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Abstract: Alkylidenemalonates capable of double bond migration being electrolyzed in methanol or
ethanol in the presence of alkali metal halides in an undivided cell equipped with Fe cathode
are transformed into 2-alkyl-3,3-dimethoxyalkane-1,1-dicarboxylates in 70-90% yield via
clectrochemically induced oxidative rearrangement. Acidification of the reaction mixture
after the electrolysis leads to the formation of 2-alkyl-3-oxoalkane-1,1-dicarboxylates. In
the case of isobutylidenemalonate, the electrolysis intermediate dimethyl 3,3-dimethyl-2-methoxy-
cyclopropane-1,1-dicarboxylate was isolated in 70% yield. © 1998 Published by Elsevier Science Ltd.
All rights reserved.

Alkylidenemalonates are well-known useful intermediates in organic synthesis, mainly due to

the reactions of their double bond which is activated by conjugation with two carboxylate groups.'

own electroche

™ 1. PO . alcn L it
1nc K 1d410114LCS are  aiso conneciea

with two types of reactivity of the activated double bond: reductive hydrodimerization of

alkylidenemalonates”® and addition of electrochemically generated anions to the double bond of

AL 1A el ~matag 3
dlhy 11ACHICITIAIOIIALOD.

In the last few years mediators were widely used for the electrooxidation and electroreduction of

organic compounds.® Among a variety of mediators, the redox system halide anion - halogen is one of the

Recently, in the course of our study on the electrochemical oxidation of organic compounds in

the presence of alkali metal halides, we have carried out electrochemical cyclodimerization of

3.8

es into 3,4-disubstituted cyclobutane-1,1,2,2-tetracarboxylates

transformation  of  alkylidenemalonates into  2-alkyl-3,3-dimethoxyalkane-1,1-dicarboxylates  via

=
B
=)
]
=
O
o0
~.
&
1}
w
1)
e
by
-~
Q
=
=
&
=
&
®
2
o
o0
,.:f
=
&
=
w
<
o
=9
o
\<
s
w
4
=,
o
~
92}
o
o
fo=]
o)
a
‘
g
o.
>
=3
9,
=3
Lndd
w
@
1’4
a
-
<
a
=N



14530 M. N. Elinson et al. / Tetrahedron 54 (1998) 14529-14540

electrochemically induced oxidative rearrangement.’ The present paper is concerned with a detailed study of

the last process in order to estimate its scope and limitations.

Electrolysis of alkylidenemalonates in methanol or ethanol in the presence of alkali metal halides as
mediators, was carried out in an undivided cell with a Pt anode and an Fe cathode under constant current

density. Under these conditions alkylidenemalonates 1a-e having allylic hydrogen atoms were transformed

into 3,3-dialkoxypropane-1,1-carboxylates 2a-¢ with rearrangement of the structure of the starting compound
(table 1):

— 2 3
R! CORS  —° R COR
MHal, R'"OH

I / \ 3 |
COR? M=Na, K R3O0 OR CO,R3

la—e Hal=I, Br 2a-e

R1=R?=H, R*=Me
R!=Me, R>=H, R*=Me
R1=Me, RZ=H, R3=Ft
RI=Et, R’=H, R%*=Me
R!=H, R2=Me, R¥=Me

n T R

=7

o

I |

Electrolysis of 1f resulted in the formation of both the “normal” product 2f and the rearrangement

product 2g in 18 and 54% yields, respectively:

| COM . COMe ~ COMe
—
\/\]/ o Y \r
(': O-M Hal=I. Br MeO OMe C('_)ZMe Me(G OMe COZTViE
2 e =1,
1f 2f 2g

It has been found that sodium iodide is the best mediator for the process and using this mediator,
esters 2a-e were obtained in 70-90% yield. With potassium iodide as mediator, the yields of
the rearrangement products decreased by 10-15%. Replacement of sodium iodide by sodium bromide caused

