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EECREREREE KSR G K B-HRE BB

X EME  EXE O WMWE  FEE
(B T2ERe Rl 52 TR R 5P 421002)

x| # R E

WE  pRIEIERERE — R E RGNS DI RN g, EaE R R BEER. 184t T —
PR PG E . IR A BIE SRR K & RN R, TR S SRR 5B SR (2.5 mol%) HI Ak AF:
AF, BL1,2-Z 5 4510 mL)AEH], =i FHIEEERRIEE(1 mmol) 57K (3 mmol) & 2L /K& S v, Tl i X ik 6
133 B-BEE R ER I S IR =92%). ZNERAIRYIEAVERE) . RIVAAMRM ., AU SR A, S BB
T B S5 46 B TT IR AR =) L ST 2250 5% F A6 AR T — i ide 42,

KB PIEIEIRTE; p-REIERER LA, S KA R

Effective Transformation of Alkynylphosphonates into
B-Ketophosphonates with a Gold(l) Catalyst

Liu, Kaijian™ Liu, Hongwei Wang, Wenge Ou, Lijuan Wang, Jingjing

Hu, Bonian™
(Department of Materials and Chemical Engineering, Hunan Institute of Technology, Hengyang 421002)

Abstract pS-Ketophosphonates are an important class of carbonyl compounds which exhibit a wide range of biological activi-
ties and outstanding metal-complexing abilities. They are building blocks in organic synthesis, especially as intermediates for
the synthesis of a,f-unsaturated carbonyl compounds, chrial f-hydroxy and S-hydroxy phosphonic acids. In this paper, a sim-
ple, convenient and environmentally benign method to synthesize the S-ketophosphonates from alkynylphosphonates was de-
veloped, which can be easily prepared in one step from commercial terminal alkynes. In the presence of 2.5 mol%
XPhosAuSbFg and 3 equiv. of water in dichloroethane at room temperature, a broad range of alkynylphosphonates were con-
verted into the corresponding fS-ketophosphonates in nearly equivalent conversion through gold-catalyzed hydration reaction.
The presented methodology will provide new strategies for f-ketophosphonates-type natural product and drug synthesis, which

has important academic significance and application value.

Keywords alkynylphosphonates; f-ketophosphonate; gold catalysis; hydration reaction
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Wk, KEARE T R 1. Bii, &fF
EZ LR S R R S L 3| PRy A DN
RIS HFR RS R R T —Fh Pd I R R G
mA&ﬁﬁ% TR B-PREE IR R 1 & A %
F HEVEF SR, BA T EENSEME. B2
ﬁ@%%~ﬁmﬁ¥%#ﬁfﬁ%mﬁf%ﬁmﬁ H

RE A NELF (15 T2 T AT 2. SEB 45 R
%%,f@%@%ﬁ%?éﬁ%ﬂ%ﬁ?}&%%&%
STAT DLy B e 7 SR I A R B 1
1 #R5iTR
1.1 SEMHREBEEREKE R F 4R

2- K CHRFLEIR — 5 AR (1a) (1.0 mmol), 7K(3.0
mmol), 2.5 mol% PhP;AuNTf,, 1 mL 12- ~& 4 %%
(DCE), H TLC M¥ &M, =i fidt ey 24 h 5, hfH
T3 JEURLAS S N, i Tk R A o AT RO AR R L)
1a [FIEALEAL 76%, FHNIRKE F=H)(2-2K LFH-2-54%)
IR — 5% N G (22) 1% 0 7= 224 74% (Table 1, Entry 1). H
FIRECRIEE, DL 2-0K SBRBEIBEIR — S A IR O B A,
AT RN A AL, 2-2R SR IR — 5 PR AEAN [
SN TG RNVEE R 1.

T SEAIE I 4 e 1A TR TEC AR 1 L B0 S5 BV PR 56 W,
BIF 0 A F < R A 7] A 180 7 A TR e e T 1 1R 11
2w 4R AN RILG W Z & s W 1 (4-MeO-
CeHa)sP BLAR. & LT R IABCAR1,3-X0(2,6- — ¢ N 2k
DRI ) WK -2 N7 JE | (IPr), 345t 75 f5f FL 1 1¥) (4-CF3CHy)sP
W A A5 < i A6 AR R, SO IR e Ak 3 B AR AN AR
(Entries 2~4). G MEMWFITCARARFUN KA R YA 1)
SIS RN, AR AR PR 3R AR R BRI PR 1R K 5
BN R A AR, SR A 2 A e ek 7]
B Al FH R C AR AR R ) 15 K 52 i #5(Scheme 1) (En-
tries 5~10, BrettPhos>Xphos>SPhos>MePhos>L>
PhsP>Cy;>Et;P).

