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B E N Z I N D O L E S  

XII.* SPECTRA AND THREE-DIMENSIONAL STRUCTURES 

OF [6 ,7 ] -AND [4,5]BENZOSKATOLIDENEACETONES 

L .  B .  S h a g a l o v ,  T .  M.  I v a n o v a ,  
T .  A .  B a b u s h k i n a ,  V .  N. E r a k s i n a ,  
A .  M.  V a s i l ' e v ,  a n d  N. N. S u v o r o v  

UDC 547.759.3 : 543.422.25.4.6 

It was found by means  of t he i r  IR, UV, and PMR spec t r a  that  [6,7]benzoskatol ideneacetones 
have a side chain in the t r a n s - s - c i s  form,  whereas  the [4, 5] i s o m e r s  have a side chain in 
the c i s - s - c i s  fo rm.  It was concluded f r o m  the in tegral  intensi t ies  of the bands of the v i b r a -  
t ions of the double bond (Ac= C) and the p a r a m e t e r s  of the UV spec t r a  that  the invest igated 
molecu les  have a p l ana r  s t ruc tu re .  The AC= C integral  intensi t ies  in the IR s p e c t r a  exceed 
the p rev ious ly  obse rved  values and, in the case  of [6 ,7]benzoskatol ideneacetones,  reach  ~6" 
104 m o l e - I / l i t e r  �9 cm -2. 

In a previous  p a p e r  [1] we desc r ibed  the synthesis  of [6,7]- and [4,5]benzoskatol ideneacetones,  leaving 
open the question of t he i r  conformat ions .  
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In the mos t  p re fe rab le ,  f r o m  the point of view of e lec t ronic  in teract ions ,  p lanar  (or c lo se - to -p l ana r )  s t r u c -  
tu res  I and II, f i r s t  of all, t ranso id  o r  cisoid or ienta t ion of the exocycl ic  C~-Cf l  bond re la t ive  to the C 2 - C  3 
bond and, second, an s - t r a n s  or  s - c i s  or ienta t ion of the carbonyl  group re la t ive  to the C~-Cf l  bond a r e  
poss ib le .  Thus the side chains of the I and II molecules  may,  in pr inciple ,  have four  f o r m s :  t r a n s - t r a n s  
(1), t r a n s - c i s  (2), c i s - t r a n s  (3), and c i s - c i s  (4). An examinat ion of the m o l e c u l a r  models  shows that only 
the 3 and 4 conformat ions  a r e  rea l  in the case  of [4,5]benzoskatol ideneacetones (II), and f o r m s  1 and 2 a r e  
excluded because  of s t rong nonvalence repuls ions  of the c~-H and 8-H protons  of the C ~ - C  8 bonds.  The 3 
and 4 f o r m s  a r e  a lso  s t e r i ca l ly  m o r e  favorab le  for [6,7]benzoskatol ideneacetones,  but one cannot exclude 
f o r m s  1 and 2, in which the re  is only a re la t ive ly  smal l  nonvalence in te rac t ion  of c~-H and 4-H. Insofar  
as the mutual  or ientat ion of the exocycl ic  C~-Cf l  bond and the carbonyl  group is concerned,  the i r  o r ien ta -  

*See [1] fo r  communica t ion  XI. 
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T A B L E  1. P a r a m e t e r s  of  t h e  IR a n d  UV S p e c t r a  of [ 6 , 7 ] -  a n d  [ 4 , 5 ] -  

B e n z i n d o l e  D e r i v a t i v e s  
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Fig. 1. Region of double-bond stretching vibrations in the IR 
spec t ra  of [6,7]benzoskatolideneacetone (I) and [4,5]benzoskatol- 
ideneacetone (H): a) solution in te trahydrofuran;  b) solution in 
chloroform;  c) c rys ta l  at 35~ d) crys ta l  at 145~ e) melt  at 180 ~ 

Fig. 2. UV absorpt ion spec t ra  of [6,7]benzoskatolideneacetone 
(I) and [4,5]benzoskatolideneacetone (II) in ethanol. 

