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A xeries of new l-arvlimidazoles hus been syuthesized aud examined for the tnhibition of stevoid 1g=hydraxyl-
ase. Two general synthetic methods nsed were 1a) the uncleophilic displacement of labile arommic halagen by

imidazole and (b) Marckwald's synthesis from an arvl isathioeyanate and amino acetal.

The inhibition of

steroid 118-hydroxylation activity was compared with that of 2-methyvi-1,2-bi<(3-pyridyD)--propanone tmetyra-
pone), and a correlation between strincture and activity was discovered for I-talkyl-snbstituted phenylimid-

azoles.
times ax active as the standard compound.

The elinical testing of pituitary and adrenal cortex
functions by chemicul reagents has been disenssed?® as
2 means of diagnosing diseases such as Cushing's syn-
drome, adrenogenital syndrome, prinary and secoudary
aldosteronism, and diabetex mellitus,  One way in
which the effectiveness of such n chemienl agent ean be
evaluated is by its ability to prevent the hyvdroxylation
of steroids in the 118, 18, and 21 positions.  Oue suech
compound, metyrapone. 2-methyl-1,2-biz(3-pyridyl)-
1-propanone (1) has been evaluated extensively as a ste-
roid hydroxylation inhibitor.* It is nsed axn=tandard
for comparison with the l-arylimidazoles {(2) which form

0 CH,
N= ] AN am
\ /T R
CH,
1 2

the subject of this paper.  Oue particular group of com-
pounds in thiz series shows o definite correlation be-
tween substitution pattern and biological activity.
When Ar is an alkyl-substituted phenyl group, the
steroid 11g-hydroxylation inhibition activity iz eu-
hanced as the size of the ortho substituent inereases
from H (relative activity 0.05) to C(CHy); (4.0). These
results clearly demounstrate the importance of a steric
cffect in this activity.

Synthesis.—Two general synthetic procedures were
used to prepare the l-arvlimidazoles used in the study.
The first is the nucleophilic displacement of labile
aromatie halogen by imidazole (3) using Nu.CO, and
DMF.* The simplicity of this one-step procedure ix
offset by low yields, tedious isolation procedures, and
failure when there are no electron-withdrawing sub-
stitnenis on the aromatic ring. The most sueecessful

N\ Na, (O,
N NH + ArX —
N DMF
4
3
i1) 1a) Autltor to whom inittities shohld Le addressed. 11 1 1. dun

1Yonl de Nemnours and Company. (¢) Syntex Researcl.

12) J.J. Chart and H. Slteppard, J. Med. Phorm. Chere., 1, 407 (19391,

(3) (a) O. V. Dominguez and L. 1. Samnels. Kndocrinology, T8, 30t
(1963); (b) F. W. Kalnt and R. Neher, Helv. Chitn. Acta, 49, 725 (1866):
(¢) N. P Sfikakis, D. G. 1kkos, and X. N. Diamandonoutlos, J. Evdocrinol.,
89, 61 (1967): (d) J. Faldes, O. Karef, I'. Feliér, and H. Steczek, thid.. 29,
207 11957); (e) A. Ii. Arguélles, H. Marti, (. Saborida, and U. L. 'nggi.
ihid., 40, 253 (1968).

141 R. A. Garboni, J. . Kaiter, W. R. Hatebard, and R. .. tlarder, /.
Ane Clemn, Soc., 89, 2626 (1O6T).

The presence of bulky ortho substitnents mereaxex the activity. -(2-butyvlphenyl)imidazole tieing fonr

reactions occur when the avomatice halide ArX (4) has
X = " and one oy more NO., CN, or CO.H functions
artha vr para to X. - As expeeted,” the reactivity of ArX
tollows the order Xo= 1" > Cl > Br. T'he yields ean
often be improved by the addition of catalytic amonnts
of Cu powder and KL and mitractable by-products can
n=nally be removed on Florisil. The properties of these
imidazoles are siimmarized in Tables Tand V.

