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~-3r-Acetoxy-Qa;~xy4~~yi-Sa~olu~e (Iii) undergoa a “beckbnae rcamqp 
ma&’ with BF,-cthcrnte to give the (axado) S~.l4~imclhyl-l8,1~~~1~-~~17)are dcriva- 
tive (IIa]. Om of the products obtained from raction of 3aecetoxyAa&poxy-ScIthofertuns&oiutana (Ib) 
with a Grignard reagent is now shown to be the related 13(17)-ol&n (Ub). The cpoxidc Ib a&o 
undqoe a backbone rearrangement on treatmrnt with BF,utha;atc. 

IN THE course of our earlier study1 of the rearrangement of fsubstitutcd 4,sCpoxy4 
mcthylcholcstaacs with BF,-etherate, the 3a-acctoxy-+x,Sacpox.ide (Ia) was found to 
yield only (ca. 90%) an unidentified unsaturated hydroxy-acetate (Ha). In view of our 
rcant reports E, that cholcstane derivatives which could give rise to a C-5 carbonium 
ion may undergo a backbone rearrangement, we rc-cxamincd the hydroxyacetatc Ha 
obtained earlier. Evidence detailed below indicates the backbone rearranged 4a- 
hydroxy-Ahwr7’-olefin structure (Ha) for the hydroxyacctatc. 

The tentative assignments of signals in the NMR spectrum of the hydroxyacctate 
Ha (determined at 100 NC for a CC& solution) arc given in Table 1. The absence of 

Compound S/XX, 14B_CHI 
tsolvcnt) 

ZICH, 26,27-CH, 4-H 
0 

IIaYCU3 589 589 589,594s 580,587 ca. 4.85(-X) (Q/kX, f-C!O) 
IIbcw 5825 592 590. I*00 580,588 3*8Yls) 3*2O(J - 2.5 c/s) 
MCCU 590 090 o-90, 1.00 580,590 5.0X20) 3.3YJ - 3 c/s) 
VIIaKCl3 593 0.90 593, l+oO 580.590 44305) 4.73(J - 3 c/s) 
vi1bccl,) l-00 0.90 0.90, fG0 579,588 S-Osw~ 4-7813 - 23 c/s) 

l Run at 100 MC. 
~ ___ _ 

a signal in the NMR spectrum below O-8 ppm suggested that the C/D ring system had 
been modified, probably by the presence of the tetrasubstitutcd (NMR data) double 
bond resulting in the shift of the C-18 Me resonance to lower ficId. A signal (ca. 14 
protons) at 0945 ppm was assigned to one component of a doublet due to the 21-Me 

l Part XII M. P. Hartshorn atki D. N. Kirk, Tc~rokrdron Lerrers, 3913 (1966). 
t Regent address: Dcprtmmt of Chem&ry. WcstfkkJ Colkge, London N.W.3. 

1 J. M. Coxw, hf. P. Ha&mm and D. N. Kirk, Tcrr&&on, a,2531 (1964). 
‘J. W. Blunt, M. P. ?iartxhom and D. N. Kirk, Chcrn. Comnt, 160 (1966). 
a J. W. Blunt, M. P. Hartshorn and D. N. Kirk, Tefrokdmn Lerrers, 2125 (1966). 
L 3. W. Biunt, M. P. Hartshom and D. N. Kirk, Tetmhe&on 22,3195 (1966). 
* M. P. Hartshom snd D. N, Kirk, Tcfrakd.mn kf:ers, 3913 (1966). 
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la R, Me 
b R.H. 

IIa R, OAc; R’, Me 
b R,OH; R’, H. 
c R. OAc; R’, H. 

III. 

group, the other half of the doublet being concealed under a strong peak (ca. 7f 
protons) at @89 ppm. This latter peak is thought also to comprise signals due to the 
SF- and f4&Me groups. Double irradiation with a frequency of - 148 c/s removed 
the @945 ppm signal and reduced the magnitude of the peak at O-89 ppm with the 
appearance of a new singlet (21-Me group) at 0.92 ppm. From these data the mcthioe 
proton at C-20 in the hydroxyacetate lla could be located at 2.40 ppm, corresponding 
to a one-proton multiplet which was evident in the spectrum. This value should be 
compared with the locations for the C-20 methioe proton for analogous backbone 
rearranged systems reported earliers-5 which occur in the range 2-40-2-45 ppm. 

