
Journal of  Labelled Compounds - July-September - Vol. IX, n03 

SITE-SPECIFIC DEUTERATION OR TRITIATIOH OF BEilZO[b]THIOPt!El iE 

AND 1-flETHYLINDOLE ANALOGS OF BIOLOGICALLY ACTNE IWDOLE 
DERIVATIVES (1) 

T.R.Bosin (2) and R.B.Rogers 

Departments of Chemistry and Pharmacology 

Indiana University 

Bloomington, Indiana, 67401, U.S.A. 

Received o n  January 12, 1973 

SUMMARY 

The s i te -spec i f ic  deutemt ion  and t r i t i a t i o n  of 1-methylindole 
and benzol bl -thiophme analogs of biologically ac t ive  indole deri -  

-vatives has been achieved by use of the fac i l e  metalation o f  
these heterocycles with n-butyltithium and subsequent reaction 

with 
and ex ten t  of deuterium incorpomtion was determined by N.M.h. 

The use o f  similar procedures with 
o f  tritium i n t o  these heterocycles. 

2 3 H 0 or H20. Metalation occurs a t  the 2-position and s i t e  2 

3 H20 led to  ready incorporation 

INTRODUCTION 

The demand f o r  s p e c i f i c a l l y  l abe led  organic  molecules has r e s u l t e d  i n  

t h e  development o f  s e l e c t i v e  procedures f o r  t he  i nco rpo ra t i on  o f  deuterium 

( 3 ) ,  t r i t i u m  ( 4 ) .  and carbon-14 (5) i n t o  organic  compounds. S p e c i f i c a l l y ,  

rad io labe led  molecules a re  ex tens i ve l y  used i n  mechanist ic and biomedical 

research (6); i n  add i t i on ,  t h e  a p p l i c a t i o n  o f  s t a b l e  i s o t o p i c a l l y  l abe led  

molecules t o  metabol ic  s tud ies  has r e c e n t l y  been described ( 7 ) .  

AS a r e s u l t  o f  our  s tudy o f  the chemical pharmacology of t ryptophan 

and i t s  isosteres,  i t  became necessary t o  prepare s u i t a b l y  l abe led  
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benzo[b]thiophene and 1-methy l indole analogs o f  b i o l o g i c a l l y  a c t i v e  i n d o l e  

de r i va t i ves .  The method which was employed u t i l i z e s  t h e  f a c i l e  me ta la t i on  

o f  benzo[b]thiophene (8)  and 1-methy l indole (9) w i t h  n - b u t y l l i t h i u m  and 

subsequent r e a c t i o n  w i t h  2H20  o r  3H20. Me ta la t i on  has been shown (8,9) 

t o  occur a t  t he  2 -pos i t i on  due t o  the i n d u c t i v e  e f f e c t  o f  t he  heteroatom, 

and i s  t he re fo re  the  a c t i v e  s i t e  f o r  i n t r o d u c t i o n  o f  t he  deuterium o r  

t r i t i u m  atom. 

RESULTS AND D I S C U S S I O N  

A. Exchange Studies Using Deuterium 

The general procedure f o r  deuterium inco rpo ra t i on  i s  as fo l l ows :  

The compound t o  be labeled was d isso lved i n  dry ,  f r e s h l y  d i s t i l l e d  t e t r a -  

hydrofuran (THF) and t h e  r e s u l t a n t  s o l u t i o n  cooled t o  00 f o r  l -me thy l -  

i ndo le  and -78O f o r  benzo[b]thiophene d e r i v a t i v e s .  

was t rea ted  w i t h  p b u t y l l i t h i u m  and a l lowed t o  s t i r  f o r  30-75 minutes a t  

t he  l o w  temperature p r i o r  t o  r e a c t i o n  w i t h  2H20. The nmr spect ra o f  l -methy l -  

i ndol e and benzo[b] t h i  ophene d e r i v a t i v e s  possessed a c h a r a c t e r i s t i c  absorpt ion 

f o r  the H-2 proton,  and the re fo re ,  the decrease o r  loss of t he  H-2 abso rp t i on  

prov ided a ready means o f  determin ing the  percent  exchange. 

labeled i n  t h i s  study and t h e  nmr data appear i n  Table I .  

