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A series of new l-arylimidazoles has been synthesized and examined for the inhibition of steroid U^-hydroxyl-
ase. Two general synthetic methods used were (a) the nucleophilic displacement of labile aromatic halogen by 
imidazole and (b) Marckwald's synthesis from an aryl isothiocyanate and amino acetal. The inhibition of 
steroid ll/S-hydroxylation activity was compared with that of 2-meth\i-l,2-bis(:-S-pyrid\T)-l-propanone (metyra-
pone), and a correlation between structure and activity was discovered for l-(alkyl-substituted phenyllimid-
azoles. The presence of bulky ortho substituents increases the activity, l-!'2-/-butylphenyl)imidazole being four 
times as active as the standard compound. 

The clinical testing' of pituitary and adrenal cortex 
functions by chemical reagents has been discussed2 as 
a means of diagnosing diseases such as Oushing's syn
drome, adrenogenital syndrome, primary and secondary 
aldosteronism, and diabetes mellitus. One way in 
which the effectiveness of such a chemical agent can be 
evaluated is by its ability to prevent the hydroxylation 
of steroids in the 11/3, 18, and 21 positions. One such 
compound, metyrapone, 2-methyl-l,2-bis(3-pyridyl)-
1-propanone (1) has been evaluated extensively as a ste
roid hydroxylation inhibitor.2-3 I t is used as a standard 
for comparison with the 1-arylimidazoles (2) which form 

CH 

-C 

CH., 

= N \ 
\ / 

N V N - A r 

1 

the subject of this paper. One particular group of com
pounds in this series shows a definite correlation be
tween substitution pat tern and biological activity. 
When Ar is an alkyl-substituted phenyl group, the 
steroid 11/3-hydroxylation inhibition activity is en
hanced as the size of the ortho substituent increases 
from H (relative activity O.Oo) to C(CH3)3 (4.0). These 
results clearly demonstrate the importance of a steric 
effect in this activity. 

Synthesis.—Two general synthetic procedures wore 
used to prepare the 1-arylimidazoles used in the study. 
The first is the nucleophilic displacement of labile 
aromatic halogen by imidazole (3) using XTa2C03 and 
DMF. 4 The simplicity of this one-step procedure is 
offset by low yields, tedious isolation procedures, and 
failure when there are no electron-withdrawing sub
stituents on the aromatic ring. The most successful 

reactions occur when the aromatic halide ArX (4) has 
X = V and one or more X()2, CX. or OOoH functions 
ortho or para to X. As expected,''' the reactivity of ArX 
follows the order X = 1' > 01 > Rr. The yields can 
often be improved by the addition of catalytic amounts 
of Ou powder and Kl.6 and intractable by-products can 
usually be removed on Florisil. The properties of these 
imidazoles are summarized in Tables I and A'. 

The second synthetic sequence is more general and 
gives very satisfactory over-all yields of the desired 
imidazole. This is the four-step Aiarckwald synthesis.7 

in which the starting materials are the readily available 
aryl isothiocyanates (6) and amino acetal (7). The 
isothiocyanatos 6 can lie prepared by the reaction of 
thiophosgone with the corresponding anilines (5),x and 
the intermediate aryldiethoxyethylthioureas (8) are 
usually cyclized without purification to the crystalline 
l-aryl-2-mercaptoimidazoles (9) using hot 10% HOI 
(("hart 1). The mercapto group is readily oxidized with 

ArNH, + 
5 

6 + H,NCH,CH(0OH ), 

7 

CHANT I 

CSC1. Ai'NCH 

6 

Ar\HCSNHCH,CH(OCH,), 

X N — A r XVN" 
SH 

NV/™ 
Na.C'0 

ArX • > 2 
DMF 

(.1) la) A u t h o r To w h o m inquir ies should be addressed . d o K. 1. du 
Punt de .Nemours a n d C o m p a n y . (c) S y n t e x Research . 

(2) J. J. C h a r t and H. S h e p p a r d . .7. .17c./. Pluirm. Chern., 1, 407 (1959). 
(3) (a) O. V. D o m i n g u e z a n d L. T . Samue l s . F.mloerinology, 73 , 304 

(1968); lb) F . W. K a h n t a n d I t . Nehe r . Heir. Chim. Ada. 49, 72.r> (1966): 
(e) A. P . Sfikakis, D . G. Ikkos , and K. X. D i a m a n d o p o u l o s , ./. Endocrinol., 
39, 61 (1967); (d) .). Foldes , O. Koref, T. Felrfr, and H. Steczek. ibid.. 29, 
207 (1957); (e) A. E. Arguelles. H. M a r t i . C. Sabor ida . a n d U. I.. Pogsti. 
ibid., iO, 233 (1968). 

