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Imidazole Derivatives as Inhibitors of Cyclic Nucleotide Phosphodiesterases? 
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A variety of imidazole derivatives was designed with theophylline as the model and synthesized in an attempt to 
determine the minimum structural requirements for phosphodiesterase inhibition. Four series of imidazole deriva- 
tives were studied as inhibitors of the hydrolyses of cyclic 3’,5’-adenosine monophosphate and cyclic 3’,5’-gua- 
nosine monosphosphate by the soluble phosphodiesterases of the intima-media of pig coronary arteries. Although 
some of the compounds had significant inhibitory activity, none were as active as the xanthines studied. 

As a result of the extensive involvement of cyclic AMP 
in hormonal responses,1-3 the pharmacological control of 
tissue levels of this cyclic nucleotide is potentially impor- 
tant. Phosphodiesterase4 (PD) is the only known enzyme 
for degradation of cyclic AMP. Inhibition of PD was first 
demonstrated with methylxanth ine~,~  and theophylline is 
now used routinely as a PD inhibitor. Inhibitory activity 
has also been demonstrated with a large number of other 
xanthine derivatives.5-8 The aim of this study was to in- 
vestigate the minimum structural requirements for inhibi- 
tion of PD using theophylline as a model. Four series of 
imidazole derivatives were synthesized and assayed for in- 
hibitory activity. 
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It was proposed to synthesize la-d by reaction of 4(5)- 
carbethoxyimidazole (5)9 with the appropriate amine. 
This procedure was successful for the preparation of la,10 
lb,11 and Id (Scheme I) .  The synthesis of IC was accom- 
plished by hydrolysis of 5 to 4(5) -imidazolecarboxylic acid 
(6)9 followed by successive treatment with phosphorus 
pentachloride and isopropylamine. Compounds le  and If 
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were obtained by reaction of l a  and lb, respectively, with 
triphenylmethyl chloride in the presence of triethylamine 
(Scheme I) .  Also prepared was 1-triphenylmethyl-4-car- 
bethoxyimidazole (7 ) .  

Compound l g  was prepared by reaction of lb  with ace- 
tic anhydride. It is believed that the 1,4-disubstituted im- 
idazole was obtained. Previous nmr studies12 on the ring 
acetylation of imidazoles showed that acetylation occurred 
farthest from any substituents. In addition, an average 
downfield shift of 19 Hz was observed12 for imidazole ring 
protons adjacent to the acetyl group. The nmr absorptions 
of the ring protons of lb  were observed a t  460 and 466 
Hz while those of l g  were observed at 481 and 504 Hz. 
Also prepared was 1-acetyl-4-carbethoxyimidazole (8). 

The low yields obtained (29%) in the synthesis of IC 
prompted a search for an improved method of preparation 
of the acid chloride of 4(5)-imidazolecarboxylic acid. Ear- 
lier investigatorsl3 have reported no reaction between 
thionyl chloride and 6. However, when 6 was refluxed 
with thionyl chloride, a crude solid was obtained in high 
yields. Spectral and analytical data indicated the material 
was not the desired acid chloride but was, instead, 
5H, 10H-diimidazolo[ 1,5-a: 1 ,5’-d]pyrazine-5.1O-dione (9) 

0 
9 

which could arise from dimerization of the intermediate 
acid chloride and subsequent intramolecular ring closure. 
A similar dimerization has been observed with 3(5)-pyra- 
zolecarboxylic acid.14 Treatment of 9 with excess methyl- 
amine gave a product which was identical in all respects 
with lb.  

The preparation of‘ 2a and 2b was accomplished by 
reaction of 1-methyl-4-carbomethoxyimidazole (10)s with 
ammonia and methylamine, respectively (Scheme 11). 

The proposed synthetic route to 3a-c involved benzyla- 
tion of 4(5)-nitroimidazole ( 1 1 )  to give 1-benzyl-4-nitroim- 
idazole (12) (Scheme 111). Alkylation of 11  in the presence 
of base has been reported15 to yield predominantly the 
1,4-disubstituted isomer. Reduction of 12 with hydrazine 
and palladium on charcoal16 gave the amine which was 
isolated as its hydrochloride salt (3a). Compounds 3b and 
3c were prepared by acylation of the amine in s i tu  with 
acetic formic anhydride17 and acetic anhydride, respec- 
tively. Compound Bd was prepared according to known 
procedures.18 

The nmr spectrum of 3a contained certain interesting 
characteristics. In deuterated dimethyl sulfoxide two dou- 
blets were observed a t  6.67 and 8.84 ppm. The former ab- 
sorption was assigned to the ring proton adjacent to the 
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amino substituent and the latter one assigned to the ring 
proton between the two nitrogen atoms. Double resonance 
experiments demonstrated coupling between these two 
doublets. Addition of DzO caused the downfield doublet 
to collapse to a singlet and the upfield doublet to disap- 
pear. These data indicated that the ring proton adjacent 
to the amino substituent was undergoing hydrogen-deute- 
rium exchange. 

