Electronic Supplementary Material (ESI) for Chemical Communications.
This journal is © The Royal Society of Chemistry 2015

Supporting Information for
A highly efficient one-pot strategy to p-ketophosphonates:
sliver/copper-catalyzed direct oxyphosphorylation of alkynes

with H-phosphonates and oxygen in the air

Xin Chen, 2 Xu Li, 2 Xiao-Lan Chen,* 2 Ling-Bo Qu, *2° Jian-Yu Chen, 2 Kai Sun, 2 Zhi-
Dong Liu,2 Wen-Zhu Bi,2Ying-Ya Xia, 2 Hai-Tao Wu,? and Yu-Fen Zhao*2°

@ College of Chemistry and Molecular Engineering, Zhengzhou University, Henan
Province, Zhengzhou, 450052, (P. R. China),

b Chemistry and Chemical Engineering School, Henan University of Technology,
Henan Province, Zhengzhou, 450052, (P. R. China);

¢ Department of Chemistry, Xiamen University, Xiamen, 361005, (P. R. China)

E-mail: chenxl@zzu.edu.cn

Table of Contents

1. 3P NMR stacks diagram for Scheme 2........ccceeiiiiuiiieiienecacninecncnnnns (S2)
2. General information.......c.covveiiiiiniiiiieiiiiinrieiinnicsesnscossnsscscnssccsnnes (S2)
3. [Experimental procedures for the synthesis of p-Ketophosphonates........ (S3)
4. Characterization data for products........ccccovveiiiniiieiiieiiinecnnnnen. (S3-S14)
5. 'HNMR, B3C NMR, 3'P NMR and HRMS copies of products......... (S14-S68)

S1


mailto:chenxl@zzu.edu.cn

1. 3P NMR stacks diagram for Scheme 2.
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Fig. S1 3'P NMR stacks diagram for Scheme 2. Reaction conditions: 1a (0.3 mmol), 2a (0.45 mmol), AgNO; (5.0 mol%),
CuS0O4*5H,0 (10.0 mol%), K,S,05 (4 equiv), CH,Cl,-H,O (v/v = 1/1) (5.0 mL) at room temperature for 3 h. The whole process

was monitored by 3'P NMR every 25 min (comp-2a, 7.1 ppm; comp-3a, 20.6 ppm; comp-11a, -0.8 ppm).

3IP NMR traced the progress of the reactions. Besides the main product 3a, the 3'P NMR
stacks diagram shown in Fig. S1 proved the formation of dialkyl phosphate 11a. Besides the main
product 3a, the 3'P NMR stacks diagram shown in Fig. S1 proved the formation of dialkyl
phosphate 11a. In addition, 3'P NMR stacks diagram didn’t offer support for the formation of
alkynlphosphates in the reaction process. 3'P NMR signal from alkynylphosphate should appear at
around -5 ppm (J. Am. Chem. Soc. 2009, 131, 7956). But no trace of such a signal was detected by
3IP NMR. Zhao’ group has reported that copper-catalyzed aerbic oxidative coupling of terminal
alkynes with H-phosphonates can lead to the formation of alknylphosphonates in high yield (J. Am.
Chem. Soc. 2009, 131, 7956). However, with the same materials, alknylphosphonates were not
detected under our different reaction conditions, implying that the target products, pB-
ketophosphonates, were not possibly formed via the hydration of alkynylphophonates in our cases.
It is quite understandable, because we have already known that this one-pot reaction proceeds via
a radical chain mechanism. The mechanism proposed in Scheme 2 does not support the formation
of alkynylphosphate in the reaction process. The last strong support for our proposed mechaniem
is from the formation of product 3aa, which was synthesized starting from 1-phenyl-1-propyne, an

internal aromatic alkyne. It is clear that it is only terminal alkynes that can react with H-
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phosphonates via an aerobic oxidative coupling reaction to generate alkynylphosphonates (J. Am.
Chem. Soc. 2009, 131, 7956). Here, the formation of 3aa once again offers support for the radical
mechanism shown in Scheme 2 and excludes the possibility of formation of B-ketophosphonates
via a hydration of alkynylphosphate.

2. General information

All commercial reagents and solvents were used without further purification. '"H and '3C NMR
spectra were recorded in CDCl; with tetramethylsilane (TMS) as the internal standard, and 3'P
NMR spectra were obtained in CDCIl; with H3;POy as the internal standard. High resolution mass
spectra (HRMS) were performed on a Q-TOF mass spectrometer. Column chromatography was

carried out on columns of silica gel (200-300 mesh).

3. Experimental procedures for the synthesis of -Ketophosphonates

o CuS0,-5H,0 (10.0 mol%) Q QR

R—=-R, + Ropy + 0, _ AGNO; (5.0 mol%)/K;S;04 (4 equiv) RHK(P\&
4 (air) CH,Cly:H,0/1:1, rt. 2-3 h R,
1 2 3

Ry = aryl, alkyl, phenolic; R, = H, Me; Ry = aryl, aryloxy, alkoxy; R, = aryl, aryloxy, alkoxy
Alkynes 1 (0.3 mmol), H-phosphonates 2 (0.45 mmol), AgNO; (0.015 mmol), CuSO,4-5H,0 (0.03
mmol), and K;S,05 (4 equiv) were dissolved in round-bottomed flask and stirring at room
temperature for 3 h in an air atmosphere. The reaction mixture was quenched with water (5.0 mL),
extracted with ethyl acetate (3x5.0 mL). The combined organic layers were washed with brine
(15.0 mL) and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated in vacuo.
The crude product was purified by silica gel chromatography (petroleum ether: ethyl acetate =1:1)

to give the desired product.

4. Characterization data for products

The Characterization data of 3a [1,2];

3' 2

2

4'@8 CH (IP?/O/\1
—CH,—PC

4 3 0™
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Yellow oil, "H NMR (CDCls 400 MHz,) &: 7.99 (d, 2H, 2°-H, J = 7.6 Hz), 7.56 (t, 1H, 4-H, J =
7.2 Hz), 7.45 (t, 2H, 3°-H, J = 7.6 Hz), 4.15-4.08 (m, 4H, 2-H), 3.64 (d, 2H, 3-H, J = 22.8 Hz),
1.25 (t, 6H, 1-H, J = 6.8 Hz); 3C NMR (CDCl;, 100 MHz); 3: 192.0 (d, C-4, Jy.c = 6.5 Hz), 136.5
(C-17), 133.6 (C-4"), 129.0 (C-2"), 128.6 (C-3), 62.7 (d, C-2, Jp.c = 6.4 Hz), 38.4 (d, C-3, Jp.c
129.3 Hz), 16.194 (d, C-1, Jp.c = 6.2 Hz); *'P NMR (CDCls, 400 MHz) 8: 21.3; HRMS: caled for

C1,H;,04P [M+H]* 257.0937, found 257.0939.

The Characterization data of 3b [1-2I:

¥2 o0 0 J\

, U] 1_0 1

4©LC—CH2—P\ 2
4 3 OY

Yellow oil, 'H NMR (CDCl; 400 MHz,) 6: 8.04 (d, 2H, 2>-H, J = 7.2 Hz), 7.59 (t, 1H, 4-H, J =
7.6 Hz), 7.49 (t, 2H, 3°-H, J = 8.0 Hz), 4.80-4.69 (m, 2H, 2-H), 3.61 (d, 2H, 3-H, J = 22.8), 1.29
(dd, 12H, 1-H, J = 3.2 Hz, 6.8 Hz); *C NMR (CDCls, 100 MHz); 5: 192.1 (d, C-4, Jp.c = 6.6 Hz),
136.7 (C-1°), 133.5 (C-4’), 129.1 (C-2°), 128.5 (C-3"), 71.5 (d, C-2, Jp.c = 6.6 Hz), 39.7 (d, C-3,
Joc = 129.5 Hz), 23.8 (dd, C-1, Jpc = 5.1 Hz, 21.1Hz); >'P NMR (CDCls, 400 MHz) J: 17.7;

HRMS: calcd for C,H;04P [M+Na]" 307.1070, found 307.1069.

