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XXVI.* RATIO OF INDOLE ISOMERS FORMED DURING THE FISCHER 

CYCLIZATION OF META-SUBSTITUTED DIETHYL KETONE PHENYLHYDRAZONES 

I. I. Grandberg, L. D. Belyaeva, UDC 547.751.542.952.1:541.67:543.422.4 
and L. B. Dmitriev 

The cyclization of m-RC6H4NHN=C (C2H5) 2 (R = (2H5, OCH3, Ci) under various conditions al- 
ways gives a mixture of 4-R-3-methyl-2-ethylindole and 6-R-3-methyl-2-ethylindole isomers 
with predominance of the latter. The ratios of the isomers formed depend on the catalyst used. 

We have set  for ourse lves  the genera l  task of making a quant i ta t ive invest igat ion of the effect of sub -  
s t i tuents  in the meta  posi t ion of the benzene  r ing  of phenylhydrazones  on the d i rec t ion of the F i s c he r  r e a c -  
t ion.  We prev ious ly  s tudied the cycl iza t ion of m- to ly lhydrazones  of diethyl ketone and cyclohexanone [2] 
and es tab l i shed  that the cha r ac t e r  of the s y m m e t r i c a l  ketone component  (cyclohexanone and diethyl ketone) 
has v i r tua l ly  no effect on the ra t io  of the i s o m e r s  formed,  and the i s o m e r  with a methyl  group in the 6 -pos i -  
tion of the indole r ing  predomina ted  in all  ca ses .  

In this r e s e a r c h  we have studied the cycl izat ion of r ec ta - subs t i tu ted  diethyl ketone phenylhydrazones  
to the co r respond ing  indoles under  var ious  condi t ions .  

*See [1] for communica t ion  XXV. 

T A B L E  1.  E f f e c t  of  the  C y c l i z a t i o n  Cond i t i ons  on the Rat io  of  
I s o m e r s  I and II 

Temp.,  ! ~=c~H~ / ~=OCH~ _j 
i ~ve--~I pvera~ . . . . .  No. Cyclization conditions *C 
I ( t ime,  h) I :  rI ' ield, I :  H ~ i e l d , |  I :  rI 

% 1%L 

1 ] Z n C l z ( c a t a l y t i c a m o u n t )  I180(2 )  1 :1  

2 ~ ZnClz (mola r  amounts )  180 (2) 
I0%H2SO 4 in C2HsOH I00 (0,5) 
Polyphosphoric acid ]20 (0,5) 
10%sulfosalieyclic acid in 100 (0,5) 

50% C2HsOH 
BF 3. (CzH5)20 in glacial I00 (0,5) 

CH3COOH 
Hgdraz ine  sa l t  and ketone  in 100(2) 

" d i m e t h y l f o r m a m i d e  * [ 
Satura ted  solut ion o f  HC1 (gas) 100 (0,5) 

in C2HsOH 

:1,2 
:1,5 

11 '5 
: 1,2 

:1,2 

:1,8 

17 1:1 

22 1 : I  
55 1:1,8 
41 1:1,8 
91 1 : 1,8 

62 1 : 1,6 

91 1 : 1,1 

30 1 : 5,4 

14 1 : 0,9 

i6 1:0,8 
43 1 : 1,3 
35 
98 

52 1 : 1,5 

84 I - -  
95 : 1,3 

R=CI 

' ield, 
% 

10 

23 
37 
19 
12 

48 

43 

71 

*A mix tu re  of 0.025 mole of m-RC6H4NHNH 2 �9 HC1, 0.027 mole of d i -  
ethyl ketone,  and 15 mI of d imethy l fo rmamide  was ref luxed for 2 h on 
a water  bath, and the solvent  was r emoved  in vacuo. The res idue  was 
poured into 40 m l  of 1 N hydrochlor ic  acid, and the indole was ex-  
t r ac ted  with benzene .  
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F i g .  1. IR s p e c t r a :  a) 6 - m e t h o x y - 3 -  
m e t h y l - 2 - e t h y l i n d o l e ;  b) 4 - m e t h o x y - 3 -  
methy l  -2 - e thy l indo le .  

R 

C2H5 H H 

I II 

~ C 2 t i  5, OCH3, C| 

Our r e s u l t s ,  which a r e  pres:ented in Table  1, a r e  in a g r e e -  
men t  with a m e c h a n i s m  involving i n t r a m o l e c u l a r  e l e c t r o p h i l i c  
subs t i tu t ion  [3,4]. 

