860 lEpwaRD 10, Sarssyan ANy Witriam H. Gasreock Vol. 11

Reversal of reserpine effects of compounds 1, 8, and 9 were
tested.  Reserpine (25 mg/kg) was injected subeutaneously (i
groups of mice (five per group); 3 hr later the compounds were
injected intraperitoneally in doses of 10, 20, and 30 mg,/’kg. Con-.
trols were injected with pL~amphetaniine {20 g /kg ip) which
calised complete reserpine reversal, i.e., arousal from sedated state
and cessation of ptosis. This reversal lasted for at least 3 hr and
after that period the animals again returned to the sedated stote.
Conipound 9 (20 mg/kg) showed a very slight, delayed, and short-
lusting reserpine reversal.

Autagonistic action to pressor activity of epinephrine was
tested as follows. Epinephrine (1-2 pg/kg) was adniinistered to
cats (2.5-3.5 kg) and when the blood pressure returned to control
level the test substance was administered. Five minntes later
epinephrine was injected and the effects were compared.

Gross behavioral changes were conducted on mice. Substances
were administered intraperitoneally into groups of five animals
for each dose level and changes were noted. Observations were
made for not more than 24 hr after injection.

Antibacterial Tests.—Compound 1 was tested for antibacterial
activity on the following bacteria and fungi: Stephylococcus
wurens 200P (Oxford), S. aurews 183, Bacillus vereus, B. cerens I,
Escherichia coli W, E. coli WI, E. 0,,,Bil,s, E. coli 0,Bslls,
Salmonella  typhivirinm, Shigella flexneri 4b 5412, Candide
albicans, and Cryptococcus neoformans A.  The bacteria aud the
fungi (1 X 10% and 1 X 10%) were added in drops (0.02 ml) to
Petri dishes containing the growth media, composed of Agar 3
(containing peptone, veast extract, beef exiract, dextrose, and
buffer pH 7) or Saboraud agar and 0.4¢; venst extract.  Control
experiments were carried out wherein the bacteria or (he fungi
were grown in the absence of the compouud investigated. FPhen-
ethylaniine hydrochloride did not inhibit growth at coucentra-
tions of 1000 pg/ml, while 1 inhibited growth of the above bacteria
a1 500 pg/ml, of ¢ neoformans A at 1000 pg wl, and of C. albicans
at 300 pg/ml (104) and 1000 pg/ml (108},

Compound 10 was tested for antibacterial activity in the above
growth niedia and on addition of 50¢; human n sheep blood
the growth medin. The results are summuarized in Table IV,
It i« seen that 10 inhibited most of the bacteria tested at a concen-
tration of 100 ug/ml, but in the preseuce of blood the activity was
lower.  Compound 10 did not iuhibit the growth of €. a/bieans
and (L neoformans A at councentrations of 100 or 200 g, mh
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The synthesiz of the four possible S-amino-2-phenyl-rous-2-decalols 11-4) 55 deseribed.

ergic a-receptor site stimulation are recorded.

In any biologically active agent which possesses more
than one type of action or which is metabolized by more
than one pathway, the possibility exists that the ap-
proach and binding to a receptor site will require or
favor a specific conformation for each effector site,
metabolic site, transport, ete. The first attempt to

(1) DPresented Lefore Lhe 2nd Annaal Midwest Regional Ameriean Chrog-
citl Soeciety Meetinyg, lawrence, Ikansas, Oct 2728, 1066,

(2) Taken in part from tlie dissertation presented Ly W, H, Castrock, el
1967, to the Graduate School of (he University of Kansas in partial fulfi(linens
of the reiqquirements for the Doctor of Philosoply Degree.

‘The resnlis of adren-

illustrate this postulate involved the use of analogs of
acetyleholine in the deealin system and was suceessful.?
The application of a <imilar system to the 8-phenethanol-
amines involves somewhat more complex chemistry
but a similar approach.

LaPidux and coworkers* have demonstrated that
a sterie relationship exists among the enantiomorphs of
ephedrine and y-cephedrine with regard to agonist and

(3) L. 1. Smissinan, Wo Lo Nelson, 1. B, Lalidns, and J. 1., Day, J. Vel
Chent,, 8, 458 1196).
{4) J. B, Lalidus. V. Tve, I Pail, and B. A, Modi, 2bid., 6, 76 (10631,
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antagonist action. Their observations have been made
on nonrigid systems and thus no conclusions can be
reached concerning conformational preference. It was
the goal of the initial work in these laboratories to
prepare rigid analogs of ephedrine and y-ephedrine
which have fixed conformations. Compounds 1 and 3
represent two conformers of erythro configuration and
compounds 2 and 4 represent conformers of threo
configuration.

