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ORGANIC PREPARATIONS AND PROCEDURES I N T .  7( 3 )  117-122 (1975) 

SYNTHESIS OF METABOLITES OF PHENOBARBITAL AND MEPHOBARBITAL' 
* 

Abraham Philip and F. I. Carroll 

Chemistry and Life Sciences Division 
Research Triangle Institute 

Research Triangle Park, North Carolina 27709 

5-Ethyl-5-phenylbarbituric acid (3, phenobarbital) and 5-ethyl-l- 

methyl-5-phenylbarbituric acid (3, mephobarbital) are metabolized in man 

and animals to give S-ethyl-5-(p-hydroxyphenyl)barbituric acid (&), 5- 

(3,4-dihydroxyphenyl)-5-ethylbarbituric acid (Id), 5-(3,4-dihydroxy-l,5- 
cyclohexadienyl-l-yl)5-ethylbarbituric acid (g) and 5-(l-hydroxyethyl)- 

5-phenylbarbituric acid (E) . 2  In this paper, we describe the first 

1 

R H 

I1 - I a , X = Y = R = H  - 
3 Ib, X = Y = H; R = CH 

Ic, X = R = H; Y = OH 
Id, X = Y = OH; R = H 

- 
- 
- 

I 

H 

I11 - 

synthesis of and a new and improved procedure for the preparation of 

- Ic. The reported synthesis of involving the sequence -+ 5-ethyl-5- 

(pnitropheny1)barbituric acid (a) + 5-(paminophenyl)-5-ethylbarbi- 

turic acid (E) -+ &, suffers from the fact that the nitration of phe- 

nobarbital gives only 10-12% of the p-nitro isomer a, the major product 
being the %-isomer. In order to overcome this difficulty and to provide 

a general route whereby the dihydroxy metabolite &I could be obtained, we 
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A.  PHILIP AND F. I. CARROLL 

have prepared & a n d  Id by the  rou te  shown below. Dealkylation of VIIIa 

V - V I  - 
DMF, NaH C2H5Br I 

4 (NH2) 2C0 R O b C  - 1  (C02E t )  

C2H5 
AN 

H 

V I I I  
VIIa, R = C2H5, X = H 

VIIb, R = CH3, X = CH30 - - 

BBr3 1 CH2C12 
I c  o r  - 

and VIIIb wi th  boron tribromide i n  methylene ch lo r ide  gave exce l l en t  

y i e l d s  of t h e  des i red  metabol i tes  & a n d  A r e spec t ive ly .  

of &was  v e r i f i e d  by d i r e c t  comparison t o  an au then t i c  sample. 

s t r u c t u r e  of both & and is  supported by elemental  ana lyses  and spec- 

tral  da t a  which are presented i n  the  experimental  s ec t ion .  

The s t r u c t u r e  

The 

EXPERIMENTAL 

Melting poin ts  were determined on a Kofler ho t  s t a g e  miscroscope 

Nmr s p e c t r a  were 
using a ca l ib ra t ed  thermometer. 
E l m e r  Model 467 Grating In f r a red  Spectrophotometer. 
recorded on a Varian Model HA-100 spectrometer with t e t r ame thy l s i l ane  as 
an i n t e r n a l  standard.  MS were determined on an AEI-MS 902 spectrometer. 
Microanalyses were c a r r i e d  ou t  by Micro-Tech Labora tor ies ,  Skokie, 
I l l i n o i s .  

I R  spec t r a  were measured wi th  a Perkin 

=-. - Sodium (0.92 g ,  0.04 g-atom) w a s  

added i n  small p ieces  t o  a so lu t ion  of 8.32 g (0.04 mol) of e t h y l  p- 

ethoxyphenylacetate (E) i n  60 m l  of d i e t h y l  carbonate. 

100' t he  r eac t ion  became exothermic. Af te r  t he  exothermic r e a c t i o n  had 

On hea t ing  t o  

subsided, t he  mixture w a s  heated under r e f l u x  f o r  1 hr .  The excess 
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METABOLITES OF PHENOBARBITAL AND MEPHOBARBITAL 

d i e t h y l  carbonate w a s  removed under vacuum. 

d i l u t e d  wi th  100 m l  of cold water, neu t r a l i zed  with g l a c i a l  a c e t i c  ac id  

and ex t r ac t ed  wi th  e t h y l  e t h e r  (3 x 50 ml). The d r i ed  (Na2S04) e x t r a c t s  

were concentrated t o  a l i q u i d  which w a s  d i s t i l l e d  under reduced pressure  

through a 4 inch Vigreux column t o  g ive  7.2 g (64%) of E, bp 145-148' 

(0.4 mm). 

The remaining res idue  was 

- Anal. Calcd. f o r  Cl5HZ0O5: C ,  64.27; H, 7.19. 

Found: C ,  64.31; H, 7.22. 

Diethyl 3,4-dimethoxyphenylmalonate (VIb). - I n  a manner analogous t o  

) of w a s  t h a t  described f o r  t he  prepara t ion  of E, 11.2 g (0.05 mo 

converted t o  10.4 g (70%) of Q, bp 165-167' (0.4-0.5 mm) 

- Anal. Calcd. f o r  C15H2006: C,  60.80; H, 6.80. 

Found: C,  60.87; H,  6.88. 

