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Regio- and Stereo-selective Synthesis of 13-/3R-Aryl Thiosugar
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Abstract Thiosugars have attracted much attention in the field of pharmaceuticals because of their excellent biological activ-
ities, and chemical synthesis is an important way to obtain thiosugars. Using 6-O-diphenylphosphoryl-3,4-O-carbonate-D-gala-
ctal and thiophenols as starting materials, the regio- and stereo-selective syntheses of 15-/(3R)-aryl thiosugars were controlled
with NiBr2 and Pd2(dba); catalysts, respectively. The structures of the target compounds were characterized by nuclear mag-
netic resonance, high-resolution mass spectrometry and single crystal X-ray diffraction. This method exhibited favourable
compatibility with various functional groups substituted thiophenols, which could be used for the structural modification of
active natural products. The research work is help for the rapid construction of the compound library of 15-/(3R)-aryl thio-

sugars for drug discovery.
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K F 0 9 JEURH W] DG et AR, ot fiedl
Ferrier H5HF ¢ A3V < i PR A0 A7 35K S5 N2 45 2 ) JE T
P A ROTIEPS0. T &R A 5 S804
Ji PR A 7 e 2 3, DAL b DXl M ST AR 228 S B AR
PITEIRECR PR AR, Jiang SEU2HRAE T8 RACHR IR £h
VE oAzt a4 Py 2 B 77 NG B o K BURR
HHTTE. ZINEREAGE] T PRI 55 ARG
AOREEF. AR B3 SRE T Pd AL 3,4- Tk R B - LA
A 5 Bt Iy BRI A G 18-BRi AR, Co AL LR e 45
PEHE BR(3S)-3-BRACKHE I 7. FEMCIERN |, i —2P 2%

(a) Jiang's work

+ R8203Na
RS 9 MeCN

(b) Our previous work

) PdCl,(PhCN),
OR DPPF

T3 BL Pdy(dba)s A1 NiBry HEALE R 18-FitA U AN
(3R)-3-75 HEBRACKE 715, LU R fti B Ak 58 7Y 182 FH
Ju [l (Scheme 1).
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P AL 6- R TE-3,4- DR R R - FLAG B 1 AR 22 S
BROSSTT k2%, A7 R DU B AR 1 A0 B R 2R
BRI AR BRIV I T IR IE R 1),
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1, Entries 1~6), A CH,CL {ERETR, DL 4,5-0 2K %
J#§-9,9- — FH 3£ 46 2% 1E (xantphos) TE A FC AR, 7 1% 44 40 71
i & B Pda(dba)s 7 AL BEIEAL [ B, BL 68% AU
AR HARY) 3¢ (Entry 6). B J5 785 € HEAL A
Pdy(dba)s %A 0 BL AR #EAT 7 1% (Entries 7~11), 24
i 1,2-X0( 2K 35 %) 2,52 (DPPE) . = ZEZ [ (PPhs){E R
BC AR INE, e R ASOAS W 81 B 7= A 1,4- X0 (R 2k
J#) T %2 (DPPB). 1,1'- - HE B — 74k (DPPF) ML (2- —
IR JE Bk (DPEphos) fE A ERAR R, = #MKT 60%. 1E
T 7RI 2 5, A TAEEX RS AT T

i 1% (Entries 12~15), {HIg 1&Hh 2 D7) B CHLCL #
ﬁﬁ@%%ﬁ@m%MN_ﬁﬁﬁm&me&M£N
MRS, OSBRI A 13304 2R T, Y18 €
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16), {HALLL 30% M 15 2] 3¢, WL BE NFE. FI,
Pd AT 1-057 B AR I R i & kA e ToK R
AT, TN 6-IBEBREE-3,4-BR IR - LA A AN R 2 1%
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Table 1 Conditions optimization for the 1-thioglycosylation

reaction

Ph— P Ph
Pd catalyst HO O

Q
Ph—IID—Ph SH
0-.0_0O _ ligand
+
\V\O E /o Q solvent @\
Me
1 2

Entry Catalyst Ligand Solvent Yield“/%
1 PdCl2 Xantphos CH2Cl2 N.R.
2 Pd(PPh3)s  Xantphos CH2Cl2 N.R.
3 Pd(OAc): Xantphos CH2Cl2 Trace
4 Pd(dba)z Xantphos CH2Cl2 5
5 Pd(acac)  Xantphos CH2Cl2 24
6 Pdx(dba);  Xantphos CH2Cl2 68
7 Pdx(dba); DPPB CH2Cl2 57
8 Pdx(dba); DPPE CH2Cl2 Trace
9 Pdx(dba);  PPhs CH:Clz Trace
10 Pdx(dba); DPPF CH2Cl2 46
11 Pd2(dba);  DPEPhos CH2Clz 35
12 Pda(dba);s  Xantphos THF 23
13 Pdx(dba);  Xantphos Toluene Trace
14 Pdz(dba);s  Xantphos DMF N.R.
15 Pdx(dba);  Xantphos CH3CN Trace

16° Pdx(dba);  Xantphos CH:Cla 30

@ Unless otherwise stated, all reactions were carried out with 0.05 mmol of
intermediate 1, 0.05 mmol of p-toluenethiol, 5 mol% Pd catalyst, 10 mol%
ligand in 2 mL of solvent, which was stirred at 35 ‘C for 3 h under N, at-
mosphere. ? Reaction was conducted under open air conditions. ¢Isolated yield.
N.R.=no reaction.

TETE R ML SEAF AL IS, TERRAR 264 N T TR
Yithke, &R ER 2 . THURBIRER I S50 R
1 AELAR Ry = AR BN L =) 18-Fi b T 3a, P2
87%; it il 7R M KB, IR BT
A Ta)L XL # RS SRR LA 1 15 B%F R m 0%y R e
e 3b~3d, FEF 65%~83%; LIEFL FHEHAR. [A].
X ASE (R A [ W H - AT, 5 ik S A ) [ ] AR
BHARTG B N2 3e~3i, T7HN 64%~86%; FHIF
I AFAESH A A F I [ PR AR R, AT DB T
ELL R IFI = 2645 BN =) 3, FE20H 62%; 12456
FZAR T KA P 22 P OB T 2 AR I 2R B By B 2-25 T
Ty, JRSIAAFE] T X R A=) 3k A 31, Hfege A
TR, A 64%~T4%; MAFAE 2 AN HERIN, 7L
64%11 7= R A3 2 ED) 3m.

1.2 3-HARENRGMULIRYERE

R VR RO IR X I8 B DR 5 0 2 AR
Bk 7, 2230 T Nif#Ab ™ 3-BACHE & o a7, [H
ﬁé, P 6-5?@@&@5-3,4-%&@5#?[»%*& 1 A%t B L 2R
RN AR, oF BB AR BCAAR RIS R AT 7 1k
(& 3). A ERLILKY, [H el /A xantphos I

Chin. J. Org. Chem. 2024, 44, 593~604

K2 HHEERRDHRE

Table 2 Substrate exploration of thioglycoside derivatives

i Ph—P—Ph
Ph—P=Ph Pd,(dba)s .
0-_0 _0O HO O
ﬁ/ xantphos
o + Ar—SH 0
o) _ DCM, 35 °C —_ S,
Ar
1 2 3
® ? Q
Ph—I?—Ph Ph—l?—Ph Ph—l?—Ph
HO O HO O HO O

3a, 87% 3b, m-Me, 83% 3e,R=F, 64%
3c, p-Me, 68% 3f, R=Cl, 72%
3d, o-Me, 65% 39, R = Br, 80%
9 Ph IE’I) Ph Ph g Ph
Ph—P—Ph o ¢ Ho &
HO O

= R
3h, o-F, 72% 3j, R = OMe, 62%
3i, m-Br, 86% 3k, R = 'Bu, 64% 3L, 7a%
R
Ph—P—Ph

3m, 64% X-ray of 3m

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4Unless otherwise stated, all reactions were carried out with 5 mol% Pd cata-
lyst, 10 mol% ligand in 2 mL of CH,Cl,, which was stirred at 35 C for 3 h
under N, atmosphere.

ZJE(CH;CN)i (Entries 1~6), BL NiBry AEALF], 7T LA
63%4&(1@@ 3R-TFHEERAHE 4b. RN I AT T

e, TEHE AL NiBr BIZ4F T, RIXIHE T
xantphos\ DPPB. DPPE. PPh;. DPPF A DPEphos %
fid 4R (Entries 6~11), H Ll xantphos AR 2 B 1
Ot BEJE, SOMERIEAT 7k, KI2M THE.
DMF H1H %5 (Entries 12~ 14)fX#% CH;CN 1E I, &
NSRS A AR, e JE, SR EIT A R N kAT
BEH R S (Entry 15), &R B 2880 8 R FE. BRI,
THE LA 3R-77 BBAUKE & BRAF A FETOK T S%
PR, TN 6-BEMRMS-3,4- BRI 1 FLAR AR Y 26 A% 12X
7], NiBra {F A AL, xantphos /F NECHE, FEIIA Zn ¥,
TEC NS 80 Chn#hiik [ B 5 h.
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Table 3 Conditions optimization for the 3-thioglycosylation
reaction

