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* Mean 4= standard error.  * Noi significant

than testosterone (Table I). On the other hand, the
A¥H compounds were only weakly active; in no case
was potency higher than 0.2 of the corresponding tes-
tosterone activity observed. This could mean that the
hypothesis of enhancement due to flattening toward the
B face is incorrect. Alternatively, the presence of the
double bond, or the absence of the S3- or 14a-H may be
respongible for the low order of aetivity,

Experimental Section®

5a-Androsta-8(14)-3,17-dione (2). --A =olntion of 2 g of 1+
it 200 ml of Me,CO was oxidized with Jones reagent at room
temp. -PrOH was added to destroy the excess Jones reagent,
ice water was added, and the MesCO was removed under reduced
presaure.  The pptd powder was filtered to afford 1.8 g of prod-
uet, mp 144-148°, which was recrystd from MeOH-H,O to
give a sample: mp 145-149°; umr 0.93 (19 Hj), 1.10 (18 I3},
[a] ™D +347° (¢, 1, CHCL).  Anal. (Ci1sHy0:) C, H.

3,3-Dimethoxy-5a-androst-8(14)-en-17-one (3).—A solulion
of 1.5 g of 2 and 1.5 g of SeO, in 60 ml of MeOH was heated at
50° for 15 min, It was cooled (o room temp and a sohition of
2.5 g of KOH in 20 ml of MeOH was added to make the solution
alkaline. It was poured into ice water, and the pptd powder
was filtered to atford 1.5 g of crnde product, mp 103-104°. h
was recrystd from MeOH containing 1 drop of methanolic KOIL
to give 3: mp 106-108°; nmr 0.70 (19 H;), 1.07 (18 H;), [«]®>
+222° (¢, 10, CHCL). dnal. Caled for CoyHanO;: C, 75.86;
H,9.70. Fouud: C, 75.10; H, 9.2%.

173-Hydroxy-5«-androst-8(14 )-en-3-one (5)—To a solution
of 1.2 g of 3 in 40 ml of MeOH was added slowly a solution of
1.2 g of NaBHy in 20 ml of MeOH. Tce water was added and
the pptd powder was filtered to atford 1.0 g of crude 4, mp 184 -
157°. A solution of 1.0 g of this 4 i1 5 ml of HOA¢ was warmed
on a stean bath for 10 min and i) was added dropwise. The
=olution was cooled and the pptd powder was filtered to afford
0.7 g of 5, mp 180-183° It was recrystd from MeOH-TL,0 to
give material, mp 182-183°, [a]¥n +65° (¢, 195 CHCL).  Anal.
(C1 H0n C, 11

173-Hydroxy-5«-androst-8( 14 )-en-3-one Acetate (6),—-A solu-
tion of 0.1 g of 5 in 1 ml of CsHN was added to 0.1 ml of Ae,0)
and the mixture was kept at room temp for 24 he. Tce water

(65) Melting points were determined with & Thomas-Hoover apparatus
eonipped with a corrected thermometer. Microanalyses were performed
Ly (le Mlieroanalytical 1Department, University of California, Berkeley,
C'alif.  Nmr spectra vere obtained at a field strength of 60 M Hz on samples
in CDCls solntion ona Varian A 60A instnanent nsing TMS as internal stan-
dand,  Opdeal rotations were oliaimal in a 05-0Im (ube with 4 Rudalph
phatoeleetrie polarimeter.  Where analyzes are indicaced only by symbls
of die elemenes or funcdoens, analytical resnlts ob(ained for those elemencs

.

wr funedons were within 0.4 of the1theoredeal ralnes,

was added and the pptd powder was filtered to afford 0.95 g of
product, mp 145-147°, raised to mp 145-149° after recrystalliza-
tion from MeOH, [a]®v +41° (¢, 1¢;, CHCL).  Anal. (CaHs0Oq)
C, .

