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A series  of papers devoted to the synthesis of tryptamines and related structures (tryptophols, 
homotryptamines, eserines, azatryptamines, etc.) from halocarbonyl compounds and arylhy- 
drazines are  correlated.  The data on the mechanism of the reaction can be successfully ap- 
plied to the Fischer  indole synthesis. 

In 1966 it was observed that phenylhydrazine, on heating in alcohol solution with "/-chlorobutyraldehyde 
[1, 2], forms tryptamine in quite a high yield instead of the expected 1-phenyltetrahydropyridazine. In the 
following six years  a detailed study of the mechanism of the process,  which leads to the formation of the 
most important biogenetic amines, made it possible not only to ascertain the details of this interesting re-  
action but also to obtain extremely important results  related to the Fischer  indole synthesis. The goal of 
this review is a correlat ion of all of the data on this most promising method at present for the synthesis 
of tryptamine and other similar  structures.  

Several arylhydrazines and "/-halocarbonyl compounds have reacted like phenylhydrazine and 3,-chlo- 
robutyraldehyde, but the formation of tryptamines did not seem very clear, especially since Sletzinger had 
previously obtained 3- (#-chloroethyl)indoles from 5-chloro-2-pentanone under the usual conditions of the 
Fischer  reaction [3, 4]. The scheme for the process  that had already been proposed in one of the f irs t  
papers [5] satisfactorily explained all of the experimental facts and was then confirmed in detail (see below). 
According to this scheme, arylhydrazine I reacts  with a T-halo ketone or -/-halo aldehyde to give hydra- 
zone II, which is cyclized to 1-anilinopyrroline salt III. 
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The la t te r ,  because  of its weak basici ty,  exis ts  pa r t i a l ly  in the fo rm of unprotonated enamine IV. which 
f o r m s  s t ruc tu re  V via a scheme involving a s igmat ropic  [3. 3] shift  with cleavage of the N--N bond and fo r -  
mat ion  of a C--C bond. Stabilization to an a romat i c  sy s t em leads to or tho-subs t i tu ted  aniline VI. which 
through addition of a NHR' group to the C = N double bond gives ese r ine  der iva t ive  VII. which is s tabil ized 
by 3- el imination with eject ion of a proton and opening of the pyr ro l id ine  ring to the a roma t i c  s t ruc tu re  of 
t ryp tamine  sal t  VIII. This scheme proved  to be ex t r eme ly  p romis ing  for  subsequent studies in this field. 

T ryp tamines  and Homot ryp tamines .  No diff icult ies whatsoever  were  observed  when the substi tuents 
in the benzene r ing and those  at tached to the a - n i t r o g e n  a tom of the a ry lhydraz ine  were  var ied  and different  
1 .4-halocarbonyl  compounds were  used. The yields in mos t  cases  were  quite high and reached 90% [5-13]. 
It was found that 5 -ha locarbonyl  compounds r eac t  with a ry lhydraz ines  via a s im i l a r  scheme to give 3- (~/- 
aminopropyl) indoles  (homotryptamines)  [9. 12-14]. 

" / ( C H 2 )  4 C~ 

~L~J~XN RI N H 2 ~R" 
HCt HC~, 

. R ~ ( C H z ) 3  ? H2 

" ~  "-~R; "" R" Hc, 

Eser ine  Sys tems .  a -Alky l - subs t i tu t ed  ~-ha lo  ketones have fo rmed  t r ieyc l ic  e se r ine  sy s t ems  in high 

/ C H (C H 3) C H2C H2Cl CH3 
R - - ~  -f- O=C R ~  

N R~"--'N H2 ~CH3 HCI. h "  " 
CH 3 

yie lds  [15-18]. Homoese ro l ine  s y s t e m s  and echiboline de r iva t ives  [17, 18] could be obtained when the c o r r e -  
sponding halocarbonyl  compounds w e r e  used. 

CH3 H 

The r ing-cha in  t a u t o m e r i s m  of sa l t s  of such s y s t e m s  with the es tab l i shment  of the regions of ex is -  
tence of t au tomer s  as a function of the pH and s t ruc tu re  of the compounds was invest igated in detail  in a 
number  of pape r s  [19, 20]. 

! , I N  
R CH 3 

- -  2 . H  + 

+2H t 
R CH2CHzNH3 
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Azat ryp tamines .  a - P y r i d y l h y d r a z i n e  has fo rmed  the cor responding  7 -aza t ryp tamines  in this react ion  
under  somewhat  m o r e  s e v e r e  conditions [21]. However,  under  the usual conditions (at 70~ in methanol) 
the reac t ion  stopped at  the s tep involving a compound s i m i l a r  to fo rm IV, and pyr idy laminopyr ro le  exis ted 
as a d imer  in neut ra l  media  [22]. 

