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Aktrrcl-Contrary to earlier reports, the reaction between methylmagnesium bromide and hccogenin 
givu predominantly the 12a-hydroxy-12~methyl derivativz and cpoxidation of 12-mcthylcnetigogenin 
giver the 12a,12’- and 12~.12’tpoxidcs in ratio 2:l. Tbe reactions of that cpoxida with both boron 
trifloride and aqueous pcrchloric acid have been studied. 

BLADON and McMeekin’ reported the preparation of a 12,U-epoxide by treatment 
of 12-methylene-tigogenin (I) with perbenzoic acid. The g-conliguration assigned to 
this epoxide was baaed upon the identity of the derived lZhydroxy-12-methyl 
compound (by LiAlH, reduction) and the tertiary alcohol obtained by the acfion of 
methyl lithium on hecogenin. The latter reaction was presumed to involve a-face 
attack on the 1Zketone. Levine and Wall2 prepared the two epimeric lZhydroxy- 
12-methyl derivatives of tigogenin. These authors hydroxylated 12-methylene- 
tigogenin with osmium tetroxide, and assumed the resulting diol to be the 12a- 
hydroxy-12g-hydroxymethyl compound (II) formed by preferential attack of the 
reagent from the a-face. The 12’-tosylate of the diol (II) was reduced to give a tertiary 
alcohol formulated as 12a-hydroxy-12g-methyltigogenin (V). This compound 
diffired from the tertiary alcohol obtained .as the major product by treating hecogenin 
with methylmagnesium bromide, which was accordingly assigned the 12f&hydroxy- 
12amethyl structure (VI). We now fiad that all the foregoing conllgurational aasign- 
ments must be reversed, as was suggested by Just and Nagarajan’ following their 
tInding that the Grignard methylation of 3a,2OB_diacetoxy-5Bpregnan-12-one gave 
12f3-methyl-5~pregnan-3~12cq2OfJ-triol as the major product. 

As part of our study of epoxide rearrangements we required the two epimeric 
12,12’+poxyderivatives of 12-methylenetigogenin. We therefore reexamined the 
epoxidation of 12-methylenetigogenin acetate (I). Reaction with monoperphthalic 
acid gave a mixture, separated by chromatography to give the 12a,l2’+poxide 
(III ; m.p. 242-243”, [a]o - 10’) and the 12g,12’-epoxide (IV; m.p. 172-173”, [a]o 
-62”), in ratio 2: 1. Bladon and McMeekin’ characterixed only one of the K&12’- 
epoxides (lap. 240-242”. [a]n -24”), which evidently corresponds to our major 
product, the a-epoxide. 

l PmtX111: J. W. Blunt. M. P. Hartahom and D. N. Kirk. Temhedra23, 1811(1967). 
tFtualt8ddrcu: Deputment of Cbemistty. Watlicld Collcgc, London, N.W.3. 

’ P. Bhdoa and W. McMc&in, 1. Chem Sot. 2191(1960~ 
x so.teviae~M.EW~LJ.AmChmrSoc~3391(1960). 
‘O.JprtUUiRNW cd 1. Ckm. 39, Ws and 1274 (1Wl); 40,377 (1962). 
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II 