tion is not direct ly  determined by the cyclic sys tem in ei ther  I or  IL From the point of view of the non- 
valence interactions,  the situation here is the same as in alkyl vinyl ketones [2]. Two doublets at ~ 1600, 
1620, and at ~ 1660, 1690 cm -1 a re  observed in the IR spec t ra  of solutions of I and II (Fig. la) in the region 
of double bond vibrations.  The high-frequency doublet should be assigned to the vibrations with p r i m a r y  
part icipat ion of C = O, whereas  the low-frequency doublet should be ascr ibed to s t re tching vibrations of the 
C = C bond. This is specif ical ly indicated by the decrease  in the intensity of the bands at 1660 and 1690 
cm -I  and the appearance of a shoulder  on the long-wave side (1645 cm -1) in the spec t ra  of chloroform solu- 
tions of both compounds (Fig. lb); the observed redistr ibution of the intensities is explained by the fo rma-  
tion of a hydrogen bond between the carbonyl group and the proton of ch loroform (the solvent). 

Three bands at ~ 1615, 1640, and 1670 cm -1 appear  in the spec t ra  of c rys ta l s  of I and II instead of 
the expected two bands (Fig. lc) .  The specific form of these spec t ra  is due to in te rmolecular  interact ions 
in the c rys ta l s  (or, more  accurate ly ,  to the nonequivalent orientation of the C =O bonds in the c rys ta l  la t -  
tice). In fact, no substantial changes a re  observed in the spec t ra  when suspensions of I and II in mineral  
oil a re  heated to 120 ~ Redistr ibution of the intensity of the bands at 1600-1700 cm -1 occurs  as the m e l t -  
ing point is approached (Fig. ld), and the spec t rum of the melt  (Fig. le) qualitatively reproduces  all of the 
features  of the spec t rum of the solution. 

The frequencies and integral intensit ies of the bands of the C = C and C = O vibrations (AC= C and 
AC=O) of solutions in te t rahydrofuran  (THF) of ketones I and II, as well as benzoskatolideneacetones III 
and IV and skatolideneacetone V, a re  presented in Table 1. For  comparison,  the AC=O values of benzindolyl 
ketones VI and indolyl ketone VII a re  also given. It is seen f rom the data in Table 1 that the intensity of 
the bands of the carbonyl group di rec t ly  attached to the indole ring is substantially lower than the usual 
value for  a, f l-unsaturated ketones [3, 4] and amounts to ~ 2 �9 104 mole - i / l i t e r : ,  cm -2. This value remains  p rac -  
t ically unchanged over  the entire se r ies  of investigated compounds, regard less  of the s t ruc ture  of the cyclic 
sys tem.  At the same time, the intensity of the vibration with p r i m a r y  part icipat ion of the double bond dif- 
fers  sharply as a function of the type of fusion of the benzindole ring: AC= C ~ AC= 0 for  [4,5]benzoskatoi- 
ideneacetones II and IV (for which only a cis conformation of the exocyclic double bond relat ive to the 
ring is possible).  On the other  hand, the AC= C values for  [6,7]benzoskatolideneacetones I and III and 
skatolideneacetone V exceed the AC= O value by a fac tor  g r ea t e r  than two. Such high integral intensities 
of the band of the C =C vibrations in the IR spectra ,  which reach ~ 6" 10 ~ mole-1/ l i ter~ 'bm -2 inthe case of 
ketone III, a re  noted here for  the f i r s t  t ime, insofar  as we know. Substantial differences are  also observed 
in the UV spec t ra :  The long-wave absorpt ion band in the spec t ra  of the [6,7] i somers  is almost  twice as 
intense as the corresponding band of the [4,5] i somers  (Table 1 and Fig. 2). Consequently, conditions for  
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TABLE 2. Chemical  Shifts and Spin--Spin Coupling Constants  in 
the PiVIR Spect ra  

[6,7]Benzindole derivatives 

I 

I l l  
V 

V I I I  

12~7 4,27 4,11 
3,05 

11~69 

12,56 [ 

2,27 1 7,91 
2,271 7,20 I 
2,0316,38 1 
2,29 | 7,94 ] 1,5 
2,23 ~ 7,85 I 1,o 
- l 8 , 2 5  1 

| 2-CHs 
2,29 ~ 2,60 

6,68 
6,64 
6,71 
6,75 
6,63 
8,06 

6,70 

7,81117,5 7,62 8,00 8,5 
7,67 I 16,0 1 7,51 I 7,81 9,0 
7,71 I 16,0 ] 7,38 I 7,72 1 8,7 
7,85 I 16,0 ] 8,5 7,76 ] 16,0 ] 7,57 7,97 I 

