
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)

J. Cosmet. Sci., 49, 299-308 (September/October 1998) 

Synthesis and odor characteristics of isomeric 
3,3,7-trimethyl-4-octen-'l-ols and their 3-sila analogues 

ROBERT OBARA and CZESLAW WAWRZEI•ICZYK, Institute 
of Chemistry, Pedagogical University, Chfcidska 5, 25-020 Kielce 
(R. 0.), and Department of Chemistry, Agricultural University, Norwida 
25, 50-375 Wroctaw (C.W.), Poland. 

Accepted for publication August 31, 1998. 

Synopsis 

The isomeric (E) and (Z) 3,3,7-trimethyl-4-octen-l-ols and their 3-sila analogues were synthesized. The (Z) 
3,3,7-trimethyl-4-octen-l-ol was obtained by the isomerization of E alcohol via its epoxide deoxygenation 
according to the Vedejs method. Both sila analogues were synthesized from 4-methyl-l-pentyne. The carbon 
chain was elongated by alkyne silylation with dimethylvinylchlorosilane (synthesis of Z isomer) or by 
hydrosilylation with dimethylchlorosilane followed by Reformatsky reaction with ethyl bromoacetate (syn- 
thesis of isomer E). Odors of alcohols obtained and their acetates have been also evaluated. The odors of 
carbon compounds are more intense and more fresh than their silicon analogues. 

INTRODUCTION 

Naturally occurring acyclic monoterpene alcohols are used in many fragrance composi- 
tions because of their pleasant and original odors. Synthesized by us, 3,7-dimethyl-4- 
octen-l-ol, the structural analogue of citronellol (1), and its homologue with an addi- 
tional methyl group at C-7 are also characterized by pleasant, floral odors (2). The 7-sila 
analogue of the last alcohol was also obtained. 

One of the reasons for our interest in the synthesis of silaisoprenoid compounds are 
studies on the influence of the presence of silicon in the molecule on the biological 
activity or odoriferous properties of the compound. The influence on biological activity 
was documented, for example, for sila-antimuscarinic agents (3,4) sila-pyrethroids (5), 
and sila-juvenoids (6,7). The effect on odoriferous properties of the replacement of the 
carbon atom with silicon in the molecule has been studied by Wannegat eta/. (8-10). 
Their interesting results encouraged us in synthesizing acyclic silaisoprenoids. 

As an extension of our studies, we have synthesized a new homologue of our synthetic 
terpene alcohol (3,7-dimethyl-4-octen-l-ol), with an additional methyl group at C-3 
and its 3-sila analogue. Both alcohols were obtained in pure isomeric (E and Z) forms. 

RESULTS AND DISCUSSION 

The (E) isomer of the title compound was obtained in three-step synthesis from 3- 
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methyl-2-buten-l-al (Scheme 1). The first step, the Grignard reaction of this aidehyde 
with isobutylmagnesium bromide, afforded the alcohol 1 in 72% yield. Allyl alchol 1 
was transformed via the Claisen rearrangement (orthoacetate modification) into the ester 
2 (78% yield), which was reduced with lithium aluminum hydride (yield 89%) to the 
desired alcohol 3. The E configuration of the double bond formed in the Claisen 
rearrangement was confirmed by 1H NMR (Jn-4,n-5 = 15.6 Hz) as well as by IR (v = 
970 cm -1) spectral data. The (Z) isomer of 3,3,7-trimethyl-4-octen-l-ol (8) was ob- 
tained by four-step isomerization of (E) alcohol 3. Thus alcohol 3 was transformed into 
tetrahydropyrane ether 5, which was oxidized with m-chloroperbenzoic acid to ep- 
oxyether 6. The key step of this isomerization, deoxygenation of epoxy ether, was carried 
out according to the procedure described by Vedejs and Fuchs (11). Deprotection of 

.3,R=H 
d c 

4, R = Ac 

5, R= THP 

••••-/'• OTHP 

b 

1 

2 

OR 

7, R = OTHP 

8 ,R=H 

c l• 9 ,R =Ac 

a) CI-I3C(OC2H5)3, C2HsCOOH ' 138 ø C; b) LiA1H 4; c) AcC1, Py; d) PPTS, DHP; 
e) MCPBA, CH2C12; f) 1. (C6Hs)2PLi , THF, 2. CH3I; g) PPTS 

Scheme 1 
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ether 7 leads to (Z) alcohol 8. The yield of isomerization based on alcohol 3 was 37%. 
The (Z) configuration of the double bond was confirmed by •H NMR (Jn-4,H-5 = 12.2 
Hz) and IR (712 cm-•). 

