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Abstract—~ The reaction of 3-bromo-5-methoxyfuran-2(5H)-one (1) with the
stabilized carbanions derived from 2a-d, in a solid-liquid two-phase system in the
presence of potassium carbonate and tetrabutylammonium bromide, affords the
cyclopropane lactones 5a-d. With the ambident anions generated from 2e and 2f,
the fused heterocyclic compounds 10 and 11, respectively, are obtained. The
teaction of methyl 2-bromo-4,4-dimethoxy-2-butencates (7, 8) with 2b-f, under
similar conditions, gives rise to mixtures of the functionalized cyclopropanes 12b-f
and 13b-f as mixtures of diastereoisomers; dihydrofurans 14 and 15 are also
formed as minor components using ethyl acetoacetate (2f) as nucleophile.

INTRODUCTION

Previous results from our Iabomtoryz’3’4 have shown that 3-bromo-5-methoxyfuran-2(5f)-one (1), a cyclic

pseudoester of 2-bromo-3-formylacrylic acid, behaves as an excellent Michael acceptor towards several
carbon, oxygen, nitrogen and sulphur nucleophiles. Recently we have also reponed5 that bromofuranone 1
reacts with different nucleophiles in acetonitrile, in a solid-liquid two-phase system, in the presence of
potassium carbonate and a phase transfer catalyst, to give cyclopropane bis-lactones of the type 6 by
addition of the Initial enolate anion to a second bromofuranone molecule followed by ring closure.

However, when diethyl malonate anion (2c) was used as nucleophile, the cyclopropane bis-lactone
6c was accompanied by minor amounts of the cyclopropane lactone Sc (Scheme 1). This is presumably due
to the presence of an acidic methine proton in the enolate anion 3, which favours the equilibrium with the
carbanionic intermediate 4, readily converted to the cyclopropane lactone 5c by intramolecular nucleophilic
substitution of the halogens. Compounds of the type 5 as derivatives of caronic acid, are expected to be
versatile precursors of chrysanthemic acids used as starting materials for the synthesis of pyrethroidsé.

The present investigation was aimed at extending the study to conjugate additions of carbanions
from several methylene derivatives of the type 2 to bromofuranone 1, which might afford carbanionic
intermediates 4, readily converted to cyclopropane lactones 5 by intramolecular nucleophilic substitution.
Furthermore, we have also studied similar reactions using as substrates open-chain derivatives of the type
7 and 8, which would afford functionalized cyclopropane derivatives with different stereochemistry. Related
reactions have been termed Michael initiated ring closure (MIRC) reactions by l.,ittle7 and offer an efficient
route for the construction of several carbocycles.

RESULTS AND DISCUSSION

The reactions of the bromofuranone 1 with the nucleophiles 2a-f (Scheme 1) were conducted
under the above mentioned conditions in a solid-liquid two-phase system8 in the presence of tetra-n-butyl-
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ammonium bromide as a catalyst, using an appropriate base, such as potassium carbonate, which would not

alter the functional groups of the substrate. The results are summarized in Table I.

TABLE 1

Reaction of 3-bromo-5-methoxyfuran-2(5H)-one (1)
with nucleophiles 2a-f

Nucleophile Temp., °C Time, h Products Yield, %%
2a 0 7 5a 36
2b 0 7 5b 48
2c Lt 5 s 6 24,62
2d Lt 30 5d¢ 17
2e r.t. 5 10 46d
2f r.t. 6 11 45

®1s08ated yield. b From meﬂuences.
9 was also formed.
consumed.

€A small amount 0of compound

d lsoLated yield with nespect Lo {furanone 1

Treatment of bromo-
furanone 1 with malononitrile
(2a) or methyl cyanoacetate
(2b) in acetonitrile at 0°C, in
the presence of potassium
carbonate and tetra-n-butyl-
ammonium bromide, afforded
the cyclopropane lactones 5a
and Sb, respectively, as the
sole products. By contrast, as
stated above, the reaction
with diethyl malonate (2c)
under similar conditions,
provided a mixture of the
cyclopropane lactone 5c and
the bis-lactone 6¢c, the latter
being the major component.
These results can be ration-
alized in terms of acidity of
the methine protons in the

carbanionic intermediate 3.

Thus, the methine protons of 3a and 3b are expected9 to be more acidic than that of 3c and the equilibrium

in those cases favours the carbanions 4a and 4b, which give rise to the cyclopropane lactones 5a and Sb.
In a similar manner, bromofuranone 1 reacted with nitromethane (2d), under the above conditions,

to afford the cyclopropane lactone Sd as the main product (Scheme 2)10, although in poor yield. The

structure of the bicyclic compound 5d,
with an exo arrangement of both nitro
and methoxy groups, was supported by
the 'H-NMR spectrum. In fact, from the
magnitude of the coupling constants Jl,6
=2.1 Hz and 15,6 = 1.7 Hz a trané relation-
ship of the corresponding protons is de-
the absence of a

duced; furthermore,

coupling between H-4 and H-5 also

suggests a trand arrangement, thus indica-




Pseudoesters and derivatives—XXVI 4009

ting that the initial carbanion attacks from the side opposite to the methoxy group.

