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The synthes is  of 3 / - (4 ,5-benzindol -3-y l )butyr ic  acid and a number  of its de r iva t ives  has  been 
effected.  It has  been shown that  the F i s c h e r  cycl izat ion of the f l -naphthylhydrazones  of 5 -  
f o r m y l v a l e r i c  acid is accompanied  by the fo rmat ion  of p a r a s i t i c  compounds identified as 
e s t e r s  of w,c0-di [3-(3/ -a lkoxycarbonylpropyl) -4 ,5-benzindol-2-yl ]  capro ic  acids .  The yield 
of the l a t t e r  i n c r e a s e s  with an inc rease  in the s t rength  of the acid used as the cyclizing agent.  

In o r d e r  to continue inves t igat ions  p e r f o r m e d  p rev ious ly  [1-4] on the connection between s t ruc tu re  
and biological  act ion in subst i tu ted 7 - ( indo l -3 -y l )bu ty r i c  acid and to de te rmine  the influence of subst i tuents  
in the a r o m a t i c  nucleus  of the initial a ry lhydrazones  on the ease  of occu r rence  of the F i s che r  reac t ion ,  we 
have p e r f o r m e d  the synthes is  of 3 / - (4 ,5-benzindol -3-y l )butyr ic  acid in accordance  with the following scheme:  

la.b .a .b  ~ ~  
I,aRffi CH3; Ib Rffi C~H 5 ; ~ - ' ~  -(CH2)3CH~OH 

liaR= CMs; l ib R= c21t5 H H II Y VI O 

The cycl izat ion of the hydrazono ethyl e s t e r  Ib under  the action of a solution of or thophosphor ic  acid 
in ethanol t akes  p lace  with insignificant res in i f ica t ion .  In the pur i f icat ion of the technical  r eac t ion  product ,  
two subs tances  w e r e  isolated:  A with mp  104.5-105~ (64%) and B with mp 151-152~ (5.2%). 

Substance A was identified as ethyl 3 / - (4 ,5-benzindol-3-yl )butyra te  (rib). I t  saponified smoothly  to 
f o r m  the acid III; on t r e a t m e n t  with hydraz ine  hydra te  it gave the hydraz ide  IV, and it was  reduced by l i thium 
hydride to 3/-(4 ,5-benzindol-3-yl)butanol  (V). In an addition to e l e m e n t a r y  ana lys i s ,  both the e s t e r  IIb and 
the products  of its t r an s fo rm a t i on  I I I -V were  c h a r a c t e r i z e d  by the i r  UV, IR, and NMR spec t r a ,  which do not 
contradic t  the s t r u c t u r e s  given for  these  compounds.  We also p e r f o r m e d  the convers ion  of the acid III into 
1 , 2 , 3 , 4 - t e t r a h y d r o - 5 , 6 - b e n z o c a r b a z o l - l - o n e  (VI) as a poss ib le  [1, 5] by-produc t  of the reac t ion .  However ,  
we were  unable to detect  this compound in the reac t ion  mix tu re .  

It appeared  of g rea t  in te res t  to invest igate  the s t ruc tu re  of substance B, since in all the syntheses  of 
benzindoles  by the F i s c h e r  reac t ion  desc r ibed  in the l i t e r a tu re  [6-9] the p r e sence  of unidentified b y - p r o d -  
ucts  has  been r epo r t ed .  

*For  Communicat ion I see [14]. 
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Chalmers  and Lions [9] have put forward the hypothesis that in the cyclization of f i -napthylhydrazones 
the c losure  of the ring can take place not only in the ~ but also in the fi position with the format ion of 5,6- 
benzo der ivat ives  of indole in addition to the 4 ,5-der iva t ives .  However,  in view of modern ideas on the 
mechanism of the F i sche r  react ion and information on the chemis t ry  of B-substi tuted napthalenes,  we r e -  
jected the possibi l i ty of this direct ion of the react ion in our case.  The s t ruc ture  VIIIb appeared to us to be 
considerably more  likely for compound B, the format ion of which can be regarded  as the resul t  of the r e a c -  
tion of two molecules  of the indole derivat ive lib with a molecule of the initial aldehydo es t e r  VII. 