3-Sila analogues of alcohol 3 as well as alcohol 8 were obtained from 4-methyl-1- 
pentyne. Ethyl silaester 10 was synthesized in a two-step procedure: hydrosilylation of 
alkyne with dimethylchlorosilane in the presence of hexachloroplatinic acid as a catalyst 
(12) followed by the Reformatsky reaction of alkenechlorosilane intermediate with ethyl 
bromopropionate (Scheme 2). Unfortunately, the product mixture isolated from this 
synthesis (yield 75%) contained, according to GC, 90% of ester 10, 8% of regioisomer 
11, and a small amount of the Z isomer of 10. Separation of this mixture by column 
chromotography on silica gel impregnated with AgNO 3 (4%) afforded pure (above 97%) 
ester 10. In the last step of synthesis, ester 10 was reduced with lithium aluminum 
hydride to alcohol 12 in 84% yield. 

The 3-sila analogue of alcohol 8 was also obtained from 4-methyl-l-pentyne (Scheme 3). 
Lithium alkyne was silylated at -78øC with vinyl dimethylchlorosilane, and the result- 
ing vinylsilane 14 (yield 84%) was oxidized with m-chloroperbenzoic acid to epoxide 15 
in 81% yield. Then epoxide was reduced with diisobuthylaluminum hydride (DIBAL) 
to alkynesilanol 16. The application of lithium aluminum hydride for this reduction 
gave the mixture of products in which the content of alcohol 16 was 30% only. The 
secondary ot-silenol was obtained as the second main (20%) component in this mixture. 
Further reduction of alcohol 16 with DIBAL gave the final (Z)-silenol, 17. More effective 

+ • '/ • /C1 H/Sk'c1 Si •. 

• Si•'"'CO2C2H• 
11 

•SiOCO2C2H 5 
lO 

• .j d 
S••O -• 

13 

a) H 2 PtCI 6 ß b) BrCH 2 CO 2 C 2 I-Is, Zn, THF; c) LiA1H 4 ß d) AcC1, Py 
Scheme 2 
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18, R = Ac c 

/Si•oR 

dE17 ,R=H 19, R Ac 

a) 1. nBu-Li, Et.20 , _ 78 o C, 2. CISi(CH3)2CH=CH 2 , Et.20; b) MCPBA; c) DIBAL; d) AcCI, Py 
Scheme 3 

(yield 79%) was the one-step reduction of epoxide 15 with two equivalents of diisobu- 
tyloaluminum hydride, which led directly to 17. Acetates 4, 9, 13, 18, and 19 were 
obtained in good yield (60-90%) by esterification of corresponding alcohols 3, 8, 12, 16, 
and 17 with acetyl chloride in the presence of anhydrous pyridine. 
The odor characteristics of the compounds obtained are given in Table I. Comparison of 
the odors of carbon compounds and their silicon analogues indicates that the odors of 
carbon compounds are more intensive and more fresh than silicon ones. The odors of 
carbon alcohols can be generally described as fresh-green, whereas sila alcohols are 
described as floral-fruity or fruity. Acetates, with the exception of 19, are characterized 
by a fruity or a fruity-floral odor. The comparative olfactory analysis of compounds with 
different geometry of the double bond shows differences in notes of odors. The most 
distinctive difference was observed for E and Z isomers of sila acetates (13 and 19). 
Alcohol with a triple C-C bond is characterized by the most floral odor among the 
compounds evaluated. 

EXPERIMENTAL 

STARTING MATERIALS AND REAGENTS 

4-Methyl-l-pentyne (b.p. 61-62øC lit. (13) 61øC) was synthesized from 4-methyl-i- 
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Table I 

Odor Descriptions of Compounds Synthesized* 

Compound - OH - OC(O)CH 3 

Medium-intensive, fresh- 
green, fioral-fruity, with 
rose and grapefruit 
notes 

Intensive, more than E isomer, 
agreeable, fresh-green, 
with tomato leaf and 

citrus notes 

Weak, agreeable, floral- 
fruity 

Medium-intensive, less 
than C analogue, fresh, 
fruity, with melon 
fruit note 

Weak, agreeable, floral- 
fruity, with lime flower 
note 

Intensive, agreeable, fruity, 
with apricot note 

Medium-intensive, fresh, 
fruity, with desiccated- 
apricot note 

Weak, fruity, with wild 
strawberry note 

Medium-intensive, agreeable, 
fresh, balsamic-vegetable 
note 

Weak, agreeable, fresh, 
fruity-fioral 

* The odor was evaluated for samples that were above 97% (gc) purity. 

pentene by bromination followed by elimination of 1,2-dibromide with potassium 
hydroxide. All other reagents used in this work were purchased from Fluka. 

