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6a: Content of BINOL 8.1%
6b: Content of BINOL 8.6%
6¢: Content of BINOL 14.9%

Scheme 1 The synthesis of title compounds 6a ~ 6¢

2.1 {kEW24MER R0 &
RT3 Y-2RPFRE 2, TRAEEPEE,
1-BE T2 i, AR 2/ (BINOL) 2-1 &,
EEAHERTSEPREN, GENLTERR
HEEFE 822, FHETEERRKE T,
5 DMF R S8 2,2- " FHEE B EE1,1-HK
TERE3Y- B2 - LHAMEANEER
B R 24, BUE 69% .

2.2 thEW(2)5aFH — R AR LR
HBEDT, AASKREP T, H 115.9 mg (0.267
mmol) 2-4.316.2 mg (2.68 mmol) AT —_#¥.596.8
mg (2.94 mmol) FXE_FREET 0ml =8
Bl e ZECHE RN 0.59 ml (7.35 mmol) I
AP BE, R SRR RN 8 h; R
LA 15 mL B REE L ITIE , R, KA KB

MR, BEAAHFRER  RFHE—FH
“H P/ EEARML, WEREF T OCHE
FH,18 0.74 g 2-5a, 7= % 74.5% .GPC 717, M,
=7279,PDI=1.42; REWF BINOL - FEEN
4 100 g BEH A 8.5 g BINOL(' H-NMR ¥ 5E ) ;
IR (KBr):2938, 1716, 1473, 1269, 1012 cm™'; 'H-
NMR (CDCL, 8):1.53 ~2.05(m, 8H,—(CH,),),
4.33 ~ 4.37 (t, 4H, —OCH, ), 8.09 (s, 4H,
Ar—H),[BINOL 4} F:2.94(s, 6H,—OCH, ), 4.62
~ 4.51 (d, 4H,—0CH,0—), 5.71 ~ 5.76 (m,
4H,—CH,-BINOL),7.21 ~ 7.46 (m, 6H, -BINOL-
H), 7.80 ~ 7.90{(d, 2H,-BINOL-H),8.11 ~ 8.19
(d, 2H,-BINOL-H)].

&y 250 A RFILERELE; A 115.9 mg
(0.267 mmol ) ( R)-2-4.316.2 mg(2.68 mmol) i 2
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BRI 596.8 mg(2.94 mmol ) B X — B Bt S AT
LR R, EER 74.8% . [a )y = - 42(2¢,CHCL ) ;
GPC 4r th, M, = 10146, PDI = 1.46; B 5 4 b
BINOLG FEEANE 100 g BRAM T H9.5¢
BINOL ('H-NMR # i }; IR (KBr): 2938, 1716,
1473,1270,1102 cm ';' H-NMR (CDCl, 8):1.38 ~
2.05(m, 8H,—(CH,),), 4.34 ~ 4.37 (¢, 4H,
—OCH,), 8.09(s, 4H, Ar—H), [BINOL 4+ F:
2.87 (s, 6H,—OCH, ), 4.60 ~ 4.50 (d, 4H,
—OQCH,0—), 5.69 ~ 5.75(m,4H,—CH,-BINOL),
7.21 ~ 7.45(m, 6H,-BINOL-H), 7.79 ~ 7.90 (d,
2H,-BINOL-H), 8.13 ~ 8.19(d, 2H,-BINOL-H) ] ;
Anal. Caled. Found: C, 69.24; H, 6.29.

e 285 MEM B ER B A 213.2 mg
(0.491 mmol) ( R)-2-4.,289.8 mg(2.456 mmol) A9 %
ZEEH 596.8 mg(2.94 mmol ) B % HE _ FF B HEAT
LR, H 69.8% . [«]7 = — 28(1¢,CHCL ) ;
GPC 4+ #h, M, = 20179, PDI = 1.58; B & ¥ b
BINOLZ T HENE 100 g B E 182 ¢
BINOL ('H-NMR @ 5 ); IR (KBr): 2938, 1716,
1473,1270,1102 em ™' ;' H-NMR (CDCL, 6):1.53 ~
1.85(m, 8H,—(CH,),), 4.33 ~ 4.37 (1, 4H,
—OCH, ), 8.08(s, 4H, Ar—H), [BINOL 4 F:
2.94 (s, 6H,—OCH, ), 4.63 ~ 4.52 (d, 4H,
—OCH,0—), 5.72 ~ 5.76(m,4H, —CH,-BINOL) ,
7.20 ~ 7.46(m, 6H,-BINOL-H), 7.79 ~ 7.90(d,
2H,-BINOL-H), 8.15 ~ 8.18(d,2H,-BINOL-H) ];
Anal. Caled. Found: C, 69.79; H, 6.18.

