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SUMMARY 

Several e f f i c i e n t  procedures f o r  the synthes is  o f  deuterium, 
t r i t i u m ,  and 14C-labeled acetaminophen, phenacetin, and 
p-acetanis id ine are described. p-Aminophenol was acy lated by the  
appropr ia te a c e t i c  anhydride under m i l d  cond i t i ons  y i e l d i n g  
l abe led  acetaminophen. 
appropr ia te l abe led  and unlabeled a l k y l  ha l ides,  l abe led  
phenacetin and p-acetanis id ine were a l s o  obtained. 
l abe led  both w i t h  l " C  on the  acy l  group and deuterium on the 
ethoxy group was synthesized i n  h igh  y i e l d  by a c y l a t i o n  o f  
p-phenetidine-d5. 
hyd ro l ys i s  o f  phenacetin-d5 synthesized p rev ious l y .  

With 0 - a l k y l a t i o n  using NaCH2SOCH3 and 

Phenacetin 

The l a s t  compound was obtained by a c i d  

Key Words: 3H-Acetaminophen, 2H-Acetaminophen, *H-Phenacetin, *H-p-Acetanisidine, 
14C-2H-Phenacetin 

INTRODUCTION 

Of the p-aminophenol , a n t i p y r e t i c  and analgesic drug c lass,  acetaminophen, 

(1, N-acetyl -p-aminophenol) , and phenacetin (3, p-ethoxyacetani 1 i d e )  are the most 

w ide ly  used over-the-counter drugs and i n  p e d i a t r i c s .  

p-acetanis id ine (2) has n o t  been used as such, however. 

cidence o f  renal  and hematologic t o x i c i t i e s  ( l ,Z ) ,  phenacetin has been removed 

from most o f  the analgesic formulat ions.  Nonetheless, t o x i c i t y  associated w i t h  

an overdose o f  acetaminophen i s  s t i l l  a cause f o r  concern (3)  and has been l i n k e d  

t o  i t s  metabol ic  a c t i v a t i o n  which pu rpo r t s  t o  y i e l d  the h i g h l y  r e a c t i v e  

* To whom correspondence should be addressed. 

The p-methoxy analog, 

Because of t he  h igh  i n -  

0362-4803/82/030321-09$01.00 
01982 by John Wiley 6 Sons, Ltd.  

Received February 13, 1981 
Revised J u l y  22, 1981 



322  K.K. Chan and, K.S.  Pang 

- 1 : R 1 =  -C(=O)CH3, X n = t l ,  acetaminophen 

- l a :  Rl=-C(=O)CZH3, Rz=H, acetaminophen-d3 

- 2 : R1= -C(=O)CH,, R2= C H 3 ,  p-acetanis id ine 

- 2a: R1= -C(=O)C2H3, R 2 =  C H 3 ,  p-acetanisidine-d3 

&: R i =  -C(=O)C2H3, R z =  C 2 H 3 ,  p-acetanis id ine-ds 

Z C :  R i =  -C(=O)CH3, R 2 =  C 2 H 3 ,  p -ace tan is i  d i  ne-d3 

- 3 : R i =  -C(=O)CH3, R2= C 2 H 5 ,  phenaceti n 

- 3a: R1= -C(=O)C2H3, R2= C 2 H s ,  phenaceti n-d3 

- 3b: R I =  -C(=O)CH3,  R2= Cz2Hs,  phenacetin-ds 

- 3C: R1= -C(=O)C2H3, Rz= C z 2 H s ,  phenace t i n-d 

0 $2 - 3d: R1= -C(=O)C3H3, R2= C2H5,  phenaceti 

2: RI=-’~C(=O)CH~, Rz= C z 2 H 5 ,  ’“C-phenaceti n-ds 

- 4 : Ri=H, R2= C 2 H 5 ,  p-pheneti  d i  ne 

- 4a: RI=H, R2= Cz2Hs ,  p-phenetidine-ds 

acetamidoquinone species ( 4 ) .  