The r e a c t i o n  s o l u t i o n  

The compounds 

Table I 

Compounds and Percent Exchange Based on NMR 

Compound Substi  tuents  NMR Data 
-2 

.- No. __ Name - X - Z 6H-25 Exchanged 

I 3- ( 2-Ami noethy l  )benzo[b]- 5 CH2CH2NH2 7.07 ao 
thiophene 

11 Benzo[b]thiophene-3-acetic S CH2COOH 7.26- 70 
a c i d  7.48* 



Si te -spec i f ic  deutemt ion  or t r i t i a t i o n  of benzo (bl thiophene 

111 3-(2-0imethylaminoethyl)- S CHzCHzN(CH3)Z 7.10 100 
benzo[ b l th iophene 

I V  l-Methyl-3-(2-dimethylamino- N-CH3 CH2CH2N(CH3)2 6.71 75 
e thy1 ) i ndol e 

s These 6H-2 values a re  those f o r  t he  pa ren t  unexchanged compound. 
* This  proton i s  p a r t  o f  a m u l t i p l e t .  

The exchange l a b e l i n g  o f  t h e  s u l f u r  analog o f  t ryptamine ( I )  was 

complicated by i t s  extreme s e n s i t i v i t y  t o  a i r .  Preparat ion o f  t he  f r e e  

base from i t s  hydrochlor ide s a l t  and subsequent handl ing under an i n e r t  

atmosphere were requi red.  

The me ta la t i on  o f  t h e  s u l f u r  analog o f  indole-3-acet ic  a c i d  (11) 

w i t h  r y b u t y l l i t h l u m  r e s u l t e d  i n  70% exchange o f  t h e  H-2 p ro ton  and 35% 

exchange o f  t he  methylene protons.  

b u t y l l i t h i u m  and/or t h e  r e a c t i o n  t ime f a i l e d  t o  s i g n i f i c a n t l y  a l t e r  t h e  

ex ten t  o f  methylene p ro ton  exchange. 

Inc reas ing  the  molar r a t i o  o f  5- 

In  o rde r  t o  f a c i l i t a t e  t h e  exchange o f  t h e  H-2 p ro ton  i n  t h e  l -methy l -  

i n d o l e  d e r i v a t i v e  ( IV )  i t  was necessary t o  e leva te  t h e  r e a c t i o n  temperature 

t o  Oo and extend t h e  r e a c t i o n  t ime t o  75 minutes; f u r t h e r  e l e v a t i o n  o f  t h e  

r e a c t i o n  temperature o r  increase o f  t he  r e a c t i o n  t ime l e d  t o  degradation 

o f  t he  compound. 

B. Exchange Studies Using T r i t i u m  

The use o f  3H20 as t h e  quenching agent f o r  t h e  meta lated heterocyc les 

a l lows f o r  t he  f a c i l e  p repara t i on  o f  s p e c i f i c a l l y  l abe led  compounds. 

s p e c i f i c  a c t i v i t i e s  o f  t he  compounds so l abe led  appear i n  Table 11. 

chemical p u r i t y  o f  each compound was demonstrated by t h i n - l a y e r  chromato- 

graphy us ing several d i f f e r e n t  so l ven t  systems and t h e  radiochemical 

p u r i t y  was v e r i f i e d  by radioscanning o f  t h e  t h i n - l a y e r  p la tes .  

The 

The 
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Table I 1  

S p e c i f i c  A c t i v i t y  o f  Exchanged Compounds! 

Compound No. S p e c i f i c  A c t i v i t y  (UCi /mole)  

I 51 8 

I1 729 

111 

I V  

431 

176 

I Reactions were run  as per  t h e  experimental us ing 
3H20 (2 mCi/mnole). 

Compound I1 was se lected f o r  a s tudy o f  t h e  e f f e c t s  o f  t he  volume and 

t h e  s p e c i f i c  a c t i v i t y  o f  t h e  quenching 3H20 on t h e  r a t e  o f  t r i t i u m  inco r -  

po ra t i on .  These data appear i n  Table 111. 