IV V VI VII 

Our stereochemical assignments for the epoxides are based upon the course of 
dehydration of the corresponding tertiary alcohols (V and VI) obtained by reducing 
the epoxides (III and IV) with lithium aluminum hydride, and re-acetylating the 
3&hydroxy functions. The tertiary nature of both C-12 alcohols (V and VI) followed 
from non-acetylation of the 12-hydroxyl groups by acetic anhydridcpyridine and 
the presence in their NMR spectra of sharp, three proton singlets (CL 6 = 1.2 ppm) 
assigned to the 12-methyl groups. Dehydration of the 12a-hydroxy-12bmethyl 
compound (V) with thionyl chloride-pyridine gave the A”-olefin (VII) (80% yield) 
resulting from the favourable transdiaxial elimination. The A”-olelin (VII) was 
identilied by comparison of its physical constants with the literature data and from 
its NMR spectrum which revealed the structural features (SC-Q& (6 = 1.61 
ppm) and -Qj=C (6 = 5.12 ppm). The isomeric 12&hydroxy-12a-methyl com- 
pound (VI) with an equatorial hydroxyl group, underwent the expected4 smooth 
elimination to give 12-methylenetigogenin (I) in high yield. The results stand in 
sharp contrast to those reported by Levine and Wal12, who studied the dehydration 
of their 12-hydroxy-1Zmethyl compounds with thionyl chloridopyridine, and re- 
ported that both isomers gave mixtures of the two olefins in similar proportions, 
in addition to chlorinated material which was not characterized. It is difficult to 
explain these results except on the presumption that the supposed C-12 epimeric 
alcohols? were actually mixtures. The pure epimers obtained in our present work 
are very similar in properties, and exhibit almost identical IR spectra, the only 
significant difference being a band at 830 cm-’ in the spectrum of the 12a-hydroxy- 
12gmethyl epimer. We found that the epimers can be distinguished by thin-layer 
chromatography on silica gel arid each of the samples used in our dehydration studies 
was free from contamination by the other. These results clearly rquire a reversal of 
configurations assigned by the previous workers to all their C-12 derivatives of 
tigogenin. Moreover, Bladon and McMeekin’ prepared a 12chloro derivative to 
which they assigned the 12achloro-12&methyl configuration on the supposition 
that the precursor of the chloro compound was the 12g-hydroxycpimer, and that 
the reaction with phosphorus pentachloride would proceed in the normal manner 
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with inversion of coafiguration.5 These authors found, however, that the chloro 
compound was converted into the exocyclic olefin, 12-methylene-tigogeniin (I), by 
dehydrochlorination with sodium methoxide, an observation which clearly requires 
that the chloro-substituent should have the equatorial (12~)configuration. Tbis 
result can now be re-interpreted in terms of the formation of the 12Bchloro compound 
from the 12a-hydroxy isomer, with inversion of configuration in the reaction with 
phosphorus pentachloride. 

There seems to be no reason to doubt the validity in the present case of the generaliza- 
tion4 that the elimination of an axial substituent from a 1-methylcyclohexyl system 
proceeds with loss of the truns-coplanar proton to give the endocyclic olefm, while 
elimination of the corresponding equatorial substituent involves preferentially a 
trans-coplanar proton of the methyl group to give an exocyclic methylene derivative. 
Ring C is held rigidly in a chair conformation by its trans attachment to the adjacent 
rings, and it is clear from study of Dreiding models that the conformational integrity 
of the groups at C-12 is unlikely to be disturbed by any ring distortion. Moreover 
there are no large steric interactions, comparable with those which lead to the ab- 
normal stability of an exocyclic methylene group at C, ,r6 which might affect Cl2 
and conceivably reuerse the usual preferences for transcoplanar elimination by a 
baracatalysed EZ-type mechanism. The Canadian workers’ found, however, that 
acfd-cutalysed dehydration of either of their C-12 epimeric pregnant derivatives gave 
predominantly the 12exocyclic methylene pregnane derivative, suggesting that this 
is more stable than its 12-methyl-A”-isomer. Steroidal A’ ‘-olefms are known to be 
highly strained. 

Repetition of the reaction of hecogenin acetate with methyl magnesium bromide 
under the conditions described by Levine and Wall’ gave a product consisting 
largely (ca. 87%) of the 12a-hydroxy-12g-methyl compound (V) contaminated with 
other products including the C,2 epimer (VI). It is clear that the assumption of a 
“propensity of steroids to ‘rear attack’ “’ as a criterion for assigning configurations 
to steroid derivatives must be made with caution. Grignard reactions, in particular. 
tend to give the tertiary alcohol with an equatorial methyl group from a steroid 
ketone.’ This is thought to be a consequence of unfavourable 1,3diaxial interactions 
in the transition state leading to the axial-methyl product. Equatorial (128) approach 
of the -CHJ group to the 1Zketone appears to be especially favourable in the case 
of hecogenin. It is now well established that the behaviour of 1Zketones towards 
nucleophilic addition is remarkably influenced by the nature of the C-17 side chain. 
Equilibration experiments and reduction of ketones under conditions known to 
lead to the thermodynamically stable products, have shown that 12a-derivatives 
are the more stable in the cholane series, where a 12&substituent interferes with the 
side chain in its stable conformation. In hecogenin, in contrast, the rigid spiroketal 
system removes the 21-methyl group from the vicinity of a 12gsubstituent. which in 
this case represents the more stable epimer. It is therefore not surprising that approach 
of a methyl group should occur almost exclusively towards the 12gposition of 
hecogenin giving the equatorial-methyl product, and with somewhat reduced stereo- 

