
Journal of Labelled Compoundr and Radiopharmaceuticals-Vol. XXIII, No. 2 187 

SYNTHESIS OF DEUTERIUM LABELLED IBUPROFEN 

Vincent J. Capponi9, Gordon W. Halstead*, Donald L. Theis 
The Upjohn Company, Control Research Laboratories, Kalamazoo, M I  49001 

SUHMAR Y 

The preparat ions o f  [ar-2H4]-ibuprofen and Car, 3,3,3-2H7]-i buprofen are 
described. The deuterium was incorporated i n t o  t h e  aromatic ri,Fg o f  [ar-2H+ 
ibuprofen which i s  a me tabo l i ca l l y  s t a b l e  pos i t i on .  [ar,3,3,3- H ]- ibuprofen 
was synthesized by the  same r o u t e  us ing  c2H3]-CH I i ns tead  o f  CH f f o r  use as 
a K / M S  i n t e r n a l  standard i n  s tab le  i so tope  l a b e l l e d  b i o a v a i l a b i l i t y  studies. 
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s t e r o i d a l  an t i -?n f  lamnatory 

[‘H ]-ibuprofen, [2H7]-ibuprofen, deuterium labe l  l i n g ,  non- 

INTRODUCTION 

Ibuprofen (1) i s  a widely  prescr ibed non-stero ida l  an t i - i n f l amna to ry  

agent w i t h  analgesic and a n t i p y r e t i c  proper t ies.  It i s  r a p i d l y  metabolized i n  

man and animals p r i m a r i l y  on the  i s o b u t y l  s ide  chain y i e l d i n g  two major meta- 

b o l i t e s ,  2-[4-(2-carboxylpropyl )phenyl] p rop ion i c  a c i d  and 2-[4-(2-hydroxy-2- 

methylpropyl phenyl] p rop ion i c  a c i d  i n  t h e  u r i n e  [l]. More recent ly ,  i t  has 

been shown t h a t  ibuprofen &) undergoes metabol ic  c h i r a l  i nve rs ion  about the  

2 -pos i t i on  o f  t he  p rop ion i c  a c i d  group from t h e  R ( - )  enantiomer t o  the  S(+) 

antipode [Z]. The reverse process was not  observed. This c h i r a l  i nve rs ion  

pathway i s  comnon t o  many 2 -a ry lp rop ion i c  ac ids and i s  t h e  sub jec t  o f  an 

extens ive review [3]. 

b i o a v a i l a b i l i t y  s tud ies which Invo lve  the  coadmin is t ra t ion o f  equal doses o f  

t h e  l a b e l l e d  drug i n  s o l u t i o n  and an un labe l l ed  dosage fo rm.  It i s  necessary 

i n  s tud ies o f  t h i s  t ype  t h a t  t h e  l a b e l l e d  drug n o t  e x h i b i t  any i n  v i v o  k i n e t i c  

Deuterium l a b e l l e d  ibuprofen was needed f o r  comparative 
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i so tope  e f f e c t s  [4,5]. 

ibuprofen du r ing  i n  v i v o  c h i r a l  i n v e r s i o n  had been observed [2]. On t h e  bas i s  

o f  t h i s  work and t h e  metabol ic  pathways discussed above, t h e  synthes is  o f  [ar- 

‘H4l-ibuprofen (2) was undertaken. 

generated by the  s t a b l e  i so tope  b ioavai  l a b i l i t y  s tud ies,  [ar,3,3,3-*H~]- 

ibuprofen (3J was a l s o  prepared as an i n t e r n a l  standard f o r  t h e  gas 

chromatographic/mass spectrometry methodology. 

Prev ious ly ,  l oss  o f  deuterium from [2,3,3,3-2H41- 

For use i n  t h e  ana lys i s  o f  t h e  samples 

x x  

1 X = H  

2 X = D  

EXPERIMENTAL 

Perdeuterated benzene, 99.5 atom %, and C2H3]-iodomethane, 99+ atom %, 

were purchased from t h e  A l d r i c h  Chemical Co., Milwaukee, Wisconsin. The 

l a b e l l e d  benzene was vacuum t r a n s f e r r e d  from calcium hyd r ide  be fo re  use w h i l e  

t h e  C2H3I-iodomethane was used w i thou t  f u r t h e r  p u r i f i c a t i o n .  

t h e  chemicals and so lvents  were obta ined from standard commercial sources and 

were used w i thou t  f u r t h e r  p u r i f i c a t i o n .  E s s e n t i a l l y  a l l  procedures were 

c a r r i e d  out  under a n i t r o g e n  atmosphere with magnetic s t i r r i n g  unless noted 

otherwise. 

