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1.2.1 (S)-3-%0 42,2/ F A P A -1, 17 -6
HB)WEM 10 C T, THEA(S)-3-F8 -
2,27- AR SR AR 31, 1028 (2) (7. 85 g,
19.4 mmol ) ¥ FH 4 (150 mL) I HKIKIMA =&
(9.5 mL, 67.8 mmol) I F Ak 5l ( MsCl, 3.7
mL, 48.5 mmol). 7EO0 C T+ 1.5 h )5, ¥ LiCl
(2.05 g, 48.5 mmol) [ DMF (120 mL) & ¥k 7% /% T/
ABIER A, WINSE G AR (25 °C) M aREL N 2
he B ROV K (50 mL) PERJE, st AHLZ, #K
JEM IR TG (80 mLx3) ZEH, &G HLAH, #A

HUAE AT £R7K (30 mLx2 ) Y3 S5 I JC /K B iR 4
FA. R BR 25 AR U e 4 B 25V R A R
Y. P A s (2 A kA2 0. 071 ~0. 050
mm fERE; YEMER: V(LR AER) - VOAMEE) =
12 3) 43 BAaafiffy (S) -3- W1 5E-2,2"- A T 4R
JE-1, 1R ZETR B H 1A 7. 05 g, 723 86%. m. p.
116 ~ 118 C, [aliys = -1 600.0 (c = 2.0,
THF), '"H NMR (400 MHz, CDCL,) &: 3.01 (s,
3H), 3.17 (s, 3H), 4.58 (s, 1H), 4.68 (d, J =
3.4 Hz, 1H), 4.98 (s, 2H), 5.05 (d, J = 5.9
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Hz, 1H), 5.12 (d, J = 5.5 Hz, 1H), 7.16 (t,
J=7.8Hz, 2H), 7.26 (s, 2H), 7.38 (dd, J =
16.7,7.8 Hz, 2H), 7.59 (d, J = 8.6 Hz, 1H),
7.87 (d, J =7.1Hz,2H),7.98 (d, J = 8.6 Hz,
1H), 8.08 (s, 1H); "C NMR (101 MHz, CDCl;) §:
42.72, 56. 10, 56. 93, 94. 84, 99. 50, 116. 43,
120.29, 124. 32, 125. 44, 125.85, 125.93, 126.85,
127.00, 128.07, 128. 16, 129.71, 130. 18, 130. 39,
130.84, 131.09, 133.95, 134. 14, 152.05, 152. 95.
Elem. Anal. Caled for C,sH,ClO,: C, 71.00, H, 5.48,
Cl, 8.38; Found: C, 71.04, H, 5.42, Cl, 8.40.
1.2.2 Cy XFR T F B ZE B BR 4> 7 () -M,
ME 785 mL WS E KR INA (S) -3-F H
FE-2,2"- TG ABE-1, -2 (3) (4.23 g, 10
mmol), 1,1, 1-= (4K &) &% (1. 01 g,
3.3 mmol) ,fRFERAP (1.52 g, 11 mmol) I 18-5E-6
(10 mg, 0.04 mmol). FER LRI T, FHIEG WM
N2y 48 h, Ve A R AR uk, uEiE A A P b
PRI (5 mLx3). GIFAHUAH, AR 208 T
IRV AR, A MR 48 I 0V T2 TR T 3] 10 A5
FIRFR H R, B B B B AR TOVE. g
REE A e E R R T Sk (4 mL)
W, FRE I EER O, RV - fE A HE R AR
113k, 1380460 C; XTFR I T PR ZE AR 7+
(S)-M, F . AL 45 CF T4 12 h, 1%
4.05g, P& 83%. m.p. 150 ~152 C, [a]Z =
-626.5(c = 2.0, THF ), '"H NMR (400 MHz,
CDCL,) 8:2.16 (s, 3H), 2.93 (s, 9H), 3.15 (s,
9H), 4.56 (d, J = 5.6 Hz, 3H), 4.67 (d, J = 5.5
Hz, 3H), 5.02 (d, J = 6.9 Hz, 3H), 5.11 (d, J =
6.9 Hz, 3H), 5.41 (s, 6H), 7.02 (dd, J = 30.4,
8.5 Hz, 12H), 7.20 (dd, J = 16.0, 8.4 Hz, 12H),
7.43-7.32 (m, 6H), 7.58 (d, J = 9.0 Hz, 3H),
7.88 (dd, J = 13.3, 8.3 Hz, 6H), 7.96 (d, J =
9.0 Hz, 3H), 8.14 (s, 3H); "C NMR (101 MHg,
CDCl,) &: 30. 88, 50. 63, 56. 09, 56. 87, 66. 06,
94.93, 99. 65, 114. 14, 116. 56, 121. 00, 124. 32,
125.23, 125.59, 125. 60, 125. 83, 126.36, 126.92,
128.04, 128.22, 128.56, 129.75, 129. 88, 130. 06,
130.78, 131. 04, 133. 67, 134.05, 142.19, 151.91,
152.96, 156.96. ESI MS m/z: 1 287 [ M+Na]", El-
em. Anal. Caled for CysHg, O,5: C, 77.85, H, 5.78;
Found.C, 77.83, H, 5.80.