’ R. J. Bridgwatet and C. W. Shoppee. J. Chem. Sot. 1709 (1953). 
’ J. Elks, J. Chem. Sot. 3333 (1960); D. N. Kirk and V. Petrow, ibid., 2091 (1961). 
’ A. V. Kameroitzky and A. A. Akhrem Tctrahedrm 18.705 (1962), and Reb therein. 
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specificity in the pregnane series. 3 Inspection of a Dreiding model shows that a 
12a-methyl group will be in a state of steric compression with the 17a-H as well as 
with the two hydrogen atoms at the 9a- and l&po;itions, while the only comparable 
interference to p-attack comes from the 18-methyl group. 

The above considerations do not necessarily apply to per-acid attack upon the 
12exo-methylene group. which should proceed by electrophilic attack upon the 
double bond leading, according to Markownikov (cf. Ref. 1). to greater bond develop 
ment to the unsubstituted 12’-carbon atom in the step which is probably ratc- 
determining. The subsequent closure of the epoxide-ring does not introduce any 
notable steric strains, so that the observed modest preference for 12a,12’epoxide 
formation is reasonable. It is also in accordance with the reported observation9 
that epoxidation of 4t-butyl methylenecyclohexane gave predominantly the cis- 
epoxy derivative with a pseudo-axial C-O bond. The implication from the present 
results that osmium tetroxide attacks the exocyclic olelinic bond from the j%direction, 
in contrast to the earlier report2, also agree-s with the mode of attack on 4-tert-butyl 
methylenecyclohexane.9 

AClD CATALYSED REARRANGEMENTS OF EPOXIDES 

(a) Boron ttiflwriffe 
During earlier ,studies we became interested in boron trifluoride-catalysed re- 

arrangements of epoxides derived from steroids containing an exo-methylene 
function. In particular. the formation among other products of a five membered 
cyclic ether (IX) from the c-nor-D-homo-epoxide (VIII)‘o prompted us to examine 
the reactions of the epoxides derived from 12-methylenetigogenin. 

Brief reaction (1 min) of the 128,12’-epoxide (IV) with boron trifluoride etherate 
in benzene gave a mixture of products. Chromatographic separation gave an olefin 
(29%) which was identified (m.p. and m.m.p., IR and NMR spectra) as the known 
c-nor-o-homo-A13’17a)-olelin (X).” This material was followed by the 12galdehyde 
(XI) (41%). The aldehyde function was revealed by the IR (2717 and 1739 cm-‘) 
and NMR (6 = 9.60 ppm; J = 2 c/s) spectra. The equatorial (128) nature of the 
aldehyde was assigned on the basis of the probable stereochemistry of the rearrangc- 
ment process, and from the position of the -CHO proton in the NMR spectrum 
(see below). The final product from the b-epoxide (IV) rearrangement was an unsatura- 
ted alcohol (19%) the structure of which is unknown (see Experimental). 

The rearrangement of the j3epoxide (IV) with BF, in ether solution gave similar 
yields of the A’3(‘7’J -c-nor+-homo-olelin (X) and the 12baldehyde (XI), and also 
a new compound which appeared to be a primary/teriary diol. Only one of the 
hydroxyl groups could be acetylated, and the NMR spectrum of the diol contained 
a two-proton singlet (6 = 4.02 ppm), indicating a -CH,OH group. The diol resisted 
cleavage with periodic acid or lead tetraacctate, and so seems unlikely to be a 12,12’- 
diol. Its structure remains obscure. 

