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SUMMARY 

The syn thes i s  i s  repo r ted  o f  a number of analogues o f  c l o n i d i n e  and I ,3-  

d i m e t h y l c l o n i d i n e  l a b e l l e d  s p e c i f i c a l l y  and i n  h i g h  i s o t o p i c  p u r i t y  w i t h  

deuter ium and carbon-13. 2 ,6-Dich loro a n i l i n e  and 2,6-d ich loro-  

3,4,5-  H a n i l i n e  were employed t o  prepare compounds s u b s t i t u t e d  i n  
3 1  

aromat ic  r i n g  w i t h  one and t h r e e  atoms o f  deuter ium, r e s p e c t i v e l y ,  wh 

t h e  use o f  a p p r o p r i a t e  d e r i v a t i v e s  o f  e thy lenediamine l e d  t o  products  

which t h e  i m i d a z o l i d i n e  r i n g  was l a b e l l e d  w i t h  carbon-13 o r  deuter ium 
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INTRODUCTION 

Clonid ine,  2-(2,6-dichlorophenyI imino) imidazol i d i n e  i s  a potent  a n t i -  

hyper tens ive agent which i s  w ide ly  used c l i n i c a l l y  f o r  t he  treatment o f  

h igh  blood pressure. Whereas the pharmacokinetics o f  c l o n i d i n e  i n  both 

human subjects  and experimental animals have been stud ied ex tens i ve l y ,  

l i t t l e  d e t a i l e d  in format ion i s  a v a i l a b l e  on i t s  metabolism, a l though 

conversion o f  the drug i n t o  2,6-dichlorophenylguanidine, a product o f  

im idazo l i d ine  r i n g  cleavage, has been repor ted t o  occur i n  r a t  and dog ( I )  

I n  order  t o  d e f i n e  the  mechanism o f  t h i s  unusual r i n g  cleavage r e a c t i o n  

and t o  assess the q u a n t i t a t i v e  importance o f  t h i s  pathway r e l a t i v e  t o  

the other  known r o u t e  o f  c l o n i d i n e  metabolism, namely aromatic hydroxy- 

l a t i o n  a t  the para p o s i t i o n  ( Z ) ,  a p re l im ina ry  i n  v i t r o  study us ing r a t  

l i v e r  preparat ions was undertaken i n  which metabol i tes o f  c l o n i d i n e  and 

a s t r u c t u r a l l y - r e l a t e d  imidazol id ine,  1 ,3-d imethy lc lon id ine,  were 

i nves t i ga ted  using gas chromatography-mass spectrometry (GC-MS). This  

work l ed  t o  a requirement f o r  deuter ium- label led analogues o f  the 

compounds i n  quest ion f o r  use e i t h e r  as i n t e r n a l  standards i n  s tab le  

isotope d i l u t i o n  GC-MS assay procedures or  as subst rates i n  metabol ic  

experiments when in format ion on the s i t e ( s )  o f  b io t rans fo rma t ion  may be 

obtained through loss o r  r e t e n t i o n  o f  l a b e l l e d  hydrogen atoms located a t  

spec i f i c  pos i t i ons .  I n  the present communication, we r e p o r t  on the 

synthesis o f  f i v e  subs t i t u ted  2-arylimino-imidazolidines, l a b e l l e d  

s p e c i f i c a l l y  and i n  h igh  i s o t o p i c  p u r i t y  w i t h  deuterium, together w i t h  

an analogue o f  c l o n i d i n e  l a b e l l e d  w i t h  I 3 C  a t  the me tabo l i ca l l y  l a b i l e  

pos i t i ons  ( C - 4  and C-5) o f  the he te rocyc l i c  r i n g  (F ig .  I ) .  
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1 R - H  

3 R = CH3 

5 

2 R * H  

4 R * CH3 

6 

F ig .  1 Analogues o f  c l o n i d i n e  and 1,3-d imethy lc lon id ine 

l a b e l l e d  w i t h  deuterium and carbon-13 

EXPERIMENTAL 

Thin- layer  chromatography (TLC) was c a r r i e d  ou t  on g lass p la tes  ( 5  x 20 

cm), precoated w i t h  0.25 mm l aye rs  o f  s i l i c a  gel 60 F254 (Merck AG, 

Darmstadt, Germany). Three so lvent  systems were used: (A) ch loroform/ethy l  

acetate/  15M NH40H (10:30:0.5 by v o l . ) ,  (6) chloroform/methanol/l5M 

NH40H (40:15:0.5 by v o l  . ) ,  (C) n-butanol /acet ic  acid/water (12:30:50 by 

vol . )  and spots were v i s u a l i z e d  e i t h e r  by viewing under UV l i g h t  (X = 

254 nm) or by spraying w i t h  n inhyd r in  reagent and heating. 

