Tricyenic NOREPHEDRINE ANALOGS

chloride (from MeOH-Me,CO) melted at 217-220° and had
[a]®p, +39.3°. Anal. (CisHxCINO) C, H.

The combined filtrate and washings from the 1.1 g of precipi-
tate above were concentrated to 5-6 m! and made basic with
NH.OH-H.0 giving 0.9 g of a mixture of a-(—)- and (= )-1d;
mp 192-210°. This was digested with 12-15 m! of boiling Me,CO.
Rapid cooling in ice and filtration gave 0.4 g of a-%-1d, mp 213-
219°. The filtrate was concentrated to 3-5 ml (to the appearance
of crystals), cooled to —5°, and filtered giving 0.45 g of a-(— )-1d,
mp 196-203°. It was suspended in a little MeOH and acidified
with HCl gas. Acetone was added, and solvents were distilled
with periodie addition of Me.CO until erystals began separating.
Cooling to 0° gave 0.45 g (559%) of a-(—)-1d-HC], mp 218-221°,
[al®p —39.1° after recrystallization from MeOH-Me,CO.
Anal. (CsHuCINO) C, H. Treatmeut of this hydrochloride
with MeOH-NH.OH gave o-(—)-1d, prisms from Me.CO;
uip 205-206°, [o]®p —60.8°.

(4 )-3-m-Hydroxyphenyl-2-methylmorphan [(+ )-2] and the
(=) Isomer [(—)-2].—d-Maundelic acid (0.8 g, Aldrich), 1.1 g
of (£)-2,% and 10 ml of Me,CO were warmed to disappearance
of =olid. On cooling, a =irup separated and was dissolved by
addition of a few drops of MeOH (slight warming). Crystals

(9) E. L. May and J. G. Murphy, J. Org. Chem., 20, 1197 (1955).
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separated and the mixture was cooled overnight at —5° to give
1.9 g of d-mandelate salts. These were dissolved in 55 ml of
boiling MeOH. The solution was concentrated to the appearance
of crystals (to 10-15 ml) and left at room temperature for 1 hr
to give 0.9 g of the d-mandelate salt of (+)-2, mp 212-215°.
Another similar recrystallization gave 0.8 g, mp 216-218°. It
was suspended in boiling H:O and treated dropwise with NH,OH
to give an oil which crystallized on cooling; yield of (+)-2
0.4 g (749,) mp 153-154° before and after recrystallization from
MeOH, [a}®Dp 412.4°.  Anal. (C;;HyNO)C, H. The hydrochlo-
ride (from -PrOH-HCI gas) melted at 233-235° and had [«]%D,
+4.4° (¢ 1.8). Anal. (C;H»CINO) C, H.

The combined filtrates and washings from the 1.9-, 0.9-, and
0.8-g fractions above were concentrated to ca. 5 ml and diluted
strongly with H;O and NH,OH to give 0.5 g of a mixture of (—)-
and (£)-2. This and 0.4 g of d-mandelic acid were heated briefly
in 5 ml of MeOH giviug crystals immediately. Cooliug to —5°,
filtering, and washing the precipitate with cold MeOH gave 0.6 g
of (—)-2 d-mandelate, mp 212-214° dec. It was converted into
0.35 g (65%%) of (—)-2 as described for (4 )-2; mp 153-134°,
unchanged by recrystallization from EtOH-H.O or MeOH.
It had [a]*p —12.7°. Anal. (C;;HaNO) C, H. The hydro-
chloride (from -PrOH-HC! gas) melted at 233-235° and had
[a]®p —4.8°. Anal. (CsH»CINO) C, H.

Tricyclic Norephedrine Analogs.
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The syutheses of the 4 isomeric 9-hydroxy-10-amino-1,2,3,4,4,9,10,10a-(trans-4a,10a )-octahydrophen-
anthrenes (1, 2, 3, and 4) are described. Spectral and chemical evidence are presented for the structures of the

title compounds.
activity.

A number of studies have been performed to aid in
the delineation of the architectural features of adrener-
gic receptors, each providing some evidence concerning
the steric and electronic requirements for analogs of
norepinephrine to produce effects in various tissues.?
More recently studies have been directed at determining
the conformational specifications of the agonist drug-
receptor complex, with the idea that conformational
differences in the drug-receptor interaction of a single
drug with different receptors may be at least a partial
explanation for different actions of a single drug, and/or
different potencies of the same drug, on various tissues.
Little has been offered in terms of the architectural
features of this complex, although speculation, eon-
sistent with the faets, does exist, determined primarily
for conformationally mobile agonists.2¢3 Adrenergic

(1) (a) Presented to the Division of Medicinal Chemistry, 158th National
Meeting of the American Chemical Society, New York, N. Y., Sept 7-12,
1969, MEDI-33; (b) takeninpart from the dissertation presented by D. D.
AMiller, July 1969, to the Gradnate School, University of Washington, in
partiatl fulfillment of the Vh.1), degree; (¢) U. S, Public Health Service
Fellwsbip, 1-11-GM-33,942, 1966-1969.

12) lor recent reviews see (a) R. . Ablyuist, J. Phurm. Sci., 68, 359
(1966): (b) A. M. Lands and T. G, Brown, Jr., Drugs Affecting Peripheral
Nerv, Syst. 1967, 1, 399 (1967): (¢) B. Belleau, Ann. N. Y. Acad. Sci., 139,
580 (1967).

(3) (a) B, M. Bloom and I, M. Goldman, Advan. Drug. Res.. 8, 121
tlo66): () G. A. Robinson, R, W. Buitcher, and E. W. Sutherland, Ann.
N Y. Acod. Sct., 189, 606 (1967): (¢) L. 1. Kier, J. Pharmacol. Exp. Ther.,
75, 164 (1968); (d) L. B, Kier, J. Pharm. Pharmucol., 21, 93 (1969); (e)
P. 8. Portogliese, J. Med. Chem., 10, 1037 (19G7).

Biological data are recorded for a-adrenergic receptor activity and e-adrenergic blocking

activity of a phenethylamine moiety, and a benzylic
hydroxyl group of a given absolute stereochemistry have
been defined. In addition stereochemical relationships
between the ephedrines and y-ephedrines for agonist
and antagonist activity have been determined.* In
this nonrigid system little can be said concerning specific
conformational requirements of the drug-receptor
complex. Studies by Smissman and eoworkers have
shown some adrenergic activity in the 2-phenyvl-3-
amino-trans-2-decalols,® although little difference is
noted in the isomers and amine depleting activity in
the 3-phenyl-3-hvdroxy-trans-decahydroquinolines.5®

In this study we prepared norephedrine analogs 1, 2,
3, 4, in which 9-(e)-hydroxy-10(e)-amino-1,2,3,4,4a,9,-
10,10a-(trans-4a,10a)-octahydrophenanthrene (1), and
the 9(a)-hydroxy-10(a)-amino compound, (3) represent
threo configurations of norephedrine and the 9(a)-hy-
droxy-10(e)-amino compound (2), and the 9(e)-hy-
droxy-10(a)-amino analog (4), represent erythro con-
figurations.®

(4) J. B. LaPidus, A. Tye, P. Patil, and B, A. Modi, ibid.. 6, 76 (1963).

(5) (a) E. E. Smissman and W. H. Gastrock, ibid., 11, 860 (1968); (b)
E. E. Smissman and G. H. Chappell, tbid., 12, 429 (1969].

