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Novel Chiral C3-Symmetric Monophosphite Ligands: Synthsis and
Catalytic Performance in Asymmetric Hydroformylation and
1,4-Conjugate Addition

Xing, Aiping” Tian, Mi“’ Wang, Lailai™“
(“ State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000)
(® Graduate University of Chinese Academy of Sciences, Beijing, 100039)

Abstract A family of the novel chiral helical C3-symmetric monophosphite ligands has been synthesized from axially chiral
(R)- or (S)-Hg-BINOL and PCl;. The performance of these ligands in asymmetric catalysis was evaluated by the Rh-catalyzed
asymmetric hydroformylation of styrene, and the Cu-catalyzed asymmetric 1,4-conjugate addition of diethylzinc to acyclic
enones. The catalytic hydroformylation of styrene gave rather high conversion (93%), high regioselectivity (b/n=95/5) and
low enantioselectivity [28% ee (R)] using ligand (R)-2 in tetrahydrofuran at room temperature. Under the optimal
1,4-conjugate addition of ZnEt, to chalcone 3a conditions, eleven acyclic enones 4a~4k were all converted smoothly to the
1,4-adducts with high enantiomeric excess. Using Cu(OTf), as catalyst precursor and Et,O as solvent at —20 °C, the structure
of ligand (R)-3 comprising a partially hydrogenated 2,2'-(1,1'-binaphthyl)-phosphite scaffold and an adamantyl moiety was key
factor in improving catalytic activity and the enantioselectivity with up to 98% yield and 72% ee (R). The sense of enantiodis-
crimination of the reaction was controlled by the configuration of the diaryl phosphite moieties.

Keywords asymmetric hydroformylation and 1,4-conjugate addition; monophosphite; the Rh- and Cu-complexes; styrene
and acyclic enones; catalytic activity and enantioselectivity
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TEI & R 45 S AL FIA IR S BE R, BT A Ak
A7) A2 SR AT v v A R v X okt e 8% A G B A v 1Y) S
Ab n) 8, AT R T A RS A DT E ) T 1 A
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FCEE 2515 4544 5 T R AR AL 22 PR RN R e 1B A
FEAKTFRAEAL S S FE 38 3K K H 5. 2000 4F, Reetz 251
G RR Y B A MR TE R Cy SR 0 I R e A,
BCAR A AN 75 P DA OB, EC UG TR R T 1 B 25 Ty B B
I e 5 R AR E AL SN B BB AT A, SR
Ja 5 =S A mE R EREBEAL G R H AR, B 1% R PIEL
ZE W AT A 4 W e 258 AR T 8 1) 8% 5 ) A AR A, vy s TR T
R AN FRAEAL 25 H 98% ee. 2014 4, Pereira 2512
P LSRR B T 28 0 B S i e kA, 3R15 92%
ee. BIHHAT AL, BARTESEHIT Co X RR I H 15 T HEER
T e A AE AN SRR S R B AL AT 1,4-FL 58 0 B e S FR ) 8z
WE T v AR A kR IE

AN R A R A S B DA e B R SR AT AR A
&), fEESM—EAER T, fEREs T 5N
LR, B B T rh DD, Seaidm v g
REBRREAME T AL L RER. —BHUSRZKR
I AR E SR AR LN, I B Tl S bR . HR
DRI AT BEAE T A XS AR FF A S B AN L SR A v 1 AL
S PR L X BRE, T HLESR B ek B, B
28 W HOE A KRR R B AL % B AR, R8T
PR A DAL AR B S - Bt 1 BT PR TG Ak 4K
Z ORI, ORI A F XA B CAA . T
it — 0. Tl 2 s 1S A R T e SO K T Al PR i AR <5 2004
4F, Ojima S84 0w BERG BC AR B Ih B H T 3-T Jli
AFTRE WA N (1), B 96% X ik £ PEAI
80% X LI REME, X A& B HI AN R & Bk A5 FH B o4 ol
FCARSRIS B i i S e 1. %45 R 5 DU e AR e ¢
A0 5 e AN XS A, P 9 A DX R X e e 36 12 1)
R IEE —E Z R, (2 e n] AU B3 PR B b i e
PATE B A A5 J8 T AN o R & R B A S 2 H A v 6 Bk
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Figure 1 Phosphoramide ligand was applied in asymmetric
hydroformylation of allyl cyanide
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FRIN R T AR FE B, =402 - F AR v 1
&Y Je e mAA, g & B [(R)-Muscone]!™, $14> %
FF R Erogorgiaene!!, HiJi5244 Clavularin B!,
OIERIRITZ5Y) PGEIVY, dEse b MRS &
(— )-Pumiliotoxin CM""), i % 2§ [( + )-Ibuprofen]'™ 2% .
1993 4, Alexakis 20"V p AR IE 4/l (1) e A (i Ak AS ot
FR LA RPN BRSO N,. B IS, 22 T 1 il 0 A AF 4 o 14t
AR, WP BB A AU 2202 e T R B I
PRPBEIFENE PN ELAAROT IR IR % S
o, AT EIE PE A TE B0 i R

