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SUMMARY 

Selectively ring-1 abel led terodi 1 ines (N-=-butyl-l-methyl-3,3-diphenyl pro- 
pylamine; 1) were prepared by homogeneous catalytic exchange of aromatic hydro- 
gens for H and H. In addition, terodilines specifically labelled with 14C, 3H 
or H were prepared from the appropriate 1-methyl labelled 4,4-diphenylbutan-2-01, 
by treating the corresponding tosylates with m-butylamine. 

Emeproni urn bromide (N-ethyl -N,N ,I-trimethyl -3,3-diphenyl propyl ammoni um 
bromide; 2) specifically labelled with I4C or H were similarly prepared by 
treating the labelled tosylates with N-ethylmethylamine or dimethylamine, 
followed by quaternization with methyl bromide or ethyl bromide, respectively. 
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INTRODUCTION 

T. F. Werner and L . 4 .  Olsson 

T e r o d i l i n e  hydrochlor i f ie  (1) i s  a drug w i t h  both an t imuscar in i c  and ca lc ium 

b lock ing  e f f e c t s .  I t  was o r i g i n a l l y  in t roduced 'as a coronary d i l a t o r  and i s  

p resen t l y  undergoing extens ive s tud ies  as a remedy f o r  motor urge u r i n a r y  

incont inence (1). K i n e t i c  and metabol ic  s tud ies  have t h e r e f o r e  become impor tant  

and i n  t h i s  paper we descr ibe the syntheses o f  14C, 3H and H l a b e l l e d  t e r o d i -  

1ine.The method used f o r  prepar ing I 4 C  l a b e l l e d  t e r o d j l i n e  was a l s o  app l i ed  t o  

the l a b e l l i n g  of  emepronium bromide (z), another a n t i c h o l i n b r g i c  drug i n  c l i n i -  

c a l  use f o r  t he  t reatment  o f  u r i n a r y  incont inence (2).  

2 

RESULTS AND DISCUSSION 

Exchange l a b e l l i n g  o f  t e r o d i l i n e  

S e l e c t i v e l y  t r i t i a t e d  t e r o d i l i n e  (u) was obta ined us ing  the  t r i t i a t e d  phos- 

pho r i c  acid-boron t r i f l u o r i d e  reagent developed by Yavorsky and Gor in  ( 3 ) .  Th is  

reagent causes e q u i l i b r i u m  exchange l a b e l l i n g  ma in l y  o f  aromatic hydrogens and 

hydrogens adjacent  t o  a t e r t i a r y  carbon atom. Systematic i n v e s t i g a t i o n s  on the  

e f f e c t  o f  r e a c t i o n  cond i t i ons  have been c a r r i e d  ou t  (4 ,5 ) .  I n  the  case o f  

t e r o d i l i n e ,  we consider  the  number o f  exchangeable " s tab le "  hydrogens t o  be 

i d e n t i c a l  w i t h  the  aromatic hydrogens, and c a l c u l a t i o n s  based on the  s p e c i f i c  

a c t i v i t y ,  of t he  product  show 100% t h e o r e t i c a l  l a b e l l i n g  o f  t he  aromatic 

pos i t i ons .  

Genera l ly  deuterated t e r o d i l  i n e  (&) was s i m i l a r l y  prepared us ing  a 

deuterated Yavorsky reagent. The amine has a mean i s o t o p i c  content  o f  8.3 

deuterium atoms per molecule, which i s  i n  accordance w i t h  a s t a t i s t i c a l  d i s t r i -  

b u t i o n  o f  deuterium atoms between the  reagent and t h e . t e n  exchangeable aromat ic  

pos i t i ons .  The mass spectrum a l s o  shows t h a t  a l l  deuterium atoms a re  l oca ted  i n  

the aromatic r i ngs .  
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S p e c i f i c  l a b e l l i n g  o f  t e r o d i l i n e  

S p e c i f i c a l l y  14C l a b e l l e d  t e r o d i l i n e  has p rev ious l y  been prepared f rom 

carbonyl - 14C] benzaldehyde, via condensation w i t h  acetone t o  g i v e  4-phenyl- 1 4-14C]but-3-en-2-one. A d d i t i o n  of benzene Under F r i e d e l  -C ra f t s  cond i t i ons  gave 

4,4-diphenyl -[4-14C]butan-2-one, and subsequent Leuckart-Wal l ach  amination w i t h  