The =ccond =yuthetic =equence is more general and
gives very satisfactory over-all vields of the desirved
imidazole.  Thisis the fonr-step Marekwuld <ynthesix?
i which the starting materials are the readily available
arvl isothioevianates (6) aud ammino acetal (7). The
izothiocyanntes 6 can be preparved by the reaction of
thiophosgene with the corvesponding anilines (5)," qand
the intermedinte apevidiethoxyethylthiomrens (8) are
n=ially evelized withont prifiention to the erysralline
[-aryl-2-mereaptoimidazoles (9) using hot 109, HC(CI
(Chart ). The mereapto group ix veadily oxidized with

Croanr 1
ArNH, + (SCL —  ArdNCs
5 6

6 + HANCH.CHOCH), —
7

ArNHCSNHCH.CHOOC He 1,

JUDRR H W}
8
N_ N—ar —2 NG N A
: \( Moma TNy
sH 2
9

hot 209, HNOy,* and the over-all vields of 1-arylimid-
azoles are usually 509 or better. The properties of the
compounds prepared by this synthesis are snmmarized

in Tables II-V.

o) LI Ingold, CSarnetnree and Mechanisin in Ortgahic Chenisioy .
Clornell University Press, Drhaet, N, Y., 1053, n 802,

16) Gf. L. M. Sitkina and A. M. Sithonov. Khim. Geterotsibl. Saedin, A 6ior.
Noeuk Late. SSE, 143 11966): Chem. Abstr., 68, 13686 (1866).

17) ta) A. Wohl and W, Marckwald, Ber., 22, 768, 1333 t18801: by W,
Marckwald, ihid.. 26, 2354 [ 18U2).

(8) G. M. Duysott, "Organie Syvinheses,” Coll, Vol 1, Joteh Wiley aned Sona,
Ine., New York, N. Y., 1044 ) 164,

¢ M. Engeltnattn, UL X0 Poceny 2003548 (LS,
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TasLr I
I-ARYLIMIDAZOLES (2) Prerarnd BY NUCLEOrHILIC DisrracemiNT or ARYL Hatnes witH IMibAZoLy:
Reaction Reactiott  Yield,
No. ArX¢ temnp, °C rime, lir DA Recrystn  solvent Mp, °C Formula?
13 2,6-(N O, ),CeH3C'1 100 2 72 5:1 CeHeCeHy,y 160-161 CyHeN,O,4
2a 2-CNCsH.F 120 40 70 CsH, 146.8-147 .1 CyH:N;
'..!(‘ Z-CN-4-CF3C6H30/b 12() 40 10 1:10 (THHy‘.—CuHH tiN-69 C“HsFqu
120 40 68
14 2-NO-¢-4-C1C5H3C1K Reflux 24 21 Cp,Hr. 04.1-904.9 CyHﬁClNg( ):
2h 2-CN-4-FCsHyf 120 40 20 1:1 CiHe-CsHyy [BREIRES CuHFN;
120 40 62
15 2-NO,-4-BrCeHs3rh < Reflnx 20 0 2:5 Cile—Cullyy 113-115 GuH:BIN,O.
Reflux 20 43 CsHs FEO-120
16 3-NO,-2-C) HeBrh 10D 2t) 15 C¢Hs 1S0-181.2 CyyTTeN (),
17 2-COH-4-BrCsH; B 100 20 60 EtOH 236-239 G oH;BrN,O,
18 2-NOs-4-CF;CH;Cb < 100 20 76 CsH; 03-9H CroHeF3 N30,
3] CGHOCH20/ 100 2 42 Snbl 95° (0.1 111111) 6H-71 (;mHm‘.\’:
20 2-NO,CH F 165 8 61 CH,Cl—CeH\y 04.7-97.2 GoH; N30,
21 4-NO,C¢HF 100 18 64 Me.CO, CeH, 204 .4-200H.2 CoHNGO,
22 2,4-(NO2),CsH:F 100 4 25 Me,CO, Ce¢Hq 144 2-145.6 C.HgN,O,
2:)y 2-:\’02-4-CH3C6H301 16-’) 72 12 CsHs—CsHH H4 7—8-’) . '..! (:lUH{YN;g()*.I
24 5-NO-2-CH3NC! 100 4 a6 Cel1s 218.05-219.9 GyHsN O,
25 2-N(-4-FCH;# 100 24 26 Csle-CsHuy, CClLy N4.8-80.7 CoHgFN 30,

+ Halogen X undergoing replacement iy italicized. The residne correspouds to Ar in formnla 2.

