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Transition-metal-promoted domino reactions are fascinating, Table 1. Ni(0)/ZnCl,-Promoted Domino Coupling of 1 and 22
because multiple carbercarbon bond formation can be achieved s 1 2 Nicatayst conditions 3 yieldb% Eze
. . . ) . ) -
in a single operation fairly simpl¥?2 In particular, some elegant 19 1a 2a Nicodp 25°C.48h 3aa trace

domino processes that include the Pd-catalyzed arylation and 2¢ 13 2a Ni(cod), reflux,48h 3aa trace
alkenylation of unsaturated carbon molecules, known as the 3 1la 2a Ni(cod, 25°C,24h 3aa 53 96:4
Mizoroki—Heck reaction, have been reported, for example, the 4 1a 2a Ni(codp reflux,2h  3aa 56 88:12

: ; ; 1b 2a Ni(acacy 25°C,24h 3ba 47 92:8
construction of polycyclic molecules from acyclic precursors. 1b 2a Nicody reflux.2h 3ba 42 8218

5

Recently, we studied nickel-promoted domino reactions and ? 1c 2a Ni(acacy 25°C.24h 3ca 25 >08:<2
showed the usefulness of domino coupling using endnesd 8 1c 2a Nilcody reflux,2h 3ca 27 97:3
alkynes? The key to success in these reactions is the formation of 9 1d 2a Ni(cod)® 25°C,24h 3da 46 >98:<2
a nickellacycle intermediate caused by the oxidative cyclization of 19 1a 2b Nicod) — 25°C,24h  3ab 40 <2:>98
a Ni(0) species with and an alkyne paPt® The intermediate reacts la 2c Nifcody® 25°C,24h 3ac 10 ~98<2
with organometallics as carbon nucleophiles to form multiple- 2 Reaction conditions:1 (2.0 mmol),2 (1.0 mmol), Ni catalyst (0.05
component coupling products. We next envisaged a new strategymmol), Zn dust (1.5 mmol), and Zng(1.5 mmol) in MeCN (5 mL).
that involved the insertion of an alkene unit into the nickellacycle. °Isolated yield- Determined byH NMR spectra® The reaction was carried
In this paper, we report a Ni(0)/Zngpromoted domino reaction gﬂtstm the absence of Zn dustNi(cod), (1.0 mmol) was used without Zn
usingl and enyne? (eq 1). '

and €E)-3da, respectively. The stereoselectivities3ifa and 3da

R4
l NTZN o R p were lower when the reactions were carried out under reflux
R 1 ¢ IR zncig R . RN X () conditions.N-Tosyl amide2b was also used in the reaction (run
RZORS s R Rl R RO Ls 10). On the other hand, the reaction way which lacks a methyl

group at the vinyl position (R= H), gave3acin low yield, even

1 2 major-3 minor-3 s L. K . . .
) - . s in the stoichiometric reaction using Ni(cedyun 11).
1a:R'=Me, R2=R%=H 2a: R* = Me, R® = H, X = C(CO2Et)2 . . ; . .
bR =ELRZ=H RP=Me  2b:R’=Me RO=H, X = NSOCeHaMe-p The reaction withd, which has a tethered internal alkyne u_nlt
1e: R1—R22= {CHap R®=H  26:R*=R%=H, X = C(COE), (R> = Me), also gaveH)-3ad selectively (Table 2, run 1). In this
1d:RT=R"=H,R"=Me 2d: R = R® = Me, X = C(COAE, reaction, not only the reaction temperature but also the quantity of

