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SYNTHESES OF I 6-2H I -INDOLE, I6-'H I -GRAMINE AND 1 6-3H I -GRAMINE 
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Exactas y Natura les,  Universidad de Buenos Ai res,  Pabell6n 2 ,  
Ciudad U n i v e r s i t a r i a ,  1428 Buenos Ai res,  Argentina 

SUMMARY 
The t i t l e  compounds were obta ined from t h e  corresponding 6-bromo 
d e r i v a t i v e s  by conversion t o  the  1,6-di 1 i thio-compounds fo l l owed  
by treatment w i t h  deu te r ia ted  o r  t r i t i a t e d  water and exchange o f  
t h e  1-deuterium o r  t r i t i u m  w i t h  water. 
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As p a r t  of our  s tud ies  on t h e  b iodegradat ion o f  gramine i n  Haadeum vdgahc 
p l a n t s  (1) we requ i red  t h i s  a l k a l o i d  l a b e l l e d  w i t h  tritium a t  p o s i t i o n  6. L a u t i 6  
has repo r ted  t h e  p repara t i on  o f  severa l  s p e c i f i c a l l y  deuterated i ndo les  ( 2 )  b u t  
n o t  a t  t he  6 -pos i t i on .  We now descr ibe an e f f i c i e n t  method f o r  t he  preparat ion 
of gramine and i n d o l e  s p e c i f i c a l l y  deuterated o r  t r i t i a t e d  a t  C-6. The l a b e l l e d  
i n d o l e  can be e a s i l y  converted i n t o  o the r  simple i n d o l e  d e r i v a t i v e s  i nvo l ved  i n  
the catabol ism o f  gramine ( 3 ) .  

6-Bromoindole (Jg) was obta ined from p - t o l u i d i n e  (4)  and was converted t o  
6-bromogramine ( l h )  _- by treatment w i t h  formaldehyde-dimethylamine. Sequential 
treatment o f  e i t h e r  l_a -- o r  & -- w i t h  one equ iva len t  o f  n - b u t y l l i t h i u m  and two 
equiva lents  gf t - b u t y l l i t h i u m  i n  d i e t h y l  ether-THF (3:l) a f fo rded  t h e  correspon- 
d ing  1 , 6 - d i l i t h i o - d e r i v a t i v e  (ga, 2b). -- Quenching o f  t he  r e a c t i o n  w i t h  deuterium 
oxide ( 2  equiva lents)  f o l l owed  by d i l u t i o n  w i t h  water and e x t r a c t i v e  work-up 
rendered the  6-deuterio-compounds (32, - &; X= H) ,  t he  deuterium a t  p o s i t i o n  1 
being exchanged d u r i n g  t h e  water  treatment. When t r i t i a t e d  water was used on 

ZQ, 16- HI-gramine (ah, X= H) was obtained. The s p e c i f i c i t y  o f  t h e  deuterium 
1 2 l a b e l l i n g  was ascer ta ined by H- and H-NMR spectroscopy and the  degree o f  labe- 

l l i n g  was shown t o  be ccz. 100% monodeuteration based on ana lys i s  o f  t he  mass 
spectra. This  h i g h l y  e f f i c i e n t  p repara t i on  should be s p e c i a l l y  adequate f o r  t he  
synthes is  o f  t r i t i u m  l a b e l l e d  i ndo les  w i t h  h igh  s p e c i f i c  a c t i v i t y .  
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EXPERIMENTAL 
Melting points are uncorrected. ‘H- and ‘H-NMR spectra were measured at 100.1 

and 15.36 MHz respectively in a modified Varian XL-100-15 FT-NMR spectrometer. 
Mass spectra were determined at 70 eV (direct inlet) with a Varian-MAT CH7-A 
mass spectrometer. Deuterium oxide was purchase from Merck,Sharp and Dohme and 
tritiated water was provided by the Comisi6n Nacional de Energia Atbica of 
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Argentina. 
6-Bhomoghamine (ah). 6-Bromoindole (A$, 50 mg) was dissolved in glacial ace- 

