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Inducement of Poly[(S)-3-(4-vinylbenzyloxy)-2,2'-dihydroxy-
1,1'-binaphthyl] in the Asymmetric Addition of Diethylzinc to
Aromatic Aldehydes
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Abstract Poly[(S5)-3-(4-vinylbenzyloxy)-2,2'-dihydroxy-1,1'-binaphthyl] (poly-5a) was synthesized via radical polymeriza-
tion and its asymmetric inducement in the addition of diethylzinc to aromatic aldehydes was studied. The addition products
have good enantioselectivity with up to 89% enantiomeric excess (ee). Poly-5a can be easily recovered and reused without loss

of catalytic activity.
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4R 25 SCHR[17~ 18], FRATE BT (S)-3-(4- 445
HL AR L )-2,2"- S TP B 0 - 1,172 B0 25 (), TR LA
A 7 T (AIBN) 51 KT 7 H R &5 5
poly-4a. Poly-4a 7£ HCI 1FH i 2: B &L A JE 15 5
BiAk poly-5a. HAKE g4 WL Scheme 1.

Poly-4a H1 poly-5a []7; 15737l /Z& 12100 F1 9900.
I poly-da A1 poly-5a ] 'H NMR % E(& 1) Airs
A LLR IR, poly-5a 7E 9 2.1~2.7 M1 2.7~3.5 WH =S, ¥t
] poly-4a £ [ {RIH(MOM) L4 58 4 it 5.

1.2 ZZEF5FEBNANIRMAR K&
1.2.1 =T R4 535 KRR w69 KA
DL 1-25 NI ANZ R AT T 26 AR 2 (Table

PN 2 ee (B IR EF, 737008 90%H1 75% (Entry 3).
BB AT ST AR FH X SRS, 45 R
Be A B & 5% (Entry 4)F, FRAS 2575 98%,
B2 ee 1A 67%; WMELARFIFER, FATKIZ B~
2R 2 6 4 o A4 F B 3 0T PR A, BRI =R 1A 50%
(Entry 6). [N a]AT = 2345 1) T & R RE S i g 7
TR, ARG 46 S NI (7] 22 12 h Bl 18 h 431 H 15 3
53%F11 76%[17= R (Entry 12 Entry 14), 1 24{# [ 2 equiv.
TOREEN R HA 35% 107 % (Entry 13), FIILAE ee
HAMAKRIE T, TATER 20%MECAH &, KM
IFIE) 24 h, =50 = 2348 H &7 58 (Entry 5), 1X
I 7= 0 ee {53 37T LLIEE] 92%A1 81%. Htfa, XM
T FE AT Ti(O-i-Pr), K F B HEAT 7 25 %¢(Entries 7~11), i
SERERMIRE A0 °C, Ti(0-i-Pr), [ F &4 140 mol%.
TEZSEAE T AV BIAEE =2 93%H1 ee {H 84% (En-

D). B, MBI T, SEA AR, 0y 7). SR RABEXAGT Sa IOREALIEREEST T8
OO OMOM n-Buli, I2 OMOM KOH, Cul, 110-phenanthro|ine‘ OO OMOM
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'H NMR (400 MHz, CDCls) of poly-4a and poly-5a
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Table 1 Optimization of asymmetric reaction of diethylzinc with 1-naphthaldehyde catalyzed by poly-5a

CHO

Ti(O-i-Pr)4/Ligand

HO.x

CH,Cl,

Entry Solvent Ti(O-i-Pr)4/mol% Ligand/mol% 7/°C Yield®/% ee/%
1 THF 80 10 0 80 43
2 Toluene 80 10 0 59 65
3 CH,Cl, 80 10 0 90 75
4 CH,Cl, 80 5 0 98 69
5 CH,Cl, 80 20 0 92 81
6 CH,Cl, 80 30 0 50 80
7 CH,Cl, 140 20 0 93 84
8 CH,Cl, 200 20 0 90 79
9 CH,Cl, 140 20 r.t. 95 81
10 CH,Cl, 140 20 —20 80 82
11 CH,Cl, 0 20 0 15 7
124 CH,Cl, 80 20 0 53 83
13¢ CH,Cl, 80 20 0 35 80
14/ CH,Cl, 80 20 0 76 83
15% CH,Cl, 140 20 0 95 79

“ Reaction conditions: 1 mmol of 1-naphthaldehyde, 3.0 equiv. Et,Zn, 24 h; ? Isolated yields; ¢ Determined by HPLC with a Chiralcel OD-H column; ¢ The reaction
time was 12 h; © 2.0 equiv. Et,Zn was used, /The reaction time was 18 h; ¢ 5a was used as catalyst.

