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Summary: Synthetical ly useful react ions mediated by reagents 

derived from 3 equiv. of fi3SittgMe and MnCl2 are disclosed. 

(1) The manganese species reacted with terminal acetylenes co 

give 1 ,2-disilylated I-alkenes. Mono- and bis(trimethyl- 

silyl)acerylenes gave trl- and tecrasilylated ethenes, 

respectively, in good yields. Hlbhly strained cetrakis(rri- 

methylsilyl)ethene has now become easily accessible by this 

technique. (2) The reaction of alkenyl halides, alkenyl 

sulfides, and enol phosphates with the title reagents 

provides vinylsilanes in good yields. The nethod is also 

applicable to the syntheais of allylsilanes from allylic 

sulfides and ethers. (3) Treatment of 1,3-dienes with tt,e 

manganese reagents provides silylated allylmanganese 

compounds which add to the carbonyl moiety with high regio- 

selectivity. 

Introduction 

In connection with an investigation of the stereoselective synthesis of the 

side chain 01 a plant growth sceroidal hormone, brassinolide, we required a 

method !or Lhe formation of alkenylmethl species (1) containing trialkylsilyl 

group. Hegio- and stereoselective addition of Si-Metal reagent’ to acetylenes 

was an attracted possibility to obtain this compound (eq. 1). Al though 

exclusive formation of 2-metallo-1-eilyl-1-alkencs (2) by silylalumination, 3 

si lylcupration4 or silyltltanation 5 was previously reported, the selective gen- 

eraLion of I-mecsllo-2-sibyl isomers 1 hitherto has not been described to our 

knowledge. 

RCdi 
PtVlqSl-Mtl R, 

J-C=” + 
R, A 

* c-c (1) 
PtHe$ 1 

1 
Mtl Mtl’ 2 ‘SlR2Ptl 

First we investigated simultaneous addition of a silyl group and a metal to 

accrylenes with regioselectivity uaing Pht4e2SiLi and metal compounds such as 
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MeMgI, Et AlCl, ZnBr2, and Et3B, 
2 

in the presence of transition-metal 

catalysts. ,I Platinum- or copper-catalyzed silylmaqnesation (PhMe2SiMgMe) 

followed by aqueous quenching provided exclusively @)-1-silyl-1-alkenes, which 

have the same regiochemistry as the products prepared from stoichiometric silyl- 

cupration or silyltitanation. On the other hand, palladium catalyzed silyl- 

alumination (PhMe SiAlEt2) afforded the regioisomer 2-silyl-1-alkenes with high 

regioselectivity. 8 

1) PhMe2Si+ltl/cat, 
n-C10H21CmCH 2) “$,+ 

_ "-Clo"2l;C_CJ + "-Clo"21;C,C" 
PhMe2Sl 3 ‘H H 4 'SiNe2Ph 

MeMgI-&-PtC12(P-p3u3)2 or CuI 
Et2A1C1- PdC12(PQ-CH3C6H4)3)2 

(1 : *9 
85 : 15 

Dialkyl(dimethylphenylsilyl)zinclithiumg added effectively to internal 

acetylenes as well as to terminal ones to provide vinylsilanes with high stereo- 

and regioselectivities. The regioselectivity of the reaction was strongly 

affected by the nature of the dialkylzinc employed. The use of a bulky alkyl 

group on zinc favours the formation of 2-silyl-1-alkenes. 

n-C10H21C=CH 
PhMe2SiZnR2Ll 

c 
cat, CuCN 

3+ 4 

R = Et 42 : 58 
R= t-BU 99 : 1 

Organocuprates have been extensively studied and widely applied to organic 

synthesis.” In contrast, little attention has been paid to the related reac- 

tions of triorganomanganese compounds, although the addition of 3 equiv of BuLi 

to MnCl2 is known to give Bu3MnLi which adds to a,B-unsaturated carbonyl com- 

pounds in 1,4-fashion.” Here we describe the behaviour of silylmanganese 

reagents which are derived from 3 equiv of R3SiMgMe and MnC12 and are believed 

to be (R3Si)3MnMgMe. The reactions involve (1) acetylenes, (2) alkenyl halides, 

alkenyl sulfides, and enol phosphates, and (3) dienes as the acceptor compo- 

nents. The formulation of the reagents, for example as (R3Si)3MnMgMe, has no 

evidence to support it and represents the stoichiometry of the components rather 

than an explicit structural formula. 

Reeults and Discussion 

(1) Disilylation of Acetylenes with Si-Mn Reagent 

Palladium(O) catalyzed reaction of acetylenes with disilanes such as 

HMe2SiSiMe2H, FMe2SiSiMe2F, and (MeO)Me2SiSiMe2(0Me) produces the corresponding 

disilylated olefins in good yield.12 In contrast, hexamethyldisilane gives less 

than 10% yield of doubly silylated products. 

We have examined the reaction of the Si-Mn reagent with acetylenes13 and 

observed the rather unexpected formation of disilylated products. l4 (Tri- 

methylsilyl)lithium 15 was treated with methylmagnesium iodide and anhydrous 

manganese(I1) chloride.16 Addition of 1-alkyne to the resulting reagent 

provided an E, z mixture of 1,2-bis(trimethylsilyl)-1-alkene. The reaction 

proceeded smoothly with silylacetylenes as well as terminal acetylenes to give 
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tri- and tetrasilylated echenes. 

Although the role of RekiRf is not cheer, its presence is essential for the 

formation of dieilylated products. Without HeXgI, monosiiylated products were 

obtained predominantly after aqueous workup. For instance, treatment of 4- 

(benzyloxy)-l-butyne with 3!4e3SiLi- HnCl2 gave a mixture of 4-(benzyloxy)-2- 

(trimcthylsilyl)-1-butene. 4-(benzyloxy)-1-(trimethylsilyl)-1-butene, and di- 

silylated product in 1:1:1 ratio (65% combined yield). The reaction has been 

extended to distannylation of acetylenes. 17 The representative result 9 are 

shown in Table 1. 

Treatment of 5-(bentyloxy)-2-pcntyne with the reagent which is believed to 

be (He3Si)~XnHgMe (Sa) Save 2,3-bis(trimethylsilyl)_2-alkene 68 in 78% yield. 

