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SUmARY 

The drug, pemoline-h, 2-imino-5-phenyl-&-4-oxazol idinone, 
was prepared by a fou r  step synthesis from benzene-&. 
synthet ic sequence required the preparation o f  dichloroaceto- 
phenone-&, mandelic acid-& and e thy l  mandelate-$. Mass 
spectral  as wel l  as i n f r a r e d  data o f  the l abe l l ed  drug are 
also presented. 

The 

Key Words: Pemoline, Deuterium Labell ing, Dichloroacetophenone-&, 
Mandelic Acid-&, Mass Spectral and In f ra red  Absorption Data. 

INTRODUCTION 

Hyperact iv i ty i s  a condi t ion manifested by many learning disabled ch i ld ren  

Comnon charac- which resu l t s  i n  an impairment t o  t h e i r  academic performance. 

t e r i s t i c s  o f ten  exh ib i ted  by hyperactive chi ldren include poor a t ten t i on  span, 

motor d i f f i c u l t i e s ,  low f r u s t r a t i o n  tolerance, low perseverance, and organiza- 

t i o n a l  problems. This condi t ion i s  diagnosed predominantly more o f ten  fo r  

boys than f o r  g i r l s .  One o f  the  current treatment methods f o r  hyperac t iv i t y  

i s  drug therapy. 

methylphenidate (31, and pemoline ( 4 ) ,  have been prescribed f o r  both school 

age and preschool age chi ldren. These drugs are prescribed on the  premise 

tha t  hyperac t iv i t y  i s  a func t ion  o f  a t ten t ion  def ic iencies,  therefore the stimu- 

l a n t  drugs elevate the hyperactive ind iv idua l  t o  a normal threshold o f  a t ten t ion  

a t  which he o r  she can concentrate. 

Stimulant drugs, such as caf fe ine ( l ) ,  amphetamines (21 ,  

The newest member o f  the group o f  drugs used t o  t r e a t  t h i s  learn ing  impair- 

ment i s  pemoline. This drug i s  chemically d i f f e r e n t  f r o m  amphetamine, caffeine 

o r  methylphenidate, bu t  does possess some s t ruc tu ra l  s i m i l a r i t i e s  t o  t h i s  group 

o f  conpounds. 
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k t h y l p h e n i d a t e  

Pemol i n e  

Current ly  considerable controversy e x i s t s  i n  the  1 i t e r a t u r e  regard ing the 

ef fect iveness o f  pemoline i n  hyperact ive c h i l d r e n  ( 5 ) .  

doubts and i n t e r e s t  have developed concerning t h e  c la im t h a t  pemoline can 

reverse s e n i l i t y  and enhance memory i n  adu l ts  (6) .  L i t e r a t u r e  a r t i c l e s  

have s t a t e d  t h a t  pemollne was super io r  ( 7 )  t o  o t h e r  hyperact ive psychotrop ic  

drugs, i n e f f e c t i v e  (a), nontox ic  (9), t o x i c  ( l o ) ,  a drug o f  abuse ( l l ) ,  and 

decreased (12) as we l l  as increased (13), RNA-synthesis. I n  add i t ion ,  

pemoline has been proposed as a r a d i o r e s i s t i v e  conpound dur ing  cancer chemo- 

therapy (14). 

A d d i t i o n a l l y ,  ser ious 

With such a d i v e r s i t y  o f  b i o l o g i c a l  a c t i v i t y  reported, concerning t h i s  

compound, i t  would appear reasonable t o  f i r s t  consider the  metabolic pathways 

of t h i s  drug and conf i rm whether t h e  metabol i tes o f  t h e  parent  drug are ac t ive ,  

inac t ive ,  o r  t o x i c .  

and i d e n t i f i c a t i o n  o f  metabol i tes o f  t h i s  cont rovers ia l  drug. A comprehensive 

review o f  t h e  l i t e r a t u r e  concerning t h i s  compound reveals  on ly  two sources 

i d e n t i f y i n g  metabol i tes o f  pemoline. The f i r s t  source, a drug monograph ( 7 1 ,  

regard ing C y l e r e  pemol ine,  revealed pemol ine-dione, mandelic a c i d  and o t h e r  

Po la r  metaboli tes. 

drug i s  unaccounted f o r  a f t e r  48 hours. 