Svrrey

ot

A mrara cionifira ~ SN0/

a 1i1uvic )lélllllball JuU
Electrolysis of 1a-e in the absence of a halogen anion with NaClQy as the electrolyte does not afford

rearrangement compounds 2a-e. The main process of the 1a-e electrolysis in the presence of NaClO4 under

the conditione studied is the electrochemicallv induced addition of methanol to the douhle hond
uic CONGIIUNS StuGiCl 15 il Cilluoonciiilainly 1 o aUliliil Ui L0 S 8 & GUuuvIC U {a

alkylidenemalonates with the formation of 2-methoxysubsituted alkane-1,1-dicarboxylates.
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Table 1. Electrooxidation of alkylidenemalonates.
[Electricity | Conversion
. Rearrangement Other products,
N [Substrate| R' | R* | R® |Mediator | passed, |of substrate product, vige! d [%)"™ yie!dp (%]
F/mol [%]
1 1a H | H |Me| Nal 2.0 100 Za, 78 (78) 3a,5;4a,9
2 1a H | H | Me KI 2.0 100 2a,72 (72) 3a,6;4a, 8
3 1a H ) H |Me| NaBr 2.0 100 2a, 48 (48) 3a,8;4a,5
4 1b Me| H | Me Nal 2.2 99 2b, 80 (73) 3b, 8; 4b, 4
5 1b Me | H | Me KI 2.2 98 2b, 73 (65) 3b, 9; 4b, 2
6 | 1 I Me! H | Et | Nal 22 88 2¢, 72 (58) 3¢, 6
7 id Et | H | Me Nal 22 100 2d, 80 (73) 3d, 6; 4¢, 8
8 1d Et | H | Me KI 23 100 2d, 73 (63) 3d, 8; 4¢, 5
9 le H | Me | Me Nal 2.8 99 2e, 89 (63) 3e,3
10 le H | Me | Me KI 2.8 97 2e, 81 (56) 3e, 5
11| 1€ H | Me | Me| Nal 2.9 100 5¢, 64 (50) 3¢, 2
12| 1If Me | Me | Me | Nal 6.0 92 2110, 54; 2g, 18 (22)'8! —
13| 1f |Me|Me|Me| NaBr | 6.0 70 |24 43;2g, 14 (13)® ——
14| 6 (CHy)s | Me | Nal 3.0 92 7,61; 8,19 (54 ——
fal 30 mmol of substrate, 15 mmol of mediator in 45 ml of MeOH, Pt-anode, Fe-cathode, current density 200 mA/em’,
at 60°C.
) [solated yields, in parenthesis current yields.
<! Determined by gas chromatography and NMR spectroscopy.
W EtOH as a solvent.
e After electrolysis the reaction mixture was acidified with HCI to pH 6.0.
1 Isolated as a mixture of 2f and 2g.
el Total current yield of two products.
By-products of the reactions were alkylmalonates 3a-e and also 3,4-dialkylcyclobutane-1,1,2,2-

tetracarboxylates 4a-c (for the starting compounds with R"=
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R2 RICH, COMe
Rl ] CO,R? CO,Me
\/\,/ CopMe
3 1 /
o— COsR R!CH; CO-Me
Jga © LrTA
4a—c
a RlI=R2=H, R3=Me
R!'=Me, R’>=H, R*>Me a Ri=H
¢ R!=Me, RZ=H, R3=Ft b Rl=Me
1= 2z 3=
d R'=Et, R%=H, R3%Me ¢ R=Et
e R!=H, R2=Me, R3=Me

Acidification of the reaction mixture after the electrolysis resulted in hydrolysis of the rearrangement

products 2 with the formation of carbonyl compounds 5:

JSSVSY 2RLY AILL P

R2 lliz
R} Y\( COzMe H R! COzMe
——
MeO OMe CO;Me o) CO;Me
9 5
a R1=R2=H a R1=R2=H
R - h DI=AMA D2—17
b Rl:Me’ R<=H UoN VA, NI
e RIZH R2=M e [ R1=I{, R2=PV{6
P d RI=RZ=Me
f RI=R“<=Me LI 1§ iVis