K4 GR)-HifEREYIIHE

Table 4 Substrate exploration of (3R)-thiosaccharide deriva-
tives

Q Ph (IF?’ Ph i
Ph—P—Ph . HO O Ph—P—Ph NiBr, Zn Ph=P—Ph
o 0.0 SH Ni _catalyst o o 0.0 xantphos HO O
X E o + /©/ ligand S &’! 0 § o + Ar—SH ————— S&O
0 — Me solvent, Zn /©/ o - MeCN, 80 °C Ar” —
1 2 Me b 1 2 4
Entry Catalyst Ligand Solvent  Yield/% 0 0 0
| Ni(DPPE)CL.  Xantphos  CH:CN  NR. o g Ph Ph_P'Ph Ph_P'Ph
2 Ni(cod)2 Xantphos CH3CN 21
3 Ni(PPh3):Cl: Xantphos CH3CN Trace
4 Ni[P(Cy):]oCl  Xantphos CH3;CN 18 O/ O/ /©/
> NiCl. Xantphos CHCN 50 4a, m-Me, 68% 4d, m-F, 66% 49, R = Br, 55%
6  NiBr Xantphos  CH3CN 63 ab, p-Me, 63% de, p-F, 68% 4h.R=0l 6%
7 NiBr2 DPPB CH3;CN N.D. 4c, o-Me, 52% 4f, o-F, 52%
8 NiBrn DPPE CH3CN N.R. 9
9  NiBn PPh; CH3;CN N.R. Ph—P—Ph Ph—P—Ph
10 NiBr DPPF CH:CN  ND. o o HO 0
11 NiBr2 DPEPhos CH3;CN 35
12 NiBn Xantphos THF N.R. Q Q
13 NiBn Xantphos Toluene N.R. _4 o
14 NiBn Xantphos DMF N.R. 4i, 64% Bu, 43%
4k R OMe, 42%
15> NiBr Xantphos CH;CN 21
@ Unless otherwise stated, all reactions were carried out with 0.05 mmol of 9 9
intermediate 1, 0.05 mmol of p-toluenethiol, 5 mol% zinc dust, 5 mol% Ni Ph }.D Ph Ph— P Ph
catalyst, 10 mol% ligand in 2 mL of solvent, which was stirred at 80 C for 5 HO O
h under N, atmosphere. ”? Reaction was conducted under open air conditions. & &
“Isolated yield. N.D.=not detected. N.R.=no reaction. “/ @:
FE 58U B AL G, RIS T k4T T
41, 72% 4m, 47% 4n, 47%

R, ARNE 4 Prox. ORI b p i 2
P BTGB TEAR [ X7, A SEA% a7 e 5 b At
1 R NAF BN B IBR)-3-BRACKEF= ) da~de, FERA
52%~68%; W HL B BAFE T R IIAR, (8] X
RLT, B AR AT e SRS AR 1 [ SiAF BN R =4
4d~4f, P7E 52%~68%; ALK AL AFAEH IR
TRAU TSR EE . Bom ) = HUH 5L, eRE R
TERIFERIRENAK, BL 55%~65%17= 4 H(3R)-3-
RACKE =4 ag~4i; T FH A7 BH A X 0T 28 AR A Iy
i, 7 CL 43%72 KRG EIST N A 4, SR T
HIXT AR ARIR My . 2-ZE IR My Bl i A 2% - A e 1
B, MR AETE LA 42%~T72%[1)7 R4 (3 R)-3-FiAt
BEF=4 Ak~4m; T8 F A P AR B 2R ) 2R %R
FIFE, 7L 47% 15 2174 4n.

1.3 RARZHIR 1-13-FRHEE L&

HR 48 A 2 SCHR 7 72138390, K5 R AR P2 e i 5
1 AR NSREE, 43 B3 2 7 e 0 2 6 R 1
. WG, A7k LK SRR =PI B oy 25 R
AR, 7E Pdy(dba)s LTS 6-BEERES-3,4-KFR S
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@ All reactions were carried out with 5 mol% zinc dust, 5 mol% Ni catalyst, 10
mol% ligand in 2 mL of MeCN, which was stirred at 80 ‘C for 5 h under N,
atmosphere.

PFUIEHE 1 SLARIE RIS T 18-05 FERACHE 3n; 7E
NiBr, AL N5 6-BEERHE-3,4-BR RS - FLIGHE 1 X4k
PEPEHL ] T 3R-J5 EERACHE 4o F1 4p(3R 5).
1.4 KREMUEYINILILERIE
WAV IS T REIEIR =23 o il A
X SHERATH O MTHIRAE. LLGBR)-3-BRACKE 4f Jfl, HAZ
WS R R BT A RS 5 A 5 #5 B AR HARTT,
DEPT135 i 4 —/MEllk, 6 62.8 X NFEIR 6 547 fE
FREEI B, 456 H 4E i dtdRil HSQC REIT C(6)
IR T15S, B IREAE S HTE 6 43
420 AP dd 0%, mia C(6)—H JFih, R4 'H-'H
COSY 2%, HKIKIRFN T C(5)—H (0 4.61~4.54, m)Fll
C(3)—H (6 4.11~4.03, m); 454 NOESY i, W23
3-H #1 5-H fAEAHRAE 5 (8 2), m&WhE THEY 4
K C)—H XN R L. AN, 1-FiACHE 3m (485
A3 R0 3 o R Y X B R AT A 4 T A (CCDC
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Table 5 Substrate exploration of natural product analogues derivatives

9 O 1]
—p- Ph— P Ph Ph—P—Ph
HPC? g " Ar—SH? —SHe HO O
MeCN, 80 °C \/ DCM 35°C o
o} & %
ArS A _— NiBr, sz(dba = SAr
4 xantphos, Zn xantphos 3
Q
Ph—P—Ph
HO O

3n, from estrone, 44% 0 40, from estrone, 42% 4p, from zingerone, 40%

4@ All reactions were carried out with 0.08 mmol of intermediate 1, 8 mol% Pd catalyst, 16 mol% ligand in 2 mL of CH,Cl,, which was stirred at 35 °C for 3 h under
N, atmosphere. ? This reaction was carried out with 0.08 mmol of intermediate 1, 8 mol% zinc dust, 8 mol% Ni catalyst, 16 mol% ligand in 2 mL of MeCN, which
was stirred at 80 ‘C for 5 h under N, atmosphere.

2248297). .
PPh, Pd,(dba) o
OP Ph HO O l L PPh,
O r " 00,0
Pﬂ% HH 3 SA/Pd(O)XLn T)%,O,
(@]
[ HSQC VS
Bu "H-TH COSY O pph, Y
~__“ NOESY %6 b oo ZPhZ
9 X
B2 (L&Y 4) 554 HSQC. 'H-"H COSY A1 NOESY #H3% %‘ 0&2\
Figure 2 Key HSQC. 'H-'H COSY and NOESY correlations of PdXL, o PAXL
4j D \\O ¢||3Ph2 5 n
0.0
1.5 REZHIERE %__9

2 RS SCHR ORI T 245 52, 0 S-BE LK, 2 o LB T o, O
AT 73R (Scheme 2). Pd bk &, fEAGRIZETHEC c
AT G 1 ST PAOEC &) A, PAO)RC S A S5HE o NiBr, o,

PR 1 RV AT e [ BOY; R 2 S Ik Seph, Zn‘ L oo ®
FBEFR D YR, B BR MR 5 A B0 7 1 1 — > A 48 57 L AT 1) HO OO 1&9
HrEE C; SEAZIRAGR RS A S T AME C AU K N s Ni(O)XLn 1

SV, R SRR B 25 ) AT R B ) — ik A3 3 4 : o
PRIV D, ST AT LA A PR VE R B 1 5B RS, R ’
T PA(O)AC &4 78 LA AL B 3T .

75 Ni AL R b, NiCT)HE PR 5 5 B B A T oy, % prh,
Wk S5 Ni(O)RL A0 B; 15 Pd (AL AR R AR, B 1 to o 90
SRS EEAE CO) L SIAY E A LR %ﬁx %/)
A FUO-41 T BRI U A SERARISRE EEls NIXL, NIXL,
IR R T i B B (A4 G, A SRA% R 5 2 MBI G F
i 5 AT 110 [) T 32 5 E B AL FRUTE & 1) C(3), AT BE 5 2 HS—Ar

2
B2 AREm R ML

Scheme 2 Possible reaction mechanism

FU(BR)-3- 75 B ACHE, &8 Ni MALFIBR R E R A
Ni(0), FERRMELIEIR.
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2 Zhig

RIET Pd L 6-BFERES-3,4- BB BE - 2L 475 B AN
Py SEARIEREE A i 18-07 AR HE . Ni 4L 3R-DY 2
B ARKE I X g BV A T, PR B R IR E
W, B BRI E AR A M. 2 iEI0E T KR T
I TR FEAABE, S5 B AL & 4 2 R ) % 25
VIR AL T B
3 XIS
31 E5RH

Fifi '"H NMR 1 3C NMR #BH1 Burker AVANCE
II™ 400 MHz & #ESEIROGN %€, CDCls N, TMS 4
MR, HEEEEEH Anton Paar MCP5100 %Y =k 407
BENACN &, CHCL: AV M X-4 BT ERE
O AU e AN A v 43 PR FLIBE 55 LS T 1% (HRMIS)
FH Waters Q-TOF Premier™ Jii i A% K 15; B &R 4544 43 Bt
% H Bruker SMART APEX II %Y B 5 X SFFERATHHM. #E
ENTREIR I T 5 Sl il T, 2 BT (TLO)RER IR
W TR & A2 T T . B BESRIE 7). ORI 4
JEENA 2K A PR AL B R 2, EARE S O
LA TG AR, FAhRT R A T 22 ek
i Eetg K BigR b TSR A F]L B 1 RE S
SCHR[35~ 3718 (M 7 ikl 2%, Wil 2 RSS2 S0k
(3415 k.
32 ZWHE
3.2.1 444 3a~3n 894 5%

7] 5 mL f) Schlenk B H NN 6-BEHLHE-3,4-BR MR TG
K FLHHE 1(37.20 mg, 0.100 mmol). Pdy(dba)s (9.15 mg,
0.010 mmol)F1 xantphos (11.56 mg, 0.021 mmol). ¥ <
EAESUE T 15 min J5, BIENTR, EATRTT
I S E(2 mL)FIZREE(0.110 mmol), 35 “Chn#k
B3 h. i TLC Wl BE, e RBLSEAs i, I ZKEE
KRR, FA AR REEERUKME, &F AV, K
Na SOs AN, B WA 58 A E WL (LR
CER/ATHEE, VD V=2 1)/ a5 5] 3a~3n.