Meanwhile, the addition of H20 (or 020, HeI) to the reaction mixture after 

stirring at 0°C for 20 min without warming up to room temperature gave mono- 

sltyfated product 6b (71%) (or 6c (71X), 66 (70%)) along with the dlsilylated 

one 6a (13-20X).18 Thus, the formation of disilylated alkenes may be explained 

as follows: (1) Addition of the reagent 58 to the triple bond in a cis fashion - 
giving silylated alkcnylmanganese A and (2) reductive elimination of manganese 

affording disilylated olefin. The cis addition of the Si-Un component was - 
conf irmrd by the following experiment. A monosilylated alkcne, 5-(bentyloxyf-2- 

(dimethylphenylsilyl)-2-pcntcne was prepared from (PhMe2Si)3HnHgHe (5b) and 5- 

Table 1. Disilylation or discannylation of acetylenes with Si-t4n or Sn-Hn 

reagent 

RCiCRl 
R$ILf, PIeMgIr MnC12 R, .R1 

w 
(Me-pLl, MeMgI, MnC12) R2JSI 

&C-G_ 
SIR23 

(Me3Sn) (Sntle3) 

Acetylene Heagen t Product 

RCiCR’ R23Si Yield(Z) ZIE 

HGCS i tie3 

n-C6Hl3CXH 

PhCrXH 

n-C6H13CaCSiHe3 

PhCH2OCH2CH2CXXi 

PhCH20CR2 CH2 C:CH 

PhCH20CH2CH2CXD 

PhCH20CH2CH2CKSiXe3 

lHPOCH2CH2CXIH 

THPOCH2CH2CXH 

THPOCH2CH2CGCSi%e3 

HOCH2CH2CXSrHc3 

n-C1 DH2 lCXZH 

n-C1DH2lCICD 

TtiPOCtt2CH2CeCH 

THPOCltlCR2C~CH 

PhCH2OCH2CH2C*CH 

Mc3SiLi 72 

He3SiLi 66 35167 

Ffe3SiLi 65 50150 

Mc3SiLi 80 

Me3SiLi 55 50/50 

Ph?le2SiLi 51 &2/50 

PhXe2SiLi 55 62i5ba) 

He3Sit.i 59 

Fle3SiLi 63 65135 

PhMe2 Si 1-i 70 65135 

Me3SiLi 83 

He3SiLib) 58 

t4e3SnLiC) 56 lOOf 

HrjSnLi 55 10010 

He3SnLi 54 100/o 
.C) n-Ru3Snl.z 48 90/10 

HejSnLi 52 xi/la 

a) Deuterium was retained completely, thus tee ents did not cause the acet- 
ylenic proton-metal exchange. b) Three millimo es of manganese reagent and K 
1.0 mmol of substrate were employed. 
alkyllithium. See Ref. 20. 

c) Prepared from SnC12 and 3 equiv of 
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(benzyloxy)-2-pentyne in the same way as 6b. Protodesilylation with n-Bu4NFL8 

gave 5-(benzyloxy)-2-pentene. The ‘H NMR spectra proved that the olefin had z 

configuration (>95%, J = 11 Hz). Similar desilylation of 6b failed.lg 

The reaction can be successfully applied to the synthesis of highly 

strained tetrakis(trimethylsilyl)ethene, which is not readily available by known 

methods . 20 

Me3S1CdWle3 
Me3SlLi, MeMsI, MnC12 Me3Sl. SiMe3 

c 
THF/HMPA, 76% Me duC=SiMe 3 3 

(2) Synthesis of Vinylsilanes and Allylsilanes by Cross-coupling of 

Manganese Reagents with Alkenyl and Allylic Compounds 

The organoaluminium reagent, PhMe2SiAlEt2, is effective for the transforma- 

tion of enol phosphates or allylic phosphates into vinylsilanes or allyl- 

silanes,21 respectively.22 Treatment of alkenyl halides (or alkenyl sulfides, 

or enol phosphates) or allylic sulfides (or allylic ethers)23*24 with the Si-Mn 

reagent provides vinylsilanes or allylsilanes in an alternative way. Represen- 

tative results are summarized in Table 2. 

Points to be noted are as follows. (1) The reaction proceeded stereo- 

specifically. Whereas (E)-1-iodo-1-dodecene gave (LJ)-dimethylphenylsilyl-l- 

dodecene exclusively upon treatment with the reagent 5b, (Z)-l-iodo-1-dodecene 

provided the (z) vinylsilane preferentially. In the latter case, low reaction 

temperature such as -95°C was essential in order to obtain high stereospeci- 

ficity (Entry 4). (2) Not only alkenyl halidesz5 but also alkenyl sulfides and 

enol phosphates were easily converted into the corresponding vinylsilanes. A 

vinyl ether such as 1-methoxycyclohexene reacted sluggishly with the manganese 

reagent to provide a trace of the desired vinylsilane (<5%). (3) The use of 

MeMgI was essential for the reaction. The reaction of cyclohexenyl diethyl 

phosphate with (R3Si)3MnLi gave cyclohexanone, possibly due to the nucleophilic 

attack of the reagent on the phosphorus atom. (4) The amount of Li2MnCl4 could 

be reduced to a catalytic amount. For instance, treatment of diethylcyclo- 

hexenyl phosphate with PhMe2SiMgMe in the presence of 10 mol% of Li2MnCl4 gave 

the desired vinylsilane in 66% yield. 

