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Figure S1: 500 MHz *H NMR spectrum of [Rh!(COD)1,[u:n>:n°PhsPn] in C¢Dg
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Figure S2: 126 MHz 3C{*H} NMR spectrum of [Rh/(COD)],[u:n%:n>Ph,Pn] in CgDg
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Figure $3: 500 MHz *H-H HSQC spectrum of [Rh'(COD)1,[u:n>:n°PhsPn] in C¢Dg (Blue = H,,, Red = H,,
Light blue = H,and H,)
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Figure S4: 500 MHz stacked 'H NMR spectra of [Rh'(COD)],[u:n>:n°Ph,Pn] in C¢Dg
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Figure S5: 126 MHz stacked 3C{*H} NMR spectra of [Rh/(COD)],[u:n°:n>Ph,Pn] in CgDg
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Figure S6: 500 MHz *H NMR spectrum of [Ir'(COD)1,[u:n:n°PhsPn] in C¢Dg
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Figure S7: 126 MHz 3C{*H} NMR spectrum of [Ir'(COD)],[u:n>:n>Ph,Pn] in CsDg
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Figure S$8: 500 MHz 'H-13C HSQC spectrum of [Ir'(COD)],[u:n%:n>Ph,Pn] in CgD¢ (Blue = H,,, Red = H,,
Light blue = Hy and H,)
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Figure $9: 500 MHz stacked 'H NMR spectra of [Ir'(COD)],[u:n:n°PhsPn] in C¢Dg
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Figure $10: 500 MHz stacked *H NMR spectra of [Ir'(COD)],[u:n°:n>Ph4Pn] in CgDg
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Anti-[Rh(NBD)]>[u:n?:n°PhsPn] (3)
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Figure $11: 500 MHz *H NMR spectrum of [Rh'(NBD)],[u:n°:n°Ph4Pn] in CgDg
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Figure $12: 126 MHz 3C{*H} NMR spectrum of [Rh!(NBD)1,[u:n>:n°PhsPn] in C¢Dg

S8

T
5



L ‘. S| & [
4 I ' I o 0
1 | 1
I ) 1
. I I 10
1 | 1
] 1
: i - +20
e T v s o A o o o i e ¢
1
i : 30
1
e e e e S T e e e e e e ‘ 40
1
1
4‘ i 9 50
1
1
3 | ¢ 60
1
- 1 e B
i 70
. ;
: o
- 8o
I
-3 : ks
—1 ___________________ ‘. +100
110
H20
=3 [ of F130
140

r v T T T T T v T v T T T T T v T .
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f2 (ppm)

Figure $13: 500 MHz 'H-3C HSQC spectrum of [Rh/(NBD)],[u:n>:n°PhsPn] in C¢Dg (Blue = H,,, Yellow =
Hy, Green = H,, Red = H,)
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Figure S14: 500 MHz *H NMR spectrum of [Rh'(C,H,),]5[1:n:n°Ph,4Pn] in CgDg
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Figure S15 126 MHz 3C{*H} NMR spectrum of [Rh'(C,H,),]5[:n°:n°>Ph,4Pn] in CsDg
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Figure $16: 500 MHz *H-13C HSQC spectrum of [Rh(C,H,4),)5[u:n°:n°Ph,sPn] in C¢Dg (Blue = H,,, Green =
CH,)
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Syn-[Rh'(CO),],[u:n>:n>PhysPn] (5)
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Figure $17: 500 MHz *H NMR spectrum of [Rh'(CO),],[u:n°:n>Ph,Pn] in THF-Hg. Spectrum obtained
using the Iclgppnf2 solvent suppression pulse sequence, a double presaturation experiment during
relaxation and mixing time using two independent channels.
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Figure $18: 126 MHz 3C{*H} NMR spectrum of [Rh'(CO),],[u:n°:n>PhsPn] in THF-Hg
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Figure $19: 500 MHz *H-3C HSQC spectrum of [Rh!(CO),],[u:n>:n°Ph,Pn] in THF-Hg (Blue = H,,)

Bh ph LK Ph.,, wPh )

