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A palladium-catalyzed ring-opening bis(alkoxycarbonyla-
tion) reaction of methylenecyclopropanes in the presence of cop-
per(I) salt was achieved under normal pressure of carbon monox-
ide and oxygen to give the corresponding «-methylenegluta-
rates.

Carbonylation is an important reaction in organic synthesis
to provide efficient entries to a variety of useful homologated
carbonyl compounds.! We have reported the selective mono-
and bis(alkoxycarbonylation) reactions of terminal olefins cata-
lyzed by palladium in the presence of copper salts under normal
pressure of carbon monoxide and oxygen. Furthermore, y-buty-
rolactones and y-butyrolactams were prepared from homoallylic
alcohols and amine derivatives under the similar conditions, re-
spectively.?? Bis(alkoxycarbonylation) reaction of olefins gen-
erally affords succinate derivatives.>™ In order to prepare gluta-
rate derivatives via a direct introduction of two carbonyl groups,
the bis(alkoxycarbonylation) reaction? of cyclopropylbenzene
was carried out. However, the desired glutarate derivatives were
not detected. Among the cyclopropane derivatives, methylene-
cyclopropanes are versatile building blocks in organic synthesis
due to unique chemical reactivity derived from ring strain to un-
dergo a variety of ring-opening reactions. Further attractive fea-
ture of them is their surprising stability.® Herein we describe a
ring-opening bis(alkoxycarbonylation) reaction of methylene-
cyclopropanes catalyzed by palladium in the presence of CuCl
under remarkably mild conditions to afford the corresponding
a-methyleneglutarates.’

First, the bis(alkoxycarbonylation) reaction of benzylidene-
cyclopropane (1a) was carried out in the presence of a 0.02 equiv
of PdCl, and 1.5 equiv of CuCl under normal pressure of carbon
monoxide and oxygen in MeOH at rt; the desired carbonylated
product, a 85/15 mixture of dimethyl (E)- and (Z)-a-benzyli-
deneglutarate (2a), was obtained in 61% yield (Table 1, Entry 1).
It was confirmed that in the absence of PdCI, or CuCl, the glu-
tarate 2a was not formed, respectively (Entries 2 and 15). Other
copper salts CuBr and Cul were less effective than CuCl (Entries
1, 16, and 17), and CuOTf(CgHg)o s showed similar reactivity
(Entries 5 and 18). The reaction proceeded smoothly even when
the amount of CuCl was reduced, especially with 0.5 equiv of
CuCl (Entries 1, 3-5, 13, and 14). Bis(ethoxycarbonylation) re-
action also proceeded when EtOH was used as a solvent instead
of MeOH (Entry 6). By addition of THF as a cosolvent (Entries
5, 8, 10, and 12) and/or lowering the reaction temperature
(Entries 7, 9, and 11), E/Z ratio was slightly enhanced although
the reaction was retarded. When the reaction was carried out at
0°C in THF/MeOH (1/1, v/v), (E)-glutarate 2a was selectively
obtained in 68% yield with the E/Z ratio of 93/7 (Entry 9).

Table 1. Bis(alkoxycarbonylation) reaction of 1a

PdCl, (0.02 equw) COsMe
Cu salt (m equw
" CO/O, (ca. 1/1) “CO2Me

in THF/MeOH (n/1, v/v)

Temp, th
Entry Cu salt m n Temp t/h Yield/% E/Z*
1 CuCl 15 0 rt 2 61 85/15
2b CuCl 15 0 rt 24 nd® —
3 CuCl 1.0 0 rt 2 62 85/15
4 CuCl 05 0 rt 2 60 86/14
5 CuCl 05 0 rt 14 75 86/14
69 CuCl 05 0 rt 14 72 84/16
7 CuCl 05 0 0°C 48 48 90/10
8 CuCl 05 1 rt 14 78 89/11
9 CuCl 05 1 0°C 48 68 93/7
10 CuCl 05 2 rt 24 71 91/9
11 CuCl 05 2 0°C 48 43 93/7
12 CuCl 05 5 rt 48 34 91/9
13 CuCl 01 0 rt 14 52 85/15
14 CuCl 005 0 rt 36 24 86/14
15 — — 0 rt 24 nd® —
16 CuBr 1.5 0 rt 18 11 85/15
17 Cul 1.5 0 rt 48 5 84/16

18 CuOTf(C¢Helos 05 O rt 20 72  85/15

aThe ratios were determined by 400 MHz 'H NMR spectra. ®The
reaction was carried out without PdCl,. “The signal of product 2a
was not detected in the '"HNMR spectrum of a mixture of the
crude products. 9EtOH was used instead of MeOH and the ethyl
ester corresponding to 2a was obtained.

