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Introduction_

Until recently, there was nothing remarkable in the applica-
tions oI silyl ethers to organic synthesis but the use as
protecting groups of alcohols.

¥hen one has an idea that one utilizes silyl ethers to
varicus important synthetic reactions as intermediates, it seems
intrinzically important to deal with silyl ethers equipped with
a reactive C=C double bond or activated C-C single bonds
adjacent to siioxy group. Enols and cyclopfopanols which directly
concerns the present studies have been known as such alcohols
to posess reactive C=C double bond or strained cyclopropane rings
adjacent to hydroxyl groups, respectively. Synthetic applications
of these compounds, however, have never met with notable success
despite the fact that much attention has been payed to them.

The main reason for this was due to their instability.

As well known, enols can exist slightly under the tautomerism

of the corresponding carbonyl compounds. Compared with enols,
cyclopropanols seem fairly stable but not enough to be dealt

with eaily, for instability both thermal and chemical often

leads us to face some difficulties in dealing with such. 1In
addition, the lack of a general and satisfactory method for
preparation of cyclopropanols has then discouraged synthetic
chemists to utilize cyclopropanols in various synthetic reactions.

To develop synthetically equivalent reactions of these
'reactive and unstable' alcohols by employing their silyl ethers

is precisely the primary reason for the present studies.



It seems significant to arrange egch step consisting of
such methodoiogy ufilizing s?lyl ethers as synthetic equivalent
of enols. They are briefly summarized in the following way:

{1) Preparation of Silyl Efﬁers

{2} Transformation from Silyl Ethers

{3} Removal of’Silyl Groups to Afford the Products
The exvisaged example on cyclopropanol synthesis using enol
silyl =zhers may well éccounf for these (see Scheme). Namely,
for t-= preparation of cyclopropanols the direct cyclopropanation
of encis (path [1]) is the shortest path but really impossible.
However, the use of enol.silyﬂ.ethers-insteaé.cﬁfenols'forvcyclo—
propanation (path [3]) followed by desilylation (path [4])

clearly led this synthesis to success.

HO HO
[l] 1~
/2
12 [4]
Me3SiO Me3SiO
31
| }
1 [5] } 6]
v v

In the present studies, transformations of path [3] in
above scheme via the reaction with zinc carbenoid reagenﬁs were
investigated in detail. The establishment of the synthetic
method of cyclopropyl silyl ethers means not only that of

useful precursors of cyclopropanols but also that of excellent
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synthetic equivalent of cyclopropanols, whose interesting
chemistry has been drawn much attention.

Chapter 1 of this thesis deals with silylation of carbonyl
compouﬁﬁs.‘ This chapter involves the valid modification‘of
previczas silylating methods. In addition, the originally
dévele;edlmethod for concurrent silylation and cyanosiljlation
of R-Ziketones is described.

T ”hapter‘Z,ié dealt with the synthesis‘df cyclopropyl
silyl =thers by the reaction of enol silyl ethers with zinc
carbenoid reagents. This chapter also invoives the Simmons-—
Smith reaction of enol ethers, in which a new aspect that this
reaction usually affords allylic isomers in addition to cyclo-
propyl ethers was described.

In Chapter 3 the observed cyclopropyl-allylic isomeriation
in the reaction of enol silyl ethers with zinc carbenoid
reagents is dealt with in detail.

In Chapter 4, a variety of transformations via cyclopropyl
silyl ethers which reveal the potential utilities of them are noted

Though many attempts to develop the synthetic equivalent
of enols have been undertaken (for example, enol ethers, enol
acetates or enamines), enol silyl ethers seems to be the choice;
This may be supported by the unique properties of organoéilicon
compounds: facile preparation of them; sufficient stability
through most of transformation reactions; utilization of unique
properties which organosilicon groups own; facile removal of
silyl group.

Organosilicon chemistry has experienced a tremendous



growth and wide interst in the past decade. It is a real
pleasure for the author to have taken part in this through the

present studies.



Chapter 1 Silylation of Carbonyl Compounds

1-1  Introduction

i,
I

reat many methods exist for the synthesis of enol silyl

LS|

ethers. Maybe by.classification of starting materials commonly
availzable methods will be devided into the following three
categories:

(1) via Silylation of Enolates of Corresponding Carbonyl

Compounds

(2) via Hydrosilylation of o,B-Unsaturated Carbonyl Com-

pounds

(3) via Reaction of Hydroformylation Analog of Silane from

Olefins.2
All enol silyl ethers used for the present studies were prepared
via silyvlation of corresponding carbonyl compounds. These syn-
thesis were usually due to the procedure of H. O. House et al.F
or G. Stork and P. F. Hudrlik.4 In some cases modification of
these methods was employed.

One of the intrinsic features resultant from the use of
enol silyl ethers for synthetic reactions as a synthetic equi-
valent of enols perhaps owes to the regiospecific synthesis
of enol silyl ethers in the case of unsymmetrical ketones,
such as 2-methylcyclohexanone shown in the following equation.

Either employment of these two isomers leads to regio-

specific transformations and this was fully proven by various

examples of o-substituted carbonyl compounds synthesis via



the reactions with various electrophiles.l

0O
>
KineFic hermodynamic
conditions conditions
u=_sicCl MezSicl
Lix :-Pr)z NEt3/DMF
- p-TsOH/CC1,
CCl
Y v
M63510 Me3810
(99 ¢ purity) (91 % purity)

Mono-~silylated B-diketones are viewed as enol silyl ethers

having electron deficient C=C double bond. Masking of remained

carbonyl group is assumed to lead to increasing the electron
density of the C=C double bond. This chapter includes

concurrent silylation and cyanosilylation of B-diketones with

dimethyldicyanosilane.
In addition, a convenient synthesis of a-phenylseleno

ketones from enol silyl ethers and their silylation are de=

scribed.

—G—



1-2 Silylation of Ketones and Aldehydes

Enol silyl ethers used in this study were prepared by
silylation of corresponding enolates of carbonyl compounds.
These carbonyl compounds are acetone, acetophenone, propiophenone,
cyclopentanone, cyclohexanone, 2-methylcyclohexanone, 4-t-butyl-
cyclciexanone,s 4 ,5-benzocyclohexanone, 3,4-~benzocyclohexanone,
cycleheptanone, methyl cyclopentyl ketone,7 cyclopentanecarbox—
aldehyde,8 cyclohexanecarboxaldehyde,9 n-butyraldehyde. Enol
silyl ethers obtained from these carbonyl cémpounds by silylation

are listed in the Table 1.

Table 1. Enol Silyl Ethers Obtained by Silylation of

Carbonyl Compounds.

Enol Silyl Ether " B.p. °C (Torr) Ref.
Me3SiO
//4§§> 93-94 (760) 10
Me;Si0
//L§§> 97-98 (19) 3
Ph
Me3SiO
/)§§>// 140  (35) 3
Ph
Me,Si0
(fi? 158-159 (760) 3
Me3SiO
[fij 74-75 (20) 3
Me,Si0
101-102(45) 3,4

Q



Enol Silyl Ether = .. . B.p °C (Torr) ....... Ref.

Me SlO
©/ 78-80 (20)
Me SlO
/V 130  (0.5)
Me3Si0
;:; 94-96 (3.9)
SlO
% : 132-133(13)
Me3810
% 89-91 (0.36)
Me3810
82-84 (25)
Me SlO

72-74 (90)

Me
61-64 (14)

SlO
? 91 (23)

Me Sl
44-45 (50)

Me SlO

i\ 82-84 (27)

10

10



Me3SiO

//JQQQQV//SePh 105 (0.85) 10

Procedures for silylation were maihly due to the methods of
3 4 . . ‘s .
House™ or Stork”. While in some cases modification or imprcved

procedures were employed.

Silylation of acetone by the original method of House was
not effective since it was hard to seperate silylated product
from triethylamine, which was employed as base in the procedure.

To overcome such difficulty, the use of DBU (1,8-diaza-
bicyclo[5.4.0}undecene~7) has proved to be effective.

0] Me3SiO

Me3SiCl—DBU
-
P

0°/2 hr 78

o0

This method is simple and convenient for enol éilyl ethers
having lower boiling points or weak to aqueous treatment (direct

distillation is possible).
DBU:

‘T\\//F

Silylation of kinetically controlled enolate of 2-methyl-
cyclohexanone by lithium diisopropylamide was carried out in
THF as a solvent, the use of such a popular solvent brought

nothing inconvenient.lo



1-3 Silylation and Cyanosilylation of B-Diketones

Many methods are already available for the synthesis'éf
mono-~siiviated B—diketones.ll From the point of wview that |

one utilizes these compounds as synthetic intermediates of vari- -
ous trz=—sformations, some difficulties exist: weakness to hydro—A
lysiz "_n the case of trimethylsilyl ethers); electron déficient
C=C dcuzle bond; two reaction sites against the attack of electro-
philes carbon and oxygen). In order to overcome these diffi-=
cultiesz some devices tomask the remained carbonylrgroup must be
made, and methods with cyanosilylation were attempted.

For the present study, we startéd’ﬁi;h the development of
improved procedures for dimethyldicyanosilane and trimethylcfano—
silane. There have been no satisfactory methods for the prepara-
tion of diméthyldicyanosilane[Mezsi(CN)2],'proving to be useful for
concurrent silylation and cyanosilylation of B-diketones.

McBride et al. reported that a moderate yield of dimethyl-
dicyanosilane was obtained by the reaction of silver cyanide
with dimethyldibromosilane, which must be prepared from di-

12

methyldichlorosilane via two steps. The use of easily avail-

able dimethyldichlorosilane in the place of dimethyldibromo-
silane was reported to give a quite unsatisfactory résult.‘12
Hundeck prepared dimethyldicyanosilane from bis(diethylamino) -
dimethylsilane[(EtZN)ZSiMezi, dimethyldichlorosilane, and hydro-
gen cyanide.l3 This method lacks convenience because bis(diethyl-
amino)silane is not easily available and the use of hazardous

hydrogen cyanide is not avoidable.

Here ig described that dimefhyldicyanosilane is conveniently

-10-



prepared in a high yield by the reaction of silver cyanide with
dimethyldichlorosilane using'Soxhletlextractor. The procedure
is essentially 'extraction' of silver cyanide with dimethyl-

dichlorosilane. Silver cyanide, which was placed in cylindrical

- Soxhlet extractor

Mo Yok
MepSicl 120-140°, 5-7 days °

+ AgCN

Me,Si(CN), + AgCL
' 76-85%

2

filter 2f Soxhlet apparatus, was 'extracted' with 2-3 molar
excesz of dimethyldichlorosilane at 120-140° (bath temperature)
for 5-7 days. After removal of excess dimethyldichlorosilane,
the residue was distilled under reduced preséure to give di-
methyldicyanosilane in 76-85 % yield.

The use of Soxhlet apparatus is suitable for the preparation
of moisture-sensitive silicon pseudohalides. The procedure.
of the filtration to remove silver chloride from the reaction
mixture was made unnecessary by the use of Soxhlet apparatus.

This is not only convenient but also prevents the product from
contamination with siloxane oligomers arising from the hydrolysis
of hygroscopic difunctional silanes(MeZSiClz; MeZSi(CN)z).

The present procedure is also applicable to the preparation
of trimethylcyanosilane, a useful reagent in organic synthesis}4
from trimethylchlorosilane and silver cyanide. Fractional
distillation to seperate hexamethylsiloxane(b.p. 99-100°) from
the product(b.p. il4—ll7°) was not necessary.15

Nextly, we attempted the masking of carbonyl group of 1 by

rimethylecyanosilane, preparéd by above mentioned method.

These reactions, however, always afforded significant amounts of

isomeric product 3 in addition to desired_g,17

-11-



0SiMe, O O0SiMe,; OSiMe3 OS_iMe3 O0siMe3

CN « CN

1 (E+z) 2 (e+z) 3

To overcome thisg préblem, the use of a bifunctional cirgano-—
silicon reagent occurred tormi, and we have developed a method
for th= preparation of analogs of 2 in an efﬁicient and selective
manner from B-diketones.

We made out that dimethyldicyanosilane[Mezsi(CN)2] readily
reacts with B-diketones to give high yields of six—-membered
ring products, 4. The compounds 4 were the desired ones in which
enol and carbonyl portions of B-diketones were concurrently

silylated and cyanosilylated without generation of side products

analogous to 3.