Jnder the conditions used, cyclopentylidenemalonate 6 afforded two isomeric methoxylated
compounds 7 and 8 in 61% and 22% yields, respectively:

OMe OMe

- CO,Me /( CO;Me /(l CO,Me
N’ e I —e R ——

\ CO,Me Nal, B;I;(S;{’ M \COzMe N \\/ \COZMC

The most interesting result was found with electrolysis of isobutylidenemalonate 9. In this case 3,3-

dimethyl-2-methoxycyclopropane-1,1-dicarboxylate 10 was isolated from the reaction mixture

=]

i
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OMe
AN /\\j//cone —-e, 5,5 F/m.o!‘ I CO,Me
T CO,Me Nal, MeOH : - :COZMe
9
Current efficiency of alkylidenemalonate electrooxidation decreases with increasing the number of

alkyl substituents at the double bond of alkylidenemalonates and also with the change of linear alkyl
substituents for branched ones. Thus, in the row 1a > 1b, 1d > 1le > 6 > 1If the current efficiency of

the electrooxidation decreases by nearly three times.

Taking into consideration all of the above mentioned data, the following general mechanism of

the electrochemical oxidative rearrangement is suggested:

anode: 2 Hal - 2e —> Hal Hal=I,Br
cathode: 2R3QOH + 2 —> 2R30 + H,
in solution f R2
R!. CO.R? R | CO,R3
\/\\i/ + RO =— \/\Ié + ROH (1)
CO5R? A COR®
—a .Rz n2
T | T
R! COR? R'W COR? RIW COR* | (2)
© + Hal, - ) 5 - . !
oo fa'cor oo |
- 11 12
K R OR’ ? OR’
Rl A _ COR® RI_ )QT _CoR g > coms “
T S} = <
T \.T + RO =— | |~ _, —Hal CO,R3
Hal  CO,R3 Hal  CO;R 13
12
nl
R? 4 2 i 3
X AN /OR e —n R30OH R - COR (1)
Rri >—< CO,R3 “» /\ T (4)
™~ i
\CO R3 RO R0 OR3 CO,R3
13 2

Scheme 1
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Formation of A-type anions by the action of alkoxide anion on alkylidenemalonates

(equation 1) has been established earlier 1 The side reaction at thic sta

aikoxide anion to the double bond of aikylidenemaionates 1a-e, equation (5)."! It should also be mentioned
that compounds of type 14, which could also be formed under the conditions studied, are

iciently stable in chemical transformations, b

su

oy o . 12
of B-type anion:

2
R /K\\I,/COZ}‘:i Rl _I~_ _COR® Hah, RN/ _co.R3  (5)

~ N 3 ~ 7
R33N ﬁ n.’j{( e N D3r( \[/
i AN nU I riai R I
CO.R? COR CO.R
1 B 14
T |
l t2e |
—Hal ™

Reaciion of A-type anions with halogen generated ai the anode resuits in the formation of
halogen substituted esters 11 and 12 (equation 2). In the case of Hal =1, allylic iodide 11 is easily

irrangement of this type is also known for all vlic bromides, 13

but the rate of the rearrangemeni in the Iatter case is slower. This fact couid expilain
the decreasing vyields of the rearranged compounds 2 when bromide anions are used as
the mediator.

The interaction of aliylic bromide 12 with aikoxide ions in aicohols, as it has been established earlier,
results in the formation of the unstable intermediate cyclopropane 13 which undergoes C-C bond cleavage in
he end products of the reactions - compounds 2."*

Only in the case of the electrochemical oxidation of isobutylidenemaionate 9 was the relatively stable
cyclopropane 10 isolated. The same result was also obtained in the chemical reaction of (2-bromo-
isopropylidene)malonate with methoxide anion in methanol. 1 Cye vcloprapane 10 is more stable mainly due to
the presence of the two Me groups at C3), which increases steric hindrance to any chemical aitack on
the cyclopropane ring. This effect of two Me groups on the cyclopropanes stability has previously been
demonstrated for several types of cyclopropane compounds.'®
Taking into consideration the above, it is possible now

of cyclopentylidenemalonate 6 into ester 8 as an isomerization of intermediate cyclopropane 15 under the

electrolysis conditions:
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. Coz_ ie
N L qMe ~
COzMe
— —_—
—/ CO,Me OMe
6 15
OMe /OMe
/\ COMe /\ /COZMe
— | = —= |\ /X
N
CO,Me — CO,Me
7 8
The main side reactions of la-e electrooxidation under the conditions studied were cathodic reduction

of the double bond with the formation of alkylmalonates 3a-e and generation of cyclodimerization products
4a-c (table 1).

