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(OR) : PerkinElmer Polarmeter model 341; ;=4 ee
{8 2 B AR 83553 87 : Dionex P680 HPLC, Chira-
cel: emoji; OD (Daicel Chemical Ind. , Ltd, 25 cmx
0%6m>,$ﬁﬁmnlﬁﬁw%;?A%%
A FEETT GPC g . Waters GPC.
R TR JrAfral. B RV R b o D7 vk R AT
THRACIE. T R SCERbR A R T Al S-BRER
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HIEEH M. A RO T T SR kAT
RL(S)-3-C0-2,2"- -1, V- | 196 it 2k
AR L BERT, (8)-3-2.88-2,2- T A S A -
LRSS H 9], (S)-3-238-2,2-—
FEHE-1, 1 -IRZR 5 IS E AN TR 7R 2 FIis.
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Scheme 2 Synthesis of (S)-3-ethyl-2,2'-dihydroxyl-1,1’-binaphthy

1.2 HHREMEN I UHEREREY S EK
KA (S)-3-C I BE-2,2"- — W A B Y AU - 1
17-BEZX(3 g, 7.5 mmol ) 15| &7 AIBN(12.5 mg,
0.15 mmol) M RAIXE R E R 3 K, ZEHIE
S g — U A 10 mL FEORE 353808 vh O HORESR
HREET TS CHMATERE 24 h . RN EHRG
FR R HF] 25 C 512121 A 100 mL {1 H BEE R
o, SR RE, WA B EEURYIT L, B
BIRRAY. BERAYH 10 mL PRE G 1% Hik
TIEAEN P IR 3 YOG, o IEICER B, A
RTE 45 C HA THA D THRARIR(S)-3-2 4

F-2,2"- B AR AR, 1R 2R ] (2.6 g,
87%). [a]®,= -1888.5 (c= 1.0 mg/mL, THF).
Mn= 8.6x10°, Mw/Mn= 1.37 (GPC, THF).
1.3 %*Haémm'lgﬁ'n ERRAW 6 AR

12 A 7 1 2 L O TR 3 9 O S 250
mL FLIURHIN 2. 6 ¢ B[ (S)-3-24H-2,2" -—
SASEH -1, 17 -IBEES A0 100 mL THF %539, 7EJ
FUBEFE T A BN H 2 T T IR R (12 mol/L, 12
mL) , VNS JG BRI A T 25 °C R 4kl
N 24 h. 8 ZE AR R 2R AV R e K % B s
5 mL G BOK 212 A 50 mL 1) A
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TEIRFE, AWrE AR AT, s s e
BEREY. BHEREWH 10 mL —Z P Bl 5 R
BrF 3R gy A P EE p TR 3 R i B I AR [
. PrRERAE 45 °C B2 TR TR B R
HW (2.3 g, 88 %). [ale = -1739.3 (c=
1.0 mg/mL, THF). Mn= 7.6x10>, Mw/Mn= 1.56
(GPC, THF).
1.4 (S)-3-2E-2,2-“HEH-1,1"-BEE S AR
SREEPE LA (S)-3-446-2,2" - T A Sk
A L-1,17-B625(1 g, 2.5 mmol) () THF(20 mL)
W ST ER R (12 mol/L, 1.5 mL) , {i%5Ef5
RAWAE25 CF RN 24 h. Pl R Z& B 25 KR4
VR G K 5 BB T 15 mL BT 1S mL 7K
H, SEENAAYZ, A U2 LR A
K (15 mLx3) e fa H MgSO, T4 A HLZ,
JITAS U8 VR U 2% B s ) I 15 31 1) 5 BA ) A 2 T
([EEAE: Bif2 0.071 ~0.050 mm fEJiK; Vel
VAR © VISR CTR) =5+ 1) 43 & 4% BH s ™
#1(0.71 g, 90% ). [a]gs= -323.5 (¢= 1.0 mg/
mL, THF). "H NMR (400 MHz, CDCl,, &, ppm) :
7.99 (d, J = 8.9 Hz, 1H), 7.91 (d, J = 8.0 Hz,
1H), 7.86 (d, J = 8.1 Hz, 1H), 7.82 (s, 1H),
7.40-7.29 (m, 4H), 7.26-7.23 (m, 1H), 7.16
(d, J=8.3Hz, 1H),7.09 (d, J = 8.3 Hz, 1H),
5.12 (s, 1H), 5.10 (s, 1H), 2.93 (q, J = 7.4
Hz, 2H), 1.39(t, J =7.5 Hz, 3H). “C NMR (100
MHz, CDCl,, §, ppm): 152.88, 151.67, 133.64,
132.97, 132.20, 131.15, 129.47, 129. 40, 128.83,
128.32, 127.75, 127.36, 126.35, 124.32, 124.02,
123.90, 123. 81, 117.86, 111.43, 110. 84, 23.91,
13.81. Anal. Caled. for C,,H,;0,: C 84.05, H5.77.
Found: C 84.08, H5.78.
1.5 = Z BB 5FEBEE AT RN K& 5
TR, AR 25 mL TR
FADE A IMA R (S)-3-L43-2,2" - " ¥ 3-1,17-
HkZ%] (0.068 g, 0.09 mmol) FI 5 mL -4 % U nk
W, FrRG Y RIS, 15RO 2218 I A Bk
25 NTE (0.6 mL, 1.75 mmol) , i S N iR Y78
25 CFJW 2 h. FERGWH A = HE(3.75
mL, 3.75 mmol) , WIR S WHE 25 C T 4k4: %
2 h. Z S5 SO A O °C B vh 3 L b oo
A5 (1,25 mmol) , TEIZIREE T HEHE S 24 h
&, RN SERE G AR ROV Th G212 m 1 mL &