8, 152 T HR 740 i1 177 26 95 % FHBES AR 1% B 4%
P 79% (Entry 15). #EF] Sa A5 1EHE AT poly-5a
HET LA, e & TATIE E M SR K n(BE)
n(Ti(0-i-Pr);) : n(ZnEty) : n( poly-5a)=1.4:1:3:0.2.
1.22 &Rtk

F 8 BRI AR A, BATH A F B R T ix A
N FRSR, 35T M 13%~89% ee fE(Table 2). H4JE4)
FE A B IE 1 2 FH S (Entry DI 7P 5 ee 54 80%, 24
JEA R A W HE T BRI (6 & 2K F S (Bntry 2). YR
K (Entry 3). X AHZE R H % (Entry 10)F106 = 5 F1 &
KBS (Entry 13)I P2V ee HA AT, 00k F|
83%, 81%, 85%F1 81%. i A 2 ML+ HUAR KL (1) 5 7 1 [F]
FERILH AR U7 1 S BE v, 5o RIS F S I = ) ee
1B 1% B 8% = £ 89% (Entry 5), =/ HI S8 R U i 25 P
HIINR =) ee th AT LA F 83% (Entry 4), 2-%% FHEE 1N
Hr=¥)(Entry 8) ee {H b 1-28 S EMIE, AT NZH T
TS (AR ZE 5 51 R . poly-5a X X3 2 FHZ H s
R HANEE S e 3, ee (EIAE] T 79% (Entry
12); R s 75 F2= (0 B W AL EE B (Entry 7) 12K TR
% (Entry 6)F, BCLIA Poly-5a BT IL H R 1 F- 14155 FE H
BEEAET, AT ee fH 5 R H 65%F 71%, HIIHR
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Table 2 Enantioselective addition of diethylzinc to various
aldehydes catalyzed by Poly-5a

poly-5a, Ti(O-i-Pr);  OH

R—CHO+ Et,Zn

CH,Cl, R
Entry R Yield"%  ee/% (conf))
1 Ph 91 80 ()
2 4-CIC¢H, 85 83 (S)
3 4-BrCgH, 93 81(S)
4 3-CH;0C¢H, 92 83 (S)
5 4-CH;C¢H, 97 89 (S)
6 C¢HsCH,CH, 95 71 (S)
7 C¢HsCH=CH 96 65 (S)
8 2-Naphthyl 89 74 (S)
9 1-Naphthyl 93 84 (S)
10 4-NO,C¢H, 80 85 (S)
11 2-CH;0C¢H, 91 82 (S)
12 4-COOCH;C¢H, 75 79 (S)
13 4-CF3CgH, 87 81(S)
14 2-Py 28 13 (S)

¢ Reaction conditions: 20 mol of Poly-5a, 140 mol% Ti(O-i-Pr)s, 3.0 equiv.
Et,Zn, 0 “C, 24 h. * Isolated yields. ¢ Determined by HPLC with a Chiralcel
OD-H column.
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BT SO R R R B S BT I AR A R R B
WeZE (st REEREE) P2 ee (AR5 A 1R(28%
Al 13%, Entry 14). MS2E6 45 HkE, BUAE poly-5a Xf Kk
8 O7 BRI T B TR SR A
1.2.3 Poly-5a ¢9 =& £ 4

KR a0 g Tk Eh A — & k(15
mL)REER, HiHE 1 h 5 HaEE, BAEPTEEA
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MF 3 T LB H, poly-5a &I 6 Ik, F=HI=
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# 3 Poly-5a fIEICFIH
Table 3 The recycling and reuse of poly-5a

CHO

HO.»
+ Etzn THO+PNJpoly-5a

CH2C|2 OO

Recycling time Yield/% ee/%

1 92 82

2 91 84

3 90 83

4 89 82

5 90 81

6 89 82

2 &g

Kl | BB RS S R (9)-3-(4- LR E R AR
F)-2,2- TR FE -1, 1-Bk ZE (poly-5a) M T 75 RN — 2,
BRI AR B RE T, 0 RSG™ 4 H AT BT 0] ke ik
Bk, ee (Efci TTIA 89%. Poly-5a AJ LA [ 5 A HLf#
AT PRI I B A A B S BRI
3 IEES
3.1 XFS5HF