1.2.3 Cy XFR M FHEBZEm AR 7 () -L, 4
W TERAHRESIPEFE 19 250 mL B JESER HK
WHIA(S)-M,(1.47 g, 1 mmol) ,CH,Cl,(60 mL) I
MeOH (60 mL), $if # T WA — 7K A %t B 2R fiff iR
(TsOH - H,0, 1.14 g, 6 mmol). W IRSWITE 40
CHEFEN 10 h. 4521k R, 45 50 TR A 8 H1 2]
Fik, FZK(50 mL) K G 4B th A L. B
KIZFA AR5 (40 mLx3) 228 G IFAHLAE. #
B IEMAE P EER/K (20 mLx2) Pk HJE
IKGREREN T8 A UAH I U R 2 T8 390 I 0 e Ve 4
B2 0. Wk 4 Wl o A 5 ([ A R AR
0.071 ~0.050 mm FEE; PESLH: VORHEE) + V(Z
AHBE) = 1:30) R ai iR e C; SRR T
RZEM MR 437 (S)-Ly [&44 1. 01 g, 7% 83%.
m.p. 176 ~177 C , [alhs= -951.0 (¢ = 2.0,
THF), "H NMR (H NMR (400 MHz, CDCl,) §: 2.15
(s, 3H), 5.06 (s, 3H), 5.37 (s, 6H), 5.53 (s,
3H), 6.99 (d, J = 6.9 Hz, 6H), 7.04 (s, 6H),
7.15 (s, 6H), 7.39 (d, J = 7.5 Hz, 15H), 7.90
(s, 6H), 7.98 (d, J = 8.6 Hz, 3H), 8.13 (s,
3H); "C NMR (101 MHz , CDCl,) & : 30. 80,
50.85, 66. 16, 111.09, 111.52, 114.29, 117. 83,
124.06, 124.20, 124.35, 124.36, 125.73, 127.45,
127.49, 128. 16, 128.54, 129.20, 129.45, 129. 49,
129.83, 131.41, 133.07, 133.44, 142.39, 150.75,
152.68, 156.6. Found: C, 82.96, H, 5.05. ESI MS
m/z; 1 223 [M +Na]’'. Elem. Anal. Calcd for
Cy;HyO,: C, 82.98, H, 5.03; Found:C, 88.97, H ,
5.90.

