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REACTION OF VINYLPYRIDINES WITH OXAZOLES 

P. B. Terent'ev, N. P. Lomakina, 
M. Islam Rakhimi, K. Dager Riad, 
Ya. B. Zelikhover, and A. N. Kost* 

UDC 547.787'82:543.51 

Depending on the structure, the reaction of the hydrochlorides of 2- and 4-vinyl- 
pyridines and 2-methyl-5-vinylpyridine with oxazoles leads to the synthesis of 
dipyridyls with or without a hydroxy group. It is shown that the regiospecificity 
of the reaction can be predicted on the basis of quantum-chemical calculations 
with the aid of the concepts of MO perturbation theory. 

We have previously reported [i] that the reaction of oxazoles with 2- and 4-vinyl- 
pyridines (I and II) proceeds via the scheme of the Kondrat'eva reaction [2, 3] and leads 
to the production of dipyridyls. However, the relative orientation of the pyridine rings 
in the compounds obtained cannot be regarded as definitively established. 

In the present research we made a theoretical estimate of the regioselectivity of the 
reaction of vinylpyridines with various oxazoles, realized this reaction, and determined the 
structures of the reaction products. 

We have recently shown that the principal assumptions of MO perturbation theory [4] can 
be successfully used to predict the regiospecificity of processes involving cycloaddition 
to vinylpyridines [5]. Using the previously found quantum-chemical parameters of vinyl- 
pyridines [6] and our calculated* parameters of 2,4-dimethyloxazole (IIIa), 3,4-dimethyl- 
oxazole (IIIb), 2-methyl-4-phenyloxazole (IIIc), and B-(2-pyridyl)acrylic acid (IV) (Table 
i) we estimated the perturbation energies of formation of regioisomeric adducts A and B 
with the aid of the known relationship [7] 

AEn= 2[ ( Cm, " C's,n" J]mn + CRp " C'sq " [3pq)2 ( C'R,, . Csm. ~ . . . .  -~ CIRp " C,sq " [:Jpq) 2] 

where C and C' are the coefficients of the atomic orbitals (AO) of the directly interacting 
n and p atoms (the diene, subscript R) and m and q atoms (the dienophile, subscript S) 
corresponding to the upper occupied molecular orbital (UOMO) and the lower vacant molecular 
orbital (LVMO), and ER, E' R and ES, E' S are the levels of the boundary orbitals of the 
diene (R) and the dienophile (S). An analysis of the values obtained (Table 2) showed that 
in the reaction of the hydrochlorides of vinylpyridines I and II and 2-methyl-5-vinylpyri- 
dine (V) with oxazoles IIIa-c the transition state that leads to the formation of regioiso- 
mer B is energetically more favorable. On the other hand, in the reaction of pyridylacrylic 
acid IV with oxazole IIIa one should expect the formation of regioisomer A. However, in the 
reaction of acid IV with oxazole IIIb the formation of both regioisomers A and B is virtually 
equally likely. 

We accomplished the reaction of oxazoles IIIa-c, as well as 4-phenyloxazole (IIId), 
4-phenyl-5-methyloxazole (IIIe), 2-propyl-4-methyloxazole (IIIf), 2,4,5-trimethyloxazole 

*Deceased. 
tThe calculations were made by Yu. V. Gulevich with a BESM-6 computer by the MINDO/3 method. 

M. V. Lomonosov Moscow State University, Moscow 117234. Kabul Polytechnic Institute, 
Afghanistan. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 9, pp. 1255- 
1262, September, 1980. Original article submitted February 25, 1980. 
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TABLE i. Coefficients of the AO and Energies of the MO of 
Oxazoles llla-c and Acid IV 

Compound 

I l i a  

I I I b  

I l lc  

IV* 

Boundary 
orbital 

LVMO 
UOMO 
LVMO 
UOMO 
LVMO 
UOMO 

LVMO 
UOMO 

Coefficients of the AO of the C 
atoms 

-0,58412 
0,44670 

0,48598 
0,44657 
0,06958 

--0,33425 

--0,46073 
0,44591 

--0,50271 
--0,62198 

-0,56465 
--0,59942 

0,41221 
0,56387 

0,49952 
0,25656 

--0,24411 
-0,40306 

E, eV 

1,8595 
-8,1488 

1,7872 
-8,1151 

0,9802 
-9,1870 

--0,0415 
-9,0038 

*In the case of acid IV atoms 2 and 5 correspond to the B 
and a atoms of the side chain. Atom 3 corresponds to the 
Cs atom of the pyridine ring. 