OH
o
NH2 NH2
{ 2
OH
v LR
NH2 NH2
3 4

The synthesis of the four conformationally rigid
systems 1, 2, 3, and 4 involved the use of the common
intermediate 2-phenyl-A%trans-octalin (6). The latter
was prepared from commercially available trans-2-
decalol which was oxidized to trans-2-decalone. This
ketone could be converted to the carbinol 5 by treat-
ment with either phenylmagnesium bromide or phenyl-
lithium and then to the desired 6 by dehydration (eq 1).

~r=fo_./~T=7°

Compound 1, 3(a)-amino-2(e)-phenyl-trans-2(a)-de-
calol, was prepared by the conversion of the olefin 6
to 2(e)-phenyl-trans-decalin 2,3-oxide (8) by treatment
with m-chloroperbenzoic acid or in better yields by
initial treatment with N-bromosueccinimide in aqueous
dioxane to form the bromohydrin 7 which could be
converted to the epoxide by treatment with sodium
carbonate (eq 2). The epoxide 8, on treatment with

¢ [T — [ —

7 8

liquid ammonia under pressure, afforded the desired 1.
The nmr spectrum of 1 showed a multiplet at § 3.10
(W.,, = 6 cps), which is consistent with an equatorial
methine proton at C-3 coupling with two methylene
protons at C-4 (J,. = Jeo = 2-4 cps).

An alternate pathway to 1 involved the procedure of
Bordwell and Garbisch.? The olefin 6 was treated with
acetic anhydride and 709, nitric acid to yield 3(a)-nitro-
2(e)-phenyl-trans-2(a)-decalol acetate along with an
olefinie nitro material. The former compound could be
hydrolyzed and reduced to the desired 1; however, this
procedure was inferior to the epoxide opening method.

(3) F. G. Bordwell and E. W. Garbisch, Jr., J. Org, Chem,, 28, 1765
(1963).
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The epoxide 8, under conditions similar to those
utilized by Berti, Macchia, and Macchia® could be
made to yield 2(a)-phenyl-trans-decalin-2(e),3(e)-diol
(9), 2(e)-phenyl-trans-decalin-2(a),3(a)-diol (10), or
2(e)-phenyl-trans-decalin-2(a),3(e)-diol (11) (eq 3).

oMso/ 8 1.C13CCOOH
H
[: OH
OH OH

pMso/
9 onu 1t

OH

e

10

The nmr specetrum of 9 showed methine absorption at
8 3.75 (quartet, J,, = 11 eps, Ja. = 5 cps). The
coupling constants correspond to one axial-axial
coupling (10-12 cps) and one axial-equatorial coupling
(2—4 cps) showing that the methine proton is axial. An
interesting pattern was observed in the nmr spectrum of
9 in the aromatic region, It was found that the aro-
matic protons were separated into two multiplets at §
7.75 and 7.35; the downfield signal integrated for two
protons and the upfield signal integrated for three
protons. This type of aromatic absorption had not
been observed in any of the previously mentioned
compouunds, which either exhibited a broad singlet or a
multiplet. There is obviously a deshielding effect on
the ortho protons of the axial aromatie ring.

The nmr spectrum of 10 showed methine proton
absorption at § 3.68. The peak half-width (7 cps)
indicated that the proton at C-3 was equatorial, the
peak resulting from one axial-equatorial interaction
(2-4 cps) and one equatorial-equatorial interaction
(2-4 cps).

The nmr spectrum of 11 showed methine proton
absorption at § 3.99 (W,,, = 19 ¢ps). The peak half-
width corresponds to one axial-axial coupling (10-12
cps) and one axial-equatorial coupling (2-4 cps)
indicating the methine proton to be axial. The
aromatic protons appear as a multiplet at § 7.40.

The second conformational analog, 3{a)-amino-2(a)-
phenyl-trans-2(e)-decalol (2), was prepared from 2(a)-
phenyl-trans-decalin-2(e),3(e)-diol 3-tosylate (12) by
allowing this compound to react with ammonia under
pressure. The tosylate 12 was prepared from the diol
9 by treatmeut with p-toluenesulfonyl chloride (eq 4).

OH

9 > 0Ts 2

12

The nmr speetrum exhibited methine absorption at
5 3.83 (W,,, = 6 cps). The peak half-width is consis-
tent with one equatorial-equatorial coupling (2—4 cps)
and one axial-equatorial coupling (2-4 cps), indicating
that the methine proton at C-3 is equatorial.