(4) It. A. Ca rbon i , J. C. Kauer , W. H. I l a t c h a r d . and H. .1. Harder , .1. 
Am. Chnn Sor., 89, 2626 (1967), 

hot 20% HX03 ,» 
azoles are usually 
compounds prepared bv t.hi? 
in Tables II--V. 

uul the over-all yields of 1-arylimid-
)0% or better. The properties of the 

vnthesis are summarized 

'5) C. K. Ingold . " S t r u c t u r e and .Mechanism in Organic I ' hem 
Cornel l Un ive r s i t y Press, I t h a c a . N. V., 1953, p 802. 

(6) Cf. L. M . S i tk ina a n d A. M. S imonov. Khim. Ge.te.rotxikl. Konlin. 
Kauk Lutv. SSH. 143 (1966}: Chem. Abstr.. 65, 13686 (1966). 

(7) (a) A. Wohl and W. M a r e k u a l d . Ber., 22, 568. 1353 (188H): 
Marckiva ld , ibid.. 26, 2354 (1892). 

18) O. M . Dyson, " O r g a n i c S y n t h e s e s , " Coll. Vol. 1, . M m Wiley an. 
Inc. , New York, N. V. H144 p 165. 

ifl) M. F.ngelmann. I ' . S. Pa .en t 2.005.53S ( 1935). 
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No. 

13 

2a 

2 c 

14 

2b 

IT) 

16 

17 

IS 

1!) 

20 

21 

22 

23 

24 
25 

° H a l o g e n 

1-AUYI . IMIDAZ()LKS (2) Pur . 

ArX" 

2 ,6 - (N0 2 ) 2 C 6 H s C7 

2 - C N C 6 H 4 F 

2-CX-4-CF 3 C 6 H 3 C7 6 

2-X02-4-ClC6H3C7<' 

2 -CX-4-FC 6 H 3 / - v 

2 - X 0 2 - 4 - B i € 6 H 3 / ? r ' " ; 

3 - X 0 2 - 2 - C i o H 6 S ^ 
2 - C 0 2 H - 4 - B r C 6 H 3 S r » 

2-X0 2 -4-CF 3 C 6 H 3 C/» c 

C 6H 5CH 2C7 

2 - X O 2 C H 4 F 

4 - X 0 2 C 6 H 4 F 

2 , 4 - ( X 0 2 ) 2 C 6 H 3 F 

2 -X0 2 -4 -CH 3 C 6 H 3 C7 

5-X02-2-C.-,H3XCZ 

2-X0 2-4-FC 6H 3 /< , 

X unde rgo ing r e p l a c e m e n t is 
All c o m p o u n d s a n a l y z e d for C, H , X . 

PAKKD BY 

Reaction 
temp, °C 

100 

120 

120 

120 

Reflux 

120 

120 

Reflux 

Reflux 

100 

100 

100 

100 

165 

100 

100 

165 

100 

100 

italicized, 

T 

X U C L E O P H H 

Reaction 
time, hr 

2 

40 

40 

40 

24 

40 

40 

20 

20 

20 

20 

20 
2 

IS 

IS 

4 

72 

4 

24 

, T h e residi 

ABLE I 

.IC DlS. 

Yield, 
7c 

72 

70 

30 

68 
21 

29 

62 

9 

43 

15 

60 

76 

42 

61 

64 

25 

12 

56 

26 

,ie corn 

PLACKMKXT OF A K Y I . H 

Recry^tn solvent 

5 : 1 CsHe-CsHu 

C 8 H 8 

1:10 C i H f - C c H u 

CeHr, 

1:1 C 6 H 6 - C J i n 

2 : 5 C J I B - C J I M 

C 8 H 6 

C G H 6 

E t O H 

CeH6 

Subl 95° (0.1 m m ) 

CH2C12—C(,Hi4 

-Me2C(), C8H ( i 

M e 2 C O , C6H„ 

CeHe-CfiTiH 

C 8 H 8 

C 6 H 8 - C 8 H H , CCU 

ssponds to Ar in formu 

ALIDKS W I T H I M I D A Z O L E 

Sip, °C 

160-161 

1 4 6 , 8 - 1 4 7 , 1 

6S-69 

9 4 . 1 - 9 4 . 9 

132-134 

113-115 

119-120 

1 8 0 - 1 8 1 . 2 

236-239 

9 3 - 9 5 

69-71 

9 4 . 7 - 9 7 . 2 

2 0 4 . 4 - 2 0 5 . 2 

1 4 4 , 2 - 1 4 5 . 6 

8 4 . 7 - 8 5 . 2 

2 1 8 . 5 - 2 1 9 . 9 

8 4 . S - 8 5 . 7 

la 2. '' C u - K I a d d e d 

Formula 

C 9 H 8 X 4 0 4 

C 1 0H 7X 3 

C „ H 8 F 3 X 3 

C»H6C1NS()2 

C „ H „ F X 3 

C a H 8 B r X 3 ( ) 2 

C13II,,X3()2 

C, 0H 7BrX 2<), 

C,oH8F3X3() , 

C1(,H,oXa 

C 9 H 7 X 3 0 2 

C, ,H 7 X 3 0 , 

C: ,H 6X 40 4 

( 1 , „ H ( I N 3 0 2 

C s H 6 X 4 0 2 

C n H ^ X a O , 

. r Florisil u*ed. 

