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Methylphenylcyclopropenone (2) undergoes a cycloaddition reaction across the PhC-CO bond with 2-aminopy- 
ridine (3a) in ether to produce the insoluble cis-3,4-dihydr0-3-methyl-4-phenyl-ZH-pyrido[ 1,2-u]pyrimidin-2-one 
(sa). Rearrangement of 6a to a-methyl-trans-cinnamamide 7a occurs slowly in refluxing chloroform. 2-Amino-3- 
methyl- and 2-amino-4-methylpyridine react similarly, while 2-amino-5-methylpyridine eventually affords, in ad- 
dition, the a-(2-pyridylamino) acid loa. 2-Amino-6-methylpyridine reacts very slowly to give 10b exclusively. A 
lack of reactivity shown by aniline suggests that both products arise by wag of initial nucleophilic attack of the ami- 
nopyridine ring nitrogen on the cyclopropenone ring, with steric hindrance at  this nitrogen favoring subsequent 
formation of an intermediate of apparent reaction at  the exo nitrogen. 

The most recent chemistry of cyclopropenones involves 
the use of these compounds in cycloaddition reactions with 
a wide variety of substrates.1 The cyclopropenone utilized in 
the vast majority of these investigations has been diphenyl- 
cyclopropenone (I) .  The present discussion will be restricted 
to those reactions which have been postulated to involve initial 
nucleophilic attack on the electrophilic cyclopropenone ring. 
In such cases, cycloaddition to 1 has been found to occur across 
the C-CO bond (eq 1,2 2,3a 34). 
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Alkylphenylcyclopropenones, which offer the interesting 

possibility of comparing the reactivities of two different C-CO 
bonds, have not been extensively ~ t u d i e d . ~  In the only two 
examples of C-CO cycloaddition available from the literature, 
reaction of methylphenylcyclopropenone (2) has been ob- 
served to occur with exclusive cleavage of the MeC-CO bond 
(eq 23b). 

Recently, we reported6 the reaction of 1 with a variety of 
2-aminopyridines (3) in ether to  produce insoluble cis-3,4- 
dihydro-3,4-diphenyl-2H-pyrido[l,2-a]pyrimidin-2-ones (4). 
The formation of 4 was suggested to  involve initial nucleo- 
philic attack of the aminopyridine ring nitrogen on C-2 of the 
cyclopropenone, followed by rupture of the C-CO bond. In 
chloroform solution, 4 readily rearranges to  cis-2,3-diphe- 
nylacrylamides 5. 

In view of the limited data available concerning the reac- 
tivity of alkylphenylcyclopropenones, a study of the chemical 
behavior of 2 toward 2-aminopyridines was considered to  be 
appropriate. 

