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The four isomeric 9,10-dihydroxy-1,2,3,4,4a,9,lO,lOa(tra~-4a,lOa)-octahydrophenant~enes were prepared. 
Permanganate oxidation of 1,2,3,4,4a,lOa(trans-4a,lOa)-hexahydrophenanthrene (1) afforded the 9(e),lO(a) iso- 
mer, 2. Wet Prhvost conditions, fgllowed by hydrolysis, gave the 9(a),lO(e) diol, 3. Opening of the syn 9,lO-ep- 
oxide, 6, using trichloracetic acid in benzene, followed by hydrolysis, afforded the 9(e),10(e) diol, 4. Aqueous 
acid opening of anti 9,lO-epoxide (7) afforded 5 ,  the 9(a),10(a) diol. 

In previous work related to preparation of derivatives of 
9,lO-disubstituted octahydrophenanthrenes, addition of a 
number of electrophiles to 1,2,3,4,4a,lOa(truns-4a,lOa)- 
hexahydrophenanthrene ( has been reported.2 Addition 
of peracid, hypobromous acid, and iodine isocyanate all 
occur primarily from the a face of the molecules (steroid 
nomenclature); i .e . ,  on the side opposite the 10a hydrogen 
atom. With reference to other studies it was necessary to 
find routes to the isomeric 9,10-diols, 2-5.3 This led to an 
investigation of the use of other electrophiles to this ole- 
fin, as well as the openirgs of the isomeric epoxides, as 
potential routes to the isomeric diols. 
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Our first approach to the desired diols involved the ju- 
dicious choice of reagents for electrophilic addition to ole- 
fin 1. Permanganate oxidation afforded a single diol, 
which must be a cis diol,4 which was assigned structure 2, 
based on its nmr spectrum and the known net course of 
addition. 

Structure assignments based on the nmr spectra (Table 
I) are extremely facile for 3 and 4, since J10,10a is large, 
and Jg .10  varies only with the position of the 9-hydroxyl 

In the lO(a)-hydroxy compounds, 2 and 5, where 
J10,10a Y 0 and J ~ J O  is relatively constant, additional evi- 
dence is required, e.g., known course of addition being cis 
or trans. 

The selectivity of addition of permanganate ion and 
other electrophiles such as iodine isocyanate to the a face 
suggested use of. another electrophilic iodonium ion gener- 
ating reagent to prepare 3. By using conditions of the wet 
Prhvost r e a ~ t i o n , ~ , ~  where the iodonium ion attacks the a 

face, it is possible to add both hydroxyl groups on the op- 
posite side, the p face, thus affording a route to 3. 

Refluxing the intermediate iodoacetate with wet acetic 
acid afforded a miture of monoacetates of 3, readily dem- 
onstrated by acetylation to a single diester, which is hy- 
drolyzed to a single diol, The structure is readily assigned 
from nmr evidence (Table I), since J10,10a is large, 

The isomeric syn and anti epoxides,8 6 and 7, proved to 
be key intermediates in preparation of 4 and 5, respective- 
ly. The epoxides 6 and 7 were prepared from olefin 1. Per- 
acid oxidation of 1 afforded 7,2a and addition of hypobro- 
mous acid to 1, followed by treatment with sodium hy- 
droxide in methanol, gave 6.2a Attack of these electro- 
philes also occurs from the a face of this tricyclic olefin. 
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Trichloroacetolysis (benzene) of the syn epoxide 6 af- 
forded a route to diol 4, somewhat unexpectedly. Previous 
openings under these conditions on substrates of trans- 
stilbene oxide,g and the isomeric-1-phenyl-4-tert-butylcy- 
clohexane oxides,lO had afforded products of cis opening. 

Our previous experiences in opening of epoxide 6 with 
nucleophiles such as azide or ammonia2a had demon- 
strated regiospecific opening at  the benzylic position, pos- 
sibly indicative of the preferred route of opening regard- 
less of conditions, consistent with some positive character 
of the benzylic carbon, C-9. The stereochemistry of the 
product of ring opening was readily assigned from the nmr 
spectrum, Jg.10 = 8.0, J10.10~ = 10 Hz. 

