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Summary

The reactions of enol ethers (ROC=C, R = alkyl, silyl) with zinc carbenoid
reagents were found to give allylic ethers in several cases along with the expected
cyclopropyl ethers. The ratio of these two products was highly dependent on the
concentration of the reaction mixture. Thus, the selective formation of each product
was conveniently attained by merely changing the amounts of the solvent used. Zinc
iodide, a by-product of the reaction, plays a key role in the present cyclopropyl to
allylic rearrangement. Ring-opened ionic intermediates are proposed.

Introduction

In the past decade, alkoxycyclopropanes [1] and siloxycyclopropanes [2] have
found wide application in organic synthesis. A convenient method for the prepara-
tion of these compounds is cyclopropanation of enol ethers by carbenoid reagents.
In the course of our study on the synthesis of cyclopropanols, we tried the
Simmons—Smith reaction [3] of some 1-siloxycycloalkenes [4,5,6,7]. We found that-
the reaction often gave two products, the normally expected siloxycyclopropanes
and isomerized 2-methylene-siloxyalkanes. This led us to a detailed investigation of
the carbenoid reaction, both published and unpublished [8]. The primary objective
of our study was to establish the reaction conditions for obtaining clean
cyclopropanation products. The conditions for the selective preparation of the
unusual products were also determined, providing a convenient route to 2-methyl-
enecycloalkanols, after hydrolysis.

Results and discussion

1. The Simmons—Smith reaction of I-ethoxycyclohexene (le). A time course study
By the Simmons-Smith reaction of 1-ethoxycyclohexene (1e) (eq. 1), two prod-
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Fig. 1. Time course of the Simmons—Smith reaction of le. (le, 0.08 mol; zinc/copper couple, 0.16 mol;
methylene iodide 0.12- mol); ether, 40 ml; reflux for x h).
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ucts were obtained, 1-ethoxybicyclo[4.1.0}heptane (2¢) and 2-methylene-ethoxycy-
clohexane (3e). In order to ascertain the process of the formation of the allylic
isomer 3e, a time course study was undertaken. The allylic isomer 3e was produced
via further isomerization of ethoxycyclopropane 2e initially formed (Fig. 1). Zinc
iodide, which was concomitantly produced with the consumption of zinc carbenoid,
was suspected to be a key species. :

This was ascertained from the results of the separaie experiments: treatment of
siloxycyclopropane 2f with zinc iodide, prepared in situ from zinc/copper couple
and iodine, afforded isomerized 3f from similar concentrations of reactants (eq. 2).

Me;Sio Me;3Sio

Ezo

+ anz
reflux

(21) (3t)

2. The Simmons—Smith reaction of (1-methyl-siloxymethylene)cyclopentane (Im). High
dependencey of product distribution on the concentration of reactants in the reaction
mixture

The Simmons—Smith reaction of (1-methyl-siloxymethylene)cyclopentane (1m)
(eq. 3) also afforded two products, 1-methyl-siloxyspiro[4.2]heptane (2m) and its
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Fig. 2. The Simmons—Smith reaction of Im in several concentrations (Im, 5 mmol; zinc/copper couple,
16 mmol; methylene iodide, 8 mmol; ether, x mi;~0 h.

) Me;SiO .
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isomerized product 3m. With this reaction system, we studied the effect of con-
centration of reactants in the reaction mixture on product distribution. The results
are shown in Fig. 2 and in Table 1. Interestingly, a dramatic change in product
distribution was observed when the amount of solvent was varied; more than 4 ml
of ether for 5 mmol of Im gave predominantly 2m, and 2 ml of ether afforded 3m
with high selectivity. The observed result that product ratio is markedly dependent
on the amount of solvent present led us to attempt the zinc carbenoid reaction
under both “dilute’ and ‘concentrated’ conditions.

