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RESULTED FROM THE ISOMERIZATION OF o-TRIMETHYLSILYL KETONES
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Summary: The isomerization of an o-trimethylsilyl ketone is lead to the
corresponding trimethylsilyl enol ether with the enhanced regioselectivity by
heating or by the assist of trimethylsilyl trifluoromethanesulfonate.

The thermal reaction discloses a new regiodefined (E)-selective route to silyl
enol ethers.

Silyl enol ethers have been employed as one of the most promising
nucleophilic substrates resulting carbon carbon bond formation or
functionalization onto a-carbons of carbonyl compounds in organic synthesis.1
Since the conventional method for their preparation includes the silylation of
preformed enolate anion, it is difficult to differentiate two a-positions of an
unsymmetrically substituted ketone except the case of which the appreciable
energy difference is present between two enolate forms.2 Stereochemical
control forming enolate anion is also pursued related to stereoselective aldol
reactions.3 Few methods have succeeded to control the stereochemistry of
enolate anions, (Z2)- or (E)-selectively 1in the case of freed from
regiochemistry4.

Recently, the reliable regioselection of an unsymmetrical ketone have been
attained by two indirect methods depending on the isomerization of
a—trimethylsilyl—5 or B-trimethylsilylallyl alcohols.6 The former method gave
2 (Z)-selectively as the result of the intermediacy of equilibrated homoenolate
anion. On the contrary, the latter one suggested (E)-selective formation of 2
as the result of consecutive isomerization of isolable a-trimethylsilyl ketone.
Therefore, the isolated a-trimethylsilyl ketone would promise the regio- and
stereocontrol in the formation of trimethylsilyl enol ethers. We describe
herein a successful method to control the regio- and stereochemistry of
trimethylsilyl enol ethers in unsymmertrically substituted ketones.

Since the regiodefined synthesis of aliphatic a-trimethylsilyl ketones

was attained by the rhodium catalyzed methods under the nonaqueous
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Table 1. Results of the isomerization of a-trimethylsilyl ketones.
Entry a-Silyl ketone Silyl enol ether Methodi Yieldii E/Z'lv
(1) (2) (%)
1 ”C"7H,5 _nC7H15 A 56 i -
2 ML : ~orms c 92(1) -
n
3 \;:ﬂ? j__gC5H13 100(1) 93/7
4 I "CeHira b TMSG c 86(1) 11/89
5 A 96(0.5) 93/7
6 Tjﬂ;bcsH _ /CeH13 B 97(2) 75/25
7 I 13 c OTMS c 95(0.5) 14/86
8 D 90(1) 25/75
9 A 98 96/4 v
n
10 T™MS —>=/C5Hn B 90 78/22"
11 I "eshy d MG c 95(2) 28/72"
12 D 96 18/82"
™™MS
13 n CgHyy A 97(0.5)  93/7
CgHy, e RS
14 \“lﬂ/ c 89 19/81
0 0TMS /
TMS n n v
15 CaHg. "CiHg A 98 95/5
16 \“”ﬁrL"CLHg £ >==/ c 86 21/79Y
0 TMSO
TMS nC5H”
17 "Can/LWJ\ g - A 97 98/2
0 0TMS
TMS n
18 /Lvi;C H h 5;;?-C4H9 a 94 94/6
o 4 OTMS
TMS
19 ’iﬁfl:j i — A 96 94/6

0] O0TMS

i,

ii,
iii,
iv,

A; neat/175°C/15 min. B; 5 mol% HRh(CO)(PPh3)3
C; 10 mol% Me3SiOTf/(Me3Si)2NH/CH2C12/0°C/5 min.

D; 5 mol% Me3siI/Hg12/(Me3si)2NH/CH2c12/r.t./15 h.

o
/C6H6/105 c/12h.

Distilled yield. The content of the regioisomers is shown in parentheses.

35% of 1la was recovered.

The ratio was determined by GLC analyses (OV 101, 50m column).

The ratio was determined by GLC analyses (PEG-HT Bonded,

25m column).
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6o, 7 a series of silylated nonancnes (1a - 1f) was designed and

conditions
isolated in order to evaluate the regio- and stereoselectivity of the resultant
silyl enol ethers 2. Results are summarized in Table 1.

First of all 3-nonanone derivatives 1c and 1d were checked wunder the
following conditions; heat (method A), HRh(CO)(PPh3)3
Me3SiOTf catalysis (method C),8’ ° and Me3SiI catalysis (method D).8

The reaction of 1c¢ and 1d proceeded smoothly to give 2c and 2d, respectively

catalysis (methed B),

under all conditions. The w-bond location of the resultant 2c¢ and 2d is
strictly (more than 98% selectivity1o) directed to the original position of
trimethylsilyl group in 1. Different from the regiochemistry, the stereo-
selectivity depends on the reaction conditions. (E)-Form of 2¢c and 2d was
obtained selectively in method A or B (entry 5, 6, 9, and 10), whereas (Z)-form
was given predominantly in method C or D (entry 7, 8, 11, and 12). Based on
the above results, methods A and C were applied to the other a-silyl ketones as
the standard conditions.

