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rhloride (from 3IeOH-3Ie&O) melted at  217-220" and had 
[ G ] ' ~ D ,  +39.3". Anal. (ClsH&lNO) c, H. 

The combined filtrate and washings from the 1.1 g of precipi- 
tate above were concentrated to  5-6 ml and made basic with 
SHIOH-HZO giving 0.9 g of a mixture of CY-(-)- and (=t)-ld; 
mp 192-210'. This was digested with 12-15 ml of boiling hle2C0. 
Ilapid cooling in ice and filtration gave 0.4 g of a-+-ld, mp 213- 
210°. The filtrate was concentrat,ed to  3-5 ml (t,o the appearance 
of crystals), cooled to -sa ,  and filtered giving 0.45 g of CY-( - )-ld, 
mp 196-203'. I t  was suspended in a little 3IeOH and acidified 
with €IC1 gas. Acetone was added, and solvents were dist,illed 
n.ith periodic addit'ion of llIetCO until crystals began separating. 
Cooling to 0" gave 0.45 g (.5.imc) of a-( - )-ld.HCl, mp 218-221", 
( C Y ] ~ ~ L )  - 39.1' after recrystallization from MeOH-l\1erCO. 
dnal.  (ClbH&lSO) C, H. Treatment of this hydrochloride 
with MeOH-XH,OH gave CY-(- )-ld, prisms from MenCO; 

i+ )-5-~n-Hydroxyphenyl-2-methylmorphan [(+)-21 and the 
( - ) Isomer [i - )-21 .--d-llIaiidelic acid (0.8 g, Aldrich), 1.1 g 
o f  (*)-2,Q and 10 ml of llIe2C0 were warmed to disappearance 
of solid. On cooliiig, a sirrip separated and was dissolved by 
addition of a fen drop> of MeOH (slight varming). Crystals 

[lip 20o.i-%06O, [ C ~ ] ' ~ D  -60.8'. 

(Y)  E. L h l ay  and J .  G AIiirph), J .  Org. Chem.,  20, 1197 (1955). 

separated and the mixture was cooled overnight a t  -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-mandelat'e salt of (+)-2, mp 212-215'. 
Another similar recrystallization gave 0.8 g, mp 216-218". It 
was suspended in boiling HzO and treated dropwise with NHlOH 
t'o give an oil which crystallized on cooling; yield of (+)-2 
0.4 g (747,) mp 1.33-154' before and after recrystallization from 
MeOH, [ a ]  2 0 ~  +12.4". Anal. (CIIHZ~XO) C, H. The hydrochlo- 
ride (from i-PrOH-HC1 gas) melted at' 233-235" and had [ O ] ~ O D ,  

+4.4" (c 1.8). Anal. (CljH22ClXO) C, H. 
The tombined filtrates and washings from the 1.9-, 0.9-, and 

0.8-g fractions above were concentrated t o  ea. .i ml and diluted 
strongly with Hz0 and NHdOH t'o give 0.5 g of a mixture of ( -  )- 
and (f )-2. This and 0.4 g of d-mandelic acid were heated briefly 
in 5 ml of 3IeOH giving crystals immediately. Coo!ing to -5', 
filtering, and washing the precipitate with cold 3IeOH gave 0.6 g 
of ( -  )-2 d-mandelate, mp 212-214' dec. It aas converted into 
0.33 g (6j%) of (-)-2 as described for (+)-2; mp 153--134', 
unchanged by recrystallization from EtOH-HnO or LIeOH. 
I t  had [ a l Z o ~  -12.7". Anal. (CISHZ~NO) C, H. The hydro- 
chloride (from i-PrOH-HC1 gas) melted at  233-233' and had 
[ ~ ] ' O D  -4.8". Anal. (ClZH~&lr\i0) C, H. 
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The syntheses of the 4 isomeric 9-hydroxy-l0-amino-ll2,3,4,4a,9,10,l0a-(trans-4a,l0a)-octahydrophen- 
Spectral and chemical evidence are presented for the structures of the 

