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Fig. S1 ORTEP drawing of [2,6-(Ph,PO),CcH;]NiSC,H,CH; (1b) at the 50% probability level.

Hydrogen atoms are omitted for clarity.

Fig. S2 ORTEP drawing of [2,6-(Ph,PO),CH,INiSC,H,CI (1d) at the 50% probability level.

Hydrogen atoms are omitted for clarity.
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Fig. S3 ORTEP drawing of [2,6-(Ph,PO),C¢H;INiSC,H,CF; (1e) at the 50% probability level.
Hydrogen atoms are omitted for clarity. The F-atoms of the CF; group are disordered; a two-

component model is given (70 : 30 occupancy).
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Fig. S4 ORTEP drawing of {2,6-[(i-Pr);PO],CeH; ' NiSCsH4OCH; (2a) at the 50% probability

level. Hydrogen atoms are omitted for clarity.
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c37
Fig. S5 ORTEP drawing of {2,6-[(i-Pr),PO],CsH;}NiSC¢H4CH, (2b) at the 50% probability

level. Hydrogen atoms are omitted for clarity.

Fig. S6 ORTEP drawing of {2,6-[(i-Pr),PO].CsH3}NiSPh (2¢) at the 50% probability level.

Hydrogen atoms are omitted for clarity.
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Fig. S7 ORTEP drawing of {2,6-[(i-Pr),PO],CsH3} NiSCsH4Cl (2d) at the 50% probability level.

Hydrogen atoms are omitted for clarity.
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Fig. S8 ORTEP drawing of {2,6-[(i-Pr),PO].CsH3}NiSC¢H4CF; (2e) at the 50% probability

level. Hydrogen atoms are omitted for clarity.
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Table S1 Summary of crystallographic data

1b 1d le 2a 2b 2¢ 2d 2e
empirical formula C37H300,P,SNi C36Hy7CIOP,SNi C37Ho7F30,P,SNi CpsHagO3PpSNi CysHigOoPoSNi CogHz60,P,SNi CogH3s0,P,SCING CypsHi3sF30,P,SNi
formula weight 659.32 679.74 713.30 539.26 523.26 509.24 543.68 577.24
temp, K 150(2) 150(2) 150(2) 150(2) 150(2) 150(2) 150(2) 150(2)
crystal system monoclinic monoclinic monoclinic monoclinic triclinic monoclinic triclinic triclinic
space group P2,/n P2,/n P2,/n C2/c P-1 P2,/c P-1 P-1
a, A 14.8305(4) 14.7575(3) 15.0497(4) 36.0524(10) 10.2691(2) 7.8432(1) 8.5017(2) 8.6345(1)
b, A 9.1267(2) 9.1218(2) 9.1562(2) 7.6168(2) 11.3934(2) 31.3580(5) 9.6113(2) 9.6238(2)
c, A 24.2462(6) 24.1885(5) 24.2103(6) 25.0220(8) 13.1019(2) 10.3910(2) 16.6023(4) 16.8946(3)
a, deg 90 90 90 90 88.437(1) 90 85.405(1) 84.721(1)
B, deg 105.642(1) 105.398(1) 104.941(1) 129.255(3) 67.681(1) 94.459(1) 78.043(1) 79.927(1)
Y, deg 90 90 90 90 66.738(1) 90 88.327(1) 88.646(1)
Volume, A’ 3160.27(13) 3139.25(11) 3223.34(14) 5320.6(3) 1289.15(4) 2547.90(7) 1322.80(5) 1376.34(4)
Z 4 4 4 8 2 4 2 2
deate, glem’ 1.386 1.438 1.470 1.346 1.348 1.328 1.365 1.393
A 1.54178 1.54178 1.54178 1.54178 1.54178 1.54178 1.54178 1.54178
u, mm’”’ 2.714 3.516 2.846 3.109 3.160 3.184 4.009 3.177
no. of data collected 26302 26034 26573 21489 11035 21765 11430 11813
no. of unique data 5650 5630 5601 4603 4444 4588 4586 4754
Rint 0.0622 0.0335 0.0731 0.0356 0.0288 0.0347 0.0225 0.0298
Goodness-of-fit on F*  1.024 1.043 1.024 1.033 1.032 1.033 1.050 1.019

R1, wR2 (I > 20(1))
R1, wR2 (all data)

0.0390, 0.0987
0.0519, 0.1069

0.0322, 0.0851
0.0374, 0.0888

0.0493, 0.1165
0.0746, 0.1306

0.0321, 0.0838
0.0379, 0.0876

0.0377, 0.0957
0.0477, 0.1019

0.0344, 0.0867
0.0414, 0.0916

0.0341, 0.0878
0.0402, 0.0922

0.0407, 0.1020
0.0526, 0.1092
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Table S2 Selected bond lengths (A) and angles (deg)