N - E - b u t y l f o r m a m i d e  gave N-E-butyl- l -methyl-3,3-diphenyl  -[3-14C]propylamine 

(Sven Carlsson, KabiVitrum, unpublished), The o v e r a l l  y i e l d  was, however, 

moderate and [14C]benzaldehyde i s  n o t  r o u t i n e l y  a v a i l a b l e  commercial ly. An 

a l t e r n a t i v e  r o u t e  was the re fo re  chosen i n  t h e  present  study, which pe rm i t ted  

carbon-14 (la), t r i t i u m  (lb) and deuterium (&) l a b e l l i n g  o f  t e r o d i l i n e ,  us ing 

e a s i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  and almost i d e n t i c a l  r e a c t i o n  Yconditions 

(Reaction Scheme). Label led methylmagnesium i o d i d e  was added t o  3,3-diphenyl- 

propanal (3) and t h e  1-methyl. l a b e l  l e d  4,4-diphenyl butan-2-01 s (a) thus 

obta ined were converted t o  t h e i r  t o s y l a t e s  (-), which were then t r e a t e d  w i t h  

an excess o f  w - b u t y l a m i n e  i n  a c e t o n i t r i l e .  Due t o  s t e r i c  hindrance, t he  

s u b s t i t u t i o n  proceeded o n l y  s low ly  and was accompanied by considerable e l  imina- 

t i o n .  The o t h e r  r e a c t i o n  steps proceeded smoothly and w i t h  good y i e l d s .  However, 

some o f  t he  3,3-diphenylpropanal was reduced t o  3,3-diphenylpropan-l-o1 by the  

Gr ignard reagent, and s u b s t i t u t i o n  o f  t he  corresponding t o s y l a t e  gave N - s -  

butyl-3,3-diphenylpropylamine as an impur i t y .  
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Reaction Scheme 

T. F. Werner and L . 4  Olsson 
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Optical resolution o f  deuterated terodiline 

Studies with the individual enantiomers of terodiline have shown that these 

are metabolized with a high degree o f  stereoselectivity (6). For further bio- 

logical studies deuterated terodiline (&) was resolved via salts with L(+)- and 

D(-)-tartaric acid, principally using the procedure published for the unlabelled 

material (6). 

Preparation of labelled emepronium bromide 

In preliminary experiments, d,4-diphenyl-[1-14C] butan-2-yl ptoluenesulfo 

nate (!&) was treated with dimethylamine and the tertiary amine obtained was 

quaternized with ethyl bromide to give a. The latter reaction was, however, 
slow and accompanied by extensive radiolysis. The amine obtained from the 
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t o s y l a t e  and N-ethylmethylamine was however quatern ized r a p i d l y  and i n  good 

y i e l d  us ing  methyl bromide. I t may be noted t h a t  con t ra ry  t o  the  r e a c t i o n  o f  t he  

t o s y l a t e  w i t h  x - b u t y l a m i n e  the  reac t i ons  w i t h  N-ethylmethylamine o r  d imethy l -  

amine were r a p i d  and gave h i g h  y i e l d s .  

EXPERIMENTAL 

General 

R a d i o a c t i v i t y  measurements were c a r r i e d  o u t  us ing  a Packard Tr iCarb l i q u i d  

s c i n t i l l a t i o n  spectrometer (3371) w i t h  Packard's I n s t a g e l  s c i n t i l l a t i o n  

c o c k t a i l .  Radiochemical ana lys i s  o f  TLC p l a t e s  was done w i t h  a Ber tho ld  Radio- 

Chromatogram Scanner 11. 

I n f r a r e d  spect ra were obta ined w i t h  a Perk in  Elmer 599 6 spectrometer. Mass 

spect ra were recorded w i t h  a Varian Mat 311 A spectrometer ope ra t i ng  a t  70 eV, 

and a re  presented as m/z (% r e l a t i v e  i n t e n s i t y ) .  These spect ra were r o u t i n e l y  

recorded f o r  non-radioact ive compounds and a re  i n  agreement w i t h  t h e  proposed 

s t ruc tu res .  

Op t i ca l  r o t a t i o n s  were measured on a Perkin-Elmer 141 spect ropolar imeter .  

M e l t i n g  p o i n t s  were determined w i t h  a Re iche r t  h o t  stage microscope. 