The proposed synthesis of 4aI9 and 4d involved cycliza- 
tion of a-amino-a-cyano-N-methylacetamide (15)19 with 

Scheme I1 
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b, R=CH,  

Scheme 111 
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2. C,H,CH,B~* 
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formamidine (Scheme IV). The required amide 15 was 
prepared by the aluminum amalgamz0 reductionz1 of 
ethyl a-cyano-a-oximinoacetate ( 13)22 followed by treat- 
ment of the resulting amine 14 with methylamine. Treat- 
ment of 4a with benzaldehyde gave the Schiff base 16, 
which was hydrogenated with palladium on charcoal to 
the benzylamine 4d. 

The synthesis of 4b,23 4c, and 4h-j involved initial hy- 
drolysis of 7-benzyltheophylline ( 17p4 to give the imidaz- 
ole 4h (Scheme V). Acylation of 4h with acetic formic an- 
hydride1? or acetic anhydride gave 4i and 4j, respectively. 
Compound 4b was prepared by catalytic hydrogenolysis of 
4h. Acetylation of 4b with acetic anhydride afforded a hy- 
groscopic diacyl intermediate which was readily converted 
to 4c. 

Compounds 4e-g25 were prepared according to known 
procedures. The nmr spectrum of 4i contained features 
which indicated restricted internal rotation. The tertiary 
amide N-methyl (3.19 ppm), the benzyl methylene (5.36 
ppm), and the tertiary amide N-formyl absorptions (8.24 
ppm) all appeared as doublets of unequal intensities in 
deuterated chloroform or deuterated dimethyl sulfoxide. 
Similar observations have been made for carbon-carbonyl 
bondsz6 and for carbonyl-nitrogen bonds27 in di-ortho- 
substituted benzamides. 

The compounds prepared in this study were assayed for 
inhibitory activity against a soluble (40,OOOg) phosphodi- 
esterase preparation from the intima-media of pig coro- 
nary artery.28 The assay was a modification'of a procedure 
previously reported.29 Assays were performed at  30" for 30 
min a t  enzyme dilutions which would give a 20% maxi- 
mum hydrolysis of substrate in the absence of inhibitor. 
Substrate concentrations of cyclic 3',5'-adenosine mono- 
phosphate (cyclic AMP) and cyclic 3',5'-guanosine mono- 
phosphate (cyclic GMP) were 1 p M .  Per cent inhibition 
values were calculated by comparison of the hydrolysis of 
substrate in the presence and absence of inhibitor. Con- 
trol activities were measured in the presence of the re- 
spective solvent and product accumulation was linear for 
more than 30 min under the conditions of the assay. In- 
hibitor concentrations were 

Table I contains data for those compounds which inhib- 
ited phosphodiesterase 5% or more in the presence of cyclic 

M in all cases. 
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Table I. Activity of Imidazole Derivatives as Inhibitors of Pig Coronary Artery Cyclic Nucleotide Phosphodiesterases 

Ruchman, Heinstein. Well\ 

Compd 
(1 x 10-4 J I )  Solvent' 

--- 
Theophylline 
SC -2964" 
IC 
Id 
2a 
2b 
3a 
3b 
3c 
4b 
4d 
4f 
12 
16 
17 

HZO 

HZO 

HZO 
HZO 
HZO 

HZO 

H 2 0  

1% aq DMSO 

1% aq DMSO 

1% aq DMSO 
1% aq DMSO 

15 aq DMSO 

1% aq DMSO 
14 aq  DMSO 
1% aq DMSO 

', inhibitionh 

Cyclic  AMP^ 

47.9 t 3.5 
87.7 I 0.92 

9.6 z 0.47 

6.0 (0.48) 
6.8 (0.54) 
9.6 ~t 2.5 

s 5  
13.6 (0.31) 

5 
37.7 (1.77) 

7 .3  (0.29) 
15.8 (0.01) 

53.9 k 3.0 

3 

33.3 (1.0) 

c y c i l c  G M P ~  
. -__ - - - - - - - 

42.6 T 0.46 
94.9 i 1.2 

5 
7.6 i 0.75 

. 5  
5 

18.5 i 1.0 
9.4 r 0.26 
9.2 i (0.25) 

13.9 k 0.11 
33.9 (0.26) 

13.5 (0.37) 

73.9 * 4.4 

' 3  

34.3 (0.01) 

a In all cases per cent inhibition was calculated from control enzyme activity without inhibitor but in the presence of the solvent indicated. 
f standard deviation of mean of four determinations or, in parentheses, difference between duplicates. c 1-Methyl-3-isobutylxanthine was 

a gift from Searle Laboratories, Chicago, Ill. Substrate concentration = 1 fitM 

Scheme IV 
0 

4a 

16 4d 

AMP or cyclic GMP as substrate. The most striking fea- 
ture of the test data was the significant loss of activity 
which accompanied the opening of the pyrimidine ring of 
the xanthine nucleus. Compounds 4f and 4c seem to most 
closely approximate the structure of theophylline but the 
lack of activity serves to point out the effect of opening 

Scheme V 

the pyrimidine ring. Series 4 was the most active series if 
substituted by a benzyl or benzal group on the amino 
function; otherwise, activity was not increased over that of 
the other three series. 

