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1,3- Dipolar cycloaddition of azolium N-dicyanomethylides, which have an azomethine ylide structure, to 
acetylenic dipolarophiles affords azolopyridine derivatives. The initial cycloadduct has been isolated for 
the first time. Using unsymmetrical dipolarophiles, only one of the two possible regioisomers has been 
obtained. The orientation problem has been approached theoretically by a second-order perturbational 
treatment, which also gives good results in the case of the reaction of an azomethine imine, 1 -ethylbenzo- 
triazoli urn 3- dicyanomet hylide. 

Reaction of azinium dicyanomethylides with acetylenic esters 
yields indolizine derivatives by loss of HCN from the initial 
cycloadduct ; 1-5 however, reactions of 1-methylimidazolium 
and thiazolium dicyanomethylides with dimethyl acetylene- 
dicarboxylate (DMAD) afford imidazo[ 1,2-a]- and thiazolo- 
[3,2-a]-pyridine derivatives. Boekelheide and Fedoruk have 
explained the formation of these products assuming an opening 
of the initial cycloadduct and a subsequent six-membered ring 
closure.6 The aim of this work is to investigate the reactions of 
a series of azolium dicyanomethylides with symmetrical and 
unsymmetrical acetylenic dipolarophiles. 

Results and Discussion 
(1) Reaction of Azomethine Y1ides.-(a) Reaction with 

DMAD. Reactions of 1-methyl- (1) and l-ethyl-benzimidazol- 
ium (2), 1-phenylimidazolium (3), and 4-phenyl- (4) and 1- 
phenyl-l,2,4-triazolium (5)  dicyanomethylides with DMAD 
afford respectively the azolopyridines (6)-(10).? The i.r. 
spectra of these compounds show four characteristic absorp- 
tions at 3 220-3 310 (vNH), 2 210-2 220 (vCN conjugated), 
1 690-1 710, and 1 720-1 740 cm-' (vC0). The highest vC0  
absorption has been assigned to the ester group at  the 3- 
position conjugated with the electron-withdrawing cyano- 
group. 

The 'H n.m.r. spectra of these compounds are summarized 
in Table 1. The singlets at 6 2.08 in compounds (8) and (10) and 
3.03 in compound (9) have been assigned to the methoxy- 
group of the ester at the 4-position contiguous to the five- 
membered ring, which is shielded by the N-phenyl group in an 
almost orthogonal conformation. The chemical shifts of the 
methoxy groups in compounds (6) and (7) have been assigned 
by comparison with those of (8)-(10). 

In the reaction of ( 5 )  with DMAD an intermediate, which 
by gentle heating was transformed into (lo), was isolated. The 
i.r. spectrum of this intermediate shows two vC0  absorptions 
at 1 725 and 1 735 cm-', but no absorptions corresponding to 
the imino and cyano groups. Its 'H n.m.r. spectrum shows 
signals at 6 (CDCI,) 3.70 (3 H, s, CO,CH,), 3.93 (3 H, s, 
C0,CH3), 6.63 (1 H, s, 3a-H), 7.00-7.66 (6 H, m, 6-H and 
phenyl group). The 13C n.m.r. spectrum (CDC13) shows the 
corresponding signals at 6 51.4 and 53.5 (CH3 of the ester 
groups), 52.5 (C-3a), 123.4 (both CN groups), 124.4, 129.7, 
129.9 and 138.9 (ortho-, meta-, para-, and @so-carbons of the 

t In order to facilitate the i.r. and n.m.r. discussion a non-con- 
ventional atom numbering [see (6)-(8)] has been used. 

'R 

( 1 )  R =Me 
(2) R =Et  

I 
Ph 

(5) 

Ph 

( 8 )  

6 1  
R 

(6) R = M e  
( 7 )  R = E t  

Ph Ph 

(9) (10) 

E = C 0 2 M e  

phenyl group), 134.7 (C-6), 128.0 and 149.6 (C-2 and C-3), and 
161.6 and 165.0 p.p.m. (CO of the ester groups). All these data 
are in agreement with structure (1 1) corresponding to the 
initial cycloadduct, isolated for the first time for this class of 
reactions. 

(b) Reactions with unsymmetrical acetylenic d@olarophiles. 
Reactions of ylides (2)-(4) with methyl propiolate (MP) 
yield only one of the two possible regioisomers, the azolo- 
pyridines (12)-( 14), respectively. 

