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E s t e r s  of the F u r a n  Ser ies  c.,-~-c,:c,:coR 
/ M _ _  

R (pressure, nD2c d420 /foUnd ~ ~oTmP~il:al 
ram) C 

_OC,2_~-" ~ 145--146 (3)1 1,4850 1.1025!61.93 61.84 CI3HlsO4/65.59 

1.1385 60.69 60.90 C18H1,~O,~67.02 124--124.5 1.5018 I i/ 165.84 66.91 ~oc.~ (3) 

182 (7) ' -o - !~ :cup , -~  ', 1.476110470" 75 55 i75 69 I C,sH,404 68 66 

_o_lc.2)s_~-- fl 139--140(3) l"095871"2917/ C H O 6.678: 1.4915, . 67 , ,  q 8 8 6  

--OC".~CH=CH2 103-- 04 (7) 1,47801.0397 52.87 52.69 CuHIJ4Oa 68.12 
68.19 

t lC- -N 
II II 

I i iCaleulated,I 
Fou, a, % I _ %__ ~ 

H C H 

7.67] 7"84165"521 7.61 66 

6.13166 65 622!73 
6,13i I 
8,96 68 54 8.63 70 
9.00 

7.11 68.68 6.92 68 
7.19 i 
~]3~ 68,02 7.22 79 

EXPERIMENTAL 

The furan esters obtained by the method described [i, 2] are 

colorless or pale yellow liquids with a characteristic odor. Their 
physical constants and analytical results are given in the table. 
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The values of the dipole moments of 15 substituted, 1,3-oxazolesare 
given. The electron density distribution in the molecules of 2, 5-, 
2, 4-, and 4, 5-diphenyl-1,3-oxazoles has been calculated by the 
LCAO MO method. Their heterocycle does not contain a single 7r- 
electron system with the participation in conjugation of the ~r- electrons 
of the C=N and C=C bonds and the p-electron pair of the oxygen. A 
vector calculation permits the detection of a considerable conjugation 
between substituents and the 7r-electrons of the heterocycle through 
phenyl. 

An ana lys i s  of va r i ous  p r o p e r t i e s  of the mo lecu l e s  
of pheay l - subs t i t u t ed  i soxazo les  has led to the con -  
c lus ioa  that the a roma t i c i t y  of the i soxazole  r i ng  is  
low and i ts  i n t e r a c t i o n  with the 7r-electron s y s t e m  of 
the phenyl  r i ngs  is  v e r y  weak [1]. It was d e s i r a b l e  to 
con f i rm  this for  p h e n y l - s u b s t i t u t e d  1, 3 -oxazo les .  
Table 1 gives  the r e s u l t s  of m e a s u r e m e n t s  of the 

dipole m o m e n t s  (#) of a n u m b e r  of subs t i tu ted  1, 3 -  
oxazoles  in benzene  as solvent .  F o r  some of them 
(2, 5- ,  2, 4- ,  and 4, 5-d iphenyloxazoles)  the m o l e c u l a r  

d i a g r a m s  and 7r mome n t s  (Prr) have been ca lcu la ted  
by the LCAO MO method in H~ckel ' s  approx imat ion ;  

for  the compounds  with p a r a  subs t i t uen t s  in the pheayl  
r i ngs ,  the obse rved  momen t  has been  compared  with 
that  ca lcu la ted  by s imple  vec to r  combina t ion  of the 

m o m e n t s  of the individual  funct ional  groups  of the 
molecu le .  Ca lcu la t ion  of the e l e c t r o n  dens i ty  d i s t r i -  
but ion by the MO method was  c a r r i e d  out u s ing  O r g e l ' s  
p a r a m e t e r s  [3], namely :  a(__N== ) = aU+ fl ; a (_O)  = c~ C + 

+ 3.2p ; fl(C--O) = 1,4fl ; fl(C--N) = 1.2fl ; fl(N--N) = ft. 