Results and Discussion 
While the reaction of diphenylcyclopropenone (1) with 

2-aminopyridines (3a-d) in ether was complete within 17 h 
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a t  room temperature,6 that  of methylphenylcyclopropenone 
(2) required reaction times of 7-22 days, even though more 
concentrated solutions of reagents could be employed owing 
to  the greater solubility of 2 in ether. Thus, solutions (5 ml) 
containing 4 mmol of 2 and 3a-d began to  deposit crystalline 
solids after several hours (see Table I). The ether-insoluble 
material was a 1:l adduct as indicated by elemental analysis 
and NMR integration. The uv and ir spectra were comparable 
to  those of 4, suggesting the presence of a 3,4-dihydro-2H- 
pyrido[l,2-a]pyrimidin-2-one nucleus. The NMR spectra 
(CDC13) showed a 3 H doublet a t  6 1.05 ( J  = 7 Hz), a 1 H 
quintuplet a t  6 3.25 ( J  = 7 Hz), and a 1 H doublet a t  6 5.25 ( J  
= 7 Hz). A similarity between the chemical shift and coupling 
constant of this latter absorption and those of H-4 in 4 (6 5.3, 
J = 7 Hz) suggested cis-3,4-dihydro-3-methyl-4-phenyl- 
2H-pyrido[l,2-a]pyrimidin-2-one (6) (Table 11) as the 
structure of the product. Although considerably more stable 
than the diphenyl analogues 4 (the NMR spectrum of 6c, for 
example, was unchanged when the sample was allowed to  
stand in the NMR tube for 5 days), 6a, 6c, and 6d were 
transformed to a-methyl-trans- cinnamamides 77 in high 
yields (80-85%) upon heating in chloroform a t  reflux for 5 
days. The 2-amino-3-methylpyridine derivative 6b afforded 
only 30% of 7b, the remainder being a mixture (by NMR 
analysis) of 6b and a substance showing a doublet a t  6 5.0 ( J  
= 5.5 Hz). This by-product may be the trans isomer of 6b, 
formed as a result of isomerization a to  the carbonyl. The 
mixture was not separable. The NMR spectra of 7a, 7c, and 
7d (Table 111) showed large deshielding shifts for H-3, as ob- 
served previously in the case of 5. The cis methyl-phenyl re- 
lationship in 7 was not apparent from the NMR spectra, al- 
though hydrolysis (refluxing ethanolic KOH) gave 3 and a -  
methyl-trans-cinnamic acid in quantitative amounts. Since 
the possibility of isomerization during the process of hydrol- 
ysis could not be ruled out,s i t  was considered necessary to  
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Table I. Formation of cis-3,4-Dihydro-2H-pyrido[ 1,2- 
alpyrimidin-2-one (6) and/or a-(2-Pyridylamino) Acid 10 

in Ether 

2-Amino- Reaction % yield % yield 
pyridine time, days 6 10" 

3a 17 (22) 38 (42) 
3b 7 (14) 73 (76) 
3c 7 (17) 46 (52) 
3d 13 (19) 28 (33) (30) 
3e 40 60 

" Based upon methyl ester derivative. 

8 
Me 
I 

prepare an example of this system by an alternative route. 
Addition of the acid chloride 8 to  an equimolar quantity of 3c 
in benzene containing triethylamine resulted, surprisingly, 
in the formation of the 2:l adduct 9 in 75% isolated yield. The 
structure containing both acyl moieties on the exo nitrogen 
was suggested by the presence, in the NMR spectrum, of a 
six-hydrogen doublet (J  = 1.5 Hz) for the vinyl methyl groups. 
Refluxing of a solution of 9 in methanol for 16 h afforded 7c 
and methyl a-methyl-trans-cinnamate in equimolar 
amounts. 

When the oily residue formed upon removal of the solvent 
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from the ether-soluble fraction of the reaction of 3d was al- 
lowed to stand for several days, an ether-insoluble, amorphous 
solid was obtained (see Table I). Analysis of the mass spec- 
trum [mle 270 (M+), 226 ((M - CO,)+)] and the NMR spec- 
trum [6 3.30, benzylic AB quartet ( J  = 13.5 Hz)] suggested 
structure 10a for this hydrolysis product. The crystalline 
methyl ester (1 la) was formed quantitatively upon heating 
10a in methanol containing a trace of sulfuric acid. 

The NMR spectrum of the residue immediately after 
evaporation of the solvent from the ether-soluble fraction 
contained a 3 H singlet a t  6 1.40, a 3 H doublet ( J  = 2 Hz) a t  
6 1.80, and a 2 H singlet at 6 3.06. With time these absorptions 
disappeared, while those corresponding to  10a increased in 
intensity. This observation demonstrates the initial existence 
of an unstable primary product which may best be represented 
as the imidazo[l,2-a]pyridin-3(2H)-one 12. The alkaline hy- 
drolysis of 3,5-dinitro-2-pyridylalanylglycine has been sug- 
gested to  proceed through an analogous intermediate.g 

The reaction of 2 with 3e was extremely slow, with no for- 
mation of ether-insoluble material. The NMR spectrum of the 
crude product showed again the absorptions attributable to  
12. Eventually, 10b was isolated and characterized as the 
easily recrystallizable methyl ester 1 lb, which was obtained 
in an overall yield of 60%. 

