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Diels—Alder reaction, that is, [42] cycloaddition of 1,3-dienes Scheme 1

with alkenes, is an attractive method to construct 6-membered r M | patha
carbocycled. The reaction generally requires high temperature to ©de” _ Pl
obtain the desired cycloadduct in high yiél@he cycloaddition is P c A
known to accelerate in the presence of varied metal compfexes. @CM - Tl

The metal-mediated methodology has contributed to the advance OGOMe M path b N
of stereoselective cycloadditidgnMeanwhile,o-xylylenes, which 1 o @\f - A

are 1,3-cyclohexadienes having two exomethylenes at the 5- and M=Si B, Sn etc . bl B

6-positions, have a remarkable reactivity for Diefdder reaction

as a diené.Various memOdS_ Tor in-situ generation oiylylene Table 1. Effect of Solvent and Ligand on Cycloaddition of 1a with
have been develop&dnd utilized for the syntheses of natural 2aa2

products’ However, it is hard to control the intermolecular reaction 3% Pd(1°-C5Hs)Cp
of o-xylylene because of its violent reactivityl his paper describes SiMe, | 3.3% ligand
a new organometallic methodology for generatingoaxylylene ocome T L >
. . . . . f . i CO,Me  solvent CO.Me
equivalent, which reacted with various conjugated olefins to yield le) o 2
1a 2a 120°C, 24 h 3a
the [4+2] cycloadduct.
We have developed the palladium-catalyzed nucleophilic sub- PPhy &=—PPh;
stitutions of benzylic carbonates recerftlfhe catalytic reaction [ Fe o)
proceeds through the benzylic-© bond activation by palladium- PPh, S—prn, PhoP PPh,
(0). As shown in Scheme 1, we envisioned that theylylene DPPE DPPF DPEphos
equivalentA or B would be generated from-(metalated-methyl)- entry solvent ligand yield (9%)°

benzyl carbonat&®1° through the G-O bond cleavage leading to

(benzyNpalladiunC. The M and palladium(ll) o€ would undergo > oo oPPE i
intramolecular transmetalation leading to 2-palladaindar{path 3 DMF DPPE 72
a)l! which might give the tetralin cycloadduct through olefin 4 MeCN DPPE 45
insertion followed by reductive elimination. Alternatively, the 2 tlérh-grilc()axane DDISEEE 57
benzylic carboq bound tq M would behave as a carbanion (path 7 DMSO DPPE 32
b). The carbanion oB might undergo 1,4-addition to aa,(- 8 DMSO DPEphos 30
unsaturated carbonyl compound, and then the resulting enolate 9 DMSO 2 PPh 10

might attack they3-benzyl on palladium(ll). The above hypothesis

stimulated us to attempt the reactionaf(trimethylsilyl)methyl]- mmcﬁ)egag/t['gg]sm‘g:;% Sv(;ldfgée;fz'g;e,l; 3T3L.G0Cf: i?é\ll;?;v ;—:‘a‘;éaé'fﬁ’g%lni Y

benzyl carbonatéa with methyl acrylate2a in the presence of @  cThe reaction was conducted by using 0.5 mmalafn 1 mL DMSO for
palladium(0) complex. 48 h.d1solated yield.

A mixture of laand2ain DMSO was heated at 12T for 48
h in the presence of 3% palladium catalyst prepared fromyPd(  amount of [2,2]orthocyclophan®(<3%), which might have formed
C3Hs)Cp and a bidentate ligand DPPETable 1, entry 1). Tetralin-  through Hiyama cross-coupling of twia (eq 1)** No formation

2-carboxylate3a, which is the cycloadduct af-xylylene with 2a, of o-xylylene dimerS was detected in the resulting mixture by GC
was obtained in 78% isolated yield. The use of a Lewis basic solvent and*H NMR analysis'® This observation may rule out the reaction
is crucial for the catalytic reaction. The desired prodéatwas pathway involved with palladium-mediated generation of free

obtained in reasonable yield when the reaction was conducted in0-Xylylene and its pericyclic cycloaddition with the dienophile. The
DMF as well as in DMSO (entry 2). In contrasta was hardly cycloaddition oflawith 2aoccurred on the DPPE-ligated palladium
consumed in 1,4-dioxane or toluene (entries 5, 6). The yieBaof ~ atom and proceeds through either reactive intermediace B.'3
was significantly affected by the ligand on palladium. The use of

bisphosphine DPPF and DPEphos, which were effective for the 3% Pd(1*-C3Hs)Cp
palladium-catalyzed nucleophilic substitution of benzylic estéfs, 3.3% DPPE 0.0 O“ )

slowed the production o8a (entries 7, 8). The monophosphine- DMSO, 120 °C

ligated palladium did not work as a catalyst for the cycloaddition 24h 4 trace 5 not observed

very well (entry 9). No3a was obtained from the reaction @&

and2a with DPPE in the absence of palladium. Various conjugated olefin® underwent the catalytic formal