From the reaction mixture of 1 with nitromethane, a small amount of a side product was also
isolated by chromatography. On the
basis of the spectral data it was

Scheme 3 identified as the bis-lactone 9, pre-
sumably originated by  Michael
addition of the carbanion from 5d to
the starting bromofuranone 1 followed
by dehydrohalogenation.

Unlike malonic acid derivatives,

ethyl acetoacetate (2f) did not
promote formation of a cyclopropane
derivative with bromofuranone 1. The
initial Michael addition occurred
normally to give the ambident anion

4f, but the subsequent ring closure

4 u took place on oxygen instead of

carbon to yield 11 (Scheme 3), with

a new furan ring fused to the initial

furanone ring“. Nitroethane (2e) showed a similar behaviour and the ambident anion 4e, originated after

the conjugate addition to 1, preferred to undergo intramolecular 0-alkylation to give the furoisoxazol
derivative 10, in which a new five membered heterocycle is fused to the initial furanone ringlz.

These results broaden the scope of the MIRC-type reacuons7 to the formation of five membered
heterocycles by intramolecular ring closure through a heteroatom of an ambident anion originated after the
initial Michael addition.

The structures of compounds 10 and 11 have been established on the basis of their IR and NMR
spectra. The IR spectra of compounds 10 and 11 showed lactone carbonyl maxima at 1810 and 1790-1805
cm'l, respectively, while the characteristic absorption of the cyclopropane ring was absent; furthermore, in
compound 10 lacked also the characteristic band of a nitro group.

The 1H-NMR spectrum of 10 was especially informative. Key features in this regard are: (i) an
acetal type proton (singlet at 6 5.47) and a MeO group (6 3.55), which confirmed the presence of a
methoxyfuranone unit; (ii) a doublet (at & 5.20) assignable to the proton on C-6a coupled (J=9.0 Hz) to the
H-3a proton (6 4.11); (iii} the long-range coupling (}J=1.9 Hz) between the latter proton and the C-3
methyl protons; (iv) the absence of a coupling between H-4 and H-3a, that would indicate a Zrans relation-
ship. It therefore follows that the initial attack of the carbanion occurs from the side opposite to the OMe
group. Analogous data for compound 11 were similarly consistent with the assigned structure.

The 13
10 shows signals at 108.3, 53.8,and 69.7 ppm, attributable to C-3, C-3a, and C-6a of the furoisoxazol

C-NMR spectra provided further support for these structural assignments. Thus, compound

framework. Similarly, in compound 11 the presence of the furofuran system is confirmed by the signals at
101.9, 51.2, and 78.0 and the absence of a ketone carbonyl carbon around 200 ppm.

We have also studied the behaviour of methyl (E)- and (2)-2-bromo-4,4-dimethoxy-2-butenoates
(7 and 8)13 as substrates towards the carbon nucleophiles 2a-f under relatively mild conditions similar to
those used for bromofuranone 1. We have found, however, that the results of the reaction with diethyl
malonate are not dependent upon the stereochemistry of the substrate, presumably due to a prior rapid E -
2 isomerization. In fact, we have shown that this isomerization also occurs when the E -isomer is treated
under similar conditions in absence of the nucleophile. Therefore all the reactions have been carried out
with the more readily available F-isomer 7.

The reaction of the acetal 7 with the nucleophiles 2.b—f14 afforded mixtures of the cyclopropane
derivatives 12 and 13 (Scheme 4), in which the ester and acetal groups from the substrate appear in a cis
or trans disposition, respectively. The results of these reactions are summarized in Table Ii.

The stereochemistry of 12 and 13 has been inferred from the magnitude of the coupling constants

312 (ca.10-11 Hz for a cis and 7-8 Hz for a trans arrangement).
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TABLE 11

Reaction of methyl (£)-2-bromo-4,4-dimethoxy-2-butenocate (7) with nucleophiles 2b—f

Nucleophile Temp., °C Time, h Products (ratio)b Yield, %
12b (67)
2b 60 96 13b (33) 53
12¢ (30)
2c 60 120 13c (70) 77
12d (66) e
u 60 96 13d (16) , 13'd 18) 2
12e (50) c
2e 60 96 13e (50) 20
12f (32),12'f(10)
13f (32), 13'£(10)
2f 60 47 14 (8) 63
15 (8)
b

®1s0lated yiekd. °By GLC. Clsofated yield with nespect fo ester 7 consumed.

