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Abstract 

The reaction of trimethylsilylketene dialkylacetals with alkyldiazoacetates in the presence of Cu(acac) 2 or Rh2(OAc) 4 results in the 
fommtion of alkyl-2,2=dialkoxy-3-trimethylsilylcyclopropane-l-carboxylates 3-8. The cycloaddition proceeds stereoselectively, giving 
exclusively one of two possible diastereomers. Compounds 4 and 6 are transfonned by reaction with LiAIH,, to cyclopropyhnethanols 9 
and 10 in high yields. All compmmds have been characterized by elemental analyses, tH. I~C NMR and IR spectroscopy. 

Kcy,'ord,~: Silicon; Ketene dialkylacetals; Cyclopropanation 

I. I n l r o d u c l i o n  

Trimethylsilylketene dialkylacetals I ,  little investio 
gated so far, can be obtained by direct silylation of 
ketene dialkylacelals 2 with active silylating reagents 
such as trimethylsilyltrifluoromethanesullbnate [I] :rod 
trimethyliodosihme [2,3]. 

t!t~N 
Me,SiX + Cit~ =C(OR)2 "~ Me~SiCH=C(OR), 

2 ' - X  .... I 

X = OSO~CF 3, I: R = Me (a), Et (b), iPr (c) 

Our tvcent studies revealed that the interaction of 
trimethylsilylketene dialkylacetals with electrophilic 
reagerats proceeds under mild conditions and more se- 
lectively th,'m yet observed for non-silylated ketene 
dialkylacetals, CIt :  =C(OR) 2 2. Thus the alkylation of 
ketene acetals 2 requires heating to high temperatures, 
even when reactive alkylhalides (e.g. P h C l t , B r /  

" Corresponding authors. 

125"C/5h) are used, and usually gives a mixture of 
products [4]. A complex mixture of products has also 
been obtained in reactions of N,chloromethylh|ctan|s 
with ketene acetal 2b. By contrast, amidoalkyhttion of 
ketene acetal l b  proceeds smoothly and affords, deo 
pending on the reagent ratio, either diethylacetals of the 
c o r r e s p o n d i n g  k e t e n e s  or  e s t e r s  o f  
bis(amidomethyl)acetic acid [2]. 

I/I -~. RCH2CH~C(OEt)2 
Me3SiC |  

Me3SiCH ~C(OEt)2 ~ RCH2CI ...... 

L. I/2 P. (RCH;~)2CHCOOEt 

.... /~N~ =EtCI~ Me3$iCl 
R= [ / , i1= I. 3 

(CH=)n" 

The reaction of polyhalogenated cari~nyl com- 
pounds with ketene acetals I takes place even at - 7 8  °C 
and leads almost quantitatively to i:1 adducts - 
silylethers of 15,13-dialkoxyvinyi carbinols. Ii-i and I"F 
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NMR monitoring indicates the intermediate formation R~R~C=O: CCI3CHO, CF~COCF~, CF2CICOCF, CI, 
of [2 + 2]-cyeloadducts - 2,2-diaikoxyoxetanes [ 5 ] .  CF2CICOCFCi2 

Mo3SiCH ---C(OR ~)2 ÷ R2R3C----O ,,- #qCH~-C(OR')= 

OSil~3 
These results can be rationalized on the basis of an 
intermediate formation of the bipolar ion A. 

Me3SiCH ~C(OR)2 
+ 

R~R2C~O 

H 

t ° Me3Si~ .... _ (OR)2 ~.~MeaSi_ 

R ~R: L--o ° 

H 

~ M e 3 8 i - - - ~  (OR)~ ~l,~Me3Si 

R' R;L' L--C) 

-=~" R l R2C CH =-~C(OR)2 

I 
OSiMe3 

The reaction resulting in the formation of only one 
product contrasts with reactions of carbonyl compounds 
with ketene acetals 2, where a mixture of pr(xJucts is 
usually obtained [5]. 

