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Experimental Details

Cyclopentadiene, RuCl;exH,0, triphenylphosphine, methyldiphenylphosphine, KSCN, and KSeCN are
commercially available (Fisher Acros). Solvents were purified by distillation from Na/benzophenone (C¢Dg, THF)
or P,Os (CDCl;, C¢HsF). All ruthenium compounds described in this work are air stable as solids, but their syntheses

were performed under purified nitrogen atmospheres using Schlenk techniques or a M. 1. Braun glove box. NMR

spectra were recorded at 400 MHz for |H and 162 MHz for 3'P{'H} on a Mercury XL300 spectrometer. Proton
chemical shifts are reported relative to residual protons in the solvent (CHCl; at 7.24 ppm and C¢DsH at 7.15 ppm
relative to TMS at 0.00 ppm). Phosphorus chemical shifts are reported relative to 85% H3;PO,4 at 0.0 ppm. IR spectra
were recorded as solids on a Bruker Astra ATR spectrometer equipped with ZnSe windows. Melting points were
determined in capillary tubes using an Electrothermal 9110 or SRS Digimelt melting point apparatus and are
uncorrected. Elemental analyses (C, H) were performed by Columbia Analytical Services, Inc. Tucson, AZ.
Electrochemical measurements were made under nitrogen on a BAS 100 B/W electrochemical workstation or Pine
electrochemical apparatus at 22°C using 1 x 103 M solutions in dry CH,Cl,, 0.1 M "BuyNPF¢ or "Buy;NBF, as
supporting electrolyte at a scan rate of 100mV/s. The working electrode was a 3 mm Pt disk with a Pt wire as
auxiliary electrode. A silver wire was used as a pseudo-reference electrode with ferrocene added as an internal

standard. All potentials are referenced to ferrocene (E;, = 0.00 V).

Synthesis of CpRu(PPh;),NCS (1a)
Cyclopentadienylrutheniumbis(triphenylphosphine)thiocyanate, CpRu(PPh;),NCS 1a, was prepared by literature
procedures ! from CpRu(PPh;),Cl1 2 and KSCN in methanol. Crystals suitable for X-ray crystallography were grown

by slow evaporation of CH,Cl, solutions.

Synthesis of CpRu(PPh;)(PMePhy)NCS (2a)

A solution of 1a (106 mg, 0.141 mmols) and PMePh, (29 pL, 0.154 mmols) in 10 mL fluorobenzene was refluxed
under nitrogen for 13 h. Solvent was evaporated under vacuum and the residue dissolved in CH,Cl,. The yellow-
orange solution was passed through a thin pad of neutral alumina and the filtrate was layered with hexane. Cooling
at —15°C yielded 87.7 mg (91%) of 2a. The product was characterized by NMR and X-ray crystallography. Crystals
of 2a*CH,Cl, were grown by slow evaporation of a CH,Cl, solution. The yellow sample turns a mustard yellow
color upon heating in a capillary and darkens to brown or black above 190°C. IR: vey =2089 cm™'. 'H (400 Mz,
CDCly): & 7.0-7.6 (m, 25H, aryl), 5.30 (s, CH,Cl,), 4.22 (s, 5H, Cp), 1.07 (d, J = 8.8 Hz, 3H, CH,).

3SIP{'H}(CDCl,): 6 46.0 (d, J=39 Hz), 32.6 (d, J=39 Hz); (THF) 6 47.0 ppm (d, Jpp= 40 Hz), 34.1 (d, 40 Hz). Anal.
Calcd for C37H33NP,RuS: C, 64.71%; H, 4.86%. Found: C, 64.52%; H, 4.37%.

Synthesis of CpRu(PPh;)(PMePhy)SCN (2b)
A slurry of CpRu(PPh;)(PMePh,)Cl13 (106 mg, 0.49 mmols) and KSCN (140 mg, 1.54 mmols) in 50 mL absolute
ethanol was refluxed under nitrogen for 24 h. Solvent was evaporated under vacuum and the residue extracted with

25 mL warm CH,Cl,. The yellow-orange extract was passed through a thin pad of glass wool and the filtrate was
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layered with hexane. Cooling at —15°C overnight yielded 99 mg (29%) 2b*CH,Cl, as a yellow-orange solid. The
CH,Cl, can be removed by gentle heating under vacuum to form 2b. The low yield is attributed to the poor
solubility of 2b in many polar solvents including CH,Cl,. Polar solvents with the potential to act as Lewis bases
(acetone, acetonitrile, alcohols, DMSO) were avoided to prevent possible dissociation of the thiocyanide ligand and
formation of a solvated [CpRu(PPh;)(PPh,Me)(solvent)]* cation as observed for CpRu(PPh;(PPh,Me)X (X=Cl, Br,
I). . M.p. decomposes without melting above 160°C. IR: vey =2103 cm™'. 'H (400 Mz, CDCl;): 6 7.0-7.6 (m, 25H,
aryl), 5.30 (s, CH,Cl,), 4.35 (s, 5H, Cp), 1.07 (d, J = 8.4 Hz, 3H, CH;). 3'P{'H} (162 MHz, CDCl;): & 29.5 (d, J=39
Hz), 46.5 (d, J=39 Hz); (THF) & 46.8 ppm (d, Jpp= 41 Hz), 29.4 (d, 41 Hz). Anal. Calcd for C;;H3;NP,RuS: C,
64.71%; H, 4.86%. Found: C, 64.31%; H, 4.20%.

Crystals of 2b*CH,Cl, were grown by slow evaporation of a CH,Cl, solution but proved to be disordered limiting
the quality of the crystal structure. In the opinion of two crystallographers, 3 the problem is a very sophisticated form
of molecular disorder that is beyond all the normal treatments we use for simple atom positional

disorder. The disorder prevents refinement of bond lengths and angles, but the structure showing an S-bonded
thiocyanate ligand and a bent Ru—S—C bond is trustworthy (se Figure S3). Further complications arise from the loss

of diffraction data in a hard drive crash at Tufts University.

Synthesis of CpRu(PPh;),SeCN (3b)

A slurry of CpRu(PPh;),Cl (444 mg, 0.61 mmols) and KSeCN (488 mg, 3.39 mmols) in 50 mL absolute ethanol
was stirred under nitrogen for 10 days. The orange slurry turned yellow over the course of the reaction. (Heating the
mixture leads to black solids. Shorter reaction times tend to reduce yields.) Addition of 50 mL toluene resulted in a
red-orange solution. After filtering, solvent volume was reduced under vacuum to about 20 mL. Careful addition of
hexane as a separate layer and cooling to —20°C overnight precipitated 314 mg (65%) 3b as a red solid. The product
can be chromatographed on alumina with CH,Cl, but a small amount of CpRu(PPh;),Cl tends to form. Compound
3b may be recrystallized from methyl(‘butyl)ether/hexane however, crystals suitable for x-diffraction were grown
from toluene/hexane.

M.p. 137-139°C, melts to a red-orange liquid. IR: vy =2097 cm™'. 'H (400 MHz, C¢Dg): 8 7.26 (br m, 18H, aryl),
6.58 (m, 12 H, aryl), 4.28 (s, SH, Cp); (400 MHz, CDCl;): & 7.30 (m, 18H, aryl), 7.20 (m, 12H, aryl), 4.26 (s, 5H,
Cp); 3'P{'H}(162 MHz, CsDg): 8 41.17 s; (CDCls): 41.81 s; (CsHsF/10% C¢Dg) 8 40.92 (5).

Synthesis of CpRu(PPhs)(PMePh,)SeCN (4b)

A solution of 3b (124.5 mg, 0.157 mmols) and 30uL (0.16 mmol) PMePh, in 10 mL fluorobenzene was stirred at
ambient temperature for 5 days precipitating a yellow solid. After filtering and washing with pentane, 35.3 mg
(31% yield) of CpRu(PPh3)(PMePh,)SeCN is obtained. Compound 4b was characterized further by X-ray
diffraction. Like 2b, there is considerable disorder in the structure, with a mirror-related disorder in the phosphine
ligands but the R values (Table S17, R1 = 0.106, wR2 = 0.227) are sufficient to confirm coordination through

selenium and a bent Ru—Se—CN bond.
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M.p. 160°C d. IR: vey = 2097 cm!. 'H (400 Mz, CDCLy): 8 7.0-7.8 (m, 25H, aryl), 4.48 (s, SH, Cp), 1.23 (d, J = 8.8
Hz, 3H, CHs). 3'P{'H}(162 MHz, CDCly):  27.74 (d, J=39 Hz), 46.05 (d, J=38 Hz); (CsD¢) & 46.52 (d, Jpp= 38 Hz),
27.97 (d, 38 Hz); (CsHsF/10% C4Dg) 46.47 (d, J=38 Hz), 27.48 (d, =38 Hz).

Attempted Synthesis of CpRu(PPh3),TeCN (5)
A slurry of 192.6 mg (0.31 mmol) CpRu(PPh;),Cl and 225.6 mg (0.31 mmol) PPNTeCN ¢ in 10 mL toluene was
stirred at ambient temperature. No reaction was observed by 3'P NMR and subsequent heating of the mixture

produced a black intractable product.