(6) (a) The central ring is arbitrarily assigned the half-chair conformation
where the egratorial (e) and axjal (a) snbstituents at C-9 are in fact pseudo-
equatorial and peeudo-axial respectively: (b) All materials are racemic
a)thonglr only a single jsomer ) drawn; (¢) Consistently throughout nmr
disenssions of the 9,10-disubstituted compounds, the proton at C-9 will
be \lesignated A, the proton at C-10, B, and the C-10a axial proton, C.
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Octahydrophenanthrone (5)° was the starting material
for preparation of the isomeric amino alcohols. The
relative stereochemistry of the hydrogens at 4a and 10a;
t.e., the frans-ring junction, is determined by the syn-
thetic method (Scheme I).
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Compound 1 was prepared from 5 by Neber re-
arrangement of the ketone oxime tosyviate. Only
small amounts of amino ketone 6 were isolated, partly
due to the lack of solubility of the starting material in
suitable reaction solvents. The nmr spectrum of 6
showed a doublet at 6 4.35, Jrc = 12 Hz, similar in
coupling coustant to the 10-axial proton in ketone 5.3
These data clearly demonstrate the equatorial dis-
position of the amino group; however, the stereochem-
istry of 6 is not necessarily due to the stereospecificity

(7 {a) W, E. Backmann and 15 J. Forpefelld, J. Amer. Chem. Sov., 72,
4320 (19505 O 1. Gipstowg and R, Dappo, «5d., 76, 1524 (19453); v
DL Guosehre and W, S, Jobmnson, iid., 68, 2239 (1946).

(8) W, L. Nelson, D. D, Miller, and R. 8. Wilson, J. Heterocycl. Chem., 6,
131 (1969),

W. L. Nusox axo DLDn Minee

of the rearrangenment, but could he a result of acid-
catalyzed enolization of the eplmeric amino ketone”
We were unsuceessful in =everal attempts ta isolate the
possible azirine or amina ketal mtermediates ol the
rearrangement.

The e-amino ketone 6 was reduced (Pd-C) to provide
1. having equatorial OH and amine groups.  Becanse
of the insolubility of 1 in snitable nmr solvents the
N.O-diacety]l derivative (1A) was prepaved for mme
work.  The nmr speetrum of 1A showed CH at 6 6.00,
Jap = Y Hz, and at § 4.17, Jye = 10 Hz. assigned to
axial protons Hy and Hy, respectively™  Anadditional
coupling of Hy with N-H of 10 Hz was removed by
deuteritmm exchange,

Atterupted catalvtic (Pt) veduction of 6 i acid.
fatled to produce 2, although this has been reported.™
In our hands, onlvy 1-HCI was twoluted.  NMore con-
ventently, e-oximino ketone 7, which was readily
prepared from 5 by nitrosation, cauld be redueed to 6
and then to 1 withont diffienlty.

Hexahydrophenanthrene 8 was the starting material
tor preparation of 2. Addition of 1odine 1sacyanate
(INCO). Tallowed by methanolvsis afforded 9. The
asstgnment ol net feans diaxaal addition 13 conststent
with reparts af INCO addition in other svstems, !t and
fronm mnr evidence, which showed small caupling con-
stants for J o and Jype cansistent with dihedral angles,
dan > dpe > ca. HO-70°, and diequatorial disposition
of Hy and Hy.Pu' 0 Nethanolic KOH was used to
convert 9 into 10, the sya-azividine,'*  On treating 10
with refluxing aq 5% HaSO,. 2 was isolated in 514
vield.  On repeating this procedure carvefully it could
be demonstrated that T waz also present in the emde
reaction nixture. This observation i consistent with
other reports of izalation of ¢/s- and trans-amino aleohals
as products of styrvl aziriddine apenings; c.g., from 2-
phenvl-3-inethyvlaziridine® and 5,G-inino-6,7-dihydro-
SH-dibenzla.d feveloheptadiene. ™ The mtermediary
al a carbonium ion or earbantum ion-like species wonlkd
be expected m these systems. ™

The ymr =pectrmm of the N O-diacetyl derivative,
2A . was conststent with the eis disposition of substitn-
entx <howing a doublet for Hy at 66,19, J v = 4+ Hyoond
a multiplet at 420, which callap=ed mto o quartet. Jupe
= 11 Hz, when D oexchange was performaed; at the
sune time 1 doublet at 6 6.50 for the N-H protau,
Jpxu = 9 Hz, disappeared.  The dihedral angles
éap and épe ave ca. 70 and 1902, respeetively, in Dreid-
ing modelts,

Beheving that 3. cantaining an axial ammo groap.
could he hest prepaved frome sya-epoxide 11,1 by

r DY Mareow, ML YO oler, and 1L CL YL Noang, J. Gy, Chera,, 33
ATY (1964).

(10) G, Drefall omd Do Alamin, Cheme Beel, 98, 2407 110600

(11) (a) A, Hassper aml Y. W, Fowler, J. Amur. Chom, Soc, 90, 286G
(1068); th) A, Hassper and (. Heathcock, Tetrahedrorn Lot 1125 (109G
(¢) A. Nasgner and C. Meathouek, J. Org. Chem., 30, 1748 (1965,

(12) (a) M. Karplus, J. Chem. Phye. 30, 11 (10591; 1o M. Karplys,
J. Amer. Chem. Soc., 88, 2870 (1463).

(13) Syr and anti refer 1o 1he betero three-membered yinz as heing v ) he
saibe, or wppushe sile, of 1he trievelic skeleton as the ("-10a 11 atwmn.

(14) (a8) K, Kotera, M. Motnra, &, Miyazaki, T. Okada, and Y. Mat-
snkawa, Tetrohedron, 24, 1717 (1968): by K. Kotera, 7. Okudo, wnd X0
Alivazaki, ihid., 24, 4677 1 10G8).

(14) R.E. Parker wind N, S Ysaaes, Chem, Aor., 89, 737

116) Dibedral angles of GO il 180° are nol ohserved Luenyme of O
peendo narwre of 1he s pent ot U4 ino ke substitoted cyveluluexene sys-
yemn 5 and an additional vonformalional vonstraint due to a trons ying fusion
Letween (C-4a and (-10a

[RREHIN




Tricycric NOREPHEDRINE ANALOGS

opening with an appropriate nucleophile, we sought
routes to the desired epoxide. Epoxidation with
m-chloroperbenzoic acid afforded anti-epoxide 12,'% and
no trace of 11. Formation of 11 was accomplished by
addition of HOBrto 8, followed by epoxide formation us-
ing NaOH (see Scheme II). Assignment of struecture
13 to the bromohydrin was made based on the nmr spec-
trum. A doubletats5.93, Jog.a = 5.5 Hz, was assigned
to the OH which disappeared on addition of small
amounts of F;CCO.H, a quartet for Hy at 6 4.75, Jap
= 2.3 Hz, and a multiplet for Hg, Wy, = 5 Hz. The
small coupling constants J ap and Jpe are consistent with
dihedral angles, ¢45 and ¢pc ca. 60-70° 512
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14X =N,
15X = NH,

Exposure of the bromohydrin to OH~ for short
periods afforded 11, although longer periods afforded no
epoxide but only mixtures of 1,2,34,44a,9,10,10a-
(cis- and trans-4a,10a)-10-ketooctahydrophenanthrenes,
which probably arises from the epoxide. !>

Having both epoxides, 11 and 12, it was not difficult
to distinguish between them based on their nmr spectra.
The anti-epoxide (12) shows a doublet at § 3.69, Jac =
4.3 Hz, and another doublet for Hg a § 2.82 indicating
Jec = 0 Hz. The syn-epoxide (11) showed a doublet
at § 3.59, Jar = 4 Hz, and a broadened doublet at 3.14
for Hg, Jrec = 0-1.5 Hz. The difference of marked
line broadening in the Hgp signal in 11 and in 12 is
consistent with dihedral ¢pc measurements of ca. 120°
in 11 and 90° in 12.

Opening of 11 with NaN; or NH; as nucleophiles
provided products of ring opening at the benzylic
position, 14 and 15, respectively. Structure assign-
ment to 14 became readily apparent from nmr data.
A doublet at § 4.49, Jap = 9 Hz, a sextet at 3.65, Jrc

(17) (a) C.J. Thomas, 8. J. and I. M. Honsherger, J. Org. Chem., 88,
2852 (1468); (b) R, E. Lyle and W. E, Drueger, ¢bid., 32, 2873 (1967).
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=~ 10 Hz, and a doublet at 2.93, Jpog = 10 Hz are
observed. The latter signal disappeared upon addition
of DO and the sextet collapsed to a quartet indicating
Hp is attached to the carbon bearing the OH group.
Structure 3, with OH at the benzylic position, is in-
consistent with the quartet observed in the nmr spec-
trum, thus allowing the alternative assignment.

