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THE PREF'ARAIIo% OF A CARWMJ-11 WELLED ANALGESIC - LN-METEYL-llCjMEPTAZIMOL* 

David R. Turton,  S a j i n d e r  K. Lu th ra ,  Victor W. P ike and Malcolm J .  

Kense t t .  

Medical Research Council  Cyclotron U n i t ,  Hammersmith X o s p i t a l ,  Du Cane 

Road, London W12 OHS, U.K. 

A procedure f o r  l a b e l l i n g  t h e  novel a n a l g e s i c ,  meptazinol  [ ( + ) I -  
methyl-3-ethyl-3-(~-hydroxyphenyl)tetrahydroazepine~, wi th  t h e  pos i t ron -  
e m i t t i n g  r a d i o n u c l i d e ,  carbon-11 ( t t  = 20.4 min) has  been developed i n  
o r d e r  t o  permit  t h e  pharmacokinet ics  of t h i s  a n a l g e s i c  t o  be s t u d i e d  i n  
man. 
produced from cyclotron-produced [ Clcarbon d i o x i d e ,  w i th  normeptazinol  
i n  e t h a n o l  a t  100 O C  f o r  5 min, evapora t ion  of  any unreacted 
[ lCjiodomethane, p u r i f i c a t i o n  by HPLC and removal of  s o l v e n t .  
Subsequent s o l u b i l i s a t i o n  of  the r a d i o a c t i v e  product  i n  e t h a n o l  p l u s  
i s o t o n i c  s a l i n e  and s t e r i l i s a t i o n  by f i l t r a t i o n  produces a s a f e l y -  
i n j e c t a b l e  s o l u t i o n  o f  [N-methyl-l lC]meptazinol i n  14% radiochernical 
y i e l d  (from cyclotron-produced [ Clcarbon d i o x i d e ,  decay-corrected)  . 
The s p e c i f i c  a c t i v i t y  o f  the  product  i s  up t o  7.4 GBq/Pmol a t  t h e  end of  
r a d i o s y n t h e s i s  (40 min from t h e  end o f  r a d i o n u c l i d e  p roduc t ion ) .  
P r e p a r a t i o n s  have been shown t o  be r ad iochemica l ly  pure and t o  be f r e e  of 
norrneptazinol by a n a l y t i c a l  HPLC and TLC. That the r a d i o a c t i v e  product  
is "-methyl- Clmeptazinol has  been unequivocal ly  demonstrated by co- 
i n c l u s i o n  of l k - e n r i c h e d  iodomethane i n  t h e  r a d i o s y n t h e s i s  and 
examination of  t h e  product  by broad-band proton-decoupled Four i e r  
t ransform I ~ C - N M R  spec t roscopy .  

Key words: meptazinol ,  [N-methyl-l Cjmeptazinol ,  [&methyl-13Clmeptazinol 
a n a l g e s i c ,  carbon-11. 

The procedure invo lves  the r e a c t i o n  o f  L lC]iodomethane, i t s e l f  

INTRODUCTION 

Meptazinol ( 1 )  [(~)l-methy1-3-ethyl-3-(~-hydroxyphenyl)tetra- 

hydroazepine] is a novel  c e n t r a l l y - a c t i n g  analgesic t h a t  expres ses  

unusual op io id  behaviour ( 1 ) .  P o s i t r o n  emission tomography (PET) ( 2 )  can 

be a uniquely d i r e c t  technique f o r  t h e  s tudy  o f  pharmacokinet ics  i n  man, 

provided t h a t  t h e  drug of i n t e r e s t  can be l a b e l l e d  with a s u i t a b l e  
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p o s i t r o n - e m i t t i n g  r a d i o n u c l i d e .  An e a r l y  example is t h e  s t u d y  o f  t h e  

pharmacokinet ics  o f  an a n t i b i o t i c ,  erythromycin A, us ing  carbon-11 

l a b e l l e d  erythromycin A ( 3 ) .  I n  o rde r  t o  enab le  t h e  pharmacokinet ics  o f  

meptazinol  (1 )  t o  be s t u d i e d  by PET we sought  t o  d e v i s e  a procedure f o r  

l a b e l l i n g  meptazinol  (1 )  with t h e  pos i t ron -emi t t i ng  r a d i o n u c l i d e ,  

carbon-11 ( t i  = 20.4 min) .  

product ion of  [N-methyl-llC]meptazinol (2) i n  a form a c c e p t a b l e  f o r  numan 

in t r avenous  i n j e c t i o n ,  based on t h e  l - m e t h y l a t i o n  of normeptazinol  (3 )  

w i t h  [ l lCJiodomethane.  