4 All componnds analyzed for C, H, N.

A Cu-KI added. ¢ Florisil nsed.

TaBLE 11
ARYLDIETHOXYETHYLTHIOUREAS (8)
ArNHCSNHCH,CH(OC,H.).

No. Ar Recrystn solvent, ml/g
26 CeH, 50%; EtOH (6)

27 1,4-CsH, EtOH extraction
28 2,4,6-(CH,)sCHe 5057 EtOH (24)
29 1-CoHx EtOH(‘i)

« All componnds analyzed for C, H, N.

IFive other compounds can be prepared from the
readily available 1-(2-cyanoaryl) imidazoles (2a-c).
H,S0; hydrolysis of the nitrile group to a carboxamide
group was used to prepare the three amides 10a-c
(Chart II). LAH reduction of 1-(2-cvanophenyl)-
imidazole (2a) to 1-(2-aminomethylphenyl)imidazole
(11), followed by deamination to 1-(2-hydroxymethyl-
phenyl)imidazole (12) gives only fair yields of these two
products.

Cuarr 11
- H.80, N
N@N@-X ———;—> NMQ—X
CN CONH,
2a, X=H 10a, X=H
b, X=F b, X=F
c. X=CF, c X=CF,
LiAn-LlTHF
N/—__\N 0, N/=\N
N \
CH,NH, CH.OH
11 12

Spectral Data.—The ir bands at 1550, 1492, 1451 em ™!
in the spectrum of imidazole! cannot be clearly dis-

(10) D. Garfinkel and J. T. Edsall, J. 4m. Ckem. Sor., 80, 3807 (1958).

%
yield Mp, °C Formitla®
87 87.5-88.5 C)sHyoN 108
Ol 198.5-199.a CuoH3 N OS:
90 122-123 CieHaeN 008
115-116 )7 H N O

tinguished in our compounds because of the aromatic
substituent. Ingeneral, for both the 1-aryl-2-mercapto-
imidazoles and the l-arylimidazoles we observe several
bands in the 1650-1300-em~! 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 l-arylimidazoles.’' In the
mercaptans 9, there are commonly two absorption
bands in the regions of 278-297 mu (e 5400-10,200) and
216-252 mu (e 8550-21,900), but when the aryl group
bears an ortho substituent the band is located almost ex-
clusively at 260-265 mu (e 9150-14,200). In unhin-
dered imidazoles 2, there is commonly a single band at
229-246 my (e 7850-16,700), but when the aryl group is
ortho substituted there are two bands near 265-272 mu
(e 256-1650) and 261-265 mu (e 350-1175). The ex-
pected chromophoric shifts are observed in both series
of compounds when groups such as NO,, CH;0, 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 A223 258 my (log < 4.16) for 2-mercaptoimidazole;
(b) literatiire values for imidazole are (1) AG25*°F 210 mp (e 3000), 250 my
(¢ 60) [E. A. Braude, Ann. Rept. Progr. Chem., 42, 105 (1945)]; (i) AG2HsOH
207-208 mu (log € 3.70) (G. Leandi, A. Mangini, F. Montanari, and R. Pas-
serini, Gazz. Chim. Ital., 85, 769 (1953)]; (i) no AEEF 200-300 mu [H. A.
Staab, Chem. Ber., 89, 1927 (1956)]: (c) L. F. Cavalieri, A. Bendich, J. F.
Tinker, and C. B. Brown, J. Am. Chem. Soe., T0, 3875 (1948).
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TasrLe 111
1-ARYL-2-MERCAPTOIMIDAZOLES (91