Compound 14 was converted into 15, thus indicating
both nucleophiles entered from the benzylic position,

It is not obvious from Dreiding models that attack
of the nucleophile would be sterically less hindered at
the benzylic C; in fact, no obvious differences in ease of
attack at C-9 and C-10 are observed. However, if
some degree of C-O bond fission takes place prior to
C-nucleophile bond formation, i.e., there is some polari-
zation and charge separation in the transition state,
then approach at the benzylie position would probably
be more favorable due to increased stability of this
carbonium ion, or partially polarized transition state at
this center.’® Similar results leading to diequatorial
opening of epoxides have been reported in certain
steroidal systems, %19

Pursuit of amino aleohol 3, by this route, was not
abandoned. Resourceful use of azido alcohol 14 led to
successful routes to both 3 and 4.

Azido aleohol 14 was converted into the corresponding
tosylate 16, which was solvolvzed in AcOH. Long-
term solvolysis (7 days) afforded a 9:1 mixture of azido
acetates 17 and 18. Column chromatography afforded
samples of pure 17, but allowed for isolation of only
small amounts of 18.  No conclusive nmr evidence was
available to distinguish between these two structures as
only small differences in ¢sp are discernable from
models, both near 60°. If the azide group participates
in the solvolysis of the tosylate and/or formation of an
azidonium ion® occurs then 17 would be expected to
predominate (Scheme III),

Scueme 111
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H H
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(18) C. A. VanderWerf, R. Y. Heisler, and W. E. McEwen, J. Amer.
Chem. Soc., T6, 1231 (1954).

(19) (a) F., G, Bordwell, R. R. Frame, and J. G. Sirong, J. Org. Chem.,
88, 3385 (1968): (b) D. H. R. Barton, D. A. Lew, and J. I, McGhie,
J. Chem. Soe., 2907 (1947).

(20) A. Streilweiser, Jdr., and S, Pulver, .J. Amer. Chemn, 8Sovc., 86, 1587
(1964).
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The two azido acetates, 17 and 18, were converted
into their corresponding amino alecohols, 3 and 4.
respectively, and then to their ¥ ,0-diacetyl derivatives,
3A and 1A, In order to isolate useful quantities of 4A,
[LAH reduction was performed on a mixture of 17 and
18, foilowed by acetylation and chromatographic
scpuration of the resulting mixture of 3A and 4A.

Shght differences in J 3 were noted in these com-
pounds. In4A J,p = 5 Hz and in 3A Jp = 3 Hz,
similar in magnitude to the corresponding azido
acetates.  In Dreiding models ¢y in 44 is ca. 50°, and
in 3A about 70°, consistent with thesc assignments.
An additional coupling constant Jp vy = ca. 10 Hz was
removed by D exehange.  This faet, and the faet that
the benzylie proton, Hy. did not ehange in multipheity
allows for assignment of the location of the amino
funection at C-10, further confirming the structure of the
azido neetuates and of 3A and 4A.

Because both J 43 and J ge were stmall in bath 3A and
4A. no absolute assignments hased on nmr data could
be made to their relative stereochemistry.  Chemieal
evidenee was found by converting 3 mto 4 by u stereo-
specific route.  Componnd 3 was converted into the
corresponding  N-benzovl derivative 19 which upon
treatment with MeSO.Cl spontaneonsly formed oxazo-
Iine 20, resulting from intramolecular carbonyl O
disptacement  of the nesylate.  Hydrolvsis, under
carefnlly controlled conditions, afforded 4 (see Scheme

I1V).  N.O-Diacetyl derivatives prepared by both
rontex were identieal speetrally.
senesme 1y
H
LGHOY) uo'
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Hydrochloride salts of 1, 3, and 4 were submitted for
testing in the vas deferens preparation reported by
Patil, et al®* The insolubility of =alts of 2 pre-
cluded screening of this compound. None of the
compounds showed intrinsic aetivity of greater than
109 of (—)-norepinephrine in thiz assay. This is
probubly due to the large C-skeleton attached to the
basic phenethyvlamine being present. especially the
large 8 substituent,

Two of the compounds, 1 and 3, showed adrenergice
blocking activity, the former demonstrating both
competetive and noncompetetive antagonism (Figure
1). The effects of 3 were less dramatie, showing only a
slight diminution in the maximal response to (—)-nor-
epinephrine at 4 X 10~ 37 (Figure 2).

Compound 4 exhibited potentiation at 1 X 10—+ A/
(INigure 3) while a noncompetetive type interaction was
tvident ut higher concentrations. It is possible that
this agent may be acting at the adrenergic nerve
terminal as well as at the effector site.

$21) P, N, Patil, J. B. LaPidns, and A, Tye, J. Pharmacal. Exrp. Ther.
156, 1 (1967).

W. I, Newsox anp D Do Alnaeen

Experimental Section**

1,2,3,4,4a,9,10,10a- ({rcas-4a,10a )-Octahydro-9-oxophenan-
threne (5).7--2-Phenyvleveloliexylacetio acid, 25 g (0.114 weale .
was placed 1uto an ice-conled, stirred sohition ol 200 ml «f Hoped
HE QMathesn Coo e in o 500-inl polvethylene eomiainer.
The TTF wax allowed (o vvaporate, leoving o brown residue.
Cantion shonld Le taken tHiet thix reaction be pertoriesd incw beod
and one <hanld alwavs wear mibber gloves when hondling the
polyvethylene rontainer. The residue woas dssolvel in
aad wished with aqg sabated NallCoOs, ag 1000 HCL and 110,
The EtO Taver wis then dried (NS0, and evapd v raono Lo give
24 g oof white =~olid nrerial.  After reery=tallization v MeOll
228 ¢ of white plate-like crvsials were collected tssr 0
05 (HU™ mp 9596075 uv amx 97, EIOH 1 250 (e 1,200
202 mg (e 1,720 i KBy 295 g iCo O nne (CDCLs S22
a1, Coxoaraanatbe protong, T8 72 (o, S50 artoniitie protons
e s Celle) 6250 (g 1 o= 106 Mz, S0 = 008 Hz, equotorial
proton at Cat07, 220 g, 1 J e = 16 Hz, S = 110 Tz, aviad
protaa ar C=107 S0 10, CHL - CH envelope
1.2,34,4a,9,10,10a-¢/c1(«x-4a,10a )-Octahydro-9-cximinophen-
anthrene ()-p-Toluenesulfonate. - ' « =olutione of 20.0 g «0.10
mole nf ketone 5 in 77 mil of MeOI1 wos ndded 1341 g 10,20 nmle:
of HoNOH - TTCT Do portion, Totk aved Dy yhe slow wddition or
13.0 g (0.09 mole ol KeCOwin 30 ml of 1O over o 10-min perioal.
The mixture wis refhixed 2 hr, allowed 1o ool and thea ponred
into 500 ml of ee=100 The white ppt 0.0 2 (SS90, 5 was eol-
lected by filiratiow, mp 175° A small portion was yeerysial-
lized Trom BtOAe and L0 giving enlorless needles: mp 177
" mp 17570 v s (950 1GOTHE 258 me te 112000 e
oyridines 8 5.20 Gyt S = (T Uz, Joo o= Uz eqnatinial
at C-10, 2.9-1.0 (heoad CHy—-CH envelope s,

The oxiie, 9.0 g 10.04 nioler, was placed c36 ml of anhvid
pyridite and thix splutiors wax kept o1 =25° (bry Tee=3Me, ('O
batli;, Fo the pyridine sohiion was added 104 @ 00,06 mole ol
T=Cand the wixinre was <trred fo 20 min, then alowed 1o
warntt 1o oot temp, dand stirred overnight. The reddishi-brown
=olutiva wax then powred in 300 ml of tee-11LO wd the vesnlting
ppt IS g on0 v was eollected Dy Blorotioe Afrer 2 reerystal-
hizations from MeOH - 1rOA ¢ -11LO elear needle-like ervsials were
collected: mp 1777 Ao mp 174575 av max 937, 01
O35 Ve 13,6000 nmr pyridine s Sos g, /. to 1z, Jp
= 4 2z, cquatorial proaoy T, 2240 d<0 50 G 205000 nin (o,
ClL--CH cnvelopes.