analogs l abe led  w i t h  s tab le  and r a d i o a c t i v e  isotopes (5-7) .  Recent i nves t i ga -  

t i o n s  o f  the k i n e t i c s  o f  metabolism o f  acetaminophen and phenacetin (8-10) r e -  

q u i r e  the use o f  minute amounts o f  these compounds w i t h  very h igh  s p e c i f i c  

a c t i v i t y  t o  ensure l i n e a r i t y  o f  the k i n e t i c  processes. 

have been repor ted f o r  t he  synthes is  o f  these compounds labe led  w i t h  d i f f e r e n t  

isotopes a t  var ious pos i t i ons ,  some o f  these methods requ i re  r a t h e r  d r a s t i c  

cond i t i ons  and extens ive clean-up procedures and are n o t  r e a d i l y  adopted t o  very 

small scale. We now r e p o r t  severa l  a l t e r n a t e  micromethods f o r  the l a b e l i n g  o f  

phenacetin, p-phenetidine, p-acetanis id ine,  and acetaminophen, i n c l u d i n g  one 

where both s tab le  and r a d i o a c t i v e  isotopes are incorporated a t  d i f f e r e n t  pos i -  

t i o n s  o f  t he  same molecule. 

Many o f  t he  metabol ic  s tud ies  requ i res  the  use of 

Although several methods 

EXPERIMENTAL 

Mass spect ra and se lected i o n  measurement were performed by a quadrupole 

gas chromatograph-mass spectrometer-data system (GC-MS-DS, HP-5985A, Hewlet t  

Packard, Palo A l t o ,  C a l i f o r n i a ) .  A l l  chemical i o n i z a t i o n  mass spect ra were 

obtained us ing methane as t h e  reagent gas. Percentage o f  s t a b l e  i so tope  
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l a b e l i n g  was assessed e i t h e r  by d i r e c t  c a l c u l a t i o n  from t h e  r e l a t i v e  abundance 

of  i o n s  o r  by t h e  s e l e c t e d  i o n  m o n i t o r i n g ,  a l l  performed under chemical  i o n i -  

z a t i o n  mode. The c a l c u l a t i o n  was per fo rmed acco rd ing  t o  t h e  f o l l o w i n g  equa t ion :  

( M i  ' 1  abe led ,cor rec ted  
M+ 1 

' ( M i  ' l a b e l e d  , co r rec ted  
i =M-x 

where Mi = mo lecu la r  i o n  + 1(M+1) co r respond ing  t o  t h e  l a b e l e d  compound i n  

q u e s t i o n  under chemical  i o n i z a t i o n  c o n d i t i o n ,  and 

x = t h e  number o f  i s o t o p e  i n  t h e  l a b e l e d  compound. 

A l l  mo lecu la r  i o n s  used have been c o r r e c t e d  f o r  t h e  c o n t r i b u t i o n  o f  i o n s  f rom 

n a t u r a l  abundance by t h e  p a r a l l e l  comparison of  t h e  s p e c t r a  o f  t h e  un labe led  

compound ob ta ined  under i d e n t i c a l  c o n d i t i o n .  R a d i o a c t i v i t y  was measured by a 

Beckman L i q u i d  S c i n t i l l a t i o n  Counter  (Model LS 7500, I r v i n e ,  C a l i f . ) .  

Acetami nophen-d, (N-Acety l  -d  ,-p-ami nophenol , la) 

To a 20 m l  aqueous s o l u t i o n  o f  2.0 g (13.84 mmole) o f  r e c r y s t a l l i z e d  

p-aminophenol h y d r o c h l o r i d e  (Eastman Kodak, Rochester,  N.Y . )  and 3 g sodium 

a c e t a t e  i n  a round bo t tom f l a s k  immersed i n  an i c e  ba th ,  was added dropwise 1.67 

g (15 .4  mmole) a c e t i c - d ,  anhydr ide  (99 atom % 0, Merck, Rahway, N.J.). 

s t i r r i n g  (magnet) i n  an i c e  b a t h  f o r  1 h r ,  t h e  m i x t u r e  was b rough t  t o  room 

tempera ture  and a l l owed  t o  s t i r  f o r  an a d d i t i o n a l  3 h r .  

wh ich  con ta ined  f l o a t i n g  w h i t e  c r y s t a l l i n e  p roduc ts ,  was s a t u r a t e d  w i t h  NaCl and 

e x t r a c t e d  w i t h  3 x 50 m l  of e t h y l  ace ta te .  The combined o rgan ic  l a y e r s  were 

then  back e x t r a c t e d  once w i t h  20 m l  s a t u r a t e d  NaHC03 s o l u t i o n  f o l l o w e d  by  20 m l  

H20. 