TERCAR B TR G B FE R, 51N He-BAZEHE A LA
ROEREEM 4L, v DA FC A4 1 0 22 [A) R,
T M AN BRSO PR 9 P R X e B .
b, B ZEE A I AR DA (A . Hg- T 2R,
Hy- IR 2813 LU R 25 B0 A o0 K F 1T A RN & H P 1. AR
WX CAFME He-BRZEM AR N, it G s s B
B THELE R Cy SRR IR 28 1 B o SV B R T e A (R)-1,,
(S)-1, (R)-2, (S)-2, (R)-3 F1(S)-3, 41 Scheme 1 fix, J¥t
FLRTh N T BB A A S 2008 A SRR &L FR DR 1 R A 12
b = 2 A X BE AR AN KERR 1,4~ 3L 50 0 Bl s ST 7T
.
1 RS
1.1 BZRELEH Cs XFRAY R 5 T BEEREREC (A & A

4 B8 SR [28] B B A 15 S 1% R IR TC A (R)-1, (S)-1,
(R)-2, (S)-2, (R)-3 FA(S)-3, FFMlss S b e e i, it
177 ¥'PNMR, '"H NMR, °C NMR, HRMS #/iF. 7Rk
G ROE R E AT R B AR, BB 2R &
B R o IR AT VA AT /K AL 3. R, 1% R AR AE
Hl % AR E AT, SR T A, XA
25 1 SR A b AR E
1.2 BERELEM Cy XFREY G T A RRBEAD (R TE A X R
R R HIR A
1.2.1 #BALE TH R3T AR 8 F Bk

T 56K HECAAR)-2(& 2), LA Rh(acac)(CO), ML
FIRTIR, KM NIRY, B RER, 1E6 58S COM,
JEJ174 4.0 MPa, iR AT A R F AL I B
WL, RIL20 h. KM FENE 93%, b 4 98/2, Xk
HEFENEDN 10% (R) (R 1, Entry 1); 4k S NI [E] % 10 h.
I LITEEALZAT N 93%, b/n (AR A 94/6, X Wikt T+
% 21% (R)(F 1, Entry 2); PAVUE BRI (THF) NG, K
DA RN [ K, R LA R T =, b AR
1, FEVI ee [E#MK(EE 1, Entries 3 A1 4), 5EFRFEA
BRI —3 RAHAIFEEF CH,Cly, --BuOMe, Hexane
A1 Bther, #5352 7 ¥ OB IR2M, 25 53R B
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TS 7 A0 e ) X458 22 56 Ak 0 iz 3 1R R i AN R AR K,
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IECkE IRy, (EIET FE PR (& 1, En-
tries 5~8). {ERHEAKR)-2 ALK BT, 435
ZEI AR (R)-1 RI(R)-3, S200 45 B ELEL, R BT 74
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BN/ ELREREEFEE, (KA ee fH.
1 BEAIRZIEAFRE WAL

Table 1 Rh-catalyzed asymmetric hydroformylation of styrene

CHO
%

©)\ ) ©/\/CHO

ee/% Config.

Rh(acac)(CO),/L

oh
—_—
CO/H,

Entry Ligand Solvent #h Conv./% b/n

1 (R)-2 Toluene 20 93 982 10 R
2 (R)-2 Toluene 10 93 94/6 21 R
3 (R)-2 THF 20 95 95/5 8 R
4 (R)-2 THF 10 93 95/5 28 R
5 (R)-2 CHyCl, 10 78 95/5 17 R
6 (R)-2 +BuOMe 10  27.5 92/8 25 R
7 (R)-2 Hexane 10 97 95/5 20 R
8 (R)-2  Ether 10 95 93/7 19 R
9 (R)-3 Toluene 10 6 96/4 9 R
10 (R)-1 Toluene 10 98 93/7 5 R

¢ Reaction conditions: Rh(acac)(CO), (0.54 mol%), ligands (1.6 mol%,
5.7X10° mmol), solvent (0.5 mL), styrene (40 pL), CO (2.0 MPa), H, (2.0
MPa), room temperature.
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PCl,
— » (R1~(R)-30r(S)1~(S)3

(S1~(S)3
B 1 AENELE I C xR A B8 I B I G A 1) 45 P

Scheme 1 Synthesis of helical Cs-symmetric monophosphite ligands

1.2.2 4AENR =T A4t & REA GG AT AR 1,4-25 480

BEF SCBRARE OB 7 45 U200 DL Cu(OTh), A
HEALETE, 25 5HAR)-1, (5)-1, (R)-2, (5)-2, (R)-3
FS)-3(E 2) AL RS BT, T 0 C FIELRF
HOEAT — S B B R AR XS FR 1,4- SR80 0 R B,
AR TFHE SN, LRy TR 2. B
A /M BH FEEURIE I EC AR (R)-1 45 H 96% UK FN 26%
ee (R)(E 2, Entry 1); FCK(S)-1 1) He-HkZE R I B 5
(R)-1 MIAHIR, 25t 87%HINLEE A 21% ee (S)(3K 2, Entry
2). BURIE N IR I I ECAA(R)-2 FI(S)-2 73513515 45% ee
(R 44% ee (S)(# 2, Entries 3 fil 4), Sk 1 MEL, B
AREENL IR, Stk erpE 2 f2m. 25 A KAZFH
SWIGEEERS, XMk REE e S 2] 60%(GR 2, Entry 5). AL
IR ALl TR, B KA BH 4 W e 58 A vl 48
HH R AL R R B B M. L A R AR 2 R A4 (R)-3
SERARS)-3 HIELES, (R)-3 45 H B i (o ik 6 k. 7R T
1R(R)-3 &5, RALFHAMIbE A He-BXZ5IE ] 2 7] 57
PR S5 HITLHC W] BE S 3R AT o R B ME I G 2=, 7=
2 %o} K 28 B R AR S5 R Hg- B 2R B R B e

