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A series of planar chiral diphosphine-oxazoline ferrocene ligands were effectively applied in the asymmetric arylation of N-methoxycarbonyl-

2-pyrroline, and up to 99% ee was observed for the product 3. The regioselectivity of this reaction was strongly affected by the different
precursors of the palladium species and the polarity of the solvent.

Heck reaction is one of the most powerful tools in contem- suitable substrates and more useful in organic synthesis; their
porary organic synthesisThe intermolecular asymmetric ~ asymmetric Heck reactions had been reported by Hayashi,
Heck reaction has been devised mainly for use with dihy- Tietze® and PfaltZ When BINAP and BITIANP were
drofuran as a substrateyhich was first reported by Hayashi  applied in this reaction, double-bond-isomerized prodiact
and co-workers in 1991 Much research has been devoted was obtained as the major prodééyp to 93% ee was found
to expanding the scope of the substrates and to increasingyhen BITIANP was used as the ligah#lowever, the report
the chemical selectivity. Dihydropyrrole derivatives are gn the reaction to give the produda (2,5-dihydropyrrole)
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Scheme 1. Intermolecular Heck Reaction of
N-Methoxy-carbonyl-2-pyrroline
Pd (5 mol%), Ligand,
Base,Solvent, 80 °C
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(S)-BINAP

Ratio of 3a/4a = 15/85
Yield for 4a: 72%
ee for 4a: 67%

BITIANP
Ratio of 3a/4a = 3/97
Yield for 4a: 84%
ee for 4a: 93%

PHOX
Ratio of 3a/4a = 100/0
Yield for 3a: 75%
ee for 3a: 85%

ligands and their applications in asymmetric catalysis
found that diphosphine-oxazoline ferrocenyl ligands are
effective in the asymmetric arylation of 2,3-dihydrofufan.
Herein, we would like to show that these ligands are also
useful in the arylation oN-methoxycarbonyl-2-pyrroline and
that high regio- and enantioselectivity were obtained.
Initially, the asymmetric Heck reactions of-methoxy-
carbonyl-2-pyrroline (1) in the presence of ligars,$p)-
5a—d were performed in toluene at 8C using 5 mol %
Pd(OAc) as a catalyst with a Pd/ligand ratio of 1:2 and

i-PLNEt as a bas&The best enantioselectivity (98% ee) for
2,5-dihydropyrrole3awith high regioselectivity (ratio o8a:
4awas 93:7) was observed witkrt-butyloxazoline ligand
(S)-5¢. A similar result (ratio oBa4awas 91:9 and 97.7%
ee for 3a) was also found with benzyl ligandSp)-5b.
However, when the substituent on the oxazoline ring was
an isopropyl or phenyl group, the ee value of prodBat
decreased to 78 and 62%, respectively, but a good regio-
selectivity still remained (96:4 and 94:6 fBa:4a, respec-
tively). Then, when a ligand withRp)- planar chirality,
(SRp)-5a, was applied in this reaction, the ee value decreased
significantly (40% ee foBa); however, the configuration of
product was still (R)- with high conversion, and the regio-
selectivity was also diminished (80:20), because the planar
(Rp)- and central (S)- chiralities of the ligand were not
matched in this cas®:1%.11

With these results in hand, the other aryl triflates were
applied in this reaction to examine the generality of the ligand
system. When 2-naphthyl triflate was applied, with ligands
(S,Sp)-5hor (S,Sp)-5@nd Pd(OAc) as catalysts in toluene,
naphthylation produc8b was provided with better regio-
and enantioselectivity (ratio db:4b was 85:15, 66% ee
for 3b) with (S)-5¢ (Table 1, entries 1 and 2). Even better
regio- and enantioselectivity was found (90:10, 79% ee) when
benzene was used instead of toluene, the difference being
more obvious than in phenylation (Table 2, entry 2 vs 3).
When 4-methoxyl-phenyl triflate and 4-fuloro-phenyl triflate
were applied in this reaction, higher regioselectivity (98:2)
was observed in these two cases either with an electron-

Table 1. Enantioselective and Regioselective Heck ReactioN-dflethoxycarbonyl-2-pyrroline with Different Aryl Triflate

ligand solvent Ar conversion® (%) ratio® of 3:4 yield (%) of 8 ee’ (%) of 3 (R)4
1 (S,Sp)-5b toluene 2-naphthyl 60 75:25 39 53
2 (S,Sp)-5¢ toluene 2-naphthyl 84 85:15 67 66
3 (S,Sp)-5¢ benzene 2-naphthyl 76 90:10 62 79
4 (S,Sp)-5¢ benzene 4-MeO-CgHy4 75 98:2 68 920
5 (S,Sp)-5¢ benzene 4-F-Ce¢Hy 85 98:2 76 97

aReactions were carried out in the presence of ligand and Pd¢d0 °C under an argon atmosphePeConversions and the ratio &4 were
determined by GC witn-tridecane as an internal standard based on aryl trif@)e® Determined by HPLCY Absolute configuration of products was
assigned according to the literature mettod.