The differences in this result compared with those of 
BertiloJ1 may be a consequence of additional steric re- 
straints of this system in the transition state, and/or dif- 
ferences in degrees of polarization compared to noncyclic 
systems. 

Acid-catalyzed hydrolysis of the anti epoxide 7 in 
aqueous DMSO afforded diol 5 in excellent yield. The 
specific trans opening of similar epoxides under these hy- 
drolytic conditions has been previously reported.1° Only 
structure 5 was consistent with a small coupling constant 
for JSJO. 

The successful synthesis of the isomeric 9,lO-epoxy- 
trans-octahydrophenanthrenes, 6 and 7, and the cis diols, 
2 and 3, is dependent on the fact that all of the chosen 
electrophilic reagents m-chloroperbenzoic acid, potassium 
permanganate, silver acetate-iodine, and hypobromous 
acid, add stereoselectively to the a face of 
1,2,3,4,4a, loa( trans-4a, loa) -hexahydrophenanthrene, i. e., 
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Table I 
60-MHz Nmr Spectral Data for the Isomeric 9,lO-Diolsa 

7 Ho 7 Hio 
Multiplicity and Multiplicity and 

Compd Orientation of Ho chemical shift, 6 Jo,io, Hz Orientation of Hlo chemical shift, 6 Jio,ioa, HZ 

2 Axial d, 4 . 5 7  4 
3 E quatorial d, 4.55 4 
4 Axial d, 4 . 4 3  8 
6 Equatorial d, 4 . 3 0  2 . 5  

a Spectra  were recorded in DMSO-&. 

antiparallel to the axial hydrogen a t  C-loa. From models 
no great steric differences in the ease of parallel or anti- 
parallel approach can be seen. In fact, the parallel ap- 
proach (not observed) would seem to be the least sterical- 
ly hindered owing to less 1,3 interaction with the hydro- 
gens on the alicyclic rings. 

The stereoselectivity observed may be explained in 
terms of stereotorsional control described by Garbisch.12 
Antiparallel approach would decrease torsional strain en- 
ergy between proton Hlo and the equatorial group at car- 
bon loa, whereas parallel approach would increase this 
torsional strain energy. 

Stereoelectronic control of the reaction14-le may also be 
a factor contributing to the stereoselectivity of these reac- 
tions. In this case, if one assumes some degree of polariza- 
tion at the benzylic position, (2-9, as seems likely, an anti- 
parallel (axial) attack at c-10 would allow maximum or- 
bital overlap between the forming o bond and the partial 
carbonium ion at C-9 with the central ring in its energeti- 
cally most favorable, half-chair conformation. In contrast, 
parallel attack at C-10 would require a twisted boat con- 
formation of the central ring to maintain orbital overlap 
in the transition state. 

' X - H  W 

antiparallel parallel 

The preparation of these diols will allow fdr further 
study of epoxide openings in this system, and other relat- 
ed work, some of which is presently under investigation. 

Experimental Section1? 

9(e) ,  l0(a)-Dihydroxy-1,2,3,4,4a,9,lO,lOa(tran-4a,lOa)-oc~ 
tahydrophenanthrene (2). A solution of potassium permanga- 
nate, 8.69 g (0.055 mol), and sodium hydroxide, 3.0 g (0.075 mol), 
in 340 ml of water was cooled to 0" and added over a 30-min peri- 
od to  a stirred solution of 1,2,3,4,4a,10a(truns-4a,lOa)-hexahydro- 
phenanthrene (1),2a 9.21 g (0.05 mol), in 300 ml of tert-butyl alco- 
hol and 210 ml of water, maintaining the temperature below 5' 
with an ice bath. The solution was stirred for an additional 15 
min at O", 10% aqueous sodium bisulfite (500 ml) was added to 
destroy the manganese dioxide, and the solution was continuously 
extracted with 300 ml of ether for 67 hr. The ether solution was 
dried and evaporated and the white solid remaining was 
recrystallized from ether to give 9(e),lO(a)-dihydroxy- 
1,2,3,4,4a,9,10,10a(trans-4a,10a)-octahydrophenanthrene (2): 7.2 g 
(66%); mp 97-100"; Xmax (HzO) 263 nm ( c  325); ir (KBr) 3360 
(OH), 2900 and 2840 (aliphatic CH), 1440 (CO), and 720 and 750 
cm-l (aromatic CH); nmr (CDC13, DMSO-&) 6 7.50-7.67 (m, 1, 
Hs), 7.17-727 (m, 3, &,E,?) ,  4.57 (d, 1, J g , l o  = 4.0 Hz, Hg), 4.12 
(s, broad, 1, OH), 3.75 (d, 1, Jio g = 4.0, J io , io ,  N 0 Hz, Hio), 
1.33-2.13 (m, 10, CHzCH envelope), DzO was added and the nmr 
absorption at 6 4.12 disappeared and an absorption at  6 3.57 (s, 2, 
HDO) appeared; mass spectrum (70 eV) m/e (re1 intensity, frag- 
ment) 218 (4, M + ) ,  201 (19, M - OH), 200 (100, M - HzO), 182 

