
! ,2-(2 ,2 ' -Dicarboxyy5,5 ' -d i indolyl )e thane (V). A suspension of ] .5 g (0.003 mole) of e s t e r  IH, 75 ml of 
ethanol, and 1.1 g (0.019 mole) of KOH was refluxed with s t i r r ing for 5-6 h, at~,er which the solution was evapo- 
rated.  The solid residue was dissolved in water ,  and the solution was eooled to 5-10°C and acidified with dilute 
HC1. Product V was removed by filtration, washed with water,  and dried to give 1 g (85%) of a substance with 
mp 277-278°C and Rf 0.44 [ethyl a c e t a t e - e t h e r  (5:1)].  [R spec t rum:  3455 (Nil) and 1710 cm -1 (CO). UV spec-  
t rum,  hmax (log e): 208 (4.72) and 296 pxn (4.42). Found: C 68.6; H 5.0; N 8.0/0/0: C20HI~N204. Calculated:  C 
68.9; H 4.8; N 8.0070. 

1,2-(5,5 '-Diindolyl)ethane (VI). A 1-g (0.002 mole) sample of acid V was heated at 275-295°C [n a s t r e a m  
of argon.  Compound VI was purified with a column filled with si l ica gel by elution with b e n z e n e - p e t r o l e u m  
ether (5 : 1). Er l t ch ' s  solution gave a red  coloration with VI. The yteld of product with mp 158-159°C and Rf 
0.64 [benzene -ace tone  (5 : t)] was 0.18 g (25%). [R spec t rum:  3410 cm -1 (NIt). UV spectrum,  Xmmx (log e ) :  
228 (4.81), 270 (3.52), 280 (3.51), 288 (3.50), and 296 nm (3.36) (Fig. 2). Found: C 83.1; H 6.3; N 10.7%; M + 
260. CIsHI~N 2. Calculated: C 83.1; H 6.2; N 10.7%; M 260. 
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R E A C T I O N  OF F [ S C H E R ' S  B A S E  

\VITH o - H Y D R O X Y C  I N N A M A  L D E H Y D  ES 

Y u .  M. C h u n a e v ,  N. M.  P r z h i y a l g o v s k a y a ,  
M.  A.  G a l Y b e r s h t a m ,  a n d  L .  N. K u r k o v s k a y a  

UDC 547.642.02 

On the basis  of a study of the PMR spect ra  and alternative synthesis it was estaMished that the 
"dicondensed" products  of the react ion of F t s c h e r ' s  base with o-hydroxycinnamaldehydes are  
not oxocine derivat ives ,  as was previously assumed,  but ra ther  are  btsindoltne sp i roehromans  
that are  identical to the products  of the react ion of vinylogs of F i s c h e r ' s  base with sa l icyta lde-  
hydes.  

We have recent ly  repor ted  [1] an unsuccessful  at tempt to synthesize indoltne spirooxocines f rom vtnylogs 
of F i sche r ' s  base and sal icylaldehydes.  The products of the react ion of these substances were found to be 
ndlcondensed" sp i rochromans ;  in par t icu lar ,  Ia was obtained f rom 5-nt trosat icylaldehyde and 1 ,3 ,3- t r imethyl -  
2-(2-butenyl- l - idene) indol lne .  

CH~ CH~ ,, 

, x 5 I' 
c~ c,, . < : , ~ = c . - c . = ( .  71 "I 

4 \ a ;  3 a D~ = \ v ~ : Q  . Y ~ "  i • ~ N- ~ . z /  f 5 " . .  ~ / O I L , . . @ - t l  / 7" 
5r +/ iT- IN.+ / - \i 5 '  Atl a 

CHa 

la, b 

l a  R=Ctta ;  b R=ftz ;  I1 a R - l l Z :  b R=CH a 

CIIa'~,3H3 

x "% 
ella cl, 3 Clb,-k/}~h 

/~. \>" "a, b/ ,, \ ~ v . . j  

NO~ 

I I  a~ b 

D. I. Mendeleev Moscow institute of Chemical Technology, Moscow 125047. Translated f rom Khimiya 
Ge~erotsitdichesMkh Soedinenii, No. 3, pp. 352-355, March, 1982. Original ar t ic le  submitted March 18, 1981. 
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Fig. ]. PMR spect rum of Ib. 