The products r~sulting from a formal Si=C lx)nd 
cleavage and containing ketene dialkylacetal fragments 
arc also found during the reaction of ketene acetals I 
with chloralimines [3,0] and bis(~ifluoromethyl)kctctle 
[71: 

M~8¢H ~C(OR)~ CCt~HCH ~C(OR)= 

CCI~CH ~NCOMe N ~IOSMo~ 
Me 

Me,ISICH ~C(OEt)~ CCI~HCH C(OEt)~ 
* .......... ,1~ I 

CCt~H~=-NSO#r Mo~$~ N ~ $O~r 

to the well-known nucleophilic behaviour of ketene 
acetals we expected the fonuation of carbene intm'medi- 
ares in spite of a definite steric hindnu,ce imposed by 
the trimethylsilyl group. According to the literature 
[8,9], tile synthesis of gt'm~dialkoxycyclopropanes by 
[2 + I]-cycloaddition of common ketene dialkylacetals 
is difficult mainly due to a relative instabilily of cycle° 
propanes ot' this type. The tendency of sl~trlin 8 kcten~ 
dmlky a~ctal, to polymerize may also pre~eliI a cy- 
cloaddition reaclion. We expected thai Ihe presence of a 
trimethylsilyl subsli|m:,ll in our star'ring Inaterials and 
fitml products would be thvour;tble because of tile known 
potential of trialkylsilyl groups to slabilize 'labile' 
molecules sucll as aldoketenes, diazo:dkanes, cyclo- 
propanones, ,etc. [ i0]. "rile reaction of alkyldiaze ,:tes 
with a dlree-fold excess of ketene acetals la=t  aa tile 
presence of equimolar IInIOl.llllS o f  ('tl(tl(',aC) 2 in boiling 
benzene leads to trimethylsilylcyclopropanoue dialkyl- 
acetals = alkyl-2,2-dialkoxy-3=trimethylsilylcyclopro- 
paneoiocarbo~)/ates 3-8 -~ in high yield. 

M~SICH ~"  C(OR}~ MeaSl\  C / ' ~  OR 

NaCHCOOR t ..... Na 

2, Results and discussion 

This work deals with reactions of trimethylsi- 
lyiketene acetals I with alkyldiazoacetates, According 

3, R = R  ~ = M e : 4 ,  R = M e .  R *=Et:  5, R = E t ,  R j =  
Me, 6, R - R  I =  Et: 7, R =-'Pr, I,I I=~ Me, 8, R =iPr, 
R a = Et 



G.S. Zuit,xeva et al. / Joun~ul o f  Organomemllic Ch¢'mi,xwy 525 t 1996 J i 75-181 i 77 

The reaction results in the formation of only one of 
two possible diastereomers, as has been established by 
spectroscopic data. "Hms, the t H NMR spectrum of 
compound 5 in CDCI~ consists of singlets of SiMea 
(0.00ppm) and MeO groups (3.64ppm) and two uiplets 
corresponding to the methyl groups of ethyl substituents 
(1.13 and ! .!5 ppm), two multiplets at 3.5-4.2 ppm 
con'esponding to different CH20 fragments (AB parts 
of two ABX ~ spin systems) and two doublets at !,07 
and i.88 ppm with J ( H  I H 0 = 8.44 Hz con'espondmg 
to the protons H t and H~ respectively. The latter signals 
are shifted downfield in C6H6: 8 (Ht )=  1.42 and 
6(H.~) = 2.17 ppm, 3J(H i H ~) = 8.24 Hz. Cyclopropanes 
3, 4 and 6-8 have simihu" "~J(H t H .~) coupling constants 
(see Experimental section). Unfortunately, the configu- 
ration of cyclopropanes 3-8 canno~, be determined on 
the basis of NMR parameters of the diastereomers due 
to the complete absence of the second isomer in tile 
reaction mixture. A comparison of the observed 
J(HIH a) values of 8.3-8.:)Hz with correspondm~ val- 

ues for J ( H  t H ~) ( J , , , , , ,  = 7.0 ltz, J,,, --- 9.6 tlz) [8] m 
the non-silylated an:~.logues of compounds 3-8 does not 
allow it reliable deterrninatiort of the configuration of 
our pt'oduets, it is noteworthy that [2 + I]-cycloadducts, 
prepared fi'om alkyldiazoacetates and alkylketene db 

:t 
alkylacetals, possess a tranx-configuration ( ' J , , , , , , ,  = 
6.611z) [8]. Assurning that the stereocllemistry of tile 
cycloaddition reaction remains indeixndent of whether 
R' (see below) is an alkyl ()r silyl group, we would 
prefer an analogous t r a N . ~ ' o c o n f i g u r a t i o n :  

the reaction mixtut~e indicme the absence of a second 
diastereomer. 

