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Ph.D. Chemistry

Vinylsilanes and Allylsilanes in Electrophilic
Substitution Reactions. Stereocontrolled Synthesis of
Insect Sex Pheromones

”{} ABSTRACT

Trialkylsilylallyl <carbanions, from metalation of
trial!;ylallylailanes with Schlosser's base (n-BuLi/KotBu),
react with wvarious alkyl halides to give predominantly y-
addition products. The relative ratio of y/« products
increases significantly by increasing the steric hindrar:ce
on the silicon. A stereoselective synthesis of E-vinylsi-
lanes by this method is described.

The electrophilic substitution reaction of E-vinylsi-
lanes with halogens has been investigated. Under iodine
mono¢hloride reaction conditions, inversion of configuration
at the double bond was observed and Z-vinyliodides are pro-
vided stereoselectively. The Lewis acid mediated iododesi-
lylation reaction has been found to proceed with retention
of configuration to give mainly E-vinyliodides. Therefore,
either the Z- or E-wvinyliodides could be prepared stereose-
lectively from the same precursor.

1, 2-Disubstituted alkenes have been prepared stereose-

lectively from vinyliodides by a coupling reaction with
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organozinc compounds in the presence of a palladium cata-
lyst. This methodology has been applied to th; stereoselec-
tive synthesis of a number of insect sex pheromones.

A new concept of a "tunable"” synthesis of a mixture of
B~ and Z-alkenes has been proposed. The application of this
ideg to the synthesis of insect gsex pheromones has been
developed. It consists of the synthesis of a specific blend

of E- and Z-alkenss in a one pot reaction.
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Les Vinylsilanes et legs Allylsilanes dans des Reactions
;1_7‘“-. N
de Substitution Electrophile. Synth@se Stéréordntrdlée

de Pher@bmones d ' Insectes.

RESUME

Les carbanions trialkylsilylallyles dérivés de 1la
mQtalation des trialkylallylsilanes 3 1l'aide de la base de
Schlosser (n—BuLi/K;:)tBu), rdagissent avec les halogénures
d'alkyle pour conduire 3 des produits d'addition cy de fagon
prépondérante. Le rapport des produits d'addition cy versus
ca Aaugmente considérablement avec 1'encombrement stérique
autour de l'atome de silicium. Nous dérivons ici une syn-
thése stéréoselective des vinylsilanes terminales de stéréo-‘
chimie E basée sur cette approche.

Notre étude a é&galement porté sur les réactions de
substitution é&lectrophile des vinylsilanes préparées. Le
traitement avec le chlorure d'iodonjum (ICl) donne lieu &
1'inversion de configuration auntour de la double liaison
pour conduire & des iodures vinyliques de stéréochimie 2Z.
Nous avons d'autre part trouvé que la réaction de désilyla-
tion des vinylsilanes par 1l'iode en présence d'acides de
Lewis s'cpére avec rétention de configuration au niveau de

la double liaison; et par conséquent, les iodures vinyliques
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de st@rBochimie E our Z peuvent 8tre prépar§es sépar8ment,
de manidre stér&oselective A partir d'un méme pr&curseur.

La r&action de couplage des iodures vinyliques avec
des compos&s organozinciques en pr&sence du catalyseur pal-
ladium (0), nous a permis de pr&parer des ol&fines 1,2~
disubstituges st8réosélectivement. Cette méthodologie a &té&
appliquée 3 la synthd8se st8rfosBlective de quelques phéro-
mones d'insectes.

Nous avons par ailleurs proposd un nouveau concept de
synth@se de mélange sp8cifique d'ol&fines de st&r8ochimie E
et 2 en une seule Btape rBactionnelle. L'utilité de cette
nouvelle approche a 8t& démontr8e dans la synthé&se de phéro-
mone d'insecte dont la composante biologiquement active est

un m&lange spécifique des deux isomdres ol&finiques E et Z.
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CHAPTER I ‘,
INTRODUCTION

1l - The Development of Organosilicon Chemistry

Naturally occurring silicon cbmpounda, such as sili-
cates, have been of service to men for thousands of years.
S8ince remote antiquity, men have used sand and shaped stones
of granite to survive over their surroundipgs. The later
discovery and use of pottery, vitreous c¢cnamel, glass and
cement in that order all preceded modern silicon chemistryl.

This oldest and versatile use of silicon results from its

availability. Silicon is the second most abundant celement

in nature after oxygen. It occurs mainly aa silicon diox-—

ide2

(si0,). '

The pure Si element was firat'iaolated in 1811 by Gay
Lussac and Thenard by treatment of tetrafluorosilane with
potassiumz.

SiF4+4K-—-———+ Si + 4 KF

In 1823 Berzelius prepared elementary silicon from -
potassium fluorosilicate by an analogous method and then
converted the pure silicon into silica (SiOo,) by com-
bustion.

The first organosilicon compound to occur in organic
synthesis was tetraethylsilane. This compound was prepared

in 1863 by Friedel and Crafts when silicon tetrachloride was
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treated with diethylzinca. After Grignard reagent was dis-
covered in France, important advances were made in alkylsi-
lane synthesis. In 1904, Kipping and Dilthey independently
used the new organometallic reagent to form a ailicon-carbon
bond from silicon tntrachloride4'5. Advantageocunly, this
method was applied in the next throe decadns until 1945 when
Rochowé—lo discovered a synthesis of organo-chlorosilanes by
passing a vapour of organic chlorides over heated silicon in
the presence of a catalyst. Dialkylchlorosilanes are thus

readily provided and employed in sailicon- polymer pro-

duction.

ca,cl + 88 —3%0°C . (cH,),81C1,— > Methyl silicones
By this process a new era was opened in organosilicon
chemistry, the egtablishment of a silicone polymer industry.
Barlier in 1909, Kippingll reported that, when poured into
cold water, ethylchlorosilane gave an oil of about the same
con?istency as glycerol. Jellies, glues, and uncrystalliza-
ble soclids were obtained as the <degree of condensation
increased. At that time, Kipping had no notion of the poly-
meric phenomenon occurring. In all his work, he felt driven
to prepare, isolate and characterize a pure crystalline

compound containing silicon-carbon bond. Successful results

were obtained when he reported the first optically active

5
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12

organosilicon compound™ 1 where silicon bears four covalent

bonds in tetrahedral structure.

| s. : (O\s, : _SO;Na

1
8ilicon polymer products are used today in different

. T

?'lhl
fﬂ\‘

forms. They are oil, emulsion, rubbers, resins, etc., and
13

tremendous developments have been done in recent years .
One of the most frequently applied and technologically
advantageous processes of forming a silicon~carbon bond is

the hydrosilylation reactionm as illustrated below.

. Pt ‘
C13Siﬂ + CHQ"CH“CF3 e Clasi-»(':Hz-Cllz—Cl?3

Despite the wide abundance of silicon in nature, espe-
cially in the mineral kingdom, its involvement in- living
organisms is very limitedz. The most primitive smea algae
and sea animals contain large amounts of silicon compounds
(diatoms, silicon sponges). They are also contained in
plants, in animal tissues and bones of vertebrates. How~
ever, the compoaition of the silicon compounds in which the

element appears and their part in the biological activity of

plants and animals are not yet properly understood.

.
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Interest " 4in the use of organosilicon compounds in
organic synthesis came later. In 1968, the trialkylsilyl
group was first introduced as a protecting group for hydroxy
functionels’zz- The silyl ether produced has higher solubi-~-
l1ity in organic solvents than the parent compound. The
thermal stability is also increased. The msilyl derivative
is more volatile, facilitating its use in gas chromatography
experiments. On the other hand, the silyl protecting group
is cleaved in extremely selective conditlons (Scheme 1.1).

23,24

Since the Mukaiyama reaction was firat reported

(Scheme 1.2), silyl enol ethers as protected enolates have
found a great deal of use in synthesis. Many r«evic’nﬂrﬁzs'z6
have been published accounting for the exciting developments

hich have been made in this area.

— R-OH :;==%§=r:,no—31(ca3)zn'

a) i = (CH3)381C1/base, [(cna)351lznn, (cna)asinn-co-ca3

(caa)asi:N(wa)z e:-c" &0 L —— . . Jrp—

t

. -
R' = CH, ;
ii = CH30H . A
b) 4 = t-Bu(CH3)28101, DMP/imidazole
R' = t-Bu- - .

Scheme 1.1
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. B _ SiMe, ' H
1) Base RCHO/TiCly _ ‘
2) Me3SiCl
Y gcheme 1.2

Prom another point of view, silanes are used as reduc-
ing roagont327 for carbonyl compounds, unsaturated mole-
cules, halogenated derivatives, etc. Recently, introduction
of a carbon-gsilicon bond as a convertible functional group
into a complaex molecule har received considerable attention.
Organosilicon compounda are then used as varsatile interme-
diates in synthetic routes to natural productszs- Their

- prevalent utility is well understood based on the following

principles.

2 - Structural properties of silicon compounds 4

S8ilicon mostly forms tetravalent bonds in tetrahedral M~
structure. This fact reveals the similarity of silicon with
“. carbon. Both belong to the Group 1V elements. Silicon is
in the second row in the periodic table. Its valence shell
electronic configurat&on is 38323p23d% and differing from
carbon in its possession of vacant d-orbitals.
Electronic configuration: c He 2s822p2 L.
' si Ne 3823p2340




(;

Silicon has the ability to utilize the 3 d-orbitals in
the formation of penta~ or hexacovalent compounds as 1llus-~
trated by the example KzsiFs'. . In a number of cases,
penta-—29 or hexacoordination30 with oxygen are also known (2

and _3_)- - P

pm—

3 - Silicon~-carbon bond polarigzation

31,32 compounds varies

The reactivity of organometallic
with the ionic character of the n;:arbon—metal bond. For
example, organopotasasium, lithium and magnesium have,
respectively, 51, 43 and 35% ionic character according to
the Pauling electronegativity scale {(Table 1.1). These com-
pounds are known to be highly reactive compared to alkylsi-
lanes in which the C«Si' bond has only 12% ionic character.

This makes organcsilicon compounds more stable than other

organometallic reagentas. The observed polarizability 1is

*geflected on the C-Si bond length. Silicon and carbon atoms

have radii of 1.17 A and 0.77 A respectively, thus the cal-
culated length of a covalent bond is 1.94 A which differs

“slightly from the measured value of 1.88 4}. This small

P Y
5
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difference is considered to be due to the disparity between

the electronegativities. . i

Table 1.1

/

Pircintaqe ionic character of carbon-metal according to
Pauling electronegativitias

Metal K Na Li Mg 2n cd S8i H

% Ionic character 51 47 43 35 18 15 12 4

In all respects, the chemical behavior of organosili-

Q con compounds is associated with a greater atomic volume, a

lower electronegativity (Table 1.2), and more polarizable

bonds of silicon compared to carbon. Owing to the carbon-

silicon bond polarization, it 1is cleaved by oxygen anion,

fluoride or chloride ions with nucleophilic attack on the

34

silicon” . The bond formed is usually stronger than that

36,37

which is broken (Tap,}e 1.3).

A
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Table 1.2
Electronegativitiea* S

Element Electronegativity
8ilicon 1.8
Hydrogen 2.1
Carbon 2.5
Oxygen 3.5
Phosphorus 2.3
Nitrogen 3.0
Sulfur 2.3
Chlorine 3.0

. L. Pauling, "The Nature of Chemical Bonds", Cornell Uni-
versity Press, Ithaca, N.Y. 1948. '

4 - S8ilicon stabilizes an adjacent carbon-metal bond

In spite of the fact that silicon is more electroposi-
tive than hydrogen and carbon, silicon stabilizes the car-
bon-matal bond at the C-~-1 center, as d4do phosphorus and sul-
fur. One of the easiest ways of preparing a-silyl carbanion
is the reaction of a-halosilanes with magnesium, sodium or
lithium38-40. The rate constant4l of C~Cl bond dissociation
in halogen-metal exchange of silyl substituted methylene

chloride with sodium is found to be higher than that of the

corresponding organohalide compound (Table 1.4).

A
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Relative bond strengths35:

Table 1.3

energies (D) and bond lengths (r) for Si-X

Approximate bond dissociation

Bond Compound D/KJ mol™! r/nm Bond D/KJ mol™! r/nm
8i-C  Me,8i 318 0.189 ¢C-C 334 0.153
8i-H Me,8iH 339 Cc~-H 420 0.109
C1.8iH 378,382
Dagiﬂ 0.148 .
8i-0 Me,SiOMe 531 c-0 340 0.141
(Ma§Si) o] 812
(H,81), 0.163
8i-8 (H,Si),s cCa 293 0.214 C-S 313 0.180
8i-N (Me.Si) NH 320(E) C-N 335 0.147
(a.31) .8 0.174
3 3
8i-F Me _SiF 807 C-F 452 0.139
H3§1F 0.16
8i-C1 Me,SicCl 471 c-C1 335 0.178
Ha§1c1 0.205
8i-Br Me.SiBr 403 C-Br 268 0.194
H3§isr 0.221
8i-I Me,Sil 322 c-1I 213 0.214
a3§11 0.244 ‘
-
Table 1.4

Rate constants of chloride-sodium exchange

a-halosilanes

X = 1011 mlL, mol~! sec~! 520 K

Me,8iCH,C1 16.2
(Me351) ,8HC1 230
Me3CCH2C1 1.06
o s i N
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A convincing argument to Jjustify the qg-carbon-metal
stabilization is the energy lowering overlap of the empty
d-orbital with the occupied p-orbitals as shown below.

N4

R;Si CH—CH,R

JN 0 -

(d-p) x overlapping

The demonstration of this stabilization is provided in
organolithium reaction with vinylsilane. The addition
occurs raéioselectiveiy at the C-2 center to generate the
a-oillyl carbanion.

- e
=Si - =Sl

e PR

‘a=811lyl carbanion chemistry has recently found many
interesting applications in organic synthesis, and various

42-47 Another

methods to prepare the reagent are provided
manifestation of this phenomenon is in the high rate of
bimolecular nucleophilic substitution reactions at the car-

bon adjacent to the silyl group (Scheme 1.3).

s | | }Tz

Scheme 1.3

R A o e



Trimethylsilylmethyl chloride ‘reacts 16 times faster

than n-butyl chloride in the halogens exchange process48.

Mo SicHpct 1 /MeCO Mg SicH,] (oq.1)

17/Me,CO

n=-BuCl » n=-Bul (eq.2)

More interestingly the aluminum hydride reduction of

49

compound 4 occurs regioselectively with cleavage of the

bond next to the silicon as illustrated in eq. 3.

N/ Mo,

SH LiAlHg

N

4 ' 5

M.2 {eq.3)

50,51 are opened mostly by

Similarly, g=-silylepoxides
nucleophilic addition at the g-position contrasting with the

regioselectivity usually observed when a silyl group is not

involved.
NG H
R-CI-I&:H; f—  R—CH-CH,Nu
Mc,Sl—CI-AcH, . SI-c+'|7-CH,OH
ny . Nu

| )




5 - p~Effect

The higher electropositivity of silicon relative to
carbon results in increasing the electron density around the
carbon in the C-Si bond. Therefore, a g-carbonium ion is
more stabilized. In other words, the C-Si bond may better
stabilize a positive charge at the g-position than the car-
bon-carbon, or hydrogen-carbon bond does. Conceptually this
is depicted in the covalent C~Si bond overlapping with the
empty p-orbital, called hyperconjugation, which may lower

the energy of the system (Scheme 1.4).

(o-p) = Hyperconjugation " -

Schema 1.4

-

The following observations support this statement:

l=chloro-2-trimethylsilylethane solvolysis is remarkably

faster than that of t~butyl chloridesz. On the other hand,

the protodesilylation of silylbenzene is faster relative to

proton exchange in bonzene“.

o e ———

—
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MejSicH,cH,c1 _20lvolysis g gicw,cH,oH

/

Me,CC1 solvolysis Me 4COH
9
Further evidence is provided by the otp values calcu-
lated from reaction rates or by the charge transfer spectra
with tatracyanoetheneSQrg~ The ¢tp value for the trimethyl-
8ilyl methyl group in 6 is between —O.SG and ~0.66, which is
more negative than that of the methyl g;bup in 7. Thus the
tfimethylailylmethyl group has a more significant electron

donating effect than the methyl group.

_ \ .
mear)

§

i~

LI -

c+p -0.56 to -0.66 -0,31
Amax (TCNE) 486 nm . . 411lnm
From the silane 8 in which the 8i-C bond c¢annot over-
lap with the x—orbitals of the benzehe rings, the CT spec-

s
trum is similar to that of the unsubstituted compound 9.

n
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This suggests that the effect is not inductive but depends

essentially on (o-p) x hyperconjugation. JNUN

-~

Agax (TCNE) 424 nm

4

{w©o

424 nm
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CHAPTER 111

ALLYLSILANES IN ELECTROPHILIC SUBSTITUTION REACTIONS

1 - General Considerations

In the recent development of crganosilicon chemistry,
allylsilanes have Deon extensively employed as useful inter-
mediates in sypthesis for many reasons. As mentioned above,
they are relatively stable compared to many other allylic
metal compounds, even though they do undergo 1,3-sigmatropic

. 55
rearrangemen* only at high temperature ™ .

\
\/j M m
‘M.a “"'3

{

Me,S!
Allylsilanes are reasonably accessible by conventional
synthe tic methodsss‘“. The Si-C covalent bond overlapping
with the n~bond orbitals raises the energy of the HOMO and

hence makes the molecule more reactive to electrophiles.

2 - Regioselectivity in Electrophilic Substitution of Allyl-

silanes
Electrophilic substitution of allylsilanes preferen-
tially takes place at C-3 to induce posit:ve charge forma-
tion at the 3~position. This carbonium ion is accomodated
by the (¢-p’ = hyperconjugation. This 13 fo> lowed with
:;acleophilic attack on silicon resultcing in the 1oss of the

silyl group and shifting of the double bond.

e

g
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Even though halogens64 (bromine, 1iodine) or hydrochlo-
ric acid addi+ion to allylsilarres occutrs without the need of
any activaticn, carbon eiectrophiles in most casen yeact in
the presence of Lewis acides o for~ a carbon-c~2rbon bond
with a high “eqrae of resioseisctiviey. 2 1lylsi lanas used
in the elect m-phil. < sut=titution reactior gave., norrmally,
selectively, =nly —nr ircomeric produ~* wheraag “-e correg-
ponding allyl: = Gr. znard raagenis maw lead *o a —ixture of
allylic prot:—-a. " ar thean rensons, sarie : = ola~- rophi les,
such as xeton~, ald-Myde, acyl <hlori ie, en-—7n, ¢=Toros:1fo-
nyl isocyanat~,. ter<iary alkyl nalide, eotce, ., have been used,
The followinz representative examples clearly demonstrate
the efficiency of this type of reaction in organic syn-
thesis.

& Artemisia ketone 12 is a natural product extracted
from‘ Artemisia .annua L. or Santolina chamaecyparissus L.
oils. It haes very interesting organolecti < properties and
hence is used 1n th~ perfume industry. The initinl synthe-

5

6 .
sis of this compo>und requirsd many ste— = and <the final

product was cotaine? in poor yield, Howevnr, the allylsi-
lane 3-methyi-l~tr:—ethylsilyl but-2-ene /193) reacts with
senicioyl chloride 11 under Friedel Crafts conditions (using

AlCl,) to provide Artemisia ket-.one66 in 90% yield.
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Me;Si
‘ AlCi, -60°C
10 : 12 >
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It is notewortby that the electrophilic addition is N
directed exclusively to the more ‘hindered position .on the
allylsilane moiety.

Introducing a functional agroup i a fused cyclic com=
pound is in general a serious challenge in —rqganiT synthe-
sis. In this respect. Sakura167 report ed tha+ alkylation of
¢, p—enone 13 with trimethylallylsilane in the presence of
titanium tetrachloride was achieved stereoselectively to

give the cis-compound 14.

Tici ‘
Megsh 4 !

c."zclz , = 3°°c

'

!‘].mning68 also reported on the reaction of t-butyl
-~ t’

chloride in a similar way. The regioselectivity and high

H
|
yield of t-butyl alkylation of compound 15 are striking. - i
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CH,Cl,

M.,
t-BuCl/TICly m"
8%
16

The a-halogen substituted allylsilane 17 could also

react with aldehydes, ketones or ketals exclusively at the

C-3 center to give predominantly the z—vinylhalid369 19

which is often used in alkene synthesis via a Grignard rea-

gent crosscoupling reaction.