Biological data are recorded for a-adrenergic receptor activity and a-adrenergic blocking 
anthrenes (1, 2, 3, and 4 )  are described. 
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 arid electronic requirements for analogs of 
norepinephrine to produce effects in various tissues. 
1 Iore recently studies have been directed a t  determining 
the conformational specifications of the agonist drug- 
recept'or complex. with the idea that conformational 
differences in the drug-receptor interaction of a single 
drug with diff ererit receptors may be a t  least a partial 
(.xplanation for diff ererit actions of a single drug, and/or 
different potencies of the same drug, on various tissues. 
I i t t le  has been offered in terms of the architectural 
features of this complex, although speculation, con- 
' tent with the facts, does exist, determined primarily 
or conformationally mobile  agonist^.*^^^ Adrenergic 

(1) ( a )  Presented t o  the Dirision of hledicinal Chemist 
AIeeting of the .Imerican Chemical Societj-, Xeir Tork. 
1969, 1IEnI-88; (b) taken in par t  from the  dissertation presented hy D. D. 
>IiIler, .July 1969, to tlie Graduate Hchool, Cniversity of JVashington, in 
1,artial f~ilhllrnent of tl ie 1'11.1). degree; ( e )  U. 9. Public Heal th  Service 
l ~ e l l ~ ~ ~ v s l ~ i ~ ~ ,  1-1~I-G3I-8:1.H12, lYfjfi-19GY. 

(2 )  l'ur recent revieus see (a) K. 1'. Aliilquist, J .  1'huTIlk. Yci. ,  66, 35Y 
(1966); (h)  A .  AI.  Lands and T.  G .  Brown, Jr . ,  Drugs Afect ing PeripheTd 
.\'em. Suat. 1867, 1, 399 (1967); (c)  H. Belleau, Ann. N .  Y .  A c a d .  Sci . ,  1S9, 
580 (1967). 

13) (a)  B. lf. Bloom and I .  h l .  Goldnian, ddcan.  UTUQ. Rea., S, 121 
( l t J H 6 ) :  0)) G .  .I. Robinson, R .  T\-. Rutclier, and E. W. Sutherland, A n n .  
.\', 1 ~ .  Aciid. Scz., 139, 606 (1Y6 i ) ;  (c) L. 13. Kier, .I. PhfLrmficoZ. Exp. ?'her.. 
75, 161 (1968);  ((1) L. 1 3 ,  Kier, J .  t'hnrm. I ' h a r m u c d . ,  21, 93 (1969); (e) 
P. S .  Portoglism. J .  J l e d .  C h e m . .  10, lO5i ( lYf i7) .  

activity of a phenethylamine moiety. and a benzylic 
hydroxyl group of a given absolute stereochemistry have 
been defined. I n  addition stereochemical relationships 
between the ephedrines and $-ephedrines for agonist 
and antagonist activity have been determined.4 I n  
this nonrigid system little can be said concerning specific 
conformational requirements of the drug-receptor 
complex. Studies by Smissman and coworkers have 
shown some adrenergic activity in the 2-pheny1-3- 
xmino-ti.ans-'.'-decalols,5a although little difference is 
noted in the isomers and amine depleting activity in 
the 3-phenyl-3-hydroxy-frans-decahydroquin01ines.~~ 

I n  this study we prepared norephedrine analogs 1, 2, 
3, 4, in which 9-(e)-hydroxy-l0(e)-amino-l,2,3,4,4a,9,- 
10, loa- (tra?zs-4a, loa) -oc tahydrophenanthrene (1) , and 
the 9(n)-hydroxy-l0(a)-amirio compound, (3) represent 
threo configurations of norephedrine and the 9(a)-hy- 
droxy-lO(e)-amino compound (2), and the 9(e)-hy- 
droxy-lO(a)-amino analog (4), represent erythro con- 
figurationsa6 

(4) J. €3. LaPidus, A .  Tye,  P. Patil,  and  B. A .  Modi, ibid., 6, 76 (1963). 
(5) (a) E. E. Smissman and TT', H. Gastrock, ib id . .  11, 860 (1968); (b) 

E. E. Smissman and G .  H .  Chappell. ibid., 12, 429 (1969). 
(6) (a) T h e  central ring is arbitrarily assigned the  half-chair conformation 

where the equatorial ( e )  and axial (a)  substituents a t  C-9 are in fact pseudo- 
equatorial and pseudo-axial respectively; (b) All materials are racemic 
althougli only a single isomer is drawn; ( e )  Consistently throughout nmr 
discussions of the 9,lO-disubstituted compounds, the proton a t  C-9 will 
be <designatPd 4, the proton a t  C-10, B, and the  C-loa axial proton, C. 