2 SN R (AL T A4 OB RRE ), 45 SR 81 3% 3.
TE AT 22 AT 44/, CuF,, CuCl, CuCl,, CuBr, CuBr,,
Cu(OAc),*H,0, CuTe, Cu(acac),, Cu(OTf), HI(CuOTy),e
CeHe 7 AAE NI EAL AT, 25 HUF BIO0F5 1 7 B IR,
X R A W R ) 2 (R 3, Entries 1~5 Al 8~
12); Cul F1 CuSO,+5H,0 %5 H AR IR (3 3, Entries 6~
7). SREGEE FR IO A R IR TR A AR 4
R 2 R e 1 (3% 3, Entries 1~5), Cul 25 UK
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R A = LB BRI A SRR 1,4- 80 AR B @
Table 2 Cu-catalyzed asymmetric 1,4-addition of Et,Zn to

chalcone
M
Ph Ph

0 Cu(OTH),/L

A
PM Ph  Et,Zn, ether

Entry Ligand  Yield”/% eel% Config.
1 (R)-1 96 26 R
2 ()1 87 21 S
3 (R)-2 90 45 R
4 (8)-2 82 44 S
5 R®)-3 95 60 R
6 (5)-3 80 47 S

“ Reaction conditions: Cu(OTf), (2 mol%), ligand (4 mol%, 0.01 mmol), Et,Zn
(1.0 mol/L in hexane, 0.6 mmol), chalcone (0.25 mmol), ether (4 mL), 0 C, 4
h. ? Yield of the isolated product.

(6 i P PE(R 3, Entry 6). 45 Sk 10 2h k13 Hh &5
f X6 ik 3% $% M (% 3, Entries 7~8). B 7% 45 B AE W
Cu(OTH), &5 NIE B A AT,

F3 LIEEXTAREAN 1,A4-FLREIN RS R H AR A HTAAR
S ¢

Table 3 Effect of copper catalytic precursor on the asymmetric
1,4-conjugate addition of Et,Zn to chalcone

o Cu salt, ligand (R)-3 j\/‘i
+ EtyZn *
Ph/vj\ Ph 2 ether, 0°C Ph Ph

Entry Cu precursor Yield®/% ee/% Config.
1 CuF, 79 44 R
2 CuCl 90 46 R
3 CuCl, 91 46 R
4 CuBr 81 47 R
5 CuBr, 85 56 R
6 Cul 42 27 R
7 CuS0O4*5H,0 54 37 R
8 Cu(OAc),*H,0 83 47 R
9 CuTc 86 50 R
10 Cu(acac), 79 48 R
11 Cu(OTf), 95 60 R
12 (CuOTH),*CeHg 76 46 R

“ Reaction conditions: Cu salts (2 mol%), (R)-3 (4 mol%, 0.01 mmol ), Et;Zn
(1.0 mol/L in hexane, 0.6 mmol), chalcone (0.25 mmol), ether (4 mL), 0 C, 4
h.

f§i ] Cu(OTH), FECA(R)-3 JEAL A B 48 W E A
7, AR IR A S LA, 28 623 7R B %o S (1)
SO, PR ARSI TR 4. NRAMGRATUUE Y, £
ARG, R IEFEIRRIN BUEREE, U8 3% ee (£ 4,
Entry 1). 73 AIEF R PUERRIR AN 1,4- A N i AT
IS, 25 AR R AR WOk (R 4, Entries 2~
4). JRIIAE LBE AT I, (A0 2R I e P A o A
TV SR8 J1(E 4, Entry 5). NI EE XS SSA B & 1)
SO, Fh R R, 6 BRI R B 2 PR (R 4, Entry 6);
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FRARIRBERT, X MOEBEPEA BT bR, 7E—20 CHY, X
EENETFE 67%(3 4, Entry 8), T MK NI EE, Sfmt
VAR R AR (£ 4, Entry 9). Bk, %FT1% R4 BC A,
I E CBENTER, RNAE—20 CHEAT.

Fd4 LI AR 1,4 HEHEIN SR v AR IR
FAR

Table 4 Effect of solvents and temperature on the 1,4-conjugate

addition Et,Zn to chalcone
h)\)\
Ph”* Ph

Yield/% ee/% Config.

0 Cu(OTf),/(R)-3

Ph/\)]\ Ph  Et,Zn, solvent

Entry  Solvent 7/C t/h

1 CH)Cl, 0 4 49 3 R
2 Toluene 0 6 24 35 R
3 THF 0 4 31 28 R
4 1,4-Dioxane 0 8 35 33 R
5  Et0 0 4 95 60 R
6 Et,0 rt 4 87 40 R
7  Et,0 -10 4 80 61 R
8 Et,0 -20 4 90 67 R
9 Et,0 -40 12 92 67 R

© 2016 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: Cu(OTf), (2 mol%), (R)-3 (4 mol%, 0.01 mmol ), Et,Zn
(1.0 mol/L in hexane, 0.6 mmol), chalcone (0.25 mmol), solvent (4 mL).

