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Synthesis of Two 1,1'-Bi-2-naphthol-Based Chiral Polyethers for the
Enantioselective Addition of Phenylacetylene to Aldehydes

Yu, Zengda Liu, Feng Zhang, Lingjun * Yang, Nianfa*
(Key Laboratory of Environmentally Friendly Chemistry and Applications of Ministry of Education,
College of Chemistry, Xiangtan University, Hunan 411105)

Abstract Two polyethers derived from bi-2-naphthol (BINOL) were synthesized and its asymmetric inducement in the addi-
tion of phenylacetylene to aldehydes was studied. The addition products have good enantioselectivity with up to 95% enantio-
meric excess (ee). Furthermore, the polyether could be conveniently recovered and reused at least 6 times without loss of cata-

lytic ability.
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1.1 FTEHEMENXS FEANERSRIE

R 4% 2 1 I 720, AT & B T (S,8)-6-(2,3-FF 4
PR AR 2 ) B -2, 20 (AU AR 2 ) - 1, - B 25 (8a) IS,
R)-6-(2,3-FF 480 TN 40 ) FY k-2, 00 — (PP 480 ik AR E)-1,1-
K25 (8b), K3 LA EALER (KOH) N 5| & 73T T BA
BT RA. TR IE R I B A A 1 2
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Scheme 1. Poly-A: 7% 85%, [alies —342.4 (¢ 0.05,
THF); M,=5.2X10% PDI=M,/M,=2.02. Poly-B: ;=%
82%, [al3gs —296.7 (c 0.05, THF); M,=5.6X10°; PDI=
M/M,=2.41.
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AT TR ZRER 1), B, XHELE Poly-A Al Poly-B
BT T ifk(ER 1, Entries 1, 2), HBCAKHE Poly-A #ky
Poly-B B}, J B (% B S5 R A4 36 8 14 A BT 1 % (Entry 2).
PGS T R SIS (3R 1, Entries 1, 3~ 6) =
R VUSRI, =)= 2R ee H LT, 57510
94%F1 79% (Entry 1). 4R J5 %5 T I8 5 & M Eﬁﬂfﬂﬂ(%%
1, Entries 1, 7), 4R EEFEE] 0 CHE, B ee {H(85%)
AR s, (HR =2 2R T2 30% (Entry 7), FithiE
& 25 CHRAERPIRE. B 56k IR 5 A BRI 2%
2R W (Entries 1, 8, 9), M4EKMR 7 NI & 100%HK, 15
3| 91%77 FF1 85% ee (Entry 8). it/m %% | BLikfH
B, RN 2 42 I A G A FH B35 0 T B4 A (Entries
8,10, 11), HAC/AH & 20%K}, P21 ee {HHx i 90%F
P23 87% (Entry 10). %EK S NI (] 42 24 h, F=H 1535
T E(Entry 12). 0% 8 KL 25 CF THF
RVEFIR S 24 h: n(/%) @ n[Ti(0-i-Pr)] : n(Me,Zn) :
n(CE ZHR) © n(BAAAR Poly-A)=1.0 2 1.0 1 4.0 1 4.0 : 0.2.
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Table 1 Optimization of asymmetric reaction of phenylacetylene with benzaldehyde catalyzed by Poly-A or Poly-B

__Ph—cHO OH
___ MeyzZn o Ligand, Ti(O-i-Pr),
Ph——= Step 1 Ph——=——2ZnMe Step 2 P on
Entry Conditions for step 2 Ti(0-i-Pr)ymol% Ligand (mol%)  Yield"/% ec/% Config.?
Solvent 7/C
1 THF 25 50 Poly-A (10) 94 79 R
2 THF 25 50 Poly-B (10) 90 67 R
3 Toluene 25 50 Poly-A (10) 90 38 R
4 Et,0 25 50 Poly-A (10) 87 18 R
5 DCE 25 50 Poly-A (10) 89 71 R
6 DCM 25 50 Poly-A (10) 92 47 R
7 THF 0 50 Poly-A (10) 30 85 R
8 THF 25 100 Poly-A (10) 91 85 R
9 THF 25 150 Poly-A (10) 84 82 R
10 THF 25 100 Poly-A (20) 87 90 R
11 THF 25 100 Poly-A (30) 82 88 R
12¢ THF 25 100 Poly-A (20) 90 91 R

“ Conditions for step 1: 2 mL of toluene, reflux 5 h; phenylacetylene: 2.0 mmol; Me,Zn: 2.0 mmol; Conditions for step 2: 8 mL of solvent; benzaldehyde: 0.5 mmol,
reaction time: 8 h. * Isolated yields.  Determined by HPLC with a Chiralcel OD-H column. ¢ The absolute configurations of the products were determined by com-

parison to the literature data®®). ¢ Reaction time: 24 h.