The occurrence of the indicated reaction with the formation of a six-membered ring ~nstead of the ex- 
pected eight-membered ring cast doubt on the previously drawn conclusion that spiroxocine I[a is formed in 

the condensation of F[scher's base with 2-hydroxy-5-nitroeinnamaldehyde [2]. To ascertain the truth we carried 

out the reaction of Fischer Is base with ~-methyl-2-hydroxy-5-nitrocinnamaldehyde and obtained a compound 

that was identical to spirochroman la instead of spirooxocine lib. This result demonstrated that, regardless of 

the location of the vinyl group (in the heterocyclic base or in the aromatic o-hydroxy aldehyde), the condensation 
leads to a bisindoline spirochroman rather than to a spiro derivative of an oxoc[ne. 

We subjected the compound to which the IIa structure had been previously assigned [2] to a more thorough 
investigation. An analysis of the I~MR spectrum (360 MHz, Fig. 1) showed that the investigated substance, like 
Ia, is a bisindolkae sp i rochroman and that s t ructure  Ib corresponds to it. The signal of the aliphatic H m proton 
is a multiplet that contains constants of s p i n - s p i n  coupling with the two protons of the methylene group (H a, Hb), 
which in this case are equivalent, and the closest  vinyl proton (HZ). In principle,  this could also be the case for 
the IIa s t ructure  for that orientation of the protons adjacent to H m in which one of the dihedral angles is close 
to 90 ° . However, the mult ipl ici ty of the signals in the region of the shifts of the vinyl protons demon- 
s t ra tes  the presence of a diene fragment in the compound, which completely confirms the Ib s t ructure .  
Thus the spectrum contains signals of two vinyl protons (H z and HY), each containing constants of s p i n - s p l n  
coupling with two adjacent protons,  whereas in the IIa s t ructure  only one vinyl proton (H z) could have such 
multiplicity.  The existence of s p i n - s p i n  coupling through the 4 - 7  bonds is interesting.  In part icular ,  the addi- 
tional small splitting (0.8 I-Iz) of the quartet  of the 7 ' -H  proton is evidently due to its coupling with HI z in the 
case of a p r imar i ly  t ransoid zigzag orientation of these protons [3]. The signals of the gem-methyl  groups of 
the A ring arc  observed in the form of two single[s, and the signals of the gem-methyl  groups of the B ring are  
also noted in the form of two singlets but in the weaker-f ie ld region; this is explained by the deshielding effect 
of the exocyclic double bond [4]. 

The formation of bisindoline spiroehromans with s t ructure  I in the react ion of o-hydroxycinnamaldehydes 
with the Fischer  base (III) can be explained by nucleophilic attack by one molecule of the methylene base on the 
carbonyl group of the aldehyde with subsequent splitting out of water  and the addition of a second molecule of 
base I[I to the C s =C G bond via a react ion of the Michael type. 

NO~ 

CH 3 CH 3 + ~ - - C H ~ C H C H O  

~CH: -H20 

CH 3 
| l |  

ella ctl~ c~3cus 

I . ~ o -  I 
Cft a ctl a 

02N 

F c..~ ,::.~ 

-- la, b 

~ - l l i  
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The p roposed  r eac t ion  scheme  is in good agreement  with [5-8] and other  studies in which the di rect  syn-  
thes i s  of bis p roducts  f r o m  ehromenes  and methylene bases  was rea l ized  [1, 9-12, 13, p. 256]. A second indoline 
f r agmen t  does not add to the C 3 = C  a bond to give products  with s t ruc tu re  II, evidently because of the lower  t h e r -  
modynamic  s tabi l i ty  of sp i rooxoeines  as compared  with sp i roch romans .  