In their i.r. spectra the v(C0) absorptions at 1 680-1 710 
cm-' correspond to the lowest observed in compounds with 
two ester groups (that for the ester group at the 4-position 
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Table 1. 'H N.m.r. chemical shifts for adducts (6)-(10) and (12)-(16) [6 (CDC13); internal standard Me4Si] 

NH 

Adducts X Y R' RZ R3 R' RZ R3 Other 
Benzo 
Benzo 

CH CH 
N CH 

CH N 
Benzo 

CH CH 
N CH 

Benzo 
Benzo 

COzCH3 
COZCH3 
COzCH3 
COzCH3 
COzCHj 

H 
H 
H 
Ph 
Ph 

CH3 3.83 4.00 
CzH5 3.83 4.00 

Ph 3.8 1 2.88 
Ph 3.8 1 2.88 
Ph 3.95 3.03 

CZHS 8.07 3.87 
P h  7.87 3.03 
Ph 8.02 3.05 

CH3 7.30-7.67 5.67 
CHS 7.30-7.58 3.88, 0.78 

3.80 ArH, 7.30-7.83 
4.43, 1.47 ArH, 7.33-7.87 

7.50 6-H, 7.90; 7-H, 8.20 
7.56 6-H, 9 31 

7.40-7.50 7-H, 9.08 
4.65, 1.48 ArH, 7.30-7.45 

7.48 
7.55 6-H, 9.28 

6-H, 7.83; 7-H, 8. I7 

3.70 ArH, 7.30-7.67 
3.70 ArH, 7.30-7.58 

(11) 

appears at 1690-1 710 cm-I). With this value of the vC0 
absorption and the chemical shifts of the methoxy groups in 
the n.m.r. spectra (see Table 1) it is possible to establish the 
structure of these products. 

Reactions of ylide (1) with phenylacetylene and ethyl 
phenylpropiolate yield the azolopyridines (1 5) and (16), 
respectively. The 'H n.m.r. spectrum of (15) shows the signal 
corresponding to  4-H as a singlet at 6 5.67; structure (15) 
has been assigned to this regioisomer by comparing this 
value with those of 3-H in compounds (12)-(14), at 6 ca. 8. 
The structure of (16) has been established by comparing the 

E t  Et Et 

(18) R = E  (20 )  
(19) R = H  

A B 

Theoretical model for approach in cycloaddition 

chemical shifts of the N-methyl groups of (6), (15), and (16). 
In the other regioisomer this group would be affected by the 
neighbouring phenyl group at C-4. 

The structures of the regioisomers (12)-(16) show that 
the nucleophilic extreme of the dipole in compounds (1)-(5) 
is the carbon atom which supports the two cyano groups, 
which is the usual polarization of azomethine ylides with 
electron-wi t hdrawing su bst i tuents .7 

(2 )  Reactions of Azomethine Imines.-Reactions of 1- 
ethylbenzotriazolium 3-dicyanomethylide (1 7) with DMAD 
and MP afford the cycloadducts (18) and (19), respectively.* 
Experiments with l-ethyl-l,2,3-triazolium 3-dicyanomethylide 
(20) yield only tars. 

(3) Regioselectiuity in 1,3- Dipolar Cycloadditions. Theoretic- 
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Table 2. Stabilisation energies 
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103 AE,* 103 AE,* 1 0 3  AAE * ~ x p .  
- 3.60 
- 3.88 
- 2.79 

- 3.52 
- 3.83 
- 2.80 

- 3.85 
-4.11 
- 2.95 

- 3.34 
- 3.68 
- 2.73 

- 3.23 
- 3.51 
- 2.48 

- 2.74 
-3.22 
- 2.44 

-4.51 
-4.54 
- 2.94 

- 4.48 
- 4.54 
- 2.97 

- 4.65 
- 4.80 
- 3.20 

- 4.34 
- 4.44 
- 2.95 

- 4.05 
- 3.88 
- 2.38 

- 3.77 
-3.54 
-2.18 

* Energies are given in atomic units. Italicised values correspond to the experimental reactions. 