Reaction of the a-epoxide (III) with boron trifluoride etherate in benzene solution 

’ J. W. Huffman, D. M. Alabran, T. W. Bethea and A. C. R&es, J. Org. Chum 29. 2963 (1964); M. 
Alauddin and M. Martin-Smith ibid.. 28,886 (19631 

’ H. B. Henbcst. Proc. Chm Sm. 159 (1963). 
lo J M. Coxon. M. P. Hartshom and D. N. Kirk. Terrahedron 21.2489 (1965). 
I’ J: M. Coxon. M. P. Hartshom and D. N. Kirk. Tefr&edrcu~ Lrtrers 119 (1965). 
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gave a mixture of products from which the 12a-aldehyde (XII) was obtained directly 
by crystallization. The NMR spectrum of the residue from the crystallization ex- 
hibited NMR signals due to both the 12a-aldehyde (XII) and the 12galdehyde 
(XI). Comparison of the integrals of the aldehydic proton signals, followed by a 
product analysis to determine the total aldehydes present. allowed the estimation 
of separate yields of the aldehydes as: l2a-aldehyde (XII ; 53 V/i); l2galdehyde 
(XI; 13%). The failure of the l2a-aldehyde (XII) to undergo epimerization at C-12 
on treatment with boron trifluoride in benzene (control experiment), requires that 
the 12baldehyde isolated from this reaction be regarded as a primary product of 
the rearrangement of the a-epoxide. Chromatography of the residues from the above 
crystallization gave well-defined fractions consisting of the A’3(‘7”-olelin (X ; I8 %). 
and the thermodynamically more stable 12ISaldehyde (XII). The epimerization of 
the axial 12a-aIdehyde during chromatography was demonstrated in a separate 
experiment, and supports the above structural assignments. The aldehyde configura- 
tions are also indicated by the respective chemical shifts of their CHO protons 
(12aCHO ; 6 = 9.85 ppm : 128CHO; 940 ppm) which differ in the same sense as 
data reported” for a limited number of natural products and their derivatives, of 
known configuration. 

Reaction of the acpoxide (III) with BF, in ether solution resulted in the formation 
of relatively more A’3~17’)-olefin (X) (20x), with a corresponding reduction in the 
yields of the 1Zaldehydes (XI and XII). 

The formation of the c-nor-r>-homo-A ‘3”7’)-olefm (X) by loss of the C-12’ carbon 
atom from both epoxides is envisaged as proceeding through cleavage of the C, 2-O 
bond and migration of the electron pair of the CiJ-Ci4 bond to give the inter- 
mediate (XIII), fragmentation of which could give rise to the rearranged olefin (X) 
with loss of formaldehyde. While the electron shifts involved in the transformation 
of the 12&12’-epoxide into the intermediate (XIII) and the 12galdehyde could be 
concerted with the cleavage of the Ci2-0 bond, the formation of both the 12fl- 
aldehyde and the A’3(17”-olefm in modest proportions from the 12a,lYepoxide 
(III) requires the intermediacy of a discrete C-12 carbonium ion, since the stereo- 
chemical requirements for a synchronous rearrangement are not fulfilled in this 

” f. J. King and J. P. Yardlcy, 1. Chem. SOC. 4308 (1961); E Wenken. P. W. Jccls and J. R. Mahajan, 
J. Amer. Chum. SOC. 86. 2218 (1964); W. R. Ghan. C. Willis M. P. Cava and R. P. Stein. Chem & 
Id 495 (lW3,. 
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case. The product of concerted hydride migration in the 12a,i2’-epoxide would be 
the 12a-aldehyde, the less stabIe epimer. We therefore conclude that the reaction 
pathway involving a carbonium ion intermediate can compete effectively with the 
concerted rearrangement when the latter leads to the less stable isomer. 

H 
H 

-x 

(b) Aqueous perchloric acid 
Treatment of the bepoxide (IV) with 60% perchloric acid in acetone gave largely 

the A13~17’)-olefm (X ; 81%), accompanied by a minor product (18 ‘A) to which the 
cyclic ether structure (XIV) is tentatively assigned. The spectra and chemical properties 
of the ether (XIV) indicate the absence of either hydroxyl groups, ketone or aldehyde 
functions, or unsaturation. Both the IR and NMR spectra indicate the presence of 
ether linkages in addition to those in the spiroketal ring system. The NMR spectrum 
shows a doublet equivalent to two protons at S = 3.95 ppm (J = 3 c/s) which we 

assign to the methylene group in the >CH-CH1--O-- moiety. The absence of 

any other signals (apart from those. associated with the 16~ and C,, protons) in this 
region suggested a tertiary centre as the other point of attachment of the ether bridge. 
The signal due to the C-19 methyl protons showed a paramagnetic shift to 6 = 0.97 
ppm, compared with values ca. 6 = 0.85 ppm, for related compounds substituted 
only at C-12. This suggests C-9 as the probable site of attachment of the oxygen 
atom (Zurcher’3 lists an additional chemical shift of 0.14 ppm for 9a-OH). The rest 
of the spectrum showed no unusual features which might have indicated substitution 
in ring D or elsewhere. A Dreiding molecular model shows that the 9a,12a-O-CH,- 
bridge can be constructed without excessive strain. 

