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SlMMARY 

The syn thes i s  o f  p ropan the l i ne  bromide -d3 and 

propanthel ine bromide -d 

s tud ies,  i s  described. The i d e n t i t y  o f  t he  compounds was 

es tab l i shed  by mass spectrometry and o the r  a n a l y t i c a l  methods. 

for use i n  b i o a v a i l a b i l i t y  14 
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INTRODUCTION 

2-(N,N-diisopropylamino) e t h y l  xanthen-9-carboxylate methobromide h m e -  

a f t e r  c a l l e d  propanthel ine bromide (I) (Pro-Banthine @ , C.O. Sear le  & Co. L td)  

i s  a parasympatholy t ic  agent used i n  the t reatment  o f  p e p t i c  and duodenal u l c e r  

and r e n a l  c o l i c .  

0 
B r  

Th is  compound has proved d i f f i c u l t  t o  measure i n  b i o l o g i c a l  f l u i d s  because 

o f  the l a c k  o f  a e e n s i t i v e  method t o  meaeure low l e v e l s  o f  drug i n  u r i n e  and 

plasma. 

2 Although a epectrophotometric method' and a f l u o r o m e t r i c  method have 
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been d e s c r i b e d  t h e s e  methods  had  l i m i t e d  s e n s i t i v i t y  f o r  s t u d i e s  o f  t h e  

p h a r m a c o k i n e t i c s  and  b i o a v a i l a b i l i t y  o f  t h e  compound a f t e r  o r a l  a d m i n i s t r a t i o n  

o f  s i n g l e  low d o s e s  o f  t h e  d r u g .  

e t a b l e  i s o t o p e  d i l u t i o n  t e c h n i q u e  t o  m e a s u r e  p r o p a n t h e l i n e  bromide  i n  u r i n e  

a n d  plasma3 r e q u i r e d  t h e  s y n t h e s i s  o f  d e u t e r i u m  l a b e l l e d  a n a l o g u e s  o f  t h e  d r u g  

for  use as an  i n t e r n a l  s t a n d a r d  i n  t h e  g a s  c h r o m a t o g r a p h y  - mass s p e c t r o m e t r i c  

assay. 

The development  o f  a sens i t i ve  and s p e c i f i c  

It  h a s  been  e s t a b l i s h e d  t h a t  s t a n d a r d s  w i t h  a r o u n d  3-4 d e u t e r i u m  a toms 

4 p e r  m o l e c u l e  are i d e a l  f o r  q u a n t i f i c a t i o n  i n  s e l e c t e d  i o n - m o n i t o r i n g .  

P r o p a n t h e l i n e  bromide  ( I )  N - d e i s o p r o p y l a t e s  when t h e r m a l l y  d e g r a d e d  i n  

t h e  i n j e c t i o n  b l o c k  o f  t h e  g a s  chromatograph .  The p r o d u c t  formed gave  a s t r o n g  

pseudo-molecular  i o n  (M + l)’, a n d  u s i n g  ammonia a s  t h e  reactant g a s  t h i s  i o n  

c a n  be s e l e c t i v e l y  monitored. .  

behave  s i m i l a r l y  t o  u n l a b e l l e d  p r o p a n t h e l i n e  bromide.  For u s e  i n  double-  

l a b e l l i n g  b i o a v a i l a b i l i t y  s t u d i e s  a n o t h e r  l a b e l l e d  s t a n d a r d  had  t o  b e  p r e p a r e d  

which c o n t a i n e d  3-4 d e u t e r i u m  a t o m s  more t h a n  p r o p a n t h e l i n e  bromide  - d j  i n  o r d e r  

t o  p r e v e n t  a n y  i n t e r f e r e n c e  f rom o t h e r  i o n s .  T h e r e f o r e  p r o p a n t h e l i n e  bromide  

w i t h  f o u r t e e n  d e u t e r i u m  atoms (111) was p r e p a r e d  b e c a u s e  due  t o  t h e  N-deiso-  

p r o p y l a t i o n  t h e  i o n  t h a t  o n e  i s  i n  f a c t  s e l e c t i v e l y  m o n i t o r i n g  c o n t a i n s  o n l y  s e v e n  

d e u t e r i u m  a toms.  

