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A Highly Stereoselective Synthesis of Trisubstituted Ethylenes
from a-Trialkylsilyl Ketones!.?
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A novel procedure for preparing trisubstituted ethylenes stereoselectively is based on the reaction of a-trialkyl-
silyl-substituted ketones with alkyllithium reagents and on the following highly discriminative elimination of the

silyl and oxido (or hydroxyl) groups from the resulting adducts.

The syn-elimination of both groups is observed

under basic conditions, while the reaction proceeds in anti-fashion on acid treatment. Furthermore a-trimethyl-
silylated ketones are shown to be readily obtained from 2-trimethylsilyl-2,3-dialkyloxiranes. The reaction sequence
is applied to the stereoselective synthesis of tetrahomonerol which has been obtained from the codling moth.

Synthesis of trisubstituted ethylenes®% has received
considerable attention because of the widespread
occurrence of these olefin units in many classes of
naturally occurring compounds. Furthermore, recent
progress in organic synthesis via silicon compounds® has
disclosed novel methods for the synthesis of 1,2-disub-
stituted ethylenes with rigorous stereochemistry.®) This
paper describes a facile procedure for the stereoselective
synthesis of trisubstituted ethylenes via reaction of a-
trialkylsilyl ketones with alkyllithium reagents followed
by syn-elimination under basic conditions or by anti-
elimination on acid treatment.”-®

Reaction of 5-trimethylsilyl-4-decanone (Ia)V with
MeLi in THF at —78 °C afforded a reaction mixture
containing Ila.” Treatment of the reaction mixture
directly with KO’Bu (Run 1 in Table 1) afforded
(E)-4-methyl-4-decene (III)1® in 769, overall yield as
shown in Scheme 1. When the reaction mixture was
treated with glacial acetic acid saturated with sodium
acetate (Run 3), the (Z)-isomer IV was obtained with
E|Z ratio of 12/88.1) On the contrary the elimination
with concentrated sulfuric acid (Run 7) gave less the
stereoselectivity. Similar results were obtained in the
case of 5-triethylsilyl-4-decanone (Ib). These and other
data are summarized in Table 1.12,13)

Further information about the stereoselectivity of this
olefin synthesis was obtained from the reaction of
3-trimethylsilyl-2-octanone with n-PrLi. Treatment of
the reaction mixture with KO/Bu gave IV in 219,
yield (E/Z=4/96) via the diastercomer of 11.1%

Clearly g-trialkylsilyl alcoholates 11 are produced from
a-trialkylsilyl ketones and alkyllithium reagents with
high stereoselectivity. Although it was unsuccessful to
directly determine the diastereomeric composition of

the alcoholate II or the respective alcohol, the composi-
tion was inferred from the E/Z ratios of the olefins
obtained in the elimination reactions. The high selec-
tivity of this carbonyl addition is explained formally
by the Felkin model,'® in which the separation between
the trialkylsilyl group and the incoming alkyllithium is
the greatest.
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The lithium salt or the potassium salt of the alcohol
produces a trisubstituted ethylene by syn-elimination of
trialkylsilyl and oxido groups. Comparison of Runs 1
and 2, or Runs 3 and 4 as well, indicates that the syn-
elimination from the lithium salt is slower than that
from the potassium salt. On the other hand, acidic
treatment of the alcoholates II directly or of the isolated
alcohols induces anti-elimination of trialkylsilyl and
hydroxyl groups as shown in Scheme 2.627¢)  Poor
stercoselectivity is observed when such nucleophiles
having weak affinity to silicon as HSO,~ or H,O are
present (Runs 7 and 8). Meanwhile, nucleophiles with
strong affinity to silicon such as AcO~ and F- give much
improved selectivity data (Runs 5, 9-—12). Probably
in the absence of suitable nucleophiles, C~C bond
rotation of the f-silyl carbocation V competes with the
anti-climination. The effective nucleophiles obviously
favor the concerted anti-elimination of the intermediate
VI without the loss of stereochemistry. Runs 11 and 12,
indicate that the acid strength is an additional factor
influencing the E/Z ratio.
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Furthermore as shown in Scheme 3, both isomers
(XI and XII) of a trisubstituted ethylene have been
obtained from the silylated olefin (VII) via the trialkyl-
silyloxirane (VIII) and the iodohydrin (IX). Treatment