SN
- S51
o o) < o7 o
Me,Si (CN) 2 _
. ? R R
R 3
i ! Ry R o
R Ry -
2 4

The reaction takes place exothermically with the evolution
of hydrogen cyanide at room temperature to give 4. 1In a re-

presentative procedure dimethyldicyanosilane (12 mmol) is dis-

—-12~-



solved in dichloromethane (3 ml) and-the solution'is cooled to
—-40°C. Thne B-diketone (10 mmol) is slowly added to the solution
by a hizodermic syringe, and the mixture is allowed to w?rm to

room tz~oarature over 1 hr. After removal of hydrogen cyanide

and th= solvent, purification is'effégﬁed byAdistillatioﬁ or
recrys:&llizatiqn. The products obtained are very hygroscopic
and s=-:3& be manipulated under atomosphere of dry nitrcgen-’
The r==-_:1ts are summarized ih Table I. | |
Exzept for the case of one difficultly enolized B'—jdi]f:etonesl8

(entrv 2 in Table I), the reaction proceeded'immediately without .
any catalysts. The orientation of enolization in B-diketones
is reflected in the structure of the producﬁs.- In the case of
B-diketones in which the orientation of enolization is ditincfly
determined by conjugation, a single regioisomer was obtained
(see entry 5 and also entries 7 and 8 in Table TI).
It is noteworthy that the present reaction involves the silyl-—
ation to give Z form product selectively, despite the fact that
the other mathods for silylation of B-diketones give a mixture
of E and 2 isomers.l

The reaction of dimethyldicyanosilane with diacetone alcohol
(5) in scheme 1 follows a path that may be consistent with thét
followed by the reaction described in this study. The major .

products of this reaction were 8 and 2,19

The NMR!spécérum of
the reaction mixture after 1h showed the predominant;formation éf _
cyanoalkoxysilane 6, which seemed to be stable at low témperature
(-30°C) and could be intercepted to afford dialkoxysilane_i_in

76 % yield upon treatment with methanol.20

-13-



Scheme 1

\ N ~N 7
. _-Si X
o 0 0\ 0 o~ o
//;72\\///H\\ — —
jf CN
5 6 8
MeOH ~HCN
AN OMe
/Si/ \Si/
/
\o o) \o

{ve]

By analogy, the reaction of dimethyldicyanosilane with B-diketones

may start with the silylation of enolic portion to give 10 followed
we were unable to

by intramolecular cyanosilylation. However,

, o

~
N o }
!
. - {
]
~ J g
10

-14-



intercept the initial product 10 corresponding to 6. This
sugéests that the intramolecular cyanosilylation must be very
fast in the case of 10.21,22

The six-membered ring products are moisture sensitive and
can be easily converted to parent f-diketones on treatment with

methanol or silver fluoride in THF (Scheme 2).23

Scheme 2
~N o .
S .
o o -9 90
M AgF-THF or MeOH )‘\/l\
—T Q R R
Ry L M3281(CN)2 1 3
R Rz
2
s | | A4\ ome
51
o) oo
‘ 1 equiv. of MeOH N //ﬂ\v//¥\\
3;=Ph ’ R2=H, »R3=Me Ph 11 CN

Interestingly, the reaction of the cyclic product of benzoyl
acetone with one equivalent of methanol gave 1l in 76 3% yield.
This result implies that methanolysis proceeds stepwise (the
enol silyl ether moiety was methanolized in the first stage).
This partially methanolyzed product 11 has the structurs of a
mono-cyanosilylated B-diketone which appears to be o%her"ise
inaccesible since the reaction of trimethylcyanosilane wwith
B~diketones does not give mono-cyanosilylated products'.24

It should be noted that the present transformation may be

useful for the protection of B-dicarbonyl or'B-hydroxycarbohyl-

moieties. In~addition, the results for juglone (entry 8) provides

—15~



a new method of differentiation of one carbonyl group

other.

£ the produét 4 may be
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...L'[_

0 o}

0 0
Ph’JL\/JL“Nw Dh’J§§//T\‘Ph

CN

98
168:32)¢

95

109-111(7 mm)

1663

101-104(0.3 mm) 1643

(68.5-70.0)

1640

0,25 (s, 3H)
0.37 (s, 3H)
1.62 (s, 3H)
1.40-

2.50 (c, 8H)

0.25 (s, 3H)
0.38 (s, 3H)
1.80 (s, 3H)
1.40-

2.50 (c, 8R)

0.36 (s, 3H)
0.51 (s, 3H)

5,30 (s, 1H)

- 7.20-

7,58 (m, 5H)

0.40 (s, 3H)

0.59 (s, 3H)
5.53 (s, 1H)
7.18~

7.80 (m,10H)



L
OH o/ 0
7% 85
CN
/
Ny
OH o’/ .\b

9f:9 7l\

77-78(0.35 mm) 1610

1637
(132-134) 1680
63-64 (8 mm)
56-58(38 mm) 1665

0.32 (s, 3H)
0.43 (s, 3H)
1.89 (s, 3H)
6.70=~

7.37 (m, 4H)

0.24 (s, 3H)

0.66 (s, 3H)

0.68 (d-d,2H)
7.09-

7.40 (m, 3H)

0.14 (s, 3H)
0.26 (s, 3H)
1.28 (s, 3H)
1.59 (s, 3H)
1.61 (s, 3H)
1,99 (s, 1H)
2,03 (s, 1H).

0.17 (s, GH)
1.23 (s, 6H)

1068 (s, 3H)‘

4.37 (s, 1H)



Footnotes of the Table 1

Prgolated yields.,

aa11 products except 8 gave satisfactory analytical data.
cThe assignment of structures is based on the fact that a methyl group on sp3
carbon atom generally resonates at higher field than that on sp2 carbon, for
example, (Cgs)zc(CN)OSiMeB:S 1.54(ccl,) and Q§2=C(CH3)OSiMe3=6 1.67(CC14).
dCatalytic anount of zinc iodide was used. SDetermined by NMR, fTwo equi~
valents of dimethyldicyanosilane were used. with one equivalent of Dimethyl-
dicyanosilane, (RO)ZSiMe2 (ROH=dilacetone alcohol) was also formed: NMR(CC14)

¢ 0.12(s, 6H), 1.34(s, 12H), 2.11(s, 6H), 2.52(s, 4H).



1-4 Preparation and Silylation of o-Phenylseleno Ketoneé

and Aldehydes ) -

i-8iloxy~-2-selenocalkenes are promising _compounds to be
utiliz=2 in synthetic reactions. Perhaps it seemed most'popular‘
to prezzre these via silylation of a-seleno ketones. A convehieht

method er a-seleno ketoneas Wwas developed. This method involves

the r==zction of enol 51lyl ethers w1th phenylselenenyl bromide.
d~Phe:7;seleno carbonyl compounds are a useful precursor of
25,

o,B-umsaturated carbonyl compounds and they have previously been
prepared by either electrophilic reaction w1th PhSe s.such as the
reactlon of enol esters with phenylselenenyl trlfluoro\

acetate,?2C,252,26,

or by nucleophilic displacement represented
by the reaction of ketone enolates with phenylselenenyl halides
(PhSeCl, PhSeBr) or diphenyl diselenide.?22r25¢:27  pron the
viewpoint of convenience, direct o-phenylselenenylation of ketones
and aldehydes with phenylselenenyl chloride (PhSeCl) is another
attractive method. This reaction seems to have drawbacks with
respect to generality or regiospecificity in the case of
unsymmetrical ketones.?°<
Described is the convenient method for the synthesis of
o-phenylseleno ketones and aldehydes from the reaction of

phenylselenenyl bromide and enol silyl ethers.28

Me3si0 . 0]
3
l\ R /” sePh -
\\\<f + PhSeBr-——->R; -+ Me,SiBr
Rt 22 ' ;
: r® R3 :
1 | 2

—
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The present method has the following advantages;
i) A wide variety of methodsiuﬂﬂibeeé established for the synthesis
of the starting enél silyl ethers. ii) Regiospecific introduction
of phenvlseleno groups can be attained (2e¢,2f). ’iii) Reaction
conditicns are very mild and essentially no side reaction has been
observsd. iv) The method is also suitable for the preparation of
a larcs guantities of a-phenylseleno carbonyl compounds. V)
The met20d can be applied to aldehydes (no condensation) (;g—g;).
vi) Ac:tivation of PhSeBr (such as silver trifluoroacetate °
is not necessary. The results are shown in Table 2.

A typical experimental procedure for o-phenylseleno ketones
is as follows. A solution of a—-trimethylsiloxystyrene (10 mmol)
in anhydorous ether (10 ml) was cooled to -70° with dry ice-
acetone bath and then to this solution phenylselenenyl bromide
(10 mmol) was added dropwise over lhr at the same temperature with
stirring. After adding was completed, the mixture was allowed
to warm to room temperature and subsequently solvent ether and
trimethylbromosilane (b.p. 80°) were removed under reduced pressure
(Method A). Recrystallization from n-pentane at 0° gave faint
yellow needles of a-phenylselenoacetophenone in 91 % yield.
Method A which uses nonaqueous work-up sometimes encountered the
decomposition of the product accompanied with the‘fo%mation of
diphenyl diselenide.29 Alternative procedure overcoming such
difficulty was achieved by the use of aqueous treatment at -70°.
After addition of PhSeBr, the reaction mixture was quickly poured
into aqueous sodium bicarbonate solution (10 2). The mixtufe

was extracted with ether, dried over sodium sulfate, and then
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evaporated in wvacuo (Method B) . Thé,prbducts obtained by £he

method B weré.sufficiently pure (N.M.R.) as not to require 

further ourification. Traces of impdrities (PhSéSePh, oﬁvhydrolysed

ketone; wa2re removed by either short path column chromatography

or dis=:Xiation. The reactlon of silyl ether of 01tronellal (lk)

affordé=Z corresponding a-phenylseleno aldehyde with original

doubliz= Jg“d remalned intact. The product, however, easilyvcyclize&

to 3 f£=ring work—up. Interestingly, in the case of silyl ethér

of tra:s-Z—héxenal (11), the selective introdﬁction of phenyi—

selenenvl group at y—-position of aldehyde co;Id be attained (21) .
The silylation of a-phenylseleno keﬁones was éarried out

by the same procedure as described on that of kinetically controlled

enolate of 2-methylcyclohexanone. |

Table 2. a—Seleno Carbonvl Compounds from Enol Silyl Ethe*s
and Phenylselenenyl Bromide.

Substrate Product Yieird {s) Method
Me_Si0 ') 91 A
1a 3 /'\ 2a 0 SePh i
ph—"—= pn”
Me SlO o] 85 A
1b > e 2b _ Sern
ph Ph

Me3SlO O SePh 6-20 g

R

Me SePh

by
W
Jo% o)t
(o}
I
Lo
et
"

™

Me Slo O 35 A
3 jol
| Serh 77 - 5
1e 26
Mea.,Si0 o]

5 ceph 2 A

oy
e
|
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Me ,Si0 ' 0 sopn 74 B

. B
Me, ﬂ SePh 73
1h l§‘\ 2_h ~,
Me3S:L O SePh 38 B
1i 2i l
— \ —
. . R
Me351?\ . ﬁ SePh g4
Me,SiQ c\> SePh [P 90° B
Me.,Si0 (o] 80 B

11 =_ 21 k@h
———- x —

2-1:1 of cis and trans isomers

b on treatment with column chrormatography, 2k easily cyclized to

give following B-phenylseleno alcohol.

N.M.R. (CC1l,); 1.08(d,3H) 1.69(s,3H) OH
2.10(s,1H) 2.89(d4d,1n)

-1 3.81(s,1H) 4.69(4,2H)
I.R.({(cm ™) 3470 (OH) 1640 (C=C)
yd
3 SePh

chield which contained cyclized isomexr 3.
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Table 3. Physical Data for a-Phenylselenenyl Carbonyl Compounds

2 m.p. or b.p./torx I.R.Tcm—l) *leN.M.R-(CC14) Moleculgx
(Lit,m.p.)} vC=0 § {(ppm) formula
a  31.5-33° 1660 “4.21(s,2H) -
(-) ’ T
o 34-35° 1675 4.59({q,1H,J=7Hz) -
(36.5_370)2a,2c,2d ’ v
< oil 2 1725 3.65(t,1Hd,3=7Hz) -
. e
(oil)
& - 53-54° 26 1695 3.80(t,1H,I=6Hz) -
(56—-57.5°%) .
=z oil 1700 3.82(br,1H) -
(oi1)2a-2¢ 4.01(ad,1H)
= - o . -
bl 39-40 . 1700 1.30(s,3H) ClBHlGOse
' . (267.2)
3 93-94°/4 1700 2.13(s,2H) . C9HlOOSe
3.44(s,3H)
(213.1)
h oil 1700 3.44(4t,2H,J3=3, ClOHlZOSe
7.5Hz) - (227.2)
9.42(4,1H,3=3Hz) ° .
i oil 1700 1.39(s,6H) ClOHlZOse
. 9.17(s,1H) ’
3 (227.2)
j oil 1705 8.98(s,1H) C13H1608e
(267.2)
k¥ oil 1705 3.44 (m,1H) ClSHZZOSeb
9.32(d4,1H,J=4Hz) (309.3)
1 oil 1680 2é2%(dt,lH,J=8, C12H14OSe
(253.2)

9.40(d,1H,J=8Hz}

a Compounds £-1 are new and all gave satisfactory elemental
analyses (C +0.25 % H +0.17 %),

elemental analyses

£f; cale. € 58.43 H 6.04 g; cale. C 50.71 H 4.73
found 58.65 5.95 found 50.56 4.76
h; calc. C 52.87 H 5.33 i; cale. C 52.87 H 5.33
found 52.87 5.50 found 52.86 5.20
j; calc. C 58.43 H 6.04 k; calc. C 62.13 H 7.17
found 58.43 6.17 found 62.24 7.23

l; calc. C 56.92 H 5.57
found 56.67 5.55

b on standing 2k cyclizes. to 3 easily, and therefore the sample
measured might contaired isomer 3.
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1-5 Experimental

To a stirred solution of acetone (30 ml) and DBU (10 mmol) at

0° trimethylchlorosilane (10 mmol) was added dropwise over a
pericd of 2 hr. Immediately DBU-HC1l salt precipitated and the
reaction was completed. Then distillation apparatus was fitted
directly to the reaction vessel and the mixture was distilled.
Fractional distillation with glass-packed vigreux column (25 :cm)
afforded l-methyl-l-trimethylsiloxy-ethylene in 78 % yield (94-
94°/760 torr). The use of DBU having high boiling point as
base contributed to the simple isolation of enol silyl ether

in this case. This method is also applicable to the silylation
of acetaldehyde (final addition of acetaldehyde must be followed
).

Silylation of Kinetically Generated Enolate of 2-Methyl-Cyclo-
30

hexanone
Diiscopropylamine (31 g, 42 ml) in dry THF (160 ml) distilled
from LiAlH4 and deoxygenated prior to use was kept at 0° with
Ice bath. Then, n-BuLi (0.3 mol) was added to it with a hypo-
dermic syringe over a period of 10 min and stirred for 20 min
at the same temperature (in situ preparation of LiN‘(i—Pr)2 ).
The mixture was cooled to =78 ° with Dry Ice-acetone bath and
to the mixture wére added dropwise 2-methylcyclohexanone (35.4
ml, 0.3 mol) and trimethylchlorosilane (44.4 ml). Then the
mixture was allowed to warmbto room temperature and stirring
was continued for 30 min. The precipitated lithium chloride

was filteréd in dry nitrogen stream and the filtrate was evapo-
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rated under reduced pressure. The resultant residue was washed
with dry ether (2x20 ml) and filtered again. Excess ether was
evaporated under reduced pressure and the residue was distilled
in vacuo to give 2-methyl—l—trimethy1siloxy—cyciohexene k93 %,
b.p. 72-80°/20 torr).

