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Addition Reactions of Heterocyclic Compounds. Part LX.l Reactions 
of 2-Substituted Pyridines with Acetylenic Esters leading to Quinolizines 
and Pyrrolo[2,1,5-cd]indolizines \ 

By R. Morrin Acheson and John Woollard, Department of Biochemistry, South Parks Road, Oxford OX1 3QU 

The reaction of methyl (2-pyridy1)acetate with methyl propiolate gave quinolizine derivatives ; (2-pyridy1)acetone 
and 1 - (2-pyridyl) butan-2-one reacted similarly. 2-Acetylpyridine and ethyl pyridine-2-carboxylate reacted 
with methyl propiolate to yield pyrrolo[2,1,5-cd] indolizines. The structures of the products were deduced mainly 
from their U.V. and n.m.r. spectra. 

A VARIETY of compounds are formed2 by treatment of 
%substituted pyridines with dimethyl acetylenedi- 
carboxylate, and the reactions usually start with nucleo- 
philic attack by the nitrogen atom,3 or the activated 2- 
position,l on the electrophilic acetylene. The initially 
formed zwitterion [e.g. (l)] then undergoes further trans- 
formations. Methyl propiolate has been little used in 
this type of condensation, so its reactions, along with 
those of the acetylenic diester, with some substituted 
methyl pyridines and 2-pyridylcarbonyl compounds 
have been investigated. 

Methyl propiolate with methyl (2-pyridy1)acetate in 
ether gave a mixture of the quinolizines (3), (4), and (6), 
and the pyridine (10). Compounds (3), (4), and (10) are 
formed through an intermediate similar to (1). For 
compound (3), a l-methoxycarbonylquinolizin-%one 
structure, which could be formed by an alternative mode 
of cyclisation, is excluded because the deshielding effect 
of a l-ester group on the 8-proton is not observed in the 
n.m.r. spectrum, and the spectrum has the expected 
similarities to that of dimethyl 2-oxoquinolizine-3,4- 
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dicarboxylate.6 The quinolizines (3) and (4) are 
analogous to those obtained from acetylacetylene.7 The 
U.V. and n.m.r. spectra of compound (4) under acidic 
conditions suggest that protonation occurs at position 3. 
The dihydropyridine (10) has the expected spectral 
similarities to (1 1) ,* showed a pyridinium chrornophore 
in acid solutions, and in its n.m.r. spectrum the low-field 
3-proton signal indicated the side-chain stereochemistry. 
The quinolizin-4-one (6), which must be formed through 
an intermediate of type (2), showed the characteristic 
very strong deshielding effect due to the 4-oxygen atom 
on the 6-proton, as does compound (7).9 

The same reaction in methanol gave compounds (4) and 
(6), and an isomer of (4) with a similar chromophore, but 
undergoing protonation to give a pyridinium cation. 
The n.m.r. spectrum of this isomer showed signals for four 
aromatic protons, a low-field singlet and a higher field 3- 
proton system, irradiation of which at T 6.03 caused the 
two-proton multiplet at T ca. 5.5 to collapse to  an 
apparent singlet. Structure (12) is compatible with these 
data, and is supported by the mass spectrum, which 
shows the loss of C02Me to give the base peak, but not of 
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a fragment corresponding to methyl acrylate which 
could indicate an azepine.10 The quinolizine (12) could 

e 

R 
( 1 1  ( 2 )  ( 3 )  

E =C02Me in all formulae 

c * 

0 H _ _  

be formed by protonation of a species similar to (2), 
cycloaddition of methyl propiolate, and hydrogen 
migrations. 

E-H 

quinolizin-4-one (9) was obtained from (2-pyridy1)acetone 
with dimethyl acetylenedicarboxylate. 

