ORGANIC
LETTERS

L 2007
Intramolecular Cycloaddition of Vol. 9. No. 24

Azomethine Ylides in the Preparation of 50555058
Pyrrolidino[2 ',3":3,4]pyrrolidino[1,2-
albenzimidazoles

Liping Meng, T James C. Fettinger, and Mark J. Kurth*

Department of Chemistry, University of California, Davis, One Shields Avenue,
Davis, California 95616

mjkurth@ucdavis.edu

Received September 21, 2007

ABSTRACT

The parent pyrrolidino[2 ',3":3,4]pyrrolidino[1,2- albenzimidazole heterocycle as well as a series of novel analogues have been synthesized
utilizing a microwave-assisted intramolecular cycloaddition of azomethine ylides as the key transformation. A variety of diversity groups were
added to explore the scope of this reaction and to provide a number of new compounds for biological screening.

Polycyclic nitrogen-containing heterocycles form the basic azomethine ylide cycloaddition and carbanilide cyclization

skeleton of numerous alkaloids and physiologically active chemistry? In a continuation of our interest in the intramo-

compounds$.The pyrrolidine ring in particular is prominent  lecular azomethine ylide 1,3-dipolar cycloaddition and in

in the structures of numerous bioactive molectisd, as compliance with our National Institutes of General Medical

such, there is continued interest in the development of Sciences (NIGMS) collaboration, we have designed a pilot-

synthetic routes to pyrrolidine-containing heterocycles. scale library of polycyclic pyrrolidines (Figure 1) for high-
Recent reviews of the intramolecular azomethine ylide

[3+2] cycloadditiort reveal the considerable versatility of || NN

this pericyclic reaction in the synthesis of pyrrolidines. For
example, in previous work we developed a novel route to R! N R! N R2
1H-pyrrolidino[1,2¢]imidazole derivatives by intramolecular QI\P—CHO —_ tCEN\ij/\N)—(O
R! R!
NHR?
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the pyrrolidine ring as an ideal template about which to

deploy d_i\_/erse phgrmacophores. The .key iptramolepular Scheme 2. Synthesis of
cycloadditions, which employ azomethine ylides derived Pyrrolidino[2',3':3,4]pyrrolidino[1,2-a]benzimidazole-2-
from N-allyl-2-carboxaldehyde benzimidazoles and second- carboxylates
ary a-amino esters, were mediated by microwave irradiation " Ho e
alrlld resultled |r; theddlasterlg(;)_selehctlve preplaratlon of structur- R2NHCH,CO,Et D[Ny:%\/

mplex, fu rrolidin ter . dad ———— > CO,Et
ally complex, fused pyrrolidine heterocycles . xylene, heat | R N H €O

The requisite 1-allyl-1H-benzo[d]imidazole-2-carbalde- \/K
hydes4a—d were prepared frono-diaminoarenes in three S-shaped ylide

steps as summarized in Scheme 1. Step one consisted of the a: R'=H ¢
b: R'=Me R R2
B 1= N H 1
| & R JAN P
d: R'=-(CH), R N ol
Scheme 1. Synthesis of Carbaldehydda—d A: R?=Me OFt
R! NH R B: R>=Bn H
]@ 2 EtO,CCH(OEY), C[N\: :OEt C: R?=Ph 5aA-dA, 5aB-aC
R NH, Na, EtOH, heat R H OFt
1a-d 2a-d
1. NaH, THF, heat of this condensationcycloaddition reaction improved with
2. g, heat increasing substrate concentration; the better yiel8ai
. R (54%) was obtainedta 1 M concentration oflain xylene
]@N\>—CHO Pl ]@[N\> o at 150°C under microwave irradiation for 20 min. The nature
R N THF, heat s N OEt of the secondary amine component was found to have a
4a-d \\\\ 3ad \\\\ dramatic affect on the outcome of this reaction. As an
R'  Yieldof2 Yield of 4
a H 82% 92%
b:| CHy  48% 99% . _ Iy
el a 74% 50% Table 1. Azomethine Ylide Cycloadditiorts
d: | {(CH)s~  40% 84% product.
. . t tant: 4] %) ixtured
a|solated yields fron? after chromatography on silica gel. oy reactan’s 4] %) e
1  4a+ N-Bn-Gly-OEt 0.05 5aB(16) 21:56:23
2 4a + N-Bn-Gly-OEt 0.1 5aB(22) 30:61:9

4a + N-Bn-Gly-OEt 0.2 5aB(33) 36:46:18

condensation ab-diaminoarend with ethyl diethoxyacetate 4a + N-Bn-Gly-OEt 1 5aB (43)  53:434

