
covered  in the fo rm of Bordeaux red  c r y s t a l s  with a decomposi t ion t e m p e r a t u r e  equal to 315~ and Rf 0.54 
(10:1 b e n z e n e - a c e t o n e ) .  IR spec t rum:  3410, 3340 (NH), 1429 cm -1 (N= N). UV spec t rum,  Zmax (log e): 203.8 
(3.87), 260.5 (4.11}, 291 (3.63), 526 nm (4.22). Found: N, 19.3%; M 355. Calculated for  C20H13N502: N, 19.8%; 
M 355. The compound produced a violet  color  with E h r l i c h ' s  reagent  at  r oom t e m p e r a t u r e .  
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I N D O L E  D E R I V A T I V E S .  

l l8 .*SYNTHESIS OF DERIVATIVES OF PYRROLO[1,2-a]INDOLES 

ON THE BASIS OF 1-ACETYL-3-INDOLINONE 

V.  S.  V e l e z h e v a ,  V.  P .  S e v o d i n ,  
M.  B .  B a r u ,  a n d  N. N .  S u v o r o v  

UDC 547.74/75'756.07:542.941.7'951.1 

The methods of building up 9 -ke to -9H-pyr ro lo [1 ,  2-a]indoles on the bas i s  of 1 - (o -ca rboxypheny l )pyr ro les  
have found applicat ion in the synthes is  of  the antibiotic mi tomycin ,  although they a r e  dist inguished by low yield~ 

in the cycl izat ion step [2-4]. 

I ~ ..... o :cn 

I ~ ..:I C N ~  X 
I CN 

_~OCOCH a N H3N/cI - 

|I, VI, IX III IV, V 
I 
R 

VII,V|II,  X IV X=CN; V X=COOH; VI, v I I  R=CH3; I I ,  V I I I  R = H ;  

IX R=CIt~CIi~CN; X R--COCH 3 

In the method we propose  for  construct ing the t r icyc l ic  s y s t e m  of mytomycin  we s t a r t  out f rom the con- 
densation product  of 1 -ace ty l -3- tndol inone  {I) with ac ry ton i t r i l e ,  i .e. ,  f r om 2,2- di-/3- cyanoethyl-  3- indolinone 
(II), which is eas i ly  cycl ized under the action of an e the rea l  solution of hydrogen chloride to fo rm hydrochloride 

*For  r e p o r t  117 see  [1]. 

D. I. Mendeleev Moscow Chemica l -Engineer ing  Inst i tute,  Moscow 125047. Trans la t ed  f rom Khimiya 
Getero ts ik l ichesk ikh  Soedinenii,  No. 9, pp. 1228-1230, September ,  1979. Original  a r t ic le  submit ted October  30, 

1978. 
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TABLE i. 

Origina 1 ! 
COrn- 
pounds 

I 
VII 

VIl l  
X 

Di- f l -  c y a n o e t h y l - 3 - i n d o l i n o n e s  

Reacti~ I " Found, % l 
products ] rap, ~ 

C tI 
i 

I I  ll0 112 b 70,1 5,6 
V[ 84--  85 c 71,2 6,1 
IX 1 2 8 - - 1 3 0  c 170,1 5,7 
Ild 108--110b i --  - -  

Empirical 
formula 

N 

Calculamd, 

C II I N 

Mole ratio 
between orig- 
inal compound, ,ff 
acrilonitrile, + - 
sodium ethoxide .R 

17.3 Cu ll:~N:{O 70,3 5..t 17,6 1 : 3,8 : 0 ,13 
�9 t ' 7I,]  5,911(i,(i 1 : 3 , 6 : 1  16,5] (-151 ,~Ng) 

70 
61 
51 
84 

aThe  e t h a n o l i c  s o l u t i o n  of s o d i u m  e thox ide  is  p r e p a r e d  on the b a s i s  
of 100 mg of s o d i u m  for  e v e r y  5 ml  of e thano l ,  b F r o m  w a t e r .  C F r o m  
e thano l ,  dDa ta  have  been  p r e s e n t e d  p r e v i o u s l y .  

igc~ 

"d A 
"'~ /1 "1 
3,61 v 

3,2  / \ 
3,o  / �9 
2 ~ ~  J X. nm 
2w61 . . . . . . .  9 .  �9 

200 240 280 320 360 

Fig .  1. U l t r a v i o l e t  s p e c t r a  of e t h a -  
no l ic  s o l u t i o n s  of  c o m p o u n d s  I (1) and 
IV (2) (the c o n c e n t r a t i o n  i s 3  x 1 0 - t t o  
5 x 10 -4 M). 

