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A Synthesis of Allylsilanes in which the Silyl Group is at the More-substituted

End of the Allyl Group.t

lan Fleming * and David Waterson

University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW

The allylsilanes (8), (11), (18)—(20), and (26), have been made by a three-step sequence from
«f3-unsaturated esters. The steps are conjugate addition of the phenyldimethylsilyl group, lithium
aluminium hydride reduction, and selenium-mediated dehydration. The route is versatile and leads
regiospecifically to allylsilanes, in which the silyl group is at the more-substituted end of the allyl group.

It is well-established that allyl-metal reagents,’ including allyl-
silanes,? react with electrophiles with allylic transposition
(1>—(3). It is also well-established that almost all allyl-metal
reagents, but not allylsilanes,® are subject to more or less rapid
1,3-allylic rearrangement (1)—(2).* The result is that most
unsymmetrical allyl metal compounds react with electrophiles
at the more-substituted end of the allyl group (1)—(3),'**

Scheme 1.

because the metal spends most of its time at the less-substituted
end (1). Only with large electrophiles (chlorotrimethylsilane,?
for example, and hindered ketones''®), does the allyl-metal
compound react at the less-substituted end, presumably as a
result of a reversible 1,3-shift of the metal to the more-
substituted position (1}—(2), followed by attack by the
electrophile at the sterically less-crowded end (2)—(4). Since
little can be done to control this pattern, it is generally difficult
to persuade an allyl-metal reagent to react at the less-
substituted end. Allylsilanes, on the other hand, do not undergo
the rapid 1,3-allylic shift (1}—(2) (temperatures of the order of
500 °C are needed with allyltrimethylsilane itself ®), with the
result that, almost uniquely, they can be relied upon to react
with electrophiles at the opposite end of the allylic fragment to
which the silyl group is attached. This has been amply
demonstrated in many examples,? but almost always (see,
however, ref. 7) with allylsilanes in which the silyl group is at the
less-substituted end, and the electrophile is attacking at the
more substituted end, precisely the situation which is well-
catered for by the more-conventional allyl-metal reagents.
Allylsilanes, therefore, ought to be at their most useful when the
silyl group is placed at the more-substituted end of the allyl
group. However, there are not many methods, and no really
general ones, for building allylsilanes of this type,”® which is
why so many of the reactions in the literature are of allylsilanes
of the opposite type. The latter are relatively easily made, as
mentioned above, by the reaction of unsymmetrical allyl-

+ No reprints available

Grignard or allyl-lithium reagents with chlorotrimethyl-
silane,>-'? as well as by other methods.!"!!

In continuation of our pursuit of distinctive and controlled
allylsilane syntheses,’’''2 and of our interest in the unique
capabilities of silicon-containing compounds, we now report a
general three-step sequence, suitable for the construction of a
wide-variety of allylsilanes, and particularly suitable for placing
the silyl group regiospecifically at the more-substituted end of
the allyl fragment.

Results and Discussion

The sequence, as illustrated in Scheme 2, involves the conjugate
addition of our silyl-cuprate reagent ! 3 to «p-unsaturated esters
(5), reduction of the saturated esters (6), and dehydration of the
resultant alcohols (7) to give the allylsilanes (8). It was con-
venient not to isolate the intermediate ester (6), since it was
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Scheme 2. Reagents: i, (PhMe,Si),CuLi; ii, LiAlH,; iii, 0-O,NC¢H,-
SeCN, Bu",P; iv, H,0,



1810

always contaminated with by-products produced from the
unused phenyldimethylsilyl group. In the preceding paper '+ we
describe one way to minimise or remove this problem, but in the
work described in this paper, we simply reduced the total crude
product to give the alcohol (7), which was easily separated
chromatographically from the phenyldimethylsilyl-containing
by-products. Thedehydrationsteps,(7)—(8), werenotableonlyin
that the selenoxide elimination was slower than in comparable
compounds which do not have the silyl group.!® This observ-
ation ties in with an earlier observation we made with respect to
sulphoxide-elimination. In that work,'® we had a silyl group
directly attached to the carbon atom to which the hydrogen
atom undergoing elimination was attached. In that position, the
silyl group, a n-electron-withdrawing group, was rate-accelerat-
ing. In the present case, the silyl group is one further atom away
and is, therefore, part of a silylmethyl substituent. Since the
silylmethyl group is a n-donor (6* = —0.6, for example !7), it
should be rate retarding in its effect on the rate of selenoxide
elimination, which it evidently is. The eliminations leading to (8)
regularly took several days at room temperature compared with
3-—12 h for comparable compounds without silicon.!?