The remainder o f  

The i d e n t i t i e s  o f  t h e  compounds were es tab l i shed  by ‘H NMR, MS and e le -  

mental analys is .  

au then t i c  compounds. The p u r i t y  of C2H4]-ibuprofen was obta ined us ing  t h e  GLC 

procedure i n  t h e  Uni ted States Pharmacopeia, 21st rev i s ion .  

t r a  were recorded on a Varian XL200 four ier - t ransform,  quadrature de tec t i on  

spectrometer. 

spectrometer us ing  70 eV e l e c t r o n  i on i za t i on .  

Micro-Analysis, Inc., Wilmington, Delaware and deuterium values were ca lcu-  

l a t e d  from H+D assuming complete deuteration. 

The spect ra were compared i n  each case w i t h  those o f  

Proton NMR spec- 

Mass spect ra were determined on a Finnigan 4600 quadrupole mass 

Microanalyses were performed by 
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[a r - 2 H K l -  - Isobutyrophenone (5 )  

Anhydrous aluminum t r i c h l o r i d e  (84.0 g, 0.63 moles) was added t o  perdeu- 

t e r a t e d  benzene (125 g, 1.50 moles) i n  a 500 m l  r e a c t i o n  f l a s k  i n s i d e  a 

n i t rogen  f lushed glovebag. 

ped w i t h  a mechanical s t i r r e r ,  an a d d i t i o n  funnel con ta in ing  i s o b u t y r y l  

c h l o r i d e  (63.9 g, 0.60 moles) and a n i t rogen  i n l e t  system. 

s t i r r i n g ,  approximately 2 m l  o f  i s o b u t y r y l  c h l o r i d e  was admi t ted and t h e  f l a s k  

was warmed gen t l y  u n t i l  DC1 was evolved. Heating was removed and the remain- 

der o f  t h e  i s o b u t y r y l  c h l o r i d e  was added over a p e r i o d  o f  2 hours. The reac- 

t i o n  m ix tu re  was r e f l u x e d  f o r  30 minutes and then al lowed t o  cool before 

a d d i t i o n  t o  approximately 300 g o f  v igo rous l y  s t i r r e d  i c e  water. 

f r a c t i o n  was al lowed t o  separate, f o l l owed  by washing w i t h  10% sodium car-  

bonate so lu t i on ,  water and then d r i e d  over anhydrous magnesium su l fa te .  

organic l a y e r  was d i s t i l l e d  e f f e c t i n g  removal o f  excess benzene and i s o l a t i o n  

of  77.29 (84% y i e l d )  o f  3. 
[ar-2H&Isobutyl benzene ( 6 1  

The f l a s k  was removed from the  glovebag and equip- 

With vigorous 

The organic  

The 

A s o l u t i o n  o f  2 (91.9 g, 0.60 moles) i n  750 m l  o f  d ie thy lene  g l yco l  was 

combined w i t h  90 m l  o f  hydrazine hydrate (85%) and 81 g o f  potassium hydroxide 

i n  a 1000 m l  f l a s k  equipped w i t h  a r e f l u x  condenser. The reac t i on  mixture was 

warmed w i t h  s t i r r i n g  u n t i l  a l l  o f  t h e  potassium hydroxide had d isso lved and 

then the  s o l u t i o n  was r e f l u x e d  f o r  1 hour. A t  t h i s  po in t ,  t h e  apparatus was 

rearranged f o r  d i s t i l l a t i o n  and d i s t i l l a t e  was c o l l e c t e d  u n t i l  t he  temperature 

o f  t h e  r e a c t i o n  m ix tu re  rose t o  175OC. D i s t i l l a t i o n  was d iscont inued a t  t h i s  