"Dieondensed" product  Ib (R = H), l i ke the  o t h e r b i s  products  [13, p. 245], does not have photochromic  p rop -  
e r t i e s .  However ,  when an alcohol solution of this  product  is heated,  it turns  bright  blue.  This colorat ion slowly 
vanishes  upon standing but not complete ly;  it develops again when the solution is reheated .  Let us note that the 
t h e r m o e h r o m i c  p r o p e r t i e s  of ndicondensed" compounds were  a l so  pointed out in [14]. The color of an alcohol 
solution of Ia (R=CH~) does not change when it is heated.  

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

The PMR s p e c t r u m  of a solution of lb in (CD3)2CO was r eco rded  w i t h a  Bruker  WH-360 high-resolu t ion  
s p e c t r o m e t e r  with a superconduct ing magne t  (360 MHz); the chemical  shifts  were  measu red  re la t ive  to t e t r a -  
methyls i lane  as  the internal  s tandard .  The IR spec t r a  of m ine ra l  oil suspensions of the compounds were  r e -  
corded with a UR-20 s p e c t r o m e t e r .  

~ -Me thy l -2 -hyd roxy -5 -n i t r oc innama ldehyde .  A 6.49~g (39 mmole)  sample  of 5-ni t rosal icyla ldehyde was 
d f s s o l w d  by heating in 300 ml  of dist i l led wa te r  containing 2.7 g (68 mmole)  of NaOH, a f t e r  which the mix tu re  
was cooled, t r ea t ed  with 6.08 g (105 mmole)  of propionaldehyde,  and allowed to stand at  20°C for  21 h. It was 
then neut ra l ized  with 20% hydrochlor ic  acid,  and the resu l t ing  prec ip i ta te  was r ee rys t a l l i zed  f rom aqueous 
ethanol to give 4.2 g (52%) of yel lowish needles  with mp 189°C. IR spec t rum:  1650 (C =O);  1520, 1350 em ~1 
(NO2). Found: N 6.8%; M 207 (from the m a s s  s p e c t r u m  obtained with an MKh-1303 spec t romete r ) .  C~0H~NO 4. 
Calculated:  N 6.8%; M 207. 

1 ,3 ,3 -T r ime thy l -4  ' - [ 4 -  (1,3,3-tr  imethylind o l in-2-yl  idene) -2~buten-2-yl]  -6 ' -n i t ro indo l ine -2 - sp i ro -2  ' -  
ch roman  (In). A 0.66-g (3.8 mmole )  sample  of F i s c h e r ' s  base  was added to a solution of 0.78 g (3.8 mmole)  of 
c~-methy l -2 -hydroxy-5-n i t roe innamaldehyde  in 20 ml  of absolute  alcohol,  and the mixture  was allowed to stand 
at  room t e m p e r a t u r e  for  24 h. The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion to give 0.65 g (64%based on 
F i s c h e r ' s  base)  of ch roman  Ia. The product  was r e c r y s t a l l i z e d  f rom benzene -e thano l  to give l ight-yel low 
needles  with mp 181-182°C. No mel t ing-poin t  dep res s ion  was observed  for  a mixture  of this product with a 
genuine sample  obtained by the method in [1]. IR spec t rum:  ~ 640 (C =C);  1255 ( = C - O ) ;  970 (Cspiro--O); 
1518, 1360 cm - i  (NO2). See [1] for  the PMR spec t rum.  