N o . 

26 

27 

28 

29 

Ar 

C6H, ; 

1,4-C6H4 

2,4 ,6- (CH. 

1-CoH-

'3C6H, 

1 All compounds analyzed for C, H, X. 

TABLE II 

ARYLDTETHOXY'ETHYLTHIOUREAS (8) 

ArXHCSXHCH2CH(()C2H;,>. 

% 
Recrystn solvent, ml/g yield 

509c EtOH (6) 87 
EtOH extraction 95 
50% EtOH (24) 90 
EtOH(4) 

l i p , °C 

87.5-88.5 
198.5-199. 
122-123 
115-110 

Formula" 

C13H20X2O28 
C2oH34X404S2 

C16H26X20,S 
Ci;H22X202S 

Five other compounds can be prepared from the 
readily available l-(2-cyanoaryl) imidazoles (2a-c). 
H0SO4 hydrolysis of the nitrile group to a carboxamide 
group was used to prepare the three amides lOa-c 
(Chart II). LAH reduction of l-(2-cyanophenyl)-
imidazole (2a) to l-(2-aminomethylphenyl)imidazole 
(11), followed by deamination to l-(2-hydroxymethyl-
phenyl)imidazole (12) gives only fair yields of these two 
products. 

CHART II 

CX 

2a, X = H 
b, X = F 
c, X = CF, 

LiAlH, THF 

/ V_x JLS2v N r \ - / V x N V r 

CONH, 

CH,NH, 

HXO, 

10a, X = H 
b, X = F 
c, X = CF, 

CH.OH 

12 

Spectral Data.—The ir bands at 1550,1492,1451 cm"1 

in the spectrum of imidazole10 cannot be clearly dis-

(10) D. Garfinkel anil J. T. Edsall, ./. Am. Cliem. Sor., 80, 3807 (1958). 

tinguished in our compounds because of the aromatic 
substituent. In general, for both the l-aryl-2-mercapto-
imidazoles and the 1-arylimidazoles we observe several 
bands in the 1650-1300-cm_1 region, which are caused 
by the ring-stretching modes of both the benzenoid and 
imidazole rings. 

The effects of substitution on the benzenoid ring are 
readily seen from the uv data for both the l-aryl-2-
mercaptoimidazoles and the 1-arylimidazoles.11 In the 
mercaptans 9, there are commonly two absorption 
bands in the regions of 278-297 rmz (e 5400-10,200) and 
216-252 m,u (e 8550-21,900), but when the aryl group 
bears an ortho substituent the band is located almost ex
clusively at 260-265 m/x (e 9150-14,200). In unhin
dered imidazoles 2, there is commonly a single band at 
229-246 niM (e 7850-16,700), but when the aryl group is 
ortho substituted there are two bands near 265-272 m/i 
(e 256-1650) and 261-265 mM (e 350-1175). The ex
pected chromophoric shifts are observed in both series 
of compounds when groups such as N02, CH30, and CN 
are present. 

The benzenoid and imidazole protons can usually be 
distinguished in the nmr spectra of the free imidazoles 
2 and their 2-mercapto derivatives 9. The use of 

(11) Cf. (a) H. Heath, A. Lawson, and C. Rimington, J. Chem. Soc. 
2217 (1951), reported X™° 258 m,u (log e 4.16) for 2-mercaptoimidazole; 
(b) literature values for imidazole are (i) Xmix

5 210 m/x (« 5000), 250 mp 
(e 60) [E. A. Braude, Ann. Rept. Progr. Chem., 42, 105 (1945)]; (ii) x£!,"s0H 

207-208 mfi (log t 3.70) [G. Leandi, A. Mangini, F. Montanari, and R. Pas-
serini, Gazz, Chim. Ital., 88, 769 (1955)]; (iii) no X™/ 200-300 mM [H. A. 
Staab. Chem. Ber., 89, 1927 (1956)]; (c) L. F. Cavalieri, A. Bendich, .1. F. 
Tinker, and G. R. Drown, .7. Am. Chem. Soc. 70, 3875 (1948). 
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No. 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 
58 

59 

60 

61 

Soxhle t ex t r ac t i on . 

Aromatic subst 

C 6 H 5 ' 

3 - X 0 2 C 6 H 4 

3 - F C 6 H , 

C 6 F , 

4-CH 3 C 6 H 4
T 

2-CH 3 C f i H; ; 

4-BK' 6H< 

4 - C H 3 O C 6 l b 3 

2-CF 3 O e H 4 

3 - C F 3 C H , 
4 - C F 3 C 6 H 4 

2,3-(CH; i)20 i lH : , 

2 - C u H ; 