General Informations for 1-2

Infrared spectra were recorded on Shimadzu IR-400. NMR spectra
were =axen on a Hitachi R-24B spectrometer or on a Japan Electron
Optics JNM-PS-100 spectrometer (using Me4Si as an internal stan-
dard in CCl4 solution). Mass spectra were obtained on a Hitachi
mass spectrometer Model RMU-6E. Elemental compositions were
determined by high-resolution mass spectra (for gaschromato-
graphically 100 % pure samples) which were measured using a
Hitachi RMU~-7M. GLC data were obtained with a Shimadzu GC-3BF
equipped with a flame ionization detecter. Unless otherwise
specified, the column used was a 3 mm X 3.8 m stainless steel
column packed with 5 % OV-1l on Uniport XS.

B-Diketones were prepared according to the procedure of C. R.
Hauser et al.3l except commeircially available acetyl acetone,
benzoyl acetone, and dibenzoyl ketone. |

Ex.

]
(CH,CO) ,0 |

v}

BDTA

BDTA: Borontrifluoride-

diacetic acid complex

Dimethyldicyanosilane was prepared from silver cyanide and
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dimethyldichlorosilane and stored in dichloromethane solution.

Preparation of Dimethyldicyanosilane

-

Dimeﬁhyiéichlorosilane(90g, 0.7 mol{vnu;placed in the bot#om
frask =z-d silver cyanide (389, 0.28 mol) in the cylindrical
filtex of the Soxhlet extracter, whichxﬁusflame—dfiedvunder a
dry nitrogen atomosphere prior to use. Then dimethyldichloro-
silanz was heated under reflux with an oil bath (120-140°) for
5 davy=. During the reaction, the upper part of the apparatus
was wrzpped with aluminium foil to protect silver cyanide from
light. After excess dimethyldichlorosilane .was recovered by
distillation, the resultant hot residue was quickly transfered
to a distillation apparatus having a wide-bore condenser.
Distillation under reduced pressure gave a colorless liquid

which immediately crystallized; yield: 13.1 g (85 %); m.p.
12 1

760 torr); IR(CH2C12) vCEN 2180 cm

85-87°(Lit. 80-83°); b.p. 108-109°/54 torr (Lit. 2165—170°/

1. NMR(CH,C1,) 6 0.73 (s).

Preparation of Trimethylcyanosilane

Trimethylchlorosilane (80 g, 0.8 mol) and silver cyanide (33 g,
0.25 mol, in the cyrindrical filter) were placed in the flame-
dried Soxhlet apparatus. Trimethylchlorosilane was heated under
reflux for 4 days. The apparatus was protected from light by a
cover of aluminium foil during the reaction. After removal of
excess triﬁethylchlorosilane by distillation, trimeéhylcyano~
silane was distilled; yield: 18.4 g (74 %); b.p. 114-117° (Lit.l>

b.p. 114-117°); IR(neat) v,. . 2200 cm T; NMR(CC1,) 6 0.37 (s).

CzN

Cyanosilylation of Monosilylated Acetyl Acetone in the Pre-

sence of Zinc Iodide

Unexpected contamination of isomer 3 was not reported by the
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other group. Monosilylated acetylaceﬁone (E+Z) 1 (20 mmol)
was treated with trimethylcyanosilaﬁe (22 mmol) in the pre-—
sence of catalytic amount of zinc iodide at 100°(bath tempera-
ture) for 2.5 hr. Then the reaction mixture was distilled in

vacuo to give a mixture of cyanosilylated products 2 (E+Z) and

N

—-—

3 in 83 % total vield (4.5 I 58.5-60.0°/0.2 torr). FEach
product was isolated by preparative GLC (a Varian Aerograph
Model 20~P using SF-96 at 180° (oven temp.)). NMR spectra of

the mixture was followingly analyzed. 0°2%GP'23

. { 11{*0.20
1.63 0.27 0.18

2 15 1.58 ® J"
166 (" 23T W3 (753482f]-35 i
. 4.08 2 76 43 i“lo al{©
® f

@ OA;
i

L
LA ' /L\JLU L
64ppm
OSiMe3 v 8
@ />§§y//f\\ IR: 1670 cm_l(VC=C): m/e 271 (M),
Me,Si0 CN 256, 229, 157, 147, 84, 75, 73, 45,
43.
Me ;Si0Q OSiMe,
O
CN
0 OsiMe,  TR: 1730 cm '(v,_o); m/e 184 (P-15),
s , 166, 157, 147, 115, 94, 75, 73, 69,
CN 47, 45, 43.
Me SiO OsiMe, IR: 1640 cm * (v Vog) i We 271 ()
o 256, 231, 157, 147, 115, 100, 75,
CN 73, 45, 43.
Anal. Calcd for C,,H,_0SiN: C, 53.14;

24725
H, 9.23; N, 5.17. Found: C, 53.26;

H, 8.97; N, 5.30.
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General Procedure for the Reaction of Dimethyldicyanosilane

with B-Diketones

A reaction apparatus employed is displayed in the following.
This agrcaratus can be used for reaction, evaporatlon of solvents,
and distillation without transfer of the reaction product and

the uses of this contributed to the elevation in yields.

For =Z==zction

Serum cap To a bubbler through
\jé a CaCl tube

Cry Ice—acetone bath
Magnetic stirrer —

For Evaporation E

= '
\/@57
> To an aspirator
o

@

ﬁ'

For Distillation

Thermometer '“\_/__e To an aspirator

Rubber cap or vacuum line

0il bath

Generally, to a magnetically stirred solution of dimethyldicyano-—
silane (1.32 g, 12 mmol) in methylene chlofide (3 ml), B-diketone
(10 mmol) (if necessary, dissolved in dichloromethane) with a hypo-
dermic syringe under dry nitrogen atomosphere at -50° (Dry Ice-
acetone bath). Stirring was continued till the temperaturerreached

to room temperature over a period of 1 hr. Then the solvent was
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evaporated under reduced pressure by aspirater in which alkaline
trap was attached. Vacuum distillation was undertaken using

the same reaction vessel, as well as reaction and evaporation,

to give six-membered ring products. Purity was checked by
HMR. Purification was effected by distillation or recrystali-
zation.

Gensral Procedures for a-Phenylseleno Ketones and Aldehydes:

Methcod A.

In 2 30 ml round bottomed flask fitted with a stirrer and a
dropping funnel were placed the enol silyl_ether (10 mmol)

and anhydrous ether (10 ml). The solution was cooled to -70°
with Dry Ice/acetone bath. Then phenylselenenyl bromide [ (10
mmol) ; prepared in situ from equimolar of bromine and diphenyl
diselenide,zsc in anhydrous ether (20 ml) was added slowly

(1 hr). The reddish brown color of phenylselenenyl bromide
immediately diminishes upon addition. After the addition was
completed, the reaction mixture was allowed to warm to room
temperature. Ether and trimethylbromosilane (b.p. 80°) were
removed under reduced pressure (20-0.5 torr). The resultant
oily product was crystallized by the addition of pentane.
Purification was achieved by recrystallization (pentane or
hexane) or distillation.

Method B.

After the addition of phenylselenenyl bromide was completed

as described above, the mixture was poured into 10 % aqueous
sodium hydrogen carbonate solution (50 ml). The aqueous phase
was extracted with ether (2 x20 ml) and the combined ethexr

extract was dried with sodium sulfate. After removal of the
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solvent, the residual oil was chromatographed on silica gel

(Merck 60 mesh 35-70) using benzene as eluent or distilled.

1-6 =Re=ferences and Notes
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dale, J. Org. Chem., 39, 914 (1974).

(16) See reference 9 in (15).
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(24)

(25)

(26)
(27)

(28)

The possibility that the initial. formation of doubly cyano-

silylated product (i) followed by dehydrocyanation might

~

. afford 4 is not precluded at the present stage.

™~
si””
O/ \O

CN CN

Tor example, the parent B-diketone of 5—cyano—l,l,3;5-
tetzamethyl—Z,6—dioxa—l—silacyclohex—B—ene was regenerated
cn treatment with methanol (2 ml for 4 mmol of 4) in 85 %
{r.t., 20hr).

The reaction of trimethylcyanosilane with one equivalent
of acetyl acetone gave the enol silyl ether 1 (E+Z) in

a high yield.
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ibid., 95, 6137 (1975); (e) D. L. J. Cliwve, J. C. S. Chen.,
Commum., 659 (1973).

H. J. Reich, J. Org. Chem., 39, 428 (1974).

Various methods for o-seleno ketones are sﬁmmqrized in

ref. 25c. Nucleophilic seleniun reagent RSe—Na+ is also
often used..

Reich has mentioned briefly that the reaction of enol silyl
ethers with PhSeBr may give o-seleno ketomes. (see foot-
note 46 in ref. 25a).‘ Neither details nor examples of.the
rezaction have, however, been published, to the best of ourv

knowledge.
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decompose to give diphenyl diselenide.

0 Heg , .
SePh H+ + _SePh + PhSeOH
[it]// - — PhééSePh
(30) Ainworth used THF for silylation of esters with LiN(i—Pr)z.
C. Ainworth and Y. -N. KuO, J. Org. Metal. Chem., 46, 59
(1972).
(31} <-L.. Mao, F. C. Frostick, Jr., E. H. Man, R. M. Manyik,
R. L. Wells, and C. R. Hauser, J. Org. Chem., ég, 1425

(1969) .
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Chapter 2 Cyclopropanation of Enol Silyl Ethers
2-1 Introduction

Cyclopropyl silyl ethers are potential precursors of
cyclopropanols.l In addition, cyclopropyl silyl ethers have
found a wide application in organic synthesis.2 Therefore,
the =stablishment of the convenient and general method for
the creparation of these compounds must be intrinsically
important and this ensures many synthetic applications still
undeveloped. On the basis of the establiéﬁedfmethod for the
synthesis of cyclopropyl silyl ethers in this chapter, a
variety of trials for developing new transformations of them
will be further referred in Chapter 4.

The most common and useful method for the preparation
of cyclopropyl silyl ethers must be cyclopropanation reaction
of enol silyl ethers with zinc ¢arbenoid reagents frequently
used for the synthesis of cyclopropanes from olefins. The
Simmons-Smith reaction developed by Simmons and Smith is the
representative zinc carbenoid reagent available for cyclopropane

synthesis.3

(1) Simmons-Smith reagent

+ CH2I2 + Zn(Cu) —m> szis'+ ZnI2

(2) Furukawa reagent

+ CH,I, + ZnEt, —— Z{jik + EtZnI

|
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This method has been known by having no side reaction which is
observed with free carbenes. The only by-product in this' reaction
is zing iodide(ZnIZ), which has been regarded as a substant of

no imccrtance or rather troublesome, since it océasionaliy

lowers the yields by initiating the polymerization of starting
olefins.

Diathylzincfhethylene iodide, called Furukawa reagent is
anoth=r- representative zinc carbenoid reagents.é’SThis modificated
methcs of Simmons-Smith reaction has various improved éspects:
higher yields, milder reaction conditions, ﬁlural solvents being
available, available for alkylidene transfeé without decrease
in yields, etc. Reactive species in this system seem to be
fairly different from those in the Simmons~-Smith reaction.

Usually ethylzinciodide (EtZnI) is supposed to be a by~-product of
this reaction.

Many reports on the cyclopropanation of enol ethers using
either zinc carbenoid reagent have been known up to now.6
In principle the reaction of enol silyl ethers may be considered
as analogous reaction of them. The purpose of this chaptexr
involves the establishment of the reaction conditions for
cyclopropyl silyl ethers, which can be expected as potential
intermediates in organic synthesis.

This chapter starts with the reinvestigtion of the.Simmons-
Smith reaction of cyclic enol ethers in which theireliability
as general method for cyclopropanation seems to have been

established by various previous works.
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2~2 The Simmons—-Smith Reaction of Enol Ethers

There have been many reports on the cyclopropanation of enol

ethers with the Simmons-Smith reagent.6 The cyclopropyl. ethers

obtaiz=& by this reaction can be converted to o-methyl ketones
by hyi:alysis,7 and such a transformation has been utilized in
the smthesis of steroids or terpens.8 The reliability of this

reactzza in a sense that it gives cyclopropyl ethers without

troutlz seems to have been established by these previous works.

RO

RO .
\ CHZIZ—Zn(Cu) H E
A —

Contrary to the general understanding so for accepted,

)

however, it has been found that the Simmons-Smith reaction of
cyclic enol ethers usually gives two types of products, i. e.,
cyclopropyl ethers and their allylic isomexrs. For example, the
Simmons-Smith reaction of l-ethoxycyclohexene uhder a certain
reaction conditions gave l-ethoxy-2-methylene-cyclohexane (3d)
besides én expected cyclopropanated product, l-ethoxybicyclo-

[4.1.0]heptane. (24d).

1

EtO ELO
' Z
+ CH,I, + Zn(Cu) —> +
| 2d 3d

—

EtO

1d

To my knowledge there has been almost no description of

the formation of non~cyclopropyl compounds in the literatﬁre
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previously reported and this led us .to reinvestigate the Simmons-
Smith reaction of enol ethers in detail.

As the representative<enoﬂethers, five and six membéred,
methoxy and ethoxy compounds(la-1d) were prepared for the present
systematic study.9 Three kinds of reaction conditions(a,B, and C)
were employed according to the concentration of reaction mixture,
for preliminary experiments showed the notable dependence of
product distribution on it. The differences in them are only

those in the amounts of the solvent used as indicated in the

following way.