Ph{CH,),CHIOEt) 18 Ph(CHg)z'iHCHZCH=CHC|

MeSi
' Ticl, , -78°C Et

19 \
2:E =00 : 10
3 - Stereochemistry in SE' Reactions

More recently, many investigations have focused on the
stereochemistry in the allylsilane electrophilic &ubstitu-
tion reaction. Since one or two chiral centers are created,
it should be possible £ control the enantio- or diastereo-
selectivity of the reaction, The gelectivity depends on the
structural constraints, the preferential conformation of the
allylsilane or the electrophile. In few particular cases,

syn addition has been observed. For example, in the fused

A eSO Sy S O — ~ === e = = - -
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cyclic compound 20 the system is biased because of the con-
" cave shape of the [3, 2.0] cis rings. Consequent‘ly, the
electrophile attacks only the exo-face resulting in reten-
tion of conf£guration7o. .
o ~ L4
iMe,
A MeOCH]CI 9
SnCl, ’
c ‘ 1~ ClI
cl ™M i
20 21

It is also comprehensible that the c.].ectrophile
approaches t};e cyclohexenyl system71 22 by the less hindered
face to give an anti addition product. The silyl group
directing effect, if it ex\ists. may not strongly influence

the stereochemistry of the fgaction.

PhS <
LO0.M Me
mDge phs”’ BF; :
Y "'lc 02 Me 4 ""C OIM.
ngl
22 23

-

Recently, Pleming reported that the anti—-addition is

predominant in the epoxidation of chiral allylsilanes72 24

L J &

T R —

e e




: T°T swsyos

N"ng V84N

. < *
!
|




-2l -

and 25, even though there is some small axial preference of
the electrophile with regard to the ring system (Scheme
2.1).

This confirme +“he result puablished earllier >y Kumada.
In an acyclic system, he ¥found +<hat by usin-1 the optically
active allylsilane 32, the MCPBA anters the -inuble bond anti

with respect * o the =ilyl Iseavin~s group and —~ptica” ly active
71

allylic alcokol is obtained " . Add:tion of t-b:i%yl chlo-
ride, acetyl chloriden, aldehyde75. or deuterodesilyla~
tj.on76, all proceed by the same anti fashion consistently.

SiMe Me
: P: 1.MCPBA _ HOLZ Ph ppa .
. PR W R %
H H H
32 nE) T -3

81% 19%

‘An explanation for the stereochemistry is that the
steric constraint induced by the phenyl group determines the
apprgach of the electrophile to «he double bond, Due to the
8i—C bond ovelr‘lappi.".q wit™ the = lobes of +«he C-T double
bond, the allvylisilare exists in =wo conforma<ions, A and B
'(Scheme 2.2). Conmsequent Iy, the electrophile will attack
the allylsilane in the favorable conformationh A by the side

opposite to the trimethylsilyl group (anti).
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To conclude, the anti stereochemistry should be consi-~-
dered to be the norm in electrophilic substitution reactions
of allylsilanes. Exceptions to this principle occur when

the molecule is biased.

PP iMey
CQp—= Qe
R 2 hsum», Re— .

A B
) . Scheme 2.2

The, enantio- or diastersoselectivity in allylsilane
reactions with aldehydes an<d ketones is commonly based on
the assumption that the reaction may proceed by a six-mem—
bered ring transition state. It is also possible o reach
high contr~l of stereocheristry in an acyciic mcde when
appropriate conatrainz 18 set. Recently, Heathcnck used
chiral aldehydes in the SE' reacticn of allyls:lanes. Alde-
hyde 35 an- other anal~gous cémpounds were invfalvedqj. The
diagstereofacial gelectivity wvaries wit> the substrate and
the Lewis aci< used. Particularly, the tin chloride

mediated reaction of 35 with allylsilane 36 led to compounds

37 and 38 in the ratio of 45:1.

PP

T T e e st




ph’\o’Lcao
m,sv\/J\ . PN o

35 [sncia bH
36
37
+
Ph
i
i -32'
¢ . 37 1738 =451 1.

1 The high Aiastereoselectivity observed is interpreted

in terms of chelation of gnCI,' by the g-alkoxy and the car-

bonyl oxygen to form a rigid five-membered ring 39. In this

&
conformation the front side is hindered due .to the methyl

T I >, A

‘ group, therefore the allylsilane will come from the back

side to provide mainly compound 37.
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Of several approaches to obtain optically active

erythro or threo g-hydroxy carbonyl compounds, the enantio-
selective aldol type reactionm—sl with many variations

remains an efficient method to achieve high stereoselecti—\
vity, up to 90%, especially when chiral boron or zirconium
enolates are used. It is now possible that the electrophi-
lic substitution of allylsilanes or allyl st:annane&zsz_g4
with carbonyl compounds will become a promising alternative

for the coming years.
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CHAPTER III
a—-SILYLALLYL ANION CHEMISTRY

1 - Introduction: 'Heteroaubstituted Allyl Carbanion Prepa-

ration — Stability and Reactivity

In general, substituted allylic systems, 40, can be

easily metalated using an appropriate base to the corres-—

85

‘ponding allylic carbanions 41.
) -
NX =L - /__\/x
“4'
40 41

.
433

X= -8Ry, -OR, -SR, -SOR, -=NR,,

=SeR, -P(O)Rz .

~
[}

The success and the usefulness of this allylic carba-—-
nion in organic synthesis depend upon the stability and the
regioselectivity of the carbanionss. Due to its ambivwvalent
reactivity, it can react as a nucleophile at either the -
or the y-position, glving a mixture of regioisomers which
seriously affect the efficiency of the carbanion in synthe-
sis. The regioselectivity could change significantly
according to the heteroatom substituent, the counterion, the

solvent and the electrophile used®’.




For inatance, the carbanion 43 prepared from 42 in THF
by n-butyllithium treatment was allowed to react with a
number of electrophiles in the presence of different com-
plexing agents: diazabicyclooctane (DABCO)‘, N,N'-tetrame-
thylethylene diamine (TMEDA }, hexamethylphosphotriamide
(HMPA) and macrobicyclic diamino polyether [2,2,2]. The
results are presented in Table 3.1. When the reaction is
run without any <complexing agent (entries 5 and 9), the

carbanion 43 exists as an ion pair. The lithium ion {is

-cl'osely assoclated with the g—carbon and cnly the g-alkyla-

tion product was obtained with alkyl halide electrophiles

(methyl iodide), whereas carbonyl compounds predominantly

'gave the y~product (entry 9). The regioselactivity in the

alkylation reaction of 43 depends on the degree of dissocia-
tion between the carbanion and the counterion (Li). It also
depends on the nature of the electrophile involved and the

solvent (Table 3.1).

P
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Table 3.1
!
Regioselectivity in the alkylation of 43 with various
electrophiles. Solvent effact.

\\
s

Temp. Complexing ‘Yield ©Proportion of
Entry °c Agent Reagent (3) reaction at the
’ a-carbon  y-carbon

Ve

1 -20 DABCO Mel 100 99 1
2 PABCO B 100 87 12
3 DABCO B 100 T 94 6
4 DABCO >x=0 00 - 1\00
5 -78 none Mel 100 ] 95 -
& ' HMPT MeI 100 7 98 Trace
7 - [2,2,2] MeI 80 60 " 40
8 [2,2,2] B> 60 50 50
9 - none x0 100 25 .75
10 TMEDA n 100 Trace 90
11 HMPA. » 100 40 60
12 [2,2,2] . " 60 , 100 0

2 - gq~Trialkylsilylallyl Carbanions

a~Silylallyl carbanions are prepared from allylsilanes
by treatment with butyllithium in ether or tetrahydrofuran
in the presence of TMEDA or HMPA at relatively low tempera-

ture. They are stabilized by allylic resonance and by (p-d)

(%
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-
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bonding from 8i 3d empty orbital overlapping with the filled

p~lobe of the carbon anion. Their reaction with various
electrophiles has been studied and a mixture of ¢ and Y

addition products could be obtained.

RS mBull RSk o _E* RSk ok
TMEDA i "'+
Li°

44 46

m—— ]

Y-product
Rt P
. E
t 47
a-product

The original work concerning the reactivity of g-tri-
alkylsilylallyl carbanions toward electrophiles was first

88 in 1975. Triphenylsilylallyl lithium

reported by Corriu
454 and the analogous Grignard reagent 48 were prepared. It
was noticed that the lithium compound 45d preferred y—adcﬁ.—
tion whereas the magnesium compound 48 lead to the a—product

in many cases. .

DL aEme s B Al
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454 48
Table 3.2

Relative reactivity of 454 and 48 toward electrophiles

454 48

Electrophiles g—attack y-attack a-attack y-attack
(%) (%) (%) (%)

H 0t 30-40 60-70 90 -
Ph,CO - 95 - 65
Do 40 60 90 10
CH,I - 100 No reaction‘-at 20‘:

3 - Reaction of a-Silylallyl Anions with Carbonyl Electro-

philes
3.1 y-Selectivity

Another comprehensive work was provided by Magnuaes.

The y-product was obtained predominantly from the reaction
of trimethylsilylallyl anion 45a with aldehydes and ketones.
The geometry of the resultant vinylsilane double bond was

trans in all cases.”

<
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Table 3.3

Trimethylsilylallyl anion 45a reacti
carbonyl electrophiles

89 with various

Entry Electrophiles

of 45a

/

s

Equivalent Temp.. (°C) Product Yield

(%)

*

K e,

3.0
M=3nCl

6.5
¥=2ZnCl

1.5

-78

~-20

-75 to-26

ra

M
ol
H .
dw' 88
N

(:j/I\/QQ/‘m% 96

HoO.

‘
iruom), 66
89

sitre,

80

X
1

Prova———
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thaan ., “’R‘D-o R
‘1 M ¢+ . R . 'M‘ 3
45a 49

The vinylsilane moi;ty 49 produced in the electrophi-
lic ‘addition reaction is considered to be a masked carbonyl
compound. The carbonyl functional group c¢ould be easily
regenerated by successive epoxidatiqn and acid treatment to

give y-O-methyl lactol 5k or y-lactone 52 as shown below.

R‘ H R H
¢ z>(/vm's b g ’ﬂ/vs Wea
R R
, 30

3
BF,- OEt,
i . MeOH
\
1 ' R! 1
R R/
l : | 52 i 51
e

/

i
’

* 2.

1l,3-Disubstituted allyl carbanions were converted into

n3-allyltitanium compounds89 53, 54 and 55 underr(csﬂs)zTiCI

o odlary . ok F e ar

. ————— P W W

A R Fri U roncianlpientty, o




~ ‘ Table 3.4
Regio- and stereoselective reaction of 1,3-disubstituted allyl anions with
propanal via pd-allyltitanium compounds
Entry Allyl anjon Products Stereoselectivity Yield (%)
complex ?
- QH
53 36
| . S
M-as\/|\/ Me,S 4R:48=86:14 85 /
trans
2 TiCpa .
< Me
éii -§l . -
e
L] 1 H
(4 I *u
3 J1Cp2 . Cis/trans=1:1
i 55 58
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treatment and reacted with propanol and the y-addition pro-
duct was obtained. It is remarkable that only the silyl
allyl complex 54 provided the trans double bond geometry
exclusively. Cis isomers were obtained wi*h the phenoxy
substituted compound 53, whereas 55 gave both stereoisomers
in a ratio of 1:1. The reaction is highly diastereoselec-

tive giving rise to the threo product 57 (Table 3.4).

3.2 ga-Selectivity

The ambivalent g-silylallyl anion reactivity with
reagard to elactrophiles could vary by changing the counter-
ions. Considerable efforts have been made to successfully
direct the reaction to the qg-pnsitinn selectively. The
first example in this series came from the work of Lau and
Chango. In 1978, they reported that trimethylsilylallyl
anion 523, prepared by the uvsual method, reacted with alde-~
hydes and ketones at the g-carbon mainly when magnesium bro-
mide was added to the reaction mixture.

This precedent was followed with gother examples.
Strong Lewis acid aalts or orqanometallic compoun-ds have
been used as additives. The reqio- and stereoselectivity
increased to give the threo derivative in mos*:t canes (Table
3.5). It scems that the metal-carbon covalent bond forma-
tion as shown in Scheme 3.1 (step 2) is crucial for such a

control. For instance, when trimethylsilylallyl 1lithium

R ik M acui-ant R e e o
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W SiMC,

2

t-Bull 1) MgBr,

—. - SiMe §
HMPA e 78 2) ! . Me,

L+ &L R H

R
. 2
45a 59
d L
1 OH

) iMe,

* ) . ig

minor product.

solution was treated with trimethylborate and pinacol, the

3-boronate 60 could be isolated by distillation (b.p. 46-

50°C/0.15 torr).

Subseguent

(R,8)-3-trimethylsilyl-4-hydroxy-l-alkene

Ws"“’a

ut

reaction

The geometry was trans at the double bond.
of 60 with aldehyde gave the threo

9N 5o,

H
‘.'_B.‘i’L‘.'zn.m,Si/\/\a:o:K .;"_CEQRJ\_/\ "

2. NH‘C' ’ g‘“.3
pinacol. 60
- \ 59
step 2 / -
- . /
Scheme 3.1




Using tha same approach, the aluminum "ate" complex92

61, formed in situ, reacts with aldehydes or ketones at the
¢-poéition.

TN
.

g L+
L\ SMey EQAL e, AIEt; RCHO
+

- mrne—

Li

Table 3.5 .

Regio~ and stereoselectivity in the reaction of ¢'
4 trimethylsilylallyl "ate” complexes with aldehydes

X Ehtry Aldehydes Additives a~-Products y-Products
Threo Erythro (Ref.)

] 1 CH ,CH ,CHO Et,Al 94 - 6 (92)
| 2 ACO(CH,) ,CHO B(OCH,), 79 -- g - (91)
5 3 t-BuCHO Cp2TiCl 98 - - (93)
: 4 Br(CH,),CHO Cp,TiCl 92 - - (93) .
b 5 CH,(CH, ) CHO Bu,SnCl-BF, -- 100 - (94)
6 Me,CHCHO Cp,BC1 100 - - (94)
7 CH,CH=CHCHO EtAlCl, 86 14 - (94)

P



As a convenient alternative to the Wittig reaction,
the g-hydroxyvinylsilane 59 obtained from the qg-silylallyl
carbanion reaction with carbonyl electrophile can undergo a
Peterson olefination process to give 1,3-diene in a atereo—-
specific manner. This methodology has been applied to the
synthesis of bollworm moth (Dioparopsis castenea) sex phero-

mone?’ 62.

2) NH.CI
Li* Pinacol

L N
1) BOMe
MeaSar™ k - MgSiMB/:I
60

AcO{CH, ),CHO

ga i/\
AcO(CH,);

Aco(cu,)/::\e— < KH 59

gl 1t

The same procedure is also used to l’prepare l-trime-
thylsilyl-4-alkyl butadienes in a stereocontrolled manner.

1,3-Bis(trimethylsilyl)propenyl carbanion 64 reacts with the

‘aldehyde to give the threo compound 59 which can eliminate

to 65 and 66 stereoselectivelygs.




H
1)Cp.T
M.,SI\A\/SWO; ) CpaTict - SiMe,
A 2)” RCHO R
L \ SiMe,
4 59

Me,

KH

4 - Pentadienylation of Carbonyl Compounds

More recently, pentadiethylation of carbonyl compounds
using [1,5-bis(trimethylsilyl)pentadienyl] 1lithium 67 and
other analogous reagents (68, 69) has been investigatedgs.
Although the regioselectivity 1‘s‘not satisfactory in all
cases, the reaction is conceptually useful in organic syn-
thesis for elongation of carbon chains. It is also poten-
tially applicable to the synthesis of polyunsaturated mole-~
cules such as insect sex pheromones or leucotrienes.

The regioselectivity 1in the ‘reaction of mono—- and

disilylated pentadienyl anions 67 and 68 varies, depending




on the bulkiness of the carbonyl group. It is however inte-
resting to see that whatever the electrophile size, compound
69 reacts only at its terminal carbon. A single isomer of
triene 74 with E,E configuration is obtained after elimina-

tion of the siloxy moiety.
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CHAPTER IV
GENERAL METHODS FOR VINYLSILANE SYNTHESIS
— I

There any many methods to prepaée substituted or func-
ﬁioﬁalizad vinylsilanes in a stereoselective manner32. 1t
is not our goal to undertake a detdiled retrospection on
alkenylsilane synthesis in this chapter. Appropriate

reviews and books are available for that purpose. However,

some aspects should be diascussed according to the efficiency

of the mathod and the role played by silicon in the stereo-
chemical control. More attention will be paid to the recent
developments in this area.

The classical Wurtz type silylation reaction97'98

usually proceeds in a stereospecific manner with retention

NP, s ™

-

of configquration (Scheme 4.1). However, it is useful only

when the vinyl halide is provided in a pure isomeric form.

-

. SiMe,
-, Na ciSiMe; H
‘ Ether

Scheme 4.1

Ry

T wom

45,99

] The g-silylvinyl anion reaction with aldehydes is

( - also a cgnvenient method to prepare disubstituted vinylsi-

-
P d
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lanes. The overall transformation is depicted in Scheme

-
4.2. .
™ e ™
. ) RaCuli R .
CHyCl ——» CH,R
16 "H
. 77
soci, -
, IMoa
Me3Si .
75
RCHO + )= . R =
W% w ﬁ
ACzO/PqI’-
{ T iMe3
: , _ HyR’
} R,CuMgBs R
_ . . RCH ——me— ™
{ ! 3
i OAc
P 18 1
é
4

. Scheme 4.2

Under thic;nylchloride treatment, the alcohol 75 |is

o~ .

" converted into th;s chlorocompound 76. The allylic rear-
rangement isnassisted by the silicon to give stereoselec-
(_ tively the Z-isomer. No isomerization occurs in the subse-
quent organocopper lithium coupling reaction. Silicon may

also play a critical role in the conversion of 78 into 79.

ISP REor 7 cTA ,
[ ]
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The synthesis of vinylsilapes from acetylenic precur-

' s ¥

sors is the preferred method. This route offers the advan-

. -

tage that either the Z— or E-isomers can be obtained stereo-

selectively.

00

Catalytic hydrosilyiqtionl of terminal acetylenes

undergoes syn-addition to givjﬁe the trans compound 80 in good

‘yield. -
’
R H
R-CRC-H + HSiMe, C- HPtClg >=< 908
A H  SiMe,
80

The Z-stereocisomer could be obtained by semi-hydroge—

nation of the silylacetylenic compound 81. -
)
£
' 3
rcoal
R-CsC-SiMe, To/cha —
Pyr. Ethyl acetate H H
2
g1 R
103 101,102

When hydroboration + hydroalumination or

carbometallation of acetylenic precursors is employed, the

3

R et T - T T Ry
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addition of the metal hydride or the organometallic compound

alwvays proceeds by syn—addition to the triple bond. How—

aever, 1isomerization of the alkenylmetal intermediate could

-occur depending —n the solvent system used. It is stabi-

lized when =2ther or tertiary amine is added to the reaction
mixture. In lass polar aolvents, it isumerizes to the ther—
modynamically mores stable compound (Scheme 4.3).

Hydrolysis of 83 and 84 gave the trans and cis wvinyl-
silanes, reapectively. Treatment with methyl1lithiam and
alkylhalide (R"X) may previde 1,2~disubstituted vinylsilanes
87 and 88.

104,105

Similarly, the carbocupration of the silylace-

tylene 89 could be uded to prepare g-functionalized vinylsi-
lanea‘ by addition of various electrophiles to the alkenyl
copper compound 90.

It is interesting to ' note that the opposite regiose~

106

lectivity occurs in the (B)-crotylzinc compound reaction

with the acetylenic precursor 81 (R = n-C.H,,).

Me
81

. iMe3 *
He
~WHC' e
n-Hex~CuC-SiMe 3 il ﬁ‘
92
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S
H SiR H S|R3
R'CuMg X, 3 H0
R.SI-CuCH 2
3 T H —
R u ' H
89
2.2 91a
E
IR3
R e
B e
91b
(&% )
E= t,, NCS, MBS, Mel
X = I, Cl, Br, Me. -

In the recent development of the carbomatallation

reaction, cyclic vinylsilanes are prepared from acyclic

*

starting compounds, especially when the silylalkyne contains

a w—functional group-.

The most striking example is found in the Zr-catalyzed

107

carboalumination reaction of l-(trimethylsilyl)-4-bromo- .

l-butyne 93. The cyclobutenylsilane 97 was obtained in 92%




yield. Surprisingly, the protonolysis of 94 does not give
the expected 2,2-disubstituted vinylsilane. From the mecha-

nistic aspect, it has been postulated that compound 94 1is

converted into 95 which rearranges to produce the interme-

AY

diate 96 (Scheme 4.4).