- 0.91 
- 0.66 
-0.15 

- 0.96 
-0.71 
-0.17 

- 0.80 
- 0.69 
- 0.25 

- 1.00 
- 0.76 
- 0.22 

- 0.82 
- 0.37 

0.10 

- 1.03 
-0.32 

0.26 

100% (12) 
100% (16) 
100% (15) 

100% (13) 

100% (14) 

l ~ %  (19) 

a1 Approach.-l,3-Dipolar cycloaddition, both of azo- 
methine ylides and azomethine imines, has been examined by 
using S us tmann's second-order perturbational treat men t 
[equation ( l ) ]  which is a good model for the study of the 
regioselectivity of these 

+ (c,"oc.:up,, + c;ocyp,,,.)2 
E[O - E,LU A E = ~ x  

C;", atomic orbital coefficient of the highest occupied 

Ct", atomic orbital coefficient of the lowest unoccupied 

p,,, resonance integral between Y and s atoms l3 

€RHO, EkU, dipole HOMO and LUMO energies 
E;O, EkU, dipolarophile HOMO and LUMO energies 

molecular orbital (HOMO) 

molecular orbital (LUMO) 

We have used a model in which the reagents are placed in 
two parallel planes at d 2.5 8, (Figure)."*'3 Each stabilization 
energy has been estimated by applying equation (1); the more 
negative the values of AE the greater the expected stabiliz- 
ation of the transition state. 

The molecular energies and the atomic orbital coefficients 
were obtained from molecular wave functions calculated by 
the CND0/2  method.* The calculations have been carried 
out on the N-methyl instead of the N-phenyl ylides, since our  

* The corresponding molecular geometries are available on request 
to the author. 

program is limited to 70 orbitals. However, we have checked 
that this approximation did not introduce any significant 
change in the AAE values, by studying theoretically the 
cycloaddition of pairs of N-methyl and N-phenyl ylides with 
only one cyano group [N-CH(CN)].l4 

Table 2 summarizes the stabilization energies for a large 
group of reactions. It can be seen that the experimental results 
always agree with the calculated values. Approach B is 
always favoured. The IAAEI value decreases in the order 
HC=CE > P h C X E  > PhCZCH, even if the reaction is 
always stereospecific. For the azomethine imines, the lower 
values of AE, and AEB can be correlated with a lower reac- 
tivity. One can note that the calculations predict an inversion 
of the orientation in the case of phenylacetylene. 

+ -  

Experimental 
M.p.s were determined on a Buchi 510 apparatus and are un- 
corrected. 1.r. spectra were obtained for KBr discs and n.m.r. 
spectra for solutions in CDC13 using tetramethylsilane as an 
internal standard. Microanalyses were performed at  Centro 
Nacional de Quimica Organica, C.S.1 .C., Madrid. 

Ylides (1)-(5), (17), and (20) were available from earlier 
work.' 

Reactions of' Azomethine Ylides with D M A  D.-DMAD ( 1  
mmol) was added to  a solution of ylide (I  mmol) in dimethyl- 
formamide ( 5  ml) at  0 "C. The mixture was allowed to stand 
at  0 "C for 4 h, and then dropped into water and the precipi- 
tated filtered off. Recrystallization from the appropriate 
solvent gave the pure product. 

dihydropyrido[l,2-a]benzirniduzole (6) .  This was formed in 
2- Cyano- 1 -imino- 5 -methyl- 3,4- bismethoxycarbonyl- 1 ,5 - 
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68% yield, m.p. 210-211 "C (from acetonitrile); vmax. 3 280 
(NH), 2215 (CN), 1730, and 1710 (CO) cm-' (Found: C, 
60.6 ; H, 4.2 ; N, 16.6. C17H 14N404 requires C, 60.3 ; H, 4.4 ; N, 
16.3%). 
2-Cyano-5-ethyl- 1 -imino-3,4-bismethoxycarbonyl- 1 J-dihy- 

dropyrido[l,2-a]benzimidazole (7). This was formed in 63% 
yield, m.p. 209-210 "C (from acetonitrile); vmux. 3 220 (NH), 
2 220 (CN), 1 730, and 1 700 (CO) cm-' (Found: C, 60.8; N, 
4.5; N, 15.7. C18H16N404 requires C, 61.3; H, 4.5; N, 15.8%). 

dihydroimidazo[l,2-A Jpyridine (8). This was formed in 61% 
yield, m.p. 177-178 "C (from ethanol); v,,,,. 3 220 (NH), 
2 210 (CN), 1 720, and 1 690 (CO) cm-' (Found: C, 61.9; 
H, 4.1 ; N, 15.7. ClsHl4N4O1 requires C, 61.7; H, 4.0; N, 
16.0%). 