The resu l t s  of spec t roscopic  studies were  also in harmony with this hypothesis.  Thus, the IR spec-  
t rum of substance B proved to be ext remely  s imi la r  to that of the es te r  lib, differing f rom it only by the 
presence  of a second carbonyl band, and in a compar ison of the UV spect ra  of these compounds only a 
slight shift in the maxima in the long-wave direct ion for substance B was found. 

H \  
21~ (or l lb) -~- o//C--(CH2)4COOR 

l V l l a ,  b 
COOR(c) COOR(r 
I I 

~H21(i) (i)I~ H2 

'~ i ,- L. ;J 
t 

n O)(CH2)4 H 
vma,b COOR (d) 

I LiAIIi 

H IX ((~H2) 4 H 

CH20H 
I (CHACO)20 

(c) c.2-ococ~3(~} {OCH2--OCOCH3(O 

(g)(~ H2)2 (d) ~"2 

H (g) (CH2) 4 H 

CH 2 

OCOCH3(e) 
VII&VIII~. R=CH,~; v I I b ,V I I I b  R=C21t S 

There is information in the l i t e ra ture  on the possibi l i ty of the formation of s t ruc tu res  of type VIII 
under the conditions of the F i sche r  react ion.  Bauer [10], in the cyclizat ion of the p-ni t rophenylhydrazone 
of proprionaldehyde,  and Shaw and Wooley [11], working with the p-ni t rophenylhydrazone of butyraldehyde, 
isolated by-produc ts  which, on the basis  of e lementary  analysis ,  were ascr ibed  the s t ruc ture  of the co r -  
responding d i (3-a lkyl -5-ni t ro indol -2-yl )a lkanes .  Noland and Robinson [12] have shown that 3-alkylindoles 
reac t  with benzaldehyde to form di(3-atkyl indol-2-yl)phenylmethanes and have drawn attention to s imi lar i ty  
of the UV spect ra  of the compounds obtained and those of the initial indoles. 

The alcoholysis  of p-benzyloxyphenylhydrazone of the aldehydo es te r  VII was observed by Suvorov 
and Murasheva in an attempt to subject it to F i sche r  cyclizat ion [13]. We fur ther  assumed that the yield of 
compound B should r i se  when phosphoric acid was replaced as cyclizing agent by a s t ronger  acid. In actual 
fact,  in the cycl izat ion of Ib by the action of a solution of sulfosalicylic acid (SSA) in ethanol, the yield of by-  
product  rose  to 22% and that of the e s t e r  lib fell to 17%. When this react ion was car r ied  out in methanol, 
the yield of the methyl e s t e r  IIa was likewise only 23% and that of the by-product  C was 45%. Substances C 
and B had different melting points,  but their  IR and UV spect ra  were  prac t ica l ly  identical. Consequently it 
was natural  to assume that the s t ruc ture  of C is analogous to that of substance B and cor responds  to VIIIa. 
We also obtained the e s t e r  IIa f rom Ia in methanol.  The two samples  were identical and on saponification 
with alcoholic alkali were converted smoothly into the acid III. 
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TABLE 1. Chemical Shifts of the Pro tons  of Compound lib 

-- CH2--CH2-- CH~--C--O--CH2--CH3 
l]'; 

H 

Type of [ 
H atoms CH,,  C H 2 - ( 1 )  C H 2 - ( 2 )  C H 2 - ( 3 )  CH2-(4) CH (1') CHaromat. 

6, ppm 1,22 3,14 2,19 2,45 4,12 6,95 7,30--8,45 

TABLE 2. Chemical Shifts of the Pro tons  of Substance C (VIIIa) 

Type of H atoms 

6, ppm 
No. of protons, obtained from the 

ratio of intensities 
Assignment of the protons* 

Aromatic Trip- 
protons let 

7,31--8,3212 4,~7 

a b 

OCHa 

c 

OCHa 

d 

Signals in the 
CH~ strong field 

125 o 16 f 

*See scheme on page 609. 

TABLE 3. Chemical Shifts of the Protons  of Compound X 

Type of H atoms 
Aromatic ~rip- 
protons [let 

CH z (in the 
/ strong field) 

fi, ppm 
No. of protons calculated 

for structure X 

Assignment o f the protons 

731--826 
12 

4{3 4f2 

b c 

3,407 1,398 

d e 

1,685 1,15--2,2518 

f g 

To prove that substances B and C corresponded to the s t ructure  VIII, we reduced them with lithium 
aluminum hydride to the tr iol  IX and acetylated the la t te r  with acetic anhydride to form the t r iacetyl  der iva-  
tive X. The es te r s  IIa and lib, and also substances B, C, and X, were studied by the NMR method. The 
values of the chemical  shif ts  so obtained for  compounds lib, C, and X and the intensities calculated f rom 
the spec t ra  of substances C and X are given in Tables 1-3. 

