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Some fac tors  affecting the format ion of t ryp tamtnes  f r o m  ary lhydraz ines  and halo-  
genocarbonyl  compounds have been studied. It has been shown by calculations using 
the LCAO MO method that the f i -n i t rogen atom of the a ry lhydrazone  must  undergo 
in t ramolecu la r  quaternizat ion,  and the format ion  of a C - C  bond takes place by  e lee-  
t rophi l ic  a t tack of the benzene ring. It has been shown that  conformat ional  fac tors  play 
an impor tan t  par t  in the reac t ion ,  somet imes  changing the d i rec t ion  of the p rocess .  
Thus,  7 -ch lo ropropy l  phenyl ketone, which exis ts  only in the sya fo rm,  cycl izes  into 
1 ,3-diphenyl te t rahydropyr idazine  and not into 2-phenyl t ryptamine .  

We have prev ious ly  r epor t ed  the reac t ion  between a ry lhydraz ines  and 1,4-halogenocarbonyl  compounds, 
leading to t ryp tamines  under fa i r ly  mild conditions [2-6]. 

0 C/clt2CH2CH2CI ~ . ~ ' [ ~  -cH2CH~NH2 

N_NH 2 + = \ r ' ,  r /%'; \nP%r"i .  
W P,' 

With the aim of a more  accura te  approach to the possible mechanism of the p roces s ,  we have ca l -  
culated some initial sys tems  by the LCAO MO method in Hiickel 's approximation.  The calculat ion was 
c a r r i e d  out with the optimum values of the Coulomb and resonance  integrals  given previous ly  [7]. 

According to  our e a r l i e r  ideas on the mechanism of the p rocess  [3], w h i c h  have been par t ia l ly  con- 
f i rmed  by  studies with label led ni t rogen [4], the bas ic  stage of the p roces s  is the in t ramolecu la r  qua tern iza-  
tion of the fi -n i t rogen atom (]~ ~ IV). 
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* For  Communication VII, see [1]. 
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V lH  IX:s~ 6 
I: R.~CkH~; I! R ~ H 5 ;  III R= R'=~C6Hs,; IX a,.R~:H, R'=,C~H~,,; 6 RfW=C~H~ 

A comparison of the u-e lect ronic  densities on the ~- and fi-nitrogen atoms of various hydrazones 
(X-XIV) clear ly  shows that the fl-nitrogen atom is far more basic (even taking into account the fact that 
for  nitrogen atoms the ~-eleet~0nic density does not always cor~elatd accurately with basicity). Thus, 
the formation on quaternizatio~ Of N-anilinopyr~colines IV, and not the tetr~liydropyridazlne systems xVII, 
is completely normal.  

+o,oM~, '~0;034~ 
--0~;'32 < C  - -0,2,32 ~ " 2  

CeH~ NH N " , . ,  C C6H s" : NH Nt-.::~==~ 
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C6H s " C XVI 

~ =  IS,Ssse ~o 

The probability factor ,  always leading to the easier  formation of 5-membered,  ra ther  than 6-mem- 
bered,  rinSs in such reactions [8] probably plays no insignificant role.  

IV ~ I i l  -~'~ ii--e(ma O/e '  
C 6 H s / \ R  (H) J e HS 

XVI I R' = C6H s 

The figures obtained by calculation (compare XIII-XTl-ra) confirmed the now generally accepted con- 
clusion of the existence of arylhydrazones in the hydrazone and not the enehydrazine form~-the lat ter  
is less favorable (4 kcal/mole even for acetophenone hydrazone, where it is stabilized by conjugation). 

From a consideration of ~-e!ectron densities both in the quaternized molecules of hydrazones and 
their enhydrazine forms (XV, XVI) and in the hydrazones themselves (X-XIV) it is clear that the formation 
of the C - C  bond at the stage (V ~ VI) must be the result  of an electrophilic attack on the aromatic nucleus, 

CH z Ph H H Ph 

H a t "  5 %,yo  , . c v ,  
Ami Syn 

Fig, 1 Fig. 2 

since there is always an increased electron density in the 
ortho position of the nucleus, and the attacking carbon 
atom is electrophilic. In actual fact,  although for the 
aniiinopyrroline produced (IV -~-V) the hydra.zone form IV 
is energetically more  favorable (compare XV-XVa) by 
approximately 23 kcal/mole,  it is naturally the tautomeric 
enhydrazine form V, in which atoms 1 and 6 are suffi- 
ciently close for the joining of the C - C  bond (see Fig. 1) 
that takes part  in the reaction. This can be well seen 
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Fig.  3. 1) 1 ,3 -Diphenyl te t rahydro-  
pyr idaz ine ;  2) diphenylhydrazone of 
propiophenone;  3) diphenylhydrazone 
of y - c h l o r o p r o p y l  phenyl ketone. 