Scheme 4 When the substitu-
ents Y and Z are different,
Y. z z the cyclopropane deriva-

er, COzMe Br_ _COzMe H Y yeroprop
base )2, base H " (OMe), tives 12 and 13 can appear

| - I e *

ii)—8s= as epimeric mixtures. Thus,
Ch{omel, (Me0};CH COgMe  CHfOMe), COZMe 'n both epimers 13d and 13'd
have been identified and

their stereochemistries

B-“I s 8 s assigned on the basis of

g
CN COaMe CO26t H
cN oN COzEt  NOg

z
4
COoEt the respective coupling
COMe

Sf!o

constants (13d: j1,3=8.5,

‘12,3=4°5; 13'd: 11,3=3.6,

J2 3=8.9). By constrast,

12d appears as a sole epimer, the 1l*l-NMR spectrum of which indicates that H-3 hais a Trans relationship

to H-1 and H-2; formation of 12d by lactone ring cleavage of the cyclopropane lactone 5d corroborates its

structure. Moreover, the reaction of 7 with nitroethane afforded only two cyclopropane derivatives 12e (cis,

Jy 2=11.3 Hz) and 13e (trans,J, , =

7.8 Hz), in which the configuration

T B4  12e Mo ° Cogie at C-3 was assigned on the basis

y>4¢><°‘(°'“)z v’ " Mo M‘N(ﬂhh of the anisotropy effects of the

¥ w " z| Moz Moz Et0C “H nitro group. However, the configura-

tion of compounds 12b-13b, obtained

COgMe o copme as the sole products from the

) " &= . *w" reactions of 7 with methyl cyano-

yi >< Y| Noz 3 acetate could not be ascertained

2y CH{ome)2 2| ¢ EtoC “CH{OMe)y from the 'H-NMR data, due to the
absence of the H-3 proton.

£33

5 e
F 3e

From the above results is
deduced that the acetal-esters 7-8
are less active than the furanone 1, as Michael acceptors, the formation of tandem addition products being

therefore not favoured.
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A noteworthy feature of the reactions outlined above is the different behaviour of the ambident
anions from 2e and 2f towards the cyclic pseudoesters 1 and the open-chain esters 7 or 8. As stated above,
the reaction of 2e and 2f with the furanone 1 afforded only the compounds 10 and 11, originated by
conjugate addition followed by ring closure via intramolecular 0-alkylation. By contrast, the Michael addition
of nitroethane to the acetal-ester 7 was followed by an intramolecular C-alkylation to yield the cyclo-
propane derivatives 12e and 13e exclusively. Moreover, the addition product of ethyl acetoacetate to 7
underwent both the C-alkylation to give the cyclopropanes 12f and 13f and the 0-alkylation to yleld the
dihydrofurans 14 and 15, the former being the major reaction pathway.

EXPERIMENTAL

Melting points have been determined on a Kofler hot stage and are uncorrected. IR spectra were
recorded on Perkin-Elmer models 254 and 681 grating spectrophotometers, v values in cm-1. NMR spectra
were obtained in CDCl, solution on either a Varian EM-390, a Bruker WP-8054 or a WM 200 SY spectro-
meter. Signals are repgrted in 5 units with TMS=0 ppm as internal standard. Mass spectra were recorded
on either a Hewlett Packard 5985, a 5790 GC-MS System or a Hitachi-Perkin-Elmer RMU-6MG spectro-
metet. Silica gel Merck 60 (70-230 mesh), 60 (230-400 mesh), F254 (2 mm layers) and DC-Alufolien 60
F254 were used for conventional, flash chromatography, preparative and analytical TLC, respectively. GLC
was performed on either a Perkin-Elmer F-11 (4% Reoplex-400 on Chromosotb conventional column) or in a
3920 instrument (SE-30 capillary column) at 150°C, with nitrogen as carrier gas.

Reactions of bromofuranone 1 or bromoester 7 with nucleophiles in the presence of a phase transfer
catalyst. General procedure.

Bromofuranone 1 (or bromoester 7) (10 mmol) is added to a stirred mixture of finely powdered
anhydrous potassium carbonate (6.90 g, 50 mmol), tetra-n-butylammonium bromide (0.16 g, 0.5 mmol) and
the nucleophile (10 mmol) in acetonitrile (20 ml). The mixture is kept with stirring at the temperature
indicated in Table 1 (or Table 1I) until the starting furanone 1 (or ester 7) disappears or a practically
constant concentration is attained (monitored by TLC or GLC). After addition of acetonitrile or ethyl
acetate (100 ml) the reaction mixture is filtered and the salts washed with the same solvent (40 ml). The
solvent is removed under reduced pressure to yield the crude mixture.