P r o p a n t h e l i n e  bromide  - d 3  (11) was found t o  

We d e s c r i b e  h e r s  t h e  s y n t h e s i s  o f  p r o p a n t h e l i n e  bromide  -d3 (11) and 

p r o p a n t h e l i n e  bromide  -d14 ( 1 1 1 ) .  

I1 I11 

P r o p a n t h e l i n e  bromide  -d3 was p r e p a r e d  by t h e  c o n d e n s a t i o n  o f  xanthsn-9-  

c a r b o x y l i c  a c i d  w i t h  2-(N,N-diisopropylamino) e t h y l  c h l o r i d e  t o  f o rm 
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2-(N,N-diisopropylamino) ethyl xanthen-9-carboxylate. 

with methyl bromide -d3 under pressure formed propantheline bromide -d3. 

Reaction of the ester 

The preparation o f  propantheline bromide -d14 is less straightforward. 

The following synthetic scheme uas devised. 

CD3 CD3 cD3\ CD cD3\ cD 
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Iaopropy l  alcohol-dg was converted i n t o  2-bromopropane-d7 ( I V )  us ing 

phoaphorua t r ib romide wi th xylene a8 solvent .  

cyanamide i n  hexamethylphoephoramide, gave d i i a o p r o p y l  cyanamide-d14 (V) 

by a mod i f i ca t ion  o f  a l i t e r a t u r e  m e t h ~ d . ~  

with 7M hydrochlor ic  a c i d  t o  g i v e  d i isopropylamine hydrochlor ide ( V I ) .  

advantage of  us ing cyanamides as in termediates i n  t h e  prepara t ion  o f  secondary 

amines l i e s  i n  the  Pact t h a t  t h e  aminee prepared are q u i t e  Pree Prom pr imary 

and t e r t i a r y  aminee which o f t e n  prove troublesome i m p u r i t i e s  i n  secondary 

amines prepared by a l t e r n a t i v e  syn the t ic  methods. 

Reaction o f  ( I V )  with sodium 

6 The cyanamide (V)  was hydrolysed 

The 

The amine hydrochlor ide ( V I )  was converted i n t o  t h e  Pree m i n e  and t h i s  

was then al lowed t o  r e a c t  with ethylene oxide7 i n  a Carius tube t o  g ive  

2-(N,N-diieopropylamino) ethanol-dlq ( V I I ) .  

9 -carboxy l ic  a c i d  us ing d i e t h y l  azodicarborylate' and tr iphenylphosphine gave 

2-(N,N-diieopropylamino) e t h y l  xanthen-9-carboxyl&e-dlq ( V I I I ) .  Th is  es te r  

( V I I I )  is a r a t h e r  unstable compound b u t  i t  was eynthesised i n  good y i e l d  on 

t h i s  smal l  sca le o f  operat ion us ing the  reagents d i e t h y l  azodicarboxylate 

and tr iphenylphosphine and t h e  q u a l i t y  o f  t h e  product as determined by t h i n  

l a y e r  chromatography was such t h a t  no f u r t h e r  p u r i P i c a t i o n  was required. 

Quatern isat ion o f  ( V I I I )  with methyl bromide i n  chloroform as so lvent  under 

preasure gave propanthel ine bromide-d14 (111). 

Condensation o f  ( V I I )  w i th  xanthen- 

EXPERIMENTAL 

I n  genera l  organic  e x t r a c t s  were d r i e d  over sodium aulphate and so lvents  

were removed on a r o t a r y  evaporator under vacuum. The products were character ised 

by t h e i r  m e l t i n g  p o i n t  or b o i l i n g  po in t ,  s p e c t r a l  and chromatographic p roper t ies .  

Mass s p e c t r a l  ana lys is  was performed on a F inn igan 3200E gas chromatograph mass 

epectrometer w i t h  a c. i .  eource us ing ammonia aa reactant  gas. 

Instruments, Sunnyvale, C a l i f o r n i a ) .  

6000 data eyatem. 