1.2.4 C, MREZEMATED (S)-M, ER 1
5 mL PR AR (S) -3- G H JE-2,2" - H 4
FE R, -k %5 (3) (2. 12 g, 5 mmol ), FR T}
(0.42 g, 4.5 mmol) , BRERHH(0.76 g, 5.5 mmol ) FI
18-5%-6 (5 mg, 0.02 mmol). fERSARPT, ¥/
MRS PN EIRL 8 h. BHIE M, A 15 mL
K, VR ZRARIR SN, K SO TR A S
(15 mLx3) ZEH, AEHR AR A &K (10 mLx2)
VRIS FHTCKBRIREN T AR5 D8 s 28 BRI 7RI 1R
PR R 3 A A T (R A RLAR 0. 071 ~
0.050 mm FERZ; PEMEH]: V(LR HR) = V(i
BE)=1: 3) 445400 C, X FR B IBE 25 9 11 4= 4
(S)-M, HICEIMIRIIAR 1.86 g, =H86%. [alls=
-500.0 (¢ = 2.0, THF), '"H NMR (400 MHz,
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CDCL,) 8:2.95 (s, 3H), 3.16 (s, 3H), 4.57 (d,
J=5.5Hz, 1H), 4.68 (d, ] = 5.5 Hz, 1H), 5.04
(d, J] = 6.9 Hz, 1H), 5.13 (d, J = 6.9 Hz, 1H),
5.43 (s,2H), 6.98 (t, J = 7.1 Hz, 1H), 7.09 (d,
J =8.0Hz, 2H), 7.20 (t, J = 10.1 Hz, 3H), 7.44-
7.27 (m, 5H),7.59 (d, J = 9.0 Hz, 1H), 7.89 (t,
J=7.3Hz, 2H),7.98 (d, J=9.0 Hz, 1H), 8.13
(s, 1H);”C NMR (101 MHz, CDCl,) &: 56.09,
56.85, 66. 22, 95. 04, 99.68, 115. 08, 116.66,
120.74, 121. 14, 124.38, 125.30, 125.70, 125.91,
126.45, 126.98, 128. 12, 128.29, 128.68, 129.73,
129.87, 130. 13, 130. 80, 131. 13, 133. 84, 134. 18,
134.18, 153. 11, 159. 05. ESI MS m/z: 503 [ M+
Na]®. Elem. Anal. Calcd for C; H,Os: C, 77.48, H,
5.87; Found:C, 77.46, H ,5.89.
1.2.5 C, XRIRZEMATED (S)-L, MGR 1
50 mL [BICHIHE AR R I (S)-M, (1.20 g,2.5
mmol) , CH,CL,(15 mL) F1 MeOH (15 mL). §i$E
A — 7K & X% H 2R iR (TsOH - H,0, 0. 96 g,
5 mmol ). ¥R G YTE 40 C HidE 0 8 h. H
TLC BREFRN. JFORHSE R G, 451k R 8 R
FAZK (15 mL) K 53 B A HLUZE. oK)z =&
HBE(15 mLx3) 20 G IFA P, KA HUAH AR
FEERK (10 mLx2) Pk G FJCKRBR N T4, A
BUAH T BE R 2 T 45500 Ja DU VR 45 B A 7, sk
F PR R e AR 2T ([ 2 A0 R 42 0. 071 ~ 0. 050 mm
REIE; BEME: V(LR CHR) = VA = 1:6)
Iy BT S IR v 0 [ AL 5 ) (S) -1, (0. 84 g,
86% ). m.p. 64 ~65C, [alsms= -798.0 (¢ = 2.0,
THF), 'H NMR (400 MHz, CDCL,) &: 5.09 (s,
1H), 5.44-5.34 (m, 2H), 5.52 (s, 1H), 7.00 (t,
J=7.2Hz, 1H), 7.13 (dd, J = 18.0, 8.2 Hz,
4H), 7.26-7.50 (m, 7H), 7.91 (d, J = 8.0 Hz,
2H),7.99 (d, J = 8.9 Hz, 1H), 8.15 (s, 1H) ; “C
NMR (101 MHz, CDCL,) §: 66.10, 111.07, 111.50,
115.13, 117.82, 121.36, 124.05, 124. 18, 124.28,
124.36, 125.71, 127.45, 127.49, 128.47, 128.53,
129.25, 129.41, 129.51, 129. 62, 131.43, 133.05,
133.46, 150.71, 152.73, 158.61. ESI MS m/z: 415
[M+Na]’'. Elem. Anal. Caled for C,H,, O,: C,
82.63, H, 5.14; Found:C, 82.61, H ,5.16.
1.3 B0 — Z EFER AR BR AN AL 5 BE
TAHET, A (S)-L, (60 mg, 0.05

mmol ) i) 5 H Bl HAR (5 mL) IR B A
AR NS (0. 14 mL, 0.45 mmol). ¥ IESWTE
25 CRHHE 30 min J5, TEH PG I — C 3L 5
(3 mL, 1 mol/L in hexane, 3 mmol). }I5E 5%
REWAE2S CTRHEHE 1.5 h FeiR SRR 2
0 CJIEZM& M AAHBLAYEE (1 mmol ) . K¢ S IR A
125 C NAkZL /O 20 h J5 {8 A 20 mL FEE, 4%
JE kg, UE T R BRI AT L S JE 2 1A
W, DEIZEIR FP ISR N S AR . R R 2
Br (I ER R4z 0. 071 ~ 0. 050 mm FEE 5 e :
V(ZIRCHER) = VOAMEE) = 1:9) BN Y
eI g

