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A bifunctional AgOAc-catalyzed asymmetric cycloaddition of azomethine ylides with electronic-deficient alkenes was developed using
ferrocenyloxazoline-derived N,P ligands. The reactive metal-bound azomethine ylide dipole is formed by the deprotonation with acetate, and
extra base is not necessary. The reactions proceed with high enantioselectivity. This method provides an efficient and convenient route to

optically active pyrrolidine derivatives.

The 1,3-dipolar cycloaddition reaction is a useful tool for
constructing five-membered heterocyclic compouhtibe
cycloadditon of azomethine ylides with electronic-deficient
olefins provides an efficient method for synthesizing sub-
stituted pyrrolidines contained in many biologically active
compoundg$.The formation of optically active pyrrolidines
in previous work was mainly based on chiral auxiliades.

developed recently.Zhang and co-worketsreported an
efficient catalytic system, AQOAc/FAPPr,NELt, with up to
97% ee. Schreiber's AGOACc/(S)-QUINAP/i4NEt systerfi
also gave excellent enantioselectivities. A zinc-catalyzed
system, Zn(OTHt-BuBox/EgN, was reported by Jgrgenden
and co-workers with up to 94% ee. Komatsu's Cu(QITf)
BINAP/Et;N® system gave moderate to excellent levels of

And the use of chiral transition-metal catalysts has been stereoselectivity wittexo selectivity?
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The most accepted mechanfshfor the cycloaddition of
azomethine ylides is shown in Scheme 1. Coordination of

Scheme 1. Mechanism of AgOAc-Catalyzed 1,3-Dipolar

Cycloaddition
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the iminoester to chiral Ag(l) or Cu(ll) catalyst, followed
by deprotonation with base to form the reactive metal-bound
azomethine ylide dipole, which reacts with dipolarophiles,
was followed by elimination of cycloadduct to regenerate
the chiral catalyst. Thus, for the above catalytic systems, an
excess of base such as tertiary amine was involved. By
analyzing the above mechanism carefully, we think that extra
base is not necessary for AgOAc-catalyzed cycloaddition of
azomethine ylide because tAgOAc bearing a moderately
basic charged ligand acetatgould facilitate deprotonation

of iminoesters to generate the azomethine yidatrigued

by the effectiveness of ferrocene-derived chiral N,P ligands
in asymmetric reactions,we developed highly enantiose-
lective AQOAc-catalyzed asymmetric {8 2] cycloaddition

of azomethine ylides using ferrocenyloxazoline-derived chiral
N,P ligands without extra base.
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In our initial investigation, we found AgOAc/laystem
can efficiently catalyze the cycloaddition éfvith dimethyl
maleate in toluene with high activity and moderate enantio-
selectivity in the absence of base (entry 1, Table 1); only

Table 1. AgOAc-Catalyzed Asymmetric Cycloaddition df

COyMe )C o AgOAc/ Ligand MeoziZ—gione
| + N
COMe ! Solvent p-ClCgHy’ N COEt
p-CICgHs~ H 4 H endo-5
6] PPh, © o]
‘;QZ/&N\) "R é/ﬁlj”'sn @/4\,\13"4%
€ "PPh, Fe Fe “par,
- 1 D SRz LD 3
(S,Sp)-1a: R = i-Pr (S, Sp)-3a: Ar = 4-MeOCgH4
(S,Sp)-1b: R = tBu (S,Sp)-3b: Ar = 3,5-Me,CgHs
(3,Sp)-1c: R = Ph (S,Sp)-3c: Ar = 3,5-(CF3),CeHs
(S,8p)-1d: R = Bn (S,Sp)-3d: Ar = 4-CF3CgHy4
(Sp)1e: R=H
entry ligand solvent T(°C) yield® (%) ee® (%)
1 la toluene 0 89 68
2 1b toluene 0 86 53
3 1c toluene 0 88 69
4 1d toluene 0 98 81
5 1d THF 0 86 86
6 1d DME 0 96 78
7 1d Et20 0 93 88
8 le Et20 0 98 81
9 2 Et20 0 96 —-78
10 3a Et,0 0 91 84
11 3b Et20 0 88 89
12 3c Et20 0 89 83
13 3d Et,0 0 94 94
14 3d Et,0 —25 88 98
15 3d Et,0 —-40 98 98

aConditions: iminoested (1.0 equiv), dimethyl maleate (1.5 equiv),
AgOAc (3 mol %), ligand (3.3 mol %), concentration (0.15 M)solated
yields based o#. ¢ Determined by HPLC.

the endoisomer5 was detected byH NMR analysis of
reaction mixtures.