(6) G. Berti, B. Macelhia, and F. Macchia, Tefrahedron Letters, 3421
(1965).
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3(e)-Amino-2(n)-plienyl-trans-2(c)-decalol (3) was ob-
tained by the oxidation of the diol 9 to 3(¢)-hvdroxy-3-
(u)-phenyl-trans-2-decalone 13, conversion to the oxime
14, and eatalytic reduction (eq 5).  This reduction wis

s—ﬁﬁ“-ﬁ
he

13 14

OH. 5 3

“NoH

stercosclective and 1o axial amino funetion was de-
teeted. The nmr =pectrum exhibited methine absorp-
tion at §3.00 (W, , = 19 cps) and two multiplets for the
aromatic protons at 8 7.70 and 7.34.  The peak half-
width corresponds to one axial-axial coupling (10--12
eps) and one axial -equatorinl coupling (2 4 eps),
indicating that the methine protor at (-3 s axial.
The aromatic absorption ix the =ume as that observed
for the trans diequatorial glycol (9), therefore the equa-
torial hydroxyl or amine grouping at C-3 has a de-
=hielding effect on the ortho protons of the axial phenyl
group.

Compound 4, 3(e)-amino-2(e)-phenyl-tians-2(a)-de-
:alol, was prepared by the oxidation of the diol 10 to
3(a)-hydroxy-3(e)-phenyl-trans-2-decalone (15) and cat-
alvtic reduction in the presence of ammouin (eq 6).

OH

10— — 4
0
{5

Attempts to prepare a cerystalline oxime of the ketone
15 failed; however, the above reduction gave only the
equatorial amino function. In the nmr spectrun
of 4 there was no visible absorption for the methine
proton at C-3, therefore it was apparently obseured by
ring absorption (§ 1.0-2.0). The methine proton was
observed to shift when trifluoroncetic acid was added,
the methine proton appeariug af § 3.55 (W, = 10
cps).  'The position of the methine proton could not be
assigned solely on the basiz of the peak half-width,
but comparizon with the three other isomeric amino
aleohols (1, 2, 3) indicates the strueture of the product
to be 4.

The four compounds 1-4 were submitted for testing
m the vas deferens preparation reported by Patil,
LaPidus, and Tye”  With all of the dl pairs at concen-
trations of 3 X 10t and 1 X 10~* 1 the response was
cquivalent to norepineplirine in  concentrations of
3 X 10 and 1 X 10~% 17, This e be assumed to be
due to a mixture of both direct und indireet action with
the compounds acting in n ponspecific manuer to release
norepinephrine.

These results will be exawined further by resolving
componnds 1-4 into their optical antipodes and by
utilizing the resolved materials and the dI isomers in a
reserpinized vas deferens preparation.®

Experimental Section®

Iruns-2=Decalone.~-Commercially available ¢rans-2-decalol
(Koch-Light, England) (100 g, 0.63 mole) was recrystallized from

(7 10NL Pau), 1 B. LaPidus, und N, Vyve, J. Pharmneol, Hepth, Therng,
166, [ (1967;.

(8) P.N. Panil, J. B Lalidps, 1. Cambeil, and AL Tyve, #41d., 155, 13
C19GT ),
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petrolemm (hp 60-7075: the sohid was filtered and washed with
cold petrolenm ether (60-70°) affording pnre frans-2-decalol in
00 yvield, mp 73750 (H0 mp 7H°) trans=2-Decnlol (81.0 g,
0.5 mole) was pxidized according (o the procedure of Nelson?!
nulizing Jones reagent 10 yield 77 g (0539 of {rans-2-decalone:
rxome mp 7o T8° (it up 76°).
2-Phenyl-A*-tiuns=octalin (6. a. Grignard Method.

Using the procedire of Szmuszkoviez,’s trons-2-decalone (65.0
g, 0.425 mole) was treated with PhdgBr, foruted from Mg turn-
mgs (12,0 g, 0.49 g=atom } and CeH;Br (710 g, 0.47 moley in dry
0. The somisolid residire, obrained following the wark-up,
wix dissolved in 300 mt of (olnene, md 40 g of KHSO, was added.
The mixture was heated at reflux for 12 hr using a Deanr-Srark
(rap to eolleet HOo The KHNO, was removed by {iliration and
the solvent was evaporated at reduced pressiye. The residue
was recryatiallized from MeOH-CHCL affording 57 g (63701 of
6: mp A7-00C0 e (CCLg, 8 721 (broad singler, aromatie,
597 (e = 10 eps, vinyl proton i

b. Phenyllithium Method.-—T'« hunp Li (107 g b g
atoms), ent in snull pieces, v 400 mb of dry 11,0 was added
CeIEI (121 g 0.77 moled dropwise at snch arate as (o mainiain
reflux.  The mixtnre was <tirred for 4 i after addition was com-
plete and (o the stired soltion frans-2-decalone (107 g, 0.7
mole) was added dropwize.  The mixture was stirred for 12 hr am
room temperatnre.  1LO was added and the nixtone was ox-
tracted with Eat). The organie phase was washed (07, TICL
HL0, satrared NaChoand dried (MgSOs).  The dessieant was
removed by filtration and the solvent was evaporated at reduced
pressire. The residue was dissolved i1 400 nil of toluene nud 1 g
of p-tohienesutfonic acid was added.  The solution wax hented m
reflux, nsing a Dean -Stark trap 10 colleet the H:0.  The 1olnene
=olition wis washed (1,0)) and the =olvent was renioved au re-
dirced pressire. The residue was reerysiallized from MeOll
CIHCL affording 70 g (474, ) of 6, mp H0--38°.