The Characterization data of 3¢ [1;31;

vz o of )
1'II

4 20 CHz~ P7®

Yellow oil, 'H NMR (CDCl; 400 MHz,) 3: 7.95 (d, 2H, 2>-H, J = 7.6 Hz), 7.84-7.79 (m, 4H, 6’-H),
7.52-7.46 (m, 3H, 3°, 4-H), 7.42-7.35 (m, 6H, 7°, 8’-H), 4.25 (d, 2H, 2-H, J = 15.2 Hz); 3C NMR
(CDCl; 100 MHz); 6: 193.1 (d, C-2, Jp.c= 5.1 Hz), 136.9 (C-1°), 133.6 (C-4"), 132.2 (d, C-8’, Jp.c
= 2.7 Hz), 131.7 (d, C-5’, Jp.c = 103.1 Hz), 131.2 (d, C-6", Jp.c = 9.9 Hz), 129.2 (C-2°), 128.6 (d,
C-7°, Jo.c = 12.4 Hz), 128.5 (C-3"), 42.9 (d, C-1, Jp.c = 52.4Hz); 3'P NMR (CDCls, 400 MHz) §:

28.0; HRMS: calcd for C,0H;,0,P [M+H]*321.1039, found 321.1040

The Characterization data of 3d 1-2I:

S4



Yellow oil, '"H NMR (CDCl; 400 MHz,) &: 7.96 (dd, 2H, 2>-H, J = 0.8, 1.2 Hz), 7.81-7.76 (m, 2H,
6’-H), 7.57-7.52 (m, 2H, 3’-H), 7.48-7.41 (m, 4H, 4, 7°, 8'-H), 4.17-3.90 (m, 2H, 3-H), 3.80 (dd,
2H, 2-H, Jp= 4.4Hz, 18.8Hz), 1.26 (t, 3H, 1-H, J = 6.8 Hz); 3C NMR (CDCl; 100 MHz); J:
192.2 (d, C-4, Jo.c = 5.5 Hz), 136.8 (C-17), 133.5 (C-4), 132.7 (d, C-8’, Jp.c = 2.8 Hz), 131.8 (d,
C-6, Jo.c=10.2 Hz), 130.1 (d, C-5", Jp.c= 132.0 Hz) 129.1 (C-2"), 128.6 (d, C-7, Jp.c= 13.2 Hz)
128.5 (d, C-3"), 61.5 (d, C-2, Jp.c= 6.3 Hz), 43.0 (d, C-3, Jp.c = 85.8 Hz), 16.3 (d, C-1, Jp.c = 6.5
Hz); 3'P NMR (CDCl;, 400 MHz) 6: 34.4; HRMS: calcd for C;¢H;;0;P [M+Na]* 311.0808, found

311.0811

The Characterization data of 3el4 5 111

3 2 2
P (IC?—CH —CIF?’/O/\1
5 4 3 2 \O/\
Yellow oil, "H NMR (CDCl; 400 MHz,) 6: 7.92 (d, 2H, 3’-H, J = 8.0 Hz), 7.28 (d, 2H, 2’-H, J =
8.0 Hz), 4.17-4.10 (m, 4H, 2-H), 3.61 (d, 2H, 3-H, J=22.8 Hz), 2.42 (s, 3H, 5-H), 1.29 (t, 6H, 1-
H, J = 6.8Hz); 3C NMR (CDCl;, 100 MHz); 6: 191.5 (d, C-4, Jp.c = 3.2Hz), 144.6 (C-4"), 134.1
(C-17), 129.3 (C-3°), 129.2 (C-2"), 62.6 (d, C-2, Jp.c = 6.5 Hz), 38.4 (d, C-3, Jp.c = 129.2 Hz), 21.7
(C-5), 16.2 (d, C-1, Jpc = 6.2 Hz); 3P NMR (CDCl;, 400 MHz) 6: 20.0; HRMS: calcd for

Ci3H904P [M+H]* 271.1094, found 271.1095.

The Characterization data of 3f [2I:

3 2
0 o) )\
4" 1" 1 11_0O 1

| _ 2
5 C-CH,—PZ

4 3. 0
Yellow oil, 'H NMR (CDCl; 400 MHz,) 6: 7.91 (d, 2H, 3°-H, J = 8.4 Hz), 7.26 (d, 2H, 2’-H, J =
8.0 Hz), 4.75-4.67 (m, 2H, 2-H), 3.55 (d, 2H, 3-H, J = 23.2 Hz), 2.40 (s, 3H, 5-H), 1.27 (dd, 12H,
J = 4.0 Hz, 6.4Hz); 13C NMR (CDCl;, 100 MHz); J: 191.6 (d, C-4, Jp.c = 6.7 Hz), 144.5 (C-4"),

134.3 (C-1°), 129.3 (C-3), 129.2 (C-2°), 71.4 (d, C-2, Jp.c = 6.7 Hz), 39.6 (d, C-3, Jp.c = 129.4
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Hz), 23.8 (dd, C-1, Jp.c = 5.2 Hz, 21.3 Hz), 21.6 (C-5); 3'P NMR (CDCl;, 400 MHz) J: 17.9;

HRMS: calcd for CsH»;04P [M+Na]* 321.1226, found 321.1228.

The Characterization data of 3g 6]

3' 2' O OQ
' 1' I |!
AQC_C‘]HZ_P 5 g
OT
8'

2
Yellow oil, "H NMR (CDCls, 400 MHz) o: 7.85-7.80 (m, 6H, 7°, 8’-H), 7.45 (t, 2H, 3>-H, J = 7.2
Hz), 7.36-7.32 (m, 4H, 6’-H), 7.12 (d, 2H, 2’-H, J = 8.0 Hz), 4.33 (d, 2H, 1-H, J=15.6 Hz), 2.33
(s, 3H, 3-H); *C NMR (CDCl;, 100 MHz); d: 193. (C-2), 144.7 (C-4’), 134.3 (C-17), 132.148 (d,
C-8, Jpc=2.6 Hz), 131.4 (d, C-6°, Jp.c=10.1 Hz), 131.3 (C-2°, C-5’, Jp.c = 104.1 Hz), 129.4 (C-
3%), 129.2 (C-2°), 128.6 (d, C-7, Jp.c = 12.4 Hz), 42.9 (d, C-1, Jp.c = 60.1 Hz), 21.6 (C-3); 3'P

NMR (CDCls, 400 MHz) d: 29.4; HRMS: calcd for C;1H;9O,P [M+H]* 335.1195, found 335.1197
The Characterization data of 3h:

3 2

(0] (0]
' I I 2 1
SJQLC_CHz—P/O\/
4 3 5

6' '
7| 8

Yellow oil, 'H NMR (CDCl; 400 MHz,) J: 7.85 (d, 2H, 6°-H, J = 8.4Hz),7.80-7.75 (m, 2H, 7°-H),
7.55-7.51 (m, 1H, 8’-H), 7.46-7.42 (m, 2H, 3°-H), 7.21 (d, 2H, J = 8.0 Hz), 4.12-3.88 (m, 2H, 2-
H), 3.76 (dd, 2H, 3-H, J = 4.4 Hz, 18.4 Hz), 1.25 (t, 3H, 1-H, J = 6.4 Hz); 3C NMR (CDCl; 100
MHz); 8: 191.7 (d, C-4, Jp.c = 5.5Hz), 144.4 (C-4’), 134. 4 (C-1°), 132.6 (d, C-8’, Jp.c= 2.8 Hz),
131.8 (d, C-6”, Jp.c = 10.1 Hz), 130.2 (d, C-5°, Jp.c = 131.9 Hz, ) 129.2 (C-3°), 129.2 (C-2"), 128.6
(d, C-7, Jo.c = 13.2 Hz), 61.4 (d, C-2, Jp.c = 6.2 Hz), 42.9 (d, C-3, Jp.c = 86.0 Hz), 21.7 (C-5),
16.3 (d, C-1, Jp.c = 6.5 Hz); 3'P NMR (CDCls, 400 MHz) &: 34.6; HRMS: calcd for C;7H;50;P

[M+Na]* 325.0964, found 325.0966

The Characterization data of 3i:
3 2 2
4 1" 9 |O|/O/\1

C_CHZ_P
i3> 07>

5
6

Yellow oil, 'H NMR (CDCl; 400 MHz,) 8: 7.95 (d, 2H, 3*-H, J = 8.4 Hz), 7.31 (d, 2H, 2°-H, J =
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8.4 Hz), 4.18-4.11 (m, 4H, 2-H), 3.62 (d, 2H, 3-H, J=22.8 Hz), 2.75-2.69 (q, 2H, 5-H), 1.31-1.25
(m, 9H, 1, 6-H, overlap); *C NMR (CDCl; 100 MHz); 6: 191.5 (C-4, Jp.c = 6.5 Hz), 150.8 (C-4"),
134.3 (C-1°), 129.3 (C-2°), 128.1 (C-3"), 62.6 (d, C-2, Jp.c = 6.5Hz), 38.4 (d, C-3, Jp.c = 129.1 Hz),
28.9 (C-5), 16.3 (d, C-1, Jp.c = 6.4 Hz), 15.1 (C-6); >'P NMR (CDCls, 400 MHz) 8: 20.3; HRMS:

caled for C,4H,,04P [M+H]" 285.1250, found 285.1251.

