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Abstract A readily prepared chiral pyrrolylphosphinite has been found highly efficient for Rh(I) catalyzed asymmetric hy-
droformylation of 1,1-disubstituted olefins. Chiral linear aldehydes have been synthesized with high productivity (turnover
number (TON) up to 8900), excellent regioselectivity, and good to high chemo- and enantio-selectivites (71%~86% ee). The
reaction features ready catalyst preparation and wide functional group tolerance, thus will be of practical value in the use of
asymmetric hydroformylation (AHF) for the synthesis of chiral a-alkyl-f-formylpropanoate analogues.

Keywords hydroformylation; olefin; Rhodium; asymmetric catalysis; phosphoramidite
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JS2, AR i P X 3o 438 P A 6T I 45 2845 3 K 7 T Ak
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FET B REF. 3 A A e SR [ T kIR I A
TAZ IR IR SR ASK R S AL S B4R GE, (B 15 2]
BAR B st Wk R ). i, kel
Rh/(S,R)-YanPhos IR T 1, 1- XU & HIAS X FR
ST BAC RS, SR BN TS LR AT, R,
R RN A SRS A e 25 M A 1) v A S R R B A AR A1)
BATBEBEE . AR T K5 F & g Bt
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MBS

1 &R511R

AURIHRZE "By RATE S NN- R S
RO FE N-
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M % 3 NIV 15 PR i AR (S)-L1 ~ L5(& 1, UL 84% ~
93%). {EULIEEAE I, 55X L F IR REMEAL 1,1-
KA AR PR R Al s B R IR 1 8 Bh a-F
FENHGER IS 1a NELRLRA), Rh(acac)(CO),/L1 AL
7, + =%, HyCO BJEA 1.01 MPa, fkik*#%<
T RWL Wil Hy/CO 73 [k RBEIREE . AL A0
TG — R AR A0 SBLHE A SR ISR (R 1),
M1 AR T LR 2, OB LA TS 1 X S8k 2 1
(2a/5a>30/1){F 2| HEERE 2a, 1X/&H T7ERARGE A
M S G R AE N n-BR 52 A4, AT A R T2 B AL S v
AR E R, WA R, RO/LL A9 BSO88 % 1% N )
te ik Ve[ 2a/(3a+4a) R 5K (Entries 1~3). 4
& L1 F1 Rh(CO)y(acac) VIR 10 1 B, =4
2a MIRERBARG1%), HEFKREHZUNLT=Y 4a
(Entry 1). ¥ Rh/L1 ¥ IS ELFI A% S 10 2 B, 2a (1)
R EE] 83%, ee {HILF| 84% (Entry 2). HE—H¥%
RW/L1 LLEIAZE] 12 3 i), 2a BCRBEKE] 79% (Entry 3).
Rk, RSB FAER 102 1 RW/L1 #) & L.
TR EERT B4 80 "CREAIKE] 70 CHE, F=¥IIH) ee H
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TR N 3 S I i BC A (S)-L1~ L5

Figure 1 Chiral pyrrolylphosphinite ligands (S)-L1~L5

R 1 Rh(D)/(S)-L1 AL o3 PIATRIR I A0S PR I A S 7 26 A ik
Table 1 Optimization of reaction conditions for the Rh(I)/(S)-L1 catalyzed AHF of methyl 2-benzylacrylate

Ph\)L Rh(acac)(CO),, L1
COOMe "} /co, tridecane, 12 h

Ph\)\
PhJiCOOMe" COOMe *+

J\ CHO
Ph)(
COOMe + COOMe

1a 2a 4a 5a
- 1 1bo
Entry RW/L1 p(H,)kPa  p(COYKkPa  T/C Conv.'1%  ——5 /%Za o 3aYleld [ "
1 101 507 507 80 100 31 75 0 69
2 1:2 507 507 80 98 83 84 2 13
3 113 507 507 80 93 79 83 2 12
4 1:2 507 507 70 81 50 88 2 29
5 1:2 507 507 90 98 81 82 3 13
6 1:2 811 203 80 97 78 83 6 14
7 1:2 203 811 80 93 80 84 1 12
8! 1:2 507 507 90 98 81 83 4 13
9 1:2 507 507 90 89 76 80 2 1
10/ 1:2 507 507 80 86 70 79 2 14

“Reaction conditions: 1a (0.25 mmol), Rh(CO),(acac) (1.0 mol%), tridecane (1.0 mL), L1, 12 h. ® GC yields and conversions are reported. The yields of the branched
product 5a were found to be <\1% in all cases. ¢ The ee values were determined by chiral GC. ¢ S/C=1000, 15 h. ¢ S/C=10000, 24 h.” Toluene (1.0 mL) as the