Allylic sulfides also smoothly coupled with 5b to give the corresponding 

allylic silanes in good yields.26*27 The results are shown in Table 3. The 

reaction proceeded with high regioselectivity. Both (E)-1-phenylthio-2-butene 

and 3-phenylthio-l-butene gave a 95:5 mixture of 1-dimethylphenylsilyl-2-butene 

(7) and the regioisomer, 3-dimethylphenylsiLyL-1-butene (8). The silylanion 

appears to attack the less hindered site of the allylic system. Geranyl benzyl 

sulfide afforded geranylsilane exclusively. The selectivity is much higher than 

the reaction of allylic phosphates with PhMe2SiAlEt222 (eq. 2). Allylic ethers 

and halides such as 1-benzyloxy-2-butene, 1-tert-butyldimethylsiloxy-2-butene, 

and crotyl bromide easily reacted with the manganese reagent to give the corre- 
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corresponding allylsilanes. 

a CH3wSPh - '"3wlMe2Ph + PhMe2Sl 
p 
rn3 

a: (PhMe2S1)3MnMaMe 7(75:, E/Z- 5/l) 8 (5%) 
(2) 

n-C,+H 
w 

Ol(OEt12 b_ n-C H 4 wSlMe2Ph + PhHe Sl 
0 2F 
b: PtMe2SlAIEt2 (53%) (21%) n-i,Hg 

Table 2. Synrhesis of vinylsilancs uirh sl-tln reagenLsa) 

R? ,R2 (R3S1)3NrWle R? P2 
C 

R3%S,R 
3 

Substrate Heaccion Conditions Product 
Entry R’ R2 R3 x Temp( ‘C) Time(h) Y(X)b) E/Z 

(Phkl+ii)3Hnktgt4e 

1 He(H) t1 H(ne) 

2 n-C6Hl3 H li 

3 n-Cl01421 H H 

4 H H n-ClOH2 1 
5 H H n-ClOH21 
6 ti H Ph 

7 t1 11 Ph 

0 tic H ne 

9 n-C10H21 iI He 

10 n-C5til n-C5Hll 1 ne 

11 -(CH2)&- H 

BrC) 

1 

I 

I 

I 

Br 

Br 

Br 

I 

I 

Br 

12 
Br 

03 \’ / 
13 Ph H H 

14 -(CH2)&- H 

15 H n-C6Hl3 H 

16 -(CH2)&- H 

17 H n-CjH7 H 

(ne3Si)3nnngne 

18 H n-C1~H21 H 
19 n-Cl UH2 1 tt H 

20 -(CH2)6- H 

sne 

We 

WO)(OPh)2 

op(o)(OE~)2 

OSO2CF3 

1 

I 

SPh 

0 

0 

0 

0 

-95 

25 

-78 

0 

0 

0 

0 

0 

0 

0 

25 

U 

0 

0 

-95 

0 

3 

0.5 

0.5 

0.5 

1.3 

1 

3 

0.5 

2 

2 

2 

2 65 - 

100 47153 

88 100/o 

72 10010 

73 20180 

40d) O/100 

70 39/61 

50 O/lW 

70 - 

7je) 100/O 

47f) 80120 

93 - 

70 100/o 

75 - 

74 - 

66 - 

99 - 

100 - 

IOU 30170 

89 - 

a) tlanganeec reagent (1.5 mool) and substrate (1.0 mmol) were employed. b) 
Isolated yields. c) Commercially available I-bromo-1-propene (Aldrich - 
Chemical Co.) was used (E/Z = 401601. 

, . . _ _ _ _ _ . . 
_, __,. cil Strrrino mntrriml -11. -, ---- --“es _____ _“_ _“” recovered 

(30%). 
- - 

e) 2-Methyl-1-dodecene YE 16 obtained as bvoroducc (52 vieldl. fl (21- 
6-nechyl-6-dodecene was also obtained (25% yicldj.’ 

. I a_* 
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Table 3. Synthesis of allylsilanes by cross coupling of allylic sulfides and 

ethers with Si-Mn reagent a) 

RMSR' - ~wSiMe2Ph + PhMe2Si 

Starting Product 

Material Yield(%)b) 

Starting 

Material 

Product 

Yield(%)b) 

ms mSiMe2Ph 

(91) 

e S$zC"2 -6;;Me2Ph 

7 

SPh 7 (881e' 8(2) 

y/SPh yv$"e2Ph 

PhSASPh MejSd=%IiL3 
(56) 

c,d) 

FCH2Ph &lfle, 

WR” 
R" = CH2Ph 

R" = S1Me2tBu 

-Br 

7 (651f' 8(5) 

7 (711g' 8 (2) 

7(80) 8 (2) 

a) Reactions were performed at O’C for 30 min. Two mmol of the reagent and 
one mmol of substrate were employed. b) Isolated yields. 
was used instead of (PhMe2Si) MnMgMe. 

2311. 

c) (Me3Si) yoyg:f 
d) Reaction mixture was stirre a3 

h. e) E/Z = 2/l. -- f) E/Z = -- g) E/Z = 20/l. 

(3) Silylmanganation of 1,3-dienes 

In the first section of this paper, we have reported addition reactions of 

(R3Si)jMnMgMe reagents to acetylenic compounds to give disilylated alkenes. In 

further extension, we have ex.amined the reaction of 1,3-dienes with 

(R3Si)jMnMgMe and observed the selective formation of vinylsilanes after 

quenching with carbonyl compounds. 28,29 

Treatment of isoprene with the reagent (PhMe2Si)jMnMgMe gave a mixture of 

(~)-3-deuterio-l-dimethylphenylsilyl-3-methyl-l-butene (9) and l-deuterio-l- 

dimethylphenylsilyl-3-methyl-2-butene (10) (9:lO = 1:5) after quenching with 

D20. Table 4 summarizes further examples. Quenching with Me1 gave a mixture of 

(E)-3,3-dimethyl-1-dimethylphenylsilyl-1-butene 11 (E = Me) and 4-dimethyl- 

phenylsilyl-2-methyl-2-pentene 12 (E = Me) (11:12 = 1:2) in 90% combined yield. 

In contrast, addition of aldehyde or ketone to the silylated allylmanganese 

intermediate gave (lJ)-vinylsilane 11 as a single product. 

l)(PhNe2Si)3MnMsMe 

2) D20 
+ uSU+le2Ph 

10 
The reagent 5b possibly adds to isoprene in 1,2-fashion (or 1,4 fashion) to 

give the hypothetical intermediates B and C, the latter being produced by 6- 
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elimination of Mn-H and eucceseive readdition. Alicyclic dienes such as cyclo- 

pentadiene and 1,3-cyclooctadlene were reluctant to react. The reagents 

Phtle2SiLi or PhHe2SihgMe did not react with neoprene and the manganese atom 

played a key role in the reaction. The addition of tIe&I vaa essential for the 

complete isomerization of B to C. Treatment of ieoprene with (PhMe2Si)3hnLi 

derrved from PhHe2SiLi and hnC1 2 gave 4-dimethylphenylsilyl-2-methyl-I-butene 

(3DZ) arisrng from B along with 11 

qucnchinB with water. 