TABLE 1. TRANSFORMATION OF 5-TRIALKYLSILYL-4-
DECANONE (Ia anD Ib) TO 4-METHYL-4-DECENE
(ITII anD 1V)

Run Addition ~ Elimination 6,05, yyp/rye
No. condition (temp) %Y (E|Z)
I a A KOBu(refl) 76 919
2 a B —  (refl.) 53 86/14
3 b B KOBu (refl) 76  91/9
4 b B — (efl) 30—
AcONa/AcOH
5 a A oSyt 69 12788
0°C-r.t) AcONa/AcOH .
6 2 “g5h (—20°c) 7 20/80
7 a A HSO, (rt)® 69 24/76
8 a B HSO, (rt)® 80 50/50
AcONa/AcOH
9 b B Ch0cc) . 57 10/90
AcONa/AcOH
10 b B oo 46 10/90
KF/AcOH
11 b B ey 72 12/88
KF/H,SO
2 b B Qe o 8 18782

a) A: Addition of MeLi was carried out at —78 °C
and then the mixture was allowed to stand at a
room-temperature for 1—1.5h. B: The addition
occurred at — 78 °C and then the reaction completed
at a room-temperature overnight. b) Yield deter-
mined by GLPC using dodecane as an internal
standard.  c¢) Determined by GLPC. d) Carried
out after hydrolytic work-up of II. e) Not deter-
mined.

of IX with 1 equivalent of MeLi in ether afforded a-
trimethylsilyl ketone (X). The resulting mixture was
further treated with MeLi (3 equiv.) at —78 °C affording
(Z)-7-methyl-7-tetradecene (XI) after acidic work-up
(Scheme 3 and Table 2). Reaction of IX with 4 equiva-
lents of MeLi in ether at —78 °C gave the same result.
The stereoselectivity of the olefin formation is rather low
as compared with the previous reaction (for example,
Run 5 in Table 1). Remarkably, the £/Z selectivity of
olefin formation is much improved by the coexistence of
THEF in the MeLi-treatment of X.

An application of these stereoselective olefin forma-
tions has provided (2Z,6Z)-7-methyl-3-propyl-2,6-
decadien-1-ol (XIX), which is known to be a tetra-
homonerol obtained from the codling moth (Scheme
4).1)  Silyloxirane (XIV) prepared from XIII®%) was
converted to XVII by the following two ways. Isomeri-
zation of silyloxirane XIV'® in the presence of Mgl,
gave a-trimethylsilyl ketone (XVI). Further treatment

TaBLE 2. CONVERSION OF I0DOHYDRIN (IX) ToO
TRISUBSTITUTED ETHYLENES (XI anp XII)

MeLi® MeLi® Elimination Olefin XI/XII®
Equiv. Temp Equiv.  condition %Y (ZJE)

I —20°C 39 AcONa/AcOH 84 86/14

4 _78°C — AcONa/AcOH 85 84/16

1 —20°C 3 AcONa/AcOH 74 91/9

4 _78°Cc — KO'Bu 78 15/85

1 —2°C 3 KOBu 79 9/91

a) The amount of MeLi (ether) admixed initially.
b) The amount of MeLi (ether) added (at — 78 °C)
to the isomerization mixture, which was diluted
with THF in advance. ¢) Without dilution with
THF, the reaction was carried out in ether.
d) Overall yield from VIII. e) Determined by
GLPC.
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of XVI with MeLi, AcONa/AcOH afforded XVII.
Secondly, iodohydrin (XV) obtained from XIV was
treated with n-BuLi (1 equiv.) followed by MeLi
giving XVII after acidic work-up. Direct ethoxycarbon-
ylation of XVII to acetylenic ester XVIII was effected
by treatment with MeLi/THF-HMPA18) and then with
CICOOELt. The acetylenic ester was finally transformed
into XIX by the reported procedure.?