I'I H 

1 

11 

I 1  
2 

SH. 
3 

SH. 
4 

Octahydrophenunthrone (5); was the btartiiig material 
for preparation of the isomeric amino alcoho1,z. The 
relative stereochemiytry of the 11)-drogeris at 4a and 10n:  
i . e . ,  tlic trans-ring junction. i* determined by the byn- 
thetic method (Scheme I). 

7 

9 

C'UlIl~Uulld 1 iVLk5 pl'epLllc'd 1lOI11 5 I ) >  St'ht'l. 1.t'- 

:brrangement of the ketone oxime to\> late. O r i l >  
sinall amounts of amino ketone 6 were izolated, partlj 
due to the lack of solubility of the starting material i n  
suitable reaction solvents. The nmr bpectrum of 6 
showed :i doublet a t  6 4.35, J R C  = 12 Hz, similar in 
couplirig coii5t:tIit to the 10-asid proton in hetone 5.' 
'l'hese data clearly demonstratfl thil ecju:itorinl dib- 
position of the amino group; howercr, the stereochem- 
]>try of 6 is not necessarily clue to the  stereospecificity 
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opening with an appropriate nucleophile, we sought 
routes to the desired epoxide. Epoxidation with 
m-chloroperbenxoic acid afforded anti-epoxide 12,13 and 
no trace of 11. Formation of 11 was accomplished by 
addition of HOBr to 8, followed by epoxide formation us- 
ing KaOH (see Scheme 11). Assignment of structure 
13 to the bromohydrin was made based on the nmr spec- 
trum. h doublet at  6 5.93, J o H , . ~  = 5.5 Hz, was assigned 
to the OH which disappeared on addition of small 
amounts of F3CC02H, a quartet for HA a t  6 4.i5, J A B  
= 2.3 Ha, and a multiplet for HB, Tt'h = 5 Hz. The 
small coupling constants J A B  and JBC are consistent with 
dihedral angles, $JAB and C ~ B C  ca. 60-70".fiap12 

SCHLMI, 11 

H 

Br 
13 
I 

q&@ H 

'H 
11 

1 
H 

I H 
14, X = N3 
15, X = NHL 

Exposure of the bromohydrin to  OH- for short 
periods afforded 11, although longer periods afforded no 
epoxide but only mixtures of 1,2,3,4,4a,9,10,10a- 
(cis- and trans-4a, 10a)-10-ketooctahydrophenanthrenes, 
which probably arises from the epoxide. l5v1' 

Having both epoxides, 11 and 12, i t  was not difficult 
to distinguish between them based on their nmr spectra. 
The anti-epoxide (12) shows a doublet at  6 3.69, JAC = 
4.3 Hz, and another doublet for Hn a 6 2.S2 indicating 
J B c  = 0 Hz. The syn-epoxide (11) showed a doublet 
at  6 3.59, J . ~ B  = 4 Hz, and a broadened doublet at  3.14 
for Hg, J g C  = 0-1.5 Hx. The difference of marked 
line broadening in the HB signal in 11 and in 12 is 
consistent with dihedral $JBC measurements of ca. 120" 
in 11 and 90" in 12. 

Opening of 11 with NaN3 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 a t  6 4.49, Jan = 9 Hz, a sextet at 3.63, * J H C  

(17)  (a) C. .J. Thomas, S .J and I \ I  Hunsherper. J .  Orp. Chem., 33, 
2852 (lYti8); (b) R. E. Lble and \\. C .  Ilrueger, t b z d . ,  33, 2873 (1967). 

= 10 Hz, and a doublet a t  2.03, JB,OH = 10 He are 
observed. The latter signal disappeared upon addition 
of D20 and the sextet collapsed to a quartet indicating 
HB 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 mas 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 a t  
the benzylic C; in fact, no obvious differences in ease of 
attack a t  C-9 and C-10 are observed. However, if 
some degree of C-0 bond fission takes place prior to 
C-nucleophile bond formation, ie., there is some polari- 
zation and charge separation in the transition state, 
then approach at  the benzylic 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 l9 

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

Azido alcohol 14 was converted into the corresponding 
tosylate 16, which was solvolyzed 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. N o  conclusive nmr evidence was 
available to distinguish between these two structures as 
only small differences in $JAB are discernable from 
models, both near 60". If the azide group participates 
in the solvolysis of the tosylate and/or formation of an 
azidonium ionz0 occurs then 17 would be expected to 
predominate (Scheme 111). 

