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ABSTRACT

The first part of this Thesis describes the development
of a new low-valent titanium reagent and its use in a general
method of annulation (Scheme A). The reagent is formally a
Ti(I) species and, unlike other low-valent titanium species,

it can be used with highly oxygenated substrates.
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Scheme A

The second part of the thesis describes the degradation
of both mevinolin (la) and compactin (1b) into the enone 2.
This enone had previously been made by total synthesis and it
can be converted into a range of analogues of la in which

ring A is modified. The degradation reported here therefore



makes available a number of semisynthetic analogues.

0SiPh;Bu-t
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Introduction

During an experimental surveylr2.3 of reductions with
T(IIX), McMurry sought to examine the effect of TiCl3 on the
behavior of LiAlH4, it being known that the presence of metal
salts altered the behavior of the hydride. On adding
benzophenone to a slurry formed by reaction of LiAlH4 with
TiCl3 in THF, he found that tetraphenylethylene was formed in
high yield. This type of reaction, in which carbonyl

compounds — usually ketones or aldehydes — are coupled by

use of low-valent titanium to produce olefins (Scheme 1), has

R R R R
%0 + >=0 — >_"-=<
R R R R

R = aliphatic or aromatic

Scheme 1

served for many years as an extremely useful procedure and is
usually known as the McMurry reaction.4 The active reagent
is referred to5/6/7/8 as a Ti(0) species, and the scope of the
method has been examined in detail. A number of reviews 1/2,4
are available and the essential characteristics of the

process are as follows:

Types of Carbonyl Compounds Coupled
(a) Intermolecular Reactions9.10,11

In the original report® aryl (Ar,CoO), aralkyl [Ar(R)CO],

ro



and alkyl [R(R')CO] ketones were shown to give the

corresponding olefins (Scheme 2),3 as did aryl aldehydes.3

Ar Ar Ar Ar
Do+ o -
Scheme 2

Unsaturated ketones? and aldehydes also undergo the reaction.

For example, retinal gives [P-carotene in 85% yield (Scheme

3).3 1In the case of aldehydes and aralkyl ketones the

N NN ACHO L e ’,{\
—————— ——— 2
85%
Retinal B-Carotene
Scheme 3

products are sometimes formed with exclusive E-geometry,3 and
sometimes2r12 jsomer mixtures are obtained.

At the same time that McMurry was studying the
dicarbonyl coupling two related reports appeared describing

the use of systems based on TiCl4/Znl3 and TiClgq/Mg.l4

(b) Cross Coupling Reactions5,15,16,17
McMurry examined the possibility of making unsymmetrical
olefins by coupling two different carbonyl compounds.3:16 A

mixture of symmetrical and unsymmetrical olefins was obtained



but, if one component is used in excess, the reaction affords
unsymmetrical olefins in good yield. For example, use of a
1:4 mixture of adamantanone and acetone gave the cross

coupling product in 63% yield (Scheme 4) with little (12%)

O
o Z
¥ /JL\
63%

1 4

Scheme 4

bisadamantylidene. Unsymmetrical products are formed
efficiently when one of the starting ketones is a diaryl
ketone. Unsymmetrical olefins are also available from diaryl

ketones and aralkyl ketones (TiCls/Li/DME) .18

(c) Intramolecular Reactions?

The coupling reaction works in an intramolecular sense

and, when an a,®-dicarbonyl compound — a dialdehyde,
diketone, or keto aldehyde — is added slowly (e.g., over 24

hours) to a slurry of the titanium reagent (prepared from

TiCl3 and Zn(Cu) couple), then a cyclic olefin is formed in

high yield (Scheme 5). Ring sizes 3 to 16 and 22 have been

TiCl3 / Zn-Cu Et
E{CO(CH,);2COE
75% B

Scheme §




prepared and the ketone terminus can be aliphatic or
aromatic.9,19.20 Even strained olefins are accessible.21,22,23

The cyclization of @,®-keto esters (Scheme 6)24/25 can be

TiCly / LAH (CH

(CHZ),COOEL
(I 1:0S
(0]

0

n=23,56,11 50-80%

Scheme 6

accomplished by using a reagent prepared from LiAlHg, TiClj
and triethylamine, and ring sizes from 4 to 14 have been

generated. Reagent made from TiCl3 and Zn(Cu) couple does
work, but the yields are lower. The TiCl4/2n (1:2) system

has been used to prepare furans (Scheme 7) .26 Other examples

Ph TiCly / Zn
0] 0 Ph
~ 10 : 2.0
0 . - |
0 dioxane, relux
55%
Scheme 7

of the use of base have been reported.?2?

Types of Reagent

Representative examples of the types of reducing agents



6

that have been used are listed in Table 1, which also gives
the ratios of the components in the reaction, as well as the
solvents and products.

The K(3.2 mole) :TiCl3(1 mole) system is better than the
reagent made from LiAlH4 for coupling of aliphatic ketones,
the LiAlHq reagent being erratic for this purpose.46

Reagent made form Zn(Cu) couple and TiCl3 removes
ethylene ketal groups,? but is compatible with the presence
of phosphorus (as phosphine) .47 Reagent prepared from TiClg
and Zn is compatible with the presence of sulfur48,49 ang
selenium (Scheme 8). The TiCl3/K system can be used to
deoxygenate phenols derivatized as their diethyl phosphate

esters.35

TiCly / Zn / THF
s” ph 70%

Scheme 8
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The Strutures for Some Compounds in Table 1

0 0 o} 0
ph/u\/\. N /\)I\ Ph V)i\V
2 | 3
Ph
0 ©
(o)
CHO Ph
5 6
COOMe
or2
E:::I: mr—«/—4ik Ph
COOMe o 0
7 8 9
E1O
Ph Ph HO OH |
Y\r H
HO HO
0
10 11 12
< > o O
N CHO
13 14
Scheme 9
Mechanisn

An early suggestion3 was that a ketyl radical anion is
formed from the carbonyl substrate and a Ti(II) species, and

the ketyl then dimerizes (Scheme 10). The resulting pinacol



- - 0 0- . R R
0 0
c Tian
2 —_—2 ) — H —_—
R)LR‘ R/k R RoORR R
Scheme 10

alkoxide reacts with the titanium reagent to form the olefin
and TiO;. Evidence to support this suggestion is the
isolation of pinacols when the reaction is not allowed to
proceed to completion. In fact, the reaction can be run
uncer conditions in which pinacols are formed in good
yield.30,50,41 When the presumed intermediate pinacols were
subjected to the standard reaction conditions, the expected
olefins were formed.5% Collapse of the pinacols was taken to
be the rate-determining step in the carbonyl coupling
process, simply on the basis that the pinacols could be
isolated.

Shortly afterwards the mechanistic proposal was changec,
to invoke Ti(0),9 but the idea of having pinacols as
intermediates was retained, as the experimental results in
that regard (i.e., the isolation of pinacols) were still
valid.

It was found that 2Z/E double bond isomers are produced
when starting from stereochemically pure 1,2-diols and, on
this basis, the proposal was made that the deoxygenation is
not concerted. Double bonds are not isomerized by the
titanium reagent, unless the bonds are very strained.2:25 The
mechanism by which the intermediate 1,2-dioxygenated species

is converted into olefins attracted McMurry's interest.? He



13

considered three possibilities (Scheme 11):

o
‘?

o

~
x

Scheme 11

In path A the deoxygenation occurs through a five-
membered transition state, while in path B, the intermediate
is one in which each of the two oxygens is attached to a
different titanium atom. McMurry's path C was very vaguely
defined and, presumably differs from path B mainly in the
valence state of the attached titanium atoms. In suggesting
this mechanistic scheme the valency of the active titanium
species is not specifically dealt with.

The involvement of a five~-membered intermediate was

eliminated by showing that two stereochemically fixed diols



(cis- and trans-camphane dicls, Scheme 12) both react with

OH
OH

OH

OH
Scheme 12

the TiCl3/LiAlH4 reagent at a similar rate, whereas, with lead
tetraacetate, the rate difference is about 109, the cis
isomer reacting faster.

Path B could also be eliminated by experiments which
revealed a great difference in behavior between cis- and
trans-9,10-decalindiols. The cis isomer gave the expected
olefin but the trans isomer was inert (Scheme 13). These

observations were taken to mean that both oxygens must be



15

\CO

p-

Scheme 13

able to bind to a common titanium surface. Thus, path C is
left and represents the working hypothesis.

One observation against an intermediate ketyl radical
anion is the fact that cyclopropyl ketones can be converted
into olefinsS! (Scheme 14) even though it is known that ketyl
radical anions formed from cyclopropyl ketones isomerize

rapidly as shown in Scheme 15.352

TiCl; /LAH
1:05
13%

Scheme 14

Scheme 15

The difference between the reduction potential values
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for diaryl ketones and aliphatic ketones has led to the

suggestion of an ionic mechanism (Scheme 16) .16

Scheme 16

Nature of the Reagent

The coupling reaction with low-valent titanium reagents
is a heterogeneous process and so a mechanistic study is a
difficult undertaking, but a detailed investigation was
reported by a Belgian group,>:%/7 and some progress has been
made at least in defining satisfactory conditions for
carrying out the reaction. A central question is the valence
state of the titanium, but this can not yet be answered
clearly.

Benzophenone and cyclohexanone were used’ as models for
the coupling of aromatic and aliphatic ketones, respectively.
The work was a pioneering effort in the field but, in
searching for the best conditions, the Belgian group did not
carry out a full optimization study. Consequently, their
experiments did not reveal conditions for the global maximum
yield (see discussion section on our own optimization work).
The use of Li, K, and LiAlH4 for reduction of TiClj was
examined, best results being obtained with the proportions

listed in Table 2.



Table 2

The Optimized Ratios

Reducing agent TiClj3:reducing TiCl3z:ketone
agent
Li 1:3.2 1:1
K 1:3.2 1:1
Mg 1:1.7 1:1
LiAlHg4 1:0.5 1:1

It was scressed that it is important to ensure that the
reduction of the TiCls is carried out to completion.53 This
may not always be easy; as it is reasonable to suspect that
the reducing agent (Li, K, LiAlH4) becomes coated with
insoluble titanium particles. All the systems in Table 2
performed very well, suggesting that "rather similar" species
are formed in each case. In retrospect, we believe, on the
basis of our own investigations, that this is not necessarily
a valid conclusion, since the behavior of benzophenone (and
probably also cyclohexanone) is not very sensitive to the
nature of the titanium reagent.

In each experiment the black color of titanium persists
at the end of the coupling process and so titanium dioxide
was not regarded as an end product. However, we think that

the white color of the dioxide could easily be obscured by a

17



slight excess of the black reagent, although we never saw in
our own experiments any evidence that the mixtures became
paler in color.

A number of solvents were tested, the range of
possibilities being limited to hydrocarbons and ethers by the
reactive nature of the titani: agent and the reducing
agents used in its preparation. Benzene, cyclopentadiene,
hexane, furan, thiophene, pyridine, anisole, THF, glyme,
diglyme, and diethyl ether were tried. Generation of the
low-valent titanium could be done with Na and Mg in THF only,
but with Li, K, and LiAlH4 the whole reaction (including the
dicarbonyl coupling) could also be accomplished in glyme,
diglyme, and diethyl ether. 1In pyridine the reagent seemed
to form in all the solvents tried, but no dicarbonyl coupling
took place. When diethyl ether was the solvent, a metallic
mirror formed on the walls of the flask but olefins were
still formed in reasonable yield.

THF performed best in all cases studied and the initial
concentration of TiClsj (froml0.04 M to 0.67 M) had little
effect (at least on the yield of tetraphenylethylene).

No systematic study of the influence of the ratio of
reducing agent to TiCls3 had previously been undertaken, and
best results were now found for the ratios specified in Table
2. With the benefit of hindsicht, it is important to stress
that the tabulated results refer to a 1:1 ratio of TiCl3 to
ketone and, as we discuss later, this is not the most

suitable ratio (at least with our reagents).

18



The first three entries in Table 2 are formally
consistent with the formation of Ti(0), the requirement for a
slight excess of the metal over the theoretical amount being
attributed to the presence of impurities such as TiCls and
titanium oxychlorides.

The situation for the TiCl3/LiAlH4/THF combination is
less clear cut. It is known that titanium tetrachloride
reacts with LiAlH4 according to the stoichiometry of Scheme
17.%4 but it is not clear what titanium species is formed with
a TiCl3:LiAlH4 ratio of 1:0.5, for which maximum yields were
found (Table 3). On the basis of circumstantial evidence,
the Belgian chemists suggest that the formal oxidation state

is Ti(I) in this case.

STiCls + 3LiAlH,4 5Ti(0) + 3Al(0) + 12HC] + 3LiCl

Scheme 17

Using the TiClji/reducing agent ratios found to be the
best when the TiCls3/ketone ratio is 1:1 (see Table 2), the
ratio of TiClj3 to ketone was optimized in three cases, and

the results are shown in Table 3.

19



Table 3

The Optimized Ratios for TiCl3/CarbonylsS¢

Reagent TiClj:ketone
TiCl3/Li (1:3.2) Not specified
TiCl3/K (1:3.2) Not specified
TiCl3/Mg (1:1.7) 1:1

TiCl3/LiAlH4 1:1 (for
(1:0.5) benzophencone)

TiCl3/LiAlH4 4:1 (for
(1:0.5) cyclohexanone)

It is speculated that a titanium surface containing the
metal in a variety of valence states becomes bonded to the
ketone. A radical anion forms on the surface and dimerizes.
Then, by an unspecified pathway, the resulting pinacolate is
converted into an olefin.

The Belgian study served to define certain facts: The
type of solvent, the ratio of reducing agent to titanium
halide, and the ratio of titanium halide to ketone are all

important factors. A full optimization study was not

undertaken, and the precise nature of the low-valent titanium

has eluded definition. As a working hypothesis, the reaction
is regarded as proceeding through a ketyl radical anion. If
this is postulated to be formed on the surface of the reagent

then the objection to such an intermediate (formation of
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olefins from cyclopropyl ketones, as described above) becomes
less of an objection, as the behavior ~f such species on a
surface is not known. Pinacolates must be intermediates
because pinacols can be isolated when the reaction is run

under very mild conditions.41

Applications in Organic Synthesis

A large number of applicit'ons of the titanium=-induced
dicarbonyl coupling have been reported in organic synthesis, 42
but, until the work from this laboratory was published3> there
were only a few isolated reports in which the substrate was
even moderately oxygenated.56 A probable reason for this can
be found in the experiments done in this laboratory (see

later).
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Discussion

This section of the thesis deals with the development
and application of some new low-valent titanium reagents in
which the metal has a formal valency of one. These reagents
can be used in a general method of annulation, as summarized
in Scheme 18,37 and, unlike those conventional low-valent
titanium species which we have tested, our reagents also work

when the substrates are highly oxygenated.

W
(o) (o)

/ X =H or OSiR,

X X
(Ti]
0/ °

Scheme 18

The starting point for our research is based on a model
study>® for the synthesisSS of compactin and mevinolin that

was carried out in this laboratory several years ago.



Compounds 15 were treated under standard conditions® with the
titanium reagent prepared from TiCl3 and 2Zn(Cu) couple
(Scheme 19). The desired products (16) were formed in about

72% yileld and, on the basis of this promising result, the

OTMS
TMSO
H
Zn(Cu) / TiCl Ctg/
condmons

16

Scheme 19

synthetic work was continued to the stage of the complex keto
aldehydes 17a and 17b (Scheme 20). However, when the same

conditions for titanium-induced coupling that had been

17a R=Me; R'=H; 18a-d (R, R’ have
both epimers at C-1 values corresponding
to those in 17a-d
17 R=Et; R =H;
both epimers at C-1

I7¢ R=Et R =Me; 1-Sonly
17d R=Et R'=Et; 1-Sonly
Scheme 20
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successful with the models 15, were applied to 17a, none of
the desired products 18a were obtained. At a much later
stage in the present investigation (see below5?) some 18a was
isolated, but, when initially tried, the reaction was
unsuccessful. A spectroscopic check was, of course, made for
the presence of compounds in which one or more of the
protecting groups had been lost, but which, nevertheless, had
the hexahydronaphthalene substructure of 18a. The reagent
made in the reported manner3:46 from TiCl3 and LiAlH4 was also
examined, but again, as far as could be judged, the
hexahydronaphthalenes 18a were not formed.

At this point in the program to synthesize mevinolin, a
full examination was made of the literature on the McMurry
reaction and it became clear that, among the many
applications, very few involved highly oxygenated
substrates.56 1Indeed, the process had been reported not to
work if the starting material contained an ethylene ketal
group.9,60

Professor McMurry, who was consulted about the
difficulties with the conversion of 17a into 18a, pointed
out that his reagent, as usually prepared [i.e. from TiCljs
and Zn(Cu) couple] contains Lewis acids, and he had
suspected, from his own work, that these acids are
responsible for degrading acetals. He had reported?4
(although not for a highly oxygenated substrate) the use of

reagent supplemented with triethylamine. When the
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LiAlH4/TiCl3 procedure was repeated (using 17b), but in the
presence of an excess of triethylamine?4 (to quench Lewis acid
sites), compounds 18b could be obtained — but only in yields
of 3C-35%. The experiments were repeated several times with
different proportions of amine in the hope of increasing the
yield because the reaction was a crucial one in the approach
to mevinolin and compactin. None of these efforts was
successful and it was decided to accept the poor yield.
Consequently, a large supply of 17a was built up so that
enough material would be available to take the product f t .e
titanium coupling all the way to compactin.

In the meantime other modifications of the titanium
reagent were examined, and it was decided to use potassium
graphite (CgK)42 as the intermediate reducing agent, because
this substance would not introduce additional Lewis acid
species — as do 2n(Cu) couple and LiAlH4. Moreover, CgK
would probably react more completely5:6:7,33 than lumps of
metallic potassium since the metal is uniformly distributed
within a large number of graphite particles. The first
experiment (carried out by Dr K.S. Keshava Murthy), in which
17b was treated with an excess of reagent prepared by the
action of CgK (3 moles) on TiCl3 (1 mole), afforded the
desired products 18b in 71% vield, but the next few attempts
to reproduce this result gave yields of 0 to 35%. All the
weighings for these experiments had been done in a glove bag
and it was suspected that unintentional exposure of the very

air-sensitive CgK or TiCl3 to atmospheric oxygen or to



moisture had altered the stoi. iometry from the intended

level. Therefore, the effect of changing the proportions of

all the ingredients in the conversion of 17b into 18b was

investigated, and it was quickly established by Dr. Keshava

Murthy that good yields are obtained by using CgK (2 moles)

and TiCl3 (1 mole) per 0.058 — 0.062 mole of dicarbonyl

substrate. The results of these early experiments in the

mevinolin/compactin series are shown in Table 4.

TABLE 4°*

Coupling Results for Mevinolin/Compactin Series

Entry | Substrate | TiCl3:CgK | Substrate:TiCl3| vield
a 17b 1.00:4.07 1.00:10.00 0%
b 17b 1.00:3.00 1.00:10.00 30%
c 17b 1.00:2.09 1.00:17.14 B85%
d 17¢c_ 1.00:2.53 1.00: 9.89 22%
e 17c¢ 1.00:2.14 1.00: 9.97 42%
f 17¢ 1.00:2.11 1.00:16.40 86%
q_ 17d 1.00:1.97 1.00:17.20 89%

Footnote to Table 4

3pll reactions were run in 1,2-dimethoxyethane (DME).

In each case the low-valent titanium reagent was

generated by heating CgK and TiCl3 in refluxing DME for an

arbitrary period of 2 hours,

followed by slow addition (over
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ca. 9 hours) of the dicarbonyl compound at room temperature,
and then a further period (ca. 5 hours) at reflux. When the
reaction was monitored by thin layer chromatography it was
discovered that an intermediate is formed during the
addition, but most of the final product is generated in the
reflux period. These conditions were routinely used in the
compactin, 35 mevinolin, 3% and 3-ethylcompactin®l series, i.e.,
with 17b-d [see Tables 4 and 8 (the latter is on pages 34 —
36)]. No epimerization takes place a to the aldehyde group
in 17e5% or 17d.6!

The above experiments represent a general method for
annulation and this is summarized in Scheme 18 (see above).
The method involves attaching a chain, carrying a potential,
or actual, carbonyl group & to the carbonyl of a cyclic
ketone. Then, after unmasking the pendant carbonyl (if
necessary), the two carbonyls are coupled to generate a
bicyclic olefin. The titanium reagent has been tested in the
demanding case represented by the natural products chemistry
(17—18) discussed above, and it was clearly worthwhile to
extend the method and to demonstrate its generality.

We have studied a number of examples (see later, Table
8, page 34) in whicn we used several different methods for
attaching the carbonyl side chain. The early experiments
were done with the CgK/TiCl3 reagent, but later we employed
other reducing agent/titanium halide combinations that are

easier to handle.



Preparation of the Substrates for Titanium Coupling

In some of our examples we used an aldol condensation to

actach the pendant chain & to the ketone carbonyl. Scheme 21

HO RO
i LDA, -78°C protection
ii M H ( n —_ ( )n
o n o) 0
o M /

R = E13Si or Ac

Scheme 21

illustrates the general approach and the compounds made are
listed in Table 5. It should be noted that the hydroxyl must
be protected, and for this purpose silylation or acetylation

are suitable.
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Table §

Products from Aldol Condensation

Structure Yield from Condensation Yield from Protection
RO
19 R=H, 82% 20 R = E3Si, 88%
(0]

21R=H, — 22 R = Ei3Si, 46%°
RO H
23R=H, - 24 R = EuSi, 30%°
(0]
RO
25R=H, 75% 26 R = Eti3Si, 81%
(0]

27R = Ac, 88%

Footnote toTable 5
3The yield is over the two steps. The two compounds were separated and obtaind in the indicated yields.

A second method for making substrates for the titanium
coupling is by direct enolate alkylation. The protected
diketone 28 was assembled in this way (Scheme 22), and, in a

related process, enamine alkylation was used (Scheme 23).



0O O
Mel /NaOH
o Dioxane 0
25%
NaOH
4-bromo-1-butene
56%
0O 0 0
HO
B \/\OH
Z o TSOH-H,O Z o
28 62%
Scheme 22
N
Br
+ -

n o n
29,n=1,34%
30,n=2,95%

Scheme 23

We have also applied Michael addition, as shown in
Schemes 24, 25, and 26, the last procedure (Scheme 26) being

a little more involved than the others.
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N
Ph
& oY =R
n Reflux Ph
o) 0
3la,n=1,79%
32a,n=2,86%
Scheme 24
(0] COOEt
é/coom i NaH, THF m
Ph
i /\|r PN, 0
o 33a, 80%
Scheme 25
"N 0]
PhSO,
34
OH
87%, over HO” N\
two steps TsOH-H,0
PhSO, o, 0O

i LDA, , THF / HMPA PhSO,
ii 4-bromo-1-butene

o iii % HCI (aq.), THF
68% 35

36

Scheme 26

Apart from those cases where the second carbonyl was not

already present in the newly introduced side chain (Schemes



21, 22, 23, and 26), an extra step was needed to generate
that carbonyl. This was done in two ways: Ozonolysis was
used for aldehydes 17a-d, 20a, 37a, 38a, 22a, 24a, 29a,

and 30a, as shown in Table 6.

Table 6

Dicarbonyls from Ozonolysis

Et,8i0 E1Si0
(\j/:; 20a, 79% O;U/:> 22a, 91%
(0]
/ 0O
0
Et,Si? , ELSiO o
37a, 60%2 H 24a, 98%
(9]
/ (0)
0
El,SiO
38a, 83% 29a,n =1, 84%
o)
0/ 30a,n = 2, 95%

Footnote to Table 6.
3The starting material was a single isomer.

Isomer 37a was obtained simply by chromatographic
separation of the ozonolysis products (20a) of compounds 20.
Compounds 38a (see Table 6) were prepared by

hydrogenation of compounds 20a.



The other method for generating the second carbonyl
group is by Wacker oxidation62 (see Table 7). The best
experimental procedure®? for this involves treatment of the
olefin with oxygen in DMF-H20 in the presence of a catalytic

amount of PdClz and a stoichiometric quantity of CuCl,

Table 7

Products from “Wacker Oxidation

Et,Si0 AcO
26a, 75% 27a, 87%

0 0

o 0]

O/\I PhsSO,
o)

28a, 70% 36a, 85%

0o §)

0 G

The Titanium Coupling

Our results for the titanium coupling are collected in

Table 8.
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Table 8

Titanium Induced Anaulation Results®

Carbonyl
Substrate

17b
17a
17¢
17d
E;8i0 Et3Si0

H
o) 0O

20 O 20ac°¢

Method ®

Ain¢
B;nt

An¢
A;ntd

A

37TaR*,R%f C
37a(R*,R*)f D

35!0
31a n=1
32a n=2
OSiEt, EtSi0
o : ; '
22 (R*.S*) 022a (R*, 5%
24 (R*.S%) 22a (R*, 5*)

24a (R*,R")
24a (R*,R*)

A
A

A
A8
A
Al

Product

E4,SiO

ESiO

Ph

3ib n
32b n

Et;Si0

18b
18a
18¢
18d

20b ©
37b (R*, 5*)
37b (R*, 5*)

38b ©

A

Yicld

85%
N%

86%
89%

82%
71-86%

65%

4%

86%
87%

22b (R*,R*) 50%
22b (R*.R*) 64a% 8

24b (R*,5*) 51%
24b (R*,5*) 61%*
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Table 8 (continued)

Starting Carbonyl b
Materials Substrate Method Product Yield
™~ ™~ /™~
( fo J Iﬁﬁ o)
(s) o O
28 28a Ab 28b 75% b
28a B 28b 69% b
H
o : ; o; ( ;
l J
29a n =1 29a n =1 A 29%b n =1 81%
30a n=2 30a n=2 A 30bn = 86%
COOE: COOE!t
(D §:l:>
(0 J's) P
33a A 33b 61%
33a B 33b 69%
33a 33b 66-73%
OR OR OR
o (O
(0}
26 R = SiEny 26a R = SiEl3 A 26b R = SiEyy 74%!
=Ac B 27b R= Ac 58% )

27 R = Ac 27a R

35
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Table 8 (continued)

Carbonyl Method Product Yieid
Substrate
PhSO, PhSO, PhSO,
el Qe
I 0
36 36a B 36b i 39%
Benzophenone C Tctraphctylemylcnc
37a 37b 84% k
Cyclohexanone C Cyclohexylidene-
cyclohexane
38a ishb 56%
38a A 38b 58%
Cyclododecanone A Cyclododecylidene-
cyclododecane
39a 39p 85%

Footnotes to Table 8.

(a)
(b)

(c)
(d)
{e)
(f)

{g)

(h)
(1)
(3)
(k)

Yields refer to isolated compounds.

A = CgK/TiCl3/DME; B = Na/Cy(QHg/TiClg/THF; C = Na (Hg) /TiCl4/DME; D
= Na-K/TiCl4/THF.

See reference 55.

See reference 61.

Mixture of both isomers.

The relative configuration at the two stereogenic centers is
specified. Note that (R*,R*)-(t)-37a gives the (R*, S*) - (t) -product
(without any epimerization). There is a corresponding change in
notation when 22a and 24a are converted into their respective
products. The stereochemical assignments to 37b, 22b, and 24b
(and hence to their precursors) follow from a consideration of the
coupling constants for the CHOSi signals.

Dioxane was used as the solvent and the dicarbonyl compound was
added at reflux.

See also Table 9.

Combined yield of the separated [(R*,R*)-(t)- and (R*,S*)-()-)
isomers.

A single isomer of undetermined stereochemistry.

See also Tables 10 and 11.

In our initial experiments the CgK/TiCl3; system was used

for the dicarbonyl coupling. The dicarbonyl compound had
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been added at room temperature with 17a-d, but we generally
added the material at reflux. We have not made a systematic
study of the effect of the temperature during the addition
period, but we have examined modifications of the reagent
that avoid, as far as possible, the need to weigh compounds
as highly air-sensitive as CgK and TiCl3z. (Such materials are
best handled in a dry box.) For this reason we evaluated
sodium-naphthalene (Na/CjgHg) as the reducing agent because
stock solutions are easily dispensed by syringe techniques,
and TiCly as the titanium halide because this compound is a
distillable liquid. We also examined 40% w/w sodium amalgam
(Na/Hg) 63 and 17% w/w sodium-potassium alloy (Na-K).6% Both
of these reducing agents are liquids and they were both used
with TiClg. As in the case of the original formulation (see
Table 4), a particular ratio of reducing agent and TiClg was
required for optimum results, except with Na(Hg). Our
results on the influence of the proportions of the

ingredients are shown in Table 9, and the ratio
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corresponds closely to the formal production of titanium(I).
In each case the reagent had to be used in substantial
excess, just as had been found with the CgK/TiCl3 system.

With Na(Hg) the choice of solvent is important (as
judged by experiments with 28a); the reactions were cleaner
when run in DME than in THF.

We also examined a few intermolecular cases (see Table
8, 37a — 39a), but, although we did not carry out an
extensive study, the ratios with both Na/Cy19Hg/TiCl4 and
CgK/TiCl3 (see later) seem to be important. At a later date
we examined the subject in detail with benzophenone (see
below, and Tables 11).

In reactions involving aldehydes, we have gained the
impression (not specifically proven by deliberate
experiments) that the compounds should be free of the
corresponding acids, and so the aldehydes were always
protected from air.

In some cases (see Table 8) prolonged reaction times
(e.g., for 38b, 22b, 24b, 28b) or use of a higher boiling
solvent (dioxane instead of DME) are advantageous (22b,
24b) .

When the Na/CyoHg/TiCl4/THF system is used, relatively
large amounts of naphthalene must be separated from the
desired product, and this can be difficult in some cases,
unless the product has a very high boiling point. In that
case the naphthalene can be removed by sublimation. Of

course, if the product is quite polar, chromatographic
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separation is straightforward. However, in the hope of
simplifying product isolation, we tried 1-(dimethylamino)-
naphthalene, 85 which, of course, is extractable into acid.
Unfortunately, significant cleavage of the spz-carbon
nitrogen bond occurs under the reaction conditions so that
the product mixtures still contain substantial amounts of
naphthalene. Ideally, the amine could be used in catalytic
quantities, but when this was tried we found that reduction
of TiCl4q was incomplete in THF at room temperature, even
after sonication®® for 24 hours,®7

An attempt at sonochemical dispersion®® of potassium
metal in DME, with the intention of then adding TiClyg, was
unsuccessful, lumps of potassiumb® still being visible after
several hours. In retrospect, we should have used toluene,
in which such dispersion has been reported, 89 but this solvent
was not examined.53 However, Na(Hg) was tried successfully
(see Tables 8 and 9), and here the problem of separating
naphthalene does not arise.