PCY2 PCy, PCy,
! ! OMe

MePhos SPhos
O O OMe
i-Pr
gcy? MeO PCy, /\
O P Pr-i NN
o0
O Pr-i i-Pr
Pri Pr-i
XPhos BrettPhos 1Pr
Scheme 1
2008 http://sioc-journal.cn/

1 VAL

Table 1 Reaction conditions optimization

0 o 9
_n 2.5 mol% [Au] P(O-i-Pr),
= P(O-+Pr)2 3 equiv. H,0
DCE, rt., 12h

1a 2a
Entry Gold catalyst Solvent Yield”</%
1 PhPAUNTS, DCE 73
2 (4-MeOC¢H,);PAUNTE, DCE 74
3 (4-CF;C¢H,);PAuUNTf, DCE 73
4 IPrAuNTf DCE 70
5  Et;PAuNTS, DCE 59
5  Cy;PAuNTf DCE 68
6 LAuNTf, DCE 38
7  MePhosAuNTf, DCE 92
8  SPhosAuNTf, DCE 94
9  XPhosAuNTf, DCE 98
10  BrettphosAuNTf, DCE 98
11 XPhosAuCl DCE 30
12 XPhosAuBF, DCE 90
13° XPhosAuSbF, DCE 98 (92)
14  XPhosAuPFq DCE 95
15 XPhosAuOTf DCE 89
16 XPhosAuOTs DCE 87
17 XPhosAuSbF DCE 83
18 XPhosAuSbFg CH;0H 38
19 XPhosAuSbFg CH;0H/H,0O 86
20 XPhosAuSbF, THF 67
21 XPhosAuSbF, Acetone 50
22 XPhosAuSbF Toluene —
23  XPhosAuSbFg CH;CN —
24  XPhosAuSbF DMF —
25 XPhosAuSbFg DMSO —
10 mol% XPhos—+
26 10 mol% AgSbF; DCE o
10 mol% XPhos—+
27 10 mol% AgNO; DCE o
10 mol% XPhos+
210 mol% AgNTH, DCE o
10 mol% XPhos—+
29 10 mol% Cu(OTf), DCE o
10 mol% XPhos—+
30 10 mol% Cu(NOs), DCE o
31 HNTf, DCE —
32 MsOH DCE —
33 TFA DCE —

© 2014 Chinese Chemical Society & SIOC, CAS

“ Alkynylphosphonate (1a) (1 mmol), H,O (3 mmol), gold catalyst (2.5 mol%),
DCE (1 mL) in the open flask at room temperature. * The reaction progress
was monitored by thin layer chromatography. ¢ Estimated by 'H NMR spec-
troscopy using 1,3,5-trimethoxybenzene as an internal reference and the num-
ber in parentheses is isolated yield. ¢ 1.5 mol% XPhosAuSbFs was used and
the reaction was run for 40 h.

] BrettPhos AuNTf, 5 A (117K 15 S 2 e W A
AL R 5] XPhosAuNTS, I S W FRIAZ 1 BE 18 4 A1 %
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P, JLIRFPATIZE 58 T A ALY YT 2 700 s B e 1k
[, TR 5 R 251 (Entries 11~16),
77 SbFy AT NTE, 14 A4 75122 UL HE A 5] Ak 1k e
X8 B 4 A RS N, B & IR Ik
XPhosAuSbFg 1F 4 1% e A, A SCE— 5T T ik
DA X RO P, BEST R IR 1.5 mol% ) 4x
AL AT DAL ST, KR VI TR 2R 40 h, B
BT 12% B SE R IR A S N, AH Y =P IR A I
} 83% (Entry 17), 4RELIEK [ VI [A] 52 72 h, F=Z% A
.

IR BT RN I R N . R 1
FEw, RN e N R A AR, A K S
KON, W TR REE. FREK(V D V=10 © ). PUSW
RO B, R (1) B A 2 344 B B AR (Entries 18~21),
TMAE 2R, 2 N,N-— FF 3 e S FR I )
TCVEAF B N K G 7=, JoRHLT- % A7 982> (Entries
22~~25). WFFUERIVE AR . 4 £h K T IR AR AN BE A AL b
LR TR 1) 7K A [ Vi (Entries 26~33).

Wi FRA& AL, BATRLERAEEE T, W
1,2- S LBEEFF AN 2.5 mol% XPhosAuSbF i1k ki
FL IR IR 1) K A5 ]I N (Talbe 1, Entry 13).

1.2 REGEFAMMHR

TESAACI RN ZEAE T, X 2 Pk B B K &
BRSHEAT THET. BB T A IR RR ER K A R A
TIMANATFIRER, Z il NEAT, RNV AR A, B
DAA S N AR W F5 R Bk A il U TR ). ke 2
B, 75 BRI R IR e A 07 BRI AL R AEAE I T
BEA Gl S AN SR AE U At F - R A (PR A A
FoYBF, IR RN T 56 A F A AR R B- Bk it 1 T
& W)(Table 2, Entries 1~8). 7754 M K484 4
SRR IR, S AR e AR IR e 1E 4T (Entries 9, 10).
UEAME FHH A A DE P 2SR A, dnwEmy . inE ., A
WO L 2% 400 R i ™ % M43 21 AH B 1R 7K & 7 ) (Entries
11~14). BRI IRDIE TS KR, 1% Y REAR &f
HhSHE 7Y 7 2 P BT B A ) AU, AR B (Entry
15). K& H(Entry 16). 1xI #(Entry 17). 52 (Entry 18).
M35 (Bntry 19) R348 38 (Entry 20). BF5TIE AL
L(ERE) 7 gt I R =7 SN = 7 SN S = -
AR S (Entires 21~24)#8n] LR AR K SN, g™
HAF BRI p-HRHE IR IR H bk &)

