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We have measured the dipole  moments of 23 azachalcones in benzene solution at 25~ The ex- 
per imenta l ly  determined values and those ca lcu la ted  using a vector addi t ive scheme for the dipole 

moments are compared with the chemica l  structure of the azachalcones  and suggestions are made 

about the most probable surface configuration of the ketones. For 1-pyr idyl -3-ary lpropenones-1 ,  a 
correlat ional  relat ionship is found between the values of #,  the in t ramolecular  distances, and the o -  

constant of  Hammet t  for the constituents. 

We have reported ear l ie r  the results of investigating the dipole moments of chalcones [1], and their  furane 

[2], thiophene [3], selenophene [4], pyrrole [5], and quinoline [6] analogs. In extending these investigations to 
he terocycl ic  chalcones,  we decided to determine the dipole moments of the isometr ic  a, 13-unsaturated ketones 

of the pyridine series (the azachalcones)  of the type: 

@ CO--CH=CH--R. 

where R represents phenyl in cases (I-III) ,  4 - to ly l  in (IV-VI), 4-anisyl  in (VII-IX), 4-f luorophenyl  in (X-XII), 4 -  

chlorophenyl in (XIII- XV),4-nitrophenyl in (XVI), 2- furyl in (XVII-XVIII), 2- th ienyl  in (XIX-XXI) and 2-se lenienyl  
in (XXII, XXIII) (Table  1); and to compare the data so obtained with the chemica l  structure of these compounds. 
There are indications in the l i terature of the values of p only for the most s imple carbonyl derivatives of pyridine, 

namely  the corresponding aldehydes [7, 8] and methyl  ketones [7-11].  

For all  these compounds we have used the vector addi t ive scheme to ca lcu la te  the dipole moments for the 

possible coplanar conformations.  In these calculat ions the moment  of the pyridine ring was taken as equal to 2.22 D 
[12], while the angle bonds and the intradistances were taken from [18], and the remaining necessary data from this 

paper and also from [4-6] .  

E X P E R I M E N T A L  * 

The synthesis of azachalcones was carried out using crotonic condensation of 2- ,  8- ,  and 4 -ace ty l  pyridines 
with aromat ic  and heterocycl ic  aldehydes in an alkal ine medium,  as a l ready described in [14]. 

Measurements of dipole moments were performed using the Debye dilute solution method in benzene solu- 

tion at  a temperature 25 ~ 0.02~ in a similar  way to that  described in [3-5] .  Errors in measurement  did not 
exceed •176 D. The results are shown in Table 2. 

D I S C U S S I O N  OF R E S U L T S  

The azachalcones which we have invest igated,  from the method by which they were produced, represent 

trans-isomers with respect to the substituents at the a l iphat ic  double bond. In investigations of chalcone [15] and 
its he terocycl ic  analog [2-6] ,  it has been shown that  the carbonyl group is in the s-c is-posi t ion in relat ion to the 
neighboring vinyl  group. It is reasonable to suppose that in compound I-XXIII a s imilar  configuration of the co-  
planar substituents Will be found. 

For azachalcones,  in the molecules of which 2-  and 8-pyr idyl  residues are found, we may imagine  the ex -  
istence of two planar conformations (Fig. 1), differing in the fact that the atoms of nitrogen and oxygen are loca ted  

* The student G. V. Kulachek part ic ipated in the exper imenta l  work. 
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May-June,  1969. Original ar t ic le  submitted October 2, 1967. 

400 



T
A

B
L

E
 1

. 
D

ip
ol

e 
M

om
en

ts
 o

f 
A

za
ch

al
co

ne
s 

R
-C

O
-C

H
 

= 
C

H
-R

 1 

'R
 =

 p
yr

id
yl

-2
 

C
om

- 
~,

 D
 

C
om

- 

R
, 

po
un

d 
ac

co
rd

, 
po

un
d 

m
ea

s.
 

ca
lc

,*
 

to
 

H
ig

as
hi

 

P
he

ny
l 

4-
to

ly
l 

4-
an

is
yl

 

4-
flH

O
rO

--
 

ph
en

yl
 

4-
ch

io
ro

- 
ph

en
yl

 
4-

ni
tr

o-
 

ph
en

yl
 

3-
fu

ry
l 

2-
th

ie
ny

l 

2-
se

le
ni

en
yl

 

I 

IV
 

V
II

 

X
 

X
II

I 

X
V

I 

X
V

II
 

X
IX

 

X
X

II
 

R
 =

 p
yr

id
yl

-3
 

m
e

a
s.

 
ca

lc
.*

 
ac

co
rd

. 
to

 
H

ig
as

hi
 

C
o

m
" 

po
un

d 

R
 =

 p
yr

id
yl

-4
 

t~
.D

 

m
ea

s.
 

ca
lc

;*
 

ac
co

rd
. 

to
 

H
ig

as
hi

 

2,
31

 

2,
47

 

2,
64

 

2,
61

 

2,
93

 

4,
68

 

2,
23

 

2,
13

 

2 
40

 

a)
 4

,8
9 

b)
 2

,8
5 

a)
 5

,0
9 

b)
 2

,2
6 

a)
 5

,6
3 

b)
 2

,6
5 

a)
 3

,9
8 

b)
 2

,4
7 

a)
 4

,3
2 

b)
 2

,8
3 

~I
 5

,4
0 

5,
24

 
a)

 5
,5

9 

4,
50

 
2.