or ienta t ion in i n t r a m o l e c u l a r  alkylation.  

f r o m  a cons idera t ion  of a Dreiding model .  In our opinion, 
this s tage takes  place in the manner  of a "push -pu l l~  r e a c -  
t ion ( r e a r r a n g e m e n t  of 1,6-con]ngated sys tems)  with the syn-  
chronous f o r m a t i o n  of a C - C  bond and the c leavage  of the 
N - N  bond (see scheme  1). 

In addition to e l ec t ron ic  f a c to r s ,  conformat iona l  f ac -  
to r s  have a cons iderab le  influence on the cour se  of the p r o -  
c e s s .  Thus ,  in the r eac t i on  of phenylhydrazine with 7 - c h l o r o -  
propyl  phenyl ketone (IIa), XVII is f o rmed ,  in addition to the 
expected IXa. Cyclizat ion took place  at the ~ a tom even in 
the r eac t ion  of IIa  with a -benzy l  phenylhydrazine ,  with the 
fo rmat ion  of the s a m e  compound XVII through the spli t t ing 
out of benzyl  chlor ide  f r o m  the unstable qua te rna ry  sal t .  

The v - e l e c t r o n  densi t ies  on the n i t rogen a toms  in the 
molecu les  of acetone and acetophenone phenylhydrazones  
(compare  X and XII1) do not differ  suff icient ly to cause  r e -  

Converse ly ,  a conformat ional  analys is  of the molecu les  of the 
hydrazones  s a t i s f ac to r i l y  explains the r e a s o n  for  the change in the d i rec t ion  of the reac t ion .  

According to genera l  ideas on the configurat ion of molecu les  with mult iple  bonds,  a toms  1-5 (see 
Fig.  2, anti form) mus t  ex i s t  in one plane.  A cons idera t ion  of Dreiding models  c l e a r l y  shows that the 
hydraz ine  f r a g m e n t  of the molecu les  m u s t  be ro ta ted  around the N - N  bond by an angle 0 of not l e s s  than 
35o; . o therwise  the s t e r i c  in te rac t ions  of subst i tuents  4 and 5, on the one hand, and of the phenyl nucleus 
and R, on the other  hand, would be  too grea t .  We obtained conf i rmat ion  of the acop lanar i ty  of the phenyl -  
hydrazone  molecu les  b y  UV spec t ro scopy  [9], our r e su l t s  being in a g r e e m e n t  with the f o r m e r  hypothesis  
of thei r  nonplanar  s t ruc tu re  [10]. Thus ,  it can be seen  f r o m  Fig.  3 that  fo r  the a lmos t  p lanar  1 ,3-diphenyl-  
t e t r ahydropyr idaz ine  (XVI~ there  is a s t rong  band (?~max 337 nm,  log e 3.99), which c h a r a c t e r i z e s  the 
whole conjugated s y s t e m  (~-p-~-T~') and a lso  s e v e r a l  weake r  bands of quas i -au tonomous  s y s t e m s :  ~ - ~ ,  
Xma x 245 nm,  log e 3.77, and ~ - p - p ,  k m a  x 306 nm,  log e 3.75. 

In the case  of propiophenone diphenylhydrazone,  because  of the ro ta t ion  of the diphenylamine f r a g -  
men t ,  the in tens i ty  of the long-wave  m a x i m u m  is cons ide rab ly  lower  (kma  x 348 am,  log e 3.54) and it b e -  
comes  quite poor ly  expres sed .  Fo r  7 -ch lo rop ropy l  phenyl ketone diphenylhydrazone (KIa), there  a re  no 
bands at all  cha r ac t e r i z i ng  the whole conjugated s y s t e m ,  which is apparen t ly  due to a fu r the r  i n c r e a s e  in 

the angle 0 because  of the in te rac t ion  of the CI+-C c f r agmen t  with the 7r e lec t rons  of the f l -n i t rogen  

a tom and a f u r t he r  i nc rea se  in the angle of rota t ion.  

Let  us cons ider  the mutual ly  opposite a r r a n g e m e n t  of the ch loropropyl  r e s idue  and N - N  bond as 
i l lus t ra ted  in Fig. 2, anti fo rm.  