2 RSt

2.1 ZZEHEFERRNIFEHMRIL

DL 2-FRSE IR FH R SR, X Btk A T 1 B
PR, 4505 T Table 1. A1 %% 118
IS Ti(0-i-Pr) , SECAKRAARXS FH AL, 1L
FUG IR, 500 A 28 LA K R I i JBE 6T 52 I 1) 5% Wi
ARANA Ti( 0-i-Pr), I = AP 1) ee (HERTRAR,
SR 56% K1 53% (entry 1). [ Ti( 0-i-Pr), 5
BCAAR I LA A 38 ™ 2200 ee (BTG 380 W R 327,
MECHR Ly 5 Ti(0-i-Pr), BLCHIN 12 9 W)™ A
ee [HABERA, 7301120 96% F187% (entry 5) . K5
B Ti(0-i-Pr), AR, PRA PR T EES, H
H ee [HAAEA K (entry 6, 7). TE[F]—ERIEZR T,
KA T, FEFFIR PR T SO A ST AR A
PR, SR YR B 2] — e IS, itk
F S FRE, Xh B A ST AR T PR 4 v 1 s
HEHE /N, 4N Table 1 AR entry 5 Fll entry 9 fAF /R,
5% 7. 5% WA AR ] AT 2 1 AR [F] Y 57 AR 2 4
PE. Toluene F1 CH,Cl, #IZEAF M. 55 KA
BT W E X SO A SR, FRATTHE S g i
SRR Z 0 CHI-20 °C, A BRRFAR S0 Tk B2 X %of
BREELFEMERZ AN, (H R T BB B . P
FRATHE S5 S 7 IR B8 U BRI (25 €))L € XK
MIBCIR L, TERAE RN A T RREALRICR 5 €5 XIFx
MIECIA Ly A LG, ee (HA W T FE, Jy 67% (entry
14) , T T Cy XIFRI AR A B T 52 = i
TR WOERENE. 2855 18 IR R, R RATE
EWRL &M RCHO : Ti(0-i-Pr), : L, : ZnEt, =
1.0:0.45:0.05 : 3.0, RWIEE NFEIE25 C),
Y555 Toluene #lI CH,CI,.
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Table 1 Optimization of asymmetric reaction of diethylzinc with 2-Methoxybenzaldehyde catalyzed by L;*
CHO HO (&
©/0\ . ez Ti(0-i-Pr), /Ligand . 0
Ligand T L,/ Yield Ee
Entry Solvent
/(mol% ) /°C Ti( 0-i-Pr), /%" /%"

1 Toluene 5.0 25 1:0 56 53
2 Toluene 5.0 25 1:3 76 76
3 Toluene 5.0 25 1:5 90 79
4 Toluene 5.0 25 1:7 96 83
5 Toluene 5.0 25 1:9 96 87
6 Toluene 5.0 25 1:11 76 86
7 Toluene 5.0 25 1:13 37 86
8 Toluene 2.5 25 1:9 95 81
9 Toluene 7.5 25 1:9 86 87
10 CH,Cl, 5.0 25 1:9 93 87
11 THF 5.0 25 1:9 67 54
12 Toluene 5.0 0 1:9 90 87
13 Toluene 5.0 -20 1:9 10 88
14 Toluene 15.0 25 1:3 95 67

a. Reactions were carried out for 20 h under homogeneous reaction condition using 3.0 mmol Et,Zn, and 1.0 mmol substrate in 5

mL of solvent; b. Isolated yield; c. Determined by HPLC using Chiralcel OD-H column (25 ¢m X 0.46 cm) ; d. L, was used as

ligand.

2.2 RV R

P # e S5 25 2 51 F Table 2. M\ Table 2
(1) entry 3-10 FKATAT LA BUAEAR IR LAy W F,
Cl, Br, CF, Wy HUCEE , A A4 e Sz 0 i
PEREME, (H Y H 7 Ry 3 e L B NO,, firf
() ™ FE R AR A B B, X e Rt B
TR Centry 11, 12) 5 48X 74747 40 CH,O F1 CH, 11y
LT IR DS B 5 Z M L ee (A BT
B, LR R UL 2 AR AT T AR B S R i ik, I
7= ee fHAE 80% ~ 88% Z[A]; {H 24544 a i) H
SRR HIE (entry 19, 20) B H 7 05 2k 1 g 17
P - NAERE (entry 21, 22) FIZR NS (entry 23, 24)
Bf, H2) ee (EAH L T RRARECA A, =) ee
HAE 67% ~T8% ZI1]. 2-Z5 H [ il L™ ) ( entry
27, 28)ee fH I 1-Z5 W (entry 25, 26) BLAIK, FA]
IR T H A AR S5 R, AT 2450

A RE-2-F R,y T 2R SO A, Y S A
ST HEARAL T 22 Bt 40 22 (0 o Bk B, )
ee {7} 43% (entry 29, 30). HUZ MNIHETHRANKA,
BCHR Ly XERER I 07 B R B T RAF A AR
2.3 C, XMRAELE L, pERIMESER