3. Controlled synthesis of cyclopropyl ethers and allylic ethers

For preparing each product selectively, changing the amounts of the solvent ether
gave three types of reaction conditions (A, B, and C): A corresponded to ‘dilute’
conditions in which 110 ml of ether was used for 50 mmol of substrate 1, 830 mmel
of methylene iodide, and 160 mmol of zinc/copper couple, while B and C corre-
sponded to ‘concentrated’ and ‘highly concentrated’ conditions in which 40 ml and
25 ml of ether, respectively, were used. The results obtained from various enol ethers
1 are shown in Table 1. In most cases the expected cyclopropanated products 2 were
obtained with good to exclusive selectivity under A. Thus, the reaction carried out
under such reaction conditions ensures selective formation of cyclopropanated
products.

On the other hand, reaction of enol silyl ethers 1¢, 1f, and 1g, under B resulted in
the exclusive formation of the respective allylic ethers 3¢, 3f, and 3g. Although the
7-membered ring enol silyl ether 1l afforded siloxycyclopropane 21 as the major
product even under B, the predominant formation of isomerized 31 was attained by
the use of ‘highly concentrated’ conditions (C). The Simmons—Smith reaction of 5-
and 6-membered ring enol alkyl ethers, 1a, 1b, 1d, and le, under these conditions
(B, C) also gave corresponding allylic isomers, although the isomerization did not

(Continued on p. 284)
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TABLE 1
THE SIMMONS-SMITH REACTION OF ENOL ETHER 1.

Enol ether (1) Conditions ¥ Product and ratio (2 : 3 )b Total yield [*)°
RO RO RO
A 99 1 73
(ta, R=Me; B a7 13 60
C 29 71 62
A 86 14 69
1ib, R = Et ; 8 46 54 87
C 4 96 63
A 97 3 76
fc, R = Me;Si ) B8 0 100 71
RO RO RO
A o8 2 72
(1d , R = Me ; 8 83 17 59
C 2 98 66
A 86 14 69
fe, R = Et ; B 44 56 87
C 2 98 79
A 92 8 71
1, R = MeySi) B o 100 - 68
Me,SiO MesSio MesSio
(1g) A 91 9 80
B8 0 100 714
Me;SiO Me3Sio

L

A 100 73
(Th) B8 100 78
Cc 100 70
Me;Sio Me3Sio

=
|

(1)
100 40
100 51

Ow >
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Me3Si0
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1j)

&

(1k)

Me3Si0o
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(1)

Me1Sio R

=<

(1m, R

"
k4
]

(In ,R =H)

Me;Si0

(to)

Me 3Si0
A 100
B 100
C 100

A 99
B 82
c 52
Me;Sio

A 100
B 99
c 16

Me3Si0 R
A 100
a9 99
B 97
ah 91
c 25
c! 8
A 100
B 99
c 80
c/ 15

Me,Sio
A 100
B 100
c 100

OSiMes : j ,OSiMe

48

Me 3Si0

-

84

Me;Sio

NWwOWw-=20

[o]

20
85

65
58
63

OSiMe,

64
66
56

61
77
65

65°
w.
a2¢
77°¢
66°

a7°
73¢
73
80°

sg*
66°
86°¢

“ See text. ? Determined by GLC. ¢ Isolated yield unless noted. A mixture of 1:1 sterecisomers.
¢ GLC yield. 7 The reaction was carried out in one tenth (5 mmol) reaction scale. # Ether: 5.5 ml.
* Ether: 3.2 ml.  Ether: 2 ml. / Ether: 0.5 ml.
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proceed as efficiently as for the siloxy analogues *. Ring cleavage was restricted to
the peripheral carbon in each case, and ring-opened isomers due to central bond
cleavage were not detected at all.

No isomerization took place in the case of 1h, and this is probably due to the
relative difficulty of the carbon migration compared to hydrogen migration. How-
ever, employment of the more strained system, which gave the spiro[4.2]-adducts 2m
and 2n in the initial Simmons-Smith reaction, led to ring-enlarged 3m and 3n,
respectively, after isomerization with skeletal rearrangement. It seems likely that
ring strain is the driving force, thus, the attempted isomerization of less-strained 2i
and 20 was unsuccessful. No allylic isomer was, however, obtained in the
Simmons-Smith reaction of 1j, although it did give moderately strained 2j (vide
infra).