9-Keto-10(e )-amino-1,2,3,4,4a,9,10,10a-(/ ¢ as-4a,10a)-octa-
hydrophenanthrene (6). A. Neber Rearrangement.. A\ ~olu-
tion »f KOE prepared by dissolving 1.12 g (0.0286 g-ntom o K
15 ml ol abs FaOll wes added o 2 stirred =obition of 10 g
(0.027 wole; of the oxime tosylate in 100 wil of Cyllaat 10% mder
Nao Alter the addition of the I5t0O - <ohition wnothier 100 1l oY
abs EtOI was added. The vellow suspension wis then stirrad
and maintained st 107 Tor Uie next 10 e and then allowed 14
warnt tn rouin temp.  Alrer 24 e the brown mixture was filt ered
affording 4 ¢ of a purple ppt (KOTx«  The brown filtrate wis
evaporated 7n racro witll the teinp of the water hath maintained
below 40°. To the green suspensinn was added 20 g ol hasie
ALOy, Brockmann activity T (Brinkneunm), and the misare
evapd to give a brownizh green volored =olid. The =clid wus
placed Hn 200 g of hasie AlO; Brackiman activity T/ Brinknumn -«
After elution with 2 1 of 711 Et.O 5 1L of FeO, and 500 ml oy
Cellg, CHCL was placed on the erduin and the next SO0 1wl wis
collected.  Evaporation atforded 4.0 g of a light red nil. The red
oil contained 5 enmponcnts when inspecied with the fsilicir aeid
phites, 111 IN,0-hiexine, 1, ax indicator .

The red oil (4.0 gi wax placed on a dry cohamr of 400 g »l nen-
Ual ALOy, Brockmare activity IT (Brinkmann). The colinnu
was eluted with 1: FO-hexane.  Afier rhe first 225 ml of
solvent eluted from the column, the next 1705 ml was collected
and evaporated s caeno to give 800 g of ared ol This wax

(22 Nelling pomts were nned on o chlivrated Thimnas-1loover Uin
Melt and are correcymd. Uy specrra were recorded on a Cary 11 spee-
trometer. 1y da(a were recorded on Beckmnan 1R-5A, 1R-8, and IR-20
spectrophotometers. Ninr shectra were determined wil Varian A-Ga
an Varian T-60 spectrophotomaters nsing Me:Si as an internal standanl.
In pmr descriptions, x = singlet, d = doublet, t = triplet, q = quartem,
)in = mnultiplet. Mass spectra were recorded on ALl MS-9.  Mijcroanalyses
were enndneted by Dir, Weiler and Dr. ¥. B. Stravss. Oxfnrd, England.
Wirere analyses are indicated only Ly symbols of the elements, analytiea)
resaQs were oilainml for those elememrs within 0.4 of the theareticsl

va e
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dissolved in Et,0 and added to a 109, aq HCl. The Et,0 layer
was added to the aq HCL to prevent self-coudensation.?* The
aq layer, which contained some brown ppt which was removed
by filtration, was separated. The light yellow filtrate was evapd
m vacuo affording 120 mg of a light green solid. The solid was
dissolved in MeOH, Et,O was added uutil the solution turned
cloudy, and the soln was placed in the refrigerator overnight. The
mixture was filtered and 100 mg (1¢7) of colorless crystals of 6 was
collected: mp 215-217° (lit.® mp 210-212°); ir (KBr) 3.1 to
4,0 (-NH;™* stretching, broad ammoniam band)?* a weak band
at 5.1 (combination of -NH;* torsional oscillation and asym
-NH;+ deformations);2¢ 5.9 g (C=0 stretching); nmr (CD;O0D)
§ 8.25 (m, 1, C-8 aromatic proton), 8.0-7.4 (m, 3, aromatic pro-
tous), 4.34 (d, 1, axial protou Ha); uv max (95% EtOH) 251
mu (e 11,300). Anal. (C,;HCINO) caled C, 66.79; found C,
66.29, H, N.

B. Reduction of Keto Oxime 7.—Keto oxime 7 (500 mg, 2.18
mmoles), was placed in 50 ml of abs EtOH and to this solition
was added 0.80 m] of coned HC! i 10 ml of abs EtOH along with
100 mg of 109 Pd-C. The mixture was hydrogenated at a
maximum pressure of 1.05 kg/em?  Uptake of H, was complete
inn 10 min and the mixture was then filtered through Celite to give
a clear filtrate. The filtrate was evapd in vacuo to give white
solid, mp 210-212°, This material had identical spectral prop-
erties (ir, nmr,uv)as the aniino ketone - HCI prepared by the Neber
rearrangement.

9-Keto-10-0ximino-1,2,3,4,4a,9,10,10a- ({rans-4a,10a)-octahy-
drophenanthrene (7).1—To a solution of 7.0 g (0.035 niole) of
ketone 5 and 4.1 g (0.035 mole) of isoamylnitrite iu 10 ml of
anhyd toluene was added a solution of KOEt, prepared by dis-
solving 1.36 g (0.035 g-atom) of K in 10 m! each of abs EtOH and
anhyd toluene. During the addition the mixture was kept below
10°, utilizing an ice bath. The resulting purple suspension was
~tirred for an additional hour with the ice bath and then allowed
to conie to roon: temp. To the purple suspension was added 50
m! of authyd Et,0 and this mixture was then poured into 300 m! of
anthyd Et:0. The white ppt that formed was collected by filtra-
tion and dissolved in HsO and from the resulting yellow solution
a ppt formed which was removed by filtration. The filtrate was
cooled in an ice bath and carefully acidified to pH 5 with cold
10¢; aq HCL.  After chilling for 6 hr 3.9 g (499;) of crude 7,
mp 115-120°, was collected. A smiall portion of this material was
recrystallized 3 times from 956 EtOH to give yellow needles:
mp 140-141° (lit.?0 158-159°); uv max (CH;0H), neutral, 272
(e 10,700); uv max (CH,OH), alkaline, 265 and 323. Anal.
(CHiNOs): C, H, N,

9(e)-Hydroxy-10(e )-amino-1,2,3,4,4a,9,10,10a-(irans-4a,10a )=
octahydrophenanthrene Hydrochloride (1).—A mixture of 430 mg
(1.7 mmoles) of the a-amino ketone 6 and 200 mg of 109, Pd-C in
100 ml of EtOH was hydrogenated at a maximum pressure of 2.45
kg{em?and room temp. Uptake of Ho was completein 72 hr. The
mixture was filtered through Celite to give a clear EtOH solu-
tion. The EtOH solution was evaporated in vacuo to give a
white powder. The powder was taken up in MeOH, and Et,0
was added to the boiling solution until it turned cloudy, and then
it was refrigerated for crystallization, affording 298 mg (69%,) of
white crystalline 1: mp 234° (lit.10 240-242°); ir (KBr) 3.20-
3.60 (-NH;* stretching, broad), 5.0 u (broad, combination of
-NH;* torsional oscillation and asym -NH; ~ deformation).?

9(e)-Acetoxy-10(e)-acetamido-1,2,3,4,4a,9,10,10a-(trans-4a,-
10a)-octahydrophenanthrene (1A).—A niixture of 220 mg (0.87
mmole) of the HCI salt of amino alecohol 1, 5 ml of pyridine, and 3
ml of Ac,0 was allowed to staud 15 hr at room temp.  Excess pyri-
dine and Ac;O were removed in vacuo and the residual oil was
mixed with 10 ml of 3¢7 aq HCl and allowed to stand 30 min. The
acidic solntion was extracted with Et,0 several times aud the
Et,0 layers were conibined aud washed with satd solution of
NaHCO;, 3% aq HCl, and H.O. The Et,O layer was dried
(Na:S804) and then evapd 1n vacuo affording 255 mg of light
vellow solid. The solid material was recrystallized from CeHsg
to give 232 nmig (896;) of white needlex: mp 168-169°; ir (KBr),
3.04 (N-H stretching), 3.41 and 3.50 (aliphatic C-H stretching),

(23) H. E. Baumgarten and J. M. Petersen, J. Amer. Chem. Soc., 82,
459 (1960).

(24) K. Nakanishi, ‘lnfrared Absorption Spectroscopy,” Holden-Day,
lne., San Francisco, Calif., 1964, p 39.

