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XV.* INTERMEDIATES IN THE SYNTHESIS OF TRYPTAMINES 

I .  I .  G r a n d b e r g ,  I .  M.  P r z h e v a l ' s k i i ,  
a n d  V .  I .  V y s o t s k i i  

UDC 547.752:543.422.6:541.67 

Several  in t e rmed ia tes  of the va r ious  s teps  of the reac t ion  to f o r m  t ryp tamines  were  isola ted 
and the i r  s t ruc tu re s  were  es tabl i shed.  Additional evidence fo r  the p rev ious ly  p roposed  r e -  
action mechan i sm was the reby  obtained. 

The following working scheme  has  been proposed  to explain our  synthes is  [2, 3] of t ryp t amines ,  
homot ryp tamines ,  and e se r ine  s y s t e m s  on the bas i s  of the genera l  a ssumpt ions  of the scheme fo r  the 
F i sche r  indole synthes is :  
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Par t i a l  evidence of the c o r r e c t n e s s  of this scheme was obtained by means  of a m a s s - s p e c t r o m e t r i c  
invest igat ion of 2 -me thy l t ryp t amines  [4] containing N is and by calculat ion of the ~r-electron dens i t ies  for  
s eve ra l  s ta r t ing  s y s t e m s  and the i r  conformat ional  ana lys i s  [5]. 

The isolat ion and identification of the in t e rmed ia te s  in the va r ious  s teps  of the reac t ion  a re  d i rec t  
and convincing evidence for  any reac t ion  mechan i sm;  this was invest igated in the p re sen t  case .  

The usual  conditions for  the synthes is  of t ryp tamine  and i ts  de r iva t ives  a r e  refluxing thg a r y l h y d r a z -  
ine and y -ha loke tone  in aqueous alcohol [2, 3]. Under these  condit ions,  it was  imposs ib le  to isola te  any 
in te rmedia te  during the synthes is  of 2 -me thy l t ryp tamine .  However ,  a product ,  which, according to the IR, 
UV, and PMR spec t r a ,  is  y - c h l o r o p r o p y l  methyl  ketone phenylhydrazone - in te rmedia te  III  (R = H, R '  = 
CH3) in the p roposed  reac t ion  scheme - could be isola ted by m ~ g  equimolecu la r  amounts  of phenylhydraz-  
ine and ~ - c h l o r o p r o p y l  methyl  ketone in benzene and allowing the mix tu re  to stand at r o o m  t e m p e r a t u r e  
for  1 h. The hydrazone is  v e r y  unstable even at r oom t e m p e r a t u r e .  On heat ing,  it is rap id ly  conver ted  to 
2 -methy l t ryp tamine .  The UV s pec t rum  of a f r e sh ly  p r e p a r e d  sample  (in ethanol) has  one absorpt ion  m a x -  
imum at 271 nm (10g ~ 4.19), which is c h a r a c t e r i s t i c  fo r  phenylhydrazones  [6]. The PMR spec t rum of y -  
chloropropyl  methyl  ketone phenylhydrazone is  r a t h e r  complex  because  of the p r e sence  of two f o r m s  - syn 
and anti  (see Fig. 1). The ass ignment  of the proton s ignals  to syn and anti i s o m e r s  is based on the data in 
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Fig. 1. 
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PMR spec t rum of ~-ch loropropyl  methyl ketone phenylhydrazone.  
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Fig. 2. 
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PMR spec t rum of 1-mes i ty lamino-A2-2-methylpyr ro l ine .  
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Fig. 3. UV spectra of l-mesityl-A2-2-methylpyrroline at various solution 
pH values (80% C2HsOH ) : I) 11.4 (form A) ; 2) 3.5 (A ~-~ B) ; 3) 1.6 (form B); 
4) 7.7 (form A). 