175-Hydroxy-5x-androst-8(14)-en-3-one Propionate (7). To
a solntion of 0.u g of 5 in 1 ml of C:H;N was added 0.1 ml of
(C.H:CORO and (he mixture was kept at room temp for 24 hr.
Lee water was added aud the pptd powder was filtered to afford
0.105 g of produet, mp 1558-163°. [t was recrystd from MeOH-
H.0 to give material: mp 160-162°; nmr 0.90 (19 Hs), 0.9%
ANTHG, [a)®n 4580 (o, 10, CHCE, dnal (CaulTnOy) CH.L
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Histamine las been implicated in a number of
phiysiological processes, ¥ among them, the regulation
of the microcirculation.* gastric secretion,” growth and
repair processes,’ and certain hormone actions.” Some
clinical conditions in which histamine plays a role are
anaphyvlaxis and allergy, wound healing, inflamation, and
mastocytosiz.  The discovery of an inducible, specific
histidine decarboxyvlase (HD) i mammalian tissues and
the development of sensitive assayvs® has opened up new
approaches to the understanding of the physiological
and pathological role of histanine. In recent years,
interest in histidine decarboxylase inhibitors us tools in
such studies and as agents for the treatment of disorders
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4 All compounds listed in the table were analyzed for C, H, N and the results were within £0.4¢7 of theoretical.
were determined in a Thomas-Hoover capillary apparatus and are uncorrected.
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Empirical formnla®

CiHiN:O-HCI

C,oHsCINO-HCl

C\HCIN;O-HCl

Ci o H.CIN,O-HCl

C,ngBl'Nzo . HCI

C,ngBerO . HCI

CiHoFN:O -HCl

CioHyIN,O-HCI

CnH;:N:O-HCl

C,:H;3CIN:O-HCI

Ci3H,6N:0,- HCI

CioH NS HCI
CioHyCIN.S - HClI
Col T INS -HCI

CiH,N,08 - HCI

CioHsCLNS-HCI
CiHisN.S-HCI

CuHuuN.S - HCI

CiHyCIN,O-HC

CiHsCLN:3 - HCI

CiH,CINg - 2HCI

Mp, °CH

187-188

200-201

152-154

188-190

193-195

192-193

176-177

187-189

195-196

222-223

124-125

176-177

200-201

123-124

184-186

164-165

142-143

199-200

180-182

222-225

¢ All compounds tested at 10-¢ M.

Histidine
decarbox-
ylase
Te inhibition

yield (%)°

75 20

60 47

51 34

60 28

56 30

66 45

75 28

51 45

56 27

48 27

43 0

a0 65

93 59

82 79

85 7

46 (¥

52 D

45 29

53 0

48 15

46 0

bt Melting points
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it which histannmne is a factor has inereased steadily.* -1#

Inhibitors which have been developed for this purposc
are either weak but spectfic, e.g.. e-methylhistidine or
potent but relatively nonspecifie. ¢.g.. 3-hyvdroxy-4-
bromobenzyloxyamine. We have exannned a sertes of
imidazole derivatives in a =earch for more potent,
specific mhibitors of HD,

Chemistry.—Compounds 1-20 were prepared esscn-
tiafly by the method of Ruoff and Scott.'*  The method
of 1solation was modified =0 ax to give unalytically pure
HCT salts directly.  The 4(5)-chloromethylimidazole
HCT used ax starting materal was deseribed by Pyinan.t®
2-Chloromethyvinmdazole - HCE used was deseribed by
Jones 1

Experimental Section

C"omponnds 1-20 were prepared by an identical procedure as
represented by the following experiments.

4(5)-p-Bromophenoxymethylimidazole - HCl (6. T« a =oln-
tiotr of 1.5 g (0.066 g-atom) of Na in 75 ml of dry EtOH was added
114 g (0.066 mole) of p-bromophenol i 25 nil of KtOH. The
<olation wax stirred for 2.5 hr and then cooled it an ice-HCI hath.
Asolntion of 5.0 g(0.033 mole ) of 4(5)-chloromethylimidazole- HCl
i 50 ml of KtOH was thep added slowly over 4 period of about 20
min with stirring, and the mixtnre was then stirred an additional
G hr at room (emperatare.  After filtration to remove NaCl,
the aleohol solvent was rentoved under rednced pressure. To
the resnlting oil wax added 15 mi of H;O and 20 ml of 6 N HCL
This sohition was extracted with 50 mi of Et.0 to remove the
unreacted phenol. The ag phase on standing deposited 4.7 ¢
1604 )y of colortess, erystalline 6, mp 192--193°.

4(5)-(0-Chloroanilinomethyl)Jimidazole - 2HCI (21). - A solution
af 5.0 g (0.033 mote) of 4(5)-chloromethylimidazole- HCl and 12.8
¢ (0.1 niole) of o-chloroaniline in 100 ml of EtOH was refluxed for
6 hr. The solvent wax removed /n racno and the residue tri-
tnrated several times with anhyd E1.0 to remove excess o-chloro-
aniline,  The remainting solid, which wax gaite hyvgroscopic, was
reervs(aliized twice from IStOH-ELO to give 4.3 g (464 ) of 21.