A compar ison of the NMR spect ra  of the e s t e r s  IIa and IIb with the spect ra  of B, C, and X permit ted 
the following conclusions.  

1. The signals of the protons belonging to the naphthalene nucleus prac t ica l ly  coincide in all the com-  
pounds studied. At the same t ime, the signal of the proton in the ce position of the indole ring (CH-1), 
which has the fo rm of a doublet in the spec t ra  of the es te r s  Ha and b because of spin-spin coupling with the 
proton of the NH group,  is absent f rom the spec t ra  of compounds B, C, and X. This shows, in the f i rs t  place, 
that all the compounds mentioned have s imi lar  cyclic s t ruc tures  and, in the second place,  that compounds 
B, C, and X have a substituent in position 2 of the indole nucleus.  

2. In the spec t rum of compound B there  are  two combinations of peaks corresponding to the protons 
of an ethoxycarbonyl group (with a rat io of the intensities of 1 :2 ) .  In the spect rum of compound C, obtained 
when the react ion was ca r r i ed  out in methanol,  the protons of the methoxycarbonyl  group are  likewise r ep -  
resented by two peaks (5 = 3.59 and 3.67) with the same intensity rat io.  It is natural  to conclude f rom this 
that all s imi la r  compounds contain three  ethoxycarbonyl or  methoxycarbonyl  groups,  as the case may be, of 
which two are equivalent to one another and differ f rom the third.  

3. In the region of the signals corresponding to aliphatic protons in the spectra  of compounds B, C, 
and X there  is a t r iplet  with 5 = 4.67 for B, 4.69 for  C, and 4.63 for X, the intensity of which is t/t2-1/14 of 
the total intensity of the a romat ic  protons.  
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In the s t rong- f ie ld  region of these  compounds,  apar t  f r o m  signals  analogous to the s ignals  of me thy l -  
ene groups  1, 2, and 3 of the e s t e r s  II,  t he re  a re  broad  l ines  a r i s ing  because  of the superposi t ion  of s t rong-  
ly  split mul t ip le ts .  These  l ines  pa r t i a l l y  over lap  with the s ignals  of the pro tons  of methylene groups  2 and 
3, and t h e r e f o r e  the i r  r e la t ive  intensi ty  can be de te rmined  only as the sum with the s ignals  of these  pro tons  
The number  of pro tons  obtained f r o m  the ra t io  of the intensi t ies  a g r e e s  well  with the p roposed  s t ruc tu r e s  
VliIa and X. 

De te rmina t ions  of the n u m b e r  of ethoxy groups  and the mo lecu l a r  weight p e r f o r m e d  m a s s  s p e c t r o -  
m e t r i c a l l y  for  subs tance  B also gave r e s u l t s  cor responding  to those ca lcula ted  for  the p roposed  s t ruc tu re .  

The poss ib i l i ty  of the fo rmat ion  of VIIIa,  b by the reac t ion  of the e s t e r s  Ha, b with the initial a tde-  
hydo e s t e r s  VIIa,  b was  shown by heating the l a t t e r  in alcoholic solutions of SSA. When the F i s che r  r e a c -  
t ion was p e r f o r m e d  under  the act ion of SSA, we l ikewise  succeeded in isolat ing f r o m  the reac t ion  mix ture  
~-naphthylhydrazine  su l fosa l icyla te  with a yield approx ima te ly  cor responding  to the yield of by -p roduc t s .  

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

The IR spec t r a  were  taken on a UR-10 spec t ropho tome te r ,  and the UV spec t r a  on an SF-4M s p e c t r o -  
pho tome te r .  The NMR spec t r a  were  obtained on a JNM-4H 100 s p e c t r o m e t e r  with a working f requency  of 
100 MHz. Deu te roch lo ro fo rm was used as solvent and t e t r ame thy l s i l ane  as s tandard .  