The substitution of a benzyl group on the 7 position of 
theophylline increased the inhibitory activity significantly 
when cyclic GMP was used as substrate. This relative 
specificity for cyclic GMP phosphodiesterase activity is 
not observed with caffeine28 and is, therefore, dependent 
upon the type of substituent and not just upon 7-substitu- 
tion in general. We are actively pursuing the possibility of 
selective cyclic AMP or cyclic GMP phosphodiesterase in- 
hibition. 

Experimental Section 
Melting points were determined in open capillary tubes using a 

Laboratory Devices Mel-Temp or a Buchi capillary melting point 
apparatus and are reported uncorrected. Elemental analyses were 
performed by Galbraith Laboratories, Inc., Knowville, Tenn., and 
by Midwest Microlabs, Inc., Indianapolis, Ind. Where analyses 
are indicated by only symbols of the elements, the analytical re- 
sults for those elements were within *0.4% of the theoretical 

0 

4i 41' 
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value. Ultraviolet spectra were determined on a Bausch and 
Lomb Model 505 or a Perkin-Elmer Coleman 124 recording spec- 
trophotometer in 95% ethanol. Infrared spectra were obtained 
using a Perkin-Elmer Model 237B or Model 21 and a Beckman 
Model 33 infrared spectrophotometer. Nuclear magnetic reason- 
ance spectra were recorded on a Varian Associates A-60A or HA 
100 and a Japan Electron Optics Laboratory MH-60II spectrome- 
ter using tetramethylsilane as an  internal standard. Mass spectra 
were obtained on a Hitachi Perkin-Elmer RMU-60 or a Consol- 
idated Electronics Corp. Model 21-llOB mass spectrometer. 
High-resolution mass spectra were obtained on the CEC 21-llOB. 
4(5)-(N-Isopropylcarbamoyl)imidazole (IC).  A finely ground 

mixture of 4(5)-imidazolecarboxylic acidg (0.5 g, 4.46 mmol) and 
PC15 (0.9 g, 4.32 mmol) was heated on an oil bath in a nitrogen 
atmosphere a t  110" (0.5 hr) and then a t  130" (1 hr).  A solution of 
isopropylamine (1.0 g, 16.9 mmol) in HzO (1.5 ml) was added 
dropwise with stirring and cooling (0").  The resulting solution was 
stirred at room temperature overnight and then filtered. Evapo- 
ration in uacuo gave a yellow semisolid which was recrystallized 
(acetone) twice: 0.19 g (29%); mp (after an  additional recrystalli- 
zation from acetone) 167.5-170.5". A small amount of colorless 
crystals (5 mg) separated from the mother liquors on standing for 
a few days. This material was collected by filtration and air- 
dried: mp 195.2-196.5". The ir spectrum of this solid was identical 
with the one described above. This material was analyzed with- 
out further purification. Anal. ( C ~ H l l N 3 0 )  C, H .  
4(5)-(N-Benzylcarbamoyl)imidazole (Id).  A solution of 4(5)- 

carbethoxyimidazoleg (2.0 g, 14.3 mmol) in benzylamine (25 ml) 
was stirred under reflux (24 hr) in a nitrogen atmosphere. The so- 
lution was then cooled and diluted with hexane. The white solid 
which precipitated was collected by filtration and air-dried: 2.25 g 
(78%); mp (after recrystallization from CHCl3-hexane) 143.5- 
144.5". An analytical sample was prepared by recrystallization 
from HzO: mp 145.5-147.OO.Anal. (CIIH~INSO) C, H.  
4-Carbamoyl-1-triphenylmethylimidazole ( le) .  To a stirred 

solution of 4(5)-carbamoylimidazole monohydratelo (0.56 g, 4.34 
mmol), Et3N (0.51 g, 5.05 mmol), and DMSO (15 ml) was added 
a warm solution of triphenylmethyl chloride (1.40 g, 5.02 mmol) 
in DMSO (15 ml) dropwise with stirring. The resulting solution 
was stirred a t  room temperature (5 hr), then poured into HzO (60 
ml), and extracted three times with CHC13 (50 ml).  The com- 
bined CHC13 extracts were dried (Drierite) and evaporated in 
uacuo to a yellow crystalline solid. Recrystallization (benzene- 
hexane) gave 0.32 g (21%), mp 228-229". A second recrystalliza- 
tion (benzene) gave mp 233.0-233.5". An analytical sample was 
prepared by recrystallization from benzene: mp 233.0- 
233.5". Anal. (C~3H19N30) C, H .  
4-(N-Methylcarbamoyl)-1-triphenylmethylimidazole (If). A 