A/ //- 
[ I, LS!Me2rn 

& 
B 

WV: (PhMe2Slb$IfW4e 

(E = Ii, 10%) and 12 (E a II, 39%) after 

Slt!e2Ph 

c - 
o: ElectroDhlle 

I o-11+12 
Table 4. Silylmanganation of 1,3-dienes with Si+n reagent 

R2 

R1ASIR3 + 
E 

SIR3 

11 12 

Entry 
Diene 

Bl R2 Reagent 
Product Y(X) 

Electrophile 11 12 

H H (Ph~e2Sr)3t!n!Qlie 

(Me3Si)3tfntigtle 

9 

10 

11 

12 

13 

14 

15 

16 

17 

H he (PhHe2Si)3tintQHe 

(Me3Si)jHnHgHe 

D20 
!4eI 

PhCHO 

PhCHXHCHO 

CH3CH4HCHO 

nr2co 

PhCHO 

CH3CHaCHCH0 

D20 13 65 

nel 30 60 

n-BuCHO 85 0 

PhCHO 78 0 

PhCHaCHCHO 7&b) 0 

n-CgHl7CHO 52 0 

PhCHO 77 0 

CH3CH4HCH0 75b) 0 

ne2co 76 0 

44 25 

11 69 

70a) 0 

Ub) 0 

88b) 0 

95 0 

B2 0 

5ob) 0 

18 He H (Phne2Si)3nnngne D2C 46 46 

19 PhCHO 68 0 

a) Erythrolthreo - l/l. b) (xlly 1,2-adducte were obtained. 
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2950, 2930, 2850, 1250, 840, 760, 690 cm-‘; NtIR (CDC13) 6 0.13 (a, 9H), 0.15 (a, 
9H), 0.88 (t, J_ = 4 Hz, 3H), 1.4-1.6 (m, 8H), 2.17 (dc, J = 1, 4 Hz, 2H), 6.27 

(d, J = 1 Hz, 1H); MS, m_/z 241 (kl*-CH3, 6), 186 (20),-167 (16), 98 (35), 73 
(100); tr = 5 min, Silicone OV 17, 3% on Uniport HP Zm, 120 ‘C. Found: C, 
65.65; H, 12.82%. Calcd for C14H32Si2: C, 65.54; H, 12.57%. 

1,1,2-fria(trimethylailyl)-l-octene: ---- bp 120 “C (3 Torr, bath temp); IR (neat) 
2Y50, 2920, 1470, 1410, 1380, 1250, 870. 840 cm-‘; NtIR (CDC13) 6 0.19 (a, IaH), 
0.20 (a, 9,~), 0.89 (t, J = 7 Hz, 3H), 1.21-1.36 (m, EH), 2.50 (t, J s 9 Hz, 2H); 
!!S, m/r 328 (X’, 8). 313 (a), 255 (41). 167 (loo), 155 (34), 131 (37), 73 (51). - - 
Found : C, 62.29; H, 12.37%. Calcd for C17H40Si3: C, 62.11; H, 12.26%. 

ml 2-Bi~rimethylailyl)-4-benryloxy-1-butene: -__- -- 1 ‘Torr, bath ___- bp 120 ‘C 
temp); IR (neat) 2950, 2890, 2850, 1450, 1360, 1250, 1100, 840 cm -\ ; NflR (CDC13) 
6 0.05 (a, 9H). 0.11 (s, 9H), 2.63 (t, 1 A 8 Hz, 2R), 3.41 (t, J = B Hz, 2H), 
4.52 (a, 2ti), 6.11 (s, lti), 7.26-7.37 (m, 5ti); MS, m/g 291 (H+-CH3, I), 200 (4), 
179 (17), 147 (5), 112 (32), 91 (loo), 73 (71). Pure sample was obtained by 
prepararive glc, tr = 6 min, Silicone OV 17, 3% on Uniport HP 2 m. 170 “C. 
Found: C, 66.60; H, 9.98%. Calcd for C17H30Si2: C, 66.60; H, 9.86%. 

~Z)-1,2-Bis(~rimerhylsilyl)-4-bentyloxy-l-butene: bp 120 “C (1 Torr, bath 

temp); IR (neat) 2950, 2900, 2850, 1450, 1360. 1250, 1100. 860, 830, 750, 730, 
6YU cm-‘; NMR (CDC13) b 0.13 (s, 9H), 0.15 (s, 9H), 2.52 (dt, 1 = 1, 8 Hz, 2H), 
3.47 (t, J_ = 8 Hz, 2H), 4.51 (s, ZH), 6.38 (c, J_ = 1 Hz, lH), 7.27-7.36 (m, 5H); 
!4S, m/z 291 (H+-CH3. - - 1). 179 (20), 147 (6), 112 (33), 91 (IOO), 73 (71); tr = 10 
min, Silicone OV 17, 3% on Uniport HP 2 m. 170 “C. Found: C, 66.85; H, 10.10%. 
Calcd for C17H3OSi2: C, 66.60; H, 9.86%. 

1,2-Bis(d~methyl~cny~s~l~4-benzyloxy-~-butene lE/Z = l/l): ---- - --- -- bp 160 “C (0.3 
Torr, bath cemp); IR (neat) 2950, 1430, 1250, 1110, 840, 820, 730, 700 cm-‘; NMR 
(CDC13) b 0.19 (6, 3H), 0.25 (a, 3H), 0.35 (6, 3H), 0.39 (s, 3H), 2.58 (t, J = 8 
tit, 111). 2.60 (t, J A 8 Hz, 11i), 4.18 (s, lH), 4.44 (s, lH), 6.40 (s, 0.5H), 
6.72 (s, 0.5H), 7.2-7.6 (m, 1511); ?(S, m_/g 415 (M’-CH3, 0.2), 324 (5), 135 (IOO), 
91 (60). Found: C, 75.38: H, 8.11%. Calcd for C27H340Si2: C, 75.29; H, 
7.96%. 

