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CIV.* SYNTHESIS OF 7- [2- (1-OCTEN-1-YL)-3- INDOLYL]-7-KETOHEPTANOIC ACID 

V. G.  A v r a m e n k o ,  N. N. L e v i n o v a ,  UDC 547.752.757.07 
V. D. N a z i n a ,  a n d  N. N. S u v o r o v  

2- (1-Octen- l -y l ) indole  was obtained by the Wittig reaction,  and the product was used to p r e -  
pare  ethyl 7 - [2 - (1 -oc ten- l -y l ) -3 - indo ly l ] -7 -ke tohep tanoa te  and the acid itself, which are  pos-  
sible model compounds in the synthesis  of indole analogs of prostaglandins.  

In developing our r e s e a r c h  involving a study of the Wittig reac t ion  with formylindoles  [2] and the syn-  
thesis  of 3-indolylalkanoic acids [3] we obtained 7 - [2 - (1 -oc ten- l -y l ) -3 - indo ly l ] -7 -ke tohep tano ic  acid [4] and 
its ethyl e s t e r  [3]. These compounds may be used in the future for the synthesis  of indole analogs of p r o -  
staglandins. 
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2-(1-Octen- l -y l ) indole  (II) is formed in good yield from 2-formylindole (I) and heptylidenephospho- 
rane. The PMR spect rum (see Table 1) of II contains two doublets of t r ip le ts  in the olefin proton region - 
at 5.80 ppm ( sp in - sp in  coupling constants  JHbHa = 11.8 Hz and JHbHc = 7 Hz) and 6.12 ppm (JHbHa = 16.6 

Hz and JHbHc = 6.8 Hz). The f i rs t  doublet is related to the H b signal of c i s - 2 - ( 1 - o c t e n - l - y l )  indole, and 

the second is related to the H b signal of the t rans  i somer .  The H a signal appeared as doublets at 6.35 (cis) 
and 6.40 ppm (trans). The chemical  shifts of the remaining protons differ to a l e s se r  degree.  In a quan- 
titative respect ,  the PMR data show II is a mixture of 80 % cis  and 20 % t rans  i somers .  

Acylation of 2 - (1 -oc tene- l -y l ) indo le  with the ha l f -e s t e r  of pimeloyl chloride under the conditions r e c -  
ommended by A. N. Kost  and V. N. Eraks ina  [4] gave ethyl es te r  III. I ts  2,3-disubsti tuted indole s t ructure  
was confirmed by the PMR spect rum (the 3-H signal of the indole ring is absent) and the m a s s  spectrum,  
which contain peaks of C9H1~O3 + (m/e 171) and CsHz5 + (m/e 111) ions, which cor respond  to f ragments  of the 
side chains. The es te r  is also a mixture of s t e r eo i somer s  (55 % t rans  and 45 % cis  forms).  

Saponification of this e s t e r  with alcoholic alkali gives acid IV. We were able to isolate the t rans  i so-  
m e r  (probably) of the acid by means  of th in - layer  chromatography (TLC). The Hb signal in the PMR spec-  
t rum of this compound was detected only as one doublet of t r iplets  at 6.55 ppm with JHbHa = 13.2 Hz and 

* See [1] for communicat ion CIII. 
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TABLE i. PMR Spectra 

Chem. shifts in ppm and signal character * 
Protom . . . . . .  II III I IV 

Hd 
Hg 
Aliphatic protom 
H c 
He 
Hf 
Hb 

Ha 

Hh 
Ammatic protons, 
Hexcept for 

H~ 

0,96 t 

1,20---1,80 m 

2,47 q 

5,80 t, cis 
6,12 t. tram 
6,35 4, cis 
6,40 d, trans 
6,62 s, 
7,10--7,55 m 

7,70 m 

8,00 br s 

0,80 t' 
1,20 .t' 
1,20--1,40 m 

Including H b 
2,96 m 
4,04 q 
5,80 m, cis 
6,40 m, trans 

6,60--7,60 m, 
Includin~ H a . 

