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XLVI.* SALTS OF ARYLHYDRAZINES AND BISULFITE 

DERIVATIVES OF T-HALO CARBONYL COMPOUNDS 

IN THE SYNTHESIS OF TRYPTAMINES 

I. I. Grandberg and N. I. Bobrova UDC 547.752.07 

The fo rmat ion  of t ryp t amines  ins tead of the usual F i sche r  cycl izat ion is obse rved  when sa l t s  
of a ry lhydraz ines  a r e  heated with T-ha lo  carbonyl  compounds.  Bisulf i te  der iva t ives  of T-ha lo  
earbonyl  compounds with both a ry lhydraz ines  t h e m s e l v e s  and with the i r  sa l t s  can also be 
used in the synthes is  of the t ryp t amines .  

In an invest igat ion of the poss ib i l i ty  of the use of the method in [2, 3] for the synthes is  of t ryp tamtnes  
based  on the condensat ion of a ry lhydraz incs  with 7 -ha lo  carbonyl  compounds we obse rved  that the sa l t s  
of a ry lhydraz ines  (I), which a r e  more  s table  than the co r respond ing  bases  (Table 1, path A), can also be 
used as the s t a r t ing  compounds.  

At f i r s t  glance,  the r e su l t s  may s e e m  unexpected. It  is known that the sa l t s  of a ry lhydraz ines  undergo 
F i sche r  cycl tzat ion to indoles on heat ing with carbonyl  compounds.  In pa r t i cu l a r ,  the a ry lhydrazones  ff 
T-ha lo  carbonyl  compounds f o r m  3-( f i -chloroethyl ) indoles  (XVII) under acidic conditions [7-10]. This also 
might have been expected in our ease ,  inasmuch as a ry lhydrazones  XIII a r e  f o r m e d  v e r y  rap id ly  when sa l t s  
I a r e  mixed with carbonyl  compounds II [3]. 

The r a t e  of the F i sche r  r eac t i on  (path A) is de te rmined  p r i m a r i l y  by protonat ion of the a ry lhydrazone  
[11, 12] o r ,  more  p r e c i s e l y ,  by  the r a t e  of fo rmat ion  of the enehydraz ine  [13]. 

The a ry lhydrazones  of carbonyl  compounds a r e  weak  bases  with pK a values  of the conjugate acids of 
~1 .5  [141. 
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T A B L E  1. C h a r a c t e r i s t i c s  of  the  Compounds  O b t a i n e d  
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* O b t a i n e d  b y  h e a t i n g  in a s e a l e d  a m p u l  in 90% me thano l  a t  170-180 ~ 
for  2 h. 

F r o m  a r y l h y d r a z i n e  s a l t  I and b i s u l f i t e  d e r i v a t i v e  of l ib  b y  r e f l u x -  
ing in 60% me thano l .  

Such low b a s i c i t i e s  a r e  r e s p o n s i b l e  for  the  fac t  t ha t  the  s a l t ~ - b a s e  (XIII-XIV) e q u i l i b r i u m  under  our  
cond i t i ons  of  aqueous  a l coho l  s o l u t i o n s  ( the i r  pH is ~ 1.75) is  sh i f t e d  to f avo r  the  u n p r o t o n a t e d  h y d r a z o n e  
(XIII) (N70% of  th i s  f o r m  is p r e s e n t ) .  

In th i s  connec t i on ,  the  usua l  F i s c h e r  r e a c t i o n  (path A) does  not  o c c u r ,  but  a c o m p e t i t i v e  p r o c e s s  - 
q u a t e r n i z a t i o n  a t  the  f l - n i t r o g e n  a t o m  in hydra .zone  XIII  to g ive  N - a n i l i n o p y r r o l i n e  XVIII  and f inal  c o n v e r -  
s i o n  to t r y p t a m i n e  t l I  (path B) - does  t a k e  p l a c e .  

An i n c r e a s e  in the  a c i d i t y  [7-10] sh i f t s  the  e q u i l i b r i u m  to f a v o r  p r o t o n a t e d  h y d r a z o n e  XtV, d e c r e a s i n g  
the  p o s s i b i l i t y  of  q u a t e r n i z a t i o n ,  and ,  in add i t i on ,  i n c r e a s e s  the  r a t e  of  c o n v e r s i o n  of h y d r a z o n e  XIII  to e n e -  
h y d r a z o n e  XVI (which is  r e m o v e d  f r o m  the r e a c t i o n ) ,  i n c r e a s i n g  the  r a t e  of  i ndo l i z a t i on  [15] (path A).  