As shown in Table 8, the reaction generally worked well
with simple examples and so we sought a very sensitive
substrate that could be used as a test case. Compounds 17a-d
were too valuable for this purpose, and we already xnew that
our CgK/TiCl3 reagent was superior to the classical species,
at least with 17b as the substrate. Compound 28a was chosen
as a more accessible example than 17a-d. It was reported$?
that 28a does not undergo intramolecular coupling with the

standard Zn{Cu) couple/TiCl3 reagent.



Our CgK/TiCl3 reagent worked well with 28a (75%, Table
9) and so did reagent generated from Na/naphthalene and TiClg4
(70%) (see Teble 9 above). 1In both cases [CgK/TiCl3 and
Na/naphthalene/TiCl4] the yield was sensitive to the ratio of
the components in the reaction mixture but, surprisingly,
when we used Na(Hg) as the intermediate reducing agent, there
was little dependence (within the range we studied) on the
ratio of amalgam to TiClg (at a constant TiCl4/substrate ratio
of 17:1).

At this point in our investigation it was reported40
that use of a TiCl3-DME complex’® (instead of TiCl3, ‘ith
Zn(Cu) couple yielded an improved formulation of -
classical reagent, and it was important to compare - low-~
valent titanium species with the new one. 1In the event, our
experiments (see Table 9) showed that 28a is not a very
demanding material in the present context, because the
intramolecular coupling works well with all the reagents we
tried, including the standard 2zn(Cu) couple/TiCl;. We could
detect (see Table 9) no significant advantage with the DME
complex, although it appears to be less air-sensitive than
TiCl3 itself, but we did find that with CgK/TiCl3 and
Na/C10Hg/TiClg, and only with these, the outcome of the
intramolecular coupling is very sensitive to the ratio of the
components. The product 28b is inert to CgK or to Zn(Cu)
couple in refluxing DME, but an excess of CgK, over and above
the optimum amount, must be avoided during formation of the

reagent.
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We also carried out a short study of the coupling of
benzophenone with the CgK/TiCl3 system and found, with the
CgK/TiCl3 ratio fixed at 2.1:1, that a large excess of reagent

is definitely required (se2 Table 10).

Table 10
Coupling of benzophenone with CgK/TiCl3/DME?2

Entry CgK:TiClj TiCl3:Ph2C=0 Yield of Recovery
PhoC=CPh) of PhsC=0

a 2.23:1.00 1.94:1.00 33% 58%

b 2.04:1.00 4.11:1.00 79% 13%

c 2.10:1.00 8.00:1.00 91% 0%

d 2.99:1.00 8.21:1.00 89% 0%

e 4.46:1.00 6.00:1.00 <10% --b

Footnotes to Table 10

2In a typical experiment, benzophenone (54.7 mg, 0.30 mmol) in DME (6
mL) was added in one portion to a refluxing mixture of the titanium
reagent (from TiCl3 (370.0 mg, 2.40 mmol) and CgK (681.7 mg, 5.04 mmol)]
in DME (10 mL). Refluxing was continued for 12 h.

Yields refer to isolated compounds.

bNot measured.

All the experiments hitherto had relied on a small
number of tests in which the ratio of the components in the
coupling reaction had been changed, and we felt it would be
desirable to carry out a comprehensive optimization study in
which the titanium/reducing agent and the titanium/substrate
ratios are systematically varied over a wide range. This
survey would have been prohibitively labor-intensive for an
intramolecular coupling as some 80 experiments were

contemplated, and each would involve addition of the



dicarbonyl compound over about 10 hours. We chose,
therefore, to examine an intermolecular example (in which
case the substrate is added in one portion), and we used
benzophenone, since its reaction could be monitored easily by
gas chromatography. We arbitrarily prepared the reagent by
heating the components for 2 hours in refluxing THF. Our
results are shown in Table 11. We appreciate that
benzophenone is not particularly sensitive to the ratios but,
nevertheless, the Table shows clearly that, for highest
yields, the ratios that had been found largely by chance with
17b are close to those that give a global maximum for
benzophenone. Significant amounts of 1,2-diphenylethane are
produced if the Na/CygHg/TiClg ratio is greater than 3.2:1.7!
A comparison of the results in Tables 10 and 11 suggests
that the active species (and/or its amount) in the CgK/TiClj
and Na/CjgHg systems are different, because the sensitivity of

yield to ratios is not the same with both reagents.
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Conclusion

In view of the successful coupling of 28a with the
classical Zn(Cu) couple/TiClj reagent (see Table 9), our
remaining supply of 17b from the compactin series was
subjected (by Dr K. S. Keshava Murthy) to the classical
Zn (Cu) couple/TiCl3 method. This experiment had been tried
earlier, of course, but this time, with the benefir of
considerable experience in handling low-valenr. 1. . tum
reagents, the desired product was indeed isolated, although
in less than 40% yield. We conclude, therefore, that our
reagents do have advantages over the conventional [so-called
titanium(0) species], and are appropriate to try with highly
oxygenated substrates.56d Our reagents, with the possible
exception of tu:i. . .de from Na(Hg), are clearly different in
behavior frec: - other titanium species we have examined,
and they !.«»/7"iCl3 and Na/CyoHg/TiCl4] are mild enough for
application 1o compounds of type 3. The Na(Hg)/TiClq4 reagent
has not been tested with 3 but its performance is adequate
with 28a.

Finally, we were curious to establish whether vicinal
diols can be converted into olefins with the present
reagents,’2 but this point was examined only in a cursory
manner. Vicinal diols can be isolated with typical McMurry
reagents if the reaction is done under mild
conditions.44,30,41,50 1n our case (experiment done by Sylvain

Daigneault), the cis 1,2-diol 40a gave the corresponding
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HO
i | “
MeO

40b

MeO
40a
Scheme 27

olefin when treated with the CgK/TiCl3 reagent. The yield was
92%, but the reaction was slow in boiling THF (67°C), and was

and

best done in diglyme at 85°C.
(from TiClg (1 mole)

We have also generated Ti(II)
and used the reagent to make 1,2-

Na/naphthalene (2 mole))

diphenyl-1,2-ethanediol.
Our last experiment related to the titanium work was the
As described in the next chapter

preparation of alcohol 41.
of the thesis, we needed a large amount of this alcohol
(referred to as compound 25 in the next chapter) for model
The

studies on the degradation of mevinolin and compactin.

compound was prepared by desilylation of 37b, under standard

conditions.
H
H

TESO
i H .
TBAF, THF
100%

el c

a
41

37b
Scheme 28
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Experimental Section
The same general procedures were followed as described
previously,’3 all reactions involving titanium being done
under argon.’4 Petroleum ether refers to material with bp 35
- 60°C. All aldehydes were checked for the absence of
carboxylic acids and were carefully protected from air during

use.

4-Pentenal.

4-Pentenol (17.23, 0.20 mol) in CHzCl; (30 mL) was added
to a stirred suspension of PCC (64.67 g, 0.30 mol) in
anhydrous CH2Clz (300 mL) under argon at room temperature over
ca 1U min. After a further 10 min, the reaction flask was
cooled by a cold-water bath , and the bath was removed 10 min
later. Stirring was continued for 2 h (V.P.C. control, 10%
OV-1, 90°C) and the mixture was then diluted with ether (300
mL) and filtered through a pad of Florisil. The insoluble
residue was washed with ether (3 x 50 mL), the washings were
filtered through the Florisil pad, and the solvent was
removed by distillation through a 30-cm Vigreaux column.
Spinning band distillation [bp 97°C (lit. 75 bp 102--104°C)]
of the residue gave 4-pentenal (5.38 g, 32%) of greater than
98% purity (V.P.C.; 10% OV-1, 90°C): IR (CHClj cast) 1713,
1642 cm~l; 1H NMR (CDCl3, 300 MHZ) & 2.30--2.70 (m, 4 H),

4.95--5.15 (m, 2 H), 5.75--5.95 (m, 1H), 9.80 (t, J = 1.50
Hz, 1 H); 13C NMR (CDCl3, 75.469 MHZ) § 26.02, 42.64, 115.57,
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123.71, 201.77; exact mass, m/z 84.0572 (calcd for CgHgO, m/z

84.0572).

6-[1-(Triethylsilyl)oxy]-4-pentenyl-2-cyclohexen-1l-one
(20) .
(a) 6-(l-Hydroxy-4-pentenyl)-2-cyclohexen-1l-one.

HO
o‘Q (o)

19

n-BuLi (1.6 M in hexanes, 34.4 mL, 55 mmol) was added
dropwise to a stirred and cooled (0°C) solution of i-PraNH
(8.5 mL, 60.6 mmol) in dry ether (100 mL). Stirring at 0°C
was continued for 10 min and the mixture was then cooled to -
78°C. 2-Cyclohexen-1l-one (4.82 mL, 49.8 mmol) was added over
ca. 20 min. The resulting yellow solution was stirred at -
78°C for 60 min, and 4-pentenal’® (5.90 mL, 59.7 mmol) was
then added in one portion, followed, after 10 min, by glacial
acetic acid (8.6 mL, 150.2 mmol). The mixture was left to
warm to room temp and was then diluted with water (100 mlL).
The layers were separated, and the aqueous phase was
extracted with ether (3 x 100 mL). The combined organic
extracts were dried (MgSO4) and evaporated. Flash
chromatography of the residue over silica gel (4 x 15 cm)
with 3:7 EtOAc--hexane gave the desired aldols 19 (7.3749 g,

82%) as an apparently homogeneous (TLC, silica, 3:7 EtOAc--



hexane) oil: IR (CHCl3 cast) 3450, 1669 cm-!; lH NMR (CDClj,
300 MHz) (two diastereoisomers in a ratio of ca. 1:4) § 1.35-
-1.85 (m, 3 H), 1.85--2.60 (m, 6 H), 2.68 (d, J = 6.0 Hz, 0.2
H; exchanges with D20), 3.85--3.96 (m, 0.80 H), 4.08 (dd, J =
3.0, 1.0, 0.8 H; exchanges with D20), 4.14-~~4.24 (m, 0.2 H),
4.90--5.10 (m, 2 H), 5.75--5.95 (m, 1 H), 5.95--6.10 (m, 1
H), 6.95--7.10 (m,1 H). [In the presence of D20 the signal
at 3.85--3.96 simplified to a doublet of triplets (J = 8.5,
3.0 Hz), and the signal at 4.14--4.24 also simplified to a
doublet of triplets (J = 9.5, 4.5 Hz).] 13C NMR (CDC1j,
75.469 MHz) (major isomer) & 24.98, 25.76, 29.21, 32.87,

51.57, 71.09, 114.63, 129.78, 138.49, 150.91, 203.43; (minor
isomer) & 17.99, 22.47, 30.40, 32.20, 55.20, 69.21, 114.79,

130.08, 138.26, 150.68, 201.76; exact mass, m/z calcd for

C11H1602 180.1150, found 180.1148. Aanal. Calcd for C11Hy1602:

¢, 73.30; H, 8.95. Found: C, 73.36; H, 9.10.

(b) 6-[[1-(Triethylsilyl)oxy]-4-pentenyl]-2-

cyclohexen-1l-one (20).

HO Et,Si0
0 o)
19 20

A general procedure?’ for triethylsilylation was used:

Et3SiCl (1.43 mL, 8.48 mmol) was added to a solution of the

above aldols (764.3 mg, 4.24 mmol) in dry pyridine (10.0 mL).
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The solution was heated at 60°C for 4 h, cooled to room temp,
diluted with ether (60 mL) and extracted with 10% w/v

CuS04.5H20 (4 x 20 mL). The combined aqueous extracts were
back-extracted with ether (30 mL) and the combined ether
¢xtracts were washed with water (2 x 50 mL), dried (MgSO4),
and evap~rated. Flash chromatography of the residue over
silica gel (3 x 15 cm) with 1:9 EtOAc--hexane gave 20 (1.1078
g, 88.7%) as an apparently homogeneous (TLC, silica, 1:9
EtOAc~--hexane) oil: IR (CHCl3 cast) 2959, 2876, 1677, 1089
cm~l; 1H NMR (CDCl3, 300 MHz) (two isomers in a ratio of 1:4)
d 0.50--0.70 (m, 6 H), 0.85--1.05 (m, 9 H), 1.45--2.55 (m, 9
H), 4.38--4.48 (dt, J = 8.0, 4.0 Hz, 0.8 H), 4.48--4.54 (dt,
J= 6.8, 2.5 Hz, 0.2 H), 4.90--5.10 (m, 2 H), 5.75--6.05 (m,
2 H), 6.90--7.00 (m, 2 H); 13C NMR (CDCl3, 75.469 MHz) (major
isomer) 6 4.89, 6.69, 21.85, 25.86, 30.53, 32.09, 53.38,
70.14, 114.09, 130.10, 138.42, 149.62, 199.21; (minor isomer)
8 20.95, 25.19, 29.92, 34.58, 50.61, 69.12, 114.39, 130.25,
137.99, 199.30; exact mass, m/z calcd for C17H3002Si 294.2015,
found 294.2011. Anal. Calcd for C;9H30028i: ¢, 69.33; H,

10.27. Found: C, 69.37; H, 10.33.



2-0x0~Y-[(triethylsilyl)oxy]-3~-cyclohexene~1-butanal

(20a) .

El;SiO El3810

20 20a

Ozone was bubbled through a stirred and cooled (-78°C)
solution of triethylsilyl ethers 20 (3.04 g, 10.32 mmol) in
dry CH2Cl2z (50 mL), until just a trace of starting material
remained (TLC, silica, 1:3 EtOAc--hexane). Ph3P (5.41 g,
20.64 mmol) was added and the solution was left at -78°C for
10 min. The cold bath was removed and the mixture was
stirred overnight, and then evaporated. Flash chromatography
of the residue over silica gel (4 x 15 cm), first with 1:19
EtOAc--hexane (to separate triphenylphosphine) and then with
1:3 EtOAc~--hexane, gave 20a (2.41 g, 78.9%) as an oil. [The
two components were chromatographically resolvable (TLC,
silica, 1:3 EtOAc--hexane).]: IR (CHClj3 cast) 1725, 1675 cm~
1; 1§ NMR (CDCl3, 300 MHz) (two diastereoisomers in a ratio of
1:4) & 0.50--0.70 (m, 6 H), 0.85~-1.05 (m, 9 H), 1.60--2.65
(m, 9 H), 4.38~-4.45 (dt, J = 8.3, 4.0 Hz, 0.8 H), 4.45--4.55
(dt, J= 6.3, 3.0 Hz, 0.2 H), 5.92--6.08 (m, 1 H), 6.90--7.02
(m, 1 H), 9.76 (t, J=1.65 Hz, 0.8 H), 9.80 (t, J= 1.5 Hz,
0.2 H); 13C NMR (CDCl3, 75.469 MHz) (major isomer) & 4.977,

6.880, 1.928, 25.343, 26.066, 41.359, 53.304, 69.854,
130.163, 150.281, 199.543, 202.555; (minor isomer) & 5.067,
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6.%39, 21.604, 25.286, 27.889, 40.395, 51.255, 68.600,
130.236, 150.210, 199.381, 201.851; exact mass, m/z calcd for
C16H2803S1 296.1808, found 296.1808.

(R*, R*)~ (1) -2-Ox0-Y-[(triethylsilyl)oxy]-3-

cyclohexene-l-butanal (37a).

EySi0 E,Si0
H iH
o) o
4
o
20 37a

The above procedure was followed, using triethylsilyl
ethers 20 (5.8364 g, 19.82 mmol), CH2Clz (100 mL) and PhjP
(10.39 g, 39.63 mmol). Flash chromatography of the the total
reaction product over silica gel (7.5 x 20 cm) with 1:19
EtOAc--hexane (1500 mL), 1:9 EtOAc~-hexane (1000 mL), and
then with 3:17 EtOAc--hexane, gave 37a (2.7994 g, 60%) as a
homogeneous (TLC, silica, 1:3 EtOAc--hexane) o0il, and a
mixture of 37a and the corresponding (R*, S*)-(%)-isomer
[which was the major (89%) component of the mixture] (1.8717
g, 22%) as an oil. Compound 37a had: IR (CHCl3 cast) 1725,
1675 ecm~1; H NMR (CDCl3, 300 MHz) § 0.61 (g, J = 8.0 Hz, 6
H), 0.95 (v, J=8.0 Hz, 9 H), 1.62--1.94 (m, 3 H), 2.18-~

2.65 (m, 6 H), 4.44 (dt, J = 8.5, 4.0 Hz, 1 H), 5.98 (ddd, J

10.0, 3.0, 1.0 Hz, 1 H), 6.95--7.04 (m, 1 H), 9.78 (t, J =
1.6 Hz, 1 H); 13C NMR (CDCl3, 75.469 MHz) & 4.99, 6.91, 21.94,

25.30, 26.09, 41.39, 53.32, 69.87, 130.18, 150.30, 199.57,
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202.60; exact mass, m/z calcd for C16H2803S1 296.1808, found

296.1808.

General Procedures for Titanium-mediated Dicarbonyl
Coupling. Procedure A. Freshly prepared potassium
graphite (CgK)42 and TiCl3 were weighed under argon in a dry
box and transferred successively to a 100-mL round bottomed
flask containing dry DME. The mixture was refluxed for 2 h
under argon, and the carbonyl compound in dry DME was added
by syringe pump over 10 h to the stirred and refluxing slurry
of titanium reagent. Stirring was continued for an
additional 3 h. The mixture was cooled to room temp anA
filtered under argon through a pad of Florisil (3.5 x S cm)
contained in a sintered funnel that was equipped with an
argon inlet near the top. The pad was washed with ether (3 x
50 mL). The combined filtrates were evaporated and the crude

product was isolated as described in the individual examples.

Procedure B. Na was added to a stirred solution of
naphthalene (1 mol per mol Na) in THF (argon atmosphere) .
Stirring was continued for 2 h and then TiCly (freshly
distilled from copper powder) was added over about 10 min
while the flask was cooled with a cold-water bath, a small
portion of THF being used to rinse all the halide into the
reaction vessel. The resulting black mixture was refluxed
for 30 min and cooled to room temp. A solution of the

carbonyl compound in THF was injected over 10 h at room temp.
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The mixture was then refluxed for 4 h, cooled to room temp
and filtered, under argon, through a pad of Florisil, using
ether as the wash solvent. The filtrate was evé¢norated and
the product was isolated as described for the individual

examples. In some cases the carbonyl compound was added at

the reflux temp of THF.

Procedure C. TiCls; was added dropwise to a stirred
suspension of liquid sodium amalgam (39.5% w/w) in DME (or
THF) while the flask was cooled with a cold-water bath, a
small portion of solvent being used to rinse all the halide
into the reaction vessel. The resulting mixture was refluxed
with stirring for 5 h and then cooled to room temp. A
solution of the carbonyl compound in DME (or THF) was
injected over 10 h at room temp. The mixture was then
refluxed for 4 h, cooled to room temp and filtered, under
argon, through a pad of Florisil, using ether as the wash
solvent. The filtrate was evaporated and the product was

isolated as described for the individual examples.

Procedure D. TiCly was added dropwise to a stirred
suspension of liquid sodium-potassium alloy (17% w/w Na) in
DME while the flask was cooled with a cold-water bath, a
small portion of DME being used to rinse all the halide into
the reaction vessel. The resulting mixture was refluxed with
stirring for 4 h, and then a solution of the carbonyl

compound in DME was injected over 10 h. The mixture was then
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refluxed for a further 4 h, cooled to room temp and fi'tered,
under argon, through a pad of Florisil, using ether as the
wash solvent. The filtrate was evaporated and the product

was isolated as described for the individual examples.

Triothyl[(1,2,3,7,8,aa-h.xahydro-l-naphthllonyl)oxy]-
silane (20b).

E(,Si0 Ey,Si0

20a 20b

Procedure A was followed, using TiCl3 (265.3 mg, 1.72
mmol), CgK (488.3 mg, 3.61 mmol) in DME (25 mL), and 20a
(30.0 mg, 0.101 mmol) in DME (5 mL). Flash chromatography of
the crude product over silica gel (1 x 10 cm) with petroleum
echer gave 29b (22.0 mg, 82%) as an apparently homogeneous
(TLZ, silica, 1:9 2ther--petroleum ether) oil: IR (CHCl3
cast) 3020, 2952, 1098 cm~l; lH NMR (CDCl3, 300 MHz) (two
diastereocisomers in a ratio of 1:4) & 0.50--C.70 (m, 6 H),
¢.20--1.05 (m, 9 H), 1.58--2.48 (m, 9 H), 3.40 (m, 0.2), 4.05
(br s, 0.7 H), 5.38 (br s, 0.2 H), 5.50 (br s, 0.8 H), 5.60--
5.75 (m, 1 H), 6.04 (d, J = 10.0 Hz, 1 H); 13C NMR (CDClj,
75.469 MHz) (major isomer) & 5.207, 7.061, 21.194, 25.792,
26.058, 30.218, 40.468, 68.698, 122.890, 126.926, 130.187,

134.018; (minor isomer) § 5.128, 6.985, 25.287, 26.470,

32.398, 43.645, 73.763, 122.548, 127.818, 128.984, 135.518;



exact mass, m/z calcd for Ci1gH280Si 2f4.1909, found 264.1910.

Anal. Calcd for CjgHzg0Si: C, 72.66; H, 10.67. Found: C,

72.94; H, 10.67.

(R*,8*)-(1)-Triethyl[(1,2,3,7,8,8a~-hexahydro-~-1-

naphthalenyl)oxy]silane (37b).

Et,Si? ” Et,Si? ’
) © : :
0

37a 37b

(a) Procedure C was followed, using Na(Hg) (40%, 890.7
mg, 15.50 mmol), TiClgq (0.62 mL, 5.64 mmol) in DME (25 mlL),
and 37a (98.4 mg, 0.33 mmol) in DME (10 mL). Refluxing was
continued for a further 5 h after the addition. Flash
chromatography of the crude product over silica gel (1 x 15
cm), first with hexane and then with 1:19 EtOAc--hexane, gave
37b (75.2 mg, 86%) as a homogeneous (TLC, silica, 1:19 EtOAc-
-hexane) o0il: IR (CHClj cast) 3010, 2952, 1099 cm-l; lH NMR
(CDCl3, 300 MHz) 8 0.61 (q, J = 8.5 Hz, 6 H), 0.95 (t, J = 8.5
Hz, 9 H), 1.55--1.85 (m, 4 H), 1.95~-2.45 (m, 5 H), 4.02 (br
s, 1 H, 5.48 (br s, 1 H), 5.60--5.70 (m, 1 H), 6.04 (d, J =
9.5 Hz, 1 H); 13c NMR (CDCl3, 75.469 MHz) § 5.115, 7.052,
21.173, 25.768, 26.039, 30.201, 40.447, 68.679, 122.891,
126.939, 130.173, 134.012; exact mass, m/z calcd for C16H280S1
264.1909, found 264.1906. Anal. Calcd for CigHpg0Si: C,

72.66; H, 10.67. Found: C, 72.64; H, 10.63. This
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experiment was repeated several times (on different scales);

the yield varied between 71 and 86%.

(b) Procedure D was followed, using sodium-potassium
alloy (17% w/w Na, 990.6 mg, 28.36 mmol) and TiClg (1.13 mL,
10.31 mmol) in DME (40 mL), and 37a (179.8 mg, 0.61 mmol) in
DME (10 mL). Flash chromatography of the crude product over
silica gel (1.5 x 15 cm) with hexane gave 37b (104.4 mg, 65%)

as a homogeneous (TLC, silica, 1:19 EtOAc--hexane) oil.

Desilylation of compound 37b to give 41.

TESO HO
T H i H
37b 41

BugNF (1.0 M in THF, 17.5 mL, 19.26 mmol) was added to a
stirred solution of compound 22A (2.0379 g, 7.70 mmol) in THF
(100 mL) under argon. The solvent was evaporated after 1 h
and flash chromatography of the residue over silica gel (3.0
x.15 cm) with 1:4 EtOAc--hexane followed by recrystallization
from CH2Clz--petroleum ether gave 41 (1.1769 g, 100%) as a
homogeneous (TLC, silica, 1:4 EtOAc--hexane) white crystal
(mp 88--91°C): IR (CHCl3 cast) 3315, 2910 cm~l; lH NMR
(CDCl3, 300 MHZ) & 1.5 (d, J = 7.0 Hz, 1 H), 1.57--1.81 (m, 3
H), 1.91--2.02 (m, 1 H), 2.10--2.44 (m, 5 H), 4.00 (br s, 1

H), 5.52 (dd, J = 0.8, 3.5 Hz, 1 H), 5.67--5.75 (m, 1 H),
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6.04 (d, J = 9.5 Hz, 1 H); 13C NMR (CDClj3, 75.469 MH2) 8

20.57, 25.27, 25.75, 29.10, 39.82, 68.41, 122.62, 127.74,

129.78, 133.35; exact mass, m/z calcd for CipH140 150.1045,

found 150.1043.

2-0xo-Y-[(triethylsilyl)oxy]cyclohexanebutanal (38a).

E,Si0 E,Si0
(o) (o)
/4
(o) (o)
20a 38a

Compounds 20a78 (157.0 mg, 0.53 mmol) in EtOAc (30 mL),
together with 5% Pd-C (52.3 mg), were stirred at room temp
under hydrogen for 2.5 h. The mixture was filtered through a
pad of Florisil and the solvent was then evaporated. Flash
chromatography of the residue over silica gel (1.5 x 15 cm)
with 1:4 EtOAc--hexane gave 38a (130.6 mg, 83%) as an oil.
[The two components were resolvable by TLC (silica, 4:6
ether--petroleum ether).}: IR (CHCljz cast) 1724, 1711 cm™i;
1§y NMR (CDCl3, 300 MHz) & 0.52--0.68 (m; 6 H), 0.95 (t, J = 8
Hz, 9 H), 1.50--2.55 (m, 13 H), 4.20--4.30 (two overlapping
q, 1 H), 9.74--9.80 (m, 1 H); 13C NMR (CDCl3, 75.469 MHz)
(major isomer) & 5.07, 6.90, 24.52, 27.41, 27.86, 28.36,
39.55, 42.38, 55.04, 68.57, 202.05, 211.59; (minor isomer) &
4.96, 6.82, 24.86, 25.69, 26.85, 27.25, 40.93, 42.18, 56.66,
69.67, 202.53, 211.26; exact mass, m/z calcd for C14H2503Si (M

- CpHs)t 269.1573, found 269.1567. Anal. Calcd for
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C16H30038i: C, 64.38; H, 10.13. Found: C, 64.09; H, 10.15.

Triethyl[(1,2,3,5,7,8,8a-octahydro-1~-naphthalenyl) -
oxy]silane (38b).

Ei,Si0 Et,Si0
(o)
0)
38a 38b

A slight modification of procedure A was followed, using
TiCl3z (269.0 mg, 1.74 mmol) and CgK (480.0 mg, 3.55 mmol) in
DME (25 mL), and 38a (20.0 mg, 0.067 mmol) in DME (5 mL).
Refluxing was continued for a further 30 h after the
addition. Flash chromatography of the crude product over
silica gel (1 x 10 cm) with petroleum ether gave 38b, which
was almost exclusively [lH NMR (300 MHz)] one isomer, (10.4
mg, 64%): 1H NMR (CDCl3, 300 MHz) & 0.55 (g, J = 11.0 Hz, 6
H), 0.96 (t, J= 11.0 Hz, 9 H), 1.10--2.20 (m, 13 H), 3.85--
3.¢5 (m, 1 H), 5.30 (br s, 1 H); 13C NMR (CDCl3, 75.469 MHz) &
5.02, 7.02, 23.52, 26.69, 28.23, 28.74, 28.99, 38.07, 44.53,
70.04, 117.47, 140.82; exact mass, m/z calcd for C1gH390Si
266.2065, found 266.2062. In another experiment, using a
different batch of 38a, the product was a mixture of isomers
(ca. 1:2) and the minor component had: 13C NMR (CDCl3, 75.469

MHz) & 5.21, 6.98, 23.88, 26.18, 27.62, 28.74, 31.41, 3-.17,

46.41, 75.05, 118.53, 139.30.



2~ (3~0xo-3-phenylpropyl)cyclopentanone (3la).

Q Ph
& 7Y ee,

(o}

31la

A different method from that reported?? in the
literature was followed. Phenyl vinyl ketone (202.6 mg, 1.53
mmol) was added to a stirred solution of the pyrrolidine
enamine of cyclopentanone (209.7 mg, 1.53 mmol) in benzene
(15 mL), and the resulting solution was refluxed for 12 h. A
mixture of acetic acid (2.5 mL), water (5 mL) and sodium
acetate (1.25 g) was then added, and refluxing was continued
for 1 h. The mixture was cooled and poured into water (20
mL) . The organic layer was separated and the aqueous phase
was extracted with ether (3 x 25 mL). The combined organic
layers were washed with 1.0 M HCl (2 x 20 mL), saturated
aqueous NaHCO3 (2 x 20 mL) and brine (2 x 20 mL), dried
(MgSO4), and evaporated. Flash chromatography of the residue
over silica gel (3 x 15 cm} with nexane, 1:9 EtOAc--hexane,
and then with 1:4 EtOAc--hexane, gave 31a (263.8 mg, 79%) as
an oil: IR (CHCl3 cast) 2880--2835, 1795, 1684 cm~1; 1H NMR
(CD2C12, 300 MHz) & 1.50--1.65 (m, 1 H), 1.65--1.%0 (m, 2 H),
1.95--2.40 (m, 6 H), 3.05--3.20 (m, 2 H), 7.45--7.65 (m, 3
H), 7.98 (dd, J =9, 3 Hz, 2 H); 13C NMR (CD2Clz, 75.469 MHz)

d 21.00, 24.57, 30.18, 36.36, 36.55, 48.52, 128.28, 128.91,

133.25, 137.41, 199.94, 220.68; exact mass, m/z calcd for
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C14H1602 216.1150, found 216.1147. Anal. Calcd for C14H1602:

C, 77.75; H, 7.47. Found: C, 77.50; H, 7.25.

