Supplementary Information (SlI) for Catalysis Science & Technology.
This journal is © The Royal Society of Chemistry 2026

Supporting Information for:

Recyclable gold(I)-catalyzed hydrophosphoryloxylation of
alkynes or 1-haloalkynes with diphenyl phosphate

Ling Chen,“* Boling Song” and Mingzhong Cai®*

@ College of Materials and Chemical Engineering, Pingxiang University, Pingxiang,
Jiangxi 337055, China.

b College of Chemistry and Materials Science, Jiangxi Normal University, Nanchang,
Jiangxi 330022, China

E-mail: c1793742690@163.com; mzcai@jxnu.edu.cn

Copies of NMR Spectra of Compounds 2a-t and 4a-p



0000— o L=
27801
59801 L
088'0+ _
65711 _ — o[ g 1801
1571 N e ki
Al T 96192+
9L+ = TR e 6Ly 82"
J PG LE~
0412+ LS S9E Ve~
i A o v
881z ——— T 6IvvE
1022 | w
&
Le
=
Lw
p
i
) | ZvaaL
8857 — — = [ 001 10°;
SE6F— —— =i |o 8111
Fi
= 10086
E:
res r9086”
91727 L
mm_,.m.,_,
10z, , L=
£€T'L B et SRR | .
sTLY —_—— I, 0v10z)
L Brs 8810z}
SLE L Q7|
] 205621
mmm M.,_ Lo ££8'62L —
| w
2
Fa 965051~
6997061
o Lo £v6'G5L
o=y E 880951
\ o o
T o re
- 0
re
<
w
o
Fe

100 %0
1 (ppm)

110

120

'H NMR and 3C NMR of Compound 2a

190

200



-18.078

100

80

80

70

60

50

40

30 20 10 0
f1 (ppm)

3IP NMR of Compound 2a

-100



0000—

958'b
€81
06811
206°L-
¥26° _#
1882
s8]
£6£C”
£L1En
687 €+
so5e/

6997 —
¢los—

E€0T

E007

L0t

65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

7.0

1.5 1.0 105 100 95 90 85 80

12.0

V68T
169'1E
ety

059°€r—

L¥8'94
091°LL—F
mﬁw,wn\

¥8€'66
vy mmv

20021
Ler'ocL
9r9GZL"
S06'62L—

8y 051

Ze5 051
0Z6°€SL7
AT

30

T
90

T
100
f1 (ppm)

10

T
190

T
200

'H NMR and 3C NMR of Compound 2b



T
-18.030

90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 =70 -80 -80 -100 -1

3IP NMR of Compound 2b



0000—

6.¥C
86v'C
8ls'e
acl'e
LELT
vle
26L'T

85y —
P96’y —

960°L
vLL
691°L
¥8l7L
c0TL
0€T’L
We'l
eVveL
09Z°L
vIEL
£€EE°L
seL

Fooz
=17

Too

T-o01

o102
A Ze

-0t

15 110 105 100 95 90 85 80 75 70 65 fﬁ[(l ?.5 50 45 40 35 30 25 20 15 10 05 00
1 (ppm

12.0

961°9¢
Nmm.wwv.

vEL'Sh—

Cr8'9L
091 LL
8L¥'LL

208’86
n.wm.wmv

erANVA]
S.1°0¢CL
285621
6cl'9z1
91921
clegel
08€'8CL
Ley'eel
9.8'62)
oS ovL—

2es 051
wmm.cmvv.
.vmh.vm—.w.
888'VS1

——

60

:
100 90
1 (ppm)

T
110

T
190

T
200

'H NMR and 3C NMR of Compound 2¢



VL6 LL—

-30 -40 -50 -60 =70 -80 -90 -100

-20

80 70 60 50 40 30 20 10

90

f1 (ppm)

3IP NMR of Compound 2¢



000°0-—

VrAN
StLLy
€9/ A
1821
8617
1922
6622
9leT
Zvez
65EZ1
18T

S0L Y —
er0S—

S (e

A Ju\,hﬂ

L O

I-00¢

007
00

F-00'

120 M5 1.0 105 100 95 90 B85 80 7.5 7.0 e,smsn) 55 50 45 40 35 30 25 20 15 10 05 00
ppm

125

9/6'GL—
cee’le—

280'€Ee
ovl'ee

ZP89L
094 2L
8y 1!

0v1°00L
08l oorv.