1b 1d le 2a 2b 2c 2d 2e
Ni-S1 2.1947(7) 2.1961(5) 2.2030(10) 2.2191(6) 2.1908(7) 2.1734(6) 2.2083(6) 2.2075(8)
Ni-Cl1 1.907(2) 1.9088(17) 1.910(3) 1.8988(19) 1.907(2) 1.8987(19) 1.900(2) 1.899(3)
Ni-P1 2.1555(7) 2.1569(5) 2.1595(10) 2.1769(6) 2.1566(7) 2.1507(6) 2.1736(6) 2.1476(8)
Ni-P2 2.1452(7) 2.1472(5) 2.1504(10) 2.1377(6) 2.1538(7) 2.1625(6) 2.1472(6) 2.1740(8)
S1-C31 1.784(3) 1.7800(19) 1.781(4) 1.766(2) 1.789(3) 1.775(2) 1.767(2) 1.768(3)
P1-01 1.6592(17) 1.6593(13) 1.661(2) 1.6612(14) 1.6572(17) 1.6627(14) 1.6614(15) 1.6568(18)
P2-02 1.6446(16) 1.6470(13) 1.641(2) 1.6592(13) 1.6599(17) 1.6571(14) 1.6572(14) 1.6590(19)
01-C2 1.390(3) 1.388(2) 1.386(4) 1.391(2) 1.391(3) 1.390(2) 1.387(3) 1.391(3)
02-C6 1.399(3) 1.399(2) 1.403(4) 1.396(2) 1.388(3) 1.388(2) 1.390(3) 1.392(3)
P1-Ni-P2 163.10(3) 162.88(2) 162.95(4) 164.38(2) 163.27(3) 161.58(2) 163.83(3) 163.88(3)
P1-Ni-S1 103.11(3) 103.31(2) 103.03(4) 105.52(2) 104.37(3) 107.50(2) 105.03(2) 91.03(3)
P2-Ni-S1 93.79(3) 93.77(2) 94.02(4) 89.95(2) 92.24(3) 90.02(2) 91.11(2) 105.05(3)
C1-Ni-P1 81.93(7) 81.71(6) 81.77(11) 81.98(6) 81.45(7) 81.50(6) 82.06(7) 81.88(8)
C1-Ni-P2  81.17(7) 81.17(6) 81.19(11) 82.40(6) 82.00(7) 82.03(6) 81.92(7) 82.14(8)
C1-Ni-S1 174.45(7) 174.65(6) 175.00(11) 168.19(6) 173.99(8) 167.87(6) 166.69(7) 166.31(8)
C31-S1-Ni 110.85(8) 111.21(6) 110.95(12) 111.85(7) 114.07(8) 119.93(7) 114.95(7) 115.81(9)
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Fig. S9 Sample plots of two-parameter fit in KaleidaGraph: kobs for the reaction between [2,6-
(Ph,PO),CcH;3INiSPh (1¢) and benzyl bromide ([1¢]o = 0.018 M, [PhCH,Br]y, = 0.18 M) in toluene-ds at
various temperatures (: 50°C; m: 60°C; : 70°C; @: 80°C).

Table S3 ks for the reaction between [2,6-(Ph,PO),C¢H;]NiSPh (1¢) and benzyl bromide in toluene-ds at

various temperatures.

Temperature [1e]o (M) [PhCH;Br]o (M) kops (s

50 °C 0.018 0.18 1.3(1) x 107
50 °C 0.018 0.23 1.7(1) x 107
50 °C 0.018 0.28 2.0(1) x 107
50 °C 0.018 0.33 2.4(1) x 107
60 °C 0.018 0.18 2.2(1) x 107
60 °C 0.018 0.23 3.0(1) x 107
60 °C 0.018 0.28 3.8(1)x 107
60 °C 0.018 0.33 43(1)x 107
70 °C 0.018 0.18 4.02) x 10°
70 °C 0.018 0.23 5.5(1) x 107
70 °C 0.018 0.28 7.0(3) x 107
70 °C 0.018 0.33 8.5(2)x 107
80°C 0.018 0.18 8.3(4)x 107
80°C 0.018 0.23 1.1(1) x 10™
80°C 0.018 0.30 1.5(1) x 10™
80°C 0.018 0.33 1.7(1) x 107
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Fig. S10 Sample plots of two-parameter fit in KaleidaGraph: kobs for the reaction between [2,6-
(Ph,PO),C¢H;3INiSC¢H4Z (1a, 1b, 1d, 1e) and benzyl bromide ([1], = 0.020 M, [PhCH,Br], = 0.20 M) in
toluene-dg at 60 °C (*: 1e; B: 1d; 0: 1b; @: 1a).