2.3 4ha¥(2)6a BEH — MR HERI IR =
R EFAMERNIEOT, FRASEP B
0.5 g (0.267 mmol) 2-5a ¥&F 10 mL —_FF e,
A 20 mL HC/S AR M, 1R F R 72 h. R
RSB IS , BRI EFaBEN G MA 15 mL F 8
EEHTE, I8, KKK BER,BIQCHEK
REEREHE—SH _EFP R/ P& R,
WEREIF T 60CESE TH2,75 0.43 g 2-6a, = F
87.9% .GPC /+#¥7,.M, =7211, PDI=1.41; B&Y
FBINOL A FERBANB 100 BRAYHFHES. L g
BINOL ('H-NMR #ll ;£ ); IR (KBr): 3412, 2938,
1716,1473,1269,1102 em '; ' H-NMR (CDCl, 8):
(1.53 ~2.05(m, 8H,—(CH,;),),4.33 ~ 4.37 (1,
4H,—OCH,), 8.09 (s, 4H, Ar—H), [BINOL 4}

F:5.72 ~5.77(m, 4H, —CH,-BINOL), 7.21 ~
7.46 (m, 6H,-BINOL-H), 7.80 ~ 7.90(d, 2H,-
BINOL-H), 8.11 ~ 8.19(d, 2H,-BINOL-H) ] .
KAWB T FHRE 2-6b WS FER L
0.5 g (0.267 mmol) 2-5b #£ 4T L R R KL, 7= &
88.6% .[ o]y = +10(2¢,CHCL ); GPC 4347, M, =
9517,PDI = 1.58; R EWH BINOL 5y FE B AT
100 BAEWH A 8.6 ¢ BINOL('H-NMR ] & );
3421,2938, 1716, 1473, 1269, 1102 ecm™'; ' H-NMR
(CDCL, 8):1.38 ~2.05(m, 8H,—(CH,),), 4.34
~4.37(t,4H,—OCH, ), 8.09 (s, 4H, Ar—H),
[BINOL 4} ¥ :5.69 ~ 5.76 (m, 4H,—CH,-BINOL) ,
7.21 ~ 7.46 (m, 6H,-BINOL-H), 7.79 ~ 7.91(d,
2H,-BINOL-H), 8.14 ~ 8.20(d, 2H, -BINOL-H) ] ;
Anal. Caled. Found: C, 69.79; H, 6.32.
REBFHEE 2-6c WERFERL; B
0.55 g (0.267 mmol ) 2-5¢ # 17 £ & K [, /= %
86.5% [« 1% = +12(1¢,CHCL, ) ; GPC 437, M, =
19758 ,PDI=1.61; -39 BINOL 7y T & B A E
100g BEWF A 14.9 g BINOL(' H-NMR I £ ) .
3420,2918, 1716, 1473, 1270, 1102 em™'; ' H-NMR
(CDCL, 6):1.53 ~1.85(m, 8H,—(CH, ), ), 4.33
~4.37(t,4H,—OCH, ), 8.08 (s, 4H, Ar—H),
[BINOL 4+ F:5.74 ~ 5.78(m, 4H, —CH,-BINOL) ,
7.20 ~ 7.46 (m, 6H,-BINOL-H), 7.80 ~ 7.92(d,
2H,-BINOL-H), 8.12 ~ 8.19(d, 2H,-BINOL-H) ];
Anal. Caled. Found: C, 69.40; H, 6.26.
2.4 FHEREMRIE B THEY 2-5a,
2-5b,2-5c @SB EHRN  ZETIME
TR AR RN TE M, AT E AT T At
MR EET SREN S FRENEN, Bt
A NS = e e A T B R =
FAL& % . FT-IR(KBr, ¥/cm™ ') 7E 3420( ¥ o).
1716 (¥ c—o ), 1102 ¥ ) RIFFAE W O 55 T 3
EY IR R AR REE R R

& ,2-5a, 2-5b F 2-5¢ F, Bk _ 25 8 BINOL 5

—OCH,(CH, ), CH,0— 43 1:11.2,1:10.1,1

:5.5(R 1), 5 RMEHAT#ELH 1:10.0,1:10.0,
1:5.0%F kb, RBLTE B T B4 4 MOM R K& 7
FF A k. £E B E S FEAE 2-6a, 2-
6b,2-6c Y, BKATE AT A =ZRMAB Y ERHB X
RFZEAN BROZEEEMBTELE, BEK
BHAEER. Y, RAT HCO-B A BB ME
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Table 1 Characterization of pelymeric MOM-BINOL compounds