4-Bcntyloxy-1,1,2-trIs(trimethylailyl)-1-butene: bp 140 ‘C (1 Torr, bath temp); 
IR (neat) 1450, 1360, 1260, 1250, 1100, 870, 830 cm-‘; NMR (CDC13) b 0.16 (a, 
9H), 0.17 (s, YH), 0.19 (a, 9H), 2.90 (c, J = 7 Hz, 2H), 3.38 (t, J_ = 7 Hz, 2H), 
4.49 (s, 2H), 7.3-7.4 (m, 5H); ?rS, mlz 278-(U*, 

- 143 (19), 91 (100). 73 (73). Found: ?, 63.48; 
2), 20s (4), 199 (9), 1ss (21), 

H, 10.33%. Calcd for C2OH38Si3: 

C, 63.42; II, 10.11%. 

Tetrahydropyranyl Ether of iE)-3.4-B~a(cr~mechylailyl)-3-buten-l-01: - - bp 105 “C 
(3 Torr. bath temo); IR (neat) 2950. 1250, 1140. 1120, 1040, 840 cm-‘; NHR 
(~Dc13).6 0.08 (s,‘kk), 0.14 (s, 911); 1.5-l-.6 (m,.6H), 2.62 (t, J = 8 Hz, 2H), 

3.3~ (dt, 1 = 8, 8 Hz, lH), 3.4-3.55 (m, lH), 3.69 (td, 1 = 8, 10 Hz, lH), 3.8- 
3.95 (m, ZH), 4.61 (c, J = 3 Hz, 1H), 6.12 (a, 1H); HS, m/z 227 (!I+-Sit4e3, I), 
173 (ll), 85 (loo), 73 741); tr = 4 mln, 

- - 
Silicone OV 17 3% on UniporL HP 2 m, 

160 ‘C. Found: C, S9.70; H, 10.96%. Calcd for Cl 5H3202Si2: c, 59.94; )I, 
10.73%. 

Tecrahydropyranyl Ether of {Z)-3,4-Bia(trimechylsilyl)-3-buten-I-01: - - bp 10s ‘C 
(3 Torr, bath Lemp); IR (neat) 2900, 1250, 1140, 1120, 1040, 860, 840 cm-l; NI4H 
(CDC13) b 0.13 (;, 9H), 0.17 (s, 9H), 1.5-1.6 (m, 6H), 2.49 (dt, J = 1, 8 Hz, 
2~), 3.38 (dt, J_ = 8, 8 Hz, lH), 3.4-3.55 (m, lH), 3.66 (cd. J = 8, 10 Hz, lH), 
3.8-3.95 (m, 2H), 4.60 (t, J * 3 Hz, 1H), 6.40 (t, J = I Hz, 1H); MS, m/z 285 

85 (loo), 73 (42);- tr 
- - 

(H*-CH3, O.l), 201 (7), 173 (22), = 6.5 min, Silicone OV 
17 3% on Uniport HP 2 m, 160 “C. Found: C, 60.10; H, 10.96%. Calcd for 
Cl 5H3202Si2: C, 59.94; H, 10.73%. 
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Tetrahydropyranyl Ether of 3,4-Bis(dimeth&henylsilyl)-3-buten-l-01 (E/Z = -- -- ---- -- 
2/l): bp 160 "C (0.3 Torr, bath temp); 
840, 820, 700 cm-'; 

IR (neat) 2950, 1430. 1250, 1110, 1030, 
NMR (CDC13) E-isomer: 6 0.39 (s, 6H), 0.42 (8, 6H), 1.4-1.6 

(m, 6H), 3.09 (dt, J = 8, 10 Hz, lH), 3.3-3.6 (m, 3H), 3.6-3.9 (m, 2H), 4.24 (t, 
J = 3 Hz, lH), 6.41 (s, lH), 7.2-7.4 (m, 3H), 7.4-7.6 (m, 2H). Z-isomer: 6 
0.18 (s, 6H), 0.28 (s, 6H), 1.4-1.6 (m, 6H), 3.1 (m, lH), 3.3-3.6 cm, 3H), 3.6- 

3.9 (m, 2H), 4.54 (t, J = 3 Hz, lH), 6.73 (s, lH), 7.2-7.4 (m, 3H), 7.4-7.6 (m, 

2H); MS, m/g 409 (M+-CH3, O.l), 235 (50), 135 (64), 85 (100). Found: C, 70.92; 

H, 8.77%. Calcd for C25H3602Si2: C, 70.70; H, 8.54%. 

(Z)-Tetrahydropyranyl Ether of 1,2-Bis(trimethylstannyl)-3-buten-l-01: -- bp 110 
'C (0.1 Torr, bath temp); IR (neat) 2950, 2920, 1350, 1120, 1030, 730 cm-'; NMR 

(CDC13) 6 0.16 (s, 9H), 0.19 (8, 9H), 1.5-1.8 (m, 6H), 3.62 (dt, J = 1, 5 Hz, 

2H), 3.4-3.5 (m, 2H), 3.7-3.9 (m, 2H), 4.59 (t, J = 3 Hz, lH), 6.75 (d, J = 1 

Hz, 1H). 

2,3-Bis(dimethylphenylsilyl)-5-benzyloxy-2- entene: -- 
teme); IR (neat) 2920, 1240, 1090, 840, 830 +;;5MR cm ;:D:;;)": ',tlT";g': "g"H;h 

0.16 (s, 9H), 1.85 (s, 3H), 2.67 (t, J = 7 Hz, 2H), 3.34 (t, J = 7 Hz, 2H), 4.51 
7.25-7.35 (m, 5H); MS, m/c 305 (M+-CH3, O.l), 179 (53), 91 (99), 73 
Found: C, 67.39; H, 10.33%. Calcd for C18H320Si2: C, 67.43; H, 

10.06%. 

(E)-5-Benzyloxy-2-trimethylsilyl-2-pentene: bp 100 'C (2 Torr, bath temp); IR 
(neat) 2950, 2850, 1620, 1250, 1100, 840 cm-'; NMR (CDC13) 6 0.04 (s, 9H), 1.68 

(dt, J = 1, 1 Hz, 3H), 2.44 (qdt, J = 1, 6, 7 Hz, 2H), 3.51 (t, J = 7 Hz, 2H), 

4.54 (s, 2H), 5.73 (qt, J = 1, 6 Hz, lH), 7.27-7.37 (m, 5H); MS, E/L 233 (M+- 

CH3, l), 143 (20), 99 (20), 91 (loo), 73 (42). Found: C, 72.52; H, 10.02%. 

