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Ph.D. Chemietry 

Vinylai.lanee and A.11ylsi..1anes in Blectrophi.lic 
-

8ub8tituti.on Reactions. Stereocontrolled Syntheeis of 

Insect Sex Pheromones 

/', ABSTRACT 
1 

'l'rialky1silylallyl carbaniona" from meta .1aHon of 

trialkylallylsilanoa with SchloBser's base (n-BuLi/KOtBU), 

react with various alkyl halides to give predominantly y-

addition producta. The relative ratio of yI c; producta 
iii' 

i.ncreases aignificantly by incrp-aliling the sterie hindrance 

on the silicon. A stereoselactive synthesis of E-vinylai-

lanee by this method ia described. 

The eleetrophi lie s1.lbsti tution reaction of E-viny.1ai-

la.nes wi th halogens has bean inveatigated. Under iadine 

naonoêhloride reaction conditions" inversion of con figura tion 

a t the doubl e bond ""as obs erved and Z -viny 1 i odide sare pro-

vided stereoaelecti voly. The Lewis acid mediated iododesi-

lylation reaetion has been found to proeeeè w1th retention 

of configuration to give ::"lainly E-vinyliodides. Therefore, 

either the z- or E-vinyliodides could be prepared stereose-

lectively from the same precursor. 

1" 2-Disubstituted alkenes have been prepared stereose-

lectively from vinyliodides by a eoupling reaction with 

, 
.. 
• , , 

;a" Og L "DJC.';;:: lau. a Q dl '4 i1@. 4 

, 



~' .... ""'.0_ ,*,1:""" ;an 
" 

\ - ii 

J orqanozi.nc compound. in the pre.ence of a palladium ca ta­

lyet. T'his methodo1.ogy has been applied to the stereosel.ec-

ti. ve synthesie of a number of ineect sex pheromones. 

A new concept of a "tunable" synthesis of a mixture of 

B- and Z-alkenes has been proposed. The app1.ication of thie 

ldea to the syntheais of insect sex pheromones has })een 

develop.d. It consists of the synthesi.e of a speci.:fic bl.end 

or B- and Z-al.kene. in Il one pot react.i.on. 
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Ph. D. Chimie 

'-~ 
LeI Vinylli~anel et le" A~lylsilanes dans des Reactions 

d"~' H.... ) 

de Substituti.on Blectrophile. Synthèse Stéréocontr6lée 

de Phe&mones d'Insectes. 

RESUME 

L.s carban!ons tria~ltylsilylal~yles d'rivée de la 

Mtalation des trialkylallylsi1anes à l'aide de la base de 

Schlosser (n-BuLi/Kotau), réagissent avec les ha.logénures 

d'a1ltyle pour conduire à des produito d'addition Cy de façon 

pr~pondé rante . Le rapport des produits d'addition cy versus 

CCI augmente considérablement avec l'encombrement stérique 

autour de l'atome de silicium. Nous dérivons ici une syn-

th"ee stéréoselective des vinylai.lanea terminales da stéréo­

chi.mie E basée sur cet te approche. 

Notre 'tude a égalem'ent porté sur les réactions de 

lubstitution électrophile des vinylsilanes préparées. Le 

trai. tement avec le chlorure d' iodoniurn (ICI) donne lieu à 

l'inversion de configuration autour de la double liaison 

pour conduire à des iodures vinyliques de stéréochimie Z. 

Nous avons d'autre part trouvé que la réaction de dés!lyla-

tion des vinylsilanes par l'iode en présence d'acides de 

Levis s'opère avec rétention de configuration au ni veau de 

la double liaisonr et par conséquent, les iodures vinyliques 
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da at:lrlochimia B our Z peuvent 8tre prlparles slparlment, 

de manilre stlr~oselective ~ partir dt un mftme prlcurseur. 

La rlaction de couplage des iodures vinyliques avec 

des compos~s organozinc igues en pr~sence du catalyseur pal-

ladium (0), nous a permis de pr.~parer des olêfines 1,2-

disubstituêes stêrlosllect1vement. Cette mlthodologie a êtê 

appl iquêe ~ la synthêse Btlr~os~lective de quelques pMro-

mones dt insectes. 

Nous avons par ailleurs proposê un nouveau concept de 

- aynth~se de m61ange spêcifique d' olêfines de stêr{;ochimie E 

et Z en une 'salLIe Itape rlactionnella. L'utilitl de cette 

nouvelle approche a êtê dlmontrle dans la synthêse de pMro-

mona d'insecte dont la composante biologiquement activa est 

un m6lange splci fique des deux isomares ollfiniques E et z. 
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INTRODUCTION 

1 - The Developm!nt of Organoailieon Chemietry 
. 

Naturally occurring silicon compounda, aueh ae ail1-

cates, have been of scrvicc ta men for thousands of yeara. 

Sinee remote antiquity, men hnve llsed gand and shaped stones 

of granite to survive over their surroundings. The later 

discovery and uae of pottery, vi trooua onamol, glass and 

cement in that arder aIl preeeded modorn ailieon ehemiatryl 

This oldest and versatile une of ailicon reau l ta ,from its 

availability. Silicon la the aecand moat nbundant olement 

in nature after oxygene It eccuro mainly an ailicen diox-

ide2 (Si0 2 )· 

The pure Si element was first isolated in 1911 by Gay 

Lussac 1 and Thenard by treatment of tetrafluorosllane wlth 

pota88ium2 • 

SlF 4 + 4 K ___ •• Si + 4 IŒ' 

In 1823 Berzelius prepared elementary silicon from-

potassium fluorosilicate by an analogous method and then 

~ 
converted the pure silicon into silica (8i0 2 ) by com-

bustion. 

The firet organosilican compound ta occur in organic 

synthesis was tetraethylsilane. This compound waa prepared 

t; in 1863 by Friedel and Craft8 when silicon tetrachloride wa8 

puas !AS 4 4 ••• 
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treated wi th diethylzinc3 • After Grignard reagent WAS dia-

covered in France, important advances were made in alkylsi-

lane synthesis. In 1904, Kipping and Dilthey independently 

used the now organometallic rongent to form n nilicon-carbon 

bond frorn silicon tntrnchloric1e 4 , 5. Advnntngeouoly, this 

method was applied in the next thre~ decndon until 1945 when 

6-10 Roehow diacovcred n nynthesio of organo-chloronilancs by 

passing a vapour of organic chlorides ovor hentod silicon in 

the presence of a catalyst. Oialkylchlorosilanes are thus 

readily provided and employed in silicon· polymer pro-

duction. 

300·C 
----.. ~ (CH3 ) 2SiC12 ---.~ Methyl silicones 

By this process a new era was opened in organosilicon 

chemistry, the establishment of a silicone polymor industry. 

Barlier in 1909, Kippingl1 reportod thnt, whon poured into 

cold water, ethylchlorosilane gave an oil of about the sarne 

conaistency as glycerol. Jellies, gluos, and uncrystalliza-
• 

ble Bolido ·....rero obtained as the dogroo of condensation 

increased. At t.hat timo. Kipping had no notion of the poly-

meric phenomenon occurring. In al1 hio work, he folt driven 

to prepare, i901ate and characterize a pure crystalline 

eompound containing silicon-carbon bond. Successful'results 

were obtained when he reported the first optically active 

Ul 1 a 1# $ $' ( '; A : •• 11 se 4&& • 
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organoailicon compound12 ! where ailicon beàra four covalent 

bonda in tetrahedral structure. 

. ~ 
& -Pr Et 

1 

Silicon po!ymer products are used today in ditferent 

forma. :1,hey are oil, emulaion, rubberB, resins, etc., and ç 

13 tremendous developrnenta have been dono in recent years 

One of the MOst froquently opplied and tochnologically 

advantageous processea of forming a silicon-carbon bond ia 

the hydroailylation reactionlO as illustrated below. 

Despite the wide abundance of silicon in nature, espe-

cially in the minera! kingdom, Its involvement in living 

organisme ls very limited2 • The Most primitive sea algae 

and sea animaIs contain large amounts of silicon compounda 

(diatoms, silicon sponges). They are a190 contained in 

planta, in animal tissues and bones of vertebrates. How-

.ver, the compo~ition of the silicon compounda in which the 

element appears and their part in the biological activity of 

planta and animaIs are not yet properly understood. 

---··-------------~,.tp4~,~.~~u~q~,.t~A .. SS~5.Q~1.~.~ .• ~4~~' ... ~'.I.I'.U .. ; ••• n ..... L .. U .... ~œ; ... J.i .. t.i~ .. .,~·-----------
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Inter •• t ln the u.e of organo81licon compound. in 

argenic synthe.la came later. In 1968, the trialkylsily1 

group was firet introduced as a protecting group for hydroxy 

functione15
-

22
• The si1yl ether produced 'hao higher aolubi-

lit y in organic 80lvénta than the parent compound. The 

thermal stability te a190 increased. The Allyl derivative 

1. more volatile, facilitating ite uso in gas chro~'tography 

axper~mente. On the other hand, the oilyl protecting group 

ie cleaved in extremely selective conditions (Schema 1.1). 

23 24 Sinco the Hukaiyama reaction' was firAt roported 

(Scbeme 1.2), oilyl anal ethers l'lS protectod enolates have 

faund a great deal of use in synthesis. Many reviews 25 ,26 

have been published accounting for the exciting development~ 
" 

)

hiCh have been made in this area. 

-~ R-oH li 1 •. OO-Sl (CH3 ) 2R' 

a) i 

li 

b) i 

li 

ii 

• [(CB3)3S1 ]2NH , (CB3)3SiNH-CO-cH3 

(CH3 )3S i.:N(CH 3 )2 e.t.c:. ~~_ 

• 

• 

• 

R' cu-3 

t-BU(CS3)2SiCl, DMP/imidazale 

n-BU4N'P 

R' • t-Bu-

Sche.a 1.1 

.n. IlS' u. nrlC· Il }ik 1 n ""\ JttS.", ..... .... '" ..- .... 
i" 

SO 32 csC 4 
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SIMe3 

1) a ... • .RCHO/TICIt • 

Scheme 1.2 

Prom another point of view, silanes are used as reduc-
• 

lng reagents 27 for carbonyl compounds, uneaturated mole-

eul •• , halogenated derivatives, etc. Recently, introduction 

of a carbon-ailicon bond "8 1\ convert i ble function.l'\ l group 

into a complex m:>lecule han rec91v~d conniderahle I\tt~ntion. 

Organosilicon compounds are then unac] "A versa tila i nterme-

28 diates in synthetic routes to natural products . Their 

prevalent utility Is weIl understood based on the following 
.' 

principle •• 

! 2 - Structural protert1e. o~ .ll1oou cOJ!P0unde 
(, 

Silicon DI08tly forma tetravalent bonds in tetrahedral --

.tructure. This fact reveals the similarity of silicon with 

1/. carbon. Bath belong to the Group IV elementa. Silicon is 

in the second row in the periodic table. !ta wllence ahell 

electronie configuration ig 3s 2 3p 23d O and di fferi!'lg from 

carbon in its possession of v~cant d-orbitala. 

Bleotronie configuration: c He 28 2 2p 2 1. 

Si Ne 3s 23p23d O 

\ 
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Silicon bas the ability to utilize the 3 d-orbitals in 

the formation of penta- or hexacovalent cOl1t>ounds as i llus-

In a number of cases, 

29 30 penta- or hexacoordination with oxygen arc also known (~ 

and .!). 

1 

a - Silicon-carbon bond polarization 

The reactivity of organometallic31 ,32 compounds varies 

with the ionic character of the carbon-metal bond. Por 

example, organopotassium, lithium and Magnesium have, 

respectively, SI, 43 l'lnd 35% ionie charactcr -'\ceording to 

the Pauling elcctronegativity scalo (Table 1.1). Thcse corn-

pounds are known t.o he h ighly react ive compared to l\ lkylsi-

1anes in which the C-Si bond haa only 12% ioniç chnracter. 

Thia makea organos i li con èompounds more stablt:' th",n other 

organometa 11 i c reagents. The obeerved polarizl\bili ty ls 

'''''''eflected on the C-Si bond length. Silicon and carbon atoms 

have radii of 1.17 Â and 0.77 A respectively, thus the cal-

culated length of a covalent bond la 1. 94 A which differs 

"ligntly from the measured value of 1.88 A. This small 

---------,"' .... " .. 1'* .. 1 ... - .... 'O"'l,IIP, .... -; ·-~·~·."'.""'I4_."--"".'._-"'''''-'''''4CI,_".I.' ... '.UUl-....... -- -.• --. , 
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difference i. con.id.red to be due to the di.parity betw.en 

the eleetronegativitie •• 

Table 1.1 

Pereèntaqe ionie oharaeter of carbon-metal according to 
Pauling electronegativitie. 

Metal K Na Li Mg Zn Cd Si a 

'" •. Ionio character 51 47 43 35 18 15 12 4 

In all respects, the chemical behavior of organoeili-

eon compounds is associated with a greater atomic volume, a 

lower electronegativity (Table 1.2), and more polarizable 

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

ailicon bond polarizatlon, it la cleaved by oxygen anion, 

~luoride or chloride ions with nucleophilic ·j!lttaclc on the 

.ilioon
34

• The bond formed ls uaually stronger than that 

whiCh is broken36 ,37 (Table 1.3). 
, i. .... 

'''' 

.. 

, , 
" 

1 
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Table 1.2 

* Electronegativities 

Element Electronegativity 

Silicon 
Bydrogen 
carbon 
Oxygen 
Phoaphoru8 
fIlltr09'en 
Sulfur 
Chlorine 

1.8 
2.1 
2.5 
3.5 
2.3 
3.0 
2.3 
3.0 

L. Pauling, "The Na~ùr. of Chemical Bonds", Cornell Uni-
veraity Press, Itbaca, N.Y. 1948. 

4 - Silicon stabilizes an adjacent carbon-matal bond 

In spite of the fact that silicon ia more electroposi-

t.ive than hydrogen and carbon, silicon stabillzes the car-

bon-metal bond at the C-l center, as do phosphorus and 9u1-

fur. one of the easiest ways of preparing a-silyl carbanion 

ia the reaction of a-halosilanes wi th magnesium, sodium or 

1ithium38- 40 . The rate constant 41 of C-Cl bond dissociation 

in halogen-metal exchange of silyl substituted methylene 

ehloride with sodium ia found to he higher than that of the 

corresponding organoha1ide compound (Table 1.4). 

• 

, 

~ ---~_..-'" .< .... --- ..... ' 
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A convincinq arqument to juatify the «-carbon-metal 

atabi11zat1on 1. the energy lowering overlap of the empty 

d-orb1ta1 with the occupied, p-orbitals as shawn below. 

(4-p) ~ over1apping 

The 4emonetration of thia stabi1ization i.'provided in 

orqanolithium reaction with vinylai1ane. The addition 

occurs reqioaelectiveiy at the C-2 center to ganerate the 

cz-ailyl carbanion. , 

RM + 

" -SI 

) 
;-,. 

-----•• R~M 

-cz-Silyl carbanion .chemiatry has recent1y found many 

intere.tinq applications in organic synthesis. and varioua 

42-47 methods to prepare the reagent are provided . Another 

manifestation of this phenomenon i9 in the high rate of 

bimolecular nucleophilic 8ubstitution reactions at the car-

bon adjacent to the .ilyl group (Scheme 1.3). 

Scheme 1.3 

-

_ f' .• ....:.-:.:.=:~-:-_:w5 ______ IE"'--'!.'JJ"", ._ ...... , .. , ... --_. _t -"'S$2,,-"I~IA"""'~---------------- .' 
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Trimethy1silylmethyl chloride ''l'.acts 16 times faster 

than n-butyl chloride in the halogens exchange process48• 

_I_-_'_M_e.:;..zC_o __ •• Me3SICH2J Ceq.1) 

n-BuCI _1_-_'_M_e.::2C_O __ ... n-Bul (eq.2) 

More interestingly the aluminum hydride reduction o~ 

compound49 4 occurs regioselectively vith cleavage of ~. 

bon4 next to the silicon as illustrated in eq. 3. 

(eq.3) 

4 5 

Similarly, «-silylepoxidesSO,Sl are opened mostly by 

Ducleophilic addition at the «-position contrasting vith the 

regio.electivity usually observed when a silyl group ia not 

involved. 

Nü 

• ~ SI-CH-CHzOH 
M.!i " Nu ' 

,.-

.., 
r 
; 

• 

..,;a._I!.";;~!!'\I.i!l!l!I)!II!IlLC.-").dI4.jW.,..., ..... ,,~j,:'lOO!'_~~ .!I1.lIIUji-Vii,ll,I_lljiiilEilF.' llliirnlll;liillt.",l.; •• !I5l'!1i 13 1''''']l1li, Il, laI2'QI.i'F~ .. t--------_·~" .-... ---.. .J 



1 

o 

( 

&$5$15(24$4_2.: e 25$1$i2VS " 

-12-

5 - p-Bff.ct 

The higher elect.roposit.ivit.y of silicon relat.ive to 

carbon results in increasing the electron density around the 

carbon in the C-Si bond. Therefore, a ~-carbonium ion is 

more atabilized. In other words, the C-Si bond may better 

stabilize a positive charge at the ~-position than the car-

bon-carbon, or hydrogen-carbon bond does. Conceptually this 

i. depicted in the covalent c-Si bond overlapping with the 

eq»ty p-orbital, called hyperconjugation, which may lower 

the energy of the system (Scheme 1. 4) • 

(a-p)- _ Byperconjugation ~ 

Schema 1.4 

Th. following observations support thi. statementa 

l-chloro-2-trimethy1silylethane solvolysis ia remarltably 

faster than that of t-butyl chloride52 • On the other hand, 

the protodesily1ation of silylbenzene is faster relative to 

proton e%Change in benzene53 • 

" 
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aolvolyaia 
------~--~.~ Me 3COB 

m.v L 

Purther evidence ia provided by the a+p valu.. calcu-

lated trom reaction rates or by the charge transfer spectra 
54a-c 

vith tetracyanoethene 0 The o+p value for the trimethyl-

ailyl methyl group in ~ ia between -O.Sf and -0.66, which ia 
'--l 

more negative than that of the methyl group in 2. Thus the 

trimethyleilylmethYI group has a more slgnificànt electron 

donating effect than the methyl group. 

\ 

6 

(J + p -0.56 to -0.66 

• 

1 

-0.31 

411nm 

From the silane 8 in vhich the Si-C bond cannot over-

lap vith the lt-orbitala of the benzene rings, the CT apec­
./ 

trum la aimilar to that of the unsubatituted compound 9. 

• 

l _________ i)ii6'" JO .., Je!. es,,' ,. 1:.4 1 1 " Il 
1 b • , a t> 

. " /1: 
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Thi. sugg •• ts that the effect iB not inductive but dependB 

••• entta11y on (o-p) " 'hyperconjuqation. 

J 

"8 -

~x (TCNB) 424 nm 424 Ml 

psi",. Pik ~'!+ '~4 &Ji.. ,44;'1°
1 
ai'; $ $;oS l'. là "Mdc l : 

, " 

. 
i • \ 
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CHAPTER II 

ALLYLSILANES IN ELECTROPHILIC SUBSTITUTION REACTIONS 

1 - General Considerations 

In the recent development oC organosilicon chemistry, 

allylsilanon havo beon ("xten9i'J~ly employed as useful inter-

Mediates in ::;Y)1thf' sin for many r0<180:-; s. As ment ioned above, 

they are rol"ltiv('t':y stablo comparoc to many other a1lylic 

metal compouildn, ("Jen th-:::::ugh t;,~y do undorgo 1,3-sigmatropic 

rearrangemen~ onl}' at high 

\ 
,. 

55 
tcmp~rnture • 

.... 

Allylsi lanes are reasonably accessible by conventional 

.ynthetic methods 56- 63 • 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 electrophUes. 

2 - Regioselectivi ty in E lectrophilic Subst i tution of Allyl­

s11anes 

Electrophilic substitution of allylsilanes preferen­

tially takes place nt C-3 to induco po9it"-v~ cl:<lrge foma-

tion at the 3-poo: t.ion. This carbo:'l ium i-::>n i3 .3ccomodated 

1t r.:,rperconjugat ion. This fo :'lowod with by the ( a-p) 

-, 
nucleophil le attaek on silicon reault.ing in the 108s of the 

si lyl group and shifting of the double bond • 

• ~>< ---.---- ',"'.* il!;. tt.'1II _ .... __ ._."".!'!'«i_ .. $.-...... __ I_h .. I_-~4 .. -j/-11.,11 ....... '1-' ""'------,~--,----~ . 

•• 
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64 
Even though halogens (bromine. iodi ne) or hydrochlo-

rie acid nd<1i~ion t0 allylsilnr.f"o occ:;rn wi':.hout th~ nped of 

any act! vlltic':i, en :::-hon el petro?'h ilen i n mo~ "-_ cnnp 1"'( l'ni) ct. in 

the presonc(> ()[ 1.""· .... 111 ne idfl, 't.a for:- n C"'l ::-hon-c~ ;::obon bond 

;":"lyln~::"\non uAed 

in the c Ioct ::- ~phi 1 _::::- 0111-" t. i tu Lion rI"' '1. clim" "ilV/". norr~", 1 ly, 

allylic prorll: - - n. 

The followins representative examples cle~rly ôemonstrate 

the eff iciency of this type of reaction in organie 8yn-

thesis. 

ç Artemisia ketone 12 ia a natural product extracted 

from Artemisia ,annua L. or Santolina eha.maecyparissus L. 

oila. It has very interesting organolecti c properties and 

hance is uecd l.n th· .... per[u:ne induatry . Th.... i ni t i 71 1 nyn t.he-

• i865 of thi ~ comp ::>:Jnd ;::oequirod mar.y ntn- "l (\n(! ~ho final 

produet wns c ::::'~ilin('l~: in Foot yi old. Howov" ::, th e nll yI 8i-

lane 3-~ethyl-1-tr.:...-ethy':"·dlyl but-2-eno ; ::':J) r'ê';"\cto with 

senicioyl chloride 11 unde r Friedel Cra fts conditions (using 

66 AICl a) to provide Artemisia ketone in 90% yield. 

1 
i 

l, 

1 • :..·"'t • .vIlllÏll __ •· .... __ ........ _ ... _ .. I.I._.·I~ .... I' ___ ~_~_. '- -~- -,' 
Il! Al.'eJ . .IF. '-•• 4= $ l' L !3IIJI"'. "IJ!!I!WI 
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IC -eooc A 13. 

10 - 12 -

It i. notewortby that tbe electrophilic addition 
,< 

directed exc1usively to the more hinèlered position on the 

a11ylailane moiety. 

Introducing a !"unctional qroup ir. 1\ rlI!'t~d cyclic com-

pound le in genernl ."l serious challen~~~ in ,:'!:'"qnnic: aynthe­

sis. In this reRpeet.. Sakurai67 reported tha't. alkylt'ltion of 

u, ~-enone .!l with tril":'lethyla llylsilane in the presence of 

titanium tetrachloride was achieved stereoselectively to 

91 ve the cia-compound 14. 

13 -

69 Fleming abo reported OP th-e reaction of t-buty1 

chioride in a similar way. The regioselect 1. vit y and high 

yi.Id of t-butyl a~kylation of compound li are fltriking. 

----------------1'~p_4~'~ .... ~u.; •• M ... '.2~I~~ "-'~«*e~ •• " .. l ..... u ..... J1--.... ~2$1I ....... '24~.~----------
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~M" t-BuCl/nCk • 

16 
1S -

The a-halogen aub.tituted allylailane!1 coule! abo 

re.ct with alèlehyd •• , ketone. or ketala excluslvely at the 

69 1 

C-3 center to 91 ve predominantly the z-vinyl haUde 19 -
which ils often used in alkene synthesis via a Grignard rea-

gant cro88couplinq reaction. 

