, 125.7, 125.6, 121.7, 119.3,
119.0, 115.4, 109.1, 63.5.
2-(2'-Hydroxyphenyl)-benzothiazole. (Table 3, entry 1): IR
(KBr): 3437, 2923, 2372, 1580, 1477, 1210, 742 cm™'; 'H
NMR (CDCls, 300 MHz) &: 12.52 (brs, 1H, OH), 8.00 (brd, J
= 8.1 Hz, 1H, C4-H), 7.91 (brd, J/ = 7.7 Hz, 1H, C;-H), 7.71
(dd, J/ = 7.9 Hz and 1.5 Hz, 1H, Cg-H), 7.51 (dt, J = 7.2 Hz
and 1.2 Hz, 1H, Cs-H), 7.40 (dt, / = 7.4 Hz and 1.1 Hz, 2H,
Ce¢-H and Cy-H), 7.11 (dd, / = 8.4 Hz and 1.1 Hz, 1H, Cy-
H), 6.97 (dt, J = 7.5 Hz and 1.0 Hz, 1H, Cs-H); *C NMR
(CDCl3, 75 MHz), 6: 169.4, 158.0, 151.9, 132.8, 132.6, 128.4,
126.7, 125.6, 122.2, 121.5, 119.5, 117.9, 116.8.
2-(2'-Chlorophenyl)-benzothiazoline. (Table 2, entry 2):
IR(KBr): 3344, 3063, 2371, 1573, 1462, 1240, 1033 and 734
em™'; 'H NMR (CDCls, 300 MHz) &: 7.77-7.71(m, 1H, Cx-
H), 7.40-7.31(m, 1H, C4-H), 7.28-7.18 (m, 2H, C4-H and Cg-
H), 7.04 (dd, / = 7.5 Hz and 0.9 Hz, 1H, C;-H), 6.95 (dt, J =
9.0 Hz and 1.3 Hz, 1H, Cs-H), 6.79-6.71 (m, 2H, C4¢-H and
Cs-H), 6.66 (s, 1H, C,-H), 4.43 (brs, 1H, NH) ; >C NMR
(CDCl3, 75 MHz), 6: 146.1, 140.0, 131.6. 129.6, 129.3, 127.4,
127.3, 126.3, 125.5, 122.0, 121.1, 110.4, 65.6.
2-(2’-Chlorophenyl)-benzothiazole. (Table 3, entry 2): IR
(KBr): 3435, 2363, 1423, 1266, 1053 and 755 cm™'; 'H NMR
(CDCl3, 300 MHz) 6: 8.21-8.18 (m, 1H, C3-H), 8.12 (dd, J =
9.0 Hz and 0.6 Hz, 1H, C4-H), 7.94 (dd, J = 7.8 Hz and 0.6
Hz, 1H, C;-H), 7.54-7.49 (m, 2H, C4-H and Cg¢-H), 7.44-7.38
(m, 3H, Cs-H, C¢-H and Cs-H); *C NMR (CDCl;, 75 MHz),
o: 164.2, 152.5, 136.1, 132.7, 132.3, 131.7, 131.1, 130.8,
127.1, 126.3, 125.4, 123.5 and 121.4.
2-(4'-Nitrophenyl)-benzothiazoline. (Table 2, entry 3): IR
(KBr): 3333, 2371, 1595, 1515, 1340, 853 and 756 cm™'; 'H
NMR (CDCls, 300 MHz) &: 8.22 (dt, J = 8.8 Hz and 1.9 Hz,
2H, Cs-H and Cg-H), 7.68 (dt, / = 8.5 Hz and 2.3 Hz, 2H,
C,-H and Cg¢-H), 7.06 (dd, J = 6.5 Hz and 1.0 Hz, 1H, Cy4-
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H), 7.00 (dt, J = 6.4 Hz, and 1.3 Hz, 1H, Cs-H), 6.81(dt, J =
6.4 Hz and 1.1 Hz, 1H, C¢-H), 6.75 (dd, J = 6.7 Hz and 0.8
Hz, 1H, C,-H), 6.43 (d, J = 3.7 Hz, 1H, C,-H), 4.52 (s, 1H,
NH) ; 3C NMR (CDCls, 75 MHz), 8: 149.3, 147.9, 145.8,
127.2, 126.0, 125.9, 124.1, 121.8, 121.5, 110.5, 68.3.

2-(4'-Nitrophenyl)-benzothiazole. (Table 3, entry 3): IR
(KBr): 3436, 2372, 1520, 1343, 852 and 764 cm™'; '"H NMR,
CDCl;, 300 MHz) &: 8.43-8.35 (m, 4H, Cy-H, Cs-H, Co-H
and Cy-H), 8.24 (dd, J = 7.7 Hz and 1.0 Hz, 1H, C,-H), 8.16
(dd, J = 7.7 Hz and 0.9 Hz, 1H, C;-H), 7.63 (dt, J = 6.0 Hz
and 1.3 Hz, 1H, Cs-H), 7.55 (dt, / = 6.9 Hz and 1.4 Hz, 1H,
Ce-H ) ; 1°C NMR (CDCls, 75 MHz), &: 165.4, 154.0, 149.3,
138.8, 135.6 128.9, 127.6, 126.9, 125.1, 124.0, 123.1.

2-(n-Propyl)-benzothiazoline. (Table 2, entry 4): IR (KBr):
3355, 2958, 2930, 2872, 2360, 1583, 1468, 1402, 1119 and
741 cm™!; '"H NMR (CDCls, 300 MHz) &: 7.04 (dd, J = 7.5
Hz and 1.2 Hz, 1H, C,-H), 6.88 (dt, / = 6.0 Hz and 1.3 Hz,
1H, Cs-H), 6.71 (dt, J/ = 6.0 Hz and 1.2 Hz, 1H, Cs-H), 6.61
(dd, J = 6.0 Hz and 1.1 Hz, 1H, C;-H), 5.24 (t, J = 6.6 Hz,
1H, C,-H), 1.87-1.77 (m, 2H, -CH,-CH,-CH3), 1.49-1.36 (m,
2H, -CH,-CH,-CH3), 0.94 (t, / = 7.3 Hz, 3H, -CH;): '3C
NMR (CDCls, 75 MHz), &: 146.6, 127.5, 125.0, 121.9, 120.7,
110.7, 68.5, 40.6, 19.3, 13.7.
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A series of substituted 5-acyl-4-hydroxy-2-(1H)-pyridinone derivatives has been prepared in a one-
step procedure from condensation of (chlorocarbonyl)phenyl ketene with some enaminones which were
prepared from 1,3-diketones, such as 2,4-pentanedione, 1-phenyl-1,3-butanedione, and ethyl acetoacetate
in boiling toluene as a solvent. A mechanism is presented to account for the formation of the products.
The overall sequence provides a simple and efficient route to prepare 3,4,5,6-tetrasubstituted 2-(1H)-pyr-
idinone in good to excellent yields and in a short experimental time.

J. Heterocyclic Chem., 46, 96 (2009).

INTRODUCTION

Heterocycles having a 2-pyridinone framework are
an extensively studied class of compounds, owing
partly to their diverse biological activities such as anti-
bacterial [1] and antifungal [2] agents for free radical
scavengers [3]. Ring fused 2-pyridinones have also
attracted attention as lead compounds for the prepara-
tion of selective anticancer drugs [4,5], antiviral agents
[6], angiotensin-converting enzyme (ACE) inhibitors
[7], as well as inhibitors of A B-peptide aggregation
[8], which is believed to play an important role in amy-
loid formation in Alzheimer’s disease. In addition,
dihydro and tetrahydro derivatives of 2-pyridinones
have been applied as scaffolds for the construction of
constrained amino acids [9,10]. With all these diverse
properties in mind, medicinal chemists often incorpo-
rate these motifs in the design of novel biologically
active molecules.

Ever since the first synthesis of 2-pyridinones was
reported via a ferricyanide-mediated oxidation of pyri-
dinium salts [11], many different methods for construct-
ing these heterocycles in solution have appeared in the
literature. Some of these reports include intramolecular
Dieckmann like condensations [12], Michael additions

[13,14], as well as cycloaddition [15] and cyclization
procedures [16].

Fewer general methods exist for the preparation of 2-
pyridinones substituted with aryl substituents and elec-
tron withdrawing groups such as CN, COR, COOR, and
CONR2 at positions C3 and C5. Reported of 5-acyl-3-
aryl-2-pyridinones usually include (Scheme 1) (i) reac-
tion of 1,3-diketones with 2-arylacetamides (yields of I
ca. 40%) [17]; (ii) Michael addition of arylacetamides
or arylacetonitrile to 1,3-diaryl-2-propyne-1-ones afford-
ing products with limited diversity (3,4,6-triaryl
substituted pyridinones in yields about 20%) [18]; (iii)
Michael addition of 2-arylacetamides to 1,3-diaryl-2-
propene-1-ones, is followed by cyclization subsequent
oxidative aromatization of the intermediate dihydropyri-
dinones with selenium at the high-temperature to yield
76-94% of the product I [19]; (iv) and finally synthesis
via one-step [1 + 2 + 3] reactions of an aldehyde, o-
benzotriazolyl ketone and arylacetamides [20].

RESULTS AND DISCUSSION

In continuing our interest in the synthesis of heterocy-
clic compounds by using chlorocarbonyl ketenes and

© 2009 HeteroCorporation
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1,3-binucleophiles such as 1,3-diketones [21], amides
[22,23] and thioamides [24]; in this article we wish to
report a one-pot synthesis of 5-acyl-4-hydroxy-2-(1H)-
pyridinone derivatives which were prepared in a one-
step procedure from readily available (chlorocarbonyl)-
phenyl ketene and enaminones as 1,3-binucleophile.
This method provides an easy route to prepare 2(1H)-
pyridinones in good to excellent yields and short experi-
mental time (Scheme 2).

Enaminones are versatile synthetic intermediatates
that combine the ambident nucleophilicity of enamines
with the ambident electrophilicity of enones [25]. There
are many reports in the literature on the functionaliza-
tion of enaminone by the introduction of different
substituents on the nitrogen, the o-carbon and the B-car-
bonylic carbon atoms. These derivatives have been
extensively used for the preparation of a variety of het-
erocyclic systems including some natural products and
analogues [26]. Thomas Kappe et al. [27], have reported

Scheme 2

RH N [} Pl Ph

b
AN HC R ~
N - C IO m——— |
HC R ('IY

H,C o

N
O R
1 2 3ag

3az R+ CH,y R CH,

3h: R CH . R 4-MeOCH;

3ez R CH, R A-(Me)uNCH,

3d: R CH, R 4-MeC H,
3e: R=C,l,, R'= isoButyl

Journal of Heterocyclic Chemistry

Reaction of (Chlorocarbonyl)phenyl Ketene with Enaminones 97

Scheme 3

the synthesis of 5-acyl-4-hydroxy-2-(1H)-pyridinone
derivatives from the reaction of enaminones with dialkyl
malonates under harsh experimental conditions [low
yields (42-68%) and also long reaction times].

The chemical importance and diversity of pyridinones
have made these compounds important synthetic goals
and have stimulated new methods and reagents for the
preparation of these heterocyclic compounds. In an
effort to extend the scope and generality of the conden-
sation reaction (Scheme 1) (chlorocarbonyl)phenyl ke-
tene 2 was treated with enaminones 1. The only product
formed under these conditions was 5-acyl-4-hydroxy-3-
phenyl-2-(1H)-pyridinones 3 in excellent yields in a
short experimental time.

In this case, it was also found that the reaction of
ethyl-3-(butylamino)-2-butenoate 4 with (chlorocar-
chloro-carbonyl)phenyl ketene 2 produce the corre-
sponding pyridinone 5 (Scheme 3). It is pertinent to
note that with the same experimental condition as the
previous reaction different tautomer was formed.

The cycloaddition reaction of 4-[(2-aminoethyl)
amino]-3-penten-2-one 6 with (chlorocarbonyl)phenyl
ketene 2 resulted in the formation of ethyl (E)-3-(7-
hydroxy-5-oxo0-6-phenyl-2,3.4,5-tetrahydro-1H-1,4-diaze-
pin-1-yl)-2-butanoate 7 as the only product (Scheme 4).

On the basis of this report, (chlorocarbonyl)aryl
ketenes undergo a degenerate 1,3-shift of chlorine, as
determined by >C NMR spectroscopy [28]. On the basis
of our results, which was aforementioned, a plausible
mechanism has been proposed for the reactions of
(chlorocarbonyl)phenyl ketene with enaminones to yield
2-(1H)-pyridinone derivatives, as shown in Scheme 5.
Initially, the NH group of enaminone as a good nucleo-
phile will attack the acyl chloride of ketene, followed
by ring closure of intermediate 2 to produce the
product.

The structure of 3a-g and compounds 5 and 7 were
determined on the basis of their mass spectra, '"H and

Scheme 4
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3C NMR and IR spectroscopic data. The "H NMR and
3C NMR spectra of 4-hydroxy-3,6-disubstituted-2(1H)-
pyridinone derivatives 3a-d exhibited only one
tautomer.

The '"H NMR spectrum of 3a showed four kinds of
proton signals. One signal quite downfield (3 10.70
ppm) which is the proton of enol OH and a multiplet
(6 = 7.62-7.10) for the aromatic protons (10 H) along
with two signals at (8 = 2.33 and 2.17 ppm) which
were identified as an acyl group in position 5 and the
other methyl group in position 6. The '*C NMR and
mass spectra are also in accordance with the proposed
structure.

We have shown that the condensation reaction of
(chlorocarbonyl)phenyl ketene with enaminones occurs
efficiently in boiling toluene as a solvent, providing a
convenient and rapid synthesis of 4-hydroxy-3,4,6-tri
substituted-2(1H)-pyridinone in high yield, by a simple
procedure and short experimental time. Furthermore, the
products are solid and precipitate out from the reaction
mixture and their purifications are simple.

EXPERIMENTAL

(Chlorocarbonyl)phenyl ketene was prepared according to
the literature procedure [29]. The enaminones are known and
were prepared according to the general procedure reported in
the literature [30].

Toluene, hexane, diethyl ether, and THF were dried over so-
dium and distilled prior to use. Melting points were measured
on a calibrated Gallenkamp melting point apparatus. IR spectra
were measured with a Mattson 1000 FT-IR spectrometer. 'H
and '>C NMR spectra were measured with a BRUKER DRX-
300 AVANCE spectrometer at 300.13 and 75.47 MHz, respec-
tively. Mass spectra were recorded on a MS-QP2000A Shi-
madzu mass spectrometer operating at an ionization potential
of 70 eV.

General procedure (3a-d). To a stirred solution of corre-
sponding enaminone (2 mmol) in 20 mL dry boiling toluene, a
mixture of 0.36 g (chlorocarbonyl)phenyl ketene (2 mmol) in
5 mL dry THF was added dropwise over 2 min. The product
was formed immediately as a color precipitate. The reaction
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mixture was cooled and the solid product was collected and
recrystallized from dry ethyl acetate hexane.
5-Acetyl-4-hydroxy-6-methyl-1,3-diphenyl-2(1H)-pyridi-
none (3a). A 0.60 g red crystals, yield 95%, mp 224-226°C
(dec.); IR (KBr): 3200-2500 (broad peak, OH), 1716, 1641
(C=0), 1567 (C=C) cm™'; '"H NMR (DMSO): § 10.7 (1H,
broad, OH), 7.62-7.10 (10H, m, arom), 2.33(3H, s, CHs),
2.17(3H, s, CHz); *C NMR (DMSO): § 200.36, 163.90, and
163.13, 161.61, 131. 88, 131.15, 130.81, 129.65, 128.05,
128.00, 127.44, 123.28, 115.38, 103.79, 32.20, and 19.26; MS,
mfz (relative intensity %): 319M™, 4), 291(5), 244(18),
216(32), 198(17), 160(17), 145(8), 127(15), 118(30), 93(38),
77(28), 65(20), 43(100). Anal. Calcd. For C,oH;7NOj3: C,
75.22; H, 5.37; N, 4.39%. Found: C, 74.89; H, 5.46; N,
4.16%.
5-Acetyl-4-hydroxy-1-(4-methoxy-phenyl)-6-methyl-3-phe-
nyl-2(1H)-pyridinone (3b). A 0.61 g red crystals, yield 88%,
mp 230-232°C (dec.); IR (KBr): 3200-2550 (broad peak,
OH), 1741, 1666(C=0), 1517 (C=C) cm '; 'H NMR
(DMSO): 6 10.58(1H, broad, OH), 7.38-7.00 (9H, m, arom),
3.74 (3H, s, OCHj;), 2.49(3H, s, CHjs), 2.32(3H, s, CHj);
I3CNMR (DMSO): & 200.37, 163.89 and 163.15, 161.63,
158.75, 131.10, 130.65, 128.06, 128.51, 127.46, 124.11,
115.41, 114.79, 103.40, 55.45, 32.21, and 19.27; MS, m/z (rel-
ative intensity %): 349 (M™, 2), 244 (25), 216(70), 198(18),
190 (16), 127(20), 123 (100), 118(35), 85(48), 80(35), 63(17),
43(90). Anal. Calcd. For C,;HoNO4: C, 72.19; H, 5.48; N,
4.01%. Found: C, 71.98; H, 5.50; N; 3.70%.
5-Acetyl-1-(4-dimethylaminophenyl)-4-hydroxy-6-methyl-
3-phenyl-2(1H)-pyridinone (3c). A 0.62 g yellow crystals,
yield 86%, mp 235-238°C (dec.); IR (KBr): 3200-2550 (broad
peak, OH), 1741, 1666 (C=0), 1535 (C=C) cm '; '"H NMR
(DMSO): 6 10.37 (1H, broad, OH), 7.78-7.25 (9H, m, arom),
3.03 (6H, s, 2CH3), 2.05 (3H, s, CHy), 1.93 (3H, s, CH3), 2.05
(3H, s, CH3), 1.93 (3H, s, CH3); >*CNMR (DMSO): & 200.10,
168.74, and 162.25, 159.67, 146.83, 132.81, 130.84, 129.34,
127.78, 121.34, 110.17, 100.17, 42.67, 32.66, 19.38; MS, m/z
(relative intensity %): 362 (M, 40), 347(5), 334(10), 294(15),
203(65), 187 (42), 178(28), 161(38), 135(95), 121(38),
105(25), 91(100), 77(48), 65(68), 50(27). Anal. Calcd. For
C,,H,,N,03: C, 7291; H, 6.12; N, 7.73%. Found: C, 72.60;
H, 6.20; N, 7.53%.
5-Acetyl-4-hydroxy-6-methyl-3-phenyl-1-p-toly1-2(1H)-
pyridinone (3d). A 0.61 g red crystals, yield 92%, mp 228—
232°C (dec.); IR (KBr): 3200-2550 (broad peak, OH), 1716,
1641 (C=0), 1567 (C=C) cm™'; '"H NMR (DMSO): 5 10.63
(1H, broad, OH), 7.49-6.88 (9H, m, arom), 2.32 (3H, s, CHj),
2.28 (3H, s, CH3), 2.14 (3H, s, CH3); '°C NMR (DMSO): &
200.37, 163.97 and 163.16, 161.60, 137.56, 130.81, 130.01,
129.05, 128.87, 128.18, 128.04, 123.16, 115.36, 103.38, 32.21,
20.52, and 19.30; MS, m/z (relative intensity %): 333(M™, 5),
244(20), 216(25), 178(20), 149(18), 135(50), 121(26),
105(100), 91(82), 77(43), 58(70), 51(27). Anal. Calcd. For
C,1H{9NOs: C, 75.66; H, 5.74; N, 4.20%. Found: C, 75.30; H,
5.69; N; 3.85%.
5-Benzoyl-4-hydroxy-1-isobutyl-6-methyl-3-phenyl-2(1H)-
pyridinone (3e). A 0.65 g purple crystals, yield 90%, mp
230-232°C (dec.); IR (KBr): 3200-2550 (broad peak, OH),
1716, 1641 (C=0), 1535 (C=C) cm '; '"H NMR (DMSO): §
10.80 (1H, broad, OH), 7.58-7.27 (10H, m, arom), 3.51 (2H,
d, °J = 7.00 Hz, CH,), 2.25 (3H, s, CH3), 1.88 (1H, m, CH),
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0.91 (3H, d, *J = 6.00 Hz, CHs), 0.76 (3H, d, °J = 6.00 Hz,
CH;); '*CNMR (DMSO): & 200.28, 163.21, and 162.50,
159.30, 131.54, 131.06, 130.79, 129.03, 128.90, 128.32,
128.10, 127.26, 116.23, 104.57, 45.59, 32.21, 26.30, 19.80,
and 19.79; MS, m/z (relative intensity %): 361 (M™, 7),
346(4), 306(38), 278 (30), 200(20), 189(15), 129(13), 118(18),
105(100), 89(22), 77(90), 63(14), 51(20). Anal. Calcd. For
Cy3Hp3NO5: C, 76.43; H, 6.41; N, 3.88%. Found: C, 76.08; H,
6.10; N, 3.56%.

5-Benzoyl-1-butyl-4-hydroxy-6-methyl-3-phenyl-2(1H)-pyri-
dinone (3f). A 0.65 g purple crystals, yield 91%, mp 220-
222°C (dec.); IR (KBr): 3200-2550 (broad peak, OH), 1716,
1641(C=0), 1515(C=C) cm™'; '"H NMR (DMSO): § 10.50
(1H, broad, OH), 7.54-7.26 (10H, m, arom), 2.71 (2H, t, °J =
5.10 Hz, CH,), 2.27 (3H, s, CH3), 1.52 (2H, m, CH,), 1.30
(2H, m, CHy), 0.83 (3H, t, °J = 5.00 Hz, CHj); "CNMR
(DMSO): & 200.95, 164.88, and 162.03, 158.07, 132.36,
131.94, 130.84, 130.69, 128.78, 128.16, 127.76, 126.76,
117.83, 103.16, 40.33, 32.27, 28.97, 19.14, and 13.45; MS, m/
z (relative intensity %): 361 (M, 4), 346(5), 306(60), 278
(35), 200(18), 189(15), 147(10), 129(10), 118(18), 105(100),
89(20), 77(84), 63(10), 51(20), 43(37), 41(10). Anal. Calcd.
For C,3Ho3NO5: C, 76.43; H, 6.41; N, 3.88%. Found: C,
76.13; H, 6.30; N, 3.58%.

5-Acetyl-4-hydroxy-6-methyl-3-phenyl-2(1H)-pyridinone (3g). A
0.46 g orange crystals, yield 96%, mp 258-260°C (dec.); IR
(KBr): 3100-2550 (broad peak, OH), 1741, 1666 (C=0), 1527
(C=C)em'; '"H NMR (DMSO): § 12.90(1H, s, OH), 11.92
(1H, s, NH), 7.40-7.23(5H, m, arom), 2.58 (6H, s, 2CH;). 1*C
NMR (DMSO): & 203.88, 165.08, and 162.57, 154.73, 133.59,
131.72, 128.28, 127.32, 109.69, 109.48, 33.57, and 21.57; MS,
mfz (relative intensity %): 243 (M™', 12), 216(19), 148(35),
118(25), 91(100), 77(35), 65(37), 51(23).

Ethyl 1-butyl-2-methyl-4,6-dioxo-5-phenyl-1,4,5,6-tetra-
hydro-3-pyridinecarboxylate (5). A 0.28 g yellow crystals,
yield 75%, mp 72-74°C. IR (KBr): 1740, 1717 and 1650
(C=0) 1530 (C=C) cm '; '"H NMR (DMSO): § 7.41-7.07
(5H, m, arom), 4.47 (1H, s, malonyl-H on Cs), 4.14 (2H, t, 37
= 7.00 Hz, OCH,), 4.06 (2H, t, °J = 6.00 Hz, NCH,), 2.52
(3H, s, CH3), 1.68 (2H, m, CH,), 1.42 (2H, quin, °J = 6.50
Hz, CH,), 1.21 (3H, t, 3/ = 5.00 Hz, CH3), 0.96 (3H, t, °J =
5.00 Hz, CHs); '*C NMR (DMSO): & 170.46 and 164.87,
164.53, 162.59, 147.05, 129.83, 129.18, 128.69, 128.11,
62.04, 57.00, 45.79, 30.21, 22.68, 19.66, 14.04, and 13.66;
MS, m/z (relative intensity %): 330 (M+1, 9), 329 (M™, 35),
314(82), 283(80), 288(35), 227(92), 213(28), 199(25),
128(23), 91(100), 77(15), 67(24). Anal. Calcd. For
CoH3NOy: C, 69.28; H, 7.04; N, 4.25%. Found: C, 69.03;
H, 7.14; N, 4.07%.

Ethyl (E)-3-(7-hydroxy-5-oxo0-6-phenyl-2,3,4,5-tetra hydro-
1H-1,4-diazepin-1-yl)-2-butanoate (7). A 0.27 g Yellow crys-
tals, yield 81%, mp 215-216°C. IR (KBr): 3100-2550 (broad
peak, OH), 1721, 1655 (C=0), 1530 (C=C) cm'; '"H NMR
(DMSO): ¢ 10.45(1H, s, OH), 8.35 (1H, broad, NH), 7.38-
7.26 (5H, m, arom), 431 (2H, q, °J = 7.50 Hz, OCH,), 4.19
(1H, s, =CH), 3.65 (4H, m, CH,), 2.62 (3H, s, CH3), 1.29
(3H, t, °J = 7.50 Hz, CH3); *CNMR (DMSO): § 170.46 and
164.87, 164.53, 162.59, 147.05, 129.83, 129.18, 128.69,
128.11, 62.04, 57.00, 45.79, 30.21, 22.68, 19.66, 14.04, and
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13.66; MS, m/z (relative intensity%): 330 (M+1, 9), 329Mt,
35), 314(82), 283(80), 288(35), 227(92), 213(28), 199(25),
128(23), 91(100), 77(15), 67(24). Anal. Calcd. For
C,7H50N,04: C, 64.54; H, 6.37; N, 8.85%. Found: C, 64.23;
H, 6.25; N, 8.55%.
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A [PS-en-Pd(Il)] =
| z + oA Et,N, Cul, DMF
* , Lul,
S
“XcH CH,Ar

The polymer-supported palladium(Il) ethylenediamine [PS-en-Pd(II)] complex is a highly active cata-
lyst for the heterocyclization that takes place during the Sonogashira reaction between an aryl iodide
and 2-amino-1-(2-propynyl)pyridinium bromide. This heterogeneous palladium catalyst can readily be
recovered from the reaction medium by simple filtration and reused without a significant loss in its

activity.

J. Heterocyclic Chem., 46, 100 (2009).

INTRODUCTION

Sonogashira reaction, the palladium-catalyzed cross-
coupling reaction of terminal alkynes with aryl and
vinyl halides, is one of the most important, powerful,
and versatile tools in organic synthesis, and it has been
widely applied to diverse areas such as natural product
synthesis and material science [1]. The reaction gener-
ally proceeds in the presence of a homogeneous
palladium catalyst, which makes the catalyst recovery a
tedious operation and might result in unacceptable palla-
dium contamination of the product. From the standpoint
of green chemistry, the development of more environ-
mentally benign conditions for the reaction, for example,
the use of a heterogeneous palladium catalysts’ would
be desirable [2].

So far, cross-linked polystyrene or silica-supported
palladium catalysts have been used for the Sonogashira
reaction [3]. Unfortunately, they often result in lower
catalytic activity compared with their soluble counter-
parts. To overcome this limitation, a novel methodology
for creating insoluble and highly active catalysts is
needed. Our approach was guided by three imperatives:
(1) the support should be easily accessible; (2) starting
with readily available and inexpensive reagents; and (3)
the ligand anchored on the support should be air stable
at room temperature, which should allow its storage in
normal bottles with unlimited shelf life. To date, a few
palladium complexes on functionalized polystyrene sup-
port have been prepared and successfully used in or-
ganic reactions [4]. However, to the best of our knowl-

edge, there has been no examples involving arylation of
imidazopyridine by [PS-en-Pd(II)] catalyzed (Sonoga-
shira coupling) reactions described to date.

In continuation of our recent studies on the synthesis
of fused heterocycles and the Pd-catalyzed reactions of
acetylenes leading to heterocyclic compounds of biolog-
ical significance [5], we became interested in developing
a novel synthesis route to 2-substituted imidazo[l,2-
alpyridines. In this article, we wish to report the syn-
thesis of the first polystyrene-supported palladium(II)
ethylenediamine complex, abbreviated as PS-en-Pd(Il),
and its catalytic properties in the Sonogashira coupling
reaction for the synthesis of imidazo[1,2-a]pyridines [6].
The supported catalyst could be reused several times
without a significant degradation in its catalytic activity.

RESULTS AND DISCUSSION

We used the well-known chloromethylated polysty-
rene cross-linked with 2% divinylbenzene as support,
because it is flexible enough and allows metallic atoms
to be graft on via the ligands that are attached to the
polymer beads. Reaction of the polystyrene resin with
ethylenediamine in acetonitrile under reflux and the subse-
quent reaction of the aminated polystyrene with a solution
of [PdCI,(C¢HsCN),] in ethanol gave the polymer-sup-
ported palladium(IT) complex catalyst 1 (Scheme 1).

Successful functionalization of the polymer was con-
firmed by elemental analysis. The N content of the resin
was found to be 2.42% (0.82 mmol/g), which indicates

© 2009 HeteroCorporation
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Scheme  1Polystyrene-supported  palladium(Il)  ethylenediamine
complex 1.
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that only 58% of the total chlorines were substituted by
amine. The metal loading of the polymer-supported pal-
ladium complex, which was determined by neutron acti-
vation analysis (NAA), was found to be 4.35% (0.41
mmol/g). In the IR spectrum of the polymer-bound eth-
ylenediamine, the sharp C—ClI peak (due to the —CH,Cl
groups) at 1264 cm ™' in the starting polymer was prac-
tically omitted or was seen as a weak band after intro-
duction of ethylenediamine and palladium on the poly-
mer. The various IR frequencies for the catalyst were
assigned as (Pd—N) =~ 506 cm ™!, (C—N) =~ 1100 cm
and (N—H) ~ 3400 cm .

To evaluate the catalytic activity of the first polymer-
supported PS-en-Pd(II) complex, the heterocyclization
during Sonogashira coupling of 2-amino-1-(2-propynyl)-
pyridinium bromide 3 with the aryl iodides 4a-i was
studied (Scheme 2). The reactions were performed under
conditions similar to those used in the corresponding ho-
mogenous reactions. The influences of the bases, sol-
vents, amounts of copper(l) iodide, and the catalyst on
the catalytic property of the [PS-en-Pd(II)] complex
were investigated using the coupling reaction of com-
pound 3 with o-iodonitrobenzene. The results are tabu-
lated in Table 1.

Among the bases tested, triethylamine proved to be
the most efficient, and among the solvents used, dime-
thylformamide was the best choice. Increasing the
amount of the palladium catalyst could shorten the reac-
tion time, but does not increase the yield (entry 11).
Low palladium concentration often prolonged the reac-
tion time and decreased the yield (entries 12 and 13).
We also found that with increase in the amount of cop-
per(I) iodide, the reaction yield did not increase (entry
14). No product was obtained under copper-free condi-
tions (entry 15). Copper(I) iodide was found to be an
essential cocatalyst.

The reactions had to be carried out under an argon
atmosphere, and we had to degas the mixture of DMF
and triethylamine prior to use. The experimental results
are summarized in Table 2. As it can be seen in this
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table, reaction of the aryl iodides with compound 3 pro-
ceeded smoothly under very mild conditions, giving the
corresponding products in excellent yields.

The stability of [PS-en-Pd(II)] was studied in repeated
Sonogashira coupling reactions. The coupling reaction
of o-iodonitrobenzene with compound 3 was chosen as
a model substrate to study the catalyst reuse and stabil-
ity. The catalyst was separated from the reaction mix-
ture after each experiment by filtration, washed with
water and acetonitrile, and dried carefully before using
it in the subsequent run. The reaction promoted by the
fifth recycled catalyst gave 5a in 75% yield (Table 3,
entry 5).

The low yield could be due to the formation of by-
products. For instance, formation of a coupled interme-
diate without ring formation or ring closure without par-
ticipation of the aryl group could be responsible for the
low yield.

This reusability demonstrates the stability of the het-
erogeneous catalyst. Although no significant change in
the activity of the catalyst was observed, we performed
analysis of the catalyst after the fifth run in order to
determine any change in the catalyst structure. The na-
ture of the recovered catalyst was traced by IR spectros-
copy. The results indicated that the catalyst showed no
change in its IR spectrum after reuse for several times.

To determine the absolute amount of the palladium
species leached into the solution, the crude reaction
mixtures were evaporated to dryness and analyzed by
NAA. It was shown that less than 0.5% of the total
amount of the original palladium species was lost into
the solution during the course of the reaction.

In conclusion, we developed a reusable heterogeneous
catalyst [PS-en-Pd(II)] by first reacting the commercially
available cross-linked chloromethylated polystyrene with
ethylenediamine and the subsequent reaction of the
product thus formed with dibenzonitrile palladium chlo-
ride. It efficiently catalyzed the heterogeneous Sonoga-
shira coupling followed by cyclization reaction for the
syntheses of various 2-substituted imidazopyridines. The

Scheme 2

BrH2C C=CH Arl  [PS-en-Pd(ll)]
davi EtsN Cul, DMF
EtOH
k Hy Sonogashlra coupling
[l Pd(ll)

SAr
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Table 1

Heterocyclization during the Sonogashira coupling of o-iodonitrobenzene with compound 3 in the presence of several bases, solvents,
and amounts of catalyst.*

Entry Base Solvent [PS-en-Pd(II)] (mmol) Cul (mmol) Time (hours) Yield (%)
1 Et;N Dioxan 0.03 0.2 14 30
2 EN CH;CN 0.03 0.2 16 45
3 Et;N DMF 0.03 0.2 12 92
4 EtN EN 0.03 0.2 15 25
5 DIEA DMF 0.03 0.2 17 60
6 DIEA DIEA 0.03 0.2 16 50
7 Piperidine DMF 0.03 0.2 14 35
8 Piperidine Piperidine 0.03 0.2 16 32
9 Pyrrolidine DMF 0.03 0.2 14 23
10 Pyrrolidine Pyrrolidine 0.03 0.2 19 20
11 EtN DMF 0.06 0.4 10 88
12 Et;N DMF 0.02 0.12 20 75
13 EtN DMF 0.005 0.03 24 62
14 Et;N DMF 0.03 0.3 14 87
15 Et3N DMF 0.03 0 24 0

# All reactions were performed using 1.5 mmol of 3, 1.0 mmol of o-iodonitrobenzene, 0.06 mmol of PPh;, 3.0 mmol of base, and 5 mL of solvent

at room temperature.

catalyst could be reused five times with reasonable cata-
Iytic activity on the fifth cycle. The advantages of our
heterogeneous catalytic system over others are as fol-
lows: (1) the catalyst could be conveniently prepared
from commercially available reagents; and (2) excellent
performance and reusability of the catalyst.