No. Aromitic  suhbs) Recrysln salvent
30 CH H.0

31 3-NO.CeH, INtOH

32 3-FC:H, [tOH

33 CyFs a7 ¢ FtOll
34 4-CH;CsHy 10¢, EtOH
35 2-CHGCsHE B30 FaOH
36 4-B3rCglly ILtOl1s

37 4-CHOCsH? 1<tO11

38 2-CFCily IO

30 3-CFCll, 20¢; EtOH
40 4-CF3Citl, S0 EanOH
41 2,3-I'C}‘Ig)z(.|‘.”3 12tO1]

42 Z-C)UH; l'“()ll

43 3-BrCeH, EtOH

44 4-CNCH, EtOH=

45 2-FCeH; LtOH

46 4-FCsH, EtOH

47 2-NO.CsH, EtOli

48 2-NOs-4-CH;3CeHy Lt O 1

49 2-NO.-4-CICsH, ItOH

H0 2-NOp-4-CH,OCH, ItOH-

51 1.4-Celdy FtO M-

52 2,6-(CHs)Csk [StO 11

a3 2-(CH;.CHCH, StOH

A4 2-CoHCeHy EtO1

-’)’) J,ﬁ-(CQI{)z(.sH; l]t()H

Bl 3-CH;CsH, 3045 BrtOH
57 2,4,6-{CH;3),CeH. 11tOH

a8 l-(."),6,7,-‘s'-H4)CmH; EtOH

59 2,6-[(CHy ), GH],CeH EtOH

60 2 4Gl ). CoH, 50¢; MeOH
61 2,4-(CH; ). CaHy FEtOH

+ Soxhlet extraction. * Converted directly to the imidaznle.

{CDy)280 as the nmr solvent for the mercaptans did not
allow the SH proton to be detected. With 1-phenyl-2-
mercaptoimidazole, the SH proton was identified at
700 cps downfield of TAS in CDCl; 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 409447 ¢ps
downfield of TMS, and in many cases appeared as a
doublet (J = 2-18 ¢ps) each member of which could be
split further (J = 1.5--3.0 eps), depending upon the par-
ticular substituent.

With iucreasing field strength, the chemical shifts of
the protons in the imidazoles 2, in CDCl; solution.
follow the order imidazole 2-proton, benzenoid protons,
imidazole 4,5-protons. Typically, the imidazole 2-
proton resonance appears 488-448 cps dowufield of
TMS, the benzenoid protons at 502-432 eps, and the
imidazole 4,5-protons at 450-415 eps.  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 s commonly a triplet
(/ = 0.5-1.0 cps) while the imidazole 4,5-protons ap-
pear as a doublet (J = 3-10 ¢ps), each member of which
may be split further (J = 0.5-1.0 eps), depending upon
the aryl substituent.

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

! NMyp, 2C: ormatdn
e 174-176 CylTsN»S

{ll ‘.3'.33"._"..'4 (34«1'17:\'3()3.\'
al 6t 162 n
Gy s

N 2002060

T 245240 (NS
EEN 244 246 dee CL 3NN
<1 D2y Cid L NLON
~7 206-297 4 Crl NS
25 EA7-150 el F NS
Th [O4-- 106 Cull NS
54 263265 CullpNX
{9 204200 CrgH NN
NT 192 5104 oIl Brv .S
N4 .1(36271) (181‘ (.7|.,111N;|-\'
74 INT. 0189 CaH;NaFR
71 2070 2000 CLHNGS
it SRR U I

i 222223 0 Cal LNGO N
i ENS-102 dee I

40 225220 der b

a5 > 400 dec S
72 St 0405 b
(53N 200 2205 CrHNN
NT 200201 CaH NS
it 14 195 CulTiaNes
N2 147 144 Crd LN
IS IR SR (_.n”“.\v:.\.
ST 202214 CrallNes
s 243240 dee CrH N
T“ [BRS l’).l- 11(’(' (.H“II'-N

a8 [SS- 101 CollNes

< All camnponnds nalyzed for C 11N

imidazoles 2 were made following published proced-
wres.'  In Table V the steroid 118-hydroxylation ii-
hibition activities of our 1-arylimidazoles nre compared
to metyrapone (1). In the alkyl-substituted phenyl-
imidazoles a elear correlation exists berween the size of
the ortho substituent on the benzene ring and this activ-
ity.  When other substituents such ax NO, and ON
arve present, the results ave not as simply interpreted,