Depend ing  on the h y d r o l y s i s  c o n d i t i o n s ,  h y d r o c h l o r i d e  III  can  be  c o n v e r t e d  into l a c t a m  IV o r  V. L a c t a m  
IV is ob t a ined  by h y d r o l y z i n g  h y d r o c h l o r i d e  III wi th  w a t e r ,  and the use  of d i lu t e  h y d r o c h l o r i c  a c i d  r e s u l t s  in 

l a c t a m  V. 

The  IR s p e c t r u m  of l a c t a m  IV does  not  con ta in  a b s o r p t i o n  bands  of the  NH g roup .  I t s  UV s p e c t r u m  is 
p r a c t i c a l l y  i d e n t i c a l  to the  UV s p e c t r u m  of indo l inone  I (F ig .  1), whi le  the  UV s p e c t r u m  of the  a l t e r n a t i v e  i s o -  
m e r i c  compound  I V a  should  r e s e m b l e  the  UV s p e c t r u m  of ke tone  II (Table  2). 

The  p o s s i b i l i t y  of  c y c l i z a t i o n  wi th  the  p a r t i c i p a t i o n  of two c ya noe thy l  g r o u p s  is a l s o  r u l e d  out, s i n c e  1- 
m e t h y l - 2 , 2 - d i - f l - c y a n o e t h y l - 3 ~ i n d o l i n o n e  (VI) r e m a i n s  unchanged  unde r  the  c y c l i z a t i o n  cond i t ions  i nd i ca t ed  

above .  

Compound  VI was  ob t a ined  d i r e c t l y  f r o m  1 - m e t h y l - 3 - a c e t o x y i n d o l e  (VII) [5] (without  a s t e p  for  i t s  con-  
v e r s i o n  into 1 - m e t h y - 3 - i n d o l i n o n e )  and a c r y l o n i t r i l e  in the  p r e s e n c e  of  s o d i u m  e thox ide .  

The use  of 3 - a c e t o x y i n d o l e  (VIII) i n s t e a d  of indo l inone  I for  the s y n t h e s i s  of  ke tone  II i s  not  p o s s i b l e ,  
s i n c e  ind igo  i s  ob ta ined  f r o m  it  a long  wi th  d i n i t r i l e  II (25% yie ld)  when t h e r e  is  an e q u i m o l a r  amoun t  of a c r y l o -  
n i t r i l e  and  t h e r e  is  a c a t a l y t i c  a m o u n t  (1:10) of  s o d i u m  e thox ide ,  and the  u se  of a 3- to 3 .5 - fo ld  e x c e s s  of 
a c r y l o n i t r i l e  and an  e q u i m o l a r  a m o u n t  of s o d i u m  e thox ide  p r o d u c e s  a t r i c y a n o e t h y l a t i o n  p r o d u c t  {IX). 

I n s t e a d  of indo l inone  I, for  the  s y n t h e s i s  of  d i n i t r i l e  II i t  is b e t t e r  to u se  1 - a c e t y l - 3 - a c e t o x y i n d o t e  (X), 
s i n c e  a h i g h e r  y i e l d  (84%) i s  then  a c h i e v e d .  

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

The c o u r s e  of the  r e a c t i o n s  and the p u r i t y  of the  compound  ob ta ined  w e r e  m o n i t o r e d  by t h i n - l a y e r  c h r o -  
m a t o g r a p h y  (Silufol  UV-254) .  The  IR s p e c t r a  w e r e  r e c o r d e d  on a U R - 1 0  i n s t r u m e n t  in l iquid p e t r o l a t u m ,  the 
UV s p e c t r a  w e r e  r e c o r d e d  on a S p e e o r d  U V - v i s  i n s t r u m e n t ,  the  PMR s p e c t r a  w e r e  r e c o r d e d  on a C F T - 2 0  s p e c -  
t r o m e t e r  in p y r i d i n e - d s ,  and the i n t e r n a l  r e f e r e n c e  was  TMS. The  m a s s  s p e c t r a  w e r e  r e c o r d e d  on an  MKh- 
1303 i n s t r u m e n t  wi th  d i r e c t  i n t r o d u c t i o n  of the  s a m p l e  into the  ion s o u r c e  with an  e n e r g y  of the ioniz ing  e l e c -  
t r o n s  equa l  to  50 eV and a ca thode  e m i s s i o n  c u r r e n t  equa l  to  1.25 mA.  
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TABLE 2. Spectra of the Cyanoethylatioli Products  