The a-epoxide (III) reacted with perchloric acid to give the cyclic ether (XIV) 
(65 %) as the major product, accompanied by the lZ@aldehyde (XI ; 10%) and a new 
unsaturated compound (19%) the structure of which is unknown. A possible mode 
of formation of the cyclic ether (XIV) from the a-epoxide (III) is shown in diagram 
XV. Formation of the ether (XIV) from the @-epoxide (IV) couid not proceed via 
the same favourable (anti-) hydride shifts concerted with Ct 2-O cleavage and would 
require the intermediacy of a C-12-carbonium ion. The markedly lower yield of 
cyclic ether from the tipoxide is therefore very reasonable. 

Attempts to cleave the cyclic ether with acetic anhydride and various acidic 
catalysts gave complex mixtures of products (with partial rupture of the spiroketal 
system) which afforded no additional evidence concerning the structure of the ether. 

The product ratios observed for the present epoxy systems imply that the free 
energy of activation for “carbonium ion” processes is only very slightly greater 
(perhaps l-l.5 kcaI/mol, after allowing for confo~ational effects) than for con- 

” R F. Zurchcr, Helu. Chim. Acta 46,2&X (1963). 
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” CH, -0 
XIV 

certed hydride migration leading to aldehydes. This conclusion is supported by 
experimental evidence from other epoxy-steroid systems which we are examining. 

NMR SPECTRA 

NMR data* for the compounds described above are listed in the accompanying 
Tables. The spectra of the C-12 tertiary alcohols (V and VI) (Table 1) support their 
revised formulations. Published data l4 for the epimeric 17a-hydroxy-17a-methyl- 
D-homoandrostanes are also included in the Table. They provide reference values 
for chemical shifts of the methyl substituent at the site of the tertiary hydroxyl group, 
and of the C-18 angular methyl group, in immediate environments almost enantio- 
merit with the C-12 tertiary alcohols. The actual chemical shifts differ somewhat 
between the two series because of the differing structural features of adjoining rings, 
but the relative chemical shifts, and the numerical differences in S-values within each 
epimeric pair of compounds, are clearly consistent with our revised configurations 
at C-12. 

EXPERIMENTAL 

Rotations were measured for CHCI, solutions at room temperature. IR spsara were recorded for CS, 
solutions, and UV spectra for methanol solutions. Ahmi~ used for chromatography was P. Spena Grade 
“H”, deactivated by the addition of 5 % of 10% acetic acid Boron trifluoridc diethyl etherate was freshly 
distilled before use. Solvents used for BF, reactions were dried over Na Light petroleum refers to the 
fractioo b.p. 50-70”. 

l Detcrminal at 60 me/s in CLXI, relative to TMS. 

I4 S N Ananchcnko. V. N. Leonov. V. 1. Zarctskii N. S. Wuho and 1. V. Torpov, Tew&edron 20, 
1279’(M). 
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TABLE 1. CHEMICAL SHIFTS OF METHYL-CROUP RESONANCES 
Iti TERTIARY ALCOHOLS 

Spirostan scria 

Compound 

n-homo-androstanc-series 

Chemical shifts (a, ppm) 

12-or 17a-CH, 18-CH, 

12a-OH, I2gCH, (V) 
12g-OH, 12%~CH, (VI) 

]I;; 
I 

A6 = @I2 ;; Aa=oa . 
1 

17aa-OH, 17aj%CH, ” 
17abOH, l’laa-CH, 

M = 0.13 ‘f; M = 008 

TABLE 2. CHEMICAL SHIP~S OF PROTONS AT C-19, C-18 AND 
C-12’ IN NMR SPECTRA OF SPIROSTAN DERIVATIVES 

Chemical shifts (6. ppm) 
c-19 C-18 C-12’ 