2,3,3&,4,5,G—chahydro-l-phenylp.ntalono (31b) .

AL —— GO

0 PH
31a 31b

Procedure A was followed, using CgK (1.7390 g, 12.86
mmol) and TiClsz (0.9427 g, 6.11 mmol) in DME (20 mL), and 3la
(79.5 mg, 0.368 mmol) in DME (10 mL). Flash chromatography
of the crude product over silica gel (1.5 x 15 cm) with
pentane gave 31b (58.8 mg, 86%) as a colorless oil: IR
(CHCl3 cast) 3080--3010, 2948, 2857, 1494, 759, 691 cm-}; 1y
NMR (CD2Clz, 300 MHz) & 1.00--1.15 (m, 1 H), 1.40--1.55 (m, 1
H), 1.90--2.20 (m, 4 H), 2.40~-2.55 (m, 2 H), 2.90--3.15 (m,
3 H), 7.15--7.50 (m, 5 H); 13C NMR (CD2Cly, 75.469 MHz) &
26.26,30.18, 30.78, 32.47, 39.60, 55.72, 126.14, 126.83,
128.52, 128.67,137.80, 151.28; exact mass, m/z calcd for
Ci14H1¢ 184.1247, found 184.1247. Anal. Calecd for Ci14H16: C,

91.25; H, 8.75. Found: C, 91.01; H, 8.97.



2- (3-0x0-3-phenylpropyl)cyclohexanone (32a).

()
© * /\'O(Ph th

0
32a
A different method from that reported’? in the
literature was followed. Phenyl vinyl ketone (84.7 mg, 0.64
mmol) was added to a stirred solution of the pyrrolidine
enamine of cyclohexanone (97.4 mg, 0.64 mmol) in benzene (10
mL), and the resulting solution was refluxed for 22 h. A
mixture of acetic acid (2.5 mL), water (5 mL) and sodium
acetate (1.25 g) was then added, and refluxing was continued
for 1 h. The mixture was cooled and poured into water (20
mL) . The organic layer was separated and the aqueous phase
was extracted with ether (3 x 25 mL). The combined organic
layers were washed with 1.0 M HCl1 (2 x 20 mL), saturated
aqueous NaHCO3 (2 x 20 mL) and brine (2 x 20 mL), dried
(MgSO4), and evaporated. Flash chromatography of the residue
over silica gel (2 x 15 cm) with hexane, 1:10 EtOAc--hexane,
and then with 1:5 EtOAc--hexane, gave 32a (127.2 mg, 86%):
IR (film) lH NMR (CD2Clz, 300 MHz) & 1.35--1.50 (m, 1 H),
1.55-~1.95 (m, 4 H), 2.00--2.20 (m, 3 H), 2.25--2.50 (m, 3
H), 2.90--3.15 (m, 2 H), 7.40--7.60 (m, 3 H), 7.90--8.00 (m,

2 H); 13C NMR (CD2Clz, 75.469 MHz) §24.75, 25.49, 28. °,

34.82, 36.65, 42.55, 50.26, 128.3z, 128.87, 133.18, 127.43,
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200.28, 212.87; exact mass, m/z calcd for C1sH1802 230.. ,07

’

found 230.1307.

2,4,5,6,7,7a-Hexahydro-3-phenyl-1H-indene (32b) .

L0 —— O
00

Ph
32a 32b
Procedure A was followed, using CgK (2.0544 g, 15.19
mmol) and TiCl3z (1.1193 g, 7.26 mmol) in DME (20 mL), and 32a
(101.6 mg, 0.0.434 mmol) in dry DME (15 mL). Flash
chromatography of the crude product over silica gel (1.5 x 15
cm) with 1:19 EtOAc--hexane, followed by Kugelrohr
distillation (15 mm Hg, 160°C), gave 32b (81.7 mg, 87%) as a
homogeneous (TLC, silica, 1:19 EtOAc--hexane) oil: IR (CHC1l3
cast) 3080--3020, 2924, 2848, 1598 cm-l; 1H NMR (CD2Cl,, 300
MHz) & 1.05--1.30 (m, 2 H), 1.30--1.50 (m, 2 H), 1.70--1.85
(m, 2 H), 1.85--2.20 (m, 3 H), 2.55--2.85 (m, 4 H), 7.15--
7.40 (m, 5 H); 13C NMR (CDpClp, 75.469 MHz) & 26.42, 27.37,
27.68, 29.78, 36.13, 36.32, 48.58, 126.47, 128.25, 128.39,
132.39, 145.45; exact mass, m/z calcd for CisHig 198.1409,
found 198.1411. Anal. Calcd for CisHig: C, 90.85; H, 9.15.

Found: C, 90.82; H, 9.34.



2',3',3'a,5',6',7'-Hexahydro-1',3'a-dimethylspiro[l, 3~

dioxolane-2,4'~[{4H])indene] (28b) .

o S

o)

o O /
28a 28b
Compound 28b was prepared a number of times using

different procedures (see Table 9).

(a) A slight modification of procedure A was followed,
using TiCl3 (524.5 mg, 1.72 mmol), CgK (942.2 mg, 3.61 mmol)
in DME (30 mL), and 28a®0 (48.0 mg, 0.20 mmol) in DME (5 mL).
The carbonyl compound was injected at reflux over 10 h, and
the mixture was refluxed for an additional 30 h. Flash
chromatography of the crude product over silica gel (1.5 x 15
cm) with 1:19 EtOAc--hexane gave 28b (31.2 mg, 75%) as a
homogeneous (TLC, silica, 1:19 EtOAc--hexane) oil: IR (CHC13
cast) 2936, 2877, 1170, 1120, 1086, 1058, 1035, 929 cm-l; 1y
NMR (CDCl3, 300 MHz) & 1.15 (s, 3 H), 1.35--1.50 (m, 2 H),
1.55--1.92 (m, 7 H), 2.05--2.48 (m, 4 H), 3.96 (s, 4 H); 13C
NMR (CDCl3, 75.469 MHz) & 14.05, 21.62, 23.09, 29.86, 30.36,
35.44, 55.78, 64.66, 65.26, 112.64, 129.24, 136.31; exact
mass, m/z calcd for Cj3Hz902 208.1463, found 208.1462.

(b) A slight modification of procedure B was followed,

using Na (234.6 mg, 10.20 mmol), naphthalene (1.3200 g, 10.20
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mmol), and TiClg (0.42 mL, 3.83 mmol) in THF (38 mL), and
28a%0 (53.7 mg, 0.22 mmol) in THF (S5 mL). The carbonyl
compound was injected at reflux over 10 h, and the mixture
was refluxed for an additional 30 h. Flash chromatography of
the crude product over silica gel (1.5 x 15 cm) with 1:19
EtOAc--hexane gave 28b (33.0 mg, 70%) as a homogeneous (TLC,

silica, 1:19 EtOAc--hexane) oil.

(c) A slight modification of procedure C was followed,
using TiClg (0.71 mL, 6.50 mmol), Na (Hg) (39.5%, 1.0210 g,
17.5 mmol) in DME (40 mL), an initial reflux period of 5 h,
and 28a%0 (91.3 mg, 0.38 mmol) in DME (10 mL). The carbonyl
compound was injected at reflux over 10 h, and the mixture
was refluxed for an additional 30 h. Flash chromatography of
the crude product over silica gel (1.5 x 15 cm) with 1:19
EtOAc~-hexane gave 28b (52.7 mg, 69%) as a homogeneous (TLC,

silica, 1:19 EtOAc--hexane) oil.

(d) Use of TiCl3-DME complex. Freshly prepared
Zn(Cu)9 (221.0 mg, 3.40 mmol) and TiCl3(DME)z (524.5 mg, 3.40
mmol) 70 were weighed under argon in a dry box and transferred
successively to a 100-mL round bottomed flask containing dry
DME (30 mL). The mixture was refluxed for 2 h under argon.
Diketone 28a60 (48.0 mg, 0.20 mmol) in dry DME (5 mL) was
added over 10 h to the stirred and refluxing slurry of
titanium reagent. Stirring was continued for an additional

28 h. The mixture was cooled to room temp and filtered under



argon through a pad of Florisil (3.5 x 5 cm) contained in a
sintered funnel that was equipped with an argon inlet near
the top. The pad was washed with ether (3 x 50 mL).
Evaporation of the combined filtrates and flash
chromatography of the residue over silica gel (1 x 15 cm)
with 1:19 EtOAc--hexane gave 28b (30.2 mg, 72.6%) as a

homogeneous (TLC, silica, 1:19 EtOAc~-hexane) oil.

Ethyl 2-0Ox0-1-(3-oxo-3-phenylpropyl)cyclopentane-

carboxylate (33a).

0 COOE!
COOE: oh
O™ oy - D
0 Ph

o0

33a

A different method from that reported8® in the
literature was followed. Ethyl 2-cyclopentanonecarboxylate
(255.4 mg, 1.64 mmol) was added to a stirred and cooled (0°C)
suspension of sodium hydride (60%, 32.7 mg, 0.82 mmol) in THF
(10 mL). After 20 min, phenyl vinyl ketone (216.7 mg, 1.64
mmol) in THF (3.0 mL) was added over 40 min. The resulting
mixture was then warmed to room temp and the reaction was
quenched after a further 2 h by pouring the solution onto
cracked ice. The resulting mixture was acidified with 10%
v/v aqueous HCl and extracted with ether (3 x 25 mL). The
combined organic extracts were washed with brire (2 x 25 mL),

dried (MgSO4), and evaporated. Flash chromatography of the
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residue over silica gel (3 x 15 cm) with 1:4 EtOAc--hexane,
followed by Kugelrohr distillation (0.3 mm Hg, 160°C), gave
33a (381.3 mg, 80%): IR (CHCl3 cast) 3080--3040, 2980, 1748,
1724, 1685, 1449, 1287, 1267, 1242, 1212, 1191, 1180, 691 cm"
1; 1H NMR (CDCl3, 300 MHz) & 1.28 (t, J = 6.6 Hz, 3 H), 1.92--
2.18 (m, 4 H), 2.24--2.58 (m, 4 H), 2.96--3.05 (m, 1 H),
3.22--3.32 (m, 1 H), 4.20 (q, J = 6.6 Hz, 2 H), 7.42--7.60
(m, 3 H), 7.94--8.00 (m, 2 H); 13C NMR (CDCl3, 75.469 MHz) §
14.13, 19.67, 27.78, 34.09, 34.43, 38.04, 59.24, 61.50,
128.13, 128.61, 133.11, 136.78, 171.49, 199.46, 214.84; exact
mass, m/z calcd for Cy7H2004 288.1361, found 288.1362. Anal.
Calcd for Cjy7H2004: C,70.81; H, 6.99. Found: C, 70.62; H,

6.77.

Compound 33a was also prepared as follows: Et3N (0.06
nL, 0.40 mmol) was added to a stirred mixture of phenyl vinyl
ketone (196.5 mg, 1.49 mmol) and ethyl 2-
cyclopentanonecarboxylate (¢g.32 mL, 1.49 mmol) in benzene (5
mL). Stirring was continued at room temp for 38 h and the
solution was then evaporated. Flash chromatography of the
residue over silica gel (3 x 15 cm) with 1:4

EtOAc--hexane gave 33a (388.7 mg, 90%).
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Ethyl 2,3,4,5-Tetrahydro-6-phenyl-3a(lH)-pentalene-

carboxylate (33b).

COOE:! COOE!1

33a 33b

(a) Procedure A was followed, using CgK (1.8034 g,
13.34 mmol) and TiCl3 (0.9995 g, 6.48 mmol) in DME (20 mL),
and 33a (109.9 mg, 0.38 mmol) in DME (10 mL). Flash
chromatography of the crude product over silica gel (1.5 x 15
cm) with 1:9 ether--pentane gave 33b (59.6 mg, 61%) as a
homogeneous (TLC, silica, 1:19 ether--pentane) oil: IR
(CHC13 cast) 3080--3020, 2950, 1720, 1157 cm~!; lH NMR
(CD2C12, 300 MHz) 8 1.24 (¢, J = 6.6 Hz, 3 H), 1.35--1.48 (m,
1H, 1.78--1.90 (m, 1 H), 2.00--2.32 (m, 3 H), 2.42--2.64
(m, 3 H), 3.05--3.20 (m, 2 H), 4.10 (g, J 6.6 Hz, 2 H),
7.16~--7.46 (m, 5 H); 13 NMR (CDCl3, 75.469 MHz) 8§ 14.42,
25.78, 28.51, 35.80, 35.94, 38.86, 60.78, 68.44, 127.02,
127.47, 128.56, 132.75, 136.96, 148.11, 176.27; exact mass,
m/z calcd for Ci7H2004 256.1463, found 256.1462., Anal. Calcd

for Cy7H2002: C,79.65; H, 7.86. Found: C, 79.57; H, 7.91.

(b) Procedure B was followed, using Na (0.3635 g, 15.81
mmol), naphthalene (2.0267 g, 15.81 mmol), and TiClg (O, 64
mL, 5.86 mmol) in THF (50.0 mL), and 33a (99.3 mg, 0.34 mmol)

in THF (10 mL). Flash chromatography of the crude product

€9



over silica gel {4 x 15 cm) with hexane (to separate
naphthalene), and then with 1:19 ether--petroleum ether,
followed by Kugelrohr distillation (0.3 ,m Hg, 135°C), gave
33b (60.5 mg, 69%) as a homogeneous (TLC, silica, 1:19 EtOAc-

-hexane) oil.

(c) Procedure C was rollowed, using TiClg (1.44 mL,
13.13 mmol), scdium amalgam (39.5% w/w, 2.0636 g, 35.46 mmol)
in THF (100 mL), and 33a (222.7 mg, 0.77 mmol) in THF (20
mL) . Flash chromatography of the crude product over silica
gel (1.5 x 15 cm) with 1:19 EtOAc--hexane gave 33b (144.9 mg,

73%) as a homogeneous (TLC, silica, 1:19 EtOAc--hexane) oil.

5~Hexenal.

DMSO (4.80 mL, 67.69 mmol) was added over ca 10 min to
a cold solution (-78°C) solution of oxylyl chloride (2.95 mL,
33.85 mmol) in CHClz (50 mL) . After a further 10 min, a
solution of S5-hexenol (2.26 g, 22.6 mmol) in CH2Cl> (20 mL)
was added over 30 min. Stirring was continued fur an
additional 20 min, and Et3N (15.7 mL, 112.8 mmol) was then
added dropwise. After a further 20 min the cold bath wasc
removed and, after 30 min, water (25 mL) was added. The
layers were separated, and the agueous iayer was extracted
with CH2Cl; (2 x 20 mL). Tae combined organic extracts were
washed with 10% v/v aqueous HCl (2 x 40 mL), saturated
aqueous NaHCO3 (2 x 40 mL) and brine (1 x 40 mL), and dried

(MgSO4) . The solvent was distilled at 1 atm using a 30 cm
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Vigreaux column followed by flash chromatography of the
residue over silica gel (4.0 x 15 cm) with 1:19 ether--
pentane. The solvent was removed as before and distillation
of the residue [bp 122--125°C (1 atm)]) afforded 5-hexenal
(1.1215 g, 50.7%): IR (CHCl3 cast) 3080--3020, 2920, 1708 cm~
1, 1§ NMR (CDCl3, 300 MHZ) & 1.70--1.82 (m, 2 H), 2.06--2.18
(m, 2 H), 2.46 (dt, J = 7.5, 1.80, 2 H), 4.96--5.10 (m, 2 H),
5.70--5.85 (m, 1 H), 9.78 (t, J = 1.80, 1 H); 13C NMR (CDClj3,
75.469 MHZ) & 21.72, 33.01, 43.16, 115.61, 137.61, 202.49;

axact mass, m/z 98.0712 (calcd for CgHi00, m/z 98.0732).

6-[[1-(Triethylsilyl)oxy]-5-hexenyl]-2-cyclohexen-1-
one (26).

(a) 6- (1-Hydroxy-5-hexenyl) -2-cyclohexen-1l-one.

A pe

25

n-Buli (1.5 M in hexanes, 1.78 mL, 2.88 mmol) was added
dropwise to a stirred and cooled (0°C) solution of i-PraNH
(0.48 mL, 3.41 mmol) in dry ether (10 mL). Starring at 0°C
was continued for 10 min and the mixture was then cooled to -
78°C. A solution of 2-cyclohexern-l-one (251.9 mg, 2.62 mmcl)
in ether (2.0 mL) was added over ca. 15 min. Stirring at -
78°C was continued for 40 min. Then a solution of 5-hexenal

(257.2 mg, 2.62 mmol) in ether was added in one portion.



After 10 min, the . ._tion was quenched with saturated
agqueous NH4Cl (10 mL). The mixture was left to warm to room
temp, the layers were separated, and the aqueous phase was
extracted with ether (3 x 20 mL). The combined organic
extracts were dried (MgS504) and evaporated. Flash
chromatography of the residue over silica gel (3 x 15 cm)
with 3:7 EtOAc--hexane gave the product (383.3 mg, 75.3%) as
an apparently homogeneous (TLC, silica, 3:7 EtOAc--hexane)
oil: IR (CHCl3 cast) 3460 (broad), 3070--3020, 2921, 2860,
1660, 1399, 1220, 995 cm~l; 1H NMR (CDCl3, 300 MHz) (two
diastereoisomers in a ratio of ca. 1:3) & 1.30--1.80 (m, 5
H), 1.85--2.20 (m, 3 H), 2.25-~-2.60 (m, 3.25 H), 3.82--3.94
(m, 0.77 H), 4.04--4.12 (d, J = 3 Hz, 0.75 H, exchanges with
D20), 4.14~-4.24 (m, 0.23 H), 4.90--5.08 (m, 2 H), 5.72-~-5.90
(m, 1 H), 5.98--6.08 (m, 1 H), 6.96--7.08 (m, 1 H); 13C NMR

(CDCl3, 75.469 MHz) (major isomer) & 24.14, 25.16, 25.89,

33.08, 33.72, 51.59, 71.61, 114.60, 129.5z, 138.81, 1%0.93,
203.78; (minor isomer) § 22.52, 25.55, 32.48, 33.5%, 51.62,
69.78, 114.63, 130.23, 138.69, 150.83; exact mass, m/z calcd
for Ci2H160 (M -~ HoO)* 176.1201, found 176.1201. Anal. Calcd

for Ci2H1802: C,74.19; H, 9.34. Found: C, 74.37; H, 9.34.



(b) 6-[[1-(Triethylsilyl)oxy]-5-hexenyl]-2-

cyclohexen-1l-one (26).

HO E4,Si0
0 o
25 26

A general procedure’? for triethylsilylation was used:
Et3SiCl (0.93 mL, 5.52 mmol) was added to a solution of the
above aldols (536.2 mg, 2.76 mmol) in dry pyridine (6.0 mL).
The solution was heated at 60°C for 2 h, cooled to room temp,
diluted with ether (50 mL) and extracted with 10% w/v
CuS04.5H20 (4 x 20 mL). The combined aqueous extracts were
back-extracted with ether (50 mL) and the combined ether
solutions were washed with water (2 x 50 mL), dried (MgSO4),
and evaporated. Flash chromatography of the residue over
silica gel (3 x 15 cm) with 1:9 EtOAc--hexane gave 26 (693.3
mg, 81%) as an apparentl: homogeneous (TLC, silica, 1:9
EtOAc--hexane) oil: IR (CHCl3 cast) 3080--3030, 2952, 2876,
1677, 1385, 1084, 1006, 741 cm~l; 1H NMR (CDCli, 300 MHz) (two
diastereoisomers in a ratio of ca. 1:3) 6 0.52--0.68 (m, 6
H), 0.86--1.00 (m, 9 H), 1.25--1.90 (m, 5 H), 1.95--2.55 (m,
6 H), 4.39--4.45 (m, 0.78 H), 4.46--4.52 (m, 0.22 H), 4.88--
5.06 (m, 2 H), 5.75--5.88 (m, 1 H), 5.94--6.06 (m, 1 H),
6.92--7.00 (m, 1 H); 13C NMR (CDCl3, 75.469 MHz) (major

isomer) & 5.07, 6.96, 22.05, 25.95, 26.09, 32.56, 33.82,

33.67, 70.53, 114.35, 130.35, 138.95, 149.99, 199.80; (minor
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isomer) & 21.12, 25.18, 25.44, 35.00, 51.01, 69.70, 114.60,

130.53, 138.94, 150.02, 199.79; exact mass, m/z caled for
C18H3202S8i 308.2172, found 308.2170. Anal. Calcd for

C1gH32028i: (,70.07; H, 10.45. Found: CC, 70.23; H, 10.51.

6-[5-0x0-1-[ (triethylsilyl)oxylhexyl]l-2-cyclohexen-1-

one (26a).62

Et,Si0 E;Si0
0] o
| o
26 26a
PdCly; (12.8 mg, 0.072 mmol) and CuCl (35.% «, 0.36

mmol) were added to a stirred mixture of 26 (56.0 mg, 0.18
mmol) (both isomers), water (0.28 mL) and DMSO (2.0 mL).
Oxygen was then bubbled through tre resulting mixture for 6
min, and stirring was continued for an additional 1.5 h. The
mixture was diluted with water (10 mL) and extracted with
ether (4 x 6 mL). The combined organic extracts were washed
with brine (10 mL), dried (MgSO4), and evaporated. Flash
chromatography of the residue over silica gel (1.5 x 15 cm)
with 1:4 EtOAc--hexane gave 26a (44.2 mg, 75%) as an
apparently homogeneous (TLC, silica, 1:4 EtOAc--hexane) oil:
IR (CHCl3z cast) 2959, 2875, 1716, 1679, 1086, 1004, 742, 1724
cm~l; 1y NMR (CDCls, 300 MHz) (two diastereoisomers in a ratio

of 1:3) 6 0.50--0.66 (m, 6 H), 0.88~-1.00 (m, 9 H), 1.22--

1.42 (m, 2 H), 1.46-~1.62 (m, 2 H), 1.68--1.86 (m, 2 H),



75

2.00--2.15 (m, 3 H), 2.15--2.55 (m, 5 H), 4.36--4.44 (m, 0.78

H), 4.44--4.52 (m,0.22 H), 5.94--6.06 (m, 1 H), 6.92--7.00
(m, 1 H); 13C NMR (CDCl3, 75.469 MHz) (major isomer) & 4.52,

6.38, 20.42, 21.49, 25.54, 29.23, 31.95, 43.09, 52.97, 69.65,
129.73, 149.59, 199.19, 208.42; (minor isomer) § 19.50,

20.62, 24.86, 29.24, 34.43, 43.08, 50.14, €8.82, 129.90,
149.60, 199.20, 208.44; exact mass, m/z calcd for C18H320381
324.2121, found 324.2123. Anal. Caled for Ci1gH32035i: C,

66.62; H, 9.94. Found: C, 66.33; H, 9.99.

Triethyl[2,6,7,8,9,9a-hex ;dro- S-methyl-1E-benzo-

cyclohepten-9-yl)oxy)silane (26b).

EySiO E1,Si0

26a 26b

Procedure A was followed, using CgK (1.2218 g, 9.04
mmol), TiClz (677.1 mg, 4.39 mmol) in DME (25 m.), and 26a
(83.3 mg, 0.258 mmol) in DME (10 mL). Flash chromatography
of the crude product over silica gel (1.5 x 15 em) with
hexane gave (R*,S*)-()-206b81 (44.5 mg, 59%) as a homogeneous
(TLC silica, hexane) o0il, and (R*,R*)-(%)-26b (11.4 mg, 15%)
as a homogeneous (TLC, silica, hexane) cil. The (R*,S5*) = (%) -
isomer had: IR (CHCl3 cast)3030, 2920, 1100 cm-!; 1§ NMR
(CDCl3, 30C MHz) & 0.55 (q, J = 8.0 Hz, 6 H), 0.92 (t, J = 8.0

Hz, 9 H), 1.40--2.02 (m, 11 H), 2.20--2.50 (m, 2 H), 2.78 (br



t, 1 H), 88--3.92 (m, 1 H), 5.64--5.72 (m, 1 H), 6.44 (dt,
J =10, 1.80, 1 H); 13C NMR (CDCl3, 75.469 MHz) 0.5.50, 7.04

’

20.30, 20.32, 23.22, 29.78, 35.70, 39.48, 41.20, 74.67,
126.21, 126.94, 128.77, 133.36; exact mass, m/2 calcd for
Ci16H270 (M - C2Hs)* 263.1823, found 263.1826.

The (R*,R*)-(%)~isomer had: IR (CHCl3 cast) 3030, 2920,
1100 cm=1; 1H NMR (CDCl3, 300 MHz) 8§ 0.60 (q, J = 9.0 Hz, 6
H), 0.94 (¢, J=9.0, 9 H), 1.25--2.26 (m, 12 H), 2.52--2.64
(m, 1 H), 2.82 (br s, 1 H), 3.45--3.55 (m, 1 H), 5.72--5.82
(m, 1 H), 6.48 (dd, J

10.0, 2.0, 1 H); 13Cc NMR (CDC13,
75.469 MHz) 8 5.43, 7.06, 19.85, 21.¢9, 23.14, 23.32, 33.23,

39.92, 42.50, 69.47, 124.80, 127.01, 129.94, 135.00;

mass, m/z calcd for C3gH320Si 292.2216, found 292.17 :

6-{1-(Acetoxy)-5-hexe',.\]-2—cyclohexon-1-ono (27) .

HO AcO
l 10 0
25 21

Ac20 (1.65 mL, 17.5 mmol) was added to a solution of 6-
(1-hydroxy-5-hexenyl)-2-cyclohexen-1-one 25 , prepared as
described above, (200.0 mg, 1.03 mmol) in dry pyridine (1.74
mL, 21.1 mmol) and the mixture was stirred at room temp for
10 h. The mixture was then diluted with ether (25 mL;, and
washed with water (2 x 15 mL) and brine (1 x 15 mL). The

organic extract was dried (MgSO4) and evaporated. Flash
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chromatography of the residue over silica gel (3 x 15 cm)
with 1:4 EtOAc--hexane gave 27 (215.0 mg, 88%) as an oily
mixture of two isomers [ca. 94:6; lH NMR (300 MHz)) that were
not separable by chromatography (TLC, silica, 1:4 EtOAc--
hexane): IR (CHCl3 cast) 3080--3020, 2930, 1755, 1675, 1242
cm~1; 1H NMR (CDCl3, 300 MHz) & 1.40--1.70 (m, S H), 1.82--
2.18 (m, 6 H), 2.28--2.56 (m, 2 H), 2.72 (dt, J = 12, 4.5 1
H), 4.90--5.10 (m, 2 H), 5.40-~5.50 (m, 1 H), 5.70--5.86 (m,
1 H), 5.95--€.05 (m, 1 H), 6.90~-7.00 (m, 1 H); 13C NMR
(CDCl3, 75.469 MHz) 6 21.22, 23.09, 23.50, 25.26, 25.37,
29.99, 33.43, 49.82, 72.94, 114.80, 130.11, 13..44, 149.50,
149.88, 170.65, 198.40; exac. ..ss, m/z calcd for C12H1702 (M
- CH3CO)* 193.1229, found 193.1225. Anal. Calcd for C14H2003:

C, 71.16; H, 8.53. Found: C, 70.96; H, 8.42.

6-[1- (Acetoxy)-5-oxohexyl]-2~c7clohexe-1-one (27a).

AcO AcO

o (o}

| 0
27 27a

Oxygen was bubbled into a mixture of PdCl, (30.0 mg,
0.17 mmol), CuCl (83.8 mg, 0.85 mmol), water (0.66 mL) and
DMSO (4.70 mL) for 15 min at room temp. Compounds 27 (100.0
mg, 0.42 mmol) were then added. Stirring was continued for
an additional 30 win (TLC control, silica, 3:7 EtOAc--

hexane), and the mixture was diluted with water (20 mL) and
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extracted with ether (4 x 15 mL). The combined organic
extracts were washed with brine (30 mL), dried (MgS04), and
evaporated. Flash chromatography of the residue over silica
gel (2 x 15 cm) with 3:7 EtOAc--hexane gave 27a (92.2 mgq,
87%) as as an oily mixture of two isomers [ca. 93:7; 14 NMR
(300 MHz)' t.at were not separable by chromatography (TL?,
silica, 3:7 EtOAc--hexane) : R (CHCl3 cast) 2930, 1735,
1715, 1240 cm™!; lH NMR (CDCl3, 300 MHz) § 1.40--1.75 (m, €
H), 1.80--2.20 (m, 7 H), 2.30--2.60 (n, 4 H), 2.75 (dt, J =
13.0, 4.5, 1 H), 5.36--5.40 (m, 1 H), 5.95--6.05 (m, 1 H),
6.90--7.05 (m, 1 H); 13C NMR (CDCl3, 75.469 MHz) (two isomers)
& (major) 19.91, 21.20, 23.34, 25.46, 29.66, 29.97, 42.18,
49.68, 72.35, 130.04, 149.72, 170.67, 198.39, 208.68; &
(minor) 23.05, 25.09, 31.47, 49.40, 70.68, 129.91, 150.02;
exact mass, m/z calcd for Cji4H2004 252.1361, found 252.1359.
Anal. Cal~d frr Cy14H2904: C, 66.65; H, 7.99. Found: c,

66.85; H, 8.17.

2,6,7,8,»,9a—aexahydro-S—methyl-ln-benzocyclhapt.n-9-

o0l acetata (27b).

