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4-Chloro-a-methyl-3-nitrobenzeneacetonitrile (22). 4-
Amino-a-methylbenzeneacetonitrile4 (20, 43.8 g, 0.3 mol) was dis­
solved in a warm solution of concentrated HC1 (90 ml) and H2O 
(275 ml). The stirred solution was cooled and diazotized at 0-5° by 
the dropwise addition of a solution of NaN02 (22.8 g, 0.33 mol) in 
H2O (40 ml) during 30 min. After a further 30 min, the diazotized 
solution was added dropwise during 30 min to a stirred solution of 
CuCl (30 g, 0.3 mol) in concentrated HC1 (100 ml) and H 2 0 (100 
ml) kept at 85-90°. The mixture was stirred at this temperature 
for a further 30 min, cooled to room temperature, and extracted 
with Et20 (3 X 150 ml). The organic solution was shaken with a 
saturated solution of Na 2 C0 3 (100 ml) and H 2 0 (100 ml), then 
dried (Na2SO,i), and evaporated. In this way, chloro compound 21 
was obtained as a mobile brown oil (39.0 g, 79%) which was identi­
cal with an authentic sample.2 

The oil (39.0 g, 0.236 mol) was added dropwise during 50 min to 
a stirred solution of fuming HNO3 (d 1.5, 120 ml) kept at - 5 - 0 ° . 
After a further 40 min at this temperature and 2.5 hr at room tem­
perature, the solution was poured onto ice (350 g). The product 
was extracted with Et20 (3 X 150 ml) and the extracts were neu­
tralized with a saturated solution of NaHCC>3. The Et20 extracts 
were finally washed with H2O (100 ml), dried (Na2SO.j), and evap­
orated. This gave pure 22 as a light brown gum (42.0 g, 84%) which 
solidified on standing: mp 36-39°. Anal. (C9H7CIN2O2) C, H, N. 

2-(4-Chlorophenyl)- l ,a-dimethyl-5-benzimidazoleacetic 
Acid (5). 4-Chloro-a-methyl-3-nitrobenzeneacetonitrile2 (22, 19 g, 
0.09 mol) was heated and stirred for 5 hr at 150° in a sealed glass 
vessel with 33% CH3NH2 in EtOH and allowed to cool overnight. 
The mixture was treated with 2 N NaOH and extracted with 
CHCI3 (three times). The combined CHCI3 solutions were dried 
(Na2SC>4), filtered, and evaporated to give a product which, after 
chromatography on silica gel (CHCI3 as eluent), yielded 4-meth-
ylamino-a-methyl-3-nitrobenzeneacetonitrile (23) as an orange 
solid (11 g, 60%): NMR (CDCI3) & 1.63 (d, 3 H), 3.04 (d, 3 H), 3.88 
(q, 1 H), 6.93 (d, 1 H), 7.52 (dd, 1 H), 8.1 (m, 1 H), 8.15 (d, 1 H). 

The foregoing product (11 g, 0.05 mol) with EtOH (300 ml) and 
50% Pd/C (0.5 g) was hydrogenated at room temperature and pres­
sure to give 3-amino-4-methylamino-a-methylbenzeneacetonitrile 
(24, 8.25 g, 88%) as a dark oil which was about 95% pure (TLC). 

In previous repor t s 1 ' 2 we have shown t h a t analgesic ac­
t ivi ty is associated with a series of 5-acyloxy-5-phenylalkyl-
barb i tur ic acids, and we have discussed the s t ruc tu re - ac ­
tivity re la t ionships of these 5 ,5-disubst i tuted compounds . 
We have now prepared a series of 1,3-disubst i tuted and 1-
subs t i tu t ed derivat ives of one of t h e mos t p o t e n t com­
pounds repor ted earlier, 5-propionoxy-5-( l -phenyle thyl ) -
barb i tu r ic acid, in order t o evaluate t h e effects of ni t rogen 
subs t i t uen t s on t he analgesic activity. 

Chemis try . l ,3-Bis(alkoxymethyl)-5-propionoxy-

* Address correspondence to this author at Bristol Laboratories, Syra­
cuse, N.Y.13201. 

