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REACTION OF 2- AND 4-VINYLPYRIDINES WITH 

PHENACYLPYRIDINIUMYLIDS 

P. B. Terent'ev, S. M. Vinogradova, 
and A. N. Kost* 

UDC 547.83'759.4 

The reaction of 2- and 4-vinylpyridines with 3-substituted phenacylpyridinium 
ylids takes place regioselectively with the formation of only 6-substituted l- 
pyridyl-3-aroylindolizines. The reaction of the same ylids with dimethyl acety- 
lenedicarboxylate gives a mixture of isomeric 6- and 8-substituted 1,2-dicarbo- 
methoxy-3-aroylindolizines. In the analogous reaction of 2-bromo-l-phenacyl- 
pyridinium ylid, in addition to the corresponding 5-bromoindolizine, the product 
of its spontaneous cyclization, viz., 4,5-dicarbomethoxy-6-oxo-(6H)-lOc-aza- 
acephenanthrylene, was isolated. 

We have previously shown that the double bond in vinylpyridine is capable of under- 
going 1,3-dipolar cycloaddition with dipolar compounds such as diazomethane; the cyclo- 
addition proceeds regioselectively and is controlled primarily by electronic factors [i]. 

In order to study the regioselectivity of the cycloaddition of other dipolarophiies 
to vinylpyridines we studied the reaction of 2- and 4-vinylpyridines (I, II) with phenacyl- 
pyridiniumylids III. 

C H - - P y  

J t CHCOC6H4R - 0  

i l l  1,11 

H COCeH4R'-P.J 

Iv 

- H 
R2/ 

H CO Csfl4 W-p 

v 

o//c',c,.4m-p -~ ~''p 
Vl -V l l  a - f  VI I I  

I Vla-f  py=2-pyridyl; II, V l l a - f  py=4-pyridyl; 
I--VHa RI=R2=H; b R~=N02, R2=H;c R~=H, R2=COOC4Hs; d R =NO=, R==COOCiHs; 

cR'=H, R2=Br;,f RI=H, R2=CH3 

The fundamental possibility of the use of phenacylpyridinium ylids in 1,3-dipolar 
cycloaddition reactions was demonstrated in the case of their reaction with acrylonitrile 
[2]; Fr~hlich and Kr~hnke were able to isolate the primary products ofcycloaddition, viz., 
the tetra- and dihydro derivatives (of the IV and V type), which are readily converted to 
l-cyano-3-aroylindolizines. However, the effect of a substituent in the pyridine ring on 

*Deceased. 

M. V. Lomonosov Moscow State University, Moscow 117234. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. 5, pp. 651-656, May, 1980. Original article submitted 
October 19, 1979. 
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the regioselectivity of the process was not studied in [2], whereas, according to the data 
in [3], substituents in the 3 or 4 position of the pyridine ring have an appreciable effect 
on the position of the signals of the carbon atoms of the CH~ and CO groups of the phenacyl 
residue in the '3C NMR spectra of substituted phenacylpyridinium ions. One therefore should 
have expected increased reactivities for those systems that contain electron-acceptor sub- 
stituents in both the phenacylium residue and in the pyridine ring. 

It was found that the reaction of ylids III with vinylpyridines I and II gives the 
products in relatively low yields, which, however, are increased when electron-acceptor 
substituents are present in the ylid structure (see Table I, VIb-d and VIIb-d), whereas 
the yields decrease markedly when substituents that display +I or +M effects are present 
(Vie and VIIe; VIf and VIIf are detected only by chromatography). Let us note that the 
primary products of addition (IV and V) cannot be detected in the reaction mixture, and 
the only reaction products are indolizines VI and VII. The dehydrogenation of intermediates 
IV and V occurs at least partially due to the excess corresponding vinylpyridine that is 
present in the reaction mixture, since we identified ethylpyridine among the reaction 
products by gas--liquid chromatography. 

Only one compound containing a pyridine residue in the 1 position and substituent R 2 
in the 6 position was isolated in all cases. However, indolizines Via and VIIa were iso- 
lated from the reaction mixture along with Vie and, respectively, VIIIe in the reaction of 
2- and 4-vinylpyridines with ylid IIIe. The formation of indolizines Via and VIIa is 
probably associated with partial reduction of the ylid (or the reaction product) due to the 
hydrogen liberated during aromatization of structures IV and V. 

