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The addition of a carbon nucleophile to an olefinic double

bond is one of the most important methods for € bond
formation. The Michael addition is a classical and well-known

reaction among these methods, wherein anionic organometallics
react with an activated alkene bearing an electron-withdrawing g, - g1
group! Transition metal catalysts have opened the door to a 4.

new field, enabling the addition of organometallics to an unac-
tivated alkenéand the addition of an active methyne and meth-
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(3) in good to high yields and gives in certain cases either
exclusively or as byproducts in a mixture wigh(eq 1).

Me
H_(:j_E1 . [>=\R Pd(PPhg)4
E2 THF, 100 °C
1a;E'=E2=CN 2a i R = (CHa)aPn (1
1b; E' = CN, E2 = COLEt 2: : S - (C%’:gﬁph )
1c; E' = E2= CO.Et 2d ;R =Ph

3a;E'=E?=CN, R = (CHp)sPh

=CN, E? = CO,Et, R = (CHy)sPh
;E'=CN, E?=COEt, R = (CHp),Ph
3d; E' = E? = CO4Et, R = (CHp)oPh

3e; E' = E2=CN, R = (CHp),Ph

4a;E'=E2=CN, R = (CHp),Ph
4b; E' = E2=CN, R = CH,Ph
4c;E'=E2=CN,R=Ph

4d; E'=CN, E?= CO,Et, R = Ph

ylene to an activated alkene (Michael acceptor) under neutral 3f; E' = £2= CN, R = CH,Ph

conditions® More recently, “hydrocarbonation” of an unacti-
vated G=C double bond with certain pronucleophiles has been
reportedt—° which presumably proceeds through the transition-
metal-catalyzed activation of a-@1 bond of pronucleophiles
such as an active methyne and methyletrieg terminal alkyné,

an aldehydé&,and an aromatic ring). 1,3-Dienes!, 1,3-enynes,

3g; E'=E2= CO,Et, R = Ph

The results are summarized in Table 1. The addition of
methylmalononitrile {a) to 4-phenyl-1-butenylidenecyclopro-
pane Ra) proceeded smoothly in the presence of catalytic
amounts of Pd(PR}y in THF at 100°C to give 3a in 82%

and allene%s can be used as the unactivated alkene for the yield (entry 1). Other palladium catalysts, such as REEh),
addition of an active methyne and methylene. However, the and Pd(dba}-CHCl;-PPh (dba= dibenzylideneacetone), gave
addition of an active methyne and methylene to nonconjugatedthe addition product in lower yields. The reaction of ethyl
alkenes has not been known until now. We report that the 2-cyanopropionatelp) with 2a gave3b in 95% yield (entry

palladium-catalyzed reaction of certain pronucleophil@s\ith
methylenecyclopropaneg)(affords hydrocarbonation products
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2). Similarly, the ring opening of 3-phenyl-1-propylidenecy-
clopropane Zb) with 1b or 1c afforded3c or 3d, respectively,
in good yields (entries 3 and 4). The reactionlafwith 2b
gave3ein 75% yield along with small amounts (10%) ¢&
(entry 5). With 2-phenylethylidenecyclopropan@c), the
reaction oflaafforded3f in 57% yield together with 31% yield
of 4b (entry 6). The reaction of benzylidenecyclopropa?eé) (
with 1la or 1b produced only4c or 4d in 88 or 83% yield,
respectively (entries 7 and 8). On the other hand, the reaction
of 2d with ethyl methylmalonatelc) gave 3g in 55% yield
(entry 9). Accordingly, the mode of ring opening of methyl-
enecyclopropanes depends upon both the structure of the
pronucleophile and the substituent at the exomethylene carbon.
In the reaction of active methylenes, both monoalkylation
and dialkylation products were obtained (eq 2). The addition
of malononitrile @d) to 2a gave ca. 1:1 mixture of the
monoalkylatior3h (42%) and the dialkylation produbt (46%),
while the ketoestete gave the corresponding monoalkylation
product3i predominantly.

i
H-C-E! . >=
g2 R
2a; R = (CHy)sPh
1d;E'=E2=CN (Ca)s

1e; E' = COMe, E2 = CO,Me

E! R

E' 2
E2>/\H/\H + E R
3h;E'=E2=CN 42% 5a  46%
3i;E'=COMe, E2=CO,Me  61% 5b  14%

Our interest was then directed to the ring opening of
methylenecyclopropan@ge—g which are monosubstituted at the
cyclopropane ring or gem-disubstituted at both the exocyclic
vinylic carbon and the cyclopropane ring. The cyclopropane
ring of 2e opened at the distal position in the reaction with
to yield 3j1%in 71% vyield along with small amounts of other
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isomers (eq 3). In this reactioBe was not obtained at all,
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Table 1. Palladium Catalyzed Addition df to 22

er isomers

1a

2e 71% 9%

Me
H-C-CN + _.Ne
N NC | + oth
Ph Ph
3j

while it was produced in the reaction 2b having a 2-phenyl-
ethyl substituent at the exomethylene carbon. The reaction of
lawith 2f gave3k in 85% vyield, but the reaction witAg did
not give the desired hydrocarbonation product at all.