Thus, i t  is apparent that  steric hindrance a t  the pyridine 
ring nitrogen in 3 affects the rate as well as the pathway of the 
reaction with methylphenylcyclopropenone (2). Also, aniline 
was found to  be totally unreactive toward 2 suggesting that  
the mechanism of formation of 6 and 10 must involve initial 
participation of the ring nitrogen of 3. The pyridopyrimidi- 
nones 6 can be pictured as arising by way of nucleophilic at-  
tack on C-3 of 2 to  produce 13 (Scheme I), with subsequent 
rearrangement to  a ketene or cyclopropanone as proposed 
previously for the reaction of diphenylcyclopropenone ( 1).6 
As the steric interaction in 13 increases on passing from 3a-c 
to  3d and 3e, a pathway involving transformation to  14 may 
become important. This process may involve a transition state 
wherein appreciable positive charge is placed upon the cy- 

Table 11. Some cis-3,4-Dihydro-3-methyl-4-phenyl-2H-pyrido[ 1,2-a]pyrimidin-2-ones (6) 

Substituent Mp," Anal. __ NMR Ir Uv (EtOH), 
R "C Formula C H N  (CDCb), 6 (KBr), cm-l ~m.4, (4 

H (6a) 164-168 CljH14N20 Calcd 75.61 5.92 11.76 
Found 75.50 5.97 11.80 

9-Me (6b) 146-148 C16H16N20 Calcd 76.17 6.39 11.10 
Found 76.35 6.50 11.21 

8-Me (6c) 162-165 C ~ ~ H I ~ N ~ O  Calcd 76.17 6.39 11.10 
Found 76.03 6.55 11.29 

7-Me (6d) 158-160 C16H16N20 Calcd 76.17 6.39 11.10 
Found 76.33 6.43 11.14 

a Melting points varied somewhat with heating rate. 

1.05 (3 H, d, J = 7 Hz) 
3.25 (1 H, quint., J = 7 Hz, H-3) 

6.50 (1 H, dt, J = 7 and 1.8 Hz) 
7.00 (1 H, dd, J = 8.5 and 1.8 Hz) 
7.25-7.65 (7 H, m) 
1.05 (3 H, d, J = 7 Hz) 
2.35 (3 H, s) 
3.25 (1 H, quint., J = 7 Hz, H-3) 
5.25 (1 H, d, J = 7 Hz, H-4) 
6.45 (1 H, t, J = 7 Hz) 
7.25-7.50 (7 H, m) 
1.05 (3 H, d, J = 7 Hz) 
2.30 (3 H, s,) 
3.22 (1 H, quint., J = 7 Hz, H-3) 

6.35 (1 H, dd, J = 7 and 1.8 Hz) 
6.80 (I H, s) 
7.20-7.60 (6 H, m) 
1.05 (3 H, d, J = 7 Hz) 
2.10 (3 H, s) 
3.22 (1 H, quint., J = 7 Hz, H-3) 
5.30 (1 H, d, J = 7 Hz, H-4) 
7.00 (1 H, d, J = 9.5 Hz) 
7.25-7.80 (7 H, m) 

5.25 (1 H, d, J = 7 Hz, H-4) 

5.30 (1 H, d, J = 7 Hz, H-4) 

1661 (w) 265 (11 730) 
1622 346 (7700) 
1551 
1492 

1650 (w) 
1620 
1570 
1480 

1664 (w) 268 (10 660) 
1629 340 (8150) 
1540 
1490 

1660 (w) 
1630 
1555 
1500 
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Table 111. Same a-Methyl- trans-cinnamamides (7) 

Substituent Yield, Mp, Anal. 
R % "C Formula C H N  

NMR 
(CDCln). 6 

Ir 
(KBr). cm-l 

H (7a) 

3-Me (7b) 

4-Me (7c) 

5-Me (7d) 