Reaction of 1 with malononitrile

The crude mixture obtained following the general procedure, in dichloromethane (150 ml), is
washed with water (3 x 15 ml), and dried (Na2SO4). The solvent is removed under reduced pressure and the
crude product (1.38 g), after flash chromatography (petroleum ether-ethyl acetate 6:1), affords 66-dicyano-
4-exo-methoxy-3-oxabicyclo[3.1.0] bexan-2—one (5a) (36%) as a colourless oil. IR (film): 3100, 3080 ([C-H})
2260 (C=N); 1810-1785 (C=0). 1H-NMR: 5.47 (s, 1H, H-4); 3.64 (s, 3H, OCH3); 3.28 (s, 2H, H-1, H-5).
13C-NMR: 165.3 (C=0); 111.0 (C=N); 102.0 (C-4); 57.9 (OCH3); 35.9 (C-1); 31.7 (C-5). MS, m/fz: 179
(M+1)*, 177 (M-1)+, 147, 134 (100), 103, 91. Attempts to obtain analytical samples were unsuccessful
because it decomposes readily.

Reaction of 1 with methyl cyancacetate

The crude mixture obtained following the general procedure in dichloromethane (150 ml) is washed
with water and dried (Na2S0O4). The solvent is removed under reduced pressure and the residue (1.76 g) is
chromatographed under pressure (petroleum ether-ethyl acetate 4:1) to yield 6-cyano—4-e¢xo-methoxy-6-
methoxycarbonyl -3-oxabicyclo[3.1.0) hexan-2-one (5b) (48 %) as a white solid, m.p. 98-102°C (from cyclo-
hexane-benzene). (Found: C, 50.80; H, 4.27; N, 6.45. Calcd. for C?H905N: C, 51.19; H, 4.30; N, 6.63). IR
(nujol): 3120, 3100 ([:C-H); 2260 (C=N); 1805, 1780, 1755 (C=0). 1H-NMR: 5.43 (s, 1H, H-4); 3.89 (s, 3H,
CO2CH3); 3.60 (s, 3H, OCH3); 3.07 (s, 2H, H-1, H-5). 13C-NMR: 167.3; 163.5; (C=0); 112.1 (C=N); 102.3
(C-4); 57.4, 54.6 (OCH3); 36.1 (C-1); 32.1 (C-5); 23.6 (C-6). MS, m/z: 212 (M+1)+, 210 (M-1)+, 180, 167,
152, 136 (100).

Reaction of 1 with diethyl malonate

The crude mixture obtained following the general procedure contains 6,6-bis(ethoxycarbonyl)-4-exo-
methc))xy~3-oxablcyclo [3.1.0] hexan-2-one (5¢)5 and the cyclopropane bis-lactone 4¢3 in a 30:70 ratio (1H-
NMR).

Reaction of 1 with nitromethane

The crude mixture obtained following the general procedure is separated by column chromatogra-
phy on silica gel (chloroform-hexane-acetone 5:4:1) to afford unreacted bromofuranone 1 (0.12 g), 5d
(0.27 g, 17%) and bis-lactone 9 (0.09 g).
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4—¢xa-Methoxy-6-uo—nltro-3-oxabiciclo[3.l.0]hexan—z-one (5d).- M.p. 101-103°C (sublim.).
(Found: C, 42.01; H, 4.03; N, 8.18. Calcd. for CgH70sN: C, 41.62; H, 4.05; N, 8.09). IR (nujol): 3100
([C-H), 1800, 1780 (C=0),1560 (NO2). 1H-NMR: 5.31 (s, 1H, H-4); 4.26 (dd, 1H, H-6, J1 6=2.1, J56 =
1.7); 3.50 (s, 3H, OCH3); 3.14 (dd, 1H, B-1, J1 5= 6.8); 3.10 (br, dd, 1H, H-5). 13C-NMR: 168.2 (C=0),
(102.§ (C-4); 58.4 (C-6); 57.0 (OCH3); 31.0 (C-1); 26.2 (C-5). MS, m/z: 173 (M+), 172 (M-1)+, 142, 95, 83
100).

4-¢xo0 - Methoxy - 6 (5'-methoxy - 2'-oxo0 ~2',5' - dihydrofuran - 4'- yl) - 6-e x 0-nitro - 3 -oxabicyclo[3.1.0]
hexan-2-one (9).- IR (film): 3120 ([:C-H), 1800 (br, C=0); 1650 (C=C); 1560 (NO2). 1H-NMR: 6.24 (d, 1H,
H-3', J31 51 = 0.9); 5.78 (d, 1H, H-5'); 5.40 (d, 1H, H-4, T4 5 = 0.9); 3.63 (s, 3H, OCH3); 3.61 (s, 3H, OCH3);
3.22 (d, tH, H-1, J1,5 = 6.1); 3.11 (dd, 1H, H-5). MS,m/z: 142 (M-143)*+, 112, 95, 83 (100).

