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SUMMARY 

F ive r a d i o a c t i v e  and th ree  deuterium l a b e l  l e d  1,2,3,4-tetrahydro- 

beta-carbol i nes  (THBCs) have been r y n t h e s i  zed from t ryptamine 

hydrochlor ide o r  5-methoxytryptamine hydrochlor ide and formal - 
dehyde, g l y o x y l i c  a c i d  o r  py ruv i c  ac id .  Radioact ive l a b e l l i n g  

was performed us ing 

deuterium l a b e l s  were in t roduced us ing l i t h i u m  aluminium deuteride. 

The s p e c i f i c  a c t i v i t i e s  obta ined f o r  C C ]  l a b e l l e d  THBCs v a r i e d  

between 1.0 and 5.0 mCi/mnol, w h i l e  a va lue o f  30.1 mCi/mnol was 

obta ined f o r  t he  t r i t i a t e d  compound. 

deuterated THBCs were i n  the range o f  76.3 - 96.2 X .  

14 3 C 1  and I: W l a b e l l e d  compounds, w h i l e  the  

14 

The i s o t o p i c  p u r i t i e s  of the 

INTRODUCTION 

1,2,3,4-tetrahydro-beta-carbolines (THBCs) a re  known t o  occur i n  

human, animal and p l a n t  t i ssues  

o f  THBCs takes p lace from aldehydes and tryptamines q u i t e  s imply  i n  

v i t r o  a t  room temperature i n  m i l d l y  a c i d i c  condi t ions.  

t he  supposed b i o s y n t h e t i c  p r i n c i p l e  f o r  these compounds i n  t i ssues  

(1-3). The synthes is  o f  a number 

This i s  a l s o  

(495). 
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Biosynthes is  o f  THBCs from tryptamines and py ruv i c  o r  g l y o x y l i c  a c i d  

i s  p red ic tab le  because i n  v i t r o  the  reac t i ons  i n  quest ion occur a t  

almost t he  same cond i t i ons  as those y i e l d i n g  THBCs from tryptamines 

and a1 dehydes . 
E igh t  l a b e l l e d  THBCs have been prepared (F ig.  1) f o r  b i o s y n t h e t i c  

s tud ies on these compounds and f o r  q u a n t i t a t i v e  s tud ies  on t h e i r  

occurrance i n  animal and human t i ssues  by us ing  gas chromatography- 

mass spectrometry (GLC-MS). 

EXPERIMENTAL 

Synthesis o f  1-C CE6-methoxy-1,2,3,4-tetrahydro-beta-carboline, 

1- C14C I-6-MeO-THBC ( I )  

27.0 mg (0.12 m l )  o f  5-methoxytryptamine hydrochlor ide (Sigma) and 

3.0 mg (0.1 n o l )  o f  C Cl-formaldehyde (New England Nuclear, s p e c i f i c  

a c t i v i t y  10.0 m C i / n o l )  were incubated f o r  12 h i n  a water s o l u t i o n  

o f  pH 4. The s o l u t i o n  was made a l k a l i n e  by adding 10 % KOH and ex- 

t r a c t e d  w i t h  e t h y l  acetate. Most o f  t he  so l ven t  was evaporated and 

the r e s t  o f  i t  (about 0.5 m l )  was app l i ed  on a TLC p l a t e  (K iese lge l  60 

F254, AC-Alufol ien, a r t .  5554, Merck) as a narrow band. 

so lvent  system n-butanol -acet ic  acid-water ( 4 : l :  1) 1 - C  Cl-6-Me0- 

THBC had an Rf-value o f  0.43. The band a t  t h i s  Rf-value was t rans -  

fered t o  a chromatographic column packed w i t h  the  same m a t e r i a l  as 

the adsorbent used i n  TLC ( c . f .  above). 

1 - C  Cl-6-MeO-THBC was e l u t e d  from the  column us ing e t h y l  acetate, and 

the so lvent  was removed by a stream o f  n i t rogen .  

o f  ( I )  was 2.9 mCi/mnol. 