solvent.
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M 84%03i2 i EI| 88%, A Ak 77 AT Mt AT 5 A i 3 1)
SO L 2 RN BE AR IS 2 KK B A L e 4 A 7
(Entry 4); $EmIREZE 90 C, T ee HMAEMKE 82%
(Entry 5). fR¥F Hy/CO K/ KN 10 atm, M 5/5 atm [¥]%
JE4r AT ) 8/2 atm Y 2/8 atm, SE 74 2a KRR
F%(Entries 6~7 vs. 2). XMEMFIHEWRIT 7HLE.
AT R EE R ELEA 12 1000 B, 72470 2a HIHL
RA ee HEEALRFE, NI HFTLEKE] 15 h (Entry
8). L AL S R EE K ELA 12 10000 B, 2w ]
FEKE 24 h, 7Y 2a BURERF] ee (HI5HE G FEAK, TON
15 8900 (Entry 9). 7EH B [ BZ&AFARRIRIIE AR, XFE
T A AR AN = e AR R LSS T, R
R 4F(Entry 10 vs. 2). 286 KF, Entry 2 NP5
4, BJ 1a £ Hy/CO=5/5 atm F+=4iH, LA 1 mol%f
157 E(RWL1=1/2)7E80 C M 12h, PARIFHINE
(83%) Fl =ik 84% ee (H1F 3 H 5 TR 2a.

T 1a BIRXSFRE B I S, 3E— 20 %) i i
(1) . Bl ok R BC AR (S)-L2 ~ L5 FIHEAT T ik %82 (R 2).
TERACHI R LR T, #RUAR TS B X e B AR 3 7 B
BET-IERE 2a, AAGI B SCEERE Sa, HECAR I SO0 ik
3a M=) 4a 1) & EZIA K (Entries 1~5). 73
—J7 T, FCAREREE B AR 0 LR P24 2a (1) ee HAEK
VECM. 24 33N BB ERZR AR L2~14 43 A
TN, 729 2a (1) ee {EA A FIFEE [ F#{%(Entries
2~4 vs. 1). T4 L4 AENBCARES, 729 2a (1) ee fH K
RPEAG, HAXT R B RREL . ICZE B 4250 4 S A I e A
L5 M TRME, AR WEA L1, S0
4a T EIMZ, V) 2a WA ee (A3H T (Entry
5 vs. 1). BAE Bk R ORI, 7E(S)-L1 #| LS
(S)-L1 J2& ik i Be .

LA Rh(acac)(CO),/(S)-L1 Ak, 1EMRALH M
TNEE BT 1,1 A FR A AL DL ik

ITT . W2k 3 FR, AHE o brEEBRHRY) 1a~1m
BE TR R, DR AF R (64% ~87%) FlEL
T R A B (7 1%~86%  ee) 15 B AH N (1) T L% 72 4)
2a~2m. Hrf, WHEZREY If EHFEZS T ASIRE
FBEAL =) ee (E 5 B8R 1 N 1) ee (EAHIT (2F
vs. 2¢). &) 1g~1i & TBSO.CN 8k COOMe 4],
Al DLE N 2R, PL 64%~87% RAT 75%~86%
ee (B3 FIH S RIS (2g~20). A2 & Nk, ey
BRI g 55 2 PR BUAR R IR I R e B2, A s i 3
(85%~~87%) Fll 1y X AL IZE 14 (84% ~ 86% ee) TS FIAH . ]
FHAH ALY 2k~2m.

RN T RFENFIFIRR R, SHZA ST FRE T IR
itk Z b, Bk L1 8¢ LS 5 Rh(acac)(CO), £ CO/H, 4
Bl N TR A AT T RAE. fERPIZESF, PUTRIE N
VA, SEEE R 4B AR L1(EE L5) 5 Rh(acac)(CO), i
&, FEAN 2.03 MPa CO/H, (V: V=1 : 1)JG{E 40 ‘C F##
PRI, ST EAH R A FIETA RhH(L)(CO),, Ff
iEid "H NMR. *'P NMR MZLAM0 BT 73R40, FIE
AW A [HRh(CO),L1]F1[HRh(CO),L5] )% B 54 W
F4. NAEH AT LRI, SEEE I H PGS HBIES
—10.3 3{—10.4, HFF[HRh(CO),L1]/1i E Fi% H 1§
N dt %, Rh—H 1 P—H &5 %05 van Leeuwen
B I Z R A B AR L™, I [HRh(CO),L1]/1
[HRh(CO),L5]ff *'P NMR ¥#i ol LLE 2, P (55 1k
SENRETE 5 137 KA, BN dIg(J=216 Hz). iZIL% %K
B, X~ RhH(L)(CO), KR G YMF g5t h 55
Rh AP P T HONXRR. Joh, ZH LA+
B ILPASRIE R A R B0 0E, R IFIX AN P ) 454
D BIAEERAS CO, HALTAEXRRIALE. i LA
EBAE, AT DAHEDN 4L FI[HRh(CO), L1724 = £ U 45
¥, HAREA P JRF R eq-eq 5 Rh(D)F OB AL

2 la AXTFRE B SR Hh T A 7 1
Table 2 Ligand screening for AHF of 1a

Rh(acac)(CO), (1 mol%)
Ligand (2 mol%)

H,/CO, tridecane
80°C, 12 h 2a

I:’h\)LCOOMe
1a

COOMe

e \/L \)\ oo
Ph + Ph Ph)(
Phd: * COOMe Z>coome * COOMe
4a

3a 5a
. . 2a Yield/%
Entry L S Yield®/% ec/% 3a 4a
1 L1 98 83 84 2 13
2 L2 87 62 73 7 18
3 L3 82 60 68 6 16
4 L4 98 83 —13 6 8
5 L5 98 73 74 2 23