Calcd for Cl5H240Si: C, 72.52; H, 9.74%. 

(E)-5-Benzyloxy-3-deuterio-2-trimethylsilyl-2-pentene: bp 100 "C (2 Torr, bath 

temp); IR (neat) 2950, 2850, 1600, 1250, 1100, 840 cm-'; NMR (CDC13) 6 0.04 (s, 

9H), 1.68 (s, 3H), 2.43 (t, J = 7 Hz, 2H), 3.51 (t, J = 7 Hz, 2H), 4.53 (s, 2H), . 
7.27-7.37 (m, 5H); MS, m/z 234 (M+-CH3, l), -- 144 (ll), 100 (12), 91 (loo), 73 

(61). Found: C, 72.21; H, 10.31%. Calcd for C15H23DOSi: C, 72.23; H, 10.10%. 

(E)-5-Benzyloxy-3-methyl-2-trimethylsilyl-2-pentene: bp 160 "C (1 Torr, bath 

temp); IR (neat) 2900, 2800, 1600, 1440, 1350, 124071090, 830 cm-'; NMR (CDC13) 
6 0.11 (s, 9H), 1.5 (m, 3H), 1.8 (m, 3H), 2.46 (t, J = 9 Hz, 2H), 3.50 (t, J = 9 

Hz, 2H), 4.52 (s, 2H), 7.3 (m, 5H); MS, m/z 247 (MF-CH3, l), 179 (37), 156 (25), -- 
91 (65), 73 (100). Found: C, ?3.09; H, 10.07%. Calcd for Cl6H26OSi: C, 

73.22; H, 9.98%. 

Tetrakis(trimethylsilyl)ethene. -- The compound was obtained following the 

general procedure described above (76% yield 
Ii3 

The physical data of the sample 

were identical with those in the literature. mp 102 'C; 'H-NMR (CDC13) 6 0.06 

(s, 36H); 13C-NMR (CDC13) 6 4.3, 195.4; MS, m/c 316 (M+, l), 155 (56), 131 (23), 

73 (100). Found: m/z 316.1873. -- Calcd for C14H36Si4: M+, 316.1895. 

The Reaction between Silylmanganate Reagents and Hetero Substituted Olefinic ------- --____ 
Compounds. Following procedure is representative. A THF solution of l-cyclo- 

hexenyl diethyl phosphate (0.12 g, 0.50 mmol) was added to a THF solution of 

(PhMe2Si)gMnMgMe (1.5 mmol) and resulting mixture was stirred for 2 h at room 

temperature. Workup and purification by preparative tic gave l-(dimethylphenyl- 

silyl)-l-cyclohexene (70 mg, 65% yield): bp 67 "C (2 Torr, bath temp); IR 

(neat) 2924, 1615, 1428, 1247, 1112, 1062, 827, 807, 769, 728, 698, 650 cm-'; 

NMR (CDC13) 6 0.31 (s, 6H), 1.5-1.7 (m, 4H), 1.9-2.1 (m, 4H), 6.0-6.1 (m, lH), 

7.3-7.4 (m, 3H), 7.5-7.6 (m, 2H). Found: C, 77.81; H, 9.47%. Calcd for 

- dimethylphenylsilyl)-l- z;:,",',",",i.; C, 77.71; H, 9.32%. The physical data of \,I, 
(E) and (Z)-2-(drmethylphenylsilyl)styrene and l-(dimethylphenyl- 
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7.2-7.6 (m, 10H). 
8.16%. 

K. FUGAMI et al. 

Found: C, 77.10; H, 8.36%. Calcd for ClQH240Si: C, 76.97; H, 

4 1:6 Mixture of lE)-1-(Dimethylphenylsilyl)'3-methyl-1-butene and l-(Dimethyl- 
phenylsilyl)-Z-pentene: bp 115 “C (22 Torr, bath temp); IR (neat) 2956, 1428, 
1249, 1113, 834, 776, 729, 699 cm-l; NMR (CDC13) 6 0.25 (s, 2.588), 0.27 (s, 
2.58H), 0.32 (8, 0.84H), 1.00 (d, J. = 7.0 Hz, 3.4281, 1.46 (dd, J = 6.5, 1.4 Hz, 
2.58H), 2.09 (dq, J = 10.5, 7.2 Hz, 0.86H), 2.2-2.4 (m, O.l4H), 5.1-5.5 (m, 
1.72H), 5.71 (dd, 2 = 18.7, 1.4 Hz, 0.14H), 6.10 (dd, J. = 18.7, 5.8 Hz, O.l4H), 
7.3-7.4 (m, 3H), 7.5-7.6 (m, 2H). Found: C, 76.59; H, 9.97%. Calcd for 
C13H20Si: C, 76.40; H, 9.86%. 

(1E, SE)-6-(Dimethylphenyl~ilyl)-4-~ethyl-l-phen~l-l,5-hexadien-3-o~ jl:l mix- 
ture of diastereoiaomers): --- bp 160 'C (2 Torr, bath temp); IR (neat) 3348 (br 
2958, 1613, 1450, 1428, 1249, 1113, 966, 843, 828, 787, 762, 731, 693, 663 cm -P ; 
NMR (CDC13) 6 0.32 (s, 1.5H), 0.33 (s, 1.5H), 0.35 (s, 3H), 1.07 (d, J = 6.8 Hz, 
1.5H), 1.10 (d, 2 = 6.8 Hz, 1.5H), 2.4-2.6 (m, lH), 4.10 (dd, 2 = 6.9, 6.3 Hz, 
0.5H), 4.2-4.3 (m, 0.5H), 5.91 (dd, 2 = 18.7, 0.9 Hz, 0.5H), 5.96 (d, J = 18.8 
Hz, 0.5H), 6.0-6.3 (m, 2H), 6.57 (dd, J = 16.0, 1.1 Hz, 0.5H), 7.2-7.5 (m, SW), 
7.5-7.7 (m, 2H). Found: C, 78.47; H, 8.24%. Calcd for C21H260Si: C, 78.21; H, 
8.13%. 