THF, RT
=0, CO ’ @

: 2f_”I"Rh‘co ™ R‘h R‘h Ph

oci Weo

oc Cco

JJ | “ I 1

Ph., Ph
it Ph. Ph |
P == THF, RT 2 g |
54 r‘)lc/ T ¥ ﬁo:ﬂh,co — Phgf?Pn | |
ol 0y 07" ~co oc:Rh RN
S o

&ge 1
\
/"I‘ ‘ ‘ ;F IL\
L) 1\. 5 A o \\-». ,/l'" & ~——

Ph ph LMK Ph, «Ph
_l 2 ,co THF, RT @

+ OC*RH‘.C}R"‘CO —* Py th o P

oc” oci" Wco
o - o¢ co

M, B | R

Ph.,, wPh

Ph., ~Ph
S co THF, RT 2 >
\ ChRK.

Ph “Mé Ph 4 oc‘Rh‘c‘-Rh‘CO — Ph@ﬁ:‘ o .

Ld) Lo oc” ocfh Bheg k

J{l | S Ve

T T T T y T T T T T T T T T T T T T
.0 75 7.0 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 -0.5 -1.

f1 (ppm)

Figure $20: 500 MHz stacked 'H NMR spectra of alternative [Rh'(CO),]5[u:n°:n°Ph,Pn] syntheses in
THF-Hg
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Figure S21: 126 MHz stacked 3C{*H} NMR spectra of alternative [Rh'(CO),],[u:n°:n°Ph,4Pn] syntheses
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Figure $S22: ATR-IR spectrum of solid [Rh'(CO),],[u:n°:n°Ph,Pn]
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Figure $23: ATR-IR spectrum of solid [Rh'(CO),],[u:n°:n>Ph,Pn] (expanded CO region)

—— Mg[Ph,Pn] + [Rh(CO),(u-Cl)],
100 + ——— Mg[Ph,Pn] + Rh(acac)(CO),
90
X 80+
=
i)
g 70
e
2
© 60 -
E_
50
40 -
30

1 N 1 N 1 i 1 N 1
2200 2100 2000 1900 1800
Wavenumber (cm™)

Figure S24: ATR-IR spectra of solid [Rh!(CO),],[u:n>:n°Ph,Pn] from alternative syntheses
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UV-vis spectra of 1, 5 and (Ph,Cp)Rh'(CO),
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Figure $25: UV-vis spectra of [Rh!(COD)],[PhsPn] (1.5 x 10°® M), [Rh'(CO),],[Ph,Pn] (1.5 x10® M) and
(Ph,Cp)Rh!(CO), (6.6 x 10® M)recorded in THF at 298K
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Attempted reaction of 5 with 2-2’-bipyridine
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Figure $26: 500 MHz 'H NMR spectra of attempted substitution of [Rh'(CO),],[u:n°:n>Ph,Pn] with 2,2-
bipyridine in THF-Hg
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Figure $27: 500 MHz 'H NMR spectra of attempted substitution of [Rh'(CO),],[u:n%:n°Ph,Pn] with
pyridine in THF-Hg
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Substitution of 5 with Triphenylphosphine
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Figure $28: 500 MHz *H NMR spectrum of in-situ formed [Rh'(CO),Rh(CO)(PPh;)][u:n>:n°Ph4Pn] in
THF-Hg. Spectrum obtained using the Ic1gppnf2 solvent suppression pulse sequence, a double
presaturation experiment during relaxation and mixing time using two independent channels.

THF
T
-~
[
[
[
|
il
| ‘ ‘
‘ | |
‘ L i |
il 1 ' \ I\
] 1t |
Fhaibivmyess J‘ FOSRIN ‘J'l‘l Ll JJ‘WMWMM
s
v T T v v T T T T T T T T v T T T T T T ]
0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ¢