Experimental

GLPC was performed on Shimadzu GC-4BPT with 3 mX 3
mm glass column packed with 20 %, polyethylene glycol and
20 % HVSG on Chromosorb W-AW (80—100 mesh). Mass
spectra were obtained on Hitachi RMU-6L with 70 V chamber
voltage. NMR were measured on Varian EM-360, JEOL
JNM-PMX 60, and Varian EM-390 with Me,Si as internal
standard and CCl, as solvent. IR on Shimadzu IR-27G
spectrometer. Elemental microanalyses were performed by
Elemental Analyses Center of Kyoto University. All the
reactions were carried out under an atmosphere of dry argon.

Reaction of a-Trialkylsilyl Ketones (I) with Alkyllithium Reagents.
(E)-4-Methyl-4-decene (III, Run 1): To a solution of 5-tri-
methylsilyl-4-decanone (Ia, 0.23 g, 1 mmol) in 5 ml of THF was
added MeLi (3 mmol, 3.5 ml of 0.87 M ethereal solution) at
—78 °C. The mixture was stirred at a room-temperature for
1 h and treated with KO’Bu (1.0 g, 9 mmol) at reflux for 1 h.
The resulting mixture was poured into aq NH,CI overlaid
with hexane, washed (aq NH,Cl, sat. NaCl), and dried
(Na,SO,). GLPC analysis indicated that III was formed in
76 % overall yield (E/Z=91/9). Bp 93—96 °C/21 mmHg; IR
(neat) 1380 cm—1; MS m/e (rel. %), 154 (M, 11), 111 (13), 97
(22), 84 (16), 69 (52), 55 (100); NMR (CCl,) 6=0.60—1.03
(6H, m), 1.03—1.70 (8H, m), 1.55 (3H, br-s), 1.70—2.20 (4H,
m), 5.03 (IH, t, /=7 Hz).

Found: C, 85.50; H, 14.45 9. Calcd for C;;H,,: C, 85.63;
H, 14.37 %,.

(Z)-4-Methyl-4-decene (IV, Run 5): The reaction mixture
from Ia (1 mmol) and MeLi (3 mmol) was treated with 10 ml
of glacial acetic acid saturated with sodium acetate under stirr-
ing at —20 °C for 30 min and at a room-temperature overnight.
The resulting mixture was poured into sat. NaCl overlaid with

hexane, washed (sat. NaHCO,, sat. NaCl), and dried
(Na,SO,). GLPC analysis indicated that IV was formed in
69 % overall yield (E/Z=12/88). Bp 90—95 °C/2]1 mmHg;
IR (neat) 1380 cm1; MS m/e (rel. %), 154 (M, 15), 111 (15),
97 (23), 84 (19), 69 (57), 55 (100); NMR (CCl,) 6=0.60—
1.03 (6H, m), 1.03—1.70 (8H, m), 1.63 (3H, br-s), 1.70—2.15
(4H, m), 5.01 (1H, t, J=7 Hz).

Found: C, 85.77; H, 14.40 9%,. Calcd for C;;H,,: C, 85.63;
H, 14.37 %.

4-Phenyl-4-decene:  To a solution of Ia (0.23 g, 1 mmol) in
5ml of THF was added PhLi (3 mmol, 3.5ml of 0.87 M
ethereal solution) at —78 °C. The mixture was stirred at a
room-temperature for 1 h and poured into aq NH,ClI overlaid
with ether. The ether layer was washed (aq NH,CI, sat.
NaCl) and dried (Na,SO,). The concentrate was dissolved in
5 ml of THF and treated with a few drops of concentrated
H,SO, at a room-temperature for 1 h. The reaction mixture
was poured into sat. NaHCOj; overlaid with hexane, washed
(sat. NaHCO;, sat. NaCl), and dried (Na,SO,). Chromatog-
raphy of the concentrate on silica-gel column (hexane) afforded
0.11 g (52 9%,) of 4-phenyl-4-decene (E/Z=39/61). The mix-
ture formed an oil; IR (neat) 1601, 1492, 1380, 705 cm™;
NMR (CCl,) 6=0.65—1.10 (6H, m), 1.10—1.67 (8H, m),
1.67—2.60 (4H, m), 6.90—7.70 (5H, m) and two olefinic
signals at 5.35 (br-t, /=7 Hz, C=CH of (4Z)-isomer) and 5.58
(br-t, J=7 Hz, C=CH of (4E)-isomer). The sum of these
olefinic signals was equal to 1H. GLPC gave each isomer in
pure form.