Me 'Ph 2 

85 

30 

80 

85 

69-70 C15H14N20 Calcd 75.61 5.92 
Found 75.50 5.95 

53% C16H16N20 Calcd 76.17 6.39 
Found 76.41 6.31 

86-87.5 C ~ ~ H ~ ~ N Z O  Calcd 76.17 6.39 
Found 76.28 6.36 

72-73 C16H16NzO Calcd 76.17 6.39 
Found 76.11 6.41 

Scheme I 
R 

b, R = 3-Me 13 
c, R = 4Me 
d, R = 5-Me for 3a-d 
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clopropenone ring; or, in other words, the pyridine ring ni- 
trogen serves to polarize the cyclopropenone, thus facilitating 

11.76 
11.79 

11.10 
11.25 

11.10 
11.02 

11.10 
10.96 

2.20 (3 H, d, J = 1.5 Hz) 
6.95 (1 H, m, H-5) 
7.20-7.40 (6 H, m) 
7.65 (1 H, dt, J = 7 and 1.8 Hz, H-4) 
8.10-8.35 (2 H, m, H-3 and H-6) 
8.60 (1 H, braod, DzO exchangeable) 
2.20 (3 H, d, J = 1.5 Hz) 
2.30 (3 H, s) 
6.95-7.60 (8 H, m) 
8.20 (1 H, dd, J = 5 and 1.8 Hz, H-6) 
8.60 (1 H, broad, DzO exchangeable) 
2.20 (3 H, d, J = 1.5 Hz) 
2.35 (3 H, s) 

7.20-7.50 (6 H, m) 
8.05-8.20 (2 H, m, H-3 and H-6) 
8.65 (1 H, broad, DzO exchangeable) 
2.20 (6 H, m) 
7.20-7.60 (7 H, m) 
8.05 (1 H, s, H-6) 

8.65 (1 H, broad, DzO exchangeable) 

6.80 (1 H, d, J = 5 Hz, H-5) 

8.20 (1 H, d, J = 8 Hz, H-3) 

3180 
1665 
1595 
1575 
1510 

3200 
1650 
1585 
1515 

3175 
1665 
1610 
1565 
1515 

3200 
1660 
1590 
1500 

reaction at the exo nitrogen. 
The difference noted in the behaviors of methylphenylcy- 

clopropenone (2) and diphenylcyclopropenone (1) in this re- 
action may be attributed to  the less reactive, more selective 
nature of the former reagent. 

Experimental Sectionlo 
Reaction of Methylphenylcyclopropenone (2) with 2-Ami- 

nopyridines (3). A. Isolation of cis-3,4-Dihydro-3-methyl-4- 
phenyl-2H-pyrido[ 1,2-a]pyrimidin-2-ones 6. A solution of 
methylphenylcyclopropenone5 (0.576 g, 4 mmol) and the selected 
aminopyridine (4 mmol) in 5 ml of ether (dried over molecular sieve) 
was allowed to stand at room temperature (a precipitate began to form 
after several hours). After the determined time, the solvent was sep- 
arated from the crystalline solid, 6, which was washed with four 10-ml 
portions of dry ether. 

B. Isolation and Characterization of a-(2-Pyridylamino) Acids 
10.1, From the Reaction of 2-Amino-5-methylpyridine (3d). The 
residue obtained upon evaporation of the solvent from the ether- 
soluble fraction was allowed to stand for 7 days. After this time, 25 
ml of dry ether was added, leaving 10a as an insoluble, amorphous 
solid (0.30 g, 30% yield): mp 160-165 "C; mass spectrum mle (% base 
peak) 270 (0.1, M+), 252 [2.6, (M - HzO)+], 226 [3.1, (M - COz)+], 

(M - HzO, CO, PhCHr)']; ir (KBr) 3250,1680,1620 cm-'; NMR 
(CDC13lCD30D) 6 1.60 (3 H singlet), 2.20 (3 H singlet), 3.30 [2 H, AB 
quartet ( J  = 13.5 Hz)], 6.70 (1 H doublet, J = 9 Hz), 7.05 (5 H singlet), 
7.55 (1 H doublet of doublets, J = 9 and 2 Hz), 7.90 (I H broadened 
singlet) (the exchangeable hydrogens were not observed). 