Encouraged by these results, the effect of substituent of
oxazoline ring on the conversion and enantioselectivity was
investigated in toluene (Table 1). The results showed that
Bn-substituted ligand.d (entry 4) is superior tda (R =
i-Pr), 1b (R = t-Bu) and1c (R = Ph). The solvent effect
was also studied (entries 4—7), the reaction proceeded well
in EO, THF and DME, and low activity was observed in
CH.Cl,. The highest enantioselectivity was obtained in ether.

To investigate the effect of planar chirality on the
enantioselectivity and absolute configuration of the prod-
uctsi! (S5)-1ewith only planar chirality was used, and lower
ee was observed (81% ee, entry §,R)-2 with the same
central chirality and opposite planar chirality t8,%)-1d
was also used in the cycloaddition df with dimethyl
maleate. Under the same conditions, lower enantioselectivity
and the opposite absolute configuration were observed
(—78% ee, entry 9). The lower ee with ($}2 suggests
the mismatched nature of th&) planar chirality with the
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(S) central chirality on the oxazolinyl ring. It is noteworthy || |
that, compared .to the enantioselectivity of the reac_tlon Table 2. Effect of Silver Precursors on Enantioselectivity and
catalyzed bylawith the counterpart of the phenyloxazoline  conyersion of Cycloaddition of with Dimethyl Maleate

i-Pr-Phox, low ee (14%) was obtainéd. COLEt MeO,G.  COMe
The influence of the electronic propeftyf the phosporus COMe J silver(l) / 1d

substituent in ligandld was also studied (entries 0.3, [CO Me * N T p-CICgH” N~ ~CO2Et

Table 1). Four ligands were synthesiZeby replacing the “ pCiCeHs T TH 4 B

phenyl groups irld to 4-methoxylphenyl (3a), 3,5-dimeth- endo-5

ylphenyl @b), 3,5-ditrifluoromethylphenyl3c), and 4-tri- entry silver(I) time (h)  yield® (%)  eec (%)

fluoromethylphenyl 8d), respectively. Interestingly, the
change of elec_tronic prqperty of aromatic ring has a clear AgOCOPh 9 95 89
effect on enantioselectivit},although ligand8a—d all can 3 ¢-CeH11(CHy);COsAg 2 94 87
catalyze this reaction smoothly. Ligar® (entry 10) and 4 AgOCOCF,CF5CFs 24 35¢ 94
ligand3c (entry 12) slightly decreased the enantioselectivity. 5 AgOTf 20 <5

Gratifyingly, an improvement in enantioselectivity (94% ee, ¢ AgOTf 20 48/ 91
entry 13) was observed with ligar8d bearing a strong aConditions: 4 (1.0 equiv), dimethyl maleate (1.5 equiv), silver(l) (3
electronic-withdrawing trifluoromethyl at the para position rrilglld"sﬁ))éeliigggdolg (C3b3e?;<r3rln‘;/%d6%nCarlljt[%ﬁo(orhlj (')\//l) c’;lfti"%rbr\llsE?'s\Egg
of the phenyl ring under the same conditions. The ee could %aldded.e 46% conversion oft detec)t/ed by H NMR of fhe crudze reaction
be enhanced to 98% (entry 14) a5 °C, but no further mixture.’ 62% conversion o# detected by H NMR of the crude reaction
improvement in enantioselectivity was obtained-al0 °C. mixture.

Thus, the optimal conditions for asymmetric cycloaddition
of azomethine ylides are AgOAR/ELO/—25°C. AgOAc-
catalyzed cycloaddition o#f and dimethyl maleate can
proceed for 2 h at-25 °C with equally high enantioselec-

AgOAc 3 93 88

[e2]

ester was less reactive (entry 11), requiring prolonged

reaction time and yielding cycloaddition product with slightly

tivity when catalyst loading is reduced to only 1%. Igv_v e_nantiselectivtylt is notevyorthy that 'Fhe enantioselec_-
To further understand the role of silver salts, AJQOCOPh, tizity is the best for asymmetric cycloaddition of azomethine

silver 4-cyclohexylbutyrate, AgOTf, and AgOCOGHF- ylides with dimethyl maleate. , o
CF; were investigated in the cycloaddition4fvith dimethyl ‘We also probed other three dipolarophiles as outlined in
maleate using the Ag(Qt/ELO system at OC (Table 2). Figure 1. The iminoestefa reacted smoothly withN-

