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General information and materials:

All reactions were routinely performed under an inert atmosphere of nitrogen by using standard Schlenk
techniques and dry deoxygenated solvents. Dry THF was obtained by distillation from Na/benzophenone.
Dry toluene was obtained by distillation from P4O;,. n-butyl lithium (1.6 M in hexane) were purchased from
J&K Scientific Ltd. Aluminum oxide neutral for TLC (100-200 mesh) were purchased from Kermel Co. Ltd..
And silica gel (200-300 mesh) purchased from Qingdao Hai Yang Chemical Industry Co. Ltd. was used for
chromatographic separations. Nuclear magnetic resonance spectra were recorded on a Bruker 300 MHz
spectrometer operating at 300.13 MHz for 'H, 75.468 MHz for "*C, 121.495 MHz for *'P. Chemical shifts are
expressed from internal TMS (‘H and C). All coupling constants (J values) are reported in hertz (Hz).
HRMS were obtained on an Agilent 1290-6540 Q-Tof spectrometer by electrospray ionization (ESI). Given
the high sensitivity of the new compounds, the small scale of their syntheses, the formation of clear solutions
for NMR analysis, the excellent agreement of the NMR spectra with the crystal structures, and the general

purity of the compounds based on NMR spectroscopy are acceptable.
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X-ray crystal of 8,9 and 11:

Figure S1: Crystal data and structure refinement for 8.
CCDC reference number: 1470402.

Table S1: Crystal data and structure refinement for 8.

Identification code a-auto

Empirical formula C,sH;;N,OP
Formula weight 266.23
Temperature/K 293.15

Crystal system monoclinic

Space group P2,/c

alA 17.1432(5)

b/A 8.2411(2)

c/A 17.8465(5)

a/° 90

pre 95.7360(10)

v/° 90

Volume/A® 2508.71(12)

Z 8

Peacg/em’ 1.410

wmm’” 1.877

F(000) 1104.0

Crystal size/mm’ 0.48 x 0.32 x 0.26
Radiation CuKa (A =1.54178)
20 range for data collection/° 5.18 to 137.03
Index ranges -18<h<20,-9<k<9,-21<1<21
Reflections collected 33411
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Independent reflections 4567 [Rip = 0.0327, Ryigma = 0.0184]
Data/restraints/parameters ~ 4567/0/345

Goodness-of-fit on F> 1.061

Final R indexes [[>=26 (I)] R, =0.0879, wR, = 0.2571

Final R indexes [all data] R; =0.0958, wR, = 0.2668

Largest diff. peak/hole / ¢ A” 1.90/-0.38

Table S2: Bond Lengths for 8.
Atom Atom  Length/A Atom Atom  Length/A

c1 @ 1.366(6) Cl6 Cl17 1.341(8)
Ccl Cl0 1.399(6) Cl6 C25 1.384(8)
2 1.408(5) C17 CI8 1.416(7)
c3 NI 1.399(4) C18 Cl19 1.399(6)
Cc3 N3 1.320(5) Cc18 P2 1.792(5)
c4 G5 1.434(5) C19 €20 1.457(6)
c4 Cll 1.396(5) C19 €26 1.398(6)
Cc4 N3 1.366(5) C20 €29 1.396(5)
cs o C6 1.424(5) C20 N2 1.345(5)
cs Cls 1.399(5) 21 €22 1.429(6)
6 C7 1.417(6) 21 N2 1.329(5)
Cc6 Pl 1.780(4) C21 N4 1.383(5)
c7 C8 1.351(7) 22 €23 1.372(7)
s Cl4 1.399(7) €23 C24 1.379(8)
9 Cl0 1.339(6) C24 C30 1.335(7)
o NI 1.367(5) €25 €26 1.355(7)
Cll C12 1.417(5) C27 €29 1.391(5)
Cll NI 1.397(5) 27 03 1.365(5)
cl2 02 1.366(4) 27 P2 1.744(5)
Cc12 Pl 1.733(4) 28 03 1.444(6)
Cc13 02 1.415(5) C29 N4 1.404(5)
Cl4 CI5 1.367(6) C30 N4 1.371(6)

Table S3: Bond Angles for 8.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
c2 Cl1 Clo 120.2(4) C26 C19 Ci18 120.3(4)
Cl C2 (C3 119.2(4) C26 C19 C20 120.2(4)
Nl C3 C2 118.0(3) C29 C20 CI19 123.2(4)
N3 C3 C2 129.7(3) N2 C20 C19 124.7(3)
N3 C3 NI 112.3(3) N2 C20 C29 112.1(4)
Cll C4 C5 123.0(3) N2 C21 C22 128.5(4)
N3 C4 C5 125.1(3) N2 C21 N4 113.1(4)
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Figure S2: Crystal data and structure refinement for 9.
CCDC reference number: 1575426.