(2R,3R,65)-6- Tt i -3,6- — & -2 H- Lt e -2- [ (JBls 1% i
o) FJE]-3-E(3a): LR, 20.2 mg, 2% 87%. [aly
+28.0 (¢ 1.0, CHCl;); 'H NMR (400 MHz, CDCl) ¢:
7.91~7.79 (m, 4H), 7.61~7.42 (m, 8H), 7.31~7.28 (m,
3H), 6.09 (ddd, J=10.0, 5.6, 2.1 Hz, 1H), 5.97 (dd, J=
10.1, 1.6 Hz, 1H), 5.53 (d, J=2.0 Hz, 1H), 4.32 (dd, J=
9.4, 4.2 Hz, 1H), 4.16 (dd, J=9.2, 4.5 Hz, 1H), 4.03~3.92
(m, 2H), 2.39 (s, 1H); 3C NMR (100 MHz, CDCl;) &:
133.0, 132.5, 132.4, 132.4 (d, Jcp=2.8 Hz), 131.9 (d,

598 http://sioc-journal.cn/
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Jer=10.2 Hz), 131.5 (d, Jcrp=10.2 Hz), 131.0 (d, Jep=
139.3 Hz), 130.7, 130.5 (d, Jep=134.2 Hz), 130.1 (d,
Jer=47.8 Hz), 129.2, 128.8 (d, Jep=3.2 Hz), 128.7 (d,
Jer=2.4 Hz), 128.6, 81.8, 76.9 (d, Jcp=>5.3 Hz), 63.7 (d,
Jer=5.5 Hz), 60.6; HRMS (ESI) calcd for C24H23NaO4PS
(M+Na)" 461.0974, found 461.0963.

(2R,3R,65)-6-[(3- F 2K JE) i 3£ 1-3,6- — & -2.H- Nk g -
2-[(JEBREEHL) FH 3E)-3-B2(3b): LR, 19.8 mg, =%
83%. [als +39.7 (¢ 1.0, CHCL); 'H NMR (400 MHz,
CDCly) d: 7.90~7.80 (m, 4H), 7.58~7.53 (m, 2H),
7.51~7.42 (m, 4H), 7.38~7.31 (m, 2H), 7.20~7.07 (m,
2H), 6.08 (ddd, J=10.0, 5.6, 2.1 Hz, 1H), 5.95 (dd, J=
10.1, 1.6 Hz, 1H), 5.53 (dd, J=3.6, 2.0 Hz, 1H), 4.31 (dd,
J=9.2, 4.3 Hz, 1H), 4.16 (dd, J=9.2, 4.6 Hz, 1H), 4.02~
3.93 (m, 2H), 2.41~2.25 (m, 4H); 3C NMR (100 MHz,
CDCls) 6: 138.6, 133.7, 132.5 (d, Je»=2.8 Hz), 132.4 (d,
Jer=2.9 Hz), 132.1, 131.9 (d, Jcr=10.2 Hz), 131.5 (d,
Jer=10.2 Hz), 131.0 (d, Jep=139.2 Hz), 130.8, 130.5 (d,
Jer=134.4 Hz), 130.0, 129.1, 128.9, 128.7 (d, Jep=11.7
Hz), 128.6, 128.5 (d, Jep=11.6 Hz), 81.8, 76.9 (d, Jer=
5.4 Hz), 63.8 (d, Jcp=5.7 Hz), 60.7, 21.2; HRMS (ESI)
caled for CpsHysO4PS (M + Na) © 453.1284, found
453.1290.

(2R3R,685)-6-[(4- FH % Jik ) i & 1-3,6- — -2 H- ML R -
2-[(BRIRIS IE) 1 36 )-3-12(3¢): Al ik, 14.6 mg, F2%
68%. m.p. 1254~127.4 °C; [a]y +13.6 (¢ 1.0, CHCL3);
'H NMR (400 MHz, CDCl;) 6: 7.91~7.80 (m, 4H),
7.61~7.54 (m, 2H), 7.52~7.40 (m, 6H), 7.15~7.06 (m,
2H), 6.06 (ddd, J=10.0, 5.7, 2.0 Hz, 1H), 5.95 (dd, J=
10.0, 1.5 Hz, 1H), 5.47 (dd, J=3.9, 2.0 Hz, 1H), 4.29 (dd,
J=9.2, 4.3 Hz, 1H), 4.15 (dd, J=9.2, 4.4 Hz, 1H), 3.99~
3.90 (m, 2H), 2.33 (s, 3H), 2.14 (d, J=9.7 Hz, 1H); 13C
NMR (100 MHz, CDCl;) d: 138.4, 133.9, 132.3 (d, Jep=
2.9 Hz), 132.2 (d, Jer=2.5 Hz), 131.8 (d, Jcp=10.1 Hz),
131.6 (d, Jep=10.1 Hz), 131.4 (d, Jo»=138.5 Hz), 131.0,
131.0 (d, Jep=134.3 Hz), 129.4, 129.0, 128.6 (d, Jep=
9.5 Hz), 128.5 (d, Je»=9.3 Hz), 81.9, 77.0, 63.8 (d, Jep=
5.7 Hz), 60.9, 21.0; HRMS (ESI) calcd for CasHa04PS
(M-+Na)" 453.1284, found 453.1283.

