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Abstract-The llu,12~-epoxy-, llf3,12~poxy- and 12gmethyl-lla, 12a-epoxy- derivatives of tigogenin 
acetate rearrange on treatment with BF,ctherate lo give products among which are C-nor-Dhomo 
compounds. 

HEC~GENIN acetate reacts with methyl magnesium bromide to give largely the 
12a-hydroxy-12j3-methyl compound (I ; ca. 87%) contaminated with other products 
including a trace of the C,, 3) ep imer (II). Dehydration of the 12a-hydroxy-12bmethyl 
compound (I) with thionyl chloride-pyridine gave the A”-olefin (III) resulting from 
the favourable mrti-elimination. The A’ ‘-olehn was identified by comparison of its 
physical constants with the literature data, and from its NMR spectrum which 

revealed the structural features >C=C-CHa (6 = 1.61 ppm) and -CH =c! , 

(6 = 5.12 ppm). 
Reaction of 12-methyl-A”-tigogenin acetate with monoperoxyphthalic acid gave 

the 11 c512a-epoxy- 1 Zpmethyl compound (IV) (ca. 70% yield). There was no evidence 
for the formation of any isomer% 1 lb,l2mxide. The configuration of epoxide 
(IV) was established by its reduction to the known 12a-hydroxy-12bmethyl com- 
pound (I). The reduction of the epoxide was not complete even after heating under 
reflux with LiAlH, in ether for 10 hr. This is consistent with the known steric hindrance 
to attack at C,, 1j of the steroid nucleus. The epoxide configuration was confirmed 
from the NMR spectrum, which showed the llj%hydrogen as a sharp singlet at 
6 = 268. A D&ding model shows the dihedral angle between the 9aH and 11 j3H 
to be ca. 90q, consistent with a coupling constant near to zero. 

The unsubstituted llasl2aepoxide was prepared by epoxidation of the known 
A’l-olefm (V) with monoperoxyphthalic acid The reaction gave only the known 
lla,l2a-epoxide (VI). The 11s and 128 protons of the a-epoxide showed an AB 
quartet (6,2*93,6, 2.86, J, = 4 c/s). As with the 12@methyl-llqlti-epoxide there 
was no coupling of the 11 BH with the 9a-H, consistent with a dihedral angle of ca. 
90” in a Dreiding model of the epoxide (VI). 

The 11 p,12@epoxide (VII) was kindly provided by Glaxo Research Limited. 
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BORON TRIFLUORIDE-CATALYSED REARRANGEMENT OF THE 

EPOXIDES 

12B-Methyl-lloZ12a-epoxide 
Reaction of the 128-methyl-lla,l2aepoxide (IV) with BF,etherate in benzene 

was complete in 1 hr (t.1.c.). Crystallization of the reaction mixture gave a hydroxy- 
olefin, identified on the following evidence as 3&acetoxy-lla-hydroxy-13a-methyl- 
C-nor-D-homo-Sq25D-spirost-17a (l&ene(VIII) The presence of a five-membered 
ring alcohol was demonstrated by oxidation with “Jones reagent”, and subsequent 
hydrolysis ofthe 3-acetate, to give a five-membered ring ketone (XI), v, 1740 cm-‘. 
Acetylation of the alcohol (VIII) was effected by heating for 5 hr at 100” with acetic 
anhydride-pyridine. The C(,,-OAc and Co i) -0Ac gave a six-proton peak at S = 2.0 
ppm in the NMR spectrum. The presence of an exocyclic double bond in the hydroxy- 
olefm was indicated by the UV spectrum (s205 = 2960), the IR spectrum (v_ 
1640 cm- ‘), and by a 2-H multiplet in the NMR spectrum (S,488,6,5+06 J = 12 I). 
Hydrolysis of the 3bacetate in compound (VIII) followed by ozonolysis and cleavage 
of the ozonide with zinc-acetic acid gave a six membered ring ketone (IX), v_ 
1710 cm- ‘. The Cotton curve (a = +38*5) for this ketone supports the 13a-CH3 
configuration of the hydroxy-olefm (VIII). We earlier reported the Cotton curve 
(a = -29) for the 13a-H-C-nor-D-homo-ketone (X).3 Examination of a Dreiding 
model indicates a major positive contribution to the Cotton effect from the pseudo- 
axial 13a-CH, (Fig. l), in agreement with the observed increment of + 67. The ORD 