The study o f  t h e  e f f e c t  o f  3H20 volume used t o  quench 3.0 m o l e s  o f  

base revea ls  t h e  h ighes t  r a t e  o f  t r i t i u m  inco rpo ra t i on  occurred when 1.5 

m o l e s  o f  3H20 and t h e  lowest  when 6.0 m o l e s  o f  3H20 were used t o  quench 

t h e  reac t i on .  

of excess 3H20 may r e f l e c t  a t r i t i u m  i so tope  e f f e c t  and/or t he  g rea te r  

a v a i l a b i l i t y  o f  'H vs. 3H atoms. 

The decreased t r i t i u m  inco rpo ra t i on  observed upon u t i l i z a t i o n  

Table I 1 1  

E f f e c t s  o f  Volume and S p e c i f i c  A c t i v i t y  o f  t he  Quenching 3H20§ 

3 ~ 2 0  S p e c i f i c  Speci f i c A c t i  v i  t y  
Volume ( ~ 1 )  m o l e s  3H30 A c t i v i t y  (mCi/mnole) o f  Compound I 1  

(mCi/mnole\ 

27 1.5 2 2.15 

54 3.0 2 1.76 

108 6.0 2 0.91 

27 1.5 10 5.18 

27 1.5 20 11.10 

- n - b u t y l l  i t h i u m  as per  the  exper imenta l .  
5 Reactions were run  us ing  1.0 m o l e  o f  compound I1  and 3.0 m o l e s  o f  



Si te -spec i f ic  deutemt ion  or t r i t i a t i o n  of benao ( b )  thiophene 

The study of the effect o f  the specific activity of the quenching 

3H20 on the rate of tritium incorporation was undertaken using 1.5 moles 

o f  3H20. The rate of tritium incorporation was a linear function of 

the specific activity of the 3H20. 

develop approprlate exchange procedures for heterocycles containing NH 

groups, i.~. , indole, imidazole, thiazole, etc., and should greatly 

extend the versatility of this method. 

Studies are presently in progress to 

EXPERIMENTAL 

Melting points were measured on a Mel-Temp capillary melting point 

apparatus. 

photometer and concentrations of solutions used in specific activity 

determinations were obtained via UV. Radioactivity was measured in a 

Packard Tri-Carb 4322 Liquid Scintillation System, using the scintillation 

solution described by Maickel, fig (10). 
Associates Model HA-100 spectrometer using deuterochloroform as the 

solvent and tetramethylrilane as the internal standard. Aromatic proton 

assignments were made by analogy to compounds previously reported (11.12). 

One dimensional thin-layer chromatography was carried out on Anal tech 

silica gel G precoated plates (Analtech, Inc., Newark, Delaware). 

solvent systems used in thin-layer chromatography were: 

2-propanol-amnonla (45:35:20); B. chloroform-methanol-acetic acid (60: 

35:5); and C. methanol-amnonia (98.5:1.5). All thin-layer chromatograms 

were developed 12 cm and visualized with one or more of the following 

reagents (13): 

and iodine vapor. 

material were scanned on a Packard Model 7200 Radiochromatogram Scanner. 

A1 1 exchange reactions were conducted with oven-dried .glassware which 

was assembled and placed under a continuous flow o f  dry nitrogen gas, 

U V  data were obtained on a Unicam SP1800 Ultraviolet Spectro- 

hr  spectra were run on a Varian 

The 

A. methyl acetate- 

Van Urk reagent, alkaline potassium permanganate, ninhydrin. 

The developed thin-layer plates containing radioactive 
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p r i o r  t o  the  i n t r o d u c t i o n  o f  any r e a c t i o n  component. 

3-(2-Aminoethyl)benzo[b]thi0phene-2-~H o r  3H. ( I ) .  3 - ( 2 - h i n o -  

etnyl)benzo[b]thiophene hyd roch lo r i de  (0.213 g, 1 .O m o l e )  was d isso lved 

i n  15 ml o f  1 The 

combined e t h e r  e x t r a c t s  were d r i e d  over anhydrous MgS04 and the e the r  removed 

under reduced pressure. 

s i t a t i n g  handl ing i n  an i n e r t  atmosphere. 