Comps. BINO: Yields BINOL/—OCH, M
no. Hexanediol (%) (CH,),CH,0—* (PDI}
5a 1:10 745 1:11.2 7279(1.42) 17/1.54
5h 1:10 T74.8 1:10.1 10146(1.46) 22.8/2.28
5c 1:5 69.8 1:5.5 20179(1.58) 36.4/6.63

*Molar ratio of BINOL: —QCH, { CH, ) ,CH, G— were calculated by 'H-
NMR;
"Data of M, and PDI were measured by GPC;

*m and n Degree of polymerization as shown in Scheme 1

AR R B A4 50, T H-NMR (CDCL) BB
B , 38 A ¥ ) BN B ) , 45 B AR A B AR 4 84 B 4
TR . A iR A BB R F , 2-6a,2-6b
1 2-6c T EE B 5—OCH, (CH, ), CH,0— Lt 4
Bi% 1:12.4,1:11.4 " 1:5.8(F 2),X 5 2-5a,2-
5b Fl 2-5¢ B — 2B 5—0CH, (CH, ), CH,0—H
WM, SRR A RSB EREN KR, B
5=RUEWENRAPELNHEL, RKREE
B Rt GPC ¥ M HNMR I EE R, B &
#1th 2-6a, 2-6b F2-6¢89 BINOL 4+ FHE N E
100 g REYWHEH 8.1, 8.6 7 14.9 g BINOL.

Table 2 Characterization of polymeric BINOL ligands

Ligands Yields BINOL:—OCH, M e BINOL
no. (%) (CH,),CH,0—" {PDI} (%)
6a  87.9 1:12.4 7211 (1.41) 17.9/1.44 8.1
6b  88.6 t:11.4 9517 {(1.46) 22.5/1.97 $£.6
6c  85.6 1:5.8 19758 (1.61) 37.2/6.39 14.9

*Molar ratio of BINOL/—OCH, (CH; ), CH, 0— were caleulated by 'H-
NMR;
*Data of M, and PDI were measured by GPC;

*m and n Degree of polymerization as shown in Scheme 1

3 AT ERDDA

7 Ti(0'Pr), FFTERI SR 4& R v, R X FR m
HERMETEN T . ARERKRIPF T, ¥ 752 ng
(0.025 mmol) 2-6b # T 1 mL FF X+, 10 min J5 N
A 34 L. Ti(0'Pr), (0. 10 mmol) , Z A HEFE 10 min;
BEEMA 0.375ml (1.0 ml/L) ZZEHMNED
B T, R SEBERE 10 min; B IKIFEAZE 0C, In
A 13 uL (0.125 mmol ) HIFEHIRE, KL NE 7 h; K58
BE MA20mL(l.0m/L)HEEBRAILR
R, BB EAEY, s FULE , KK A F ik
MENER K RAFELHBERE, FILERAEL
KEIBREE TR .8 A . 2T EEEERD
FaM1-EE1-FEIRY, PERE, AES

BETA DEX™120 (0.25 mm x 30 m}F ¥ K GLC
Ky W) ST E PR AL 3R R R b i R

FEX Ti(O'Pr), HAEW R M AE R P, AXTHR M
Bt BN T, ZERSXERFT.H 752 mg
(0.025 mmol) 2-6b BT 1 mL FEH,10 min J5 N
A0.375mL (1.0 mol/L) ZZ BB IETHBER,
LR 10 min; RS VKIHRATE 0C, A 13 L
{0.125 mmol} MW, KR 7 h; RS, N
A 2.0 mL{1.0 mol/L) {1 2h R ¥ W 4% 1t R OY , 3 U6
BERBY. A HAIE KR ARAmRREME
WK VERMAALRBEE, ANEREKMRE
T B R4 T — T EREEBALARN 1-
FE-I-AMBRY; FERE, AEHF BETA
DEX™120 (0.25 mm x 30 m) FHE4E#) GLC K K2
LA AL 3 B X Bk 1
4 EUEHETR

ZZEFESENAXRMBRE R RRA

OH

0
Chiral catalyst *
H +Znkty —— Et

BT 45 R n=R 3 FiR,

Table 3 Asymmetric addition of diethylzinc 1o benzaldehyde catalyzed by
(R)-BINOL and the polymeric ligands in the presence or absence of
Ti(OPr)}

Entry Ligands Conv.(%) e.e.(%)" Config."
1 BINOL 98.4 85.1° R
2 BINOL 19.0 4.6 R
3¢ 2-6b 89.1 34.5 R
4* 2-6b 82.5 11.4 R
5 2-6b 81.7 34.0 R
[ 2-6¢ 99.5 40.6 R
7° 2-6c 99.8 19.8 R
8 2-6c 99.3 40.2 R

*Benzaldehyde: ligand : Ti{ Q* Pr), : ZnEt, = 1.0:0.2: 0.8:3 ( molar
ratio} ; Reaction temperature = 0°C; Solvent = toluene: Reaction time
=T7h;

®Determined by chiral GLC analyses;

“Under similar experiment conditions, B8.3% ee and 85.0% ee of 1-
phenyl-1-propanel  were obtained by Chan'®  and Nakai®'!,
respectively ;

4 Chiral polyr'ner Ligand was used in the presence of Ti{ O°P),:

“Chiral polymer ligand was used in the absence of Ti{0'P),;

"Recyele chiral polymer ligand was used.