(4E)-Isomer: MS m/e (rel. %), 216 (M+, 19), 173 (31), 159
(16), 131 (20), 118 (33), 117 (100), 105 (14), 91 (49), 77 (7),
55 (5), 41 (12), 40 (48), 29 (32).

Found: C, 88.80; H, 11.44 %,. Calcd for C;;H,,: C, 88.82;
H, 11.18 %,.

(47 )-Isomer:
of (4E)-isomer.

Found: C, 88.55; H, 11.24 %,. Calcd for C,;;H,,: C, 88.82;
H, 11.18 %.

Reaction of (75*,85%* )-8-Iodo-8-trimethylsilyl-7-tetradecanol (1X)
with MeLi. Todohydrin (IX) was prepared according to
the reported procedure from (25%,35%)-2-trimethylsilyl-2,3-di-
hexyloxirane (VIII).1®

(Z)-7-Methyl-7-tetradecene (XI) :

The mass spectrum was very similar to that

To a solution of IX (0.41
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g, 0.98 mmol) in 5 ml of ether was added MeLi (0.98 mmol,
0.61 ml of 1.63 M ethereal solution) at —20 °C. The mixture
was stirred at a room-temperature for 1 h and treated with
5 ml of THF and MeLi (3 mmol, 1.84 ml of 1.63 M ethereal
solution) at —78 °C. The resulting mixture was stirred at a
room-temperature for 1 h and treated with 5 ml of glacial acetic
acid saturated with sodium acetate under stirring at —20 °C for
0.5 h and at a room-temperature overnight. The mixture was
poured into sat. NaCl overlaid with hexane, washed (sat.
NaHCO,, sat. NaCl), and dried (MgSO,). Chromatography
of the concentrate on silica-gel column (hexane) afforded 0.16
g of XTI (yield, 74 9, based on 1 mmol of VIII, E/Z=9/91).
Bp 115—120 °C/4 mmHg; IR (neat) 1368 cm—1; MS m/e (rel.
%) 210 (M+, 12), 181 (0.6), 140 (10), 125 (16), 112 (14), 111
(17), 97 (26), 84 (25), 83 (65), 71 (17), 70 (100), 43 (33), 41
(50), 29 (23); NMR (CCl,) 6=0.88 (6H, t, /=6 Hz), 1.05—
1.50 (16H, m), 1.62 (3H, s), 1.70—2.10 (4H, m).

Found: C, 85.22; H, 14.33 %,. Calcd for C;;H;,: C, 85.63;
H, 14.37 %,.

(E)-7-Methyl-7-tetradecene (XII): The reaction mixture from
IX (0.39 g, 0.94 mmol) and MeLi (0.94 mmol, 0.58 ml of 1.63
M ethereal solution) was treated with 5 ml of THF and MeLi
(3 mmol) at —78 °C. The resulting mixture was stirred at
a room-temperature for 1 h and poured into sat. NaHCO,
overlaid with ether. The ether layer was washed (sat.
NaHCOQO,, sat. NaCl) and dried (MgSO,). The concentrate
was dissolved in 5 ml of THF and treated with KO’Bu (1.0 g,
8 mmol) at a room-temperature for 1 h. The resulting mixture
was poured into aq. NH,CI overlaid with hexane, washed (aq
NH,(CI, sat. NaCl) and dried (MgSO,). Chromatography of
the concentrate on silica-gel column (hexane) afforded 0.17 g
of XI (yield, 79 % based on I mmol of VIII, E/Z=91/9).
Bp 115—120 °C/4 mmHg; IR (neat) 1368 cm—1; NMR (CCl,)
6=0.88 (6H, t, /=6 Hz), 1.05—1.50 (16H, m), 1.53 (3H, s),
1.75—2.10 (4H, m). The mass spectrum was very similar to
that of (7Z)-isomer.

