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Abstract: Treatment of methoxyethoxymethyl (MEM) ether of (E)4-hexyl-1-
trimethylsilyl- 1-decen-4-ol with titanium(I V) chloride at —78 °C afforded 7-tridecanone in
92% yield under cleavage of carbon-carbon bond. The new method was applied to the
conversion of epoxides into ketones.

Vinylsilanes react readily with a wide range of electrophiles to give products of substitution. !
Intramolecular reaction of MEM ether with alkenylsilanes in the presence of Lewis acid such as tin(IV) chloride
provides a method for the synthesis of allylically unsaturated oxacycles.2 Here we wish to report that the
product distribution of such intramolecular reaction heavily depends on the stereochemistry of the alkene
terminus. Whereas MEM ether of (Z)-4,4-dialkyi-1-trimethylsilyl-1-alken-4-ol provided dihydropyran
dernivative by acetal-induced cyclization with titanium(IV) chloride, MEM ether of (E)-isomer afforded ketone
under carbon-carbon bond cleavage.

An addition of TiClg to a solution of MEM ether of (Z)-4-hexyl-1-trimethylsilyl-1-decen-4-ol (1) in
dichloromethane at —78 °C under argon atmosphere gave 6,6-dihexyl-5,6-dihydro-2H-pyran (2, 81%) along
with 7-tridecanone (3, 12 %). In marked contrast to the generation of oxacycle 2, reaction of MEM ether of
(E)-4-hexyl- 1-trimethylsilyl-1-decen-4-ol (4a) with TiCly afforded 7-tridecanone in 92% yield without
contamination by dihydropyran denvative 2 (<1%).
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Other Lewis acids such as SnCl4 and BF3-OEty were also effective for the cleavage reaction of 4a and
gave ketone 3 in 94% and 80% yields, respectively. The representative examples are shown below.3:4 Not
only acyclic ketones but also cyclic ketones were produced readily starting from the corresponding MEM ethers.
Treatment of MOM ether of (E)-4-hexyl-1-trimethylsilyl-1-decen-4-ol instead of MEM ether 4a with TiCly
gave 7-tridecanone 3 in 92% yield. The cleavage reaction proceeded well with 4,4-dialkyl-substituted substrate
to provide ketones. In contrast, treatment of 4-monoalkyl substituted alkenylsilane with TiClg gave the
corresponding aldehyde in poor yield. For instance, MEM ether of (E)-1-timethylsilyl-1-tridecen-4-ol
afforded decanal in only <2% yield along with 6-nonyl-5,6-dihydro-2H-pyran (95%) upon treatment with
TiClg.5

R’ - SiRy _TiCly )J\ - I
R? C;isz"%lz i R? ' 2
R3 4 - R R3
4b: R'="C,Hyy RZ=Me R®=H R =Me 95% 5%
4c: R'=pPh R?=Et R°=H R =Me 54% 3%
4d: R'=R%="CgH,; R®="CgH,, R =Et 74% <1%
i
OCH,OCH,CH,OCH;  _ o}
: TiCl,
/ SiMe, —_— +
CH,Cl, /
-78°C
5 97% 2%

Treatment of MEM ether of 4-hexyl-1-decen-4-ol 6 with TiCl4q provided 4-chlorotetrahydropyran 7 in
73% yield along with 7-tridecanone (15%). Thus, trimethylsilyl group plays a critical role for the successful

formation of ketones.
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We assume following reaction mechanism based on these facts. Treatment of 1 or 4a with TiCly
produces oxonium ion 8 which cyclizes to form six-membered cationic intermediate 9. The carbonium ion 9
collapses to dihydropyran 2 or ketone under C-C bond cleavage by an attack of chloride ion on silicon.
Dihydropyran formation would be favored with (Z)-vinylsilane since trimethylsilyl group would occupy an
axial position and significant (o-p)n overlap between the bonding o-level of the C-Si bond with the adjacent
empty p-orbital of the carbonium ion would be possible in a chairlike intermediate 10, while similar mode of
dihydropyran formation with (E)-vinylsilane 4a is disfavored since trimethylsilyl group would adopt an

equatorial orientation.



7979

OCHQOCHQCH?OCH:; (8 L~ ASiMeg OCH,OCH,CH,OCH;4
RM/S'Mes - | “— R
R R H o~
4a R 8 i 1 SiMe,
R ="CeH1g
SiMe, T
T L)
| — — +
R R ® )J\R
R 2 R 9 3 Z

The reaction was applied to a transformation of epoxides into ketones. Treatment of epoxide 11a or
11b with trans-B-trimethylsitylvinyllithium ® derived from (E)-1-tributylstannyl-2-trimethylsilylethene and
butyilithium, in the presence of trimethylgallium7 provided homoallylic alcohol which was converted into MEM
ether 4a or §. An addition of TiCly to 4a or § afforded the corresponding ketones as shown above.
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Typical procedure is as follows. Conversion of 4b into 2-dodecanone is representative. A
dichloromethane solution of TiCl4 (1.0 M, 2.0 ml, 2.0 mmol) was added to a solution of MEM ether of 4-
methyl- 1-trimethylsilyl-1-tetradecen-4-ol (4b, 0.39 g, 1.0 mmol) in dichloromethane (5.0 ml) at —78 °C under
argon atmosphere. The mixture was stirred for 30 min at -78 °C. Extractive workup (EtOAc, 1M HCI)
followed by purification by silica-gel column chromatography gave 2-dodecanone (175 mg) in 95% yield along
with 6-decyl-6-methyl-5,6-dihydro-2H-pyran (11 mg, 5% yield).8
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The reaction of 4d with TiClg would produce 1,3-dodecadiene in addition to 7-tridecanone, but 1,3-
dodecadiene could not be isolated because of its instability under C-C bond cleavage reaction conditions.
In fact, 1,3-dodecadiene, which was prepared independently, gave a complex mixture upon treatment
with TiClg in dichloromethane at -78 °C.
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and provided decanal (45%) and 6-nonyl-5,6-dihydro-2H-pyran (12%) upon treatment with TiClyg.
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