ANALYTICAL METHODS 

1H NMR spectra were measured for solutions (CDC13) on Bruker Avance DRX 300 (300 
MHz). IR spectra were determined with a Specord M-80 infrared spectrophotometer. 
Gas chromatographic analyses were performed on a Hewlett-Packard instrument, using 
an HP-5 capillary column (30 m x 0.31 mm). Analytical TLC was carried out on silica 
gel G (Merck) with different developing systems. Compounds were detected by spraying 
the plates with 7 % H2SO 4 in ethanol containing ca 0.1% of p-anisaldehyde, followed by 
heating to 120øC. Column chromatography was performed on silica gel (Kieselgel 60, 
230-400 mesh, Merck) with petroleum ether-ethyl acetate 7:1 (for alcohols) or 50:1 (for 
esters) systems as eluents. 

OLFACTORY EVALUATION 

Odorous properties of the compounds synthesized were determined by Prof. J. G6ra 
strictly following the described procedure (14). 
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2, 6-Dimethyl-2-he#te,-4-o/(1). The Grignard reaction of 3-methyl-2-buten- 1 -al (16.8 g, 
0.2 mole) with isobutyl magnesium bromide formed from isobutyl bromide (34.2 g, 
0.25 mole) and magnesium (6.0 g, 0.25 mole) was carried out in ethyl ether by a method 
described earlier (2). The crude alcohol 1 was distilled i, vac•o (b.p. 50-51 øC/5 mm Hg) 
to afford (21.0 g, 75% yield) pure alcohol 3: nD 2ø = 1.4455 (lit. (15) b.p. 74-76øC/12 
mm Hg, nD 20 = 1.4410). •H NMR (8): 0.83 (d, J = 6.5 Hz, 6H, -CH(CH3)2) , 
1.05-1.42 (m, 3H, -cn2cn(cn3)2), 1.62, (s, 6H, =C(CH3)2), 4.30 (dr, j = 8.3 and 7.3 
Hz, 1H, -CH (OH)-). 

__ 

Ethyl (E)-3,3,7-trimethyl-4-octe,oate (2). A mixture of alcohol 1 (20.0 g, 0.14 mole), 
triethyl orthoacetate (180 ml, 1 mole), and 0.3 ml of propionic acid was heated (138- 
139øC) with a simultaneous removal of ethanol. Then unreacted orthoacetate was dis- 

tilled off and the residue was distilled i, vac•o (b.p. 74-76øC/5 mm Hg). In this way 
23.2 g (yield 78%) of pure ester 2 was obtained, nD 2ø = 1.4475; •H NMR (8): 0.83 (d, 
J = 6.6 Hz, 6H, -CH(CH3)2), 1.09 (s, 6H, -C(CH3)2-) 1.21 (t, J = 7.2 Hz, 3H, 
-OCH2CH3), 1.54 (m 1H, -CH(CH3)2) , 1.81 (t, J = 6.7 Hz, 2H, -CH2CH=CH), 
2.23, (s, 2H, -CH2CO2-), 4.07 (q, J = 7.2 Hz, 2H, -OCH2CH3), 5.32 (dr, J = 15.6 
and 6.7 Hz, 1H, -CH2CH=CH-) , 5.43 (d, J = 15.6 Hz, -CH2CH=CH-); IR (cm-•): 
1736 (s), 1384 (m), 1368 (m), 1136 (s), 976 (s). Anal. Calcd. for C•3H2402: C, 73.53, 
H, 11.39. Found C, 73.25; H, 11.45. 