~'~NHNH 'x'~~ 

~ ~ H  CHzCH2NH 2 , HCf, 

CH 3 
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Reaction Mechanism. According to the reac t ion  scheme,  the ~-n i t rogen  atom of the ary lhydraz ine  
par t ic ipa tes  in the format ion of the amino group of the aminoethyl port ion of the t ryptamine  molecule.  In 
o rde r  to conf i rm this assumption, a-15N-phenylhydrazine was conver ted  to 2-methyl t ryptamine  by heating 
under  the usual conditions with T-ch loropropyl  methyl  ketone. If the scheme is valid, the 2-methyl t ryp t -  
amine formed should contain the 15N isotope in the 1 position, while the 2-methyl t ryptamine  obtained f rom 
B-~SN-phenylhydrazine should contain the lSN isotope in the amino group of the side chain of the indole. In 
fact, m a s s - s p e c t r a l  analysis of the t ryp tamines  proved the p resence  of the label at the s i tes  of the molecules  
corresponding to the scheme below [23]. 

0 . .  
NHNH 2 

--~CH2CH2NH2 

CH2CH2NH2 

CH 3 

When one examines the scheme,  a question natural ly  a r i ses  regarding the prevai l ing direct ion of the 
cyclization,  i .e. ,  regarding the quaternizat ion of the a-  or B- nitrogen atoms in the hydrazone molecule.  
This question was solved par t ia l ly  by calculations of severa l  sys tems by the MS LCAO method within the 
Huckel approximation [24]. 

A compar ison of the ~r-electron densi t ies  on the e -  and /~-nitrogen atoms of the hydrazones shows 
dis t inct ly that the B-ni t rogen atom is always m o re  basic,  although the basici ty  of hydrazones  is less  than 
the bas ie i ty  of hydrazines ,  on the average  by two o rde r s  of magnitude [25]. 

'~ NH- -N=C- -CH 3 
c c  

XII 

~ +  / (cH2)3 c[ [ ~  ~ H(CH2)2 c[ 
0,1514 -02256 / 
N H ~  N~C--CsH 5 NH--NH--C--CsH 5 

E~T = 19.O870 j3 E~I" = 10.92OO 

The format ion of 1-ani l inopyrrol ine  III r a the r  than a te t rahydropyr idaz ine  sys tem of the IX type during 
quaternizat ion is in complete conformity  with the established rule  [26]. 

Despite the fact that the "hydrazone" fo rm for  the resul t ing ani l inopyrrol ine salt  (III ~ IV)  is more  
favorable  f rom an energy point of view (see E~ for  X and Xa and [24]), the tau tomer ic  and, apparently,  un- 
protonated enehydrazine fo rm (IV), in which the atoms in the 1 and 6 posit ions a re  situated c lose ly  enough 
for  format ion of a C--C bond, natura l ly  undergoes react ion [24]. 

One should especia l ly  note the following fact.  According to the general  scheme for the F i sche r  indole 
synthesis ,  the r a t e -de te rmin ing  step of the p roces s  is the format ion of the enamine fo rm as a resul t  of pro-  
to t ropic  catalysis  [27] (see also [28] for  the ro le  of enamines in the F i sche r  reaction).  

CHR~ ,, CI ~ = I - H + ~  tl 

/,F\ ~L~NH NH / \R / / \  

A B 

However,  not eve ry  act of protonation should lead to the enamine form,  and, in connection with the "energie  
disadvantageousness" of the enamine form, the t ime during which it exis ts  may be so short  that there  is 
not enough t ime for  the next s t e p -  a s igmatropie  [3,3] s h i f t -  to be rea l i zed  (see below). The situation dif- 
f e r s  sharply  for  the analogous 1-ani l inopyrrol ine  f ragment  in the scheme of the synthesis  of t ryptamines .  
Unprotonated fo rm IV cannot exist  in the hydrazone form but exists  only in the enamine form: this sharply 
inc reases  the possibi l i ty  for  the occu r rence  of the next s t e p -  s igmatropie  [3,3] shift. 
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C6Hr 

anti -form 

Fig. 1. 

R _C6H 5 
._----- 

,~_ H J " ' ~C ,  
" Y  

syn-form 

Conformat ions  of hydrazone molecules  
(Dreiding models) .  

Resul ts  that a t tes t  to the significant effect  of con- 
format ional  f ac to r s  as well on the t rend of the p ro ce s s  
were  obtained in a m o r e  detai led study of the react ion.  
F o r  example,  the reac t ion  of phenylhydrazine with I/- 
chloropropyl  phenyl ketone, which p roceeds  through a 
step involving the format ion  of hydrazone X, gives t e t r a -  
hydropyr idazine  XI instead of the expected t ryp tamine  
(XII). Moreover ,  cycl izat ion occur red  at the a - n i t r o g e n  
a tom even during the reac t ion  with a -benzy lphenylhydra -  
zinc and the fo rmat ion  of the same  pyr idazine  (XI) due to 

spli t t ing out of benzyl  chlor ide f r o m  the unstable qua te rna ry  sal t .  The d i f ferences  in the ~r-electron den- 
s i t ies  of the ni t rogen a toms in the molecules  of hydrazones  X and XII a r e  not so significant as to induce r e -  
or ienta t ion during i n t r amolecu l a r  cyclizat ion.  A conformat ional  analys is  of the hydrazoue molecules  suc-  
cess fu l ly  explained the r eason  for  the change in the cour se  of the reac t ion  [24]. 