3-BrC 6 H 4 

4 - C N C 6 H 4 

2-FC 6 H 4 

4 - F C s H 4 

2 - X 0 2 C 6 H 4 

2-X0 2 -4 -CH 3 O f H ; 1 

2-N() , -4 -ClC 6 H 4 

2 - N 0 2 - 4 - e H 3 o e ( i H 4 

1.4-C6H4 

2 ,6 - (CH 3 ) 2 C 6 l l 3 

2 - f C H 3 ) 2 C H C 6 H 4 

2-C2H sC1 )H, 

2,6-(C 2H,) 2C f iH 3 

3-CH 3 C 6 H 4 

2,4 ,6- (CH 3 ) 3 C 6 H 2 

l - (5 ,6 ,7 ,8-H 4 jC I 0 H-

2 , 6 - [ ( C H 3 ) 2 C H ] 2 C 6 H s 

2,4-(C 2 H 5 ) 2 C 6 H 3 

2 ,4- (CH 3 ) 2 C 6 H 3 

6 C o n v e r t e d d i rec t ly 

T A B L E E l 

l-AHYL-2-MEKCA.PTOIMlDAZOLES (9 

Reerystn solvent 

H 2 0 

E t O H 

E t O I I 

6 7 ' ; E t O H 

5 0 ' c E t O H 

: ! 3 ' ; E t O H 

E t O H " 

E t O H 

E t O H 

3 0 ' ' ; E t O H 

5.VC E t O H 

E t O H 

E t O H 

E t O H 

E t O H " 

E t O H 

E t O H 

E t O H 

E t O H ' 

E t O H 

E t O H " 

E t O H -

E t O H " 

E t O H 

E t O H 

E t O H 

5 0 ' c E t O H 

E t O H 

E t O H 

E t O H 

5 0 ' o M e O H 

E t O H 

to t h e imidazole . '" All comr. 

y i e l d 

74 

91 

92 

67 

7 s 

/ :> 
4s 

V i 

>7 
i )•_> 

i o 

s4 

69 

N7 

S4 

74. 

71 
60 

55 

31 
40 

95 

72 
6 \ 

s7 

>> t 

v j 

3 \ 

s.7 

s2 

70 

5S 

)ounds anal 

M p . "< " 

174-

223-

161 
ls,S 

205 

243 

244 
216 
•>'.t\ 

1 .* ( 

194 

263 

204-

192. 

266-

l s 7 . 

207 
234-

222 
1S.S-

22S-

400 

303 

200 

194 

147-

212-

243-
I 55-
I s.s -

-176 

-224 

162 5 

101 
2 0 6 , 5 

245 

246 dec 

217 

2 A i . •> 

-159 

196 
265 

-205 

5-194 

-270 dec 

5-1*9 

5 2 0 9 . 5 

236 

2 2 3 . 5 

192 dec 

229 dec 

dec 
304 5 

2 2 6 . 5 

201 

195 

149 

• 2 / . ) 

214-
245 dec 

157 dec 

190 

r ormulii.' 

C»H*.X2S 

C !,H7N3O2S 

('.';, H,N\>FS 

H3X2F.S 

,ir,jXL.s 

,II,„X2S 
H,BrX2S 

,HmX2OS 

,H7FSX2S 

(,„1HTF3N..S 

C U H T F J X . S 

CnH12X ;S 
0,;,H,„X2S 

(';<,H7Bi'N2S 
On,H3X3S 

C.,H ;\.,FS 

C,H,N,FS 

/, 
C,,„H.JX3(),S 

/, 
b 

(.'.•jH.oN^S; 

C,,H1:!X..S 

C,2H14N2S 

H12X2S 

II,BN2S 

H M X 2 S 

n1(x,s 

H„N2,S 

H16N2S 

H,,X.,S 

(CD3)2SO as the nmr solvent for the mercaptans did not 
allow the SH proton to be detected. With l-phenyl-2-
mercaptoimidazole, the SH proton was identified at 
700 cps downfield of TMS in CDC13 solution. In the 
mercaptans in which both types of protons could be dis
tinguished, the benzenoid protons were downfield of the 
imidazole 4,5-protons. The benzenoid protons were in 
the range of 487-420 cps downfield of TMS with split
ting determined by the substitution pattern of the aryl 
group. The imidazole 4,5-protons were 409-447 cps 
downfield of TMS, and in many cases appeared as a 
doublet (J = 2-18 cps) each member of which could be 
split further {J = 1.5-3.0 cps), depending upon the par
ticular substituent. 

With increasing field strength, the chemical shifts of 
the protons in the imidazoles 2, in CDC13 solution, 
follow the order imidazole 2-proton, benzenoid protons, 
imidazole 4,5-protons. Typically, the imidazole 2-
proton resonance appears 488-448 cps downfield of 
TMS, the benzenoid protons at 502-432 cps, and the 
imidazole 4,5-protons at 450-415 cps. As with the mer
captans, the splitting of the aromatic signals depends 
upon the substitution pattern of the aryl group. The 
imidazole 2-proton resonance is commonly a triplet 
(./ = 0.5-1.0 cps) while the imidazole 4,5-protons ap
pear as a doublet (J = 3-10 cps), each member of which 
may be split further (•/ = 0.5-1.0 cps), depending upon 
the aryl substituent. 