�9 ~ /R spectra, I PMR spectra 
cm -1 UV spectra (in ' 

ethanol), kma x, 
o ~ c-c c = o  ~ : ~ N  nm ([og8) (C ] I - I ,C I I . ,CN i=  aromatic signals of 
~9 - - ixotons ovaer groups 

1620 1690 2250 203 (4,35); 307 (4,05); 1,96--2,59 6,69--7,73 8,13 
I1 42{; (4,12) (8ll, m) (411,m) (iH.s N|t) 

VI 11620 1710 2250 235 (4.37); .260 (3.88); 2,02 -2,58 6,75--7,70 ~2,92 
I [ [ 425 (3,68) 3 (8It,m) (4II,m) (3H, s, NCH3) 

,10.1 (3,{i.t) (8II,m~ (-tll,m) (211, CIt2CN); 
3,99 

(2H, NCH~) 

Cyanoethylatioli of I, VII, VIII, and X. Aerylonitr i le  and an ethanolic solution of sodium ethoxide were 
success ive ly  added to a solution of 10 mmole of the original compound in 30 ml of dioxane, which had been 
heated to 35~ (Table 1), and then the react ion mass  was left to stand at room tempera ture  for 10-12 h. The 
solvent was driven off, and the residue was t rea ted  with water and neutralized with 10% HCI. The precipitate 
formed was fi l tered,  washed with water ,  and crysta l l ized.  

9a, 1-Dihydro-3-amino-9-keto-9H-9a- /~-cyanoethylpyrrolo[1 ,  2-a]indole Hydrochloride (III). A suspension 
of 0.35 g (1.46 mmole) of compound II in 3 ml of ethanol and 6 ml of 7% HCI in ether  was s t i r red  to dissolution, 
and another 2 ml of 7% HCI in ether  were added. The precipitate formed after  2-3 h was fil tered and washed 
with dry e t h e r .  This yielded 0.4 g {99%) of hydrochloride III, mp 119-120~ (reprecipitatioli f rom ethanol by 

ether).  IR spec t rum:  1610 (C=C), 1640 (-NH3), 1730 (C--O), 2250 (C~N),  3100-3280 cm -1 (-NH3). UV spec-  
t rum (in ethanol), Aliaax (loge): 207 (4.08), 240 (4.35), 261 nm (3.92). Found: N, 15.2; CI, 13.2%. Calculated 
for Ct4Ht3N30-HCI: N, 15.3; C1, 13.3~. 

1 ,2 ,3 ,9 ,9a-Pentahydro-3,9-dioxi-9H-9a-f l -cyanoethylpyrrolo[1 ,  2-a]indole (IV). A solution of 0.35 g (1.27 
mmole) of hydrochloride III in 2 ml of water was left to stand at room tempera ture  for 24 h. The precipitate 
was fil tered, and 0.2 g (*}5.5%) of IV with mp 133-134~ (from ethanol) was obtained. IR spec t rum:  1610 (C=C), 
1725 (C = O), 2120 cm -1 (C -=- N). IR spec t rum (CHC13): 1610 (C = C), 1720, 1725 (C = O), 2250 cm -1 (C -- N). 
UV spec t rum (in ethanol), Area x (log e): 204 (3.81), 238 (4.42), 260 (4.17), 312 (3.56), 357 nm (3.26). 
PMR spectrum: 7.08-8.04 t4 H,m, a romat ic  protons); 2 .06 -2 .24  (2 H, m, l-H);  2.29-2.50 (4 H, m, 
CH2CH2CN); 2.51-3.29 ppm (2 H, m, 2-H). Found: C, 69.9, H, 5.1; N, 11.6%; M + 240. Calculated 
for C14Ht2N202: C, 70.0; H, 5.0; N, 11.7%; M 240. The mother  solution was given an addition of 2 ml of 
COliC. HCI and left to stand at room tempera*~ure for 2-3 days. The precipitate was fil tered, and 0.1 g (30.3%) 
of V with mp 174-175~ (from ethanol), was obtained. IR spect rum:  1700, 1710 (C=O), 1730 (COOH), 2500- 
2800 (associated OH), 3250 cm -1 (OH). UV spec t rum (in ethanol), Xmax (log ~): 206 (3.93), 238 (4.38;, 260 (3.93), 
322 nm (3.28). PMR s p e c t r u m :  7.08..8.02 (4 H, m, a romat ic  CH), 2.02-2.25 (2 H, m, l -H),  2.34-2.50 (4 H, m, 
CH2CH2CN), 2.51-3.29 ppm (2 H, m, 2-H). Found: C, 64.9; H, 5.3; N, 5.3%; M + 259. Calculated for C14H13NO4: 
C, 64.9; H, 5.0; N, 5.4%; M 259. 

