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Grignard reagents undergo enantioselective (up to 86% ee) copper-catalyzed Sy2' substitution on achiral allylic chlorides. The reaction is wide
in scope for both the Grignard reagent and the allylic substrate. The resulting terminal alkene could be submitted to intra- or intermolecular

metathesis to afford new chiral synthons. The experimental conditions are compatible with a one-pot overall substitution—-metathesis procedure
without loss of enantioselectivity.

The allylic substitution reaction is a useful organic trans- chiral source, whereas all other authors have used an external
formation, provided the regio-, stereo-, and chemoselectivities chiral ligand (Scheme 1).

could be controlled. This control is usually provided by the

type of metal catalyst, by the nucleophile, and by the leaving || N RN
group! In the field of asymmetric synthesis, although Scheme 1

spectacular results have been achieved with &y recent 1.2 RMgX

attention has been paid to Cu, despite the fact that it allows . 1% CUCN, 1% L™ R* .
the besty-regioselectivity? In addition, Cu allows the use PR th * PR
1 CHaClp, ~78°C, 1 h 2 3

of Grignard or organozinc reagents as nucleophiles.
Enantioselective copper-catalyzedllylations have been
disclosed, with BZn, by Knochelt Hoveyda; and Feringg,
and with RMgX, by u$ and by Van Koten and Béckvdll.
The latter authors have worked with a chiral Cu thiolate, as

R=Et: 73%ee

In our first report, we showed that Grignard reagents can
afford high enantioselectivity only with aryl-substituted
(L) Magid, R, M. Terahedron1980.36, 1901 (cinnamyl-type) aIIyqu chlorid_e_s. CuCN was es_sential for
(2) Trost, B. M.. van Vranken D. LChem. Rev1996,96, 395. the control of they-regioselectivity, and the best ligand was
(3) Karlstran, A. S. E.; Bakvall, J.-E. In Modern Organocopper 4 (Figure 1). Since that report, we have disclosed new chiral
Chemistry; Krause, N., Ed.; Wiley-VCH: Weinheim, 2001; p 259. Iigands,5—7, with induced atropoisomeris?rand we have
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Figure 1. Chiral ligands used in this work.

found that other experimental conditions were more ap-
propriate (Cu carboxylates, ££) for the conjugate addition
with phosphorus ligand$. We expected that these new
conditions, together with new ligands, could afford much

lower enantioselectivities. Finally, the known ligarland

9 were also screened and gave moderate or very low ee’s.
It should be pointed out that, in the absence of ligand,

CuTC alone gave 90% ef-substituted product, whereas the

presence of a phosphorus ligand reverses the trend toward

y-regioselectivity (Scheme 2). This effect of a donor ligand

on the regioselectivity is unprecedented in the Cu literdfre.
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Table 2 shows the results obtained with various Grignard
reagents. It should be recalled that in all these examples

better enantioselectivities, and wider substrate and RMgX | NG

tolerance.

Keeping our previous best ligandl but changing the
copper salt to CuTC (copper thiophene 2-carboxylate)
improved the enantioselectivity on cinnamyl chloride to 82%,
instead of 73% (Table 1, entries 1 and 2). Shifting to the

Table 1. Allylic Substitution of Cinnamyl Chloride with
EtMgBr and Various Chiral Ligands, According to Scheme 1

entry ligand Cusalt solvent T (°C) %convn yla %ee
1 4  CuCN CHxCl, -78 100 96/4 73,R
2 4 CuTC CHxCl, -78 100 96/4 82,R
3 5 CuCN CHxCl, -78 100 100/0 6,S
4 5 CuTC CH.Cl, -78 100 91/9 79,S
52 5 CuTC CH.Cl, -78 100 84/16 75,S
6 5 CuTC CH,CIl, —55° 100 90/10 68, S
7 5 CuTC Et,O —55b 47 2/92
8 5 CuTC toluene —55P 50 34/66 58, S
9 5 CuTC CHCI; —55P 100 92/8 70,S
10 5 CuOAc; CH,CIl, —55° 100 94/6 70, S
11 5 CuNaphth CH,Cl, —55P 100 68/32 60,S
12 6 CuTC CH.Cl, —55P 100 38/62 54,S
13 7 CuTC CHxCl, —55P 100 89/11 68,S
14 8 CuTC CH.Cl, —55P 100 90/10 49,R
15 9 CuTC CH.Cl, —55P 100 85/15 7,R

awith cinnamyl bromide instead of chloride.5% of Cu salt and ligand.

Table 2. Allylic Substitution of Cinnamyl Chloride with
Various Grignard Reagerits

entry ligand Grignard % convnP ylo.  %ee
1 4 EtMgBr 100 (97%) 96/4 82, R
2 5 100 (96%) 92/8 79, S
3 4 MeMgBr 95 31/69 61,R
4 5 83 12/88 62, S
5 4 n-PrMgBr 100 (96%) 80/20 75,R
6 5 100 59/41 69, S
7 4 3-butenyl-MgBr 100 91/9 61, R
8 5 100 (94%) 71/29 48,S
9 4 4-pentenyl-MgBr 100 90/10 72,R
10 5 100 (92%) 73/27 64,S
11 4 i-PrMgBr 100 88/12 46,R
12 5 100 (98%) 90/10 83,S

a All reactions were done with 1% CuT€ 1% ligand, in CHCI,, at
—78 °C. PIn parentheses: isolated yield of the mixture of regioisomers.