Evapora t i on  o f  t h e  s o l u t i o n  i n  vacuo a f f o r d e d  1.7 g of N-acetyl-d3-p-aminophenol. 

TLC ( s i l i c a  g e l ,  CHC1,) o f  t h e  p roduc ts  i n d i c a t e d  no s t a r t i n g  m a t e r i a l  remained 

when examined under U V  l i g h t .  

1.4 g (70%)  o f  pure  c r y s t a l l i n e  p roduc ts ,  mp (unco r rec ted )  168-170°C (lit.[ll] 

169-171°C). Chemical i o n i z a t i o n  (CH,,) mass spectrum (CIMS) o f  t h i s  l a b e l e d  

m a t e r i a l  and o f  an a u t h e n t i c  acetaminophen gave ma jo r  f ragments a t  m/z 183/180 

(M+C2HSf) and 155/152 (MH'). 

A f t e r  

The aqueous a o l u t i o n ,  

The e t h y l  a c e t a t e  s o l u t i o n  was then  d r i e d  w i t h  anhydrous Na2SOI, o v e r n i g h t .  

R e c r y s t a l l i z a t i o n  i n  Me0H:ether ( 1  :6)  y i e l d e d  

Se lec ted  i o n  m o n i t o r  mass spec t romet ry  u s i n g  
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chemical i o n i z a t i o n  mode (m/z 155/152) i n d i c a t e d  99% deuterium l a b e l i n g  consis- 

t e n t  w i t h  t h a t  o f  the s t a r t i n g  m a t e r i a l .  

p u r i f i e d  product  o f  83% y i e l d .  

Phenacetin-d,, -d5 ,  and -d, (N-Acetyl-d3-p-ethoxyaniline, a, N-Acetyl-p-ethoxy- 

d,-ani l ine, &, and N-Acetyl-d,-p-ethoxy-d5-aniline, &, r e s p e c t i v e l y )  and p- 

Acetanisidine-d,, -d6 , and -d3  (N-Acetyl-d,-p-methoxyaniline, a, N-Acetyl-d3- 

p-methoxy-d3-ani l ine, 2, and N-Acetyl-p-methoxy-d,-aniline, &, r e s p e c t i v e l y )  

Repeating the synthes is  gave a 

Procedure A. NaH, 5.0 g, (50% o i l  suspension, Ventron, Bever ly ,  Mass.) was 

placed i n  a three-neck round bottom f l ask  and was washed w i t h  10 x 15 m l  dry  

petroleum e the r .  

o f  the so l ven t  was removed by a stream o f  N 2 .  

atmosphere, the f l a s k  was then innnersed i n t o  an i c e  bath. 

50 m l ,  was added dropwise t o  the  NaH w i t h  s t i r r i n g  (magnet). 

then brought t o  room temperature and was al lowed t o  s t i r  f o r  an a d d i t i o n a l  2 h r .  

Acetaminophen-d,, 0.5 g, was d isso lved i n  2.0 m l  o f  d ime thy l su l fox ide  i n  an 

ampoule enclosed w i t h  a rubber serum cap and the  atmosphere rep laced by N 2 .  

Ethy l -ds i od ide ,  0.75 9, (Merck, Rahway, N.J.) was added i n t o  the  v i a l  through 

the rubber seal v i a  a syr inge.  

rubber seal and another 5 m l  syr inge con ta in ing  2.0 m l  NaCH2SOCH3 s o l u t i o n  was 

then inse r ted .  While s t i r r i n g ,  the sodium methy l su l f i ny lme th ide  s o l u t i o n  was 

added dropwise t o  the  v i a l  and the  a d d i t i o n  l a s t e d  f o r  approximately 1.75 h r .  