P BB SCHR (2817 V56 A R RER A TR R ). 4a~4k.
£ BRI &R, E&EE Cu(OT, 1F N HEAL 57 AT 14,
(R)-3 VENFIERCAE, LBEAER, f£—20 C, HE_
CFEBERT A [RVEE R S5 T A2 RO R, AN X R A e 7
SERGFR 5. WK 5 LR ULE H, SR QU 2K
b SR FEAE AR AL I, X E RN 43%(K S,
Entry 2); TE[RINLRDGAZE, SFBUEREMEA BT mR S,
Entries 3 1 4). JECYDEE T DU AL F& R IR, ZRIA_E XL
JE A FH 3 Bl R A2 W FEL T ) S A 4 HE R R 3 5% 12
(3K 5, Entries 4~7); JEH)EE T XURHAb A2 2 A K R 2L
B, SRAG S MUE REMEGER S, Entry 8); JRMIMISELL
B I ZRFA A, EANE & it i B SR W T, YRR
AT 70~T72% [P0 LI £ S, Entries 9~11).

2 i

M2, NHIFIER) He-BRZERY N6, & AR5
FLAWRTEGE R Cs SRR IR 2 T 1 B 14 SV e i i A,
2RI EIRTER, BT, XHEEAK
HAL AR AR e . H D N A TR R 2
WA R R B AL S S, 45 B R4 2 N 3
I BRI RN, AR ee M. KL TR AL —
CIEFERIAN R REMG TR A FR 1, 4-FR50 0 B L, 7=
YT ee [ RIE 72%. WFFLEE RAERT C; XK IFHT 3L B
T Tl R T T AR TE AN X AR R I A N 1,400 s s o H
HA NS, 1% S AR 7E H A AN BR A A DL H 1 B
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Table 5 Cu-catalyzed enantioselective 1,4-conjugate addition of Et,Zn to acyclic enones
o] Cu(OTf), / (R)-3 o
e ether, 20°C R R?
4a ~ 4k 5a ~ 5k
Entry Substrate R R? t/h Yield/% ee/% Config.

1 4a Ph Ph 4 90 67 R
2 4b 0-MeC¢H, Ph 4 95 43 S
3 4c m-MeCgHy Ph 4 97 68 R
4 4d p-MeC¢H, Ph 4 93 69 R
5 4e p-MeOC¢H, Ph 4 97 69 R
6 4f p-CIC¢H, Ph 4 96 58 R
8 4h 2-Furyl Ph 12 81 56 +
9 4i Ph p-MeOC¢H, 8 86 72 R
10 4j Ph p-CIC¢H, 4 98 71 R
11 4k Ph p-BrC¢H, 10 89 70 —

“ Reaction conditions: Cu(OT1); (2 mol%), (R)-3 (4 mol%, 0.01 mmol ), Et,Zn (1.0 mol/L in hexane, 0.6 mmol), acyclic enone (0.25 mmol), ether (4 mL), —20 C.

MR Tt — Dk

3 IS
3.1 UESHF

4-— FAIE G LM IE(DMAP). £ RIEEEES . Cu(OTH),
A (CuOTH,*CeHy #= Acros 2 &R H; = 2434 (1.0
mol/L IFE CVEiE )N Sigma-Aldrich iX7; iR
LG RAE AL AL BE . A N E AT 4R, O
bi. K. =20, B THF i RTAERSAUR,
B, 2R A, SRR AR Cal, B,
B AR AL

X-4 RH7 BoR BAOE sl e A, (AR SR IE;
Bruker AM 400 M %M ILHR1X; PerkinElmer Jig 61X,
Model 341 LC; Bruker Daltonics micro TOF-Q" Hf
TIonSpect 4.7 TESLA FTMS HRMS (MALDI). 4> GC
112A S AR 6000 Sevies GC BUA AH (i 4%, FID
il &, Ak 2 A= 2P e R A SE-30 (50 m X 0.25 mm
LD.), FHEAM R BETA DEX 225 (30 mX0.25
mm X 0.25 ) FH 900 AN TR A A s I %o 3 ¢
4. Waters 1525 HPLC, Daicel Chiralcel AD-H (25
emX 4.6 mm LD)HTIEAXFR 1,4- L5000 RS R
WP
32 ZWHE
3.2.1  FPEEN BAERR B ECAR 89 A K

PR BA 738 S NN (R)-Hg-BINOL (5 mmol, 1.472 g),
DMAP (0.05 mmol, 6.1 mg), THF (20 mL)H! NEt; (6.5
mmol, 0.9 mL), ¥#12|—5 C, F ZREF(S mmol, 0.47
mL)/J 10 mL THF RIS 2 IS Bk R,
&R G, TR 1 h, 5 mL /KRR, RSV
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LR O TEREL(10 mLX3), &AM, H MM
NaHCO; ¥, MAEhKBEs, TKmBRM T,
& MR EN O BN SR CER) - ViR
B =1/10], 193 CBALATAEY), ARk, WER
95%.