SCHEME I11 
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(18) C. A.  VanderWerf, R. Y. Heisler, and W E.  McEwen, J .  Amer. 
C h e m .  Soc., 76, 1231 (1954). 

( l e )  (a) F.  G .  Rordwell. R. R .  Frame, and . J .  G. Strong. .I. Or". Chem..  
33, 3385 (1968): ( 1 3 )  D. H. R. Barton, n.  A .  Leivis, and  J .  1;. McGhie, 
. I .  Chem. Soc. .  2907 ( lY57) .  

(20) A .  Stri.it\reiaer., .Ir . ,  and  s. Pulrer, .I. Amrr.  Chrnb. S u i . ,  86, 1687 
(1964). 
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dissolved in Et,O and added to a lOy0 aq HCl. The Et20 layer 
was added to  the aq TIC1 to prevent ~ c l f - c ~ ~ r ~ d e ~ i s a t ~ i o u . ~ ~  The 
aq layer, which contained some brown ppt, which was removed 
by filtration, was separated. The light. yellow filtrate was evapd 
in uacuo affording 120 mg of a light. green solid. The solid was 
dissolved in LleOH, TCtsO was added lintmil t,he solution turned 
cloudy, and the solti was placed in the refrigerator overnight. The 
mixture was filtered and 100 mg (lyc) of colorless crystalaof 6 was 
collected: mp 21.5-217' (lit.10 mp 210-212"); ir (KBr) 3.1 to  
4.0 (-n'Ha+ stretching, broad ammonium band)24 a weak band 
at .i.l (combination of -KHsT torsional oscillation arid aiiym 
-XH3+deformationa);24 5.9 p (C=O stretching); nmr (CDaOL)) 

(m, 1, C-8 aromat,ic proton), 8.0-7.4 (m, 3 ,  aromat,ic pro- 
4.34 (d, 1, axial proton HA);  uv max (95% EtOH) 2.51 

mp ( e  11,300). Anal. (C,,H&lSO) calcd C, 66.79; foiind C, 
06.29, H, S.  

Reduction of Keto Oxime 7.-Keto oxime 7 (500 mg, 2.18 
mmoles), was placed in 50 ml of abs EtOH and to this solution 

1 of concd HC1 in 10 ml of abs EtOH along with 
Pd-C. The mixture was hydrogenated at a 
e of 1.0,i kg 'cm2. Uptake of Hy was complete 
mixt,iire was then filtered through Celite to give 

a clear filtrate. The filt.r,zte was evapd in uacuo to  give white 
solid, mp 210-212'. This material had identical spectral prop- 
erties (ir, nmr, uv)  as the amino ketone ' HC1 prepared by the Neber 
rearrangement. 

S-Keto-lO-oximino-l,2,3,4,4a,S,10,10a- (tran~-4a,lOa)-octahy- 
drophenanthrene (7).1°-To a solution of 7.0 g (0.035 mole) of 
ketone 5 and 4.1 g 10.035 mole) of isoamylnitrite in 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 ml each of abs EtOH and 
anhyd toluene. Driring the addition the mixture was kept, below 
lo", utilizing an ice bath. The resulting purple suspension was 
stirred for an additional hour with t.he ice bath and t'hen allowed 
to  come to  room temp. To the purple siispension was added 50 
ml of anhyd Et20 and this mixture was then poured into 300 ml of 
anhyd Et20. The white ppt that formed was collected by filtra- 
tion and dissolved in H2O and from the result,ing yellow solution 
a ppt formed which was removed by filtration. The filtrate was 
cooled in an ice bath and rarefrilly acidified t,o pH 3 with cold 
107; aq HC1. After chilling for 6 hr 3.9 g (49Oc) of crude 7, 
mp 11.i-12O0, was collected. A small portion of t8his material was 
recrystallized 3 t,imes from YY,c; EtOH t'o give yellow needles: 
mp 140-141° (lit.1n l%-l>i9'); IIV niax (CHsOH), neutral, 272 
( e  10,700); uv max (CH3OH1, alkaline, 265 and 323. -Anal. 