The rearrangement of the epoxide la on treatment with BFs-etherate may be 
rationalized in terms of cleavage of the C,--0 bond of the epoxide followed by 
migration of the 19-Me group to the /I-face at C-5. Subsequent 1,Zshifts and loss of 
the 17a-proton would give rise to the observed product. Migration of the 19-Me 
group would be favoured in this instance by the consequent shift of the 3-acetate 
group from an axial to an equatorial configuration. 

Hall and Justd reported the isolation of 4&methyI-5~-cholestaoe-3a,4adiol (Ill; 
32 %) and S~-methyl-l9-norcholest-9cne-3a,4adiol (IVa; 20%) from the reaction of 
3x-acetoxy&,kpoxy-5a-cholestanc (lb) with MeMgl. In view of our results for the 
reaction of the corresponding 4-mtthylepoxide (la) with a Lewis acid (the presumede 
mode of formation of IVa) we reexamined the reaction reported by Hall and Just. 
Chromatography of the crude product from the reaction of MeMgl with the epoxide 
Ib gave in our hands the Cmethyl-3a,4adiol(35%; Ill), mixed fractions (31%) and 
a further diol(30%), m.p. 110-l 11”. to which we assign the rearranged structure llb. 
The NMR spectrum (60 MC; Ccl,) of the diol llb was consistent with the structure 
assigned (see Table 1). In particular, double irradiation with a frequency -88 cfs 
reduced the magnitude of the 090 ppm signal and removed the signal at l*oO ppm 
with the appearance of a singlet at O-95 ppm. The methine proton at C-20 could be 
located at 2.41 ppm consistent with an 18-oor-14&methyld~07~-structure. The 
nature of ring A was confirmed as follows. The NMR spectrum exhibited a broad 
multiplet equivalent to one proton at 3.85 ppm (W,,a 15 c/s) assigned to the axial 
3#?-H and a poorly resolved doublet (1 proton) at 3.20 ppm (J = 2.5 c/s) assigned to 
the 48-H split by only one adjacent proton (3). These data are consistent’ with the 

* N. D. Hall and R. B. Just, Steroi&. 111 (1965). 
T N. S. Bhacca and D. H. William, Applkarkw of NMR Specfroseopy In Organic Chemistry, 

p. 4% Holden-Day (1964). 
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assignment as a 3u,4adiol with a S/?,l@x-A/B ring junction. The location of the Me 
group at C-5 in the diol IIb was confirmed by examination of the NMR spectrum 
(60 MC in CCl,) of the di-aldehyde V formed on reaction of the diol IIb with lead 
tetraacetate. A sharp singlet at 9.23 ppm was assigned to the aldehyde attached to 
the tertiary C-5, while a tripkt (J = 1.3 c/s) at 9.58 ppm was assigned to the aldehyde 
derived from the C-3 alcohol function. 

Acetylation of the diol IIb with acetic anhydridcpyridine at 20” for 3 days gave a 
diacetate (VIIb) as a gum, shown to be pure by TLC. The structure assigned was 
supported by the NMR spectrum (Table 1) which clearly pointed to the presence of 
an axial 3@-proton and a backbone rearranged skeleton as would be implied by its 
genesis from diol IIb. At no time were samples of a diol or a diacetate isolated to 
correspond to the physical constants reported for compounds assigned by Hall and 
JusP the structure IVa (m.p. 141-142”) and IVb (m.p. 110-I 117. 

In view of the arrangement of the epoxide Ib by a Grignard reagent it was clearly 
of interest to investigate the reaction of the epoxide Ib with BFs-etherate in benzene. 
Chromatography of the crude product gave first an acetoxy-ketone (25%) to which 
structure VI was assigned on the basis of spectroscopic data. The equatorial nature 
of the acetoxy group follows from the NMR signal of the 3,9-H (4.97 ppm; Wi,, 14 
c/s) and the wavelength of the extrema in the ORD curve (303 and 276 m@). The 
acetoxy ketone should therefore exhibit a Cotton effect closely resembling the corre- 
sponding ketone. The observed Cotton effect (a + 10) allows assignment of the 
3r-acetoxy-5/?4keto structure (VI) [cf. SP-Qketone, a + 3 and Sa-Qketone, u - 94O]. 
This is the expected product from rearrangement of a ch,5~epoxy compound, and is 
epimeric with the 3/?-acetoxy-5,%chokstan4one described previously.1o 

RO”- 

RO 

IVa R, H 
b R. AC. 

