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ABSTRACT

COzMe ¢
AGF Bul0,C
| + t Hydrocinchonine
R/[ CO,'Bu  CH,Cly, -24 °C R ” COo.Me

Silver fluoride and cinchona alkaloids catalyze the diastereo- and enantioselective 1,3-dipolar cycloaddition between azomethine ylides, generated
from N-alkylideneglycine esters, and acrylates to give the corresponding endo-adducts. Azomethine ylides derived from aromatic and aliphatic
aldehydes react in a highly diastereoselective reaction with good yields and enantioselectivities of the substituted pyrrolidines.

The pyrrolidine ring is present in many biologically active ylide 1,3-dipoles with olefinic dipolarophiles constitutes a
natural compounds and pharmaceutiédfsirthermore, pyr- straightforward approach to the synthesis of highly substi-
rolidines are important building blocks in organic synthesis, tuted pyrrolidine derivatives.
and in the past years have emerged as privileged organo- Azomethine ylides are unstable and have to be prepared
catalysts. The [3+ 2] cycloaddition reaction of azomethine in situ. Several methods have been developed for the
synthesis of azomethine ylides: ring opening of aziridihes,
lﬁﬁT'Jst i?aqi\ézri}gllle‘ncia 1,2—p_roton _sh_iﬂ ofN-aryIidene—benzylaminésand depro-
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2] cycloaddition reaction of azomethine ylides with alkenes metallo-azomethine ylide-chiral base ion pair. This species
has been developed in the past years mainly using opticallywould then react with the dipolarophile in a chiral environ-
pure dipolarophileés and more recently by using metal ment to afford the expected cycloadduct stereoselectively
complexes. After the pioneering work by Grigg et al. on the (Scheme 1).

use of chiral transition metal complexes, which required a

stoichiometric amount of the metal compier, relatively || NG
limited number (_)f procedures that employ substoichiometric g.heme 1. 1,3-Dipolar Cycloaddition of Azomethine Ylides,
amounts of a chiral metal complex have been reported. Zhang  Activated by a Metal Salt and a Chiral Base, and Alkenes

et al. reported the cycloaddition of methylglycine imines with 0. _OR

different dipolarophiles catalyzed by Ag(l) complexes with jozR Ve \)C

chiral diphosphine&) obtaining good enantioselectivities with N M N9 x

doubly deactivated alkenes but modest selectivity with R)' B R)@ BH
methyl acrylate. We described at the same time the use of dipol-chiral base
chiral Zn(ll)-bisoxazoline complexes as catalysts for the EWG, , ﬂt on-pair
enantioselective cycloaddition of methylglycine esters to . « EW

acrylates as a simple approach to optically active proline R
derivativest! Schreiber et al. used the combination of silver
acetate and P,N ligantfso give good yields and stereose-
lectivities of the expectedndo-adducts. On the other hand,
Komatsu et al? have reported the use of chiral phosphine-
copper triflate complexes yielding thexacadducts as the

b\ ©
N~ TCOzR
H

The 1,3-dipolar cycloaddition reaction of methyi(4-
methylbenzylidene) glycinatéa and methyl acrylat®a in
. : - - the presence of a cinchona alkaldigs the chiral base
predominant products in the cycloaddition of azomethine (Figure 1) and a metal salt was used for the screening process

ylides ?‘WdN'phe”y'ma'e'm'de? however, moderate enanti- (Scheme 2). Some representative results are summarized in
oselectivity was obtained. Although some of these proceduresTabl el

afford the corresponding cycloadducts in good yields and
high enantioselectivities, they normally require preformation
of the catalysts, dry and deoxygenated solvents, and glovebo
techniques. Also, the reactions must be carried out under an
inert atmosphere, which may limit their application from a
practical point of view. Therefore, the development of new

procedures that effect this 1,3-dipolar cycloaddition with high MeO S
yields and diastereo- and enantioselectivities under more NS
convenient reaction conditions is an important challenge. cinchonine (C) R = H, quinine (Q)