Enzymology. —Histidine decarboxylase was prepared and
assayed essentially as described by Snyvder and Epps.”  Female
Spragae-Dawley rats (250-300 g; food and water ad hHb) were
anesthetized (Et0) and their stomachs removed aud chilled
i ice. The glandular portions of the stomachs were cleaned,
weighed, homogenized i1 5 val of {ce-cold (L05H 3 KPO, buffer,
pH 722 and eentrifuged at 10,000¢ for 20 min at @°. Enzyvine
activity was neasired ax CO»-2C from pr-histidine-1-4C'.  The
reaction niedinm (2 mi; contained 0.4 ml of 10,000 supernatant,
0.05 M KPO, butfer, pH 7.2, 1075 3/ pyridoxal phosphate, and
10# 3 L-histidine (0.1 wCiof pr). The enzyme was preincenbated
for 10 min prior to starting the reaction with substrate and the
ipceubation was continned with agitation for 2 hr at 37°. The
reaction was stopped with I mlbof 1 3/ eitrie aeid aud the evolved
CO-C was Crapped during 50 min ar 57° in 02wl of Hyamine
comained in (he center well of the reaction vessel.  The radio-
aetivity was then determined in a lguid =cintilation spectrom-
cler.

Dopa decarboxylase was obtained as an acetone powder from
gainea pig kidney.™ Assay was based on the measurement of
CO»C from bL-3,4-dihvdroxyphenylalauine-1-*C (p1.-DOPA).
Fonzyne (5-10 mg) was incubated for 20 min at 37° in 1 medium
2 mh containing 0.05 3/ KPO, buffer, pH 6.5, 10-2 }/ pyridoxal
phosphate, and 5 X 10-1 17 1-DOPA (0.1 uCi of pDL-DOPA).
brngs and appropriate controls were preinenbated with enzyme
for 10 min prior to starting che reaction with substrate.  The
restelion was ternti(ed by the addition of 0.6 ml of | 3/ H.80),
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and then processing wis continued as for histidine decarboxylase
above.

Results and Discussion

The results are summarized in Table 1. Activity
against thie enzyne was tested with the compound being
tested at a concentration of 10-* 1/, None of the
conpounds fulfills the need for potent, specific inhibitors
of HD. The relatively small number of compounds
and the limited variety of structural modifications in
this sertes dues not permit a sophisticated anulvsis of
structure-uectivity relationships. Nevertheless, some
mformation has been gained which could be n=eful m
further work on imidazole derivatives.

In the O seriex, substitution with Clinerenses activity
it the order para < meta < otha.  Cl Br. and T are
equivalent in the orthe poxittan whereas o the para
position the bromo compound 1= more active than the
chloro derivative.  Oviho =ubstitution with 1 or Me
contributes little to activity suggesting that resonance
¢ffects are more important than induetive ones. The
trimethoxy dertvative wax nactive.

Substitution of S for phenolic O ncreases activity.
In this series (12--17) aromatic substitution results in
relatively minor changes m activity.  Here also, the
p-Cl derivative 13 ix stmtlar in aetivity to the parent
compound. but in general, substituents supplyving elee-
tron density inerease activity somewhat. When 8 1%
rentoved from conjuguation with the ring (18) we have a
compound comparable with the parent drug in the O
sertes,  The N isostere 21 ix inactive. We may
speculute that a high electron density about the ether
linkage contributes importantly to binding on the
enzyie sirface.  Consistent with this i+ the fuet that
the mdnetive effeet of the ring ix greatest in anline and
least in thtophenol.

Activity ix drastically reduced m the 2-substituted
imdazoles ax can be seen by comparing 2 with 19, and
16 with 20.

Compounds 14 and 16 were tested against guinen pig
kidney dopa decarboxylase under conditions which were
optimal for the deearboxylation of DOPA m order to
get some idea eoncerning their specificity. Table IT
illustrates the results.  As expected these compounds
are considerably less active against this enzyme in
comparisonn to specific listidine  deenrboxylase  (see
Table I). It should be noted that although equipotent
agaiuxt the Intter enzyme, there is u sigmficant dif-
ference between the activity of 14 and 16 against dopa
decarboxylase.
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