AcO AcO
(0]
0
27a 27b

(a) Procedure B was followed, using Na (315.2 mg, 13.71

mmol), naphthalene (1.7574 g, 13.71 mmol) and TiClg (0.56 mL,



5.08 mmol) in THF (50.0 mL), and 27a (75.0 mg, 0.297 mmol) in
THF (10 mL). Flash chromatography of the crude product over
silica gel (4 x 15 cm), first with hexane (to separate
naphthalene), and then with 1:19 EtOAc--hexane, gave 27b82
(38.4 mg, 58%) as white crystals: IR (CHCl3 cast) 3030,
2920, 2830, 1730, 1245 cm-1; 1H NMR (CDC1l3, 300 MHz) & 1.30--
1.60 (m, 2 H), 1.65--2.10 (m, 13 H., 2.50 (t, J = 13.0 Hz, 1
H), 2.96 (t, J=4.5Hz, 1 H), 5.00 (t. J = 4.0 Hz, 1 H),
5.75 (dt, v =10.0, 4.0 Hz, 1 H), 6.57 (dt, J = 10.0, 2.0 Hz,
1 H); 13C NMR (CDCl3, 75.16% MHz) & 20.2Z, 20.67, 21.53,
22.51, 29.04, 35.27, 35.65, 38.44, 75.77, 126.13, 126.48,
127.85, 134.69, 171.12; exact mass, m/: calcd for C14H2002

220.1463, found 220.1463.

2-[2- (Phenylsulfonyl)-5-hexenyi]cyclohexanone (36) .

(a) 2-[2-(Phenylsulfonyl)asthyl)cyclohexanone.83

» :
e b

34
A solution of phenyl vinyl sulfone (875.6 mg, 5.20 mmol)
in THF (5.0 mL) was added to a stirred solution of the
pyrrolidine enamine of cyclohexanone (787.3 mg, 5.20 mmol) in
THF (15 mL) at room temp under argon. The resulting mixture
was stirred for 2 h, then refluxed for 4 h, cooled to room

temp, and diluted with a mixture of water (10 mL) and
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saturated aqueous NH4Cl (5 mL). Stirring was continued
overnight at room temp. Water (10 mL) was added and the
mixture was extracted with ether (3 x 50 mL). The combined
ort .ic extracts were washed with 5% v/v aqueous HCl (1 x 40

mL), and brine (2 x 50 mL), dried (MgSO4), and cvaporated.
The crude product83 34 (1.32 g) was used directly for

ketalization.

(b) [2-[1,4-Dioxaspiro[4,5)decan-6-

ylletiiyl]lsulfonyl-benzene.

PhSO, Phso,\/\é

34 35

A solution of the above crude product 34 (1.32 gq),
ethylene glycol (645.0 mg, 10.40 mmol) and TsOH.H20 (98.9 mg,
0.52 mmol) in dry benzene (30 mL) was refluxed under an
addition funnel packed with 3A molecular sieves for 3 h, and
was then cooled to room temp. Water (20 mL) was added and
the resulting mixture was washed with saturated aqueous
NaHCO3 (1 x 20 mL), and brine (2 x 40 mL), dried (MgSO4), and
evaporated. Flash chromatography of the residue over silica
gel (4 x 15 cm) with 9:10 EtOAc--hexane gave the required
ketal (1.4163 g, 87% over the two steps) as a homogeneous
(TLC, silica, 9:10 EtOAc--hexane) white solid 35 : mp 59--
61°C; IR (CHCl3 cast) 2934, 1305, 1147 cm~l; 1H NMR (CDCls,



300 MHz) & 1.10--1.80 (m, 10 H), 1.90--2.08 (m, 1 H), 3.18

(dd, J = 9.0, 7.5 Hz, 2 H), 3.70--3.96 (m, 4 H), 7.50--7.70
(m, 3 H), 7.85--7.95 (m, 2 H); 13C NMR (CDCl3, 75.469 MHz) &

22.12, 23.53, 24.64, 29.69, 34.57, 43.16, 55.19, 64.41,
64.66, 110.38, 128.12, 129.19, 133.54, 139.28; exact mass,

m/z calcd for Cj1gH2204S 310.1238, found 310.1242.

(c) 2-[2-(Phenylsulfonyl)-5-hexenyl]cyclohexanone

(36) .

o o PhSO,

35 36

n-BulLi (1.47 M in hexanes, 2.45 mL, 3.60 mmol) was
added dropwise tc a stirred and cooled (-~78°C) solutirn of
the above ketal (931.5 mg, 3.00 mmol) in dry THF (20U mlL).
The solution was stirred at -78°C for 20 min, and 4-
bromobutene (0.76 mL, 3.60 mmol) was then added, followed by
HMPA (5.0 mL). The resulting mixture was warmed to -30°C and
stirred at this temp for 40 min, and then at 0°C for 2 .
Water (30 mL) was added and the mixture was extracted with
ether (3 x 25 mL). The combined organic extracts were washed
with saturated aqueous NaHCO3 (1 x 30 mL) and brine (2 x 40
mL), dried (MgSQO4), and evaporated. The crude alkylated

product was used directly for deketalization.
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A mixture of the crude alkylated product in THF (15 mL)
and 5% v/v aqueous HCl (7.5 mL) was stirred overnight at 40°C
under argon, and then cooled to room temp. The layers were
separated and the aqueous phase was extracted with ether (3 x
15 mL). The combined organic extracts were washed with
saturated aqueous NaHCO3 (1 x 20 mL) and brine (2 x 30 mL),
dried (MgSO4), and evaporated. Flash chromatography of the
residue over silica gel (5 x 15 cm), first with 1:4 EtOAc--
hexane and then with 3:7 EtOAc~-~hexane, gave 36 as a mixture
of two isomers. The major isomer amounted to 369.7 mg (38%
over the two steps). The sample of the minor isomer amounted
to 289.9 mg (30% over the two steps; 68% overall fo. both
isorers, from the ketal sulfone), but the material contained
a little [ca. 11% (!H NMR)] of the other isomer. The major
isomer had: IR (CHCl3 cast) 1707, 1300, 1144 cm~l; 1H NMR
(CDCl3, 300 MHz) & 1.20--1.90 (m, 8 H), 2.00~-2.45 (m, 6 H),
2.82--2.95 (m, 1 H), 3.15--3.30 (m, 1 H), 4.95--5.05 (m, 2
H), 5.60--5.75 (m, 1 H), 7.50--7.70 (m, 3 H), 7.80--7.92 (m,
2 H); 13C NMR (CPCl3, 75.469 MHz) & 25.26, 28.28, 29.19,
29.46, 30.23, 35.3%°, 42.38, 48.56, 61.89, 115.84, 128.85,
129.14, 133.64, 136.99, 137.95, 212.82; exact mass, m/z calcd
for Ci1gH2403S 320.1446, found 320.1442. Anal. Calcd for
C18H2403S: C, 67.47; H, 7.5%; S, 10.01. Found: C, 67.12; H,
7.39; s, 10.02.

The sample of the minor isomer84 had: IR (CHCl3 cast)

1706, 1285, 1144 cm~l; 1§ NMR (CDC1l3, 300 MHz) & 1.20--2.40

(m, 14 H), 2.60--2.72 (m, 1 H), 3.08--3.26 (m, 1 H), 4.90--



5.06 (m, 2 H), 5.56--5.74 (m, 1 H), 7.50--7.70 (m, 3 H),
7.80--7.95 (m, 2 H); '3C NMR (CDCl3, 75.469 MHz) § 25.07,

27.62, 27.94, 28.34, 30.74, 34.42, 42.04, 47.53, 60.56,
116.20, 128.98, 129.12, 133.67, 136.71, 137.68, 219.77; exact

mass, m/z calcd for Cj3gH2403S 320.1446, found 320.1438.

2-[5—0:0-2-(ph.nylsultonyl)hoxyl]cyclohoxanon. (36a).

PRS0, PhSO,
0 o
| (4]
36 36a

The procedure for 27a was followed using 36 (major
isomer) (341.6 mg, 1 07 mmol), and flash chromatography of
the crude product over silica gel (3 x 15 <m) with 9:11
EtOAc--hexane gave 36a (307.5 mg, 85%) as a homogeneous [lH
NMR (300 MHz), TLC, silica, 2:3 EtOAc--hexane)] oil: IR

(CHCl3 cast) 1709, 1300, 1143 cm~l; *F NMR (CDCl3, 300 MHz) &

1.18--1.34 (m, 1 H), 1.50--2.20 (m, 12 H), 2.30--2.40 (m, 2

H), 2.78 (t’ J 6.8 HZ, 2 H), 2-8:--2.95 (m' 1 H)’ 3-08_—

3.18 (m, 1 H', 7.54--7.72 (m, 3 H), 7.82--7.92 (m, 2 H); 13¢
NMR (CDCl3, 75.469 Mdz) O 23.43, 25.25, 28.26, 28.58, 30.01,
35.14, :9.53, 42 .40, 4£.81, €1 54, 128.92, 129.19, 133.77,
137.57, “07.84, 212,05 exact mass, m/z calcd for Cjgliz404S
TL33%,, rtinnd 355.1324, Compcund 36a was a single isomer,

but its stereochemistry was not determined.
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(2,6,7,8,9,Sa—noxahydro-5-mothyl-lH—bon:ocyclhopto- 8~

yl)phenylsulfone 36b.

FhSO, PhSO,

o)
(0]

36a 36b

Procedure B was Iollnwed, using Na (216.2 mg, 9.40
mmol), naphthalene (1.2054 g, 9.40 mmol), and TiClg (0.38 mL,
3.48 mmol) in THF (40 mL), and 36a (68.9 mg, 0.205 mmol) in
THF (10 mL). Flash chromatography of the crude product over
silica gel (3 x 15 cm), first with hexane (to separate
naphthalene) and then 3:17 EtOAc--hexane, gave 36b (24.4 mg,
39%) as a homogeneous (TLC, silica, 15:85 EtOAc--hexane) oil:
IR (CHCl3 cast) 2927, 1304, 1145 cm-l; 1H NMR (CDCl,, 300 MHz)
5 1.30--1.70 (m, 11 H), 1.85--2.10 (m, 4 H), 2.20--2.45 (m, 3
H), 3.15--3.30 (m, 1 H), 7.50--7.70 (m, 3 H), 7.82--7.92 (m,
2 H); 13C NMR (CDCl3, 75.469 MHz) & 21.22, 23.32, 24.70,
25.26, 27.82, 30.44, 30.66, 33.06, 41.31, 65.20, 127.13,
129.03, 129.09, 133.52, 135.75, 137.70; exact mass. m/z calcc
for Ci1gH24028 504.1496, found 304.1497. Anal. Calcd for
C1gH24028: C, 71.01; H, 7.95; S, 10.53. Found: C, 71.32; H,
8.05; S, 10.57. Compound 36b was a single isomer, but its

stereochemistry was not dctermined.
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Degradation of Mevinolin

Conversion of mevinolin (1b) into 3.

1b 3

Monacolin K (1.0722 g, 2.65 mmol) in THF (10 mL) was
added over 5 min to a stirred and cooled (-5°C) suspension of
lithium aluminum hydride (0.60 g, 15.8 mmol) in THF (50 mL).
The mixture was stirred and allowed to attain room
temperature (with the cold bath left in place) over 4-5 h,.
The mixture was then cooled to 0°C and water (1.8 mL) was
added dropwise with stirring. Stirring was continued for 10
min, and aqueous sodium hydroxide (2 M, 1.8 mL) was then
added. Stirring was continued for another 10 min, and then
water (1.8 mL) was added as before. The cold bath was
removed and the mixture was stirred for an additional 20 min
and filtered through a pad (2.5 x 3.5 cm) of Florisil. The
pad was washed with acetone (120 mL). The combined filtrates
were evaporated. The resulting white solid was dissolved in
dichloromethane (150 mL) and the solution was washed with
water (1 x 50 mL), dried (NazSO4) and evaporated. Flash

chromatography of the residue over silica gel (3 x 15 cm),



using first 3:7 acetone--chlorcoform and then 1:1 acetone--
chloroform, gave 3 (722.2 mg, 84%) as a homogeneous (TLC,
silica, 3:2 acetone--chloroform) white solid: IR (CHCl3
cast) 3340 cm~l; 1H NMR (CDCls, 300 MHz) &8 0.90 (d, J = 7.0
Hz, 3 H), 1.18 (d, J = 7.5 Hz, 3 H), 1.22--1.38 (m, 2 H),
1.40--1.76 (m, 8 H), 1.80--1.98 (m, 4 H), 2.12--2.20 (m, 1
H), 2.34--2.54 (m, 2 H), 2.62--2.74 (m, 1 H), 3.65--4.35 (m,
5 H), 5.52--5.58 (m, 1 H), 5.78 (dd, J = 9.5, 6.0 Hz, 1 H),
5.98 (d, J = 9.5 4z, 1 H); 13C NMR (CDCl3, 75.469 MHz) &
14.22, 20.07, 23.76, 27.45, 30.75, 33.93, 35.20, 35.61,
38.08, 38.84, 43.29, 61.67, 65.68, 71.46, 73.34, 128.58,

120.05, 131.63, 133.83; exact mass, m/z calcd for Ci9H3903 (M

- HoU)*t 306.2155, found 306.2183. For analaysis a sample that

was recrystallized from acetone: mp 137.5-139.5°C. Anal.

Calcd for CjigH3204: C, 70.33; H, 9.94. Found: C, 70.01; H,

9.98.

Conversion of 3 into 4.

t-Butyldiphenylsilyl chloride (0.64 mL, 2.45 mmol) was

added to a stirred solution of tetraol 3 (722.2 mg, 2.23
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mmol) and imidazole (378.9 mg, 5.57 mmol) in dry DMF (10 mL)
at room temperature. Stirring was continued overnight and
the mixture was then diluted with ethyl acetate (100 mL),
washed with water (1 x 30 nlL), saturated aqueous ammonium
chloride (1 x 30 mL) and brine (1 x 30 mL), dried (NaySO4),
and evaporated. Flash chromatography of the residue over
silica gel (3 x 15 cm), using first 1:5 ethyl acetate--hexane
and then 2:3 ethyl acetate--hexane, gave 4 (1.2656 g, 100%)
as a homogeneous (TLC, sili a, 2:3 ethyl acetate--hexane)
white foam: IR (CHCl3 cast) 3380 cm~!; lH NMR (CDClz, 300
MHz) 8 0.90 (d, J = 7.0 Hz, 3 H), 1.04 (s, 9 H), 1.20 (d, J =
7.5 Hz, 3 H), 1.24--1.68 (m, 7 H), 1.70--1.82 {m, 1 H), 1.84-
-1.96 (m, 3 H), 1.98--2.18 (m, 1 H), 2.35--2.50 (m, 3 H),
3.78--3.88 (m, 2 H), 3.94--4.05 (m, 2 H), 4.10--4.24 (m, 2
H), 4.30--4.35 (m, 1 H), 5.52--5.58 (m, 1 H), 5.78 (dd, J =
9.5, 6.0 Hz, 1 H), 5.98 (d, J = 9.5 Hz, 1 H), 7.35--7.50 (m,
6 H), 7.60--7.70 (m, 4 H); 13C NMR (CDCls, 75.469 MHz) &
14.29, 19.07, 22.42, 23.54, 26.86, 27.69, 30.81, 33.67,
35.23, 35.44, 38.32, 38.92, 43.62, 63.23, 65.46, 71.00,
73.20, 127.8%, 128.71, 129.94, 130.14, 131.78, 132.88,
133.64, 135.59; exact mass, m/z calcd for C3gH4gg0351i (M -

H20)* 544.3372, found 544.3382.
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Conversion of 4 into 5.

0SiPh,Bu-t

p-Toluenesulfonic acid monohydrate (42 mg, 0.22 mmol)
was added to a stirred solution of trinl 4 (1.2656 g, 2.25
mmol) in dry acetone (20 mL). Stirring was continued
overnight and then solid sodium bicarbonate (ca. 55 mg, 0.66
mmol) was added. The mixture was stirred for 10 min and then
filtered. The solid was rinsed with dry acetone (ca. 5 mL)
and the combined filtrates were evaporated. Flash
chromatography of the residue over silica gel (3 x 15 cm),
using first 1:19 ethyl acetate--hexane and then 1:9 ethyl
acetate--hexane, gave alcohol 5 (1.1111 g, 82%) as a
homogeneous (TLC, silica, 1:9 ethyl acetate--hexane) glass:
IR (CHCl3 cast) 3480 cm~l; lH NMR (CDCls3, 300 MHz) & 0.89 (d,
J= 7.0 Hz, 3 H), 1.06 (s, 9 H), 1.12--1.50 [m, 14 H,
including a doublet at 6 1.20 (J = 7.5 #z, 3 H) and singlets
at & 1.38 (3 H) and § 1.44 (3 H)], 1.54--1.85 {m, 5 H), 1.85--
1.92 (m, 2 H), 2.08--2.18 (m, 1 H), 2.36--2.50 (m, 2 H),
3.64--3.74 (m, 1 H), 3.78--3.90 (m, 2 H), 4.08--4.18 (m, 1
H), 4.22--4.30 (m, 1 H), 5.52--5.57 (m, 1 H), 5.80 (dd, J =

9.5, 6.0 Hz, 1 H), 5.98 (d, J= 9.5 Hz, 1 H), 7.34--7.46 (m,
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6 H), 7.64--7.72 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) &

14.07, 19.27, 19.90, 23.44, 23.70, 26.92, 27.62, 30.33,
30.87, 33.20, 35.67, 35.99, 37.59, 38.84, 39.42, 59.75,
65.38, 65.70, 68.71, -4.56, 127.64, 128.56, 129.60, 130.05,
131.61, 133.63, 134.00, 135.61; exact mass, m/r calcd for
C37H51045Si (M - CH3)* 5€7.3556, found £87.3538. Anal. Calcd
for C3gHs5404Si: C, 75.70; H, 9.03. Found: C, 75.52; H,

8.98.

Conversion of 5 into 8.

Homoallylic alcohol § (180 mg, 0.299 mmol) was added to
a stirred mixture of vanadyl acetylacetonate (8 mg, 0.03
mmol) and sodium bicarbonate (30 mg, 0.357 mmol) in dry
benzere (8 mL). The mixture was stirred and cooled by a
cold-water bath (6°C) and t-butylhydroperoxide (4.15 M in
benzene, 86 ML, 0.359 mmol) was added dropwise (over ca. 1
min). The water bath was allowed to attain room temperature
and, after 5 h, during which time the initial purple color
faded to a pale yellow, the mixture was evaporated. Flash

chromatography of the residue over silica gel (2 x 10 cm),
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using first 1:19 ethyl acetate--hexane (the mixture
containing 1% by vclume of triethylamine) and then 1:9 ethyl
acetate—--iiexane (the mixture containing 1% by volume
triethylamine), gave epoxide 8 (152.3 mg, 82%) as a
homogeneous (TLC, silica gel, 1:4 ethyl acetate--hexane)
white foam: IR (CHCl3 cast) 3500 cm~1l; l1H NMR (CDCl3, 300
MHz) 8 0.92 (4, J = 7.0 Hz, 3 H), 1.C5 (s, 9 H), 1.10--1.52
[m, 14 H, including a doublet at & 1.25 (J = 7.5 Hz, 3 H) and
singlets at & 1.38 (3 H) and 8 1.44 (3 H)], 1.66--1.84 (m, 6
H), 2.05--2.14 (m, 1 H), 2.26--2.38 (m, 1 H), 2.48--2.55 (m,
1 H), 3.28 (dd, J = 3.5, 1.0 Hz, 1 H), 3.58 (d, J = 11.5 Hz,
1 H), 3.66--3.74 (m, 1 H), 3.78--3.90 (n, 2 H), 3.95--4.00
(m, 1 H), 4.10--4.18 (m, 1 H), 5.70 (d, J =6.5 Hz, 1 H), 6.16
(dd, g = 9.5, 5.5 Hz, 1 H), 7.35--7.46 (m, 6 H), 7.64--7.70
(m, 4 H); 13C NMR (CDCl3, 75.469 MHz) & 12.62, 19.22, 19.94,
20.33, 23.52, 25.83, 26.92, 30.36, 31.44, 33.72, 35.75,
36.15, 36.87, 37.54, 39.45, 59.77, 62.27, 65.69, 66.54,
67.17, 69.54, 98.47, 125.20, 127.67, 129.59, 134.05, 135.63,
142.78; exact mass, m/z calcd for C37Hs5105Si (M - CH3)*
603.3506, found 603.3533; CIMS, m/z calcd for C3gHgq05Si 618,
found 619 (M + 1)*. Anal. Calcd for C3gHg405Si: C, 73.74; H,
8.79. Found: C, 73.27; H, 8.74.

Compcund 8 is very sensitive to acids; failure to use

NaHCO3 and Et3N, as described above, results in a low yield.
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Conversion of 8 into 50.

OS§1Ph,Bu-

A stock solution of phenyldimethylsilyllithium29 was
prepared by addition of lithium ribbon (111.3 mg, 16.0 mmol),
cut into small pieces, to a solution of phenyldimethylsilyl
chloride (0.76 mL, 4.58 mmol) in dry THF (15 mL) at 0°C. The
mixture was sonicated at 0°C [Branson Sonic Bath, type B-12,
80W] for 30 min and then stirred at 0°C overnight. An
aliquot (1 mL) was added to water (10 mL) and the solution
was titrated with 0.1 N hydrochloric acid using
phenolphthalein as indicator. The average of several runs
indicated that the solution of phenyldimethylsilyllithium was
0.311 M. The organometallic was stored in a freezer and
could be kept for at least 3 weeks.

Phenyldimethylsilyllithium (0.311 M in THF, 2.35 mL,
0.729 mmol) was added dropwise (over ca. 5 min) to a stirred
and cooled (-20°C) solution of epoxide 8 (129.0 mg, 0.208
mmeol) in THF (10 mL). Stirring was continued for 2 h (TLC
control, silica, 1:3 ethyl acetate--hexane) and then water
(0.2 mL) was added. The cold bath was removed and the

mixture was allowed to attair room temperature (ca. 30 min).



The solution was filtered through a pad (2 x 3 ¢cm) of a 2:1:1
mixture of Florisil, sodium bicarbonate and magnesium
sulfate. The pad was washed with THF (20 mL) and the
combined filtrates were evaporated. [ lash chromatography of
the residue over silica gel (2 x 10 c¢m), using first 3:17
ethyl acetate--hexane ('he mixture containing 1% by volume of
triethylamine) and then 1:4 ethyl acetate--hexane (the
mixture containing 1% by volume of triethylamine), gave 50
(144.. mg, 89%) as a homogenecus (TLC, silica, 1:3 ethyl
acetate--hexane) white foam: IR (CHCl3 cast) 3400 cm~1; 14
NMR (CDCl3, 300 MHz) & 0.34 (s, 6 H), 0.71 (d, J = 6.5 Hz, 3
H), 0.95--1.32 [m, 15 H, including a singlet at § 1.05 (9
H)], 1.34--1.78 [m, 13 H, including singlets at & 1.38 (3 H)
and & 1.44 (3 H)]), 1.80--2.15 (m, 5 H), 2.28--2.36 (m, 1 H),
2.44--2.52 (m, 1 H), 3.64--3.80 (m, 3 H), 4.02--4.18 (m, 3
H), 5.86 (s, 1 H), 7.32--7.48 (m, 9 H), 7.50--7.58 (m, 2 H),
7.64--7.72 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) & -3.41, -
3.31, 10.97, 19.21, 19.83, 25 36, 26.85, 29.70, 30.25, 31.43,
32.66, 34.07, 36.74, 37.35, 39.25, 39.36, 41.73, 59.71,
65.68, 66.14, 69.24, 74.19, 98.46, 125.89, 127.59, 127.82,
128.94, 129.55, 133.83, 133.94, 134.00, 135.55, 136.82,
138.69; CIMS, m/z calcd for C4gHge05Siz2 754, found 755 (M +
1)*. Anal. Calcd for CgqgHggOsSiz: C, 73.16; H, 8.51. Found:

C, 73.36; H, 8.78.
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Conversion of 50 into 51.

OSiPh,Bu.1

50 51

Allylsilane 50 (129 mg, 0.186 mmol) was added to a
stirred mixture of vanadyl acetylacetonate (5 mg, 0.0186
mmol) and sodium bicarbonate (30 mg, 0.357 mmol) in dry
benzene (6 mL). The mixture was stirred at room temperature
and t-butylhydroperoxide (4.15 M in benzene, 86 uL, 0.259
mmol) was added dropwise (over ca. 1 min). Stirring was
contin:ec for 3 h, during which time the initial purple color
faded to a pale yellow. The mixture was filtered through a
pad (2 x 2 cm) of Florisil and the pad was washed with ethyl
acetate (10 mL). The combined filtrate was evaporated and
flash chromatography of the residue over silica gel (2 x 15
cm), using first 1:4 ethyl acetate--hexane and then 3:7 ethyl
acetate--hexane, gave epoxide 51 (120.5 mg, 84%) as a
homogeneous (TLC, silica gel, 1:3 ethyl acetate--hexane)
white foam: IR (CHCl3 cast) 3480 cm~l; 1H NMR (CDClj, 400
MHz) & 0.38 (s, 3 H), 0.42 (s, 3 H), 0.74 (d, J = 6.5 Hz, 3
H), 1.06 (s, 9 H), 1.08--1.86 [m, 23 H, including a doublet
at § 1.18 (J = 6.5 Hz, 3 H), and singlets at & 1.36 (3 H) and

 1.42 (3 H)], 2.05--2.14 (m, 2 H), 2.26--2.38 (m, 1 H), 3.25
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(s, 1 H), 3.66--3.82 (m, 4 H), 4.06--4.14 (m, 1 H), 4.16--
4.22 (m, 1 H), 7.34--7.45 (m, 9 H), 7.52-~7.58 (m, 2 H),
7.65--7.70 (m, 4 H); 13C NMR (CDClj, 100.614 MHz) § -3.18, -
2.93, 12.41, 15.43, 19.19, 19.80, 24.38, 26.84, 28.35, 30.24,
31.32, 34.07, 34.27, 36.55, 37.34, 37.81, 39.34, 40.64,
49.74, 59.69, 62.73, 65.61, 67.49, 69.12, 69.44, 98.44,
127.57, 128.00, 129.21, 129.53, 133.75, 133.99, 135.54,
137.65; CIMS, m/z calcd for CqgHggO¢Siz 770, found 771 (M +

1)*. Anal. Calecd for Cq¢Hgc06Siz: C, 71.64; H, 8.63. Found:

C, 71.36; H, 8.74.

Conversion of 51 into 52.

51 52

Tetrabutylammonium fluoride (1 M in THF, 0.24 mL, 0.24
mmol) was added to a stirred solution of epoxysilane 51 (45.3
mg, 0.0587 mmol) in THF (2 mL). After 3 h, the solvent was
evaporated and flash chromatography of the residue over
silica gel (1 x 10 cm) using ethyl acetate gave tetraol 52
(21.5 mg, 91%) as a homogeneous (TLC, silica, ethyl acetate)
white solid: IR (CHC1l3 cast) 3360 cm-l; lH NMR (CDCl3, 400
MHz) 8 0.86 (d, J = 7.0 Hz, 3 H), 1.22--1.42 [m, 11 H,
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including a doublet at & 1.28 (J = 7.5 Hz, 3 H), and a
singlet at & 1.38 (3 H)], 1.44--1.70 (m, 6 H, including a
singlet at 8 1.46 (3 H))], 1.70--1.84 (m, 3 H), 2.02--2.08
(m, 1 H), 2.20--2.34 (m, 2 H), 2.36--2.44 (m, 1 H), 2.52--
2.60 (m, 1 H), 2.72 (s, 1 H), 3.42 (d, J = 6.5 Hz, 1 H),
3.45--3.52 (m, 1 H), 3.74--3.84 (m, 2 H), 3.84--3.92 (m, 1
H), 4.08--4.15 (m, 2 H), 5.84 (dd, J = 9.5, 5.0 Hz, 1 H),
6.04 (d, J= 9.5 Hz, 1 H); 13C NMR (CDCl3, 75.469 MHz) &
12.76, 16.36, 19.94, 23.10, 30.29, 31.44, 32.11, 32.28,
33.60, 37.03, 37.77, 38.13, 41.45, 60.91, 67.45, 69.09,
69.46, 74.35, 75.16, 98.70, 127.49, 136.55; exact mass, m/z

calcd for C2;H3s0¢ (M - CH3)* 383.2433, found 383.2433.

Conversion of 51 into 49.

51 49
Pyridinium p-toluenesulfonate (37.4 mg, 0.149 mmol) was
added to a stirred solution of epoxysilane 51 (86.0 mg, 0.115
mmol) in dry THF (10 mL). The mixture was stirred overnight
and then solid sodium bicarbonate (ca. 30 mg, 0.35 mmol) was
added. The suspension was stirred for 15 min and then

filtered through a pad (2 x 2 cm) of a 2:1 mixture of
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Florisil and sodium bicarbona'e. The pad was then washed
with ethyl acetate (20 mlL) and the combined filtra-es were
evaporated. Flash chromatography of the resicdue over silica
gel (1.5 x 15 cm), using first 3:7 ethyl acetate--hexane and
then 2:3 ethyl acetate--hexane, gave triol 49 (52.8 mg, 74%)
as a homogeneous (TLC, silica, developme 1t first with 3:7
ethyl acetate--hexane and then with ':1 ethyl acetate--
hexane) solid: mp 154-156 °C; IR (THCl3 cast) 3400 cm-l; 1lH
NMR (CDClj, 300 MHz) & 0.85 (d, J = 7.0 Hz, 3 H), 0.95--1.20
[m, 10 H, including a singlet at 8§ 1.06 (9 H)), 1.20--1.54
(m, 13 H, includinj a doublet at § 1.28 (J = 7.5 Hz, 3 H),

and singlets at & 1.34 (3 H) and 8 1.44 (3 H)), 1.54--1.92 (m,

5 H, 1.98--2.10 (m, 1 H), 2.15--2.32 (m, 2 H), 2.35--2.45

(m, 1 H), 2.48 [d, J = 9.0 Hz, 1 H (signal disappeared upon
exchange with D20)], 3.01 [s, 1 H (signal disappeared upon
exchange with D20)]}, 3.42--3.54 [m, 2 H, (signal for 1 H
disappeared upon exchange with Dy0)], 3.64--3.74 {m, 1 H),
3.78--3.92 (m, 2 H), 4.08--4.20 (m, 2 H), 5.84 (dd, J = 10.0,
5.0 Hz, 1 H), 6.04 (d, J = 10.0 Hz, 1 H), 7.32--7.50 (m, 6
H), 7.58--7.75 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) § 12.81,
14.14, 16.32, 19.25, 19.92, 23.06, 26.90, 30.30, 31.48,

31.89, 32.21, 33.56, 37.56, 39.39, 41.43, 59.70, 65.67,

67.50, 69.02, 74.28, 75.10, 98.56, 127.47, 127.62, 127.65,
129.58, 133.97, 134.03, 135.59, 136.63; exact mass, m/z calcd
fcr C37Hs10sSi (M - CH3 - H20)* 603.3506, found 603.3527; CIMS,
m/z calcd for C3gHs60¢Si 636, found 637 (M + 1)*. Anal. Calcd

for C3gHs¢0¢Si: C, 71.66; H, 8.86. Found: C, 71.56; H,
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Conversion of 49 into 853.

