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The e lec t ronic  s p e c t r a  of (3-indolyl)-,  (1-methyl -3- indolyl ) - ,  and (6-n i t ro -3- indoly l ) - sub-  
st i tuted a , f i - uns a t u r a t ed  ketones were  m e a s u r e d  and in te rp re ted .  3-Indolyl  and N - m e t h y l -  
3-indolyl  subst i tuents  have a cons iderab le  ba thochromic  effect  as compared  with the phenyl 
group in the invest igated s y s t e m s  as a consequence of the e l ec t ron-donor  effect ,  which s u r -  
p a s s e s  that  for  4-an isy l ,  2 ,4-dimethoxyphenyl ,  2-furyl ,  2-thienyl,  and 2-se lenienyl  and dif -  
f e r s  only sl ightly f r o m  2 -pyr ro ly l .  The introduction of e l ec t ron-donor  subst i tuents  into the 
p position of the benzene ring of 1 - (3 - indo ly l ) -3 -pheny l - l -p ropenone  causes  a red  shift  of 
the long-wave absorption band, the d i f ference  in f requencies  of which c o r r e l a t e s  with the 
Hammet t  ~ subst i tuent  constants .  Except  for  compounds containing a n i t ro  group, 1-  (3- 
i ndo ly l ) -3 -a ry l -3 -p ropenones  and the i r  N-methy l  der iva t ives  f luoresce  well  in alcohol with 

max  > 475 nm.  

The e lec t ronic  s pec t r a  of ~,/3 -unsa tu ra ted  ketones that contain an indole r ing have rece ived  ve ry  
li t t le study. Only quite r ecen t ly  a paper  [1] appeared  in which the UV s p e c t r a  of s e v e r a l  indole analogs of 
chalcones  and the effect  of the introduction of a methyl  group in the ~ position of the he te ro r ing  and length-  
ening of the conjugation chain by one vinylene group were  discussed.~ Some f r a g m e n t a r y  information on 
the s p e c t r a  of unsa tura ted  carbonyl  compounds of the indole s e r i e s  is contained in [2-4]. 

We ~mdertook a sys t emat i c  invest igat ion of the absorpt ion and f luorescence  s p e c t r a  of i somer i c  1- (3-  
indoly l ) -3-ary lpropenones  with carbonyl  groups in var ious  posi t ions in the al iphatic chain as a function of 
the i r  chemica l  s t r uc tu r e .  In pa r t i cu la r ,  the effects  of N-methy l  substi tution, the introduction of a n i t ro  
group into the 6 position of the he te ror ing ,  and of groups that d i f fer  with r e s p e c t  to the i r  e lec t ronic  na ture  
were  evaluated.  In the p r o c e s s ,  the s pec t r a  of 2,5-di (3-indolylmethylene)cyclopentanone and 2,6-di  (3- 
indolylmethylene)cyclohexanone and some indole analogs of p-dichalcone were  also studied. 

The pr incipal  spec t r a l  c h a r a c t e r i s t i c s  of the indole analogs of chalcones in alcohol and dioxane solu-  
t ions a re  p resen ted  in Table  1, while the spec t r a l  c h a r a c t e r i s t i c s  of the i r  N-methyl  de r iva t ives  a re  given 
in Table  2. In the overwhelming ma jo r i ty  of ca ses ,  two w e l l - e x p r e s s e d  and e x t r e m e l y  intense bands (s 
13,000-30,000), which a re  quite specif ic  for  each  compound and can be used  to identify them, appear  on the 
spec t r a l  cu rve s .  On the bas is  of the i r  high intensi t ies  and behavior  toward solvents ,  they can be ass igned 
to the v - v  * e lec t ron  t rans i t ions  in the m a j o r  chromophore  - the bas ic  conjugation chain, which includes a 
carbonyl  group, s ince the la t te r  is not a comple te  insula tor  of conjugation [5] - and in the quasiautonomous 
port ion of the molecule  (the benzoyl or analogous he te rocyc l ic  chromophore) .  On pass ing  f rom dioxane 
solutions to alcohol solutions,  the absorpt ion m a x i m u m  of the long-wave band of the indole chalcones  is 
shifted to the red  region by 12-25 nm,  and this shif t  is cons iderab ly  g r e a t e r  (almost  double) for  3 - p r o p e n -  
ones than for the i s om er i c  1-propenones  (Tables i and 2). A s im i l a r  phenomenon was also obse rved  for  
o ther  ~,fi -unsa tu ra ted  ketones [6]. The r eason  for  this phenomenon apparent ly  cons i s t s  in the fact  that in-  
dole chalcones  to a cons iderable  degree  r e c a l l  merocyan ines ,  for  which posi t ive so lva toch romism is ob- 

~This study became  known to us af ter  our r e s e a r c h  had been comple ted .  