18 - • Ph(CH2)2-çHCH2CH =CHCI 

bEt 

Z: E =80: 10 

3 - Stereochemistrx in SE' Reactions 

More recently, many investigations have focused on the 

etareochemistry in the 1'lllylsilane electrophi1i~ ;ubstitu-

tion reaction. Since one or two chiral centers ~re createc!, 

1t should be poss i ble to control the enant 10- or diastereo-

salactivity of the react. ion. The se lectivi ty depends on the 

structural constrllints, the preferentiai conformat.ion of the 

allylsilane or the electrophile. In few particular casai, 

syn addition has heen observed. For example, in the fusad 

---.--- ...... W.S_t .. t ..... IIII!I!!I!I!IlIII.,--~~ ..... ______ .... _.L_ .... II!!! .... ...-. ----<------- - --
'II v-'",,~l..,.- ...... _ ~ ... ... 

.' 
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, 
cyclic compound 20 the system il biased because of the con-

cava ahape of the [3, 2.0] cis rings. Consequently, the 

electrophile attacks only the exo-face resulting in reten-
. 70 

tion of configuration • 

CI 
CI 

MeOC~CI 

Sn et. 

20 21 -

It i. also comprehensible that the 

approache. the cyclobexenyl system7l B by the 

~ace to give an anti addition product. The 

1 

. 
elactrophile 

less hindered 

silyl group 

directing effect, if it edata. may not strong1y influence 
\ 
• 

the stereochemistry of the r..,sction. 

22 23 

aecently, Plem!ng reported that the anti-addition 1. 
72 predominant in the epoxidation of chiral a11yl.ilanes 24 

-- - -------- -"1!,... ... jSIIIIL~.-.... ( •• lII!bfl!i!;;.;:ç~,,""'i""'·-''''''I''IfIi •• III __ .U ..... U--.. ---I!I •• --.S!!IU ..... ·-----
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and!!, even though there is sorne small axial preference of 

t.he electrophile wi th regard to the ring system (Schema 

2. l). 

This confirms ~he r~sult j:"·.lhli!=lhpo e~ '!:' 11er '::Jy Kumada. 

In an acycli c fly9t~"':". he fOtlod ~hl'lt by URi:-11 thp optically 

active a l1yls i Inon } 2, thp MCPRJ\ ftotf-rR thp '1ouhlp bond anti 

with respect •. ~ the cdlyl :: ~1\vin"1 qro'lp I\no 0ptiCI'l: Iy 1\ctive ~ • 

allylic nlcohol iR obti\l:-~ed1J. 1\dr'flt.lon ()f t .. b'-,tyl chlo-

ride, acetyl chloride74 , l'lldehyde 75
; or deuterodesilyla-

76 ' 
tion , aU proceed by the same anti fashion coosistently. 

~3 
~. QH 

. Ph ,. MCPBA • H~Ph+ ~. 2· H+ 
H H 

R(E) 33 • 34 32 -- 81% 19" 

An explanation for the stereochemistry i8 that the 

at.arie conatra i nt indueed by the pheny l group determines the 

approaeh of the alec"::. rophi le to ~_he rlollhle bond. COue to the 
\ 

Si-C bond ove r l1\ppi ~ q wit;--; the 1t lobes of ~ho C -:: double 
/ 

bond, the allylAilnr.e exist9 in two c?nforr:-.a-:.iona. 1\ and D 

(Scheme 2.2) . Consequont:y, the elec~roph!:e wi:l attack 

tha allylsilane in the favorable conformation A by the side 

opposite to the trimethylsilyl group Cant!). 

,,.".ilIIIl-!I':". _: ... ·,"!';(f'I! ...... 1II!2WIll"'!:' .. !""""",'---' ·""!llI'.il'lO' ... : --_ ... ' _" ___ "4'Q!lÇ"''III!.~_.'''''_'''''''--~-~-_·~·---
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To conclude, the anti stereochemistry should be cons i-

dered to be the norm in electrophilic substitution reactions 

of allyls i lanes. Exceptions to this princip1e occur when 

• the molecule i8 biased. 

A B 

Scheme 2.2 

The! enantio- or diastereoselectivity in allylsilane -reactions with aldehydes and ketones i8 commonly based on 

the assumpt ion that the ra;, ct ion rnay proceed by a s ix-mem-

bered ring trans i t ion ~t(ltE> ~ 1 t i <; il l "i 0 po 9 S i b l f! t. 0 re a c h 

high cont r0 1 of stor ('ochey- U;try in c", n acyc i i c me -je when 

appropriatp. constrain~ ln .c;~t. Rocent.ly, Hp,lthc--::ck used 

chiral aldehydes in thf:' SE' reactu)n of ."llyls!l,"\nes. Alde-

\ 

l 

. -., 
hyde li an'" oth~r an;-d"gou5 compounds werc> inv01vod The 

f 
diastereofacial gelectivity varies wit.h the "3ubstrate and 

the Lew 1 s "c1 r~ WH~d • particularly. the tin chloride 

mediated reaction of 35 with allylsilane 36 led to compounds 

11 and 38 in the ratio of 45: 1. 

pite Pys ~ 4 J. ha. 5 .. "ao uu, S '15 
ç. 2._ 

eLC4 

• '$ 

j , 
1 
1 
1 
i 
i 

\ . 
1 • 

j 
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36 - 37 -
+ 

38 ' 

37 1'" 38 = 4S 1 1. - -

The h!gb diestereos.lact! vi ty ob •• rved i. !nterpreted 

in terma of chelation of SnC 1 .. by th. cr-alkoxy and the car­
\ , 

bony1 oxyqen to form a rigid five-membered ring 39. In thi. 
"1 

conformation the front side ls hindered due .to the methyl 

group, tharefore the allyle i lane will come trom the back 

aide to prov!de mainly compound ll. 

39 -

39 -
.. 

--------

ZIlPdi@ 

, 1 

l' 
" 
:1 

1 

t-
\ 

t 

1 
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Of several approaches to obtain optically active 

erythro or threo ~-hydroxy carbonyl compounds, the enantio- . 

78-81 selective aldol type reaction with Many variations 
, 

remains an efficient rnethod ta achieve high st:ereoselecti-

vit y, up to 90%, especially when chiral boron or zirconium 

enolates are used. It ig now possible that the electrophi-

lie substitution of allylsilanes or allyl stannanes 82- 84 

vith carbonyl compounds will become a promising alternative 

for the coming years. 

'y \ 
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a !Si. i% b sa as: te .':OZ.1 li 

= 1" 

, . 

1 



.. 

/ 

. -

... 
.!:!! _III' 1t_1E1IL c 

- 25-

9JAP'rBR II I 

a-SILYLALLYL ANION CBBMISTRY 

ai AS fi 

, , 

1 - :tntroduction 1 Hetero8ubstituted Allyl Carbanion Prepa:-

ration - Stability and Reactivity 

In general, 8ubstituted nllylic systems, !Q., can he 

ea8i1y metalated using an appropriate base ta the corre.­

as , pondi.nq allylic carbaniona 41 • 

~x BM X 
-------._-~.~ ~ 

y+ 

41 -

.. " 

-S.A, -';0 )R2 • 
.. 

. , 

'l'he suceess and the usefulness of this a11ylic carba-

nion :ln organic synthesis depend upon the stability and the 

regioselectivity of the carbanion86 • Due to its ambivalent 

reaetivity, it can react no a nucleaphile nt eithar the a-

or the y-position, giving a :n1xture of regioisomers which 

•• riou sly affect the efficiency of the carbanion in synthe-

sis. The regioselectivity could change significantly 

aecording ta the heteroatom substituent, the counterion, the 

87 solvent and the electrophile used • 

- - 'ft ....... ---... • ..... P-3 ..... " -', ,,, -',. ............ w_ ...... IIIII __ .. IIII ..... S_-.!S •• I!!!IIIIII-_.~ & ....... -

li dC" 

, , 

1 

1 



.. " Ji Wal4J 2li 

n 

- 26 -

For instance, the carbanion 43 prepared trom B in THF 

by n-butylli thium treatment was al10wed to react vi tJ1 a 

number of electrophiles in the presence of different com-

plexing agents: diazabicyclooctane (DABCO), N, N '-tetrame-

thylethylene diamine (TMED1\.) , hexamethylphosphotriamide 

(IDlPA) and macrobicyclic diamino polyether [2,2,2]. The 

relults are presented in Table 3.1. When the reactlon is 

run vithout any complexing agent (entries 5 and 9) 1 the 

carbanion 43 exis ta as an ion pal r. The lithium ion la 

ciolely aS80ciated with the a-carbon and only the a-alkyla-

e 

tion product was obtained with alkyl ha1.ido electrophiles • 

(methyl iOdide), ·...,horeas carbonyl compounila predominantly 

gave the y-product (entry 9). The regioselectivity in the 

alkylation reaction of ~ depends on the degreo of dissocia­

tion between the carbanion and the counterion (Li). It also 

cS.penda on the nature of the electrophile involved and the 

solvent (Table 3.1). 

, 

~Ph 

42 43 -
.. 

.* 

,. 
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Table 3.1 

Regioa.lecti. vi ty in the alky1.ation of 43 vith' varioua 
effiët. electrophiles. So1.vent 

d_ 

''" ... 

Temp. Complexing 'Yield Proportion of 
Bntry ·c Agent Reagent (% ) reaction at the 

tt-carbon y-carbon 

{>---I 

1 -20 DABCO Mel 100 99 1 

2 DABCO B~ 100 87 12 

3 DABCO Br~ 100 94 6 

.>=0 \ 
4 DABCO 100 1do 

5 -78 none MeI 100 
/J 

95 

..-6- HMPT MeI 100 98 Trace 

7 [2,2#2]. MeI 80 60 40 

8 [2,2#2] Br~ 60 50 50 

9 none >=0 100 25 oI,7~ 

10 TMEDA .. 100 Trace 90 

11 HMPJ\· li 100 40 60 

12 [2,2,2] .. 60 ,1.00 0 

2 - CI-Tri.alkylsilYlal.l.yl Carbanions 

(l-Sily1al1.y1 carbanions are prepared from allylsilan •• 

by treatmElnt wi th butylli thium i.n ether or tetra.ltydrofuran 

in the presence of TMEDA or HMPA at re1.ative-ly low teritpera-

1 ture. 'rhey are stabi.lized by allylic resonance and by (p-d) 

. ,... .... "tCua au 4+ a l>' ft 

l 
J 
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bonding from Si 3d empty orbital overlapping with the filled 

p-lobe of the carbon ani on. Their reaction wi th various 
.. 

electrophi1es has been studied and a mixture of a and y 

addition products could be ob~ained. 

n-BuLi .. 
TMEOA 

ut 
44 - 45 -

• 

E+. R3S~ 

46 

'Y-product 

Ras' + 
~ 

E 

47 

a-product 

Th. original work concerning the reactivity of a-tri­

alkyleilylallyl carbanione toward electrophiles was firet 

reported by corriu88 in 1975. Tripheny1silylallyl lithium 

45d and the analogou6 Gr~gnard reagent 48 were prepared. It 

was noticed that the lithium compound 45d preferred y-adJ..­

tion whereas the magnesium compound 48 lead to the a-product 

in many cases. 

'tl: .... .;...,.t:;.*~t;p L .1'""';"1JJU8i',"",",,,",,".~;:*!\II'-~."i--; !!II. 1IIII'!,= .. .,....4-.. __ ,IIIIII~_"""'l1;!II!!~ ...... 1 --
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PhaSI~ 

u+ 

Relative reactivity 

45d 

Electrophi les a~attack 

(%) 

B 0+ 
3 30-40 

Ph 2CO 

te, 40 

CHaI 
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Table 3.2 

of 45d ànd 

y-attack 
(%) 

60-70 

95 

60 

100 

P"aS'~MgBr 

48 

48 toward electrophiles 

48 

a-attack y-attack 
Ct, (%) 

90 

6S 

90 10 

---
No reaction-at 20·C 

3 - Reaction of (l-Silylallyl Anions with Carbonyl Electro­

philes 

3.1 y-Selectivity 

85 Another comprehensive work was provided by Magnus • 

The y-product was obtained predominantly from the reaction 

of trimethylsilylallyl anion 45a with aldehydes and ketones. 

The geometry of the resul tant vinylsilane double bond was 

trans in aIl cases .... 

c 
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.1 

Table 3.3 

Trimethylsilylallyl anion ~ reacti~g with variOUB 
carbonyl electrophiles 

Entry Electrophiles Equivalent TemR~' C·C) 
of 45& 

Product Yield 
(%) 

_4_" 
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,~ 

+.......R~ 
• R~ 

49 -
The ,vinylsilane moiety !2 produced in the electrophi­

lie 'addition reaction is eonsidered to he a masked carbonyl 

compound. The carbonyl functional group could be easily 

regenerated by successive epoxidation and acid treatment to 

give y-O-methyl lactol !t or y-lact~ne 52 as shawn below. 

R~ ~~ [OJ IMea 
R2 IMea • R2 . 

iQ 

BF3oOEt2 

MeOH' 

RXY [0] R' 

Fl").(yMI .. 

g 1 g r 
if' .FI 

1,3-Disubatituted allyl earbanions were converted into 

~3-allyltitanium compound. 89 ll, S4 and ~ under (CsHs)2TiCl 

...q. 

1 

, . ' ; 
t 

1 
, 

f . 
1 

l 
~ 
1 
J 

, 
i S r. 



.. ' CU IR a Il $ il .4 t 1 " 1 : , J i ua 2 taU 1 2 au; LU.JiBIL di LUllI' ...... 

•• 

(l 

, , 
# 

" 

~ r- ( " 

r 

'l'able 3.4 

Regio- and stereose1ective reaction of 1,3-diaubstituted a11y1 anions vith 
propanal via n3-a11yltitanium compounda 

.. 

Entry Ally1 anion 
complex 

Products Stereogelectivity 
# 

Yie1d CI) 

j!I- qH 
, ,fiep. p~ 4R, Cis 88 

1 

53 56 

) 
.,S~ Me.S~ 4R:4S-86:14 8"5 / 

l ". 
trans 2 TICp2 

Me' 
5"4 57 

/ 

Ph~ 

TICp2 
• 

4R:4S-66:34 93 
.. 

3 
Cis/trans-l:l 

1 55 58 

\--- 1.1.. .. ~ ~ P ..... u .... ,..""'.-...... ~ ..... _ ~~ 
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t.reatment and reacted vl th propanol and the y-addition pro-

duct vas obtained. It 19 remarkable that only the si1y1 

al1.yl complex 54 provid.,c1 thp trans double bond geometry 

exclusively. 

in a ratio of 1:1. The re~ction 19 highly dinstereoeelec-

t.ive qiving rin., to thf! threo product 57 (Table 3.4). 

3.2 a-Selectivity 

The ambivalent œ-silylallyl anion reactivity vith 

regard ta elactrophiles could vary by chanqing the counter-

10ne. CanA iderable efforts have been made ta successfully 

'direct the n~nction to th", a-p()~itif")n fJPlectively. The 

tiret example ln thiR series c~me 

Chan
90 • In 1 "'70, h t '1 .• t ey repor el! 

fror.l thp W'ork of Lau and 

thn'::. trimet-hylsilylallyl 

anion ~, preparad hy the u9ual method. renctecl wi th alde-

hydes and KatoneA al the a-carbon mainly whpn ~qnegium bro-
. 

Illide vas added to the reaction mixture. 

This precedent was followed wi th other examplee. 

Stronç Lewis acia RaIts or orqanornet.'\lllc compounds have 

been used no additives. The regio- .""\nd Ilt ~re09p.l~ctivity 

lncre8sed to give the threo derivative in mos~ canes (Table 

3.5). It 80ems that the metal-carbon covalent bond forma-

tion as shown in Schema J.1 (8tep 2) 19 crucial' for such a 

control • Por instance, when trimethylsilylallyl lithium 

.. .., 'h ... '- --- "---- CliSfa Ci a .$~t.±. ----·-·"':~~~JI ... t ............. -n-4-~J"' .. i -_._ ..... 2.: ...... " •• '_. 
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~SiMea 

LI+ 

4Sa -

_q:.'Me, 
R

1 
H 

2 

59 -
+ 

49 

minor product . 

solution was treated with trimethylborate and pinacol, the 

3-boronate 60 coulA be isolated by distillat ion (b. p. 46--- . 
50·c/O.ls torr). The geometry wae trans at the double bond. 

Subsequent reaction of 60 with aldehyde gave the threo 

(R,S)-3-trimethyleilyl-4-hydroxy-l-alkene91 59. 

~ _SIMe 1. BCOMe)] Me SI~B"'~ 
~.-.~ 3 '3 " 

- . I·NH4CI 
+ ' 

LI pinacol. 60 

.. tep 2 

- . 

.. 
~ 

Scheme 3.1 

RCH~~. 
". ~M.3 

\ S9 
( -

) 

... ~- --, --- _ ....... -..--_ .. 'J44!# ;, .. '" CP. .H .• _~...,.,..~_~"""",; ....... -.j--~J .. a ... -IIII!IJi5$.-.J.2111@1I!_.l ..... '-------:~.~---
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Uaing the same approach, the aluminum Rate" complex92 

61, tormed in aitu, reaets with aldehydes or ketones at the - .~ 1 

œ-poa.t tion. 

61 59 - -
,-

Table 3.5 

Regio- and .tereoselectivity in the reaction of 
tr1methylsilylallyl Mate" complexes with a1dehyde. 

. 
Entry Aldehydes Additives a-Products y-Products 

Threo Erythro (Ref.) 

1 CH 3CH2CHO Et3Al 94 6 (92) 

2 ACO{CH 2 ) aCHO B(OCH 3) 3 79 (91 ) 

3 t-BuCHO CP2TiCl 98 - (93) 

4 Br ( CH 2 ) 4 CHO CP2TiCl 92 - (93) 

5 CH l (CH 2 ) aCHO Bu 3SnCI-BF 3 100 - (94) 

6 Me 2CHCHO CP2BC1 100 - (94) 

7 CH]CH-CHCHO EtAIC1 2 86 14 (94) 

.. 
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Aa a eonvenient alternative to the Wittig reaction, 

the ~-hydroxyvinylsilane S9 obtained from the «-eilylallyl 

carbanion reaction with carbonyl electrophile can undergo a 

Paterson olefination proces8 to give 1,3-diene in a Atereo-

.pecifie manner. This methodology ha8 been applied to the 

.ynthesis of bollworrn moth (Dioparop8is castenea) sex phere­

mone91 62. 

AcO(C~~ 
ilMe. 

KH 

63 

The same procedure ie also ùsed to lprepare I-trime-
• 

thyl.ilyl-4-alkyl butadienn in a stereocontrolled manner • 

1,3-Sis(trimethylailyl)propenyl carbanion 64 reacts with the 

·.ldehyde to give the threo 'coRl>ound 59 which can eliminate 

to !! and!! stereo.electively95. 

, ...... """' .. ---, .. ,""#$_: _.. .....,. ............. -.'''"''42 ........ -_ .. = ..... , •• _ ..... ; .. i!f?~s -_IIII_UI'iJIS,.... 
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.aSI~SIM~ 
1) ep2T.el ~m., .. 
2) Reko R : 

LI+ 
: 

\ SIMe, 

!! 59 -

" 
H+ ~SI.a 

!! 

-. 
KH \c~F!Ma3 

68 -
4 - Penta4ienylation of Carbonyl COmpound. 

More recently, pentadiethylation of carbonyl compound. 

using [1,5-bis(trimethylsilyl)pentadieny1] lithium 67 and 

other analogous reagents (68, 69) has been investigated96 • 

Although the re9iosel~ctivity ls' not satiAfactory ln a11 

case., the reactlon i9 conceptua lly ueeful in organic syn-

t.he.i. for elongation of carbon chaine. It i9 1'l1so pot en-

tially applicable to the synthesis of polyuneaturated mole-

cule. such as insect sex pheromones or leucotrien~9. 

The regioselectivity in the -reaction of mono- and 

l disilylated pentadienyl anions 67 and 68 varies, depending 

," 

-~-- --- -- _, J ~ lil. '2 bltJ..- " ; #' , Q( » 

• 
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On the bulkine •• of the carbonyl ~uP. It is bowever inte-

re.ting to ••• tbat wbatever the electrophi~e size, compound 

69 reacts only at its terminal carbon. A single isomer of -
triene 74 with E, E configuration ia obtained after elimina-

tion of the siloxy moiety. 
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CHAPTER IV 

GDŒRAL MBTBODS FOR VINYLSlLANE SYNTBESIS 
rr 
1 

There any many methods to prepare substituted or func-

tionalized vinylsilanea in a at.ereoaelective manner32 • It 

is not our goal to undertake a detailed rotrospection on 

allceny1silane synthenis in this chapter. Appropriate 

reviews and books are availab1e for that purposo. However, 

.ome aspects nhou1d be diacussed according to the officiency 

of the method and the role playod by oilicon in tho ntereo-

ch.mica! control. Mora attention wi Il be paid ta thE:' recent 

developments in thio area. 

The claoaiea1 Wurtz type silylation rcactian 97 ,98 

usually proceeds in a atereospeeifie manner with retention 

of configuration (Scheme 4.1). However, it ia u8eful only 

vhen the vinyl halide ls provided in a pure Isomerie forme 

>-< 
<If )=(Mea ..... 

Ha'CISIMe3 t 
~ 

Eth.r 

Scheme 4.1 
.. 

The,«-silylvinyl anion reaction vith ald.hydea4S,~9 ia 

a1.0 a c~venient method to prepare diaubatituted vinylsi-

.. 
," 

--- - ---- -- - .q .... ,..---..... A ...... I!OiII7J""' .... , ..... -, .. _"" ..... --.-_ ... "'ll"I'IIIIIIi .... Q .. _.Bd ... r_ .... $II!I.~tl!l" ... !I-. .. ( • ..-P,!:1;;IIO'"'" 
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lan ••• ~e overall transformation is depicted' iD Scheme 

4.2. 
~ 

C ~W.3 "-3 R ' R2CuLI R . 
CH2CI • CH R' _ 2 

76 H -
foc,; 77 -

Mea51 :r
3

]1 
RCHO + b >=:--. 

LI ~ 

;: •. ~R' 
R H 

R~éuMg~ R , 
'
Me

3 
OAc H , 

78 79 - -
Scheme 4.2 

. 
Under thionylchloride treatment, the alcobol 75 is -

converted into the chlorocompound 76. The allylic rear-

rangement is assisted by the silicon to gi ve stereos~lec­

tively the Z-isomer. No isomerization occurs in the subse-

quent organocopper lithium coup1ing reaction. Silicon may 

a180 play a critical role in the conversion of 78 into 79. 

~ ~- -- --~-- - ~ .... 'Jftl W" ,~"-'V"" 4' .... ' _ = t4 

~ 
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The synthe.ia of vinylailages from acetylenic precur-
1 • # 

.or. ia the preferred method. This route offera t:.he advan-

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

.electively. 

: 100 
Catalytic hydrosi1yl~tion of terminal acetylenes , 

1 
underg08a syn-addition to 91v!e the trans compound 80 in good 

1 

·yield. 

• 

cat. HptCle 

4 • 
R H 

>=< 90% 

H 51Me3 

80 

The Z-atereoiao .. r could he obtained by aemi-hydroge-

nation of the silylacetylenic compound ~. 

) 

r 
~ 

-" 

Pd /charcoal 
R-C. C-SiMe3 • 

Pyr. Ethyl acetat. 

