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XXVIII.* METHOD FOR THE SYNTHESIS OF 7-AZATRYPTAMINES 

AND RELATED COMPOUNDS 

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 547.831.759.3.07 

The synthesis  of 2 - m e t h y l -  and 1 ,2 -d ime thy l -7 - aza t ryp t amines  and d ino rdeoxy-9 -me thy l -  
7 -azaese ro l ine  and its 8-methyl  and 8-ethyl  analogs was accompl ished  by the reac t ion  of 
2-pyr idylhydraz ine  with 7 - c h l o r o  carbonyl  compounds.  The spec t r a l  c h a r a c t e r i s t i c s  of 
the compounds obtained are  p resen ted .  

The pr inciple  of aza  analogy has  recen t ly  been finding increas ing  acceptance  among chemis t s  engaged 
in the synthesis  of physiological ly  act ive  compounds.  In this connection, many  papers  devoted to the inves -  
t igation of the applicabi l i ty  of the F i sche r  react ion  for  the synthes is  of azaindole s y s t e m s  [2] have been 
published.  Of pa r t i cu la r  i n t e re s t  f rom our point of view a re  the invest igat ions devoted to the synthes is  of 
aza t ryp tamines  and the i r  de r iva t ives  - the aza  analogs of na tura l  indole, a lkaloid- l ike  compounds.  

The F i sche r  react ion,  which p roceeds  read i ly  and smoothly  with var ious  a ry lhydrazones ,  usual ly  
e i ther  does not give posi t ive r e su l t s  [3,4] or p roceeds  under  cons iderab ly  m o r e  s e v e r e  conditions [5] in the 
case  of py r idy l -  and quinolylhydrazones.  The syntheses  of t ryp tamines  and espec ia l ly  aza t ryp tamines  a r e  
genera l ly  e x t r e m e l y  laborious and give ve ry  low yields  [6,7]. 

In 1967, one of us [8] obse rved  that the reac t ion  of diphenylhydrazine and w-chlorobutyra ldehyde  in 
aqueous methanol  leads to t ryp tamine  hydrochlor ide  in high yield.  On the bas i s  of this react ion,  a la rge  
number  of t ryp tamines  having dif ferent  s ubst i tuents  in both the benzene and py r ro l e  port ions of the m o l e -  
cule were  l a t e r  synthes ized [9-11]. 

We a t tempted to u se  this method to obtain the cor responding  aza  analogs of t ryp tamines  using 2-  
pyr idylhydraz ines  as the hydraz ine  components .  In pa r t i cu la r ,  we were  able to isola te  2 - m e t h y l - 7 - a z a -  
t ryp tamine  (I) in good yield on heating a mix tu re  of 2 -pyr idy lhydraz ine  with y - c h l o r o p r o p y l  methyl  ketone 
in aqueous methanol  at 150~ 

TABLE 1. UV Spect ra  of 7- 
Azaindoles  and 7 -Azaese r ines  

Compound xm.x,nm lg a 

I 

II 

III 

IV 

V 

226 
29t 
229 
293 
242 
310 
250 
319 
250 
318 

4,29 
3,87 
4,36 
4,08 
3,97 
3,80 
4,14 
3,80 
4,13 
3,88 

'tlCI 
] N N ~ I ~ N  ~ / ~ ' N / ~ ' N  " /  e l l  3 

I R=H; I I  I ~ = C l t j  

Under s i m i l a r  conditions,  we synthes ized 1 , 2 - d i m e t h y l - 7 - a z a -  
t ryp tamine  (II) f rom N-methy l -N- (2 -pyr idy l )hydraz ine .  The s t ruc tu re  
of I was proved by means  of UV, !R ,  and PMR spec t roscopy .  Two ab-  

*See [1] for  communicat ion  XXVII. 
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TABLE 2. F r equenc i e s  of the P r i m a r y  Absorp t ion  Maxima (cm -1) 
in the IR Spec t r a  of 7-Azaindoles  and 7 - A z a e s e r i n e s *  

3420 

3020s 
2840--3000 

1600 
1490 
1475 
1390 
1150 
770 

II 

u 

3o3os 
2840--3000 

1600 
1490 
1465 
1385 
ll80 
773 

Compound 
I l I  

3240s 
3040c 

2840--3000 
1610 
1500 
1460 
1383 
Ill0 
755 

IV 

3440 

3040s 
2840--3000 

1610 
1495 

I385 
I130 
77O 

3260s 
3040 S 

2840--3000 
1615 
1490 
1460 
1380 
1110- 
770 

Ptopo~d 
a~lgnment 

Free N--H 
Bonded N--H 

you (aromatic) 
~CH~ 

Aromatic absorption 

~CH~ 
~CI[ 

Three adjacent hydro- 
gen atoms 

*Strong absorption is indicated by s. 