When t h e r e  is  a methoxy  group in the me ta  pos i t ion  of the 
phenyl  r ing  of the a r y l h y d r a z o n e ,  i t s  coo rd ina t ed  - I  and +E e f -  
fec ts  l ead  to p r e d o m i n a n c e  of the  6 - subs t i t u t e d  i s o m e r .  

In the c a s e  of the m - c h l o r o p h e n y l h y d r a z o n e ,  the c h l o r i n e  
has  a g r e a t e r  - I  effect  and a s m a l l e r  +E effect  than the methoxy 
group,  and the p redominanc  e of the 6 - i s o m e r  ove r  the 4 - i s o m e r  
is  d imin i shed .  In addi t ion,  in th is  ca se ,  as  expec ted ,  the  y i e lds  
of the c o r r e s p o n d i n g  indoles  a r e  l ower  than when R = C2H 5 and 
OCH 3. 

When t h e r e  is  an ethyl  group in the m e t a  pos i t ion  of the 
a r y l h y d r a z o n e ,  i t s  +I  effect  ac t iva t e s  the or tho pos i t ion  m o r e  
s t rong ly  than the p a r a  pos i t ion  in e l e c t r o p h i l i c  subs t i tu t ion  r e a c -  

t ions ;  however ,  the c o n s i d e r a b l e  s t e r i c  h ind rance  on the pa r t  of the bulky e thyl  g roup  p robab ly  l eads  to the 
fo rmat ion  of the 4 - i s o m e r  in s m a l l e r  amounts  than the 6 - i s o m e r .  

It m u s t  be noted  that  the s t e r i c  f ac to r s  in the cyc l i za t ion  of m e t a - s u b s t i t u t e d  pheny lhydrazones  wi l l  
a lways  favor  the  fo rmat ion  of the 6 - i s o m e r ,  r e g a r d l e s s  of the e l e c t ron i c  n a t u r e  of the subs t i tuen t .  

These  r e s u l t s  w e r e  qua l i t a t ive ly  c o n f i r m e d  in [5-8]. 

In examining  the ef fec t  of the c a t a l y s t  on the  r a t i o  of r e a c t i o n  p roduc t s  formed,  it  should  be noted that  
when Lewis  ac ids  (ZnC12, for  example)  a r e  used ,  the t endency  for  the fo rmat ion  of the 4 - i s o m e r  i n c r e a s e s  
as  c o m p a r e d  with what i s  o b s e r v e d  when proton c a t a l y s t s  a r e  used ,  a l though the ove ra l l  y ie ld  d e c r e a s e s .  
Thus a s m a l l  p r edominance  of the 4 - i s o m e r  was o b s e r v e d  even in the cyc l i za t ion  of d ie thyl  ketone m - c h l o r o -  
pheny lhydrazone .  This  is  p robab ly  a s s o c i a t e d  with the ef fec t  of the c a t a l y s t  on the s t r u c t u r e  of the c o m -  
p lexes  f o r m e d  between the c a t a l y s t  and the a r y l h y d r a z o n e .  

The compos i t ion  of the  p roduc t s  of the cyc l i za t ion  of d ie thyl  ketone m - e t h y l -  and m - m e t h o x y p h e n y l -  
hyd razones  was s tud ied  by g a s - l i q u i d  c h r o m a t o g r a p h y .  In the c a s e  of d ie thyl  ketone m - c h l o r o p h e n y l h y d r a -  
zone, we could not achieve  good c h r o m a t o g r a p h i c  s e pa ra t i on  of the i s o m e r s ,  and t h e i r  r a t i o  was d e t e r m i n e d  
by PMR s p e c t r o s c o p y  f rom the r e l a t i v e  in tens i ty  of the s igna l s  of the 3-CH 3 group .  

