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XXIX.* STRUCTURE OF THE INTERMEDIATE IN THE 

SYNTHESIS OF 2-METHYL-7-AZATRYPTAMINE 

I .  I .  G r a n d b e r g  a n d  N .  G .  Y a r y s h e v  UDC 547.822.7' 829' 83' 743:543.422.4 

An in t e rmed ia t e ,  which proved  to be a d i m e r  of N - ( a - m e t h y l p y r r o l i n o ) - 2 - a m i n o p y r i d i n e ,  was 
i so la ted  during the synthes is  of 2 - m e t h y l - 7 - a z a t r y p t a m i n e  f rom 2-pyr idy lhydraz ine  and y -  
ch loropropyl  methyl  ketone under  mi ld  condi t ions.  

We have p rev ious ly  [1] r epo r t ed  that  2 - m e t h y l - 7 - a z a t r y p t a m i n e  (VII) can be obtained in high yield 
when 2-pyr idy lhydraz ine  ([) is used  as the a ry lhydraz ine  component  in the synthes is  of t ryp tamines  [2]: 

[ ~ c. 3 ] c,c. c.2c.2coc.3 ..j.+N=c<c.2 
I II Il l  IV 

L on+ 

V V! Y|! 

However ,  the reac t ion  p roceeded  under  m o r e  s e v e r e  conditions (150~ for  6 h) than in the case  of 
phenylhydrazine i t se l f  o r  i ts  subst i tu ted de r iva t ives  (at 70 ~ for  6 h) [2]. When the reac t ion  t e m p e r a t u r e  was 
lowered,  we i so la ted  a c rys ta l l ine  subs tance  with the s ame  empi r i ca l  fo rmula  as that  of aza t ryp tamine  VII, 
(Ci0HI3N3) n. It was smooth ly  conver ted  to aza t ryp tamine  VII on heating with an equ imolar  amount of HC1 in 
methanol  (at 160 ~ for  5 It) and underwent  par t i a l  convers ion  during a t tempts  to dis t i l l  i t  in vacuo.  It was 
na tu ra l  to a s sume  that  the compound obtained is one of the in t e rmed ia te s  of the reac t ion  depicted in the 
scheme  p resen ted  above.  

We studied the s pec t r a l  c h a r a c t e r i s t i c s  of the compound.  Absorpt ion bands at 244 nm (log e 3.82) 
and 306 nm {loge 3.43), as well  as an inflection at 256 nm (loge 3.78), a r e  p resen t  in the UV s p e c t r u m  of 
an alcohol solution of it .  A compar i son  of the UV s p e c t r a  with the s p e c t r a  of 2 ,3 -d imethy l -7 -aza indo le ,  
2 ,3 ,3 -d imethy l -7-aza indolen ine  and methy l  ethyl ketone 2-pyr idy lhydrazone  demons t r a t ed  the d i f ference  be -  
tween the ch romophore s  of the compound under  invest igat ion and the ch romophores  of model  compounds 
(Fig. I). 

The IR spectrum of a solution of the compound in carbon tetrachloride (Fig. 2) contained an absorp- 
tion band at 3290 cm -i, which we assigned to the stretching vibrations of the associated NH group. It should 
be noted that the hydrogen bond was an intramolecular one, since changing the concentration of the solution 
did not shift it. Also present in the spectrum were the absorption bands common to aromatic systems and 
a band at 1630 cm -I, which might be assigned either to the stretching vibrations of the C -----C or C ---~N bond 
or to the deformation vibrations of the NIl group. 

* See [1] for  communica t ion  XXVIII. 
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Fig.  1. UV spect ra :  1) IVa; 2) 2 ,3-d imethyl -7-  
azaindole; 3) 2 ,3 ,3- t r imethyl -  7-azaindolenine; 
4) methyl  ethyl ketone 2-pyr idylhydrazone.  
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Fig. 2, IR spec t rum of IVa in CC14. 

