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ABSTRACT

(1) Ph-Box (S, S) RE R’
. BRO.C 10 % Cu(OTf),
R 0 nUxL

N CH,Cly, 0 °C
}‘I\_)\RS + R7| + N.
R CO5Bn (2)2.0 eq K,.CO4

COOR®
5 mol % Pd(PPhs),
S 6 1,4-dioxane, 100 °C, 4 h

1 (3R, 58)

Optically active pyrazolidine derivatives have been constructed by the Cu- and Pd-catalyzed asymmetric one-pot tandem addition—cyclization
reaction of 2-(2',3'-dienyl)-f-ketoesters, organic halides, and dibenzyl azodicarboxylate. The absolute configurations of the final products
depend on the structure of the ligand.

The development of new chemical processes for producing Pyrazolidines are an intensively studied family of hetero-
elaborate and important hetereocyclic structures in a rapid, cycles, which are important subunits in biologically active
atom-economié, and efficient manner has become an naturally occurring compoundsThis pyrazolidine structural

important area of research in organic chemistry. One of the
major challenges in these areas is the multicomponent (2) (a) Tietze, L. FChem. Re. 1996 96, 115. (b) Parsons, P. J.; Penkett,
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practical one-pot operatio?rﬁ 2003,10, 51. (b) Orru, R. V. A.; de Greef, MSynthesi2003, 1471. (c)
Zhu, J.Eur. J. Org. Chem2003, 1133. (d) Balme, G.; Bossharth, E.;
Monteiro, N.Eur. J. Org. Chem2003, 4101. (e) Bienaymé, H.; Hulme,

* Fax: (+86)21-64167510. C.; Oddon, G.; Schmitt, RChem. Eur. J2000,6, 3321. (f) Démling, A.;

T Chinese Academy of Sciences. Ugi, I. Angew. Chem., Int. EQ000,39, 3168. (g) Tietze, L. F.; Modi, A.

* Zhejiang University. Med. Res. Re 2000, 20, 304. (h) Weber, L.; lligen, K.; Almstetter, M.

(1) (a) Trost, B. M.Sciencel991,254, 1471. (b) Trost, B. MAngew. Synlett1999, 366. (i) Dax, S. L.; Mcnally, J. J.; Youngman, M. @urr.
Chem., Int. Ed. Engl1995,34, 259. Med. Chem1999,6, 255.

10.1021/0l0493498 CCC: $27.50  © 2004 American Chemical Society
Published on Web 05/26/2004



unit is usually constructed by the B 2] cycloadditio-6 or
hetero-Diels—Alder reactionsAlthough these methods are
available, there are still some obvious limitations: the starting
material is complex, and the methods for the synthesis of
optically active pyrazolidines are still very limited.
Recently, the direct enantioselective amination of 2-keto-
esters catalyzed by chiral copper(ll)-bisoxazoline complexes
was reported.On the basis of our past woPROwe reasoned
that pyrazolidined with different substitution patterns may
be generally constructed fromallypalladium intermediaté
2, which in turn, could be generated easily via the carbo-
palladation of intermediat8 with allene4'213(Scheme 1).
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The optically active allend may be produced from enantio-
selective copper (Il)-catalyzed-amination of a-allenic-
substituteq-keto ester$ with azodicarboxylate6 (Scheme

1). Herein, we describe the Cu- and Pd-catalyzed one-pot

(4) (&) Rahman, M. T.; Nishino, H.; Qian, C.-Yetrahedron Lett2003
44, 5225. (b) Chauveau, A.; Martens, T.; Bonin, M.; Micouin, L.; Husson,
H.-P. Synthesis2002, 1885. (c) Hanessian, S.; Mcnaughton-Smish, G.;
Lombart, H.-G.Tetrahedron1997,53, 12798. (d) Kim, H.-O.; Lum, C,;
Lee, M. S.Tetrahedron Lett1997,38, 4935.

three-component asymmetric tandem additiopclization
leading to optically active pyrazolidine derivatives with high
selectivity.