According to the genera l  concepts  regard ing  the configuration of molecules  with a mult iple bond, the 
1- 5 a toms should l ie  in a single plane (Fig. 1). The s t e r i c  p r e r equ i s i t e s  for  convenient at tack of the C-C1 
f r agmen t  a r e  p r e s e n t  in the anti f o rm only on the mos t  bas ic  /~-nitrogen a tom (Drei_ding model).  In addition, 
the dis tance between the 2 and 7 a toms is  c lose  to the length of the C--N bond (~  2/~). 

(~H2) 3 C[ 
{ ~ ~  CH2CH2NH2* HCL -= ~ ~ 1 ~  N H _N~C~C6Hs"~ ~ 

C6H5 @ 
x,q o g c""5 

Usual con-_ 

N_NH2 diti~ 

I 
C6H 5 

i c,.5 
C6H 5 C6H5 

xl~! xl._! 

In the case  of hydrazone X by v i r tue  of ~r, v conjugation, the phenyl r ing at tached to the carbon a tom 
s t r i ves  to posi t ion i t se l f  in the plane of the 1.2,3 f ragment  (Fig. 1). as a consequence of which the p r e s e n c e  
of the anti f o r m  becomes  s t e r i ca l ly  imposs ib le ,  and the hydrazone can exist  in the syn form.  The re la t ive  
posi t ion of the ni t rogen a toms and the C-C1 f r agmen t  in it is such that only the a a tom ra the r  than the B 
a tom can undergo e lect rophi l ic  attack, although the l a t t e r  is a lso  m o r e  bas ic .  

The c o r r e c t n e s s  of these concepts  was conf i rmed  by the isolat ion of phenyl ~ -ch loropropyl  ketone 
diphenylhydrazone (XIII) under  the usual conditions of the reac t ion  [24]. In this case,  pyr idazine  was not 
fo rmed  because  of the marked ly  i nc rea sed  bas ic i ty  of the a - n i t r o g e n  atom, but t h e t r y p t a m i n e w a s  fo rmed  
because  of the fact  that  the hydrazone exis ts  in the syn form.  I somer iza t ion  of the syn f o r m  to the anti 
f o r m  occur red  only under  cons iderably  m o r e  s e v e r e  conditions (160 ~ for  5 h), and the corresponding t ryp t -  
amine  (XIV) was formed.  

Thus, calculat ion of the rr:-electron densi ty  of hydrazone molecules ,  the i r  conformat ional  analysis ,  
and the d i rec ted  change of the bas ic i ty  of the e -  and B-ni t rogen a toms of the hydrazones  made it poss ib le  
to explain one of the bas ic  s teps  that de te rmines  the di rect ion of the p r o c e s s  - the s tep involving in t r amo-  
l ecu la r  quaternizat ion (H --* III). 

All of the in t e rmed ia te s  we re  i so la ted  and the i r  s t ruc tu re s  were  es tabl ished during a detailed study 
of the reac t ion  to f o r m  the t ryp t amines  [24, 29. 30]. It is easy  to note that hydrazone XII (mentioned above) 
is in te rmedia te  II (R=H,  R '~=R"~C6Hs,  X=C1) .  

It  p roved  to be poss ib le  to synthes ize  T-ch loropropyl  methyl  ketone phenylhydrazone (XIIa) by c a r r y -  
ing out the reac t ion  in benzene ( ra ther  than in alcohol as is usual ly  done) without heating [29]. 

Compound XVI. which is s i m i l a r  in s t ruc tu re  to in te rmedia te  III, was obtained f rom 1,3, 5 - t r imethy l -  
phenylhydrazine (X-V) [29]. 
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(CH2} 3 CL CH 3 CH 3 

NHNH 2 CH 3 NH CH 3 

CH3 CH 3 HCl 

x v  x v_! 

It  has been proposed  that the mos t  impor tan t  s tep of the p r o c e s s  - fo rmat ion  of the C - C  bond (IV ~ V) - 
be cons idered  to be a s igmat rop ic  [3,3] r e a r r a n g e m e n t  [31]. The approach  f r o m  the point of view of the 
Woodward-Hoffmann  genera l  pr inciple ,  which is cons idered  below, had a l ready  been success fu l ly  applied in 
the examinat ion of the Claisen r e a r r a n g e m e n t  [32]. In [31] it is p roposed  that the pr inc ipa l  step in the 
F i s c h e r  indole synthes is  (formation of the C - C  bond) and in a number  of other r e la ted  p r o c e s s e s  (for ex- 
ample,  the benzidine r e a r r a n g e m e n t )  be cons idered  to be a sig-matropic [3.3] shift.  

