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Abstract - Regio and stereoselective hydralumination of 1-{chloro-
methyldimethylsilyl)-1-alkyne with diisobutylaluminium hydride
(DIBAK) affords (2Z)-1-(chloromethyldimethylsilyl)-1-(diisobutyl-
alumino)-1-alkene. Treatment of the aluminium-substituted vinyl-
silane with 3 equivalents of methyllithium affords (E)-1-
{trimethylsilyl)-2-lithio-2-alkene as a sole product. Reaction of
aluminium-substituted vinylsilane with trimethylaluminium {n
refluxing heptane produces a mixture of (E)-1-trimethyl-silyl-2-
alumino-2-alkene and 2-trimethylsilyl-t-alkene. Reaction of 1-
{chloromethyldimethylsilyl)-1-alkyne with triisobutylaluminium
gives 2-{isobutyldimethylsilyl)-i-alkene exclusively. Reactions
of the lithiated allylsilane with several electrophiles give the
corresponding carbometallated products, allylsilanes bearing
alkyl, allyl, vinyl, or alkoxycarbonyl groups. Protodesilylation
of 3-{trimethylsilylmethyl)-1,3-decadiene gives 3-methylene-1-
decene selectively. Reaction of trialkylaluminium with trimethyl-
silylethyne gives bistrimethylsilylated diene by successive addi-
tion of silylethyne to the aluminium reagent; in contrast,
chloromethyldimethylsilylethyne gives the mono-adduct regio and
stereoselectively.

Recent discoveries of regio and stereoselective organic synthetic reactions
by means of organosilicon reagents have claimed highly selective preparation of
various types of organosilicon compounds including alkynylsilanes, vinylsilanes,
and allylsilanes, from easily accessible organic compounds.2 Along this line, we
have disclosed regio and stereoselective syntheses of vinylsilanes; stereoselec-
tive syntheses either by carbonyl-clefination of aldehydes with gem-dichromium
reagent derived from (dlbromomethyl)trimethylsilane.3 or by hydro- and carbometal-
lation of silylalkynes."s’6 In continuation of these efforts, we engaged in the
development of stereoselective transformation of vinylsilanes (2 and 3) into al-
lylsilanes (4 and 5), because vinylsilanes (2 and 3) are selectively prepared from
easily accessible 1-trialkylsilyl-i-alkynes (1}.

2 1 1
R2-Mti R SIR R CH.SIR
R‘—C‘:’C-SiRs — \C-C/ 3 —— - \C-C/ 23 3

R27  “Mtl (H) R27 “mti (H)

1 2 (Mtl) 4 (M)
3 (H) S (H)
X-CHySi-R  ———e x'sll;CHz-R
R2 R
A 8



4010 H. Snirasams of al

Although Lewis acid~catalyzed rearrangement of a chloromethylsilyl molety (&}

5
' rearrangement of a 1~

into a silylmethyl group (B} has been r&gorted,7”
{chloromethyldimethylsilyli~T~alkengs into allvlisilanes under Lewis acid-catalysis
has not given satisfactory results and does not meet the reguirement of organic
synthasisagfio Treatment of {chloromethylldimethylvinylgilane with sodium
methoxide gave allylsilane ip low yield, though allyl{chloromethyljdimethylsilane
afforded (3-butenvllisilane in excellent yi&lé.§2 As the reactivities of vinvime-
tals are increased by the introduction of another metal moliety at the o posi-~
tian?4'5*13 rearrangement of 1-{chloromethyl)dimethylsgilyvl-1-petallo~alkenes into
aetallated allylsilane was attemplted from the synthetic point of vi&wugg This
paper describes a highly sterecoselective method for the above-mentioned transfor-
mation wutilizing a novel methyllithium-mediated rearrangement of chloromethyl-
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vinylsilane into an allylsilane as the key reactlon. Some selective reactions

using silvliethynes are added lastly.

RESULTS AND DISCUSHION
Preparation of Lithiated Allylsilanes from 1-Alkynes

Hydralumination of 1~trimethylsilyl-i-alkynes with DIBAH has been reported to
give pure Z-adduct in a mixture of an hydrocarbon and ether. On the other hand,
the reaction in hydrocarbon zolvent afforded a mixture of Z- and E~adduct by the

3 Hydralumination of 1~

lack of coordination of ether oxygen to aluminium.
{chloromethyldimethylisilylji-1~alkyne (6} was examined in a hydrocarbon solvent in
anticipation of the fixation of product geometry by intramolegular coordination of
chlorine to aluminium. The starting maeterial § was easily prepared from 1-lithio-
i-alkyne by the reaction with chloromethyldimethylsilyl chloride. A heptane solu-
tion of & was treated with DIBAH at room temperature: then hydrolytic workup of
the reaction mixture gave § (R2 = H)} almost quantitatively. Formation of 1=~
deuterated product (8, R? = B} by hydrolytic workup with D50 suggested that
hydralusination proceeded regio- and stereocoselectivelv. Hydralumination in
heptane~ether also afforded the same § exclusively.

i 1 ‘ 1
BupAlH R ,SiMe,CH,CI R , Sibia,CH,Cl
R1CEC-SiMe,CH,CH 2 e e C=C

HY SalBu, H? R2

8 7 8

when hydraluminated product (J) was treated with an ether solution of MeLi {3
egquiv} at room temperature for 2 h, {E}-i-trimethylsilyl-2-alkene {11} was ob-
tained as a sole product after hydrolytic workup. Structure of allyisilane 11 was
determined by spectrometric analvses as well as the comparison with the authentic
1337693? Quantitaive generation of deuvterated product 12 by the workup with D,0
suggests that the lithlated allylisilane 18 is formed after the rearrangement.
Treatment of § with one eguiv of MeLi gave 8§ (Rz = H) after hydrolysis of the
reaction mixture. Reaction of 7 with 2 eguiv of MeLl afforded a mixture of 8 (r?
= H}, {B)-isomer of 8, and 11. In contrast to the treatment with an ethereal
solution of MeLi, treatment of 7 with a hexane solution of BuLi {3 eguiv) gave §
whose formation could be explained by retrohydralumination induced by BuLi. These
results suggested that the formation of 11 from 7 by successive treatment with 3
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equiv of MeLi and water could be explained: (1) treatment with 2 equiv MeLi gave 9
by transmetallation followed by isomerization to E isomer;18'19 (2) attack of Meli
on Si of 9 induced the rearrangement of 9 to 10 by elimination of LiCl; analogous
nucleophile-mediated rearrangement of allyl-(chloromethyl)silane into homoallyl-

a.'? Although production of 10 from 9 could be explained
13'20,21

silane has been reporte
by the formation of the intermediary alkylidenesilacyclopropane
stereospecific transformation of 13 into 10 by MeLi is unprecedented. Results are
summarized in Table 1.