We ca r r i ed  out deuterium exchange of the labile hydrogen atoms of the compound in neutral  media 
and established that the band at 3290 cm -t is shifted to 2330 cm -i ,  while the band at 1630 cm -i does not 
change its position. This enabled us to conclude that the band at 1630 cm -i  is due to the vibrations of the 
C = C  or C = N  groups,  while the band at 3290 cm -I is due to the stretching vibrations of the NH groups.  
Since the spec t rum of a KBr pellet of the substance contained an absorption band at 860 cm -1, which we as -  
signed to the vibrations of the R2C = C H R  group, we assigned the band at 1630 cm -1 to the vibrations of the 
C = C  bond. The PMR spect rum of a CC14 solution of the substance (Fig. 3) contained a signal at 5.7 ppm, 
which, according to the integration data, corresponded in intensity to half a proton. This fact suggested 
that we were dealing either with a mixture of tautomeric  forms or with a d imer ic  compound. Recording of 
the PMR spec t ra  in various solvents at var ious t empera tures  demonstra ted that the position and form of 
the signals do not change appreciably when the recording conditions are changed. In addition, we r e c r y s t a l -  
lized the substance f rom various solvents, as a resul t  of which we isolated a substance with p rec i se ly  the 
same charac te r i s t i c s  in all cases  (the identification was per formed by means of determination of the mel t -  
ing points of mixtures ,  th in- layer  chromatography,  and UV and IR spectroscopy);  the resul ts  obtained indi- 
cated a d imer ic  s t ruc ture  for the substance.  

Groups of multiplets ,  related to the signals of protons of two nonequivalent 2-monosubsti tuted pyr i -  
dine rings, were present  in the region of the signals of aromat ic  protons in the PMR spec t rum.  The defini-  
tive assignment of the signals of the aromat ic  protons was made by compar ison of the PMR spec t ra  r e -  
corded with spec t romete r s  with operating frequencies of 60 and 100 MHz and also by means of double- 
proton resonance.  The chemical  shifts and s p i n - s p i n  coupling constants presented cor respond to those for 
the pyridine ring [3]. 

On the basis  of the considerat ions indicated above, we proposed the d imer ic  N- (a -me thy lpy r ro l i no ) -  
2-aminopyridine s t ruc ture  (IVa) for the compound: 

2 I V  

N'3"~N/ 
ctt3~. / 'H 

l Y a  

The mass  spec t ra  of d imer  IVa also confi rm the proposed s t ruc ture .  To identify IVa, we made p re -  
l iminary  investigations of the mass  spec t ra  of 2 ,3-dimethyl-  7-azaindole, 2 ,3 ,3- t r imethyl -  7-azaindolenine, 
and 2-methy l -7 -aza t ryp tamine .  A compar ison of the mass  spec t rum of dimer  IVa at 250 ~ with the spec t ra  
of the model compounds demonstra ted that the d imer  is cha rac te r i zed  by peaks that cor respond  to disinte-  
gration of 2 -methy l -7 -aza t ryp tamine  and peaks charac te r i s t i c  for the d imer .  It was natura l  to assume that, 
under the conditions of record ing  at 250 ~ with allowance for the catalyt ic  action of the walls of the inlet s y s -  
tem, d imer  IVa is initially converted into two monomer  molecules  that undergo part ial  cyclization to form 
2-methy l -7-aza t ryp tamine .  The relat ively low volatility of the sample made it impossible to follow the 
change in the mass  spec t rum as the tempera ture  was lowered, and the indicated assumption was therefore  
verif ied by recording  the spec t rum of d imer  IVa with an apparatus with direct  input into the source at 140 ~ . 
It was found that the molecular  weight of dimer  IVa is 350, which cor responds  to the d imer ic  s t ruc ture  of 
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Fig.  3. Aromat i c  port ion of the PMR s p e c t r u m  
of IVa. 