f1 (ppm)
Figure $29: 126 MHz 3C{*H} NMR spectrum of in-situ formed [Rh'(CO),;Rh'(CO)(PPh;)][u:n>:n>Ph,Pn]
in THF-Hg
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Figure $30: 202 MHz 31P{*H} NMR spectrum of in-situ formed [Rh'(CO),;Rh'(CO)(PPhs)][u:n:n>Ph,Pn]
in THF-Hg
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Figure $31: 202 MHz 3'P{*H} NMR spectra of varying equivalents of PPh; added to
[Rh!(CO),l,[u:n*:n>Ph,Pn] in THF-Hg
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Substitution of 5 with Trimethylphosphine
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Figure $32: 500 MHz *H NMR spectrum of four equivalents PMe; added to [Rh'(CO),],[u:n°:n>Ph,sPn]
in THF-Hg. Spectrum obtained using the Iclgppnf2 solvent suppression pulse sequence, a double
presaturation experiment during relaxation and mixing time using two independent channels.
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e $33: 126 MHz 3C{*H} NMR spectrum of four equivalents PMe; added to [Rh!(CO),],[u:n>:n°Ph4Pn]

in THF-Hg

I
A4

PN AN

AP P e M AU A A

5 0 -5 <10 -15 <20 25 -30 -35 -40 45 50 -55 60 -65 -70 75 -80 -85 -90 -95 -100 -105
f1 (ppm)

Figure $34: 202 MHz 3'P{*H} NMR spectrum of four equivalents PMe; added to
[Rh!(CO),),[u:n>:n*Ph,Pn] in THF-Hg
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Figure $35: 162 MHz 31P{'H} variable temperature NMR spectra of four equivalents PMe; added to
[Rh!(CO),l,[u:n*:n>Ph,Pn] in THF-Hg
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Figure $36: 500 MHz *H NMR spectrum of four equivalents PMe; added to [Rh'(CO),],[u:n°:n°Ph,Pn]
in THF-Hg with capillary insert of TMS in THF.
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Substitution of 5 with bis(diphenylphosphino)ethane
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Figure $37: 500 MHz *H NMR spectrum of in-situ formed [Rh'(dppe),][Rh(CO),(n>Ph,Pn)] in THF-Hg.
Spectrum obtained using the lc1gppnf2 solvent suppression pulse sequence, a double presaturation

experiment during relaxation and mixing time using two independent channels.
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Figure $38: 126 MHz 3C{*H} NMR spectrum of in-situ formed [Rh'(dppe),][Rh'(CO),(n>Ph4Pn)] in THF-
Hsg
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Figure $S39: 202 MHz 3'P{*H} NMR spectrum of in-situ formed [Rh'(dppe),][Rh!(CO),(n>Ph,Pn)] in THF-
Hsg
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Figure S40: 500 MHz *H-3'P HMBC spectrum of in-situ formed [Rh(dppe),][Rh(CO),(n>Ph,Pn)] in THF-
Hs (Blue = Rh(dppe),*)
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Figure S41: ATR-IR spectrum of solid [Rh'(dppe),][Rh!(CO),(n°Ph,Pn)] (expanded CO region)

Figure S42: XRD structure of [Mg,(u-Cl)s(THF)s[Rh'(CO),(n>-PhsPn] with thermal ellipsoids at the 50%
probability level (hydrogens omitted for clarity)
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Reaction of 5 with Triphenylphosphite
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Figure $43: 500 MHz *H NMR spectrum of in-situ [Rh'(CO),;Rh'(CO)(P{OPh};)][u:n>:n°PhsPn] in THF-
Hs. Spectrum obtained using the Icl1gppnf2 solvent suppression pulse sequence, a double
presaturation experiment during relaxation and mixing time using two independent channels.
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Figure S44: 126 MHz 3C{*H} NMR spectrum of in-situ [Rh'(CO),;Rh'(CO)(P{OPh};)1[u:n>:n>Ph,Pn] in
THF-Hg
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Figure $45: 202 MHz 3'P{*H} NMR spectrum of in-situ [Rh'(CO),;Rh'(CO)(P{OPh};)][u:n>:n°PhsPn] in
THF-Hg
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Figure $46: 500 MHz *H-13C HSQC spectrum of in-situ [Rh'(CO),;Rh'(CO)(P{OPh};)]1[u:n°:n>Ph,Pnlin
THF-Hg (Blue = H,, Red = H,)
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Figure $S47: 500 MHz *H-3'P HMBC spectrum of in-situ [Rh'(CO),;Rh!(CO)(P{OPh};)]1[u:n>:n>Ph,Pn] in
THF-Hg (Blue = H,)
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Figure $48: 500 MHz *H NMR spectrum of [Rh'(CO)(P{OPh};)],[u:n>:n°Ph,Pn] in THF-Hg
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Figure $49: 126 MHz 3C{*H} NMR spectrum of [Rh!(CO)(P{OPh};)],[u:n°:n>Ph4Pn] in THF-Hg
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Figure S50: 202 MHz 3'P{*H} NMR spectrum of [Rh'(CO)(P{OPh};)]5[u:n°:n>Ph,4Pn] in THF-Hg
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Figure S51: ATR-IR spectrum of solid [Rh'(CO)(P{OPh};)],[u:n°:n>Ph,Pn]
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Figure $52: ATR-IR spectrum of solid [Rh'(CO)(P{OPh};)],[u:n°:n>Ph,Pn], expansion of CO region.