Here we r e p o r t  a f a s t  procedure f o r  t h e  

(1) R1 = H I  R*=Me, Meptazinol 

(2) R1 =HI  R2=I1CH3, ~N-meth~l-~~CIMeptazinol 

(3) R1 =H, R2=H, Normeptaz ino l  

(4) R1= H, R2=13CH3, IN- methvlj3C1Meptazinol 

(5) R1= Me, R2=H, - 0-Methyl-normeptazinol 

(6) R1 = Me, R2=Me, Q-Methyl-meptazinol 

EXPERIMWTAL AHD RESULTS 

Materials 

Normeptazinol hydrobromide, meptazinol  hydroch lo r ide ,  c)-methyl- 

normeptazinol hydroch lo r ide  and 2-methylmeptazinol ( 6 )  were k i n d l y  

donated by Wyeth Research (UK) Ltd.  D ie thy l  e t h e r  (Analar  g r a d e ;  BDH 

Chemicals Ltd)  was d r i e d  over  sodium b e f o r e  use.  A l l  o t h e r  s o l v e n t s  were 

purchased from BDH Chemicals Ltd o r  F i sons  Ltd and were of e i t h e r  

'Analar '  o r  'HPLC g r a d e ' .  Lithium a l m i n i u m  hydr ide  was purchased from 
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Nerck Ltd.  A l l  n i t r o g e n  ( ' 02 - f r ee  g rade ' ;  BOC L td )  was d r i e d  by passage 

through magnesiun p e r c h l o r a t e  CMg(ClO4)2+H2 0; BDH Chemicals LtdJ 

immediately b e f o r e  use .  '3C-Enriched iodomethane (90 atom k) was 

purchased from Amersham I n t e r n a t i o n a l .  

purchased from BDH Chemicals Ltd.  

Molecular s i e v e  (48)  was 

Preparation of fFee bases 

Normeptazinol hydrobromide, meptazinol  hydroch lo r ide  and g-methyl- 

normeptazinol  hydrobromide were each converted i n t o  t h e  corresponding 

free base as fo l lows .  The sa l t  (2 mol) was d i s so lved  i n  water (20 mL). 

Dichloromethane (10 mL) followed by aqueous ammonia s o l u t i o n  (5  mL; d = 

0.88) was then added. 

removed and t h e  aqueous l a y e r  e x t r a c t e d  with a f u r t h e r  p o r t i o n  of 

dichloromethane (15 I&). The o rgan ic  l a y e r s  were combined, d r i e d  ove r  

anhydrous magnesium s u l p h a t e  and evaporated t o  d ryness .  

A f t e r  s t i r r i n g  f o r  10 min t h e  o rgan ic  l a y e r  was 

Analysis  by HPLC (Table  1) and by TLC (Table  2 )  i n d i c a t e d  each 

product  t o  be pu re .  

Production of c ' C j carbon dioxide 

CjCarbon d iox ide  was produced on the MRC c y c l o t r o n  a t  Hammersmith 

Hosp i t a l  by t h e  14N(p, a) l l C  r e a c t i o n ,  e s s e n t i a l l y  as desc r ibed  p r e v i o u s l y  

( 4 ) .  

as sweep gas  ( f low rate,  140 mL/min) for t h e  target. 

was t rapped con t inuous ly  by pass ing  t h e  sweep gas through a column ( 5  cm 

x 0.6 cm d iame te r )  of molecular  sieve (411, 60-100 mesh) a t  room 

t empera tu re .  

for 1 h produced 3 15 GBq (400 mCi) of t rapped [ ' lClcarbon d iox ide .  