Compounds VI and VII had similar UV spectra with several absorption maxima that are 
characteristic for the indolizine ring [4] (Table i). A singlet of the 2-H proton at 7.7- 
7.9 ppm was observed in the PMR spectra of all of the compounds, and a singlet of a 5-H 
proton (VI and VIlc-e) was observed at 10.1-11.0 ppm. This anomalously weak-field signal 
of the 5-H proton is characteristic for 3-benzoylindolizines [2, 5]. 

A more rigorous confirmation of the presence of a pyridyl substituent in the 1 position 
was obtained on the basis of the results of x-ray diffraction analysis of Vie [6]. 

It is interesting to note that the IK spectra of VI and VII do not contain an absorption 
band characteristic for the carbonyl group; only an absorption band at 1600-1630 cm -x (Table 

\+ 
i), which we assigned to vibrations of the conjugated /2N--C----_C--O- system, is present. 

In fact, according to the results of x-ray diffraction analysis [6], the C-O bond (1.32 ~) 
in Vie is considerably longer than the C=Obond and coincides with the length of the C--O 
bond in the carbonate anion (1.30 ~) [7]. At the same time, the length of the bond between 
the carbon atom in the 3 position of indolizine and theocarbonyl carbon atom (1.38 ~) is 
considerably shorter than the aliphatic C--C bond (1.54 A) and approaches the length of the 
C-----C bond (1.34 ~). These data make it possible to assume that the structures of VI and VII 
are closer to the structure of dipolar ion VIII. 

It is known that the reaction of ethyl propiolate with 3-substituted nitrogen ylids 
leads to both 6- and 8-substituted indolizines with predominance of the latter in most cases 
[8]. The formation in our case of only one isomer that contains a substituent in the 6 
position is evidently explained by steric hindrance created by the bulky pyridyl substituent 
in the 1 position. To verify this assumption we studied the reaction of ylids IIIc-e with 
dlmethyl acetylenedicarboxylate (IX); both possible isomers X and XI, with predominance of 
indolizine X, were identified in the reaction mixture in all cases. 

R 2 

-CHGOC6H~R,- p I COC6H4RL. p COC6114R,. p 
. COOCH~ 

III C- :~  -IX X c - e  Xl c - e  

As in the case of the reaction with vinylpyridine, 1,2-dicarbomethoxy-3-benzoylindo- 
lizine (XII) was found along with bromine-containing products in the reaction mixture in 
the reaction of ester IX with ylid IIIe. 

The reaction of ester IX with 2-bromo-l-phenacylpyridinium ylid proceeded anomalously: 
thus XIV, which does not contain bromine but has a molecular mass that is. two units lower 
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than that of indolizine XII, was detected in the reaction mixture along with 5-bromo-l,2- 
dicarbomethoxy-3-benzoylindolizine (XIII). An absorption band at 1635 cm -I, which is 
characteristic for the stretching vibrations of the ketone carbonyl group of polycondensed 
heterocycles [9], was observed in its IR spectrum along with two characteristic frequencies 
of the vibrations of ester carbonyl groups (1740 and 1705 cm-*). The UV spectrum of XIV 
had a fine structure and differed markedly from the spectra of indolizines X-XIII. In the 
PMR spectrum of this compound signals of 3-H and I-H protons ~each in the form of a doublet 
of doublets) with chemical shifts of, respectively, 8.60 and 9.17 ppm, and spin--spin cou- 
pling constants of 8 and 1.5 Hz can be isolated from the overall multiplet of seven aromatic 
protons; this confirmed the XIV structure: 

l ~  *'X ~---~t c~176 ~ c ~ 1 7 6  

--CHCOC6H 5 Br COCsH ~ 

XI|! 

X ~  

Compound XIV is probably a secondary reaction product, since indolizine XIII is con- 
verted to it quantitatively on contact with aluminum oxide. 

EXPERIMENTAL 

The UV spectra of the compounds were recorded with a Cary-15 spectrophotometer. The 
IR spectra of suspensions of the compounds in mineral oil were recorded with an IKS-22 
spectrometer. The PMR spectra of solutions of the compounds in trifluoroacetic acid were 
obtained with T-60 and XL-100 spectrometers with hexamethyldisiloxane as the external stan- 
dard. The mass spectra of 3-aroylindolizines VI and VII were described in [10]. The degree 
of purity of all of the compounds obtained was monitored by thin-layer chromatography (TLC), 
on aluminum oxide [neutral and activities II-III (Broch~ann classification)] or on Silufol 
UV-254 with development in UV light or with iodine vapors. The isolation of the substances 
by means of preparative TLC was carried out on plates (18x24 cm) with an aluminum oxide 
layer thickness of 1 mm or with a column filled with aluminum oxide (the column diameter 
was 30 mm, and the layer height was 25 cm) in systems selected for each specific case. 