tic acid (0.1 ml) and treated with 36% formaldehyde (0.02 ml) and dimethylamine 
28% (0.04 ml). The reaction mixture was heated at 105°C for 10 min, left 1 hr 
at room temp and poured into water. The suspension was made basic with 2N NaOH 
solution and extracted with CH2C12-MeOH (4:l). Evaporation o f  the solvent rende- 
red I h  -- (61 mg) of m.p. 130-131°C. ‘H-NMR (CDC13-TMS): d 2.30 (6H, s ,  N-Me2), 
3.63 (ZH, s ,  Cs-N), 7.04 (lH, b.s., H-21, 7.21 (lH, dd, J=8 and 2 Hz, H-5), 

MS (m/z, %): 252-254 (M’, 65), 208-210 (M - N-Me2, 1001, 129 (208 - Br, 66). 

and THF (1 ml) in a nitrogen atmosphere and cooled to -78°C. n-Butyllithium 
1.55 M in hexane (0.09 ml) was added and the reaction mixture was warmed to 0°C 
and kept at that temperature for 30 min with stirring. The stirred solution was 
again cooled to -78°C and t-butyllithium 2.6 M in pentane (0.11 ml) was rapidly 
added and the yellow-green solution was warmed to -30°C and stirred at that tem- 
perature for 1 hr. ‘H20 (0.006 ml) was added and the resulting colourless solu- 
tion was poured into water and extracted with CH2C12. Evaporation of the solvent 
followed by separation of unreacted 6-bromoindole by RP-HPLC on an Altex Ultra- 
sphere ODS 5 um column ( 250 x 10 mm) using MeOH-water 9:l as eluent, afforded 
16- HI-indole (12 mg). ’H-NMR (CDC13-TMS): 6 6.55 (lH, b.s., H-3). 7.16 (ZH, m, 
H-2 and H-5), 7.38 (lH, s ,  H-71, 7.65 CZH, d, J=8 H z ,  H-4). 8.08 (lH, b.s., N-H) 
MS (m/z, %):  118 (M’, 1001, 91 (M - HCN, 27), 90 CM - HCNH, 18). 
16- HI-G~~umine (ah). -- 6-Bromogramine (A& 48 mg) was suspended in Et20 ( 3  ml) 

7.45 (lH, d, J=2 Hz, H-7), 7.55 (lH, d, J=8 Hz, H-4), 8.82 ( l H ,  b.S., N-H) . 

2 16- HI-7ndole ( 3 3 ) .  _- 6-Bromoindole (13, -- 24.3 mg) was dissolved in Et20 (3 ml) 
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and THF (1 ml) in a nitrogen atmosphere and cooled to -78°C. n-Butyllithium 1.55 
M in hexane (0.15 ml) was added and the reaction mixture was warmed to 0°C. The 
resulting purple red solution was again cooled to -78OC and treated with t-butyl 
lithium 2.6 M in pentane (0.18 ml); after stirring for 1 hr at -3O"C, 'H20 
(0.01 ml) was added follcwed by extractive work-up as above, yfelding 6- H-gra- 
mine (30 mg). 'H-NMR (CDC13-TMS): 6 2.30 (6H, s, NFle2), 3.65 (ZH, s ,  CH2-N), 
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7.04 (1H. b . s . ,  H -2 ) ,  7.11 (lH, d, J=8 Hz, H-5), 7.30 (lH, S, H-7), 7.69 (lH, d, 
J=8 Hz, H-4), 8.80 (lH, b.s., NH). 'H-NMR (CH2C12): 7.15 ppm (6- 2 H). MS (m/z, 

16- 3 HI-Gmnine (_3%, X= 3 H) . 6-Bromogramine (ll, 48 mg) was made to react as 
X): 175 (M', 28), 131 (M - NMe2, 100). 

above, and the reaction was quenched by addition of H20 (30 mCi/ml, 0.008 ml) 
affording 6- H-gramine (29 mg, 0.42 mCi/mnol) with spectroscopic properties 
identical to those from an authentic sample, 
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