Experimental Section'®

1-Arylimidazoles {2) by Nucleophilic Displacement of Labile
Aromatic Halogen.--~A mixture of imidazole (3) (6.8 g, 0.1 mole),
unhvdrons Na,CO; (110 g 0.103 mole), aryl halide t4) (0.1
mole), and DMF (60 ) was stirred for several honrs* ut 50-
165°  ©u some cases the reaction was promoted bv the additinn
af Cn powder (0.5 g) and KI (0.4 g).¢ The crude prodnet was
isolated by pouring the reaction mixture outo ice (500 g), filtering
the precipitate, rinsing it with ice water, and drying it hy =uction.
In the more difficult reactions, the crude [-arylimidazole (2) wax
filtered thrangh Florisil (30 g) using varions mixtures of CHCIy
and CgHsg (H00-750 ml ax the elnent. The purification was com-
pleted by recrystallization. T'he experimental and analytical de-

1127 1) G. W, Liddle, 11. L. <sren, J. W, Kendall, Jr., W. . Williams,
Jr., and X, W, Townes, J. Clin, Eadoerinol. Metab., 19, 875 (1059); I
. C. Sharnta, 2. Forehielll, and R. 1. Dorfman, J. Biol. Chem., 238, 57¢
(1963): (¢) D. C. 8bactha and R. 1. Dorfman, Biochemistry, 8, 1093 (1964).

(13) Melting points {ttncorrecied) were deterntined in capillary tubes it a
Mel-Temp apparatus: ir spectra in KBr or solution media were determined
on a Perkin-Elmer 221 instrutnettt. Uy spectra in solution were determined
itt 1-cm cells in & Cary 3Madel 14 spectropliotometer, and nmr spectra on a
Varian Associates A-60 insimiment; wltere analyses are indicated only by
synrhols of the elemtentts or functions, analyvtical results obtained for those
lements or funclions were witliitt == 0.4 7 of tlie tlteoretical vahies.
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TaBLE IV
1-ARYLIMIDAZOLES {2) PREPARED BY MARCKWALD'S SYNTHESIS

No. Aromatic subst Bp. °C (mm)
62 C¢H; 100 (0.5)
63 3-FCsH, 80 (0.1)
64 4-CH;CsH, 95 (0.05)
6.’) 2-CH3C6H4 7.’) (O O-'))
66 4-B1‘C6H46

67 4-CH,;0C¢H,® 120 (0. 1)
068 2-CF;CsH, 73 (0.020)
(GO 3-CF3CeH. 70 (0.1)
70 4-CF;3;CsH, 00 (0.05)
71 2,3-(CH3).Cal;5 50 (0.01)
3 2-CyoH; 100 (0.02)
74 3-BrCsH, 115 (0.25)
75 4-CNCeH,

76 2-FCsH, 72 (0.03)

7 4-FC¢H, 80 (0.03)

20 2-N0,C¢H,

23 2-N0,-4-CH;CeHjs

14 2-N0,-4-CICsH;

78 2-N0,-4-CH;0CsH;

79 1,4-C¢H. 180 (0.1)
Sl 2,6-(CHj;).CeH, S0(0.1)
82 2-(CH;),CHGC, 1, K0O(0.1)
S3 2-CHLCoH, 100 (0.25)
s4 2,6-(CyHs ), CoHs 95 (0.1)
85 3-CH;CeH, 80 (0.1)
=6 2,4,6-(CH;);CsH. 100 (0.1)
ST 2-(CH;3);CCsH, 80 (0.01)
S8 1-(5,6,7,8-H,)C\H 90 (0.5)
%0 2,6-[(CHy),CH J:CsHs 105 (0.1)
00 2,4-(C.H;):CeHj 90 (0.1)
91 1-CyoHz 120 (0.2)
92 2,4-(CH;).CeHj 105 (0.2)

@ All compounds analyzed for C, H, N,

b Recrystallized from 509, EtOH.