F oy
Br(cn,)2 iMe,
Al
Br(CH,) yC=C-SiMe ""c/ ‘:.’z'cl’:-'_.
HyCla Mé AlMe,
93 - -
94
/ v,
Me, AiMe,Br
'l-- . ’
AIMQ,B? i
23 ' 9% j
SiMe, H
- -+ — - - )
1
1
97 :
- ) 98 Grandisol.
4
Scheme 4.4 }
/

This process may involve interaction between the x-

orbital and the C-Br bond in an SN2 type displacement of the

¥l -



bromide 1ion. The preferred

,
C e et

elimination of the aluminum

meoiety to give cyclobutenylsilane 97 is an unexpected prece—

~_dent in organosilicon chenistry.

Alternatively, and in A move general approach, the

functional i zed alkenylmetal 100, prepared by hydroalumina—

tion of 99, is guenched with

iodine to produce 101 which
90

cyclizes under butyllithium treatment in ether.

Bt"(CHzi;,'ClC—Siﬂos
99
n= 2,46,
Buli
"-‘CHZ n ‘
SiMoa
- 101
B e

x
-

e gy

;e et e e P

Br-(CH,

(€Ha)p

1(i-8u);
L,
Me,

H

T Br-lcHL),

'M.a Li _J

-

iMe,

[
o
~N

|

i
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The silicon may play a critical role in promoting this
cyclization as well. Por instance (E)-1-iodo-6-bromo-1l-hex-
ene does not produce cyclohexene upon treatment with 2 equi-

valents of t-butyllithium.
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CHAPTER V
QUTLINE OF THE PRESENT WORK

-

From the preceding account of g-silylallyl anion reac-
tion with carbonyl electrophiles, successful control of
raegiochemistry waas Aachiewed by chanaing the nature of the
counterion in the allylic anion systenms. The refore, 6=
hydroxyvinylailane and g-~hydroxyvinylsilans comp~unds waere
prepared with appropriate sterecchemistry i~ some instances,
The usefulness of “hese ~ompoun-da in organ:c syrn>hesis has
also been demonstrated.

Surprisingly, leas attenti~on has been pald -~ alkyl ha-
lide addition to the ¢-silvlallyl carbanions. The analogous
alkylation of allyloxy f:arbanionalqa'm? gave vise to a
mixture of both regioisomeric products. The geometry is

exclusively cis at the double bond in the predominant y-

addition product (Table 5.1, Scheme 5.1).

'

i

J R
1) s-Bull / THF R
) RX f\/ : \g\

Schene 5.1
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With regard to the a—silylallyl anion alkylation reac-
tion, the original work provided by Corriu88 in this area
lacks sufficient detail. Reaction of tripheny.lsilylallyl

lithium with methyl iodide was repor*ed, i whi~™ only the

Table S.1

Allyloxy carbanion alkylation with
alkylhalide electrophiles

Overall

Bntry R R'X y—-Product g-Product Yield (%)
(%} (%) (Isol. 'd)

1 si(CH,) , CH,I 97 3 ~ » 95

2 si(C,H.), n-C,H,1 84 16 \2 85

3 si(c,H.), Cyclohexyl-1 39 61 80

4 Si(czﬂs) 3 n-C.H ,Br 75 25 > 95

S Si(C,H); Allyl-8r 68 32 > 95

6 t-Bu A-CH . ,1 89 11 85

7 C,Hg n»cén N 31 90 11 79

8 C ol (CH ;) C=CHCH,Br 63 37 26
y-addition compound was obtained. It is not clear whether

such regioselectivity is general with respect to other alkyl

halides.
: i/\/ noBul R;Sl\/\ RX R /%/\
ReSH” TMEDA i T = T R’
Li -
46 7Y-product
64_4 ) a5 . 46 produc
.2
'
AR a SIR,

47 a-product.
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. The expected trans stereochemistry in compound 46 is
acknowledged to be inherent to silicon in the heterosubsti-
¢ tuted allylic carbanion reaction with electrophiles. This
approach «nuld he uarful in *he synthes:is of F-wvinylsilanes
or g—substitute allylsilanes (type 48° if we asau~~d that
the alkylatlon <ould ~ccur aelect ively at esither -~he C-3
center or *he C-1 past*ion o= the silylallyl anion s;ecies.

Another approach to  Sverco™s tte regindele~tivity

problem i~ to use t%ne 1, *-hiaf{=rimethyl~:iiyl)y vropenyl
lithium reagent which would 3ive A sin:ie far~eric oSroduct
in the alkyiatir n atep -due t - its aymmet rical r2*ure 'Scheme
5.2) .

Comprsund 103 is a pozentially versatile syr<hon in

o,

] organic synthesis with respect tn both the «inyl- and the

g allylsilyl functions. A specific desilylation reac~ion on

the intermediate 103 should Iead to compnunds 46 or 47.

P Another extension to *“his methodnlogy would be the
pentadienylation of alkyl halides according to Scheme 5.3.
The question is whether the reaction could be regioselective

by analogy to the carbonyl electrophile reactions mentioned

in Chapter I11I, paragraph 4.

L.... =
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Scheme 5.3

¥
The present research project is therefore to study the
regioselectivity of the alkylation reaction of the silylal-
lyl anion. The prospect of applying such methodology to the

synthesis of natural products, especially the insect sex

pheromones, will be explored.
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- CHAPTER VI

INVESTIGATIONS ON THE ALKYLATION OF TRIALKYLSILYLALLYL

CARBANIONS WITH ALKYL HALIDES of -

1 - Starting Compounds

The required allylsilanes and alkyl halides are pre-

pared by appropriate methods as described below.

1.1 Allylsilanes

“The reaction of allylmagnesium halides with silyl
halides (RySiX, X = chloriée) has been commonly used to
'produce allylsilanes in acceptable yioldsss. However , its
ugefulness is sgSomewhat limited by the lack of selectivity

when substituted allylic Grignard reagents are employed. In

connect ion with our work, this method has been found to give o

v

satisfactory results. Thus triphenyl or diphenylmethylchlo-

rosllanes were reacted with allylmagnesium bromide giwving

o et g e

good yields of the corresponding allylsilanes (Table 6.1).
Alternatively, the commercially available allyltri-
chlorosilane could be alkylated with Grignard reagents to

the corresponding allylsilanes {(Scheme 6.1). This approach

,
i N,

was used for the synthesis of triethyl- and tripropylallyl-

silane.

e © TN I LT




N Table 6.1

[}

Allylmagnesium bromide reaction with silylchlorides

Silylhalides Allylsilanes Yields

i Phssl(‘.l \/\sipha 77%
Ph,(cH,)8iC1 \"\sucu:,)rhz . 72-80%
L]

AN\ S\ Ruiqu/glo - A~

X= 8r,Cl 44b R=Et 78%
_4__4_9_ Ren-Pr 88%
Scheme 6.1

1.2 . Alkylhalides

4-Methyl pentyl chloride 106, which was not commerci-

S T i T P e Y Y

ally provided, was prepared from the alcohol 105 using trxi-
/_"'\/;ienylphosphine in carbon tetrachlorideno.
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/‘\/\OH hsP /Te s ~ci
A
\
105 \ 106 68%
A
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.The halohydrins were produced in two different ways:

- S=bromopentanol (l108a) was derived from tetrahydropyran

111-113

cleavage with acetyl bromide and anhydrous zinc bro-

mide followed by hydrolysis of the intermediate bromoacetate
107.

£ J

Q .;"';’_/%“_'.'3.;:0(::“2);& ; NaOH HO(CH,)xBr

EtOH

07 108a

Also, semi-:halogenation of glycols under HBr treatment
was used. A mixture of the diol 10 (n = 6, 9, 10), HBr,
water and toluene was refluxed at moderate temperature with
continucus extraction in the same manner as described in
6-chlorohexan-1-ol preparation114. Compounds 108 (Db, c‘, qa)

g could be readily obtained.




L,

o
- 57 -
LY
\\.
—_ HBr/Toluene
HO(CH,) OH o huous extraction HO(CH,) -Br

108¢ n= 9
108d n = 10

The bromohydrins were protected as the tetrahydropyra-
115

nyl ether in the usual manner (Table 6.2).
. DHP /PTSA _
BO(CHZ)nBr Ether THPO(CBz)nBr'
108 110
110a n =5 110¢ n= 9
110b n = & 1104 n = 10

2 - Regioselectivity in the alkylation of trimethylsilylal-

1yl anion
FPollowing the method reported by Corriu, trimethylsi-

lylallyl 1lithium was readily generated from the reaction of
trimethylallylsilane and n-~butyllithium in TMEDA-THF at low
temperature. Reactions of the anion with a number of alkyl-
halides were examined.

Surprisingly, in contrast to the claim of y-selecti-

vity in the reaction of 454 with methyl iodide, we obtained

N

PRI mungremdiowmmmsyreppren SR evannpge - - -
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Table 6.2
Results of bromohydrins preparation and their conversion into tetrahydropyranyl
ether compounds 110

’ y -

n Bromohydrins Yield bp/mp THPO(CH, ) ,BX Yield bp/torr
(%) " (3)
Y
; 5 HO(CH, ) 4Br 62" - THPO (CH, ) (Br 98 -
108a . : 1104
6  HO(CH,)Br 80 b.p. 58-62°C/0.15 THPO(CH,)Br 93 -
: i08p . ’ 110b
9  HO(CH,)gBr 88 m.p. 32-33°C" THPO(CH,) ,Br 96 122°c/0.05
1066 110c .
10  HO(CH,),Br 72 b.p. 117-120°C/0.03 THPO(CH,), Br 91 128-130°C/0.1
<L

. 108d 1104

* n = 5. Overall yield from tetrahydropyran cleavage and hydrolysis of 107.

@
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a mixture of both y- and ga-regioisomers in a ratio around

2:1 (Table 6.3).

L
~
3o -
Lt , .
= R :
MO;Si/\/ R& mﬁ'MR' . \/\’\
S‘M.j
452 46
47

Table 6., .

Relative amounts of y-'and a-products in the alkylation of
trimethylsilylallyl lithium in TMEDA-THF

Alkyl halides (R~X) y=-products a-products
(8 yield) (% yield)
CH4(CH,) ,I 65 33
CH,(CH,) 4I 65 35
CH,(CH,) ¢Br 57 42

The presenge of y- and a-addition products was veri-
fied by GC, GC-MS, lH nmr and in some cases by 29Si nmr, as
discussed further in the next paragraph. However, the reac-
tion was quantitative and no residue of the starting alkyl-

halide was detectable from GC or !H nmr analysis when 1.1




s

-

- -

equivalents of the allyl anion was used. It is also remar-
kable that the iodo compounds were slightly more regioselec-
tive as compared to alkyl bromides. ’

Furthermore, the ratio of a- to y-products does not
seem to vary significantly with the solvent system used
(ether or THF-~HMPA), by addition of DABCO, or l2-crown-4 or
by addition of various metal salts or organometallic com-
pounds such as magnesium bromide, copper iodide, zinc chlo-
ride, cesium {luoride, nickel chloride or tri-i-butyl alu-
minum.

1t app;@arn to un that the g-silylallyl lithium alkyla-

tion reaction lacks regiocselectivity and could not be used

as such in a meaningful way for organic synthesis.

3 - The Use of Schlosser's Base

Organolithium reagents are known to react with sodium
or potassium alkoxides to give quantitatively mixed metallic
compounds with a high degree of reactivity. For instance,
addition of n-butyllithium to a suspension of potassium
t-butoxide in hexane at 0°C gave a white mixture which
turned into a yellowish-orange precipitate at room tempe-
rature. The possibility of n-BukK fo/z:mation by this process
was examined by Lochmann et al.116. V

Thili/ so—galled Schlosser's base undergoes hydrogen-

¢
metal ex¢ghange with low acidity hydrocarbons to give the

U
Py

A e 55 vt e e e .

PRI .
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117,118. In connection with our

corresponding alkyl anions
work, when KotBuYn-BuLi in hexane was used for the proton
abstraction step, the silylallyl anion was readily genera-

ted. Alkylation of the carbanion with various alkyl halides

unexpectedly gave the y-addition product predominantlylzo

(Table 6.4).

"§5’”‘~unh t::f;;;r“ﬁ»“iy“\.uk RX ‘r§§,8"5 . 49'\I:'”%

..4-§- 5_6- 3 47

R = Me.-

- Table 6.4

Relative amounts of y- and g-products in Schlosser's
base condition

y Entry Alkyl halides y-products gqg-products b.p. of pure 46
é (2 yield) (2 yield) (/torr)
1 CH,(CH,) I 86 14  46a 120°c/24
2 CH,(CH,) I 85 15 46b 180°c/4
3 CH,(CH,) ,Cl1 80 16 46c 146°c/50
4  CH,(CH,) (Br 80 18 464 86°C/24
5  CH,(CH,),Br 83 17 46e -
"6 =cu-cupr 76 -~ aes -
7 (CcH,) ,CH(CH,) ;C1 80 20 463—.98°c/760
(//3 8*  mHPO(CH,) Br 90 10  46h -

Entry 8 - The reaction time was 36 hours.

. e o e
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It is of interest to try to unde}stand the origin of
this improved reg}oselectivity. Recently Schlosser has
provided evidence to suggest that KOtBu/n~BuLi is not the
same as n~BuK119. The change in regioselection cannot be
due to a change in the counterion in 45a from Lit to K%, nor
can we ascribe the change to a greater dissociation of the

ion pair since DABCO or 1l2~crown-4 had no effect on the

regioselectivity.

4 - Steric Effect

We suspect that a possible role is the association of
the t-butoxide anion with the silicon moiety, thus giving
3 greater steric hindrance to a-alkylation. To verify this
3 idea, we prepared a series of gilylallyl anions where the

subgtituents on silicon are varied. When the substituent

changes from methyl to ethyl to propyl with increasing bulk,
the ratio of y/a—alkylation increases121 (Table 6.5). With
tripropylsilylallyl anions prepared from KOtBu/n—BuLi in
hexane, alkylation with alkyl halidea\can give a y/a ratio
as high as 40. The phenyl substituentugave a moderate ratio
of y/a-products, presumably due to its inherent electron
inductive effect.

In most cases, both y- and a-regioisomers are clearly

(k identified from GC analysis. The a-product may have a shor-




ter retention time but appears relatively close to the y- -
product signal even on an isothermic run. They are not
separable by fractional distillation nor by usual chromato-
graphy. Orié could also use INEPT 295i nmr in decoupling
" Table 6.5 B
Relative amounts of y— and aq-products according to the
substitution on silicon in the alkylation of 45 when
Schlosser's base was used
-luumo‘ou d
£ 47
R = Me, Et, n=Pr Ph, J
i
Bilylallylanions Alkyl halides y/ea ratio y-products
( ) / t
-SiMe CH., {(CH Br 1/2 46b .
: (cd,),taldu,),cr an g“g g
THP&(&HZ)SBI 9/1 h
THPO (CH, ) .Br 7/1 [.I:3Y -
THPO (CH, ) o Br 9/1 g; : J
THPO (CH )1oBr 17/2 :
-8Bt , CH, (cn )1 18/1 461 ;
y14° 16/1 ‘. Wn i
(cﬁ H?cn ) jBr 20/1 3en
5 éa,) 22/1 i6p
-8iPr CH,(CH,) Br 46/1 46
3 mafo (ch, 36/1 3¢t .
c ~8iPh, cna(cnz)zar 16/1 . 46y
- b
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mofde to determine the y— and g-products ratio. For example,
with trimethylsilylallyl anion in the alkylation reaction,
the spectra of the crude mixture show two 298i singlets: §
~ 2 ppm (allylic Si) and § = -8.ppm (vinylic §i). From lH
nmr spectra, the y-adduct exhibits the characterisatic ABX,

pattern at § ~ 6.0 (dt, J 18.5 Hz, J 6 Hz, 1 HB) and § ~

AB Bx
5.6 (at, J 18.5 Hz, J 1.4 Hz, 1 “A)’ confirming the

AB AX
trans geometry at the double bond. Protons of the 4rime-
thylsilyl group appear as a singlet around 0.7 ppm. With
respect to the minor g-product, the terminal olefinic pro-
tons are resolved as an unsymmetrical triplet (5§ = 4.9 ppm)

and the low intensity singlet at § ~ 0.0 ppm is due to pro-—

tons of the silyl group.

5 -« Selective Protodesilylation

In terms of praétical synthesis, the trimethylsilylal-
lyl anion is still preferred since the starting material is
commercially available. Furthermore, we found that the
minor g-adduct can be readily removed by treating the crude
mixture with a catalytic amount of hydroicdic acid (57%) in
benzene at room temperature. Under these conditions, the
a~product 47 was selectively converted to the olefin 47a but
the y-product 46 remdined unchanged. We have been able to

isolate the pure y-product consistently in about 80-90%

P TP
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yield after did&illation or chromatography of the mixture qg
46 and 47a.

/ B
R -SiRs &+ /Xsm’ HI cat, F'\/‘\uzs"‘:« +n/\/

PhH,

46 47

Purification.

Wsma )

The selective protodesilylation of allylsilaﬁea 47
could be argued by assuming that they are :31atively more
reactive than the corresponding vinylsilanes 46. In a gene-
ral consideration, the Si-C bond overlapping with the x—-bond
orbitals will raise the energy of the HOMO and hence make
the allylsilane more reactive toward electr0ph11e832'55.

This overlap can better stabilize the developing positive

charge on C-2 17 the allylic system, whereas in vinylsilanes

the same stabilization would imply a 90° rotation of the

si-C bond. ) b
‘I It is also known that at equilibrium, the trimethylal-

lylsilane 44a is about 8 KJ mol~! higher in energy than the

( corresponding isomeric vinylsilane.

-




Me,Si.
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6 ~ Selective Cleavage of the Tetrahydropyranyl Ether

It is remarkable to see that the tetrahydropyranyl

ether group in compounds 46h-k, 46p and 46t survives HI

treatment to give the functionalized vinylsilanes in good
ylelds. However, the THP group is cleaved selectively under

122 leaving the vinylsilyl group

hydrochloric acid conditions
untouched (Scheme 6.2). For example compound 1lllh (n = 6)

was obtained in 92% yield after HCl/methanol treatment of

46h. 1Its structure was determined by 14 nmr and HRMS. The 4
free alcohol was then acetylated in the usual manner :
(ACZQ/PYI') . " _
7 - 1,3-Bis(trimethylsilyl)propenyl Lithium Alkylation: A

Tentative Approach to Vinylsilanes

As mentioned earlier in this thesis, addition of car-
bonyl compounds to 1,3-bis{trimethylsilyl)propenyl 1lithium
64 has been used to prepare l-—trimethylsilylbutadienea71'95.
In our search of new methods to vinylsilanes, the reagent
64, readily generated from 44e by n-butyllithium treatm;nt
in TMEDA-THF at -78°C, was alkylated with dodecenyl bromide

‘ to give derivative 103 in quantitative yield (98-100%).




THPO={CH, |- ~SiMe, "‘“h'“D"-ucwcuzh;<§§,,£nuub

nt.
n= 6,10,11. ' 111
111h n=6 92% (7?
1114 n=10 76%

11 n=11 89%

AcgO/Pyr. AcO(CH )}, -SiMe;

T

}
112

1124 n=10  86%
112k n=11 93%

Scheme 6.2

This compound was purified by, vacuum distillation; b.p.
98-100°C/0.1 torr. PFrom INEPT 298i nmr analysis (in decoup-

ling mode), it displays two 29Si singlets of equal intensity

(§6 = 1.9 ppm and § = -8.1 ppm), characg“gristic of ailylic

and vinylic silicon, respectively.

- Qur attempts to use P~ ion123

'mir) to selectively cleave one silyi group to obt,ain’ either

(Bu, NF/TRF or CsF/DM8O/-:

. omw o e
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* Me,Si SiMe
Me,sSi M‘mg n-Buli - BN 3 .
THF-TMEDA

ut
dde &4
Me; )
n-clzﬂzsﬂt
- . MS' 12"28 .
r 103 "

av:l.nyloi].ano 'or allylsilane unfortunately failed, giving a

&

complex mixture of desilylated products.
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, VI LANES IN ORGANIC SYNTHESIS: d )

ELECTROPHILIC SUBSTITUTION

1 - Introduction

w
Vinylsilanes are relatively stable compounds. They

are quite resistant to nucleophilic cleavage of the silyl

124 is so

group under many reaction conditions. Fluoride ion
far the most convenient jreagent commonly used for desilyla-

tion, as illustrated by the conversion of 113 into 114:m

(.