On ly  the  f o r m a t i o n  of e n e h y d r a z i n e  XVI can  l e a d  to indole  XVII,  but  a p p a r e n t l y  does  not  o c c u r  du r ing  
e a c h  ac t  of  i t s  d e v e l o p m e n t ,  i n a s m u c h  as  the  e n e h y d r a z i n e  f o r m  is  e x t r e m e l y  u n f a v o r a b l e  [16] and is  r a p -  
i d ly  c o n v e r t e d  to h y d r a z o n e  XIII  t h r o u g h  the  s a m e  s t e p s  v i a  the  a b o v e - i n d i c a t e d  s c h e m e  (XVI-XV-XIV-XII I ) .  

H o w e v e r ,  in the  c a s e  of q u a t e r n i z a t i o n ,  s t r u c t u r e  XVIII ,  wh ich  is i d e a l  for  the  s u b s e q u e n t  s i g m a t r o p i c  
[3,3] sh i f t  [3], is  f o r m e d .  Shi f t ing  of  the  double  bond  to the  n i t r o g e n  a t o m  in the  m o l e c u l e  of u n p r o t o n a t e d  
b a s e  cannot  o c c u r  h e r e ,  and the  r e a c t i o n  p r o c e e d s  r e a d i l y  a long  the  pa th  of  f o r m a t i o n  of the  t r y p t a m i n e  
(path B). 

The k ine t i c  d a t a  shou ld  a l s o  be t a k e n  into accoun t .  The r a t e - d e t e r m i n i n g  s t ep  in the  s y n t h e s i s  of 
t r y p t a m i n e s  is  q u a t e r n i z a t i o n  of the  f i - n i t r o g e n  a t o m  of h y d r a z o n e  XIII  [12]. 

It fo l lows  f r o m  a c o m p a r i s o n  of  the  r a t e  c o n s t a n t s  of F i s c h e r  r e a c t i o n s  c a t a l y z e d  b y  a c i d s  [17] and 
p r o c e e d i n g  under  the  in f luence  of  a l l y l  b r o m i d e  [12] under  c o m p a r a b l e  cond i t ions  tha t  t h e s e  r a t e s  a r e  f i r s t -  
o r d e r  v a l u e s  (K 1 0 . 5 . 1 0  -3 and 4.7 �9 10 -3, r a i n - i ,  r e s p e c t i v e l y ) ,  

The d i f f e r e n c e  b e t w e e n  our  r e a c t i o n  and the  above  r e a c t i o n s  c o n s i s t s  in the  fac t  tha t  q u a t e r n i z a t i o n  
of  the  f i - n i t r o g e n  a t o m  p r o c e e d s  i n t r a m o l e c u l a r l y ,  i . e . ,  the  p r o b a b i l i t y  f a c t o r ,  wh ich  a l w a y s  p r o m o t e s  an 
i n t r a m o l e c u l a r  r e a c t i o n ,  shou ld  a l s o  be  t a k e n  into accoun t .  

We w e r e  a l s o  a b l e  to f ind a n o t h e r  v a r i a n t  of  the  me thod  for  the  s y n t h e s i s  of  t r y p t a m i n e s  III  b a s e d  on 
the  use  of the  s t a b l e  b i s u l f i t e  [18] d e r i v a t i v e s  of  T - h a l o  c a r b o n y l  compounds  (XX). This  is  p a r t i c u l a r l y  i m -  
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portant  for the synthesis  of 2-unsubst i tuted t ryp tamines ,  inasmuch as T-cblorobutyra ldehyde  i tself  (IIa) is 
an e x t r e me ly  unstable compound. 

Derivat ives XX are  r ead i ly  obtained via the usual scheme [18]. Condensation of the la t te r  with a ry l -  
hydrazines  XIX occurs  when the compounds are  re f luxed  in 60% methanol in a neutra l  medium (no re s in i f i -  
cation is observed) .  The yields of the t ryptamines  (Table 1, path B) are  bas ica l ly  even higher than when 
f ree  7 -ha lo  carbonyl  compounds are  used [2]. In this case ,  ca r ry ing  out the reac t ion  at higher  t e m p e r a -  
tures  (by heating in a sealed ampul at 170-180 ~ for 2 h) p romotes  a fur ther  inc rease  in the yields (Table 1, 
path B, compound VIII). 

Salts of a ry lhydraz ines  I can also be used in this same reac t ion ,  but, despite variat ions in the condi- 
tions (changes in the t empe ra tu r e  and the reagent  ra t ios ) ,  the yields of the t ryp tamines  are  considerably 
lower  (Table 1, path B, compound IX). 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The UV 
spectra of ethanol solutions were recorded with an EPS-3T spectrophotometer. Thin-layer chromatography 
(TLC)v~as carried out on SUufol UV-254 in [sopropyl alcohol-25% ammonia (90: 15) (RF); paper chroma- 
tography was carried out on Volodarski[ "fast' paper in n-butanol-acetic acid-water (4 ~" 1 ~ 5) 0Rf). The 
chromatograms were developed with Erlich's reagent. 

