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ABSTRACT
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Cation 9, generated by the reaction of diol 8 and BF;-Et,0, SnCl,, Sc(OTf)s, FeCls, TiF4, or CF3SO3H, leads to a hydride shift, providing cation
11, which corresponds to the initiation of backbone rearrangement. On the other hand, TiCl, selectively induces rearrangement to secondary
cation 13 by ring expansion, which corresponds to the C-ring formation of sterol biosynthesis. AICl; and ZrCl, induce further rearrangement

into six-membered ring tert-cation 16.

On the basis of the idea of the stepwise mechanism of each step of sterol biosynthesis. Today, the biosyntheses of

biomimetic olefin cyclizatioh? and enzymatic cyclization

of oxidosqualene via conformationally flexible cationic
intermediate$;* significant attention has been focused on
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phytosterols such as dammaranoid, lupanoid, oleananoid, and
tirucallanoid are explained by the cyclization of oxi-
dosqualene via bicyclic catidh tricyclic 6/6/5-cation (pre-C
ring cation)2, secondary 6/6/6-catiody, and 6/6/6/5 cation

4 (Scheme 1). In the animal kingdom, steroids are also
constructed through the corresponding boat-form B-ring
intermediate$® Recently, we have shown théfs trans
selective cyclization froml to 2 does not depend on any
special enzyme effect by achieving a similar Lewis acid-
promotedtrans selective cyclization o5 to 6.” This may be
due to the steric repulsion between the angular methyl and
C-12 and C-13 methylenes fé cis cyclization as illustrated
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kov cation 13 leading to14 or 15. Although most of the
Lewis acids afforded only spiro cyclization produ@ via
hydride shift generating catiahl, TiCl, surprisingly gener-
ated anti-Markovnikov catioil3 selectively. Furthermore,
we found that AIC§ and ZrC}, selectively led the rearrange-
ment to the unexpected six-membered rieg-cation16 via
13.

Although diol 8 was inert against BFfEL,O (3 equiv) in
CH.CI, under 0°C, rapid reaction took place at room
temperature, affording spirocyclit2 as the sole product in
82% yield. Reaction 08 with 3 equiv of SnCJ, Sc(OTf),
FeCk, TiF4, or CRSGOsH in CH,CI, at room temperature for
30 min also provided only the spiro eth&? as shown in
Table 1.

Table 1. Reaction of Diol8 with Acid and Lewis Acids in

Scheme 1
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) , 1 BFsELO 82
in 7.3°8The next problem to be solved was the Markovnikov ~ ,  gncy, 9
wall.3d° 3 Sc(OTHs 51
Transformation of2 to 3 involves ring expansion of a 4  FeCl3 76
tertiary cationic substrate into a secondary cation, namely, 5 FeCl;
an anti-Markovnikov cation. Although related biomimé#e 6  CFsSOsH 88
as well as chemic#i®drearrangements have been reported, 7 TR 76
the possibility of achieving the transformation2fo 3 as a g I:g::(o-i-Pr)z 116 1326 9 16 7
chemical reaction remained uncertain. We chose 8liak 10 znCl,
the model compound and investigated the chemical behavior 11 znoTH),
of the generated catidh Three possibilities were suggested 12 AlCl; 87
for the further direction of catio® (Scheme 2): (1) direct 13 ZrCly 84

However, the reaction & with 3 equiv of TiCly in CH,-
Cl, at room temperature afforded an entirely different result.
Intensive purification of the complicated reaction mixture
provided®/s cis-fused ethet4 (16% yield),cis chloro alcohol
17 (13% yield) andransisomerl8 (26% yield), anothef/s
cis-fused ether19, 9% yield), anothecis chloro alcohol
(20, 16% vyield), and anothdrans chloro alcohol (21,7%
yield) along with 1% of12 (Scheme 3). Products9—21
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cyclization to give oxetane ring0, (2) hydride shift tall 17-R=H 18:R=H o 19
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(3) biomimetic ring enlargement to generate anti-Markovni- WOH %ﬁﬁo”
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the side chain froni3. The expectefls trans-fused ether
15 was not detected in any reaction.
Reaction of 8 with AICl; or ZrCl, under the same

conditions provided another unexpected result. Only double-
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rearrangement and etherification prodd& was obtained

in 87% and 84% yields, respectively. TreatmentBokith Scheme 5
FeCh, TiCly(O-i-Pr), ZnCh, or Zn(OTf), did not provide Ticl,
any reaction product, and most of the starting material was —— 17a + 18
recovered. e VO
Structural studies were carried out carefully by preparing 8a _BFs « +
authentic materials as illustrated in Schemé43 Stereo- §7% %OAC %OAC
29 2:3) 30

of 29 and30in 87% vyield (Scheme 5). Now we can state

Scheme 4 . . . . .
0 that the C-ring formation of steroid biosynthesis may be
OAc_~_-OCOMe o 1) NaBH, altered without an enzyme. The hydride shift observed in
(I Pd(dba),/dppe (:ﬁ/\ 2) 0sO,-NMO the reactions with most of the Lewis acids is also very
2o BusSnOMe 8) NalO, important since it corresponds to the initiation of the
backbone rearrangement.
w Q\/ Itis extremely exciting to consider how the clear selectivity
comes about* MM2 calculation of cations9 using the
taS,H \ Eg:g‘"‘ $:3'/",5'\ 22‘2‘35"4 . CAChe-CONFLEX program elucidated the existence of two
FsCOz 3) PhgP- cc:|4 3) PhgP-CCl, conformers9a and 9b in 93% and 6% vyields, respectively
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(Scheme 6¥° The cationic plane of major conforméa is

chemical assignments d4f7 and 18 were also achieved by

NOE experiments. Clear NOE cross-peaks between the aXiaIperpendicuIar to the marked-@&4 bond and favorable for

methyl group and the axial protons in a 1,3 relationship were o hydride shift to generate catidl. On the other hand,

detected forl8, whereasl7 did not show any distinctive o marked &C bond of minor conforme®b is perpen-

NOE cross-peaks between the methyl group and the axialgicyar to the cationic plane and favorable for-C bond

protons. Stereochemical assignment@@and21lwere also  igration, affording anti-Markovnikov catiob3. Detection

achieved by NOE experiments. of the actual conformational change reflecting the nature of
Since only a small amount of five-membered ring product the counteranion is the next target of our research.
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