\. 8~ -
82 

When hydrOboration10J , hydroalumination101 ,102 or 

carbometallation of acetylenic precuraors ils employed, the 

~! 1 .,. ...... ~At" ,sa: = tu 4 

\ i 
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addi tion of the matal hydr1de or the organometal1ic compound 

alwaya proceeds by syn-addition to the triple bond. How-

ever, isomerization of the a1leenylmetal intermediate cou1d 

. oceur depending ':':ln the BoIvent syntcm used. It b; ~tabi-

lized whon ether or tertiary amine 19 ndded to the r~action 

mixture. In 1099 polrlr nolvents, it irrvtr.eri:r.ol1 t.o th~ ther-

modynamically mor~ stable compound (Scheme 4.3). 

Hydrolysin ".:)f 03 <'lnd 04 gave the t ::-<'\na nnr] cio vinyl- '-

silanes, respect i vely. Trea tment with methy 111 th i ',un and 

alkylhalide (R"X) may ROivide 1,2-disubstituted vlnylsllanes 

87 and 80. 

Sim! l"lrly, 
104 105 

the cllrbocupration' of the si1ylace-

tylene 89 could he used to prepare a;-functiona1ized vinylai­

lanes by addition of vllrlous eJ."tctrophiles ~to the alle.nyl 

copper compound 90 * 

It ie interesting to 'note that the opposite regio •• -

lectivityl06 oceurs in the (E)-crotylzinc compound reaction 

with the acetyleni.c precuraor !! CR - n-C 6H 13 ) • 

.. 

n-Httx-c.C-SiMt3 
~nCI .. 

81 -
92 -

... 
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\,. 

}=={IR

3 ~:IR3 R'CuMgXI HZO Ra"-e.c-H 
. THF 

... .. 
R' U 

89 - 90 - 91a -
E 

}:={R3 
R' ",.. 

~ 

?,1b 

<.,.'ti> 

E -12 , lICS, IIBS, MeX 

X -l, Cl, Br, Me. 

In tlie recent deve lopment of the carbo .... tallation 

react.ion, cyc1ic vinylsilanes are prepared from acyclic 

Itarting compounds, especially when the si1ylalkyne contains 

a fA}-functional 9roup~ 

The most striking example ls found in the Zr-catalyzed 

carboalumination reaction l07 of 1-{trimethyl.sl1yl )-4-bromo-

~ I-butyne.2!. The cyclobutenylsilane 21. was obtained in 92' 

pte gW.A,,J!Z,si4H1;,,,":.c, aIdE U 1 • A ,,-,--- . -- ----

~-

....-.b:.. .. __ 
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• 

yield. Surpri.ingly, the protonoly.i. of 94 does not give 

the expected 2,2-di8ubstituted vinylsilane. From the mecha-

ni.tic aspect, it has been postulated that compound .2! is 

converted into 95 which rearranges to produce the interme-

diate 96 (Scheme 4.4). 

• 

97 -

MeaAI/CI2ZrCpa ., 
CH2CI2 

Soheme 4.4 

/ 

94 -

96 -

Grandisol. 

1 
Thi. proc... may invol ve interaction between the ,,­

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

dl. L $L J •• 4. ; b.... · 

• p tU 

î 1 

t 

," 

• . 
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bromide ion. The preferred elimination of the aluminum 

upiety to 9 ive cyc1obutenylsl1 ane' 97 le an unexpected prece-
{ 

--...,d9nt in organosilicon chemistry. 

Alternatively, and in .9 more general approach, the 

functional i zed al kenylmetal 100, prepared by hydroalumina­

tion of 2.2., is quenched with iodine to produce lli which 

90 cyclizes under butyllithium treatment in ether. 

I~ 

99 -
ft _ 2,4,6. 

101 -
.-

- ,=:::\:~::"7'-::--:- .-"1."1211'.211 •• 611: .s.a.: ....... 2 -'13_''' •• 1 __ 4l1li5 -_., .............. Sr. .. !IIE II1II1 UIlJll.4l1J!11iZ .. "...t4 ,---..,..--,--,-.--
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131 aL ns 3 Lill Il. 

... 
~ 

The .~lieon may pl.ay a critical role in promoting thi. 

cyclization a. wel.l. Por instance (E)-1-iodo-6-bromo-l-hex-

en. doe. not produce cyclohexene upon treatment with 2 equi-

valente of t-butyl.l.ithium. 

--ft. 

\ 

• 

0' 

, a' 3 2 t a a 1 $ "a ; 5' b. XUN 4 
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CBAPTBR V 

OUTLINB OP THE PRISENT WORK 

l'rom the pree.ding account of a-si!ylallyl anion reac-

tian with earbonyl electrophi les, 9ucces·sful control of 

reg!ochemist r-y WnA achie+;eô by chl\na l ng th e nat:.J ra of the 

counterion in the aUylic anion systt>ll\s. Thpt"efore. 6-

hydroxyviny1911ltnn "nd r -hydroxyviny lsl1n.n p camp ",:,'andR were 

prepared wit.h l\pproprhte 9toreochemiRtry i:-. Aome i.nAtnnces. 

T'he ullefuiness of t.hesl) ':'0/npOU:11A in orqar:;. r. syr. ... _henls has 

a1so been demonstrated. 

Surprisinqly" ~e8f1 ;"\ttontiryn han been !",nlc1 ":.~ 1I1l<yi ha-

l.ide addition to the a-ai lylallyl cnrbanionct. ThP nnalogous 

108 IO? a1kylation of nllylaxy -::arht\niono ' gave r1ae ta a 

mixture of bath regioisomeric product9. The geometry la 

exclusively cie at the double bond in the predominant y­

addi~ion product (Table 5. 1, Schema 5.1). 

R' 

~ 
OR 

R~ ,) a-auLiI THF 
• a) R'X • 

Sc::hem. 5 .1 

f 

• 

j 
, 

l-
" 
1 

l 
! 
1 
j 
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C lUth regard to th. ,,-oUylallyl anion alkylation reac­

t.ion, the original work provided by Corriu8a in this area 

lac'ks sufficient detait. Reaction of triphenY:''lilylallyl 

lithium with m~thyl ioâid". WI\R repor".~r1, i:-: whi'· ..... only the 

Bntry 

1 
2 
3 
4 
5 
6 
7 
8 

"r~hlp. 5.1 

Allyloxy carbanion "ll'kyl;'ltion with 
al'ky Ihalide electroph i les 

R 

Si (C 2Hs ) 3 
Si(C 2HS )3 
Si(C 2Hs )3 
Si (C 2Hs ) 3 
Si(CtIS)3 

t- u 
C 2HS 
c 2Hs 

RiX 

CH) l 
n-C 3H 7 1 

Cyclohexyl-r 
n-C lB 7 Dr 
AUyl-Br 
n-C 6H ~ 3 r 

Overall 
y-Proouct lI-product Yield f') 

(% ) ( % ) ( Iso l • • d) 

97 3 ~ ;> 95 
94 16 ' ;> .95 
39 61 . ~'80 
75 2S ) 95 
68 32 ) 95 
89 11 85 

n-C ft. l 90 Il 79 
(CH l) 2~-êlicn 28 r 63 37 26 

y-addition compound W<\9 obtained. l t la not clea r whether 

auch regioselectivity is general with respect to other al.'kyl 

halides. 

"-Bull ... R SI 
3 .... ~ 

TMEDA ~ •• :~ 
u+ 

46 ")'-product 
45 -

47 ex-product. 

Ai e;(4~tQ .. • 4$1 15 P li 'i ,2 iL> •• 

... 

l 
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The expected trans stereochemistry in compound .!! ls 

acknowledged to be inherent to silicon in the heterosubsti-

• tuted 8l1ylic clH'banion rAi'lction with electrophilps. This 

approach C0\11d h~ u~(>ftJl in "hfl !'ly:lth!'~t'1 of F.-viny: ",ilnnes 

5.2) • 

organic synthC:>9iQ with respe::t tn hoth thfl '.'tnyl- :,ncl the 

allylsilyl funct ions. A f1p.p::ific denilyliltinn rnac".i.on on 

the i ntermed iéltf' 103 nhnu ld :. p(là to com~nllndfl ~ or 47. 

Another extennion to ':hil'3 ~~thor. ... loqy would be the 

pentadienyl;1tion of t11kyl h:lli()fll1 accor,Hng tf) Schema 5.3. 

The question b whcther the rüaction could be regioselective 

by analogy to the carbonyl electrophile reactions mentioned 

in Chapter III, paragraph 4. 

---- 1 - -_ 
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~SIR3 
47 -
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46 -
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R'x ----- ...... 

67 ~04 -----

Schema 5.3 

The pra.ent re •• arcb pro ject ~. tbarefore to .tudy the 

regio.alectivity of the alkylation reaction of the ai1yla1--
. 

1yl anion. The prospect of applying 8uch methodology ta the 

aynthesia of natural productlJ, e.pecial1y the in.ect aex 

pheromone., will be explored. 

• 
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CHAPTER VI 

INVESTIGATIONS -2!~ ALKYLATION.-...2! TRIALKYLSILYLALLYL 
'\ 

CARBANIONS WITH ALKYL HALIDES 

1 - Starting Compounds 

The required allylsilanes and alky1 halides are pre­

pared by appropriate methods as described below. 

1.1 Ally1silanes 

-The reaction of allylmagnesium halides with 8i1yl 
l' 

halides (R 3S lX, X ,. chloride) has been commonly used to 

produce allylsllanes in acceptable yieldR 66 Howovor, its 

usefulness i5 somewhat lirnited by the Iack of 5eIectivity 

vhen substituted allylic Grignard reagents arc cmployed. In 

connect ion wi th our work, this ::1ethod has becn found to give 

satisfactory results. Thus triphenyl or diphenylmethylchlo-

rosilanes were roacted wi th allylmagnesium bromido gi ving 

good yields of the corresponding allylsilanes (Table 6.1). 

Al terna t i vely , the comme rc ially ava i lable allyl tri-

chloros i lane could be alkylated with Grignard reagents to 

the corresponding allylsilanos (Scheme 6.1). This approach 

vas used for the synthesis of triethyl- and tripropylallyl-

silane. 

j , 

,'. 

- w -- ----....--, -._-- 'p@L",,,!liSS.' ;ztAG41i tU~ "i."~.~'. ,eli A Ils Si! p a: 4& q;HM 
.f 

• 
! 
• f 
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Table 6.1 

Allylmagnesium bromide reaction wi th si lylchlorides 

Silylhalidea Allylailanes 

~IPh3 

R~ IEta<> 
A 

X: Br,CI 

Schelle 6.1 

1.2 _ Alkylba'lHl •• 

Yiel.ds 

77' 

72-80' 

~SIR3 

~ R-Bt 

44c R-n-Pr -

4-Methyl penty1 chloride 106, which vas not commerci---:----- ~----...._ ........ -~~ ........ 
ally provided, was prepared from the al~ohol !.2! uaing tri-

- ~ 110 
~ -...- pbenylphosphine in carbon tetrachloride • 

1 
\ ~ 

()Ii,., •• cr 

. ' .. ~ 
.,.,4P@IUlupas$fi* ............. · .,,...'III""' .. INOI:IIL ... IIIIIIJII!iI!S ....... .,.'.II"I._J --.... V!!la_a_I.S!l1 •. lIIp ....... .--............. • ---:l ... r-:_:-:!"! ~~:::-" ::- - -
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~H ~CI 
105 - 68' 

\ 

• '!'he halohydrin. wer. produced in two different way81 

/' S-bromopentanol (lOBa) \tas derived from tetrahydropyran 

cleavage111-113with acetyl bromide and anhydrou8 zinc bro-

mide followed by hydro1yais of the intermediate bromoacetate 

107. 

o ! EtOH 
NaOH 

107 -

Alao, aemi-halogenation of glycols under BBr treatment 
~ 

va. u •• d. A mixture of the diol lQ. Cn - 6, 9, 10), HBr, 

water and toluene was refluxed at moderate temperature with 

continuous extraction in the same 

6-chlorohexan-l-ol preparationl14 • 

could be readily obtained. 

• 

manner as described il) . 
Compound. 108 (b, Ct d) 

t, 

$12 M 1 'Ca.LI .s 1 :U*"u . ~ Qi dl" $ as $1 • ~ .P.V 

ta • 

, 

.. 
, 
1 

~ 
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continuoU8 extraction 

. 109 n - 6, 9, 10 -

-­.... 

108b n - 6 

108c n - 9 

108d n - 10 

The bromOhydrina were protected a8 the tetrahydropyra­

nyl ether in the uaual mannerllS (Table 6.2). 

ROCCB2 )nBr OHPLPTSA ... 
Ether TBPO(CB2 )nBr • 

" 

108 110 

Y:2!. n - 5 110e n - 9 -
110b 

n -
~ 110d n - 10 

2 - Reqioaelectivity in the alkylation of trimethylsilylal­

lyl anion 

Pollowing the method reported by Corriu, trimethylsi­

lylallyl lithium was readily generated from the react!on of 

trimethylallylsilane and n-butyllithium in TMEDA-THF at lev 

temperature. Reactions of the anion with a number of alkyl­

balidea were examined. 

Surpriaingly, in contrast to the elaim of y-selecti-

vit Y in the reaction of 45d with methyl iodide, we obtained 

--~----- .JII'!!')fi#4if4.1( s·:ou:;:;ptl ·,......,... ..... '...,"'J!',-lIIIIIiII.' ........ "--..... 4 ... IIIZ.'.t •.•••• 1[_1.' .,,_ ..... .,.. 

iCJ it '.46 
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Table 6.2 
\ 

Results of bromohydrins preparation and their conversion into tetrahydropyranyi 
ether oompounds 110 

• 

Bromohydrins l'ield 
Ct) 

bp/mp 
·C 

THPO{CH 2 )nBr Yield 
(%) 

bp/torr 

HO(CH 2 ) SBr 62* THPO{CH 2 )SBr 98 

l08a . . 110d --
~ 

BO(CB 2 ) 6Br 80 b.p. 58-62·C/O.15 THPO (CH 2 } ,Br 93' 

lOSb 110b -
9 HO(CH 2 ) ,Br 88 m. p. 32-33·C " TBPO(CB 2 ) ,Br 96 l22·c/o.os 

lOSe 
~ 

llOe 

10 HO(CB 2 )lOBr 72 b.p. 117-120·c/O.03 THPO(CB 2 )lOBr 91 I28-130·c/O.I 
.... , 

10Sd 110d 
.~J. 

* 
n • 5. Overall yi$ld from tetrahydropyran eleavage and hydrolyaia of 107. 

~ 
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a mixture of both y- and cx-regioisomers in a ratio arourtd 

2:1 (Table 6.3). 

j , 

R' , · Y'} 
45& 46 

S.Mel 

47 -

Table 6.' • 
Relative amounts of y-"and a-products in the alkylation of 

trimethylsilylallyl lithium in TMEDA-THF 

Alkyl halides (R-X) 

CH 3 (CH 2) 3 l 

CK 3 CCH 2 '9 1 

CH 3 (CH 2) 9Br 

y-products 
Ci yield) 

6S 

6S 

57 

a-products 
(i yield) 

33 

3S 

42 

The presenqe of y- and a-add i t ion products was veri­

fied by GC, Ge-MS, IH nmr and in sorne cases by 298i nmr, as 

discussed further in the next paragraph. However, the reac~ 

tion was quantitative and no residue of the starting alkyl­

halide vas detectable from Ge or IH nmr analysis when 1.1 

" 

--
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equivalents of the allyl anion was used. It is also rernar-
," 

kable that the ioda compounds were slightly more regioselec-

tive as compared ta alkyl bromides. 

Furthermore, the ra t io of a- to y-products does not 

seern to vnry signi.f icantly wi th the solvent system used 

(ether or THF-HMPA), by addition of DABCO, or 12-crown-4 or 

by addition of vllrioun m('till !'laltn or organometall ic com-

pounds Bueh ilS magne" ium bromide, coppor lod ide, Zinc chlo-

ride, cesium rI tloride r nicke l ch 1 od d'-' or tr i- i-bu tyl alu-

minum. 

It appoar!1 to U:1 that the a-r;ilyL"lllyl lithium alkyla-

tion reaction lacks regioseloctivity and could not be used 

, a8 Bueh in a meaningful way for organic synthesis. 

3 - The Use of Schlosser's Base 

Organo!i thium reagents are known to react with sodium 

or potassium alkoxides to give quantitatively mixed rnetalilc 

compounds with il high degree' of reactivity. For instance, 

addition of n-butyllithium to a suspension of potassium 

t-butoxide in hexane ilt O·C gave a white mixture which 

turned into a yellow tsh-orange precip i tatû il t room tempe-

rature. The possibility of n-BuK formation by this process 
/' 

was examined by Lochmann et a1. 116.(;,: 

Thi' sa-ca lIed Schlosser' s base undergoes hydrogen-
1 

1 

metal eX9hange with low acidity hydrocarbons to give the 

• 

4. _________ .• ' 1 M l1li"",.)1' ••. "f".V" ....... _ ... ,...illiiilllil ..... _'IIIt __ •• !!II_III .... ' __ 22.!l111' ..... -·------· 
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corr •• poncUnq alkyl anion. 117 , 118. 1:n conn.otion with our 

york, wh.n XOt auln-BuLi in hexane was us.d for the proton 

ab.traction step, the silylallyl anion was readily ganera­

t.d. Alkylation of the carbanion with various alkyl halides 

unexpectedly gave the y-addition product predominantly120 

(Table 6.4). 

rl-x 
• 

45 47 
R - Me.) -

Table 6.4 

Relative amounts of y- and a-products in Sohlosser 1 • 

base condition 

Bntry ~I)cyl halides y-products a-products b.p. of pure 46 
(l yieId) Ct yieId) (/torr) 

I CH 3 (CH 2 ) sI 86 14 46a 120·C/24 

2 CH 3 (CH 2 ) 111 85 15 46b 180·C/4 

3 CH l (CH 2 ) 7Cl 80 16 46c 146·C/SO 

4 CH 3 (CH 2 ) 6 Br 80 18 46d 86·C/24 

5 CH 3 (CH 2 ) 2 Br 83 17 46e -
6 tu -CH-CH Br 76 46f 2 2 -
7 (CH 3 ) 2CH (CH 2 ) leI 80 20 ~,-98·C/760 

* 

'* 
THPO(CH 2) sBr 8 90 10 46h -

Bntry 8 - The reaction time was 36 hours. 

'f'" 
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• 
It ie of interest to try to understand the origin of 

this irnproved regioselectivity. Recently Schlosser has 

provided evidence to 9uggest that KotBu/n-BuLi ls not the 

119 sarne as n-RuK • Th"1 change in regionoloction cannot be 

due to a ch~nqo in the counterion in 45a from Li+ to K+, n~ 

can we ascribe the change to a greater dissociation of the 

ion pair since DABCO or 12-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 wi th the sil icon moiety, thus giving 

greater steric hindrartce to ex-alkylation. To verify this 

idea, we preparod a sories of silylallyl anions whc>ro the 

substituent!> on silicon arc varied. When the !Juba t i tuent 

changes from methyl to ethyl to propyl with increasing bulk, 

the ratio of y/a-alkylation incroases l21 (Table 6.5). With 

t tripropylsilylallyl anions prepared from KO Bu/n-BuLi in 

hexane, alkylation with alkyl halides, can give a v/a ratio 
:: 

as high as 40. The phenyl substituent gave a moderate ratio 

of yi a-products, presumably due to i ts inherent electron 

inductive effect. 

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

• La la, 

l. identified from Ge analysis. The a-product may have a shor-

'~.I'!.!"'. ;"" ......... ...,"" ... $!fIO~ .011"11 Cil". "IiI'I .. _ ..... ~~_:r'f"'ll1'!1l •• !111 ...... ' .... -""'i _u .... r ••• 1 .. 1 ___ 11'.' ••• 11 ___ &"'-+ h_ -_ ........ - ---- --
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ter retention time but appears relatively close to the y-

product signal even on an isothermic rune They are not 

.eparable by fractional distillation nor by u8ual chromato-

~raphy. Oriè -cou Id, a190 use INEPT 295i nmr in decoup1ing 

" " 
Table 6.5 

Relative amounts of y- and a-products according to the 
substitution on silicon in the alkylation of 45 when 

Schlosserls base was used 

~Ita ....... /Kote. - ri-x 
+ ~IIRI .~ (."11'" He •• JlïjJ • 

45 46 47 

R = Me, Et,·n~r.Ph. 

Si1ylallylanions Alkyl halides y/a ratio y-products 

-SiMe a CR (CH) Br 1/2 46b 
(Oi d) éatH tbi 2) 3e1 4/1 ~ THP ( 2) sBr 9/1 
THPO(CR 2) ,Br 7/1 lU 
TRPO(CR 2) 9Br 9/1 m THPO(CR 2) 10Br 17/2 

-SiBt3 CHa(CH2)1IBr 18/1 461 

è.. CH (CH ) 16/1 l'6m 
(ëd6)~HlCH2)3Br 20/1 lm 
THP ( 2) 6Br 22/1 46p 

-SiPra ~(CHcâ) jBr 46/1 l~f O( 2 6 Br 36/1 

-SiPh a CH] (CH 2) 2Br 16/1 1 46y 

Ç5f1YbLb li Cl::: •. '''$1$ tU • & 24·" bN • 

_AC 4i~tl 

" 

l 
~ 
~ 

t . 
~. 

i 
{ 
~ 
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~ 
" 
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mo8e to determine the y- and a-producta ratio. For example, 

with trimethy18ilylallyl anion in the alkylation reaction, 

the apectra of the crude mixture nhow two 29Si. singletst 6 

- 2 ppm (allylic Si) and 6 = -8.ppm (vinylic Si). From IH 

nmr spectra, thc y-adduct exhibitn the chnrnctr-rintic ABX 2 

pattern at Ô ..... 6.0 (dt., ,J1\O 18.5 lb:, ~Jox 6 Hz, 1 HO) ;lOd 6 ,.., 

5.6 (dt, .T
AB 

18.5 Hz, ~l1\.X 1.4 Hz, l H}\), confirming the 

trans geomatry at the double bond. Protonn of th€' t.rime-

thylsilyl group nppcilr .'ln il nin91r-t around O. ') ppm. With 

respect to the minor a-product, th~ terminal olofinic pro-

tons are renolvcd an nn unaymmetrical triplet (6 ". 4.9 ppm) 

and the low intensity singlet at 6 - 0.0 ppm la due to pro­

tons of the al1yl group. 

5 - Selective Protodesilylation 

In terma of practieal ayntheals, the trimetbylsilylal­

lyl anion ie etill preferred ainee the atarting material ia 

commercially available. Furthermore, we found that the 

minor a-adduct can be readily removed by treating the crude 

mixture with a catalytic nmount of hydroiodic acid (57%) in 

benzene at room temperature. Under these conditions, the 

a-product 47 was selectively converted to the olefin 47a but 

the y-produet 46 remained unchanged. We have been able to 

lso1ate the pure y-pr;:oduct eonaiatently in about 80-901 

'=l F> 4 i 4 &Ii. .,Çti' ,.··· ........ '''I!.\!fJ*''II4'!lMI'''i ... ,''', ...... !JIWS __ ... ''SIIIU _ .. : ........... [111$ ... , .. @II!'I ............ -
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yi.ld alter diJtillation or chromatography of the mixture of 

46 and 47a. 

46 47 - -

1 
HI cat.. R!. --.. -51-­
PhH,a: --~~ "" 

-, 

+R~ 
47a 

Purification. 