p o i n t  and the  upper organic  l a y e r  o f  t he  d i s t i l l a t e  was returned t o  t h e  reac- 

t i o n  f l ask .  The r e f l u x  condenser was replaced and t h e  contents were r e f l u x e d  

f o r  an a d d i t i o n a l  3.5 hours. A f te r  coo l i ng  t o  room temperature, t he  aqueous 

p o r t i o n  o f  t h e  d i s t i l l a t e  was recombined with the  r e a c t i o n  m i x t u r e  and ex t rac -  

t e d  w i t h  4 x 40 m l  of ether. The combined ethereal  e x t r a c t s  were d r i e d  over 
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anhydrous magnesium s u l f a t e  and reduced i n  volume a t  room temperature on a 

rotoevaporator. 

of 5 'H NMR (CDC13) 6 0.90 (6H, d, J=7, CH3), 1.86 ( lH ,  m, CH), 2.60 (2H. d, 

J=6, CH2), -7.3 ( res idua l  H, aromatic); mass spectrum, m/z ( r e l a t i v e  i n ten -  

s i t y )  140 (2.8), 139 (28). 138 (1.4), 137 (0.6), 98 (4.6), 97 (66), 96 ( loo), 
95 (13), 94 (1.8), 93 (1.4), 83 (2.4). 

[ar-2H~l-4-Isobutylacetophenone (7) 

The res idue was d i s t i l l e d  t o  y i e l d  53.8 g (0.39 moles, 65%) 

Acety l  c h l o r i d e  (10.6 m l ,  0.149 moles) was added over a p e r i o d  o f  15 

minutes with mechanical s t i r r i n g  t o  a s l u r r y  o f  anhydrous aluminum t r i c h l o r i d e  

(21.7 g, 0.163 moles) i n  20 m l  o f  methylene c h l o r i d e  a t  O°C under nitrogen. 

Ma in ta in ing  t h e  temperature below 5'C, 5 (19.7 9, 0.142 moles) was added 

dropwise over a pe r iod  o f  30 minutes. 

a d d i t i o n a l  30 minutes be fo re  warming t o  10°C and a d d i t i o n  t o  25 m l  o f  concen- 

t r a t e d  hyd roch lo r i c  a c l d  i n  40 m l  o f  i c e  water. 

room temperature and t h e  l a y e r s  were separated. 

w i t h  2 x 30 m l  o f  methylene ch lo r i de .  The combined organic  l aye rs  were washed 

w i t h  aqueous potassium b icarbonate (7 g i n  50 m l  o f  water)  and were d r i e d  over  

anhydrous magnesium sul fa te.  The product s o l u t i o n  was f i l t e r e d  and evaporated 

t o  y i e l d  25.5 g of c r u d e 1 .  

t i o n .  

[ar-2Hdl- i  buprofen (2) 

The reac t i on  m ix tu re  was s t i r r e d  an 

The m ix tu re  was warmed t o  

The aqueous l a y e r  was washed 

The product  was used w i thou t  f u r t h e r  p u r i f i c a -  

A m ix tu re  of s u l f u r  (7.01 g, 0.219 moles), morpholine (19.1 m l ,  0.220 

moles) and c r u d e L  (24.9 9, 0.138 moles) were r e f l u x e d  i n  a fume hood under 

n i t r o g e n  f o r  18 hours. The r e a c t i o n  m ix tu re  was al lowed t o  cool  t o  room 

temperature. 

m l  o f  concentrated hyd roch lo r i c  acid, t h e  m ix tu re  was r e f l u x e d  f o r  an addi- 

t i o n a l  7 hours. 

a ro toevaporator  by approximately 250 m l  and t h e  concentrate was d i l u t e d  with 

100 m l  o f  water f o l l owed  by t h e  a d d i t i o n  o f  150 m l  o f  ether. The e t h e r  l a y e r  

was separated and then  ex t rac ted  with aqueous sodium carbonate (10 g i n  150 

Fo l l ow ing  t h e  a d d i t i o n  of 110 m l  o f  g l a c i a l  a c e t i c  a c i d  and 180 