The induct ive  inf luence  of the he t e roa toms  on the c a r -  
bon atom connected to them was taken  into account  by 
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Compound 

2,5-Diphenyl-1,3-oxazole 
2,4-Diphenyl-1,3-oxazole 
4,5-Diphenyl-l,3-oxazole 
5-Biphenylyl-l-phenyl-1,3- 
oxazole 
2-Biphenylyl-5-phenyl- 1,3- 
oxazole 
2-p-methoxyphenyl-5- 
phenyl-1,3*oxazole 
2-p-Nitro phenyl-5-phenyl- 
1,3-oxazole 
S-p-Nitro phenyl- 2-phenyl- 
1,3-oxazole 
2.p-Bro mo phenyl-5-phenyl- 
1,3-oxazole 
2-p-Met hoxyphenyl-5-p- 
nitrophenyl-1,3-oxazole 
2-Bromomet hyl-5-phenyl- 
1,3-oxazole 
2- d.Bro mo ethyl- 5-phenyl- 
1,3-oxazolr 
4-Io do-2,5 -diphenyl- 1,3- 
oxazole 
4-Bromo.2,5-diphenyl-I, 
3-oxazole 
5-Io do-2,4-diphe nyl- t, 
3.oxazole 

10.86 

9.34 

8.60 

7.43 

4.02 

T a b l e  i 

Dipole M o m e n t s  of O x a z o l e s  

P2 oo 

).404 123.32 
).6441105.90 
3,688 141.92 
3.718 175.58 

3,819 153.49 

3.573 154.29 

1.080 1616.46 

3,832 344.26 
| 

3.593 152.29 

1.30C 602,79 I 
I 

1.060 ]208,061 

1.00~ 194.78 

1.8o3i 

1.o83i 
1.610 

186.78 1 

178.49 

126,32 

~E+A 

71.38 
71.38 
71,38 
96.94 

96.94 

71.9~ 

76.801 

76.8{ 

79,541 

83.37 

57.92 

62,77 

84.60 

79.54 

84,60 

Pexpt, 

51.96 
34.52 
70,54 
78.64 

56.55 

76.34 

539.66 

267.46 

72.75 

519.42 

150.14 

132.01 

I02.18 

98.95 

41.72 

~l ODbS" 

1,55 [ 
1.29 
1.85 
1.95 

1.65 

1.92 

5.11 

3.56 

1.87 

4.96 

2.68 I 

2.52 

2,22 

2.15 

1,42 

calc. 
D 

1.84 

1.70 

2,12 

4.62 

2.99 

2.41 

AV'~  obs. 
--Ix calc. 

+0.11 

-0 ,05  

--0.20 

+0.49 

+0.57 

- 0.54 

Position of the 
substituents in 
1,3-diphenyl- 

oxazole 

-2.5 
-2.4 

-4.5 

T a b l e  2 

T o t a l  C h a r g e s  and M o m e n t s  of the  D i p h e n y l o x a z o l e s  

Total charges on the 

hetero- 
cycle 

phenylin 
posRion 

2(4) 

phenyl in 
position 

S(4) 

--0.0280 
--0,0303 

0,0055 

0.0320 
0.0331 

--0.0023 

"0.0039 
--0.0021 

--0,0028 

D 

3.36 
3.63 

q~ = 0  ~ 
3.32 

r ~ 

gt G , 
D 

0.94 
0.79 

q0 = 133 ~ 
0.64 

= 133 ~ 

~total, 
D 

1.35 
1,69 

1.43 

~obs ,  
D 

1.55 
1 .29  

1.85 
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Fig. 1. Molecular diagrams of the diphenyloxazoles: 1) 2, 5-diphenyl,  
1, 3-oxazoIe; ~,) 4, 5-diphenyl-1, 3-oxazole; 3) 2, 4-diphenyl-1, 3-oxazole. 

the auxiliary induction pa ramete r  5 x = 0.1 Z (aX/-. aC). 
The molecular diagrams obtained are given in Fig. I, 

-0.5 

% 

0.5 

015 ,, E~ 

Fig. 2. A#+as a function AE1/~ for compounds of type 
~ ~ x  with X = 1) NO2; 2) C6H~; 3) OCH3; 4) Br. 

and the values of the total charges on the phenyl r ings 
and the heterocycle,  # ~ , / ~ ,  and/~ total, equal to the 
vector  sum of #or and # J 1 . 6  [3] are given in Table 2. 