TABLE 3. 

I 
II 

111 
IV 
V 

P1VIR Spec t ra  of 7 -Aza t ryp t amines  and 7 - A z a e s e r o l i n e s *  

rz ~ 4 ( p i  3 
,i>., .~-~,,2c.~),..',f~ 1 ~ - - - 1 , ,  

I-H 

6,5 S 

l -CH:~ 

2,75 s 

CII: CHa 

3,3q 1,21t 
1=6,75 J=6,75 

2-CH:~ 

2,35 S 
2.1 s 
1,47 s 
1,27 s 
1,28 s 

3-CH~ 

1.35 s 
1,27 s 
1,28, s 

Sub- 
s t a n c e  4-H 5-H 6-H a-CH2 ~-CH= NH2 

I 

II 

Ill 

IV 

V 

7,7.t 
14 s=75 '7,42~ 
]4 s=7,5 

'7,12d 
14,~=7,5 

6 , 8 d  
]4 s = 7,2 

'6,9 d 
14,~=7,5 

6,87d 
1s,~=4,5 

6,6 t 
]s,s = 4,5 

6,45 t 
A,~=5,3 

6,10t 
Ys,e = 5,3 

6,2 t 
1~,6=4,5 

8,08d 
14,6 = 1,5 

7,91 d 
]4,6 = 1,5 

7,80 d 

7,55 d 
]4,s= 1,O 
7,7d 

14,~= 1,5 

2,78 t 
] = 3,75 

2,60 t 
] = 335 

1,96't 

1,88 m 

1,91 m 

2,78 1: 
]=3,75 

2,60't 
I=3,75 

2,82 m 

2,78 m 

2,75rn 

1,7S 

I,Is 

*The number ing  of the carbon a toms  in I-V is  a r b i t r a r y  for  con-  
venience in compar i son  of the chemica l  shif ts  of r e l a t e d  pro tons .  
Abbrev ia t ions :  s is  s ingle t ,  d is doublet ,  t is  t r i p l e t ,  q is  quar te t ,  
and m is  mul t ip le t .  The chemica l  shif ts  a re  p re sen ted  in pa r t s  
pe r  mi l l ion ,  and the s p i n - s p i n  spl i t t ing  cons tants  a re  p r e sen t ed  
in Her tz  uni ts .  

sorp t ion  bands at 230 and 290 nm are  p r e s e n t  in the UV s p e c t r u m  of I.  We obse rved  the s ame  bands in the 
s p e c t r u m  of the model  compound 2 ,3 -d ime th y l - 7 - a z a i ndo l e ,  which we a lso  syn thes ized .  The IR spec t rum 
of I contains  i n t e n s e  absorp t ion  bands at 3100-3600 cm - l ,  which a r e  r e l a t e d  to the s t r e tch ing  v ib ra t ions  of 
a s s o c i a t e d  NH and NH 2 g roups .  Th ree  absorp t ion  bands at 1615, 1590, and 1490 cm -1, which c o r r e s p o n d  
to the analogous bands in the IR s p e c t r a  of indoles  and a re  p robab ly  r e l a t e d  to the s t r e t ch ing  v ib ra t ions  of 
the r ing  [12], a r e  p r e s e n t  at 1400-1700 cm -1. 