1 1 1 i
R SiMe,CH,Cl 2MeLi R Li MelLi R L
Neagl 2 Mol M M cae” — \c-c:
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In contrast to the reaction of (chloromethyl)dimethylvinylsilane with sodiun

methoxide affording a complex mlxture,12

reaction of (Z)-1-(chloromethyl)-
dimethylsilyl-1-alkene 8 (R2 a H) with MeLi{i under the above described conditions
did not give any allylsilane and 8 was recovered unchanged. This observation sug-
gests that the migratory aptitude of the olefinic carbon attached to silicon is
enhanced by the introduction of lithium at the a position. As 1-(chloromethyl)-
dimethylsilyl-1-alkynes 6 are easily prepared from 1-alkynes, the above described

procedure opens novel regio and stereoselective synthesis of allylsilanes.
Trialkylaluminium-Induced Rearrangesent of (Chloromsethyl)vinylsilane

In contrast to the above described MelLi-induced stereoselective rearrange-
ment, trialkylaluminium-induced rearrangement of 7 gave a mixture of allylsilanes
(E-isomer 11 and Z-isomer 17) and 2-alkyldimethylsilyl-l-alkene 20; ratio of the
products depended upon the employed trialkylaluminium. A heptane solution of 7
(R1 = n-CgHyy) was treated with trimethylaluminium (1 equiv) at refluxing tempera-
ture for 6 h to give a mixture of 11, 17, and 2-trimethylsilyl-i-nonene 20 in 78%
yield (11/17/20 = 67/9/24) after hydrolytic workup. Use of triethylaluminium, in
place of trimethylaluminium, afforded a mixture of (E)-allylsilane 18, 17 (R'" =« n-
CeHy3o RZ = Me), and 20 in 78% yield (11/17/20 = 8/1/91). Treatment of 1 with
trimethylaluminium in a mixture of heptane and ether did not give any rearranged
product. The structure of the rearranged products (10 and 15) were estimated by
regioselective introduction of deuterium to give 12 and the (Z)-isomer 19 (R! . .



4012 H. Swiracami e of

CgMy g, R? = Me) by the workup with U50.  The fact that non-deuterated 20 was
lated even hydrolytic workup with D0 indicated that 20 was formed be
hydrolvtic workup. The structures of 17 and 20 were determined by the
parison of 'H NMR and MS of the products with those of the authentic samples
was prepared by the coupling of {Z)-1-bromo~i-octene with trimethyvisilyimathyl
nesium chloride under nickel catalysis, and 20 was prepared by the coupling o

bromo-i-trimethyisilylethene with heptvimagnesium bromide. ! 6:22

Table 1. Allylsilanes {11, 12, 17, 18, 18) and Vinyisilane 20 from 1-{Chloro-
methyljidimethylsilyl-T-alkynes {§} vis Hydralumination Product 7

Entry R rR-#t13)  golvent®! Temp.®! Time wWorkup vield®! Product Rati
{equiv) (%3

1 n-CgHyy  Meli (3)  Et,0 rot. 2 h HyO 82 11

2 n-CgHyy  MeLi (3}  Et,0 r.t.  2h DyO 80 12

3 n-CgHyy  MeLi (3}  Bty0 0%¢ 2h  HyO 90 8 (R® = H)

4 n-CgHyy Buli (3)  hexane r.t. 2 h  -e- 94  g*)

5 n-CgHg  MeLi (3)  Et,0 r.t. 2R HYO 8o 11

6 Ph MeLi (3)  Ety0 r.t. 24 h  HyO 73 11/17 21/79

7  n-CgHyy Me3al (1.1) heptane reflux 6 h  Hy0 78 11/17/20 67/9/

8 n-CgHyy MejAl {1.1) heptane reflux 6 h D0 74 12/19/20")

9 n-CgHyy EtgAl {1.1) heptane reflux 4 h  Hy0 75 18/17/20 9/4/

10 Ph MejAl {1.1) heptane reflux 8 h HqO 89 11/17/206 57/0/

11 n-CgHyy (YBujAl (2.0}, heptane, reflux for 6 h)J! 72 18/17/20 5/3/

al Silylalkyne § was treated with egquimolar DIBAH in heptane {or hexane}! for 1
at room temperature; then the reaction mixture was treated with R-Mtl {egui

b} Solvent in which R-Mtl was dissolved:; therefore hydraluminated product 7 wa
fraated with R-Mtl in a mixture of heptane {or hexane} and solvent designat
here.

©} The reaction mixture of 7 and R-Mtl was treated at designated temperature a
time.

4} Owverall yield from §.

e) Determined by GLC as well as 200 MHz 'H NMR,

£} After the formation of hydraluminated product 7 was confirmed, the reaction
mixture was btreated with a hexane solution of Buli.

g} In the case of r! = Ph, transmetallation giving 8 from 7 seems slow. Trsat
of 7 with MelLl at room temperature for 2 h afforded vinylsilane ﬁ»(R* = Ph,
r? = H, containing 23% of E-isomer) as the major product after hydrolytic
workup. The above described iscmerization from 7 to 14 even at room temper
ture would explain the formation of a mixture of 11 and 17.

hl Ratio of 12/19/20 was similar to that of 131/17/20.

i} Fast isomerization of 7 into 14 was observed (ref. 24}.

4} Direct treatment of 1-{chloromethylidimethylsilyl-i~octyne (8§, gl = n-CgHig
with a heptane solution of iBu3Al {2.0 aquiv) at reflux for 3 h resulted in
formation of 20 {R2 = iBu} selectivity; namely, the initial hydraluminated
product 7 rearranged exclusively to 17, Triiscobutylaluminium produces DIBA
under the reaction tempsraturse,
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Direct reaction of a heptane solution of 6 (R1 = n-C6H13) with 2 equiv of
triisobutylaluminium at refluxing temperature gave 20 predominantly; (1) ther-
molysis of triisobutylaluminium produced diisobutylaluminium hydride (DIBAH) which
added to 6 to give 7 and (2) triisobutylaluminium-mediated rearrangement of 7 to
give a mixture of aluminium-substituted allylsilanes (18 and 17) and alkenylsilane
20. Results of trialkylaluminium-mediated formation of (E)-allylsilanes (11 and
18) and vinylsilane 20 are added in Table 1.

Trialkylaluminium-mediated rearrangement could be explained; (1) Hydralumina-
tion {n heptane at room temperature gave pure Z-adduct 7 whose isomerization to
(E)-isomer 14 would proceed at elevated temperature by the break of intramolecular
coordination of chlorine to aluminium;23 (2) Trimethylaluminium was sufficiently
strong Lewis acid in heptane, coordination to chlorine, and transferred methyl to
silicon inducing stereospecific rearrangement; (3) As trialkylaluminium-mediated
rearrangement of (chloromethyl)dimethylvinylsilane to allylsilane proceeded at
refluxing temperature of a heptane solution, E/Z isomerization of 7 to 14 and
rearrangement of 7 and 14 to allylsilane 15 and 16, respectively, were competitive
processes, therefore the E/Z ratio of the produced allylsilane could be determined
by the reactivity of trialkylaluminium used; (4) Geometry of the rearranged
products did not change under the applied reaction conditions; (S5) Direct forma-
tion of 20 from aluminium-containing vinylsilane 7 by the action of tri-
alkylaluminium could be conceivable, (a) either by the successive or simultaneous
action of intramolecular diisobutylaluminium group (transfer of hydrogen to
olefinic carbon) and intermolecular action of trialkylaluminium (transfer R? group
to silicon), (b) or by the intermediary formation of alkylidenesilacyclopropane 13
which was attacked by aluminium reagent to give 20.