However, l i t t l e  has been repor ted concerning the metabolism 

A second r e p o r t  (111, revealed t h a t  35% o f  t h e  administered 

Therefore, because such a scant amount o f  in fo rmat ion  was a v a i l a b l e  per ta in -  

i n g  t o  the  metabolism of a compound used ex tens ive ly  I n  c h i l d r e n  and the  
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i n t r i g u i n g  reports (6) o f  memory enhancement i n  adults, a labe l led  pemoline-& 

probe, 2-imino-5-phenyl-&-4-oxazolidione, was prepared t o  a i d  I n  metabolic 

studies o f  the parent drug. 

The labe l led  pernoline-& ( V )  was prepared by condensation o f  e thy l  rnandelate- 

& (IV) w i th  guanidine ( f ree  base) i n  ethanol (15). The precursor e thy l  mandelate- 

$ (IV) was prepared f r o m  benzene-& by a three step sequence. This required 

a Friedel-Crafts a l ky la t i on  o f  hexadeuterobenzene ( I )  wi th  dichloroacetylchlor- 

ide, treatment o f  the generated dichloroacetophenone-& (11) w i th  KOH t o  form 

mandelic acid-&, and f i n a l l y  e s t e r i f i c a t i o n  o f  the mandelic acid-& i n  ethanol 

w i th  dry HC1. Crystals o f  pernoline-& ( V )  prec ip i ta ted  f r o m  solut ion and were 

eas i l y  i so la ted  a f t e r  condensation o f  e thy l  mandelate-phenyl-& ( IV) w i th  

guanidine i n  ethanol. 

0 

3 Hour8 D D 

I II 

EtOH 

D 
V 

D 
IV 



47 2 B.D. Andresen and D.E. Weitzenkorn 

EXPERIMENTAL 

- Five grams (60 mmoles) of benzene-&, I ,  (Stohler 

Isotope Chemicals, Inc.)were added slowly over 15 minutes t o  8.77 g (59 mnoles) 

of dichloroacetylchloride and 7.94 g (60 moles )  AlCl, i n  25 ml CS,. 

reaction mix tu re  was protected from atmospheric moisture using a rubber septum 

and a 15 gauge needle t o  exclude moisture and allow the release of DC1.  

reaction mixture was stirred a t  25°C f o r  two hour s  and then poured in to  400 m l  

i c e  and 20 m l  concentrated HC1. 

with 1N NaOH, and then with water. 

(63% yie ld)  of an o i l .  

1555 (sharp), 1155 (sharp),  810 (multiplet) and 765 (sharp);  M . S .  (rel. i n t . ) :  

M' = 193, 195, 197 ( < 1 % ) ,  m/e 132 ( 2 % ) ,  m/e 130 (5%) ,  m/e 110 ( loo%),  m/e 82 

(35%) and m/e 54 (11%).  

Mandelic ac id-4  (111) - A l l  7.35 g (38 moles) of dichloroacetophenone-45 

were slowly added t o  6.0 g (150 moles )  of NaOH i n  50 m l  H,O maintained a t  65°C 

fo r  three hours. A t  the end of tha t  time 6.2 m l  of 12 M HC1 was added to  the 

reaction mixture .  

and the mandelic a c i d - 4  extracted w i t h  ethyl e the r  fo r  24 hours. After evapora- 

tion of the e ther  and recrys ta l l iza t ion  f r o m  benzene and ethanol 5.9 g (>99%) 

o f  mandelic acid-& were obtained. M.p. 12O-12l0C, IR, KBr (cm-l): 3330 (C-OH), 

2800 (CO,H), 1630 (broad, CO,H), 1230 (broad), 1010 (sharp), and 825 (broad);  

UV (Amax  ethanol): 257 nm; M.S. ( r e l .  i n t . ) :  M+ = 157 (9%), m/e 127 (30%), 

m/e 112 (loo%), m/e 110 (34%), m/e 84 (38%), m/e 82 (27%) and m/e 54 (12%); 

M*,m/e 63.0 ( 1 1 2 4 ) .  