(25) N. B. Colthnp, L. H. Daley, and 8. E. Wiberly, “lntrodnction to
Infrared and Raman Snectroscopy,’” Academic Press, New York, N. Y.,
1961, p 281,
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5.82 (C=0 stretching), 6.1 (amide C=0 stretching), 6.5-6.6
(broad), 7.31, 8.15, 9.83, 10.35, and 13.43 wx; nmr (CDCly),
§ 7.3-7.0 (m, 4 aromatic protons), 6.75 (d, 1, Je.xg = 10 Hz,
amide N-H), 6.05 (d, 1, Jas = 9 Hz, benzylic Ha proton) 4.17
(q, 1, Jac = 10 Hz, CH Hjp proton), 2.07 (s, 3, CH3), 1.98 (s, 3,
CH';) Anal. (C]gHgsNOs) C, H, N.
9(¢)-Hydroxy-1,2,3,4,4a,9,10,10a-(frans-4a,10a Joctahydro-
phenanthrene.--At roou tewperature 2.28 g (0.053 mole) of
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NaBH, (Alfa Inorganics, Ine.) in 20 ml of H.O) was added slowly
over a 20-min period to 20 g (0.10 mole) of 5 in 1 1. of @5¢; EtOH.
The mixture was stirred 19 hr.  After the addition ol 10 nilof 1 N
NaOH the 15tOH was removed ¢n zacuo. The oily residie wias
dissolved in Et,0, washed with H.O, dried (Na.80,), and eviapd
in vacuo Lo give 19.5 g (9247) of white solid wmaterial, mp 102°.
An analytical samiple was prepared by recrystallizution from
petrolenm ether (bp 30-60°), mp 102°. dwd. (CyH,0) C, T
A p-uitrobenzoute derivative was prepared, mp 150-131°,
1,2,3,4,4a,10a-(t{c«ns-4a,10a)-Hexahydrophenanthrene (8).—-A
mixture of 24.0 g (0.12 wole) of the aleohol wd 500 g (2.4
mmoles) of 2-naphthalenexallonic acid (Fas<anan Organie Chemi-
cals) in 11 of Celg was refluxed with an artached Dean-Siark
wap for 48 hr.  The mixtnre wus evapd /e cacro and the remuain-
g residue wus dissolved i Et.0) and washed with several por-
tious ol an aq satd NaHCO; solution and H.O.  The Et.O laver
was dried (Nas804) aud then evapd in vaceo 1o give 25 g of a
yvellow oil.  Colunin chromatography o1 900 g of silica gel (Briuk-
mann); Brockmanu Activity ITI, using liexane ax elucut allorded
20.6 g of colorless alkene (939%) in the first 750 ml of hexaue
collected: uv max (956, C.IH;OH) 262 (e 8200); nmr (CDClyy
8 7.26 (11, 4, aromatic protons), 6.55 (q, 1, Jap = 10 1z, Sy =
2 Hz, C-9 vinyl proton), 5.85 (4, 1, Jue = 0-1 Tlz, C-0 protoy,
Hau): mass spectram (70 eV m /g 154,
9(a)-Carbomethoxyamino-10(a)-iodo-1,2,3,4 4a,9,10,10a-
(trans-4a,10a)-octahydrophenanthrene (9).——To a cold (=5 to
—10°) solution of 3.9 g (0.02 mole) of hexahydrophenanthirene 8 in
200 ml of anhyd 260 was added 4.2 g (0.028 mole) of freshly pre-
pared AgOCN.  To thizs was added 5.04 g (0.021 mole) ol xolid L.
i one portion.  The sturry was stirred for 2 hr in the cold and
then at roow temperatire for an additioonl 6 . The inorganic
salts were removed by filtration and the solution was diluted with
200 m1l of anhyd MeOHM aud the mixture was refluxed for 2 hr.
The light brown ppt was removed by filtration and washed with
Lts(). The ppt was then recrystd from CHOH giving 5.35 g
(70,) of white needles: mip 138°; uv max (959, C.H;0H) 217,
(e 7000); ir (KBr) 3.05 (N-11 stretching), 3.25 (aromatic C-11
stretching), 3.39 and 3.49 (aliphatic C-H stretching), 5.90 (very
broad, C:==0 stretching; uwwr (pyridine}, § 3.59 (q, 1, Jap =
2 Hz, Ja~xg = % Hz, benzylic proton Fla) 4.84 (m, Wy = 4 Iz,
C-10, Hg proton), 2.70-0.7 (u1, 10, CH»—CH euvelope). . irndd.
(ClsHuoINOg)i C, I‘I, N
syn-9,10-Imino-1,2,3,4,4a,9,10,10a- (¢rans-4a,10a )-octahydro-
phenanthrene (10).--A mixture of 5.0 g (0.13 mole) of the carba-
mate 9 and 12.9 g of KOH in 130 1nl of abs EtOH was refluxed for
3 hr. The EtOH was then removed ¢n vacrwo and the remaining
solid wuas dissolved in 500 mnl of 1.0 and washed with cold H,O)
until the wushings were neutral. The EtO layer was dried
(N1:804) aud evapd n veceo to 50 wil and then refrigerated
overuight. A total of 2,49 g (93.5¢,) of white needles, mp 125~
120°, wus collected. A small portioa ol the uziridine was re-
ervstd from B0 for an analytival =uuple: mp 1291305 e
(CDCLy), 8 7.55-6.90 (in, 4, aromatic protous:, 9 (d, Jap
= 6 11z, benzylic Ha proton).  Arad. (CyHWwN)C, 11, N
9(a)-Hydroxy-10(e)-amino-1,2,3,4,4a,9,10,10a-(¢{runs-4a,10a)-
octahydrophenanthrene (2).--"I'lie aziridine 10 (1 g, 5 iniolex), in
753 ml of 5% aq HaSO4 was Lheated at reflux Tor 1 . The prurple
sohation was made alkaline with 109 aq NaOH und extracted
several times with CHCL,. The CHCL lavers were cowbined,
dried (Na.80y), aud evapd in vaceo to give a light vellow solid.
The solid was recrystd from Cellg to give 606 g (367 of white
faify material: p 180-181°; ir (KBr)y, 2.95, 3.2 (broads,
3.45 (broad), 6.93, 9.581, 10.6 (broad), 1023, 109, aad 11.0.
Anal. (CyuHWNOYC N
9(al-Acetoxy-10(e}-acetamino-1.2,3,4,4a,9,10,10a- ({rer~-4a,
10a )-octahydrophenanthrene (2A).--From ua sample of 400 nig
(1.84 1imolex) of g-amiuo alcohol 2, the N,O-diacewyl derivative
was prepired us deseribed for 14, alfording 422 mg (765 ) of very
line colorless needles (from CeTle), mp 196--197°; ir (KBr), 3.00
(N-H stretching), 1.25 (aromatic C-H stretching), 3.39 aud 3.49
(aliphatic C-H siretching), 5.80 (acetoxy C=0 stretching),
6.07 (broad amide C===() stretching), 6.50 (broad), 6.90, 7.20,
S0 hroady, 9,74, 1039, 10055, 12,24, 13.2), and 13.43 g; niar
(CDCLy) 6 7.27 (i, 4, aromatic protons), 6.0 (d, 1, Jge = 9 Hz,
amide proton), 6.10 {d, 1, Jasw = 4 Hz, beunvlic proton, Ha),
4,26 (1, 1, protor He12.02 (8, 3, CH;1, 1.99 (s, 3 CH,) 2.70-0.70
(m, 10, CH:~--CH envelope); after exchange (1.0 of the aniide
proton, protoa Hy remains constant, proton Hy is now a quuariet,
Juee = 11 Hz: mass spectrain (70 eV be o 30206, dnad. 10
HauNOys () HL N