CllClCarbon d iox ide  was dispensed when r e q u i r e d  by pass ing  n i t r o g e n  a t  50 

ml/min f o r  2 m i n  through t h e  molecular  s i e v e  heated t o  230 OC. About 90% 

of t h e  r a d i o a c t i v i t y  was recovered under thesi? c o n d i t i o n s .  

Nitrogen a t  100 KN/m2 (15 p . s . i . 1  a c t e d  as bombarded subs t ance  and 

[ l lClCarbon d i o x i d e  

The bombardment of  n i t r o g e n  with p ro tons  (7.6 M e V ,  50 PA) 
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Compound Capac i ty  Factor 

System A System B 

Meptaz inol  ( 1 )  2.03 (6 .5)*  3.00 ( 9 . 3 )  

"-methyl- C Imeptaz inol  ( 2  )+ 2.03 (6 .5 )  3.00 (9.3)  

Normeptazinol ( 3 )  6 . 1 9  (19.8)  j . b8  (11 .4)  

- 0-Methylnormeptazinol ( 5 )  2.84 r9.1) 9.35 (29 .4)  

- 0-Methylmeptazinol ( 6 )  1.25 ( 4 . 0 )  7.55 (23 .4 )  

'Values i n  p a r e n t h e s e s  are r e t e n t i o n  volumes (mL). 

+ Carrier added. 

Tab le  1 - Chromatographic d a t a  f o r  iN-methyl-l lC]meptaz inol  (2) and 

r e l a t e d  compounds on two HPLC sys tems.  System A: s i l i c a  g e l  colulnn (')A- 

P o r a s i l ' ,  30 x 0 . 4  an 1 . d . ;  Waters A s s o c i a t e s )  e l u t e d  a t  1.0 mL/min with 

CHzCi2/EtOH/c. NH40H ( 9 0 :  10: 0 .5  v / v ) .  System B: s i l i c a - o c t a d e c y l s i l a n e  

column (Ip-Bondapak C-18', 30 x 0.4  cm i . d . ;  Waters Assoc ia t e s )  e l u t e d  a t  

1 .5  mL/min wi th  0.025 M Na2tlPOq i n  MeOH/H20 (3 :2  v/v) a d j u s t e d  t o  pH 7. 

S t a b l e  compunds were d e t e c t e d  by t h e i r  absorbance  a t  280 m. 

Compound Rf Value 

Meptaz inol  (1) 0.93 0.58 0.33 

[N-methyl-llCAmeptazinol (2) 0.93 0.58 0.33 

Normeptazinol ( 3 )  0.64 0.28 0.22 

System A System B System C 

O-i4ethyhormeptazinol (5) 0.85 0.50 0.17 

0-Metnylrneptazinol ( 6 )  0.96 0.89 0.24 

Tab le  2 - R f  Values f o r  iN-methyl-llClmeptazinol (2) and r e l a t e d  

cotnpounds i n  t h r e e  TLC sys tems.  System A: s i l i c a ,  CH2C12/EtOH/c. N84O8 

(10: 10: 1 v / v ) .  System B: s i l i c a ,  CH2C12/EtOH/c. NH40H (75: 25: 1 v / v ) .  

System C: s i l i c a - C l 8  (Whstman KC-181, EtOH/l% v/v (NHq)2COj s o h  ( 7 :  7 

v / v ) .  S t a b l e  compounds were exposed by i o d i n e  and r a d i o a c t i v e  compounds 

by au to rad iog rapny .  

P r e p a r a t i o n  of C 1 1 ~ 1 i o d o n n e t m e  

[ 11 C JIodomethane was p repa red  from cyclo t ron-produced  i l 1  Clcarbon 

d i o x i d e  as desc r ibed  p r e v i o u s l y  ( 5 ) ,  bu t  w i th  a d a p t a t i o n  of t h e  a p p a r a t u s  
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t o  remote c o n t r o l .  B r i e f l y ,  t h e  procedure invo lves  t h e  r e a c t i o n  of 

l lC]carbon d iox ide  with l i t h i u m  aluminium hydride i n  d i e t h y l  e the r ,  

h y d r o l y s i s  of  the  r a d i o a c t i v e  adduct t o  [ llC]methanol and conversion o f  

t h i s  i n t o  L 1  lCjiodomethane by t r ea tmen t  with hydroiodic  a c i d .  

radiochemical  y i e l d  of  [ lCJiodomethane from [l lC]carbon d iox ide  is  ca 
60% (decay-corrected)  and the  p r e p a r a t i o n  time is 15 min from t h e  end of 

r a d i o n u c l i d e  p roduc t ion .  