TLC was c a r r i e d  ou t  on g lass p la tes  (20 x 20 cm), precoated w i t h  2 mm 

l aye rs  o f  s i l i c a  ge l  60 F (Merck AG). Bands were scraped o f f  and 

compounds were e lu ted  w i t h  e t h y l  acetate.  

Preparat ive 

254 
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Nuclear magnetic resonance (NMR) spectrometry was performed a t  60 MHz on 

a H i tach i  Perkin-Elmer R-24 instrument. Chemical s h i f t s  are repor ted 

r e l a t i v e  t o  te t ramethy ls i lane.  

Mass spectrometry (MS). 

Finnigan 3200 instrument, equipped w i t h  a Finnigan 6000 se r ies  i n t e r -  

a c t i v e  data system. Samples were introduced e i t h e r  the d i r e c t  

i n s e r t i o n  probe o r  via the gas chromatographic i n l e t .  

column ( 5 f t  x 2 mm i.d.) was used f o r  GC-MS analyses, packed w i t h  3% OV- 

1 on Gas Chrom Q (100-120 mesh) and operated a t  temperatures o f  between 

100' and ZOOo w i t h  He (30 m l  min- I )  as c a r r i e r  gas. 

deuterium content o f  syn the t i c  intermediates and products was based on 

measurements o f  the r e l a t i v e  i n t e n s i t i e s  w i th in  respec t i ve  molecular ion 

c l u s t e r s  and i s  expressed as atoms % excess. 

determinat ions were performed on under ivat ized samples. 

Mass spectra (25 eV) were recorded w i t h  a 

A U-shaped g lass 

Determination o f  the 

Unless otherwise noted, 

Reagents 

['HJAniline (98 atom % excess), dibromor3C2]ethane (90 atom % excess), 

C2H3]methyl iod ide (99 .5  atom % excess) and H su lphu r i c  ac id  (>  99 " 21 
atom % excess) were purchased from Merck Sharp and Dohme Canada L t d  

(Montreal, Canada). Deuterium ox ide (99.7 atom % excess) was obta ined 

from BDH Chemicals L t d  (En f ie ld ,  Middx). 

dimethylethylenediamine were purchased from the A l d r i c h  Chemical Co. L t d  

(Gi 1 1  ingham, Dorset) and t r i m e t h y l a n i l  inium hydroxide (TMAnH) from 

Pierce and Warriner (UK) L t d  (Chester). Other reagents were purchased 

from e i t h e r  BDH Chemicals L td  o r  the A l d r i c h  Chemical Co. 

Ethylenediamine and tj,tj"- 
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L " I  -3- 
2-(2,6-Dichloror3,4,5- 2 H l p h e n y l  imino) imidazol i d i n e  ( H c lon id ine ;  1 )  

33 

['H7]Aniline (7; 10.0 g, 100 rnmole) was ace ty la ted  a t  room temperature 
- 

us ing a c e t i c  anhydride (12.5 rnl ,  135 mole)  t o  y i e l d  acet  

(8;  - 11.5 g ,  82 mmole) (Scheme 1 ) .  

( d i r e c t  i n l e t ) :  m/e 140 (M'), 98 (base peak), 71 and 43. 

content: 1% H3, 4% H4 and 95% H5. 

TLC (so lvent  system A): R f  = 0.50. MS 

Deuterium 

2 2 2 

7 

2 ~ u 2 ~  

H2N0,5--(0tNH2 - H2NC 

2HwCI 

11 12 13 

H2N02S-@NH2 - H2N02S 

Ha 12a 13a 

Scheme 1 
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The deu te ra ted  a c e t a n i l i d e  8 (11.5 g, 82 mmole) was heated w i t h  c h l o r o -  

su lphon ic  a c i d  (29 ml, 4.40 mmole) for 1 h a t  90'. 

was poured i n t o  ice,  s t i r r e d  f o r  severa l  minutes and the  p roduc t  was 

The r e a c t i o n  m i x t u r e  

i s o l a t e d  by f i l t r a t i o n .  The 4-acetamido 2,3,5,6- H benzenesulphonyl 
41  

c h l o r i d e  (9) thus ob ta ined  was immediately t r e a t e d  w i t h  aqueous ammonia 

(7.5M) and heated j u s t  below b o i l i n g  p o i n t  f o r  15 min. The r e s u l t i n g  

suspension was cooled i n  ice,  a c i d i f i e d  ( 9 M  H2S04) and f i l t e r e d  to g i v e  

an amorphus w h i t e  s o l i d ,  4-acetamido 2,3,5,6- H benzenesulphonamide 

(10; 11.5  g, 53 mmole). TLC ( s o l v e n t  system A ) :  R f  = 0.11. 

i n l e t ) :  m/g 218 (M'), 176 (base peak),  160, 112, 96 and 43. 

[ 4l 
MS ( d i r e c t  

The [2H4 ]  sulphonarnide 2 (11.5 g, 53 mmole) was r e f l u x e d  f o r  40 m in  i n  

4M H C I .  

c o l o u r i s i n g  charcoal  and f i l t e r e d  t o  g i v e  an a lmost  colourless f i l t r a t e .  