(2R3R,68)-6-[(2- FH % Jik ) i & 1-3,6- — -2 H- ML R -
2-[(BERRES L) FH L )-3-1E(3d): A [E LA, 15.0 mg, 5%
65%. m.p. 153.4~154.4 °C; [a]y +13.6 (¢ 1.0, CHCL3);
'H NMR (400 MHz, CDCl;) 6: 7.91~7.79 (m, 4H),
7.64~7.54 (m, 3H), 7.52~7.42 (m, 4H), 7.25~7.16 (m,
2H), 7.15~7.06 (m, 1H), 6.12 (ddd, J=10.1, 5.6, 2.0 Hz,
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1H), 5.99 (dd, J=10.1, 1.6 Hz, 1H), 5.55 (dd, J=4.2, 2.2
Hz, 1H), 4.31 (dd, J=9.4, 4.3 Hz, 1H), 4.14 (dd, J=9.1,
4.4 Hz, 1H), 4.03~3.94 (m, 2H), 2.43 (s, 3H), 2.34 (d, J=
9.3 Hz, 1H); '3C NMR (100 MHz, CDCl;) J: 140.1, 133.0,
132.5 (d, Jep=2.8 Hz), 132.4 (d, Jcr=2.9 Hz), 132.2,
131.9 (d, Jer=10.2 Hz), 131.6 (d, Je»p=10.0 Hz), 131.1
(d, Jep=139.1 Hz), 130.7, 130.6 (d, Jep=134.7 Hz),
130.2, 129.2, 128.7 (d, Jep=10.1 Hz), 128.6 (d, Jep=
10.2 Hz), 127.9, (d, Jep=5.7 Hz), 126.3, 81.7, 76.9 (d,
Jep=5.4 Hz), 63.7 (d, Jep=5.5 Hz), 60.7, 21.1; HRMS
(ESI) calcd for CrsHaO4PS (M+Na)" 453.1284, found
453.1275.
(2R,3R,65)-6-[(4- 38 7K 5= ) i & 1-3,6- — & -2.H- M i -
2-[(BEFRTE L) FF 3L 1-3-E(3e): TLAIMAR, 15.0 mg, F=%
64%. [o]s +47.3 (c 1.0, CHCl;); '"H NMR (400 MHz,
CDCly) 6: 7.91~7.77 (m, 4H), 7.60~7.43 (m, 8H),
7.04~6.91 (m, 2H), 6.10 (ddd, J=10.0, 5.8, 2.1 Hz, 1H),
5.94 (dd, J=10.0, 1.5 Hz, 1H), 5.45 (dd, J=3.9, 2.0 Hz,
1H), 4.32 (dd, J=9.7, 3.9 Hz, 1H), 4.15 (dd, J=9.4, 4.4
Hz, 1H), 4.05~3.92 (m, 2H), 2.58 (s, 1H); 3C NMR (100
MHz, CDCL) 6: 162.9 (d, Jer=247.4 Hz), 135.6 (d,
Jer=8.3 Hz), 132.6 (d, Jcrp=2.7 Hz), 132.5 (d, Jcp=2.6
Hz), 131.9 (d, Jcp=10.2 Hz), 131.5 (d, Jcr=10.4 Hz),
130.9 (d, Jer=139.3 Hz), 130.5, 130.5 (d, Jep=134.0
Hz), 129.4, 128.8 (d, Jcp=11.6 Hz), 128.6 (d, Jcp=11.8
Hz), 127.4 (d, Jcr=3.4 Hz), 1159 (d, Jcr=21.6 Hz),
82.1, 76.9 (d, Jcr=>5.1 Hz), 63.6 (d, Jcr=>5.7 Hz), 60.5;
HRMS (ESI) caled for CyH»pFNaO,PS (M + Na) ©
479.0853, found 479.0862.
(2R,3R,6S)-6-[(4- F K Jk ) i 2 1-3,6- — -2 H- ML R -
2-[(BEPR TG 56 ) H 26 )-3-BE (30): Al 4A, 18 mg, =%
72%. m.p. 142.7~144.6 C; [a]ls +16.7 (¢ 1.0, CHCL);
'H NMR (400 MHz, CDCl;) 6: 7.90~7.76 (m, 4H),
7.63~17.56 (m, 2H), 7.52~7.42 (m, 6H), 7.27~7.16 (m,
2H), 6.13 (ddd, J=10.1, 5.7, 2.1 Hz, 1H), 5.94 (dd, J=
10.1, 1.5 Hz, 1H), 5.50 (dd, J=4.0, 2.0 Hz, 1H), 4.34 (dd,
J=10.4, 3.6 Hz, 1H), 4.15 (dd, J=10.0, 3.7 Hz, 1H),
4.08~3.95 (m, 2H), 2.87 (s, 1H); *C NMR (100 MHz,
CDCls) 6: 134.1, 133.8, 132.6 (d, Jcp=2.8 Hz), 132.5 (d,
Jer=2.8 Hz), 131.9 (d, Jer=10.3 Hz), 131.5 (d, Jer=
10.2 Hz), 131.2, 130.9 (d, Jcp=139.7 Hz), 130.4 (d,
Jep=133.7 Hz), 130.2, 129.6, 128.9, 128.8 (d, Jcr=12.6
Hz), 128.7 (d, Je»=12.8 Hz), 81.9, 76.9 (d, Jc»=4.9 Hz),
63.5 (d, Jcp=15.6 Hz), 60.5; HRMS (ESI) calcd for
C24H2CINaO4PS (M+Na)" 495.0557, found 495.0552.
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(2R,3R,65)-6-[(4- 1R 7K J& ) i 3 1-3,6- — -2 H- Nk i -
2-[(BEFRTE L) FH 3L ]-3- (3g): A A, 22.2 mg, F=XK
80%. m.p. 159.5~161.1 °C; [a]Z +11.6 (¢ 1.0, CHCL);
'H NMR (400 MHz, CDCl;) 6: 7.91~7.80 (m, 4H),
7.63~7.55 (m, 2H), 7.54~7.45 (m, 4H), 7.44~7.34 (m,
4H), 6.14 (ddd, J=10.0, 5.8, 2.1 Hz, 1H), 5.94 (dd, J=
10.1, 1.5 Hz, 1H), 5.51 (dd, J=4.2, 2.0 Hz, 1H), 4.34 (dd,
J=10.5, 3.6 Hz, 1H), 4.15 (dd, J=9.6, 44 Hz, 1H),
4.09~3.95 (m, 2H), 2.90 (d, J=8.7 Hz, 1H); *C NMR
(100 MHz, CDCl3) §: 133.9, 132.6 (d, Jcp=2.8 Hz), 132.5
(d, Jep=2.9 Hz), 132.0, 131.9 (d, Jep=10.4 Hz), 131.8,
131.5 (d, Jep=10.2 Hz), 131.6, 131.4 (d, Je.p=133.6 Hz),
130.2, 129.6, 128.8 (d, Jep=12.5 Hz), 128.7 (d, Jep=
12.9 Hz), 122.1, 81.1, 77.0 (d, Jep=5.0 Hz), 63.5 (d,
Jer=5.6 Hz), 60.4; HRMS (ESI) caled for CosH3BrO4PS
(M+H)" 517.0233, found 517.0248.

(2R,3R,65)-6-[(2- 98 7K 5= ) i 3 1-3,6- — & -2.H- N i -
2-[(EEREEHL) FH E)-3-B2(3h): A MEA, 16.9 mg, =%
72%. m.p. 104.6~105.7 C; [a]® +59.9 (¢ 1.0, CHCL);
'H NMR (400 MHz, CDCl;) 6: 7.89~7.79 (m, 4H),
7.67~7.61 (m, 1H), 7.60~7.53 (m, 2H), 7.52~7.43 (m,
4H), 7.35~7.29 (m, 1H), 7.14~7.02 (m, 2H), 6.11 (ddd,
J=10.1, 5.6, 2.0 Hz, 1H), 6.00 (dd, J=10.0, 1.5 Hz, 1H),
5.54 (dd, J=3.5, 2.0 Hz, 1H), 4.30 (dd, J=9.5, 4.1 Hz,
1H), 4.13 (dd, J=9.3, 4.6 Hz, 1H), 4.02~3.93 (m, 2H),
2.42 (d, J=9.2 Hz, 1H); 3C NMR (100 MHz, CDCl;) ¢:
162.0 (d, Jer=245.0 Hz), 135.8, 132.5 (d, Jep=2.8 Hz),
132.4 (d, Jep=2.8 Hz), 131.9 (d, Jep=10.2 Hz), 131.5 (d,
Jer=10.2 Hz), 131.0 (d, Jer=139.3 Hz), 130.5 (d, Jer=
134.1 Hz), 130.4 (d, Jcp="7.8 Hz), 130.4, 129.5, 128.7 (d,
Jer=11.8 Hz), 128.6 (d, Jep=11.8 Hz), 124.3 (d, Jer=
3.8 Hz), 119.3 (d, Jcr=17.8 Hz), 115.8 (d, Jor=22.8 Hz),
81.2, 76.9 (d, Jep=5.3 Hz), 63.3 (d, Jcr=>5.7 Hz), 60.6;
HRMS (ESI) caled for CosHxsFOPS (M+H)" 457.1033,
found 457.1040.

(2R3R,68)-6-[(3- 1R % Jik ) i & 1-3,6- — -2 H- ML R -
2-[(BE IR MG 3L ) F JE)-3-lE (3i): PR, 23.6 mg, 7%
86%. [a]s +15.6 (¢ 1.0, CHCL); '"H NMR (400 MHz,
CDCl;) d: 7.89~7.81 (m, 4H), 7.70~7.66 (m, 1H),
7.61~7.54 (m, 2H), 7.52~7.43 (m, 5H), 7.42~7.37 (m,
1H), 7.18~7.07 (m, 1H), 6.15 (ddd, J=10.0, 5.8, 2.1 Hz,
1H), 5.94 (dd, J=10.3, 1.5 Hz, 1H), 5.56 (dd, J=4.0, 2.0
Hz, 1H), 4.36 (dd, J=10.0, 3.8 Hz, 1H), 4.15 (dd, J=9.5,
4.6 Hz, 1H), 4.10~3.97 (m, 2H), 2.97 (s, 1H); 3C NMR
(100 MHz, CDCLy) §: 135.4, 134.5, 132.6 (d, Jep=2.8
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Hz), 132.5 (d, Jep=2.8 Hz), 131.9 (d, Jc»=10.3 Hz),
131.5 (d, Jcp=10.3 Hz), 130.9 (d, Je»=139.8 Hz), 130.7,
130.6, 130.4 (d, Jep=133.6 Hz), 130.1 (d, Jop=7.3 Hz),
129.7, 128.8 (d, Jep=13.3 Hz), 128.6 (d, Jcr=13.5 Hz),
122.4, 81.8, 76.9 (d, Je»=5.0 Hz), 63.3 (d, Jcp=5.7 Hz),
60.4; HRMS (ESI) calcd for Ca4HNaBrO4PS (M+Na)*
539.0052, found 539.0054.
(2R,3R,6S)-6-[(4- P 48 J: 2R k) i 2k )-3,6- —&-2H-Hk
WR-2-[ (IR R 28 F 6 )-3-(3)): I (el fA, 15.3 mg, 7=
#62%. m.p. 116.3~117.7 C; [als +49.3 (¢ 1.0, CHCL3);
'H NMR (400 MHz, CDCl;) 6: 7.90~7.78 (m, 4H),
7.59~7.43 (m, 8H), 6.86~6.78 (m, 2H), 6.04 (ddd, J=
10.1, 5.7, 1.9 Hz, 1H), 5.93 (dd, J=10.1, 1.6 Hz, 1H),
5.42~536 (m, 1H), 4.28 (dd, J=9.0, 4.3 Hz, 1H), 4.15
(dd, J=9.3, 3.9 Hz, 1H), 3.96~3.88 (m, 2H), 3.79 (s, 3H),
2.02 (s, 1H); 3C NMR (100 MHz, CDCls) 6: 160.3, 136.3,
132.3 (d, Jer=2.9 Hz), 132.2 (d, Jerp=2.8 Hz), 131.8 (d,
Jcp=10.2 Hz), 131.6 (d, Jcp=10.2 Hz), 131.4 (d, Jcp=
138.2 Hz), 131.1,131.1 (d, Jop=134.4 Hz), 128.9, 128.6
(d, Jep=28.6 Hz), 128.5 (d, Jcp=8.5 Hz), 122.2, 114.3,
82.1, 76.9, 63.9 (d, Jcrp=>5.7 Hz), 60.9, 55.3; HRMS (ESI)
caled for CysHyOsPS (M + H) ©  469.1233, found
469.1236.
(2R,3R,65)-6-[(4-B T H: IR 3 ]-3,6- — & -2H-ML
MR-2-[ (IR R 28 ) F 0k )-3-BE(3k): [ (afEl 14, 16.8 mg, 7=
K 64%. m.p. 84.2~85.8 C; [a]y +21.5 (¢ 1.0, CHCL);
'H NMR (400 MHz, CDCl;) 6: 7.90~7.82 (m, 4H),
7.59~7.54 (m, 2H), 7.51~7.43 (m, 6H), 7.34~7.29 (m,
2H), 6.08 (ddd, J=10.0, 5.5, 2.0 Hz, 1H), 5.96(dd, J=
10.0, 1.6 Hz, 1H), 5.49 (d, J=4.0, 2.0 Hz, 1H), 4.31 (dd,
J=9.1, 4.4 Hz, 1H), 4.17 (dd, J=9.3, 4.4 Hz, 1H), 3.99~
3.92 (m, 2H), 2.19 (s, 1H), 1.30 (s, 9H); 3C NMR (100
MHz, CDCls) 6: 151.5, 133.2, 132.5 (d, Jcp=2.8 Hz),
132.4 (d, Jep=2.8 Hz), 131.9 (d, Jep=10.4 Hz), 131.6 (d,
Jer=10.2 Hz), 130.9, 130.7 (d, Jcrp=139.5 Hz), 130.2 (d,
Jep=134.1 Hz), 129.1, 128.2, 128.7 (d, Jer=10.1 Hz),
128.6 (d, Jer=10.3 Hz), 125.8, 82.0, 76.9 (d, Jep=5.7
Hz), 63.8 (d, Jcp=>5.6 Hz), 34.6, 31.2; HRMS (ESI) calcd
for CasH3:NaO4PS (M+Na)" 517.1573, found 517.1580.
(2R,3R,6S)-6- %5 T %= -3,6- — & -2 H- N R -2- [ (i e 1
Fo)HIE-3-BE@E): B OEE, 192 mg, % 74%. mop.
122.1~123.7 °C; [als +23.5 (¢ 1.0, CHCL;); '"H NMR
(400 MHz, CDCL3) 0: 8.07~8.02 (m, 1H), 7.92~7.79 (m,
5H), 7.76~7.70 (m, 2H), 7.64~7.60 (m, 1H), 7.59~7.54
(m, 2H), 7.51~7.41 (m, 6H), 6.10 (ddd, J=10.1, 5.5, 2.0
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Hz, 1H), 6.01 (dd, J=10.1, 1.5 Hz, 1H), 5.64 (d, J=4.0,
2.0 Hz, 1H), 4.37 (dd, J=10.8, 3.0 Hz, 1H), 4.19 (dd, J=
10.5, 4.6 Hz, 1H), 4.06~3.99 (m, 2H), 2.65 (s, 1H); 1*C
NMR (100 MHz, CDCl3) 6: 133.4, 132.5 (d, Jep=2.5 Hz),
132.4 (d, Jep=2.8 Hz), 132.0 (d, Jep=10.2 Hz), 131.5 (d,
Jer=10.6 Hz), 131.0 (d, Jer=139.4 Hz), 130.6, 130.4 (d,
Jer=133.9 Hz), 130.1, 129.8, 129.4, 128.8 (d, Jo»=13.0
Hz), 128.6 (d, Jep=13.2 Hz), 128.3, 127.7, 127.6, 126.6,
126.4, 82.1, 77.0, 63.8 (d, Jer=>5.6 Hz), 60.6; HRMS
(ESI) caled for CrsHaO4PS (M+H)" 489.1284, found
489.1278.