FIG. 1 

curve for the 1 l-oxo-A’7’~18)-01efm (XI) (a = - 5 ) is more difficult to interpret since 
little is known about &-unsaturated ketones when the oletin and ketone are in a 
&-relationship. 

Dehydration of the hydroxy-olefIn (VIII) with thionyl-chloride/pyridine gave a 
non-conjugated diene (UV spectrum) assigned the structure (XII). The NMR 

spectrum of the diene showed the structural features -CH 

%C 

4 
- (b = 5.10 ppm) 

and H, (S 4.65 ; J, = 12 1). 
Spindecoupling experiments on the NMR spectrum of the hydroxy olefm (VIII) 

added support to the structure. The 118-H signal (6 = 497 ppm, doublet, J = 8 c/s) 
collapsed to a singlet on irradiating the 9a-H at 6 = 1.165 ppm The allylic 17a-H 
appeared as a triplet centred at 6 2.82 ppm. This signal was decoupled by irradiation 
at - 78 c/s (i.e. the 16u-H, centred at 6 = 4.12 ppm) and at + 62 c/s (the 20/3-H, centred 
at 6 l-78 ppm), in each case giving a doublet, J = 10 c/s. The Co,,-methyl doublet, 
centred at 6 = 1.115, also collapsed on irradiation of 208-H to give a singlet. Only 
one allylic proton could be found in the spectrum conIIr@ng that the exocyclic 
double bond is adjacent to one secondary position. 
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The mother liquors after crystallization of compound (VIII) were chromato- 
graphed on alumina, and gave four compounds. The first compound eluted is 
believed to be 3g-acetoxy-l l lS-hydroxy-13a-methyl-C-nor-D-homo-Sa,25D-spirost- 
17a,(l8)ene (XIII) (ie. the C(,,,epimer of VIII). When the secondary alcohol was 
oxidised with “Jones reagent”, the resulting ketone was identical in all respects with 
the ketone (XI) derived from the lla-hydroxy isomer (VIII) It did not prove 
possible to effect more than partial acetylation of the 118 -hydroxyl group; vigorous 
reaction conditions (reflux with acetic anhydride-pyridine) ruptured the spiroketal 

side chain. The presence of a double bond ( >c : CH,), exocyclic to a six-membered 

ring, was shown by the IR spectrum (v, 1622 cm-‘) and by a 2-H multiplet in the 
NMR spectra (6, 4.94, 6, 598, J = 12.5 I). After hydrolysis of the 3-acetoxy group, 
ozonolysis of compound (XIII), and cleavage of the ozonide with zinc-acetic acid 
gave a six-membered ring ketone (XIV), v, 1721 cm- ‘. The Cotton curve for this 
compound (a = +50) was similar to that obtained for the llu-hydroxy-17a-ketone 
(IX) The 11fSassignment was confirmed from the lla-H signal (6 = 4.11 ppm, 
doublet, J = 2 c/s) in the NMR spectrum of (XIII). This was decoupled to a singlet 
by irradiating the 9a-H (6 = 1.29 ppm) 

A Dreiding model of the hydroxy-olefm (XIII) shows that the 9a,lla dihedral 
angle is ca. 50”, explaining the small J-value. This is in contrast with the ll&epimer 
(VIII) where the dihedral angle is ca 170”, giving the larger coupling of 8 c/s. The 
llf3-compound (XIII), like the lla-isomer, showed only one allylic proton at Co,), 
as a triplet centred at 6 = 2.62 (J = 10, J’ = 10). The 17a-H signal was reduced to a 
doublet by irradiating either the 16a-proton, centred at 3.96 ppm, or the 2Ol3-H, 
centred at ca. 1.85 ppm. 