An excellent (E)-selective formation of 2 is observed in the thermal
isomerization of 1 except 1la. It is noteworthy that such a high (E)-
selectivity can be attained even in the formation of 2g, 2h, and 2i where the
selection of (E)-form is relatively difficult in the conventional method. The
present method is sharply contrasted with Kuwajima's work5 which brought about
2, (Z)-selectively and discloses a novel route to the (E)-selective formation
of 2. The high (E)-selectivity can be rationalized by the concerted
intramolecular migration of the trimethylsilyl group via the four membered

transition state which was proposed in the thermal isomerization of silylmethyl

ketones.‘|2

On the other hand, Me3SiOTf catalyzed isomerization of 1 gives
predominantly (2)-2. The reverse selectivity in method C is pertinent to the
intermolecular migration of the trimethylsilyl group mediated by the
catalyst.13 Thus, the regio- and stereoselection can be attained uniformly by

this approach in the formation of trimethylsilyl enol ethers derived from
unsymmetrically substituted ketones. Although (Z)-selectivity in 2 is rather
moderate 1in the present time, it is important to make possible the choice of

the stereochemical course from the identical starting materials.

Acknowledgment: The authors thank The Kurata Foundation for the Kurata Research
Grant and Shin-etsu Chemical Co. Ltd. for a gift of chlorosilanes.

REFERENCES AND NOTES

1. a) E. W. Colvin, "Silicon in Organic Synthesis" Butterworths, London, 1981,



3218

10.

12.

13.

198. b) W. P. Weber, "Silicon Reagents for Organic Synthesis", Springer-
Verlag, Berlin, 1983, 206, c) P. Brownbridge, Synthesis, 1983, 1 and 85.
a) H. O. House, L. J. Czuba, M. Gall, H. D. Olmstead, J. Org. Chem., 34,

2324 (1969). b) E. Negishi and S. Chatterjee, Tetrahedron Lett., 24, 1341
(1983). c) M, E. Krafft and R. A. Holton, Tetrahedon Lett., 24, 1345
(1983).

a) D. A. Evans, J. V. Nelson, and T. R. Taber, "Topics in Stereochemistry",
Vol. 13, N. L. Allinger, E. L. Eliel, and S. H. Wilen, Ed., John Wiley &
sons, New York, 1982, 1. b) C. H. Heathcock, "Asymmetric Synthesis"

vol. 3, J. D. Morrison, Ed., Academic Press, New York, 1984, 111.
(Z)-selective formation; a) R. E. Ireland, R. H. Mueller, and A. K. Willard,
J. Am. Chem. Soc., 98, 2868 (1976). b) E. Nakamura, K. Hashimoto, and I.
Kuwajima, Tetrahedron Lett., 1978, 2079. c) Z. A, Fataftah, I. E. Kopka,
and M. W. Rathke, J. Am. Chem. Soc., 102, 3959 (1980). d) S. Masamune, J.
W. Ellingboe, and W. Choy, J. Am. Chem. Soc., 104, 5526 (1982). e) J.
Orban, J. V. Turner, B. Twitchin, Tetrahedron Lett., 25, 5099 (1984).
(E)-selective formation; f) E. J. Corey and A. W. Gross, Tetrahedron Lett.,
25, 495 (1984).

M. Kato, A. Mori, H. Oshino, J. Enda, K. Kobayashi, and I.Kuwajima, J. Am.
Chem. Soc., 106, 1773 (1984).

a) I. Matsuda, S. Sato, and Y. Izumi, Tetrahedron Lett., 24, 2787 (1983).
b) 8. Ssato, I. Matsuda, and Y. Izumi, Tetrahedron Lett., 24, 3855 (1983).
a) S. Sato, H. Okada, I. Matsuda, and Y. Izumi, Tetrahedron Lett., 25, 769
(1984). b) S. Sato, I. Matsuda, and Y. Izumi, unpublished results.

3-Nonanone was a sole product in the absence of Et3N or (Me3si)2NH.

a) H. Emde, A. Goetz, K. Hofmann, and G. Simchen, Liebigs Ann. Chem., 1981,
1643. b) Y. Yamamoto, K. Ohdoi, M. Nakatani, and K. Akiba, Chem. Lett.,
1984, 1967.

The regio- and stereochemical purity was evaluated by GLC analyses. Each

isomer of 2 was identified by the comparison of 1H and 13C n.m,r. spectra.

The diagnosis of stereoisomers in 2 is based on the chemical shift of the
allyl carbon which is located in B-position of the trimethylsiloxy group.
The signal of (Z)-isomers was shown in 5 - 6 ppm lower field than (E)-
isomers.1

C. H. Heathcock, C. T. Buse, W. A. Kleschick, M. C. Pirrung, J. E. Sohn,

and J. Lampe, J. Org. Chem., 45, 1066 (1980).

A. G. Brook, D. M. MacRae, and A. R. Bassindale, J. Organometal. Chem., 86

185 (1975).

I. F. Lutsenko, Yu. 1I. Baukov, O. V. Dudukina, and E. N. Kramarova, J.

Organometal. Chem., 11, 35 (1968).

(Received in Japan 23 March 1985)