entry 1 2 yield of 3 (%) yield of 4 (%)
1 la 2a 3a(82)
2 1b 2a 3b(95)
3 1b 2b 3c(67)
4 1c 2b 3d(70)
5 la 2b 3e(75) 4a(10)
6 la 2c 3f(57) 4b (31)
7 la 2d 4c(88)
8 1b 2d 4d(83)
9 1c 2d 39(55)

Ph
Ph NC Ph P Ph
2f 3k 2

aThe reaction ofl. (0.5 mmol) and? (1.0 mmol) was carried out in

the presence of Pd(PEh(10 mol %) in THF at 100C for 2—3 days.
All yields are of pure product isolated by column chromatography. The

configuration of the double bond dfwas confirmed by the coupling
constant of the olefin protons (15:25.8 Hz).

g
) ) ) ) ) Scheme 1

A plausible mechanism for the ring opening 2fvith pro-
nucleophilesl is shown in Scheme 1. Oxidative addition of H-Nu H-Pd-Nu J: TR
Pd(0) into the C-H bond of pronucleophile$ would generate 1 6 (H’ 2
the palladium hydride comple8. The hydropalladation of
methylenecyclopropaneswith 6 would afford the alkylpalla-
dium complexes? and/or8. The complex7 would undergo Pd(0) (‘pd‘NuH (i Nu
rearrangement to the-allylpalladium9 (routeA). The reduc- w{ or DLqu
tive elimination of Pd(0) fron® would produce3. The palladi- R R
um complex8 would isomerize to the-allylpalladium complex o7, 8
11 via 10 (route B). The reductive elimination would givé Nu R B
and Pd(0). Presumably, the reaction2ofwith 1atook route /\f Pd_) <:‘:Zh>
B, whereas the reaction @awith 1a proceeded through route 8 R NU’ }ﬁa Nu
Al 9 R “Pd

The reaction with deuterated methylmalononitrilé) (sub- N 4 N </:1
stantiated the hydrocarbonation mechanism. The reaction of )\/\ Pa R
1f with 2a under the same conditions as above gasel in R /\\'/\R —

82% yield in which the deuterium content at the C-4 position
was 85%. On the other hand, the reactiodfofith 2d afforded

CN
Me NG 4 2 CN
D-G-CN Ph 2
CN NC 3 1 ™Ph N\Ph
D
1f 3a-d 4c-d 12

4c-d in 86% yield in which the deuterium content at the C-2

1"
should be obtained fror2b and2e(eq 5). However, the actual

R
2 :
Pl 27 )
2e — Pd R = (CH2)2Ph
16

reactions afforded totally different results; ofdgwas obtained

position was 27% and the other protons were not deuterated afffom the reaction o2b, whereas3j was produced predominantly

all. The former observation is in good agreement with the pro-
posed routeA. The latter result supports the proposed route
B, but the very low deuterium content at the C-2 position could
not be accounted for. We monitored the reactio@aby using
IH NMR and found that 1-phenyl-1,3-butadien&2) was

from 2e. Accordingly, it is not likely that the TMM-palladium
complex16 is an intermediate in the addition reactionslaf
to 2b and2e

Ring opening mainly occurred at the distal position, which
is different from the hydrostannati#dand the Heck reactid#Pc

produced as an intermediate; its production reached a maximum@f methylenecyclopropanes, although in some cases the proximal
after 25 h and decreased along with the reaction progress. NoPond of cyclopropanes was cleaved exclusively or as a side

1,3-butadiene formation was observed in the reactio2abf
The result clearly indicates tha® is producedvia the g-H—
Pd elimination ofL0 and the eliminatiorraddition process oc-
curs on the way froml0to 11in which loss of deuterium occurs.
Trost and Chan reported that the addition of pronucleophiles
to the trimethylenemethane (TMM) palladium complég
derived from 2-(acetoxymethyl)-3-allyltrimethylsilane afforded
the adductl5 via 14 (eq 4)!2 On the other hand, it was

. Nue
/J\ H-Nu )/\) /“\/Nu
LT e - e

13 14

proposed that the TMMpalladium complex13 would be
involved as an intermediate in the palladium-catalyzeet[2]
cycloaddition of methylenecyclopropanes with olefiasif the
present hydrocarbonation reaction proceeds through a FMM
palladium complex 16), the same product (or product ratio)

reaction.
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