K. W RRA Y g, U8 50 mL LR LT
SRR Pt VR IR R, RO R HLAH
A5 JE A 15 mL LR TR I HO # A0 2 3h /K Bk %
(10 mLx3). HHZHTCK MgSO, T4 i f5ER
BRG], ERNEH A 15 mL FEE $i%
RAY T BIERIPRED 15 min, BIRG Y
U8, VRS Y [ AT H R i 2 RS TR AE L& TS
Zrlalll, WMESAIRG TG, W0 28 BR WY s 20 AH B
IR i, AR B3 2078, 1-Phenyl-1-pro-
panol:'H NMR (400 MHz, TMS, CDCl,, §): 7.39-
7.30 (m, 5 H, PhH), 4.65 (t, J = 5.9 Hz, 1 H,
CH), 1.91-1.80 (m, 3 H, CH,, OH), 0.98 (t,
J=7.4Hz, 3 H, CH,). "C NMR (100 MHz,
CDCL,, 8): 144. 67, 128. 40, 127. 47, 126. 06,
75.98, 31.89, 10.20.

1-(2’-Furyl ) -1-propanol:'H NMR (400 MHz,
TMS, CDCl,, &) :7.45-7.02 (m, 4 H, PhH) , 4.94
(t,J=6.0Hz ,1H,CH),1.90-1.80 (m, 3 H,
CH,, OH), 0.95 (t, J = 7.0 Hz, 3 H, CH,).
" C NMR (100 MHz, CDCl,, §): 142.02, 132.00,
129.37, 128.35, 127.19 , 127.04 , 71.96, 30.50,
10, 07. 1-( 4’-Chlorophenyl ) -1-propanol:'H NMR
(400 MHz, TMS, CDCl,, &) : 7.32-7.25 (m, 4 H,
PhH) 4.59 (t, J = 6.2 Hz , 1 H, CH), 1.90 -
1.58 (m, 3 H, CH,, OH), 0.91 (t, J = 7.2 Hg,
3H, CH;)."”C N-MR (100 MHz, CDCL, §):
143.04, 133.09, 128.53, 127.39, 75.29, 31.95,
10. 00. 1-( 4’-Methylphenyl ) -1-propanol; 'H NMR
(400 MHz, TMS, CDCl,, 8):7.24 -7.15 (m, 4 H
PhH), 4.57 (t, J = 6.3 Hz , 1 H, CH), 2.35 (s,
3 H, , PhCH,), 2.00 - 1.59 (m, 3 H CH,, OH),
0.91 (t, J = 7.3 Hz, 3 H, CH,). "C NMR (100
MHz, CDCl,, &): 141.70, 137.16, 129.11,
126.01, 75.91, 31.83, 21.18, 10.28.