Table S4: Crystal data and structure refinement for 9.

Identification code

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

o/°

pre

y/°

Volume/A®

Z

Peacg/cmm’
w/mm’'

F(000)

Crystal size/mm’

Radiation

mo_170606a_ Om
C,sH;,N,OPBF,
103.81

273.15

monoclinic

P2;/m

10.6527(14)
6.8400(9)
10.8254(14)

90

106.533(5)

90

756.18(17)

2

1.824

0.563

408.0

0.21 x 0.012 x 0.008
MoKaoa (A =0.71073)

20 range for data collection/° 4.734 to 55.11
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Index ranges -13<h<13,-8<k<8,-14<1<13

Reflections collected 10413

Independent reflections 1885 [Riy = 0.0252, Ryjgma = 0.0191]
Data/restraints/parameters ~ 1885/18/149

Goodness-of-fit on F* 1.097

Final R indexes [[>=26 (I)] R, =0.0491, wR, = 0.1488
Final R indexes [all data] R; =0.0589, wR, =0.1651
Largest diff. peak/hole / ¢ A™ 0.45/-0.36

Table S5: Bond Lengths for 9.
Atom Atom  Length/A Atom Atom  Length/A

Pl Cl 1.773(3) c6  Cl 1.417(4)
Pl 9 1.726(3) c6  Cs 1.408(4)
o1 9 1.351(3) S e 1.419(4)
ol ClI5 1.434(4) F3 Bl 1.352(3)
Nl C7 1.379(3) C10 Cl1 1.396(4)
N1 Cl10 1.345(4) F2 Bl 1.354(4)
F1 Bl 1.384(4) Ccs C4 1.372(4)
N2 C8 1.413(3) 2 1.362(5)
N2 Cl10 1.365(4) Cl4 C13 1.351(5)
N2 Cl4 1.376(4) Cll CI2 1.363(5)
c7 C8 1.377(4) Ccl2 C13 1.402(5)
c7C6 1.426(4) c4 Q3 1.394(5)
c8 €9 1.418(4) Bl F3' 1.352(3)

Table S6: Bond Angles for 9.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
c9 Pl Cl 101.37(13) N1 C10 C11 130.5(3)
c9 01 CiI5 116.9(3) N2 C10 C11 121.4(3)
Cl0 N1 7 109.7(2) 01 C9 P1 123.1(2)
Cl10 N2 C8 108.2(2) o1 C9 C8 114.5(2)
Cl10 N2 C14 120.5(3) c8 C9 PI 122.4(2)
Cl4 N2 C8 131.3(3) Cc4 C5 Ceo 120.2(3)
N1 C7 Ce6 126.8(2) C3 C2 (1 121.7(3)
Cc8 C7 NI 107.6(2) C13 Cl4 N2 118.7(3)
c8 C7 C6 125.5(2) Cl12 Cl1 C10 117.9(3)
N2 C8 (9 128.1(2) Cll1 Cl12 C13 120.0(3)
C7 C8 N2 106.4(2) C5 ¢4 (C3 120.4(3)
c7 C8 (9 125.5(2) Cl4 C13 CI2 121.6(3)
Cl Co C7 117.7(2) F3' Bl Fl 109.3(2)
Cs Ce6 C7 122.2(2) F3 Bl Fl 109.3(2)
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Figure S3: Crystal data and structure refinement for 11.

CCDC reference number: 1587250.

Table S7: Crystal data and structure refinement for 11.