The methyl ester, 1 la, was obtained quantitatively upon treatment 
of 10a with methanol containing a trace of sulfuric acid (reflux during 
16 h): mp 96-96.5 "C (pentane); mass spectrum mle (% base peak) 284 
(3.2, M+), 193 [loo, (M - PhCHr)+], 161 [18.3, (M - MeOH, 
PhCHr)+],133 [46.4,(M - MeOH,CO,PhCHz.)+];ir (KBr) 3375 (s), 
1725 (s), 1610,1585 cm-l; NMR (CDC13) 6 1.50 (3 H singlet), 2.20 (3 
H singlet), 3.40 [2 H, AB quartet ( J  = 13 Hz)], 3.70 (3 H singlet), 4.50 
(1 H, broad, disappears upon Dz0 exchange), 6.20 (1 H doublet, J = 
8 Hz), 6.90-7.40 (6 H multiplet), 7.90 (1 H broadened singlet). 

Anal. Calcd for C17H20NZ02: C, 71.81; H, 7.09; N, 9.85. Found: C, 
71.73; H, 7.01; N, 9.82. 

2. From the Reaction of 2-Amino-6-methylpyridine (3e). 
Evaporation of the ester afforded an oily residue, which was allowed 
to stand for 7 days. After this time, extraction with 40 ml of 12% 
NazC03 solution, followed by neutralization with concentrated HCl, 
gave 10b as an amorphous solid (0.60 g, 60% yield): mp 80-85 "C; ir 
(KBr) 3250,1675,1625,1605 cm-l; NMR (CDC13) 6 1.60 (3 H singlet), 
2.60 (3 H singlet), 3.30 [2 H, AB quartet ( J  = 13.5 Hz)], 6.45 (2 H 
multiplet), 7.05 (5 H singlet), 7.45 (1 H multiplet), 9.40 (2 H, 
broad). 

179 [26.2, (M - PhCHr)+], 161 [87.9, (M - H20, PhCHr)+], 133 [loo, 



Imidazo[1,2-a]pyridines-Novel Substitution Reactions 

The methyl ester, 1 lb, was obtained quantitatively upon treatment 
of lob with methanol containing a trace of sulfuric acid (reflux during 
16 h): mp 76-78 OC (pentane); ir (KBr) 3370 (s), 1725 (s), 1605,1580 
cm-l; NMR (CDC13) 6 1.50 (3 H singlet), 2.35 (3 H singlet), 3.40 [2 H, 
AB quartet ( J  = 13 Hz)], 3.70 (3 H singlet), 4.60 (1 H, broad, disap- 
pears upon DzO exchange), 6.20 (1 H doublet, J = 8 Hz), 6.45 (1 H 
doublet, J = 7 Hz), 6.90-7.45 (6 H multiplet). 

Anal. Calcd for C17HzoNzOz: C, 71.81; H, 7.09; N, 9.85. Found C, 
71.76; H, 6.99; N, 9.78. 

Ring Opening of 6 in Chloroform. A solution of 6 (200 mg) in 20 
ml of chloroform was heated under reflux for 5 days. The solvent was 
then evaporated and the crude residue extracted with three 25-ml 
portions of boiling petroleum ether (bp 30-60 OC). The combined 
extracts were concentrated to a volume of 15 ml and stored at -20 O C  

for 24 h, whereupon 7 precipitated as colorless crystals. 
Reaction of &-Methyl- trans-cinnamoyl Chloride (8) with 2- 