S(e)-Hydroxy-lO(e)-amino-l,2,3,4,4a,9,10,10a-(trans-4a,l0a)- 
octahydrophenanthrene Hydrochloride (1 ).-A4 mixt'ure of 430 mg 
(1.7 mmoles) of the a-amino ket,one 6 and 200 mg of 107, Pd-C in 
100 ml of EtOH was hydrogenated at a maximiim pressure of 2.45 
kg !cm2 and room temp. Uptake of HP was complete in 72 hr. The 
mixture was filtered t,hrough Celite to  give a clear EtOH solu- 
tion. The EtOH solut,ion was evaporated in uucz~o t,o give a 
white powder. The powder was taken iip in l leOH,  and Et20 
was added to  the boiling solution rintil it' turned cloudy, and then 
it was refrigerated for crystallization, affording 298 mg (69%) of 
white crystalline 1 :  mp 234" 240-242'); ir (KBr) 3.20- 
3.60 (-PI;H3+ stretching, broad), 5.0 p (broad, combination of 
-NH3+ torsional oscillation and asym -NHa- deformation).25 

S(e)-Acetoxy-lO~e)-acetamido-1,2,2,4,4a,S,lO,lOa-(~ran~- 4a,- 
loa)-octahydrophenanthrene (lA).--4 mixtiire of 220 mg (0.87 
mmole) of the HC1 salt of amino alcohol 1, 5 ml of pyridine, and 3 
ml of Ac20 was allowed t o  .;taiid 15 hr a t  room temp. Excess pyri- 
dine and AcaO were removed in uacuo and the residual oil was 
mixed with 10 ml of :3C; aq HC1 and allowed to ht,and 30 min. The 
acidic solution was extrarted with EtrO several times and the 
EttO layers were combined and washed with iiatd solution of 
NaHCOs, 3c; aq HCI, and HtO. The EtyO layer was dried 
(Sa2SO4) and then evapd in m c u o  affording 25s mg of light, 

d. The solid material was re ,tallized from CsH6 
mp 168-169'; ir (KBr), 

:3.04 (N-H stretching), 8.41 and 3.50 (aliphatic C-H atretching), 

B. 

(CIAH~~NOP): C, H, N. 

mg (i;RC;) of white needles: 

( 2 3 )  H. E. Rarimgarten and  J. 11. Petersen, J. Amer. Chem. SOC., 82, 
4.59 (1960). 

(2-1) E;. Nakanishi. "Infrared .\hsorption Spectroscopy," Holden-Day, 
Inc. ,  San Francisco, Calif., 1964. p 39. 

(2.5) S .  n. Colthup. L. H. Dale?. and  5 .  E. Kiberly,  "Introduction t o  
Infrared and Rainan S:iectroscop?.." .lcndemic Pres?, Sen.  York. S.  Y.. 
l ! J O l ,  1 1  281. 
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( - )  Norepinephr ine (Mo lar )  

Figure 1.-Ciimulative do>e-respoii,se ciirve of ( -  )-norepineph- 
rine befoi,e and nftei, addition of 1, 011 isolated rat viis deferens. 

l 2 O 1  100 Con t ro l  

( -  Norepinphr ine (Mo la r )  

Figure 2.-Cumulative dose-response ciirve of (- )-norepinephrine 
before and after addition of 3, on isolated rat, vas deferens. 

l Z 0 /  100 

. /*-  
1 I O - ~  M 

e- 

/ con  trot  

I / 

( - 1  Norepinephrine ( M o l a r )  

Figure 3.-Cumulative dose-response curve of (- )-norepinephrine 
before and after addition of 4, on isolated rat vas deferens. 

5.82 (C=O rtretching), 6.1 (amide C=O stretching), 6.5-6.6 
(broad), 7.31, Kl,?, 9.83, 10.33, and 13.43 p ;  nmr (CDCla), 
6 7.3-7.0 (m, 4 aromatic protons), 6.75 (d, 1, JB.NH = 10 Hz, 
amide N-H), 6.05 (d, 1, JAB = 9 Hz, benzylic HA proton) 4.17 
(4, 1, J B C  = 10 Hz, CH HB proton), 2.07 (q, 3, CH3), 1.98 (9, 3, 

S(E)-Hydroxy-l,2,3,4,4a,S,lO,lOa- (h"4a,lOa)octahydro- 
phenanthrene. ,It i'or~iii t < ~ t n p w : i ~  iiie 2.28 g (0.053 mole) of 