E quat orial d, 3 . 7 5  -0 
Axial dd, 3.50 9 
Axial dd, 3.33 10 
E quat orial d, 3 . 6 1  -0 

(82, M - 2H20), 171 (23, C12Hi10), 157 (33, CiiHgO), 141 (43, 
CiiHg), 129 (43, CioHg), 115 (25, CgH7), 107 (18, C7"/0), 91 (34, 
C7H7), 77 (26, CsHd. 

Anal. Calcd for C14H1802: C, 77.03: H, 8.31; m/e 218.1306. 
Found: C, 76.91; H, 8.08; m/e 218.1258. 

9(  a ) ,  10(e) -Dihydroxy- 1,2,3,4,4a,9,10,10a( truns-4a, lOa)-oc- 
tahydrophenanthrene (3). Powdered iodine, 1.27 g (0.005 mol), 
was added in small portions over a 30-min period to a stirred so- 
lution of 1,2,3,4,4a,lOa(trans-4a,lOa)-hexahydrophenanthrene 
(1),2a 921 mg (5.0 mmol), and silver acetate (J. T.  Baker Chemi- 
cal Co.), 1.84 g (0.011 mol), in 20 ml of glacial acetic acid (99.5%) 
and the stirring was continued an additional 40 min. Wet acetic 
acid (4% water), 20 ml, was added and the mixture was heated at  
100" for 3 hr with stirring. Ether and sodium chloride were added, 
the mixture was filtered, and the precipitate was washed with 
ether. The combined ether filtrates were washed with water fol- 
lowed by 10% aqueous sodium bicarbonate and water, dried, and 
evaporated to give 1.41 g of colorless oil. The nmr spectrum of 
this oil contained two signals for the acetate methyl group and 
two sets of multiplets for Hg and Hlo, indicating a mixture of cis- 
9-hydroxy-10-acetoxyl and 9-acetoxy-10-hydroxy1 compounds. 

The oil was treated with acetic anhydride, 4.0 g (0.04 mol), and 
4 drops of pyridine for 20 hr and then diluted with water and ex- 
tracted with ether. The ether solution was washed with water fol- 
lowed by 10% aqueous sodium bicarbonate, 10% aqueous hydro- 
chloric acid, and water, dried, and evaporated. The solid remain- 
ing was recrystallized from hexane to yield 9(a),lO(e)-diacetoxy- 
1,2,3,4,4a,9,10,10a( trans-4a, loa) -0ctahydrophenanthrene (8): 1.39 
g (9670); mp 135-136"; ir (KBr) 2940 and 2870 (aliphatic CH), 
1740 (C=O), 1235 (CO), and 670, 685, 735, 755, and 785 cm-I 
(aromatic CH); nmr (CDC13) 6 7.34-7.16 (m, 4, ArH), 6.18 (d, 1, 
J ~ J O  = 4.0 Hz, Ha), 5.00 (dd, 1, Jlo,1oa = 11.0 Hz, H i d ,  and 
1.00-2.68 (m, 16, CHzCH envelope). 