(2R,3R,65)-6-[(2,4- — F HL IR I ) Bt 15 1-3,6- & -2H-
Mg -2-[ (B R TR 52 ) FH 26 )-3-% 3m): [ B[4, 15.8 mg,
FEF 64%. mp. 132.8~134.2 C; [a]5 +40.8 (¢ 1.0,
CHCl;); '"H NMR (400 MHz, CDCLy) 6: 7.88~7.80 (m,
4H), 7.60~7.54 (m, 2H), 7.51~7.45 (m, 5H), 7.08~7.03
(m, 1H), 6.93~6.89 (m, 1H), 6.08 (ddd, J=10.1, 5.6, 2.0
Hz, 1H), 5.96 (dd, J=10.0, 1.6 Hz, 1H), 5.46 (dd, J=4.0,
2.0 Hz, 1H), 4.28 (dd, J=9.2, 4.4 Hz, 1H), 4.13 (dd, J=
9.0, 4.3 Hz, 1H), 3.97~3.90 (m, 2H), 2.41 (s, 3H), 2.30 (s,
3H), 2.11 (d, J=9.6 Hz, 1H); 3C NMR (100 MHz, CDCl5)
5: 141.0, 138.5, 134.6, 132.4 (d, Jcr=2.9 Hz), 132.4 (d,
Jer=2.8 Hz), 131.9 (d, Jep=10.2 Hz), 131.8 (d, Jep=
138.8 Hz), 131.6 (d, Jep=10.1 Hz), 131.2, 131.0, 130.6
(d, Je.p=134.5 Hz), 128.9, 128.7 (d, Jep=10.2 Hz), 128.6
(d, Jep=10.5 Hz), 127.9, 127.0, 82.0, 76.8, 63.8 (d, Jep=
5.7 Hz), 60.8, 21.2, 21.1; HRMS (ESI) calcd for C,sH,7Na-
04PS (M+Na)" 489.1260, found 489.1271.

(2R,3R,65)-6- T A Mt Pl -3,6- — & -2 H-PH i -2-[ (i 1R
P2 ) B 34 ]-3-BE(3n): TLEHIR, 21.6 mg, =% 44%.
[a]5 +86.3 (¢ 1.0, CHCl3); 'TH NMR (400 MHz, CDCls) 6
7.91~7.82 (m, 4H), 7.59~7.53 (m, 2H), 7.52~7.45 (m,
4H), 7.33~7.29(m, 1H), 7.27~7.25 (m, 1H), 7.21~7.17
(m, 1H), 6.08 (ddd, J=10.0, 5.7, 2.0 Hz, 1H), 5.95 (dd,
J=10.0, 1.6 Hz, 1H), 5.52~5.46 (m, 1H), 4.30 (dd, J=
9.2, 4.1 Hz, 1H), 4.15 (dd, J=9.3, 4.5 Hz, 1H), 4.00~3.93
(m, 2H), 2.83 (dd, J=9.0, 4.2 Hz, 2H), 2.53 (dd, J=18.9,
8.6 Hz, 1H), 2.42~2.35 (m, 1H), 2.29~2.23 (m, 1H),
2.21~2.03 (m, 3H), 2.01~1.94 (m, 2H), 1.70~1.35 (m,
7H), 0.92 (s, 3H); '*C NMR (100 MHz, CDCls) d: 220.8,
140.0, 137.2, 133.9, 132.5 (d, Jep=2.9 Hz), 132.4 (d,
Jer=2.7 Hz), 131.9 (d, Jep=10.2 Hz), 131.6 (d, Jep=
10.2 Hz), 131.0 (d, Jer=138.8 Hz), 130.9, 130.7, 130.6
(d, Jep=134.4 Hz), 129.1, 129.0, 128.7 (d, Je.p.=11.9 Hz),
128.6 (d, Jep=12.0 Hz), 125.9, 81.9, 63.7 (d, Jep=5.6
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Hz), 60.7, 50.5, 47.9, 44.3, 37.9, 35.9, 31.5, 29.2, 26.3,
25.6, 21.6, 13.9; HRMS (ESI) calcd for Cs;cH39NaOsPS
(M+Na)" 637.2148, found 637.2151.

322 b4k 4a—4p 895k

i} 5 mL [ Schlenk & "IN 6-H IR HE-3,4- % FRIH
JFLJERE 1 (37.20 mg, 0.100 mmol). NiBr, (2.18 mg,
0.010 mmol). xantphos (11.56 mg, 0.021 mmol)F1 Zn #;
(0.65 mg, 0.010 mmol). ¥ NAF7E 1 N4l 15 min J5,
FHEE B #E N 2R, FFERTRT FIA Q2
mL)FIZAR T (0.110 mmol), 80 CHIFAZM 5 h. TLC M
ML, RN SE4 G, IMANKER N, F R OB
BUKA, &IEENIA, FT/K NaSOs THEA P, HHL
A4 e B A BTV (CR OB/ & R, ViV =
1 : 4 Eaifbf3 3] 4a~4p.

(2R,35)-4-[(3- 2K 2 ) i & 1-3,4- — &0 -2.H- ML W -
2-[(BEMREE L) FHJE-4-B% (4a): LR, 16.4 mg, =K
68%. [a]ls +15.8 (¢ 1.0, CHCL;); '"H NMR (400 MHz,
CDCl;) d: 7.86~7.80 (m, 2H), 7.78~7.71 (m, 2H),
7.59~7.42 (m, 6H), 7.24~7.05 (m, 4H), 6.54 (d, J=6.2
Hz, 1H), 4.95 (ddd, J=6.0, 5.2, 1.7 Hz, 1H), 4.57~4.51
(m, 1H), 4.31 (dd, J=10.5, 2.8 Hz, 1H), 4.19 (dd, J=10.7,
2.7 Hz, 1H), 4.11~4.05 (m, 1H), 3.78~3.74 (m, 1H), 3.67
(s, 1H), 2.29 (s, 3H); '*C NMR (100 MHz, CDCl3) ¢:
146.5, 140.3, 134.3, 133.7 (d, Jcr=2.8 Hz) ,133.5, 132.9
(d, Je»=10.3 Hz), 132.5, 132.4 (d, Jep=10.3 Hz), 131.6
(d, Jep=139.5 Hz), 131.5, 131.1 (d, Jep=134.2 Hz),
129.8 (d, Jep=13.3 Hz), 129.6 (d, Jcp=13.3 Hz), 128.4,
127.7,98.9, 72.3 (d, Je»r=>5.5 Hz), 66.6, 63.7 (d, Jc»=5.6
Hz), 44.8, 21.7, HRMS (ESI) calcd for C,sH2sNaO4PS
(M+Na)" 475.1103, found 475.1111.