The volume of t h e  r e a c t i o n  m i x t u r e  was reduced i n  vacuo u s i n g  
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ml). The aqueous ex t rac t  was a c i d i f i e d  t o  pH 1-2 w i th  hydrochloric ac id  and 

the organic mater ia l  was extracted w i th  200 m l  o f  ether. The ether so lu t ion  

was f i l t e r e d  and evaporated t o  dryness y i e l d i n g  24.7 g o f  crude &. 
The residue from above was ref luxed w i th  65 m l  o f  ethanol and 1.9 m l  

of concentrated s u l f u r i c  ac id  f o r  5 hours. Approximately 55 m l  o f  ethanol was 

then d i s t i l l e d  o f f  and 100 ml o f  water was added t o  the residue. The o i l  

which separated was extracted w i th  150 m l  o f  ether. The ether ex t rac t  was 

washed w i th  aqueous sodium carbonate (5 g i n  75 m l ) ,  water (50 m l )  and then 

dr ied  over anhydrous magnesium sulfate. 

removed i n  vacuo t o  y i e l d  21.7 g of crude 9. 
Af te r  f i l t r a t i o n ,  the  solvent was 

A so lu t ion  o f  sodium ethoxide was prepared under ni t rogen by adding 50 m l  

o f  absolute ethanol i n  one por t ion  t o  2.83 g (0.123 moles) o f  me ta l l i c  sodium 

cooled by an i c e  bath. A f te r  the I n i t i a l  react ion subsided, the i c e  bath was 

removed and the sodium was allowed t o  completely dissolve. 

so lu t ion  was added dropwise w i th  s t i r r i n g  over a per iod o f  20 minutes t o  a 

so lu t ion  o f  crude 9 (21.7 g, 0.0967 moles) i n  d ie thy l  carbonate (80 m l ,  0.660 

moles) a t  100°C under nitrogen. A f te r  the  add i t ion  was complete, the appara- 

tus  was rearranged f o r  d i s t i l l a t i o n  and the  ethanol and the major i ty o f  the 

d ie thy l  carbonate were d i s t i l l e d  from the react ion f lask  u n t i l  the  head tem- 

perature reached 90°C. 

water w i th  10 m l  o f  g lac ia l  acet ic acid were added w i th  s t i r r i n g .  

t i o n  mixture was then extracted w i th  100 ml o f  ether. The ether phase was 

washed w i th  aqueous sodium carbonate (5 g i n  50 ml), water (50 m l )  and was 

then dr ied  over anhydrous magnesium sulfate. 

solvent i n  vacuo y ie lded 27.2 g of crude 10. 

The resul tant  

The d i s t i l l a t i o n  f lask  was cooled t o  0°C and 40 m l  o f  

The reac- 

F i l t r a t i o n  and removal o f  the 

A so lu t ion  of  crude 20 (21.6 g, 0.073 moles) i n  50 m l  o f  absolute ethanol 
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was added dropwise under n i t r o g e n  t o  a s o l u t i o n  o f  sodium ethox ide (prepared 

as described above from 1.71 g o f  m e t a l l i c  sodium and 60 m l  o f  absolute 

ethanol).  

moles) was added s lowly  and t h e  reac t i on  m ix tu re  was r e f l u x e d  f o r  3 hours. 

The apparatus was rearranged f o r  d i s t i l l a t i o n  and t h e  excess methyl i o d i d e  and 

ethanol were removed. The res idue was d i l u t e d  w i t h  50 m l  o f  water and ext rac-  

t e d  w i t h  150 m l  o f  ether. The organic  f r a c t i o n  was washed w i t h  aqueous sodium 

b i s u l f i t e  (2 9/50 m l )  f o l l owed  by 50 m l  of water and t h e  so l ven t  was removed 

i n  vacuo. The res idue was hydrolyzed a t  r e f l u x  i n  90 m l  o f  3.3 N sodium 

hydroxide. A f t e r  1 hour, t h e  r e a c t i o n  m ix tu re  was cooled t o  room temperature 

and 50 m l  of water was added. 

a c i d i f i c a t i o n  t o  pH 1-2 w i t h  concentrated hyd roch lo r i c  acid. 

m ix tu re  was ex t rac ted  w i t h  200 m l  of e t h e r  and t h e  organic  l a y e r  was washed 

A f t e r  t h e  a d d i t i o n  was complete, methyl i o d i d e  (9.1 m l ,  0.146 

The s o l i d  was converted t o  t h e  f r e e  a c i d  by 

The r e a c t i o n  

w i t h  50 m l  o f  water. A f t e r  d r y i n g  over anhydrous magnesium su l fa te ,  t h e  

so lvent  was removed i n  vacuo and t h e  res idue was d r i e d  under h i g h  vacuum (lom2 

t o r r ) .  

