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A 2,2V-diethoxycarbonyl derivative of a new bisindole sys tem,  viz., 1,2-(5,5 T-diindolyl)ethane, 
was obtained by cyclization of ethyl pyruvate sym-4,4W-diphenyleneethanedihydrazone. 5-(f l-  
Phenylethyl)-2-ethoxycarbonylindole was also isolated in very  low yield f rom the react ion 
products .  Saponification of the 2,2)-diethoxycarbonyl derivative gave the corresponding di-  
carboxylic acid, the thermal  decarboxylat ion of which leads to the formation of 1,2-(5,5)-di - 
indolyl)ethane. The syn,syn and anti,anti fo rms  of ethyl pyruvate sym-4~4t-diphenyleneethane - 
dihydrazone were  also obtained and charac te r ized .  

Continuing our r e sea rch  on bisindoles we obtained a new key bifunctional compound, viz.,  1,2-(5,5W-di - 
indolyl)ethane (VI) via the scheme 
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Dihydrazone [I was obtained through the corresponding dihydrazine in ~ 50%yield based on the start ing 
diamine. Product II was found to be a mixture  of three  s t e r eo i somer s ,  f rom which the syn,syn and anti,anti 
forms (IIa, b) were isolated by means  of column chromatography.  According to the PMR spectral  data, the 
mixture also contains the syn,anti i somer  (IIc), but we were unable to isolate it in pure form.  

A shift of the signal of the proton of the NH group to significantly weaker field 0 1.9 ppm) as compared 
with the signal of this proton in the spec t rum of anti,anti i somer  [Ib (7.6 ppm) is observed in the PMR spec-  
t rum of i somer  Ha in CDC13; this is due to the part icipat ion of the imino proton in the formation of an int ra-  
molecular  hydrogen bond, which is possible in the case of a syn orientation of the substituent. 
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*See [1, 2] for Communicat ions 8 and 9. 
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Fig. 1. UV s pec t r a  of ethyl pyruva te  sym-4 ,4f -d iphenylenee thane  - 
d ihydrazones  in ethanol:  tIa) syn, syn fo rm;  Iib) anti ,ant i  f o rm .  

Fig. 2. UV s pec t r a  in ethanol:  1) indole; 2) di(5-indolyl)methane;  
3) 1,2- (5,hl-diindolyt)ethane (VI). 

TABLE 1. P a r a m e t e r s  of the PMR Spect ra  of I I I -VI  

Compound 

11I 
(d6-acetone) 

IV a 
�9 (d6-acetone) 

V b 
(ds-DM80), 

70 ~ 
VI 

(ds-DMSO), 
70 ~ 

Chemical shifts, 5, ppm 

1H I 2H 

l 1 , 2  - -  6,94 
b r s{  d 

t0,61 7,18 i6,27 
b r s l  dd m 

3H 4H 6H 7H 

7,04 7,45! 7,14 7,40 

dd dd ' ; 1 4  m 

7,46 i ' 7,42 
dd dd d 

4,32 1,35 
q 

%32 1,35 
q t 

i 

i7.06 7,38 7,32 - -  

d i dd 

7,30i6,91 7,23 - -  - -  

88CC, L 

3~03 /l,a=2,1; 
I4,6= 1,6; 
16,7=8,5; 

2,96 lj,a=2,3; 
hi: $ J4,6 = 1,4; 

I6,7=8,2; 
2,97 L,,~= 1,7; 

s 16,r = 8,7 

2,95 /1,a= 2,0; l~,~= 2,4; 

/a,7=0,9; 
J4,7=0,8; 
/CHaCH~=7,1 

Ja,r= 12; 
J4,7 =0,8; 
JCH2CHa := 7, | 

d dd  dd s /~,3=2,9; Ja,r=0,7; 
J4,6= 1,7; I6,7=8,3 

a6C~H5 ~7 .2  ppm.  bThe COOH group gives  a broad  exchange signs1. 

A di f ference  in the posi t ion of the c h a r a c t e r i s t i c  abso rp t ion  bands of the NH and CO groups  is observed  
in the IR spec t r a  of I Ia ,b (in m i ne ra l  oil). F o r  syn,syn i s o m e r  IIa the absorp t ion  band of the NH group is noted 
at 3260 em - i ,  whe reas  it is obse rved  at 3340 em -1 for  anti ,ant i  i s o m e r  IIb; the absorp t ion  band of the CO group 
is obse rved  at 1690 and 1740 em -i,  r e spec t ive ly .  The shift of the c h a r a c t e r i s t i c  absorp t ion  bands of the NH 
and CO groups in the s pec t rum  of syn,syn i s o m e r  Ila to the l o w e r - f r e q u e n c y  region with r e spec t  to the analogous 
bands in the spec t r um  of anti ,anti  i s o m e r  IIb conf i rms  the ex is tence  of an in t r amolecu la r  hydrogen bond [3]. 