Ethyl mandelate-d5 ( I V )  - All 5.9 g (38 moles )  of mandelic acid-& were 

dissolved i n  75 ml absolute ethanol to  which  anhydrous HC1 was bubbled (1 hr) 

i n t o  the solution u n t i l  saturated w i t h  gas. After 60 minutes some ethanol 

and most HCl 

an aqueous saturated NaHCO, solution was added and the m i x t u r e  extracted with 

The 

The 

The o i l  and CS, which  separated were washed 

Evaporation of the CS, yielded 7.35 g 

IR, f i lm (cm-I): 3000 ( C H ) ,  2270 (phenyl-&), 1705 (C=O), 

The ac id ic  solution was placed i n  a l iquid-liquid extractor 

rotary evaporated away. To the remaining ethanol, 20 ml of 
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excess ethyl ether. Evaporation of the ether yielded 5.0 g (71%) of an o i l ,  

ethyl mandelate-&. M.S. ( re l .  i n t . ) :  M' = 185 (14%); m/e 168 (4%),  m/e 112 (loo%), 

and m/e 84 (44%). 

Pemoline-ds ( V )  - All 5.0 g (26 moles) of ethyl mandelate-$5 were added to  guani- 

dine (free base) i n  ethanol. The guanidine was prepared from 2.58 g (27 moles) 

of guanidine hydfochloride i n  22 ml absolute ethanol t o  which was added 1.10 g 

(27.5 mnoles) NaOH i n  1.2 ml H20 and 12 ml ethanol. NaCl was f i l tered off and the 

ethanol evaporated t o  a clear 10 ml solution. Crystals, 0.9 g (18.4% yield) of 

pernoline-& were f i l tered a f te r  the guanidine and ethyl mandelate-& were allowed 

t o  react a t  25OC overnight. 

1650 and 1550 (broad) ,  1230 and 700; NMR ( 6 ) ,  DMSO-&: 5.75 6 ( s , - C H ) ;  UV, 

(H,O): 217 and 262 nm, 

(100%). m/e 112 (97%), m/e 110 (24%). m/e 95 (42x1, m/e 84 (26%). 

M.p. 235-236°C; IR, KBr (cm-1): 2270 (phenyl-is), 

(H20/HC104): 217 nm, 262; M.S. ( re l .  in t . ) :  M+ = 181 

DISCUSSION 

The preparation of 2-imino-5-phenyl-4-oxazol idinone was f i r s t  reported by 

Traube and Ascher i n  1913 (15). The  synthesis required only the condensation of 

ethyl mandelate with guanidine. The reaction occurs spontaneously a t  room tempera- 

ture. Therefore, t o  prepare the deuterium labelled drug i t  was necessary to  syn- 

thesize ethyl mandelate-phenyl-&. An in i t ia l  attempt to  u t i l i ze  a Grignard 

condensation of phenyl-&-magnesium bromide with ethyl glyoxalate proved unsuccess- 

ful. However, a very good yield o f  mandelic acid-phenyl-& and its ester  was 

obtained following standard procedures (16,17) uti l izing a base hydrolysis reaction 

w i t h  phenyl-&-dichloroacetophenone. 

was prepared conveniently by the Friedel-Crafts alkyl ation of benzene-& (Stohler 

Isotope Chemicals, Inc.) in carbon disulfide. 

phenone-phenyl-& was also prepared by the Friedel-Crafts alkylation of benzene-& 

using acetyl chloride. Dichloroacetophenone-phenyl-& was generated by bubbling 

excess chlorine gas into glacial acetic acid containing acetophenone-h, following 

standard procedures (16). 

The precursor, phenyl -&-dichloroacetophenone, 

In an additional study dichloroaceto- 



474 B .  D. Andresen and D. E. Weitaenkorn 

Figures 1-A and 1-B reveal the mass spectra o f  nonlabel led pemoline and 
t 

Pernoline-&, respectively. A comparison o f  the molecular i o n  regions (M 176 and 

M 181) o f  both spectra c l e a r l y  show tha t  the  four  step synthesis, using benzene- 

&, has incorporated f i v e  deuterium atoms i n t o  the parent compound. 

t 

1 n* 
176 

Figure 1-A: Mass Spectrum o f  2-imino-5-phenyl-4-oxazol idinone. 

Figure 1-B: Mass Spectrum o f  2-imino-5-phenyl-~5-4-oxazol idinone. 

(Both spectra were obtained by probe d i s t i l l a t i o n  d i r e c t l y  i n t o  
the i o n  source o f  the mass spectrometer (DuPont 490-F, magnetic 
sector, s ingle focusing, 70 ev). 