Biological Evaluation.—In vitro studies of the 
steroid hydroxylation inhibition activity of the new 

imidazoles 2 were made following published proced
ures.12 In Table V the steroid 11/3-hydroxylation in
hibition activities of our 1-arylimidazoles are compared 
to metyrapone (1). In the alkyl-substituted phenyl-
imidazoles a clear correlation exists between the size of 
the ortho substituent on the benzene ring and this activ
ity. When other substituents such as X02 and CX 
tire present, the results are not as simply interpreted. 

Experimental Section13 

l-Arylimidazoles (2) by Nucleophilic Displacement of Labile 
Aromatic Halogen.- -A mixture of imidazole (3) (6.8 g, 0.1 mole), 
anhydrous Xa2C03 (11.0 g, 0.103 mole), aryl halide (4) (0.1 
mole), and D.MF (60 ml) was stirred for several hours4 at 50-
165°. In some cases the reaction was promoted bv the addition 
of Cu powder (0.5 g) and KI (0.5 g).6 The crude product was 
i.solated by pouring the reaction mixture onto ice ('500 g), filtering 
the precipitate, rinsing it with ice water, and drying it. by suction. 
In the more difficult, reactions, the crude 1-arylimidazole (2) was 
filtered through Florisil (50 g) using various mixtures of CHC13 

and CcH6 (500-750 ml) as the eluent. The purification was com
pleted by recrystallization. The experimental and analytical de-

(12) (a) G. W. Liddle, H. L. Kslep, J. W. Kendall. Jr., W. (.'. Williams, 
Jr., and A. W. Townes, ./. Clin. Kruhcrinol. Metab.. 19, 875 (1959); (b) 
D. C. Sharma, E, Forchielli, and K. I. Jlorfman, J. Biol. Chem., 238, 572 
(1963); (c) U. C. Sharmaand li. I. Dorfman, Biochemistry. 3, 1093(1964). 

(13) Melting pointi; (uncorrected) were determined in capillary tubes in a 
Mel-Temp apparatus; ir spectra in KBr or solution media were determined 
on a Perkin-Elmer 221 instrument. Uv spectra in solution were determined 
in 1-cm cells in a Cary Model 14 spectrophotometer, and nmr spectra on a 
Varian Associates A-60 instrument; where analyses are indicated only by 
symbols of the elements or functions, analytical results obtained for those 
elements or functions were within ±0 .4% of the theoretical values. 
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TABLE IV 

1-ARYLIMIDAZOLES (2) PREPARED BY MARCKWALD'S SYNTHESIS 

No. 

62 
63 
64 
65 
66 
67 
6S 
69 
70 
71 
72 
73 
74 
75 
76 
77 
20 
23 
14 
7S 
79 
SO 
SI 
82 
S3 
S4 
So 
86 
87 
SS 
89 
90 
91 
92 

Aromatic subst 

C6H5 

3-FCeH4 
4-CH3C6H4 

2-CH3CeH4 

4-BrC6H4
6 

4-CH3OC6H4
9 

2-CF3C6H4 

3-CF3C6H4 

4-CF3C6H4 

2,3-(CH3)2C6H3 

3-N02C6H4 

2-CioH-
3-BrC6H4 

4-CNC6H4 

2-FC6H4 

4-FC6H4 

2-X02C6H4 

2-X02-4-CH3C6H3 

2-N02-4-ClC6H3 

2-X02-4-CH3OC6H3 

1,4-C6H4 

C6F5 

2,6-(CH3)2C6H3 

2-(CH3)2CHCJ.I4 

2-C2H„C6H4 

2,6-(C2H5)2C6H3 

3-CH3C6H4 

2,4,6-(CH3)3C6H2 

2-(CH3).,CC6H4 

l-(5,6,7,8-H4)Ci0H, 
2,6-[(CH3)2CH]2C6H3 

2,4-(C2H3)2C6H3 

1-C10H7 

2,4-(CH3)2C6H3 

Bp, °C (mm) 

100(0.5) 
80(0.1) 
95(0.05) 
75(0.05) 

120(0.1) 
75(0.025) 
70(0.1) 
90(0.05) 
80(0.01) 

100(0.02) 
115(0.25) 

72(0.03) 
80(0.03) 

180(0.1) 
55(0.025) 
80(0.1) 
80(0.1) 
100(0.25) 
95(0.1) 
80 (0.1) 
100(0.1) 
80(0.01) 
90(0.5) 
105(0.1) 
90(0.1) 
120(0.2) 
105(0.2) 

Mp, °C 

45-48 

118-120.5'-
63-64.5 
43-45 

66-6S 
53.5-56.5 
107.5-108-
119.5-120.5 

151-152'' 

95-96' 
79-81/ 
94-95/ 
97-98" 
202-204 
66-69 
82-82.5 
67-68 

72.5-74 

106-109 

68-70 
123-125 
65-66 

% yield 

91 
84 
42 
75 
81 
37 
S3 
85 
78 
71 
90 
82 
SI 
92 
86 
88 
83 
20 
76 
80 
87 
53 
90 
91 
91 
7S 
62 
67 
69 
79 
SO 
59 
33 
91 