As applied to the step under considerat ion,  it is p roposed  that the s igmat rop ic  [3.3] shift  occurs  in the 
following manner .  Simplifying, it is n e c e s s a r y  to examine only the f ragment  of the molecule  consis t ing of 
the six a toms of the IV f o r m  that pa r t i c ipa te  d i rec t ly  in the p r o c e s s .  The ni t rogen a toms can be fo rma l ly  
cons idered  to be carbon a toms  and, consequently,  it can be supposed that  the i r  p e lec t rons  do not pa r t i c ipa te  
in the p r o c e s s .  

3 a /  
N - - N - -  

Under the condition of re tent ion of the orbi ta l  s y m m e t r y ,  within a rough approximation,  the s igmat rop ie  
[3,3] shift occurs  approx imate ly  in this manne r  fo r  the 1.5-hexadiene f ragment .  The lobes of the N - N  
bond in the 3, 4 posi t ion swing around and become fu r the r  away f r o m  one another,  while the t e rmina l  .lobes 
of the ~ bonds in the 1-6 posi t ion begin to approach  one another  as they swing around. In this case,  rehy-  
br id iza t ion  of the a toms  (sp 3 --*sp 2 for  the 3 and 4 a toms and sp 2 ~ sp 3 for  the 1 and 6 a toms)  a lso  gradual ly  
takes  p lace .  

N--N N N 

1 6 

2 5 ,~ 2 5 

The t rans i t ion  s ta te  is a f o u r - c e n t e r  s t a t e -  chair  c o n f o r m a t i o n -  and has the f o r m  of the two upper  
occupied molecu la r  orbi ta ls  of allyl  rad ica ls ,  for  which the 3-4  bond is not yet  definitely broken  and the 1-6 
bond is not yet definitely formed.  The development  of the chai r  conformat ion ( ra ther  than the boat confor -  
mation) is de te rmined  by its g r e a t e r  advantageousness  because  of lower  repuls ion of the nonbonding m o -  
l ecu l a r  orbi ta ls  in the t rans i t ion  s ta te  [31]. 

Ill 

Only a t r ans i t i on - s t a t e  s t ruc tu re  that  p e r m i t s  s u p r a - s u p r a  migra t ion  of the ~ bond in the ground state  
is  poss ib le  for  the p l ana r  s t ruc tu re  of the N-a ry l  f ragment .  

The use  of a - a c y l a r y l h y d r a z i n e s  in the reac t ion  proved  to be ex t r eme ly  in te res t ing  f r o m  the point of 
view of the elucidation of the detai led m e c h a n i s m  of the p r o c e s s .  In an a t tempt  to synthes ize  a t ryp tamine  
a ry la ted  in the 1 posi t ion of the indole r ing it was unexpectedly obse rved  that a - ace ty l - /~ - (3 -ace ty lp ropy l ) -  
phenylhydrazine  (XVII) - the p roduc t  of alkylat ion of a -ace ty lpheny lhydraz ine  (XVIII) with a chloro k e t o n e -  
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ra ther  than the expected tryptamine [30] is formed when equimolar amounts to the starting compounds are 
refluxed. 

~ CHzCHzNH 2 �9 HCt 

"i 
COCH 3 

~ N _ _ N H z  -I- cH3COcHzCHzc H2cI" (IH2)3 Ct 

I # c  
COCH3 ~ N _ _ N / / ,  ~CH 3 

I 
COCH 3 

XIX 

- " N - - N  I ~ N ~  
I c . ,  I ct- 
COCH  . COCH  

xx-'-i x x  

x w , j  

[ 
~ N ~ N H  (CHz)3COCH3 = 

t 
COCH 3 
XVll 

A thorough study of this reaction showed that XVII is not formed by direct alkylation of hydrazineXVII. 

a-Acetylphenylhydrazine {XVIII) reacts with the carbonyl group of the chloro ketone to give phenyl- 
hydrazone XIX. The hydrazone then cyclizes to 1-anilinopyrroline hydrochloride (XX}, which undergoes 
hydrolytic opening of the ring to give hydrazine XVII. The proof of this scheme was based on a study of the 
dynamics of the intensity of the absorption band of the ketone carbonyl group in the IR spectrum [30]. 

Compound XVH very readily loses a water molecule. Thus, even during treatment with picric acid, 
it cyclizes with splitting out of water to form the picrate of 1-acetylanilino-2-methyl-A2-pyrroline (XXII)- 
an intermediate of the IV type {R=H, R' =COCH3, R"=CH3). 

Base XXIII, which exists as dimer XXIV under these conditions, is isolated on treatment of picrate 
XXII with liquid ammonia with simultaneous removal of the acetyl group. Dimer XXIV is converted to the 
salt of monomer XXV in acidic media (at pH < 1.6) [30] (see also [22]). 

Base XXVI, which corresponds to 1-anilinopyrroline IV, was obtained by refluxing XVII in xylene 
with removal of an equimolar amount of water by distillation. 