4. The role of zinc iodide in the cyclopropyl to allylic isomerization

Under the usual Simmons—Smith reaction conditions zinc iodide is completely
solvated by coordinated ether molecules. The notable ease of isomerization, ob-
served in the experiments under higher concentrations (see Fig. 1), may indicate the
importance of coordinated species such as 2f or 2n, which are the result of replacing
one of the coordinated ether molecules with siloxycyclopropanes [10,11]. The fact
that in less electron-donating solvents, such as benzene, isomerization proceeded
more smoothly (vide infra, Table 2) might lend support to this hypothesis. The
possible pathway to allylic isomers involving ionic intermediates is illustrated in
Scheme 1 **,

There are two possible reaction courses that the proposed ionic intermediate 4 or
5 can follow: (i) 1,2-migration to the oxonium cation to allylic isomers, and (ii)

Me,Si i, Me;Si

o o 0
H
h,{
ij —_— ~ Il —psn Znl + Me;Sil
(21) (4)
Me3Si Me;Si \
\ .2nne | siMe;
2 +0 /
N )
x - A,
et Znl; )
[ B et + Zni,
(2n) ts)
(31=3n)
SCHEME 1

* The Simmons—Smith reaction of enol ether 1d has been published [9].
** Bond breaking and 1,2-shift may take place simultaneously.
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desilylation to afford B-iodozinc substituted ketones [12]. The latter process seems
quite unsuitable because of the expected facile reverse reaction or unfavorable
formation of trimethylsilyl iodide, a combination of hard acid and soft base. The
importance of the ionic intermediates may be supported by the fact that the
a-cation- or B-cation-stabilizing substituents [13] enhanced the isomerization (see
the results of conditions B for 1d, le, and If or conditions C for Im and 1n).
However, the results of 1j which afforded no allylic isomer in spite of moderate ring
strain seem rather peculiar from this viewpoint. Steric congestion between the siloxy
group and peri-hydrogen associated with the required inversion of the configuration
of siloxy carbon may prevent isomerization. There have been some other examples
of unusual Simmons—Smith reaction yielding ring-opened products [14,15,16] prob-
ably induced by zinc iodide, which promotes isomerization of highly strained
molecules [17,18,19]. The present rearrangement of cyclopropyl to allylic may be
added to these precedents as one of a relatively low-strained class of isomerization.
The attached RO group may well compensate for the lack of strain release during
the reaction.

5. The reaction of enol silyl ethers with diethylzinc / methylene iodide

The modified Simmons—Smith reaction using diethylzinc/methylene iodide pro-
duces ethylzinc iodide as the first by-product after the transfer of methylene group,
and this by-product is believed to exist in equilibrium with diethylzinc and zinc
iodide [20}. Since diethylzinc operates as a divalent species, a molar ratio of less
than one of diethylzinc to methylene iodide should produce zinc iodide as a
by-product. Thus, we again tested the possibility of the formation of allylic isomers
in this system by using enol silyl ether lc as a starting substrate (eq. 4).

Me;Sio Me,SiO Me ,Si0 Me;SiO
+ CH,I, + ZnEt, ——» + + (4)
20°C
(tc) (2c) (3¢c) (6c)

Interestingly, the reaction afforded three products. 2¢, 3¢, and 6¢. The formation of
spiro ether 6¢ is due to further cyclopropanation of allylic isomer 3c. For the
selective preparation of cyclopropanated product 2¢, an increase in the -amount of
diethylzinc (3 molar excess) was rather effective for this particular zinc carbenoid.
The use of the similar ‘dilute’ conditions with ether (10 ml of solvent for 5 mmol of

