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Modular phosphine ligands, synthesised rapidly from commercial
N-acetylglucosamine, are very effective in copper(i)-catalysed
1,4-additions of ZnR, to linear aliphatic enones (87-95% ee).

One key requirement in the efficient design of new catalytic
asymmetric processes is ready access to a library of chiral
ligands showing enough molecular diversity to allow the
attainment of synthetically useful stereoselectivities (>90%
ee) in initial screening. In the past 10 years significant attention
has been turned towards the use of chiral ligands based on
natural carbohydrates.! Large numbers of ‘sugar-cores” have
been developed (e.g. > 30 types leading to ca. 200 ligands in
ref. 1) that deliver diverse coordination architectures. Highly
successful asymmetric hydrogenations (96—>99% ee),” allyla-
tions (up to 99% ee),® aldehyde methylations (up to 94% ee),*
Heck reactions (up to 99% ee)’ and other processes have
resulted from the use of these ligands.! However, recent
attempts to apply such ligands to asymmetric conjugate addi-
tion (ACA) reactions were not as successful.® As a number of
the most successful ligands in highly enantioselective ACA
reactions include potential nitrogen-based donor sets (1-3,”
Scheme 1) we sought to explore the unprecedented use of
amino-sugar® based ligands in such ACA transformations.’
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The amino-sugar family La_cr,c Was compared against the
amino-sugar precursors Lp g and the nearest commercial analo-
gues of such architectures, the “Trost ligands” Ly_y (Scheme 2).

Despite the success of systems 1-3 (which provide ee values of
80-98% for a range of enones’) there is still a need to identify
easily obtained variable architectures: firstly, to circumvent the
limitations of single enantiomeric series ligand sets (e.g. 1-3); and
secondly, to attain catalysts of increased activity through greater
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ligand acceleration effects. The amino-sugar ligands of Scheme 2
are highly attractive as they are readily available in only a few
simple, high yielding steps from very low cost N-acetyl-p-glucos-
amine (~0.5 Euro g~ ') (Scheme 3 and ESI¥).1

The library of Scheme 2 was screened in demanding addi-
tions of methyl nucleophiles to (E)-nonen-2-one (Table 1).§

No activity was found for 1,4-additions of AlMe;; the
behaviour of L, and Lg is representative of all the ligands
tried. The situation with ZnMe, was radically different. In
toluene and the presence of the air-stable, non-hygroscopic
Cu' precursor Cu(OTf),, the amino-sugar library conformed
as expected delivering > 24 : 1 stereoselectivities with ligands L,
and Lg. The attainment of such selectivities in all alkyl sub-
strates is rare.’ The presence of the phosphorus donor (LG vs.
Lp_g) was vital as was the inclusion of an O,N-linker set as
opposed to N,N versions (L, vs. the ‘Trost’ ligands Lyy).
Previously, we have proposed that the presence of appropriately
placed free hydroxide functions in bimetallic cuprate complexes
can be beneficial.'' Removal of the diphenylphosphinobenzoic
ester fragment led to a highly significant reversal in the stereo-

Table 1 Representative additions of methyl nucleophiles to (E)-
nonen-2-one”

Me O

/\/U\ — )\/U\
—_——
CsHy™ ™ Cu' 2.5 mol% CsHyq

Ligand 5 mol%

Ligand  Me source Conditions Yield (%) Ee (%)
L AlMes THF, 22 °C, 12 h <5 —

Lg AlMes THF, 22 °C, 12 h <5 —

L ZnMe, Toluene, 22 °C, 12 h 70 95 (R)
Lg ZnMe, Toluene, 22 °C, 12 h 10 17 (S)
Lc¢ ZnMe, Toluene, 22 °C, 12 h 25 53(S)
Lp ZnMe, Toluene, 22 °C, 12h <5 —

Lg ZnMe, Toluene, 22 °C, 12h <5 —

Lp ZnMe, Toluene, 22 °C, 12 h 78 61 (S)
L ZnMe, Toluene, 22 °C, 12 h 75 92 (R)
Ly ZnMe, Toluene, 22 °C, 12h <5 —

L ZnMe, Toluene, 22 °C, 12h <5 —

¢ ZnMe, (0.24 mmol, 2.0 equiv.), (E)-nonen-2-one (0.12 mmol), ligand
(7.5 umol, 5 mol%) and Cu(OTf), (3.0 pmol, 5 mol%) in toluene
(2 mL). Yields by GC against calibrated internal standard (undecane).
All conversions >99%. ? Stereochemical correlation by direct com-
parison with an authentic sample of (R)-product (ref. 10).