MeaSiCH ----C(OEt)z 
Ri~(OAc)4, EtzO 

N2CHCOOEt - N2 

M e 3 S i ~  OEt 

Ha/ X ~'OEt 

Ht COOEt 

6 

Although compound 6 has been repormd earlier [11], 
a full characterization and some new properties of 2,2- 
dialkoxy-3-trimethylsilylcyclopropane carboxylic esters 
3-8 are reported in this paper for the first time. 

The zwitterionic intermediate B or similar transition 
states, stabilized by a triaikylsilyl group at the carban- 
ionic centre [11], are proposed according to our qualita- 
tive study of the relative thermal stabilities of prcxtucts 
obtained by addition to the carbonyl group of trialkylsi- 
lylcyclopropanones and their readiness to undergo a 
thermal rearrangement with scission of the three-mem- 
bered ring to linear isomers. This suggestion is con- 
firmed by a smooth ring opening in cyclopiopanes with 
donating X-substituents, being observed exclusively at 
the C(i)-C(2) bond of tile cyciopropane ring. 

B 

Y~ W -~x 

H - - ~  'OR 
COOEt 

(r' ~ H. AIM 

Tile structures of cyclopropanes 3~8 are also cont'ivmed 
by IR and t~C NMR spectroscopy. The dominant sig- 
nals in the t~C NMR spectrum are: Me~Si ( - ! . 9 5  to 
- I .6ppm),  cyclopropane C-I (30.5-31.3ppn1). C-2 
(94~96ppm) and (7-3 (2().6-2().81)pm) and earbonyl 
(168~170ppm). Art absorption in tile region 174()~ 
175()cm ~l in the IR spectrum corresponds to the 
alkoxycarbonyl group. 

A eycloptx)panation reaction of ketene acet:d Ib with 
ethyldiazoacetate, c.'trried out under ambient condition.,, 
(El,O, Rh 2(OAc)4), is stereochemically identical to that 
witll Cu(acac) 2 as coreagent. The t H NMR spectra of 

Y ~ i l .  X ~- Ii, 0 i i ,  ()Me, NMe~. ()Sil!14. AIk; Y 

O M e ;  Y ~ M e ~ S i ,  X ~ F ' ( O ) ( O R ) : ,  
=(Cll,),,CII N( )(1'I,~, (n I, 3), 

In contrast to this observation, a ring scission in 
gcm°diaikoxycyclopropyicarboxylic esler~ results in lhe 
opening of tile bond [~tween tile carbon LIIOIIlS bearing 
aeetal and carboxylic functionalities. Many products of 
[,,-r 2]-¢ycloadditions have been obtained by reactions 
of gem~diaikoxycyclopropylcarboxylic esters with aided 
hydes alld kut( no., tll¢ir imino derivatives and activated 
alkenes and alkynes. Tile zwitterionie intermediate C 
has been proposed for these reactions [12]. 

i 
COOR 4 
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Additionally, the [2 + l].cycloaddition product of 
ethyldiazoacetate and methylketene dimethylacetal can 
be readily converted into the corresponding linear iso- 
mer at 130°C in the absence of moisture; a slow 
reammgement also occurs at room temperature [8]. 

LiAIH 4, which results in the formation of the corre- 
sponding cyclopropylcarbinols 9 and 10 in high yields: 

Me"- ~ M; -,,,,.0~+~ 

COOEr COOEt 

M e 3 $ ~ O R  
Ha" ~ "OR 

H1 COOEr 

LiAIH4 

M e 3 S ~ O R  

_- 

R = Me (9). Et (10) 

However. silylated cyclopropm~es 3 -8  appear to be 
stable up to 130°C, while heating at mote elevated 
temperatures leads to the formation of a mixture of 
products difficult to identify, indicating the occurrence 
of a number of alternative routes for the ring scission. 

in the case of cyclopropane $. a smooth ring opening 
proceeds only under conditions of acidic hydrolysis; the 
process involves a desilylation reaction. 

/ O E I  
Ma+8i=~OEI 

¢¢M~ulo 
$ 

¢oot~ 

A mixture of linear products, with a predominance of 
the ortho ester, is obtained by refluxing ethyl-2,2odi- 
ethoxy-3=trimethylsilylcyclopropyicarboxylate for sev- 
eral hours with an excess of EtOH: 

/OEt °e(OEtb COOEr 

CO0t~t COOEr COOEr 

An analogous reaction including non-silylated cyclo- 
propanes has been proposed as a method lbr the prepa- 
ration of synthetically useful or#+o estet.'s [91. 

