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A novel regioselective route for the synthesis of substituted and fused
heteroannulation of a range of

3-chloro-2-(methylthio)quinoxalines through POCI s-mediated

a-nitroketene N, S-anilinoacetals has been reported.

Quinoxaline and its derivatives are an important class of
benzoheterocycléslisplaying a broad spectrum of biological
activitieg which have made them privileged structures in
combinatorial drug discovery librariég.hey have also found
applications as dyésind building blocks in the synthesis of
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organic semiconductoPsand they also serve as useful rigid
subunits in macrocyclic receptors for molecular recognition
and chemically controllable switchésThese studies have
resulted in the appearance of a large number of publications
both in journals and patent literature related to the synthesis
and physiochemical/biological properties of quinoxaline and
their derivatives:® Although a number of methods are
available for the synthesis of substituted quinoxalihesa
review of the literature revealed that while the parent
molecules are easily prepared, the corresponding substituted
compounds are considerably more challenging. Probably the
most widely used method for the preparation of quinoxaline
derivatives is by condensation of aryl-1,2-diamines with
o-diketones, usuallyo-dicarbonyl compounds (Hinsberg
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condensation) or their equivalert: " However, a major

drawback in this method is the lack of regioselectivity leading Scheme 1. Synthesis of Quinoxalirfe

to formation of isomeric products with unsymmetrically N
substituted reactant&s"* Among the various regioselective e m
routes to quinoxaline and derivative%,? the method MeO N s
involving nucleophilic substitution oo-nitrohalobenzene by /@\ /[ _aorb |

appropriately functionalized aliphatic amine followed by ANAY
reductive cyclization of the resulting-nitroaminobenzene — /©: I

derivatives has been most widely employékhe other most
promising route in terms of regiochemistry and generality .
is the intramolecular cyclization afi-aryliminophenylhy- goaoFée%%eop.ts and conditions: (a) DOMF’ PQ@I,CHCHCE, 80-
. O . , 0; (b) POG], CH;CN, 80°C, 70%.

drazoné! or oxime derivative¥ 1 of a-dicarbonyl com-
pounds employing readily available substituted aniline
precursors instead of 1,2-diaminobenzene-balonitroben- 2-(methylthio)quinoxalinea (Scheme 1). Subsequently, it
zene derivative¥! However, these potentially useful methods was found that the reaction proceeded smoothly in the
have not been thoroughly explored, and the existing few absence of DMF and under optimized conditions, the
examples are rather limited in scope and suffer from severalquinoxaline3awas obtained in improved yield (70%) when
practical disadvantages such as extremely vigorous conditions\, S-acetalla was reacted with POgin acetonitrile at 80
or low yields! During the course of our ongoing exploration °C. The reaction was extended to other substituteai-
on synthetic applications of polarized keteBgS- andN,S-  troketeneN,S-acetaldb—j with a view to examine scope
acetals as versatile building blocks for heterocycle synthe- of the reaction for a general quinoxaline synthesis and the
sis!>1®we have now developed a novel, highly regioselective results are presented in the Table 1. In general, the nitro-
and efficient route to 2,3-substituted quinoxalines through
N-heteroannulation ad-nitroketeneN,S-anilinoacetals. The
results of these studies are presented in this letter. Table 1. Synthesis of Quinoxalined and5 by

We have recently reported an efficient general route t0 pocy_promoted Cyclocondensation afNitroketene
3-aroyl-2-(methylthio)quinolines through cyclocondensation N s-Acetals
of variousa-oxo N,S-arylacetals with Vilsmeier reagents. _~OoN
These studies motivated us to extend this method for the R@\ l Poﬁzg 2:{%” (/\[ I
synthesis of 3-nitroquinolines by reaction of the correspond- ©7 N SMe Togh
ing nitroketeneN,Sacetals with Vilsmeier reagent. However e “‘ +
when theN,S-acetalla was exposed to Vilsmeier reaction
conditions, the product (60%) isolated was not the expected Enty
quinoline2a but was characterized as 3-chloro-7-methoxy-