A. M. Gorkii  Kharkov State Univers i ty .  T rans l a t ed  f r o m  Khimiya Getero ts ik l icheskikh  Soedinenii, 
No. 7, pp. 949-953, July,  1972. Original  ar t ic le  submit ted June 25, 1971. 

�9 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. I0011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

8 6 4  



T
A

B
L

E
 

1.
 

A
ry

l 
(h

et
ar

yD
 

Ph
en
yl
 

4-
T

oX
yl

 
4-
An
[.
~_
yl
 

2,
4-

Di
me

th
ox

y-
 

~
en

yl
 

4-
 D

in
~l

hy
l-

 
am

ln
op

!~
en

yl
 

4-
C

hl
or

op
he

ny
l 

4-
 N

il
ro

ph
en

yl
 

4-
X

en
yl

 
2-

Fu
ry

l 

2-
T

hi
cn

yl
 

2-
 S

el
en

ie
ny

l 

4-
 P

yr
id

yl
 

S
pe

ct
ra

l 
C

ha
ra

ct
er

is
ti

cs
 

of
 I

nd
ol

e 
A

na
lo

gs
 

of
 C

ha
lc

on
es

 

1-
 (3

-I
nd

ol
yD

- 
3-

 a
ry

lf
he

ta
ry

D
-:

l:
-p

ro
pe

no
ne

s 
' 

1 
~m

ax
,n

m
 (

8)
 

co
m

p.
 i , 

et
ha

no
l 

I 
' 

3*
2 

(2
2,

79
0)

, 
28

0 
('2

0,
1~

0)
 

II
1 

34
8 

(2
38

30
), 

28
1 

(1
~3

00
) 

vI
V

 i
 3

63
 (

21
'2G

,0
,),

 26
i8

' (1
25

0'~
') 

35
3 

(1
4,

4~
0)

, 
26

5 
(,1

36
40

) 

IX
* 

39
7 

(3
3~

30
), 

32
'0

 (1
39

90
), 

di
ox

an
e 

32
8 

(1
58

00
), 

28
0 

(1
83

00
) 

33
3,

 (2
42

,8
0)

, 
28

6~
 (1

93
,5

0)
 

33
8 

(2
,7

07
0)

, 
2~

1 
(1

3~
6~

3,
) 

34
6 

(,1
76

5~
), 

24
6,

 (1
4,

94
09

 

38
6 

(2
88

7o
), 

3~
2,

(1
,1

54
0.

), 

I-
 (3

 -I
nd
ol
yl
)-
 3-
 a~

yl
(h
et
a~
yl
) -
 3-
pr
op
en
on
cs
 

E
m

ax
, n

m
 (

s)
 

co
m

p.
 

~l
ha

no
l 

di
ox

an
e 

~.
 

3~
0 

(2
8~

30
,),

 2
60

 (
14

60
0,

) 
36

5 
(2

13
90

), 
26

5 
I 

3~
8 

(2
~0

00
'),

 2
~9

 (
16

06
0)

 
36

5 
(2

21
90

), 
2,

72
 

V
l 

, 
3,

8,
7,

 (~
21

28
~0

), 2
86

 (2
,0

7(
~)

 
36

2 
(2

4,
70

9,
), 

2~
2 

V
II

I 
3,

85
 (2

50
09

'),
 2

8'
I 

(I
e2

,7
0)

 
35

9,
 ('

1,
79

00
),,

 2
79

 

X
lV

 
X

V
I 

'X
V

II
I 

25
6(

I~
82

0)
 

3~
4 

(2
'0

84
0)

, 
28

1 
(2

00
70

) 
36

,0
'(l

,8
00

0)
, 

2~
8~

(2
28

00
) 

34
~ 

(1
3,

80
0)