(Finnigan 

Data was analysed by an on- l ine  Finnigan 

N.M.R. spect ra were recorded on a Varian EM.360 
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2-(N,N-diisopropylamino) e t h y l  xanthen-9-carboxylate 

2-(N,N-diisopropylamino) e t h y l  c h l o r i d e  hyd roch lo r i de  (10.85 g, 54 mmol) 

was d i sso l ved  i n  water (18 m l )  and ch loroform (52 m l ) .  

added 0.88 ammonia (10 m l )  and the m ix tu re  s t i r r e d  for f i v e  minutes. 

o f  the aqueous phase was brought t o  pH 10 by a d d i t i o n  o f  f u r t h e r  0.88 ammonia 

(4 mk).  

and the  l a y e r s  separated. 

tw ice  (11 and 4 m l ) .  

Hyflo, and added t o  xanthen-9-carboxyl ic ac id ,  (11.0 9, 48 mmol) and anhydrous 

sodium carbonate (4.7 9, 44 mmol) and t h e  m i x t u r e  r e f l u x e d  overn ight .  

c o o l i n g  the  r e a c t i o n  m ix tu re  was washed t w i c e  w i t h  water and the  organic  

e x t r a c t  evaporated t o  g i v e  a c l e a r  brown o i l  which wes used w i thou t  

p u r i f i c a t i o n .  This  compound was cha rac te r i sed  by the p repara t i on  o f  i t s  

hydrochloride, mp 108.5 - 109.5OC ( l i t  

be obta ined as a wh i te  s o l i d ,  mp 37 - 39.5OC b u t  is unstable. 

Propanthel ine bromide-d3 (11) 

To t h i s  s o l u t i o n  was 

The pH 

The m ix tu re  was s t i r r e d  f o r  a f u r t h e r  10 minutes, a l lowed t o  s tand  

The aqueous l a y e r  was re -ex t rac ted  w i th  ch loroform 

The combined ch loroform e x t r a c t s  were f i l t e r e d  through 

On 

9 mp 110 - 2OC). The free base can 

The c l e a r  brown oil was taken up i n  ch loroform (20 m l )  and added t o  me thy l  

bromide-d3, (purchased from Prochem B.O.C. Ltd. 99% i s o t o p i c  p u r i t y ) ,  (10 g, 

105 mmol) i n  a Car ius tube (14 x 3.5 cm). The tuba was at tached t o  a vacuum 

manifold, f rozen down under l i q u i d  n i t rogen,  evacuated and sealed and kept  a t  

6OoC 

( 6  m l )  and cha rcoa l  (300 mg) then f i l t e r e d  through Hyflo. 

was separated and the  aqueous phase was back ex t rac ted  w i t h  ch loroform (2 x 4 m l ) .  

The combined ch loroform e x t r a c t s  were  evaporated t o  g ive a pale-brown o i l .  Methy l  

e t h y l  ketone (86 m l )  was added t o  the o i l  a t  5OoC and the  s o l u t i o n  was d i s t i l l e d  

down under reduced pressure u n t i l  approximately 50 m l  o f  s o l u t i o n  remained. The 

product p r e c i p i t a t e d  as a wh i te  s o l i d ,  8.2 9 ,  (18% based on methy l  bromide-d3) 

mp 161.5 - 162.S°C ( l i t  

analysis:- un labe l l ed  p ropan the l i ne  bromide-do m/e (%) 354 (24.2), 326 (100) 

181 (2.3), 128 (0.3), 100 (0.8); p ropan the l i ne  bromide-d3 m/e ($) 354 (10.2), 329 

(lOO.O), 181 (8.0), 128 (2.1), 103 (6.2). NMR:- un labe l l ed  p ropan the l i ne  bromide-do 

a e r n i g h t .  The cooled crude m ix tu re  was s t i r r e d  f o r  30 minutes w i t h  water 

The ch loroform l a y e r  

9 mp 156 - 7OC f o r  u n l a b e l l e d  m a t e r i a l ) .  Mass s p e c t r a l  
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(CDC13) , i  7.1 (in, 8, A r H ) ,  5.1 ( 8 ,  1, benzy l i c  HI ,  4.4 (m, 2, -CH2), 4.1 - 3.5 
(m, 4, -CH2 and i s o p r o p y l  -CH), 2.7 (s, 3, N-CH3), 1.32 and 1.2 (d, 12, i s o p r o p y l  

-CH3); propanthel ine bromide-d3 (CDC13) $, 7.1 (m, 8, ArH), 5.1 ( 8 ,  1, benzy l i c  H), 

4.4 (m, 2, -CH2), 4.1 - 3.5 (m, 4, -CH2 and i s o p r o p y l  -CH), 1.32 and 1.2 (d, 12, 

i s o p r o p y l  -CH3). 