dihydro-l,2,4-triazolo[ 1,5-a]pyridine (9). This was formed in 
62% yield, m.p. 185-1 87 "C (from ethanol) ; v,,,. 3 300 (NH), 
2 220 (CN), 1 740, and 1 700 (CO) cm-' (Found: C, 58.0; H, 
3.7; N, 20.2. C17H13N504 requires C, 58.1 ; H, 3.7; N, 19.9%). 

dihydro-l,2,4-triazolo[4,3-a]pyridine (10). The crude product 
(1 1) cannot be purified since it affords by simple crystallization 
from benzene compound (lo), in 56% yield, m.p. 172-174 "C 
(from benzene); vmax. 3 310 (NH), 2 220 (CN), 1 740, and 1 700 
(CO) cm-' (Found: C, 57.9; H, 3.7; N, 20.2. Cl7HI3N5O4 
requires C ,  58.1; H, 3.7; N, 19.9%). 

6- Cyano-5-imino-7,8- bismethoxycarbonyl- 1 -phenyl- 1,5- 

6-Cyano-5-imino-7,8-bismethoxycarbonyl-1 -phenyl- 13- 

6-Cyano-5-imino-7,8-bismethoxycarbonyl- 1 -phenyl-l,5- 

Reactions of Azomethine Ylides with MP.-The reactions 
were carried out in the same way as those with DMAD, but 
at room temperature and a reaction time of 72 h. 
2-Cyano-5-ethyl-1 -imino-4-methoxycarbonyl-l,5-dihydro- 

pyrido[ 1,2-a]benzimidazole (12). This was formed in 25% yield, 
m.p. 172-173 "C (from benzene); vmax, 3 310 (NH), 2 210 
(CN), and 1710 (CO) cm-' (Found: C, 65.2; H, 4.7; N, 
19.2. C16H14N402 requires C, 65.3 ; H, 4.8 ; N, 19.0%). 
6- Cyano-5-imino-8-methoxycarbonyl- 1 -phenyl- 1,5-dihydro- 

imidazo[ 1,2-a]pyridine (1 3). This was formed in 27% yield, m.p. 
205-206 "C (from ethanol); v,,,. 3 300 (NH), 2 220 (CN), 
and 1680 (CO) cm-' (Found: C, 65.3; H, 4.5; N, 19.3. 
Cl6HI2N4O2 requires C, 65.7; H, 4.1 ; N, 19.2%). 
6- Cyano-5-imino-8-methoxycarbonyl- 1 -phenyl- 1,Sdihydro- 

1,2,4-rriazolo[2,3-a]pyridine (14). This was formed in 24% 
yield, m.p. 171-173 "C (from ethanol); vmax. 3 300 (NH), 
2220 (CN), and 1680 (CO) cm-' (Found: C ,  61.4; H, 3.9; 
N, 23.5. CI5HllN5O2 requires C ,  61.4; H, 3.8; N, 23.9%). 

Reactions o j  1 -Methylbenzimidazolium 3- Dicyanomethylide 
(1) with Ethyl Phenylpropiolate and Phenylacety1ene.-A 
solution of (1) (1 mmol) and the dipolarophile (1 mmol) in 
dioxane ( 5  ml) was refluxed for 48 h (PhCXC02Et) and 72 h 
(PhCrCH). The crude product was precipitated by cooling, 
filtered off, and recrystallized. 
2-Cyano- 1 -imino-5-methyl-3-phenyl- 1,5-dihydropyrido[ 1,2-a]- 

benzimidazole (15). This was formed in 8% yield, m.p. 312- 
314 "C (from acetonitrile); v,,,,. 3 300 (NH) and 2 180 (CN) 
cm-' (Found: C, 76.7; H, 4.8; N, 18.5. ClYHI4N4 requires C ,  
76.5; H, 4.7; N, 18.8%). 
2-Cyano-4-ethoxycarbonyl- 1 -imino-5-methyl-3 -phenyl- 1,5- 

dihydropyrido[ 1,2-a]benzimidazoIe (1 6). This was formed in 
22% yield, m.p. 227-228 "C (from acetonitrile); vnlaX, 3 300 
(NH), 2 220 (CN), and 1 710 (CO) cm-' (Found: C, 71.6; H, 
5.0; N, 14.7. C22H18N402 requires C, 71.4; H, 4.9; N, 15.1%). 
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