solution of 4(5)-(LV-methylcarbamoyl)imidazole1~ (0.85 g, 6.8 
mmol), triphenylmethyl chloride (1.9 g, 6.8 mmol), Et3N (0.69 g, 
6.83 mmol), and tetrahydrofuran (150 ml) was stirred at  room 
temperature (24 hr), then filtered, and evaporated in uacuo to a 
pink foamy solid. The solid was dissolved in CHC13 (50 ml), and 
the resulting solution was washed two times with HzO (25 ml), 
dried (Drierite), and evaporated in uacuo to a pink liquid. Hex- 
ane was added and the mixture boiled on a steam bath until 
crystallization was complete. After cooling (O"), the solid was col- 
lected by filtration and air-dried: 1.52 g (6l%); mp 172.0-172.5". 
An analytical sample was prepared by recrystallization from 
CHzClz-hexane: mp 174.5-175.0". Anal. (Cz4H21N30) C, H.  
l-Acetyl-4-(N-methylcarbamoyl)imidazole ( lg ) .  A solution of 

4(5)-(N-methylcarbamoyl)imidazole11 (1.0 g, 8.0 mmol) in AczO 
(25 ml) was stirred under reflux (0.5 hr).  The solution was cooled 
and evaporated in uacuo to a tan crystalline solid. Anhydrous 
Et20  was added and the solid collected by filtration, washed 
three times with anhydrous EtzO, and air-dried: 0.97 g (73%); mp 
183-184". An analytical sample was prepared by recrystallization 
from anhydrous EtOAc followed by sublimation a t  130" (0.2 mm): 
mp 188.8-190.W.Anal. (C~HgN302) C, H.  
4-Carbethoxy-1-triphenylmethylimidazole (7). To a stirred 

solution of 4(5)-carbetho~yimidazole~ (14.0 g, 0.1 mol), Et3N (11.1 
g, 0.11 mol), and CHC13 (250 ml) was added triphenylmethyl 
chloride (27.9 g, 0.1 mol). The resulting solution was stirred a t  
room temperature (15 hr),  then washed two times with HzO (100 
ml), dried (Drierite), and evaporated in uacuo to a yellow liquid. 
Anhydrous Et20  was added and the mixture was heated on a 
steam bath until crystallization was complete. After cooling (W), 
the almost white crystalline solid was collected by filtration and 
air-dried: 28.4 g; mp 170.5-173.0". Recrystallization (95% EtOH) 
gave mp 173.0-174.0". A second crop was obtained from the moth- 
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er liquors: 2.23 g. The total product weighed 30.6 g (80%). An an- 
alytical sample was prepared by recrystallization from 95% 
EtOH: mp 175.3-175.5". Anal. (CZ~HZZNZOZ) C, H .  
1-Acetyl-4-carbethoxyimidazole (8). A solution of 4(5)-car- 

bethoxyimida~ole~ (2.0 g, 14.3 mmol) in AczO (40 ml) was stirred 
under reflux (0.5 hr).  The solution was cooled and evaporated in 
uacuo to  a nearly colorless liquid. Anhydrous Et20  was added 
until a slight turbidity was observed and the mixture stored at  
-15" for a few hours. The white crystalline solid which separated 
was collected by filtration, washed several times with anhydrous 
EtzO, and air-dried: 2.01 g (77%); mp 75.5-76.0". An analytical 
sample was prepared by recrystallization from anhydrous EtzO: 
mp 75.0-75.5O.Anal. (CsHioNzOa) C, H.  
5H,10H-Diimidazolo[l,5-a:1',5'-d]pyrazine-5,l0-dione (9). A 

slurry of 4(5)-imidazolecarboxylic acid9 (1.0 g, 8.93 mmol) and 
thionyl chloride (15 ml) was stirred under reflux (21 hr).  The yel- 
low solid was collected by filtration and washed a few times with 
benzene: 1.01 g. Recrystallization (acetonitrile) gave the free 
base: sublimes by 300" without melting. An analytical sample 
was prepared by recrystallization from acetonitrile: sublimes by 
300" without melting.Anal. (CsH4N40~)  C, H. 
4(5)-(N-Methylcarbamoyl)imidazole ( lb ) .  A solution of the 