13,5 7,53 9,0 8,41 8,00 1 

7,8o I 16,o 7,53 7,93 / 9,o 

(CDa) 2SO 
CDCls 
CoDo 
(CD3)~SO 
(CD3) 2S0 
(CD3) 2SO 

(CD3)2SO 

[4,5]Benzindole derivatives 

12T05 3,89 2,341 8'011 , ]6,62 8,31 16,0 7,60 7,65* 7,56~f 15,5 6,68 8,32 8,001 ~ 1 II  - -  2.331 IV 
IX 12,41 - - - - /  8,311NI 8,11 8,85 13,0 7.64 

\ /  
"~ Not obse rved  because  of the low concentra t ion.  
t T h e  AB quar te t  degenera tes  to a singlet .  

9,0 

8,37 (CDa)2SO 
8,37 (CDs)2SO 
8,35 (CDa)2SO 

elec t ronic  in terac t ion  of the s ide chain with the cycl ic  s y s t e m  a r e  m o r e  favorab le  in [6,7]benzoskatol idene- 
acetones  I and III and skatol ideneacetone V, and this  may  occur  in the case  of a t ranso id  configurat ion of 
the exocycl ic  double bond. 

This conclusion is conf i rmed by an examinat ion of model  compounds with a side chain containing a 
double bond conjugated with a n i t ro  group (Table 1, VIII and IX). In this case ,  the band of C = C vibra t ions  
also has an anomalous ly  high intensi ty and, in the ca se  of 3-nitrovinyl[6,7]benzindole,  exceeds  the intensi ty 
of the band of a s y m m e t r i c a l  v ibra t ions  of the. n i t ro  group (Vas). This c i r c u m s t a n c e  and the substant ia l  dif-  
f e rences  in the c h a r a c t e r  of the long-wave  absorp t ion  band in the UV s p e c t r a  of VIII and IX (Table 1) con-  
st i tute evidence fo r  a t r ans  or ienta t ion  of the Ca ' -Cfl  bond in the [6,7] i s o m e r  and a cis  or ienta t ion in the 
[4,5] i s o m e r .  The posi t ion of 1;he C = C band and the magni tude of the AC= C intensi t ies  of the ni t rovinyl  
der iva t ives  conf i rm the c o r r e c t n e s s  of the a s s ignment  of the v ibra t ions  in the s p e c t r a  of the ca rbonyl -  
containing compounds.  

The conformat ional  d i f fe rences  in the [6,7]- and [4,5]benzoskatol ideneacetone molecu les  should lead 
to changes in the chemica l  shif ts  of the PMR signals  of the 2-H, a - H ,  and ~-I-I protons,  as well  as the protons 
of the COCH 3 methyl  group.  The observed  d i f ference  in the chemica l  shifts  of the cor responding  protons  
(Table 2) is smal l ,  but in all  ca ses  coincides in sign with the p roposed  value.  The 2-H pro ton  in the [4,5] 
der iva t ives  that  have a s ide chain in the cis  f o r m  draws n e a r  to the exocycl ic  double bond. Correspondingly,  
the signal of the  2-H proton in the s p e c t r u m  of ketone II is shifted to weak field by 0.1 ppm as compared  
with the s p e c t r a  of I and HI. The cons iderab le  changes in the chemica l  shift  of the fl-H pro ton  on pass ing  
f r o m  the [6,7] to the [4,5] i s o m e r s  a r e  due to the c loseness  in the l a t t e r  case  of fl-H to the |4 ,5]-fused ring. 

An approx imate  calculat ion of the effect  of the �9 cur ren t  on the chemica l  shif t  of the ~-H pro tons  
shows that  in the case  of a t r ans  conformat ion  of the s ide chain the a~-H signal should be found at  weaker  
field by 0.1-0.2 ppm as compared  with the cis  conformat ion.  The obse rved  di f ferences  for  I and iI, and III 
and IV a r e  0.06-0.07 ppm.  