One additional sid
substituted esters 12. This reaction is an alternative to the reaction stated in equation (3) and takes
place to a sufficient extent for alkylidenemalonates with two alkyl substituents at the double
bond and isobutylidenemalonate 9 when the reaction of alkoxide anion addition the double bond is

IR 1 1 1 on ne aouble bdong

hindered or steric reasons:

~ CO,R? +2e Rl\)\ _CO5R?
TR - e (6)
| ' —Hal i
Hal CO,R3 CO,R3
A

As the result of the reaction (6) is regeneration of anion A , its influence on the whole process of

 resulied in decreasing the current yield
of rearranged products.
The reaction of 1f with alkoxide anions leads to the formation of two anions C and D (scheme 2),

having trisubstituted double bond should be formed predominantly. On the other hand, cyclization in

a

R o

the sterically less hindered anion F, havin rimary iodide, should occur more rapidly compared with

'U

process and this is a reason for ester 2g to be a preferable product in the 1f oxidative rearrangement. As

P
follows from scheme 2, the formation of anions C and D is reversible and transformation of anion E into

8
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COzR
MeOH /; " MaO ™

,4// MeO ™ MeOH\\\

J T \\/ _CO;R

CO.R
\\\657*\\?5 - L D‘\Fa

c | . CO.R
CO,R llz

I

I COR éoz“
f meo T
h I
\ OMe PR
4 COMe MeG
%/e \X/COZM(&
I CO,Me |©
E F CO;Me
l -1~ I -1~
v \/
OMe MeO
CO,Me >A<C02Me
N -
\COZMe ~ CO,Me
—l AL MNIT
I ar raY \ o=
MeO ¢ MeOH 1ey + IVIEUrr
OMe

Scheme 2
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Experimental

GLC analyses were carried out on LKhM-80 chromatography with a flame-ionization detector.
Columns: 1) glass column 3 m x 3 mm with 5% O
3 m x 3 mm with 10% FFAP on Chromaton N-Super (0.13-0.16 mm). '"H NMR and *C NMR spectra were

recorded in CDCl; on Bruker WM-250 (250 MHz) or Bruker AM-300 (300 MHz) spectrometers. Chemical

X 7 7 /N 1N

-17 on Inerton (0.16-0.20 mm) 2) glass column

hhn ~AAseaces e o HI.

17

aldehydes or ketones according to a known procedure.”” Alkylmalonates 3a-e were obtained by alkylation of

malonates with a corresponding alkyl halides.'® 3,4-Dialkylcyclobutane-1,1,2,2-tetracarboxylates 4a-c were

cynthecizad hy t
EARE \r\-l u L

General eiectrolysis procedure.

A solution of 1 (30 mmol) and sodium halide (15 mmol) in methanol (45 ml) was electrolyzed in an

S S R | ‘_n ________ 7S P 5 s
unaiviaea cCcil lluppcu Wll d ri-dnodac di

s B, S gy + £ ~ . A mAmctant Arrvemnt AAavoddvs
a 4dan r b di. DU U under Constdnt Current aensity

[y

(]

0
mA/cm’ until the quantity of the electricity indicated in Table 1 was passed. The solvent was then removed
and the residue extracted with chloroform or ether, washed with an aqueous solution of Na,S;03, and dried
ted. In some cases, the reaction
mixture after the electrolysis was acidified with dilute aqueous HCl! to pH 5.5-6.0 (procedure B), and after

neutralization and standard treatment, compounds 5a-d were isolated.