3

under strongly basic conditiohto afford the 2-benzimida- ge 4a + N-Bn-Gly-OEt 1 5aB (14)  23:68:9
zole acetaP in moderate to good yields (4B2%). In step 6 4a+ N-Bn-Gly-OEt 1 5aB (54) 61:35:4
two, these 2-benzimidazoles were transformed into their 7 43 + N-Me-Gly-OEt 0.3 5aA(66) 93:7:0
N-allyl derivatives3 by alkylation with sodium hydride/allyl 8  4a+ N-Me-Gly-OEt-HCE¥ 0.3 5aA(59) 85:15:0
bromide in refluxing tetrahydrofuran. Step three consisted 9  4b+N-Me-Gly-OEt-HCl¥ 0.3  5bA (66)  98:2:0
of an acid-catalyzed acetal deprotection ®fto give 10 4c+ N-Me-Gly-OEt-HCE 0.3 5¢A (93) 100:0:0
carbaldehydet. 1 4d+ N-Me-Gly-OEt-HClé 0.3  5dA (52) 100:0:0

With 4a—din hand, attention was turned to construction f 3421 @ equLv')VI-l—I2—(a|ky|amino)_acetaft2 @ eqlfiv)/mcigrrrc‘)wave ag 130
Pf the polycyclic pyrrolllc.jlne fing SySte.mS gmploylng the F?a[ren?herzg]é is oﬂ?er ;i%rllgeglyerl)tll,l?i?ieg prlc:]dL}(gAerﬁi-xturee orllusr?diﬁ:erl:n
intramolecular cycloaddition of azomethine ylides power- hemiaminal (see the Supporting Information) was obtained in these ratios
ful transformation for the synthesis of fused pyrrolidines. as determined by analytical HPLC analysig. (1 equiv) + 2-(alkylami-

. ] . b . no)acetate (1 equiv)/microwave at 13Q for 20 min.f4 (1 equiv) +
Azomethine ylide cycloadditions run under classical reaction 3_(ajylamino)acetate (2 equiv)/ microwave at 13D for 20 min.9 Et:N
conditions require longer reaction times and often afford (2 equiv) to neutralize HCI sallt.
products in lower yields and/or with lower diastereoselec-
tivity than microwave-assisted variarttsTherefore, the
condensation of carbaldehydevith a secondary amino ester  €xample not listed in the table, the use of ethyl 2-(pheny-
and the subsequent 1,3-dipolar cycloaddition of the S-shapedamino)acetate anda led to 5aC but in only 10% yield,
ylide® depicted in Scheme 2 was mediated by microwave reflecting the fact that the nucleophilicity of the secondary
irradiation in xylene and delivered polycyclic pyrrolidise ~ amine is a critical determinant.

Various reaction conditions for transformatidn— 5, In addition to the desired product, analysis of the crude
|n|t|a||y with formy| derivative4a and ethy| 2-(benzy|amino)- reaction mixture indicated that dimer and hemiaminal side

acetate, were explored (see entries 1—6, Table 1). The yieldProducts (see the Supporting Information) can make up a
significant portion of the condensation/cycloaddition reaction
(5) Nagashima, H.; Inoue, H.; Yoshioka, Bl. Phys. Chen2004,108, mixture® These side products are tied to what appear to be
6144. . . . .
(6) (a) Bashiardes, G.; Safir, I.; Mohamed, A. S.; Barbot, F.; Laduranty, subtle but important conformational interactions éfilkthe
J. Org. Lett. 2003, 5, 4915. (b) Neuschl, M.; Bogdal, D.; Potacek, M.
Molecules2007,12, 49. (7) Pospisil, J.; Potacek, MEur. J. Org. Chem2004, 710.
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S-shaped ylide (see Scheme 2) such that a snfalRR=

Me; entries 711) accommodates the S-shaped ylide and
efficiently leads to5. Changing R from methyl to benzyl
results in significantly lower yields o6 (16—43%) and
correspondingly higher production of dimer and hemiaminal.

The condensation/cycloaddition d& with ethyl 2-(me-
thylamino)acetate worked efficiently in xylene to aff@dA
in good yield (66%, entry 7). When the hydrochloride salt
of ethyl 2-(methylamino)acetate plus 2 equiv of triethylamine
were applied to the cycloaddition & (0.3 M in xylene at
130 °C under microwave irradiation for 20 min), the yield
of 5aA was only slightly decreased (entry 8). Under these
experimental conditions, 1-allyl-5,6-dimethyl-1H-benzimi-
dazole-2-carbaldehyde (4b) delivered cycloadd6b#) in
66% yield (entry 9), 1-allyl-5,6-dichloroH-benzimidazole-
2-carbaldehydelc was transformed int&cA in excellent
yield (93%, entry 10), and 1-allylnaphth[2¢3imidazole-2-
carbaldehydeld produced5dA in 52% vyield (entry 11).