The cyclopropane ring is stable towards reduction by 

The t H NMR spectrum of 10 shows a doublet at 
0.08 ppm corresponding to proton H 3 with 3J(H 3H t) - 
8.0Hz. The resonance of H t at 1.37ppm is split into 
four doublets by coupling with H 3 and two di- 
astereotopic hydrogen atoms in the CH2OH fragment, 
the coupling constants of these spin-spin interactions 
are: ~J(HIH:a)-=-3J(HIH .) -- 8.0 lolz; aJ(HiH b) - 
5.2 Hz. Since the two coupling constants are equal, the 
multiplet is reduced to a doublet of triplets. An addi- 
tional two doublets of doublets at 3.43 ppm [2J(ti,,Ht,) 

11.6Hz and J(H,,H I) ~ 8.0Hz] and 3.79ppm 
[~J(ltt,}l,~) ~ 11.6Hz] and ~J(HI, I t I) ~ 5.2Hz] COaTe- 
.,,pond to the diastereotopic methylene protons H,, and 
1t t, in the CH~OH fl'.tgment. These signals aw partially 
obscured by the signals of methylene pint, tons of the 
ethoxy 8roups. Their assignment ca, b~; made on the 
basis of homonuclear deuble resonance ex~riments: the 
signals at 3.43 and 3.79 ppm collapse into two doublets 
with J ~ 11.6Hz upon irradiation of the H~ signal at 
1.37ppm. Methylene protons of ethoxy groups are di- 
astereotopic and their signals in the =H NMR spectrum 
consist of four, in paa overlapping, quartets at 3.41- 
3.51 ppm and 3.65-3.80ppm (AB parts of two ABX 
spin systems). The cowelation of methyl protons of the 
ethoxy groups with Clt~O protons in both regions is 
demonstrated in a 2D COSY experiment. A full assign° 
ment of the signals of the 'ethoxy protons' is difficult 
because of the overlap of their ~esonance positions. A 
spin=spin coupling with the hydroxylic proton is not 
detectable due to a rapid exchange process via hydrogen 
bonds, =~C NMR signals have been assigned by means 
of 2D ~1t-~~C heteronuclear CO~Telation spectroscopy. 
Thus. peaks at 18.39. 29.75 and 93.95 ppm correspond 
to carbon atoms in the ring: C~. C~ and C~ respectively, 
whereas the resonance at 63.60ppm belongs to the 
CHzOH carbon atom. 

In summary, we have shown that the silylated ketene 
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dialkylacetals can undergo smooth cyclopropanation re- 
actions under catalysis by Rh.,(OAc)4 or under initiation 
by Cu(acac)?., both resulting in the formation of only 
one diastereomer. A full assignment of the configura- 
tion of the products of cyclopropanation on the basis of 
NMR data has been found difficult, but some conclu- 
sions could be drawn according to analogous reactions 
carded out with non-silylated ketenes. A study of the 
thermal stability of silylated alkylcyclopropylcarboxyl- 
ates shows the possibility of performing some ring 
opening reactions, resulting in the formation of linear 
desilylated products. Reducing alkylcyclopropylcar- 
boxylic derivatives by action of LiAIH4, appropriate 
dialkoxycyclopropylcarbinols can be synthesized in high 
yields. 

3. Experimental section 

3.1. General 

6H, 2 × OMe), 3.64 (s, 3H, COOMe). 13C NMR: - 1.95 
(Me3Si), 20.76 (C3), 30.51 (C~), 51.57 (OMe), 53.39 
(OMe), 54.11 (OMe), 96.01 (C,), 169.87 (C=O). IR: 
1750 (v(C=O)) cm-i.  Anal. Found: C, 51.62; H, 8.85; 
Si, 11.60. C~oH2oO4Si (232.11) Calc.: C, 51.69; H, 
8.67; Si, 12.05%. 