Et.NF /MeCN . : o
-
80°C, 2zh. : ' . - f

SiMe,

Py

-

w
[
-
[

Their relative stability to mild acid conditions has
been exploited advantageously to separate alkylvinylsilanes
(y-products) from allylsilanes as reported in the last

chapter.

Organometallic carbonlzs, nitrogenlze, and phospho-

ru3127 nucleophilas react with vinylsilanes, not at the i
!

"milicon, but by addition to the C=C double bond.

-~

~ g
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Li
- i M—
-t Blﬂo&m . Mcssl

pentane

( Me,yNLi /Me,NH
Me i~ s Mo s AN

— Lo :
"The vinylsilanes can be readily epoxidized. The
derived q.p-epox&ailanes can serve as vinyl cation equiva-

lentsl'ze, particularly for the stereospecific preparation of

heterocatom substituted olefinslzg. For example, the epoxide
115 prepared from isobutenyltrimethylsilane by treatment
with m—-chloroperbenzoic acid, reacts with di-n-butyl cuprate
to give‘ the p-hydroxyalkylsilane 116 in a regio— and stereo-
specific manrer. ,'\”I'his 8ilyl alcohol 116 undergoes facile
p'-climination to tlée c¢orresponding olefin 117. On the other -
hand, compound 115 can react with HBr in ether to give the

a-:\bromo—g-—hyaroxysilane 118 which is then converted to vinyl

bromide 119 by treatment with BF,.Et,0. . o
- -~ .
«
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N
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Me; , Me;Si "
Bu,Cull KH /THF
msaseep——i——r P e o
8u .
115 1 116 117
Me,Si H r
115 HB8r/Et,0 —_—
. Br
' 118 119

The a.,p-epoxysilanes can also be converted into carbo—
nyl compounds allowing vinylsilanes to serve as a latent
carbonyl group in organic synthesisl?0’13o. Conversion of
compound 120 into (R)-(+)-frontalin demonstrates the utility

of g, p-epoxysilanes in the synthesis of natural products.

2 - Electrophilic Substitution

Electrophildsc substitution of vinylsilanes has attrac—-

ted much attention during the ' last few years. They are
131,132

133

kKnown to undergo protodesilylation and

» acylation

e o

®

fabin , WEnpon.
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H /bu

BF,-Et,0 \ _4

'
Ny
o
¢

(R)~=(+)=-Frontalin.

-

halodo.ilylatic:n in a stersocontrolled manner. The overall
stereochenical re‘ult of the electrophilic substitution
reaction depends on the electrophiles _as well as bn the reac-

tion condttions.

1
. 1
Wwith a proton as the electrophile, retenticn\wof confi-

2.1 Protodesilylation

guration occurs in most cases. HC1l, HBr, HI/benzene, or
I,/vater, D,O systems are commonly used. p-Toluenesulfenic

acid is recommended when the molecule contains an acid-—-sen-

o hesin
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sitive functional group, but the reaction appears to be
non-stereospecific.

The following mechanistic pathway has been proposed to
account for such a retention of configuration. As a proton
is added to the double bond to generate the cation 127, the
central carbon-carbon bond would rotate by the shortest path
to stabilize the g-silyl carbonium ion, followed with nucle-
ophilic attack on si;.:l.con to form the double bond (Scheme
7.1).

2.2 Acylation
The same mechanism could be used fto argue for the

retention of configuration observed in the Friedel-Crafts

t, acylation of vinylsil’&nesla3eo give q,p—unsaturated carbonyl
‘ tic B
compounds.
]
AcCl /AICL
Hj.
Meg 3 <
d y
. 130 © 13 |




-8 -
H* H
4. A
. Me R
Me,S : w
126 ‘ 127 ‘
{) *
n————— R x " - .
~Me,SiX
SiMe, -
12 129
i/-\\ ‘ -
, ’
- Scheme 7.1

’

- However, the internal acylation of 132 and 135 to form

cyclopentenone compounds 133 and 136 occurs with inversion
34 N

It

-—e . -

of configuration at the double bondl

Also, there are some exceptions to the observed regio—

selectivity, especially when the vinylsilane compound con-’\
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tains an additional group which better stabilizes the carbo-

nium ion. Thus the regiochemistry 1is determined by the

extra-functional group32 .

Mo, iMe;

AcCl/ACI, -

-

37 138

o—

“ $
. .

2¢3 Halogens as electrophiles

In general, alkenylsilane 126 of defined stereochemis-
try undergoes anti~addition of bromine or chlorine to form-a
threo‘ or erythro 1,2-dihalogenated compound which in contact
with the nucleophile would eliminate in anti fashion to givg
the corresponding wvinylhalide with overall inversion of

configuration at the double bondl:‘IS

(Scheme 7.2).

The intermediate 140 is relatively stable and could be
isolated, or used in a straightforward manner without puri-
fication. Sodium methoxide in methanol, or alumina in pen-
tane or KF.2H,0 in DMS0, are often used for the subsequent
halodesilylation procesg to afford the expected vinylhalides
in excellent yield.

The tabulated results (Table 7.1) provided by Miller

clearly indicate that the alkylsubstituent (R-) may have an

s s s o e &
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Table 7.1
: .:""3
4 y
142 ; 1. Xg [CHaCl, —78°C
= J1. X2 [CHaCl; —78C R _cH=CHX 5
¢ 2. NaOMe [MeOMH 41 |

.
. ente ek s tar o m et

{i 143 ‘

4

{‘ N
.
W om e

Vinylsilane R X % isolated yield 141
(% GLC yield) (cis/trans)
142a n-Bu- Cl 68 (85) 2:98 ‘ 1
: Br 84 (96) 5:95
142b cyclohexyl- Cl 97 - 1:99 ,
Br 98 -- 1:99 3
142¢ t-Bu-~ C1l -~ (91)2 92:8 . ’
‘ Br 70 (96)2 99;1 !
1424 Ph- Cl 58 = ‘90310
Br 94 -~- 96:4
143a n-Bu- Cl 66 (85) 99;1
Br 86 (100) 98:2
143b cyclohexyl-~ Ccl 8g -- 95:5
Br 93 ~-- 99;:1
143c t-Bu- cCl - (82) 99:1
Br 31 (58) 87:13
1434 Ph- Cl 66 -- 8:92
Br 99 - 1:99

] *q )2 KF.ZHzo/DMSO was used as the method of elimination.

3
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important effect on the yield and the stercochemistry out-

LY

come of the halodesilylation reaction.

R R
R x=
—
R X
Me Me,S R
126 39 140
N °
. R
. R
X
141 . R

X = Br,Cl.

v e+ it e+ e WP

Scheme 7.2

With 2-n—alkylvinylsilanes, such inversion of configu-

H )

ration is observed (Table 7.1). pg-Silylstyrenes are special i

-
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caseau. They give retention of stereochemistry even though
the reaction takes place by the addition-elimination pro-
cess. It is established that in this particular situation,

syn—addition of bromine or chlorine occurs followed by anti-

[ et I

136 ! .

elimination (Scheme 7.3). . ~o .

. . /
I é

- + -
e Y Brz . Pn H 1
! —
. e S IM¢3
. 1434 1 - i
. 4
v . H
¢ : ,,f
[ * ‘ f
Ph ' } ) ;
[}

- . A
D |
SiMe, - . - Me, By
Lo : < .
- i
. : t
]
i
- i
) h ) ~—" i Ph/\/ar E
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( : Scheme 7.3 P
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The phenyl gtou;; atabilizes tlie open p-carbonium ion
and the bromide ion adds in an anti fashion to the silyl
group, presumably for steric reasons, to give the syn-diha-
1ide compounds.

The reaction of vinyl,}lﬁ’nd- with iodine exhibits some
anomalies. Retentioncgf/ ‘atoroochcmistry has been observed
in a number of instanc; . Th¢ mechanism /proposed for the
retention of stereochemistry was the same as the protodesi-
lylation reaction (Scheme\';.l). The difference with respect
t0 bromo- or chlorodesilyiation is that the icdide counter-—
ion has less ability to open the bridged iodonium intermedi-

'

ate due to its size. Hence, the g-—carbonium compound forma-—

4

tion would result in yilelding straightforward vinyliodide

" with retention of configuration. Por example, 1,2-disubsti-—

-~

tuted alkenylsilane 144 wag converted into vinyliodidel37

145 in 60% yield under iodine treatment in CH,Cl, at room
r.

temperature.
{
N

; Me,S : '

l I, /CH,CI, _

\ : { o4 CH,

‘ ’ 144 T145
I .

ﬁmﬁ.;dﬁ?ﬂ‘"& - . . ' " g . '-'W. e
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. However, when a similar 1ododesily1ation£freaction was

\

performed with iodine in the presence of silver trifluoro—

aceta 0103 in dichloromethane, the vinyliodide 147 was

‘obtained Jw:l.th inversion of configuration.

Cdly - SiMe, ' c.tg”’“f}sm.,

£, /CF:CO;M *
CH,Cl,
1422 146
. C
KF.2H0 v
DMSO
. ~
147
)
o Here, the tritluoroﬁcatate counteriop ,act.a as the

nucleophile with respect to the bridged iodonium ion to give

the trans-addition compound 146 which of course would elimi-

nate by the usual anti manner.

Unfortinately, the low yield of the adduct 146 and the

4

use of an expensive silver reagent may affect the usefulness

of this approach in organic synthesis. To overcome this
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situation, Miller recently employed iodine monochloridelse,,

as the rbagent. The reaction is run in carbon tetrachloride
at 0°C to quantitatively afford the dihalide 148. The sub-
sequent fluoride induced elimination gave mainly the vinyl-

iodide, with inversion of configuration at the doubie bond.

[} ~

. ¢ , . T
’ - ci ‘ )
~A ﬁ R ¢ @ —-—F—.—-,’
s‘ms x .’
S 148 150
ﬂMa ) 3
143 ’ .
> °
- H, _ R
C -—-F——-——b
SiMe, cu
149 151
. a | s
s - ¥ - ~

It is also 1ntaruti‘ng to see that ,gilicon directs the

iodine addition to the g-position selectively in the Adiha-

¢ . 1ide 148 formation and the isomeric compound 149 is obtained !
in very low yield.
T T

.
.
.
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3 - Results and Discussion

" With this literature precedence, it seems reasonable
to expect that E-vinylsilanes can be converted stereoselec-
tively to either %- or E-vinyliodides depending on the rea-
gents uged. We thus cxamined these reactions. The E-vinyl-
silanes prepared in Chapter VI have becen trcated succes-—
sively with lodine monochloride and KF.2H,0 ©o provide 2Z-
vinyliodideas selectively (Table 7.2). In all cages, the
E-isomer is legss than 28 base on GC analysis. it i note-—
worthy that the tetrahydropyranyl ether group once again
survives the IC1l treatment, It has been possible to isolate
the dihalide intermediate for the purpoee of 'H nmr charac-
terization. For example, E-l-trimethylsilyltridecane 46b
was allowed to react with 1.1 equivalents of iodine mono-
chloride in carbon tetrachloride at 0°C for 5 to 10 min.
The reaction mixture was quenched with 10% Na,S,0,. The !H
nmr of the crude mixture showed it to be the dihalogenated
intermediate 148. After subsequent treatment with KF.2H,0
in .DMSO, the vinyliodide wag obtained, as evidenced by the
appearance of the vinyl protcons at 6 = 6.2 ppm (2 H). Also,
the mass gpectrum (EI) showed a parent ion at m/e = 336
(11.5%).

It is quite clear from the results in Table 7.2 that

in all cases, E-vinylsilane was converted by IC1l followed by

t s
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Table 7.2

Stereoselective iododesilylation of E-vinylsilanes in

n IC1L/KF conditions

ima 1.IC| /CCMA_’
R 2. KF» 2H,0

1
as 150
Entry E-vinylsilanes (R-) Isolated %t yield of 150
1 CH,(CH,),,~ i 84 150a
2 CH, (CH,),= .86 I50b
3 Cﬂs(C’H) - 81 150c
4 (cu}) ,ch(éd,) - 85 1504
5 ado {cm,) 2 84 I50e
6 THPO (CH,) ,~ ) 86 I50f

KF.2H,0 to give Z-vinyliodide with a high degree of inver-
sion of stereochemistry.

On the other hand, the electrophilic substitution
reaction of vinylsilanes with iodine 1is expected to give
retention of configuration according to literature prece-
dence. It was %herefore a surprise that we did not obtain
retention of stereochemistry at the double bond when linear
(B)-2-alkylvinylsilanes were treated with iodine in dichlo-

romethane at room temperature. Inversion of stereochemistry
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was observed and the final product obtained in 30-40% yield
was identified as being the Z-vinyliodide. Even though the
iodine was resublimed and the starting compound and solvent
were perfectly dry, no significant change in stereochemistry
wag observed.

To account for the different stercochemical outcome

than the previcus aimilar work from our laboratory (compound

145), one poasibility is that 1,2-disubstituted vinylsilane

wvas used in our previous gtudy. It is possible that the
1

substituents on the wvinylsilane moiety may influence the

course and the stereochemistry of the iododesilylation

L ey s e il

reaction.

To argue for the inversion of configuration observed

now, we believe that the iodine in fact adds to the double

v bond in the usual anti manner followed by trans elimination

as do C].”2 and Br, (Scheme 7.2). Such an addition is possi-

‘ ble for terminal vinyisilanes because the steric hindrance
to addition is less.

Attempts to isolate the diiodo intermediate were how-—
evexr, unsuccessful. 'If such a mechanism is correaect, one wvay
to circumvent the anti-addition would be to dJdecrease the
F ability of the iodide counterion to open the iodonium ring.
- In practice, we found that when the iododesilylation reac-
tion was performed with iodine in the presence of wvarious

hLewis acids such as aluminum chloride, tin chloride or anti-
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mony pentachloride, the vinyliodide was obtained in good

vyield and mainly with retention of configuration at the
double bond (Table 7.3). The optimum conditions to obtain a
high ratio of E/%Z isomers are found to require 2 equivalents
of Lewis acid and -78°C for the reaction temperature.

The yield and the ratio of E/Z isomers were determined
by GC analysis. Algo, both stereoisomers are cleorly dis-
tinguishable by lH nmr; the cis vinylic protons appear as a
singlet at 6 = 6.1 ppm.. On the other hand, the vinylic
protons in the trans structure have different chemiéal
shifts at 5 = 5.93 (4t, J1 = 14.3 Hz, J2 = 1.4 Hz, 1 HA) and
§ = 6,43 (dt resolved as quintet, J, = 14.3 Hz, J, = 7.1 Hz,
18,). '

‘ It is also interesting to note that the E/Z ratio
could be varied with.the amount of Lewis acid added. Con-
ceptually, this may be a convenient method to gquantitatively
prepare, in a one pot reaction, a specific blend of E~ and
Z-vinyliodides. For example, the functionalized alkylvinyl-—-
silane 112k was treated with iodine in dichloromethane at
0°C in the presence of aluminum chloride or tin chloride.
The results are plottgd in graph 1 and graph 2, respec-

tive 1YO
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'rable 7.3

Stereoselectivity in iododesilylation of B-vinylsilanes with iodine in the presence *
of Lewis acids

| SiMe [Lewis acid I

4 Mg e ! e —152 4
Entry B-vinylsi lanJ Lewis ®cids Reaction c'ondition Y:;.e;.d' BE/2Z ratio '
(R-) L |
. 8
; I
1 CHS(CHZ) 12~ SnCl,. 2 equiv. -78°C 95 18:1 152a
2 CH,(CH,), ,- SnCl1, 1.1 equiv. =78°C 95 14:1
4- AcO(CH,), - AlCl, 1.1 equiv. r.t. 82 © 4:1 152b
5 AcO(CH,),,- 8nCl 2.0 equiv. -78°C' . 92 13:1 152¢
2711 % ==&
6 AcO(CHz)l’_— Sn(.‘l“ 1.1 egquiv. -78°C \ [0 8:1
"N
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4 - Conclusion

As demonstrated throughout this chapt&ﬁku alectrophilic
substitution of vinylsilanes with halogen could be used
efficiently to provide vinylhalides in a stereocontrolled

manner., Either the 2- or the E-vinyliodides have been.pre-

pared from the same precursor.

H

3 : .
. R

I

, « Ia/aiCH R)\,I N

I, /snCl,

More interestingly, the iododesilylation reaction in
the presence of Lewis acid could be controlled to produce a
specific mixture of E- and Z-isomers in a one pot reaction.

Vinyl halides have recently found extensive applica-
tion in the stereoselective synthesis of biologically impor-
tant molecules such as ingect sex pheromones containing one
o}.' two conjugated double bonds. It thus seems interesting

to explore the possibility of using the silicon methodology

~

”

e

Aot R =

P

[




romones.
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for the stereocontrolled synthesis of these insect sex phe-
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" CHAPTER VIII

SYNTHESIS OF SOME INSECT SEX PHEROMOMNES

l - Introduction ~ .

During the past two decades, it has gradually become
clear that many behawviours, e.g., metamorphosis, aggrega-—
tion, and mating of insects are 211 requlated by chemical
substancezs known as insect hormones and pheromones. Phero— !
mones are chemicals released by an individual and received
by another individual of the same species to induce gpecific
behavioral responses or physiological changes. 8Sc¢x phero-
mones especlally are released by female insects to attract
males for the purpose of mating. Mos£ of these biologically
active compounds have been 1isolated and identified even
though their biogenetic origin is not well understood so
far.

Recent investigations conducted by Bjostad and Roe-—

10:3139

suggest that manyﬁmoth sex pheromones are produced
from fatty acid precursors. For example, the authors provi-—
, ded evidence to show that (%Z)—~7-dodecenyl acetate, an active
component of Tricoplusia m. gsex pheromone, is derived from a
- lipidic source. The hexadecanoate, produced by fatty acid
synthetases, may undergo specific desaturation and succes—
sive chain shortening, reduction and acetylation (Schemea

8.1). '
g The possibility that insect pheromones are related to

diet has recently been a subject of controversy. The idea

uﬂET"W’m"'mm 3 F.
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* that sex pheromone components would wvary with dietary fac-

tors and consequently induce an evolutionary mechanism for

Aiversification of certain species of insects has not been

universally acceptedl40'l41.

(2)-11-desaturase, ,_ (11 )-hexadecenoate

Hexadecanoate
ch:in shortening. , g, otradecencate -chain shortening
Z-7-dodecenoate 1) reduction » Z-7-dodecenyl acetate.

2) acetylation

Scheme 8.1

2 - Synthetic Approaches

Many insect sex pheromones have general structure 153,
where X is an oxygen functional group. For some lepidopte-
rous pheromones, the effective attractant is often a precise

mixture of the Z~- and E-isomers of the double bond. )

CH3~(CH, )sCH=CH-(CH,)=X

53

There are a number of methods for the synthesis of

this type of compound“z' 143. The Wittig reaction which has

o~ et e a0y

H
W2 7 St i ot

v~ " -WW

]

{ v .:U’q\‘ s

e

by
1




k -95-

beenn used extensively in thias area, uaually gi(res rise to

the iz—olefin selectivelyl 44-149

, ngiso’
RCHsPPh; + R'CHO ) R/ﬁn (85-90% ' Z)

. B +* : s
: lﬁcuzpm.ax" Na N(SiMe 3), RCH=PPh, [ Salt free)

THF —78°C

- ’ i ‘Rc“o R k .
L& ! - > - (2:E=98:2) .
, ' -78'C ' '

2

The other nethod of choice is to proceed hy alkylation

of L.ho acatylenic compound followed by reduction. Thia
route offers the advantage that either the 2Z- or E-isomers

v can obtalned stereoselectively.
We want to demonstrate that a synthetic methodology
based on organosilicon compounds can be developed for the

effactive synthesia of these compounds. -
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Me{CHolpcmcH 1. n-Butl [Hex. THF - Me(CHy)iCRC-CH, ) :0THP
‘ 2. Cl(CHz)m'drHP/HMPA

Ref.150,151

=

a

Lindlar-Pd, or Pd-BaSO4 .
R-CEC-R' Ha : - R/ﬁ
) or P=2 Ni ’

Ref.152-156.
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3 - Synthesis of 2-9-Tricosene (Muscalurg) AT
159

The first isolation and identification of the hou;e
fly (Musca domestica)sex pheromone,2-9- tricosene,was

reported in 1971. This compound is commercially used to

increase the effectiveness of fly bai\t containing insecti~ —

cides. The initial syntheslis of Z-9-§:ricosene (muscalure)
was achieved via a Wittig condensation reaction of triphe-
nylphosphonium tetradecylide 154 with l-nonanal in dimethyl-
sulfoxide to give both E and 2 geometrical isomers in a

ratio of 85:15 respectively. —

‘ -
CHs{CH,),sPPh,B7  _N-BULI/DMSO ey, fcy ), ~CH=PPh,
154
"'(CthCHO’ CH:;‘(CH )/,2 \(CHZ)TCH:’
155 ( Z:E=85:15 ) k

146 ¢ this reaction by using

Further modification
potassium in HMPA as the base to generate the ylide
increased the Z/E ratio to 94:6. Unfortunately tt!e musca-

lure was obtained in only 32% yield.
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From another approach, semihydrogenation of the acéz}-

lenic precursor 156 by using Lindlar-Pd catalyst gave 155 in

a stereospecific mannerlso.