[7], during which the methyl group and the aniline res idue are  in the cis position in the syn i somer .  The 
two singlets at 1.57 and 1.80 ppm are assigned to the methyl protons of the syn and anti fo rms ,  respec t ive -  
ly. The proton signals of the },-methylene group are  manifested as t r iplets  centered at 3.31 ppm (J = 8 Hz) 
for the syn fo rm and at 3.45 ppm (J = 8 Hz) for the anti form.  The complex multiplet at 1.98-2.41 ppm be-  
longs to the proton signals of the ~ -  and fl-CH 2 groups of both fo rms .  The a romat ic  protons are  found at 
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6.90-7.10 ppm.  On the bas i s  of the in tegra l  intensi ty  ra t io  of the peaks  of the syn and anti f o r m s  (for the 
methyl  group) it was  found that about 70% of the hydrazone ex i s t s  in the syn f o r m  for  the given conditions 
(20 ~ CC14). 

I t  was e x p r e s s l y  the p r e s e n c e  of syn and anti i s o m e r s  that made it poss ib le  to p rev ious ly  i so la te ,  
under the usual conditions,  y - c h l o r o p r o p y l  methyl  ketone diphenylhydrazone in only the syn f o r m  [5]. 

According to the p roposed  scheme,  the second step of the reac t ion  should lead to N-ani l inopyrro l ine  
(IV ~-~ V) which then r e a r r a n g e s  to f i - (o-aminophenyl )pyr ro l ine  (VI). We a s sumed  that subst i tuents  in the 
ortho posit ion of the benzene r ing should h inder  this  p r o c e s s  (V ~ V'I). In fact ,  1 -mes i ty lamino-A2-2  - 
me thy lpyr ro l ine  - an in te rmedia te  of the V type - i s  fo rmed  when mes i ty lhydraz ine  is  ref luxed with y -  
chioropropyl  methyl  ketone under  the usual  conditions. 

H 3 C ~  CH3 +" 
O:-. c ( CH2-CH2-CH2-CI H3C\ / "  /CH~ CH~--~ J 

"~/\NH_NH 2 CH 3 ~ -'--,N/N Hci 
CH 3 CH 3 H 

The analyses and IR, UV, PMR, and mass spectra are in complete agreement with this structure. 

Thus the PMR spec t rum (Fig. 2) contains 2 s inglets  at 1.85 and 2.10 ppm,  which a re  ass igned to the 
methyl  groups  at tached to the double bond and to the benzene r ing,  r e spec t ive ly .  The proton on the double 
bond is  mani fes ted  as  a t r ip le t  cen te red  at 5.57 ppm (J = 7 Hz). The proton s ignals  of the a -  and B - m e t h y l -  
ene groups  a r e  two poor ly  r e so lved  t r ip l e t s  cen te red  at 3.56 ppm (J = 7 Hz) and 3.30 ppm (J = 7 Hz), r e -  
spect ively .  The broad  singiet  at 4.2 ppm is  ass igned  to the NH group.  Final ly,  the a roma t i c  pro tons  a re  
found at 6.13-6.20 ppm.  
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The UV spec t rum of 1 -mes i ty l amino -A2-2 -me thy lpy r ro l i ne  (in ethanol) d isp lays  two absorpt ion  
max ima ,  235 nm (log e 3.75) and 288 nm (log e 3.37), and an inflection at 314 nm (log e 3.22). On obtaining 
the UV spec t rum of this compound in aqueous alcohol while vary ing  the pH, it was  obse rved  that,  in an 
acidic med ium (pH 3.5), a m a x i m u m  appea r s  at 325 nm and b e c o m e s  sharp ly  pronounced at pH 1.6. Mean-  
while, the absorpt ion m a x i m a  at 235 and 288 nm a lmos t  vanish  (see Fig.  3). All of this  c l ea r ly  indicates  
the convers ion  of 1 -mes i ty l amino -A2-2 -me thy lpy r ro l i ne  to the A1 fo rm,  since the UV spec t rum in this 
case  is  v e r y  c h a r a c t e r i s t i c  for  a ry lhydrazones  [5]. 