,0
9 

- 
3,

04
 

4,
55

 
d)

 2
,5

8 

2,
90

 
4;

42
 

d)
 2

;4
4 

2,
31

 

2,
46

 

2,
64

 

2~
61

 

2,
92

 

4,
57

 

2,
22

 

2,
16

 

2,
46

 

II
 

V
 

V
II

I 

X
I 

X
IV

 

�9
 X

V
II

I 

X
X

 

X
X

II
I 

2,
88

 

3,
31

 

3,
62

 

3,
25

 

2,
22

 

3,
28

 

3
,1

5
 

3,
36

 

~l
 4

,2
3 

9,
53

 
a)

 4
,6

0 
b)

 0
,7

8 
a)

 5
,4

0 
b)

 1
,5

4 
a)

 2
,4

2 
b)

 1
,9

8 
a)

 2
,8

5 
b)

 2
,0

4 

a)
 4

,7
5 

b)
 0

,3
7 

~
14

, 1
9 

0,
50

 

1,
76

 
c)

 4
,2

5 
d)

 0
,3

2 
a)

 4
,4

3 

4,
1o

 
0,

20
 

2,
88

 

3,
29

 

3,
59

 

2,
19

 

2,
26

 

3,
23

 

3,
15

 

3,
38

 

II
I 

V
I 

IX
 

X
II

 

X
V

 

X
X

I 

3,
27

 

3,
77

 

4,
23

 

2,
10

 

1,
95

 

3,
54

 

a)
 2

,4
2 

a)
 2

,8
1 

a)
 3

,6
6 

a)
 0

,9
2 

a)
 0

,7
7 

~!) 2,
66

 
2,

43
 

3,
26

 

3,
76

 

4,
24

 

2,
14

 

2,
02

 

3,
53

 

Fo
r 

co
m

po
un

ds
 I

-X
V

I 
th

e 
va

lu
es

 o
f 

p 
w

er
e 

ca
lc

ul
at

ed
 f

or
 t

he
 s

yn
- 

an
d 

an
ti

-c
on

fo
rm

at
io

ns
 (

a 
an

d 
b)

 o
f 

th
e 

py
ri

di
ne

 r
in

g,
 w

hi
le

 f
or

 c
om

po
un

ds
 

X
V

II
-X

X
II

I 
th

e 
ca

lc
ul

at
io

n 
w

as
 c

ar
ri

ed
 

ou
t 

fo
r 

th
e 

fo
ur

 f
or

m
s:

 
a)

 
sy

n-
, 

b)
 a

nt
i-

, 
c)

 s
yn

-a
nt

i-
, 

an
d 

d)
 a

nt
i-

sy
n-

s-
ci

s-
fo

rm
s.

 

o [_
A

 



TABLE 2. Results of Dipole Measurements* 

Corn- D,Cmq Com-  pound ~ 9 Poo, Gin. 3 MR pound ~ /3 Pc~ MR/)' cmS 

I 

II 

I I I  

IV 

V 

VI 

VII 

VIII  

IX 

X 

XI 

XII 

7,8 0,5~ 

.12,1 0,6~ 

15,53 0,6~ 

8, 89 O, 5f 

15,78 0,5~ 

20,6 0,5~ 

10,210,66 
18,85 0174 
26,26 0,75 

9,99 0,81 

7,00 0,65 

6,731 0~75 

170,4~ 

231,25 

280,4~ 

189,5~ 

290,17 

357,7~ 
208,6C 

335,97 

378,82 

201,95 

175,84 

153,33 

61,57 

61,57 

61,57 

66, 19 

66.19 

56,19 

57,83 

37,83 

57,83 

32.47 

~2,47 

i2,47 

XIII  

XIV 
XV 

XVI 

XVII 

XVIII 

XIX 

XX 
XXI 

XXII 

XXIII 

12,49 

7,45 

5 ,97i  
30,39 

7,18 

15,31 

6,861 
14,50 
18,18 

8,87 

16,75 

0,54 

0,83 

0,86 

3,82 

3,62 

?,62 

),72 

),77 
),76 

[,25 

1,34 

242,46 

167,23 

144,58 

516,91 

155,09 

273,93 

152,18 

262,94 

312,19 

181,59 

294,60 

66,44 

66,44 

66,44 

64,18 

53,68 

53,68 

59,61 

59,6I 

59,61 

63,23 

63,64 

*s o = 2.2725; e% = 0.87368; T=298"; s o is the dielectric constant of the solvent; P.o is * com- 
plete polarization extrapolated to infinite dilution; MR = molecular refraction. 