3 - M e t h y l - 2 , 6 - d i e t h y l i n d o l e  and 6 - c h l o r o - 3 - m e t h y l - 2 - e t h y l i n d o l e  we re  i so l a t ed  f rom r e a c t i o n  m i x t u r e  
8 (see Table  1) a f te r  two c r y s t a l l i z a t i o n s  f rom pentane in y i e lds  of 20 and 18~, r e s p e c t i v e l y .  3 - M e t h y ! - 2 , 4 -  
d ie thyl indole  and 4 - c h l o r o - 3 - m e t h y l - 2 - e t h y l i n d o l e  could not be i so l a t ed  in pure  fo rm and were  ident i f ied  
only by s p e c t r o s c o p y .  It should  be noted  that  3 - m e t h y l - 2 , 6 - d i e t h y l i n d o l e  is  v e r y  r e a d i l y  conve r t ed  to 3-  
h y d r o p e r o x y - 3 - m e t h y l - 2 , 6 - d i e t h y l i n d o l e n i n e  in a i r ,  p a r t i c u l a r l y  in so lu t ion .  

The 6-  and 4 - m e t h o x y - 3 - m e t h y l - 2 - e t h y l i n d o l e s  we re  s e p a r a t e d  by means  of p r e p a r a t i v e  g a s - l i q u i d  
c h r o m a t o g r a p h y .  

The s t r u c t u r e s  of a l l  of the indoles  obta ined we re  e s t a b l i s h e d  by IR, UV, and PMR s p e c t r a .  The band 
of the de fo rma t ion  v ib r a t i ons  of the C - H  bonds of the a r o m a t i c  r ing  in the IR s p e c t r u m  of the 6 - subs t i t u t ed  
indole was o b s e r v e d  at  h igher  f r equenc ies  than in the c a s e  of the 4 - i s o m e r  (Fig.  1). C h a r a c t e r i s t i c  d i f f e r -  
ences  w e r e  a l so  o b s e r v e d  in the  a r o m a t i c  por t ion  of the PMR s p e c t r u m  (Fig.  2), which made  it p o s s i b l e  to 
unambiguous ly  d e t e r m i n e  the posi t ion of the subs t i tuent ;  in addi t ion,  in the ca se  of the 4 - i s o m e r ,  the s igna l  
of the CH 3 group  in the 3 -pos i t ion  of the indole  r ing  is  a lways  sh i f ted  to w e a k e r  f ie ld  as  c o m p a r e d  with the 
6 - i s o m e r .  The absorp t ion  band c h a r a c t e r i s t i c  for  th is  c l a s s  of compounds  is o b s e r v e d  at  ~300 nm ( loge  
3.80) in the UV s p e c t r a  of the indoles  obta ined.  
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F ig .  2. PMR spec t r a  (aromatic proton r e -  
gion): a) 6 -me thoxy-3 -me thy l -2 - e thy l i ndo l e ;  
b) 4 - m e t h o x y - 3 - m e t h y l - 2 - e t h y l i n d o l e .  

OOH 

~ C H  3 O~ [ ~ Cfl~ 

C j.lr ~/~'~//'- N / ' -  C2 H 5 C2 H~ ~ N / / J ~ r  fl ~ 
H 

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

Except for the 4 -ch loro  and 4-ethyl  i s o m e r s ,  the IR 
spec t ra  of which were obtained from liquid f i lms,  the IR 
spec t ra  were  recorded  f rom KBr pel le ts  (5 mg of com-  
pound per  0.5 g of KBr) with a J a sco  JR-S spec t rophotom-  
e t e r .  

The PMR spec t ra  were  r eco rded  from 10% solut ions 
in CD3COCD 3 with a T-60 s p e c t r o m e t e r  with t e t r a m e t h y l -  
s i lane  as the in te rna l  s tandard .  

The mix tu re  of 6- and 4 - m e t h o x y - 3 - m e t h y l - 2 - e t h y l -  
indoles was  separa ted  with a Khrom-2  chromatograph  
equipped with a p repara t ive  adapter .  The column was 0.8 
m long and had an inner  d i ame te r  of 18 ram.  Chromosorb  
W, to which 4% KOH and 6% polyethylene glycol (tool. wt. 
15,000) had been applied, was used as the s t a t ionary  phase.  
The column t e m p e r a t u r e  was 200 ~ , and the g a s - c a r r i e r  
(N2) flow ra te  was 260 m l / m i n .  The detector  was a f lame 
ionizat ion device.  

