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Intermolecular cycloadditions catalyzed by transition-metal (@) &
complexes are useful methods for convergent synthesis of cyclic OAc PA(0) Pd(,ﬁa a+:>
materialst The development of a new and efficient intermolecular :CSiMe MesSi0Ac ;\/< Zrdo)
cycloaddition reaction is, therefore, of high value in organic ¢ o
chemistry. In this context, Trost described the use of pallagium
trimethylenemethane (TMM) complexes as a 1,3-dipole-like three-
carbon unit in the formation of a cyclic framework almost 30 years
ago (Figure 1aj.Since then, this method has been applied to the
construction of a variety of cyclic compoundéignd some asym-
metric variants have also been reportdd.this Communication,
we introduce a new type of reagepimethylidenes-valerolactones,
which serves as a four-carbon unit in the palladium-catalyzed
cycloaddition through the formation of a 1,4-zwitterionic species Table 1. Palladium-Catalyzed [4 + 3] Cycloaddition of
(Figure 1b): and demonstrate its utility in the [4 3] cycloaddition 7-Methylidene-d-valerolactones 1 with Nitrones 2

with nitrones to provide highly functionalized 1,2-oxazepifes, PdCp(n®-CgHs)
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Figure 1. (a) Trost's P&-TMM complexes for [3+ n] cycloadditions. (b)
y-Methylideneé-valerolactones for [4+ n] cycloadditions.

In an initial investigation, we preparegmethylidenes-vale-

rolactonela as a model reagent for our study in two steps from A , 40°C,24h Ar':scone
known compounds, as shown in eq 1, and examined its utility for (1.8 equiv) (Ar2=4-E%OZCCGH4)
a [4 + 3] cycloaddition reaction with nitron2ain the presence of 1a: Ar=Ph 2a: Arl = Ph O
5 mol % of palladium catalyst at 40C (Table 1). To our delight, 1b: Ar = 4-MeOCqH,  2b: Ar' = 4-MeCeH, SN
1c: Ar=2-MeCgH,  2c: Ar' = 4-CICgH, _P=N(i-Pr),

the reaction proceeded smoothly by the use of;R#ha ligand,
giving the desired 1,2-oxazepiBaain 95% yield as a mixture of
two diastereomers (72/28; entry 1). The use of other ligands such

1d: Ar = 3-thienyl
1e: Ar = 1-naphthyl

2d: Ar' = 4-CF3CqH, O o
4

as P(Q-Pr); and phosphoramiditd’ also gave3aain high yield ey 1 2 lgand product _ yield (%" o
(97—99% yield; entries 2 and 3)and high diastereoselectivity (90/ % la ga PP(;? gaa 35 7322
10) was achieved with ligand. Under these conditions withas 3 1: o 'Z( -Prs el g; ;0/10
the Iiganc_i,_severa_l othe&methylidepe_é-valerolactones underwent 4 1b 2a 4 3ba 95 93/7
cycloadditions with2a as well, giving the corresponding 1,2- 5 1c 2a 4 3ca 62 87/13
oxazepines in high yield with good to excellent diastereoselectivity 6 id 2a 4 3da 92 91/9
(87/13-94/6; entries 47).° The cycloaddition also proceeded with ; 12 gg j ggg 3? ggﬁg
nitrones having a s_ubstituted aryl_ group at their elec_trophilic carbon g le 2 4 3ec 98 93/7
atoms with high diastereoselectivity (92/84/6; entries 810). 10 le 2d 4 3ed 98 94/6
0OSiMey(t-Bu) COMe 4 NaH. THF 0 o aCombined yield of two diastereometsDetermined by*H NMR.
+ Ph L il BN :< 2: ™)
:<:0Ms COoMe 2 TBAF, THF o \couMe 0 O\N,Arz
1a: 66% yield o —
CO,Me : A

A proposed catalytic cycle of this process is illustrated in Figure A Af3COZMe
2. Th_us, oxidative addition of the gllyl ester moiet_y tb_f to PA(©O) | - CO, ® vo ]_Pd(o)
palladium(0), followed by decarboxylatidh!!gave 1,4-zwitterionic © OO A ®
speciesA. The anionic carbon oA then attacked the electrophilic Pd(ll) Ar1JLH (i, '”o@ A2
carbon of2 to give intermediat®, which underwent a ring closure Y o 2 =~/ N
through a nucleophilic attack of the oxygen atom toAhallylpal- COMe A
ladium moiety, leading to the formation of 1,2-oxazepgalong ‘X ¢ AEr," CO Me

with regeneration of palladium(0).