110 ml: Conditions A
RO

+ CHZI2

iefiux/40hr
50 mmol 80 mmol 160 mmol 25 ml: Conditions C

S
7

- 10
1 o B
+ Zn(Cu) Et,0 // 40 ml: Conditions

Generally, to a suspension of zinc-copper couple (160 mmol):Ll

in anhydrous ether (reaction conditions A, 110 ml; reaction
conditons B; 40 ml; reaction conditions C; 25 ml) were added an

enol ether 1 (50 mmol) and methylene iodide (80 mmol) and then

the mixture was refluxed for 40 hr. The results are give in the
Table 1.
| : j
MeO | MeO | EtO EtO |
la 1b 1c 1d
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Table 1. The Simmons-Smith Reaction of Enol Ethers la-1d.

Enol Ether Conditions® ProductsP and Rel. g

Total

1 2 : 3 yvield€ (3)
OMe A OMe 99 OMe 1 73

SIS AR e A

1a c 29 71 62

O A OMe 98 OMe 2 72

74 ‘

83 17 59

1b C 2 98 66

OEt A OEt 86 "OEt 14 69
P

J e OF = @

l(_: C 4 96 .63

OEt A OEt 86 OEt 14 66
/

B 44 56 87

14 c 2 98 79

2Reaction conditions: enol ether, 50 mmol; methylene iodide,

80 mmol; Zn(Cu), 160 mmol; ether, 110 ml(a),
(C); ether reflux; 40 hr.
bDetermined by GLC. Cisolated yields.
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Formation of allylic etheré was. observed in all cases
studied (see the Table 1).12The results are reproducible.  The
assignment of the structure of allylic ethers (§) followév
cleariv from the spectral data, for example, l-methoxy-2-

methylene-cyclopentane 3a has following spectral properties: m/e

112 (7); i.r.(neat) 1650 cm * (vo_); N.M.R.(CCL,) § 4.95 (=CH,).
Tniz2r the reaction conditions A, the normal products 2
were c—=tained as major ones, whereas the allylic prodﬁcts,}

predcminated under the reaction conditions C. Thus, the selective
formation of allylic ethers 3 was performed:by merely adopting
the reaction conditions of the highest concentration.

The forming process of unusual isomers 3 was ascertained
to be resulted by the further isomerization of initially formed
cyclopropyl ethers 2. A time course study of the Simmons-Smith
reaction ofvl—ethoxycyclohexene (1d) was undertaken (the reaction
conditions employed fall in the range of ‘'standard' conditions).
As clearly shown in the next Figure 1, the allylic isomer 3d
was found to be obtained from the initially formed cyclopropyl
ether 2d. Zinc iodideé which was produced concomitantly (not
shown in Figure 1) with the consumption of zinc carbenoid
in this reaction system seemed to play an important .role for
the present cyclopropyl allylic isomerization. In fact, only
in the presence of zinc iodide, isolated cyclopropyl ethers
isomerized to allylic ethers in ether at 34°.

It seems important characteristic that one can obtain
each product selectively by merely changing the amounts of the

solvent.
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Figure 1. Time Course of the Simmons-Smith Reaction of 1d.

‘5100
1 k)

1
H

(%)

. P
50 ' ) 100
TIME (H)
Reaction conditions: 1d (80 mmol), zinc-copper couple
(160 mmol), methylene iodide (120 mmol), p-tolyl methyl
ether (160 mmol), diethyl ether (40 ml), ether reflux.
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2-3 Synthesis of Cyclopropyl Silyl Ethers by the Reaction of

Enol Silyl Ethers with Simmons-Smith Reagent

Fcr the purpose of developing general and convenient method
for the synthesis of cyclopropanols the Simmons-Smith reaction
of enol silyl ethers was first carried out by this and the

2a-24 )

others.

io i .+ ; HO
Me3s__,\ cHZIZ—Zn(Cu)Me3SlO ' or OH
. /——-— > A ? >A

Importance of the establishment of the procedure for the

cyclopropanation of enol silyl ethers is ascribed not only to
cyclopropanol synthesis but to versatile availability of
cyclopropyl silyl ethers as potential intermediates in organic
synthesis. Cyclopropyl silyl ethers are more stable both
chemically and thermally than corresponding cyclopropanols and
there exists nothing troublesome in dealing with.

It was made out that good purities of cyclopropyl silyl
ethers can be obtained through the Simmons-Smith reaction which
employed 'diluted' reaction conditions A. Results are shown
in the Table 2.

Table 2. The Simmons—-Smith Reaction of Enol Silyl Ethers 1

. .. a
under Reaction Conditions A.

. b ., c,d
Enol silyl ether Cyclopropyl ether Yield (p?r;ty )
1 2 2 %
Me3SiO Me3SiO
e | 76 (97)
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71 (92)

Me,Si 3510,
Me3Si N Slo
g Cj 80¢ (91)
£~ t-Bu

Me3810 SlO
h 6/ ﬁ/ 73 (100)
Me SlO Me SlO
@@ @ﬁ 65 (100)

OSlMe OSlMe
i @©/ 64 (99)

jod s

Me Si0 Me

k [:fij> <::ii{ 61 (100)
Me SlO Me SlO

1 Ph/\: Ph 43 ((100)
Me3SiO : Me Sl

of % 879 (100)
Me SlO Me SlO

nt é 3 789 (100)

Me SlO Me Sl

Qﬁ

5 589 (100)

See text. Isolated yield. “Determined by GILC.
Impurity was due to the corresponding allylic isomer.

A mixture of stereo isomers(l:l).fOne tenth reaction scale.

Q 0 o W

Yieild estimated from GLC.

-43-



The reactions were carried out-for 40 hr under ether
refluxing. Under these conditions, minor process involving

L oa L

isomerization cannot be entirely discounted in fhe case Qf
le, 12, 1g, and 1lj in the Table 2.
25 an improved method overcoming this difficulty, shortening
the rsaction time may be recommended. Namely, usually the
Simmcrs-Smith reaction of enol silyl ethers completed ﬁithiﬁ
20 hr, except for rare delayed cases because of occasional
inefficiency of the generation of zinc carbenoid species.
Contamination by isomerized allylic isomers has never
been detected in the case of runsvlbrlju 11, and 1lo even
under the 'concentrated' conditions, and therefore attentions
to reaction conditions need not be payed in these cases.

The established procedure summarized below offers the

general methods for the preparation of cyclopropyl silyl ethers.

Me3SiO
\\ Et20(110 Me _ Si0O

+ CH,T, + zn(Cu) ml) 3
reflux 20 hr

50 mmol 80 mmol 160mmol

-84~



2-4 Synthesis of Cyclopropyl Silyl Ethers by the Reaction

of Enol Silyl Ethers with Furukawa Reagent

AN

T

z=s referred in the Introduction of this chapter, reaction
speciss frdm diethylzinc and methylene iodide (Furukawa reagent)
seems zo be fairly different from those from Simmons-Smith
reagen=. A by-product of the reaction with this reagént can

be ter=tatively regarded as ethylzinciodide (EtZnI). While,
diethvizinc operates as divalent species to one equivalent of
methylene iodide, the use of diethylzinc smaller to one
equivalent of methylene iodide must bring the formation of zinc
iodide as a by-product. Moreover, the postulation of the
following equations between ethylzinciodide and zinc iodide has

been accepted so far.l3

EtZnl ——————==——r Zn12 + ZnEt2

All these strongly demonstrate the possibility of occurrence
of isomerization in this reaction system as well as that of
Simmons—-Smith reaction. This proved to be the case. 1In the
following is the results of l-trimethylsiloxycyclopentene with
diethylzinc-methylene iodide in benzene under several reaction
conditions in which only the amounts of diethylzinc were
differentiated while the others were unchanged. Interestingly,
these reactions always afforded three kinds of products, i. e.
cyclopropyl silyl ether, allyl silyl ether, and spiro—-type of
silyl ether. No doubt the formation of spiro ether is due fo

the cyclopropanation of allylic isomers. The obvious tendency
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that decrease in the amounts of diethylzinc used resulted in the
increase in the product molat ratio of allylic ether and spiro
ether was observed. This fact strongly demonstrated that the

isomerzzation to allylic ethers in this reaction'system may be

ascritb=2 to the formation of zinc iodide as a by—product.

~zble 3. molar ratio-dependent on Product Distribution.

. Me3Si Me 3510 Me3810
3nEt2(m mol) : (i:fﬁ (j:7<k

2e LES—~V_~;_}e
15 92 % 8 %
10 84 16
5 55 45

Peaction conditions: le (5 mmol), methylene jodide ({6 mnmol), -

benzene (3 ml), 20 °C, 20hr.

Nextly, changing the solvent (anisole, benzene, n-pantane,
or diethyl ether), the reaction of l-siloxycyclopentene with
Furukawa reagent was carried out. The employed reaction

conditions locates in the range of 'diluted' conditions. It is

Table 4. The Reaction of le with Diethylzinc-Methylene Iodide.?

Solvent Product Distribution (rel %)b Total Yield (2)P
2e 3e de
anisole . 48 48 4 78,
benzene 44 46 .10 - 75
n—pentane " 98 .2 0 ' 81
~ Et,0 ' 99 i 0 70

@Reaction conditions: le (5 mmol}, methjlene iodide {6 mmol),
diethylzinc (3.8 mmol), solvent (10 ml), 20 °C, 40 hr. i

bDetermined by GLC
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turned out from the result that the use of ether, or n-pentane
as a solvent is the most suitable for the selective preparation
of cyciopfopyl silyl eéhers, vhile the use of aromatic sgivent
brings a contamination of allylic ether and spiro ether (see
Table 4). And this led to the establishment of the reaction
conditions for the selective synthesis of cyclopropyl silyl
ethers using these solvents (n-pentane or diethyle ether).

Established conditions for five, six, or seven membered cyclo=

propyl silyl ethers are summarized in the next equation.

Me3SiO MeBSiO
n~C5H12(or Etzo), 10 ml
+ CH,I + ZnEt >
272 2 °

\\c £ 20°, 20 hr c

n 6 mmecl 3.8 mmol _ . n

n=3,4,5 purity 928-100 $

5 mmol

Vg i -

\Yield in n C5H12(Et20)
n=3 81 (70)
n=4 82 (78)
n=>5 75 (79)
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2-5 Experimental

General Informations.

Boiling poins are not corrected. Infrared spectra were recorded
on a Shimadzu IR-400 as neat liquids. NMR spectra (lOOIMHz) were
recorZ=d on a Japan Electron Optics JNM-PS-100 Spectrometer (us—
ing ¥=2,Si as an internal standard in CCl4 solution). Mass spectra

were cttained on a Hitachi mass spectrometer Model RMU-6E. Ele-

mental compositions were determined by high-resolution mass
spect-z (for gaschromatographically ~100 % pure samples) which

were measured using a Hitachi RMU-7M or by elemental analyses
which were performed by the analytical centér of this department.
GLC data wefe obtained with a Shimadzu GC-3BF equipped with a
flame ionization detecter. Unless otherwise specified, the
column used was a 3 mm X 3.8 m stainless steel column packed

with 5 % OV-1 on Uniport KS or 10 % SE-30 on Chromosorb W. The

X

purification of analytical samples in preparative scales was
made with a Varian Aerograph Model 90-P.

General Procedure 9£ the Simmons-Smith Reaction 9£ Enol Ethers

la-1d.

Enol ethers la-1ld were prepared by the method of Wohl. Diethyl
ether was dried with DRYNAPR(Na—Pb alloy, Wako Chem. Co.) and
distilled prior to use. Zinc-copper couple was made in situ by
the procedure of Rawson.

Zinc powder (10.4 g, 0.16 g—-atom) and cuprous chloride(l.60 g,

16 mmol) in anhydrous ether(A: 110 ml; B: 40 ml; C: 25 ml) was
stirred under reflux maintaining anhydrous conditions. After 2
hr an enol ether (0.05 mol) and methyleneriodide(21.4 g, 0.08

mol) were added successively, the mixture was heated at reflux
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was washed twice with 50ml of cold saturated ammonium

and the aqueous layer was extracted twice with two

20 mi portions of ether. Combined extract was washed with cold

saturated sodium bicarbonate solution (50 ml), then with cold

water (2x50 ml). The ether extract was dried over magnesium

LI -
/

sulfz=-= and the solvent wag removed at reduced pressure, then

the ==szidual oil was distilled. When necessary, pure samples

—

were cbtained by preparative GLC.

Spectral data for cyclopropyl ethers. 2a: b.p. 74°C/114 mm;

-1
IR 3020 cm ~; NMR § 0.50(d4-4, 1iH), 0.70(d-d, 1H), 0.90-2.10 (m,

7H), 3.25(s, 3H); MS m/e 112(m’). (Found: m' m/e 112.0889.

Calc. for C7H120: 112.0887).
1

2b: b.p. 104°C/134 mm; IR 3030 cm ~; NMR 8 0.03(d-d, 1H), 0.17
(@-a, 1H), 0.50-2.30(m, 9H), 3.12(s, 3H); MS m/e 126(m').

(Found: C, 75.96; H, 11.48. Calc. for C8H14O: C, 76.14; H, 11.18)

2¢c: b.p. 74-75°C/75 mm; IR 3020 cm *; NMR 8 0.45(d-d, 1H), 0.70

(d-d, 1H), 0.90-2.10(m, 7H), 1.12(t, 3H), 3.45(g, 2H); MS m/e
+ +
126 (m ). (Found: m m/e 126.1014. Calc. for C8H140: 126.1043) .
2d: b.p. 59°C/18 mm; IR 3030 cm-l; NMR 6§ 0.14(d-d, 1H), 0.75
(a-4, }H), 0.75-2.20(m, 9H), 1.19(t, 3B), 3.39(g, 2H); MS m/e
140 +
{m ). (Found: C, 76.96; H, 11.61. Calc. for_CngGO: C,

77.09; H, 11.43 ).
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Spectral data for allylic ethers. %E: b.p. 104°C/134 mm; IR

1650 e Y: NMR 6 0.90-2.45(m, 6H), 3.24(s, 3H), 3.65-3.85(c, 1H),

7

4.95{(s, 2H);:MS m/e llZ(m*). {Found: m% m/e 112.0877. -Calc.

for C.H,,0: 112.0886) .