60 m l  o f  f r e s h l y  d i s t i l l e d  ( f rom LiAlH4) THF, cooled t o  -78O i n  a C O z /  

acetone bath, and t r e a t e d  w i t h  n - b u t y l l i t h i u m  (1.5 ml o f  a 2.5 M s o l u t i o n ,  

3.75 m o l e s ) .  

w i t h  e i t h e r  2H20 (0.1 m l ,  5 m o l e s )  o r  3H20 (0.1 m l ,  5.0 m o l e s ) .  

r e a c t i o n  was d r i e d  w i t h  anhydrous MgS04. 

was t r e a t e d  wi th d r y  HCl gas t o  produce t h e  amine hydrochlor ide.  

l i z a t i o n  f r o m  methanol le thy l  acetate gave 0.176 g (83%) o f  l a r g e  c o l o r l e s s  

p la tes ,  m.p. 220-2210. 

0.82, 0.59 and 0.24 respec t i ve l y .  

(m, 2H, NH2), 2.97 (broad s, 4H. CH2CH2), 7.09 ( s ,  0.20H, H-2), 7.20-7.46 

(m, 2H, H-5,6), 7.62-7.90 (m, 2H, H-4,7). 

i n g  agent gave 80% deuterium inco rpo ra t i on  a t  t he  2 -pos i t i on ,  w h i l e  us ing  

3H20 ( 2  mCi/mnole) gave a s p e c i f i c  a c t i v i t y  o f  518 ~Ci /mmole.  

NaOH and ex t rac ted  w i t h  2 x 25 ml o f  d i e t h y l  e ther .  

The f r e e  base was unstable i n  the  atmosphere neces- 

The f r e e  base was d isso lved i n  

The s o l u t i o n  was s t i r r e d  f o r  30 min a t  -78O p r i o r  t o  quenching 

The quenched 

The d r i e d  and f i l t e r e d  THF s o l u t i o n  

Rec rys ta l -  

TLC us ing  so l ven t  systems A, 6, and C gave R f ' s  

k r  o f  2H-exchanged I :  6 1.22-1.60 

Using 2H20 (99%) as t h e  quench- 

Ben~o[b] th iophene-2-~H o r  3H-3-acetic ac id .  (11). Benzo[b]thiophene- 

3 -ace t i c  a c i d  (0.192 g, 1.0 m o l e )  was d i sso l ved  i n  60 ml o f  f r e s h l y  d i s t i l -  

l e d  (from LiA1H4) THF and t h e  r e a c t i o n  vessel cooled t o  -780 i n  a C02/ 

acetone ba th  and t r e a t e d  w i t h  c - b u t y l l i t h i u m  (1.28 ml o f  a 2.34 11 s o l u t i o n ,  

3.0 m o l e s ) .  

quenched w i t h  2H20 (0.108 m l .  6.0 m o l e s )  o r  3H20 (0.108 ml, 6.0 mnoles). 

Upon removal o f  the THF under reduced pressure, t he  res idue  was d i sso l ved  

i n  20 ml o f  1 

The r e a c t i o n  was a l lowed t o  s t i r  f o r  30 min a t  -780 and 

HCl  and the  aqueous phase ex t rac ted  w i t h  2 x 25 m l  o f  e t h e r .  
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Removal of t he  e the r  and r e c r y s t a l l i z a t i o n  o f  t h e  product  from H20 gave 

0.155 (81%) o f  long c o l o r l e s s  needles, m.p. 110-11lo. 

systems A and B gave Rf 's  0.68 and 0.91 respec t i ve l y .  

11: 

2H, H-4,7), 11.50 (broad s, l H ,  OH). 

agent gave 70% deuterium inco rpo ra t i on  a t  t he  2 -pos i t i on  and 35% incorpora-  

t i o n  a t  t h e  methylene p o s i t i o n .  

s p e c i f i c  a c t i v i t y  o f  719 uCi/mnole. 