, 
28

0 
(1

29
0#

) 
35

ff 
(~

53
90

), 
27

2(
20

3~
6)

 

35
8 

(2
~3

00
), 

27
3 

(1
30

00
) 

25
s,

(1
48

9o
,) 

&3
o(

2,
13

&o
), 

28
o,

(2
,1

64
o)

 
34

~ 
(,1

6,
37

o~
), ~

98
 (1

8E
75

o)
 

34
1 

(3
3'

1~
9)

, 
2~

0,
(2

0,
10

0)
 

3~
2 

(2
63

00
.),

 2
,7

~ 
(I
0~
0)
 

34
5 

(2
65

00
), 

2~
2 

(1
28

0'
0)

 

X
I 

X
II

I 

X
V

 

X
V

I I
 

X
IX

 
X

X
 

X
X

I 

30
6(

2~
34

0)
, 

~1
6,

(1
91

.7
G

), 

3'9
6 

(2
74

00
), 

39
6 

(%
70

0)
, 

30
8 

(2
6o

oo
), 

40
~ 

(2
6~

50
), 

26
5 

(1
07

6o
) 

4'
~8

 (2
19

d0
), 

27
9 

(1
60

00
) 

36
9 

(2
25

00
), 

27
5~

 (1
9~

70
) 

39
5 

(1
84

~0
), 

2,
55

 (2
57

0#
) 

2,
8~

 (,
19

~0
0)

 
3'7

2 
(2

5G
29

.),
 

25
5 

(1
66

0~
) 

2,
8,

5 (
q4

eS
O

) 
37

2 
(2

66
,8

0'
), 

2,
80

 (1
3,

I5
0)

 
3,

76
 (2

40
00

), 
28

)~
 (I

~0
~0

), 
3,

?9
 (2

29
00

), 
25

6 
(2

d@
~O

') 
97

4 
(1

1,
53

o)
 

3~
80

 (2
04

00
9,

 

* 
F

or
 

V
II

, 
X

m
ax

 
of

 l
um

in
es

ce
nc

e 
is

 
47

0 
nm

 
co

m
pa

re
d 

w
it

h 
53

8 
nm

 
fo

r 
IX

. 

.m
 --
IL
um
in
es
.,
 

~:
k.
 ma
x 
~ 
[l
lT
l 

~(
al
co
ho
l)
 

I 

(t0
,t,

70
) 

5(
}2

 
( I

 o,
7,

70
) 

50
0 

(1
19

40
) 

40
2 

( 1
17

20
 ) 

49
0 

26
8 

(,1
,5

~6
0)

 
51

0 
27

5 
(2

oG
~o

), 
--

 

28
6 

(,1
95

00
), 

52
9 

2~
 (

I'2
80

0,
) 

51
0 

27
7 

( 1
2~

3,
)' 

53
2 

28
2 

(1
31

50
), 

52
5 

2&
l, 

(1
14

2~
) 

53
9 

T
A

B
L

E
 

2.
 

Ar
yl
 

0m
ta
~y
l)
 

S
pe

ct
ra

l 
C

ha
ra

ct
er

is
ti

cs
 

of
 N

-M
et

hy
la

te
d 

in
do

le
 

A
na

lo
gs

 
of

 C
ha

lc
on

es
 

i-
(N

-m
et

h 
l-
3-
in
do
ly
l)
-3
-a
x7
1~
et
ar
yl
)-
l-
pm
pe
no
ne
~ 

1-
(N

-M
e~

yl
-S

-i
nd

ol
yl

)-
3-

ar
yl

(h
et

ar
yl

)-
3-

pr
op

en
on

~ 
t,2

 ~
'~

 

C
om

p.
 

-
-

-
 

~ 
- 

-
-

 
/c

om
p.