BZOGLL~
980°024 7
£80°021-

ssiczL”
1666217

65051,
£EV 05+
5562517
Sy0'egL

10

60 40

T
90

T
100
f1 (ppm)

110

T
180

T
190

T
200

'H NMR and 3C NMR of Compound 2d



I
-17.959

T T T T T T T T T T T T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 0 -20 -30 -40 -50 -60 =70 -80 -90  -100 -110

3IP NMR of Compound 2d



0000—

opee—

SE6'E—

L1687 —
ShlL'G—

Y0 2
22T L
BET im
6522
Lee L
6€ 2
69¢ 2’

i

F-o0e

FLoe

120 115 110 105 100 95 90 B85 80 75 7.0 ssmso) 55 50 45 40 35 30 25 20 15 10 05 00
ppm

12.5

L85 —

16G°Liy
169" 1L~k
ZY89L
TV
Livil-

861001
avs oorv.

1202~
992021

§69'52L~
286621~

¥85°0614
929051~
LGE'LGL
oerisL!

T
100 90 80 70 60 50 40 30 20
f1 (ppm)

110

T
180

T
190

T
200

'H NMR and 3C NMR of Compound 2e

10



-17.900

O"'}j N
o o \\
T T T T T T ; T T T T T T T T ; T T T T T T T
100 90 80 70 60 50 40 30 20 10 - —10) 20 30 40 50 -60 70 -80 -90 -100 -110 -120
ppm

3IP NMR of Compound 2e



199°L
0891
869'L
JAUNY
SeL'L
8vle
wm_‘.NV
g8lT
£€61C
clee
0ece

2659 —

oSy —
006’y —

¥80°L
20L°L
L'l
vl
19174
veeL
£€5C°L
[2x A

O=na__
/ o]

Fooz

Feot

=20¢

Toot

Toot

009
200

6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
1 (ppm)

6.5

115 110 105 100 95 90 85 80 75 7.0

12.0

LIELT—

mww.wm/.
mrm‘mmw
mhm.mm

9Ly LG—

Cr8'9L
09L°LL
6L¥'LL

998'86
mcm.me

£e0°0ct 7
280021

[k T4
218621 —

ZEV0SL \
S05°051
¥esvs _.w.
L19¥S1L

99€°€LL—

—_—

20

: :
100 a0
1 (ppm)

T
110

'H NMR and '3C NMR of Compound 2f

12



-18.067

Q
If =4
~ o “
o’/l\,//\ L ] ‘
- P S
0 N N
O‘\
/RN
/ /
1."
. : T . . . . . : .
100 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 -80 90  -10C
f1 (ppm)

3IP NMR of Compound 2f



0000—

G856 €—

€ELY—
¥e0's—

(IWE
061724
017 24
21122
6222
8vz Lf
cLe L
1eg 2
zve 2
19¢2-

AN

I a. i

A

\ N S—

=007

4
5

40 35 30 25 20 15 10 05 00

4.5

11.0 105 100 95 90 85 80 75 70 65 60 55
f1 (ppm)

1.5

12.0

Li'ge
08l mmv

cr8'9L
09L NNW
w..‘..v.hw

vl Lol
98l FDFV

6817021+
862071~
24992y
080°22Z4~-
Leoezl
SL'6ZL

616°0€LY
8/8'7EL-

L9Y 061,
965054+
982051

elg051

40

T T
100 90 80
f1 (ppm)

10

T
190

T
200

'"H NMR and '*C NMR of Compound 2g

14



—-17.982

T
10

T
100

90

3IP NMR of Compound 2g



0000

1L25€

L19V—

9L0°G

651°L
8171
L02°L
602°L
LLTL
62 'L
eLesL
EEL

00T

004

00

808
0L

15 10 05 00

2.0

60 55 50 45 40 35 30 25
1 (ppm)

6.5

15 110 105 100 95 90 85 80 75 70

12.0

6180
806" ovv

_‘.vm.mh/
owv.hhw
8LV'LL

nwh.mm
€28’ mmv.

190°0ZL
041102}

98¥'SZhn
268°9¢1~
zeg8zL f
o_.w.mm%
108’621

szroel)

05¥°05 _.V.
25051
[Asih 4= 7
ShLPSL

I

180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
190

T
00

'"H NMR and 3C NMR of Compound 2h

16



9lg8l-—

-30

-10
17

f1 (ppm

T
20

3IP NMR of Compound 2h




0000-—
0211y

ZINE!

Z8L'L

91T 1

0291+
89’1
9691
szlL
618}
ovg'L
207
08029
9/07

AN

bk

6657 —
826Y—

8GL° L
92124
Evrﬁ
LET LAk
0sZLf
60€ Rmﬂ
8ee L
el

s Foos

B 00'L

=S
00T
= =0

BRI 002

\lj Hf:cv

2.0

1.0 05 00

15

65 60 55 50 45 40 35 30 25
1 (ppm)

7.0

1.5 110 105 100 95 90 85 80

12.0

998'GT
V.6 mwv.
L1€°087

v.ISTY
_.mm,wﬁv

L1789~
09V LL-¢
hk\t\

669'56
veL mmv

2617021
S0Z0Z1

¥av'szL"
08621

849051
me,omvv

991091
292 omvv.