8,03 ~ m, cts 
7,80 m, trans 
9,96 br s, cis 

10,23 br s, trans 

0,92 t 

1,10--2,60 In 
Including H b 

3,00 t 

6,55, trans 

6,90--7,70 m 
Including H a 
7,97 m 

8.00 m 

*Symbo l s :  t i s  t r i p l e t ,  d is  double t ,  q is  qua r t e t ,  s i s  s ing le t ,  b r s  
is  b road  s ing le t ,  and m is  mul t ip l e t .  
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Fig. I. UV spectra of ethanol 

solutions of: I) 2-(l-octen-l-yl) 

indole (H); 2) ethyl 7-(2-[1- 

oc ten- l-yl]-3-indolyl) ketohep- 

tanoate  (Ill). 

JHbHc = 5.5 Hz. The r e l a t i v e l y  low JHbHa value  is  pos s ib ly  due to 

the effect  of the p r o t ons  of the m e t h y l e n e  g r o u p s  of the second  side 

chain .  

In  c o n t r a s t  to the s p e c t r u m  of indole i t se l f ,  only  two m a x i m a  
at 234 and 307 n m  a r e  o b s e r v e d  in  the UV s p e c t r u m  of indole  II 
(Fig. 1). Both m a x i m a  a re  a s s o c i a t e d  with 7r-Tr* po l a r  t r a n s i t i o n s  
and a re  b a t h o c h r o m i c a l l y  shif ted r e l a t i v e  to the c o r r e s p o n d i n g  two 
bands  of indole  by 15 and 46 nm.  The UV. s p e c t r u m  of e s t e r  III in 
t u r n  d i f f e r s  f rom the s p e c t r a  of 3 - a c y l i n d o l e s ,  p a r t i c u l a r l y  that of 
3 - a c e t y l i n d o l e .  It  c o n t a i n s  th ree  m a x i m a  at  224, 256, and 319 rim. 
If the f i r s t  a r e  c h a r a c t e r i s t i c  for the indole  s y s t e m ,  the l a s t  one is  
p robab ly  due to the e l e c t r o n i c  t r a n s i t i o n s  in the new O = C  - C  --C - 
CH - -  C H - R  s y s t e m  (kma x ca l cu l a t ed  318 nm,  Xma x found 295 nm) .  

The au tho r s  s i n c e r e l y  thank M a s t e r  of C h e m i c a l  Sc i ences  
K. F.  T u r c h i n  for h i s  a s s i s t a n c e  in the i n t e r p r e t a t i o n  of the P1VER 
s p e c t r a .  

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

The UV s p e c t r a  of e thano l  so lu t ions  of the c ompounds  were  r e c o r d e d  with a Specord U V - v i s  s p e c t r o -  
pho tome te r .  The IR s p e c t r a  of c a r b o n  t e t r a c h l o r i d e  so lu t ions  were  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  
The PlVIB s p e c t r a  of d e u t e r o c h l o r o f o r m  so lu t ions  w e r e  r e c o r d e d  with a JNM-4H-100  s p e c t r o m e t e r  with t e t -  
r a m e t h y l s i l a n e  as  the i n t e r n a l  s t anda rd .  T h e - m a s s  s p e c t r a  were  r e c o r d e d  with an MKh-1303 s p e c t r o m e t e r  
with d i r e c t  i n t roduc t i on  of the s a m p l e s  at (U = 50 eV). 

