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XLVII* .  THE PRODUCT OF THE TRANSFORMATION OF 

4 - ( I N D O L - 3 - Y L ) B U T - 1 - Y L  TOSYLATE ON A COLUMN OF SILICA 

V.  E .  G o 1 ub e v UDC 547.755'642.759.32:543.544.8:541.67:543.422.4 
a n d  N.  N .  S u v o r o v  

It has  been  es tab l i shed  that when 4 - ( i ndo l -3 -y l )bu t an - l -o l  is pa s sed  through a column 
containing hydra ted  s i l i ca ,  3 H - i n d o l e - 3 - s p i r o - l ' - c y c l o p e n t a n e  is f o rmed  and this then 
r e a r r a n g e s  into t e t r ahyd roca rbazo l e .  

On being p a s s e d  through a column of hydra ted  s i l i ca  [2], 4 - 0 n d o l - 3 - y l ) b u t - l - y l  tosyla te  a lkyla tes  i t -  
se l f  in posi t ion 2 of the indole nucleus with the f o r m a t i o n  of t e t r ahyd roca rbazo l e  (I~. 
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According to the new theory  of e lec t rophi l ie  subst i tut ion in 3 -subs t i tu ted  indoles [31, it m a y  be  con-  
s ide red  that  II  is f o r m e d  as the r e s u l t  of a P lancher  r e a r r a n g e m e n t  of the 3 H - i n d o l e - 3 - s p i r o - l ' - e y e l o -  
pentane (II~ f i r s t  f o rmed .  
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To conf i rm this hypothes is ,  we obtained III  by the method desc r ibed  for  3 H - i n d o l e - 3 - s p i r o - l ' - c y c l o -  
propane [4]. On contact  with s i l ica ,  III  was conver ted  a lmos t  comple te ly  into t e t r a h y d r o c a r b a z o l e .  On 
s to rage  fo r  some  days ,  compound III  was  conver ted  into the t r i m e r  IV. The s t r u c t u r e s  of HI and IV were  
conf i rmed  by compar ing  the i r  spec t roscop ic  c h a r a c t e r i s t i c s  with those of 3 ,3-disubs t i tu ted  3H-indoles  
and the products  of t he i r  t r i m e r i z a t [ o n  [5, 6], by a de te rmina t ion  of the mo lecu l a r  weight of compound IV, 
and by conver t ing  the 3H-indole  HI by hydrogenat ion into the indoline V. We have obtained compound IV 
p rev ious ly  in the alkylat ion of po ta s s ium i sopropy l ideneg lycera te  with 4 - ( i n d o l e - 3 - y l ) b u t - l - y l  tosy la te  [7], 
as is conf i rmed  by  a c o m p a r i s o n  of the i r  IR s p e c t r a  and the absence  of a dep res s ion  of the mel t ing  point 
of a mix tu re  of them.  

* Fo r  Communicat ion XLVI see [1]. 
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Fig.  1. UV spec t r a :  1) 
3 H - i n d o l e - 3 - s p i r o - l ' -  
cyclopentane;  2) 2 -e thy l -  
3 H - i n d o l e - 3 - s p i r o - l ' -  
cyclopentane.  Solvent 
ethanol.  

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

The IR s p e c t r a  we re  taken on a UR-10 ins t rument  in the f o r m  of mil ls  
in paraf f in  oil (for c rys ta l l ine  compounds) or  as a liquid f i lm (for oily p rod-  
ucts}. The PMR spec t r a*  w e r e  r e c o r d e d  on a model  N-6013 ins t rumen t  with 
ch lo ro fo rm as the solvent  and t e t r ame thy l s i l ane  as in ternal  s tandard .  The 
UV s p e c t r a  we re  taken on an SF-4  ins t rument  in ethanol. 

3 H - I n d o l e - 3 - s p i r o - l ' - c y c l o p e n t a n e  (II~. A mix tu re  of 20 ml  of d ry  
t e r t -bu tano l  and 0.39 g (0.01 g ' a tom)  of meta l l i c  po t a s s ium was boiled under 
re f lux  until all  the po ta s s ium had r e a c t e d  (2 h to 2 h 30 min). The excess  of 
the alcohol was dis t i l led off in vacuum,  the po t a s s ium te r t -bu tox ide  obtained 
was  suspended in 45 ml  of absolute t e t r ahydrofu ran ,  and, with s t i r r ing  at 
20~ 3.43 g (0.01 mole) of 4 - ( i ndo l -3 -y l )bu t - l - y l  tosy la te  (I} [6] in 25 ml  of 
absolute t e t r ahyd ro fu ran  was added over  10 min.  The mix tu re  was s t i r r e d  in 
a cu r r en t  of d ry  n i t rogen for  4 h,  the p rec ip i t a t e  of po ta s s ium p- to luene-  
sulfonate was f i l t e red  off and washed  with t e t r ahydrofuran ,  and the f i l t r a t e s  