The ra t io  of the reac t ion  products  in the cycl izat ion 
of the m - e t h y l -  and m-methoxyphenylhydrazones  was 

s tudied with a Tswet t -1  chromatograph .  The column was 1 m long and had an inner  d iamete r  of 4 ram. 
Chromoso rb  A, to which 1.7% KOH and 10% polyethylene glycol (tool. wt. 15,000) had been applied, was used 
as the s t a t iona ry  phase .  The column t e m p e r a t u r e  was 170 ~ and the g a s - c a r r i e r  (N2) flow ra te  was 110 m l /  
rain.  A f l ame- ion iza t ion  detector  was used.  Only the yields of reac t ion  products  were de t e rmined  in the 
case  of 4 -  and 6 - c h l o r o - 3 - m e t h y l - 2 - e t h y l i n d o l e s  by chromatography .  Chromosorb  G, to which 5% 5F4]~ 
polyphenyl e ther  and 20% polyethylene glycol (tool. wt. 15,000) had been applied, se rved  as the s t a t ionary  
phase.  The column t e m p e r a t u r e  was 220 ~ and the g a s - c a r r i e r  (N 2) flow ra te  was 144 m l / m i n .  The yields 
of reac t ion  products  were  de t e rmined  by i n t e rna l  no rma l i za t i on .  Benzene solut ions of 3 , 4 - d i m e t h y l - 2 -  
ethyl indole (R = C2H5) , 2 ,3 ,5 - t r imethy l indole  OR = OCH3), and 1 -benzy l -2 ,3 -d ime thy l indo le  (R = C1) were  
used  as the s t a n d a r d s .  The yie lds  and percentage  ra t ios  of i some r s  formed (see Table 1) were  de te rmined  
by weighing the chromatographic  peaks.  

m - E t h y l - ,  m-Methoxy- ,  and m-Chlo ropheny lhydrazones .  These  were  obtained by condensat ion of the 
appropr ia te  hydraz ines  with diethyl ketone [9]. 

3 -Methy l -2 ,6 -d ie thy l indo le .  This compound mel ted  at 67-68 ~ IR spec t rum,  c m - I :  813 6CH (H 0,  864 
6CH (H5,6); 1565, 1590, and 1625 Uring;  2860, 2931, and 2965 UCH; 3415 UNH. UV spec t rum:  )~max 230, 
289 nm (toge 4.52 and 3.70). PMR s p e c t r u m * :  2-CH 3 1.20 t; 2-  and 6-CH 2 2.70 q and 2.67 q, J = 7.5 Hz; 
3-CH 3 2.15 s.  Aromat i c  r ing  pro tons :  H 4 7.27 d; H 5 6.75 q; H 7 7.0 d; J4,5 = 7.5 Hz; J5,7 = 1.8 Hz. 

3-M.ethyl-2,4-diethyl indole .*  IR spec t rum,  c m - t :  745and7856cH(Hs ,6 ,0 ;1558and1590  Uring,2810, 
2870, and 2910 uCH; 3320 UNH. The UV spec t rum was ident ical  to the spec t rum of 3 - m e t h y l - 2 , 6 - d i e t h y l -  
indole .  PMR spec t rum:  2-CH 3 1.25 t, 2- and 4-CH 2 3.00 q and 2.97 q; J = 7.5 Hz; 3-CH 3 2.35 s.  Aromat ic  
r ing  pro tons :  H 7 7.15 d; H 6 7.02 t; H 5 6.80 d; J5,7 = 1.8 Hz; J5,6 =JG,7 = 7.5 Hz. 

3 -Hydrope roxy-3 -me thy l -2 ,6 -d i e thy l indo len ine .  A solution of 0.5 g of 3 -methy l -2 ,6 -d ie thy l indo le  in 
15 ml  of hexane was allowed to s tand for  6 h, and the prec ip i ta ted  c rys t a l s  were  removed by f i l t ra t ion and 
dr ied  to give 0.41 g (71%) of 3 -hydrope roxy-3 -me thy l -2 ,6 -d i e thy l indo len ine  with mp 120 ~ IR spec t rum,  

* The chemica l  shifts (in par ts  per  mil l ion)  a re  given in the 6 sca le .  
s is s ingle t ,  d is doublet,  t is t r ip le t ,  and q is quar te t .  

Cha rac t e r i z ed  in a mix tu re  with 3 -me thy l -2 ,6 -d ie thy l indo le .  

