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ABSTRACT
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A mixture of cyclopropylideneacetic acids (or esters) and CuBr, (or Cul/l;) in aqueous acetonitrile afforded 4-substituted 2(5H)-furanones or
3,4-substituted 5,6-dihydro-2H-pyran-2-ones in moderate to good yields. The selectivity of the reaction greatly depended on the reaction
temperature.

Methylenecyclopropanes (MCPs) are highly strained but [ R EIEEEGEEE

readily accessible molecules that have served as useful Scheme 1

building blocks in organic syntheslsAn attractive feature

of MCPs is the multiform reactive possibilities of the three X—Y Me\)\/ &J\

d-bonds (two proximal and one distal bonds) in the cyclo- M] ref. 2

propane ring. Recently, increasing attention has been paid

to the transition metal-catalyzed reactions of MCPs (Scheme D=! —C=2 . z%

1), which have been usually employed for the construction \ o3

of complex and interesting organic molecules by inter-

molecular reactiof:* )"é'_ SH” BS' /\/\ i>:
For intramolecular reactions, usually a phenolic hydroxyl ref. 4

group® or a G=C or C=C bond is employed. In this paper,
T Zhejiang University (Campus Xixi). we report the realization of a new concept in which the
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CuXz® followed by applying an COOH or COOEt group as

the intramolecular nucleophile to trap the in situ-generated Scheme 4
organometallic intermediate. IH,C

As a first attempt, we used cyclopropylideneacetic acid 60°C, 14 h Z=>:
(14) as the starting point. When the reactioriLafwith CuBr, 68% o 0
was conducted in 2:1 EtOHAD or 2:1 acetone/fD, no _ culll 3b
product was obtained; interestingly, 4-bromomethylF2(& COOH CH5CN/H,0 [
furanone 8a) was isolated in 54% for the reaction in gH 1a 4:1) 85°C. 10 h {f\/z
CN at 60°C. Further screening demonstrated that 4:1;-CH T%’ g ©
CN/H,O was the more suitable reaction medium, and the 4a

reaction at the higher reaction temperature {8% afforded
a good yield of3a (Scheme 2).

We chose estetato examine the temperature effect. The

I H NMR spectra of the reaction mixture showed that the

Scheme 2 reaction was sensitive to the reaction temperature. The
acetone/H,0(2:1) reaction afforded3b and 4a in different ratios at the
m) no reaction temperature range from 60 to 8& (Table 1).

30 h, reflux
BI‘H2C
CuBry| CH3CN, 60°C = ) :
COOH 141, 54% o (o] Table 1. Temperature Effect of the Reaction bl with
Cul/l2
3a
I
CH3CN/H,0(4:1) IH,C

1a 3R 3a Culll 2 —
10h, 85°C D= e g 0

78% COOEt (o) o)

2a 3b 4a

entry temp (°C) time (h) product yield (%)

Because the synthesis of 2-substituted cyclopropylidene-

acetic acids was not well documented and we obtained them 60 14 3b 63

. . 65 14 3b/4a 53 (10:1)
from the corresponding estersye managed to directly use 20 14 3blaa 50 (2.6:1)
ethyl cyclopropylideneacetat@d) as the starting material. 4 78 12 3b/aa 52 (1225
The result showed that a similar reaction occurred, and the g 85 10 4a 49

yield was satisfactory (Scheme 3).

a8 CH3CN/H0 (4:1) was the reaction medium.

Scheme 3 Then we examined the effect of the-substituent by
BrH,C studying the reaction ofi-methyl-substituted cyclopropy-
CuBry, 85°C, 10 h Z=>: lidenepropanoic acid1fp) with CuBr, or Cul/ly; to our
T coogrt CHaCN/H04:1) o) ° surprise, no reaction was observed af6Qwhile at 85°C,
2a 79% 3a only six-membered lactones, i.e., 3-methyl-4-bromo-5,6-

dihydro-H-pyran-2-one 4b) and 3-methyl-4-iodo-5,6-di-

hydro-Z2H-pyran-2-one4c), were formed using CuBor Cul/
It is interesting to note that the reaction d with Cul/l, I,, respectively (Scheme 5).

in 4:1 CHCN/H,O afforded 4-iodomethyl-2¢3)-furanone

(3b) and/or 4-iodo-5,6-dihydro+2-pyran-2-one 4a) at vari- _

ous temperatures (Scheme 4).

Scheme 5
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Table 2. Synthesis of 4-Halo-5,6-dihydro-Rpyran-2-ones

X R
R CuX, , 85°C {fgz
>_<— . o]
coogt CHaCN/H20(4:1) g
2 4
entry R X time (h) product (yield %)

1 Me (2b) Br 30 4b (81)
2 Me (2b) 1 30 4c (71)
3 Et (2c) Br 31 4d (83)
4 Et (2¢c) | 31 de (77)
5 n-Pr (2d) Br 30 4f (80)
6 n-Pr (2d) 1 30 4g (76)
7 Bn (2e) Br 35 4h (76)
8 Bn (2e) | 35 4i (70)

2 Reaction temperature 85 °C; CuBr (4 equiv), b (4 equiv), Cul (0.1
equiv).

pentalc]-pyran-1-oneb@) and 6-iodo-4,5,6,7-tetrahydrd-3
cyclopentalc]-pyran-1-one&b) indicating the possibility of
intermediates.” Intermediate6 gave bicyclic copper inter-
mediate 7, which upon intramolecular insertion afforded
6-halo-4,5,6,7-tetrahydroFBcyclopentac]-pyran-1-ones)
via oxidative cleavage with CuX(Scheme 6).