FATREAEAL SOV A B I8 (1.0 ¢) I T
AHEBE(15 mL) i, HIHERIR (310 mL) P ik)A,
AR K (210 mL) P, ARG T
W R PUZ I IERR 25 TR, D8R 2 2R BR
KRN R AT AT A A PO Ly K32 Il MAC A 1
WHTE S R I F R A FRINR, %%
FOX WP A, 45 R8T Table 3. M Ta-
ble 3wl LI HBCIR Ly BEORIAEHT S ), HELX
BLE 2 ee fHILFAAL, X UEHT DAY Ly 14
AT PN IR L R AT A S A9 A2 1.
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Table 2 Enantioselective addition of diethylzinc to various aldehydes catalyzed by C,-symmetric ligand L, "

L./Ti(O-i-Pr), o8
R-CHO + Et.Zn > R %
r.t

Entry R Solvent Yield/%" Ee/%° Config"
1 Ph Toluene 95 85 S
2 Ph CH, Cl, 93 76 S
3 4-Chlorophenyl Toluene 90 91 S
4 4-Chlorophenyl CH,Cl, 91 91 S
5 4-Bromophenyl Toluene 90 89 S
6 4-Bromophenyl CH, Cl, 90 89 S
7 4-Fluorophenyl Toluene 93 90 s
8 4-Fluoropheny CH, Cl, 92 90 S
9 4- Trifluorophenyl Toluene 90 90 S
10 4- Trifluorophenyl CH, Cl, 90 90 S
11 4-nitrophenyl Toluene 37 82 S
12 4-nitrophenyl CH, Cl, 25 83 S
13 4-Methoxyphenyl Toluene 95 80 S
14 4-Methoxyphenyl CH, Cl, 92 81 S
15 4-Methylphenyl Toluene 93 88 S
16 4-Methylphenyl CH, G, 95 88 S
17 2-Methoxyphenyl Toluene 99 87 S
18 2-Methoxyphenyl CH,Cl, 99 87 S
19 3- Methoxyphenyl Toluene 99 72 S
20 3- Methoxyphenyl CH, Cl, 95 68 S
21 2-Phenylvinyl Toluene 99 70 S
22 2-Phenylvinyl CH, Cl, 99 67 S
23 3-Phenylpropyl Toluene 97 75 S
24 3-Phenylpropyl CH, Cl, 96 78 S
25 1-Naphthyl Toluene 95 88 S
26 1-Naphthyl CH,Cl, 95 83 S
27 2-Naphthyl Toluene 94 75 S
28 2-Naphthyl CH, CL, 93 70 S
29 2-Py Toluene 88 43 S
30 2-Py CHLCL 88 43 S

a. RCHO/ L,/Ti(0-i-Pr),/Et,Zn=1.0/0. 05/0. 45/3. 0, Reaction time: 20 h, Reaction temperature: 25 C; b. Isolated
yield; c. Determined by HPLC using Chiralcel OD-H column (25 em X 0.46 c¢m) ; d. Determined by the sign of the specific ro-

tation.
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Table 3 The recycling and reuse of C;-symmetric ligand L,

F,C OCHO + Et,Zn

Ti(0-i-Pr), /L,
—_—

Toluene

OH

Cycle 1 2 3 4 5
Ligand (% )* 94 95 96 93 94
Yield(% )" 90 90 88 89 90
ee (%) 89 87 87 88 87

a. Isolated yield by recuperation; b. Tsolated yield; ¢. Determined by HPLC using Chiralcel OD-H column (25 ¢m X 0.46 cm).
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Synthesis of Enantiopure C, -symmetric Ligand Derived from
BINOL and Its Application in Enantioselective Addition
of Diethylzinc to Aromatic Aldehydes

ZHU Wei-jun, LIU Da-cai, YANG Nian-fa, YANG Li-wen
(Key Laboratory of Environmentally Friendly Chemistry and Applications of Ministry of Education,

College of Chemisiry, Xiangtan University, Xiangtan 411105, China)

Abstract: A novel, recoverable C,-symmetric dendritic small molecular ligand (1,) containing BINOL has been

synthesized to conduct the enantioselective addition of diethylzinc to aromatic aldehydes. The optically active

secondary alcohols were obtained with up to 91% ee and up to 99% yield. After the reaction was finished, the den-

dritic ligand I.; was recovered with a high yield by simple extraction and washing process. The recycled dendritic

ligand was reused for five times without loss of catalytic activity as well as enantioselectivity.

Key words: C,-symmetric; aromatic aldehyde; diethylzinc; enantioselective addition