CH?). A d .  (C18H23N03) C, H, N. 
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(Na2S04), 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 
column (Brinkman), Brockman Activity 11, using 307, EtaO 
in hexane as solvent. A total of 481 mg (80(l*h) of 14 was col- 
lected, mp 100-101'. Recrystallization of a small sample for 
analysis from EtIO-hexane gave colorless needles: mp 101-102°; 
nmr (DMSO-&) 6 7.40-7.05 (m, 4, aromatic protons), 4.49 (d, 1, 
JAB = 9 Hz, benzylic proton, HA), 3.6j (octet, 1, JBC = 10 
IIz ,  JB.OH = 4.5 Ha, C-10 prot,on, HB), 2.93 (d, 1, 0-H), 2.8-0.7 
(m, 10, CHI-CH envelope); deuterium exchange, C-10 proton 
111, absorbs as a quartet. dnal. (ClrHl,NsO) C, H, N. 

S(e)-Amino-lO(e)-hydroxy-l,2,3,4,4a,9,10,10a-(trans-4a,l0a)- 
octahydrophenanthrene (15).-Epoxide 11 (1.0 g, 5 mmoles), 
was placed into a steel bomb (cooled in Dry Ice-Rle&O) along 
with 25 ml of liquid XH3. The bomb was sealed and heated at 
115' for 24 hr. The bomb was then cooled (Dry Ice-.\Ie&O) 
and the yellow residue was dissolved in CHCL and evapd to give 
1.2 g of a yellow solid. The solid material v-as placed on a 60-g 
silica gel (Brinkmann), Brockmann Activity 111 column and 
eluted with CHCls-Et20, 1: 1. The fractions collected between 
25 and 45 ml contained an unidentified brown oil. The following 
130-ml eluent contained 564 mg of a yellow solid. The solid 
material was recrystd from CsH6 yielding 548 mg (SOYG) of 
flufy white plates: mp 157-158"; ir (KBr), 2.9.5, 3.01, 3.15 
(broad N-H and 0-H stretching), 3.40 and 3.50 (aliphatic C-H 
stretching), 6.30, 6.72, 6.95, 7.40, 9.15, 9.31, 9.69, 10.41, 10.68, 
and 13.33 p. Anal. (ClaH19NO) C, H, N. 

9 (e )-Azido-lO(e)-O-p-toluenesulfonoxy-l,2,3,4,4a,9,10,10a- 
(trans-4a,lOa)-octahydrophenanthrene (16).-A solution of 2.0 g 
(8.25 mmoles) of 14, 2.1 g (11.2 mmoles) of TsC1, and 150 ml of 
pyridine was placed in the refrigerator for 5 days. The mixture 
was then poured into a large volume of stirred H20 and the result- 
ing solid material was filtered to give 2.3 g (717,) of the trans- 
azido tosylate 16, mp 155-156'. A small portion of this material 
was recryst'd for an analytical sample from EtzO-hexane to give 
colorless needles: mp 1.56-157'; nmr (CHCla) 6 7.91 (d, 2, aro- 
matic protons), 7.39 (d, 2, aromatic protons), 7.28 (s, 4, aromatic 
protons), 4.71 (t, 1, JAB = JBC = 8 Hz, C-10 proton, HE), 4.49 
(d, I, benzylic proton, HA), 2.44 (s, 3, CH,), 2.80-0.70 (m, 10, 
CHI-CH envelope). Anal. (CZIHZ~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 a t  reflux for 7 dags. The mixture was 
then allowed to cool to room temp and then poured into a large 
volume of ice-HIO. The aq solution was extracted several times 
with Et20 and the extracts were combined, washed with satd 
aq NaHCO, dried (Na2SOa), and evaporated in vacuo to  give 
2.9 g of a clear oil. The oil contained a mixture of 2 azido ace- 
tat  es (9 : 1 ) (9 (a) and 9 (e)-acet oxy-1 0 (a)-azido-l,2, 3,4,4a, 9,10,10- 
(truns4a,lOa)-octahydrophenanthrene (17 and 18). The oil 
was placed on a 500-g silica gel column (Brinkmann silica gel 
0.0,-50.2 mm) Brockmann Activity I. The product was eluted 
with 2 1. of C&-heXane (1: I), followed by 760 ml of C6H6 in 
which no product was isolated. The next 30-ml fraction of C6H6 
aforded 20 mg of an oil, 9(e)-acetoxy-l0(a)-azido-1,2,3,4,4a,- 
9,10,10a-(trans4aJlOa)-octahydrophenanthrene (18); ir (neat) 
3.35, 3.41, 4.67 (-N3 stretching), 3.68 (ester C=O stretching), 
7.20, 8.15 (-N3 stretching), 13.20 p;  nmr (CDCl,) 6 7.25 (s, 4, 
aromatic protons), 6.18 (broadened d, 1, JAB = 4.5 Hz, benzylic 
proton HA), 4.00 (d, 1, JBC 'v 0, C-10 proton, HB)  2.9-0.6 (CHI- 
CH envelope). 