The sequence shown in Scheme 2 is made more versatile by
the possibilities shown in Scheme 3, where the conjugate addi-

(5a) R

i, then C02R3
PhMe,Si

or —————
(5b) R

i or iii
(12) R'=R*=Me ,R3=Et 82°%
(13) R'=Ph,R3=R“=Me 88%
(14) R' =Ph,R3=Me R“=Et 81%

1w

R1 R1
-—
PhMe,Si “ Vi PhMe,Si OH
R4 Ré

(18) R'=R*=Me 65%  (15) R'=R“=Me 95 %
(19) R'=Ph,R*=Me 42°% (16) R'=Ph,R*=Me 90%
(20) R'=Ph,R“:Et 40% (17) R'=Ph,R*zEt 95%

Ph’Y
(21)

Scheme 3. Reagents: i, (PhMe,Si),CulLi; ii, Mel; iii, Etl; iv, LIAIH,; v,
Bu";P; 0-O,NC¢H,SeCN; vi, H,0,; vii, H,0O

COzMe

i, vii

(13) 84

tion step is followed immediately by an alkylation step. This
gives overall the 1,2-disubstituted allylsilanes (18)—(20). It is
also, of course, possible to have the future 2-substituent built
into the starting material, as in the ester (21) which gave the
ester (13) on treatment with the silylcuprate reagent. As it
happens, the route from (5) to the esters (12), (13), and (14) took
place with remarkably high diastereoselectivity, and the altern-
ative route, (21)>—(13), gave largely the opposite diastereo-
isomer. Since this is of no consequence to the work in this paper,
we refrain from further comment at this stage, except to note
that we are currently pursuing the implications of these
observations,
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The only cases in which we ran into serious difficulties were
those in which we had two substituents on the B-carbon of the
af-unsaturated esters (5). Although two methyl groups in that
position, (Sc), gave us no trouble, a cyclopentane or cyclohexane
ring spanning the B-position, caused complete failure in the
conjugate addition.

This problem was easily solved by the route shown in Scheme
4, which allowed us to make the allylsilanes (26). The conjugate

CO2R i
@
CO.R
(22a)n=0,R=Et
(22b)n=1,R = Me

CO,R
COzR
(CH»),
SiMe,Ph

(23a) 70°%
(23b) 70%

lii
ii CO,R
-~ (CHz)n
SiMe,Ph

(24a) 75°%
(24b) 90%

OH

(CH2),
SiMe,Ph

(25a) 98°
(25b) 96°s

liv,v

SiMe,Ph

(26a) 65° (33° overall)
(26b) 75°%. (45°%. overall)

Scheme 4. Reagents: i, (PhMe,Si),CuLi; ii, LiCl, DMSO; iii, LiAlH,; iv,
Bu;"P, 0-O,NC¢H,SeCN; v, H,0,

addition steps (22)—(23) were not successful when we used
phenyldimethylsilyl-lithium in place of the silyl cuprate reagent.

In summary, 1-substituted and 1,1- and 1,2-disubstituted
allylsilanes can now be made, with complete control of regio-
chemistry. By obvious extensions, which we have not investi-
gated, it should also be possible to make allylsilanes with higher
levels of substitution. The route is versatile but not particularly
cheap, and is at present useful only on a fairly small scale. It is,
however, complementary to a synthesis of allylsilanes, which we
introduced earlier.!' As shown in Scheme 5, we can now start

(22) v,y (C@<=
SiMezPh

(26)

e

(CHy), =0

(27)

\i,vii

) <oue

(28)

Si MezPh
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Scheme 5. Reagents: i, CH,(CO,R),, TiCl,, Py; ii, (PhMe,Si),CuLi; iii,
LiCl, DMSO; iv, Bu;P, 0-O,NC H,SeCN; v, H,0,; vi, CH,=CHMgC};
vii, Ac,0, DMAP
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with a ketone (27;n = 0 or 1) and prepare either the allylsilanes
(26), by the route described in this paper, or the isomeric
allylsilanes (29), by way of the allylic acetates (28) and their
reaction with the silyl-cuprate reagent.

Experimental
Light petroleum is the fraction b.p. 60—80 °C.

The Silylcupration Reaction—Typically the ap-unsaturated
ester (15 mmol) in dry THF (10 ml) was added dropwise to the
cuprate reagent '® (16 mmol, based on CuCN) at —23 °C and
stirring continued for a further 3 h. The solution was then
allowed to warm to room temperature and quenched with
ammonium chloride solution (25 ml). Light petroleum (75 ml)
was added and the organic phase washed with aqueous alkaline
ammonium chloride. The organic layer was dried (MgSO,) and
evaporated under reduced pressure. For preparative purposes
the crude material was used directly in the next stage, but pure
samples of the intermediates were obtained by tlc. (light
petroleum—cthyl acetate, 10:1, v/v). The following compounds
were prepared using this method: methy! 3-dimethyl(phenyl)silyl-
3-phenylpropanoate (6b), an oil, Ry (light petroleum-ethyl
acetate, 10:1 v/v) 0.22, v_,, (CHCIl;) 1 730 (CO), 1 600, 1 580,
and 1 500 (Ph), 1 255 (SiMe), and 1 120 cm™! (SiPh); 8(CCl,)
7.60—6.95 (10 H, m, Ph), 3.50 (3 H, s, OMe), 3.00—2.65 (3 H, m,
CHCH,), and 0.30 and 0.25 (6 H, 2 s, SiMe,) (Found: M*,
298.1369. C,gH,,0,Si requires M, 298.1389), m/z 298 (40%,
M™ ), 135 (100, PhMe,Si), and 104 (82, PhACHCH,); methyl 3-
dimethyl(phenyl)silyl-3-methylbutanoate (6¢), an oil, R (light
petroleum—ether, 95:5 v/v) 0.27, v, (neat) 1 740 (C=0), 1 600
(Ph), 1250 (SiMe), and 1 115 em ! (SiPh); 8(CCl,) 7.50—7.00
(5H, m, Ph), 3.50 (3 H,s,OMe), 2.15(2 H, s, CH,), 1.05 (6 H, s,
CMe,), and 040 (6 H, s, SiMe,) (Found: M* — Me, 235.1163.
C,4H,,0,S1 — Me requires M — Me, 235.1155), m/z 250 (3%,
M), 235 (13, M — Me), 219 (5, M — OMe), and 135 (100,
PhMe,Si); methyl 2-dimethyl(phenyl)silylcyclohexanecarboxy!-
ate, an oil, Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.42,
Vmax.(n€at) 1 740 C=0) and 1 255 cm™* (SiMe); 8(CCl,) 7.70—
7.35(5 H, m, Ph), 3.65 (3 H, s, OMe), 2.75 (1 H, m, CHCO,Me),
2.25—1.10 [9 H, m, (CH,),CHSi], and 0.40 (6 H, s, SiMe,)
(Found: M™,276.1548. C, (H,,0,Si requires M, 276.1546), m/z
276 (19%,, M), 261 (28, M — Me), 199 (50, M —Ph), and 135
(100, PhMe,Si).