Phenacylpyridinium ylids IIIa-f were obtained by the general method in [Ii] or in situ 
from the corresponding phenacylpyridinium bromides described in [11-13]. However, 3-bromo- 
l-phenacylpyridinium bromide, which was obtained in 63% yield, had mp 211-212~ which is 
close to the melting point presented in [13] but does not agree with the data in [12]; the 
results of elementary analysis were in agreement with the structure. 

3qCarbethoxy-l-phenacylpyridinium Bromide. This compound was obtained in 71% yield 
and had mp 124-125~ Found: C 54.7; H 4.7; Br 22.6%. C,,HI,BrNO,. Calculated: C 54.9; 
H 4.6; Br 22.8%. 

3-Carbethoxy-l-(p-nitrophenacyl)pyridinium Bromide. This compound was obtained in 46% 
yield and had mp 203-2040C (dec.). Found: C 48.5; H 3.6; Br 20.0%. C,,HIbBrN20s. Cal- 
culated: C 48.6; H 3.8; Br 20.2%. 

l-[2(4)-Pyridyl]-3qaroylindolizines (VIa-d and VIIa-d, Table i). A) A mixture of 
0.005 mole of phenacylpyridinium ylid IIIa,b and 1 g (0.01 mole) of vinylpyridine I or II 
in 50 ml of acetonitrile was maintained at room temperature for 2 days, after which the 
acetonitrile and excess pyridine bases were evaporated in vacuo, and the residue was chro- 
matographed with a column filled with aluminum oxide; the yellow band was eluted with ben- 
zene or benzene-chloroform (i:i). 

B) A 4-ml (0.04 mole) sample of vinylpyridine I or II was added to a suspension (0.02 
mole) of phenacylpyridinium bromide in 60 ml of DMF, and a solution of 2.8 ml (0.02 mole) 
of triethylamine in i0 ml of DMF was added with stirring and cooling with ice water. The 
mixture was allowed to stand with cooling for 2 h then at room temperature overnight. It 
was then poured into 400 ml of water, and the precipitate was removed by filtration and 
washed with ether~ and the aqueous solution was extracted with ether. The ether extract 
was dried with anhydrous sodium sulfate, the ether and pyridine bases were evaporated in 
vacuo~ and the residue was chromatographed with a column filled with aluminum oxide as in 
method A. The constants and yields of compounds VIa-d and VIIa-d are presented in Table i. 
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Reaction of Ylid llle with Vinylpyridin e I. A solution of 2.8 ml (0.02 mole) of 
triethylamine in i0 ml of DMF was added with stirring and cooling (0~ to a mixture of 
7.14 g (0.02 mole) of 3-bromo-l-phenacylpyridinium bromide and 4 ml (0.04 mole) of 2-vinyl- 
pyridine in 60 ml of DMF, after which the mixture was allowed to stand at room temperature 
for 2 days. It was then poured into ice water, and the resinous precipitate was removed 
by filtration and washed with water. After drying in vacuo, the precipitate was chromato- 
graphed with a column filled with aluminum oxide using a system of solvents with a gradual 
increase in eluting ability [petroleum ether, benzene-petroleum ether (2:1), benzene]. 
Separation into two bands was observed during the chromatography. Evaporation of the sol- 
vent from the first fraction gave 480 mg (6.4%) of indolizine Vie (Table I) with Rf 0.8 
(Al2Os, chloroform). Workup of the second fraction gave 240 mg (4%) of a substance that 
gave a negative test for halogen and had a chromatographic mobility (Rf 0.5, Al2Os, chloro- 
form) that was similar to that of the previously obtained indolizine Via. No melting-point 
depression was observed for a mixture of samples of the two compounds, and their IR and 
mass spectra were identical. 

Reaction of Ylid llle with Vinylpyridine II. This compound was obtained by a method 
similar to the method in the preceding experiment. The reaction of 7.14 g (0.02 mole) of 
3-bromo-l-phenacylpyridinium bromide, 4 ml (0.04 mole) of 4-vinylpyridine, and 2.8 ml 
(0.02 mole) of triethylamine in 60 ml of DMF yielded, after chromatography with a column 
filled with aluminum oxide (as in the preceding experiment~, 370 mg (4.9%) of indolizine 
Vile (Table I) and 130 mg (2.6%) of indolizine Vlla. No melting-point depressions were 
observed for mixtures with previously obtained samples, and their IR and mass spectra were 
identical. 