Synthesis of "Bu,NSeCN

By analogy to the synthesis of Me,NSeCN, 7 slurry of "BuyCl (421 mg, 1.51 mmol) and KSeCN (221 mg, 1.54
mmol) in 20 mL fluorobenzene was stirred for 7 days at ambient temperature for 7 days. After filtering to remove
KCl, solvent was evaporated from the filtrate yielding a sticky white solid which solidified upon standing, yielding
314 mg (61 % yield) of "BuyNSeCN. M.p. 139-141.5 °C melts to a colorless liquid. 'H (400 Mz, CDCl5): 6 1.03 (4,
3H), 1.48 (m, 2H), 1.70 (m, 2H), 3.32 (m, 2 H). 3C{'H}(100.63 MHz, CDCl;): § 13.69, 19.80, 24.13, 59.05, 117.36.

Kinetic Measurements

Kinetic data for reactions between 1a or 3b and PMePh;, is collected using procedures described for reactions
between CpRu(PAr;),Cl and PMePh,. 8 Flame-sealed 5 mm NMR tubes containing solutions of 1a or 3b (5-7 mM)
and PMePh, (= 50-70 mM) in THF/10% (v/v) C¢Dg or CsHsF/10% CgDs are heated in thermostated block heaters.
The rate of substitution of PPh; by PMePh, is measured by monitoring the decrease in the singlet for 1a or 3b over
time relative to the doublets for CpRu(PPh;)(PMePh,)NCS (2a) and CpRu(PPh;)(PMePh,)SeCN (4b). Typically,
three independent measurements of the substitution rate are made at each temperature to determine the rate constants
for the reaction.

The reactions were typically driven to >80% completion for three reasons. First, beyond 90% reaction signal-to-
noise ratio for the lowest intensity resonances makes it difficult to obtain accurate peak areas through integration of
the resonances using reasonable scan times. Second, in the later stages of the reaction, sufficient PPh; has built up
in the reaction mixture to inhibit substitution and decrease the rate of phosphine exchange. The result is a curvature
in the plot of In[1a] (or In[3b]) vs time. Finally, for reactions of 1a at lower temperatures (e. g 40°C), the reactions

are quite slow (>14 days) so in these cases, data collection was ended after reaching 80% completion.

Computational Methods

All computations were run on the Northeastern University Discovery Cluster. We report the Cartesian coordinates of
all the structures optimized using Kohn-Sham density functional theory (M06).

The gas phase calculations on 1-4 were completed over five years ago and relied on the available computational

packages found in GaussView 3 and Gaussian 09 Revision B.01 suite. ° Geometries were optimized followed by

harmonic frequency analysis to obtain free energy corrections for each compound. The geometry optimizations and
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frequency calculations were performed using the unrestricted UB3LYP exchange-correlation. Each compound was
optimized and analyzed twice using two different basis sets. The DGDZVP !° and LANL2DZ '! basis sets were used
to perform the calculations. Both basis sets are of double-zeta quality in the valence shell. First an optimization for a
compound was run followed by a harmonic frequency analysis using the same basis set. Optimized geometries were
visualized using Avogadro (V 1.1.1). 2 Spin multiplicity was assumed to be 1 and overall charge was assumed to be
0. The following was used in the route section for all compounds:

# opt freq scf=(maxcycle=1024) ub3lyp/basis pop=full
where basis refers to the basis used in the calculation, either DGDZVP or LANL2DZ.
The calculations for 1-4 as benzene solvates used the updated Gaussian16 Revision A.03 suite of ab initio quantum
chemistry programs using the M06 functional, the def2-TZVP basis set, Grimme’s D3 dispersion correction and the

Polarizable Continuum Model (PCM) provided by Gaussian. '3
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Figure S1: (a) '"H NMR spectrum of 1a in CDCls; (b) 3'P NMR spectrum of 1a in CDCls.
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Figure S2: (a) '"H NMR spectrum of 2a (CH,Cl, often co-crystallizes); (b) 3'P NMR spectrum of 2a; (¢c) 'H NMR
spectrum of CDCl;
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(b)
Figure S3: (a) Best molecular structure of 2b based on molecular disorder that is beyond all the normal
treatments we use for simple atom positional disorder. (b) Two superimposed orientations of 4b showing the

mirror-related disorder in the structure.
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Figure S4: (a) "H NMR spectrum of dilute solution of 2b in CDCl;; (b) 3'P NMR spectrum of 2b in CDCls; (c) 3'P
NMR of a mixture of 2a and 2b in CDCI; prior to re-crystallization to remove the two impurities shown in the

spectrum.
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Product Distribution CpRu(PPh3)2Cl + SCN- in THF at 47°C
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Figure SS: (a) Reaction of CpRu(PPh;),Cl with SCN- in THF @ 47°C (b) isomerization of 2b to 2a with
SCN-in THF/10% C¢Ds @ 40°C
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Figure S6: (a) "H NMR spectrum of 3b in C4Dy; (b) 3'P NMR spectrum of 3b in C¢Ds.
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Figure S7: (a) "H NMR spectrum of 4b in CDCl; (some CH,Cl, often retained by crystalline products); (b)
3P NMR spectrum of 4b in CDCl; (= 4% impurity of 3b).
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Figure S8: (a) 3'P NMR spectrum of 1a (5 mM) + PMePh, (41 mM) in C4HsF/10% v/v Cg¢Dg at t=0 s; (b) 3'P NMR

spectrum of 1a + PMePh, in C4HsF/10% v/v C¢Dg after heating at 40°C for 317 h showing 76% conversion to 2a
with small amounts of 2b. Resonances for PPh; (—5.33 ppm) and PMePh, (—27.26 ppm) are not shown.

S15



48 46 44 42 40 s 36 34 32 30 28

(2)

(b)
Figure S9: (a) 3'P NMR spectrum of 1a (5 mM) + PMePh, (39 mM) in C¢HsF/10% v/v C¢Ds after heating at 50°C
for 21.5 h; (b) 3'P NMR spectrum of 1a + PMePh, in C4HsF/10% v/v C¢Dg after heating at 50°C for 150 h showing
96% conversion to 2a. Resonances for PPh; (—5.33 ppm) and PMePh, (-27.26 ppm) are not shown.
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Figure S10: (a) 3'P NMR spectrum of 1a (5 mM, 3'P: § 42 ppm) + PMePh, (41 mM) in THF/10% v/v C4Dg at t=0 s;
(b) 3'P NMR spectrum of 1a + PMePh, in THF/10% v/v C¢Ds after heating at 40°C for 317 h showing 93%
conversion to 2a. Resonances for PPh; (—5.86 ppm) and PMePh, (-27.46 ppm) are not shown.
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Concentration vs time: 1a + PMePh2 in THF @ 40°C
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Figure S11: Concentration Changes in the Reaction Between 1a and PMePh, @ 40°C in (a) THF/10% C¢Ds @
40°C and (b) C¢Hs5F/10% CgDs.
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In[CpRu(PPh3)2NCS] vs t in THF
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Figure S12: Representative plots of /n[CpRu(PPh;),NCS] vs t for the reaction between 1a and PMePh, in (a)
THF/10% C6D6 and (b) C6H5F/10% C6D6

S19



In(k/T)

-18.4

-18.6

-18.8

-19

-19.2

-19.4

(a)

-17.2
-17.4
-17.6
-17.8

In(k/T)

-18.2
-18.4
-18.6
-18.8

-19.2
-19.4
-19.6

(b) A nnann

In(k/T) vs 1/T for 1a + PMePh2 in THF

0.00304 0.00306 0.00308 0.0031 l/f]&iﬁ 0.00314 0.00316 0.00318 0.0032

In(k/T) vs 1/T for 1a + PMePh2 in C6HSF

/T (K-1)

n.nnana n0nna n.nnane nnn21 non21n nnn214 non214a nonie non2n

1/kobs vs [PPh3]: 1a + PMePh2 + PPh3 @ 40°C in THF

1.60E+06
1.40E+06

1/kobs (s)

1.20E+06
1.00E+06
8.00E+05
6.00E+05

4.00E+05
2.00E+05
0.00E+00

0 0.05 0.1 0.15 0.2 0.25
[PPh3] (M)

(c)
Figure S13: Eyring plots for the reaction between 1a and PMePh, (a) in THF/10% C¢Dg; (b) in C¢HsF/10%
CgDg and (c) Plot of 1/k, vs [PPh;3] at 40°C in THF/10% C¢Ds.
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CpRu(PPh3)2NCS + PMePh2 + 9 eq SCN- in THF @ 40°C
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Figure S14: Concentration Changes in the Reaction Between 1a, PMePh,, and SCN- @ 40°C in (a)
THF/10% C¢Dg and (b) in C¢HsF/10% CgDs.
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(a)
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(b)
Figure S15: (a) 3'P NMR spectrum of 3b (5.7 mM) + PMePh, (50 mM) in C¢HsF/10% v/v C¢Dg at t=0; (b) 3'P

NMR spectrum of 3b + PMePh, in C¢HsF/10% v/v C¢Dg after heating at 30°C for 37.7 h showing 90% conversion
to 4b.
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In[CpRu(PPh3)2SeCN] vs t in C6HSF
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kobs vs [SeCN]: 3b+ xs PMePh2 + xs SeCN- @ 29°C
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1.80E-05 ¢ o
= 1.75E-05
S 1.70E-05
1.65E-05
1.60E-05 o
1.55E-05
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
[SeCN-], M

(b)

Figure S16: Representative plots of (a) /n[CpRu(PPh;3),SeCN] vs t for the reaction between 3b and PMePh,
in C¢HsF/10% Cg¢Dg and (b) k,ps vs [SeCN] @ 29°C
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In(k/T) vs 1/T for 3b + PMePh2 in C6HSF