As can be seen, the introduction of phenyl groups 
into the oxazole molecule causes a considerable change 
in the charge distribution on the var ious  atoms of the 
heterocycle  (Fig. 1). As compared with unsubstituted 
oxazoles [3], for  which the electron density d i s t r i -  
bution has been calculated by means of the same 
paramete r s  of the Coulomb and resonance integrals,  
par t icular ly  for  the 2, 4-diphenyl derivative, a negative 
charge ar i ses  on the nitrogen and the posi t ive charge 
on the oxygen fails somewhat. 

The excess  charge (total over  all the atoms) of the 
heterocycle  in the case of 2, 4-  and 20 5--diphenyloxa- 
zoles I proves to be negative with a considerable absolute 

value, while in the case of 4, 5-diphenyloxazole, con- 
versely ,  it is positive and extremely small.  It is 
evident that in the f i rs t  two the heterocycle is an 
electron acceptor with respect  to the phenyl groups. 
At the same time, in their electronic effect the phenyl 
groups differ considerably according to whether they 
are connected with the carbon atoms of the C~N or 
C==C bonds of the heterocycle.  The fo rmer  exhibit a 
considerable positive total charge and the latter an 
extremely negative total charge. Apparently, phenyl 
groups attached to the carbon atom of a C=N bond 
react  appreciably, and phenyl groups attached to a 
C = C  bond react  extremely feebly, with the ~-electrons 
of the heterocycle.  In neither case does the effect of 
one of the phenyl groups extend over all the atoms of 
the heterocycle and through the heterocycle to the 
atoms of the other phenyl group but it is limited to the 
atoms adjacent to the atoms of the corresponding c a r -  
bon atom (mainly the nitrogen in the case where the 
pheayl groups are attached to C==N and C--N bonds or 
carbon in the case of the C:=C bond). This means that 
in the oxazoles considered, as in the isoxazoles and 
oxadiazoles [2], the heterocycle  does not contain a 
single 7r-system with the participation in conjugation 
of the 1r-electrons of the C=N and C==C bonds and the 
pair  of p-e lec t rons  of the oxygen. 

The values of/~ total calculated f rom the charges on 
the atoms a t / ~  are fa i r ly  close to the observed figures 
(Table 2). The deviation does not exceed ~0.4 D and is 

i only slightly higher than 10 3-oxazole itself [3]. As in 
i the case of the diphenyloxadiazoles [2], because of the 
: existence of a s ter ic  effect, 4, 5-diphenyl-1, 3-oxazole 

exhibits the greatest  deviation of ~ total from/~obs. 
The observed dipole moment of the isoxazole mole-  

cule is almost twice that of the oxazole molecule [3]. 
Apparently, the resultant  moment of the molecules of  
these compounds is determined mainly, as in the case 
of the oxadlazole [2] by the value and direction of the 
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C = N  and C--O--C (in the oxazoles) or  C--<)--N (in the 
i soxazoles)  group moment s .  In oxazole,  the momen t s  
of these groups have opposite d i rec t ions  and in i s o -  
xazole  they are  in the s ame  d i rec t ion .  If a momen t  of 
2.47 D is a s sumed  for  the C=N bond [2] and momen t s  
of 0 .8,  0 .45,  0 .5 ,  and 0 .4  D, r e spec t ive ly ,  for  the 
C---O, C--N, N---O, and C--H bonds,  then for  oxazole 
and isoxazole  by vec to r  addit ion we obtain,  r e s p e c t i v e -  
ly, 1.35 and 3.90 as compared  with the obse rved  va lues  
of 1.4 and 2 .8  D. 