It is known N a t  for  s t r u c t u r e s  A and B (ex t remely  c lose  to our  s t r u c t u r e  as i l l u s t r a t ed  in Fig.  2), 
when R = CH 3 the equi l ibr ium A/B (syn/anti) ra t io  r i s e s  rap id ly  when R' changes f r o m  a CH 3 group to 
ethyl ,  i sopropy l ,  t e r t - b u t y l ,  and phenyl groups [11, 12], although, accord ing  to Karaba t sos  and Krumel  [13], 
AF36o for  the t r ans i t ion  of the syn i s o m e r s  into the anti i s o m e r s  is  only about 2 k c a l / m o l e  for  s t e r i c a l l y  
unhindered f o r m s .  

Z\N_C/R 
z / '  -B \R, -A \R '  N -c/R 

In the anti f o r m  (Fig. 2) the s t e r i c  conditions exis t  for  the convenient  a t tack of the CI-~--~  f r a g -  

ment  only on the m o s t  bas i c  fl -n i t rogen  a tom (Dreiding model) and the fo rmat ion  of t r y p t a m i n e s  takes  
place read i ly .  Where  R '  = C6H5, in view of 7r-~ conjugation the phenyl nucleus a t tempts  to lie in the plane 
of f r a g m e n t  2, 3, 4 (see Fig.  2). In this case ,  the exis tence  of the anti f o r m  becomes  s t e r i c a l l y  imposs ib le  
and the hydrazone  can exis t  in p rac t i ce  only as the syn f o r m  (Fig. 2). This f o r m  is the mos t  f avorab le  
both f r o m  the energe t i c  and f r o m  the spat ia l  points of view. The mutual  a r r a n g e m e n t  of the n i t rogen a toms 
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and the CN-C f r a g m e n t  in it  is such that  only the ~ -  and not the f i -n i t rogen  a tom can undergo e l ec -  

t rophi l ic  a t tack ,  even though the l a t t e r  is the m o r e  bas ic .  

F o r  an indi rec t  conf i rmat ion  of these  ideas ,  we p e r f o r m e d  the r eac t ion  of the diphenylhydrazine Ia 
and the chloroketone I ~ .  Since the bas i c i t y  of the ~ -n i t rogen  a tom in this case  was ve ry  g rea t ly  reduced,  
the f o r m a t i o n  c~ a pyr idaz ine  appea red  unlikely.  In actual  fact ,  under o rd inary  conditions there  was the 
fo rma t ion  of the hydrazone  I I Ia ,  which could not be  quaternized at the ~ - N  a tom because  of i ts  feeble  bas ic  
i ty but could be  a t  the fl - N  a tom becaus e  of i ts  ex is tence  in the syn  configurat ion.  Only under cons ide r -  
ably m o r e  s e v e r e  conditions (160~ 5 h) did i somer i za t i on  of the syn f o r m  into the anti f o r m  and the p rod-  
uction of the t ryp tamine  IXb take p lace .  The difficulty of quaterniza t ion  was not caused by the p resence  of 
the phenyl subst i tuent  on the ~ - N  a tom,  since the action of dlphenylhydrazine on 7 -ch lo rop ropy lme thy l  
ketone at 60~ read i ly  gave 2 - m e t h y l - l - p h e n y l t r y p t a m i n e  (see Exper imenta l ) .  

EXPERIMENTAL 

1,3-Diphenyl-l,4,5,6-tetrahydropyridazine (XVII). A z . A solution of 18.25 g (0.1 mole) of 7-chloro- 
propyl phenyl ketone in 20 ml of methanol was added to a hot solution of 10.8 g (0.1 mole) of phenylhy- 
drazine in 260 ml of 90% methanol. The reaction mixture was boiled for 8 h. The precipitate that de- 
posited was filtered off with suction and was recrystallized three times from methanol. This gave 14.5 g 
(52.5~o) of the tetrahydropyridazine XVII, mp 127-128~ (from methanol), Rf 0.81 (A/203 of activity grade 
If, benzene-chloroform (17:3) system, spots revealed with iodine). UV spectrum* : Amax 236, 245,306, 
337 nm; log 8 3.83, 3.77, 3.75, 3.99 (in aeetonitrile). IR spectrums : 1585 cm -I (conjugated C=N), 1595, 
1490 c m  - i  (phenyl). PMR s p e c t r u m s  : t r i p l e t ,  3.54 ppm (J = 5.5 Hz) due to the protons  of the 6-methylene 
group:  sexte t ,  2.08 p p m  (J = 5.5 Hz) due to lhe protons of the 5-methylene  group;  and t r ip le t ,  2.48 ppm 
(J = 5.5 Hz) due to the pro tons  of the 4-methylene  group.  Found, %: C 81.61; 81.52; H 6.88; 6.82. ClsHisN2. 
CaIeulated,  %: C 81.32; H 6.82. 