Coneentration of the mother Hguor yvielded an oil which ex-
hibited i absorption ac§ 5,07 (v, = 10 eps)and 5.78 (H'o -, =
4 ¢pst. The oil was apparently a mixuire of A’- and A%octalins
which conld not be separated by ehbromarography or distitlation.

2(e)-Phenyl-trons-decalin 2,3-Oxide (8). a. m-Chloro-
perbenzoic Acid.-~ To (6) (11.0 g, 0.0532 niole) in 100 ml of CHCIy,
cooted 10 0°, was added R0C( m-chloroperbenzoie acid (11.2 g,
0.032 mole) dizsolved in 150 ml of CHCL. The reaction was
maintained ac 0-3° during the addition and was stirred for 12
hr at room aemperatnre. Upon eooling the w-chlorobenzne
acid precipitated and was removed by filtravion. The filirae
wils washed 37 NatlCO,, Nal solnion, NawR0; ~olution, .0,
md smurated NaCl. The organie phase was dried (MgS0g).
Evaperation of the sulvent at rediced pressure gnve a semisolid,
which wax reerystathized from petrolemmn ether (28-30°) affording
207 g 12290 of epoxide 8: np 98-100°; v (CTICL), 3.54, 3.411,
3.51 6,24 6.70, 6,95, 1024, T1o5, 1195, 1210, 14.48 u; nmr
(CCly), 8 7.19 (singler, avoniadie) 2.90 (donblet, J = 5 eps, methine
protonat C=31 . twel 1Cil,0) C, 11

Chromatography of the filtrate on silien gel (Merck 0.05-0.220
mn), ehiting with evelohexsme-E{OAce (100 1), afforded an
additional 4.6 g 13977 of 8 and two oilx which have been venin-
tively identified ax 2ie)-phenyi-trans-decalin-2(a),3(n)-diol J-m-
chlorobenzoate aud 2ici-pbenyl-raons-decalin 2¢1),3(a)-2-ethyl
ether.

b. From Bromohydrin.  To 6 (2.8 g, 0.122 mnle) i 75 ml of
Hoxane was ndded a solntion of 11:30; {157 g, 0.14 mole) in 15
ml of HLO and the nixowe wies cooled below 20°0 N-Bromo-
sneemimide (25,2 g, 0083 mole) was added while strmring at 20°
and the miixtmre was =<arred 12 hr moroom temperanue. ThO
wax added and the mixtre was extracted with several portions
of F1:0). The organic phase was washed (H,0)) until nental and

ity Melting poines were obtained on a ealilvated Thomas—1loover Uni-
melt and are corrected. Ir daca were recarded on a Beckman 1R8 speclro-
photomneter, and nmr daia on a Varian Associates Model A-60 spectroplio-
tometer (TMR). Microapalyses were eanchieted Ly Midwest Mierolal.
1ne., Indianapolis, Ind., and o an 1" & M Model 185, University of Kausas.
Wiere analyses are indieated only by svinbols of the elements, analytical
resnlts elitained for (Gose elements were within £0.4% of the theoreticat
values.

Al W, G, Dauben, (1.«
S, T6, 1422 (1954,

11y W L, Nelsen, PG Thesis, Universiiy of Kapsasy, 1965,

f12) W Moekel, Awn, 441, 1 1160251,

1133 ). Sumuszkoviez and 1L ). Modest, J. Jln. Chem Sor., T2, 166
{1950).

Cwent, so) O Niowerskawis, S o, Clham,
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dried (MgSO,). The Et:O was evaporated at reduced pressure
to yield 38 g of crude bromohydrin; nmr (CCly), 6§ 4.24 (Wy, =
6 cps, equatorial methine proton at C-3). The crude bromo-
hydrin was dissolved in 250 ml of MeOH and a solution of 38 g of
N2,CO; in 250 m! of H;O was added and the mixture was heated
at reflux for 14 hr. The MeOH was evaporated and the resulting
solid was removed by filtration and recrystallized from MeOH
affording 15.6 g (56%) of (8), mp 99-101°.