The Characterization data of 3j:

2 1,0 (£<OJ2\1
6 1 Y
2 4

Yellow oil, '"H NMR (CDCls, 400 MHz,) &: 7.89 (d, 2H, 3’-H, J = 8.4 Hz), 7.23 (d, 2H, 2>-H, J =
8.4Hz), 4.73-4.61 (m, 2H, 2-H), 3.55-3.49 (d, 2H, 3-H, J = 22.8), 2.68-2.62 (q, 2H, 5-H), 1.24-
1.18 (m, 15H, 1,6-H); '3C NMR (CDCl; 100 MHz); 8: 191.6 (d, C-4, Jp.c = 6.5 Hz), 150.5 (C-4"),
134.4 (C-17), 129.3 (C-2°), 127.9 (C-3"), 71.3 (d, C-2, Jp.c = 6.6 Hz), 39.6 (d, C-3, Jp.c = 129.5
Hz), 28.9 (C-5), 23.8 (dd, C-1, Jp.c = 3.7, 5.1Hz), 15.1 (C-6); 3'P NMR (CDCls, 400 MHz) J: 18.3;

HRMS: calcd for CigH,504P [M+Na]" 335.1383, found 335.1384.

The Characterization data of 3k %41

2
0]
2 5/0/\1

3 O 0T
5 3
H;CO 4
Yellow oil, 'H NMR (CDCls, 400 MHz,) J: 7.98 (d, 2H, 2’-H, J = 8.8 Hz), 6.93 (d, 2H, 3’-H, J =
8.8 Hz), 4.15-4.08 (m, 4H, 2-H), 3.854 (s, 3H, 5-H), 3.57 (d, 2H, 3-H, J = 22.4 Hz), 1.27 (t, 6H, 1-
H, J = 7.2 Hz); *C NMR (CDCls, 100 MHz); J: 190.26 (d, C-4, Jp.c = 6.3), 163.9 (C-4"), 131.5
(C-2%), 129. 6 (C-17), 62.6 (d, C-2, Jo.c = 7.5Hz), 5.5 (C-5), 38.2 (d, C-3, Jp.c = 28.9 Hz), 16.2 (d,
C-1, Jp.c = 6.2 Hz); 3'P NMR (CDCl;, 400 MHz) J: 20.4; HRMS: calcd for C;3H;9OsP [M+Na]*

309.0862, found 309.0862.

The Characterization data of 317I:
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2
2 o

5 1
H3CO\®‘QJ\/F’< A
43 ©
4' 6'
5
Yellow oil, '"H NMR (CDCl; 400 MHz,) d: 7.53 (d, 1H, 6’-H, J= 2.4 Hz), 7.52 (s, 1H, 2’-H), 7.38
(t, 1H, 5°-H, J = 7.6 Hz), 7.15-7.12 (q, 1H, 4’-H), 4.17-4.10 (m, 4H, 2-H), 3.85 (s, 3H, 5-H), 3.62
(d, 2H, 3-H, J = 22.4 Hz), 1.28 (t, 6H, 1-H, J = 6.8Hz); '*C NMR (CDCl; 100 MHz); &: 191.8 (d,
C-4, Jo.c = 6.6Hz), 159.8 (C-3"), 137.8 (d, C-1", Jo.c = 2.1 Hz), 129.6 (C-27), 121.9 (C-57), 120.4
(C-6"), 112.8 (C-4"), 62.6 (d, C-2, Jp.c = 6.5Hz), 55.4 (C-5), 38.5 (d, C-3, J=129.4 Hz), 16.2 (d,
C-1, J = 6.3 Hz), 3'P NMR (CDCl;, 400 MHz) §: 20.0; HRMS: calcd for C;3H;90sP [M+H]"

287.1043, found 287.1043.
The Characterization data of 3m [1:

3 45 o
Br7 g4
Yellow oil, '"H NMR (CDCl; 400 MHz,) o: 7.90 (d, 2H, 2°-H, J = 8.4 Hz), 7.639 (d, 2H, 4’-H, J =
8.8 Hz), 4.19-4.12 (m, 4H, 2-H), 3.61 (d, 2H, 3-H, J= 22.8 Hz), 1.30 (t, 6H, 1-H, J = 6.8 Hz); 13C
NMR (CDCl;, 100 MHz); 6: 190.9 (d, C-4, Jp.c = 6.7 Hz), 135.2 (C-1"), 131.9 (C-3’), 130.6 (C-2°),
129.1 (C-4%), 62.8 (d, C-2, Jp.c = 6.5 Hz), 38.6 (d, C-3, Jp.c = 128.4 Hz), 16.3 (d, C-1, Jp.c = 6.2
Hz); 3'P NMR (CDCl;, 400 MHz) d: 20.3; HRMS: calcd for C;,H;¢BrO,P [M+H]" 335.0042,

found 335.0041.

The Characterization data of 3n 12I:

O O J\
2' 4 Fg/O 21
3 A
Br g4

Yellow oil, '"H NMR (CDCls, 400 MHz,) &: 7.85 (d, 2H, 2°-H, J = 8.4Hz), 7.56 (d, 2H, 3°-H, J =
8.8 Hz), 4.73-4.62 (m, 2H, 2-H), 3.51 (d, 2H, 3-H, J = 23.3 Hz), 1.23 (dd, 12H, 1-H, J= 2.4 Hz,
6.0 Hz); *C NMR (CDCl5, 100 MHz); 8: 191.0 (d C-4, Jp.c = 6.6 Hz), 135.3 (C-1°), 131.8 (C-3"),

130.7 (C-2°), 128.8 (C-4"), 71.6 (d, C-2, Jo.c = 6.7 Hz), 39.9 (d, C-3, Jp.c = 128.7 Hz), 23.8 (dd,
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C-1, Jp.c = 5.2 Hz, 18.9 Hz); 3'P NMR (CDCl;, 400 MHz) J: 17.2; HRMS: calcd for C4H,oBrO4P

[M+H]* 385.0175, found 385.0175.

The Characterization data of 30 "I
2
(0] (0]
2 B/O/\1
eyt
3
F g4
Yellow oil, '"H NMR (CDCl; 400 MHz,) J: 8.05-8.02 (q, 2H, 2°-H), 8.04 (d, 1H, 2°-H, J= 5.6 Hz),
8.02 (d, 1H, 2°-H, J = 5.2 Hz), 7.14-7.10 (t, 2H, 3’-H), 7.12 (t, C-3’, J = 8.8 Hz) 4.15-4.07 (m, 4H,
2-H), 3.58 (d, 2H, 3-H, J=22.8 Hz), 1.26 (t, 6H, 1-H, J = 7.2 Hz); 3C NMR (CDCl;, 100 MHz); ¢:
190.3 (d, C-4, Jp.c = 6.4Hz), 166.1 (d, C-4’, Jp.c = 254.6 Hz), 132.9 (C-17), 131.8 (d, C-2, Jp.c =
9.5 Hz), 115.7 (d, C-3", Jr.c = 21.9 Hz), 62.7 (d, C-2, Jp.c = 6.5 Hz), 38. 6 (d, C-3, Jp.c = 128.7
Hz), 162 (d, C-1, Jpc = 6.4Hz); 3P NMR (CDCls, 400 MHz) J: 19.6; HRMS: calcd for

CioH6FO4P [M+H]* 275.0843, found 275.0847.

The Characterization data of 3p [2I:

0o o J\
2' ., II_.',/O 21
3N ~0
F g
Yellow oil, '"H NMR (CDCls 400 MHz,) &: 8.04 (d, 1H, 2>-H, J = 5.6Hz), 8.02 (d, 1H, 2>-H, J=
5.2 Hz), 7.11 (t, 2H, 3>-H, J = 8.8 Hz), 4.74-4.63 (m, 2H, 2-H), 3.53 (d, 2H, 5-H, J = 22.8 Hz),
1.24 (dd, 12H, 1-H, J = 2.8Hz, 6.4 Hz); '*C NMR (CDCl;, 100 MHz); 6: 190.5 (d, C-4, Jp.c = 6.5
Hz), 167.5 (d, C-4", Je.c = 254.1 Hz), 133.0 (C-1"), 131.9 (d, C-2’, Ji.c = 9.4 Hz),115.6 (d, C-3",
Jec =217 Hz), 71.5 (d, C-2, Jp.c = 6.6 Hz), 39.8 (d, C-3, Jp.c = 128.9 Hz), 23.8 (dd, C-1, Jp.c =
4.0, 5.1 Hz); 3'P NMR (CDCl;, 400 MHz) ¢: 16.3; HRMS: calced for C;4HyFO4P [M+Na]*

325.0975, found 325.0979.