Reaction of Ester IX with Ylid lllc. A solution of 2 ml (0.14 mole) of triethylamine 
in 5 ml of DMF was added at --10~ to a mixture of 3.5 g (0.01 mole) of 3-carbethoxy-l- 
phenacylpyridinium bromide and 2.3 g (0.03 mole) of ester IX in 50 ml of DMF, and the mix- 
ture was allowed to stand with cooling for 3 h then at room temperature for 3 days. It was 
then poured into 300 ml of water, and the aqueous mixture was extracted with chloroform. 
The extract was dried with sodium sulfate, the chloroform was removed by evaporation, and 
the residue was chromatographed with a column filled with aluminum oxide with a gradual in- 
crease in the eluting ability of the system of solvents [petroleum ether, petroleum ether-- 
benzene (i:i), petroleum ether--benzene (1:2), benzene]. Workup gave 0.5 g (12%) of XIc 
with mp I09-II0~ (ethanol) [UV spectrum, %max (log e): 248 (4.69), 293 (4.21), 358 (4.11), 
and 374 nm (4.18). IR spectrum: 1735, 1720, 1705, and 1638 cm-* (C-----O). PMR spectrum: 
1.43 (3H, t, J = 8Hz, CH,), 3.48 (3H, s, CH,), 3.92 (3H, s, CH,), 4.45 (2H, q, J = 8 Hz, 
CH2), 8.00 (IH, q, J = 9 Hz, 1 Hz), 8.33 (IH, d, J = 9 Hz), 10.22 (IH, d, J = 1 Hz). Found: 
C 64.4; H 4.8%. C2=H, gNOT. Calculated: C 64.5; H 4.7%] and 1.4 g (35%) of indolizine Xc 
with mp 134-135~ [IR spectrum: 1720, 1635 cm -* (C=O). UV spectrum (in chloroform), %max 
(log e): 248 (4.52), 365 nm (4.18). PMR spectrum: 1.34 (3H, t, J = 8 Hz, CHs), 3.32 (3H, 
s, CH3), 3.88 (3H, s, CHs), 4.43 (2H, q, J = 8 Hz, CH2), 7.16 (IH, dd, J = 7 Hz, 8 Hz), 
8.00 (IH, d, J = 8 Hz), and 9.67 (IH, d, J = 7 Hz). Found: C 64.4; H 4.9%. C22H,.N07. 
Calculated C 64.5; H 4.7%]. 