3(a)-Amino-2(e)-phenyl-trans-2(a)-decalol (1).—Compound 8
(5.0 g, 0.02 mole) was placed in a steel bomb cooled in Dry Ice~
Me,CO and ca. 100 m! of iquid NH; was added. The bomb was
sealed and heated at 180° for 8 hr. After cooling to room tem-
perature, the pressure was released and the bomb was opened.
The residue was dissolved in CHCl; and this solution was filtered
to remove solid inipurities. The solvent was evaporated and the
resulting solid was recrystallized from petroleum ether (60-70°)
affording 3 g (60%) of 1: mp 148-149°; ir (CHCl), 2.77, 2.96
(w), 3.41, 3.50, 6.25, 6.35, 6.70, 6.91, 10.00, 14.40 p (w); nmr
(CDCl), § 7.37 (multiplet, aromatic protons), 3.10 (W1, = 6 cps,
equatorial methine proton at C-3). Anal. (C,sHy;:NO) C, H, N.

3(a)-Nitro-2(e)-phenyl-trans-2(a)-decealol Acetate.—The pro-
cedure of Bordwell and Garbisch® was followed. To 35 ml of
Ac;O at room temperature was added 709, HNO; (5.2 g, 0.058
mole) and the mixture was stirred for 15 min. The mixture was
cooled to —10° in an ice—salt bath and 6 (6.3 g, 0.029 mole) in
20 ml of Ac;O and 10 ml of Et:O was added, maiutaining the
temperature 0°. The reaction was stirred for aun additional 30
min at —10° and poured into H.O. The aqueous solution was
extracted with Et;O and the Et,O extracts were washed (69
NaHCO; solution, H:O, and saturated NaCl). Drying (MgSO,)
and removal of the Et:O afforded a brown oil. Chromatography
on silica gel (Merck 0.05-0.20 mm) afforded an oil and a solid.
The oil exhibited ir absorption at 3.30, 3.42, 3.50, 6.10, 6.25, 6.52,
6.91, 7.41 « and is most likely olefinic nitro material. The solid
was recrystallized from MeOH affording 0.5 g (6.09%) of the de-
sired product: mp 147-148°; ir (CHCL), 3.30, 3.42, 3.50, 5.73,
6.48, 6.70, 6.91, 7.33, 8.3, 9.69, 9.9, 10.08, 11.35 »; nmr (CHCl),
8 7.34 (singlet, aromatic protons), 5.08 (Wi, = 7 cps, equatorial
methine proton at C-3), 2.00 (singlet, CH,COO). Anal. (C\sHes-
NO,;) C, H,N.

2(a)-Phenyl-irans-decalin-2(e),3(e)-diol (9).—The procedure
nsed is similar to that of Berti and coworkers.® To 400 ml of
75% aqueous DMSO was added 10 ml of concentrated H.SO,
and 8 (10.0 g, 0.044 mole). The mixture was stirred 16 hr at
room temperature. Excess H;O was added and the resulting
solid was removed by filtration and washed (H:0). The wet
solid was dissolved in Et;O, the Et,O solution was washed with
H.O, the solution was dried (MgSO4), and the solvent was
evaporated. The solid residue was recrystallized from petroleum
ether (60-70°) affording 5.6 g (529) of the desired diol 9: mp
120-130°; ir (CHCL), 2.79, 291, 3.32, 3.42, 3.50, 6.235, 6.70, 6.90,
9.70, 10.64, 14.30 p; nmr (CDCL). § 7.75 (multiplet, aromatic
ortho-protons), 7.30 (multiplet, aromatic meta and para protons),
3.75 (quartet, Jsa = 11 ¢ps, Jae = 5 cps, axial methine at C-3).

Concentration of the filtrate afforded a small amount of impure
diol and 2.9 g (299,) of 3(e)-phenyl-trans-2-decalone, mp 101-
102°.

3(e)-Phenyl-trans-2-decalone.—To 8 (4.0 g, 0.018 mole) in
100 ml of C¢Hg was added 4 g of p-toluenesultfonic acid and the
mixture was heated at reflux for 12 hr. The C¢H; solution was
washed (59, NaHCO; solution, H,0, and saturated NaCl) and
dried (MgS0,), the solvent was evaporated at rediiced pressure,
and the resulting solid was recrystallized from petroleum ether
(60-70°) affording 2.55 g (64%) of 3(e)-phenyl-trans-2-decalone:
mp 101-102°; ir (CHCL), 3.31, 3.40, 3.48, 5.86, 6.24, 6.68, 6.91,
8.60, 11.60, 14.50 x: nmr (CCL), é 7.16 (multiplet, aromatic),
3.50 (quartet, Jaa = 12 cps, J.e = 6 cps, axial methine at C-3).
Anal. (CmHgoO) C} H.

Oxime, mp 236-237. Anal. (C,tH,NO)C, H, N.