Methyl propiolate with 2-acetylpyridine gave the 
pyrrolo[2,1,5-cd]indolizine (13), and with ethyl pyridine- 
2-carboxylate the pyrroloindolizines (15)-( 17) were 
formed. The pyrroloindolizines were identified by com- 
parison of their spectral properties, notably their n.m.r 
spectra, with those l1 of known analogues, such as com- 
pound (14). The pyrroloindolizine (13) could be formed 
as indicated in the Scheme. When methanol was used 
as reaction solvent the vinyl ethers (18) and (19) were 
also obtained. The hydroxy-derivative (15) must be 
formed through hydrolysis of the ester group of the ethyl 
pyridine-2-carboxylate, and could lead to (16) and (17) by 
addition to more methyl propiolate. Dimethyl acetyl- 
enedicarbox ylate with ethyl pyridine-2-carbox ylat e gave 
only trimethyl indolizine-l,2,3-tricarboxylate, by a pro- 
cess like that which occurs with 2-acetylpyridine,12 and 

6 5 3  2 
ECH = C H - 0 - C H  =CHE 

( 18 ) 2 - t rans,  5 - t r a n s  

( 19) 2 - c i s ,  5 - t r a n s  

( 2 1 1  ( 2 2  I 

with 2-(2-dimethylarninoethyl)pyridine the 4H-quinol- 
izine (20) was obtained. Trimethyl-[2-(2-pyridyl)ethyl]- 
ammonium iodide with methyl propiolate gave some 5-(2- 
pyridy1)isophthalate (21) and with dimethyl acetylene- 
dicarboxylate a low yield of the benzoquinolizine (22). 

(13) 1-Me 
(141 1- CH2E 
(15) 1-OH 
(161 1 -tfUM-O*CHa:CHbE 
(17) 1 -CiS-OqCHa:CHbE 

SCHEME 
The quinolizin-4-one (8) was the only product from 1- 

(2-pyridyl) butan-2-one and methyl propiolate, and was 
presumably formed by addition of a second molecule 
of the acetylene to (2) prior to cyclisation, and the 

* For details of Supplementary Publications, see Notice to  
Authors No. 7 in J.C.S. Perkin I, 1973, Index issue. 

lo R. M. Acheson, J. M. F. Gagan, and D. R. Harrison, J .  Chem. 
SOC. (C), 1968, 362. 

EXPERIMENTAL 
The instruments and chromotographic procedures have 

been described in earlier papers.1 All analyses for new com- 
pounds were within accepted limits for C, H, and N and are 
available in Supplementary Publication No. SUP 2 1253 
(5 pp.),* which also contains the i.r. and mass spectra. 

Reaction of Methyl Propiolate with Methyl (2-PyridyZ) - 
acetate.-(i) Methyl (2-pyridy1)acetste (3-02 g) was kept with 
methyl propiolate (1.68 g) for 5 days a t  room temperature. 
The tar was extracted with petroleum (2 x 20 ml) and then 
with benzene (10 ml) to leave methyl 2-oxoquinoZizine-3- 
carboxylute (3) (1  20 mg, 3%), yellow microneedles (from 
methanol), m.p. 189-192". 

The benzene extract was chromatographed twice ; the 
elution was started with 50% petroleum-benzene. The 
initial fractions gave trimethyl benzene- lt3,5-tricarboxylate, 
and the following orange band gave methyl [l-(trans-2- 
rnethoxycnrbonyZvinyl)pyridilz-2( 1H) -yZidene]acetate (10) (46 
mg, lye), red needles (from methanol), m.p. 100-101-5". 

11 R. M. Acheson and D. A. Robinson, J .  Chem. SOC. (C), 1968, 
1633. 

12 E. Winterfeldt and A. Naumann, Chem. Ber., 1966, 98, 3637. 
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TABLE 1 

N.m.r. spectra (60 MHz; z values, J in Hz) for solutions in deuteriochloroform with tetramethylsilane as internal reference 
Proton resonances 

1-H, 3-41; 4-H, 1.46; 6-H, 2.32d; 7-H, 3.4m; 8,9-H,, 2-96d; a Js 7.0 
2-H, 2.02; 4-Ha, 4.40q; 4-CHbHc, 7*06q, 7-66q; 6-H, 2.34d; 7-'H, 3.39m; 8-H, 2.7m; 9-H, 1.33d; 

2-H.ll.26; 3-H, 6-66d;s'4-H, 4-06t'; 4-CH2, 6.79d; J 6.9; 6-H, 0.86d; 7-H, 1.95m; 8-H, 1.32m; 9-H, 