Dehydration of the 11 l3-hydroxy olefm (XIII) was inefficient Thionyl chloride/ 
pyridine gave a mixture, with an NMR spectrum showing the following 

H 

Lc ’ structural features : 
/ \ 

(8 = 5.14 ppm), &CHZ (6 4.72 ppm). The methyl 

region of the spectrum suggested a mixture of compounds. 
Further chromatography of the mixture derived from the epoxide (IV) gave the 

12a-methyl-l l-ketone (XV), thought to be derived via a stereospecific hydride shift 

from Col) to G2,. The presence of the 6-membered ring ketone was shown by the 
IR spectrum (v, 1712 cm- ‘). The axial conformation of the 12a-methyl group was 
demonstrated by the NMR spectrum, which showed a shift of the Co,,-CHJ from 

Rings 

D+E 

FIG. 2 
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S = l-17 ppm (J = 6 c/s) in CDCI, to 6 = 1915 ppm (J = 6 c/s) in benzene.4 The 
ketone gave a negative Cotton curve (a = -21). The increment of -55 for the 
introduction of the 12a-methyl into 11-oxo-tigogenin 3-acetate (a + 34) confirms the 
12a-methyl configuration (Fig. 2). 

FIG. 3 

The final product from the epoxide rearrangement was a C-nor-aldehyde (XVI). 
The aldehyde was identified from its IR (v_ 2720 cm-‘) and NMR spectra (6 = 
9.72 ppm; J = 1.5 c/s). It was not possible to establish unequivocally the configura- 
tion of the -CHO group. If it is formed by concerted attack of the 9(11) bond upon 
Co,,, involving inversion at Co2) with rupture of the Co,,---0 bond (cf. Fig. 3), fhe 
-CHO group would have the a-configuration (XVI). The tertiary aldehyde proton 
exhibiting J = 1.5 indicates that there is a preferred conformation of the -CHO 
group, allowing long range coupling. The Cotton effect (a = -40) is too small to 
interpret. 

FIG. 4 

lla,l2a-Epoxide (VI) 
Reaction of the lla,l2a-epoxide with boron trifluoride etherate in dry benzene 

was complete (TLC) in 1 hr. The reaction mixture consisted of two compounds, 
which were separated by chromatography on alumina. The least polar compound 
was the C-nor-D-homo Agol)* 13(17’)d’ iene (XVII) (ca. 40%). The UV spectrum 
showed it to be a conjugated diene (&_ 253 nm). The NMR spectrum revealed 

the structural features &==CH- (6 = 5.87 ppm ; W+ = 3.5 c/s) and 

L=LLL -CH, (S = 1.78). The 16a-proton gave a multiplet (6 = 4.26 ppm; 
W, = 30 c/s), the width agreeing with data for the corresponding A13’17’)-olefin 
(XVIII), where spin-spin coupling has been demonstrated with the 15a-, 15b and 
17a-protons.’ Three allylic protons (9s 14a and 17a) account for the spectrum 
integral between 6 = 225 and 300 ppm. The ORD curve showed a strong negative 
Cotton effect, (a, - 540) consistent with a diene skewed in the sense of Fig. 4.6 
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A Dreiding model confums the direction of twist of the diene. Catalytic hydrogena- 
tion of the diene, over a palladium-calcium carbonate catalyst, caused absorption of 
only one molar proportion of hydrogen, and gave the known A’3(17%msaturated 
compound (XVIII). 

The second compound (53%) from the rearrangement of the 1 laJ2aepoxide (VI) 
has been assigned the 12a-hydroxy-A ‘(‘) olefmic structure (XIX) on the following 
evidence. The compound contained a hydroxyl group (IR) and gave a positive test 
for double bond character with tetranitromethane. The end-absorption in the UV 

(s 196nm = 12,050) and absence of olelinic protons in the NMR spectrum indicated 
a tetra-substituted double bond. The NMR spectrum also showed three protons in 
the region 6 = 4.0-5.0 ppm (3aJ6a and 12gprotons) and five in the region 6 = 2*1- 
30 ppm (7u,g,lla$ and l&-protons). The alcohol could be acetylated. Oxidation 
gave a compound (XX) having UV absorption characteristic of a 8,y-unsaturated 
ketone’ (eJOOnm = 303; eZIO = 4000) and the Cotton curve (a = +80) is consistent 
with the Aa-structure but not with the alternative A8’14)-isomer (XXI). 