FHE-EREARKETRES 2858
AWM G FHERNTE R
—, EEBB T ZMHR,HFHBAT R #
R F . Chan™ A1 Nakai™' B E T D2 T F #
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BINOL AC 4 7E It 26 4k S i 2L 5 16 B R4 b
. P B A 8 S H BINOL FH AR TH
B4 FFHREERS Z Z 2SR R
R R B AT I, RIIUARER
MEHSHEFUHR _-—ZEBN AN T VE
R ERRBNEY. 2R T 255 EFENA
SRR B R B, 3F 5 AN F B 2 A9 b R AT
AT T X AR (R 3 ).

MREER, EHSFFHEE/TI(OP), #
hERERP TBEHR > FFHRARAEFTHK
R T, IR T B e R 1 . IR 3 AR, TE MO AR/
Ti RBRES, (R)-BINOL 4 4 85.1% 49 e.e.
{8, T 2-6b 1 2-6¢ ({45t 34.5% 1 40.6 % e ..
B RAHEEN, RITANXTRELOT FHEEAEE
B — P EETRSFHAYTR _ENEE
B, MBS FHRRTFERERNERE AMT
HAWMMEEHWS S TEM,EXTEFHNA
EREEENYHP S —FE, WA sEEdm T

WMEERR, SEEFHELEEN DB =4,
£X Ti(0O'Pr), FEMBLERPRERA LA
FHOEARNESE, R B EE. 8K
B, ELELARNERY B TFFERERAL
TR ® T/ TR B LR N5, 1A
Hus g BB AERER.FI0E 3 FR, A
(R)-BINOL £y F th Fo ik {44 5 19.0% I §%
1E#,4.6% B e.e. {H, T 2-6b 7 2-6c EZ A H
82.5%F99.8% M LR LUK 11.4%F 18.8% M
e.e. {H. 750, BATLAE LY 2-6b F1 2-6¢ 1E K L
EH TR RN, KEARERGRESMH
MY RREE, R FERERE. 5K
R ESTFEHEEMTOP), BIELKEME
Ti(O'Pr), FE FHBE S FFHEREART -Z2E
BEEXEPENANHRME RS, HEALEH
RALEE; P H S FFHERE/TI(0 Pr), H#
fEEREE TiI(O'Pr), FETHES T FHREN
AR R A E AT RS
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THE SYNTHESIS OF SOLUBLE POLYMER-SUPPORTED CHIRAL BINOL
LIGANDS AND ASYMMETRIC ADDITION REACTIONS

Liu Guohua' , XUE Yunning', CHEN Xiaomin®, FAN Qinghua’
{' Department of Chemistry . College of Life and Environment Sciences , Shanghai Normal University , Shanghai  200234)
(* IMRSS, Center for Molecular Science, Institute of Chemisiry, The Chinese Academy of Sciences , Beifing  100080)

Abstract Soluble polymeric chiral binaphthol (BINOL) ligands have been synthesized through copolymerization of
3,3"-bis( hydroxymethyl }-2,2’-bis{ methoxymethy leneoxy)-1, 1’ -binaphthyl, 1 ,6-dihydroxyhexane and 1,4-benzene
dicarbonyl chloride followed by deprotection of methoxymethyleneoxy groups by ‘ PrOH/HCI, and their application in
the enantioselective addition of diethylzine to benzaldehyde was investigated. All soluble polymeric chiral BINOL
ligands were characterized by IR.'H-NMR .GPC and elemental analysis, which clearly demonstrated the formation of
polymeric chiral BINOL ligands . These soluble polymeric chiral ligands were found to be effective in the addition of
diethylzinc to benzaldehyde either in the presence or in the absence of Ti{ O'Pr), with higher catalytic activities and
lower enantioselectivities. In the latter case,the dendritic chiral BINOL ligands showed much higher catalytic activity
and a little higher enantioselectivity than BINOLs.

Key words 1,1'-BINOL, Chiral polymeric catalyst, Synthesis, Asymmetric catalysis, Reaction



