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In the presence of a catalytic amount of copper salts, cinnamyl halides undergo a regio- and enantioselective Sy2' alkylation with dialkylzincs
using chiral phosphoramidites as ligands. An Sy2':Sy2 ratio of 85:15 and enantiomeric excesses up to 77% for the chiral Sy2' products are
found. Variation of solvent and reaction temperature revealed that the highest regio- and enantioselectivities are found using coordinating
solvents of —40 °C.

Transition metal mediated carbeoarbon bond formations ~ with moderate enantioselectivitieRecently, Dbner and
are among the most versatile synthetic methodologies in Knochef introduced a highly regioselective copper-catalyzed
contemporary organic chemisthyn recent years, the alky-  alkylation method with dineopentylzinc employing chiral
lation of allylic substrates has attracted much attention in ferrocenylamines as ligands resulting ig2Sproducts with
approaches toward branched, chiral prod&&sveral highly up to 98% ee.

selective palladium-catalyzed allylic substitutions using ma-  However, highly enantioselective allylic alkylation with
lonates as carbon nucleophiles have been desctiedan nonsterically demanding (linear) alkylzinc reagents remains
Koten and Bakvall reported the first asymmetric copper- g major challenge. In this Letter, we report an asymmetric
catalyzed allylic alkylation using Grignard reagents albeit copper(l)-catalyzed allylic alkylation with dialkylzincs and
cinnamyl bromide resulting in ee’s up to 77%. This selectiv-
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Figure 1. Phosphoramidite ligands.

selectivities in the copper-catalyzed 1,4-addition of diorga-
nozinc compounds to cyclic and acyclic enohegclohexa-
dienones, a,3-unsaturated nitro-estetsyitro-olefins® and
cyclic 1,3-diene-epoxidés as well as in the asymmetric
rhodium-catalyzed hydrogenatiéf.

The preliminary reactions were carried out with cinnamyl
chloride @a), diethylzinc, 1 mol % of CuBMe,S, and 2
mol % of ligandlain THF. The initial temperature of the
alkylation was—40 °C, and upon warming to room tem-

perature 70% conversion was reached after 2 d. A 75:25
mixture of regioisomers was found with an enantiomeric
excess of 17% for the \& product. These observations
initiated a more detailed investigation of the optimal solvent,
reaction conditions, and chiral ligands.

Diglyme gave the highest ee for the allylic alkylation with
2a (Table 1, entry 8), for the various solvents examined,
although the highest regioselectivity was observed using THF
(Table 1, entry 4). Noncoordinating solvents such as toluene
and CHCI, showed low regioselectivity and almost no
asymmetric induction for then@' product (Table 1, entries
2 and 3). Among the different cinnamyl halides tested,
cinnamyl bromide turned out to be the most reactive and
selective starting material (Table 1, entry 12).

The allylic acetate and phosphate were not reactive under
these reaction conditions even after 2 days at room temper-
ature (Table 1, entries 9 and 10). Furthermore, a number of
phosphoramidite ligands were tested in the allylic alkylation
(Table 1, entries 1216). Using ligandla, carrying a chiral
bis[(R)-1-phenylethyllamine moiety, and Cute,S in the
reaction of cinnamyl bromide with diethylzinc, the corre-
sponding §2' product was obtained with an enantioselec-
tivity of 64% (Table 1, entry 123 The other phosphora-
midites, with different stereochemistries or different chiral
amines {b—1e), resulted in lower enantioselectivities. When
the reaction was carried out at a constant low reaction