(lE, 5E)-l-(Dimethylphenylsilyl)-3-~ethyl-l,5-heptadien-4-ol (I:1 mixture of __I- -- 
diastereoisomers): 
---- 

bp 88 OC (2 Torr, bath temp); IR (neat) 3352 (br), 2956, 
1613, 1428, 1248, 1114, 998, 966, 842, 824, 730, 698 NMR (CDCl?) 6 0.32 cm-'; 
(s, 3H), 0.33 (s, 3H), 0.99 (d, J. = 7.4 Hz, 1.5H), 1.04 (d, J = 6.4 Hi, 1.5H), 
1.6-1.7 (m, 3H), 2.2-2.5 (m, lH), 3.82 (dd, J f 7.8, 7.2 Hz, 0.5H), 3.96 (dd, J 
= 6.8, 6.0 Hz, O.SH), 5.4-5.8 (m, 2H), 5.85 (dd, J = 19.0, 1.1 Hz, 0.5H), 5.92 
(d, J = 19.0 Hz, 0.5H), 6.05 (dd, J = 19.0, 6.9 Hz, 0.5H), 6.08 (dd, J = 19.0, 
6.6 Hz, 0.5H), 7.3-7.4 (m, 3H), 7.4-7.6 (m, 2H). Found: C, 73.82; H, 9.54%. 
Calcd for C16H240Si: C, 73.79; H, 9.29%. 

(E)-2,3-Dimethyl-5-(dimethyfphenylsilyl)-4-penten-2-ol: bp 90 OC (2 Torr, bath 
temp); IR (neat) 3372 (br), 2968, 1612, 1428, 1371, 1248, 1114, 843, 825, 728, 
698 cm-l; NMR (CDC13) 6 0.34 (s, 6H), 1.05 (d, J = 6.9 Hz, 3H), 1.17 (d, J = 4.3 
Hz, 3H), 1.56 (br.s, lH), 2.27 (ddq, J. = 7.7, 0.6, 6.9 Hz, lH), 5.88 (dd, J = 
18.7, 0.6 Hz, lH), 6.10 (dd, J. = 18.7, 7.7 Hz, lH), 7.3-7.4 (m, 3H), 7.5-7.6 (m, 
2H). Found: C, 72.19; H, 9.95%. Cafcd for C15H240Si: C, 72.52; H, 9.74%. 

(E)-2-Methy1-1-pheny1-4-(tri~ethiy1sily1)-3-buten-l-ol(6O:40 diastereomeric -----_ 
mixture): -- bp 91 *C (2 Torr, bath temp); IR (neat)3368(br), 2954, 1612, 1453, 
1247, 1020, 996, 865, 837, 699 cm-'; NMR (CDCl3) 6 0.01 (s, 5.4H), 0.07 (a, 
3.6H), 0.85 (d, J. = 6.8 Hz, 1,2H), 0.99 (d, J = 6.8 Hr., 1.8H), 1.97 (br.s, 
0.6H), 2.14 (br.s, O.4H), 2.48 (ddq, J = 7.9, 7.1, 6.8 Hz, 0.4H), 2.54 (dddq, J 
= 6.5, 5.5, 1.2, 6.8 Hz, 0.6H), 4.36 (d, J = 7.9 Hz, 0.4H), 4.61 (d, J = 5.5 Hz, 
0.6H), 5.65 (dd, 2 = 18.8, 1.2 Hz, 0.6H), 5.84 (d, J = 18.8 Hz, 0.4H), 5.92 (dd, 
J = 18.8, 6.5 Hz, 0.6H), 5.97 (dd, J = 18.8, 7.1 Hz, 0.4H), 7.2-7.4 (m, 5H). 
Found: C, 71.66; H, 9.68%. Calcd for C14H220Si: C, 71.73; H, 9.46%. 

(1E, 5~)-3-Methyl-l-(trimethylsilyl)-l,5-heptadien-4-ol (57:43 diastereomeric 
mixturd: --- bp 65 *C (2 Torr, bzh temp); IR (neat) 3362 (br), 29<:16i?,i?48, 
995, 965, 866, 837 cm-'; NMR (CDCl3) 6 0.06 (s, 5.13H), 0,06 (s, 3.878), 0.97 

(d, J = 6.8 HZ, 1,29H), 1.01 (d, J = 6.9 Hz, 1.71H), 1.71 (dm, J = 7.2 Hz, 3H), 
2.22 (ddq, J = 7.2, 7.0, 6.8 Hz, 0.43H), 2.34 (ddq, J = 6.8, 6.0, 6.9 Hz, 
0.57H), 3.79-(dd, J = 7.4, 7.2 Hz, 0.43H), 3.95 (dd, J. = 6.1, 6.0 Hz, O.57H), 
5.4-5.5 (m, lH), 5.6-5.8 (m, lH), 5.73 (dd, J = 18.8, 1.1 Hz, 0.57H), 5.79 (d, J 
= 18.8 Hz, .0.43H), 5.9;" (dd, J. = 18.8, 7.0 Hz, 0.43H), 5.97 (dd, j = 18.8, 6.8 
Hz, 0.57H). Found: C, 66.36; H, 11.48%. Calcd for CllH220Si: C, 66.60; H, 
11.18%. 
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A 1:Z Mixture of ~E)-3,3-dimethyl-l-(dimethyiphenylsiiy~~-i-butene and 2-Methyl- --~- 
&-fdimeth~lphenylsilyl)-2_pentene: bp 65 *C (2 Torr, bath temp); IR (neat) 
2956, 2922, 2856, 1427, 1247, 1113, 830, 729, 697 cm-‘; NHR (CDC13) 6 0.22 (s, 

z.otn), 0.25 (s, 2,01H), 0.31 (a, 1.98H), 0.97 (d, 1 = 7.2 Hz, Z.OlHI, 1.02 (s, 

2.97H), 1.44 (d, J = 1.2 Hz, Z.OlH), 1.68 (d, 2 - 1.0 Hz, 2.01H), 1.93 (dq, J_ - 

10.9, 7.3 Hz, 0.6?H), 4.93 (drn, 11 a 10.9 Hz, 0.6?H), 5.64 (d, 2 = 19.0 Hz, 

0.33H). 6.13 (d, 1 * 19.0 Hz, 0.33H). 7.3-7.5 (m, 3ti), 7.5-7.6 (m, ZHI. Found : 

C, 76.89; H, 10.41%. Calcd for Cl4H22Si: C 76.99; H, i0.15X. 