The NMR spectrum of this enone showed the Ccl,,-methylene as a sharp singlet 
at 6 = 2.36 ppm. 
118,12g-Epoxide. The reaction between the 118,12l%epoxide (VII) and BF,etherate 
in benzene was followed polarimetrically. The [r]n value changed from ca. 
- 35” to ca. - 120” in 15 min, then decreased over 1 hr to -70”. A reaction mixture 
worked up after 15 min, followed by chromatography, gave the C-nor-D-homo- 
Agtl ‘)* 13”7”‘-diene (XVII ; 57x), and the 12&hydroxy-9(1 l)-ene (XXII) (ca. 200/,) as 
major products. The structure of the latter compound followed from its oxidation 
to give the known 9(11)-en-12-one* (XXIII). It was regenerated by reduction of the 
ketone (XXIII) with sodium borohydride. 

The residues after isolation of the two compounds (XVII) and (XXII) were re- 
chromatographed, and gave a second hydroxy compound (ca. 5%). The mass spectrum 
indicated mol.wt. 492, corresponding to a fluorohydrin, so the compound is tenta- 
tively formulated as 12a-fluoro- 1llShydroxytigogenin acetate (XXIV). Oxidation 
gave a ketone, v, 1721 cm- ’ after hydrolysis of the 3-acetate. The compound was 
not examined further. A third hydroxy-compound evident on TLC plates between 
the fluorohydrin and the 128-hydroxy-9(1 I)-ene could not be obtained pure. 

DISCUSSION 

The rearrangement products from the 12g-methyl-llaJ2a-epoxide (IV) all result 
from the cleavage of the tertiary C 02+ bond. The major product, the 13a-methyl- 
C-nor-D-horn+olefin (VIII), being formed with retention of configuration at Co,, 
must arise by the rearrangement of the discrete carbonium ion (Fig. 5). The formation 

of the 118-hydroxy isomer (XIII) represents inversion at Co,,, and is, to the best of 

FIG. 5 



Reactions of epoxidcs-XVIII 2611 

FIG. 6 

our knowledge, unprecedented. We can only speculate at present upon the mechanism 
of inversion. One possibility involves rupture and reclosure of the C,, ,,-C,,,, bond 
(Fig 6), which would be dependent upon the intermediacy of a species with the 
carbonium ion centre and the -0BF; group in a 1,Irelationship. Experiments are 
in progress to test this hypothesis, and perhaps find other examples of hydroxyl 
inversion in similar situations. A separate experiment confirmed that the 1 ll3-OH 
compound (XIII) largely reverts to the 1 la-OH isomer in the presence of BF,, sug- 
gesting that the C-seco intermediate may represent the principle pathway for re- 
arrangement of the epoxide. 

The major products from the rearrangements of the lla,l2a- (VI) and 118, 128 
epoxides (VII) clearly arise by mechanisms involving “axial cleavage”,‘. that is, 
cleavage ,of the C, i i) -0 bond for (VI) and the C(,,,-O bond for (VII). An apparent 
exception is the formation of the C-nor-D-homodiene WII) from the lla,12a- 
epoxide (VI), probably via rearrangement of a C(,,,-carbonium ion as the key step. 

The Ua-hydroxy-8(Y)-ene seems likely to arise from the llaJ2aepoxide by a 
“13” hydride shift (88 --) 118) of the type demonstrated for a 98,l lB_epoxide, which 
gave the 11 &hydroxy-8( 14~ene. lo The concerted hydride shift is stereoelectronically 
favourable (Fig. 7), whereas loss of the cis-9a-H would require a fully-developed 

. . 
carbomum ion at Co,,. The llaJ2aepoxy derivative of oleanolic acid has been 
reported as giving the 12-ketone l1 * here the 8b-CH, precludes a hydride shift from . 
8s -+ 118. 