2-H, 1-50; 6-H, 0-64d; 7-H, 2.7m; 8-H, 2.3m; 9-H, 0.77d; J6.7 6; J8.e 9 ;  Ha, 2.27d; Hb, 3.05d, 

2-H, 1.25; 6-H, 0.67d; 7-H, 2-46m; 8-H, 1-97m; 9-H, 0-80d; JeS7 6.6; J 8 , Q  9.3; Ha, 2.20d; H b ,  2.98d2, 

3-H, 3.03; 6-H, 0.80d; 7-H, 2-75m; 8,9-H,, 2.16-2-6m; Ac, 7.51; Js , 6.9 
3-H, 1-74q; 4-H, 3-3m; 5-H, 4- lm;  6-H,3*0d; vinyl H ,  6-37; J3.4 9.9' J3.5 1.2; J5,6 6.9; Ha, 2.43d; 

6,8-H,, 2.50-2.85m; 7-H, 3.45t;d 9-H, 1.76d; vinyl H, 1.57; 3,4-H,, 5-36-56, 6.0m; J 6 , ,  = J7,8 

l-Me, 7-15; 3-H, 1.97; 5-H, 1-61q; 6-H, 2.30q; 7-H, 2.06q; Js,e 7-5; J5,7 1.2; Je,7 8.1 

J a b  9.3; Ja c 3.2; Jb c 16.0; 1 6  7 6.9; J s  0 9.3 

2.02d; J6 6-3; J 8  9 

J8.b 15.9 

J8,b 15.6; CH,, 6.93q; CH,CH,, 8*89t, J E ~  7.2 

Hb, 4.12d. Ja,b 13.9 

= 6.6; Js,Q 9 

3-H, 2.22; 6-H, 1.68d; 
3-H, 1.80; 6-H, 1.62q; 6-H, 2.2Ot; 7-H, 1.96q; JJ.6 7.2; Ji.7 1.2; Je.7 8.1; Hat 2.06d; Hb, 4*42d, 

3-H, 1-83; 6-H, 1.54d; 6-H, 2.21t; 7-H, 1.86d; J6 6 7.8; Je.7 7.8; Ha, 2.96d; Hbr 4.76dp Ja,b 6.6 
2-H, 4.84d; 3-H, 3.33d; 6-H, 2.47d; 6-H, 4.36d; 1 2 . 3  6.6; J6.6 12 

6-H, 2.16q; 7-H, 1.68d; J s  6 7.2; J e  7 8.1 

Ja.b 12 

4-H, 3-50; 6-CH2, 7.05m; 7-H, 3.26d; 8-H, 2-71q; 9-H, 1-47d; CH,*N, 7-43m; NMe,, 7.74; J7,* 7-5; 

3-H, 4-70; 4-H, 3.30; 6-CHz*CH,, 6.93; 7,9-H,, 1.74d;" 8-H, 1-30m; NH, 1.3br; NMe,, 6.79d, J 5 

3,4-Hz, 2.21m; 5-H, 2.75m; 6-H, 1.28m; 2',6'-H,, 1-16d; 4'-H, 1-30t (J 1.7) 
ArH,, 2.25-3-Om; 6-H, 1 4 m ;  keto (90%) : 2-CH2, 6.15; Me, 7.81; enol(lO%) : 2-CH, 4-74; Me, 8.01 
ArH,, 2-35-3.30m; CH,CH,, 7 4 m ;  CH,.CH,, 8.94m; keto (80%) : 6-H, 1.61d, J 3.6; 2-CH2, 6.28; 

Js .9  9 

enol (20%): 6-H, 1.82d, J 4.2; 2-CH, 4-84 

Ester Me 
6-13 

6.23, 6.23, 6.44 

5.90 6.17, 6.17 

6.12, 6-23 

6-31 

6.09 
6.25, 6.39 

6.26, 6.31, 6.48 

6-04, 6.04 
6.13, 6.13 

6.03. 6.03, 6.32 

6.03, 6.03, 6.25 
6.32, 6.32 

6-12, 6.26, 6.33, 
6.38 

6-93, 8-93, 6.09 
6-24. 