1-(2’-Methoxyphenyl ) -1-propanol :'H NMR (400
MHz, TMS, CDCI3, &): 7.29 - 6. 87 ( m, 4H,
PhH), 4.77 (t, J = 6.2 Hz , 1H, CH), 3.85 (s,
3 H CH,, PhOCH,), 1.94 - 1.69 (m, 2 H CH,),
0.95 (t, J = 7.2 Hz, 3 H, CH,). "C NMR (100
MHz, CDCl,, &): 158.60, 132.82, 129.87,
126.98, 120.72, 110.12, 72.92, 54.11, 30.71,
10. 20.
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1-(3’-Methoxyphenyl ) -1-propanol ;'H NMR (400
MHz, TMS, CDCL,, 8):7.26 (1, J = 7.8 Hz, 1 H,
PhH), 6.97 - 6.73 (m, 3 H, PhH), 4.58 (t, J =
6.0Hz , 1 H, CH), 3.81 (s, 3 HCH,, PhOCH,),
1.85-1.72 (m, 3 HCH,, OH), 0.91 (¢, J = 7.2
Hz, 3 H, CH;). "C NMR (100 MHz, CDCl,, J):
159.71, 146.40, 129.43, 118.36, 112.93,
111.45, 75.96, 55.24, 31.87, 10.20. 1-(4'-Me-
thoxyphenyl ) -1-propanol : 'H NMR (400 MHz, TMS,
CDCl,, &) 7.35-6.95 (m, 4 H, PhH), 4.61(t,
J=6.5Hz,1H, CH), 3.87(s, 3 H, PhCH,),
1.89 -1.62 (m, 3 HCH,, OH), 0.90 (t, J = 6.6
Hz, 3 H, CH;). "C NMR (100 MHz, CDCl,, 3):
158.87, 136.89, 127.28, 113.70, 75.52, 55.25,
31.78, 10.27.

1-( 1’-Naphthyl )-1-propanol:'"H NMR ( 400
MHz, TMS, CDCl,, &) 8. 14-7. 46 (m, 7 H,
PhH), 5.42 (t, J = 6.3 Hz , 1 H, CH), 2.13 -
1.80 (m, 3 H CH,, OH), 1.04 (t, J = 7.2 Hz,
3H, CH,). “"C NMR (100 MHz, CDCl,, §):
140.32, 133. 87, 130. 57, 128. 96, 127. 91,
125.98, 125.55, 125.49, 123.34, 123.02, 72.55,
31.15, 10.62.

1-( 2’-Naphthyl ) -1-propanol: 'H NMR ( 400
MHz, TMS, CDCl,, §8): 7.84 - 7.06 (m, 7 H,
PhH), 4.78 (t, J = 6.8 Hz , 1l H, CH), 1.94 -
1.72 (m, 3 H CH,, OH), 0.95 (t, J = 7.0 Hz,
3H, CH,). “"C NMR (100 MHz, CDCl,, §):
141.96, 133.30, 133.02, 128.27, 127.96,
127.71, 126.14, 125.81, 124.75, 124.17, 76. 17,
31.81, 10.18.

1-Phenyl-1-penten-3-ol;'H NMR ( 400 MHz,
T™S, CDCl,, &): 7.52 - 7.11 (m, 7 H, PhH),
6.58 (d, J=15.9Hz, 1 H),6.22 (dd, J = 15.8,
6.5Hz, 1 H),4.22 (t, J =6.8Hz, 1H, CH),
1.70 - 1.48 (m, 3 HCH,, OH), 0.98 (t, J = 7.2
Hz, 3 H, CH,). "C NMR (100 MHz, CDCl,, §):
136. 81, 132. 36, 130. 44, 128. 64, 127. 66,
126.52, 74.44, 30.26, 9. 86.