® 2V
Table 2 The reaction scope
o 2.5 mol% [Au] o 0
I - ° I
R'—==—P(OR? EEEE——— 2
OR%2 3 quiv. 10 R)K/P(OR )2
1 DCE, r.t. 2

R' = alkyl, aryl; R? = Me, Et, i-Pr, Bn

Entry Product Yield®/% Entry Product Yield®/%
(0] 9 (0] (H)
P(0-i-Pr), P(O--Pr),
1 95 2 96
Me 2b MeO 2c
P 9 o 9
P(O-i-Pr), P(O-i-Pr),
3 94 4 98
B
Me 2d ' 2e
o o o Q
P(O-i-Pr), P(O-i-Pr),
5 97 6 97
cl 2 F 2g
O O
O (0] I
P(O--Pr); P(OEL)
7 94 8 93
AcO 2h Br 2

Chin. J. Org. Chem. 2014, 34, 2007~2014
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Entry Product Yield®/% Entry Product Yield”/%
(0] 9 le) 9
P(OEt), P(OEt),
9 94 10 92
Me Br
2 2k
(ool Q 9 -
-i-Pr
1 @ PIOEL), 96 12 B 98
ST 2
o @ o 0
0 P(OEt), P(0--Pr),
13 { 92 14 i"; 9
o)
2n 20
2 Sor §
15 Me/”\bde\v/ (0-FPr); 95 16 o AN PO-P1Y, 94
2p 2q
Q9 0 Q@
17 oo~ _P(0-iPr), 04 18 Ncﬁfgp(oa)2 97
2r 2s
O I
OEt P(OEt),
19 97 20 97
2u
o 9
OEt P(OMe),
21 94 22 95
2w
o 0 o 9
P(O-n-Bu), P(OBn),
23 96 24 95
2y

¢ Alkynylphosphonate (1) (3 mmol), H,O (9 mmol), XPhosAuSbF (2.5 mol%), DCE 3 mL in the open flask at room temperature. bTsolated yield.

1.3 EELREREIEE K S 55

T WE P i R TR A S A — SR L) IR 2 A Ph——= ‘l"(OEt)z Zif—lw’ Ph)K/POEt
WEY, AT Z ARG, A LIRS B S DCE, rt, 12h v
G ok, i S A KA RN S 2v, KT o
R I TS BRI T Biginelli %415 MM E14 tSequv.uea o 0"

B A E MR BRI S, SO 84% (Scheme 2). 0.5 equiv. PhCHO fl
0.5 equiv. TsOH Me N o
1.4 S RERERE 5K & R HY 7] BEALIE CH3CN, reflux, 24 h H

ST SCHRARE PR A S sz 25 L, A G i Ak B over yii[‘é; 84%

IR IR /K & S WY 1T BE ) S VAL ER W, Scheme 3. 156, FH Scheme 2

1T AL NS AR L R IR A e TR AL K e

TSR, A T A Ry R RB; R B ARE, SRR

AR SR A R RROE MR X G5k, a2 et fe 5

2010 http://sioc-journal.cn/ © 2014 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2014, 34, 2007~2014
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BRI NE LA .
R—— X [Ad] R_=i=X H,0
1 ,ﬁu -H*
R Ay keto-enol 0 0]
—( tautomerism x H R)K/x
HO X R 2
B c Au
Scheme 3
2 4Eig

ATV ST T BH 25 4 A 750 44 1 e 35 B R s Ak A5
WIR7K& O, ] XPhosAuSbF 4t & Tk T —Fh
AR BT 2B i 1A B B- R EE I IR s Ak & 0 1)
BT ZITIETC T IR M B E B A e RS
PEAARORE, AMEH . A=A s Falm, RV &A1
WA H BAT 2 R R IS . S TAEAME
B TSR K E RNARR, JHh & BRI R e
SERIRI IR =) S 2500 53 -6 R AL T T IR A
3 ZBES
3.1 RAFISINEE

AT B E R, RV IRY)INE AR T
B R AT, BT 2 AR A d Al ']
NMR Fl “C NMR(HFr A TMS, ¥#5Ah CDCL) i
Varian INOVA-400 & k% #f 34 4 A0 52 . MS {1
MATOSXP 7 iy 73 T 1 S 52
3.2 HIRFHHE K

FIAER, 48 10 mL BEJEESHR PR A 0.3
mmol HIEBERRES . 3 mL 1,2- =& 2%, 0.9 mmol /KFI
2.5 mol% XPhosAuSbF, (0.0075 mmol, 6.8 mg), %1
PER N — B R S TLC M RN 58 . Yok i e s 95 771,
3 BRE A R A4, VRGP AT AT (LR LR/ A
fik 2 0 1~1 1 )7 S 322i1s H b 4 2a~2y.