The PMR s p e c t r u m  a lso  conf i rms  the s t r u c t u r e  of I.  A s ingle t  of th ree  protons at 2.35 ppm, which 
c o r r e s p o n d s  to a methyl  group at tached to a double bond, is p resen t  in the s p e c t r u m .  The methylene  
groups  in the ~ and/~ pos i t ions  should appea r  in the s p e c t r u m  as two t r i p l e t s .  However,  one t r i p l e t  at 
2.78 ppm (J = 3.75 Hz), the in tens i ty  of which c o r r e s p o n d s  to four pro tons ,  is p r e s e n t  in the s p e c t r u m .  The 
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super impos i t ion  of two t r ip l e t s  of the aminoethyl  res idue  occurs  because  the chemica l  shifts  of the a -  and 
-methy lene  groups are  identical .  This  phenomenon is also obse rved  in the PMR s p e c t r u m  of 2 - m e t h y l -  

t ryp tamine  [13]. A doublet of the proton in the 4 position (7.7 ppm, J = 7.5 Hz), a 5-H quar te t  (6.85 ppm, 
J = 7.5 Hz), and a 6-H doublet (8.08 ppm) a re  obse rved  in the a romat ic  proton region.  In addition, the s p e c -  
t r u m  contains two broad  s ignals  at 1.70 and 6.50 ppm, which we ass igned to the protons  of the amine and 
imine groups ,  r e spec t ive ly ,  

It  has p rev ious ly  been demons t r a t ed  that if  ~,-halo ketones that  a re  subst i tuted in the a position a re  
used  in the react ion  to synthes ize  t ryp t amines ,  the products  a re  e s e r i ne  de r iva t ives  [14]. 

We c a r r i e d  out the react ion  of 2 -pyr idy lhydraz ine  and its N-methy l  and N-ethyl  de r iva t ives  with 3/- 
c h l o r o - a - m e t h y l p r o p y l  methyl  ketone and found tha t  d i n o r d e o x y - 9 - m e t h y l - 7 - a z a e s e r o l i n e  (HI) and its 
methyl  (IV) and ethyl {V) analogs a re  fo rmed  smoothly  in this c a se .  

,~-""2 oc.~c.~c.coc,,,- ~-"=c(C"-C"',r ",c,,, -L ~"' .,,oj 

I I I  R=H; IV R=CH~; V R=C2H 5 

IIl-V 

Two absorpt ion bands,  which lie in the longer -wave  region than the cor responding  bands of 2 - a m i n o -  
pyridine,  a re  p re sen t  in the UV s pec t r a  of I I I -V (]:able 1). The IR s p e c t r a  (Table 2) contain bands at 3300 
c m  -1, which co r respond  to the s t re tching v ibra t ions  of the NH groups ,  and bands at 1615, 1590, and 1440 
c m  -1, which per ta in  to the s t re tching v ibra t ions  of the pyridine r ing.  

The data on the PMR s p e c t r a  of all  of the synthes ized compounds a r e  p resen ted  in Table  3. 

EXPERIMENTAL 

The IR spectra of CCI 4 solutions and potassium bromide pellets were recorded with a Jasco-JRS 
spectrometer with a sodium chloride prism. The UV spectra of alcohol solutions were recorded with a 
Hitachi EPS-3T spectrometer. The PMR spectra of CCI 4 solutions were recorded with JNM-4H-100, H-60, 
and T-60 spectrometers with hexamethyldisiloxane as the internal standard. 

Gas-liquid chromatography (GLC) was carried out with a Yanagimoto G-800 chromatograph. The 
carrier gas was hydrogen (flow rate 80 ml/min), and the column temperature was 200 ~ . The stationary 
phase was 10% polyethylene glycol 3000 on Porolite with application of 1% potassium hydroxide. 

Thin-layer chromatography (TLC) was carried out with Silufol UV-254 in methanol. 

2-Methyl-7-azatryptamine (1). A 12.3-g (0.I mole) sample of freshly distilled y-chloropropyl methyl 
ketone was added to a solution of 10.8 g (0.I mole) of freshly distilled 2-pyridylhydrazine [bp 100 ~ (2 ram)] 
[15] in 200 ml of 80% ethanol, and the mixture was heated in an autoclave at 160 ~ for 6 h. The ethanol was 
removed in a rotary evaporator, the residual 2-methyl-7-azatryptamine hydrochloride was dissolved in 200 
ml of 0.I N hydrochloric acid, and the neutral impurities were extracted with 50 ml of benzene. The aque- 
ous solution was cooled and made alkaline with solid potassium hydroxide. The resulting oil was extracted 
three times with 50-ml portions of ether. The combined ether extracts were dried with potassium carbon- 
ate, the ether was removed by distillation, and the residue was vacuum-distilled under nitrogen to give 
13.2 g of a product with bp 180-183 ~ (I ram), a retention time of 31.2 rain, and R/ 0.64. Found: C 68.6; H 
7.4%. CIoHI3N 3. Calculated: C 68.6; H 7.4%. The picrate had mp 182 ~ (dec.). Found: N 20.8%. CIoHI3N ~ 
C6H3N307. Calculated: N 20.8%. 

