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It has been shown by PMR spec t roscopy  that for the methyl  and benzyl es te r s  of ~- (indol-3- 
y l ) - a - n i t r o a e r y l i c  acid and their  N-acetyla ted derivat ives  the i somers  with the cis a r range-  
ment  of the ni t ro  group and the indole nucleus a re  the more  stable. 

Es t e r s  of fl- ( indol-3-yl)-  ~ -n i t roac ry l i c  acid (I and II), the synthesis  of w lzich has been descr ibed 
previous ly  [1] can exist  in the fo rm of cis and t rans  i somers .  

~ ,,cn;.=ccooR" I ~ P,=H. R'=CH3; 
IF~T---T[ " " b R=COCH3, R'=CH~ Ik ;s U NO~ 
~ ' ~ - / ' ~ N /  II a R=H, R'=Ctl2C61%: 

I 
R b R =COCII:~, R '= CH~C6H ~ 

It has been found that  in the PMR spec t ra  of compounds (Ia) and (IIa) there  is a double set  of signals 
corresponding to the two geometr ic  i s o m e r s  in re la t ive  propor t ions  of 3 : 2. In the a romat ic  region, in ad- 
dition to the complex multiplets due to the protons  of the benzene ring, there  a re  two singlets f rom the 
/3-H and 2-H protons,  one of which is considerably  broadened.  After  the addition of CD3OD, this signal be- 
comes  considerably  na r rower .  On this basis ,  the broadened signal was ascr ibed  to the proton at C 2, in ter -  
acting with N~H, and the other one to the proton at CB. However. even after the elimination of the influence 
of NH, the signal of the 2-H proton proved t o b e  wider than that of the f l - H .  This broadening is apparently 
due to interact ion with the protons  of the benzene r ing or  to the influence of quadrupole relaxation of the N 
atom. In the spec t rum it is  poss ib le  to observe  the long-range  SSCC of the 2-H and B-H protons (J=0.6Hz).  

The i s omer s  (Ia) and (IIa) could not be separa ted  by crysta l l izat ion or by chromatography on various 
adsorbents .  When a benzene solution of the mixture (Ia) or (IIa)with a rat io of the i somers  of 3 -. 2 was i r -  
radiated with a quartz - m e r c u r y  lamp for 1 h. the part ia l  convers ion of the  more  stable i somer  into the 
other one took place, and the relat ive propor t ion of the i somers  became 1 : 1. 

When a solution of compound (In) was heated to 65~ [solvent (CD3)2CO], a fusion of the analogous 
signals of the two i somer ic  forms was observed.  Such a low tempera tu re  of coalescence indicates a low 
b a r r i e r  to rotation around the C ~ C double bond. 

For  compounds (Ib) and (IIb), acetylated at the nitrogen atom, it was possible to isolate one of the 
i somers  in the pure form in each case.  The second i somers  of {Ib) and {IIb) were isolated by prepara t ive  
chromatography on plates coated with s i l ica  gel (Ib, Rf  0.69. 0.61": IIb, R f  0.57, 0.46): however, they ve ry  
rapidly i somer ized  and in the PMR spect ra  they a l ready appeared in the fbrm of a mixture  of i somers .  
When the spec t ra  of (Ib) and (nl0) in (CD3)2CO were r ecorded  at 60~ it was possible to observe the part ia l  
t r ans format ion  of the m o r e  stable into the less  stable i somers .  Equilibrium was achieved after  about 20 
rain. In the region of a romat ic  signals, in addition to the multiplets f rom the protons of the benzene ring, 
two singlets were  observed due to the 2-H and 13-H protons (J = 0.6-0.8 Hz), while for both the i somers  

* For  (Ib) the eluent was b e n z e n e - e t h e r  (4 : 1), and for (IIb) it was benzene. 
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TABLE 1. Calcula ted  and Exper imen ta l  Values of the Chemical  

Shifts of the a - H  and fi-H Pro tons  in (Ill) {ppm) 

Calculation Experiment* aS=Scalc-- 8exp 

HI3 NO~ 
N / 
C=C 
I I 

Ar H~ 
6~-H 7,61 

~-H 8,10 

I l ia  

IIIb 

S o l v e n t -  CDC13. 

&z-H 7,73. 

6p-H 8,27 

8~-H 7,74 

6~-H 8,15 

A~a_ H --0,12 

AfS-H--0,17 

hSa H--0,13 

AS~.H--0,05 

one of the s ing le t s  was somewhat  broadened .  As in the case  of the N-unsubs t i tu ted  de r iva t i ve s ,  the b roadened  

s ingle t  was a s c r i b e d  to the pro ton  at C 2. 