Found: C, 86.27; H, 14.47 9%,. Calcd for C;;H,,: C, 85.63;
H, 14.37 %,.

(2Z,6Z)-7-Methyl-3-propyl-2,6-decadien- 1-ol (XIX). (2S%*,
3S%* )~ 2-Trimethylsilyl-2- (4-trimethylsilyl-3-butynyl ) - 3-propyloxirane
(XIV): Treatment of (E)-1,5-bis(trimethylsilyl)-5-nonen-1-
yne (XIII, 1.0 g, 3.9 mmol) with m-chloroperbenzoic acid (85
% purity, 1.0 g, 5 mmol) in CH,Cl, at 0 °C overnight gave
1.1 g (quantitative yield) of XIV. IR (neat) 2200, 1245, 837,
758, 696, 640 cm—1; MS m/e (rel. %), 282 (M+, 0.2), 267 (0.2),
253 (2), 239 (3), 225 (8), 171 (9), 169 (5), 147 (15), 133 (5),
91 (5), 83 (4), 75 (13), 74 (9), 73 (100), 59 (8), 43 (5); NMR
(CCly)) 6=0.03 (9H,s), 0.10 (9H, s), 0.75—1.15 (3H, m),
1.15—2.50 (8H, m), 2.61 (1H, br-t, /=6 Hz).

Found: C, 63.82; H, 10.88 9,. Calcd for C,;H;,OSi: C,
63.76; H, 10.70 9%.

Conversion of XIV to (Z)-I1- Trimethylsilyl-6-methyl-5-nonen- I-yne
(XVII) Involving the Isomerization of XIV to 5,9-Bis( trimethylsilyl)-
8-nonyn-4-one (XVI) in the Presence of Mgl,: To a solution of
Mgl, (10 mmol) in 10 ml of ether was added XIV (0.28 g, 1
mmol dissolved in 10 ml of ether).  The resulting mixture was
stirred at reflux for 2 h and then treated with 6 ml of 1,4-di-
oxane at 0 °C overnight. The solution was freed from solids
by filtration. The solids were washed with hexane several times
and the combined organic layer was washed (sat. NaHCO,,
sat. NaCl), dried (MgSO,), and concentrated affording
0.28 g (98 %) of XVI. Oil; IR (neat) 2200, 1686, 1246, 840,
761, 700, 642 cn~; MS m/fe (rel. %), 282 (M*, 1), 267 (2)
253 (3), 239 (2), 225 (2), 209 (5), 172 (10), 171 (61), 147 (11),
143 (12), 130 (32), 115 (5), 75 (22), 74 (9), 73 (100), 59 (7),
45 (16), 43 (7). To a solution of XVI (0.28 g, 0.98 mmol)
in 2 ml of THF was added MeLi (3 mmol, 2.9 ml of 1.04 M
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ethereal solution) at —78 °C. The mixture was stirred at 0 °G
for 1 h and treated with 3 ml of glacial acetic acid saturated
with sodium acetate under stirring at —20 °C for 30 min and
at a room-temperature overnight. The resulting mixture was
poured into sat. NaCl overlaid with hexane, washed (sat.
NaHCO;, sat. NaCl), and dried (Na,SO,). Chromatography
of the concentrate on silica-gel column (hexane) afforded XVII
(0.11 g, yield, 51 % based on XIV, E/Z=5/95). Bp 104—108
°C/17 mmHg; IR (neat) 2210, 1247, 844, 763, 701, 645 cm™1;
MS mje (rel. %), 208 (M, 0.6), 193 (3), 179 (4), 165 (2), 149
(5), 144 (12), 119 (6), 105 (5), 97 (37), 96 (15), 83 (7), 81 (16),
75 (3), 74 (7), 73 (65), 69 (10), 59 (22), 55 (100), 43 (12);
NMR (CCl,) 6=0.10 (9H, s), 0.90 (3H, t, J=6 Hz), 1.10—
1.65 (2H, m), 1.67 (3H, br-s), 1.80—2.40 (6H, m), 5.14 (1H,
br-t, /=6 Hz).