A t  about 1 h r  l a t e r ,  t he  r e a c t i o n  m ix tu re  was poured and the  v i a l  r i n s e d  i n t o  

100 m l  i c e  c o l d  0.1 N HC1. White c r y s t a l l i n e  p r e c i p i t a t e  r a p i d l y  appeared and 

was c o l l e c t e d  by suc t i on  f i l t r a t i o n  t o  a f f o r d  0.45 g (75%) crude phenacetin-d,. 

For sma l le r  sca le react ion,  i t  was necessary t o  e x t r a c t  t he  f i l t r a t e  w i t h  e t h y l  

acetate t o  ob ta in  a d d i t i o n a l  amount of products. 

l i g h t )  showed a s i n g l e  spot having the same Rf va lue (.79) as t h a t  o f  the 

au then t i c  un labeled phenacetin. 

acetaminophen-d, y i e l d e d  0.37 g (61%) o f  2. 
and, a f t e r  r e c r y s t a l l i z a t i o n  i n  MeOH-ether (1 :6) ,  0.62 g o f  pure phenacetin-d8 

was obtained, mp (uncorrected)  131-133°C ( l i t. [ 1 2 ]  134-135°C). C I M S  gave major 

Each washing was emptied by decantat ion.  The remaining t race  

While ma in ta in ing  under NP 

Dimethy lsu l fox ide,  

The m ix tu re  was 

A 5 m l  empty syr inge was i n s e r t e d  i n t o  the 

TLC ( s i l i c a  ge l ,  CHCl,, UV 

Repeating t h i s  synthes is  w i t h  another 0.5 g of 

These two batches were combined 
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fragments p a r a l l e l  t o  those o f  the undeuterated au then t i c  samale,de/do ,m/z216/208 

(M+CzH5+) and 188/180 (MH'). 

ca l  i o n i z a t i o n  mode i n d i c a t e d  65.5% d8. 26.9% d,, and 8.0% d6.  

- 2b, C, a, and %were synthesized us ing 0.1 g o f  the approp r ia te l y  l abe led  and 

unlabeled acetaminophens and a l k y l  ha l i des .  The respect ive y i e l d s  and i d e n t i f i -  

c a t i o n  data were: 

132"C), CIMS, d3/d0 a t  m/z 169/166 i n d i c a t i n g  60.8% d3; 2, 62% (0.07 g), mp 

(uncorrected) 125-126°C ( l i t .  [ l l ]  130-132"C), CIMS d6/do a t  m/z 172/166 i n d i -  

c a t i n g  52.8% dg; 3, 80% (0.09 g) ,  mp (uncorrected) 124-126°C (l i t. [11] 130- 

132"C), CIMS,  dJdo a t  m/z 169/166 i n d i c a t i n g  98% d,; &, 65% (0.08 g) ,  mp 

(uncorrected) 132-133°C ( l i t .  [12] 134-135"C), CIMS, d3/do a t  m/z 183/180 i n d i -  

c a t i n g  62% d3;  g, 73% (0.09 g), mp (uncorrected) 132-133°C (lit. I121 134- 

135"C), CIMS, d5/do a t  m/z 185/182 i n d i c a t i n g  98% d5. 

Selected i o n  moni tor ing (m/z 188/187) us ing chemi- 

S i m i l a r l y ,  a, 

2, 71% (0.08 g) ,  mp (uncorrected) 125-126°C (lit. [ l l ]  130- 

Procedure 6.  A l t e r n a t i v e l y ,  compounds 2, &, 3, & and C were synthe- 

s i zed  by r e f l u x i n g  the  approp r ia te l y  l abe led  and unlabeled acetaminophens and 

a l k y l  i od ides  i n  d ry  acetone i n  the presence o f  anhydrous KzC03 using the  method 

o f  A l l e n  and Gates (5,13). 

