ORGANIC
LETTERS

Palladium-Catalyzed Benzylation of ol 204
Active Methine Compounds without 35453547
Additional Base: Remarkable Effect of

1,5-Cyclooctadiene

Ryoichi Kuwano* and Yutaka Kondo

Department of Chemistry, Graduate School of Sciences, Kyushetdity,
6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan

rkuwascc@mbox.nc.kyushu-u.ac.jp

Received July 26, 2004
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The palladium complex prepared from DPPF and Cp(  #°-CsHs)Pd is an effective catalyst for the alkylation of active methine compounds with
benzylic carbonates under neutral conditions. The addition of 1,5-cyclooctadiene brought about remarkable improvement in the lifetime of the
palladium catalyst, which led to high yields of the desired benzylation products.

The alkylation of active methylene and methine compounds palladium species which can react with soft nucleopHiles.
is a fundamental reaction in organic synthesis, and haslt is noteworthy that methoxide is liberated through the
usually been carried out under basic conditibfecently, oxidative addition ofC followed by decarboxylation. The
we disclosed a palladium-catalyzed benzylation of malonatesmethoxide was expected to function as a base for the
using various benzylic carbonat&€sA palladium complex deprotonation of the malonate. This mechanistic consider-
generated from DPPF and [P&{gsHs)(cod)]BF, was the ation prompted us to develop a new catalytic benzylation of
best catalyst for the benzylation, which required a stoichio- active methine compounds without an additional base. Tsuji
metric amount of basel,O-bis(trimethylsilyl)acetamide et al. had developed palladium-catalyzed allylation under
(BSA). A plausible mechanism for catalytic benzylation is _
shown in Figure 1. DPPF-ligated/¥allyl)palladium(ll) A

is reduced to the palladium(0) speciBsvia nucleophilic

: [Pd(r-CaHs)(cod)]* OCOM . C0:

attack of malonate carbanion. Benzyl methyl carbon@e ( 5° ©/\ i € OCOMe _
is activated by palladium(0B* and forms a #3-benzyl)- DPPF on c MeO~
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neutral conditions on the basis of the working hypothesis
mentioned abovéHerein we report a new palladium catalyst
system for conducting the benzylation independent of the
additional base.

Our initial work focused on the alkylation of diethyl
phenylmalonate2a) with (1-naphthyl)methyl methyl carbon-
ate (1la) (Scheme 1). In the presence of BSA base, the

Scheme 1. Evaluation of Palladium Catalyst Precursors
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reaction oflawas complete withi 1 h at acatalyst loading

of 1 mol % DPPF[Pd(1*-CsHs)(cod)]BF;, yielding the
desired producBa quantitatively. However, the palladium-
(I1) complex scarcely exhibited catalytic activity for alkyla-
tion without an additional base, even if the reaction was
conducted in the presence of the 5 mol % palladium. This
observation indicates that the DPPIPd(17-CsHs)(cod)]BF,
complex is not appropriately reduced to the active palladium-

(0) catalyst without the malonate carbanion or base. The use

of other palladium(ll) compounds, Pd(OA&nd PdCj(cod),
resulted in no reaction. Pd(dbajdba = dibenzylidene-
acetone), which is commonly used as a palladium(0) catalyst
precursor, exhibited an insufficient reaction rate. The DBA
ligand might inhibit oxidative addition ofia to DPPF—
palladium(0) because the coordination of the dba ligand is
not weak enough to be displaced Wa.’ The in-situ-
generated palladium catalyst from DPPF angd-dllyl)-
(cyclopentadienyl)palladium(ll) [CpfsCsHs)Pd], which is

Table 1. Alkylations of Active Methine Compound<2) with

(Naphthyl)methyl Carbonates ¢1)
9 o
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a8 Reactions were conducted on a 1 mmol scale in THF (1.0 mL) at 80
°C for 1 h unless otherwise noted. Isolated yields are giver=N@aphthyl.
b The reaction was conducted for 24%The reaction was conducted for

known to readily provide palladium(0) species via reductive
elimination in the presence of tertiary phosphirggve the
alkylation producBain the highest yield (88%). The catalyst
loading was successfully reduced to 1 mol % palladium at a
high concentration of the substrates (1.0 M), and the desired
product3a was obtained in 99% isolated yield.

A wide range of active methine compoun2isinderwent
the palladium-catalyzed alkylation with (naphthyl)methyl
carbonateda andl1b as shown in Table 1. The production
of 3c was slower than that dda and3b, while acetamido-
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(2c) and methoxymalonat@d) were converted completely
into 3d and3e within 1 h the same as the phenylmalonate.
These heterosubstituents attached to the reaction site of
malonates did not cause deactivation of the palladium catalyst
and formation of undesirable side products. Compounds
3f—h were obtained in high yields through the alkylation of
the corresponding-ketoester and 1,3-diketone using the
DPPF—Cp(#-CsHs)Pd catalyst. Azlactones derived from
phenylglycine and valine afforded 4,4-dialkylated azlactones
3i and 3j, which will be readily converted inta-alkylated
a-amino acids.In most cases, the desired alkylation products
were obtained in quantitative yields.

We attempted to apply the DPPEp(7°-CsHs)Pd catalyst
to the alkylation of2a with benzyl methyl carbonatet4).
However, no benzylation occurred, and the reaction mixture
turned into a dark brown solution immediately after heating
at 80 °C. This observation suggested that the DPPF

(9) Trost, B. M.; Ariza, X.J. Am. Chem. S04999 121, 10727-10737.