The mixture oflaand DPPE-palladium catalystin DMSO was  [4+2] o-xylylene cycloaddition (Table 2). Thexylylene precursor
heated to 120C for 24 h in the absence &g, affording a trace lareacted with acrylates substituted at the trans or geminal position,
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Table 2. Palladium-Catalyzed Cycloaddition of 1a with Olefins (2)2

entry olefin (2) product (3) yield, %?
\Me
T e -C0:Me 20 @O\ 3 58
CO,Me
WPh
2 Xy C0:Me ¢ @ 3¢ 79
CO,Me
CO,Me
3 N @Me 3d 47
Me
CO,Me
WPh
4 ppx-COMe 2¢ @O\ 3ec 719
COMe
5¢ XON 2 @:j\ 3f 42
CN
6 x-Ph 29 @O\ 3g 62
Ph

aThe detail of reaction conditions was given in Supporting Information.
b|solated yield.c A small amount otis-3e (trang/cis = 93:7) was detected
in 'H NMR analysis of the crude productisolated yield of purérans-3e
€The reaction was conducted at 1%0.

Table 3. Palladium-Catalyzed Cyclization of 1b—e with 2a2
R

X
R 3 3% Pd(ns-C3H5)Cp . | COM
4N SiMe, 3.3% DPPE 2\vie
| | + 2 3h-k
X OCOMe DMSO, 120°C R COsMe
6 O -
3h'—k'
entry R (1) product (3) ratio? yield (%)¢
1 4-MeO (Lb) 3h, 3 60:40 42
2 4-Me (1o 3i, 3i' 54:46 72
3 3-Ph @d) 3j, 3j’ 55:45 92
4 4,6-Me (1€ 3k, 3k’ 60:40 51

2 The detail of reaction conditions was given in Supporting Information.
b The ratio was determined witfd NMR analysis. It is uncertain which is
the major product3 or 3'. ¢Yield of a mixture of3 and3'.

yielding the corresponding tetralin products (entries3L No
formation of cis-2,3-disubstituted tetralins was detected in the
catalytic cycloadditions ofrans-dienophiles2b and 2c.¢ Olefins
conjugated with ketone, nitrile, and benzene worked as a dienophile
(entries 4-6). However, the palladium catalysis failed to reaat

with strongly electron-deficient olefins, such as maleate and
fumaratel’ as well as cyclic ones.

As shown in Table 3, the DPPHpalladium complex was
effective for the reaction of compoundb—e bearing substituents
on the aromatic ring® For example, 3-phenyl-substitutéd reacted
with 2ato give the desired tetralins in 92% vyield (entry 3). The
substituent at the 6-position dfe barely hindered the catalytic
cycloaddition (entry 4). In all cases, cycloaddition products were
obtained as a regioisomeric mixture3fi—k and3h'—k' (54:46—
60:40)1° The low regioselectivity indicates that the cycloaddition
of 1 proceeds through intermediatein Scheme 1. If the reaction
was involved with path b, tetraliBh—k would be obtained with
perfect regioselectivity.

In conclusion, we developed the palladium-catalyzed-Z§
cycloaddition ofo-(silylmethyl)benzylic carbonates with olefins.
The desired tetralin products were obtained with good yield when

the reaction was conducted in Lewis basic solvent, as well as by
using a DPPEpalladium catalyst. The present catalytic reaction
is equivalent to the [#2] o-xylylene cycloaddition with dienophiles.
Use of a chiral ligand in place of DPPE may lead to a catalytic
asymmetric cycloaddition ab-xylylenes with olefins.
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Yoshida and Kunai used (M = Si) for the palladium-catalyzed

distannylation ob-xylylene. They conducted the reaction in the presence

of KF in order to generate a freexylylene from1. The freeo-xylylene

reacted with hexabutylditin activated by palladium(0). Yoshida, H.;

Nakano, S.; Yamaryo, Y.; Ohshita, J.; Kunai,®@rg. Lett.2006 8, 4157

4159.

Tanaka reported an enantioselective rhodium-catalyzeé@][éarbocy-

clization of 2-alkynylbenzaldehydes. The authors proposed 2-metallaindane

intermediate for the cataytic reaction. Tanaka, K.; Hagiwara, Y.; Noguchi,

K. Angew. Chem., Int. EQ005 44, 7260-7263.

(12) DPPE= 1,2-bis(diphenylphosphino)ethane.

(13) Although DPPE was inefficient for the catalytic substitution of benzylic
carbonates in our previous report (ref 9a), DPEd (73-C3Hs)(cod)|BF,
catalyst could activate the benzylic© bond and catalyze the reaction
of methylo-methylbenzyl carbonate with dibutylamine in DMSO at 120
°C, giving the benzylated tertiary amine in 42% vyield.

(14) Hatanaka, Y.; Hiyama, W. Org. Chem1988 53, 918-920.

(15) Errede, L. AJ. Am. Chem. S0d.961, 83, 949-954.

(16) p-cis-Methylstyrene reacted witha to afford the cis-cycloadduct ste-
reospecifically. However, yield of the product was low (14%).

(17) The electron-deficient olefins may bind tightly to palladium(0) to obstruct
the interaction ofLa and catalyst.

(18) No cycloadduct was obtained from the reaction of the substrateing
a methyl on itso-position of the carbonate group.

(19) Each reaction oflc and 1d gave the same major regioisomers to the
fluoride-induced-xylylene [4+2] cycloaddtion in ref 6hXc, major/minor
= 52:48;1d, major/minor= 55:45).
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