6.06, 6.06 

t (2-Pyridy1)acetone. $ 1-(2-Pyridyl)butan-2-one. 
0 Apparent doublet, J 3.6. In  trifluoroacetic acid. I n  [2H,]dimethyl sulphoxide. With further splitting. 0 Apparent 

doublet. 

TABLE 2 
U.V. spectra 

Compound Solvent A,,./nm ( low4& in parentheses) 

P 

A 

234 (3.44), 246infl (2-18), 307 (1.18), 
356 (0.36) 

225 (3.96), 294infl(0.66), 304 (0.62), 
339 (0-66), 355infl(0.42) 

212 (10.2), 261 (l-OO), 266infl(0.97), 
308 ( 1 ~ 8 8 ) ~  360 (0-94), 457 (0.91) 

214 (1-26), 236 (0.921, 246infl(0.64), 
376infl (0-92), 421 ( 2 ~ 1 1 ) ~  276infl (2.66), 
281 (2.88), 366infl(0.82) 

210 (1-69), 243 (1.46), 271infl(0.96), 
317 (0.69), 363 (1-10), 375infl (0-82) 

236infl(0.87), 244infl(0.71), 283 (2-63), 
378 (1-14), 422 (2.21) 

218infl (1.68), 226.5 (1*69), 266 (1.17), 
370infl(0-68), 405 (1.09), 420infl (1.00) 

208 (3.21), 262 (1-40), 299 ( 1 ~ 4 2 ) ~  426 
(1.03) 

208 (3.08), 244infl(0.72), 269 (0.84) 
208 (1.24), 260 (0-89), 314 (2.03), 347infl 

(0.90), 450 (1.31) 
212 (1-68), 287 (0.82) 
213 (2.64), 263 ( 2 ~ 1 8 ) ~  276 (1-97), 308 

216 (1.90). 307 (0-63) 

(1*12), 316 (1*79), 426hfl (0*84), 447 
(1.08) 

(1-10), 319 (1-31), 332infl (0-62), 448infl 
(0.60). 468 (0.67) 

(1.46), 447 (1.23) 

(1*43), 448 (1-23) 

217 (2-26), 255 (3-16), 287infl (1.44), 310 

264 (3-06), 269 (2.15), 306infl (1.03), 314 

264 (6.04), 270 (6.49), 306infl(10-6), 314 

262 (2-76) 
213 (1*24), 267 (0*91), 307 (1*12), 347 

214 (1.24), 264 (0.83), 307 (1.09), 347 

212 (2*68), 229 (3*40), 276 (1.19) 
216 (3.02), 222infl (3.95), 286 (1.46) 

( le l l ) ,  442 (1.02) 

(0.86) , 442 (0.79) 

a M, methanol; A, methanol acidified with one drop of 72o/b 
perchloric acid : P, methanol-72% perchloric acid (1 : 3 vlv) . 

The next (yellow) band gave methyl 3- (trans-2-methoxy- 
carbonylvinyZ)-4-oxoquinolizine- 1-carboxylate (6) (580 mg), 
yellow crystals (from methanol-chloroform) , m.p. 174- 
177'. 

The second orange band gave a mixture (1.0 g) and further 
elution gave only tar. The mixture was rechromato- 
graphed to give two overlapping bands. The faster-running 
yellow one gave more compound (6) and the slower, orange 
one gave dimethyl 4- (methoxycarbonylmethyl) -4H-quinolizine- 
1,3-dicarboxylate (4), red crystals (from methanol) , m.p. 

(ii) The experiment was repeated as before but with the 
addition of methanol (0.64 g, 0-02 mol). After 3 days the 
resulting solid was extracted with benzene (20 ml) and the 
extract chromatographed to give trimethyl benzene-l,3,5- 
tricarboxylate and compounds (4), (6), and (10). Finally 
a purple band was eluted with chloroform and gave di- 
methyl 3,4-dihydro-2- (methoxycarbonylmethylene)-2H-quinol- 
izine-1,3-dicarboxyZate (12) (260 mg, 8%), red crystals (from 
methanol), m.p. 150-153'. 