'"H NMR 1 °C NMR LA CDCIL; 1E¥ 7, TMS 1 I b
1E Bruker 2 7] ] AV-400 #Z i 3L ARAC I -k
SYHTTE Agilent 7890A Gas Chromatograph - ill5E; LLjiE
Y& E7E PerkinElmer Polarmeter model 341 FIAR; 77
ee (HZ = RUHAR % 53 HT: Dionex P680 HPLC, Chi-
racel:emoji:OD (Daicel Chemical Ind., Ltd, 25 ¢cm X 0.46
cm), ViEAAIE MR L, FHEMH OD-H, #iR
25 C.

FZE. DUSWRIG . N,N-— F L LG A B 7= 4
Fratik s, (S)-2,2'- 52 JE-1,1- B 25k E Bl 4 Tl 4
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A, RHEE. EIEHE. SRR, 3-SR
. 2-FAGER . 1-ZFME 2-25 . KRR, I
EHNIPOR SRS L NG R S/ S A = | I vl I Wil
AF, AREROEE B ZRERFEAFAF, Hpw
FHARFE AT al, A Rr 4 i .
32 SWHE
32,1 (S)-3-(4-T M &
H-1,1-BR 6 A K

1E0 CF, A S)-3-FHE-2,2-— FI 4 5 F A Ot -
1,1"-B£25(1.95 g, 5 mmol)f] THF/DMF (1 : 1, 30 mL)i#
Wb i\ NaH (240 mg, 10 mmol), IN5¢ & ¥ S B iR
EYITE0 CHERE30 min. 12 NIR AP S22 i Inxt &
FIEL 2K 20%5(0.83 mL, 6 mmol), N5 FH = MR &
EEIR NP 24 h )5, A 10 mL /KK, 4 HAEHUAA,
JKAHF CHLCL 2B (15 mL X 2), &3NS AT
7K MgSOy F¥. KA HLE I e 5 TR )5 Fr I8 i)
ABRIEFIT R RYEAE BN BEBF: MR CEE)
VA ME) =1 1010 EH A AEAK 42 23 g BCF
91%). m.p. 171.5~172.6 C; [0]5s —442.0 (¢ 1.0, THF);
'H NMR (400 MHz, CDCLy) 6: 7.94 (d, J=9.0 Hz, 1H),
7.85 (d, J=8.1 Hz, 1H), 7.77 (d, J=8.1 Hz, 1H), 7.58 (d,
J=9.0 Hz, 1H), 7.54~7.35 (m, 6H), 7.31~7.09 (m, 5H),
6.73 (dd, J=17.5, 11.0 Hz, 1H), 5.77 (d, J=17.6 Hz,
1H), 5.27~5.20 (m, 3H), 5.16 (d, J=6.8 Hz, 1H), 5.00 (d,
J=6.8 Hz, 1H), 4.92 (d, J=5.4 Hz, 1H), 4.85 (d, J=5.5
Hz, 1H), 3.18 (s, 3H), 2.50 (s, 3H); °C NMR (101 MHz,
CDCly) d: 152.94, 151.30, 144.72, 137.45, 136.49, 136.28,
134.16, 131.46, 129.71, 129.67, 129.09, 127.95, 127.80,
127.39, 126.77, 126.51, 125.99, 125.93, 125.42, 124.22,
124.15, 120.83, 116.82, 114.28, 108.64, 98.36, 95.10,
70.38, 56.11, 55.97; IR v: 3308, 2973, 2924, 2358, 1623,
1442, 1304, 1010, 971 cm™'; ESI MS m/z: 529 [M+Na]"
Anal. caled for C33H;005 C 78.24, H 5.97; found C 78.21,
H 5.96.
322 (8)-3-(4-THi A FAAK)22-ZF ALK R
ERRES

£ 0 CTF, ¥ 2 mL #KRIEERZZIEHE I 2(S)-3-(4-
O HETR A )2, A B AR - 1L 1125 (600 mg)
) THF (10 mL)¥H, 058 55 R BR GH7E 0 °C
THERE 24 h. JEURZRTRERR L DU SRS IR Y, Kk
YV R T — S %% (30 mL) H 3 H K VR %% (10
mL X 3), FHTG/KIREREE T8 5 g, JE R 2 ok 2513
b LB G TR E A ENT A MO &
) @ VCAMED) =1 © 4] SR EMARY) Sa (550
mg, & 91%). [a]is—585.0 (¢ 1.0, THF); '"H NMR (400