“ Reaction conditions: 1a (0.25 mmol), CO (507 kPa), H, (507 kPa), Rh(CO),(acac) (1.0 mol%), L (2.0 mol%), tridecane (1.0 mL), 80 C, 12 h.* GC yield are re-

ported. © The ee values were determined by chiral GC.
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Table 3 Substrate scope for AHF of 1,1-disubstituted olefins

Rh(acac)(CO), (1.0 mol%) CHO
R L1 (2.0 mol%)
R RS R'

o H,/CO, tridecane

80°C, 12 h o
1a~1m 2a~2m
[CHO CHO CHO CHO CHO
an_.C C L AL
Bn"" “COOMe ™" NCoOoEt " NCOOMe SN NCOO0EY " SCOOEt
2a 2b 2 2d 2e
81%, 84% ee 72%, 82% ee 73%, 73% ee 75%, 80% ee 85%, 85% ee
CHO [CHO CHO CHO
| | veooo_.L
Kﬂ/ TBSO v cooEt NCV\\\«[COOB €O0C " Scoome
o}
2f 2g 2h 2i

86%, 71% ee 80%, 75% ee 87%, 86% ee 64%, 78% ee

CHO CHO CHO CHO
2 PN
“ N - S « o} X
Bn" O\Bn Bn® © z | Bn® © Bn
o 0] X o O
2j 2k 2 2m

85%, 86% ee 87%, 86% ee

81%, 85% ee 86%, 84% ee

“ Reaction conditions: 1a~1m (0.25 mmol), CO (507 kPa), H, (507 kPa), Rh(CO)x(acac) (1.0 mol%), (S)-L1 (2.0 mol%), tridecane (1.0 mL), 80 ‘C, 12 h. Yields are
for the isolated products. The ee values were determined by chiral GC or chiral HPLC. The absolute configurations of 2¢,!'? 2, and 2j!'"*! were assigned to be R by

comparison of their specific rotations with the literature values, while the configurations of the other products were deduced by comparison of the CD spectra of 2a~
2m.

% 4 [HRh(CO),(L1)]F[HRh(CO),(L5)] I3 P $ s
Table 4 Spectroscopic data of [HRh(CO),(L.1)] and [HRh(CO),(L5)] complexes

Complex 5 ('H) 5C'P) Jup/Hz Jury/Hz Jrup/Hz veolem™!
[HRh(CO),(L1)] —10.4 (dt) 136.9 3.0 3.0 216 2074, 2021
[HRh(CO),(L5)] —10.3 (m) 137.6 nd.® n.d.® 216 2076, 2018

“n.d=not determined.

2(a)]. G REHE A O I S IR R SRS, 7T LA,

T EAERS 2 MR WG R T Rh—H SXTE R TP
WA 3R AT C—H £2F0 Rh KL i 72, b
[RRH(L1)(COYAME KA IR R 77 3%, 254 A 2 7 AL | Neo
HEEVSE L 75T, AR AR AR sooqcouainaton
oAb S B2 R Y. il 2(b) s, fEARTE PR [HRh(CO)(L1)]
FHHRh(1)(CO)L1RE = M XUt L5 1), HAlcik L1 1 \

B I T4 ) 5 4R B AN R A7 B (eq-eq), H A1 CO ML T pX*1j s o
SUHERIHET, TR A6 TR KRR B, I Ln S/ J&{HJ\ R
C=C 5 Rh Jith. Rh—H [ C=C 3ERHHAJE A5 A N o O™ o

Bt 5 Rh ARER SRR, 554 Rh 0 LR & U OHC' ()2

A Hy SN AN BEEE-H 38 J5H R PIR, 153I(R)-2,

SREE AR LIRS, ok, M 2 e % 2 [HRDCORLD) M == i TUHE B B @

[HRh(CO)(L 1) X s 42 ) e for 4 7

IR RLE W] DA, PR E DU AN I 8 43 A5 75 DU 52 PR
W1, 3 RIRFFRIBEANERT, 2, 4 RIRFP AR, X
Fofr bt s 5 7 2 ) I (100 B 17 222 S o A P I e o e A ot
WOk P FARIE. B 3,307 51 NHUARIE 2 [R] 2 B 1) 3
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Figure 2 Representations of the bisequatorially coordinated
rhodium hydride complex [HRh(CO),(L1)] (a), and a schematic
model proposed for Rh hydride alkene complex [HRh(L1)-
(CO)D)] (b)
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B, SR 2, 4 SR AN 0 S S 1
SEAE 1,3 RIRA 2, 4 QIR AR E B, S5
2R FO % e R e, L 2000 (LA, BB O
).