Dimethyl 3,3-dimethoxypropane-1,1-dicarboxylate (2a)', b. p. 67-68°C (0.0

» Ji=7.2 Hz, J,=5.4 Hz), 3.29 (s 6H, CH; () ,3.50(, 1H, C
Aly il v viw X2l L, 2.47 35, VI, AL ), 2.0 5, A2 —

CH;0), 4.38 (t, I1H, CH(OMe),, J=5.4 Hz). 13CNMR(CDClg): 31.6 (1), 47.1 (d), 52.1 (q), 53.1 (q), 102.3 (d),
169.2 (s). Anal. Caled. for CoH;60¢: C, 49.09; H, 7.32. Found: C, 48.78; H, 7.23.

Dimethyl 3,3-dimethoxy-2-methylpropane-1,1-dicarboxylate (2b)'*, b.p. 125-127°C (10 torr), 'H NMR
(CDCls): 0.98 (d, 3H, CH; J=6.8 Hz), 2.55 (m, 1H, CHMe), 3.31 (s, 3H, CH30), 3.33 (s, 3H, CH;0), 3.50 (d,

1H, CH(COOMe), J=5.2 Hz), 3.70 (s, 6H, CH;0), 4.26 (d, 1H, CH(OMe), J=7.3 Hz). ’C NMR (CDCl):
12.1 (q), 36.4 (), 52.1 (q), 52.2 (q), 52.9 (d), 53.7 (9), 55.2 (q), 106.4 (d), 169.0 (s) 169.3 (s). Anal. Calcd. for

CioH30¢: C, 51.27; H, 7.75. Found: C, 51.16; H, 7.63.

Dlethyl 3,3-diethoxy-2-methylpropane-1,1-dicarboxylate (2c)19 b. p. 101- 103°C (0.2 torr), "H NMR (CDCls):
1H. C HMe),

.- L

(d. 3H, CH; J=6.8 Hz), 1.13 (t, 6H, CH; J=7.0 Hz), 1.22 (t, 6H, CH; J=7.1 Hz), 2.49 (

‘u, JEIy WLl v VU 1AL j, Ll (M
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3.46 (d, 1H, CH(COOEt), J=5.2 Hz), 3.45 (m, 2H, CH;0), 3.62 (m, 2H, CH,0), 4.13 (q, 4H, OCH,

J=7.0Hz), 4.39 (d, |H, CH(OEt), /7.3 Hz). ®C NMR (CDCL): 12.0 (a), 14.1 (a), 152 (g} 7.1 (3
75 x ==\ X 37 A V2 . \MJ/3 e \M)y ST ed (M)
53.6 (d), 61.1 (1), 62.3 (1), 63.5 (1), 104.4 (d), 168.8 (s), 169.0 (s). Anal. Caicd. for C;4Hs60¢: C, 57.91;

H, 9.03. Found: C, 58.01; H, 8.98.

Dimethyl 2-ethyl-3,3-dimethoxy-propane-1,1-dicarboxylate (2d), b. p. 71-72°C (0.04 torr), 'HNMR
(CDCl3): 0.90 (t, 3H, CH; J=6.2 Hz), 1.32-1.66 (m, 2H, CHy), 2.40 (m, 1H, CHCH>), 3.30 (s, 3H, CH;0

}{ MLY MY ?) 57 A4 1T NLII/MMNNNAS —& 1 1T\ "7 TY ATT AN

2128 /- 1 £0 (. £ ~ NOA AN 14 PR
2.0 48, 2 a, 1o, bll\bUUIVLU]Z J=5.1 112), 2.00 (5, 0I1, LI13W), 4.4U0 (U, 10, UH(UVIE)
S.

J=7.4 Hz). >C NMR (CDCl3): 11.6 (q), 20.5 (t), 42.9 (d), 51.0 (d), 51.9 (q), 53.6 (g), 55.5 (q), 105.8 (d),
169.1 (s) 169.3 (s). Anal. Calcd. for C1;HyOg: C, 53.21; H, 8.12. Found: C, 52.98: H, 8.03.