Table 2 Representative additions of methyl nucleophiles to enones”

R1)\)LR2

(0]

R1/\/U\R2

Zn(RY),

Cu' 2.5 mol%
Ligand 5 mol%

Run  Ligand R! R? R? Yield (%)  Ee (%)"
1 La CH,, Me Me 70 95 (R)
2 LG C5H11 Me Me 75 92 (R)
3 L, CH,, Me Et 80 91 (R)
4 LG C5H11 Me Et 80 87 (R)
5 LA C(,H]g Me Me 57 91 (R)
6 Le CHis Me Me 52 90 (R)
7 La CeH i3 Me Et 95 93 (R)
8 LG _C(,H]3 Me Et 99 90 (R)
9 Ly Pr Me Me 47 89 (R)
10 L¢g ‘Pr Me Me 33 94 (R)
11 La ‘Pr Me Et 79 93 (R)
12 Le ipr Me Et 66 88 (R)
13 Lg Me Et Et 78 91 (S)

¢ ZnMe, (0.24 mmol, 2.0 equiv.), enone (0.12 mmol), ligand (7.5 pmol,
5 mol%) and Cu(OTf), (3.0 pumol, 5 mol%) in toluene (2 mL). Yields
by GC against calibrated internal standard (undecane). All conver-
sions >99% except for runs 6 (84%) and 10 (82%). © Stereochemical
correlation by direct comparison with authentic samples of (R)-
product (see ESI).

selectivity: +95 to —61% ee (L, vs. Ly). However, removal of
the 4,6-acetal unit led to a loss in selectivity (L, vs. L¢).

The generality of the best ligand architectures was further
tested against a range of demanding substrates (Table 2).

It was noted that the most successful ligands L, and Lg
were effective for the addition of both ZnMe, and ZnEt, to a
class of enones possessing only aliphatic substituents with
minimal steric profiles and that the reactions were technically
very simple to carry out—only air stable Cu(OTf), is required.
In general, for all substrates ligand L gave better yields (up to
95%, run 7) and enantioselectivities (up to 95%, run 1). An
exception was Lg which gave a superior result in ZnMe,
addition to the branched enone R' = Pr (run 10). The
selectivity was also affected by the presence of a bigger
substituent R% In fact when both R? and R* have increased
steric profile only ligand Lg gives good results (run 13; with L
we obtained only 67% ee).

An attempt was made to further simplify the ligand struc-
ture to Ly which can be easily prepared in only two steps from
the commercial source methyl-a-p-glucoside (~0.2 Euro g~ ')."?
High enantioselectivity (up to 94% ee) was attained but in the
present protocol the yields were unsatisfactory (~30%). At
present the ligands Ly ¢ are optimal but further studies with
L; will be targeted in the future due to its low cost and ready
availability.

This journal is © The Royal Society of Chemistry 2008
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In conclusion, we have described for the first time use of

amino-sugar phosphine ligands in asymmetric 1,4-additions of
diorganozinc species to acyclic enones. Excellent enantioselec-
tivities (up to 95% ee) and yields were obtained with ligands
L, and Lg for these demanding substrates.
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Notes and references

1 For details of ligand synthesis and spectroscopic data see the ESL.f
§ General procedure for asymmetric conjugate additions (ACA) to

enones:

a solution of the copper-catalyst precursor Cu(OTf),

(1 mol%, 0.003 mmol) and the corresponding ligand (2.5 equiv.,
0.0075 mmol) in 2 mL of dry toluene was stirred for 30 min at room
temperature. The alkylating organometallic reagent ZnR, (2 equiv.
2 M toluene or I M hexane solutions, 0.24 mmol) was added dropwise
and then the substrate (0.12 mmol). After 12 h the reaction was
quenched with 2 M HCI (2 mL). Undecane or dodecane (10 uL) was
then added as an internal standard and the organic layer filtered twice
through a plug of silica. Yields and enantiomeric excesses were
measured by GC using an octakis(6-O-methyl-2,3-di-O-pentyl)-y-CD
column (method of ref. 10c¢).
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