1-(2'-Pyridyl ) -1-propanol ;'H NMR (400 MHz,
TMS, CDCl,, &) :8.53(d, J =4.0Hz, 1 H), 7.66
(t, J=8.0Hz,1H) 7.24-7.16 (m, 2 H) , 4.68

(t, J=6.8Hz,1H, CH),1.90-1.68 (m, 2 H
CH,), 0.91 (t, J = 8.0Hz, 3 H, CH,) . "C NMR
(100 MHz, CDCL,, §): 148.18, 136.49, 125. 46,
122.14, 120.33, 73.77, 30.52, 9.28.

1-Phenyl-3-pentanol ;' H NMR (400 MHz, TMS,
CDCL,, §):7.29-7.20 ((m, 5 H, PhH), 3.56 (t,
J=7.8Hz ,1H, CH), 2.80-2.64 (m, 2 H,
CH,), 2.71-2.64(m , 2 H, CH,), 1.60 - 1. 40
(m, 3H, CH,, OH)), 0.94 (t, J = 8.0Hz, 3 H,
CH,). "C NMR (100 MHz, CDCI3, §). 142.32,
128.48 , 128.44, 125.83, 72.66, 38.64, 32.13,
30.32, 9.94.

2 RS

R TERERGWERL(S)-3-LMH-2,2"-— %
Fe-1, 1 -BRZE Ak = 2 JE 40 X B 19 AS S R e I
NG, & EHEEE TR RN I A AR
DA B AN [) 4D BB ot J52 17 3 1 A0 S AR e B P 5
2.1 AFIXY R B B0

SERREE IR (FR 1), N RN 25 5 1 5 Ml
TRA, Horb fe A5 38 B9 700 0 DU &k i (entry 1-3).
7 HAth 52 25— B R LT, DU Ak VR I I
PRI ee (H R 85% , 77Ky 66% . i FHHI AR5 —
SRR, SO 7= R &2 KA H
JEXT B PR PEARAR, b B A S s 0 s = 4 LT
WA SRR RRE. B2 IR T A S EEA R, HR
HTFFER G W LR AL, PR K
I, BT ee (ELALINANEE, FT LAVAT X P01 7 B 440
FEMRFIE.

2.2 BB R AR

AT HRT DAARAT, TR R O °C i Ry 3R I
U, ee [E 0 85% , P75 K 66% (entry 3). JRJEFER
=20 CHf, [N ARERERA B2k, A
SN A 7= R AIR R 37 % (entry 4). £ 25 C B RN
FRRTF R 72% , Wi ST AR A BTG, ee (A
HA 56% (entry 5), FFLAZERE O °C RN et
L.

2.3 BEVMEHBFEREER=ZERX RN =M

MFE TR RIE H, DL 1,25 mmol 2 H ARy
JEBINE, A 3 eq. (=258 1.4 eq. kIR TN
T LA B2 9% 19 3R A5 Wit B i) AL SR B i, ee fH
H85% , 7 HEH 66% (entry 3). A MALKIR
AR R WA 75 2 BARF=4) (entry 6) , fEEKR 5
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Table 1 The asymmetric addition reaction of triethylaluminium to benzaldhyde in the presence of Titanium-

Poly[ (S)-3-vinyl-2,2 ’-dihydroxyl-1,1’-binaphthyl ] Complexes®

o

OH

Ti(0-i-Pr),/6 *
u t AEG >

Entry Solvent _— Ei, Al Ti( 0i-Pr), Poly-BINOL, Yield ee
/(eq.) /(eq.) /(mol% ) /%" /%"