The r e s u l t a n t  o f 1  was added t o  a 250 m l  r.b. f l a s k  and was heated i n  a 

s i l i c o n e  o i l  bath f o r  30 minutes a t  21OOC u n t i l  carbon d i o x i d e  e v o l u t i o n  had 

ceased. 

crude 2 had reached room temperature. The heptane was heated t o  6OoC and t h e  

s o l u t i o n  was a l lowed t o  cool s lowly  t o  -2OOC overnight. 

m a t e r i a l  was i s o l a t e d  on a medfum frit and was washed w f t h  10 m l  o f  -2OOC 

heptane fo l l owed  by a i r  drying. A second r e c r y s t a l l i z a t i o n  (2 ml/g) from 

heptane fo l l owed  by 3 x 10 m l  washings w i t h  -2OOC heptane a f fo rded  7.839 o f  

pure [ar-ZH41-ibuprofen (?3 a f t e r  d ry ing  i n  vacuo t o  constant weight. Overa l l  

y i e l d  (based on 6J was 33%. 'H NMR [(C03)2SOI 6 0.85 (6H, d, 5.7, CH3), 1.33 

(3H, d, J=7, CH3), 1.80 (IH, m, CH), 2.41 (EH, d, J=7, CH2), 3.60 (lH, q, 5=7, 

CHI, 7.09 ( res idua l  H, s, aromatic), 7.18 ( res idua l  H, s, aromatic), 12.22 

(lH, S, COOH); mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  211 (5.8), 210 (40), 

209 (4.6), 168 (22), 167 (go), 166 (21), 165 ( l oo ) ,  123 (50), 122 (24), 121 

Heat ing was d iscont inued and 30 m l  o f  heptane was added a f t e r  t h e  

The c r y s t a l l i n e  
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(25), 111 (42), 95 (311, 94 (31). 

6.71; D, 3.81. Found: C, 74.69; H, 6.62; D, 3.75. P u r i t y  (GLC): 99%. 

Car ,3,3, 3-2H7]-i buprofen (3 1 

Anal. Calcd f o r  C13H14D402: C, 74.26; H, 

A s o l u t i o n  o f  c r u d e s  (5.11 g, 17.3 m o l e s ) ,  sodium ethox ide (17.5 

m o l e )  and C2H3]-methyl i o d i d e  (5.00 g, 34.5 m o l e s )  i n  25 m l  o f  absolute 

ethanol were reacted as descpibed above f o r  [ar-*H&i buprofen. The hyd ro l y -  

s i s ,  decarbonylat ion and I s o l a t i o n  steps were a l s o  c a r r i e d  ou t  i n  a manner 

analogous t o  t h a t  descr ibed f o r  2. R e c r y s t a l l i z a t i o n  from heptane y i e l d e d  

1.98 g (34% y i e l d  based on 6J o f  Car, 3,3,3-2H7]-ibuprofen. 'H NMR (CDC13) 6 

0.89 (6H, d, 5=7, CH3), 1.20 ( res idua l  H, CH3), 1.84 (lH,m,CH), 2.45 (2H, d, 

J=8, CH2), 3.70 ( lH ,  s, CH), 7.16 ( res idua l  H, s, aromatic), 7.22 ( res idua l  

H,s, aromatic); mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  214 (9.5), 213 (72), 

212 (12.8), 171 (31), 170 (91), 169 (38), 168 ( loo), 167 (Z l ) ,  126 (63), 125 

(42), 124 (30), 123 (38), 111 (55). 96 (23), 95 (45), 94 (35). Anal. Calcd 

f o r  C13H11D702: C, 73.22; H, 5.20; 0, 6.57. Found: C, 73.69; H, 5.23; 0, 

6.60. 