HaC\,.~"~/Cn3 17--] II § H3C\...~'~/CH3 f-----] 

- -~ ~ N / . -  --H + -,.~.t,,-~N / I i H 
CH 3 H CH 3 
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The compound is broken  down in th ree  m a j o r  d i rec t ions  under  e lec t ron  impact .*  F i r s t ,  c leavage of 
the N - N  bond (cleavage at the fi bond with r e s p e c t  to the a ry l  r ing and the fi bond with r e spec t  to the 
double bond of the py r ro l ine  ring) with mig ra t ion  of hydrogen and fo rmat ion  of an ion (the m a x i m u m  in the 
spect rum) with m a s s  Bl5 ~5, which c o r r e s p o n d s  to the aniline s t ruc tu re  which, on losing a hydrogen a tom,  
g ives  a v e r y  intense ion with m a s s  134; this  c o r r e s p o n d s  comple te ly  to the c leavage of a roma t i c  amines  [8]. 

In addition, an ion with m a s s  81 (17.4%), which c o r r e s p o n d s  to the 2 -me thy lpy r ro l e  s t ruc tu re ,  is  
fo rmed  during this c leavage ,  e i ther  with the s imul taneous  loss  of two hydrogen a toms  or  f r o m  the dehy-  
drogenated  mo lecu l a r  ion ( m / e  214). I t s  c leavage with the fo rmat ion  of ions with m a s s e s  of 80 (28.4) 
(pyridininm ion obtained by expansion of the p y r r o l e  r ing) ,  53 (11.8), 52 (6.1), 51 (7.8), 50 (2.9), 41 (12.4), 
40 (3.5), and 39 (14.2) is  c h a r a c t e r i s t i c  for  the behav io r  of 2 - m e t h y l p y r r o l e  under  e lec t ron  impac t  [9]. 
Final ly ,  a molecule  of the compound r ead i ly  l o se s  two hydrogen a toms  to f o r m  a m o r e  s table  p y r r o l a n i -  
line s t ruc tu re  (ion with m a s s  214), and i ts  subsequent  c leavage ,  as  conf i rmed  by the cor responding  m e t a -  
s table t r ans i t ions ,  a g r e e s  comple te ly  with the c leavage  of py r ro l e  de r iva t ives  [10]. Thus the behav ior  of 
the compound c o r r e s p o n d s  comple te ly  to the s t ruc tu re  of the cor responding  ani l inopyrrol ine .  

It should be noted that all  a t t empts  to conver t  1 -mes i t y l amino -A2-2 -me thy lpy r ro l i ne  hydrochlor ide  
to the cor responding  t ryp tamine  with c leavage  of one o -me thy l  group were  unsuccessfu l :  pronounced 
res in i f i ca t ion  occu r s  under  s e v e r e  conditions (autoclave,  200 ~ 10 h), and under  m i l d e r  conditions (benzene, 
80 ~ . 

If  a y -ha loke tone  with an alkyl subst i tuent  in the s - p o s i t i o n  re la t ive  to the carbonyl  group is  used as  
a carbonyl  component  in the synthes is  of t ryp t amines ,  a compound of the e se r ine  s e r i e s  is  fo rmed ,  and is  
an in te rmedia te  of the VII type in the penul t imate  step of the reac t ion .  

CH 3 
I CH 3 

H C--CH2--CH2--CZ 

+ O =-CNCH3 
NH--N~ 2 ~ I i~.~Cl 

CH 3 

F u r t h e r  t r a n s f o r m a t i o n  of this compound into a t ryp tamine  is  imposs ib le  because  of the p r e se n ce  of 
a methyl  group ins tead of a hydrogen a tom in the 3d posi t ion.  P roo f  of the s t ruc tu re  of the d inordeoxy-9-  
me thy lese ro l ine  fo rmed  in the reac t ion  is  p re sen ted  in [11]. 

Thus the isola t ion of i n t e rm ed i a t e s  in the va r ious  s teps  of the reac t ion  p roves  the c o r r e c t n e s s  of the 
p roposed  reac t ion  scheme .  