The Characterization data of 3q:
o0 O
2l _poe
e
Fa 6' !
7 8
Yellow oil, "H NMR (CDCl; 400 MHz,) J: 8.03-7.99 (m, 2H, 2’-H), 7.82-7.77 (m, 2H, 6’-H),
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7.58-7.54 (m, 1H, 8’-H), 7.48-7.44 (m, 2H, 7°-H), 7.10 (t, 2H, J = 8.4 Hz), 4.19-3.91 (m, 2H, 2-H),
3.81 (d, 2H, 3-H, J= 4.6 Hz), 1.26 (1, 3H, 1-H, J = 6.8 Hz); '*C NMR (CDCl; 100 MHz); 5: 190.7
(d, C-4, Jp.c = 5.4 Hz), 166.0 (d, C-4°, Jr.c = 254.4 Hz), 133.2 (C-1"), 132.8 (d, C-8’, Jp.c = 2.8
Hz), 131.9 (d, C-2°, Jp.c = 3.8 Hz), 131.9 (d, C-2°, Jp.c = 15.9 Hz), 129.8 (d, C-5, Jp.c = 132.7
Hz), 128.7 (d, C-7, Jp.c = 13.2 Hz), 115.7 (d, C-3’, Jp.c= 21.8 Hz), 61.7 (d, C-2, Jp.c= 6.2 Hz),
43.1 (d, C-3, Jp.c= 85.6 Hz), 16.3 (d, C-1, Jp.c= 6.6 Hz); 3'P NMR (CDCls, 400 MHz) 5: 34.4;

HRMS: calced for Ci6H;cFO;P [M+H]" 307.0894, found 307.0895.

The Characterization data of 3r 8l
.9 9 A

SEaLE

Yellow oil, '"H NMR (CDCl; 400 MHz,) 8: 7.34-7.28 (m, 2H, 3’-H), 7.02 (t, 1H, 4-H, J = 7.2 Hz),
6.94-6.92 (m, 2H, 2°-H), 6.94 (dd, 2H, 2°-H, J = 0.8 Hz, J = 7.6 Hz), 4.74 (s, 2H, 5-H), 4.22-4.15
(m, 4H, 2-H), 3.30 (d, 2H, 3-H, J = 22.8 Hz), 1.34 (t, 6H, 1-H, J = 6.8 Hz); *C NMR (CDCl;_ 100
MHz); 3: 198.7 (d, C-4, Jp.c = 6.6Hz), 157.5 (C-17), 129.7 (C-3"), 121.9 (C-4’), 114.6 (C-27), 72.7
(C-5), 62. 9 (d, C-2, Jo.c = 6.3Hz), 38.6 (d, C-3, Jo.c = 127.0 Hz), 16.3 (d, C-1, Jp.c = 6.3 Hz); 3'P
NMR (CDCls, 400 MHz) o: 21.344; HRMS: caled for Ci3H;gOsP [M+H]* 287.1043, found

287.1044.

The Characterization data of 3s:

2 0 E 0)2\1
3 Y
4|

Yellow oil, '"H NMR (CDCl5 400 MHz,) 6: 7. 29-7.25 (m, 2H, 3°-H), 6.97 (t, 1H, 4°-H, J= 7.2
Hz), 6.9 (d, 2H, 2>-H, J = 8.0 Hz), 4.77-4.69 (m, 4H, 2,5-H), 3.20 (d, 2H, 3-H, J = 22.8 Hz), 1.31
(d, 12H, 1-H, J = 6.4 Hz); *C NMR (CDCl; 100 MHz); 6: 198.3 (d, C-4, Jp.c = 6.5Hz), 157.6 (C-
1°), 129.6 (C-3), 121.7 (C-4), 114.6 (C-2), 72.6 (C-5), 71.8 (d, C-2, Jp.c = 6.6 Hz), 39.9 (d, C-3,
Joc = 127.4 Hz), 23.9 (dd, C-1, Jpc = 4.9 Hz, 15.7 Hz); *'P NMR (CDCls, 400 MHz) 5: 16.7;

HRMS: calcd for CsH»;0sP [M+H]" 315.1356, found 315.1353.

The Characterization data of 3t:
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o O

Shat Y

a

5 3 95
4l

6' > g
Yellow oil, '"H NMR (CDCl; 400 MHz,) J: 7.77-7.72 (m, 2H, 6>-H), 7.52-7.48 (m, 1H, 8'-H),
7.44-7.39 (m, 2H, 7°-H), 7.22-7.180 (m, 2H, 3°-H), 6.91 (t, 2H, 4°-H, J= 7.2 Hz), 6.81 (d, 2H, 2’
H, J= 8.0 Hz), 4.66 (d, 2H, 5-H, J= 4.8 Hz), 4.13-3.86 (m, 2H, 2-H), 3.37 (d, 2H, 3-H, J = 18.0
Hz), 1.24 (t, 3H, 1-H, J = 7.2 Hz); 3C NMR (CDCl;. 100 MHz); 6: 198.5 (C-4), 157.5 (C-1"),
132.9 (d, C-8’, Jp.c= 2.8 Hz), 131.6 (d, C-6, Jp.c = 10.4 Hz), 129.8 (d, C-5", Jp.c = 132.8 Hz),
129.5 (C-3"), 128.8 (d, C-7°, Jp.c = 13.2 Hz), 121.6 (C-4’), 114.6 (C-2), 73.1 (C-5), 61.7 (d, C-2,
Joc= 6.1Hz) 42.9 (d, C-3, Ip.c = 84.3 Hz), 16.3 (d, C-5, Jp.c = 6.5 Hz); 3'P NMR (CDCls, 400

MHz) ¢: 33.4; HRMS: calcd for C7H9O4P [M+H]" 341.0913, found 341.0922.

The Characterization data of 3u [101;

o o A_
jeRain
5 3

Yellow oil, '"H NMR (CDCl;, 400 MHz,) §: 7.10 (d, 2H, 4’-H, J= 8.4 Hz), 6.82 (d, 2H, 2’-H, J =
8.8 Hz), 4.69 (s, 2H, 5-H), 4.21-4.14 (m, 4H, 2-H), 3.28 (d, 2H, 3-H, J=22.8 Hz), 2.30 (s, 3H, 6-
H), 1.34 (t, 6H, 1-H, J = 6.8Hz); 3*C NMR (CDCl; 100 MHz); J: 198.9 (d, C-4, Jp.c = 6.5Hz),
155.4 (C-17), 131.2 (C-4’), 130.1 (C-3°), 114.4 (C-2%), 72.9 (C-5), 62.8 (d, C-2, Jp.c = 6.3 Hz),
38.6 (d, C-3, Jpc = 127.0 Hz), 20.5 (C-6), 16.3 (d, C-1, Jp.c = 6.3 Hz); 3'P NMR (CDCl;, 400
MHz) §: 18.9; HRMS: calcd for C14H;,;05P [M+H]" 301.1199, found 301.1200.

The Characterization data of 3v:

I
T

Yellow oil, '"H NMR (CDCls, 400 MHz,) &: 7.30 (d, 2H, 3’-H, J = 8.8 Hz), 6.85 (d, 2H, 2>-H, J =

O OI o
o L _KS
5 3

8.8 Hz), 4.82-4.74 (m, 2H, 2-H), 4.72 (s, 2H, 5-H), 3.22 (d, 2H, 3-H, J = 22.8 Hz), 1.34 (d, 12H,

1-H, J = 6.0 Hz), 1.30 (s, 9H, 7-H); '3C NMR (CDCl;_100 MHz); 6: 198.7 (d, C-4, Jp.c = 6.5 Hz),
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155.4 (C-1°), 144.5 (C-4’), 126.4 (C-3"), 114.1 (C-2), 72.9 (C-5), 71.7 (d, C-2, Jp.c = 6.6 Hz),
39.9 (d, C-3, Jp.c = 127.5 Hz), 34.1 (C-6), 31.7 (C-7), 23.9 (dd, C-1, Jp.c = 5.0 Hz, 16.2 Hz); 'P

NMR (CDCls, 400 MHz) 6: 16.6; HRMS: calcd for C;9H3,0sP [M+H]* 371.1982, found 371.1983.

The Characterization data of 3w:

' 0 O, o)\»]
Ao M k22
AT
Cl

?
Yellow oil, '"H NMR (CDCls, 400 MHz,) 6: 7.24 (d, 2H, 3’-H, J = 9.2 Hz), 6.86 (d, 2H, 2>-H, J =
8.8 Hz), 4.81-4.71 (m, 4H, 2,5-H), 3.19 (d, 2H, 3-H, J = 22.8 Hz), 1.34 (dd, 12H. I-H. J= 1.6, 6.4
Hz); 3C NMR (CDCls, 100 MHz); 6: 197.6 (d, C-4, Jp.c = 6.5 Hz), 156.3 (C-1°), 129. 5 (C-3"),
126.6 (C-4"), 115.9 (C-2), 72.8 (C-5), 71.9 (d, C-2, Jp.c = 6.7 Hz), 40.1 (d, C-3, Jp.c = 127.1 Hz),
23.9 (dd, C-1, Jpc = 5.0, 14.5 Hz); 3'P NMR (CDCls, 400 MHz) J: 16.3; HRMS: calcd for

C15Hp,Cl0sP [M+H]* 349.0966, found 349.0974.