Compounds (12)-—(14) were also prepared using the same
silylcupration conditions, although for these after the 3 h period
of stirring at —23 °C the appropriate alkyl iodide [methyl
iodide for (12) and (13), ethyl iodide for (14)] (60 mmol) was
added dropwise. Stirring was continued for 1 h at —23 °C and
the reaction was worked up in the usual way. For preparative
purposes the crude material was used directly in the next stage,
but pure samples of the intermediates were obtained by flash
column chromatography !? on silica (250 g) eluting with light
petroleum—ethyl acetate (15:1 v/v). Ethyl (2RS,3RS)-3-
dimethyl(phenyl)silyl-2-methylbutanoate (12) (as mainly one
diastereoisomer) an oil (82%), Ry (light petroleum—ethyl
acetate, 10:1 v/v) 0.35, v, (CHCI;) 1 730 (C=0), and 1 115
cm! (SiPh); 8(CCl,) 7.65—7.30 (5 H, m, Ph), 405 (2 H, q, J 8
Hz, CH,CH;), 2.55 (1 H, dq, J 6 and 8 Hz, CHCO,Et), 1.50 (1
H, dq, J 6 and 8 Hz, CHSi), 1.25 (3 H, t, J 8 Hz, CH,CH,), 1.05
and 0.95 (3 H each, d, J 8 Hz, CH,CSi and CH,;CCO), and 0.35
(6 H, s, SiMe,) (Found: M™, 264.1559. C,sH,,0,Si requires
M™ ,264.1559), m/z 264 (15%, M), 249 (25, M — Me), and 135
(100, PhMe,Si).

Methyl (2RS,3RS)-3-dimethyl(phenyl)silyl-2-methyl-3-
phenylpropanoate (13) (as mainly one diastereoisomer, 97%,),2°
an oil (88%), Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.29,
Vmax (CHCl3) 1730 (C=0), 1600, 1 580, and 1 500 (Ph), and
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1255 cm ! (SiMe); 8(CCl,) 7.55—6.85 (10 H, m, Ph), 3.40 (3 H,
s,OMe), 2.95(1 H,dq, J 7and 12 Hz, CHCH,),2.55(1 H,d, J 12
Hz, PhCH), 1.00 (3 H,d, J 7 Hz, CCH,), and 0.25 and 0.15 (6 H,
2's, SiMe,) (Found: M*, 312.1549. C,,H,,0,Si requires M,
312.1546), m/z 312 (12%, M), 297 (12, M —Me), and 135 (100,
PhMe,Si).

Methyl (2RS,3RS)-3-dimethyl(phenyl)silyi-2-ethyl-3-
phenylpropanoate (14) (as mainly one diastereoisomer) an oil
(81%), Rg (light petroleum-ethyl acetate, 3:1 v/v) 049,
Vmax.(n€at) 1740 (C=0), 1600, 1580, and 1500 cm ! (Ph);
8(CCl,) 7.65—6.85 (10 H, m, Ph), 3.40 (3 H, s, OMe), 2.85 (1 H,
m, CHCO,Me), 2.65 (1 H, d, J 11 Hz, PhCH), 145 (2 H, m,
CH,CH,), 0.80 (3 H, t, J 7 Hz), and 0.35 and 0.20 (6 H, 2 s,
SiMe,) (Found: M™, 326.1696. C,,H,c0,Si requires M,
3.26.1702), m/z 326 (199, M™), 297 (40, M — Et), 135 (78,
PhMe,Si), and 131 (100, PhC,H,).

The alternative method of preparing (13) used the normal
silyl cupration conditions with (21) as the starting material. The
product obtained in 849, was a 1:5 mixture of methyl (2RS,-
3RS)-3-dimethyl(phenyl)silyl-2-methyl-3-phenylpropanoate
and methyl (2RS,3SR)-3-dimethyl(phenyl)silyl-2-methyl-3-
phenylpropanoate,® Re (light petroleum-ethyl acetate, 10:1
v/v) 0.31, v, (neat) 1 730 (CO), 1600, and 1 500 cm ! (Ph);
3(CCl,) 7.65—6.90 (5 H, m, Ph), 3.35 (3 H, s, OMe), 3.00 (1 H,
dq, /7 and 11 Hz, CHMe), 2.55(1 H,d, J 11 Hz, PhCH), 1.10 (3
H,d, /7 Hz, MeC), and 0.35 and 0.10 (6 H, 2 s, SiMe,) (Found:
M*, 312.1547. C,4H,,0,Si requires M, 312.1545), m/z 312
(17%, M*),297 (20, M — Me), and 135 (100, PhMe,Si).