Reaction of 1 with nitroethane

The crude mixture obtained following the general procedure is chromatographed on silica gel
(toluene-acetone 5:1) to remove unreacted bromofuranone (Table I; longer reaction times must be avoided
to prevent decomposition). After chromatography, 4-exo-methoxy-3-methyl-3a,6a-dihydrofuro|3,4-d]isoxazol-
6(4)-one N-oxide (10) is obtained in 46 % yield, m.p. 100-102°C (from ethanol). (Found: C, 44.99; H, 4.91;
N, 7.42. Calcd. for C7HgOSN: C, 44.92; H, 4.81; N, 7.48). IR (KBr): 1810 (C=0); 1670 (C=N). 1H-NMR: 5.47
(s, 1H, H-4); 5.20 (d, 1H, H-6a, J3a_6a = 9.0); 4.11 (dq, 1H, H-3a), 3.55 (s, 3H, OCH3); 2.05 (d, 3H, CH3,
J4’=l.9). 13C-NMR: 171.0 (C=0); 108.3 (C=N); 103.3 (C-4); 69.7 (C-6a); 57.0 (OCH3); 53.8 (C-3a); 10.6
(CH3). MS (C.I. CHg), m/z: 188 (M+2)*, 170 (100).

Reaction of 1 with ethyl acetoacetate

The crude mixture in dichloromethane (150 ml) is washed with water (3 x15ml) and dried (Na2SO4).
The solvent is removed in vacuo and the crude product is purified by flash column chromatography
(petroleum ether-ethyl acetate 5:1) to yield 3-ethoxycarbonyl-4-exo-methoxy-2-methyl-3a,6a-dihydrofuro
[l:#b]furan%(‘t")-one (11) as a white solid, m.p. 70-71°C (from cyclohexane-benzene). (Found: C, 54.85;
H, 5.98. Calcd. for C11H1406: C, 54.54; H, 5.83). IR (nujol): 1805, 1790, 1700 (C=0); 1640 (C=C). lH-NMR:
5.46 (s, 1H, H-4); 5.14 (d, 1H, H-6a, J = 9.1); 4.22 (q, 2H, CO2CH2CH3, J = 7.2); 3.90 (dq, 1H, H-3a); 3.51
(s, 3H, OCH3); 2.21 (d, 3H, CH3, JS = 1.8); 1.30 (1, 3H, CO2CH2CH3). 13C-NMR: 172.6, 169.5 (C=0);164.3
(C-2); 107.7 (C-4); 101.9 (C-3); 78.0 (C-6a); 60.3 (CO2CH2CH3); 57.2 (OCH3); 51.2 (C-3a); 14.4, 14.1
(CO2CH2CH3, CH3). MS, m/z: 242 (M%), 211, 197, 154 (100), 126, 125.

Reaction of bromoester 7 with methyl cyanoacetate

The crude product obtained following the general procedure is a 67:33 mixture of compounds 12b
and 13b (by GLC), which can be separated by short column chromatography (petroleum ether-ethyl acetate
6:1).

Dimethyl 3-cyano-c-2-dimethoxymethyl-1-1,3-cyclopropanedicarboxylate (12b).- (Found: C, 51.23;
H, 6.12; N, 5.48. Calcd. for C11H1506N: C, 51.36; H, 5.88; N, 5.44). IR (film): 3055, 3005 ([C-H); 2260
(C=N); 1745 (C=0). 1H-NMR: 4.93 [d, 1H, CH(OCH3)2, J=17.6]; 3.86, 3.80 (2s, 6H, CO2CH3); 3.50, 3.39
(2s, 6H, OCH3); 2.72 (d, 1H, H-1, J1 2 = 10.0); 2.49 (dd, 1H, H-2). 13C_NMR: 166.1 (C=0); 113.0 (C=N).
99.6 [CH(OCH3)2]; 55.4; 54.2, 53.9, 52.9 (OCH3); 35.4, 31.9 (C-1, C-2); 24.2 (C-3). MS, m/z: 258 (M+1)*,
256, 226, 166 (100), 88, 75.

Dimethyl 3—cyano-¢-2-dimethoxymethyl-z-1,3-cyclopropanedicarboxylate (13b).- (Found: C, 51.53;
H, 6.15; N, 5.51. Calcd. for C11H1506N: C, 51.36; H, 5.88; N, 5.44). IR (film): 3055, 3015 ([C-H), 2255
(C=N); 1750 (C=0); 1H-NMR: 4.55 [d, 1H, CH(OCH3)2,J = 4.0]; 3.82, 3.73 (2s, 6H, CO2CH3); 3.43, 3.42 (2s,
6H, OCH3); 2.89 (d, 1H, H-1, J1 2 = 8.1); 2.67 (dd, 1H, H-2), 13C-NMR: 165.7; 164.5 (C=0); 114.8 (C=N);
99.7 [CH(OCH3),]; 54.0, 52.9, 52.8 (OCH3); 33.8, 33.1 (C-1, C-2); 22.9 (C-3), MS, m/z: 258 (M+1)*, 256,
226, 194, 88, 75 (100).