14 

14 

Using the  
14 

14 

The s p e c i f i c  a c t i v i t y  

3 1 - C  Hl-6-methoxy-l,2,3,4-tetrahydro-beta-carbol ine,  1- C3Hl-6-Me0-THBC 

(11) 

This  compound was prepared from 16.3 mg (0.07 mnol) o f  5-methoxytryptamine 

hydrochlor ide and 1.8 mg (0.06 n o l )  o f  C3Hl-formaldehyde (New England 

Nuclear, s p e c i f i c  a c t i v i t y  85 m C i / n o l )  by a method analogous t o  t h a t  
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14 used f o r  1 - C  Cl-6-MeO-THBC. 

m C i  /ml . 
The s p e c i f i c  a c t i v i t y  of (11) was 30.1 

14 14 1- C C 1- 1,2,3,4-tetrahydro-beta-carbol i ne , 1- C Cl-THBC ( I I I ) 
14 1-[ Cl-THBC was prepared from 23.5 nig (0.12 ml) o f  t ryptamine 

h y d r o c h l w i d e  (F:uka) and 3.0 mg (0.3 mnol) o f  C14C3-formaldehyde 

(New England Nuclear, s p e c l f i c  a c t i v i t y  16.7 mCi/mnol) i n  the  same way 

as compound ( I ) .  

so lven t  system n-butanol -acst ic  azid-water ( 4 : l : l ) .  

a c t i v i t y  o f  (111) was 5.0 m C i / m l .  

I n  TLC, an Rf-value o f  0.47 was observed us ing  the  

The s p e c i f i c  

14 1,2,3,4-tetrahydro-beta-carbol ine-1-carboxyl i c -  C C 1 a c i d  , THBC-1-14COOH 

(IV) 

13.5 mg (6.8 vmol) o f  t ryptamine hyd roch lo r i de  and 0.51 mg (6.8 vnol) 

o f  1- ~ 4 C l - g l y o x y l i c  a c i d  sodium s a l t  (Amersham, s p e c i f i c  a c t i v i t y  7.33 

rnCi/mnol) were incubated a t  35OC fo r  20 h i n  a b u f f e r  s o l u t i o n  o f  pH 

3.5. 

chromatography us ing  the  so l ven t  system n-butanol -ace t i c  acid-water 

(4:4:1) the band o f  THBC-1-14COOH w i t h  an Rf-value o f  0.50 was ex- 

t r a c t e d  wi th concentrated a c e t i c  ac id .  

was 1.8 mCi/mnol. 

The s o l u t i o n  was a p p l i e d  as a narrow band on a TLC p la te .  A f t e r  

The s p e c i f i c  a c t i v i t y  o f  ( I V )  

14 I-methyl -1,2,3,4-tetrahydro-beta-carbol Ine-1-carboxyl ic-C C l  acid, 

1-Me-THBC-1-14COOH ( V )  

This compound was obta ined from 0.43 mg (2.1 v m l )  o f  t ryptamine 

hydrochlor ide and 0.24 mg (2.1 vmol) of 1- c' CI-pyruv ic  a c i d  sodium 

s a l t  (Amersham, s p e c i f i c  a c t i v i t y  23 mCi/mnol) i n  the  same way as 

compound ( I V ) .  The Rf-value i n  TLC was 0.48. 

o f  (V) was 1.0 mCi/mnol . 

4 

The s p e c i f i c  a c t i v i t y  

Synthet ic  procedures analogous t o  those descr ibed above were a p p l i e d  

fo r  t he  THBCs ( I - V )  prepared f rom non- labe l l ed  reagents. Results from 
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mass spect rometr ic  a n a l y s i s  o f  the compounds thus obta ined a re  s u n a r i z e d  

i n  Table 1. 

1-D2-1 .2,3,4-tetrahydro-beta-carbol ine,  1-D2-THBC ( V I )  

100 mg (0.54 mnol) of 1-0x0-THBC, synthesized according t o  r e f .  ( 6 ) ,  

was suspended i n  50 m l  of d r y  te t rahydrofuran,  and 100 mg (2.4 mol) 

o f  l i t h i u m  aluminium deuter ide was c a r e f u l l y  added. The m ix tu re  was 

r e f l u x e d  f o r  12 h and unreacted l i t h i u m  aluminium deuter ide was 

e l im ina ted  by the a d d i t i o n  o f  water. The s o l i d  mass from f i l t r a t i o n  

was ex t rac ted  w i t h  dichloromethane. A f t e r  evaporat ion o f  the ex t rac -  

t i o n  so lvent  1-D2-THBC was r e c r y s t a l l i z e d  from benzene. 

was 85 mg (90 %), m.p. 202 - 204OC, repo r ted  201 - 203OC ( 6 ) .  