(0.88 g), mp (uncorrected) 125-126°C ( l i t .  1111 130-132"C), CIMS, d3 /do  a t  m/z 

197/194 (M+CzH5+) and 169/166 (MH') i n d i c a t i n g  98% d3 &, 85% (0.94 g) ,  mp (un- 

corrected)  125-126°C ( l i t .  [lll 130-132"C), CIMS, d6/do a t  m/z 200/194 (M+C2H5+) 

and 172/166 (MH') i n d i c a t i n g  95% d6; a, 80% (0.98 g) ,  mp (uncorrected) 131- 

133°C ( l i t .  [12] 134-135"C), CIMS, d5/d0 a t  m/z 185/180 i n d i c a t i n g  98% d5; &, 
55% (0.26 g), mp (uncorrected) 132-134°C ( l i t .  1121 134-135"C), CIMS, d8/do a t  

m/z i n d i c a t i n g  188/180, 98% d8 .  

p-Phenetidine-d5 (p-Ethoxy-d5-ani l i n e ,  &) 

The y i e l d s  and i d e n t i f i c a t i o n  data were: 2, 80% 

Phenacetin-d5, 98 atom % 0,3 g, was r e f l u x e d  i n  2N HC1 i n  1:l H20-MeOH f o r  

4 h r .  A f t e r  c o o l i n g  t o  room temperature, the l i g h t  v i o l e t  m ix tu re  was made 

bas ic  w i t h  5N NaOH and ex t rac ted  w i t h  2 x 50 m l  e t h y l  acetate. 

s o l u t i o n  was ex t rac ted  w i t h  3 x 10 m l  1N HC1. 

made bas ic  w i t h  5N NaOH and was ex t rac ted  w i t h  3 x 25 m l  e t h y l  acetate. 

washing w i t h  10 m l  H20, the e t h y l  acetate s o l u t i o n  was d r i e d  over anhydrous 

Then the organic  

The aqueous s o l u t i o n  was again 

A f t e r  
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Na2SOk f o r  2 h r  and the organic  l a y e r  was then f i l t e r e d .  

y i e l d e d  0.18 g (80%) l i g h t  brown l i q u i d .  

as compared t o  m/z 138 f o r  t he  unlabeled p-phenetidine (2). 
monitor (m/z 142/141) revealed 98% ds which i n d i c a t e d  no back exchange du r ing  

hyd ro l ys i s .  

(N-Acetyl- 3H-p-ethoxyani 1 i n e  , x) 

Upon evaporation, i t  

C I M S  showed major i o n  a t  m/z 143 (MH') 

Selected i o n  

The bottom p o r t i o n  o f  a l ong  break-seal ampoule con ta in ing  0.0204 g o f  

a ~ e t i c - ~ H  anhydride (500 mCi/mmole, Amersham Nuclear) was immersed i n  a Dry I ce -  

acetone bath, wh i l e  the remaining p o r t i o n  o f  t h e  ampoule was heated by a h o t  a i r  

blower. A f t e r  several minutes o f  condensation, the seal was broken w i t h  a spat- 

u l a  and 0.027 g (0.196 m o l e )  o f  p-phenetidine i n  1 m l  o f  0.2N HC1 was i n t r o -  

duced through the seal i n t o  the ampoule v i a  a syr inge,  f o l l owed  by the a d d i t i o n  

o f  0.050 g sodium acetate i n  1 rnl o f  water .  

o f  the ampoule was enclosed a stopper. 

Ice-acetone bath and was vortexed r i g o r o u s l y  f o r  0.25 h r .  

al lowed t o  stand a t  room temperature f o r  an a d d i t i o n a l  1 h r  w i t h  i n t e r m i t t e n t  

vor tex ing.  About 1.5 m l  o f  e t h y l  acetate was added through the  seal and the 

tube was again vortexed r i g o r o u s l y .  

was c a r e f u l l y  removed and placed i n t o  e x t r a c t i o n  tube. 

remaining aqueous l a y e r  was repeated 5 t imes w i t h  1.5 m l  EtOAc each t ime and the 

combined e t h y l  acetate l a y e r  was ex t rac ted  once w i t h  2 m l  o f  0.2N HC1 fo l l owed  

by 2 n l  o f  0.3N NaOH. 

H20 and d r i e d  over anhydrous Na2S04 f o r  2 h r .  

i t s  washings were then t rans fe r red ,  a p o r t i o n  a t  a t ime, t o  a pre-weighed v i a l  

and was evaporated under a stream of N Z .  

weighed 0.0302 g (85%). 

spot w i t h  the Rf  value ( . 7 9 )  i d e n t i c a l  t o  t h a t  o f  phenacetin. 

p u r i t y  as assayed by TLC ( s i l i c a  ge l ,  e t h e r )  and l i q u i d  s c i n t i l l a t i o n  count ing 

was 94% and s p e c i f i c  a c t i v i t y  assayed was 563 mCi/mmole. 