The Characterization data of 3x:

2 0 9 OJ\1
L O\)J\/IB: 2
SR
573 Y

02N 4'
Yellow oil, "H NMR (CDCl; 400 MHz,) 6: 8.221 (d, 2H, 3’-H, J= 9.2 Hz), 7.04 (d, 2H, 2°-H, J =
9.2 Hz), 4.96 (s, 2H, 5-H), 4.84-4.73 (m, 2H, 2-H), 3.21 (d, 2H, 3-H, Jp.c= 23.2 Hz), 1.37 (dd,
12H, 1-H, J = 4.0 Hz, 6.4 Hz); 3C NMR (CDCl; 100 MHz); 6: 196.1 (d, C-4, Jo.c = 6.3 Hz),
162.5 (C-1°), 142.2 (C-4%), 125.9 (C-3"), 114.7 (C-27), 72.7 (C-5), 72.2 (d, C-2, Jp.c = 6.7 Hz),
40.4 (d, C-3, Jp.c = 126.3 Hz), 23.9 (dd, C-1, Jp.c = 4.8 Hz, 12.7 Hz); 3P NMR (CDCls, 400 MHz)

0: 16.0; HRMS: calcd for C;sH,,NO4P [M+Na]* 371.0786, found 371.0783.

The Characterization data of 3y 1 111:

2
Icg)/o/\']
624 ; ~0T

Yellow oil, 'H NMR (CDCl; 400 MHz,) &: 4.16-4.09 (m, 4H, 2-H), 3.17 (d, 2H, 3-H, J=22.4 Hz),

2.19-2.13 (m, 1H, 5-H), 1.30 (t, 6H, 1-H, J = 7.2 Hz), 1.08-1.06 (m, 2H, 6-H), 0.96-0.91 (m, 2H,
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6-H); 1*C NMR (CDCl;, 100 MHz); J: 202. 1 (d, C-4, Jp.c = 5.7 Hz), 62.5 (d, C-2, Jp.c = 6.4 Hz),
43.3 (d, C-3, Jp.c = 126.9 Hz), 21.7 (C-5), 16.3 (C-1), 12.0 (C-6); 3'P NMR (CDCls, 400 MHz) 5:

20.1; HRMS: calcd for CoH,04P [M+H]* 221.0937, found 221.0937.

The Characterization data of 3z [1l:

Yellow oil, 'H NMR (CDCls, 400 MHz,) &: 7.76 (dd, 2H, 2°-H, J = 7.6 Hz, J= 12.4 Hz), 7.55-7.51
(m, 1H, 4°-H), 7.47-7.42 (m, 2H, 3°-H), 4.15-3.87 (m, 2H, 2-H) 3.25 (d, 2H, 3-H, J= 18.4 Hz),
2.62-2.45 (m, 2H, 5-H), 1.50-1.42 (m, 2H, 6-H), 1.29-1.17 (m, 5H, 7, 1-H), 0.82 (t, 3H, 8-H, J =
7.6 Hz); *C NMR (CDCl5, 100 MHz); 6: 202.5 (C-4), 132.8 (d, C-4’, Jp.c = 2.8 Hz), 131.7 (d, C-
2, Jpc = 10.3 Hz), 129.9 (d, C-1°, Jp.c = 131.7 Hz), 128.7 (d, C-3’, Jp.c = 13.1 Hz), 61.5 (d, C-2,
Jp.c = 6.1Hz) 46.5 (d, C-3, Jp.c = 85.1 Hz), 4.5 (C-5), 25.4 (C-6), 21.9 (C-7), 16.3 (d, C-1, Jp.c =
6.6 Hz), 13.8 (C-8); 3'P NMR (CDCls, 400 MHz) 6: 34.6; HRMS: caled for Cy4H, O5P [M+H]*
269.1301, found 269.1303.

The Characterization data of 3aa 121:

SORS

Yellow oil, '"H NMR (CDCls, 400 MHz,) §: 8.02 (d, 2H, 2°-H, J = 7.2 Hz), 7.59 (¢, 1H, 4’-H, J =

o/\1

7.6 Hz), 7.49 (t, 2H, 3°-H, J = 7.6 Hz), 4.26-4.06 (m, 5H, 2, 3-H), 1.56 (dd, 3H, 5-H, J = 5.6 Hz,
18.0 Hz), 1.30 (t, 6H, 1-H, J = 7.2 Hz); 3C NMR (CDCL;,100 MHz); &: 196.5 (d, C-4, Jo.c = 5.0

Hz), 136.9 (C-1°), 133.3 (C-4’), 128.8 (C-2°), 128.5 (C-3’), 62.7 (dd, C-2, J = 6.8Hz, Jp.c =

10.3Hz), 41.3 (d, C-3, Jo.c = 129.5 Hz), 16.3 (dd, C-1, Jp.c = 6.0 Hz, 14.5Hz), 12.2 (d, C-5, Jp.c
6.6 Hz); 3'P NMR (CDCls, 400 MHz) &: 23.4; HRMS: caled for Ci3Ho04P [M+H]* 271.1094,

found 271.1099.

References:

S13



2
3
4

5

. X.B.Li,G. B. Hu, P. Luo, G. Tang, Y. X. Gao, P. X. Xu, Y. F. Zhao, Adv. Synth. Catal. 2012, 354, 2427
. Wei, and J. X. Ji, Angew. Chem. Int. Ed. 2011, 50, 9097.

.6.S.F.Zhou, D.P.Lj, K. Liu,J.P.Zou, and O. T. Asekun, J. Org. Chem. 2015, 80, 1214.
. K. M. Maloney, J. Y. L. Chung, J. Org. Chem. 2009, 74, 7574.

.10 G.P. Luke, C. K. Seekamp, Z. Q. Wang, B. L. Chenard, J. Org. Chem. 2008, 73, 6397.

.D.P.Li, X. Q. Pan, L. T. An, J. P. Zou, and Wei Zhang, J. Org. Chem. 2014, 79, 1850.

6
7. W. Debrouwer, T. S. A. Heugebaert, K. V. Hecke, and C. V. Stevens, J. Org. Chem. 2013, 78, 8232.
8. D. Y. Kim, M. S. Kong, T. H. Kim. Synth. Commun. 1996, 13, 2487.

9

. H. Huang, W. C. Chang, P. J. Pai, A. Romo, S. O. Mansoorabadi, D. H. Russell, and H. W. Liu, J. Am. Chem. Soc. 2012, 134,
86171.
10. J. P. Haeltersa, B. Corbela, and G. Sturtz, Phosphorus, Sulfur Silicon Relat. Elem. 1989, 1-2, 85.
11. L. Y. Xie, R. Yuan, R. G. Wang, Z. H. Peng, J. N. Xiang, W. M. He, Eur. J. Org. Chem. 2014, 2668.

5. 'HNMR, 3C NMR, and HRMS (ESI) copies of products
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Fig. 1 'TH NMR spectrum of compound 3a
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Fig. 3 3'P NMR spectrum of compound 3a

Sample Naime CH-1-1 Pasition P1-A3 Instrument Name Trstrummert 1 User Nafme Agilent FSE
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Fig. 4 HRMS spectrum of compound 3a
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Fig. 5 '"H NMR spectrum of compound 3b
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Fig. 6 3C NMR spectrum of compound 3b
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Fig. 7 3'P NMR spectrum of compound 3b
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Fig. 8 HRMS spectrum of compound 3b
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Fig. 9 '"H NMR spectrum of compound 3¢
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Fig. 11 3'P NMR spectrum of compound 3¢

Data Filename

P1-CS Instrument Name
InjPosition SampleType

ACQ Method Comment
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Fig. 12 HRMS spectrum of compound 3¢
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Fig. 13 '"H NMR spectrum of compound 3d
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Fig. 15 3'P NMR spectrum of compound 3d
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Sample Name CH-1-26

1nj Vol

Data Filename

Position P1-C6 Instrurment Name
InjPosition SampleType

ACQ Method Comment

User Name
IRM Calibration Status
Acquired Time

Instrurent 1
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Agilent FSE
Success
41714 Thi 10:53:58

0.2

CX-1-26-0.2uld testm

=10 4
34
2.94
2.8
2.74
2.6
2.54
244
2.34
224
Z14
24
1.94
1.8
1.74
1.6
1.54
1.44
1.34
1.2+
1.14
14
0.94
0.84
0.74
0.6
0.54
D.44
0.34
0.24
o.14

+ESI Scan (0.135-0.378 min, 23 Scansa) Frag=180.00 CH-1-26-0.2ul.d Subtract

311.0811

2 Qo
©)J\/ ~Ph

312.0845

.