TABLE 2
- THE REACTION OF 1¢ WITH DIETHYLZINC-METHYLENE IODIDE “

Solvent Ratio of Products * Total yield [%] ®
(2¢c : 3¢ : 60)

anisole 48 48 4 78

benzene 44 46 10 75

pentane 98 2 0 81

ether 99 1 0 70

% Reaction conditions: lc, 5 mmol; methylene iodide, 6 mmol; diethylzinc, (3.8 mmol); solvent, 10 mi;
20°C, 40 h. ® Determined by GLC.
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substrate) proved to be valid only for cyclopropanation (see Table 2). Interestingly,
for the selective preparation of cyclopropyl ethers, a hydrocarbon solvent such as
pentane caused the zinc iodide produced to aggregate immediately and so lose its
activity [21). In an aromatic solvent, such as benzene or anisole, isomerization by
zinc iodide proceeded fairly smoothly even under ‘dilute’ conditions. Since the
second cyclopropanation was fast, we failed to obtain allylic products in good
selectivity in the diethylzinc/CH,I, system. We carried out the one-pot conversion
of 1c to spiro ether 6¢ via three consecutive reactions (cyclopropanation, isomeriza-
tion, cyclopropanation) in benzene. Good yields were achieved with a large excess of
zinc carbenoid reagent. The procedure was also proven to be applicable to six-mem-
bered If and 1g, which afforded good yields of spiro ethers 6f and 6g, respectively
[21,22] *.

Me;Sio
R
(6ft, R =H;

69, R = t-Bu)

Experimental

Boiling points are uncorrected. Infrared spectra were recorded on a Shimadzu
IR-400 instrument as neat liquids. 'H NMR (100 MHz) were recorded on a JEOL
JNM-PS-100 spectrometer using TMS as imternal standard in CCl,. Mass spectra
were obtained on a Hitachi mass spectrometer Model RMU-6E. Elemental composi-
tions were determined by elemental analyses or by high resolution mass spectra for
gas-chromatographically pure (100%) sampites. GLC data were obtained with a
Shimadzu GC-3BF equipped with a flame ionizing detector. Unless otherwise
specified, a stainless steel column (3 mm X 3.8 m) was used, packed with 5% OV-1
on Uniport KS or 10% SE-30 on Chromosorb W. When necessary, pure samples
were obtained by preparative GLC with a Varian Aerograph Model 90-P. The
preparation of enol alkyl ethers was by the method of Wohl [23] and enol silyl
ethers were obtained by the method of House [24]. Anhydrous diethyl ether was
distilled over Na/Pb alloy prior to use. Zinc/copper couple was made in situ from
zinc and cuprous chloride by Rawson’s method [25].

A time course study of the Simmons—Smith reaction of 1-ethoxycyclohexene (Ic)

To a stirred suspension of zinc/copper couple (10.4 g, 0.16 g-atom) in anhydrous
ether (40 ml) were added 1e (10.24 g, 0.08 mol), and p-tolyl methyl ether (19.52 g,
0.16 mol) to serve as the internal standard for GLC analysis. Methylene iodide
(32.16 g, 0.12 mol) was added, and the mixture heated under reflux. Small aliquots

(Continued on p. 289)
* Application of this one-pot conversion to 6-methyl-siloxycyclohexene has been recently published [22).
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Product

b.p.
(°C/mmHg)

IR (film)
(em™")

MS
m/e(M*)

'H NMR(CCl,)
(ppm/TMS)

2a

2b

2f

ng

2

%

2k

21

2m

2n

74/114

74-75/75

66-68/13

104,134

59,18

70-71/24

120-123/17

72-75/17

90-95,/10

139-143/16

82-86,/0.2

97-99/16

74/14

63-65/13

93-95,/23

3020
(cyclopropane)

3020

3030

3030

3030

3030

3040

3040

3010, 3050

3027, 3061

3020, 3050

3020

3020

3020

3100

112

170

126

140

184

240

198

206

232

232

198

198

184

198

0.50(dd, 1H)
0.70(dd, 1H)
0.90-2.10(m, 7H)
3.25(s, 3H)
0.45(dd, 1H)
0.70(dd, 1H)
0.90-2.10(m, TH)
1.12(t, 3H)

3.45(q, 2H)

0.09(s, 9H)
0.33-2.05(m, 9H)
0.03(dd, 1H)
0.17(dd, 1H)
0.50—-2.30(m, SH)
0.14(dd, 1H)
0.75(dd, 1H)
0.75-2.20(m, 9H)
1.19(t, 3H); 3.39(q, 2H)
0.07(s, 9H)
0.00-2.40(m, 11H)
0.06(s, 9H)
0.00-2.40(m, 19H; incl.
0.79, 5, 0.81, s)
0.09(s, 9H)