The m o l e c u l a r  weights  we re  m e a s u r e d  on an MKh-1303 m a s s  s p e c t r o m e t e r  fitted with a s y s t e m  for  
the introduction of the sample  into the ion source  c lose  to the ionization chambe r  at ene rg ies  of about 30-40 
and 70 eV and t e m p e r a t u r e s  of 120-160~ 

Methyl 6 - F o r m y l v a l e r a t e .  This  was obtained in a s i m i l a r  manne r  to ethyl 5 - f o r m y l v a l e r a t e  [15] u s -  
ing absolute methanol .  Yield 40%. Bp 93-95~ (14 ram). Found %: C 58.25; H 8.19. C7H1203. Calculated 
%: C 58.31; H 8.32. 2 ,4-Dini t rophenylhydrazone .  mp 101.5-102.5~ Found %: C 48.03; H 4.90; N 17.45. 
Ci3Hi6N40~. Calculated %: C 48.25; H 4.94; N 17.33. 

f i -Naphthylhydrazone of Ethyl 6 - F o r m y l v a l e r a t e  (Ib). A solution of 8.87 g (56 mmoles)  of fi-naphthyl 
hydraz ine  and 8.87 g (56 mmoles)  of ethyl 6 - f o r m y l v a l e r a t e  in 160 ml of absolute methanol  was  boiled for  
45 min,  evapora ted  to 30 ml ,  and cooled to - 5 ~  The prec ip i ta te  was  f i l te red  off. Yield 12.5 g (75%), mp 
63-64~ (f rom methanol) .  UV spec t rum:  ~max,  nm: 255, 304, 348; log e 4.43, 4.13, 3.58 (in ethanol).  IR 
s p e c t r u m ,  Umax, c m - l :  3320 ( N - H ) ;  1718 ( C = O ) ;  1610 (C~---N). Found %: C 72.29; H 7.39; N 9.43. 
C18H22N202. Calculated %: C 72.50; H 7.40; N 9.40. 

Cycl izat ion of the f i -Naphthylhydrazone of Ethyl 6 - F o r m y l v a l e r a t e .  a. By the Action of Or tho-  
phosphor ic  Acid in Ethanol.  A mix tu re  of 2.4 g (8 mmoles)  of lib and 2.2 g of c rys ta l l ine  or thophosphor ic  
acid in 25 ml  of absolute ethanol was boiled for  4 h, cooled, and poured onto ice.  The p rec ip i t a te  was 
sepa ra t ed  off and dr ied ,  d issolved in 50 ml  of benzene,  and ch romatographed  on A1203. Elution was  p e r -  
fo rmed  with benzene.  The benzene was  dis t i l led off f r o m  the f i r s t  f rac t ion  (six 50-ml  port ions)  and the 
res idue  was  r e c r y s t a l l i z e d  f r o m  h e p t a n e - c h l o r o f o r m  (3:1) .  This  yielded 1.29 g (64%) of ethyl 7 - ( 4 , 5 -  
benz indol -3-y l )bu tyra te  (IIb) with mp 104.5-105~ It gave a blue colora t ion with E h r l i c h ' s  r eagen t .  Rf  * 
0.76 (ether) ; 0.49 [benzene -me thano l  (30 : 1) ]; 0.57 [ b e n z e n e - e t h e r  (1 : 1) ]; 0.39 (chloroform).  UV spec -  
t r u m :  ~ m a x ,  nm:  2 2 8 , 2 5 5 , 3 0 8 , 3 2 0 ;  log e 4.48, 4.40, 3.88, 3.88 (in ethanol).  IR spec t rum:  Umax,  cm- i :  
3320 ( N - H ) ,  1715 (C--=O). Found %: C 76.94; H 6.91. C18H19NO2. Calculated %: C 76.90; H 6.76. 

The second f rac t ion  (the subsequent  nine 50-ml  port ions)  yielded s i m i l a r l y  0.12 g (5.2%) of ethyl 
w ,w-d i [3 - (3 ' - e thoxyca rbony lp ropy l ) -4 ,5 -benz indo l -2 -y l ] cap roa te  (VliIb). mp 151-152~ R 0.41 [benzene -  
e the r  (1 : 1)]; 0.58 (ether).  UV s p e c t r u m ,  ~max,  nm:  2 2 8 , 2 5 6 , 3 2 2 , 3 3 8 ;  log e 4.42, 4,36, 3.88, 4.00 (in 
ethanol).  IR s p e c t r u m ,  Umax, c m - i :  3335, 3410 ( N - H ) ,  1730, 1715 ( C = O ) .  Found %: C 75.18; H 7.23; N 
3.97; OC2H 5 18.69; tool.  wt. 702. C44HsoN20 ~. Calculated %: C 75.19; H 7.17; N 3.98; OC2H 5 19.37; mol.  wt. 
702.9. 