1 i 2 1 1
R ,J\leuz R 3AJ R Al 802 R H (D
\C-C \C- 4 \C-C/ (D)

H”  “SiMe,CH.CI e ‘CstlMosz HZ  “CH,SiMe,R?
14 16 18 (H)

11 (H, RZ = Me)

12 (D, R2 = Me)

1 .
R .o SiMeaCH,CI RZ;Al R'\C C,CHZS|Me2R2 R‘\C C/CH286M02R2
= = — -
H”  Mallgu, H”  ailsy, H”  “H (D)
I 5 17 (H)
19 (D)

- — —

1 2

R ,SlMe2 BuyAIX, RZ;AI SiMe,R?
Te=c]) _______3‘}_- R'CH,-C

H “CH, ScH,

13 20
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Compared to the stereoselective formation of (E)-allylsilanes {0 from
{chloro-mathyl)vinylsilane 7 by MeLl-mediated rearrangement, the above described
trialkylaluminium-mediated rearrangement of the same vinylsilane 7 into 2-{alkyl-
dimethylsilyl)-1-alkene 20 opens another synthetic utility of 1-alkynes through 1-
{chlovomethyl)dimethylsilyl-1-alkynes &.

Reaction of 1-Trimethylsilyl-2-lithio-2-alkenes with Variocus Electrophiles
Various types of allylsilanes can be prepared by the reaction of 1-

trimethylsilyl-2-lithio~alkenes 10 with various carbon electrophiles using transi-
tion metal-catalyts.

Wgurtl Fectroomie RN E
H”  “CH.SiMe; Catalyst H”  “CHySiMey
10 21 E = alkyl, aliyl
22 E = vinyl
23 € = COOR'

Table 2. Reaction of 10 (R1 = n~C6H13} with Electrophiles.

Entry Electrophile Catalyst {equiv) Product {E) ¥ield {%)a)

1 Mel CuBr {0.13} 21 (Me) 84

2 Mel Cul (0.1} 21 (Me) 80

3 Mel CulN (0.1} 21 (Me) 79

4 EtI CuBr (0.1) 21 (EL) 80

5 n-Bul CuBr {0.1) 21 {(n-Bu) 78

3 CHo =CHCH, Br CuBr {0.1) 21 (CH,CH=CH,) 84

7 CHy=CMeCH,ClL CuBr {0.1) 21 (CH,CMe=CHy) 65

8 CHy=CH-CHMeCl CuBr (0.1) 21a 500!

9 MeCH=CHCH,C1 CuBr (0.1) 21a/21b°! 63 (27/73)9)
10 MeCH=CHCH,CL Cul  (0.1) 21a/21b 58 {25/75})
11 MeCH=CHCH,Cl CuCN {0.1) 21a/21b 60 (15/85)
12 CHo=CHBr ZnCl, (1.0)/Pd(PPh3), (0.01) 22  (CH=CH,} 52
13 C1C00Me ZnCl, (1.2)/PA(PPhy), (0.05) 23  (COOMe) 76
14 ClCO0EL ZnCly (1.2)/Pd{PPhy)s (0.05) 23  (COOEL) 78

a) Overall vield from t-{chloromethyl)dimethylsilyl-1-octyne (8§, n! = n-CeHyql.

b} Reaction of 3-chloro-2-methyl-1-propene gave 2la selectively.

c) Reaction of crotyl bromide at a-position gave 2la; reaction at Y-position af-
forded 21b.

d) Ratio of 2la/21b was m=-CgHya. »CHGCH=CHCH, n-szHm\ ~CHMe-CH=CH,
determined by 200 MH=z C=C =C,
TH nMr as well as GLC,

&

H N CHySiMey HY “CHySiMey
21a 21
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Alkylation is catalyzed by cuprous bromide; successive treatment of the
lithiated allylsilane with CuBr (0.1 equiv) and an alkyl ifodide gave an alkylated
product stereospecifically. Allyl halides reacted at both a and ¥y positions to
give a mixture of allylated products.

in contrast to the above-mentioned alkylation and allylation, reaction of 10
with bromoethene under similar conditions did not produce any vinylated product.
Therefore, lithio-intermediate 10 was first transmetallated with ZnCIZ to give
vinylzinc intermediate, which reacted with bromoethene under palladium catalysis
to give 22 in good yield.

Reaction of 10 with methyl chlorocarbonate also proceeded smoothly via vinyl-
zinc intermedlate. Analogous to the above case, palladium-catalyzed reaction of
the vinylzinc intermediate with methyl chlorocarbonate produced a,f -unsaturated
ester 23 in good yield. As carbodemetallation proceeds without change of
olefinic configuration, stereochemistry of each allylsilane, 21, 22, or 23 was
reasonably estimated from that of the common precursor 10. Results are summarized
in Table 2.

Protodesilylation of the above described (E)-3-(trimethylsilylmethyl)-1,3-
decadiene (22) produced 3-methylene-1-decene as shown below.

n-CgH _,CH=C H* CH=C
e3¢ Hy Hys-C Hy

H”  “CHoSiMe,y CH,
2

Addition of Trialkylaluminium to 1-(Chloromethyldimethylsilyl)-1-alkynes

Although trimethylsilylethyne added to alkylcopper to give (Z)-adduct, (2)-1-
trimethylsilyl-1-alkenylcopper, exclusively,6 (chloromethyl)dimethylsilylethyne
did not give the expected adduct as a main product because of predominant sub-
stitution of chlorine with alkyl. After several attempts, carbometallation of
(chloro-methyl)dimethylsilylethyne (24) with trialkylaluminium in hydrocarbon sol-
vent afforded satisfactory results.

Reaction of 24 with tripropylaluminium (1.3 equiv) in hexane at 0°C for 3 h
gave the (Z)-adduct 2S5, which upon quenching with H,0 and D,0 afforded 26a and
26b, respectively. Successive treatments of 25 with Meli and 3-bromo-1-propene
gave 26c in excellent yield. Results are summarized in Table 3.

RGAL H,  /SMepCHiCI  H,  SiMe,CH,CI
—

H-CECS'M%CHzcl —_— C= C
R”  NAIR, R” “E
2 2 26a (€ = H)
26b (E = D)

26c (E = CHyCH=CH,)
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Table 3. PFormation of 28 from 24.

Yield {%] of Product

Entry R iy 26b 28¢
1 Mo S - -
2 Bt 81 78 90
3 n-Pr 87 80 80
4 i-Bu 79 79 83

a} Any adduct could not be detected; starting material was recovered.

In contrast to {chloromethylidimethylsilylethyne 24, reaction of trimethyl-
silylethyne {27, 2 eguiv} with triethylaluminivm {1 equiv} gave {1E,38}-2-
diethylalumino-1,3-bistrimethylleilyl~1,3~hexadiene Z2%a stersuselectively, whose
hydrolysis gave 29%b in 94% yield. Reaction with D,0 afforded deuterated product
28¢c. The initial adduct 27 again reacted easily with 2§ to yleld 28, bub the bls
adduct 28a did not show any reactivity towards 27 even with large excess of 27 at
higher reaction temperature for prolonged reaction time. Although analogous reac-
tion of {-{chloromethylidimethylsilvi-t-propyne with trialkylaluminium was ob-
served to give bis adduct, V-{chloromethylidimethylsilyl-t~octyne did not give any
bis adduct by the reactlon with trialkvlaluminium,

Et-Al H SiMes H SiMeq
H-CEC-SiMeg e e i ;&C: ’
Et”  AlEt, Et C=C

HY  “SiMeq
27 28 2%a (R = AIELy)

28 (R = H)

28¢ (R = D)

In conclusion, a novel gterveoselective preparvstion of allvisilanes from
easlily accessible 1-{chloromethyldinethylsilyl)-1-alkynes 1is described making use
of a sterseogpecific rearrangement of the chloromethyldimethylailyl group to the
alkyldimethyvlsilylimethyl under the intramolecular assistance of the alpha~lithium
or aluminium carbanion. Selective formation of Z-trialkylsilyl-i-alkenes from 1-
{chloromethyldimethylsilyl)-1~alkynes using trialkylaluminlum-mediated rearrange-
ment of aluminated (chloromethylldimethylvinylsilane described here opens novel
synthetic use of l1-alkynes.