The above nitrile (24, 2.6 g, 0.015 mol) and 4-chlorobenzaldehyde 
(2.12 g, 0.015 mol) were refluxed in CeH6 for 0.5 hr, while the theo­
retical amount (0.26 ml) of H2O was collected in a Dean-Stark ap­
paratus. The CeH6 solution was evaporated to dryness under re­
duced pressure and the residual oil heated at 100° for 15 min in 
AcOH (30 ml) containing lead tetraacetate (4.68 g). The brown so­
lution was diluted with H2O, neutralized with NaHCO.3 solution, 
and extracted with CHCI3. This was dried (Na2S04> and evapo­
rated to dryness and the product was purified by chromatography 
(SiC>2, CHCI3 eluent) to give 2-(4-chlorophenyl)-l,a-dimethyl-5-
benzimidazoleacetonitrile (25, 3 g, 69%) as a solid: NMR [CDCI3-
(CD3)2SO] S 1.09 (d, 3 H), 3.82 (s, 3 H), 4.06 (q, 1 H), 7.32-7.87 (m, 
7H) . 

The above nitrile 25 (3 g, 0.01 mol) was stirred in refluxing con­
centrated HC1 (30 ml) for 1 hr. The mixture was poured into an ex­
cess of NaHC03 solution and filtered, the pH adjusted to pH 7 
with concentrated HC1, and the product extracted with CHCI3 
which was dried (Na2S04) and decolorized (C). The CHCI3 was 
evaporated to yield 5 (1 g, 32%) as a buff solid: mp 225-227°; NMR 
[CDC13-(CD3)250] <5 1.54 (d, 3 H), 3.8 (s, 3 H), 3.82 (q, 1 H). 7.25 
(m, 7 H). Anal. (C7H15CIN2O2) C, H, N. 

A c k n o w l e d g m e n t . We wish to t h a n k our colleagues in 
t he Pharmacology D e p a r t m e n t of our company for t he bio­
logical resul ts and Mr . G. L. O. Davies for t he par t i t ion 
da ta . Mr . T . A. Hicks is t h a n k e d for supplying detai ls of 
the p repa ra t ion of compounds 21 and 22. 
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5 - ( l -phenyle thy l )barb i tu r ic acids (2-5) were p repared by 
alkylat ion of 5-propionoxy-5-( l -phenyle thyl )barb i tur ic 
acid (1) wi th alkyl chloromethyl e thers in t he presence of 2 
equiv of base. l ,3-Bis(acetoxymethyl)-5-propionoxy-
5- ( l -phenyle thy l )barb i tu r ic acid (6) was p r epa red from 1 
a n d b r o m o m e t h y l ace ta te in a similar manner . 

1,3-Dialkyl derivat ives 7-9 and 1-alkyl derivat ives 10 
a n d 11 of 5-propionoxy-5-( l -phenyle thyl )barb i tur ic acid 
were ob ta ined by alkylat ion of 1 wi th alkyl hal ides in t he 
presence of 2 equiv a n d 1 equiv of base, respectively 
(Scheme I) . N o a t t e m p t s were m a d e to separa te any race-
ma te s ob ta ined th roughou t th is s tudy. 

S t r u c t u r e - A c t i v i t y Re la t ionsh ips . T h e best analgesic 
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Several 1,3-disubstituted and 1-substituted derivatives of 5-propionoxy-5-(l-phenylethyl)barbituric acid were syn­
thesized and evaluated for analgesic activity. Three of these compounds, l,3-bis(methoxymethyl)-5-propionoxy-
5-(l-phenylethyl)barbituric acid (2), l,3-dimethyl-5-propionoxy-5-(l-phenylethyl)barbituric acid (7), and 1-methyl-
5-propionoxy-5-(l-phenylethyl)barbituric acid (10), exhibited better oral activity than codeine sulfate. 
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act ivi ty was shown by l -methy l -5-prop ionoxy-5- ( l -phenyl -
e thy l )barb i tu r ic acid (10) which was equal in activity to t he 
p a r e n t compound 1. l ,3 -Bis(methoxymethyl ) -5-propion-
oxy-5- ( l -phenyle thy l )barb i tu r ic acid (2) also showed good 
activity, being only slightly less active t h a n compound 1. 
l , 3 - D i m e t h y l - 5 - p r o p i o n o x y - 5 - ( l - p h e n y l e t h y l ) b a r b i t u r i c 
acid (7) exhib i ted approx imate ly one-fifth t h e potency of 
compound 1. Increasing t h e sizes of t he l ,3-bis(alkoxy-
methy l ) - , t h e 1,3-dialkyl-, or t he 1-alkyl subs t i tuen t s 
caused sha rp decreases in activity, along with decreased 
toxicity. l ,3 -Bis(ace toxymethyl ) -5-propionoxy-5-( l -phen-
yle thyl )barb i tur ic acid (6) also showed great ly decreased 
act ivi ty a n d toxicity compared to t he p a r e n t compound . 

