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The mos t  probable  p lanar  conformat ions  of 22 indole analogs of chalcones were  es tab l i shed  
on the bas i s  of dipole momen t  m e a s u r e m e n t s .  The introduction of subst i tuents  into the 
phenyl r ing of 1- (3- indoly l ) -3-phenylpropenones  causes  a change in the dipole moment s ,  
which, in the 3-propenone s e r i e s ,  c o r r e l a t e s  with the Hammet t  cr cons tan ts .  

It has  been prev ious ly  [1] demons t ra t ed  on the bas i s  of the dipole momen t s  and PMR s p e c t r a  of 3- 
fovmylindole,  3-acetyl indole ,  and the i r  N-methy l  de r iva t ives  that  they a re  all  s - t r a n s  c o n f o r m e r s .  In o rde r  
to a sce r t a in  the conformat iona l  s ta te  of c~, ~ - u n s a t u r a t e d  ketones of the indole s e r i e s ,  in the presen t  study 
we have m e a s u r e d  the dipole momen t s  of compounds of the type 

I! H 

According to the IR s p e c t r a  [2] and PMR s p e c t r a  [3], chalcone and i ts  he te roeyc l ie  analogs a re  t r ans  
i s o m e r s  with r e s p e c t  to the orientat ion of the subst i tuents  at tached to the vinylene group but s - c i s  con -  
f o r m e r s  with r e spec t  to the re la t ive  orientat ion of the aliphatic double bond and the carbonyl  group.  A 
compar i son  of the dipole momen t s  found with" the momen t s  calcula ted via a vec tor  additive scheme for  v a r i -  
ous f o r m s  (Table 1), as well  as the data f rom the IR spec t ra , ind ica tes  a s i m i l a r  s t ruc tu re  also for indole 
analogs of chalcones .  

The p re sence  of two rota t ional  i s o m e r s  is poss ible  for  each  s - c i s  f o rm .  These  i s o m e r s  differ  in 
that  the earbonyl  group oxygen and the py r ro l e  r ing ni t rogen of the indole molecule  a re  s i tuated on t h e  
same  side of the bond connecting them ( syn-s -c i s  form) or on different  s ides (an t i - s -c i s  form/  (Figs. 1 
and 21. It is apparent  f r o m  a compar i son  of the exper imenta l ly  found and calcula ted dipole momen t s  that  
the a n t i - s - c i s  fo rm is p redominant  for indole analogs of chalcones .  In addition, the p re sence  of the s y n - s -  
c is  f o rm is not excluded for  1 - (3 - indo lyD-3-pheny l -3 -propenone  and its  subst i tuted der iva t ives ,  although 
some  s te r ic  hindrance ex is t s  for this fo rm (Fig. 2}. We note  that the s t e r i c  effects  for the s y n - s - c i s  fo rm 
a re  caused  by the hydrogens of the indole r ing and the aliphatic double bond and are  read i ly  e l iminated by 
deviation of the indole r ing f rom the p lane  of the molecu le .  

The cons iderable  di f ference between the calcula ted and exper imen ta l ly  obtained t~ values in the 1- 
(3 - indo ly l ) -3 -a ry l - l -p ropenone  s e r i e s  is apparent ly  due to a cons iderab le  degree  to conjugation between 

a b a b 

Fig.  1. Conformat ions  of 1-  (3- indolyl)-3-phenyl-  1-  
propenone,  a) a n t i - s - c i s  fo rm;  21 s y n - s - c i s  fo rm.  

Fig.  2. Conformat ions  of 1 - (3 - indo ly l / -3 -pheny l -3 -  
propenone:  a) a n t i - s - c i s  fo rm;  b) s y n - s - c i s  f o rm .  
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T A B L E  1. Dipo le  M o m e n t s  of Indole  A n a l o g s  of C h a l c o n e s  

Comp. 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XV[ 

XVII 

XVIII 

XIX 

XX 

XXI 

XXI[ 

I-(N- Ms~yl-3-indolyl)- 
-imenyl-J.- propenone 

X-(N- lV, d~X -3-indolxl)- 1,89 

[I :(3-1nOolyD-3-(4-tolyl) - 
1-propenone 

1-(3-Indolyl)-S-(4-tolyl)- 
3-propenone 

t - (3 -Indolyl)- 3 - (4- anLvfl2 
l-propenone . 