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

The PMR s pec t r a  in CC14 were  obtained by Yu. A. Ustynyuk with a JNM-60 s p e c t r o m e t e r  with an 
opera t ing  f requency  of 60 MHz using t e t r ame thy l s i l ane  (TMS) as  the in ternal  s tandard.  The chemica l  
shifts  a re  given in the 5 sca le .  

The UV spec t ra  in ethanol we re  obtained with an EPS-3T s p e c t r o m e t e r  (Hitachi). The IR spec t r a  of 
thin f i lms  were  obtained with a JASCO-IR-S  spec t ropho tomete r  with an NaC1 p r i s m .  The m a s s  spe c t ru m 
of 1 - m e s i t y l a m i n o - A 2 - 2 - m e t h y l p y r r o l i n e  was obtained with an MKh-1303 s p e c t r o m e t e r  with an ionizing 
e lec t ron  ene rgy  of 50 eV, an em i s s i on  cu r r en t  of 1.5 mA, and a source  and admiss ion  s y s t e m  t e m p e r a t u r e  
of 250 ~ 

7 - C h l o r o p r o p y l  Methyl Ketone Phenylhydrazone .  A mix tu re  of 3.24 g (0.03 mole) of phenylhydrazine 
and 3.62 g (0.03 mole) of 7 - c h l o r o p r o p y l  methyl  ketone in 50 ml  of benzene at 20 ~ was allowed to stand for  
1 h. The mix tu re  was then pa s s ed  through a f i l te r  with 2 g of ac t iv i ty  II  a luminum oxide, a f t e r  which the 
solvent was  r e m o v e d  in vacuo with a w a t e r  a s p i r a t o r  without heat ing.  The res idua l  yellow oil was  dried in 
vacuo over  a lkal i  and paraf f in  to give 6 g (95%) of product .  Found % :  C 62.73, 62.70; H 7.34, 7.33. 
ClIH15C1N 2. Calculated %: C 62.71; H 7.17. R f  0.73 (activity II  A1203, benzene,  development  with iodine). 
IR spec t rum:  C ~ - N  1620 em -1, NH 3300 e m - l :  

*The number s  under  the fo rm u l a s  in the scheme  a re  the m a s s  n u m b e r s ,  the n u m b e r s  in p a r e n t h e s e s  a re  
the peak  in tens i t ies  of the cor responding  ions in pe rcen t  of the max imum,  and the number s  with c r o s s e s  
co r respond  to the m a s s e s  of the me tas t ab le  ions.  
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Mesitylhydrazine Hydrochloride. The hydrazine was obtained in the form of the hydrochloride via 
the method in [12] since the free base is very  unstable [13]. The hydrochloride was obtained in 60% yield 
and had nip 305-306 ~ (decomp., from aqueous alcohol). Found %: C 58.17, 58.11; H 7.94, 7.90. CgH14N 2 �9 
HC1. Calculated %: C 57.90; tt 8.09. 

1-Mesitylamino-A2-2-methylpyrroline. A solution of 0.44 g (0.011 mole) of sodium hydroxide in 20 
ml of methanol, followed by a solution of 1.33 g (0.011 mole) of ~-chloropropyl methyl ketone in 10 ml of 
methanol, was added to a solution of 2 g (0.011 mole) of mesitylhydrazine hydrochloride. The mixture was 
refluxed under nitrogen for I h. The solvent was then removed, the residue was dissolved in hot water,  
and the solution was extracted with ether to remove neutral impurities (twice with 15-ml portions). The 
aqueous solution was made alkaline, and the resulting oil was e~rac ted  with benzene (twice with 20-ml 
portions). The benzene extract was dried over potassium carbonate and distilled in vacuo under nitrogen 
to give 1.6 g (74%) of a product with bp 128-130 ~ (2 mm) and R f  0.59 [activity II aluminum oxide, benzene-  
isopropyl alcohol system (9:1), development with iodine]. Found %: C 77.48, 77.40; H 9.24, 9.20. 
CllH20N 2. Calculated %: C 77.70; H 9.32. IR spectrum: C-----C 1640 cm -l ,  NI-I 3290 cm -1. 
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