RESULTS AND DISCUSSION 

To accomplish t h e  incopporat lon o f  deuterium i n  t h e  aromatic r i n g  of 

i bup ro fen  c), perdeuterated benzene was chosen as t h e  s t a r t i n g  point .  

main impetus f o r  t h i s  dec i s ion  was based on economic considerat ions s ince  t h e  

b i o a v a i l a b i l i t y  s tud ies planned cou ld  requ i re  the  admin i s t ra t i on  o f  gram 

q u a n t t t i e s  o f  l a b e l l e d  drug t o  each subject. 

cons is ted o f  two stages. 

molecule. 

isobutyrophenone o r  by t h e  i s o p r o p y l a t i o n  of benzyl sodium [61. Many prepara- 

t i v e  routes f o r  ibuprofen s t a r t i n g  from isobutylbenzene have been publ ished o r  

patented and t h e  l i t e r a t u r e  up t o  1982 has been reviewed [ 6 ] .  

u t i l i z e d  f o r  t h e  synthes is  o f  ibuprofen &) I s  given i n  F lgure 1. 

The 

The s y n t h e t i c  approach taken 

[ar-2H5]-isobutylbenzene (6J was t h e  f i r s t  t a r g e t  

I sobu ty l  benzene has p rev ious l y  been prepared by t h e  reduc t i on  o f  

The rou te  

The malonic e s t e r  synthes is  rou te  (steps D through H)  o r i g l n a l l y  used by 
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4 5 6 

r 8 9 

10 11 3 

F igu re  1. 

Nicholson and Adams C71 was chosen because it al lowed t h e  i nco rpo ra t i on  o f  

a d d i t i o n a l  l a b e l  making t h e  p repara t i on  o f  t h e  GC/MS i n t e r n a l  standard, 

[ar,3,3,3-2H71-ibuprofen (3J a convenient and simple proposi t ion.  

[ar-2H5]-isobutyrophenone (5J was prepared by F r iede l -Cra f t s  a c y l a t i o n  o f  

perdeuterated benzene (4J. 

o f  t h e  Wolff-Kishner r e a c t i o n  y i e l d e d  [ar-2H5]-isobutylbenzene E). The 

Reduction o f  5 v i a  t h e  Huang-Minlon m o d i f i c a t i o n  

A: 

B: 

C: 

0: 

E: 

F: 

G: 

H: 

AlC13, i s o b u t y r y l  ch lo r i de ,  r e f l u x  

Diethy lene g lyco l ,  KOH, H2NNH2'H20, 175OC 

AlC13, ace ty l  ch lo r i de ,  CH2C12, 5OC 

Su l fu r ,  m r p h o l i n e ,  A ;  HOAC, H C l ,  A 

EtOH. conc. H2SO4, A 

NaOEt, EtOH, d i e t h y l  carbonate, 100OC; HOAC 

NaOEt, EtOH, CO3I, A ;  d i l .  NaOH, A ,  conc. HC1 

21OOC 
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react ion was car r fed  out under basic condit ions since the ac id i c  condit ions o f  

the Clemnensen reduction csuld be expected t o  l a b i l i z e  the aromatic deuter ium 

[a]. 

(98.6 atom %). 

was converted t o  the phenylacetic ac id  (8J v ia  the Kindler modif icat ion o f  the 

Wil lgerodt react ion and hydrolysis o f  the resu l t i ng  thiomorpholide. 