The next 120 d of C6H6 afforded 326 mg of a mixture of the 
cis- and trans-azido acetates (18 and 17). In the following 740 
ml of C6Hs a total of 1.72 g of trans-17 was isolated: ir (neat) 
3.39, 3.48, 4.62, (-Xs stretching), 5.71 (ester C=O stretching), 
7.29, 8.10 (-N3 stretching), 9.80, 10.30, 13.3 p ;  nmr (CDCl,) 
6 7.23 (s, 4, aromatic protons), 5.95 (d, 1, JAB = 3 Hz, benzylic 
proton, HA), 3.87 (d, 1, JBC = 0-1, proton HB) 1.99 (R, 3, CH3 
2.9-0.7 (m, 10, CH2-CH envelope). 

S(a)-Hydroxy-lO(a)-amino-l,2,3,4,4a,9,10,10a-(trans-4a,lOa)- 
octahydrophenanthrene (3).-A mixture of 400 mg (1.4 mmoles) 
of crude 17 and 185 mg (5 mmoles) of LAH in 100 ml of anhyd 
Et20 was heated a t  reflux for 24 hr. HZ0 (1 ml) was added to the 
mixture and thewhite solid that formedwas removed by filt,ration. 
The clear Et20 solution was evapd in vacuo to  give 301 mg (98%) 
of an oil that turned solid upon st.anding. A portion of the solid 
was recrystd from CHClgEt20 to give colorless fine needles of the 
bans-amino alcohol 10, mp 114' ( l i t . 9  190-191'): ir (KBr) 3.21 
(broad), 3.45 arid 3,.52 (aliphatic C-H stretching), 6.34, 6.95, 

7.70, 734, 9.75, 10.75, 13.2*5, and 13.60 p. Anal. (C1dH1gICIO) 
C, calcd 7 7 . 3 ,  foillid 76.97, 11, N. 

S(a)-Acetoxy-lO(a)-acetamido-l,2,3,4,4a,9,10,10a-(Irans-4a,- 
10a)-octahydrophenanthrene (3A).--E'roni a sample of 200 mg 
(0.92 mmoles) of trans-amino alcohol 3, the N,O-diacetyl deriva- 
tive was prepared as described for l A ,  affording 206 mg (76%) 
from CHC13-EtzO: 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=O stret'ching), 6.10 (amide C=O 
stretching), 6..% (broad), 9.85, 10.50, 12.93, 13.35, 13.68, and 
14.10 p ;  nmr (CDCI,) 6 7.50-7.00 (ni, 4, aromatic protons), 6.25 
(d, 1, JKH.B = 10 Hz, amide N-Hj, 3.78 (d, 1, JAB = 3 Hz, 
benzylic proton, HA), 4.26 (multiplet composed of 2 broad dou- 
blets, JBC = 1-2 Hz, HB proton), 2.00 (s, 3, C H I ) ,  1.83 (s, 3, CHI), 
and 2.80-0.90 (m, 10, CHI-CH envelope); after D exchange of 
amide proton, proton HB absorbs as a broad multiplet Tl-h = 
7 Hz. Anal. (CI,H?aN03) C, f l ,  X. 