TABLE 2 .  Energies of Formation (AE~) of Regioisomers A and B* 
(kJ/mole) 

az~ 

Dienophile 

I I 1 V V 

A B A B A B A B 

I l i a  (;2,2 71,8 80,9 93,1 [ 111,0 106,4 56,4 58,3 

i 

IIlb 20.1 29,4 20,3 31,2 1 75,7 76,4 1,7 3,1 
l l l C  17,8 25,5 21,6 32,1 53,4 56,6 t 1,6 13,5 

*The quantum-chemical parameters for the protonated forms of I, 
II, and V and the neutral form of IV were used in the calcula- 
tion. 

(lllg), 4-methyl-5-ethoxyoxazole (lllh), 2-phenyl-5-ethoxyoxazole (llli), and 5-methyl-4- 
hexyloxazole (lllj) with vinylpyridines I, II, and V, as well as with acid IV, by refluxing 
a solution of a twofold excess of the dienophile with the corresponding oxazole in n-butyl 
or isoamyl alcohol. The use of other solvents such as water, ethylene glycol, ethanol, 
dioxane, or dimethylformamide (DMF) leads only to lowering of the yields of the final prod- 
ucts. 

An analysis of the resulting compounds showed that 3-hydroxy-5-pyridylpyridines (Via-g) 
are formed in the reaction of vinylpyridines I, II, and V with 5-unsubstituted oxazoles (ex- 

l o 
R 

+[o],-.~o(-.oc,. 9_ ~ . ~  
R ~ = H  ( O C . H s )  , . P y  

py N _ _  

/ . P) 

R ~ _ H20  

A R ~ = AIk 

L ".,o 
+ [ 0 ] ,  - H ~ O  

R,'= H 

- 1120 

R ~ = AIk 

OH 
v l h - j  

/ py 

Vlr 

N ~ P Y  
.U.J 

I 
OH 

vl a-g 
I 

N ~ P Y  

M 
1(' 

v l  k:o  
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TABLE 3. Properties of Dipyridyls Vla-q 

/ l "v trura,- 1% Erapirical % 
o ~ R2 I~* .R' R ~ i~ ~ rap, ~  kma• t T t f  orraula o 

72,3 !6,1 
I 

Via CHa OH H Py-2biCHa C,2I-1,2N20 !72,0 6,0 60 
VIb Ct-I3 OH It Py-2 lCsIl; 73,2171 CI4FII6N20 173,6 7,0 12 
Vle C6t%IOH H Py-2 H 77,0 4,9 C16FtI2N20 i77.4 4,9 50 

VId CBI-tsIOH I H Py-2 CIt8 77,6 5,31CIzHI4NeO [77,8 5,4 58 
I I 

vie C6H5 Oit I H Py-4 H 77,8 5,1[C~6Ft12N20 77,4 4,9 42 

Vlf C6HsIOH In Py-4 CH8 78,1 5,4ICjTHI4NzO] 77,8 5,4 25 
1 I 

vIg C6HsOH I H Py-3 CHa 78,1 5,8]CI8HI6N20 78,2 5,8 20 

vIh CH8 IOH I Py-2 H H 71,0 5,7[CuHmN20/ 70,9 5,4 45 

I I 
vii H [OH ]Pv-2 H C~H~ 77,2 48ICMhzN~O 77,44,9 2,[ 
vlj cH,~ OH P~-2 H CH~ 71,6ISI7[C,~H,~N.-O 72,0]6,0, 12 

t 
Vlk CH3 CH8 I H Py-2 H 52,0 3,9/CI~I-ti5N507 52,3i3,7 25 

VII CIt3 CH,~ H Py-2 C1t3 78,6 7,2 CIstt~4N~ 78,8[7,1 25 

VIIT C~H~ CH.~ H Py-2 H 82,8 5,6 C 7HI~N~ 83,0 5,6:80 

vIn CH~ C~H~8 H Py-2 IH 56,8 5,3 C~II~N807 57,1 5,237 

VIo C6H~ CHa H Py-3 ]H 82,9 5,0 CIsH~sNe 83,0 6,2 3 

Vlp C~H8 H OCHa [ Py-2 ICH8 78,3 5,7 C~8It1~N20 78,2 5,8 19 

VIq C~H~ OTos e H Py~2 Cit8 69,2 ~,9 C~H~oN~O~S 59,2 4,8160] 

aln methanol, b2-Pyridyl is indicated by Py-2, Py-4 is 
4-pyridyl, and Py-3 is 6-methyl-3-pyridyl. CThe picrate. 
The base had bp 168-170=C (12 mm). dThe picrate. The 
base had bp 161-163~ (9 mm). eThe tosylate, which was ob- 
tained from 2 mmole of Vld and 5 mmole of p-toluenesulfonyl 
chloride in i0 ml of 20% sodium hydroxide solution. 

cept for oxazoles IIIh and IIIi), whereas in the reaction of the same vinylpyridines with 
5-substituted oxazoles (except for IIIh and IIIi) the reaction products (VIk-o) do not 
contain a hydroxy group (see Table 3 for the properties of VI). 