Reaction of 5 with Trimethylphosphite

Figure S53: XRD structure of E-syn-[Rh'(CO)(P{OMe};)],[Ph4Pn] with thermal ellipsoids at the 50%
probability level (hydrogens omitted for clarity)
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Figure S54: 500 MHz 'H NMR spectra of addition of P(OMe); to [Rh!(CO),],[u:n:n°Ph,Pn] in THF-Hg.
Spectra obtained using the Iclgppnf2 solvent suppression pulse sequence, a double presaturation
experiment during relaxation and mixing time using two independent channels.
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Figure S55: 202 MHz 3'P{*H} NMR spectra of addition of P(OMe); to [Rh!(CO),],[u:n>:n>Ph,Pn] in THF-
Hg
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UV-vis Spectra of 5, 6 and 11
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Figure S56: UV-vis spectra of [Rh!(CO),],[Ph,sPn], [Rh'(CO),;Rh!(CO)(PPh;)][Ph,Pn] and
[Rh!'(CO)(P{OPh};)]5[Ph,Pn] recorded at 1.5 x 10® M in THF at 298K

Near-IR Spectra of 5, 10 and 11
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Figure S57: NIR spectra of [Rh'(CO),],[Ph4Pn], [Rh'(CO),;Rh!(CO)(P{OPh};)][Ph,Pn] and
[Rh!(CO)(P{OPh};)],[PhsPn] recorded at 1.5 x 10> M in THF at 298K
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Computational Data

Methodology
DFT calculations were run with Gaussian 16 (C.01).! The Rh centres were described with the Stuttgart RECPs and

associated basis sets,? and the 6-31G** basis sets were used for all other atoms (BS1).3* Initial BP86°°
optimizations were performed using the ‘grid = ultrafine’ option, with all stationary points being fully
characterized via analytical frequency calculations as minima (all positive eigenvalues). All energies were
recomputed with a larger basis set featuring 6-311++G** on all atoms, with the exception of Rh (aug-cc-pVTZ-
PP). Natural Bonding Orbital (NBO7)”! analyses were performed on the BP86/BS1-optmised geometries with a
larger basis set featuring 6-311++G** on all atoms, with the exception of Rh (aug-cc-pVTZ-PP) within Gaussian

16 (C.01).

Breakdown of Energy Contributions
The following tables detail the evolution of the relative energies as the successive corrections to the initial SCF

energy are included. Terms used are:

AEpg SCF energy computed with the BP86 functional with BS1
AH g Enthalpy at 0 K with BS1

AGgg, Free energy at 298.15 K and 1 atm with BS1

AGBSI/THF Free energy corrected for THF solvent with BS1

AGBSI/THF +D3BJ Free energy corrected for THF and dispersion effects with BS1

AEgs, SCF energy computed with the BP86 functional with BS2

AGryp Free energy corrected for basis set (BS2), dispersion effects and THF solvent

In each case the final data used in the main article are highlighted in bold

Table S1. Relative energies for computed structures. Data in bold are those used in the main text. Free energies

are quoted relative to synthesised complexes, 4 and 5, at 0.0 kcal mol™.