EXPERTHENTAL

All reactions were carried out in_ argon atmosphera. Solvents used for the
reaction were deoxygenated and dried. H NMR spectra were vescorded on Varian As-
sociates BEM-390 and XL-200 as well as JEOL FX-900 spectrometers and are reported
in parts per million from internal tetramethylsilane on the & scale, Data are
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reported as follows: Chemical shift (multiplicity (s = singlet, d = doublet, t ¢
triplet, g = quartet, m = multiplet), integration, coupling constants.). Infrared
spec?ra were taken with a JASCO IR-810 instrument and are reported in wavenumbers
(cm™'). Mass spectra were recorded on a Hitachi M-80 mass spectrometer using PFK
ags internal standard. Samples on which exact mass were measured exhibited no sig-
nificant peaks at m/z greater than that of the parent. Combustion analyses were
performed by Elemental Analyses Center of Kyoto University.

1-{Chloromethyl Jdimethylsilyl-1-octyne (6, R! - n- 813) from 1-Octyne. To a THF
golution of 1-octyne (6.15 g, 55.9 mmol in 60 mL Té%), n-BuLi{ {55.9 mmol, 37.3 nL
of 1.5 M hexane solution) was added at -78°C, and the reaction mixture was stirred
for 1 h at 0°C then 15 min at room temperature. To the reaction mixture, a THF
solution of (chloromethyl)dimethylsilyl chloride (8.0 g, 55.9 mmol dissolved in 20
mlL of THF) was added dropwise during for ' h at -78°C and the resulting mixture
was stirred at the same temperature overnight. The reaction mixture was worked up
with sat. NH Cl and extracted with ethyl acetate. The organic layer was washed
with brine and dried over Na,S0,. Distillation of the organic solution afforded
1-{chloromethyl)dimethylsilyl-1-octyne (6, 10.9 g, 99% yield) as a colorless o*l
{b.p. 54-57°C/3 mmHg); IR (liquid film), 2956, 2930, 2856, 2172, 1252, 817 cm™ ';
H NMR 0.00 (s, 6H), 0.69 (t, 3H, J = 7.0 Hz}), 0,95-1,35 (m, 8H), 1.94 (t, 2H, J =
7.0 Hz), 2.58 (8, 2H). MS Calcd for C11HZ1ClSi: M* = 216,110, Found: 216.108,

1-(Chloro-ethyl)dinetbyla!1y1v2-phenyﬁet (6, R' - Ph). IR {(liquid film),
3056, 2964, 2156, 1488, 1252, 845 cm™ ' ; 'H NMR, 0,00 (s, 6KH), 2.60 (s, 2H), 6.70-
6.95 (m, SH). MS Caled for CyyH,y3C1Si M* = 208.047. Found: 208,048,

1~(Chloto.ethyl)di-ethylsilyl~1-befyne {§, R! = n-CB ). IR {(liquid film}, 2960,
2932, 2174, 1252, 843, 817 cm"; H NMR, 0.00 (s, gﬂ?, 0.69 (t, 3H, J = 7,0 Hz),
1.0-1.,3 (m, 4H), 1.94 (t, 2H, J = 7.0 Hz), 2.58 (8, 2H). MS Calcd for C9H17ClSi:
M* = 202.094. PFound: 202.097.

{3)-1-{Chloromethyl)dimethylsilyl-1-octene (8§, R! - n-CgHyy). To a heptane solu
tion of diisobutylaluminium hydride (DIBAH, 2,3 mmol, 1.8 mL of 1,28 M solution),
1-(chloromethyl)dimethylsilyl-1-octyne (6, R = n-CgH,3, 0.50 g, 2,3 mmol) was
added and the resulting mixture was stirred for 1 at room temperature, The
reaction mixture was cooled to 0°C and then poured onto a mixture of ice and dil,
hydrochloric acid. The mixture was extracted with ether, Ethereal solution was
washed with sat. NaCl, dried over Na,$04 and concentrated to qive (2)-1-
{chloromethyl)dimethylsiyl-t-octene (8, R = n-CgHy3) quantitatively. 'H NMR, 0.00
{s, 6H}), 0.80 (v, 3H, J = 7 Hz), 1.1-1.5 (m, BH), V.95 (m, 2H)}, S.30 (dt, tH, J =
13, 1 Hz), 6,18 (dt, 1H, J = 13, & Hz). MS Calcd for C11HZ3C151: M* = 218,126,
Found: 218,125,

(E}-1-Trimethylsilyl-2-nonene (11, r! . n-CgH 3) from {(2)-1-
{Chlorowmethyl)dimethylsilyl-1-octyne (6, R' = n-C 8‘3) by ccessive Treatsent
with DIBAH and MeLi Pollowed by Hydrolytic Workup. ﬂb a heptane solution of DIBAH
(?'3 mmol, 1.8 mL of 1.28 M golution), 1-(chloromethyl)dimethylsilyl-t-octyne (6,
R’ = n-CgHyq, 0.50 g, 2.3 mmol) was added and the resulting mixture was stirred
for 1 h at room temperature. The reaction mixture was cooled at 0°C and was added
with an ethereal solution of MeLi (7.0 mmol, 3.2 mL of 2.2 M solution) at 0°cC,
The mixture was stirred for 2 h at room temperature, poured onto a mixture of
crushed ice and dil. hydrochloric acid, and extracted with ether. The ethereal
golution was washed with sat. NaCl, dried over Na 504, and concentrased to afford
373 mg {1.88 mmol, 82% yield) of (E)-l-trimethylsiﬁyl-z-nonene (11, R = n-C6H13*;
?p 80°C/4 mmHg (Kugelrohr bath temp.); IR (neat) 2954, 2924, 2854, 1248, 838 cm™ ';
H NMR 0.00 (s, SH), 0.87 ({t, 3H, J = 6.7 Hz}, 1.,15-1.37 (m, 8H), 1.38 (4, 2H, J =
7.4 Hz) 1.96 (dt, 2H, J = 6.6, 6.2 Hz), 5.22 (dtt, 1H, J = 15.2, 6.2 0.9 Hz),
5.35 (dtt, 1H, J = 15,2, 7.4, 0.9 Hz). Anal. Calcd for CyHpgS1: C, 72.64; H,
13,21, PFound: C, 72.76; H, 13.46.