ASCRE T —ZE 0K Rh 5 P AL g 35 0 e I e
e AT AR, ZEAEAL 1,1- XU R SR AN R
IR R, DRSS B IX R BPE . RISk
PRI R M (71%~86% ee) 5 B AH B ) T A RE,
LA AR TON R A% =ik 3 8900. 1% {kAL 7
woH%, BEEETZNE RIS, NP okt
Be-p- It L N R IR R A A & R E T — A
ROT %
3 S
3.1 UES5HF

X A BT RO I S 5 R T A R AR
Schlenk A, 7E&SHAE FHIEEMK. 'H NMR, “C
NMR, *'P NMR #7E Varian Mercury VX300 5§ Varian
400-MR ZARILIRAX EMIE, '"H NMR (300 MHz)5k 'H
NMR (400 MHz)["J 454 TMS (6 0.0). CDCl; (6 7.26)
g DMSO-d; (6 2.50), *C NMR (75 MHz)&} *C NMR
(100 MH2) /) W45 A CDCls (6 77.0)E% DMSO-dg (6 39.5).
CD 7E JASCO J-810 Spectropolarimeter _[ll5%€. IR 7E
NICOLET AVATAR 330 FTIR 5{ BRUKER TENSOR 27
FT-IR £L 4G4 B 52 . EI-MS 7E AGILENT 5973N %4
JRiEAX _EW5E; ESI-MS K Agilent LC/MSD SL &,
Shimadzu LCMS-2010EV B! Gl 2 ; EI-HRMS 7E
Waters GCT CA176 &4 Fill 2 ; ESI-HRMS fE
BRUKER DALTONICS APEX III Jii 4% _Fll5%E; MAL-
DI-HRMS 7£ Ion Spec 4.7 Tesla FTMS JF 4% _EE. L
e 6B LE Perkin-Elmer 341MC H 3hlie 64X _E5E. ee /&
iEiL JASCO 2089 HPLC X Agilent 7820A GC ill5%E. JG
E M HT(EA)YE Elementar VARIO EL TIT B4 2% Fill5E.
(] A% B VTR BRI i B AL, R alifh B4R A TRk
WA EZEBAL G, DUARRRE . ClE, HREEH
2 TR R, & RN = OSSR
AbER 5 A .
3.2 ZWHE
3.2.1  FHIRAIGE BEEBLE(S)-L1~L5 494 5%

A5 A — 50-mL [ Schlenk & H 435I\ it
%1% 50(595.7 mg, 3.0 mmol). = Z.J%(0.42 mL, 3.0 mmol)
FTEAKIUEPRIE (2 mL). HREWAHZE 0 C, [
P A NP B ZE (1.0 mmol) [ PUSPRIR(2 mL)
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T, RS T E SR IR 1k R,
PSR ER, W BRI, M S R R AT
AL, 15 20AH BT B AR (S)-L.

(8)-2,2"- . (Z-N-Mt & i A 25)-1,1-HKZ2[(S)-L1]: &
EIIRIBAE, 84%77 %K. [a]} +21.8 (¢=1.0, CHCly). 'H
NMR (CDCls, 300 MHz) ¢: 7.88 (d, J=8.4 Hz, 4H), 7.43
(t, J=6.6 Hz, 2H), 7.33~7.21 (m, 4H), 7.13 (d, J=9.0
Hz, 2H), 6.45 (d, J=1.2 Hz, 8H), 6.11 (d, J=15.0 Hz,
8H); *'P NMR (121 MHz, CDCl;) 6: 109.2.

(8)-3,3"- - F -2 2" (T -N-ME g i A i )-1,1- 6 25
[(S)-L2]: T CHPIRIEAR, 64%7 %, [a]® +248.4 (c=
1.0, CHCl;). '"H NMR (CDCls, 400 MHz) §: 7.59 (d, J=
8.0 Hz, 2H), 7.42 (s, 2H), 7.23 (d, J=7.2 Hz, 2H), 7.10~
7.04 (m, 4H), 6.57~6.44 (m, 8H), 6.03~5.99 (m, 8H),
1.79 (s, 6H); *C NMR (CDCl;, 100 MHz) 6: 150.11,
150.05, 149.99 132.9, 131.0, 130.7, 130.3, 127.2, 126.3,
125.8, 125.1, 122.37, 122.34, 12231, 1212, 121.08,
121.03, 121.0, 120.8, 120.7, 120.65, 111.88, 111.86,
111.83, 111.29, 111.26, 111.24, 17.2; *'P NMR (161 MHz,
CDCly) &: 105.8; FTIR (neat) v: 3058, 2926, 2855, 1723,
1499, 1455, 1191, 1056, 1037, 731 cm ~'. HRMS
(MALDI/DHB) calcd for CsgH3,N4NaO,P, ([M+Na]"):
661.1893, found 661.1908.

(8)-3,3'-= 22,2 (T -N-ME g Bl A 3 )-1, 1T 25
[(S)-L3]: TEMPRBAE, 92%7=%. [o] +211.3 (c=
1.0, CHCl;). '"H NMR (CDCls, 400 MHz) §: 7.73 (d, J=
8.0 Hz, 2H), 7.54 (s, 2H), 7.35 (t, J=6.8 Hz, 2H), 7.20 (t,
J=17.2 Hz, 2H), 7.14 (d, J=8.0 Hz, 2H), 6.63 (t, J=1.6
Hz, 4H), 6.53 (t, J=1.6 Hz, 4H), 6.09 (t, J=2.0 Hz, 4H),
6.06 (t, J=2.0 Hz, 4H), 2.30~2.14 (m, 4H), 1.03 (t, J=
7.2 Hz, 6H); *C NMR (CDCl;, 100 MHz) 0: 149.9 (d, J=
5.9 Hz), 149.8 (d, J=5.6 Hz), 135.7, 132.9, 131.1, 128.7,
127.4, 126.3 (d, J=1.4 Hz), 126.29 (d, J=1.5 Hz), 125.8,
125.1, 122.4 (d, J=2.4 Hz), 122.3 (d, J=3.0 Hz), 121.1,
121.0, 120.9, 120.8, 120.7, 120.6, 111.8 (d, J=2.4 Hz),
111.7 (d, J=2.3Hz), 111.3 (d, J=2.5 Hz), 111.8 (d, J=2.3
Hz), 23.3, 13.4;>'P NMR (161 MHz, CDCl;) d: 105.3;
FTIR (neat) v: 2964, 2931, 2873, 1728, 1451, 1427, 1178,
1053, 1036, 803, 729 cm™'; ESI-MS m/z: 689 (M+Na™);
HRMS (MALDI/DHB) calcd for C4H3sN4sNaO,P, (M+
Na*): 689.2206, found 689.2191.