The oB-unsaturated diesters (22a) and (22b) gave, under
normal silyl cupration conditions, the following compounds
after flash column chromatography: diethy! 2-[1-(dimethyl-
phenylsilylcyclopentylJmalonate (23a) an oil (70%;), Rg (light
petroleum—ethyl acetate, 3:1 v/v) 0.54 v, (neat) 1 730 and
1760 cm ! (CO); 8(CCl,) 7.65—7.25 (5 H, m, Ph), 405 [4 H, q,
J 7 Hz, (CO,CH,),], 3.30[1 H, s, CH(CO,Et),], 2.10—1.20 [8
H, m, (CH,),], 1.25[6 H, t, J 7 Hz, (CO,CCH,;),], and 0.35 (6
H, s, SiMe,) (Found: M* — Me, 347.1666. C,,H3,0,Si — Me
requires M — Me, 347.1678), m/z 347 (0.5%,, M — Me), 289 (48,
M — CO,Et), 135 (44, PhMe,Si), and 109 (100, C;sH,CHCO);
dimethyl 2-[1-dimethylphenylsilyl)cyclohexyllmalonate (23b)
as plates (70%), m.p. 101—103 °C (from light petroleum)
(Found: C, 65.4; H, 8.25. C,4H,30,Si requires C, 65.5; H,
8.10%), Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.23, v,
(Nujol mull) 1735 ecm™* (CO); §(CCl,) 7.65—7.20 (5 H, m,
Ph), 3.90 [1 H, s, CH(CO),], 3.60 [6 H, s, (OMe),] 2.00—1.25
[10 H, m, (CH,)s], 0.35 (6 H, s, SiMe,), m/z 348 (2%, M), 135
(40, PhMe,Si), and 123 (100, C4H, ,CHCO).

The Dealkoxycarbonylation Reaction—Following the
method of Krapcho,?! typically the diester (2 mmol) in DMSO
(8 ml), containing lithium chloride (4 mmol) and water (4 mmol)
was refluxed for 45 min. After cooling, water (15 ml) was added
and the reaction mixture extracted with ether (4 x 10 ml). The
combined organic fractions were washed with water and brine,
dried (Na,SO,), and the solvent removed under reduced
pressure. The following compounds were obtained by t.L.c. (light
petroleum—ethyl acetate, 10: 1 v/v). Ethyl (1-phenyldimethylsilyl-
cyclopentyl)acetates (24a) an oil (75%), Re (light petroleum-
ethyl acetate, 10:1 v/v) 045, v, (neat) 1730 (CO), 1260
(SiMe), and 1 120 cm ! (SiPh); 8(CCl,) 7.65—7.30 (5 H, m, Ph),
405 (2 H, q,J 7 Hz, OCH,), 2.25 (2 H, s, CH,CO,Et), 1.90—
1.40[8 H,m,(CH,),],1.25(3 H, t,J 7 Hz, OCH,CH,), and 0.40
(6 H, s, SiMe,) (Found: M*, 290.1709. C,,H,,0,Si requires M,
290.1702), m/z 290 (8%, M) and 135 (100, PhMe,Si); methy! (1-
phenyldimethylsilylcyclohexyl)acetate (24b) an oil (90%), Rg
(light petroleum—ethyl acetate, 10:1 v/v) 0.43 v, (neat) 1 735
cm' ! (CO); 8(CCl,) 7.65—7.25 (5 H, m, Ph), 3.50 (3 H, s, OMe),
240(2H,s,CH,CO), 1.80—1.25[10 H, m, (CH,);], and 0.35 (6
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H, s, SiMe,) (Found: M ™, 290.1700. C,,H,¢0,Si requires M,
290.1702), m/z 290 (13%;, M *) and 135 (100, PhMe,Si).

The Ester to Alcohol Reduction—Typically the crude silyl-
cupration product (15 mmol) in dry ether (60 ml) was added
dropwise to a stirred suspension of lithium aluminium hydride
(750 mg) in dry ether (60 ml) at room temperature under nitro-
gen. Stirring was continued for 1 h and saturated aqueous
ammonium chloride was added dropwise until a separate
aqueous phase formed. The organic layer was decanted off and
the remaining reaction mixture extracted with more ether. The
combined organic extracts were dried (MgSO,) and evaporated
under reduced pressure. Siloxane was removed by flash column
chromatography '® on silica (250 g) eluting with light pet-
roleum—ethyl acetate (15:1 v/v) and then the alcohol was
collected by eluting with ethyl acetate. The following com-
pounds were prepared using this method, with yields based on
the «,fB-unsaturated ester (%) and on the silyl ester [%]. 3-
Dimethyl(pheny!)silylbutan-1-0l (7a), an oil (70%), R (light
petroleum—ethyl acetate, 3:1 v/v) 0.27, v, (neat) 3 300 (OH),
1 250 (SiMe), and 1 105 cm ! (SiPh); 8(CCl,) 7.65—7.35 (5 H,
m, Ph),3.70—3.45(2 H,m, CH,OH),2.15(1 H, br s, OH), 1.95—
1.05(3H,m, CHCH,), 1.00 (3 H,d, /2 Hz, CMe), and 0.30 (6 H,
s, SiMe,) (Found: M* — Me, 193.1058. C,,H,,0Si — Me
requires M — Me, 193.1049), m/z 193 (5%;,, M — Me), 137 (100,
PhMeSiOH), and 135 (63, PhMe,Si).