Methyl l-A cetyl-4-oxoquinolizine-2-carboxylate (9) .-Di- 
methyl acetylenedicarboxylate (1.55 g) was added to (2- 
pyridy1)acetone la (1.42 g) in ether (20 ml), and the mixture 
was kept at 0' for 7 days. The solvent was then removed 
and the residue chromatographed. The first, pale yellow 
band gave dimethyl fumarate. The second, yellow band 
gave methyl l-acetyl-4-oxoquinolizine-2-carboxylade (9) (30 
mg, 1.2%) , yellow plates (from methanol-ether), m.p. 

Reaction of Methyl Profiiolate with 1-(2-Pydyl) butan-2- 
one.l*-The pyridine (4.47 g )  was mixed with methyl pro- 
piolate (6.04 g) a t  room temperature. After 30 min the 
reaction became vigorous and ether (25 ml) was added. 
The solvent was evaporated off and the residue chromato- 

13 J. Biichi, F. Kracher, and G. Schmidt, Helv. Chim. Acta, 
1962, 45, 729. 

158-161'. 

13 3- 1 35". 
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graphed to give, from a yellow-brown band, 3-(trans-2- 
methoxycarbonyZviny2) - l-~ro~ionylquinoZizin-4-one (8) ( 182 
mg), yellow needles (from methanol-chloroform) , m.p. 

Use of methanol as reaction solvent gave trimethyl ben- 
zene- 1,3,5-tricarboxylate and compound (8). 

Dimethyl l-Methylpyrrolo[2,1,5-cd]indolizine-2,4-dicarb- 
oxylate (13) .-Methyl propiolate (1.68 g) was refluxed for 
22 h with 2-acetylpyridine (2.42 g). Chromatographing the 
tarry product on alumina gave a small amount of unchanged 
acetylpyridine, and from the next, yellow-brown band the 
pyrroloindolizine (13) (0.80 g, 29y0), yellow microneedles 
(from methanol), m.p. 148-150". 

Refluxing the reactants in methanol (5 ml) for 24 h and 
evaporation gave a gar which was chromatographed; the 
k s t  half of the first yellow band gave some 2-acetylpyridine 
and yellow needles (105 mg), which were shown (i.r. and 
n.m.r. spectra) to be a mixture of the pyrroloindolizine (13) , 
the vinyl ether (1 8) ,14 and trimethyl benzene-lJ3,5-tri- 
caxboxylate. The second half of the first yellow band gave 
dimethyl 4-oxahepta-cis-2,trans-5-dienedioate (1 9) (30 mg) , 
needles (from petroleum-toluene), m.p. 108-1 10". 

Reaction of Methyl Propiolate with Ethyl Pyridine-2- 
carboxy1ate.-The acetylene (3.36 g) was refluxed for 8 h 
with the pyridine (3.02 g) to give a solid tar. This was 
suspended in chloroform (ca. 20 ml) and applied to a chrom- 
atography column. The first (yellow) and second (ochre) 
bands both gave dimethyl l-(trans-2-methoxycarbonylvinyl- 
oxy)pyrrolo[2,1,5-cd]indolizine-2,4-dicarboxyZate (16) (120 
mg, 2.5%) , golden platelets (from methanol-chloroform), 
m.p. 156.6-160-5. 

The next, brown band gave dimethyl l-(cis-2-rnethoxy- 
carbonylvinyloxy)~yrrolo[2,1 , 5-cd]indolizine-2,4-dicarboxylate 
(17) (200 mg, 2.8y0), green-yellow plates (from chloroform- 
methanol), m.p. 167-171". 

Further elution gave only gars, but a yellow solid was left 
at the top of the column. This was removed and gave di- 
methyl l-hyd~oxyPyrrolo[2,1 , 5-cd]indolizine-2,4-dicarboxylate 
(15) (156 mg, 2%), yellow needles (from chloroform- 
methanol), m.p. 2 12-2 14". 

Reaction of Dimethyl Acetylenedicarboxylate with Ethyl 
Pyridine-2-ca~boxylate.-(i) The acetylene (4.26 g) was added 
to a solution of the pyridine (3.02 g) in ether (25 ml), and the 
mixture kept a t  0" for 13 days. Removal of the solvent left 
a mobile oil which was chromatographed to give successively 
the unchanged acetylene, hexamethyl benzenehexacarboxyl- 
ate (321 mg), and tar. 