-—

T T
100 90
1 (ppm)

110

T
190

T
200

'H NMR and 3C NMR of Compound 2i

18



LY67LL—

%0 80 70 60 50 40 30 20 10 40 20 -30 40 50 60 70 80 80  -100
f1 (ppm)

100

3P NMR of Compound 2i

19



0000-—

LEOY—

000G+,
clL'S
aLrs”

vrw.h
mmN.hW
09z°L
Lees
8ee’ L
6ee’L

ES61

TFoot

00

=9
b 15

00 -05

05

30 25 20 15 1.0

35

4.0

115 110 105 100 95 90 85 80 75 70 65 60 55 50
1 (ppm)

12.0

el g
mNm.m.vv.

09L°LL

N.wm.whv.
8LY'LL

§25col
wmm.wc_.v

£80°0C1

Fmr.cw_.w.
1662l
20662l —

0r0 051
€LL°0S1
282051
8G€°051

40

70

180 180 170 160 150 140 130 120 110 100 a0
1 (ppm)

T
200

'H NMR and 3C NMR of Compound 2j

20



—-18.260

—P—0
o\
,/‘f AN
/
==
‘\
it
)\
. N _ .
T T T T T T T T T T T T T T T T T T
-13.0 -13.5 -14.0 14.5 -15.0 -15.5 -16.0 -16.5 -17.0 i (-'s? 5) -18.0 -18.5 -19.0 -19.5 -20.0 -20.5 -21.0 -21.5 -22.0
ppm

3IP NMR of Compound 2j

21



0000—

6V6°€—

S¢0'S~
691°6—

8lZ’L
9€TL
152°L
LITL
£VEL
29¢°L
18¢°L

10T

=20k

=001

Fi9
=01t

05 00

1.0

45 40 35 30 25 20

5.0

5.5

6.0
f1 (ppm)

15 11.0 105 100 95 90 85 80 75 70 65

120

GET0E
mom.omV

m.vm.@\./

=09
8.y 1L

€18¢0L
vmw.wc_.v

152021 7
soeoztk
GG8'GZL

LLOOEL-
P09°€ElL—

9¢r 051
€050 rv.

T T
100 90

1 (ppm)

T
110

T
190

T
200

'H NMR and 3C NMR of Compound 2k

22



-18.177

3P NMR of Compound 2k

23



0000—

ZEES
9EE'S
1E€°S
LE'S
6.EG
¥8E'G
68E°S
681°L
06 FL
202 L
202 L
71z 2
GLz L]
g€z L]
682
Z5Z 1
60"
8L€.
1ze L]
GzeL
gee’L
ISE'L
98t'L
6812
667 L
205,

(103
Anc‘—

€02
K S0P
y. 20°L
ooz

85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

9.0

1.5 11.0 105 100 95

12.0

m.wm.wm/
ow—,hhﬂ
8LV’ LL

cEY'86
mm&.wmv

rov'Gel
eLLsel W
ZeLsel
w_vm.mw_.w

962°0C)
.vvm.oN_./,

vivecl
€L6'6C)
SGCLEEL
V6L EEL
609°051
289°051

veESZS)E
8L9'zSL

20

180 170 160 150 140 130 120 10 100 90
1 (ppm)

T
190

'"H NMR and 3C NMR of Compound 21

24



N

—

-17.730

-34 -36 -38

T T
-40 -42

-44

T T
-46  -48

-50

T
-52

-54

56

-58

T T T
-18 -20 -22 -24 &6 -28 -30 -32

(ppm)

3P NMR of Compound 21

25



L2126~
1267

16024
PAYN
8S) LY
VAR
BL LA
8CTL
8¢ NV
86Z'L
LLE L
9€E" L
68€°L
60%°L-

Al

il

|
|

|
Jﬂ\, JJ

|

_J\

F0e

Fo5t

pii

Fo0z

00'L
Moon

rooe
Zo0e
MEW
00y

00z

110 105 100 95 90 85 80 75 70 65 enmss)s.o 45 40 35 30 25 20 15 10 05 00
ppm

1.5

S80¥L—

166 ¢e—

020'LE~,
60517
Lh2ge"

€98°9/4
09L°LL
mh.v..\:mw\_.