3-Dimethyl(phenyl)silyl-3-phenylpropan-1-o/ (7b) an oil
(75%), Rg (light petroleum—ethyl acetate, 5:1 v/v) 0.20,
Vmax (n€at) 3320 (OH), 1600, 1580, and 1500 (Ph), 1255
(SiMe), and 1 120 cm™ (SiPh); 8(CCl,) 7.60—6.95 (10 H, m,
Ph), 3.65—3.25 (2 H, m, CH,0OH), 2.50 (1 H, t, J 8 Hz, PhCH),
2.15—1.85 (2 H, m, PhCCH,), 1.90 (1 H, s, OH), and 0.35 and
0.30 (6 H, 2 s, SiMe,) (Found: M™*, 270.1450. C,,H,,0Si
requires M, 270.1432), m/z 270 (0.06%,, M™*), 255, M — Me),
135 (58, PhMe,Si), and 118 (100, PhCHCH,CH,).

3-dimethyl(phenyl)silyl-3-methylbutan-1-ol (Tc) an oil (67%),
Rg (Et,0) 0.61, v, (neat) 3 360 (OH) and 1 255 cm™' (SiMe);
8(CCl,) 7.75—7.30(5H, m, Ph), 3.70 2 H, t, / 8 Hz, CH,0), 3.20
(1 H, br s, OH), 1.70 (2 H, t, J 8 Hz, CCH,C), 1.10 (6 H, s,
CMe,), and 0.50 (6 H, s, SiMe,) (Found: M* — Me, 207.1205.
C,3H,,0Si — Me requires M — Me, 207.1205), m/z 207 (1%,
M — Me), 152 (12, PhMeSiOH), 137 (100, PhMeSiOH), and
135 (99, PhMe,Si).

2-Dimethyl(phenyl)silylcyclohexanemethanol (10)an oil (60%,),
Ry (light petroleum—ethyl acetate, 3:1 v/v) 0.28, v, (CHCI;)
3300 (OH) and 1250 cm™! (SiMe); 8(CCl,) 7.60—7.25 (5H, m,
Ph), 3.55 2 H, d, J 7 Hz, CH,0), 205—0.70 [10 H, m,
CH(CH,),CH], and 0.30 and 0.25 (6 H, 2 s, SiMe,) (Found:
M?* — Me, 233.1355. C,;H,,08i — Me requires M — Me,
233.1358); m/z 233 (1.7%, M — Me), 137 (100, PhMeSiOH), and
135 (69, PhMe,Si); 3-dimethyl(phenyl)silyl-2-methylbutan-1-ol
(15) an oil (78%) [95%], Rr (light petroleum—ethyl acetate, 3 : 1
v/v) 0.31, v,.., (CHCIl;) 3360 (OH), 1 255 (SiMe), and 1 120
cm! (SiPh); 8(CCl,) 7.70—7.35(5H, m, Ph), 345 (2 H,24d,J 7
and 8 Hz, CH,0), 2.50 (1 H, s, OH), 1.95 (1 H, dtq, /4, 8,and 8
Hz, CHCO), 1.35 (1 H, dq, J 4 and 8 Hz, CHS:i), 1.05 and 0.85 (3
H each, d, J 8 Hz, CH;CSi and CH;CCO), and 040 (6 H, s,
SiMe,) (Found: M* — Me, 207.1189. C,;H,,0Si — Me
requires M — Me 207.1205), m/z 207 (3, M — Me), 137
(75, PhMeSiOH), 135 (75, PhMe,Si), and 70 [100,
CH;CHCH(CH,)CH,].

3-Dimethyl(phenyl)silyl-2-methyi-3-phenylpropan-1-0l (16) an
0il (79%,) [90%], R (light petroleum—ethyl acetate 1 : 1v/v) 0.37,
Vmax (CHCI3) 3450 (OH), 1600, 1 580, and 1 500 (Ph), 1255
(SiMe),and 1 115 cm™! (SiPh); 8(CCl,) 7.75—7.10 (10 H, m, Ph),
3452 H, m,CH,0),255(1 H,d,/8 Hz, PhCH), 225 (1 H, m,
Ph CC H), 1.80 (1 H, brs, OH),0.95(3H,d,J 6 Hz, CCH,), and
0.50 and 0.25 (6 H, 2 s, SiMe,) (Found: M* — Me, 269.1372.
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C,sH,,0SiMe requires M — Me, 269.1361), m/z 269 (1%,
M — Me), 135 (92, PhMe,Si), 132 (95, M — PhMe,SiOH), and
117 (100, PhACHCHCH,).