 
-

-
 

; 
~ 

--
 

~ 
~

=
 

I 
ef

la
~n

ol
 

di
ox

an
e 

| 
[ 

et
ha

no
l 

/ 
di

ox
an

e 
, ~

 ,
~ 

Ph
cn

yl
 

4-
T

ol
vl

 
" 

4-
A

ni
V

]l
 

2,
4-

 D
im

ef
lx

ox
']-

 
~

er
~

.l
 

1-
 M

et
hy

l-
3-

 
in
do
ly
'l
 

4-
 N

il
ro

ph
en

yl
 

4-
 Py

rl
dy
l 

X
X

II
 

3~
5(

21
96

0)
, 

28
2 

(2
00

00
) 

XX
V'

 1
 3

95
 (

22
56

0)
, 

81
'8

 (1
~8

00
), 

27
,0

 (1
27

~0
) 

X
X

V
II

! 
3;

52
 (2

07
~0

), 
27

0 
(1

20
00

) 
F I 

I 

3~
(1

~4
~0

),
 

2s
3,

(1
86

~0
) 

34
3 

(2
,5

19
0)

, 
23

:6
 (2

17
30

) 

34
7 

(1
96

40
), 

25
5 

(1
46

00
) 

X
X

II
II

 3
,9

7 
(2

25
00

,),
 2

07
 (

1,
30

:5
0)

 
i 

37
9 

(2
25

40
), 

25
7 

(1
35

00
) 

X
X

IV
 

3'
97

 (2
65

00
), 

28
3 

08
39

9)
 

3,
79

 (2
51

99
), 

27
8 

(J
1'

4~
9)

 
X

X
V

I 
39

6 
(2

12
1'

0)
, 

2'
85

 (1
10

00
) 

37
4 

(2
77

00
), 

28
4 

(3
13

60
} 

X
V

II
Ii

 3
95

 (
24

7`
00

), 
2~

2,
 (I

,2
,9

40
) 

] 
3,

7i
 (

55
'5

~)
, 

2'
79

 (2
49

,0
0)

 
i 

X
X

IX
I 

3,
87

 (2
84

,7
0)

, 
2,

7~
' ('

1~
14

0)
 

[ 
3,

57
 (3

0~
00

), 
27

0 
(1

7G
80

) 

X
X

X
I 

42
0 

(2
(Y

30
0)

, 2
75

, (
19

70
0)

 
4,

05
 (1

97
70

},
 2

'7
7 

(1
95

00
) 

X
X

X
II

 4
12

' (
21

'6
80

), 
2,

72
' (1

00
80

) 
40

'0
 (1

89
80

), 
28

~,
 (1

~0
9)

 

5;
12

 
5~

5 
,5

00
 

49
1 

47
7 

54
3 

er
a 



TABLE 3. Spect ra l  C h a r a c t e r i s t i c s  of Indole Analogs of Chalcones 

Comp.. Name 
~m~x. nm (s) 

ethanol dioxane 

Lumine$c., 
~max, am 
l(in alcohol) 

XXXlI 1 - (6- Ni~o-3-tndolyl)-3-phenyl-3- 
propenone 

XXXllI 1 -  ( 6 -  N i ~ o - 3 - i n d o l y l ) - 3 -  ( 4 - c h l o r o  - 
!)-3- ot~none 

XXXIV 1 "I~6 -~i lZO- ~r- l~l~oly 1) - 3 - ( 4-nltro-  
_I~le 11-3- to enone xxxv 2,5-N -   m  yl.ne oyolo- 
~ntanone 

xxxv! 2,6- Di(3-1ndolylme~ylene)cyclo- 
hexanone 

XXXVII 1,4-Bis[ B - (3-indolyl)acrylyl]benzene 

XXXVIII 1,4-Bis[ B- (N- methyl-3 -indolyl)- 
I acrylyl]benzene 

XXXIX i1,4-Bis[ a - (3 -indolyl)acrylyl]benzene 

366 (23100), 
268 (14000) 
3,75 (2,32oo), 
273 (1510~) 
899 (24~90), 
275 (2&~00) 
445, (5~o), 
2r (t3000) 
425 (160~0.), 
289 (1~620) 
412 (3r 
281 (27060) 
4'18 (31~90), 

3,55, (21200), 
265 (14400) 
362 (21990), 
272 (17460) 
387 (2~09,) ,  
282 (1,8400) 
420 (3,1'690), 
279 (I 3~90) 
396 (15420), 
285 (17460) 
3~8 (35~5'0), 
276 (34580) 
4,9l (34p800), 
27~ (27'4~0') 
363 (4s~o), 
280 (41~oo), 
267 (42500) 

D 

545 

535 

414 

s e rved  [7] because  of the predominance  of a nonpolar  s t ruc tu re  in the ground s ta te  and an i nc rea se  in the 
contribution of the dipolar  s t ruc tu re  in polar  solvents :  