0.35(s, 2H)
0.85-2.10(m, 11H)
0.02(2, 9H)
0.86—1.09(m, 4H)
7.20(br.s, SH)
0.09(s, 9H)
0.75-2.79(m, 7TH)
6.74-7.68(m, 4H)
0.13(s, 9H)
0.97-1.27(m, 2H)
1.77-2.74(m, 5H)
6.76~7.15(m, 4H)
0.10(s, 9H)
0.15-2.45(m, 13H)
0.12(2, 9H)
0.28-0.60(m, 2H)
1.33(s, 3H)
1.30-2.04(m, 8H)
0.08(s, 9H)
0.24-0.64(m, 2H)
0.88-1.88(m, 8H)
2.94-3.08(dd, 1H)
0.10(s, 9H)
0.15-0.42(m, 2H)
1.00-1.50(m, 10H)
2.92(dd, 1H)

{continued)
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TABLE 3 (continued)

Product b.p.
(°C/mmHg)

IR (film)
(ecm™")

MS
m/e(M*)

'H NMR(CCl,)
(ppm/TMS)

3a 104,134

3b 53-54/28

3c 60—-61,/18

3d 72-73/48

3e 87-88/73

3f=3n 60-65/10

3g? 108-115/6

3k 82-83,/0.35

3l 74-78/10

3m 76,/174

6c 80-82/19

1650
(»(C=0))

1650

1665

1660

1658

1660

1655

1630

1650

1642

3055

112

124

170

126

140

184

240

232

198

198

184

0.90-2.45(m, 6H)
3.24(s, 3H)
3.65-3.85(m, 1H)
4.95(brs, 2H)
1.15(t, 3H)
1.40-2.55(m, 6H)
3.28(dq, 2H)
3.85(m, 1H)
4.90(brs, 2H)
0.09%(s, 9H)
1.34-2.47(m, 6H)
4.11-4.47(m, 1H)
4.72-5.41(m, 2H)
1.20-2.30(m, 8H)
3.15(s, 3H)
3.50(m, 1H)
4.72(brs, 2H)
0.90-2.55(m, 8H)
1.15(t, 3H)
3.32(dq, 2H)
3.60(m, 1H)
4.72(brs, 2H)
0.09(s, 9H)
0.97-2.74(m, 8H)
3.86-4.19(m, 1H)
4.62(s,1H)
4.75(s, 1H)
0.06(s, 9H)
0.88(s, 9H)
0.98-2.19(m, 7H)
4.11(m, 1H)
4.62(brs, 1H)
4.80(brs, 1H)
0.09(s, SH)
1.70-3.14(m, 4H)
4.40(m, 1H)
5.16(brs, 1H)
5.42(brs, 1H)
6.70-7.20(m, 3H)
7.36-7.58(m, 1H)
0.07(s, 9H)
1.00-2.45(m, 10H)
4.10-4.35(m, 1H)
4.20-5.00(m, 2H)
0.09(s, 9H)
1.35(s, 3H)
1.55(c, 8H)
4.23(brs, 1H)
4.76(brs, 1H)
0.04(s, 9H)
0.00-0.86(m, 4H)
1.14-2.12(m, 6H)
3.63(dd, 1H)



289

TABLE 3 (continued)

Product b.p. IR (film) MS 1H NMR(CCl,)
(°C/mmHpg) (em™Y) m/e(M™) (ppm/TMS)

of 74-76/8 3055 198 0.05(s, 9H)
0.00-0.50(m, 4H)
1.00--2.00(m, 8H)
3.14-3.36(m, 1H)

6g 78-79/0.4 3060 254 0.06, 0.08(s, s, 9H)
0.00-0.80(m, 4H)

0.84, 0.86(s, s, 9H)
2.88, 3.64(c, dd, 1H)

¢ Satisfactory microanalyses or high resolution mass spectrum data were obtained for all new com-
pounds. ? Data for a 1:1 mixture of stereo isomers.

of the mixture were occasionally withdrawn by syringe, treated with aqueous
ammonium chloride, and analyzed by GLC (10% PEG 20M on Chromosorb W, 3
mm X 3 m). The results are shown in Fig. 1.