PRBA B o m N BL E i A5 2Bk A AT AE P (1.705
mmol, 559.9 mg)Fl DMAP (0.05 mmol, 6.1 mg), Z <<
S, N 20 mL DYZUMRIR, Rl 1458 2 id i, 1
A= (2.045 mmol, 0.28 mL), KIERAHE 0 C.
LRI I =& Ak #(0.565 mmol, 49 pL), iIN4EH
&, TSN 24 h. 10 mL 7KBK B, RS 2%
CEEEIN(10 mLX3), AHAHAH, HHEA NaHCO; ¥
W, VAR KRG, TOKBRERAN TR, 8. M
ZREENT B B: MR ATER) @ V(A i) =1/20]
7351 498.1 mg —[(R)-Hs-TKZ% FH R W R MR L A4 [(R)-11,
WA 85%. mp. 117~118 C; [aly —46.5 (¢ 0.27,
CH,CL); 'H NMR (400 MHz, CDCl;) §: 7.19~7.03 (m,
1H), 7.02~6.96 (m, 2H), 6.89 (d, J=6.2 Hz, 1H), 6.78 (d,
J=8.4 Hz, 1H), 6.60 (dd, J=8.6, 3.2 Hz, 4H), 6.17 (d, J=
8.2 Hz, 3H), 2.85~2.67 (m, 24H), 1.91 (s, 3H), 1.85 (s,
3H), 1.78 (s, 3H), 1.75~1.47 (m, 24H); °C NMR (101
MHz, CDCl;) 0: 169.39, 146.31, 137.07, 136.54, 135.23,
134.86, 132.25, 130.40, 129.91, 129.60, 129.37, 128.99,
119.63, 113.84, 29.61, 29.51, 27.01, 23.08, 23.00, 22.79,
22.66, 20.53; *'P NMR (162 MHz, CDCl;) o: 131.86.
HRMS (ESI) caled for CgHgNaOsP (M + Na) ©
1059.4571, found 1059.4591.

TR ERBCAR(S)-1, (R)-2, (S)-2, (R)-3 FI(S)-3 &
RS AR (R)-1 AL
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Z[(S)-Hg-BRZE H ER B FR BE BCAA(S)-1: Y% 81%.
m.p. 123~124 C; [a]f +116.8 (¢ 0.31, CH,CL); 'H
NMR (400 MHz, CDCl;) d: 7.16~7.03 (m, 4H), 7.01~
6.97 (m, 1H), 6.89 (ddd, J=12.0, 8.4, 4.0 Hz, 3H), 6.77 (d,
J=8.4 Hz, 1H), 6.59 (dd, J=8.4, 2.8 Hz, 2H), 6.17 (d,
J=8.4 Hz, 1H), 2.85~2.63 (m, 12H), 2.37~1.98 (m,
12H), 1.91 (s, 3H), 1.85 (s, 3H), 1.78 (s, 3H), 1.75~1.43
(m, 24H); *C NMR (101 MHz, CDCl;) d: 169.41, 146.30,
136.98, 136.53, 135.23, 135.05, 132.25, 130.41, 129.60,
129.47, 129.26, 128.99, 119.58, 113.84, 29.62, 29.52,
27.04, 23.12, 22.93, 22.81, 22.67, 20.46; *'P NMR (162
MHz, CDCl;) o¢: 131.88; HRMS (ESI) caled for
CesHeoNaOoP (M+Na)* 1059.4571, found 1059.4587.

—[(R)-Hg-HRZE R IE] W BEFR PR AR (R)-2: ULEE 86%.
m.p. 176~177 C; [a]y —21.1 (¢ 0.23, CH,CL); 'H
NMR (400 MHz, CDCl;) d: 7.86~7.82 (m, 2H), 7.74~
7.70 (m, 1H), 7.67 (dd, J=8.4, 1.4 Hz, 1H), 7.62 (dd, J=
8.2, 1.0 Hz, 4H), 7.54~7.48 (m, 2H), 7.38~7.19 (m, 4H),
7.18~6.97 (m, 5H), 6.89~6.77 (m, 2H), 6.69 (d, J=8.2
Hz, 1H), 6.64~6.51 (m, 3H), 6.31 (d, J=8.4 Hz, 2H),
2.90~2.75 (m, 6H), 2.74~2.55 (m, 9H), 2.55~2.34 (m,
6H), 2.32~2.01 (m, 3H), 1.76~1.53 (m, 24H); °C NMR
(101 MHz, CDCly) 6: 164.87, 152.61, 146.26, 138.51,
137.10, 136.49, 134.84, 133.36, 132.80, 132.43, 130.45,
129.87, 129.47, 129.03, 128.03, 119.53, 113.75, 29.65,
29.41, 27.39, 26.95, 23.16, 23.04, 22.85, 22.68; *'P NMR
(162 MHz, CDCl3) d: 132.40; HRMS (ESI) caled for
CgH,sNaOoP (M+Na)* 1245.5041, found 1245.5061.