COCH 3 J 

-- H20"- ~ N ~ ' ~  C H 3 

I coc H~ [%H2N3% ]-  
-- XXll 

I NH 

H 3 

XX._~V XXIV XXIII 

Crystalline substance XXVII, which is s imilar  in structure to intermediate VI (R=H, R' =COCH~, R"=CH3) , 
was isolated on distillation of XXVI. 

Treatment of intermediate XXVII with boiling acetic anhydride gives diacetylated 2-methyltryptamine 
XXVIII, which readily converted to 2-methyltryptamine during acid hydrolysis [30]. 
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xv~ 

, / COCH 3 COCH 3 

xw'--"i XX~",i / x',x'V[; 

~ CH2CH2NH 2 ~ C H 2 C H 2 N H C O C H  3 

H CH3 'i CH3 
COCH 3 

XXVIII 

The l a t t e r  in te rmedia te  of the VII type was obtained as a r e su l t  of the reac t ion  of phenylhydrazine 
with 5 -ch lo ro -3 -me thy l -2 -pen tanone  [17] (see the scheme  on p~ 502). 

The s t ruc tu re  of all  of the in t e rmed ia te s  descr ibed  above was p roved  r igo rous ly  by IR. UV, and PMR 
spec t roscopy  and m a s s  s p e c t r o m e t r y  [33-37]. 

An a t tempt  has been made  to study the k ine t ics  of the fo rmat ion  of t ryp tamines  [38]. Two r e a c t i o n s -  
the synthes is  of 9 -benzy l t e t r ahydroca rbazo le  [39] and the synthesis  of 2 - m e t h y l t r y p t a m i n e -  have been 
se lec ted  as model  reac t ions .  The m e c h a n i s m s  of these reac t ions  a r e  s imi la r ,  but in the case  of the fo r -  
mat ion  of 2 -methy l t ryp tamine ,  quaternizat ion of the ~ -n i t rogen  a tom of the a ry lhydraz ine  occurs  in t r a -  
molecu la r ly ,  while quaternizat ion occurs  i n t e rmolecu la r ly  in the case  of the fo rmat ion  of N-benzy l t e t r a -  
hydrocarbazo le .  

According to the data obtained by McLean and c o - w o r k e r s  [40] and P a u s a c k e r  and Schubert  [41], the 
r a t e  of the F i sche r  reac t ion  co r responds  approx imate ly  to a f i r s t - o r d e r  equation. A study of the kinetics 
of the fo rmat ion  of 9 -benzy l t e t r ahydroca rbazo le  a lso  gave a f i r s t - o r d e r  equation for  this reac t ion  [39]. 

I 
CH2C6H 5 

+ 

C6HsCH 2 CH2CH~CH 2 

I C~H5CH 2 NH2CH2CH~CH 2 L 

CBH5CH 2 CH2CH---~CH2] 

I 
CH2C6H5 

+ C H~CH CH2NH2" HS, r" 

Ionic halogen (bromine in this case)  appea r s  in the step involving quaternizat ion of the B-ni t rogen 
a tom of hydrazine.  If the Br concentrat ion at each given instant  coincides with the concentrat ion of the 
final p r o d u c t -  a l ly lamine  h y d r o b r o m i d e -  the assumpt ion  that the step that de t e rmines  the r a t e  of the 
overa l l  reac t ion  is quaternizat ion is valid. In fact, this sor t  of coincidence of the concentra t ions  has been 
obse rved  [38]. 

As one should have expected, the s lowest  stop in the fo rmat ion  of 2 -me thy l t ryp tamIne  also should be 
quaternizat ion of the ni t rogen atom, wMch leads to the format ion  of 1-ani l inopyrrol ine  (II - - I I I ) .  This was 
shown in the following way. Fi rs t ,  it was es tab l i shed  that  the step involving the fo rmat ion  of the hydrazone 
is not the l imit ing step.  With this in mind, the dependence of the in tensi ty  of the absorpt ion  of the carbonyl  
group of ~/-chloropropyl  methyl  ketone on t ime  during i ts  r eac t ion  with phenylhydrazine was studied spec-  
t ropho tomet r i ca l ly .  It was found that the reac t ion  is comple te  (~90%) a f t e r  2 mill, while the s a m e  degree  
of convers ion  of the s ta r t ing  compounds to 2 -me thy l t ryp t amine  (under the s a m e  conditions) r equ i re s  > 300 
rain. Second, the C1- concentra t ion at any instant  coincided with the t ryp tamine  concentrat ion:  as in the 
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case  of the fo rmat ion  of the carbazole ,  this indicated the c o r r e c t n e s s  of the select ion of the step involving 
quaterniza t ion  as the l imit ing step.  Third, a sha rp  i nc r ea se  in the reac t ion  ra t e  was observed  when the 
alcohol was diluted with water .  This conf i rmed the point of view that the step involving quaternizat ion de- 
t e r m i n e s  the r a t e  of the p r o c e s s .  There  a r e  s im i l a r  examples  that desc r ibe  this  so r t  of acce le ra t ion  during 
the cycl iza t ion of w-aminoalkyl  hal ides  in the l i t e r a tu re  [42]. Despi te  the fact  that the ra te  of fo rmat ion  of 
2 -me thy l t ryp tamine  was determined,  as a t tes ted  to by d i rec t  and indirect  data, by the ra te  of the second 
s t e p -  quaternizat ion of the B-n i t rogena tom - no def in i teorder  could be ass igned to this react ion:  the r e a c -  
t ion o rde r  was found to be 1.28. The deviation of this value f r o m  unity apparent ly  indicated the effect  of 
o ther  in te rmedia te  s teps  a lso  on the r a t e  of the p r o c e s s .  