0 0SiPh,Bu-1 >&
> —
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HO
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£ OH
HO

49 53

Lead tetraacetate (5.4 mg, 0.011 mmol) was added to a
stirred solution of triol 49 (6.7 mg, 0.0105 mmol) in dry
dichloromethane (1.5 mL) at room temperature. The suspension
was stirred for 45 min and the mixture was then filtered
through a pad (0.5 x 4 cm) of silica gel. The pad was washed
with dichlorome-rane (5 mL) and ethyl acetate (10 mL). The
combined filtrates were evaporated and flash chromatography
cf the residue over silica gel (0.5 x 8 cm), using first 3:17
ethyl acetate--chloroform and then 1:4 ethyl acetate--
chloroform, gave keto lactols 53 (5.4 mg, 81%) as an
apparently homogeneous (TLC, silica, two developments with
1:4 ethyl acetate--chloroform) thick oil: IR (CHClj3 cast)
3420, 1670 cm~l; 1H NMR (CDCl3, 300 MHz) & 0.98 (d, J = 7.0
Hz, 3 H), 1.06 (s, 9 H), 1.15 (d, J= 7.5 Hz, 3 H), 1.20--
1.52 [m, 11 H, including singlets at & 1.35 (3 H) and 6 1.40
(3 H))), 1.56~-1.74 (m, 5 H), 1.98--2.06 (m, 1 H), 2.22--2.34

(m, 2 H), 2.42--2.48 (m, 0.35 H), 2.52--2.58 (m, 0.65 H),

194
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2.90--3.04 (m, 1 H), 3.65--3.88 (m, 3 H), 4.05--4.14 (m, 1
H), 4.48--4.54 (m, 0.65 H), 4.58--4.62 (m, 0.35 H), 5.04 (d,
J= 4.0 Hz, 0.65 H), 5.32 (dd, J = 4.0, 2.0 Hz, 0.35 H),
5.82--6.00 (m, 1 H), 6.56--6.78 (m, 1 H), 7.36--7.46 (m, 6
H), 7.65--7.70 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) (major
isomer) & 16.58, 17.05, 19.27, 19.90, 22.76, 26.92, 30.33,
31.42, 34.15, 35.87, 37.30, 39.37, 40.71, 42.36, 56.14,
59.71, 65.65, 69.48, 78.27, 98.50, 104.60, 127.69, 128.54,
129.62, 134.03, 135.61, 153.57, 200.77; (minor isomer) 13.04,
22.55, 35.54, 37.21, 42.88, 55.48, 69.56, 99.83, 127.64,
128.35, 134.00, 153.04, 200.02; exact mass, m/z calcd for
C37H510651 (M - CH3)* 615.3454, found 619.3439,

Conversion of 5 into 56.

OSiPh,Bu-t

5 56
Dry DMSO (32 ML, 0.448 mmol) was added to a stirred and

cooled (-78°C) solution of oxalyl chloride (19.5 ML, 0.224
mmol) in dichloromethane (10 mL), and stirring was continued
for 10 min. Alcohol 5 (90 mg, 0.149 mmol) in dichloromethane
(1 mL plus 1 mL as a rinse) was added dropwise over ca. 2

min. Stirring at -78°C was continued for 1 h, and then



triethylamine (103.8 pL, 0.745 mmol) was added. The cold
bath was removed 5 min after the end of the addition and
stirring was continued for a further 1 h. Water (10 mL) and
dichlorom:thane (10 mL) were added and the layers were
separated. The aqueous phase was extracted with
dichloromethane (1 x 10 mL) and the combined organic phases
were dried (NazSO4) and evaporated. Flash chromatography of
the residue over silica gel (1.5 x 15 cm), using first 1:19
ethyl acetate--hexane and then 1:9 ethyl acetate--hexane,
gave ketone 56 [78.3 mg, 87%, or 96% corrected for recovered
starting alcohol (8.7 mg)] as a homogeneous (TLC, silica, 1:9
ethyl acetate--hexane) oil. IR (CHCl3 cast) 1720 cm~l; lH NMR
(CDC1l3, 300 MHz) & 0.92 (d, J = 7.0 Hz, 3 H), 1.05 (s, 9 H),
1.15 (d, v = 7.5 Hz, 3 H), 1.22--1.78 [m, 14 H, including
singlets at 8 1.38 (3 H) and § 1.44 (3 H))]}, 1.92--2.02 (m, 1
H), 2.12 (dd, J = 13.0, 9.5 Hz, 1 H), 2.36--2.48 (m, 1 H),
2.62 (dd, J=13.0, 6.0 Hz, 1 H), 2.74--2.88 (m, 2 H), 3.65--
3.80 (m, 3 H), 4.08--4.18 (m, 1 H), 5.52 (br s, 1 H), 5.80
(dd, J= 9.5, 6.0 Hz, 1 H), 6.04 (d, J = 9.5 Hz, 1 K), 7.35--
7.48 (m, 6 H), 7.64--7.74 (m, 4 H); 13C NMR (CDCl3, 75.469
MHz) & 14.15, 19.21, 19.88, 21.36, 23.79, 25.34, 26.59,
26.87, 28.93, 30.30, 31.60, 32.28, 33.89, 37.36, 38.44,
39.38, 46.97, 48.41, 59.67, 65.58, 69.26, 98.40, 126.27,
127.60, 127.63, 129.48, 129.54, 133.95, 133.99, 134.84,
135.56, 135.90, 212.21. exact mass, m/z calcd for C3gHs5204Si

600.3665 M*, found 600.3648.
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Conversion of 56 into 57.

0SiPh,Bu-1

E,Si0
H

56 57

A stock solution of LDA was prepared by adding n-
butyllithium (1.6 M in hexanes, 0.67 mL, 1.07 mmol) to a
stirred and cooled (0°C) solution of diisopropylamine (0.15
mL, 1.07 mmol) in THF (3 mL). Stirring was continued for 10
min and a portion (1.65 mL, 0.462 mmol of LDA) of the above
LDA solution was diluted with THF (6 mL) and cooled to -78°C.
A solution of ketone 56 (55.5 mg, 0.0924 mmol) in THF (1 mL
plus 1 mL as a rinse) was added over ca. 2 min with stirring
and, after 15 min, 4:1 triethylchlorosilane-triethylamine (58
ML, 0.277 mmol of triethylchlorosilane) was added. Stirring
at -78°C was continued for 15 min. At this stage some
starting ketone remained (TLC, silica, 1:19 ethyl acetate--
hexane) and so more of the stock LDA solution (which had been
kept at -78°C) (1.65 mL mL, 0.462 mmol) was added, followed
by another portion of the triethylchlorosilane-triethylamine
solution (58 WL, 0.277 mmol of triethylchlorosilane).
Stirring was continued for 15 min and then saturated agqueous
sodium bicarbonate (1 mL) was added. The cooling bath was

removed and the mixture was allowed to attain room
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~emperature (ca. 30 min). The mixture was concentrated and
the residue was dissolved in dichloromethane (10 mL). The
solution was washed with water (1 x 5 mL) and brine (1 x 5
mL), dried (MgSO4) and evaporated. Flash chromatography of
the residue over silica gel (1 x 15 cm) using 1:9 chloroform-
-hexane gave silyl enol ether 57 (47.5 mg, 72%) as a
homogeneous (TLC, silica, 1:19 ethyl acetate--hexane) thick
oil: IR (CHCl3 cast) 2955 cm~l;1H NMR (CDCl3, 300 MHz) & 0.65
(g J=8.0 Hz, 6 H), 0.90--1.28 [m, 27 H, including doublets
at 8 0.94 (J = 7.0 Hz, 3 H) and § 0.98 (J = 7.8 Hz, 3 H), and
a singlet at & 1.04 (9 H)]}, 1.30--1.60 [m, 8 H, including
singlets at & 1.35 (3 H) and § 1.40 (3 H)], 1.62--1.88 (m, 4
H), 2.30--2.40 (m, 1 H), 2.56--2.64 (m, 1 H), 2.89--2.95 (m,
1 H), 3.64--3.70 (m, 1 H), 3.72--3.86 (m, 2 H), 4.06--4.14
(m, . H), 4.86 (m, 1 H), 5.34 (br s, 1 H), 5.65 (dd, J = 9.5,
5.5 Hz, 1 H), 6.04 (d, J= 9.5 Hz, 1 H), 7.32--7.44 (m, 6 H),
7.62--7.68 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) & 5.28, 6.97,
13.67, 19.26, 19.82, 23.49, 26.39, 26.69%, 30.35, 32.13,
33.81, 34.59, 37.63, 38.81, 39.54, 46.33, 59.77, 65.71,
69.72, 98.42, 108.80, 125.24, 127.66, 127.97, 129.59, 133.98,
134.03, 134.07, 135.61, 136.35, 150.43; CIMS, m/z calcd for

C44Hge04Si2 714, found 715 (M + 1)*,
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Conversion of 57 into 58.

OSiPh,Bu-t

57 58

A solution of silyi enol ether 57 (42 mg, 0.0587 mmol)
in dichloromethane (1 mL) was added quickly to a stirred and
cocled (C°C) solution of m-chloroperbenzoic acid (80-85% w/w,
11 mg, ca. 0.0528 mmol) in dichloromethane (8 mL). Stirring
at 0°C was continued for 80 min, at which stage some starting
silyl enol ether still remained (TLC control, silica,
development first with 1:19 ethyl acetate--hexane and then-
with 1:9 ethyl acetate--hexane). More m-chloroperbenzoic
acid (2 mg, 0.001 mmol) was added and stirring at 0°C was
continued for 10 min, by which time the reaction was over
(TLC control). Aqueous sodium bisulfite (1 M, 2 mL) was
added and the mixture was stirred vigorously for 10 min. The
layers were separated and the organic layer was washed with
sodium bicarbonate (2 x 5 mL). The combined aqueous phases
were extracted with dichloromethane (1 x 15 mL), and the
combined organic extracts were washed with brine (1 x 15 mlL),
dried (MgSQO4) and evaporated. Flash chromatography of the
residue over silica gel (1.5 x 15 cm), using first hexane and

then 1:19 ethyl acetate--hexane, gave ketone 58 (20 mg, 47%).



Further elution with 3:17 ethyl acetate-~hexane afforded
another compound (6.9 mg) which has yet to be identified.
Ketone 58 had: IR (CHCl3 cast) 2954, 1795 cm™}; 1H NMR
(CDCl3, 300 MHz) & 0.64 (q, J = 8.0 Hz, 6 H), 0.84--1.14 (m,
22 H), 1.14--1.78 (m, 15 H, including singlets at 8§ 1.38 (3
H) and & 1.44 (3 H)), 1.84--2.08 (m, 2 H), 2.35--2.48 (m, 1
H), 2.94--3.06 (m, 1 H), 3.10--3.18 (m, 1 H), 3.64--3.94 (m,
3 H, 4.08--4.18 (m, 1 H), 4.68 (d, J= 7.0 Hz, 1 H), 5.38--
5.44 (m, 1 H), 5.82 (dd, g = 9.5, 6.0 Hz, 1 H), 5.96 (d, J =
9.5 Hz, 1 H), 7.34--7.48 (m, 6 H), 7.64--7.74 (m, 4 H); 13C
NMR (CDCl3, 75.469 MHz) & 4.92, 6.85, 14.68, 14.89, 19.26,
19.68, 24.78, 26.90, 30.14, 33.55, 35.92, 37.45, 39.49,
42.17, 47.12, 59.71, 65.59, 68.21, 76.41, 98.43, 126.05,
127.62, 127.67, 127.86, 128.85, 129.57, 129.60, 134.07,
135.08, 135.61, 208.36; exact mass, m/z calcd for C3gHg505Siz

(M - CH3 ~ t-Bu)* 659.3588 M*, found 659.3579.

Conversion of 57 into 59.

OSipthU-’

57 59
A solution of silyl enol ether 57 (33.9 mg, 0.047 mmol)

in ethyl acetate (0.5 mL plus 0.5 mL as a rinse) was added
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quickly (over ca. 1 min) to a stirred and cooled (0°C)
mixture of m-chloroperbenzoic acid (80-85% w/w, 12.0 mg, ca.
0.0569 mmol) and solid sodium bicarbonate (12.0 mg, 0.141
mmol) in ethyl acetate (2 mL). Stirring at 0°C was continued
for 1 h (TLC control, silica, 1:9 ethyl acetate—hexane).
Aqueous sodium bisulfite (1 M, 0.5 mL) was added and the
mixture was stirred vigorously for 10 min. The layers were
separated and the organic layer was washed with saturated
aqueous sodium bicarbonate (1 x 1.5 mL), dried (MgSO4) and
evaporated. Flash chromatography of the residue over silica
gel (1.5 x 15 cm), using 1:9 ethyl acetate—hexane, gave
ketone 59 (20.2 mg, 70%) as a homogeneous (TLC, silica, 1:9
ethyl acetate—hexane) thick oil: IR (CH2Cl, cast) 3500, 1720

7.0 Hz, 3 H

cm~1l; 1H NMR (CDCli, 400 MHz) & 0.87 (d, J
corresponding to C(3)-Me], 0.90 [d, J= 7.0 Hz, 3 H
corresponding to C(7)-Me]l, 1.05 (s, 9 H), 1.10—1.35 (m, 3
H), 1.38 (s, 3 H), 1.42 (s, 3 H), 1.47—1.66 (m, 2 H), 1.66—
1.78 (m, 2 H), 1.92—2.03 [m, 1 H corresponding to C(8)-H],
2.06—2.16 (m, 1 H), 2.37—2.47 [m, 1 H correspouding to
c(3)-4), 3.12—3.23 [m, 1 H corresponding to C(3)-H], 3.28
{d, v = 12.5 Hz, 1 H corresponding to C(8a)-H), 3.38 [d, J =
7.0 Hz, 1 H (signal disappeared upon exchange with D20) 1],
3.65—3.90 (m, 3 H), 4.08--4.18 (m, 1 H), 4.71 [t, J = 7.3
Hz, 1 H corresponding to C(2)-H], 5.50 [t, J = 3.8 Hz, 1 H
corresponding to C(4)-H], 5.84 [dd, J = 9.5, 6.0 Hz, 1 H
corresponding to C(6)-H], 5.96 [d, J = 9.5 Hz, 1 H

corresponding to C(5)-H), 7.32--7.45 (m, 6 H), 7.64--7.74 (m,
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4 H); 13C NMR (CDCl3, 75.469 MHz) § 14.41, 14.69, 19.23,
19.90, 24.55, 26.88, 29.98, 30.32, 33.58, 35.60, 37.41,
39.40, 41.72, 46.42, 59.71, 65.65, 6€9.44, 74.83, 98.43,
125.96, 127.61, 127.64, 128.09, 129.56, 133.26, 133.96,
134.02, 135.25, 135.58, 210.42; exact mass, m/z calcd for
C37H4q90551i (M - CH3)* 601.3349, found 601.3352.

The stereochemistry of 59 at C(2) was established by
decoupling and NOE lH NMR (300 MHz) experiments. Decoupling
served to locate the chemical shifts of the signals
corresponding to C(2)-H (d, 8 4.71), C(3)-H (m, 8§ 3.12—3.23),
C(7)~H (m, & 2.37—2.47),.C(8)-H (m, & 1.92—2.03), C(8a)-H
(d, & 3.28). Irradiation of the C(3)-H signal (& 3.12—3.23)
caused collapse of one of the high field methyl doublets
(that centered at 0 0.87) and at the same time the olefinic

signal due to C(4)-H (0 0.87) changed to a narrow (J = 3.8

Hz) doublet. The signal due to C(2)-H also changed into a

doublet (residual coupling with the hydroxyl hydrogen) .

These observations allow assignment of the signal at 6 3.12—
3.23 to C(3)-H and the signal at § 4.71 to C(2)-H.

Similarly, irradiation of the signal at 8§ 2.37—2.47 caused
collapse of the other high field doublet (that centred at &
0.90) and at the same time the olefinic signal due to C(6)-H
(0 5.84) changed to a doublet. The olefinic signals
corresponding to C(4)-H, C(5)-H, and C(6)-H could be assigned
on the basis of their splitting patterns and coupling
constants. The signal due to C(4)-H is a doublet of doublets

[coupling with C(3)-H and C(8a)-H], that due to C(5)-H is a
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doublet ([coupling with C(6)-H), and that due to C(6)-H is a
doublet of doublets [coupling with C(5)-H and C(7)-H].
Irradiation of the signal due to C(7)~H also caused a change
in the signal due to C(8)-H, and so the location of C(8)-H
could be found. Irradiation of C(8)-H and of C(4)-H in
separate experiments served to locate the signal due to
C(8a) -H.

Irradiation of the doublet corresponding to C(8a)-H

(centered at & 3.28) caused a 15% enhancement of the signal

at 8 4.71 [corresponding to C(2)-H)]. Hence C(2)-H and

C(8a)-H are taken to be cis.

Conversion Of 59 into 64.

59 63 64

Lead tetraacetate (32.0 mg, 0.0688 mmol) and then acetic
acid (30.0 UL, 0.52 mmol) were added to a stirred solution of
ketone 59 (40.4 mg, 0.065 mmol) in a mixture (1:1) of benzene
and dry methanol (3.0 mL) at room temperature. Stirring was
continued for 20 min (TLC control, silica, 15:85 ethyl
acetate--hexane). Agqueous sodium bisulfite (1 M, 4.0 mL) was

added and the mixture was stirred vigorously for 10 min and



extracted with dichloromethane (2 x 10 mL). The combined
organic phases were washed with saturated aqueous sodium
bicarbonate (1 x 10 mL), dried (MgS04) and evaporated to give
crude aldehyde ester 63. The material had: IR (CHCl3 cast)
1725 cm~1; exact mass, m/z calcd for C3gH5106Si (M - CH3)*
631.3462, found 631.3441.

The crude material was dissolved in 98% ethanol (2.5 mL)
and sodium borohydride (13.5 mg, 0.358 mmol) was added at 0°c
(stirring) . After 40 min, water (5 drops) and acetic acid
(10 drops) were added and the mixture was stirred for 5 min.
The solvents were evaporated and the residue was dissolved in
dichloromethane (10.0 mL), washed with saturated aqueous
sodium bicarbonate (1 x 5.0 mL), dried (MgSO4) and
evaporated. Flash chromatography of the residue over silica
gel (1.5 x 15 cm), using first 1:4 ethyl acetate--hexane and
then 3:7 ethyl acetate~-hexane, gave hydroxy ester 64 (5.4
mg, 81%) as a homogeneous (TLC, silica, 3:7 ethyl acetate--
hexane) thick oil: IR (CHCl3 cast) 3424, 1726 cm-l; 1§ NMR
(CDCl3, 300 MHz) 8 0.94 (d, J = 6.5 Hz, 3 H), 1.02 (d, J = 7.5
Hz, 3 H), 1.03--1.09 [m, 10 H, including a singlet at & 1.04
(9 H)], 1.30--1.55 [m, 10 H, including singlets at & 1.37 (3
H) and 8 1.43 (3 H)], 1.61--1.75 (m, 3 H), 2.18--2.30 (m, 2
Hy, 2.48--2.68 (m, 2 H), 3.30--3.40 (m, 1 H), 3.47--3.58 (m,
1 H), 3.62~-3.88 [m, 7 H, including a singlet at & 3.69 (3
H)]l, 4.05--4.17 (m, 1 H), 5.34 (d, J=10.5 Hz, 2 H), 6.04

(dd, J = 10.5, 3.0 Hz, 1 H), 7.32~-7.46 (m, 6 H), 7.60-~7.70
(m, 4 H); 13c NMR (CDCl3, 75.469 MHz) & 17.397, 17.849,
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19.251, 19.877, 21.412, 26.890, 30.303, 31.370, 34.577,
35.909, 37.430, 39.394, 39.546, 44.910, 52.393, 59.735,
65.703, 67.731, 69.466, 98.487, 127.640, 127.661, 129.063,
129.609, 131.735, 131.816, 133.938, 133.992, 135.585,
174.635; exact mass, m/z calcd for C3gHs306Si (M - CH3)*

633.3611, found 633.3603; CIMS, m/z calcd for C3gHs5¢0¢Si 648,

found 649 (M + 1)*,

Conversion of 49 into 66.

OSiPh,Bu-t

49 66

2-Methoxypropene (28 ML, 0.288 mmol) was added to a
stirred and cooled (0°C) solution of triol 49 (61.3 mg, 0.096
mmol) and pyridinium p-toluenesulfonate (4.8 mg, 0.019 mmol)
in dry dichloromethane (5.0 mL). Stirring was continued at
0°C for 4 h (TLC control, silica, 1:9 ethyl acetate--hexane) .
The mixture was diluted with dichloromethane (10 mL) and
washed with saturated aqueous sodium bicarbonate (1 x 5.0
mL) . The aqueous layer was extracted with dichloromethane (1
X 5.0 mL), and the combined organic phases were dried (MgSOg4)

and evaporated. Flash chromatography of the residue over



silica gel (1.5 x 15 cm), using first 1:19 ethyl acetate--
hexane and then 1:9 ethyl acetate--hexane, gave alcohol 66
(60.9 mg, 93%) as a homogeneous (TLC, silica, 1:9 ethyl
acetate~-hexane) foam: IR (CHCl3 cast) 3540

cm~1; lH NMR (CDCl3, 300 MHz) 8 0.84 (d, J = 7.0 Hz, 3 H),
0.99 (d, J = 6.5 Hz, 3 H), 1.02--1.34 [m, 12 H, including a
singlet at & 1.05 (9 H)}, 1.34--1.75 [m, 19 H, including
singlets at 8 1.36 (3 H), & 1.42 (3 H), 8 1.46 (3 H), and b
1.52 (3 H)), 1.86--2.00 (m, 1 H), 2.07--2.28 (m, 2 H), 2.40--
2.52 (m, 1 H), 3.51 (d, J = 10.5 Hz, 1 H), 3.63--3.73 (m, 1
H), 3.74--3.88 (m, 2 H), 3.97--4.18 (m, 3 H), 5.71 (d, J =
10.0 Hz, 1 H), 5.86 (dd, J = 10.0, 4,5 Hz, 1 H), 7.30~-7.46
(m, 6 H), 7.60--7.72 (m, 4 H); 13C NMR (CDCl3, 125.697 MHz) &
12.736, 17.095, 19.249, 19.937, 23.378, 26.879, 27.219,
28.672, 29.475, 30.341, 31.217, 33.679, 33.736, 36.128,
37.525, 37.980, 39.386, 59.676, 65.097, 65.624, 69.596,
81.822, 83.547, 98.425, 107.988, 127.615, 127.653, 129.552,
129.586, 130.346, 133.958, 134.00, 135.585, 135.597, 138.121;
exact mass, m/z calcd for CaoHs5706Si (M - CH3)* 661.3924,

found 661.3933.
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20Conversion of 66 into 67.

Oy _\_051Ph,Bu.1

\o

<

66 67

Alcohol 66 (76.8 mg, 0.113 mmol) in dichloromethane (2.0
mL plus 2 x 1.0 mL as rinses) was added at room temperature
to a stirred mixture of pyridinium chlorochromate (48.9 mg,
0.227 mmol), sodium acetate (20 mg) and powdered 4A molecular
sieves (54 mg) in dichloromethane (5.0 mL). The mixture was
stirred overnight (11 h), at which time the reaction was
complete (TLC [silica, (both the sample of the reaction
mixture and the sample of the starting material must be
applied tc the plate as very dilute solutions), 1:9 ethyl
acetate--hexane developed twice]. The mixture was diluted
with ether (15 mL) and filtered through a pad (2 x 3 cm) of
Florisil. The pad was washed with ether (35 mL) and the
combined filtrates were evaporated. Flash chromatography of
the residue over silica gel (1.5 x 15 cm), using first 5:95
ethyl acetate--hexane and then 15:85 ethyl acetate--hexane,
gave ketone 67 (71.9 mg, 94%) as a homogeneous (TLC, silica,
1:9 ethyl acetate--hexane) foam: IR (CHCl3 cast) 1724 cm~l;

1H NMR (CDCl3, 400 MHz) 8§ ©.87 (d, J = 7.0 Hz, 3 H), 0.97--



1.22 [m, 14 H, including a singlet at § 1.04 (9 H) and a
doublet at 8 1.12 (J = 6.5 Hz, 3 H)], 1.22--1.76 (m, 17 H,
including singlets at § 1.30 (3 H), & 1.36 (3 H), 8§ 1.38 (3
H), and & 1.42 (3 H)], 2.11--2.52 (m, 6 H), 2.64 (d, J = 10.0
Hz, 1 .), 3.62--3.88 (m, 3 H), 4.07--4.18 (m, 2 H), 5.76 (dd,
J=9.5 1.5 Hz, 1 H), 5.89 (dd, J = 9.5, 4,5 Hz, 1 H), 7.34-
~7.46 (m, 6 H), 7.63--7.42 (m, 4 H); 13C NMR (CDCl3, 100.614
MHz) & 13.43, 17.10, 19.26, 19.94, 23.33, 26.43, 26.92,
27.52, 30.36, 30.77, 31.02, 32.05, 33.66, 37.60, 39.46,
43.79, 50.09, 59.80, 65.72, 69.70, 82.63, 83.39, 98.42,
108.11, 127.63, 127.67, 128.97, 129.56, 129.59, 134.10,
135.63, 138.61, 209.01; exact mass, m/z calcd for C40Hs550¢S1
(M - CH3)* 659.3768, found 659.3772; CIMS, m/z calcd for

C41Hs5806S1 674, found 675 (M + 1)*.

Conversion of 67 into 68.

o) OSiPh,Bu-1

w

0. O

X

67 68

n-Butyllithium (1.6 M in hexane, 0.33 mL, 0.530 mmol)
was added to a stirred and cooled (0°C) solution of

diisopropylamine (74.2 pL, 0.530 mmol) in THF (5.0 mL).



Stirring was continued for 15 min and the solution was then
cooled to -78°C. A solution of ketone 67 (71.5 mg, 0.106
mmol) in THF (2.0 mL plus 2 x 1.0 mL as rinses) was added
dropwise (over ca. 5 min) with stirrir- and, after 30 min,
another portion of n-butyllithium (1.0 M in hexane, 66 U1,
0.106 mmol) was added. Stirring was continued for 15 min and
4:1 chlorotriethylsilane-triethylamine (67.0 WL, 0.318 mmol
of chlorotriethylsilane) was added. Stirring was continued
for 1 h, the cooling bath was removed, and the mixture was
allowed to attain room temperature (ca. 40 min). Saturated
aqueous sodium bicarbonate (3 drops) was added and stirring
was continued for 5 min. The mixture was filtered thrcugh a
pad (2 x 2 cm) nf a 2:1:1 mixture of Florisil, sodium
bicarbonate and magnesium sulfate. The pad was washed with
ethyl acetate (20 mL) and the combined filtrates were
evaporated. Flash chromatography of the residue over silica
gel (1.5 x 15 cm), using 5:95 ethyl acetate--hexane, gave
silyl enol ether 68 (80.4 mg, 96%) as a homogeneous (TLC,
silica, 5:95 ethyl acetate--hexane) thick oil: IR (CHCl3
cast) 2956, 2934, 2875 cm~l; l1H NMR (CDCl3, 300 MHz) & 0.64
(m, 6 H), 0.88 (d, J = 7.0 Hz, 3 H), 0.98 (t, J= 7.5 Hz, 9
H), 1.04 (s, 9 H), 1.08--1.22 [m, 4 H, including a doublet at
§1.13 (J= 7.0 Hz, 3 H)], 1.24--1.44 [m, 14 H, including
singlets at & 1.33 (3 H), 8 1.37 (3 H), 8 1.41 (3 H), and J
1.42 (3 H)), 1.44--1.78 (m, 4 H), 2.00--2.1C (m, 2 H), 2.18--
2.35 (m, 2 H), 2.42--2.50 (m, 1 H), 3.65--3.88 (m, 3 H), 4.00

(d’ J= 2-5 HZ, 1 H), 4.08—_4.17 (m’ 1 H), 4.39 (t’ J= 1.5
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Hz, 1 H), 5.76--5.87 (m, 2 H), 7.33--7.45 (m, 6 H), 7.63--
7.70 (m, 4 H); 13c NMR (CDCl3, 75.469 MHz) & 4.89, 6.88,
14.11, 16.02, 19.27, 19.80, 25.28, 26.90, 29.63, 30.36,
31.30, 33.22, 33.67, 33.77, 37.70, 39.52, 42.21, 59.78,
65.68, 69.92, 84.91, 86.84, 98.40, 103.75, 109.27, 127.64,
127.66, 128.69, 129.60, 134.02, 134.06, 135.61, 136.29,

153.31; Neither FABMS nor CIMS spectra could be obtained.

Conversion of 68 into 69.

68 69

Ozonized oxygen was bubbled from a 50-mL syringe into a
stirred and cooled (-78°C) solution of silyl enol ether 68
(18.2 mg, 0.023 mmol) in 1:4 dichloromethane-methanol (2.0
mL) urtil the starting material disappeared (TLC control,
silica, 15:85 ethyl acetate--hexane). Sodium borohydride
(0.9 mg, 0.023 mmol) was then added (-78°C) and stirring was
continued. After 1 h, another portion of sodium borohydride
(0.9 mg, 0.023 mmol) was added, the cooling bath was removed,
and the mixture was allowed to attain room temperature (ca.