AEBSI AHBSI AGBSI AGBSI/THF AGBSI/THF + D3BJ AEBSZ AGTHF
4 0.0 0.0 0.0 0.0 00 00 0.0
4-syn 1.9 26 3.6 3.8 06 24 1.2
5 0.0 0.0 0.0 0.0 00 00 0.0
5-anti 1.6 1.5 1.4 2.3 50 12 4.6
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Figure S58 — DFT optimised geometries of theoretical species, syn-[Rh(C,H,4),],[Ph4sPn] (syn-4, left) and anti-
[Rh(CO),],[Ph4Pn] (anti-5, right) using BP86-D3BJ(THF)/BS2//BP86/BS1

NBO Data

HOMO (-4.73 eV) LUMO (-2.29 eV)

Figure $59 - HOMO (left) and LUMO (right) of anti-[Rh(C,H,4),].[Ph4Pn] (4)
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HOMO (-4.63 eV) LUMO (-2.48 V)

Figure S60 - HOMO (left) and LUMO (right) of syn-[Rh(C;H,),]:[PhsPn] (syn-4)

HOMO-1 (-5.39 eV) HOMO (-5.20 eV) LUMO (-3.24 eV)

Figure S61 - HOMO-1, HOMO and LUMO of syn-[Rh(CO),],[Ph4Pn] (5)

HOMO (-5,12 eV) LUMO (-2.99 eV)

Figure S62 - HOMO (left) and LUMO (right) of anti-[Rh(CO),],[Ph,Pn] (anti-5)

Table S2. Wiberg Bond Indices (WBI) data for the DFT-optimised structures 4-syn and 5