EXPERIMENTAL

All the reagents used were of commercial reagent grade.
Chloromethylated polystyrene (4-5% Cl and 2% cross-linked
with divinylbenzene) was a Merck product. Scanning electron
micrographs of the catalyst and polymer were taken on a SEM
Philips XL 30. The IR spectra were obtained as potassium bro-
mide pellets in the range 400—4000 cm™' on a Shimadzo
Model 460. The "H NMR and '*C NMR spectra were recorded
on a Bruker BRX 500 AVANCE spectrometer. The elemental
analyses were obtained on a Thermo Finnigan Flash EA
microanalyzer.

Preparation of polymer-bound ethylenediamine. To func-
tionalize the polymer support with ethylenediamine, it was pre-
pared by the following procedure: to a 250-mL round bottom
flask equipped with a magnetic stir bar containing 120 mL
acetonitrile, chloromethylated polystyrene (2 g, 2.5 mmol/Cl),
and ethylenediamine (25 mmol), Nal (0.13 mmol) was added.
The reaction mixture was refluxed for 48 h at which time the
solid material and was collected by filtration and washed with
5 x 40 mL of CH;CN, 5 x 40 mL of CH;0H:K,CO; (1 M)
(1:1, v/v), 5x40 mL of CH;0H:H»O (1:1 v/v), and 3 x 40 mL
of diethyl ether, and was subsequently dried in an oven.

Preparation of polystyrene-supported PS-en-Pd(II) com-
plex (1). The functionalized polymer was kept in contact with
100 mL of ethanol for 30 min. An ethanolic solution of 0.25 g
of [PdCL,(CcHsCN),] was added to it and heated to 50° for
6 h. The bright yellow colored polymer, impregnated with the
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metal complex, was collected by filtration, washed thoroughly
with ethanol, and finally dried in vacuum at 70° for 24 h.

Synthesis of 2-amino-1-(2-propynyl) pyridinium bromide
(3). A mixture of 2-amino pyridine (1.9 g, 20 mmol) and pro-
pargyl bromide (2 mL, 24 mmol) in ethanol (10 mL) was
heated under reflux for 1 h. The precipitate formed was filtered
off and recrystallized from ethanol to afford the title
compound.

80% yield; m.p. 168—169°; "H NMR (DMSO-d): & 3.85 (s,
1H, CH), 5.12 (s, 2H, CH,), 6.85-8.23 (m, 4H, PyH), 8.72(s,
2H, NH,); °C NMR (DMSO-ds): & 43.86, 76.04, 80.46,
114.00, 115.84, 139.83, 143.57, 154.52; ir (potassium bro-
mide): 3300, 3200, 2100 cm~!; Anal. Calcd. for CgHoBrN,
(213.06): C, 45.09; H, 4.26; N, 13.15. Found: C, 45.50; H,
4.08; N, 13.51.

Synthesis of 2-substituted imidazo[2,1-b]pyridines (5a—i). A
mixture of the aryl iodides (1.0 mmol), [(PS-en-Pd(II)]
(60 mg, 0.03 mmol Pd), Cul (0.2 mmol), and triethylamine
(3 mmol) was stirred in DMF (5§ mL) at room temperature
under an argon atmosphere. 2-Amino-1-(2-propynyl)pyridinium
bromide (3) (1.50 mmol) was then added, and the mixture was
stirred at room temperature for 12—-16 h. After completion of
the reaction, the resulting solution was concentrated in vacuo,
and the crude product was subjected to column chromatogra-
phy using CHCI;:CH30H (95:5, v/v) as eluent to afford the
pure product (Table 1).

2-(2-Nitrobenzyl)imidazo[1,2-a]pyridine (5a). This com-
pound was obtained as a white solid. '"H NMR (DMSO-de): &
4.46(s, 2H, CH,), 6.98-8.00 (m, 8H, PyH, ArH), 8.66 (s, 1H,
imidazole proton); *C NMR (DMSO-dg): & 34.25, 114.60,
116.24, 122.85, 123.15, 129.10, 130.22, 130.95, 132.15,
134.27, 136.23, 139.12, 146.25, 148.33; ir (potassium bro-
mide): 1510, 1340 cm™'; Anal. Calcd. for C4H;;N;O,
(253.25): C, 66.4; H, 4.38; N, 16.59. Found: C, 66.12; H,
4.11; N, 16.65.

2-(3-Nitrobenzyl)imidazo[1,2-a]pyridine  (5b). This com-
pound was obtained as a white solid. "H NMR (DMSO-dy): &
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Table 2
Melting points and yields of 2-benzylimidazo [1,2-a]pyridines 5a—i."

Product Ar Time (hours) Mp (°C) Yield (%)
NO,
Sa 12 250-251 92
5b ©\ 14 294295 71
NO,
5S¢ © 14 256-257 87
NO,
CH,
5d 16 263-264 72
NO,
NO,
Se 16 231-232 60
Cl
5f 14 246-247 83
NO,
Cl
S5g © 13 210-211 85
CN
5h © 15 236-237 77
COMe
5i 16 260-261 89

COOMe

# All reactions were performed using 1.5 mmol of 3, 1.0 mmol of aryliodides, 0.2 mmol of Cul, 0.03 mmol of [PS-en-Pd(Il)], 0.06 mmol of PPhs,

3.0 mmol of Et;N, and 5 mL of DMF at room temperature.

4.29 (s, 2H, CH,), 6.97-8.32 (m, 8H, PyH, ArH), 8.58(s, 1H,
imidazole proton); 13C NMR (DMSO-dg): & 33.92, 114.35,
116.55, 122.30, 127.95, 128.26, 130.15, 130.90, 133.17,
133.86, 135.86, 138.60, 146.20, 147.31; ir (potassium bro-
mide): 1500, 1335 cm™'; Anal. Caled. for C;4H;;N;0,
(253.25): C, 66.4; H, 4.38; N, 16.59. Found: C, 66.51; H,
4.42; N, 16.37.

2-(4-Nitrobenzyl)imidazo[1,2-a]pyridine  (5c¢). This com-
pound was obtained as a white solid. '"H NMR (DMSO-dg): &
4.31(s, 2H, CH,), 6.96-8.31 (m, 8H, PyH, ArH), 8.65(s, 1H,
imidazole proton); 13C NMR (DMSO-dg): & 34.21, 114.60,
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116.76, 123.25, 128.30, 131.10, 131.87, 132.90, 135.82,
138.86, 145.27, 147.32; ir (potassium bromide): 1510, 1340
cm™'; Anal. Caled. for C4H;;N;O, (253.25): C, 66.4; H,
4.38; N, 16.59. Found: C, 66.22; H, 4.26; N, 16.41.
2-(2-Methyl-4-nitrobenzyl)imidazo[1,2-a]pyridine (5d). This
compound was obtained as a white solid. '"H NMR (DMSO-
de): 6 2.35 (s, 3H, CH3), 4.28 (s, 2H, CH,), 7.00-8.02 (m, 7H,
PyH, ArH), 8.58(s, 1H, imidazole proton); >*C NMR (DMSO-
de): 6 20.03, 33.95, 114.86, 116.46, 121.65, 121.97, 125.30,
128.06, 130.83, 131.38, 133.05, 136.21, 139.13, 146.35,
147.86; ir (potassium bromide): 1520, 1340 cm™ !, Anal.
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Table 3

Heterocyclization during Sonogashira coupling of o-iodonitrobenzene
with compound 3 catalyzed by recycled catalyst.”

Entry Catalyst cycle Isolated yield (%)
1 1st 92
2 2nd 90
3 3rd 87
4 4th 82
5 5th 75

#All reactions were performed using 1.5 mmol of 3, 1.0 mmol of
o-iodonitrobenzene, 0.2 mmol of Cul, 0.03 mmol of [PS-en-Pd(II)],
0.06 mmol of PPhs, 3.0 mmol of Et3N, and 5 mL of DMF at room
temperature.

Calcd. for C5sH;3N30, (267.28): C, 67.40; H, 4.90; N, 15.72.
Found: C, 66.91; H, 4.24; N, 15.91.
2-(4-Chloro-2-nitrobenzyl)imidazo[1,2-a]pyridine (5e). This
compound was obtained as a white solid. '"H NMR (DMSO-
de): & 4.41 (s, 2H, CH,), 6.94-8.32 (m, 7H, PyH, ArH), 8.56
(s, 1H, imidazole proton); '*C NMR (DMSO-dg): & 33.81,
114.16, 116.32, 123.30, 128.36, 130.04, 130.64, 131.24,
132.43, 134.27, 137.46, 138.87, 144.30, 148.68; ir (potassium
bromide): 1510, 1350 cm™'; Anal. Calced. for C14H;(CIN;0,
(287.70): C, 58.45; H, 3.50; N, 14.61. Found: C, 58.30; H,
3.41; N, 14.50.
2-(4-Chloro-3-nitrobenzyl)imidazo[1,2-a]pyridine (5f). This
compound was obtained as a white solid. "H NMR (DMSO-
de): 6 4.25 (s, 2H, CH,), 6.95-8.03 (m, 7H, PyH, ArH), 8.59
(s, 1H, imidazole proton); '*C NMR (DMSO-dg): & 33.75,
114.37, 116.86, 123.80, 126.58, 127.72, 128.23, 130.85,
131.47, 132.36, 135.30, 137.65, 141.11, 148.15; ir (potassium
bromide): 1510, 1345 cm™!; Anal. Caled. for C;4H;oCIN;O,
(287.70): C, 58.45; H, 3.50; N, 14.61. Found: C, 58.34; H,
3.38; N, 13.95.
2-(4-Cyanobenzyl)imidazo[1,2-a]pyridine (5g). This com-
pound was obtained as a white solid. "H NMR (DMSO-dy): &
4.31 (s, 2H, CH,), 6.99-8.32 (m, 8H, PyH, ArH), 8.59 (s, 1H,
imidazole proton); '*C NMR (DMSO-ds): & 34.26, 113.15,
114.86, 116.34, 120.06, 129.10, 130.55, 131.08, 131.67,
137.35, 140.22, 141.37, 148.24; ir (potassium bromide): 2200
em ™Y Anal. Caled. for C;sH,N; (233.26): C, 77.23; H, 4.75;
N, 18.01. Found: C, 77.52; H, 4.63; N, 18.08.
2-(4-Acetylbenzyl)imidazo[1,2-a]pyridine (5h). This com-
pound was obtained as a white solid. '"H NMR (DMSO-dy): &
2.51(s, 3H, CH3), 4.22 (s, 2H, CH,), 6.96-7.87 (m, 8H, PyH,
ArH), 8.60(s, 1H, imidazole proton); '*C NMR (DMSO-dj): &
27.49, 34.20, 114.33, 116.12, 127.51, 129.26, 130.09, 130.77,
133.27, 135.98, 137.35, 138.49, 145.30, 198.26; ir (potassium
bromide): 1690 cm™!; Anal. Caled. for C,sH,,N,0O (250.29): C,
76.78; H, 5.64; N, 11.19. Found: C, 76.60; H, 5.46; N, 11.25.
2-[4-(Methoxycarbonyl)benzyl]imidazo[1,2-a]pyridine
(5i). This compound was obtained as a white solid. 'H NMR
(DMSO-dg): & 3.81 (s, 3H, CH3), 4.24 (s, 2H, CH,), 7.01-
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8.32(m, 8H, PyH, ArH), 8.64(s, 1H, imidazole proton); '*C
NMR (DMSO-de): & 33.89, 51.76, 114.54, 116.28, 128.36,
129.15, 130.05, 130.68, 132.84, 136.98, 138.08, 139.31,
148.93, 167.35; ir (potassium bromide): 1710 cm™ !, Anal.
Calcd. for Ci6H4N>O, (266.29): C, 72.16; H, 5.30; N, 10.52.
Found: C, 71.74; H, 5.45; N, 10.30.
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The novel 1-(3,4-dimethoxyphenyl)-2-(2,3,4-trimethoxyphenyl)acrylonitrile was prepared from the
condensation of the mixture of 2,3,4-trimethoxybenzaldehyde and 3,4-dimethoxyphenylacetonitrile in
ethanol at 70°C with 20% aqueous sodium hydroxide solution. Cyclization and demethylation of the
acrylacetonitrile was performed using pyridine hydrochloride. The obtained 7,8-dihydroxy-3-(3,4-dihy-
droxyphenyl)-2H-chromen-2-one was reacted with the poly(ethylene glycol) ditosylates in CH3;CN/alkali
carbonate to afford bis-[12]crown-4, -[15]crown-5, and -[18]crown-6 chromenones. The chromatographi-
cally purified novel chromenone crown ethers were identified by IR, '"H NMR, 13C NMR, and MALDI-

105

TOF mass spectrometry and elemental analysis.
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INTRODUCTION

Macrocyclic molecules have attracted much attention
because of their potential use in a variety of chemical
processes, selective complexing agents for earth and
alkaline metal ions, and photoinduced electron transfer
[1]. Several macrocyclic ethers possessing oxygen
dipoles have been synthesized to investigate their alkali
and alkaline-earth cation membrane transport and bind-
ing properties by means of potentiometry, optical spec-
troscopy, as well as NMR spectroscopic methods [2,3].
The ionophores bearing suitable light sensitive moieties
may undergo intermolecular changes at the electronic
level upon cationic interactions of donor oxygen atoms
[2]. Essentially, the fluorescence spectra of fluorogenic
macrocycles is a reliable method to study cationic
recognitions [2,4,5]. Crown ethers have also been
used for chromatographic separations [6,7]. We have
recently synthesized fluorogenic coumarin-[12]crown-4,
-[15]crown-5, and -[18]crown-6 derivatives and exam-
ined cation binding effects using steady state fluo-
rescence spectroscopy and reported their cationic
interaction in acetonitrile [5,8—11]. However, the oxygen

atom, which is contained in the phenyl moiety in cou-
marin arms potentially can participate along with the
other oxygen atoms in the analog crown ether moiety
formed 1:1 complex with a host ion [12-16].

We report here the synthesis of novel bis-[12]crown-
4, -[15]crown-5, and -[18]crown-6 derivatives of 7,8-
dihydroxy-3-(3,4-dihydroxyphenyl)-2H-chromen-2-one.

RESULTS AND DISCUSSION

The synthesis of the precursor compound, 1-(3,
4-dimethoxyphenyl)-2-(2,3,4-trimethoxyphenyl)acrylo-
nitrile (3) was accomplished using Knoevenagel con-
densation reaction [17]. Equal molar amounts of 2,3,
4-trimethoxybenzaldehyde (1) and 3,4-dimethoxyphenyl-
acetonitrile (2) in ethanol at 70°C (see Scheme 1) was
reacted with 20% aqueous sodium hydroxide solution.
The Knoevenagel reaction is stereoselective and resulted
in the E-product. The precipitated acrylonitrile (3) was
collected by filtration, washed with distilled water, and
dried. The crude product was purified by crystalliza-
tion from ethanol. Then, the ring closure of (3) was

© 2009 HeteroCorporation
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performed with freshly prepared pyridine hydrochloride
at 180 °C. The compound, 7,8-dihydroxy-3-(3,4-dihy-
droxyphenyl)-2H-chromen-2-one, (4) was washed with
water until neutral, dried, and recrystallized from acetic
acid.

Compound 4 was reacted with poly(ethylene glycol)
ditosylates in the presence of alkali carbonate in CH3;CN
(Scheme 1) to give the 7,8-dihydroxy-3-(3,4-dihydroxy-
phenyl)-2H-chromen-2-one crown ethers (coumarino
crown ether) Sa, 5b, Sc, respectively.

The purification of crown ethers were done by col-
umn chromatography (silica gel-chloroform) to give
pure coumarino crown ethers (5a-5c¢) in 12-23% yields.
They were soluble in CHCl; or CH,Cl,. The novel com-
pounds have been characterized by elemental analysis
IR, '"H NMR, °C NMR, and MALDI-TOF-MS.

The IR spectra of 3 showed absorption bands at 2840
and 2973 cm ™! for the C—H stretching. The characteris-
tic band of the nitrile group (CN), benzene ring (C=C),
and methoxy group (OCH3) appeared at 2206, 1583—
1403, 1350-1023 cm ', respectively. The IR spectrum
of 4 showed a characteristic band for the hydroxyl group
(OH), carbonyl group (C=0), benzene ring (C=C), and
(C—0) 3560-3328, 1681, 16181535, 1311-1109 cm ",
respectively.

The 'H NMR spectra of 5a-5¢ showed characteristic
signals for etheral (—O—CH,—CH,—O—) protons at &
3.85-4.48 ppm, each a triplet. In addition, the chemical
shifts of the aromatic protons are observed at & 6.86—
7.81 ppm.

The '>C NMR spectrum of 5a-5c¢ showed expected
signals for aromatic, carbonyl, and etheral carbons at o
109.83-140.63, 160.46-173.90, 69.06-75.17 ppm,
respectively. Also the MALDI-TOF-MS and elemental
analysis confirmed the formation of coumarino crown
ether derivatives.
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The obtained new coumarino crown ether compounds
will next be examined for their cation binding properties
using fluorescence spectroscopy.

EXPERIMENTAL

The starting chemicals were purchased from Aldrich or
Merck unless otherwise cited. Melting points have been
obtained on a Gallenkamp apparatus and are uncorrected. IR
spectra were obtained from KBr pellets with a Schimadzu
FTIR spectrometer, model 8300. Mass spectra have been
obtained with a MALDI-TOF instrument, model Bruker Auto-
flex III. The 'H NMR spectra have been obtained with a
BRUKER spectrometer, model AVANCE-400 Cpx and TMS
was used as the internal reference. Combustion analyses have
been acquired with a LECO-932 CHN.

Synthesis of 1-(3,4-dimethoxyphenyl)-2-(2,3,4-trimethoxy-
phenyl)acrylonitrile (3). The typical procedure for synthesis
of acrylonitrile (3) is performed according to the literature
[18]. A mixture of 2,3,4-trimethoxybenzaldehyde (1) (4.82 g,
24.59 mmol) and 3.4-dimethoxyphenylacetonitrile (2) (4.34 g,
24.59 mmol) in ethanol (100 mL) was heated to 70°C; 20%
aqueous sodium hydroxide solution was then added dropwise
to the stirred solution until the onset of turbidity. The acryloni-
trile (3) precipitated when the solution was cooled to room
temperature. The precipitate was collected by filtration, washed
with water, and dried. The crude product was purified by
recrystallization from ethanol. 6.85 g (78%), mp 114-115 °C.
ir (KBr): 2973-2840 (C—H), 2206 (CN), 1583-1403 (C=C),
1350-1023 (C—0) cm™'; '"H NMR (400 MHz/CDCl3): & 3.89
(s, 3H, OCHj), 3.91 (s, 3H, OCH3), 3.92 (s, 3H, OCH,3), 3.93
(s, 3H, OCHs;), 3.95 (s, 3H, OCH3;), 6.78 (d, J = 9.0 Hz, 1H),
691 (d, J = 8.2 Hz, 1H), 7.15 (d, J = 2.3 Hz, 1H,), 7.24 (dd,

J = 82 Hz and 2.3 Hz, 1H), 7.72 (s, 1H), 7.96 (d, J = 9.0

Hz, 1H); ms: m/z 355.14 (M"), 356.15 M+1)*, 357.15
M-+2)".

Synthesis of 7,8-dihydroxy-3-(3,4-dihydroxyphenyl)-2H-
chromen-2-one (4). A mixture of the acrylonitrile (3) (6.85 g,
19.24 mmol) and freshly prepared pyridine hydrochloride
(11.11 g, 96.20 mmol) was heated for 2 h at 180°C; the cooled
solution was treated with water. The precipitated coumarin
was washed with water until neutral, dried, and recrystallized
from acetic acid. 4.6 g (83%), mp 295°C (lit: 297 °C [19]); ir
(KBr): 3560-3328 (Ar—OH), 1681 (C=0), 1618-1535
(C=0), 1311-1109 (C—0) ecm™"; 'H NMR (400 MHz/DMSO-
dg): 8 6.71 (d, J = 8.5 Hz, 1H), 6.85 (d, J = 8.5 Hz, 1H),
6.95 (dd, J = 8.5 Hz and 2.0 Hz 1H), 7.15 (d, / = 8.5 Hz,
1H), 7.22 (d, J = 2 Hz, 1H), 7.95 (s, 1H), 9.05 (br-s, 1H),
9.12 (br-s, 1H), 9.40 (br-s, 1H), 9.95 (br-s, 1H).

General procedure for the synthesis of 7,8-dihydroxy-
3-(3,4-dihydroxyphenyl)-2H-chromen-2-one crown ethers
(5a-5c). The typical procedure for the cyclization reaction
leading to macrocyclic ethers (5a-5c¢) is as follows. A mixture
of 4 (5 mmol), poly(ethylene glycol) ditosylate (10 mmol),
and metal carbonate (20 mmol) was dissolved in 60 mL
CH;CN in a 100-mL reaction flask. The reaction mixture was
heated for 35-40 h at 80-85°C. The solvent was distilled.
Diluted HCI was added to the residue and the mixture was
extracted with CHCl; (3 x 50 mL). The combined organic
extracts were washed with water, dried over CaCl,, and the
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CHCl; solution evaporated in vacuo. Chromatography of the
crude products (silica gel 60, Merck) with chloroform gave
pure coumarino crown ethers (5a-5c).
14-(2,3,5,6,8,9-Hexahydrobenzo[b][1,4,7,10]tetraoxacyclo-
dodecin-12-yl)-5,6,8,9-tetrahydro-2H-[1,4,7,10]tetra-oxa-
cyclododeca[2,3-h]chromen-15(3H)-one (5a; C,,;H3¢0 ).
Compound 4 (1.5 g, 5.2 mmol), Na,CO;3 (2.2 g, 21 mmol),
tri(ethylene glycol) ditosylate (4.8 g, 10 mmol) in CH3CN
(60 mL) was reacted as described earlier to afford light yellow
solid 5a, 0.6 g (22%), mp 126-128°C; 'H NMR (400 MHz/
CDCls): & 3.85 (t, J = 4Hz, 4H), 3.95 (t, / = 4Hz, 4H), 3.97
(t, J = 4Hz, 4H), 4.21 (t, J = 4Hz, 4H), 4.23 (t, / = 4Hz,
4H), 4.40 (t, 4Hz, 4H), 6.86 (d, J = 8.7 Hz, 1H, H-5), 7.01
(d, J = 8.5 Hz, 1H, H-6), 7.19 (d, J = 8.7 Hz, 1H, H-5), 7.31
(dd, J = 8.5 Hz and 1.5 Hz, 1H, H-6'), 7.37 (d, J = 1.5 Hz,
1H, H-2'), 7.69 (s, 1H, H-4); >C NMR (100 MHz, CDCls/
TMS): 6 69.75, 69.87, 70.31, 70.34, 70.51, 70.87, 71.18,
71.32, 71.66, 72.16, 72.23, 75.17, 111.06, 115.02, 117.74,
118.97, 123.17, 124.53, 126.25, 129.14, 136.26, 139.75,
147.72, 150.37, 151.25, 155.12, 160.46; ms: m/z 513.94 (M),
536.95 (M+Na)". Anal. Calc. for C,7H300;o: C, 63.03; H,
5.88. Found: C, 62.97; H, 5.68.
17-(2,3,5,6,8,9,11,12-Octahydrobenzo[b][1,4,7,10,13]penta-
oxacyclopentadecin-15-yl)-5,6,8,9,11,12-hexahydro-2H -
[1,4,7,10,13]pentaoxacyclopentadecal2,3-h]chromen-18(3H)-
one (5b; C3;H340;,). Compound 4 (1.0 g, 3.5 mmol), K,CO;5
(1.93 g, 14 mmol), tetra(ethylene glycol) ditosylate (3.52 g, 7
mmol) in CH3;CN (60 mL) reacted as described earlier to
afford light yellow solid 5b, 0.5 g (23%), mp: 136 °C; 'H
NMR (400 MHz/CDCl5): & 4.04 (t, J = 4Hz, 4H), 4.06 (t, J =
4Hz, 4H), 4.09 (t, J = 4Hz, 4H), 4.11 (t, J = 4Hz, 4H), 4.34
(t, J = 4Hz, 4H), 4.37 (t, 4Hz, 4H), 4.39 (t, 4Hz, 4H), 4.48 (t,
4Hz, 4H), 7.02 (d, J = 8 Hz, 1H, H-5), 7.07 (d, J = 8 Hz,
1H, H-6), 7.25 (d, / = 8 Hz, 1H, H-5), 7.40 (dd, / = 8 Hz
and 2 Hz, 1H, H-6'), 7.43 (d, J = 2 Hz, 1H, H-2"), 7.81 (s,
1H, H-4); *C NMR (100 MHz, CDCI3/TMS): § 69.08, 69.26,
69.45, 69.47, 69.75, 69.78, 70.42, 70.53, 70.61, 70.72, 70.77,
71.08, 71.16, 71.28, 71.30, 73.79, 109.83, 113.93, 114.92,
121.86, 122.87, 124.81, 128.43, 135.47, 139.30, 139.35,
147.73, 148.96, 149.83, 154.92, 160.58; ms: m/z 602.07 (M),
625.04 (M+Na)t, 641.02 (M+K)". Anal. Calc. for
C31H33015: C, 61.78; H, 6.36. Found: C, 61.58; H, 6.05.
20-(2,3,5,6,8,9,11,12,14,15-Decahydrobenzo[b][1,4,7,10,13,
16]hexaoxacyclooctadecin-18-yl)-5,6,8,9,11,12,14,15-octahy-
dro-2H-[1,4,7,10,13,16]hexa-oxacyclooctadecal2,3-h]chro-
men-21(3H)-one (5¢; Cj35H50;74). Compound 4 (1.0 g,
3.5 mmol), K,CO5; (1.93 g, 14 mmol), penta(ethylene glycol)
ditosylate (3.52 g, 7 mmol) in CH3CN (60 mL) reacted as
described earlier to afford light yellow solid Se, 0.28 g (12%),
mp: 95 °C; 'H NMR (400 MHz/CDCls): & 3.92 (t, J = 4Hz,
4H), 3.95 (t, J/ = 4Hz, 4H), 3.97 (t, / = 4Hz, 4H), 4.02 (t,
J = 4Hz, 4H), 4.21 (t, J = 4Hz, 4H), 4.22 (t, /] = 4Hz, 4H),
424 (t, J = 4Hz, 4H), 4.25 (t, J = 4Hz, 4H), 4.27 (t, 4Hz,
4H), 4.37 (t, 4Hz, 4H), 6.88 (brd, J = 8.6 Hz, 1H, H-5'), 6.93
(brd, J = 8.6 Hz, 1H, H-6), 6.99 (d, J = 8.6 Hz, 1H, H-5),
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7.17 (dd, J = 8.7 Hz and 2 Hz, 1H, H-6), 7.29 (d, J = 2 Hz,
1H, H-2)), 7.67 (s, 1H, H-4); '*C NMR (100 MHz, CDCly/
TMS) &: 69.06, 69.21, 69.36, 69.44, 69.68, 69.82, 70.55,
70.60, 70.67, 70.78, 70.84, 70.90, 70.94, 70.97, 71.01, 71.12,
71.18, 71.27, 71.39, 73.24, 110.62, 113.61, 114.57, 116.14,
121.78, 122.88, 124.97, 128.18, 136.19, 139.34, 148.63,
152.38, 152.45, 154.75, 173.90 ; ms: m/z 690.2 (M), 713.18
(M+Na)", 629.16 (M+K)". Anal. Calc. for C3sHycO14: C,
60.86; H, 6.71. Found: C, 60.36; H, 6.81.
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An efficient one-pot synthesis of 3,5-disubstitueted isoxazoles from B-diketones in room temperature
ionic liquids (ILs) is described. Compared with the classical reaction conditions, this new synthetic
method is environmentally friendly and has the advantages of recyclability of IL and very good to

excellent yields.

J. Heterocyclic Chem., 46, 108 (2009).

INTRODUCTION

Synthesis of substituted isoxazole derivatives is par-
ticularly important because a lot of compounds contain-
ing the isoxazole ring system are known to have a vari-
ety of biological activities in pharmaceutical and agri-
cultural areas [1]. Their range of uses includes medici-
nal, herbicidal, fungicidal, pesticidal applications, dyes,
insulating oils, and lubricants. Since Claisen’s report in
1891 [2], many methods have been developed for the
preparation of substituted isoxazoles which can gener-
ally be divided into two synthetic routes. The first
involves the condensation reaction of a hydroxylamine
with a carbonyl compound and provides easy access to
3,5-disubstituted isoxazoles [1]. The second route
involves the 1,3-dipolar cycloaddition of a nitrile oxide
with an alkyne. In this transformation, nitrile oxides
react intermolecularly with monosubstituted alkynes to
again give a preponderance of 3,5-disubstituted isoxa-
zoles [3] and furoxan is a significant byproduct.

Room temperature ionic liquids (ILs) have been the
subject of considerable interest as new, nonvolatile, and
environmentally friendly alternatives to conventional or-
ganic solvents. They are salts of organic cations and a
variety of anions [4-7]. ILs are compatible with several
organic transformations [8—10], they readily immobilize
several catalysts in their native form [11,12] or the sup-
ported catalysts [13]. They have been found to alter the
outcome of chemical reactions in a dramatic fashion
[14], thus forming a new paradigm in organic synthesis.

In continuation of our recent interest to use ILs, water
or solventless systems as green reaction mediums [15],
we report herein the synthesis of isoxazole derivatives

in reusable imidazolium-based ILs using NaOH as base
Scheme 1.

A typical reaction of dibenzoylmethane with
hydroxyl-amine was carried out in the IL, [bmim]Br, at
ambient conditions to form 3,5-diphenyl isoxazole.
However, at room temperature, reaction does not pro-
ceed further to afford the product even in trace amounts.
Consequently, the reaction was carried out at higher
temperatures and optimum results were obtained at
65°C (75%).

For further optimization, several ILs based on butyl-
methylimidazolium salts [bmim]X with varying anions
were screened for the typical reaction of dibenzoil-meth-
ane with hydroxylamine at 65°C for complete conver-
sions as monitored by TLC to afford 3,5-diphenyl isoxa-
zole. The results are recorded in Table 1. Evidently,
[bmim]BF, was found to be superior in terms of yield
(83%) and reaction time (5 h) when compared with
other ILs.

Consequently, all further reactions with other B-dike-
tones were conducted by using [bmim]BF, as the reac-
tion medium Table 2. Acetylacetone and 2,4-hexane-
dione were mostly recovered unchanged. All the pro-
ducts were fully characterized by M.P., *C NMR, 'H
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Table 1
Synthesis of 3,5-diphenyl isoxazole in [bmim]X at 65°C.

Entry Tonic liquid Time (h) Yield® (%)
1 [bmim]Br 5 75
2 [bmim]|BF, 5 83
3 [bmim]CI 5 72
4 [bmim]ClO,4 5 70
5 [bmim]PF¢ 5 72

 Isolated yield after column chromatography.

NMR, and the values [16] were in agreement with those
reported in literature.

Recycling of the IL was carried out for the reaction
of B-diketone and hydroxylamine hydrochloride follow-
ing an extremely straightforward protocol. After com-
plete reaction and workup the residue containing IL was
dissolved in EtOAc, filtered through a filter paper, dried
over Na,SQOy,, and the solvent was removed on a rotary
evaporator. The IL was further vacuum dried at 0.1
mmHg for 1 h and used for two more runs under identi-
cal conditions as for run 1. The results gained are shown
in Table 3. It can be seen that a slight reduction in yield
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was observed in runs carried out using “‘old” IL, and
furthermore the products obtained were of the same
purity as in the first run.

In conclusion, a novel method for the one-pot synthe-
sis of the biologically active isoxazoles has been devel-
oped by the reaction of B-diketone and hydroxylamine
hydrochloride in the IL [bmim]Br in excellent isolated
yields. The solvent IL was recovered almost entirely
and recycled successfully. The moderate reaction condi-
tions, easy workup procedure and recyclability of the
nonvolatile IL make this an environment friendly
method amenable for scaleup.

EXPERIMENTAL

All of the melting points are uncorrected and were deter-
mined with a Stuart scientific apparatus. Infrared spectra were
recorded in KBr and were determined on a PerkinElmer FT-IR
spectrometer. '"H NMR spectra were recorded on a Bruker
Avance 300 MHz spectrometer in CDCl; as solvent and TMS
as internal standard. All solvents and chemicals were of
research grade and were used as obtained from Merck. The
imidazolium-based ILs investigated were prepared according
to the procedure reported in the previous literature [17].

Table 2

Preparation of 3,5-disubstituted isoxazoles in [bmim]BF,.

Melting point (°C)

Product number R, R, R; Time (h) Found Reported Yield® (%)
1 Ph Ph H 5 138-142 140-141 [18] 83
2 Ph Me H 6.2 65-68 67 [19] 78
3 Ph Ph Me 5.5 121-123 - 78
4 Ph 4-NO,CgHy H 6 223-227 226-228 [20] 78
5 Ph 4-CICgH4 H 6 170-177 172-178 [21] 81
6 4-MeOC¢Hy 4-NO,CgHy H 5.5 169-174 172-175 [21] 75
7 4-MeOCcH, 4-CICeH4 H 5.5 207-211 210 [20] 73
 Isolated yield after column chromatography.
Table 3

Ionic liquid recycling for the reaction of B-diketone and hydroxylamine hydrochloride.

Cycle 1 Cycle 2 Cycle 3
Tonic liquid Time (h) Yield (%) Time (h) Yield (%) Time (h) Yield (%)
[bmim]Br 5 80 6 78 7 76
[bmim]BF, 5 83 6 80 7 79
[bmim]Cl 5 72 6 70 7 69
[bmim]ClO,4 5 70 6 68 7 65
[bmim]PF¢ 5 72 6 71 7 67

“Isolated yields of 3,5-diphenylisoxazole.
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The mild oxidation of sydnone-benzoylhydrazone hybrids with lead oxide in acetic acid/dichlorome-
thane solution inducted their intramolecular cyclization to provide the corresponding 2,5-disubstituted-
1,3,4-oxidiazole derivatives. The sydnone moiety has been efficient preserved for the future work in the

mild oxidation.

J. Heterocyclic Chem., 46, 111 (2009).

INTRODUCTION

Sydnones attract attention due to their wildly useful
properties, including biological and pharmaceutical
usage [1], synthetic application [2], photochromic prop-
erties [3], and preparation of electroluminescent materi-
als [4]. Sydones, also considered as the masked hydra-
zines, can react with HCI for de-masking for the further
formation of heterocycles [5].