1027
Mp, °C %, yield Formula®
91 CoHgN,
84 CsH7FN,
4548 42 CyoH)oN2
7") C)OH)ONZ
118—120 Ry 81 CgHrBrN-z
63-64.5 37 CieH)oN,0
4345 R3 CiH-FsN.
85 CyH:F3N,
6668 7N C)H:F3N,
.’)3 -’)—-")6.-’) 71 C“ngxg
107.5-108¢ 90 CeHiN,Os
119.5-120.45 82 C)sHioN2
S1 C})H’]BI.NQ
101-1524 92 CioH7N;
86 CyH.FN,
88 CoH;FN,
95-96¢ 33 CeH7N;50,
79-81/ 20 C)oHeN30,
094-957 76 CsH:CINO,
97-98¢ 80 CroHoN305
202-204 87 C).Hi Ny
66—69 :)3 CgHaF;‘,L 2
82-82.) 90 C“H)-gNg
G7-68 91 CrH)N.
91 ChHpN,
72.5-74 78 CpH Ny
62 CioHyoNs
106-109 67 CraHyN,
69 CysHyeNs
63-70 79 C)sH, N,
123-125 S0 C):HysN»
65-66 39 CysH)eN sy
33 CisH)oN.
91 ChHi:N;

¢ Recrystallized from CsHe. ¢ Recrvstallized from CeHe—

7 Recrystallized from CeHg—CoH,, (1:1).

v

CoMPARISON OF I-ARYLIMIDAZOLES WITH METYRAPONE IN STEROID HYDROXYLATION INHIBITION

Cel) (10:1). < Recrystallized from CH,Cl—CeH,, (1:2).
TABLE
Potency/
metyrapone
No. Ar potency
87 (CHjs)sCCsHa 4.0
8S 1-(5,6,7,8-H4)C)0H7 2.0
S0 2,6-[(CH;),CH],C:H; 2.0
R4 2,6-(C:H;),CeHs 2.0
82 2-(CH,),CHCsH, 2.0
90 2,4-(C,H;),CsH, 1.2
91 1-CyoHs 1.2
92 2,4-(CHj;),CsH; 1.2
S6 2,4,6-(CH;);CeH, 1.0
83 2-C.H,;CeH,4 1.0
81 2,6-(CHj3):CeHs 1.0
71 2,3-(CH;):CeHs 1.0
25 2-NO»-4-FCsHj 1.0
2a, 2-CNCsH, 1.0
16 2-N0,-3-C)oHs 0.45
80 CeFs 0.40
79 1,4-C¢H, 0.33

tails for individnal componnds prepared by this method are given
in Table I.

Aryl Isothiocyanates (6).—The general applicability of the
reaction of CSCl; with anilines (5) according to Dyson8 was used
exclusively to prepare aryl isothiocyanates which were not com-
mercially available. The dithiocarbamate synthesis’* was not
found to be useful.

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

Potency/
metyrapone
No. Ar potency
65 2-CH;CsH, 0.33
23 2-NO.-4-CH;C¢H; 0.36
14 2-N0,-4-CICsH;, 0.32
85 3-CH,;CeH, 0.3
2¢ 2-CN-4-CF3C6H3 0.25
.’)O 2-N02-4-OCH3C6H3 0 . '2
15 2-N02-4—BYCGH4 <0.1
22 2,4-(N02)2C6H3 NO 1
62 CeH;
17 2-C02H-4:-BYCGH3
18 2-NO-4-CF;C:H;
10& 2-H2N COC6H4
64 4-CH;3CsH, -
21 4 NO,C:H, All <0.03
67 4-CH;0CeH,
IOC 2-H2NCO-4-CF3C6H3
19 C:H;CH,

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 EtOH 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.