The 

P r e p a r a t i o n  of [ I -me thy l - l lC lmep~z ino l  ( 2 )  

[l lC]Iodomethane i n  a b s o l u t e  e t h a n o l  (0.5 mL) was t r a n s f e r r e d  t o  a 

small r e a c t i o n  v e s s e l  (volume, 2 mL) con ta in ing  nor-meptazinol ( 3 )  

( 2  mg). The r e a c t i o n  pot  was p r e s s u r i s e d  t o  65 KN/m2 (10 p . s . i . 1 ,  s e a l e d  

and then heated to  100°C with magnetic s t i r r i n g  for  5 min. A l l  v o l a t i l e s  

were then removed by opening t h e  r e a c t i o n  v e s s e l  t o  vacuum. The 

r a d i o a c t i v e  r e s i d u e  was d i s s o l v e d  i n  dichloromethane (0.7 mL) and 

i n j e c t e d  
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F i g u r e  1 : Chromatogram for  t h e  p r e p a r a t i v e  s e p a r a t i o n  of [N-methyl-I C]- 

meptazinol (2) .  

meptazinol  (2), peak 3: normeptazinol  ( 3 ) .  Cnromatographic c o n d i t i o n s  

are desc r ibed  in t h e  t e x t .  

Peak 1 : ineptazinol ( 1 1 ,  peak 2 :  [N-methyl-I I C l -  
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30 cm x 0.7 cm i . d . ;  d a t e r s  Assoc ia t e s )  e l u t e d  with CH2C12/EtOH/c. NH,+OH 

(90: 10: 0.1 v/v)  a t  3.0 mL/min. The e l u a n t  was monitored con t inuous ly  

f o r  r a d i o a c t i v i t y  and f o r  absorbance at  280 nm. The r a d i o a c t i v e  f r a c t i o n  

having t h e  same r e t e n t i o n  volume (26 mL) as a u t h e n t i c  meptazinol  ( 1 )  was 

c o l l e c t e d  (F igu re  1 )  and r o t a r y  evapora t ed  t o  d ryness .  Unreacted 

normeptazinol  ( 3 )  e l u t e d  much l a t e r  ( r e t e n t i o n  volume, 60 mL) and was 

well-separated from t h e  c o l l e c t e d  r a d i o a c t i v e  f r a c t i o n  (F igu re  1 ) .  

Analysis of CN-methyl-’ lClmeptazinol (2) 

The r a d i o a c t i v e  product  c o l l e c t e d  from t h e  HPLC s e p a r a t i o n  was found 

t o  be r ad iochemica l ly  pure and t o  be free of  normeptazinol  (3 )  or  r e l a t e d  

compounds (5,6) by HPLC on two systems (Table  1 )  and by TLC on t h r e e  

s y s t e m  (Table  2 ) .  

Though normal phase HPLC a n a l y s i s  r evea led  t h e  r a d i o a c t i v e  product  

t o  have a s l i g h t l y  larger r e t e n t i o n  volume than  r e f e r e n c e  meptazinol  ( I ) ,  

i n j e c t e d  mix tu res  of  t h e  r a d i o a c t i v e  product  and meptazinol  ( 1 )  were 

found t o  co-elute  (Table  1). Tne r a d i o a c t i v e  product  and r e f e r e n c e  

meptazinol  (1) e x h i b i t e d  i d e n t i c a l  m o b i l i t y  on TLC (Table  2 ) .  

chemical i m p u r i t i e s  were d e t e c t e d .  

