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Enantiomerically pure allylic alcohols and their derivatives are
key building blocks in numerous synthetic applicatidri@esides
a number of multistep routes, catalytic methods have been
developed involving kinetic resolutiéior enantioselective addition
of alkenyl ziné or bororf reagents to carbonyl compounds. Recent
breakthroughs for the preparation of optically active allylic alcohol
derivatives are based on transitiemetal catalyzed allylic substitu-
tion using oxygen nucleophiles. Most of these processes give allylic
ethers}® but the use of carboxylic acids as nucleophiles in the
conversion of Z)-allylic trichloroacetimidates provides allylic
esters. Although these methods rely on asymmetrie @ bond
formation, we envisioned that the construction of allylic esters
through catalytic enantioselective-C bond formation using simple
organometallic reagents might provide a new, general and versatile
addition to the current synthetic repertoire. In this context, it should
be noted that Trost and Lee reported asymmetric Pd-catalyzed allylic
substitutions of geminal dicarboxylates using soft carbon nucleo-
philes® Herein we report the highly enantioselective synthesis of
optically active allylic esters via €C bond formation in a
Cu-catalyzecheteroallylic asymmetric alkylation f-AAA) with
Grignard nucleophiles (Scheme 1).

We anticipated that the use of 3-bromopropenyl esfeiss
substrates irh-AAA would provide access to a wide range of
protected chiral allylic alcohol? (Scheme 1). Recently it was
showr?10 that Cu-catalyzed AAA with Grignard reagents can be
achieved with excellent regio- and enantioselectivities on

Scheme 1. Cu-Catalyzed Hetero-Allylic Asymmetric Alkylation
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Table 1. Cu-Catalyzed Hetero-Allylic Alkylation of trans-1 (R* =
Ph) with MeMgBr

entry catalyst temp[°C] 2:34 yield[%]” ee[%]

()4 —68 99:1 85 )96

2 (—)5 —75 92:8 75 )80
3 (—)4 —73 8:92 34 n.d.

4¢ (—)4 —74 99:1 85 )98

° (—)4f —74 99:1 83 )96

(—)4 —15 99:1 76 )90

7 (—)4 —60 99:1 77 )94

8 ()4 —80 99:1 78 )96

9 ()4 —82 79:21 67 )94
10 )4 —85 37:63 76 n.d
119 (—)4 —74 n.a. <gh n.d

aRegioselectivity determined by HPLC dH NMR spectroscopy.
blsolated yield.ct-BuOMe as solventd Conversion by'H NMR. € Two
equivalents of MeMgBrf With 0.8 mol % catalystd Reaction without
copper." Not isolated.

copper-catalyzed reaction at85 °C favored the §2 product3

C-substituted allylic substrates. However as ester groups are prongTable 1, entry 10}3
to be attacked by Grignard reagents and vinyl esters are commonly To investigate the steric influence of thé oup, compounds

used in acyl transfer reactions due to the excellent leaving group
ability of the enolate, a key question is if the ester moiety at the
y-position in 1 would be tolerated in & substitutions with
organometallic reagents.

Whentrans-1'1 (Rt = Ph), prepared in one step from benzoyl-
bromide and acrolein, was treated with 1.15 eq of MeMggx. (
3M in ether), RS-Taniaphos4 (6 mol %), and CuBiMe,S (5
mol %), (§-2 (R? = Me) was obtained in 85% yield and
96% ee (Table 1, entry 1). Furthermofe¢could not be detected
by *H NMR spectroscopy €1% by HPLC analysis). The use of
(R,S-(—)Josiphos5 instead of ligand4 (Table 1, entry 2) gave
75% vyield of regioisomer® and 3 (ratio 92:8) where2 had
significantly lower (80%) ee. Our previous studies on copper
catalyzed asymmetric Grignard additiéhidlustrate that-BuOMe
may often be used in place of GEl,. The use ot-BuOMe in the
h-AAA of 1 (R! = Ph) surprisingly led to regioisom&r(36%, 12
h, Table 1, entry 3). The use of 2 eq of MeMgBr (Table 1, entry
4) in the reaction was also tolerated, as was a lower (0.8 mol %)
catalyst loading (entry 5).

Reaction at—60 °C or even at-15 °C (Table 1, entries 6, 7)
led only to a slight decrease in ee (94% and 90%, respectively).
Curiously, at reaction temperatures lower tha80 °C (Table 1,
entries 8, 9), the regioselectivity diminished significantly. The
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la and 1b were examined (Table 2, entries 1, 2). Cinnamyl
derivative 1a readily provided2a, with excellent regio- and
enantioselectivitiesX98:2, 98% ee). It should be emphasized that
the selectivity in this catalytic conversion is remarkable. Whereas
substratdla hasa,S-unsaturated ester, enol ester, and allyl bromide
moieties and can undergo 1,4-addition, 1,2-additiq2 &nd $,2
substitution (among others), near-exclusiy@'Ssubstitution to a
single enantiomer o2a takes place. Mesityl derivativeb (Table

2, entry 2) also afforded the desired compound (91% vyield, 99:1,
96% ee).