(8)-3,3'- 2K HED 2 T (T -N-ME IS Bl AR 3 )-1, 1T 25
[(S)-L4): AR, 93% =K. [a] +115.0 (c=
1.0, CHCLy); 'H NMR (CDCl;, 400 MHz) §: 7.81~7.78
(m, 4H), 7.40~7.36 (m, 2H), 7.32~7.20 (m, 14H), 6.23

http://sioc-journal.cn/ 211



BIHE

R

(t, J=2.0 Hz, 4H), 6.19 (t, J=2.0 Hz, 4H), 5.90 (t, J=2.0
Hz, 4H), 5.81 (t, J=2.0 Hz, 4H); *C NMR (CDCl;, 100
MHz) J: 148.05, 147.99, 147.94, 137.6, 134.32, 134.3,
134.29, 133.3, 131.8, 131.0, 129.7, 128.1, 127.4, 126.8,
126.1, 125.5, 123.43, 123.4, 123.38, 120.8, 120.69, 120.64,
120.61, 120.56, 120.46, 111.35, 111.32, 111.30, 111.26,
111.23, 111.20; *'P NMR (161 MHz, CDCl3) 0: 105.1;
FTIR (neat) v: 3057, 2963, 2928, 1727, 1495, 1451, 1260,
1177, 1053, 1035, 797, 729 cm'. HRMS (MALDI/DHB)
caled for CysHiN,NaO,P, [M+Na']: 785.2206, found
785.2206.

(8)-5,5',6,6',7,7°,8,8'- J\ & -2,2'- — (= -N- ik % T 4
F)-1,1-B.ZE[(S)-LS): PRk, 93%7 =%, [a]?
—479 (¢=1.0, CHCly); '"H NMR (CDCl;, 400 MHz) ¢:
6.97 (d, J=8.4 Hz, 2H), 6.69~6.67 (m, 6H), 6.58~6.56
(m, 4H), 6.21 (t, J=2.4 Hz, 4H), 6.18 (t, J=2.0 Hz, 4H),
2.69~2.68 (m, 4H), 2.33~2.56 (m, 2H), 2.17~2.10 (m,
2H), 1.67~1.55 (m, 8H); °*C NMR (CDCls, 100 MHz) ¢:
148.4 (d, J=2.4 Hz), 148.3 (d, J=5.6 Hz), 137.5, 133.9,
129.7, 127.64 (d, J=1.5 Hz), 127.63 (d, J=2.1 Hz), 121.2,
121.1, 121.0, 120.9, 116.3 (d, J=5.6 Hz), 116.2 (d, J=6.0
Hz), 112.1 (d, J=2.1 Hz), 112.0 (d, J=2.8 Hz), 111.9 (d,
J=2.6 Hz), 111.87 (d, J=2.6 Hz), 29.3, 27.4, 22.6, 22.59;
3'PNMR (161 MHz, CDCl;) 6: 108.0.

3.2.2  Rh()/(S)-L A8 1,1-3FAX Hi 2 R 3 AR £, F
BEAL B

HEFEHT, M— 10 mL FEAIE T R 2o
Rh(acac)(CO), (0.65 mg, 0.0025 mmol). Af&(S)-L (3.3
mg, 0.005 mmol) AN IE-+=4E(1.0 mL). Hi+: S min f5, 0
N JE W0 (0.25 mmol) A1 A A5 1E 2% %€ (49 pL, 0.25
mmol). REH AL NRPEF, HIFEHFEHR.
SONESEFH Hy B 3 5, HKIKFEA H, (507 kPa)Fl CO
(507 kPa)S 4k, M ZET 80 CHiFE 12 h. fE1E &N, F
28 KKV, 388 IR P /)N O T s IS4, KL ™
MAFEENT S, B8 FHEE, JFA HPLC 3 GC Wl
E ee {H.