Al

MCH 2);FCECH 1. n=Bulli / dlolymni MC(CH:),%C‘&"(CHz)-pCHa

2. Mc-.'iz)',Br
156 157
. .

Haltindlar=Pd_  Me(CH,)i2 {CH,),CH,

155

However, the synthetic routes utilizing copper (II)
catalyzed coupling of erucyl 158 or oleyl mesylate9161 159
with appropriate Grignard reagents were found convenient for
production-scale preparaticn of 155 in the pure Z-isomeric
form.

Even though the natural pheromone has Z geometry at
the double bond, no masking was observed when the %- and
E-isomers werc mixed at ratios up to 1:3 respectivelylsg.

By using the silicon controlled route described in

this thesis, compound 46b can serve as a precursor to 155.

When the vinylsilane 46b was reacted with IC1/KF, the Z~-
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ﬁ MeMgCl . 155 :
Ms — == :
me(cH,), (CH,), 5O THF [UisCuCl
. 158
¢ - . ‘ ‘ )
i
Me(CH), YCH,)iOMs Me(CH )aMgCI 155 %
THF /Li,CuCl, ;
159

vinyliodide 150a was obtained in 84% yield. A number of ‘

methods are available to couple vinyl halides with organome-
tallic reagents to give a;ken33162'174.

We found that when the octyl coppé% reagent prepared
from octylmagnesium bromide and lithium copper chloride173
was allowed to react with 150a, the coupled product Z-9-tri-

cosene was obtained quantitatively. Equally effective was -

66

the coupling of 150a with octyl zinc chloridel in the

175

presence of (Ph3P)de(0) as catalyst. The palladium (0)

catalyst could be generated in situ from Ph,PdCl, treatment

with i-BuzAlﬁlss.
The coupling reaction gave a high yield (» 96%) of /
Z-9-tricosene based on GC analysis. Compound 155 was

‘3 obtained in 81% yield after fractional distillation. It was




v

Y

not‘po-sible for us to detect the minor E-isomer either by
GC, !H nmr or !3C nmr. However, when an aliquot of 155 was
treated with MCPBA in dichloromethane, the corresponding
epoxide was obtained. The cis and trans methine protons in
the epoxide are clearly distinguishable by H nmr, § = 2.89
pPpm (;ﬁethines cis, 96%) and 6§ = 2.59 ppm (methines trans,
4%). This transformation allowed uc to establish the ratio
of Z- and E-isomers in 155 to be 96:4 rospectively.

To wvorify thiszs method of ovaluation, the trans isomer
of 9-tricosene 160 was prepared sgelectively from the BE-
vinyliodide 152a (E/Z2 = 4:1) (Scheme 8.2). The olecfin was
converted to the corresponding epoxide. The chemical shifts

of cis and trans methine protons are identical in both expe-

riments. It is poassible that the slight deviation in the

Z/E ratio (96:4) of the coupled product 155 with respect to
the vinyliodide Z/E ratio (> 98:2) may be due to the minor
self coupling side reaction of 150a.

However, the stereochemical purity of the Z-9-trico-
sene prepared by the silicon controlled route is higher than
that'obtained from the usual Wittig reaction. Furthermore,
the final product 155 could be obtained in up to 54% overall

yield from the starting compound l-bromododecane.
!
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Scheme 8.2

4 - Synthesis of Disparlure

The gypy moth Porthetria dispar (L) is a serious
despoiler of forest and shade trees in the northeastern
United States and in Europe. The sex pheromone emitted by
the female has been identified to be cis-7,8-epoxy=-2-
methyloctadecane 163 176. Experiments with both synthetic
t enantiomers indicate that the cis-(+)-isomer ((7R,8S)~(+)-

disparlure) is the natural sex attractant. The cis-(-)-iso-
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mer shows only very weak or no activity. Furthermore, both
trans enantiomers of disparlure are essentially inactive.
There is some evidence to suggest thatt the female gypsy moth
may use the olefinic precursor 2Z-2-methyl-7-octadecene 162
to produce the pheromone by a specific epoxidationl76. Sur-
prisingly, this intermediate 162 was found to inhibit mafé

‘attraction to the pheromone. Even though the active compo-

nent of thin nex attractant is the cis~(+)-isomer, mixtuyea
P

XL) of isomeric compounds containing various amountas of trans

apoxide also exhlibit appropriate biological activities under
field test!’’.

A number of synthetic approaches are reported to pro-
vide the pheromone as racemate, a mixture of cis and trans
isomers, or as a pure cis-(+)~enantiomer.

In the first synthesis of disparlurel76, the authors
employed a Wittig reaction to produce the olefinic interme~-
diate 162 as a mixture of both Z and E geometrical isomers
in ;\ratio of B5:15 respectively (Scheme 8.3).

‘ The stereoselectivity of the olefination reaction
could be improved to Z/E > 98/2 by employing sodium bis(tri-

178

methylsilyl)amide as the base in the ylid formation.

The first sgynthesis of optically active disparlure
from L(+) glutamic acid, reported by Marumol79 was not ste-
reoselective and required separation, purification by TLC,

and repeated recrystallization of diastereomeric reaction

Pt S

R

=Y



- 103 -

th 8t n=8ull /oMso ‘
2. Me(CH,)gCHO CH,)oCH,

—
[=4]
N

PBA CH, )oCH,

Scheme 8.3

-

products. Two years later, Horli published a stereoseélective

180 of cis(+) disparlure starting from L-(+)-tartaric

;yntheaiu
acia (164).

The (2S,35) threo configuration in 164 is appropriate
for the epoxy ring formation. The major problems in this
synthesis wer}e discrimination of the two hydroxy groups and
carbon chain elongation. Compound 164 was converted into
tosylate 165 and treatet.i with i-Am,CuLi in ether to give the

dimethoxy ester 166 in 65% yield. Demethylation of 166 with
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an excess of B(:l3 in CH2012 gave the hydroxylactone lﬂ and
the discriminated y-hydroxyl group' was protected to the
corresponding tetrahydropyranyl ether. Reduction of lactone
_1_61 followed with carbon chain eclongation via a Wittig reac-
tion led to compound 170 which was then converted to cis-
(+)?-7,8—-epoxy-2-—methyloctadecane 163 by known reactions
(Scheme 8.4).

On the other hand, the cis-(-)-isomer of disparlure
has been prepared stereoselectively by a similar approach,
when n-octyl cuprate was used—in the firat carbon chain
elongation step as described in the original paparmo.

A couple of years ago, our laboratory was involved in

the satereoselective saynthesia of olefina, using organosili-

con compounds as atarting materials. Twice already, the
——
gypsy moth sex pheromone has been ayntheaizedl77 via the

olefinic intermediate 162. For example, the g-silyl carba-
nion 174 generated from the reaction of triphenylvinylsilane
173 with 4-methyl-pentyllithium 172 reacts with unda'canol to
give 162 as a mixture of both geometrical iasomers (Z:E =
1:13. Epoxidation of 162 using m--chloroperbenzo\ic acld gave
the corresponding epoxide 163 in quantitative yield. The
final compound was found to be a 1:1 mixture of cis and
trans isomers (Scheme 8.5).

The second saynthesis was stereoselective. Reaction of

the q-vinylsilyl carbanionaz, discussed in Chapter 1V, was
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Scheme 8.5

used to provide the E-vinylsilane 177 ‘in good yield and in a
atereosglective manner. The reaction of undecanol with
a-trimethylailyllvinyllithium afforded the alcohol 175a (R «
H) which was acetylated into 175b.

Reaction of ° 175b with organocopper reagent 176 gave

~the vinylsilane 177 stereoselectively (E:Z2 = 87:13). By

protodesilylation of 177 with HI (57%) in CH,Cl, the olefin
162 was obtained quantitatively and epéxidized to give the
gypsy moth pheromone 163. Both cis and trans isomers were
obtained in a ratio of 87:13 resgpectively.

The recent development in alkylvinylsilane chemistry

reported in this thesis has been applied to the synthesis of

.
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disparlures. Interestingly, the stereochemical purity of the ,

final product 163 was improved when compared to both prece-
dent synthesis where silicon compound precursors wera used.
We obtained the cis and trans epoxides in a ratio of 94:6

respectively. The vinylsilane 46g was reacted with IC1l/KF
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to. give Z-vinyliodide 1504 in 85% yield. Coupling of 1504
with n-C, H,,2nCl in the presence of (Ph,P),Pd gave the olefin
Z-2-methyl-7-octadecene 162 in 90% yield which was treated with
m-chloroperbenzoic acid in dichloromethane to the gypsy moth
sex pheromone 163. The methine protons on the epoxide ring
appear respectively at 6 = 2.8 ppm (cis, 94%) and at § = 2.6

ppm (trans, 6%).

5 - Synthesis of Z-B8-Dodecen-l-yl Acetate (183) and 2-7-

Dodecen-~l1-yl Acetate (186)

The oriental fruit moth (Grapholita molesta) sex phero-
mone has been lidentified to be .Z-B-dodecen—l._—yl acetatelel
(183). The related geometrical and positional isomers of 183
mixed with the aynthetic pheromone exhibit male inhibition by
greatly reducing the attractiveness of the acetate l§§. in field
tests. On the other hand, closely related pest insects G.
prunivora, and G. packardi were attract{é‘_to the cis and trans-
B-dodecenyl acetates, respectively.

In many cases, the acetylenic precursor prepared from
various socurces was reduced stereoselectively with Pd, P4-
CaCo,, P-2 Ni or (Sia),BH to the corresponding alkene up to 98%

3182-184

ci . For example, Hor1184 employed a cyclic compound in

the carbon chain elongation step, differing from the conventio- -

nal linear synthesis (paragraph 2 and Scheme 8.7). Cyclohex~

e =w® = S e
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a:;-l.B-dione 179 was alkylated with l-bromo-2-hexyne 178 to
give a crystalline compound 180 which was subsequently cleaved
with alkali into the/acid 181. Reduction of 181 using LiAlH,
followed by semihydrogenation over P-2 Ni gave the alcohol 182
which was then acetylated to afford the insect sex pheromone
183 in 143 overall yield from cyclohexane-l,3-dione.

The "silicon controlled” (zgnathodology has been applied
to the synthesis of w-oxy-functionalized alkenes such as 183
and 186 (Scheme 8.8). The vinylsilane 46h (n = 6) was iodo-
~ d:silylatad by ICL/KF to give 150e without cleavage of the

tetrahydropyranyl protecting group. Coupling of the vinyl-
iodide 150e with C,H,ZnCl using (Ph,P),Pd catalyst gave the
(' alkene 184 in 883% yield after purification by chromatography.
Compound 184 was converted into 183 by reaction with acety"l
chloride in acetic acid. The ratio of Z- and E-isomers in 183

was 96:4 respectively.

By the same approach described in Scheme 8.8, the cabbag;
looper (Trichoplusia m.) sex pheromone Z~7-dodecen-~l-yl acetate
186 was prepared in 57\%5 overall yield from the vinylsilane 46h.
The ratio of %~ and E-isomers was determined by .GC to be 92/8

respectively.
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6 - Synthesis of E-ll1-Hexadecen-l-yl Acetate (189), PE-11-
and E-ll-Tetradecenal

Tetradecen-l-y1 Acetate (_1_9_2}_)

s

E-1ll-Hexadecen-l-yl acetate 189 is the sex pharomone
emitted by the f_gmale ‘'sweet potato 1leaf- folder moth (Brach-

mia macroscopa). .It has been prepared from the Z-isomer 187
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by inverasion of the double bond geometryles. Z~11-Hexade~
cen-l-yl acetate 187 was readily prepared by the conventio~
nal Wittig reactionl%. It was epoxidized by m-chloroper-
benzoic acid. Compound 188 was then treated with triphenyl-
phosphine dibromide to give the corresponding dibromo deri-
vative which wundergoes trang dehalogo‘nation in a reoaction
with Zn/DMSO. Tha E-1l-hexadecen-l-yl acetate 189 was
obtained in 968 yiecld (Scheme 8.2).
I+ is kpnown that the nnx pheromone 182 and welated
compounds 123 or 3194 coculd b~ provided by the acetylenic
187,188

routas , an mentionaed earlier in t*is chiapter. How-

aever, “haer approaches <ould be used to produce2 the trans

olefin in a sterecselective manner. For eaxample, reductive
aelimination of ailylic pho::;phona*1:@]‘89 191 af£fordeod the

trans-ll-tetradecenal in 73% yield as shown in Scheme 8.10.
This compound 192 could be acetylated or oxiciized into 193
or 194, respectively.

We have demonstrated in our work that E-alkylvinylsi-
lanes could be converted to either 2%~ or E-vinyliodides
stereosclectively. Consequently, the vinylasilane 1._1_2_3L could
serve as a precursor to compounds 189, 193 and 194. When
compound 1127 was treated with I:‘,/EU.CJ.3 in dichloromethane
at 0°C the E-vinyliodide 152b was obtained in 83% wyield,
mainly with retention of the geometry at the dJdouble bond.

The E/% ratio was 4:1 from GC analysis. Interestingly, we

o

e

Fe i
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found that the E/Z ratio could increase significantly to

1\3:1 when the reaction is run at -78°C with 2 equivalents of

v Pan me

tin chloride instead of aluminum chloride.

U

" ¢ THPOICH )roBr T\
3 SCH-CHP~(0C;Hg), 107 lf:CH'c};"(CHz)ﬁOTHP
~ n-Buli Ocp- (O CQuu)z

190
= 191
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) LiAHa_ MeCHy\_(CH,),s0H .Sr03 Pyr. MeCHIX (cH,),CHO~._
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: 192 , 198"
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H \ : Scheme 8.10
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The sweet potato leaf folder moth sex pheromone was
prepared in B82% yield by coupling vinyliodide 152b with
n-butylzinc .chlcride in the presence of a catalytic amount
of PA(0) in the name way as dencribed for compound 186 for
instance. A similar coupling reactien of 152b with athyl-
ginc chloride afforded the oak 1aaf roller motk pharomone

B-11l-tetradecen—1-yl acatate 193 in 77% yleld af*.or purifi-

cation by chromatography. In ioth casen the ES0 - ratio =
80/20 wans deducnd hy GC, cor via epoxi-lation and ¥ nmr ana-
lysis. Thin ratio coald bte improaved by us:ing ti- chloride

in the icdodesilylation ntep. On the ~ther hand, “he apruce
budworm {Choristoneura f{umiferanal arx pheromone 194 was
prepared Zrom 133 by simple hydrolysis of the acetate pro-
tecting group followed Dby oxidation of the free alcohol to

the corresponding aldehyde 194 (Scheme 8.11).

-~
-

7 = A "Tunable" Stereoselective Synthesis of Sex Pheromones

The sex pheromones of a number of insects are often
specific blends of E and Z geometrical isomers of alkenes.
For 4instance, the ll~:tetradeceny! acetate produced by the
female oak leaf roller motk (Archips semiferanus) is a spe-
cific blend of 67:33 of E- and Z-iaomersl40. The same two

pheromone components are produced by other species but in a

different ratio:
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Scheme 8.11

Archips agyrospilus 30/70 (E/2Z),

Argyroteania velutinana 7/93,

Archips podana of Europe 50/50.
The most common approach to the synthesis of alkenes
.with a specific E/Z ratio is ddone by ster'e‘oapecitic semihy-~
drogenation of alkyne precursors to give the E~ and 2Z-
alkenes separately, followed by blending the two geometri-

»

cally pure isomers in the required ratio. Conceptually such

J S e

R L SRR

ey

'
WG, o ke o g



s

L R v ‘WW N

\
an approach is inherently inelegant. Since we found that

the B-vinylsilane treatment with iodine in the presence of
Lewis aclds could be used te produce a apecific blend of E-
and Z-vinyliodides in a one pot reaction (Chapter VII},
subsegquant —oupling with ordanomestallic compound~ would
provide the ‘Inair~-d gex pherc—nne {n the requir~d ra=io of E
and 7 geomatrical isomnrs.

Thin ¢2neer~ has boen applicd ¢~ thea synth~alan of

Asian <orn ‘arer moth  {Ostrisia Sivnieslia) mex o oromone

12-tetradacan~1l-yl Acatarxae 197 (R/2 = 57/50) "=cher~ B8.12).

e v

Compourid 112% was roacted win iodina (- dichlorome:i™ane at
0°C in tho poresen~sa of 2.4 equlvalentn of tin chl~ride to
afford «vinyli-dide 152c¢ 80%) in a ratic of 1:. for FE- and
Z-isomern. Subse-juent  “reatment with s excesa of mnthyl
magnesium bromide and A catalvtic amount of Li,Cul, qave
the coupled product 195. Th~ acetate r~rotecting group was
cleaved 1in +his process. Roacatyiation with acetiz anhy-
dride in pyridine gave the phoromcne 196 in 728 overall
yield from the vinylsilane 112k. The E/Z ratio = 50/50 was

determined by capillary GC analysis.
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EXPERIMENTAL SECTION

Commion chemicals were obtained from commercial sour-
ces. Io‘iine and potassium t-butcoxide were resublimed before
use. n-Butyllithium was titrated according to literature
procedurnl‘go'l?l. Zinc chloride wan dried overnizht under
vacuum at 75l—-8{}"c before unn. Thn organorningc chloride com-

165,166. A

pounds wnre preapar~d in the fcilowing manner
suspensicn of alkyl hnalides, magreajum (1.5 ~quivain»nta) and
anhydrous =z=inc chloride (1.5 equi~alent~) in wntrah-irofuran
was rafluxad for -4 h. A stanard solution of ilithium
tetrachl":rccupratal?j (~ 3.1 M wan preparaed by btreating
lithium chloride (2 =mol) with cemper (I1) chloride {1 mmol)
in 10 mL =£ tetrahydrofuran. Tetra-binf<riphenylphoaphine)-
palladium (0) was prepared according %o literature proce-
duxel75. The pallacdium (0O} cat~slyst won alsno prepared in
situ by <treating dichloro bis(triphenylphosphine)palladium
with 2 equivalents of diimobutylaiuminum hydride in tatrahy-
drofuran. The amount of catalyst used in each <~oupling
reaction wana 5 mocle %.

Orga=zic solvents were dried and distilled prior <o
use. Hexanes and tetrahydrofuran were -disgtlied {ro= sodium
and benzophenonne, ether from LiAl# , dichloromethane
(CH2C12), and carbon tetrachloride (CCi,) from P,0.. Ben-
zene was dried over sodium, ‘tﬂ:ramethylet}:ylunn diamine

(TMEDA) over CaH,, dimethylsulfoxide (DMSO) over NacH#, hexa-

methy lphosphoramide (HMPA) over Bal or CaQ, then distilled.
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Boiling points and melting points are reported uncor-
reacted. Nuclear magnetic resonance spectra were recorded on
Varian XL-200 and T-60A spectrometers using tetramethylsi-
lane (TMS: or chloroform as an int~arnal reference. Chemical
shifta were given in %he § scale in parts per million (ppm).
Doublet (-7), triplet (t), and quartet {(q) were recorded at
the center of thn penka; other abbreviationsn used nre sing-
let (8) ar:? broad (h). 2951 and *3C nmr spectra worn recor-
ded on Varian ¥i.-200 or Bruker &I gpecivometora, Low and
high resclation maas spactra war~ dater—ined on Dupont 21 -
492B or BErwlett~Pnackard 592JA in~trumen~a. Analyticnl gas
chromatogr nphy was parformed "on A Hewlett~Packard 5730A
ingtrument equipped with a 19 ft. ~ 0.12% in. colurn, 6% OV
101 on chromosord W/HP 80/190 or -n a iewlett-Packard 5890
ingtrument equipped with a 50 m ~ 0.2 =m high performance
capillary ~olurn (crossalinked mathyl silicone, film thick-
ness 0.33 . m). Infrared spectra {ir) were obtained on Per-
kin 297 or Nicolet 7002 MC spectrophotometers. Spectra were
calibrated with a 1601 cm™! or 1028 cm~! band of polystyrene
film.