3b: b.p. 72-73°C/43 mm; IR 1660 cm ~; NMR § 1.20-2.30(m, 8H),
o _ + o v
3.15(s, 3H), 3.50(c, 1H), 4.72(s, 2H); MS m/e 126(m ).
(Found: C, 76.26; H, 11.49. Calc. for Cghy,0: C, 76.14; H, 11.18).
3¢: b.p. 53-54°C/28 mm; IR 1650 cm +; NMR § 1.15(t, 3H), 1.40-
2.55 =, 6H), 3.28(d-g, 2H), 3.85(c, 1H), 4.90(s, 2H); MS m/e
126(m’). (Found: m' m/e 126.1034. Calc. for CgH;,0: 126.1043).
3d: b.p. 87-88°C/ 73 mm; IR 1658 cm T; NMR 8 0.90-2.55(m, 8H),
1.15(t, 3H), 3.32(d—g, 2H), 3.60(c, 1H), 4.72(s, 2H); MS m/e

140 (m"). (Found: C, 76.72; H, 11.19. calc. for C,H, O: C, 77.09;

9716
H, 11.43).

‘A Time Course of the Simmons-Smith Reaction of 1-Ethoxycyclo-

hexene (1d).

To a stirred suspension of zinc~copper couple(10.4 g, 0.16 g-
atom) in anhydrous ether (40 ml) were added 1d(10.24 g, 0.08 mol)
and p-tollyl methyl ether(19.52 g, 0.16 mol) to serve as éhe in-
ternal standard.

Methylene iodide(32.16 g, 0.12 mol) was added to the mixture

'and then the mixture was heated at reflux. A small‘éliquot of
the mixture was withdrawn occasionally by a syringe, treated

with cold saturated ammonium chloride solution, and analyzed'by

e

GLC (10 % PEG 20M on Chromosorb W, 3 mm % 3m). The results are

shown in the Figure 1.
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Synthesis of Cyclopropyl Silyl Etners by Simmons-Smith Reaction.

The procadure is the same as the Simmons—Smith reaction of enol
ethers under the reaction conditions A (;diluted'). Ziné powder
(10.4 z, 0.16 g-atom) and cuprous éhloride (1L.60 g, 16 mmol) in
anhydrous ether (110 ml) was stirred under'reflux for 2 hr. Then
an er=l silyl ether (0.05 mol) and methylene iodide (21.4 g, 0.08
mol) ==re added dropwise. The reflux was continued for 40 hr.

The c=sled mixture was filtered and the filtrate was washed with

cold saturated ammonium chloride solution (2x50 ml), cold satu—

7,

rated sodium bicarbonate (50 ml), and water (2x50 ml). The
combined extact was dried over magnesium sulfate. After removal'
of the solvent, the residue was distilled in vacuo to give

cyclopropyl silyl ether 2.

The Reaction of l-Trimethylsiloxycyclopentene (le) with Diethyl-

zinc-Methylene Iodide in Benzene. — Molar Ratio Dependence on

Product Distribution.

The reaction was carried out in a round bottom 30 ml flask
equipped with a magnetic stirrer, reflux condenser with calcium
chloride drying tube, gas-inlet with 3-way coék under N, atom.
To the stirred solution of l-trimethylsiloxycyclopentene (le)
(0.78 g, 5 mmol) and dry benzene (3 ml) was added diethylzinc

(5, 10, 15 mmol) by the use of hypodermic syringe in dry nitrogen
stream. Then, methylene iodide (1.61 g, 6 mmol) was added drop-
wise with hypodermic syringe through 3-way cock at room temper-—
ature” (caution to exotherm!). Stirring was continued fbr 20 hr.
Then the mixture was treated with NH4C1, NaHCOB, and HZO' énd
dried over magnesium sulfate. After evaporation, the residualr

oil was analyzed by GLC (OV-1, 100°).
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The Reaction of l1-Trimethylsiloxycyclopentene (le) with

Diethylzinc~Methylene Iodide.

To a stirred solution of le (0.78 g, 5 mmol) and diethy;iinc
(0.38 ml1, 3.8 mmol) in 10 ml of solvent (arisole, benzene, n-
pentane, or ether) was added methylene iodide ( 1.61 g, 6 mmol)
dropwise (caution to exothermic!). The mixture was stirred at
20° for 40 hr. Then the mixture was washed with cold saturated
ammonium chloride (2x5 ml), cold saturated sodium bicarbonate

(5 mi}, and water (2x5 ml). Combined ether extract was dried

over magnesium sulfate and distilled uﬁder_reduced pressure.
Products were identified by GLC(10 % SE-30 on Chromosorb W)

with authentic samples. Product distribution and yields were
also determined by GLC using n—-dodecane as an internal standard.

Synthesis of Cyclopropyl Silyl Ethers by the Reaction of Enol

Silyl Ethers with Diethylzinc-Methylene Iodide in n-Pentane or

Ether:

General Procedure.

Methylene iodide (l1.61 g. 6 mmol) was added dropwise during
about 20 min to a stirred mixture of enol silyl ether (2) (5
mmol), diethylzinc (0.38 ml, 3.8 mmol), and solvent (n-pentane
or ether, 10 ml) at room temperature. After stirring for 20 hr
at room temperature, the reaction mixture was worked up in the
usual manner. Yields and purity was determined by GLC(OV-1),

comparing with the authentic samples.



Spectral Data of Cyclopropyl Silyl Ethers 2e-20.

2e: bggg_égoc(l3 mm;% ir 30367;m—l, NMR(CC1,) 0.09(s, 9H), 0.33-
2.05(c, 9H); MS m/e 170 (M'). ' '

Anal. Zalcd for CngBOSi: C,63.46; H,10.65. Found: C,63.59; H,
10.99.

2£: b270-71°C(24 mm); ir 3030 cm ': NMR(CCl,) § 0.07(s, 9H), 0.00-
0.26(c, 3H); MS m/e 184 (M').

Anal. Calcd for ClOHZOOSi: c,65.15; H, 10.94. Found: C,65.39; H,

11.14.
2g: bp‘120—123°C(17mm»; ir 3040 cm—l; NMR(CC14) § 0.06(s, 9H),
0.00-2.40(c, s, 0.79, s, 0.81, 19H); MS m/e 240 (M').

Anal. Calecd for ClSHZSOSi: C,69.93;H,11.74. Found: C,69.96; H,

11.83.
2h: bp72-75°C(7 mm) ir 3040 cm T; NMR(CC1l,) 6§ 0.09(s, 9H),0.35
(s, 2H), 0.85-2.10(c, 11H); MS m/e 198 (M').

Anal. Calcd for CllHZZOSi: C,66.60; H,11.18. Found: C,66.12; H,

11.40.

2i: bp 139-143°C(lémm); ir 3061, 3027 cm—l; NMR(CCl4) § 0.09
(s, 9H), 0.75-1.23(c, 2H), 1.46-2.79(c, 5H), 6.74—7.68(c, 4H) ;
MS m/e 232 (M7).

Anal. Calcd for Cl4H2008i: c, 72.35; H, 8.67. Found: C,72.40;

H,8.84. ,
Ej‘ bp 82-86°C (0.2 mm)

5 ir 3020, 3050 cm T; NMR(CCl,) & 0.13 (s,
9H), 0.97-1.27 (c, 2H), 1.77-2.74 (c, SH), 6.76~7.15 (c, 4H); MS
m/e 232 (M').

Anal. Calcd for Cl4HZOOSi: c,72.35; H,8.57. Found: C,72.29; H,

8.83.
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2k: bp97-99°C (16 nmqﬁir 3020 cm—l; NMR(CC1,) & 0.10 (s, 9H), 0.15-

2.45 (c, 13H); MS m/e 198 (M').

Anal. Calcd for CllHZZOSi: c,66.60; H,11.18. Found: C,66.87; H(

11.39. |
21: bp ggigsoc(lonmJ; NMR(CCl,) 8 0.02 (s, 9H), 0.86-1.09(c, 6H),
7.2 (c, 3=); MS m/e 206 (M').
Anal. Calcd for C;;H;g0Si: C,69.84; H,8.79. Found: C,69.80 ;
H,8.58. | i
2m: bp63~65°C(13mm$ ir 3020 cm—l; NMR(CC145 § 0.08 (s, 9H),
0.24-0.64 (m, 2H), 0.88-1.88 (c, 8H), 2.94-3.08 (d-d, 1H); MS
m/e 184 (M+).
High-Resolution MS. Calcd for ClOHZOOSi: 184.1282. Found:
184.1269.
2n: bp74°c(i4 mm)%ir 3020 cm—l; NMR(CC14) § 0.12 (s, 9H), 0.28-~
0.60 (c, 2H), 1.33 (s, 3H), 1.30-2.04 (c, 8H); MS m/e 198 (M').
High-Resolution MS. Calcd for CllHZZOSi: 198.1438. Found:

198.1421.
20 : bp93-95°C (23 mm); ir 3100 cm '; NMR(CCl,) § 0.10 (s, 9H),

0.15-0.42 (m, 2H), 1.05 (c, 4H), 1.40 (c, 41H), 2.92 (a-d, 1H);

MS m/e 198 (M').
High-Resolution MS. Calcd for Cllezosi: 198.1438. Found:

198.1427.
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Chapter 3 Cyclopropyl to Allylic Isomerization in the
Reaction of Enol Silyl Ethers with Zinc Carbenoid

Reagents
3-1 ZIztroduction

To my‘knowledge, in the reaction of olefins with ziné
carbencid reagents, few cases affording noncyclopropyl compounds
has Lt==2 known. .Restricted examples of those are found in
the S:zmons-Smith reaction of aceﬁylenenicicompounds, of which

typical examples are shown in the following;

OMe MeO __ﬂ//
CH212 n

- ZnIz
MeO = Et > —_>
l ref. (1)

CH,I,-Zn Y/
> R N

ref. (2)

The formation and partial isomerization of 1,1,2,2-tetra-
methoxy—-cyclopropane by the reaction of bis(iodomethyl) zinc
with tetramethoxy-ethylene, specially designed olefin, has been

reported by Hoffman and coworkers.3

OMe MeO OMe *
\.___/ (ICH,) 5% + ) OMe
/ ~ MeO :
Me \\OMe . © 7

M 0] OMe MeO k OMe

Zinc iodide promoted isomerization of highly strained
compounds carried out in a discriminated system has been réported

in some cases.

-57—-



] +
ref. (4)
Ph
ZnIs Ph
i D
D ref. (5)
D
ZnI2
—_—
P g
i zref. (6)

Most cases of these examples were accompanied with a good
many amounts of deduction of strain energy, for.example, even
the isomerization of bicyclo[2.l1.0]lpentane to cyclopentene
results in the 47 kcal /mol of strain release.7

The zinc iodide promoted cyclopropyl to allylic isomeriza-
tion reaction refered in the prerious chapter may be discerned
from above mentioned examples by two aspects: the isomerization
is accompanied with relatively low strain release; when enol-
silyl ethers were employed in place of enol ethers, the present

in situ isomerization is directly combined with the ‘synthetic

applications by subsequent desilylation.

3 . . HO

Me3810 Me3810 . :
+ ZnI, —_— (/br S .

{ .
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In this chapter, is dealt with cyclopropyl to allylic
isomerization in the Simmons-Smith féaction of enol silyl ethers
in det=zil. One pot synthesis of 4-siloxy-spiroalkanes from the
reactizcn of enol silyl ethers and Furukawa reagent is also

descriked.

3-2 <vzlopropyl to Allylic Isomerization in the Simmons-Smith

FTeaction of Enol Silyl Ethers.

Isomerization observed in the Simmons-Smith reaction of
enol ethers (see Chapter 2) was more notably found in that of
enol silyl ethers. The results of the Simmons-Smith reaction
of enol silyl ethers under a variety of reactidn conditions
are summarized in the Table 1.
All procedures gave reproducible results and worked well
on larger (fourfold) and smaller (one fifth) reaction scales.
In most cases under these 'standard' or 'concentrated' conditions,
the Simmons-Smith reaction of 1 gave no trace of s?iro compounds
4, which would be resulted from further cyclopropanation of

allylic isomers.

Me3si'o Me,Si0 Me,Si0 . ) Me,SiO

1f 2f 3f7 4f

The 'standard' conditions B gave exclusively noncyclopropyl
ethers 3, in the reactions of le, 1f, and %g. The reaction of

l-trimethylsiloxy-3,4-benzocyclohexene (1lj) or l-trimethylsiloxy-
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Table 1. The Simmons-Smith Reaction of Enol Silyl Ethers.