IndolyIalkylamines  f rom Cyclic Enamines.  In a t tempts  to fu r ther  extend the range of application of 
the reac t ion  it was found that a ry lhydraz ine  sal ts  r e ac t  with the sa l ts  of cyclic  enamines  via the scheme 
below to give the cor responding  t ryp tamines  or  homot ryp tamines  [43-48]. 

__• i"~" (C H2 )m 

NRI--~H3 H 
r1:1 u.~u 2 

§ 
. _ _ ~  (C H2)n+~- NH3 

R _NHt 

R ~ 

R f,"~"~ f----CH2) n 

1 
R F~'~ it,-,,-,- (C H2) n 

NR--NH2 H 3 

Tryptophols  and Homotryptophols  f rom Cyclic Vinyl Ethers .  Similar ly.  par t ic ipat ion  of cyclic vinyl 
e the r s  in p lace  of cycl ic  enamines  led to the cor responding  t ryptophols  [49, 50] and homotryptophols  [49-54]. 

o : ,  or 2 '., 

The method was l a t e r  modernized,  and the t ryptophols  were  obtained f rom a -acy lbu tyro lac tones ,  which 
fo rmed  the t ryptophols  in a one-s tep  p r o c e s s  a f t e r  hydro lys i s  and decarboxylat ion [55]. 

(CH-)-OH CH.CFLOH 
d'c H + 

R + O / ~  = R " - ~  C--R-'iz-'. lJ 1] 

NRi--NH2 O" - R ~ 

Physovenine St ruc tures .  The use  of theore t ica l  r ep re sen ta t ions  of the F i sche r  synthesis  and some  
modif ied methods for  i ts  rea l iza t ion  [56-58] have made it poss ib le  to work  out an impor tant  (in a p rac t i ca l  
sense)  scheme  for  the p repa ra t ion  of physovenine s t ruc tu re s  [36, 59-63]. 

R It 

Ring-chain  t au tomer i sm,  which was inves t igated in detail  in [36]. is cha r ac t e r i s t i c  for  sa l t s  of the 
l a t t e r  and for  sa l t s  of e se r ine s  in acidic media  [36]. 

Phys icochemiea l  Invest igat ions.  The invest igat ion of the indole der iva t ives  descr ibed  above by means  
of phys icochemica l  methods is  pa r t i a l ly  re f lec ted  in the p a p e r s  a l ready  cited. In addition, one may  f a m i l i a r -  
ize h imse l f  with m a s s - s p e c t r a  data [64-69], with PMR spec t roscopic  data [34, 35]. and gas - l i qu id  ch ro ma-  
tographic  analys is  [70-74] in specia l  p a p e r s .  

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

1. I . I .  Grandberg,  T. I. Zuyanova. and N. I. Afonina. USSR Author ' s  Cer t i f ica te  No. 192,818 (1966): Byul. 
Izobr . .  No. 6 (1967). 

2. I . I .  Grandberg.  Izv. Akad. Nauk SSSR. Ser.  Khim.,  1682 (1966). 

508 



3. M. Sletzinger, W. Ruyle, and W. Gainess, US Patent No. 2.995,566 (1957); Chem. Abstr., 56, 1431 
(1962). 

4. M. Sletzinger, W. Gainess, and W. Ruyle. Chem. Ind.. 1215 (1957). 
5. L I. Grandberg and T. I. Zuyanova, Khim. Geterotsikl. Soedin., 875 (1968). 
6. L I. Grandberg, T. L Zuyanova, N. I. Afonina, and T. A. Ivanova. Dokl. Akad. Nank SSSR, 176, 583 

(1967). 
7. I.I. Grandberg, T. I. Zuyanova, N. I. Afonina, and T. A. Ivanova, DoLl. Timiryazevskoi Sel'skoI~oz. 

Akad., 124. 325 (1967). 
8. I.I. Grandberg and T. I. Zuyanova, USSR Author's Certificate No. 196,852 (1966): Byul. Izobr., No. 12 

(1967). 
9. I.I. Grandberg, N. I. Afonina, and T. I. Zuyanova, USSR Author's Certificate No. 201,412 (1966): Byul. 