(2R,35)-4-[(4- 2K B ) i & 1-3,4- — &0 -2.H- ML WA -
2-[(FPR AR HL) F 3£ )-4- (4b): A IELE, 15.1 mg, 77K
63%. m.p. 96.0~97.2 °C. [a]y +16.0 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCl3) 6: 7.87~7.77 (m, 2H), 7.76~
7.69 (m, 2H), 7.59~7.52 (m, 2H), 7.50~7.40 (m, 4H),
7.28~7.21 (m, 2H), 7.04~6.98 (m, 2H), 6.50 (d, J=5.9
Hz, 1H), 4.92 (dd, J=7.5, 5.4 Hz, 1H), 4.60~4.46 (m,
1H), 4.28 (dd, J=10.1, 2.5 Hz, 1H), 4.16 (dd, J=10.5, 2.6
Hz, 1H), 4.08~3.97 (m, 1H), 3.71 (s, 1H), 3.66 (dd, J=
5.4, 1.6 Hz, 1H), 2.30 (s, 3H); 3C NMR (100 MHz,
CDCls) 6: 145.4, 137.7, 132.6 (d, Jep=2.8 Hz), 132.5 (d,
Jer=2.8 Hz), 132.4, 131.9 (d, Jcr=10.2 Hz), 131.4 (d,
Jer=10.4 Hz), 130.7 (d, Jcp=139.5 Hz), 130.2, 130.2 (d,
Jer=134.0 Hz), 129.9, 128.8 (d, Jer=13.0 Hz), 128.6 (d,
Jep=13.4 Hz), 98.1, 71.2 (d, Jc»=5.6 Hz), 65.5, 62.7 (d,
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Jer = 5.7 Hz), 45.0, 21.1; HRMS (ESI) caled for
CasHas04PS (M+H) " 453.1284, found 453.1292.
(2R,35)-4-[(2- H 7 55 ) B %% 1-3,4- — & -2H- WL W -
2-[(EBREE L) F 3 )-4-F% (4c): LOTHIR, 12.4 mg, =
52%. [a]® +63.8 (¢ 1.0, CHCL); '"H NMR (400 MHz,
CDCLy) o: 7.87~7.78 (m, 2H), 7.77~7.70 (m, 2H),
7.61~7.53 (m, 2H), 7.52~7.38 (m, 5H), 7.18~7.12 (m,
2H), 7.11~7.04 (m, 1H), 6.55 (d, J=6.1 Hz, 1H), 4.95
(dd, J=6.9, 6.0 Hz, 1H), 4.63~4.54 (m, 1H), 4.30 (dd,
J=10.4, 2.6 Hz, 1H), 4.19 (dd, J=10.6, 4.6 Hz, 1H),
4.07~4.01 (m, 1H), 3.87 (s, 1H), 3.72 (dd, J=7.4, 2.1 Hz,
1H), 2.37 (s, 3H); 3C NMR (100 MHz, CDCls) o: 145.5,
139.3, 133.3, 132.7 (d, Jer=2.8 Hz), 132.5 (d, Jer=2.9
Hz), 131.9 (d, Jep=10.4 Hz), 131.5, 131.4 (d, Jcr=10.3
Hz), 130.6 (d, Jep=139.5 Hz), 130.5, 130.2 (d, Jep=
132.1 Hz), 128.8 (d, Jcrp=13.3 Hz), 128.6 (d, Jcp=13.3
Hz), 127.4, 126.7, 97.9, 71.3 (d, Je»=5.5 Hz), 65.6, 62.7
(d, Jep=15.5 Hz), 43.8, 20.7, HRMS (ESI) calcd for
CasHasNaO4PS (M+Na) " 475.1103, found 475.1111.
(2R,3S)-4-[(3- F 7K Hk ) B %5 1-3.,4- — & -2H- ik 1 -
2-[(BE MR HEHE) FF 3L ]-4-F% (4d): EOHIR, 16.0 mg, 77%
66%. [aly +45.3 (¢ 1.0, CHCL); 'H NMR (400 MHz,
CDCl;) d: 7.87~7.78 (m, 2H), 7.76~7.67 (m, 2H),
7.59~7.40 (m, 6H), 7.25~7.07 (m, 3H), 6.97~6.86 (m,
1H), 6.54 (d, J=6.1 Hz, 1H), 4.92 (dd, J=7.6, 5.4 Hz,
1H), 4.49 (dd, J=7.5, 6.1 Hz, 1H), 4.31 (dd, J=10.4, 2.8
Hz, 1H), 423~4.14 (m, 2H), 4.10~4.04 (m, 1H), 3.82
(dd, J=2.8, 1.1 Hz, 1H); 3C NMR (100 MHz, CDCl;) ¢:
162.7 (d, Jer=247.4 Hz), 145.9, 136.6 (d, Jer=7.67 Hz),
132.7 (d, Jep=2.8 Hz), 132.6 (d, Jep=2.9 Hz), 131.9 (d,
Jer=10.6 Hz), 131.2 (d, Jcr=10.3 Hz), 130.5 (d, Jer=
139.8 Hz), 130.4 (d, Jcr=8.2 Hz), 130.0 (d, Jep=133.9
Hz), 128.8 (d, Jer=13.0 Hz), 128.6 (d, Jcp=13.5 Hz),
126.0 (d, Je.p=3.1 Hz), 117.3 (d, Jor=22.4 Hz), 114.1 (d,
Jer=21.1 Hz), 97.3, 71.3 (d, Jcr=>5.3 Hz), 65.7, 62.7 (d,
Jc_p:5.6 HZ), 43.8; HRMS (ESI) calced for C24H23FO4PS
(M+H)" 457.1033, found 457.1050.
(2R,3S)-4-[(4- F, 7K Hk ) i %5 1-3.,4- — & -2H- Mk i -
2-[(JBE IR B 3L ) 1 JE]-4-F (de): LIDIR, 16.4 mg, F7&
68%. [aly +64.4 (¢ 1.0, CHCL); '"H NMR (400 MHz,
CDCly), d: 7.88~7.71 (m, 4H), 7.63~7.54 (m, 2H),
7.52~7.44 (m, 4H), 7.38~7.32 (m, 2H), 6.94~6.83 (m,
2H), 6.52 (d, J=6.2 Hz, 1H), 4.97~4.89 (m, 1H), 4.54
(dd, J=10.4, 2.5 Hz, 1H), 431 (dd, J=10.6, 2.9 Hz, 1H),
4.18 (dd, J=10.6, 2.9 Hz, 1H), 4.06~4.00 (m, 2H), 3.67
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(d, J=5.3 Hz, 1H); '3C NMR (100 MHz, CDCl;) §: 162.5
(d, Jer=246.6 Hz), 145.6, 134.6 (d, Jor=8.2 Hz), 132.7
(d, Jop=2.8 Hz), 132.6 (d, Jep=2.9 Hz), 131.8 (d, Jop=
10.4 Hz), 131.3 (d, Jcr=10.3 Hz), 130.6 (d, Jep=134.3
Hz), 129.8 (d, Jep=135.6 Hz), 128.9 (d, Jer=13.3 Hz),
128.8, 128.6 (d, Jcp=13.5 Hz), 116.2 (d, Jer=3.1 Hz),
97.8, 71.1 (d, Jep=5.2 Hz), 65.1, 62.5 (d, Jep=5.4 Hz),
45.3; HRMS (ESI) caled for CaHyFOPS M+ H)*
457.1033, found 457.1040.

(2R,38)-4-[(2- T 7K J& ) Btk 3 1-3,4- — & -2H- ML i -
2-[(E PR HL ) H 3L -4-F (4f): TCE IR, 12.6 mg, 7=
52%. [a]y +43.5 (¢ 1.0, CHCl3); '"H NMR (400 MHz,
CDCly) 0: 7.87~7.72 (m, 4H), 7.61~7.54 (m, 2H),
7.52~7.40 (m, 5H), 7.28~7.21 (m, 1H), 7.05~6.97 (m,
2H), 6.53 (d, J=6.0 Hz, 1H), 4.95 (dd, J=5.5, 3.9 Hz,
1H), 4.63~4.55 (m, 1H), 4.30 (dd, J=10.4, 2.8 Hz, 1H),
4.18 (dd, J=10.6, 2.6 Hz, 1H), 4.05~3.93 (m, 2H),
3.80~3.73 (m, 1H); *C NMR (100 MHz, CDCl;) J: 162.1
(d, Jer=244.0 Hz), 145.8, 134.8, 132.7 (d, Je»=2.9 Hz),
132.5 (d, Jep=2.8 Hz), 131.9 (d, Jep=10.4 Hz), 131.4 (d,
Jer=10.4 Hz), 130.6 (d, Jep=134.3 Hz), 130.0 (d, Jep=
8.0 Hz), 129.8 (d, Jcp=133.9 Hz), 128.8 (d, Jcp=13.3
Hz), 128.6 (d, Jep=13.4 Hz), 124.7 (d, Jcr=3.9 Hz),
120.7 (d, Jer=18.4 Hz), 166.0 (d, Jcr=23.0 Hz), 97.6,
71.5 (d, Jep=5.5 Hz), 65.5, 62.6 (d, Jep=5.5 Hz), 44.0
(d, Jep=2.0 Hz); HRMS (ESI) calcd for Co4H2,FNaO4PS
(M+Na)" 479.0853, found 457.0870.