Enol Ether Conditions? Products

b

-

and Rel. g Total_
Lz 2 3 yield® (%)
7,¢M 3 0SiMes OsiMe,
fﬁ 7 <fj7 0 100 71
CSidMey osiMe3 ' 0Sile,
Yy
! [jif 0o 100 - 68
1f )
OSlMe3 OSlMeB_ OSlMe3
[;;j 0 100 714
1g
OSiMe, QE;MeB
[i:j/ 100 78
1h 100 70
OSlMe 'OSiMe3
Y 100 63
OSlNe SJ.Me3 OS:LMe3
82 ()
' 18 66
52 -
ket 56
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OSiMe

0SiMe OSiMe _
/AEQ 3 /’] 3 , 3
' B 99 » 1 77
1x C 16 : 84 65'
- B3 . , :
c 0 100 . . 50
___FSiley 0SiMe :
== B . A< 3 100 40
Ph - ‘ .
1 c Fh 100 o1
/951M63 SlMe3 o
B 99 1 73
C ’ 30 3m=3f 20 . —138
£ cnd 15 85 80e
1m ]
\\/081Me3 \\/051Me3 081Me3
a'9 99 1 65
B 97 3 goe
£ gt 91 9 g2°%
In ’
— c 25 75 77
li (=
C 8 92 66

OsiMe, 3 _
B 100 66
i e

0OSiMe

c 100 86

aSee text.
otherwise
estimated

In 5.5 ml
ﬁf in 2.0
21 1l of

bDetermined by GLC. cBy isolation and weighing.unless

noted. 9A mixture of stereo isomers(l:1). Yield

from GLC. One tenth reaction scale. YFor 5 mmol of

of ether.'For 5 mmol of.ln 3.2 ml of ether. <IFor 5 mmol
ml of ether was used. JFor 5mmol of lm 0.5 ml of ether.
ether was used for 50 mmol of 1lk.
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cycloheptene.(_l_]_;)8 also gave the corresponding allylic ether
3k or %j respectively, in addition £o cyclopropyl silyl ethers.
In these cases, however, the& Predominant formatﬁon of .each
allylic ether required 'more concentrated’ coﬁditions-

High d&z=perdence of concentrétioh upon product distribution

(the =sre the conditions became concentrated, the more allylic
isoma=s were obtained) was well understood by fhe resultsAéf
trime::glsilokymethy1enecyclopentane (lm) . The conditions Cﬁ
in this case are the most concentrated ones which afforded
products Without decrease in yields.9

The structure of éj was determined by NMR (NOE meaLs1.13:'eme'r1‘L:).l0

Irradiation at H in Fig 1 showed 17 % area increase of Hy -

This confirmed the position of exomethylene group of 37j.

Fig.1l . 2 The NMR spectrum of allylic product 32,
H H
Ha c
OSiMe3
3]
a4
Hy He

UL I



The present isomerization reactlon involes the cleavage of
cyclopropane ring and consecutlve 1,2-migration of hydrogen.
The corresponding 1l,2-migration of methyl group, however,. could

not be achieved so far. For example, in the system of the

Simmons-Smith reaction of l-trimethylsiloxy-2-methylcyclohex—

l-ene {10}, 1,2-methyl migration has not been observed at all
even tnder 'concentrated' conditions C. The definite example
of skelstal rearrangement accompanying 1,2-migration of carbon

in ths Simmons-Smith reaction of 1lm or 1ln. These compounds
give rise to strained spirol4,2]lheptane adducts (2m and 2n)

as initial products.

Me ,Si0 Me S].O

3
H MeSiO R
+ ZnI, —> (___,
R=H :

e ZnI2 +

Me_ Si0O

3 SJ.O M
Mo R=Me
+ 2nl, —H> A

The most 'concentrated' conditions (C' or C") vielded

RN

ring expanded allylic isomer 3m or 3n as major product. The
unusual product 31 or 3m may be formed by the cleavage of
cyclopropane ring of 2m or 2n by zinc iodide followéd'by ring
expansion with 1,2-migration of the carbon skeleton.

The Simmons-Smith reaction of trimethylsiloxymethylene—
cyclohexane gave nothing but normally expected spirol[5,2]-
octane adduct, even when ‘concentrated® conditions wvere adobted.
This suggests that the strain release from spiro[4,21heptane

system to methylenecyclohexane system may be the essential
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driving force in the isomerization of 2m or 2n.

- Strain release may be é;sentiai factor for the perfo;mance
of the present isomerization accompanied with either H migration
or C migration.ll

Cbservations from these above results were briefly

summarized as follows:

-
e

1} Usually two kinds of products are obtained.

{2} Product ratios are highly dependent on the concentration
of the reaction mixture.

(3) Selective synthesis of each product-is possible by (g).

(4) Strain release to some extent is inéispensable for the
present isomerization.

(5) Isomerizations with both H-migration and C-migration
occurr (the latter requires more strain releése).

(6) RO-group plays an important role for isomerization
(siloxy group is the most suitable for it).

(7) In this isomerization, sterically less hindered expheral

12
C—-C bond of cyclopropanes cleaves in selective manner.

100
[¢]

N

PERCENT DISTRIBUTION OF 3n
3
©
i

PO —— —0-

1 2 3 4 5 6 7 8 9 10 11

BMOUNTS OF ETHER, ML (for 5 mmol of in) -

Figure 2. The Simmons-Smith Reaction of 1ln in Several
Concentrations.
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3-3 Reaction Path for Allylic Ethers

Zinc jodide often causes the heterolytic cleavage of RO-C
bond b» the abstraction of RO anion to form carbocation.-1
The anzliogous role of zinc iodide in the present'isomeriéation
was cl=2arly precluded.by the structural determination of the
isomerizad product §j from 3,4~benzo-derivative of bicyclo[4.l.0]—

l-trizezhylsiloxyheptane 2j (no rearrangement of siloxy group) .

-l or

B ' . -
LA ‘ o
P ZnI2 + ¢4&)Z§Iz —ZnIz
—_— — 2

The role of zinc iodide in the present reaction is to promote
isomerization of with 1,2-migration.
The author proposes the ionic reaction path which well accounts

for both isomerizations with H-migration and C-migration.

RO RO ROn
+ - - 7
Znt Znl
ﬁi 2 Znl, 2, (eq 1)
2
Me,SiQO 7 S Me . Si 4
3 R e3510¢ R Me,Si0 ./
Znioy Zl').]:2 ~ZnlI,H .
7 ' — (eq 2)

e
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Compared with the results for the siloxyalkenes, alkoxy-=.-
alkenes showed a reluctant £endencyita isomerize. The re;ative
yields cf 3 which may approximate the relative facility of the
cyclcoropyl ethers to isomerize, were in the order; MeO- EtO-
Me3SiC— . For example, under the same reaction conditions B,
the methoxy compound lb gave 17 % of the allylic isomer 3b, the
ethoxr compound 1ld gave 56 % of the allylic isomef 3d and the
trimezhvisiloxy compound 1lf gave exclusively the allylic isomer
3f. The differences observed in reactivities may be accounted
for by the different abilities of RO groups-to.stabilize the
positive charge in the transition state leading to 5. The
recently provocated B-effect of silicon well explains the most
facile isomerization in the case of siloxy compounds.14

The results of methyl substituted substrate 1ln showed that
the formation of allylic isomer 3n was easier than that of 3m.
The observed enhancement of rearrangement by the methyl group
may be explained by assuming an above ionic intermediate 6.

The failure of ring expansion to methylenecycloheptane derivative
in case of 1l may be due to the lack of sufficient strain, as
well as the case of 10.12

Fig. 2 (p:64)shows'relation between product distribution of
the Simmons-Smith reaction of 1n and the amounts of;the solvent
used. Remarkable change in product distribution was observed
near the point of 3 ml. It seems likely that some interaction
beﬁween zinc iodide and cyclopropyl ethers under concentrated
conditions, which ensures the subsequeht isomerization. Namely,

when coordination sites of zinc iodide are fully occupied by

the solwvent ether as under the diluted conditions, further
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isomerization may be difficult to take. place, and under higher
concentrated conditions cyclopropyl ethers placed by diethyl
ether on the coordination sites of zinc iodide may result in the
isomerization to allylic isomers. The’notéble:effect“rééultant
from ths concentration seems not to be interpretted simply in
terms of reaction rate.

Curiously, the Simmons-Smith reaction of the trimethylsilyl
ether =f a-tetralone enolate gave no trace of isomerized product.
Thougnh it seems rather hard to account for this, the resistance
to isomerization in this case may be attribgted to the steric
repulsion between bulky trimethylsilyl group and perihydrogen,
which may cause the prohibition of required inversion of carbon
linked with trimethylsiloxy group (seé 7).

Me 3Si\
H O

+ -
ZnI2

7

The cleavage of cyclopropane ring took place at the C-C
bond between carbon atom having RO group and methylene carbon.
Both the favorable attack of zinc iodide at less hindered site
and the formation of more stable carbanion having a bonding
character with zinc iodide may be consisted with this selectivi-
ty.

In recent years metal promoted isomerization of highly
strained compounds meets much interest and in them several
examples of isomerization by zinc iodide have been reported.15

As compared with these examples, the present isomerization

proceeded with relatively small strain release. For example,
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transformation of bicyclo[4.1.0]lheptyl system to methylenecyclo-
hexyl system results in the release of ca. 25 kcal/mol of -strain,

which locates in the smallest class./ 16

3-4 One-Pot-Conversion of 1-Siloxycycloalkene to 4-Siloxy-

Spiro[n,2]alkanes with Diethylzinc-Methylene Iodide

It was dealt with in Chapter 2 that cyclopropanation of 1
with the Simmons-Smith reagent (CHZIZ—Zn(Cui) gave 2. It was
also dealt with in the previous section that the usual product
3 was obtained when a smaller amount  of the solvent (Etéo) was
used for this reaction. The exomethylene compound 3 has been

ascertained to be formed through the isomerization of 2 by zinc

MeSi0 Me,Si0 Me;Si0 Me,Si0
1f 2f 3f 4f

P— ——-
—— Ramad

iodide which is generated during the course of the Simmons-—
Smith reaction. Notably, under the reaction conditions to give
3, no trace of a spiro-ether 4 which could arise by further
cyclopropanation of the C=C bond of 3 has been obtained.
Several attempts for the selective synthesis of spiro-ethers of
the type 4 directly from 1 using Simmons-Smith reaction have
never met with satisfactory results.17

In this section are described the one-pot-synthesis of

spiro-ethers of the type 4 by the reaction of enol silyl
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ethers 1 with diethylzinc—methylene ioaide.l8 Results are shown
in Scheme . The present spiio—ethef~synthesis is remarkable in
the sense ‘that the three seqﬁential.keactionsgg~?g, g—ég,_and
3-—+4) tzke place in the same reaction vessel to give the. desired
spirco—-ethers 4 exclusively.

For the selective synthesis of spiro-ethers, it is important

to uss z2n aromatic solvent (benzene or anisole) in a smallerxr

amount relative to the substrates as in the ratio shown in

Schem= ({ssze Section 3 in Chapter 2). When the reaction was
carried out using a relatively large amount -of benzene, a mixture
of three products were obtained because of slower and incomplete
conversion of 2 to 3. For example, the reaction of 1 (3.3 mmol)
with ZnEt2 (2.5 mmol) and CH212 (3.7 mmol) in benzene (10 ml, a

largexr amount) at 20° for 24 hr gave a mixture of 2 (20 %), 3

(74%) , and 4 (6%).

Scheme. One-Pot~Synthesis of 4-—Siloxyspivro{n,2]alkanes by the Reaction
of Enol Silyl Ethers with Diethylzinc and Methylene Iodide.

Me;Si0 ' ’ Me

3SiO
(1) ZnEt2(10 mmol) , CHZIZ(lO mmol) ,
benzene (2 ml), 20°, 20 hr ~
7
(2) CH212(8 mmol) , 20°, 2 hx ‘ 66 % ‘
- (5 mmol) 4f (purity 98 3)
MeBSiO Me3si0-
>
71 %19
.4g (purity 98 %)
MeBSiO ,' . . : MeSSiO
) >

63 5 -~ .
de (puxity 99 %)
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Zinc iodide may play an important'role for cyclopropyl-
allylic isomerization in the.presenfhsystem as well as in'the
case ¢of Simmons~-Smith reaction.

Spiro-ethers thus obtained directly from enol silyl ethers
can bs easily converted to corresponding spiroalkanols or spiro-
alkancnes. For example, treatment of the spiro-ether é”with
0.1N-¥aCH/MeOH gave spirol[5,2]octan-4-ol (7) in 94 % yield,
wherezs pyridinium chlorochromate/CHZClsy)gave spiro[5,2]octan-
4-one (8) in 76 % yield. Since the enol silyl ether 1 can be
prepared in high yield from cyclohexanone, the present reaction
provides an efficient method for the conversion of the cyclo-
hexanone to 7 or 8. Multistep and low overall yield syntheses
of 121 or §?2 have been reported. For example, Crandall and

Seidewand prepared spiroalkanone 8 via three steps from 2-

carboethoxycyclohexanone (9 % overall yield).
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3-5 Synthetic Aspects of the Reaction of Enol Silyl Ethers

with Zinc Carbenoid Reaéents

¥Much interest has been directed to the properties of cyclo-
propancls,23 Cyclopropyl silyl ethers whose synthesis was
established in the previous chapter, can be quite easily converted
to ccrrasponding cyclopropanols in quantitative yields upon

24 This method is of value

treatment with O.IN?NaOH in MeOH.
especially for the synthesis of 1—hydroxytn.l.0]alkanes, which
are an unique class of cyclopropanocls having a hydroxy group at
bridgehead carbon and have been rather inaccesible.

The establishment of the reaction conditions for selective
formation of allyl silyl ethers provides a new excellent route
to 2-methylene-cycloalkanols by subsequent hydrolysis. Such
structures are frequently found in the structural units of
terpenoids. Previous methods affording them via several steps
from corresponding ketones are not somewhat satisfying.zl’22

4"Siloxyspiro[n{Z]alkanes selectively obtained in the
reaction system of enol silyl ethers and Furukawa reagent can
be converted to 4-hydroxyspiroalkanes quantitatively by the
same procedure of hydrolysis. Moreover, it should be noted
that this can be also converted to 4—spiro[n42]alkaﬁones by
direct oxidation With pyridinium chlorochromate. This trans-—
formation clearly shows the novel efficient method for a,a'-
ethylenation of cyclic ketones.

Above three transformations performed in the reaction '

system of enol silyl ethers with zinc carbenoid reagents
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operate as excellent routes to combine all these valuable

products with ketones. ' )

Me,Si0

HO |
3 .
-Jd—d

Me.,SiO HO |

3 |
/—__—-_——~9 %
z

0 Me3SiO MeBSiO - HO
O— 00—
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3-6 Experimental:

The Simmons-Smith Reaction of Enol Silyl Ethers under Reaction

Conditions B or C.

The same procedure as the reaction of enol ethers, which was

indiczated in the Chapter 2 was employed.