In (k/T)

-17.5
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0.0032 0.00322 0.00324 0.00326 0.00328 0.0033 0.00332 0.00334 0.00336 0.00338
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(a)
1/kobs vs [PPh3]: [CpRu(PPh3)2SeCN] + PMePh2 + PPh3 at 30°C
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Figure S17: (a) Eyring plots for the reaction between 3b and PMePh, in C¢HsF/10% Cg¢Dg and (b) Plot of 1/k, vs
[PPh;]
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Table S1: Concentrations of reactants and products: CpRu(PPh;),NCS (1a) + PMePh, in THF/C¢Dg @ 40°C (see
Figure S10 for plots)

Table S1a: CpRu(PPh;),NCS (1a) + PMePh, in THF/C¢Ds @ 40°C

t(s) 8 46 (2a&2b) §42(1a) | 833(2a) | 529(2b) | total

0 0 100 0 0 100
85440 3.8 92.96 3.24 0.56 100
231240 10.94 78.36 10.7 0.24 100
491280 24.97 50.06 23.01 1.96 100
720480 34.13 31.75 30.33 3.80 100
1036440 39.39 21.22 33.30 6.09 100
1439520 43.45 13.11 37.49 5.95 100
1800720 46.47 7.06 44.23 2.25 100

Table S1b: CpRu(PPh;3),NCS (1a) + PMePh, + 9 eq SCN- in THF/C¢Dg @ 40°C

t (s) § 46 (2a&2b) §42(1a) | 833(2a) | 529(2b) | total

0 0 100 0 0 100
85440 5.03 92.86 2.11 0 100
231240 9.72 80.36 4.53 5.4 100
491280 21.89 54.5 9.14 14.47 100
720480 31.73 36.46 13.39 18.42 100
1036440 39.56 23.21 16.71 20.53 100
1439520 42.30 14.13 21.02 22.55 100
1800720 46.33 8.88 21.49 23.30 100

Table Slc: CpRu(PPh;),NCS (1a) + PMePh, + 21 eq SCN- in THF/C4Ds @ 40°C

t(s) 5 46 (2a&2b) 542(1a) | 633(2a) | 529(2b) | total
85440 0 100 0 0 100
231240 13.53 76.32 3.22 6.93 100
491280 23.53 53.31 8.52 14.64 100
720480 29.86 38.13 9.58 22.43 100
1036440 37.38 27.24 12.83 22.55 100
1439520 41.80 16.83 14.88 26.50 100
1800720 44.50 10.86 17.37 27.27 100
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Table S2: Rate Constants for the Reaction Between 1a and PMe,Ph in THF containing 10% C¢Dg

T(CC) | [1a] (mM) [PMePh,] (mM) [PPhs] (mM) [SCN'] (mM) Kobs (5 X 10°)
40 8 128 0 0 1.35+0.24
45 8 128 0 0 2.00£0.07
50 8 128 0 0 3.14+0.09
55 8 128 0 0 4.56+0.40
40 7 76 0 0 1.56
40 7 321 0 0 1.59
40 7 76 62 0 1.22
40 7 76 208 0 0.724
40 7 76 0 64 1.41
40 7 76 0 150 1.40

Table S3: Rate Constants for the Reaction Between 3b and PMe,Ph in C¢HsF containing 10% C¢Dyg

T(°C) | [3b](mM) [PMePh,] (mM) [PPhs] (mM) [SeCNT(mMM) | Kkobs (5! x 109)
234 5.7 50 0 0 8.45+0.3
29.8 5.7 50 0 0 17.9+0.4
343 5.7 50 0 0 69.2+6
39.0 5.7 50 0 0 104+4
29.8 5.7 50 23 0 173
29.8 5.7 50 58 0 14.7
29.8 5.7 50 118 0 10.8
29.8 5.7 50 313 0 6.16
29.8 5.7 50 0 54 17.9
29.8 5.7 50 0 127 15.9
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Table S4. Sample and crystal data for 1a.

Identification code

RK1 83 a, CCDC 2282637

Chemical formula C4,H3sNP,RuS<CH,Cl,
Formula weight 833.71 g/mol
Temperature 100(2) K

Wavelength 0.71073 A

Crystal size

0.200 x 0.200 x 0.150 mm

Crystal habit Intense yellow block

Crystal system orthorhombic

Space group Pna2,

Unit cell dimensions a=20.3288(10) A a=90°
b=20.6729(10) A B =90°
c=8.8263(4) A y=90°

Volume 3709.3 A3

V4 4

Density (calculated) 1.493 g/cm?

Absorption coefficient 0.742 mm!

F(000) 1704
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Table S5. Data collection and structure refinement for 1a.

Theta range for data collection

2.811 to 25.405°

Index ranges

24<=h<=24, -24<=k<=24, -10<=1<=10

Reflections collected

9555

Independent reflections

6820 [R(int) = 0.0682]

Coverage of independent 99.7%
reflections
Absorption correction Multi-Scan

Max. and min. transmission

0.866 and 0.897

Structure solution technique

direct methods

Structure solution program

SHELXL-2018/2 (Sheldrick, 2018)

Refinement method

Full-matrix least-squares on F?

Refinement program

SHELXL-2018/3 (Sheldrick, 2018)

Function minimized

z W(Foz - F02)2

Data / restraints / parameters 6820/0/452
Goodness-of-fit on F? 1.204
A/O max 0.000
Final R indices 6820 data; R1=10.0330, wR2 =
>26(I) 0.0653
all data R1=0.0429, wR2 =
0.0751

Weighting scheme

w=1/[0%(F,2)+(0.0067P)>+ 10.1039P]
where P=(F,2+2F 2)/3

Largest diff. peak and hole

1.024 and -0.573 eA-3
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Table S6. Bond lengths (A) for 1a.

Ru01 NOO7 2.064(5) COOH CO13 1.388(9) C00Y CO13 1.389(9)
Ru01 COID 2.215(6) COOH N009 1.396(8) C00Y HO0Y 0.9500
Ru01 COOK 2.216(6) COOH HOOH 0.9500 C00Z CO15 1.381(10)
Ru01 CO12 2.219(6) C00J COOK 1.419(8) C00Z CO1B 1.391(8)
Ru01 CO0J 2.230(6) C00J COOR 1.456(8) C00Z H00Z 0.9500
Ru01 COOR 2.230(6) C00J H00J 0.9500 CO1A CO15 1.388(8)
Ru01 P003 2.3127(15) COO0K CO12 1.424(9) CO1A HOIA 0.9500
Ru01 P002 2.3169(15) CO0K HOOK 0.9500 CO1B HOIB 0.9500
005 COOI 1.629(6) COOL COOP 1.410(8) CO1C CO14 1.391(8)
P002 COOF 1.827(6) COOM CO0Y 1.384(8) CO1C CO11 1.401(8)
P002 CO0B 1.836(6) COOM HOOM | 0.9500 CO1C HOIC 0.9500
P002 C00G 1.843(6) COON C000 1.397(8) CO1D CO12 1.438(9)
P003 CO0X 1.830(6) COON HOON 0.9500 CO1D HOID 0.9500
P003 COOL 1.836(6) C000 N008 1.3799) €010 CO16 1.387(9)
P003 C00Q 1.844(6) €000 HO0O 0.9500 C010 HO10 0.9500
N007 CO0I 1.162(7) COOP CO18 1.392(8) CO11 HO11 0.9500
CO0A NO0O08 1.387(8) C00P HOOP 0.9500 C012 HO12 0.9500
CO00A C00C 1.394(9) C00Q €017 1.404(8) CO13 HO13 0.9500
CO0A HOOA 0.9500 COOR CO1D 1.413(9) C014 CO19 1.386(8)
C00B CO1A 1.386(8) COOR HOOR 0.9500 C014 HO14 0.9500
C00B CO0V 1.407(8) C00S COOW 1.383(9) €015 HO15 0.9500
C00C COOF 1.404(8) C00S HO00S 0.9500 C016 CO17 1.385(9)
C00C HO0C 0.9500 CO0T CO11 1.383(8) C016 HO16 0.9500
C00D CO0U 1.372(8) C00T CO0X 1.408(8) C017 HO17 0.9500
C00D C00Q 1.396(8) CO0T HOOT 0.9500 CO18 HO18 0.9500
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C00D HOOD 0.9500 Coou C010 1.393(9) C019 HO19 0.9500
COOE COOL 1.398(8) CO0U HOOU 0.9500 NOO8 H 0.9500
COOE CO00S 1.399(8) Co0V C01B 1.386(8) NO009 HA 0.9500
COOE HOOE 0.9500 CO0V HOOV 0.9500 Cl04 CO1E 1.756(7)
COOF COON 1.390(8) COOW CO018 1.389(9) Cl106 CO1E 1.763(7)
C00G N009 1.395(8) COOW HOOW 0.9500 CO1E HO1E 0.9900
C00G CooM 1.407(8) C00X C019 1.398(8) CO1E HOIF 0.9900
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Table S7. Bond angles (°) for 1a.