Preparation of  2-bromopropane-d, ( I V )  

To a s o l u t i o n  o f  i s o p r o p y l  alcohol-d8 (purchased from Merck, Sharp and Dohme, 

Canada L imi ted) ,  (50 9, 735.3 mmol) i n  xylene (50 ml), kep t  s t i r r i n g  a t  -lO°C, 

was added phosphorus t r i b romide  (25 ml, 262.9 m m o l )  so t h a t  t h e  temperature d i d  

no t  r i s e  above O°C. The a d d i t i o n  took approximately 1 hour. 

mix ture was a l lowed t o  s tand a t  room temperature for t h ree  days then d i s t i l l e d  a t  

atmospheric pressure us ing  a f r a c t i o n a t i n g  column. The d i s t i l l a t e  w i t h  a b o i l i n g  

p o i n t  below 7OoC was c o l l e c t e d  and washed w i t h  saturated sodium b icarbonate 

so lu t i on ,  

un labe l l ed  ma te r ia l ) .  

Preparation o f  diisopropylcyanamide-d,* ( V )  

The r e a c t i o n  

R e d i s t i l l a t i o n  y i e l d e d  an o i l  81.6 g (SO%), bp 59OC (lit'' bp 59OC 

To sodium cyanamide (36.3 9, 422 mmol) i n  hexamethylphosphoramide (350 ml) 

uras added i n  one p o r t i o n  2-bromopropane-d7 (81.6 9, 680 mmol) through the top 

o f  an extended leng th  condenser t o  the s t i r r e d  s o l u t i o n  below and the r e s u l t i n g  

suspension was s t i r r e d  a t  80°C for 12 hours. 

i n t o  a vast  excess o f  water and ex t rac ted  i n t o  ether. 

The cooled s o l u t i o n  ulas poured 

The organic  e x t r a c t  was 

washed w i t h  b r i n e  and evaporated t o  g i v e  a pa le-ye l low o i l ,  33.3 

bp 90 - 92OC (2 mm) (lit'' bp 115-116°c (10 mm)) 

Preparat ion o f  diisopropylamine-d14 ( V I )  

Diisopropylcyanamide-d14 (33.3 9, 237.8 mmol) was ref l uxed  

a c i d  7M (50 m l )  for 6 hours. A f t e r  c o o l i n g  the  r e a c t i o n  m ix tu re  

c a r e f u l l y  w i t h  50% (w/v) sodium hydroxide u n t i l  pH 13-14 and the 

u i t h  hyd roch lo r i c  

was t r e a t e d  

m ix tu re  

f r a c t i o n a l l y  d i s t i l l e d  a t  atmospheric pressure us ing  an i c e  cooled rece ive r .  

A l l  d i s t i l l a t e  below 100°C WBS c o l l e c t e d  and a f t e r  d r y i n g  

p e l l e t s ,  r e d i s t i l l a t i o n  gave the amine, 22.7 g (84%), bp 86-88'C (lit12 bp 84OC 

u n l a b s l l e d  ma te r ia l ) .  

over sodium hydrox ide 
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Preparat ion o f  2-(N,N-diisopropylamino) ethanol -d l4  (VII) 

Diisopropylemine-d14 (22.7 9, 197.4 mmol) was added t o  a Carius tube 

con ta in ing  ethy lene ox ide (10.2 9, 227.2 mmol), water (4 m l ) ,  and concentrated 

hyd roch lo r i c  a c i d  (0.5 m l ) .  

down under l i q u i d  n i t rogen,  evacuated, sealed and kept  a t  l l O ° C  f o r  18 hours. 