MK, BE] T I 75%~95% ee 1H(FE 2). HIEMEIHE
HEE (Entry 1) =4 ee {6 94%, ARV N H A BT
BUARIE OCH: B P2 W) ee 167 FIT P4 4% (Entries 2, 3), HA
AT EUAR OCH; HI AR —L8(Entry 2); 4RV N H ]
FH - BUAR 2L (A 6 UK F S (Entry: 4) X6 R % (Entry
5)« XK H I (Entry 6) XTS5 IK H EE(Entry 7) =4
HE B ee 1H, 43 HIEH] 90%, 85%, 89%F1 95%; [H]
AR NO, EEXTALEUR T NO, FIH B S5 B X
Wik B PE(Entry 8); 1-Z5H I 90> (Entry 9) ee {H
b 2-Z5H & (Entry 10) 2K, FRATWAE BT = F 230
ArPH 2 S 51 EE I EAF — 502, YR e il oK T %
(Entry 11)A1IEBEEE(Entry 12)B), BLAK Poly-A #KZRFK I
HAH TS SIER, BA0 ee H0AH 80%F1
75%, ELUSCERASS B 92%F1 95%. X FBLA Poly-A
HA R UF R 3E F M.
123 Poly-A #9EILE £ | A

FHX TR ZE R, BAZEMIAT AR 0 SRR TE — L ML 71
WHEE . LR I RIEIR 22, 2% i@ — AN
PIUTRE Ji T LRI, FRATIRE &9 Poly-A (G
FFIFHZE. Poly-A 25— LIt FE 2 5, H [HIUs )
EAY) Poly-A (1.0 g)iFT 20 mL & HF e, fn1 mL
WL, BidE 1 h 5 ANUE. BUERR 2K 7
JEEIN 100 mL HEEH, A7 [EA, g, K us s i
PRI, 40 CEZ T4 8 h BIS [l icik, modk (i
FIF 6 I3 18 96% 98%- 99%- 97%- 98%-
98%. L 6 XIEHE S5 H (K 3)rT LLE H, A=)
K] ee EANFZREH KA H B,
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Table 2 Enantioselective addition of phenylacetylene to various
aldehydes catalyzed by Poly-A

R—CHO
MeoZn Ti(O-i-Pr)4, Ligand Poly-A
Ph——= [Ph =——27ZnMe
Step 1 Step 2
OH
R™ =S—pp
Entry R Yield/%  ee“/%  Config.’
1 Phenyl 92 91 R
2 2-Methoxyphenyl 82 81 R
3 3-Methoxyphenyl 83 86 R
4 4-Chlorophenyl 90 90 R
5 4-Bromophenyl 87 85 R
6 4-Fluorophenyl 91 89 R
7 4-Nitrophenyl 89 95 R
8 3-Nitrophenyl 86 85 R
9 1-Naphthyl 81 88 R
10 2- Naphthyl 82 92 R
11 3-Phenethyl 92 80 R
12 Hexyl 95 75 R

© 2017 Chinese Chemical Society & SIOC, CAS

“ Conditions for step 1: 2 mL of toluene, reflux 5 h; phenylacetylene: 2.0
mmol; Me,Zn: 2.0 mmol; Conditions for step 2: reactions were carried out
with 20 mol% of Poly-A (as a BINOL monomer), 0.5 mmol of aldehyde, 1.0
mmol of Ti(O-i-Pr); in 8 mL of THF at 25 °C for 24 h. ® Isolated yield.
¢ Determined by HPLC using a Chiralcel OD-H column. ¢ The absolute con-
figurations of the products were determined by comparison to the literature
datal™?.
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Table 3 Asymmetric reaction of phenylacetylene with benzal-
dehyde catalyzed by the recovered Poly-A

Cycle 1 2 3 4 5 6
Yield/% 92 91 90 91 89 91
ee/% 91 91 90 92 93 90

“ Conditions for step 1: 2 mL of toluene, reflux 5 h; phenylacetylene: 2.0
mmol; Me,Zn: 2.0 mmol; Conditions for step 2: reactions were carried out
with 20 mol% of Poly-A (as a BINOL monomer), 0.5 mmol of benzaldehyde,
1.0 mmol of Ti(O-i-Pr)s, in 8 mL of THF at 25 C for 24 h.” Isolated yield.
“Determined by HPLC using a Chiralcel OD-H column.