Amino-4-methylpyridine (3c). To a solution of 2-amino-4- 
methylpyridine (0.432 g, 4 mmol) in 18 ml of benzene containing tri- 
ethylamine (0.8 ml, 5.6 mmol) there was added a solution of a- 
methyl-trans-cinnamoyl chloride (0.724 g, 4 mmol) in 10 ml of ben- 
zene. After 1 h at room temperature, the precipitated triethylam- 
monium chloride (0.53 g) was separated by filtration. Evaporation 
of the filtrate gave an oil (1.05 g), which by NMR analysis was a 1:1 
mixture of 3c and 9. This crude material was dissolved in methylene 
chloride (100 ml), and extracted with two 50-ml portions of 0.25 N 
HC1, followed by two 60-ml portions of water. The organic layer was 
dried over MgS04, and concentrated to a volume of 15 ml, whereupon 
addition of pentane (50 ml) resulted in precipitation of 9 as a white 
solid (0.60 g, 75%): mp 123-123.5 "C; ir (KBr) 1705, 1650 (s), 1610 
cm-1; NMR (CDC13) 6 2.10 [6 H doublet ( J  = 1.5 Hz)], 2.40 (3 H sin- 
glet), 6.90-7.40 (14 H multiplet), 8.35 [l H doublet ( J  = 5 Hz)]. 

Anal. Calcd for C26H~dN202: C, 78.76; H, 6.10; N, 7.07. Found: C, 
78.92; H, 6.27; N, 7.09. 

Methanolysis of 9. A solution of 9 (0.140 g, 0.35 mmol) in 30 ml of 
methanol was heated under reflux for 16 h. After this time, evapora- 
tion of the solvent gave an oil, which by NMR analysis was a 1:l 
mixture of 7c and methyl a-methyl-trans-cinnamate. The crude 
product was taken up in 20 ml of boiling petroleum ether and stored 

J.  Org. Chem., Vol. 41, No. 22,1976 3549 

at -20 O C  for 24 h. The colorless crystals which precipitated (0.085 
g, 97%, mp 85-87 "C) furnished an ir spectrum identical with that of 
7c. The soluble fraction afforded 0.060 g (100%) of the sweet-smelling 
methyl ester, identical with an authentic sample. 
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Treatment of imidazo[l,2-a]pyridines (1) with electrophilic reagents leads to substitution at either Cz or C3. 
While superficially both substitutions could occur via electrophilic attack, substitution at Cz is interpreted to pro- 
ceed via nucleophilic attack on an imidazo[l,2-a]pyridinium ion. Oxidation of 2-methyl-3-bromoimidazo- 
[1,2-a]pyridine to its 2-carboxaldehyde is also described. 

We have been interested in the chemistry of imidazo[l,2- 
a]pyridinel-* (1) for some time and wish to  report here some 
results obtained when these compounds are subjected to  
electrophilic reagents. It is known that  electrophilic substi- 
tution, such as bromination, nitrosation, and n i t r a t i ~ n , ~ - ~  
takes place a t  position 3, in accord with frontier a-electron 
density  calculation^.^ Such calculations show the highest 
a-electron density of the HOMO to be a t  position 1, followed 

I 

5 

1 

by position 3 and 5, and a node at the 2 position. One would 
predict, therefore, that  electrophilic attack should occur 
preferentially at these positions in the order 1 > 3 > 5, and not 

a t  position 2. Indeed, no examples of electrophilic reaction a t  
position 2 have been reported. One example of electrophilic 
substitution a t  position 5 is known: when the 3 position is 
blocked by a methyl group, bromination leads to the formation 
of 5-bromo-3-methylimidazo[l,2-a]pyridine.5 

However, when the 3-substituted compound, 3-bromo-7- 
methylimidazo[l,2-a]pyridine (2a), was treated with selenium 
dioxide, neither the expected oxidation of the methyl group 
to the aldehyde, nor electrophilic substitution a t  position 5, 
occurred. Rather, displacement of bromine took place and the 
diarylselenide 3 was formeda2 Furthermore, this reaction is 
reversible, as shown by the formation of 2a when the diaryl- 
selenide 3 was treated with bromine.2 Again, the expected 
reaction, formation of diaryldibr~moselenide,~~~ was not ob- 
served (see Scheme I). 

These unexpected transformations implied a very high 
susceptibility of the 3 position in this ring system toward 
electrophilic attack. Some transformations which confirm this 