Izobr., No. 18 (1967). 
10. I.I. Grandberg. N. I. Afonina, and T. I. Zuyanova, Khim. Geterotsikl. Soedin.. 1038 (1968). 
11. I.I. Grandberg, N. M. Przheval'skii, T. A. Ivanova, T. I. Zuyanova, N. I. Bobrova, S. N. Dashkevich, 

S. B. Nikitina, T. P. Shcherbina. and N. G. Yaryshev, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 5, 
208 (1969). 

12. L I. Grandberg and T. 
13. I. L Grandberg and N. 
14. I. L Grandberg and T. 
15. I . I .  Grandberg and T. 

(1967). 
16. I . I .  Grandberg and T. 
17. I . I .  Grandberg and T. 
18. L I. Grandberg and T. 
19. I, L Grandberg, T. A. 
20. I . I .  Grandberg and T. 
21. I . I .  Grandberg and N. 
22. I . I .  Grandberg and N. 
23. I . I .  Grandberg, N. M. 

Soedin., 447 (1970). 

I. Zuyanova. Khim. Geterotsikl. Soedin., 51 (1971). 
I. Bobrova, Khim. Geterotsikl. Soedin.. 213 (1973). 
I. Zuyanova, Khim. Geterotsikl. Soedin., 1495 (1970). 
A. Ivanova, USSR Author's Certificate No. 201,411 (1966): Byul. Izobr., No. 18 

A. Ivanova, Dokl. Timiryazevskoi Sel'skokhoz. Akad., 160, 232 (1970). 
A. Ivanova, Khim. Geterotsikl. Soedin., 480 (1970). 
A. Ivanova, Khim. Geterotsikl. Soedin., 939 (1970). 
Ivanova. and N. G. Yaryshev, Khim. Geterotsikl. Soedin.. 1276 (1970). 
A. Ivanova, Khim. Geterotsikl. Soedin., 1489 {1970). 
G. Yaryshev, Khim. Geterotsikl. Soedin., 1070 (1972). 
G. Yaryshev, Khim. Geterotsikl. Soedin.. 1702 (1972). 
Przheval'skii, V. I. Vysotskii, and R. A. Khmel'nitskii, Khim. Geterotsikl. 

24. I . I .  Grandberg, T. I. Zuyanova. N. M. Przheval'skii. and V. I. Minkin, Khim. Geterotsikl. Soedin., 
750 (1970). 

25. V.I .  Sorokin, Master 's Dissertation [in Russian], Moscow (1973). 
26. I . I .  Grandberg and N. M. Przheval'skii, Khim. Geterotsikl. Soedin., 1273 (1970). 
27. I. L Grandberg and V. I. Sorokin, Khim. Geterotsikl. Soedin.. 31 (1973). 
28. I . I .  Grandberg and N. M. Przheval'skii. Khim. Geterotsikl. Soedin.. 943 (1969). 
29. L I. Grandberg, N. M. Przheval'skii, and V. I. Vysotskii, Khim. GeterotsiLl. Soedin., 1499 (1970). 
30. I. L Grandberg, T. I. Zuyanova, and K. K. Zhigulev, Khim. Geterotsikl. Soedin., 1708 (1972). 
31. I . I .  Grandberg, Izv. Timiryazevskoi Sel'skikhoz. Akad., No. 5, 188 (1972). 
32. R. Woodward and R. Hoffmann, Conservation of Orbital Symmetry, Academic Press .  
33. I . I .  Grandberg, T. A. Ivanova, and T. I. Zuyanova, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 3, 

212 (1970). 
34. V.I .  Vysotskii, R. A. Khmel'nitskii, and I. I. Grandberg. Izv. Timiryazevskoi Sel'skokhoz. Akad., 

No. 5, 204 (1970). 
35. I . I .  Grandberg and S. 
36. I . I .  Grandberg and S. 
37. K.K.  Zhigulev, R. A. 

1065 (1972). 
38. I . I .  Grandberg and N. M. Przheval'skii, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 2, 192 (1972). 
39. I . I .  Grandberg, D. V. Sibiryakova, and L. A. Brovkin, Khim. GeterotsiLl. Soedin., 94 {1969). 
40. T. McLean. S. McLean, and R. Reed, J. Chem. Soc., 2519 (1955). 
41. K. Pausacker and C. Schubert, J. Chem. Soe., 1814 (1950). 
42. H. Freundlich and H. Kroepelin. Z. Phys. Chem...122, 39 (1926). 
43. I . I .  Grandberg and S. B. Nikitina, Khim. Geterotsikl. Soedin., 54 (1971). 
44. I. L Grandberg. S. B. Nikitina, and N. G. Yaryshev, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 2, 

196 (1970). 
45. I . I .  Grandberg and S. B. Nikitina, Dokl. Timiryazevskoi Sel'skokhoz. Akad., 162, 374 (1971). 
46. I . I .  Grandberg and S. B. Nikitina, Khim. GeterotsiLl. Soedin., 1204 (1971). 