3.2.2. Ethyl-2,2-dimetho,u,-3-trimethylsilylcyclopro- 
pane- l-carboxylate (4) 

Yield 74%; b.p. 102-103 °{2/4Torr. ~ H NMR 
(CDCI3): 0.02 (s, 9H, Me3Si), 1.07 (d, IH, H 3, 
3J(HaH~)=8.45Hz); 1.87 (d, IH, H I, 3j(H~H~)= 
8.45 Hz), 1.27 (t, 3H, OCCH a), 3.30 (s, 6H, 2 × OMe), 
3.92 (q, 2H, (OCHz)). I~C~ NMR: -1.92 (Me3Si), 
13.96 (OCHzCH3), 20.60 (Ca), 30.72 (Ci), 53.43 
(OMe), 54.13 (OMe), 60.38 (OCH2), 96.05 (Cz), 169.12 
(C=O). IR: 1735 (v(C=O)) cm -~. Anal. Found: C, 
53.88; H, 8.71. C lIHz204Si (246.38) Calc.: C, 53.63; 
H, 9.00%. 

Solvents were dried by standard methods and dis- 
tilled prior to use. Elemental analyses v, cre can'ied out 
by the Microanalytical Laboratory of the Chemistry 
Department of the Moscow State University. IR spectra 
of thin liquid films were recorded on a UR-20 spec- 
trometer. Unless otherwise noted, ~H and ~aC NMR 
spectra were recorded on Varian VXR-400 and Bruker 
AM-360 spectrometers using CDCla as solvent and for 
the internal deuterium lock. Chemical shifts are given in 

(ppm) downfield from TMS. Mass spectra (El-MS) 
wer¢~ recorded on a Varian Clto7a spectrometer using 
elect~x~n impact with an ionization energy of 70eV. 

3.2. Reaction ¢~f trimethylsilylketene dialkyi acetals with 
alkykliazo aceu~tes in the presence of Cu(acac), 

3.2.3. Methyl-2.2-diethoxy-3-trimethylsilylcyclopro- 
pane-l-carbo~ylate (5) 

Yield 71%; b.p. 80-81 °C/I Torr. IH NMR (CDCla): 
0.0 (s, 9H, Me3Si), !.07 (d, IH, H~, ~J(H~H,)-- 
8.44Hz); 1.88 (d, IH, H I, aJ~,tll-l~)= 8.44[-iz), 1.13 
(t, 3H, OCCH3, 3 j  -_ 7.2 Hz), i.15 (t, 3H, OCCH~, 
aJ = 7.2Hz), 3.64 (s, 3H, O.Me). IH NMR (C6D6): 0.12 
is, 9H, Me3Si), 1.42 (d, IH, FI~, ~J(H~H I) ~ 8.29Hz); 
2.17 (d, IH, loit, "aJ(HiHa)=8.29Hz), 1.09 (t, 3H, 
OCCH~), 1.18 it, 31t, OCCFla), 3.51 is, 3H, OMe). I~C 
NMR: ~ i.76 (Me aSi), 14.93 (OCH~CH~), 20.64 (Ca), 
30.92 (Ct), 62.00 (OCFI,), 6a02 {OC'H ~ ). 5 !.52 (OMe). 
94.59 (C~), 168.41 (C~O). iR: 1745 (t,(C~O)} cm ~' ' 
Anal. Found: C, 56.05; H, 9.62%. C l~, H ~404Si (260.41) 
Calc.: C, 55.35; H, 9.29%. 

A mixtm~ of trimethylsilylketene dialkylacetal I 
( 13 mmol) and 0.025 g of Cu(acac), in lOml of benzene 
was heated to reflux under an argon atmosphere. Then a 
solution of alkyidiazoacetate (13mmoi) and an addi- 
tional 26mmol of I in 40mi of benzene were added 
within 1.5 h under stirring. The reaction mixture was 
refluxed for another 0.5 h. The mixture was filtered and 
benzene was removed under reduced pressure at room 
temperature. The ~H NMR spectra of the residue show 
the presence of unreacted 1, cyclopropane 3-8 and very 
small quantities o[ dialkyl fumarate and maleate; distil- 
lation affords pure 3-8. 