FIG. I 

The trans relationship of the 9a -H to the 118,12&epoxide permits elimination to 
give the 12l3-hydroxy-9(1l)-ene, even though this minor product represents “equa- 
torial cleavage*’ of the epoxide. 
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EXPERIMENTAL 

Rotations were measured in CHCl, solutions at room temperature. IR spectra were recorded for CSs 
solutions, and the UV spectra for methanol solutions. Alumina used for chromatography was P. Spena 
Grade “H”, deactivated by the addition of 5% of l,O% acetic acid. Boron trifluoride diethyl etherate was 
freshly distilled before use. Light petroleum refers to the fraction b.p. w or 50-70”. ORD curves (in 
MeOH) were kindly determined by Professor W. Klyne. 

Preparation of the 12-methyl-11%12a-epoxide (IV) 
3~Acetoxy-l2-methyl-Sa,25Dspirost-ll,l2-ene (24 g) in dry chloroform (800 ml) was treated with an 

ethereal solution of monoperphthalic acid (@65M: 450 ml) and the resulting solution was kept at 20” 
for 12 hr. The steroidal material isolated by means of ether was crystallised from methanol to give the 
12brnethyl-lla,l2a-epoxide as needles (17 g), lap. 20&205”; [a]o -52” (c, la), v, 1742 and 1242 cm-’ 
(Found: C, 73.6; H, 9.5; C,OH,O, requires: C, 740; H, 95%). 

Preparation ofthe 11412a-epoxide (VI) 
The 1 l(l2)dehydrodcrivative of tigogenin acetate (2 g) in dry ether (25 ml) was treated with an ethereal 

solution of monoperphthalic acid (06OM; 50 ml) at 20” for 24 hr. The steroidal material isolated by meam 
ofetherwascrystallizedfrommethanol togivethe lla,l2a+poxideasplates(l~g),m.p.22l-223”, [a]r, -39” 
(c, @61) (Lit lz mp. 221-225. [a]n -495”). 

Reaction oft/w 12~methyl-lla.l2a-epoxide (IV) with BFs 
A solution of the ltmetbyl-1 la,l2a-epoxide (2 g) in anhydrous benzene (200 ml) was treated with BFs- 

etherate (2 ml) at 20” for 1 hr. The crude product, isolated by means of ether, crystallized from light petroleum 
to give the lla-hydroxy-l3a-methyEC-nor-D-homo-l7a(l8~ene (VIII) as needles, (240 mg), mp. 223-224”. 

[UID - 54” (c, loa), v, 3520,1720,1640 and 1270 cm-’ (Nujol mull), UV: e,,, = 2960. (Found: C, 73.8; 
H, 9.2 C,,H,O, requires: C, 74G; H, 95%). 

The residue was adsorbed on alumina (150 g). Elution with light-petroleum-lnmzene mixturea (1O:l) 
gave the ll~-hydroxy-l3a-met!1yl-C-nor-D-homo-l7a(l8)-ene(XIII) (28Omg) which crystallized from 
acetone as needles, mp. 162-163”. [m] -50” (c, 0.89), v, 3587. 1740, 1622 and 1245cm-‘; etOO = 6445, 
&201 = 4143; eal,, = 1565; et3,, 184 (Found: C, 74.0; I-l, 9.4. C,,H,O, requires: C, 74-O; H, 95%). 

Elution with light petroleum-benzene (1:l) gave the 12a-methyl-l l-ketone (XV), (320 mg) needles from 
methanol, m.p. 194-195”. [z]o -49” (c, 088X v,, 1742,1242, and 1712 cm-’ (six membered ring ketone). 