12.12’cxocylic olefin (I) 090 0.87 455 
12a,12’cpoxidc (111) 0.83 0.92 2.52 
12g.12’cpoxide (IV) 085 0.97 2.97 (4)’ 
12-methyl-A”-olefin (VII) 0.78 0.87 1.61 
lZf%-aldehyde (XI) 0.87 0.75 9.60 (2) 
12a-aldchydc (XII) 0.83 . 0.92 9.85 (3) 
9a,12’cyclic ether (XIV) 0.97 0.87 3.95 (3) 

l Figures in parentheses are approximate J-values. 

Preporation oithc 12,12’-epoxides (III and IV) 
12-Metbylenctigogenin acetate (21.5 g) in dry benzene (2000 ml) was treated with an ethereal solution 

of monopcrphthalic acid (@7 M; 200 ml) and the resulting solution kept at 20” for 12 hr. The steroidal 
material, isolated by means of ether, was absorbed onto alumina (I kg). Elution with tight pctroleum- 
benzenc(3 :7)and crystallization from acetone gave the 12g.l2’-epoxide(1V)a.s needles (6.2 g). m.p. 172-173”. 
[a]o -62”(c 1.17). v, I742 and 1242 cm _ ‘. (Found : C, 74.2 ; H, 9.7. C,,,H,eOs requires C, 740; H, 9.5 “/,) 
Elution with benzcnc and benzcnc-cthcr (10: 1) gave, after crystallization from methanol, the 12a,12’- 
epoxide (III) as needles (IO.8 g). m.p. 242-243”, [cc]o - 10” (c @93), v, 1742 and 1242 cm-‘. (Found: 
C, 74.2; H. 9.5. C H 0 rtquira C. 740; H, 9.5 %.) 30 16 , 

Lithium alutniniwn hydride reducrion of 12,12’-epoxides 
(a) 12g,12’-epoxide (IF). To a solution of the epoxidc (500 mg) in dry tetrahydrofuran (50 ml) was added 

lithium aluminium hydride (500 mg), and the resulting suspension was heated under rcflux for 4 hr. Isolation 
of the steroid by use of ether and crystallization from light petroleum-methanol gave 12~hydroxy-12a- 
wwthyl-tigogenin (VI; 3f3-OH) as needles (35Omg). m.p. 200-201”., [a]u -40” (C 105). v,, 361Ocm-‘. 
(Found : C 74.7, H. 1@4. CI,H1eO. requires C. 75.3 ; H, IO.4 %.) A solution of this diol(280 mg) in pyridinc 
(6 ml) and a&c anhydride (1.2 ml) was kept at 20” for 12 hr. Isolation by use of ether and crystallization 
from light petroleum gave 3g-acetoxy-I2~hydroxy-l2a-methyltigogenin (VI; 3bOAc) as flakes (241 mg), 
m.p. Z&227”, [a]o -50’ (c la)), v, 3610, 1742 and 1242 cm- ‘. (Found: C, 740; H, 102 C&.,0, 
requires C 73.7; H, 99 %.) 
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(b) 12a,l2’-epoxlde (111) Reduction of the cpoxidc (750 mg) as above gave the diol (V; 3f3-OH) as fmc 
needles (from light petroleum) (660 mg), m.p. 210°, [a]n -33” (c 091), v, 3610 cm-‘. (Found: C 74.9; 
H. lCP6. C,,H,,O, requites C. 75.3; H. l@4%.) Acctylation of the diol(550 mg). as above. gave 3g_acetoxy- 
12a-hydroxy-IZBmethylrigoeenin (V; 3)%OAc) as flakes (from light petroleum) (50.3 mg). m.p. 222-223”. 
[a]n -35” (c 106) v, 3610, 1742, 1242 and 83& cm-‘. (Found: C 73.6; H, 100. C,OH,,O, requires 

c, 73.7 ; H, 9.9 %., 

Dehydretion of 12-hyctroxy-12-mrthy/rlgogeL, acetate 
(a) lZBHy&oxy-I~-nuthyltigogcnln ocetorc (VI) A solution of the 12fMcohol (190 mg) in pyridine 

(6 ml) and thiooyl chloride (009 ml) (purified by distillation, first from linseed oil then from quinglioc) 
was kept at - 20” for 30 min. laolation by use of pcotaoc and crystallization from acetone gave 12-methy- 
lcnetigogcnio acetate (146 mg), m.p. and mixal m.p. 178-180”. [a]o - 17” (c 1.01); IR and NMR spectra 
identical wjth an authentic sample. 