When the reaction mixture obtained from 1-{chloromethylidimethylsilyl-1-
octyne (8) by successive treatments with DIBAH and MelLi was treated with D,0, (E)-
1-trimethylsilyl-2-deuterio-2-nonene (12, R' = n-CgHyy) was obtained: ?p ?O°C/3
mmHg (Kugelrohr bath temp.}; IR (neat), 2954, 2924, 28%4, 1248, 837 cm™'; 'H NMR
0.00 (s, SH), 0.89 {(t, 3H, J = 6.7 Hz), 1.15-1,37 {m, 8H), 1.38 (br-s, 2H), 1.97
{dt, 2H, J = 7.0, S5.7 Hz), $.26 {(tt, 'H, J = 1.0, 7.0 Hz). Anal. Calecd for
CypHygDSi: C, 72.27; H and D, 13.67. Found: C, 71,93; H and D, 13,90,

(E)-1-Trimethylsilyl-2-nonene (11, r! - n-CgHy3): Authentic Sample. According to
the reported procedure of the coupling of a “Grignard reagent with an alkenyl
bromide (ref. 16), nickel-catalyzed coupling of bromoalkene with trimethylsilyl-
methylmagnesium chloride was carried out. An ether solution of trimethylsilyl-
methylmagnesium chloride (17 mmol, 24 mL of 0.7 M solution) was added to an ether
solution of (E)-1-bromo-1-octene {(1.%3 g, 8 mmol) and Nl(acac)2 {(0.13 g, 0.5 mmol)
in 10 mL of solution maintained at 0°C. The reaction mixture was stirred for 5 h
at room temperature, and then poured onto ice-cooled dil. hydrochloric acid. The
mixture was extracted with ether and the ether solution was dried over Na 5504,
concentrated, and distilled to give (E)-l-trimethylsilyl-2-nonene (11} R %0 .

CeHy3, 1.2 g, 75% yield, bp. 120-140°C/20 mmHg (Kugelrohr). IR ans_{n NMR are
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identical to those of above described 11 obtained by the rearrangement.

{E}~1-Trimethylellyl-2-heptene {11, gl 5 n-CelHgl. Analogous treatment of 1~
{ehlovomethylidimethylsilyl-i-hexyne (B, R’ = n-CyHg) with DIBAH and Meli gave
{El-1-trimethylsilyl-Z-heptene in 80% yield. i

{-Phenyl-3-trimethylslilyl-i-propene {131, g = Phl. when 1~{chloro-
methylidimethylsilyl-2-phenylethyne (&, 2V TE PR) was gsuccesaively treated w%th
DIBAH and MeLi as described above, 1-phenyl-3-trimethylsilyl-i-propene (11, R' =
Ph) was obtained in 73% yield as a mixture of E-isomer 11 and Z-isomer 317 (11/17 =
21779, Pure samples of each isomer were cobtalned by GLC.

{E}~1-Phenyl-3-trimethylsilyl-t-propene {13, R’ = Phl: Tu mMr 0.00 {m, 9H},
$.60 {m, 2H), 6.30 {(m, 2H}, 7.25 (m, 5H}. M5 Calcd for Ty HygBi: M* = 190.118,
Found: 1930.120,

{2)-1~Phenyl-3-trimethylsilyl-1-propene {17, ! = Phy rZ = Mel: 'y MR 0.00
{s, 9HY, 1.80 {dd, 24, J = 9,0, 1.5 Hz)}, 5.70 {dt, 14, J = 12, 9.0 Hz)}, 6.30 {4t,
1&6 J = 12, 1.5 Hz), 7.25 {m, 5H). M8 Caled for CygH,gaSi: miz = 190,118, Found:
190,119,

Trialkylaluminius-Induced Rearrangement of 1-{Chloromethylidisethylailyl-i-
diiscbutylalusino~i-alkene {7} into Allylsilane (15 and 18) and Vioylsilane 20.
j-Trimethylsilyi-2-nonens {E-isomer 11 and E-lsoser 17} and 2~-{rimethylailyi-i-
nencene  {20) from 1-{Chlovomethyl)}dimethylsilyl-i-octyne (6, R' = n-CgHy . B
?ypicﬁl Procedure. To a heptane solution of 1-chloromethyldimethylsilyl-1-octyne
{8, R' = n-CgHyy, 647 mg, 3.0 wmol in 5 mlL solution), DIBAH {(neat, 3.0 mmol) was
added and the reaction mixture was stirred at room temperature for 30 min. A hep-
tane solution of MeyAl (3.0 mmol, 1.5 mL of 2 M solution) was added and then the
reaction mixture was heated at reflux for 3 h. The reaction mixture was lce-
copled, poured onto ilce-cocled dil. hydrochloric acid, and extracted with sather.
Organic solution was dried over &azﬁﬁﬁp concentrated, and distilled with Xug$1~
rohr to give a mixture of {E}- and {Z}-1-trimethylsilyl:2-nonene {31 gnd 17, R' =
n-Cglyg, RS = Ma) and Zwtrimethylsilgl—?~m0nene {28, R’ = n-CgHqq, R® = Me} as a
fractlon of bath temperature 120-1259C {20 mmBg), 463 mg (788 yield, 11/17/20 =
67/9/24 determined by GLC). Pure samples ?f gach isomer yere obtained by GLC.

{2}-1-Trimethylsilyl-Z-nonene (17, R' = n-Cgliyq, R® = Mel:s 'H HNMR 0.00 {s;
9HY}, 0,88 (%, 3H, J = 6.7 Hz), 1.,12-1.43 {(m, 8H}, g.éﬁ {br-d, 24, 7.7 Hz}, 1.%8
(AL, 2H, J = 6.8, 6 Hz), 5.26 {(dtt, 1%, J = 10.8, 6.8, 1.0 Hz), 5.38 (dtt, 1H, J =
0.8, 7.7, 1.0 Hz}. H¥8 (aled for C§23§§si: mfz = 198,180, Found: 188.170,

Z-Trimethylsilyl~1-nonene §g§{ R' = n-CgHyq, B® = Mel: IR {liguid £ilm},
2954, 2924, 2854, 1248, 838 cm™'; 'H NMR 0.00 (s, 9H), 0.85 (t, 3H, J = 6.0 Hz},
1.10=~1.45 {m, 10H), 2.04 {br-t, 2H, J = 6.7 Hz), 5.22 {(dt, "H, J = 3.0, 1.0 Hz),
5.45 (dt, 1H, J = 3.0, 1.8 Hz); M8 Calcd for C12H26Si: miz = 198,180, Found:
198,183,

Wworkup of the above described reactlion mixture with D,0 gave a mixture of
deuterated al}yigil&ne {12 and 1%} and non~deuterated 20. Pure 12 was obtained by
GLC; IR and 'H NMR was identical to those of the above degcribed 13 obtained by
#MeLi~induced rearrangement.

When the r$action with He3&1 was carried out at 70%C in the above procedure,
Ewiiomer {11, R’ = n-CgHyy) was obtained predominantly. Overall yleld 80%, 11/20
= 7/3.

{2}~1-Trimethyvisilyl-2-nonens {17, R1 = n-Celly g, R = #He): Authentic Sssple.
Analogous to the above dascriﬁeﬁ preparation of autheatle 11 (ref., 16), {Z}-i-
Trimethylsilyl-2-nonene (1%, R’ = n-C ﬁi , B* = ¥Me} was obtalned by the coupling
of {Zi-1-bromo-i-octene with trimethyﬁsx%ylm@thyimagnasium chloride uander nickel
catalysis.