V VI 

Elution with solvents ranging from light petroleum-t>tnzcne to ether-benzene gave 
a series of gums (total 58 % yield). The early fractions consisted largely of a compound 
to which the 3a-acetoxy4a-hydroxy backbone rearranged structure (11~) was assigned 
on the basis of its NMR spectrum. Double irradiation with -88 c/s collapsed a 
doublet assigned to the 21-Me group (1.00 ppm and @90 ppm, the latter obscured 
under the combined signals of the 14-Me, ~-MC and one component of the side chain 
doubkt, 090 and 080 ppm) to a singlet at @95 ppm. This data and the lack of an 
18Me resonance in the normal position about 066 ppm pointed to the presence of 
an 18-nor-14B-methyl-A U(l%tructure. Further, the resonance for the 3/?-H at 5.05 
ppm (W,,, 20 c/s), being split by two adjacent protons at C, and one at C,, is consistent 
with its assignment as geminal to an acetate group and in an axial configuration. 

o C. Djenssi, 0. Halpem. V. Ha&n. 0. Schindkr and C. Tamm, Heft. Chh. Acfo. 41,2SO (1958). 
* C. Djaassi and W. Klync. 1. Ckm. Sot. 2390 (1963). 

lo J. M. Coxon. M. P. HarMtom and D. N. Kirk. TefrcrAcdton 2347 (1%). 
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This data supported the 5/3-methyl-10or-structure proposed. Finally, the signals due 
to the 4&H, a doublet ceotred at 3.35 ppm (J = 3 c/s) are consistent with its assigned 
position, equatorial and flanked to one side by a quaternary carbon and on the other 
by a single axial proton. 

The later fractions consisted largely of a compound to which the structure VIIa 
was assigned on the basis of the NMR spectrum. Decoupling experiments on the 
21-Me signals confirmed the presence of the 18-oor-14B_methyl-A”~17~-structure. The 
nature of ring A followed from the signals assigned to the 3/?-H (4.03 ppm; WI,, 15 
c/s) and 4B_H (doublet centred at 4.73 ppm; J = 3 c/s). These data are consistent 
with the 19-oor-5~-methyl4x-acetoxy-3r-alcohol structure. In confirmation of 
structure both hydroxyacctates (IIc and VIIa) gave the diol IIb on brief treatment 
with LAH. The ratio of the two hydroxyacetates (11~ and VIIa) obtained from the 
column was estimated (TLC) as ca. 1: 2. 

O(” 
i Me 

o,c---” 
BFIO \ 

MC 

VTIa R. H. 
b R, AC. 

V-In 

The isolation of the 4a-acetoxy-3a-alcohol (VIIa) in high yield was of interest in 
that it was conceivable that the 3a-acctoxy group might have been drawn into the 
rearrangement to form the BFB complex of the ortho ester (VIII). Subsequent 
cleavage on quenching with water could then lead to a mixture of the 3z-acetoxy-4a- 
alcohol (11~) and the 4a-acctoxy-3a-alcohol (VIIa). Independent experiments (TLC 
on silica), however, clearly demonstrated that the 4z-acetoxy-3a-alcohol (VIIa) wasoot 
formed duringthe BF,reaction but it wasgenerated duringchromatographyoo alumina. 

The exclusive formation of the rearranged hydroxyacetate (IIa) from the epoxide 
Ia compared with the formation of significant quantities of the acetoxy-ketone VI in 
addition to rearranged material (11~ and VIIa) from epoxide Ib may be explained in 
terms of the greater migratory aptitude of hydrogen as compared with Me (viz. ref. 11). 
The unfavourable Me migration to form a 5B_methyl-3-acetoxy4ketone would allow 
the backbone rearrangement reaction to compete more favourably than in the 
Qhydrogeo series (Ib) where facile hydrogen migration may occur. 

EXPERIMENTAL 

Rotations were tnasurcd for CHQ, solm at room temp. IR spectra wat reawded on a PwkIn- 
Elmer 337 spectrometer. Alumina used for chromatography wu P. Spcnce, Grade H, deactivated by 
the addition of 5% of 10% AcOH. Light petroleum refers lo the fraction of b.p. S&70”. ORD 
curvca were determined at WestfIeld CoUcgc. London, by kind pamission of Profasor W. Klpe. 