30 min). Stirring was then continued for 3 h, after which
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acetic acid (4 drops ) was added. The mixture was evaporated
and the residue was dissolved in ether (3.0 mL). The organic
solution was treated with an excess of diazomethane in ether.
After 10 min, acetic acid was added until a colorless
solution was formed. Evaporation of the solvent and flash
chromatography of the residue over silica gel (1 x 15 cm),
using first 1:4 ethyl acetate~-hexane and then 35:65 ethyl
acetate—-hexane, gave ester 69 (71.9 mg, 94%) as a
homogeneous (TLC, silica, 35:65 ethyl acetate--hexane) white
foam: IR (CHCl3 cast) 3460, 1750 cm~l; lH NMR (CDCl3, 400
MHz) & 0.82 (d, J = 6.5 Hz, 3 H), 0.86 (d, J = 7.0 Hz, 3 H),
0.98--1.16 [m, 10 H, including a singlet at § 1.03 (9 H)],
1.22--1.46 [m, 16 H, including singlets at & 1.34 (3 H), §
1.40 (3 H), 6 1.42 (3 H), and & 1.43 (3 H)], 1.46--1.74 (m, 3
H), 2.18--2.28 (m, 1 H), 2.35--2.43 (m, 1 H), 2.40--2.77 (m,
3 H), 3.54--3.88 [m, 9 H, including a singlet at & 3.70 (3
H)], 4.08--4.15 (m, 1 H), 5.41 (dd, J = 10.0, 1.0 Hz, 1 H),
5.96 (dd, J = 10.0, 5.5 Hz, 1 H), 7.35--7.45 (m, 6 H), 7.63--
7.70 (m, 4 H); 13C NMR (CDCi3, 75.469 MHz) § 12.24, 13.25,
19.27, 19.93, 24.87, 26.12, 26.34, 26.91, 29.78, 30.32,
33.63, 34.22, 35.08, 37.43, 39.40, 46.26, 51.11, 59.70,
65.58, 68.51, 69.12, 80.83, 88.98, 98.45, 108.23, 127.64,
127.68, 129.12, 129.61, 133.99, 134.05, 135.61, 137.28,
172.27; exact mass, m/z calcd for Cq1H5908Si (M - CH3)*
707.3971, found 707.3998; CIMS, m/z calcd for C42Hg208S1i 722,

found 723 (M + 1)*,
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Conversion of 68 into 72.

OSiPh,Bu-t

68 71 72

Ozonized oxygen was bubbled from a 50-mL syringe into a
stirred and cooled (-78°C) solution of silyl enol ether 68
(77.0 mg, 0.0975 mmol) in 1:4 dichloromethane-methanol (6.0
mL) until the starting material disappeared (TLC control,
silica, 15:85 ethyl acetate--hexane). Sodium borohydride
(7.0 mg, 0.185 mmol) was then added (-78°C) and stirring was
continued. After 1 h, another portion of sodium borohydride
(8.0 mg, 0.211 mmol) was added, the cooling bath was removed
and the mixture was allowed to attain room temperature (ca.
30 min). Stirring was then continued for 3 h, after which
acetic acid (6 drops ) was added. The mixture was evaporated
and the residue was dissolved in dichloromethane (1.0 mL) and
filtered through a pad of Florisil (ca. 3 cm, contained in a
pasteur pipet), and the pad was then washed with ethyl
acetate (10.0 mL). The combined filtrates were evaporated
and the residue was left on o0il pump for ca. 30 min to remove

traces of solvent. The crude material was dissolved in dry

ether and chlorotriethylsilane (65uL, 0.39 mmol),
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triethylamine (68 ML, 0.487 mmol) and DMAP (two crystals)
were then added. The mixture was stirred overnight, diluted
with ethyl acetate (10 mL) and washed sequentially with water
(1 x 10 mL), aqueous hydrochloric acid (1.0 M, 1 x 10 mL),
and brine (1 x 10 mL). The solution was dried (Naz2SO4) and
evaporated. The residue was dissolved in 1:9 ethyl acetate--
hexane (0.8 mL) and stirred with flash silica gel (0.9 g) for
5 h. The slurry was evaporated and flash chromatography of
the residue over silica gel (1.5 x 10 cm), using first 1:9
ethyl acetate--hexane and then 1:4 ethyl acetate--hexane,
gave ester 72 (20.9 mg, 26%) as a homogeneous (TLC, silica,
1:4 ethyl acetate--hexane) white foam: IR (CHCl3 cast) 1708
cm-1l; 14 NMR (CDClsz, 400 MHz) & 0.54 (g, J = 8.0 Hz, 6 H),
0.84 (d, J= 6.5 Hz, 3 H), 0.89 (d, J = 6.5 Hz, 3 H), 0.92
(t, J=8.,0 Hz, 9 H), 0.97--1.13 [m, 10 H, including a
singlet at 6 1.02 (9 H)), 1.15--1.28(m, 2 H), 1.29--1.58 [m,
15 H, including singlets at 6 1.31 (3 H), 6 1.36 (3 H), & 1.38
(3 H), and & 1.40 (3 H)]}, 1.59--1.68 (m, 2 H), 1.98--2.09 (m,
1 H), 2.18--2.29 (m, 1 H), 2.35--2.44 (m, 1 H), 2.63 (d, J =
12.0 Hz, 1 H), 3.54--3.75 (m, 4 H), 3.76--3.83 (m, 1 H), 3.86
(d, J=10.0 Hz, 1 H), 4.02--4.11 (m, 1 H), 5.48 (dd, J =
10.0, 1.0 Hz, 1 H), 5.95 (dd, J = 10.0, 5.5 Hz, 1 H), 7.30--
7.43 (m, 6 H), 7.59~--7.67 (m, 4 H), 9.57--9.86 (br, 1 H,
COOH); 13C NMR (CDCl3, 75.469 MHz) & 4.48, 6.82, 11.84, 13.47,
19.25, 19.89, 24.88, 25.83, 25.98, 26.90, 30.12, 30.28,
33.63, 34.57, 35.94, 37.44, 39.39, 46.99, 59.67, 64.66,

65.54, 68.95, 80.44, 84.78, 98.50, 108.14, 127.64, 127.67,
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129.16, 129.58, 134.00, 135.61, 137.76, 173.85; exact mass,
m/z calcd for C43H308Si (M - CaHs - CH3 - CH3)* 735.4292,
found 735.4319; CIMS, m/z calcd for C47H7408S1i2 822, found 823

(M + 1),

Conversion of 68 into 76.

68 76

A solution of silyl enol ether 68 (17.0 mg, 0.0215 mmol)
in ethyl acetate (1.0 mL plus 2 x 0.5 mL as rinses) was added
quickly (over ca. 1 min) to a stirred and cooled (0°C)
mixture of m~chloroperbenzoic acid (80-85% w/w, 6.8 mg, ca.
0.0323 mmol) and solid sodium bicarbonate (5.4 mg, 0.0646
mmol) in ethyl acetate (1.5 mL). Stirring was continued for
4 h at 0°C and for 2 h with the cooling bath removed (TLC
control, silica,1:9 ethyl acetate--hexane). The mixture was
diluted with ethyl acetate (5.0 mL) and washed with aqueous
sodium bisulfite (1 M, 1 x 5.0 mL). The aqueous layer was
extracted with ethyl acetate (1 x 5.0 mL) and the combined
organic phases were dried (MgS0Q4) and evaporated. Flash

chromatography of the residue over silica gel (1 x 15 cm),
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using firat 5:95 ethyl acetate--hexane and then 1:9 ethyl
acetate--hexane, gave ketone 76 (30.0 mg, 86%) as a
homogeneous (TLC, silica, 1:9 ethyl acetate--hexane) white
foam: IR (CHCl3 cast) 2958, 1735 cm~l; lH NMR (CDCl3, 300
MHz) & 0.52--0.75 (m, 6 H), 0.85--0.99 [(m, 12 H, including a
doublet at & 0.89 (J = 7.0 Hz, 3 H)], 1.04 (s, 9 H), 1.08--
1.28 [m, 8 H, including a doublet at & 1.22 (J = 7.0 Hz, 3 H)
and a singlet at § 1.25 (3 H)!, 1.28--1.60 [m, 12 H,
including singlets at 6 1.32 (3 H), & 1.34 (3 H), and & 1.40

(3 H], 1.62--1.74 (m, 2 H), 2.00--2.17 (m, 2 H), 2.28--2.42

(m, 1 H), 2.42--2.52 (m, 1 H), 2.90 (d, J 11.0 Hz, 1 H),

3.53 (d, J=18.5 Hz, 1 H), 3.63--3.88 (m, 3 H), 4.03--4.16
1.8 Hz, 1 H)],

[m, 2 H, including a doublet at § 4.08 (J
5.70 (dd, J = 9.5, 1.5 Hz, 1 H), 5.91 (dd, J = 9.5, 5.0 Hz, 1
H), 7.32--7.47 (m, 6 H), 7.62--7.71 (m, 4 H); 13Cc NMR (CDCl3,
75.469 MHz) § 4.82, 6.78, 13.35, 15.25, 19.26, 19.80, 23.26,
26.08, 26.74, 26.90, 30.33, 30.77, 31.36, 33.42, 37.52,
39.50, 39.61, 47.13, 59.75, 65.70, 69.75, 77.59, 82.23,
82.43, 98.40, 107.84, 127.63, 127.67, 128.68, 129.57, 129.61,
134.05, 135.62, 139.17, 206.61; exact mass, m/z calcd for

C43Hg307Si2 (M - C4Hg)* 747.4112, found 747.4143.



Conversion of 49 into 86.

|
Et
49 80 86

Superhydride (1.0 M in THF, 0.12 mL, 0.12 mmol) was
added to a stirred and cooled (0°C) solution of triol 49
(30.6 mg, 0.048 mmol). The cooling bath was removed after §
min and stirring was continued for 1 h. Water (1 drop) was
added and the mixture was stirred for 10 min. The solvents
were evaporated and the residue was dissolved in
dichloromethane. The solution was filtered through a pad (3
cm, contained in a pasteur pipet) of a 1:1 mixture of MgSO4
and Celite. The pad was washed with dichloromethane (6.0

mL) . The combined filtrates were evaporated to give the

crude protected alcohol 80 (30.9 mg) as a white foam: !H NMR

(CDCl3, 300 MHz) & 0.80--0.92 (m, 6 H), 0.93--1.09 [m, 14 H,
including a singlet at § 1.04 (s, 9 H)), 1.08--1.80 (m, 16 H,
including singlets at 8§ 1.36 (3 H) and & 1.43 (3 H)], 1.88-~
2.02 (m, 1 H), 2.10--2.25 (m, 2 H), 2.48--2.50 (m, 1 H), 2.58
(d, J=11.0 Hz,1 H), 3.63--3.88 (m, 3 H), 4.06--4.18 (m, 3
H), 5.48 (d, J = 10.0 Hz, 1 H), 5.89 (d, J=10.0, 6.0 Hz, 1
H), 7.33--7.48 (m, 6 H), 7.62--7.71 (m, 4 H); 13C NMR (CDC13,

16
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75.469 MHz) & 7.85, 12.86, 15.88, 19.27, 19.94, 23.25, 26.91,

29.64, 30.36, 30.90, 33.31, 33.66, 35.97, 36.93, 37.57,
39.43, 59.74, 65.68 (two carbons), 69.44, 82.15, 83.33,
98.48, 127.64, 127.67, 128.22, 129.59, 134.02, 134.07,
135.62, 137.21; exact mass, m/z calcd for C3gH5¢BOgSi (M ~
CH3)* 659.3939, found 659.3938. We forgot to obtain an IR
spectrum.

The crude alcohol (30.9 mg) in dichloromethane (2.0 mL )
was added to a stirred mixture of pyridinium
chlorochromate (31.0 mg, 0.144 mmol), sodium acetate (31 mg)
and powdered 4A molecular sieves (31 mg) in dichloromethane
(2.5 mL). Stirring was continued for 4.5 h (TLC control,
silica, 4:96 diethyl ether-~chloroform). The reaction
mixture was diluted with ether (10 mlL) and filtered through a
pad (2 x 2 cm) of Florisil. The pad was washed with ether
(20 mL) and the combined filtrates were evaporated. Flash
chromatography of the residue over silica gel (1 x 10 cm),
using first pure chloroform and then 4:96 ether--chloroform,
gave ketone 86 (27.9 mg, 86%) as a homogeneous (TLC, silica,
4:96 diethyl ether--chlorororm! white foam: IR (CHCl3 cast)
1725 em~1; l1H NMR (CDCl3, 300 MHz) & 0.70--1.20 [m, 21 H,
including a singlet at 8§ 1.03 (9 H) and a doublet at & 1.09 (J

6.5 Hz, 3 H)], 1.24--1.77 [m, 14 H, including singlets at &

1.35 (3 H) and 6 1.42 (3 H)], 2.20--2.52 (m, 4 H), 2.79 (d, J

11-0 HZ, 1 H), 3-62--4u17 (m, 4 H)' 4.30 (d’ J = 3.0 HZ, 1
H), 5.58 (dd, J =10.0, 1.5 Hz, 1 H), 5.93 (dd, J = 10.0, 5.0

Hz, 1 H), 7.33~-7.47 (m, 6 H), 7.62--7.73 (m, 4 H); 13Cc NMR



(CDCl3, 75.469 MHz) & 7.73, 12.56, 13.56, 15.68, 19.27, 19.95,

21.48, 23.59, 26.91, 30.36, 30.55, 31.14, 32.15, 33.69,
37.57, 39.43, 42.10, 48.95, 59.74, 65.68, 69.61, 81.63,
83.56, 98.43, 127.32, 127.64, 127.68, 129.57, 129.61, 134.03,
135.62, 138.00, 208.11; exact mass, m/z calcd for C39H54B0OgS1
(M - CH3)* 657.3782, found 657.3779.

Conversion of 86 into 17.

OSithBu-l

\“'..

86 17
Hydrogen peroxide (30% w/v, 5 drops) was added to a
stirred solution of ketone 86 (10.0 mg, 0.0149 mmol) in ethyl
acetate (2.0 mL). Stirring was continued for ca. 3 h (TLC
control, silica, 3:7 ethyl acetate--hexane). The mixture was
diluted with ethyl acetate (10 mL) and washed with aqueous
sodium thiosulfite (10% w/v, 1 x 5.0 mL) and brine (1 x 5.0
mL), dried (NazSO4), and evaporated. Flash chromatography of
the residue over silica gel (1 x 10 cm), using 15:85, 3:7 and
45:55 ethyl acetate--hexane, gave dihydroxy ketone 17 (4.1
mg, 43%): IR (CHCl3 cast) 3440, 1723 cm-!; lH NMR (CDC1l3, 300

MHz) & a satisfactory integration could not be obtained; 13
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NMR (CDCl3, 100.614 MHz) & 13.56, 14.05, 14.67, 19.19, 19.87,

23.59, 26.83, 30.27, 31.75, 33.90, 35.09, 37.41, 39.34,
45.78, 51.19, 59.62, 65.53, 69.52, 73.32, 75.99, 98.37,
12¢.89, 127,57, 129.52, 133.95, 135.55, 136.78, 209.14; exact

mass, m/z calcd for C37H5:06Si (M - CH3)* 619.3455, found

619.3444

Conversion of 51 into 91.

51 91

A mixture of chlorotriethylsilane and triethylamine
(1:4, 0.20 mL, 0.370 mmol of chlorotriethylsilane) was added
to a stirred and cooled (0°C) solution of epoxy silane 51
(158 mg, 0.205 mmol) and 4-dimethylaminopyridine (10 mg,
0.0819 mmol) in dichloromethane (10 mL). Stirring was
continued for 20 min (TLC control, silica, 1:4 ethyl acetate-
~hexane). Water (2.0 mL) was added at 0°C and stirring was
continued for 10 min. The mixture was diluted with
dichloromethane (10 mL) and washed with water (2 x 5.0 mL).
The combined aqueous layers were extracted with
dichloromethane (1 x 10 mL). The combined organic phases

were washed with aqueous saturated sodium bicarbonate (1 x 10



mL), dried (NaSO4) and evur- rated. Flash chromatography of
the residue over silica gel (2 x 10 cm), using first 1:9
ethyl acetate--hexane and then 15:85 ethyl acetate--hexane,
gave compound 91 (156.8 mg, 91%) as a homogeneous (TLC,
silica, 15:85 ethyl acetate--hexane) white foam: IR (CH2C1,
cast) 3560 cm~l; l1H NMR (CDC1l3, 300 MHz) & 0.13 (s, 9 H), 0.39
m,3m,0A1m,3m,0J1m,J-mom,am,1ﬁ7w,
9 H), 1.10--1.29 [m, 6 H, including a doublet at § 1.24 (J =
7.8 Hz, 3 H)], 1.32--1.86 [m, 16 H, including singlets at §
1.36 (3 H) and 8 1.42 (3 H)], 2.10--2.27 (m, 2 H), 2.50 (br
doublet, J = 8.5 Hz, 1 H), 3.20 (s, 1 H), 3.63--3.88 (m, 3
H), 3.93 (d, J = 5.8 Hz, 1 H), 4.04--4.20 (m, 2 H), 7.32--
7.47 (m, 9 H), 7.50--7.58 (m, 2 H), 7.63--7.70 (m, 4 H); 13c
NMR (CDCl3, 75.469 MHz) & -2.91, -2.82, 0.13, 12.55, 16.09,
19.26, 19.89, 24.50, 26.91, 28.38, 30.32, 31.51, 34.47,
35.88, 36.57, 37.42, 38.19, 39.41, 41.61, 49.29, 59.75,
63.39, 65.67, 68.14, 69.34, 70.92, 98.51, 127.64, 127.66,
128.06, 129.25, 129.60, 133.91, 134.00, 134.05, 135.61,
137.70; CIMS, m/z calcd for C4q9H74065Si3 842, found 860 (M +
18)*,

(5]
[ 3



Conversion of 91 into 92.

0SiPh,Bu-1

- 5 SiMe,Ph
TMSO

91 92

Alcohol 91 (143.0 mg, 0.17 mmol) in dichloromethane (2.0
mL plus 2 x 2.0 mL as rinses) was added to a stirred mixture
of pyridinium chlorochromate (73.1 mg, 0.339 mmol), sodium
acetate (56 mg, 0.678 mmol) and powdered 4A molecular sieves
(75 mg) in dichloromethane (4.0 mL). The mixture was stirred
for 22.5 h (TLC control, silica, 15:85 ethyl acetate--
hexane), diluted with ether (40.0 mL), and filtered through a
pad (3 x 3 cm) of Florisil. The pad was washed with ether
(80 mL) and the combined filtrates were evaporated. Flash
chromatography of the residue over silica gel (1.5 x 15 cm),
using 15:85 ethyl acetate--hexane, gave ketone 92 (109.5 mg,
77%) as a homogeneous (TLC, silica, 15:85 ethyl acetate--
hexane) white foam: IR (CHCl, cast) 1724 cm~l; 1H NMR
(CDC1l3, 300 MHz) o 0.14 (s, 9 H), 0.37 (s, 3 H), 0.39 (s, 3
H), 0.72 (d, J = 6.5 Hz, 3 H), 0.98--1.12 [m, 13 H, including
a doublet at & 1.02 (J = 7.0 Hz, 3 H) and a singlet at 6 1.04
(9 H)], 1.17--1.47 [m, 12 H, including singlets at & 1.33 (3

H) and § 1.41 (3 H)}, 1.62--1.85 (m, 4 H), 2.27--2.50 (m, 2

H)’ 2.58-—2-78 (m, 2 H)’ 3-17 (S, 1 H)' 3-62--3.76 (m, 2 H)’
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3.786--3.88 (m, 1 H), 4.03--4.13 (m, 1 H), 4.34 (d, J = 5.0
Hz, 1 H), 7.32--7.47 (m, 9 H), 7.49--7.55 (m, 2 H), 7.62--
7.70 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) § -2.89, -2.86,
0.11, 12.69, 13.88, 19.26, 19.95, 25.47, 26.91, 27.75, 30.33,
31.37, 34.50, 35.69, 37.44, 38.44, 39.42, 47.53, 51.06,
51.14, 59.73, 65.48, 65.64, 69.53, 70.24, 98.45, 127.63,
127.67, 128.07, 129.28, 129.58, 133.92, 134.05, 135.61,
137.53, 206.88; FABMS, m/z calcd for C49H7206Si3 840, found

841 (M + 1)t and 863 (M + 23)*.

Conversion of 92 into 93.

92 93

n-Butyllithium (1.6 M in hexane, 0.40 mL, 0.648 mmol)
was added to a stirred and cooled (0°C) solution of
diisopropylamine (91.0 pL, 0.0.648 mmol) in THF (6.0 mL).
Stirring was continued for 10 min and the solution was cooled
to -78°C. A solution of ketone 92 (109.1 mg, C.120 mmol) in
THF (4.0 mL plus 2 x 1.0 mL as rinses) was added dropwise
(over ca. 5 min) with stirring and, after 30 min, 4:1
chlorotriethylsilane-triethylamine (81.0 uL, 0.389 mmol of

chlorotriethylsilane) was added. Stirring was continued for



1 h, the cooling bath was removed, and the mixture was
allowed to attain room temperature (ca. 40 min). Saturated
aqueous sodium bicarbonate (3 drops) was added and the
mixture was stirred for 5 min. It was then filtered through
a pad (2 x 2 cm) of a 2:1:1 mixture of Florisil, sodium
bicarbonate and magnesium sulfate. The pad was washed with
ethyl acetate (20 mL) and the combined filtrates were
evarorated. Flash chromatography of the residue over silica
gel (1.5 x 15 cm), using 5:95 ethyl acetate--hexane, gave
silyl enol ether 93 (125.0 mg, 100%) as a homogeneous (TLC,
silica, 5:95 ethyl acetate--hexane) thick oil: IR (CH2Cl»
cast) 2955 cm-!; 1H NMR (CDClz, 300 MHz) & 0.12 (s, 9 H), 0.40
(s, 3 H), 0.41 (s, 3 H), 0.67--0.80 (m, 9 H), 0.88--1.24 [m,
25 H, including a singlet at & 1.07 (9 H)]), 1.32--1.65 [m, 10
H, including singlets at & 1.37 (3 H) and § 1.43 (3 H)], 1.66~-
-1.76(m, 1H), 1.78--1.89 (m, 1 H), 2.12--2.25 (m, 1 H), 2.48-
-2.62 (m, 2 H), 3.39 (s, 1 H), 3.65--3.77 (m, 2 H), 3.82--
3.92 (m, 1), 4.07--4.18 [m, 2 H, including a doublet at &
4.12 (J=7.5Hz, 1 H)l, 4.72 (dd, J = 4.0, 1.5 Hz, 1 H),
7.32--7.47 (m, 9 H), 7.51--7.60 (m, 2 H), 7.65~=7.73 (m, 4
H); 13C NMR (CDCl3, 100.614 MHz) & -2.79, -2.75, 0.08, 4.99,
6.82, 12.43, 16.64, 19.20, 19.76, 26.68, 26.81, 29.10, 30.26,
31.59, 34.82, 35.89, 37.53, 38.78, 39.40, 40.42, 52.89,
59.64, 64.40, 65.53, 68.87, 69.76, 98.35, 107.28, 127.59,
127.93, 129.05, 129.56, 133.90, 133.94, 135.54, 137.98,
151.10; FABMS, m/z calcd for CggHggOgSigq 954, found 955 (M +

nt.

223



Conversion of 93 into Y4 and 95.

93 94 95

A solution of silyl enol ether 93 (208.0 mg, 0.217 mmol)
in ethyl acetate (3.0 mL plus 2 x 2.0 mL as rinses) was added
quickly (over ca. 2 min) to a stirred and cooled (0°C)
mixture of m-chloroperbenzoic acid (80-85% w/w, 68.5 mg, ca.
0.326 mmol) and solid sodium bicarbonate (55.0 mg, 0.652
mmol) in ethyl acetate (6.0 mL). Stirring was continued for
1.5 h at 0°C (TLC control, silica,1:9 ethyl acetate--hexane).
Aqueous sodium bisulfite (10% w/v, 3.0 mL) was added at 0°C
and stirring was continued for 5 min. The mixture was then
diluted with ethyl acetate (10.0 mL) and washed with water (3
x 10 mL) and brine (1 x 10 mL), dried (MgS0O4) and evaporated.
Flash chromatography of the residue over silica gel (2 x 10
cm), using successively 5:95 ethyl acetate--hexane, 1:3 e*hyl
acetate--hexane, and 1:4 ethyl acetate--hexane, gave ketoune
94 (193.8 mg, 92%) and ketone 95 (10.8 mg, 6.0%), both as
homogeneous (TLC, silica, 1:9 ethyl acetate--hexane) thick
oils. Ketone 94 had: IR (CHpClp cast) 1792 cm~l; 1H NMR

(CDCl3, 300 MHz) & 0.13 (s, 9 H), 0.37 (s, 3 H), 0.39 (s, 3
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H), 0.60 (g, J = 8.0 Hz, 6 H), 0.72 (d, J= 7.0 Hz, 3 H),
0.89--0.99 [m, 12 H, including a doublet at 8 0.91 (J = 7.5

Hz, 3 H) and a triplet at 8 0.92 (J = 8.0 Hz, 9 H)], 1.00--
1.13 [m, 10 H, including a singlet at & 1.04 (9 H)], 1.17--
1.50 [m, 11 H, including singlets at & 1.31 (3 H) and & 1.39
(3 H)), 1.55--1.75 (m, 3 H), 1.75--1.88 (m, 2 H), 2.23--2.36
(m, 1 H, 3.12 (s, 1 H), 3.42 (d, J = 11.0 Hz, 1 H), 3.62--
3.7 (m, 2 H), 3.65--3.90 [m, 2 H, including a doublet at §
3.87 (J = 3.0 Hz, 1 H)], 4.02--4.14 (m, 1 H), 4.63 (d, J =
5.0 Hz, 1 H), 7.31--7.47 (m, 9 H), 7.49--7.57 (m, 2 H), 7.63-
-7.70 (m, 4 H); 13C NMR (CDCl3, 75.469 MHz) & -2.90, -2.86,
0.05, 4.68, 6.73, 10.33, 12.59, 19.25, 19.85, 25.43, 26.89,
27.86, 30.29, 31.46, 34.21, 34.84, 37.41, 39.46, 45.34,
46.45, 51.18, 59.69, 65.61, 65.96, 66.77, 69.48, 80.90,
98.40, 127.62, 127.65, 128.05, 129.25, 129.57, 129.61,
133.91, 134.03, 135.60, 137.56, 207.82; FABMS, m/z calcd for
CssHggO07Sigq 970, found 971 (M + 1)* and 993 (M + 23)+.

Ketone 95 had: IH NMR (CDCl3, 300 MHz) (approximate
integration) & 0.12 (s, 9 H), 0.36 (s, 3 H), 0.38 (s, 3 H),
0.74 (d, J= 7.0 Hz, 3 H), 0.97 (d, J = 7.5 Hz, 3 H), 1.00--
1.13 [m, 10 H, including a singlet at & 1.03 (9 H)), 1.17--
1.50 [m, 11 H, including singlets at & 1.33 (3 H) and & 1;40
(3 H)), 1.60--1.72 (m, 3 H), 1.75--1.85 (m, 2 H), 2.30--2.38
(m, 1 H), 2.45 (br s, 1 H), 3.15 (s, 1 H), 3.24 (d, J = 11.0
Hz, 1 H), 3.62--3.73 (m, 2 H), 3.77--3.85(m, 1 H), 3.96--4.15
(m, 2 H, ), 4.57 (d, J=5.0 Hz, 1 H), 7.31--7.47 (m, 9 H),

7.49--7.57 (m, 2 H), 7.63--7.70 (m, 4 H); 13C NMR (CDCls,



75.469 MHz) & -3.00, -2.88, 0.03, 10.99, 12.68, 19.19, 19.86,
25.29, 26.83, 28.11, 29.68, 29.97, 30.32, 31.39, 34.33,
35.48, 37.24, 39.32, 44.46, 45.61, 51.55, 59.64, 65.51,
65.58, 66.56, 69.38, 73.24, 79.72, 98.45, 127.58, 127.62,
128.03, 129.25, 129.56, 133.84, 133.99, 135.55, 137.40,
208.71.

Conversion of 94 into 96.

0 0SiPh,Bu-1

w

i 0
TMSO

94 96

Tetrabutylammonium fluoride (1.0 M in THF, 0.73 mL,
0.728 mmol) was added to a stirred solution of ketone 94
(177.0 mg, 0.182 mmol) and acetic acid (0.20 mL, 3.64 mmol)
in THF (8.0 mL). Stirring was continued for 5 h (TLC
control, silica, 4:6 ethyl acetate--hexane) and the solvents
were evaporated. Flash chromatography of the residue over
silica gel (2 x 10 cm), using first 1:4 ethyl acetate--hexane
and then 4:6 ethyl acetate--hexane, gave ketone 96 (122.2 mg,
85%) as a homogeneous (TLC, silica, 4:6 ethyl acetate--
hexane) white foam: IR (CHyCl, cast) 3440, 1750 cm~!l; 1H NMR
(CDC1l3, 300 MHz) & 0.38 (s, 3 H), 0.41 (s, 3 H), 0.77 (d, J =

7.0 Hz. 3 H), 0.97--1.31 [m, 15 H, including a singlet at §
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1.04 (9 H) and a doublet at & 1.07 (J = 7.0 Hz, 3 H)], 1.32--
1.55 [m, 9 H, including singlets at 6 1.35 (3 H) and & 1.42 (3
H))l, 1.62-~2.00 (m, 6 H), 2.27--2.39 (m, 1 H), 2.80--2.97 [m,
2 H, including a doublet at & 2.92 (J = 10.5 Hz, 1 H)], 3.30
(s, 1 H), 3.66--3.89 (m, 3 H), 3.94 (d, J = 8.5 Hz, 1 H),
4.06--4.18 (m, 1 H), 4.29-~4.38 (m, 1 H), 7.30--7.47 (m, 9
H), 7.48--7.57 (m, 2 H), ~.63--7.71 (m, 4 H); 13C NMR (CDCls,
75.469 MHz) & -3.15, -2.95, 11.13, 12.48, 19.26, 19.91,
25.96, 26.90, 28.44, 30.32, 31.19, 34.43, 37.33, 37.37,
39.40, 40.51, 44.77, 54.05, 59.71, 62.67, 65.63, 66.14,
69.44, 76.47, 98.48, 127.63, 127.66, 128.14, 129.44, 129.59,
133.79, 133.98, 134.04, 135.60, 137.23, 210.19; FABMS, m/z

calcd for C4¢Hq07Siz 784, found 785 (M + 1)*.