2-Trimethylsilyl-1-nonens {20, r! = n-Celly g, RE = He): Authentic Sample. Accord-
ing to the procedure described above (regn 16), a THF solution of !-bromo-f-tri-
methylsilylethens {3 mmol, 0.54 g in 3 mL solution) maintained at 0°C was treated
successively with a THF solution of heptylmagnesium bromide {7 mmel, 7.8 mb of .9
M solution) and Nifacacl, (0.13 g, 0.5 mmol) and the rescticn mixture was stirred
1% min at 09C then 1 h at room temperature. The reaction mixture was poured onto
jce~cooled dil. hvdrochlorig acid and extracted with ether. The ether solution
was dried over Na,S04, concentrated, and &istilﬁed {Kugelrohr) .to give an authen-
tic sample of 2«triqethylsilylm1—nonene {28, R’ = n-CcHey, R® = Me}; Bp., 120~
130°C/20 mm Hg: IR, 'H NMR, and MS as well as the retentlon time of GLC are iden-
tical to those of the above described 28 obtained by trimethylaluminium-mediated
reavrangemnant .,

2-(Ethyldimethylsilyl)-1-nonene (20, R' = n-CgHy3, R® = Bt). Use of EtjAl, in
place of MesAl, gave a mixture of 623—3»{&thylgimathylailyi)-E—nan@nﬂ {18} and 20
in 75% yield (318/17/20 = 3/4/87}.

{E}-1=~{Ethyldimethylsilyl)}-2~-nonens (18, ! = peCgH 3s 8% = Bt Ty NMR 0.00
{s, 6H), 0.47 (g, 2H, J = 7.8 Hz), 0.87 {(t, IH, T = 6,? %z), 0.91 (t, 3H, J = 7.8
Hed, 1.04-1,35% {m, 8H), 1.39 (d, 24, J = 7.3 Hz}, 1.97 {(m, 2H}, 5,21 {dtt, V4, J =
15.2, 6.1, D.8 Hz), 5.36 {dtt, 1H, J = 18.2, 7.3, 1.0 Hz}.

{%3-1-{Ethyldimethylsilyl}-2-nonene {12, B! . n-CgHy3, R2 = Et): T mMR 0,00
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(s, 6H), 0.48 (g, 2H, J = 7.6 Hz), 0.87 (t, 3H, J = 6.9 Hz}, 0.92 (t, 3H, J = 7.6
Hz), 1.1-1.4 (m, 8H), 1.45 (d, 2H, J e 8.0 Hz), 1.93-2.10 (m, 2H), 5.24 (dtt, 1H,
J = 11.5, 6.4, 1.0 Hz), 5.37 (dtt, 1H, J = 11.5, 8.0, 1.0 Hz). 1

2-(Ethyldimethylsilyl)-1-nonene (20, R' = n-C¢Hy3, R® = Et): 'H NMR 0.00 (s
6H), 0.52 (q, 2H, J = 8.0 Hz), 0.88 (t, 3H, J = 6.5 Hz), 0.90 (t, 3H, J = 8.0 Hz),
1.04-1,.48 (m, 8H), 2.05 (br-t, 2H, J = 7.5 Hz), 5.22 (dt, 1H, J = 3.0, 1.0 Hz),
5.45 (Aat, 'H, J = 3.0, 1.6 Hz). Ms Calcd for Cy3H,gSi: m/z = 212,196, Found:
212.196.

(B)-1-(Isobutyldimethylsilyl)-2-nonene (15’ RY - n-CgHy 3, 2R2 CHMe, ) and 2-
(Isobutyldimethylsilyl)-1-nonene (20, R’ = p-CgHyy, R = cazénne from 1-
(Chloromethyl)dimethylsilyl-1-octyne (6, R = n-CcHy2) by the Action of
Triisobutyla)luminium. To a heptane solution of 1-{chloromethyl)dimethylsilyl-1-
octyne (6, R’ = n-CgHy 500 mg, 2.3 mmol in 2 mL solution), a heptane solution of
triisobutylaluninlum (i 6 mmol, 4.6 mL of 1 M solution) was added and the reac-
tion mixture was heated at reflux for 6 h, The reaction mixture was worked up as
described above to give a mixture of olefinic silanes in 728 yleld. GLC analysis
indicated that the ration of (E)-1-(isobutyldimethylsilyl)-2-nonene ( 8, R = n-
C§H1 R = CH,CHMe )/(Z) -1-(isobutyldimethylsilyl)-2-nonene (l_ a q{ 3
) CHMe f/Z (isobutyldimethylsilyl)-1-nonene (20, = n- C6H13,
CHZCHMe was /3/92 Pure samples were obtained qy GLC. 2 1
; -1-(Isobutyldimethylsilyl}-2-nonene (18, R' = n-CcgHy3, R® = CH,CHMe,): 'H

NMR O 00 (s, 6H), 0,50 (4, 2H, J = 6.9 Hz), 0.87 (t, 3H, f = 6.5 Hz), 0.91 (d, 6H,
J = 6.5 Hz), 1.10-1.40 (m, 8H), 1.40 (d, 24, J = 7.3 Hz), 1.75 (m, 1H), 1.9-2.1 m,
2H), 5.19 (dt, 'H, J = 15,0, 7.2 Hz), 5.32 (dt, 11»1,1 J = 15,0, 7. 3 Hz). 1

(Z)-1-(Isobutyldimethylsilyl)-2-nonene (17, R’ = n- -CgHy = CH,CHMe,): 'H
NMR 0.00 (s, 6H), 0.52 (d, 2H, J = 7.2 Hz), 0.87 (t, 3H, J = % 2 Hz), 0.92 (d, 6H,
J = 6,5 Hz), 1.,2-1.4 (m, BH), 1,45 (4, 24, J = 7.9 Hz), 1.75 (m, 1H), 1.9-2,1 (m,
2H), 5.24 (dt, YH, J = 10.5, 7.7 Hz), 5.36 (dt, 1H, J = 10.5, 7.9 Hz). 1

2-{Isobutyldimethylsilyl)-1-nonene (20, R = n-C Hy3, RS = CH,CHMe H NMR
0.00 (s, 6H), 0.58 (4, 2H, J = 6.9 Hz), 0.88 (¢, JH,.f = 6.5 Hz), 0 92 (S 6H, J =
6.6 Hz), 1,10-1,40 (m, 8H), 1.67 (tq, 1H, J = 6.9, 6.6 Hz), 2.02 (br-t, 2H, J =
7.5 Hz), 5.22 (dt, 1H, J = 3.0, 1.0 Hz), 5.45 (dt, 1H, J = 3.0, 1.6 Hz). Ms Calcd
for CygH3,Si: m/z = 240.227. Found: 240.222,

3-Phenyl-2-trimethylsilyl-1_-propene (20, ' - Ph) and (R)-1-Phenyl-3-
trt-othylallyl-1-pfopene (11, R' = Ph). Use of 1-chloromethyldimethylsilyl-2-
phenylethyne (6, R' = Ph) in the above procedure gave a mixture of (E)-1-phenyl-3-
trimethylsilyl-1-propene (ll, R = Ph) and 3-phenyl- 2 ?rinethylally1-1-propene
(20, R" = Ph) in 59% yield (11/20 = 57/43). Pure 20 ( = Ph) was obtained by
GLC.