Table 1. Enantioselective Copper-Catalyzed Allylic Alkylation with Dialkylzincs Using Phosphoramidiéed e as Ligands: Effect

of the Solvent, Leaving Group, Ligand, and Temperature

R2Zn R
Ny m:é éijr.MezS ©)v/+ @MR
solvent. 18h
2a-2e 3 (Sn2Y) 4(Sp2)
entry substrate X R solvent L* 34 convn? (%) yield? of 3 (%) ee of 3 (%)
1 2a Cl Et Et,0 la 47:53 100 nd nd
2 2a Cl Et toluene la 59:41 100 27 <5
3 2a Cl Et CHCl, la 62:38 100 84 <5
4 2a Cl Et THF la 75:25 70° nd 17
5 2a Cl Et 1,4-dioxane la 52:48 100 63 17
7 2a Cl Et DME la 57:43 85b nd 22
8 2a Cl Et diglyme la 57:43 9qb 57 28
9 2b OAc Et diglyme la o¢
10 2c OP(O)(OEt), Et diglyme la oc
11 2d | Et diglyme la 66:34 90 24 63
12 2e Br Et diglyme la 84:16 100 90 64
13 2e Br Et diglyme 1b 68:32 79 70 25
14 2e Br Et diglyme 1c 78:22 96 23 31
15 2e Br Et diglyme 1d 73:27 98 63 12
16 2e Br Et diglyme le 72:28 73 62 13
17 2e Br Et diglyme la 85:15 354 32 77
18 2e Br Et diglyme la 84:16 70de 54 77
19 2e Br Me diglyme la nd 40 nd 11
20 2e Br Me diglyme la 49:51 44de nd 24
21 2e Br Bu diglyme la 84:16 65 nd 71

aDetermined by GC? Conversion after 2 ¢ After 18 h at—10 °C, the reaction was stirred at rt for 2 #Reaction performed at a constant temperature

of —40 °C. ¢5 mol % of catalyst was used.

1170

Org. Lett., Vol. 3, No. 8, 2001



temperature of-40 °C, an enantioselectivity of 77% was To establish the regio- and enantioselectivity during the
found. Using 5 mol % instead of 1 mol % of catalyst, the progress of the allylic alkylation, the reactionZdwith Et,-
conversion of the starting material can be increased from Zn, catalyzed by CuBMe,S (5 mol %)La (15 mol %), at
35% to 70% (Table 1, entry 18). constant temperature-@0 °C), was followed in time. The

In addition to diethylzinc, different dialkylzincs were also  conversion, the relative amount ofZ product, and the
used in the allylic alkylation with cinnamyl bromide. With ~ enantiomeric excess were monitored, and the results are
dimethylzinc, 40% conversion was found after 18 h with no presented in Figure 2. The time profile of the reaction reveals
regioselectivity and 11% ee (24% ee at constadD °C)
for the (S2') product (Table 1, entries 19 and 20). Dibu-
tylzinc gives a regioselectivity similar to that of diethylzinc

100

in this reaction with 71% ee for the (8) product but with 90 — -
a lower conversion rate (Table 1, entry 21). fg " — . .

Besides CuBiMe,S for the in situ preparation of the 60 —e—conv
catalyst, different copper(l) and copper(ll) salts were also # = —=—SN2'
used in the allylic alkylation (Table 2). Copper(l) cyanide 5 e

20
10
[ & . .
Table 2. Enantioselective Copper-Catalyzed Allylic Alkylation 0 500 i 1000 1800
with Cinnamyl Bromide and Diethylzinc Using Phosphoramidite o
laas a Ligand. The Effect of the Copper(l) and Copper(ll) Figure 2. Time profile of the conversion, the regioselectivity, and
Salts the enantiomeric excess of the allylic alkylation.

EtoZn
2 mol% L*,

Et
N = NS
©/wa1 mol% Cu-salt | . @MB that the reaction is fast at the beginning and slows down
fﬂ%'yé"tedjfoﬁb after 3 h. The relative amount ofy3 product is almost
2e 3 4 constant during the reaction. A striking feature is the fact
yield of ee of that the enantiomeric excess increased in time. Because no

entry Cu salt Sn2'Sn2  convn (%) 3 (%) 3 (%) pla_nk reaction occurs (Table_ 2, en_try 10), this feature
indicates that different catalytic species are present at the

L cul 76f 24 4L 36 62 early stage of the reaction. The nature of the catalytic species