ORD: Cdh - 1110”. [&, +950”, [&2 +04 (Found: C, 74Q; H, 9.7. &,H,,O, requires: C, 740; 

H, 95%). 
Further elution with light petroleum-benzene (1:l) gave the llgmethyl-lla$~yl-C-nor compound 

(XVI) (420 mg), which crystallized from methanol as needles m.p. 178-180”. [a]r, -85” (c, O-70), v, 2735 
(CHO), 1730 and 1245 cm-‘. ORD: [41sz6 -3150”. [+12,, +860”, [#lzls -1560”. (Found: C, 739; 
H, 9.4. Ca,H,Os requires: C, 74G; H, 9.5%). 

Further elution with benzene and benzene-ether mixtures gave a further sample of the lla-hydroxy- 
13a-methyl-C-nor-D-hotno-17a(l8)-ene (VIII) (440 mg), m.p. 223224”. 

ORD datafor ll-oxotigogenin. [+],,, +390”, [4]273 - 1310”, [#J]~~~ *o”; 11-Oxo-tigogenin acetate: 

c413,, +7200. c&s -2700”. cs12,, -23~. 

Reactions oj the 1 la-hydroxy-l3a-methyl-C-nor-D-homo-l7a(l8)-ene (VIII) 
(1) Acetylation A solution of hydroxy-olelin (VIII) (20 mg) in a&c anhydride (@l ml) and pyridine (1 ml) 

was heated at 100” for 3 hr. Isolation of the steroidal material gave gum, v_ 1740.1250 cm-’ (no absorption 
at 3500 cm- ‘) ; TLC showed none of the 1 la-hydroxy compound. 

(2) Oxidation To a solution of the hydroxy-olefm (VIII) (Ux, mg) in acetone (10 ml) was added Jones 
Reagent, and the solution was kept at room temperature for 20 min. Isolation of the steroidal material 
in the usual manner gave the 11-ketone (XI) as an oil (179 mg) v, 1740, 1250 cm- * (no absorption at 
3500 cm-‘). Hydrolysis of this material with sodium hydroxide (200 mg) in 95% methanol (20 ml) at room 
temperature for 18 hr, and isolation in the usual manner, and crystallization from aq. methanol gave the 
3~hydroxy-l3a-methyl-C-nor-D-homo-l7a(l8)-en-l l-one (XI), (105 mg) as chunky crystals, m.p. 115-l 16”, 
[z-& -5l”(c.O92~v_ 3640,1740cm-‘(five-memteredringketone).UV:~300nm(~71~4).e,,, = 7129. 
ezoo = 5347, Q,,~ = 3279, Ebb,, = 2139, .ztll = 1141, &azO = 570. ORD: [4],1s -3060”, [I$]~,, +236O’, 
[I#$., *O”. (Found: C, 76.0; H, 96. C1sHblO. requires: C, 760; H, 96%). 

(3) Hydrolysis md ozonolysis. The hydroxy-olefin (VIII) (50 mg) in methanol (5 ml) was treated with 
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aqueous sodium hydroxide (50 mg NaOH, 1 ml H,O) at room temperature overnight. The unsaturated 
diok isolated in the usual manner, was dissolved in chloroform (10 ml) and a stream of ozone was passed 
through the solution for 30 min. The solution was evaporated to dryness under reduced pressure at room 
temperature, and the resulting ozonide was stirred with zinc powder (A.R., 100 mg) in acetic acid (5 ml) 
for 24 hr. Isolation ol the steroidal material gave an oil (32 mg), v_ 3610.3460 (OH), 1710 cm-’ (six- 
membered ring ketone) ORD: [#],1,, +550”, [#11,,, -3300”. [4]z,1 -1650”. [#]zzz -4500”. 

(4) Dehydration. A solution of hydroxy-olcfm (VIII) (200 mgl and thionyl chloride (05 ml) in pyridine 
(10 ml) was kept at room temperaturc for 18 hr. Isolation oft& steroidal material in the usual manner gave 
thedienc(X11)(130mg)mp. 193-195’,[a]n -84”(~,044),v_ 1740, &Wand 124Ocm-*.UV:ezol = 9560, 
ez10 = 4500, z,,, = 1690. ORD: C4lm -3080”, [4lm - 10,380”! (no extremum). (Found: C, 77Q; 
H, 9.5. CloH,O. requires: C, 76.9 ; H, 9.5%). 