Various methylenecyclopropanes 1 were subjected to bis(al-
koxycarbonylation) reaction in MeOH at rt (Conditions A) or in
THF/MeOH (1/1, v/v) at 0°C (Conditions B). As shown in
Table 2, the corresponding two carbon-homologated glutarates
2 were obtained in good chemical yields.®-!° Benzylidenecyclo-
propanes la—1d furnished (E)-t-benzylideneglutarates 2a—2d
selectively (Entries 1-6). Alkylidenecyclopropanes le and 1f
afforded the «-alkylideneglutarates in good chemical yields
(Entries 7-9). In the reaction of (cyclohexylmethylidene)cyclo-
propane (1f), (Z)-2f was mainly produced. When the carbonyla-
tion was carried out in THF/MeOH at 0 °C, production of (E)-2f
was slightly increased. Bis(alkoxycarbonylation) reaction of
tetrasubstituted olefinic substrates 1g—1k also proceeded to give
tetrasubstituted olefins 2g-2k in good chemical yields (Entries
10-15). In contrast to 1a, («-methylbenzylidene)cyclopropane
(1g) gave (Z2)-2g preferentially (Entries 1 and 10, 2 and 11).

Although the precise mechanism of the present ring-opening
bis(alkoxycarbonylation) reaction is still an open question, two
possible pathways are shown in Scheme 1. The carbopalladation
of a double bond in 1 with (methoxycarbonyl)palladium inter-
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Table 2. Bis(alkoxycarbonylation) reaction of 1

2
R? PdCl, (0.02 equiv) R

R1/§ CuCl (0.5 equiv) R COoMe
CO/O5 (ca. 1/1), th CO,Me

1 Conditions A; in MeOH, rt 2
Conditions B; in THF/MeOH (1/1, v/v), 0 °C

Entry 1 Conditions th Yield/% E/Z?

1 a A 14 75 86/14

2 B 48 68  93/7

3 m b A 14 94  80/20
OsN

4 /©/\v c A 14 80 89/11
MeO

34 95 90/10
7229 92/8
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14 75 48/52
20 78  12/88

e o]

9 w 48 55 37/63
10 g A 14 88 17/83
11 B 48 57  14/86

A 14 91 17/83

AN
" Qv
13 "csHm/% i A 14 91 16/84

14

15 A k A 72 55 —
J v

aThe ratios were determined by 400 MHz 'HNMR spectra.

R2 RiR? R2 XPd

. M R CO,Me R‘2 O CO.Me
R" -~ XPd = XPd or R —> 6
9 4 coMe 72 Y
XPd\ R2 R2
COsMe
3 L2 A PAX 1A_COMe
R or R — 2
5 \/COQMe 6 \/PdX
Scheme 1.

mediate 3, formed in the presence of CuCl, gives 4,> which un-
dergoes ring-opening cis- or trans-f-carbon elimination fol-
lowed by the second carbonylation.” Another pathway via a
cleavage of proximal cyclopropane C—C bond, probably through
oxidative addition of 3, giving intermediate 5 or 6 could not be
ruled out. The stereochemistry of the double bonds in the prod-
ucts 2, however, could not be elucidated well yet even by both
mechanisms.'!
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As described above, bis(alkoxycarbonylation) reaction to-
ward methylenecyclopropanes was realized by utilizing palladi-
um and copper salt under remarkably mild conditions to afford
the corresponding «-methyleneglutarates in good yields. It is
noteworthy that (E)-olefins 2a—2d were selectively produced
by the reaction of mono-aromatic-substituted substrates 1a—1d,
whereas (Z)-olefins 2g-2i were obtained from tetrasubstituted
olefinic substrates 1g—1i. Further studies are now in progress
in our laboratory.
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