b_~. By the Action of SSA in Methanol.  A solution of 3 g (10 mmoles)  of Ib and 6 g of SSA (27 mmoles)  
in 60 ml  of absolute  methanol  was  boiled fo r  4 h. Af te r  24 h standing at r o o m  t e m p e r a t u r e ,  the c r y s t a l s  
we re  f i l te red  off and ca re fu l ly  washed with wa te r .  This  gave 1.15 g (45%) of methyl  w ,w-d i [3 - (3 ' -me thoxy-  

*Here  and below, the Rf  values  a re  given for  a lumina of ac t iv i ty  grade  2. The spots  were  revea led  with 
iodine. 
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ca rbony lp ropy l ) -4 ,5 -benz indo l -2 -y l ] cap roa te  (VIIIa), mp 180-181~ (f rom methanol) .  Rf  0.50 (ether); 0.22 
[ b e n z e n e - e t h e r  (1:1)] .  UV spec t rum:  ~tmax, nm:  2 3 0 , 2 5 7 , 3 2 2 , 3 3 8 ;  log e 4.20, 4.15, 3.95, 3.98 (in 
ethanol).  IR s p e c t r u m :  v max ,  c m - l :  3370, 3335 (N-H) ,  1735, 1715 ( C : O ) .  Found %: C 74.43; H 6.67; 
N 4.10; OCH 3 14.12. C41H44N206. Calculated %: C 74.53; H 6.56; N 4.25; OCH 3 14.05. 

The mo the r  l iquor  was  poured onto ice,  and the prec ip i ta te  was f i l te red  off. This  gave 0.65 g (23.3%) 
of methyl  y - (4 ,5 -benz indo l -3 -y l )bu ty ra t e  (IIa), mp 136~ (f rom methanol) .  R f  0.51 [ b e n z e n e - e t h e r  (1:1)] .  
UV spec t rum:  ~ m a x ,  nm:  228 ,255 ,  308,320;  log e 4.50, 4.44, 390, 3.90 (in ethanol). IR spec t rum:  
~max ,  c m - l :  3340 ( N - H ) ,  1728 (C----O). Found%:  C 76.57; H 6.53; N 5.20. C17H17NO2. Calculated %: C 
76.38; H 6.41; N 5.24. 

c. By the Action of SSA in Ethanol.  A solution of 8.4 g (28 mmoles)  of Ib and 16.8 g (77 mmoles)  of 
SSA in 170 ml  of ethanol was  boiled fo r  5 h. Then it was  evapora ted  to half  volume,  cooled,  and poured onto 
ice.  The p rec ip i t a t e  was evapora ted  off, dr ied ,  and t r ea t ed  with e ther .  This  gave 1.55 g (19.4%) of fl-  
naphthyldrazine su l fosa l icyla te ,  mp 236~ (f rom water) .  UV s p e c t r u m ,  h m a x ,  nm: 240,296-304,  344; 
log e 4.54, 4.07, 3.46 (in ethanol).  IR s p e c t r u m ,  ~max ,  c m - l :  3470-3430, 1675, 1615, 1580. Found %: C 
54.31; H 4.10; N 7.30; S 8.40. C17H16N206S. Calculated %: C 54.25; H 4.28; N 7.44; S 8.52. It gave no de-  
p r e s s i o n  of the mel t ing point with an authentic sample  of f l -naphthylhydrazine sul fosal icyla te .  

The e therea l  ex t rac t  was  evapora ted  and the res idue  was  t r ea t ed  with methanol .  The insoluble pa r t  
was  f i l te red  off, giving 1.76 g (21.8%) of ethyl w,w-di [3- (3 ' - e thoxycarbony lp ropy l -4 ,5 -benz indo l -2 -y l  ]- 
caproa te  (VIIIb) ; m p  151-152~ (f rom methanol) .  It gave no depress ion  of the melt ing point with the sample  
obtained by cycl izat ion in the p r e s e n c e  of phosphor ic  acid. 