TER T 5F RS # Poly-A Al Poly-B. XFiFh R AW
HTFHESE RGBSR N, K5 T fkm
95%1] ee {H AR MRERENE. [RINF, M4k 70 AT LA B SR 2
2 4 22 Rt AR AL M A B SR A
3 IS
3.1 X5

'H NMR 1 °C NMR 3 & F 7[5 Bruker 2 1)
AV-400 #ZHESARAX(PL TMS N5, CDCLs 7)),
EE 6 i T-26 [E Perkin Elmer A ) Polarmetermodel
341 BFeeA; TR EFI/EE Elementar 2 5] Vario
EL I B GCR 7 Hr G 4 nl i 74 X-5 18
WARAK; B3 43 7 50 437 5 50 A e B0 R A 5% [
Waters 1515 HEI5E (A (LASR ZI6 IbsHEPIIR, it
# 1.0 mL/min); 7= fh ee H.£8 = RGHAR 1135 73 HT: Dionex
P680 HPLC, #tzhiNIE ke T e, FHi: OD-H
(Daicel Chemical Ind., Ltd, 25 cm X 0.46 cm), iR
25 °C, ViE 1.0 mL/min. (S)-2,2- ¥ %E-1,1-BZEkH
BRr TR A ], SEEe e i PSR . F R SEIA &0/
TR, —E P REENESTERE SR, Ak
NER SRS N AT, FHRAWRLA Poly-A Fl
Poly-B 275 SCHR[26] 5 .
3.2 ZWHE
3.2.1 R T EABR G T AR e i R 1T A2

SAHE T, FOHQ20 pL, 2.0 mmol)Fl 1.0
moleL™" ff] — FI3E4%(2.0 mL, 2.0 mmol) () 1 I MR B 97 5
h, AR AGEAE. AEEZRE, KT RESYER A
Gk ¥4k H51)(37.25 mg, 0.1 mmol). 4KkFE& A EE0.3
mL, 1.0 mmol), 15 min J5IMAZKH (51 uL, 0.5 mmol).
RN 24 h 5, MAENERE KRN, SEAVE, KE
10 mL ZF8 2B 28 &R AN I JoK IR EE T
fae, A AU I 98 S R VR 46 2 s [V T )
(.88 2 H8)=8 & 1146415 ez r= 4.
322 (S)-2-FA-2-4F R B A1 1-BFR(2) 89 %

£ 0 CHMET, A (S)-2,2- F3k-1,1-52531)
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(11.46 g, 40 mmol)F1 = Z.}}#(16.8 mL, 120 mmol)f Z. i
(80 mL)¥A R HHZ i T IR T 1 52(4.88 g, 40.4 mmol) (1)
M40 mL)EW. W EE, ¥R MRE RS
25 CHHAZIRE NI 6 h. [ N45 3 56 [ SR A
kR IR 4 Bk 27857 J5 ) 2R (100 mL)A R, PRk RS
WAV 1 moleL™ HCI (20 mL X 2)LA K r £ 57K
(30 mL X 2y Tk B ER BE T, KA WAL UE, 8
PR ZE VR R 251850 J5 TS SR R AT JE AT (VO iE) -
VAR R =3 1 DA EIRAE 13.40 g AR 2 7=
K 90%. m.p. 62~65 COLHAED! mp. 63~65 C);
[aly —56.4 (¢ 0.5, THF); '"H NMR (CDCls, 400 MHz)
8.10 (d, J=8.8 Hz, 1H), 8.01 (d, J=8.1 Hz, 1H), 7.91 (d,
J=8.9 Hz, 1H), 7.83 (d, J=7.9 Hz, 1H), 7.52 (t, J=6.4
Hz, 1H), 7.40~7.31 (m, 6H), 7.08 (d, J=8.2 Hz, 1H),
5.16 (s, 1H), 0.79 (s, 9H); °C NMR (CDCl;, 100 MHz) 6:
177.78, 151.85, 148.37, 133.71, 133.57, 132.23, 130.67,
130.27, 129.08, 128.33, 127.91, 127.44, 126.66, 126.18,
125.68, 124.60, 123.52, 123.08, 121.85, 118.27, 114.28,
38.77, 26.49. Anal. caled for C,sH»,05 C 81.06, H 5.99;
found C 81.05, H 5.96.
323 (S)-6-i£-2-F K24 RBEAKL-1LI-BREQ)
B AR

TE 0 CHAT, HIEA(S)-2-F 5 -2 1 ok 4 -
1,1-B£Z5(2) (29.64 g, 80 mmol) [ Z.Ji5(200 mL)¥ ik + 2%
831 Br, (10 mL, 195.5 mmol), WN5E)E, RNMIES
7 0 CAkZERMN 10 h. fERBIEAEYF A 100 mL
Na,S,0, (23 g, 132 mmol)/KiAEl, HREYH CH.CL
(60 mL X 3)AHL, & FFACHUE 4 H A A £ 27K (40
mL X 3) el TKBEREET . A HUAHIT IR 5 20 25
TRBR L, TR RAEREENT M & T R - VA
BN =1 : 210 BEaifbkg 32.35 g [k 3%, pe
90%. m.p. 79~81 °C; [aly +6.2 (¢ 0.5, THF); '"H NMR
(CDClLs, 400 MHz) 6: 8.07 (d, J=8.8 Hz, 1H), 7.99 (m,
2H), 7.79 (d, J=8.8 Hz, 1H), 7.51 (td, J=7.2, 1.2 Hz,
1H), 7.25~7.40 (m, 5H), 6.92 (d, J=8.8 Hz, 1H), 5.22 (s,
1H), 0.81 (s, 9H); *C NMR (CDCl;, 100 MHz) ¢: 177.89,
152.26, 148.37, 133.43, 132.28, 132.25, 131.05, 130.17,
129.98, 129.96, 129.43, 128.49, 127.67, 126.55, 126.40,
125.48, 122.48, 121.91, 119.52, 117.38, 114.56, 38.85,
26.59. Anal. caled for C,sH,BrOs; C 66.82, H 4.71; found
C 66.85, H4.75.
324 (8)-6-i2-22-=—FH-1,1'-BRE(4) 89 & A%,