Analvtical thin layer chromatography (TLC) was per-
formed on Merck Silica Gel 60 Fasy aluminum~-backed plates
and vi:aualized by dipping into a solution of ammonium m/olyb-—
date (2.5 g) and ceric sulfate (1 5) in conc. 3250“/320 (10

mL/90 mL) and heated on a hot plate. Purification of reac-—
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tion products by flash chromgatography was performed accord-
ing to literature procedure using Merck Silica Gel (Kiesel-
gel 60; 40~63 u or Keise;gel 60 HF ,g,). Preparative high
pressure liquid chromatography was performed on Waters Prep

500A 1liquid chromatograph.

-4

Triethylallylsilane 44b
To a solution of trichloroallylsilane (15.8 g, 90.4
mmol) in 20 mL ether, ethylmagnesium bromide in ether (143

mL, 2.85 M) wanr added dropwise and the mixture refluxed

“overnight. It w233 then quenched wi=zh Ni,Cl an< washed with

a saturated gsolution of NH,CI. The organic laynr was dried
over Na,s0 ., evaporated ant the <teaidus die:illed under
[
193¢ b.p.

vacuum to <ive 78% of 44b, b.p. 48 °c/2 torr, it
44-46°C/8 torr.  GH nmr (CDCL,): § = 5.2 {m, 1 ), 4.4 (m, 2
H), 1.2 (4, J = 8 Hz, 2 H), 0.9-0.4 {(m, 15 H). M8 (EI): m/e
= 150 (M*, 12%), 127 (21), 115 (76}, 99 (27), 97 (11), 88
(27), 87 (100), 71 (42), 59 (57).

Tripropylallylsilane 44c
Tripropylallylsilane 44c was prepared by the same

procedure described above in 88% yield after distillation,

1934

b.p. 216°/7£0 torr, lit. b.p. 216~217°C/748 torr. IH

#

nmr (CDCLl;): & 5.2 (m, 1 H), 4.35 ‘m, 2 §H), 1.7-0.3 {(m, 23
H). MS (EX}: m/e = 198 (M¥, 2%), 157 (66), 155 (50), 115

(87), 85 (38}, 73 (100), 71 (6€3), 592 (56), 45 (76).
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Triphenylallylsilane 444

A solution of allylbromide (2.06 g, 20 mmol) in 20 mL
of ether was added dropwise to a suspension of magnesium
(487 mg, 20 mmol) in ether. The mixture was refluxed for
one hour and cooled to r.t. before adding 2.95 g (10 mmol)
of chlorotriphenylasilane in 20 mL of other. The mixture was
refluxed overnight, filtered and washed with a2 saturated
solution of NH,CL. The organic laver wag thenn dried over
Ka,80,, evaporated, and the crystalline rosidue purified by
chromatography (hexane) %o give 2.3 g (77%) of 44d, recrys-

tallized frcm petroleum eothexr, m.p. 85-87°C, :it.193am

lp.
90°C. !4 nmr (COCL,): & = 7.40 (m, 35 H), 5.9 (=, 1 H), 4.9
(m, 2 H), 2.3% (4, J =8 Nz, 2 H). MS (EI): n/fe = 300 (M},

0.4%), 260 (36), 259 (100), 238 (125), 199 (12), 181 (21).

Diphenylmethylallylsilane 44e

.

Compound 44e was prepared in 72-80% yield from the
procedure described above and purified by vacuum distilla-

193b 4, 5. 310-311°C/750

tion, b.p. 1:17-118°C/0.8 torr, lit.
torr. !H mmr (CDCl,): & = 7.4 (m, 10 H), 5.9 (m, 1 H), 4.9

{m, 2 #), 2.3 (4, g = 8 ¥H=, 2 ), 0.53 (8, 3 H).

4-Methyl-l-chloropentane 106

A mixture of 4-methylpentanol (105, 10.218 g, 100
mmol) and 34.1 g of triphenylphosphine in 100 mL of carbon

tetrachloride was refluxed for one hour. The white precipi-

-
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tate was then filtered and evaporated. The reaction product
was extracted once again with pentane and the organic layer
evaporated. The final residue was purified by distillation
to give 8.3 g (698) of 10677, b.p. 125-126°c/760 torr. lH
nmr (CDCl,): & = 3.33 (t, J= 6 Hg, 2 H), 1.4 (m, 5H), 0.8
(a, 3= 7 Hz, 6 H).

S—Bromopentan—l-yl-acetate 107
Compound 107 was prepared by literature proce-

dureuz P 113.

A mixture of tetrahydropyran (30.1 g, 0.35
mol), acetyl bromide (33.2 g, 0.27 mol) and ‘8.33 g of zinc
bromide wan gstirred at r.t. for 15 min, then heated in a
steam bath for 1 h. The reaction mixture was diluted with
benzene (75 mi), and washed with water and sodium bicarbo-
nate (108). The organic layer was dried over Na,S0,, evapo-
rated, and the regidue distilled under vacuum to give 46.3 g
(82%) of 5- bromopentan-l-yl acetate, b.p. 101°c/0.5 torr,

1it.1%4

b.p. 90-95°C/0.7 torr. !H mmr (CDCl;): § = 4.16 (¢,
J = 6 Hz, 2 H), 3.4 (t, J =6 Hz, 2 H), 2.0 (s, 3 H), 1.8
(m, 2 H), 1.5 (m, 4 H). MS (EI): m/e = 150 (30%), 148

(39), 86 (74), 84 (76), 61 (68), 69 (100).

5~-Bromopentanol l08a

A mixture of 107 (9.907 g, 47.4 mmol) in ethanol (50
mL) was treated with NaoH (2 N, 100 mL) for 2 h, The etha-

nol was evaporated, bh2c12 added to the residue and the
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solution washed with diluted HCl, then dried over K,CO,.

"

The solvent was evaporated and pure 5-bromopentanol was

e,

obtained in quantitative yield (7.815 g, 98%), b.p. 76°C/0.5
torr, 1it. ’> b.p. 75-76°C/0.5 torr. i nmr (cDCl): & =
3.60 (t, J = 6.4 Hz, 2 H), 3.39 (¢, T = 6.7 Hz, 2 H), 1.85

(m, 2 H), 1.70 (s, 1 H), 1.5 {m, 4 H). MS (EI) m/e = 150

(v¥-o0H, 53), 109 (2), -107 (2), 86 (87), 85 (93), 69 (30), €7
(37), 56 (93), 43 (57), 41 (100), 29 (54). ~

6-Bromo-1l-~hexanol 108b

Compound 108b was prepared by literature procedure. A
mixture of 1,6-hexanediol (20.0 g, 0.169 mol), HBr (70 mL,
‘ 488%), and water (50 mL) was heated at 110-120°C and extrac-

ted continuously with toluene for 17 h. The organic layer

T e vt hal .

was washed with a saturated solution of K2C03, dried over

anhydrous K,CO, and evaporated. The residue was distilled

114,115

to give 108b (24.5 g, 80%), b.p. 100-104°C/9 torr."’

et
e

# nmr (CDCl,): &6 = 3.63 (t, J = 6.3 Hz, 2 H), 3.39 (t, J =

6.3 Hz, 2 H), 1.85 {m, 2 H), 1.63 (s, 1 H), 1.5 (m, 6 H).

-

M8 (EI):' m/e = 164 (3%), 163 (2), 136 (31), 134 (39),‘83

(71), 67 (72), S5 (100). . ,

9-Bromononan-l-ol 108c¢

Compound 108c was prepared by the same procedure des-—
2 t . cribed abovae. The compound was obtained in 88% yield and.

recrystallized from petroleum ether, m.p. 32-33°C, 1lit. m.p.




31.5-33°C, 1it.126.197

m.p. 31-33°C. !d nmr (cDC1l,): § =
3.66 (t, J = 6.3 Hz, 2 H), 3.40 (t, J = 6.5 Az, 2 H), 1.85
(m, 2 H), 1.59 (s, 1 H), 1.58 (m, 2 H), 1.3 (b, s, 10 H).
MS (EI):' m/z ~ 208 (10%), 207 (91), 206 (10), 205 (M+1-H,O,
100), 165 {(12), 163 (11), 151 (6), 149 (8), 125 (38). Exact
mass of (M*-H,0) ion calcd. for CgH,,Br: 204.0514, found:

204.0507,

10-Bromodecan-1-0l 1084

Compound 1084 was prepared as above in 72% yield, b.p.
114-120°C/0.03 torr, 1it.1°% b.p. 153-155°c/0.8 torr. 1m
nmr (CDCl,}: & = 6.65 (t, J = 6.3 Hz, 2 H), 3.40 (¢, J = 6.5
He, 2 H), 1.86 (m, 2 H), 1.6 (s, 1 H, OH), 1.58 (m, 2 H),

1.3 (b, s, 12 H). MS (EI): m/z = 222 (10%), 221 (%0), 220

(22), 219 (M+1-11,0, 100), 179 (18}, 177 (18), 165 (20), 163

(21), 139 (22).

}

l-(2-Tetrahydropyranyloxy)-5-bromopentane 110a

A catalytic amount of p-toluenesulfonic acid (0.2 g)
was added to a solution of 5-bromopentanol (20.0 4g,'0.12
mol) and dihydropyran (15.3 g, 0.18 mol) in ether (100 mL).
The mixture was stirred at r.&. for 2 h, washed with a satu-
rated solution of K,CO, and dried over K,C0;. The solvent
was evaporated and the residue distilled in the presence of

a small amount of K,C0; to give 29.9 g (98%) of 110a, "b.p.

vt R
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z 110°c/2 torr, 11t.1%% b.p. 84°C/0.4 torr. ! nmr (cDC1,): &
= 4.5 (b, s, 1 H), 3.28 (m, 4 H), 3.18 (¢, J = 6 Hz, 2 H),

1.8 (m, 2 H), 1.25 (m, 10 H). MS (EI): m/e = 252 (5%), 251

(38), 250 (M*, S5), 249 (39), 194 (4), 192 (3), 151 (93), 149

(100). ‘

1-(2-Tetrahydropyranyloxy)-6-bromohexane 110b

A mixture of 6-bromo~l-hexanol (23 g, 0.13 mol) and

16.1 g (0.19 mol) of dihydropyran in ether was treated with
a catalytic amount of p-toluenesulfonic acid for 2 h to give
31.5 g (932) of 1592115 after flash chremntogqraphy (hoxane:-
N ethyl acetate 9;1)‘ I nmr (CDClI): £ ™ 4.5 (b, a8, 1 #H, 3.7
" {m, 2 #), 3.4 (m, 2 11), 3.37 {(x, J — 7 U~, 2 H), 1.83 (m, 2
H), 1.51 (rm, 12 H). MS (EI): 265 (100%), 263 (92), 208

(10), 193 (21), 191 (19), 165 (69), 163 (69), 137 (9), 135 i

(10), 123 (33), 121 (33).

+

l-(2-Tetrahydropyranyloxy)-9-bromononane 110c

P R e L

Compound 110c¢ was prepared by the same procedure des-
cribed above, yield (96%), b.p. 122°C/0.05 tgrr, lit.lg7
b.p. 130-133°C/0.07 torr. H nnr (cpcl,): 6 = 4.58 (b, 8, 1
H), 3.62 (m, 4 #H), 3.38 (¢, J = 6.8 Hz, 2 H), 1.78 {(m, 4 H),
1.62 (m, 4 H), 1.31 (b, 5, 12 H). MS (EI): m/e = 241 (118%),

239 (8), 139 (12), 114 (15), 113 (13), 109 (13), 99 (12), 95 ,

1‘ (14), 91 (12), 83 (22), 75 (100), 73 (41), 69 (17), 67 (17),

61 (14), 59 (36).
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1-(2-Tetrahydropyranyloxy)-10-bromodecane 110d

Compound 110d was prepared by the same procedure as
above in 91% yield, b.p. 128-130°C/0.1 torr, 1it.'°? b.p.
132°c/0.01 torr. IH nmr (CDCl,): & — 4.56 (b, s, 1 H), 3.6l
(m, 4 H), 3.38 (¢, J = 6.8 Hz, 2 H), 1.77 (m, 4 1), 1.62 (m,
4 H), 1.30 (b, s, 14 H). M5 (EI): w/z = 324 (16%8), 323
(97), 322 (18), 321 (M+l, 100), 221 (4), 219 (4), 169 (3).
Exact mana of (Mt-1) ion caled. for CygH,0,Br:  319.1273,
found: 319.1311.

Alkylation of trimethylsilvlallyl 1lithium with alkyl

halides. 7Typical reaction

A solution of allyltrimethylsilane (571 mg, 5 mmol)
and 0.8 mL (5 mmol) of TMEDA in 5 mL of THF was cooled down
to ~78°C, n-butyllithium (4.2 mL, 1.2 M) was added dropwise
and the mixture allowed to warm up to r.t. It was then
cooled back to -78°C,alkyl halide l-bromodecane (1.06 g, 4.8
mmol) in THF was added slowly and the mixture stirred at
r.t. overnight. The reaction mixture was quenched with cold
water, extracted with ether and the organic layer dried over
Mgso,, . The residue was purified by distillation to give
1.160 g (96%) of isomeric y~ and g-alkylation products, b.p.
144°C/18 torr. The y/a ratio = 57/43 was determined by
GC-MS (2 m x 6 mm, OV. 101 column; 150 + 8°C/min), RT. 5.78

min and 6.26 min, respectively. MS (EI): m/e 255 (14%), 254

.
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(M*, 56), 240 (15), 239 (100) for y-product and m/e = 254
(M*, 0.5%), 240 (23), 239 (100) for q-product. INEPT 29si
nmr with decoupling experiment: § = 1.92 ppm (s, allylic

8i), and ~7,91 ppm (s, vinylic Si).

Synthegis of L~vinylsilancs. Alkylation of trialkylsilylal-

lyl anions with alkyl halidng

General Procedure

A suspennion of ko“ru (2.47 g, 22 mmol) in dried hex-
ane (15 mi.) wnn cooled in an fce bath and n-BuLi (13.8 mL,
1.6 M) was added dropwise. The icn bath wan removed and the
mixture was satirred for 30 min, then coolead down Lo -78°C.
Freshly distilled other (10 mi,) waa added, followed with
allyltrialkylsilane (22 muol) in 10 ml, ether. The solution
was allowed to warm to r.t. for 3.5 h and cooled back to
-78°C before addition of the appropriatealkyl halide (10
mmol) in 10 mL ether. The reaction mixture was stirred from
-78°C to r.t. for 17 h, then washed with brine, dried over
MgsO, (or K,CO,) and evaporated. The residue was diassolved
in pentance and filtered through a 2 in. layer of silica gel
or purified by flash chromatography. The yield was quanti-
tative. The ratio of y to a products was determined by GC,
14 nmr or INEPT 295i NMR (with decoupling experiment), § ~ 2

ppm (allylic Si), -8 ppm (vinylic si).
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! Selective desilylation

The mixture obtained from the alkylation reaction ;:las
diluted with benzene (100 mL), and 0.10 mL of hydroiodic
acid (57%) was added. The solution was astirrved for 4-6 h
and the roaction was followsd by GC or M nmr. The reaction
mixture was washed with Na.5,0, (103), dried and evaporated.
The resicur was purified by fractional distillation or by

flash chromatography.

e

1,3-Bis(trimethylsilyl)propene 44e

To a solution of trimethylallylsilane (10.78 g, 94.4

mmol) in 100 =i, ether, 15 mL of TMEDA was added, cooled to

p—

- =78°C, followad by dropwise addition of n-BuLi (59 nmlL, 1.6

A Sty 3

M). The mixture was allowed to worm up for 7.5 hours, then

I PR AP Y

cooled back to -78°C boafors addition of 10.272 q (94.6 mmol)

PR

of trimethylchloromsilana. The reaction mixture wan atirred

overnight, washed with ice water. The «other was evaporated
and the residue distilled to give 14.66 g {(A83%) of 44e95, :
b.p. 63°C/10 torr. !H nmr (CDCl,): & = 6.05 (at, J, = 18 !

Hz, J., = 6 Hz, 1 H), 5.4 (4, J = 18 Hx, 1 H), 1.67 (3, J = 8

2

Ccaasnac i apn e oo NG

Hz, 2 H), 0.1 (3, 9 H), 0.00 (a, 9 H). M8 (EIl): m/e = 186 ~

o e

_(M*, 12%), 171 (16), 147 (6), 98 (71), 73 (100). Exact mass

of (M-CH3) ion calcd. for C H, ,8i,: 171.1025, found:

L,

171.1063. .
Y,

T
/\
t

a




1-Trimethylsilyl-1-(E)-dodecene 46a

The ratio of y/a products was determined by GC to be
6/1 and 80% of 46a was obtained after distillation, b.p.
120°c/24 torr. M nemr (CDCl,): 5 = 6.05 (dt, J, = 18.5 Hz,

= 6.1 Hz, 1 B}, .67 (A, J, - 18.% Hx, T, - 1.4 Hz, 1

J i

2
H), 2.1 o, 2 ), 1.% (b, =, 16 1}, 0.3 {t, 7 - 6 i*=, 3 H),

0.07 (a, 2 FH). MS (El}: mfx —~ 240 {20%), 219 [757Y, 295 (3),
114 (31), 929 (29), 85 (19}, 81 ({(20), 73 (i79), % (49),
Exact mass calcd. for C, H,,Si: 240.2273, found: 240.2291.

l1-Trimethylsilyl-l1-(E)-pentadecene 46b

The reaction was performed as described above (y/a =
11/2). Compound 46h wna obtained after desilylation and
fractional dintillaticn, b.p. 170°C/4 torr. IH nmr (CDCl,):

& = 6.0 {(Jt, J. = IB.% Hz, J, = 6 Hr, 1 H), 5.6 (v, Jl =

o
-

H
18.5 Hz, g, = 1.4 Hz, 1 H#), 2.06 {(m, 2 H), 1.24 (b, s, 22

H), 0.86 (¢, J - 6.5 #tz, 3 #), 6.00 (s, D u}. I7 (neat):

2950, 2920, 2890, 1620, 1410, 1245, 980, B860-830 cn~l. MS

(EX): m/e = 202 (5%), 267 (683}, 114 (48), 111 (16), 99 (26),

73 (100), 67 (15), 59 {54). Exact mass calcd. for C, H,,Si:

" 282.2743, found: 282.2738.

1-Trimethylsilyl~1-(E)-undecene 46c

Compound 46c¢ was prepared from n-chlorooctane. The

y/a ratio was 5/1 and 75% of 46c was obtained after desily-

lation, b.p. 140°C/50 torr. IH nmr (CDCl;): § = 6.0 (dt, J,

P

-
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= 18.0 e, J, = 6 Hz, 1 H), 5.8 (d, J = 18 Hz), 2.1 (m, 2
H), 1.4 (b, s, 14 H), 0.9 (t, J = 6 Hz, 3 H), 0.2 (s, 9 H).
M8 (BI) m/e = 226 (M*, 13%), 212 (16), 211 (70), 114 (17),
99 (27), 85 (17), 73 (100). Exact mass calcd. for C,,H;,5i:
226.2117, found: 226.2144.

l1-Primethylailyl-1-(E)-hexene g__e_

The y/a ratio was 5/1 and B0% of pure 46e was obtained
after filtration and evaporation. !H nmr (cpC1,y): 6 = 6.1
(d&t, I, = 1% 8z, 3, = 5.0 Uz, 1 H), 5.6 (d, J = 18 Bz, 1 H),
2.1 ((m, 2 3}, 1.4 (m, A H), . fr, 3 6 He, ¥ H), 0.1 (s,
9 H). MS {rnt): ~fm = 166 (%, 4%}, 146 (26), 142 (47), 141
(100), 115 (16), 114 <{95), 113 (29}, 99 (50), 85 (40), 83
(31), 81 (28), 73 (63), 59 (99). Exact mass calcd. for

09320813 156.1334, found: 156.1320.