Hydroxydipyridyls VIc-g have similar UV spectra with two maxima at 240 and 320 nm. The 
long-wave maximum in the UV spectra of these compounds in solution in alcohol alkali under- 
goes a 36-nm bathochromic shift. 

Moreover~ methylation or tosylation of the hydroxy group in Vld (to give Vlp and Vlq) 
leads to a 20-nm hypsochromic shift of the long-wave band. These spectral properties are 
very characteristic for 2-phenyl-3-hydroxypyridines [8]. 

It follows unambiguously from an analysis of the PMR spectra (Table 4) that the pyri- 
dine residue in them is located in position 5 of the hydroxypyridine ring [doublets of 2-B 
protons at 8.88 and 8.63 ppm, as well as 4-H protons at 8.63 and 7.70 ppm, respectively, 
for IVc and IVe, with identical spin-spin coupling constants (SSCC) of 2 Hz]. S~ me the UV 
spectra of Vla-f are similar to one another, all of them are apparently 3-hydroxy-5-pyridyl- 
pyridines.* At the same time, Vlh, which was obtained by reaction of vinylpyridine I with 

*The long-wave band in the UV spectra of Via, b is shifted hypsochromically 23 nm as com- 
pared with the corresponding band in the spectrum of Vie; this is analogous to a comparison 
of the UV spectra of 2-phenyl-3-hydroxypyridine and 3-hydroxypyridine [8]. 
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oxazole lllh, has a UV spectrum that differs markedly from the spectrum of Vla. In it one 
observes three absorption bands at 252, 285, and 325 nm, which is similar to what is ob- 
served for aryloxypyridines, which exist partially in the form of dipolar ions [8]. This 
makes it possible to assume that the hetaryl residue in Vlh is adjacent to the hydroxy group, 
i.e., in the 4 position. In fact, two doublets of 2-H (8.01 ppm) and 3-H (7.78 ppm) protons 
with an identical SSCC of 5.0 Hz are observed in the PMR spectrum of Vlh in the weak-field 
region. The shift of the 2-H signal to stronger field as compared with the pyridine deriva- 
tives is apparently associated with the presence of a hydroxy group in the para position 
relative to it, while the shift of the 3-H signal to weaker field is explained by the effect 
of an adjacent electron-acceptor pyridine ring. The reaction of oxazole Ilia with acid IV 
gave VIi, which does not contain a carboxy group and is similar to VI with respect to the 
results of analysis and its mass spectrum but differs with respect to its melting point and 
UV spectrum. At the same time, its UV spectrum was similar to the UV spectrum of hydroxy- 
dipyridyl Vlh. In addition to the characteristic pattern of signals of a 2-pyridyl residue, 
a singlet of a 5-H proton at 7.40 ppm was observed in the PMR spectrum of the substance ob- 
tained. The weak-field shift of 8-H as compared with a-picoline in this case is associated 
with the presence of an adjacent hetaryl residue. The mass-spectral behavior of dipyridyls 
Via and VIj is very similar, since primary fragmentation of their molecular ions commences 
with the loss of a CHO fragment and the formation of identical ions with m/e 171 in both 
cases. Thus, in complete agreement with the calculations (Table 2), regioisomers of the B 
type are formed in the reaction of vinylpyridines I, II, and V with 5-unsubstituted oxa- 
zoles. At the same time, in agreement with the data in Table 2, a regioisomer of the A type 
is formed in the reaction of acid IV with oxazole Ilia. As regards 5-alkoxyoxazoles lllh 
and llli, it is known from the literature [3, 9] that 4-substituted 3-hydroxypyridines are 
always formed in the reaction with unsymmetrical dienophiles of the acrylic acid derivative 
type; this is also in good agreement with the calculated data [i0]. In the light of the 
material set forth above, the dipyridyls and hydroxydipyridyls that we previously obtained 
[ii] in the reaction of 2-methyl-4-tert-butyloxazole with 2-vinylpyridine should also be 
classified as 3-hydroxy-5-pyridylpyridines, since their UV spectra also (like that of Via) 
contain only one absorption band at 297 nm. 