75 Ar R, R (S)-6-1R-2-F8 -2 Fe Bk 4
FE-1,1-F625(3) (28.0 g, 62.4 mmol)f¥) THF (100 mL)¥& W
s — kPN KOH (10.4 g, 184 mmol)A1 H,O (80 mL),
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B SR G IAE 30 C N 20 h. K SNV A4 i vk
JERAE R VAT, IR RIRYA 50 mL L8R LBRIE#E,
SEHAENAM, FEEEHAKIKA 1 molsL™ HCI (30
mL X 2)FIHE AT £ 7K (15 mL X 2)¥E /K BB BT 1.
A WU I 308 5 el R T 4 Bk 2V RIRAS 22.30 g (A
4 77 98%. m.p. 83~86 C(CHRE™! m.p. 83~
85 C); [a]Z +6.5 (¢ 0.5, THF); '"H NMR (CDCls, 400
MHz) 6: 7.01 (d, J=8.0 Hz, 1H), 7.09 (d, J=7.2 Hz, 1H),
7.31~7.42 (m, 5H), 7.39 (t, J=5.8 Hz, 1H), 7.86~7.90
(m, 2H), 7.98 (d, J=8.6 Hz, 1H), 8.17 (s, 1H); *C NMR
(CDCl;, 100 MHz) 6: 153.16, 152.87, 133.49, 132.22,
131.75, 131.01, 130.82, 130.74, 130.48, 129.63, 128.62,
127.78, 126.29, 124.30, 124.17, 119.06, 118.01, 117.96,
111.58, 110.46. Anal. calcd for C,0H3BrO, C 65.77, H
3.59; found C 65.75, H 3.58.
3.2.5 (8)-6-i%-2,2'-=F A F AHM-1,1'-FZ(5) 89 & mk

FER SR LA 0 CH%MF, 44 NaH (3.88 g, 80
mmol)fl THF (80 mL)M¥E 440 218 i i (S)-6-
IR-22- TR F- 1 1-HKZ5(4) (14.58 g, 40 mmol)f] THF
(80 mL)¥A . 30 min Ji5 £ FIRTR AW G218 17 in U H 2
FE(6.4 g, 80 mmol), ¥ IN5E 5 FF R & W70 H I T RNV
6 h. A 30 mL /KRB, 73 BHENZ, KIEHC
R Z,B5(40 mLX2)ZE0Y, & A HAH I SRR R BT
e AR UE, DERIROE R 46 bR 25 I RIS I R R
YIZKEZHT 0 B 3815 16.28 g FI R 5054, 773 90%.
m.p. 78~79 ‘CCCHRESY mp. 78~79 C); [a]X —59.6
(¢ 0.01, THF); "H NMR (CDCls, 400 MHz) : 8.04 (s, 1H),
7.95 (d, J=9.0 Hz, 1H), 7.87 (t, J=8.2 Hz, 2H), 7.63~
7.56 (m, 2H), 7.36 (t, J=7.3 Hz, 1H), 7.29 (s, 1H), 7.24 (d,
J=7.1 Hz, 1H), 7.11 (d, J=8.4 Hz, 1H), 7.04 (d, J=9.0
Hz, 1H), 5.08 (t, J=6.0 Hz, 2H), 4.98 (d, J=6.1 Hz, 2H),
3.15 (s, 6H); °C NMR (CDCl;, 100 MHz) §: 153.07,
152.76, 133.94, 132.64, 131.01, 129.93, 129.81, 129.64,
129.57, 128.45, 127.95, 127.50, 126.45, 125.32, 124.15,
121.68, 120.62, 118.38, 117.95, 117.23, 95.32, 95.24,
55.84. Anal. calcd for C,4H,;BrO4 C 63.59, H 4.67; found
C63.51,H4.71.
32.6 (S)-6-FHLA-22-—
AR