1 CH, Cl, 0 3 1.4 9 58 34
2 PhMe 0 3 1.4 9 70 <10
3 THF 0 3 1.4 9 66 85
4 THF 20 3 1.4 9 37 69
5 THF 25 3 1.4 9 72 56
6 THF 0 3 0 9 0 0
7 THF 0 3 0.7 9 53 43
8 THF 0 3 2.8 9 40 56
9 THF 0 1.5 1.4 9 21 46
10 THF 0 5 1.4 9 78 62
11 THF 0 3 1.4 4.5 43 34
12 THF 0 3 1.4 18 65 79
13¢ THF 0 3 1.4 9 70 56

a. The reaction of benzaldehyde ( 1.25 mmol) was carried out in the presence of Et; Al, Ti( O-i-Pr), and Poly[ (S)-3-vinyl- 2,
2'-dihydroxyl-1,1’-binaphthyl) ] in solvents (5 mL) at 0 °C for 24 h; b. Isolated yield; c¢. Determined by HPLC using Chiralcel
OD-H column (25 c¢m X 0.46 c¢m) ; d. Reactions were carried out with 9 mol % Titanium-(S) -3-ethyl-2,2’-dihydroxyl-1,1" bi-

naphthyl complexes.

PR 8 (entry 7) BUE 2 A5 RS (entry 8) , 7
VI ee (EFN " FERAT FITREAR. B = S IR FR I 1)
R BB 1 7 28 A7 A4 PR AL B 2 IR Centry

9), ee (AR 46% , J=HH 21% . 1 = LR
HIE 4.5 eq. B, KW Y7 H B AR TR F 78%
{EIE ee fH A 62% (entry 10). WERIRS Y K
e FEMI ee {H o 34% , 7RF Ny 43% (entry 11)
MY RA P RIS, RO I SR R 2
KAk (entry 12).

TEAA R S50 25 A T PSR BT (S) -3-&
HE-2,27- TR -1V -BRZHE AL = SRR SR Y
RTINS (entry 13) , AT LB HIH) ee fH
AR, FRATHEN RS W IR e TE L =2
AR 5 07 H I B s R B T A X R
YEM.

2.4 RERYEEXT 5 AL B 550
H126 2 ATLAE H, AR L A U U Y 0
W)L AR A (entry 1) . GIRBRABALHF A I
L ERAQHE I, S 1) 7 A R 1 A B B T
(entry 2) , W HL RO AE AR ER (R 07 LU 7E R PR 408
HLf ee (HE R Z (entry 3) , X BEUIAIRF IR 1
AR &R AL 25 A W H, IR RE X B i) 7 A B A AR
RIGIHIVER. MR E&A g PR,
B STAR B PEPE I B 2 KIW A2 4L (entry 4-7) . 52
B M I 73 05 B T TCIR T8 7 I i S AR
7 T SRR LG i W B -, A5l -2 - 18 0 - 3- T
FER A 48% | ee (HHA 46% (entry 10) , 1-ZK%E-
3-8 ee (H A 41% (entry 12) , TR J7 Al
(077 80 ee {H T i T 3K 7K. A BEX 10 350CR
AN, 1-(2"-F AR AL ) -1-N B (entry 5) &
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®2EI(S)-3-2%-2,2" -Z8E-1,1"-BKE] HURESUESHN=Z2E5R 5 R EHEER A FRINAL R &
Table 2 The asymmetric addition reaction of triethylaluminium to aldehyde in the presence of Titanium-

Poly[ (S)-3-vinyl-2,2 ’-dihydroxyl-1,1’-binaphthyl ] Complexes®

o Ti(0-i-Pr),/6 OE
)J\ + AlEt; > )\/
R H R
Entry R Yield"/% ee’/%
1 Ph 66 85
2 2-Furyl 72 35
3 4-Chlorophenyl 50 77
4 4-Methylphenyl 64 73
5 2-Methoxyphenyl 57 76
6 3-Methoxyphenyl 76 51
7 4-Methoxyphenyl 67 62
8 1-Naphthyl 67 65
9 2-Naphthyl 43 54
10 2-Phenylvinyl 48 46
11 2-Pyridyl 42 24
12 3-Phenylpropyl 69 41

a. Reactions were carried out with 9 mol% of Poly[ (S)-3-vinyl-2,2'-dihydroxyl-1,1’-binaphthyl] at 0 °C for 24 h under homoge-

neous reaction condition using 1.75 mmol Ti( 0-i-Pr),, 3.75 mmol Et;Al, and 1.25 mmol substrate in 5 mLTHF; b. Isolated

yield; c.