T h i s  s o l u t i o n  was n e u t r a l i s e d  by t he  a d d i t i o n  o f  s o l i d  sodium b i ca rbona te  

and the  s u l p h a n i l i m i d e  

mmole). 

(M'), 158-160, 110-112, 94-96 and 67-69. Deuter ium con ten t :  23% 

2H2, 48% 2H3 and 23% 'H4. 

The r e s u l t i n g  y e l l o w  s o l u t i o n  was cooled,  t r e a t e d  w i t h  de- 

was i s o l a t e d  by f i l t r a t i o n  ( y i e l d  7.8 g, 44 

TLC ( s o l v e n t  system A ) :  R f  = 0.20. MS ( d i r e c t  i n l e t ) :  i/g 174-176 

The l a b e l l e d  s u l p h a n i l i m i d e  (7.8 g ,  44 mmole) was conver ted t o  i t s  

2 ,6 -d i ch lo ro  d e r i v a t i v e  2 
as descr ibed by S ieke t  (3) 

i l a m i d e  (12) was 6.4 g (26 

MS ( d i r e c t  i n l e t ) :  m/e 242 

Deuter ium con ten t :  4% H, 2 

The sulphonamide group was 

(32 m l ) .  A f t e r  hea t ing  on 

was added and the  product ,  

u s i n g  h y d r o c h l o r i c  a c i d  and hydrogen pe rox ide  

The y i e l d  o f  2 6- H 3 ,5-d ich lorosulphan-  
[ y  ' 2 1  

mmole). 

(M+), 226, I 7 8  (base peak), 162 and 126. 

and 96% H 

TLC ( s o l v e n t  system A):  R f  = 0.50. 

2 
3 '  

2 hydro lyzed u s i n g  70% (by wt.)  2H2S04 i n  H20 

an o i l  b a t h  a t  190° for 2 h, water  (200 ml) 

2,6-d ich loro 3,4,5- H a n i l i n e  (13) was [ ' 3 1  
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p u r i f i e d  by steam d i s t i l l a t i o n  ( y i e l d  3.5 g ,  21 mmole). 

system A): R f  = 0.68. 

s ,  NH2). 

93. Deuterium content: 13% H2 and 87% H3. 

TLC (so l ven t  

2 NMR (C H C I  1:  no aromatic proton, 6 4.35 (broad 

MS (GC i n l e t ) :  m/e 164 (M+ and base peak), 137, 129, 102 and 

3 

2 2 

H2x NH R 

*H 

14 R = CSNHCOPh 

15 . R = CSNH2 

16 R = C(SCH+NH.HI 

I 
1 

H 
17 R =  < 

CHO 

18 R'= =CCI2 

3 
Scheme 2 

The labe l  led 2,6-dichloroani 1 i ne  12 was converted t o  [2H3 c l o n i d i n e  (I-) 

- v i a  the A-methyl isoth iuronium iod ide 5 (Scheme 2) (4 ) .  

d i c h l o r o  3,4,5- H a n i l i n e  (13; 1.4 g ,  8.5 mmole) was heated w i t h  benzoyl- 

c h l o r i d e  (1.3 g ,  9.0 mmole) and ammonium th iocyanate (0.68 g ,  9.0 

Thus, 2,6- 

2 
C L  

mmole) i n  d r y  acetone (30 ml). A f t e r  1 h h a l f  the acetone was d i s t i l l e d  

o f f  and the product poured i n t o  water (100 ml) t o  p r e c i p i t a t e  N-benzoyl- 

N1-2,6-dichloro 3,4,5,- H phenyl th iourea (2, 2.6 g ,  8.0 mmole). Th i s  

was subjected t o  a l k a l i n e  hyd ro l ys i s  t o  y i e l d  the pa le  ye l l ow  s o l i d  2,6- 
- [ 31 

d i c h l o r o  3,4,5- H phenylthiourea (Is; 1.3 g ,  5.8 mmole) (5 ) .  TLC [ 2 3 1  
( so l ven t  system A ) :  Rf  = 0.44. 

188 (base peak), 164, 153, 125, 93 and 60. 