3.2.1. Methyl-2.2-dime:hoxy-3otrimethyl,';t~lcyclopro- 
pane- l-carbo,~ylate (3) 

Yield 72%; b.p. 79- 80°C/2Torr. IH NMR (CDCI~): 
0.05 (s, 9H, Me3Si), i.08 (d, IH, H~, 3J(H.~HI)= 
8.5Hz); 1.87 (d, IH, H I, aJ(HiH3)= 8.5Hz), 3.34 (s, 

3.2.4. Ethyl-2,2-diethoxy-3.trimethyl.~ilyh'ychJpropaneo 
I-carba~ykue (6) 

Yield 72%; b.p. 88-89°C/i  Torr. IH NMR (CDCI ~): 
O.Ol is, 9H, Me.~Si), I.II (d, IH, Fl~, ~a,liHaHj)~ 
8.5Hz); i.97 (d, IH, 1t I, aJ(H~Ha)=8.5Hz~, i.10 (t, 
3H, OCCH~), 1.20 (t, 3H, OCCHa), 1.23 {t, 31t, 
OCCH~). IH NMR (C~,Dt,): O.II is, 91t, Me~Si), !.49 
(d, IH, H~, ~J(lt~loli) --- 8.39Hz): 2.22 (d, IH, H~. 
~JiH~Ha)=8.39Hz), !.08 (t, 3H, OCCH~), I.!0 (t. 
3t-I, OCCH~), 1.21 it, 3H, OCCHa). 'aC NMR: - 1.61 
(Me:~Si). 14.17 (OCH:CH a), 15.04 (OCH2CH ~). 15.11 
(OCioi~CH.~), 20.63 (C3h 31.25 (C~), 60.43 (OCH2), 
62.12 (OCH,), 63. i I (OCH 2), 94.73 (C,), 169.73 
(C=O). IR: 1745 (v(C=O)) cm - ' .  El-MS, m / z  (rel. 
int.%, assign.): 274 (4, M+), 201 (21, M+-MeaSi), 73 
(l{X)%, Me3Si). Anal. Found: C, 56.89; H, 9.32; Si. 
10.16. Ci3Hz604Si (274.43) Calc.: C, 56.90; H, 9.55; 
Si, !0.23%. 
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3.2.5. Methyl.2,2.d~.isopropoxy-3-trimethylsilylcyc- 
Iopropane- l-carboxylate (7) 

Yield 71%; b.p. 74-75°C/0.5Torr. ~H NMR 
(CDCI.0:0.0 (s, 9H, MeaSi), 1.74 (d, IH, H~, 
JJ(HtH3)=8.5Hz), 3.54 (s, 3H, OMe). IR: 1740 
(v(C=O)) cm -t.  Anal. Found: C, 58.90; H, 10.30. 
Cu~Hz~O4Si (288.46) Calc.: C, 58.29; H, 9.78%. 

3.2.6. Ethyl.2,2-diisopropoxy-3-trimethylsilylcyclopro- 
pane- l-carboxylate (8) 

Yield 76%; b.p. 80-81 °C/0.5Torr. ~H NMR 
(CDCI.a): 0.0 (s, 9H, Me,St), 1.73 (d, IH, H~, 
~J(H~H~)~8.SHz). IR: 1745 (v(C=O)) cm -~. Anal. 
Found: C, 59.37; H, 9.78. C~H~004Si (302.19) Calc.: 
C, 59.56; H, 10.01%. 

3.3. Reaction of lb with ethyldiazoacetate in the pres- 
ence of Rhz(OAc) ~ 

A solution of ethyldiazoacetate (2.0g, 17mmol) in 
5 ml of Et~O was added dropwise to a mixture of lb 
(5.1 g, 27 mmol) and 75 mg Rhz(OAc) 4 • 2H:O in 20ml 
EL, O within 3 h at room temperature under argon. The 
mixture was passed through a column charged with 
neutral A1,O;,. Distillation gave 3.6g (76% relative to 
¢thyldiazoacetate) of 6, b.p. 100= 101 °C/3 Ton'. 

3.6. (2,2-Diethoxy-3-trimethylsilylo, clopropyl)methanoi 
(I0) 