R4
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keteneN,S-acetalda—c with an activating group para to
the site of cyclization gave the corresponding 3-chloro-2-
(methylthio)quinoxalineS8a—c in high yields (entries +3),

lective routes for 2,3-substituted quinoxalines through se-
guential nucleophilic substitution of 3-chloro- and 2-meth-
ylthio groups by various hetero and carbon nucleophiles. It

whereas moderate to good yields of the quinoxalines wereis pertinent to note that nucleophilic substitution on 2,3-

obtained from theN,S-acetalsld—j (entries 4—10).The
corresponding (4-fluoroanilindyl,S-acetalj gave both the
regioisomers of the quinoxaline3ja and 3jb formed by

dichloroquinoxalines with various nucleophiles usually yields
a regioisomeric mixture of substituted quinoxalife®:2°
However, our studies revealed displacement of only 3-chloro

heterocyclization at both para and ortho positions of fluorine group by various nucleophilic species (amines, phenol,

substituent (entry 10). Interestingly, theS-acetalk from
1-naphthylamine was transformed into the 3-chloro-2-
(methylthio)benzdf]quinoxaline@k) in excellent yield (80%)

alcohols, thiols, etc.) in the quinoxalinga, whereas the
2-methylthio group remained inert even under drastic condi-
tions. The quinoxaline3a and3gwere therefore transformed

under the standard reaction conditions (entry 11). Extensioninto the corresponding more labile 3-chloro-2-(methylsul-

of the method tdN,Sacetald derived from 3-aminopyridine

fonyl)quinoxalinesl3aand13gin high yields by oxidation

furnished the corresponding 3-chloro-2-(methylthio)pyrido- with m-CPBA. Subsequently, it has been possible to tune
[2,3-b]pyrazine5 in a moderate yield of 45% (Table 1, entry up the reactivity of 2-chloro- and 3-(methylsulfonyl) groups
12). To further explore the generality and scope of this new in 13aand13gtoward displacement by various nucleophiles
quinoxaline synthesis, the reaction was extended to bis-in a sequential manner, and the results of our preliminary

(nitroketeneN,S-acetals) and11 which afforded the novel
hitherto unknown pyrazinoquinoxalind® and 12 in 55%

studies are presented in the Schemes 4 and 5. Thus, the

and 45% yields, respectively, under identical conditions [ GGG

(Scheme 2).

Scheme 2
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The probable mechanisfhfor the conversion ofN,S-
acetals1 to quinoxalines3 involves initial formation of
quinoxaline N-oxide 7 by dehydrative cyclization ofL
followed by subsequent chlorination at 3-position and
extrusion of oxygen through intermedie@gScheme 3).

Scheme 3
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With a number of substituted quinoxalines in hand, we

next focused our attention on the development of regiose-
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Scheme 4
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-BuNH
PhCH,NH, n 2
\A / sealed tube \A/sealed tube
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treatment of the quinoxalinE3awith n-butylamine at room
temperature afforded the correspondingnZs(itylamino)-
3-chloro-7-methoxyquinoxaling4 in excellent yield. Sub-
sequent treatment d#4 with benzylamine in a pressure tube
gave the corresponding 3-(benzylamino)r2bitylamino)-
7-methoxyquinoxaliné5in 75% yield with high regiocontrol
(Scheme 4). Similarly, the regioisomeric 2-(benzylamino)-
3-(n-butylamino)-7-methoxyquinoxalink7 could be obtained

in high yield from13athrough sequential displacement of
2-(methylsulfonyl) and 3-chloro groups by respective amines
(Scheme 4). Similarly, the 2-cyano-BHpenzylpiperazino)-
6-methoxyquinoxalind 9 displaying selective 5Hlantago-
nist activity on guinea pig peripheral recepféand its 2-N-
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Communl1977, 681. (b) Sakuma, Y.; Matsushila, Y.; YonedaHetero-
cycles1978,9, 1767.
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Katoh, A.; Ueda, S.; Ohkando, J.; Hirota, M.; Komine, K.; Mitsuhanshi,
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Scheme 5. Synthesis of 5HT Antagonists

\@E Isone

13g, 96%

N-benzylpiperazine ph
DMF / r.t.
OO
\C[ ISOZMe N SO,Me

18, 86% 20, 50%

mCPBA / CH2012
0°Crt.

g————

NaCN
DMF /r.t.
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DMF /rt. A/100°C/3h
OO IU “CC I
18, 97% 21,87% K/N

benzylpiperazino)-3-cyano regioison#rcould be synthesized

from the corresponding 3-chloro-6-methoxy-2-(methylsul-

fonyl) quinoxalinel3gin excellent yields through sequential
nucleophilic displacement by-benzylpiperazine and cyanide
ion (Scheme 4).