MS ( d i r e c t  i n l e t ) :  m/e 223 (M'), 206, 
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The t h i o u r e a  ( 1 . 3  g, 5.8 mmole) was me thy la ted  u s i n g  methyl  i o d i d e  

(0.36 ml, 5.8 mmole) t o  a f f o r d  !-2,6-dichloro 3,4,5- H phenyl-2- 

methy l  i so th iu ron ium i o d i d e  (3; 1.75  g, 5.4 mmole). TLC ( s o l v e n t  system 

A ) :  R = 0.60. MS ( d i r e c t  i n l e t ) :  m/c 237 (M+ o f  f r e e  base), 202,  190 

(base peak), 163 and 127. 

c 3 1  

f 

The i so th iu ron ium s a l t  16 (0.4 g, 1.2 mmole) underwent condensat ion w i t h  

anhydrous ethy lenediamine (0.20 m l ,  3.0 mmole) by hea t ing  a t  150' f o r  1 

h r  (4 ,6) .  The [2H3]clonidine produced was p u r i f i e d  by p r e p a r a t i v e  TLC 

( s o l v e n t  system B; R f  = 0.65), and was conver ted t o  the  h y d r o c h l o r i d e  

2 
s a l t  ( y i e l d  85 mg, 0.32 mmole). NMR ( DMSO/ H20): no a romat i c  

protons,  6 3.82 ( S ,  CH2-CH2). 

peak),  197, 175 and 162. Deuter ium con ten t  (as determined by GC-MS 

a n a l y s i s  o f  t h e  !,!'-dimethyl d e r i v a t i v e ) :  13% H2 and 87% H3 

MS ( d i r e c t  i n l e t ) :  z/e 232 (M+ and base 

2 2 

2 1,3-Dimethyl-2-(2,6-dichloro 3,4,5- H I p h e n y l  imino)  imidazol  i d i n e  
3, 

(1,3-dimethyl['H I c l o n i d i n e ;  3) 
-3- 

1,3-Oimethyl H c l o n i d i n e  (1) was prepared f rom 2 ,6 -d i ch lo ro  3,4,5- 

2H an i 1 i ne (2) y& 1-2,6-d i c h l  o r 0  3,4, 5-2H3] pheny 1 d i c h l o r o  i m i  ne 

[' 31 [ 
3 1  [ 

(g), as o u t l i n e d  i n  Scheme 2 ( 7 ) .  Thus, 2 ,6 -d i ch lo ro  3,4,5- H a n i l i n e  [ 3 1  
(13; 1.0 g, 6.0 mmole) was conver ted t o  2,6-d ich loroform 

a n i l i d e ,  (1.1 g,  5.7 mmole) u s i n g  f o r m i c  a c i d  and a c e t i c  anhydr ide as 

descr ibed by Timmermans fi ( 6 ) .  The p roduc t  gave: TLC ( s o l v e n t  

system 6 ) :  R f  = 0.72. MS ( d i r e c t  i n l e t ) :  ~ / e  192 (M+), 164, 157 (base 

peak) 102 and 93. 

The f o r m a n i l i d e  IJ ( 1 . 1  g ,  5.7 mmole) was s t i r r e d  w i t h  s u l p h u r y l  c h l o r i d e  

(0.46 ml, 5 .7  mmole) i n  t h i o n y l  c h l o r i d e  (3  ml) f o r  16 h a t  50' t o  y i e l d  

t h e  p a l e  ye1 low o i l  2 ,6 -d i ch lo ro  3,4,5- H pheny ld i ch lo ro im ine  (fi; 3 1  
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1.0 g 4 .1  mmole). 

- m/e  244 (M'), 209 (base peak), 174, 148 and 1 1 1 .  

TLC ( s o l v e n t  system 6 ) :  R f  = 0.79. MS (GC i n l e t ) :  

To a m i x t u r e  of t r i e t h y l a m i n e  (0.8 m l ,  5.7 mmole) i n  e t h y l  a c e t a t e  (0 .8 

m l ) ,  s o l u t i o n s  o f  t he  d i c h l o r o i m i n e  18 (0.25 9,  1.0 mmole) i n  e t h y l  

a c e t a t e  (0.5 m l )  and !,El-dimethylethylenediamine (0.22 m l ,  2.0 mmole) 

i n  e t h y l  a c e t a t e  (0.5 m l )  were added s imul taneously  and the  r e s u l t i n g  

m i x t u r e  was s t i r r e d  f o r  2 h a t  room temperature.  Water was then added, 

the  aqueous s o l u t i o n  was e x t r a c t e d  t w i c e  w i t h  e t h y l  ace ta te ,  and t h e  

o r g a n i c  e x t r a c t s  were evaporated t o  dryness. The res idue  was d i s s o l v e d  

i n  d i l u t e  H C I  and t h e  r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r  e x t r a c t  was d iscarded w h i l e  t h e  aqueous phase was made a l k a l i n e  

(conc. NH ) and e x t r a c t e d  t w i c e  w i t h  ch loroform.  The ch lo ro fo rm e x t r a c t s  

were combined and d r i e d  (MgSO ) and then evaporated t o  dryness under 

reduced pressure.  The product ,  I ,3-dimethyl  H c l o n i d i n e  (J), was 

conver ted t o  i t s  h y d r o c h l o r i d e  s a l t  ( y i e l d  0.16 g ,  0.54 mmole). TLC 

( s o l v e n t  system 6 ) :  R f  = 0.80. 

3.88 ( 5 ,  4H. CH2-CH2), 6 2.89 ( 5 ,  6H ZNCH ) .  MS ( d i r e c t  i n l e t )  i s  i l l u s t r a t e d  

i n  F ig .  3 .  