3-Dimethyl(phenyl)silyl-2-ethyl-3-phenylpropan-1-ol (17) an
oil 77%) [95%], R (light petroleum—ethyl acetate, 3:1 v/v) 0.35,
Vmax (n€at) 3 360 (OH), 1 600, 1 580 and 1 500 (Ph), 1 260 (SiMe),
and 1 130cm ™! (SiPh); 8(CCl,) 7.60—6.95 (10 H, m, Ph), 3.45(2
H,d,J4 Hz, CH,0),2.50 (1 H,d,J9 Hz, PhCH), 195 (1 H, m,
PhCHH), 1.80 (1 H, br s, OH), 1.30 (2 H, m, CH,CH;), 0.80 (3
H, t, J 7 Hz, CMe), and 0.35 and 0.05 (6 H, 2 s, SiMe,) (Found:
M™* — Me, 283.1522. C,4H,c0Si — Me requires M — Me,
283.1518), m/z 283 (0.3%, M — Me), 146 (95, M — PhMe,-
SiOH), 135 (98, PhMe,Si), and 117 (100, PhC;H,).

2-[1-(Dimethylphenylsilyl)cyclopentyllethanol (25a) an oil
(52%,) [98%,], R (light petroleum—ethyl acetate, 3:1 v/v) 0.32,
Vona (D€at) 3 300 (OH), 1255 (SiMe), and 1 115 cm ! (SiPh);
8(CCl,) 7.75—7.30 (5 H, m, Ph), 3.55 (2 H,t,J 8 Hz, CH,0), 3.25
(1H, brs, OH), 1.90—1.40 [10 H, m, (CH,),CCH,], and 0.40 (6
H, s, SiMe,) (Found: M* — Me, 233.1345. C,;H,,0Si — Me
requires M — Me 233.1362), m/z 233 (0.8%, M — Me), 137
(100, PhMe;SiOH), and 135 (98, PhMe,Si).

2-[1-(Phenyldimethylsilyl)cyclohexyl]ethanol (25b) an oil
(61%) [96%], Rg (light petroleum—ethyl acetate, 3:1 v/v) 0.29,
Vmax.(n€at) 3 300cm-! (OH); 8(CCl,) 7.65—7.25(5H, m, Ph), 3.50
(2 H,t,J 8 Hz, CH,0), 2.20 (1 H, s, OH), 1.80 (2 H, t, J 8 Hz,
CH,CO), 1.70—1.35 [10 H, m, (CH,)s], 0.35 (6 H, s, SiMe,)
(Found: M* — Me, 247.1530. C,(H,c0Si — Me requires M —
Me, 247.1518), m/z 247 (0.2%;,, M — Me), 137 (70, PhMeSiOH),
and 135 (100, PhMe,Si).

The Allylsilanes by Alcohol Dehydration—The dehydrations
were carried out using the method of Grieco ef al.!® Typically
tri-n-butylphosphine (6 mmol) was added over 5 min to a
stirred solution of the alcohol (5 mmol) and o-nitrophenyl-
selenocyanate2? (6 mmol) in dry THF (50 ml) at room
temperature under nitrogen. Stirring was continued for a
further 1 h. The solvent was removed under reduced pressure
and the crude selenoxide redissolved in dichloromethane (50
ml) containing pyridine (10 mmol). Hydrogen peroxide (50
mmol, 100 vol) was added over 10 min at 0 °C and after the
solution had been allowed to warm to room temperature
stirring was continued for 24 h. Water (50 ml) was added and
the organic layer washed with aqueous sodium hydrogencar-
bonate (25 ml), aqueous copper sulphate (25 ml), and brine (25
ml), and then dried (Na,SO,) and the solvent removed under
reduced pressure. The following compounds were obtained
after flash column chromatography on silica (250 g) eluting
with light petroleum—ethyl acetate (10:1 v/v).

3-Dimethyl(phenyl)silylbut-1-ene (8a), an oil (50%) b.p. 48
52°C/0.2 mmHg, Ry (light petroleum—ethyl acetate, 10:1 v/v)
0.65, V,nax.(neat) 1 635(C=C), 1 600,and 1 500 (Ph), 1 260 (SiMe),
and 1 120cm™! (SiPh); 8(CCl,) 7.65—7.35 (5 H,m, Ph),5.95(1 H,
ddd,J17,12and 8 Hz, HC=CH , Hg),4.95(1 H,ddd, /12,2 and 2
Hz, HC=CH, Hy),4.90 (1 H,ddd, J 17,2 and 2 Hz, HC=CH ,Hp),
1.95(1 H,m, CHSi), 1.15(3 H,d, J8 Hz, CCH;),and 040 (6 H, s,
SiMe,) (Found: M*,190.1176. C,,H,¢Si requires M, 190.1177),
m/z 190 (0.6%, M™*), and 135 (100, PhMe,Si).

3-Dimethyl(phenyl)silyl-3-phenylprop-1-ene (8b) an oil (73%,),
Ry (light petroleum-ethyl acetate, 10:1 v/v) 0.65, v, (neat)
1630 (C=C), 1600, 1580 and 1500 (Ph), and 1255 cm!
(SiMe); 8(CCl,) 7.75—6.95 (10 H, m, Ph), 6.25 (1 H, ddd, J 9, 10
and 16 Hz, HC=CH,Hyg), 505 (1 H, dd, J 1 and 9 Hz,
HC=CH,H),4.95(1 H,dd, /1 and 16 Hz, HC=CH , Hy), 3.25 (1
H, d, J 10 Hz, PhCH), and 0.45 and 0.40 (6 H, 2 s, SiMe,)
(Found: M™*, 252.1318. C,,H,,Si requires M, 252.1334), m/z
252 (6%, M) and 135 (100, PhMe,Si).