crude solid (0.25 g), from reaction of 4(5)-imidazolecarboxylic 
acid and thionyl chloride, in 40% aqueous methylamine (20 ml) 
was stirred a t  room temperature (3 hr) and then evaporated in 
uacuo to a light yellow solid. The solid was extracted several 
times with hot benzene, and the combined extracts were reduced 
in volume to approximately 40 ml and cooled. The white crystal- 
line solid which separated was collected by filtration and air- 
dried: 70 mg; mp 146.0-156.5" (lit.11 145"); mixture melting point 
with authentic 4(5)-(N-methylcarbamoyl)imidazole11 was not de- 
pressed. Spectral data were identical with that of authentic 4(5)- 
(N-methylcarbamoyl)imidazole.ll 
5-Carbamoyl-1-methylimidazole (2a). 5-Carbomethoxyl-l- 

methylimidazole (0.5 g, 3.57 mm0l)g was combined with 15 ml of 
a solution of absolute CH30H (50 ml) saturated with NH3 (9.02 
g, 0.29 mol). The resulting solution was heated in a sealed vessel 
(100-105", 24 hr).  The solution was cooled, filtered, and evapo- 
rated in uacuo to a brown semisolid which was recrystallized (an- 
hydrous EtOAc): 0.31 g (70%); mp (after two additional recrys- 
tallizations from anhydrous EtOAc) 187.5-188.0". An analytical 
sample was prepared by sublimation a t  105" (0.1 mm): mp 
188.5-189.0". Anal. (C5H7N30) C, H.  
l-Methyl-5-(N-methylcarbamoyl)imidazole (2b). A solution 

of 5-carbomethoxy-1-methylimidazoleg (3.0 g, 21.4 mmol) in 40% 
aqueous methylamine (30 ml) was heated in a sealed vessel (90- 
loo", 45.5 hr). The solution was cooled, filtered, and evaporated 
in uacuo to a yellow oil. The oil crystallized on standing over- 
night, and the solid was recrystallized (anhydrous EtOAc): 1.81 g 
(61%); mp 123-124". An analytical sample was prepared by re- 
crystallization from anhydrous EtOAc: mp 126.0-126.5". Anal. 
(CsHgN30) C, H.  

4-Amino-1-benzylimidazole Hydrochloride (3a). In a nitrogen 
atmosphere a solution of 1-benzyl-4-nitroimidazole30 (6.1 g, 30.0 
mmol) in absolute CH30H (50 ml) was added dropwise to 5% 
Pd/C (1.0 g) with stirring. Dropwise addition of a solution of hy- 
drazine hydrate (20 ml) in absolute CH30H (60 ml) was begun. 
Gentle warming initiated gas evolution. The methanolic hydra- 
zine solution was added until no further gas evolution was ob- 
served. The catalyst was collected by filtration and washed a few 
times with absolute CH30H and the combined filtrate and wash- 
ings were poured into HzO (250 ml). The CH30H was removed by 
evaporation in uacuo a t  room temperature. The resulting aqueous 
solution was extracted three times with CHC13 (100 ml) and the 
combined CHC13 extracts were dried (Drierite). 

In previous experiments the CHC13 solution had been evapo- 
rated in uacuo to a brown oil. The crude 4-amino-1-benzylimida- 
zole intermediate decomposed on standing a t  room temperature. 

The CHC13 solution of the 4-amino-1-benzylimidazole was 
evaporated in uacuo to a final volume of approximately 75 ml and 
cooled (0") and ethereal HC1 was added dropwise until precipita- 
tion of the yellow solid was complete. The solid was collected by 
filtration, washed a few times with anhydrous EtzO, and dried 
under nitrogen: 6.0 g (96%); mp [after recrystallization from ace- 
tonitrile and sublimation a t  130" (0.1 mm)] 173-175" dec. An ana- 
lytical sample was prepared by recrystallization from acetonitrile: 
mp 179-182"dec.Anal. ( C ~ O H I Z C ~ N ~ )  C, H.  
1-Benzyl-4-formamidoimidazole (3b). The CHC13 solution of 

crude 4-amino-l-benzylimidazole, prepared from 1-benzyl-4-ni- 
troimidazole (1.0 g, 4.92 mmol), was evaporated in uacuo to a 
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cooled (0"). Concentrated "03 (350 mlj  was added dropwise. A 
vigorous evolution of gas was observed. The mixture was adjusted 
to p H  10 by dropwise addition a t  room temperature of 5 N NaOH 
(300 ml). The mixture was extracted once with 1000 ml of CHClz 
and then four times with 500 ml of CHC13. The combined ex-  
tracts were dried (Drierite) and evaporated in L ~ C I ( ' U O  to  a purple 
solid. Recrystallization (EtOAc) gave a tan crystalline solid: 83.0 
g (49%); m p  113.0-114.5". An analytical sample was prepared hy 
recrystallization from anhydrous EtzO: m p  l15.3-l16.0°. .incli 

(C13Hi6N401 C, H.  
i(5)-Methylamino-5(4)-(iV-methylcarbamoyl)imidazole (4b). 