3e: b.5. 60-61°C/18 mm; IR 1665 cm ~; NMR & 0.04(s, 9H), 1.34-

2.47(c, 5H), 4.11-4.47(c, 1H), 4.72-5.41(c, 2H); MS m/e 170 (m’).
(Found: C, 63.16; H, 10.84. Calc. for CgH,gOSi: C, 63.46; H, 10.65).
3f: b.p. 60-65°C/10 mm; IR 1660 cm 1; NMR & 0.09(s, 9H), 0.97-
2.74(m, 8H), 3.86-4.19(c, 1H), 4.62(s, 1H), 4.75(s, 1H); MS m/e
184(m"). (Found: C, 64.87; H, 10.65. Calc. for C,,H, 0Si: C,
65.15; H, 10.94).
39;.obtainéd as 1:1 mixture of stereo isomers: b.p. 108-115°C
/6 mm; TR 1655 cm™l; NMR 8 0.06(s, 9H), 0.88(s, 9H), D.98-2.19
(m, 7H), 4.11(c, 1H), 4.62(c, 1H), 4.80 (c, 1H); MS m/e 240(m’).

(Found: C, 69.82; H, 11.85. Calc. for C,,H,_0Si: C, 69.93, H,

13%26

11.74) . A

3j: b.p. 82-83°C/0.35 mm; IR 1630 cm ~; NMR & 0.09(s, 9H),
1.70-3.14(m, 4H), 4.40(m, '1H), 5.16(s, 1H), 5.42(s, 1H), 6.70-
7.20(c, 3H), 7.36-7.58(c, 1H); MS m/e 232(m'). (Found: m' m/e
232,1293. Calc. for C ,H,,0Si: 232.1282).

3k: b.p. 74-78°C/10 mm; IR 1650 cm '; NMR & 0.07(s, 9H), 1.00-
2.45(m, 10H), 4.10-4.35(c, 1H), 4.20-5.00(c, 2H); MS m/e 198 (m*).
(Found: mt m/e 198.1450. Calc. for CllHZZOSi: 198.1438).

3n: b.p. 76°C/14 mm; IR 1642 cm ©; NMR § 0.09(s, 9H), 1.35

(s, 3H), 1.55(c, 8H), 4.10-4.35(c, 1H), 4.76(c, 1H); MS m/e

198(m'). (Found: m' m/e 198.1466. Calc. for C,,H,,051:198.1438).
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One-Pot~-Procedure for 4-Trimethylsiloxyspirol5,2]octane (4):

A Typical Procedure.

Under a dry nitrogen atomosphere, to a stirred solution,ef 1-
trimethylsiloxy-cyclohexene (1) (0.85 g, 5 mmol), diethylzine
(1.0 mi, 10 mmol), and dry benzene (2 ml) was added methylene
iodide (2.68 g, 10 mmol) during 20 min at 20°C. After stirring
for 20 hr, and additional methylene iodide (2.14 g, 8 mmol)

was added in one portion (slightly exothermic, temperature
reackzad to 40°) for the completion of the reaction. Then the
mixture was stirred for an additional 2 hr,. diluted with diethyl
ether (20 ml) and poured into cold saturated aqg NH4Cl (50 ml).
The aqueous layer was extracted twice with diethyl ether (2x10
ml). The combined ether extract was washed with ag NaHCO., and

3

water and dried over MgSO After removal of the solvent, the

4°
residue was distilled to give 0.65 g (66 %) of 4-trimethylsiloxy-
spiro[5,2]octane, bp 83-85° (20 mm).

Spectral Data of Spiro Ethers 4.

Bp(°/torr) IR(neat) NMR(CC14)6 Mass * High Res. Mass™~*

m/e Found (Calcd)
0.04(s,9H) 184(M™)
_ - 0.0-0.86 169 (P-15) C.H..0Si
1 32981.5 3055 (m,47) 156 (p—C_11,) oty
1.14-2.12 141 - % 169.1017
(m,6H) 75 -
3.63(d-d,1H) 73 (169.1047)
- 0.05(s,9H) 198(M")
it 74-76 3055 0.0-0.50 183(P-15) Cj H;40Si
L2 /8 (m,4H) 170 (P-C,H,)
1.0-2.0 155 183.1211
(m,8H) 75 ’ -
3.14-3.36 73 183.1204
(c,1H)
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4gf** ;gfz9 3060 4 p-0.80 226 (P- C2H4) C14Hp5081
~ (m,4H) 169 1239.1836
8:32223(9H) ;g (239.1830)

...... . | §I§2§§1d§1ﬂ>

* A trace of parent peak was observed.
**¥ pP-i5. **% A pixture of l:1 stereo isomers

To a soclution of 0.1N-NaOH and lO-ml of MeOH was added 4f (0.597
g, 3 mmol) at room temperature. After stirring for 30 min at"
25°C MeOH was evaporated in vacuo. Then, to the resulting oil
was added 20 ml of ether and the solution was washed with 20 ml
of water. The aqueous layer was extracted four times with 5 ml
portions of ether and the combined extract was dried over MgSO4.
After removal of ether, the vacuum distillation gave 0.355 g
(94 %) of spirol[5,2]-octan-4-0l1, bp 90-94° (23 mm), whose spec-—
tral data (IR, NMR, MS) were identical with those of an authentic
21la

sample.

Spiro[5,2]octan-4-one.

To a stirred suspension of pyridinium chrolochlomate (1.62 g,
7.5 mmol) in CH2C12 (10 ml),20 4—-trimethylsiloxyspiro[5,2]octane

(4f) (0.99 g, 5 mmol) in 1 ml of CH C12 was added in one portion.

2
After 1.5 hr, 10 ml of dry ether was added and the supernatant
decanted from the black gum. The residue was washed four times
with 3 ml portions of dry ether. The combined solution was
passed through a short pad of Kieselgel 60. After removal of
the solvent, the vacuum distillation gave 0.471 g (76 %) of
spiro[5,2loctan-4-one, bp 80-81° (28 mm); ir(neat) 1693 cm—l;

NMR(CC1,) § 0.59 (d-d4, 2H), 1.40-2.64 (m, 8H); MS, m/e 124, 96.
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E—Methylenecyclohexanol.

To a stirred solution of 3 ml of lN;NaOH and 30 ml of MeOH

was added 3f (10 mmol) at room temperature. After stirring
for 3 hr, the mixture was neutralized by 1N-HCl and MeOH was
evaporated. Then, the resulting oil was dissolved in.20 ml of

ether and washed with 20 ml of water. The agueous layer was

combinzd extract was dried over MgSO4. After removal of the
solvent, a quantative yield of 2-methylenecyclohexanol was
obtained. Spectral data (IR, NMR) were identical with those of

the authentic sample.21a
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Chapter 4 Synthetic Transformation of Cyclopropyl Silyl

Ethers
4-1 Introduction

Cvclopropyl silyl ethers are versatile synthetic intermedi-
ates available for many interesting transformations.l A part
of them has been done on a basis of the numerous accumulation
in thz chemistry of cyclopropanols.2 Cyclopropyl silyl ethers
are enough stable to deal\with both thermally and chemically,
compared with corresponding cyclopropanols.

For the purpose of this introduction, it is convenient to
divide the envisaged transformations of cyclopropyl silyl ethers
according to the following reaction types:

(1) Electrophilic substitution reaction at oxggen (a cleavage)

(2) Cleavage reaction of C-C bond of cyclopropane by electro-
philic attack at carbon (b cleavage)

(3) Base induced ring cleavage reaction

(4) Oxidative cleavage reaction (c cleavage)
a

Me3SL¥g b

In the first section of this chapter, the synthesis of
cyclopropyl esters by the reaction of cyclopropyl silyl ethers
with acid halides activated by zinc iodide are shown.

Attempts to utilize base induced ring cleavage reaction

of cyclopropyl ethers to l-carbon-homologation of ketones are
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described in the subsequent section.
Finally, bond forming reactions at f-position of carbkonyl

group, which are resulted from the reaction of cyclopropjl silyl

ethers with some metal salts, are also described.

4-2 <Cne-Pot-Synthesis of Cyclopropyl Esters from Enol Silyl
Zthers. The Reaction of Cyclopropyl Silyl Ethers with

Ziectrophilic Carbon Moieties.

Two reaction sites are possible to the electrophilic attack
to cyclopropyl silyl ether. They are at oxygen and at carbons
of cyclopropane ring at B-position from oxygen. In this section,
is described the reaction of cyclopropyl silyl ethers with
electrophilic carbon moieties, such as acid halides, ethyl
chloroformate, allyl bromide, ethyl orthoformate, or benzaldehyde.

At first it occurred to us that zinc iodide, a by-product
of Simmons-Smith reaction might be utilized to activate these
electrophilic carbon moieties.

Positive results are included in the synthesis of cyclo-
propyl esters resultant from the predominant attaék of zinc iodide
activated acid halides at oxygen.

Cyclopropyl esters are the fundamental derivative of cyclo-
propanols.2 Several methods previously known for them are
quite unsatisfactory since these suffer from a lack of conve=

nience or relatively low yiélds.
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Here is described ahove} synthesis of cyclopropyl esters_§
from enol Silyi ethers 1, Simmons—Swith reagent, and acid-halides
It has bs=en shown that the direct addition of'acid halidés to
the rezction mixture of Simmons-Smith reagent ana 1 gave:good
yields of 3. The Table shows the results of the one-pot—synthe%v

sis cf =z Variety of cyclopropyl esters 3 from the corresponding

enol =:17-71 ethers 1.
0]
ME:SiO Me3Si RgO
+ CH,I, + Zn(Cu)—y + znx, | BEOX
) (2) @)
Table. Reaction of RCOCl with the reaction mixture of Simmons-Smith reagent
and silyl enol ethers (1).
Entry Enol Ethers (7, Acid Halides ~ Yields of (3)®)
1 1-Trimethylsiloxycyclohexene CH3C0C1» 65%
2 PhCOC1 435
3 phcoci®) 708
4 : CH3CH=CHCOC1 58%
5 1-Trimethylsiloxycyclopentene CH3COC1 70%
6 a-Trimethylsiloxystyrene CH3COC1 48%
7 1-Ethoxycyclohexene CH3C0C1 : ___FJ

a) Isolated yields are given. b) The formation of ethyl benzoate due to the
benzoylation of the solvent was observed. <¢) Two equivalents of benzoyl chlo-
ride were used. d) Cyclopropyl acetate was not formed, but 1-ethoxy~bicyclol
4.1.0}lheptane which was the product of the Simmons-Smith reaction was obtained
in 56% yield. N

Zinc iodide, which is the by-product of Simmons—Smith
reaction, seems to play an important role for the activation of
acid halides in the present synthesis. Treatment of an isolated

silyl cyclopropyl ether, l~trimethylisiloxybicyclo[4.1.0]heptane,
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with acetyl chloride in ether at 38°C gave no cyclopropyl ester
without the presence of zinc\iodide,? It should be also noted
that the formation of cyclopropyl esters was resfriéted éo the
case of siloxy compounds (see entry 7 in Table). This synthesié
of cyclopropyl esters may be of value, especially for the'bicjclic
ones whaich are hardly accessible by previous ﬁethoés.

Z=r+ et al. previously reported that AcCl—AlCl; immediately

react=d with cyclopropane to give a mixture of various acetylated
product .2 While, in this case, the AcCl-—Zl_'xI2 gave no carbon
acetylated products even when excessive amounts of acetyl chloride
was employed. Consequently, the success of-the present synthesis
can be attributed to the moderate activity of zinc iodide as

Lewis acid, which is enough to cause the electrophilic substitu-

tion at oxygen and enough weak not to cause the acetylation of
cyclopropane.

While, the reaction of allyl bromide, trimethyl orthoformate,

or ethyl chloroformate with the reaction mixture of Simmons-—

Smith reagent and enol silyl ethers did not take place.

Me_.Si0O
3

+ ZnI "B

~,
>~

\\\\\\ HC(OMe)3 no reaction

O
]

EtOCC1

 Z
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If the attack of electrophilic carbon moieties takes place
at the carbon of cyclopropane ring, cyclopropyl siljl ether is to
behave as synthetic equivalent of homoenolate anion to form new
C-C bocnd at B-position from carbonyl carbon.
Homoenolate anion first invoked by Nickons has so-called
'revaersed' polarity, and therefore the C-C bond formation by

. R
this zrocess is the current matter of importance and attention.

0 -
O

From the point of view dereloping such transformation using
cyclopropyl silyl ethers, the exclusive O-attack of acid halides
activated by zinc iodide offer the rather pessimistic results
and this suggested the requirement of some devices.

Some trials for C-attack were undertaken employing 'an im-
proved idea': employment of stronger Lewis acid; avoidance of
such elctrophilic carbon moieties as to cause the formation of
stable product led by direct attack at oxygen; Benzaldehyde was
employed as such an electrophilic carbon moiety, which seems to
be reluctant to form products via O-attack. 8

Recently, Mukaiyama et al. showed that that use of titanium
tetrachloride waslvery effective to activate various electrophilic
carbon moieties.” They reported that the titanium tetrachloride
catalfzed reaction of enol silyl ethers with benzaldehyde took

place smoothly to give the corresponding Aldol type products, even

under —78°.9C
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Employing titanium tetrachloride as Lewis acid, the reaction
of cyclopropyl silyl ethers with beﬂéaldehyde was carried out,
while the coupled product could not be obtained even under the
refluxzing conditions of dichloromethane.

Simiiar attempts by basic anroach using tetra-n-butyl-
ammonium fluoridéugn which the direct formation of homoenolate
anion was envisaged were also unsuccessful 1l These resuts clearly
sth the contrastive reactivity of cyclopropane ring to C=C

doubis bonds against the attack of electrophilic carbon moieties.

Reaction process envisaged are as follows:
0]
i o
CHBCO l
- + -
+ OAc [f::(/\g/ Ohc
Ac,0 l}
Me;S10 o o _
R ,NF /THF [iij//
-
s <
‘ PhCHO
O_ .
/l\o O .