3-Dimethyl(phenyl)silyl-3-methylbut-1-ene (8¢) an oil (51%)
b.p. 58—65°C/0.2 mmHg, R (light petroleum—ethyl acetate,
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10:1 v/v) 0.63, v, (neat) 1 635 (C=C), 1 600 and 1 500 (Ph),
1 260 (SiMe), and 1 120 cm ! (SiPh); 8(CCl,) 7.65—7.30 (5 H,
m, Ph), 5.85 (1 H,dd, /11 and 17 Hz, HC=CH,),4.90 (1 H, dd, J
11 and 2 Hz, HC=CH,Hy), 475 (1 H, dd, J 17 and 2 Hz,
HC=CH,Hy), 1.05 (6 H, s, CMe,), and 0.30 (6 H, s, SiMe,)
(Found: M™, 204.1325. C,3H,,Si requires M, 204.1335), m/z
204 (0.39;, M*) and 135 (100, PhMe,Si).

2-Dimethyl(phenyl)silyl(methylene)cyclohexane (11) an oil
(35%), Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.65, v,...
(CHCl,) 1625 (C=C), 1250 (SiMe), and 1 115 cm ! (SiPh);
8(CCl,) 7.65—7.25 (5 H, m, Ph), 460 and 4.50 (2 H, 2br s,
=CH,), 2.20—0.70 [9 H, m, (CH,),CH], and 0.40 and 0.35 (6
H, 2 s, SiMe,) (Found: M*, 230.1490. C, H,,Si requires M,
230.1491), m/z 230 (3.4%, M*) and 135 (100, PhMe,Si).

3-Dimethyl(phenyl )silyl-2-methylbut-1-ene (18) an oil (65%),
Re (light petroleum—ethyl acetate, 10: 1 v/v) 0.68; 8(CCl,) 7.55—
7.15(5H, m, Ph),4.60 and 445 (2 H, 2 brs,=CH,), 1.90 (1 H, m,
CHSI), 1.65 (3 H, s, CH,C=C), 1.20 (3 H, d, J 6 Hz, CH,CSi),
and 040 (6 H, s, SiMe,) (Found: M*, 204.1334. C;H,,Si
requires M, 204.1335), m/z 204 (2%, M*) and 135 (100,
PhMe,Si).

3-Dimethyl(phenyl)silyl-2-methyl-3-phenylpropene (19) an
oil (42%), Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.59,
Vmax (CHCl3) 1630 (C=C), and 1600 and 1580 cm ' (Ph);
8(CCl,) 7.55—6.95 (10 H, m, Ph), 4.85 and 4.80 (2 H, 2 br s,
=CH,), 3.05 (1 H, s, PhCH), 0.65 (3 H, s, CMe), and 0.35 and
0.30 (6 H, 2 s, SiMe,) (Found: M *, 266.1487. C, 4H,,Si requires
M, 266.1487), m/z 266 (10%, M*) and 135 (100, PhMe,Si).

3-Dimethyl(phenyl)silyl-2-ethyl-3-phenylprop-1-ene (20) an
oil (40%), Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.60,
Vmax.(neat) 1640 (C=C), 1600, 1 580, and 1500 cm™! (Ph);
8(CCl,)7.55—6.90 (10 H, m, Ph),4.90 (2H, m,=CH,), 3.05 (1 H,
s, PhCH), 195 (2 H, q, J 8 Hz, CH,CH,), 095 (3 H, t, / 8 Hz,
CMe), and 0.40 and 0.30 (6 H, 2 s, SiMe,) (Found: M*,
280.1643. C,oH,,Si requires M, 280.1647), m/z 280 (11%,, M™)
and 135 (100, PhMe,Si).

1-Dimethyl(phenyl)silylcyclopentylethene (26a) an oil (65%,),
R (light petroleum—ethyl acetate, 10:1 v/v) 0.68, v, (neat)
1625 (C=C), 1250 (SiMe), and 1120 cm ! (SiPh); 8(CCl,)
7.55—7.20 (5 H, m, Ph), 5.65 (1 H, dd, J 11 and 18 Hz,
HC=CH,),4.85(1 H,dd,J 11 and 2Hz, HC=CH,Hg), 4.65 (1 H,
dd, J 2 and 11 Hz, HC=CH , Hyg), 1.75—1.30 [8 H, m, (CH,),],
and 0.20 (6 H, s, SiMe,) (Found: M*, 230.1495. C,H,,Si
requires M, 230.1490), m/z 230 (0.6%,, M*) and 135 (100,
PhMe,Si).

1-Dimethyl(pheny!)silylcyclohexylethene (26b) an oil (75%),
Rg (light petroleum—ethyl acetate, 10:1 v/v) 0.68, v, (neat)
1 635 (C=C) and 1260 cm™* (SiMe); 8(CCl,) 7.50—7.20 (5 H,
m, Ph), 5.50 (1 H,dd, J 11 and 18 Hz, HC=CH,), 5.05(1 H,dd, J
11 and 2 Hz, HC=CH,Hy), 4.70 (1 H, dd, J 18 and 2 Hz,
HC=CH,H,), 1.80—1.20 [10 H, m, (CH,)s], and 0.20 (6 H, s,
SiMe,) (Found: M*,244.1639. C,¢H,,Si requires M, 244.1648),
mfz 244 (0.6%, M ™) and 135 (100, PhMe,Si).

Acknowledgements
We thank the S.E.R.C. for a maintenance award (D. W.) and
Danny Levin for first carrying out the sequence (5¢)—(8¢c).2?