When 2a was treated withla (2 equiv) in the presence of PPh affected the stereoselectivity 8ad. When the reaction was
Ni(cod), (100 mol %) and ZnGl (150 mmol %) in MeCN at 25 performed in the presence of_ PPtheE/Z ratio decreased (runs 3
°C for 6 h, 3aawas obtained in 50% isolated yield. The major 2and 4), as compared to that in the absence otRins 1 and 2).
isomer (96% selectivity) of3aa was determined to have a The addition of excess PPligand (versus Ni metal) remarkably
E-geometry by a NOE experiment. The reaction did not occur in reéduced the selectivity (run 5). o _
the absence of ZngINeither THF nor toluene was effective as a The possibility of product isomerization under the reaction
solvent. For the reaction to progress to a Ni-catalytic mode, the conditions would be negligible. In both experiments of eqs 2 and
addition of Zn dust was essential, due to the regeneration of Ni(0) 3: 32d was recovered in unchangé&t ratio.
species (Table 1, runs 3 and 4 versus runs 1 and 2). The reaction

did not proceed when a base such ag\Btas used in place of Zn 3ad NiCIo(PPhs)o/PPhyZn/znCly | 3ad )
dust8 (E/Z = 90:10) MeCN, reflux, 20h 85% recovery
Interestingly, the stereoselectivity 8aawas dependent on the Ni(cod)yZn/znCl, (E/2=90:10)
reaction temperature. Thus, when the reactiodafvith 2a was b+ 2 v dad R 2 *97/3"" ®
. . = . ’ ’ o YI %
carried out at 25C, the ratio of E)-3ad/(Z)-3aawas 96:4 (run 3). (E/Z=90:10) (E1227921) (E1Z 29010

In contrast, under reflux conditions, this ratio was reduced to 90:
10 (run 4). A similar result was seen in reactions using other Ni
catalysts such as NigINiCl,(PPh),, and Ni(acac)

The reaction withB-substitutedLb (runs 5 and 6), cyclidc (runs
7 and 8), and an enad (run 9) selectively gaveH)-3ba, (E)-3ca

The domino reaction proceeded with inversion of the alkene
configuration. The result indicates that we can rule out a pathway
via the straightforwarendecyclization of4 to give minor3. A
more reasonable pathway is depicted in Scheme 1, that is, a domino
*To whom correspondence should be addressed. E-mail: ikeshin@ proces_s Via__(i) formation Of_nic_ke”acyde (the first-C bond
phar.nagoya-cu.ac.jp. formation), (ii) examode cyclization o# (the second €C bond
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Table 2. Ni(0)/ZnCl-Promoted Domino Coupling of 1a and 2d2

un Ni catalyst conditions yield of 3ad,” % E:z¢

1 Ni(acac) 25°C, 24 h 54 89:11
2 Ni(acac) reflux, 2 h 51 82:18
3 NiCly(PPh), 25°C, 24 h 53 77:23
4 NiCly(PPh). reflux, 2 h 58 71:29
5 NiCl(PPh), + PPhd reflux, 4 h 43 64:36

aReaction conditionsla (2.0 mmol),2d (1.0 mmol), Ni catalyst (0.05
mmol), Zn dust (1.2 mmol), and Zng€l(1.5 mmol) in MeCN (5 mL).
bIsolated yield.c Determined by*H NMR spectrad PPh (0.2 mmol) was

added.
Scheme 1
Rs 4 exo-
R cyclization gs
1 i " R 3
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2 [Tsto< | I 2ndcc) ¢
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formation), (iii) cyclopropanation of5 (the third C-C bond
formation), and (iv)3-carbon-carbon bond cleavage 6ffollowed
by -hydrogen elimination o¥ to give major3.3¢:210Although 6
has -hydrogens, thgs-hydrogen elimination produd@ was not
detected in the reactidi.It is expected to favor thgs-carbon
elimination of6 by the relief of the ring strain of the cyclopropane
part1?

The isomerization can be explained by route iggcheme 2).
In the formation of the second-&C bond, that is, insertion of the
alkenyl part of4 into the Ni—C bond, equilibrium would be present
betweend and 4’ via 9. The intermediatel leads to the minor
isomer of3. In the reaction witl2d (R> = Me) in the presence of
PPh, 10 generated from the reversible addition of free P®Ithe
p-vinyl carbon of4 would strongly contribute to the isomerization
to 4'.13

In summary, we have demonstrated that the Ni(0)/2nCl

promoted reaction of enones and enynes represents a new domino

coupling. The reaction would proceed via the formation of three
carbon-carbon bonds and the cleavage of one cartwambon bond.
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