(E)-3,3, 7-Trimethyl-4-octe,-l-ol (3). Reduction of ester 3 (2.2 g, 0.01 mole) with lithium 
aluminium hydride (0.2 g, 0.006 mole) afforded alcohol 3 in high yield (1.5 g, 89%): 
b.p. 89-91øC/6 mm Hg; nD 2ø = 1.4450; •H NMR (8): 0.84 (d, J = 6.3 Hz, 6H, 
(CH3)2CH-), 1.01 (s, 6H, -C(CH3)2-), 1.86 (t, J = 6.6 Hz, 2H, -CH2-CH=CH-), 
3.64 (t,J = 7 Hz, 2H, -CH2OH) , 5.31 (dt, J = 15.6 and 6.6 Hz, 1H, -CH2CH=CH-), 
5.39 (d, J = 15.6 Hz, 1H, -CH2CH=CH-); IR (cm-•): 3320 (s,b), 1364 (m), 1384 (m), 
1024 (s), 876 (s). Anal Calcd. for C•H220: C, 77.58; H, 13.12. Found: C, 77.40; H, 13.41. 

Tetrahy#ro#yra,yl ether of alcohol 3 (5). A mixture of alcohol 3 (11.1 g, 0.065 mole), 
3,4-dihydro-2H-pyran (5.7 g, 0.07 mole), and pyridinium p-toluenosulfonate (0.15 g) 
was stirred for 46 h at room temperature. Then the reaction mixture was diluted with 
ethyl ether (200 cm3). The ethereal solution was washed with saturated NaHCO3 and 
water, and dried (MgSO4). The crude product was purified by column chromatography 
(silica gel, petroleum ether-ethyl acetate, 40:1). Thus 15.3 g (yield 92%) of 5 was 
obtained: nD 2ø = 1.4530; •H NMR (8): 0.86 (d, J = 6.7 Hz, 6H, -CH(CH3)2) , 1.00 (s, 
6H, -C(CH3)2-) , 3.32-3.57 and 3.70-3.86 (m, 4H, -O-CH2-), 4.55 (m, 1H, 
-O-CH-O), 5.29 (dt, J = 15.6 and 6.5 Hz, 1H, CH2-CH=CH-); 5.36 (d, J = 15.6 
Hz, 1H, -CH2-CH=CH-); IR (cm-•): 1384 (s), 1376 (s), 1136 (s), 1080 (s), 1032 (s), 
976 (s). Anal. Calcd. for C•6H3oO2: C, 75.52; H, 11.88. Found C, 75.41; H, 11.94. 

Tetrahydro#yra,yl ether of 3,3, 7-trimethyl-4, 5-e#oxyocta,- 1 -ol (6). m-Chloroperbenzoic acid 
(4.0 g, 0.023 mole) CH2C12 (25 cm 3) was added dropwise at 0øC to a solution of ether 
5 (5.1 g, 0.02 mole) in 30 cm 3 ofCH2C12, and the reaction mixture was warmed to room 
temperature and stirred for 48 h. Then it was diluted with ethyl ether (200 cm3), washed 
alternately with saturated solutions of Na2SO 3 and Na2CO3, and dried (MgSO4). A 
preparative column chromatography of the crude product accorded 4.5 g (84% yield) of 
pure epox ether 6: no 2ø -- 1.4570; •H NMR (8); 0.89, 0.90, 0.92 and 0.93 (four s 6H, 
-C(CH3)2-), 0.96 and 0.98 (two d, J = 6.6 Hz, 6H, -CH(CH3)2) , 2.51 (d, J = 2.4 Hz, 
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1H,-CH2-CH-CH-), 2.87 (m, 1H,-CH2-CH-CH-), 3.44-3.53 (m, 2H, -OCH 2- -- 

THP part), 3.80-3.91 (m, 2H, -OCH2- , alcohol part), 4.57 (m, 1H, -OCHO-); IR 
(cm-•): 1032 (s), 1080 (s), 1140 (s), 1372 (m), 1380 (m), 1382 (m). 

Tetrahy#ropyrany/ ether of (Z)-3,3,7-trimethy/-•-octe,-l-o/ (7). Epoxy ether 6 (3.4 g, 
0.0125 mole) in (50 cm 3) THF was added at room temperature and under nitrogen to 
a solution of lithium diphenylphosphide prepared in THF (40 cm .3) from chlorodi- 
phenyphosphine (6.2 g, 0.028 mole) and lithium (0.4 g, 0.056 mole). The reaction 
mixture was stirred at room temperature for 16 h. Then methyl iodide (3.8 cm 3, 0.06 
mole) was added, and the mixture was kept at room temperature for the next 1 h. The 
reaction mixture was quenched with water and the product was extracted with ethyl 
ether. The ethereal solution was washed with brine and dried (MgSO4). The crude 
product was purified by column chromatography. Thus 3.4 g (50% yield) of pure ether 
7 was obtained: nD 20 -- 1.4583; •H NMR (8): 0.90 (d, J = 6.6 Hz, 6H, -CH(CH3)2) , 
1.12 (s, 6H, -C(CH.3)2-), 2.05 (t, J = 6.5 Hz, 2H, -CH2-CH=CH-), 3.41-3.46 (m, 
2H, -CH20- THP part), 3.78-3.87 (m, 2H, -CH20- alcohol part), 4.56 (m, 1H, 
-OCHO-), 5.21 (dt, J = 12.1 and 6.5 Hz, 1H, -CH2-CH--CH-), 5.27 (d, J = 12.1 
Hz, 1H, -CH2CH--CH-); IR (cm-•): 1384 (s), 1376 (s), 1120 (s), 1080 (s), 1032 (s), 
712 (m). 