1813

References

1 K. W. Wilson, J. D. Roberts, and W. G. Young, J. 4Am. Chem. Soc.,
1950, 72, 218.

2 T. H. Chan and 1. Fleming, Synthesis, 1979, 761.

3 J. Slutsky and H. Kwart, J. Am. Chem. Soc., 1973, 95, 8678; see also E.
Matarasso-Tchiroukhine and P. Cadiot, J. Organomet. Chem., 1976,
121, 169; and H. Sakurai, Y. Kudo, and H. Miyoshi, Bull. Chem. Soc.
Jn., 1976, 49, 1433.

4 J. E. Nordlander, W. G. Young, and J. D. Roberts, J. Am. Chem. Soc.,
1961, 83, 494; G. M. Whitesides, J. E. Nordlander, and J. D. Roberts,
ibid., 1962,84,2010; C.S. Johnson. M. A. Weiner, J. S. Waugh, and D.
Seyferth, ibid., 1961, 83, 1306.

5 W. G. Young and J. D. Roberts, J. Am. Chem. Soc., 1945, 67, 319;
R. A. Benkeser, Synthesis, 1971, 347; J. F. Ruppert and J. D. White, J.
Org. Chem., 1976, 41, 550; T. E. Stanberry, M. J. Darmon, H. A, Fry,
and R. S. Lenox, ibid., 1976, 41, 2052.

6 R. A. Benkeser, W. G. Young, W. E. Broxterman, D. A. Jones, and
S. J. Piaseczynski, J. Am. Chem. Soc., 1969, 91, 132; R. A. Benkeser
and W. F. Broxterman, ibid., 1969, 91, 5162.

7 A. Hosomi and H. Sakurai, Tetrahedron Lett., 1978, 2589; I.
Kuwajima, T. Tanaka, and K. Atsumi, Chem. Lett., 1979, 779; P.
Albaugh-Robetson and J. A. Katzenellenbogen, Tetrahedron Lett.,
1982, 23, 723, Y. Naruta, H. Uno, and K. Maruyama, Chem. Lett.,
1982, 961; P. Magnus, F. Cooke, and T. Sarker, Organometallics,
1982, 1, 562.

8 D. Seyferth, G. J. Murphy, and R. A. Woodruff, J. Organomet.
Chem., 1977, 141, 71; D. Seyferth, R. M. Simon, D. J. Sepelak, and
H. A. Klein, J. Org. Chem., 1980, 45,2273; D. Tzeng and W. P. Weber,
J. Org. Chem., 1981, 46, 693; B. Bennetau, J.-P. Pillot, J. Dunogués,
and R. Calas, J. Chem. Soc., Chem. Commun., 1981, 1094; S. Halazy,
W. Dumont, and A. Krief, Tetrahedron Lett., 1981, 22, 4737; A.
Hosomi, H. Iguchi, and H. Sakurai, Chem. Lett., 1982, 223.

9 J.-P. Pillot, J. Dunogues, and R. Calas, Tetrahedron Lett., 1976, 1871,
see also C. Biran, J. Dunogués, R. Calas, J. Gerval, and T.
Tskhovrebachvili, Synthesis, 1981, 220; G. Deleris, J. Kowalski, J.
Dunogués, and R. Calas, Tetrahedron Lett., 1977, 4211.

10 D. Seyferth, K. R. Wursthorn, and R. E. Mammarella, J. Org. Chem.,
1977, 42, 3104; D. Seyferth, K. R. Wursthorn, T. F. O. Lim, and D. J.
Sepelak, J. Organomet. Chem., 1979, 181, 293.

11 I. Fleming and D. Marchi, Synthesis, 1981, 560; I. Fleming and L.
Paterson, Synthesis, 1979, 445.

12 I. Fleming and B.-W. Au-Yeung, Tetrahedron Suppl. No. 9, 1981, 37,
Supplement No. 1, 13; M. J. Carter, 1. Fleming, and A. Percival, J.
Chem. Soc., Perkin Trans. 1, 1981, 2415.

13 D. 1. Ager, L. Fleming, and S. K. Patel, J. Chem. Soc., Perkin Trans. I,
1981, 2520.

14 I. Fleming and T. W. Newton, J. Chem. Soc., Perkin Trans. 1, 1983,
preceding paper.

15 P. A. Grieco, G. Majetich, and M. Nishizawa, J. Org. Chem., 1977,42,
2327; D. L. J. Clive, Tetrahedron, 1978, 34, 1049.

16 I. Fleming, J. Goldhill, and D. A. Perry, J. Chem. Soc., Perkin Trans.
1, 1982, 1563.

17 A. R. Bassindale, C. Eaborn, D. R. M. Walton, and D. J. Young, J.
Organomet. Chem., 1969, 20, 49.

18 I. Fleming, T. W. Newton, and F. Roessler, J. Chem. Soc., Perkin
Trans. 1, 1981, 2527.

19 W. C. Still, M. Kahn, and A. Mitra, J. Org. Chem., 1978, 43, 2923.

20 Stereochemical proof to be published.

21 A. P. Krapcho, Synthesis, 1982, 805.

22 H. Bauer, Ber., 1913, 46, 92.

23 As reported briefly in a lecture by I. Fleming, Kem-Kemi, 1982, 9,
365.

Received 16th September 1983; Paper 3/1627