TLC us ing  so l ven t  

Nmr o f  2H-exchanged 

6 3.82 (s ,  1.3H, CH2), 7.25-7.50 (m, 2.3H, H-2,5,6), 7.64-7.94 (m, 

Using 2H20 (99%) as t h e  quenching 

Quenching w i t h  'H2O (2 mCi /mo le )  gave a 

3-(2-Dimethylaminoethyl )ben~o [b l th iophene-2 -~H o r  3H. (111). 3-(2- 

Dimethylaminoethyl)benzo[b]thiophene (0.205 g ,  1 .O m o l e )  was d i sso l ved  

i n  60 ml o f  f r e s h l y  d i s t i l l e d  ( f rom LiAlH4) THF and the  r e a c t i o n  vessel was 

cooled t o  -780 i n  C02/acetone p r i o r  t o  t reatment  w i t h  n - b u t y l l i t h i u m  (1 ml 

o f  2.5 

min a t  -780 before quenching w i t h  e i t h e r  2H20 (0.1 m l .  5 m o l e s )  o r  

3H20 (0.1 ml, 5 m o l e s ) .  

f r e e  base was d i sso l ved  i n  50 m l ' o f  d i e t h y l  e t h e r  and t h e  e t h e r  d r i e d  over 

anhydrous MgS04 p r i o r  t o  t reatment  w i t h  d r y  HC1 gas t o  produce the  hydro- 

ch lo r i de .  

gave 0.20 g (83%) o f  l ong  c o l o r l e s s  needles, m.p. 260-261O. 

so l ven t  systems A, B, and C gave Rf 's  0.92. 0.42 and 0.36 r e s p e c t i v e l y .  

Nmr o f  t h e  2H-exchanged 111: 6 2.31 ( s ,  6H. N(CH3)z). 2.52-2.76 (m, 2H, 

CHzN), 2.85-3.10 (m, ZH, ArCH2), 7.18-7.43 (m. 2H. H-5,6), 7.63-7.86 (m, 

2H, H-4,7). Using 2H20 (99%) as t h e  quenching agent gave 100% deuterium 

inco rpo ra t i on  a t  t he  2 -pos i t i on ,  w h i l e  us ing  'H20 (2 mCi/mmole) gave a 

s p e c i f i c  a c t i v i t y  o f  431 uCi/mnole. 

so lu t i on ,  2.5 m o l e s ) .  The r e a c t i o n  was a l lowed t o  s t i r  f o r  30 

The THF was removed under reduced pressure, t he  

R e c r y s t a l l i z a t i o n  o f  t he  hydrochlor ide from methanol le thy l  acetate 

TLC us ing 

l-Methyl-3-(2-dimethylaminoethyl ) indole-2-*H or3H. ( I V ) .  1-Methyl - 
3-(2-dimethylaminoethyl)indole (0.203 g, 1.0 m o l e )  was d isso lved i n  60 ml 

o f  f r e s h l y  d i s t i l l e d  (from LiA1H4) THF, was cooled t o  00 i n  an i c e  bath, 

and t rea ted  w i t h  n - b u t y l l i t h i u m  (0.8 ml o f  2.5 g so lu t i on ,  2.0 m o l e s ) .  
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The r e a c t i o n  was a l lowed t o  s t i r  f o r  75 min a t  00 p r i o r  t o  quenching 

w i t h  e i t h e r  2H20 (0.1 m l .  5.0 m o l e s ) ,  o r  3H20 (0.1 m l ,  5.0 m o l e s ) .  The 

THF was removed under reduced pressure, t h e  f r e e  base was d i sso l ved  i n  50 m l  

o f  d i e t h y l  e the r  and t h e  e the r  was d r i e d  over anhydrous HgS04 p r i o r  t o  

conversion t o  t h e  hyd roch lo r i de  w i t h  d r y  HC1 gas. 

e thano l /d ie thy l  e t h e r  gave 0.176 (74%) o f  c o l o r l e s s  needles, m.p. 169-1700. 

TLC us ing  so l ven t  system C gave Rf 0.31. Nmr o f  2H-exchanged I V :  6 2.30 

( 5 ,  6H, N(CH3)2), 2.49-2.74 (m, 2H, CHzN), 2.80-3.04 (m, 2H, ArCH2), 3.64 

( 5 ,  3H, NCHJ), 6.80 (s, 0.25H. H-2), 6.97-7.26 (m, 3H, H-4,5,6), 7.49- 

7.63 (m, l H ,  H-7). 

deuterium i n c o r p o r a t i o n  a t  t he  2 -pos i t i on ,  w h i l e  us ing  3H20 (2 mCi/mnole) 

gave a s p e c i f i c  a c t i v i t y  o f  176 pC i /mo le .  

R e c r y s t a l l i z a t i o n  from 

Using 2H20 (99%) as t h e  quenching agent gave 75% 
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