Identification code

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pre

/e
Volume/A®
Z
Peateg/ecm’
w/mm’'
F(000)

Crystal size/mm’

mo 170329b1 Om
C7H;5Au,CI,NO,PS
793.16

296.31

monoclinic

P2,/n

9.1286(3)
10.3643(3)
21.2648(5)

90

99.2870(10)

90

1985.52(10)

4

2.653

15.228

1452.0

0.028 x 0.022 x 0.021
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Radiation MoKa (A =0.71073)
20 range for data collection/® 4.384 to 55.04

Index ranges -11<h<11,-13<k<13,-23<1<27
Reflections collected 32027
Independent reflections 4551 [Riy = 0.0452, Ryjgma = 0.0263]

Data/restraints/parameters ~ 4551/186/244
Goodness-of-fit on F* 1.041

Final R indexes [[>=26 (I)] R, =0.0257, wR, = 0.0506
Final R indexes [all data] R, =0.0393, wR, = 0.0546
Largest diff. peak/hole / ¢ A™ 0.96/-1.09

Table S8: Bond Lengths for 11.

Atom Atom  Length/A Atom Atom Length/A
A2 Aul'  3.0143(3) C10 Cl11 1.360(8)
Au2 CI2 2.3110(14) Cl14 Cl13 1.386(8)
Au2 Pl 2.2465(14) Cl1 CI12 1.398(9)
Aul Au2®  3.0144(3) Cl12 Cl13 1.361(8)
Aul Pl 2.2509(13) C2 C3 1.362(8)
Aul Cll1 2.3107(15) C2 Cl 1.386(7)
Pl C9 1.847(6) c8 C7 1.373(7)
P1 Cl1 1.814(5) C8 (9 1.432(7)
S1I 02 1.481(5) 02 S2 1.437(16)
S1  Cl6 1.773(6) C5 C6 1.389(7)
S1  C15 1.770(6) C5 C4 1.382(8)
NI CI0  1.363(6) c7 C6 1.452(7)
N1 Cl4 1.369(7) C3 C4 1.382(8)
NI C8 1.405(6) Cl6 S2  1.883(11)
N2 Cl4 1.349(7) Cl Ce6 1.413(7)
N2 C7 1.364(6) C15 S2 1.801(13)
o1 C9 1.221(6)

Table S9: Bond Angles for 11.

Atom Atom Atom Angle/° Atom Atom Atom Angle/°
C2 Au2 Aul' 89.50(4) C13 Cl12 Cl11 121.3(6)
Pl Au2 Aul' 104.22(4) C3 C2 cl 121.5(5)
P1 Au2 CI2 166.28(5) Cl12 C13 Cl4 117.5(6)
Pl Aul Au2’ 99.44(3) Nl C8 (9 126.1(5)
P1 Aul Cl1 171.71(5) C7 C8 NI 106.4(4)
Cll Aul Au2’ 87.62(5) c7 C8 (9 127.6(5)
Au2 Pl Aul 108.66(5) C4 C5 Co 120.5(5)
C9 Pl Au2 116.50(19) N2 C7 C8 107.8(4)

S8



C9
Cl
Cl
Cl
02
02
C15
C10
C10
Cl4
Cl4
Cl1
N1
N2
N2
C10

'H, *C P NMR and “"F NMR Spectra for Compounds, 2, 3,4, 5,7, 8,9, 10 and 11:

P1
P1
P1
P1
S1
S1
S1
N1
N1
N1
N2
C10
C14
C14
Cl4
Cl1

Aul
Au2
Aul
C9
Cl6
C15
Cl6
Cl4
C8
C8
Cc7
N1
C13
N1
C13
Cl12

108.19(19)

110.48(17)

108.32(17)
104.4(2)
106.4(4)
105.5(4)
99.3(4)
121.0(5)
130.4(5)
108.5(4)
110.2(4)
118.9(6)
121.1(5)
107.1(4)
131.8(5)
120.2(6)

N2
C8
01
0O1
C8
C2
C2
C2
C6
(O
(O
Cl
(O
02
02
C15

c7
c7
9
9
9
c3
C1
C1
C1
c6
c6
c6
c4
s2
s2
s2

Cé
Co
P1
C8
P14
C4
P1
Cé
P1
Cc7
Cl
Cc7
C3
Cl6
C15
Cl6

124.2(4)
128.0(4)
121.8(4)
122.5(5)
115.6(4)
121.1(5)
117.9(4)
117.8(5)
124.3(4)
121.5(5)
120.1(5)
118.4(4)
119.0(5)
102.9(9)
105.9(10)
94.3(8)