[- (3-1ndolyl)-3 - (4-anisyl: 
3-propenone 

[ - (3-Indolvl)-3 - (4-chloro 
phenyl)-I-propenone 

L-(3-IndolvD-3-(4-ehloro 
, phenyD-3-1Xolmnone 
L-(3-In~olyl)- 3-(4-bromo. 
pnenyo-3-1xopenone 

6,05 

4,63 

6,80 

4,66 

5,58 

5,57 

5,52 

7,45 

5,16 

5,02 1,79 

5,02 1,79 

5,18 3,10 

5,18 3,10 

3,90 2,80 

3,90 2,80 

3,91 2,78 

3,69 

4,74 

L-(3-1ndolyl)-3 -(4-ni~o- 
RhenyD-3- IXopenone 

R - {3-1hdolvD-3-(4-di- 
i phenylyly- 3 -propenone 
a-(3-lngjolvl}-3-(1- 
] napnthyU-3- propenone 
~1 - (3-Indolyl)- 3-(2 -naph - 
| SYl)-3-prot~nonr 

L-(3-1~olyl}-3-{2-furyl)- 
I -  ,ropenone 

t- (~Indolyl)-3 -{2- furyl) - 
3- ropenone 

L - (-~2Iffdolvl)- 3 -(2 - thien- 
y l)-l-pr6p~none 

l- (3-Indolyl)-3- (2-fiden- 
y D-3-proI~none 

L-(3- Indolyl)- 3 - (2-selen- 
icnyl)-3-propenone 

L-~3-Indolyl)-3-(3- W- 
ndyl)-3-propenone 

1,3-Bis(N-methyl-3- 
indolyl) propenone 

5,60 I 4,74 

5,15 ! 4,74 
anti -anti -s - 
cis form 

6,15 4,52 

4,84 4,52 

6,11 4,44 

4,84 4,44 

4,87 4,50 

5,34 6,90 

6,42 6,68 

4,90 

1,88 

1,88 

1,88 
syq-~tt-s- 

cis form 
1,17 

1,17 

1,36 

1,36 

1,47 

4,28 

3,74 

anU:-syn-s- 
cls iorm 

5,41 

5,41 

520 

5,20 

5,10 

4,63 

3,74 

•]cn. -syn-s - 
zs iorm 

2,46 

2,46 

2,35 

2,35 

2,24 

0,12 

0,15 

the  e l e c t r o n - d o n o r  indo le  r i n g  and the e l e c t r o n - a c c e p t o r  c a r b o n y l  g r o u p .  We have  p r e v i o u s l y  po in ted  out  
[4] the  s t r o n g  e l e c t r o n - d o n o r  e f f ec t  of the  indo le  r i n g .  