~51R3 

46 -

, 
The •• lective protod.silylation of allylsilan.. 47 

could be arqued by assuming that they are relatively more 

reactive than the corresponding vinylsilanes 46. In a gene­

ral consideration, the Si-C bond averlapping with the ~-bond 

orbitaIs will raise the energy of the HOMO and hence malte 

. 32 55 the allylsilane more reactive toward electroph11es t • 

This overlap can better stabilize the developing positive 

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

t.he same stabilizatian would imply a 90· rotation of the 

Si-C bond. 

lt is also known that at equilibrium, the trimethylal­

Iylsilane ~ is about 8 KJ mol- 1 higher in energy than the 

corresponding isomeric vinylsilane. 

M ..... UI!!".lAO'l"J ... .-.... , "'!""'"'-.,_;_ ... ---" ' ....... ~-~ ...... _ .. IIII!JII!! ... =_ ....... _-.IIl~ .... _, ...... -, ,- ~- .- ,.,.. ... 
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6 - Selective Cleavage of the Tetrahydropyranyl Ether 

It ls remarkable to see that the tetrahydropyranyl 

ether group in compounds ~-k, 46E and 46t survives HI 

treatment ta give the functionalized vinylsilanes in good 

yields. Howevor, the TUP group in clanved neloctivoly under 

h d hl i id condition",,122 1 i tl i 1 i] l Y roc or c nc g env ng ln v ny n .y group 

untouched (Schem~ 6.2). For eXllmplc compound Illh (n Q 6) 

was obtained in 92% yiold after HCl/methanol trentment of 

46h. Its structure was detormined by IH nmr and HRMS. The 

free alcohol was then acetylated in the ullunl manner 

(Ac20/Pyr) • 

7 - 1,3-Bis(trimethylsilyl)proEenyl Lithium Alkylation: A 

Tentative Approach ta Vinylsilanes 

Aa mentioned earlier in this thesis, addition of car-

bony1 compounds to 1,3-bis(trimethylsilyl)propenyl lithium 

64 has been used ta prepare l-trimethylsilylbutadienes71 ,95. 

In our search of new methoda to vinylsilanes, the reagent 
~. 

r 

64, readily gcnerated from ~ by n-butyllithiurn treatment 

in TMEDA-THF at -7S·C, was alkylated with dodeceny~ bromide 

1 to give derivative 103 in quantitative yield (98-100'). 

--~ -- ,J ....... t~:.a.a.Q .. s.~(4~"--~I~;~F~·.la.J.lrn ...... t.u •• _, .... ~.~(~ .. ~GIU.?~;~------------
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112 -

ill 
~ n-6 92' 

l11j n-IO 76' 

11lk n-ll 89' -

112j n-10 86. 

~ n-11 93. 

Scheme 6.2 
) 

Thi. compound was purified ~"vacuum disti11ation1 b.p. 

ge-100·C/O.1 torr. Prom INEPT 29Si nmr ana1ysis (in decoup-

1in9 mode), it d1splays two 29S1 singlets of equal intensity 

(6 - 1.9 ppm and ô :II -8.1 ppm), charac?eristic of allylic 

and vinylic silicon, respectively. 

123 , Our attempts to use P- ion (Bu~NP/TRP or C.P/DMSO/-~· 

~P) to s.lectively cleave one s11yl group to ob~ain either 

.. 
pli OUl::Z '4dUC4.!, FI ~'._>j "11jj3" - ï > fï;( 7 • IQ> tljlL Illl. ,", 
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n-IIuLi .. Me3SI~SI"3 
THF-TMEDA 

• 

103 

vinyl.ilan. 'or allyl.ilane unfortunately failed, giving a 

co..,1 •• mixture of de.ilyiated product •. 

• 
{ . 1 ~ 
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VI~RGANiC SYN'l'BE9IS. 

ELECTROPHILIC SUBSTITUTION 

1 - Introduction 
~ 

Vinylsilanes are relatively stable compounda. They 

are quite resistant to nucleophilic cleavage of the silyl 

d ti diti Fluoride ion124 is so group un er many reac on con ons. 

~ar t~e most convenient ,:eagent common1y used for desilyla-
.... 

tion, a8 il1u8tratèd by the conversion of 113 into 114. -. 

Et4MF /MeeN 
Il 

IO·C,2h. 

ill. 114 -

'rh.ir relative stability to ndld acid conditions has 

~.n ezploited advantageously to a~parate alkylvinylsilanes 

(y.products) trom allylsilanes as report~d in the last 

chapter. 

125 126 Organometallic carbon , nitrogen , and phosph9-

rua 127 nucleophi138 react with viny18ilanos, not at the 

. ailicon, but by addi.tion to the C-C double bond. 

. ", 
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t-BuLi/TMBDA 
, M, 

pentane 

1 

" 

The vinyl.silanea can be readily epoxidized. The 

derived ~.II-epoxY8ilane8 ean serve as vinyl cation equiva-
1.28 ': 

lents , particularly for the stereospecific preparation of 

héteroatom substituted olefinsl29 • For example, the epoxide 

11S prepared from isobutenyl trimethylsilane by t r e atm e n t -
witll m-ehloroperbenzoic acid, reacta with di-n-butyl cuprate 

to give the ~-hydroxyalkylsilane ~ in a regio- and stereo­

.pecifie manf'ler. :,:"1'hia silyl alcohol .!..!2. undergoea faci le 

p-elimination to the correeponding olefin 117. On the other ~ 

hand, compound l~~ can react with HBr in ether to give the 

CI\bromo-~-hydroxysilane 118 which is then eonverted to viny!. 

bromide .ill by treatment with BF 3 _Et 20. 

,/ 

- , 
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-"'« BaazCuLI .. M~Sp( KH)/THF ... IC=< 
115 116 117 - - --.-

.. 

HBr/Etp 

118 - ill 

The œ, ,s-epoxyailanes can a1so he converted into earbo-

nyl Compound. a1.1owing vinylsi1anes to serve as a latent 

b 1 i i th i 100, 130 car ony group n organ c syn es s . . Convers ion of 

compound 120 into (R)-( + )-frontalin demonstrates the utility 

of CI, t3-epoxysilanes in the syntheaia of natural products •. 

2 - E1ectrophilic Substitution 

E1ectrophil.~ substitution of vinylsilanes has attrac­

ted IIIUch attention during the- last few years. They aJ;. 

)(nown to undergo protode.ilylationl31 , 132, aCYlati~n133 and 

. , - .... 

.. 
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IF3·Et,O 

• 

1.20 -

CR) - (+) -Fronta1in • 

.. 
halod •• ilylation in a atereocontro11ed manner. The overall 

~ 

ate"eochemical. re.,ult of the electrophil.ic substitution 

reaction depends on the e~.otrophl1" a, we~1 as 'fn 

tion conditions. ? 
tlte reac-

2.1 Protodeli1ylation 
'1 

"-with a proton 4S the electrophi1e, retention'40f confi-

guration c;>ccurs in IlIOst cases. He 1. , BBr, HI Ibenzen~ , or 

z2/water, 020 systems are commonly used. p-Toluenseulfenic 

acid is recolIIIMndeè1 when the molecule contains an acid-sen-

, 
'-- -

....... - 6 __ --____ _ 
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sitive functional group, but the reaction appeara to be 

non-8tereoepecifie. 

The following mechanistic pathway has been proposed to 

account for auch a retention of configuration. As a proton 

i8 added to the double bond to generate tho cation 127, the 

central carbon-carbon bond would rotate by the shortest path 

to atabilize the ~-si.}.yl carbonium ion, followed with nucle­
~ 

ophilic attack on si1icon to form the doub1e bond (Scheme 

7.1) • 

2.2 A~lation 
1 

The sam. mechanism coult! be u8ed to argue for the 

retention of configuration observed in the Friede1-Crafts 

() acy1ation of vinylai11t.ne8133t!'o give (1, ~-uD.aturated carbonyl 

compound •• 

V 

M~3 AcCII AICia. 
H3~ 

• .llQ 
a:: cl 

l' • 
.. 

1 Il 

.. 

CJ 
l 

.. 
..... ~ l- a: .; il < -- SI sa <.-c s ua . .. ..... 
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R 

126 -

128 -1----. 

'-- , 
Sc:beme 7.1 

- Bowever, the internaI acylation ot 132 and 135 to form - -• 
c:yc:lopent.enone compounds 133 and ill occurs with inversion 

1 l , • 

.. 

134 ' of configurat.ion at. the doubl.e bond • ,~ 

a Aleo, there are some exceptions to the ob.erved regio-

.el.ectivity, eepeciall.y when the vinyl.ilane compound con- '") 

" --~-~_*-,,~, •• r~;a ..... ~.ea ......... ~ ..... _~(y~~. -~----~----~-=_-
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133 -

"-. 
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tains an additional group which better stabilizes the carbo­

nium. ion. Thus the reg iochemistry ls determined by the 

32 extra-functional group • 

• 05
3 

! 
AcCI/Alè' 3 .. 

" 

1.37 1.38 --
• 

"\~.~ , 

2/3 Halogens as electro2hiles 

In general, alkenyls ilane .ill of defined stereochemis­

try undergoes anti-addition of bromine or chlorine to forni-a 

threo or erythro 1,2-dihalogenated compound which in contact 

with the nucleophile would eliminate in anti 
, 

fashion to give 

the corresponding vinylhalide with overall inversion of 

configuration at the double bond l35 (Schemo 7.2). 

The intermedia te 140 i8 relatively stable and could be 

isolated, or used in a straightforward manner without puri-

J fication. Sod ium me thoxide in methanol, or alumina in pen-

tane or RF. 2H 20 in DMSO, are often used for the subsequent 

halodesilylation proce~q ta afford the expected vinylhalides 

in excellent yield. 

The tabu lated resul t s (Table 7. l) pro v ided by Miller 

( cl~arly indicate that the alkylsubstituent (R-) may have an 
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Table 7.1 

x 3 

142 • • -71°C -f 11. )(2/CH2C1Z R-CH=CHX • 
~ a. NaOMe 1 M.oH 

141 

X 3 

-
143 • -

Viny1si1ane R X , iso1ated yie.d 141 
(" GLC yie1d) ( cia/tran.) 

142a n-Bu- Cl 68 (85) 2:98 
Br 84 (96) 5:95 

142b cyc1ohexyl- Cl 91 1199 
Br 98 1:99 

142c t-Bu- Cl (91)8. 9218 
Br 70 (96)8. 9911 

1424 Ph- Cl 58 <90110 
Br 94 96.4 

143a n-Bu- Cl 66 (85) 99.1 
Br 86 (100) 98.2 

l43b cyclohexyl- Cl ~~ 95.5 
Br 99,1 

l43c t-Bu- Cl (82) 9911 
Br 31 (58) 87.13 

143d Ph- Cl 66 8,92 
Br 99 1199 

f 

* ( )a KF.2H 2 0/OMSO wae uaed as the method of elimination. 

" 
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" . ~ortant effect on the yield and the stertorochemistry out-

ecmae of the ha~ode8i1ylation reaction. 

R • x-
R 

·140 -126 - 139 -

R 

141 -
x = ~r, CI • .. 

Scheme 7.2 

With 2-Il-alky1vinylsi~ane8, such inversion of configu­

rat:.J.on la observed (Table 7.1). p-Sily1styrenes are special 

F S 

,-;v.::":,:::1,:,!:-:.-:-:".':"". -----,.;:-..... ..,.., 4I'11li!l'*' .... ,,..,.-'!! ,,...... -~ -~ .. t,.... • ." • • :11112 .......... 1 .. ' ..... --C ........ --III!@II!I.Z,....·-----"-.. __ .. '" 

1 ~ 
.< 

1 

, 
\ 

1 

1 
( 



".II1M.U.' dU. 

1 

" .. 

( , 

-Er)-
, . 

casee. They gi v, retention of stereoc::hemiatry even though 
:J 

the reac::tion talc .. place by the' addition-elimination pro­

ces.. It ia established that in this particular si. tuation, 

ayn-addi tion of bromine or ehlorine oceurs followed by anti-

eU.Jllination136 (Scheme 7.3). ""-_/-
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The phenyl group atabi l.ize. tHe open ~-carboni um ion 

and the bromide ion add. in an anti fa.hion to the eilyl. 

group, presumably for sterie rea.ons, to give the syn-di~a­

lide cornpounds. 

The reaction of vinY181.uln •• vith 1.odine exhibi ta some 

anoma1ies. Retention~,~-.t.r.OCh~.try has been observed 
\ 1 

in a number of 1.nota::z. 'l'h~ _cbànism proposed for the 
atereoch ,stry was the lame l\S the protodeai-ratant ion of 

lylation reacÙon (Scheme 7.1 ). The difference with respect 

to broma- or chlorodeail.ylation ia that the iodide counter-

ion has less abil..ity to open the bridged .iodonium intermedi-

ate due to i ta size. Hence, the ~-carboni.um., ~ompound forma-
I 

tion would reauit in yielding straightforward viny1.iodide 

with retention of configuration. For example, l, 2-disubsti­

tutad alkenylsi lane l.!1 was conve rted into vinYliodide137 

ill in 60. yield under iodine treatment in CH'2C12 at room 

teq>erature. 

1.4" -r 
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Bowever, when a' ailllilar iododeallyl.ation 'reaction waa 

».rformed vith ladine in the presenoe of silver trifl.uoro­

a·eat.a~03 in dichloromethane, the vinyliodide ~ was 

obtaln.~wi t:-h inversion of configuration. 

OK la ICF3 COZAa .. 
CHzCI2 

142à 
6 ,', 146 -

.. 
DMSO 

147 -

Ber., the tr1fluoroaeetate count:erion acte aa the 
( 

Duel.ophile vith respect ta the bridged iodonium i~:)n to 9ive 

the trans-addition cOlrpound ~ which of course would e1imi­

Date by the usua1 anti manner. 

unfort l lDately, the low yield of the adduct 146 an~ the 

uae of an expensive silver reagent may affect the uBefulness' 

of thi. approach in organic .ynthesis. To ove reOlDe thi. 

• 
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1 
situat:.l.on, Miller recently employed iOOin. monocbl~rlde138 _" 

• 

, e. the J:'ttagent. 'rhe reaction la run in càrbon tetrachloride 

et 'O·C to quantitatively afford the dihalide i48. The sub­

sequent fluoride induced elimination gave mainly the vinyl-

iodide, with inversion of configuration at the double bond. 

CI 

~ ~, 
./' 

F-
~ 

1 51M.3 

148 !!2. 
'" 

<, 

ICI 

1 .. 3 -
~ 

• 'R~ 
CI 

~51 

,. 

) ~ 

• 

I:t is a 180 interesting to se. that ,.Jlieon directs ~e 

iadin. addition ta the œ-position lIelectively in the diba-

1i4e 148 formatipn and the Isomerie compound ill Ü, obt.ained 

in very low yield. 
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3 - Reaulta and Discussion 

~ With this 1iterature precedence, it 8eems reasonable 

to expect that E-vinyJ.silanes can be converted stereoselec-

tively to either Z- or E-vinyliodi.dea depending on the rea-

gents used. Wo thuG o:taminod theoc roactiono. Tho E-vinyl-

, a!lanes prepa,rcd in Chaptor VI hava bcon trcatod oucces-

aively with ladino monochlorido and KF~ 2H20 to provido Z-

vinyliodidoa aol.ectivcly (Tabla 7.2). In all enoos, the 

E-isomer :La 10130: than 2% base on Ge anal.yoiB. It io note-

w9rthy that the tetrahydropyranyJ. other group once again 

survives the ICI troatrnent. lt has boon pOlloib1.e to iaolate 

the dihalide intermedi.a;t.e for the purpose of la nrnr charac-

teri zation. For exarnple, E-l-trimethylailyl tridecane ~ 

was allO\t1ed to react with 1.1 equivalenta of iodine mono-

chloride i.n carbon tetrach10ride at o·e for 5 to 10 min. 

The reaction mixture was quenched with 10% Na 2 S 20 3• The la 

nmr of the crude mixture showed i t to be the dihalogenated 

intermediate 148. - After subsequent trcatment with KF.2H 2 0 

in ,DMSO, the vinyliodidc was obtained, as ovidencod by the 

appearance of the vinyl. protons at ô liS 6. 2 ppm (2 Hl. Also, 

the mase spectrum (El) ahO'W'ed a parent ion at mie .. 336 

(11.5%). 

It is quite clear from the results in Table 7.2 that 

in a11 caties, B-vinylsilane vas convertad by ICI followed by 

.. 
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Table 7.2 

Stereo8èl.eètive iododesilylation of E-vi.nylsil.anes i.n 
ICl. /KF conditions 

~IMe3 1. ICI 1 CC'4 • ~ 2· KF.2H2O 
1 

46 " 1.50 - " -
Bntry B-vinylailanea (R-) Zsolated , yield of 150 -

1 CH (CH) - 84 lS0a 
2 ca 3 (CU2) l!. ·B6 150b 
3 œ 3(CH 2)7 _ 81 lSOc 
4 (CH~) ta1 (cH 2) At- 85 150d 
5 TH 0 CH 2)6- 84 150e 
6 . THPO (CH 2) 7- 86 ISOf 

U.2H2 0 ta give Z-vinyli.odide with a high degree of i.nver­

sion of stereocherrdstry. 

On the other hand, the electraphi1ic substitution 

reaction of vinyl.silanea with iodine is expected to give 

retention of configuration according to 1itoratura prece-
... 

dance. It wao therefore a surprise that wc did not obtaln 

ratenl:.i.on of otereochemistry at the double bond when li.near 

ClU-2-alkylvinylsi1anes were treated with iodine in dichlo-

romethane at room temperature. Inversion of stereochemistry 

.... 
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va. oblerved and the final product obtained in 30-401 yield 

va. identified a8 being the Z-vinyliodide. Even though the 

i04ine \rias resublimed and the starting compound and solvent 

were perfectly dry, no oignificnnt change in stcreochemistry 

was oboerved. 

To ûccount for tho d.i fferont atoroochcmicnl outcome 

than the previouD aimilar \'fork from our laboratory (compound 

ill.,), one pOllsibility io that 1,2-dioubotitutcd vinylsilane 

wae usod in our previous atudy. It la possible that the , 
lubstituents on the vinylsilane moiety may influence the 

course and the stereochemistry of the iododesilylation 

reaction. 

To argue for the inversion of configuration observed ... 

nCM, we be1ieve that the iodine in fa ct adde to the double 

bond in the usuai anti manner fol1owed by trans elimination 

as do CI 2 and Br 2 (Scherne 7.2). Such an addition ia possi­

ble for terminal vinylsilaneo becauBo the steric hindrance 

to addition ia 1e06. 

Attempto to iao1ate the dHodo interrnediate were ,hCM-

ever, unaucceosful. If ouch a mechaniom ie correct, one way 

,to circumvent the anti-nddi. tion would be ta decrease the 

abi li ty of the iodide counterion to open the iodonium ring_ 

In practice, we found that when the iododesilylation reac­

tion wae performed with iodine in the presence of various 

Lewis acj.ds such as a1uminum chloride, tin chioride or anti-

• 

• 
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mony pentach1oride, the vinyliodide was obtained in good 

y!el.d and mainly with retention of configuration at the 

double bond (Tabla 7.3). The optimum conditions to obtain a 

high ratio 'Of E/Z ioomera arc found to requirc 2 aqui valents 

of Lewis acid ùnd -78 Oc for the roaction temperaturc. 

The yield and the ratio of E/Z iGornora "lore dctermined 

by Ge analyoio. AlGO, both otoreoiaomera are clenrly dis-

tinguishablo by la nmr; the cia viny1ic protono appcar ae a 

einglet at ô == 6.1 ppm., On the othor hand, the vinylic 

protons in the trana atructure have different Chemi~al 
Ihifts at 0 III 5.93 (dt, J l - 14.3 Hz, J 2 "" 1.4 Hz, 1 HA) and 

6 - 6.43 (dt resolved as quintet, J l • 14.3 Hz, J 2 - 7.1 Hz. 

1 Ba)' 
It ia also interesting to note that the E/Z ratio 

cou1d be varied with"the ampunt of Lewis acid added. Con-

c.ptually, this may be a oonvenient rnethod to quantitatively 

prepare, in a one pot reaction, a specifie blend of E- and 

Z-vinyliodidea. For example, the functionalized a1kylvinyl­

silane 1I2k was troated with iodine in dichioromethane at 

o·C in the presence of aluminum chloride or tin chloride. 

"l'he results are plott .. d in graph land graph 2, reBpee­

tivel.y. 
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Table 7.3 

; 
Stereoaelectivity in iododeailylation of B-vinylailanea vith iadine in the presence 

of Lewis acids 

~"3 Iz/Lewls Icid .,~ 

,,(.1 152 
, '-, 

J 
Entry E-vinylsi lanJ Lewis 4acids Reaction Condition Yield E/z ratio 

(R-) (1) 

1 œ 3 (CH 2 )12- SnC1 .. 2 equiv. -78·C 95 18z1 152a -
2 CH 3 (CH 2 ) 12- Snel,. 1.1 equiv. -7S·C 9S 14:1 

3 œ 3(CH 2 ) 12- Alel, 1~1 equiv. O·C 82 4z1 

4- AcO(CB 2 ) 10- A1Cl 3 1.1 equiv. r.t. 82 4:1 152b -
5 AcO( CH 2 ) U- SnCl .. 2.0 equiv. -7S·C·. 92 1311 l52e 

\ -
6 AcO(CB 2 ) 11- SnCl .. 1.1 equiv. -7S·C 90 8:1 
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4 - C:oncl.uaion 

As dernonstrated tbrougbout tbis chapt~" èlectroPl1ilic 

substitution of vinylsilanes witb halogen could be used 

efficiently to provide vinylhal.ides in a stereocontrol1ed 

manner. Either the Z- or the E-vinyliodides have been.".pre-

pared fram the sarne precursor. 

ICl/KF 

.. 

More interestingly, the ioàodesilylation reaction in 

the presence of Lewis acid could be cbntrolled to produce a 

specifie mi~ture of E- and Z-isomers in a one pot reaction. 

Vinyl halides have recently found extensive appliea-
, 

tion in the atereosolcctive oynthesis of biologically impor-

tant MOlecules auch as insect sex pheromones containinq one 

or two conjuqated double bonds. It thuG 8eems interesting 

, t tô explore the possibility of u~ing the silicon methodology 
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for the .t.r.ocontro1~èd synthe.ta of th... in •• ct s.x phe-

rOlQOn ••• 
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CUA.PTER VIX 1: 

SYNTBBSIS Op, SOME INSECT SIX PHBROMORBS 

1 - Introduction " 

During the past two dccades" it has gradua11y become 

clear that many behaviours,. o.g.,. motamorphosis) aggrega­

tion, and matlng of inaecto are al1 regulatad by chemica1 

substances known aa inaect hormoneo and pheroznones. Phero-

mones are chomicala released by an indi vldual and receiveql 

by anothor individual of the oame spociea ta induco opecific 

behavioral rooponoos or physiological changes. Sex phero­

mones especia11y are released" by female insecte to attract 

males for the purpose of mating. Most of these bialoglcally 

active compo~nds have been isolated and identified oven 

though their bi9genetic origin la 

far. 

not well understood sO 

Recent investigations conducted by Bjostad and Roe-

139 . 
lofs 8u9gest that Many moth sex pheromones are produced 

.çl 

frOID fatty acid precursors. For examp~e, the autht;>rs provi­

ded evidence to show that (Z)-7-dodeceny1. acetate, an active 

component of Tricoplusia m. sex pheromone, ia derived from a 

lipidic aource. The hexadecanoate, produced by fatty acid 

synthetaaes, rnay undergo specifie desaturation and succes-

sive chain shortening, reduction and acetylatian (Schem~ 

8.1) • ~ 

t The possibi.lity that insect pheromones are related to 

diet has recently been a BUbject, of controversy. The idea 

4 q .. i"_ .. ;; 
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that sex pheromone cbmponents would vary wi th di etary fac-

tora and consequent1y induce an evol.utionary mecbanism for 

diversificati.on of certain opecies of insecte has not been 

universally accopted140,141 

Hexadecanoatc (Z)-ll-desaturase.. Z-(ll )-hexû.dcccnoate 

chain shortening , ~ 

Z-7-dodecenoate 

Z-9-tetradecenoate 

1) reduction ~ 
2) acetylation 

Scheme 8.1 

2 - Synthetic Approachea 

chain ohortenin9 

Z-7-dodeceny1 acetate. 