syn-[Rh(C;Hy),],[PhsPn] syn-[Rh(CO),],[PhsPn]
Rh —Rh 0.0587 0.0448

S35



Cartesian Coordinates and Computed Energies (in Hartrees) for Calculated Structures
anti-[Rh(C,H,),);[Ph,Pn] (4) C =-2.78232 -3.07692 1.31917
SCF (BP86) Energy = -1768.49137296 H -2.00066 -3.81157 1.10126
Enthalpy 0K = -1767.856404 C 0.01751 -1.94314 1.06636
Enthalpy 298K = -1767.814975 H 0.02919 -2.81145 1.72557
Free Energy 298K = -1767.929667 C 1.19222 -1.23205 0.64446
Lowest Frequency = 16.0002 cm™ c 2.55215 -1.60230 1.09853
Second Frequency = 19.9555 cm™ C 2.90675 -2.96524 1.24897
SCF (BP86-D3BJ) Energy = H 2.19300 -3.73602 0.93845
-1768.72819232 C 4.15529 -3.33129 1.76800
SCF (THF) Energy = -1768.49977223 H 4.40853 -4.39186 1.87126
SCF (BS2) Energy = -1768.19693388 C 5.08294 -2.34465 2.14450
H 6.06038 -2.63073 2.54640
Rh -0.02738 2.02782 1.17761 c 4.74715 -0.99008 1.99657
C 0.72103 0.00006 -0.00001 H 5.45989 -0.21133 2.28744
C 1.19217 1.23215 -0.64452 C 3.49593 -0.62114 1.47941
C 2.55211 1.60245 -1.09854 H 3.24205 0.43748 1.38045
C 3.49593 0.62132 -1.47940 Rh -0.02723 -2.02789 -1.17762
H 3.24207 -0.43731 -1.38046 C 1.68779 -2.97331 -2.06837
C 4.74715 0.99031 -1.99652 H 1.53280 -4.04418 -2.24485
H 5.45992 (0.21158 -2.28739 H 2.57136 -2.74340 -1.46031
C 5.08290 2.34489 -2.14442 C 1.15444 -2.00904 -2.96718
H 6.06035 2.63100 -2.54628 H 1.62717 -1.02521 -3.07751
C 4.15522 3.33149 -1.76792 H 0.59047 -2.34048 -3.84756
H 4.40844 4.39208 -1.87116 C -1.20130 -3.66212 -1.86074
C 2.90667 2.96541 -1.24894 H -1.72999 -4.14537 -1.03122
H 2.19289 3.73616 -0.93843 H -0.61983 -4.35402 -2.48376
C 0.01744 1.94321 -1.06640 C -1.71261 -2.45650 -2.42706
H 0.02909 2.81155 -1.72557 H -1.54715 -2.21346 -3.48222
C -1.18490 1.26770 -0.62260 H -2.61742 -2.01199 -1.99759
C =-2.52620 1.70315 -1.08240
C =-2.78243 3.07686 -1.31929 syn-[Rh(C;H,),]:[Ph,Pn] (syn-4)
H -2.00078 3.81154 -1.10148 SCF (BP86) Energy = -1768.48842457
C -4.01483 3.50807 -1.82589 Enthalpy OK = -1767.852336
H -4.18551 4.57679 -1.99404 Enthalpy 298K = -1767.811293
C -5.02788 2.57756 -2.11313 Free Energy 298K = -1767.923952
H -5.99244 2.91394 -2.50700 Lowest Frequency = 22.5270 cm™*
C -4.78781 1.21295 -1.89295 Second Frequency = 36.2811 cm™*
H -5.56256 0.47339 -2.12111 SCF (BP86-D3BJ) Energy =
C -3.55224 0.78079 -1.38729 -1768.73032093
H -3.37483 -0.28566 -1.23659 SCF (THF) Energy = -1768.49648406
C -1.20134 3.66218 1.86058 SCF (BS2) Energy = -1768.19309736
H -0.061989 4.35403 2.48368
H -1.72986 4.14548 1.03098 CcC -1.18573 1.38197 -0.90876
C -1.71286 2.45661 2.42684 C 0.00272 2.20103 -0.94563
H -2.61769 2.01223 1.99727 H 0.00579 3.25829 -1.21172
H -1.54755 2.21356 3.48202 C 1.18478 1.38977 -0.69057
C 1.68764 2.97305 2.06856 C 0.72900 -0.00708 -0.70860
H 2.57123 2.74308 1.46055 C 1.18580 -1.38138 -0.90894
H 1.53277 4.04394 2.24509 C -0.00256 -2.20047 -0.94620
C 1.15412 2.00879 2.96727 H -0.00551 -3.25766 -1.21256
H 0.59012 2.34023 3.84763 C -1.18472 -1.38937 -0.69099
H 1.62676 1.02491 3.07761 C -0.72903 0.00758 -0.70872
CcC -0.74289 0.00003 0.00000 C -2.50190 1.88850 -1.36794
C -1.18486 -1.26768 0.62257 C -3.33575 1.10691 -2.20099
C -2.52613 -1.70319 1.08238 H -3.03656 0.08835 -2.46005
C -3.55217 -0.78087 1.38740 C =-4.52753 1.63203 -2.72250
H -3.37478 0.28560 1.23681 H -5.15415 1.00552 -3.36598
C -4.78771 -1.21310 1.89308 C -4.91091 2.95059 -2.43282
H -5.56247 -0.47358 2.12134 H -5.84246 3.35779 -2.83946
C -=-5.02774 -2.57774 2.11315 C -4.08440 3.74569 -1.62106