2(e)-Phenyl-trans-decalin-2(a),3(a)-diol (10).—The procedure
of Berti and coworkers® was followed. Compound 8 (10.0 g,
0.044 mole) was dissolved in 200 m! of 859 aqueons DMSO, and
KOH (14 g, 0.044 mole) was added. The mixture was heated at
reflux for 19 hr. Excess H,O was added and the resulting solid
was removed by filtration and washed with H:O. The wet solid
was dissolved i1 Et;O and the Et.0) solution was washed (H,0)
aud dried (MgSO,), and the solveut was evaporated. Recrys-
tallization of the solid from petrolenm ether (60-70°) afforded
9.8 g (919) of colorless needles: mp 118-119°; ir (CHCly),
2.78, 2,90, 3.32, 3.42, 3.51, 6.70, 6.92, 0.64, 9.97, 10.30, 14.30 u:
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nmr (CDCl), § 7.40 (multiplet, aromatic), 3.68 (W1,, = 7 cps.
equatorial methine proton at C-3).  Anal. (C;sH20,) C, H.
2(e)-Phenyl-trans-decalin-2(a),3(e)-diol (11).—The procedure
used is essentially that of Berti and coworkers.! To anhydrous
trichloroacetic acid (3.3 g, 0.02 mole) in 75 m! of C¢He was added
8 (2.0 g, 0.009 mole) and the solution was stirred for 18 hr at
room temperature. The CsHg solution was washed (109, Na,COs;
solution, H:O, and saturated NaCl). The solvent was removed
and the residue was dissolved in a solution of 2 g of KOH in 50 ml
of EtOH. The mixture was heated at reflux for 2 hr and excess
H,0 was added. The solid was removed by filtration, washed,
and dried. Recrystallization from petroleum ether (60-70°)
afforded 0.9 g (509%) of 11: mp 142-143°: ir (CHCL), 2.80,
2.90, 3.32, 3.41, 3.50, 6.25, 6.71, 6.91, 9.65, 10.28, 10.64, 14.30 x;
nmr (CDCl), § 7.40 (multiplet, aromatic protons), 3.99 (W, =
19 cps, axial methine proton at C-3). Anal. (CieH20) C, H.
3(a)-Hydroxy-3(e)-phenyl-irans-2-decalone (15). a. Pfitz-
ner-Moffatt Method.'*—To 10 (0.85 g, 0.0034 mole) in 5 ml of
anhydrous DMSO was added a solution of anhydrous pyridine
(0.27 ml, 0.0034 mole) and trifluoroacetic acid (0.14 ml, 0.0017
mole) in 5 ml of anhydrous C¢He. Dicyclohexylearbodiimide
(3.3 g, 0.016 mole) was added and the mixture was allowed to
stand for 19 hr. The reaction mixture was diluted with 50 m! of
Et;0 and 1.6 g of oxalic acid in 15 ml of MeOH was added. After
cessation of gas evolution 50 m! of H;O was added and the dicyclo-
hexylurea was removed by filtration. The filtrate was washed
(59, NaHCO; H;0O, and saturated NaCl) and dried (MgSO.),
and the solvent was evaporated. The residue was crystallized
from petroleum ether (60-70°) affording 0.10 g (129) of ketone
15: mp 167-169°; ir (CHCI,), 2.80, 3.33, 3.42, 3.40, 5.86, 6.26,
6.70, 6.92, 14,40 u; nmr (CDCL), & 7.31 (singlet, aromatic pro-
tons)‘ Anal. (C)eHgoog) C, H.

b. Albright-Goldman Method."—To 10 (9.8 g, 0.04 mole) was
added 50 ml of anhydrous DMSO aud 50 mi of Ac,O and the
mixture was stirred at room temperature for 24 hr. Excess H.O
was added and the resulting solid was removed by filtration and
washed (H-0). The wet solid was dissolved in Et.O, the solution
was washed (H:O, saturated NaCl) and dried (MgSOy), aud the
solvent was evaporated. Recrystallization of the residue from
CHCl;—petrolenm ether (60-70°) affording 4.85 g (49%) of
ketone 15, mp 167-168°.

¢. N-Bromoacetamide Method.—The procedure used is
essentially that of Oliveto and coworkers.'* Compound 10
(5.9 g, 0.024 mole) was dissolved in 100 ml of Me,CO and 25 ml
of H,O and the solution was cooled to 3°. A solution of N-
bromoacetamide (5.0 g, 0.032 mole) in 50 m! of H,O was added
dropwise maintaining a temperature of 3°. The reaction mixtiure
was kept in a refrigerator for 5 hr and the excess oxidizing agent
was destroyed by adding 209; Na,SO; solution. Excess H.O
was added and the precipitate was removed by filtration. Re-
crystallization from CHCl-petroleum ether (60-70°) afforded
3.45 g (58%,) of ketone 15, mp 167-168°,

d. From 2(e)-Phenyl-trans-decalin-2(a),3(e)-diol (11).—TUs-
ing the procedure of Albright and Goldman,'® 2(e)-phenvi-trans-
2(a),3(e)-diol (11) (0.50 g, 0.002 mole) afforded 0.08 g (165) of
the ketone 15, mp 167-169°.