Table S4 ks for the reactions between [2,6-(Ph,PO),CsH;]NiSCsH4R (1a, 1b, 1d, 1e) and benzyl
bromide in toluene-ds at 60°C.

complex [Ni]o (M) [PhCH,Br]y (M) kops (s7)

1a 0.015 0.15 4.4(1) x 107
1a 0.015 0.20 5.4(1)x 107
1a 0.015 0.25 6.3(4) x 107
1a 0.015 0.33 8.92) x 107
1b 0.020 0.20 3.7(2) x 107
1b 0.019 0.25 4.1(1) x 107
1b 0.015 0.30 5.4(3) x 107
1b 0.015 0.35 5.9(1) x 107
1d 0.020 0.20 1.0(1) x 107
1d 0.020 0.25 1.2(1)x 107
1d 0.020 0.30 1.4(1)x 107
1d 0.020 0.35 1.7(1) x 107
le 0.020 0.20 3.3(1)x 10°
le 0.020 0.25 4.0(1)x 10
le 0.020 0.30 4.8(1) x 10
le 0.020 0.35 5.9(1)x 10°
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Fig. S11 Plots of kg versus concentration of benzyl bromide for the reaction of [2,6-
(Ph,PO),CcH;INiSPh (1¢) with benzyl bromide in toluene-ds at various temperatures (M : 80°C; @ : 70°C;
0: 60°C; *: 50°C)

Table S5 Summary of the second-order rate constants & for the reaction of [2,6-(Ph,PO),CcH3]NiSPh (1¢)
with benzyl bromide in toluene-ds at various temperatures.

T (K) /T (K k(s'™™) In(k/T)
323 0.00310 7.1(3) x 107 -15.33
333 0.00300 1.4(1) x 10 -14.68
343 0.00292 2.8(1)x 10™ -14.02
353 0.00283 5.4(2) x 10™ -13.39
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Fig. S12 An Eyring plot for the reaction of [2,6-(Ph,PO),C¢H;]NiSPh (1¢) with benzyl bromide in
toluene-dg between 50 °C and 80 °C.

= AH*=61.5%0.8 kI mol" and AS*=-135.1 £ 2.9 T K" mol’

1.0x10™*

-1
kobs (S )

I I I I
0.0 0.1 0.2 0.3 0.4
[PhCH,Br] (M)

Fig. S13 Plots of kg versus concentration of benzyl bromide for the reaction of [2,6-

(PhPO),CcH3INiSC¢H4Z (1a-e) with benzyl bromide in toluene-ds at 60 °C (M : 1a; [0: 1b; =: 1¢; O: 1d;
x: le).
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Table S6 Summary of second-order rate constants k for the reactions of [2,6-(Ph,PO),CsH;]NiSCcH4Z
(1a-e) with benzyl bromide in toluene-ds at 60 °C.

Complex 1a 1b 1c 1d le

k(s'™M™T) 252)x 107 1.62)x 107 1.4(1)x 107" 4.4(2)x 107  1.7(1)x 107

1.0

0.5+

0.0 4 L

log(k/kg)

-0.5

-1.0

-1.5 —

I I I I I I
-0.4 -0.2 0.0 0.2 04 0.6
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Fig. S14 Hammett plot for the second-order rate constants k& of the reaction of [2,6-
(PhPO),CcH3INiSC¢H4Z (1a-e) with benzyl bromide at in toluene-ds 60 °C.

=p=-15%03

Table S7 ks for the reactions between {2,6-[(i-Pr),PO],C¢H3} NiSC¢H4Z (2a and 2¢) and benzyl bromide
in toluene-dg at 60°C.

complex [Ni]o (M) [PhCH,Br]o (M) kops (s7)

2a 0.014 0.14 6.0(4) x 107
2a 0.014 0.18 8.12)x 107
2a 0.014 0.21 9.9(4) x 107
2a 0.014 0.25 1.1(1) x 10
2¢ 0.014 0.14 2.5(2) x 107
2¢ 0.014 0.18 3.1(4) x 107
2¢ 0.014 0.21 3.6(2) x 107
2¢ 0.014 0.25 4.4(2) x 107
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Fig. S15 Plot of kus versus concentration of benzyl bromide for the reaction of {2,6-[(i-
Pr),PO],CsH;} NiSC¢H4OCHj; (2a) with benzyl bromide in toluene-ds at 60 °C.
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Fig. S16 Plot of ks versus concentration of benzyl bromide for the reaction of {2,6-[(i-
Pr),PO],CsH;} NiSC¢Hs (2¢) with benzyl bromide in toluene-ds at 60 °C.

k=1.7(1)x10*M's"
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