N007 Ru01 CO1D 90.8(2) C00D C00Q C017 118.7(5)
NO007 Ru01 COOK 133.1(2) C00D C00Q P003 122.9(4)
CO1D Ru01 COOK 62.5(2) C017 C00Q P003 117.9(4)
NO007 Ru01 C012 97.9(2) C01D COOR C00J 108.4(5)
CO1D Ru01 CO12 37.8(2) C01D COOR Ru01 70.9(3)
COO0K Ru01 CO12 37.502) C00J COOR Ru01 70.9(3)
NO007 Ru01 C00J 153.9(2) C01D COOR HOOR 125.8
CO1D Ru01 CO0J 63.1(2) C00J COOR HOOR 125.8
CO0K Ru01 C00J 37.2(2) Ru01 COOR HOOR 124.0
C012 Ru01 C00J 63.1(2) CO0W C00S COOE 120.3(6)
NO007 Ru01 COOR 118.5(2) CO0W C00S HO00S 119.8
CO1D Ru01 COOR 37.102) COOE C00S HO00S 119.8
CO0K Ru01 COOR 62.3(2) CO11 COOT CO0X 120.2(5)
C012 Ru01 COOR 62.7(2) CO11 COOT HOOT 119.9
C00J Ru01 COOR 38.102) C00X COOT HOOT 119.9
NO007 Ru01 P003 94.55(13) C00D CO0U CO10 121.1(6)
CO1D Ru01 P003 120.58(17) C00D CO0U HOOU 119.4
CO0K Ru01 P003 131.86(16) C010 COOU HOOU 119.4
C012 Ru01 P003 154.86(16) CO1B C0O0V C00B 121.3(6)
C00J Ru01 P003 97.40(16) CO1B C00V HOOV 1193
COOR Ru01 P003 92.19(16) C00B CO0V HOOV 119.3
N007 Ru01 P002 87.22(14) C00S COOW C018 119.9(5)
CO1D Ru01 P002 140.63(17) C00S COOW HOOW 120.1
CO0K Ru01 P002 91.10(16) C018 COOW HOOW 120.1
C012 Ru01 P002 103.59(17) C019 CO0X CO0T 118.3(5)
C00J Ru01 P002 113.58(17) C019 CO0X P003 121.1(4)
COOR Ru01 P002 151.19(16) C00T CO0X P003 120.0(4)
P003 Ru01 P002 98.76(5) COOM CO0Y CO13 120.1(6)
COOF P002 C00B 101.2(3) CO0M CO0Y HOOY 120.0
COOF P002 C00G 102.6(3) C013 CO0Y HOOY 120.0
C00B P002 C00G 104.6(3) C015 C00Z CO1B 119.3(6)
COOF P002 Ru01 119.7(2) C015 C00Z HO0Z 120.3
C00B P002 Ru01 120.25(19) C01B C00Z HO0Z 120.3
C00G P002 Ru01 106.39(18) C00B CO1A CO15 120.9(6)
C00X P003 COOL 102.7(3) C00B CO1A HO1A 119.6
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C00X P003 C00Q 104.9(3) C015 CO1A HO1A 119.6
COOL P003 C00Q 95.2(3) C00V C01B C00Z 119.8(6)
C00X P003 Ru01 111.73(18) C00V C01B HO1B 120.1
COOL P003 Ru01 114.68(19) C00Z CO1B HO1B 120.1
C00Q P003 Ru01 124.50(19) C014 CO1C CO11 119.2(5)
C00I NOO7 Ru01 168.8(4) C014 COIC HO1C 120.4
N008 CO0A C00C 120.6(7) C011 COIC HO1C 120.4
NO008 CO0A HOOA 119.7 COOR CO01D CO012 108.5(5)
C00C COOA HOOA 119.7 COOR CO1D Ru01 72.0(3)
CO01A C00B COOV 117.8(5) C012 COID Ru01 71.2(3)
CO01A C00B P002 123.9(5) COOR CO01D HO1D 125.8
C00V C00B P002 118.2(4) C012 CO1D HO1D 125.8
CO00A C00C COOF 119.9(6) Ru01 CO1D HOID 122.7
CO00A C00C HOOC 120.0 C016 CO10 COOU 118.4(6)
COOF C0O0C HOOC 120.0 C016 CO10 HO10 120.8
C00U C00D C00Q 120.6(6) C00U C010 HO10 120.8
C00U C00D HOOD 119.7 C00T CO11 Co1C 120.8(6)
C00Q C00D HOOD 119.7 CO00T CO11 HO11 119.6
COOL COOE C00S 120.6(5) C01C CO011 HO11 119.6
COOL COOE HOOE 119.7 CO0K C012 COID 106.9(5)
C00S COOE HOOE 119.7 CO0K C012 Ru01 71.2(3)
COON COOF C00C 118.7(6) C01D C012 Ru01 71.0(3)
COON COOF P002 120.2(5) CO0K C012 HO12 126.5
C00C COOF P002 121.2(5) C01D C012 HO12 126.5
N009 C00G COOM 117.5(5) Ru01 C012 HO12 123.0
N009 C00G P002 122.7(4) CO0H C013 C00Y 120.1(6)
CO0M C00G P002 119.6(4) COOH C013 HO13 120.0
C013 COOH NO009 119.3(6) C00Y C013 HO13 120.0
C013 COOH HOOH 120.3 C019 C014 Co1C 120.0(6)
N009 COOH HOOH 120.3 C019 C014 HO14 120.0
NO007 C00I S005 179.1(6) C01C C014 HO14 120.0
CO0K C00J COOR 106.2(5) C00Z C015 CO1A 120.9(6)
CO0K C00J Ru01 70.9(3) C00Z CO015 HO15 119.6
COOR C00J Ru01 71.0(3) CO01A CO015 HO15 119.6
CO0K C00J HOOJ 126.9 C017 C016 C010 121.3(6)
COOR C00J HOOJ 126.9 C017 CO16 HO16 119.3
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Ru01 C00J HOOJ 123.0 C010 CO16 HO16 119.3
C00J COOK CO012 110.0(5) C016 C0O17 CO0Q 119.7(6)
C00J COOK Ru01 71.9(3) C016 C017 HO17 120.1
C012 COOK Ru01 71.4(3) C00Q C017 HO17 120.1
C00J COOK HOOK 125.0 CO0W C018 CooP 120.3(6)
C012 COOK HOOK 125.0 CO0W CO018 HO18 119.8
Ru01 COOK HOOK 123.3 CO0P CO18 HO18 119.8
COOE COOL CO0P 118.4(5) C014 C019 C00X 121.4(6)
COOE COOL P003 119.8(4) C014 CO19 HO19 119.3
CO00P COOL P003 121.1(5) C00X C019 HO19 119.3
C00Y COOM C00G 121.2(5) C000 N008 CO0A 119.8(6)
C00Y COOM HOOM 1194 C000 NOO8 H 120.1
C00G COOM HOOM 119.4 CO00A NOO8 H 120.1
COOF COON C000 121.0(6) C00G N009 COOH 121.7(6)
COOF COON HOON 119.5 C00G N009 HA 119.1
C000 COON HOON 119.5 COOH N009 HA 119.1
N008 C000 COON 119.9(6) Cl04 CO1E Cl06 111.8(4)
N008 C000 HO0O 120.0 Cl04 CO1E HO1E 109.2
COON C000 HO0O 120.0 Cl06 CO1E HO1E 109.2
C018 CO0P COOL 120.5(6) Cl04 CO1E HO1F 109.2
C018 COOP HOOP 119.8 Cl106 CO1E HO1F 109.2
COOL COOP HOOP 119.8 HO1E CO1E HOIF 107.9
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Table S8. Sample and crystal data for 2a.

Identification code

TH110521_RK2 0m_a, CCDC 2282638

Chemical formula C;7H33NP,RuS
Formula weight 772.04 g/mol
Temperature 100(2) K
Wavelength 0.71073 A

Crystal size

0.200 x 0.150 x 0.080 mm

Crystal habit clear light yellow prism
Crystal system triclinic
Space group P-1

Unit cell dimensions

a=123722(4) A a=91.665(2)°

b= 12.6828(4) A B=115.605(2)°

c=13.5552(4) A y=112.079(2)°

Volume 1730.16(10) A3
VA 2

Density (calculated) 1.483 g/cm?
Absorption coefficient 0.789 mm'!
F(000) 788
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Table S9. Data collection and structure refinement for 2a.

Theta range for data collection

2.738 t0 26.616°

Index ranges

_15<=h<=13, -15<=k<=13, -17<=1<=17

Reflections collected

78119

Independent reflections

7223 [R(int) = 0.0453]

Coverage of independent 99.5%
reflections
Absorption correction Multi-Scan

Max. and min. transmission

0.833 and 0.928

Structure solution technique

direct methods

Structure solution program

SHELXL-2018/2 (Sheldrick, 2018)

Refinement method

Full-matrix least-squares on F?

Refinement program

SHELXL-2018/3 (Sheldrick, 2018)

Function minimized

z W(Foz - F02)2

Data / restraints / parameters 7223 /0/407
Goodness-of-fit on F? 1.089
A/Gmax 0.001
Final R indices 7223 data; R1=0.0428, wR2 =
>20(1) 0.0798
all data R1=0.0712, wR2 =
0.0957

Weighting scheme

W=1/[02(F,2)+(0.0170P)>+5.9748P]
where P=(F,>+2F 2)/3

Largest diff. peak and hole

0.985 and -1.103 eA?
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Table S10. Bond lengths (A) for 2a.