A suspension of LiAIH 4 (0.6g, 16mmol) in Et20 
was refluxed for 0.5 h, then cooled to room temperature. 
6 (3.3 g, 12 mmol) was added dropwise under stirring. 
The resulting mixture was stirred at room temperature 
for I h. After addition of wet EtzO and then water, the 
ether layer was separated and dried over anhydrous 
MgSO 4. Distillation gave 1.9 g (68%) of 10, b.p. 96- 
97°C/3.5To~i: IH NMR (CDCI3): -0 .02 (s, 9H, 
Me,St), 0.08 (d, IH, H a, "aJ(HaH I) = 8.00Hz), 1,13 (t, 
3H, OCCH3), 1.17 (t, 3H, OCCHa), i.37 (ddd, IH, H~, 
3J(HIH ~) = 3J(H~Ha) = 8.00Hz, 3J(H~Hb)= 5.20Hz), 
3.43 (dcl, IH, H a, ZJ(HaHb)= l l.6Hz, "~J(HaHi) ~- 
8.0Hz), $.41-3.51 (m, 2H, OCHz), 3.65-3.80 (m, 2H, 
OCHz), 3.79 (dd, IH, H b, ":J(HbH ~) = 11.6Hz, 
3J(HbHt) = 5.2Hz). "~C NMR: -1 .34  (Me3Si), 15.25 
(OCH~CH~), 15.35 (OCH:~CH3), 18.39 (C3), 29.75 
(C~), 61.97 (OCH,.,), 62.15 (OCH.,.), 63.60 (CH:,OH), 
94,95 (Cz), IR: 3455 (v(OH)) cm- ' .  Anal. Found: C, 
56.07; H, 10.90; St, 12.35. C~H,aOaSi Calc.: C, 56.85; 
H, 10.41; St, 12.09%. 

3 . 7 .  ( 2 ,2  -D im ethoxy-3-trim ethyls i ly lo ,  clo - 
propylhnethanoi (9) 

3.4. Ring scission qf 5 

A mixture of $ (0.16g, 0,6retool) and 0,5ml ot' 
CDCI~ was stored at room tem~rature for a period of 
30 days. Tile reaction was monitored by ~1:I NMR 
Sl~Ctroscopy, When the signals of the cyclopropane 
protons disappeared, the mixture was distilled and 0, I g 
(97%) of methylethylsuccinate was obtained, b.p. 92- 
93 °C/12 Tort (lit. [131 b,p, 208.2 °C), IR: 1740 
(v(C=O)) em °l 'H NMR (CCI,~): 1.25 it, 3H, 
OCCH~), 2.52 (s, 4H, (CH:)2), 3,57 (s, 31t, OMe), 
4,07 (q, 2H, OCH,). IR: 1740 (u(C=O)) cm °'. 

3.5. Interaction of 6 with EtOH 

A mixture of 6 (2.8g, IOmmol) and IOml EtOli was 
refluxed for 4h; the resulting mixtut~ (2g, b,p, IO2= 
103°C/I I Ton) of two products was obtained by distil- 
lation. ~ H NMR (60 MHz, "l'esla BSo467 s~ctl~metel', 
CCI~): 1.22 (t, 3H, OCCII~), 2.56 (s, 41oi. (CH,),), 
4.08 (q, 2H, OCII,) - diethylsuccinate ~ and I. 19 (t,'91~!. 
3 ×OCCH:), 1.23 (I. H, COOCCH~), 2.10-2.50 (m, 
411, (CH;),), 3.53 (q, 6H, 3 ×OCH~), 4.10 (q, 211, 
COOCH~) ~ ethyl-4,4,4-triethoxybutanoate [9]. IR: 
1730~ 1740 (v(C=O)) cm~ i. 

Tile title compound was prepared from 4 in 82% 
yield following a procedure simihu' to that ibr tile 
synthesis of 10, b.p. 68-69°C/0.5Torr. 'l~l NMR 
(CDCI~): ~0.01 (s, 91], Me~Si), 0.08 (d, III, !1~. 
~J(H ~ H I ) ~ 8,20 Itz), 1.37 (ddd, I H, H ,, ~,I(111H ~ ) 
8.2 Itz, J(H I H,,) ~ 8.4 IIz, J(H I H I,) ~ 5.4 Hz), 3.30 
(s, 3H, OMe), 3.34 (s, 3H, OMe), 3.41 (dd, Itl, t1,,, 
ZJ(HaHb)'~ 11.5Hz, ~J(H,~HI)~8.4), 3.79 (dd, IH, 
H b. ~J(HbH a) ~ 11.5 Hz, ~J(Hbtl ,) -~ 5.4 Hz). I~C 
NMR: -1 .37  (Me,St), 18.52 (C~), 29.95 (CI), 53.52 
(OMe), 53.62 COMe). 63.46 (Clol,Otl), 96.61 (C,). IR: 
3390 (v(OH)) cm~ i. Anal. Found: C, 52.88; H~" 9.94; 
St, 13.45. C,~l],oO~Si Calc.: C, 52.91; H, 9.87; St, 
13.71%. 
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