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The [3 + 2] cycloaddition reaction provides one of the most Scheme 1. Intramolecular [3 + 2] Cycloaddition of Hydrazones

efficient methods for constructing five-membered ring systéms. ReR*

Indeed, cycloadditions of 1,3-dipolars such as nitrones, nitrile X Chiral Zr Catalyst
oxides, and so forth with olefins affording isoxazoline derivatives j]\ N

have been well studied, and some highly enantioselective reactions pe g1 NH(PNOEB2)

1
1a: R!'=R?=R3=R*=Me, X=-CH,-
1b: R!=REMe, R3=R*zH, X=-CH,-

using catalytic amounts of chiral Lewis acids have been devefped.
On the other hand, cycloaddition of hydrazones such as 1,3-dipolars

with olefins is a useful reaction to afford pyrazolidine derivatives, 1c: R'=R*Me, R*=R*=-SCH,CH,S-, X=-CH,- OO OH
which can be easily converted to 1,3-diamines afterNNbond 1d: R'=REH, R’ =R*=-SCH,CH;S-, X=-CHy- Y y!
. S . 1e: R! R2=Me H, R*=R*=-SCH,CH,$-, X=-CH,- 1 2
cleavage. Chiral 1,3-diamines are versatile components not only 1f: R'=R2=.SCHCH,S-, RER#=H. X=-CH,- (R)-2a:Y =H, Y’=Br
. . . . . . . : LHaS-, i 2 (R)-2b: Y'=Br, Y=H
as chiral ligands in asymmetric catalysis but also as biologically 1g: R'=R?=R=R*=Me, X=0 (R)-2: Y'=I, Y2H,
important compounds such as cisplatin derivatielewever, this /N\NH‘p NOoB2) s  ®2aY=LyHl
type of [3 + 2] cycloaddition has not been well developed g’l\/\/\/\ou
previously despite its potential usefulness. It was reported that 1h 4

strongly acidic conditiorfsor high temperature (thermal conditiohs)

were required to achieve this cycloaddition, and no asymmetric 7able 1. Reaction Conditions Tested?

catalysis has been reported. entry Zr(OR),® BINOL/mol %  additive yield/% eel%
In the course of our investigations to develop novel reactions

! VEIop 1 Zr(OBu) 2al20 - 35 9

using hydrazoneswe have found that Lewis acids such as Sc- 2 zr(OBu), 2b/20 - 86 75

(OTf); and Zr(OTf), effectively catalyzed [3+ 2] cycloaddition 3 Zr(OBu) 2b/12 ProHe 92 93
of acylhydrazone&8 As an extension of this finding, we undertook 4 Zr(OPr} 2012 - 82,56,8¢° 92,9395

ot 1o devel ric int lecularf@l cvcload 5  Zr(OPr) 2012 - 86 92

a project to develop asymmetric intramolecular{3] cycload- 6  zr(OPY 2d/12 PrOHS 99 %

dition reactions using a chiral Lewis acid.
In our initial investigation, we conducted an intramolecular a The reactions were performed in &, at room temperature for-411
[3 + 2] cycloaddition reaction of 4-nitrobenzoylhydrazores)( h, unless otherwise note®10 mol %.° 50 mol %.9 Benzene was used as
e
derived from 3-methylcitronellal as a model substrate in the & SOlventeToluene was used as a solvent.
presence of a chiral zirconium/BINOL complex, which has been r1aple 2. Asymmetric Intramolecular [3 + 2] Cycloaddition
shown to be an efficient catalyst for asymmetric Mannich-type Reactions of Hydrazones Using a Chiral Zirconium Catalyst?

reactions’, aza Diels-Alder reactions? Strecker reactions, allyl- yieldi% eel%
ation reactions of imine®, Mukaiyama aldol reaction$,and hetero entry  hydrazone solvent, time (cisltrans) (trans)
Diels—Alder reactions (Scheme 1j.It was found that a chiral 1 1a CH,Cly, 4.5 h 99 £1/>99) 96
zirconium catalyst prepared from Zr@u), and R)-3,3-dibromo- 2b la CH,Cly, 12 h 87 (<1/>99) 90
1,1-bi-2-naphthol (R)-3,3-Br,BINOL, (R)-2b)% gave a promising 3 la benzene, 28 h 7041/>99) 95
result of affording the desired pyrazolidine derivative as a sales- 4 1b benzene-ChLl;, 64h 62 (29/71) 92

. ) 4 . S 5¢ 1c CHClz, 12 h 91 <1/>99) 97
isomer in 86% yield with 75% ee (Table 1, entry 2). A zirconium ¢ 1fd benzene, 1 h 57<1/>99) 72
complex prepared from Zr(Bu), and R)-6,6-Br,BINOL ((R)- 7cf 1g benzene, 21 h 38<1/>99) 81
24) resulted in a much lower yield and selectivity (entry 1). Addition ~ 8°9 1h benzene, 1 h 73 (11/89) 90

of propanol (PrOH) to this catalyst system led to dramatic « Unl hervi it | 4 from ZHQED)
i i H i _ nless otherwise noted, the cata yst was prepared trrom Ar. QR]
improvements in both the yield and selectivity (entry 3). When Zr mol %), R)-2d (12 mol %) and ProH (50 mol %). and the asymmetric

(OPr)—PrOH was used instead of Zrf8li), as a zirconium source,  reaction was performed at room temperature. In entries SR)62¢ was
almost the same result was obtained (entry 4). The selectivity wasused instead of R)-2d. ® Catalyst (5 mol %)¢ Catalyst (20 mol %).

slightly improved, but the reactivity decreased when toluene or fg”gpggﬂce:d-ewem was determined based on the starting matekia40
benzene was used as a solvent. The catalyst prepared Rpm ( A -
3,3-1,BINOL, ((R)-2¢) showed similar high selectivity (entry 5). withdrawing groupg:® showed an excellent catalyst ability; the

Finally, it was found that a complex prepared from Zr(QPBroH cyclization occurred in 99% yield with excellent selectivity (96%
and R®)-3,3,6,6-1,BINOL ((R)-2d), in which iodo groups were  €€) (entry 6). _
introduced at the 6!ositions of R)-3,3-1,BINOL as electron- We then tested other substrates, and the results are summarized

in Table 2. In the reaction dfa, 5 mol % of the zirconium catalyst
*To whom correspondence should be addressed. E-mail: skobayas@ worked well, and a high yield and selegtlvny were obtained .(entrles
mol.f.u-tokyo.ac.jp. 2, 3). On the other hand, the reaction of substrHbe which
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Scheme 2. Correlation between the Chiral Substrate and the

i In summary, we have demonstrated the first example of catalytic
Chiral Catalysts

asymmetric intramolecular [3- 2] cycloaddition of hydrazones/

Zr(OPr) 4/10 mol % ) . : .
o olefins. The cycloaddition proceeded in the presence of a chiral

_NH(» NOoBz
(>NO2BZ) 5 216,6-14BINOL/12 mol %

PrOH/50 mol% zirconium complex as a catalyst under mild conditions. While the
1 (A-Ligand: 70% Y'ddCHZCIZ' nt adducts, chiral pyrazolidine derivatives, are a biologically interesting
Aligand: 70% ¥i class of compounds, the-\N bonds of the adducts have been
| 02 168 R B ¢ shown to be readily cleaved under reductive conditions to afford
] Wy | Wy T H kk chiral diamine derivatives.
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