Ru01 NOO7 2.065(3) C008 COOP 1.422(5) COOL COOP 1.417(5)
Ru01 COOL 2.197(4) C008 CO0B 1.429(5) COON C00Y 1.388(5)
Ru01 COOP 2.201(3) €009 COOD 1.385(5) €000 COOW 1.387(6)
Ru01 C00J 2.227(3) €009 C00Q 1.391(5) C00Q COOV 1.383(5)
Ru01 C008 2.233(4) CO00A COOR 1.393(5) COOR CO015 1.389(6)
Ru01 CO0B 2.236(3) CO0A COOF 1.397(5) C00S C00Z 1.385(6)
Ru01 P2 2.3078(9) C00B C00J 1.420(5) C00T CO13 1.383(6)
Ru01 P3 2.3161(9) C00C C00X 1.378(5) CO0U CO10 1.383(5)
C105 C018 1.754(5) C00C CO17 1.382(6) CO0V CO10 1.382(6)
Cl06 C018 1.749(5) C00D CO0U 1.402(5) COOW CO0Y 1.389(6)
S4 COOM 1.639(4) COOE C000 1.396(5) C00Z CO14 1.373(6)
P2 CO0A 1.827(4) COOE C00G 1.397(5) CO11 CO14 1.391(6)
P2 COOD 1.832(4) COOF CO0T 1.389(5) €012 C016 1.359(6)
P2 C00C 1.836(4) C00G COON 1.398(5) C013 CO15 1.382(6)
P3 COOK 1.825(4) COOH CO11 1.389(5) C016 CO19 1.378(7)
P3 COOH 1.834(4) COOH CO00I 1.397(5) €017 CO19 1.391(6)
P3 C00G 1.843(4)

NO007 COOM 1.156(5)
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Table S11. Bond angles (°) for 2a.

NO007 Ru01 COOL 157.69(13) C00J CO0B Ru01 71.102)
NO007 Ru01 COOP 137.44(13) C008 CO0B Ru01 712(2)

COOL Ru01 COOP 37.60(14) C00X CO0C CO17 117.9(4)
NO007 Ru01 C00J 121.31(13) C00X C00C P2 118.5(3)
COOL Ru01 C00J 37.82(14) C017 CO0C P2 123.5(3)
CO0P Ru01 COO0J 62.39(14) C009 COOD CO0U 118.3(3)
NO007 Ru01 C008 102.78(13) C009 COOD P2 121.53)
COOL Ru01 C008 62.99(14) C00U CO0D P2 120.1(3)
CO0P Ru01 C008 37.40(14) C000 COOE C00G 121.1(4)
C00J Ru01 C008 62.31(14) C00T COOF CO0A 120.6(4)
NO007 Ru01 C00B 95.22(13) COOE C00G COON 118.3(3)
COOL Ru01 CO0B 62.88(14) COOE C00G P3 117.7(3)
CO0P Ru01 CO0B 62.32(14) COON C00G P3 123.7(3)
C00J Ru01 CO0B 37.11(13) CO11 COOH COO0I 117.8(4)
C008 Ru01 CO0B 37.30(14) CO11 COOH P3 122.4(3)
NO007 Ru01 P2 87.91(8) C00I COOH P3 119.7(3)
COOL Ru01 P2 98.66(10) C00S C00I COOH 121.4(4)
CO0P Ru01 P2 134.17(11) C00B C00J COOL 108.2(3)
C00J Ru01 P2 91.39(10) C00B C00J Ru01 71.8(2)

C008 Ru01 P2 153.53(10) COOL C00J Ru01 69.9(2)

C00B Ru01 P2 118.57(10) C00P COOL C00J 107.1(3)
NO007 Ru01 P3 86.56(9) C00P COOL Ru01 71.3(2)

COOL Ru01 P3 113.42(10) C00J COOL Ru01 72.3(2)

CO0P Ru01 P3 92.57(10) NO007 COOM S4 178.2(4)
C00J Ru01 P3 151.14(10) C00Y COON C00G 120.4(4)
C008 Ru01 P3 107.19(10) CO0W C000 COOE 119.9(4)
C00B Ru01 P3 143.95(10) COOL COOP C008 109.2(3)
P2 Ru01 P3 97.46(3) COOL COOP Ru01 71.1(2)

CO0A P2 CO0D 100.62(16) C008 COOP Ru01 72.5(2)

CO0A P2 C00C 104.58(16) C00V C00Q C009 120.2(4)
C00D P2 C00C 102.20(16) C015 COOR CO0A 120.7(4)
CO00A P2 Ru01 119.41(11) C00I C00S C00Z 119.9(4)
C00D P2 Ru01 115.18(12) C013 COOT COOF 120.1(4)
C00C P2 Ru01 112.73(12) C010 COOU CO0D 120.8(4)
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CO0K P3 COOH 103.49(17) C010 COOV C00Q 119.7(4)
CO0K P3 C00G 98.37(16) C000 COOW CO0Y 119.4(4)
CO0H P3 C00G 102.71(16) C00C C00X C012 121.9(4)
COOK P3 Ru01 118.70(12) COON C00Y COOW 120.8(4)
COOH P3 Ru01 118.92(12) C014 C00Z C00S 119.5(4)
C00G P3 Ru01 111.66(12) C00V C010 CooU 120.2(4)
CO0OM NO007 Ru01 173.8(3) COOH C011 C014 120.6(4)
CO00P C008 C00B 107.3(3) C016 C012 CO0X 120.3(4)
CO00P C008 Ru01 70.1(2) C015 C013 CO0T 119.9(4)
C00B C008 Ru01 71.5(2) C00Z C014 C011 120.7(4)
C00D C009 C00Q 120.8(3) C013 C015 COOR 120.2(4)
COOR COOA COOF 118.5(3) C012 C016 CO19 118.6(4)
COOR CO0A P2 122.6(3) C00C C017 C019 119.8(4)
COOF CO0A P2 118.7(3) Cl06 CO018 C105 113.4(3)
C00J CO0B C008 108.1(3) C016 C019 CO017 121.6(5)
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Table S12. Sample and crystal data for 3b.

Identification code Kirss2, CCDC 2282639
Chemical formula C4H;3sNP,RuSe

Formula weight 795.68 g/mol
Temperature 100.0(5) K

Wavelength 0.71073 A

Crystal size 0.320x 0.170 x 0.020 mm
Crystal habit Orange lath

Crystal system monoclinic

Space group P2/c

Unit cell dimensions

a=182161(14) A

a=90°

b=10.9631(3)A

B=114.698(2)

c = 18.8210(15)A

v=90°

Volume 3414.8(5) A3
VA 4

Density (calculated) 1.548 g/cm?
Absorption coefficient 1.651 mm'!
F(000) 1608
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Table S13. Data collection and structure refinement for 3b.

Theta range for data collection

1.23 to 30.61°

Index ranges

-26<=h<=26, -15<=k<=15, -26<=1<=26

Reflections collected

52316

Independent reflections

10479 [R(int) = 0.1087]

Coverage of independent 99.5%
reflections
Absorption correction Multi-Scan

Max. and min. transmission

0.866 and 0.968

Structure solution technique

direct methods

Structure solution program

SHELXT 2014/5 (Sheldrick, 2014)

Refinement method

Full-matrix least-squares on F?

Refinement program

SHELXL-2017/1 (Sheldrick, 2017)

Function minimized

Zw(Fy? - F2)

Data / restraints / parameters 10479 /0/424
Goodness-of-fit on F? 0.999
A/Gmax 0.001
Final R indices 10479 data; R1=0.0514, wR2 =
I>26(1) 0.0783
all data R1=0.1094, wR2 =
0.09300

Weighting scheme

w=1/[6%(F,>)+(0.0276P)*+1.2500P]
where P=(F,2+2F ?)/3

Largest diff. peak and hole

0.768 and -0.719 eA-
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Table S14. Bond lengths (A) for 3b.

Rul C3 2.202(3) C9 H9 0.9500 C26 H26 0.9500
Rul C5 2.205(3) C10CI1 1.378(5) C27 C28 1.373(5)
Rul C2 2.207(3) C10 H10 0.9500 C27 H27 0.9500
Rul C4 2.210(3) Cl11CI12 1.392(5) C28 C29 1.381(5)
Rul C6 2.211(3) C11 H11 0.9500 C28 H28 0.9500
Rul P2 2.3423(9) CI2 HI2 0.9500 €29 C30 1.378(5)
Rul P1 2.3493(9) C13C18 1.390(5) C29 H29 0.9500
Rul Sel 2.5424(5) Cl13Cl4 1.395(5) C30 H30 0.9500
Sel C1 1.850(4) Cl14C15 1.382(5) C31C36 1.388(5)
P1CI19 1.836(4) Cl4 H14 0.9500 C31C32 1.402(5)
P1C7 1.838(3) C15Cl16 1.393(5) C32C33 1.382(5)
P1CI13 1.843(3) C15 HI5 0.9500 C32 H32 0.9500
P2 C37 1.836(3) C16 C17 1.377(5) C33 C34 1.379(6)
P2 C25 1.843(4) C16 H16 0.9500 C33 H33 0.9500
P2 C31 1.845(4) C17C18 1.387(5) C34 C35 1.384(5)
N1 Cl 1.147(5) C17 H17 0.9500 C34 H34 0.9500
C2C6 1.400(5) CI8 HIS 0.9500 C35C36 1.383(5)
C2C3 1.410(5) C19 C24 1.391(5) C35 H35 0.9500
C2 H2 0.9500 C19 C20 1.397(5) C36 H36 0.9500
C3C4 1.423(5) C20 C21 1.381(5) C37C38 1.380(5)
C3 H3 0.9500 C20 H20 0.9500 C37 C42 1.402(5)
C4C5 1.407(5) C21C22 1.390(5) C38 C39 1.388(5)
C4 H4 0.9500 C21 H21 0.9500 C38 H38 0.9500
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C5 C6 1.433(5) C22C23 1.378(6) C39 C40 1.380(5)
Cs5 H5 0.9500 C22 H22 0.9500 C39 H39 0.9500
C6 H6 0.9500 C23C24 1.387(5) C40 C41 1.384(5)
C7C12 1.392(5) C23 H23 0.9500 C40 H40 0.9500
C7C8 1.393(5) C24 H24 0.9500 C41 C42 1.387(5)
C8 C9 1.383(5) €25 C26 1.388(5) C41 H41 0.9500
C8 HS 0.9500 €25 C30 1.405(4) C42 H42 0.9500
C9 C10 1.377(5) C26 C27 1.391(5)
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Table S15. Bond angles (°) for 3b.