Z[(S)-Hg-BRZE R ER B FR BE BC A (S)-2: W% 89%.
m.p. 185~186; [a]d +46.1 (¢ 0.25, CH,Cl,); '"H NMR
(400 MHz, CDCl;) J: 7.86~7.82 (m, 2H), 7.74~7.70 (m,
1H), 7.69~7.66 (m, 1H), 7.62 (d, J=1.4 Hz, 4H), 7.54~
7.49 (m, 1H), 7.47~7.40 (m, 1H), 7.38~7.32 (m, 3H),
7.22 (dd, J=7.8, 2.8 Hz, 2H), 7.13 (dd, J=7.2, 4.4 Hz,
5H), 7.00 (dd, J=11.8, 5.8 Hz, 1H), 6.86 (dd, J=8.4, 4.4
Hz, 2H), 6.79 (d, J=8.4 Hz, 1H), 6.69 (d, /=8.4 Hz, 1H),
6.59 (dd, J=17.6, 6.8 Hz, 1H), 6.37~6.33 (m, 1H),
2.89~2.80 (m, 6H), 2.70~2.60 (m, 12H), 2.45~2.33 (m,
4H), 2.21~2.17 (m, 2H), 1.80~1.64 (m, 24H); °C NMR
(101 MHz, CDCly) d: 164.95, 146.49, 146.26, 137.10,
136.49, 134.84, 132.80, 132.43, 129.87, 129.58, 129.46,
129.40, 129.03, 128.03, 127.08, 119.53, 29.64, 29.40,
27.39, 27.14, 23.04, 22.93, 22.85, 22.68; *'P NMR (162
MHz, CDCl;) o: 132.46; HRMS (ESI) caled for
CgH,sNaOoP (M+Na)* 1245.5041, found 1245.5065.
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= [(R)-Hg-BEZE & W E B W0 BR BR BC AR (R)-3: R
80%. m.p. 149~150; [a]h —15.3 (¢ 0.26, CH,Cl,); 'H
NMR (400 MHz, CDCly) o: 7.06 (d, J=8.4 Hz, 3H),
6.91 (d, J=8.2 Hz, 3H), 6.55 (d, J=8.4 Hz, 3H), 6.15 (t,
J=9.8 Hz, 3H), 2.74 (dd, J=16.6, 6.2 Hz, 6H), 2.65~
2.55 (m, 6H), 2.19 (dd, J/=10.8, 6.4 Hz, 6H), 2.04~1.95
(m, 6H), 1.84 (s, 9H), 1.59~1.51 (m, 60H); *C NMR (101
MHz, CDCl;) 0: 175.88, 146.48, 146.29, 136.79, 136.35,
134.57, 132.33, 129.53, 129.47, 128.91, 127.31, 119.82,
118.80, 40.62, 38.22, 36.41, 29.65, 29.55, 27.82, 27.79,
26.98, 23.20, 23.09, 22.73, 22.58; *'P NMR (162 MHz,
CDCly) o: 133.16; HRMS (ESI) caled for Co3H;osNaOoP
(M-+H)" 1419.7388, found 1419.7380.

Z[(S)-Hs-F 25 <6 M e 1 ] MV ol R PR G A7 (5)-3: Uit %
80%. m.p. 158~159; [a]p +11.1 (¢ 0.32, CH,CL,); 'H
NMR (400 MHz, CDCl;) d: 7.06 (d, J=8.4 Hz, 3H),
6.90 (t, J=6.8 Hz, 3H), 6.55 (d, J=8.4 Hz, 3H), 6.14 (d,
J=8.2 Hz, 3H), 2.74 (dd, J=17.0, 6.8 Hz, 6H), 2.62 (ddd,
J=16.4, 11.2, 5.8 Hz, 6H), 2.22~2.14 (m, 6H), 2.05 (ddd,
J=18.8, 12.2, 6.2 Hz, 6H), 1.84 (s, 9H), 1.62~1.49 (m,
60H); C NMR (101 MHz, CDCl;) 6: 175.85, 146.49,
146.31, 136.79, 136.35, 134.56, 132.32, 129.54, 129.47,
128.91, 127.28, 119.82, 118.81, 40.62, 38.23, 36.42, 29.65,
29.56, 27.83, 27.80, 26.98, 23.20, 23.10, 22.73, 22.58; *'P
NMR (162 MHz, CDCl;) 6: 133.15; HRMS (ESI) calcd for
Co3H,0sNaOoP (M+H) " 1419.7388, found 1419.7367.
322 AFEBAREIER Tk

BT, ¥ Rh(acac)(CO), (0.5 mg, 1.9%X107°
mmol). TP BEFREEAC14(5.7 X 10 mmol) & %547 ik
FETF I 10 mL B H, A 0.5 mL 7. 7E= R F
#£ 30 min 5, IIAZE 2G40 pL, 0.376 mmol), R4
RSB TIN SRR BZEN, FIEANEES COMy(R A
Eb 10 1)% 4.0 MPa, fEEI N, WEh ) [ v. e vig
WIE, BHEFRERA, T RNE, REEZT 755,
SAB L TR EALZR . P b AR LIk £
323 HEHERIITAR 1,4-2E50Am i RS 6938 75 ik

ERAAA R, 845 (0.005 mmol) AL £ (0.01
mmol) & T34 B £ 710 10 mL [ M, A 4 mL %
7, AR FHCRE 1 h, JEAL A B/ EAR 28 A AL 7.
TEREIEE, MZIER R I NEE &R (0.25 mmol), i+
10 min, I~ Z#£4%(1.0 mol/L in hexane, 0.6 mmol),
TERER ) N R RMEEH S, A 2 mL 28 187K 2
mL i B ER (2.0 mol/L)EE K N, H R L EEAEEL(S
mL X3). &HAHAE, KRHMF NaHCO; ¥ 10

KGR, ToK NaSO, T4, 1L g, W48, HEH 77
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1,3- % 3-1-/%Ff(5a): "H NMR (400 MHz, CDCls)
0. 7.92~17.84 (m, 2H), 7.55~7.51 (m, 1H), 7.46~7.40
(m, 2H), 7.31~7.15 (m, 5H), 3.31~3.21 (m, 3H), 1.85~
1.76 (m, 1H), 1.70~1.57 (m, 1H), 0.80 (t, /=7.4 Hz, 3H);
C NMR (101 MHz, CDCls) &: 199.23, 144.72, 137.35,
132.96, 128.51, 128.40, 127.63, 126.34, 45.62, 43.01,
29.22, 12.11; HPLC: Daicel Chiralcel AD-H (25 cmX4.6
mm [.D.), V(Hexane) : V(i-PrOH)=95/5, flow rate=0.5
mL/min at 20 ‘C, detected at 254 nm, #;=13.8 min (R),
ts=11.4 (S).