The reaction of 5-alkyl-substituted oxazoles lllb, e, g, j with vinylpyridines I, II, 
and V led to the formation of dipyridyls Vlj-o, which do not contain a hydroxy group. Two 
close-lying absorptio n maxima at 262 and 268-270 nm, which are characteristic for deriva- 
tives of dipyridyls [ii], are observed in their UV spectra. An analysis of the PMR spectra 
of dipyridyls Vlk-m (Table 4) makes it possible to assert that they have the 2,3-dipyridyl 
structure; this is also in good agreement with the data in Table 2. 

A substance that does not contain a carboxy group and, according to analysis, corre- 
sponds to dipyridyl Vlk was isolated in 7% yield in the form of an oil in the reaction of 
acid IV with oxazole lllb; however, the picrate of this compound has a lower melting point, 
and chromatographic mass-spectral analysis of the oil shows the presence of a mixture of two 
substances in a ratio of 3:2. Both compounds have a molecular mass of 184 and are extremely 
similar with respect to the character of the fragmentation of their molecular ions. Accord- 
ing to its retention time and mass spectrum, the second compound corresponds to Vlk. Sig- 
nals of protons of both Vlk and the isomeric 2,3-dimethyl-4-(2-pyridyl)pyridine (Vlr) are 
observed at strong field in the PMR spectrum of the mixture obtained. 

These data make it possible to conclude that the regiospecificity of the reaction of 
both 5-substituted and 5-unsubstituted oxazoles with acid IV is also in conformity with the 
theoretical predictions (Table 2), while decarboxylation takes place in the second step of 
the process after the formation of the primary adduct. 

Thus the use of the computational methods of MO perturbation theory makes it possible 
to successfully predict the regiospecificity of the Kondrat'eva reaction. 

EXPERIMENTAL 

The UV spectra of methanol solutions of the compounds were recorded with a Cary-15 spec- 
trophotometer. The PMR spectra were obtained with Varian T-60 and Bruker WP-200 and WP-360 
spectrometers. The mass spectra were recorded with MKh-1303 and Varian MAT-Ill spectrom- 
eters at energies of 50 and 80 eV, respectively, with direct introduction of the substances 
into the ion source. The chromatographic mass spectra were obtained with an MAT-Ill spec- 
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trometer with a 1.5-m long column filled with 3% SE-30 on Chromosorb with programmed heating 
from i00 to 250~ at a rate of i0 deg/min. 

We have previously described [13] the synthesis of oxazoles Illc-g, j. Oxazoie IIIh 
was obtained by the method in [14], while oxazole IIIi was obtained by the method in [15]. 
Acid IV was synthesized by condensation of 2-formylpyridine with malonic acid [16]. Accord- 
ing to the results of gas--liquid chromatography (GLC), vinylpyridines I, II, and V were 
more than 98% pure. Their hydrochlorides were obtained by passing dry hydrochloric acid 
through a solution of the corresponding vinylpyridine in absolute ether. The melting points 
of the hydrochlorides were as follows: I19-120~ for I, 223-225~ for II, and 164-i65~ 
for V. According to the data from the PMR spectrum, acid IV has a trans configuration. 

Reaction of Vinylpyridines with Oxazoles III. A solution of 25 mmole of the oxazole 
and 55 mmole of vinylpyridine hydr0chloride in 30 ml of n-butyl or isoamyl alcohol was 
refluxed for 5-8 h, after which it was allowed to stand overnight. The solvent was evapo- 
rated, and the residue was dissolved in water. The unchanged oxazole III was extracted with 
ether, and the aqueous layer was neutralized with 2 N sodium hydroxide solution to pH 7-7.5. 
Dipyridyls Via-g, i, m, o precipitated from the reaction mixtures and were separated and re- 
crystallized. Dipyridyls VIk, n were extracted with ether, the extract was dried with an- 
hydrous magnesium sulfate, the solvent was evaporated, and the residue was distilled in 
vacuo. The properties of VI are presented in Table 3. The reaction of the hydrochloride 
of I with oxazoles IIIh and IIIi, as well as the reaction of acid IV with oxazoles IIIa and 
IIIc, was carried out in acetic acid for 8 h (or, respectively, 25 h), and the mixture ob- 
tained after evaporation of the solvent and neutralization with sodium carbonate was ex- 
tracted with hot hexane (VIh and VIi) or chloroform (Vii). 

3-Methoxy-2-phenyl-6-methyl-5-(2-pyridyl)pyridine. A 1.3-g (5 mmoie) sample of di- 
pyridyl VId and 1.4 g (I0 mmole) of methyl iodide were added at 20~ to a solution of 0~ g 
of sodium metal in I0 ml of absolute ethanol. After 2 days, the alcohol was removed by dis- 
tillation, a 1 N solution of sodium hydroxide was added to pH 9-10, and VIp was separated~ 
See Table 3 for the yields and properties. 
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