C3 Rul C5 62.50(13) CI8CI3Cl4 118.3(3)
C3 Rul C2 37.30(13) C18 C13 P1 118.8(3)
C5Rul C2 62.21(13) Cl4 C13 Pl 122.9(3)
C3Rul C4 37.63(13) C15Cl4CI3 120.5(3)
C5Rul C4 37.16(13) C15 Cl4 H14 119.7
C2Rul C4 62.34(13) C13 Cl4 H14 119.7
C3 Rul C6 62.53(14) Cl4 C15CI6 120.3(3)
C5 Rul C6 37.88(13) Cl4 C15 HI5 119.8
C2 Rul C6 36.94(13) Cl16 C15 HI15 119.8
C4 Rul C6 62.74(13) C17 C16 C15 119.8(3)
C3Rul P2 99.46(10) C17 Cl16 H16 120.1
C5 Rul P2 113.02(10) C15Cl6 H16 120.1
C2Rul P2 135.92(10) Cl16 C17 C18 119.7(3)
C4 Rul P2 87.89(9) Cl6 C17 H17 120.1
C6 Rul P2 149.62(10) C18 C17 H17 120.1
C3 Rul P1 109.65(10) C17 C18 CI3 121.4(3)
C5 Rul P1 143.34(10) C17 CI8 HI8 1193
C2 Rul P1 89.65(10) C13 CI8 HIS 1193
C4 Rul P1 147.24(10) C24 C19 C20 118.5(3)
C6 Rul P1 105.60(10) C24 C19 P1 123.2(3)
P2 Rul P1 103.52(3) C20 C19 P1 118.3(3)
C3 Rul Sel 157.65(10) C21 C20C19 121.0(4)
C5 Rul Sel 95.26(10) C21 C20 H20 119.5
C2 Rul Sel 132.01(10) C19 C20 H20 119.5
C4 Rul Sel 124.32(10) C20 C21 C22 119.8(4)
C6 Rul Sel 98.99(10) C20 C21 H21 120.1
P2 Rul Sel 91.15(3) C22 C21 H21 120.1
P1 Rul Sel 86.58(3) C23 C22C21 119.8(4)
C1 Sel Rul 100.90(11) C23 C22 H22 120.1
C19P1C7 102.98(16) C21 C22 H22 120.1
CI9PICI3 102.64(16) C22 C23 C24 120.5(4)
C7P1CI3 98.99(15) C22 C23 H23 119.7
C19 P1 Rul 116.53(12) C24 C23 H23 119.7
C7P1 Rul 111.20(11) C23 C24 C19 120.4(4)
C13 P1 Rul 121.69(11) C23 C24 H24 119.8
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C37P2C25 99.91(16) C19 C24 H24 119.8
C37 P2 C31 101.67(15) C26 C25 C30 118.1(3)
C25 P2 C31 103.14(16) C26 C25 P2 120.02)
C37 P2 Rul 121.96(11) C30 C25 P2 121.93)
C25 P2 Rul 114.66(12) C25 C26 C27 120.8(3)
C31 P2 Rul 112.97(11) C25 C26 H26 119.6
N1 CI Sel 178.3(3) C27 C26 H26 119.6
C6C2C3 109.2(3) C28 C27 C26 120.4(4)
C6 C2 Rul 71.7(2) C28 C27 H27 119.8
C3 C2 Rul 71.17(19) C26 C27 H27 119.8
C6 C2 H2 125.4 C27 C28 C29 119.6(3)
C3C2H2 125.4 C27 C28 H28 120.2
Rul C2 H2 1234 C29 C28 H28 120.2
C2C3C4 107.6(3) C30 C29 C28 120.7(3)
C2 C3 Rul 71.5(2) C30 C29 H29 119.7
C4 C3 Rul 71.48(19) C28 C29 H29 119.7
C2C3 H3 126.2 C29 C30 C25 120.5(4)
C4 C3 H3 126.2 €29 C30 H30 119.7
Rul C3 H3 1225 C25 C30 H30 119.7
C5C4C3 107.8(3) C36 C31 C32 117.8(3)
C5 C4 Rul 712(2) C36 C31 P2 117.8(3)
C3 C4 Rul 70.90(19) C32C31P2 124.5(3)
C5 C4 H4 126.1 C33C32C31 120.4(4)
C3 C4 H4 126.1 C33 C32 H32 119.8
Rul C4 H4 123.4 C31 C32 H32 119.8
C4 C5C6 108.2(3) C34 C33C32 121.0(4)
C4 C5 Rul 71.6(2) C34 C33 H33 119.5
C6 C5 Rul 71.3(2) C32 C33 H33 119.5
C4 C5H5 125.9 C33C34C35 119.2(4)
C6 C5 H5 125.9 C33 C34 H34 120.4
Rul C5 H5 122.9 C35 C34 H34 120.4
C2C6C5 107.1(3) C36 C35 C34 120.0(4)
C2 C6 Rul 71.4(2) C36 C35 H35 120.0
C5 C6 Rul 70.84(19) C34 C35 H35 120.0
C2 C6 H6 126.4 C35 C36 C31 121.6(3)
C5 C6 H6 126.4 C35 C36 H36 119.2
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Rul C6 H6 123.0 C31 C36 H36 119.2
C12C7C8 118.5(3) C38 C37 C42 118.3(3)
C12C7 Pl 123.93) C38 C37 P2 121.43)
C8 C7 Pl 117.53) C42 C37P2 119.9(3)
C9 C8 C7 121.1(3) C37 C38C39 120.8(3)
C9 C8 HS 119.5 C37 C38 H38 119.6
C7 C8 HS 119.5 C39 C38 H38 119.6
C10C9 C8 120.0(4) C40 C39 C38 120.6(4)
C10 C9 H9 120.0 C40 C39 H39 119.7
C8 C9 H9 120.0 C38 C39 H39 119.7
C9 C10CI11 119.8(3) C39 C40 C41 119.4(3)
C9 C10 H10 120.1 C39 C40 H40 1203
C11 C10 HI0 120.1 C41 C40 H40 120.3
ClI0CIICI2 120.6(4) C40 C41 C42 120.1(4)
Cl10CI1 HI1 119.7 C40 C41 H41 119.9
Cl2CI1 HI1 119.7 C42 C41 H41 119.9
C7Cl2Cl1 120.1(3) C41 C42 C37 120.8(4)
C7 C12 HI2 120.0 C41 C42 H42 119.6
Cl1 CI12 HI2 120.0 C37 C42 H42 119.6
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Table S16. Sample and crystal data for 4b.

Identification code

Kirss2, CCDC 2282640

Chemical formula C;7H;33NP,RuSe

Formula weight 731.61 g/mol

Temperature 150K

Wavelength 0.71073 A

Crystal size 0.22x0.21 x 0.06 mm

Crystal habit Orange plate

Crystal system orthorhombic

Space group Pna2,

Unit cell dimensions a=13.1668(9) A o=90°
b=21.2752(12)A B=114.698(2)
c=11.1139(3)A vy =90°

Volume 3113.3(3) A3

Z 4

Density (calculated) 1.565 g/cm?

Absorption coefficient 1.80 mm!

F(000) 1480
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Table S17. Data collection and structure refinement for 4b.

Theta range for data collection

1.8 to 28.4°

Index ranges

-17<=h<=11, -27<=k<=28, -14<=1<=14

Reflections collected

33888

Independent reflections

7747 [R(int) = 0.101]

Coverage of independent 99.5%
reflections

Absorption correction Multi-Scan
Max. and min. transmission 0.769 and 0.900

Structure solution technique

direct methods

Structure solution program

SHELXT 2014/5 (Sheldrick, 2014)

Refinement method

Full-matrix least-squares on F?

Refinement program

SHELXL-2017/1 (Sheldrick, 2017)

Function minimized

Z W(Foz - FCZ)2

Data / restraints / parameters

7747/ 147 /237

Goodness-of-fit on F? 1.17

A/Omax 0.001

Final R indices 5305 data; R1=0.106, wR2 =
>206(I) 0.227

Weighting scheme

w=1/[c%(F,?)+39.579P]
where P=(F,>+2F 2)/3

Largest diff. peak and hole

0.90 and -1.99 eA3

S47




Table S18. Bond lengths (A) for 4b.