Fig .  4. Dreiding model  of IVa. 

the product .  As seen f r o m  the scheme ,  IVa d i s in tegra tes  
in the f i r s t  s tages  to f o r m  three  f r agmen t  ions that  a re  
c lose  in m a s s  to half  the molecu la r  weight of the d imer  
and c o r r e s p o n d  to both s imple  c leavage of the C - N  
bond that  joins the "aminopyr idy lpyr ro l ine"  port ions of 
the molecule  and to c leavage  with hydrogen migra t ion .  
The s t ruc tu re  of the d i m e r  is  also conf i rmed  by the 
p r e s e n c e  of a r a t h e r  intense peak of an ion with m a s s  
94, which co r r e sponds  to the ~ - aminopy r id ine  s t ruc tu re .  
The subsequent  decomposi t ion of IVa is  c h a r a c t e r i z e d  
by the peaks  that  a re  usual ly  obse rved  for  the d i s in te -  
gra t ion  of py r ro l e  and aminopyridine de r iva t ives .  

Thus it can be cons idered  to be proved that  IVa 
has the s t ruc tu re  p resen ted .  

Returning to the PMR spec t rum of d imer  IVa, on 
the bas i s  of the proposed  s t ruc tu re  it can be a s s e r t e d  
that  the b road  proton s ignal  at 5.7 ppm is r e la ted  to the 
proton at tached to the double bond of the pyr ro l ine  r ing .  
The fact  that the signal  of this proton is not spli t  should 
not  evoke any s u r p r i s e ,  s ince this s o r t  of phenomenon 
occurs  in s i m i l a r  s y s t e m s ,  pa r t i cu l a r l y  in pyrazol ines  
(3-H is r a r e l y  spl i t  by 4-H).  

Conformat ional  ana lys is  using Dreiding models  
demons t r a t ed  that  the d imer  is s tabi l ized by the f o r m a -  
tion of a hydrogen bond, and a boa t - shaped  s ix -  
m e m b e r e d  r ing,  which includes four ni t rogen a toms,  
develops  (Fig. 4). An examinat ien of this model  also 
explains the nonequivalence of the protons of the two 
pyridine r ings .  As seen f r o m  Fig.  4, one of the r ings  

CH3\/ ""H 

~4/ 3so (2o,2) ~ \c 
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- : ~  H / ~ C H-- N -- N- 
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falls into the region of shielding of the double bond, 
as a consequence of which the proton signals of this 
ring are  shifted to s t ronger  field. 

In a study of the UV and PMR spec t ra  of d imer  
IVa in media with different acidities, we found that 
IVa undergoes monomerizat ion under the influence of 
acid to form a protonated s t ruc ture :  

H+ I ~- _ ~ , ~ - ~  I "/. "~1 Ctt 3 , va~ -  L-.. Ij. __:~J 
~ N  / ~N . . . .  

H 
lY b 

This monomerization process is complete at 
pH 1.6 and is reversible, which is confirmed by the 
presence of an isosbestic point in the set of curves of 
the UV spectra (Fig. 5). The PMR spectrum of dimer 
IVa in 20% H2SO 4 also sa t i s fac tor i ly  confi rms the p ro -  

posed protonated s t ruc ture  (IVb). The two distorted t r iplets  at 4.1 and 4.9 ppm are re la ted to the signals 
of the ~,- and a -me thy lene  groups,  while the quintet at 3.0 ppm is related to the signal of the ~ -methylene 
group.  The "three-proton" singlet at 3.1 ppm is the signal of the methyl group attached to the C = N + 
double bond. The signals of four aromat ic  protons are present  at weak field: the doublet of the proton in 
the 6 position (8.83 ppm) is super imposed on the tr iplet  of a proton in the 4 position (8.83 ppm), and the 
doublet of the proton in the 3 position (7.91 ppm) is superimposed on the t r ip le t  of the proton in the 5 posi-  
tion (8.0 ppm). The chemical  shifts of the aromat ic  protons cor re la te  well with the known changes in the 
chemical  shifts of protons of the pyridine ring that occur  when it is protonated [4]. 