The res idue  a f t e r  the evapora t ion  of the methanol  was boiled with pe t ro l eum e ther  (bp 100-110~ 
giving 1.35 g (17%) of ethyl y - (4 ,5 -benz indo l -3 -y l )bu ty ra t e  (lib), mp 98-100~ 

Methyl ~ - (4 ,5 -Benz indo l -3 -y l )bu ty ra t e  (IIa). A mix ture  of 1.55 g (10.8 mmoles)  of methyl  ~ - f o r m y l -  
va l e r a t e  and 1.7 g (10.8 mmoles )  of f i -naphthylhydrazine  in 15 ml  of d ry  methanol  was boiled for  30 rain, 
and then 15 ml  of d r y  benzene was added and the solvents  were  dis t i l led off in vacuum.  The res idue  was 
d isso lved  in 25 ml  of ethyl ce l losolve  and boiled with 2.17 g of c rys ta l l ine  or thophosphor ic  acid for  1 h 30 
rain. After  the usual working up, 2.52 g (88%) of crude product  with mp 116-118~ was isolated.  It was 
r e c r y s t a l l i z e d  f r o m  a mix tu re  of  ch lo ro fo rm and pe t ro l eum ether ,  mp 134-134.5~ It gave no depress ion  
of the mel t ing  point with the sample  obtained prev ious ly .  Found %: N 5.53. CITHtTNO 2. Calculated %: N 
5.24. 

Hydrazide of y - (4 ,5 -Benz indo l -3 -y l )bu ty r i c  Acid (IV). A solution of 1 g (3.56 mmoles)  of IIb and 2 
ml  of hydraz ine  hydra te  in 6 ml  of ethanol was  boiled t o t  3 h. The prec ip i ta te  that deposi ted a f t e r  cooling 
was  separa ted  off. Yield 0.93 g, mp 205.5-206~ Found %: C 72.0; H 6.45; N 15.5. C16HITN~O. Calcu-  
la ted %: C 72.0; H 6.37; N 15.7. 

y - (4 ,5 -Benz indo l -3 -y l )bu ty r i c  Acid (liD. 1.5 g (5.35 mmoles)  of lib was boiled for  30 min in 20 ml  
of a 5% ethanolic solution of KOH, and the mix tu re  was  cooled, poured into wate r ,  and acidified with dilute 
HC1. Yield 1.17 g (86%), mp 177.5-178.5~ ( f rom aqueous methanol) .  Found %: C 75.61; H 6.04; N 5.55. 
C16H15NO2. Calculated %: C 75.80; H 5.92; N 5.53. 

Compound ffl was  obtained s i m i l a r l y  by the hydro lys i s  of IIa, mp 177-178~ 

1 , 2 , 3 , 4 - T e t r a h y d r o - 5 , 6 - b e n z o c a r b a z o l - l - o n e  (V-I). A mix ture  of 0.6 g (2.37 mmoles)  of III and 2.5 g 
(17.6 mmoles )  of phosphorous  pentoxide in 20 ml  of p-xylene  was boiled for  1 h. Then it was  cooled and 
care fu l ly  decomposed  with a 10% aqueous solution of NaOH. The xylene l aye r  was sepa ra ted  off and the 
aqueous l aye r  was  ex t rac ted  with e ther .  Evapora t ion  of the solvents  yielded 0.34 g (60.5%) of a red  sub-  
s tance with mp 204~ ( f rom toluene).  Rf  0.61 (benzene); 0.45 [ b e n z e n e - e t h e r  (1:1)] .  UV spec t rum:  }tmax, 
nm:  2 3 8 , 2 6 2 , 2 8 2 , 3 2 8 , 3 4 0 - 3 4 2 ;  log e 4.53, 3.97, 4.16, 4.30, 4.33 (in ethanol). IR spec t rum,  ~max, c m - l :  
3260 ( N - H ) ,  1645 (C----O), 1620 (C=C a tom. ) .  Found %: C 81.67; H 5.67; N 5.99. C16H13NO. Calculated %: 
C 81.68; H 5.57; N 5.95. 