Scheme 6. Regioselective Synthesis of Unsymmetrical
Dialkyl/Diaryl Quinoxalines

N Cl
~
Q X
eQ’ N SMe
3a

Fe(acac), Fe(acac),
THF or NMP THF or NMP
-30°C-0°C -30°C-0°C

R'MgX / Ether

N._R!
N
eQ' N SMe

R?MgX / Ether

N._R?
N
eQ' N SMe

22
= Me (82%)| R*MgX a, R? = n-Bu (80%) R'MgX
b =Ph (68%) | NICIo(PPha); or 1, R2 = 4 MeOCqH, (64%) NlClz(PPhs)z
NiCl>(dppp)
CeHe / A

X
e NZ R
253 R'=Me; Rz—n-Bu (80%)

b, R' = Ph; R? = n-Bu (89%)
Ph; R?=4-MeOCgzH, (68%)

N._R'
L X
% N7 R2
24 a, R" = Me; R? = n-Bu (80%)

b, R'=Ph; R® =n-Bu (70%)
¢, R'=Ph; R? = 4-MeOCgH, (72%) ¢, R' =

In summary, we have developed a novel highly regio-

Finally, the 3-chloro and 2-methylthio groups in quinoxa- Selective approach for the synthesis of substituted and fused

line 3a could be displaced by alkyl or aryl groups by
sequential irort* and nickel-catalyzed cross-coupling reac-

3-chloro-2-(methylthio)quinoxalines through PQ@lediated
heteroannulation of readily accessilenitroketeneN,S-

tions with the appropriate Grignard reagents as shown in anilinoacetals. The newly developed methodology is general
Scheme 6Thus, we could accomplish the synthesis of both and provides quinoxalines in moderate to excellent yields
the regioisomers of the hitherto inaccessible unsymmetrical depending on the nature of the substituent on the aniline ring.

2-(n-butyl)-3-methyl- or 3-f-butyl)-2-methyl- 4aand25a),
2-(n-butyl)-3-phenyl- or 34¢-butyl)-2-phenyl- 24b and25b),
and 2-(4‘methoxyphenyl)-3-phenyl- or 3-4nethoxyphen-
yl)-2-phenyl-7-methoxyquinoxaline24c and 25c) in high
yields with full regiocontrol following the sequential reac-
tions (Scheme 6).

(21) (a) Furstner, A.; Leitner, A.; Mendez, M.; Krause, HAm. Chem.

Soc.2002,124, 13856 and references therein. (b) Quintiu, J.; Franck, X,;

Hocquemiller, Figadere, Bletrahedron Lett2002,43, 3547. (c) Furstner,
A.; Leitner, A. Angew. Chem., Int. EQ2002,41, 609.

(22) (a) Milburn, R. R.; Snieckus, \Angew. Chem., Int. EQ004,43,
888. (b) Wenkert, E.; Hanna, J. M., Jr.; Leftin, M. H.; Michelotti, E. L.;
Potts, K. T.; Usifer, D.J. Org. Chem1985,50, 1125. (c) Wenkert, E.;
Ferreira, T. W.J. Chem. Soc., Chem. Commu®79, 637.

(23) (a) Sone, M.; Tominaga, Y.; Matsuda, Y.; KobayashiyY@kugaku
Zassil977, 97, 262. (b) Schafer, H.; Bartho, B.; Gewald, K.Prakt. Chem.
1977,149, 319.

2172

The presence of 3-chloro and 2-(methylthio) or 2-(methyl-
sulfonyl) functionalities further makes them useful substrates
for the synthesis of wide range of unsymmetrical 2,3-substi-
tuted quinoxalines with high regiocontrol via either sequential
nucleophilic substitution by various nucleophiles or via metal
catalyzed C-C bond formation. Our efforts in this direction
are underway and will be reported in due course.
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