1-Trimethylsilyl-7-methyl-1-(E)-octene 46g

The y/a ratio was 4/1 and compound 46g (70%) was
obtained after desilylation and distillation, b.p. 98-

103°C/760 torr. !H nmr (CDC1l;): & = 6.0 (dt, J, = 18.5 Hz,

1

J, = 6 Hz, 1 H), 5.54 {a4t, J, = 18.5 Hz, J, - 1.4 Hz, 1 H),

2.(\5 (m, 2 #), 1.28 (=, 7 #H}, 0.82 (da, J = 7.2 Hz, 6 H),
o.of\ja, 9 ti). MS (EI): m/e = 198 (M*, 5%), 184 (14), 183
(34), 181 (13), 127 (i2), 125 (19), 111 (21), 99 (35), 85
(25), 73 (100). Exact mass calcd. for C,,H,,Si: 198.1804,
found: 198.1786.
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8~-Trimethylsilyl-1-(2~tetrahydropyranyloxy)-7-(E)-octene

4#‘11

The reaction time was 36 h, y/a = 9/1. A yield of 88%
of pure 46h wna obtained after desilyiation and chromatogra-
phy. H nmr (cDC1l,): 6 = 6.0 (dt, J, = 18 #z, J, = 6 Hz, 1
H), 5.5 (&, .7 = 12 Hz, ! H), 4.6 {b, =, I 1}, 3.6 (m, 4 H),
2.0 (m, 2 #}, 1.6-1.25 {m, 14 H), 0.50 (n, 2 #H}. M5 (EI):
m/z = 284 (M*, 3%), 211 (10), 200 (22), 167 (49), 159 (84),
156 (28), 143 (28), 141 (100), 129 (67), 126 (14), 125

(37).

9-Trimethyl-1l-(2-tetrahydropyanvloxy)-8-(E)-nonene 461

(- The vinylsilane 46i was obtained in 85% yield after
desilylation and chromatography (hexane/ethyl acetate 9/1).
18 nmr (CDCl3): 6 = 6.1 (dt, Jy o 18.5 H:‘:,’ J, — 6 Hz, 1 H),’
5.6 (d, J = i8.5 HHz, 1 H), 4.5 (b, s, 1 H), 3.7 (m, 2 H),

3.2 (m, 2 H), 2.1 (m, 2 1), 1.5-1.28 (m, 16 i), 0.01 (s, 9

ka4

H). M5 (EI): m/z = 298 (M*, 2%), 297 (7)), 213 (11), 197

(28), 173 (28), 159 (100), 156 (74), 141 (77), 129 (51), 123

it g

(35).

A}

12-Trimethylsilyl-1-(2-tetrahydropyranyloxy)-11l-(E)-dodecene

% 46
% The vinylsilane 46j was obtained in 89% yield after
S desilylation and purification by HPLC (hexane:ethyl acetate

10:1). !H nmr (CDCl,): 6 = 6.0 (dt, J, = 18.5 Hz, J, = 6

Frose

X
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'Hz, 1 H), 5.56 (4, J = 18.5 HZ, 1 H), 4.55 (b, s, 1 H), 376
(m, 2 H), 3.39 (m, 2 H), 2.04 (m, 2 H), 1.54 (m, 6 H), 1.25
(b, s, 16 H), 0.1 (s, 9 H). MS (EI): m/e = 341 (M+l, 2%),
269 (7), 257 (19), 160 (17), 159 (100).

13-Trimethylsilyl-1~(2-tetrahydropyranyloxy)-12-(E)-tride-~

cenea 46k
— L
Compound 46k was obtained in B5% yield after desilyla-
tion and purification Ty UPLC ‘hexane:ethyl acetate 10:1),
lH nmr (cpci,): & ~ 6.1 (e, Joom o l8Ln Hm, 0, <~ 4 Hm, 1 H),
5.56 (d, J ~ 18.% tz, 1 ), 4.55 (b, n, 1 8}, 31.7% {(m, 2 H),
3.39 (m, 2 #), 2.05 (m, 2 H), 1.54 (m, 6 H), 1.25 (b, 8, 18

H).

l-Trimethylsilyl-l—(E)-pentadecene‘ggx

The y/a ratio was 18/1. A yield of 91% of 461 was
obtained after degilylation and distillation, b.p. 168°C/0.4
torr. 4 omr (CDCl,): & = 6.0 (d4t, J, = 18.5 Hz, J, = 6.5
Hz, 1 H), 5.5 (dt, J, = 18.5 =, J, = 1.4 Hz, 1 H), 2.1 (m,
2 H), 1.29 (b, 22 i), 0.2 (&, J = 7.5 #z=, @ H), 0.86 (t, J =
6.5 Hz, 3 H), 0.5 (q, J = 7.8 #z, 6 #). MS (EI): m/z = 324
(L.5%), 296 (62), 295 (100). Exact mass calcd. for

c,,H,,51: 324.3212, found: 324.3212.
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liTriothylsilyl-l—(E)-hexene 46m

7 The y/a ratio was 16/1. - A yield of 92% of 46m was
obtained after desilylation and distillation, b.p. 81°C/20
torr. IH nwr (CDC1,): & - 6.0 (dt, J, = 18.5 Hz, J, = 6 Hz,
{ H), 5.4 (a4, 5 - 18.5 Hz, 1 #), 2.0 (m, 2 H), 1.2-0.9 (m,
16 H), 0.5 (=, 6 s}, M5 (N1}: n/e -~ 178 (M*, 15%), 170
(24), '169 (1¢a), 142 (17}, 141 (75), 113 (40), 99 (15), 87
{(26), 73 (15), 71 (13), 62 {12), 59 (37). Exact mass calcd.

for 012H268i: 198.1803, found: 198.1772.

9—Triathylsily1-1-(2étetrahydropyranyloxy)—8—(B)—nonenaﬁigg

The alkylation reaction was performed for 36 h (y/a =

22/1). The residue obtained after desilylation was purified

by HPLC (hexane/ethyl acetate 10:0.1) to aive a enlourless

oil of 46p (13}, onmr {CDCE3): o= 6.0 (4t Ty 18.6

. Hz, J, = 6.5 Hz, 1 H}, 5.5 {1, J = 18.6 Hz, 1 i), 4.% (b, s,
1 "#), 3.7 (n, 2 H), 3.3 {m, 2 H}, 2.94 (m, 2 #H}, 1.5-1.28

(m, 16 B}, 0.86 (¢, 3 = 6 ux, 9 i), 0.5 {gq, J = 6 4z, 6 H).

M8 (EI): m/e = 340 (M*, 4%), 332 (3), 311 (19), 255 (11),

125 (81), 227 (85), 187 (32), 169 (19), 159 (41), 131

(100).

1-Tripropylsilyl-1-(E)-hexene 46q

The y/a ratio was 46/1. A yield of 95% of pure vinyl-
silane 46q was obtained after desilylation and distillation,
b.p. 90-92°C/1 torr. IH nmr (CDCl,): & = 6.0 (dt, J, = 18.5
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Hz, J, = 6 H.z, 1 H), 5.58 (4, J = 18.5 Hz, 1 H), 2.07 (m, 2
H), 1.28 (m, 9 H), 0.9 (m, 22 H), 0.53 (m, 6 H). MS (EI):
m/e = 240 (23%), 197 (85). 155 (100), 113 (56), 99 (35), 97
(221), 85 (52), 57 (34). Exact mass caled. for C,.H,,Si:

L}

240.2273, found: 240.2286.

9-Tripropylnilyl-1-(2-tetrahydropyranyloxy)-8-(E)~nonene

46t
The alkylatinn reaction was performed as described -
above for 16 h (y/« ~ 356/1). Compnund 46t (93%) was

obtained after deailviatics and ~hromateqarachy (HPLC). 1
nmr (CDCL,): & = 6.0 {dt, 5 =~ I8.% Hr, J = & iz, ° H), 5.5
(ae, J, = .5 ux, g, < 1.4 Hz, M), A5 (b,oa, 1oH), 3.7
(m, 2 H), 2.37 (m, 7 ), 2.04 (r~, 2 1), 1.7°2~1.3 "=, 16 H,
0.92 (t, J = 7.1 Hz, 9 H), 0.51 {m, 6 H). M5 (EI): m/z =
382 (M*, 4%), 339 (6), 255 (56), 213 (3i1), 211 (79), 173

(100), 169 (17), 159 (25), 157 (29), 131 (88).

1-Triphenylsilyl-1~(E)-hxene 46y

The reaction time was 36 h (y/a = 16/1) and 77% of 46y
was obtained after desilylation and chromatography (hexpne).
The final product was recrystallized from petroleum ether,
m.p. 60-61°C. lH nmr (cocr.)e 6 = 7.47 (=, 18 H), 6.1 (s, 2
H), 2.2 (b, s, 2 #H), 1.3 (=, 4 H), 0.87 (¢, J = 6.6 Hz, 3
H). MS (EI): m/e = 324 (25%), 285 (56}, 259 (61), 207 (38),
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K

183 (100), 105 (Se), 53 (22). Exact mass calcd. for
C,,H,¢81: 342.1804, found: 342.1786.

1,3-Bis(trimethylnilyl)}~1-(E)-pentadecene 103

A solution of 1,3-bis(trimethylsilyl)propene (5.6 g,
30 mmol), and 4.6 =L TMEDPA in 60 mi, THF was cooled to ~78°C,
n=-BuLi (18.8 mi,, 1.6 M) was added dropwise and the mixture
allowed to warm up for 3.5 h, thrn cooled back +o -78°C,
after which 4.985 g (20 mmol) of bromododecans in 10 mL of
THF was slowly added. The nmixture was stirred ovarnight,
washed with brine, dried over Na,5O, and evaporated. The
residue war distilled to aive 9.1 g (863) of 103, b.p. 95-
100°c/0.1 torr. 1 nmr (60 MHz): 6 = 6.0 (44, J, =~ 18 Hz,
J, = 61z, 1L W), 5.4 (4, J = 18 Hz, 1 H), 1.9 (m, 1 H), 1.3
(b, 22 H), 1.0 (¢, J = G Hz, 3 1), 0.1 (s, 9 K), 0.00 (s, 9
H). 2951 nmr (decoupling modn): § = 1.56 ppm (s, allylic
silyl), ~8.5 (s, vinylic nilyl). MS (EI): m/e = 354 (1%),
151 (21), 149 (27), 137 (59), 135 (100), 85 (42), 75 ‘30),
73 (82), 71 (51), 69 (34), 54 (56), 43 (74).

Selective cleavage of tetrahydropyranyl ether in the pre-

sence of the vinylsilane functional dgroup. Preparation of

8-trimethylsilyl-7-octen~1-ol 11lh

Hydrochloric acid (5 drops, 3 H) was added to a solu-

tion of 46h (1.61 g, 5.66 mmol) in methanol (20 mL), the

~ .

mixture was stirred at r.t. for 5 h, then\ concentrated.
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Dichloromethane was added to the residue and the solution
washed with Na,CcO, (10%), dried over K,CO, and evaporated.
Th«e final residue was purified by chromatography (hexane:
ethyl acetate = 7:3) to give 1.042 g (92%) of __l:J_:__}E 14 nmr
(cociry): 6 = 6.0 (dt, J, = 18.5 Hz, J, = 6.1 Hz, 1 H), 5.5

(at, J, = 18.5 #=, J, = 1.4 H=, 1 H), 3.6 (m, 2 H), 2.06 (m,

2
2 H), 1.56 (s, 1 H, OH), 1.55 (m, 2 H), 1.34 (m, 16 H), 0.01
(s, 9 H). M3 (EI): nm/= = 200 (M*, 0.5%), 111 (14), 97 (13),
85 (15), 82 (24), 74 {(100), 73 (64). Exact mass calcd. for

CxlﬂthiO: 200.1595, found: 200.1599.

12-Trimethylsilyl—~11l~(E)-dodecen-1-yl acetate g

To a solution of 1.88 g (5.5 mmol) of 46j in 25 mL
methanol, 3 drops of HCl (3 N) were added and the mixture
stirred at r.t. for 2 h. A \t‘race of K,CO, was added and the
solvent evaporated. Ether was added to the residue and the
solution washed twice with K,CO, (10%), dried over K,CO, and
. evaporated. The crude mixture was treated with acetic anhy-
dride in pyridine overnight, then codistilled with toluene.
'Et,her was added and the solution washed with brine. The
organic layer was dried, evaporated and the final residue
purified by chromatography (hexane:ethyl acetate = 10:0.1)

to give 1.42 g (86% overall yield) of 62b, b.p. 112-114°C/-

0.05 torr. IH nmr (cocl,): § = 6.1 (dt, J, = 18.5 Hz, J, =

6 Hz, 1 H), 5.6 (4, J = 18.5 Hz, 1 'H), 4.0 (t, J = 6 Hz, 2

e e s o
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\

H), 2.0 (s, 3 H), 1.35 (b, 16 H), 0.2 (s, 9 H\. IR (neat):
* 2940, 2880, 1750, 1620, 1470, 1370, 1250, 1040, 990, 870,
840 cm~!. MS (EI): m/z = 298 (4%), 283 (18), 135 (52), 118 s

.
vy gy TR ET M
2 NN
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T

(30), 117 (100), 93 (23), 85 (32), 82 (1), 75 (79), 68
*(61), 59 (63), 55 (65), 43 (79). Exact masgss calcd. for o
C,,H5,0,81: 298.3338, formd: 298.3333. )

13-Trimethylsilyl-12~(E)~-tridecen~l~yl acetate 112k

Using the procedure described above, 90% of 112k ‘was

obtained from compound 46k. H nmr (60 MHz): & = 6.1 (dt,

J, = 18 Hz, J, = 6.1 Hz, 1 H), 5.6 (&, J = 18.5 Hz, 1 H),

3.9 (¢, J = 6 Hz, 2 H), 2.0 (3, 3 H), 1.35 (b, 5, 18 H), 0.2

(, (s, 2 H). MS (EI): m/e = 312 (M*, 10%), 297 (22), 133 (34),

117 (100), 99 (27), 83 (26), 73 (63), 67 (33). Exact mass /

calcd. for C, H;.0,S1: 312.2484, found: 312.2549.

Bromodesilylation. Preparation of 1-(Z)-bromododecene l4la

To a solution of 46a (480 mg, 2 mmol) in 10 mL dichlo-
romethane at 0°C, bromine (~ 2 mmol) in CH,Cl, was added
dropwise. The addition was st_opped at the first drop of
s bromine giving a persistent yellowish \colour. The reaction
mixture was washed with Na,S,0, {(10%), dried over N,SO, and
evapora;:ed. The residue was diluted with 4 mL CH,Cl, and
treated with NaOMe/MeOH according to literature procedure to

give 71% of 14la after chromatography (hexane). lH nmr

4RI R b
-

I oL
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*

i

' (epcly)s 6 = 6.1 (b, s, 2 H), 2.2 (m 2 H), 1.3 (b, 16 H),
0.9 (t, J = 6 Hz, 3 H). MS (EI): m/e = 249 (1%), 248 (7), '
247 (1), 246 (M*, 8), 169 (22), 148 (23), 141 (20), 121
(24), 119 (33), 111 (48), 97 (78), 83 (56), 71 (68), 69
(79), 55 (100), 43 (27). Exact mass calcd. for C

12H238r: i

246.0984, found: 246.0941.

~

-

Iododesilylation of E-vinylsilanes with iodine monochloride

General procedure

A solution of vinylsilanes in CCl, (~ 5 mmol/10 mL)
was cooled to' 0°C and iodine monochloride (1.1 equiv.) in
CcCl, was added dropwise. Fifteen minutes after the addi-

tion, the reaction mixture was washed with Nazszo (10%) .

3

The organic solution wag dried (MgS0O, or K,C0,; and evapora—

P

ted. A mixture of DMSO (10 mL) and 1.5 equiv. of KF.2H,O

was added to the residue and the mixture stirred at r.t. for

Lahd e P g

4 h, then extracted three times with ether/water. The ethe— - -

[ I—
e rom b

real solution was dried, evaporated and the final product

purified by flash chromatography. x

(z)-1-Iodo~1l~pentadecene 150a

By the procedure described above, 3.38 g (12 mmol) of
46b was treated with IC1l and KF.2H,0 to give 3.36 g (84%) of
vinyl iodide 150a after chromatography (hexane). iH nmr

(CDC13)= 6§ = 6.1 (b, s, 2 H), 1.54 (m, 2 H), 1.23 (b, s, 22
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H), 0.86 (t, J = 6.5 Hz, 3 H). IR (neat): 3070, 2960, 2930,
2850, 1610, 1450, 1360, 1260, 820, 745, 705, 666, 610 cm-l.
MS (EI): m/= = 336 (12%), 128 (l1), 154 (23), 97 (77), 83
(86), 71 (82), 55 (100.;. Exact mass calcd. for C, gHpolt

336.1316, fcund: 336.1306.

(2)-1-Iodo~d=cene 150b

Usping tha same procedure as above, 7838 of 150b was
obtained aft~r chromatography. IH nmr (CDC1l,): & = 6.0 (b,
s, 2H), 2.1 I{m, 2 #), 1.2 (b, n, 12 %), 0.2 (t, 7 = 6 Hz, 3
H). MS (E1): m/z= = 265 (MY, 63%), 197 (3), 123 (4), 167
(29), 154 (27), 97 (48}, 83 (100), 70 (41), 69 (82), 67
(34), 57 (91), 55 (75), 41 (97), 39 (37), 28 (48). "

-»

(Z)-1-Iodo-tridecene 150c

Y

By the same brocedure as above, 81% of 150c was

obtained. !H nmr (CDCl,): § = 6.13 (b, s, 2 H), 2.1 (m, 2
H), 1.23 (b, a, 18 H), 0.85 (¢, T = 6 Hz, 3 H). M5 (EI);
m/z = 308\* (M*, 39%), 239 (8), 167 (40), 154 (34), 128 (41),
111 (42), 97 (75), 85 (49), 83 (87), 69 (91), .67 (31), 57

(100), S5 (87}.

(7)-1-Todo~7-mathyl—l-octene 1504 -

By the same procedure, 1.51 g (6.28 mmol) of vinylsi-

lane 46g was treated with ICl and KF.2H,0, and 1.35 g (85%)

of 150d was obtained. 1H nmr (cpcr,): 6 = 6,15 (s, 2 H),

.

. ‘
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2.1 (m, 2 H, 1.3 (m, 7 H), 0.84 (d, J = 6.5 Hz, 6 H). IR
(neat): 3075, 2795, 1604, 1446, 1371, 1356, 1280, 1170,
1070, 1007, 235, 680 cm~1. M5 (EI): m/z = 252 (3%), 167
(36), 82 (72:, 81 (26), 68 (84), 55 (l00). Exact mass

calcd. for CQEE”I: 252.0377, found: 252.0332.

(2 )-8-locdo~1~{ 2-tetrahydropyranyloxy)oct-7-ene 150e

\

N By the general procedure described above, 46h (4.55 g,
15.3 mnol) was converted into 4.33 g (84%) of vinvl iodide

150e. :i: nmr (CDc13}: § = 6.14 fa, z ), 4.52 (b, =1, 1 H),

3.74 (m, 2 1), 3.37 {m, 2 #H), 2.08 (=, 2 H , 1.52-1.34 {(m,
14 H)., }3C p—-r: 142.30, 23.79, 32.12, 67.5C., 62.%., 34.54,
30.76, 29.76, 29.56, 28.87, 27.85, 26.02, 25.48, 19.65. MS

(BX): m/z = 338 (M*, 2%), 337 (5), 211 (40), 180 (80), 167

(100).

(Z )=9-Iodo~1-(2-tetrahydropyranyloxy)non-8-ene 150f

!

By the same procedure, 3.57 g (12 mmol) of 46i was
allowed to react with ICl and K?.zilz(), and 3.65 g (86%) of
150f was obtained. *H nnr (cbcl.): § = 6.14 (s, 2 H), 4.53
(b,k s, 1 H), 3.40 (—, 2 H), 3.74 (m, 2 H), 2.10 {m, 2 H),
1.53-1.20 (m,ﬁ 16 H). M8 (EI): m/z = 352 (0.78), 180 (46),
167 (270), 124 (3), 123 ?22), 85 (100), 84 (21), 56 (60), 55

(95).
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Lewis acid mediated iododesilvlation

1-(E)-Iodopentadecene 152a

A solution of iodine (508 mg, 2 mmol) and 521 mg (2
mmol) of tin chloride in 10 nl CH,Cl, was cooled to -78°G.
Compound 46b dissolve< In 0 mL CH,CL. was added cii:’é‘{i;t;.se
and the reraction mixiture atirred for 2 h, wan™ed with
Na,S,0,; (10%), -ried cvar N2 ,50,, and avaporat~d to ~<ive 95%
of 152a from GC analy-is. The residue was then purified by
chromatogrtphy ‘pentar~) te =ive €78 mg (90%) ~f 152, EfC =
18/1. W nmr (CDCLy): 6 = .49 (it remolved as quintet, J,;
=14.3 =, J, = 7 Hz. 1 H:;, 5.94 (dt, J; = 14.32 U=, J, =
1,4 H=z, 1 #) for the trans isomer, 6.13 (s, 2 H for the cis
isomer), 2.0 (m, 2 H), 1.24 (b, s, 22 H), 0.83 (t, J.= 6 He,

3H).