~ N f f i C H - - O ~ - - ~  ~ (~-~-~cH-c,=~-~%~;~.~ . o- 

-11 . If 

I t  is  quite apparent  f r o m  the s pec t r a l  c h a r a c t e r i s t i c s  of the i somer i c  1 - (3 - indo ly l ) -3 -a ry lp ropenones  
(I and II, III and IV, etc.)  and the i r  N-methy l  der iva t ives  (XXII and XXIII, XXV and XXVI) that Xma x of the 
long-wave band for  ketones in which the carbonyl  group is  fa r  r emoved  f rom the indole r ing (3-propenols) 
is shif ted to the red  region (by 24-57 nm) as compa red  with Xma x of the i somer i c  1 -propenones .  It was 
p rev ious ly  es tabl i shed in [5] that  the co lors  of a ,/3 -unsa tu ra t ed  ketones of the a romat i c  and he te rocyc l i c  
s e r i e s  a re  deeper ,  the fu r the r  the ca rbonyl  group is f r o m  the m o r e  e l ec t ron-donor  r ing.  Consequently,  3-  
indolyl and 1-methy l -3 - indo ly l  groups in the invest igated s y s t e m s  give r i s e  to a cons iderable  e l e c t r o n -  
donor effect ,  which exceeds  that for  4- tolyl ,  4 -an isy l ,  and 2,4-dimethoxyphenyl  groups  ~ d  is only s o m e -  
what l e s s  than that  obse rved  for  4-dimethylaminophenyl .  Moreover ,  methylat ion genera l ly  has a re la t ive ly  
slight effect  on the color  of the chalcone analogs (see Tables  1 and 2). 

I t  s e emed  of in te res t  to compare  the ba thochromic  effect  of 3-indolyl  and 2 -py r ro ly l  groups in a , f l -  
unsa tura ted  ke tones .  A compar i son  of the spec t r a l  data  obtained in this study with the cor responding  data 
on py r ro l e  chalcones  presented  in [6] demons t r a t e s  that  the re  is no subs tant ia l  d i f ference in the co lor  of 
these  compounds .  

Fo r  the mos t  par t ,  a sma l l  hypsochromic  shift  that does not exceed 10 nm can be noted for  indole 
de r iva t ives .  N-Methyla ted  indole and py r ro l e  de r iva t ives  d i f fer  jus t  as lit t le f r o m  one another .  It  can be 
a s sumed  that  the 3-indolyl  group in the s ta t ic  s tate  has somewhat  l ess  of a donor effect  than the 2 -py r ro ly l  
group,  although according to the pK a values  of the conjugate acids of the pyr ro le  and indole analogs of cha l -  
cones  that we de te rmined  [8], the r e v e r s e  pa t te rn  is obse rved  when they a r e  protonated.  

The introduction of e l ec t ron-donor  subst i tuents  into the benzene r ing fa r  r emoved  f r o m  the carbonyl  
group (I, III ,  V, VII, and IX) or r e p l a c e m e n t  of a phenyl group by  a 2- fury l  or  2- thienyl  group (XVI-XVIII) 
has a cons iderable  effect  on the position of X max  of the long-wave band of indole chalcones .  In this case ,  
the obse rved  red  shif ts ,  e x p r e s s e d  in wave number s  (cm-l),  c o r r e l a t e  sa t i s fac to r i ly  with the ~ constants  in 
the equation 