Q-7 ZHE2-AA) B — 5 R 2a)*): sk e ih
JR¥. 'TH NMR (400 MHz, CDCl5) d: 8.00 (d, J=7.7 Hz,
2H), 7.58 (t, J=7.3 Hz, 1H), 7.48 (t, J=7.7 Hz, 2H),
4.74~4.69 (m, 2H), 3.58 (d, J=23.1 Hz, 2H), 1.27 (t, J=
5.1 Hz, 12H); “C NMR (100 MHz, CDCl) 6: 192.1,
136.8, 133.4, 129.2, 128.5, 71.6 (d, Jo»=6.8 Hz), 39.8 (d,
Jcp=130.0 Hz), 23.8, 23.6; HRMS calcd for C4H,;04NaP
(M~+Na)" 307.1075, found 307.1068.

[2-(4"- F 3 2 23 2- S AR I R 5 7T T (2b)!*':
WHEMIRY). "H NMR (400 MHz, CDCL3) d: 7.93 (d,
J=8.0 Hz, 2H), 7.25 (d, J=8.0 Hz, 2H), 4.74~4.68 (m,
2H), 3.57 (d, J=22.7 Hz, 2H), 2.42 (s, 3H), 1.27 (t, J=5.9

Chin. J. Org. Chem. 2014, 34, 2007~2014
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Hz, 12H); >C NMR (100 MHz, CDCl;) §: 191.5, 144.5,
134.4, 129.2, 129.3, 71.5 (d, Jop=6.8 Hz), 39.8 (d, Jep=
128.9 Hz), 23.8 (d, Je.p=3.4 Hz), 23.6 (d, Jop=>5.7 Hz),
21.8; HRMS calcd for C;sH,3;04NaP (M—I—Na)+ 321.1232,
found 321.1242.

[2-(4'- FHAR IR 2K 2 3)-2- SR R — S AT i (2)1*°:
HHOMPRY). '"H NMR (400 MHz, CDCLy) d: 7.97 (d,
J=8.8 Hz, 2H), 6.88 (d, J=8.8 Hz, 2H), 4.71~4.66 (m,
2H), 3.82 (s, 3H), 3.48 (d, J=23.2 Hz, 2H), 1.25 (t, J=6.1
Hz, 12H); *C NMR (100 MHz, CDCL;) 6: 190.4 (d, Jep=
6.9 Hz), 163.7, 131.6, 129.7, 113.5, 71.4 (d, Jc.»=6.8 Hz),
55.5,39.7 (d, Jep=130.0 Hz), 23.8 (d, Jep=3.4 Hz), 23.6
(d, Jep=4.6 Hz); HRMS calcd for C,sH,,OsP (M+H)"
315.1361, found 315.1365.

[2-(3'- F L 2K 2,38 )-2- S AR B R — 5 T T (21
IO mkY). '"H NMR (400 MHz, CDCl3) §: 7.83 (d,
J=8.0 Hz, 2H), 7.38 (d, J=7.7 Hz, 1H), 7.37 (t, J=7.5
Hz, 1H), 4.75~4.70 (m, 2H), 3.59 (d, J=22.7 Hz, 2H),
2.43 (s, 3H), 1.28 (d, J/=2.9 Hz, 6H, overlap), 1.28 (d, /=
2.9 Hz, 6H, overlap); BC NMR (100 MHz, CDCl) ¢:
192.3 (d, Jop=6.8 Hz), 138.3, 136.8, 134.1, 129.7, 128.5,
126.4, 71.3 (d, Jep=6.8 Hz), 39.8 (d, Jep=130.0 Hz),
23.8 (d, Jep=3.4 Hz), 23.8 (d, Jop=4.6 Hz), 21.3; HRMS
caled for C;sH,;O4NaP (M + Na) © 321.1232, found
321.1231.

[2-(4- 2 2. 95)-2- S AR B R — 5 T 1K (2e)1*): 1%
WO PR Y). 'TH NMR (400 MHz, CDCly) 6: 7.88 (d, J=
8.5 Hz, 2H), 7.62 (br.t, J=8.4 Hz, 2H), 4.76~4.70 (m,
2H), 3.54 (d, J=22.7 Hz, 2H), 1.28 (d, J=3.3 Hz, 6H,
overlap), 1.29 (d, J=3.3 Hz, 6H, overlap); *C NMR (100
MHz, CDCls) 6: 191.2 (d, Jop=6.8 Hz), 135.3, 131.9,
130.7, 128.9, 71.5 (d, Jcp=6.8 Hz), 39.8 (d, Jcp=128.9
Hz), 23.8 (d, Jep=3.4 Hz), 23.7 (d, Jep=4.6 Hz); HRMS
caled for C;4;H,0O;NaPBr (M +Na)' 385.0180, found
385.0188.