Many insect sex pheromones have general structure 153, 

where X is an oxygen functiona1 group. For Borne 1epidopte­

roua pheromones, the offectiv~ attractant is often a precise 

miltture of the Z- and E-isomers of the double bond. 

~53 

There are a number of methods for the 8ynthe8ia of 

th1s type of compound142,143. The Wittig reaction Whiot haB 

- 'pu; x Ji" 4'*"1'1 ... ' f ft b U$ u. t4t;l1t + \J 
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beej us.d extensively in this 

the iZ-olefin selectively144-149 

+ 

R +, 
-lCHaPPhaX-

1 

R'CHO 

Na N(SlMe;s)2 • 
THF -78'C 

ft'CHO 

. -7al e 

#. 

area. uaually 9i("e8 ria. to 

~I (85-90t,Z) 

(Salt , .... ) 

R~, (Z::s-g~:2) • 

'rh. ot.her method of choice is ta proceed by alkylation 

~e acetylenic compound followed by reduction. 
1 

This 

rou~e offere the advantage that either the Z- or E-isomers 

ean l, obtained atereoaelectively. 

We want to demonstrat~ that a synthetic methodology 

baaed on organosili.con compounds can be developed for the 

e:ffect.ive synthesis of these compounds. 

.., 
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M.(CHa)nCIICH , .• n-BuLi / Hlx. TH,' Me(CH2)JiC-C-{CH21mOTHP 

2. CI(CH2)m-OtHP /HMPA 

Ref .150,151 

or P.;.2 NI 
R~ 

R' 

( ) 

,. 

R-CSC-R' Na/NHa R~R' 

Ref.lSO ,158. 
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3 - Syntheeis of Z-9-Tr1cosene (Huscalurè) 

The first isolation and identification159 of the house 

fly (Musce domestica)sex pheromone,Z-9- tricosene,was 

reported in 1971e This compound la commorcially unod to 

increasa the effectivenoss of fly bait containing innecti-
\ 

cides. The initial synthesis of Z-9-tricoûene (muscalure) 

was achievcd via a Wi tt~g condonsa tion reaction of tr iphe-

nylphosphanium tetradecylido 12! with I-nonanal in dimethyl­

sulfoxide to g1ve both E and Z oeometrical isomers in a 

ratio of 85:15 respective1y • 

154 

'--
» 

\ 

\ng ôy 

155 ( Z:E-85:15 ) 

Purther modification l46 of this reaction 

potassium in HMPA as the base ta generate the ylide 

increased the ZjE ratio to 94: 6. Unfortunately the musca-

1ure was obtained in only 32% yield. 
(' 
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Prom another approach, aemihydroqenation of the acety­

lenie preeursor 156 by using Lindlar-Pd eatalyet gave 155 in - -
160 

a etereospeeifie manner 

1. n-auLl / dlglyme 

• 

~ 

155 

Bowever/ the synthetic routes utilizinq copper (II) 

eatalyzed coupling of erucyl 158 or oleyl mesylates l61 159 

with appropriate Grignard reagenta were found convanient for 

production-scale preparation of 155 in the pure Z-ioomeric 

forme 

Even though the natural pheromone hao Z geornetry at 

the double bond, no masking wao ooserved when the Z- and 

159 B-isomers werc mixed at ratios up ta 1:3 respectively • 

By uoing the silicon controlled route described in 

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

When the vinylsilane 46b was reacted with IC1/KF, the Z-

l ~ '--- ----- -...... ..,.,_4.....-__ .... ,"" •• .,,,sp __ .,...,. ............. ...., .. i .... ~ .. ...,w ... ,4.....,1BPP ... _d,._.,. ... r ........ __ .. gll.!_1le;vlill""";~---------- --
~ -. 
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L 

MeMpCI 155 -

• 

155 -

vinyliodide l50a' vas obtained in 84% yield. A number of 

methoda are avallable ~o couple vinyl halides wlth organome-
, 162-174 

taIlle reagents to give a~kenes • 

We found that when the oct yI coppe(} rengent prepared 

tram octylmagnesium bromide and lithium coppor chloride173 

vas a110wed to react with ~I the coupled product Z-9-tri­

cosene was obtained quantitativeIy. Equally effoctive was 

166 the coupling of ~ with oct yI zinc chloride in the 

175 presence of (Ph3P)~Pd(O) as catalyst. The palladium (O) 

catalyst could bc genèrated in situ from Ph 2PdC1 2 treatment 

vith i-Bu AlH165
• 2 

The coupling roaction gave a high yield () 96%) of 

Z-9-tricosene baaed on Ge analysis. Compound ill. was 

«: obtained in 81' yield after fraetional distillation. It was 

I __________________________ ~------------------------- -----
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-.. 
not po •• ible for us to detect the minor E-iaomer either by 

Ge, lH nmr or 13C ntnr. However. when an aliquot of ill was 

treated with MCPBA in dichloromethane, the correaponding 

epoxide was obtained. Tho cia and trano mothine protons in 

the epoxide are clanrly diotinguiohablo by IR nmr, ô - 2.89 

ppm (~ethineG cia, 96%) and ô .,. 2. 59 ppm (methinoll trane, 

4'). This transformation allowad ua to ootablioh the ratio 

o~ Z- and E-iGomoro in 155 to ho 96:4 roapoctively. 

To vnrify tl1io mothod of ovnluation, the trnno iaomer 

of 9-tricoaono 160 wno prcparod aaloctivoly from the E-

viny1iodido l52a (RiZ m 4:1) (Scheme 8.2). Tho olefin wae 

converted to the corrcoponding epoxide. Tho chemical shift. 

of cio and trans methine protons arc idcntical in bath expe-

riments. It ia possible that the slig~t deviation in the 

z/E ratio (96:4) of the coup1ed product ~ with respect to 

the viny1.iodide z/E ratio () 98: 2) may be due to the minor 

se1.f coupling side reaction of l50a. 

However, the oter:eochemical purity of the Z-9-trico­

sene.prepared by the silicon controlled route ia higher than 

that obtainod from the uaual Wittig reactiQn. Furthermore, 

ehe final product 155 could be obtained in up to 54% overall 

yield from the starting compound l-bromododecane. 

1 
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150& -

n-c,H'rznCL 
Pd(o) 

155 -

n.C1ZH~SlMe3 

46b -

152a 

] 

~ 

n-C,HllZnCI. n-C12Hzl~.H17 
Pd(o) 

li 

&. ICl/KP 

b. 12 / AlC13 

Schem. 8.2 

4 - Synthe.la of Diapar1ure 

The gypay moth Porthetria diapar (L) ia a serioua 

de.poiler of forest and, shade trees in the northeastern 

United States and in Europe. The sex pheromone emitted by 

the female has becn identified to bo cis-7,8-epoxy-2-

176 methyloctadecane 163 Experiments with both synthetic 

t enantiomers indicate that the cis-(+)-isomer «7R,8S)-(+)­

diaparlure) is the natural sex attractant. The cis-(-)-iso-

.-- - 0 ai; WS= • Ut 1$4 i il" $ 
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mer shows only very weak or no activity. Fu rthermore , bath 

trans enantiomers of disparlure are essential1y inactive. 

There ia sorne evidence ta suggest tha~ the fema1e gypsy math 

may use the olefinic precursor Z-2-methyl-7-octadecene 162 

to produco the pheromone by a specifie epoxidation176 . Sur-. 
prisingly, this intermediato 162 waa found to inhibit male 

<attraction to the pheromone. Even though tho active compo­

nent of thio nex attractant io tho cia-(+)-i~omer# mixtures 
/ 

of ioom9ric compounds containing various amounta of trans 

epoxide also exhibit appropriate bio1ogica1 activities under 

field test 177. 

A number of synthetic approachee arA reported to pro-

vide the pheromone as racemate, a mixture of cie and trans 

isomera, or ao a pure cis-(+)-enantiomer. 

176 In the first syntheeis of diapar1ure , the authora 

employed a Wittlg reaction to produce the olefinic interme-

diate 162 as a mixture of bath Z and E geornetrical isomers 

"' in a ratio of 85:15 respectively (Scheme 8.3). 

The stereoselectivity of the olefination reaction 

could bo improved to Z/E ) 98/2 by employing sodium bis(tri­

methy1silYl)amide178 as the base in the ylid formation. 

The firot synthosis of optically active disparlure 

. 179 from L(+) glutamic acid, reported by Marumo wùs not ste-

reoselective and required separation, purification by TLC, 

and repeated recrystallization of diastereomeric reaction 
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161 - 162 -
r 

MCPBA 

163 

Scheme 8.3 

• 
producta. Two yeara later, Mori publiehed a atereoe.lective 

1 

~ynthe8ia180 of cis{+) disparlure starting from L-(+)-tartaric 

acid ( 1,64 ) • 

The (2S, 3S) threo configuration in 164 la appropriate 

for the apoxy ring formation. The ma jor problems in this 
1 

aynthesis werc discrimination of the two hydroxy groups ",nd 

carbon chain olongation. Compound ~ was convertcd into 

toaylate 165 and treated ".,.ith i-Am2CuLi in ether to give the , 
dimethoxy ester 166 in 65% yield. Demethy1ation of 166 wi th 

.,,; A au • 4fELLi 
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an excess of Bel! cin CH 2C1 2 gave the hydroxylactone 167 and 

the discriminated y-hydroxyl group was protected to the 

corresponding tetrahydropyranyl ether. Reduction of lactone 

ill, followed with carbon chain o1ongatian via a Wittig reac­

tion lad to compound 170 which was then converted to cis­

(+)-7,8-epoxy-2-methyloctadecane 163 by known reactions 
1 

(Scheme 8.4). 

On the other hand, the cis-(-)-isomer of disparlure 

has been propared stereoselectivo1y by a similar approach, 

when n-octyl cuprate was uaQd~n the firot carbon chain 

180 elongation stop as described in the original papor . 

A couple of years aga, our labo rat ory wnn involved in 

the stereaselectivo synthesis of olefins, uaing organoeili­

con compounds as starting materia19. Twice alroady, th-e 
C----177 qypsy moth sex pheromone has been synthesized via the 

olefinic intermediate 162. For oxample, the a,-silyl carba-

nion 174 generated from the reaction of triphenyl vinylsilane 

ill vith 4-methy1-pentyI1ithium !.Z.! reacts with undecanol to 

qive 162 as a mixture of both geometrical ieomors (Z:E -

lai). Epoxidation of ~ using m-chloroporbenzoic acid gave 
\ 

the corresponding epoxide 163 in quantitative yiold. The 

final compound was found to bo a 1: 1 mixture of cis and 

trans isomers (Scheme 8.5). 

The second synthesie wae stereoselective. Reaction of 

82 the a-vinyleilyl carbanion , discuesed in Chapter IV, was 

li ai 1 tll 
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)Ph. )yvl TMEDA • 
F 

iPh3 
. 

+ 

LI 
172 173 -

lli 

1 
MeCCH2),CHO '1 Et,O 

MCP8A 

~CH.J.M. ill .. 
'"> 

- ....... -..;;.-' ,. 
"!""- " -

(Z :B-1:1) • 

162 (50') -
Scheme 8.5 

u.ed to provide the E-vinylsi1ane 177 'in good yie1d and in a 

.tereosalecti ve manner. The reaction of undecanol wi th 

cx-trimethylsi1yl vinyllithium afforded the a1cohol 175a (R .. 

H) which was aç~tylatod into 175b. 

Reaction of' ~ wi th organocopper roagent 176 gave 

the vinylsilanc 177 sterconelcctively (E:Z = 87:13). '~y 

protodesilylation of ll.2 with HI (57%) in CH 2C1 2 tho olefin \ 

ill was obtained quantitatively and opoxidized to givo the 

gypsy moth pheromone 163. Both cis and trans isomors were 

obtalned in a ratio of 87::13 respective1y. 

The recent development ln a1kylvinylsi1ane chemistry 

reported !n this thesis has been applied to the synthesis of 
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t'Me3 

+ LI~ 

171' -

Scheme 8.6 

... 

(82') • 

MCPIA 

~CH2).M. 
SIMel 

175a R-a -
175b R- Ac -

163 -

Inter.stinqly, the stereochemical purity of the 

final product ~ was improved when conpared to both prece­

dent synthesis where silicon compound precursors were used. 

We obtained the cis and trans epoxides in a ratio of 94: 6 

respectively. The vinylsilane 469 was reacted with ICl/KF 

.' $ _lA #.:C" • '~\U',J""'" 1 ••• "LU 4. .21 k4 E 

j 
f 

1 .' 

. . 
i ,. 

" . ~) i 

, 

J . 



~"!'\I;1'i1i , 444 ...... t::;.'3. 

) 

.. 

" 7" 

163 - .. 

-107a-

-:' __ ~IC_I ___ .. l ":.. f 
2.KF ~ 

( 

MCPBA 
.. 

1S0d -

1 Pd(o) 

~H2"CH3 

162 -

)Ji 1 ,. Q "111'. """'\. • ...... JIe fh 4 ,,:;.,,*, •• b U n \ 1 1 



, 

li 

.... 

r an '. c. 

- 108-

to, give Z-viny1iodide l50d in 83% yieid. Coupling of l50d 

vith n-C lOH21 ZnCI in the presence of (Ph 3P) .. Pd gave the olefin 

Z-2-methyl-7-octadecene ~ in 90% yield which was treated with 

m-chloroperbenzoic acid in dichloromethano to the gypoy moth 

.ex pheromone ill. The methine protons on the epoxide ring 

appear respectively at 6 la 2.8 ppm (cis, 94%) and at 6 la 2.6 

ppm (trans, 6%). 

5 - Synthesi. of Z-8-Dodecen-l-yl Acetate (183) and Z-7-

Dodecen-l-yl Acetate (186) 

The oriental fruit math (Grapholi ta molesta) sex phere-

mone'has been identified to be Z-8-dodecen-l-yl acetatel81 
. -

(ill.). The re1ated geometrica1 and positional isomera of 183 

mixed with the synthetic pheromone exhibit male inhibition by -

greatly reducing the attractiveness of the acetate 183 in field 

tests. On the other hand, closely related pest insects G. 

prunivora, and G. packardi were attract~to the cis and trans-

8-dodeceny1 acetates, respectively. 

In many cases, the acety1enic precursor prepared from 

various sources was reduced stereoselectively with Pd, Pd-

CaC0 3 , P-2 Ni or (Sia)2BH to the corresponding alkene up to 98% 

ci8182-184. MorilB4 For example, employed a cyclic compound in 

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

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

• 1 
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ane-l,3-dione 179 was alkylated with I-bromo-2-hexyne 178 to 

give a crystalline compound ~ which was subsequently cleaved 

with alkali into the acid 181. Reduction of ~ using LiAIH~ 

followed by semi~ydrogenation over P-2 Ni gave the alcohol !!! 
which was thon acetylated to afford the inaect sex pherçmone 

!!! in 14% overall yield from cyclohexano-l,3-dione. 

The "oi1icon control1ed ft \ methodology han boen applied 
(;J 

to the synthosia of w-oxy-functionalized al:konea auch 8S !!!! 

and 186 (Scheme 8.8). 
~ - Tho vinylailane 46h (n = 6) waa iodo-

de.i1y1ated by ICl/KF to givo ~ without cloavage of the 

tetrahydropyranyl .protocting group. Coup1ing of the vinyl-

iodièle 1500 vith C3H7ZnCl using (Ph 3P) 4Pd cata1yat gave the 

a1kene 184 in 88% yield after purification by chromatography. 

Compound 184 was converted into li by reaction with acetyl 

ch10ride in acetic acid. The ratio of Z- and E-isomers in 183 -
vas 96:4 respectively. 

By the same approach described in Scheme 8.8, the cabbage 

100per (Trichoplusia m.) Bex pheromone Z-7-dodecen-I-yl acetate 

186 was prepared in S7~\overal1 yield from the vinylsilane 46h. 

The ratio of Z- and E-isomers vas determined'by.Ge to be 92/8 

respect.i.,vely. 
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179 /) -
.. 

KOH . .. 

... 

KOH.. Me(CHa)cC.C-(CHa).C0
2
H 

NaH4 

181 -

"' (- 4 
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46h n-S -

• 
183 n-6 , m-2. 

il! n-S ,m-3. 

, 

-UI -

scbeÎle 8.8 

, / 

-' 

eH.I~H,)mznCI 
Pd! 0) 

!!!.. n-6,m-2. 

185 n-S,m-3. -

6 - Syntheds of E-ll-Hexadecen-l-yl Acetate (189), E-1I-­

Tatradecen-l-yl Acetate (193) and E-ll-Tetradecenal 

(194) 

E-II-Hexadecen-l-yl acetate ~ i8 the sax pheromone 

emitted by the female' 8weet potato leaf- folder moth (Brach­
''''''';;; 

mia macroscopa). Xt has been prepared from the Z-isomer 181 
',.,. .r 

• 
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185 by inveraion of the double bond geometry • Z-ll-Bexade-

cen-l-yl acetate 187 was readily prepared by the conventio-

186 nal Wi ttig roaction • It W<lS epoxidized by m-chloroper-

benzoic <lcid. Compound 188 W<:lS thon troll. ~od wi th triphony1-

phosphino dibromidc ta g1vo the corrooponding dibromo deri-

vative which undorgooo trano dohnlogonati.on in il r.I"Jaction 

with Zn/OMSO. Tho E-ll-hoxadocen-l-yl ncotû.to 189 was 

obtained in 96% yiold (Scht:!mo a .. 9). 

It io known thnt tho n~x: p"h~romor.<c: 109 and :::-olated 

c:ompoundo 193 or 194 cculd b~ pro·"idod by the, 1lc~':.ylonic 

187 188 routes ' • an ::lontionod cû.rli~r in t:-'in c:1nptor& IIow-

.ver, othor ,"lppronchoo could bt} u~cd to proc1uc~ tht: trans 

olefin in fi otoroo~olocti VI:! manner. For 41xample, rüductive 

139 elimin.ntion of n.llylic phoophonato 191 <l f ford od the -
trans-ll-totradocenal in 73% yiold an 3hO"""'1 in Scheme 0.10. 

'rhie compound œ could be ncotylated or oxidizod in!:oo 193 

or lli, respecti vely. 

We have demonatrntcd in our work that E-alkylvinylsi-

lanes could he convorted to either Z- or E-·Jinyliodides 

stereoaelcctivcly. Conaequently, the viny l:3ilnnc 112j could 

serve 65 a procursor to compoundo 189, 193 and 194. When 

compound 112:1 wna trentod with 12/AlC1 3 in dichloro:::,:cthane 

at O·c tho E-vinyliodidc 152b was obtaincd in 83% yie1d, 

mainly ·'II1ith retention of tlle geometry nt the double bond. 

'l'he E/z ratio was 4: 1 from Ge analysie. Interesting1y, we 
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MCPSA 

181 - !!! 

2. Zn IDMSO 
189 -

Scheme 8.9 

found that the E/Z ratio could increase significantlY to 

1\,1 wben tbe reaction la run at -7S·C with 2 equivalent8 of 

tin chloride instead of aluminum chloride. 

l , 

1.90 -

LlAIH4 .,. ~.CH2~CH2,,~H 

192 

, 
• 

-
Scheme 8.10 

191 -

CrO, Pyr •• ,M.CH~CHJ.~ __ 
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The eweet potato leaf folder math sex pheromone wa's 

prepared in 82% yield by coupling vinyliodide ~ with 

n-butylzinc chloride in th~ presence of a catalytic llmount 

of Pd(O} in th~ nnmc wny ::ln dencriben for compound !!!§. for 

instance. l\. oimilar coupling r~acticn of 152b · ... tth othyl-

zinc chloride nffot:ded th(' onk 1",,( roUf'r moti, plu"romone 

B-ll-tetradec'ln-l-yl nCêta.t-r- 193 in r:'i\ yi~ 1 ... 1 1\:f·~<"lr puri fi-

cation by chro::'",,"ltogrnphy. In both :.::won ~~ho r./::-: . ratio • 

80/20 wan dndllc<"!<1 hy Ge, 0= via ~poxi·!at:ion :)nd ;;:;- nmr :"\na-

lysis. '711 tn r:"l t.io cO'lld 1::'''' irnpr~ved by \Hl': nq t. ~ -: c.hloride 

in the 1cr,;od(\01 lylnti on nte~. On tJw 0thor ;,:'\n<1, .... h~ npruce 

budworm (Chori!"Jtonf'uri'\ lur.:ir.,rnn:'l.) nr'l'{ ph p r"0ffiOll .... 194 'IoTae 

prepared from 193 by l1impl<:> hydrolyRia of Lh.., acetate pro­

tecting group follCMed by oxidation of the free alcohol to 

the corresponding aldehyde !2..! (Scheme 8.11). 

oz $! , • 

7 - A "Tunable" Stereoseleetive Synthesis of Sex Pheromones 1 
The sex pheromones of a number of insecte are often 

specifie l?londa of E and Z gaomotricnl itJomera of nlkenes. 

For instanco, t.he Il-t.otrnèoconyl ùcC!t.i\to produc iV] by the 

femal.e Oi\K le"E roll~r moth (J\rchlpa ocmifer.'lnua) in " spe­

ci fic blo nd of 67: 33 of E- and z- iaomera 140 • The Bame two 

pheromone components are produced by other species but in a 

different ratio: 

.. 
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. 
AcO(cHz~Me3 

lS2b -
,JE/I = 80:20. 

CH,{CHz lnZnCI .. 
Pd\o) 

n:3,1. 189 - n = 3. 

193 n = 1. -
1. Hydrolysls 
2. PCC .. CHO..(CH2~H2CH3 

193 194 - -
\ 

Scheme 8.11 

Archips agyrospilus 30/70 (E/Z), 

Argyroteania velutinana 7/93, 

Archips podana of Europe 50/50. 

The most cor.:unon <tpprol\ch to the synthe.i. of alkenes 

vith a specifie EjZ ratio 113 done by sterëoapecific a.mihy-

drogenation of alkyne preeu::-90rs to give the E- and Z-

alkenes separately 1 followed by blending the two geometri-

cally pure isomers in the required ratio. Conceptua lly auch 
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1 ~" 
an approach 18 inherently inelegant. Since ve found that 

tbe E-vinylsilane treatment vith iodine in the presence of 

Lewis acide could be uaed to produce a apeci fic bl~nd of E-

and z-vj nyl :iodidefl ln ;'} on" pot r.(!ac~ion (Chnpt n ;:- VII), 

12-tet :: '" doc,,", r,- 1-y 1 . ~'~ch(ir"-' O.12}. 

a.tford viny 1 ~ :H1!c1.,. 152c ~ S30%} in n :-.'\ti '; of 1:: f0::: F:- <lnd 

Z-iaomern. 

the couplol'l product 195. 

cleaved in ~_h 10 prOCORA. 

dride in py:."idine gave the -;:h0 rOr:".IC:lC 196 in 72% overall 

yieid from the vinylsilane ~. The E/Z ratio - SO/50 vas 

determined by capillary Ge analysis. 

) , 
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AcO-tCH2~SiM'3 J,'SnCI4 
CH2CI2 

.. 

HO-lcH~H:I 

195 -

1 Ac201 Pyr. 

AcO~'CH2~CH3 

196 - (E:Z-l :1). 