Reaction of 1-trimethylsiloxybicyclo[4.1.0]heptane (2f) with zinc iodide

Zinc iodide was prepared in situ by treating zinc/copper couple (15 mmol) with
iodine (15 mmol) in anhydrous ether (35, 15, or 7 ml). To this solution was added 2f
(2.26 g, 15 mmol), and the mixture was heated under reflux for 40 h with stirring.
After the usual aqueous work up, the extract was dried over MgSO, and analyzed
by GLC. When 35 ml of ether was used, the starting material, 2f, was recovered
almost unchanged, while the latter two ‘concentrated’ cases resulted in the forma-
tion of isomerized 3f in 29 and 88% product ratio, respectively.

General procedure for the Simmons—Smith reaction of enol ethers la—1lo leading to
cyclopropyl ethers 2a—2o0 under conditions A

A mixture of zinc powder (10.4 g, 0.16 g-atom) and cuprous chloride (1.60 g,
0.016 mol) in anhydrous ether (110 ml: conditions A) was stirred under reflux for 2
h. Enol ether 1 (0.05 mol) and methylene iodide (0.08 mol) were then successively
added dropwise; and the mixture stirred for 40 h under reflux. After cooling, the
remaining zinc was filtered off and the filtrate washed twice with cold aqueous
ammonium chloride (50 ml). The aqueous layer was extracted with two 20 ml
portions of ether. The combined extracts were washed with aqueous sodium
bicarbonate (50 ml) and water (50 ml), and then dried over magnesium sulfate. The
solvent was removed under reduced pressure, and the resulting oil was distilled to
give cyclopropyl ether (2) in good yield.

General procedure for the Simmons—Smith reaction of enol ethers la—1lo under
concentrated conditions B or C

Procedures similar to those above were followed, except for decreasing the
amounts of the ether, where either 40 ml (conditions B) or 25 ml (conditions C) of
ether were used for the 0.05 mol (enol ether) scale experiments. As stated in the text,
allylic ethers 3a, 3b, 3¢, 3d, 3e, 31, 3g, 3k, 3l, 3m, and 3n(= 3f) were obtained with
good selectivity from corresponding enol ethers under these conditions.

General procedure for the cyclopropanation of enol silyl ethers by reaction with
diethylzinc / methylene iodide

To a stirred solution of enol silyl ether 1 (1¢, If, or 1) (5 mmol) and solvent
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(pentane, 10 ml) was added diethylzinc (0.38 mi, 3.8 mmol) by syringe under a
stream of nitrogen. Methylene iodide (1.61 g, 6 mmol) was then, added dropwise
(caution exothermic!) and stirring was continued for 20 h at 15°C. The mixture was
then subjected to aqueous work up (aq. NH,Cl, aq. NaHCO,, H,0), and dried over
MgSO,. After removal of the solvent, 2 was obtained by vacuum distillation. Yields
of 2: 2¢, 81%; 2f, 82%, 21, 75%. Use of ether instead of pentane also afforded very
pure cyclopropanated products under these dilute conditions. Yields of 2: 2¢, 70%;
2f, 718%; 21, 79%.

General procedure for one-pot synthesis of 4-trimethylisiloxyspiro[n.2]alkanes 6c¢, 6f, 6g

To a stirred solution of enol silyl ether Hf (0.85 g, 5 mmol), diethylzinc (1.0 ml, 10
mmol), and dry benzene (2 ml) was added methylene iodide (2.68 g, 10 mmol)
during 20 min at 20°C. After further stirring for 20 h, additional methylene iodide
(2.14 g, 8 mmol) was added in one portion (slightly exothermic, the temperature
reached 40°C) to complete the reaction. The mixture was then stirred for another 2
h, diluted with ether (20 ml) and poured into cold aqueous ammonium chloride (50
ml). The aqueous layer was extracted twice with ether (2 X 10 ml). The combined
ether extracts were washed with aq. sodium bicarbonate then water, and dried over
MgSO,. After removal of the solvent, the residue was distilled to give 0.65 g (66%)
of 4-trimethylsiloxyspiro[5.2]Joctane (6f), (b.p. 83-85°C/20 mmHg). Similarly 6¢c
and 6g were obtained from, 1c and 1g in 63% and 71% yields, respectively.