(b) I~-Hydroxy-IZBmerhylr~oeenin acerare (V). Dehydration of the 12a-alcohol (400 mg), as above, 
and crystallization from methanol gave l2-methyl-A”-tigogenin aatate (VII) as fmc oecdla (340 mg), 
m.p. 156157”. [a]n -47” (c 085), v, 1742, 1242 cm-‘. (Found: C. 76.5; H. 100. Calc. for C,,H,,O, 
C, 765; H, 99%) (Lit! m.p. 1625-164.5”. [a]o -45”.) The IR spectrum of the material in the mother 
liquors (I5 %) showed the presena of a small proportion of cxocyclic olefio (I) 

Reaction ofhewgmin acetare with nwrhyl nqpusiwn bromide 

A solution of hccogcnin acetate (40 g) in dry bcnxenc (40 ml) was added with stirring over 30 min. to 
an ethereal solution of methyl magnesium bromide (1.5 M ; 26 ml) After a further 3 hr the steroidal material 
was isolated by means of ether, and rcacetylated at C, by treatment with acetic anhydridopyridinc (1: 10) 
at loo” for 45 min. Tbc crude product, on crystallixatioo from light petroleum, gave the 3)3-aat6xy-12a- 
hydroxy-l2g-methyl compound (V) as flakes (2.8 g), m.p. and mixed m.p. 222-223”. [a]o - 35” (c 1.03). 
ln another experiment, 10 g hecogcnin acetate gave 8.7 g of product (V) by crystallization followed by 
chromatography of mother-liquors. 

Reaction of the 12g,12’-epoxide (IV) with BF, in benzene 

A solution of the 12g,Ulpoxide (1.8 g) in anhydrous benzene (180 ml) was treated with boron 11% 

fluoride etberatc (1.8 ml) at 20” for 1 min. The crude product, isolated by means of ether, was adsorbed 
onto alumina (100 g). Elutioo with light petroleum-benxcne (10: 1) gave the C-nor-Dhomo-A”““‘- 
oktin (x)(521 mg) as cubes from ethanol, m.p. and mixed mp. 140-1419 [a]n -49” (c 1.235); IR and NMR 
spectra indistinguishable from those of an l utheotk sample. (Found: C, 76.5; H, 9.8. Cak. for CIPHUO., 
C 76.3 ; H. 9.7 %.) 

Elutioo with Ii& petroleum-bcnxcne (1: 1) and crystallization from light petroleum gave tbc 12g- 
aldehyde(X1) (735 mg) as needles, m.p. 178179”; [a&, - 106” (c 1.14) v, 2717 cm-’ (-CHO), 1739 and 
1242 cm-‘. (Found: C, 739; H, 9.6. C,cH~eO, requires C 74Q; H. 9.5 %.) 

Filly elutioo with ether and crystallixatioo from methanol gave an unsaturated alcohol (350 mg) as 
needles, m.p. 219-222”. [a]o - 47” (c @74). v_ 3571 (OH), 1742(OAc), 1639(G=C)and 1242cm-‘, UV; 
cssc = 84Oe,,, = 1170.&s,, = 2080, .s*os = 4170. NMR: One proton signal at d = 5.22 ppm (HG-C) 
The hydroxyl group was stable to aatylatioo or oxidation under normal conditions. 