Schema 8. ~2 
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EXPERIMENTAL SECTION 

Common c:hemicals were obtained from commercial sour-

cee. lapine and potassium t-blltoxidù wp-re resublimed before 

uae. n-Butylli thiu~ wnR titrllte'!d nccordinç: to literature 

t90 191 procedur p , • 'Zinc chlorit1~ wan dric(l ovcrniqht Ilnder 

vacuum nt 75-BO"C b(!forc U!'l~. ~!1 orr;':lnm-:inc chloride com-

d d i h f ~ 1 i }l):; , 166 pou n 9 W!1rn propar n . n t (} r;~. OYl .. :'10 mil n :10r • A 

anhydrous ::inc c'hlori do Cl.5 *'qui ·n'llont.~) in ~_fltri'lh,!'lroruran 

palladium (O) • .... aa prp,pl\n~il i'lccOr~Un9 ~o 11 ":.fJrnt\lr n proce-

175 
dure • The p'lUnr!ium (0) cat"\lynt '\Jan ;"1,100 pn"pnred in 

situ by trentinq dichloro his(triphenylphosphine)pnllnùium 

with 2 eq';..: ivalenta ot dihobutyln luminum hydrido ln tf'ltrahy-

drofuran. The amount of catalyst used in ench r_")upl i ng 

reaction waa 5 :cIolo %. 

Orga::tic solvant.g were dried and di!3t_:'U~d ?rior ~o 

use. Hex,~ ::08 .,nd tot rahydrofuran wara rJiati 1 : ~<1 [ro-: aodi '.lm 

and benZ0?henor.~. ether from :"11\1 H,. 1 cl:L chloro::'lotha ne 

Ben-

zene "las -:lried over fJocliui,l, te-:.rame~'hylet~ylen'" diami:1e 

(TMEDA) over Cl\H 2 1 di~ethylgulfoxi de (DMSO) over NaCH, hexa­

methylphosphorar:tida (HMPA) over BaO or CaO, then distilled. 

---- !II & t4!# -.r'1 ,. Ci , h4= NUI' ;::w 

1 

l 
1 
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8011in9 points and me1ting points are reported uncor-

rected. Nuclear magnetic re80nance spectra were recorded on 

Varian XL-200 and T-60A apectrometers uaing tetramethylsi.-

lane (TMS) or chloroform as <ln int~rmll !'"~for~nco. Chemical 

Ihifts wer~ qivnn in ~ho {, ucnle in pnrt!"l per million (ppm). 

Doublet (--n, triplot (t), nnd quarlet (q) W'r>re t;"(>corded at 

the center of the pO;"tk:o; other nbtn:nvi"lt Lono \HJNl i").re dnq-

let (s) nr.::1 broad (hl. 298i. <\nd ~ je nmr qpoct:rn Wf>t't'l recor-

ded on Vtl::-.i.an X;.r200 or Oruknr 1A.~~ nppctromnt.nrn. Law and 

high reSO:·.lt!on r'"!<lnn !1poctl:':'\ W01:"'" dl1t('!t"'"'itnod on Dupent 21-

,\nnlyt i enl gas 

chror .. "!togr .,phy "N"" f''')r[or~~d on i'\ H~.: lott-?i'\ckn:-d 5730A 

instruJl'I(!nt (>qllippnd with Il 1') ft. y 0.1/.'5 in. calurin, 6% OV 

101 on ch :::-::lTnono!:"b w/np 00/100 or ~:m Il Hcwlot t-Pncknrd 5890 

instrument equipped with Cl 50 m" 0.2 :-:ml hiqh performance 

capillary -=olumn (crogAllnk~d IIVlthyl ni!. i.cone, filM thick-

nese 0.33 ;.lm). Infrarad apectra (ir) waro obtninecl on Per-

" .. 
• kin 297 or Nicolet 7002 MC apectrophotometera. Spectra were 

cali bratod with li 1601 cm- 1 or 1028 cm- 1 band of polystyrene 

film. 

Annlytica1 thin layer chroma tography (TLe) was per-

formed on Merck Silica Gel 60 F 254 aluminum-backed plates 
,,-

and visualized tri' dipping into n solution of llr:unoniuCl m::>lyb-

date (2.5 g},and cerie sulfa":.e (1 g) in cone. H2S0 4 /H 20 (10 

rnL/90 mL) and heated on a hot plate. Purification of reac-

~'_.--_ ... ,**'""" ,a 4" _a 42 Z Qi •• Ji 
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tion products by flaah chromatography was performed accord-, 

ing to literature procedure using Merck Silica Gel (Kieael-

gel 60, 40-63 ~ or Keige~gel 60 HF 25 .. ) • Preparati ve high 

pressure liquid chromatography was performed on Waters Prep 

500A liquid chromatograp~. 

Tri.thylallylllilane ~ 

To a solution of trichloroal.l.ylsilane (15.8 g, 90.4 

mmol) in 20 mL e'ther, ethylmagnosium bromide in ether (143 

mL, 2.B5 M~ wnr: (l,rl<l..-d (lrorwi~o ;"l:1d thf' mh:~ur~ refluxed 
. 

-ove rn ight.. 

vacuum ta qivo ï8% of ~, b.p. 4S"C/2 torr, 
. lqJc ; H. b.p. 

:I1 nmr CcnCl:!): ô"'" 5.2 (;'1,1 ;!), 4.4 (m, 2 

H), 1.2 (d, J III 1) Hz, 2 fI), 0.9-0.4 (m, 15 H). MS (Er): mIe 

- 150 (H+, 12'L 127 (21), 115 (76), 99 (27), 97 (lI), 88 

(27), 87 (100), 71 (42), S9 (57). 

Tripropylallylsilane 44c 

Tripropylallylsilane 44c was prepared by the same -
procedure descri bed above in BS' yield after distillation, 

b.p. 216°/7'50 torr, lit. 193d b.p .. 216-217·C/74S torr. la 

nmr (CDCI) ) : 6 .,. 5.2 (m, l H) 1 4.35 'm, 2 rI) , 1.7-0.3 (m, 23 

H) • MS (El; : mie ,.. 198 (H+ • 2%) , 157 (66) , 155 (50) , 115 

(87), 85 (38) 1 73 (100) , 71 (63) , 59 (56) , 45 (76) • 

= g tU $C4 ' .... _ . ,. -

, , 
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Tr1ph.nylal~yl.ilane ~ 

A solution of allylbrondde (2.06 9, 20 mmol) in 20 mL 

of ether was added dropwise to a suspension of magnesium 

(487 mg, 20 nunol ) in ether. The mixture wns ref1uxed for 

one hour and cooled to r.t. bafora n.dding 2.95 9 (10 mmol) 

of chlorotriphony1ailanc in 20 mL of othor. The mixture was 

retluxed overnight, filtorod and w<l.ahod with a snturated 

aolution of :m,. Cl ~ The organic layer was thon ùriod over 

.... Na2SO&t' ovaporatcd, and tho cryotnll.ino r~aiduc purified by 

chromatograpny (h~x;:l.no) to gi':J"~ 2.3 g (77%) of 44d, recrya-

tallized fro:~ POt.=OlOllr:1 other, ro.r--
_ 193a 

85-87"C, ~it. m.p. 

lU nTnZ" (eDCl): & ..,.,. 7.40 (m, :i5 Il), 5.9 (~~ 1 H), 4.9 

(m, 2 H), 2.39 (d, J ... 8 !Jz, 2 H). MS (Er): mie '" 300 (M+, 

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

Diphenylmethyla11ylsilane ~ 

Co~und 44e was prepared in 72-80% yield trom the 
, -

procedure described above and purified by vacuum disti11a-

193b tion, b. p. 117-118 °e/o. 8 torr, lit. b. p. 310-311 ·C/7S0 

torr. ln nmr (CDC1 3 ): 6 :::z 7.4 (m, 10 Il), 5.9 Cm, 1 H), 4.9 

( m, 2 fi), 2 • l ( d , J "" 0 II z , 2 fI), O. 5 3 ( s , 3 li ) • 

4-Methy~-1-chloropcntane 106 

A mixture! of 4-methylpentano~ (ill. 10.218 9, 100 

mmol) and 34. l 9 of triphe!ny1phosphine in 100 mL of carbon 

tetrachloride was refluxed for one hour. The white precipi-

a 4 i2 j@dça-,," 

... _",. =4 ua • • ua -, g lOb '''_1.> ,.-- .- --+- -" -

, 
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tata was then filtered and evaporated. The reaction product 

wall attracted once again with pentane and the orqanic layer 

evaporated. The final residue was purified by distillation 

to g.ive 8.3 9 (69%) of 106177 , b.p. 125-126°C/760 torr. IH 

mur (CDe1]): 6 :2 3.33 (t, J. 6 Hz, 2 H), 1.4 (m, 5 H), 0.8 

(d, J - 1 Hz, 6" H) • 

5-Bromopentan-l-y1-acetate 107 

Compound 107 was prepared by literature proce­

dure1l2 ,113. A mixture of tetrahydropyran (30.1 9, 0.35 

mol), acoty1 brornidc (33.2 9, 0.27 mol) and 8.33 9 of zinc 

bromide , ... aa otirrod ùt r. t. for 15 ::tin, then hcatod in a 

steam batb for 1 h. The rcaction mixture W<lfl dilutod with 

benzene (75 mL), ùnd washed with water and oodiurn bicarbo-

nate (10%). The organic layer was dried over Na 2S0 4' evapo­

rated, and the ro"idue distilled undor vacuum to gi vo 46.3 9 

(82%) of 5- bromopentan-l-yl ùcetate, b.p. 101·C!O.5 torr, 

194 1 lit. b.p. 90-9S·C!0.7 torr. H nmr (CDC1 3 ): ô = 4.16 (t, 

J - 6 Hz, 2 H), 3.4 (t, J ,.. 6 Hz, 2 fi), 2.0 (s, 3 H), 1.8 

(m, 2 H), 1.5 (m, 4 H). MS (El h mie == 150 (30%), 148 

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

S-Bromopentanol lOBa 

A mixture of .!..Ql (9 .. 907 gr 47.4 mmol) in ethanol (50 

mL) was treated wi th NaOU (2 N, 100 mL) for 2 h. The etha­

-' nol was evaporated, CH2C1 2 added to the residue and the 
.;' 

~ UA 4'4$1 ... 
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801ution washed wlth dUuted HCl, then dried over K2C0 3., 

"l'he 801 vent woas evaporated and pure 5-bromop~ntano1 was 

obtained in qUèll!ltitative yie1d (7.815 g, 99%), b.p. 76·C/0.5 
195 . 

torr, lit. b.p. 75-76°C/0.5 torr~ IH nmr (CDCI 3 ): (:, • 

3.60 Ct, J." 6.4 Hz., 2 HL 3.39 (t, J "" 6.7 Hz., 2 H), 1.85 

(m, 2 H), 1.70 (a, 1 H)., 1.5 (m, 4 Ii). MS '(El) m/e ... 150 

(~-oH, 5.%)~ 109 (2), ,107 (2),86 (97), 85 (93), 69 (30), 67 

(37), 56 (93), 43 (57), 41 (00), 29 (54). 

6-Bromo-1-hexanol 108b 

Compound ~ was prepared by literature procedure. A 

mixture of 1,6-hoxanedio1 (20.0 g, 0'.169 mol), BBr (70 mL, 

48.), and wator (50 mL) was heated at 110-120·C and extrac­

ted continuously with toluene for 17 h9 The or:ganic layer 

was washed with a saturated 601ution of K2C0 31 dried over 

anhydrous K 2CO 3 and evaporated. The residue was diotilled 

to give .!...Q.!2114,115 (24.5 <], 80%), b.p. 100-104·C/9 torr.' 

lB runr (CDC1 3): ô "" 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 (8, 1 H), 1.5 (m, 6 H). 
, 

MS (El):' mIe "'" 164 (3%), 163 (2), 136 (31), 134 (39),83 

(71),67 (72), 55 (100). 

9-Bromononan-l-ol lOec 

Compound l08c was prepared by the same procedure des-

cribed above. The compound W8.S obtained in 88% yield and. 

recrystallized frorn petro1eum ether, rn.p. 32-33 oC, lit. m.p. 

,;JlCij'" 
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3 • 66 ( t, J - 6. 3 Hz, 2 H), 3 • 40 ( t , J - 6. 5 Hz. 2 H), 1. 8 S 
." 

(m, 2 H), 1.59 (9, 1 H), 1.58 (m, 2 HL 1.3 (b, 0, 10 H). 

MS (Er): ml";'. .... 200 (10"), 20ï (91), 206 (l0), 1.05 (r~+1-H20, 

100), 165 (12), 163 (Il), 151 (6), 149 (B), 125 (38). Exact 

mass of O-rf"-1I2o) ion ca1cd. for CgH17Br: 204.0514, founds 

204.0507. 

lO-Bromodecan-l-ol l08d 

Compound ~ vas prepared as above in 72% yield, b.p. 

1l4-120·C/O.03 torr, lit. 198 b.p. 153-15S·C/0.8 torr. la 

nmr ceDe1 3 } : ô = 6.65 ( t, J == 6.3 Hz, 2 H), 3.40 (t, J '" 6.5 

Hz, :2 Il) , 1.86 (m, 2 H), 1.6 (!l, l II, on) , 1-50 (m, 2 Il) , 

1.3 (h, ft, 12 II) . MS (El) : m/z :: 222 (10% ), 221 (90) 1 220 

(12 ), 219 (M+l-II 2O, 100) , 179 (l8). 177 (18) , 165 (20) , 163' 

(21) • 139 (22) • 

l-(2-Tetrahydropyran~loxI)-5-bromopentane 110a 

A cata1ytic amount of p-to1ueneaulfonic acid (0.2 9) 

vas addcd to a solution of 5-bromopentanol (20.0 g, 0.12 

mol) and dihydropyrnn (15.3 g, 0.18 mol) in ether (100 mL). 

The mixture waa atirred at r.t. for 2 h, waohed with a aatu-

rated solution of K2CO 3 and dried over K 2C0 3 • The solvent 

vas evaporated and the residue distilled in the presence of 

a amaii amount of 1<2003 to give 29.9, 9 (98%) of ~, 'b.p. 

*,. -. TA • .. - "Ci _ 3.;15 • 

li 
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195 \ 
110·C/2 torr, lit. b.p. 84·c/O.4 torr. lH nmr (CDC1 3 ): 6 

- 4.5 (b, 8, '1 H), 3.28 (m, 4 Hl, 3.18 Ct, J - 6 Hz, 2 H), 

1.8 (m, 2 H), 1.25 (m, 10 H). MS (El): mIe'" 252 (5%), 251 

(38), 250 (M+, 5), 249 (39), 194 (4), 192 (3), 151 (93), 149 

(100) • 

1-(2-Tetrahydropyrany1oxy)-6-bromohexane ~ 

A mixture of 6-broroo-l-hexano1 (23 9, 0.13 mol) and 

16.1 9 (0.19 mol) of dihydropyran in ether was trcatcd with 

a catillytic n;;lQUnt of p-toluenemll fonic ~cid [or 7. h te g1 ve 

115 31. 5 g (9J?) of 110h ,ï(t~r (l;l1lh c11rc~n.to<Jr;')phy (h0xùne:-

ethyl il Cf! ~.>"1 t" 9~ 1) • ln nmr (CDCI J b fi .... 4.5 ( b, a, l H, 3.7 

(m, 2 fI) , J.4 (m, /. Il), 3.37 ( t, J - 7 H~, /. n) , 1.83 (m, 2 

H) , 1. 51 (n, 12 H) • MS (El) : 265 (100%) , 263 (92) , 208 

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

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

1-(2-Tetrahi':droeyranylo~)-9-bromononane 110c 

Compound 110c WI'lO prepared by the same procedure des-

. 197 
cribed abovù, yiùld (96%), b.p. 122°c/0.05 torr, lit. 

b.p. 130-133"c/0.07 torr. ln n::ïr (CDC1 3 ): 6 == 4.58 (h, s, 1 

H), 3.62 (!':l, 4 fI), 3.38 (t, J !'!"! 6.8 Hz, 2 H), 1.78 (m, 4 H), 

1.62 (r.1, 4 H), 1.31 (b, a, 12 il). MS (El): mie:::: 241 (11%), 

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

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

6'1 (14), 59 (36). 
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1-{2-Tetrahydropyranylo!y)-10-bromodecane 110d 
\ 

Compound l10d Wl1a prepared by the same procedure as 

above in 91% yiold, b.p. 12B-130"C/0.1 torr, lit. 199 b.p. 

132·C/0.Ol torr. lH nmr (CDCl 3 ): {) ,.... 4.56 Cf'; 'n, l H), 3.61 

(m, 4 H), 3.38 (t, J ". 6.8 n~, 2 H), 1.77 ('i:t, 4 H), 1.62 (m, 

4 H), 1.30 (b. Dr 14 Ir). MS (El): r.I./~ n4 (l6~), 323 

(97), 322 (18), 321 (M+l, 100). 221 (4), 219 (4), 169 (3). 

Exact nnon of (n+-l) ion calcd. for C 15H 290 2Br: 

found: 319. 1 311. 

319.1273, 

Alkylation of trimethylsilylallyl lithium with alkyl 

halidea. Tzeica1 reaction 

A nolution of allyltrimethylsi1ane (571 mg, 5 mmol) 

and 0.8 ml.. (5 rnmol) of TtŒDA in 5 mL of THF Wl1S cooled down 

to -78"C, n-butyllithium (4.2 mL, 1.2 M) was added dropwiae 

and the mixture allowod to warrn up to r. t. l t waa thon 

cooled back to -78"C,alkyl haliù>:! l-bromodecnno (1.06 'J, 4.8 

mmol) in THF wall added olowly anù the mixture ntirrcd nt 

r. t. overnight. Tho rcùction mixture wan quenchod with cold 

water, extracteù with ether and the organic layer dried over 

MgS0 It • The rellidue waG puri f 10d by dioti llation to gi ve 

1.160 9 (96%) of iaomeric y- und a-alkylation producto, b.p • . ~ 
144·C/18 torr. The y/a ratio = 57/43 wao determined by 

Ge-MS (2 m x 6 mm, OVe 101 column; 150 + 8·C/min), RT. 5.78 

(~ min and 6.26 min, respectively. MS (El): mie 255 (14%), 254 

~.--'--1-' _i ..... i'"-~.,.... ~~'1I:~~_J - ............. 4 e __ ...... " .... ik .. i_ .. J.!I~V~'-' -
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(~, 56), 240 (15), 239 (100) for y-product and mie - 254 -
CM+, O.St), 240 (23), 239 (IOO) for a-product. INEPT 29Si 

nmr with dacoupling experimlèlnt: ô ... 1. 92 ppm (s, allylic 

Si), and -7,91 ppm (n, viny1ic Si). 

Synthesis of ~-vinylnilnn~n. Alkylation of trialkylsilylal­

lyl anions with nlkyl hnlidns 

General Procodure 

A aunponnion of Kotnu (2.47 9, 22 mmol) in dried hex­

ane (15 ml.) w:t:1 coolo(l in an Len bath and n-DuLi (13.8 mL, 

1.6 M) wao nddnd dropwinn. Tho ieo h .. , t:h wnn 1;'PInovnd and the 

mixture wnn ntirreù Lor 30 min, thpn coolo(l tlown to -7S"C. 

Preshly diotilled ethnr (10 mr,> \<liln nddl"!rl. followl"!d with 

al1yltrinlkylrlilnnn (22 mmol) in 10 ml. nthe-r. 'l'hl' nolution 

was al 1 <Y"'(H.] t.O wnrm to r.t. for 3.5 h ;mcl cooli1<l hnck to 

-78·C bofore! nddi tian of: the! npproprintn ,'llkyl haliù(' (10 

rmnol) in 10 ml. ethnr. The roaction mixture W:\!l atirred from 

-78·C to r.t. for 17 h, then wn!lhed with brine, dril"d aver 

MgSO It (or K2CO 3) ûnd evaporatod. Th~ r!1f1 iclu~ won dinGol ved 

in pentane Dnd filtcrcd through 0 2 in. Inycr of !lilicn gel 

or purified by flanh chromatography. The yield wnn qunnti-

tative. The ratio of y to a producto wûo dcterrnined by GC, 

lH nmr or INEPT -'29Si NMR (wlth decoupling eX'periment), ô .... 2 

ppm (allylic Si), -8 ppm (vinylic Si). 
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Selective deailylation 

The mixture obtained from the alkylation reaction waa 

diluted with benzen~ (l00 mL), and 0.10 mL o.f hydroiodic 

acid (57%) W<ln ildd~d. Th~ flolution was st i rr('ù for 4-6 h 

and the r .... nction wnn follo· ......... d hy Ge or ln Hr;17 - 'rhp ':'"l'>ilction 

mixture W;"ln \,r,·u"l}l'''cl wi !"_h N'il;5 203 (10%), dried ,md eVilporated. 

The rço i(!Ilt'> wnn pur.l fil'"!ù by fractional distillation or by 

flash chromilt.oqrllphy . 

1,3-Bia(triroethylsilyl)propene ~ 

To a solution of trimethylallylailane UO.7S 9, 94.4 

,mmol) in 100 ~r. (>ther. 15 ~ of TMEDA \\laS added, cooled to 

-7S·C, follow~d hy dropwin n nddition of n-BuLl (51) mt~, 1.6 

cooled bnc:k to -70"C bn.ton" nddLti.on or 10.277 Cf (CJ4.6 mmo1) 

of trimethylchlorooil<lno. Tho rl'"!nctlon mixturo wnn ntirred 

overnight. wnohnd wi th icn wiltor.. Th!' nthf'[" WilO oV'ùpornted 

and the rooiduo diotlliod to givo 14.66 g (03\\) oC 44e
95

, 

b.p. 63·C/10 torr. 

Hz, J 2 "" 6 Hz, 1 Il), 5.4 (d, J ...,. Hl II .. , l H), 1.G7 «(l, J .. 8 

Hz, 2 lI) 1 o. l ( !l, 9 II) 1 0.00 (0, 9 11). MS (El): mie = 186 "\ 

(M+, 12%), 171 (16), 147 (6). 98 (71), 73 (100). Exact maaa 

of CM-CH 3) ion ca1cd. 

171.1063. 

,-
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1-~rimethyl.ilyl-1-(B)-dodecene 46a 

The ratio of y / a products was determined by Ge to be 

6/1 and 80% of 46n \o"1!A C'btnined after distillation, b.p. 

120 ·C/24 torr. 

i .4 Hz, 1 

H), 2.1 Hî H}, o.() J H), 

114 (31), 99 (29), 85 (l~J). Dl (20), 73 (l'fOL ,..,') (49). 

Exact mass calcd. for C 15H31Si: 240.2273, fOllnd: 240.2291. 

I-Trimethylsilyl-1-(E)-pentadecene 46b 

The reaction w .... s pftrformp.d as described above (y/a. -

11/2) • Compound 46h W:lR obtained Ilfter desi lylation and 

fractionnl clintillnticn. b.p. 170·C/4 torr. ln nmr (CDCI 3 ): 

18.5 fIz, ,1-; ... 1.4 UT.. l H), 2.06 (!n. ;; H), 1.24 (h, s, 22 

H), 0.86 Ct. .J ... 6.5 F!7., ) il), 0.00 ($, ') H}. rn (ocat): 

2950, 2920, 2890. 1620, 1410, 1245. ('HW. 860-8.30 e:C I • MS 

(EIh min ... 282 (5%). 267 (6$1). 114 (48), III (16), 99 (26), 

73 (lOO), f)7 (15). 59 (54). Exact mass calcd. for C1'aB3sSi: 

282.2743, fc'and: 282.2730. 

