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values for -OMe (see footuote ¢, Table 1), Evidenee
for the validity of this assumption comes from u study
of the sterie effects i1 hapten-antibody interactions.
[n this study. the value of £, was found to be 0.40.
Thix is close to that of the caleulated value used in
Table 1. Use of 0.40 actually gives a slightly better
fit with eq 5. Tt is of particular iuterest that £, as
estimated for -OMe and -NHAc gives quite satisfactory
results in two very different biological svstems.

The negative coefficient with the /£, terms means that
the rate of reduetion is inereased by bulky groups in the 4
position.  Mechanistically, thiz ix probably best ratio-
nalized in terms of [Noshland’s indueed-fit hypothesis.®
The rigid positioning of the substituent in the 4 position
appears to be quite inportant. A small effeet i pro-
duced by groups such ax -ONMe and -NHAce which ean
adjust to positions of minimum repulzion while large
effects are brought about by CIy and NOs. The use of
a polarizability term in eq 5 in place of £ — 4 resultsin
a much poorer correlation, indicating volume alone is not
the determining faetor.
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Metal Chelate Steroid Analog. [7-Amino-3-
(1,5-dimethylhexyl)dodecahydro-3a,6-dimethyl-
1 H-benz[e]indene-6-methylamine]bis(ethylene-

diamine)cobalt(3 +) Trichloride'
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Over the last decade. much work has been done con-
cerning the synthesis of steroid analog systems wherein
rarious ring carbon atoms have been replaced with N,
O, or 8, Some of the aza, oxa, and thia steriods
possexs biological nctivity.  We wondered if it might be
possible to synthesize a molecule which contained u
metal chelate ring within a reasonable facsimile of a
steroid ring syvstem.  Scheme I shows the reaction
emploved to prepare the requisite ligand, 7-amino-3-
(1,5-dimethylhexyl)dodecahydro-3a,6-dimethyi-1H-
benzlelindene-6-methviamine (11).

Compound II was prepared in 8692 vield by reaetion
of A-nor-2,3-secocholestan-2,3-dioic aeid (I)? in CHCIy
mixed with concentrated H.8O0, and NaXN;.  The ir
spectium wax in agreement with structure IT in all
respects.  All elemental analyses of bis derivatives, a-
naphthylurea, benzensulfonamide, p-chlorobenzamide,
prepared from II by standard procedures® were within
experimental error (£0.39), and the ir spectra of the
derivatives were consistent with the expected structures.
The dihydrochloride of IT(IIa) was prepared by precipi-
tation from CgHq with dry HCL Compound IT was
added  to  ¢rs-dichlorobisethyvienediaminecobalt (34 )

(1) Taken in part from the tlesis submitted by Patricia U. Flath in par-
vial fulfillment of the requirements for the M, 8. degree.
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chloride in MeOH to vield 969 of golden crystaline
[7-amino-3-(1,5 - dimethylhexyl)dodecahydro - 34,6 - di-
methyl-1H4-benze Jindene-6-methylamine Jbis(ethvlene-
diamine)cobalt(3+) trichloride (I11). The ir spectrum
was consistent with the assigned structure.  Jr maxima
reported to be characteristic of Co-N bonds were
present.* inally, 11I, which is completely wuater
soluble, gave a 4 purticle depression of the freezing
point in aqueous solutions and was diamagnetic.  Thus,
all the data coufirm the structures assigned for 11 and
1T1.

The preparation of other metal chelate steroid analogs
ix underway, and the complete conformational charae-
terization of II and IIT by X-ray diffraction methods
will #oon be iuitiated. Tt ix interesting to note that
models of TI1 show that the normal shape of the “A”
ring i not completely distorted, and the two external
rings present due to the bidentate ethyvlenediamiie lig-
ands might be said to be structurally somewhat similar
to compoundx such ax the ethylene ketal of cholestanone.

Biological Activity. -The capacity of the test com-
pound to interfere with the incorporation of labeled
acetate and/or mevalonate into cholesterol by rat liver
homogenate wus determined ¢n vitro by the method of
Dvornik, et al*  Any test compound producing 4097
inhibition of cholesterol synthesis at  1X 10-* 2 i
considered active and a lead worth further work. II1
was biologically active as a hepatic cholesterogenesis
inhibitor displaying 8% inhibition of cholesterol
svithesis, 11 also was put through the same screens
as III, but LI was more active than 11, IT showed only
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8% inhibition of cholesterol synthesis.  Activity testing

continues.

Experimental Section®

7-Amino-3-(1,5-dimethylhexyl)dodecahydro-3a,6-dimethyl-
1H-benzle)indene-6-methylamine (IT).—To a stirred solution of
4.00 g (9.52 X 1073 mole) of 12iu 35 ml of CHCI; was slowly added
12 ml of coned Hy80s. To this was added very slowly 1.855 g
(2.86 X 1072 mole) of NaNj; so that the temp of the solution did
not exceed 45°.  After the addition wax complete, the mixture
was warmed at 40-45° for 15 min.  The mixture was then cooled
to 0-5° and coned NH,OH was slowly added to neutralize the
acid. The resulting mixture was extracted 4 times with CHCI;.
The extracts were evapd ou a steam bath to give 3.00 g (86.5%,)
of the crude product. A sample of the highly hygroscopic product
was recrystd using decolorizing charcoal in CHCls; mp 73-75°;
[a]®0 + 10° (CHCl;).