Reactions of the 1 la-hydroxy-13a-methyl-C-nor-D-hl7a(lE~ene (XIII) 
(1) Acetylution. A solution of the hydroxy-oletin (XIII) (200 mg) in pyridine (10 ml) and acetic anhydride 

(3 ml) was heated on a steam bath for 8 hr. The isolated steroidal material was unchanged (IR, NMR, 
and TLC). A similar mixture heated under rellux for 24 hr gave an oil, shown by TLC to consist of starting 
material and a more polar fraction, probably resulting from rupture of the spiroketal side-chain. 

(2) Oxidation. The hydroxy-olefin (XIII) (200 mgl in acetone (10 ml) was oxidized with “Jones reagent” 
at room temperature for 20 min. to give the keto-olelin (180 mg), as an oil. Alkaline hydrolysis to remove the 
3-acetate afforded tk 3bhydroxy keto-olefin (XI), as needles from methanol (110 mg), mp. 114-116”, 
identical with the sampk describal above. 

(3) Hydrolysis and ozonolysis. A solution of the hydroxy-olelin (XIII) (200 ma) and potassium hydroxide 
(100 mg) in aqueous methanol (20 ml) was kept at room temperature for 16 hr. Isolation of the steroidal 
material and crystallization from methanol gave 3~,ll~-dihydroxy compound as chunky crystals (145 mg), 
m.p. 246-248”, [a&, - 36” (c, @92), v_ 3500 cm-’ (broad). (Found: C, 755; H, 9.8; CzsH,O, requires: 
C, 75.6; H, 9.97%). 

Ozone was bubbled through a solution of this compound (50 mg) in chloroform (10 ml) for 30 min. The 
solution was evaporated to dryness under vacuum at room temperature and the resulting ozonide was stirred 
with zinc powder (100 mgl in acetic acid (5 ml) for 24 hr. Isolation of the steroidal material gave an oil 

(XIV) (41 mg); v, 1710 cm-’ (Nujol mull) (six-membered ring ketone). ORD: [&IS,, + 385”, [4]zsz 
-46u)“. C&1 - 1460”, [0120, -3600”! 

Rearrangement of3fl-acetoxy-ll~12a-epoxy-5a,25D-spiroston (VI) with BF, 
A solution of 3fl-acctoxy-lla,12a-epoxy-5u,25D-spirostan (1 g) in anhydrous benxene (100 ml) was 

treated with BFsctherate (@5 ml) for 1 hr. The steroidal material was isolated in the usual manner, and 
chromatographed on alumina. Elution with light petrolembenxenc (1O:l) gave the C-nor-Dhomo- 
9(11),13(17a)-diene (380 mg) (XVII), which crystallized from methanol, followed by ethanol, to give needles, 
m.p. 150-151”. [aI0 - 191” (c, @6), v, 1744.1250 cm-‘. I, 253 nm (z 16,300). ORD: [#I]~,~ -22,600, 
[4]z2, + 31.600”. (Found: C, 76.8; H, 9-4. C29H,20, requires: C, 76.6; H, 9.3%). 

Further elution with petrdleum-ether-benzene (1:l) gave 3~acetoxy-l2a-hydroxy-S@5Dspirost- 
8(9)-ene (530 mg) (XIX), which crystallized from methanol as needles, m.p. 172-173”, [ah - 125” (c. @89), 
v_ 3500,1740,1250 cm-‘. UV: &lbO = 558; 1, 1% nm (z 12,050). (Found: C, 749; H, 9.35. C,,H,O, 
requires: C, 73.7 ; H, 9.4%). 