[2-(4-F K 235)-2- 5Bk R S N R 2R vk 3
Ry, "TH NMR (400 MHz, CDCLy) 0: 7.97~7.95 (m,
2H), 7.46~7.44 (m, 2H), 4.74~4.68 (m, 2H), 3.56 (d, J=
22.7 Hz, 2H), 1.28 (d, J=3.3 Hz, 6H, overlap), 1.29 (d,
J=3.3 Hz, 6H, overlap); °C NMR (100 MHz, CDCls) §:
190.8 (d, Jep=5.7 Hz), 140.1, 135.1, 130.5, 128.7, 71.7
(d, Jep=6.8 Hz), 39.8 (d, Jop=128.9 Hz), 23.8 (d, Jep=
3.4 Hz), 23.8 (d, Jep=>5.7 Hz); HRMS calcd for Cy,Hy-
0,PClI (M+H)" 319.0866, found 319.0866.

2-(4-Fi K £ 56)-2- A AR — 7 Nl )™ %

http://sioc-journal.cn/ 2011
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WO PRY). "TH NMR (400 MHz, CDCly) d: 8.08~8.06
(m, 2H), 7.18~7.14 (m, 2H), 4.75~4.70 (m, 2H), 3.58 (d,
J=23.1 Hz, 2H), 1.31 (d, J=3.7 Hz, 6H, overlap), 1.28 (d,
J=3.7 Hz, 6H, overlap); °C NMR (100 MHz, CDCl;) :
190.4 (d, Jop=6.8 Hz), 166.8, 165.2, 133.1, 132.1, 131.8,
115.7, 115.6, 71.5 (d, Jop=6.8 Hz), 39.8 (d, Jop=128.9
Hz), 23.8 (d, Jep=3.4 Hz), 23.8 (d, Jcp=4.6 Hz); HRMS
caled for C,4H,;,0O4NaPF (M—|—Na)+ 325.0981, found
325.0978.

[2-(4'- £ W S BE OR &0 )-2- S AR IR 1R — e T B
@m0 EFE G PIRY). 'TH NMR (400 MHz, CDCl;) o:
8.05 (d, J=8.5 Hz, 2H), 7.22 (d, J=8.4 Hz, 2H),4.74~
4.69 (m, 2H), 3.58 (d, J=22.7 Hz, 2H), 2.33 (s, 3H),
1.28 (d, J=2.9 Hz, 6H, overlap), 1.27 (d, J=2.6 Hz, 6H,
overlap); *C NMR (100 MHz, CDCl;) d: 190.7 (d, Jep=
6.8 Hz), 168.8, 154.8, 134.2, 130.7, 121.8, 71.7 (d, Jep=
6.8 Hz), 39.8 (d, Jp=128.9 Hz), 23.8(d, Jep=4.6 Hz),
23.6 (d, Jep=4.6 Hz), 21.2; HRMS caled for CHas-
O¢NaP (M+Na)" 365.1130, found 365.1133.

[2-(3™- IR Z.3)-2- SRR — 2R 2™ ke ta
MERY). "TH NMR (400 MHz, CDCLy) &: 8.12 (t, J=2.0 Hz,
1H), 7.93 (dt, J=8.0 Hz, 1.2 Hz, 1H), 7.70~7.67 (m, 1H),
7.32 (t, J=8.0 Hz, 1H), 4.13~4.05 (m, 4H), 3.58 (d, Jy.p
=22.4 Hz, 2H), 1.26 (t, J=7.2 Hz, 6H); *C NMR (100
MHz, CDCl;) d: 190.55 (d, Jop=6.5 Hz), 138.09, 136.36,
131.88, 130.08, 127.56, 122.81, 62.66 (d, Jep=6.5 Hz),
38.56 (d, Jep=128.3 Hz), 16.13 (d, Jcp=>5.8 Hz); HRMS
caled for C,H;(BrO,P (M + H) * 3339968, found
333.9964.

[2-(2- LI 2 566)-2- AR IR — 2R (2j)™: 3k
Ry, "TH NMR (400 MHz, CDCLy) 8: 7.72 (d, J=17.7
Hz, 1H), 7.38 (t, J=7.5 Hz, 1H), 7.27~7.22 (m, 2H),
4.74~7.69 (m, 2H), 3.55 (d, J=22.7 Hz, 2H), 2.52 (s,
3H), 1.27 (d, J=6.2 Hz, 6H, overlap), 1.25 (d, J=6.2 Hz,
6H, overlap); *C NMR (100 MHz, CDCl;) d: 195.2 (d,
Jep=6.9 Hz), 138.8, 137.8, 131.9, 131.5, 129.5, 125.6,
71.2 (d, Jep=6.8 Hz), 42.4 (d, Jep=128.9 Hz), 23.8 (d,
Jep=3.4 Hz), 23.6 (d, Jop=5.7 Hz), 21.2; HRMS calcd
for C;sH,3;04NaP (M—i—Na)+ 321.1232, found 321.1230.