Figure 2. Proposed catalytic cycle for the palladium-catalyzed{4]

Because the step frol to B creates two contiguous tertiary cycloaddition of1 with 2.
and quaternary stereocenters, it would be desirable to conduct this
reaction in an asymmetric fashion. On the basis of the ligand effect cycloadduct3ad was obtained in high yield (98% vyield, er 85/
described in Table 1, we employed chiral phosphoramidite ligand 15), and the enantioselectivity of the major diastereomer was 71%
(9-52in the reaction oflawith nitrone2d. Under these conditions,  ee (Table 2, entry 1). By changing the nitrogen substituents from
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Table 2. Palladium-Catalyzed Asymmetric [4 + 3] Cycloaddition
of 1 with 2

PdCp(n°®-CgHs)

o} (5 mol %) O, -Ar2
o, @o\%,Ar2 ligand (10 mol %) ol
L CH,Cl, A
Ar CO:Me A7 °H 40°C,24h Af COnMe
3

1 2
(1.8 equiv) (Ar? = 4-EtO,CCgH,)

L,

O Ph

N . o\ Me
SP=N(i-Pr), P-N
OO °

o~ B M
SO

(5)-5 (S,RR)-6
entry 1 2 ligand product  yield (%)? dr? ee (%)°
1 la 2d (9-5 3ad 98 85/15 71
2 la 2d (SRR-6 3ad 98 81/19 83
3 b 2d (SRR-6 3bd 99 86/14 84
4 le 2d (SRR-6 3ed 98 80/20 96
5d le 2b (SRR-6 3eb 99 70/30 89
6 le 2c (SRR-6 3ec 89 72/28 88

aCombined yield of two diastereomefsDetermined by'H NMR. ¢ The
ee of the major diastereomer (determined by chiral HPEGhe reaction
was conducted with 10 mol % of catalyst for 48%T.he minor diastereomer
was 91% eef The minor diastereomer was 89% ee.

Figure 3. X-ray structure oBecwith thermal ellipsoids drawn at the 50%
probability level (Flack parameter —0.01(6)).

isopropyl to R)-1-phenylethyl (ligand$R,R)-6),122higher enan-
tioselectivity was observed (83% ee; entry 2). Othenethylidene-
o-valerolactones such d$ andlealso provide the cycloadducts
with nitrones2 with high efficiency in the presence of ligand
(SRR)-6 (84—96% ee; entries-36). The absolute configuration
of 3ec(entry 6) was determined to be§3R) by X-ray crystal-
lographic analysis, as shown in Figure 3.

The present catalysis using regéis not limited to the couplings
with nitrones. For examplela underwent a cycloaddition with
azomethine imine7*415 to give the corresponding [4+ 3]
cycloadduct 8) with dr = 87/13, and the major diastereomer was
isolated in 79% vyield (eq 2%

o PdCp(n*-CaHs) Q
(0] (5 mol %2 N
:<;2:0 . ®N> \ 4 (10 mol %) \NB @

SN CHCly, 40 °C
Ph CO,Me GD)J\ Ze < Ar
Arm H pf \COMe
1a 7 8:dr=87/13
(1.8 equiv)  (Ar = 4-CF3CgH,) major: 79% yield

In summary, we have described the developmeny-ofieth-

ylidene¥-valerolactones as a new class of reaction partners in the
palladium-catalyzed cycloaddition reaction. These reagents act as

a four-carbon unit in a cyclic framework by forming a 1,4-
zwitterionic species, and we have demonstrated their utility in the
context of stereoselective [4 3] cycloaddition with nitrones,
including some preliminary results of the asymmetric variant. Future
studies will explore further application of these reagents to various
other transition-metal-catalyzed cycloaddition reactions.
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