Reaction of bromoester 7 with diethyl malonate

The crude product is a 30:70 mixture of compounds 12c and 13c (by GLC). Partial separation is
effected by flash column chromatography on silica gel.

Methyl 3,3-bis(ethoxycarbonyl)-c -2-dimethoxymethyl-z -1-cyclopropanecarboxylate (12c).- EFound:
C, 52.85; H, 7.02. Calcd. for Cy4H220g: C, 52.82; H, 6.97). IR (film): 1735 (C=0); lH-NMR: 4.93 [d, 1H,
CH(OCH3)2, J=8.0]; 4.24, 4.19 (2q, 4H, CO2CH2CH3, J =7.2), 3.70 (s, 3H, CO2CH3); 3.495 3.33 (2s, 6H,
OCH3); 2.62 (d, 1H, H-1, J1 3 = 10.0); 2.23 (dd, 1H, H-2); 1.27, 1.25 (2t, 6H, CO2CH2CH3). 13C-NMR: 168.6,
168.5, 164.6 (C=0); 99.6 [c#focug)zj; 62.7, 61.8 (CO2CHCH3); 55.3, 52.9, 52.4 (ocmg; 39.3 (C-3), 33.8,
29.2 (C-1, C-2); 14.1 (CO2CH2CH3). MS, m/z: 287 (M-31)+, 227, 213, 181, 88 (100), 75.

Methyl 3,3-bis(ethoxycarbonyl)-¢-2-dimethoxymethyl- x-1—cyclopropanecarboxylate (13c).- (Found:
C, 52.72; H, 7.24. Calcd. for C14H2208: C, 52.82; H, 6.97). IR (film): 1740 (C=0). LH-NMR: 4.34 [d, 1H,
CH(OCH3)2, J=6.6); 4.20, 4.18 (2q, 4H, CO2CH2CH3, J = 7.2); 3.68 (s, 3H, COzCHs)j' 3.33 (s, 6H, OCH3),
2.85 (d, 1H, H-1, J1 2 = 6.9); 2.65 (dd, 1H, H-2); 1.26, 1.24 (2t, 6H, CO2CH2CH3). 13C-NMR: 168.9, 166.3,
165.4 (C=0); 100.3 [CH(OCH2)3]; 62.3, 62.0 (CO2CH2CH3); 54.0, 52.3, 50.9 (OCH3); 40.2 (C-3); 33.1, 30.6
(C-1, C-2); 14.0 (CO2CH3). MS, m/z: 287 (M-31)*, 227, 213, 167 (100), 139, 88, 75.
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Reaction of bromoester 7 with nitromethane

The crude product, obtained following the general procedure, after removal of recovered bromo-
ester 7 by chromatography, is a 66:16:18 diastereoisomeric mixture of 12d, 13d and 13'd (32% vyield).
Diastereoisomers are partially separated by TLC (hexane-acetone 10:1) to give 12d in analytical pure state.

Methyl ¢ -2-dimethoxymethyl-£-3-nitro-x -1-cyclopropanecarboxylate (12d).- (Found: C, 44.11; H,
5.90; N, 6.23. Calcd. for CgH1306N: C, 43.84; H, 5.94; N, 6.39). IR (film): 3090, 3005 ([C-H), 1740 (C=0),
1555 (NO2). 1H-NMR: 4.82 (dd, 1H, H-3, J13 =723 =3.7); 4.50 [d, 1H, CH(OCH3)2, J = 7.1], 3.77 (s, 3H,
CO2CH3), 3.38, 3.33 (2s, 6H, OCH3); 2.93 (dd, 1H, H-1, 712 = 11.3), 2.71 (ddd, 1H, H-2). 13C-NMR: 167.2
(C=0); 98.9 [CH(OCH3)2], 61.4 (C-3), 53.6, 52.6, 52.5 (OCH3), 31.8, 27.7 (C-1, C-2). MS,m/z: 218 (M-1)*,
188, 141, 75 (100).

Compound 12d is also obtained by lactone ring cleavage of 4-exo-methoxy-6-~exo-nitro-3-oxabiciclo
[3.1.0] hexan-2-one (5d) as follows: A solution of 5d (236 mg) in methanol (10 ml) and sulfuric acid (0.06
ml) is stirred 12 h at room temperature. The reaction mixture is neutralized with sodium acetate and the
methanol removed .in vacuo. The residue is treated with water and the mixture extracted with ether. The
ethereal solution is evaporated under reduced pressure and the acetic acid is removed in a vacuum desic-
cator under sodium hydroxide to afford 12d in 85 % yield, identical with the compound described above.