W. L. NeLsoy axp D. I). MiLen

anti-9,10-Epoxy-1,2,3,4,4a,9,10,10a-({runs-4a,10a j-ectahydre-
phenanthrene (12).—--To a cold soln (0°, ice—xalt hath) of 1.60 w
1272 mmolesy of m-chloroperbenzoic acid (Researel Oegmide To-
organic Chewical Co.) in 60 ml of CHCL wis added slowly 5.0
827 2nunoles yof alkene 8 in 15 mb ol CHCLiand the vludy unxiure
wasstirred ut room temp for 2hr. The mixture was thetr washed
with 575 1q NaOH aud 1.0 and dried (NaS0,50 The CLHCI
Layvec was evapd v vacao to give 5.2 g ol o vellow ail which <olid-
tlied npracstanding overuight. A <uwl portion of the <olid was
recrysid Tront BEOTE containing o stoadl antonad of KO whicly
has been reported to eliminate s acidie imparity which eatadyzes
Hie reamion of epoxides with XIOH. The recrvsiadlizatiom gave
colorless veedles, 1 3570 A sceomd yeerystallizatow from 1aO1
gave needles with yup 35-36% This procedine was very imy-
flulent aad it was vh=erved that recry=iallizatione o hexoie
wive neerial with ideatieal melting point in hetter vields Ion
thi= waterial turneld yvellow upon standing (o Long periods,
A total ol 200 @ (1693 of the epoxide was colleeted Trom hoth
reeryvetatlizations: v (KBry, 5.40 and 5.4~ taliphiaiie C-11 strerch-
ing)y, G.70, 6.90, 10.00, 1050, 1152, 1050, 12,60, mel 10N
nr (CHCL) § 7.45-0.95 (u, 4, aromatic protons:, 5.467 ad, 1,
Jau = 4.3 Mz, henzylic proton, My 2082 ddy 1 C-10 proco,
Ig), 1.50.7 an, 10, CHe-Cl civelopen doede 2 Culht)
C ealed 83.90; found 83.33, H.

9{a)-Hydroxy-10(a)-bromo-1,2,3,4,4a,9,10,10a-({caps-4a,10a 1-
octahydrophenanthrene (13).---\ mixture of 30 ml ol H.0, 50 ml
of dioxane, 4.9 g (0,027 mole) ol N-hromoesaceinimide (IFastinan ;,
and 5.0 g (0,027 mole) of 8 was stirred vigoronsly for 2.5 hr. A
white flully ppt forned durbhg this period which was removed Dy
fittration aid washed with .00 A total of 4.5 g (5, 7 of 1he
browohydrin was ixolated:  mip 104-106°;  pmr (HMSO-d
6 725 s, 4, aromatie protonsi 590 (dy, 1, Jawng = 0.0 Hzy, 475
(q, 1, Jap = 23 Iz, benzvhe proton, Hay 4.50 v, f, H
5 Mz, C-10 protor Hyy, 5.0-0.5 <AL 10, ClHe - CH euvelope
D) exchange (101 proten s appeared as a doubler. o,
((‘I:H:'/Bl'o) C, 1.

syn-9,10-Epoxy-1,2,3.4,4a,9,10,10a-(/«n+-4a,10a )-octahydro-
phenanthrene (11).---T'o 3.0 g (0.011 molet of bhromohydrin 13 in
100 m] of MeOH heing stirred] wax added 0.04 g (0.016 maded ot
NaOH in 10 ml of HaO und 10 mil of MeOIT over a S-1nin period.
After the addition a white ppt Tormed which tirned yellow in the
uext 15 min of =tirring.  The mixture was Iimmedintely ponred
into a2 large volume of HLO and extracted with zeveral portions
uf Er). The B0 extracts were combined, dried ¢ Nn.RO), 5,
and evapd o racno to give 2.1 g of solid material.  The material
wits recrystd from EO-hexane to give S00 mg (37, vof very Hine
needles of 11: 1mp 100%; ir (KBr3, 538 and $.45 aaliphaiie C-11
stretehing 6.72, 6.90, 7.50, 8.76, 10,05, 11.50, 11.60, 11.75, 1225,
12,50, 12,55, 1300, and 15,685 4, vine (CDCLis 7007 tm, 1,
aromatic protonsy, 309 (d, Jas = 4 Hz, henzylic protaw, 11
G4 (hroadened d, C-10 proton, Hyd, 2.6-0.7 fm, 10, CHe CHH
cuveloper,  Anolo (CH 010 C L

1.2,3,4,4a2,9,10,10a-(¢ix- and /russ-4a,10a)-Octahydro-10-

oxophenanthrene.™  -The bronwohydrin 13, 3.0 g (10.7 sunmless,
was dizsolved e 25 nil of MeOH and to this mixtare was addeld
34 g 132 mmolest of NaeCOy in 25 1l of IO, The elondy mix-
ture was lleated at vetlnx foe BLS hr. Alter this the MeO1] wax
renoved ¢ vaceo and the remuiuing oil=-H.O niixture was ex-
The Et:0 lavers weee
combined and washed (1,0 witil nentral, dried NSO 5,
and evapd dn vacio to give 201 ¢ of lght orige ol The oil
possessed a stcong C--=0 abzorption ac 585 4 Aitempts at
erystallizatina af the »il Trom Lt,O-hexaae failed. The oil, 1.8
g, was placed v 35 w0 silica gel (Brinknem:, Brockneor
Activity 1, el elated with 30077 19,0 0 hexme 1o give 100 20t
ketone,  Attempr= at erystadlizing the ketone from CHLO1 gieve
aovery small aimmial ol colorless needles, mp G35 hi’ wp
G0--66.5°), which deemnposed upon standing; nw (CDCL 8
T.2-0.7 in, 4L woomatie protans), 5.0 (2, 2, henzylie protonss,
and 2.6-07 Gy 10, CHy -CH O ovelopes, Jloal. 1CHTHTOR
L ealed 8506, fornad 832320 HL

9(e)-Azido-10{e j-hydroxy-1.2,3.4,4a,9,10,10a-!/r«nx-4a,10a i-
octahydrophenanthrene {14). - A mixture of 500 mg (2.5 nnnolesy
of epoxide 11, G68 mg 125 mnmles) of NaN, 668 mg (125
mnoles) of NH;CL 60 ml of EtOH, aud 18 il of 1.0 wax re-
fluxed for 24 b, {1 wos allowed G eool and then poured into a
Inrge volute of HAL The aq aixture was extracted with several
prris of 1L the 15GO extracts were combined wod dried

2 G Beety 0 Maoeehi, oo Y Muaeeddn, Poteahedonn, 24, 170 1eis g
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(Na:80,), and the solvent removed in vacuo to give 510 mg of light
reddish colored solid. The solid was passed over a 40-g silica gel
colunin (Brinkman), Brockman Activity II, using 309, Et,0
in hexane as solvent. A total of 481 mg (80C;) of 14 was col-
lected, mp 100-101°, Recrystallization of a small sample for
analysis from Et,Q-hexane gave colorless needles: mp 101-102°;
nmr (DMSO-ds) § 7.40-7.05 (m, 4, aromatic protons), 4.49 (d, 1,
Jas = 9 Hz, benzylic proton, Ha), 3.65 (octet, 1, Jgc = 10
1%, Jn.os = 4.5 Hz, C-10 proton, Hg), 2.93 (d, 1, O-H), 2.8-0.7
(n1, 10, CH.—CH envelope); deuterium exchange, C-10 proton
Iy absorbs as a quartet.  Anal. (CuHiN:0)C, H, N.

9(e)-Amino-10(e)-hydroxy-1,2,3,4,4a,9,10,10a-({rans-4a,10a)-
octahydrophenanthrene (15).—Epoxide 11 (1.0 g, 5 mmoles),
was placed into a steel bomb (cooled in Dry Ice-Me;CO) along
with 25 ml of liquid WHs. The bomb was sealed and heated at
115° for 24 hr. The bomb was then cooled (Dry Ice-Me.CO)
and the yellow residue was dissolved in CHCI; and evapd to give
1.2 g of a yellow solid. The solid material was placed on a 60-g
silica gel (Brinkmann), Brockmann Activity IIT column and
eluted with CHCl;-Et,0, 1:1. The fractions collected between
25 and 45 ml contained an unidentified brown oil. The following
130-m! eliient contained 564 mg of a yellow solid. The solid
material was recrystd from CgHs yielding 548 mg (509,) of
fluffy white plates: mp 157-158°; ir (KBr), 2.95, 3.01, 3.15
(broad N-H and O-H stretching), 3.40 and 3.50 (aliphatic C-H
stretching), 6.30, 6.72, 6.95, 7.40, 9.15, 9.51, 9.69, 10.41, 10.68,
and 13.35 M Anal. (C14H19NO> C, H, N.