We next examined the addition of different Grignard reagents.
Higher yields were obtained when using an excess (2 eq) of
Grignard reagents. Regioisomeésvere only observed in entries
3,9, and 10, Table £ Simple primary saturated Grignard reagents
(Table 2, entries 3, 4) afforded allylic esters in excellent yields (87
and 99%) and high ee’s (98 and 97%, respectively). The formation
of along chain allylic ester (gHs7, entry 8) was readily achieved.

Functionalized Grignard reagents were also successfully used
in the h-AAA reaction (Table 2, entries 6, 7). A limitation of the
method appears to be the addition of more sterically demanding
Grignard reagents: reaction wittlBuMgBr (Table 2, entry 5) did
not afford the desired produtt.Substrates bearing g-methyl
substituent also undergo Cu catalyzBehAA with excellent
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COMMUNICATIONS

Table 2. Use of Different Grignard Reagents and Ester Groups in
the h-AAA Reaction

R2MgBr (2 eq) ,
j\ 5 mol% CuBr.Me,S or CuTC j\
N 9 -(-)-Tani :
R O/\/\Br 5 mol% (R,S)-(-)-Taniaphos RY o =
P -75°C, CH,Ch 2 R
enty R R’ RS 2 yield[%]? e.e[%]
o

1 Sty(1a)  Me H 2a \ oJ\/ 80 (+)98

2 Mes(tb) Me H 2b oJ\f 97 (+)9%6
o

3% ph CHs H 2 @AO'(/ 87 (+)98

_/\/\
4°  Ph CsHyy H 2d ©ﬁov 99 )97
5  Ph ibu H 2 ©ﬁo¢ nd -
Z

6  Ph CH; H o 2f ©ﬁ0/(;/ 9% )97
o

7 Ph CeHg H 29 ©/Lo ] 93 (+)93

Ci7Has

8 Ph CigHazz H 2h ©j0 Z 93 (#)9>95°
o

9f  Ph(le) CpHs Me 2i @2‘0 Z+3i 979 97
o

10°  Ph(1e) CsHyy Me 2j @%O Z+3 969 98

* Unless otherwise notedlsolated yields? Trace amount of regioisomer
was detected byH NMR spectroscopys Ligand used: $R)-(+)-Tania-
phos.9 Based on optical rotation of the corresponding alcoh&le deter-
mination by'H and%F NMR analysis of the Mosher ester of the alcohol
derived from2h. f Ligand: O, O-(R)-(1,2-dinaphthyl)-2,2-diyl)-di-(R,R)-
1-phenyl-ethylphosphoramidite, Metal: CuTE.9 A mixture of regioiso-
mers2i + 3i (2.5:1) and2j + 3j (2:1) in favor of2 was isolated.

Scheme 2. Synthesis of (S)-5-ethyl-2(5H)-furanone 6 and
(S)-benzoic Acid-cyclopent-2-enyl Ester 7
EtMgBr (2 eq)

o] 0.5 mol% CuBr.Me,S o
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2f 7 —

97 % e.e. 6
98% e.e.
enantioselectivity (Table 2, entries 9, 10), albeit with a phospor-
amidité as the optimal chiral ligan#. A notable feature of this
method is the practical synthesis of the simplest optically active
allylic alcohols, such as 1-buten-3-ol (Table 1, entry™).

We illustrate the synthetic utility of this nevi-AAA in
combination with RCM in the synthesis of two valuable chiral
nonracemic building blocks: natural occurring butenoli€g &6
and cyclopentenyl esteBf-7'1 (Scheme 2). The addition of EtMgBr
to la provided 2k with excellent chemo-, regio-, and enantiose-
lectivity (80% vyield, 98% ee), despite the possibility of several
competing reactions. This reaction was also run with 0.05 mol %
catalyst loading with equal enantioselectivity. Subsequent RCM of
2k to (9-6' (78% yield, 98% ee) was accomplished by heating
2k to reflux in CHCI; in the presence of Hoveyda-Grubbs I
catalyst” to produce butenolidé. When2f was subjected to RCM
conditions with Grubbs Il cataly$t,carbocycle §-7' was obtained
in 85% yield and excellent ee (97%).

In conclusion, a practical catalytic route to optically active allylic
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