In o r d e r  to obtain definit ive p roof  of the spat ia l  or ienta t ion of the side chain of the I and III  molecu les ,  
we synthesized the model  compound 2-methyl[6 ,7]benzoskatol ideneacetone (Table 2, X),* fo r  which a cisoid 
or ienta t ion of the ex0cyclic C ~ - C  B double bond is known to be  excluded because  of the s t e r i c  in terac t ions  
of the ~-H and C a a toms with the ~nethyl group in the 2 Posit ion.  As seen  f r o m  Table  2, the chemical  shifts  
of the a~-II, fl-H, 4-H, and 5-H protons  in X a re  c lose  to the values  in III .  If  the III molecule  did have a s ide 
chain with a cis conformation,  the 4 -H and ~-I-I chemica l  shift  should have been found at weake r  field as 
compared  with X. 

= / 

�9 Compound X was obtained as a mix tu re  with the s ta r t ing  aldehyde by condensat ion of 2 - m e t h y l - 3 - f o r m y l -  
[6,7]benzindole with acetone on a luminum oxide [1]. 
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Insofar  as the s - t r an s  or  s - c i s  fo rms  of the carbony! group are  concerned, it is known that the f re -  
quency of the C = C vibrations is lower  for  the cis i somers  of alkyl vinyl ketones, whereas the intensity 
is higher than the intensity observed for  the t rans  i somers  [2, 5, 6]. The doublet splitting of the C = C and 
C=O bands in the spec t ra  of I and II, the high AC= C value, and the symbatic  cha rac t e r  of the change in the 
intensity of both bands on pass ing f rom one solvent to another indicate that an equilibrium between the s -  
cis and s - t r an s  fo rms  with predominance of the s -c i s  form exists in solutions (and in melts  at high t em-  
pera tures) .  As seen f rom Fig. 1 (spectra d and e), the low-frequency component at ~ 1600 cm -~ is inten- 
sified in the spec t rum of fused [4,5]benzoskatolideneacetone (for which only forms 3 and 4 a re  possible 
because of s te r ic  hindrance) as the t empera tu re  r ises ,  and at high tempera tures  (180 ~ its intensity ex- 
ceeds the intensity of the components at ~1620 cm -1. Similar  changes occur  in the spec t rum of fused [6,7]- 
benzoskatolideneacetone (Fig. 1, spec t ra  d and e). It is known [7] that for  ~,fl-unsaturated ketones the 
change in the chemical  shifts in the PMR spec t ra  on pass ing f rom solutions in CHCI 3 or  CC14 to solutions 
in benzene is posit ive for  the protons situated behind the plane pass ing through the carbonyl carbon atom 
perpendicular  to the C =O bond; the protons situated in front of this plane give a negative A = 5CHC1 - - 
6 C u value. If the compounds under considerat ion have a carbonyl  group with an s -c i s  form, a high-field 

6**6 
shift of the CH3CO protons and a low-field shift of the fl-H proton should be observed on passing to an a ro -  
mat ic  solvent. In the case of an s - t r a n s  conformation,  one may expect only high-field shifts. The experi-  
ment ca r r i ed  out for  [6,7]benzoskatolideneacetone (Table 2) indicates the s - c i s  form of the carbony! group. 

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

The IR spect ra  were obtained with a UR-10 spec t romete r .  Cuvettes of constant thickness were used 
in the measuremen t  of the intensities; four to five solutions of varying concentrat ion were prepared  for  
each compound. The spect ra l  slit  width was 2.3 cm -1. The intensity was determined by measurement  of 
the a reas  [8]; the accuracy  in the measurements  of the A values did not exceed +20% in the case of over -  
lapped bands.  During the t empera tu re  measurements  the cuvette was placed in a b r a s s  cyl inder  with a 
spiral  wound around it; the t empera tu re  was recorded by means of a thermocouple  in d i rec t  contact with 
the sample  and was maintained constant at �9 1 ~ 

The PMR spec t ra  were recorded with a Varian HA-100D spec t rome te r  with hexamethyldisiloxane 
as the internal standard.  The accuracy  in the measurements  of the chemical  shifts was �9 0.01 ppm, where-  
as the accuracy  in the measu remen t  of the s p i n - s p i n  coupling constants was • Hz. 

The UV spec t ra  of ethanol solutions of the compounds were obtained with a Schimadzu MPS-50L spec-  
t rophotometer .  
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