TLC were genera l l y  run on Merck pre-coated s i l i c a  ge l  F254 (0.25 m) p la tes ,  

us ing  t h e  f o l l o w i n g  so l ven t  systems (g iven by volume): 

A )  Cyclohexane/ethyl acetate/amonia (20:35:1) 

B)  D i e t h y l  e t h e r / l i g h t  petroleum/ammonia (75:25:2) 

C ) .  D i e t h y l  e t h e r / l i g h t  petroleum (1:l) 

D) Cyclohexane/ethyl ace ta te /amon ia  (20:90:2) 

Chromatograms were a l s o  run  on: 

E )  Merck pre-coated aluminium ox ide F254 (0.25 mn) p la tes ,  developed i n  

cyclohexane/chl oroform/ethanol/aceti  c a c i d  (60:45: 30:5) 

TLC of a l l  l a b e l l e d  compounds were i d e n t i c a l  t o  t h e i r  un labe l l ed  reference 

counterpar ts .  

HPLC analyses were performed on a C-18 column (Spherisorb S5 ODS 2) w i t h  70% 

methanol i n  phosphate b u f f e r  (pH 4.0) as the  e luen t .  The d e t e c t o r  was a 
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Schimadzu SPD-2A opera t i ng  a t  220 nm. 

GLC analyses were c a r r i e d  ou t  w i t h  a Varian 1400 gas chromatograph equipped 

w i t h  a fused s i l i c a  c a p i l l a r y  column (DB-1). 

Mate r i a 1 s 
2 C H31 was purchased from CEA (France) and Fluka AG (West Germany), t r i t i a t e d  

water,[’H]CH31, and P 4 C ] C H 3 I  f rom Amersham I n t e r n a t i o n a l  p l c  (England). 

Syntheses 

~ - B ~ t y l - l - m e t h y 1 - 3 , 3 - ~ ~ H - G ~ d i p h e n y l p r a p y l a m i n e  hydrochlor ide (la) 
A boron t r i f l u o r i d e  complex o f  t r i t i a t e d  phosphoric a c i d  (Yavorsky reagent) 

w i t h  a nominal s p e c i f i c  a c t i v i t y  o f  811 mCi/g was prepared (4) from phosphorous 

pentoxide (1.58 g; 11.1 mmol) and t r i t i a t e d  water (0.6 m l ;  33.3 mnol; 3.0 C i ) .  

T e r o d i l i n e  hydrochlor ide (0.64 g; 2.0 mmol) was d i sso l ved  i n  the  reagent (3.69 g; 

22.2 m o l )  and the  m ix tu re  was s t i r r e d  a t  room temperature f o r  4 days. The 

complex was decomposed by c a r e f u l l y  adding water  (5  m l )  and t h e  s o l u t i o n  was 

made a l k a l i n e  w i t h  12M sodium hydroxide and ex t rac ted  w i t h  e the r  (3x20 m l ) .  The 

combined e the r  e x t r a c t s  were d r i e d  (K2C03) and the  so l ven t  was removed i n  vacuo. 

The res idue was p u r i f i e d  by p repara t i ve  t h i n  l a y e r  chromatography on Merck 

pre-coated s i l i c a  gel FZs4 ( 2  m) p l a t e s  developed i n  system A. The amine was 

obta ined as a co lou r less  o i l ,  which was a t  l e a s t  96% radiochemical ly  pure (TLC 

systems A and B). The amine was p r e c i p i t a t e d  w i t h  hydrogen c h l o r i d e  i n  d i e t h y l  

e t h e r  and l a b i l e  t r i t i u m  was removed by d i s s o l v i n g  the  s a l t  i n  methanol (20 m l )  

and evaporat ing the  so l ven t  i n  vacuo. Th is  procedure was repeated s i x  times and 

gave co lou r less  c r y s t a l s .  Y i e l d  0.20 g (31%), m.p. 171-173’. The s p e c i f i c  

a c t i v i t y  was 347 mCi/mnol (100% t h e o r e t i c a l  l a b e l 1  i ng ) .  The radiochemical y i e l d  

based on t r i t i a t e d  water was 7%. 

