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1-Benzyl-3-cyanopyrrole-2-carbonyl azide (5) underwent a Curtius rearrangement followed by quenching with alcohols to form the corresponding
carbamates (6a—c). The carbamates 6a,b were unblocked to give the desired 2-amino-1-benzyl-3-cyanopyrrole (1a). A more facile procedure
was subsequently developed for the synthesis of 1-substituted 2-amino-3-cyanopyrroles. N-Substituted aminoacetaldehyde dimethyl acetals
(7a—c) were condensed with malononitrile in the presence of p-toluenesulfonic acid monohydrate to afford the corresponding 1-substituted

2-amino-3-cyanopyrroles (la—c).

Aromatic or heteroaromatic compounds wittaminocyano
groups are versatile building blocks for the synthesis of fused
[d]pyrimidines and §]pyrazoles. Our group has a longstand-
ing interest in the synthesis of 5:6 fusedjfyrimidines such
as purineg;’ pyrazolo[3,4-d]pyrimidineg;*? and pyrrolo-
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[2,3-d]pyrimidinest®*~17 These heterocycles represent the

aglycons of the more common bicyclic nucleosides, and these
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heteroaromatic aglycons have been shown to possess
variety of biological activities. The conventional synthesis
of 5:6 [d]-fused 4-aminopyrimidines (B) is based on the
annulation of five-membered-ring-aminonitriles. Theo-
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aReagents and conditions: (a) (i) KOH, EtOH, reflux, 90 min;
(i) HT, >95%. (b) Diphenylphosphoryl azide, & DMF, 0 °C
to rt. (c) MeOH, BnOH ort-BuOH, heat 6a, 59% from4; 6b,
86% from4; 6¢, 74% from4). (d) 10% Pd/C, 40 psi  MeOH,
rt, 90 min, 75%. (e) KOH, ethylene glycol, 12&, 90 min, 59%.

and practical synthesis for the preparation of 1-substituted
2-aminopyrrole-3-carbonitriles.

Our first approach was based on functional group ma-
nipulations from existing pyrrole derivatives. Ethyl 1-benzyl-

aminocyano-azoles (A) react with isocyanate equivalents 3-cyanopyrrole-2-carboxylate (3) was saponified to the

followed by a base-promoted cyclization or react with
aldehyde equivalents followed by an amination-cyclization
to afford the f]-fused 4-aminopyrimidines, e.g., purines,
pyrazolo[3,4-d]pyrimidines, and pyrrolo[2,3-d]pyrimidines.
(Scheme 1)

However, there is one major exception, i.e., the 5,6-
unsubstituted pyrrolo[2,3-d]pyrimidines (B, X ¥ = CH).
This 5:6 fused [d]pyrimidine ring system (Scheme 1) has in

corresponding acid (4}. The acid was reacted with diphe-
nylphosphoryl azide to afford the acyl azidg) (which then
underwent a Curtius rearrangement in the presence of an
excess amount of alcohols to give the corresponding car-
bamate¥ (6a—c). Carbamates are widely used protecting
groups for amines, and a removal of the carbamates should
give the desired 1-benzyl-2-amino-3-cyanopyrrdla) £* The
desired productle?® was obtained from either a base

general been synthesized from the appropriate pyrimidineshydrolysis of6a or a catalytic hydrogenolysis of the Cbz-

(C)®®1instead of pyrroles, because of the lack of viable
pyrrole precursors, e.gl,and?2.

A perusal of the literature revealed that only a few

masked precursa@b. (Scheme 2)

A direct synthesis of 2-amino-3-cyanopyrroles from acy-
clic precursors was also explored. Attempts to prepare the

(23) 1-Benzyl-2-methoxycarbonylamino-3-cyanopyrrole (6a).To a
solution of 1-benzyl-3-cyanopyrrole-2-carboxylic &i¢4, 7.04 g, 31.12
mmol) in N,N-dimethylformamide (75 mL) at OC was added diphe-
nylphosphoryl azide (DPPA, 7.65 mL, 9.72 g, 35.30 mmol, 1.1 equiv), and
triethylamine (4.75 mL, 3.42 g, 33.80 mmol, 1.1 equiv). The solution was
allowed to stir at room temperature for 6 h. Methanol (7 mL) was added,
and the reaction mixture was heated at°65for 8 h. The solvents were

synthetic routes had been reported for the synthesis ofevaporated in vacuo, and then the resulting residue was dissolved in EtOAc