Rul C33 2.197(15) C22 H22 0.9500 C7A C12A 1.3900
Rul C35 2.216(16) C23 C24 1.3900 C8A C9A 1.3900
Rul C34 2.217(15) C23 H23 0.9500 C8A H8A 0.9500
Rul C37 2.230(15) C24 H24 0.9500 C9A C10A 1.3900
Rul C36 2.235(15) C25 C26 1.3900 C9A H9A 0.9500
Rul P1 2.276(8) C25 C30 1.3900 CI0A C11A 1.3900
Rul P2 2.292(7) C26 C27 1.3900 CI10A H10A 0.9500
Rul Sel 2.542(4) C26 H26 0.9500 Cl1A CI2A 1.3900
Sel C32 1.8506(13) C27C28 1.3900 CI1A HIIA 0.9500
P1 C13 1.841(10) C27 H27 0.9500 CI2A HI2A 0.9500
P1C7 1.867(10) C28 C29 1.3900 CI3A Cl14A 1.3900
P1 Cl 1.869(10) C28 H28 0.9500 CI3A CI18A 1.3900
P2 C31 1.83(2) C29 C30 1.3900 Cl4A CI15A 1.3900
P2 C19 1.834(10) C29 H29 0.9500 CI4A H14A 0.9500
P2 C25 1.869(10) C30 H30 0.9500 CI5A C16A 1.3900
N1 C32 1.1476(13) C31 H31A 0.9800 CI5A HI5A 0.9500
ClC2 1.3900 C31 H31B 0.9800 CI16A C17A 1.3900
Cl1 C6 1.3900 C31 H31C 0.9800 CI16A H16A 0.9500
c2C3 1.3900 C33C34 1.421(18) Cl17A CI18A 1.3900
C2 H2 0.9500 C33 C37 1.422(17) CI7A H17A 0.9500
C3 C4 1.3900 C33 H33 0.9500 CI8A HISA 0.9500
C3 H3 0.9500 C34 C35 1.417(19) CI19A C20A 1.3900
C4 C5 1.3900 C34 H34 0.9500 CI9A C24A 1.3900
C4 H4 0.9500 C35 C36 1.405(18) C20A C21A 1.3900
C5 C6 1.3900 C35 H35 0.9500 C20A H20A 0.9500
C5 H5 0.9500 C36 C37 1.433(17) C21A C22A 1.3900
C6 H6 0.9500 C36 H36 0.9500 C21A H21A 0.9500
C7C8 1.3900 C37 H37 0.9500 C22A C23A 1.3900
C7Cl12 1.3900 RulA C36A 2.210(19) C22A H22A 0.9500
C8 C9 1.3900 RulA C33A 2.21(2) C23A C24A 1.3900
C8 H8 0.9500 RulA C34A 2.22(2) C23A H23A 0.9500
C9 C10 1.3900 RulA C37A 2.22(2) C24A H24A 0.9500
C9 H9 0.9500 RulA C35A 2.23(2) C25A C26A 1.3900
CI10Cl11 1.3900 RulA P2A 2.284(13) C25A C30A 1.3900
CI0 HIO0 0.9500 RulA PIA 2.308(19) C26A C27A 1.3900
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Cl1Ci2 1.3900 RulA SelA 2.536(7) C26A H26A 0.9500
Cl1 HI11 0.9500 SelA C32A 1.8502(14) C27A C28A 1.3900
CI12 H12 0.9500 PI1A CI13A 1.843(17) C27A H27A 0.9500
Cl3Cl4 1.3900 PIA C1A 1.861(17) C28A C29A 1.3900
CI3C18 1.3900 PIA C7A 1.872(17) C28A H28A 0.9500
Cl14 C15 1.3900 P2A C31A 1.83(3) C29A C30A 1.3900
Cl4 H14 0.9500 P2A C19A 1.850(16) C29A H29A 0.9500
CI15Cl6 1.3900 P2A C25A 1.855(16) C30A H30A 0.9500
CI15 H15 0.9500 NI1A C32A 1.1472(13) C31A H31D 0.9800
Cl6 C17 1.3900 Cl1A C2A 1.3900 C31A H31E 0.9800
Cl6 H16 0.9500 C1A C6A 1.3900 C31A H3IF 0.9800
Cl17C18 1.3900 C2A C3A 1.3900 C33A C37A 1.42(2)
C17H17 0.9500 C2A H2A 0.9500 C33A C34A 1.43(2)
CI8 H18 0.9500 C3A C4A 1.3900 C33A H33A 0.9500
C19 C20 1.3900 C3A H3A 0.9500 C34A C35A 1.43(2)
C19 C24 1.3900 C4A C5A 1.3900 C34A H34A 0.9500
C20 C21 1.3900 C4A H4A 0.9500 C35A C36A 1.42(2)
C20 H20 0.9500 C5A C6A 1.3900 C35A H35A 0.9500
C21 C22 1.3900 C5A HS5A 0.9500 C36A C37A 1.43(2)
C21 H21 0.9500 C6A H6A 0.9500 C36A H36A 0.9500
C22 C23 1.3900 C7A CBA 1.3900 C37A H37A 0.9500
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Table S19. Bond angles (°) for 4b.

C33 Rul C35 62.0(8) C36A RulA C33A 64.2(13)
C33 Rul C34 37.6(5) C36A RulA C34A 63.5(13)
C35Rul C34 37.3(5) C33A RulA C34A 37.6(6)
C33 Rul C37 37.5(5) C36A RulA C37A 37.5(6)
C35 Rul C37 61.0(8) C33A RulA C37A 37.5(6)
C34 Rul C37 62.2(7) C34A RulA C37A 61.6(14)
C33 Rul C36 63.4(7) C36A RulA C35A 37.5(6)
C35 Rul C36 36.8(5) C33A RulA C35A 62.8(12)
C34 Rul C36 63.1(7) C34A RulA C35A 37.5(6)
C37 Rul C36 37.4(5) C37A RulA C35A 61.2(15)
C33 Rul P1 96.6(6) C36A RulA P2A 141.3(10)
C35Rul P1 119.0(6) C33A RulA P2A 110.0(11)
C34 Rul P1 90.0(6) C34A RulA P2A 88.6(13)
C37 Rul P1 131.9(5) C37A RulA P2A 147.1(11)
C36 Rul P1 153.0(6) C35A RulA P2A 104.3(11)
C33 Rul P2 111.9(5) C36A RulA P1A 121.4(10)
C35 Rul P2 143.8(6) C33A RulAP1A 99.0(12)
C34 Rul P2 149.4(5) C34A RulA P1A 133.7(12)
C37 Rul P2 92.0(5) C37A RulA P1A 94.4(12)
C36 Rul P2 107.2(5) C35A RulAPIA 155.5(12)
P1 Rul P2 96.9(3) P2A RulA PIA 97.1(5)
C33 Rul Sel 154.8(5) C36A RulA SelA 91.0(10)
C35 Rul Sel 93.2(6) C33A RulA SelA 154.9(10)
C34 Rul Sel 119.2(5) C34A RulA SelA 135.3(11)
C37 Rul Sel 135.4(4) C37A RulA SelA 119.2(9)
C36 Rul Sel 100.0(5) C35A RulA SelA 100.2(11)
P1 Rul Sel 91.8(2) P2A RulA SelA 91.5(4)
P2 Rul Sel 90.5(2) P1A RulA SelA 90.7(4)
C32 Sel Rul 99.6(6) C32A SelA RulA 102.4(12)
CI13P1C7 104.6(8) CI3APIACIA 100.8(19)
CI13PICI1 101.8(8) CI3APIA C7A 107.1(18)
C7PICl 95.9(8) CIA P1A C7A 99.0(17)
C13 P1 Rul 111.5(6) CI13APIA RulA 122.6(14)
C7P1 Rul 122.3(6) CIAPIARulA 114.4(13)
C1P1Rul 117.8(6) C7AP1ARulA 110.1(13)
C31P2C19 105.7(12) C31A P2A C19A 100(2)
C31 P2 C25 99.8(12) C31A P2A C25A 98(2)
C19 P2 C25 101.3(8) CI19A P2A C25A 104.0(17)
C31 P2 Rul 118.6(10) C31A P2A RulA 121(2)
C19 P2 Rul 118.1(7) C19A P2A RulA 118.3(14)
C25 P2 Rul 110.6(6) C25A P2A RulA 112.8(12)
C2 C1 C6 120.0 C2A C1A C6A 120.0
C2C1PI 117.4(9) C4A C3A C2A 120.0