1-(4"-HVEHEHE) -1- N BE (entry 7) (1-(17-285£)-1-
PR (entry 8) 5 1-(2'-Z53E) - 1- Y (entry 9) Toif
TETE T 308 ST AR Ve 7 TR AR 25 A K.
2.5 FHEEEAWHEKF A

AT S TR 3 A AT A B T e
FUFTALBE . B El i B S v T W e, S ERR
SR T S T R A R T I b T L L R
B, WIECERAY, UEDET RS RIS LR
IR AY. KRS EN TS ER
5 = 2B AR RN I, 2% 5% o e 4
PEFESIER, 25951 T3 3. WFEPIRATTULH
WA E AT 6 YA R, N AR A b
MEBEA W AR AL, [ T R PR T R
I ECHE R [ 0] = =1 685.3 (c= 1.0 mg/mL,
THF), B 5 RV ET B AW e [ ol =
-1739.3 (¢c= 1.0 mg/mL, THF) fHZ A K. Hix
WA WIAE RIS 19" HNMR HE770 H R IS 1)
[ 4k 25 (07 B8 o VA R AR s (R L, TR o i ok i

Determined by HPLC using Chiralcel OD-H column (25 e¢m X 0.46 cm).

RIEWBENRL(S)-3-28H-2,2-2EE-1,1-BKE] @9
KEEWMHESH=ZEB S F RN RN R B
Table 3 The recycling and the reuse of Titanium-Poly|[ (.S)-3-vinyl-
2,2'-dihydroxyl-1,1’-binaphthyl ] Complexes in The asymmetric

addition reaction of triethylaluminium to benzaldhyde*

Recycling times Yield/%" ee/% "
1 65 84
2 63 81
3 68 81
4 61 79
5 62 80
6 61 81

a. Reactions were carried out with 9 mol % of Poly[ (S)-3-
vinyl-2,2’-dihydroxyl-1,1’-bhinaphthyl ] at 0 °C for 24 h under
homogene-ous reaction condition using 1. 75 mmol Ti ( O-i-
Pr),, 3.0 mmol Et;Al, and 1.25 mmol substrate in 5 mL
THF; b. Isolated yield; c. Determined by HPLC using
Chiralcel OD-H column (25 cm X 0.46 cm).
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Fig. 1 The '"H NMR spectra of the polymers
(1) : The '"H NMR spectrum of recycled Poly[ (S)-3-vinyl-
2,2'-dihydroxyl-1,1'-binaphthyl] (2): The 'H NMR spectrum
of Poly[ (S)-3-vinyl-2,2’-dihydroxyl-1,1’-binaphthyl ].
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Asymmetric Addition of Triethylaluminium to Aldehydes Catalyzed by
Titanium-Poly| ( S) -3-vinyl-2,2’-dihydroxyl-1,1’-binaphthyl | Complexes

PENG Dan, ZONG Qiao, 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: (S)-3-Vinyl-2,2’'-bis ( methoxmethyloxy ) -1, 1'-binaphthyl were synthesized via Wittig reaction. Poly-
[ (S)-3-vinyl-2,2’-bis( methoxmethyloxy ) -1,1’-binaphthyl | which were obtained by the monomer (S)-3-vinyl-2,
2'-bis( methoxmethyloxy ) -1, 1'-binaphthyl were radically polymerized using AIBN as initiators. The protecting
groups MOM of Poly-[ (S)-3-vinyl-2,2'-bis-( methoxmeth- yloxy)-1,1’-binaphthyl ] were finally removed by acid
treatment to afford Chiral helical polymer poly[ (S)-3-vinyl-2,2’-dihydroxyl-1,1’-binaphthyl ] . Titanium-poly[ (S) -
3-vinyl-2,2’--dihydroxyl-1,1’- -binaphthyl | complexes were used to induce the enantioselective addition of triethyl-
aluminium to aldehydes, giving up to 85 % ee of the products. Moreover, The chiral polymer can be easily reco-
vered and reused without loss of catalytic activity as well as enantioselectivity.

Key words: helical polymer; catalysis; triethylaluminium; asymmetric addition reaction