A solution of l-benzyl-4-methylamino-5-(N-methylcarbamoyl)i~~~. 
idazole (3.0 g, 12.3 mmol) in 95% EtOH (50 ml) was shaken (48 
hr) with 5% Pd/C (0.50 g) in an  Hz atmosphere (30 psi). The cat. 
alyst was collected by filtration and washed a few times with 95% 
EtOH. The combined filtrate and washings were evaporated in 
Caruo at room temperature. The green crystalline residue was 
triturated with anhydrous EtzO, collected by filtration. and air- 
dried: 1.76 g (93%); mp 174-176" dec. An analytical sample was 
prepared by recrystallization from anhydrous Et OAc: mp 179 
181" dec.Anal. (C6HloN40) C, H. 

4 ( 5 )  -(~V-Methylacetamido)-5(4)-( AV-methylcarbamoyl)imida- 
zole ( ic) .  A solution of 4(5)-methylamino-5(4)-(~~-methylcarha- 
moy1)imidazole (1.0 g, 6.49 mmol) in AczO (25 ml) was stirred 
under reflux (0.5 hrl. The  solution gradually changed from ii 

green to a brown color, The solution was evaporated in L ' U ( ' U ( J  t o  ii 
brown oil. In previous experiments the diacetyl intermediate had 
been obtained as a hygroscopic, t an  crystalline solid. A solution 01'  

the brown oil in absolute CH30H (20 ml) was boiled on a steam 
bath (0.5 hr) and evaporated in I ' C L C U ~  to a hrown oil. Trituration 
with anhydrous Et20  and a small amount of acetone pave a tan 
solid which was collected by filtration and air-dried: 0.51 i: (40'7ri: 
mp (after two recrystallizations from anhydrous EtOAc) 185.:1 
186.9". An analytical sample was prepared by sublimation at 1 
10.1 mmj: mp 185.5-186.V.Anal. (CXHlZN402) C,  H .  

1 -Benzyl-5-(N-methylcarbamoyl)-4-(N-methylform~1ni- 
do)imidazole ( i i ) .  l-Benzyl-4-methylamino-5-1.V-methylcarba- 
moy1)imidazole (24.4 g, 0.1 mol) was added to cooled (0") acetic 
formic anhydridei7 (200 ml) with stirring. The cooling bath was 
removed, and the solution was stirred at room temperaturc (16 
h r ) ,  filtered, and evaporated in iacuo t o  a brown oil. .Anydrous 
Et20 was added, and the mixture was boiled o n  ii steam bath 
until crystallization was complete and stored at .- 13" overnight. 
The tan  crystalline solid was collected by filtration and air-dried: 
22.2 g; mp (after recrystallization from benzene-anhydrous EtzO) 
102-105". A second crop was obtained from the mother liquors: 
1.43 g. The  total product weighed 23.7 g (87'701. An analytical 
sample was prepared by recrystallization from anhydrous EtOAc: 

1 -Benzyl-4-(:V-methylacetamido)-.i-(N-methyl~~rbamoyl)im- 
idazole ( i j ) .  A solution of l-benzyl-?-niethylamino-5-(N-methyl. 
carbamoy1)imidazole (8.3 g. 34.0 mmol) in AcaO (50 ml)  was 
stirred under reflux 10.5 hr) ,  cooled, and evaporated in cocuo t u  a 
brown liquid. The liquid was cooled 10") and anhydrous E t a 0  
added until crystallization was complete. The mixture was stored 
in the cold (-1.5") for 2 days, and the tan crystalline solid was 
collected by filtration, washed a few t irnes with anhydrous t : tzO. 
and air-dried: 9.4 g (97%); mp 160.0--161.0". An analytical sample 
was prepared by recrystallization from anhydrous Et OAc followed 
hy sublimation at 135" (0.1 mml:  m p  159.0-160.0" Irm/ 

mp 106.5-107.O".An~l. (C14H16S402) C. H .  