916'/6—

592021
FLEOZL
PLEGZLL
£29'671
SPS8Ch~
S68'6C) -1
0L°LEL
VAR
68 il
:w,omrv
S89°051
759751
8€L7761

30

40

T T
100 90 80
f1 (ppm)

110

T
190

T
200

'H NMR and '*C NMR of Compound 2m

26



-17.704

T
10 100 90 80 70 60 50 40 30 20 10 [} 40 20 30 40 .50 60 -70 -80 90 10V
f1 (ppm)

3P NMR of Compound 2m

27



0000-—

B6S¥'S
SOP'S
Si¥'S
18¥'S

9611
Sig’l
€€T’L
€8¢’ L

L9871
8EG L

1852

002

E-g09
ezow
WY

10 05 00 -05

15

45 40 35 30 25 20

5.0

5.5

85 80 75 70 65 80
1 (ppm)

9.0

115 1.0 105 10.0 95

120

mvm.mh/
om—.hm%
8LV LL

£29°001
_.,umw.o_u—.v

12Z0Z1
020z}
295°62k
L0962l
019621
006'SZ} \
950°08k

261051
195051
€ECLSL
LLETLSL

L

Frwam

I

180 170 160 150 140 130 120 110 100
1 (ppm)

190

200

'"H NMR and 3C NMR of Compound 2n

28



-17.784

100 90 80 70 60 50 40 30 20 10 0 =10 -20 -30 -40 -50 -60 70 -80 90 =100
f1 (ppm)
31
P NMR of Compound 2n
o«
=
F F ~
o
>< ©
i \
/ ff
= /i
NN
o TN
o (e}
</ \
10 0 -10 -20 -30 -40 -50 60 =70 80 90 H(‘\OO)-HO -120 130 -140 -150 -160 -170 -180 -190 -200 -210
ppm

19F NMR of Compound 2n

29



0000—

E€EV'S
LEV'S

69%°L
vivL
6.¥°L
z8yL
S8yl
85,
1897,
665°L
209°L
889,
669°L
99L°L
18LL
6.7,
€08°L

6¥8°L

=20k
=00k

T
0.0

05

1.0

1.5

55 50 45 40 35 30 25 20

6.0

1 (ppm)

80 75 70 65

95 90 85

125 1.5 10.5

135

6176'9L

Imm.e..”h\
€181

089'86

20696
SIE0Z1y
6070211
222
60672
88621
059'92}
096'921
20L°L2)
0Z£'8Z1~
651821
9Z0'0€)
G6L0EL
6£8°0€)
OvOEEL]
8voEel
119061
121051
8E¥'ZS1
¥EY 21

R——

10

20

60

150 140 130 120 110 100 90
1 (ppm)

T
160

'H NMR and 3C NMR of Compound 20

30



&

-17.764

T
110

T
100

90

80

70

60

50

3IP NMR of Compound 20

31



~ZE'E

=00'Z

=00'L

L.o:._.

00°Z
Moa.w
o'y

1 (ppm)

:74 847

962709

09L°LL

mvm.whw
CLELL

62L'S0 _‘v
208501

1oL’z

9eL’ozt

126'scl

68621

mum.mv_.V
L6e'sylL
mwm.mvvﬂ
LL6°67L

9S50'€91—

A-32.2.1. Ir

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90

=10

50 40 30 20

70 60

1 (ppm)

'H NMR and '*C NMR of Compound 2p

32



o
—-19.420

= =

o

\
o—1

T T T
10 100 90 80 70 60 50 40 30 20 10 0 10 -20 -30 -40 -50 -60 -70 -80 -90 <100 -110 -120

3IP NMR of Compound 2p

33



0000-—

gt
Sle'L
0€Z’|
€eT’l
8ve |
LSzl

(4% 4
oLy
L9y
8l'Y
8lv
00¢'¥

0LL'9—
S60° L
e€LL
LEL'L
LS1°L
ElTl3
LE€T'L
0Se'L
0Le’L
elel
062’2
10€°L
el
6eeL
8092
929'L

EPEE

81z

=00k

Fzo9

Fere

=102

1.0 105 100 95 90 85 80 75 70 8.5 fG(.O )5.5 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm

1.5

12.0

LS6'EL—

262'09—

o.vm.wh/
om_..th
6.1V 1L

0007201
moo.ho_.v.

818611
898'611
@mv.mmv/
1pG9Z1~\
lev8el—
oow.mm%
IEL0EL
£60°EEL

L0€°051 \
8/€°0SL
004G
9816

Sm.mw@
o]
_

KO O=n—0

\

el

:

180 170 160 150 140 130 120 110 100 a0
1 (ppm)

T
190

00

'"H NMR and '*C NMR of Compound 2q

34



-19.710

3IP NMR of Compound 2q

35

=110

T T T T
=120 -130 -140 -150



0000—

So¥'c—

0Ly
96121
YT 24
76T L
9.2 17
G62 L4
e Lo
09€"L
18841
00t
ozv Ly
982
0052}
052
9682
6€8'21
581!