Our first approach was based on the reaction of' B2
dienyl)5-ketoester®aand dibenzyl azodicarboxylate (DBAD)
6 with Phl (7a). First, the enantioselective amination5af
with DBAD 6 in CH)Cl, provided the corresponding
optically active allenic amideta (E* = COCH;; E?
COOEt; R = R? = COOBN) in quantitative yield. Then,
the solvent was removed in vacuo and THF was added to
the reaction mixture followed by treatment with Phl,
Pd(PPR)s (5% mol), and KCO; (2.0 equiv) under reflux
(Scheme 2). The carbopalladation reactfasf the allenes
afforded a2-types-allyl palladium intermediaté® which can
be further trapped by the intramolecular nitrogen giving the
corresponding pyrazolidine derivativieaa in good overall
yields with very high enantioselectivity (Scheme 2). On the

Scheme 2
(1) Ph-Box Ph
BrO.C 10 % Cu(OTH), LCOzBn
Q 2N CH,Cl,, 0°C N
" Neos (2) 2.0 eq K,CO oo
COOEt 25N 1£)20eq1b0s COOEt
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basis of these results, it is quite obvious that the enantio-
selectivity for the formation oftais very high with the abso-
lute configuration depending on the structure of the ligand.

Although the diastereoselectivity is unsatisfactory, the
diastereoisomers differ greatly in terms of molecular polarity
(RirR)-12a= 0.48,Rirg-1aa = 0.35; eluent, petroleum ether/
ether = 1:1) and therefore can be easily separated and
purified by flash chromatography on silica gel. Then, the
four pure isomersg,S)-, (S,R)-, (R,R)-, anR,S)-isomer of
laacan be conveniently obtained in high yield with very
high ee when both enantiomers of Ph-Box were applied as
the ligand.
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Table 1. Cu and Pd-Catalyzed Three-Component Asymmetric Tandem Ad¢i€@gulization Reactions of
2-(2',3'-Dienyl)-f-keto-esterSa and Dibenzyl Azodicarboxylate (DBAD§ with Phl 7a in Different Solvent3
(1) Ph-Box (S, S) Ph Ph
10% Cu(OTH, =  CO.Bn
N solvent (1) / t (1) —N
+ N-
% N-0,Bn (2) 2.0 eq K,CO ;, COaBn
2 Ueq KLU, “COOEt
5 mol % Pd(PPhg), 0
Phl / solvent (2) / t (2)
5a 6 1aa (3R, 5R) 1aa (3R, 5S)

COLBn

_N-c0,Bn
“COOEt

entry solvent (1) t (1), °C time(1), h solvent (2) t(2), °C time (2), h yield (%) dr (% ee) (R,R)/(R,S)

1 CHCI, 0 3 THF reflux 4 92 36:64 (98;98)
2 THF O—rt 57 THF reflux 4 66 48:52 (99;96)
3 CH.CI, 0 3 CH,CI,/AP reflux 4 92 40:60 (98;98)
4 CH2Cl> 0 3 CH,Cl,/BP 100 4 85 33:67 (98;98)
5 CH,Cl,/BP rt 3 CH,Cl,/BP 100 4 95 32:68 (95;95)
6 CHCl> rt 15 CH,Cl,/BP 100 4 100 37:63 (97;97)
7 CH,Cl,/BP 0 10 CH,Cl,/BP 100 4 90 36:64 (97,98)
8 CH,Cl,/CP 0 20 CH,Cl,/CP 100 4 19 76:24 (13;8)
9 CH,Cl,/DP 0 20 CH,Cl,/DP 100 4 0 0

aDBAD (1.2 equiv), Ph-Box (1.1 equiv of Cu), Phi (1.2 equiv), anglQs (2.0 equiv) were applied.A = THF; B = 1,4-dioxane; G= DMSO; D =
DMF. The solvent ratio was 1:2.