S(e)-Acetoxy-lO(a)-acetamido-1,2,3,4,4a,9,lO,lOa-(t~ans-4a,- 
l0a)-octahydrophenanthrene (4A).--A mixture of 160 mg of solid 
material composed of cis- and trans-9-hydroxy-lO(a)-amino- 
1,2,3,4,4a,9,10,10a-(tran~-4a, l0a)-oct ahydrophenanthrene (4:1), 
2 ml of Ac,O, and 4 ml of pyridiiie wa? allowed to stand at room 
temp overnight. Excess AcIO and pyridine was evaporated 
in vacuo t o  give 1S0 mg of an oil that. was treat,ed with 20 ml of 
3% aq HCl for 30 min. The mixture was then poured into a sep- 
aratory funnel and extracted with several portions of CHCI,. 
These extracts were combined, washed with aq l0Yo NaHC03, 
H20, and dried (NaS04) and evaporation in D ~ C U O  of the CHCI, 
solution gave a light green oil that waq dissolved in CHC1, 
Et20 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 using a microspatula. The square plate-like crystals 
were recrydtd 3 times from CHC13-Et20 to  give 38 mg of clear 
plate-like crystals of 4A: mp 17s'; ir (KBr) 2.95 (N-H stretch- 
ing), 3.27 (aromatic C-H stretching), 3.41 and 3.50 (aliphatic 
C-H stretching), .?.SO (ester C=O stretching), 6.08 (broad, 
amide C=O stretching), 6.55 (broad), 6.93, 7.32, 8.13 (broad), 
935, 10.15, 10.2.3, 13.3, and 13.8.3 p ;  nmr (CHCla) 6 7.50-7.00 
(m, 4, aromatic protons), 6.60 (d, 1, JAB = 5 Hz, benzylic proton 
HA))  5.20 (d, 1, JH,SH = 10 Hz, amide proton K-H), 4.60 (q, 
1, JBC = 0, C-10 proton, HB), 2.10 (s, 3, CHa) 1.90 (s, 3, CH3j, 
and 2.80-0.90 (m, 10, CHI-CH envelope); D exchange of amide 
proton, proton H B  absorbs as a sharp doublet. A-nul. (C18- 
H13N03) C, H, N. 

10(a)-Hydroxy-9~a)-benzamido-l,2,3,4,4a,9,10,10a-(kans- 
4a,lOa)-octahydrophenanthrene (19).-A solution of the trans- 
amino alcohol 3 (500 mg, 2.3 mmoles), 600 mg of NaOH, 485 mg 
(3.45 mmoles) of BzCI, 10 ml of HIO, and 400 ml of C6H6 was 
stirred rapidly in 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 C6H6-hexane-Hn0 mixture waq 
poured from the flask and the white gummy material was dis- 
solved in CHC13. The benzene-hexane layers were sepd from 
the HzO and combined with the CHCI, layer, dried (NaIS04), 
and evaporated in vacuo to  give 750 mg of an oil. This turned 
to  a solid upon standing at room temperature and was recrystd 
(CHC13-Et20) to give 628 mg (83%) of the benzamide, mp 140- 

2-Phenyloxazoline of S(e)-Hydroxy-lO(a)-amino-l,2,3,4,4a,- 
9,10,10a-(trans-4a,lOa)-octahydrophenanthrene (20).-A solu- 
tion of 600 mg (1.8 mmoles) of benzamide 19 and 412 mg (3.6 
mmoles) of MsC1 in 10 ml of pyridine TT as kept in an ice bath for 
30 min. The mixtiire \vas then alloHed to warm and stand a t  
room temp during the next 4 hr. To the pyridine solution was 
then added 50 ml of ice-1120 and the cloudy mixture was allowed 
to stand at room temperature for an additional 2 hr. The solid 
material was removed by filtration to give 224 mg of the oxazoline, 
mp 10,j". The filtrate %-as then extracted with CHCl, and the 
cIIc13 layer w a ~  washed with HaO, dried (r';arS04), and evapd 
in vacuo to give 260 mg of a light yellow oil. The oil was passed 
over a 60-g alumina column (hlerck reagent A1203, neutral) 
using C6Hs as the solvent. eluted an 
additional 140 mg of the oxazoline was isolated (677,). -4 small 
sample of the material was recrystd from EtnO-hexane to give 
colorless platelike crystals: mp 111'; nmr (CDCI,) 6 8.1-7.9 
(m, 2, aromatic protons), 7.6-7.2 (m, 7, aromatic protons), 5.72, 
(d, 1, JAB = 10 Hz proton HA), 4.53 (9, 1, JBC = 4 Hz, C-10 
proton HB), 2.8-0.8 (m, 10, CHI-CH protons). Anal. (C2,- 

141". -4naZ. (CniH2?N02) C, H, 3. 

In  the first 220 ml of 

HaNO) C, H, N. 