1 ,2 ,3,9,9a-Pentahydro-3,9-dioxi-9H-9a-f l . -carboxyethylpyrrolo[1,  2-a]indole (V). A solution of 0.35 g 
(1.27 mmole) of hydrochloride III in 2 ml of water was given an addition of 1 ml of conc.HCl and left to stand 
for 2-3 days at  room tempera ture .  The c rys ta l s  precipitated were fil tered, the mother  solution was evaporated,  
and the res idue  was fil tered and washed with water.  The total yield was 0.2 g (59%), and the mp was 174-175~ 

2,2-Di-fl-cyalioethyl-3-indolinone (II). A solution of 0.9 g (5 mmole) of 3-acetoxyindole VIII and 0.25 g 
(5 mmole) of acryloni t r i le  yeas given an addition of 2.5 ml of an ethanolic solution of sodium ethoxide [which 
was prepared f rom 0.012 g (0.5 mmole) of sodium and 2.5 ml of ethanol] and left to stand at room tempera ture  
for 10-12 h. The solvent wa s evaporated,  the residue was boiled with isopropyl alcohol, and the undissolved 
part  was fil tered off. This yielded 0.3 g (43%) of indigo, mp 390-391~ as opposed to 392~ according to the 
data in [6]. The mother solution was evaporated,  and the residue was introduced into a column with 70 g of 
sil ica gel and eluted by a 10:1 carbon t e t r a c h l o r i d e - a c e t o n e  mixture.  This yielded 0.3 g (25%) of II. 

2:,2-Di-fi-cyanoethyl-3-indolinone (II)and 1,2,2-Tri-f l -cyanoethyl-3- indol inine (IX}. An ethanolic solution 
of sodium ethoxide [which was prepared f rom 0.35 g (16 mmole) of sodium and 17 ml of ethanol] in 50 ml of 
d~,oxane was added to a solution of 0.9 g (5 mmole) of indolinone I and 2.6 g (50 mmole) of acryloni t r i le ,  which 
had been heated to 35~ and the mixture was left to stand for 16 h. According to the TLC data (1:1 chloro- 
f o r m -  acetone), the ~reaction mass  contained a 2:1 mixture of the di- and tr icyanoethyl  derivat ives II and iX (Rf 
0.54 and 0.34, respectively).  

996 



1. 

2. 
3. 

4, 
5. 
6. 

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

V. S. Velezheva,  A. V. Yarosh ,  T. A. Kozik, and N. N. Suvorov, Khim. Getero ts ik l .  Soedin., No. 11, 1497 
(1978). 
A. Do Josey and E. L. Jenner, J. Org. Chem., 27, 2466 (1962). 
M. Ihara ,  K. Takahashi ,  Y. Kigava,  T. Ohsawa, K. Fucumoto,  and T. Kamet~ni ,  He te rocyc les ,  Vol. 6 
(1977), p. 1658. 
T. Kametani and K. Tak~hashi, Heterocycles, Vol. 9 (1978), p. 293. 
D. Raileanu, V. Daniel, E. Mosanu, and C. D. Nenitzescu, Rev. Roum. Chim., 1_22, 1367 (1967). 
A. Baeyer and H. EmmerUng, Ber., 3, 514 (1870). 

