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Abstract : The asymmeiric conjugate addition of diethyl zinc to cyclohexen-2-one, chalcone and
benzalacctone was studied with 0.5% copper (I) triflate and 1% chiral phosphorus ligands derived
from TADDOL. Among the several ligand tested, the cyclic phosphite obtained with 1S,2R phenyl-

cyciohexanol gave up to 96% ee of conjugate adduct to cyciohexenone. © 1998 Published by Elsevier
Science Ltd. All rights reserved.

The asymmetric conjugate addition of organocopper reagents is an actively studied topic.' Despite
several successful examples with stoichiometric chiral auxiliaries, there is a strong effort to develop catalytic

s reaction, particularly with chiral external ligands. In these cases, the primary organometallic is

n 1, particularly with ctern 1ds. In these cas 1ary n
either a Grignard reagent’ or a dialkyl zinc reagent.” This latter possibility, mtroduccd by us in 1993, has
found an increasing popularity, and several chiral ligands have been developped since then by other authors
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Although in our first report™ we used Cul as the copper source, we later found that Cu(QTf), was a

superior catalyst. In addition, we showed that a trivalent phosphorus ligand had a strong accelerating effect.
Hence the possibility of a ligand accelerated asymmeiric catalysis arises when a chiral trivalent phosphorus
ligand is employed. As little as 0.5% of copper salt and 1% of chiral ligand are enough for a high yield of
conjugate adduct. The reaction is fast in non-coordinating solvents such as toluene or dichioromethane.*

As the chiral trivalent phosphorus ligand is concerned, we became also interested by another class of
C2 symmetrical diols, the TADDOL’s. These chiral auxiliaries were first used by Seebach’s group with
several impressive applications in asymmetric synthesis.> (-)}-TADDOL is easily prepared from tartaric acid
esters,’ it is more than 10 times cheaper than chiral binaphthol,” and its trivalent phosphorus derivatives are
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varied the exocyclic substituent from aicohois, to amine derivatives.
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All the experiments have been performed under the same conditions, in CH,CI, as solvent, which usually
affords slighly higher enantiomeric excesses than toluene. Typically, three enones were tested
cyclohexenone as representative of cyclic enones, benzalacetone as representative of acyclic s-trans enones

and chalcone, the most tested one but a very atypical enone. The results are shown in the Table.

TABLE. Conjugate addition of diethylzinc with 0.5% Cu(OTf), and 1% TADDOL phosphorus derivatives.

Entry Ligand Enone Conditions | Yield® | ee” | Abs.
% % | Conf.
la //’\ o cyclohexen-2-one | -20°to-10°,3h| 93 4
1b TADDOL  P—0-CH;, benzalacetone | -20°to-10°, Sh| 80 3 | R
\_o
Vel 0
2a - ADDQJL -0 _/_\ cyclohexen-2-one -20°,1h 86 18 S
g \_/
3a 7o cyclohexen-2-one -15°%,2h 86 16 S
i \ 7
3b TADDOL  p-0—{_ benzalacetone -10°,9h <20 | 4| R
o A\
4a o cyciohexen-2-one O°tort.1h 97 8 S
4b TADD\O L ,P"'O'Ph benzalacetone -20°t00°%,2h 97 5 R
N0
Q
Sa /Q o _ | cyclohexen-2-one | -20°t0-10°3h| 95 131 R
TADDOL PO~y
5b N0 | benzalacetone 20°tort.8h | 98 15 R
<

6a /o, : cyclohexen-2-one | -20°to 10°,1h | 95 5 S
1 TADD\OL /P _O\/-\ -1 ~No 1INC "N L z A n
[e]8] bo L J cnaicone -2U° 1o =10, 211 v -
6¢ \l/ benzalacetone -20°t0-10°,7h| <20 20 R
7a /7 Q h cyclohexen-2-one | -20°t010°1h| 95 | 50 | s

TADDOL —0u, AN aro § ane ) <
7b \__0O U -20° 1h 90° 40° S
7c chalcone -20°t0 10°,3 h 51 21 R
7d benzalacetone -10°,6 h <20 0 -




o Ph,,
8a ;W cyclohexen-2-one | -30°tor.t. 1I6h| 82 0 -
TADDOL /P—O@
8b \/O benzalacetone -10°tort. 16 h | 27 0 -
(47N oL Avnlabawas Y s AINO 7 L nnNoy 7 o
Ja Pn Cycionexen-2-one =AU, 3 n YL% ou N
9b TADDOL /P—O---“< ) s
o
% N benzalacetone -10°tort. 16h| 20 0 -
10a 0 / cyclohexen-2-one -20°,1h 98 35 R
\
P—N
10b TADDOL P chalcone 20°45h | 60 | 3 | s
10¢ benzalacetone -20°,4.5h 51 10 R
11la . \ cyclohexen-2-one -20°,1h 94 17 S
~0 —
11b TADD& PN chalcone 20°t0-10°,6h| 37 | 13 | R
\ ~ \
l1c ~—~ / benzalacetone | -20°t0 10°,5h | 60 8 | R
Ph
12a //“(_) > cyclohexen-2-one -20°,15h 98 15 S
TADDOL \P—N . . A )
12b \\/ d : benzalacetone -20°t00°%5h 91 0 -
Ph
Ph
O \
13a ent-TADDOL \P—N) cyclohexen-2-one -20°, 50 mn 98 17 R
\/O/ :
PH

. Yield of isolated adduct. For a Typical Procedure see ref. 3f or 3g.
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b. Ec determined on G.C. with chiral capillary column (Lipodex E-0.2 pim, 50m, 0.25 mm).
[

. Reaction performed in Toluene instead of CH,Cl..

With simple, achiral, alcohol derivatives in the exocyclic position, the chirality is imposed by the
TADDOL framework alone. The comparison between entries 1 and 2 or 3 shows that a bulky alcohol
increases slighly the enantioselectivity. A phenoxy group gave no significant result (entry 4). In all these
cases the absolute stereochemistry of the conjugate adduct is the same. With benzalacetone, all these ligands
gave poor ee's. This is in striking contrast to the functionalized aminoalcohol (entry 5) which greatly
enhances the rates of the reaction and the chemical yield. In addition, the ee is somewhat better with
benzalacetone. Noteworthy is the inversion of the absolute stereochemistry of the conjugate adduct with

QP R | RS S, [ R EY A
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Hence, a possibility for a matched or mismatched pair arises. Boih have been tested, with menthol and
phenyl-cyclohexanol, an excellent chiral auxiliaries usually much better than menthol.” The mismatched pairs

(entries 6 and 8) gave poor ee's, whereas the matched pairs (entries 7 and 9) displays the best ee's obtained



in this study (96 %). In contrast to our previous results, the best result was obtained in toluene (entry 9a
versus 9b). We ascribe this fact to a better solubilization of this particular Cu/ligand complex in toluene.

The last class of ligands examined have an amine moiety in the exocyclic position. The aim was to
compare the behaviour of these ligands with the same ones, having a chiral binaphthol framework instead of
TADDOL.™* Clearly, these ligands are much less efficient and contrast strongly to their binaphthol
analogues. With TADDOL, the smallest exocyclic amine gave the best ee (entry 10a). In addition, a reversal

of the absolute configuration is observed. Bulky amines, the most successful in the binaphthol case,™ gave
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TADDOL, which are as good (ee 96 %) as those based on bmapntol (ee 63-98%

\i

r the conjugate addition
of diethylzinc to cyclohexenone. Work is in progress to improve and generalize these results.
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