1,3,4-Oxadiazoles have been reported to be biologi-
cally versatile compounds displaying a variety of biolog-
ical effects, which include anti-inflammatory [6], anti-
fungal [7], antiparasitic [8], and antimicrobial activities
[9]. In addition, they have been used as bioisosteres on
the carboxamide moiety [10]. The most common syn-
thetic approach to 1,3,4-oxidiazoles involves cyclodehy-
dration of 1,2-diacylhydrazines. Typically, the reaction
is carried out by using thionyl chloride [11], phospho-
rous oxychloride [12], phosphorous pentoxide [13], tri-
phenylphosphine [14], or trifluoromethane—sulfonic an-
hydride as the dehydrating agent [15].

Another alternative route to 1,3,4-oxadiazoles by oxi-
dative cyclization from the corresponding aldehyde N-
acylhydrazones proceeds with lead tetraacetate [16],
lead oxide [17], potassium permanganate [18], electro-
chemical methods [19], iodobenzene diacetate [20], or

chloramine T [21]. The azines were used as oxidative
cyclization precursors. Herein, we report the aldehyde
N-acylhydrazone containing sydnone moiety with lead
oxide reagent, at 40°C for 2 h to afford 2,5-disubsti-
tuted-1,3,4-oxadiazole—sydnone hybrids in 51-63%. In
this mild oxidative cyclization, the sydnone moiety is
able to be successful preserved without decomposition.

RESULTS AND DISCUSSION

The synthetic pathway of the 2,5-disubstituted-1,3,4-
oxadiazole—sydnone hybrid derivatives (7-10) was
depicted in Scheme 1. Following by the published pro-
cedure [2,22], the sydnone compounds were easily con-
verted to the 3-aryl-4-formyl-sydnone derivatives la—1d
in a solution of POCl; and DMF by the Schmidt reac-
tion. And benzoyl chloride reacted with hydrazine
monohydrate to generate benzoylhydrazones 2a-2d.
Then various 3-aryl-4-formyl-sydnone derivatives la—1d
(p—R1 = H, Me, OMe, and OEt) were mixed with ben-
zoylhydrazones 2a-2d (p-R2 = H, Me, Cl, and sydnone)
and stirred for 2.0-6.0 h in an EtOH solution to achieve
the elimination and give the corresponding products 3—-6
in good yields (74-86%, see Table 1) [23].

© 2009 HeteroCorporation



112 K.-C. Chiang, F. F. Wong, C.-H. Hung, Y.-Y. Huang, P.-W. Chang, Y.-M. Liao, and S.-K. Lin

Scheme 1. The synthetical route of 2,5-disubstituted-1,3,4-oxadiazole—
sydnone hybrid derivatives.
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Aldehyde N-acylhydrazones 3—6 were performed the
oxidative—cyclization by using fresh KMnO, in acetic
acid/dichloromethane solution. The low isolable oxida-
tive—cyclization products were provided because of the
further oxidation formation and the damage of sydnone
ring by KMnO,. In the controllable and improvable
experiment, the commercially available reagent lead ox-
ide (PbO,) was selected for the mild oxidative—cycliza-
tion agent [17,24]. When the aldehyde N-acylhydrazones
3-6 were oxidized with 2.5 equiv of lead oxide (PbO,),
the 2,5-disubstituted-1,3,4-oxadiazole—sydnone hybrid
derivatives 7-10 were formed in 50-63% yields. The
long range of the substitution effects on R! (H, Me,
OMe, and OEt) and R? (H, Me, Cl, and sydnone) posi-
tions are not clearly a function of the isolated yield and
the results are shown in Table 1.

The proposed oxidative—cyclization mechanism is
shown in the Scheme 2. The aldehyde N-acylhydrazone
11 can be oxidized by lead oxide (PbO,) to trap the
hydrogen and afford the hydrazonyl radical 12 [17].

Table 1

The yields of aldehyde N-acylhydrazones 3—-6 and
2,5-disubstituted-1,3,4-oxadiazole—sydnone hybrid derivatives 7-10.

Entry
Compounds  Yield Compounds Yield

R’ R? 36 (%) 7-10 (%)
H H 3a 80 7a 57
Me 3b 86 7b 57

Cl 3c 77 Tc 50

Sydnone 3d 84 7d 51

Me H 4a 83 8a 59
Me 4b 83 8b 58

Cl 4c 75 8c 51

Sydnone 4d 87 8d 53

OMe H 5a 82 9a 61
Me 5b 85 9b 60

Cl 5c 75 9c 53

Sydnone 5d 89 9d 58

OEt H 6a 82 10a 63
Me 6b 84 10b 62

Cl 6¢ 74 10c 53

Sydnone 6d 89 10d 57
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Scheme 2. The proposed mechanism of the oxidative cyclization.
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Because of the electron radical can be stabilized by the
strong electronegativity of oxygen atom, the electron
radical migrates from nitrogen to oxygen atom to form
the radical intermediate 13. The intermediate 13 under-
goes the further oxidative cyclization to yield 2,5-disub-
stituted-1,3,4-oxadiazole—sydnone hybrid 14 [23].

In conclusion, we have developed a mild and efficient
oxidative—cyclization method for the synthesis of 2,5-
disubstituted-1,3,4-oxadiazole—sydnone hybrid deriva-
tives. Using this mild radical cyclization, the sydnone
ring was successfully preserved to provide 1,3,4-oxadia-
zole—sydnone hybrids in the core molecular.

EXPERIMENTAL

General procedure. Analytical thin-layer chromatography
was performed on precoated plates (silica gel 60 F-254), pur-
chased from Merck Inc. Purification by gravity column chro-
matography was carried out by use of Merck Reagents Silica
Gel 60 (particle size 0.063—0.200 mm, 70-230 mesh ASTM).
Infrared (IR) spectra were measured on a Bomem Michelson
Series FT-IR spectrometer. The wave numbers reported are
referenced to the polystyrene 1601 cm™"' absorption. Absorp-
tion intensities are recorded by the following abbreviations: s,
strong; m, medium; w, weak. Proton NMR spectra were
obtained on a Bruker-300 (400 MHz) spectrometer by use of
CDCl; and d¢-DMSO as solvent. Carbon-13 NMR spectra
were obtained on a Varian a Bruker-300 (100 MHz) spectrom-
eter by used of CDCl; as solvent. Carbon-13 chemical shifts
are referenced to the center of the CDClj; triplet (6 77.0 ppm).
Multiplicities are recorded by the following abbreviations: s,
singlet; d, doublet; t, triplet; q, quartet; m, multiplet; J, cou-
pling constant (hertz). Elemental analyses were carried out on
a Heraecus CHN-O RAPID element analyzer. Mass spectra
were measured on a VG Platform II GC-MS Instruments. FAB
mass and High-resolution mass spectra were obtained by
means of a Finnigan/Thermo Quest MAT 95XL mass
spectrometer.

Standard procedure for the substitution reaction. To a
solution of 3-aryl-4-formyl-sydnone derivatives (la-1d, 0.38 g,
2.00 mmol, 1.0 equiv) and benzoylhydrazones (2a-2d, 0.27 g,
2.00 mmol, 1.6 equiv) in EtOH (10 mL) was stirred and
added one drop of aqueous H,SO,  solution.
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The reaction mixture was stirred at room temperature for 2.0 h.
After the reaction was completed, the resultant precipitate
was filtrated, washed with cold EtOH (20 mL x 2), and
dried in vacuum oven. The residue was purified by recrys-
tallization from EtOAc to give pure aldehyde N-acylhydra-
zones 3—6 as white powder in 74-86% yields.
3-Phenyl-4-formylsydnone benzoylhydrazone (3a). Mp (re-
crystallized from EtOAc) 196-198°C; 'H NMR (DMSO-ds,
300 MHz) 6 7.40-7.82 (m, 10 H), 8.11 (s, 1 H), 11.69 (s, 1 H,
NH); °C NMR (DMSO-ds, 75 MHz) § 106.1, 125.9, 127.7,
128.7, 130.3, 132.1, 133.2, 133.4, 134.5, 142.1, 162.9, 164.3; IR
(KBr) 3370 (s, NH), 1755 (m, C=0), 1695 m cm ™ '; FABMS m/z
(relative intensity) 309 (M + 1, 59), 308 (M, 15).
3-Phenyl-4-formylsydnone p-methylbenzoylhydrazone (3b).
Mp (recrystallized from EtOAc) 197-199°C; 'H NMR
(DMSO-ds, 300 MHz) & 2.21 (s, 3H, CH3), 7.12-7.72 (m, 9
H), 8.03 (s, 1 H), 11.56 (s, 1 H, NH); °C NMR (DMSO-ds,
75 MHz) & 21.2, 106.2, 125.9, 127.5, 127.7, 129.2, 130.3,
132.8, 1334, 134.3, 142.2, 162.8, 164.1; IR (KBr) 3338 (s,
NH), 1754 (m, C=0), 1692 m cm™~'; FABMS m/z (relative in-
tensity) 323 (M + 1, 74), 322 (M™, 35).
3-Phenyl-4-formylsydnone p-chlorolbenzoylhydrazone (3c).
Mp (recrystallized from EtOAc) 200-202°C; '"H NMR (DMSO-
dg, 300 MHz) & 7.10-7.80 (m, 9 H), 7.86 (s, 1 H), 11.68 (s, 1
H, NH); °C NMR (DMSO-ds, 75 MHz) § 106.0, 125.3, 125.8,
127.1, 128.5, 130.2, 132.1, 133.2, 133.5, 142.3, 161.8, 163.9; IR
(KBr) 3364 (s, NH), 1755 (m, C=0), 1689 m cm .
3-Phenyl-4-formylsydnone 4-(sydnon-3-yl)benzoylhydrazone
(3d). Mp (recrystallized from MeOH) 183-185°C; 'H NMR
(DMSO-ds, 300 MHz) 6 7.05-8.68 (m, 11 H, ArH + syd-
none), 12.35 (s, 1 H, NH); IR (KBr) 3091 (s, NH), 1745 (m,
C=0), 1681 m cm !; FABMS m/z (relative intensity) 393
M + 1, 3), 392 (M, 24).
3-(p-Methylphenyl)-4-formylsydnone benzoylhydrazone
(4a). Mp (recrystallized from EtOAc) 191-193°C; '"H NMR
(DMSO-dg, 300 MHz) & 2.46 (s, 3H, CH3), 7.25-7.75 (m, 9 H),
8.11 (s, 1 H), 11.66 (s, 1 H, NH); >C NMR (DMSO-dg, 75
MHz) $ 21.1, 106.1, 125.7, 127.3, 127.7, 129.0, 129.3, 130.3,
131.1, 134.5, 143.2, 162.8, 164.7; IR (KBr) 3352 (s, NH), 1758
(m, C=0), 1692 m cm ™.
3-(p-Methylphenyl)-4-formylsydnone p-methylbenzoylhydra-
zone (4b). Mp (recrystallized from EtOAc) 197-199°C; 'H
NMR (DMSO-d,, 300 MHz) & 2.20 (s, 3H, CHjy), 2.46 (s, 3H,
CHs3), 7.25-7.75 (m, 8 H), 8.16 (s, 1 H), 11.67 (s, 1 H, NH);
3C NMR (DMSO-ds, 75 MHz) & 21.0, 21.2, 106.3, 126.2,
127.3, 127.9, 129.8, 130.4, 132.6,134.5, 142.6, 162.5, 164.0;
IR (KBr) 3345 (s, NH), 1752 (m, C=0), 1695 m cm™".
3-(p-Methylphenyl)-4-formylsydnone p-chlorolbenzoylhydra-
zone (4c). Mp (recrystallized from EtOAc) 201-203°C; 'H
NMR (DMSO-ds, 300 MHz) & 2.43 (s, 3H, CH3;), 7.28-7.90
(m, 8 H), 798 (s, 1 H), 11.63 (s, 1 H, NH); "C NMR
(DMSO-ds, 75 MHz) & 21.0, 106.0, 125.1, 127.0, 1274,
128.8, 129.1, 130.2, 130.9, 134.2, 143.1, 162.4, 164.1; IR
(KBr) 3359 (s, NH), 1752 (m, C=0), 1695 m cm .
3-(p-Methylphenyl)-4-formylsydnone  4-(sydnon-3-yl)ben-
zoylhydrazone (4d). Mp (recrystallized from MeOH) 210-—
212°C; '"H NMR (DMSO-dg, 300 MHz) & 2.43 (s, 3H, CH3),
7.39-8.15 (m, 10 H, ArH + sydnone), 11.93 (s, 1 H, NH); IR
(KBr) 3095 (s, NH), 1751 (m, C=0), 1679 m cm ..
3-(p-Methoxyphenyl)-4-formylsydnone  benzoyl-hydrazone
(5a). Mp (recrystallized from EtOAc) 183-185°C; '"H NMR
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(DMSO-dg, 300 MHz) 6 3.88 (s, 3H, OCH3), 7.12-7.72 (m, 9
H), 8.03 (s, 1 H), 11.56 (s, 1 H, NH); *C NMR (DMSO-ds,
75 MHz) & 56.8, 106.2, 121.2, 121.7, 127.7, 129.3, 130.5,
130.6, 133.7, 134.8, 142.3, 162.8, 164.0; IR (KBr) 3334 (s,
NH), 1755 (m, C=0), 1704 m cm~'; FABMS m/z (relative in-
tensity) 339 (M + 1, 68), 338 (M™, 6).
3-(p-Methoxyphenyl)-4-formylsydnone p-methylbenzoyl-
hydrazone (5b). Mp (recrystallized from EtOAc) 178-180°C;
'"H NMR (DMSO-ds, 300 MHz) & 2.34 (s, 3H, CH3), 3.88 (s,
3H, OCHj3), 7.25-7.79 (m, 8 H), 8.02 (s, 1 H), 11.66 (s, 1 H,
NH); '*C NMR (DMSO-ds, 75 MHz) & 21.1, 56.7, 106.4, 121.3,
121.8, 127.7, 129.1, 130.3, 131.8, 133.8, 134.5, 142.1, 162.7,
164.0; IR (KBr) 3332 (s, NH), 1748 (m, C=0), 1701 m cmfl;
FABMS m/z (relative intensity) 353 (M + 1, 21), 352 (M ™, 2).
3-(p-Methoxyphenyl)-4-formylsydnone p-chlorolbenzoyl-
hydrazone (5¢). Mp (recrystallized from EtOAc) 191-193°C;
'"H NMR (DMSO-d,, 300 MHz) & 3.87 (s, 3H, OCH3), 7.03—
7.70 (m, 8 H), 7.90 (s, 1 H), 11.52 (s, 1 H, NH); '*C NMR
(DMSO-ds, 75 MHz) & 56.6, 106.1, 121.1, 121.2, 1274,
129.2, 130.1, 130.5, 132.9, 134.5, 142.0, 161.7, 163.8; IR
(KBr) 3361 (s, NH), 1755 (m, C=0), 1699 m cm '; FABMS
m/z (relative intensity) 373 (M + 1, 62), 372 (M™, 13).
3-(p-Methoxyphenyl)-4-formylsydnone 4-(sydnon-3-yl)ben-
zoylhydrazone (5d). Mp (recrystallized from MeOH) 204—
206°C; 'H NMR (DMSO-dg, 300 MHz) & 3.87 (s, 3H, OCH3),
7.24-8.15 (m, 10 H, ArH + sydnone), 11.92 (s, 1 H, NH); IR
(KBr) 3092 (s, NH), 1746 (m, C=0), 1683 m cm '; FABMS
mlz (relative intensity) 423 (M + 1, 6), 422 (M, 1).
3-(p-Ethoxyphenyl)-4-formylsydnone benzoyl-hydrazone
(6a). Mp (recrystallized from EtOAc) 192-194°C; 'H NMR
(DMSO-dg, 300 MHz) & 1.37 (t, 3 H, J = 7.0 Hz, CH3), 4.15
(q, 2 H, J = 7.0 Hz, CH,), 7.20-7.83 (m, 9 H), 8.15 (s, 1 H),
11.70 (s, 1 H, NH); ">C NMR (DMSO-de, 75 MHz) & 14.7,
64.2, 106.2, 125.8, 127.5, 127.7, 128.7, 129.1, 132.2, 133.2,
134.9, 142.3, 161.5, 163.0; IR (KBr) 3352 (s, NH), 1749 (m,
C=0), 1698 m cm !; FABMS m/z (relative intensity) 353
M + 1, 21), 352 (M™, 3).
3-(p-Ethoxyphenyl)-4-formylsydnone p-methylbenzoyl-
hydrazone (6b). Mp (recrystallized from EtOAc) 189-191°C;
"H NMR (DMSO-ds, 300 MHz) & 1.33 (t, 3 H, J = 7.0 Hz,
CHs3), 2.44 (s, 3H, CH3), 4.13 (g, 2 H, J = 7.0 Hz, CH,),
7.20-7.78 (m, 9 H), 8.15 (s, 1 H), 11.65 (s, 1 H, NH); "°C
NMR (DMSO-ds, 75 MHz) & 14.7, 21.2, 64.2, 106.1, 125.8,
127.4, 127.7, 128.7, 129.2, 130.2, 133.2, 134.6, 142.3, 164.0;
IR (KBr) 3358 (s, NH), 1740 (m, C=0), 1695 m cm
FABMS m/z (relative intensity) 367 (M + 1, 19), 366 (M, 4).
3-(p-Ethoxyphenyl)-4-formylsydnone p-chlorolbenzoyl-
hydrazone (6¢c). Mp (recrystallized from EtOAc) 195-197°C;
'"H NMR (DMSO-ds, 300 MHz) § 1.36 (t, 3 H, J = 7.0 Hz,
CH3), 4.13 (q, 2 H, J = 7.0 Hz, CH,), 7.13-7.80 (m, 8 H),
791 (s, 1 H), 11.66 (s, 1 H, NH); '’C NMR (DMSO-ds, 75
MHz) & 14.6, 64.1, 105.8, 125.5, 127.2, 127.7, 128.8, 129.4,
132.2, 133.0, 134.6, 142.1, 160.8, 162.9; IR (KBr) 3350 (s,
NH), 1745 (m, C=0), 1699 m cm™'; FABMS m/z (relative in-
tensity) 387 (M + 1, 51), 386 (M™, 3).
3-(p-Ethoxyphenyl)-4-formylsydnone 4-(sydnon-3-yl)ben-
zoylhydrazone (6d). Mp (recrystallized from MeOH) 178-
180°C; 'H NMR (DMSO-ds, 300 MHz) & 1.37 (t, 3 H, J =
6.9 Hz, CH;), 4.14 (q, 2 H, J = 6.9 Hz, CH,), 7.21-8.16 (m,
10 H, ArH + sydnone), 11.93 (s, 1 H, NH); IR (KBr) 3094 (s,
NH), 1749 (m, C=0), 1677 m cm™'; FABMS m/z (relative in-
tensity) 437 (M + 1, 6), 436 (M™, 4).
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Standard procedure for the oxidative—cyclization.
Aldehyde N-acylhydrazones 3-6 (0.31 g, 1.00 mmol, 1.0
equiv) was dissolved in glacial acetic acid/dichloromethane (1/
1, 15 mL). Lead oxide (PbO,, 0.60 g, 2.50 mmol, 2.5 equiv)
was added to the reaction mixture and stirred at 35-40°C for
1.5-6 h. After the reaction was completed, the reaction mix-
ture was filtrated to remove the lead oxide residue and washed
with cold dichloromethane (10 mL x 3). The filtrate was
washed and extracted with saturated NaHCO; aqueous solution
(20 mL x 2) to remove the residue glacial acetic acid. The
combined organic layer was dried with MgSO, () and concen-
trated under reduced pressure. The residue was purified by
recrystallization from dichloromethane to give pure 2,5-disub-
stituted-1,3,4-oxidiazole—sydnone hybrid derivatives 7-10 as a
white powder in 50-63% yields.

3-Phenyl-4-(5-phenyl-1,3,4-oxadiazol-2-yl)sydnone (7a).
Mp (recrystallized from CH,Cl,) 177-179°C; 'H NMR
(DMSO-dg, 300 MHz) & 7.51-7.96 (m, 10 H); '*C NMR
(DMSO-ds, 75 MHz) & 97.6, 120.6, 126.0, 126.5, 129.7,
129.9, 132.5, 133.0, 134.5, 154.1, 163.1, 163.9; IR (KBr) 1749
m cm~'; FABMS m/z (relative intensity) 307 (M + 1, 77),
306 (M*, 9); Anal. Calcd for C¢H(N4O5: C, 62.74; H, 3.72;
N, 18.30. Found: C, 62.51; H, 3.35; N, 18.04.

3-Phenyl-4-[5-(p-methylphenyl)-1,3,4-oxadiazol-2-yl]-sydnone
(7b). Mp (recrystallized from CH,Cl,) 205-207°C; '"H NMR
(DMSO-dg, 300 MHz) & 2.42 (s, 3H, CH3), 7.34-7.94 (m, 9 H);
3C NMR (DMSO-ds, 75 MHz) & 21.2, 106.2, 125.9, 127.5,
127.7, 129.2, 130.3, 132.8, 133.4, 134.3, 142.2, 162.8, 164.1; IR
(KBr) 1743 m cm ™ '; FABMS mi/z (relative intensity) 321 (M +
1, 48), 320 (M™, 14); Anal. Calcd for C;;H,N,O5: C, 63.75; H,
3.75; N, 17.50. Found: C, 63.91; H, 3.87; N, 17.81.
3-Phenyl-4-[5-(p-chlorophenyl)-1,3,4-oxadiazol-2-yl|sydnone
(7¢). Mp (recrystallized from CH,Cl,) 187-189°C; '"H NMR
(DMSO-ds, 300 MHz) & 7.43-7.99 (m, 9 H); “C NMR
(DMSO-dg, 75 MHz) & 97.4, 121.3, 126.2,128.4, 129.5, 132.0,
133.1, 136.5, 154.5, 162.9, 164.0; IR (KBr) 1755 m cm
Anal. Caled for C;gHoN4O3Cl: C, 56.38; H, 2.64; N, 16.45.
Found: C, 56.63; H, 2.41; N, 16.64.
3-Phenyl-4-[5-(p-chlorophenyl)-1,3 ,4-oxadiazol-2-yl]-syd-
none (7c). Mp (recrystallized from CH,Cl,) 187-189°C; 'H
NMR (DMSO-dg, 300 MHz) § 7.43-7.99 (m, 9 H); '°*C NMR
(DMSO-ds, 75 MHz) & 97.4, 121.3, 126.2,128.4, 129.5, 132.0,
133.1, 136.5, 154.5, 162.9, 164.0; IR (KBr) 1755 m cm ';
Anal. Caled for C;cHoN4O3ClL: C, 56.38; H, 2.64; N, 16.45.
Found: C, 56.62; H, 2.41; N, 16.64.
3-p-Methylphenyl-4-(5-phenyl-1,3,4-oxadiazol-2-yl)sydnone
(8a). Mp (recrystallized from CH,Cl,) 204-206°C; 'H NMR
(DMSO-ds, 300 MHz) & 2.43 (s, 3H, CH3), 7.41-7.78 (m, 9
H); °C NMR (DMSO-ds, 75 MHz) § 21.2, 97.5, 122.6, 125.8,
126.7, 129.3, 129.9, 132.1, 133.5, 134.6, 154.5, 162.8, 163.6;
IR (KBr) 1752 m cm™'; FABMS m/z (relative intensity) 321
(M + 1, 45), 320 (M", 13); Anal. Caled for C7H;,N,4O5: C,
63.75; H, 3.75; N, 17.50. Found: C, 63.68; H, 3.42; N, 17.86.
3-p-Methylphenyl-4-(5-phenyl-1,3,4-oxadiazol-2-yl)sydnone
(8a). Mp (recrystallized from CH,Cl,) 204-206°C; '"H NMR
(DMSO-dg, 300 MHz) 6 2.43 (s, 3H, CHy), 7.41-7.78 (m, 9
H); °C NMR (DMSO-de, 75 MHz) § 21.2, 97.5, 122.6, 125.8,
126.7, 129.3, 129.9, 132.1, 133.5, 134.6, 154.5, 162.8, 163.6;
IR (KBr) 1752 m cm!; FABMS m/z (relative intensity) 321
(M + 1, 45), 320 (M™, 13); Anal. Calcd for C;H,,N,O5: C,
63.75; H, 3.75; N, 17.50. Found: C, 63.68; H, 3.42; N, 17.86.
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3-(p-Methylphenyl)-4-[5-(p-chlorophenyl)-1,3,4-oxadiazol-
2-yl]sydnone (8c). Mp (recrystallized from CH,Cl,) 202—
205°C; '"H NMR (DMSO-ds, 300 MHz) & 2.42 (s, 3H, CH;),
7.43-7.99 (m, 9 H): IR (KBr) 1749 m cm~'; FABMS mi/z (rel-
ative intensity) 357 (M + 1, 51), 356 (M™, 16); Anal. Calcd
for C7H;{N,O5ClL: C, 57.55; H, 3.10; N, 15.80. Found: C,
57.33; H, 3.07; N, 15.72.
4-[5-(4-Sydnon-3-yl-phenyl)-1,3,4-oxadiazol-2-yl]-3-(4-
methylphenyl)sydnone (8d). Mp (recrystallized from CH,Cl,)
215-217°C; 'H NMR (DMSO-dg, 300 MHz) & 2.45 (s, 3H,
CHz), 7.52 (d, 2 H, J = 8.2 Hz), 7.79 (d, 2 H, J = 8.2 Hz),
7.88 (s, 1 H), 8.01 (d, 2 H,J = 8.6 Hz), 8.14 (d,2 H,J = 8.6
Hz); IR (KBr) 1753 m cm™'; FABMS m/z (relative intensity)
397 M + 1, 64), 396 (M™, 11); Anal. Calcd for C,gH;oNgOs:
C, 56.43; H, 2.97; N, 20.79. Found: C, 56.18; H, 3.24; N,
20.96.
3-p-Methoxyphenyl-4-(5-phenyl-1,3,4-oxadiazol-2-yl)-sydnone
(9a). Mp (recrystallized from CH,Cl,) 224-226°C; 'H NMR
(DMSO-dg, 300 MHz) 6 3.89 (s, 3H, OCHj3), 7.25-7.78 (m, 9
H); >C NMR (DMSO-ds, 75 MHz) § 56.6, 97.4, 122.3, 125.9,
126.3, 129.1, 130.2, 132.1, 133.6, 134.7, 154.8, 162.2, 164.0;
IR (KBr) 1748 m cm™!; FABMS m/z (relative intensity) 337
M + 1, 37), 336 (M*, 4); Anal. Calcd for C;7;H;,N4Oy4: C,
60.71; H, 3.57; N, 16.67. Found: C, 60.87; H, 3.67; N, 16.54.
3-(p-Methoxyphenyl)-4-[5-(p-methylphenyl)-1,3,4-oxadiazol-
2-yl]sydnone (9b). Mp (recrystallized from CH,Cl,) 188—
190°C; '"H NMR (DMSO-de, 300 MHz) & 2.38 (s, 3H, CH3),
3.87 (s, 3H, OCHs3), 7.19-7.88 (m, 8 H); IR (KBr) 1755 m
cm™'; FABMS m/z (relative intensity) 350 (M + 1, 28), 349
(M™", 8); Anal. Calcd for C;gH;3N,O4: C, 61.71; H, 3.71; N,
16.00. Found: C, 61.52; H, 3.54; N, 15.86.
3-(p-Methoxyphenyl)-4-[5-(p-chlorophenyl)-1,3,4-oxadiazol-
2-yl]sydnone (9c). Mp (recrystallized from CH,Cl,) 203-
205°C; '"H NMR (DMSO-ds, 300 MHz) & 3.88 (s, 3H, OCH3),
7.25-7.75 (m, 8 H); IR (KBr) 1744 m cm~'; FABMS mi/z (rel-
ative intensity) 372 (M + 1, 31), 371 (M™, 9); Anal. Calcd for
C7H,N4O4CI: C, 55.06; H, 2.97; N, 15.11. Found: C, 54.94;
H, 2.81; N, 14.89.
4-[5-(4-Sydnon-3-yl-phenyl)-1,3,4-oxadiazol-2-yl]-3-(4-
methoxyphenyl)sydnone (9d). Mp (recrystallized from CH,Cl,)
225-227°C; '"H NMR (DMSO-dg, 300 MHz) & 3.86 (s, 3H,
OCH3), 7.35 (d, 2 H, J = 8.2 Hz), 7.82 (d, 2 H, / = 8.2 Hz),
7.88 (s, 1 H), 8.03 (d,2 H,J = 8.5 Hz), 8.13 (d, 2 H, / = 8.5
Hz); IR (KBr) 1749 m cm™'; FABMS m/z (relative intensity)
421 (M + 1, 3), 420 (M, 1); Anal. Calcd for C19H;,NgOg: C,
53.77; H, 2.83; N, 22.64. Found: C, 53.97; H, 2.96; N, 22.81.
3-p-Ethoxyphenyl-4-(5-phenyl-1,3,4-oxadiazol-2-yl)sydnone
(9a). Mp (recrystallized from CH,Cl,) 187-189°C; '"H NMR
(DMSO-dg, 300 MHz) & 1.38 (t, 3 H, / = 6.9 Hz, CH3), 4.16
(q, 2 H, J = 6.9 Hz, CH,), 7.18-7.84 (m, 9 H); >C NMR
(DMSO-dg, 75 MHz) ¢ 14.6, 64.2, 97.5, 115.3, 122.7, 126.5,
126.8, 127.5, 129.7, 132.5, 154.2, 161.7, 163.1, 164.0; IR
(KBr) 1751 m cm '; FABMS m/z (relative intensity) 351
M + 1, 49), 350 (M, 4); Anal. Caled for C,gH,4N4Oy4: C,
61.71; H, 4.00; N, 16.00. Found: C, 61.58; H, 4.10; N, 15.89.
3-(p-Ethoxyphenyl)-4-[5-(p-methylphenyl)-1,3,4-oxadiazol-
2-yl]sydnone (10b). Mp (recrystallized from CH,Cl,) 204—
206°C; '"H NMR (DMSO-ds, 300 MHz) & 1.38 (t, 3 H, J =
6.9 Hz, CHy), 2.43 (s, 3H, CHy), 4.19 (q, 2 H, J = 6.9 Hz,
CH,), 7.22 (d, 2 H, J = 9.0 Hz), 7.36 (d, 2 H, J = 8.1 Hz),
7.64 (d, 2 H, J = 8.1 Hz), 7.82 (d, 2 H, J = 9.0 Hz); °C
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NMR (DMSO-dg, 75 MHz) 6 14.6, 21.3, 64.2, 97.5, 115.2,
120.0, 126.5, 126.8, 127.5, 130.2, 142.8, 153.9, 161.7, 163.2,
164.0; IR (KBr) 1751 m cm™'; FABMS m/z (relative intensity)
365 (M + 1, 91), 364 (M+, 7), Anal. Calcd for C19H16N404Z
C, 62.64; H, 4.40; N, 15.37. Found: C, 62.19; H, 4.08; N,
15.01.

3-(p-Ethoxyphenyl)-4-[5-(p-chlorophenyl)-1,3,4-oxadiazol-
2-yl]sydnone (10c). Mp (recrystallized from CH,Cl,) 190—
192°C; '"H NMR (DMSO-dg, 300 MHz) & 1.39 (t, 3 H, J =
7.0 Hz, CHy), 4.17 (g, 2 H, J = 7.0 Hz, CH,), 7.21-7.89 (m,
8 H); '°C NMR (DMSO-ds, 75 MHz) & 14.7, 64.3, 97.6,
114.8, 122.9, 125.9, 127.0, 127.8, 130.0, 132.1, 154.4, 161.5,
163.2, 164.1; IR (KBr) 1749 m cm~!; FABMS m/z (relative
intensity) 385 (M + 1, 11), 384 (M™", 3); Anal. Caled for
CgH3N4O4Cl: C, 56.17; H, 3.38; N, 15.43. Found: C, 56.54;
H, 3.68; N, 15.94.

4-[5-(4-Sydnon-3-yl-phenyl)-1,3,4-oxadiazol-2-yl]-3-(4-
ethoxyphenyl)sydnone (10d). Mp (recrystallized from CH,Cl,)
178-181°C; '"H NMR (DMSO-ds, 300 MHz) & 1.38 (t, 3 H,
J = 7.0 Hz, CHy), 4.16 (q, 2 H, J = 7.0 Hz, CH,), 7.25 (d, 2
H,J = 8.2 Hz), 7.85 (d, 2 H, J = 8.2 Hz), 7.88 (s, 1 H), 8.03
(d, 2 H, J = 85 Hz), 8.16 (d, 2 H, J = 8.5 Hz); IR (KBr)
1746 m cm™'; FABMS m/z (relative intensity) 437 M + 1,
28), 436 (M, 13); Anal. Calcd for CooH¢NeOg: C, 55.05; H,
3.67; N, 19.27. Found: C, 55.37; H, 3.84; N, 19.47.
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The synthesis of 2-acetyl-6-(1-naphthyl)-pyridine oxime ligand from 2,6-dibromopyridine and 1-
bromo-naphthalene is described, and the new palladium(Il) complex used as a Pd(0) precatalyst in the
Suzuki cross-coupling reaction was studied. The results showed that the novel naphthalene pyridine

oxime complex could serve as an efficient precatalyst.

J. Heterocyclic Chem., 46, 116 (2009).

INTRODUCTION

It is widely accepted that palladium-catalyzed cross-
coupling reaction are one of the most important proc-
esses in synthesis chemistry, of which Suzuki-Miyaura
cross-coupling reaction of aryl halides with organoboron
reagents has become one of the most efficient and
widely utilized methods for the formation of sp”-sp” car-
bon-carbon bonds [1-4]. Traditional phosphane contain-
ing palladium catalysts have many disadvantages such
as high cost, air- and thermo-sensitivity, low activity
towards deactivated substrates, contamination of the
products with the phosphane-based byproducts [5,6].
Therefore, many efforts have been made to find more
active and stable palladium catalysts. In our lab, oxime
containing molecule [7] was synthesized and its catalyst
activity in cross-coupling reaction was examined. Poor
enantioselectivity was observed. So, we want to improve
the activity by substitution of naphthalene group to
pyridine.

Some common conclusions concerning the influence
of the electronic and steric properties of the ligands on
the efficiency of the catalysts in Suzuki-Miyaura reac-
tion were made based on the structure-activity analysis
of these catalysts. Increasing the electronic density on
palladium could enhance the catalytic activity particu-
larly by promoting the aryl halide oxidative addition;
while the bulkness of the ligand presumably could facil-
itate the reductive elimination step [6]. We introduced

the 1-naphthalene group to the pyridine oxime to obtain
more active catalyst, and here, we reported the synthesis
and application of a novel naphthalene pyridine oxime
ligand on the Suzuki reaction (1).