1-Aryl-2-mercaptoimidazoles (9).—The crude aryldiethoxy-
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cthivithiourea 8 was stirmed with 104, HCI (200 ml) ut vefbis for 30
min,  The mixture was cooled to 0°, and the erade cryvsinlline 9
was isolated by filtration.  The pure conpornds were abiaiied
hy recrystallization with Darco G-A0 treatntent.  In o few rases
the mercaptan was dissolved in 109} aqueous NaOR, filtered, and
reprecipitated with 1047, HCI before recrystallization. Table 1T1
lists the componnds prepared and their physical praperties.
1-Arylimidazoles (2). The rvecrvstullized f-urvi-2-mereapto-
imidazole (9) (25 g) was =Inrried with 209 HNO, 0100 ml) in o«
2-1, erlemmeyer faxk. When this mixtore was warmed on oo
steam bath beliind a shield i the hoad, a briel, vigoruns reactian
produced large amonnts af Nt),.  The mixture was kept at 100°
for & min, before it was cooled and basified to ~pll N with 12¢,
aqueons NHy U~100 ml? The imidazale was extracted with
three 23-ml portions of CHCL and nsually purified by <hort-path
distillation or sublimatior.  Tables IV ioid V' ogive the expert-
mental detailx for these compaarids,
1-(2.Carbamoylphenyl)imidazole 110a). [-12-Cvinoplienyl -
imiduzole (2a) 1225 g1 was dissadved ar canreenteated TSRO,
(120 mly and heated o a steam bath foe 1O mie. The ernde,
cryxtalline amide was {solated by panring the reactinn mixture
into ice water (300 ml), hasifving tu ptl 8 with 28¢, N1, <olutian,
and cooling to 02, Recrystallizatian af the ernde prodnet from
O (120 ml) with Darco G-60 treatment gave ealorless plates of
10a (212 ¢ 81, mp 177.5-1785°%  Anal. (CieHoN;O0 N,
1-(2.Carbamoyl-4.fluorophenyl)imidazole (10b).- The ahove
procedinre gave, witlh 1-12-cyano-4-Hnorophenylimidazole (2b}
LA g) and coucentranted RO, 8 nd o after recevstallizatian

115 NaOH will open the hinidazote ring, see 19 8. Sehipper aml AL R,
Day in *lleterocyelic Comptoitnds.” Val. 4, R, O Elderfield, Ed., John Wiley
attd Rotts, 1ne., New York, N. Y., 1047, p 2115,
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front wafer &5 mby D0 g 220,10 0f 10b, mp 146 175 hned,

(CplEN;O0) N,
1-/2-Carbamoyl-4-trifluoromethylphenylimidazole 10c¢ .

The above provceditre gave, with -] 2-cyano-f-ctrifluoromet v -
phenyvlimidazaby t2¢) (250 g) and concentrated HaXOy (125 oy,
sfter veerystallizatian from 3300 ItOTL (150 mil) with Direo G-60
trestntent, 22.8 g (3571 0f calorless 10e, mp 192 1D3.4°,
(Ol N - ThOy N

1-(2-Aminomethylphenyljimidazole (11;. .\n extroctor thin-
Dle was elavged with 2a (42,2 g, 0.25 nwle), and o THI <nspen-
sionr of LATE 20 g, 0.525 mole/300 w1 was heated nnder reflnx
bt 2 b after the extretion was compbete. The nixtoree wis
coaled, decomposed with 20, HHCT (100 mli stripped free of
THE, dilnted with H.O, filtered, aud extracted with CLCL (1ot
mly. The CHCL Livee was disearded, and the 1LO Tver was
hastfied winh 28¢7 N solutian ond exteacted cotinnansty witl
CHCL, The doed extracts were pvaporated ta lenve a brow,
v residue of vende prodieet which was distilled b o short-path
<tidhat SOC93° 5002 noud, vield B g 03690 of 110 A Tuether
distillirnne st S5 700 iy gaeve eolorless prodmer, e 495
52° . CullaNG N