3 

4 

[' 31 

2 2  
3 NMR (C H 0 H):  no aromat ic  protons,  6 

3 
2 

3 '  Deuter ium content :  13% H2 and 87% 'H 

2 2- (2,6-D i c h l o r o r 4 -  HI] pheny 1 i m i  no) i m  idazol  i d  i ne (r2Hl!clon i d  i ne: 2) 
L -I L 

Using t h e  procedures desc r ibed  above, and u n l a b e l l e d  su lphani lamide 

(e) as s t a r t i n g  m a t e r i a l ,  2 ,6 -d i ch lo ro  4 H a n i l i n e  (&) was prepared [ -2 1 1  
as shown i n  Scheme 2. T h i s  m a t e r i a l  was then used t o  syn thes i ze  

[2Hl]c lonidine (z), which had t h e  f o l l o w i n g  p r o p e r t i e s :  TLC ( s o l v e n t  

system 6 ) :  Rf  = 0.65. NMR ( 'H DMS0/2H20): 6 7.60 (s ,  2H, A ry l -H ) ,  6 

3.75  ( 5 ,  4H, CHZ-CH2). 

Deuter ium con ten t :  7% Ho, 76% H1 and 17% H2. 

[ 61 
MS ( d i r e c t  i n l e t )  i s  i l l u s t r a t e d  i n  F ig .  2. 

2 2 2 
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1,3-Dimethyl-2-(2,6 dichloror4- 2 tillphenylimino)imidazolidine 
L J 

(1,3-dimethyl[2H~~clonidine; 4) 

Using 2,6-dichloro aniline, (z), and the "dichloroimine" pathway 

(Scheme 2), clonidine (4) was prepared in a similar 
fashion to the trideuterated species, 2. TLC (solvent system B ) :  Rf = 

0.80. 

6 2.88 ( 5 ,  6H, 2NCH3). 

Deuterium content: 8% Ho, 75% HI and 17% H 

NMR (C2H 02H): 6 7.68 ( s ,  2H, Aryl-H), 6 3.86 ( s ,  4H, CHZ-CHZ), 
3 

MS (direct inlet) is illustrated in Fig. 3. 
2 2 2 

2' 

([I3C,, 'H3]cIonidine; 5) 

[I3C2, 'H Clonidine was prepared by condensation of the 

uronium salt (16) with [13C2]ethylenediamine prepared from dibromd C2] 

H isothi- 
13 

31 [' 31 

ethane by a modification of the Gabriel phthalimide synthesis (8). Thus, 

potassium phthalimide (10.5 g, 57 mmole) and dibromo I3C ethane (5.0 g, [ 21 
26 mmole) were heated with stirring in dimethylformamide (35 ml). After 

2 h at 90°, the mixture was allowed to cool and water (100 ml) was 

added. The resulting diphthalimino C ethane was extracted with 
[I3 21 

chloroform (250 ml), which was dried (MgS04) and evaporated under 

reduced pressure (yield 8.4 g, 26 mmole). 

0.83. 

Carbon-13 content (as determined by MS (direct inlet) using the fragment 

at m / ~  175) was found to be as follows (atoms % excess): 

l3C1, 82% I3C2. The diphthal iminoethane (8.4 g, 26 mmole) was hydrolyzed 

at room temperature with aqueous KOH (5.75 M, 40 ml) ( 9 ) .  When all the 

solid had dissolved (-48 h), the solution was distilled to dryness. 

Water (60 ml) was added to the residue and the resulting mixture was 

again distilled to dryness. In order to isolate the labelled 

ethylenediamine in pure form, the distillate was acidified with HCI and 

TLC (solvent system B ) :  Rf = 

MS (direct inlet): m/e 322 (M'). 175 (base peak) and 161. 

1 %  l3CO, 17% 

r 3 C 2  1 
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evaporated alms t to dryness; the [’ 3C2]ethyl ened iami ne hydrochlor i de 

was then precipitated with ethano and collected by f i 1 tration (yield 

2.7 g, 20 mmole). TLC (solvent system C): Rf = 0.43. 

To obtain [13C2]ethylenediamine as the free base, the hydrochloride salt (2.7 g, 

20 mmole) was mixed with an equal weight of calcium oxide and the solid mixture 

distilled over a free flame. 

distilling over potassium hydroxide pellets and then several times over 

sodium metal to give the anhydrous [ 13C2]ethylenediamine as a colourless 

oil (0.5 ml, 7.5 mmole). 