RESULTS AND DISCUSSION

Scheme 1 outlined the synthetic route employed in
our lab for preparation of the substrate 1-[6-(1-naph-
thyl)-2-pyridyl]-1-ethanone oxime 1.

Our strategy for the synthesis of 6 was first based on
the selective lithiation of 2,6-dibromopyridine [8-—11]
and then Suzuki cross coupling reaction [7]. After the
synthesis of substrate of oxime, the precatalyst 7 was
prepared by Scheme 2.

After the synthesis of (7), the application of naph-
thlene oxime ligand on Suzuki-cross coupling reaction
was studied. At first, the optimal reaction time was
investigated. The reaction was preceded very quickly
at the first 60 min. Higher yield was not observed when
the reaction time was longer as shown in Figure 1. So
the optimal value for reaction time was 60 min.

© 2009 HeteroCorporation
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Scheme 1
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The activity of the ligand was examined as shown in
Table 1. The results demonstrated that the yield was influ-
enced by the substitution of the aryl halides. The yield of
bromo-benzene was the highest; the yield of p-bromo tol-
uene was higher than that of o- and m-bromo toluene. 1-
Methyl-4-nitrobenzene showed the lowest yield among all
the reactions. This may be the reason that the substituents
had the effect on reactivity of aryl halides. The nitro
group was one of electron-withdrawing substituents
decreasing the reactivity of the aryl halides, leading to the
low yield in reaction. In addition, the effect of substituents
on orientation was shown in Table 1. The methyl group
was the weak electron-donating substituent. Therefore, the
ortho/para bromo toluene was more active than the meta
one because of a steric effect of the ortho methyl group
behind the electron effection, the yield of para one was
higher than that of ortho one. When water was added dur-
ing the reaction, the yields become lower. When the 1-
bromo-4-nitrobenzene was used as aryl halide in toluene
with base of CsCOs; for reflux 60 min, the yield was
decreased to 33% (Run 8).

When the reaction of 1-(6-bromopyridin-2-yl)etha-
none with naphthalen-1-ylboronic acid was carried out
in toluene as solvent and Na,COj as base for refluxing
60 min and the yield was up to 85%, (Run 11), higher
than the former reaction (Run 10).

Further research related to higher activity based on
the date is also underway.

EXPERIMENTAL

Deuterium NMR and CMR spectra were measured with a
JNM-ECS400 NMR spectrometer at 400 MHz. Mass spectra
(MS) were recorded on a JOEL JMS-AX505HA. The melting

Scheme 2
| N OH | NPT
=N Na,PdCl, PANN /

}I’d-—Cl

Co .
(D
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Figure 1. The yield-time relationship.

point was determined by MFB-595-030G digital thermometer
apparatus.

1-Naphthylboronic acid(3). Dropwise addition of 7.95 mL
(13.5 mmol) of a 1.7M solution of 7-BuLi in pentane to a
stirred solution of 1-bromonaphthaline (2) (2.67 g, 12.9 mmol)
in 50 mL of THF at —78°C led to the formation of a white pre-
cipitate. After 45 min, 1.40 g (1.5 mL, 13.5 mmol) of
B(OMe); was added, and the resulting clear solution was
maintained at —78°C for 1 h. The reaction mixture was
allowed to warm to room temperature and stirring was contin-
ued for 3 h. A 10% solution of HCI (25 mL) and ethyl acetate
(50 mL) were added. The aqueous layer was extracted with
4 x 20 mL of ethyl acetate. The combined organic layers
were dried over Na,SO, and the solvent was removed under
reduced pressure. The off-white solid residue was suspended

Table 1

Suzuki cross-coupling reaction.

Ar-boronic Water/

Run acid Br-Ar Base Toluene  Yield
B

1 ©_B1°H)z d Na,CO;3 0:20 90
Br

2 C( Na,CO5 0:20 73

3 Na,CO3 10:20 60
Br

4 Q Na,CO; 0:20 60

5 —O—Br Na,COs 0:20 82

6 OzN@—Er Na,CO;3 10:20 55

7 Na,CO3 0:20 79

8 Ca,COs 10:20 33

9 Na,CO3 0:20 94*

10 amz %y Na,CO; 1020 80°

CO Y Mo w0
11 Na,CO; 10:20 85

Reagents and conditions: (2 mol%) Pd-catalyst, toluence, base, reflux,
60 min.

#Reactions time is 360 min.

b Catalyst is Pd(PPhs),, reaction time is 12 h.
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in 50 mL of petroleum ether and filtered to give 3 (2.13 g,
yield 96%).

Mp 202-203°C; MS: m/z 172[M*']; '"H NMR (400 MHz,
DMSO, §, ppm); 7.50-8.10(m, 6H, Hnaph), 8.38(s, 2H, Hop),
8.53(d, 1H, Hnaph, J = 13.5 Hz); IR(cm™") 3310 (—OH).

1-(6-Bromopyridin-2-yl)ethanone (5). A solution of 7.08 g
(30 mmol) of 2,6-dibromopyridine (4) dissolved in 42 mL of
dry THF was cooled to —78°C. The 2,6-dibromopyridine was
lithiated by slowly adding 12 mL of a 2.6M solution of n-
butyllithium in hexane. After the addition, the resulting dark
yellow solution was stirred at —78° for 30 min. Then neat
N,N-dimethylacetamide (4.2 mL, 54.3 mmol) was added over
a period of 30 s. The reaction solution was stirred at —78 °C
for 15 min, and then the solution was allowed to warm to
room temperature. The resulting yellow solution was hydro-
lyzed with saturated NH4Cl (40 mL). The mixture was stirred
for additional 60 min, and the aqueous layer was separated
and extracted with diethyl ether twice (100 mL and 60 mL,
respectively). The combined organic layer was washed with
brine 60 mL, dried (sodium sulfate) and evaporated to ca. 10
mL in volume and cooled to 0°C. After a few hours, a brown
solid was isolated by filtration. The crude product was purified
by chromatography on silica eluting with hexane/ethyl acetate
(95:5) to afford white crystals, 5.1g (85%).

Mp 54-55°C; MS: mfz 199[M']; 'H NMR (400 MHz,
CDCl;, 6, ppm) 2.69(s, 3H, CH3),7.65-7.71(m, 2H, Ha,),
7.97-7.99 (dd, J = 7.25, 136, 1H, CH,,); IR(KBr, cm )
1696 (C=0); 593 (C—Br).

1-(6-Naphalen-1-yl)pyridin-2-yl]ethanone(6). To a solution
of 3 (0.72 g, 3.60 mmol) and Pd(OAc), (0.13 g) in 10 mL of
deaerated toluene, 4 mL of a 4.4M aqueous solution of
Na,CO5; were added, followed by a solution of 0.79 g (4.58
mmol) of 1-naphthylboronic acid in 10 mL of MeOH. The
mixture was heated to 80-85°C under stirring for 30 h. The
resulting solution was allowed to cool to room temperature
and a solution of 8 mL of concentrated aqueous NHj in 20
mL of saturated aqueous Na,CO; was added. The mixture was
extracted with 3 x 50 mL of CH,Cl,. The combined organic
layers were washed with 50 mL of water and 100 mL of brine
and dried over Na,SO,. Removal of the solvent under reduced
pressure gave 1.15 g of the crude product which was purified
by flash chromatography [CC, SiO,, i) petroleum ether/CH,Cl,
(4:1), Ry = 0.1, ii) CH,Cl,]. The desired product was obtained
as an off-white solid in 80% yield (0.71 g).

MS: mjz 246[M — 1], 247 [MT], 248[M + 1]; IR(cm™")
1698(C=0); '"H NMR (400MHz, CDCls, 8, ppm) 2.76 (s, 3H,
CH3), 7.47-7.55 (m, 2H, Ha,), 7.56-7.60 (¢, J = 7.30, 7.70,
7.25, 1H, Hy,), 7.64-7.66 (dd, J = 7.02, 0.91, 1.36, 1H, Hyu,),
7.76-7.78 (dd, J = 7.70, 091, 1H, Hy,), 7.92-7.98(m, 3H,
Ha,),8.16-8.18(d, J = 8.15, 1H, Ha,)

1-(6-(Naphtgalene-1-yl)pyridin-2-yl)ethanone oxime (1). To
a solution of NH,OH-HCI (0.75 g, 10.8 mmol) in 10 mL of
pyridine was added 6 (1.00 g, 5.22 mmol) and the mixture
was stirred at 80°C for 4 h. After cooling to room temperature,
the reaction mixture was poured into cold water and allowed
to stay for 24 h. Precipitate thus formed was then collected by
filtration, washed with water and dried in air to give 1.05 g
(91%) of 3,5-diacetyl-2,6-dimethyl-pyridine dioxime.
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Mp: 150-151°C; MS: m/z 262 [M™]; 'H NMR (400 MHz,
DMSO, 9&,ppm) 2.19(s, 3H, CHj3), 7.47-7.55(m, 2H, Ha,),
7.57-7.61(t, J = 7.25, 1H, Ha,), 7.61-7.63(dd, J = 4.76, 1.81,
1.36, 1H, Hyp,), 7.87-7.92(¢, J = 8.83, 8.15, 9.51, 1H, Hy,),
7.92-7.96(t, J = 7.70, 7.25, 8.15, 1H, Hy,), 7.98-8.01(dd, J =
7.16, 1.36, 2H, Ha,), 8.09-8.11(d, J = 8.15, 1H, Ha,), 11.53(s,
IH, N-OH); '*C NMR (400 MHz, DMSO, &, ppm) 10.87,
118.67, 124.97, 12590, 125.99, 126.53, 127.07, 128.06,
128.88, 129.33, 131.10, 134.06, 137.91, 138.39, 154.57,
157.96, 159.48. IR (KBr, cm™") 3300 (—OH).

Oxime-derived palladacycle (7) (preparation of precatalyst). To
a stirred solution of sodium tetrachloropalladate(Il) (147 mg,
0.5 mmol), which was obtained as well-formed crystals by
treating PdCl, solutions with stoichiometric quantities of so-
dium chlorides and slowly evaporating the solutions in MeOH
(2 mL), 2-acetyl-6-(1-naphthyl)-pyridine oxime (131 mg, 0.5
mmol) in MeOH (1 mL) was added dropwise. The precipitate
was collected by filtration after stirring for 2 h and washed
with MeOH and H,O, then dried in vacuum over P,Os. Preca-
talyst 7 was obtained as a yellow-brownish powder (400 mg,
80%).

Mp > 300°C; IR(cm™"): 1755, 1730, 1705 (C—0); MS: m/z
440[M + 1],880[M + M]; 'H NMR (400 MHz, DMSO, 3,
ppm) 2.19(s, 3H, CH3), 7.47-7.64 (m, SH, Ha,), 7.87-8.00 (m,
4H, Hy,), 11.53(s, 1H, N—OH); °C NMR (400 MHz, DMSO,
o, ppm) 10.87, 118.67, 124.96, 125.89, 125.98, 126.51, 127.06,
128.05, 128.87, 129.33, 131.09, 134.05, 137.91, 138.39,
154.57, 155.05, 157.96.
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An efficient synthesis of benzoxazole-substituted 3,4-dihydropyrimidinones (DHPMs) using alumina
supported trifluoromethane sulfonic acid as the catalyst for the first time from an aldehyde, B-keto ester,
and benzoxazole-substituted urea and thiourea under solvent-free conditions is described. When com-

pared with the classical Biginelli reaction conditions,

this new method consistently has the advantage of

excellent yields (80-93%) and short reaction time (30—120 minutes) at 120°C temperature.

J. Heterocyclic Chem., 46, 119 (2009).

INTRODUCTION

The Biginelli (1893) reaction [1] is a simple one-pot
condensation of an aldehyde, keto ester, and urea or thi-
ourea in the presence of catalytic amount of acid to pro-
duce 3,4-dihydropyrimidin-2(1H)-ones. Dihydropyrimi-
dinones (DHPMs) and their derivatives exhibit wide
range of biological activities such as antibacterial, anti-
viral, antitumour, and anti-inflamatory actions [2]. Bigi-
nelli compounds exhibit pharmacological activities as
calcium channel blockers, antihypertensive agents, o -
la—antagonists, and neuro peptide Y(NPY) antagonists
[3-6]. Biological activities of some marine alkaloids iso-
lated were also found to contain the dihydropyrimidi-
none-5-carboxylate core [7]. Most notably among them
are batezelladine alkaloids, which have been found to be
potent HIV gp-120-CD4 inhibitors [8—10]. Conse-
quently, syntheses of Biginelli compounds have gained
importance, which often suffer from low yields practi-
cally in case of substituted aromatic and aliphatic alde-
hydes [11-13]. Even though, high yields could be
achieved by following complex multistep procedures
[14-17], these methods lack the simplicity of original
one-pot Biginelli protocol. Therefore, Biginelli reaction
continues to attract the attention of researchers for the
discovery of a milder and efficient procedure for the
synthesis of dihydropyrimidinones.

Similarly, benzoxazole nucleus can also be frequently
recognized in the structure of numerous naturally occur-
ring compounds with interesting biological and pharma-
cological properties. Benzaxazoles have been found to
possess marked biological effects as anti inflammatory
[18,19], anticancer [20] and antimicrobial [21,22]
agents. In view of this benzoxazole-substituted urea and
thiourea are used in the synthesis of 3,4-dihydropyrimi-
dinones to get more biodynamic compounds.

In recent years, several synthetic procedures for pre-
paring of DHPMs have been reported including classical
conditions with microwave irradiation [23,24] and by
using Lewis acids as well as protic acids as promoters
such as [25-30] Conc. HCI, BF;3.0Et,, PPE, KSF clay,
InCl;, LaCls, lanthanide triflate, H,SO,4, ceric ammo-
nium nitrate (CAN), Mn(OAc);, ion-exchange resin, 1n-
butyl-3-methyl imidazolium tetra fluoroborate
(BMImBF4), BiCl;, LiClO4, InBr;, FeCl;, ZrCly,
Cu(OTY),, Bi(OTf);, LiBr, ytterbium triflates, NH4Cl,
MgBr,, SiO,/NaHSO,, CdCl,, and other reagents [31]
have been found to be effective. Many of these methods
involve expensive reagents, stochiometric amounts of
catalysts, strongly acidic conditions, long reaction times,
unsatisfactory yields, and incompatibility with other
functional groups. Therefore, the development of a neu-
tral alternative would extend the scope of the Biginelli
reaction.

© 2009 HeteroCorporation
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Scheme 1

Recently, the use of solid supported reagents [32] has
received considerable importance in organic synthesis
because of their ease of handling, enhanced reaction
rates, greater selectivity, simple workup, and recover-
ability of catalysts. Among the various heterogeneous
catalysts, particularly, alumina supported trifluorome-
thane sulfonic acid has advantages of low cost, ease of
preparation, and catalyst recycling. As the reaction is
heterogeneous in nature, the catalyst can conveniently
be separated by simple filtration. In view of the recent
surge in the use of heterogeneous catalysts [33-35], we
wish to report a simple, convenient, and -efficient
method for the preparation of benzoxazole-substituted
dihydropyrimidinone derivatives using alumina [36] sup-
ported trifluoromethane sulfonic acid, as an inexpensive
and eco-friendly catalyst. This catalyst can act as eco-
friendly for a variety of organic transformations because
it is nonvolatile, recyclable, inexplosive, easy to handle,
and thermally robust. In view of the emerging impor-
tance of heterogeneous catalysts, we wish to explore the
use of alumina supported trifluoromethane sulfonic acid
[37] as recyclable catalyst in the synthesis of DHPMs
using substituted urea and thiourea.

RESULTS AND DISCUSSION

Initially, we have studied the Bignelli’s one-pot con-
densation reaction of benzaldehyde (1.0 mmol) with
benzoxazole-substituted urea (1.2 mmol) and ethyl ace-
toacetate (1.2 mmol) using 5 mol % of alumina-sup-
ported trifluoromethane sulfonic acid as catalyst under
solvent free conditions (Scheme 1). The reaction is very
fast and 90% conversion was observed in 1 h.

Encouraged by these results, we examined several ar-
omatic and aliphatic aldehydes under optimized condi-
tions (Table 1). Furthermore, the use of just 5 mol %
alumina-supported trifluoromethane sulfonic acid as cat-
alyst is sufficient to promote the reaction. There are no
improvements in the reaction rates and yields by
increasing the amount of the catalyst from 5 to 10 mol
%. The best results were achieved when the reactions
were carried out at 120°C temperature in an oil bath for
30-120 minutes in the presence of catalytic amount of
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alumina supported trifluoromethane sulfonic acid cata-
lyst. The results are listed in Table 1. Another important
feature of this procedure is the stability of a variety of
functional groups such as ether, hydroxy, halides, nitro,
etc., under these reaction conditions.

Benzoxazole-substituted urea and thiourea has been
used with similar success to provide the corresponding
dihydropyrimidinones and thiones in high yields, which
are also of much interest with regard to biological activ-
ity. An acid sensitive aldehyde, worked well without
formation of any side product. It is noteworthy which
the survival of a variety of functional groups such as
ether, hydroxy, halides, nitro, unsaturation, efc, under
the reaction conditions.

The efficiency of the recovered catalyst was verified
with the reaction of benzaldehyde, benzoxazole -substi-
tuted urea and ethyl acetoacetate (Entry 1). Using fresh
catalyst, the yield of product (4a) was 90% while the
recovered catalyst in the three subsequent recyclization
the yields were 89, 87, and 86.

CONCLUSION

In summary, we have developed a new methodology
for the synthesis of substituted DHPMs by using substi-
tuted urea and thiourea in the presence of a catalytic
amount of alumina supported trifluoromethane sulfonic
acid at 120°C temperature. Thus, alumina-supported
trifluoromethane sulfonic acid mediated one-pot synthe-
sis of DHPMs is, therefore, a simple, high yielding,
time saving, and eco-friendly process. The catalyst can
be prepared from available inexpensive reagents and can
be easy recycled, which is heterogeneous and
nonhazardous.

EXPERIMENTAL

All chemicals were A. R. grade obtained from Qualigens,
India. All the solvents were purified by standard techniques.
Column chromatographic separations were carried out on Sili-
cagel 100-200 mesh size. LR Spectra were scanned on a Per-
kin-Elmer, 1310 Spectrophotometer with sodium chloride
optics. NMR spectra were recorded on a varian FT-200 MHz
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Dihydropyrimidinones and Thiones Catalysed

Table 1

Alumina-supported trifluoromethane sulfonic acid-catalyzed synthesis of dihydropyrimidinones and thio derivatives.

Entry R Ar X Products Time (min) M.P. (°C) Yield (%)
1 H CgHs (0] 4a 30 171-173 90
2 CH; CeHs (0] 4b 60 164-165 87
3 H 4-CICgHy (0] 4c 40 193-194 90
4 CH; 4-CICgHy (0] 4d 70 201-203 88
5 H 4-NO,CgHs (0] 4e 40 196-198 91
6 CH; 4-NO,CgHy (0] 4f 80 209-210 87
7 H 4-(CH3),NC¢Hy (0] 4g 60 183-185 88
8 CH; 4-(CH3),NCeHy (0] 4h 120 188-190 84
9 H 2-OHCgH, (0] 4i 40 151-153 93
10 CH; 2-OHCgHy (0] 4j 60 167-168 86
11 H Furyl (0] 4k 50 217-219 82
12 CH; Furyl (0] 41 70 213-214 80
13 H CeHs S 4m 40 178-180 88
14 CH; CeHs S 4n 70 161-163 85
15 H 4-CICgHy S 40 60 199-200 87
16 CH; 4-CICgHy S 4p 70 191-192 84
17 H 4-NO,Cg¢Hy S 4q 60 204-206 90
18 CH;3 4-NO,CgHy S 4r 80 211-212 88
19 H 4-(CH3),NCgHy S 4s 90 181-182 80
20 CH; 4-(CH3),NCeHy S 4t 120 186187 87
21 H 2-OHCgH, S 4u 60 147-149 90
22 CH; 2-OHCgHy S 4v 90 156-158 82
23 H Furyl S 4w 80 207-208 83
24 CH; Furyl S 4x 120 219-221 85

(GEMINI) using tetramethyl silane (TMS) as the internal
standard. Mass spectra were obtained on micro Mass VG70-
70H spectrometer operating at 70 eV using a direct inlet
system.

Preparation of the catalyst. The catalyst was prepared by
mixing alumina (5 mmol) with a trifluoromethane sulfonic
acid (5 mmol) in distilled water (10 mL). The resulting mix-
ture was stirred for 30 minutes to absorb triflouromethane sul-
fonic acid on the surface of alumina. After removal of water
in a rotary evaporator, the solid powder was dried at 120°C
for 2-3 h under reduced pressure. The drying temperature was
maintained below the decomposition temperatures of the salts.

General procedure for the synthesis of DHPMs. A solu-
tion of an appropriate B-keto ester (1.2 mmol), corresponding
aldehyde (1.0 mmol), benzaxazole substituted urea or thiourea
(1.2 mmol), and alumina-supported trifluoromethane sulfonic
acid (5 mol %) under solvent-free conditions was heated at
120°C (completion of reaction was monitored by TLC). The
reaction mixture was washed thoroughly with water, filtered
and recrystallized from methanol to afford pure product. The
spectral data of the compounds are given below.

Entry 1 (4a). Solid, m.p. 171-173°C, "H NMR (CDCls): &
1.20 (¢, 3H, J = 7.0 Hz), 2.30 (s, 3H), 4.10 (¢, 2H, J = 7.0
Hz), 4.72 (s, 1H), 6.72-8.94 (m, 9H, Ar—H), 9.64 (bs, 1H,
NH), 10.48 (bs, 1H, NH). EMS: m/z: 420(M™). IR (KBr): v =
3427, 1715, 1686, 1608, 1584. Anal. Calc. for Cy,H,oN4Os
(420.14): C, 62.85; H, 4.79; N, 13.33. Found: C, 62.83; H,
4.76; N, 13.32.

Entry 2 (4b). Solid, m.p. 164-165°C, '"H NMR (CDCls): &
1.22 (¢, 3H, J = 7.0 Hz), 2.34 (s, 3H), 2.51(s, 3H), 4.16 (q,
2H, J = 7.0 Hz), 4.76 (s, 1H), 6.64-8.73 (m, 8H, Ar—H), 9.46
(bs, 1H, NH), 10.24 (bs, 1H, NH). EMS: m/z: 434(M™"). IR
(KBr): v = 3345, 1721, 1682, 1610, 1589. Anal. Calc. for
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Cy3H2»N,O5 (434.16): C, 63.59; H, 5.10; N, 12.90. Found: C,
63.57; H, 5.06; N, 12.80.

Entry 3 (4c). Solid, m.p. 193-194°C, '"H NMR (CDCly): §
1.24 (¢, 3H, J = 7.0 Hz), 2.38 (s, 3H), 4.20 (¢, 2H, J = 7.0
Hz), 4.84 (s, 1H), 6.84-8.89 (m, 8H, Ar—H), 9.42 (bs, 1H,
NH), 10.12 (bs, 1H, NH). EMS: m/z: 454(M™"). IR (KBr): v =
3340, 1725, 1695, 1612, 1578. Anal. Calc. for Cy,H 9CIN4O5
(454.1): C, 58.09; H, 4.21; N, 12.32; Cl, 7.79;. Found: C,
58.03; H, 4.18; N, 12.30; Cl, 7.70.

Entry 4 (4d). Solid, m.p. 201-203°C, '"H NMR (CDCl;): §
1.19 (¢, 3H, J = 7.0 Hz), 2.36 (s, 3H), 2.56(s, 3H), 4.18 (¢,
2H, J = 7.0 Hz), 4.83 (s, 1H), 6.78-8.74 (m, 7H, Ar—H), 9.24
(bs, 1H, NH), 10.76 (bs, 1H, NH). EMS: m/z: 468(M™). IR
(KBr): v = 3319, 1722, 1895, 1605, 1592. Anal. Calc. for
C,3H,CIN4O5 (468.12): C, 58.91; H, 4.51; N, 11.95; Cl, 7.56.
Found: C, 58.89; H, 4.48; N, 11.90; Cl, 7.47.

Entry 5 (4e). Solid, m.p. 196-198°C, 'H NMR (CDCl5): &
1.22 (¢, 3H, J = 7.0 Hz), 2.34 (s, 3H), 4.25 (¢, 2H, J = 7.0
Hz), 4.81 (s, 1H), 6.78-8.92 (m, 8H, Ar—H), 9.24 (bs, 1H,
NH), 10.67 (bs, 1H, NH). EMS: m/z: 465(M™"). IR (KBr): v =
3470, 1725, 1682, 1602, 1573. Anal. Calc. for Cy,H;9N505
(465.13): C, 56.77; H, 4.11; N, 15.05. Found: C, 56.75; H,
4.08; N, 15.04.

Entry 6 (4f). Solid, m.p. 209-210°C, 'H NMR (CDCls): &
1.21 (¢, 3H, ] = 7.0 Hz), 2.41 (s, 3H), 2.62(s, 3H), 4.00 (¢,
2H, J = 7.0 Hz), 4.87 (s, 1H), 6.91 — 8.72 (m, 7TH, Ar—H),
9.24 (bs, 1H, NH), 10.96 (bs, 1H, NH). EMS: m/z: 479(M™).
IR (KBr): v = 3345, 1723, 1695, 1605, 1592. Anal. Calc. for
Cy3H, N5sO5 (479.14): C, 57.62; H, 4.41; N, 14.61. Found: C,
57.60; H, 4.38; N, 14.60.

Entry 7 (4g). Solid, m.p. 183-185°C, '"H NMR (CDCly): &
1.04 (¢, 3H, J = 7.0 Hz), 2.41 (s, 3H), 2.65(s, 6H, N(CHs),),
4.08 (¢, 2H, J = 7.0 Hz), 4.83 (s,1H), 6.67-8.76 (m, 8H,
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Ar—H), 9.18 (bs, 1H, NH), 10.86 (bs, 1H, NH). EMS: m/z:
463(M™). IR (KBr): v = 3295, 1714, 1677, 1611, 1575. Anal.
Calc. for Co4H>5N505 (463.19): C, 62.19; H, 5.44; N, 15.10.
Found: C, 62.17; H, 5.39; N, 15.09.

Entry 8 (4h). Solid, m.p. 188-190°C, 'H NMR (CDCly): &
1.19 (¢, 3H, J = 7.0 Hz), 2.35 (s, 3H), 2.52(s, 3H), 2.67(s, 6H,
N(CH3),), 4.16 (¢, 2H, J = 7.0 Hz), 4.78 (s,1H), 6.89-8.72
(m, TH, Ar—H), 9.24 (bs, 1H, NH), 10.98 (bs, 1H, NH). EMS:
miz: 477(M™). IR (KBr): v = 3485, 1727, 1682, 1610, 1586.
Anal. Calc. for C,5H,7NsO5 (477.2): C, 62.88; H, 5.70; N,
14.67. Found: C, 62.86; H, 5.23; N, 14.66.

Entry 9 (4i). Solid, m.p. 151-153°C, 'H NMR (CDCly): &
1.15 (¢, 3H, J = 7.0 Hz), 2.36 (s, 3H), 4.20 (¢, 2H, J = 7.0
Hz), 4.84 (s, 1H), 6.91-8.72 (m, 8H, Ar—H), 9.24 (bs, 1H,
NH), 10.78 (bs, 1H, NH), 11.12 (bs, 1H, OH). EMS: m/z:
436(M™1). IR (KBr): v = 3395, 1716, 1680, 1614, 1581. Anal.
Calc. for CpHy0N4Og (436.14): C, 60.55; H, 4.62; N, 12.84.
Found: C, 60.53; H, 4.58; N, 12.83.

Entry 10 (4j). Solid, m.p. 167-168°C, "H NMR (CDCl5): &
1.08 (¢, 3H, J = 7.0 Hz), 2.36 (s, 3H), 2.61(s, 3H), 4.12 (¢,
2H, J = 7.0 Hz), 4.89 (s, 1H), 6.84-8.67 (m, 7TH, Ar—H), 9.14
(bs, 1H, NH), 10.29 (bs, 1H, NH), 11.20 (bs, 1H,OH). EMS:
m/z: 4500M ™). IR (KBr): v = 3410, 1712, 1692, 1607, 1575.
Anal. Calc. for C,3H,,N4Og (450.15): C, 61.33; H, 4.92; N,
12.44. Found: C, 61.31; H, 4.88; N, 12.40.

Entry 11 (4k). Solid, m.p. 217-219°C, '"H NMR (CDCl5): &
1.18 (¢, 3H, J = 7.0 Hz), 2.24 (s, 3H), 4.23 (¢, 2H, J = 7.0
Hz), 4.76 (s, 1H), 7.12-8.53 (m, 7H, Ar—H), 9.20 (bs, 1H,
NH), 10.76 (bs, 1H, NH). EMS: m/z: 4100M™"). IR (KBr): v =
3317, 1719, 1675, 1610, 1594. Anal. Calc. for C,oH3N4Og
(410.12): C, 58.53; H, 4.42; N, 13.65. Found: C, 58.51; H,
4.38; N, 13.60.

Entry 12 (41). Solid, m.p. 213-214°C, '"H NMR (CDCl5): &
1.19 (¢, 3H, J = 7.0 Hz), 2.37 (s, 3H), 2.65(s, 3H), 4.16 (¢,
2H, J = 7.0 Hz), 4.78 (s, 1H), 7.19-8.42 (m, 6H, Ar—H), 9.75
(bs, 1H, NH), 10.95 (bs, 1H, NH). EMS: m/z: 424 (M"). IR
(KBr): v = 3347, 1716, 1689, 1612, 1589. Anal. Calc. for
C, Hy0N4Op (424.14): C, 59.43; H, 4.75; N, 13.20. Found: C,
59.41; H, 4.71; N, 13.18.

Entry 13 (4m). Solid, m.p.178-180°C, 'H NMR (CDCl5): &
1.24 (¢, 3H, J = 7.0 Hz), 2.32 (s, 3H), 4.18 (¢, 2H, J = 7.0
Hz), 4.81 (s, 1H), 6.74-8.92 (m, 9H, Ar—H), 9.42 (bs, 1H,
NH), 10.29 (bs, 1H, NH). EMS: m/z: 436 (M"). IR (KBr): v =
3489, 1717, 1689, 1602, 1591, 1242. Anal. Calc. for
CooHygN4O4S (436.12): C, 60.54; H, 4.62; N, 12.84. Found: C,
60.53; H, 4.58; N, 12.80.

Entry 14 (4n). Solid, m.p. 161-163°C, "H NMR (CDCl5): &
1.10 (¢, 3H, J = 7.0 Hz), 2.22 (s, 3H), 2.46(s, 3H), 4.18 (g,
2H, J = 7.0 Hz), 4.92 (s, 1H), 6.84-8.86 (m, 8H, Ar—H), 9.82
(bs, 1H, NH), 10.46 (bs, 1H, NH). EMS: m/z: 450 (M™"). IR
(KBr): v = 3310, 1723, 1685, 1612, 1592, 1256. Anal. Calc.
for C,3H,N4O4S (450.14): C, 61.32; H, 4.92; N, 12.44.
Found: C, 61.31; H, 4.88; N, 12.40.

Entry 15 (40). Solid, m.p. 199-200°C, '"H NMR (CDCl5):
S 1.09 (t, 3H, J = 7.0 Hz), 2.39 (s, 3H), 4.24 (¢, 2H, J
= 7.0 Hz), 4.86 (s, 1H), 6.89-8.87 (m, 8H, Ar—H), 9.24
(bs, 1H, NH), 10.74 (bs, 1H, NH). EMS: m/z: 470 (M™).
IR (KBr): v = 3320, 1721, 1686, 1608, 1584, 1262. Anal.
Calc. for CyHoCIN4O4S (470.93): C, 56.11; H, 4.07; N,
11.90; Cl, 7.53. Found: C, 56.05; H, 4.03;; N, 11.89; CI,
7.43.
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Entry 16 (4p). Solid, m.p. 189-191°C, '"H NMR (CDCl5): &
1.21 (¢, 3H, J = 7.0 Hz), 2.34 (s, 3H),2.61(s, 3H), 4.26 (¢, 2H,
J = 7.0 Hz), 4.87 (s, 1H), 6.69-8.78 (m, 7TH, Ar—H), 9.56 (bs,
1H, NH), 10.84 (bs, 1H, NH). EMS: m/z: 484 (M™"). IR (KBr):
v = 3359, 1716, 1888, 1618, 1589, 1259. Anal. Calc. for
Cy3H,CIN4O,4S (484.1): C, 56.96; H, 4.36; N, 11.55; CI, 7.31.
Found: C, 56.90; H, 4.33; N, 11.50, Cl, 7.22.

Entry 17 (4g). Solid, m.p. 191-193°C, '"H NMR (CDCl5): &
1.18 (¢, 3H, J = 7.0 Hz), 2.31 (s, 3H), 4.28 (¢, 2H, J = 7.0
Hz), 4.76 (s, 1H), 6.82-8.88 (m, 8H, Ar—H), 9.21 (bs, 1H,
NH), 10.89 (bs, 1H, NH). EMS: m/z: 491 (M™"). IR (KBr): v =
3478, 1720, 1679, 1598, 1559, 1242. Anal. Calc. for
CyH 9N5O6S(481.11): C, 54.88; H, 3.98; N, 14.55. Found: C,
54.87; H, 3.94; N, 14.54.

Entry 18 (4r). Solid, m.p. 207-208°C, '"H NMR (CDCl5): &
1.16 (¢, 3H, J = 7.0 Hz), 2.39 (s, 3H), 2.58 (s, 3H), 4.09 (¢,
2H, J = 7.0 Hz), 4.69 (s, 1H), 6.87-8.79 (m, TH, Ar—H), 9.32
(bs, 1H, NH), 10.76 (bs, 1H, NH). EMS: m/z: 495 (M™"). IR
(KBr): v = 3338, 1724, 1689, 1611, 1582, 1256. Anal. Calc.
for Co3H,r N5OgS (495.12): C, 55.75; H, 4.27; N, 14.13.
Found: C, 55.74; H, 4.24; N, 14.10.

Entry 19 (4s). Solid, m.p. 182-183°C, 'H NMR (CDCl5): &
1.14 (¢, 3H, J = 7.0 Hz), 2.46 (s, 3H), 2.58(s, 6H, N(CH3),),
4.16 (¢, 2H, J = 7.0 Hz), 4.74 (s, 1H), 6.69-8.59 (m, 8H,
Ar—H), 9.24 (bs, 1H, NH), 10.89 (bs, 1H, NH). EMS: m/z:
479 (M™). IR (KBr): v = 3291, 1718, 1659, 1602, 1561, 1269.
Anal. Calc. for C,4H,5N50,4S (479.16): C, 60.11; H, 5.25; N,
14.60. Found: C, 60.10; H, 5.21; N, 14.56.