Oxidation of 3@cetoxy 12a-hydroxy-5s25D-spirosr-8(9tme 
A solution of 3@cetoxy-12u-hydroxy&, 25D-spirost-8(9)cnc (20 mgl in acetone (2 ml) was oxidised 

with Jones reagent to give 3~acctoxy-5a,25Dspirost-8(9)-en-l2_one (XX), crystallixed as needles from 
methanol, mp. M-195”, v, 1740.1704 (six-membered ring ketone), 1250 cm-‘. L_ 300 nm (e = 303), 
szlo = 3980. ORD: 14~1~~~ +1110”, C~llbo -688@‘, C4l23, -54W, C4l22o -~xQo”! 

Acetylation 0~3@cetoxy-l2a-hydroxy-Sa,25D-spiros~-~9~ene 
A solution of hydroxy olefm (XIX) (10 mg) in acetic anhydride (@l ml) and pyridine (1 ml) was kept at 

loo” for 6 hr. Isolation of the steroidal material in the usual manner gave a gum, v_ 1740, 1250 cm-’ 
(no absorption at 3500 cm-‘). 6-H singlet at 6 2G ppm in the NMR spectrum (two OAc groups). 
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Reaction o/the 11~,12~epoxide (VII) with BFa 
The epoxidc (580 mg) in benzene (58 ml) was allowed to react with BF,-ctheratc (@S8 ml) for 15 min. 

then the product was isolated in the usual way and chromatographai in alumina (30 g). 
Light petroleum-benzene (5:l) eluted the C-nor-D-homo-9(1 l), 13(17a)-diene (XVII) (317 mg), identical 

(m.p., IR, UV, NMR, GLC) with the diene from the 1 la_12a-epoxide. Further elution with light pctroleum- 
benzene mixtures, followed by benzene and benzene-ether (2O:l) gave mixtures of more polar products 
(ca. 80 mg) which were re-chromatographed (see below). 

Benzencether (5:l) finally eluted the 12g-hydroxy-9(11)-ene (XXII) (crude wt. 113 mg) mp. 210-215”. 
Repeated crystallizations from methanol gave flakes, m.p. 235-237”, [a& -55” (c, la), v, 3540, 1735, 
1238 cm-‘. (Found: C, 73.6; H, 92 C,,H,,O, riquires: C, 73.7; H, 9.4%). 

Rc-chromatography of the intermediate fractions above gave a compound thought to be the fluorohydrin 
(XXIV) (23 mg) m.p. 23&232” from acetone-hexane. [alo - 31’ (c. 0.4), v, 3520,3460,1735, and 1238 cm-‘. 
Mass spectrum : M + = 492 (Cz9H1sF0s requires 492). 

Hydrogenation ofthe 9(11),13(17a)-diene (XVII) 
The diene (45 mg) in ethanol (20 ml) was hydrogenated over a 5% Pd/CaCO, catalyst. Absorption of 

hydrogen became very slow after the first molar proportion and was stopped at ca l-2 mole to give the 
known 13(17a)-ene (XVIII) m.p. 14&142” from methanol (Lit.” m.p. 142-145”). The identity was confvmed 
by IR spectrum and GLC retention time. 

Oxidation ofthe 12p-hydroxy-9(11)-ene (XXII) 
Jones’ reagent in acetone oxidised the 12bhydroxy-9(ll)-ene to give the 9(ll)-en-12-one (XXIII), 

m.p. 218-221” (Lit.6 m.p. 2195-221.5”) identical (UV, IR) with a sample prepared by dehydrogenation of 
hecogenin acetate with selenium di0xide.s The 9(ll)-en-12-one (50 mg) was reduced by stirring for 5 hr 
with sodium borohydride, (20 mg) in methanol (5 ml) and ether (5 ml). The product appeared to kc a mixture 
of the 3f%acetoxy-12p-hydroxy-9(1 l)-ene (XXII) with a little of the 3fl,12&diol (TLC), with no evidence 
for any significant amount of 12a-isomer. Crystallization from methanol gave the pure 12ghydroxy 
compound, nzp. 235-237”, identical (IR, NMR, mass spect.) with the product derived from the 118,128 
epoxide. 
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