I-Trimethylsilyl-l-(E)-undecene 46c 

Compound ~ W<'lS prepared from n-eblorooctane. The 

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

lation, b.p. 140 ·C/SO torr. lB nmr (CDC1 3 ): 6 = 6.0 (dt, J 1 

- -'*' ......... - ---- -~ - "l*,_---...,,_,. __ ,P -.- .. -,.. .... -.~.,.,P4 __ .... __ .... _JIIIIIIIII .. 's .. ) ~ ........ , .. , """42II'1II __ 4.....,>-
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"':.) , 
Jo. 

.. 19.0 Bz, J 2 -6 Bz, 1 H), S.B (d, J - 18 Hz), 2.'1 (m, 2 

H) , 1.4 (b, 8, 14 H), 0.9 (t, J - 6 Hz, 3 H), 0.2 (s, 9 H). 

MS (BI) mIe "" 226 (M ..... 13%) , 212 (l6), 21l (70) , 114 (17) , 

99 (27), 85 (17), 73 (100). Exact mass calcd. for C
12

H30Si. 

226.2117, foundl 226.2144. 

I-Trimethy1eily1-1-(E)-hexene ~ 

The y/a ratio was 511 and BOl of pure ~ vas obtained 

alter filtrntion -'lnd f?vnporation. lH nmr (CDC1 3 h 6 - 6.1 

(dt, J l " 111 ,1:0:, :;;..., (,.0 1l7.. l il). 5.6 (d, ,} ... 18 H~, 1 H), 
c 

2.1 (m, 2 HL L/, (n, .~ Il). :.f) C!, ,; .... () ft:':, 1 H), 0.1 (s, 

(100),115 (16). 114 ·;'i5). lU (2'1). C)9 (50), 85 (40),83 

(31), BI (20), 73 (63), 59 (99). Exact mass calcd. for 

CgH20Sia 156.1334, found: 156.1320. 

I-Trimethylsily1-7-methy1-1-(E)-octene 469 

The y/a ratio was 4/1 and compound 469 (701) was 

obtained after desilylation and distillation, b.p. 98-

103·C/760 torr. ln nmr (eDCI J); é ",. 6.0 (dt, .J 1 ... 18.5 Hz, 

J 2 - 6 Hz. l H), 5.54 { dt, T ,... IB.5 H:: , ,J 2 - 1.4 fI7., 1 H) , 0, 

2.~5 (m, 
.., H), L28 (:,:: , ., H), 0.82 (cl, J _. 7.2 ([7., 6 H) , "-

O.O~(s, li) • (Er) : mIe (M+ • 9 MS "'" 198 5%) , 184 (14) , 183 

(34), 181 (13). 127 (12), 125 (19). III ( 21 ), 99 (35), 85 

(25), 73 (100). Exact mass ca1cd. for C12H26 Si: 198.1804, 

founda 198.1786. 
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8-TrimethI1si1y1-1-(2-tetrahydropyrany1oxy}-7-(E)-octene 

46h === 
The reaction time was 36 h, y/œ ~ 9/1. A yield of 88' 

of pure 46h W7\R obtil i npcl aftnr dün i.1y1;'lt ion ;H)rl chromatogra-

phy. lH nmr (CnCI:;): (i ... fi.O «(1t. .J: '"" ln li::. ,j") ::"r 6 Hz, 1 

H) , 5.5 (d. -" .... ln fi;,: • 1 n). 4.6 (h, -', t IIL J.h ( r.1, 4 H), 

2.0 (m. 2 H). 1. ()-L 2') (n, 14 H). 0.1}0 (n. (1 fi) • tm (El }t 

m/E a 104 (M+ • 3% ), 211 (10) , 200 (22 L 167 (49) • 159 (84) , 

156 (2B), 143 (28) , 141 (100 ). 129 (67) , 126 (14) , 125 

(37) • 

1 9-Trimethy1-1-(2-tetrahydropyanyloxx)-8-(E)-nonene 46i 
• 

The vinylsilane 46i was obtained in 85% yield after 

desilylat ion ~n<l chrom..'1.toqrnphy (hoxnnt:."/l!thyl ncotnte 9/1). 

18 nmr (CDCI J ): li .... 6.1 «lt. ,11. ".., 10.5 Ii::, .1 2 "'" (i II::, 1 R), 

5.6 (d. J '" 10.5 Hz, 1 n), 4.5 (b, n, l H), J.7 (m, 2 H), 

3.2 (m, 2 Il), 2.1 {m, 2 nL 1. 5-1.28 (m, 16 Ii). 0.01 (s, 9 

H). MS (El): m/z .. 298 (M+, 2%), 297 (7), 213 (11), 197 

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

(35) • 

12-Trimethxlsi1yl-1-(2-tetrahydropyrany1oxx)-11-(E)-dodec.ne 

The vinylsilane 46 j was obtained in 89%. yield after 

deaily1ation and purification by HPLC (hexane:ethyl acetate 

10: 1) • 

,a' 
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a) , (d, J • 18.5 Hi, 1 H), (b, H) , Hz, 1 5.56 4.55 s, 1 3 76 

1~5 (m, 2 H), 3.39 (m, 2 H), 2.04 (m, 2 H), 1.54 (m, 6 H) , 

(b, a, 16 H), 0.1 (s, 9 H) • MS (El) : mie III 341 (H+l, 2') , 

269 (7), 257 (19), 160 ( 17), 159 (100). 

13-Trimethylailyl-l-(2-tetrahydropyranylo!y)-12-(E)-tride­

cene 46k 
L 

Compound 461< wan ohtnlnnd in 85'a yield nftpr desilyla-

1 H runr ( coe l 1 )! f, - (,. l ( ,~!~ .., 
... t. ~, li l ~ If} .. r; if~, ,;: - i, Il:-:, l H) f 

5.56 (d, .1 - 111.:; Br;, 1 fn, 4.55 {b , n, HL J.7'; (m. 2 H), 

3.39 (m, 2 H), 2.05 (m, 2 H), 1. 54 (m. 6 H), L 25 (b, S, 18 

H) • 

I-Trimethylsilyl-1-(E)-pentadecene ~1 

The y/a ratio waa 18/1. A yield of 91' of .!!,,t was 

obtained after de~ilylation and distillation, b.p. l68·C/O.4 

torr. lU nrnr (CDC1 3 ): é "" 6.0 (dt, .JI - 18.5 Hz, J 2 - 6.5 

Hz, 1 fI ). 5 • 5 {d t, JI"" la. 5 H::. J '} e 1. 4 Hz. , l H}, 2. l (m, 

2 H), 1.29 (h, 22 H), O.\l Ct/ ,1"" 7.:' H::., Cl H), 0.86 (t, J -

6.5 Hz, J II). 0.5 (q, J...., 7.8 Ii::, 6 if). MS (El): m/z .. 324 

(1.5%), 296 (62), 295 (100). Exact maas calcd. for 

C12H~~Si: 324.3212. found: 324.3212. 
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1 

'!'he y/a. ratio was 16/1. - A yield of 92' of ~ wa. 

obtained after denilylat ion a.nd distillation, b.p. Sl·C/20 

torr. lJI nmr (Cnel,>: fi - 6.0 (dt, .JI ft 18.5 H7., -1 2 " 6 Hz, 

l H), 5.4 (d. " - ln.') fI:::, 1 rn, ~.O (m, 2 H). 1.2-0.9 (m, 

16 H) , o. :-; (:::. (1 ri). 

(24), '169 (lC;}). 147 (l7), 141 (75). llJ (40), 99 (15), 81 

(26), 73 (15). 71 {Il}, 6° (12), 59 (37). Exact mas. ca1cd. 

for C 12H 26Si; 198.1803, found: 198.1772. 

9-Triethylsi1y1-1-(2~~etrahydropyranyloxy)-8-(B)-nonene ~ 

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

22/1). The reg idue obta i "en nfter tien i lylat.ion W!\9 puri fied 

oi1 of ~ (<)1'\\). ln flmr (cne l ) }: ( .... 6.0 (/H. . ... 18.6 " l 

Hz; J 2 "" 6.'> Ir,... HL ,~5 r. ,t • ,] .,.. 1 fJ. l, lI:::, 1 Hl. J~ .. r, (b, s, 

1 ft), 3.; (M, 2 HL J.) ( ;-" 2 Ii) 1 1.04 (m, '} if 1. L 5-1. 28 

(m, 16 H). 0.86 ( t, ,1 .., 6 !Iz, q H), n.,> (q, ,J ,.. (1 !f~ 1 6 H) • 

MS (El) : :nie ... 340 (Mf, 4% ). 339 (3 ), 311 (19) , 255 (lI) , 

225 (81), 227 (85), 187 (32), 169 (19), 159 (41), 131 

(100). 

1-Tripropxlailx1-1-(E)-hexene ~ 

The y/a ratio was 46/1. A yield of 95t of pure vinyl­

.i1ane 46q vas obtained after desily1ation and distillation, 

b.p. 90-92·C/l torr. la nmr (CDC1 3 ): 6 • ~.O (dt, J 1 - 18.5 

- ~ -'." ..... 'Q~ a Sil #' $ > -
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Hz, J 2 • 6 az, 1 a), 5.58 (d, J - 18.5 Rz, 1 a), 2.07 (m, 2 

B), 1.28 (m, 9 H), 0.9 (m, 22 H), 0.53 (m, 6 H). MS (El): 

mIe - 240 (23%), 197 (85). 155 (100), 113 (56), 99 (35), 97 

(221) , 85 (5~ ), ï7 (34 ) • 

240.2273, founeb 140.2286. 

9-Tripropy 1ni t.ïL: 1-(2-tetrahydropyranyloxy)-8-(E)-nonene 

46~ === . 
The .'llky1<ltion r~;H7tion W'as performed <lA described. 

above for JI} h (y/n ... Jli!I). Compound 46t (qJ%) waa 

H), 5.5 

(dt, J l "" lB.'; li::, • fi), 3.7 

0.92 (t, J ft 7.1 H7;, () H), 0.51 (m, () H). 11[; (f:I): m/z -

382 (M+, 4'), 339 (6), 255 (56), 213 (JI), 211 (79), 173 

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

I-TriphenylailIl-l-(E)-hixene ~ 

The reaction time wns 36 h (y/« - 16/1) and 77' of 46y 

wa. obtained nftor dt3gilylation and chromatography (hexane). 

The final pro(iact. "";1S rccryatal1ized from petroleurn ether, 

m.p. 60-61·C. l II n~r (Cne l _): 6 .". 7. 47 ( ~, 1 B fI ). 6. l ( s , 2 
J 

a) , 2. 2 ( b , 9, 2 Il). 1 • 3 (!ri. 4 H), O. 87 ( t • J ... 6. 6 Hz, 3 

H). HS (El): mIe"'" 324 (25'), 285 (56). 259 (61), 207 (38), 

1 
/ 
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183 (100), 105 (56)! 53 (22). 

C2~B26Si: 342.1804, found: 342.1786. 

Exaot mass oalod. for 

l,l-Bis{tr!rnethyloilyl)-l-(E)-eontadecene ~ 

A solution of 1. 3-bia(trimethylnilyl)propene (5.6 9, 

30 DIDOl), i"\nd 4. G ~L TMEDA j n 60 mT .. TUF WilS cooled to -7S·C, 

n-BuLi (18.0 rr.L, 1.6 H) W:\" 7lddcd dropwloa «nd the mixture 

al10wed ta Wi1rr:t up [m- J.5 h, tlH"n cool~d b;"\ck ta -7S·C, 

after whlch 4. 'Hl 5 <j (20 r.;mol) of bromododf!cnnf' in 10 mL of 

TBP' waa RIC"...rly ndrlnc1. Th~ n.txt.u'CI'" wn<t ntirrnd o',J't"\rnight, 

residue W?lî dintUlnd to qivf! 9.1 g (1l6t\) of 103, b.p. 95-

100·c/o.1 tort"_ lU nmr (60 MHz): 6'" G.O (Chl, ,11 .... 18 Hz, 

J 2 - 6 117., l Hl. 5.4 (d, J -:r lB Hz. l HL 1.9 (m. l H), 1.3 

(b, 22 II), 1.0 (t, J lM (i Hz, 311),0.1 (n, ') l~), 0.00 (s, 9 

H). 29Si nrnr {decoupling J!Pdo}: 6 "" 1. 56 ppm (9, allylic 

silyl), -0.5 (n, vinylic oilyl). MS (El): mie"'" 354 (.li), 

151 (21). 149 (27), 137 (59), 135 (100), 85 (42), 75 \30), 

73 (82), 71 (51), 69 (34), 54 (56), 43 (74). 

Seleot! ve eleavage of tetrahydropyranyl ether in the pre-

aenee of the vinylsilane functional group. Preparation of 
, 

8-trimethylsilll-7-octen~1-ol lilh 

Bydrochloric acid (5 dropa, 3 N) was added to a 901u-

tion of 46h (1. 61 g. 5.66 mmoll in methanol (20 mL), the 

mixture was stirred at r.t. for 

......-----_.--- ..---... -_4"'''.--UllllJ ... $IIIJ''''I'''II ......... :;...,,; _ • ....,.;s-
.,,' 

S $A;; JQII!4W lA mi '§if" !JI 
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D!ehloromet.hane was added to the residue and the solution 

waahed with Na2CO 3 (10%), dried over K2eo 3 and evaporated. 

The final residue was purified by chromatography (hexane: 

ethy1 acetate .,. 7:3) to give 1.042 9 (92%) of.!.!..!:.h. 

(CDC1 3 ): ô -. 6.0 (dt, JI'"" 18.5 Hz, J 2 """ 6.1 Hz, l H), 5.5 

(dt, JI a 18.5 HZ"J 2 ::-: 1.4 Hz, l H), 3.6 (m, 2 H), 2.06 (m, 

2 H), 1.56 (D, l H. OH), 1.55 (m, 2 H), 1.34 (m, 16 HL 0.01 

(s, 9 H). ~m (El): r:1/z ~ 200 (H+, 0.5%), 111 (14), 97 (13), 

85 (15), 92 (24), 74 (100), 73 (64). Exact mass calcd. for 

C ll"2,-SiO: 200.1595. found: 200.1599. 

12-Trimethyloily1-11-(E)-dodecen-l-yl acetate ::!1 
To n solution of 1.88 9 (5.5. mmol) of 46j in 25 mL 

methanol, 3 drops of HC1 (3 N) were added and the m:Ixture 

stirred nt r.t. for 2 h. A trace of K 2C0 3 waa added and the 

solvent evaporated. Ether was added to the reaidue and the 

solut.ion waahed twice with K 2 C0 3 (10%), dried over K2 C0 3 and 

.evaporated. The crude mixture wae treatcd with acetic anhy-

dride in pyridine overnight, thon codiatilled with toluene • 
• 
Bt;l1er Wële addcd and the solution waehed with brine. The 

organic laYflr was dried, evaporatcd and the final reaidue 

purified by chromatography (hexane:ethyl acetate :::t 10:0.1) 

to qive 1.42 9 (86% overall yie1d) of 62b, b.p. 112-114·C/-

0.05 torr. IH nmr (CDC1 3 ),= ô ::: 6.1 (dt, JI = 18.5 Hz, J 2 -

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

•• -~ .......... ·_ •• Mk ........ _.8 .......... " ... -.:.I!II.ti'JIIP,.....-- -.----
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\ 

. 
H); 2.0 (s, 3 H), 1.35 (b, 16 H), 0.2 (s, 9~. IR (ne~t)a 

, 2940, 2880, 1750, 1620, 1470, 1370, 1250, 1040, 990, 870, 

840 cm-l. MS (El): m/z := 298 (4%), 283 (18), 135 (52), 118 

(30), 117 (100), 93 (23), 85 (32), 82 (61), 75 (19), G8 

"'(61), 59 (63), 55 (65), 43 (79). Exact mass ca1cd. for 

13-TrimethIlsilyl-12-(E)-tridocon-1-Il acetate ~ 

UDing toc procedure deocribcd above" 90% of ~ 'was 

obtained from compound 46k. IH nmr (60 MHz): 6 :::: 6.1 (dt, 

J l - 18 Hz, J 2 "" 6.1 Hz, 1 H), 5.6 (d, J'" 18.5 Hz, l H), 

3.9 Ct, J .... 6 Hz, 2 H), 2.0 (5, 3 H), 1.35 (b, a, 18 H), 0.2 

(e, 9 H). MS (El): m/e == 312 (M+, 10%), 297 (22), 133 (34), 

< " 

117 (100), 99 (27),83 (26), 73 {G3}, 67 (33). Exact l1IaS8 ) 

, 
ca1cd. for ClsH3602Si: 312.2484, found: 312.2549. 

Bromodesilylation. Preearation of l-(Z)-bromododecene 141a 

Ta a solution of 46a (480 mg. 2 rnmo1) in la mL dichlo­

romethane at O'oC, brornine (- 2 mmol) in CH 2C1 2 was added 

dropwise. The addition wafl stopped at the firot drop of 

bromine giving a persisten~ yellowish colour. The reaction 

evaporated. The residue was diluted with 4 mL CH 2C1 2 and 

treated with NaOMe/MeOH according to literature procedure to 

give 11' of !fu.\ after chromatography (hexane). la nmr 

, 
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2 H), 2.2 (m, 2 Hl. 1.3 (b, 16 H), 
~ 

,1 

MS (El): mie - 249 (J.t), 248 (7), 

247 (1), 246 (M+, 8), 169 (22), 148 (23), 141 (20), 121 

(24), 119 (33), III (48), 97 (78), 83 (56), 71 (68), 69 

(79), 55 (100), 43 (97). Exact mass calcd. for C12H23 Br: 

246.0984, found: 246.0941. 

Iododesilylation of E-vinylsilanes vith lodino monochloride 
t 

General procedure 

A Bolution of vinylsi1anes in CC1 4 ('" 5 mmol/10 mL) 
, 

vas coo1od ta O"C and iodine IOOnoch1oride (1.1 equiv.) in 

CCI .. wao ndded dropwioc. Fiftéen minutes after th~ addi-

tion, tho roact.ion mixturo was washod with Na 2 S 20 3 (10%). 

The organic solution wna dried (MgSO 1. or K 2C03 J and n-.;apora­

ted. A mixture of DMSO (10 mL) and 1.5 cquiv. of KP.2H 20 

vas added ta the residuc and the mixture stirrcd nt r. t. for 

4 h, then cxtracted thrce timeo with cther/water. The ethe-

real solution wns dried, evaporated and the final product 

purified by flaoh chromatography. 

(Z )-l-IOdo-l-pentadecene 150a 

By the procedure deacribed above, 3.38 g (12 mmol) of 

46b was treated w.ith ICI and KF.2H 20 to give 3.36 9 (84%> of 

vinyl iodide ~ after chromatography (hexane) • 

(CDC1 3 ): ô :::t 6.1 (b, s, 2 H), 1.54 (m, 2 H), 1.23 (b, s, 22 
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i a), 0.86 (t, J. 6.5 Hz, 3 H). IR (neat): 3070, 2960, 2930, 

~ 1 .2850, 1610, 1450, 1360, 1260, 820, 745, 705, 666 , 610 cm- . 

MS (Er): m/z :ft 336 (12%), 128 (11). 154 (23), 97 (77), 83 

(86), 71 (83), 55 (100:. 

336.1316, fcund: 336.1306. 

(Z )-l-Iod<l,:..dqccno 1. 50b 

Uoing ":.ho 0"-:-:'10 procedure a8 above, 78% of 150b was 

obtained c"l.ft.'êr chrc:natography. IH n.."nr (CDC1 3 ) : Ô ... 6.0 (h, 

S, 2 rn, 2.1 (m, ? :fn, 1.2 (b, n, 12 H), 0.9 (t, ~ ,., 6 Hz, 3 • f 

a) • MS (El) : m/":. .. 26S, (M+, 63\\ ), 197 ( J), 133 (4) , 167 

(29) , 154 (27) , 97 (40) , 83 ( 100) , 70 (41) , 69 (02) , 67 

( 34), 57 (91) , 55 (75) , 41 (97) 1 39, (37), :l8 (48) • 

(Z )"l-:Iodo .. tridecene 150c 

B th 'd bo 91"- of L-,50c .... . y e same proce ure as a ve,,. ... ... 

obtained. IH nmr (CDC1 3 ): Ô - 6.13 (b, S, 2 H), 2.1 (m, 2 

a), 1.23 (h, a, 18 H), 0.85 Ct, J.". 6 Hz, 3 H). MS (El). 

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), 55 (87). 

(7 )-I-:Iodo-7-r.tethyl-1-octene 150d ' 

By the sarne procedure, 1.51 9 (6.28 imnol) of vinylsi­

·1ane 469 was treated with ICl and KF.2H 20, and 1.35 9 (SS') 

of ~ waa obtained. la nmr (CDC1 3 ): Ô .. 6.15 (s, 2 a), 

..... --- ..... - ----~.,~--....... 'i""'; ""'lS __ --_ • .,-. _ .... - ..... y ... -.,""" ...... ",.. .. ,··, ... ·,"W--_·IIP'·IJIII;:a..-:-, .- _._-~-~ . 
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2.1 (m, 2 H), 1.3 (m, 7 a), 0.84 (d, J • 6.5 Hz, 6 H). IR 

(neath 3075, 2795, 1604, 1446, 1371, 1356, 1280, 1170, 

1070, 1007, 935, 680 cm- 1 • MS (El): m/z = 252 (3%), 167 

(36), 83 (72;,81 (26),68 (94), 55 (100). Exact JDaS8 

ca1cd. for C9H 17 I: 252.0377, found: 252.0332. 

(z ) -8-Ioèo-l- (2-tetrahydropyranl1oxy)oct-7-ene 150. 
\ -
\-. Dy tha genera1 procedure described aboya, ~ (4.55 9, 

1S.3 mmol) wnn converted into 4~ 33 9 (84%) of vinyl iodide 

150 e • , i. H nmr ( CDC 1., ): Ô .,..., G • 14 { :1, 2 H ), 4. 5 2 (b r 'l, 1 fi ) , 
." 

