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Abstract: 2,3-Disubstituted pyrrolol2 ,3~bprn'dine~; were synthesized by palladium-
catalyzed heteroannuiaiion of 2-amino-3-iodopyridine derivatives and internal alkynes
with Pd(OAc),, LiCl, and KOAc¢ in DMF. The 2-trimethylsilyl-3-methylpyrrolo[2,3-5]-
pyridine was transtormed to 2-substituted-3-methylpyrrolol2,3-blpyridines.

© 1998 Elsevier Science Ltd. All rights reserved.

Pyrrolopyridines have attracted Lonsidemble attention as an analog of indole nucleus
because of their mtucbtmg biological activities.!  There are only a few pyrrolopyridine
derivatives in nature,” so many pyrrolopyridine derivatives are synthetically prepared for the
development of pharmaceutical agents. The general synthetic methods for pyrrolopyvridines
include Mandelung, Fischer, and Reissert lype syntheses.” In spite of those successes, they
provided desired products in low yields under drastic reaction conditions. The directed ortho
lithiation of aminopyridines and its derivatives has been shown to be a useful synthetic
method for the pleparauon of substituted pyrrolopyridines through sequence of several
reactions. With continuing refinement of transition metal-mediated organic synthetic
methodology, a number of new and potentially versatile method for both the synthesis and

functwnahzatlo_n of 1indoles have been developed to overcome the nthelm
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1 ¢ 1,11;1gmcr reports, initial st

n condltmnb for palladium-catalyzed hetercannulation
procedw €. The Ied(,tlon between 2 amino-3-iodopyridine denvatxves which was prepared by
literature mou:dures and 1-trnimethylsilylpropyne was chosen as the model study. The
results are summarized in Table 1.

The reactions employing quarternary ammonium chlorides provided around 40 % of
cyclized product A and 20 % of coupling product B (Entries 1-3). On the other hand, the
reactions using LiCl afforded predominantly cyclized pyrrolopyridines A (Entryv 4) with
improved yields and better reproducibility (Entries 1-4). " We also examined effect of
various substituents on 2-amino-3-iodopyridines (Entries 5-13). The reactions using acvl or
pivaloyl substituted Z-amino-3-iodopyridine derivatives provided only coupling products B
(Entries 5-6). Although Boc group has similar steric effect to pivaloyl group, the reaction
using 2-Boc-amino-3-iodopyridine provided pyrrolopyridine A and coupling product B in
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similar amounts (Entry 7). The reactions using p-methoxyphenyl or p-methoxybenzyl
substituted 2-amino-3-iodopyridine showed improved yield of desired products (Entries 9-13).
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Table 1. Synthesis of 3-Methyl-2-irimethyisilyi-1

rr ~

—-pyrroioi2,3-bipyridine Derivatives

A e o *h N
U\N/;J\NHR+ 3eq H,C—=—=—Si(CH,), ?ﬁf;' Pie L\ //L o J\ o . U\N{J\NHR
A B
ﬁi o Halide Isolated | Halide i Isolated
Entry" R ‘ yield (%) Entry" R ‘ - vield (96)
- source A B I ‘ source 1 A B
1 I n-BuNCl | 37:18 8 CH; CLiCl 82 -
2 H MesNCl 42 1 20 9 CeHsCH: " o84 -
3 H ELNCI 40 12 10 | p~MeOCsHCH: " o9l -
4 H LiCl 72 - 11 Colls 66 -
. 5 COMe " - 130 | 12 | p-MeOCsHs " T2 -
6"  COCMe; " - 47 13 p~NO2CHa " no reaction
7  Boc ! 27 1 34 |

All reactions were run on a 0.5-mmol scale. "Some of starting pyridyl halides were recovered.
“All of starting pyridyl halide was recovered.
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using variety of internal alkynes and substituted 2-amino-3-iodopyridine derivatives were
A

Th 1+ : o - A ‘ . : ; - - :

examined. The results were summarized in Table 2. The heteroannulation of unsymmetrical

alkynes has proven to be highly regioselective.  The sterically bulkier groups end up nearer
. M - - 1 y 1 1 ~ A -« —

the nitrogen atom in the pyrrolopyridines.  Specially, the reactions using non-substituted

ammopy ridines provided low vield of desired product compared to the reactions using
u tuted aminopyridines. The reaction usings 1-phenylpropyne provided different regio-
Select1V1tv depending on the substituent on amino group. All of regioselectivity were
examined by desilylation or debenzylation of products with comparison of spectral data in
literature, or NOE spectral experiments.

The facile annulation of silylalkynes broadens tremendously the scope of this synthetic
Process. The 2-trimethylsilylpyrrolol2,3-blpyridine derivatives could be transformed to
various 2-substituted pyrrolopyridines by protonolysis, halogenation, debenzylation, or coupling
reaction (Scheme 1).
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Table 2. Synthesis of 2,3-Disubstituted Pyrrolo[2,3-blpyridine Derivatives

o 5 mol % Pd(CAc), PN Ry
( \\( ' 1 eq LiCl o
g\ N * o R SN P /l\
~ 2eqKOAc, 100°C
N~ TNHR, DMF NOROTR
Entrv' R R R ' Reaction time Isolated yield
intry’ 2 - v |
; ‘ ' (h) (%) |
J . CII; Si(CHa)s CH.OH 12 74
2 ColI;CIL " " 8 71
"