E N A M I N E S .  

6.* HYDROLYSIS OF CYCLIC ENAMINO KETONES OF THE 

PYRROLIDINE, PIPERIDINE,  A ND HEXAHYDROA ZE PINE 

SERIES 

S .  S .  K i s e l e v ,  M.  K .  P o l i e v k t o v ,  
a n d  V.  G.  G r a n i k  

UDC 542.938:547.743.1' 822.3' 891 

The kinet ics  and m e c h a n i s m  of the hydro lys i s  of var ious  enamines  have been studied in fa i r ly  g rea t  de-  
tai l  [2-4], and accord ing  to the cu r r en t  ideas ,  the hydro lys i s  p roces s  takes  place in accordance  with the follow- 
ing scheme:  

I!~ O+ ~ +  I / H20 x +  I / \ +  I / ~ N H +  / 
~ / / / N - - : ~ C \  _ . , ,~N=C--CH = ) N - - C - - C H  - - - -  / N - - C - - C I I  - - . ~  - - C - - C H .  

\ " H  1 \ / H  i_  \ II \ 
OH 0 0 

At the s a m e  t ime ,  it  has been shown that  the r a t e - l im i t i ng  step va r i e s  as a function of the ambien t  pH [2- 
4] and the degree  of conjugation between the lone pa i r  of the ni t rogen a tom and the enamine c a r b o n - c a r b o n  
double bond [5, 61. 

In con t ra s t  to the enamines ,  no sy s t ema t i c  invest igat ions of the hydro lys i s  of enamine ketones have p r e -  
viously been c a r r i e d  out, while in a number  of c a se s ,  the hyd ro ly s i s  O f enamine ketones is a convenient  method 
for  obtaining the co r respond ing  dicarbonyl  compounds .  The re fo re ,  the study of the fea tu res  of the hydrolys is  
of enamine ketones  is of definite i n t e re s t  not only in the theore t ica l  r e spec t ,  but a lso  in the p rac t ica l  r e spec t .  
In accordance  with this goal,  the p re sen t  work  was an investigation of the hydro lys i s  of enamino ketones  [in the 
examples  of 1 -me thy l -2 - (2 ' - benzoy lme thy lene )py r ro l i d ine  (Ia) [7 ] , -p ipe r id ine  (Ib) [8], a n d - h e x a h y d r o a z e p i n e  
(Ic) [9]] and of the dependence of the ra te  of this p roce s s  on the conditions se lec ted  (pH, t empera tu re )  and the 
s ize  of the sa tu ra ted  azahe te rocyc le .  Po la rog raphy  was se lec ted  as  the ins t rumenta l  method, s ince the half- 
wave potent ia ls  of the or iginal  enamino ketones  and of the i r  hydrolys is  products  of type II differ  s ignif icantly 
over  a b road  pH range.  As an example ,  Table  1 p r e sen t s  the values of E~/2 for  enamino ketones of type I and 
of the cor respondingf i -d ike tones  of type II in an ace ta te  buffer  solution with pH 4.6. 

In modera t e ly  acidic  media (pH 1-6) the ra te  of hydrolys is  is usual ly l imited by the ra te  of the addition of 
wa te r  to the immon i um  cation [2-4]. Thus,  a l r eady  f r o m  genera l  cons idera t ions  it  follows that the s i x - m e m -  
bered  enamino ketone (Ib) should undergo hydro lys i s  mos t  readi ly .  In fact ,  in this case ,  in the r a t e - l imi t ing  
s tep the re  is an sp  2- sp 3 change in the configurat ion of the C(2 ) a tom of the ring, which, accord ing  to the con- 
cept of an I s t r a in  [10, 11], is mos t  advantageous for  a s i x - m e m b e r e d  r ing  and leas t  advantageous for  a f ive- 
m e m b e r e d  r ing.  At the s ame  t ime ,  as  we see  f r o m  the scheme presented ,  the hydro lys i s  of enamino ke tones i s  
a r e v e r s i b l e  p roce s s ,  and its r a t e  should be de te rmined  by the ra t io  between the ra te  of constants  of the fo r -  
ward and r e v e r s e  reac t ions .  For  this r eason ,  i t  is n e c e s s a r y  to take into account the fac tors  which influence 

*For  r e p o r t  5 see [1]. 
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