(2R,38)-4-[(4- 5 7K JL ) i B 1-3,4- — & -2H- ML g -
2-[(EFRTEEHL ) FH JE]-4-5 (4g): TR, 15.0 mg, j=&K
55%. [y +11.9 (¢ 1.0, CHCl;); '"H NMR (400 MHz,
CDCly) 0: 7.86~7.78 (m, 2H), 7.75~7.67 (m, 2H),
7.62~7.55 (m, 2H), 7.54~7.42 (m, 4H), 7.35~7.30 (m,
2H), 7.25~7.19 (m, 2H), 6.53 (d, J=6.0 Hz, 1H), 4.91
(dd, J=5.5, 4.0 Hz, 1H), 4.51 (dd, J=7.8, 5.9 Hz, 1H),
431 (dd, J=10.5, 2.5 Hz, 1H), 4.24~4.11 (m, 2H),
4.06~3.99 (m, 1H), 3.76 (d, J=5.2 Hz, 1H); *C NMR
(100 MHz, CDCls) o: 145.9, 133.2, 132.7 (d, Jcp=2.8
Hz), 132.6, 132.6 (d, Jcp=2.8 Hz), 132.2, 131.8 (d, Jep=
10.8 Hz), 131.2 (d, Jep=10.3 Hz), 130.1 (d, Jep=134.3
Hz), 129.8, 128.8 (d, Jcr=13.0.0 Hz), 128.7 (d, Jep=
13.2 Hz), 121.3,97.4, 71.2 (d, Jer=5.1 Hz), 65.2, 62.5 (d,
Jer=5.7 Hz), 44.2; HRMS (ESI) calcd for C,4H2,BrNa-
04PS (M+Na)™ 539.0052, found 539.0045.

(2R,35)-4-[(4- S 7K B ) i B 1-3,4- — & -2H- WL VR -
2-[(BEPR TG HE) F 3K )-4-1% (4h): TSEHPIR, 16.2 mg, 7%
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65%. [a]s +11.9 (¢ 1.0, CHCIL;); 'H NMR (400 MHz,
CDCLy) o: 7.86~7.78 (m, 2H), 7.75~7.68 (m, 2H),
7.62~7.55 (m, 2H), 7.53~7.42 (m, 4H), 7.33~7.29 (m,
1H), 7.28~7.26 (m, 1H), 7.20~7.13 (m, 2H), 6.53 (d, J=
6.1 Hz, 1H), 4.92 (dd, J=6.1, 3.5 Hz, 1H), 4.55~4.48 (m,
1H), 431 (dd, J=10.5, 2.5 Hz, 1H), 4.23~4.11 (m, 2H),
4.03 (d, J=5.6 Hz, 1H), 3.75 (dd, J=6.3, 1.1 Hz, 1H); 1*C
NMR (100 MHz, CDCls) 0: 145.8, 133.4, 132.7 (d, Jep=
2.8 Hz), 132.6, 132.5 (d, Jep=10.4 Hz), 131.8 (d, Jep=
10.4 Hz), 131.3 (d, Jcp=10.4 Hz), , 130.1 (d, Jep=134.1
Hz), 129.8, 128.8 (d, Jcp=13.7 Hz), 128.7 (d, Jc»r=13.8
Hz), 97.5, 71.1 (d, Jep=>5.1 Hz), 65.2, 62.5 (d, Jcp=5.5
Hz), 44.4; HRMS (ESI) calcd for CosH2,CINaO4PS (M+
Na)" 495.0057, found 495.0056.

(2R,38)-4-(((4- = o0 H 25 ) 2K 56 ) i 5% )-3,4- — &(-2H-
Mg -2-[ (R PR IR 2L ) P O )-4- B (4i): ALl A, 17.1 mg,
FEF 64%. mp. 123.2~124.6 C; [a]ly +27.9 (¢ 1.0,
CHCL); 'H NMR (400 MHz, CDCl;) 6: 7.85~7.76 (m,
2H), 7.72~7.63 (m, 2H), 7.62~7.35 (m, 10H), 6.57 (d,
J=6.1 Hz, 1H), 4.92 (dd, J=5.7, 3.9 Hz, 1H), 4.55~4.44
(m, 2H), 4.33 (dd, J=10.6, 2.6 Hz, 1H), 4.19 (dd, J=10.7,
3.5 Hz, 1H), 4.11~4.03 (m, 1H), 3.96~3.89 (m, 1H); 1*C
NMR (100 MHz, CDCl;) 6: 146.2, 139.8, 132.9 (d, Jep=
3.0 Hz), 132.6 (d, Jcr=2.8 Hz), 131.8 (d, Jcp=10.4 Hz),
131.1 (d, Jep=10.4 Hz), 130.6, 129.5 (d, Jc.p=135.4 Hz),
129.0, 128.8 (d, Jep=13.3 Hz), 128.6 (d, Jcp=2.4 Hz),
125.9 (q, Jer=37.2 Hz), 124.0 (q, Jer=270.5 Hz), 96.9,
71.3 (d, Jop=4.8 Hz), 65.4, 62.5 (d, Jep=5.7 Hz), 42.0;
HRMS (ESI) caled for CasHa3F3:04.PS (M+H)" 507.1001,
found 507.1007.

(2R,38)-4-[(4- BT F 2R T Bt FL 1-3,4- — & -2 H-ML R -
2-[(fE B2l 3k ) H L )-4-B(4): IR, 111 mg, =
43%. [a]y +6.4 (c 1.0, CHCL); 'H NMR (400 MHz,
CDCLy) o6: 7.88~7.75 (m, 4H), 7.62~7.55 (m, 2H),
7.53~7.44 (m, 4H), 7.35~7.31 (m, 2H), 7.27~7.22 (m,
2H), 6.53 (d, J=6.1 Hz, 1H), 4.96 (dd, J=6.0, 3.7 Hz,
1H), 4.61~4.54 (m, 1H), 4.32 (dd, J=10.4, 2.8 Hz, 1H),
4.20 (dd, J=10.6, 2.6 Hz, 1H), 4.11~4.03 (m, 1H), 3.68
(dd, J=5.3, 2.2 Hz, 1H), 3.64 (s, 1H), 1.30 (s, 9H); *C
NMR (100 MHz, CDCls) 0: 150.9, 145.4, 132.6 (d, Jep=
2.9 Hz), 132.5 (d, Jep=2.8 Hz), 132.1, 131.9 (d, Jep=
10.2 Hz), 131.4 (d, Jcp=10.3 Hz), 131.0, 130.0, 129.8 (d,
Jep=137.1 Hz), 128.8 (d, Jcp=12.5 Hz), 128.6 (d, Jer=
12.9 Hz), 126.2, 98.1, 71.2 (d, Jc.p=>5.6 Hz), 65.7, 62.8 (d,
Jer=5.4 Hz), 45.0, 34.6, 31.2; HRMS (ESI) calcd for
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CasH31NaO4PS (M+Na)" 517.1573, found 517.1570.
(2R,38)-4-[(4- F A B R 5L ) i 52 )-3,4- -2 H- ML R -
2-[(BEPR TG HL) FH 3K )-4- (4K): TSPIR, 102 mg, 7%
42%. [a]y +7.1 (¢ 1.0, CHCL); 'H NMR (400 MHz,
CDCl;) d: 7.88~7.75 (m, 4H), 7.62~7.56 (m, 2H),
7.54~7.45 (m, 4H), 7.37~7.31 (m, 2H), 6.78~6.70 (m,
2H), 6.51 (d, J=6.1 Hz, 1H), 4.94 (dd, J=6.1, 3.5 Hz,
1H), 4.63~4.50 (m, 1H), 4.31 (dd, J=10.4, 2.5 Hz, 1H),
4.18 (dd, J=10.6, 2.6 Hz, 1H), 4.05 (dd, J=8.9, 3.5 Hz,
1H), 3.79 (s, 3H), 3.67 (d, J=7.3 Hz, 1H), 3.57 (ddd, J=
6.1, 2.1, 1.0 Hz, 1H); 3C NMR (100 MHz, CDCls) o:
159.7, 145.3, 135.3, 132.7 (d, Jcp=2.8 Hz), 132.5 (d,
Jer=2.9 Hz), 131.9 (d, Jer=10.3 Hz), 131.4 (d, Jep=
10.4 Hz), 130.7 (d, Jep=139.2 Hz), 120.2 (d, Jep=139.5
Hz), 128.8 (d, Jep=12.8 Hz), 128.7 (d, Jep=13.1 Hz),
124.1, 114.7, 98.3, 71.1 (d, Je»p=5.4 Hz), 65.3, 62.6 (d,
Jer=5.5 Hz), 55.3, 45.9; HRMS (ESI) calcd for CasHys-
NaOsPS (M+Na)" 491.1053, found 491.1060.
(2R,385)-4-(2-ZE 0 3k )-3,4- — A -2 H- M PR -2- [ (3 1 T
B -4-BE(4l): FEEE, 18.6 mg, % 72%. m.p.
143.9~144.6 C; [a]Z —8.4 (c 1.0, CHCL); '"H NMR
(400 MHz, CDCls) 6: 7.87~7.77 (m, 4H), 7.73~7.55 (m,
5H), 7.51~7.42 (m, 6H), 7.28~7.21 (m, 2H), 6.56 (d, J=
6.1 Hz, 1H), 4.99 (dd, J=6.0, 3.6 Hz, 1H), 4.59 (dd, J=
7.6, 6.1 Hz, 1H), 431 (dd, J=10.4, 2.7 Hz, 1H), 4.19 (dd,
J=10.7, 2.9 Hz, 1H), 4.16~4.12 (m, 1H), 4.02~3.96 (m,
1H), 3.95~3.91 (m, 1H); 3C NMR (100 MHz, CDCl;) §:
145.7, 133.7, 132.7 (d, Jcp=2.8 Hz), 132.4 (d, Jep=2.8
Hz), 132.3, 131.9 (d, Jep=10.5 Hz), 131.5, 131.2 (d,
Jep=10.5 Hz), 130.1 (d, Jep=134.2 Hz), 129.7, 129.5,
128.8 (d, Jep=3.9 Hz), 128.7, 128.6, 128.5 (d, Jep=4.3
Hz), 127.7, 127.5, 126.6, 126.2, 97.7, 71.3 (d, Jep=>5.3
Hz), 65.5, 62.7 (d, Jep=>5.6 Hz), 44.0; HRMS (ESI) calcd
for CosH04PS (M+H)" 489.1284, found 489.1284.
(2R,38)-4-[(2-WE Wy ) it 2 1-3,4- — & -2 H- M PR - 2-[ (g%
RIS L) FF 2L -4-F (4m): AR, 11.0 mg, 723 47%.
m.p. 1145~1153 C; [a]5 +37.5 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCl;) d: 7.89~7.80 (m, 4H), 7.63~
7.57 (m, 2H), 7.54~7.45 (m, 4H), 7.35~7.30 (m, 1H),
7.08~7.03 (m, 1H), 6.94~6.88 (m, 1H), 6.52 (d, J=6.0
Hz, 1H), 4.93 (dd, J=5.5, 3.8 Hz, 1H), 4.52 (dd, J=7.8,
6.0 Hz, 1H), 4.35 (dd, J=10.3, 2.3 Hz, 1H), 4.23~4.16
(m, 2H), 3.78 (s, 1H), 3.56 (dd, J=4.2, 1.3 Hz, 1H); 13C
NMR (100 MHz, CDCl3) 0: 145.8, 135.4, 132.7 (d, Jep=
3.1 Hz), 132.6 (d, Jep=3.3 Hz), 131.9 (d, Jcp=10.4 Hz),
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131.7, 131.5 (d, Jep=10.3 Hz), 130.9, 130.5, 129.8 (d,
Jep=38.2 Hz), 128.8 (d, Jcp=134.4 Hz), 128.7 (d, Jcp=
138.8 Hz), 127.7, 97.6, 71.0 (d, Jc»=5.3 Hz), 65.2, 62.4
(d, Jep=6.0 Hz), 47.9; HRMS (ESI) calcd for CyHz;Na-
04PS (M+Na)" 467.0511, found 467.0503.