Methyl t-2-dimethoxymethyl-c-3-nitro-1-1-cyclopropanecarboxylate (13d).- The following spectral
data are unambigously assigned from a relatively pure sample, obtained by repeated TLC. IR (film): 3005
([c-H), 1745 (C=0), 1550 (NO2). 1H-NMR: 4.69 Td, 1H, CH(OCH3)2, J = 2.3]; 4.49 (dd, 1H, H-3, J13-=
8.5, J2,3 = 4.5); 3.75 (s, 3H, CO2CH3); 3.37, 3.36 (2s, 6H, OCH3); 2.80 (ddd, 1H, H-2, 132 =7.9); 2.54 {ad,
1H, H-1). MS, m/z: 188 (M-31)*, 141, 75 (100).

Methyl t-2-dimethoxymethyl-t-3-nitro-1-1-cyclopropanecarboxylate (13'd).- The following 1H-
NMR signals are assigned from the spectrum of a mixture of 13d and 13'd: 4.65 (dd, 1H, H-3, J1,3 = 3.6,
J2,3 =8.9; 4.57 [d, 1H, CH(OCH3), J =7.1}; 3.70 (s, 3H, CO2CH3); 3.40, 3.41 (2s, 6H, OCH3); 3.06 (dd,
1H, H-1, 71 3 = 7.4); 2.35 (ddd, 1H, H-2).

Reaction of bromoester 7 with nitroethane

The crude product, after removal of recovered bromoester 7 by chromatography, is a diastereo-
isomeric mixture of the cyclopropanes 12e and 13e in an approximate 1:1 ratio (by 1H-NMR and GLC).
Yield 20%. (Found: C, 46.59; H, 6.19; N, 5.73. Calcd. for CgH1506N: C, 46.35; H, 6.43; N, 6.00. Separation
of the diastereoisomers is effected by conventional column chromatography on silica gel (toluene-hexane-
ethyl acetate 10:5:2).

Methyl ¢ -2-dimethoxymethyl—c -3-methyl-£-3-nitro-2-1 lopropanecarboxylate (12e).- IR (film):
3000 ([C-H); 1740 (C=0); 1550 (NO2). lH-NMR: 4.81 gd, 1H, CH(OCH3)2, J = 8.1], 3.75 (s, 3H, CO2CH3);
3.38, 3.36 (2s, 6H, OCH3); 2.97 (d, 1H, H-1, Jy 2 = 11.3); 2.76 (dd, 1H, H-2); 1.94 (s, 3H, CH3). 13C-NMR:
167.7 (C=0); 98.0 [CH(OCH3)2]; 67.9 (C-3); 53.6; 52.7; 52.4 (OCH3); 33.9, 30.7 (C-1, C-2); 10.5 (CH3).
MS (10 eV), m/z: 202 (M-31)*, 155 (100), 88, 75.

Methyl t-2-dimethoxymethyl-{-3-methyl-c-3-nitro-t-1-cyclopropanecarboxylate (13e).- IR (film):
3000 ([C-H); 1745 (C=0); 1550 (NO2). 1H-NMR: 4.45 [d, 1H, CH(OCH3)2, J = 4.6]; 3.72 (s, 3H, CO2CH3);
3.38 (s, 6H, OCH3); 2.91 (dd, 1H, H-2, J1 2 = 7.8); 2,29 (d, 1H, H-1); 1.85 (s, 3H, CH3). 13C_NMR: 167.3
(C=0); 99.5 [CH(OCH3)2]; 69.2 (C-3); 53.8, 52.7,52.0 (OCH3); 32.7, 32.3 (C-1, C-2); 16.5 (CH3). MS, m/z:
202 (M-31)*, 155, 88, 75 (100).

Reaction of bromoester 7 with ethyl acetoacetate

The crude product (63 % yield) is a mixture of the cyclopropanes 12f, 12'f, 13f, 13'f and the
dihydrofurans 14 and 15 in a ratio 32:10:32:10:8:8, respectively (by GLC). Partial separation is effected
by flash column chromatography (petroleum ether-ethyl acetate 9:1) to give the following fractions: 15/
13f, 13f, 12'f/13f/12f, 12f, 14. Comf)ounds 12f, 13f and 14 are obtained in analytical pure state. The
unresolved mixtures are analyzed by IH-NMR and/or GLC/MS.