R )22 T RAT &
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MHz, CDCl;) 6: 7.93 (d, J=8.4 Hz, 1H), 7.87 (d, J=17.5
Hz, 1H), 7.78 (d, J=7.3 Hz, 1H), 7.50~7.46 (m, 4H),
7.42 (m, 1H), 7.39~7.31 (m, 3H), 7.25 (m, 1H), 7.21~
7.12 (m, 3H), 6.78~6.69 (m, 1H), 6.06 (s, 1H), 5.80 (d,
J=17.6 Hz, 1H), 5.33 (d, J=9.9 Hz, 3H), 4.98 (s, 1H); *C
NMR (101 MHz, CDCly) d: 151.60, 146.46, 144.90,
138.01, 136.29, 135.17, 133.49, 130.42, 129.27, 129.08,
128.32, 128.27, 127.16, 126.76, 126.71, 125.37, 124.75,
124.68, 124.63, 123.53, 117.66, 114.73, 113.55, 112.60,
108.51, 71.04; IR v: 3499, 3054, 2359, 1709, 1619, 1596,
1508, 1405, 990 cm ™ '; ESI MS m/z: 418 [M]" Anal. calcd
for CooH,,05 C 83.23, H 5.30; found C 83.21, H 5.28.
3.2.3 Poly-4a #94 m&

AAURE T, H(9)3-(4- LIBIE R A IE)-2.2-— 2
Fe-1,1-B£25(2.53 g, 5 mmol), AIBN (20.5 mg, 0.125
mmol) I H K3 mL)VRAY) 76 75 CF /XM 36 h. ¥
SONAIEIN R EEF (100 mL), BB AT KR FE A, K
Pk, WA EE I TR S RIM poly-4a, (220 g, Wi E
87%), [olss —328.0 (¢ 1.0, THF), M,=12100, PDI=
1.55; '"H NMR (400 MHz, CDCls) d: 7.79 (br), 7.13 (br),
6.49 (br), 4.90 (br), 2.99 (br), 2.35 (br), 1.36 (br); IR v:
3508, 3059, 2972, 2359, 2342, 1597, 1406, 1114, 912
cm L
3.2.4 Poly-5a #9455k

1E0 CF, ¥ 5 mL ik ERFRZNZ T M E] poly-4a (1 g)
(1) THF (20 mL)¥& ¥, 40058 J5 1 R BHRGILE 0 °C
TIRBE 24 h. B R SITEA T 75 VR B 25 DU S R A3
B, KRBT & (50 mL)H, B AL
2, A& KBS (10 mLX3). FAEHZET
U8, KRB SN KR R R R, AR, A
HHEOZURYNTH, S SR REREY. UEE
ot 13RI VEAE L TR 3 Y5 TS poly-5a (0.8 g,
FEE 97%), [a]sns —0.628.0 (¢ 1.0, THF), M,=9900, PDI
=1.67. "H NMR (400 MHz, CDCl;) d: 7.70 (br), 7.15 (br),
6.47 (br), 5.03 (br); IR v: 3506, 2971, 2923, 2360, 1597,
1342, 1112, 1065, 961 cm ™.

3.2.5  Ehfe Z TR ARG TR AR Am i R

BAGHE T, 84 poly-5a (83.4 mg,0.2 mmol)i]
TREH G mL)E R IR 7 AR (0.47 mL, 1.4
mmol), 4 NIREETEER THFE 10 min 5, HEHH
TN Z.3%%@3 mL, 1 mol/L in toluene, 3 mmol), 5
JE ¥ PR G S R HAE 15 min JFFFRZE 0 CHE
ZZA8 I NAH B (I (1 mmol), NI EWIFE 0 C Rk
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i 24 h. ARG IIAMERR(2 mL, 1 mol/L)JF¥4 3
iR, JEIRA TCOK IR R B TG o I T 4 45 BRE S
R i 22 2 G0 43 B Al 13 2 4l ) i = 42027,

4 B #4 Bl (Supporting Information) 1k &%) 4a, 5a,
poly-4a, poly-Sa [IAZ% IR Bl A2 AR IR B . T
AARFAT RL A 9 MAS 1) 9 338 (http://sioc-journal.cn/)_E T %K.
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