E-00€

55 50 45 40 35 30 25 20 15 10 05 0.0

1 (ppm)

85 80 75 70 65 60

9.0

115 1.0 105 100 95

12.0

€80'61
hn—.m_.v

L8'9L
091 LL
8L¥'LL

888011
Ze601
266611

ov00z) >
ZY8'STL,
960621
SPo'8ZL/
Y9662}

vegzElL
16E8EL

281°051
me.cm_.V.

veL el
£28eol

89681 —

——

: :
100 90
1 (ppm)

T
110

T
190

T
200

'H NMR and 3C NMR of Compound 2r

36



—-19.177

100

90

3P NMR of Compound 2r

37



0000—

wmm»mv

ZISS
961°L7
SLT Ly
20€° Ly
02€ L1
e Ly
GGE LY
PLE LA
£6€L7]
el R
Gl
€61 L]
£1624
765 L]

€952 ]
z8gL!

To0

I
THET

€T
W 00e

05

15 1.0

20

30 25

35

.
6.5 55 50 45
1 (ppm)

7.0

T T
1.5 110 105 100 95 090 85

T
120

Cr8'9L
09L°LL
8L¥'LL
S09°98
mnm.wmv.

hmm.._l._.
NNm‘v_\_\ /
6€L°0CL
681°0C1
9ve'Sgl
8¢L9¢)
615821~
0e0'6CL
ove6ct
166'6C1

992°051
8EE'05 _.v

omw.wwr >
ce6'Col

180 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
200

'H NMR and 3C NMR of Compound 2s

38



18y’ 6l-—

100 90 80 70 60 50 40 30 20 10 40 20 30 40 .50 60 -70 80  -80  -100
f1 (ppm)

10

3IP NMR of Compound 2s

39



0000—

€lee—

)

I-00€

=000

115 1.0 105 100 95 90 85 80 75 70 65 mn )55 50 45 40 35 30 25 20 15 10 05 00
ppm

12.0

Le'le—

4] @NV
om_ﬁt\
61¥'L1

S8F Ll
85 ¥LLy
28002t
LEL0ZL
£25'571"
0L0 NN_V
1Sz el
vzl ezt
SE86EL Y
6igeeL’
841l
95811
zZzr o5l
verost

40

70 50

T
100 90
f1 (ppm)

T
110

T
120

T T T
190 180 170

T
200

'H NMR and 3C NMR of Compound 2t

40



SO0V 8L-—

T
90

T
100

f1 (ppm)

3IP NMR of Compound 2t

41



/880
6580
1180
€0z
12T
YET L
67T 11
19T 11
8T 1
eds
89% 1
98% Ly

€0 1
zesL’
A
S6rzT
e15e’

ZrIs—
08}y
86114
m:w;f
€921
8@%
228
s L
09¢' 1!

CeHys H
o o |

(PhO),(O)P

=0'¢
=009
=00¢

" =20

| ~00'L

) s86°)

=008

1 (ppm)

10

15 14 13 12

16

€LOPL—
Yov'ze,

6817°92+-
EIN A TAN
GBE'LE~
9/0'GE—

89219
wmm_._.wv.

29L'9L
080°LL+
1687227

82021~
veC0gL’

965621
9086217

v 0S 1
116051
$E6951-
100°2G1

CeHys H
100 90 80 70 60 50 40 30 20 10

ppm)
42

120

200 190 180 170 160 150 140 130
'H NMR and 3C NMR of Compound 4a

210




—-19.080

-18 -20 -22 -24 26 -28 -30 -32 -34 -36 -38 -

1 {ppm)

3IP NMR of Compound 4a

43



0000—

60€°E—

fote] A

Sho'9—
¥6LL
e
62z L
€67 L4
ZieL
8eg'L
95€'L
SIEL

=00€

E002

o0t

=902
o9

-1.0

15 1.0 05 00 -05

20

40 35 30 25

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

115 10.5 9.5

125

09b'8G—
§08'99~.
209’ _.m/
8oL
cw_..t.W
LIv'1L

LSP0ZL
66%'0C1

082621
SL66TL

1057051
115051
2cLes)
06.L7¢

60

70

T T
100 90

1 (ppm)

T
110

T
180

T
190

T
200

'H NMR and 3C NMR of Compound 4b

44



0L'6-—

=20 -30 -40 -50 -60 -70 -80 -90 =100

-10

f1 (ppm)

80 70 60 50 40 30 20

90

3IP NMR of Compound 4b

45



(PhO),(O)P:

— =00}

) 0T

1 %058

6
f1 (ppm)

10

15 14 13 12

16

1eL°9—

ri8vl—

SOE'L9
mmv.rmv

0v89L
8GLLLF
9up L2’