3(e)-Hydroxy-3(a)-phenyl-trans-2-decalone (14). a. Pfitz-
ner-Moffatt Method.'*—TUtilizing this approach 9 (2.9 g, 0.012
mole) gave an oil which would not crystallize aud which would
not form a solid oxime.

b. Albright-Goldman Method.*—The diol 9 (2.0 g, 0.008
mole) was treated under these conditions to give an oil which
would not crystallize but which did form an oxime, mp 105-110°.

¢. N-Bromoacetamide Method.*—This method, utilizing
the diol 9 (1.7 g, 0.007 mole), gave 0.50 g of starting niaterial and
an oil, Chromatography of the oil ou silica gel (Merck 0.05-
0.20 mm), eluting with petroleum ether-EtOAc (4:1), afforded
0.59 g (35%) of oil: ir (neat), 2.88, 3.42, 3.50, 5.83, 6.25, 6.70,
.92, 7.85, 8.19, 8.74, 8.97, 9.40, 9.79, 13.10, 14.32 u. The oxime
14 was prepared with HONH,-HCl and NaQOAc in EtOH; mp
105-110°.

3(e)-Amino-2(a)-phenyl-trans-2-decalol (3).—Compound 14
(1.2 g, 0.0046 mole) was hydrogenated at atmospheric pressure

(14) K. E. Pfitzner and J. G. Moffatt, J. Am. Ckem. Soc., 87, 5670 (1965).

(15) J. D. Albright and L. Goldman, ibid., 87, 4214 (1963).

(16) E. P, Oliveto, H. L. Herzog, M. A. Jevnik, H. E, Jorgensen, and I,
U. Hersliberg, tbid., 75, 3651 (1953).
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in absolute EtOH using W-3 Raney nickelV catalyst. The
catalyst was removed by filtration and the EtOH was evaporated
at reduced pressure. The residue was recrystallized from pe-
froleum ether (60-70°) affording 0.5 g (429;) of desired amino
alcohol 3: mp 149-151°; ir (CHCL), 2.78, 2.96, 3.33, 3.41, 3.50,
6.25, 6.35, 6.70, 6.92, 7.40, 9.85, 10.66 x; nmr (CDCl), § 7.70
(multiplet, aromatic ortko protons), 7.34 (nmultiplet, aromatic
meta and para protons), 3.00 (W, = 19 eps, axial niethine proton
at C-3). Anal. (CsHoyNO) C, H, N.
2(a)-Phenyl-frans-decalin-2(e),3(e)-diol 3-Tosylate (12).-—
To 9 (1.05 g, 0.0043 mole), dissolved in 20 ml of aunhydrons pyri-
dine, was added p-toluenesulfouyl chloride (2.0 g, 0.01 mole) and
the sohition was allowed to stand at room temperature for 48 hr.
1,0 was added and the resulting oil was scratched with a glass
rod to proniote crystallization. The solid was removed by filtra-
tion and recrystallized from petrolenm ether (60-70°) affording
1.0 g (589) of tosylate 12: mp 99-100°; ir (CHCL), 2.78, 3.42,
3.00, 6.27, 6.70, 6.92, 7.40, 8.55, 9.13, 0.74, 10.33, 10.82, 11.25,
1162, 11.93 u; nnir (CCly), § 7.2-8.0 (multiplet, arowmatic pro-
tons), 4.80 (quartet, J,. = 11 ¢ps, Joo = 6 cps, axial methine
profoi at C-3), 2.43 (siuglet, ArCHs). .tnal. (CyHx80,) C) 1,
3(a)-Amino-2(a)-phenyl-frans-2(e)-decalol (2).-—Compound
12 (1.0 g, 0.0025 mole) was placed in a steel bomb and ithe bomb
was cooled in Dry Ice-Me.CO. To the bomb was added ca.

(1%7) 11, R. Billica and H. Adkins in ‘‘Organic Syntheses,” Coll. Vol. 111,
E. C. Horning, Ed., John Wiley and Sons, Ine., New York, N. Y., 1955, n
180.