In this communication we present a new catalytic asym- R =Bn (O-BnQ)
metric strategy for the 1,3-dipolar cycloaddition of azome- 7? bHaD
thine ylides with alkyl acrylates, which does not require HO N SN
special precautions with regard to drying, degasifying | H oN  DHaD:
solvents, or using an inert atmosphere and which therefore P DHQD
presents several advantages from a practical point of view,decmcm::,ine (HC) (DHQD),PHAL
with regards to the previously described metal-complex-
catalyzed procedures. Figure 1. Cinchona alkaloids screened in this work.

Our strategy is based on the use of a metal salt and a chirat
base, both in catalytic amount. We envisioned that chelation ) o ) )
of the metal to the iminoester followed by deprotonation by ~ For the screening of metal salts, lithium, zinc, and silver

a cinchona alkaloid, acting as the chiral base, would form a salts were explored. The reaction yielded almost exclusively
theendceadduct3ain all cases. With the exception of AgCl,

(8) (a) Copper, D. M.; Grigg, R.; Hargreaves, S.; Kennewell, P. Redpath, silver salts were superior to lithiuthand zinc salts (Table

J. Tetrahedron1995,51, 7791—7808. (b) Grigg, R. Tetrahedron: Asym- ; ; i
metry 1995 6, 2475-2486. () Kanemasa, S.: Hayashi, T.. Tanaka, J.: 1, entries +4 and 14). We believe the low solubility of AgCI

Yamamoto, H.; Sakurai, T.. Org. Chem1991, 56, 4473-4481. (d) Galley, N the reaction solvent reduces its efficacy. Aghtd AgF

G.; Liebscher, J.; Pétzel, M. Org. Chem1995 60, 5005-5010. (€) Gara- gave similar results with cinchonine in toluene (Table 1,

Ruano, J. L.; Tito, A.; Peromingo, M. T. Org. Chem2002,67, 981— . .

087. entries 3 and 4), but AgF gave better conversions and more
(9) Allway, P.; Grigg, R.Tetrahedron Lett1991,32, 5871—-5820. reproducible results. We therefore chose AgF for the rest of

1251101)3';1%%%”"1'5'031' M.; Wang, B.; Zhang, X. Am. Chem. So@002, the screening. Cinchonine and quinine (entries 4 and 5) gave

(11) Gothelf, A. S.; Gothelf, K. V.; Hazell, R. G.; Jargensen, K. A.  Similar results when used as chiral bases, but they lead to

Angew. Chem., Int. EQ002,41, 4236—4238. different enantiomers, as usually happens when comparin
(12) (a) Chen, C.; Li, X.; Schreiber, S. . Am. Chem. So2003,125, ’ y bp P 9

10174-10175. (b) Kndpfel, T. F.; Aschwanden, P.: Ichikawa, T.; Watanabe, €actions catalyzed by this pair of cinchona alkaloids. They

;'; (\?Aé/lrrmif?:, E-Pl;/llAngz\g- Chﬁm;ézlggfdl%%‘ll 431. f§g1—5793- (c) Stohler, gave also better conversions and enantioselectivites than other
.; Wahl, F.; Pfaltz, ynthesi , — . . . . L '
(13) Oderaotoshi, Y.; Cheng, W.. Fujitomi, S.: Kasano, Y.: Minakata, cinchona alkaloid derivatives (entries 6, 7, and 13). Several