308 ELE) 310 _ 311 _ 312 313 314 315

Fig. 16 HRMS spectrum of compound 3d
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Fig. 17 '"H NMR spectrum of compound 3e
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Fig. 18 1*C NMR spectrum of compound 3e
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Fig. 19 3P NMR spectrum of compound 3e

$23




Sample Name
Inj Vol
Data Filenamea

CH-1-3
0.l
CX-1-3-0.2uL.d

Position
InjPosition
ACQ Method

P1-AS

testm

Instrument Name

SampleType
Comment

Instruenent 1
Sample:

User Name
IRM Calibration Status
Acquired Tima

Agilent FSE
Success
3f20{14 Thu 11:20:01

%10 5
24

1.94
1.84
1.74
1.64
1.54
1.4
1.3

0.74
0.64
0.54
0.44
.34
0.24

.14

+ESI Scan (0. 179-0.345 min, 16 Scans) Frag=180.0V CX-1-3-0.2ul.d Subtract

271.1085

2 ot
“OEt

Z7¥Z2.1128

|

273.1150 374.2745

270_ 271 272 __ 273 274 275 277

Fig. 20 HRMS spectrum of compound 3e
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Fig. 21 '"H NMR spectrum of compound 3f
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Fig. 22 3C NMR spectrum of compound 3f
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Fig. 23 3'P NMR spectrum of compound 3f

Sample Name  CX-1-4

Inj Vol

Data Filename

Pasition P1-A& Lnstrument Name
InjPosition SampleType

ACQ Method Comment

Instrurnerit 1
Sample:

User Name
IRM Calibration Status
Acquired Time

Mgilent FSE
Success
320714 Thu 11:21:08

0.2

C-1-4-0n2ul.d testm

=10 5
2.6
2.54
2.44
2.3

0.8
0.74
0.6
0.5
.44
0.34
0.2 4
2.1

+ESI Scan (0. 181-0.314 min, 13 Scans) Frag=180.0% CX-1-4-0.2ulL.d Subtract

321.1228

0
I_O-i-Pr
~O-i-Pr

3z2z2.1281

\

323.ll 286

319.5 320 3205 321 3215 322 __322.5 _ 323 3235 324 3245 325 3255 326

Fig. 24 HRMS spectrum of compound 3f

7.848
7.829
7.818
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7.800
7.448
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7.359
7.352
7.340
7.322
7.315
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7.108
2316
0.010

_—4.344
T-4.305
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Fig. 25 '"H NMR spectrum of compound 3g
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Fig. 26 *C NMR spectrum of compound 3g
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Fig. 27 3'P NMR spectrum of compound 3g
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Pasition
InjPosition
ACQ Method

Sample Name CH-1-30
Inj Vol 0.2
Data Filename  Cx-1-30-0.2uld

P1-D1

Instrument Name

SampleType

testm

Comiment

Instrurnert 1

Sample:

User Name

IRM Calibration Status
Acquired Time

Agilent FSE
Success
417714 Thu 11:01:04

=10 4
1.554
1.5
1.454
1.4
1.354
1.3+

0.854
0.94
0.854
(o - T |
0.754
0.74
0.654
0.64
0.554
0.54
0.454
0.44
0.354
0.34
0.254
0.24
0.154
0.14
0054

335.1197

)

+ESI Scan (0. 150-0.371 min, 21 Scans) Frag=180.0% CxX-1-30-0.2ulL.d Subtract

3361231

3342 3344 3346 3348

335

335.2 3354 335.5 3358

. 338

3362 3364 3366 33658

Fig. 28 HRMS spectrum of compound 3g

7.857
7.836
7.800
7.782
7.779
7.769
7.751
7.748
7.549
7.546
7.531
7.527
7512
7.508
7.461

7.452
7.442
7.433
7.425
7.415
7.221
7.201
4.155
4137
4.130
4119
4112
4.101
4.094
4.083
4.075
4.058

3.979

3.961
3.954

3.943
3.936

3.924
3918
3.906
3.899
3.881

3.786

3.774
3.739
3.728
2.380
1.266
1.248
1.231

P e L el

9 ot
“Ph

.
N

-0.009

45 4

©
~
=

T
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ol
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o
I
S
ol

T
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Fig. 29 '"H NMR spectrum of compound 3h
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191.716
191.661
144.442
134.394
132.640
61.421

61.359

_—43.338
42478
—21.653
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/
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Fig. 30 3C NMR spectrum of compound 3h
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Fig. 31 3'P NMR spectrum of compound 3h
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Sample Narme X-1-27 Position P1-C7 Instrument Name Instrurnent 1 User Narme Agilent FSE
Inj Vol 0.3 InjPosition SampleType Sample IRM Calibration Status Success

Data Fllename  Cd4-1-27-0.2uld ACQ Method testm Comment Acquired Time 41714 Thu 10:55:03

=10 4 |TESI Scan (0.159-0.380 min, 22 Scans) Frag=180.0W CxX-1-27-0.2ul.d Subtract
1.6
1.554
1.54
1.454
1.4 325.0966
1.35
1.34
1.254
1.2
1.154
1.14
1.054
14

O O
0.954 |]:I>/0Et
0.9 ~
0.554 Ph
0.84
0.754
0.7
065
0.64
0.554
0.59
0.454
0.4
0.354
0.34 326.0999
0.254
0.2
0.154
0.1
0.054

o & " i i i

321 322 323 324 325 3z6 328 3z9 330 331 332

15}
‘M
~

Fig. 32 HRMS spectrum of compound 3h
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Fig. 33 '"H NMR spectrum of compound 3i
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Fig. 34 3C NMR spectrum of compound 3i
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Fig. 35 3'P NMR spectrum of compound 3i
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Sample Name — CH-1-5

Inj Vel

Data Fllename

P1-A7 Lrstrument Name
InjPosition SampleTypa

ACQ Method Comment

Instrurment 1
Sample

User Name
IRM Calibration Status
Acquired Thme

Pasition
02

C¥-1-5-0.2uL.d testm

Agikent FSE
Suncrss

3120414 The 11:23:19

=10 4

8.24
[
5.8
5.6
5.4
5.24
54
.84
.64
4.44
424
44
3.84
3.6
3.44
3.24
34
2.84
2.64
2.44
2.2
24
1.84
1.6
1.4
1.2
14
0.84
0.64
0.44
0.24

L¥]

+ESI Scan (0. 161-0.348 min, 18 Scans) Frag=180.0% CHK-1-5-0.2uL.d Subtract

285.1251

2 or

“OEt

2861286

280 281 282 283 288 289 290

29

Fig. 36 HRMS spectrum of compound 3i

2,678
2.659
2.640
2.620
1.237
1.226
1.221
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1.195
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T T
100 95 .0
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2.000 —

T
0.5
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Fig. 37 '"H NMR spectrum of compound 3j
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Fig. 38 13C NMR spectrum of compound 3j
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Fig. 39 3'P NMR spectrum of compound 3j
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Sample Name C-1-6 Position Pi-A8 Instrument Name Instrurment 1 User Name Agilent FSE
Inj Vol 0.2 InjPosition SampleType Sampie IRM Calibration Status Success
Data Filename  C-1-5-0.2uld ACQ Method testm Com ment Acquired Time 3F20/14 Thu 11:24:25
=10 4 | TESI Scan (0, 173-0.349 min, 17 Scans) Frag=180.0v CxX-1-6-0.2ul.d Subtract
1.054
14
0.854 335, 1364
0.94 O
0.854 H
1_O-i-Pr
0.84
~N .
0751 O-i-Pr
0.74
0654
0.6
0.551
0.54
0.454
0.44
0,354
0.34
0.254
. 3361416
0.154
0.14
0,05
N o) [N i s
333.5 334 3345 335 _ 3355 EET 3365 337 337.5 338
Fig. 40 HRMS spectrum of compound 3j
N o o T OWOoT O s o® &
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Fig.41 '"H NMR spectrum of compound 3K
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190.287
190.224
163.973
16.275
16.213

_—131.486
~——129.596
—113.740
=< g

_—38.883
TT-37.594

<o
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——55.500

-
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Fig. 42 3C NMR spectrum of compound 3K
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Fig. 43 3'P NMR spectrum of compound 3K
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Sample Name  CX-1-13 Pasitian P1-BS Instrument Name  Insiruenent | User Name Agilent FSE
Inj Vil 0.2 InjPosition SampleType Sample: IRM Calibration Status Success
Data Fllename C¥=1-13-0.2uld ACH Method testm Comment Acquired Time 3/20/14 Thu 11:35:13
x10 3 | *ESI Scan (0. 148-0.379 min, 22 Scans) Frag=180.0V CX-1-13-0.2uL.d Subtract
1.94
1.8
- 309.0862
1.64
1.5 0 0
1.4 |I5I>/0Et
154 “OEt
1.2
1.1 H3CO
=
0.9
0.84
0.7
064
0.5
0.4
0.34 310.0804
0.z
014
ol . M
306 307 308 _ 308 310 _. 317, 31z 313 314
Fig. 44 HRMS spectrum of compound 3K
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Fig.45 "H NMR spectrum of compound 31
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Fig. 46 3C NMR spectrum of compound 31
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Fig. 47 3'P NMR spectrum of compound 31
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Sample Name O-1-14