N - u - B u t y l - l - m e t h y l - 3 , 3 -  H-G dipheriyl  propylamine hyd roch lo r i de  (J& - *  

I n  a manner s i m i l a r  t o  t h e  t r i t i a t i o n  above, t e r o d i l i n e  hyd roch lo r i de  (0.25 g; 

0.79 m o l )  was deuterated w i t h  a Yavorsky reagent (2.53 g; 15 mmol) prepared 

from phosphorous pentoxide (1.06 g; 7.5 mmol) and deuterium ox ide 

(0.45 g; 22.5 mmol). 
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The deuterated amine hydrochlor ide,  95 mg (38%), m.p. 170-172°C, had a mean 

i s o t o p i c  content  o f  8.3 deuterium atoms per  molecule. MS: 291 (46, M') 275 (60), 

217 (8), 176 (40), 100 ( loo) ,  44 (40). 

3,3-5iphenylpropanal (31, was prepared according t o  a publ ished method (7). 

4,4-5iphenyl- fl-14C1 butan-2-01 (9pl 

int roduced i n t o  a c h i l l e d  (-70') break-seal ampoule con ta in ing  [14C]  methyl 

i o d i d e  (110 mg; 0.76 mmol; 45 m C i ) .  A Gr ignard reagent was prepared from the  

r e s u l t i n g  s o l u t i o n  and magnesium (80.5 mg; 3.4 mg atom) under r e f l u x  f o r  60 min. 

A s o l u t i o n  o f  2 (640 mg; 3.05 mmol) i n  e t h e r  (5  m l )  was then added and the  

m ix tu re  was r e f l u x e d  f o r  1 h. The magnesium s a l t  was hydro lyzed w i t h  saturated 

aqueous amnonium c h l o r i d e  s o l u t i o n  (2  m l )  and water (5  m l ) .  E x t r a c t i o n  w i t h  

e the r ,  d r y i n g  (K2C03) and concen t ra t i on  a f fo rded  a co lou r less  o i l  (690 mg; 

loo%), which was used d i r e c t l y  i n  the  nex t  step. 

A so lu ' t i on  o f  methyl i o d i d e  (235 mg; 2.29 mnol) i n  d i e t h y l  e the r  ( 8  m l )  was 

4,4-Diphenyl-[l-14C1butan-2-yl L p- to luenesul fonate 

To a c o l d  s o l u t i o n  o f  (690 mg; 3,05 mmol) i n  p y r i d i n e  (6 m l )  was added 

e - to luenesu l fony l  c h l o r i d e  (1.16 g; 6.1 mnol) i n  p o r t i o n s  du r ing  20 min a t  0-2'. 

The r e a c t i o n  m ix tu re  was l e f t  a t  4' over  n i g h t .  Ice-water (12 m l )  was added, 

whereupon a c r y s t a l 1  i n e  product  p r e c i p i t a t e d ,  which a f t e r  washing w i t h  water and 

d r y i n g  i n  vacuo a t  room temperature weighed 894 mg. TLC i n  system C showed a 

radiochemical p u r i t y  o f  92%. 

N-k r_ t -Bu ty l - l -  [14C~methyl-3,3-diphenylpropylamine hydrochlor ide (In) 

A s o l u t i o n  of (0.89 9; 2.34 mnol) and E - b u t y l a m i n e  (1.7 g; 23 mmol) i n  

a c e t o n i t r i l e  ( 6  m l )  was k e p t  i n  a sealed v i a l  a t  65' f o r  12 days. P r e c i p i t a t e d  

- tert-butylamnonium p t o l u e n e s u l f o n a t e  was f i l t e r e d  o f f  and t h e  f i l t r a t e  was 

taken t o  dryness i n  vacuo. The res idue  was taken up i n  2M NaOH, t h e  organic  

ma te r ia l  was e x t r a c t e d  i n t o  ether ,  washed w i t h  water and d r i e d  (K2C03). The 
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hydrochlor ide was p r e c i p i t a t e d  w i t h  hydrogen c h l o r i d e  i n  e ther ,  f i l t e r e d  o f f  and 

washed w i t h  ether .  It was d i sso l ved  i n  2-propanol ( 4  m l )  and p r e c i p i t a t e d  w i t h  a 

1:l mix tu re  of d i e t h y l  e t h e r - l i g h t  petroleum (10 ml). Y i e l d  278 mg (38%) o f  

co lou r less  c r y s t a l s  (m.p. 175-178'). Radiochemical y i e l d  29% ( c a l c u l a t e d  on the 

a lcohol  4). 
TLC i n  systems A and B showed t h a t  t h e  m a t e r i a l  had a radiochemical p u r i t y  

h ighe r  than 97%. The s p e c i f i c  r a d i o a c t i v i t y  was 15.9 mCi/mmol. HPLC showed t h a t  

t he  product conta ined about 5% o f  (non-radioact ive)  N - s - b u t y l - 3 , 3 - d i p h e n y l -  

propylamine, formed as po in ted  ou t  above. 