Conversion of 96 into 97.

0SiPh,Bu-t

96 97
Pyridinium p-toluenesulfonate (15.0 mg, 0.0599 mmol) was
added to a solution of ketone 96 (47.0 mg, 0.0599 mmol) in
absolute ethanol (argon atmosphere). After ca. 12 h the
ethanol was evaporated and the residue was dissolved in dry

acetone (4.0 mL) and left for 5 h. The acetone was then
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evaporated, and flash chromatography of the residue over
silica gel (1 x 15 em), using first 1:4 ethyl acetate--hexane
and then 1:1 ethyl acetate--hexane, gave ketone 97 (22.2 mgqg,
57%) as a homogeneous (TLC, silica, 1:1 ethyl acetate--
hexane) white foam: IR (CH2Clz cast) 3440, 1720 cm-}; 1H NMR
(CDC1l3, 300 MHz) 8 0.88 (d, J = 7.0 Hz, 3 H), 0.98--1.23 [m,
13 H, including a singlet at 8 1.04 (9 H) and a doublet at §

1.15 (b= 7.0 Hz, 3 H)]), 1.23--1.47 [m, 9 H, including
singlets at & 1.36 (3 H) and § 1.43 (3 H)], 1.48--1.75 (m, 4

H), 2.10--2.60 (m, 5 H), 2.82 (d, J = 11.5 Hz, 1 H), 2.89--
3.03 (m, 1 H), 3.63--4.03 [m, 5 H, including a doublet at &
4.01 (J = 8.5 Hz, 1 H)], 4.05--4.20 (m, 1 H), 5.86 (dd, J =
10.0, 4.5 Hz, 1 H), 5.96 (dd, J = 10.0, 1.0 Hz, 1 H), 7.32--
7.48 (m, 6 H), 7.62~-7.73 (m 4 H); 13C NMR (CDCl3, 75.469 MHz)
& 11.93, 13.34, 19.25, 19.93, 23.88, 26.90, 30.33, 31.15,
33.00, 34.11, 37.41, 39.41, 40.70, 47.14, 59.71, 65.64,
69.55, 71.47, 74.62, 76.64, 77.49, 98.47, 126.98, 127.63,
127.67, 129.58, 129.60, 133.98, 134.03, 135.60, 136.78,
211.51; exact mass, m/z calcd for C37H5i07Si (M - CH3) *
635.3404, found 635.3380; FABMS, m/z calcd for C3gH540751 650,

found 651 (M + 1)+,



Conversion of 97 into 98.

97 98

Lead tetraacetate (50.0 mg, 0.113 mmol) was added
to a stirred solution of compound 97 (35.0 mg, 0.0538 mmol)
in 1:1 benzene-methanol (6.0 mL) at room temperature.
Stirring was continued for 1 h, The mixture was then diluted
with dichloromethane (15 mL), washed with water (1 x 5 mL),
and brine (1 x 10 mL), dried (NazS0O4) and evaporated. Flash
chromatography of the residue over silica gel (1 x 10 cm),
using 1:3 ethyl acetate--hexane, gave compound 98 (24.0 mg,
66%) as a viscous oil: IR (CHzCly, cast) 1710, 1740 cm-1; 1
NMR (CDCl3, 400 MHz) & 1.04 (s, 9 H), 1.05--1.10 [3 H, two
sets of doublets at 6 1.07 (J = 7.0 Hz) and 8§ 1.08 (J = 7.0
Hz)], 1.12--1.20 [3 H, two sets of doublets at 8§ 1.14 (J =
7.0 Hz) and § 1.18 (J = 7.0 Hz)], 1.23--1.45 [m, 10 H,
including two sets of two singlets (6 H, one set is at & 1.33
and 8 1.40, and the other set is at 8 1.34 and 8 1.41], 1.47--
1.75 (m, 4 H), 2.47--2.85 (m, 1 H), 2.63--2.73 (m, 1 H),
2.73--2.86 (m, 1 H), 3.30-~3.40 (m, 1 H), 3.50 (s, 1.11 H),
3.56 (s, 1.89 H), 3.64--3.76 (m, 1 H), 3.72-~3.87 (m, 2 H),

4.06--4.17 (m, 1 H), 6.01 (d, J = 10.0 Hz, 1 H), 6.05 (d, J =
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5.0 Hz, 0.37 H), 6.13 (d, J = 4.0 Hz, 0.63 H), 7.04 (dd, J =
10.0, 6.0 Hz, 1 H), 7.34--7.47 (m, 6 H), 7.63--7.72 (m, 4 H),
9.75 (d, J=1.2 Hz, 0.63 H), 9.79 (d, J = 1.5 Hz, 0.37 H);
13c NMR (CDCl3, 75.469 MHz) § 8.57, 9.19, 12.37, 19.26, 19.77,
25.68, 26.90, 29.76, 30.24, 30.95, 32.87, 37.20, 39.25,
39.33, 39.40, 50.39, 50.78, 56.90, 57.03, 57.60, 57.70,
59.66, 65.52, 68.64, 98.55, 99.23, 99.92, 127.04, 127.65,
129.62, 133.94, 134.01, 135.60, 156.26, 170.00, 170.25,
194.04, 200.96, 201.06; exact mass, m/z calcd for C34Hq506Si
(M - CsHgO2)* 577.2992, found 577.2977; FABMS, m/z calcd for

C39Hg540gSi 678, found 679 (M + 1)+,

Conversion of 98 into 2.

(011 ithBu-:

98 2
The flask used in this experiment must be washed with
chromic acid and then rinsed with water (3-4 times), and with
acetone (3-4 times), and finally oven dried (120°C) for 3-4 h
or overnight,
A solution of compound 98 (3.0 mg, 0.0042 mmol) in dry
dioxane (2.0 mL) was refluxed for 10 h (TLC control, silica,

1:3 ethyl acetate--hexane). The solvent was evaporated, and
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flash chromatography of the residue over silica gel (4 cm,
contained in a pasteur pipet), using first 5:95 ethyl
acetate--nexane and then 15:85 ethyl acetate--hexane, gave
the desired enone 2 (2.0 mg, 84%) as a homogeneous (TLC,
silica, 1:3 ethyl acetate--hexane) viscous o0il: IR (CH2Cl;
cast) 1678 cm-1; 1H NMR (CDCl3, 400 MHz) 8§ 1.03 (d, J = 7.0
Hz, 3 H), 1.05 (s, 9 H), 1.12 (g, J = 12.0 Hz, 1 H), 1.21--
1.57 [m, 11 H, including singlets at & 1.37 (3 H) and § 1.43
(3 H))], 1.62--1.75 (m, 2 H), 2.06--2.20 (m, 1 H), 2.25--2.34
(m, 2 H), 2.47--2.61 (m, 1 H), 3.63-~3.89 (m, 3 H), 4.06--
4.17 (m, 1 H), 5.94 (d, J = 10.0 Hz, 1 H), 6.95 (dd, J =
10.0, 5.0 Hz, 1 H), 7.33--7.47 (m, 6 H), 7.62--7.71 (m, 4 H);
13c NMR (CDCl3, 75.469 MHz) & 12.17, 19.27, 19.89, 26.91,
27.52, 30.32, 33.13, 33.64, 37.28, 37.46, 39.38, 39.93,
59.74, 65.72, 69.07, 98.52, 127.65, 128.18, 129.62, 134.01,
135.61, 155.99, 199.93; exact mass, m/z calcd for C32H4304Si
(M - CH3)* 519.2931, found 519.2938. Anal. Calcd for
C33H4604Si: C, 74.11; H, 8.67. Found: C, 73.94; H, 8.79.
The material was indistinguishable from an authentic sample

madel! by total synchesis.



Degradation of Compactin

Conversion of Compactin (la) into 99.

la 99

Compactin (8.2825 g, 21.21 mmol) in THF (40 mL) was
added over 10 min to a stirred and cooled (0°C) suspension of
lithium aluminum hydride (3.22 g, 84.83 mmol) in THF (200
mL) . Additional rinses of THF (3 x 10 mL) were used to
dissolve and transfer the residual compactin. The cold-bath
was removed and the mixture was stirred at room temperature
for 9 h. (TLC control, silica, 6:4 acetone--chloroform). The
mixture was then cooled to 0°C and ethyl acetate (20 mL) was
added. Stirring was continued for 30 min and then water (3.5
mL) was added dropwise with stirring. After 15 min aqueous
sodium hydroxide (15% w/v, 3.5 mL) was added. Stirring was
continued for another 15 min, and then water (10.5 mL) was
added as before. The cold bath was removed, the mixture was
stirred for an additional 30 min, and then Celite (20 g) was
added. Stirring was continued for 30 min and the mixture was
then filtered through a pad (9.5 x 6.5 cm) of Florisil. The
pad was washed with methanol (750 mL) until no more UV-active

components were eluted (TLC). The combined filtrates were
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evaporated. The resulting white solid was dissolved in
methanol (150 mL) and flash silica gel (60 g) was added to
the cloudy solution, which was then evaporated at room
temperature. Flash chromatography of the residue over silica
gel (5 x 15 cm), using first 3:7 acetone--chloroform and then
7:3 acetone--chloroform, gave 99 (5.34 g, 81%) as a
homogeneous (TLC, silica, 6:4 acetone--chloroform) white
solid (mp 102-104°C): IR (CHCl3 cast) 3385 cm~l; lH NMR
(CDCl3, 300 MHz) 8 0.91 (d, J = 6.0 Hz, 3 H), 1.20--2.08 (m,
11 H), 2.08~-2.45 (m, 4 H), 2.83 [(br s, 1 H (signal
disappeared upon exchange with D20)], 3.41 [(br s, 1 H (signal
disappeared upon exchange with D20)], 3.70--3.90 (m, 2 H),
3.90--4.02 (m, 1 H), 4.03--4.17 (m, 1 H), 4.30 (s, 1 H), 4.38
(br s, 1 H (signal disappeared upon exchange with D20)], 4.60
(s, 1 H), 5.57 (s, 1 H), 5.72 (dd, J = 9.5, 6.0 Hz, 1 H),
5.96 (d, J= 9.5 Hz, 1 H); 13C NMR (CDCl3, 75.469 MHz) &
14.12, 20.38, 21.95, 28.98, 30.76, 33.61, 35.30, 38.44,
38.64, 43.10, 60.86, 64.74, 71.08, 72.30, 123.69, 128.46,
133.19. 133.65; exact mass, m/z calcd for Cj;gHg03 (M - Ho0)*
292.2038, found 292.2041. Anal. Calcd for CygH3004: C,

69.64; H, 9.74. Found: C, 69.70; H, 10.07.



Conversion of 99 into 100.

99 100

t-Butyldiphenylsilyl chloride (1.39 mL, 5.36 mmol) was
added to a stirred and cooled (0°C) solution of tetraol 99
(5.30 g, 17.07 mmol) and imidazole (2.91 g, 42.68 mmol) in
dry DMF (30 mL). Stirring was continued for 1 h and the
mixture was then diluted with ethyl acetate (450 mL), washed
with water (2 x 100 mL) and brine (1 x 100 mL), dried
(NazS04), and evaporated. Flash chromatography of the residue
over silica gel (S5 x 10 cm), using first 4:6 ethyl acetate--
hexane and then 6:4 ethyl acetate--hexane, gave 100 (8.64 g,
92%) as a homogeneous (TLC, silica,6:4 ethyl acetate--hexane)
white foam: IR (CHC13 cast) 3360 cm-l; 1y NMR (CDClj, 300
MHz) 8 0.92 (d, J = 7.0 Hz, 3 H), 1.04 (s, 9 H), 1.23~-2.23
(m, 13 H), 2.26--2.45 (m, 2 H), 2.71 (br s, 1 H), 3.77-=-3.91
{m, 2 H), 3.94--4.05 (m, 1 H), 4.05~-4.20 (m, 2 H), 4.29 (s,
2 H, 5.57 (s, 1 H), 5.73 (dd, J = 9.5, 6.0 Hz, 1 H), 5.96
(4, J = 9.5 Hz, 1 H), 7.33--7.50 (m, 6 H), 7.60--7.75 (m, 4
H); 13c NMR (CDCl3, 75.469 MHz) & 14.26, 19.07, 20.55, 22.20,
26.85, 28.97, 30.90, 33.65, 35.37, 38.51, 38.99, 43.55,
63.10, 64.57, 71.00, 72.99, 123.86, 127.85, 128.60, 129.91,
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132.91, 132.99, 133.10, 133.81, 135.58; exact mass, m/z calcd
for C34H440254i (M - 2 H0)* 512.3111, found 512.3111; FABMS,
m/z calcd for C34H4g04S1 548, found 549 (M + 1)*. Anal. Calcd

for C34H4g04Si: C, 74.41; H, 8.82. Found: C, 74.32; H,

9.07.

Conversion of 100 into 101.

OSiPh,Bu-t

100 101

2-Methoxypropene (2.75 mL, 28.64 mmol) was added
dropwise (over ca. 2 min) to a stirred and cooled (0°)
solution of triol 100 7.86 g, 14.32 mmol) and pyridinium p-
toluenesulfonate (360 mg, 1.43 mmol) in dichloromethane (200
mL) . Stirring was continued for 10 min and saturated aqueous
sodium bicarbonate (100 mL) was added. The mixture was
diluted with dichloromethane (200 mL). The organic layer was
washed with saturated aqueous sodium bicarbonate (1 x 100 mL)
and brine (1 x 150 mL), dried (Na2SO4), and evaporatad. Flash
chromatography of the residue over silica gel (5 x 10 cm),
using 1:9 ethyl acetate--hexane, gave alcohol 101 (7.51 g,
89%) as a homogeneous (TLC, silica, 15:85 ethyl acetate--

hexane) glass: IR (CHCl3 cast) 3380 cm~l; 1H NMR (CDCljz, 300



AT

MHz) 8 0.89 (d, J = 7.0 Hz, 3 H), 1.07 (s, 9 H), 1.09--1.52
{m, 10 H, including singlets at § 1.38 (3 H) and & 1.43 (3
H)], 1.52--1.88 (m, 7 H), 1.95--2.26 (m, 3 H), 2.26--2.48 (m,
2 H), 3.36--3.77 (m, 1 H), 3.78--3.91 (m, 2 H), 4.05--4.19
(m, 1 H), 4.25 (s, 1 H), 5.56 (s, 1 H), 5.74 (dd, J = 9.5,
7.0 Hz, 1 H), 5.95 (d, J = 9.5 Hz, 1 H), 7.30--7.47 (m, 6 H),
7.60--7.75 (m, 4 H); 13C NMR (CDClj, 75.469 MHz) & 14.01,
19.23, 19.89, 20.44, 23.22, 26.88, 29.04, 30.31, 30.90,
33.10, 36.05, 37.56, 38.92, 39.37, 59.70, 64.52, 65.66,
68.69, 98.52, 123.65, 127.61, 127.64, 128.43, 129.57, 133.28,

133.53, 133.94, 134.00, 135.50; exact mass, m/z ¢ ~d for

C36H4904S1i (M - CH3)* 573.3400, found 573.3397. - ‘'. Caled
for C37Hs5204Si: C, 75.46; H, 8.90. Found: C, /. J; H,
8.80.

Conversion of 101 into 102.

101 102
Homoallylic alcohol 101 (3.33 g, 5.65 mmol) was added to
a stirred mixture of vanadyl acetylacetonate (150 mg, 0.565
mmol) and sodium bicarbonate (666 mg) in dry benzene (70 mL).

The mixture was stirred and cooled by a cold-water bath (6°C)
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and t-butylhydroperoxide (4.15 M in benzene, 1.90 mL, 7.92
mmol) was added dropwise (over ca. 5 min). The water bath
was removed and the mixture allowed to attain r>om
temperature. After 2 h, during which time the initial purple
color faded to a pale yellow, the mixture was evaporated at
room temperature. Flash chromatography of the residue over
silica gel (4 x 15 cm), using first 15:85 ethyl acetate--
hexane (the mixture containing 1% by volume of triethylamine)
and then 2:8 ethyl acetate--hexane (the mixture containing 1%
by volume triethylamine), gave epoxide 102 (3.04 g, 89%) as a
homogeneous (TLC, silica gel, 2:8 ethyl acetate--hexane)
white foam: IR (CHCl3 cast) 3480 cm~!; 1H NMR (CDCl3, 400
MHz) 8 0.91 (d, J = 7.5 Hz, 3 H), 1.06 (s, 9 H), 1.09--1.88
[m, 16 H, including singlets at & 1.37 (3 H) and & 1.41 (3
H)], 1.90--1.99 (m, 1 H), 2.01--2.25 (m, 3 H), 2.45--2.68 (m,
1 H), 3.30 (d, J=4.0 Hz, 1 H), 3.53 (d, J= 11.5 Hz, 1 H),
3.64--3.73 (m, 1 H), 3.76--3.88 (m, 2 H), 3.94--4.02 (m, 1
H), 4.08--4.18 (m, 1 H), 5.17 (d, J =9.5 Hz, 1 H), 6.13 (dd,
J=9.5, 5.0 Hz, 1 H), 7.33--7.45 (m, 6 H), 7.64-=-7.70 (m, 4
H); 13C NMR (CDCl3, 75.469 MHz) & 12.45, 19.18, 19.64, 19.85,
23.31, 26.83, 28.38, 29.65, 30.27, 31.45, 33.58, 35.81,
37.48, 39.34, 59.65, 61.94, 62.43, 65.60, 69.45, 98.38,
124.98, 127.55, 127.58, 129.50, 129.52, 133.92, 135.53,
142.79; exact mass, m/z calcd for C3gH4905Si (M - CH3)*
589.3349, found 589.3345. Anal. Calcd for C37Hs205Si: C,

73.47; H, 8.66. Found: C, 73.76; H, 8.63.



Treatment of 102 with Phenyldimethylsilyllithium

Cuprate

0 OSiPh,Bu-r

>~

HO
T H

D t——

1
o

102 103 104

A stock solution of phenyldimethylsilyllithium2® was
prepared at 0°C by addition of lithium ribbon (245.0 mg,
35.31 mmol) cut into small pieces to a solution of
phenyldimethylsilyl chloride (1.70 mL, 10.09 mmol) in dry THF
(30 mL). The mixture was sonicated at 0°C {Branson Sonic
Bath, type B-12, 80W] for 30 min and then stirred at -5°C for
36 h. An aliquot (1 mL) was added to water (10 mL) and the
solution was titrated with 0.1 N hydrochloric acid using
phenolphthalein as indicator. The average of several runs
indicated that the solution of phenyldimethylsilyllithium was
0.337 M. The organometallic was stored in a freezer (in an
argon-filled vessel) and could be kept for at least 3 weeks.

In the reaction of epoxide 102 with the silyl cuprate
the ratio of 104 to 103 depends on the ratio of
phenyldimethylsilyllithium to copper(I) cyanide. Based on
1H-NMR studies, the combined yields and the ratios of 104 to
103 for the different silyl cuprates are29(b);

PhMe2SiCu(CN)Li (93%, 6.0:1), (PhMe2Si) 2Cu(CN)Liz (95%, 1:11),
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(PhMe2S5i)3CuLis (97%, 1:15). It should be noted that if
copper (I) iodide is used instead of copper(I) cyanide only a
1:1 mixture of compounds 104 and 103 is obtained. We
decided to use compound 103 for the later operations, based
on our impression that compound 103 is more stable than 104.
The preparations of the silyl cuprates were all carried out
by the following procedure, varying only the ratio of
phenyldimethylsilyllithium to copper(I) cyanide.
Phenyldimethylsilyllithium (0.337 M in THF, 9.97 mL,
3.36 mmol) was added dropwise (over ca. 6 min) to a stirred
and cooled (-23°C) solution of copper(I) cyanide (150.5 mg,
1.68 mmol) in THF (10 mL). Stirring was continued for 30 min
and the mixture was then cooled to -78°C. After 10 min,
epoxide 102 in THF (3.0 mL plus 2 x 1.0 mL as rinses) was
added dropwise (over ca. 3 min). Stirring was continued for
4 h and the.. saturated aqueous ammonium chloride (2.0 mL) was
added. The cold-bath was removed and the mixture was allowed
to attain room temperature (ca. 30 min). The mixture was
diluted with ethyl acetate (50 mL) and washed with saturated
aqueous ammonium chloride (1 x 15 mL), water (1 x 20 mL), and
brine (1 x 20 mL). The organic layer was dried (NaSO4) and
evaporated. Flash chromatcgraphy of the residue over silica
gel (2 x 15 cm), using first 35:65 ethyl acetate--hexane (the
mixture containing 1% by volume of triethyl-wine) and then
1:1 ethyl acetate--hexane (the mixture ceontaining 1% by
volume of triethylamine), gave 103 (460.1 mg, 92%) and 104

(21.9 mg, 4%), both as homogeneous (TLC, silica, 1:1 ethyl



acetate~-hexane) white foams. Compound 103 had: IR (CH2C1»

cast) 3360 cm-l; lH NMR (CDCl3, 300 MHz) & 0.36 (s, 6 H), 0.68

(d, J=8.0 Hz, 3 H), 0.98--1.85 [m, 29 H, including singlets
at 8 1.07 (9 H), 1.34 (3 H) and & 1.45 (3 H)], 1.85--2.00 (m,
3 H), 2.00--2.12 (m, 1 H), 3.66--3.90 (m, 3 H), 3.90--4.04
(m, 2 H), 4.07--4.19 (m, 1 H), 5.87 (s, 1 H), 7.30--7.48 (m,
5 H), 7.53--7.63 (m, 2 H), 7.63--7.76 (m, 4 H); 13C NMR
(CD2Clz, 75.469 MHz) & -3.41, -3.32, 10.37, 19.45, 20.02,
26.09, 27.03, 29.23, 30.45, 30.65, 31.27, 31.69,

37.74, 39.82, 40.34, 45.21, 60.19, 66.06, 66.96, 69.36,
71.65, 98.72, 118.35, 128.01, 128.14, 129.26, 129.96, 134.30,
134.36, 134.41, 135.92, 138.42, 139.26; exact mass, m/z calcd
for C44He1055i2 (M - CH3)* 725.4058, found 725.4059, m/z calcd

for C4sHe204Siz (M - H20)* 722.4186, found 722.4168; FABMS,

m/z calcd for Cgeii.. '+ i3 740, found 741 (M + 1)*. Anal.
Calecd for CqsHg .. = C, 72.92; H, 8.70. Found: ¢, 73.02;
H, 8.60.

Compound I3}4 had: IR (CH2Cl; cast) 3440 cm-l; lH NMR
(CD2Clz, 300 MHz) & 0.34 (s, 3 H), 0.38 (s, 3 H), 0.80 (d, J =
7.0 Hz, 3 H), 1.00--1.25 [m, 12 H, including a singlet at &
1.05 (9 H)], 1.26--160 [m, 13 H, including singlets at § 1.31
(3 H) and 8 1.40 (3 H)], 1.62--1.90 (m, 7 H), 2.00~-2.12 (m,
1H), 3.64--3.77 (m, 2 H), 3.79--3.96 (m, 3 H), 4.05--4.18
(m, 1 H, 5.92 (d, J = 5.5 Hz, 1 H), 7.30--7.46 (m, 9 H),
7.49--7.56 (m, 2 H), 7.64--7.73 (m, 4 H); !3C NMR (CD2Cly,

75.469 MHz) & -3.25, -2.79, 15.34, 19.44, 20.11, 25.35,

27.02, 28.59, 30.44, 31.27, 34.24, 37.78, 39.83, 44.01,
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60.02, 66.02, 69.21, 71.80, 98.70, 120.07, 127.99, 128.16,
129.43, 129.95, 134.38, 134.42, 134.50, 134.91, 135.93,
138.92; exact mass, m/z calcd for CqqHg5904Sis (M - CH3 - 2
H20)* 707.3951, found 707.3941; FABMS, m/z calcd for
C45H6405Si 740, found 741 (M + 1)*. Anal. Calcd for
CqsHe4Os5Si2: C, 72.92; H, 8.70. Found: C, 72.78; H, 8.70.
The stereochemical assignment was made on the basis of
lH NMR measurements run at 500 MHz. By decoupling
measurements and a 2D !H-lH correlation spectrum it was
possible to locate the signals due to C(6)-H, C(7)-H, and

C(8)-H in both isomers. The data are as follows:

500 MHz NMR data for Compounds 104 and 103

103 104

C(7)-Me 8 0.68 (d, J = 8.0 C(7)-Me 8 0.80 (d, J = 7.0

Hz) Hz)

C(8)~H & 1.46--1.53 [m, 4 H

(1 H is due to C(8)-H)]

C(6)~H § 1.62--1.74 [m, 4 H

(1 H is due to C(6)-H)]

C(7)-H 8§ 2.00-~2.12 (m) C(7)~H & 2.00--2.12 (m)

Js,.¢ = 0 Hz Js. g = 5.5 Hz

For 103, Js,¢ = 0 Hz since the C(5)~H signal is a

singlet. Irridiation at 8 0.68 [C(7)-Me] causes the
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multiplet due to the C(7)-H to collapse to a triplet (J = 3.0
Hz) . This implies that J¢,7 = J7,8 and, on this basis, we
assume that C(6)-H and C(8)-H adopt a similar angular
position relative to C(7)-H. Consequently the hydrogens on
Cc(6), C(7), and C(8) are all syn.

For compound 104, irridiation at 8 1.5 (C(8)-H] causes

the signal due to C(7)-H collapse to a quartet. This means

that Jg, 7 must be very small or zero. Irridiation at & 0.8

(C(7)-Me] changes the C(7)-H signal into a doublet. From an

inspection of Dreiding models it is not clear why Js,¢ is as
large as 5.5 Hz, and so we regard the assignement to 104 as
being tentative; and we have submitted 103 for X-ray

analysis.

Treatment of 8 with Phenyldimethylsilyllithium Cuprate

\“‘..

8 50 105

As in the above reaction (102 — 103 and 104), the
ratio of 50 to 105 (for the mevinolin series) depends on the
ratio of phenyldimethylsilyllithium to copper (I) cyanide.
Based on lH-NMR studies, the combined yields and the ratios

of 105 to 50 for the different silyl cuprates are:
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PhMe2SiCu(CN)Li (98%, 8.0:1), (PhMe2Si)Cu(CN)Lip (97%,
1:7.0), (PhMe2Si)3CuLip (96%, 1:7.1). The preparations of the
silyl cuprates were all carried out by the following
procedure, varying only the ratio of phenyldimethylsilyl~-
lithium to copper(I) cyanide.

Phenyldimethylsilyllithium (0.337 M in THF, 0.74 mL,
0.249 mmol) was added dropwise (over ca. 70 sec) to a stirred
and cooled (-23°C) solution of copper(I) cyanide (11.1 mg,
0.124 mmol) in THF (2.0 mL). Stirring was continued for 30
min and the mixture was then cooled to -78°C. After 10 min,
epoxide 8 in THF (0.5 mL plus 0.5 mL as a rinse) was added
dropwise (over ca. 1 min). Stirring was continued for 5 h
and then saturated aqueous ammonium chloride (0.5 mL) was
added. The cold-bath was removed and the mixture was allowed
to attain room temperature (ca. 30 min). The mixture was
diluted with ethyl acetate (10 mL) and washed with saturated
aqueous ammonium chloride (1 x 3 mL), water (1 x 5 mL), and
brine (1 x 5 mL). The organic layer was dried (Na2SO4) and
evaporated. Flash chromatography of the residue over silica
gel (1 x 15 cm), using first 2:8 ethyl acetate--hexane (the
mixture containing 1% by volume of triethylamine) and then
25:75 ethyl acetate--hexane (the mixture containing 1% by
volume of triethylamine), gave a mixture of 50 and 105 (35.5
mg, 97%) as pure (TLC, silica, 3:7 ethyl acetate--hexane),
white foam. lH-NMR analysis showed that the ratio of 50 to
105 is 7.0:1. Compound 50 (obtained from silyl cuprate),

which was obtained pure by flash chromatography over silica



gel, using 15:85 ethyl acetate--hexane and 2:8 ethyl acetate-
~hexane, was identical with compound 50 (based on !H NMR, 13¢
NMR and combustion analysis), obtained previously by using
just phenyldimethylsilyllithium (i.e. not the cuprate).
Compound 105 had: IR (CH2Clz cast) 3480 cm~l; lH NMR (CDCls,
300 MHz) & 0.36 (s, 3 H), 0.37 (s, 3 H), 0.81 (d, J =6.5 Hz,
3 H, 1.00 [d, J = 6.5 Hz, 3 H), 1.03--1.17 (m, 12 H,
including a singlet at & 1.05 (9 H)], 1.32--1.46 [m, 9 H,
including siaglets at 8 1.37 (3 H) and & 1.41 (3 H)], 1.47--
1.98 [m, 9 H (1 H signal disappeared upon exchange with
D20)], 2.03--2.15 (m, 1 H), 2.46 [br s or d depending on the
concentration of the NMR sample, 1 H (signal disappeared upon
exchange with D20)}, 3.36--3.76 (m, 2 H), 3.80--3.90 (m, 1
H), 3.90--4.01 (m, 2 H), 4.07--4.18 (m, 1 H), 5.88 (d, J =
4.5 Hz, 1 H), 7.33--7.46 (m, 9 H), 7.48--7.55 (m, 2 H), 7.66-
-7.72 (m, 4 H); 13C NMR (CD,Cl,, 75.469 MHz) 8§ -3.68, -3.49,
15.51, 16.88, 19.23, 19.93, 24.76, 26.87, 28.65, 30.30,
31.39, 33.75, 34.64, 36.12, 36.44, 37.39, 39.39, 41.03,
59.71, 62.58, 65.63, 66.02, 69.00, 74.37, 98.45, 127.62,
127.83, 129.19, 129.36, 129.58, 133.97, 134.19, 135.57,
138.27. A satisfactory mass spectrum could not be obtained.
Anal. Calcd for C4¢HgeOsSiz: C, 73.16; H, 8.81. Found: C,

73.24; H, 9.04.
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Conversion of 103 into 106.