CuCN does not allow high enantioselectivities, whereas
CuTC does. Cinnamyl chloride reacts withpropyl, 3-
butenyl, and 4-pentenyl Grignard reagents in a similar way
than EtMgBr. The regio- and the enantioselectivity are
usually better with the TADDOL-derived ligantithan with
5. Only with a secondary Grignar@¢PrMgBr, ligand5 is
clearly superior, giving the best ee’s (83%, entry 12).

As shown in Scheme 3, the results obtained WwEMgBr
are steadily high (up to 86% ee) with a range of cinnamyl-

new ligands showed a dramatic difference between the use e chiorides. This is a clear improvement over our previous
of CUCN (6% ee) and CuTC (79% ee). In this case, cinnamyl agjts?

bromide (entry 5) affords results similar to those with the
chloride. EtO and toluene (entries 7 and 8) are not good
solvents, whereas chloroform (entry 9) is similar to dichlo-
romethane. CuOAc(entry 10) is as efficient as CuTC,

The use of CuTC and the new ligands allow extension to
alkyl substituents on the allylic substrate. Thus, the saturated
analogue of cinnamyl chloridi0 could be enantioselectively
substituted (Table 3, entry 8) with up to 74% ee. This is the

whereas copper naphthenate gives a diminished regioselecyirs; time that a catalytic system, with Grignard reagents, is

tivity. The other biphenol-type ligandsand7 gave slightly

(10) Alexakis, A.; Benhaim, C.; Rosset, S.; Humam, MAm. Chem.
Soc.2002,124, 5262.
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(11) Feringa, B. LAcc. Chem.Res.2000, 33, 346.
(12) Breit, B.; Demel, P. IModern Organocopper Chemistry; Krause,
N., Ed.; Wiley-VCH: Weinheim, 2001; p 188.
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Scheme 3 Scheme 4
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] ] ] ) ) ] ethyl acrylate and 5% Grubbs catalyst were added to the
equally effective with both aromatic and aliphatic substituents .o ction mixture, after completion of the allylic substitution

on the allylic substrate. Table 3 summarizes our results with (Scheme 4). After 24 h at 4T, the reaction was completed,
several ligands. As seen previously, TADDOL-derived ligand 5,412 was obtained in 53% isolated yield and an ee of 82%,
4 is not efficient in this series. Biphenol ligan&sand 7 identical to intermediaté.

work_ equ_ally well with high ee_’s (68%). Similarly, ligarl The intramolecular version was equally successful with
and its diastereomed’ afford high ee’s but show a match/  {he 4-pentenyl- and 3-butenyl-substituted substrates affording,
mismatch effect; as for the conjugate addition. quantitatively, the cyclized product in jud h at room
temperature. The RCM compounds could be easily separated
from the {2 regioisomer and obtained in good isolated yield

Table 3. Allylic Substitution of with the same enantioselectivity as the intermediate diene
(3-Chloropropenyl)cyclohexane byPrMgBr and 1% CuTC as (Scheme 5).
Catalyst

1.2 -PrMgX
WC] 1% CuTC, 1% L s, w Scheme 5
10 CHoClp, —78°C, 1 h o PCys

Z T " MgBr 5% Ru=_
1% CuTC, 1% 4 AF | Dby, Pn
entry ligand Cu salt % convnP ylo % ee AN o LUlh, 1% (n Y3 /$)n
HaClp, =78 °C, 1 h | g ™~F 1h,rt 7
1 4 CuCN 100 96/4 2,R CHeClp -78°C, Ar Ar
2 4 CuTC 100 83/17  13,R
3 5 CuCN 100 90/1 5]_’ S Ar= Ph n=1 isolated yield % =68 ee % = 61
4 5 CuTC  100(95%) 99/1  68,S p el ) o i
5 6 CuTC 100 18/82  18,S p-Tol 5 6 76
6 7 CuTC 100 98/2 68, S
7 8 CuCN 100 99/1 49, R
g gla gz;g igg 33@ gg'g In conclusion, thanks to new Cu salts and new ligands,
10 9 cuTe 100 96/4 12 R we have extended the enantioselective Cu-catalyzaity/lic

substitution with Grignard reagents to several aryl- and alkyl-
yieT dg'oifsﬂtlgem%jfg ﬂ?ﬁ;‘?&?&?ﬁf&? ligargi °In parentheses: isolated sy pstituted substrates. The ee values are the best known for

Grignard reagents, which are cheaper and more available

commercially than diorganozinc reagents. We have also

All the above allylic substitution reactions end up with a Pointed out the unknown effect of the ligand on the
terminal vinyl group. This group is usually further trans- reg|os.e'lect|V|ty. Finally, we have Qemonstrated the synth.etlc
formed in a second step, by cleavage of the double bond Or\/'ersatlllty of the meth'od py carrying out a tandem substitu-
hydroborated and oxidized. Another possibility, not yet ton-metathesis reaction in a one pot procedure.
explored, could be the metathesis reaction. Accordingly, the
intermolecular reaction was attempted, according to Griibbs,
without loss of optical purity, giving.1, a useful new chiral
synthon (Scheme 4).

An interesting aspect would be to be able to perform the
whole procedure in one pot. However, nothing was known
about the compatibility of Grubbs catalyst with excess
Grignard reagent and copper salts. Accordingly,
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