I t  i s  i n t e r e s t i n g  tha t  a s u b s t a n t i a l  d i f f e r e n c e  in the  d ipo l e  m o m e n t s  was  a l s o  o b s e r v e d  in i s o m e r i c  
p y r r o l e  a n a l o g s  of c h a l c o n e s  [5]. A l a r g e  d ipo le  m o m e n t  w a s  o b s e r v e d  fo r  1 - ( 2 - p y r r o l y l ) - 3 - a r y l - 3 -  
p r o p e n o n e s ,  in wh ich  the a n t i - s - c i s  f o r m  p r e d o m i n a t e s .  The  p r e s e n c e  of a w e a k  i n t r a m o l e c u l a r  h y d r o g e n  
bond  in the  i s o m e r i c  1 - p r o p e n o n e s  f a c i l i t a t e d  s t a b i l i z a t i o n  of  the  s y n - s - c i s  f o r m ,  to wh ich  a l o w e r  ~ va lue  
a l s o  c o r r e s p o n d e d .  In add i t ion ,  the  fu ran  [6] and t h iophene  [7] a n a l o g s  of  c h a l c o n e s  f l - p r o p e n o n e s )  e x i s t  in 
the  syn f o r m s .  The  f ac t  t ha t  1 - ( 3 - i n d o l y l ) - 3 - a r y l - l - p r o p e n o n e s  e x i s t  in the  a n t i - s - c i s  c o n f o r m a t i o n s ,  
whi l e  the  p y r r o l e ,  f u r an ,  and t h iophene  a n a l o g s  e x i s t  in the  syn f o r m s  can  be e x p l a i n e d  by the f ac t  tha t  the  
e n e r g e t i c a l l y  f a v o r a b l e  s - t r a n s  o r i e n t a t i o n  of  the  double  bonds  [8] of the  h e t e r o r i n g  and the c a r b o n y l  g r o u p  
i s  r e a l i z e d  in a l l  of t h e s e  c a s e s .  In [9] i t  was  p r o p o s e d  tha t  the  r e a s o n  fo r  the  p r e f e r a b l e n e s s  of one o r  
a n o t h e r  c o n f o r m a t i o n  of the  s i m p l e s t  h e t e r o c y c l i c  c a r b o n y l  c o m p o u n d s  i s  the  i nc l i na t i on  of  the  a t o m s  wi th  
l i ke  c h a r g e s  to be  as  f a r  a p a r t  a s  p o s s i b l e ,  as  c o m p a r e d  wi th  the  t e n d e n c y  of a t o m s  wi th  o p p o s i t e  c h a r g e s  
to a p p r o a c h  one a n o t h e r .  Th is  i s  a p p a r e n t l y  not  the  c h i e f  r e a s o n ,  s i n c e  the i n v e s t i g a t e d  indo le  c o m p o u n d s  
e x i s t  in the  ant i  f o r m .  The  s - t r a n s  o r i e n t a t i o n  of the  double  bond of the  h e t e r o r i n g  and the  e x o c y c l i c  double  
bond i s  a l s o  r e a l i z e d  for  1 - ( 3 - i n d o l y l ) - 3 - a r y l - 3 - p r o p e n o n e s  in the sy-n f o r m s .  In the l a t t e r  c a s e ,  the  s t e r i c  
f a c t o r s  a r e  s o m e w h a t  m o r e  f a v o r a b l e  fo r  a c o p l a n a r  an t i  c o n f o r m a t i o n  (Fig .  2), as  a c o n s e q u e n c e  of which  
3 - p r o p e n o n e s  a l s o  e x i s t  in bo th  f o r m s .  

T h e r e  is  s o m e  i n f o r m a t i o n  [10] tha t  indo le  c o n t a i n s  the  u n d i s t o r t e d  r e g u l a r  r i n g  of p y r r o l e  and tha t  
the  e n t i r e  m o l e c u l e  i s  c o p l a n a r .  M e t h y l a t i o n  of indo le  has  an e x t r e m e l y  i n s i g n i f i c a n t  e f f ec t  on the  d ipo le  
m o m e n t .  Th i s  i s  a l s o  o b s e r v e d  in ou r  m o d e l s  ( c o m p a r e  I and II  wi th  III  and IV).  C o n s e q u e n t l y ,  the p r e s -  
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TABLE 2. Data for  Cor re la t ion  
of the Dipole Moments  of 1-  (3- 
Indoly l ) -3-  (4 -R-pheny l ) -3 -p ro -  
penones 

R dB--drI IXR--I~H 

CH3 
CH~O 

CI 
Br 

NO2 

1,07 
0,29 
0.61 
0.80 
0.95 

-0,12 
-029 
+ 0,8 o 
+0,77 
+ 2,70 

ence of a bulky methyl  group at tached to the ni t rogen a tom does not 
change the con fo rma t iona l  s tate  of the molecules  of chalcones that 
contain an N-methyl indole  r ing.  