Table 2. Effect of Solvent and Palladium Precursors on the Regioselectivity of Asymmetric Phenylation of
N-Methoxycarbonyl-2-pyrrolirfe

3a (R) 4a (S)
palladium solvent conversion® (%) ratio® of 3a:4a eed (%) yield (%) eed (%) yield (%)
1 Pd(OAc). benzene 78 95:5 98 68 nd
2 Pd(OAc)2 toluene 75 93:7 98 63 nd
3 [Pds(dba)s-dbal benzene 93 31:69 nd 11 60
4 Pd(OAc)e DMF 92 75:25 99 52 nd
5 Pd(OAc)2 (CH2CD) 93 42:58 nd 29 47
6¢ [Pda(dba)s-dba] (CH2Cl)q 85 34:66 nd 18 53

a Reactions were carried out in the presentce of 5 mol % catalyst (palladium precurs@®,8pjt§c) at 80C for 3 days under an argon atmosphere.
b Conversions and ratio &fa/4awere determined by GC with-tridecane as an internal standard based on phenyl triftade {Absolute configuration of
products was assigned through comparison of the sign of specific rotations with literatufe t@ttermined by HPLC on a Chiralcel OG-H column.

€ Carried out at 80C for 2 days.

3652

Org. Lett, Vol. 5, No. 20, 2003



donating MeO—group or with an electron-withdrawing F ||| | N  HIIINNGGEGEGEEEEE

group (Table 1, entries 4 "f‘”d 5). ' o Scheme 3. Possible Mechanism of Influence on the Path
When planar ferrocene diphosphinooxazoline ligands were toward 3a or 4a

applied in the asymmetric Heck reaction of 2,3-dihydrofuran,

dramatic change of regioselectivity were found with different {_+\ m L/\i\

palladium precursors and solveft$his change also holds O Ply |9 Hﬁd oM Ry
R/N<th N )_]

OTf

in the case of pyrroline derivatives. When pRiba)-dba]

was applied with ligand$,S)-5c as a catalyst in the phenyl-

ation in benzene, the regioselectivity changed from 95:5 to lw

31:69 (Table 2, entry 3 vs entries 1 and 2). This change is J

like that in the arylation of 2,3-dihydrofuran: [RKdba)-

dba] favors the formation of isomerized proddet, while @@ @—@

Pd(OAc) favors the formation o8a® When a more polar Nr Ne

solvent such as DMF was used with Pd(OAahd ligand 3a 4a

(S,Sp)-5avas used as a catalyst, the regioselectivity (75:25) & = coome

was lower than that in benzene and toluene, but the ee value

of isomer3awas still high. In the case of 1,2-dichloroethane, In summary, a series of planar ferrocene diphosphine-

the regioselectivity favored the formation of the isomerized 5ya-0iine ligands were successfully applied in the asym-

product. o _ metric arylation oN-methoxycarbonyl-2-pyrroline, and high
This has been rationalized by the assumption that acetatgegio- and enantioselectivity were realized. The properties

anion in the reaction system should possess sufficient of solvents and the palladium species have a great impact
nucleophilicity toward the cationic palladium center in the on the regioselectivity of the reaction.

hydride—olefin compleXA to cause the dissociation to give
product3a(Scheme 3). However, when [fdba)-dba] was Acknowledgment. Financial support was from the
Major Basic Research Development Program (Grant No.
_ G2000077506), the National Natural Science Foundation of
Scheme 2. Diphosphine-oxazoline Ferrocenyl Ligands China, Chinese Academy of Sciences, and the National
' Outstanding Youth Fund.
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{8,8Sp)-5a R =i-Pr {S,Rp)-5a R = i-Pr
(S,8p)-5b R =Bn OL035308K
{S,Sp)-5c R =tBu
(S,Sp)-5d R = Ph (9) Geneal Experimental Procedure.Palladium species (5@mol),

diphosphine-oxazoline ferrocenyl ligand (Grimol), and solvent (5 mL)
were placed under Ar in a Schlenk tube with a magnetic stirring bar. After
30 min of reaction, aryl triflate (1 mmol) anattridecane (20 mg) (as an
used, a S|m||ar nucleophlle attack Could not occur, so internal GC Standard) were added, followed by the additioiNaheth-

. . . . . oxycarbonyl-2-pyrrolinel (638 mg, 5 mmol) an@Pr,NEt (2 mmol). The
palladium would re-insert into the olefin to give complex mixture was stirred at 89C under Ar until the reaction was complete

C; a subsequent-hydride elimination therefore proceeded according to GC analysis. The reaction mixture was diluted with additional

: : T EtOAc (20 mL), and the resulting red suspension was extracted with
more eaSIIy to giveta. Furthermore, the nUdeOph'“C|ty of saturated N#&CO; (3 x 10 mL) solution. The organic solution was dried

an acetate anion should be more pronounced in a nonpolafvith Na,SQ;, and then concentrated to give a red oil, which was purified
medium such as benzetet3 by flash chromatography on silica gel (petroleum ether/ethyl acet#étd )
to afford 3 and4 as a colorless oil.
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