Methyl 3-acetyl-c -2-dimethoxymethyl-3-ethoxycarbonyl-2-1-cyclopropanecarboxylate

Tsomer 12f: (Found: C, 53.97; H, 7.17. Calcd. for C13H2007: C, 54.16; H, 6.99). IR (film): 1750,
1710 (C=0); 1H-NMR: 4.94 [d, 1H, CH(OCH3)2, J = 8.4]; 4.29 (q, 2H, CO2CH2CH3, J=7.2); 3.70 (s, 3H,
CO2CH3); 3.45, 3.33 (2s, 6H, OCH3); 2.62 (d, 1H,H-1,J1,2 = 9.9); 2.33 (s, 3H, COCH3); 2.17 (dd, 1H, H-2);
1.31 (t, 3H, CO2CH2CH3). 13C-NMR: 199.5 (COCH3); 168.5, 166.5 (C=0); 99.3 Bcn(ocag)z]; 62.0 (CO2CH2
CH3); 54.6, 52.7, 52.2 (OCH3); 45.8 (C-3); 35.0, 30.5 (C-1, C-2); 28.3 (COCH3); 14.0 (CO2CH2CH3). MS,
m/z: 257 (M-31)*, 197, 183, 88, 75 (100).

Isomer 12'f: 1H-NMR: 4.78 [d, 1H, CH(OCH3)2, J = 8.4]; 4.22 (q, 2H, CO2CH2CH3, J = 7.2); 3.71
(s, 3H, CO2CH3); 3.43, 3.33 (2s, 6H, OCH3); 2.61 (d, 1H, H-1); 2.33 (dd, 1H, H-2); 2.30 (s, 3H, COCH3),
1.26 (t, 3H, CO2CH2CH3).
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Methyl-3-acetyl-1-2-dimethoxymethyl-3-ethoxycarbonyl-1 -1-cyclopropanecarboxylate

Isomer 13f: (Found: C, 54.22; H, 7.25. Calcd. for C33H2007: C, 54.16; H, 6.99; IR (film): 1740
(C=0). 1H-NMR: 4.34 |d, 1H,CH(OCH3)2, J =6.8|; 4.24 (q, 2H, CO2CH2CH3, J=7.2); 3.68 (s, 3H,
CO2CH3), 3.33, 3.30 (2s, 6H, OCH3); 2.88 (d, 1H, H-1, J12=6.9); 2.62 (dd, 1H, H-2); 2.25 (s, 3H,
COCH3); 1.28 (t, 3H, CO2CH2CH3). I3c_nmMR: 197’5 (COCH3); 168.9, 167.0 (C=0); 100.6 |CH(OCH3)2|;
62.3 (CO2CH2CH3); 53.8, 52.4, 51.4 (OCH3); 45.6 (C-3); 32.8, 31.6 (C-1, C-2); 29.0 (COCH3); 14.0
(CO2CH2CH3). MS, m/z: 257 (M-31)*, 225, 183, 88, 75 (100).

Tsomer 13'f: 1H-NMR: 4.24 (q, 2H, CO2CH2CH3, J =7.2); 4.07 |d, 1H, CH(OCH3)2, J=7.0{;
3.68 (s, 3H, CO2CH3); 3.31, 3.30 (2s, 6H, OCH3); 2.98 (d, 1H, H-1, J1 2= 6.9); 2.72 (dd, 1H, H-2); 2.30 (s,
3H, cocHsS; 1.28 (t, 3H, CO2CH2CH3). MS, m/z: 257 (M-31)*+, 197, 183 (100), 165, 88, 75.

Methyl cis-3-dimethoxym -4-etho:; wboulyl—s-me 1-2, 3-dihydrofuran-2-carboxylate (14).-
(Found: C, S;?9y4; H, 7.30. Calcd.xyfor 13H2007?YC, 54.16; H, 6‘.?9). iR (film): 1760, 1710 x(’c':so),( 1650
(C=C). 1H-NMR: 4.96 (d, 1H, H-2, J2 3 = 8.8); 4.41 |d, 1H, CH(OCH3)2, J = 6.2}; 4.18 (q, 2H, COzCstCH3,
J =17.2); 3.78 (s, 3H, CO2CH3); 3.60 (m, 1H, H-3); 3.29, 3.27 (2s, 6H, OCH3); 2.23 (d, 3H, CH3, J°= 1.0);
1.28 (tr, 3H, CO2CH2CH3). MS, m/z: 257 (M-31)*, 211, 197, 167, 75 (100).

Methyl trans-3-dimethoxymetbyl-4-ethoxycarbonyl-S-methyl-2,3-dihydrofuran-2-carboxylate (15).-
(Found: C, 54.11; H, 7.20. Calcd. for C13H2007: C, 54.16; H, 6.99). IR (film): 1750, 1710, 1700 (C=O),
1645 (C=C). 1H-NMR: 5.15 (d, 1H, H-2, J23=4.5); 4.57 |d, 1H CH(OCH3)z, J=2.6]; 4.20 (q, 2H,
COzC;l}CHs, J=7.2); 3.77 (s, 3H, CO2CH3); 3.60 (m, 1H, H-3); 3.42, 3.40 (2s, 6H, OCH3); 2.27 (d, 3H,
CH3, JS = 1.2); 1.28 (t, 3H, CO2CH2CH3). MS, m/z: 257 (M-31)*, 137, 109, 75 (100).
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