Phenaceti n-'"C, 'Hs (N-Acety l - l - '  'C-p-ethoxy-dS-anil ine,  &) 

The ground g lass j o i n t  a t  t he  top  

The ampoule was removed from the  Dry 

Then the  tube was 

A f te r  separation, t he  e t h y l  acetate l a y e r  

The e x t r a c t i o n  wi th  the  

Then the organic  e x t r a c t  was again washed once w i t h  2 m l  

The e t h y l  acetate s o l u t i o n  and 

The l i g h t l y  t i n t e d  wh i te  f l a k e s  

TLC ( s i l i c a  ge l ,  CHC13, UV l i g h t )  i n d i c a t e d  a s i n g l e  

Radioact ive 

The t i t l e d  compouncl was synthesized by a s i m i l a r  procedure us ing  0.0070 g 
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(0.049 mmole) a c e t i c - l - l " C  anhydride (21.4 mCi/mmole) and 0.010 g (0.0845 mmole). 

The product, a f t e r  acid-base p u r i f i c a t i o n  as above, gave l i g h t l y  t i n t e d  wh i te  

f l akes  o f  0.0123 g (99%). TLC ( s i l i c a  ge l ,  CHC13 UV l i g h t )  i n d i c a t e d  a s i n g l e  

spot w i t h  a Rf value (.79) i d e n t i c a l  t o  t h a t  o f  phenacetin. 

assayed by TLC ( s i l i c a  ge l ,  e the r )  and l i q u i d  s c i n t i l l a t i o n  count ing was 94% and 

s p e c i f i c  a c t i v i t y  21.3 mCi/mnole. 

obtained by a p a r a l l e l  r e a c t i o n  under the i d e n t i c a l  cond i t i ons  gave major f r a g -  

ments p a r a l l e l  t o  those of t he  au then t i c  unlabeled phenacetin. 

moni tor  under chemical i o n i z a t i o n  c o n d i t i o n  (m/z 185/184) i nd i ca ted  98% ds and 

no back exchange. 

Radiopur i ty  as 

The mass spectrum o f  a non-radiolabeled sample 

Selected i o n  

DISCUSSION 

Acy la t i on  o f  p-aminophenol by r i go rous  cond i t i ons  such as the  use of acy l  

c h l o r i d e  leads t o  0 and N a c y l a t i o n  and d i - a c y l a t i o n .  

a t  e levated temperatures, Stavchansky and Wu ( 6 )  obtained '"C-acetaminophen a t  

h igh  y i e l d  and no o the r  acy la ted  product  was observed. 

agent w i t h  sodium acetate under m i l d e r  condi t ions,  we have obtained comparable 

y i e l d s .  This procedure, however, i s  s impler ,  and e l im ina tes  the  r e f l u x i n g  step. 

I n  add i t i on ,  t h i s  procedure can be operated a t  extremely small scales w i t h  good 

y i e l d s  and can be genera l l y  used i n  the  a c y l a t i o n  o f  t he rma l l y  l a b i l e  molecule 

and/or i n  the presence o f  f r e e  OH groups. 

was no t  incorporated apprec iab ly  ( <  3%) i n t o  the products s ince no s i g n i f i c a n t  

isotope d i  1 u t i o n  was observed w i t h i n  experimental e r r o r .  

Using '"C-acetic anhydride 

Using a s i m i l a r  a c y l a t i n g  

The sodium acetate added as a b u f f e r  

0 - A l k y l a t i o n  of  phenol can be accomplished by several methods bu t  on l y  a 

few are app l i cab le  t o  the l a b e l i n g  synthes is  because of t he  l i m i t a t i o n  of r e a d i l y  

a v a i l a b l e  l abe led  a l k y l a t i n g  agents. 0-Methylat ion us ing s t rong base i n  a p r o t i c  

p o l a r  so l ven t  such as d imethysul fox ide used here has been w ide ly  employed i n  the  

permethy lat ion o f  pept ides (14) and nucleosides (15) .  