H H 

H ~  H H H~,~H 

H H O 
a 

H H 

H HH N H 

H H O H 
b 

Fig. 1. The molecule of 1- 
(pyridy1-2) -3 -phenylpropenone-h 
a) syn-s-cis-form; b) ant i -s-cis-  
form. 

on one (the syn-form) or on different (the anti-form) sides of the bond which 

links together the heterocyclic ring with the carbonyl group. 

Comparison of the calculated values of ~ for the syn- and anti-forms 
with the experimentally found values of/1 for 1-(pyridyl-2)-3-aryl  pro- 
pinones-1 (I, IV, VII, X, XIII, and XVI) shows that in this case the anti-form 
is preferred. The negative value of the interaction moment observed for 
some ketones (I, VII, XVI), which represents the difference /~exp - gca lc ,  
should presumably be attributed to the possible steric hindrances (see Fig. 1) 
which lead to a disruption of the coplanarity of the molecules. 

For 1-(pyridyl-3-)-3-arylpropinones-1 (II, V, VII, XI, XIV), the ex-  
istence for syn- and anti-conformations represents a statistical equilibrium, 
since the values found for /1 do not differ appreciably from the half-sum of 
the calculated moments for the two forms. In the case of ketones represent- 
ing derivatives of 4-pyridyl (Ill, VI, IX, XII, XV), the possibility of these 
existing in the syn- and anti-conformation is theoretically excluded, and 
the observed quite appreciably positive difference between the values of 
~exp and ~calc (0.7-1.1 D) must be due basically to a conjugation effect. 

Replacement of the phenyl series in the arylketones examined by 2-furyl, 2-thienyl and 2-selenienyl (XVII- 

XXIII) leads to the possibility of the appearance of two further coplanar conformational forms, owing to the fact 

that these f ive-membered  heterocyclic radicals may in their turn be  located in different ways on the plane in rela-  
tion to the carbonyl group. However, taking into account the fact that it is doubtful whether substitution of aryl by 
a heterocycle would have any effect on the conformational position of the pyridine ring, we may draw the gen- 
eral conclusion from the data obtained that both forms (syn- and anti-) for furyl, thienyl, and selenienyl are pos- 
sible in these compounds (XVII-XXIII). The same conclusion was reached in [2-4] from an investigation of an- 
alogous chalcones, in which instead of pyridyl the radical phenyl was employed.  A consideration of the Brigleb- 
Stewart model for these ketones, in relation to the spacial effects, again indicates that it is not possible to arrive 
at preference for any of the forms. In addition to this, for the compound XIX it may be suggested that the thienyl 
is present in the cis-conformation in relation to the carbonyl group. 

Attention should be paid to the fact that the dipole moments in the series of isomeric ketones containing 
electron-donor radicals (I, II, III, etc.) increase in the series of derivatives from 2-pyridyl to 8-pyridyl and 4-  
pyridyl. At the same time, in the series of isomeric pyridine aldehydes [7] and acetylpyridines [7-11], and also in 
the halogen-substituted pyridinic chalcones (X-XV), the reverse change of the dipole moments of the isomers is 
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Fig.  2. Relationship between the dipole mo-  
ments of 1- (pyr idyl -2) -3-ary lpropinones-1  
and the ~J-substitution constants. 

observed; ~ > B > T '  I t  is probable that this should be a t -  

tributed to a difference in the conjugation effects for the com-  

pounds considered. 

The introduction of e lectron-donor  groups into the para-  

position of the phenyl radical  leads in a l l  cases to an increase 

in p (compounds I - I I I ,  IV-IX).  EIectron-acceptors (fluorine 
and chlorine) cause a reduction in p (compounds XI, XII, XIV, 
XV), with the exception of ketones substituted by 2-pyridyl  
(X, XIII, XVI~. The change in the values of the dipole moments 

under the influence of substituents, taking into account the 
in t ramolecular  distances, gives a quite satisfactory correlation 
with the McDaniel  and Brown o-constants  [16], from the formula 

composed by two of us in [6]: 

fUR - -  gE 
, : p ~ ,  

dR - -  dt t  

where PR is the dipole  moment of the ketone possessing a substituent in the aromat ic  ring, PH the dipole  moment  
of the ketone without the substituent, d R the distance from the center of the aromat ic  nucleus to the center of 
charge of the substituent (selected from [17]), d H the distance from the center of the aromat ic  nucleus to the hy-  

o 
drogen atom (2.48 A), and p and o are the constants of the Hammet t  equation.  Figure 2 shows the correlat ion 
straight l ine for 1 - (pyr idy l -2) -3-ary lpropinones-1 ,  from which i t  is seen that this proceeds through the origin, and 
only the point for fluorine deviates from the correlat ion.  

Table  1 also contains the value of g ca lcu la ted  from the exper imenta l  data from the s impl i f ied  Higashi 
equation [18]: g = K,/-c~. The value of K was taken as 0.828 [19]. The results obtained are in good agreement  

with calculat ions  based upon the usual formulas [20]. By means of the equation given i t  is possible to ca lcula te  
values of p rapidly and with sufficient accuracy.  
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