1- 3 3-0- F L 2R B -1- I (5b): 'H NMR (400
MHz, CDCl3) 6: 7.92~7.87 (m, 2H), 7.56~7.50 (m, 1H),
7.46~7.41 (m, 2H), 7.22~7.03 (m, 4H), 3.69~3.57 (m,
1H), 3.31~3.20 (m, 2H), 2.39 (s, 3H), 1.86~1.57 (m,
2H), 0.80 (t, J=7.4 Hz, 3H); *C NMR (100 MHz, CDCl5)
0: 199.50, 143.23, 137.51, 136.54, 133.11, 130.56, 128.73,
128.26, 126.41, 126.03, 125.88, 45.69, 37.53, 29.61, 20.12,
12.15; HPLC: Daicel Chiralcel AD-H (25 cmX4.6 mm
1.D.), V(Hexane) : V(i-PrOH) = 98/2, flow rate = 1.0
mL/min at 25 °C, detected at 254 nm, #z=5.7 min (R),
ts="7.1 min (S).

1- 43 3om- F BE K 3 -1- SR (5¢): 'H NMR (400
MHz, CDCls) d: 7.93~7.91 (m, 2H), 7.56~7.51 (m, 1H),
7.46~7.39 (m, 2H), 7.21~6.81 (m, 4H), 3.32~3.15 (m,
3H), 2.36 (s, 3H), 1.84~1.60 (m, 2H), 0.80 (t, J=7.6 Hz,
3H); *C NMR (100 MHz, CDCl;) d: 199.53, 14491,
138.11, 137.66, 133.15, 128.82, 128.76, 128.53, 128.35,
127.22, 124.84, 45.91, 43.23, 29.52, 21.72, 12.41; HPLC:
Daicel Chiralcel AD-H (25 cmX4.6 mm 1D.),
V(Hexane) . V(i-PrOH)=98/2, flow rate=1.0 mL/min at
25 C, detected at 254 nm, #z=7.0 min (R), ts—=6.0 min
(S).

1- 3 3-p- F L 2R B -1- IR (5d): "H NMR (400
MHz, CDCl3) : 7.94~7.88 (m, 2H), 7.58~7.51 (m, 1H),
7.45~7.39 (m, 2H), 7.18~7.06 (m, 4H), 3.34~3.17 (m,
3H), 2.36 (s, 3H), 1.85~1.61 (m, 2H), 0.80 (t, /=7.4 Hz,
3H); “C NMR (100 MHzCDCly) o: 199.52, 141.81,
137.55, 135.92, 133.18, 129.37, 128.75, 128.32, 127.78,
4592, 42.81, 29.43, 21.22, 12.35; HPLC: Daicel Chiralcel
AD-H (25 cmX4.6 mm 1.D.), V(Hexane) : V(i-PrOH)=
95/5, flow rate=0.5 mL/min at 25 °C, detected at 254 nm,
tr=14.5 min (R), t,=10.8 min (S).

3-(4- F A R HE)-1- 2K 2 -1- /R (Se): 'H NMR (400
MHz, CDCl3) 6: 7.90~7.86 (m, 2H), 7.57~7.50 (m, 1H),
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7.46~7.39 (m, 2H), 7.15~7.10 (m, 2H), 6.85~6.81 (m,
2H), 3.77 (s, 3H), 3.30~3.15 (m, 3H), 1.83~1.58 (m,
2H), 0.80 (t, J=7.4 Hz, 3H); >*C NMR (100 MHz, CDCl5)
0: 199.43, 157.91, 137.33, 136.72, 132.95, 128.56, 128.41,
128.16, 113.87, 55.21, 45.84, 42.33, 29.37, 12.12; HPLC:
Daicel Chiralcel AD-H (25 cmX4.6 mm 1D.),
V(Hexane) . V(i-PrOH)=95/5, flow rate=0.5 mL/min at
25 C, detected at 254 nm, t,=22.5 min (R), ts—15.4 min
(S).

3-(4-E A FE)-1- 2K H-1- L EH (56): '"H NMR (400
MHz, CDCl3) ¢: 7.88 (d, J=7.2 Hz, 2H), 7.56 (d, J=7.4
Hz, 1H), 7.44 (d, J=7.8 Hz, 2H), 7.23 (d, J=38.6 Hz, 2H),
7.14 (d, J=8.4 Hz, 2H), 3.24 (s, 3H), 1.82~1.74 (m, 1H),
1.64~1.57 (m, 1H), 0.80 (t, J=7.6 Hz, 3H); “C NMR
(100 MHz, CDCl;) ¢: 198.81, 143.13, 137.12, 133.02,
131.94, 129.02, 128.65, 128.57, 128.02, 45.48, 42.42,
29.29, 12.03; HPLC: Daicel Chiralcel AD-H (25 cm X 4.6
mm [.D.), V(Hexane) . V(i-PrOH)=95/5, flow rate=0.5
mL/min at 25 ‘C, detected at 254 nm, #z=16.6 min (R),
ts=12.1min (S).