2 CuCN 94: 6 69 nd 3 . . . o 2

3 CuBr 79- 21 80 nd 63 involved is spbject to a current detalled.lnvestlgatlon.

4  Cu(F-acacl 81 19 54 50 62 In conclusion, we found a new enantioselective copper-

5 CuBr.Me,S  84: 16 100 nd 64 catalyzed alkylation of cinnamyl bromides with dialkylzincs

6 Cu(OTf), 81: 19 51 48 64 by applying phosphoramidites as chiral ligands. The product

7 CuBr; 79: 21 79 75 12 3 was obtained in a good yield with enantiomeric excesses

8  Cu(OAc) 79: 21 63 nd 60 up to 77%. This is, to the best of our knowledge, the highest
1ga CuoTf 85 15 62 60 69 ee obtained in a copper-catalyzed catalytic allylic alkylation

using unbranched organometallic reagents.
aNo ligand was used in this reactioh(F-acac) is trifluoroacetylacetate. ) . L
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gives a remarkable high ratio of regioisomers, but very little

enantioselectivity for the major (8') product (Table 2, entry (9) Versleijen, J. P. G.; Van Leusen, A. M.; Feringa, BTetrahedron

i i i 0 Lett 1999 40, 5803-5806.
2)'. The hlgheSt ‘?”am'omer'c excess_ (69 /0) \(I)V&S _Ob.served (10) Alexakis, A.; Benhaim, COrg. Lett 200Q 2, 2579-2581.
using copper(l) triflate with a conversion of 69% within 18 (11) Badalassi, F.; Crotti, P.; Macchia, F.; Pineschi, M.; Arnold, A_;

h (Table 2, entry 9). Notable is the finding that CuBe,S Feringa, B. L.Tetrahedron Lett1998 39, 7795-7798.

. : . (12) Van den Berg, M.; Minnaard, A. J.; Schudde, E. P.; Van Esch, J.;
complex gives a higher conversion than the puréBcsalt De Vries, A. H. M.: De Vries, J. G.: Feringa, B. L. Am. Chem. Soc

(Table 2, entries 5 and 3). Furthermore, a few experiments 200Q 122, 11539-11540.

; ; ; ; (13) Typical procedure for enantioselective allylic alkylation (Table
employing dn‘fere'nt organometallic reagents were carried out. 2. ontry ). Under an argon atmosphere the phosphoramidite ligand
In contrast to Grignard reagents (EtMgBr), which show no (5.4 mg, 0.01 mmol) and CuB¥le;S (1 mg, 0.005 mmol) were dissolved
selectivity at all under these reaction conditions, EtZnCl indiglyme (5 mL) and stirred for 10 min at room temperature. To the cooled

Its i . lectivi £ 79% for the B d ith solution (40 °C) was added BZn (1 M in hexane, 0.6 mL, 74 mg, 0.6
results in a regioselectivity o o for the® product wit mmol). After 5 min2e (99 mg, 0.5 mmol) was added and the reaction was
an enantiomeric excess of 49%. allowed to warm to—10 °C over 18 h. The mixture was quenched with 1
M agueous HSOy, and the separated aqueous layer was extracted 2 times
with diethyl ether. The combined organic layers were treated with brine,

(7) (@) Arnold, L. A.; Imbos, R.; Mandoli, A.; De Vries, A. H. M.; Naasz,  dried over MgSQ, and concentrated in vacuo. After purification by column
R.; Feringa, B. L.Tetrahedron200Q 56, 2865-2878. (b) Feringa, B. L. chromatography (Sig diethyl ether:pentane, 1:50), the produ8tand 4

Acc. Chem. Re00Q 33, 346-353. were obtained in 81% yield. The enantiomeric exces3whs determined
(8) Imbos, R.; Brilman, M. H. G.; Pineschi, M.; Feringa, B. Qrg. by gas chromatography (chiral column Betadex 120, 30m, 0.25 mm, oven
Lett. 1999 1, 623-625. temperatre= 75 °C, t(3) = 39.8 and 40.5 min) to be 64%.
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