A ba thochromic  shift of the long-wave absorp t ion  m a x i m u m  and an inc rease  in the absorp t ion  intensi ty  
for  syn, syn i s o m e r  IIa, which a lso  indicate the exis tence  of an i rSramolecu la r  hydrogen bond [4], a r e  observed  
in the UV spec t r a  (Fig. ]) r eco rded  in ethanol.  

Thus the data f r o m  the [R, UV, and PMR spec t r a  conf i rm the syn , syn  and ant i ,ant i  configurat ions of the 
indicated i s o m e r s .  

The cycl iza t ion of the mix tu re  of d ihydrazones  II was  c a r r i e d  out by means  of ethyl potyphosphora te .  In 
addition to III, 5 -~ -pheny le thy l ) -2 -e thoxyca rbony l indo le  (IV) is fo rmed  in 2%yield in the oyclizat ion.  We ob- 
se rved  the fo rmat ion  of s i m i l a r  r eac t ion  products  in other  c a se s  a l so  [1, 5]; this is explained by spli t t ing out of 
one hydrazono group as  a consequence of decomposi t ion  of the azo f o r m  of the hydrazone at higher t e m p e r a t u r e .  

The saponif icat ion of d i e s t e r  HI gave d icarboxyl ie  acid V, the t h e r m a l  decarboxyla t ion  of which leads  to 
the fo rma t ion  of 1,2- (5,5 '-diindolyl)ethane (VI). 
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M + z6~(57) ~ -  
V! 

The s t r u c t u r e s  of I I I -VI  a r e  conf i rmed by the PMR spec t ra l  data (see Table 1). The m a s s - s p e e t r o m e t r i -  
cal ly de te rmined  m o l e c u l a r  m a s s e s  of products  III and VI cor respond  to the calculated values ,  and the c h a r -  
a c t e r  of the subsequent  f ragmenta t ion  does not contradict  the proposed s t ruc tu r e s .  The f ragmenta t ion  of the 
indicated products  under the influence of e l ec t ron  impact  p roceeds  in the s ame  way as the f ragmenta t ion  of 
tndole and the other  bis indoles  that  we have obtained [1, 5]: 

-oc~ ~"  -cO -c2H,o~l - c o  - ~  ~a0 
M ~ 104 (li7)" z ~ 359 (32) - - - ~  3::ll (5) - --~--"----  285 (8) - -  257 (10) (29) 

I_HC N 
I t 1 |  ~ ( ~ z t l  -COOC2H 5 - H C N  
t--CH21ndCOOC2||5 ~ 216(4) - -  |70(12)--  ~ 143(17) 203(89) 

~2  ~oot 

-laa--CH2 t30(10t)) -lieN,.. 103 (261 . -~ .~H~ 77 (27) 

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

Monitoring of the course  of the reac t ion  and the pur i ty  of the compounds and the de te rmina t ion  of the Rf 
values were  accompl ished  on pla tes  with a fixed l aye r  of Silufol UV-254 s i l ica  gel .  Silica gel s amples  with 
par t ic le  s izes  ranging f r o m  100 to 250 #m were  used as the so rben t s .  The UV spec t ra  of solutions of the com-  
pounds in ethanol w e r e  r eco rded  with a Specord spec t ropho tomete r .  The IR spec t r a  of m ine ra l  oil suspens ions  
of the compounds were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  The m a s s  s p e c t r u m  was r eco rded  with an MKh- 
1303 s p e c t r o m e t e r  by d i rec t  introduction of the sample  into the ion source  at an ioniz ing-e lec t ron  energy  of 
50 eV. The PMR spec t r a  were  r eco rded  with a Varian CFT-20  h igh- reso lu t ion  s p e c t r o m e t e r ;  the chemical  
shif ts  we re  m e a s u r e d  re la t ive  to t e t r ame thy l s i l ane  as  the internal  s tandard  with an accu racy  of 0.01 ppm,whi le  
the s p i n - s p i n  coupting constants  (SSCC) were  m e a s u r e d  with an accu racy  of 0.1 Hz. 