The following abbrevia t ions  were  used:  
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cm- l :  1600 vC=N; 1110 vC_O; 980 vO_O; 3480 (broad) vOH. UV spectrum: kma  x 223, 228, and 266 nm 
(logs 4.18, 4.26, and 3.46). PMR spectrum (in CDC13): 2-CH 31.15 t; 2- and 6-CH 22.60 q, J = 7.5 Hz; 
3-CH 31.35 s; 3-OOH 10.4 s. The position of the peroxide grouping was unambiguously established from the 
signal of the 3-CH 3 group. The chemical shift of 1.35 ppm is peculiar to an aliphatic grouping. Aromatic 
ring protons: H 56.80 q; H 47.07 d; J4,5 = 7.5 Hz; H 67.15 s. Found %: C 71.3, 71.2; H 7.7, 7.8. C13HITNO 2. 
Calculated%: C 71.2; H 7.7. 

6-Methoxy-3-methyl-2-ethylindole. This compound had mp 101-102 ~ IR spectrum, cm-l :  8006CH 
(HT), 8256CH (H4,5); 1500, 1575, and 1628 Vring; 2910 and 2960 VCH; 3440 UNH. UV spectrum: )tma x 229, 
274, and 296nm (logs 4.42, 3.50, and 3.56). PMR spectrum: 2-CH 31.20 t; 2-CH 22.69 q, J = 7 Hz; 3-CH 3 
2.15 s; 6-OCH33.73 s.  The aromatic protons are displayed as an ABX system, and a broad H 4 doublet at 
7.18 (J = 8A Hz, J4,7 = 0.8 Hz) is seen at weak field (determined from the half width of the signal). The H 7 
signal is displayed as a broad doublet at 6.75 (JsJ = 2.4 Hz), while H 5 appears at 6.60 q. Found ~:  C 76.3, 
76.5; H 7.8, 7.8. C12H15NO. Calculated %: C 76.2; H 7.9. 

4-Methoxy-3-methyl-2-ethylindole. This compound had mp 76-77 ~ IR spectrum, cm-i :  740 and 778 
6CH (H5,6,7); 1565, 1590, and 1615 Vring; 1920 uCH; 3410 VNH. UV spectrum: ~max 226, 272, and 292 nm 
(loge 4.66, 3.86, and 3.81). PMR spectrum: 2-CH 31.21 t; 2-CH 22.69 q, J = 7 Hz; 3-CH 32.35 s; 4-OCH 3 
3.82 s. Two multiplets in the aromatic proton region with chemical shifts of 6.34 and 6.83 ppm represent  a 
spectrum of the AA'B type. The stronger-field signal is related to the protons in the 5-position, while the 
weaker-field signal is related to the H 6 and H 7 protons. The observed J value (3.9 Hz) is close to the" ex- 
pected average value [(Jo + Jm)] [2]. 

6-Chloro-3-methyl-2-ethylindole.  This compound had mp 114-115 ~ IR spectrum, cm-l :  744 u C-C1; 
807 6CI- I (H7) ; 845 6CH (H4,5); 1557, 1610 ~ring; 2860, 2920, and 2980 vCH; 3380 ~NH. PMR'spectrum: 
2-CH 3 1.22 t; 2-CH 2 2.72 q, J = 7 Hz; 3-CH 3 2.15 s. The aromatic protons are displayed as an ABX system 
and, as always, a broad H 4 doublet is seen at weakest field (7.34), followed by H 7 at 7.29 q and H 5 at 6.96 q 
with J4,5 = 8.4 Hz, J5,7 = 2 Hz, and J4,7 = 0.5 Hz. Found %: C 68.3, 68.6; H 6.0, 6.2. CIIHI2CIN. Calculated 

: C 68.2;H 6.2. 

4-Chloro-3-methyl-2-ethyl[ndole.*. IR spectrum, cm-l: 745t and 772 5CH (H5,~,7); 155 0 and 1590 Vring; 
2865, 2930, and 2970 VCH; 3420 VNH" PMR spectrum: the signal of the ethyl group coincides with the sig- 
nals of the ethyl group of 6-chloro-3-methyl-2-ethylindole; 3-CH 3 2.42 s. Two mult[plets in the aromatic 
proton region at 6.92 and 7.22 ppm represent a spectrum of the AA'B type. The signal at weaker field is 
related to the proton in the 7-position, while the signal at stronger field is related to the Hs, 6 protons. The 
observed J value (3.4 Hz) is close to the expected average value [(Jo+Jm)/2]. 
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* Characterized in a mixture with 6-chloro-3-methyl-2-ethylindole.  
The band of the deformation vibrations of the CH bonds of the benzene ring (745 cm -1) in this case coincide 

with the C-C1  stretching vibrations. 
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