TGRSR LA e —78 C4 4T, ¥ n-BuLi (2.5
moleL™', 24.0 mL, 60 mmol)f¥]1E O\ ke i W% i i in £
(8)-6-1R-2,2'- — W4 A 1,1 K25 (5) (18.14 g, 40
mmol)] THF (100 mL)F¥E#H, Winsce)s, fREHE
W ZIEE TS =M 1 h. /£—78 C N4 DMF
(10.2 mL, 128.2 mmol)ZZ1E&¥ 2| Fi&IE-E4H, hn

WA P AL -FRE(6)8
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FTEERIREGMAE—T8 CKM 3 h FREFE—20 C,
TAAVKAK (30 mL)H T KN, H4 T8-S VDI T 75 B i
TS RR YA — (50 mL)E/R, FHERAY

I 50 mL 7K, 2385 AU E KA & PR30
mL X 2)Z 0L, & IFANAH, R AHEATE 7K (30 mLX
)P NIM, AHUAE /KB BR BE T Jn i PR 2 1
B, DEVRIR R W AR B 251 71045 B R R D A6 2 T
(VAR @ (LR LH8)=6 : 117 54tk 3518 10.40 ¢
A 6055, 772 65%. m.p. 95~98 C; [a]s —56.4 (¢
0.01, THF); '"H NMR (CDCls, 400 MHz) ¢: 10.10 (s, 1H),
8.38 (s, 1H), 8.13 (d, J=9.1 Hz, 1H), 7.98 (d, J=9.1 Hz,
1H), 7.91 (d, J=8.2 Hz, 1H), 7.71 (d, J=9.1 Hz, 2H), 7.61
(d, J=9.1 Hz, 1H), 7.36 (t, J=7.2 Hz, 1H), 7.24 (d, J=9.0
Hz, 1H), 7.12 (d, J=8.4 Hz, 1H), 5.17 (d, J=6.9 Hz, 1H),
5.11 (d, J=6.8 Hz, 1H), 5.07 (d, J=6.9 Hz, 1H), 4.98 (d,
J=6.7 Hz, 1H), 3.18 (d, J=17.6 Hz, 6H); “C NMR
(CDCl;, 100 MHz) &: 192.12, 155.44, 152.71, 137.51,
134.81, 133.84, 132.65, 131.29, 129.90, 128.81, 128.15,
126.66, 126.60, 125.15, 124.26, 123.33, 121.53, 120.17,
117.62, 116.98, 95.06, 94.64, 56.04, 55.90. Anal. calcd for
C,sH2,05 C 74.62, H 5.53; found C 74.58, H 5.49.
327 (S)-6-FFHK-22-=F AT AKL-1,1-FKRE(NH
AR

VKIS T H4(S)-6- PR JE-2,2'- — FH 48 F 4R k- 1, 1 -1 28
(6) (9.25 g, 23 mmol) 773 % T THF (100 mL)H, Zr-it
YHIN NaBHy (1.73 g, 46 mmol). N AK R T2 RE %
NE—AN/IN JE s R SRS MEEIN 100 mL 7K, &
% CERAHGR G, RIS 00A MU K I R B 118
A MRS 1)‘@):/}125512%%7%%%/ 9.21 g Ttaipifk 720, =
# 99%. [a]d —58.2 (¢ 0.05,THF); 'H NMR (CDCl;, 400
MHz) 6: 3.05 (s, 3H), 3.06 (s, 3H), 4.71 (s, 2H), 4.88 (d,
J=6.7 Hz, 2H), 4.96 (d, J=3.4Hz, 1H), 4.99 (d, J=3.4
Hz, 1H), 7.02~7.17 (m, 4H), 7.23 (t, J=6.8 Hz, 1H), 7.46
(d, J=9.0 Hz, 2H), 7.76 (s, 1H), 7.78 (d, J=8.0 Hz, 1H),
7.82 (d, J=5.6 Hz, 1H), 7.87 (d, J=5.6 Hz, 1H); "
NMR (CDCl;, 100 MHz) d: 55.81, 65.42, 95.10, 95.21,
117.29, 117.38, 121.10, 121.22, 123.90, 125.30, 125.58,
125.57, 125.91, 126.20, 127.71, 129.27, 129.28, 129.69,
129.68, 133.39, 133.81, 136.29, 152.50, 152.61. Anal.
caled for C,sHy,Os C 74.24, H 5.98; found C 74.26, H
6.01.
3.2.8 (S.5)/(S.R)-6-(23-3F &7 A A)F A&
A AT A HK)-1,1-5535(8a/8b) 49 A 1%,

it (S)-6-F8 I -2,2'- — H A FH AL -1, 1- B 25 ()
(4.05 g, 10 mmol)¥# % T-Jo/K 1) THF (30 mL)H, B 51+