12-(E)-Iodododecen-l-yl acetate 152b

A suspension of aluminum chloride (248 mg, 1.86 mmol)
and iodine (472 mg, 1.86 mmol) in 10 mL CH2C12 was cooled to
0°C, then 504 mg (1.7 mmol} of 1123 in 5 mL of CH,Cl, was
added dropwise. The reaction mixture was stirred at 0°C for
1l h and quenched with Na,5,0,4 (10%8). The organic layer was
washed twice with NH,C2 (10%8), dried over Na,SO,, ccncentra-
ted and the residue purified by chromatography to give 468
mg (78%) of 152b, E/Z = 80/20. !H nmr (CDCly): § = 6.48 (dt

regolved as quintet, J, = 14.32 Hz, J, = 7.1 Hz, 1 H), 5.93

B 3
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(at, J, = 14.32 He, ‘72" 1.4 Hz, 1 H) for the trans isomer.‘
6.12 (s, 2 H, cis lsomer), 4.0 (t, J = 6 Hz, 2 H), 2.02 (s,
3 H), 1.58 (m, 2 R), 1.24 (b, 8, 16 H). IR (neat): 3040,
2940, 2860, 17435, 1610, 1465, 144C, 13990, 1370, 1247, 1040,
950, 745, 560, 510. M8 (EX1): m/e = 353 (M+1, 100%), 293
(37), 251 ¢{3), 237 (10), 223 (8), 167 (1l1), 166 (12), 165

(79), 109 (15).

(2)=-9~Tricosene 155 . :

———

To a solution of (Z)~l-icdo-l-pentadecene 150a, 1.41

g, 4.2 mmol) in THF (10 nL), (Ph,P),Pd (242 mg) was added

followed with n-octylzinc chloride (10 mL, ~ 1 M in THF).

(—: The mixture wan Kept at room temperature overnight, then
diluted with ethor and washed with a saturated soluzion of

¥H,C1. The organic layer was dried over MgS0G, and ~vapora-

&

ted. Compound 155 was obtained quantitatively (> 26% from g
14

GC analysis). Fractional distillation of the resicdue gave
2 i

1.1 g (81%} of pure compound 155 (Z/E = 96/4), b.p. 136~ %f
1

140°C/0.1 torr. IH nmr (CDC1,): 6 = 5.31 (t, J = 4.6 Hz, 2
H), 2.0 (m, 4 H), 1.22 (b, 34 H), 0.85 (+, J = 6.5 Hz, 6 H). 3
l3¢c NMR«(CDC13): 6 = 129.92, 31.93, 29.74, 29.56, 29.36, N
28.44, 27.26, 22.72, 14.04. MS§ (EI): m/e = 322 (M*, 3%),
111 (12), 97 (31), 84 (16), 83 (43), 69 (53), 57 (8Bl1), 56
(44). 55 (79), 43 (100). Exact mass caled. for C,,H, (1

322.3599, found: 322.3566. Determination of Z/E: An aliquot
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of 155 was epoxidized in CH,C1, solution using 1.2 equiv. of
MCPBA. The reaction mixture was washed with sodium bicarbo-
nate solution, dried over MgSO, and evaporated. The product
was purified by  flash chromatography. IH nmr: § = 2.89
{methines cis, 96%), 2.59 (methines tx:\‘a’hm, 4%).

\

(Z)-2-Methyl-7-octadecene 162

Tv—

To a solution of (Z)-vinyliodide 1504 (1.33 g, 5.2

mmol) in THFP (10° mL), (Phap),‘Pd (300 mg) was added followed
with n-dscylzinc chloride (1X: mL, ~ 1 ¥ in THF) and the
mixture wan stirred at room +“emperaturs overniqght. Ether
(30 ml.) wan added before oxtraction with a saturated solu-
tion of NH,Cl. The ethereal =olution wan dried over Mgso,,
evaporated and the reaidue purified by distillation to give
1.32 g (935) of 162277/200 5. 102'c/0.1 torr, 11¢.177
b.p. 101-103°C/0.09 torr. l# nmr (CBCl;): 6§ = 5.34 (%, J =
4.5 Hz, 2 H), 2.0 (m, 4 H), 1.25 (s, 23 #), 0.85 (m, 9 H).
13¢ npmr: 5 = 19.92, 38.96, 31.95, 30.06, 29.68, 29.36,
28.08, 27.26, 27.09, 22.67, 14.09. M5 (E1): m/z = 267
(208), 266 (25), 111 (35), 97 (44), 96 (18), 95 (20), 85
(50), 84 (25), 83 (63), 82 (28), 69 (66), 67 (37), 57 (100),
55 (59). Exact mass calcd. for C, gHg,: 266.2973, f£found:

266.2935.

[
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Cis-7, 8-epoxy—2-methyl-octadecene 163 (disparlure)

A solution of 162 (266 mg, 1 mmol) in CH,C1, (10 mL)
was cocoled in an dice bath. MCPRBA (1.2 equiv. ) .in 10 nL
cﬁ2012 wag aJded. The —ixtur~ was s<irrr: for 4-6 h, then

e

washed with =odiurm  bicaronate aolution. “he or~anic layer

was dried over MgSD, and avapcrated. The vesidue was puri-
fied by flas™ chromatoc-aphy ‘pentnanae) 2o qglve 15_3_”7'200
(253 mg, 89%, cis/trang ~ %/6.. 1 ame ‘cpCl, " 6 = 2.85
(b, s, 2 H, —mthines cin 24%), 2.6 f—, 2 i, mat™ines <*rans
6%), 1.4~ 1.2 (m, 27 #). 0.82 (m, ¥ H). IR (re~nat): 2938,

1379, 1360, 1260, 1165, 17273, 1712, 4.5, 724 em~}. M§S [EI);

m/e = 264 (1%), 260 (3), 128 {4), 105 (24), o2 (25),. 78"

(43), 70 (22), 69 (23), 56 (35), 55 (41}, 44{ (100).

(Z)-8-Dodecen—1-yl acetate 183

g tud

A mixture of 184 (426 mg, 1.6 mmol), acetic acid (10

mL) and acetyl chloride {0.5 mi.) was kept at 60°C for 6 h.

The reaction mixgure wag then diluted with CIIZCI:,, wasghed

with H,O and a solution of Na,cO; (10%). The organic layer
was dried over MgsO,, evaporated, and the residue purified
by flash chromatography (hexane/ethyi acetate = 10/0.5).

184 (240 =g, 77%) was obtained.

Z-8-Dodecen—-1-yl acetate 183
19 nmr (cpcl,): 6 = 5.3 (¢, J = 5Hz, 2H), 4.0 {(~, J = 6.7
le 2 H)l 2001 (8; 3 H). 1097 (m, 4 H)) l.- 5"'1.3 {m, 12 B).

0.85 (t, J= 7 Hz, 3 H). MS (BI): m/e = 205 (1%), 166 (24),

v

S -
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110 (30), 108 (24), 96 (85), 95 (68), 82 (90), 68 (87), 55
(100). Exact mass of M*-AcOH ion calecd. for C ,H,,:

166.1721, found: 166.1750.

(2)-1-(2—-Tetrahydropyranyloxy)dodec-8—ene 184

A solution of 150f (841 mg, 2.4 mmol) in 10 mi THF was

treated with n-propylzinc chloride (9 mL, ~ 1 M in THP) in
the pres~nce of (Ph,P),Pd (0.05 -~quiwv.) as described above
for compound 162.  Tompound 184 (565 ~—a, A3%) was obtained
after flash chromatoaraphy (hexarme/othyl ace<ate = 2/1), lH
nmr (CDCZ,): & = 5.3 (t, = = 5§ 7z, 2 1), 4.56 (b, s, 1 H),
3.7 (m, 2 1), 2.4 {m, 2 H., 1.9% (m, 4 H), 1.56-1.3 (m, 18
H), 0.88 (t, J = 6.5 Hz, 3 H). MS (EI): m/z = 268 (M,
1.88), 267 (23, 101 (36), 97 (20), 95 (33), 8 (100), 69

(87), 67 (57).

(Z )—1-(Z«Tetrahydropyranylgxy)dodec-7~eneg

(%) -8-Iodo~(2~ tatrah}dropyranylox)oct—-?-—ene 150e (651
mg, 1.9 mmol) was allowed to react with n-butylzinc chloride
{4 mhk, ~ 1 M in THF) in the presence of (Ph,P) Pd in the
same way as described above for compound 162. The final
residue was purified by chromatography (hexane/ethyl acetate
= 9/1) and 426 ng (82%? of 185 was obtained. I nmr
(CDCla): § = 5.33 (¢, J = 5 Hz, 2 H), 4.53 (b, s, 1 H),

3.7-3.4 (m' 4 8), 1-96 (m’ 4 H), 105"103 (m' 18 H), OIB3 (tl

[,

— v
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J\= 6 Hz, 3 H). MS (EI): m/z = 205 (1l1%), 154 (17), 152
(18), 128 (18), 91 (28), 84 (53), 83 (63), 78 (66), 55 (96),

41 (47), 28 (100).

{3)=7~Dodecen-1-yl acetate 186

The reaction was performed as described above for
compound i83. (Z)-1-(2-Tetrahydropyranyloxy)dodec~7~ene 185

(367 mg, 1.4 rrol) wan treated with AcOH/AcCCL at 60°C for 6

pi
h and 2.47 mg (228) of 1862 2'29? i ohtalnet after chroma-
tography hexans/ethyl acetata ~ 27/1). M r—r (CD20 ) & =
5.3 (t, 3 ~ 5.6 Az, 2 1), 4.9 (¢, ~=r.7 1z, 21, 1.97 {s,

3 H), ..2% (m, 4 H), 1.5-%1.3 (m, 221}, 0.8 "t, 7~ 7Hz, 3
H). MS {(EI): =/z = 225 (1L%), 1#% (37, 154 (3), 138 (8),
123 (23), 110 (47), 109 (5:}, 95 (75}, 82 7&7), A7 (100).
Exact mass of M¥Y-AcOH jon caled. for C).H,,: 166.1721,
found: 166.1765. The ratio of 2/E in 186 was determined by
epoxidaticn with MCPBA using the procedure developed for
155. lH nmx: & = 2.89 (methines cis, 92%), 2.60 (methines

trans, 8%).

11-(E)-Hexadecen—~1l-yl acetate 189

e——

t
A solution of 152b (713 mg, 2.0 mmol) in 10 mL of THF
was treated with n-butylzinc chloride (6 mL, ~ 1 M in THF)
in the presence of (PhaP),’Pd as described abowve for compound

162. The reaction mixture was washed with a saturated solu-

LYo
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Al

tion of NH,Cl, dried over Na,S0, and evaporated. The resi-

due was purigied by chromatography (pentane/toluene = 7/3)
to give 465 mg (828) of 189'8% 186 m/p o 50/20. W nmr
(epCl,y): ¢ = 5.36 (m, 2 H), 4.02 "=, J - 6.7 uz, 2 1), 2.02
(s, 3 H), :.9% ‘=, 2 @), .56 (., 2 #), L.2¢ (b, ~, 20.H),
0.87 (t, .~ = 7 ==, 3 ). IR {(neat’: 2945, 28779, 1757, 1470,
1445, 139, 137G, 1245, 1095, 970, 745, 610. MS (E1): m/z =
283 (M+1, 1008), 227 (17), 167 (26), 153 (10), 139 (13), 125

(14), lli (16).

11-(E)-Tetradecen~1-yl acetate 193

As described above, compound 152b (1.06 g, 3 mmol) was
treated with ethylzinc chloride (4 nmL, ~ 1 M in THF), to
give 589 ma (77%) of 123 aftar chromatography (pentane/tolu-
ene, 7/3), /2 = 80/20. I nmr (CDCLl,): § -~ 5.2 (m, 2 H),
3.83 (t, 5 = 6 Hz, 2 ®H), 2.0 (s, 3 H), 1.9 (=, 4 1), 1.23
(b, s, 16 ), 0.83 (t, J = 7 Hz, 3 H). M8 (ZI): m/n = 194
(M*-AcoH, 49%), 165 (6), 152 (11), 138 (11), 123 (27), 110
(42), 96 (38), 81 (93), 68 (95), 55 (100}, 43 (99). Exact
mass of (M-AcOH)} ion calcd. for C i Hpgt 194.2034, found:

194.2014.

11-(E)-Tetradecen—1-ol 109

Tha acetate 107 (549 mg, 2.1 mmpol) was hydrolyzed with
NaOH (5 drops, 3 N) in 10 mL methanol for 2 h. The methanol

was evaporated, ether was added to the residue and the solu-
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‘'tion washed successively with dilute HC1l and Na,c0, (10%),

dried over K,CO, and evaporated. The final residue was
purified by chromatography {(hexane/ethyl acetate = 10/1) to
a N
give 390 = (23%) of 100° 2. Mz (ETi: m/= - 213 (M+l,
100%), 211 7y, 194 (:73), 155 {(29%. 132 {e6), 125 (12), 111
ot - ~ *
(16). Fzxart —4aa of (K 2120) ion caled. for C, H, sz

194.2035, “—~und: 174.2062,

ll=-(E)~Tetradacenal 194

[y

A soiution »f 11—(E)~tet‘radecen01 (160 mg, 0.75 mmol)

Sy
in 5 mL CE.Cl, was treated with pyridinium chlorochromate

203,204

according =0 li=nrature procedurse toe qlve 134 mg

o 109

AT,

(85%) of ~nfter chromatoaraph (hexanestolaene = 7:3),
B/z = 4/1. W omr (CDCly): £ = 9.75 (t, J = 1.7 Hz, 1 H),
5.40 (m, 2 H), 2.40 {(x, J = 7.3 Bz, 2 2}, 1.35 (m, 4 H),
1.60 (m, 2 %), 1.26 (b, 8, 12 H), 0.35 (¢, I = 7.3 0z, 3 H).
IR (neat): 1730, 367 cm~1l. M5 (EI): m/e ~ 210 (M*, 4%), 205
(5), 192 (22), 121 (35), 111 (40;, 95 ‘53), 83 (56), 81
(67), 69 (82), 67 (58), 55 (84), 42 (66), 41 {100). Exact

mass calcd. for C.Hy60: 210, 17383, found: 210.1958.

A "tunable” synthesis c¢f a specific blend of E-~ and Z-vinyl

jodidea: Variation in E/2 ratio of 13-iodo-12-~dodecen-l-yl

acstate versus the amount of aluminum chloride used

Compound 112k (1.028 g, 3.3 mmol) was dissolved in 33

mL of freshly distilled CH,Cl, to give « 1 M solution. A
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standard solution of iodine in dichloromethane (« 1 M) was

prepared. To a 10 mL round bottom flask containing 1 mbL of

the iodine solution, variable amounts of Lewls acid (A1C13)
were addead. The rixtur~ was siirred for 10 mir and cooled
to 0°C in an lce bath. The solution of 112k (1 mL) was
added and thr roaction mixturs was kept at 2°C £2r 2 h, then
quenched wit> Na,5.0, (198)., The crdganic layer was washed
with NH,CL “108), dried over a,50, and ~vaporated. The
residue wan ilutes with 1 ml hexan~. Yinlds and E/Z ratio
of 152e wnrr determined by capillary GC, 200 + 8°C/min; RT

6.18 min (%Z-isomer), 6.32 min {(E-isomer).

Results
Equivalents of AlCL, Yield (%) E/Z_ratio (%)
2.0 92 73/27
. 1.5 - 95 78/22
1.1 ' 96 80/20
0.8 45 . 48/52
0.5 ) a4 29/71 .
0.3 42 10/90
0.0 " 40 10790

variation in E/Z ratio of 13-iodo-1l2-dodecen-l-yl acetate

T

according to equivalents of tin chloride used

Tin chloride (1.563 g, 6 mmol) was dissolved in 60 nL

CH,Cl, and used as a standard solution (. 1 M). The reac-

- e v ARG s T N SRR
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tion was performed in the same conditions as described

14

a_pove. J
Results '
. - Equivalents of SnCl, Yield (8) E/Z ratio (8)
3.0 92 73/27 :
-
2.0 94 70/30 (
' 1.5 : 8g 66/34 :
1.1 - 87 63/37
“ .0.8 80 64/36
X 75 56/44 |
- - 0.3 63 46/54
0.2 - 55 "‘27/73

Q 0.0 \ 40 10/90

Preparation of a specific blend of 1/1 ratio of 13-iodo-(E

and %Z)~12-tridecen-1-yl acetate 152¢ ,

Compound 112k (187 mg, 0.6 mmol) was treated with

v d e b e gacumtn,  § vt i I A o e

iodine (168 mg) in the presence of 0.4 equivalents of tin
chloride as described above. Compound 152e (175 mg, 80%)

was obtained after purification by chromatography (hexane:-

,
i
I
€

toluene = 10:1)}, E/Z = 1/1. IH nmr (CDCl,): § = 6.45 (dt,

J, 14 Hz, J, = 7 Hz, 1 H), 5.9 (4, J = 14 Hz, 1 H, for —

trans vinylic protons), 6.10 (g, 2./H, for cis vinylic pro- ’

<
tons), 4.1 (¢, J =6 Hz, 2 H), 2.05 (s, 3 H), 1,60 (b, s, 18
() H). M8 (EI): m/e = 306 (M-AcOH, 0.2%), 239 (2), 179 (33),
i
- "2‘
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N 167 (30), 137 (18), 128 (19), 123 (34), 110 (37), 109 (54),

95 (65), 82 (56), 67 (64), 55 (81), 43 (100).

Ssynthesis of a apecific blend of 1/1 ratio of E- and Z-12-

tetradecen-l-y1 acetate: Asian corn borer moth pheromone

l_9___6=

A solution of wvinyliodide 152e (205 mg, 0.56 mmol) in
3 mL THF was treated with methylimagnegsium bromide (3 mL, 3.1
M in ether), in the presence of Li,CuCl, catalyst (O.B/’m\L, 1
M ‘in THF). The reaction mixture was gstirred at r.t. over-
night, diluted with ether and washed with NH,Cl (108). The
organic layer was dried over MNa,S0,, ecvaporated, and the
residue purified by flash chromatography (hexanc:ethyl ace-
tate = 10:1) to give quantitative yleld of coupled product
195 (B/Z = 1/1). The alcohol was reacetylated in Aczo/pyri-b

dine to give 128 mg (72%) of 19629°

overall yield £rom 112k,
I nmr (CDCl,): & = 5.4 (m, 2 H), 4.0 (t, J = 6 Hz, 2 H),
\ .

2.0 (s, 3 H), .90 (m, 2 H), 1.60 (m, 3 H), 1.30 (b, 8, 18
H). MS (EI): m/e = 194 (M—AcOH, 26%), 138 (26), 137 (17),
124 (26), 117 (18), 110 (39), 109 (46), 96 (54), 82 (85), 68

T A T(87), 67 (57), 43 (100). Exact .mass of (M-AcOH) ion calced.

-

" for C;,H,.3—194<2034, found: 194,199,

capillary GC 200°C, RT = 4.79 (E-isomer), 4.98 (Z-isomer).
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CLAIMS TO ORIGINAL WORK

- Prialkylsilylallyl carbanions, readily generated from

trialkylallylsilanes using Schlosser's base (n-BuLi/-
KOtBu). were found to react with a number of alkyl halides
to predominantly give y-addition products. The rrgiose-
ioctivity wan improved significantly and this makes the
reaction‘particularly ugeful in the stereoselective syn-

thesis of terminal E-vinylsilanes.

The electrophilic gubstitution of E-vinylsilanes with
halogen (iodine), has been controlled stereoselectively to
provide either the 2Z2- or E-vinvliodides from the same

precursor.

A novel approach to transform E-vinylsilanes into E-vinyl-
iodide with retention of configuration at the double bond
has been developed. Iodine and strong Lewis acids such as
aluminum chloride (AlCl,) or stannic chloride (SnC1l,) have

been usged.

A new method to provide a specific blend of E- and Z-

vinyliodides in a one pot reaction has been developed. :

wre

o~
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- A novel route to the steresocontrolled synthesis of insect
sex pheromones using organosilicon compounds has " been

% developed.

- A new concept of a "tunable™ synthesis of insect sex phe-
romones has been developed. This methodology has bheen
used to prepare an active sex pheromone as a specific

blend of E~ and Z-isomers of alkenes. o
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