it 7 R

2010 Chinese Journal of Catalysis Vol. 31 No. 5

XE %S 0253-9837(2010)05-0514-04 EBRAR DOI: 10.1016/S1872-2067(09)60063-2 R 514~517

B F BRI & B R HTE 1,4- 2L AR AN AL S K2 B9 2 A

> 1,2 N 1,2 1
BT, RRKEeT, kK
"WEAYRINLENER TR AL R SR BEANEREALHE, HH 2 M 730000
2o E B ¥ R AR A B2, JL 3 100049

FEEE . DLIE SRy A A B <45 NI 96 5000 JsURE, 22 20 BT 2R 41030 0 T P 00 A STl TR R T A, I T4 MR A T = 2 k)
B0 B0 1 AN R L, 4- BN R R . g5 AR B, 7 A RN i B M a3 i) D 95% I 61%. TR 4K (S)-(2-(adamantane-
1-carboxylic acid)-1,1’-binapthalen-2’-yl)-((S)-1,1’-binaphthalen-2,2’-yl)phosphite [(S,S)-3a]f1#5 4> (S)-1 25 iy i B2 2 DCIC 19 20 4,
77 0 1) 4 ot g AR B PR A TR 2,27 T AR - 1,10 TR S I 1A A 2R 4l

KRR ASNTRR 1, 4-ILH0I0 S UG W RR I 2-2F U, L BREE, R

HESES: 0643 SCHKFRIRAD: A

Synthesis of Chiral Bulky Monophosphite Ligands and Their Application
in Cu-Catalyzed Asymmetric Conjugate Addition of
Diethylzinc to Cyclic Enones

WAN Bo*?, ZHAO Qinglu'?, WANG Lailai*”
!State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, Gansu, China
“Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: A series of new bulky monophosphite ligands were synthesized from axially chiral BINOL and highly sterically hindered ada-
mantanecarbonyl chloride. These ligands were applied to the Cu-catalyzed asymmetric 1,4-conjugate addition of diethylzinc to cyclic enones
and were found to have moderate enantioselectivities (up to 61% ee). The stereochemically matched combination of (S)-BINOL in ligand
(S)-(2-(adamantane-1-carboxylic acid)-1,1’-binapthalen-2’-yl)-((S)-1,1’-binaphthalen-2,2’-yl)phosphite induces a moderate enantioselectiv-
ity. The sense of enantioselectivity is mainly controlled by the configuration of the 2,2’-0,0-(1,1’-binaphthyl)-dioxo-phosphite moiety of the
ligands.
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Scheme 1. Helical C;-symmetric monophosphite ligand.
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Scheme 2. Synthesis of chiral bulky monophosphites.
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(c0.2,CHCI,); *P NMR (161 MHz, CDCl5) 6 145.16; *H
NMR (400 MHz, CDCl;) ¢ 1.24~1.36 (m, 9H),
1.46~1.49 (m, 3H), 1.66 (s, 3H), 6.59 (d, J = 8.8, 1H),
7.18~7.53 (m, 15H), 7.70 (d, J = 8.8, 1H), 7.87~7.96 (m,
6H), 8.03 (d, J = 8.8, 1H); *C NMR (100 MHz, CDCl5):
J 26.54, 35.10, 36.76, 39.44, 119.61, 119.69, 120.66,
120.81,121.06,121.38, 121.41, 121.48, 121.51, 122.75,
123.20,123.25, 123.74,124.01, 124.05, 124.56, 124.86,
125.15, 125.25, 125.69, 125.80, 125.83, 125.94, 127.1,
128.46,128.78,129.14,129.77,130.11, 130.44, 130.52,
131.29, 131.69, 132.68, 132.72, 145.94, 145.97, 146.47,
146.55,146.62,174.31. ESI-MS: 763.0 (m/z+1).
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Table 1 Cu-catalyzed enantioselective conjugate addition of diethylzinc to 2-cyclohexenone

(0}
é + EtyZn

Cu salt, Ligand
Solvent

(0]

ey

Entry Ligand Cu salt n(ligand)/n(Cu)  Solvent  t/°C  Conversion® (%) Yield® (%) ee” (%) (Configuration®)
1 (S.9)-3a Cu(OTH), 2 ether 0 >99 88 61 (S)
2 (RS)-3b Cu(OTf), 2 ether 0 >99 86 33(S)
3 (R,R)-3b Cu(OTf), 2 ether 0 >99 80 44 (R)
4 (SR)-3a Cu(OTf), 2 ether 0 >99 91 38 (R)
5 (S,5)-3a Cu(OTf), 2 toluene 0 >99 46 47 (S)
6 (S,5)-3a Cu(OTf), 2 CH.Cl, 0 >99 52 20 (S)
7 (S,9)-3a Cu(OTf), 2 THF 0 15.3 11 racemic
8 (S5)»-3a  (CuOTf),CeHe 2 ether 0 >99 88 55 (S)
9 (S,5)-3a Cu(OTf), 2 ether  -20 >99 73 44 (S)

10 (S,5)-3a Cu(OTf), 2 ether  —40 >99 85 55 (S)
11 (S,5)-3a Cu(OTf), 2 ether 20 >99 92 36 (S)
12 (S,5)-3a Cu(OTf), 1 ether 0 >99 84 55 (S)
13 (S,9)-3a Cu(OTH), 4 ether 0 >99 95 53 (S)

Reaction conditions: Cu salts 0.01 mmol, ZnEt, 1.2 mmol, 2-cyclohexenone 0.5 mmol, solvent 4 ml, 4 h.
Determined by a GC using dodecane as internal standard with a SE-30 column (50 m x 0.25 mm).
®The enantiomeric excess of the product determined by a GC with a Chiraldex A-TA column (50 m x 0.25 mm)

“The absolute configuration of the product 3-ethylcyclohexanone determined by comparison with authentic materials.
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Table 2 Cu-catalyzed enantioselective conjugate addition of di-
ethylzinc to 2-cyclopentenone and 2-cycloheptenone

0}
Cu(OTf),, Ligands
+ EtyZn ——— >
Et,0,0°C,4h *
n n Et
n=0,2 n=0,2
. Conversion? ee? (%)
Entry n Ligand ) .
(%) (Configuration)
1 0 (5,5)-3a 29 22 (S)
2 2 (5,5)-3a >99 33(S)

Reaction conditions: Cu(OTf), 0.01 mmol, ligand 0.02 mmol, ZnEt; 1.2
mmol, cyclic enone 0.5 mmol, ether 4 ml, 4 h.

Conversion and ee values of 3-ethylcyclopentenone were determined
by GC with a Chiraldex A-TA column (50 m x 0.25 mm). Conversion
and ee values of 3-ethylcycloheptenone were determined by GC with a
Chiralsil-DEX-CB column (25 m x 0.25 mm). The absolute configura-
tion of the product was determined by comparison with authentic mate-
rials.
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