Entry 20 (41). Solid, m.p. 185-187°C, "H NMR (CDCl5): &
1.21 (¢, 3H, J = 7.0 Hz), 2.24 (s, 3H), 2.56 (s, 3H), 2.71 (s,
6H, N(CH3),), 4.12 (q, 2H, J = 7.0 Hz), 4.69 (s,1H), 6.79 —
8.77 (m, TH, Ar—H), 9.31 (bs, 1H, NH), 11.04 (bs, 1H, NH).
EMS: m/z: 493 (M™"). IR (KBr): v = 3481, 1718, 1675, 1602,
1569, 1262. Anal. Calc. for C>5H>7N504S (493.18): C, 60.83;
H, 5.51; N, 14.19. Found: C, 60.82; H, 5.47; N, 14.15.

Entry 21 (4u). Solid, m.p. 165-165°C, '"H NMR (CDCl5): &
1.12 (¢, 3H, J = 7.0 Hz), 2.46 (s, 3H), 4.26 (¢, 2H, J = 7.0
Hz), 4.79 (s, 1H), 6.86-8.82 (m, 8H, Ar—H), 9.36 (bs, 1H,
NH), 10.89 (bs, 1H, NH), 11.14(bs, 1H, OH). EMS: m/z: 452
(M™). IR (KBr): v = 3386, 1712, 1669, 1609, 1579, 1248.
Anal. Calc. for C,H50N4O5S (452.12): C, 58.40; H, 4.46; N,
12.38. Found: C, 58.39; H, 4.42; N, 12.35.

Entry 22 (4v). Solid, m.p. 171-173°C, 'H NMR (CDCls): &
1.10 (¢, 3H, J = 7.0 Hz), 2.31 (s, 3H), 2.49(s, 3H), 4.08 (q,
2H, J = 7.0 Hz), 4.74 (s, 1H), 6.69-8.66 (m, TH, Ar—H), 9.19
(bs, 1H, NH), 10.21 (bs, 1H, NH), 11.18 (bs, 1H,OH). EMS:
miz: 466 (M™1). IR (KBr): v = 3402, 1718, 1688, 1598, 1563,
1253. Anal. Calc. for C,3H»,N4OsS (466.13): C, 59.22; H,
4.75; N, 12.01. Found: C, 59.21; H, 4.71; N, 12.00.

Entry 23 (4w). Solid, m.p. 212-214°C, '"H NMR (CDCls): &
1.14 (¢, 3H, J = 7.0 Hz), 2.29 (s, 3H), 4.21 (¢, 2H, J = 7.0
Hz), 4.58 (s, 1H), 7.16-8.59 (m, 7H, Ar-H), 9.28 (bs, 1H,
NH), 10.81 (bs, 1H, NH). EMS: m/z: 426 (M"). IR (KBr): v =
3326, 1723, 1665, 1612, 1598, 1264. Anal. Calc. for
CyoH gN4O5S (426.1): C, 56.33; H, 4.25; N, 13.14. Found: C,
56.32; H, 4.22; N, 13.10.

Entry 24 (4x). Solid, m.p. 206-207°C, '"H NMR (CDCl5): &
1.23 (¢, 3H, J = 7.0 Hz), 2.41 (s, 3H), 2.71 (s, 3H), 4.12 (¢,
2H, J = 7.0 Hz), 4.72 (s, 1H), 7.12-8.56 (m, 6H, Ar—H), 9.89
(bs, 1H, NH), 10.89 (bs, 1H, NH). EMS: m/z: 440 (M™"). IR
(KBr): v = 3352, 1721, 1679, 1603, 1576, 1261. Anal. Calc.
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for C,;HyoN4OsS (440.12): C, 57.26; H, 4.58; N, 12.72.
Found: C, 57.25; H, 4.54; N, 12.70.
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A simple and highly efficient procedure has been described for the synthesis of 6-aryl-9-(4-phenox-
phenyl)-1,2.4-triazolo [4,3-a] [1,8] napthyridines (4) by the oxidation of 4-phenoxybenzaldehyde 3-aryl-
1,8-naphthyridin-2-ylhydrazones (3) with chloramines-T in methanol under microwave irradiation. The
products were obtained in very good yields and excellent purities.

J. Heterocyclic Chem., 46, 124 (2009).

INTRODUCTION

1,8-Naphthyridines constitute an important class of
compounds possessing diverse biological activities [1-3].
Various 1,2,4-triazoles have been extensively explored
for their applications in the field of biological and phar-
macological activities [4-6]. Therefore, it was envisaged
that chemical entities with both 1,8-naphthyridine and
1,2,4-triazole might result in compounds with interesting
biological activity. Microwave-assisted organic synthesis
has attracted considerable attention in recent years [7—
10], due to enhanced reaction rates, high yields, improved
selectivity, and cleaner products. Several methods have
been developed for performing reactions with microwave
irradiation in solution and under solvent-free conditions,
but a homogeneous mixture is preferred to obtain uniform
heating. The solvents with higher dielectric constants are
superheated and the reactions take place rapidly. Chlor-
amine-T (CAT) is a very versatile oxidizing agent and is
of much importance in its synthetic utility [11,12]. In
view of this and in continuation of our interest in micro-
wave-assisted organic transformations on 1,8-napthyridine
derivatives [13—17], we report herein, a convenient, prac-
tical and efficient method for the synthesis of 1,2,4-tria-
zolo[4,3-a][1,8] naphthyridines using CAT in methanol
under microwave irradiation.
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RESULTS AND DISCUSSION

Condensation of 3-aryl-2-hydrazino-1,8-napthyridines
(1) with 4-phenoxybenzaldehyde (2) in the presence of
catalytic amount of DMF under microwave irradiation
afforded the respective 4-phenoxybenzaldehyde 3-aryl-
1,8-napthyridin-2-ylhydrazones (3) in excellent yields.

Oxidative cyclization of hydrazones 3 with CAT in
methanol under microwave irradiation resulted in the for-
mation of 6-aryl-9-(4-phenoxyphenyl)-1,2.4-triazolo-[4,3-
a][1,8]naphthyridines (4). The oxidative transformation is
clean and efficient. The experimental procedure is very
simple. The high yield transformation did not form any
undesirable by-products. Furthermore, the products were
obtained with a higher degree of purity by this procedure
and in most cases no further purification was needed.
Interestingly, this oxidative reaction proceeds only to a
minor extent (5-8% in 3.5-4.5 min) when conducted
under conventional conditions in an oil-bath preheated to
110°C (temperature measured at the end of exposure dur-
ing microwave experiment) which confirms the rate aug-
mentation during microwave heating (Scheme 1).

The structural assignments of compounds 3 and 4
were based on their spectroscopic (IR and 'H NMR;
Table 1) and analytical data (Table 2).

The significant advantages of this procedure are
operational simplicity, short reaction time, pure
products, inexpensive, and nontoxicity of the reagent
and high yields.

EXPERIMENTAL

Melting points were measured on a Cintex melting point ap-
paratus and are uncorrected. The purity of the compounds was
checked using precoated TLC plates (Merk, 60F-254). IR spec-
tra (KBr) (Vimax: cm 1) were recorded on a Perkin-Elmer BX
series  FTIR spectrophotometer. 'H NMR spectra were
recorded on a Varian Gemini 200 MHz spectrometer (Chemi-
cal shifts in 8, ppm) using TMS as internal standard. Micro-
analyses were performed on a Perkin-Elmer 240 CHN elemen-
tal analyzer. Microwave irradiation was carried out in a
domestic microwave oven (LG MG 556p, 2450 MHz). The
starting compounds 1 were prepared according to our reported

Table 1

IR and "H NMR spectral data of 4-phenoxybenzaldehyde 3-aryl-1,8-naphthyridin-2-ylhydrazones (3) and
6-aryl-9-(4-phenoxyphenyl)-1,2,4-triazolo-[4,3-a][ 1,8 naphthyridines (4).

Compd IR cm ™' (KBr) "H NMR (3, ppm) (CDCl5)

3a 3377 (NH), 1623 (C=N) 7.63 (m, 2H, C,—H, C¢—H), 7.82 (m, 1H, Cs—H), 8.44 (m, 1H, C;—H), 8.59 (s, 1H, N=CH),
6.92—7.50 (m, 15H, NH, 14Ar—H)

3b 3330 (NH), 1622 (C=N) 3.90 (s, 3H, OCH3), 7.92 (m, 2H, C,—H, C¢—H), 8.15 (m, 1H, Cs—H), 8.52 (m, 1H, C;—H),
8.85 (s, 1H, N=CH), 6.95-7.72 (m, 14H, NH, 13Ar—H)

3c 3431 (NH), 1627 (C=N) 7.60 (m, 2H, C4—H, C¢—H), 7.78 (m, 1H, Cs—H), 8.45 (m, 1H, C;—H), 8.59 (s, 1H, N=CH),
6.90-7.38 (m, 14H, NH, 13Ar—H)

3d 3390 (NH), 1625 (C=N) 7.65 (m, 2H, C4—H, C¢—H), 7.87 (m, 1H, Cs—H), 8.53 (m, 1H, C;—H), 8.65 (s, 1H, N=CH),
6.92-7.45 (m, 14H, NH, 13Ar—H)

3e 3425 (NH), 1623 (C=N) 7.62 (m, 2H, C4—H, C¢—H), 7.89 (m, 1H, Cs—H), 8.43 (m, 1H, C;—H), 8.62 (s, 1H, N=CH),
6.91-7.40 (m, 14H, NH, 13Ar—H)

3f 3360 (NH), 1628 (C=N) 7.67 (m, 2H, C;—H, C4—H), 7.80 (m, 1H, Cs—H), 8.25 (m, 1H, C;—H), 8.78 (s, IH, N=CH),
6.90-7.43 (m, 14H, NH, 13Ar—H)

3g 3353 (NH), 1625 (C=N) 7.65 (m, 2H, C,—H, C¢—H), 7.85 (m, 1H, Cs—H), 8.47 (m, 1H, C;—H), 8.66 (s, 1H, N=CH),
6.92-7.45 (m, 14H, NH, 13Ar—H)

3h 3345 (NH), 1626 (C=N) 7.60 (m, 2H, C,—H, C¢—H), 7.88 (m, 1H, Cs—H), 8.14 (m, 1H, C;—H), 8.63 (s, 1H, N=CH),
6.88-7.42 (m, 14H, NH, 13Ar—H)

3i 3360 (NH), 1626 (C=N) 7.75 (m, 2H, C4—H, C¢—H), 8.00 (m, 1H, Cs—H), 8.22 (m, 1H, C;—H), 8.78 (s, 1H, N=CH),
6.91-7.43 (m, 14H, NH, 13Ar—H)

4a 1603 (C=N) 8.12 (m, 3H, Cs—H, C,—H, Cs—H), 8.45 (m, 1H, C,—H), 7.02-7.70 (m, 14H, Ar—H)

4b 1608 (C=N) 3.89 (s, 3H, OCHs), 8.10 (m, 3H, Cs—H, C,—H, Cs—H), 8.40 (m, 1H, C,—H),
7.00-7.65 (m, 13H, Ar—H)

4c 1605 (C=N) 7.70 (m, 2H, Cs—H, Cs—H), 8.15 (m, 1H, C,—H), 8.50 (m, 1H, C,—H),
7.02-7.52 (m, 13H, Ar—H)

4d 1608 (C=N) 7.82 (m, 2H, C;—H, Cs—H), 8.20 (m, 1H, C,—H), 8.48 (m, 1H, C,—H),
7.00-7.54 (m, 13H, Ar—H)

4e 1604 (C=N) 7.78 (m, 2H, C;—H, Cs—H), 8.18 (m, 1H, C;—H), 8.45 (m, 1H, C,—H),
7.02-7.56 (m, 13H, Ar—H)

af 1605 (C=N) 7.63 (m, 1H, C;—H), 8.05 (m, 1H, Cs—H), 8.15 (m, 1H, C;,—H), 8.47 (m, 1H, C,—H),
7.00-7.53 (m, 13H, Ar—H)

4g 1610 (C=N) 7.80 (m, 2H, Cs—H, Cs—H), 8.16 (m, 1H, C;,—H), 8.45 (m, 1H, C,—H),
7.02-7.66 (m, 13H, Ar—H)

4h 1606 (C=N) 8.13 (m, 3H, C;—H, C,—H, Cs—H), 8.44 (m, 1H, C,—H), 7.00-7.65 (m, 13H, Ar—H)

4i 1607 (C=N) 8.20 (m, 3H, C;—H, C,—H, Cs—H), 8.48 (m, 1H, C,—H), 7.03—7.82 (m, 13H, Ar—H)
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Table 2

Physical and analytical data of 4-phenoxybenzaldehyde 3-aryl-1,8-naphthyridin-2-ylhydrazones (3) and
6-aryl-9-(4-phenoxyphenyl)-1,2,4-triazolo-[4,3-a][ 1,8 naphthyridines (4).

Vol 46

Elemental analysis Found/(Calcd)

Compd Reaction time (min) MP (°C) Yield (%) Mol. formula C H N

3a 1.0 170-172 95 C,7H,0N,4O0 77.75 (77.89) 4.86 (4.81) 13.53 (13.46)
3b 1.5 156-158 94 CsgH2N40, 75.50 (75.34) 4.97 (4.93) 12.64 (12.56)
3c 1.0 152-153 93 Cy7H,oCIN,O 71.77 (71.92) 4.26 (4.22) 12.50 (12.43)
3d 1.5 145-147 92 C,7H;9CIN,O 71.78 (71.92) 4.28 (4.22) 12.49 (12.43)
3e 1.0 159-160 96 C,7HoCIN,O 71.76 (71.92) 4.27 (4.22) 12.51 (12.43)
3f 1.0 172-174 93 C,7H;oFN,O 74.81 (74.65) 4.43 (4.38) 12.98 (12.90)
3g 1.5 148-150 94 C,7H9FN,O 74.79 (74.65) 4.44 (4.38) 12.97 (12.90)
3h 1.5 162-163 95 Cy7HoFN4O 74.80 (74.65 4.42 (4.38) 12.96 (12.90)
3i 1.5 140-142 94 CogH9F3N,O 69.58 (69.42) 3.98 (3.93) 11.66 (11.57)
4a 3.5 208-210 90 Cy7H gN,O 78.41 (78.26) 4.40 (4.35) 13.61 (13.53)
4b 4.5 200-202 87 C,gHy0N40, 75.83 (75.68) 4.60 (4.50) 12.70 (12.61)
4c 4.0 228-230 86 C,7H;,CIN,O 72.40 (72.24) 3.84 (3.79) 12.56 (12.49)
4d 4.0 214-216 85 C,7H;,CIN4,O 72.38 (72.24) 3.85 (3.79) 12.58 (12.49)
4e 3.5 230-232 92 C,7H;,CIN,O 72.39 (72.24) 3.84 (3.79) 12.57 (12.49)
4f 3.5 206-208 87 C,7H,7FN4O 75.15 (75.00) 3.99 (3.94) 13.05 (12.96)
4g 4.0 210-212 86 C,7H7FN,O 75.16 (75.00) 3.98 (3.94) 13.04 (12.96)
4h 3.5 238-240 90 C,;H7,FN,O 75.14 (75.00) 3.99 (3.94) 13.03 (12.96)
4i 4.5 218-220 89 C,gH,F3N,O 69.86 (69.71) 3.57 (3.53) 11.69 (11.62)

procedures [16-20]. The 4-phenoxylbenzaldehyde (2) was pur-
chased from Aldrich Chemical Company.

General procedure for the synthesis of 4-phenoxybenzal-
dehyde 3-aryl-1,8-naphthyridin-2-ylhydrazones (3). A mix-
ture of 1 (20.0 mmol), 4-phenoxy-benzaldehyde (2, 20.0 mmol)
and DMF (5 drops) was subjected to microwave irradiation at
400 watts intermittently at 30 s intervals for the specified time
(Table 2). On completion of reaction, as monitored by TLC, the
reaction mixture was cooled and treated with cold water. The
resulting solid product was collected by filtration, washed with
water and re-crystallized from ethanol to give 3 (Table 2).

General procedure for the synthesis of 6-aryl-9-(4-phen-
oxyphenyl)-1,2,4-triazolo[4,3-a][1,8]napthyridines (4). To a
solution of appropriate hydrazone 4 (20.0 mmol) in methanol
(15 mL), CAT (20.0 mmol) was added. The reaction mixture
was exposed to microwaves at 400 watts intermittently at 30 s
intervals for specified time (Table 2). After complete conver-
sion as indicated by TLC, the reaction mixture was cooled and
digested with cold water. The solid then obtained was col-
lected by filtration, washed with water and re-crystallized from
ethanol to afford 4 (Table 2).
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Alumina-supported iodobenzene diacetate [PhI(OAc),-Al,O3] is a highly efficient reagent for the oxi-
dative cyclization of [0-(1,8-naphthyridin-2-yl)phenoxy]Jacetic acid arylidene hydrazides 4 to 5-aryl-2-
[o-(1,8-naphthyridin-2-yl)phenoxymethyl]-1,3,4-oxadiazoles 5 in solvent-free conditions under micro-
wave irradiation. The products are obtained in good yields and in a state of high purity.

J. Heterocyclic Chem., 46, 127 (2009).

INTRODUCTION

1,8-Naphthyridine derivatives acquired a special place
in the heterocyclic field because of their diversified
activities such as antibacterial [1], antitumor [2], antihy-
pertensive [3], and anti-inflammatory [4]. 1,3,4-Oxadia-
zoles are biologically active [5,6], synthetically useful
and important heterocyclic compounds. For these rea-
sons the chemistry of 1,3,4-oxa-diazoles have been the
subject of many investigations [7—10]. However, most
of these investigations suffer from serious drawbacks
which include the use of hazardous, highly toxic, long
reaction times, low yields, drastic reaction conditions,
and expensive or commercially unavailable reagents. In
view of the rapidly increasing demands for green chem-
istry, an efficient and convenient method for the synthe-
sis of 1,3,4-oxadiazoles is highly desirable.

The versatile synthetic utility of organic hypervalent io-
dine reagents in general and iodobenzene diacetate (IBD)
in particular is of current interest [11-13]. Microwave
(MW) activation has become a very popular and useful
technology in synthetic organic chemistry [14-16].
Recently, more interest has been focused on “‘dry media™
synthesis using inorganic solid supports. The coupling of
MW heating mode with the use of mineral solid support
[17-19] such as alumina, silica, and clays have been used
for the synthesis of several organic compounds with
higher selectivity, yield and purity compared to traditional
methods. In continuation of our interest in the MW
assisted organic transformations of 1,8-naphthyrdines
[20-23], we report herein, a practical and highly efficient
method for the synthesis of 1,8-naphthyridinyl-1,3,4-oxa-

diazoles using alumina-supported IBD [PhI(OAc),-
Al,O3] in solvent free conditions under MW irradiation.

RESULTS AND DISCUSSION

Alkylation of 2-(o-hydroxyphenyl)-1,8-naphthyridine 1
[24] with ethyl chloroacetate in DMF in the presence of an-
hydrous K,CO3 under MW irradiation resulted in the for-
mation of ethyl [o-(1,8-naphthyridin-2-yl)phenoxy]
acetate 2, which on hydrazinolysis with refluxing hydrazine
hydrate afforded [o-(1,8-naphthyridin-2-yl)phenoxy]Jacetic
acid hydrazide 3. Treatment of hydrazide 3 with aromatic
aldehydes in the presence of catalytic amount of DMF
under MW irradiation furnished the corresponding hydra-
zones, [o0-(1,8-naphthyridin-2-yl)phenoxy]acetic acid aryli-
denehydrazides 4 in excellent yields.

The hydrazones 4 on oxidative cyclization with alu-
mina-supported IBD [PhI(OAc),-Al,03] [25] in the ab-
sence of solvent under MW irradiation resulted in the for-
mation of 5-aryl-2-[o-(1,8-naphthyridin-2-yl)phenoxy-
methyl]-1,3,4-oxadiazoles 5 (Scheme 1). The reaction
proceeds efficiently in good yields at ambient pressure
within a few minutes. The transformation is very clean
and rapid. The reaction conditions and work-up proce-
dures are mild, simple and convenient. Furthermore, it is
to be noted that highly pure products were obtained using
this simple procedure and in most cases no further purifi-
cation was needed. The recyclability of the alumina sup-
port makes this an environmentally friendly ““green’” pro-
tocol. On comparing the rate enhancement effect of MW
irradiation on the investigated reaction, the oxidative

© 2009 HeteroCorporation
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cyclization of hydrazone 4a was chosen as a model reac-
tion. The reaction gave compound Sa in 10% yield in 5.0
min, when conducted under conventional conditions in an
oil-bath preheated to 120°C (temperature measured at the
end of exposure during MW experiment).

The structural assignments to compounds 2-5 were
based on their spectral (IR and '"H NMR) and analytical
data. To the best of our knowledge this is the first report of
the rapid synthesis of 1,3,4-oxadiazoles using PhI(OAc),-
Al,O3 under solvent-free MW irradiation conditions.

In conclusion, the present procedure with PhI(OAc),-
Al,O3 provides a very efficient method for the synthesis
of 1,3,4-oxadiazoles under solvent-free conditions using
MW irradiation. The notable advantages of this method
are: operational simplicity, ready availability of reagents
and general applicability, mild reaction conditions, short
reaction times, good yields, and environmentally benign
procedure.

EXPERIMENTAL

Melting points were measured on a Cintex melting point ap-
paratus and are uncorrected. The purity of the compounds was
checked by TLC. IR spectra in KBr were recorded on a Perkin-
Elmer BX series FTIR spectrophotometer. '"H NMR spectra
were recorded on a Varian Gemini 200 MHz spectrometer
(chemical shifts in 6, ppm) using TMS as internal standard.
Elemental analyses (CHN) were performed on a Perkin-
Elmer 240 CHN analyzer. Irradiation was carried out in a
domestic MW oven (LG MG-556P, 2450 MHz).

Journal of Heterocyclic Chemistry
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Ethyl [0-(1,8-naphthyridin-2-yl)phenoxy]-acetate 2. A mix-
ture of 2-(o-hydroxyphenyl)-1,8-naphthyridine 1 (0.01 mol),
ethyl chloroacetate (0.01 mol), anhydrous K,COj3 (0.01 mol),
and DMF (10 mL) was exposed to MWs at 400 watts intermit-
tently at 30 s intervals for 4.5 min. After completion of reac-
tion, as indicated by TLC, the reaction was cooled and poured
onto crushed ice. The precipitate thus obtained was collected
by filtration, washed with water and re-crystallized from etha-
nol to give 2, yield 96%, mp 130°C; IR: 1755, 1610 cmfl;
'"H NMR (CDCls): & 1.29 (t, J = 7.0 Hz, 3H, CHs), 4.28 (q,
J = 7.0 Hz, 2H, CH,), 4.71 (s, 2H, O—CH,), 8.28 (m, 3H,
C;—H, C,—H, Cs—H), 7.98 (m, 1H, C¢—H), 9.13 (m, 1H,
C,—H), 6.90-7.59 (m, 4H, Ar—H); Anal. Calcd. for
CigH6N,O3: C, 70.13; H, 5.19; N, 9.09. Found : C, 70.29; H,
5.24; N, 9.15%.

[0-(1,8-Naphthyridin-2-yl)-phenoxyJacetic acid hydrazide
3. A mixture of 2 (0.01 mol) and hydrazine hydrate (0.015
mol) in ethanol (20 mL) was refluxed on a water-bath for 6 h.
The reaction mixture was cooled, the separated solid was col-
lected by filtration and re-crystallized from ethanol to furnish
3, yield 92%, mp 150°C; IR: 3450, 3275, 3082, 1675, 1605
em™'; '"H NMR (CDCl3): & 1.92 (br, 2H, NH,), 4.83 (s, 2H,
CH,), 8.22 (m, 3H, C;—H, C,—H, Cs—H), 7.95 (m, 1H,
Cs—H), 9.12 (m, 1H, C;—H), 6.97-7.54 (m, 4H, Ar—H), 9.56
(s, 1H, CONH); Anal. Calcd. for C;sH4N4O,: C, 65.31; H,
4.76; N, 19.05. Found: C, 65.49; H, 4.80; N, 19.12%.

General procedure for the synthesis of [0-(1,8-naphthyri-
din-2-yl)phenoxy]acetic acid arylidene hydrazides 4. A mix-
ture of 3 (0.01 mol), aromatic aldehyde (0.01 mol), and DMF
(five drops) was subjected to MW irradiation at 400 watts
intermittently at 30 s intervals for the specified time (Table 1).
On completion of the reaction, as monitored by TLC, the reac-
tion mixture was digested with cold water. The resulting solid
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Table 1

Physical and analytical data of [0-(1,8-naphthyridin-2-yl)phenoxy]Jacetic acid arylidenehydrazides 4 and
5-aryl-2-[o-(1,8-naphthyridin-2-yl)phenoxymethyl]-1,3,4-oxadiazoles 5.

PhI(OAc),-Al,0; Mediated Synthesis of 1,8-Naphthyridinyl-1,3,4-oxadiazoles

129

Reaction period

Found % (Calcd)

Entry Ar (min) M.p. (°C) Yield (%) Mol. formula C H N

4a CeHs 1.0 184 96 Cy3H sN4O, 7243 (72.25)  4.76 (4.71) 14.74 (14.66)
4b p-CH3C¢Hy 0.5 176 98 Co4Ho0N40, 7291 (72.73)  4.08 (5.05) 14.21 (14.14)
4c p-CH;0CgH, 1.5 234 94 Co4Hy0N4O5 69.72 (69.90)  4.49 (4.85) 13.66 (13.59)
4d p-CICcHy 1.0 180 97 Cy3H,7,CIN,O, 66.45 (66.27)  4.02 (4.08) 13.49 (13.45)
4e 0-BrCeHy 1.5 200 94 C,3H7BrN,O, 59.71 (59.87)  3.74 (3.69) 12.22 (12.15)
4f m-NO,CgHy 0.5 210 92 Cy3H7N504 64.80 (64.64)  3.94 (3.98) 16.46 (16.39)
4g 2,4-Cl,CeHj 1.0 185 93 Cp3H1sCLN,O,  61.38 (61.20)  3.40 (3.55) 12.47 (12.42)
4h 2,6-Cl,CeHjy 1.5 223 92 Cy3HiCLN4O,  61.36 (61.20)  3.41 (3.55) 12.49 (12.42)
Sa CgHs 5.0 >300 90 Cu3H;6N4O, 72.76 (72.63)  4.26 (4.21) 14.80 (14.74)
5b p-CH;CgHy 4.5 >300 95 Cy4HgN4O, 73.27 (73.10)  4.61 (4.57) 14.29 (14.21)
Sc p-CH;0CqHy 5.5 >300 92 Co4H;sN4O3 70.42 (70.24)  4.43 (4.39) 13.72 (13.66)
5d p-CIC¢Hy 5.0 >300 93 Cy3H,5CIN,O, 66.75 (66.59)  3.66 (3.62) 13.58 (13.51)
Se 0-BrCeHy 6.0 >300 90 Cy3H;5BrN,O, 60.30 (60.13)  3.32 (3.27) 12.29 (12.20)
5t m-NO,CgHy 6.5 >300 88 Cy3H;5Ns504 64.78 (64.94)  3.58 (3.53) 16.41 (16.47)
Sg 2,4-Cl,CeH; 5.5 >300 89 Co3Hi4CLNLO,  61.63 (61.47)  3.16 (3.12) 12.55 (12.47)
5h 2,6-Cl,CeHj3 6.5 >300 87 Cy3Hi4CLN,O,  61.62 (61.47) 3.17 (3.12) 12.56 (12.47)

product was collected by filtration, washed with water, and re-
crystallized from ethanol to afford 4.

4a. IR: 3432, 1690, 1615 cm™'; '"H NMR (CDCl3): § 4.90
(s, 2H, CH,), 8.18 (m, 3H, C;—H, C,—H, Cs—H), 7.92 (m,
1H, C¢—H), 9.10 (m, 1H, C;—H), 6.92-7.55 (m, 10H, N=CH,
9Ar—H), 12.53 (s, 1H, CONH).

4b. TR: 3440, 1685, 1612 cm™'; '"H NMR (CDCls): & 2.22
(s, 3H, CHj3), 4.92 (s, 2H, CH,), 8.27 (m, 3H, C;—H, C4,—H,
Cs—H), 7.94 (m, 1H, C¢—H), 9.12 (m, 1H, C;—H), 6.90-7.58
(m, 9H, N=CH, 8Ar—H), 12.36 (s, 1H, CONH).

4c. IR: 3448, 1696, 1604 cm™'; '"H NMR (CDCly): & 3.82
s, 3H, OCHj;), 491 (s, 2H, CH,), 8.28 (m, 3H, C;—H, C4,—H,
Cs—H), 7.98 (m, 1H, C¢—H), 9.13 (m, 1H, C;—H), 6.83-7.80
(m, 9H, N=CH, 8Ar—H), 12.42 (s, 1H, CONH).

4d. IR: 3420, 1702, 1609 cm™'; "H NMR (CDCls): & 4.94
(s, 2H, CH,), 8.25 (m, 3H, C;—H, C,—H, Cs—H), 8.00 (m,
1H, Cs—H), 9.13 (m, 1H, C;—H), 7.03-7.80 (m, 9H, N=CH,
8Ar—H), 12.89 (s, 1H, CONH).

de. IR: 3450, 1705, 1604 cm™'; '"H NMR (CDCl3): & 4.92
(s, 2H, CH,), 8.20 (m, 3H, C;—H, C,—H, Cs—H), 7.93 (m,
1H, Cs—H), 9.14 (m, 1H, C;—H), 7.00-7.73 (m, 9H, N=CH,
8Ar—H), 12.89 (s, 1H, CONH).

4f. IR: 3435, 1697, 1604 cm™'; '"H NMR (CDCls): § 4.95
(s, 2H, CH,), 8.17 (m, 3H, C;—H, C4,—H, Cs—H), 7.91 (m,
1H, Cs—H), 9.08 (m, 1H, C;—H), 6.90-7.49 (m, 9H, N=CH,
8Ar—H), 12.42 (s, 1H, CONH).

4g. IR: 3425, 1702, 1607 cm™'; '"H NMR (CDCly): & 4.92
(s, 2H, CH,), 8.24 (m, 3H, C;—H, C,—H, Cs—H), 7.95 (m,
1H, Cs—H), 9.10 (m, 1H, C;—H), 6.98-7.62 (m, 8H, N=CH,
7Ar—H), 12.52 (s, 1H, CONH).

4h. IR: 3422, 1707, 1604 cm™'; '"H NMR (CDCl3): § 4.90
(s, 2H, CH,), 8.19 (m, 3H, C;—H, C,—H, Cs—H), 7.90 (m,
1H, Cs—H), 9.12 (m, 1H, C;—H), 6.96-7.58 (m, 8H, N=CH,
7Ar—H), 12.73 (s, 1H, CONH).

General procedure for the synthesis of S5-aryl-2-
[0-(1,8-naphthyridin-2-yl)-phenoxymethyl]-1,3,4-oxadiazoles
5. Compound 4 (0.01 mol) and PhI(OAc), (0.01 mol)
doped on neutral alumina (1 g) are mixed thoroughly and
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exposed to MWs at 800 watts intermittently at 30 s intervals
for the specific time (Table 1). After complete conversion as
indicated by TLC, the reaction mixture was cooled and treated
with methanol (30 mL). The methanol solution was poured
into ice-cold water (50 mL), the precipitated solid was col-
lected by filtration and re-crystallized from ethanol to furnish
5 (Table 1).

5a. IR: 1605 cm™'; '"H NMR (CDCly + DMSO-de): & 5.46
(s, 2H, CH,), 8.20 (m, 3H, C;—H, C,—H, Cs—H), 8.00 (m,
1H, C¢—H), 9.15 (m, 1H, C;—H), 7.04-7.60 (m, 9H, Ar—H).

5b. IR: 1602 cm™'; 'H NMR (CDCl; + DMSO-dq): 8 2.30
(s, 3H, CHj3), 5.42 (s, 2H, CH,), 8.18 (m, 3H, C;—H, C4,—H,
Cs—H), 7.98 (m, 1H, C¢—H), 9.14 (m, 1H, C;—H), 7.00-7.56
(m, 8H, Ar—H).

Sc. IR: 1604 cm™'; "H NMR (CDCl; + DMSO-de): & 3.87
(s, 3H, OCHj), 5.41 (s, 2H, CHy), 8.17 (m, 3H, C;—H, C,—H,
Cs—H), 7.92 (m, 1H, C¢—H), 9.12 (m, 1H, C;—H), 6.92-7.60
(m, 8H, Ar—H).

5d. IR: 1605 cm™'; 'H NMR (CDCl; + DMSO-dq): § 5.43
(s, 2H, CH,), 8.20 (m, 3H, C;—H, C,—H, Cs—H), 7.81 (m,
1H, C¢—H), 9.09 (m, 1H, C;—H), 7.10-7.32 (m, 8H, Ar—H).

Se. IR: 1602 cm™'; "H NMR (CDCl; + DMSO-de): § 5.46
(s, 2H, CH,), 8.23 (m, 3H, C;—H, C,—H, Cs—H), 7.92 (m,
1H, Cs—H), 9.03 (m, 1H, C;—H), 7.20-7.74 (m, 8H, Ar—H).

5f. IR: 1603 cm™'; 'H NMR (CDCl; + DMSO-dy): 8 5.42
(s, 2H, CH,), 8.21 (m, 3H, C;—H, C,—H, Cs—H), 7.97 (m,
1H, Cs—H), 9.11 (m, 1H, C;—H), 7.05-7.52 (m, 8H, Ar—H).

5g. IR: 1600 cm™'; 'H NMR (CDCl; + DMSO-dq): § 5.45
(s, 2H, CH,), 8.19 (m, 3H, C;—H, C,—H, Cs—H), 7.92 (m,
1H, C¢—H), 9.13 (m, 1H, C;—H), 6.94-7.56 (m, 7H, Ar—H).

5h. IR: 1601 cm™'; '"H NMR (CDCl; + DMSO-dy): 8
543 (s, 2H, CH,), 821 (m, 3H, C;—H, C,—H, Cs—H),
7.98 (m, 1H, C¢—H), 9.10 (m, 1H, C;—H), 7.01-7.52 (m,
7H, Ar—H).
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A fast one-pot microwave-assisted solvent free synthesis of simple alkyl 1,2,3-triazole-4-carboxylate
derivatives by 1,3-dipolar cycloaddition reactions with trimethylsilyl azide (Me3Si-N3) on the alkylpro-

piolates and DMAD in high yields is described.