(Z)-3,3, 7-Trimethy/-•-octe,-l-o/ (8). Ether 7 (2.3 g, 0.009 mole) in ethyl alcohol (25 
cm )) with pyridinium p-toluenosulfonate (0.3 g) was heated at 50øC for 12 h. The 
reaction mixture was diluted with ethyl ether (100 cm)), washed with brine, and dried 
(MgSO4). Pure alcohol 8 (1.5 g, 96% yield) was obtained after column chromatography. 
Its physical and spectroscopic data are as follows: b.p. 60øC/2 mm Hg; nD 2ø = 1.4523; 
•H NMR (8): 0.89 (d, J = 6.6 Hz, 6H, -CH(CH3)2) , 1.11 (s, 6H, -C(CH.3)2-), 1.54 
(s, 1H, -OH), 1.58 (m, 1H, -CH(CH3)2) , 1.68 (t, J = 7.2 Hz, 2H, -CH2-CH2-O-), 
2.05 (t,J = 6.5 Hz, 2H, -CH2CH=CH-), 3.68 (m, 2H, -CH2OH) , 5.23 (d, t,J = 12.2 
and 6.5 Hz, 1H, -CH2CH=CH-) , 5.28 (d, J -- 12.2 Hz, 2H, -CH2CH=CH-); IR 
(cm •): 3336 (s,b), 1460 (s), 1384 (s), 1976 (s), 1240 (m), 1056 (s), 1024 (s), 712 (s). 
Anal. Calcd. For CllH220: C, 77.58; H, 13.12. Found: C, 77.65; H, 13.15. 

Ethyl dimethyl-(4-methyl-1 (E)-penten-l-yl)si/ylacetate (10). A mixture of 4-methyl- 1- 
pentyne (4.5 g, 0.055 mole), chlorodimethylsilane (5.8 cm 3, 0.052 mole) and five drops 
of 7% solution of hexachloroplatinic acid in ethanol was placed in a hermetically closed 
flask (50 cm 3) and was stirred for 1 h at room temperature and 3 h at 60øC. Crude 
4-methyl-l-pentene-l-yl-dimethylchlorosilane, together with ethyl bromoacetate (5.8 
cm 3, 0.052 mole) in THF (30 cm3), was added through a dropping funnel under 
nitrogen to zinc (3.6 g, 0.055 mole) in THF (10 cm3). The reaction was activated by 
adding an iodine crystal. The reaction mixture was diluted with petroleum ether (200 
cm3), the solid ZnBrC1 was filtered off, and the solvent was evaporated. Crude product 
(7.35 g, 62% yield), a mixture of esters 10 and 11, was purified by means of preparative 
column chromatography on silica gel impregnated with AgNO 3 (4%) and activated at 
250øC. In that way, pure (above 95%) ester 10 (4.7 g) was obtained: nD 2ø -- 1.4430; b.p. 
70øC/2 mm Hg; •H NMR (8): 0.13 (s, 6H, -Si(-cn3)2-), 0.84 (d, J = 6.6 Hz, 6H, 
-CH(CH3)2) , 1.21 (t, J = 7.0 Hz, 3H, -OCH2CH3), 1.63 (m, 1H, -CH(CH3)2) , 1.98 
(m, 2H, -CH2CH=CH2-), 4.04 (q, J = 7.0 Hz, 2H, -OCH2CH3) , 5.56 (d, J -- 18.5 
Hz, 1H, -CH2CH=CH-) , 6.05 (dt, J -- 18.5 and 6.7 Hz, 1H, -CH2CH=CH-); IR 
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(cm-•): 1724 (s), 1384 (m), 1375 (m), 1244 (s), 1092 (s), 972 (m), 832 (s). Anal. Calcd. 
for C•2824OSi: C, 63.10; H, 1059. Found: C, 63.02; H, 10.70. 