3 4,4-Diphenyl -[l- H butan-2-01 (Q - -  
The p repara t i on  was done i n  conformi ty  w i t h  the one described f o r  g. A 

Grignard reagent was prepared i n  e t h e r  from magnesium (50 mg; 2.05 mg atom) and 

a m ix tu re  o f  methyl i o d i d e  (283 mg; 2.0 mmol) and [3H]methyl i o d i d e  (1.42 mg; 

10 p o l ;  100 mCi). A s o l u t i o n  o f  3 (420 mg; 2.0 mnol) i n  e the r  was added. The 

product was obta ined as a co lou r less  o i l  (370 mg; 82%) w i t h  a s p e c i f i c  a c t i v i t y  

o f  17 mCi/mnol. 

4,4-Diphenyl -[1- 2 H,)butan 2 - 0 1  (4ET 
a u, 

The a lcohol  was synthesized i n  analogy w i t h  g from a Gr ignard reagent 

prepared f rom deuterated methyl i o d i d e  (100 g; 0.69 mol) and magnesium (18.4 g; 

0.77 g atom) i n  e the r  (860 m l ) .  The aldehyde 3 (145 g; 0.69 mol) d isso lved i n  

e the r  (440 m l )  was added. Usual work-up a f fo rded  a co lou r less  o i l  (153 g; 97%). 

MS: 229 (8, M'), 211 (74), 193 (35), 107 ( l o o ) ,  152 (22), 133 (25), 48 (10). 

> and 

N-ter t -Bu ty l  -l-(2H,\methyl -3,3-diphenyl propyamine hyd roch lo r i de  

These amines were prepared from t h e  a l coho ls  3 and &, respec t i ve l y ,  usir lg 
, 

analogous procedures as have been descr ibed f rom the  synthes is  o f  l a  v i a  5a. 

The t r i t i u m  Label led product  had a chemical as w e l l  as radiochemical p u r i t y  

o f  99% as determined by TLC (systems A and 6 ) .  The o v e r a l l  y i e l d  was 50% and the  

product  (m.p. 181-183') had a s p e c i f i c  a c t i v i t y  o f  13 mCi/mmol. 
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The deuterium l a b e l l e d  product  (m.p. 174'1 had a chemical p u r i t y  o f  99% as 

determined by TLC i n  systems A and B y  and non-aqueous t i t r a t i o n .  The o v e r a l l  

y i e l d  was 50% and t h e  deuterium content  i n  t h e  1-methyl group was over  99%. MS: 

284 (25,  M+) 269 (25), 211 (5) ,  167 (30), 103 (75), 47 (100). 

Op t i ca l  r e s o l u t i o n  o f  N - w - b u t y l - 3 , 3 - d i p h e n y l  -l-(2H,\methylprbpyl amine ( I c )  ", 
The deuterium l a b e l l e d  t e r o d i l i n e  base (9.0 g; 32 mmol) was resolved i n t o  

o p t i c a l  isomers us ing  L(+)-and 0 ( - ) - t a r t a r i c  ac id .  The resolved hydrogen 

t a r t r a t e s  thus obta ined were converted t o  the  hyd roch lo r i c  a c i d  s a l t s  f o l l o w i n g  

the  procedure descr ibed f o r  un labe l l ed  t e r o d i l i n e  (6). 

The o p t i c a l  r o t a t i o n  o f  ( - ) - N - w - b u t y l - l -  ( 2H3)methyl-3,3-diphenylpropyl - 
amine hydrogen L ( + ) - t a r t r a t e  was [ a ] i 5  -31.0' ( ~ 4 . 2 3  i n  water)  and o f  the 

hyd roch lo r i de  (c=2.68 i n  50% ethanol -water)  

hydrochlor ide.  