w e r e  combined and evapora t ed  in a cu r r en t  of ni trogen.  This gave HI in the f o r m  ~ a co lo r l e s s  oil,  yield 
quanti tat ive.  UV s p e c t r u m  (Fig. 1): k m a  x 253 nm (log e 3.479). PMR spec t rum:  s inglet  at  about 7.98 ppm 
(5 scale)  - proton at  C2; b road  mul t ip le ts  in the 7.7-6.3 and 2 .8-1.4  ppm regions  - a roma t i c  protons  and the 
protons  of the cyclopentane r ing ,  r e s p e c t i v e l y ;  ve ry  smal l  s inglets  in the 4.92, 4.35, and 4.18 ppm r e -  
gions - t h ree  protons  of the hexahydro t r i az ine  r ing  of the t r i m e r  IV p resen t  in the m o n o m e r  HI. IR spec -  
t r u m :  1550, 1600 cm -1 ( C = N  and C = C  atom).  P i c r a t e  of IH: da rk  r ed  c ry s t a l s  ( from ethanol) ,  mp 145~ 
Found, %: C 53.7; H 4.2; N 14.1. C18Hl~N407. Calculated,  ~0: C 54.0; H 4.0; N 14.0. 

On standing for  a day, IH c rys t a l l i zed .  This gave 1.5 g (88%) of IV, mp 136-137~ (f rom cyclo-  
hexane) .  PMR spec t rum:  s ingle ts  in the 4.94, 4.25, and 4.13 ppm regions  - th ree  protons of a hexahydro-  
t r i az ine  r ing.  UV s p e c t r u m :  k m a x ,  nm (log e):  256 (4.24}; 298 (3.70). Found, ~o: C 84.6; H 7.8; N 8.2.  
Mol. wt. 487 (c ryoscopica l ly  in benzene) .  C36H3sN 3. Calculated,  %: C 84.2; H 7.6; N 8.2; mol .  wt. 513. 

T e t r a h y d r o c a r b a z o l e  (II}. A solution of 1 g (0.006 mole) of f r e sh ly  p r epa red  HI in 10 ml  of ch lo ro-  
f o r m  was  deposited on a column containing hydra ted  s i l ica ,  and a f te r  12 h ch lo ro fo rm eluted 0.9 g (90%) 
of II,  mp 113-114~ (f rom methanol) [7]. A mix tu re  with an authentic s ample  of t e t r ahyd roca rbazo l e  showed 
no dep res s ion  of the mel t ing  point. 

The I n d o l i n e - 3 - s p i r o - l ' - c y c l o p e n t a n e  iV). A solution of 0.35 g (0.002 mole) of III  in 15 ml  of t e t r a -  
hydrofuran  was t r e a t e d  with 30 mg of Pd /C  and 2 to 3 drops  of conc. HC1, and hydrogenat ion was c a r r i e d  
out at 30 c m  of wa te r .  After 2 h, 45 ml  (0.002 mole) of hydrogen had been absorbed .  The ca ta lys t  was 
f i l t e red  off and washed  with te t rahyd#ofuran ,  the f i l t r a t e s  w e r e  combined,  the sotvent  was  dis t i l led off in 
vacuum,  the res idue  was  dissolved in e t he r ,  and the e therea l  solution was washed with b ica rbona te  solu-  
t ion and with wa te r  and dr ied;  the e ther  was dis t i l led off in vacuum and the res idue  was subjected to m o l e c -  
ular  d is t i l la t ion (10 -3 m m ,  160~ This gave 0.22 g (64%) of V, mp 49-50~ IR s p e c t r u m .  3200 cm -1 
( N - H ) ,  1600 c m  -1 (C = C  of a benzene r ing) ,  740 cm -1 (or tho-disubst i tu ted  benzene r ing) .  UV s p e c t r u m ,  
k m a x ,  nm( log  e):  242(3.74}; 293 (3.34). Found, %-. C 83.2; H 8.5; N 7.9. C12H15N. Calculated,  %: C 83.2; 
H 8.7; N 8.1. P i c r a t e  of V: l ight yel low c r y s t a l s ,  mp 169~ (f rom ethanol).  Found, %: C 54.0; H 4.5; 
N 13.9. C18HlsN40 ?. Calculated,  %.. C 53.7; H 4.5; N 13.9. 
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