7-Amino-3-(1,5-dimethylhexyl)dodecahydro-3a,6-dimethyl-
1H-benz|e]indene-6-methylamine Dihydrochloride (I1a).—II(1 g,
2,77 X 1073 mole) was dissolved in 15 ml of diy C¢Hs. HCI gas
was bubbled through the soln for 3 min. The white gelatinons
mass was filtered and washed with CsHs. The solvent was re-
moved to give 1.05 g (87.6%%) of the desired product. A sample
was purified rigorously by dissolving some of the product in a
minimum volume of hot HyO, cooling the soly, and adding coued
HCL.  The resulting ppt was filtered, washed with dry CsH,,
aud dried; mp 230-232°. Anal. (CaHsCLN,) C, H, Cl, N.
neut equiv.

A servies of derivatives of 7-amino-3-(1,3-dimethylhexyljdo-
decahydro-3a,6-dimethyl-1H-benz[e]indene-6-methylamine (II)
were prepared and characterized to confirm the functiouality of
the diamine. Among the derivatives prepared were the o-naph-
thylurea, the benzenesulfonamide, and the p-chlorobenzamide.

a-Naphthylurea.—1I1 (0.2 g, 5.52 X 10~* mole) was placed in a
25-ml flask and stoppered with a serum cap. «-Naphthyliso-
cvanate (0.2 ml, 2.10 X 10-2 moles) was added to the diamine by
iujecting the =ample through the serum cap with a syriuge. The
solntion was heated at 40-30° in a H,O bath for 30 min. Ab-
solute EtOH was added and the ppt filtered to give 0.300 g
(77.6¢%) of product. A sample was recrystd from abs EtOH;
nmp 234-235.5°.  Adnal. (C;eHeUNAOQ) C, I‘I, N.

Benzenesulfonamide.—II (0.3 g, 8.28 X 107* mole) 10 ml of
10¢¢ ag NaOH and 0.50 ml (3.92 X 107 mole) of Ph8O,Cl were
shaken vigorously, cooled, and ag HCl was added. The ppt
was filtered, washed with ligroin, dried, and recrystd from EtOH
to give 0.30 g (87¢%) of the product; mp 92-93.3°. Anal.
(CysHisNyS:04) C, H, NS,

p-Chlorobenzamide.—To a ~oln of 0.50 g (1.38 X 10~ mole) of
IT in 5 ml of dry C;H;N and 10 ml of dry CsHg was added a slight
excess (0.60 ml, 4.75 X 107* mole) of p-CICsH,COCI.  The result-
ing mixture was heated on a H,O bath at 60-70° for 30 min,
poured into 100 ml of H:O, the CsHs layer was separated and the
aq layer washed with 10 ml of C¢Hs. The combined CsHg ex-
tracts were washed with HyO and 5% aq Na,CO; soln and dried
(MgS0O,).  The CeHs solu was evapd to a small volume (3-4 ml),
and hexaue (20 ml) was stirred into the soln,  This mixture was
cooled.  The solid substituted benzamide was filtered and washed
with hexane. Recryxstallization was effected from cyclohexane-
hexante. The yield was 0.30 g (3497,) mp 88-80°.  Anal. (CxHir
ClLN:0.)C, H, C], N.

17-Amino-3-(1,5-dimethylhexyl)dodecahydro-3a,6-dimethyl-
1H-benz|e]indene-6-methylamine] bis(ethylenediamine )cobalt-
(34 ) Trichloride (III).—To a mixture of 1.00 g (3.51 X
10—% mole) of ers-dichlorobizethylenediamiue Co3+ chloride in 6
m} of MeOH wax added a soln of 1.27 g (33.51 X 10~3 mole) of I1
in 10 ml of dry CsHs.  The mixture was stirred for 48 hr, filtered,
and recrystd from H,O-EtOH to yield 2.18 g (96¢;) of III:
mp 240-242° dec; Amax 468 my; [«]®p 42° (H;O). Cryosco-
pic particle number: Caled, 4.00. Found, 4.06, 3.97. .inal.
(CxHe:ClCoNg) C, H, Cl, Co, N.

(6} Melting points were taken on a hot stage and are corrected. Infrared
spectra were taken in KBr wafers on a Beckmann IR-12 spectrophotometer.
Optical rotations were determined using a Rudolph polarimeter, Where
analyses are imdicated only by the symbols of the eleinents or functivns,
analytical data were within 30,39 of the caleidated values for thiose ele~
ments or functions.
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In a previous study,? we described results which led
us to suggest that the enhancement of mytropohic-
androgenic activity by the 7a-methyl group? in steroids
is due to flattening of the molecule towards the 8 face.
An examination of molecular models revealed that a
A9 double bond would cause a similar effect, and the
preparation of a number of da-androst-S-(14)-ene deriv-
atives (5=7) was undertaken on this basis. The com-
pounds were prepared from 38,178-dihvdroxyandrost-
8(14)-ene* (1) by the methods described in the Experi-
mental Section.

CH, OR

1.R,=OH;R.=0H
2,R,=0:R,=0
3,R,=(Me0),; R,=0
4, R;=(MeO).. R,=0OH
5 R =0:R,=0H
6.R,=0:R,=0Ac
7.R,=0:R.,=0COCH,

The data from the pharmacological testing® are dis-
played in Table I. Since it appears likely that the
active androgen is actually de-dihyvdrotestosterone,
Ha-H-A steroids were used in the present work.
The enhancing effect of the 7a-methyl substituent in
the Ha-H system was established by testing 8 and 9
which had been obtained in our previous study.? Both
of these compounds were found to be far more active
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() Pbarmacological tests were performed at tlie Endoerine Laboratories,
Madison, Wixs., using essentially tlie mnethod of .. G. llerslhiberger, 13, G.
Sbhipley, and R. IX. Meyer, f*roc. Soc. Exp. Biol. Med., 88, 175 (1953).



