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1. Spectroscopic Data

1.1 NMR spectra
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Figure S1. 'H NMR spectrum of 1 in CeéDs at 25 °C.
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Figure S2. *'P{'H} NMR spectrum of 1 in CsDs at 25 °C
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Figure S3. *C{'H} NMR spectrum of 1 in C¢Ds at 25 °C.
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Figure S4. "H NMR spectrum of 2 in CsDs at 25 °C. (* denotes small amount of

hexane)
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Figure S5. 3'P{'H} NMR spectrum of 2 in CsDs at 25 °C.
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Figure S6. 3C{'H} NMR spectrum of 2 in CsDs at 25 °C. (* denotes small amount
of hexane)
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Figure S7. "H NMR spectrum of 3 in Ce¢Ds at 25 °C.
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Figure S8. 3'P{'H} NMR spectrum of 3 in CsDs at 25 °C.
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Figure S9. 3C{'H} NMR spectrum of 3 in CsDs at 25 °C. (* denotes small amount
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Figure S10. '"H NMR spectrum of 4 in C¢Ds at 25 °C. (* denotes small amount of

toluene)
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Figure S11. *'P{'H} NMR spectrum of 4 in C¢Ds at 25 °C.
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Figure S12. Stacked '"H NMR spectra of 4 and 4-d in CsDs at 25 °C. (* denotes small
amount of hexane)
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Figure S13. "H NMR spectrum of 5 in CsDs at 25 °C.
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Figure S15. "H NMR spectrum of 6 in CsDs at 25 °C.
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Figure S16. *'P{'H} NMR spectrum of 6 in CsDs at 25 °C.

n
30

40

80 70 60

20




1081
8061 |
£0°02;
9502
Z6EZ;
S¥re
8£°0¢
6566

SrELL

LS9k

L9712k

9z'vzI

66'VZ1
8p'szl
p9°5Z1
£5'9Z1 |
09°921{

SE€'LZH

£ .21

95'2ZH

59'2ZH
ze'Lzl
v6°LZ}]

90821

81821

02821

05821

658211

£1°8211

£6'8Z1-
89°6Z1
6S°0EL

z9'kEl,

|

— ——

I

go'zel-t
ooecl 4

sheet
Lzeel
6cbEL |
sLsEh
18'SEL]
1S'IEL
89°ze4

_.
3

—_——

Z26°8P 1
LE'ZSL
91991
SL°L9})

T

Jh Nbl |

} 1N

'

T T T
150 140 130

160

170

100

120

20
o (ppm)
Figure S17. *C{'H} NMR spectrum of 6 in CsDs at 25 °C.

110

180

Y-Ni (6-d)

Y-Ni (6)

1.0

JLL,_

|

5.5

A\ JIW-“L MHMLLJL

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5

5.0

7.0 6.5 6.0

7.5

8.0

& (ppm)
Figure S18. Stacked 'H NMR spectra of 6 and 6-0ds in C¢Ds at 25 °C. (*denotes small

amount of THF and hexane)
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Figure S19. '"H NMR spectrum of 7 in C¢Ds at 25 °C. (* denotes small amount of

hexane)
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Figure S20. *'P{'H} NMR spectrum of 7 in CsDs at 25 °C.
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Figure S21. VT-*'P{!H} NMR spectra of 8 in toluene-ds at various temperature (248-

333K).
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Figure S22. VT-'"H NMR spectra of 8 in toluene-ds at various temperature (248-

328K).
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Figure S25. 3'P{'H} NMR spectrum of 9 in CsDs at 25 °C.

YT,
v9'611
zL'6l
S0°rZ1
P2
96'pS)
60°551
v6'0L
96°L6
86'vLL
9Z'12})
26121
AN A
LS'PZL
6L°9Z1
£€'L2)
b LZ)
18121
90°82}1
£1°821
sz'8Z1
9£'821
65'82Z1
$9'821
va.mu_.;
96'8Z}1
£Z'6Z)
LL'GZ
vL'6Z11
Z0°0E 1
01'0E 1
$6°0E b
01'ZEL

———

I
BLEEb
96°ZE1
vo'EEl
ve el
v6EE L]
L6'pEL
zo'sEl
L5sEL
geotl
syoctl
LLspl ﬁ
L9°6p 1
mm.mo:,
ve 2oLl

|l MWMM

170 160 150 140 130 120 4110 1005 (90 , 80 70 60 50 40 30 20 10
ppm
Figure S26. >C{'H} NMR spectrum of 9 in CsDs at 25 °C. (* denotes small

180

amount of THF and hexane)



Y-Ni (9) 2

w“'m “L | N WS S x.,-kJJ_J..,-‘L--A'-" .

Y-Ni (9-das) 1
l\wh'M'wM | \ In
<_JU L"\_u_,\_ Y e LN
7‘.5 TI.O 6:5 GI.O 5:5 5:0 4‘.5 4‘.0 3‘.5 3:0 2:5 2.I0 1:5
& (ppm)

Figure S27. Stacked '"H NMR spectra of 9 and 9-d4 in CsDs at 25 °C. (*denotes
small amount of THF)
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Figure S28. HSQC spectrum of 9



1.2. IR Spectra
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Figure S29. IR spectrum of solid 6.
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Figure S30. IR spectrum of solid 7.