[2-Q2- % L58)-2-5 AR — 4R k) ik 3
PRy, 'TH NMR (400 MHz, CDCl3) 6: 8.11 (t, J=2.0
Hz, 1H), 7.93 (dt, J=8.0 Hz, 1.2Hz, 1H), 7.70~7.67 (m,
1H), 7.33 (t, J=8.0 Hz, 1H), 4.14~4.06 (m, 4H), 3.57 (d,
Jup=22.4 Hz, 2H), 1.26 (t, J=7.2 Hz, 6H); “C NMR
(100 MHz, CDCls) 6: 190.55 (d, Je.p=6.5 Hz), 138.09,

2012 http://sioc-journal.cn/
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136.36, 131.88, 130.08, 127.56, 121.81, 62.66 (d, Jc.p=6.5
Hz), 38.56 (d, Jep=128.3 Hz), 16.13 (d, Jep=5.8 Hz);
HRMS caled for Cj,H,BrO,P (M+H)" 333.9965, found
333.9964.

[2-(3'- L HE ey J6)-2- AR B e — R (2D vk 3
k4. 'TH NMR (400 MHz, CDCl;) d: 8.14 (d, J=2.0
Hz, 1H), 7.52 (d, J=6.1 Hz, 1H), 7.25~7.24 (m, 1H),
4.11~4.04 (m, 4H), 3.45 (d, Jy.p=22.8 Hz, 2H), 1.23 (t,
J=17.2 Hz, 6H); *C NMR (100 MHz, CDCl3) §: 185.49 (d,
Jep=06.6 Hz), 141.78, 134.26, 127.18, 126.30, 62.58 (d,
Jep=6.5 Hz), 39.89 (d, Jep=128.4 Hz), 16.12 (d, Jep=
6.6 Hz); HRMS calcd for C,oH;s0,PS (M+H)", 262.0426,
found 262.0422.

[2-(2'- £ FE I e 3 )-2- S A B 1R — 5 14 1 (2m) )
WHIRY). 'TH NMR (400 MHz, CDCL) 6: 8.71 (d,
J=4.4 Hz, 1H), 8.05 (d, J=7.7 Hz, 1H), 7.82 (t, J=17.7
Hz, 1H), 7.49~7.47 (m, 1H), 4.76~4.70 (m, 2H), 3.99 (d,
J=22.7 Hz, 2H), 1.29 (d, J=5.8 Hz, 6H, overlap), 1.25 (d,
J=6.2 Hz, 6H, overlap); °C NMR (100 MHz, CDCl;) o:
194.1, 153.1, 148.8, 136.9, 127.2, 122.3, 71.1 (d, Jep=5.7
Hz), 37.1 (d, Je»=130.0 Hz), 24.2 (d, Jop=3.4 Hz), 23.6
(d, Je.p=5.7 Hz); HRMS calcd for C,3H, NO,P (M+H)"
286.1208, found 286.1219.

[2-(3"4'- I A 0K & 06 )-2- A AR I IR — 4 B
@n)*Y: M EAPIRY. 'TH NMR (400 MHz, CDCl;) o:
7.58 (d, J=8.4 Hz, 1H), 7.42 (s, 1H), 6.83 (d, J=8.4 Hz,
1H), 6.02 (s, 2H), 4.15~4.07 (m, 4H), 3.53 (d, Jyp=22.8
Hz, 2H), 1.24 (t, J=7.2 Hz, 6H); *C NMR (100 MHz,
CDCl3) 6: 189.72 (d, Jep=6.6 Hz), 15226, 148.18,
131.32, 125.97, 108.36, 107.75, 101.93, 62.58 (d, Jep=6.6
Hz), 38.24 (d, Jc.p=129.8 Hz), 16.16 (d, Jc.p=06.6 Hz); *'P
NMR (162 MHz, CDCl;) ¢: 20.22; HRMS calcd for
C3H;0¢P (M+H)" 300.0765, found 300.0759.

(2-28 2 3 2-5UAR) I — S AT T (20)1'): 9 340 5 3
JRY). "TH NMR (400 MHz, CDCl3) 6: 8.56 (s, 1H), 8.08~
8.07 (m, 1H), 7.99 (d, J=8.0 Hz, 1H), 7.89 (t, J=9.0 Hz,
2H), 7.62 (t, J=7.5 Hz, 1H), 7.54 (t, J=7.5 Hz, 1H),
4.77~4.72 (m, 2H), 3.73 (d, J=22.7 Hz, 2H), 1.29 (d, J=
2.2 Hz, 6H, overlap), 1.26 (d, J=1.8 Hz, 6H, overlap); '*C
NMR (100 MHz, CDCl;) 6: 191.8 (d, Jep=>5.7 Hz), 135.6,
134.2, 132.5, 131.6, 129.7, 128.8, 128.3, 127.8, 126.9,
1242, 71.4 (d, Jep=5.7 Hz), 39.8 (d, Jep=130.0 Hz),
23.8 (d, Jop=3.4 Hz), 23.9 (d, Jop=4.6 Hz); HRMS calcd
for C,sH,40,P (M+H)" 335.1412, found 335.1420.