The y i e l d  

3,3,4, 4-D4-1 ,2,3,4- t e t r a  hydro-beta-carbol i ne , 3,3 ,4,4-D4-THBC ( V I  I ) 

200 mg (1.0 mnol) o f  tryptamine-a,a,f3,B-D4 hydrochlor ide ( 6 )  and 90 mg 

(1.0 n o l )  o f  g l y o x y l i c  a c i d  monohydrate (Sigma) were s t i r r e d  i n  a 

b u f f e r  s o l u t i o n  o f  pH 3.5 a t  room temperature f o r  5 h. 

obtained, c o n s i s t i n g  o f  3,3.4,4-D4-THBC-1-carboxylic acid,  was c o l l e c t e d  

on a f i l t e r .  

3,3,4,4-D4-THBC-1-carboxylic a c i d  was decarboxylated by i ncuba t ion  f o r  

1 h i n  a s t r o n g l y  a c i d i c  s o l u t i o n  a t  7OoC. 

p r e c i p i t a t e d  by adding 2 M KOH. 

from ethanol, the y i e l d  was 70 mg (40 %), m.p. 200 - 203OC, repo r ted  

(6) 204 - 205OC ( f o r  non- label led THBC). 

3,3,4 ,4-Dq-l-met hy l  -1,2,3,4-tetra hydro-beta-carbol i ne , 

The p r e c i p i t a t e  

3,3,4,4-D4-THBC was 

A f t e r  f i l t r a t i o n  and r e c r y s t a l l i z a t i o n  

3,3 ,4,4-D4-1-Me-THBC (VI I I )  

200 mg (1.0 m l )  o f  tryptamine-a,a,B,B-D4 hydrochlor ide (6 )  and 110 mg 

(1.0 ml) o f  py ruv i c  a c i d  (Boehringer Mannheim) were incubated i n  a 

phosphate b u f f e r  s o l u t i o n  o f  pH 3.5 a t  35OC f o r  20 h, du r ing  which t ime 

a p r e c i p i t a t e  was formed. The c r y s t a l s  obta ined (3,3,4,4-D4-1-Me-THBC- 

1-carboxy l ic  ac id )  were d isso lved i n  15 % hyd roch lo r i c  acid. 

p r e c i p i t a t e  was obta ined when t h i s  s o l u t i o n  was s t i r r e d  a t  6OoC fo r  

A wh i te  
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1 / 2  h, f o l l owed  by an a d d i t i o n  o f  2 M KOH. 

ings us ing  c o l d  water the  y i e l d  was 82 mg ( 4 3  %), m.p. 1 7 4  - 177OC, 

repo r ted  (8) 1 7 5  - 177OC ( f o r  non - labe l l ed  1-Me-THBC). 

A f t e r  f i l t r a t i o n  and wash- 

The r a d i o a c t i v i t i e s  o f  t he  synthesized l a b e l l e d  THBCs were counted a t  

20°C on a Wallac 1215  Rackbeta l i q u i d  s c i n t i l l a t i o n  counter us ing  

1 4  3 prese t  count ing windows f o r  C C I  and C HI .  

The mass spect ra were recorded us ing a Jeol  JMS D300 MSS spectrometer 

w i t h  a JMA mass ana lys i s  system. 

was normal ly  23 eV b u t  1 5  eV was app l i ed  f o r  t he  determinat ions of 

i s o t o p i c  p u r i t y .  

temperature was 23OoC. 

probe. 

The i o n i z a t i o n  e l e c t r o n  beam energy 

The i o n i z a t i o n  c u r r e n t  was 300 uA and the  i o n  chanber 

Samples were admi t ted us ing  a s o l i d s  i n s e r t i o n  

c1 

H OCH3 l 4 C  

H l 4 C  

I 2 C  

H 12C 

H 12C 

12C 

R R '  R' R " '  

I H H 

11 H H 

I11 H H H 
3H OCH3 12C 

C H ~  1 4 ~ ~ ~ ~  H 1 2 C  

rv H H 1 4 ~ ~ ~ ~  H 

V H 

V I  H D D 

V I I  D H H 

VIII D CH3 H n 

Fig. 1. S t ruc tu res  o f  the synthesized compounds. 