S.; Komatsu, MOrg. Lett.2003,5, 5043—5046. solvents were tested using the combination AgF-cinchonine;
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Scheme 2. 1,3-Dipolar Cycloaddition of Table 2. [1,3]-Dipolar Cycloaddition of Azomethine Ylides;
N-(4-Methylbenzylidene) Glycinatga with Methyl Acrylate 2a2 Substrate Scope
CO,Me .
J 2 Metal salt  MeO2C, yield ee
l\,l . & Chiral base ,Z_)\ entry RL, R? 1 R 2 (% 3 (%)°
p-ToI/[ COzMe p-Tol N COzMe 1°  p-Me-CgH,, Me la Me 2a >95¢ 3a 41
1a 2a 3a 2 p-Me-C¢Hy,t-Bu  1b Me 2a 93¢ 3b 32
3¢ p-Me-CgHy, Me la ¢Bu 2b >95¢ 3¢ 50
aRoom temperature, overnight, 20 mol% base, 20 mol% metal 4  p-Me-CgHy, Me la ¢Bu 2b 89 3c 170
salt. 5 0-Me-CgHy, Me 1c tBu 2b 97 3d 64
6  CeHy, Me 1d tBu 2b 88 3e 64
7 0-MeO-CeHy4, Me le t-Bu 2b 63 3f 56
the best and most reproducible results (full conversion, 41% &  7-MeO-Cetly, Me 1f ~#-Bu 2b 93 3g 70
btained in.CH Finall 9  p-MeO-C¢Hy, Me 1g t-Bu 2b 89 3h 56
ee at room te.mperature) were obtaine iny H Finally, 10 p-Me;N-CeHy, Me 1h t-Bu 2b 86(41F 3i 67 (92)
hydr_oqnchonlne was the best of the chiral bases tested, 11 ,Br-CsH,, Me 1i +Bu 2b 88 3j 66
providing full conversion and 57% ee at room temperature 12  p-NC-CgHy, Me 1j ¢Bu 2b 86 3k 170
(entry 12), higher than those obtained with cinchonine at 13 p-MeO;C-C¢Hs, Me 1k ¢-Bu 2b 82(41¢ 381 61 (85)
—24°C (entry 11). 14 2-furyl, Me 11 ¢+Bu 2b 86 3m 73
15  1-naphthyl, Me Im ¢-Bu 2b 88 3n 64
16  2-naphthyl, Me In ¢-Bu 2b 86 30 62
. 7 cdohexylMe 1o Bu 2b 65 8p 41
Table 1. Screening of Metal Salts and Chiral Bases 18  #-Bu-CHg, Me 1p ¢-Bu 2b 78 3q 41
19  i-Pr,Me 1qg t-Bu 2b 67 3r 52
metal conversion?  ee®
entry  salt chiral base solvent (%) (%) 2 Yields after column chromatograph§/Determined by HPLC analysis
using Daicel Chiralpack AS.Room temperature, overnight, 20 mol% base,
1 LiBr C toluene 43 0 20% mol metal saltd Conversions determined Byl NMR analysis € Yield
9 ZnCly, C toluene <5 5 and ee after recrystallization.
3 AgNOs C toluene 72 22
4 AgF C toluene >95 19
5 AgF Q toluene >95 —20 of the ester group in the acrylate brought about an increase
6 AgF (DHQD); PHAL toluene >95 2 in the enantioselectivity (Table 2, entry 3). This result
g igg g'ICD g’l‘g’ne ;‘; 13 contrasts with that observed in the Zn-bisoxazoline catalyzed
> . . . . .
9 AiF p MtZCN ~o5 13 reactiont® Hence, we established that imines derived from
10 AgF c CH,Cl, >95 41 methyl glycine as the best dipole precursors wmtbu_tyl
11¢ AgF  C CH:Cl, >95(3days) 50 acrylate2b are the best dipolarophiles for this reaction. A
12 AgF HC CH,Cl, >95 57 further improvement was achieved by carrying out the
13 AgF 0-BnQ DCE >95 -13 reaction at-24 °C. Under these conditions tlesdo-adduct
14 AgCl C DCE 0 was obtained in 89% isolated yield and 70% ee (Table 2,
a Conversions determined Byl NMR analysis.? Determined by HPLC entry 4). _
analysis using Daicel Chiralpack ASReaction carried out at-24 °C We also found that catalyst loading could be decreased to

during 3 days. 5 mol %, both for AgF and hydrocinchone, without notice-

able effect on yield and enantioselectivity.