T-Chlorobutyraldehyde (IIa). This compound was obtained by Rosemund reduction [18] of T-ebloro- 
butyryl chloride in tetralin at 130-140% 

T-Chloropropyl Methyl Ketone (lib). This compound was obtained in 66% yield by the method in [19] 
by refluxtng acetylpropyl alcohol with excess concentrated HCI. 

Bisulfite Derivative of T-Chlorobutyraldehyde (XXa). This compound was obtained in 96% yield by 
the method in [18] and was 90% pure. 

Bisulfite Derivative of T-Chloropropyl Methyl Ketone (XXb). This compound was similarly prepared 
in 92~ yield and was 95% pure. 

p-Benzyloxyphenylhydrazine. A total of 143 g (0.625 mole) of p-nitrophenol benzyl ether was added 
gradually in 10-15-g portions (until all of the solid had dissolved) to a refluxing m[xtttre of 400 ml of meth- 
anol, 400 rnl of hydrazine hydrate, and 3 g of Raney nickel (type W-2 [20]), after which the mLxture was re- 
fluxed for 1 h. The hot solution was decanted away from the catalyst, and the alcohol was removed by vac- 
uum distillation. The crystalline residue was removed by filtration and washed with 600 ml of hot water 
(in 200-ml portions). The moist,well-squeezed solid was dissolved in 500 ml of hot [sopropyl alcohol, and 
concentrated HCI was added until the mixture was acid to Congo red (~ 50 ml). The precipitated crystalline 

salt (~ i00 g) was removed by filtration and washed with ether. The filtrate was then vacuum evaporated 
until a precipitate began to form. An additional 32 g of p-aminophenol benzyl ether hydrochlor[de was ob- 
tained. The overall yield was 132 g (90%); mp 210-212 ~ (from aqueous isopropyl alcohol [22]. 

The diazonium salt from p-aminophenol benzyl ether was reduced with stannous chloride in hydro- 
chloride. The yield of the hydrazine was 70%; mp 106-107 ~ [22]. 

General Method for the Preparation of Tryptamines (III). A) A solution of 0.05 mole of T-chloro- 
butryaldehyde (IIa) or T-chloropropyl methyl ketone (IIb) in I0 ml of methanol was added to a refluxing so- 
lution of an equimolar amount of arylhydrazine salt I in 60 ml of 90% methanol, and the mixture was re- 
fluxed for I0 h. The alcohol was then removed by distillation, and the residue was dissolved in 50 ml of 
water. The neutral impurities were extracted with ether (two 20-ml portions). The aqueous solution was 
cooled and made alkaline, and the resttlting oil was extracted with benzene (three 20-ml portions). The ex- 
tract was dried with fused KOH and vacuum distilled. The crystalline compounds were additionally purified 
by crystallization. 

B) A solution of 0.05 mole of arylhydrazine XIX or its salt (1) in the minimum amount of methanol 
was added all at once to a refluxing solution of 0.05 mole (based on the principal product) of bisulfite deriv- 
ative XX in I00 ml of 60% methanol, and the mixture was refluxed on a water bath for 14 h. The alcohol 
was removed with a rotary evaporator, and the residue was dissolved in 50 ml of 1 N HCI. The reaction 
mixture was then worked up as in the preceding method (A). 
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The individuality of all  of the t ryp tamines  obtained (HI) was moni tored by ch roma tog raphy  on Sihfo l .  
The identif ication of the c rys ta l l ine  compounds was es tab l i shed  by means of mixed melt ing point determin-- 
at ions.  

5-Benzyloxytryptamine (VII). This compound, with mp 84-86 ~ [4], was obtained in a yield that was 
62% of that expected from theory B (it began to crystallize after evaporation of the benzene extract, which 
had first been filtered through a layer of aluminum oxide): Rf 0.60, IRf 0.86. Found: C 76.7; H 6.8%. 
CITHIsN20. Calculated: C 76.7; H 6.8%. IR spectrum: 3350, 3290 (NH); 1620, 1590, and 1490 cm -I (ring). 
UV spectrum, ~.max, nm (log e): 277 (3.67), 285 (3.62), and 291 (3.57). The picrate, with mp 222.5-224 ~ 
(dec.), was obtained in absolute ether with a molar amount of pieric acid and was recrystaliized from the 
minimum amount of alcohol. Found: N 14.1%. C17HIsN20. C6H3N3OT. Calculated: N 14.2%. 
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