Formula0 

C9HsN2 

C9H7FN2 

CioHioN2 

CioHioN2 

C9H7BrN2 

C,„H10N2O 
C10H7F3N2 

O10H-F3N., 
C,„H-F3N2 

CUH12N2 

C9H~N,03 

Ci3HioN2 

C9H,BrN2 

CioH7N3 

C9H,FN2 

C9H,FN2 

C9H,N302 

C,»H9N302 

C9H6C1N()2 

C I O H 9 A 3 0 3 

CI2HI0N4 

C9H3F5N2 

C„H12N2 

C12H,4N, 
CuH12N2 

C1SH„N, 
C,0HioN2 

CJ2Hi4X2 

Ci3Hi6N2 

Ci3H14N2 

C15H18N, 
Ci3Hi6N2 

CI3H10N2 

CnH12N2 

" All compounds analyzed for C, H, N. h Recrystallized from 50% EtOH. c Recrystallized from C6H6. ° Recrystallized from C6H6-
C6H14 (15:1). ' Recrystallized from CH2C12-C6H„ (1:2). / Recrystallized from C6H6-C6H14 (1:1). 

TABLE ^' 

COMPARISON OF 1-ARYLIMIDAZOLES WITH METYRAPONE IN STEROID HYDROXYLATION INHIBITION 

No. 

87 
88 
SO 
84 
82 
90 
91 
92 
86 
S3 
81 
71 
25 
2a 
16 
80 
79 

Ar 

(CH3)3CCeH4 

l-(5,6,7,8-H4)Ci0H7 

2,6-[(CH3)2CH]2C6H3 

2,6-(C2H5)2C6H3 

2-(CH3)2CHC6H4 

2,4-(C2H,)2C6H4 

I-C10H7 

2,4-(CH3)2C6H3 

2,4,6-(CH3)3C6H2 

2-C2H0C6H4 

2,6-(CH3)2C6H3 

2,3-(CH3)2C6H3 
2-N02-4-FC6H3 

2-CNC6H4 

2-NO2-3-C10H6 

C6F5 

1,4-C6H4 

Potency/ 
metyrapone 

potency 

4.0 
2.0 
2.0 
2.0 
2.0 
1.2 
1.2 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.45 
0.40 
0.33 

tails for individual compounds prepared by this method are given 
in Table I. 

Aryl Isothiocjanates (6).—The general applicability of the 
reaction of CSC12 with anilines (5) according to Dyson8 was used 
exclusively to prepare aryl isothiocyanates which were not com
mercially available. The dithiocarbamate synthesis14 was not 
found to be useful. 

(14) F. B. Dains, R. Q. Brewster, and C. P. Olander, "Organic Syntheses," 
Coll. Vol. I, John Wiley and Sons, Inc., New York, N. Y.t 1944, p 447. 

No. 

65 
23 
14 
85 
2c 
50 
15 
22 
62 
17 
18 
10a 
64 
21 
67 
10c 
19 

Ar 

2-CH3CeH4 

2-N02-4-CH3C6H3 

2-N02-4-ClC„H3 

O-CH3C6H4 

2-CN-4-CF3C6H3 

2-N02-4-OCH3C6H3 

2-N02-4-BrC6H4 

2,4-(N02)2C6H3 

C6H3 

2-C02H-4-BrC6H3 \ 
2-N02-4-CF3C6H3 

2-H2NCOC6H4 J 
4-CH3C6H4 ( 
4-N02C6H4 / 
4-CH3OC6H4 

2-H2NCO-4-CF3C6H3 ' 
C6H6CH2 1 

Potency/ 
metyrapone 

potency 

0.33 
0.36 
0.32 
0.3 
0.25 
0.2 

< 0 . 1 
~ 0 . 1 

> All <0 .05 

Aryldiethoxyethylthioureas (8).—The appropriate aryl iso-
thiocyanate 6 (0.1 mole) was added slowly to a stirred solution of 
amino acetal 7 (13.3 g, 0.1 mole) in EtOH (100 ml) at room tem
perature. After the addition was complete, the solution was 
heated under reflux for 30 min, then the E tOH was evaporated to 
leave a heavy colorless oil of crude thiourea (8) which was usually 
processed directly to the l-aryl-2-mercaptoimidazole 9. Table II 
contains the details of aryldiethoxyethylthioureas which were 
more fully characterized. 

l-AryI-2-mercaptoimidazoles (9).—The crude aryldiethoxy-



1028 R O G E K H . B O W E K A M ) J o H N J ' . L A . U B O O Y Vol. 12 

e thy l th iourea 8 was s t i r red w i t h 1 0 ' , IK '1 (200 nil) a( reflux for 30 
min . T h e m i x t u r e was cooled t o 0° , a n d t h e c rude c rys ta l l ine 9 
was isola ted by f i l t rat ion. T h e p u r e c o m p o u n d s were o b t a i n e d 
by recrys ta l l iza l ion with Darco ( i -60 t r e a t m e n t . In :t few IMSIS 
t h e m e r c a p t a n was d issolved in 1 0 % a q u e o u s N a O H , filtered, and 
r e p r e c i p i t a t e d w i th 1 0 % HC1 before recrys ta l l iza t io t i . T a b l e 111 
lists t h e c o m p o u n d s p r e p a r e d a n d the i r phys ica l p rope r t i e s . 