3-4-( =R L IR 3 )-1-K 36 -1- T (5g): 'H NMR
(400 MHz, CDCl;) ¢: 7.90 (d, J=8.0 Hz, 2H), 7.52(t, J=
6.8 Hz, 3H), 7.41 (t, J=7.6 Hz, 2H), 7.35 (d, J=8.0 Hz,
2H), 3.34~3.28 (m, 3H), 1.69~1.64 (m, 1H), 1.84~1.78
(m, 1H), 0.81 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) 0: 198.33, 148.91, 136.90, 133.02, 128.81, 128.55,
127.93, 125.24, 122.91, 44.90, 42.66, 29.01, 11.84. HPLC:
Daicel Chiralcel AD-H (25 cmX4.6 mm 1D.),
V(Hexane) . V(i-PrOH)=95/5, flow rate=0.5 mL/min at
25 C, detected at 254 nm, t,=13.0 min (R), t5=10.0 min
(S).

3-(2-WR IR 3 )-1- 2K 2 -1- [ B (5h): 'H NMR (400
MHz, CDCl3) d: 7.93 (d, J=7.6 Hz, 2H), 7.56~7.44 (m,
3H), 7.26 (s, 1H), 6.23 (t, J=3.8 Hz, 1H), 6.01 (d, J=3.2
Hz, 1H), 3.45~3.34 (m, 2H), 3.19~3.12 (m, 1H), 1.74~
1.63 (m, 2H), 0.88 (t, J=7.4 Hz, 3H); *C NMR (101
MHz, CDCl;) ¢: 198.86, 157.51, 140.93, 137.12, 132.91,
128.56, 128.02, 109.95, 105.38, 42.61, 36.28, 26.92, 11.78;
HPLC: Daicel Chiralcel AD-H (25 cmX4.6 mm LD.),
V(Hexane) . V(i-PrOH)=95/5, flow rate=0.5 mL/min at
25 °C, detected at 254 nm, = 10.4 min, 4= 12.1 min.

1-(4- F AR 2R 3)-3- 28 2 - 1- B (51): 'H NMR (400
MHz, CDCl;) 6: 7.90~7.88 (d, J=12.2 Hz, 2H), 7.31~
7.15 (m, 5H), 6.92~6.86 (m, 2H), 3.85 (s, 3H), 3.26~
3.17 (m, 3H), 1.82~1.54 (m, 2H), 0.80 (t, /=7.6 Hz, 3H);
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C NMR (101 MHz, CDCly) d: 199.52, 143.21, 137.43,
136.62, 133.15, 130.54, 128.76, 128.29, 126.33, 126.01,
125.85, 45.66, 37.53, 29.52, 20.15, 12.14; HPLC: Daicel
Chiralcel AD-H (25 cmX4.6 mm I.D.), V(Hexane) .
V(i-PrOH)=95/5, flow rate=0.5 mL/min at 25 C, de-
tected at 254 nm, £;=38.0 min (R), t=24.4 min (S).

1-(4- F 7 56)-3- 2K BE-1- S (5§): 'H NMR (400
MHz, CDCl;) 6: 7.86~7.80 (m, 2H), 7.41~7.36 (m, 2H),
7.30~7.24 (m, 2H), 7.23~7.13 (m, 3H), 3.26~3.17 (m,
3H), 1.81~1.62 (m, 2H), 0.80 (t, J=7.4 Hz, 3H); “C
NMR (101 MHz, CDCl;) ¢: 198.32, 144.71, 139.54,
135.93, 129.61, 129.02, 128.65, 127.62, 126.51, 45.77,
43.22, 29.45, 12.31; HPLC: Daicel Chiralcel AD-H (25
cmX4.6 mm 1.D.), V(Hexane) . V(i-PrOH)=95/5, flow
rate=0.5 mL/min at 25 C, detected at 254 nm, tz=16.4
min (R), ts=13.2 min (S).

1-(4- R 2K 55 )-3- 2K 2 -1- L (5k): '"H NMR (400
MHz, CDCl;) d: 7.76 (d, J=12.8 Hz, 2H), 7.58 (d, J=
12.8 Hz, 2H), 7.31~7.16 (m, 5H), 3.29~3.15 (m, 3H),
1.84~1.62 (m, 2H), 0.80 (t, J=7.2 Hz, 3H); “C NMR
(101 MHz, CDCl;) ¢: 198.09, 144.28, 135.78, 131.71,
129.52, 128.35, 127.96, 127.51, 126.28, 45.45, 42.92,
29.15, 12.04; HPLC: Daicel Chiralcel AD-H (25 cm X 4.6
mm 1.D.), V(Hexane) : V(i-PrOH)=98/2, flow rate=1.0
mL/min at 25 C, detected at 254 nm, #z=9.5 min, t;=
12.3 min.

4 Bh# Rl (Supporting Information) FC/AK) '"H NMR,
BC NMR, *'P NMR B E]. 32kl uf Ll 6 2 A F]
¥ (http://sioc-journal.cn/) | %K.
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