It is noteworthy that the azomethine ylide cycloadditions
of 4a—dwith ethyl 2-(methylamino)acetate (as well as with
N-Bn-Gly-OEt andN-Ph-Gly-OEt) are highly regio- and
diastereoselective (5aA—5dwere the only intramolecular
cycloadducts detected). The assignment of cis stereochem
istry to the ring junctions of these cycloadducts was initially
made by analogy with the stereochemistry observed for
conventional azomethine ylide cycloadditions in similar
system® and further corroborated by the #8.4 Hz
coupling constants betweengtand Ho, Which are consis-
tent with a cis ring fusion. The stereochemistry of the ester
appendage was difficult to unambiguously determine spec-
troscopically, but was assigned on the basis of X-ray
crystallographic analysis of compouBédA (Figure 2)'° The

stereochemistry observed can be explained by accepting that

the cycloaddition proceeds through an ylide with S-shaped
geometry (see Scheme 2).

With the pyrrolidino[2,3':3,4]pyrrolidino[1,2-a]benzimi-
dazole-2-carboxylates in hand, attention was focused on
building a library of carboxamide derivatives. Direct ester
— amide conversion fronbaA was tested with 2-(4-
methoxyphenyl)ethanamine in EtOH at 8D overnight, but

(8) Dimer formation occurs when the azomethine ylide undergoes an
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Tetrahedron Lett2005,46, 5181. (e) Poornachandran, M.; Raghunathan,
R. Tetrahedron Lett2005,46, 7197. (f) Yang, X.; Luo, S.; Fang, F.; Liu,
P.; Lu, Y.; He, M.; Zhai, H.Tetrahedron2006,62, 2240.

(10) Crystal structures have been deposited at the Cambridge Crystal

C10b i L\ /L
L“I i ‘!’__‘il*( Cc3a™ ‘,sz
C _‘{ L& C
5aA

Figure 2. X-ray crystallographic structures of estaaA.

no reaction was observed. When 0.2 equiv of N&GMas
added to the reaction mixture and the reaction carried out
under microwave irradiation at 160C for 40 min, the
corresponding amidéaA{ 1} (note: C2 stereochemistry not
determined for the product of this reaction) was obtained
but in only 14% yield.

As detailed in Scheme 3, a satisfactory yield of amide

Scheme 3. Polycyclic Pyrrolidine Library Preparation
5aA-dA

NaOH, THF, [a- R'=H
heat b: R'=Me
R N H BZ c: R11 =Cl
R N COOH |A: R?=Me
R® =
H OMe SERY
6aA-dA e AQ\OCF,
3 Vv {1} {2} {3} )
R°NH, OCH;
EDC, HOBt W Br W ‘[ j
DMF/THF /\© /\©
1 , {4} {5} {6}
R N 4 R 0, e} 57
D[ > NI O \\A"/\? “/\L/)_ \\/\/‘§>
R N {7} {8} {9}
NHR? W
H WA WN-OMe W
7aA{1-12}-dA{1-12} L {10} {11} {12}

(58-89% from 5)

7aA{1} (78%) was achieved by EDC-mediated coupling of
carboxylic acidéaA, which was quantitatively obtained by
saponification of ester5aA. The solution phase array
synthesis of pyrrolidino[23":3,4]pyrrolidino[1,2a]benzimi-
dazole-2-carboxamides by the EDC-mediated coupling of
carboxylic acidssaA—dA with 12 commercially available
amines gave 48 carboxamidega(-dA{1—12}). TheC2
amide stereochemistry was established by X-ray crystal-
lographic analysis ofaA{ 1} (Figure 3)° which confirmed
that theC2 stereochemistry was retained throughout3he
— 6 — 7 sequence.

»In summary, we have shown that the microwave-assisted
intramolecular 1,3-dipolar cycloaddition of benzimidazole-
tethered azomethine ylide and allyl reaction partners occurs

lographic Data Centre and allocated the following deposition numbers:
CCDC 661436 forsaA and CCDC 661435 foraA{1}.

Org. Lett, Vol. 9, No. 24, 2007
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s its members containing diverse and medicinally relevant

pharmacophores, will be available for academia to identify

- @}- potential drug candidates through the NIGMS high-through-
3\{ ¢ ] N c put biological screening program.
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