S9



C13CPD

€9

TaL -
90" L

™~

Ll ——=m=

8y LL

6G°GTT —
ZLLTT =
90" TZT -

N\

287 6LT ———m

s

68"

96T

C6LT

T T
130 120 ppm

T
140

T
150

Fo
-l

T
170

T
180

ppm

7 T T T T
180 160 140 120 100

T
200

ppm

10

1

12

00°9

S10



12765 —m

00T ——

z7eTT ———

LTT
LIT

TETT s

6T ————
ekAy
TLZT V

T6zt

TET =

e —
TGET ——

9IPPT
TGRT

T T T T T T T
140 135 130 125 120 115 110 105 ppm

T
145

ppm

T T T T T T T
180 160 140 120 100 80 60

T
200

£0Z'v-

p-cpd

ppm

-300

-200

—-100

S11



LEOTT
Sv0°¢C

L9g ¢

LMMJLL_J

10

12

13

"

C13CFD

(291
>

es ——

1£001
6LZiL
s
szl
soizL
£6421
I8zl
U6zl
vrezL
29081

o
co2sL —
88EL
10861
vrsel
stael
1891
89l
eeovl
96251
80'8pL

==

SN

oo —

6LZL ——

1520 ——

sEL ~_
022
567221 -
vigzL
ez
-
29081
69061
sozeL—

8YEL —
wse—

PLeL —
sy'seL —

18P
8Tl

crom —>
9624l ——
s~

[ S—

(7N

By

—1

105

115

ppm

110

145 140 135 130 125 120

150

L

ppm

T T T T T T
180 160 140 120 100 80

T
200

S12



8L9°LG ——

hhy279 p-cpd

-300

-200

-100

T
100

7
200

T
300

LLY "
089"

6L
T6L"

2%
41

066"
598"
888"
806"
016"
S¥6°
896"
€L6°
oLz
€62
g1e”
8ge”
£pe”
yGe”
08¢”
96€"
4
607"
STF "
9zh "
e
ovp”
299"
£69°
80L”
TeL”

—

T

vy

0

M\N\% =
&mfof

L e e e e e N e AR R SRR R RN

1

|

S . W

o
el

4

T

-1 ppm

1

90t

§$13



6e"

L8
99"
18"
oe”

ST

T,

opot

£90°8Z1 —.

. /
SLz6zL
vt —

-cpd

~-100 -150 =-200 ~-250. -300 ppm

-50

300 250 200 150 100 50

350

S14



£€66°
910"
6€0°

Lee”
Lee”
T9¢€"
89¢"
T6g”
yiv”

569
089

voL”
SEL”
ree”
LT
68"
¥1i6°
9€6”

SLe
90¢€
TE€E

€67 "
916"
ops*”
T1z9°
9¥9 "
089"
TIL”
816"
£r6”
656"
786"
15¢€°
€Le”

PROTON

mmmammonmnm

N SRR

pe="v

)

~

e~

L e S S e N

"

\

)

\\

\\m

W)

]

! [,,mrﬁwhﬂ’?

[

-1 ppm

0

10

11

|

N
o
o~

|

Tols

C13CPD

S
L0791 o
L1791
B
-
617G =
95756 —> I~
6€°€9 i
87 €9 mmmmm
Y6 7L —— —
9 EeL —
LT €TT
€T°6TT
LT GTT B
767 LTT
AT
0£7 52T
A B
70921
9% 92T
817821
¢m.m§/
02621 ———==
857621 Hmnn“u
687621
79" zeT
79 2T
z0geT
€0°EET
6 pET
89 peT
€57 THT
8517
087971
LOT96T —.
LT796T —
82 86T — =
99°86T— % I
g .
N ¥ ,W
P o

7

MW/%

K

g
Q4
o,
0
]
—
o J—
- Q
—
w
S
—
o
o
b
w0
o
—
—
B
o
=
—
0
-
-
P——
R
E

ppm

180 160 140 120 100 86 60 40 20

200

S15



YoL'eL —

T
-200

bpm

-300

-100

7
200

T
300

61"
961"
LeL:
owvL”
osL”
€9L°
z8L”
98L"
£€Te”
91E”
GEET
cve”
LvE"
99¢”
69€"
S8 °
805"
TiS"
GEG”
079"
vpo”
679"
899"
LY’
169"
S69°
ooL”
60L"
6EL"
06T"
L1e”
9€2Z”
z9c
616"
L¥6"
670"
€Lo”