9LE0Z 1
99¢£'0Z 1~
£09'GZ L
pLoGZL,
R R AR

29¥'0S _,v
1€9°051
85085 FV
921’851

(PhO);(0)P

200 190 180 170 160 150 140 130 120 ;11? 1)00 90 80 70 60 50 40 30 20 10
ppm

210

'H NMR and 3C NMR of Compound 4¢

46



ﬂ—i
S v
\
o 41‘1 =0
—-19.060

T T T
140 120 100 80 60 40 20 0 -20

3IP NMR of Compound 4¢

47



0000—

6629
Nom.@v
650°27
190"
080'2-%
6602
[VAWE
061 L]
202 L
€27 L1
92z L]
e L]
057 /]
¥5Z'L
ISTL
LTt
00 2
Y0¥ L
(kA

Ph

OP{O)(OPh)5

=680

009
B0z
=661

556 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

90 85 80 75 70 65 6.0

95

10.0

§50'99
pel-00)
8E4°9/
950°2.+
€844

€81°021
S TATARY
A
7259z |-
805971
ez
6sgeet’

09701~
€E5°051
5567517

Ph

OP(0)(OPh),”

200 190 180 170 160 150 140 130 120 fﬂwT(O 'I)OO 9 80 70 60 50 40 30 20 10
ppm

210

'H NMR and 3C NMR of Compound 4d

48



O

—-19.100

20 10 0 10 20 -30 40 -50 -60
1 (ppm)

3IP NMR of Compound 4d

49

T T T T
=110 120 -130 -140



0000—

e

G0E'9

mom.@v
60 Ly,
vl L-
el L]
991 2
6912
1812
252 11
2LT L]
267 11
zZLgL
69€ L
68€ .

—————— =loe

— =460

7 r002
268G
2e0¥

‘ooz

i

HsC
(PhO),(0)PO

1 (ppm)

14 13 12 " 10

15

8re’Le—

0679
100597
vEL'9.
25020
0e°L2’

91201
192021
ovy'Szial
617971

PLY OS5k
85 0S1—
SLOSS |-

860°6G17

HaC

I

(PhO),(0)PO

90 80 70 60 50 40 30 20 10

100
ppm)

o=

=

200 190 180 170 160 150 140 130 120

210

'H NMR and 3C NMR of Compound 4e

50



—-19.140

H-
9
;
I
D,-I"*O
™
ff/\
‘\/‘/
—
I
100 90 80 70 60 50 40 30 20 10 -1 0 -30 <40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -1!

.2
f1 (ppm)

3IP NMR of Compound 4e

51



000°0—

608°€—

205°9
8059

mmw.mg
15891
CoA
bl Ly
0912
8L
L0¢ ]
€02 24
62" 1
£1g 2
€682
1eg 2]
5G' 2]

MeO
(PhC),(0)PO

—00'¢

~260
00T
009
=00y

T =002

1 (ppm)

14 13 12 1" 10

15

98£'G5—
ZOPER
2e5e9

LLLOLN
mmo.m.mg\w
Q0¥ LL

SHPELLY
990°02Z 1,
GLL0Z
6v9'SZ 1"
£24521
892°6Z1
898671
¥.80€1”

L8 BY
815 6P~
Zre s
L7061

£€29°091—

MeQ

(PhO),;(0)PO

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

210

'H NMR and '3C NMR of Compound 4f

52



—-19.160

T T T T T
0 330 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -1!

9 80 70 60 50 40 30 20 10 .2
f1 (ppm

3IP NMR of Compound 4f

53



0000—

6LE9
_.Nm.mv
15697

8169
0002
¥§1 L]
gLl L
Z61 L]
182 2
00821
12g /1
gcv /]
ey L]
E«L
097 11
eiv .

OP(0)(OPh);

=00'L

80C
=819
=62V
=L0Z

35 30 25 20 1.5 10 05 00

4.0

90 85 80 75 70 65 6.0

9.5

67859
9659
¥8L'9.+
7501
04227

S8r'sily
POLGHH
rr oz
261021
205621
S05'8Z 1+
685821
69462}
£/96Z11
PRV
¥8E°0G 1
851061
886°€5 1
z20'vsL!
SLZ 79,
S0L 191

OP(0){OPh);

200 190 180 170 160 150 140 130 120 1{110( 1()]0 20 80 70 60 50 40 30 20 10
ppm

210

'H NMR and 3C NMR of Compound 4g

54



-19.120

.20 -30
f1 (ppm)

3IP NMR of Compound 4g

-114.154

T T T T T
-100 -110 -120 -130 -140 -1!