Scheme 6

CuX X
. i CUX2
insertion
(0] o (0]
o] CuXx —O
7

5a X=Br, 38h, 69%
5b X=I, 38h, 61%

2f 6

Furthermore, the reaction of aryl-substituted methylene-

cyclopropanes with Cuxafforded 2,4-dihalo-1-alkene8)(
and 2,2-dihalomethyl-1- alkene4(), indicating the pos-
sibility of two ways to cleave the cyclopropane ring (Scheme

7). Further screening showed that benzylenecyclopropane.
(80) has similar whereas weaker temperature effect compared

to 1b (Table 3).

Ito has proposed a metalcyclic intermediate mechanism

to explain the selective distal or proximal—C bond
cleavage of MCPs via Pd- and Pt-catalyzed silaborédfion,

and Ma has proposed a coordination copper-complex mech-

anism for the CuX-mediated cyclization reaction of 2,3-
allenoic acid$. Considering the similarity of the cyclopro-
pane ring with the &C bond, we suggest the possibility of

a coppercyclic intermediate mechanism for the reaction. Due

to the fact thaBBb could not be transformed #a under the
same conditions, it is concluded tt& and4awere formed
by parallel reaction routes. The coordination of GuX

(7) Jousseaume, B.; Duboudin, J. &nth. Commurl979 9, 53.
(8) Ma, S.; Wu, S. LJ. Org. Chem1999 64, 9314.
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Table 3. Distal and Proximal Cleavages of Aryl-Substituted
Methylenecyclopropanes and the Temperature Effect

yield (%)
substrate temp (°C) time (h) X 9 10
8a 85 8 Br 87 0
8b 85 14 Br 72 17
8c 85 10 | 88 0
8c 75 15 | 81 0
8c 65 22 | 84 0
8c 55 30 | 78 4
8c2 45 48 | 52 9

a3 Recovery of8c = 25%.

cyclopropylideneacetic acitla provides two possible ways
to cleave cyclopropane ring and may form two organocopper
coordination complexe&l and 13842 In complex11, the

Scheme 7
1 1 1
R CuXy X R X:>_<R
>— —_— — + —
R2CH3CN/HZ0, R2 X R2
4:1) i X
8 9 10

8a R'=Ph, R?=Ph
8b R'=p-Me,N-Ph, R?=H
8c R'=Ph, R%=H

hydroxy oxygen atom acting as an intramolecular nucleophile
attacks the/-position of complexi1to undergo lactonization

to give 12 and a molecule of HX. Oxidative cleavage I#t
with CuX, affords 4-halomethyl-2(3)-furanone 3.2 In
complex13, the hydroxy oxygen atom attacks tgosition
instead, to form vinylic copper intermediatd, and gives a
molecule of HX. Intermediat&4 leads to 4-halo-5,6-dihydro-
2H-pyran-2-one after oxidative cleavage by Gu&cheme

8). For the reaction of carboxylates, the carbonyl oxygen
may act as the nucleophile.

Although the Nickel(0)-catalyzed intermolecular dimer-
zation and Michael reaction of ethyl cyclopropylidene-
acetates were reportétito the best of our knowledge, no
similar intramolecular cyclization has been documented. In
conclusion, we have developed a novel, convenient, and
efficient method for the synthesis of 4-substitued F2b
furanones and 3,4-substituted-5,6-dihydit42yran-2-ones.
Both furanones and pyranones are important classes of

(9) (@) Ma, S.; Wu, S. LTetrahedron Lett2001, 42, 4075. (b) Ma, S.;
Xie, H. X. J. Org. Chem?2002 67, 3801.
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Meijere, A.J. Org. Chem200Q 65, 3850. (c) Zorn, C.; Goti, A.; Brandi,
A.; Johnsen, K.; Notemeyer, M.; de Meijere, A.Org. Chem1999 64,
755. (d) Notzel, M. W.; Rauch, K.; Labahn, T.; de Meijere, @rg. Lett.
2002 4, 839. (e) Notzel, M. W.; Labahn, T.; Es-sayed, M.; de Meijere, A.
Eur. J. Org. Chem2001, 3025. (f) Zorn, C.; Anichini, B.; Goti, A.; Brandi,
A.; Kozhushkov, S. I.; de Meijere, A.; Citti, LJ. Org. Chem1999 64,
7846.

4421



Scheme 8
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CuBr, (or Cul/ly) in agueous acetonitrile. The reaction
mechanism, influence of temperature on selectivity, and
synthetic application of this methodology are being inves-

tigated in our laboratory.
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