(R)-2-7F H:-4- %A T 1R W I (2a): o (IR VA%,
81%J= %, 84% ee. GC: CP Chirasil-Dex CB, 25 mX0.25
mm X 0.39 mm, flow rate 3.5 mL/min, method: ramp from
60 ‘C to 120 'C at 2.5 ‘C/min, 120 ‘C for 5 min, ramp
from 120 C to 130 C at 2.5 C/min, 130 C for 10
min: g =47.9 min (S), tr=48.4 min (R). [a]} +17.3 (c=
1.0, CHCl;); '"H NMR (CDCl;, 300 MHz) d: 9.68 (s, 1H),
7.32~7.13 (m, 5H), 3.67 (s, 3H), 3.21~3.04 (m, 2H),
2.88~2.72 (m, 2H), 2.55~2.48 (m, 1H); *C NMR
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(CDCl3, 75 MHz) ¢: 200.0, 174.5, 138.0, 128.9, 128.5,
126.7,51.9,44.2,40.7, 37.5;

(R)-2-K 2. F-4-58 AR TR LHEE(2b): LK, 72%
P23, 82% ee. HPLC: Chiralcel OJ-3 column. ¥(hexane)/
V(isopropanol)=93 : 7, flow rate=1.0 mL/min, UV-vis
detection at A=230 nm, zr=13.7 min (S), g=16.6 min
(®). [a]y +22.1 (¢c=1.0, CHCl;); 'H NMR (CDCls, 400
MHz) d: 9.74 (s, 1H), 7.30~7.16 (m, SH), 4.16 (q, J=7.2
Hz, 2H), 2.94~2.88 (m, 2H), 2.66~2.59 (m, 3H), 2.03~
1.75 (m, 2H), 1.27 (t, J=7.2 Hz, 3H); °C NMR (CDCl;,
100 MHz) §: 199.9, 174.4, 140.9, 128.4, 128.3, 126.0,
60.7, 45.3, 38.6, 33.5, 33.1, 14.1; FTIR (neat) v: 2982,
2728, 1726, 1634, 1456, 1381, 1182, 1025, 739, 701 cm™".
HRMS (ESI) calcd for C4H;sNaO; ((M+Na]"): 257.1148,
found 257.1156.

(R)-2- 1 JE-4- 50T TR PR (2¢): Tt VRAA, 73%5™
2., 73% ee. GC: CP Chirasil-Dex CB, 25 mX0.25
mm X 0.39 mm, flow rate 2.0 mL/min, method: ramp from
50 C to 120 ‘C at2.0 C/min, 120 ‘C for 10 min, ty=
16.6 min (S), tx=18.0 min (R). [a]) —1.0 (c=1.0,
CHCLy) {1it!"™ [a]7 +1.4 (c=1.15, CHCL;) for (S)-2¢
with 91% ee}; '"H NMR (CDCls, 400 MHz) §: 9.77 (s, 1H),
3.70 (s, 3H), 3.00~2.88 (m, 2H), 2.58~2.52 (m, 2H),
1.23 (d, J=7.2 Hz, 3H); *C NMR (CDCls, 100 MHz) J:
200.1, 175.6, 51.9, 46.8, 33.4, 17.0;

(R)-2- T F-4- 5 TR 4R Q2a): Totilifk, 75%5™
%, 80% ee. GC: CP Chirasil-Dex CB, 25 mX0.25
mm X 0.39 mm, flow rate 3.5 mL/min, method: ramp from
50 C to 100 C at 5.0 C/min, 100 ‘C for 10 min,
ramp from 100 ‘C to 110 ‘C at 2.0 C/min, 110 ‘C for
20 min: tz=18.7 min (S), x=19.1 min (R). [a]; —11.8
(c=1.0, CHCly) {lit" [a]? —8.2 (¢=1.10, CHCl;) for
(R)-2d with unknown optical purity}; '"H NMR (CDCl;,
400 MHz) o: 9.77 (s, 1H), 4.15 (q, J=6.4 Hz, 2H), 2.89~
2.86 (m, 2H), 2.57~2.53 (m, 1H), 1.71~1.49 (m, 2H),
1.32~1.25 (m, 7H), 0.89 (t, J=7.2 Hz, 3H); *C NMR
(CDCl3, 100 MHz) 6: 200.3, 174.8, 60.6, 45.3, 38.9, 31.5,
29.0,22.4,14.1, 13.8;

(R)-2-5 T H-4- 5 AT IR LT (2e): LMK, 85%
e, 85% ee. GC: CP Chirasil-Dex CB, 25 mX0.25
mm X 0.39 mm, flow rate 3.5 mL/min, method: ramp from
50 C to 160 ‘C at 10.0 C/min: t=7.84 min (S), (r=
7.90 min (R). [a]} —14.8 (c=1.0, CHCl;); 'H NMR
(CDCl3, 400 MHz) o: 9.76 (s, 1H), 4.15 (q, J=7.2 Hz,
2H), 2.98~2.91 (m, 1H), 2.87~2.81 (m, 1H), 2.57~2.52
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(m, 1H), 1.62~1.58 (m, 2H), 1.28~1.25 (m, 4H), 0.95~
0.89 (m, 6H); “C NMR (CDCl;, 100 MHz) &: 200.3,
175.1, 60.6, 45.8, 41.1, 37.2, 25.8, 22.4, 22.2, 14.1; FTIR
(bneat) v: 2958, 2931, 2872, 1726, 1467, 1385, 1180 cm .
HRMS (EI) caled for CoH;s0, [M—CO] " 158.1307,
found 158.1306.