It should be noted that t au tomer i sm of the following type occurs  in acidic media:  

H H # % 

\ N ~ | I  "N N 
II H tt H 

This asser t ion is based on an analysis of the PMR spect rum of IVa in a 20% solution of D2SO 4 in D20. 
Due to the indicated tau tomer i sm,  the protons of the y -me thy lene  and methyl  groups are  rapidly deuterated,  
a consequence of which is disappearance of the signals of these groups in the PMR spec t rum.  

type + 

The formation of d imer  IVa occurs  through nucleophilic addition of the N -  H group of the monomer  to 
the activated double bond of the other  monomer  molecule.  In the case  of arylhydrazines ,  the d imer  cannot 
be isolated under the usual conditions because of the i r revers ib le  tying up of the C - C  bond (A) and the sub- 
sequent formation of the t ryptamine sys tem.  Since the pyridine ring undergoes electrophil ic  attack under 
more  severe  conditions, p rocess  A does not proceed under mild reaction conditions (70~ and a d imer ,  
which is stabilized due to the formation of a s ix -membered  ring with the part icipation of a hydrogen bond, 
is obtained in alkalization of the react ion mixture during workup. 

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

N-(~-Methylpyrro l ino)-2-aminopyr id ine  Dimer  (1-Va). A 3.5-g (0.03 mole) sample of y - ch lo rop ropy l  
methyl  ketone in 20 ml of 90% methanol was added to a solution of 3.2 g (0.03 mole) of 2-pyridylhydrazine 
in 30 ml of 90% methanol, and the mixture was refluxed for 6 h. It was then cooled, the methanol was r e -  
moved by vacuum distillation, and the res idue was dissolved in 50 ml of 0.1 N hydrochlor ic  acid. The acid 
solution was fi l tered through 0.5 g of activated charcoal ,  and the f i l t rate was made alkaline with excess  
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po tas s ium hydroxide to give 4.3 g (83%) of d imer  IVa with mp 140-141 ~ (from pe t ro leum ether)  and R f  0.51 .* 
Found: C 68.5; H 7.4%. C20I~6N6. Calcula ted:  C 68,6; H 7.4%. 

_C.onversion of D imer  IVa to  . 2 - M e t h y l - 7 - a z a t r y p t a m i n e .  A.  Hydrochlor ic  acid was added to a so lu-  
tion of 4.5 g of d imer  IVa in 50 ml  of 90% methanol  until the pH was 5.5. The solution was sea led  in an 
ampule ,  and the ampule was heated in an autoclave at 150 ~ for  5 h. The reac t ion  mix tu re  was cooled, the 
methanol  was evapora ted  in vacuo,  and the res idue  was d isso lved  in 30 ml  of 0.1 N hydrochlor ic  acid.  The 
acid solution was ex t rac ted  with e ther ,  and the e the r  ex t r ac t s  were  d i sca rded .  The aqueous l ayer  was made 
s t rongly  alkal ine with excess  po tass ium hydroxide,  and the mix tu re  was ex t rac ted  with e ther .  The e ther  ex-  
t r a c t s  were  dr ied with po tass ium hydroxide,  the e ther  was r emoved  by dist i l lat ion,  and the res idue  was 
vacuum-dis t i l led  to give 3.3 g (75%) of 2 - m e t h y l - 7 - a z a t r y p t a m i n e  with bp 130 ~ (1 ram). The IR, UV, and 
PMR s p e c t r a  and the Rf  values  of the compound obtained were  identical  to those of a genuine sample  of 2-  
m e t h y l -  7-aza t ryptamif fe  [1]. 

B__. Three  dis t i l la t ions  of d i m e r  IVa yielded a f rac t ic~ with bp 180 ~ (1 ram), the spec t r a l  c h a r a c t e r -  
i s t ics  of which also proved  to be identical  to the c h a r a c t e r i s t i c s  of 2 - m e t h y l - 7 - a z a t r y p t a m i n e  [1]. 

The IR s p e c t r a  were  r eco rded  with a J a sco - IRS  spec t ropho tome te r  with a NaC1 p r i s m .  The PMR 
spec t ra*  were  r e c o r d e d  with JNM-4H-100,  JNM-60,  and T-60 (Varian) s p e c t r o m e t e r s .  The m a s s  sp ec t r a  
we re  r e c o r d e d  with MKh 1303 and MS 3301 s p e c t r o m e t e r s  with d i rec t  introduction into the source .  The UV 
s p e c t r a  were  r e co rded  with an EP S -3T  spec t ropho tome te r  (Hitachi). 

1o 
2. 

3o 
4. 
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