1-Arylimidazoles (2). T h e rccrysta l l ized I - a ry l -2 -mercap to -
imidazole (9) (25 g) was s lurr ied wi th 2(1'', H N O J (100 ml) in a 
2-1. e r l e n m e y e r flask. W h e n this mix tu re was w a r m e d on a 
s t e a m b a t h beh ind a shield in the hood, a brief, v igorous react ion 
p roduced large a m o u n t s of \ ( % T h e mix tu re was kept at 100° 
for 5 min, before it was cooled and basified to ^ p H S wi th J o ' , 
a q u e o u s N I L (~I(MI ml ) . 1 6 T h e imidazole was e x t r a c t e d wi th 
t h r e e 25-ml po r t i ons of 0 I101 : i and usual ly purified by s h o r t - p a t h 
d is t i l la t ion or sub l ima t ion . T a b l e s IV and V give the exper i 
m e n t a l de ta i l s for these c o m p o u n d s . 

l - (2-Carbamoylpheny I i m i d a z o l e 110a). l - (2 - ( ' ya i iopheny l i-
imidazole (2a) (22.5 g) was dissolved in c o n c e n t r a t e d ILSOi 
(120 ml) and hea ted on a s t e a m b a t h for 10 min . T h e c rude , 
c rys ta l l ine a m i d e was isola ted by pour ing t h e reac t ion m i x t u r e 
in to ice wa te r (500 ml) , basi ty ing to p i I S wi th 2 8 ' , N ib , so lu t ion , 
and cooling t o 0 ° . l l ec rys ta l l i za t ion of the c rude p r o d u c t from 
Ji>>(> (120 ml) wi th Darco (1-60 t r e a t m e n t gave colorless p l a t e s of 
10a (21.2 g, 8 1 ' : ; ), m p 177.5 -178..")°. Anal. ((.'l0H.jNT.iO) X. 

l - (2-Carbamoyl-4-f luorophenyl) imidazole (10b). The above 
p rocedure gave, with l - (2-cyauo-4-Huorophenyl ( imidazole (2bi 
(1.5!) g) a n d c o n c e n t r a t e d H2SO4 (8 ml) , after recrvs ta l l iza t iou 

(l"») N'aOH will open llie imidazole rinsi. sec I'). S. Sehipper ami A. H. 
Day in "Heterocyclic Compounds." Vol. 5, R. ('. Elderfield. Kd., John Wil<\\ 
and Sons. Inc., New York. N. V.. 1957. |> 2()o. 

The finding by Fellman and Devlin- in 1958 tha t 
2-hydroxyphenylalanine (o-tyrosine) occurs normally in 
the mammalian adrenal gland makes its metabolism of 
interest. Armstrong, el a/.,3 and Xishimura and 
(!jessing4 showed that o-tyrosine is normally decar-
boxylated in the human to o-tyramine which in turn is 

(1) This work was supported in part by a U. S. Public Health Service 
Grant FR5391 and by The Council for Tobacco Research—USA. Inquiries 
concerning this article should be sent to John P. Lambooy at The Depart
ment of Biological Chemistry, The University of -Maryland, Baltimore, Md. 
This report constitutes part of the thesis submitted by Roger H, Bower 
for the M.S. degree, The University of Nebraska. 

(2) .1. H. Fellman and M. K. Devlin. Fe>l. Proc, 17, 218 (19S8). 
i'A) M. D. Armstrong, K. X. Shaw, and K. S. Robinson, J. Biol. Client., 213, 

797 (19551. 
(4) T. N'ishimura and L. R. Gjessing. Sciuul. ./. Clin. Lab. Invest., 18, 217 

i 1966,1, 

from wa te r i5 ml i. 0.40 g : 2 2 ' , I of 10b, nip 14(1 147". Arm!. 
< r J ( ) l T 3 F N 3 0 ) \ . 

l - (2-( 'arbamoyl-4-trif luoromethylphenyl) imidazole 110c; 
T h e above procedure gave, with l - | 2 -cyano- l - ( l i i f luoroiuel l ivb-
p h e n y l | i m i d a z o l e (2c) (25.0 g) a n d c o n c e n t r a t e d H;S() ( ( | 2 5 ml i, 
after recrys ta l l iza t ion from 3 3 ' , KfOTl (150 ml) with Darco ( i -60 
t r e a t m e n t , 22.8 g ( 8 5 ' , ' i of colorless 10c, m p 102 103.5°, Aim!. 
i ( ' „ H ( ! K , N V r i , ( ) j \ . 