~- (4 ,5-Benzindol -4-y l )butanol  (V). a.  A solution of 1 g (3.95 mmoles)  of III in 120 ml of absolute 
e ther  was  added to a s t i r r ed  suspension of 0.15 g (3.95 mmoles)  of l i thium aluminum hydride in 25 ml  of 
absolute e ther .  The mix tu re  was  heated  for  1 h, ca re fu l ly  decomposed  with wa te r ,  and made alkal ine.  The 
e therea l  l a y e r  was  separa ted  off and dr ied,  and the solvent was dist i l led off. The yield of V was 0.65 g 
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(60%), mp 110-111~ (from a mixture of benzene and petroleum ether), Rf 0.35 [chloroform-ethyl  acetate 
(4:1)]. UV spectrum: ~max, nm: 228,253,309,  319; loge  4.48, 4.47, 3.89, 3.90 (in ethanol). IR spectrum, 
Vmax, cm-l:  3430, 3410 (O-H,  N-H).  Found %: C 81.28; H 6.03. CI~H17NO. Calculated %: C 81.68; H 
5.57. 

b. A solution of 0.7 g (2.5 mmoles) of IIb in 50 ml of absolute ether was added dropwise to a suspen- 
sion of 0.3 g (7.9 mmoles) of lithium aluminum hydride in 25 ml of absolute ether,  and the mixture was 
s t i r red and heated in the water bath for another 2 h. Then it was decomposed with water and dilute HC1, 
the ethereal layer  was dried, and the solvent was distilled off. The yield of V was 0.36 g (61.2%), mp 110~ 

r (IX). At room temperature a solution of 0.6 g 
(0.85 mmole) of VIIIb in 15 ml of tetrahydrofuran was added dropwise to a suspension of 0.3 g (7.9 mmoles) 
of lithium aluminum hydride in 15 ml of absolute tetrahydrofuran. The mixture was s t i r red for another 3 h 
and was carefully decomposed with 0.25 ml of water,  0.25 ml of 15% NaOH solution, and again with 0.75 ml 
of water.  The precipitate of hydroxides was fi l tered off, and the mother liquor was evaporated in vacuum. 
On prolonged standing and tri turation with petroleum ether,  0.57 g (98%) of light yellow crystals  of IX were 
obtained with mp 116-117~ R f  0.20 [benzene-methanol (9 : 1)]. UV spectrum, ~max, nm: 230,256, 324, 
338; log ~ 4.38, 4.30, 3.92, 3.96 (in ethanol). Found %: N 4.85. C38Ha4N203. Calculated %: N 4.86. 

The reduced product was boiled with 5 ml of acetic anhydride for 45 min. Then the mixture was 
cooled and poured into water,  and the white crystals  of O-acetyl derivative X were fi l tered off. Yield 0.60 
g. mp 127~ (from ethanol). Found %: C 75.47; H 7.22; N 4.09. C44HsoN206. Calculated %: C 75.19; H 
7.17; N 3.98. 

Condensation of Methyl ~-(4,5-Benzindol-3-yl)butyrate (IIa) with Ethyl ~-Formylva le ra te .  A solution 
of 0.12 g (0.45 mmole) of Ha in 30 ml of methanol was t reated with 0.2 g (0.92 mmole) of SSA and, with heat- 
ing, a solution of 0.06 g (0.38 mmole) of ethyl w-formylvalerate in 15 ml of ethanol was slowly added. The 
mixture was heated for 5 h. The excess of solvent was distilled off in vacuum, and 0.05 g of the unchanged 
initial es ter  with bp 136~ was recovered.  The mother liquor was poured into water and the precipitate 
was separated off. This yielded 0.02 g (38%) of methyl w,0)-[3-(3'-methoxycarbonylpropyl)-4,5-benzindol- 
2-yl]caproate (VIIIa), mp 181~ (from methanol), giving no depression of the melting point with the sample 
obtained above. Rf 0.22 [benzene-e ther  (1:1)]. IR spectrum, Vmax, cm-l:  3334, 3370, 1734, 1715. 

Similarly, by the condensation of 0.85 g (3 mmoles) of IIb with 0.25 g (15.8 mmoles) of ethyl y -  
formylvalerate ,  0.49 g (46%) of ethyl co, w-di [3- (3'-ethoxycarbonylpropyl) -4,5-benzindol-2-yl ]caproate (VIIIb) 
was obtained with mp 152~ and giving no depression of the melting point with the sample obtained above. 
IR spectrum, Vmax, cm-l:  3335, 3400 (N-H),  1730, 1715 (C----O). Found %: C 75.33; H 6.86; N 4.26. 
C44HsoN206. Calculated %: C 75.19; H 7.17; N 3.98. 
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