-66.9'. Y i e l d  1.0 g o f  t h e  

The o p t i c a l  r o t a t i o n  o f  t h e  ( + ) - N - E - l -  ( 'H3) methyl-3,3-diphenylpropyl- 

amine hydrogen D ( - ) - t a r t r a t e  was [a]i5 +29.8' (c=5.40 i n  water)  and of t he  

hydrochlor ide (c=2.72 i n  50% ethanol-water) 

hydrochlor ide . 
+66.9'. Y i e l d  0.9 g o f  t h e  

N-Ethyl-N ,N-dimethyl-l -[l4Clmethyl -3,3-diphenylpropylamnonium bromide 

To a s o l u t i o n  o f  2 (510 mg; 1.34 mnol) i n  a c e t o n i t r i l e  (4.5 m l )  was added 

N-ethylmethylamine (634 mg; 10.7 mnol). The m i x t u r e  was kept  i n  a sealed v i a l  a t  

55' f o r  3 days. The s o l u t i o n  was taken t o  d ryness - in  vacuo and t h e  res idue was 

taken up i n  2M H C l  and washed w f t h  2-hexane. The aqueous phase was b a s i f i e d  w i t h  

2M NaOH. E x t r a c t i o n  w i t h  ether ,  washing w i t h  water and b r ine ,  d r y i n g  ( K  C03) and 

evaporat ion i n  vacuo gave 290 mg (80%) of N-ethyl-N,N-dimethyl-1- [14Cjmethyl- 

-3,3-diphenylpropylamine. An e the rea l  s o l u t i o n  o f  t he  amine (290 mg; 1.1 mmol) 

was cooled t o  - loo,  an excess o f  methyl bromide was added and t h e  r e a c t i o n  

m ix tu re  was kep t  i n  a sealed v i a l  a t  room temperature f o r  2 days. The 

c r y s t a l l i n e  p r e c i p i t a t e  was f i l t e r e d  o f f  and washed w i t h  ether .  A f te r  d r y i n g  &I 
vacuo the  product  was r e c r y s t a l l i z e d  from 2-propanol (0.7 m l )  g i v i n g  130 mg 
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(33%) o f  co lou r less  c r y s t a l s ,  m.p. 198-201'. The radiochemical y i e l d  was 21% 

c a l c u l a t e d  on t h e  a lcohol  9. TLC run  i n  system E showed a chemical as w e l l  as 

radiochemical p u r i t y  h i g h e r  than 98%. S p e c i f i c  a c t i v i t y  12 mCi/mmol. 

N-Ethyl-N,N-dimethyl-l-(2H,)methyl-3,3-diphenylpropylammonium bromide (&)- 

4,4-Diphenyl-( l-2H3)butan -2-01 was prepared f rom 3,3-diphenylpropanal and 

H methylmagnesium i o d i d e  and converted t o  t h e  t o s y l a t e  by convent ional  t 3 )  
procedures. The deuterated t o s y l a t e  (250 g; 0.52 mol) was t r e a t e d  w i t h  d imethy l -  

amine (270 g; 6 mol) i n  a c e t o n i t r i l e  a t  50' f o r  2 days. The r e a c t i o n  m ix tu re  was 

taken t o  dryness i n  vacuo and t h e  res idue was taken up i n  .2# HC1 and washed w i t h  

ether .  The aqueous phase was b a s i f i e d  w i t h  2M NaOH. E x t r a c t i o n  w i t h  ether ,  

washing w i t h  water and b r ine ,  d r y i n g  (K2C03) and evaporat ion i n  vacuo gave 111 g 

(83%) o f  N,N-dimethyl-1- (2H3) methyl-3,3-diphenylpropylamine. An e the rea l  

s o l u t i o n  o f  t he  amine (80 g; 0.31 mol) was t r e a t e d  w i t h  e t h y l  bromide (169 g; 

1.5 mol) a t  room temperature. A f t e r  14 days the  product  was f i l t e r e d  o f f  and 

washed w i t h  ether .  Two r e c r y s t a l l i z a t i o n s  f rom 2-propanol gave 94 g (84%) o f  

co lou r less  c r y s t a l s ,  m.p. 207-208'. The product  had a chemical p u r i t y  of 99% by 

TLC r u n  i n  system E and non-aqueous t i t r a t i o n .  The i s o t o p i c  p u r i t y  was de te r -  

mined by GLC-MS MID-technique on t h e  molecular  i o n  o f  N-mono-demethylated 

product  (8) and showed 99.6% deu te ra t i on  o f  t he  1-methyl group. MS: 270 ( 7 ) ,  

256 (2), 211 (Z), 167 (20), 89 ( l o o ) ,  75 (50), 61 (15). 
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