2-SE AR TR IR — S IR 2p)™ Y IR B AR ).
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'H NMR (400 MHz, CDCl;) 0: 4.74~4.69 (m, 2H), 3.03
(d, J=22.7 Hz, 2H), 2.62 (t, J=17.3 Hz, 2H), 1.59~1.56
(m, 2H), 1.35 (d, J=2.9 Hz, 6H, overlap), 1.32 (d, J=2.9
Hz, 6H, overlap), 1.32~1.29 (m, 6H), 0.88 (t, J=6.8 Hz,
3H); “C NMR (100 MHz, CDCly) d: 202.2 (d, Jep=>5.7
Hz), 71.2 (d, Je.p=6.8 Hz), 43.8, 43.7 (d, Jo.p=126.6 Hz),
31.5, 28.7, 23.8 (d, Jep=3.4 Hz), 23.9 (d, Jep=4.6 Hz),
23.5, 22.6, 14.1; HRMS calcd for C;;H,00,NaP (M—|—Na)+
315.1701, found 315.1703.

Q-2 T 25 A B — S N R 2™ vk Bt ih
RY). 'H NMR (400 MHz, CDCls) o: 7.18~7.14 (m, 2H),
7.13~7.07 (m, 3H), 3.97 (app septet, J=7.1 Hz, 4H),
3.15~3.03 (m, 2H), 2.85~2.73 (m, 3H), 1.25 (d, J=7.1
Hz, 3H), 1.22~1.17 (m, 6H); “C NMR (100 MHz,
CDCly) &: 204.7 (d, Jep=3.9 Hz), 140.9, 128.4, 128.2,
126.0, 62.4 (d, Jop=6.6 Hz), 62.4 (d, Jop=6.8 Hz), 46.8
(d, Jep=126.6 Hz), 44.6, 29.6, 16.2 (d, Jop=6.8 Hz),
10.9 (d, Jcp=6.5 Hz); HRMS calcd for C;sH,4O,P (M+
H)" 299.1412, found, 299.1414.

-G -4-5 AL B R S IR ) 9k B ek
Y. '"H NMR (400 MHz, CDCl;) §: 4.81~4.68 (m, 2H),
3.56 (t, J=6.3 Hz, 2H), 3.04 (d, J=22.9 Hz, 2H), 2.82 (t,
J=6.9 Hz, 2H), 2.04 (tt, apparent quint., J=6.6, 6.5 Hz,
2H), 1.33 (t, J=6.2 Hz, 6H, overlap), 1.32 (t, J=6.2 Hz,
6H, overlap); >*C NMR (100 MHz, CDCl3) J: 201.2 (d,
Jep=5.6 Hz), 71.7 (d, Jop=6.7 Hz), 44.3, 442 (d, Jep=
127.7 Hz), 40.7, 26.4, 162 (d, Je.p=3.9 Hz), 24.1 (d,
Jep=5.0 Hz); HRMS calcd for C,;H,,ClIO,P (M+Na)"
307.0840, found 307.0842.

153 -4- AL B R — 2l 2s) ™) vk Btk
). '"H NMR (400 MHz, CDCly) §: 4.78~4.61 (m, 2H),
3.02 (d, J=22.9 Hz, 2H), 2.81 (t, J=6.8 Hz, 2H), 2.39 (t,
J=7.1 Hz, 2H), 1.93 (tt, apparent quint, J=6.9, 6.9 Hz,
2H), 1.34 (t, J=6.2 Hz, 6H, overlap), 1.32 (t, J=6.2 Hz,
6H, overlap); >°C NMR (100 MHz, CDCl3) J: 200.4 (d,
Jep=5.6 Hz), 119.2,71.8 (d, Jo.p=6.7 Hz), 44.3 (d, Jep=
127.4 Hz), 41.6, 24.1 (d, Je.p=4.0 Hz), 23.8 (d, Jep=4.9
Hz); HRMS caled for C;,H,pNO,4P (M—I—Na)+ 298.1173,
found 298.1184.

2-5AR-IR U HE CHE IR — LR (201 R A
RY). 'H NMR (400 MHz, CDCl5) d: 7.01~6.96 (m, 1H),
4.73~4.61 (m, 2H), 3.25 (d, Jyp=22.7 Hz, 2H), 2.28~
2.22 (m, 2H), 2.21~2.15 (m, 2H), 1.63~1.53 (m, 4H,
overlap), 1.28 (d, J=6.2 Hz, 6H, overlap), 1.27 (d, J=6.2
Hz, 6H, overlap); >C NMR (100 MHz, CDCl3) J: 192.8 (d,
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Jep=06.1 Hz), 143.4, 139.4, 71.3 (d, Jop=6.7 Hz), 38.5
(d, Jep=131.3 Hz), 26.3, 24.2 (d, Jep=3.9 Hz), 23.9 (d,
Jep =52 Hz), 233, 21.8, 21.6; HRMS caled for
C4Hys0,P (M+Na)™ 311.1383, found 311.1388.