It  is in teres t ing  that r ep lacemen t  o f a  benzene r ing by an N-  
methy l -3- indole  r ing in the 1 - (N-me thy l -3 - indo ly l ) -3 -pheny l -1 -  
propenone molecule  causes  an inc rease  of 0.17 D in the dipole m o -  
ment ,  while a s i m i l a r  substitution in the i somer i c  3-propenone 
br ings  about an i nc rea se  of 1.65 D (compare III and IV with XXII). 
This  may  indicate that the 1 ,3-bis  (N-methyl-3- indolyl)propenone 
molecule  ex i s t s  in a different  rota t ional  fo rm than that of the m o l e -  
cules  of ketones III and IV. 

The introduction of e l ec t ron -donor  and e l ec t ron -accep to r  subst i tuents  into the phenyl ring of i so -  
m e r i c  1-  (3- indolyl)-3-phenylpropenones leads to a smal l  dec r ea se  in the dipole moment  (compare I with 
V and IX and II  with VI and VIH). 

The change in the dipole moment s  on introduction of subst i tuents  into the phenyl r ing of 1-(3- indolyl ) -  
3 -phenyl -3 -propenone  c o r r e l a t e s  sa t i s fac to r i ly  (r = 0.98) with the cr constants  of McDaniel and Brown [11] 
according to the equation [12] ~u R - ~ H ) / ( d R  - dH) = 1.62cr, where  ~ is the dipole moment ,  and dR is the 
d is tance  f r o m  the cen te r  of the a roma t i c  r ing to the cen te r  of the subst i tuent  {Table 2). 

The cons iderab le  d i f ference  in the dipole moments  of 1 - (3- indoly l ) -3-{~-naphthyl ) -3-propenone  and 
1- (3- ind? ly l ) -3 - ( f l -naphthy l ) -3 -propenone  is probably  a consequence of the be t t e r  conjugation of the a -  
naphthyl groupwith  the chalcone s y s t e m .  

Rep lacemen t  of the phenyl group in the molecules  of the i somer i c  1- (3- indolyl)-3-phenylpropenones 
by furyl ,  thienyl,  and se lenienyl  groups  leads to an insignificant i nc rea se  in the dipole moment .  Severa l  
rota t ional  i s o m e r s  that differ  with r e s p e c t  to the or ientat ion of the f i v e - m e m b e r e d  he te ro r ings  a re  pos -  
s ible  for  such compounds.  It is  seen f rom the data in Table  1 that the ant i - syn  fo rm is mos t  probable  for 
XVI and XVIII, while the ant i -ant i  f o r m  is mos t  probable  for  XVII, XIX, and XX. 

EXPERIMENTAL 

The m e a s u r e m e n t s  we re  made  at 25 * 0.01~ by the Debye dilute-solution method [7]. The synthes is  
of the compounds is desc r ibed  in [4]. Schemes  of the possible  planar  conformat ions  with allowance for  van 
de r  Waals and covalent  radi i  (Figs. 1 and 2) were  cons t ruc ted  for  a quali tat ive e s t ima te  of the s t e r i c  e f -  
fec t s .  The dipole moment s  of indole (2.11 D) [13] and N-methyl indole  (2.16 D) [14] were  a s sumed  to be  
d i rec ted  at an angle of 43 ~ to the in ternal  b i s ec to r  of the CNC angle of the py r ro l e  r ing.  The bond lengths 
and angles in the indole r ing and in the aliphatic chain were  taken f rom [15, 16]. The dipole momen t s  of 
the carbonyl ,  methyl ,  methoxy,  n i t ro ,  chloro,  and b r o m o  groups were  taken f rom [17], while the dipole m o -  
ments  of furan,  thiophene, and pyridine were  taken f r o m  [18]. The dipole momen t  of selenophene was taken 
as 0A1 D [7]. 
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