9(e )-Azido-10(e)-0-p-toluenesulfonoxy-1,2,3,4,4a,9,10,10a-
(trans-4a,10a)-octahydrophenanthrene (16).—A solution of 2.0 g
(8.25 mmoles) of 14, 2.1 g (11.2 mmoles) of TsCl, and 150 ml of
pyridine was placed in the refrigerator for 5 days. The mixture
was then poured into a large volume of stirred H,O and the result-
ing solid material was filtered to give 2.3 g (719;) of the trans-
azido tosylate 16, mp 155-156°. A small portion of this material
was recrystd for an analytical sample from Et:O-hexane to give
colorless needles: mp 156-157°; nmr (CHCl;) § 7.91 (d, 2, aro-
matic protons), 7.39 (d, 2, aromatic protons), 7.28 (s, 4, aromatic
protons), 4.71 (t, 1, Jas = Jsc = 8 Hz, C-10 proton, Hp), 4.49
(d, 1, benzylic proton, Hy), 2.44 (s, 3, CHj;), 2.80-0.70 (m, 10,
CH»—CH envelope). Anal. (CuH»NO;S)C, H, N.

Acetolysis of 16.—A solution of 3.5 g (8.8 mmoles) of tosylate
16 and 720 mg (8.8 mmoles) of anhyd NaOAc in 87.5 ml of
glacial HOAc was heated at reflux for 7 days. The mixture was
then allowed to cool to room temp and then poured into a large
volume of ice-H:0. The aq solution was extracted several times
with Et:0 and the extracts were combined, washed with satd
aq NaHCOj;, dried (Na,S0,), and evaporated in vacuo to give
2.9 g of a clear oil. The oil contained a mixture of 2 azido ace-
tates (9:1) (9(a) and 9(e)-acetoxy-10(a)-azido-1,2,3,4,42,9,10,10-
(trans-4a,10a)-octahydrophenanthrene (17 and 18). The oil
was placed on a 500-g silica gel column (Brinkmann silica gel
0.05-0.2 mm) Brockmann Activity I. The product was elited
with 2 1. of CsHg-hexane (1:1), followed by 760 m! of CsHs in
which no product was isolated. The next 30-ml fraction of CsHs
afforded 20 mg of an oil, 9(e)-acetoxy-10(a)-azido-1,2,3,4,4a,-
9,10,10a-(trans-4a,10a)-octahydrophenanthrene (18); ir (neat)
3.35, 3.41, 4.67 (-N; stretching), 5.68 (ester C=0 stretching),
7.20, 8.15 (-Nj stretching), 13.20 u; nmr (CDCly) 8 7.25 (s, 4,
aromatic protons), 6.18 (broadened d, 1, Jap = 4.5 Hz, benzylic
proton Hy), 4.00 (d, 1, Jsc =~ 0, C-10 proton, Hg) 2.9-0.6 (CHs—
CH envelope).

The next 120 ml of CsHs afforded 326 mg of a mixture of the
cis- and trans-azido acetates (18 and 17). In the following 740
ml of CsHs a total of 1.72 g of {rans-17 was isolated: ir (neat)
3.39, 3.4%8, 4.62, (-N; stretching), 5.71 (ester C=0 stretching),
7.29, 8.10 (-N; stretching), 9.80, 10.30, 13.3 u; umr (CDCly)
§ 7.25 (s, 4, aromatic protous), 5.95 (d, 1, Jas = 3 Hz, benzylic
proton, Hya), 3.87 (d, 1, Jsc = 0-1, proton Hg) 1.99 (s, 3, CH,
2.9-0.7 (m, 10, CH,—CH euvelope).

9(a)-Hydroxy-10(a)-amino-1,2,3,4,4a,9,10,10a-(irans-4a,10a)-
octahydrophenanthrene (3).—A mixture of 400 mg (1.4 mmoles)
of crude 17 and 185 mg (5 mmoles) of LAH in 100 m! of anhyd
Et.O was heated at reflux for 24 hr. H,O (1 ml) was added to the
mixture and the white solid that formed was removed by filtration.
The clear Et,0 solution was evapd in vacuo to give 301 mg (98%)
of an oil that turned solid upon standing. A portion of the solid
was recrystd from CHClL~Et:0 to give colorless fine needles of the
trans-amiuo aleohol 10, mp 114° (lit.? 190-191°): ir (KBr) 3.21
(broad), 3.45 and 3.52 (aliphatic C-H stretching), 6.34, 6.95,
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7.70, 7.84, 9.75, 10.75, 13.25, and 13.60 u.
C, ealed 77.38, found 76.97, 11, N.
9(a)-Acetoxy-10(a)-acetamido-1,2,3,4,42,9,10,10a-({rans-4a,~
10a)-octahydrophenanthrene (3A).—Fron a sample of 200 mg
(0.92 mmoles) of {rans-amino alcohol 3, the N,0-diacetyl deriva-
tive was prepared as described for 1A, affording 206 mg (769%)
from CHCl;-Et.0: mp 172-173°; ir (KBr) 3.05 (N-H stretch-
ing), 3.29 (aromatic C-H stretching), 3.42 and 3.50 (aliphatic
C-H stretching), 5.79 (ester C=0 stretching), 6.10 (amide C=0
stretching), 6.58 (broad), 9.85, 10.50, 12.95, 13.35, 13.68, aud
14.10 »; nmr (CDCl,) 8 7.50-7.00 (ny, 4, aromatic protons), 6.25
(d, 1, Jxm.s = 10 Hz, amide N-H), 5.7% (d, 1, Jap = 3 Hz,
benzylic proton, Hya), 4.26 (niultiplet composed of 2 broad dou-
blets, Jgc = 1-2 Hz, Hg proton), 2.00 (s, 3, CH;), 1.83 (s, 3, CH;),
and 2.80-0.90 (m, 10, CH,—CH envelope); after D exchange of
amide protou, proton Hg absorbs as a broad multiplet Wy =
7Hz. Anal (C13H23N03> C,}I, N.
9(e)-Acetoxy-10(a)-acetamido-1,2,3,4,4a2,9,10,10a-(trans-4a,-
10a)-octahydrophenanthrene (4A)—A mixture of 160 mg of solid
material composed of ¢is- and frans-9-hydroxy-10(a)-amino-
1,2,3,4,4a,9,10,10a-(t{rans-4a,10a)-octahydrophenanthrene  (4:1),
2 ml of Ac;0, and 4 ml of pyridine was allowed to stand at room
temp overnight. Excess AwO aud pyridine was evaporated
in vacuo to give 180 mg of an oil that was treated with 20 ml of
3% aq HClfor 30 min. The mixture was theu poured into a sep-
aratory funnel and extracted with several portions of CHCI;.
These extracts were combined, washed with agq 109, NaHCO;,
H.0, and dried (Na.80,) and evaporation in vacuo of the CHCl;
solution gave a light green oil that was dissolved in CHCly-
Et,0 and allowed to stand overnight at 4°. A mixture of 2 types
of crystals was collected (17 mg of hard spherical crystals, mp
170-171°, and 68 mg of square plate-like crystals, mp 161°)
and sepd usiug a microspatula. The square plate-like crystals
were recrystd 3 times from CHCl-Et.0 to give 38 mg of clear
plate-like crystals of 4A: mp 178°; ir (KBr) 2.95 (N-H stretch-
ing), 3.27 (aromatic C-H stretching), 3.41 and 3.50 (aliphatic
C-H stretching), 5.80 (ester C=O stretching), 6.08 (broad,
amide C=0 stretching), 6.55 (broad), 6.93, 7.32, 8.15 (broad),
9.85, 10.15, 10.25, 13.3, and 13.85 »; umr (CHCl;) & 7.50-7.00
(m, 4, aromatic protons), 6.60 (d, 1, Jap = 5 Hz, benzylic proton
Ha), 520 (d, 1, Jp.xg = 10 Hz, amide proton N-H), 4.60 (q,
1, Jec = 0, C-10 proton, Hg), 2.10 (s, 3, CH;) 1.90 (s, 3, CH,),
and 2.80-0.90 (m, 10, CH,—CH envelope); D exchange of amide
proton, proton Hg absorbs as a sharp doublet. Anal. (Cis-
H2NO;3) C, H, N.
10(a)-Hydroxy-9(a)-benzamido-1,2,3,4,4a,9,10,10a- (frans-
4a,10a)-octahydrophenanthrene (19).—A solution of the frans-
amino alcohol 3 (500 mg, 2.3 mmoles), 600 mg of NaOH, 485 mg
(3.45 mmoles) of BzCl, 10 ml of H,0, and 400 ml of C¢Hs was
stirred rapidly i an ice bath for 30 min. To this mixture was
added 80 ml] of hexane and a white gummy material formed on
the inside of the flask. The CsHs-hexane-H;O mixture was
poured from the flask and the white gummy material was dis-
solved in CHCl;. The benzene-hexane layers were sepd from
the H:O and combined with the CHCl; layer, dried (Na,SO.),
and evaporated in vacuo to give 750 mg of an oil. This turned
to a solid upon standing at room temperature and was recrystd
(CHCL-Et,0) to give 628 mg (839 ) of the benzamide, mp 140-
1410. .47L(1l. (C21H23N02> C, H, N
2-Phenyloxazoline of 9(e)-Hydroxy-10(a)-amine-1,2,3,4,4a,-
9,10,10a-({rans-4a,10a)-octahydrophenanthrene (20).—A solu-
tion of 600 mg (1.8 mmoles) of benzamide 19 and 412 mg (3.6
mmoles) of MsCl in 10 ml of pyridine was kept in an ice bath for
30 min. The mixtire was then allowed to warm and stand at
room temp during the next 4 hr. To the pyridine solution was
then added 50 ml of ice~H,0 aud the clondy mixture was allowed
to stand at room temperature for an additional 2 hr. The solid
material was remioved by filtration to give 224 mg of the oxazoline,
mp 105°. The filtrate was then extracted with CHCl; and the
CHC; layer was washed with H»0, dried (Na,80,), and evapd
in vacuo to give 260 mg of a light yellow oil. The oil was passed
over a 60-g alumina column (Merck reagent Al:O;, neutral)
using CeHy, as the solvent. In the first 220 ml of C¢Hs eluted an
additional 140 mg of the oxazoline was isolated (679). A small
sample of the material was recrystd from Et.O-hexane to give
colorless plate-like crystals: mp 111°; nmr (CDCl) 5 8.1-7.9
(m, 2, aromatic protons), 7.6-7.2 (m, 7, aromatic protons), 5.72,
(d, 1, Jas = 10 Hz proton Ha), 4.33 (q, 1, Ja¢c = 4 Hz, C-10
proton Hg), 2.8-0.8 (m, 10, CH—CH protons). Anal. (Cy-
H.NO)C, H, N.