Rcacrbn of 3maceroxy-+,kpoxy-Sa-choksrMc (Ib) w&h mrthyl mqnesiwn &d&b 

The epoxide (13 g, pqared as in Ref. 6) in benzene (22 ml) was added lo an ether soln of MeMgI 
formed from Mg (1-O g) and Me1 (3-S ml) in ether. The soln was distilled until the temp resbed 66’, 

I1 J. W. Blunt, M. P. Har&orn and D. N. Kirk. Terruhedron 1421 (1966). 
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and tbcn rcfhrxcd for 5 hr. The rcsction was worked up by pouring it into sat NH,t& and extraction 
with ether. Adsorption of the isolated products on to alumina (100 g) in light pctrokum followed by 
dution with light petrokum-benzene (1:2) afforded Ill (3SY& crystallized from acetone, m.p. 
lM+lSSS”. (lit.’ mp. lS4-1SS”). 

Benzene duted mixed fractions (31’4 and ether-benzene (1:3) dutcd the 3a,4adiol IIb (300&, 
crystalliz.cd acetone, m.p. 1 l&l 1 I’. [z]a + IS” (c 0.97). v’ou (C8,) 3SOOcm-‘, 4EtOH) 206 v 
(c 8700). 210 rnCc (7200). 215 rncc (4600) and 220 mlr (2300). (Found: C. 79.9; H, 1lS. C,,&O, 
requires: C. 80s; H. 11.5 “/) 

Reaction of diol llb with pyridinbAq0 for 3 days at 20” gave VTlb* as a gum, pure by TLC, 
(aL + 32” (c 2.13). I=.= (liquid film) 174s. 12SO cm-‘. 

Reaction of Ilb (60 mg) in pyridinc (10 ml) with PMOAc), (200 mg) for 35 min at 20” gave, after 
work up, the dialdehydc V as a gum, vmu (liquid tilm) 1732. 2712 cm-*, NMR: 9.58 (1, J - l-3 c/s) 
(C-H). 9.23 (s): (CCH). 

The epoxide (1.4s g) in benzene (35 ml) was allowed to react with BF,t&rate (1.3 ml) for 20 see 
at 20”. The reaction was quenched by the addition of sat NaHCO, aq. and the isolated products were 
adsorbed on to alumina (1 IO g) in light petroleum. Benzcn+light petrokum (3: 17) dutcd VI (2S ‘4, 
crystallitcd from acetone, m; 165-167”. [& +100 (c @91). 
ORD (McOHdioxan (2: 1)) a=: + 10. NMR 4.97 (W,,,, 

v-.x (liquid film) 1712, 1750,12SS cn+, 
14 c/s) (C-H). 2.06 (OAc). 1.10 (C’H.), 

Q93, @81 (t?-H,, C’-H,. CL--Ha, @63 ppm (C*‘H,). (Found: C. 78.7; H, 114; G&O, 
requires: C. 78.4; H. 1@8’/,) Elution with solvent mixtures ranging from bauenc+light petroleum 
(1: 1) to ether-bentcne (1:40) gave a series of fractions (S8 %) as gums. of which the earlier fractions 
were shown (TLC) to consist almost exclusively of Ilc [r]n +30” (c 1.16). x=.x (liquid film) 3SO0, 
1736, 1720. 1246 cm-l. The later fractions were similarly shown to consist mainly of Vlla, [ah +33” 
(c 0.7) Pma. (liquid film) 3450. 1742. 1718. 124Ocn+. From a consideration of the intensities of the 
spots obtained on TLC for each of the fractions, the ratio of IIc to Vlla was estimated as ca. 1: 2. 
Jkh of the hydroxy acetates IIc and VIla gave, on reaction with LAH in ether followed by crystal- 
lization from n-hexane, the diol llb, mp and mmp 10~109”. 
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l The monoaatatu llc and Vllb were never isoolated completely free from each other; while the 
analysis figures of these materials, Ilc contaminated with traces of Vllb and oice LWSU, would have 
agrad with the expected valua it was pointless to include such data. In addition, the monoacetates 
and the diaatate IVb are related directly to the well charactaiz.ed diol llb. 