The oily distillate was dried by first 

TLC (solvent system C): Rf = 0.43. NMR (CCI4): 

= 131 Hz, 4H. 13CH2-13CH 1, 6 1.00 (5,  4H, 2NH2). 2 6 2.68 (d, J 
I3C-H 

The anhydrous [13C2]ethylenediamine (0 .2 ml, 3.0 mmole) was condensed 

with the [12H3fsothiuronium salt (16; 0.4 g, 1.2 mmole) as described 

above to g ive [13C2,2H3]clonidine (5; 61 mg, 0.22 mmole). TLC (solvent 

system B ) :  R = 0.65. NMR (C H 0 H): no aromatic protons, 6 3.83 (d, 

J 
I3C-H 

Fig. 2. 

2 2  
f 3 

= 145 Hz, 4H, ’3CH2-’3CH2). MS (direct inlet) is illustrated in 

The mass spectrum o f  this multiply-labelled analogue of  clonidine 

indicated that no loss of deuterium or 13C had occurred from 2,6-dichloro 

E,4,5-2H3]anil ine and C ethylenediamine, respectively, during the C” 21 .“ 
synthetic sequence. The product had a I’C2 content of 82 atoms % excess 

and a LH content o f  87 atoms % excess. 3 

methyl-2-(2,6-dichlorophenylimino)-imidazolidine 

( 1 ,3-d i [‘“J methyl c 1 on i d i ne; 6) 

1 ,3-Di[2H3]methylclonidine was prepared by condensation o f  unlabel led 

2,6-dichlorophenyldichloroimine with N,N’-di H methylethylenediamine 

hydrochloride which was prepared by deuteromethylation of dibenzyl- 

sulphonethylenediamine (2) as shown in Scheme 3 (10).  

I? 31 
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a-Toluenesulphonamide was prepared from a-toluenesu 

heat ing i n  aqueous ammonia (7.5M) f o r  15 min. The 

was cooled i n  ice, a c i d i f i e d  w i t h  H2S04 (9M) and f i  

19 

phony 1 ch l  or  i de by 

e s u l t i n g  suspension 

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

1 

@CH2S02NHCH2 

20 1, 

HNCH2CH2NH. C2H3 I 2HCI - [ @ C H 2 S 0 2 1 2 2  ] C2H3 I 

2 
22 21 

Scheme 3 

was d isso lved i n  aqueous potassium hydroxide t o  g i v e  the  potassium s a l t  

o f  a-toluenesulphonamide (E). TLC (so l ven t  system A ) :  R f  = 0.35. MS 

( d i r e c t  i n l e t )  m/e 171, 07, 91 (base peak) and 65. Potassium a-toluene- 

sulphonamide (9; 32 g, I53 mmole) was heated w i t h  dibromoethane (6.5 

m l ,  75 mmole) f o r  16 h a t  110'. 

e ther  t o  g i ve  a whi te  amorphus s o l i d ,  dibenzylsulphonethylenediamine 

(20; 9.7 g, 26 mmole). 

120 and 91 (base peak). The dibenzylsulphonethylenediamine (20; 9.0 

g, 24 mmole) was re f l uxed  i n  an aqueous s o l u t i o n  o f  potassium hydroxide 

The product was washed w i t h  water and 

MS ( d i r e c t  i n l e t ) :  pl/g 368 (M+), 304, 213, 184, 
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(2.8 g, 50 mmole) f o r  1 h. The m ix tu re  was then f i l t e r e d  and the f i l t r a t e  

evaporated t o  dryness. The res idue was then d isso lved i n  aqueous ethanol 

(50%) and heated under r e f l u x  f o r  5 h w i t h  ['H3] methyl iod ide (4 rnl ,  65 

rnmole). 

NaOH and water 

The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  20% 

t o  g i v e  dibenzylsulphondi methylethylenediamine (1; 
4.1 g, 10 mmole). 

91 (base peak). 

MS ( d i r e c t  i n l e t ) :  m/e 402 (M'), 247, 201, 137 and 

To o b t a i n  N,N'-di H methylethylenediamine, 

(1.5 g, 3.7 mmole) was hydrolysed w i t h  H2S04 

a t  150' f o r  5 min. Th is  m ix tu re  was al lowed 

( 2 5  ml) and made a l k a l i n e  w i t h  aqueous ammon 

[' 31 
the crude sulphonamide 2 
(80% w/w, 5 ml), by heat ing 

t o  cool ,  d i l u t e d  w i t h  water 

a ( I S M ) .  The r e s u l t i n g  

a l k a l i n e  s o l u t i o n  was f i l t e r e d  and the  f i l t r a t e  d i s t i l l e d .  The d i s t i l -  

l a t e  was a c i d i f i e d  w i t h  H C I  and evaporated t o  dryness t o  g i v e  the wh i te  

sol i d  N,N'-di H methylethylenediamine hydrochlor ide (2; 0.3 g, 1.8 

mmole). TLC (so l ven t  system C): R f  = 0.33. MS ( d i r e c t  i n l e t ) :  fl/e 94 

(M+ f r e e  base), 61 and 47. 