2-[Dimethyl-(4-methyl-1 (E)-penten-l-yl)sily/]ethanol (12). The reduction of ester 10 (2.0 
g, 0.0088 mole) with LiAIH 4 (0.25 g, 0.0066 mole) in ethyl ether (50 cm 3) afforded 
alcohol 12 (1.4 g, 84% yield). Its physical and spectral data are as follows: b.p. 62øC/2 
mm Hg; nD 2ø = 1.4527; •H NMR (8): 0.46 (s, 6H, -Si(CH3)2-), 0.86 (d, J = 6.5 Hz, 
6H, -CH(CH3)2) , 0.98 (m, 2H, -CH2CH2OH), 1.23 (s, 1 H, -OH), 1.66 (m, 1H, 
-CH(CH3)2), 1.98 (td, J -- 6.7 and 1.5 Hz, 2H, -CH2CH=CH-), 3.71 (m, 2H, 
-CH2OH), 5.56 (dt, j = 18.5 and 1.5 Hz, 1H, -CH2CH=CH-), 6.01 (dr, j -- 18.5 and 
6.7 Hz, 1H, -CH2CH=CH-); IR (cm-t): 3320 (s,b), 1615 (m), 1384 (m), 1375 (m), 
1240 (s), 1035 (s), 992 (s), 835 (s). Anal. Calcd. for CloH22OSi: C, 64.44; H, 11.90. 
Found: C, 64.51; H, 12.01. 

Dimethyl-(4-methyl-l-pentyn-l-yl)-vinylsilane (14). n-BuLl (54 cm 3 of 1.6 M solution in 
hexane, 0.086 mole) was added dropwise under nitrogen to a cooled (-78øC) solution of 
4-methyl-l-pentyne (10 cm 3, 0.086 mole) in ethyl eter (50 cm3). After 20 minutes, 
dimethylvinylchlorosilane (11 cm 3, 0.08 mole) was added and the reaction mixture was 
warmed to room temperature. Then the mixture was diluted with ethyl ether (100 cm 3) 
and quenched with water (20 cm3). The ethereal solution was washed with brine and 
dried (MgSO4). The product was distilled in vacuo: (b.p. 64-66øC/16 mm Hg) to give 
11.2 g (yield 84%) of pure silane 14. Its physical and spectral data are as follows: nD 20 
= 1.4270; •H NMR (8): 0.18 (s, 6H, -Si(CH3)2-), 0.96 (d, J = 6.6 Hz, 6H, 
-CH(CH3)2) , 1.80 (m, 1H, -CH(CH3)2) , 2.11 (d, J = 6.6 Hz, 2H, -CH2-), 5.82 (dd, 
J = 19.5 and 4.4 Hz, 1H, -CH=CH 2 trans), 5.97 (dd, J = 14.5 and 4.4 Hz, 1H, 
-CH=CH 2 cis), 6.12 (dd, J = 19.5 and 14.5 Hz, 1H, -CH=CH2); IR (cm-•): 3048 (m), 
2176 (s), 1248 (s), 824 (s). Anal. Calcd. for C•oH•8Si: C, 72.21; H, 10.90. Found: C, 
72.07; H, 10.95. 

Dimethyl-(4-methyl-l-pentyn-l-yl)epoxyethylsilane (15). Vinyl silane 14 (6.0 g, 0.036 
mole) was added to a dried solution of m-chloroperbenzoic acid (9.5 g, 0.0433 mole) in 
CH2CI 2 (100 cm3), and the mixture was stirred at room temperature for 48 h. The 
reaction mixture was concentrated in vacuo up to 3/4 of volume and then was diluted 
with petroleum ether (250 cm3). m-Chlorobenzoic acid was filtered off, and the crude 
product was purified by column chromatography. Pure epoxide 15 (5.4 g, yield 82%) 
had the following physical and spectral data: nD 2ø = 1.4513; •H NMR (8): 0.14 and 
0.21 (two s, 6H, -Si(CH3)2-) , 0.95 (d, J = 6.6 Hz, 6H, -CH(CH3)2) , 1.80 (m, 1H, 
-CH(CH3)2) , 2.10 (d, J = 6.6 Hz, 2H, -CH2-), 2.24 (dd, J = 5.4 and 3.9 Hz, 1H, 

/ox 
-CH-CH2) , 2.66 (dd, j = 5.9 and 3.9 Hz, 1H, -CH-CH2) , 2.92 (dd, j = 5.9 and 5.4 

