
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. X V I I I ,  No. 8 1135 

Synthes i s of 1 - (3 -T r  i deuteromethoxy-'t-hydroxyphenyl ) - 1 ,2,2- H -ethylene g l y c o l  [ '31 

S Murray, T A B a i l l i e *  and D S Davies 

Department of C l i n i c a l  Pharmacology 
Royal Postgraduate Medical School 
Oucane Road, London W12 OHS, UK 

J_ 

Department o f  Pharmaceutical Chemistry 
School o f  Chemistry, U n i v e r s i t y  o f  C a l i f o r n i a  
San Francisco, USA 

SUMMARY 

The four stage synthes is  o f  a hexadeuterated analogue o f  the noradrenal ine 

me tabo l i t e  3-methoxy-4-hydroxyphenylethylene g l y c o l  (MHPG) i s  described. The 

o v e r a l l  y i e l d  from 3-trideuteromethoxy-4-hydroxyacetophenone i s  29%. 
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INTRODUCTION 

3-Methoxy-4-hydroxyphenylethylene g l y c o l  (MHPG) i s  repor ted to be the major 

me tabo l i t e  o f  noradrenal i ne  produced i n  the c e n t r a l  nervous system ( I  , 2 ) .  

Because o f  our i n t e r e s t  i n  the r o l e  o f  c e n t r a l  adrenergic mechanisms i n  the 

r e g u l a t i o n  o f  blood pressure, we have developed combined gas chromatographic 

mass spect rometr ic  assays f o r  the measurement o f  MHPG and i t s  sulphate and 

g lucuronide conjugates i n  plasma and u r i n e  (3,4). The i n t e r n a l  standards f o r  

these assays a r e  H MHPG and H MHPG sulphate. Since we wished t o  c a r r y  ou t  

i n f u s i o n  s tud ies  w i t h  l a b e l l e d  MHPG, so t h a t  i t  could be d i s t i ngu ished  from the 

endogenous compound, we have synthesised a hexadeuterated analogue o f  MHPG. I n  

r2l r 31 
t h i s  way endogenous MHPG, PHJMHPG and t h e i r  conjugates can be assayed simul- 

L "A 

taneously i n  plasma and u r i n e  us ing H MHPG and MHPG sulphate as common r 21 
i n t e r n a l  standards (4). 
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DISCUSSION 

rH6]MHPG was synthesi sed i n  fou r  stages from 3-trideuteromethoxy-4-hydroxyaceto- 

phenone ( I )  as o u t l i n e d  i n  f i g u r e  1 .  
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Figure 1 :  The synthes is  of 

The react ions leading t o  the g l y c o l  d e r i v a t i v e  I V  were mod i f i ca t i ons  o f  a 

p rev ious l y  pub1 ished synthes is  (3) i n  which 3-methoxy-4-hydroxyacetophenone 

(acetovani l  lone) had been used as a s t a r t i n g  m a t e r i a l .  

3 - T r  ideuteromethoxy-4-hydroxyacetophenone ( I )  was f i r s t l y  benzylated, then 

converted t o  the monobromo d e r i v a t i v e  I l l .  When the l a t t e r  was heated under 

r e f l u x  w i t h  potassium acetate i n  monodeuteroethanol, the bromine atom was d i s -  

placed by an acetate group and the two hydrogen atoms o f  the ketomethylene group 

were exchanged f o r  deuterium. The r e s u l t i n g  acetoxyketone was reduced i n  s i t u  

w i t h  sodium borodeuteride t o  g i v e  the hexadeuterated g l y c o l  d e r i v a t i v e  I V .  Th i s  

compound was c r y s t a l l i s e d  from benzene-hexane and nuclear magnetic resonance 

spectroscopy showed the c r y s t a l l i n e  product contained benzene o f  c r y s t a l 1  i s a t i o n  

(3,s) .  Hydrogenolysis o f  the g l y c o l  d e r i v a t i v e  I V  removed the benzyl p r o t e c t i n g  

MHPG as a v iscous o i l  which was p u r i f i e d  by t h i n  l aye r  

chromatography. The o v e r a l l  y i e l d  o f  t he  requ i red  product from 3 - t r i d e u t e r o -  
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methoxy-4-hydroxyacetophenone ( I )  was 29%. 

trifluoroacetate derivative of H MHPG is shown in figure 2. 