N. Dashkevich, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 1, 189 (1971). 
N. Dashkevich, Khim. Geterotsikl. Soedin., 1194 (1971). 
Khmel'nitskii, I. I. Grandberg, and V. I. Vysotskii. Khim. Geterotsikl. Soedin., 

509 



47. I . I .  Grandberg and S. B. Nikitina, Khim. Geterotsikl. Soedin., 1216 (1972). 
48. I . I .  Grandberg, N. M. Przheval'skii, and T. A. Ivanova, USSR Author's Certificate No. 248.689 (1968): 

Byul. Izobr., No. 24 (1969). 
49. I . I .  Grandberg and N. I. Afonina. USSR Author's Certificate No. 239.341 (1967): Byul. Izobr., No. 11 

(1969). 
50. I . I .  Grandberg and T. P. Moskvina, Khim. Geterotsikl. Soedin., 1366 (1972). 
51. I . I .  Grandberg and T. P. Moskvina. Khim. Geterotsild. Soedin., 942 (1970). 
52. I . I .  Grandberg and T. P. Moskvina, Dokl. Timiryazevskoi Sel'skokhoz. Akad., 162, 380 (1971). 
53. I . I .  Grandberg and T. P. Moskvina. Khim. Geterotsild. Soedin.. 90 (1974). 
54. I . I .  Grandberg and T. P. Moskvina, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 4, 167 (1973). 
55. I . I .  Grandberg and G. P. Tokmakov, Khim. Geterotsitd. Soedin., 205 (1974). 
56. I . I .  Grandberg and D. V. Sibiryakova, USSR Author's Certificate No. 199,892 (1966): Byul. Izobr., 

No. 16 (1967). 
57. I . I .  Grandberg, L. V. Brovkin, T. A. Belyakova, and D. V. Sibiryakova, Khim. Geterotsikl. Soedin., 

97 (1969). 
58. I . I .  Grandberg, T. I. Zuyanova, N. I. Afonina, and T. A. Ivanova, USSR Author's Certificate No. 

242,901 (1967); Byul. Izobr., No. 16 (1969). 
59. I . I .  Grandberg and S. N. Dashkevich. USSR Author's Certificate No. 276,062 (1969): Byul. Izobr., 

No. 23 (1970). 
60. I. L Grandberg 
61. I . I .  Grandberg 
62. I . I .  Grandberg 
63. I . I .  Grandberg 
64. 

and S. N. Dashkevich, Khim. Geterotsikl. Soedin., 1631 (1970). 
and S. N. Dashkevich. Dokl. Timiryazevskoi Sel'skokhoz. Akad.. 160. 243 (1970). 
and S. N. Dashkevich. Khim. Geterotsikl. Soedin., 342 (1971). 
and S. N. Dashkevich, Khim. Geterotsikl. Soedin., 782 (1971). 

V. I. Vysotskii, R. A. Khmel'nitskii, I. I. Grandberg, and G. V. Fridlyandskii, Izv. Timiryazevskoi 
Sel'skokhoz. Akad., No. 3, 206 (1971). 

65. R.A.  Khmel'nitskii, E. A. Kunina, S. N. Dashkevich, and I. I. Grandberg, Izv. Timiryazevskoi Sel'sko- 
khoz. Akad., No. 4, 214 (1971). 

66. R .A.  Khmel'nitskii. N. A. Klyuev, A. F. Dolgikh, T. P. Moskvina, and I. I. Grandberg, Izv. Timirya- 
zevskoi Sel'skokhoz. Akad., No. 3. 192 (1973). 

67. R .A.  Khmel'nitskii, V. I. Vysotskii, and I. I. Grandberg, Zh. Organ. Khim., 5, 417 (1969). 
68. V.I .  Vysotskii, R. A. Khmel'nitskii, I. I. Grandberg, and V. A. Budylin, Izv. Timiryazevskoi Sel'sko- 

khoz. Akad., No. 4, 221 (1970). 
69. R .A.  Khmel'nitskii. V. I. Vysotskii, I. I. Grandberg, A. N. Kost, and V. A. Budylin, Zh. Organ. Khim., 

7, 1514 (1971). 
70. L.B. Dmitriev and L I. Grandberg, Izv. Timiryazevskoi Sel'skokhoz. Akad., No. 5, 206 (1973). 
71. I . I .  Grandberg, L. D. Belyaeva, and L. B. Dmitriev, Khim. Geterotsikl. Soedin., 37 (1973). 
72. I . I .  Grandberg, L. D. Belyaeva, and L. B. Dmitriev, KhLm. Geterotsikl. Soedin., 1204 (1971). 
73. I . I .  Grandberg, L. B. Drnitriev, and L. D. Belyaev, Dokl. Timiryazevskoi Sel'skokhoz. Akad., 1_~62. 

398 (1971). 
74. I . I .  Grandberg, L. D. Belyaeva, and L. B. Dmitriev. Khim. Geterotsikl. Soedin., 58 (1971). 

510 