C6 C1 P1 122.2(9) C4A C3A H3A 120.0
C3C2Cl1 120.0 C2A C3A H3A 120.0
C3C2H2 120.0 C3A C4A C5A 120.0

C1 C2H2 120.0 C3A C4A H4A 120.0
C2C3C4 120.0 C5A C4A H4A 120.0

C2 C3 H3 120.0 C4A C5A C6A 120.0

C4 C3 H3 120.0 C4A C5A H5A 120.0
C5C4C3 120.0 C6A C5A H5A 120.0
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C5C4H4 120.0 C5A C6A C1A 120.0
C3C4H4 120.0 C5A C6A H6A 120.0
C4 C5 Co 120.0 CIA C6A H6A 120.0
C4 C5S HS 120.0 C8A C7A C12A 120.0
C6 C5 HS 120.0 C8A C7TAP1A 118.7(18)
C5C6 Cl 120.0 CI12A C7TAPIA 121.3(18)
C5 C6 H6 120.0 C9A C8A CT7TA 120.0
C1 C6 H6 120.0 C9A C8A H8A 120.0
C8C7Cl12 120.0 C7A C8A H8A 120.0
C8 C7P1 115.6(9) C8A CY9A C10A 120.0
Cl12C7P1 124.4(9) C8A CY9A H9A 120.0
C9 C8 C7 120.0 CI10A C9A HOA 120.0
C9 C8 H8 120.0 C11A CI0A C9A 120.0
C7 C8 H8 120.0 CI11A CI10A H10A 120.0
C10C9 C8 120.0 C9A C10A H10A 120.0
C10 C9 H9 120.0 CI0A C11A C12A 120.0
C8 C9 H9 120.0 CI0A C11A H11A 120.0
C9 C10 C11 120.0 CI12A C11A H11A 120.0
C9 C10 HI10 120.0 Cl11A CI12A C7A 120.0
C11 CI10 H10 120.0 Cl11A CI12A H12A 120.0
CI10Cl11 C12 120.0 C7A C12A H12A 120.0
CI10CI11 H11 120.0 CI14A C13A C18A 120.0
Cl12 C11 H11 120.0 CI14A CI3APIA 116(2)
Cl1 C12C7 120.0 CI18A CI3APIA 124(2)
Cl1 C12 H12 120.0 CI5A C14A C13A 120.0
C7C12 HI2 120.0 CI15A CI14A H14A 120.0
Cl14 C13 C18 120.0 C13A CI14A H14A 120.0
Cl14CI3 Pl 120.4(8) C16A C15A C14A 120.0
CI18CI3 Pl 119.4(8) C16A CI5A H15A 120.0
C13 C14Cl15 120.0 CI14A CI5A H15A 120.0
Ci13Cl14H14 120.0 CI5A C16A C17A 120.0
C15C14H14 120.0 CI15A C16A H16A 120.0
Cl6 C15Cl14 120.0 C17A C16A H16A 120.0
Cl6 C15 H15 120.0 CI18A C17A C16A 120.0
Cl14 C15 H15 120.0 CI18A C17TA H17A 120.0
C17C16 C15 120.0 Cl16A C17A H17A 120.0
C17Cl6 H16 120.0 CI17A C18A C13A 120.0
C15Cl6 H16 120.0 C17A CI8A H18A 120.0
Cl6 C17 C18 120.0 CI13A CI8A H18A 120.0
Cl6 C17H17 120.0 C20A C19A C24A 120.0
C18 C17H17 120.0 C20A CI9A P2A 123(2)
C17C18 C13 120.0 C24A CI19A P2A 117(2)
C17 CI8 H18 120.0 C21A C20A C19A 120.0
C13 C18 H18 120.0 C21A C20A H20A 120.0
C20 C19 C24 120.0 CI19A C20A H20A 120.0
C20 C19 P2 118.0(10) C20A C21A C22A 120.0
C24 C19 P2 122.0(10) C20A C21A H21A 120.0
C19 C20 C21 120.0 C22A C21A H21A 120.0
C19 C20 H20 120.0 C21A C22A C23A 120.0
C21 C20 H20 120.0 C21A C22A H22A 120.0
C20 C21 C22 120.0 C23A C22A H22A 120.0
C20 C21 H21 120.0 C24A C23A C22A 120.0
C22 C21 H21 120.0 C24A C23A H23A 120.0
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C23 C22 C21 120.0 C22A C23A H23A 120.0
C23 C22 H22 120.0 C23A C24A C19A 120.0
C21 C22 H22 120.0 C23A C24A H24A 120.0
C24 C23 C22 120.0 CI19A C24A H24A 120.0
C24 C23 H23 120.0 C26A C25A C30A 120.0
C22 C23 H23 120.0 C26A C25A P2A 117.5(17)
C23C24 C19 120.0 C30A C25A P2A 122.4(17)
C23 C24 H24 120.0 C25A C26A C27A 120.0
C19 C24 H24 120.0 C25A C26A H26A 120.0
C26 C25 C30 120.0 C27A C26A H26A 120.0
C26 C25 P2 123.7(8) C26A C27A C28A 120.0
C30 C25 P2 116.2(8) C26A C27A H27A 120.0
C27 C26 C25 120.0 C28A C27A H27A 120.0
C27 C26 H26 120.0 C29A C28A C27A 120.0
C25 C26 H26 120.0 C29A C28A H28A 120.0
C26 C27 C28 120.0 C27A C28A H28A 120.0
C26 C27 H27 120.0 C30A C29A C28A 120.0
C28 C27 H27 120.0 C30A C29A H29A 120.0
C29 C28 C27 120.0 C28A C29A H29A 120.0
C29 C28 H28 120.0 C29A C30A C25A 120.0
C27 C28 H28 120.0 C29A C30A H30A 120.0
C30 C29 C28 120.0 C25A C30A H30A 120.0
C30 C29 H29 120.0 P2A C31A H31D 109.5
C28 C29 H29 120.0 P2A C31A H31E 109.5
C29 C30 C25 120.0 H31D C31A H31E 109.5
C29 C30 H30 120.0 P2A C31A H31F 109.5
C25 C30 H30 120.0 H31D C31A H31F 109.5
P2 C31 H31A 109.5 H31E C31A H31F 109.5
P2 C31 H31B 109.5 NI1A C32A SelA 177(3)
H31A C31 H31B 109.5 C37A C33A C34A 106(3)
P2 C31 H31C 109.5 C37A C33A RulA 71.5(10)
H31A C31 H31C 109.5 C34A C33A RulA 71.3(10)
H31B C31 H31C 109.5 C37A C33A H33A 127.1
N1 C32 Sel 175.5(17) C34A C33A H33A 127.1
C34 C33 C37 107.8(16) RulA C33A H33A 121.8
C34 C33 Rul 72.0(8) C35A C34A C33A 108(3)
C37 C33 Rul 72.5(8) C35A C34A RulA 71.6(10)
C34 C33 H33 126.1 C33A C34A RulA 71.1(10)
C37 C33 H33 126.1 C35A C34A H34A 125.8
Rul C33 H33 121.1 C33A C34A H34A 125.8
C35C34 C33 106.4(17) RulA C34A H34A 123.1
C35 C34 Rul 71.3(8) C36A C35A C34A 109(3)
C33 C34 Rul 70.4(8) C36A C35A RulA 70.7(10)
C35 C34 H34 126.8 C34A C35A RulA 70.9(10)
C33 C34 H34 126.8 C36A C35A H35A 125.3
Rul C34 H34 123.2 C34A C35A H35A 125.3
C36 C35 C34 111.3(17) RulA C35A H35A 124.7
C36 C35 Rul 72.4(8) C35A C36A C37A 105(3)
C34 C35 Rul 71.4(8) C35A C36A RulA 71.9(10)
C36 C35 H35 124.4 C37A C36A RulA 71.6(10)
C34 C35 H35 124.4 C35A C36A H36A 127.4
Rul C35 H35 123.4 C37A C36A H36A 127.4
C35 C36 C37 105.2(16) RulA C36A H36A 121.0
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C35 C36 Rul 70.8(8) C33A C37A C36A 111(3)
C37 C36 Rul 71.1(8) C33A C37A RulA 71.0(10)
C35 C36 H36 127.4 C36A C37A RulA 70.8(10)
C37 C36 H36 127.4 C33A C37A H37A 124.4
Rul C36 H36 122.5 C36A C37A H37A 124.4
C33 C37C36 109.2(15) RulA C37A H37A 125.3
C33 C37 Rul 70.0(8) C37A C36A H36A 127.4
C36 C37 Rul 71.5(8) RulA C36A H36A 121.0
C33 C37 H37 125.4 C33A C37A C36A 111(3)
C36 C37 H37 125.4 C33A C37A RulA 71.0(10)
Rul C37 H37 124.7
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Derivation of the rate law

> >

| k; —PPh, | k, , + PMePh, |
Ru.,l —_— Ru —_— /Ru.l'
PhaP/l “Ix k *+PPh, Php” X Phep” [ x
Ph,P Ph,MeP
1a X =NCS 2a X =NCS
3b X =SeCN 4b X = SeCN
d[2
[dta] — ky[CPRu(PPhy)CI|[PMePh,] 1)
d[CpRu(PPh;)Cl]
From the steady state approximation, dt
d[CpRu(PPh;)Cl]
— " hlla -k 1[CPRu(PPh3)CL|[PPhsy] - k,[CpRu(PPh,)CL|[PMePh,| =0 (2)
Solving for [CpRu(PPhg)Cl]:
k,[CpRu(PPh,),Cl]
[CPRu(PPhy)CI] = —— >z 3)
k_ 1[PPh3] + kZ[PMePhZ]
Substituting the [CpRu(P P h3)Cl] into equation (1):
d[2a] _ kiko[CPRu(PPh3),Cl][PMePh,] — d[1a] @
dt k_ 1[PPh3] + k,[PMePh,] dt
Where
k,k,[PMePh,]
kubs = (5)

" k_y[PPhy] + ky[PMePh,)

Rearranging equation (5):

1 k _,[PPhs] + k,[PMePh,] k _,[PPhs] k,[PMePh,] _ k _1[PPh;] 1

= + = +— (6
k,k,[PMePh,] k,k,[PMePh,] = k,k,[PMePhy]  k,k,[PMePh,] =k, ©

k

obs
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