~~)-3,3-Dimethyl-I-(dimethylphenylsilyI)-l-octen-4-ol: bp 100 ‘C (2 Torr, bath 

temp); IR (neat) 3450 (br), 2954, 2930, 2860, 1466, 1248. 1113, 999, 844, 827, 

731) 698 cm-l; NHR (CDCl,) 6 0.34 (s, 6111, 0.91 (t, J - 7.1 Hz, 3H), 1.02 (s, 

6111, 1.2-1.8 (m, 7H), 3.28 (br.d, 2 = 9.0 Hz, IH), 5.83 (d, 2 t 19.5 Hz, 1H), 

6.08 (d, 2 = 19.5 Hz, 1H), 7.3-7.5 (m, 3H), 7.5-7.7 (m, 2H). Found: c, 74.17; 

tit 10.60%. Calcd for C18R300Si: C, 74.42; H, 10.41%. 

~E)-2,2-Dimcthyl-4-(dimethy1phenylsilyl)-1-phen~1-3-buten-l-ol: bp 140 “C (2 

Torr, bath temp); 1R (neat) 3420 (br), 2958, 1611, 1453, 1427, 1248, 1113, 999, 

844, 826, 731, 699 cm-1; NHR (CDC13) 6 0.34 (a, 6H), 0.98 (s, 3H), 1.03 fe, 3HI, 
1.93 (br.s, IH), 4.45 (s, IH), 5.81 (d, J - 19.f Hz, lH), 6.17 (d, 2 - 19.1 Hz, 

IHI, 7.26 (bt.s, 5111, 7.3-7.5 (m, 3Hf, 7.5-7.6 (m, ZH). Found: C, 77.21; H, 

8.59%. Calcd for C20h26OSi: C, 77.36; Ii, 8.44%. 

& 5E)-G,4-Di~ethyl-6-(dimrthylphenyisilyl)-l-phe~y~-~,5-hexad~en-3-ol: bp 150 

“C (2 Torr, bath temp); IR (neat) 3440 (br). 2958, 2868, 1670, 1612, 1494, 1450, 

1427, 1248, 1113, 998, 968, 844, 824, 735, 697 cm-‘; NMR (CRCl,) d 0.35 (6, 6H), 

1.08 (s, 6H), 1.68 (br.s, lH), 4.01 (d, 1 u 6.6 Hz, IH), 5.88 (d, J * 19.1 Hz, 

lH), 6.19 (d, J_ = 19.1 Hz, IH), 6.21 (dd, 2 -t 16.5, 6.9 Hz, lti), 6.91 (dd, J = 

16.5, 1.0 Hz, lti), 7.2-7.4 (m, RR), 7.5-7.6 (m, ZR). Found: C, 78.36; H, 8.53%. 

Calcd for C22H280Si: C, 78.51; H, 8.39%. 

~3,3-D~~ethyl-l-(trimethylsilyl)-l-dodecen-4-ok: bp 124 *C (2 Toril;b;;; 
tempf; TR (neat) 3450 (br), 2954, 1247, 1113, 999, 844, 826, 730, 698 cm 

(CDCi3) 6 0.06 (s, 9H), 0.88 (t. J = 6.3 Hz, 3H), 0.98 (5, 6Hf, 1.28 (br.s, 

12H), 1.3-1.5 (m, ZH), 1.55 (br.s, 1111, 5.70 (d, J_ = 19.2 Ht. lH), 5.97 (d, J - 

19.2 Hz, IH). Round: C, 71.51; H, 12.84%. Calcd for C17H360Si: C, 71.76; Ii, 
.* _CI 

~E)-Z,2-Dimethyl-l-phenyl-4-(trimerhylsilyi)-3-buten-l-ol: ---- bp 113 OC (2 Torr, 
bath teznp); IR (neat) 3448 (br), 2952, 1609, 1453, 1248, 1041, 1026, 1001, 866, 

031, 731, 700 cl-‘; NHR (CDC13) 6 0.07 (s, 9H), 0.95 (s, 3H), 1.00 (a, 3H), 5.70 

(d, L = 19.2 Hz, ltt), 6.06 (d, 2 = 19.2 Hz, 1 H), 7.2-7.4 (m, SH). Found C, 
72.27; H, 9.94%. Calcd for Cl5H240Si: C, 72.52, H, 9.74%. 

~E)-3,3-0imethy~-l-(trimeth~1silyl)-1,5-heptadien-4-oi~ bp 87 ‘C (2 Torr, bath 

temp); IR (neat) 3386 (br), 2956, 1611, 1449, 1377, 1247, 996, 966, 866, 838, 
727, 689 cm-l; tiHR (CDC13) 6 0.08 (s, 9H), 0.99 fs, 6tl), 1.73 (dm, J_ * 6.0 Hz, 

3h)t 3.75 (br.d, J = 7.0 tir, IH), 5.4-5.8 (m, 2H), 5.73 (d, J * 19.2 Hz, lH), 

6.02 (d, J = 19.2 Hz, 1H). 

67.86; it,- 11.56%. 

Found: C, 67.99; fi, 11.56%. Calcd for C12H240Si: C, 

~2,3,~-Trimethy1-5-(trimethylsilyl)-4-~enten-2-ol: bp 60 *C (2 Torr, bath _----- 
temp); IR (neat) 3448 (br), 2970, 1375, 1248, 839, 689 cm-*; NHR (CDCl3) 6 0.05 
(s, 9H), 1.03 (s, 6H), 1.15 (9, 6H), 5.70 (d, J = 19.3 ttt, lH), 6.19 (d, 1 - 
19.3 Hz, 1H). Found : C, 65.63; tt, 12.35%. Calcd for C11ti240Si: C, 65.93; H, 
12.07%. 

A I:1 - - 3ixture of ~~)-1-(Dimethy~ph~nylsily~)-i-~entene and ----- -- 
(stereois=ric 

l-(Dimethylphenyl- 
silyl)-2-pentene ratio 58:42): -- bp 67(2lorr, bath temp); IR 
(neat) 3004, 2958, 1427, 1248, 1113, 834, 726, 698 cm-‘; NMR (CDCl3) 6 0.26 (s, 
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