To identify a more convenient operation for the reaction, I

we tested the effect of the solvents of the two steps on the .
. . . Table 2. Cu- and Pd-Catalyzed Three-Component Asymmetric
reaction. The results are summarized in Table 1. When both . o .
; i ) . . Tandem Addition—Cyclization Reactions of
steps were carried out in 'THF, hlgh' enantloselectilv.lty Was 5_(> 3'.Dienyl)-B-keto-esterSa and Dibenzyl Azodicarboxylate
achieved; however, the yield and diastereoselectivity were (ppaD) 6 with Different Organohalides

unsatisfactory (entry 2, Table 1). When a mixture of CH/ o o
R

1,4-dioxane (1:2) was used as the solvent in both steps, thw (1)1?;/305 ((SD,TS> =/ cOsn COBn

results were better (entry 7, Table 1), but the first step was COOE CHZ&;‘S ocf’gh N\N\ N

slow (compare entry 7 with entry 4, Table 1). The reaction % \%COZ(EDEB" D A
. . (2) 2.0 eq K,CO3 COOEt

gave poor results in the mixed solvent of DMSO or DMF BnO,C. 5mol % PAPPhy) O °

and CHCI; (entries 8 and 9, Table 1). The temperature in +r + l__1:4-dioxane, 100°C, 4h 1R 5R) 1(3R, 58)

the first step is important to the enantioselectivity (compare 7 COz8n

entry 4 with entry 6 and entry 5 with entry 7, Table 1). On entry RI 7 yleld dr(R,R/ - ee% ee%

the basis of these results, @B, was chosen as the solvent ) RS RD RS

at 0°C in the first step followed by the direct addition of ! Phl 7a  85(laa) 3367 98 98

1,4-dioxane (double volume of GBHI,) to the reaction s < }Me 7b 95 (lab) 34:66 98 98

mixture to conduct the second step at X@

The results of the Cu- and Pd-catalyzed three-component 3 '—©—°Me Te  92(lac) 3367 98 98
asymmetric tandem additiercyclization reactions of 2-(B'- O )
dienyl)3-ketoesterda and dibenzyl azodicarboxylate (DBAD) s cootte 74 96 (ad) ez 77 %
6 with different organohalides are summarized in Table 2. s |—©—Br 7e 94 (lae) 36:64 97 >98
From these results, it should be noted that (1) the yield and
the enantioselectivity of these reactions are high and (2) the 6 'ON% o 97(ah 40:60 - =98 %
configuration of the &C bond in 1-alkenyl iodide remained __ £OOMe 7g
unchanged during the reaction (entries9 Table 2). To 7 [/_/ B (lag) 4555 9T %
determine the absolute structure of the pyrazolidine deriva- Ph
tive, we studied the reaction dBa, 6, and 1-bromo-4- 8 ,/:/ Th 86(lah) 3763 99 %
iodobenzene7e, which afforded the solid pyrazolidine 1-C4Hq
derivative lae with a bromine atom in the structure, °  / o 7s(a) 3466 97 %
indicating that the €1 bond was chemoselectively cleaved. @\ ) )

The absolute configurations baewere determined by X-ray 1o s i 7iap 36:64 o1 9

diffraction studies®which led to the tentative assignment
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of the absolute configurations of other products. It is obvious reaction of 2-(23'-dienyl){5-keto esters, organic halides, and
that the reaction favors the formation éns-pyrazolidine dibenzyl azodicarboxylate leading to pyrazolidine derivatives
derivative. with high enantioselectivity. The advantages of this method
In the reaction, it is valuable to note the following: (1) are the easy availability and diversity of the starting
The reaction that allows a great increase in complexity is compounds. Although the diastereoselectivity needs further
atom economic. (2) Although two different metals were used attention, this study will open a new area for the transition
to catalyze the reaction, the operation is convenient with a metal-catalyzed chemistry of allenes. Further studies on the
one-pot operation and the yield is very high. (3) Two scope and synthetic applications of this reaction are being

diastereomers were easily separated with high ee. pursued in our laboratory.
In conclusion, we have demonstrated the Cu- and Pd-
catalyzed asymmetric one-pot tandem additioyclization Acknowledgment. Financial support from the Major
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