. . To assess the scope of the process, we investigated the
We also investigated the effect exerted by the ester groups, o 5 +tion betweertert-butyl acrylate2b and a variety of
on the iminel and the acrylat® (Scheme 3). Increasing

o-imino esters1 prepared from methyl glycinate and
aromatic and aliphatic aldehydes (Table 2, entried9).

_ Utilizing the optimized conditions, the reaction showed

Scheme 3. 1,3-Dipolar Cycloaddition of Azomethine Ylides excellent levels of diastereoselectiviy with taedo-adduct

with Acrylates being obtained almost exclusively in all the cases. Aromatic
CO,R2 AGF (5 mol%) p3o,c imino esters yielded the expected pyrrolidine derivatives with
Hydrocinchonine
N + | (5 mol%) (14) For examples of the use of cinchona alkaloids in asymmetric
1)' Co.R3 R! N COzRZ catalysis, see: (a) Cortez, G. S.; Tennyson, R. L.; Romd, Bm. Chem.
R 2 CH,Cl,, -24 °C H S0c.2001,123, 7945—7946. (b) Tian, S.-K.; Deng, 1. Am. Chem. Soc.
1 2 3 2001,123, 6195—6196. (c) Acocella, M. R.; Garcia Manchefio, O.; Bella,
4 days M.; Jgrgensen, K. AJ. Org. Chem2004,69, 8165—8167. (d) Bella, M.;

Kobbelgaard, S.; Jgrgensen, K. A.Am. Chem. So005,127, 3670—
3671. (e) Saaby, S.; Bella, M.; Jgrgensen, KJAAmM. Chem. So2004,
126, 8120—8121. (f) Poulsen, T. B.; Alemparte, C.; Saaby, S.; Bella, M.;

the bulkiness of the ester group in the imino ester (Table 2, iﬂﬂrgjensen. K. Aﬁn%w.ACh%nrwl., Int.sEtéggi,41%2%%%2%96%3(9) Bella,

: . . P ., Jgrgensen, K. . AmM. em. S0 y y - .
entries 1 anq 2) had a negative effec’F on the.enantlosele.ctlwty (15) Tsuge, O.. Kanemasa, S.. Yoshioka, MOrg. Chem1988,53,
of the reaction. On the other hand, increasing the bulkiness1384—1391.
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high yields ranging from 80% to 97%, with the only tion. For instance, pyrrolidine3i and 3l could be enriched
exception of methyIN-(2-methoxybenzylidene) glycinate up to 94% ee and 85% ee (entries 10 and 13), respectively,
(1e). Remarkably, the efficiency of the reaction is nearly upon crystallization from hexane-G&l,.

independent of the characteristics of the aromatic ring. Thus, In summary, we present here the first example of enan-
a strong electron-donating substituent sucp-&e,N (entry tioselective 1,3-dipolar cycloaddition of azomethine ylides
10) and electron-withdrawing groups such as Br, CN, or and alkenes, which is carried out under conditions that do
CO,Me (entries 1+13) afford the corresponding cycload- not require moisture or air exclusion. The reaction between
ducts in high yields (8288%) and good enantioselectivities N-alkylidene glycine esters andrt-butyl acrylate catalyzed
(61—70%). In the same wayrtho (1b), meta (1e), or by silver fluoride and a commercially available chiral base
unsubstituted {c) derivatives (entries 5, 8, and 6, respec- (hydrocinchonine) proceeds with higindodiastereoselec-
tively) as well as 1- 1) and 2-naphthylmethylidene (1m) tivity and fair enantioselectivity to give proline derivatives

glycinates (entries 15 and 16) give similar results<{88% bearing two esters groups, orthogonally protected. Enantio-
yield, 62—70% ee). The highest ee was obtained with the meric excesses can be increased upon recrystallization of
heterocyclic imino estetl (entry 14). the adducts.
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