RESULTS AND DISCUSSION 

Performing the  syntheses o f  l?H3andC14UTH6Cs accord ing t o  those o f  t he  

corresponding un labe l l ed  compounds, it was expectable t h a t  the Rf-values 
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i n  TLC were i d e n t i c a l  w i t h  those observed f o r  t he  reference compounds. 

TLC-pur i f i ca t i on  o f  t he  THBCs was successful due t o  t h e  remarkably h igher  

p o l a r i t i e s  o f  the compounds used as s t a r t i n g  m a t e r i a l s  i n  the  syntheses. 

Compounds ( I V )  and ( V )  as w e l l  as t h e i r  non - labe l l ed  analogues cou ld  be 

ex t rac ted  from TLC adsorbent o n l y  us ing  concentrated a c e t i c  ac id .  Ethyl 

acetate was used f o r  t h i s  purpose i n  the  cases o f  t he  o t h e r  THBCs. The 

mass spect ra o f  the e x t r a c t e d  THBCs showed c l o s e l y  s i m i l a r  peak pa t te rns  

t o  those i n  the spect ra obta ined f o r  t he  corresponding reference 

compounds (Table 1.). 

Table 1. Re la t i ve  i n t e n s i t i e s  (%) o f  the main peaks i n  the mass spect ra 

o f  the THBCs and t h e i r  re ference compounds. 

compound m/z ( r e l a t i v e  i n t e n s i t y  %)  

I 202(42), 173(100), 158(52) 

I r e f  202(49), 173( loo), 158(50) 

I1  202(40), 173(100), 158(38) 

" r e f  202(49), 173(100), 158(50) 

111 172(34) , 143( 100) 
I l l r e f  172( 301, 143( 100) 

I V  170(45), 169( 92), 143(100) 

I v r e f  170(90), 169(100), 143(30) 

V 186(70), 185(100), 171(35) 

186( 72), 185( 100) , 171 (22)  ' re f  

The syntheses o f  deuterated THBCs y i e l d e d  s p e c i f i c a l l y  l a b e l l e d  

compounds (F ig.  1) w i t h  i s o t o p i c  p u r i t i e s  ranging from 76.3 t o  

96.2 % (Table 2). 

I n  general,  the i s o t o p i c  p u r i t y  was s u f f i c i e n t  when reduc t i on  by 

l i t h i u m  aluminium deuter ide was used as the  l a s t  s tep i n  the  l a b e l l i n g  

procedure. I n  dgreement w i t h  p rev ious l y  publ ished data (91, the THBCs 

synthesized from deuterated t ryptamine hyd roch lo r i de  showed a lower  

i s o t o p i c  p u r i t y .  The y i e l d  of compound ( V I )  could be increased by 
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adding of d i lu t e  H2S04 into the mixture containing 1-D2-THBC and other 

reaction products of LiA1D4. This presumably resu l t s  from H+ ions 

breaking down Al-complexes. The rather poor isotopic pu r i t i e s  of the 

compounds (VII)  and (VIII) are possibly due t o  proton exchange i n  the 

acidic reaction conditions used. 

hydrochloride and giyoxylic or pyruvic acid gave approximately 40 I 

yields.  

The syntheses of THBCs from tryptamine 

In syntheses u s i n g  tryptamine hydrochloride and formaldehyde (1-111) the 

yields generally were less  than 25 %, while f o r  the corresponding 

radioactive THBCs, a 20 % excess of tryptamine hydrochloride was used 

with increased yields.  Unreacted tryptamine hydrochloride was eas i ly  

separated by TLC. 

Table 2. 

The resu l t s  have been corrected fo r  ( M - H ) +  peaks. 

Isotopic pur i t ies  of the deuterium 1abelled.compounds. 

compound DO Dl D2 D3 D4 

D4-tryptami ne 0 0 0 3.6 96.4 

D4-1-Me-THBC 4.7 0 9.1 2.6 83.6 

D4-THBC 7.3 0 0 16.4 76.3 

D2-THBC 3.8 0 96.2 - - 
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