success fu l l y  adopted i n  the l a b e l i n g  of phenacetin and p-acetanis id ine us ing 

acetaminophen and the corresponding l abe led  a l k y l  ha l i des .  The procedure i s  

r a p i d  and e f f i c i e n t  and can be used convenient ly  i n  a very small  scale. 

the carbanion reagent i s  u s u a l l y  prepared us ing s l i g h t l y  e leva ted  temperature 

This  procedure has been 

Although 
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and al lowed t o  r e a c t  f o r  severa l  hours (14,15), we found t h a t  best  r e s u l t s  f o r  

these syntheses were obta ined under our cond i t i ons .  

se lected i o n  moni tor ,  subs tan t i a l  amount o f  l o s s  o f  deuterium (25-40%) r e s u l t e d  

i n  the case o f  phenacetin and p-acetanis id ine l abe led  w i t h  deuterium on the  acyl 

s ide chanin obta ined by t h i s  procedure. However, no deuterium loss  was observed 

when on ly  the a l k y l  ha l i des  were labeled.  Th is  i n d i c a t e s  t h a t  f a s t  exchange o f  

isotope occurs a t  t he  acy l  s ide  chain b u t  n o t  a t  t h e  a l k y l  group. This  i s  n o t  

unexpected i n  view o f  the r a t h e r  s t r o n g l y  bas i c  c o n d i t i o n  f o r  the a l k y l a t i o n .  

Since no i so tope  exchange was observed i n  the 0 - a l k y l  group, t h i s  procedure i s  

s t i l l  use fu l  i n  the 0 - a l k y l a t i o n .  

However, as shown by the 

The 0 - a l k y l a t i o n  of A l l e n  and Gates (13) has a l s o  been found t o  be simple 

and e f f i c i e n t  and no l oss  o f  l a b e l  was observed a t  t he  acy l  s ide  chain and a t  

the a l k y l  group o f  l abe led  phenacetin and p -ace tan is id ine .  

The normal sequence o f  a c y l a t i o n  of p-aminophenol f o l l owed  by 0 - a l k y l a t i o n  

by e i t h e r  o f  these procedures does n o t  appear t o  be the  bes t  method f o r  t he  

synthesis o f  doubly l abe led  phenacetin and p -ace tan is id ine  where the acy l  group 

i s  l abe led  w i t h  r a d i o a c t i v e  isotopes and the 0 - a l k y l  group labe led  w i t h  deu- 

terium. 

anhydride, the expected y i e l d  w i l l  n o t  be very h igh  a f t e r  extens ive p u r i f i c a t i o n  

from the two steps. A d d i t i o n a l l y ,  t he  procedure by A l l e n  and Gates i s  d i f f i c u l t  

t o  be adopted i n  an u l t r a - m i c r o  scale, and 0 - a l k y l a t i o n  by the d ime thy l su l fox ide  

carbanion w i l l  l ead  t o  s u b s t a n t i a l  exchange of 3H on t h e  acy l  s ide  chain. 

fore,  phenacetin-d, was f i r s t  synthesized, f o l l owed  by a c i d  cleavage o f  the acyl 

group under a c i d i c  cond i t i on .  

s ide  chain dur ing the hyd ro l ys i s .  Thus us ing p u r i f i e d  p-phenetidine-d,, 1 4 C -  

phenacetin-d was obtained by a c y l a t i o n  w i t h  14C-acetic anhydride i n  good y i e l d .  

S i m i l a r  procedures can be used f o r  the l a b e l i n g  o f  phenacetin w i t h  t r i t i u m  and 

deuterium o r  o f  the p-acetanis id ine analogs. 

group i s  acy la ted,  the use o f  l abe led  acy l  c h l o r i d e  may be more economical and 

w i l l  avo id the wasting o f  50% o f  l abe led  m a t e r i a l  as was i n  the  case o f  t he  use 

o f  l abe led  a c e t i c  anhydride. 

Since i n  t h i s  case the l i m i t i n g  reagent i s  t he  rad io labe led  a c e t i c  

There- 

No exchange o f  deuterium occurred a t  the 0-ethy l  

A d d i t i o n a l l y ,  s ince on ly  the -NHp 
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