Inj Vol

Data Filename

Instrument 1
Sample

Instrument Name
0.2 InjPosition SampleType
CX-1-14-0.2uld ACQ Method Commant

Position Fi-B7

testm

User Name
IRM Calibration Status
Acquired Time

Agilent FSE
Success
320414 The 113819

=10 4
1.74
1.654
1.64
1.554
1.54
1.454
1.44
1.354
1.34
1.254
1.24
1.15
1.14
1.054
14
.95
0.94
0.851
0.8
0.754
0.7 4
0.654
0.64
0.551
0.5
0.454
0.44
0.354
0.34
0.251
0.2 4
0.154
0.14
0.054
a

+EZSI Scan (0. 173-0.349 min, 17 Scans) Frag=180.0W CxX-1-14-0.2ulL.d Subtract

ZB7. 043

HsCO

ZBE. 1079

X

o) A

0
lg,OEt
“OEt

285 285.5 286 286.5 _ 287 287.5 =B8 2885 z89

Z89.5
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Fig. 48 HRMS spectrum of compound 31
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Fig.49 'H NMR spectrum of compound 3m
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Fig. 50 3C NMR spectrum of compound 3m
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Fig. 51 3'P NMR spectrum of compound 3m
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Sample Narme CH-1-15 Pasition P1-B3 Lnstrurment Name Instrument 1 User Marme Agilent FSE

Inj Vol 1 InjPosition SampleType Sample: IRM Calibration Status Some lons Missed

Data Filename  C%-1-15-0.2uld ACQ Method testm Comment Acquired Time 3f20f14 Thu 15:49:11
=10 2 | TESI Scan (0L 158-0.368 min, 20 Scans) Frag=180.0W CK-1-15-0.2ul.d Subtract

a4
8.54
335.0041
B

7.54

CI),OEt
“OEt

4.59 Br
a4
3.5
EY
2.54
24

1.54

0.54

3336 3338 334 3342 334.4 3346 3348 335 3352 _3354 3356 3358 336 3362 3364 3366 3368

Fig. 52 HRMS spectrum of compound 3m
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Fig.53 '"H NMR spectrum of compound 3n
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Fig. 54 3C NMR spectrum of compound 3n
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Fig. 55 3'P NMR spectrum of compound 3n
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Sample Name C-1-16

Inj Vol

Data Filename

Position P1-E3 Instrument Name
InjPosition SampleType

ACQ Methiod Comiment

User Name
IRM Calibration Status
Acquired Time

Instrument 1
Sample

Agilent FSE
Success
3f20/14 Thu L1:38:29

0.2

C%-1-16-0.2ul.d testm

=10 2
2.54
2.44

.34

2
2.2
2

T L
b
H

0.94

0.74
0.6
0.54
044
0.34
.24
.14

+ESI Scan (0. 146-0.400 min, 24 Scansa) Frag=180.0% CX-1-16-0.2ul d Subtract

3850175
3870155

(0]
1_O-i-Pr
~O-i-Pr

Br

386.0215 388.0186

384 384.5 385 385.5 386 __ 3865 387 3875 388 388.5 389

Fig. 56 HRMS spectrum of compound 3n
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Fig.57 '"H NMR spectrum of compound 30
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190.333
190.269
—167.327
——164.781
132.925
131.887
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115.815
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Fig. 58 13C NMR spectrum of compound 30
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Fig. 59 3'P NMR spectrum of compound 30

$43




Sample Name  Ci-1-17

Inj Val

Data Filename

0.2
%-1-17-0.2uld

Position
InjPosition
ACQ Method

F1-C1 Instrument Name
SampleType

Comment

Instrurnerit 1
Sample:
testm

User Name
IRM Calibration Status
Acquired Time

Agilent FSE
SLCTss
3F20/14 Thi

u 11:3%:34

=10 3
2.74
2.64
2.54
2.44
2.34

+ESI Scan (0. 170-0.380 min, 21 Scans) Frag=180.00 CX-1-17-0.2ulL.d Subtract

il

275.0847

E,OEt
“OEt

A i,

Py

273

2735

274 274.5 275 2755 276

278.5

2775

Fig. 60 HRMS spectrum of compound 30
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4.660
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——3.560
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p
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&

1.240
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T
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85

Fig.61 '"H NMR spectrum of compound 3p
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190.483
190.418
— 167.228
—— 164.687
133.043
131.957
131.863
115.685
115.468
71.548
71.482
——40.486
39197
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23.887
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Fig. 62 3C NMR spectrum of compound 3p
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Fig. 63 3'P NMR spectrum of compound 3p
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Sample Name CH-1-18 Pasition P1-C2 Instrument Mame Instruenent 1 User Marme Aqilent FSE
Inj Vol 02 InjPosition SampleType: Sample IRM Calibration Status Succrss
Data Fllename  C%-1-1840.Zuld ACQ Method best.m Comment Acquired Time 372014 Thu 11:40:3%
=10 2 |TESI Scan (0. 133-0.364 min. 22 Scans) Frag=180.0% CX-1-18-0.2ulL.d Subtract
4.24
44
1.8 325.0979
364 O
3.44 .
I _O-i-Pr
3.2 [5:
3 O-i-Pr
2.84
z.64 F
2.4+
224
24
1.84
1.6+
1.44
1.24
14
0.8
0.6
.44
.24
arle PRERFT | . A A J.- gk P | i l. e - .J o " T
313 314 315 376 317 318 318 320 321 322 323 324 325 326 3JIZ7 328 328 330 331 332 333 334 335
Fig. 64 HRMS spectrum of compound 3p
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Fig.65 'H NMR spectrum of compound 3q
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Fig. 66 3°C NMR spectrum of compound 3q
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Fig. 67 3'P NMR spectrum of compound 3q
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Sample Name  CX-1-28

Inj Vol

Data Filenams

Ingtrumert 1
Sample

User Name
IRM Calibration Status
Acquired Time

Pasition P1-C8 Instrument Name
InjPosition SampleType

ACQ Method Comment

0.2

C¢-1-28-0.2uld testm

Agilent FSE
Success
A117{14 Thu 10:56:09

=10 2
=4
7754
7.54
7.254
74
5.754
5.5
5.25+4
a]
5.754
5.5
5.254
=]

4. 754
.54
4.254
ad
3.754
3.5
3.254

+ESI Scan (0.150-0.370 min, 21 Scans) Frag=180.00 CxX-1-Z8-0.2ulL.d Subtract

307.0885

D ot
~Ph

308.0928

N

el

A .

i

IL
308

205 305.5 306 306.5 307 . 3075 308.5 ELE] 300.5

310

Fig. 68 HRMS spectrum of compound 3q
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Fig.69 'H NMR spectrum of compound 3r
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Fig. 70 13C NMR spectrum of compound 3r
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Fig. 71 3'P NMR spectrum of compound 3r
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Sample Mame  C6-1-19

Inj Vol

Data Filename

Pasition PL-C3 Instrument Name
InjPasition SampleType

ACQ Method Comment

Tnstruenerit 1
Sample

User Name
IRM Calibration Status
Acquired Time

0.2

CX-1-19-0.2uld testm

Agilent FSE
Sucrss
3/20{14 Thu 11:41:45

®10 2
74

B5.754
6.5+
5.254
&4
5.754
5.59
5.254

1.254

0.754
0.5
0.254

+ESI Scan (0. 161-0.382 min, 21 Scans) Frag=180.00 CH-1-12-0.2ulL.d Subtract

287.1044

0§ Rom
“OEt

Z85.5 286 Z86.5 287 ZB7.5 Z88 2885

Z89

Fig. 72 HRMS spectrum of compound 3r

7.285
7.267
7.264
7.250
7.245
=—6.984
6.965
6.947
6.905
6.885
4774
4,759
4,755
4.743
4.739
4,727
4712
4.708
4.693
_—3.228
3171
1.319
1.303

<7

o Jﬁv‘g,o-i-pr
~O-i-Pr

-0.018

2012 =
1.001™— ¢
1.988 —

4.018
2.010

Fig.73 'H NMR spectrum of compound 3s
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198.343
198.278
157.578
—129.574
—121.694
—114.577
72.603
71.819
71.753
23.971
23.930
23.822
23.773

——40.593
T—39.319

<
Ca
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T
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T
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Fig. 74 3C NMR spectrum of compound 3s
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Fig. 75 3'P NMR spectrum of compound 3s
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Sample Name C-1-20 Position Pi-C4 Instrument Name Instrurmnent 1 User Name Agilent FSE
Inj Vol 0.2 InjPosition SampleType Sample: IRM Calibration Status Success
Data Filename  Cd-1-20-0.2uld ACQ Method testm Comment Acquired Time 3/20/14 Thu 11:42:51

=10 2 [TESI Scan (0.149-0.369 min, 21 Scans) Frag=180.0% CX-1-Z0-0.2ul.d Subtract

7.54
7.254
74
5.754 315.1353
6.54
5.254
64
5.754

0O O

o] \)j\/ll_.',/o-l-Pr
5.254 O q

5] ,
2] O-i-Pr
.54
4.25+4

]
3.754
3.54
3.254

a4
2.754

308 310 312 314 316 318 320 3zz2 | 324 az2a 328 330 332

Fig. 76 HRMS spectrum of compound 3s
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1.180