GC/MS analysis o f  5 indicated retent ion o f  essent ia l l y  a l l  o f  the label  

Fr iedel-Craf ts acylat ion o f  2 gave the acetophenone (L, which 

Attempts t o  d i r e c t l y  methylate the  p r o t i o  analogue o f  S i n  the a-posi t ion 

using l i t h i u m  di isopropylaeide and methyl iodide [9] proceeded i n  low y i e l d  

necessi tat ing a lengthy pur i f icat ion.  Ul t imately,  the  phenylacetic acid (3 
was instead e s t e r i f i e d  t o  z w h i c h  on heating w i th  d ie thy l  carbonate and sodium 

ethoxide fol lowed by a c i d i f i c a t i o n  produced the malonic ester (10). Depro- 

tonat ion o f  10 wi th  sodium ethoxide, a l ky la t i on  w i th  e i t he r  C2H3]-CH31 o r  CH3I 

fol lowed by hydrolysis afforded 11 or i t s  C2H4]-analogue. 

the  respective malonlc acids a t  210°C produced e i the r  C*H&ibuprofen e) or 

the MS in te rna l  standard, C2H7]-ibuprofen e) i n  about 20% overa l l  y i e l d  a f t e r  

two recrys ta l l i za t ions .  

Decarboxylation o f  

0 ;lcmL c 3 _l. 
50 

I : - - 
0 a 

205 216 20s 215 206 215 

Figure 2. 



1% 

Mass spec t ra l  ana lys i s  o f  p u r i f i e d  2 and 3 i n d i c a t e d  97 and 98 atom % 

deuterium incorporat ion,  respect ive ly .  

GLC was 99%. 

t h e  aromatic r i n g  and e x h i b i t e d  a doublet  centered a t  1.33 ppm t h a t  was n e a r l y  

absent i n  t h e  spectrum o f  L c o n f i r m i n g  deu te ra t i on  o f  t h e  3-methyl group i n  

t h e  i n t e r n a l  standard w. 
unlabel led,  C2H4] and [ ‘H~I- ibuprofen are given i n  F igu re  2. 

The chemical p u r i t y  o f  1 obta ined by 

The proton NMR spectrum o f  2 confirmed t h e  l o c a t i o n  o f  l a b e l  i n  

The parent i o n  regions o f  t h e  mass spect ra o f  

There i s  no over lap o f  t h e  spect ra observed a t  m/z 206, 210 and 213 used 

t o  moni tor  t h e  concentrat ions o f 1 ,  L a n d  3 i n  serum. 

al lowed t h e  cons t ruc t i on  o f  l i n e a r  c a l i b r a t i o n  curves over t h e  range o f  0.1- 

100 p g h l  w i t h  zero i n t e r c e p t s  f o r  t he  determinat ion o f  2 and 3 i n  canine and 

human serum [lo]. 

profen and [ZH4]-ibuprofen i n  dogs and humans are i n  progress. 

The lack o f  over lap has 

Studies t o  demonstrate t h e  i n  v i v o  bioequivalence o f  i bu -  

ACKNOWLEDGEMENT 

The authors wish t o  thank Dr. Amy Abe, Mr.  Wayne K. Duholke and Mr. 

Russel l  ti. Robins f o r  t h e i r  ass is tance w i t h  t h e  spec t ra l  s tud ies  and h e l p f u l  

discussions. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

REFERENCES 

M i l l s  R.F.N., Adams S.S., C l i f f e  E.E., D ick inson W. and Nicholson J.S. - 
Xenobiot ica 589 (1973) 

Wechter W.J., Loughead D.G., Reischer R.J., VanGiessen G.J. and Ka ise r  
D.G. - Biochem. Biophys. Res. Commun. 61. 833 (1974) 

H u t t  A.J. and Caldwell  J. - 3. Pharm. Pharmacol. 35: 693 (1983) 

B a i l l i e  T.A. - Pharmacol. Rev. 33: 81 (1981) 

Wolen R.L. and Gruber C.M. Jr. - Drug Absorption and D ispos i t i on :  S t a t i s -  
t i c a l  Considerations, A lbe r t  K.S. ed., American Pharmaceutical Associa- 
t i o n ,  Washington, D.C., 1980 p.  69 

Nicholson J.S. - Chronic les of Drug Discovery 1: 149 (1982) 

Nicholson J.S. and Adams S.S. - U.S. Patent No. 3,228,831 (11 Jan 1966) 

Thomas A.F. - Deuterium Label ing I n  Organic Chemistry, Appleton-century- 
Crof ts ,  New York (1971) 

Adam W. and F i c k  H. - J. Org. Chem. 43: 772 (1978) 

Halstead G.W., Halm K.A. and Theis D.L. - unpublished r e s u l t s  