The reaction can proceed smoothly with AGQOCOPh or silver Phenylmaleimide in 93% ee (endo/exo 20:1). Fortert-
4-cyclohexylbutyrate, anions having similar basicity with Putyl arcylate, relatively low reactivity was observed when
acetate, giving the same enantioselectivities. The activity €acted at-25°C, and 88% ee and 97% isolated yield were

decreased dramatically using AgQOCOCF-CF; as a cata- a(_:h|eved when the reaction occ_urred ar@® for 20 h.
lyst, probably due to its anion’s weak basicity. The reaction Dimethyl fumarate gave the maj@ndo cycloadduct10
could not occur under the same conditions when AgOTf was (éndo/exo= 93/7) in 89% ee with 96% combined yield.
used as a catalytic precursor without extra base. Only 62%

conversion was obtained even if 10 mol % bP{),NEt was _
added. Therefore, AgOAc proved to be an efficient Lewis Table 3. Variation of the R-Substituent o for the

acid catalyst as well as a base, playing a bifunctional role in Cycloaddition with Dimethyl Maleate

this reaction. COM MeO,C,  CO,Me
To explore the scope of the AgOA/EL,O catalyzed SN Coe + [ 2¥®  AgOAc/3d ,Z—L

[3 + 2] azomethine ylide cycloaddition, we investigated a 27 Ncome  Ego,25°C  RTONT CO-Me

. . . . 1

variety of a-iminoester substrates derived from aldehydes H

with a variety of steric and electronic properties (Table 3). __6ak endo-7a-k

The reaction ofa-iminoester6a—j with dimethyl maleate entry Rin6 time (h)  yield® (%)  ee¢ (%)

proceeds_ln gxcellent_ Ievels. of yield and gnantloselecnwty. 1 Ph (6a) 3 85 97

The reaction is alsq highly d|astereosele_ct|ve, ar_1d_ entyo _ 2 p-anisole(6b) 3 94 98

isomers were obtained. Excellent enantioselectivity (entries 3 4-chlorophenyl (6¢) 3 99 97

1-9) and high isolated yield were obtained regardless of 4 4-fluorophenyl (6d) 3 96 97

the electronic properties and steric hindrance of the phenyl 5 4-cyanophenyl (6e) 3 91 97

ring of iminoeste®. A slightly lower ee was obtained when 6 Z'Cﬁlor;’l(’he)nyl (6f) 3 98 97

R was heteroaromatic 3-pyridyl (entry 1@)(Alkylimino 7 o-toluyl (6g 3 99 98

pyridyl ( y 1@)-(Alky ) 8 1-naphthyl (6h) 3.5 85 98

(12) (a) Tu, T.; Deng, W. P.; Hou, X. L.; Dai, L. X.; Dong, X. Chem. 9 2-nap.hthyl €61) 3 95 98

Eur. J.2003,9, 3073—3081. (b) RajanBabu, T. V.; Ayers, T. A.; Halliday, 10 3-pyridyl (6j) 3.5 76 93

G. A.; You, K. K.; Calabrese, J. @. Org. Chem1997,62, 6012—6028. 11 i-Pr (6k) 20 56 88

(c) Jacobsen, E. N.; Zhang, W.; Guler, M.L.Am. Chem. S04991,113,

6703—6704. aConditions: iminoester (1.0 equiv), dimethyl maleate (1.5 equiv),
(13) (a) Richards, C. J.; Mulvaney, A. Wetrahedron: Asymmet996 AgOAc (3 mol %), ligand (3.3 mol %), concentration (0.15 M)-&25 °C.

7, 1419—1430. (b) Casalnuovo, A. L.; RajanBabu, T. V.; Ayers, T. A.; P°lsolated yields by silica gel chromatograpl§etermined by HPLC.
Warren, T. H.J. Am. Chem. S0d.994,116, 9869—9882.
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bound azomethine ylide dipole is formed by the deprotona-
tion with acetate that plays a role of base, and extra base is

Ph not necessary. This method provides an efficient and
O N0 FBUO})\ MeO G COMe convenient route to synthesize optically active highly sub-
H PP ~COMe PP ~COMe stituted pyrrolidine derivatives.
Ph™ >N~ COMe H H
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Figure 1. Cycloaddition of6awith other dipolarophiles catalyzed
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In summary, we have developed a system for bifunctional
AgOAc-catalyzed asymmetric cycloaddition of azomethine
ylides with electronic-deficient alkenes in high yield and
excellent levels of enantioselectivity. The reactive metal- 0L0520370
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