l - (2-Aminomethylphenyl j imidazole (11). An e x t r a c t o r th im
ble was charged with 2a (42.2 g, 0.25 mole) , and a Ti l l ' " suspen
sion of LAI I (20 g, 0.525 m o l e / 5 0 0 ml) was hea ted unde r reflux 
unti l 2 hi' af ter the ex t rac t ion was comple t e . T h e mix tu re was 
cooled, decomposed with 2 0 ' , IK ' l t KM) nil), s t r ipped free of 
T M F , d i lu ted with ILO, filtered, and ex t r ac t ed with CTK 'h t'lOO 
ml). T h e ( T K ' L layer was d iscarded , and t h e ILO layer was 
basified with 2 8 ' , N I L solut ion and ex t r ac t ed cont inuous ly with 
( ' I K ' h . T h e dried ex t r ac t s were e v a p o r a t e d to leave a brown, 
oily res idue of c rude product which was distilled in a s h o r t - p a t h 
still at 80 05° -0.02 m m ) , yield 15.55 g i3 ( i r , ) of 11. A fur ther 
dis t i l la t ion at 85° (0.1 m m ) gave colorless p roduc t , nip 40.5 
52° . Altai. ! ( ' i „ l l u N : , i N . 

l - (2-Hydroxymethylphenyl ) imidazole (12). A solut ion oi 
11 ' 17 .0 g. 0.008 mole) , in a m i x t u r e of I IOAc (10 ml, 0.23 mole) 
and IL() ( 100 ml ! was cooled to 0 ° and t r e a t e d a I once with a j ire-
cooled solut ion oi Nii.VO,"'' (6.0 g, 0.1 mole) in II,(> (25 ml I. T h e 
mix tu re was si irred at 25° for 2 hr, t hen basified wi th 2 8 ' , ' N 11-. 
and con t inuous ly ex t r ac t ed with ( T K ' h . T h e extract was dried, 
c o n c e n t r a t e d and filtered t h rough Klorisil (50 g) using (>()() ml of 
OIIC'I- as the el uen I, T h e gum left on evapora t ion of (he CI K'f, 
was sub l imed :il 130° ill. I m m ) lo p roduce i).20 g (54 ' ' , i of 12. 
After a furl h e r sub l ima t ion this product mel ted al 100.5 102.5". 
Aim/. ( ( ' „ , I I i . , . \ ; ( ) i ( ' . II, X. 

' Hi: I". A. S. Smith and I). H. liner, th;i. Hfftimix. 11, 157 < 1960.. 

oxidized to o-hydroxyphenylacetic acid. They found 
thai o-tyramine and o-hydroxyphenylacetie acid art1 

excreted in the urine of normal humans in quantities 
ranging; from 0.3 to 1.0 ,ug and 0.1 to 0.4 g/g of creati
nine, respectively. Since it had been shown by 
Blaschko5 that o-tyrosine could serve as a substrate 
for mammalian dihydroxyphenylalanine (DOPA) de
carboxylase, it seemed reasonable to suspect that this 
enzyme is responsible for the decarboxylation observed 
in vivo, and a s tudy of some aspects of its substrate 
specificity for o-tyrosine appeared to be of interest. 

We chose to investigate the influence of the incorpora
tion of a single CHS as a sterie barrier into each of the 

(,i) H. Blaschko, Biochtm. ./.. 44, 268 (1949). 

The Syntheses and Substra te Specificity for Mammal i an 
Dihydroxyphenylalanine Decarboxylase of 3-, 4-, 5-, and 

6-Methyl-2-hydroxyphenylalanines and the Subst ra te 
Specificity of 3-, 5-, and 6-Methyl-2,4-dihydroxyphenylalanines 

for the Enzyme1 
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Department of Biochrmixiry, The t'nivcrsiti/ of Xt-braskn, Omaha, Xel/rttska 

h'rreirtr! J ma .',, lUb'.'i 

N u c l e a r m o n o m e t h y l - s u b s t i t u t e d o- tyrosines h a v e been p r e p a r e d from the co r re spond ing az lac tones via the 
b e n z a m i d o c i n n a m i c acids a n d the b e n z o y l a m i n o ac ids or b y d i rec t convers ion to the a m i n o acids . T h e 3- , 4-, 
a n d 6-methy l -o - ty ros iues could serve as s u b s t r a t e s while the 5 -methy l -o - ty ros iue was ine r t for m a m m a l i a n D O P A 
deca rboxy lase . T h e p r e v e n t i o n of e n z y m e b ind ing b y the 5 -Me g r o u p led to a s t u d y of t h e s u b s t r a t e specificity 
of the nuc lear m o n o m e t h y l - s u b s t i t u t e d 2 , 4 - d i h y d r o x y p h e n y l a l a n i n e s . T h e 3- and 6 -me thy l -2 ,4 -d ihyd roxy -
p h e n y l a l a n i n e s could serve as s u b s t r a t e s whi le 5 - m e t h y l - 2 , 4 - d i h y d r o x y p h e n y l a l a n i n e w a s inert for m a m m a l i a n 
D O P A deca rboxy lase . 