(2R,3S)-4-[(2,4- — FI R JL) i 54 1-3,4- — S -2 H- N IR -
2-[(BEFRTEEHL ) 1 5L ]-4-B5 (4n): FIEEAK, 11.6 mg, =K
47%. m.p. 95.4~96.4 C; [a]Z +17.8 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCl3) 0: 7.87~7.72 (m, 4H), 7.61~
7.41 (m, 6H), 7.29~7.26 (m, 1H), 7.01~6.95 (m, 1H),
6.87~6.81 (m, 1H), 6.53 (d, J=6.0 Hz, 1H), 4.95 (dd, J=
5.6, 3.8 Hz, 1H), 4.66~4.54 (m, 1H), 4.30 (dd, J=10.6,
2.5 Hz, 1H), 4.19 (dd, J=10.6, 2.5 Hz, 1H), 4.00 (d, J=
5.9 Hz, 1H), 3.89~3.72 (m, 1H), 3.65~3.58 (m, 1H), 2.34
(s, 3H), 2.29 (s, 3H); ¥C NMR (100 MHz, CDCl3) o:
145.4, 139.9, 137.7, 133.0, 132.6 (d, Jc»=2.8 Hz), 132.5
(d, Jep=2.8 Hz), 131.9 (d, Jc.p=10.2 Hz), 131.4, 131.4
(d, Jer=10.2 Hz), 130.9 (d, Jcr=138.9 Hz), 130.6 (d,
Jep=139.6 Hz), 128.8 (d, Jep=13.1 Hz), 128.6 (d, Jep=
13.4 Hz), 127.4, 98.2, 71.3 (d, Je»r=>5.6 Hz), 65.4, 62.7,
44.4, 21.0, 20.8; HRMS (ESI) caled for CysHa7NaO4PS
(M+Na)" 489.1260, found 489.1273.

(2R, 3S)-4- i A M il -3,4- — & -2 H- W 1R -2-[ (il TR T
B )-4-B(d0): FIEAETE, 21.0 mg, 7% 42%. m.p.
185.7~186.9 C; [aly +127.9 (¢ 1.0, CHCl;); 'H NMR
(400 MHz, CDCls) §: 7.87~7.76 (m, 4H), 7.60~7.54 (m,
2H), 7.51~7.41 (m, 4H), 7.18~7.10 (m, 3H), 6.52 (d, J=
6.0 Hz, 1H), 4.95 (ddd, J=6.0, 5.2, 1.7 Hz, 1H), 4.59~
4.53 (m, 1H), 4.31 (dd, J=9.7, 3.4 Hz, 1H), 4.19 (dd, J=
8.5, 4.7 Hz, 1H), 4.07 (s, 1H), 3.69~3.67 (m, 1H), 2.85~
2.72 (m, 2H), 2.57~2.49 (m, 1H), 2.21~2.06 (m, 3H),
2.02~1.95 (m, 2H), 1.69~1.35 (m, 8H), 0.95 (s, 3H); 1*C
NMR (100 MHz, CDCls) 0: 220.7, 149.1, 145.4, 139.5,
137.6, 132.7 (d, Jc»p=3.0 Hz), 132.6, 132.5 (d, Jcp=2.6
Hz), 131.9 (d, Jcp=10.3 Hz), 131.4 (d, Jcr=10.4 Hz),
130.8, 130.7 (d, Jer=139.8 Hz), 130.2 (d, Jer=139.6
Hz), 129.6, 128.8 (d, Jcr=13.2 Hz), 128.6 (d, Jep=13.4
Hz), 126.2, 98.1, 98.1, 77.2, 74.0, 73.1, 71.3, 71.2, 68.9,
65.8, 63.0, 61.5, 50.5, 47.9, 45.0, 44.3, 37.9, 35.8, 31.6,
29.7, 29.1, 26.3, 25.6, 21.6, 13.8; HRMS (ESI) calcd for
C16H400sPS (M+H)" 615.2329, found 615.2326.

(2R,35)-4- B AR 32 i -3,4- — & -2 H- MLk i -2-[ (i & T
) H B ]-4-TE(4p): LER, 17.0 mg, 7% 40%. [aly
+8.5 (¢ 1.0, CHCL;); '"H NMR (400 MHz, CDCl3) ¢:
7.86~7.75 (m, 4H), 7.60~7.55 (m, 2H), 7.51~7.41 (m,
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4H), 7.28~7.24 (m, 1H), 6.72~6.68 (m, 1H), 6.64~6.60
(m, 1H), 6.52 (d, J=6.1 Hz, 1H), 4.95 (ddd, J=6.0, 5.2,
1.6 Hz, 1H), 4.64~4.57 (m, 1H), 4.29 (dd, /=9.7, 3.5 Hz,
1H), 4.18 (dd, /=38.4, 4.6 Hz, 1H), 4.03~3.97 (m, 1H),
3.82 (s, 3H), 3.75 (ddd, J=6.1, 2.1, 1.0 Hz, 1H), 3.60 (d,
J=6.6 Hz, 1H), 2.90~2.83 (m, 2H), 2.79~2.72 (m, 2H),
2.17 (s, 3H); '*C NMR (100 MHz, CDCls) §: 207.6, 158.9,
145.3, 143.1, 1344, 132.6 (d, Jcp=2.7 Hz), 132.5 (d,
Jcp=2.8 Hz), 131.9 (d, Jc»=10.2 Hz), 131.4 (d, Jcp=
10.2 Hz), 131.2 (d, Jcp=49.1 Hz), 129.8 (d, Jcp=43.4
Hz), 128.8 (d, Jc»=13.1 Hz), 128.6 (d, Jcr=13.3 Hz),
120.8, 118.8, 111.4, 98.3, 71.3 (d, Jc»=5.7 Hz), 65.9, 63.0
(d, Jep=5.5 Hz), 55.8, 45.0, 43.0, 30.1, 29.7;, HRMS
(ESI) caled for C2oH3NaOsPS (M+Na)" 561.1471, found
561.1459.

45 Bh#4 %} (Supporting Information) K ZR 7= Wi Wy 7
() A4 1) & AN AZ G L 4R 3 B . b &4 3m (CCDC
2248297) ) B i B4 A EW) 4 1) YERZ I B R A A
¥) 3a~3n. 4a~4p [f] '"HNMR. BC NMR i E. ixtepf
REA] PL G 2 AT B3 (http://sioc-journal.cn/) & T %K.
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