B__~. S imi la r ly ,  when solutions of 19.8 g (0.1 mole) of ~-benzylphenylhydraz ine  in 90% methanol  and 
of 18.2 g (0.1 mole) of 7 - ch l o rop ropy l  phenyl ketone in methanol  were  boi led,  10.3 g (43.5%) of the t e t r a -  
hydropyr idaz ine  XVII was obtained with mp 126-127~ ( f rom methanol) ,  R f  0.81 under the s ame  conditions.  
It gave no dep res s ion  of the mel t ing  point with the sample  desc r ibed  above.  The IR and UV s p e c t r u m  of the 
two s a m p l e s  w e r e  a lso  identical .  

1 ,2-Diphenyl t ryptamine .  A solution of 18.4 g (0.1 mole) of ~ ,~ -d ipheny lhydraz ine  in 150 m l  of e thyl -  
ene glycol  was  t r e a t e d  with 18.2 g (0.1 mole) of  7 - ch lo rop ropy l  phenyl ketone. The r eac t ion  mix tu re  was 
hea ted  in an oil ba th  at  160~ for  5 h. Pronounced  res in i f i ea t ion  took place .  The reac t ion  mix ture  was 
diluted with 1 l i t e r  of hot 0.1 N hydroch lor ic  acid,  and was f i l t e red  hot through act ivated carbon to r e m o v e  
the r e s i n .  The solution was  made alkal ine with 40~o caust ic  soda solution to pH 10 and the t ryp tamine  that  
had s e p a r a t e d  out was ex t r ac t ed  with two 100-mi por t ions  of hot benzene.  The benzene was dis t i l led  off in 
the vacuum of a w a t e r  pump.  The res idue  consis ted  of dark  c r y s t a l s  of 1 ,2-d iphenyl t ryptamine ,  which 
w e r e  washed  with absolute e ther .  This gave  6.6 g (20%) of pure  1 ,2-diphenyl t ryptamine with mp 151-153~ 
(f rom benzene containing pe t ro l eum ether) .  Rf 0.81 * * .  PMR s p e c t r u m  (in pyridine):  s inglet  at 2.55 
ppm due to the pro tons  of an amino group,  b road  s ingle t  at 3.08 ppm due to the protons  of ~ -  and f l -me thy l -  
ene g roups .  UV s p e c t r u m :  l m a  x 223 ,260 ,  296 rim; log 8 2.43, 4.15, 4.16. Found, %: C 84.51; 84.48; 
H 6.75; 6.70. C22H20N 2. Calculated,  ~o: C 84.57; H 6.45. The p i c r a t e  was  obtained in absolute e ther  with 
a m o l a r  amount of p ic r ic  acid and was  r e c r y s t a l l i z e d  f r o m  a smal l  amount of methanol ,  mp  204-206~ 
(decomp.) .  Found, ~0: C 62.00; 61.98; H 4.31; 4.28. C22I-I20N 2 �9 CsHaN30?. Calculated,  %: C 62.09; H 4.28. 
The hydrogen tart-rate was  obtained in the min imum amount of hot absolute  ethanol with a m o l a r  amount of 
a solution of t a r t a r i c  acid in hot methanol  and was r e c r y s t a l l i z e d  f r o m  methanol ,  mp 223-225~ (decomp.). 