/C15H18N402) C. H .  

final volume of approximately 75 ml. Acetic formic anhydridei7 
(5 ml) was added in one portion; the solution was stirred a t  room 
temperature (1 hr), washed three times with saturated aqueous 
NaHC03 (50 ml), dried (Drierite), and evaporated in cucua to a 
yellow crystalline solid. Anhydrous Et20 was added, and the solid 
was collected by filtration, washed with anhydrous EtzO, and air- 
dried: 0.46 g (47%); m p  169-170". An analytical sample was pre- 
pared by recrystallization from anhydrous EtOAc followed by 
sublimation a t  125" (0.1 mm): m p  168.0-168.8". Anal 

I-Benzyl-4-acetamidoimidazole (3c). The  CHC13 solution of 
crude 4-amino-l-benzylimidazole, prepared from 1-benzyl-4-ni- 
troimidazole (6.1 g, 30.0 mmol), was evaporated in cacuo to a 
final volume of approximately 200 ml. AczO (25 ml) was added 
dropwise with stirring. The solution was stirred a t  room tempera- 
ture (1 hr), washed twice with saturated aqueous NaHC03 (100 
ml), dried (Drierite), and evaporated in ~.acuo to a yellow crystal- 
line solid. Anhydrous Et20 was added, and the solid was collect- 
ed by filtration, washed with anhydrous EtzO. and air-dried: 3.83 
g (59%); m p  181.0-183.0". An analytical sample was prepared by 
recrystallization from anhydrous EtOAc: mp 182.5--183.5" (lit.31 
180-181"). Anal. (Ci2Hi3N30) C,  H. 
ci-Amino-a-cyano-N-methylacetamide (15). To a stirred solu- 

tion of ethyl tu-cyano-cu-oximinoacetate (10.0 g, 70.4 mmol)22 in 
anhydrous Et20 (150 ml) was added aluminum amalgam (pre- 
pared from 5 g of aluminum shot)20 in one portion. HzO (5 ml) 
was added dropwise a t  such a rate as to maintain gentle reflux 
(0.5 hr) .  After additional stirring (1 hr) the mixture was filtered, 
and the collected solid was washed three times with anhydrous 
Et20 (50 ml) .  The combined filtrate and washings were dried 
(Drierite) and evaporated in cucuo a t  room temperature to 4.8 g 
of a yellow liquid. To  a stirred and cooled (0")  solution of the yel- 
low liquid in anhydrous Et20  (50 ml) was added dropwise a 
cooled (0")  solution of methylamine (5.9 g. 0.19 mol) in anhydrous 
Et20 (50 ml) .  The resulting solution was stirred a t  0" (15 mini 
and then a t  room temperature (0.5 hr ) .  The  tan crystalline solid 
which separated was collected by filtration and air-dried: 2.2 p 
(2870); m p  116-117". An analytical sample was prepared by re- 
c~ystallization from absolute EtOH: m p  118.0-118.5" (lit.I9 115- 
llG").Anal. (C4H7N30) C, H .  
~1(5)-Amino-5(4)-(h-methylcarbamoyl)imidazole (4a). A mix- 

ture of cr-amino-tu-cyano-N-methylacetamide (1.0 g, 8.85 mmol), 
formamidine acetate (1.04 g, 10.0 mmol), and absolute CH3OH 
(20 ml) was stirred under reflux (1 hr). cooled, diluted with anhy- 
drous Et20 (130 ml) ,  and stored a t  - 15. for a few hours. The su- 
pernatant fluid was decanted from the small amount of black oil 
and solid which had separated and evaporated in racuo to  an or- 
ange oil. The oil was cooled (0 ' )  and triturated with anhydrous 
Et20  and a small amount of absolute EtOH. The tan solid which 
separated was collected by filtration and air-dried: 0.14 g ( l l % c l ;  
mp 167-172". An analytical sample was prepared by sublimation 
a t  140" (0.1 mm): mp 200--203" dec.Anal. (C&N40) C. H. 

.1( 5 )  -Be nzy lideneamino -5( 4) -( N-methylcarbamoyl) imidazole 
(It;) .  A mixture of wamino-ct -cyano-Y-methylacetamide (3.0 g. 
26.6 mmol), formamidine acetate (3.12 g, 30.0 mmol), and ahso- 
lute CH30H (50 ml) was stirred under reflux (1 hr), cooled, dilut- 
ed with anhydrous Et20 until a faint turbidity was observed, and 
stored at -15" overnight. The  supernatant fluid was decanted 
from the black oil which separated and evaporated in cacuo to a 
red oil. The oil and benzaldehyde ( 5  ml)  were combined and 
heated gently on a steam bath until solidification was complete. 
Absolute EtOH (5 ml) was added and heating was continued.(l0 
min). The mixture was cooled and the yellow crystalline solid was 
collected by filtration. washed twice with absolute EtOH and 
twice with anhydrous EtzO. and air-dried: 2.64 g (44%); mp 230- 
232". An analytical sample was prepared by recrystallization from 
9570 EtOH: mp 240.5-241.0" dec. Anal. ( C ~ Z H ~ ~ N ~ O )  C,  H. 
1(5)-Benzylamino-~(4)-(N-methylcarbamoyl)imidazole ( id) .  