Dimethyl 3,3-dimethoxylbutane-1,1-dicarboxylate (2¢), b. p. 89-92°C (0.15 torr), '"HNMR (CDClI5): 1.21 (s,

¢ AH CH.O
5, Oi3, vai

N 247 1TH OCH =77 2\
3T Jy TTH R J

[P S § PN U7 § 3V AN VS ¥ VA

27V fa
Jel L (D,

»

BCNMR (CDCls): 20.6 (q), 35.4 (1), 47.7 (d), 48.9 (q), 52.4 (q), 100.2 (s), 169.8 (s). Anal. Calcd. for
C1oH50¢: C, 51.27; H, 7.75. Found: C, 51.03; H, 7.68.

Dimethyl 3,3-dimethoxy-2-methylbutane-1,1-dicarboxylate (2f) was isolated as a mixture with ester 2g in a
ratio of 1:3, b. p. 96-103°C (0.15 torr), 'H NMR (CDCl;) for 2f after excluding sign g (NMR for 2e
below): 0.91 (d, 3H, CH; J=6.8 Hz), 1.17 (s, 3H, CH3), 2.46 (m, 1H, CHMe), 3.06 (s, 3H, CH;0), 3.09 (s, 3H,
CH;0), 3.51 (d, 1H, CH(COOMe), J=5.3 Hz), 3.70 (s, 3H, CH;0), 3.71 (s, 3H, CH;0). '°C NMR (CDCl;):

1696 (<), 169 .8 (s). Anal
< \ZJp A0 RS SR8

LM
y—t

12.4 (@), 20.8 (q), 37.2 (d), 51.8 (q), 52.1 (q), 53.1 (d), 54.9 (q)
= \ML/> =Y \*1/3 i/ N 1/
1,8

Caicd. for C11H200¢: C, 53.21; H,

Al Y

Dimethyi 3,3-dimethoxypentane-1,1-dicarboxylate (2g) was isolated from the aforementioned mixture of Zf
and 2h as viscous liquid by silica gel column chromatography (ether-hexane 1:2), 'H NMR (CDCl5): 0.78 (t,
3H, CH, J=6.5 Hz), 1.54 (0, 2H, CH, .J=6.5 Hz), 2.23 (d, 2H, CH, J=7.4 Hz), 3.08 (s, 6H, CH10), 3.39 (t, 1H,

it etV BE AL A i ]

" A

349 (0, 483 (d), 90 (@), 5
107.9 (s), 169.9 (s). Anal. Calced. for C;1H006: C, 53.21; H, 8.12. Found: C, 53.15; H, 8.23.

Ty vy o~ 13 S eVl r\ 1 s I\

CIl J=7.4 Hz), 3.68 (s, 6H, CH;0).

TTR AT

el e N AY o 1
C NMR (CDCs): 9.1 (q), 31.6

u1

—
Kal
>

Dimethyl 3-oxopropane-1,1-dicarboxylate (5a), b. p. 72-73°C (0.1 torr), 'H NMR (CDCls): 3.18 (d, 2H, CH.,
J=7.5Hz), 3.71 (s, 6H, CH;0), 3.82 (t, 1H, CH, J=7.4 Hz), 9,64 (s, IH, CH=0). >C NMR (CDCl:): 41.6 (1),

(d. 3H, CHs, J=6.7 Hz), 3.21 (m, 1H, CH), 3.73 (s, 6H, CH;0), 3.77 (d, 1H, CH, J=6.2 Hz), 9.65 (s, 1H,
Cﬁ=0). 13C NMR (CDCls): 11.8 (q), 50.4 (d), 52.3 (d), 52.9 (q), 169.2 (), 169.5 (s), 202.4 (d). Anal. Calcd.

und: C, 49.83; H, 6.24.