Ethyl Pyruva te  sym-4 ,4 ' -D[phenylenee thanedihydrazone  (II). A w a r m  (40-45~ solution of 8.8 g (0.028 
mole)  of s y m m e t r i c a l  4,4'-dihydrazinodiphelku (0 hydrochlor tde  in 300 ml  of wa te r  was added gradual ly  
with s t i r r ing  to a mix tu re  of 7 g (0.06 mole)  of ethyl pyruvate  in 20 ml  of ethanol and 20 ml  of water ,  during 
which the solution became turbid ,  and a yel low crys ta l l ine  prec ip i ta te  fo rmed .  The mix tu re  was s t i r r ed  for  
I h, a f t e r  which it was f i l te red ,  and the p rec ip i t a t e  was washed with wa te r  and dr ied to give 5.8 g (48%) of a 
product  with mp 156-158~ Found: C 65.5; H 6.8; N 12.7%. C24H~0N404. Calculated:  C 65.7; H 6.8; N 12.8%. 

For  separa t ion  of the s t e r e o i s o m e r s  a 5.8~g sample  of hydrazone II was passed  through a column filled 
with s i l i ca  gel with elution by means  of benzene - p e t r o l e u m  ether  (2 : 1). The f i r s t  f rac t ion  was worked up to 
give 0.8 g {]4%) of the syn, syn f o r m  (IIa) with mp 145-146~ and Rf 0.82 [ b e n z e n e - a c e t o n e  (5 : J)]. IR s p e c t r u m :  
3260 (NH) and 1690 cm -1 (CO). UV spec t rum,  Xmax (log e): 209 (4.56), 245 (4.33), and 204 nm (4.45). PMR 
s p e c t r u m  (in ch loroform) :  11.9 (s, NH), 7.0 ~n, Ar),  2.12 (s, CH3), 4.24 (q, CH2CH3), 1.33 (t, CH3CH2) , and 
2.80 ppm is, --CH2CH2-); JCH3CH 2 =7.1 Hz. Subsequent elution of the mix tu re  of hydrazones  II with benzene 
gave 2.0 g (34%) of a mix tu re  of th ree  i s o m e r s .  The next f rac t ion  was the anti ,anti  f o r m  (Hb), which was i so-  
la ted with b e n z e n e - e t h e r  (2 : 1) to give 2.4 g (41%) of a product  with nap 203-204~ and Rf 0.47 [ b e n z e n e - a c e t o n e  
(5:1)].  IR s p e c t r u m :  3340 (NH) and 1740 cm -1 (CO). UV s p e c t r u m ,  Xmax (log e): 206 (4.36), 241 (4.27), 298.5 
(4.19) shoulder ,  350.9 (4.51), and 393 nm (4.41) shoulder .  P M R  spec t rum {in ch loroform):  7.6 (s, NH), 7.0 (m, 
Ar), 2.07 (s, CH3), 4.28 (q, CH2CH3), 1.36 (t, CH~CH2) , and 2.82 ppm (s, -CH2CH2-); JCH3CH2 =7.2 Hz. 

1 ,2- (2 ,2 ' -Die thoxycarbonyl -5 ,5 ' -d[ indoly l )e thane  (III). A 14.9-g (0.034 mole)  sample  of hydrazine  tI was 
mixed with 150 g of ethyl polypliosphorate,  and the mix tu re  was heated slowly with s t i r r ing  to 80-85~ during 
which a t e m p e r a t u r e  jump to 110~ was observed .  The r eac t ion  mix tu re  was mainta ined at 90-95~ for  30 rain, 
a f t e r  which it was cooled and poured into cold wa te r .  The p rec ip i t a t e  was r emoved  by f i l t ra t ion,  washed with 
water ,  and dr ied .  Compounds III and IV were  separa ted  with a column fil led with s i l ica  gel by elutton with chlo- 
r o f o r m - c a r b o n  t e t r ach lo r ide  (4 : 1). The yield of e s t e r  [II, with mp 241-242~ and Ill 0.71 [ b e n z e n e - a c e t o n e  
(5 : 1)], was 6 g (46%). IR s p e c t r u m :  3340 (NH) and 1700 c ~  -1 (CO). UV spec t rum,  Xmax (log e): 210 (3.50) 
shoulder ,  225 (3.59), 234 (3.55) shoulder ,  and 297 nm (3.65). Found: C 70.9; H 6.2; N 7.0%; M + 404. C24H24N204. 
Calculated:  C 71.2; H 5.9; N 6.9%; M 404. 

5- ( f i -Phenyle thyt ) -2-e thoxycarbonyl tndole  (IV). Compound IV was fo rmed  as a side product  in the syn-  
thes i s  of III. It was  pur i f ied with a column by means  of elution with c h l o r o f o r m - c a r b o n  t e t r ach lo r ide  (2:1) to 
give 0.2 g (2%) of a product  with rap 136-137~ and Rf 0.66 [ b e n z e n e - a c e t o n e  (5 : 1)]. IR spec t rum:  3335 (NH) 
and 1695 cm -1 (CO). UV spec t rum,  Xma x (log e): 211 (4.08), 222 (4.06), 235.3 (3.98) shoulder ,  and 298.5 nm 
(3.92). Found: C 77.6; H 6.7; N 4.6%. CIgHIgNO 2. Calcula ted:  C 77.8; H 6.5; N 4.8%. 