(ii) The acetylene (5.68 g) was heated with the pyridine 
(3.02 g) for ca. 15 min, until a vigorous reaction ensued. 
The mixture was allowed to cool to give a solid mass. 
Chromatography gave, from a yellow band, trimethyl 
indolizine- 1,2,3-tricarboxylate (294 mg, 5.0%) identical 

l4 E. Winterfeldt, Chem. Ber., 1964, 97, 1962. 
l5 H. E. Reich and R. Levine, J .  Amer. Chem. Soc., 1966, 77, 

17 1-1 7 3". 

(u.v., n.m.r., and i.r. spectra) with an authentic sample.ll 
Further elution gave only tars. 

Reaction of Dimethyl Acetylenedicarboxylate wath 2-( 2- 
Dimethy1aminoethyZ)pyridine.-The acetylene (2.84 g) was 
added to the pyridine l5 (1.50 g) [b.p. 100-102° at  20 mmHg 
(lit.,16 101-103" at  17 mmHg); wDal 1.50051 in ether (15 
ml) a t  room temperature. After 24 h the solvent was 
evaporated off and the residue chromatographed. The 
second, orange band gave tetramethyl 6-( Z-dirnethylamino- 
ethyl)-4H-quinolizine-l,2,3,4-tetracarboxyZate (20) (225 mg, 
5.2y0), orange lumps (toluene-petroleum and 1 drop of 
chloroform) , n1.p. 146-5-148". 

The next, orange band gave yellow crystals, m.p. 86-100" 
(crude), probably of the 9aH-isomer of (20). Its n.m.r. 
spectrum (after the sample had been in a drying pistol) was 
identical with that of (20). Recrystallisation gave orange 
lumps, m.p. 144", and a yellow powder, m.p. 65", resolidify- 
ing and melting a t  144". 

Trirnethyl-[2- (2-pyridyl)ethyllamnzoniunz Iodide.-2-( 2-Di- 
methylaminoethy1)pyridine (9.0 g) was refluxed with iodo- 
methane (8.52 g) in ethanol (50 ml) for 5 h. The mixture 
was allowed to cool, and the iodide (16.7 g, 95%) was 
filtered off, giving white crystals (from aqueous methanol) , 
m.p. 220-245" (decomp.). 

Reaction of Methyl Propiolate with Triwzethyl-[2-(2-pyridyl)- 
ethyllammonium Iodide.-The acetylene (2.52 g) was heated 
on a water-bath for 5 h with the pyridine (4.38 g) 
in dimethyl sulphoxide (20 ml). The solvent was 
removed and the residue washed with chloroform to leave 
unchanged quaternary salt. The filtrate was chromato- 
graphed. Elution of the first, pale yellow band gave a 
mixture of trimethyl benzene- 1,3,5-tricarboxylate, m .p. 
140-142", and large lumps, m.p. 147-152", which were 
separated by hand. The lumps gave dimethyl 5- (2-flyridyl) - 
isophthalate (21) , yellowish rhombs (from petroleum- 
toluene) , n1.p. 154-157" ; further quantities (total yield 
2.5%) were obtained from the column. 

Reaction of Dimethyl Acetylenedicarboxylate with Trimethyl- 
[2-(2-~yridyl)ethylJammonium Iodide.-The acetylene (2.84 
g )  was refluxed with the pyridine (2-92 g )  in acetonitrile 
(100 ml) for 2.5 h. Evaporation and cooling gave an almost 
quantitative recovery of the iodide, but chromatography of 
the filtrate gave, from a pink band eluted with 50% ether- 
chloroform, hexamethyl lH-benzo[cJquinolizine-1,2,3,4,7,8- 
hexacarboxylate (22) (8 mg), identical (i.r., n.m.r., and U.V. 
spectra) with an authentic samp1e.l' 

We thank Mrs. E. E, Richards for the 100 MHz n.m.r. 
spectra, Dr. N. M. Sinclair for the mass spectra, and the 
S.R.C. for a studentship (to J. W.). 
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