1 (ppm)

19F NMR of Compound 4¢g

55

T T T T T T T T T
-90 100 -110 -120 -130 -160 -170 -180 -190 -200



0000—

L6€°9—
291
8/ _‘..Lp.
LET'L
SeL
cLeL
L6C'L
oLe’L
9LE°L
L6€°L

oo

809
009
202

12.0

10 05 00 -05 -1

15

30 25 20

35

4.0

45

85 80 75 70 65 B0 55 50
1 (ppm)

9.0

10.0 95

110 105

1.5

¢S6'99
two.hov.
L¥8'9L
09l .E.W
8L¥' 1L

€51°0C)
€02°0C)
HE9GCln
S69°LZ1~C

FRT.C T

o\

it

VLL OL¥
m_‘w.mu_.\.
mmN.Nm_.\
1G/'GEL

\.mm.cm_.
621’08 T/...
8L8'eSt 7
€06°ESL

Cl

10

20

120 110 100 90
1 (ppm)

T
130

T T T T T
190 180 170 160 150

T
200

'"H NMR and 3C NMR of Compound 4h

56



—-19.012

Cl
e
i/
9 \//3—\
[
/ _
\/’\o’f\\_ 0 !
o (o]

100 90 80 70 60 50 40 30 20 10

3IP NMR of Compound 4h

57



0000-—

Br
(PhQ);(0)PO

E8.L°0

r86'G
-00'9
€8l

10
1 (ppm)

14 13 12

15

99899
596'99
BLL9L
180°24F
s6e°22/

8€1°0Z 47
881°0Z 1,
L09'SZ 1y
068221~
06.°6Z1-T
/86217
vzl el
098¢ 1y
9rE0G s
8LY 0517,
PLE'ESL]
66651
1902917

H
I

Br
(PhO)»(0)PC

180 170 160 150 140 130 120 fm? 1)00 9 80 70 60 50 40 30 20 10
ppm

190

210 200

'H NMR and 3C NMR of Compound 4i

58



Br

—-19.080

100

90

T T T T T T T T
.20 .30 -40 50 -60
f1 (ppm)

3P NMR of Compound 4i

59

-70

T
-80

T
-80

T T T T T
-100 -110 -120 -130 -140

-1



0000—

0959—
861°L
6LL°L
00T°L—
¥8cL
€0€°L
€ee’L
¥es'L
S¥S'L
0952
18G°L

=001

2009
Apop
02t

10 05 00

15

115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

12.0

048'89—
CV8'9L

091" £
81¥'LL

1617021
8vc’0Cl /
9€9'6¢CL
£€L9°621 W.
¥8L°6Tl 7
vLLOT) .\.
zee6et
e Ll —

Z2erost
205°0S1
0EL'ESL N‘
7I8'ESL

60

T
100 90

1 (ppm)

T
110

T
190

T
200

'H NMR and 3C NMR of Compound 4j

60



-19.117

100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -80 -100
f1 (ppm)
3IP NMR of Compound 4j
)
=
F F o
o™
>< ®
. ‘,::\ |
/ i
e I/
f \ \/-’ 1
)
oA —
N p—
o !
OZO:>
60 85 -0 -75 -80 -85 -90 95 -100 -105 -110 -15

5 0o 5 -10 -15 20 -25 .30 35 -40 -45 -50 55
1 (ppm)

19F NMR of Compound 4j

61



0000-—

906'€—

¥65'9—
16172
FENW
061°L
08z’
66¢'L
6LeL
LEG°L
865°L
¥S6'L
16/

E00'¢

00k

Fz09
A 01
=02

=002

T
15

125 120

10 05 00

15

20

25

40 35 30

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

10.0 95

105

1.0

[AsioA

L06'89
mmm.wmv.
Cr8'9L
om_..t/
8Ly LL

961021~
vz 0zl
269521~
69z 92~
GO8'6Z1
LSO'LEL
zsg'LEL”

va.om_llzr
¥6¥°051
Fco.vm_.w_\ﬁ
EevLvSLE

S6€°991—
69L°LLL—

10

20

. .
100 90
1 (ppm)

T
110

T
180

T
190

T
200

'H NMR and 3C NMR of Compound 4k

62



-19.120

o
o]
(o] \ e
v 1/; \
i
= \-:-fJ
vk ).
T T T T T T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 - 4] ) 10 20 30 40 50 60 70 80 90 10
ppm

3IP NMR of Compound 4k

63



0000— J | o
{
* L -
{
- o™
_
| le
1
<
cee9y 2e8'79
@mmﬁ 226797
£98°9 re :
£1891 | o
G199 _ See il
688°91 . Fo
| ] Joot 1SZ 0 by
621 L 1z9l :
£ L . ~ — Lrool " L0E 0T
: _ — = 685621
SLL LY @ g 868'9Z1
€0Z L7 N & Lo €87 2211
Ty =] 861 2211
6ie L] ) SZT el
ove 4 [ L & Zve 6z
09z°L 181°621
m?vavv
Lo veLvEL;
= alcogt”
PLOBY Ly
- 5916yl
ks 557051
625051
Lo
Lo
L
Lo