*Here  and subsequent ly,  the m / z  values  a r e  p resen ted ;  the values  in pa ren theses  a re  the re la t ive  intensi t ies  of 
the ion peaks  in pe rcen t  re la t ive  to the m a x i m u m  peak.  
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1,2-(2 ,2 ' -Dicarboxy-5,5 ' -d i indolyl)e thane (V). A suspension of ] .5 g (0.003 mole) of e s t e r  [[I, 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, af ter  which the solution was evapo- 
rated.  The solid residue was dissolved in water ,  and the solution was cooled to 5-10~ and acidified with dilute 
HCI. Product V was removed by filtration, washed with water,  and dried to give 1 g (85%) of a substance with 
mp 277-278~ and Rf 0.44 [ethyl a c e t a t e - e t h e r  (5:1)].  IR spec t rum:  3455 (NH) and 1710 cm -t (CO). UV spec-  
t rum,  kmax (log e): 208 (4o72) and 296 nm (4.42). Found: C 68.6; H 5.0; N 8.0%: C20H16N204. Calculated: C 
68.9; H 4.8; N 8.0%. 

1,2-(5,5 '-Diindolyl)ethane (VI). A 1-g (0.002 mole) sample of acid V was heated at 275-295~ in a s t r e a m  
of argon.  Compound VI was purified with a column filled with si l ica gel by eh t i on  with b e n z e n e - p e t r o l e u m  
ether  (5 : 1). Er l i ch ' s  solution gave a red coloration with VI. The yield of product with mp 158~159~ and Rf 
0.64 [benzene -ace tone  (5 : 1)] was 0.18 g (25%). IR spec t rum:  3410 cm -I (NH). UV spect rum,  Xma x (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. CisH16N 2. Calculated: C 83.1; H 6.2; N 10.7%; M 260. 

1 .  

2. 

3. 

4. 
5. 

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

Sh. A. Samsoniya, D. M. Tabidze, and N. N. Suvorov, Khim. Geterotsikl .  Soedin., No. 1, 57 (1981)o 
Sh. A. Samsoniya, M. V. Trapiadze,  N. L. Targamadze ,  I. Sh. Chikvaidze, N. No Suvorov, Yu. A. Ershova,  
and V. A. Chernov, Soobshch. Akad. Nauk GSSR, 100, No. 2, 337 (1980). 
K. Nakanishi, Infrared Spectra and the Structure of Organic Compounds [Russian translat ion],  Mir, Mos- 
cow (1965), p. 51. 
F. Rami r e r  and A. F. Kirby, J .  Am. Chem. Soc., 76, 1037 (1954). 
Sh. A. Samsoniya, I. Sh. Chikvaidze, N. N. Suvorov, and I. M. Gverdtsiteli ,  Soobshch. Akad. Nauk GSSR, 
91, No. 3, 609 (1978). 

R E A C T I O N  OF F I S C H E R ' S  B A S E  

W I T H  o - H Y D R O X Y C  I N N A M A  LD 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 ' 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 al ternative synthesis  it was established that the 
"dicondensed" products  of the react ion of F i s c h e r ' s  base with o-hydroxycinnamaldehydes are  
not oxocine der ivat ives ,  as was previously assumed,  but r a the r  are bisindoline sp i rochromans  
that are  identical to the products  of the react ion of vtnylogs of F i s c h e r ' s  base with sa l icyla lde-  
hydes.  

We have recent ly  reported [1] an unsuccessful  at tempt to synthesize Endoline spirooxocines f rom vinylogs 
of F i s c h e r ' s  base and sal ieylaldehydes.  The products  of the react ion of these substances were found to be 
"dicondensed" sp i rochromans ;  in par t icu lar ,  Ia was obtained f rom 5-ni trosal ieylaldehyde and 1 ,3 ,3- t r imethyl -  
2- (2 -buteny1-1 - idene) indol inc. 

CH 3 CH 3 dr  

CH C|t �9 C R = ~ C H ~ C H ~ ' ~ I J '  C H 3 \  Ctls 
~:~ ~.a,~ / ~= , , N ~ . j ~  ~ "~ 

I a, b C f l ~  . 
NO 2 

l a  R=Ctt3; b [K-HZ; II a R=llZ: b R Clt 3 II a j  b 
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