3 p-MeOCGILCH:
4 ClICIl

5 1

6 CIy
7 CH;

LS U 4

T re

. p~MeOC1,/CIH,

8 CoHsCH:
9

10 H
11 CHs;
12 CsHsCH:

13 p~MeOCsH4CH:2
14 H

Ph 18 | 27

i 15 53
n-Pr 1 R4
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15" CHs3 " " 18 79 (52:27)
16” CsHsCH> " " 24 73 (50:23)
AAq . i .1 e Ir amas 135w Ars 3
“All reaction products were identified by "H AR, “C NMR, and mass spectra,
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Scheme 1
CH, CH,
S Dul
I = ) NN
\N/)\N/\Si(CHg)a Pd(OAc),, LiCl N N =
H Na, iig NiH, KOAc, DMF Bz
81 % -78°C, 1h 120°C, 48 h 73%
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CH,
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In conclusion, the paliadium-catalyzed heteroannuiation of alkynes with Z-amino-3-1odo-
pyridine derivatives provides a convenient new route to synthesize various 2Z,3-disubstituted
pyrrolo[2,3-blpyridines with high regioselectivity. The facile elaboration of silyl group can

provide variety of 2-substituted-3-methylpyrolo{2,3-blpyridines.  We will fur

Mar At NenTT 1 T7
[JUS'}[UIC d])l)llLdLlUll to l)l()l()k_,ll_/dlly clbLlVC LJyllUlU[J\/lldulC dCIJV(lLIVCD

A N ITTY Y 336
tner exainine

REFERENCES AND NOTES

1. (a) Syscheva, T. V.; Ershov, L. V. Azimov, V. A Yuzkakov, S. D.; Y akhontov, L.

72 B7 4 Vi, 2. L ¥

N. Farm. Zh, 1986, 20, 281, and references cited therein.

2. Katritzky, A. R, Boulton, A. J. Advances in Ileterocyclic Chemistry, vol. 19, Academic
Press, New York, 1968, Chapter 2 and references cited therein.

3. Reviews: (a) Willette, R. E. Adv. Heterocyclic. Chem. 1968, 9, 27. (b) Yakhontov. L.
N..  Prokopov. A. A. Russian Chem. Rev. 1980, 49, 428. (¢) Snieckus, V. Chem. Rev.
1990, 90, 879, and references cited therein.

4. (a) Hands, D.; Bishop, B, Cameron, M.; Edwards, J. S.; Cottell, . F,; Wnght, S. H.
B. Synthesis 1996, 877. (b) Davis, M. L.; Wakefield, B. J; Wardell, ]J. A. Tetrahedron
1992, 48, 939. (¢) Tuner, J. A. J. Org. Chem. 1983, 48, 3401.

5. Reviews: (a) Hegedus, L. S. Angew. Chem. Int. Ed. 1988, 27, 1113. (b) Sakamoto, T.;
Kondo, Y,; Yamanaka, H. Heterocycles 1988, 27, 2225. (c¢) Kalnin, V. N. Synthesis,
1992, 415 and references cited therein.

6. (a) Sakamoto, T.; Kondo, Y.; Yamanaka, II. Chem. Pharm. Bull. 1986, 34, 2362. (b)
Sakamoto, T.; Kondo, Y., Yasuhara, A., Yamanaka, H. Heterocycles, 1990, 31, 219.
(¢) Sakamoto, T.; Satoh, C. T, Kondo, Y., Yamanaka, H. Heterocycles, 1992, 34
2379. (&) Kumar, V., Dority, J. A, Bacon, E. D.; Singh, B, Lesher, G. Y. J Org

P aTa

Chem. 1992, 57, 6995.

7. (a) Wensbo, D.; Eriksson, A, Jeschke, T., Annby, U., Gronowitz, S; Cohen, L. A.
Tetrahedron Lett. 1993, 34, 2823. (b) Jeschke, T. Wensbo, D. Annby, U.;
Gronowitz, S.; Cohen, L. A, Tetrahedron Lett. 1993, 34, 6471.

3. Lcuuux, R. C. Ydi““x, E. K f. Am. Chem. Soc 1%1, L’?, 6639.

9. (a) Estel, L, Marsais, F.; Queguiner, G. J Org Chem 1988 53 2740. (b) Gribble,
G.;  Saulnier, M. G. Heterocycles 1993, 35, 151. (¢) Kelly, T. A; McNeil, D. W.
Tetrahedron Left. 1994, 35 9003

10. Tyvpical procedure: 3-Methyl-2-trimethylsilyl-1H-pyrrolo[2.3~blpyridine (A),

Palladium acetate (6 mg, 0.0125 mmoD), LiCl (22 mg, 05 mmol), KOAc (98 mg, 1.0

mmol), 2-amino-3-iodopyridine (110 mg, 0.5 mmol), and 3-trimethylsilylpropyne (170 mg,
1.5 mmol) in DMF (10 ml) were added to a pressure tube with a stirring bar. After
heating for 12 h at 100 C, the reaction mixture was diluted with ether and washed
with saturated aqueous ammonium chloride solution. The organic layer was dried over
anhvdrous magnesium sulfate, fillered, concentrated, and the residue was purified by
silica gel column chromatograpy using hexane - ethyl acetate (3:1) as an eluent. The
B—methyl—Z-trimethylsilyl—lH~pyrrolo[2.3—b]p_yri('iine (73 mg, 036 mmol, 72 %) was
oblained as a yellow solid: mp 8%-90 “C; 'H NMR (CDCls, 200 MIIz) & 0.39 (s, 9H,
Si(CH2)3), 2.38 (s, 3H, CIIy, 7.00 (dd, 1H, J=4.8, 7.9 Hz, ArH), 7.81 (dd, 1H, Jj=1.5, 7.0
1z, ArHD, 827 (dd, 1H, J=1.6, 48 Hz, ArH), 931-9.52 (br, 1H, NH); "C NMR (CDCls,
52 MHz) & 1508, 143.0, 134.3, 126.7, 121.9, 1183, 114.7, 105, -0.6; High-resolution
mass spectrum caled for CiHisN2Si 204.1083, found 204.1062.