Found: C, 75.05; H, 11.74 %,.
74.92; H, 11.61 %,.

Conversion of XIV to XVII via (45*,55%* )-5,9-Bis(trimethylsilyl)-
5-iodo-8-nonyn-4-0l (XV): To a solution of XIV (0.37g, 1.3
mmol) in 5 ml of ether was added 0.6 ml of 57 %, HI at —20
°C. After 20 min the mixture was poured into sat. NaHCO,
overlaid with ether. The ether layer was washed (10 %,
Na,S,0;, sat. NaHCO,;, sat. NaCl), dried (MgSO,), and
concentrated, affording 0.50 g (29 %) of XV. To a solution
of XV (0.50 g, 1.2 mmol) in 5 ml of ether was added n-BuLi
(1.2 mmol, 1.5 ml of 0.82 M hexane solution) at —20 °C. The
mixture was stirred at room temperature for 0.5 h and treated
with 5 ml of THF and MeLi (3.7 mmol, 2.2 ml of 1.63 M
ethereal solution) at —78 °C. Work-up gave XVII (0.16 g,
yield, 57 9, based on XIV, E/Z=5/95).

Transformation of XVII into (2Z,6Z)-7-Methyl-3-propyl-2,6-
decadien-1-0l (XIX): To a solution of XVII (0.10g, 0.48
mmol) in 2 ml of THF and 1 ml of HMPA was added MeLi
(0.6 mmol, 0.58 ml of 1.04 M ethereal solution) at —78 °C.
The mixture was stirred at —30 °C for 1 h and treated with
CICOOEt (0.06 ml, 0.6 mmol) at —78°C. The resulting
mixture was stirred at a room-temperature for 0.5 h and poured
into sat. NaHCO, overlaid with ether. The ether layer was
washed (sat. NaHCOj, sat. NaCl) and dried (MgSO,). Chro-
matography of the concentrate on silica-gel column (benzene)
gave 70mg (70 %) of ethyl (Z)-7-methyl-6-decen-2-ynoate
(XVIII, E/Z=4/96). IR (neat) 2265, 1709, 1371, 1360, 1243,
1070, 757 cm~1; MS m/e (rel. %), 208 (M+, 0.5), 193 (1), 180
(16), 151 (7), 149 (5), 135 (8), 134 (7), 121 (7), 112 (15),
111 (7), 97 (26), 84 (16), 69 (11), 56 (8), 55 (100), 43 (8), 41
(13); NMR (CCl,) 6=0.88 (3H, t, /=6 Hz), 1.25 (3H, t,
J=7Hz), 1.10—1.53 (2H, m), 1.65 (3H, br-s), 1.75—2.15
(2H, m), 2.15—2.40 (4H, m), 4.04 (2H, q, /=7 Hz), 4.80—
5.25 (1H, m). The product XVIII was transformed into the
tetrahomonerol XIX according to the reported procedure.'®
IR (neat) 3300, 1659, 1366, 1239, 1002, 833, 750 cm~1; MS
(as trimethylsilyl ether) m/e (rel. %), 282 (M+, 10), 267 (3),
239 (12), 197 (13), 192 (10), 171 (11), 169 (15), 161 (25), 156
(15), 155 (11), 149 (48), 143 (10), 129 (12), 121 (24), 119
(25), 97 (38), 93 (18), 91 (20), 81 (20), 79 (22), 75 (59), 73
(81), 55 (100), 43 (23), 41 (22); NMR (CCl,) 6=0.90 (6H,
t, J=6 Hz), 1.10—1.77 (4H, m), 1.67 (3H, br-s), 1.77—2.40
(9H, m), 4.02 (2H, br-d, J=7 Hz), 5.10 (1H, m), 5.33 (1H,
t, /=7 Hz).
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