At tent ion is  a t t r a c t e d  by the cons ide rab l e  d i f fe rence  in the values  of the chemica l  shif ts  of the fl-H 
pro tons  for  each p a i r  of i s o m e r s :  0.55 ppm ([a), 0.45 ppm (lb), 0.51 ppm (IIa), and 0.45 ppm {lib). the B-H 
s igna l s  in the s tab le  i s o m e r s  be ing  loca ted  in the s t ronge r  f ield.  This  can be used  to de t e rmine  the con-  

f igura t ion  of compounds of th is  s e r i e s .  

Pa scua l  et al:  [2, 3] have p roposed  a scheme of ca lcu la t ing  chemica l  shif ts  of p ro tons  of subs t i tu ted  
olef ins  which addi t ive ly  t akes  into account the influence of the subs t i tuents  p r e s e n t  in the gem. cis .  and 
t r a n s  pos i t ions  r e l a t i v e  to  the pro ton  being de te rmined .  

cis 
H ~C = CX 6C =C =5"25+'~Zi" / 
R gem ~ trans \ H 

where  Zi r e p r e s e n t s  the i nc r emen t s  of the subs t i tuents  for  the gem. c is .  and t r a n s  pos i t ions .  

We have made  use  of this  scheme to evaluate  the chemica l  shifts  of the fl-H pro tons  in the two i so -  
m e r i c  fo rms ,  and on this  b a s i s  have made  an a s s ignmen t  of the  conf igurat ion in compounds (I) and (ID. The 
va lues  of the  i n c r e m e n t s  of the NO 2 * and COOR groups  were  taken f rom the l i t e r a t u r e  [3, 4]. Since in 
f inding the values  of the  i n c r e m e n t s  the  h e t e r o a r o m a t i c  s y s t e m s  were  not cons idered ,  in our  ca lcula t ions  
the  i n c r e m e n t s  fo r  the indole r ing  were  taken as  equal to  the i nc remen t s  of the a r o m a t i c  s y s t e m s  [3]. 

To eva lua te  the jus t i f i ca t ion  for such a change, a ca lcu la t ion  was p e r f o r m e d  on the chemica l  sh i f t s  of 
the  a and fl p ro tons  in compounds (III) (a, b) the t r a n s  configurat ion of which had been e s t ab l i shed  f rom 
the va lues  of the SSCCs of a - H  and B-H (J = 13.6 Hz (IIIa) and 13.8 Hz (IIIb)). 

H a HI a R=H; 
R b R~Ac 

The ca lcu la t ed  and expe r imen ta l  va lues  of the chemica l  shif ts  of the a - H  and B-H pro tons  in (HI) a r e  
given in Table  1. It follows f rom Table  1 that  these  values fo r  (IIIa and b) a r e  in good a g r e e m e n t  and & 6 
does  not exceed  0.17 ppm [3]. Thus. to  take into account  the influence of the N-unsubst i tu ted  and N - a c e t -  
y l a t ed  indole  r ings  it is  p o s s i b l e  to  u se  the i nc remen t s  for  the a r o m a t i c  r ing.  The c is  i s o m e r  was not 
ava i l ab le  to  us,  but ca lcula t ion  for  i t  gave va lues  of the chemica l  shi f ts  of 7.18 ppm for  the a - H  and 7.09 
ppm for  the fl-H. The d i f fe rences  in the values  of the ca lcu la ted  chemica l  shi f ts  for  a - H  and B-H for  the 
t r a n s  and c is  i s o m e r s  a r e  f a i r l y  l a r g e  (&6a_ H = 0.43. &6B_ H = 1.01 ppm).  Hence, when two i s o m e r i c  
f o r m s  a r e  p re sen t ,  the p o s s i b i l i t y  a r i s e s  of de te rmin ing  the conf igurat ion of each i s o m e r  f rom the d i f fe r -  
ence in the chemica l  shi f ts  of the a - H  and, in p a r t i c u l a r ,  the B-H pro tons .  