1 , 3 , 3 - T r i m e t h y l - 4 ' - [ 3 -  ( 1 , 3 , 3 - t r i m e t h y l i n d o l i n - 2 - y l i d e n e ) - l - p r o p e n - l - y l ] - 6 ' - n i t r o i n d o l i n e - 2 - s p i r o - 2 ' -  
eh roman  fib). A mix tu re  of 0.22 g (1.26 mmole )  of F i s e h e r ' s  base  and 0.24 g (1.24 mmole)  of 2 -hydroxy-5 -  
n i t roc innamaldehyde  [15] in 30 ml  of absolute alcohol was allowed to stand at 20°C for  24 h, a f t e r  which the 
precipit~ite was r emoved  by f i l t ra t ion  to give 0.26 g (78% based on F i s c h e r ' s  base) of ehroman Ib as orange 
c ry s t a l s  with mp  162°C (from b e n z e n e - e t h a n o l ) .  IR s p e c t r u m :  1650 (C =C) ;  1260 ( = C - O ) ;  970 {Cspiro-O);  
1520, 1345 cm -1 (NO2). PMR s p e c t r u m :  1.22 and 1.26 (both 3H, s,  3-CH3); 1.54 and 1.59 (both 3H, s, 3"-CH~); 
2.34 (2H, d, J a m = J b m = 9 . 0  Hz, H a, Hb); 2.84 (3H, s,  1-CH3); 3.07 ppm (3H, s ,  I"-CH3); J m z = 8 . 7 ,  J m y = 0 . 5 ,  
J m 5 ' = 1 . 3 ,  J z y = 1 4 . 5 ,  J z x ~ J z T ' ~ 0 . 8 ,  J x y = l l . 5 ,  J76=7"~"=7.8, J75=JT"sn=1.0, J74=JTW4"=0.6, J54=J5"4~=7.4, 
Js~=Js 'G '=7.7 ,  J8 '7 '=9.0 ,  J48=J4n6"=l.3, J7 '5 '=2 .8  Hz (also see  Fig. 1). Found:  C 75.9; H 6.8; N 8.0°~. C33H35-: 
N20 ~. C a l c u l a t e d :  C 76.0; H 6.8; N 8.1%. 
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61.* ELECTROPHILIC SUBSTITUTION REACTIONS 

iN l -BE NZYL-6-METHOXY-7-CYANO-5-A Z.4INDOLE 

AND 6-OXO-5-AZ AINDOLINE 

N. N. B y c h i k h i n a ,  V. A. A z i m o v ,  
a n d  L .  N. Y a k h o n t o v  

UDC 547.75 ~821.0 ~] 

The electrophilie substitution react ions (nitration, bromination, aeylation, and the Manmch and 
Vilsmeier  reactions) of l -benzyl-6-metho.%,-7-eyano-5-azaindole  and the nitration and Vilsmeier  
reaction of 6-hydrox3r-5-azaindoline were studied. 

Some of the efficient methods for the synthesis of polysubstituted 5-aza[ndoles,  which are of interest  lot 
biological study, are  the conversion of N-benzyl-2-pyrrol idone to 1 ,6 ,7- t r i -  or 1,4,6,7-tetrasubsti tuted 5 -aza -  
indolines [2, 3], their  oxidation to the corresponding azaindoles [3], and the introduction of additional groups 
in the 3 position by means of electrophil ic substitution react ions .  We have previously shown [4] that despite 
the l i tera ture  data [5], electrophilie substitution in the 3 position of 5-azaindoles is real ized readily;  however, 
the presence of e lec t ron-accep te r  substituents may hinder these react ions .  

In the present communication we examine the peculiari t ies  of electrophil ic substitution p rocesses  in !-  
benzyl-  6-met hoxy-7-cyano-5-azaindole  (I). 

CIt~O CttjO ltjO Cll J O " ~ ,  ~'N~I 

CN Cil2C6tl5 CN CH,2C6H5 CN C ||2Cu1|5 CN R 

I 
__.~c~o n . ~ - ~ c o c H 1  u~/'~l(c',2 N(cIt3)2 N,/~S c=c-°N°2 

CtlaO ¢.H~O [ I CH,~O H 

CN Ct|.C6 H. CN CH~C-H~ CN CH,,C6H 5 CN R 

I l l  IV V v I i I  

~ i l 3 

li o H I I 
Br R' R' 

X IX XI a~ b X l l l  Kli 

.x.!a R'~NO~; b R'=CHO; VII R-CH2CbH4NO2"P; Vi i i  R=Cii2{61t~NO2 

The process takes place most smoothly with a strong eleetrophi l ic reagent such as bromine. Azaindole 
I reacts with bromine in ehloroform at 0°C to give 1-benzyl-3-bromo-6-methoxy-7-oyano-5-azaindole ([[) in 

*See [1] for Communication 60. 
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