P h a r m a c o l o g y . A n a l g e s i c Act iv i ty . C o m p o u n d s 2 -11 , 
l is ted in T a b l e I along wi th t he p a r e n t compound 1, were 
eva lua ted for analgesic act ivi ty orally by t he E d d y hot­
p l a t e me thod . C o m p o u n d s 2 and 10 displayed one- th i rd to 
one-half t he po tency of subcutaneous ly admin is te red mor­
ph ine . C o m p o u n d 7 was one-half as active as subcu ta ­
neously admin i s t e red codeine. C o m p o u n d s 2, 7, and 10 
were all more p o t e n t t h a n orally admin is te red codeine a n d 
appea r t o be rapidly absorbed from the gas t ro intes t inal 
t rac t . C o m p o u n d s 3, 4, 6, 8, and 11 showed oral act ivi ty in 
t h e po tency range of aminopyr ine . C o m p o u n d s 5 and 9 
showed weak act ivi ty a t doses which also produced signs of 
C N S toxicity. 

H y p n o t i c Act iv i ty . T h e r impounds in th is series com­
pletely lack hypnot ic activity, even a t toxic doses. 

E f f e c t s u p o n the Centra l N e r v o u s S y s t e m . C N S s t im­
u la t ion a p p e a r s t o be a p r o m i n e n t pharmacological p roper ­
t y of th is series, increasing in in tens i ty with increasing dos­
age. 

A c u t e T o x i c i t y . In general , t h e less p o t e n t compounds 
exhib i ted low acute toxicity, a n d t h e more p o t e n t m e m b e r s 
of t he series were correspondingly more toxic. The rapeu t i c 
indices (LD50/ED50), however, were generally favorable, av­
eraging be tween 5 a n d 10, values considered wi thin t he 
range of safety. Clonic- tonic convulsive seizures consti­
t u t e d t h e major feature of t h e p a t t e r n of toxicity, wi th 
d e a t h resul t ing from respi ra tory paralysis . 

E x p e r i m e n t a l S e c t i o n 

Pharmacology. Compounds 1-11 and aminopyrine were ad­
ministered orally (po) suspended in 10% aqueous acacia. Codeine 
sulfate was dissolved in water for oral administration but suspend­
ed in 10% aqueous acacia for subcutaneous administration. Mor­

phine sulfate was dissolved in water for subcutaneous administra­
tion. Adult male albino mice (18-30 g, Charles River) were used 
throughout this study. 

Analgesic activity was determined in mice by the Eddy hot­
plate method3 in which analgesic activity was recorded on the 
basis of significant increase in the area under the curve relating 
reaction time to a heat stimulus (55°) at intervals following drug 
administration. In addition, a modification of the Eddy procedure 
was employed in which an analgesic response was recorded if the 
reaction time to the heat stimulus following a drug equalled or ex­
ceeded the mean pretreatment response (based on ten animals per 
dose) + two standard deviation units. Experimental ranges were 
not determined for compounds exhibiting weak activity. EDso's 
with 95% confidence limits4 were computed for all potent com­
pounds exhibiting rectilinear dose-response relationships. For 
compounds which did not exhibit linear dose-response relation­
ships, approximate values were assigned. Peak time for analgesic 
activity (by either the original Eddy procedure or its modification) 
was recorded as that time following drug administration at which 
the greatest percentage of animals exhibited an analgesic response. 
Analgesic potency by either the original Eddy procedure or its 
modification did not differ significantly. 

Acute Toxicity. The compounds were administered orally and 
the animals were observed for signs of toxicity over a period of sev­
eral hours thereafter and again daily for a period of 1 week or until 
complete recovery had occurred. The number of deaths was re­
corded, and the dosage required to kill 50% of the animals (LD50) 
was computed according to Litchfield and Wilcoxon.4 

Effects on the Centra l Nervous System (CNS). A battery of 
tests was employed to determine CNS effects. 

(1) CNS stimulation was recorded if the animals (a) exhibited 
increased spontaneous movements compared to untreated controls 
either by visual observation or by recording the actual number of 
movements by means of a standard photoelectric cell apparatus; 
(b) displayed tremors and/or convulsive seizures in response to in­
creasing dosage; (c) were hostile, i.e., resisted handling by attempt­
ing to bite vigorously, in contrast to the relatively docile behavior 
of untreated controls; and (d) showed increased tonus of skeletal 
muscles on handling. 