1 ,2 -Dime thy l -7 -aza t ryp t amine  (II). This compound was obtained in 65% yield by the method desc r ibed  
above f rom N-methy l -N- (2 -pyr idy l )hydraz ine  [16] and had bp 170-175 ~ (1.5 ram),  a retention t i m e  of 2.8 
rain, and R f  0.70. Found: C 69.8; H 8.1%. CllHisN 3. Calculated:  C 69.8; H 7.9%. The p ic ra te  had mp 
300 ~ (dec.).~ Found: N 19.9%. CtIHIsN3 �9 C6H3N307. Calculated:  N 20.0%. 

D i n o r d e o x y - 9 - m e t h y l - 7 - a z a e s e r o l i n e  (III). A mix tu re  of 10.8 g (0.1 mole) of f r e sh ly  dis t i l led 2-  
pyr idylhydrazine  [15] and 13.6 g (0.1 mole) of ~ - c h l o r o - a - m e t h y l p r o p y l  methyl  ketone in 200 ml  of 80% 
ethanol was ref luxed on a wa te r  bath  for  6 h. The mix tu re  was evapora ted  to d ryness  in a r o t a r y  evap -  
o ra to r ,  and the res idue  was dissolved in 200 ml  of 0.1 N hydrochlor ic  acid and ex t rac ted  three  t imes  with 
30-ml port ions of benzene.  The benzene ex t r ac t s  we re  d iscarded ,  and the aqueous l aye r  was cooled and 
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made alkaline with solid po tass ium hydroxide.  The resul t ing c r y s t a l s  were  r emoved  by f i l t ra t ion and r e -  
c rys t a l l i zed  f rom pe t ro leum ether  to give 12.4 g (70~c) of III with mp 132-133 ~ a retent ion t ime of 8.7 rain, 
and R f  0.81. Found: C 69.6; H 7.9gc. CI1H~sN 3. Calculated:  C 69.8; H 7.9~c. The p ic ra t e  had mp  165 ~ 
Found: N 19.8~c. C11HIsN3 ' C6H3N30 7. Calculated:  N 20.0%. 

D ino rdeoxy-8 ,9 -d ime thy l -7 - azaese ro l i ne  (IV). This  compound was obtained in 70~c yield by the 
method p resen ted  for  III f r o m  N-methy l -N- (2 -pyr idy l )hydraz ine  and had bp 130-135 ~ (0.5 mm) .  The p rod-  
uct c rys t a l l i zed  on standing to give a m a t e r i a l  with mp 68-69 ~ a re tent ion t ime  of 5.2 min,  and R f  0.60. 
Found: C 70.6; H 8.5%. CI2H17N 3. Calculated:  C 70.9; H 8.3%. The p ic ra te  had mp 153-154 ~ (dec.). Found: 
N 19.6%. Ci2H17N3 'C6H3N307. Calculated:  N 19.4%. 

D i n o r d e o x y - 9 - m e t h y l - 8 - e t h y l - 7 - a z a e s e r o l i n e  (V). This compound was obtained in 60% yield f r o m  N-  
e thy l -N-  (2-pyridyl)hydrazine by the method used  to obtain III  and had bp 140-145 ~ (1.5 mm),  a re tent ion 
t ime  of 6.1 rain, andRf  0.63. Found: C 72.1; H 8.9%. Ci3H19N 3. Calculated:  C 71,9; H 8.8~.  The p ic ra te  
had mp 152 ~ Found: N 18.6~c. CI3HIgN3 �9 C6H3N30 ?. Calculated: N 18.8%. 
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