Hz, 1H, -CH-CH2); IR (cm-•): 2176 (s), 1248 (s), 1232 (m), 880 (s), 824 (s). 
2-[Dimethyl-(4-methyl-1-pentyn-1-yl)silyl]ethanol (16). Epoxide 15 (1.3 g, 0.0071 mole) 
in hexane (35 cm 3) was reduced with diisobuthylaluminum hydride (8 cm 3 of 1M 
solution in hexane). After purification of the crude product (column chromatography) 
1.05 g (80% yield) of alcoohol 16 was obtained: b.p. 65øC/2 mm Hg; nD 2ø = 1.4540; 
•H NMR (8): 0.12 (s, 6H, -Si(CH3)2-), 0.93 (d, J = 6.6 Hz, 2H, -CH(CH3)2) , 0.99 
(t, J = 7.9 Hz, 2H, CH2CH2OH), 1.75 (m, 1H, -CH(CH3)2) , 1.93 (s, 1H, -OH), 2.07 __ 

(d, J = 6.6 Hz, 2H, -CH2-C=C), 3.77 (t, J = 7.9 Hz, 2H, -CH2OH); IR (cm-•): 3368 
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(s,b), 2176 (s), 1248 (s), 1172 (m), 1036 (s), 840 (s). Anal. Calcd. for C•oH2oOSi: C, 
65.15; H, 10.93. Found: C, 65.03; H, 10.78. 

2- (Dimethyl- (4-methyl- 1 (Z)-pe,te,- 1 -y/)si/yl]eth•,ol (17). Diisobutylaluminum hydride 
(4 cm 3 of 1M solution in hexane) was added under nitrogen to a hexane (10 cm 3) 
solution of alcohol 16 (0.3 g, 1.63 mmole), and the reaction mixture was stirred for 4 
h. Then the reaction mixture was diluted with ethyl ether (50 cm •) and a 10% solution 
of NaCI (20 cm'•). The product was extracted with ethyl ether and after work-up was 
purified by column chromatography. In this way, 0.25 g of pure alcohol 17 was ob- 
tained: b.p. 63øC/2 mm Hg; n•) 2ø = 1.4539; 1H NMR (8): 0.11 (s, 6H, -Si(CH•)2-), 
0.88 (d, J = 6.7 Hz, 2H, -CH(CH•)2), 1.03 (t, J = 8.3 Hz, 2H, -CH2CH2OH) , 1.48 
(s, 1H, -OH), 1.63 (m, 1H, -CH(CH3)2) , 1.99 (ddd, J = 7.3, 6.9 and 1.3 Hz, 2H, 
-CH2CH=CH), 3.72 (t, J = 8.3 Hz, 2H, -CH2OH), 5.46 (d,t, J = 14.2 and 1.3 Hz, 
1H, -CH2CH=CH-), 6.33 (dt, J = 14.2 and 7.3 Hz, 1H, -CH•CH=CH-); IR (cm-•): 
3344 (s,b), 1604 (m), 1248 (s), 1172 (m), 1036 (s), 836 (s), Anal. Calcd. for C•oH22OSi: 
C, 64.45; H, 11.90. Found: C, 64.32; H, 11.74. Alcohol 17 was also obtained in 79% 
yield by the reduction of epoxide 15 with two equivalents of diisobutylaluminum 
hydride. 

Synthesis of •cet•tes 4, 9, 13, 18, •nc119. General procedure: A solution of acetyl chloride 
(0.0025 mole) in ethyl ether (5 cm •) was added to a cooled (0øC) solution of alcohol 
(0.002 mole) and anhydrous pyridine (0.004 mole) in ethyl ether (30 cm•), and the 
reaction mixture was stirred for 2 h. Then water (20 cm •) was added and the product was 
extracted with ethyl ether (2 x 20 cm•). The combined ethereal solution was washed 
with 10% CuSO 4 solution, 10% NaHCO3 solution, and brine, and dried (MgSO4). The 
crude acetates were purified by column chromatography. Their physical and spectral 
data are given below: 

4: Yield: 94%; b.p. 62øC/2 mm Hg; nD 2ø = 1.4356; 1H NMR (8): 0.84 (d, J = 6.6 Hz, 
6H, -CH(CH3)•), 0.99 (s, 6H, -C(CH3)•), 1.56 (m, 1H, -CH(CH3)•), 1.60 (t, J = 7.6 
Hz, 2H, -CH2CH•O-), 1.84 (m, 2H, -CH:CH=CH-), 2.00 (s, 3H, -C(O)CH3), 4.02 
(m, 2H, -CH20-), 5.23-5.30 (m, 2H, -CH=CH-); IR (cm-1): 1740 (s), 1384 (s), 
1368 (m), 1244 (s), 1032 (s), 976 (s). Anal. Calcd. for C13H2402: C, 73.54; H, 11.39. 
Found: C, 73.41; H, 11.42. 