C2 31 

To a m ix tu re  o f  2,6-dichlorophenyldichloroimine (0.5 g, 2.1 rnmole) i n  

i sopropanol (1 0 ml) and 1," -d i[2H3]methyl e t h y l  ened i ami ne hydrochlor ide 

- 22 (0.135 g, 8.0 mmole) i n  isopropanol (10 ml) ,  sodium hydroxide (0.4 g, 

10 mmole) i n  water ( 1 . 5  r n l )  was added. The r e s u l t i n g  s o l u t i o n  was 

s t i r r e d  a t  40' f o r  2 h, and then evaporated t o  dryness. 

was added and ex t rac ted  tw ice  w i t h  chloroform. The organic  e x t r a c t s  

were combined and evaporated t o  dryness. The neu t ra l  products were 

removed by e x t r a c t i o n  from a c i d i c  s o l u t i o n  as described f o r  1,3-dimethyl 

[I'H3] c l on id ine .  The product, 1 ,3-di [2H3]rnethylc lonidine (5) was converted 

Water (20 ml) 
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t o  i t s  h y d r o c h l o r i d e  s a l t  ( y i e l d  0 .22  g, 0.73 mmole). TLC ( s o l v e n t  

system 5): R f  = 0.80. NMR ( H20): 

4H, CHZ-CH2). 

con ten t :  7% Ho and 93% H 

2 6 7.65 (M, 3 H ,  a r y l ) ,  6 3.82 ( s ,  

MS (GC i n l e t )  i s  i l l u s t r a t e d  i n  F i g .  3 .  Deuter ium 

2 2 
6'  

RESULTS AND DISCUSSION 

I n  t h e  present  work, e s t a b l i s h e d  procedures f o r  t he  syn thes i s  o f  c l o n i d i n e  

and 1 ,3 -d ime thy l c lon id ine  were m o d i f i e d  f o r  t he  p r e p a r a t i o n  o f  analogues 

l a b e l l e d  s p e c i f i c a l l y  w i t h  e i t h e r  deuter ium a lone  o r  w i t h  a combinat ion 

o f  deuter ium w i t h  carbon-13. O f  the two p r e f e r r e d  s y n t h e t i c  r o u t e s  

l e a d i n g  t o  compounds w i t h  the  bas i c  c l o n i d i n e  s t r u c t u r e ,  each o f  which 

u t i l i z e s  2 , 6 - d i c h l o r o a n i l  i n e  as s t a r t i n g  m a t e r i a l ,  t h e  "d i ch lo ro im ine"  

pathway (7)  was employed t o  syn thes i ze  deu te ra ted  d e r i v a t i v e s  o f  1,3- 

d i m e t h y l c l o n i d i n e ,  w h i l e  l a b e l l e d  analogues o f  c l o n i d i n e  i t s e l f  were 

ob ta ined  y& t h e  " i so th iou ron ium iod ide "  r o u t e  (4)  (Scheme 2 ) .  The 

i s o t o p i c  p u r i t i e s  of, s y n t h e t i c  i n te rmed ia tes  and p roduc ts  a r e  g i v e n  i n  

t h e  Exper imental  s e c t i o n ,  w h i l e  r e p r e s e n t a t i v e  mass spec t ra  a r e  i l l u s t r a t e d  

i n  F igs .  2 and 3 .  

The p r e p a r a t i o n  o f  c l o n i d i n e  and 1 .3 -d ime thy l c lon id ine  l a b e l l e d  w i t h  

deuter ium i n  t h e  a romat i c  r i n g  was achieved by use o f  a p p r o p r i a t e l y  

deu te ra ted  2,6-d ich loroani  1 i nes  (13 and &) which were synthes ized,  

i n  t u r n ,  as o u t l i n e d  i n  Scheme 1 .  Thus, [ 'H7]anil ine (2) was f i r s t  

conver ted,  u s i n g  s tandard procedures,  i n t o  t h e  t e t r a d e u t e r o  sulphonamide 

d e r i v a t i v e .  Subsequent ac id -ca ta l yzed  h y d r o l y s i s  o f  t h e  acetamido 
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i s o t o p i c  p u r i t y  o f  87 atom % excess. S i m i l a r l y ,  when un 

i lamide (>) was subjected t o  the two terminal  steps o f  

sequence, 2,6-dichloro 4- H a n i l i n e  (a) was obtained, [ ' 1 1  

f u n c t i o n  t o  g i v e  fl 
exchange o f  deuterium from the p o s i t i o n s  ortho t o  the primary amine 

group, t o  a f f o r d  a product comprising mainly t r i d e u t e r a t e d  molecules. 