=

GV OY 00 O W W D I P

!

o

L_A._A‘.J

ppm

10

11

12

2 &

F

©
e
o~

J

0
]
e

{

S16



C13CPD

69°9L —
T LL >
BSLL

LLTTTT
LOTLTT
8L6TT
€6°6TT
01°62T
617621
Sk geT
L 9T
Leogzet
0€°821
S¥ 821
Ly 82T
€E€°63T
PETEET
G6°€€T

67 ¥PT
T8°9¥%1T
68°9%T
€6°9F%T

NNV =

£9788T —__ rw

827687 — w

145 140 135 130 125 120 115 ppm

150

ppm

180 160 140 120 100 80 60 40 26

200

12966 ——

hhy354 p-cpd

ppm

-100 150 -200 -250 = -300 -350

-50

300 250 200 150 100 50

360

$17



Ppm. -

0 ppm

kel

hhy353 F19

$18

o



€13CPD

5969 —~__

009 —"

LWyl
LIgLE -

0881
6811

657621 -
162 -
vzl
0L /

DTN
86921 ——

ez~

seiel x
£6EEL \»
YSYEL -
LZgel

(45143
bzEvL
8Pl
ka1

96281 ~—_
ig'88L —

LOwE——

&gk —-—

088 ~__
8L

89T ~—~__
48—
PAVEE ———

VI~ _
iz ——
8e'8eL —
weeL —- -

6EVEL —-—

B'eEh ——
EEL
L2'58L ——

288 ——

pEer ——

SB'VYL ——-
SY'sYl ———

v
L&w

e

|

A

/
|

I

~
|
L\A
o’

)

¥ vy
e

i

ppm

T [ T i i
140 135 130 125 120

T
145

ppm.

40

H T T H T T H
180 160 140 120 100 80 80

200

zL9°100

hhy356 p-cpd

«250

T

-150

T

T
150

200

T

300

ppm

-350

-300

-200

-100

-60

50

100

250

350

$19



hhy356 h

05—

TWe—

ey
ey
s§r—

69°L
eLrL
VoL
AL

8L
maﬁ%
88°L
£e'g
se'8

un.w\.
or's
s9'8
858

v6'8
26’8
£8'6
986

@
=]
o

|

©
=]
o

|

12

13

C13CPD

09°9¢
zvee
ovee
89'6¢
S6'6E
£Z'0%
15°0%
6L°0%
§0°09
o9 —

99°LLL
298k
16l
90°6LL
el
0oeCl
81zl

827l
£8°5Z1 ./
L /
ezl
06'8Z1

sezL 7
6£ZEL
veees
£6EEl
zgveL
svsel

8L'l¢)
(48542
[24:14]
z6'9¥1

0bi8) —~_
erigL—"

~N

"

9 ——

98—
1osLL W
906LL \
el

007z~ _
vz —
87T ——

Wiyl ——

140 135 130 125 120 115 ppm

145

e

ppm.

40

T T T T
140 120 100 80

160

T
200

T
. 180

S20



tgy196 P31CPD DMSO

-8.349

LA
2l
@fm W,.i;am&g i
<
\':7'{\’ et
Y

T T T T
200 250 -300 -350 -400 ppm-

T T T T - T
-100 150

1 T T T
300 250 200 150 100 50 0 -50

PROTON  DMSO

—3.16
2.49

12 M 10 s 8 7

S21



C13CPD DMSO

TGY 196
ADD AuCl

ppm

20

16
wee
69'6€
18'6¢ -
SZTov 3
£5°0F
o080
co'6v —
9£'95 — 0L —— >
s —— R
D — -
1861 —— =
6L ——
. 8921
TR -
e
SL6LL iy 08621 W
18'6L1 ~eo6z
f w6t —7
e
96281
1z6TL Do —==
09°6ZL sees 3
£9'621 E
59670 09988 —
£0°081 8695L — ==
967281
eel
gereel
09'9€1L
26°9E1 ;
vzavL 3
£0°SG1 3
50°€5L 1
) 3
veav — g
17261 . E
Vrzel — pedord - f—
I~

(o)
& Do
%‘AQ\

amrowt( 1l

N
%

180 160 140 120 100 80 60 40
$22

200