OSiPh,Bu-t 0O ~.,OSithﬂu-l

\o

wt

103 106

Allylsilane 103 (5.8213 g, 7.85 mmol) was added to a
stirred mixture of vanadyl acetylacetonate (208 mg, 0.785
mmol) and sodium bicarbonate (1.1640 g) in dry benzene (100
mL) . The mix.ure was cooled by cold water-bath (8°C) and t-
butylhydroperoxide (4.15 M in benzene, 2.65 mL, 10.99 mmol)
was added dropwise (over ca. 4 min). Stirring was continued
for 6 h, during which time the initial purple color faded to
a pale yellow. The mixture was evaporated and flash
chromatography of the residue over silica gel (5.5 x 15 cm),
using first 3:7 ethyl acetate--hexane (the mixture containing
1% by volume triethylamine), then 4:6 ethyl acetate--hexane
(the mixture containing 1% by volume triethylamine), and
finally 6:4 ethyl acetate--hexane (the mixture containing 1%
by volume triethylamine), gave epoxide 106 (5.65 g, 95%) as a
homogeneous (TLC, silica gel, 4:6 ethyl acetate-~hexane)
white foam: IR (CH2Clz cast) 3420 cm~l; lH NMR (CDCl3, 300
MHz) 8 0.38 (s, 3 H), 0.40 (s, 3 H), 0.72 (d, J = 7.0 Hz, 3
H), 0.77 (m, 1 H), 0.97--1.30 [m, 12 H, including a singlet

at 1.04 (s, 9 H)], 1.30--1.60 [m, 12 H, including singlets at



8 1.35 (3 H) and § 1.40 (3 H)]l, 1.60--1.89 (m, 5 H), 1.89--
2.00 (m, 1 H), 2.00~-2.11 (m, 1 H), 2.63 (d, J = 8.5 Hz, 1
H), 3.40 (s, 1 H), 3.62--3.89 (m, 4 H), 4.03--4.18 (m, 2 H),
7.30--7.45 (m, 9 H), 7.50--7.60 (m, 2 H), 7.62--7.73 (m, 4
H); 13C NMR (CDCl3, 100.614 MHz) § -3.17, -2.89, 12.42, 19.24,
19.86, 24.71, 26.88, 28.02, 28.24, 30.30, 31.40, 31.82,
34.49, 36.87, 37.36, 39.36, 40.73, 52.65, 59.68, 64.14,
65.63, 66.60, 68.28, 69.30, 98.48, 127.63, 127.65, 128.07,
129.30, 129.59, 133.78, 133.92, 133.99, 135.58, 137.62; exact
mass, m/z calcd for C4q4Hg106Siz (M - CH3)* 741.4006, found
741.4020, m/z caled for CqsHe205512 (M - Hp0)* 738.4131, found
738.4139; FABMS, m/z calcd for Cq5H406Si2 756, fourd 779 (M +
23)*. Anal. Calcd for Cq4sHgqO¢Siz2: C, 71.38; H, 8.52.

Found: C, 71.16; H, 8.44.

Conversion of 106 into 107.

OSiPh,Bu-t

106 107
A 1:4 mixture of chlorotriethylsilane—triethylamine
(1.44 mL, 2.25 mmol of chlorotriethylsilane) was added to a
stirred and cooled (0°C) solution of epoxysilane 106 (1.135

g, 1.50 mmol) and 4-dimethylaminopyridine (73.3 mg, 0.60



247

mmol) in dichloromethane (30 mL). Stirring was continued for
10 min (TLC control, silica, 2:8 ethyl acetate--hexane).
Water (5.0 mL) was added at 0°C and stirring was continued
for 10 min. The mixture was diluted with dichloromethane (30
mL) and the organic layer was washed with water (2 x 20.0 mL)
and brine (1 x 30 mL), dried (NazSO4) and evaporated. Flash
chromatography of the residue over silica gel (3 x 15 cm),
using first 1:9 ethyl acetate--hexane (the mixture containing
1% by volume triethylamine) and then 15:85 ethyl acetate~-
hexane (the mixture containing 1% by volume triethylamine),
gave compound 107 (1.013 g, 82%) as a homogeneous (TLC,
silica, 15:85 ethyl acetate--hexane) white foam: IR (CH2Cl»
cast) 3540 cm-l; lH NMR (CDCl3, 400 MHz) & 0.11 (s, 9 H), 0.38
(s, 3 H), 0.39 (s, 3 H), 0.71 (d, J= 7.0 Hz, 3 H), 1.00--
1.30 [m, 12 H, including a singlet at & 1.04 (s, 9 H)], 1.32-

-1.58 [m, 12 H, including singlets at & 1.35 (3 H) and & 1.41

9.6 Hz, 1 H), 3.32

(3 H), 1.63--2.10 (m, 7 H), 2.94 (d, J
(s, 1 H), 3.63--3.87 (m, 4 H), 4.05--4.15 (m, 2 H), 7.30--
7.44 (m, 9 H), 7.51~~7.57 (m, 2 H), 7.62--7.70 (m, 4 H); 13C
NMR (CDCl3, 100.614 MHz) & -3.23, -2.94, 0.01, 12.38, 19.16,
19.80, 24.60, 26.81, 27.69, 28.11, 30.23, 31.56, 32.04,
34.48, 36.73, 37.32, 39.30, 41.03, 52.46, 59.62, 64.42,
65.56, 66.93, 69.26, 69.31, 98.39, 127.55, 127.57, 127.98,
129.19, 129.51, 133.75, 133.86, 133.92, 135.51, 137.48;
FABMS, m/z calcd for C4qgH7206Si3 828, found 851 (M + 23)+,
Anal. Calcd for CqgH720¢Si3: C, 69.52; H, 8.75. Found: C,

69.60; H, 8.62.



Conversion of 107 into 108.

OSiPh;Bu-t

107 108

Tetrapropylammonium perruthenate (89 mg, 0.253 mmol) was
added in one portion to a stirred and cooled (0°) mixture of
alcohol 107.(2.1000 g, 2.53 mmol), powdered 4A molecular
sieves (1.2660 g, 500 mg/mmol), and 4-methylmorpholine N-
oxide (593 mg, 5.06 mmol) in dichloromethane (100 mL). The
cold~bath was removed and the mixture was stirred under argon
for 6 h. The mixture (no evaporation of solvent) was then
filtered through silica gel (4.5 x 10 cm), and the pad was
washed with 3:7 ethyl acetate--hexanes (the mixture
containing 1% by volume triethylamine). Evaporation of the
solvents gave ketone 108 (2.04 g, 97%) as a homogeneous (TLC,
silica, 2:8 ethyl acetate~~hexane) white solid (mp 138~
140°C) : IR (CH2Clp cast) 1724 cm~l; 1H NMR (CDCl3, 300 MHz) &
0.12 (s, 9 H), 0.38 (s, 3 H), 0.40 (s, 3 H), 0.73 (d, J=56.9
Hz, 3 H), 0.98--1.10 [m, 10 H, including a singlet at & 1.03
(9 H)], 1.20--1.47 [m, 12 H, including singlets at § 1.28 (3
H) and § 1.39 (3 H)), 1.63~-1.72 (m, 3 H), 1.77--1.92 (m, 2

H), 2.03--2.10 (m, 1 H), 2.33--2.56 (m, 3 H), 3.30 (s, 1 H),



3.65--3.75 (m, 2 H), 3.78--3.85 (m, 1 H), 4.04--4.13 (m, 1
H), 4.24 (dd, J = 11.0, 5.0,Hz, 1 H), 7.33--7.46 (m, 9 H),
7.53--7.58 (m, 2 H), 7.64--7.70 (m, 4 H); 13c NMR (CD,Cla,
100.614 MHz) & -3.07, -2.79, -.0.01, 12.63, 19.44, 20.03,
26.10, 27.02, 28.23, 30.44, 32.12, 32.24, 34.72, 36.35,
37.71, 39.63, 40.15, 51.05, 60.17, 65.96, 66.45, 68.99,
69.62, 98.65, 127.99, 128.02, 128.36, 129.58, 129.94, 129.96,
134.25, 134.40, 134.43, 135.93, 138.09, 207.35; FABMS, m/z
calcd for C4gH7006¢Si3 826, found 827 (M + 1)*. Anal. Calcd

for C4qgH7006Si3: C, 69.68; H, 8.53. Found: C, 69.40; H,

8.66.

Conversion of 108 into 109.

SiMe,Ph

TMS(i) °
108 109
n-Butyllithium (1.6 M in hexane, 0.47 mL, 0.755 mmol)
was added to a stirred and cooled (0°C) solution of

diisopropylamine (106 puL, 0.755 mmol) in THF (4.5 mL).

Stirring was continued for 15 min and the solution was cooled

to -78°C. A solution of ketone 108 (125 mg, 0.151 mmol) in
THE (1.5 mL plus 2 x 1.5 mL as rinses) was added dropwise

(over ca. 4 min) with stirring and, after 30 min, 4:1
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chlorotriethylsilane-triethylamine (95 ML, 0.453 mmol of
chlorotriethylsilane) was added. Stirring was continued for
25 min (close monitoring (every 5 min) by TLC], saturated
aqueous ammonium chloride (3.0 mL) was added, the mixture was
stirred for 5 min at -78°C, and ethyl acetate (10 mL) was
then added. After 5 min, the mixture was poured into a
separatory funnel containing ethyl acetate (15 mL) and
saturated aqueous sodium bicarbonate (15 mL). The layers was
separated and the organic layer was washed with saturated
aqueous sodium bicarbonate (1 x 15 mL) and brine {1 x 15 mL),
dried (NazSO4) and evaporated. Flash chromatography of the
residue over silica gel (1.0 x 15 cm), using 5:95 ethy:
acetate--hexane, gave silyl enol ether 109 (113 mg, 79%) as a
homogeneous (TLC, silica, 5:95 ethyl acetate--hexane) thick
oil: IR (CH2Clz cast) 2960 cm-l; 1H NMR (CDClj, 300 MHz) &
0.78 (s, 9 H), 0.38 (s, 3 H), 0.39 (s, 3 H), 0.69 (d, g = 7.5
Hz, 3 H), 7.71 (q, J = 7.9 Hz, 6 H), 0.97 (¢, J= 7.9 Hz, 9
H), 1.04 (s, 9 1), 1.12--1.57 [m, 13 H, including singlets at
6 1.29 (3 H) and 8 1.39 (3 H)], 1.66 (q, J = 12.5, 6.5 Hz, 2
H); 1.79--1.86 (m, 1 H), 2.06--2.22 (m, 2 H), 2.24--2.32 (m,
1 H), 2.48 (br d, J = 12.0 Hz, 1 H), 3.42 (s, 1 H), 3.65--
3.75 (m, 2 H), 3.78--3.87 (m, 1 H), 4.00--4.14 {m, 2 H,

including a double doublet at § 4.03 (J = 9.0, 6.7 Hz, 1 H)],

4.60--4.67 (m, 1 H), 7.33--7.46 (m, 9 H), 7.55--7.60 (m, 2
H), 7.65--7.77 (m, 4 H); 13C NMR (CDpCly, 75.469 MHz) & -2.96,

-2.67, 0.00, 5.32, 6.99, 12.62, 19.42, 20.00, 27.03, 27.11,
29.46, 30.47, 32.22, 32.32, 35.37, 38.05, 39.67, 39.91,



40.90, 55.75, 60.20, 65.20, 65.96, 67.72, 70.05, 98.66,
100.07, 128.00, 128.30, 129.46, 129.96, 134.27, 134.46,
135.93, 138.60, 153.01; FABMS, m/z calcd for Cs4HgqOgSig 940,

found 963 (M + 23)*. Anal. Calcd for Cs4Hgq0gSig: C, 68.88;

H, 8.99. Found: C, 69.08; H, 8.94.

Conversion of 109 into 110 and 111.

0OSiPh,Bu-t

109 110 111

A solution of silyl enol ether 111 (112.0 mg, 0.119
mmol) in hexane (1.5 mL plus 2 x 1.0 mL as rinses) was added
quickly (over ca. 2 min) to a stirred and cooled (0°C)
mixture of m-chloroperbenzoic acid (80-85% w/w, 37 mg, ca.
0.178 mmol) and solid sodium bicarbonate (30.0 mg, 0.356
mmol) in ethyl acetate (4.5 mL). Stirring was continued for
30 min at 0°C (TLC control, silica,1:9 ethyl acetate--
hexane). Direct (no evaporation of the solvent) flash
chromatography of the mixture over silica gel (1.5 x 10 cm),
using 25:75 ethyl acetate--hexane, gave ketone 110 (72 mg,
63%) and ketone 111 (29 mg, 29%), both as homogeneous (TLC,
silica, 1:9 ethyl acetate--hexane) thick oils. These

compounds were not characterized but the corresponding
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desilylated compound 112 was fully characterized.

Conversion of 110 and 111 into 112.

OSiPh,Bu-¢ 0

110 111 112

Tetrabutylammonium fluoride (1.0 M in THF, 0.36 mL, 0.36
mmol) was added to a stirred solution of ketones 110 (64.1
mg, 0.067 mmol) and 111 (19.2 mg, 0.023 mmol), and acetic
acid (0.1 mL, 1.79 mmol) in THF (4.0 mL). Stirring was
continued for 5 h (TLC control, silica, 1:1 ethyl acetate--
hexane) and the mixture was diluted with ethyl acetate (15
mL), washed with water (1 x 10 mL) and brine (1 x 10 mL),
dried (NaS04), and evaporated. Flash chromatography of the
residue over silica gel (1 x 10 cm), using first 3:7 ethyl
acetate--hexane and then 1:1 ethyl acetate--hexane, gave
dihydroxy ketone 112 (50.7 mg, 73%) as a homogeneous (TLC,
silica, 4:6 ethyl acetate~-hexane) white foam: IR (CH2Cl;
cast) 3310, 1732 cm~l; 1H NMR (CDCli, 400 MHz) & 0.38 (s, 3
H), 0.42 (s, 3 H), 0.78 (d, J = 7.0 Hz. 3 H), 1.03 (s, 9 H),
1.09--1.35 [m, 6 H, including a singlet at 8 1.28 (3 H)],

1.36--1.78 [m, 11 H, including singlets at & 1.39 (3 H)],

1.81--1.90 (m, 2 H), 2.31 (dt, J = 14.0, 5.8 Hz, 1 H), 2.63



(br s, 1 H (signal disappeared upon exchange with D0)], 3.11
(d, J = 10.9 Hz, 1 H), 3.38 (s, 1 H), 3.66--3.77 (m, 2 H),
3.78--3.86 (m, 1 H), 4.05--4.12 (m, 1 H), 4.16 (dd, J = 5.8,
3.9 Hz, 1 H), 4.37--4.45 (m, 1 H), 7.33--7.46 (m, 9 H), 7.53-
-7.60 (m, 2 H), 7.63--7.70 (m, 4 H)); 13C NMR (CDCl3, 100.614
MHz) & -3.16, -2.68, 12.60, 19.45, 20.03, 25.99, 27.03,
28.57, 30.43, 31.84, 34.60, 36.60, 37.64, 39.81, 45.33,
55.68, 60.17, 64.37, 65.60, 65.99, 73.87, 98.73, 128.02,
128.37, 129.64, 129.96, 134.21, 134.39, 134.45, 135.93,
138.01, 209.35; FABMS, m/z calcd for C4sHg207Si2 770, found
771 (M + 1)*. Anal. Calcd for C4sHg207Siz: C, 70.09; H,

8.10. Found: C, 70.20; H, 8.28.

Conversion of 108 into 112.

108

Ketone 108 (2.3595 g, 2.85 mmol) in THF (10 mL plus 2 x
3.0 mL as rinses) was added dropwise (over ca. 5 min) to a
stirred and cooled (-78°C) solution of potassium
bis(triemthylsilyl)amide (0.5 M in toluene, 8.56 mL, 4.28
mmol) in THF (80 mL). Stirring was continued for 30 min, and

then 2-(phenylsulfonyl)-3-phenyloxaziridine 9023 (1.1180 g,
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4.28 mmol) in THF (14 mL) was added over ca. 5 min. Stirring
was continued for 30 min and then acetic acid (3.26 mL, 57
mmol) was added. The cold-bath was removed and the mixture
was allowed to attain room temperature (30-40 min).
Tetrabutylammonium fluoride (1.0 M in THF, 11.5 mL, 11.4
mmol) was added and, after 30 min (TLC control, silica, 3:7
ethyl acetate--hexane), the mixture was concentrated at room
temperature to 5-10 mL. The residue was dissolved in ethyl
acetate (150 mL), washed with saturated aqueous ammonium
chloride (1 x 50 mL), water (2 x 50 mL) and brine (1 x 50
mL), dried (NaS0:), and evaporated. Flash chromatography of
the residue over silica gel (4.5 x 15 cm), using first 1:9
ethyl acetate--dichloromethane, then 1:4 ethyl acetate--
dichloromethane, and finally 35:65 ethyl acetate--
dichloromethane, gave ketone 112 (1.9120 g, 87%) as a
homogeneous (TLC, silica, 4:6 ethyl acetate~-hexane) white
foam. This material was identical with the compound obtained

by a the earlier route.
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Conversion of 112 into 113.

112 113

Acetic acid (3.4 mL) was added to a stirred solution of
epoxysilane 112 (849 mg, 1.101 mmol) in methanol (20.6 mL).
The resulting solution was stirred for 11 h. The solvents
were evaporated and as much as possible of the acetic acid
was removed at room temperature, using a Rotovapor with a dry
ice-acetone condenser. The residue (still smelling faintly
of acetic acid) was dissolved in dry acetone (20 mL).
Pyridinium p-toluenesulfonate (83 mg, 0.33 mmol) was then
added and the mixture was stirred for 7.5 h. Evaporation of
the solvent and flash chromatography of the residue over
silica gel (3.0 x 15 cm), using first 4:6 ethyl acetate--
hexane, then 6:4 ethyl acetate--hexane, and finally 8:2 ethyl
acetate--hexane, gave ketone 113 (549 mg, 78%) as a
homogeneous (TLC, silica, 6:4 ethyl acetate--hexane) slightly
yellow foam: IR (CH2Cl; cast) 3410, 1725 cm~l; 1H NMR
(CDC13, 400 MHz) & 0.89 (d, J = 7.1 Hz, 3 H), 1.04 (s, 9 H),
1.08--1.61 [m, 11 H, including singlets at & 1.36 (3 H) and §
1.42 (3 H)), 1.65--1.76 (m, 2 H), 1.84 [s, 1 H (signal

disappeared upon exchange with D20)]}, 1.90--2.18 [m, 4 H (1 H



signal disappeared upon exchange with D20)], 2.26--2.34 (m, 1
H), 2.36--2.45 (m, 1 H), 2.53 [br s, 1 H (signal disappeared
upon exchange with D20)], 2.76 (d, J = 12.0 Hz, 1 H), 3.69
(dt, J =10.5, 5.0 Hz, 1 H), 3.74--3.88 (m, 2 H), 4.02--4.17
(m, 3 H), 5.92 (dd, J = 10.0, 5.0 Hz, 1 H), 5.99 (dd, U =
10.0, 1.0 Hz, 1 H), 7.35--7.48 (m, 6 H), 7.62--7.72 (m, 4 H);
13C NMR (CDpClz, 100.614 MHz) § 13.73, 19.43, 20.09, 23.59,
27.02, 30.43, 30.93, 31.09, 34.04, 37.64, 39.04, 39.78,
46.65, 60.12, 65.96, 69.72, 70.30, 75.18, 76.35, 98.79,
126.25, 128.02, 129.96, 134.34, 134.39, 135.69, 135.92,
137.78, 210.24; exact mass, m/z calcd for C36H4907Si (M -
CH3)* 621.3247, found 621.3237. Anal. Caled for C37H5207Si :

C, 69.78; H, 8.23. Found: C, 69.78; H, 8.24.

Conversion of 113 into 2 using Sodium Periodate.

>& OSiPh,Bu-1
\"‘20

i OH
HO

113 2
Sodium periodate (543 mg, 2.542 mmol) was added to a
stirred solution of triol 113 (323.8 mg, 0.508 mmol) in 3:1
methanol-water. The resulting suspension was stirred at room
temperature for 23 h. Methanol (40 mL) was added and the

mixture was filtered through a pad (2 x 2.5 cm) of Florisil.



The pad was washed with methanol (40 mL). The combined
filtrates were evaporated, water being removed at room
temperatiire using a Rotovapor with a dry ice-acetone
condenser. The residue was dissolved in acetone (40 ml),
dried (NayS04), and evaporated. The resulting mixture was
dissolved it dry acetone, pyridinium p-toluenesulfonate was
added, and the mixture was stirred for 2.5 h. Evaporation of
the solvent and flash chromatography of the residue over
silica gel (2.0 x 15 cm), using first 1:9 ethyl acetate--
hexane and then 2:8 ethyl acetate-~-hexane, gave enone 2
(156.5 mg, 57%) as an homugeneous (TLC, silica, 3:7 ethyl
acetate--hexane) viscous oil. The material was
indistinguishable (lH NMR, 13C NMR, TLC (silica, 3:7 ethyl
acetate--hexane)] from an authentic sample madel by total
synthesis and with the sample made as described above by
degradation of natural mevinolin. [We did not prove that the
reketalization conditions were necessary, but our impression
is that by applying that procedure the TLC spot corresponding

to the desired product becomes stronger.]
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Conversion of 113 into 2 using Lead Tetraacetate

Lead tetraacetate (42.4 mg, 0.096 mmol) was added to a
stirred solution of trihydroxy ketone 113 (29 mg, 0.045 mmol)
in 1:1 benzene-methanol (2.0 mL). After 5 min, aqueous
sodium bisulfite (10% w/v, 2 drops) was added and the mixture
was diluted with dichloromethane (5 mL), and dried (Na;SO4) .
The solution was filtered through a short column (1 x 5 cm)
of silica gel. The pad was washed with ethyl acetate (30
mL), and the filtrate was evaporated. The residue was
dissolved in dichloromethane (1.5 mL) and silicic acid (450
mg) was added. The resulting slurry was stirred under argon
for 13 h, and direct chromatography (no evaporation of
solvent) over silica gel (1 x 8 cm), using first 15:85 ethyl
acetate--hexane and then 3:7 ethyl acetate--hexane, gave
enone 2 (5.7 mg, 23%) as an homogeneous (TLC, silica, 3:7
ethyl acetate--hexane) viscous o0il. The material was
indistinguishable (lH NMR, 13C NMR, TLC (silica, 3:7 ethyl
acetate--hexane)] from an authentic sample madel! by total
synthesis and with the sample made as described above by

degradation of natural mevinolin.
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(loss of the trime -51lyl group) than the corresponding
mevinolin derivative, 91, and should be processed rapidly.
Oxidation of the C(l) hydroxyl, previously done with
pyridinium chlorochromate, initially proved troublesome, but
we quickly found that use of NMO and a catalytic amount of
Pr4NRuO453 gave the required ketone 108 in almost
quantitative yield.

From this point, our aim was to form the silyl enol
ether 109 and to oxygenate it at C(2). The first of these
two steps was tried by our original mevinolin procedure (see
Scheme 61), which involved warming the reaction mixture to

room temperature in order to ensure complete reaction.



i LDA, -78°C
ii El3SiCl /E4N
9%

SiMezph

BusNF / HOAc
110 + 111 / —

73%

Scheme 61

However, in the present case this method led to decomposition

of the desired compound (109) into an unidentified material.

170



1m

We found it best to keep the reaction mixture at -78°C and to
work it up after 25 minutes. Even at -78°C some
decomposition of 109 takes place and it is necessary to
monitor the progress of the reaction very closely. A little
starting material (108) always remains but the yield is
consistently ca. 80% on a 120-mg scale. We were not
confident enough to try a large scale run and, fortunately,
this problem could be bypassed, as described below. With
some of the silyl enol ether 109 in hand we examined its
response to m-chloroperbenzoic acid, and found that the two
oxygenated products 110 and 111 are produced in a ratio that
varies from run to run. In the mevinolin series the material
corresponding to 110 was always by far the majov ;'roduct.
The mixture of 110 and 111 could be partially desilylated
(110 + 111—112; Scheme 61) in modest yield.

Mainly because of the difficulties in making the silyl
enol ether 109 we sought an improved procedure and found it
in the treatment of the potassium enolate of ketone 108 with

with Davis' reagent 26 (Scheme 62).23¢ The initial product
0 OSiPh,Bu-t OSiPh,Bu-t

i KHMDS, -78°C
ii Davis reagent 26

) SiMe,Ph iii Bu4gl71; / HOAc - 5iMe;Ph
0
112

Si:cheme 62



of this a-oxygenation was not easily separable from the
components derived from Davis' reagent, but brief treatment
with BugNF in the presence of acetic acid served to give the
diol 112, which was easily separated and obtained in high
yield.

We recognized that it would have been very convenient if

112 could be cleaved directly (cf. Scheme 63) to ketoacid 12,

R = SiPhyBu-

Scheme 63

but attemp's to do this with Pb(OAc)4, NaIQ4, HIO4, ¢r Jones
reagent56é were unsuccessful; we obtained complex mixtures or
observed no reaction (for NalIO4). Consequently, the epoxide
112 was converted into the trihydroxy ketone 113 (see Scheme

64), using a slightly different method from that employed in
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OSiPhZBu-l
i HOAc / MeOH
. ii Dry acetone / PPTS
SiMe,Ph 8%
Schen.e 64
the mevinolin series (cf. Scheme 52). The use of acetic

acid-methano159 had been unsuccessful with mevinolin, but here
the reagent worked well.

Treatment of the trihydroxy ke_one 113 with F'} . - in
PhH-MeOH, followed by exposure to silicic acid, ga -
desired enone 2 in poor yield (Scheme 65), presumal' iy the
same mechanism that operates in the mevinolin series {Schemes

55 and 56). If a smal. .ample of the crude product from the

0 OSiPh,Bu-¢ OSiPhbu-1
Y2 —
0
H
vO
i Pb(OAc)4 / C¢Hg / MeOH
ii Silicic acid
s OH 23%
HO 113 ’ 2

Scheme 65

Pb (OAc) 4 experiment is left on a silica TLC plate (Merck

silica gel 60 F-254) for 2 hours and ther recovered by



extraction with dichloromethane, the enone 2 is again formed
after the dichloromethane solution has stood for ca. 12
hours. If the extract from the TLC plate is evaporated and
refluxed for 2 hours in dioxane the enone is also obtained,
but the reaction is less clean. However, we have found that
trihydroxy ketone 113 can be degraded to the enone in one
step by prolonged treatment (20-24 hours) with NaIO4 in
aqueous methanol — conditions that did not work in the
mevinolin series (see Table 4). The enone was isolated in
57% yield (after chromatographic purification) from an
experiment run on 320 mg of the starting hydroxy ketone (see

Scheme 66). Our impression i~ that the Pb(OAc)4 procedure

NalO4 / MeOH / H,0
57%

Scheme 66

would give slightly purer product if a practical method could

be found for hydrolysis of the first intermediate (cf. 98,

Scheme 55) to the ketoacid. The latter would spontaneously
decarboxylate when stored in dichloromethane, judged by the
observation cited above for the experiments with silica TLC

plates.
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Conclusion

The procedure that had been developed for mevinolin can
be applied with some modifications — that also shorten the
route — to ¢ upactin, and the stage is now set to prepare
semisynthet’. analogues of the natural compounds. Our
degradation of mevinolin (7 “* over 14 steps) is summarized
in Scacmes 67 and 68 and the corresponding sequence for
compactin (16.4% over 1. stc¢ps) is given by Schemes 69 and
70. It is of .ntarest to note that the synthesis of enone 2
from S-malic acid required 22 steps and was accomplished in

0.52% overall yield.



i LAH, 84%
i 1-BuPh,SiCl, 100%

iii Acetone, 82%

\\\"‘ "

Mevinolin

-BuOOH / VO(acac),;
85%

0 OSiPh,Bu-t

i TMSCI, 91%

N

ii PCC, 77%
S;.Mezph

\“".

TBHP / VO(acac),
Benzene /6°Cror.L
82%

OSiPh,Bu-

\\‘“-

w

i 0
TMSO

Scheme 67
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i LDA /-78°C

ii EuSiCl / EyN
100%

SiMCzPh

THF
85%
i PPTS
E«OH
ii PPTS
Acetone
7%

i Pb(OACc)q, 67%

ii Trace acid / dioxane / relux o
80%

Scheme 68
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HO

i LAH,81%
ii +-BuPhySiCl, 92%

iii 2-methoxypropene
Compactin
Benzene /6°C wr...
89%
0 0OSiPh,Bu- OSiPh,Bu-

Silyl cuprate
95%

.

SiMC:_Ph

-BuOOH / VO(acac),
95%

0 o

i TMS7, 82%

ii TPAP / NMO, 97%
SiMe,Ph _ SiMe,Ph

Scheme 69
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i KHMDS, -78°C

. ) HO
i Davis reagent
iii BuyNF / HOAc : SiMe,Ph
87% : 0
HO
i HOAc / MeOH
ii Dry acetone / PPTS
8%
0SiPh,Bu-¢ OSiPh;Bu-1
i Pb(OAc)4 / CeHg / MeOH
ii Silicic acid, 23%
or

NalO4 /MeOH / Hy0, 57%

Scheme 70
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Experimental

General

The same experimental techniques were used as described
in the first part of this thesis. The following additional
points apply:

Microliter syringes were dried under oil-pump vacuum
overnight. Small quantities of moisture-sensitive reagents
were dispensed from stock solutions of such strength that the
required aliquots could be measured conveniently with a
microliter syringe (e.g. 10-20 KL amounts). Viscous starting
materials were stored as stock solutions in benzene (which
were kept frozen when not in use); aliquots were dispensed as
required by syringe. Samples for combustion analysis,
whether recrystallized or directly from flash chromatography
(by simple evaporation of the solvent), were stored overnight
under diffusion pump vacuum before being analyzed. All
evaporations of solvants were done at or below rocm

temperature,