J. Heterocyclic Chem., 46, 131 (2009).

INTRODUCTION

The synthesis of important compounds with many
applications in chemistry and medicinal area has been
observed in the literature. Microwave-assisted synthesis
has been utilized as a powerful and effective technique to
promote a group of chemical reactions [1-9]. Since the
first publications on the use of microwave irradiation in
organic chemistry, the accelerated process described have
been a lure for chemists to further apply new reactions to
this technology [10]. Huisgen’s 1,3-dipolar cycloaddition
of alkynes and azides yielding triazoles is, undoubtedly,
the premier example of click chemistry reactions [11-21].
This type of reaction is an effective and excellent reaction
for preparation of 1,2,3-triazoles. 1,2,3-Triazoles are
known to be relatively resilient to metabolic degradation
and have known utility in several medicinal chemistry
campaigns as isosteres for phenyl rings and carboxyl func-
tionalities [19]. The triazoles may display a wide range of
biological activity as anti-HIV and antimicrobial agents,
as well as selective Pz adrenergic receptor agonist and
antiallergic agents [20-23]. Additionally, 1,2,3-triazoles
are found in herbicides, fungicides, and dyes [14,24].

Because of these interesting activities, fast and new
methods for the synthesis of these compounds should be
significant. In general, 1,2,3-triazole formation requires

harsh conditions, that is, high temperature and longer
reaction times. In the original description, the explored
examples showed that although these were relatively
clean processes, they could take from 12 to 48 h at high
temperatures (~110°C) [19]. Several examples of Cu(I)-
catalyzed alkyne-azide 1,3-dipolar cycloaddition under
milder conditions have been described. The mechanistic
proposal of the Cu(I)-catalyzed alkyne-azide 1,3-dipolar
cycloaddition was reported and found to involve polar
transition states, favorable for microwave activation [25].
These Huisgen 1,3-dipolar cycloaddition of azides and
alkynes resulting in 1,2,3-triazoles is one of the most
powerful click reactions [14,24-26]. An example of
microwave-assisted azide-alkyne cycloaddition was
reported by Katritzky and Singh [11]. The reactions
involved primary azides and acetylenic amide. Recently,
the synthesis of simple alkyl 1,2,3-triazole-4-carboxylate
derivatives was reported by reaction between N3~ and
alkylpropyolates [27-30]. The total reaction time was 48
h [29,30]. In another report, the reaction time for synthe-
sis of 2, 4, and 6 was 90 h [30].

Here, was reported a fast one-pot microwave-assisted
(60 W, 10 min) solvent free synthesis of simple alkyl
1,2,3-triazole-4-carboxylate (2, 4, and 6) derivatives by
1,3-dipolar cycloaddition reactions with trimethylsilyl

© 2009 HeteroCorporation



132 A. A. Taherpour and K. Kheradmand

azide II (Me3Si-N3) on the alkylpropyolates (1,3) and
DMAD (5) in high yields.

RESULTS AND DISCUSSION

The results show that the trimethylsilyl (Me;Si-) was
removed at the final simple alkyl 1,2,3-triazole-4-car-
boxylate (2, 4, and 6) products. No details are given
about the by-products and only the final products are
considered.

The '*C NMR results show 4, 5, and 3 C-atom types
for 2, 4, and 6, respectively. See results in the Experi-
mental section. The [M™"] for 2, 4, and 6, were 127, 141,
and 185, respectively. The percentages of C, H, and N
are explained in the Experimental section. In accordance
with the results that were shown in the Experimental sec-
tion the MS (and CI) spectrums and CHN analysis dem-
onstrated that the trimethylsilyl (Me3Si-) was removed
from the products during the synthesis process.

EXPERIMENTAL

The simple imides that were synthesized (2, 4, and 6), are
known compounds and those physical data, infrared and 'H
NMR spectra were essentially identical with those of authentic
samples [27-30]. The FTIR spectra was recorded as KBr pel-
lets on a Shimadzu FTIR 8000 spectrometer. 'H NMR spectra
was determined on a 300 MHz Briiker spectrometer. The sol-
vent for NMR recording was DMSO. It should be noted that a
limited amount of compounds is required for this experiment.
Therefore some small quality of vapor is evolved during irradi-
ation. The power generated by the microwave oven was mea-
sured before the experiments by the method described in the
literature [31].

Caution: For safety reasons all of the experiments should be
performed in an efficient hood in order to avoid contact with
vapors, as some quantity of substances can be vaporized
during irradiation.

Typical experimental procedure for synthesis of methyl-
1H-1,2,3-triazole-4-carboxylate (2). A mixture of methyl-pro-
piolate 1 (1 g, 1 mL, 0.012 mol) and trimethylsilyl azide
(Me;Si-N3) 1T (1.2 g, 1.5 mL, 0.012 mol) was made in a dried
heavy wall Pyrex tube. The tube was sealed and then exposed
to microwave oven. After 10 min irradiation at 60 W power,
the mixture was cooled to room temperature. The residue of
compounds was evaporated under air and reduced pressure. An
off-white solid was afforded. The product 2 can be re-crystal-
lized from chloroform + acetone and petroleum ether. These
stages afforded 0.049 g product (workup yield 82% and GC
yield =100%).

The amounts of ethylpropiolate 3 and trimethylsilyl azide IT
(Me3Si-N3) for synthesis ethyl-1H-1,2,3-triazole-4-carboxylate
(4) are: 0.965 g (1 mL, 0.010 mol) and 1.1 g (1.3 mL, 0.01
mol), respectively. The yield of 4 was 0.054 g, 83%. The
amounts of DMAD 5§ and Me;Si-N; (II) for synthesis di-
methyl-1H-1,2,3-triazole-4,5-carboxylate (6): are: 1.157 g (1
mL, 0.0082 mol) and 1 g (1.2 mL, 0.009 mol), respectively.
The yield of 4 was 0.072 g, 77%.

Journal of Heterocyclic Chemistry
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Methyl-1H-1,2,3-triazole-4-carboxylate (2). White crystals,
mp 127-128°C (lit. 126-128°C) [27-30]. FTIR (KBr): 3150
(N—H), 3138, 3005, 2937, 1708 (C=0), 1660, 1538, 1480,
1432, 1352, 1212, 1116, 1023, 843, 779 cm™'. '"H NMR &
(DMSO): 8.56 (s, 1H), 3.83 (s, 3H). '*C NMR: 161, 138.8,
130.1, and 51.83. MS: m/z (relative intensity), M,, = 127; 127
(M™, 8.8), 95 (70.6), 96 (100), 78 (17.6), and 63 (18.5).
C4H5N50,, CHN-analysis; calculated: C (37.80%), H (3.97%),
and N (33.06%), experiment: C (37.73%), H (3.95%), and N
(33.01%).

Ethyl-1H-1,2,3-triazole-4-carboxylate (4). White crystals,
mp 102-104°C (lit. 102-104°C) [27-30]. FTIR (KBr): 3224
(N—H), 3167, 2986, 1723 (C=0), 1661, 1533, 1466, 1375,
1332, 1238, 1202, 1114, 1029, 843, 780 cm . 'H NMR dy
(DMSO): 8.46 (s, 1H), 4.27-4.35 (q, 2H, 7.0 Hz) and 1.27—
1.32 (t, 3H, 7.0 Hz). *C NMR: 160.4, 138.2, 131.4, 60.4, and
14.0. MS: m/z (relative intensity); M,, = 141; CI = 141
(6.82), 113 (47.73), 95 (100), 71, 68 (78.5), and 44 (34.1).
CsH;N30,, CHN-analysis; calculated: C (42.55%), H (5.00%),
and N (29.77%), experiment: C (42.50%), H (5.03%), and N
(29.74%).

Dimethyl-1H-1,2,3-triazole-4,5-carboxylate (6). White
crystals, mp 116-118°C (lit. 117-118°C) [27-30]. FTIR
(KBr): 3239 (N—H), 3100, 2996, 2861, 1742 (C=0), 1658,
1519, 1437, 1389, 1304, 1228, 1190, 1084, 990, 833, 767
cm™'. "H NMR &y (DMSO): 3.87 (s). '*C NMR: 160.2, 131.0,
and 52.4. MS: m/z (relative intensity); M,, = 185; 187 (M2H™,
38.2), 154 (67.65), 124 (58.8), 93, 58, and 43 (100).
CgH;N;30,4, CHN-analysis; calculated: C (38.92%), H (3.81%),
and N (22.70%), experiment: C (38.98%), H (3.85%), and N
(22.66%).

The simple one-pot microwave assisted solvent free synthe-
sis of useful alkyl 1,2,3-triazole-4-carboxylate derivatives (2,
4, and 6) by Huisgen 1,3-dipolar cycloaddition reactions with
trimethylsilyl azide (Me;Si-N3) on the alkylpropyolates 1,3
and DMAD (§), in high yields is described. Comparison of
this procedure with the other methods confirms the facility and
rapidity of this method for synthesis of the alkyl 1,2,3-triazole-
4-carboxylate derivatives.
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Synthesis of novel isoxazolyl 1,3,5-benzoxadiazocines 5 has been accomplished by condensation of
3-amino-5-methylisoxazole 1 with salicylaldehydes, followed by reduction, treatment with arylisothio-
cyanates, and subsequent ring closure in the presence of formaldehyde. The methodology used in this

synthesis is the first approach of its kind.

J. Heterocyclic Chem., 46, 134 (2009).

INTRODUCTION

Benzoxadiazocines have been claimed to exhibit sed-
ative, muscle relaxant and anticonvulsant effects [1].
Oxadiazocines are shown to act as bacteriocides, hyp-
notic agents [2], central nervous system stimulants [3],
and are also known to possess pharmacological activity
[4]. The biological importance and considerable thera-
peutic potential of these compounds generated interest
in designing the synthesis of a number of derivatives
[5], which might become potential drug candidates
as inhibitors of HIV-1 reverse transcriptase [6]. Very
recently, oxadiazocines are reported to have been used
as immuno therapeutics, antimicrobial drugs, and vac-
cines [7]. Similarly isoxazole nucleus can be found fre-
quently in the structure of numerous naturally occur-
ring and synthetic compounds with interesting biologi-
cal and pharmacological properties [8]. In spite of such
a high potential significance for benzoxadiazocines and
oxadiazocines, a survey of literature showed that little
attention has been given toward the synthesis of this
class of heterocyclic compounds. In view of this, and
as a sequel to our work on the synthesis of a variety of

heterocycles linked to the isoxazole moiety [9], we
undertook the synthesis of isoxazolyl benzoxadiazocines
to explore the pharmacological activity of these com-
pounds. Herein, we present our results on the synthesis
of isoxazolyl 1,3,5-benzoxadiazocines by adopting sim-
ple methodology.

RESULTS AND DISCUSSION

The reaction of 3-amino-5-methylisoxazole 1 with
substituted salicylaldehydes in hot alcohol led to the for-
mation of Schiff bases 2 in quantitative yields. The
Schiff bases 2 on reduction with sodium borohydride
produced 2-[(5-methyl-isoxazol-3-yl-amino)-methyl]
phenols 3 in moderate to good yields. The nucleophilic
addition of amino methyl phenols 3 with aryl isothio-
cyanates has been carried out in hot chloroform with
stirring for 6 h. The resulting product has been identified
as  N-(5-methyl-isoxazol-3-yl)-N-(2-hydroxybenzyl)-N'-
aryl thioureas 4. The thioureas 4 on heating with formal-
dehyde in methanol solution underwent ring closure,
involving an internal Mannich reaction, to give novel

© 2009 HeteroCorporation
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5-(5-methyl-isoxazol-3-yl)-3-aryl-3,4,5,6-tetrahydro-2H-
1,3,5-benzoxadiazocine-4-thiones 5 in moderate to
good yields (Scheme 1).

It can be concluded that a simple and efficient method
to synthesize isoxazolyl benzoxadiazocines in good
yields under mild conditions has been achieved. It is
possible that these compounds may have applications as
drugs; the activity data will be published elsewhere.
This happens to be the first report on the synthesis of
benzoxadiazocines linked to an isoxazole unit.

EXPERIMENTAL

All the melting points were determined on a Cintex melting
point apparatus and are uncorrected. Analytical TLC was per-
formed on Merck precoated 60 F,s, silica gel plates. Visual-
ization was done by exposing to Iodine vapor IR spectra (KBr
pellet) were recorded on Perkin-Elmer BX series FTIR spec-
trophotometer. 'H NMR spectra were recorded on a Varian
Gemini 300 MHz spectrometer. Chemical shift values are
given in ppm (3) with tetramethylsilane as internal standard.
Mass spectral measurements were carried out by EI method on
a Jeol JMC-300 spectrometer at 70 eV. Elemental analyses
were performed on a Carlo Erba 106 Perkin-Elmer model 240
analyzer.
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General procedure for the preparation of 2-[(5-methyl-3-
isoxazolyl)imino]methylphenols (2a-2e). 3-Amino-5-methyl-
isoxazole 1 (0.01 mol) and salicylaldehyde (0.01 mol) were
refluxed in ethanol (10 mL) for 2 h. The solution was cooled
and the separated solid was collected by filtration and re-crys-
tallized from pet ether.

2-[(5-Methyl-3-isoxazolyl)imino]methylphenol (2a). This
compound was obtained as yellow crystals, yield 95%; mp 57—
59°C, '"H NMR (300 MHz, CDCl3): & = 2.38 (s, 3H, CH3),
5.95 (s, 1H, isoxazole-H), 6.82-7.55 (m, 4H, ArH), 8.82 (s,
1H, —N=CH—), 12.02 (bs, 1H, OH, D,O exchangeable). EI-
MS: m/z 203 (M + H'); IR (KBr): 3400 (O—H), 1607
(C=N), 1577, 1400 (C=C), 1282 cm~' (C—O0). Anal. Calcd.
for C11H;oN-O; (202): C, 65.34; H, 4.95; N, 13.86. Found: C,
65.38; H, 5.10; N, 13.79.

4-Methyl-2-[(5-methyl-3-isoxazolyl)imino]methylphenol (2b).
This compound was obtained as yellow crystals, yield 90%;
mp 68-70°C, 'H NMR (300 MHz, CDCly): & = 2.41 (s, 3H,
CH;), 2.50 (s, 3H, CH3), 6.02 (s, 1H, isoxazole-H), 6.80-7.50
(m, 3H, ArH), 8.75 (s, 1H, —N=CH—), 12.85 (bs, 1H, OH,
D,O exchangeable). EI-MS: m/z 217 (M + H™); IR (KBr):
3390 (O—H), 1615 (C=N), 1580, 1450 (C=C), 1275 cm '
(C—0). Anal. Calcd. for C{,H;,N>,O, (216): C, 66.66; H, 5.55;
N, 12.96. Found: C, 66.60; H, 5.62; N, 12.90.

4-Methoxy-2-[(5-methyl-3-isoxazolyl) imino] methyl phenol
(2¢). This compound was obtained as yellow crystals, yield
90%; mp 80-82°C, 'H NMR (300 MHz, CDCl5): & = 2.35 (s,
3H, CH;), 3.8 (s, 3H, OCH3), 6.12 (s, 1H, isoxazole-H), 6.80—
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7.10 (m, 3H, ArH), 8.80 (s, 1H, =N=CH—), 12.05 (bs, 1H,
OH, D,O exchangeable). EI-MS: m/z 233 (M + H"): IR
(KBr): 3385 (O—H), 1620 (C=N), 1575, 1425 (C=C), 1280
cm™! (C—0). Anal. Caled. for C;,H;,N,05 (232): C, 62.06;
H, 5.17; N, 12.06. Found: C, 62.15; H, 5.13; N, 12.14.IR.

4-Chloro-2-[(5-methyl-3-isoxazolyl)imino]methylphenol (2d).
This compound was obtained as yellow crystals, yield 88%;
mp 93-95°C, 'H NMR (300 MHz, CDCl3): § = 2.41 (s, 3H,
CHs), 5.90 (s, 1H, isoxazole-H), 7.50-8.02 (m, 3H, ArH), 8.85
(s, 1H, =N=CH—), 12.50 (bs, 1H, OH, D,O exchangeable).
EI-MS: m/z 237 (M + H"); IR (KBr): 3405 (O—H), 1615
(C=N), 1580, 1400 (C=C), 1275 cm ' (C—O0). Anal. Calcd.
for C;1HoN,O,Cl (236): C, 55.93; H, 3.81; N, 11.86. Found:
C, 56.05; H, 3.85; N, 11.88.

4-Bromo-2-[(5-methyl-3-isoxazolyl)imino]methylphenol (2e).
This compound was obtained as yellow crystals, yield 95%;
mp 110-112°C, "H NMR (300 MHz, CDCls): & = 2.35 (s, 3H,
CH3), 6.02 (s, 1H, isoxazole-H), 7.70-8.02 (m, 3H, ArH), 8.90
(s, 1H, —=N=CH—), 12.40 (bs, 1H, OH, D,O exchangeable).
EI-MS: m/z 281 (M + H"); IR (KBr): 3368 (O—H), 1612
(C=N), 1489 (C=C), 1275 cm ! (C—O0). Anal. Calcd. for
C1HoN,O,Br (280): C, 47.14; H, 3.21; N, 10.00. Found: C,
47.20; H, 3.29; N, 9.95.

General procedure for the preparation of 2-[(5-methyl-3-
isoxazolyl)amino]methyl phenols (3a-3e). To an ethanolic so-
Iution (10 mL) of Schiff base 2 (0.01 mol) sodium borohydride
(0.02 mol) was slowly added with stirring. The reaction was con-
ducted at room temperature with stirring for 30 min. The solid
that separated on pouring the reaction mixture into ice-cold water
was collected filtration and re-crystallized from ethanol.

2-[(5-Methyl-3-isoxazolyl)amino]methylphenol  (3a). This
compound was obtained as brown crystals, yield 82%; mp 85—
87°C, 'H NMR (300 MHz, CDCl;): & = 2.25 (s, 3H, CH;),
4.31 (s, 2H, —CH,—), 5.20 (bs, 1H, NH, D,O exchangeable),
5.66 (s, 1H, isoxazole-H), 6.80-7.25 (m, 4H, ArH), 9.45 (bs,
1H, OH, D,O exchangeable). EI-MS: m/z 205 (M + H™); IR
(KBr): 3640 (N—H), 3376 (O—H), 1631 (C=N), 1458 (C=C),
1210 cm™' (C—0). Anal. Calcd. for C;1H;,N,0, (204): C,
64.70; H, 5.88; N, 13.72. Found: C, 64.65; H, 5.82; N, 13.66.

4-Methyl-2-[(5-methyl-3-isoxazolyl)amino]methylphenol (3b).
This compound was obtained as brown crystals, yield 85%;
mp 79-81°C, 'H NMR (300 MHz, CDCl;): § = 2.30 (s, 3H,
CH3), 2.50 (s, 3H, CHj3), 4.35 (s, 2H, —CH,—), 5.50 (bs, 1H,
NH, D,O exchangeable), 5.70 (s, 1H, isoxazole-H), 7.00-7.50
(m, 3H, ArH), 10.05 (bs, 1H, OH, D,O exchangeable). EI-MS:
mlz 219 (M + HY); IR (KBr): 3500 (N—H), 3368 (O—H),
1605 (C=N), 1455 (C=C), 1065 cm~' (C—O). Anal. Calcd.
for C;,H;4sN,O, (218): C, 66.05; H, 6.42; N, 12.84. Found: C,
66.01; H, 5.98; N, 12.81.

4-Methoxy-2-[(5-methyl-3-isoxazolyl)amino]methylphenol (3c).
This compound was obtained as brown crystals, yield 85%;
mp 92-93°C, 'H NMR (300 MHz, CDCl3): & = 2.35 (s, 3H,
CHs), 3.7 (s, 3H, CHj3), 4.00 (s, 2H, —CH,—), 5.50 (bs, 1H,
NH, D,O exchangeable), 5.80 (s, 1H, isoxazole-H), 6.85-7.40
(m, 3H, ArH), 9.85 (bs, 1H, OH, D,O exchangeable). EI-MS:
mlz 235 (M + H"Y); IR (KBr): 3490 (N—H), 3350 (O—H),
1620 (C=N), 1460 (C=C), 1150 cm~' (C—O). Anal. Calcd.
for C,H;4N,O5 (234): C, 61.53; H, 5.98; N, 11.96. Found: C,
61.88; H, 5.88; N, 11.85.

4-Chloro-2-[(5-methyl-3-isoxazolyl)aminomethylphenol (3d).
This compound was obtained as brown crystals, yield 80%;
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mp 105-107°C, '"H NMR (300 MHz, CDCls): & = 2.35 (s, 3H,
CHsz), 3.70 (s, 2H, —CH,—), 4.50 (bs, 1H, NH, D,O exchange-
able), 6.02 (s, 1H, isoxazole-H), 7.00-7.50 (m, 3H, ArH),
10.02 (bs, 1H, OH, D,O exchangeable). EI-MS: m/z 239 (M +
H"); IR (KBr): 3550 (N—H), 3415 (O—H), 1630 (C=N),
1510 (C=C), 1205 cm™ ' (C—0). Anal. Calcd. for
C11H{1N,O,Cl (238): C, 55.46; H, 4.62; N, 11.76. Found: C,
55.50; H, 4.58; N, 11.80.
4-Bromo-2-[(5-methyl-3-isoxazolyl)amino]methylphenol (3e).
This compound was obtained as brown crystals, yield 80%; mp
121-123°C, '"H NMR (300 MHz, CDCl3): & = 2.40 (s, 3H,
CHs), 3.95 (s, 2H, —CH,—), 5.00 (bs, 1H, NH, D,O exchange-
able), 5.95 (s, 1H, isoxazole-H), 7.20-7.80 (m, 3H, ArH), 9.80
(bs, 1H, OH, D,O exchangeable). EI-MS: m/z 283 (M + H™); IR
(KBr): 3500 (N—H), 3395 (O—H), 1615 (C=N), 1560 (C=C),
1180 cm ™' (C—O). Anal. Caled. for C;H;;N,O,Br (282): C,
46.80; H, 3.90; N, 9.92. Found: C, 46.95; H, 4.01; N, 9.85.
General procedure for the preparation of N-(2-hydroxy-
benzyl)-N-(5-methyl-3-isoxazolyl)-N'-phenylthioureas (4a—4f).
To chloroform solution (15 mL) of amino methylphenols 3
(0.01 mol) arylisothio cyanate (0.01 mol) was slowly added
with stirring. The reaction mixture was stirred at 90°C for 6 h.
The solvent was removed by distillation under reduced pres-
sure and the crude product was re-crystallized from ethanol.
N-(2-Hydroxybenzyl)-N-(5-methyl-3-isoxazolyl)-N'-phenyl-
thiourea (4a). This compound was obtained as brown crystals,
yield 85%; mp 100-102°C, '"H NMR (300 MHz, CDCls): & =
2.30 (s, 3H, CH3y), 4.60 (s, 2H, CH,), 6.01 (s, 1H, isoxazole-
H), 6.8-7.8 (m, 9H, ArH), 8.52 (bs, 1H, NH, D,O exchange-
able), 9.42 (bs, 1H, OH, D,0O exchangeable). EI-MS: m/z 340
(M + HY); IR (KBr): 3239 (N—H), 3180 (O—H), 1641
(C=N), 1582, 1515 (C=C), 1225 cm™" (C=S). Anal. Calcd.
for C;gH7N30,S (339): C, 63.71; H, 5.01; N, 12.38.Found: C,
63.59; H, 4.95; N, 12.35.
N'-(4-Chlorophenyl)-N-(2-hydroxybenzyl)-N-(5-methyl-3-
isoxazolyl) thiourea (4b). This compound was obtained as
brown crystals, yield 88%; mp 124-126°C, 'H NMR (300
MHz, CDCl;): & = 2.35 (s, 3H, CH3), 4.94 (s, 2H, CH,), 5.96
(s, 1H, isoxazole-H), 7.01-7.82 (m, 8H, ArH), 8.80 (bs, 1H,
NH, D,O exchangeable), 9.50 (bs, 1H, OH, D,O exchange-
able). EI-MS: m/z 374 (M + H"); IR (KBr): 3300 (N—H),
3225 (O—H), 1640 (C=N), 1575 (C=C), 1230 cm ' (C=S).
Anal. Calced. for CgHsN30,SCl (373): C, 57.90; H, 4.28; N,
11.26. Found: C, 57.86; H, 4.25; N, 11.29.
N'-(4-Bromophenyl)-N-(2-hydroxybenzyl)-N-(5-methyl-3-
isoxazolyl) thiourea (4c). This compound was obtained as
brown crystals, yield 80% mp 133-135°C, '"H NMR (300
MHz, CDCly): 6 = 2.38 (s, 3H, CH3), 4.85 (s, 2H, CH,), 6.00
(s, 1H, isoxazole-H), 7.23-7.85 (m, 8H, ArH), 9.00 (bs, 1H,
NH, D,0 exchangeable), 10.25 (bs, 1H, OH, D,O exchange-
able). EI-MS: m/z 418 (M + H"); Anal. Caled. for
C1sH16N3O,SBr (417): C, 51.79; H, 3.83; N, 10.07. Found: C,
51.82; H, 3.85; N, 9.98. IR (KBr): 3350 (N—H), 3200 (O—H),
1515 (C=C), 1225 cm™' (C=S).
N-(2-Hydroxybenzyl)-N-(5-methyl-3-isoxazolyl)-N'-(4-meth-
ylphenyl) thiourea (4d). This was obtained as compound
brown crystals, yield 85%; mp 120-122°C, 'H NMR (300
MHz, CDCl5): & = 2.40 (s, 3H, CHj), 2.52 (s, 3H, CHy), 4.75
(s, 2H, CH,), 6.12 (s, 1H, isoxazole-H), 7.50-8.20 (m, 8H,
ArH), 8.90 (bs, 1H, NH, D,O exchangeable), 10.08 (bs, 1H,
OH, D,O exchangeable). EI-MS: m/z 354 (M + H"); IR
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(KBr): 3329 (N—H), 3215 (O—H), 1510 (C=C), 1220 cm™'
(C=S). Anal. Calcd. for CgH19N3;0,S (353): C, 64.58; H,
5.38; N, 11.89. Found: C, 64.49; H, 5.32; N, 11.92.

N-(2-Hydroxy-5-methylbenzyl)-N-(5-methyl-3-isoxazolyl)-
N'-phenylthiourea (4e). This compound was obtained as
brown crystals, yield 88%; mp 136-138°C, 'H NMR (300
MHz, CDCl5): & = 2.41 (s, 3H, CHj), 2.50 (s, 3H, CHy), 4.66
(s, 2H, CH,), 5.98 (s, 1H, isoxazole-H), 7.20-8.00 (m, 8H,
ArH), 9.00 (bs, 1H, NH, D,O exchangeable), 10.05 (bs, 1H,
OH, D,O exchangeable). EI-MS: m/z 354 (M + H"): IR
(KBr): 3380 (N—H), 3290 (O—H), 1565 (C=C), 1235 cm™'
(C=S). Anal. Calcd. for C;oH;oN3O,S (353): C, 64.58; H,
5.38; N, 11.89. Found: C, 64.55; H, 5.35; N, 11.95.

N-(2-Hydroxy-5-methoxybenzyl)-N-(5-methyl-3-isoxazolyl)-
N'-phenylthiourea (4f). This compound was obtained as
brown crystals, yield 80%; mp 127-129°C, 'H NMR (300
MHz, CDCl3): & = 2.38 (s, 3H, CH3), 3.80 (s, 3H, OCHz),
470 (s, 2H, CH,), 6.20 (s, 1H, isoxazole-H), 7.00-7.85 (m,
8H, ArH), 8.98 (bs, 1H, NH, D,O exchangeable), 9.80 (bs,
1H, OH, D,O exchangeable). EI-MS: m/z 370 (M + H"); IR
(KBr): 3375 (N—H), 3185 (O—H), 1560 (C=C), 1215 cm '
(C=S). Anal. Calcd. for C;oH9N30,S (369): C, 61.78; H,
5.14; N, 11.38. Found: C, 61.82; H, 5.08; N, 11.35.

General procedure for the preparation of 5-(5-methyl-
isoxazol-3-yl)-3-aryl-3,4,5,6-tetrahydro-2H-1,3,5-benzoxadia-
zocine-4-thiones (5a-5f). To an ethanolic solution (15 mL) of
thioureas 4 (0.01 mol), Formaldehyde (0.01 mol) was slowly
added with stirring. The mixture was refluxed for 6-8 h
(Monitored with TLC). The gummy product obtained, after the
removal of solvent, was processed with pet ether. The product
was purified by re-crystallization from ethanol.

5-(5-Methyl-3-isoxazolyl)-3-phenyl-3,4,5,6-tetrahydro-2H-
1,3,5-benzoxadiazocine-4-thione (5a). This compound was
obtained as pale brown crystals, yield 90%; mp 128-129°C,
'"H NMR (300 MHz, CDCl5): § = 2.30 (s, 3H, CH3), 4.55 (s,
2H, CH,), 5.88 (s, 2H, CH,), 6.02 (s, 1H, isoxazole-H), 7.02—
7.65 (m, 9H, ArH). EI-MS: m/z 352 M + H"); IR (KBr):
1610 (C=N), 1220 cm ! (C=S). Anal. Caled. for
C1oH7N30,S (351): C, 64.95; H, 4.84; N, 11.96. Found: C,
65.01; H, 4.82; N, 11.92.

3-(4-Chlorophenyl)-5-(5-methyl-3-isoxazolyl)-3,4,5,6-tetra-
hydro-2H-1,3,5-benzoxadiazocine-4-thione (5b). This com-
pound was obtained as pale brown crystals, yield 85%; mp
145-147°C, '"H NMR (300 MHz, CDCls): & = 2.36 (s, 3H,
CH;), 4.62 (s, 2H, CH,), 6.00 (s, 2H, CH,), 6.20 (s, 1H, isoxa-
zole-H), 7.23-7.85 (m, 8H, ArH). EI-MS: m/z 386 (M + H™);
IR (KBr): 1625 (C=N), 1210 cm~! (C=S). Anal. Calcd. for
C19H16N30,SCl (385): C, 59.22; H, 4.15; N, 10.90. Found: C,
59.17; H, 4.10; N, 11.00.

3-(4-Bromophenyl)-5-(5-methyl-3-isoxazolyl)-3,4,5,6-tetra-
hydro-2H-1,3,5-benzoxadiazocine-4-thione (5c). This com-
pound was obtained as pale brown crystals, yield 85%; mp 160
162°C, 'H NMR (300 MHz, CDCls): & = 2.40 (s, 3H, CH,), 4.80
(s, 2H, CH,), 6.05 (s, 2H, CH,), 6.25 (s, 1H, isoxazole-H), 7.50—
7.88 (m, 8H, ArH). EI-MS: m/z 430 M + H"); IR (KBr): 1600
(C=N), 1202 cm ™' (C=S). Anal. Calcd. for C;oH;sN30,SBr (429):
C, 53.14; H, 3.72; N, 9.79. Found: C, 53.09; H, 3.70; N, 9.75.

5-(5-Methyl-3-isoxazolyl)-3-(4-methylphenyl)-3,4,5,6-tetra-
hydro-2H-1,3,5-benzoxadiazocine-4-thione (5d). This com-
pound was obtained as pale brown crystals, yield 88%; mp
140-142°C, '"H NMR (300 MHz, CDCl3): & = 2.38 (s, 3H,
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CH;), 2.48 (s, 3H, CHs), 4.75 (s, 2H, CH,), 5.85 (s, 2H, CH,),
6.05 (s, 1H, isoxazole-H), 7.25-7.98 (m, 8H, ArH). EI-MS: m/
2366 (M + H"); IR (KBr): 1618 (C=N), 1215 cm™ ' (C=S).
Anal. Calcd. for CyoH9N30,S (365): C, 65.75; H, 5.20; N,
11.50. Found: C, 65.81; H, 5.15; N, 11.48.

8-Methyl-5-(5-methyl-3-isoxazolyl)-3-phenyl-3,4,5,6-tetrahy-
dro-2H-1,3,5-benzoxadiazocine-4-thione (5e). This compound
was obtained as pale brown crystals, yield 80%; mp 155-
157°C, '"H NMR (300 MHz, CDCl5): & = 2.42 (s, 3H, CH3),
2.52 (s, 3H, CHj3), 4.60 (s, 2H, CH,), 5.80 (s, 2H, CH,), 6.02
(s, 1H, isoxazole-H), 7.00-7.65 (m, 8H, ArH). EI-MS: m/z 366
(M + HM); IR (KBr): 1610 (C=N), 1225 cm™' (C=S). Anal.
Calcd. for Cy0H oN30,S (365): C, 65.75; H, 5.20; N, 11.50.
Found: C, 65.70; H, 5.22; N, 11.47.

8-Methoxy-5-(5-methyl-3-isoxazolyl)-3-phenyl-3,4,5,6-tetra-
hydro-2H-1,3,5-benzoxadiazocine-4-thione (5f). This com-
pound was obtained as pale brown crystals, yield 80%; mp
165-167°C, '"H NMR (300 MHz, CDCly): & = 2.38 (s, 3H,
CH;), 3.80 (s, 3H, OCH3), 4.80 (s, 2H, CH,), 6.00 (s, 2H,
CH,), 6.15 (s, 1H, isoxazole-H), 7.00-7.50 (m, 8H, ArH). EI-
MS: m/z 382 (M + H™); IR (KBr): 1625 (C=N), 1235 cm ™'
(C=S). Anal. Calcd. for CyoH;oN305S (381): C, 62.99; H,
4.98; N, 11.02. Found: C, 63.05; H, 5.01; N, 11.00.
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The three-component condensation of 3-amino-5-alkylthio-1,2,4-triazoles with aromatic aldehydes
and B-ketoester was studied to develop a regioselective Biginelli-like reaction. The results indicated that
the reaction solvent and the properties of the B-ketoester component displayed great influence on the
regioselectivity. This is the first report about the regioselectivity of the aminotriazole-based Biginelli-

like reaction.

J. Heterocyclic Chem., 46, 139 (2009).

INTRODUCTION

In the last decades, dihydropyrimidinones (DHPMs)
and their sulfur analogs have attracted much attention
because of their wide range of biological activities. For
example, many DHPMs were reported to be calcium or/
and potassium channel blockers and openers [1], antihy-
pertensive agents [2], a-adrenergic antagonists [3], neu-
ropeptide Y (NPY) antagonists [4], and HIV gp-120-
CD4 inhibitors [5]. The most important and direct
method for the synthesis of DHPMs is based on the
Biginelli reaction reported first in 1893 [6]. The classi-
cal Biginelli reaction of an aldehyde, a B-ketoester, and
urea or thiourea requires strongly acidic conditions.
Recently, the Biginelli reaction was extended to the syn-
thesis of dihydrotriazolo-pyrimidine by replacing the
urea component with S-amino-1,2,4-triazole [7-12].
Because the B-ketoester and 5-amino-1,2,4-triazole are
asymmetric, four possible products (4, 5, 6, and 7) could
be obtained theoretically (Scheme 1) according to the
mechanism of the traditional Biginelli reaction. How-
ever, so far no attention has been paid to the regioselec-
tivity of the aminoazole-based Biginelli reaction.