22-=(F
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BIHE

R

S AR Z H A AR E A A B (400 mol %) FiY T
12 (10 mol%). R FREWITEE IR FHiHE 2 h, H4(S)-FF
A TAKE(200 mol%)ii I E R BN, e N kS AE = i T
BT 12 h R4, R BREYHIIANE0 mL) LR 2
B F & Eh/K A HUAR. 43 55 W A AR F JE KGR IR
I, A HUR I 38 5 98 e 4 bk 22 9A 77, Wi A

@iy Eaifk. K15 3.78 g LOBIRBA 82, P
82%. [a]es—154.5 (¢ 0.1, THF); 'H NMR (CDCl;, 400
MHz) d: 7.96~7.92 (m, 2H, ArH), 7.88~7.83 (t, J=3.0
Hz, 2H, ArH), 7.58~7.56 (d, J=9.0 Hz, 2H, ArH), 7.35~
7.33 (t, J=8.0 Hz, 1H, ArH), 7.22~7.12 (m, 4H, ArH),
5.08~5.05 (m, 2H, CH,0), 4.98~4.96 (m, 2H, CH,0),
4.70~4.67 (dd, J=2.4, 6.0 Hz, 2H, CH,), 3.77~3.76 (dd,
J=2.8, 54 Hz, 1H, CH), 3.49~3.47 (m, 1H, CH,), 3.18
(s, 1H, CH,), 3.15 (s, 3H, CH3), 3.14 (s, 3H, CH3), 2.79~
2.78 (t, J=3.2 Hz, 1H, CH,), 2.61 (s, 1H, CH,); *C NMR
(CDCls, 100 MHz) d: 152.92, 152.72, 129.38, 126.69,
126.26, 125.99, 125.56, 124.07, 117.65, 117.45, 95.38,
73.44,70.89, 55.80, 50.84, 44.30. Anal. calcd for CosHx506
C 73.03, H 6.13; found C 73.08, H 6.16.

ik EIRFEIFERITTE, (S,R)-6-(2,3-FF A TN A ) H
He-2. 20 T (FHAR I PRI - 1, 1'- 56 25 (8b) H (S)-6- 4 FFY 35k
2,2 R A1, 1-BRZE (T) R (R)- 24 48 S TR o s v )
7%, 313 3.68 g IR CFIRIAE 8b, 772 80%. [ali—
102.4 (¢ 0.1, THF); "H NMR (CDCls, 400 MHz) J: 7.96~
7.92 (m, 2H, ArH), 7.88~7.83 (t, J=3.2 Hz, 2H, ArH),
7.59~7.57 (d, J=9.0 Hz, 2H, ArH), 7.35~7.33 (t, J=
8.0 Hz, 1H, ArH), 7.22~7.12 (m, 4H, ArH), 5.08~5.06
(m, 2H, CH,0), 4.98~4.96 (m, 2H, CH,0), 4.71~4.68
(dd, J=2.4, 6.0 Hz, 2H, CH,), 3.79~3.77 (dd, J=2.8, 5.4
Hz, 1H, CH), 3.50~3.48 (m, 1H, CH,), 3.17 (s, 1H, CH,),
3.16 (s, 3H, CH3), 3.15 (s, 3H, CH3), 2.79~2.78 (t, J=3.2
Hz, 1H, CH,), 2.62 (s, 1H, CH,); *C NMR (CDCl;, 100
MHz) J: 152.85, 152.75, 134.07, 133.67, 129.97, 129.76,
129.38, 127.86, 126.68, 126.27, 125.99, 125.57, 124.07,
117.55, 95.41, 73.44, 70.88, 55.81, 50.83, 44.30. Anal.
calcd for CyHy304: C 73.03, H 6.13; found C 73.06, H
6.18.
329 (S9/S,R)-6-(2,3-3 A A A )T H£-22-=(F
FAF A1 1-FEER RS URBL MOM R4 & id
42

WA — 2 B I F A RAR(S,S)/(S,R)-6-(2,3- 3
ST AL ) P BRE 2,00 (R AR TR SRR )-1,1- TR 2R (10
mmol)HM1 1.5 mL oK) —HRH R &l HE &=
W, HEGE/SAE TR 0.34 mmol FIFRLIR KOH. ¥ 5
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HIREET 120 CHEREZEHHH 20 h. EXSETRE
VARG O ERE R, B Rk R, B R AR A
2=, 10 mL THF ¥ RS RRA Y78 7R,
VI A OZ T NN B K& 10 F I rp AR 30 £5),
WA B aREANTH, MESTEERRAY. BEEYH
20 mL THF ¥#H#, 0 °C ARV AR RN 2 mL 17K
A2 mL FIRERIR. TR A VIIESEE 24 h 52 IIAE]
P EE(200 mL)H, AWEE A G E AT H. ¥
BRI G R BV 3 K. RERBHESYWET
50 CFEZ TS A OB AP 775 82%~85%. 'H
NMR (CDCl;, 400 MHz) 6: 8.02~6.76 [br, 10H, Ar-H],
4.57~4.19 [br, 2H, CH,0], 3.57~2.92 [br, 5H,>CHO,
CH,, CH,0]. Poly-A: /=& 85%. [alus—342.4 (¢ 0.05,
THF); M,=5.2X10°; PDI=M,/M,=2.02. Poly-B: =&
82%, [a]®:—296.7 (¢ 0.05, THF); M,=5.6x10°; PDI=
My /M, =2.41.