3-Phenyl-2-trimethylsilyl-t- prqunP (20, R! - Ph): IR (liquid film), 2950,
1600, 1500, 1250, 915, 840, 760 cm H NMR 0.00 (s, 9H), 3.45 (br-s, 2H), 5.4
(dt, 14, J = 3.0, 1.1 Hz), 5.47 (dt, 14, J = 3.0, 1.5 Hz), 7.1-7.5 (m, SH). Ms
Calcd for Cy HygSi: m/z = 190.118. Found: 190.115,

(B)-1-Trimethylsilyl-2-methyl-2-nonene (21) from 1-(Chloromethyl)dimethylsilyl-1-
octyne (6) by One-Pot Reaction. General Procedure. To a heptane solution of
DIBAH (2.3 ol, 1.8 mL of 1.28 M solution), 1-(chloromethyl)dimethylsilyl-1-
octyne (6, R' = n-CgHy 3, 500 mg, 2.3 mmol) was added and then the reaction mixture
was stirred at room temperature for 1 h. The reaction mixture maintained at 0°C
was added with an ethereal solution of MeLi (7.0 mmol, 3.2 mL of 2.2 M solution)
and then stirred at room temperature for 2 h., The reaction mixture was cooled to
0°C, treated successively with THF (5 mL), CuBr (33 m96 0.23 mmol, 0.1 equiv), and
Mel (3.5 mmol). The reaction mixture was stirred at 0°C for 3 h, poured onto ice-
cooled dil. hydrochloric acid, and extracted with ether. The ethereal solution
was washed with brine, dried over N SO4, and concentrated to afford (E)-1-
trimethylsilyl-2-methyl-2-nonene (21, R* = n-C¢H;3, E = Me, 410 mg, 1.93 mmol, 84
% yield); Bp. 60°c/3 qm (Kugelrohr bath temp.); IR (liquid film), 2954, 2924,
2852, 1248, 836 cm", H NMR 0,00 (s, 9H), 0.86 (t, 3H, J = 6.6 Hz), 1.10-1.40 (m,
8H), 1.48 (br -s, 2H), 1.64 (dt, 3H, J = 2,5, 2,5 Hz), 1.86 (m, 2H), 4.98 (br-t,
1H, J = 6.8 Hz). Anal. Calcd for Cy3HygSi: C, 73.50; H, 13,28, Found: C, 73.33;
H, 13.44.

(B)-3-(Trimethylsilylmethyl)-3-decene (21, R! = n-CgH, B = Bt). Obtained by the
reaction of 1?do?thane, in place of Mel. IR (liquig £ilm), 2954, 2922, 2854,
1247, 835 cm H NMR 0.00 (s, 9H), 0.86 (t, 3H, J = 6.1 Hz), 1.00 (t, 3H, J =
7.5 Hz), 1.12- 1 40 (m, 8H), 1.50 (s, 2H), 1.86 (dt, 2H, J = 6.0, S.7 Hz), 2.07 (q,
2H, J = 7.5 Hz), 4.98 (t, 1H, J = 6.8 Hz). MS Calcd for Cy H34S1: M* = 226,212,
Found: 226.210.

(E)-5-(Trimethylsilylmethyl)-5-dodecens (21, R - n-CcH E =« n- a? . Obtain?d
?y the reaction with n-Bul. IR (liquid film), 2954, J?Z, 2854, fz 7, 835 cm™ ;
H NMR 0,00 (s, 9H), 0.87 (t, 3H, J = 6.5 Hz), 0.88 (t, 3H, J = 6.8 Hz), 1.16-1.45
(m, 12H), 1.48 (s, 2H), 1.90 (t, 4H, J = 7.0 Hz), 4.98 (t, 1H, J = 6.5 Hz). MS
Calcd for CigH3eS1: 254.243. Found: 254,241,



4020 H. SHIRAGAMI ef al.

(E)-4~(Trimethylsilylmethyl)-1,4-undecadiene (21, R' = n-CgH;3, B = CH,CH=CH
Prepared by the reaction with 3-bromo~-1-propene: 'H NMR 0.00 (s, 9H), 0. Sg §

J = 6.1 Hz}, 1.10-1.40 {m, 8H), 1.48 {8, 2H), 1.86 {dt, 2H, J = 6.0, 5.7 Hz), 2 64
{dt, 2H, J = 6.2, 1.6 Hz), 4,95 {(m, 3H}, 5.80 (ddt, 1H, J = 9.8, 16.9, 6.2 Hz},
ME Caled for C15H3031: 238,212, PFound: 238.215.

{B}-3~-{Trimethylsilylmethyl)-1,3-decadigne (22, R = n~CeHy o Y. After 1-
{chloromethyl)dimethylsilyl-1-octyne {(§, R' = n- CeHyge, 10 mmol) was successively
treated with DIBAH and MeLl as described above, the reaction mixture was cooled to
0°%C. Tetrahydrofuran (5 alL) and a THF solution of 2ZnCl, {10 mL of 1,0M solution)
was added to the reaction mixture maintained at 0°C, and then the reaction mixture
was stirred for 15 min. To the reaction mixture wmaintained at 0°C, bromoethense
(2.1 g, 20 mmol) and PA(PPhql,y (115.4 my, 0.1 mmol) were added successively. The
reaction mixture was stirred at room temperature for 8 h and worked ug in the
usual mannexr to give (E)-3-(trimethylsilylmethyl)-1,3-diene (22, R' = n-C.H

CH=CHy} in 65% yleld. Bp. §0°C/3 mqﬁg {Xugelrohr bath tamp. VIR {liguid %ilm),
3086, 1630, 1248, 1160, 987, 8%0 om Ty NMR, 0.00 (3, 9H), 0.90 (t, 3H, J = 6.5
Hz}, 1.10-1,40 {m, 8H), 1.70 (s, 2H}, 2 04 (dt, 2H, J = 6.5, 6.5 Hz), 4,90 {d, 1H,
J = 11 Hz), 4.98 (4, 18, 17 Hz}, 5.35 (t, TH, J = 6.5 Hz}, 6.31 {dd, tH, J = 11,

17 Hz). &nal. Calcd for CygHipgSic C, T4.971; H, 12.57. Found: C, 74.78; H,
12.72.
Methyl (E}-2-(Trimethylsilylmethyl}-2-nonencate {23, ! = n-Cely a4, R = Me).

After 1-{chloromethyll}dimethylsilyl~t-octyna {8} was successively traated with
DIBAH and MeLi as described above, the reaction mixture was mailntained at 0°C. To
the reaction mixture, THF {5 mL} and ZnClz (2.3 mmol, 0.7 ml of 3.5 M ether
solution) were added. The reaction mixture was agalin maintained at room tempera-
ture and then treated successively with Pd(PPh3) (2.7 mg, 0.1 mmol} and methyl
chlorocarbonate (0.2 mL, 1.1 eg). The reaction mixture was stirred at room tem-
perature for 5 h, and then poured onto ice-cooled d4il. hydrochloric acid. Usual
extraction, washing, drying, and concentration of the mixture gave methyl {E)}-2-
(trimethylsilylmathgl) ~d-nonancate (23, R’ = n-UgHy 13 R’ = Ma, 447 mg, 1.75 mmol,
768 yield): Bp. 120¥C/2 mmHg {K%ge¥rchr bath temp.}; IR {(liguid film}, 2954, 2924,
2854, 1717, 1458, 1249, 838 om NMR 0.00 (s, 9H}, 0.%0 (&, 3H, J = 6,9 Hz},
1.18-1.50 {(m, 8H), 1.58 (s. ZH), 2 10 {dt, 2H, J = 7.0, 6.0 Hz), 3.73 (s, 3H),
.63 {(t, 1H, J = 7.0 Hz}. &nal. Calecd for CygHpg0p81: C, 65.58; H, 11.00. Founds
T, 65.54; H, 11.28,

3~-Methylidene~1-decene Obtained by Protodesilylation of 22. A dichloromethane
solution of (E}-3-{trimethylsilylmethyl}~1,3~decadiene (22, R 224 mg,
T mmol in 5 mL of sclution}) was added to a dichloromethane 3afut§on of p-
toluenesulfonie acid {190 mg, Tmmol, in 5 mL of sclution). The reaction mixture
was stirred at 50°C (bath temperature) for 8 min. The cooled reaction mixture was
poured onto ice-cooled ag. NaHCO4 solution, and extracted with pentane. The pen-
tane soclution was dried, concentrated, and distilled to give 3-methylene-i-decene
{140 mg, 92% vield). Bp. 100°q/25 mmHg {Kugelrohr bath temp.}; IR {liguid film},
3088, 1577, 1250, 991, 892 om H NMR, 0.88 (t, 34, J = 7.2 Hz}), 1.10-1.40 (m,
10H), 2.20 {t, 2H, J = 7.5 Hz}, 4.98 (b-s, 2H}, 5.04 (4, 1H€H, J = 10.7 Hz}, $.22
{(d, 1H, J = 18.4 Hz), 6.36 {(dd, 1H, J = 10.7, 18,4 Hz).