* The UV s p e c t r a  w e r e  taken on EPS-3T  (Hitachi) spec t ropho tome te r  in ethanol (if the solvent  is not spe -  
cified).  
$ The IR s p e c t r a  we re  taken on a J a s c o - J R S  s p e c t r o m e t e r  with an NaC1 p r i s m  in a KBr tablet .  
J~The PM/~ s p e c t r a  w e r e  taken on a J'NM-4H 100 ins t rumen t  with a working f requency  of 100 MHz in CDC1 s 
solution using t e t r ame thy l s i l ane  as in terna l  s tandard .  The chemica l  shif ts  a r e  given in the 8 sca le .  
* * H e r e  and below, " rap id"  pape r  of the Volodarski i  mi l l ,  p y r i d i n e - w a t e r - n - b u t a n o I  (1 : 1 : 1) s y s t e m ,  
E h r l i c h ' s  r evea l ing  a g e S .  
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y-Chlo ropropy l  Phenyl Ketone Diphenylhydrazone.  A solution of 18.4 g (0.1 mole) of a , a - d i p h e n y l -  
hydrazine  in 150 ml of te r t -butanol  was t r ea t ed  with 19.2 g (0.1 mole) of 7 -ch loropropyl  phenyl ketone.  
The reac t ion  mixture  was heated in the boiling water  bath for  5 h, and the prec ip i ta te  that had deposi ted 
was f i l t e red  off with suction and r ec ry s t a l l i z ed  f r o m  aqueous methanol.  This gave 16.4 g (47%) of hydrazone 
with mp 213-215~ UV spec t rum:  l m a  x 224 ,2 5 8 ,2 9 6  nm; log e 4.35, 4.12, 4.06 (in aceton[tr i le) .  Found, 
%: C 75.65; 75.43; H 6.10; 6.01. C22H2iC1N 2. Calculated, ~0: C 75.70; H 6.06. When equivalent amounts of 
the hydrazone and pyridine were  mixed,  the qua te rnary  pyridinium sal t  with mp 245-248~ (from aqueous 
methanol) deposi ted.  Found, %: C 75.75; 75.60; H 5.96; 5.90. C27H2sC1N3. Calculated, %: C 75.79; H 6.12. 

Propiophenone Diphenylhydrazone.  A flask with a Dean and Stark  t rap  was charged with 18.4 g 
(0.1 mole) of a , a -d ipheny lhydraz ine  and 13.4 g (0.1 mole) of propiophenone.  Dry benzene was added in 
amount equal to the volume of the t r ap ,  and the mixture  was boiled with the dist i l lat ion of wate r  for 5 h. 
The oil fo rmed  c rys ta l l i zed  af ter  purif icat ion in a column of A1203 of act ivi ty II. mp 81-82~ (from 
methanol) .  Yield 21.6 g (72%), Rf 0.85 (A1203 of activity grade II, benzene sys t em,  spots r evea led  with 
iodine). Found, %: C 83.63; 83.63; H 6.78; 6.72. C21H20_N 2. Calculated, %: C 83.96; H 6.71. UV spec t rum:  
Xma x 247 ,293 ,  238 nm; log ~ 4.18, 3.88, 3.53 (in acetoni t r i le) .  

2 -Methy l - l -pheny l t ryp tamine .  A solution of 12.1 g (0.1 mole) of 7-cbJoropropyl  methyl  ketone in 
20 ml of methanol  was added to a boiling solution of 18.4 g (0.1 mole) of a , a -d ipheny lhydraz ine  in 200 ml 
of methanol .  The reac t ion  mixture  was boiled for  8 h, and then the solvent was dist i l led off in the vacuum 
of a wate r  pump, the res idue  was dissolved in 160 ml of hot 0.1 N hydrochlor ic  acid, and the neutra l  im-  
pur i t ies  were  ex t rac ted  with e ther  (2 • 50 ml).  The aqueous solution was made alkaline with 30 ml of 
40% caust ic  soda solution and the 2 -me thy l - l -pheny l t ryp t amine  that separa ted  out was ex t rac ted  with hot 
benzene.  The benzene ex t rac t  was f i l t e red ,  the benzene was dr iven off,  and the res idue  was dis t i l led in 
vacuum in a cu r r en t  of ni trogen.  This gave 18 g (72%) of the t ryp tamine ,  with bp 175-176~ (2 mm); 
R f 0.79. PMR spec t rum:  singlet  at 1.81 ppm due to the protons of an amino group; singlet  at 2.48 ppm 
due to the protons of the 2-Ctt3 group; broad  shlglet  at 3.22 ppm due to the protons  of the ~ -  and f l-  
methylene groups.  The a romat ic  protons  give a se r i e s  of p o o r l y - r e s o l v e d  signals in the region f r o m  7.35 
to 8.05 ppm. UV spec t rum:  kma  x 2 2 0 , 2 6 4 , 2 8 3 , 2 9 3  nm; log 8 4 . 5 6 ,  4.03, 3.97, 3.95. Found, %: C 81.44; 
81.29; H 7.39; 7.32. C17H18N 2. Calculated, %: C 81.55; H 7.25. P i c ra t e*  mp 164-165~ Found, %: 
C 57.54; 57.50; H 4.84; 4.60. C17HisN 2 �9 CsH3N30 ~. Calculated, %: C 57.62; H 4.42. T a r t r a t e *  mp 167- 
169~ (decomp.).  
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