2. X-ray Crystallography

X-ray Crystallography. Diffraction was performed on a Bruker SMART APEX II CCD area
detector diffractometer using graphite-monochromated Mo Ka radiation (A=0.71073 A) and Bruker
Platon II area detector diffractometer using graphite-monochromated Mo Ko radiation (4 =0.71073
A) for complexes, ¢ and  scan technique. An empirical absorption correction was applied using
the SADABS program.' All structures were solved by direct methods, completed by subsequent
difference Fourier syntheses, and refined anisotropically for all non-hydrogen atoms by full-matrix
least-squares calculations based on F? using the SHELXTL program package’ and Olex 2
program*. The hydrogen atom coordinates were calculated with SHELXTL by using an appropriate
riding model with varied thermal parameters. The residual electron densities of solvent were
squeezed by using PLATON.? All crystal structural pictures drawn by Olex 2 program.* Crystal
parameters and refinement results are given in Table S1-S2.

Table S1. Crystallographic and Refinement Data *° for 1, 2, 4, 5

1 2 4 5
formula Cs7HssN4PoY CsoHsoN4P,Y CsoHsoN4P,NiY CsoHsoN4P,NiLu
Fw, g'mol™! 946.90 974.95 1033.66 1119.72
cryst size, mm 0.22x0.21x0.2 0.21x0.2x0.18 0.21x0.19x0.18 0.22x0.20x0.19
cryst. syst. triclinic monoclinic triclinic triclinic
space group P-1 P121/m1 P-1 P-1
T,K 273(2) 273(2) 273(2) 300(2)
a, A 12.168(2) 13.7148(8) 12.1820(5) 12.2096(6)
b, A 12.969(2) 19.1621(13) 12.4634(5) 12.4762(7)
¢, A 17.303(3) 20.6907(13) 19.2026(7) 19.1394(10)
a,’ 84.336(6) 90 82.367(2) 82.165(2)
,© 72.086(6) 108.426(2) 76.584(2) 76.565(2)
7, ° 73.669(6) 90 64.7460(10) 64.391(2)
v, A3 2493.1(8) 5158.8(6) 2563.01(18) 2555.0(2)
V4 2 4 2 2
Deates, Kg'm? 1.261 1.255 1.339 1.455
F(000) 988.0 2040.0 1076.0 1140.0
u, mm’! 1.275 1.234 1.598 2.394
0O range /° 2.949 - 25.039 2.971-27.815 2.888 - 27.564 2.899 - 27.537
refns collected 8659 207071 132946 71865
indep reflns (Rin,) 8659 11995 (0.0718) 11820 (0.0594) 11738 (0.0501)
reflns obsd [/ > 20(/)] 7609 8848 9315 9914
data/restrnts/params 8659 /1216 /488 11995 /1284 / 601 11820/ 1323 /610 11738 /1308 /610
R1,wR2 (I>20(1) 0.1224, 0.3296 0.0545,0.1376 0.0440, 0.1076 0.0319, 0.0624
R1, wR2 (all data) 0.1324, 0.3345 0.0832, 0.1608 0.0644,0.1197 0.0466, 0.0681
GOF on F2 1.125 1.083 1.047 1.037
Apmax, mins €A 2.274, -1.933 0.721,-0.418 0.644, -0.657 0.849, -0.801

R1 = X|Fo| — |Fel/Z|Fo|. "WR2 = {Zw(Fo? — F)Zw(Fo2)* V2,



Table S2. Crystallographic and Refinement Data *° for 6-9

6 7 8 9
formula CesHesNsPoNiY CegHesNsNiP,Y C75sH73NgNiP,Y Ce7He7N4NiOP,Y-C;Hg
Fw, g'mol™! 1116.79 1164.83 1267.95 1245.94

cryst size, mm

022x0.21x0.2

0.22x0.21x0.2

0.22x0.21x0.2

022x0.21x0.2

cryst. syst. monoclinic triclinic monoclinic triclinic
space group P121/m1 P-1 P12l/c1 P-1
T,K 273(2) 273(2) 273(2) 293(2)
a, A 12.2206(19) 12.443(4) 14.384(3) 14.533(5)
b, A 22.319(4) 12.656(4) 20.649(4) 15.248(5)
o A 21.549(3) 23.095(9) 21.706(4) 16.887(6)
a, ° 90 82.321(11) 90 86.604(4)
B, ° 97.461(5) 82.700(11) 92.10(3) 80.637(4)

], © 90 64.088(10) 90 62.662(4)
v, A3 5827.8(16) 3232(2) 6443(2) 3279.5(19)
V4 4 2 4 2
Deated, Kgrm? 1.273 1.197 1.307 1.262
F(000) 2336.0 1216.0 2648 1304
u, mm’! 1.412 1.275 1.286 1.262
O range /° 2.851 -24.998 2.830 - 24.999 2.985-28.722 1.504 - 25.064
refns collected 101045 205675 148216 11330
indep reflns (Rin) 10248 (0.1993) 11357 (0.1649) 15008 (0.0853) 11330
reflns obsd [/ > 20(])] 6408 7778 10320 7895
data/restrnts/params 10248/1425/631 11357/1519/702 15008/1764/774 11330/1618/720

R1, wR2 (I> 20(1))

0.1107, 0.2722

0.0647, 0.1344

0.0588, 0.1377

0.1265, 0.3446

R1, wR2 (all data)

0.1737,0.3210

0.1081, 0.1638

0.0958, 0.1573

0.1639, 0.3628

GOF on F2

1.126

1.056

1.013

1.084

Aﬂmmx, mins e_A—B

0.953,-0.748

0.425,-0.601

0.476, -0.451

1.704, -1.355

R1 = Z|Fo| — |F/Z|Fo|. *WR2 = {Zw(Fo> — FA)/Zw(F 7)1




Figure S31. Molecular structure of 1 at the 30% thermal ellipsoids probability.

Hydrogen atoms were omitted for clarity.

Figure S32. Molecular structure of 5 at the 30% thermal ellipsoids probability.

Hydrogen atoms were omitted for clarity.
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