Ny TFAGA
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Dimethyl 2-ethyl-3-oxopropane-1,1-dicarboxylate (5c), b. p. 76-78°C (0.04 torr), '"H NMR (CDCls): 1.17 (,
3H, CH;, J=6.7 Hz), 1.52-1.83 (m, 2H, CH), 3.15 (m, 1H

SR I3, 400 A%y £33 L2l A 2y

CH), 3.75 (s, 1H, CH;0), 3.81 (d, 1H, CH

), 2 S, 1, LIS, H s 1Xky i,
v orr_y 13 e e An o~ =~ o -

iH, CH=0). "'C NMR (CDCly): 11.7 (@), 20.3 (1), 47.5 (d), 52.8 (q), 533.5 (d), 168.4 (s),

J=6.2 Hz), 9,63 (s,
.5 (d). Anal. Calcd. for CoH,40s: C, 53.46; H, 6.98. Found: C, 53.21; H, 6.74.

169.3 (s), 202

Dimethyl 3-oxobutane-1,1-dicarboxylate (5d), b. p. 82-84°C (0.15 torr), '"HNMR (CDClI3): 2.25 (s, 3H, CH3),
3.05 (d, 2H, CH,, J=7.5 Hz), 3.72 (s, 6H, CH30), 3.88 (t, 1H, CH, .J=7.5 Hz), 9,65 (s 1H, CH=0). *C NMR

LIRS B T

(CDCly): 283 (q), 41.8(1), 46.3 (d), 52.7 (q), 169.0 (s), 204.6 (s). Anal. Caled. for CsHOs: C, 51.06;
H, 6.43. Found: C, 49.89; H, 6.28.

Dimethyl (5-methoxycyclopent-1-enyl)malonate (7) was isolated as a viscous liquid by silica gel column

chromotography (eluent ether-hexane 2:1), 'H NMR (CDCl3): 1.72 (m, 2H, CH,), 2.05-2.30 (m, 2H, CHy),

A f~ 2ATT MIT_ MDY A YO £~ AR B al b VfalFaYal W SR URY A Af £ 17T
SSAS, 2I1, LII3V), 4.L7 (5, 1, LO(LCUUNVIC) ), 4.40 (I, 11

>

Il,
CHOMe), 5.96 (m, 1H, CH=). >*C NMR (CDCl): 28.8 (t), 30.2 (t), 50.7 (d), 52.3 (q), 52.4 (q), 55.7 (q),
86.1 (d), 133.7 (d), 135.6 (s), 168.1 (s), 168.3 (s). Anal. Caled. for Cy1H;60s: C, 57.88; H, 7.07. Found: C,

_ 1. [ JEPTOTS . |
UllllClIly Z-1HCUIVAYUWYLI

ialonate (8), was isolated as a viscous liguid by silica gel Uil
ether-hexane 2:1), 'H NMR (CDCls): 2.74-2.84 (m, 6H, CH,), 3.30 (s, 3H, CH30),
(s, 3H, CH;0), 4.41 (m, 1H, CHOMe). BC NMR (CDCly): 25.7 (1), 31.7 (1), 34.2 (1),

chromotography eluent

3.73 (s, 3H, CH50), 3

OOA

PO e TN & P o YN
. 10T CrieUs.

Dimethyl 3,3-dimethyl-2-methoxycyclopropane-1,1-dicarboxylate (1 0)““5, b. p. 48-49°C (0.06 torr), '"H NMR
(CDClk): 1.19 (s, 3H, CHj), 1.30 (s, 3H, CH3), 3.48 (s, 3H, CH;0), 3.63 (s, 1H, CH), 3.70 (s, 3H, CH;0),

277 /o 200 CILON BONMBR (oMLY 16 6 (A 104 7o) 2177 (e A1 0 () 879 (a) 8§72 (AY K9 7 fa)
S i ) \h’ 1 l’ AW § l_{\_l]- N LNAYLLIN \\.lu\alj}. PRV AV} \51} L7 \\.1) P i Sray \D), ¥ A.S \Q,, o) o 0 et \\1}’ -t hw e D \\.l}, Ju,l \hl},
72.2 (d), 166.1 (s), 168.5 (s). Anal. Calcd. for C1oH60s: C, 55.55; H, 7.46. Found: C, 55.36; H, 7.49
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