H -5.99227 -2.91418 2.50704 H -4.36828 4.77832 -1.39117
C -4.01468 -3.50820 1.82579 C =-2.89625 3.22159 -1.09490
H -4.18533 -4.57694 1.99385 H -2.25876 3.84486 -0.45914
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.57425 1.89928 -0.71073 syn-[Rh(CO),],[Ph,Pn] (5)
89619 3.10896 -1.37276 SCF (BP86) Energy = —-1907.48671547
.11491 3.65395 -1.91212 Enthalpy OK = -1907.031402
-20683  3.60783 -1.36885 Enthalpy 298K = -1906.991886
.42958 4.54328 -1.89312 Free Energy 298K = -1907.106987
22989  2.90997 -0.70624 Lowest Frequency = 19.7728 cm™
25307 3.29943 -0.70457 Second Frequency = 30.1757 cm™
.92879 1.70522 -0.05018 SCF (BP86-D3BJ) Energy =
.71734 1.14778 0.46603
.61870 1.20630 -0.05109 -1907.68722449
.39488 0.26387 0.45824 SCF (THF) Energy = -1907.49678106
.50204 -1.88763 -1.36824 SCF (BS2) Energy = -1907.26206118
.33562 -1.10588 -2.20140
.03620 -0.08736 -2.46039 C 1.21833 -1.36836 -0.91296
.52741 -1.63079 -2.72309 C 0.04646 -2.21756 -0.99351
.15383 -1.00419 -3.36667 H 0.07125 -3.28875 -1.19118
.91109 -2.94927 -2.43342 C -1.15200 -1.41976 -0.80739
.84265 -3.35629 -2.84019 Cc -0.72339 -0.01214 -0.86008
.08488 -3.74451 -1.62148 C -1.21833 1.36858 -0.91299
.36904 -4.77705 -1.39156 C -0.04651 2.21779 -0.99331
.89671 -3.22062 -1.09516 H -0.07126 3.28901 -1.19083
.25946 -3.84393 -0.45919 C 1.15197 1.41995 -0.80722
.57406 -1.89921 -0.71136 C 0.72342 0.01238 -0.86012
.89559 -3.10909 -1.37324 C 2.59068 -1.85390 -1.21535
.11412 -3.65399 -1.91240 C 3.39847 -1.17510 -2.15411
.20609 -3.60831 -1.36946 H 3.03432 -0.25138 -2.61325
.42848 -4.54391 -1.89362 C 4.65670 -1.68294 -2.51173
.22947 -2.91062 -0.70718 H 5.26908 -1.14149 -3.24015
.25255 -3.30035 -0.70561 C 5.12685 -2.87652 -1.94278
.92880 -1.70568 -0.05128 H 6.11043 -3.26940 -2.22028
.71759 -1.14833 0.46469 C 4.32810 -3.56339 -1.01267
.61883 -1.20641 -0.05203 H 4.68748 -4.49306 -0.55916
.39540 -0.26383 0.45717 C 3.07217 -3.05735 -0.65205
.11851 1.63127 1.15747 H 2.45598 -3.58258 0.08585
.11825 -1.63148 1.15716 C -2.53660 -1.95313 -0.87796
.00900 3.21111 2.01399 C -2.82927 -3.05334 -1.71510
.45335 1.97417 2.57220 H -2.03477 -3.49131 -2.32835
.39553 3.89507 2.61401 C -4.12935 -3.57673 -1.78194
.60851 3.70639 1.24020 H -4.33614 -4.42934 -2.43720
.20118 1.70488 3.60356 C -5.15958 -3.00802 -1.01685
.38711 1.53572 2.19901 H -6.17366 -3.41757 -1.06699
.44619 1.42406 2.86096 C -4.88143 -1.90912 -0.18615
.87448 2.50685 2.05064 H -5.67705 -1.45934 0.41640
.92659 1.61719 3.80643 C -3.58400 -1.38505 -0.11795
.96669 0.46521 2.81776 H -3.37207 -0.53861 0.54235
.69564 3.54412 2.35736 C -2.59071 1.85414 -1.21521
72246 2.37922 1.36800 C -3.39827 1.17580 -2.15451
.44417 -1.42660 2.86237 H -3.03392 0.25240 -2.61415
.87528 -2.50610 2.04919 C -4.65653 1.68368 -2.51198
.92400 -1.62374 3.80671 H -5.26874 1.14260 -3.24082
.96291 -0.46666 2.82269 C -5.12693 2.87684 -1.94234
.69826 -3.54468 2.35253 H -6.11054 3.26975 -2.21973
.72351 -2.37466 1.36760 C -4.32841 3.56324 -1.01168
.00778 -3.21227 2.01361 H -4.68800 4.49257 -0.55764
.45453 -1.97565 2.57063 C -3.07246 3.05715 -0.65121
.39383 -3.89494 2.61463 H -2.45642 3.58201 0.08710
.60588 -3.70897 1.23964 C 2.53656 1.95341 -0.87766
.20389 -1.70526 3.60208 C 2.82926 3.05353 -1.71489
.38847 -1.53874 2.19607 H 2.03481 3.49140 -2.32827
C 4.12934 3.57698 -1.78164
H 4.33616 4.42952 -2.43697
C 5.15950 3.00840 -1.01638
H 6.17357 3.41799 -1.06643
C 4.88131 1.90957 -0.18558
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L)
o=y