{B}-{~{Chloromethyl }dimethylesilyl-i{-butene {26a, R = Et). To an ice-cooled hexane
solution of ({chloromethyl}dimethylslilylethyne (24, 500 mg, 3.8 mmol, in 4 mL
solution), a hexane solution of triethylaluminium {3.8 mmol, 1.9% nlL of 2 M
solution) was added. The reaction mixture was stirred at 0°C for 2 h, poured onto
ice-cooled dil. hydrochloric acid and extracted with ether. Ethersal solution was
waghed with brine, dried over Na 804, and concentrated to give 500 mg (3.1 mmol,
81% yield) of {E)-!-(chlorcmeth % imethylsilyl -1 ~butene {26a, R = Bt); IR (liquid
film) 2954, 2895, 1248, 838 cm H NMR 0.00 (s, 6H}), 0.83 (t, 3H, J = 7.5 Hz),
1.98 {dg, 2H, J = 6.0, 7.5 Hz)f 2.61 (s, 2H), 5.43 {(dt, 1H, J = 18.0, 1.0 Hz},
6.05 (dt, 1H, J = 18.0, 6.0 Hz). MBS Calcd for CqHygCl8i: M* = 162,065, Found:
162.067.

When the reaction wmixture was worked up with 5 mL of D {E}~1-
(chloromathyl}dimethylsilyl~1—deutario—1~?ut§ne {26b, R = Et} was o%tained, ir
{liquid film), 2954, 2895, 1248, 838 cm™ H NMR 0.00 (s, 6H), 0.83 (t, 3H, J =
7.5 Hzl, 1.98 (dqg, 2H, J = 6.0, 7.5 Hz}, 2.6% (s, 3H}, 6.05 {m, 1H). M8 Calcd for
Colly 4DC18L M* = 163.071. Found: 163.066,

{B}-4~-{Chloromethyl }dimethylailyl-1,4-heptadiene (26c). To an lce-cooled hexane
solution of {chloromethylldimethylsilylethyne (24, 500 mg, 3.8 mmol in 4 nmlL of
agolution}), a hexane solution of triethylaluminium (3.8 mmol, 1.9 mL of 2 M
solutionjwas added. The reaction mixture was stirred at 0°C for 2 h, and then
added with an ethereal solution of MelLi (3.8 mmol, 2.3 mL of 1.65 M solution) at
0%, The reaction mixture was stirred at 0°C for 15 min, and then 3I-bromo-i-
propene {460 mg, 3.8 mmel) was added to the mixture. The reaction mixture was
stirred overnight at room temperatuvre, poured onto ice-cooled dil. hydrochloric
acid, and extracted with ether. The ethereal solution was washed with brine,
dried over Na 864, and concentrated to give {(El~4-{chloromethylidimethylsilvl-1,4-
heptadiene {28c¢, = Bt, 693 mg, 90% yield); IR {liguid £ilm}, 2955, 2896, 1248,



Novel rearrangement of chloromethylvinyisilanes 4021

838 cn~'; 'H NMR 0.00 (s, 6H), 0.83 {(t, 34, J = 7,5 Hz), 1.98 (q, 24, J = 7.5 Hz),
2.61 (s, 2H), 2.76 (4, 2H, J = 6.0 Hz), 4.76 (m, 1H), 4.85 (m, 1H), 5.40 (m, 1H},
5.72 (t, 1H, J « 6,0 Hz). MS Calcd for CygH,;4ClSi: M* = 202.0944. Found:
202.0940.

(1E,3R)~1,3-Bistrimethylailyl-1, 3-hexadiene (29db). To an ice-cooled hexane solu-
tion of trimethylsilylethyne (27, 0.5 g, S5.! mmol in 5 mL solution), a hexane
solution of triethylaluminium (2.6 mmol, 1.3 mL of 2 M solution) was added and the
reaction mixture was stirred for 2 h at 0°C., The reaction mixture containing 29a
was poured onto ice-cooled dil. hydrochloric acid and the mixture was extracted
with hexane (3 times). The organic solution was washed with brine, dried over
NaySO,, and concentrated to give (\E,38)—biatrimethylailyl-1,3-hexadiepe {29b, 542
ng, 91\ yleld). IR (liquid film), 2954, 2900, 1608, 1247, 835 cm_,; 'H NMR, 0.00
(s, 18H), 0.91 (t, 3H, J = 7.5 Hz), 2.01 (q, 24, J = 7.5 Hz), 5.53 (4, tH, J = 20
Hz), 5.65 (t, 1H, J « 7.5 Hz), 6.65 (d, 1H, J = 20 Hz). MS Calcd for Cy,H,eSijy:
m/z = 226,157. Found: 226,155,

when 5 ml. of D,0O was added to the lce-cooled rfactlon mixture, deuterated
bistrimethylsllyl-1,}-hexadiene (29¢c) was obtained. H NMR, 0.00 {(a, 18H), 0.91
(t, 34, J = 7.5 Hz), 2.01 {(q, 24, J = 7.5 Hz), 5.65 (t, 14, J = 7.5 Hz), 6.65 (br-
8, 1H). Ms Caled for Cy H;5DSiy: m/z = 227.165. Found: 227.160.

(1B,3B)-4-Methyl-1,3-bistrimethylsilyl-1,3-hexadiene . To a hexane soluttion of 1-
trimethylsilyl-1-propyne (500 mg, 4.5 mmol in 5 sl solution), a hexane solution of
Et,Al (4.6 mmol, 2.3 mL of 2 M solution) was added. The reaction mixture was
stzrred at room temperature for 24 h, poured onto ice-cooled dil. hydrochloric
acid, and extracted with hexane. The hexane solution was dried over Na,SO,, and
concentrated to give (38,35)-4-methy1-1,B—biatrimethylsilyl-l,B-hexadien? (??‘ mg,
4.05 mmol, 908 yield); IR (liquid film), 2954, 1607, 1591, 1247, 834 cm™ ' ; 'H NMR
0.00 (s, 18H), 0.92 (t, 3H, J = 7.0 Hz), 1.52 (s, 3H), 1.63 (s, 3H), 2.02 (q, 2H,
J = 730 Hz), 4.68 (s, 1H). MS Calcd for CyyH3pSiy: m/z = 254,188, Found:
254.187,

Workup with D,0 gave 1-d product: IR no significant difference; '3 NMR 0.00
{s, 18H), 0.92 (t, 3H, J = 7,0 Hz), 1.52 (s, 3H), 1.63 (s, 3H}), 2.02 (g, 2H, J =
7.0 Hz).
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