(2) CNS depression was recorded if a compound produced ef­
fects which were the opposite of those recorded in the previous 
section. In addition, neurological deficit was recorded if the ani­
mals showed ataxic movements or other signs as reported by Swin-
yard et al.5 or failed to "log roll" for at least 1 min on a rod (Rota-
rod)6 rotating at 6 rpm. 

Hypnotic Activity. Sleep was determined by loss of the righting 
reflex. The number of mice sleeping was recorded for each dose. 
The compound was considered to have hypnotic activity only if the 
dose required to induce sleep was significantly lower than that re­
quired to cause death. 

Analyses and Spectra . Microanalyses were within ±0.3% of the 
theoretical values as performed by Galbraith Laboratories, Knox-
ville, Tenn., and Atlantic Microlab, Inc., Atlanta, Ga. Melting 
points were obtained on a Fisher-Johns hot stage and are correct­
ed. Ir spectra were recorded on a Perkin-Elmer 337 grating ir spec­
trophotometer. NMR spectra were run on Varian A-60A and HA-
100 spectrometers in (CDs^SO with Me4Si as internal reference. 
Uv spectra were recorded on a Bausch & Lomb spectronic 505 
spectrophotometer. Mass spectra were determined on a Hitachi 
RMU-6D double-focusing spectrometer at 70 eV. Type QIF silica 
gel plates from Quantum Industries were used for TLC develop­
ment with PhH-EtOAc mixtures. E. M. Merck 70-325 mesh silica 
gel (0.05-0.2 mm) pretreated with benzene (2:1, weight of silica 
gel-volume of benzene) was used for chromatographic separations. 
Ir, NMR, uv, and mass spectra and TLC were all appropriate. 

1,3-Disubstituted 5-Propionoxy-5-(l-phenylethyl)barbit-
ur ic Acids (2-9). The following general procedure was used in the 
preparation of these compounds, shown in Table II. To a solution 
of 5-propionoxy-5-(l-phenylethyl)barbituric acid (1 12 g, 0.04 mol) 
in DMF (100 ml) was added base (0.08 mol) and the mixture was 
stirred 10 min at 25°. RC1 (0.088 mol) was added dropwise. Stir­
ring was continued 16 hr at the temperature shown in Table II. 
The cooled solution was poured into ice-H20 (400 ml) and then 
extracted with EtOAc. Evaporation of the solvent gave an oily resi­
due which was chromatographed on silica gel (300 g). Elution with 
CeHe gave the pure products. Starting material, which remained in 
the column after elution of the products, could be recovered by 
further elution with CeHe-EtOAc (7:3). 

l-Methyl-5-propionoxy-5-(l-phenylethyl)barbituric Acid 
(10). To a solution of 1 (1.5 g, 0.005 mol) in DMF (24 ml) was 

file:///2LiH
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T a b l e I . Pharmacologic Activity of Selected 1-Subst i tuted and 1,3-Disubsti tuted 
5-Propionoxy-5-( l -phenyle thyl )barbi tur ic Acids 
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T a b l e I I . 1,3-Disubsti tuted 5-Propionoxy-5-( l -phenyle thyl )barbi tur ic Acids 
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C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

added LiH (44 mg, 0.0055 mol). The mixture was stirred at 60° for 
0.5 hr. CH3I (0.72 g, 0.005 mol) was added and the solution was 
stirred at 60° for 16 hr, then cooled to 25°, and poured into ice-
H 2 0 (100 ml) which had been saturated with NaCl. Extraction 
with EtOAc, followed by evaporation of the extract, gave an oily 
solid which was chromatographed on silica gel (200 g). Elution 
with EtOAc-C6H6 (3:7) gave 10 (0.475 g, 30%), mp 175-177°. Anal. 
(Ci6H1805N2) C, H, N. l,3-Dimethyl-5-propionoxy-5-(l-
phenylethyl)barbituric acid (7) and starting material were the only 
other identifiable products. 

l -Ethyl-5-propionoxy-5-( l -phenylethyl)barbi tur ic Acid 
(11). Compound 11 was obtained from 1 (12 g, 0.0395 mol) and 
C2H5I (6.3 g, 0.04 mol) in the same way as described for the prepa­
ration of compound 10. Elution of the column (300 g of silica gel) 
with C6H6-EtOAc (19:1) gave 11 (1.9 g, 15.5%) which was crystal­
lized from 2-propanol-H20 (2:3). Obtained was 11, mp 125-127°. 
Anal. (C17H20O5S2) C, H, N. l,3-Diethyl-5-propionoxy-5-(l-phe-

nylethyl)barbituric acid (8) and starting material were the only 
other identifiable products. 
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