The cooled m ix tu re  was t r a n s f e r r e d  t o  a separa t i ng  funne l  and the  organic  

l a y e r  was d r i e d  over anhydrous potassium carbonate and d i s t i l l e d  a t  atmospheric 

pressure t o  g i v e  a c l e a r  mobi le  o i l ,  22.5 g (72%), bp 187 - 195OC ( l i t  

7OC f o r  u n l a b e l l e d  ma te r ia l ) .  

Preparat ion o f  2-(N,N-diisopropylamino) e t h y l  xanthen-9-carboxylate-d14 (VIII) 

2-(N,N-diiaopropylamino) ethanol-d14 (2.5 9, 15.7 mmol) , xanthan-9- 

The tube was at tached t o  a vacuum manifold, f rozen  

7 
bp 183 - 

ca rboxy l i c  ac id ,  (7.92 g, 35.0 mmol), t r iphenylphosphine (8.91 g, 32.75 mmol), 

were d i sso l ved  i n  d ry  te t rahyd ro fu ran  (50 m l )  . 
(5.95 9, 28.6 mmol) d i sso l ved  i n  d ry  te t rahyd ro fu ran  (10 m l )  was added s low ly  

over a p e r i o d  o f  0.5 hours. A m i l d  exothermic r e a c t i o n  took p lace  and a f t e r  

1 hour T.L.C. i n d i c a t e d  t h a t  no 2-(N,N-diisopropylamino) ethanol  remained. 

A f t e r  evaporat ion o f  the te t rahyd ro fu ran  the  res idue was taken up i n  ether  

(100 m l )  and ex t rac ted  w i t h  2M hyd roch lo r i c  ac id .  

w i t h  ether  and then n e u t r a l i e e d  c a r e f u l l y  w i t h  sodium hydroxide (50% w/v). 

The r e s u l t i n g  p r e c i p i t a t e  was ex t rac ted  i n t o  ether  and t h e  organic  e x t r a c t  

was washed w i t h  sodium bicarbonate, water and b r ine .  Evaporation gave a c l e a r  

c o l o u r l e s s  o i l .  The product  was unstable and was the re fo re  n o t  p u r i f i e d  f u r t h e r .  

T.L. C. (e luant :  (CH2)2Cl~(150)/MeOH(50)/H20(5)/HC02H(2)) revealed t h a t  the product  

showed as one spot  corresponding i n  R f  t o  au then t i c  u n l a b e l l e d  ma te r ia l .  

Preparat ion o f  propanthel ine bromide-dlb (111) 

D i e t h y l  azodicarboxy late 

The a c i d  e x t r a c t  was urashed 

The 2-(N,N-diisopropylamino) e t h y l  xanthen-9 -~arboxy1ate -d~~  was taken 

Methy l  bromide (5 9, up i n  ch loroform (10 m l )  and p laced i n  a Carius tube. 

52.6 mmol) was d i s t i l l e d  i n t o  t h e  tube on a vacuum manifold. The tube was 

f rozen down under l i q u i d  n i t rogen ,  evacuated, sealed, and a l lowed t o  s tand 

f o r  5 days a t  room temperature. The contents  o f  t h e  tube were t r a n s f e r r e d  

t o  a 100 m l  c o n i c a l  f l a s k  and t h e  ch loroform was b o i l e d  o f f  and methy l  e t h y l  ketone 

added keeping the volume constant. When t h e  s o l u t i o n  began t o  go cloudy the  
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heat ing was stopped and on coo l ing  the product  was obtained as a white s o l i d ,  

3.7 g (51% baaed on 2-(N,N-diisopropylamino) ethanol).  

( l i t  mp 156 - 7OC f o r  un labe l led  mater ia l ) .  Mass s p e c t r a l  analys is :  propan- 

t h e l i n e  bromide-d14 m/e ($) 368 (9.5), 333 (loo), 181 (1.3), 142 (0.3), 

107 (0.7). 

( 8 ,  l H ,  benzy l i c  H), 4.4 (m, 2, -CH2), 3.8 - 3.5 (m, 2, -CH2), 2.7 (s, 3 ,  

mp 161.5 - 162.5OC 

9 

NMR:- propanthel ine bromide-d14 (CDC13)g 7.1 (m, 8, A r H ) ,  5.1 

N -CH3). 
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