Diethyl alkoxylphenylethylmalonate (VII).  - To a s t i r r e d  suspension of 

0.025 mol of 50% sodium hydride d i spe r ion  i n  o i l  (hexane washed) i n  10 m l  

of dry dimethylformamide w a s  added 0.025 mol of & o r  

dimethylformamide. The s o l u t i o n  w a s  added dropwise a t  a rate t o  con t ro l  

hydrogen evolu t ion .  Af t e r  t he  add i t ion ,  t he  mixture was s t i r r e d  u n t i l  

hydrogen evolu t ion  ceased. A t o t a l  of 10 g (0 .1  mol) of e t h y l  bromide 

w a s  added i n  small  po r t ions  over a 1 h r  per iod ,  and t h e  r e s u l t i n g  mixture 

was s t i r r e d  a t  25" f o r  16  hr .  The r e a c t i o n  was d i l u t e d  wi th  two volumes 

of water and ex t r ac t ed  wi th  e t h y l  e t h e r  (3 x 50 ml).  

t r a c t s  were dr ied  (Na SO ) ,  concentrated on a ro t a ry  evaporator and dr ied  

under high vacuum a t  50" t o  g ive  VIIa and VIIb i n  98 and 95% y i e l d s  as 

l i g h t  t an  l i q u i d s .  These products w e r e  used t o  prepare VIIIa and VIIIb 

r e spec t ive ly  without f u r t h e r  p u r i f i c a t i o n .  

i n  10 m l  

The e t h e r e a l  ex- 

2 4  
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A.  PHILIP AND F. I. CARROLL 

5-(p-Ethosyphenyl)-5-ethylbarbituric Acid VIIIa). - A mixture of 1.54 g 
(0.005 mol) of By 1.5 g of urea and 1.13 g (0.010 mol) of potassium t- 
butoxide in 30 ml of dimethyl sulfoxide was stirred at room temperature 

overnight. 

ethyl ether. 

hydrochloric acid and extracted with ethyl ether (3  x 75 m l ) .  

(Na2S04) extracts were concentrated to a waxy solid. The solid was re- 

crystallized from an EtOAc-C H mixture to give 0.90 g (65%) of VIIIa, 

mp 174-175', nmr (Me2CO-d6) 6 0.92 (t, 3 Cg3CH2C), 1.33 (t, 3 ,  Cll,CH20), 

2.35 (9, 2, -CS2CH3), 4.25 (q, 2, OCIi2CH3) and 7.08 ppm (two d, 4H ArH). 

The mixture was diluted with cold water and extracted with 

The remaining aqueous layer was adjusted to pH 2 with 6N 

The dried 

6 14 

- Anal. Calcd. for C14H16N204: C ,  60.86; H, 5.84; N, 10.14. 

Found: C, 60.69; H ,  5.81; N, 10.16. 

5-(3,4-Dimethoxyphenyl)-5-ethylbarbituric Acid (VIIIb). - The title com- 
pound was prepared by a procedure analogous to that described for the 

preparation of VIIIa. From 3.24 g (0.01 mol) of my 1.5 g (59%) of 
VIIIb was obtained. 

157-158'; Lit.5 mp 165-166", nmr (Me2CO-d6) 6 0.93 (t, 3, C€13CH2), 1.36 

(q, 2H, CH,CH3), 3.77 ( s ,  6, CH30) and 6.94 ppm (my 3, ArH). 

The compound recrystallized from EtOAc-C6H14 had mp 

- Anal. Calcd. for C14H16N205: C, 57.53; H, 5.52; N, 9.57. 

Found: C,  57.37; H ,  5.64; N. 9.73. 

5-Ethyl-5-(p-hydroxyphenyl)barbituric Acid (Ic). - To a suspension of 200 
mg (0.73 mmol) of VIIIa in 5 ml of methylene chloride cooled in a dry 

ice-acetone bath, a solution of 0.5 ml of BBr 

chloride was added dropwise. 

room temperature after the mixture became homogenous. The excess boron 

tribromide and methylene chloride were removed under a stream of nitrogen, 

in 5 ml of methylene 3 
The reaction mixture was allowed to warm to 
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METABOLITES OF PHENOBARBITAL AND MEPHOBARBITAL 

and the remaining residue was heated with 5 ml of 6N HC1. 

tate that formed on cooling was separated, washed with cold water and 

recrystallized from an EtOAc-C H 

water, m.p. 214-215'; Lit.3y4 mp 225-226'; uv (pH 9.02) Amax 237 nm (E 

13,300) and Ash 280 nm (E 200); nmr (Me2CO-d6) 6 0.91 (t, 3,  C€13CH2-), 

2.35 (4, 2, C€i2CH3) and 7.2 ppm (two d ,  4, ArH); the mass spectrum showed 

a m/e at 248 for the molecular ion. 

The precipi- 

mixture to give 160 mg (89%) of 3 0.5 6 14 

- Anal. Calcd. for C12H12N204'0.5 H20: C, 56.02; H, 5.09; N, 10.87. 

Found: C, 56.03; H, 5.11; N, 11.00. 

5-(3,4-Dihydroxyphenyl)-5-ethylbarbituric Acid (Id). - A 303 mg (1.13 

mmol) sample of VIIIb was converted to 220 mg (74%) of in a manner 

analogous to that described for the preparation of 2. The compound 3 
has mp 213-214'; uv (pH 9.02) Amax 242 (E 12,800) and 288 nm (E 4,900); 

nmr (Me2CO-d6) 6 0.89 (t, 3, CIi3CH2), 2.30 (9, 2, -C€12CH3) and 6.88 ppm 

(my 3H, ArH). 

- Anal. Calcd. for C12H12N205: C, 54.54; H, 4.58; N, 10.60. 

Found: C, 54.37; H, 4.59; N, 10.72. 
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