- IA Ci I L BRIR — L TR Qu) ™ i
JRY). "TH NMR (400 MHz, CDCl;) d: 4.12~4.05 (m, 4H),
3.07 (d, Jyp=22.4 Hz, 2H), 2.57~2.51 (m, 1H), 1.85~
1.83 (m, 2H), 1.73~1.70 (m, 2H), 1.62~1.58 (m, 1H),
1.28 (t, J=7.2 Hz, 11H); *C NMR (100 MHz, CDCl;) §:
205.26 (d, Je.p=5.8 Hz), 62.37 (d, Jep=6.6 Hz), 51.28,
40.12 (d, Jep=127.0 Hz), 28.06, 25.61, 25.36, 16.19 (d,
Jep=6.6 Hz); HRMS caled for C;,H,;0,P (M+H)"
262.1336, found 262.1331.

Q-% ZH2- ) BB — 22w stk
). '"H NMR (400 MHz, CDCly) §: 8.01 (d, J=8.1 Hz,
2H), 7.59 (t, J=7.4 Hz, 1H), 7.48 (t, J=7.7 Hz, 2H),
4.18~4.12 (m, 4H), 3.64 (d, J=22.7 Hz, 2H), 1.27 (t, J=
7.1 Hz, 6H); *C NMR (100 MHz, CDCl;) d: 191.9 (d,
Jep=06.8 Hz), 136.7, 133.5, 129.1, 128.7, 62.7 (d, Jep=
5.7 Hz), 38.6 (d, Jop=128.9 Hz), 16.1 (d, Je.p=>5.7 Hz);
HRMS caled for C,H;s0,P (M+H)" 257.0943, found
257.0947.

(2-7K ZHE2- 5 A0 B R — H R 2w)* SR B IR
). '"H NMR (400 MHz, CDCl;) 6: 8.01 (d, J=8.6 Hz,
2H), 7.58 (t, J=7.4 Hz, 1H), 7.47 (t, J=7.4 Hz, 2H), 3.76
(d, J=11.2 Hz, 6H), 3.65 (d, J=22.6 Hz, 2H); *C NMR
(100 MHz, CDCLy) 6: 191.8 (d, Jcp=6.6 Hz), 136.4 (d,
Jep=2.3 Hz), 133.9, 129.1, 128.8, 53.2 (d, Jcp=6.5 Hz),
37.6 (d, Jep=131.2 Hz); HRMS calcd for CoH;4,04P
(M+H)" 229.0630, found 229.0635.

(2-2K L H2-F A B R —1E T B @x)™: ik s
R4, 'H NMR (400 MHz, CDCl;) : 8.02 (d, J=7.7 Hz,
2H), 7.59 (t, J=7.5 Hz, 1H), 7.48 (t, J=7.7 Hz, 2H),
4.11~4.03 (m, 4H), 3.62 (d, J=22.7 Hz, 2H), 1.63~1.57
(m, 4H), 1.35~1.28 (m, 4H), 0.89 (t, J=7.5 Hz, 6H); "°C
NMR (100 MHz, CDCly) o: 191.8, 136.7, 133.5, 129.1,
128.7, 66.2 (d, Jep=6.8 Hz), 38.5 (d, Jp=128.9 Hz),
322 (d, Jcp=15.7 Hz), 18.5, 13.6; HRMS calcd for
C16Hy60,P (M+H)" 313.1569, found 313.1573.

Q- ZHE2-F A0 B Rl y) Y vk i R
#). '"H NMR (400 MHz, CDCls) 6: 7.86~7.83 (m, 2H),
7.46~7.42 (m, 1H), 7.34~7.31 (m, 2H), 7.23~7.17 (m,
10H), 5.01~4.90 (m, 4H), 3.54 (d, Jyp=22.8 Hz, 2H);
C NMR (100 MHz, CDCls) 6: 191.25 (d, Je.p=6.6 Hz),
136.31 (d, Jop=2.2 Hz), 135.75 (d, Jcp=>5.8 Hz), 133.55,

http://sioc-journal.cn/ 2013



BHLLE

128.88, 128.48, 128.42, 128.34, 127.87, 67.91 (d, Jcp=6.6
Hz), 38.50 (d, Jcp = 130.5 Hz); HRMS caled for
Cy,H,,0,P (M+H)" 380.1179, found 380.1172.

4B KL (Supporting Information)

W5 2a~2y 1

Sk, X LR AT DL G 9 AR T 99 328 (hitp://sioc-journal.
cn/) bR
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