(R)-3-F JE-4- 5 A0-2- T Wi (2f): To i fA, 86% 7™~
2, 71% ee. GC: CP Chirasil-Dex CB, 25 mX0.25
mm X 0.39 mm, flow rate 2.5 mL/min, method: ramp from
40 C to 130 C at2.0 ‘C/min, 130 ‘C for 10 min; trg=
16.4 min (R), t=17.5 min (S). [a] +36.6 (c=1.0,
CHCl;); 'H NMR (CDCly, 400 MHz) J: 9.74 (s, 1H),
3.10~2.93 (m, 2H), 2.44 (dd, J=7.2, 11.6Hz, 1H), 2.24
(s, 3H), 1.17 (d, J=7.2 Hz, 3H);"°C NMR (CDCl;, 100
MHz) 0: 210.4, 200.4, 46.4, 40.7, 28.2, 16.5;

(R)-5-(BU T e — R AR L) -2-(2- AR &3 IR &
fis(2g): T, 80% F=%, 75% ee. HPLC: Lux Su
Amylose-2 column. V(Hexane) . V(isopropanol)=99 : 1,
flow rate=1.0 mL/min, UV-vis detection at A=230 nm,
tx1=7.0 min (S), tg;=7.7 min (R). [a]}) +0.4 (c=1.0,
CHCLy) {1it"”! [a]? 411 (¢=0.34, CHCI;) for (R)-2g with
81% ee}; '"H NMR (CDCls, 400 MHz) 6: 9.74 (s, 1H), 4.13
(q, J=7.2 Hz, 2H), 3.59 (t, J=6.4 Hz, 2H), 2.92~2.83
(m, 2H), 2.57~2.49 (m, 1H), 1.73~1.46 (m, 4H), 1.24 (t,
J=17.2 Hz, 3H), 0.86 (s, 9H), 0.02 (s, 6H); *C NMR
(CDCl;, 100 MHz) ¢: 200.2, 174.7, 62.5, 60.7, 45.3, 38.7,
30.0,28.3,25.9,18.2,14.1, —5.4;

(R)-5-F I -2-(2- 5 AR 4. 35) K IR 2. g (2h): To i
1K, 87% 7F=3, 86% ee. HPLC: Chiralcel OJ-3 column.
V(Hexane) . V(isopropanol) =93 [ 7, flow rate = 1.0
mL/min, UV-vis detection at 1=214 nm, #x;=69.4 min
(S), tri=76.8 min (R). [a]) +12.6 (c=1.0, CHCL;); 'H
NMR (CDCl;, 400 MHz) o: 9.77 (s, 1H), 4.17 (q, J=7.2
Hz, 2H), 2.97~2.92 (m, 2H), 2.64~2.56 (m, 1H), 2.40 (d,
J=6.8 Hz, 2H), 1.82~1.67 (m, 4H), 1.27 (t, J=7.2 Hz,
3H); '*C NMR (CDCls, 100 MHz) 6: 199.5, 173.8, 119.0,
60.9, 45.2, 38.1, 30.6, 22.9, 16.9, 14.0; FTIR (neat) v:
3595, 3540, 2982, 2249, 1728, 1636, 1460, 1382, 1184,
1093 cm™'. HRMS (ESI) caled for C;oH;9N,O, (Oxidant,
[M+0-+NH,4]") 231.1339, found 231.1336.

(R)-2-2-F AR HE) T 1 — W lR (2i): ok,
64%r =%, 78% ee. GC: CP Chirasil-Dex CB, 25 mX0.25
mm X 0.39 mm, flow rate 2.5 mL/min, method: ramp from
60 ‘C to 100 C at 5.0 C/min, 100 C for 10 min,
ramp from 100 C to 110 ‘C at 1.0 ‘C/min, 110 C for
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20 min: ,=26.8 min (R), %=27.2 min (S). [a]; —3.0
(c=1.0, CHCL;); '"H NMR (CDCl;, 400 MHz) ¢: 9.77 (s,
1H), 3.71 (s, 3H), 3.69 (s, 3H), 3.36~3.33 (m, 1H), 2.98
(ddd, /=184, 6.8, 0.8 Hz, 1H), 2.80~2.72 (m, 2H), 2.61
(dd, J=16.8, 6.4 Hz, 1H); >C NMR (CDCl;, 100 MHz) ¢:
199.2,173.4,171.7,52.2,51.8, 44.3, 35.0, 34.8,;

(R)-2-"FH:-4- AT K W R (25): LK, 81%
P3| 85% ee. HPLC: Chiralcel OJ-3 column. ¥(hexane) :
V(isopropanol)=93 : 7, flow rate=1.0 mL/min, UV-vis
detection at A=230 nm, zr=232.8 min (S), g=34.2 min
®). [a]y 9.1 (¢c=1.0, CHCl;) {lit.'"'[o]p=~+16.1 (c=
0.6, CHCI;) for (R)-2j with unknown optical purity}. 'H
NMR (CDCl;, 400 MHz) d: 9.67 (s, 1H), 7.34~7.21 (m,
8H), 7.12~7.10 (m, 2H), 5.09 (s, 2H), 3.27~3.22 (m,
1H), 3.09~3.04 (dd, J=13.6, 6.8 Hz, 1H), 2.84 (ddd, J=
18.4, 8.8, 0.8 Hz, 1H), 2.77 (dd, J=14, 8.4 Hz, 1H) 2.52
(d, J=18.4, 4.8 Hz, 1H); "C NMR (CDCl;, 100 MHz) ¢:
199.8, 173.8, 137.9, 135.5, 128.9, 128.5, 128.4, 128.17,
128.15, 126.7, 66.6, 44.3, 40.8, 37.5; FTIR (neat) v: 3030,
2728, 2830, 1722, 1496, 1454, 1387, 1163, 742, 697 cm '
HRMS (ESI) caled for Ci;sH»NO; ([M + NHy] * ):
300.1594, found 300.1593.