Vol 11

100 ml of lignid NH;.  The bomb wus sealed mnud heated at 120°
for 24 hr. The pressure was released and the residue was dis-
solved in CHCl;.  The CHCl; sohition was filtered and the solvent
was evaporated. The residue was recrystallized from petrolenm
ether (60-70°) affording 0.30 g (50¢%) of aniino alcohol 2: nmip
116-117°; ir (CHCL), 2.79, 2.97, 3.34, 3.42, 3.51, 6.23, 6.39,
6.71, 6,92, 7.40, 9.85, 10.01, 10.28, 10.67 x: nmr (CHCL), § 7.43
tmultiplet, aromatie protous), 3.83 (Wi, = 6 eps, equatorial
methine proton at C-3).  Anal. (C,eH:uNO) €, H, N,

3(e)-Amino-2(e)}-phenyl-irans-2(a)-decalol (4).--Componnd
15 (1.0 g 0.004 niole) was dissolved in 100 ml of absohite EtOH
safurated with NHy and material was hydrogenated under 70
kg/e¢m? of H, nsing W-35 Raney Ni catalyst.”” The catalys( was
removed by filtration and the solvent was evaporated at rediced
pressure.  The residue was chromatographed on silica gel
(Merck 0.05~0.20 mim) eluting with cyclohexaune-FtOAc¢ (1:1)
atfording 0.5 g (30¢%) of desired amino aleohol 4: mp 146-148%;
ir (CHCLy), 2.78, 2.95, 3.34, 3.52, 3.51, 6.23, 6.34, 6.70, 6.92, 7.63,
R.60, 0.51, 0.66, 10.00, 10.26 g mnr (CHCL, CF,CO.LLY, 8 7.40
(broad =inglet, aromatic protons), 3.35 (1, = 10 eps, methine
proton al C=3). . Anal 1CITENOYC) LN,
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The preparation and androgenic—niyotrophic testing of analogs of 17 having substituients on the cyclopropyl
ring were undertaken in an effort to obtain information regarding the steric and electronic requirements in the

A ring of anabolic-androgenic androstanes.

Treatment of 178-hydroxyandrost-2-ene acetate with ethyl di-

azoacetate in the presence of anhydrous CuS0O; gave 2a,3a-(8-carbethoxymethano)-5a-androstan-178-ol acetate

which was converted to a variety of substituted cyclopropane derivatives.

The most potent is the aldehyde

15 which is more active than testosterone propionate in the myotrophic test and is mnch less androgenic.

Studies in this laboratory have resulted in the
proposal? that anabolic-androgenic androstanes are
bound to their receptor by a S-face =-bond to an sp?
svstem in the A ring. The pronounced anabolic-
androgenic activity of 2a,3a-methano-5a-androstan-
173-0l (17)? was taken as evidence for this hypothesis.
Recent work® on steroidal episulfides, bioisosteric
with these methano steroids, has shown that the 2«,3c
1somers indeed have high parenteral activity, whereas
the 28,38 isomers are essentially inactive. This is in
harmony with our proposal.®® On the other hand,
2a,3a- and 28,38-steroidal difluorocyclopropanes have
similar activity.*

To gain further information in this area, the prep-
aration of analogs of 17 having altered electron

(1) (a) This investigation was supported in part by a Public Health Service
research grant (AM-05016) from the National Institute of Arthritis and
Metabolic Diseases, U. 8. Public Healtli Service. (b) Portions of this work
are taken from the Ph.D. thesis of S.-Y. Cleng, University of California,
San Francisco, 1966.

(2) M. E. Wolff, W. Ho, and R. Kwok, J. Med. Chem. T, 577 (1964),

(3) (a) P. D. Klimstra, E. F. Nutting, and R. E. Counsell, ibid., 8. 693
(1966). (b} The Searle group did not interpret their data in this way.

¢1; (a) L. 1l. Knox, B, Velarde, S, Berger, 1), Cuadriello, P. W. Landis,
and M. D, Cross, J. 4d». Chem, Soc., 85, 1851 (1063): (b) F. A. Kinel and
R. I Dorbhnan, Steroidy, 8, 109 11964).

density at the sp? centers was undertaken. If a =«
bond is important, the strength of the binding would be
different. in such analogs. Since S-face binding is
assumed to be involyed, the preparation of substituted
cyclopropane analogs of 17 should be feasible since the
substituent groups should not interfere sterically with
drug receptor binding.

The synthetic plan involved the preparation
of 2a,3a-carbethoxymethano-5a-androstan-173-ol ace-
tate (7) as a common intermediate for the other

derivatives. This material was prepared by the
reaction of 178-hydroxyandrost-2-ene acetate® (2)
with ethyl dazoacetate. Although carbene inter-

mediates have been proposed in the reaction of diazo
compounds with olefing,$ the reaction failed when the
reagents were heated at 120-180°, or were irradiated in
toluene or hexane solution with a medium-pressure
mercury arc. On the other hand, a 459 yield of 7
was realized when the reagents were heated in the
presence of anhydrous CuSO,. These results point to

15) A, Bowers, A. D, Cross, J. H. Filwards, H. Carpio, M. Calzada, and
I, Denot, J. Med. Chem., 6, 156 (1963).

(6) J. Hine, "“Divalent Carbon," Tlie Ronald Press Co.. New York, N. Y.,
1064, p 122,