A solution of 9(a),l0(e)-diacetoxy-1,2,3.4,4a,9,lO,lOa(truns- 
4a,lOa)-octahydrophenanthrene (a), 145 mg (0.5 mmol), and po- 
tassium hydroxide, 561 mg (0.01 mol), in 10 ml of ethanol (95%) 
was stirred at  room temperature for 6 hr, diluted with water, and 
extracted with ether. The ether solution was washed with 10% 
aqueous hydrochloric acid followed by water, dried, and evapo- 
rated, The solid remaining was recrystallized from hexane to 
yield 9(a),l0(e)-dihydroxy-1,2,3,4,4a,9,lO,lOa(~ra~s-4a,lOa)-octa- 
hydrophenanthrene (3): 90 mg (83%); mp 151-153"; Amax  (HzO) 
263 nm ( c  335); ir (KBr) 3360 (OH), 2920 and 2850 (aliphatic 
CH), and 745 and 765 cm-I (aromatic CH); nmr (DMSO-&) 6 
7.07-7.33 (m, 4, ArH), 4.85 (d, 1, J ~ 0 . 9  = 4.5 Hz, OH), 4.47 (t ,  1, 
Jg.10 = 4.0 Hz, Hg), 4.27 (d, 1, J~0 .10  = 7.5 Hz, HO), 3.41 (ddd, 1, 
Jio,ioa = 9.0 Hz, Hlo), 1.0-2.58 (m, 10, CHzCH envelope); nmr 
(DMSO-ds, DzO) 6 4.55 (d, 1, J g . 1 0  = 4.0 Hz, Hg), 3.85 (s, 2, 
HDO), 3.50 (dd, 1, J1O,loa = 9.0 Hz, Hid; mass spectrum (70 eV) 
m/e (re1 intensity, fragment) 218 (27, M+),  201 (17, M - OH), 
200 (100, M - HzO), 182 (42, M - 2Hz0), 171 (18, CizHiiO), 157 
(33, CiiHgO), 141 (35, CiiHg)R 129 (64, CloH9), 115 (35, CgH?), 
107 (37, C T H ~ O ) ,  91 (50, C7H7), 77 (27, CsH5). 

Anal. Calcd for C14Hi~O2: C, 77.03; H, 8.31; m/e 218.1306. 
Found: C, 77.34; H, 8.35; mle 218.1292. 

9(e) ,  lO(e)-Dihydroxy- 1,2,3,4,4a,9,10,10a( trans-la, l0a)-oc- 
tahydrophenanthrene (4). To a solution of syn-9,lO-epoxy- 
1,2,3,4,4a,9,10,10a( tran~-4a,lOa)-octahydrophenanthrene (6) ,2a  
500 mg (2.5 mmol), in 17 ml of benzene was added a solution of 
trichloroacetic acid, 490 mg (3.0 mmol), in 3.7 ml of benzene and 
the mixture was stored overnight a t  room temperature. The ben- 
zene solution was washed with 10% aqueous sodium bicarbonate, 
followed by water, and dried, and the organic solvent was evapo- 
rated under reduced pressure. The solid remaining was recrystal- 
lized from hexane to give 9(e)-trichloroacetoxy-lO(e)-hydroxy- 
1,2,3,4,4a,9,10,10a(tran~-4a,lOa)-octahydrophenanthrene (9):  385 
mg (43%); mp 119-120"; ir (KBr) 3580 (OH), 2920 and 2845 (ah- 
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phat ic  CH),  17!55 (C=O), 1250 (CO), and 680 and 760 c m - I  (aro- 
mat ic  CH);  nmr (CDC13) 6 7.18-7.37 (m, 4, ArH) ,  6.13 (d, 1, J ~ J O  

= 8.0 Hz,  Hg), 3.87 (dd, 1, J1O,loa = 11.5 Hz,  (HIo), and 0.67-2.70 
(m, 10, CHzCH envelope). 