Reaction of Ester IX with Ylid IIId. This reaction was carried out in the same way as 
in the preceding experiment. The reaction of 6.0 g (0.015 mole) of 3-carbethoxy-l-(4- 
nitrophenacyl)pyrinium bromide, 4.3 g (0.03 mole) of ester IX, and 4 ml (0.03 mole) of 
triethylamlne in i00 ml of DMF gave, after chromatography with a column filled with aluminum 
oxide with successive elution with petroleum ether, benzene, benzene--chloroform (2:1), and 
benzene-chloroform (1:2), 0.9 g (13%) of indolizine XId with mp 210-211~ [IR spectrum: 
1730, 1720, 1705, 1638 cm-*(C=O). UV spectrum (in chloroform), %max (log E): 252 (4.64) 
and 381 nm (4.17). PMR spectrum: 1.33 (3H, t, J = 8 Hz, CH,), 3.33 (3H, s, CHs), 3.88 (3H, 
s, CHs), 4.35 (2H, q, J = 8 Hz, CHa), 7.60 (2H, d, J = 8 Hz), 8.15 (2H, d, J = 8 Hz), 7.97 
(IH, d, J = 8 Hz), 8.30 (IH, d, J = 8 Hz), and 10.30 (IH, s). Found: C 57.9; H 4.2; 
N 6.1%. C~=H, eN=OT. Calculated: C 58.2; H 4.2; N 6.2%] and 2.0 g (30%) of indolizine Xd 
with mp 189-190~ [IR spectrum: 1725, 1710, and 1618 cm-*. ~ UV spectrum (in chloroform), 
Amax (log e): 265 (4.54) and 373 nm (4.12). PMR spectrum: 1.26 (3H, t, J = 8 Hz, CHs), 
3.30 (3H, s, CHs), 3.83 (3H, s, CHs), 4.40 (2H, q, J = 8 Hz, CH=), 7.20 (IH, dd, J = 7 and 
8 Hz), 7.75 (2H, d, J = 9 Hz), 7.90 (IH, d, J = 8 Hz), 8.25 (2H, d, J = 9 Hz), and 9.75 
(IH, d, J = 7 Hz). Found: C 57.9; H 4.2; N 6.5%. C22HIsN207. Calculated: C 58.2; H 4.0; 
N 6.2%]. 
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Reaction of Ester IX with 3-Bromo-l-phenacylpyridinium Bromide. This reaction was 
carried out in the usual way (see the method used to prepare indolizines VI and VII, method 
B). The reaction of 7.14 g (0.02 mole) of 3-bromo-l-phenacylpyridinium bromide, 5.8 g 
(0.04 mole) of ester IX, and 4 ml (0.03 mole) of triethylamine in i00 ml of DMF gave, after 
chromatography with a column filled with aluminum oxide (elution with benzene), 5 g of an 
oily substance. Crystallization from methanol gave 4.2 g of a yellow crystalline substance 
with mp 120-140~ and Rf 0.6 [Al2Os, elution with benzene-chloroform (1:4)]. Preparative 
separation of 200 mg of this mixture on plates in the case of three-stage chromatography 
[AI20~, benzene-heptane (I0:I)] yielded 50 mg of bromoindolizine Xle with mp 159-160~ [PMR 
spectrum: 3.24 (3H, s, CH3), 3.80 (3H, s, CHs), 7.0-7.6 (6H, m), 8.06 (IH, d, J = 9 Hz), 
and 9.63 (IH, s). Found: C 55.2; H 3.4%. C19HI~BrNOs. Calculated: C 54.8; H 3.4%], 
i00 mg of a mixture of Xle and, possibly, Xe, and 1,2-dicarbomethoxy-3-benzoylindolizine 
(XII), with mp 120-130~ and 30 mg of indolizine XII, which, according to its IR spectrum 
and the results of a mixed-melting-point determination, was identical to a specially pre- 
pared sample [14]. 

Reaction of Ester IX wit h 2-Bromo-l-phenacyl2~ridinium Bromide. Similarly, the reaction 
of 7.14 g (0.02 mole) of 2-bromo-l-phenacylpyridinium bromide, 5.7 g (0.04 mole) of ester 
IX, and 3.5 ml (0.025 mole) of triethylamine in 60 ml of DMF gave, after chromatography 
with a column filled with aluminum oxide [elution with benzene--chloroform (2:1)] 750 mg of 
4,5-dicarbomethoxy-6-oxo(6H)-lOc-azaacephenanthrylene (XIV) with mp 265-266~ [IR spectrum: 
1740, 1705, and 1630 cm -I (C=O). UV spectrum (in chloroform), %max (log E): 263 (4.73), 
307 (3.78), 319 (3.78), 337 (3.71), 353 (3.87), 397 (4.28), and 418 nm (4.38)] and 1.7 g 
of a mixture of substances with Rf 0.5 and 0.2 (Silufol, elution with chloroform), which 
gives a positive Beilstein test for halogen. A 500-mg sample of the mixture was dissolved 
in 30 ml of chloroform, the solution was filtered through a layer (5 cm) of silica gel, 
and the filtrate was immediately evaporated to dryness in vacuo. The residue was crystal- 
lized from ethanol several times with monitoring of the degree of purity by TLC on Silufol, 
as a result of which 100 mg of chromatographically pure 1,2-dicarbomethoxy-3-benzoyl-5- 
bromoindolizine (XIII), with mp 162-163~ was obtained. IR spectrum: 1745, 1710, and 
1640 cm-* (C=O). UV spectrum (in chloroform), %max (log c): 240 (4.58), 295 (4.20) sh, 
350-355 (3.99), and 412 nm (3.45). M + 415 (7"Br isotope). 

Conversion of 5-Bromoindolizine XIII to XIV. A l-g sample of aluminum oxide was added 
to a solution of 50 mg of indolizine XIII in 80 ml of chloroform, and the mixture was 
allowed to stand overnight at room temperature. The aluminum oxide was removed by filtra- 
tion, and the chloroform was removed from the filtrate to give 40 mg (99%) of XIV. 
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