The existing results about the aminoazole-based Bigi-
nelli-like reaction indicated that only product 5 was
obtained or only product 4 was obtained at first, which
then suffered subsequent dehydration to afford product §
[7-12]. No reports about the formation of products 6 or
7 could be found in the existing literature. As a continu-
ation of our systematic research work on the synthesis
and biological activity of triazolopyrimidines [13-16],
we report herein the first example of regioselective Bigi-
nelli-like reactions based on 3-alkylthio-5-amino-1,2,4-

triazole, in which products 5 and 6 could be produced
by regioselectivity depending on the reaction conditions.

RESULTS AND DISCUSSION

First, the reaction of ethyl acetoacetate, 4-methoxy-
benzaldehyde, and 3-methylthio-5-amino-1,2,4-triazole
was selected as a model reaction. Some reported cata-
lysts or additives, such as H3BOs [17], p-toluene sul-
fonic acid (TSA) [18], FeCls [19], InCl; [20], and HCI
[21], and solvents, such as C,HsOH, DMF, H,O, THF,
HOAc, CH,Cl,, and CHCl;, were screened. As shown
in Table 1, the TSA/H,O system was found to give
almost equivalent amounts of products 5a and 6a with a
moderate overall yield (5a and 6a, 69%). Then, this sys-
tem was extended to other substrates, and the results are
listed in Table 2. As shown in Table 2, when ethyl ace-
toacetate and ethyl chloroacetoacetate acted as f-
ketoester components, two isomers were isolated in all
cases. Interestingly, only one isomer was isolated for the
reaction of ethyl trifluoroacetoacetate and 4-substituted
benzaldehyde. For example, the reactions of 4-methoxy-
benzaldehyde (Table 2, entry 15), 4-chlorobenzaldehyde
(Table 2, entry 16), 4-chlorobenzaldehyde (Table 2,
entry 17), 3,4-dichlorobenzaldehyde (Table 2, entry 18),
and 4-nitrobenzaldehyde (Table 2, entry 19) afforded
isomers 50—s in isolated yields of 40, 48, 49, 51, and
55%, respectively. However, the reactions of benzalde-
hyde (Table 2, entry 21) and 4-methylbenzaldehyde (Ta-
ble 2, entry 22) afforded product 6u-v in isolated yields
of 80% and 60%, respectively. However, the reactions
of 2-fluorobenzaldehyde (Table 2, entry 20) also
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Scheme 1

afforded product 6t. From these results, we can con-
clude that the electronic property and the position of the
R' group has the most important effect on the regiose-
lectivity of the aminotriazole-based Biginelli reaction in
H,O solution. Additionally, the effect of R* group on
the regioselectivity is complex, whereas the R® group
seems to have no obvious effect on the regioselectivity.
In addition, as shown in Table 1, the reaction under
the system of HCI/C,HsOH afforded regioselectivity iso-
mer Sa in a yield of 32%, a little higher than that in
DMF solution. Then, we studied the extension of this
reaction system to other substrates, and the results are

listed in Table 3. Additionally, microwave irradiation
has been proven to be a powerful technique for promot-
ing a variety of chemical reactions [22-25]. The main
benefits of performing reactions under microwave irradi-
ation conditions are significant rate enhancements and
higher yields. Recently, the technique of microwave
irradiation was also applied to improve the yields and
shorten the reaction time of Biginelli reactions [26-28].
So, the results in C,HsOH solution under microwave
irradiation were compared with those under conventional
heating as listed in Table 3, which indicated that the
yields under microwave irradiation were improved as

Table 1

Results of the model reaction under various conditions.

o Q9

CoHe o)l\/u\cm
1 B ——
o N/“ﬁ"i Hee
H3CO/©/ H, \,Q\scm :
2 3

CZHS\

OCH,

Ba 63 SCH3

No. Reaction conditions Products
1 HBOj; (cat.), HOAc, reflux Very complex
2 FeCl; (10%), THF, reflux Very complex
3 AICl; (cat.), THF, reflux Very complex
4 InCl; (20%), THF, reflux Very complex
5 HCI (cat.), H,O, reflux Very complex
6 TSA, CH,Cl,, reflux No reaction
7 TSA, CHCls, reflux No reaction
8 TSA, H,0, reflux 5a, 34%; 6a, 35%
9 HCI (cat.), CoH5OH, reflux 5a, 32%

10 DMF, reflux 5a, 30%
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Table 2

Results of the Biginelli-like reaction in H,O solution using TSA as catalyst.

o K
C2H5\O/Uj\2\NH CoHs— g "
TSA/H,O HO
-+
1 —_— R2 N*\N R N/g

o R?

HN-N \ v N
R2CHO HZN/L\N)\R3 N - N\<R3
2 3 5a~v 6a~v

No. R' R? R® Isolated yields of products (%)

1 CHj; 4-CH;0CeH4 SCH; 5a (34) 6a (35)

2 CH; 4-CH;CeHy SCH; 5b (25) 6b (~5)*

3 CHj; 4-CICcHy SCH; 5c (36) 6¢ (~5)"

4 CH; 2,4-Cl,CeH3 SCH; 5d (32) 6d (24)

5 CHj; 4-Pyridyl SCH; Se (48) 6e (~5)"

6 CHj; 4-CH;CeHy SCH,Ph 5f (32) of (19)

7 CH; 4-CH30CgHy SCH,Ph 5g (41) 6g (~5)*

8 CHj; 4-CICcHy SCH,Ph 5h (29) 6h (39)

9 CICH, 4-CH;CeHy SCH; 5i (36) 6i (20)
10 CICH, 4-CH;0C6H4 SCH; 5j 31) 6j (~5)*
11 CICH, 4-CIC¢H, SCH; 5k (43) 6k (~5)*
12 CICH, 4-CH;C6Hy SCH,Ph 51 (35) 61 (~5)*
13 CICH, 4-CH;0CeH, SCH,Ph 5m (30) 6m (25)
14 CICH, 4-CICeH, SCH,Ph 5n (28) 6n (35)
15 CF; 4-CH;0CeH4 SCH; 50 (40) 60 (0)
16 CF; 4-CICcHy SCH; 5p (48) 6p (0)
17 CF; 4-CIC¢Hy SCH,Ph 5q (49) 6q (0)
18 CF; 3,4-Cl,CeH; SCH; 5r (51) 6r (0)
19 CF; 4-NO,Cg¢Hy SCH; 55 (55) 6s (0)
20 CF; 2-FCeHy4 SCH; 5t (0) 6t (54)
21 CF; CeHs SCH; Su (0) 6u (80)
22 CF; 4-CH;C6Hy SCH; 5v (0) 6v (60)

“Detected by HPLC, but unable to be isolated.

expected by 3-10%, and the reaction time was also
shortened from 18 h to 30 min.

The structures of compounds 4-7 correspond to the
direction of the interaction established earlier in the
reactions between 3-amino-5-alkylthio-1,2,4-triazoles
and arylidenacetoacetates (8) (Scheme 2). Formation of
the pyrimidine ring with the participation of the aryli-
dene derivatives (8) occurs via interaction of the P-car-
bon atom of the acetoacetate with the carbonyl group of
the aldehydes. For example, in H,O solution with TSA
as catalyst, the reaction proceeded first with the partici-
pation of N, or 3-NH, of the 3-amino-5-alkylthio-
1,2,4-triazoles to afford regioselectivity ethyl 7-aryl-2-
alkylthio-4,7-dihydro-1,2,4-triazolo-[1,5-a]pyrimidine-6-
carboxylate (5) or ethyl-7-hydroxy-7-alkyl-5-aryl-2-alkylthio-
4.,5,6,7-tetrahydro-1,2 4-triazolo[ 1,5-aJpyrimidine-6-carboxylate
(6) depending on the property of the aromatic aldehydes
when ethyl trifluoroacetoacetate was used as the [-
ketoester component. When ethyl acetoacetate and ethyl
chloroacetoacetate acted as P-ketoester components, the
reaction always produced two isomers 5 and 6. How-

Journal of Heterocyclic Chemistry

ever, the reactions in C,HsOH solution always pro-
ceeded first with the participation of N, to produce
regioselectivity of the isomer 5.

Recently, Chebanov et al. reported the three-compo-
nent condensation of 3-amino-5-alkylthio-1,2,4-triazoles
with aromatic aldehydes and acetoacetamides in
C,HsOH solution under microwave irradiation without
any catalyst [12]. Prompted by these results, we also
examined the microwave-assisted aminoazole-based
Biginelli-like reaction in C;HsOH solution without any
catalyst. The results shown in Table 3 indicated that the
yields were improved significantly compared with those
in the presence of HCI as catalyst. Further, it should be
noted that different from the situation in H,O solution
using TSA as catalyst, only isomer 5 was formed using
C,H50H as reaction solvent no matter what B-ketoester
component was used. Additionally, the properties of the
R' and R? group displayed great effects on the yields of
product 5. Ethyl trifluoroacetoacetate always gave higher
yields than ethyl acetoacetate and ethyl chloroacetoace-
tate. Benzaldehydes with electron-withdrawing group
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Table 3
Results of the Biginelli-like reaction in C;HsOH solution.

o o
(CLEN /U\)L 1
o R C,H
1 CHOH 2o 7 NH
N 2 *

o R

H
NI \ R N7
RZCHO H2 NS N)\RS H
2 3 5 R3
Conventional heating Microwave irradiation
Isolated

No. R' R? R} yields (%) Reaction time (h) Isolated yields (%) Reaction time (min)

1 CH; 4-CH;0C¢H, SCH; 5a 30 18 36Y/52° 30

2 CH; 4-CH;CgH, SCH; 5b 36 18 39%/55° 30

3 CH; 4-CICgH, SCH; 5¢ 40 18 45%/60° 30

4 CH; 2,4-Cl,CeHs SCH, 5d 40 18 48°/62° 30

5 CH, 4-Pyridyl SCH; Se 70 18 80%/82° 30

6 CH; 4-CH;CgH, SCH,Ph 5f 40 18 46°/60° 30

7 CH; 4-CH;0C¢H, SCH,Ph 5g 34 18 40°/54° 30

8 CH; 4-CIC4H, SCH,Ph 5h 45 18 49%/53° 30

9 CICH, 4-CH;CgH, SCH; 5i 39 18 34%/50° 30
10 CICH, 4-CH;0C¢H, SCH; 5j 31 18 35%/51° 30
11 CICH, 4-CICgH, SCH; 5k 43 18 47%61° 30
12 CICH, 4-CH;CeHy SCH,Ph 51 42 18 44%/60° 30
13 CICH, 4-CH;0C¢H, SCH,Ph 5m 37 18 41%/56° 30
14 CICH, 4-CICgH, SCH,Ph 5n 48 18 539/67° 30
15 CF; 4-CH;0C¢H, SCH; 50 51 18 56%/61° 30
16 CF; 4-CICgH, SCH, 5p 61 18 68/75° 30
17 CF; 4-CICgH, SCH,Ph 5q 63 18 70*/78° 30
18 CF; 3,4-Cl,CeHs SCH; 5r 61 18 66/72° 30
19 CF; 4-NO,CeH,4 SCH; 5s 60 18 69/73° 30
20 CF; 2-FC¢H, SCH; 5t 64 18 67/68° 30
21 CF; CeHs SCH; 5u 68 18 724/79° 30
22 CF; 4-CH;CgH, SCH; 5v 59 18 63/68° 30

“Yields of the reactions without any catalyst under conventional heating.

®Yields of the reactions without any catalyst under microwave irradiation.

always afforded higher yields of products than benzalde-
hydes with electron-donating groups. For example, the
reaction of 4-pyridylaldehyde (entry 5, Table 3) gave
the highest yield (80% in the presence of HCI, 82%
without any catalyst) among eight aromatic aldehydes
used in this study.

Structure determination. As shown in Scheme 1,
four possible products could be obtained theoretically,
but only two isomers, compounds 5 and 6, were identi-
fied in this study. The structures of 5 and 6 were
assigned by '"H NMR, B¢ NMR, MS, and X-ray diffrac-
tion analysis to be ethyl 7-aryl-2-alkylthio-4,7-dihydro-
1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylate and ethyl
7-hydroxy-7-alkyl-5-aryl-2-alkylthio-4,5,6,7-tetrahydro-1,
2.4-triazolo[1,5-a]pyrimidine-6-carboxylate, respectively.
For example, compound 5d displayed two single peaks
at 6.77 and 10.90 ppm for 7-CH and 4-NH, respectively,
whereas an obvious AB system at 3.44 and 5.62 ppm

Journal of Heterocyclic Chemistry

for 5-CH and 6-CH was observed in the "H NMR spec-
trum of compound 6d. The peak for the 4-NH of com-
pound 6d appeared at 6.88 ppm. Ultimately, the struc-
tures of Sd and 6d were established on the basis of a X-
ray analysis as shown in Figure 1.

CONCLUSIONS

In summary, the three-component condensation of 3-
amino-5-alkylthio-1,2,4-triazoles with aromatic alde-
hydes and B-ketoester was studied. The obtained results
showed that the reaction solvent and the properties of
the B-ketoester components had a great influence on the
regioselect. In H,O solution with TSA as catalyst, the
reaction proceeded first with the participation of N, or
3-NH, of the 3-amino-5-alkylthio-1,2,4-triazoles to
afford regioselectivity ethyl 7-aryl-2-alkylthio-4,7-
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Scheme 2. The hypothetic mechanism of reaction.

dihydro-1,2,4-triazolo-[1,5-a]pyrimidine-6-carboxylate (5)
or ethyl-7-hydroxy-7-alkyl-5-aryl-2-alkylthio-4,5,6,7-tet-
rahydro-1,2,4-triazolo[ 1,5-a]pyrimidine-6-carboxylate (6)
depending on the property of the aromatic aldehydes
when ethyl trifluoroacetoacetate was used as the [-
ketoester component. When ethyl acetoacetate and ethyl
chloroacetoacetate acted as [-ketoester components, the
reaction always produced two isomers 5 and 6.
However, the reactions in C,HsOH solution always
proceeded first with the participation of N,y to produce
regioselectivity isomer 5. The yields of the reaction in
C,H5sOH solution in the absence of any catalyst were
improved significantly when compared with those in
the presence of HCI as catalyst. Additionally, compared
with the conventional heating, microwave irradiation
improved the yields of the reaction in C,HsOH solution
and shortened the reaction time to a great extent. To
our knowledge, this is the first report about the
regioselectivity of aminotriazole-based Biginelli-like
reactions.

Journal of Heterocyclic Chemistry

EXPERIMENTAL

Melting points are uncorrected. Mass spectra were measured
on a Finnigan Trace MS spectrometer. NMR spectra were
recorded in CDCl; on a Varian Mercury 400 spectrometer, and
resonances are given in ppm (J) relative to TMS. HPLC analy-
ses were performed on an Agilent 1100 MWD instrument.
Microwave irradiation reactions were carried out on a Smith-
synthesizer™ instrument.

General procedure for the three-component reaction in
H,O solution. A solution of B-ketoester (I mmol), aromatic
aldehyde (1 mmol), and 3-amino-5-alkylthio-1,2,4-triazoles (1
mmol) in H,O (3 mL) containing a catalytic amount of TSA
was heated under 80°C for 10 h. The resulting mixture was
extracted with CH,Cl, (10 mL x 3), and then the extract was
dried over sodium sulfate and filtered. The filtrate was con-
densed under reduced pressure, and the residue was purified
by chromatography on SiO; (Vicetone/Vpetroleum ether = 1/10) to
afford products 5 and 6.

General procedure for the three-component reaction in
C,HsOH solution using HCI as catalyst. A solution of [-
ketoester (1 mmol), aromatic aldehyde (1 mmol), and 3-
amino-5-alkylthio-1,2,4-triazoles (1 mmol) in EtOH (3 mL)

DOI 10.1002/jhet
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Figure 1. Crystal structures of products 5d and 6d. [Color figure can be viewed in the online issue, which is available at www.interscience.

wiley.com.]

containing 10 pL of concentrated HCl (37%) were refluxed for
18 h. The reaction mixture was cooled to room temperature,
and the precipitate was filtered and recrystallized from ethanol
to give pure product 5.

General procedure for the three-component reaction in
C,Hs0H solution using HCI as catalyst under microwave
irradiation. A mixture of p-ketoester (I mmol), aromatic
aldehyde (1 mmol), and 3-amino-5-alkylthio-1,2,4-triazoles
(1 mmol) in EtOH (3 mL) containing 10 pL of concentrated
HCI (37%) was added into a microwave tube. The sealed tube
was placed in a Smithsynthesizer™ and irradiated at 150°C
for 30 min. The reaction mixture was cooled to room tempera-
ture, and the precipitate was filtered and recrystallized from
ethanol to give pure product 5.

General procedure for the reaction in C;HsOH solution
without any catalyst under microwave irradiation. A mix-
ture of fB-ketoester (1 mmol), aromatic aldehyde (1 mmol), and
3-amino-5-alkylthio-1,2,4-triazoles (I mmol) in EtOH (3 mL)
was added into a microwave tube. The sealed tube was placed
in a Smithsynthesizer™ and irradiated at 150°C for 30 min.
The reaction mixture was cooled to room temperature, and the
precipitate was filtered and recrystallized from ethanol to give
pure product 5.

Determination of the X-ray crystal structure of com-
pounds 5d and 6d. Crystals of 5d and 6d were grown by
slowly evaporating an acetone solution at room temperature.
Compound 5d, C;¢H;sClbN4O,S (Mr = 399.29), Monoclinic
space group Pbca,OZ =4, a = 10.7044(10) A b= 22.128(2)
A, ¢ = 8.2341(8) A, o = 90°, B = 110.663(2)°, y = 90°, V =
1824.9(3) A3, Mo Ko radiation, 1.84° < 6 < 26.99°, 15129
measured reflections, T = 292(2) K on a Brucker-Nonius
kappa CCD. The structure was solved using direct methods
(SHELXS 97) and refined with SHELXK 97 final R [F* > 20
(FH] = 0.066 and wR = [w = 1/[c2(F,2) + (0.0737P)> +
1.1468P], where P = (F,> + 2F.)/3. Compound 6d,
Ci6HsCILN4O3S (Mr = 417.30), Monoclinic space group
Pbca, Z = 4, a = 11.9765(10) A, b = 8.7314(8) A, ¢ =
18.7954(16) A, o = 90°, B = 91.3200(10)°, v = 90°, V =
1824.9(3) A3, Mo Ko radiation, 2.00° < 6 < 25.99°, 13069
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measured reflections, T = 292(2) K on a Brucker-Nonius
kappa CCD. The structure was solved using direct methods
(SHELXS 97) and refined with SHELXK 97 final R [F*> > 20
(FH] = 0.064 and wR = [w = 1/[6*(F,>) + (0.0865P)* +
1.8162P], where P = (F,2 +2F.2)/3.

CCDC 639763 and 639764 contain the supplementary crys-
tallographic data for compounds 5d and 6d, respectively, from
this article. These data can be obtained free of charge from the
Cambridge  Crystallographic Data  Centre via  http://
www.ccdc.cam.ac.uk/data_request/cif.

Data for characterizations of 5 and 6.

Compound 5a. White solid, mp 219-220; '"H NMR (CDCl;,
400 MHz) & (ppm): 1.15 (t, 3H, J = 6.8 Hz), 2.50 (s, 3H),
2.60 (s, 3H), 3.78 (s, 3H), 4.07 (q, 2H, J = 6.8 Hz), 6.32 (s,
1H), 6.82-7.23 (m, 4H), 10.26 (s, 1H); '*C NMR (CDCl;, 100
MHz) 6 (ppm): 14.10, 14.41, 19.30, 55.19, 59.45, 60.01,
99.36, 113.68, 128.55, 133.65, 145.74, 148.26, 158.95, 159.32,
165.72; EI-MS (70Ev, m/z) (relative intensity %): 362 (20),
360 (M™*, 99), 345 (25), 331 (66), 313 (100), 287 (57), 259
(26), 253 (98), 240 (31), 225 (67), 207 (15), 180 (12), 179
(28), 159 (19), 143 (12), 127 (15), 115 (36), 108 (31); Elemen-
tal Anal. Calcd. for C;;H,0N4O3S: C, 56.65; H, 5.59; N,
15.54; Found: C, 56.89; H, 5.32; N, 15.79.

Compound 5b. White solid, mp 227-228; 'H NMR (CDCls,
400 MHz) & (ppm): 1.16 (t, 3H, J = 7.2 Hz), 2.31 (s, 3H),
2.49 (s, 3H), 2.62 (s, 3H), 4.07 (g, 2H, J = 7.2 Hz), 6.33 (s,
1H), 7.19-7.22 (m, 4H), 10.76 (s, 1H); '*C NMR (CDCl;, 100
MHz) & (ppm): 14.10, 14.43, 19.32, 21.15, 59.78, 60.03,
99.49, 127.24, 129.10, 137.88, 138.38, 145.75, 148.28, 158.97,
165.67; EI-MS (70Ev, m/z) (relative intensity %): 346 (20),
344 (M™*, 94), 315 (45), 297 (100), 271 (30), 253 (99), 225
(86), 207 (11), 179 (26), 161 (10), 141 (12), 128 (18), 115
(17); Elemental Anal. Calcd. for Ci7H,oN4O,S: C, 59.28; H,
5.85; N, 16.27; Found: C, 59.55; H, 5.64; N, 16.40.

Compound 5c. White solid, mp 254-255; 'H NMR (CDCls,
400 MHz) 6 (ppm): 1.15 (t, 3H, J = 7.2 Hz), 2.49 (s, 3H),
2.63 (s, 3H), 4.07 (q, 2H, J = 7.2 Hz), 6.33 (s, 1H), 7.25-7.30
(m, 4H), 10.66 (s, 1H); '*C NMR (CDCls, 100 MHz) & (ppm):
14.10, 14.37, 19.43, 59.49, 60.23, 99.06, 128.68, 128.81,
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134.09, 139.60, 145.98, 147.97, 159.13, 165.38; EI-MS (70Ev,
mfz) (relative intensity %): 366 (30), 364.5 (M, 94), 349 (10),
337 (22), 335 (48), 318 (100), 289 (23), 275 (11), 253 (71),
244 (11), 225 (46), 207 (8), 179 (17), 154 (4), 127 (13), 111
(5); Elemental Anal. Calcd. for C,cH;7CIN,4O,S: C, 52.67; H,
4.70; N, 15.36; Found: C, 52.78; H, 4.92; N, 15.09.

Compound 5d. White solid, mp 242-243; '"H NMR (CDCls,
400 MHz) & (ppm): 1.12 (t, 3H, J = 7.2 Hz), 2.48 (s, 3H),
2.65 (s, 3H), 4.04 (q, 2H, J = 7.2 Hz), 6.77 (s, 1H), 7.18-7.38
(m, 3H), 10.90 (s, 1H); '*C NMR (CDCls, 100 MHz) 8 (ppm):
14.10, 14.32, 19.39, 56.84, 60.19, 97.94, 127.52, 129.63,
130.71, 134.18, 134.53, 137.27, 146.9, 147.9, 159.2, 165.2; EI-
MS (70Ev, m/z) (relative intensity %): 403 (10), 401 (16), 399
(M, 32), 398 (87), 371 (52), 369 (80), 363 (55), 353 (25),
333 (9), 325 (12), 317 (8), 287 (15), 253 (100), 225 (56), 207
(12), 179 (19), 161 (17), 126 (7); Elemental Anal. Calcd. for
Ci6H16CILN4O,S: C, 48.13; H, 4.04; N, 14.03; Found: C,
48.32; H, 3.86; N, 14.29.

Compound 5e. White solid, mp 243-244; '"H NMR (CDCls,
400 MHz) & (ppm): 1.17 (t, 3H, J = 7.2 Hz), 2.49 (s, 3H),
2.66 (s, 3H), 4.10 (q, 2H, J = 7.2 Hz), 6.36 (s, 1H), 7.27 (d,
2H, J = 6.4 Hz), 8.59 (d, 2H, J = 6.0 Hz), 11.15 (s, 1H); "*C
NMR (CDCl;, 100 MHz) & (ppm): 14.10, 14.22, 19.43, 58.87,
60.33, 97.49, 122.34, 147.21, 148.38, 149.50, 149.92, 159.39,
165.23; EI-MS (70Ev, m/z) (relative intensity %): 333 (10),
331 (M, 60), 287 (35), 253 (100), 225 (59), 207 (24), 180
(29), 159 (19), 143 (12), 127 (36), 115 (29); Elemental Anal.
Calcd. for C;sH{7NsO,S: C, 54.36; H, 5.17; N, 21.13; Found:
C, 54.59; H, 5.46; N, 21.44.

Compound 5f. White solid, mp 165-166; '"H NMR (CDCl;,
400 MHz) & (ppm): 1.15 (t, 3H, J = 7.2 Hz), 2.24 (s, 3H),
2.56 (s, 3H), 4.06 (q, 2H, J = 6.8 Hz), 4.14 (d, 1H, J = 12.8
Hz), 4.26 (d, 1H, J = 12.8 Hz), 6.33 (s, 1H), 7.19-7.22 (m,
9H), 10.76 (s, 1H); '*C NMR (CDCls, 100 MHz) & (ppm):
14.09, 19.40, 21.17, 36.49, 59.92, 60.03, 99.26, 127.24,
127.29, 128.37, 128.97, 129.12, 137.35, 137.86, 138.40,
145.82, 148.13, 157.45, 165.67; EI-MS (70Ev, m/z) (relative
intensity %): 422 (18), 420 (M™, 100), 387 (58), 376 (10), 359
(5), 341 (26), 329 (42), 297 (45), 283 (9), 269 (15), 251 (11),
239 (8), 224 (11), 205 (16), 169 (11), 141 (15), 128 (15), 123
(39), 115 (14); Elemental Anal. Calcd. for Cy3H,4N4O,S: C,
65.69; H, 5.75; N, 13.32; Found: C, 65.37; H, 5.96; N, 13.54.

Compound 5g. White solid, mp 191-192; 'H NMR (CDCls,
400 MHz) & (ppm): 1.15 (t, 3H, J = 6.8 Hz), 2.57 (s, 3H),
3.80 (s, 3H), 4.07 (q, 2H, J = 6.8 Hz), 4.14 (d, 1H, J = 12.8
Hz), 427 (d, 1H, J = 12.8 Hz), 6.33 (s, 1H), 7.19-7.22 (m,
9H), 10.76 (s, 1H); '*C NMR (CDCl;, 100 MHz) & (ppm):
14.11, 19.41, 36.47, 55.26, 59.65, 60.07, 99.48, 113.80,
127.27, 128.39, 128.60, 128.98, 133.56, 137.33, 14547,
147.89, 157.41, 159.49, 165.65; EI-MS (70Ev, m/z) (relative
intensity %): 438 (31), 436 (M, 100), 403 (44), 389 (7), 357
(12), 345 (38), 329 (11), 313 (35), 285 (10), 267 (8), 241 (5),
229 (8), 197 (8), 185 (6), 159 (6), 123 (17); Elemental Anal.
Calcd. for Co3Ho4N4O5S: C, 63.28; H, 5.54; N, 12.83; Found:
C, 63.04; H, 5.28; N, 13.06.

Compound 5h. White solid, mp 204-205; 'H NMR (CDCls,
400 MHz) & (ppm): 1.14 (t, 3H, J = 7.2 Hz), 2.58 (s, 3H),
4.06 (q, 2H, J = 7.2 Hz), 4.12 (d, 1H, J = 13.2 Hz), 4.26 (d,
1H, J = 13.2 Hz), 6.32 (s, 1H), 7.19-7.30 (m, 9H), 10.87 (s,
1H); *C NMR (CDCl;, 100 MHz) & (ppm): 14.10, 19.47,
36.28, 59.57, 60.19, 98.62, 127.34, 128.37, 128.65, 128.81,
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128.91, 134.02, 137.20, 139.75, 146.23, 148.00, 157.71,
165.43; EI-MS (70Ev, m/z) (relative intensity %): 444 (6), 442
(25), 440 (M, 100), 407 (60), 395 (5), 361 (19), 349 (26),
329 (21), 317 (21), 289 (11), 275 (5), 247 (9), 207 (12), 189
(10), 163 (10), 123 (43); Elemental Anal. Calcd. for
C,oH,CINSO,S: C, 59.92; H, 4.80; N, 12.71; Found: C,
60.23; H, 4.51; N, 12.84.

Compound 5i. White solid, mp 292-293; 'H NMR (CDCls,
400 MHz) & (ppm): 1.17 (t, 3H, J = 6.8 Hz), 2.32 (s, 3H),
2.51 (s, 3H), 4.11 (q, 2H, J = 7.2 Hz), 495 (d, 1H, J = 124
Hz), 5.14 (d, 1H, J = 12.4 Hz), 6.36 (s, 1H), 7.11-7.22 (m,
4H), 1042 (s, 1H); *C NMR (CDCls, 100 MHz) & (ppm):
13.94, 14.50, 21.19, 40.21, 59.82, 60.90, 101.76, 127.25,
129.34, 137.22, 138.50, 142.39, 147.19, 159.34, 164.38; EI-
MS (70Ev, m/z) (relative intensity %): 381 (32), 379 (M*, 99),
342 (100), 331 (19), 313 (51), 297 (20), 287 (69), 267 (37),
255 (36), 223 (29), 194 (9), 177 (11), 153 (8), 141 (14) 126
(13), 115 (21); Elemental Anal. Calcd. for C;7H;oCIN4O,S: C,
53.89; H, 5.05; N, 14.79; Found: C, 54.13; H, 5.28; N, 14.91.

Compound 5j. White solid, mp 286-287; 'H NMR (CDCls,
400 MHz) & (ppm): 1.17 (t, 3H, J = 7.2 Hz), 2.52 (s, 3H),
3.78 (s, 3H), 4.11 (q, 2H, J = 7.2 Hz), 495 (d, 1H, J = 12.0
Hz), 5.13 (d, 1H, J = 12.0 Hz), 6.36 (s, 1H), 6.83-7.27 (m,
4H), 10.78 (s, 1H); >C NMR (CDCls, 100 MHz) & (ppm):
13.9,7 14.58, 40.19, 55.25, 59.55, 60.850, 101.72, 126.98,
128.62, 132.57, 142.51, 147.38, 159.56, 159.73, 164.46; EI-
MS (70Ev, mj/z) (relative intensity %): 397 (13), 395 (M™,
100), 358 (99), 329 (36),313 (29), 287 (62), 271 (41), 251
(27), 240 (15), 222 (27), 194 (14), 177 (10), 158 (9), 145 (10),
115 (14), 108 (18), 77 (10); Elemental Anal. Calcd. for
C17HoCIN4O5S: C, 51.71; H, 4.85; N, 14.19; Found: C,
51.93; H, 5.07; N, 14.43.

Compound 5k. White solid, mp 270-271; '"H NMR (CDCl;,
400 MHz) & (ppm): 1.17 (t, 3H, J = 7.2 Hz), 2.51 (s, 3H),
412 (q, 2H, J = 7.2 Hz), 4.96 (d, 1H, J = 12.0 Hz), 5.12 (d,
1H, J = 12.0 Hz), 6.37 (s, 1H), 7.26-7.31 (m, 4H), 10.85 (s,
1H); *C NMR (CDCls, 100 MHz) & (ppm): 13.95, 14.57,
39.80, 59.39, 60.98, 100.81, 128.79, 128.84, 134.45, 138.76,
143.67, 147.60, 159.68, 164.16; EI-MS (70Ev, m/z) (relative
intensity %): 402 (11), 400 (44), 399 (M™, 21), 398 (81), 362
(80), 353 (10), 333 (36), 317 (17), 287 (100), 275 (45), 259
(23), 251 (10), 223 (22), 208 (5), 194 (5), 177 (9), 162 (7),
149 (10), 140 (6), 127 (9); Elemental Anal. Calcd. for
Ci6HsCILN4O,S: C, 48.13; H, 4.04; N, 14.03; Found: C,
47.87; H, 4.27; N, 13.86.

Compound 51. White solid, mp 297-298; 'H NMR (CDCl;,
400 MHz) & (ppm): 1.16 (t, 3H, J = 6.8 Hz), 2.34 (s, 3H),
4.12 (q, 2H, J = 7.2 Hz), 4.16 (d, 1H, J = 12.8 Hz), 4.27 (d,
1H, J = 12.8 Hz), 4.88 (d, 1H, J = 12.0 Hz), 5.09 (d, 1H, J =
12.0 Hz), 6.36 (s, 1H), 7.11-7.23 (m, 9H), 10.42 (s, 1H); *C
NMR (CDCl;, 100 MHz) & (ppm): 13.93, 21.18, 36.67, 39.87,
59.86, 60.79, 101.31, 127.25, 127.29, 128.36, 128.97, 129.29,
137.22, 137.49, 138.31, 143.25, 147.64, 157.94, 164.43; EI-
MS (70Ev, m/z) (relative intensity %): 456 (19), 454 (M*, 59),
418 (59), 385 (20), 363 (10), 357 (13), 339 (12), 327 (11), 297
(6), 267 (8), 227 (6), 212 (6), 168 (4), 141 (8), 123 (12); Ele-
mental Anal. Calcd. for C,3H,3CIN,O,S: C, 60.72; H, 5.10; N,
12.31; Found: C, 60.54; H, 4.87; N, 12.09.

Compound 5m. White solid, mp 293-294; 'H NMR
(CDCl3, 400 MHz) 6 (ppm): 1.17 (t, 3H, J = 6.8 Hz), 3.80 (s,
3H), 4.11 (q, 2H, J = 6.8 Hz), 4.16 (d, 1H, J = 12.8 Hz),
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4.28 (d, 1H, J = 12.8 Hz), 4.90 (d, 1H, J = 12.0 Hz), 5.07 (d,
1H, J = 12.0 Hz), 6.35 (s, 1H), 6.84-7.24 (m, 9H), 10.99 (s,
1H); '*C NMR (CDCl;, 100 MHz) & (ppm): 13.95, 36.67,
39.83, 55.25, 59.56, 60.77, 101.29, 113.91, 127.26, 128.36,
128.64, 128.97, 132.71, 137.22, 143.25, 147.61, 157.84,
159.64, 164.44; EI-MS (70Ev, m/z) (relative intensity %): 472
(10), 470 (M™, 40), 462 (7), 434 (70), 401 (16), 373 (10), 355
(12), 327 (12), 313 (21), 283 (24), 267 (23), 241 (22), 228
(25), 197 (20), 185 (20), 172 (14), 158 (12), 123 (28), 115
(10), 91 (100); Elemental Anal. Calcd. for C,3H,3CIN4O3S: C,
58.65; H, 4.92; N, 11.90; Found: C, 58.88; H, 5.12; N, 12.05.