(R)-2-FH-4-FHMR TR 2-a-MIE 2BEQRK): TLEW
1, 86% 72, 84% ee. HPLC: Chiralcel OJ-3 column.
V(hexane) : FV(isopropanol) =93 [ 7, flow rate = 1.0
mL/min, UV-vis detection at A=230 nm, ty =41.0 min (S),
tx=42.5 min (R). [a]}) +14.7 (¢=1.0, CHCl;); '"H NMR
(CDCl;, 300 MHz) ¢: 9.63 (s, 1H), 8.54 (d, J=5.6 Hz,
1H), 7.60 (t, J/=10.0 Hz, 1H), 7.29~7.09 (m, 7H), 4.48 (t,
J=8.8 Hz, 2H), 3.16~2.98 (m, 4H), 2.82~2.66 (m, 2H),
2.50~2.43 (m, 1H); *C NMR (CDCl;, 100 MHz) ¢:
199.8, 173.7, 157.7, 149.2, 137.9, 136.3, 128.8, 128.4,
126.6, 123.4, 121.5, 63.8, 44.1, 40.7, 37.3, 37.0; FTIR
(neat) v: 3384, 2970, 2930, 1727, 1597, 1455, 1439, 1380,
1163, 952, 701 cm™'. HRMS (ESI) caled for C,sH,0NO;
([M-+H]") 298.1438, found 298.1436.

(R)-2-"FHe-4-FMR TR 2-0-MRM H FR(2): TR
1, 85%F7%, 86% ee. HPLC: Chiralcel OJ-3 column.
V(Hexane) : V(isopropanol) =93 [ 7, flow rate = 1.0
mL/min, UV-vis detection at A=230 nm, ty =27.3 min (S),
:=29.9 min (R). [a]} +1.7 (c=1.0, CHCl5); 'H NMR
(CDCl;, 400 MHz) ¢: 9.66 (s, 1H), 7.41~7.40 (m, 1H),
7.27~7.20 (m, 3H), 7.10~7.08 (m, 2H), 6.38~6.35 (m,
2H), 5.1~5.02 (m, 2H), 3.24~3.17 (m, 1H), 3.05 (dd, J=
13.6, 6.0 Hz, 1H), 2.81 (ddd, J=18.4, 6.0, 0.8 Hz, 1H),
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2.76 (dd, J=14, 8.4 Hz, 1H), 2.5 (ddd, /=184, 4.8, 0.4

Hz,

1H); *C NMR (CDCL;, 100 MHz) &: 199.7, 173.5,

149.1, 143.2, 137.8, 128.9, 128.5, 126.7, 110.7, 110.5,
58.3, 44.1, 40.7, 37.3; FTIR (neat) v: 3435, 2973, 2929,
2900, 1726, 1497, 1454, 1384, 1160, 743, 700 cm .
HRMS (EI) caled for C¢H1404 272.1049, found 272.1052.

(R)-2-"FH-4-F AT R 2-a-MEWY HE(2m): TR

&, 87% 73, 86% ee. HPLC: Chiralcel OJ-3 column.
V(hexane) : V(isopropanol) =93 [ 7, flow rate = 1.0
mL/min, UV-vis detection at A=230 nm, ty=41.1 min (),
tx=43.7 min (R). [a]¥ +1.9 (¢=1.0, CHCl;). '"H NMR
(CDCls3, 400 MHz) ¢: 9.66 (s, 1H), 7.31~7.27 (m, 1H),
7.25~7.20 (m, 3H), 7.10~7.04 (m, 3H), 6.98~6.96 (m,
1H), 5.29 (d, J/=12.4 Hz, 1H), 5.25 (d, J=12.8 Hz, 1H),
3.24~3.17 (m, 1H), 3.06 (dd, J=13.6, 6.0 Hz, 1H), 2.83
(ddd, /=184, 8.8, 0.8 Hz, 1H), 2.77 (dd, J=13.6, 8.4 Hz,
1H), 2.52 (ddd, J=18.4, 4.8, 0.8 Hz, 1H); “C NMR
(CDCl;, 100 MHz) o: 199.7, 173.6, 137.8, 137.5, 128.9,
128.5, 128.3, 126.9, 126.74, 126.71, 60.8, 44.1, 40.7, 37.3;
FTIR (neat) v: 3469, 2970, 2928, 1725, 1496, 1454, 1383,
1159, 1030, 700 cm~'. HRMS (EI) caled for C;6H;605S:
288.0820, found 288.0825.

4 BT KL (Supporting Information) 2a~2m ff] GC.
HPLC A1 CD J%: 1%, HRh(CO),L RAE. X LehH Rl a] DL 2%
MASTFI) 33 (http://sioc-journal.cn/)_ %K.
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