It may be the subject matter to make out better designed

systems on either or both of substrate and reactant..l'2
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4-3 One-Carbon-Homologation Reaction of Ketones via Basic

Cleavage of Cyclopropyl Silyl Ethers

Carbon-homologation reactions have provided almost seductive
attraction for synthetic organic chemists. '3
Starting with an idea thaﬁ one carbon number increased by
cycicoropanation of enol silyl ethers might be utilized for
one cz=~Son-homologation of ketones, the following attempts were
undertzken. Previoﬁsly, some reports which dealt with cyclopro-
pyl silyl ethers as intermediates of one-carbon-homologation
have been known.14
A strategy for this in the present study is illustrated as

shown below:

0 Me3SiO ' M . ,
R RS Y —> /i<:j&/R'-———~—>

R=Ph, SePh, CR" etc.

Q) o
K)kiéé}/,R'““9R/)L\\¢//\\\Iv

If one employs R' substituent having an ability of anion
stabilizing, the above strategy involving regiospecific base
induced cleavage may be attained. The step 3 is an established

15 The first

reaction exemplified with many undertaken works.
silylating step also seems to have nothing difficult,»tha% is,
the direction of enol silylation in most cases can be attained to

the direction desirable. Suffering step proved to exist in the
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cyclopropanation of these enol silyl ethers.

Consequently, when phen&l groué was employed as R' sgbsti—
tuent, l-carbon-homologation reaction was clearly performed.
l—Trimethyléiloxy—3,4—benzo—bic§clo{4.l.O]heptane was treated
with O.lNENaOH/MeOH under reflux conditions to yield 4,5—benzo—.
cyéloheptanone in 70 % yield. This transformation showed regio-

specific base induced ring cleavage reaction as illustrated in

the fcllowing way:
0 4 OSlMe3
0.IN-NaOH > o
MeOH reflux
20 hr

70

A4

\

o

This base induced cleavage was interpretted by the generation
of O anion followed by transformation to C anion with strain
release of cyclopropane ring, And regiospecific ring cleavage
was led by anion stabilization by phenyl group adjacent toc the
C anion.

While, phenylseleno group was employed as R’ sﬁbstituent,
the reaction of qorresponding enol silyl ether with zinc carben=
oid reagent gave rather complex results. Products obtained
included isomerized one and this seemed to be unavoidaklie in
case of the reaction with zinc carbenoid reagents.

Moreover, the reaction of enol silyl ether of acetyl acetone
witﬁ zinc carbenoid was unsuccessful,-this reaction seemed to

be accompanied by desilylation.
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As a reason of this, it is easy to consider that the electron
deficiency of the enol silyl ether made this reaction interfere.
And this led me to attempt the reaction of 5—cyano—2,6—di6xa—l—
silacyclohex-3-enes, in which carbonyl group was masked by cyano-
silylation, with zinc carbenoid reagents. However, this reactidn
faced to the predominant desilylation reaction of starting silyl
compounds. This perhaps is=zdue to'the facile interaction of
1,3-dicxa moieties with zinc salts which wouid cause desilylation
and ccndensation of B-diketonés.

Further investigation based on these observations cannot
be apart from examining more improved procedure of cyclopropana=
tion. As for the reaction of enol silyl ethers of B-diketones,
the employment of more bulky silyl group in the place of tri-
methylsilyl group may be one of the choice.

The brief results of the attempted cyclopropanations are

listed in the following Table.

Table. Attempted Cyclopropanation of Enol Silyl Ethers.

Enol Silyl Ethers Zinc Carbenoids Results

Me3SiO‘ OSiMe oﬁ
ZnEt,~CH,I,

as a major product

(30 2).
Me,Si0O
3
Ph .
P ZnEtz—-CHZI2 no reaction
Ph .
(recovering substrate)
Me,SiO
3 SPh
Ph;>::?/ ZnEt,—CH,I, complex

(including isomeriza-
..... o o tion product)
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16

Me3SiO o) Zn(Cl_l)—CH2I2~
Zn(Ag)—CH21217 complex or a
_ gquite low yield
ZnEt, -CH,I, : .
\S,/
P Zn (Cu) -CH, I
O O 2 2]_7
Zn(Ag)—CH2I2 complex
CN ZnEt, -CHyI,
ME,}:‘SiO OSiMe3 Zn(Cu)-—CHzI2 complex or a
- 17
™ Zn (Ag) CHZIZ gquite low yield
CN ZnEt2 —.CH212

—-88-



44 Reaction of Cyclopropyl Silyl Ethers with Metal Salts
A variety of reactions of cyclopropanols with metal sélts
have been previously known.?2 It seems interesting to make a short
comment on them here.
DePuy et al. have reported-the reaction of cyclopropanols
with ferric chloride or mercuric acetate in detail with respect to

ring clieavage patterns.18

Ring cleavage reaction induced by
these two metal salts seems completely comparable. The chlori-
nation reaction by ferric chloride takes place regiospecific
ring cleavage between hydroxy-carbon and adjacent higher sub-

stituted carbon (Cl—C cleavage). On the other hand, the re-

2
action with mercuric acetate takes place in high regiospecific
manner to give B-mercuro ketones which are resultant from the

attack of mercury ion (II) to the less-substituted carbon atom

oif cyclopropane ring (C,-C,) cleavage).
1 73

Me 5810 O
;><::L Hg(OAc)z/AcOH R //)L\\<//\\\ HgX
- R
Ry R, ag. KBr 1 R,
R;=Ph, R,=H 87% (X=Br)
= = 86%
R;=Ph, R,=Me

Above fascinating results were enabled to combine with sYn—
thetic applications by adopting cyclopropyl silyl ethers as
'stable’ synthetic equivalent of cyclopropanols.

The reaction of cyclopropyl silyl ether with ferric chloride
in DMF was recently reported by Ito, Saegusa, et aljg This method
followed by dehydrogen chlorination showed a excellent synthesis

of a,R-unsaturated ketones from cyclopropyl silyl ethers. It
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seems notable that in bicyclic systems the ring cleavage at cen-—

tral bond with ring expansion occurrs to lead the formation

-

~

of carbon-~halogen bond formation at B-position of carbonyi

grou9533 '
Th2 reaction of cyclopropyl silyl ethers with mercuric

acetzts was undertaken by this, and the results showed the

selective cleavage of expheral C-C bond cleavage and the carbon-—

metal —ond formation at B-position of carbonyl group (see p.89).

= is not hard to assume the tentative reaction path which
well zccounts for the differences of cleavage pattern by chang=

ing the metal salts.

) | o}
Me.SiQ .
cl74c3 3 N 1 ,
3  E— > 1 (1)
Me_.Si0

3 MX

1 2 c.4+C., M—0O Q
. 1772 | : /;&P///\///M )

tea

The reaction with ferric chloride may be understood in terms
of equation (2), and that with mercuric acetate in terms of
equation (1).

The reaction tentavely classified into equation (2) was
found with various types of metal salts which have an oxidazing
ability. Palladium chloride, palladium acetate,rcérric ammonium
nitrate, chromium trioxide, eté. may be mentioned as such metal

salts.Zl

The reaction of l-trimethylsiloxybicyclo[3.1.0]lhexane
with these metal salts yielded diréctly cyclohexenone (20-60 2),
though improvement in both yield and selectivity should be

necessary.
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While, the reaction of cyclopropyl siiyl ethers with silver

tetrafluoroborate gave espeéially notable results. In the
reaction of 1—trimethylsiloXy—l—pheﬁyl—cyclopropane with silver
tetrafiunoroborate, oxidative cleavage of cyclopropane ring
accompanied by C-C coupling took place to give 1,6—diketonéf

in 42 3% yield. To the best knowledge, this is the first exam-

ple o= the C-C coupling reaction at B-position Ffrom carbonyl

" carbcn starting from cyclopropyl silyl ethersi22
Me,SiC 0
3771 . } Ph
/Q gBF ;/Et,0 o i
” . ) 0
Ph 42 3

The reaction mechanism for the present C-C coupling reaction

must wait for more accumulations of data_.23'24
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4-5 Experimental

Cyclilcpropyl Esters:

Py

GenerzX Procedure.

To a stirred suspension pf zinc—-copper couple (0.16 mol) and
anhydrous ether (110 ml) were added enol silyl ether (0.05 mol)
and methvlene iodide (0.08 mol), and the mixture was refluxed
for ZI hr. Then acid halide (0.05 mol) was slowly added to the
reaction mixture, which contained zinc iodide as well aé cyclo-
propyl silyl ether, and the mixture was refluxed for another

3 hr. After usual work-up (NH4C1, NaHCO3, HZO)' the wvacuum

distillation of the ethereal solution gave cyclopropyl acetate.

Spectral and Analytical Data of Cyclopropyl Esters.

Cyclopropyl IR(neat) Mass NMR(CC14) Anal.
Ester em L m/e ) Found (Calcd)
o go 3050 154M")  0.25-0.9 C:69.78
3 (c,2H) (70.10)
1750 1.90(s,3H) H: 9.17
0.90-2.25 (9.15)
(m, 9H)
Phgo 3050 216 MY)  0.52 (apparent
1735 111 " ¢, 1H) C:77.47
1458 (P-PhCO0)0.80~-2.40 (77.25)
1280 . 105 (c,10H) H: 7.49
710 (PhCO) 7.05-8.10 (7.46)
(m, 5H)
8 +
MeCH=CHCO 3050 180(M") 0.36(apparent
1736 165(P-Me) t, 1H) C:73.05
1175 111 0.67-2.78 (73.30)
(c,10H) H: 8.68
1.80(d, 3H) (8.95)
5.58(d-d, 1H)
6.51-6.98
(m, 1H)
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% 3050 140(M+) ~0.70 (apparent

CH3CQ 1754 125 (P-Me) s, 1H) C:68.18
1209 97 0.81 (apparent (68.54)
(P-MeCO) s,1H) . H: 8.73
0.85-2.38 (8.63)
(c,7H)
,,,,, o 1.92(s,3H)
9 3060 176 (1) 1.55 (s, 4H) ,
CELZO 1760 161 (P-Me) 1.88(s,3H) C:74.83
> ;><:;7 1450 133 6.90-7.40 (74.97)
¢ (P-MeCO) {(m,5H) H: 6.96

(6.86)

Bas:ic Hydrolysis of 3,4-Benzo-l-Trimethylsiloxybicyclo[4.1.0]1-

heptane———————Conversion to 4,5-Benzocycloheptanone.

3,4-Benzo-l-trimethylsiloxybicyclo[4.1.0lheptane (0.928 g, 4 mmol)
was treated with 0.1N-NaOH (1.5 ml) in MeOH (10 ml) under reflux
for 20 hr. After neutralization with 1IN~HC1l, the mixture was
concentrated, diluted with 20 ml of ether, and washed with 20 ml
of water. ”The aqueous layer was extracted four times with 15 ml
portions of ether and the combined extract was dried over MgSO0, .
After removal of the solvent, the resulting o0il was distilled

in vacuo to give 0.45 g (70 %) of 4,5-benzocycloheptanone, bp
83-85°(0.6 torr); IR(neat) 1695 cm *; NMR(CCL,) § 2.30-3.10
(symmetric m, 6H), 7.24 (s, 4H); Mass(m/e) 160(M+), 118, 117.

The Reaction of 1-Phenyl-l-Trimethylsiloxycyclopropane with

Mercuric Acetate.

Mercuric acetate (1.59 g, 5 mmol) was dissolved in 16 ml of
gracial acetic aéid. 1-Phenyl-l-trimethylsiloxycyclopropane
(1.03 g, 5 mmol) was added to the stirred solution with a hypo-
dermic syringe. After stirring for 1 hr, the solvent was removed
on a rotary evaporator at 50°. The resulting cloudy oil was

taken up in CH2C12 and filtered to remove some of the unreacted
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mercuric acetate. Removal of the solvent yielded an semi-solid
of B-acetoxymercuro propiophenone. ‘The crude organomercurial
acetate was placed in a erlenmeyer flask with 7.5 ml of,gaturated
KBr solution to form a solid of corresponding B-bromomercuro
propicphenone. The solid was crystalized from ethanol.

18);

B-Bromomercuro propiophenone: mp 90.0-90.6°(Lit. 90.0-90.5°
Ir (£3r) 1680 cm *; NMR(CDCl;) & 1.97 (t, 2H), 3.58 (t, 2H),
7.5% im,3H), 8.00(m, 2H).

The Reaction of l1-Phenyl-l-Trimethylsiloxycyclopropane with

Silver Tetrafluoroborate.

Silver tetrafluoroborate (6 mmol) was treated with Molecular
Sieve 5A in diethyl ether (30 ml) overnight. The mixture was
cooled to -30° with Dry Ice-acetone bath and then l-phenyl-1-
trimethylsiloxycyclopropane (1.03 g, 5 mmol) was added to the
mixture with hypodermic syringe. The stirred mixture was
gradually allowed to warm up to room temperature over a period
of 2 hr. Silvermirror appeared on the surface of reaction
vessel as the reaction proceeded. Then, K2CO3 (0.35 g, 2.5 mmol)
was added to the mixture, and the mixture was stirred for another
1 hr. After filtration followed by ether washing, the filtrate
was concentrated and chromatographed on silica gel (Kieselgel

60, Merck) with n-pentane, benzene, or ether as eluént. The
second elute in benzene was concentrated under reduced pressure
to give an oily fesidue, which readily crystalized. Recrystali-
zation from MeOH gave 1,6-diphenyl-1,6-hexadione(42 %). This
elute also contained unidentified two by-products.
1,6-Diphenyl-1,6-hexadione: mp 110-112° (106-108°, Aldrich),

IR(CDCL,) 1675 cm T(v._,) [identical with the authentic chart
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632E from "The Aldrich Library of Infrared Spectra“]; NMR
(CDCl3} 8§ 1.65-2.00 (m, 4H), 2.85-3.20 (m, 4H), 7.20-7.65
(m, 68y, 7.70-8.10 (m, 4H) [identical with the authentic chart

10c £rom "The Aldrich Library of NMR Spectra Vol. VI".
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