No 

Determination of the specific activity of CN-methyl-l1Clmeptazinol (2) 

HPLC System A (Table  11, equipped with r a d i o a c t i v i t y  and u l t r a v i o l e t  

absorbance d e t e c t o r s ,  was used t o  measure t h e  s p e c i f i c  a c t i v i t y  of [&- 

methyl- l lCJmeptazinol  (2). 

absorbance d e t e c t o r  at  280 nm was p r e - c a l i b r a t e d  wi th  r e s p e c t  t o  mass by 

measuring t h e  peak areas f o r  i n j e c t i o n s  of known masses o f  meptazinol  

( 1 ) .  Peak areas were c a l c u l a t e d  by a microcomputer (Apple 11; Apple 

Computers) i n c o r p o r t i n g  a sof tware/hardware package (Chromatochart;  

I n t e r a c t i v e  Microware I n c . ) .  The r e l a t i o n s h i p  between i n j e c t e d  mass of 

meptazinol  (2) and response (peak a r e a )  was l i n e a r  over  t h e  measured 

range ( 0  - 0.76 u g ) .  

For t h i s  purpose t h e  response of t h e  

For each de te rmina t ion ,  [N-methyl-1 Clmeptazinol (21, e l u t e d  from 



Preparation of[N-Methyl-”C]Meptazino[ I057 

the a n a l y t i c a l  column, was measured for to ta l  r a d i o a c t i v i t y  (a  GBq) a t  a 

known t i m e  ( t i  min) from the end of r a d i o s y n t h e s i s .  The microcomputer 

was then  used t o  c a l c u l a t e  the corresponding mass of stable meptazinol  

(1 )  ( b  pmol). The s p e c i f i c  a c t i v i t y  o f  ~N-methyl-llClmeptazinol (2) at 

the end of  r a d i o s y n t h e s i s  (S), was t hen  computed acco rd ing  t o  the  

equa t ion  S= a t l  0.034 GBq/ pmol. The average va lue  o f  S was 3.7 

GBq/po l  (100 mCi/pmol; n = 10) .  

be 

Fomulation of [E-meth~l-~ lClmeptazinol (2) for human intravenous 

injection. 

The [N-methyl-l lClmeptazinol  (2) was d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  

(0.1 mt; B P I ,  d i l u t e d  wi th  ‘normal s a l i n e  for i n j e c t i o n ’  (10 mL; 0.95 w/v 

sodium c h l o r i d e ,  Boots L t d ) ,  s ter i l ised by f i l t r a t i o n  (us ing  a ‘Mil lex 

GS‘ f i l t e r ,  0.22 pm pore size, M i l l i p o r e  Corpora t ion ) .  The r e s u l t a n t  

s o l u t i o n  was n e u t r a l  and safely i n j e c t a b l e .  [ A l l  selected p r e p a r a t i o n s  

passed independent (Safepharm Ltd)  tests for a p y r o g e n i c i t y  and 

s t e r i l i t y ] .  

Reverse phase HPLC and TLC demonstrated t h a t  t h e  p rocess  o f  fo rmula t ion  

had  no effect  on the  radiochemical p u r i t y  of t h e  ~N-meth~l-~~Clrneptazinol 

(2). 

From the end of r a d i o u n c l i d e  p roduc t ion  t h e  p r e p a r a t i o n  takes 45 min 

and produces an i n j e c t a b l e  s o l u t i o n  of [N-methyl-llC]meptazinol (2) i n  14% 

radiochemical y i e l d  from [ lC]carbon dioxide (decay-corrected)  . 

Further validation of the radiosynthesis 

The r a d i o s y n t h e s i s  of [N-methyl-llClmeptazinol (2) was carried ou t  as 

described above but  w i t h  t h e  co - inc lus ion  of ’&-enriched (90 atom %) 

iodomethane (2 ~ 1 ) .  

was t hen  examined by broad- band p ro ton  decoupled Four i e r  t r ans fo rm 

spec t roscopy  (22.5 MHz) . This  r evea led  a s i n g l e  peak a t  48.3 ppm (Tab le  

3). When meptazinol  free base (with n a t u r a l  abundance ’3C) was added t o  

t h e  sample t h i s  peak merged wi th  that  a s s igned  t o  t h e  J-methyl carbon of 

The i s o l a t e d  mixture  of llC-and l k - l abe l l ed  product  

3C-NMR 



1058 

meptazinol  (base )  t o  g i v e  an i n t e n s e  peak a t  49.2 ppm, wi th  t h e  remainder 

of  t h e  spectrum of  meptazinol  a t  lower i n t e n s i t y  (Table  3 ) .  