Compound 5n. White solid, mp > 300; 'H NMR (CDCls,
400 MHz) 6 (ppm): 1.16 (t, 3H, J = 7.2 Hz), 4.11 (q, 2H, J =
7.2 Hz), 4.15 (d, 1H, J = 13.6 Hz), 4.27 (d, 1H, J = 13.6 Hz),
492 (d, 1H, J = 12.0 Hz), 5.07 (d, 1H, J = 12.0 Hz), 6.36 (s,
1H), 7.17-7.32 (m, 9H), 10.92 (s, 1H); '*C NMR (CDCl;, 100
MHz) & (ppm): 13.95, 36.54, 39.80, 59.52, 60.95, 100.63,
127.34, 128.37, 128.81, 128.86, 128.92, 134.46, 137.12,
138.87, 143.75, 147.59, 158.28, 164.18; EI-MS (70Ev, m/z)
(relative intensity %): 478 (14), 476 (54), 474 (M™", 73), 438
(57), 405 (31), 391 (23), 377 (10), 362 (17), 327 (9), 288 (10),
258 (13), 246 (14), 228 (9), 162 (7), 149 (8), 133 (34), 105
(22), 91 (100); Elemental Anal. Calcd. for Cy,H,oCI,N40,S:
C, 55.58; H, 4.24; N, 11.79; Found: C, 55.41; H, 4.51; N,
11.63.

Compound 50. White solid, mp 154-155; '"H NMR (CDCl;,
400 MHz) & (ppm): 1.16 (t, 3H, J = 7.2 Hz), 2.46 (s, 3H),
3.79 (s, 3H), 4.12 (m, 2H), 6.38 (s, 1H), 6.86-7.26 (m, 4H);
*C NMR (CDCl;, 100 MHz) & (ppm): 13.60, 14.16, 55.21,
60.11, 61.66, 106.45, 114.11, 115.73, 118.48, 121.22, 123.97,
128.78, 130.15, 130.52, 130.87, 147.11, 159.98, 160.76,
163.17; EI-MS (70Ev, m/z) (relative intensity %): 416 (5), 414
(M™, 100), 385 (25), 367 (78), 341 (44), 325 (12), 294 (10),
279 (16), 233 (6), 213 (9), 170 (4), 85 (4); Elemental Anal.
Calced. for C;;H7F3N403S: C, 49.27; H, 4.13; N, 13.52;
Found: C, 49.42; H, 4.36; N, 13.69.

Compound 5p. White solid, mp 188-189; '"H NMR (CDCls,
400 MHz) & (ppm): 1.17 (t, 3H, J = 7.2 Hz), 2.45 (s, 3H),
4.13 (m, 2H), 6.40 (s, 1H), 7.25-7.35 (m, 4H); *C NMR
(CDCl3, 100 MHz)  (ppm): 13.60, 14.12, 60.02, 61.87, 92.29,
105.74, 115.60, 118.36, 121.11, 123.86, 128.87, 129.09,
130.83, 131.20, 131.57, 135.05, 136.76, 147.06, 161.17,
162.92; EI-MS (70Ev, m/z) (relative intensity %): 420 (29),
418 (M, 100), 389 (32), 371 (62), 349 (32), 307 (21), 279
(17), 263 (3), 233 (8), 217 (5), 182 (3), 111 (5); Elemental
Anal. Calcd. for CigH4CIF3N4O,S: C, 45.88; H, 3.37; N,
13.38; Found: C, 45.62; H, 3.47; N, 13.11.

Compound 5q. White solid, mp 160-161; '"H NMR (CDCls,
400 MHz) 6 (ppm): 1.16 (t, 3H, J = 7.2 Hz), 4.12 (m, 2H),
4.12 (d, 1H, J = 13.2 Hz), 4.24 (d, 1H, J = 13.2 Hz), 6.39 (s,
1H), 7.18-7.34 (m, 9H); '3*C NMR (CDCl;, 100 MHz) §
(ppm): 13.59, 35.77, 59.99, 61.84, 105.47, 115.57, 118.32,
121.07, 123.82, 127.22, 128.27, 128.90, 129.07, 129.82,
130.94, 131.31, 131.68, 132.04, 135.01, 136.77, 146.96,
159.64, 162.94; EI-MS (70Ev, m/z) (relative intensity %): 496
(32), 494 (M, 100), 461 (65), 449 (4), 415 (12), 403 (6), 390
@), 217 (3), 172 (4), 121 (7), 91 (99); Elemental Anal. Calcd.
for Cy,H;gCIF3N40,S: C, 53.39; H, 3.67; N, 11.32; Found: C,
53.62; H, 3.84; N, 11.08.

Compound 5r. White solid, mp 188-189; 'H NMR (CDCls,
400 MHz) & (ppm): 1.20 (t, 3H, J = 7.2 Hz), 2.47 (s, 3H),
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4.16 (m, 2H), 6.39 (s, 1H), 7.14-7.45 (m, 3H); '*C NMR
(CDCl3, 100 MHz) & (ppm): 13.60, 14.11, 59.58, 61.92,
104.87, 114.19, 115.54, 118.33, 121.08, 123.79, 126.80,
129.61, 130.93, 131.37, 131.82, 132.22, 132.51, 133.03,
133.42, 138.44, 147.06, 161.54, 162.80; EI-MS (70Ev, m/z)
(relative intensity %): 454 (100), 452 (M", 88), 423 (32), 405
(84), 383 (43), 359 (10), 307 (39), 279 (26), 251 (6), 233 (10),
201 (5), 165 (7), 109 (6); Elemental Anal. Calcd. for
C16H13C12F3N40255 C, 4240, H, 289, N, 1236, Found: C,
42.50; H, 3.05; N, 12.05.

Compound 5s. Yellow solid, mp 209-210; 'H NMR
(CDCl3, 400 MHz) 6 (ppm): 1.19 (t, 3H, J = 7.2 Hz), 2.45 (s,
3H), 4.15 (m, 2H), 6.54 (s, 1H), 7.51-8.25 (m, 4H); *C NMR
(CDCl3, 100 MHz) & (ppm): 13.60, 14.02, 59.83, 62.14,
104.58, 115.49, 118.30, 120.87, 124.13, 128.61, 131.88,
132.22, 132.60, 132.93, 144.79, 147.20, 148.14, 161.73,
162.68; EI-MS (70Ev, m/z) (relative intensity %): 244 (3), 227
2), 199 (2), 138 (20), 107 (33), 77 (100); Elemental Anal.
Caled. for C;¢H4F3NsO4S: C, 44.76; H, 3.29; N, 16.31;
Found: C, 45.02; H, 3.38; N, 16.05.

Compound 5t. White solid, mp 155-156; 'H NMR (CDCls,
400 MHz) & (ppm): 1.15 (t, 3H, J = 7.2 Hz), 2.45 (s, 3H),
4.04 (m, 2H), 6.65 (s, 1H), 7.03-7.35 (m, 4H); '*C NMR
(CDCl3, 100 MHz) & (ppm): 13.54, 14.10, 55.83, 61.68,
104.53, 115.56, 115.89, 116.22, 118.40, 121.13, 123.83,
124.44, 125.46, 125.60, 129.82, 130.87, 131.61, 131.92,
132.27, 132.58; EI-MS (70Ev, m/z) (relative intensity %): 402
(M™", 53), 373 (13), 353 (27), 333 (22), 307 (12), 279 (9), 266
(10), 249 (22), 198 (14), 168 (99), 139 (100), 124 (92), 106
(32); Elemental Anal. Calcd. for C;gH4F4N4O,S: C, 47.76; H,
3.51; N, 13.92; Found: C, 48.02; H, 3.76; N, 14.15.

Compound 5u. White solid, mp 179-180; '"H NMR (CDCls,
400 MHz) & (ppm): 1.14 (t, 3H, J = 7.2 Hz), 2.46 (s, 3H),
4.04 (m, 2H), 6.43 (s, 1H), 7.30-7.38 (m, 3H); *C NMR
(CDCl3, 100 MHz) § (ppm): 13.60, 14.11, 60.58, 60.72, 61.74,
106.19, 115.68, 118.48, 121.19, 123.90, 127.43, 128.83,
129.04, 130.51, 130.79, 131.20, 131.57, 138.33, 147.29,
160.81, 163.10; EI-MS (70Ev, m/z) (relative intensity %): 385
(19), 384 (M, 100), 355 (20), 337 (50), 315 (19), 307 (25),
279 (19), 133 (8); Elemental Anal. Calcd. for C;gH;5F53N40,S:
C, 50.00; H, 3.93; N, 14.58; Found: C, 50.08; H, 4.00; N,
14.30.

Compound 5v. White solid, mp 156-157; '"H NMR (CDCls,
400 MHz) & (ppm): 1.16 (t, 3H, J = 7.2 Hz), 2.33 (s, 3H),
2.46 (s, 3H), 4.12 (m, 2H), 6.38 (s, 1H), 7.15 (dd, 2H, J = 8.4
Hz), 7.19 (dd, 2H, J = 8.0 Hz); >C NMR (CDCl;, 100 MHz)
S (ppm): 13.60, 14.12, 21.17, 60.39, 61.57, 106.44, 115.73,
118.54, 121.16, 123.92, 127.33, 129.48, 130.41, 130.72,
131.14, 131.50, 135.45, 138.93, 147.23, 160.83, 163.12; EI-
MS (70Ev, m/z) (relative intensity %): 400 (5), 398 (M, 100),
369 (25), 351 (81), 329 (28), 307 (30), 278 (31), 233 (8), 197
@), 165 (3), 115 (7); Elemental Anal. Calcd. for
C7H,cF4N4O,S: C, 49.04; H, 3.87; N, 13.46; Found: C,
49.25; H, 3.67; N, 13.19.

Compound 6a. White solid, mp 154-155; '"H NMR (CDCls,
400 MHz) & (ppm): 0.96 (t, 3H, J = 7.2 Hz), 1.89 (s, 3H),
2.43 (s, 3H), 3.04 (d, 1H, J = 11.2 Hz), 3.81 (s, 3H), 3.95 (m,
2H), 495 (d, 1H, J = 11.2 Hz), 5.93 (s, 1H), 6.87-7.34 (m,
4H); '*C NMR (CDCl3, 100 MHz) & (ppm): 13.71, 14.30,
25.69, 53.84, 55.33, 57.10, 61, 50, 81.83, 114.12, 129.08,
129.74, 153.14, 159.09, 160.10, 169.87; EI-MS (70Ev, m/z)

DOI 10.1002/jhet



March 2009

The First Example of a Regioselective Biginelli-Like Reaction 147

Based on 3-Alkylthio-5-amino-1,2 4-triazole

(relative intensity %): 379 (8), 378 (M ", 32), 360 (12), 335
(7), 313 (9), 289 (8), 247 (100), 233 (41), 200 (38), 174 (24),
161 (64), 146 (61), 129 (64), 115 (23); Elemental Anal. Calcd.
for C;7H,,N404S: C, 53.95; H, 5.86; N, 14.80; Found: C,
53.76; H, 6.04; N, 14.92.

Compound 6d. White solid, mp 151-152; '"H NMR (CDCl;,
400 MHz) & (ppm): 0.97 (t, 3H, J = 7.2 Hz), 1.86 (s, 3H),
2.43 (s, 3H), 3.44 (d, 1H, J = 11.2 Hz), 4.01 (m, 2H), 5.62 (d,
1H, J = 11.2 Hz), 6.88 (s, 1H), 7.25-7.50 (m, 3H); '* C NMR
(CDCl3, 100 MHz) & (ppm): 13.69, 14.30, 24.38, 49.63, 52.14,
61.88, 82.10, 127.61, 129.67, 133.89, 139.11, 153.69, 159.52,
169.83; EI-MS (70Ev, m/z) (relative intensity %): 418 (4), 416
M™, 7), 373 (5), 327 (9), 287 (23), 251 (100), 223 (21),199
(15), 170 (8), 13 0 (28), 114 (8); Elemental Anal. Calcd. for
C6HsCILN4O5S: C, 46.05; H, 4.35; N, 13.43; Found: C,
46.33; H, 4.08; N, 13.80.

Compound 6f. White solid, mp 140-141; '"H NMR (CDCls,
400 MHz) & (ppm): 0.96 (t, 3H, J = 7.2 Hz), 1.80 (s, 3H),
2.31 (s, 3H), 3.05 (d, 1H, J = 11.2 Hz), 3.92 (m, 2H), 4.20 (d,
1H, J = 13.2 Hz), 4.27 (d, 1H, J = 13.2 Hz), 4.94 (d, 1H, J =
11.2 Hz), 5.86 (s, 1H), 7.13-7.37 (m, 9H); *C NMR (CDCls,
100 MHz) & (ppm): 13.60, 21.11, 25.69, 36.13, 54.33, 56.74,
61.48, 81.87, 127.21, 127.72, 128.44, 129.13, 129.49, 134.52,
137.47, 138.86, 152.90, 157.88, 170.12; EI-MS (70Ev, m/z)
(relative intensity %): 438 (M™, 5), 369 (2), 308 (50), 275
(30), 231 (27), 217 (72), 206 (65), 187 (21), 173 (24), 143
(28), 115 (51), 102 (16), 90 (100); Elemental Anal. Calcd. for
Cy3H,6N4O3S: C, 62.99; H, 5.98; N, 12.78; Found: C, 62.77,
H, 6.17; N, 12.94.

Compound 6h. White solid, mp 152-153; "H NMR (CDCl;,
400 MHz) & (ppm): 0.96 (t, 3H, J = 7.2 Hz), 1.78 (s, 3H),
3.01 (d, 1H, J = 11.2 Hz), 3.92 (m, 2H), 4.12 (d, 1H, J =
13.2 Hz), 4.20 (d, 1H, J = 13.2 Hz), 496 (d, 1H, J = 11.6
Hz), 6.63 (s, 1H), 7.23-7.35 (m, 9H); *C NMR (CDCl;, 100
MHz) & (ppm): 13.70, 25.61, 35.92, 53.68, 56.84, 61.73,
81.85, 127.20, 128.44, 128.91, 129.04, 129.29, 134.77, 136.32,
137.28, 152.91, 157.83, 169.64; EI-MS (70Ev, m/z) (relative
intensity %): 458 (M, 2), 328 (64), 295 (48), 251 (49), 237
(36), 217 (42), 206 (100), 189 (9), 173 (46), 165 (37), 141
(11), 115 (11), 101 (18); Elemental Anal. Calcd. for
Cy,H»3CINLO5S: C, 57.57; H, 5.05; N, 12.21; Found: C,
57.82; H, 5.30; N, 12.09.

Compound 6i. White solid, mp 147-148; '"H NMR (CDCls,
400 MHz) & (ppm): 0.93 (t, 3H, J = 7.2 Hz), 2.36 (s, 3H),
2.39 (s, 3H), 3.55 (d, 1H, J = 11.6 Hz), 3.88 (d, 1H, J = 12.0
Hz), 3.94 (m, 2H), 4.36 (d, 1H, J = 11.6 Hz), 493 (d, 1H, J
= 11.2 Hz), 5.82 (s, 1H), 7.17-7.34 (m, 4H); '3C NMR
(CDCl3, 100 MHz) § (ppm): 13.52, 14.20, 21.24, 46.08, 51.73,
54.14, 61.88, 83.63, 127.81, 129.50, 134.08, 139.22, 153.91,
159.79, 169.90; EI-MS (70Ev, m/z) (relative intensity %): 396
M™, 6), 360 (2), 273 (3), 266 (6), 251 (6), 231 (100), 217
(53), 185 (5), 164 (4), 145 (13), 130 (36), 115 (47), 103 (9);
Elemental Anal. Calcd. for C7H,;CIN4O5S: C, 51.45; H, 5.33;
N, 14.12; Found: C, 51.57; H, 5.05; N, 14.34.

Compound 6m. White solid, mp 147-148; 'H NMR
(CDCl3, 400 MHz)  (ppm): 0.94 (t, 3H, J = 7.2 Hz), 3.52 (d,
1H, J = 11.6 Hz), 3.76 (s, 3H), 3.87 (d, 1H, J = 12.0 Hz),
3.96 (m, 2H), 4.02 (d, 1H, J = 12.8 Hz), 4.16 (d, 1H, J =
12.8 Hz), 4.34 (d, 1H, J = 11.6 Hz), 491 (d, 1H, J = 11.6
Hz), 6.33 (s, 1H), 6.85-7.36 (m, 9H); *C NMR (CDCls, 100
MHz) & (ppm): 13.60, 35.82, 46.19, 51.89, 53.04, 55.22,
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61.73, 83.61, 113.88, 127.11, 128.26, 128.86, 129.37, 137.24,
154.13, 158.30, 160.04, 169.11; EI-MS (70Ev, m/z) (relative
intensity %): 324 (16), 291 (8), 282 (17), 233 (89), 206 (38),
189 (9), 173 (24), 161 (22), 137 (19), 115 (50), 91 (100); Ele-
mental Anal. Calcd. for Co3H,5CIN4O4S: C, 56.49; H, 5.15; N,
11.46; Found: C, 56.78; H, 5.06; N, 11.57.

Compound 6n. White solid, mp 150-151; '"H NMR (CDCls,
400 MHz) 6 (ppm): 0.97 (t, 3H, J = 7.2 Hz), 3.51 (d, I1H, J =
11.2 Hz), 3.87 (d, 1H, J = 11.2 Hz), 3.94 (m, 2H), 4.03 (d,
1H,J = 13.2 Hz), 4.15 (d, 1H, J = 13.2 Hz), 434 (d, IH, J =
11.2 Hz), 493 (d, 1H, J = 11.2 Hz), 6.78 (s, 1H), 7.23-7.39
(m, 9H); "*C NMR (CDCls, 100 MHz) & (ppm): 13.60, 35.91,
45.86, 51.69, 53.40, 61.87, 83.73, 127.32, 128.45, 128.86,
129.02, 129.64, 135.03, 135.87, 137.11, 154.10, 158.50,
169.14; EI-MS (70Ev, m/z) (relative intensity %): 493 (M™,
1), 419 (1), 366 (2), 328 (61), 295 (43), 286 (21), 251 (4), 237
(99), 206 (100), 190 (10), 173 (45), 165 (33), 136 (23), 115
(29), 101 (25); Elemental Anal. Calcd. for C,,H,,CI,N4O3S:
C, 53.55; H, 4.49; N, 11.36; Found: C, 53.78; H, 4.72; N,
11.70.

Compound 6t. White solid, mp 158-159; 'H NMR (CDCls,
400 MHz) & (ppm): 0.88 (t, 3H, J = 7.2 Hz), 2.33 (s, 3H),
3.78 (d, 1H, J = 4.0 Hz), 3.84 (m, 2H), 5.44 (d, 1H, J = 4.0
Hz), 7.12-7.46 (m, 4H); 3C NMR (DMSO, 100 MHz) &
(ppm): 13.54, 47.03, 48.10, 60.43, 60.61, 81.23, 81.46, 115.25,
115.44, 121.42, 123.74, 123.79, 124.23, 124.67, 127.88,
130.50, 153.93, 155.62, 157.67, 158.33, 159.40, 160.77,
164.65, 165.52; EI-MS (70Ev, m/z) (relative intensity %): 422
(6), 420 (M, 100), 401 (20), 373 (7), 353 (12), 277 (14), 235
(72), 217 (83), 184 (5), 149 (25), 134 (27), 115 (22); Elemen-
tal Anal. Calcd. for CigH;cF4sN4O3S: C, 45.71; H, 3.84; N,
13.33; Found: C, 45.54; H, 4.05; N, 13.56.

Compound 6u. White solid, mp 143-144; 'H NMR (CDCls,
400 MHz) & (ppm): 0.88 (t, 3H, J = 7.2 Hz), 2.26 (s, 3H),
3.59 (d, 1H, J = 4.0 Hz), 3.85 (m, 2H), 5.10 (d, 1H, J = 4.4
Hz), 7.32-7.40 (m, 5H); *C NMR (CDCl;, 100 MHz) §
(ppm): 13.60, 14.22, 49.89, 54,14, 61.12, 81.87, 82.32, 121.24,
124.13, 126.65, 126.91, 136.14, 155.10, 160.83, 165.44; EI-
MS (70Ev, m/z) (relative intensity %): 402 (M™, 8), 369 (4),
272 (3), 230 (4), 217 (100), 203 (5), 184 (9), 171 (6), 139
(15), 115 (22); Elemental Anal. Calcd. for CH;7F3N4O5S: C,
47.76; H, 4.26; N, 13.92; Found: C, 48.04; H, 4.02; N, 14.15.

Compound 6v. White solid, mp 153-154; 'H NMR (CDCls,
400 MHz) & (ppm): 0.92 (t, 3H, J = 7.2 Hz), 2.29 (s, 3H),
2.34 (s, 3H), 3.56 (d, 1H, J = 4.0 Hz), 3.87 (q, 2H, J = 7.2
Hz), 5.06 (d, 1H, J = 4.0 Hz), 7.07-7.24 (m, 4H); *C NMR
(CDCl3, 100 MHz) & (ppm): 13.22, 13.58, 14.20, 49.87, 53.90,
61.23, 81.91, 82.19, 118.22, 121.14, 123.88, 126.55, 127.64,
129.61, 132.88, 138.83, 139.74, 155.13, 160.89, 165.54; EI-
MS (70Ev, m/z) (relative intensity %): 416 (M™, 6), 286 (2),
271 (3), 231 (100), 217 (8), 184 (5), 139 (9), 130 (14), 115
(19); Elemental Anal. Calcd. for C;7HoF3N,O5S: C, 49.03; H,
4.60; N, 13.45; Found: C, 49.37; H, 4.63; N, 13.13.
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A simple and efficient three component process for the synthesis of 2-amino-2-chromenes utilizing
the reaction of aryl aldehydes 1a—1h with active methylenes 2a,b and 1-naphthol 3 in refluxing ethanol/

piperidine under microwave-heating is described.

J. Heterocyclic Chem., 46, 149 (2009).

INTRODUCTION

Substituted 2-amino-2-chromenes have received con-
siderable attention due to their importance as pigments,
cosmetics, potential agrochemicals, and being the main
constituents of many natural products [1-5]. Accord-
ingly, their synthesis has received much attention from
organic chemists. These compounds are generally pre-
pared by multicomponent condensation of aromatic
aldehyde 1, active methylene derivatives 2 and activated
phenol or naphthol 3 in the presence of piperidine using
acetonitrile or ethanol as a solvent under conventional
heating for periods ranging from 2-3 h in moderate
yields [6-9]. Also, relatively benign reagents such as
cetyltrimethylammonium chloride (CTACI) and basic
alumina in water have been used [10]. Thus, substituted
2-amino-2-chromenes 4 will be produced in moderate to
good yields by heating a mixture of 1, 2, and 3 in water
in the presence of a catalytic amount of CTACI for 6 h
under reflux. It is obvious that, most of these require
prolonged reaction time, reagents in stoichiometric
amounts and provide moderate yields of the product.
Recently [11], a three component condensation in
MeOH in the presence of nanosized magnesium oxide
as a catalyst at room temperature has been reported.
Although, this process is efficient and convenient, the
usage of MeOH as a solvent for the reaction and work-
up is not recommended due to the toxicity.

In recent years, there has been extensive effort to
adapt green technologies in synthetic organic chemistry,
so as to minimize waste production, material and energy
consumption, and the use of hazardous compounds.

Microwave-assisted reactions have received great inter-
est because of their simplicity in operation, enhanced
reaction rates, products with high purity, and better
yields compared to those conducted by conventional
heating [12—14]. Also, a three-component one step reac-
tion is of great interest for cost savings due to raw mate-
rials consumption, energy use, and time. We do believe
that combining microwave heating technique with a
three-component one step reaction will be beneficial and
interesting. In continuation to our interest for the synthe-
sis of azoles, azines, and fused rings [15-17], we report
herein the synthesis of 2-amino-2-chromenes via three-
component synthesis by using microwave technique.

RESULTS AND DISCUSSION

The synthesis of 2-amino-2-chromenes under conven-
tional heating technique requires prolonged reaction
time and affords moderate yields of products. Conduct-
ing a three-component synthesis of these target mole-
cules under microwave irradiation and, to the best of
our knowledge, has never been published before. Thus,
when a mixture of benzaldehyde la, malononitrile 2a
and o-naphthol 3 in 10 mL of ethanol and in the pres-
ence of piperidine as a catalyst was refluxed in a micro-
wave labstation for 5 min at 80°C, the corresponding 2-
amino-2-chromene derivative 4a was obtained in almost
quantitative yield (Scheme 1). The structure of the
formed product was established by spectral and analyti-
cal data and also by comparison with authentic sample
synthesized by reaction of benzylidene malononitrile §
with o-naphthol under conventional heating [18]. Thus,
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Ar-CHO
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5-8 min.
2a,x=CN 4
b, x= CSNH2

+
OH 3
_CN
Ar-CH=C~_
X

% 5
14,5 Ar X Time (min.) Yield (%)

a CeHs CN 5 93

b 4-OCHj3-CgHy CN 5 94

c 4-CI-C¢Hy CN 5 88

d 4-NO,-C¢Hy CN 10 85

e 3-pyridyl CN 5 95

f 4-pyridyl CN 5 89

g H CN 5 94

h 2-furyl CSNH, 5 93

Three component synthesis of 2-amino-2-chromenes.

IR spectrum for compound 4a revealed both amino and
Cyano groups at Vpya, 3400 and 2200 cm ', respectively.
"H NMR spectrum of this product revealed signals that
are in accord with the proposed structure. It reveals sig-
nals at 6 = 4.77 (s, 1H, 4H-pyran); 6.8 (br, s, 2H, NH,),
6.93 (d, J = 8 Hz, 1H, H-5), 7.08-7.23 (m, 5H, Ar—H);
7.33-7.43 (m, 3H, Ar—H), 7.52 (d, J = 8 Hz, 1H, H-7),
8.10 (d, J = 8 Hz, 1H, H-10). ">*C NMR revealed sig-
nals at 6 = 40.92, 61.06, 108.50, 116.6, 120.80, 123.20,
124.80, 125.90, 126.80, 126.92, 127.80, 129.10, 129.50,
133.22, 133.40, 142.90, 143.30, 158.60. To examine the
aromatic aldehyde substrate effect on the rate and over-
all yield, various aldehydes 1b-1d were used under the
aforementioned reaction conditions. From the results, we
can see that all reactions proceeded smoothly to afford
the corresponding 2-amino-2-chromene derivatives 4b—
4d in high yield. Slightly diminished yields were
observed when the substituent is an electron withdraw-
ing group.

To examine the scope of such techniques, heteroaryl
and aliphatic aldehydes le-1h were also used and the
corresponding 2-amino-2-chromene derivatives 4e—4h
were obtained in high yields. The structure assigned for

the reaction products were established based on analyti-
cal and spectral data (cf. Experimental part for details).
Cyanothioacetamide (2b) was also examined as an
active methylene compound and the corresponding 2-
amino-2-chromen 4h was obtained.

In conclusion, in green chemistry it is generally rec-
ognized that the best reaction requires no solvent. In our
procedure we used a little amount of ethanol compared
to the quantities of starting materials. Refluxing under
microwave technique in the presence of this little
amount of solvent perform a homogenous heating,
which prevents charring of neat samples and offers a
simple and high yield process for the synthesis of 2-
amino-2-chromene derivatives.

EXPERIMENTAL

All melting points were determined on a Gallenkamp melt-
ing point apparatus and are uncorrected. The reactions were
conducted in milestone START-Labstation for microwave
enhanced chemistry provided with a sensor for adjusting the
temperature and a refluxing condenser. IR spectra (KBr) were
measured with a Schimadzu Model 470 spectrophotometer.
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'"H NMR (300 MHz) and '*C NMR (100 MHz) spectra were
measured on a Varian spectrometer using DMSO-d, as solvent
and TMS as internal Standard, chemical shifts are expressed as
& ppm. Analytical data were determined on the Microanalytical
Data Unit at Cairo University. Compounds 4g,4h were found
identical with authentic samples [18].

General procedure for the synthesis of 2-amino-2-chro-
menes (4a—4g). A solution of the appropriate aldehyde 1, o-
naphthol (2) and active methylene 3 (0.01 mol) in ethanol (10
mL), and catalytic amount of piperidine (2 drops) was heated
under reflux in a milestone labstation at 80°C for a period of
5-8 min. Upon standing at room temperature a solid product
was formed which was collected by filtration to afford com-
pounds 4a-4g. An additional amount of products were
obtained via evaporation of the solvent under reduced
pressure.

2-Amino-3-cyano-4-phenyl-4H-benzo[h]chromene (4a).
Compound 4a (93%) was obtained as colorless crystals (etha-
nol). M.P. 179-180°C. Anal. Calcd. for CooH4N,O (298.35):
C, 80.52; H, 4.73; N, 9.40. Found: C, 80.40; H, 4.63; N, 9.50.
IR (KBr): 3420 (NH,); 2200 (CN) cm™'. 'H NMR (300 MHz,
DMSO-dg): 6 = 4.77 (s, 1H, 4H-pyran); 6.8 (br, s, 2H, NH,),
6.93 (d, J = 8 Hz, 1H, H-5), 7.08-7.23 (m, 5H, Ar—H); 7.33—
7.43 (m, 3H, Ar—H), 7.52 (d, / = 8 Hz, 1H, H-7), 8.10 (d,
J = 8 Hz, 1H, H-10).

2-Amino-3-cyano-4-(4-methoxyphenyl)-4H-benzo[h]chro-
mene (4b). Compound 4b (94%) was obtained as yellow crys-
tals (ethanol). M.P. 188—-189°C. Anal. Calcd. for C, H¢N,>O»
(328.36): C, 76.80; H, 4.91; N, 8.53. Found: C, 76.70; H,
4.80; N, 8.33. IR (KBr): 3430 (NH,); 2200 (CN) ecm™'. 'H
NMR (300 MHz, DMSO-d): 6 = 3.90 (s, 3H, OCH3), 4.54 (s,
1H, 4H-pyran), 6.82 (br, s, 2H, NH,), 7.0 (d, / = 8 Hz, 1H,
H-5), 7.10-7.22 (m, 4H, Ar—H), 7.39-7.40 (m, 3H, Ar—H),
7.53 (d, J = 8 Hz, 1H, H-7), 8.12 (d, J = 8 Hz, 1H, H-10).

2-Amino-3-cyano-4-(4-chlorophenyl)-4H-benzo[h]chro-
mene (4c). Compound 4¢ (94%) was obtained as yellow crys-
tals (ethanol). M.P. 232-234°C. Anal. Calcd. for C,oH;3CIN,O
(332.78): C, 72.18; H, 3.94; Cl, 10.65; N, 8.42. Found: C,
72.10; H, 3.70; Cl, 10.50; N, 8.20. IR (KBr): 3450 (NH,);
2200 (CN) em™'. '"H NMR (300 MHz, DMSO-d): & = 4.55
(s, 1H, 4H-pyran), 6.70 (br, s, 2H, NH,), 7.1 (d, / = 8 Hz,
1H, H-5), 7.21-7.33 (m, 4H, Ar—H), 7.40-7.45 (m, 3H,
Ar—H), 7.56 (d, / = 8 Hz, 1H, H-7), 8.15 (d, / = 8 Hz, 1H,
H-10).

2-Amino-3-cyano-4-(4-nitrophenyl)-4H-benzo[h]chromene
(4d). Compound 4d (85%) was obtained as yellow crystals
(ethanol). M.P. 240-241°C. Anal. Calcd. for C,yH{3N305
(343.34): C, 69.96; H, 3.82; N, 12.24. Found: C, 69.80; H,
3.92; N, 12.13. IR (KBr): 3440 (NH,), 2220 (CN) em™". 'H
NMR (300 MHz, DMSO-ds): & = 4.58 (s, 1H, 4H-pyran),
6.79 (br, s, 2H, NH,), 7.18 (d, J/ = 8 Hz, 1H, H-5), 7.25-7.41
(m, 4H, Ar—H), 7.46-7. 51 (m, 3H, Ar—H), 7.61 (d, J = 8
Hz, 1H, H-7), 8.21 (d, J = 8 Hz, 1H, H-10).

2-Amino-3-cyano-4-(3-pyridyl)-4H-benzo[h]chromene (4e).
Compound 4e (95%) was obtained as yellow crystals (ethanol).
M.P. 240-241°C. Anal. Calcd. for Ci9H;3N;0 (299.33): C,
76.24; H, 4.38; N, 14.04. Found: C, 76.10; H, 4.50; N, 14.00.
IR (KBr): 4310 (NH,); 2220 (CN) cm™". 'H NMR (300 MHz,
DMSO-dg): & = 4.90 (s, 1H, 4H-pyran); 7.11 (d, J = 8 Hz,
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1H, H-5 or H-6), 7.22 (s, 2H, NH,); 7.33 (dd, J/ = 8 Hz and
4.5 Hz, pyridine H-5); 7.50-7.70 (m, 4H, H-6 or H-5, H-7, H-
8, and pyridine H-6), 7.89 (d, / = 8 Hz, 1H, H-7 or H-10);
8.24 (d, J = 8 Hz,1H, H-7 or H-10), 8.46 (d, / = 4.5 Hz, 1H,
pyridine H-4), 8.55 (s, 1H, pyridine H-2).
2-Amino-3-cyano-4-(4-pyridyl)-4H-benzo[h]chromene (4f).
Compound 4f (93%) was obtained as yellow crystals (ethanol).
M.P. 200-202°C. Anal. Calcd. for C9H3N50 (299.33): C,
76.24; H, 4.38; N, 14.04. Found: C, 76.13; H, 4.34; N, 14.24.
IR (KBr): 3354 (NH,); 2220 (CN) cm . 'H NMR (300 MHz,
DMSO-dg): & = 4.97 (s, 1H, 4H-pyran), 7.14 (d, J = 8 Hz,
1H, H-5 or H-6), 7.27 (m, 4H, pyridine H-3, pyridine H-5 and
NH,), 7.56-7.73 (m, 2H, H-8 or H-9), 7.66 (d, / = 8 Hz, 1H,
H-6 or H-5), 7.80 (d, / = 8 Hz, 1H, H-7 or H-10), 8.22 (d,

J = 8 Hz, 1H, H-7, or H-10), 8.52 (d, 2H, J = 5 Hz, pyridine

H-2 and H-6).

Ackn