This  method of ca lcu la t ion  was used  for  compounds (I) and (II). F r o m  a c o m p a r i s o n  of the ca lcu la ted  
va lues  of the  chemica l  shif ts  of f l -H for  the c is  and t r a n s  i s o m e r s  (Table 2) it  can be seen  that.  as  was the 

* In the p a p e r  of Descotes  et al . ,  a p r in t ing  e r r o r  has been found for  the value of Zci  s of the NO 2 group: 

Zci  s = 1.47 ppm (and not 1.67 ppm).  
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TABLE 2. 
Shifts of the /3-H Protons in (1) and (II) (ppm) 

Calculated and Experimental  Values of the Chemical 

Com- 
pound A 6 trans-cis 

5 calc 
6 exp 
A5 calc-exp 
6 exp 
A 6 calc-exp 
5 exp 
A 5 calc-exp 
6 exp 
/% eaic-exp 

trans* Con, cis Con- 
figuration figuration 

8,55 8,10 
8,52 T 7,97 
0,03 O, 13 
8,46 7,95 
0,09 ! 0,15 
8,19 ~ 7,74 
0,36 ', 0,36 
8,20 7,75 
0,35 0.35 

la 

IIa 

Ib 

lib 

0,45 
0,55 

0,5~ 

0,45 

0,45 

* The t rans  i somer  is considered to be that in which the indole r ing 
and the NO 2 group a re  in the t rans  posit ion with respec t  to one an- 
other. In this case, the universal  configurational symbols E and Z 
are  less  c lear .  
t So lven t -  C DCla. 

case for the disubstituted derivatives,  the t rans  i somer  has the f~-H signal in a weaker field than the cis 
i somer ,  although the difference A6trans_ci  s for  the fi-H (0.45 ppm) is somewhat smal le r  than in the case 
considered (1.01 ppm). Starting f rom this, as the signals of the t rans  i somers  in the spec t ra  we took the 
signals p resen t  in the weaker  field and under these c i rcumstances  the difference AStrans_eis,  as noted 
above, was in the range f rom 0.45 to 0.55 ppm for all the pa i r s  of i somers ,  i.e., ext remely close to the 
calculated figure.  The assignment  of the i somer s  of compounds {Ia, 11), IIa, and IIb) to the cis and t rans  
fo rms  was made on this basis ,  tt follows f rom this that the mos t  stable i somers  proved to be those with 
the cis  a r rangement  of the ni tro groups and the indole r ings.  It can be seen f rom Table 2 that the agree-  
ment of the calculated and experimental  values of the chemical  shifts of the of the fi-H protons for (Ia) and 
{IIa) is good. For  the N-acetylated der ivat ives  (Ib and IIb) the deviation of the calculated and experimental  
values is g r ea t e r  than can be accepted.  Apparently, the p resence  of the N-acetyl  groups in the indole ring 
leads to considerable  d ipo le -d ipo le  in teract ions  with the voluminous NO 2 and COOR acceptor  groups, which, 
in its turn. disturbs the additivity of the influence of the substituents.  The causes  of such deviations in 
compounds of types (I) and {II) are  being made the subject of fur ther  investigation. 

EXPERIMENTAL 

The PMR spec t ra  were taken on a JNM 4H-100 spec t romete r  with a working frequency of 100 MHz 
and a C-60-HL spec t rome te r  with a working frequency of 60 MHz. The internal s tandard was te t rameth-  
ylsf lane.  

Compounds (Ia and IIa) were obtained by the method of Babievskii  et al. [5], and compounds (1t)) and 
(IIb) by the method of Vinograd et al. [6]. 

I. 

2. 

3. 

4. 

5. 

6. 

L I T E R A T U R E  C I T E D  

L. Kh. Vinograd, O. D. Shalygina, N. P. Kostyuchenko, and N. N. Suvorov, Abst rac ts  of Lectures  at 
the XIIth Scientific Session on the Chemis t ry  and Technology of Organosulfur Compounds and the Or-  
ganic Compounds of Sulfur-Containing Oils [in Russian], Zinatne, Riga (1971), p. 62. 
C. Pascual ,  I. Meier ,  and W. Simon, Helv. Chim. Acta, 49, 164 (1966). 
U. E. Matter, C. Pascual,  E. Pretsch,  A. P ross .  A. Simon, and S. Sternhell, Tetrahedron,  25, 691 
(1969). 
G. Descotes, J. Bahurel, M. Bourillot. G. Pingeon, and R. Rostaing, Bull. Soc. Chim. France, 282 
(1970). 
K. K. Babievskii, V. M. Belikov, and N. A. Tikhonova, Khim. Geterotsikl. Soedin., Collection 1 (1967), 
p. 46. 
L. Kh. Vinograd and N. N. Suvorov, Khim. Geterotsikl. Soedin., 1505 (1970). 

77 