2 - ( 1 - O c t e n - l - y l ) i n d o l e  (II). A few c r y s t a l s  of FeC13 and 0.67 g (29 mmole )  of sod ium m e t a l  we re  added 
to 150 m l  of l iquid  a m m o n i a ,  and the m i x t u r e  was  s t i r r e d  un t i l  the blue c o l o r a t i o n  d i s a p p e a r e d .  S t i r r i n g  
was  then con t inued  for  ano the r  30 min ,  and 12.7 g (29 mmole)  of h e p t y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e  [5] 
was  added rap id ly ,  du r ing  which a b r i g h t - o r a n g e  co lo ra t i on ,  which a t t e s t s  to the f o r m a t i o n  of h e p t y l i d e n e -  
t r i p h e n y l p h o s p h o r a n e ,  appeared .  The m i x t u r e  was  then d i lu ted  with 100 ml  of abso lu te  e the r ,  the a m m o n i a  
was  evapora t ed ,  and a so lu t ion  of 2.1 g (14.5 mmole)  of 2 - f o r m y l i n d o l e  [6] in 100 ml  of abso lu te  e t h e r  was  
added d ropwise .  The m i x t u r e  was  then s t i r r e d  for 1 h, the p r e c i p i t a t e d  t r i pheny lphosph ine  oxide was  r e -  
moved by f i l t r a t ion ,  the so lvent  was  r e m o v e d  by d i s t i l l a t i on ,  and the r e s i due  was  p a s s e d  through a co lumn  
f i l led with ac t iv i ty  II A1203 with e lu t ion  of p e t r o l e u m  e t h e r  to give 2.8 g (85 %) of a l igh t -ye l low oil .  IB s p e c -  
t r u m :  3490 (NH), 1650 (C = C ) ,  and 960 c m  -1 (TCH in C H = C H  for the t r a n s  i s o m e r ) .  Found:  C 84.5; H 9.4; 
N 6.4 %. C16HzlN. Ca lcu la ted :  C 84.6; H 9.2; N 6.2~c. 

Ethyl  7 - [ 2 - ( 1 - O c t e n - l - y l ) - 3 - i n d o l y l ] - 7 ] k e t o h e p t a n o a t e  (III). A so lu t ion  of 1.7 g (7.5 mmole )  of 2 - ( 1 -  
o c t e n - l - y l ) i n d o l e  in 12 ml  of e t h e r  was  added d ropwise  to a so lu t ion  of m e t h y l m a g n e s i u m  iodide,  p r e p a r e d  
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f rom 0.36 g (15 rag-atom) of magnes ium and 2.56 g (18 mmolo) of methyl iodide in 10 ml of ether,  and the 
resul t ing yellowish m a s s  was heated for 1 h, a f ter  which an e ther  solution of 1.5 g (7.5 mmole) of the ethyl 
e s t e r  of pimeloyl chloride [7] was added dropwise to it. The viscous oil that deposited on the bottom of the 
[task af ter  1 h was t rea ted  with 10.5 ml of ice water  and 7.5 ml of 2N acetic acid. The ether  layer  was 
separated and dried with anhydrous magnesium sulfate. Purification with a column filled with A1203 [ben- 
z e n e - e t h e r  (1 : 1)] gave 2.4 g (80.5 %) of e s t e r  III (yellow oil). IR spectrum: 3480 (NH), 1740 and 1680 cm -I 
(CO). Found: C 75.0; H 8.8; N 3.5%. CzhH~hNO ~. Calculated: C 75.5; H 8.8; N3.5%.  

t r ans -7- [2 - (1 -Octen- l -y l ) -3 - indo ly l ]~7-ke tohep tano ic  Acid @V). A 0.6-g (1.5 mmole) sample of es te r  
[II was refluxed with 2.4 ml of a 1 N alcohol solution of sodium hydroxide for 4 h, after which the alcohol 
was removed by distillation, and the residue was dissolved in water.  The aqueous solution was acidified to 
pH 3 with hydrochlor ic  acid, and the resul t ing oil was extracted with ether .  The extract  was dried with an- 
hydrous magnes ium sulfate, and the solvent was removed by distil lation to give 0.36 g (64 %) of an oily sub- 
stance. The product  was purified with a column filled with silica gel with elution by chloroform.  IR spec-  
t rum: 3480 (NH), 1720 and 1650 (CO), 3530 (OH), and 2400-3600 cm -I (OH of the dimer).  Found: C 74.6; 
H S . 7 ; N 3 . 4 ~ .  C23H31NO 3. Calculated: C 7 4 . 8 ; H 8 . 4 ; N 3 . 8 % .  
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