20 80 70 60 50 40 30 20 10

100
64

110
f1 (ppm)

(PhO):(O)P

120

200 190 180 170 160 150 140 130
'"H NMR and 3C NMR of Compound 41

210




—-19.150

H
o
il
s .
N O\r
\://J
]
— \ — \ — ————— - ———
10 9 80 70 60 50 40 30 20 10 F 50 60 70 80 90 -100 -110 -120 -130 -140 -1!
ppm

3P NMR of Compound 41

65



0000—

0259~
ged
obL Ly
RAVE
091"
¥LL L]
96z L]
6vZ L]
Z9z' L]
Zrr L]
ev L]
YSt'L
vivL
9uy'L
s,
ges'L
1652
ors'L
200,
9Ll
8TLL
evLL
29L°L
Gl
056'L

1G6'L

=00k

15 110 105 100 95 90 85 80 75 70 G.Ef ?‘.l’) )5.5 5.0 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm

120

89/°99
Nmm.wwv.

_:wm.wh
ow— .._.mv.
VLELL

612°0C)
¥520T)
Lrsect
Wwe'sel
LL1°92)
19292}

voL’lzL
SLLLZ)
68€'8C1E

¥89'8¢—7
181621
LL0°LEL
L087CEL
€LOEEL
66105 vu.
85051
296'¥S1 7
810°SS1L

T =

[
o—a

10 0
O

20

180 170 160 150 140 130 120 10 100 a0 80 70
1 (ppm)

T
190

00

'H NMR and '*C NMR of Compound 4m

66



—-19.046

T T T
140 120 100 80 60 40 20 0 -20

3IP NMR of Compound 4m

67



0000

¥SE'9
95€°9
061°L
20cL
v0€'L
LIEL
0€e’L
L
e,
9.€°L
vov'L
905°L

>

{

=00'k

E-009
FrL
=002

15 110 105 100 95 9.0 85 80 75 70 85 » (6.0 )5.5 50 45 40 35 30 25 20 15 1.0 05 00
1 (ppm

12.0

9ly'09—

¥rlock
.m&._.ﬁw_‘

Ges'sel

BOZOZL

.Nmm.mmr.\
mmn.mm_‘\.
—Fm.mmr

LY 051
evr05L
697051
067°0G)

T
90

:
100
1 (ppm)

T
110

"H NMR and *C NMR of Compound 4n

68



—-18.792

~_ =0
/P
o” | —
i )\
T . . T T . T T . . T T T T T . . T T . T . . .
10 100 90 80 70 60 50 40 30 20 10 n"(-m) 20 30 40 50 60 70 -80 -90 -100 110 -120
pm

3IP NMR of Compound 4n

69



0000—

189C
10Le
wLeT
99.C

965°G—

£50°L
LL0°L
£51°L
VLLVL
80T°L
LegL
S8¢'L
20€°L
6lLEL
ove'L

Feov

Toot

10 05 00

15

115 110 105 100 95 90 85 8O0 75 70 65 60 55 50 45 40 35 30 25 20

12.0

1 (ppm)

187'CE—
LL6'GE—

_,.vm.mh/
cm_..hhglﬂ
08y’ LL

€15°C6
m@m.wmv.

€eL°0Ct
Lgl'ock
£19°62)
192°9Z1
va.mN_‘.l\
96¢'8¢C1
18L62k
08.°6€1L—

20€°0S1
18E°0GL
£66°051
820151

:
100 90
1 (ppm)

T
10

'H NMR and 3C NMR of Compound 40

70



-18.832

T
100 80 60 40 20 0 -20

T T
140 120

3IP NMR of Compound 40

71



0000-—

€9C°9—
€61°L
514
€9l
viV'L
VgL
[1crap
LEL
veEvr' L
eh'L

Cl

001

E-509
E-S0°L
F20¢

T T
8.0

85

9.0

T
115 10.5

12.0

25 20 15 10

30

35

4.0

4.5

55 50

6.0

6.5

7.0

75

100 95

1.0

1 (ppm)

LLy09—

cr8'9L

=092
8LY'LL

¥82°L01
wmm.ho_.v
§81°0Ck
Secoct

165 5¢1
900971

+£0.L°0Z1

VoL oG

Lol Mot

mmhmwi
GlE6zL \

189CEL

85 erl
1vsepl
02s 051
£65°051

Cl

50

T .
100 90
1 (ppm)

T
110

'H NMR and 3C NMR of Compound 4p

72



—-18.407

100

90 80 70 60 50 40 30 20 10 0 -0 -20 -30 -40 -50 -60 -70 -B0

3IP NMR of Compound 4p

73