Anal. (C14H19NO>
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9(e)-Hydroxy-10(al-amino-1,2,3,4,4a,9,10,10a-(/c«)s-4a,10a -
octahydrophenanthrene (4). - Oxazoline 20 (200 mg, 0.70 nunole «
was dissolved in 100 ml of 109 ag HCl.  The mixture wis heated
at reflux with stirring for 3 hr.  The aq solution was allowed to
cool and was then extracted with Et.0 (o remave PHCOSH.  The
aq Lever was pentralized with ag 1067 NaOF ond extrarered with
CHCL. The CHCL Brver was dried ¢ NaSOgvand evapd i eono
to give 68 mg ol an oil. The oil was dissolved e CHCL FtaO
hexane aud placed i a refrigerator overnight.  Yellow square-
like ery=tals of 4 were collected:  mp 144%; 1 (KB 322 dooad-
OH, N-H stretching), 3.45 and 3.52 cadiplucde C-11 <ivetehiag s,
(133, 6.80, 6.9, 7.50, 9.70, 11.00, 8355 g A divcetyl derivative
4A wux prepared whicl had identical melting point and speceiral
data, as previonsly prepared by LAH reduetion snd acetylation
ol O(e)-ncetoxy-100(a1)-1z1da-1,2,3,4,40,8, 10,100 rars-4o, 1O i-
actahydrophenanthrene (18 1.

Pharmacological Testing. - lixperiments were performed
ixolated rat vias deferens? /n eitro at 377, The cimmulutive dose
response curves af { — -norepinephirine were abrained helore and

MeChury, of o

aber experiibental agents. The tissue incubation thne of the
experimenial componnds was 5 niivec il the dose respotse enrve
of (= -norepinephrine wis obtained in the presence of the drug,
loxperiiments woere repeated womininmn of 3 tines.
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Synthesis and Hypotensive Activity of N-Substituted

1-Trimethoxybenzyl-3-butenylamines and Related Compounds

o0 NeCaney, LoJ LExpvay, A J. Vazaras, W W, Besyers, |
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A seriex of N-xubstitnted I-trimethoxybenzyl=-s-butenyhimiines was prepared and evalnated for hypotensive,

analgetic, aud antiinflamnitory  activity.

was selected for firther phariacologieal nnd clinieal investigation ax a hypoteusive ageut.

N-Methyl-1-03.4,5-tvimethoxybenzyl)-3-butenylamine - HCl  (2)

Certain of the \\'-

acvl-1-trimethoxybenzyl-3-butenyvlimines were cyvclized by the Bixchler-Napieralski reaction to form 3-allyl-

l-=ubstituted-6,7,8-trimethoxy-3,4-dihvdroisoquinolines.

]

Previoust:* reports from these laboratories disclosed
that certain compounds of the l-aralkyl-3-butenyi-
amine series possess hypotensive activity,  The nost
interesting compound of this =eries was 1-(3.4.5-tri-
methoxybenzyl)-3-butenylamine (11), whieh. like re-
serpine, possesses mild hypotensive aetivity.  The
close structural relationship of this amine to the con-
trally acting compound, mescaline, suggested to us thuat a
central compouent might be imvolved in the imechanism
af the hypotensive action of I1.  Since we considered o
central mechanism to be a destrable inode of action for a
hypotensive agent, we were prompted to prepare
series of analogs of 11, In the present investigation we
have modified structuve 11, prineipally, by substitution
on N, in an attempt ta obtain o more effective, orally
active agent.

Chemistry.—1-(3,4,5-Trimethoxybenzyh-3-butenyl-
amine (IT) (1, Table 1) was prepared as previously
dexeribed! (Scheme I) by a Hafmam rearrangement af
2-(3.4.5-trimethoxvbenzyvh-4-pentenamide (1), Suh-
stitution of the primary N of 1T to prepare compaunds
af Table T was carrted out by conventional reactians
with the appropriate acyl chlaride. anhydride, sulfonyl
chloride, alkyvl chloride, evanate, ar thioisocyvanate.
Certain of the amides resulting from the use of aecyl

1) K. J. MeCarty, P. D, Rosenstock, J. 1. 'aolini. 1. ). Miewned, L.
Ashton, W, W, Bennelts, and F. P. Palopoli, J. Med. Chem., 11, 534 (1968,

(21 ¥, P, Palopol), D. 1), Micoret, and P 1) Resensioek, 170 R, T'aten
HHLETE v

SeneMe |

CHQ),
(H.O CH.,.L|“.HC‘()NH;
CHO CH.CH==CH,
1 \.}\1(
|
CH.O,
Rr. MO (H0 CH.CHCH.NH.
CHUT CH,CH=CH.
CH.O, 111
CH.O CH.CHNH,
CH.O (H.LCH=CH,

chlorides were subszequently reduced with LAH ta form
the amine. LAH reduction of the amide I produced
2-(3.4,5-trimethoxybenzyl)-4-pentenylamine (1I).!
Three N-acyl derivatives of IIT were prepared (Tuble
1).

Certain of the N-ueyvl-1-(3,4,5-trimethoxybenzyl)-3-
butenyvlamines were refluxed with POCL in Phle
resnlting in Bizehler- Napieralski eyvelodehydration and
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