A solut ion o f  9(e)-trichloroacetoxy-l0(e)-hydroxy-1,2,3,4,4a,- 
9,10,10a(trans-4a,10a)-octahydrophenanthrene (9), 363 mg 
(1.0 mmol), and potassium hydroxide, 1.34 g (0.024 mol), in 
12 ml of 95% ethanol was st irred a t  room temperature for  3 hr. 
T h e  mix tu re  was d i lu ted w i t h  water and extracted with several 
port ions o f  ether. T h e  combined ether solutions were dr ied  and 
evaporated. The remain ing sol id was recrystallized f rom benzene 
t o  give 9(e), 10(e) -dihydroxy-l,2,3,4,4a,9,10,1Oa( trans-4a, 10a)-oc- 
tahydrophenanthrene (4): 188 m g  (82%); mp 174-176"; 
Amax (HzO) 263 nm (e 330); ir (KBr) 3340 (OH), 2910 and 2840 
(al iphatic CH),  1445 and 1480 (CO), and 750 cm-1 (aromatic 
CH) ;  nmr (DMSO-&) 6 7.47-7.60 (m, 1, Hs) ,  7.23 (m, 3, H5,6,7), 
5.20 (s, broad, 1, OH),  4.70 (5, broad, 1, OH),  4.43 (d, 1, JSJO = 8.0 
Hz, Hg), 3.33 (t, broad, 1, J1O,loa r 9 Hz,  Hlo) ,  1.0-2.57 (m, 10, 
CHzCH envelope); nmr (DMSO-&, DzO) 6 3.97 (s, 2, HDO),  3.27 
(dd, 1, J1O,loa =- 10.0 Hz, H lo) ;  mass spectrum (70 eV) m/e (re1 
intensity, fragment) 218 (11, M A ) ,  201 (15, M - OH),  200 (100, M 
- HzO), 182 (25, M - 2Hz0), 171 (23, CiZH110), 157 (16, 
C11HgO), 141 (14, Cl iHg) ,  129 (28, CloHg), 115 (19, C9H7), 107 
(21, C T H ? ~ ) ,  91 (14, C7H7), 77 (11, RaHd. 

Anal. Calcd for C14H1802:  C, 77.03; H, 8.31; m/e 218.1306. 
Found: C, 77.16; H, 8.06; m/e 218,1324. 

9(a) ,  l0(a)-Irihydroxy-1,2,3,4,4a,9,lO,lOa(trans-4a,lOa)-oc- 
tahydrophenanthrene ( 5 ) .  anti-9,10-Epoxy-1,2,3,4,4a,9,lO,lOa- 
(tram-4a,lOa)-octahydrophenanthrene (7)2a 400 m g  (2.0 mmol) ,  in 
90 ml of d imethy l  sulfoxide (DMSO) was treated w i t h  a solut ion 
of sulfuric acid, 120 m g  (1.33 mmol) ,  in 30 ml of water (0.02 N 
H z S 0 4  in 75% aqueous D M S O )  and st irred for 3 hr. T h e  solut ion 
was d i lu ted  w i t h  water and extracted w i t h  benzene, and the ben- 
zene solut ion was washed w i t h  water, dried, and evaporated. The 
residual o i l  was crystal l ized and recrystallized f rom hexane-ether 
(2: 1) t o  y ie ld  9(a) ,10(a) -dihydroxy-1,2,3,4,4a,9,10,10a(trans- 
4a,lOa)-octahydrophenanthrene (4): 309 m g  (71%); mp 124.5- 
125"; A,,, (HzO) 264 nm (e 340); ir (KBr) 3350 (OH), 2910 and 
2850 (al iphatic CH) ,  980 and 1010 (CO), and 705, 720, 750, and 
780 c m - I  (aromatic CH) ;  nmr (DMSO-&) 6 7.21 (s, 4, ArH),  4.47 
(m, 2, OH), 4.30 (d, 1, J~JO = 2.5 Hz, Hg), 3.61 (d, 1, = 2.5, 
J10,10a N= 0 Hz, Hlo) ,  2.37-2.63 (m, 2, ArH),  1.07-2.00 (m, 8, 
CHzCH envelope); nmr (DMSO-&, DzO) the broad mul t ip le t  a t  
6 4.47 disappears and a signal appears a t  6 3.47 (s, broad, 2, 
H D O ) ;  mass spectrum (70 eV) m/e (re1 intensity, fragment) 218 
(5, M + ) ,  201 (14, M - OH),  200 (100, M - HzO), 171 (14, 
C12H110), 157 (30, Cl lHgO) ,  129 (32, CloHg), 115 (24, CgH7), 107 
(30% G H 7 0 ) ,  91 (28, C7H7), 77 (19, C s H d .  

Anal. Calcd for C14H1802:  C, 77.03; H, 8.31; m/e 218.1306. 
Found: C, 77.14; H, 8.57; m/e 218.1292. 
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