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A NOVEL REARRANGEMENT LEADING TO METHOXYCARBONYLMETHYLATED SILYL ENOL ETHERS

Hans-Ulrich Reissig

Institut fiir Organische Chemie der Universitdt Wirzburg
Am Hubland, D-8700 Wirzburg, Germany

Summary: Methyl 2-siloxycyclopropanecarboxylates rearrange smocthly and quantitatively to the
corresponding silyl enol ethers (g) by addition of a catalytical amount of iodo trimethyl-
silane. Scope and limitation of this novel process as well as the synthesis of the electron
rich diene (lgg) are described.

Silyl enol ethers (l) are extremely useful and versatile compounds in organic synthesis 1.
However, rather few methods exist for the generation of simple silyl enol ethers bearing
further functionalized substituents, e.g. methoxycarbonylmethyl groups.

We recently described Lewis acid promoted additions towards methyl 2-siloxycyclopropane-
carboxylates (g) giving adducts (g) z and a mechanistically interesting cis-trans equilibra-
tion for these donor-acceptor cyclopropanes by means of certain Lewis acids 3. During these
investigations we discovered that the thermally stable cyclopropanes (é) rearrange smoothly
at room temperature to the corresponding silyl enol ethers (g) within minutes to days, if
(2) are activated by a catalytical amount (0.05 - 0.4 equiv.) of iodo trimethylsilane 4
(scheme I). (2) can be prepared efficiently5 via (1) from the carbonyl compound (g) thereby
the synthetically useful overall transformation (é) »(g) is constituted. Whereas (g) reacts
with electrophiles providing adducts (g) 6, their regioisomers (g) are now available from

the silyl enolethers (3) 1.
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Table 1 demonstrates scope and limitation of this novel rearrangement. Entries a - d show
that substituents at C-1 of the cyclopropane, which can even bear further functionality, are
tolerated, and that the silyl enol ethers (gg)- (gg) are generated as Z-isomers exclusivelyz

On the other hand compounds (ég)'(éi) are gbtained as mixtures of stereoisomers.
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Table 1: ISiMe3-catalyzed rearrangement (g)» (§) a)

entry Siloxycyclopropane lé) ReactionTime  Silyl Enol Ether télb) Yield (%ld
a R=H 1d 97
{1001
b R CO,CH; R = CHy 1d (100}
Me3Si0 Me,Si0,
c R = SCHy 4d C04CH, 1100}
20) - (2d) 13a)-13
d L2778 pocucmzen, 2 2q)-13d n
(100)
CO,CH,
e Me;Si0, 5h Me3Si0 C0,CH Me,Si(J):\_ 77
2LHs
F/_ C€O,CH; (100]
CeHs CeHs CeHs
12e) Z-(3e) 90:10  E-igel
CO,CH;
t MesSiO 30 min MesSi0  _cocu,  MesSi0 (1163;1)
Z CO,CH,
12t) Z-13f} 65:35 E-131)
€O,CH,
g Me3Si0, 20 min Me;Si0 CO.CH MeySi0. {100)
=/ Vv
=\_co,cH,
{2g) Z-13g) 80:20 E-13g)
Me;SiO\_\_
CO,CH; Me;,SiO C02CH3
179} “4
(7h)
ot 55i0, Me ;5iQ 95
h Me;Si0 30 min Me 3Si CO,CHy @ 5Sil
= cocH, 10
lg) Z-lgl S0 : 50 E-13h
CO,CHy .
i Me3Si0 20 min Me3Si0 CO,CH; Me3Si0 “%g)
C0,CH,
12i) Z-3il E-{3i)
Me3Si0,
U0 M 7 3ik:E-13i): (8i) = 70:20:10

1]

a) All reactions are performed at room temperature in abs. CHCl3 or CDC13 in the presence
of 0.05 - 0.4 eq. ISiMe3 (ALDRICH) and 0.1 - 0.5 eq. HN(SiMe?’)2 (exceptions: entries g,
h, j; see text). For a typical procedure see ref. 9.

b) All compounds exhibit the appropriate spectral data. The portion of hydrolysis product

(2) in

(3) is smaller than 5 %.

c) Yields of distilled isolated compounds (g); in parentheses yields according to 1H- NMR

spectroscopy without isolation.

d) (3f) has a high tendency to polymerize.
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Table 1 continued

entry Siloxycyclopropane (é) ReactionTime  Silyl Enol Ether (3} )b' Yield l%lc}
CO,CH,
j Me;Si0, 20 min Me;Si0 Me,Si0, 72
€0,CH; 2 ;—co,cn3 (100)
12)) 13! ac:16  8)
Me;S$i0
Z™C0,CH;

=

I

0,CH,
k Me35i0, 6h Me,Sl_(‘)2=/_c02CH3 Measf%_/—CO,CHa (188]

3k) 25:75  (gkl

| Me;SiO\A/ 8d MesSi0 _co,cHy 70
-

121 8y

~
=

o

A4
3]
T

a3

(N

I

If, however, enolization of the masked ketone moiety in (g) is possible to the awand o'
side (entries i, j, k) mixture of regioisomeres (g) and (8) are formed. Since Miller 8 ob-
served a similar ratio of isomers (3i) and (81) by reacting levulinic ester with ISiMeB/
HN(SlMe3)2
rearranges to (8l) (entry 1).

these mixtures probably reflect the thermodynamic equilibrium. As expected (21)

In most cases it is advisable to have HN(SjMe3)2 in the reaction mixture - albeit the
rearrangement is considerably slower, this additive minimizes the formation of the y-oxo-
esters (g) and facilitates isolation of pure (g). However, in entries g, h and j these
conditions provide side products in 5 - 15 %, very likely the «,B-unsaturated esters (Z)
formed by deprotonation/protonation of (3). Their generation can be avoided by using ISiMe,
without base and adding HN(SiMe3)2 just before the work up 9.

The mechanistic path leading from (g) to (g) is not at all straightforeward10. By 1H NMR
spectroscopy certain intermediates can be detected just after addition of ISiMe3, which,
within minutes to hours, give a mixture of compounds (g), (g) and diene (1Q) (Scheme 11).
These provide the desired silyl enol ethers (g) exclusively by further standing at room
temperature (hours to days). These observations - which will be disclosed with details in a
full paper - demonstrate that the "simple" rearrangement (2)-(3) is a cascade of silylgroup
and proton shifts finally delivering (é) as thermodynamically most stable compound of the
system.
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Scheme I1: 0 R Me3Si0  R3 Me3Si0
OCH3 0CH3
Ri CO,CHj RTINS s
R2? R2 (0SiMej 0SiMe;
(9) (0] (g}

if (gg) is treated with equimolar amounts of ISiMe3 and triethylamine at room temperature
in CHCI3 one obtains a nearly quantitative yield (92 % distilled) of thehighly donor-substi-
tuted diene (lgg) 11. The reactions {(cycloadditions) of (lg)-type-dienes as well as
characteristic transformations of (g) (e.g. cyclopropanation to new donor-acceptor systems)
will be reported in near future and demonstrate the synthetic utility of the building
block (2) 12.
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