The momen t  of 2, 5 -d ipheay l -1 ,  3-oxazole  was c a l -  
culated vec to r i a l l y  f r o m  the m o m e n t s  of the gc--'--N, gc-~-o, 

~C~--H, P,C ar:_2_~Chet and ~tCar_~-f_Chet,bonds equal ,  r e s p e c -  
t ive ly ,  to 2.47, 0.8, 0.4, 0.4, and 0.4 D; the angles  be -  
tween all the bonds in  the he te rocyc le  were  taken as the 
s a m e  and equaI to  the angle in  a r e g u l a r  pentagon.  The 
ca lcu la ted  m o m e n t  proved to be 1.29 D (as compared  with 
the obse rved  1.55 D) with an angle of inc l ina t ion  of the 
vec to r  of this  moment  to the nomina l  axis of s y m m e t r y  
of the molecule  pas s ing  through the oxygen atom and 
the cen te r  of the C4--N bond of 32 ~ The ca lcula ted  
va lues  of the momen t s  of the de r iva t ives  with p a r a  
subs t i tuen t s  in the phenyl group are  given in Table  1. 
In the ca lcula t ion ,  va lues  of the momen t s  of subs t i tu ted  
benzenes  C~HsX with X =NO2, C6H~, Br,  and OCH 3 
equal ,  r e spec t ive ly ,  to 4.00,  0 .4 ,  1.52,  and 1.31 D 
were  used and the angle of inc l ina t ion  at X = OCH3 was 

taken as 67 ~ . As can be seen  f rom Fig. 2, the va lues  
of A# = Mobs - Pcalc c o r r e l a t e  sa t i s f ac to r i ly ,  except 
for  X = Br,  with AE1/2 --  the i nc r ea se  in the po la ro -  
graphic  reduc t ion  potent ial  of a n i t ro  or carbonyl  
group under  the inf luence of X [4, 5], which shows the 
ex i s tence  of apprec iab le  conjugat ion between the e l e c -  
t rons  of the subs t i tuen t  X through the phenyl group with 
the 7r-electrons of the he terocycle .  

The authors  express  their  thanks toYu.  A. Kruglyak 
for  coopera t ion  and help in c a r r y i n g  out the ca lcu la t ions  
on the EVM-20 computer  in the Ins t i tu te  of Cyberne t i c s  
of the Academy of Sciences  of the Ukra in ian  SSR. 
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Amidines of carboxylic acids react with thionyl chloride to form thi- 
onylamidines which are converted spontaneously into 2H-1,2, 4-ben- 
zothiadiazine 1-oxides. Carbimidic esters react with thionyl chloride 
to give thionylamides as final products. 

in p reced ing  c o m m u n i c a t i o n s  [1, 2] we have shown 
that i socyana te s  of c a r b i m i d i e  acids a re  conver ted  
into 4 -qu inazo lones  at the momen t  of t he i r  fo rma t ion .  

It was of i n t e r e s t  to s tudy the p r o p e r t i e s  of the 
t h iony lamid ines ,  the su l fu r  analogs  of the i socyana tes  
of c a r b i m i d i c  acids.  The t h iony lamid ines  were  ob-  
ta ined with quant i ta t ive  y ie lds  by the r e a c t i o n  of ami-= 

d ines  of ea rboxyl ic  acid with thionyl  chlor ide  in carbon  
t e t r a c h l o r i de  at 50 ~ C. 

/ ;NR 
//,N[~ ~ SOC'o - -  C C I : C ~ R  2 C C I C ~  .HC] 3 CCI)C~,NH ~ " ~ ~S O "  ~ NH2 

1 

R =- C6H ~, C~H4CH~- p 

Compounds I cons i s t  of o r a n g e - c o l o r e d  c r y s t a l l i n e  
s u b s t a n c e s  with low me l t i ng  points ,  r ead i ly  soluble  in 
o rgan ic  so lven t s  and read i ly  hydro lyzed  by a t m o s p h e r i c  
m o i s t u r e  to the in i t ia l  amid ines .  The IR abso rp t i on  
s p e c t r a  of compounds  I have a s t rong  band in the 1260 

cm -1 r eg ion  which is a sc r ibed  to the - - ~ O  group 
[3, 4]. On be ing  s tored  in a c losed  v e s s e l  at room 
t e m p e r a t u r e ,  compound I (R = C6H~) is conver ted  
spon taneous ly  af ter  2 - 4  days into 2 H - l ,  2, 4 - b e n z o t h i a -  

d i a z i n e - l - o x i d e  (cf. [5, 6]). 