2-aminopyrrole-3-carbonitriles (1) and the corresponding
3-carboxylates?). Toja et al. has reported the synthesis of
ethyl 2-aminopyrrole-3-carboxylate, which is currently the

most feasible route toward this rather unstable pyrrole

derivative?® 2-Aminopyrrole-3-carbonitriles were anticipated

(140 mL). The solution was extracted with 1 N aqueous HCI solutior (3
80 mL), washed with saturated aqueous NaHG@lution (3x 80 mL),
dried over anhydrous MgS©and then concentrated to dryness. The residue
was recrystallized from ethanol to givéa (4.695 g, 18.39 mmol, 59%):
mp 140—142C (EtOH);*H NMR (DMSO-g;, 500 MHz) 9.57 (bs, 1 H,
NH), 7.36—7.28 (m, 3 H), 7.167.15 (m, 2 H), 6.87 (d, 1 H) = 2.9 Hz),
6.46 (d, 1 H,J = 3.3 Hz), 5.05 (s, 2 H), 3.63 (s, 3 H, GH *C NMR

to be more stable because of the strong electron-withdrawing(PMSOge, 125 MHz)6 155.8, 137.6, 133.6, 129.4 (CH), 128.5 (CH), 128.2

effect of the 3-cyano group. However, the only routes for
preparing 2-aminopyrrole-3-carbonitriles were limited to

special orientations and required multistep elaboration from

commercially available materiat$?? These restrictions

prompted us to initiate studies designed to provide a facile
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aReagents and conditions: (a) (i) benzene, reflux, Destark . . .
apparatus; (i) NaBkj EtOH, rt. (b) Malononitrile, 2 equiv of The sy_nthe_5|s of 7-substituted 5,6—L_msubst|tuted pyr_rolo-
p-TSOH-HO, CHCl,, 1t (1a, 35% from benzaldehydab, 19% [2,3-d]pyrimidines can then be accomplished by conventional
from 2-furaldehydelc, 12% from7c). methods from 1-substituted 2-amino-3-cyanopyrroles. For

instance, 2-amino-1-benzyl-3-cyanopyrral@) was treated
with triethyl orthoformate or diethoxymethyl acef&te form
2-amino-3-cyanopyrroles by methods analogous to Toja’'s the corresponding imidate, which was followed by an
approacPf were unsuccessful. The versatile 2,2-diethoxy- amination-cyclization to afford 4-amino-7-benzylpyrrolo[2,3-
ethylmalononitrilé®?® has been used previously as an d]pyrimidine® (8) in 56% yield. (Scheme 4)

important building block for the preparation of pyrrolo[2,3- In conclusion, our investigation has successfully provided
d]pyrimidine$® and was considered as a possible precursor a direct and facile synthesis of 1-substituted 2-amino-3-
for our synthesis. A variety of acidic conditions including cyanopyrroles that are amenable to the preparation of a
p-toluenesulfonic acid and anhydrous and aqueous hydro-variety of pyrrole derivatives. This study also established a
chloric acid have been employed for the reaction of 2,2- new strategy for the synthesis of 7-substituted 5,6-unsubsti-
diethoxyethylmalononitrile with benzylamine. However, tuted pyrrolo[2,3-d]pyrimidines.

formation of the desired 2-amino-3-cyanopyrrole or the
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An alternative route fronN-substituted aminoacetaldehyde 0L049207D
dimethyl acetals was subsequently investigated. When com-

mercially available methylaminoacetaldehyde dimethyl acetal , (29)Boisbrun, M., Jeannin, L. Toupet, L.; Laronze, J.BAr. J. Org.
(7c) was treated with malononitrile in the presence of ~ (30)Kaye, I. A.; Minsky, I.J. Am. Chem. S0d.949,71, 2272—2273.

p-toluenesulfonic acid monohydrate in dichloromethane, (31)General Procedure for Reaction ofN-Substituted Aminoalde-

. . hyde Dimethyl Acetals with Malononitrile. To a mixture of the appropriate
Z'am'n0'3'CyanO'l'mEthylpyrrOIe_ (1c) W‘?ls obtained as the N-substituted aminoacetaldehyde dimethyl acetal (10 mmol; com-
only product. To test the generality of this approach, other mercially available7a,b, prepared from aminoacetaldehyde dimethyl acetal

- i i i and aldehyde without purification) and malononitrile (10 mmol, 1 equiv)
N-substituted ammoacetaldehyde dlmethyl acetals were in dichloromethane (100 mL) was addedtbluenesulfonic acid monohydrate

studied. Compound¥a,b were prepared from the corre- (20 mmol, 2 equiv). The reaction mixture was stirred at room temperature.
sponding aldehydes with aminoacetaldehyde dimethyl acetalAfter the reaction was completed, the solvent was evaporated under reduced

b ducti inatiéh® and b tlv treated pressure. The resulting residue was dissolved in EtOAc, washed with
y a reductive aminatl and were subsequently reatel  sapyrated aqueous 2O solution and saturated aqueous NaCl solution,
with malononitrile under the same conditions to afford the and dried over anhydrous b&Qs, and then the solvent was evaporated

under reduced pressure. The resulting oil was purified by flash column

chromatography.
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