1-(2-Hydroxymethylphenyl)imidazole ¢12). \ =oluiion of
110 17,0 2, 0,008 woded, e g mixtieree af THOAC 11O mil, 0,23 mole
and TLO (Tt was scarded ta 02 aud trented at voee with o pre-
covled saltitiine of NaNOL (.9 g, 08 meoler o HLO (23 ml, The
rdxbnre wis stared at 25° for 2 oy then basified witl 28€0 N1,
and contbunmsly extracted with CHClL, The extraet wisadrield,
concentrated and filteved though Flacisil (30 g1 using 600 wd ot
CHCL ox the elivnn, The gun left on evaparation of the CHCL
wis stddinied ot 1230° ant mng to prodoee 9.20 g i534¢ tal 12,
After o Furtlier <ublinadion this pradiet orelted e pany ol oe

Aod, (CLITLNLO S CUTLL N

el

c16E 1N N o Swerhoand TL R Boer, ey, Bevtiogx, 11, 15T (1O0L,

The Syntheses and Substrate Specificitly for Mammalian

Dihydroxyphenylalanine Decarboxylase of 3-, 4-, 5-, and

6-Methyl-2-hydroxyphenylalanines and the Substrate

Specificity of 3-, 5-, and 6-Methyl-2,4-dihydroxyphenylalanines

for the Enzyme'
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Nuclear monomethyl-substituted o-tyrosines have heen prepared tfrom the corresponding azlactones via the

henzamidocinnainic acids and the benzoylaminn acids o by direct conversion ta the amino acids.

The 3-, 4-,

and 6-methyl-o-tyrosines could serve as substrates while tlie 5-meihyl-o-tyrosine was inert for manmmalian DOPA

decarboxylase.

of the nuclear monomethyl-substituted 2,4-dihydroxyphenylalinines,

The prevention of enzyme binding by the 5-Me group led to a study of the snbstrate specificity

The 3- and 6-methyl-2,4-dihydroxy-

phenylalanines could serve as substrates while 5-methyl-2 4-dihvdroxvphenylalanine was inert for mammalian

DOPA decarboxylase.

The finding by Fellman and Devlin® in 1938 that
2-hydroxyphenylalanine (o-tyrosine) occurs normally in
the mammalian adrenal gland makes its metabolism of
interest.  Armstrong, et al..* and Nishimura and
(ijessing® showed that o-tyrosine ix uormally decar-
hoxylated in the human to o-tyramine which in tuun is

(1) Tltis work was sapparted i1t part by a U. 8. Poblic Healtlt Service
Grant FR5391 and by The Council for Tobacco Research—USA. lnquiries
concerning this article shoild be sent to John P. Lambooy at The Depart-
ment of Biological Chemistry, The University of Maryland, Baltimore, Md.
Tiis report constitittes part of the thesis sahmtitted by Roger H., Bower
for (lte M.S, degree, The University of Neliraska.

(2) J. H. Fellman and M. K. Devlin, Fe./. Proc., 17, 218 (1958).

(3) M. D. Armstrong, K. N. Shaw, and Ix. 8. Robinson, .J. Biol. Chem., 218,
97 (1958,

(4) T, Nishintura and L. R. Gjessing. Scard. J. Clin. Lab, Invest., 18, 217
L 1066],

oxidized tu o-hydroxyphenylacetic acid.  They found
that o-tyramine and o-hydroxyphenylacetic ucid are
excreted in the urine of normal humans in quantitios
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
Blaschko® that o-tyrosine could serve ns a substrate
for mammalian dihydroxyphenylalanine (DOPA) de-
earboxylase, it seemed reasonable to suspect that this
enzyme is responsible for the deearboxylation observed
inovivo, and a study of some aspects of its substiate
specificity for o-tyvosine appeared to be of interest.

We chose to investigate the influence of the incorpora-
tion of u single CHy ns a sterie barrier into each of the

14) H. Blascltko, Biochem. J., 44, 288 (1949).