References

1 E. Wenkert, Acc. Chem. Res., 13 (1980) 27.
2 S. Murai, I. Ryu, and N. Sonoda, J. Organomet. Chem., 250 (1983) 121.
3 H.E. Simmons, T.L. Cairns, and S.A. Vladuchick, Organic Reactions, 20 (1973) 1.

4 S. Murai, T. Aya, and N. Sonoda, J. Org. Chem., 38 (1973) 4354.

5 J.M. Denis and J.M. Conia, Tetrahedron Lett., (1972) 4593.
J.M. Conia and C. Girard, J. Chem. Res. (8), (1978) 182.
6 R.L. Goaller and J.-L. Pierre, Bull. Chim. Soc. Fr., (1973) 1531.
7 G.M. Rubottom and M.I. Lopez, J. Org. Chem., 38 (1973) 2097.
G.M. Rubottom, E.C. Beedle, C.-W. Kim, and R.C. Mott, J. Am. Chem. Soc., 107 (1985) 4230.
8 S. Murai, T. Aya, T. Renge, I. Ryu, and N. Sonoda, J. Org. Chem., 39 (1974) 859.
1. Ryu, S. Murai, and N. Sonoda, Chem. Lett., (1976) 1049.
I. Ryu, S. Murai, §. Otani, and N. Sonoda, Tetrahedron Lett., (1977) 1975.
9 J.H.-H. Chan and B. Rickborn, J. Am. Chem. Soc., 90 (1968) 6406.

10 B. Fraser-Reid, and B. Radatus, Can. J. Chem., 50 (1972) 2919.

11 E.J. Corey, J.L. Gras, and P. Ulrich, Tetrahedron Lett., (1976) 809.

12 I. Ryu, M. Ando, A. Ogawa, S. Murai, and N. Sonoda, J. Am. Chem. Soc., 105 (1983) 7192. E.
Nakamura, J. Shimada and 1. Kuwajima, Organometallics, 4 (1985) 641. Y. Tamaru, H. Ochiai, T.
Nakamura, K. Tsubaki, and Z. Yoshida, Tetrahedron Lett., 26 (1985) 5559.

13 T.G. Traylor, W. Hanstein, H.J. Berwin, N.A. Clinton, and R.S. Brown, J. Am. Chem. Soc., 93 (1971)
5715.

14 M. Jauterat and V. Schwarz, Tetrahedron Lett., (1966) 5101.

15 G. Wittig and J.J. Hathison, Annal. Chem., 741 (1970) 79.

16 R.W. Hoffman, U. Bressel, and G. Muhl, Chem. Ber., 94 (1972) 7748.

17 P.G. Gassman and J. Atkins, J. Am. Chem. Soc., 94 (1972) 7748.

18 M.A. McKinney and S.K. Chou, Tetrahedron Lett., (1974) 1145.

19 L. Fitjer, Angew. Chem. Int. Engl., 14 (1974) 360.

20 J. Furukawa and N. Kawabata, Adv. Organomet. Chem,, 12 (1974) 83.

21 L Ryu, S. Murai, and N. Sonoda, Tetrahedron Lett., (1977) 4611; (1978) 856.

22 K. Bartels and H. Hopf, Angew. Chem. Int. Ed. Eng., 23 (1984) 251.

23 R.A. Wohl, Synthesis, (1974) 38.

24 H.O. House, L.J. Czuba, M. Gall, and H.D. Olmstead, J. Org. Chem., 34 (1969) 2324.

25 R.J. Rawson and 1.T. Harrison, J. Org. Chem., 35 (1970) 2057.