4 Bh#f Rl (Supporting Information) #F/-b&41 'H
NMR. “C NMR &3 DL A AL =11 HPLC #5 . X2t
A RIAT DL G % AS T 9 3 (http://sioc-journal.cn/)_F T %%,

Referenes

[1] Wu, Q.; Zhao, J.; Sun, S.; Tu, M.; Shi, F. Acta Chim. Sinica 2016,
74, 576 (in Chinese).
(REE, B, MR, BN, AR, FFIR, 2016, 74,
576.)
[2] Cheng, Q.; Xu, H.; Zhu, S.; Zhou, Q. Acta Chim. Sinica 2015, 73,
326 (in Chinese).
(FRIEW, Ve, &spaE, LMK, 554K, 2015, 73, 326.)
[3] Feng, X.; Du, H. Chin. J. Org. Chem. 2015, 35, 259 (in Chinese).
(S, HEEE, A s, 2015, 35,259.)
[4] Zhou, W.; Gao, L.; Tao, M.; Su, X.; Zhao, Q.; Zhang, J. Acta Chim.
Sinica 2016, 74, 800 (in Chinese).
(AR, mAltE, B, e, BRA, kB R, FFIR,
2016, 74, 800.)
[5]1 Ye, X.; Zeng, X.; Zhou, J. Acta Chim. Sinica 2016, 74, 984 (in
Chinese).
(M8, B0 8, L5438, 2016, 74, 984.)
[6] Zheng, Y.; Ma, H.; Ma, J-A. Chin. J. Chem. 2016, 34, 511.
[71 Li,J.; Du, D. Chin. J. Chem. 2015, 33, 418.
[8] Liu,Y.; Zhou, J. Acta Chim. Sinica 2012, 70, 1451 (in Chinese).
(KiEk, JEEI, 55 4R, 2012, 70, 1451.)
[91 Dupont, J.; de Souza, R. F.; Suarez, P. A. Z. Chem. Rev. 2002, 102,
3667.
[10] Fan, Q.-H.; Li, Y.-M.; Chan, A. S. C. Chem. Rev. 2002, 102, 3385.
[11] Song, C.E.; Lee, S.-G. Chem. Rev. 2002, 102, 3495.
[12] Bergbreiter, D. E.; Tian, J.; Hongfa, C. Chem. Rev. 2009, 109, 530.
[13] Fraile, J. M.; Garcia, J. L.; Herrerias, C. I.; Mayoral, J. A.; Pires, E.
Chem. Soc. Rev. 2009, 38, 695.
[14] Fraile, J. M.; Garcia, J. I.; Mayoral, J. A. Chem. Rev. 2009, 109,
360.
[15] Trindade, A. F.; Gois, P. M. P.; Afonso, C. A. M. Chem. Rev. 2009,
109, 418.
[16] Fan, Q. H.; Ren, C.Y.; Hu, W. H.; Chan, A. S. C. J. Am. Chem. Soc.
1999, /21, 7407.
[17] Fan, Q. H.; Chen, Y. M.; Chen, X. M.; Jiang, D. Z.; Xi, F.; Chan, A.
S. C. Chem. Commun. 2000, 31, 789.

Chin. J. Org. Chem. 2017, 37, 2015~2021



Chinese Journal of Organic Chemistry

ARTICLE

(18]
[19]
[20]

(21]

Chin. J. Org. Chem. 2017, 37, 2015~2021

Huang, W. S.; Hu, Q. S.; Pu, L. J. Org. Chem. 1999, 64, 7940.

Hu, Q. S.; Pu, L. Polym. Prepr. 2000, 41, 16.

Yang, X. W.; Sheng, J. H.; Da, C. S.; Wang, H. S.; Su, W.; Wang,
R.; Chan, A. S. C. J. Org. Chem. 2000, 65, 295.

Liu, D.; Zhu, W.; Zhang, A.; Yang, N.; Yang, L. Chin. J. Org.
Chem. 2015, 35, 1797 (in Chinese).

AR, R4EH, sketk, R, MRS, Ahdes, 2015,
35,1797.)

Yan, J.; Yang, Z.; Yang, N. Chin. J. Org. Chem. 2016, 36, 812 (in
Chinese).

(ZEEE, PHERAE, FHER, AHALF, 2016, 36, 812.)