Org. Lett, Vol. 6, No. 20, 2004



palladium(0) complex aggregated to form a palladium cluster ||| | 9N RN

because of both its coordinative unsaturation and the low Table 3. Benzylations of Active Methine Compound2){

reactivity of be_nzyl methyl carpona%é.‘l’hus, we presumed o 1.0% Cp(rP-CaHe)Pd 1
that the undesirable aggregation could be suppressed by an ¢ 0COMe R'  1.1%DPPF, 10% COD ¥ ;KR
. . . . . . n + H-C-pRp2 R3 R2
additional labile ligand such as olefin. Various weak ligands '\ o} o THF, 80°C x
were evaluated for the reaction pfmethoxybenzyl methyl 4 2 5
carbonate 4b) with 2 (Table 2). Both DBA and tri- 4a: R =H
4b: R = p-MeO
4c:R=pMe
.. . . . 4e:R=p-CF3
Table 2. Effects of Additional Labile Ligands on the Reaction 4 R = o-Me
of 4b with 2a
1.0% Cp(T]a'C3H5)Pd entry 4 2 timeg h Product (5) yield, %
I Ph
/@AO(I‘TOME + 2a o m o 1* 4a 22 24 5b:R=H 84%
o] additive CO4Et 2 4 2 24 R___Fh copr5cR=pMe 99%
MeO™ b (1.0M) THF, 80°C, 3h M9 T g, 3 4d 2a 3 @f Y sdiR=pMeO,C >99%
4’ 4e 2a 30X COEt  5e:R=pCF, 90%
5 af 2a 24 5f: R= 0-Me 90%
entry additive® yield,® % , “f%/coza
6 4b 2b 72 /©/ 71%
1 none 11 MeO CO.Et 5g
2 dlbeniylldeneacetone (DBA) (2) 2 7 ab 20 3 Aot 5h: R = pMeO 2%
3 PhsP=0 (2) 2 8 4 2 24 Rg 2| COEL 5i: A = pMe 85%
4 1-octene (10) 20 9 4d 2 24 O/ Cogt SIR=pMeOC  90%
5 2,5-norbornadiene (NBD) (2) 15 10 4 2 3 2= 5k:R=oMe 91%
6 1,5-cyclooctadiene (COD) (2) 69 Me_? COMe
7 1,5-cyclooctadiene (COD) (10) >99 (98)d 1% ab 20 24 /O/ ﬁ/ 90%
CO.,Me 5l
aReactions were conducted on a 1 mmol scale in THF (1.0 mL) at 80 MeO 0
°C for 3 h.® Molar equivalents of additive to Pd are shown in parentheses. R
¢ GC yields at 3 hdIsolated yield of5ais shown in parentheses. 126 4p  2¢ 48 $ 5m:R=EtO,C 74%
18° 4 2 48 5n:R=Ac 88%
MeO

phenylphosphine oxide caused inhibition of the catalytic _ _

b lati Small chan W, bserved when the benzy- @ Reactions were conducted on a 1 mmol scale in THF (1.0 mL) at 80
e_nzy ation. all ¢ a ge was observe € € DeNZY-oc_splated yields are givef.The reactions were conducted with 2 mol

lation was conducted in the presence of 1-octene or 2,5-% of DPPF-Pd catalyst.

norbornadiene. Surprisingly, a catalytic amount of 1,5-

cyclooctadiene (COD) broughtabouta considerable improvement )
in the lifetime of the catalyst. The benzylation prodget ~ £-ketoester2e and 1,3-diketone2f. However, azlactones
was obtained in 98% isolated yield when the catalytic failed to react withab by means of the DPPfpalladium

reaction was conducted for 3 h in the presence of 10 mol % catalyst. o _
additional COD. In conclusion, the in-situ-generated palladium(0) complex

The addition of COD to DPPFCp(;7-CsHs)Pd catalyst from DP_PF and C_p(%7C3H5)Pd is a useful gatalyst for the
was effective for the reaction of diverse benzylic methyl Penzylation of active methine compounds in the absence of
carbonates (Table 3). Benzyl methyl carbondt®) (vas less ~ &n additional base. The addition of COD brought about a

reactive than the other benzylic carbonates. It was converted®markable improvement in the yields of the desired ben-
into 5b in 84% vyield for 24 h at a catalyst loading of 2 mol zylation products. The additional COD would prevent the

% palladium. The reactions of electron-poéd and 4e DPPF—palladium(0) from aggregating to form inactive
yielding 5d and5e were as fast as that of electron-ridh. palladium species without loss of the catalytic activity and

However, an unidentified side product was observed in the could prolong the lifetime of the catalyst.
reaction ofp-(trifluoromethyl)benzyl methyl carbonate and
seemed to cause a low yield & (65% vyield at a catalyst
loading of 1% palladium). The desirég was successfully
obtained in 90% isolated yield by use of 2 mol % catalyst.
Substituted malonates other than phenylmalo@atender- Supporting Information Available: Experimental pro-

Went_the pallgdium-catalyzed _reaction under the present qqres and characterization data for all new compounds.
reaction conditions. The palladium catalyst system DPPF - rpig material is available free of charge via the Internet at
Cp(7°-C3sHs)Pd—COD was applicable to the benzylations of http://pubs.acs.org.
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