A solution of 4(5)-benzylideneamino-5(4)-(N-methylcarbamoyl)- 
imidazole (0.57 g, 2.5 mmol) in 95% EtOH (100 ml) was shaken 
(10 min) with 5% Pd/C (0.15 g) in a HZ atmosphere (15 psi). The 
catalyst was collected by filtration and washed a few times with 
95% EtOH.  The  combined filtrate and washings were evaporated 
in cacuo a t  room temperature to a green solid. Recrystallization 
(EtOAc) gave a green crystalline solid: 0.46 g (80%). An analyti- 
cal sample was prepared by recrystallization from anhydrous 
EtOAc: m p  159-161" dec.Annl. (C12H14N40) C, H .  

(4h). A mixture of 7-ben~yltheophylline2~ (189.3 g. 0.702 mol) and 
3 h' KOH (1,500 mi) was stirred under reflux ( 3  hr) and then 

(C11HllrV'30) C, H.  

1 -Benzyl-4-methylamino-~-(N-methylcarbamoyl)imidazole 
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Inhibition of Tyrosinase-Catalyzed Melanin Formation by Catechol Phenyl Sulfones 
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Catechol phenyl sulfones were synthesized and evaluated as potential inhibitors of tyrosinase-mediated Dopa me- 
lanin formation. The results suggest that  the dopamine analogs, 2,3-dikiydroxy-5-(@-aminoethyl)diphenyl sulfone 
hydrochloride (9b) and 2,3-dihydroxy-5-(@-aminoethyl)-4’-aminodiphenyl sulfone dihydrochloride (9d) as well as 
the Dopa analogs 2,3-dihydroxy-5-(/3-alanyl)diphenyl sulfone hydrochloride (lob) and 2,3-dihydroxy-5-(@-alanyl)- 
4’-aminodiphenyl sulfone dihydrochloride (la), are noncompetitive inhibitors of enzyme-catalyzed melanin forma- 
tion. The methylcatechol analogs, 2,3-dihydroxy-5-methyldiphenyl sulfone (Sa) and 2,3-dihydroxy-5-methyl-4’- 
aminodiphenyl sulfone (Sc), had no effect on the formation of melanin, indicating that the $-aminoethyl side chain 
was required for inhibitory activity in this series of compounds. Although 1Od was the most effective inhibitor of 
melanin formation, it did not inhibit the tyrosinase-catalyzed conversion of tyrosine to Dopa. 

Tyros inase  (E.C. 1.10.3.1) is  an enzyme  capab le  of per-  
forming  a d u a l  funct ion;  i t  catalyzes  the hydroxyla t ion  of 
tyrosine (1) t o  3,4-dihydroxyphenylalanine (4b, Dopa) a n d  
subsequent ly  oxidizes t h e  catechol  t o  a labile o-quinone 
7b.l,* T h e  enzyme  also a c t s  o n  a var ie ty  of o the r  catechols 
converting t h e m  t o  quinones.  The react ive quinones  m a y  

CH,CHCO,H 

AH, 
--+ 

HO 

I;I4 

HO 
I 

$ 0 2  

8a,R = H X = H 1 

HO - 0 O D C H Z R  

2 , R = H  5 , R = H  
3a, R = CH,NHCbz 

b,R = CH,NH, 

6a, R = CH,NHCbz 

b, R = CHBNHP 
44 R = CH(NHCbz)C02CH3 74 R = CH(NHCbZKO2CH3 

b, R = CH( NH,ICO,H b, R = CH(NH,)CO,H 

undergo  a n u m b e r  of react ions including r ing cyclization, 
addi t ion wi th  nucleophiles,  and r ing cleavage. These  var-  
ied react ions usual ly  resul t  i n  the product ion  of me lan in  
p igments  which  a re  heterogeneous polymers .  Pr imar i ly  
th rough  the efforts of Raper3g4 and Mason5  and the i r  co- 
workers, a scheme  of melanogenesis has been  proposed 

tDedicated to my friend and former research professor, Dr. Alfred Burg- 
er. 

b ,R=H;X=NHAc 

c, R = H X  = NH, 
9a, R = CH,NHCbz; X = H 

b, R = CH,NHJCI-; X = H 

c, R = CH,NHCbz; X = NHAc 
+ + 

d, R = CH;NHJCl-; X = NHJC1- 
1Y)a.R = CH(NHCbz)CO?CH, 

+ 
b, R = CH( NH,Cl-)CO,H; X = H 

c, R = CH(NHCbz)C02CH3;X= NHAc 

d, R = CH(NH,Cl-)CO,H; X = NHJC1- 

whereby me lan in  is formed from D o p a  proceeding th rough  
quinoidal  and indolic intermediates .  In the cancer ,  mela-  
nob la s toma  (ma l ignan t  me lanoma) ,  an abnorma l  a m o u n t  
of me lan in  is usual ly  produced  med ia t ed  b y  tyrosinase i n  
an act ive s ta te .6  Unfortunately,  chemothe rapeu t i c  agents  

+ + 