Subsequent i n t r o d u c t i o n  o f  c h l o r i n e  a t  the ortho pos i t i ons ,  fo l lowed by 

treatment w i t h  H2S04, gave 2,6-d ich loro 3 4 5 H a n i l i n e  (13) w i t h  an 

was found t o  be accompanied by considerable back- 

[ v  ~ - ' 3 ]  
2 

abel led sulphon- 

the above 

although the 

presence i n  the r e a c t i o n  product o f  approximately 17% o f  d ideuterated 

molecules i nd i ca ted  t h a t  apprec iab le ac id-cata lyzed exchange o f  protons 

a t  the 3 p o s i t i o n s  o f  t he  a n i l i n e  r i n g  had accompanied i n t r o d u c t i o n  

o f  t he  deuterium a t  C - 4 .  Conversion o f  the l a b e l l e d  2,6-d ich loroani l ines 

i n t o  [2H3]clonidine (I), c l o n i d i n e  (z), 1,3-dimethyl H c l o n i d i n e  [' 31 
(31, 1,3-dimethyl c l o n i d i n e  (4) and c l o n i d i n e  (2) was 

accomplished w i thou t  any s i g n i f i c a n t  l oss  o f  label  from the aromatic 

r i n g .  

I n  conclusion, a v a r i e t y  o f  s tab le - i so tope- labe l l ed  analogues o f  c l o n i d i n e  

and 1,3-dimethylclonidine have been prepared by appropr ia te mod i f i ca t i ons  

o f  e x i s t i n g  syn the t i c  routes, t o  a f f o r d  products of h igh  i s o t o p i c  p u r i t y .  

The use i n  metabol ic  s tud ies o f  these compounds, together w i t h  s u i t a b l e  

I4C-label l ed  rad io t race rs  (11,lZ) has furn ished va luable in format ion on 

q u a l i t a t i v e ,  q u a n t i t a t i v e  and mechanist ic aspects o f  c l o n i d i n e  metabolism. 

The r e s u l t s  from these s tud ies  w i l l  be publ ished elsewhere (13) .  
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Figure 2 Mass spectra ( 2 5  eV) of clonidine and isotopically 

labelled analogues o f  clonidine 
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Figure 3. Mass spectra (25 eV) of  1,3-dimethyl- 

clonidine and isotopically labelled 

analogues of  1,3-dirnethylclonidine 



888 H .  Hughes and T .  A .  Baillie 

ACKNOWLEDGEMENTS 

We would l i k e  t o  thank D r  M Szelke f o r  access t o  NMR f a c i l i t i e s  and 

D r  D S Davies for v a l u a b l e  d i scuss ions  d u r i n g  t h e  course of t h i s  w o r k .  

The f i n a n c i a l  suppor t  o f  Boehr inger lngelhe im (UK) i s  g r a t e f u l l y  acknowledged. 

One o f  us (HH) i s  t h e  r e c i p i e n t  o f  an MRC Research Studentsh ip.  

REFERENCES 

1 .  

2. 

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9. 

10. 

1 1 .  

12. 

1 3 .  

Hodges, P - J. Pharm. Pharmacol. 28: 61 

Rehbinder, D .  - In :  "Catapres i n  Hypertension" (Conol ly ,  M, ed) 

Bu t te rwor ths ,  London, 1970. p.  227 

S ieke t ,  M. - 

C H Boehr inger Sohn, Ingelheim. - B r i t .  Pat.  1,034,938 (1966) 

Chem. Abs t r .  %:I2211 (b) (1966) 

K inosh i ta ,  Y .  Matsuda, N.,  Sakai, S . ,  Oshima, Y . ,  Harada, T. and 

N ish iha ra ,  T. - Arg.  B i o l .  Chem. (Tokyo) 30: 447 (1966);  Chem. 

Abs t r .  =, 7081 ( f )  (1966) 

Timmermans, P. B. M. W. M . ,  van Zwieten, P.  A .  and Speckamp, W .  N .  - 
J. Royal Nether lands Chem. SOC., x:51 (1978) 

Pook, K. H . ,  S tah le ,  H. and Dan ie l ,  H. - Chem. Ber.  107: 2644 (1974) 

Sheeham, J. C .  and Bo lho fe r ,  W .  A .  - 

Putokhin,  N. - Trans. I n s t .  Pure Chem. Reagents (Moscow) 6: 10, 

(1927).  

Johnson, T.B. and Ba i l ey ,  G . C .  - J. Amer. Chem. SOC. 2 : 2 1 3 5  (1916) 

E rha rd t ,  J. D .  - Therapie,  2: 947 (1972) 

S t i asmi ,  M. and Stahle,  H. - J. Labe l l ed  Compds. Radiopharm. 14: 
51 (1978) 

B a i l l i e ,  T. A.,  N e i l l ,  E . ,  Hughes, H.,  Davies,  D .  L . ,  and 

Davies, D. S .  - I n :  "Proceedings o f  t h e  T h i r d  I n t e r n a t i o n a l  

Conference on S t a b l e  Isotopes" ( K l e i n ,  E R ,  ed),  Academic Press,  

New York, 1979 ( i n  press)  

(1976) 

Organic Syntheses 4 : 4 7  (1944) 

J. Amer. Chem. SOC. z : 2 7 8 6  (1950) 

Chem. A b s t r .  3: 2938 (1927) 