D. R. Turton et al. 

For t h e  i n v e s t i g a t i o n  of  drug pharmacokinet ics  i n  man by PET it is 

necessa ry  t o  l a b e l  t h e  d rug  wi th  a s u i t a b l e  pos i t ron -emi t t i ng  r a d i o n u c l i d e  

by a method t h a t  ensu res  radiochemical  and chemical p u r i t y  and an adequate  

y i e l d  of r a d i o a c t i v i t y .  Furthermore,  i f  it is d e s i r a b l e  t o  i n v e s t i g a t e  

t h e  i n t e r a c t i o n  o f  t h e  drug wi th  r e c e p t o r s ,  it is e s s e n t i a l  t o  produce t h e  

l a b e l l e d  drug i n  accep tab ly  h igh  s p e c i f i c  a c t i v i t y .  

The procedure desc r ibed  above has  r o u t i n e l y  provided r ad iochemica l ly  

and chemica l ly  pure “-methyl-’ lCJmeptazinol  (2) i n  

r a d i o a c t i v i t y  (370 MBq; 10 mCi) f o r  t h e  s t u d y  o f  t h e  pharmacokinet ics  of  

maptazinol i n  man ( 6 ) .  The achieved s p e c i f i c  a c t i v i t y  ( > 3 . 7  Gaq/pmol; > 

100 m C i / u m o l  a t  t h e  end of r a d i o s y n t h e s i s )  has  also enabled t h e  p o s s i b l e  

i n t e r a c t i o n  of meptazinol  (1 )  wi th  c e n t r a l  o p i a t e  r e c e p t o r s  t o  be 

i n v e s t i g a t e d  by PET. In t h i s  work we were r e s t r i c t e d  t o  the  use o f  a 

50 pA 

l4N(p,a  ) l l C  r e a c t i o n  on n i t r o g e n  g a s .  

product ion y i e l d  is  about 14.8 GBq (400 m C i ) .  

c u r r e n t  (s 30 P A )  of h igh  energy p ro tons  (10-20 MeV), as is a v a i l a b l e  

from many modern medlcal c y c l o t r o n s  ( 7 ) ,  a much h ighe r  a c t i v i t y  o f  [A- 
methyl-l lC]meptazinol (2)  could be prepared i n  co r re spond ing ly  h ighe r  

s p e c i f i c  a c t i v i t y .  

adequate  

beam o f  7.0 MeV p ro tons  for t n e  product ion o f  carbon-11 by t n e  

Under t h e s e  c o n d i t i o n s  the  maximal 

By us ing  a moderate beam 

Evidence from HPLC and TLC a n a l y s i s ,  ana from l3C-NMR spectroscopy of 

the product  ob ta ined  by us ing  [13Cliodomethane i n  t h e  r a d i o s y n t h e s i s ,  

unequ ivoca l ly  demonstrates  t h e  i d e n t i t y ,  chemical p u r i t y  and 

radiochemical  p u r i t y  o f  t h e  product  from our procedure.  

The normal phase HPLC metnod of  a n a l y s i s  (Table  1; system A )  is r a p i d  

(< 6 min) and can be performed dur ing  product  fo rmula t ion .  

p rov ides  a convenient  r o u t i n e  technique f o r  a s s e s s i n g  radiochemical  and 

It t h e r e f o r e  
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chemical p u r i t y  and f o r  measuring s p e c i f i c  a c t i v i t y  be fo re  in t r avenous  

i n j e c t i o n .  

method of  a n a l y s i s ,  i n c r e a s e s  s l i g h t l y  wi th  i n c r e a s i n g  s p e c i f i c  a c t i v i t y .  

Such an e f f e c t  has  been noted by o t h e r  workers i n  t h e  a n a l y s i s  of  h igh  

s p e c i f i c  a c t i v i t y  r ad iopha rmaceu t i ca l s  (8 ) .  

i d e n t i f i c a t i o n  it is necessa ry  t o  confirm t h a t  a mixture  of t h e  

r a d i o a c t i v e  product  and meptazinol  co-elute .  

The r e t e n t i o n  volume o f  [N-methyl-l lCimeptazinol  (2) , i n  t h i s  

Tnus f o r  unambiguous product  
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