3.74 (m, 2 Il). 3.37 (m,:: H), 2.00 (:::. ? II'. 1.5:è-1.34 (m, 

14 H). DC r;.:-r: 14':.30, ?8.79, ,32.12, G7.5C. 62.2:,34.54, 

30.76,29.7,6, 29.56, 20.87, 27.85,26.02,25.48,19.65. MS 

(BI): mir. • 338 (M+, 2%), 337 (5), 211 (40), 180 (80), 167 

(100) • 

(z ) -9-1000-1- (2-tetrahYdropyrany1oxy)non-8-ene 150 f 

By the sarne procedure, 3.57 9 (12 mmol) of ~ wae 

a110wed t,o rea~t with ICI and}CF. ~fl20, and 3.65 g (86%) of 

!2.Q! was obtaincd. :n nmr (CDCi.::.): Ô -::::t 6.14 (n,' 2 H), 4.53 

(b. 8, l H), 3.40 (;i, 2 fi), 3.74 (m, 2 II), 2.10 (::1, 2 HL 

1 .. 53-1.20 (m, 16 H). MS (El): m/z .. 352 (0.7%), 180 (46), 
"t 

167 (270), 124 (3), 123 (22), 85 (100) 1 84 (21), 56 (60), 55 

(95) • 

p*. -:;:..... ....... 14 t ... --~f-'!,,,""' _._' ....... --"--."'i ••• : --IWJ"''''-·'--
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Lewis acièl nrediated iododesilylation 

l-(E)-Iodopentadecene IS2a 

A solution of iodinc (508 mg, 2 mmol) and 521 mg (2 

nmo!) of tin chloridp in 10 mI. CH 2C12 was cooled to -78-5-
Compound 46b diRoolvrd in :0 mL OLl C1 2 Wtln adclod clrop;;,ise 

Na2S203 (:O~), "'::'riild c*';lI)r N,'"t 2SO't' .-md n;rnpornt ..... d to -:::-lvo 95% 

of ~ r:::-om Ge :tnnly"in. "':"'ho rn-;l<1up ·...rnft th("'!~ pu::-i.fiocl by 

chromatog:-'1phy 'pf'lntnr.ro.} to ~~ivo (;'18 mg (90'.\) 0f 15;;:,:, Riz -

• 14.3 Il... .T 2 7 IIz~ 1 III, 5.94 

1.4 Hz, l H) for the trana isomer, 

borner), 2 _ 0 (m, 2 H), 1.24 (b, s, 

3 H) -

(dt, Ji "" 14.32 ~{::-:, J 2 -

6.13 (s, 2 H for the cis 

22 H), 0.83 (t, J r- 6 Hz, 

12-(E)-Iodododecen-l-y~ ac.tata 152b 

A suspensi.on of a1uminum chlor,ide (248 mg, 1.86 DI1lO1) 

and iodino (472 mg, 1.86 nuno!) in 10 mL CH2C1 2 was cooled to 

O·C, thon 504 mg {l.7 mmol} of 112j in 5 mL of CH 2 Cl2 was 

added drop· .... i9o. Tho reuction mixture wuo stirrod nt O·C for 

1 h and quenchcd with Na2S20 3 (10%). The org<lnic layer was 

washed twice with NHItC::" (10%) 1 dried ovcr Na 2SO '.' ccncentra­

ted and the res.idue purified by chrornatography to givQ 468 

mg (78%) of ~, E/Z .... 80/20. IH nrnr (CDCI]): Ô" 6.48 (dt 

reso1ved as quintet, JI • 14.32 Hz, J 2 ,. 7.1 Hz, 1 H), 5.93 

" 
J 
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, 
(eSt, JI. 14.32 Hz, J 2 - 1.4 Hz, 1 H) for the trans isomer, 

6.12 (s, 2 H, cis isomer), 4.0 (t, J - 6 Hz, 2 H), 2.02 (s, 

3 H), 1.58 (m, 2 li), 1.24 (b , a, 16 II). IR (nel\t): 3040, 

2940, 2860, 17'!5, 1610, 1465. 1440. 13 0 0, 1370, 124"', 1040, 

950, 745, 660, C,lO. MS (El): mie"" 353 '(M+l, 100~), 293 

(37), 251 (3), 231 (10),223 (8), 167 (lI), 166 (12), 165 

(79), 109 (1 5) • 

(Z)-9-Tricosene 155 

To ft solution of (Z)-I-iodo-1-pentadecene .ll.Q.!., 1.41 

g, 4.2 nmol) in TUF (10 mL), (Ph 3PL.Pd (~2 mg) was added 

fc>I1owed with n-octylzinc chloride (10 mL, - 1 M in THF). 

The mixtun~ wnl"l Kort at l'corn tcmporé'\turo ovornight, then 

diluted wlth ethor and waohed wlth a naturated Ilolution of 

bTHltCl. The org<lnic layer was dried over MgSO l, and ~vapora­

ted. Compound 1:.21 was obtainod, quantltativoly (;li 96% from 

GC analysis). Frnctional distillation of the rooidue gave 
/ 

1.1 9 (81%) of pure compound l'55 (ziF. "" 96/4), b. p. 136-

140· cio. 1 torr. 1 fi n...":1r {cne l 3 h ô == 5. 31 ( t, J "" 4. 6 Hz, 2 

H), 2.0 (m. 4 II), 1.22 (b, 34 H), 0.85 (t, J "" 6.5 IIz, 6 H). 
-. 

IlC NMR (CDel 3 ): 6::< 129.92, 31.93, 29.74, 29.56, 29.36, 

28.44, 27.26, 22.72, 14.04. 

III ( 12 ) , 97 (31), 84 (16 ), 

(44),55 (79), 43 (100). 

322.3599, found: 322.3566. 

MS ( El): ml e :.% 322 (M +, 3' ) , 

83 (43), 69 (53), 57 (81), 56 

Exact maso calcd. for C 23H46 % 

Detend nation of z/E: An aliquot 

~f\. ==a_ • kW! 2 Z> M 

\) 
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of ill. was epox~dized in CH 2C1 2 solution using 1.2 equiv. of 

MCPSA. The reacf!ion tnixture was 'washed with sodium bicarbo-

nate solution, dried ovar MgS0 1t and evaporated. The product 

wa. purified by . flash chromatograph:y. l H nmr : ô - 2. 89 

(methines cia, 96'), 2.59 (methinea tràns, 4'). 

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

To a solution of (Z)-vinyUodide lSOd (1.33 9, 5.2 

JIIIIOl) in THF (lO mL), {Ph3P)4Pd (300 mg) Wl\S added followed 

vith n-dncyl:dnc chlorid~ (11 mI., - 1 !'1 in TUF) 1\nd the 

mixture WI"Il'l sti r'CNl nt room ":r>mpnr;"\ tt1r.... OVf!rn j <JilL Ether 

(30 mL) W(lA addod bf!fox:~ oxt::'ilction with ù nnt'l'Cl"ltod 90lu-

tion of NUI; Cl. Tho ctherl1ûl ftolution Wiln c1rind ovù[' !'1gSo .. , 

evaporatod flnd the rcsiàuo pu::::-ified by d.intiUation to give 

1.32 g (9%5) of 162177 ,20°, b.p. l02·c/0.l torr, lit. 177 

b.p. lOl-103·C/0.09 torr. lU nmr (CDCI): 6 ... 5.34 (~, J -

4 • 5 Hz 1 2 FI ), 2 • 0 ( rn , 4 il ) , 1. 25 (n , 23 il ), 0 • 85 ( fi, 9 H). 

!le nmr: 1:> ft 19.92, 38.96, 31. 95, 30.06, 29.60, 29.36, 

28.08, 27.26, 27.09, 22.67, 14.09. MS (El): m/z ,.. 267 

(20'), 266 (25), 111 (35), 97 (44), 96 (18), 95 (20), fjJ5 

(50), 84 (25), 83 (63), 82 (28), 69 (66), 67 (37), 51 (100), 

S5 (59). 

266.2935. 

Exact mass calcd. for Cl gH 38: 266.2973, foundl 

... 
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.. 
Cis-',9-epoxy-2-methyl-octadecene 163 (disparlure) 

A solution of .ill (266 mg, 1 mmol) in CH 2 C1 2 (10 mL) 

was cooled in I1n ice bath. MCPOA 0.2 equiv.). in 10 mL 

Tho ::-:.1 xtur n 

washed with <;odiu~, bicnr:,onntC' 

WlUl r: "'_irrn:! for 4-6 h, then 

nolution. frlO or--:'\nlc layer 

was dried OVI";:' MgS~,~ and nyilpo~,tnc1. Thr> ~f'nidll"" WiHl puri-

fi A b fI "" h t l'.. ).. 1 1" 31 7 -; ,200 eu y as" c rt)rna oc::-aply ,pon.>'"l.:1tl ~O 9 Vr> ~ 

(253 mg, 89%. cio/trnno ,... 94/(,:. 

6'), 1.4- 1.2: (m. 27 ilL 0.0: (m, <1 H). tH (r.<"'"\t): 2938, 

1379, 1360, 1260, 1165, 1')73, !. -::: 12, 9:6, 7')4 cm- 1 • MS (Elh 

ml. • 264 (1%), 260 (3) 1 12A !4), :05 (24), 92 
1 

(25),.78 -

(43),70 (22), 69 (23),56 (35), 55 (41), 44
1 

(l00). 

(Z)-8-Dodecen-l-y1 Acetate 183 

A mixture of 194 (426 mg ~ 1. 6 rmnol). acetic acid (lo 

mL) and acetyl chloride {O.S 1t',L) was kept at 60·C for 6 h. 

The resetion mixture was thon diluted with CH 2C1 2 , washed 

vith H20 nnd a BOlution of Na 2CO 3 (l0%). The orçnntc layer 

W&s dried ove!." MgSO q , evaporated, and the reoidt:e puri fied 

by flash chromatography (hexane/othyl acctato -- 10/0.5). 

Z-8-Dodecen-l-yl acotnte 193184 (240 ::::.g, 77%) was obtained. 

lB nmr (CDCI)): ô := 5.3 Ct, "J .... 5 Hz, 2 fi), 4.0 (~, J "'"' 6.7 

Bz, 2 H), 2.01 (s, 3 H), 1.91 (m, 4 H), 1.5-1.3 (m, 12 H), 

0.85 (t, J. 7 Hz, 3 H). MS (EI): mie - 205 0\), 166 (24), 

... ",., ....... _' ---,po _ .,FW7 =;4. , $ $0: e '-IP - -

/ 
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110 (30),108 (24),96 (8S), 95 (68), 82 (90), 68 (87), 55 

(100) • 

166.1721, foùnd: 166.1750. 

(Z )-1-(2-Tetrahydropyranxloxy}dodec-8-ene 184 

A solution of ~ (941 mg, 2.4 mmol) in 10 mL THP WllS 

treated ...,Uh n-propybinc chlorid~ (9 mL, - 1 M in THP) in 

for compound 162. ::ompou;-:-:l 104 (565 :--q, f3:3~) wnr; ohtnined 

after fl.:l9h chrclMto.rJrnphy OUJXn:-: ... /othy!. nCf"":."\to ,... 9/1). IH 

3. 7 (m, 2 fi ) , ] • 4 (:'71 ,2ft: 1 1. 9 ~ ( ru, .! Il L 1. '56 -1 . 3 ( m , 18 

H) , O. ge (t, .; '" 6. 5 Hz, 3 fi). MS (El): m/z'" 268 (M+, 

1.8'>' 267 (2), 101 (36). 97 (20), 95 (33), 85 (100), 69 

(87), 67 (57). 

(z )-1-(2-TetrahYdroe:!ranXl~.~X)dodec-7-ene 185 

(Z) -8-lodo-(2-tetrahydropyranylox)oct-7-ene ~ (651 

mg, 1.9 rnt'!\ol) WëlS n110wed to react with n-butylzinc chloride 

(4 mL, - 1 M in TUF) in the pr~8encc of (Ph3P)ltPd in the 

same way aB dC!3cribed abovc for compound 162. The final 

reaidue \lofas purified by chromatography (hoxane/cthyl acetate 

• 9/1) and 426 mg (82" of 185 was obtained. ,-
IH nmr 

(cne 13 ): 6'" 5 • 3 3 ( t, J - 5 Hz, 2 H), 4. 5 3 (b, s,lB) , 

3.7-3.4 (m, 4 H), 1.96 (m, 4 H), 1.5-1.3 (m, 18 H), 0.83 Ct, 

\ 
y~- ) 
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J GZ' 3 B). MS (BI)o ml. - 205 (lll). 154 (17), 152 

(19),129 (18), 91 (29), 84 (53),83 (63), 79 (66),' S5 (96), 

41 (47), 28 (100). 

(Z)-7-Dodecen-l-::t1 acetate ~ 

The rane!: ion was performed as described above for 

compound 183. (Z ) -1- ( 2-Tet rahydropyrany1oxy) dodec-7 -ene 185 

(367 mg, :.4 ~:-ol) W;"\"l trf1nt.~d with AcOH/AcCl nt 60·C for 6 

h d 2 A~~ fÇ}"a.) c In",,201,202 '. i 1 f l an ,'+' mg ,">..-:'" o~ nu ''''(10 C!"',:ll n"". 1\ tr>:; <:11:"0"'"'.a-

5.3 (t, .J ... 5'(, Hz, ::: fI), 4.'1 ft:, ,-,.. r .. -,; 1I~. 2 ilL : ,f)? ~s, 
1 

3 H), 1.9(, (m, 4. Il), 1.5-1.3 (m, :2 ln. 0.0 't_. ,1 - 7Hz, 3 

H) • 

123 (23), 110 (47), 109 (51), 95 (75), 02 ((7), f .... 7 (l00). 

Exact maS!l of M+-AcOH ion cnlcd. fer C1;H 22 = 166.1721, 

foundz 166.1765. The ratio of z/r; in 186 Wi'Hl detormlned by 

epox1daticn wi th MCPBA using the procedure dcveloped for 

lli.. 1H mnr: 1) - 2.89 (methines cia, 92'), 2.60 (methin •• 

trans, 8'). 

11- (E )-Hexadecen-1-yl acetate 189 
1 

A solution of !2.E! (713 mg~ 2.0 mmo1) in 10 mL of TSF 

was troated with n-butylr.inc ch10ride (6 mL, - 1 H in THF) 

in the presence of (Ph 3P)/tPd as described above for compound 

162. The reaction mixture was' washed wi th a saturated 801u-

>..... oc 'M' • __ : '"',; J $$$1> 

J 
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tion of NB At Cl, dried over Na 2SO .. and evaporated. The resi­

due vas purified by chromatography (pentane/toluene - 7/3) • to give 465 mg (82%) of 189 185 , 186, E/Z'" 80/20, ln nmr 

(CDCI 3 ): f .,.. 5.Jh Cm, 2 ff), 4.02 • _, ,i - 6.7 H", 2 tO, 2.02 

(il, 3 H), :.()'j !~. ') (n, 1.")("\ (r,I. 7. HL 1.),(', (b , ~t 20,H), 

0.87 Ct, .~ .... 7 F:::, J EL IR (nt'nt.'! 20 45. 297'), 175'), 1470, 

1445, 13cP'. lJ70~ 1245, 1095, 970, 745, 610. MS (El): m/z -

283 (M+l, lOO%L 227 (17), 167 (26), 153 (10), 139 (13), 12S 

(14), III (16). 

11-(E)-Tetradecen-l-y1 acetata 193 

As deacribed above, compound 152b (1.06 g, 3 1111101) va. 

treated 1111 th ethylzinc chloride (4 mL, ~ 1 M ln THF), to 

give 589 mG (7T~) of 1')3 nft~r chro!":ntoqr:'\phy (pcntnne/tolu-

ene, 7/3), 80/20. 1 Ir nmr (CDC l J ) : 6 - 5.2 (~. 2 Il), 

3 • a 3 ( t 1 .; ... 6 fi z , 2 H) 1 2 • 0 ( fi , J JO. L c) { ~, 4 H), 1. 23 

(b, 8, 16 ~n, 0.83 Ct. J.,. 7 Hz, J H). ~s (!::I): ml" III 194 

(M+-AcOII, 4Q%). 165 (6). 152 (11), 138 (11), 123 (27), 110 

(42), 96 (56), 81 (93), 68 (95), 5S (100), 43 (99). Exact 

IDaS8 of (M-l\cOH) ion ca1cd. for C 1 .. H26: 194.2034, found: 

194.2014. 

11- CE) -Tetradecen-1-o1 109 

The acetate 107 (549 mg, 2.1 mmol) va. hydrolyzed with 

NaOU (5 drops, 3 N) in 10 mL methanol for 2 h. The methanol 

wa. evaporated, ether was added to the residue and the solu-

.. r"""'-" .. " uw.... .• "'" !"'t ... ~~ ... " -

" 
j 



{ 

111. e $4 1 Ad_ asS ... 2f} J4I _'1~ 

- 148-

'tion w&ehed eucceeeively with dilute HCl and Na 2C0 3 (10%), 

dried over K2CO 3 and: evaporated. The final residue was 

purified by chro:matogr~phy (hexane;' ethyl i'lcetat.e n 10 Il) to 

(16) • 

ll-(JU-'l'etr~docÇ>!,,:!. 194 

V" • ,< ( F. l 1: ml -. ... 21 J (M+l, 

A SOl~ltlCln 'Jf 11- (E)-teiradecenOl (160 mg, 0.15 mmol) 

'" in 5 mL CH :,C1 2 -"';'\0 treated with pyridinium chlorochrornate 

. 203 204 according ":() J~":f!rnt:;::-o procedllr~ , te give 134 mg 

(85&) oC !"L-! 109 r"t '- l (1 t . 7 3) "D .:'!.~ .er c:"roml'\to"";rilpi'/ lf'Xi'!:1<':H '0.11(\111'1 "'" : , 

z/z ,. 4/1. 

5.40 (m. 2 H), 2.40 (t., l'J "" 1.3 Hz:. 2 :0, L'3S (m, 4 Il), 

1.60 (m, 2 ::0, 1.26 (b. 0, 12 H), 0.95 (t, J.., 7.3 Il::. 3 n). 

IR (neat): :730, "167 cm- l . MS (El): m/o'" 210 {M+, 4%),205 

(5), 192 (22), i21 {35}, III (40;, 95 153), 93 (56), 81 

(67), 69 (8~), 6ï (58). 5S (84), 42 (66), 41 (100). Exact 

IDa.SS calcr]. for C: •• !l260: 210.1'J93, ::ound: 210.1~58. 

A "tunablo" nynthesia of a Ilgecific hlond of E- and Z-viny1 

iodides: Variation in ELz ratio of 13-iodo-12-dodecen-l-y1 

acet.ate versus the amount of aluminuz:l chloride used 

Compound lill. (1.028 9, 3.3 m::::'lol) W'as dissolved in 33 

mL of freshly distilled CH 2C1 2 to gi ve • 1 M solution. A 

/ -..-. iii d ... ,. ., • ..,.. $ R!'iW4iQi&a ;;-
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.tandard tsolution of iadino in dichloromethane (. 1 M) WAa 

prepared. To A 10 mL round bottom f1ask containing 1 mL of 

the iOOino solution, variable amollnts of Lewis acid CAle1a) 

were addod. Tho r~ixtur" wnn :;tirrcê for 10 mi:": «ml cooled 

to O·c in n:-:. icI" bath. Th .... ~olut.i.on of 112k (l mL) WAa 

added and t.h (" ronction r:-:.i xturf' ·...rno k .... pt nt f) "c f::lr 2 h, then 

with NUI,Cl r 10%), dr!f'<! ovor :ln 2SO. nnd '"!vnpo;:::-ated. The 

residue \~nn :~ilntf'(! w.i.th 1 mL h...,xl\n..... Yil"!lùo nnd E/Z ratio 

of ~ worl"' dotùr:-:incd by cilpillnry GC, 200 + S·C/rllin: Rr 

6.18 min (Z-i.'1omf'rL 6.32 min (E-inorner). 

Resulta 

!guiva1ents of AlC1 3 Yield (,) Elz ratio (t) 

2.0 92 73/27 

1.5 . , 95 78/22 

1.1 96 80/20 

0.8 45 48/52 
.-

0.5 44 29/71 

0.3 42 10/90 . 
0.0 40 10/90 

Variation-.!.!!. E/z ratio -2! 13-iode-12-dodecen-l-yl acetata 

accerding te equivalents of tin chleride used 

Tin chloride (1. 563 g, 6 mmol) was dissolved in 60 mL 

CB 2C1 2 and used as a standard solution (. lM). The reac-

\ p," 4;W'" $ =_ dt., 1 L $ 4! .. > .-

.' 

, 
'\ 
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t.ion wae performed in the same conditions as deacribed 

above. 
"" 

R •• ulte 

Equiva~ents of SnCl .. Yield (t) Elz ratio ( t) 

3.0 92 73/27 

2.0 94 70/30 

1.5 S8 66/34 

1.1 - S7 63/37 

,J', .0.8 So- 64/36 

_ 0.5 75 56/44 

0.3 63 46/54 

0.2 55 27/73 

0.0 ~ 40 10/90 

Preeration o~ a .~cific blend of lLl ratio of 13-1000-(1 

and Z)-12-trideeen-1-yl acetate ~ 

Compound ~ (187 mg, 0.6 mmol) was treated with 

iodine (168 mg) in the preaence of 0.4 equi valents of tin 

chloride an de9cribed aboya. Compound IS2e (175 mg, 80%) 

was obtained aftcr purification by chromatography (hexanez­

toluene == 10: 1), E/Z ::= 1/1. lH nrnr (CDC1 3 ): Ô ::: 6.45 (dt, 

JI • 14 Hz, J 2 = 7 Hz, l H), 5.9 (dl J == 14 Hz, i H; for 

trans vinylic protons), 6.10 (s, 2.111, for cifl vinyl1c pro-

tons), 4.1 (t, J I:l 6 Hz, 2 H), 2.05 (s, 3 H), 1.60 (b, S, 18 
, 

a). MS (El): m/e .. 306 (M-AcOH, 0.2%),239 (2), 179 (33)" 

. 
,,------.. -- "',. ..... ---..--- _. _.-............... --~' ..... i •• 0""'2 .aa_._ .... '''.fpl!la"-'-~;?~.i,.p_.. -
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167 (30) .. 137 (18), 128 (19), 123 (34), .110 (37), 109 (54), 

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

Synthesis of a specifie bl.end of 1/1 ratio of E- and Z-12-

tetraçJecen-1-l1 aeetatet Asian corn borer moth pheroDK)ne 

196 

A solution of viny1iodide ~ (205 mg, 0.56 l1li\01) in 

3 mL THF was treated with methylmagnesiurn bromide (3 mL, 3.1 

r:--: M in ether), in the presenco of Li 2CuC ll+ enta 1yot (0.3 mL.. 1 

M ·in THF). The reaction mxture \orao otirrcd nt ;:'".t. over-

night, dilutad with cthar und waGhad ' . .;ith NH 4 C1 (1.0%). The 

organie layer wao driod ovat" UÛ2S0", ovnporatod# and the 

reeidue purificd by flash chromatography (hexano:ethyl aCf;1lI­

tate • 10:1) to gj.ve quan-!:itativc yield of coupled product 

li (E/z = 111). The a1cohol was reacetylated in Ac2o/pyri-' 

205 
dine to give 128 mg (72%) of !2.§. overall yie1d from 1121e, 

capillary Ge 200·C, RT= 4.79 (E-isomer) , 4.98 (Z-isomer) • 

la nmr (CDC1
3

) : ô ... 
, 

5.4 (m, 2 H) ,. 4.0 (t, J = 6 Hz, 2 H) , 
,) 

2.0 (s, 3 H) , 1.90 (m, 2 H), 1.60 (m, 3 H), 1.30 (b, S, 18 

H) • HS (El) : mIe ::: 194 (M-AcOH, 26%), 138 (26) , 137 (17) , 

124 (26), 117 (18), 110 (39), 109 (46), 96 (54), 82 (8S), 68 

-r5l) " 67 (57) ~ 43 (laO). Exact maes of (H-AcOH) ion calcd. 

.~ for ClItH~4, found: 194,1994. 
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CLAIMS TO ORIGINAL WORK t 

r 

- Trlalkylsilylallyl carbnniono, readiay generated from 

trlalkylallylsilaneo uoing Sehlooser"s base (n-BuLi/­

KOtBu), were found to roaet with a numbcr of ûlkyl halides 

to predominantly give y-addition productn. Thü r(!giose-

lectivity 'IrIno improvcd nignificnntly and thia makes the 

reaction particularly uo€!ful in the stereoselective syn-

thesis of terminal E-vinyloilùnca. 

- The electrophilic oubotitution of E-vinylsilanes with 

halogen (iodine), han been controlled stereoseleetively to 

providc cithcr the Z- or E-vinyliodides from the sarne 

precurBor. 

- 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 (AIC1 3 ) or stannic chloride (SnC1 4 ) have 

been u!,led. 

- A new method to provide a specifie blend of E- and z­

vinyliodides in a one pot reaction has been developed •. 
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- A novel route to the stereocontrolled synthesis of insect 

.ex pheromones using organosilicon compounds has been 

developed. 

A new concept of a "tunable" synthesis of insect sex phe-

romanes has been developed. This methodology has been 

u.ed to prepare an active sex pheromone as a specifie 

blend of E- and Z-isomers of alkenes. 
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