hc [ 1 1 (r 0,98), 

where X H is  the absorpt ion m a x i m u m  of I, and X R is the absorpt ion m a x i m u m  of the subst i tuted chalcone 
analog.  The p constant  for  indole ketones is apprec iably  s m a l l e r  than for  o rd inary  chalcones  [6]; i .e . ,  the 
ba thochromic  effect  induced by identical  donor groups is much s m a l l e r  in the f i r s t  case  than in the second.  
Thus,  for  example ,  a d imethylamino group in indole ketones  leads to a red  shift  of 55-58 nm,  while the c o r -  
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responding shif t  in chalccmes r eaches  105-116 nm [9]. This  can be explained by the fact  that ~ d e r  the in-  
fluence of a s t rong e lec t ron-donor  effect  of the 3-indolyl group, the carbonyl  group is a l ready  polar ized  to 
a cons iderab le  degree ,  and its fu r the r  polar iza t ion is hindered,  which is r e f l ec ted  in the e lec t ronic  sp ec t r a .  
E l ec t ron -donor  subst i tuents  introduced into the phenyl group adjacent  to the ca rbonyl  group {II, IV, VI, and 
VIII) have a lmos t  no effect  on the position of the long-wave band. On the other  hand, e l e c t r o n - a c c e p t o r  
groups (chloro and n i t ro  groups)  (X-XIII) induce a g r e a t e r  ba thochromic  shift  in 3-propenones  than in 1-  
propenones .  In addition, the introduction of a n i t ro  group into the 6 posit ion of the indole ring, i .e. ,  t r a n s i -  
tion to 1-  (6 -n i t ro -3 - indo ly l ) -3 -a ry l -3 -p ropenone  (compare II and XI with XXXII and xXXIID (Table 3) leads 
to a substant ia l  hypsochromic  shift  of the long-wave band (10-23 nm),  which should be asc r ibed  to weaken-  
ing of the nucleophil ic  c h a r a c t e r  of the indole r ing.  

The e lec t ronic  absorpt ion s p e c t r a  of 2,5-dibenzylidenecyclopentanone,  2 ,6-dibenzyl idenecyclohex-  
anone, and s e v e r a l  of i ts  he te rocyc l i c  analogs were  p rev ious ly  examined in [10], and it was demons t ra ted  
that  fixing of the carbonyl  group in space  by means  o f  a cyclopentanone ring c r e a t e s  be t t e r  conditions for  
conjugation than in the case  of cyclohexanone de r iva t ives .  A s i m i l a r  phenomenon is also observed  in a 
compar i son  of the s p e c t r a  of 2,5-di  (3-indolylmethylene)cyclopentanone (XXXV) and 2 ,6-di (3- indolylmethyl-  
ene)cyclohexanone (XXXVI) (Table 3). The cyclopentanone der iva t ives  a re  m o r e  deeply colored than the 
cyclohexanone de r iva t ives .  However ,  a compar i son  of the s p e c t r a  of 2 ,6-dibenzyl idenecyclohexanone and 
2,5-dibenzyl idenecyclopentanone with the s p ec t r a  of indole analogs (XXXV, XXXVI) p e r s u a s i v e l y  demon-  
s t r a t e s  that  the 3-indolyl  group in these  s y s t e m s  also gives r i s e  to a cons iderab le  e lec t ron-donor  effect ,  
and the obse rved  ba thochromic  effect  amounts to 93-105 nm (in alcohol).  The s ame  la rge  ba thochromic  
shif t  is noted if  the phenyl groups  at the ends of the molecule  in p-dichalcone ~ m a x  320 nm in dioxane) 
a re  rep laced  by 3-indolyl  g roups .  

Two of us [11] have found favorable  conditions for  the development  of f luorescence  in a , ~ - u n s a t u -  
r a ted  ketones,  the chief of which is the p resence  of a s t rong donor -accep to r  in terac t ion  in the i r  molecu les  
for  a ce r ta in  length of the chain of conjugation between the e l ec t ron-donor  group and the e l e c t r o n - a c c e p t o r  
carbonyl  group.  P roceed ing  f rom the data of this study, one should have expected  the p resence  of f luo-  
r e s c e n c e p r o p e r t i e s  f o r a  s e r i e s  of (~,~-unsaturated ketones that contain an indole r ing .  In fact ,  in a cco rd -  
ance with [11], all  1- (3- indoly l ) -3-ary lpropenones ,  except  for  compounds that contain a n i t ro  group (a 
n i t ro  group genera l ly  comple te ly  quenches f luorescence) ,  as well as the i r  N-methy l  de r iva t ives  and XXXV, 
XXXVI, and XXXVIII f luoresce  well  in alcohol solution with a r a t he r  s ignif icant  Stokesian shift,  while ~ m a x  
for  the f luorescence  of the invest igated compounds va r i e s  f rom 470 to 545 nm.  

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

The synthes is  of the unsa tura ted  ketones (indole der iva t ives)  is desc r ibed  in [12]. 

The spec t r a  of 1-5 �9 10 -5 M solutions were  m e a s u r e d  with an SF-4A quartz spec t ropho tome te r .  
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