The mass spectrum of  the tris- 

c' 61 
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Figure 2: The mass spectrum of the tris-trifluoroacetate derivative of 

H MHPG r 61 
EXPERIMENTAL 

Materials 

3-Trideuteromethoxy-~-hydroxyacetophenone (deuterium content in atoms % excess, 

0% H,,, 0% H1, 1.69% H2 and 98.31% H3) was a gift from LKB (Stockholm, 

Sweden). Benzyl chloride, potassium acetate, 0- H ethanol and 5% palladium on 

charcoal were purchased from Koch-Light Laboratories Ltd (Colnbrook) . Sodium 

borodeuteride and sodium deuteroxi.de in deuterium oxide (40%, w/w) were 

obtained from Merck Sharp 6 Dohme (Montreal, Canada) and bromine (analar grade) 

from BDH Chemicals Ltd (Poole). 

2 2 2 2 

I] '1 

Thin layer chromatography (TLC) was carried out 
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254 
us ing 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 GF 

manufactured by Merck (Darmstadt, FRG). 

Finnigan model 3200 quadrupole instrument operated i n  the e l e c t r o n  impact mode 

w i t h  an e l e c t r o n  energy o f  25 eV. 

Mass spectra were obta ined from a 

3 - T r  ideuteromethoxy-4-benzyloxyacetophenone ( I  I )  

To 2.5 m l  absolute a lcohol  i n  which had been d i sso l ved  37 mg sodium hydroxide 

was added 100 mg 3-trideuteromethoxy-4-hydroxyacetophenone (1; 0.59  mmole) and 

0.15 m l  benzyl c h l o r i d e  (1.30 mmole). The s o l u t i o n  was re f l uxed  f o r  90 rnin, 

allowed t o  cool and then poured i n t o  20 m l  water. The aqueous m ix tu re  was 

ex t rac ted  w i t h  th ree  15 ml a l i q u o t s  o f  e ther  and the combined ether  ex t rac ts ,  

a f t e r  washing w i t h  water, d r i e d  over sodium sulphate. A f t e r  f i l t r a t i o n  and 

removal o f  the solvent, the res idue was r e c r y s t a l l i s e d  from benzene-hexane. 

Y i e l d  = 110 mg (72%) TLC (ch loroform):  s i n g l e  spot, R = 0.42, co-chromatographs 

w i t h  the non-deuterated reference compound ( 5 ) .  

3-Tr ideuteromethoxy-4-benzyloxy-w-bromoacetophenone ( I  I I )  

To a s t i r r e d  s o l u t i o n  o f  5 ml chloroform con ta in ing  110 mg (0.42 mmole) 3 - t r i -  

deuteromethoxy-4-benzyloxyacetophenone ( I  I )  was added over a f i f t e e n  minute 

pe r iod  10 rnl chloroform con ta in ing  74 mg (0.46 mmole) bromine. The r e a c t i o n  

m ix tu re  was l e f t  a t  room temperature f o r  4 5  min, then the ch loroform s o l u t i o n  

was washed w i t h  saturated sodium bicarbonate s o l u t i o n  (20 m l ) ,  d i s t i l l e d  water 

(20 ml) and d r i e d  over sodium sulphate. A f t e r  f i l t r a t i o n  and removal o f  the 

so lvent ,  the res idue was r e c r y s t a l l i s e d  from absolute a lcohol .  Y i e l d  = 106 mg 

(74%) TLC (ch loroform):  s i n g l e  spot, R = 0.57, co-chromatographs w i t h  the non- F 

deuterated reference compound ( 5 ) .  