1.163
—-0.000

O O
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Fig.77 "H NMR spectrum of compound 3t
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Fig. 78 13C NMR spectrum of compound 3t
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Fig. 79 3'P NMR spectrum of compound 3t
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Sample Name  C¥-1-31

Inj Vol

Data Filename

Puasition Pl1-D2 Instrurment Name
¥ InjPosition SampleType

CX-1-31-0.2uld ACQ Method Comment

Instrument 1
Sample

User Narme
IRM Calibration Status

testm Acquired Time

Agilent FSE
Some lons Missed
417714 Thu 11:02:09

=10 4
V.54
7.254
7
5.754
5.54
5.254
a4
5.754
5.54
5.25
54
4.754

+ESI Scan (0.132-0.408 min, 26 Scans) Frag= 180,00 CX-1-31-0.2ulL.d Subtract

341.0922

Q (II_.?,/OEt
O\)K/ \Ph

342.0956

343.5981

340 340.5 341 341.5 342 _.3425 _ 343 343.5 344

344.5

Fig. 80 HRMS spectrum of compound 3t
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0.012

T
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Fig.81 '"H NMR spectrum of compound 3u
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Fig. 82 13C NMR spectrum of compound 3u
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Fig.83 3'P NMR spectrum of compound 3u
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Sample Name CH-1-24

Inj Vol

Data Fllename

Puasition P1-C8 Instrument Name

InjPosition SampleType
ACQ Method Comment

Tnstruenent 1
Sample:

Usger Mame
IRM Calibration Status
Acquired Time

02

C¢-1-24-0.2uL.d testm

Agilent FSE

Success
3/20/14 Thu 14:47:21

=10 4 |

2.84
2.74
2.64
2.54
2.44
2.3
224
2.14

24
ofee]
1.84
T
LG4
.54
A4
.34
24
14
14
0.9
0.84
0.74
064
0.59
0.44
0.34
0.2 4
0.1 4

1

1
1
1
1
1
1
q
9

[#]

+E5SI Scan (0.169-0.356 min, 18 Scans) Frag=180.00 CX-1-24-0.2ul.d Subtract

301.1200

)

o A

Et

20
“OEt

302.1234

303..'! 249
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Fig. 84 HRMS spectrum of compound 3u
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Fig.85 '"H NMR spectrum of compound 3v
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Fig. 86 *C NMR spectrum of compound 3v
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Fig.87 3'P NMR spectrum of compound 3v
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Sample Name C¥-1-21 Pasition P1-C5 Instrument Name Instrumernt 1 User Name Agilent FSE
Inj Vial 02 InjPosition SampleType Sample IRM Calibration Status Sucress

Data Filename Cx-1-21-0.2uld ACQ Method test.m Comment Acquired Time 3720/14 Thu 11:43:56

=10 4 | TESI Scan (0.168-0.344 min, 17 Scans) Frag=180.0% CX-1-21-0.2ul.d
5.5
5.64
5.4
5.2 4
54
4.84
4.6 6 o .
a.al \)J\/II:'),O—I—PF
4.2 4 O ~N .

o] O-i-Pr
3.8
3.64
3.4
3.24

3
2.8
2.6
2.44
2.24

24
1.8
1.64
1.44
T 372.2016

14
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3711883

044
ozl L 373 2046
o L
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Fig. 88 HRMS spectrum of compound 3v
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Fig.89 '"H NMR spectrum of compound 3w
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Fig.90 3C NMR spectrum of compound 3w
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Fig.91 3'P NMR spectrum of compound 3w

S$59




Sample Name  C%-1-22 Position FiLE Instrument Mame  Instument 1 User Name Agilent F5E

Inj Vol

Data Filename  Cx-1-22-0.2uLd ACT) Method tesnm Comment Aoquired Time ¥20/14 Thu 11:45:03
X103 +ESl Scan (0182 min) Frag=180.0% CX-1-22-0.2ul .d

314

2.9
2.5 349.08974
2.74
2.5 o O _.

o M __pO*Pr
= NA -
2.34

23 O-i-Pr
2.1

1
y
4
»
b
1
4
1
i

0.84 350.0985
0.7+

0.6+
0.5
0.4
0.3
0.2
Q.14

3

-3
B
B
o
B
5
4
3
el
A

k

o]

02 InjPosition SampleType Sample IRM Calibration Status Some lons Missed

] Cl
] 351.0931

344 345 346 347 348 _ 349 3%0 351 3%2. 353 354 355 356 357

Fig. 92 HRMS spectrum of compound 3w
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Fig.93 'H NMR spectrum of compound 3x
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Fig.94 3C NMR spectrum of compound 3x

16.019

o ﬁO—i—Pr
O¢J\/ ~O-i-Pr

O,N

T T T T T
100 90 80 70 60 50 40 30 20 10 0 =10 =20 =30 =40 =50 ppm

Fig.95 3'P NMR spectrum of compound 3x
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Sample Name  X-1-23 Position PLC7 Instrument Name Instrument 1 User Name
Inj Vol 1 InjPosition SampleType Sample IRM Calibration Status
Data Filename  C¥-1-23-0.2uld AL Method tesim Comment Acquired Time

Agilent FSE
Sorme Tors Missad
32014 Thu 15:50:17

=10 4
1,254
1.24
1.154
1.1
1.054
14
0895
0.9
Q.85
Q&
0,75
0,7
0.65
0.6
Q.55
Q.54
0,45
0,44
0,354
0.3
0,25
0,2z
PRES
Q.71
Q.05
o]

+ESI Scan {0182 min} Frag=180.0W CX_1-22.0 2ul .d Subtract

371.0783
O O
'IDI/O-i-Pr
OQJ\/ ~O-i-Pr

O,N

273.0756

3720817

3740774

| | i L. L S T ksl il L

T
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Fig. 96 HRMS spectrum of compound 3x
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Fig.97 '"H NMR spectrum of compound 3y

S$62




202.119
202.062
62.499
62.435

_—43.891
T—42.622
—21.677
—16.314
—12.038

<<
o

ot
“OEt

|

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

Fig.98 '3C NMR spectrum of compound 3y
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Fig.99 3'P NMR spectrum of compound 3y
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Sample Name O¥-1-25
Inj Vol 0.2

Data Filename  CX-1-25-0.2uld

Position F1-C3 Instrument Name Instrurment 1 User Name
InjPosition SampleType Sample: IRM Calibration Status
ACQ Method test.m Comment Acquired Time

Agilent FSE
Success
3720714 Thu 14:48:27

=10 4 | TESI Scan (0.155-0.353 min, 189 Scans) Frag=180.00 CX-1-25-0.2ul.d Subtract

3.24
314

ad
2.94
2.84
2.74
2.64
2.5
2.44
2.3
224
2.14
24
.94
.84
|
=T
54
A4
.34
1.2 4
1.14

1]
0894
0.8
0.74
0.6
0.54
0.4
0.34
0.2
0.14

ok ok mh omhowh wk

221.0937

ﬁ/OEt
“OEt

222.0970

L
218

220 221 _ 222 223 224 225

226

Fig. 100 HRMS spectrum of compound 3y

Fig.101 'H NMR spectrum of compound 3z
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Fig.102 3C NMR spectrum of compound 3z
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Fig.103 3'P NMR spectrum of compound 3z
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Sample Mame CH-1-32 Puosition P1-D3 Instrurment Name Instrurnent 1 User Name Agilent FSE

Inj Vol 02 InjPosition SampleType Sample: 1RM Calibration Status Success

Data Filename  Cx-1-32-0.2uld ACQ Method testm Comment Acquired Time 417114 Thu 11:03:15
x10 4 | TESI Scan (0. 153-0.351 min, 189 Scans) Frag=180.00 CX-1-32-0.2ul.d Subtract

94
8.54
2691303
B4

5; 9 IOI (@)
C4Hg—C—CH, R "

&4
5.5
54
.54
a4
3.5
ad
2.5+
24

bEh 270.1337

0.54
271.1363
o L
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Fig. 104 HRMS spectrum of compound 3z
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Fig.105 'H NMR spectrum of compound 3aa
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Fig.106 3C NMR spectrum of compound 3z
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Fig.107 3'P NMR spectrum of compound 3z
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Sample Name  sk-49 Position Pi-E3 Instrument Name  Instument i

Inj Vol

o1 InjPosition SampleType Sample

Data Filename  sk-49-0.1ul.d ALCT) Method teshm Comment

User Name:

IRM Calibration Status

Acquired Time

Agilent FSE
Success
101314 Mon 16:23:54

=10 3
8.5
82
7.5
-
6.5
54
5.5
s
4.5
4
3.5
3
2.5
54
1.5
14

0.5+

]

=ES| Scan {(0.104-0.263 min, 15 Scans} Frag=180.0% ak-48-0.1uL.d Subtract

271.1055
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Fig. 108 HRMS spectrum of compound 3aa
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