Huang, C.; Yang, N.; Zhang, A.; Yang, L. Polymer 2012, 53, 3514.
Zhang, A.; Yang, N.; Yang, L.; Peng, D. Chem. Lett. 2013, 43, 462.
Chen, Y.; Qin, G; Yang, L.; Yang, N. Chin. J. Chem. 2015, 33, 463.
Zhang, A.-L.; Yu, Z.-d.; Yang, L.-W.; Yang, N.-F. Tetrahedron:
Asymmetry 2015, 26, 173.

Zhang, A.-L.; Yu, Z.-D.; Yang, L.-W.; Yang, N.-F.; Peng, D. J. Mol.
Catal. A: Chem. 2015, 398, 407.

Liu, D.; Ouyang, K.; Yang, N. Tetrahedron 2016, 72, 1018.

Corey, E. J.; Cimprich, K. A. J. Am. Chem. Soc. 1994, 116, 3151.
Roush, W. R.; Sciotti, R. J. J. Am. Chem. Soc. 1994, 116, 6457.
Stang, P. J.; Diederich, F. Modern Acetylene Chemistry, VCH,
Weinheim, 1995.

Myers, A. G.; Zheng, B. J. Am. Chem. Soc. 1996, 118, 4492.
Thompson, A.; Corley, E. G.; Huntington, M. F.; Grabowski, E. J.
J.; Remenar, J. F.; Collum, D. B. J. Am. Chem. Soc. 1998, 120,
2028.

Fox, M. E.; Li, C.; Marino, J. P.; Overman, L. E. J. Am. Chem. Soc.
1999, /21, 5467.

Trost, B.; Krische, M. J. J. Am. Chem. Soc. 1999, 121, 6131.

Gao, G.; Moore, D.; Xie, R.-G.; Pu, L. Org. Lett. 2002, 4, 4143.

[37]
[38]
[39]

[40]
[41]

[42]

[43]
[44]

[45]
[46]

[47]

(48]

[49]
[50]

[51]
[52]
[53]
[54]

[55]

© 2017 Chinese Chemical Society & SIOC, CAS

Ishizaki, M.; Hoshino, O. Tetrahedron: Asymmetry 1994, 5, 1901.
Anand, N. K.; Carreira, E. M. J. Am. Chem. Soc. 2001, 123, 9687.
Lu, G; Li, X.; Zhou, Z.; Chan, W. L.; Chan, A. S. C. Tetrahedron:
Asymmetry 2001, 12, 2147.

Pu, L.; Yu, H. B. Chem. Rev. 2001, 101, 757.

Lu, G; Li, X.; Chan, W. L.; Chan, A. S. Chem. Commun. 2002, 2,
172.

Chen, Z.-C.; Hui, X.-P.; Yin, C.; Huang, L.-N.; Xu, P.-F.; Yu, X.-X;
Cheng, S.-Y. J. Mol. Catal. A: Chem. 2007, 269, 179.

Jiang, B.; Chen, Z. L.; Huang, H. Lett. Org. Chem. 2005, 2, 319.
Wu, P.-Y.; Wu, H.-L.; Shen, Y.-Y.; Uang, B.-J. Tetrahedron: Asym-
metry 2009, 20, 1837.

Rachwalski, M.; Lesniak, S.; Kietbasinski, P. Tetrahedron: Asym-
metry 2010, 21, 2687.

Bauer, T.; Smolifski, S.; Gawel, P.; Jurczak, J. Tetrahedron Lett.
2011, 52, 4882.

Marinova, M.; Kostova, K.; tzvetkova, P.; tavlinova-kirilova, M.;
chimov, A.; nikolova, R.; shivachev, B.; dimitrov, V. Tetrahedron:
Asymmetry 2013, 24, 1453.

Chen, C.; Huang, Q.; Zou, S.; Wang, L.; Luan, B.; Zhu, J.; Wang,
Q.; Pu, L. Tetrahedron: Asymmetry 2014, 25, 199.

Rachwalski, M. Tetrahedron: Asymmetry 2014, 25, 219.

Jarzynski, S.; Lesniak, S.; Pieczonka, A. M.; Rachwalski, M. Tet-
rahedron: Asymmetry 2015, 26, 35.

Marshall, J. A.; Wang, X. J. J. Org. Chem. 1992, 57, 1242.

Mao, J.; Bao, Z.; Guo, I.; Ji, S. Tetrahedron 2008, 64, 9901.

Yuan, X. Y.; Li, H. Y.; Hodge, P.; Kilner, M.; Tastard, C. Y.; Zhang,
Z. P. Tetrahedron Asymmetry 2006, 17, 2401.

Wang, X.; Wang, X.; Guo, H.; Wang, Z.; & Ding, K. Chem. Eur. J.
2005, /1, 4078.

Liu, G. H.; Tang, W. J.; Fan, Q. H. Tetrahedron 2003, 59, 8603.

(Li, L.; Fan, Y.)

2021

http://sioc-journal.cn/