F 

1 - (3-Tr ideuteromethoxy-4- benzy loxypheny I )  - 1 ,2,2- H -ethylene g l y c o l  ( I V )  
' 3 1  

To a s o l u t i o n  o f  ~-tr ideuteromethoxy-4-benzy1oxy-~bromoacetophenone ( I l l ;  106 

mg, 0.31 mmole) i n  [O-2H]ethanol (10 g) was added anhydrous potassium 

(62 mg) and the m ix tu re  heated under r e f l u x  f o r  6.5 h. A l l  glassware 

p rev ious l y  flame d r i e d  and the r e f l u x  condenser was f i t t e d  w i t h  a s i l  

guard tube. When the r e a c t i o n  m ix tu re  had cooled t o  room temperature 

acetate 

had been 

ca gel 

sod i um 
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borodeuter ide (50 mg, 1.19 mmole) was added and the m ix tu re  l e f t  s t i r r i n g  f o r  5 

h i n  a f i r m l y  stoppered f l a s k .  Then 1 ml o f  deuterium ox ide and 0.5 ml sodium 

d e u t e r o x i d e  i n  deuterium ox ide (40% w/w) were added and the m ix tu re  l e f t  a 

f u r t h e r  90 min. A f t e r  t h i s  pe r iod  the f l a s k  contents were poured i n t o  water 

(20 ml) and ex t rac ted  w i t h  d i e t h y l  e the r  ( t h ree  15 ml a l  i quo ts ) .  The combined 

e the r  e x t r a c t s  were washed w i t h  water (two 20 m l  p o r t i o n s ) ,  d r i e d  over sodium 

sulphate, f i l t e r e d  and the so lvent  removed by r o t a r y  evaporat ion t o  leave a 

l i g h t  ye l l ow  o i l .  C r y s t a l l  i s a t i o n  from benzene-hexane gave the requi red product 

(77 mg) as white, very  l i g h t  c r y s t a l s .  TLC ( e t h y l  ace ta te ) :  s i n g l e  spot, R = 

0.29, TLC (chloroform, 7 pa r t s ;  dioxan, 3 pa r t s ;  methanol, 2 p a r t s ) :  s i n g l e  

spot, RF = 0.53, co-chromatographs w i t h  the non-deuterated reference compound 

F 

( 5 )  - 
I-(3-Trideuteromethoxy-4-hydroxyphenyl)- 1,2,2- H -ethylene g l y c o l ;  [S6]E [ ' 3 1  
- (V)  

The product from the above reac t i on  ( I V ;  77 mg) was d isso lved i n  methanol (25 

ml) and 5% pal lad ium on charcoal (60 mg) was added. The m ix tu re  was hydro- 

genated f o r  2 h on a Parr  shaker a t  a hydrogen pressure o f  30 p .s . i . ,  then 

f i l t e r e d  and the  so lvent  removed by r o t a r y  evaporation. The remaining l i g h t  

y e l l o w  o i l  was p u r i f i e d  by chromatography on two, 0.25 ~ 1 1  t h i c k ,  20 cm by 20 cm 

s i l i c a  ge l  p la tes  t o  g i v e  a co lour less,  viscous o i l  (33 mg). TLC (chloroform, 

7 pa r t s ;  dioxan, 3 par ts ;  methanol, 2 pa r t s )  s i n g l e  spot, RF = 0.43. 

Treatment o f  a p o r t i o n  o f  t h i s  o i l  w i t h  t r i f l u o r o a c e t i c  anhydride-ethyl acetate 

( I  : 1 ,  v/v) a t  room temperature and subsequent gas chromatographic mass spectro- 

m e t r i c  ana lys i s  showed the format ion o f  a s i n g l e  d e r i v a t i v e .  Th is  d e r i v a t i v e  

has gas chromatographic p roper t i es  very s i m i l a r  t o  the t r i s - t r i f l u o r o a c e t a t e  

d e r i v a t i v e  o f  MHPG and a mass spectrum r e a d i l y  i n t e r p r e t e d  as t h a t  o f  the t r i s -  

t r i f l u o r o a c e t a t e  d e r i v a t i v e  o f  H MHPG ( f i g u r e  2) .  

MS: m/e 478 (M+,56), 363(82), 349(100). 321 (281,  266(30), 69(26) 

c' 61 
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Deuterium content o f  t h i s  d e r i v a t i v e ,  as measured from the molecular i o n  c l u s t e r ,  

was as fo l l ows  (atoms % excess): 0.04% Ho, 0% H I ,  0.06% H2, 0.13% H 

2.38% H4, 24.69% H5 and 72.70% H6. 

2 2 2 2 
3 '  

2 2 2 
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