RLocr&n Ogrhc 12g,12’-epoxide (IV) with BF, in ether 

A aolut.ioo of & 12~.12’epoxidc (16 g) in anhydrous ether (160 ml) was treated with boron trilluoridc 
c&rate (16 ml) at 20” for 3 min. The crude product, isolated by means of ether, wax adsorbed oo alumina 
(100 g). Elutioo with light petroleum-benzene mixtures (3: 1) and (1: I) gave the A’W”‘)-olcfin (x) (504 mg) 
and tbc 12~aldeh~de (XI) (706 me) respectively. Finally clutioo with ether and crystallization from light 
petroleum gave a d&l of unknown rtructurc, ax occdlcs (175 mg), m.p. 165-M”. [ah -46” (c 097), v, 
3610,34!%, 1745 and 1242 cm-‘. (Found: C, 71.1; H, 9.5. C,OH,,OI requircx C, 71.4; H, 9.6%) 

Rem&n #rhe l2n.l2’-qox&fe (III) with BF, in benxene 
A aolutioa of the cpoxidc (16 g) in anhydrous banxcnc (160 ml) wax trated with boron trifluoride 

~~(16ml)ladkeptrt20”for5min.ThccrudeproducSiroLtedbymanroFctbtr,~lizodf~m 
mothand to give the 12a+U+fe (XII; 490 mg) u nccdk m.p. NO-1939 [ab -30” (c 094k v_ 2725 
an-’ (CHO), 1742 and i242 01-l. (Found: C, 73.7; H, 96. C&,HuOl requirea C 740; H, 9.5%) After 
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removal of methanol from the motbcr liquors the residue was adsorbed onto alumina (80 8). Elution with 
light petroleum-hcnteae (3 : 1) gave the A ‘H”‘~-olefm (X) (MO mg), m.p. and mixed m.p. 14&141°. Elution 
with benzene and crystallization from light petroleum gave the 12Baldehyde (550 mg). m.p. and mixed 
m.p. 178-179”. (a]n - 106” (c 095). Finally elution with ethn gave an oil (195 mg) which was not charac- 
ttriz#l. 

E~~izat~~ of tke 12a-aldehyde f XII) into tke 12~aldekyde (Xi) 
The 12a-aldehyde (180 mg) and KOH (200 mg) in aqueous ethanol PM”/, 20 ml) were kept at room 

temperature for 1% hr. Re-acotylation of the crude product (acetic anhydridcpyridinc. 18 hr at room 
temperature) gave the 3fi-acctoxy-ISlSaldehyde, m.p. f78-179”. A similar epimerization occurred when a 
bouxcnc solution of the 12a-aldchyde was passed through an alumina column. 

Reactbn ojtke 12a&?‘-epoxide (HI) wirk BF, in ether 
The epoxide (1.65 g) in anhydrous ether (165 ml) was allowed to react with BF,-etheratt (1.6 ml) for 

35 min, and the products wctc separated as dcscrihal above, giving the 12~aldehydc (450 mg), the A’~i’*i= 
okfm (327 mg), and the 12&aldebydc (314 mg). 

12&C?‘-epoxide (Iv). A solution of the cpoxidc (1 g) in dichloromct~e (30 ml) and acetone (60 ml) 
was treated with aqueous pcrchloric acid (15 M ; 10 ml). After 20 min tbc mixture was diluted with water. 
Tbe crude product isolated from the organic phase was chromatograpbed on alumina (80 g). Elution with 
light patroleum-hcnm ne (9:l) gave the AIH”‘)-otcfm (X; 809 mph m.p. MO-1414 Elution with bcnxcne 
gave the 9u$!‘-cyctfc etker (XIV; 180 mg), m.p. 21tS2119 [alo -35” (e 09Ok v, 1742 aod 12?2 cm-i, 
DO significant W absorption. (Found: CT, 73.7; H, 9.4. C30H160s rquires CT, 74Q; H, 9-5 %) 

12%12’-epoxide (III). Tbe epoxide (1 g) in dichloromethane (10 ml) and acctonc (50 ml) was allowed to 
ract with pcrcbloric acid (15 M; 40 ml) for 18 hr. The crude product afforded the 9a&?‘-cyclic ether 
(XIV; 370 mg) by direct crystallization from methanol. Chromatography of tbc residue and clution with 
light potrolcum gave an unsaturated compound (190 mg) of unknown structure, nccdks from pentanc, 
mp. KM&-19S”, [a&, -69“ (c 096), Y_ 1742 and 1242 cm- *. Elution with light pctrolcum-hcnxcne (2: 1) 
gave tbc 12~~dchydc (Xl; 100 mg), m.p. 1761763 and final eiution with benxznc gave a further 2x) mg 
of the cyclic ether (XIV) m.p. 220-2229 
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