9: Yield: 95%; b.p. 65øC/2 mm Hg; nD 2ø = 1.4410; •H NMR (8): 0.88 (d, J = 6.6 Hz, 
6H, -CH(CH3)•, 1.11 (s, 6H,-C(CH3):-) , 1.54 (m, 1H, -CH(CH3):) , 1.71 (t,J = 6.7 
Hz, 2H, CH2CH20-), 2.01 (s, 3H, -C(O)CH3), 2.02 (m, 2H, -CH2CH=CH-) , 4.09 
(t, J -- 6.7 Hz, 2H, -CH•CH20-), 5.21-5.24 (m, 2H, -CH=CH-); IR (cm-1): 1748 
(s), 1468 (s), 1384 (s), 1364 (s), 1236 (s), 1032 (s), 712 (m). Anal. Calcd. for C•3H2402: 
C, 73.54; H, 11.39. Found: C, 73.35; H, 11.45. 

13: Yield: 78%; b.p. 64øC/2 mm Hg; nD 2ø = 1.4420; 1H NMR (8): 0.07 (s, 6H, -Si 
(CH3)•)-) , 1.02 (m, 2H, -CH:CH20), 0.85 (d, J = 6.6 Hz, 6H, -CH(CH3):), 1.40 (m, 
1H, -CH(CH3):), 1.98 (m, 2H, -CH•CH=CH-), 2.00 (s, 3H, -C(O)CH3), 4.11 (m, 
2H, -CH:CH:O-), 5.56 (dt, J = 18.5 and 1.3 Hz, 1H, -CH2CH=CH-), 6.00 (dt, J 
= 18.5 and 6.7 Hz, 1H, -CH•CH=CH-); IR (cm-1): 1740 (s), 1616 (w), 1372 (m), 
1360 (m), 1244 (s), 1048 (s), 952 (m), 826 (s). Anal. Calcd. for C•2Hi•O•Si: C, 64.23; 
H, 8.98. Found: C, 64.15; H, 9.05. 
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18: Yield: 60%; b.p. 63.5øC/2 mm Hg; nD 20 = 1.4432; •H NMR (8): 0.16 (s, 6H, 
-Si(CH3)2-), 0.95 (d, J -- 6.6 Hz, 6H, -CH(CH3)2) , 1.05 (t, J = 8.4 Hz, 2H, 
-CH2CH20-), 1.80 (m, 1H, -CH(CH3)2) , 2.01 (s, 3H, -C(O)CH3), 2.08 (d, j = 6.6 
Hz, -CH2C=), 4.20 (t, J = 8.4 Hz, -CH2CH20-); IR (cm •): 2176 (s), 1740 (s), 1240 
(s), 1040 (s), 824 (s). Anal. Calcd. for C12H2202Si: C, 63.67; H, 9.79. Found: C, 63.75; 
H, 9.85. 

19: Yield 91%; b.p. 67øC/2 mm Hg; nD 2ø -- 1.4440, •H NMR (8): 0.13 (s, 6H, 
-Si(CH3)2-) , 0.88 (d, J -- 6.8 Hz, 6H, -CH(CH3)2, 1.04 (t, J = 8.4 Hz, 2H, 
-CH2CH20-), 1.61 (m, 1H, -CH(CH3)2) , 1.98 (ddd, j = 7.3, 6.9 and 1.3 Hz, 2H, 
-CH2CH=CH-), 1.99 (s, 3H, -C(O)CH•), 4.14 (t, j = 8.4 Hz, -CH2CH20-), 5.44 
(dr, J = 14.2 and 1.3 Hz, 1H, -CH2CH=CH-), 6.33 (dr, J = 14.2 and 7.3 Hz, 1H, 
-CH2CH=CH-); IR (cm •): 1740 (s), 1608 (m), 1240 (s), 1048 (s), 712 (m). Anal. 
Calcd. for C•2H2402Si: C, 63.10; H, 10.59. Found: C, 63.01; H, 10.72. 
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