The s h i f t  o f  s ign i f i can t  fragment ions o f  the nonlabel led drug (Figure 1-A), 

t o  new fragment ions a t  m/e 84, m/e 95, and m/e 112, f o r  the labe l led  compound 

(Figure 1-B) indicate tha t  the phenyl group has been uniformly labe l led  w i th  

f ive deuterium atoms. Also, by d i r e c t l y  comparing the s ign i f i can t  mass spectral 

fragment ions of the nonlabel led drug (Figure 1-A), t h a t  e i t h e r  remain o r  s h i f t  
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spec i f i c  amounts i n  the spectrum o f  the labe l led  drug (Figure 1-B), a proposed 

fragmentation scheme can be presented f o r  the  labe l led  compound. This scheme 

should give added ins igh t  i n t o  the e luc ida t ion  o f  the s t ruc tu re  o f  metaboli tes 

of the parent drug fol lowing feeding experiments using pemoline-3. 

m/e 95 

r 

m/e 70 
L 

/ I 
FJ"2 

m/e 8 4  

I + 

@ Q  m/e 82 

m/e 112 

Scheme 1: In te rpre ta t ion  o f  s ign i f i can t  MSS spectral fragment 
ions observed i n  Figure 1-B fo r  2-imino-5-phenyl-~-4-oxazoli- 
d i  none. 

F rom Figure 1-B the mass spectrum reveals t h a t  only 86% phenyl-ds labe l led  

pemoline had been obtained. A synthet ic deviat ion from a 100% labe l led  phenyl 

moiety seems t o  have been rea l i zed  during the f i r s t  step o f  the four  step 

synthesis i n  which the Fr iedel-Craf t  a l ky la t i on  o f  benzene-& (100% label led) 

u t i l i z e d  dichloroacetylchloride. This ac id  chlor ide possessed one exchangeable 

proton, a source f o r  hydrogen, cont r ibu t ing  t o  the decrease i n  i so top ic  p u r i t y  

of the labe l led  drug. However, t h i s  s l i g h t  decrease i n  i so top ic  p u r i t y  should 

not i n t e r f e r e  w i t h  feeding experiments i n  animals aimed a t  the i d e n t i f i c a t i o n  o f  

new metabolites of the parent drug. 
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Figures 2-A and 2-8 show the i n f ra red  absorption spectra of nonlabelled 

pemoline atid pemlfne-&,, respectively. Both spectra are reasonably s i m i l a r  

w i th  respect t o  absorption bands associated w i th  the oxazolidinone r i n g  system. 

However, noticeable di f ferences between the  two spectra are observed a t  3040 cm-” 

and 2270 cm-’. The former band reveals an aromatic C-H s t re tch ing  absorption 

f o r  the nonlabel led drug (Figure 2-A), wh i le  the l a t e r  band ind ica tes  an aromatic 

C-D s t re tch ing  absorption f o r  the l abe l l ed  drug (Figure 2-8). 

band a t  2270 cm-’ i s  observed i n  the  infrared region calculated f o r  C-D stretch- 

i ng  frequencies (18). This band appears t o  be very spec i f i c  for  the phenyl-& 

labe l led  drug and m a y  also a i d  i n  the i d e n t i f i c a t i o n  o f  new metaboli tes o f  the 

The absorption 

parent drug. I 1 

1 
4000 L 1650 

I B b O  ’ IbbO 
m n  - 

Figure 2-A: I n f ra red  absorption spectra (KBr) o f  2-imino-5-phenyl- 
4-0Xa201 idinone. 

Figure 2-8: I n f ra red  absorption spectra ( K B r )  o f  2-imino-5-phenyl- 
&-4-oxazol i d i  none. 
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CONCLUSION 

A r e l a t i v e l y  inexpensive scheme has been developed f o r  the preparation o f  

pernoline-&. This labe l led  probe appears wel l  su i ted  f o r  metabolism studies 

i n  which new metabqlites can be i d e n t i f i e d  by mass s p e c t d t r y .  

t h i s  labe l led  drug would appear wel l  su i ted  f o r  use as an in te rna l  standard 

wh i le  monitoring blood leve ls  o f  the  parent drug i n  body f l u i d s  by combined 

GC-MS-computer techniques. Currently, work i s  i n  progress using t h i s  l abe l l ed  

probe t o  i d e n t i f y  new metabolites o f  the parent drug i n  rats.  

I n  addit ion, 
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