anti-[Rh(CO),],[PhsPn] (anti-5)
Energy =

SCF

Enthalpy OK
Enthalpy 298K
Free Energy 298K =
Lowest Frequency =
Second Frequency = 31.5320 cm™

SCF

SCF
SCF

o
o

[OHONON-NoN:-lNol: el Nl el HONONO N

I
OFRNNR PP, E WWO

|
o

.67689
.58390
.37192
.11907
.54570
.54547
.11902
.88807
.43172
.43137
.88793
.13322
.13317

(BP86)

ONN B UIDdWWNE OO

[
N RO

(BP86-D3BJ) Energy
(THF) Energy =

(BS2) Energy =
.00045 -2.18984 -0.
.72477 -0.00041 -0.
.18618 -1.16214 0.
.55473 -1.48089 1
.45884 -0.44893 1
.16637 0.59453 1
.72044 -0.75293 2
.40742 0.06059 2
.09875 -2.08811 2
.08530 -2.32345 2
.20544 -3.12264 2
.49503 -4.16790 2
.94509 -2.82261 1
.25638 -3.62893 1
.00029 -1.78748 1
.00042 -2.58179 2
.18573 -1.16247 O
.55419 -1.48162 1
.94447 -2.82350 1

|
N

1.

1.

0.
-1
-1

1.
1.
-2.
-1.
1.
2.
-1.
1.

45990
38545
53905

.98827
.69182

69015
98881
34822
85028
84761
34907
48427
48407

PP WWWWNhNMNDNDDNDO OO

.41710
.11747
.54288
.38709
.29961
.30020
.38694
.19116
.04708
.04802
.19096
.09147
.09155

-1907.48422317
-1907.029008

-1906.989346

-1907.68055560
-1907.49283916
-1907.26007984

-1907.104728
24.9880 cm™*

89983
00018
78020

.25693
.59031
.44441
.12447
.37908
.33210
. 74442
.00332
.15363
.47123
.19541
.31649
.06277
.78026
.25702
.47047

S38

TO@DOQO@DnOQOTDQODOOOOa-aD Qoo n QOO QmQT@

o
oy

[N CHONONONONONS]

H O WWwou oy d NN DN

.25577
.20472
.49425
.09796
.08443
.71973
.40668
.45825
.16581
.72468
.18612
.55464
.45894
.16665
.72051
.40760
.09863
.08515
.20514
.49455
.94485
.25603
.00021
.00028
.18584
.55425
.94448
.25578
.20465
.49412
.09793
.08435
.71978
.40673
.45835
.16596
.00043
.34180
.34040
.16944
17127
.34038
.34145
.16947
.17058

WWWNOODODONNDPEWWNERERNE WDN S WDN

.62959
.12393
.16930
.08963
.32525
.75429
.05902
.44990
.59366
.00069
.16182
.48042
.44850
.59495
.75248
.06105
.08761
.32292
.12215
.16739
.82212
.62846
.78713
.58134
.16220
.48124
.82310
.62921
.12350
.16885
.08919
.32480
.75389
.05946
.44953
.59403
.19065
.01268
.01173
.55896
.56058
.01093
.01230
.55817
.56067

RPN NDNDDNDDNDDNDRE

.19395
.00263
.15226
.33230
.74466
.12550
.38082
.59129
.44602
.00022
.77963
.25654
.58948
.44321
.12375
.37801
.33194
. 74434
.00360
.15434
.47139
.19588
.31603
.06241
.77975
.25673
.47044
.19396
.00277
.15262
.33233
. 74482
.12526
.38047
.59089
.44547
.89950
.90339
.90496
.52362
.52090
.90519
.90378
.52379
.52134
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Crystallographic Data
Anti-[Rh'(COD)],[u:n>:n°Ph,Pn] (1)

CccbC 2309145

Identification code s21uh9

Empirical formula Cyg Hag Rhy

Formula weight 828.67

Temperature 150.00(10) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2;/n

Unit cell dimensions a=11.0316(2) A a=90°
b = 20.0004(3) A B =96.9761(19)°
c=16.3232(3) A y=90°

Volume 3574.83(11) A3

z 4

Density (calculated) 1.540 Mg/m3

Absorption coefficient 0.958 mm™1

F(000) 1696

Crystal size 0.430 x 0.302 x 0.179 mm3

Theta range for data collection 3.236 to 27.485°

Index ranges -14<=h<=14, -25<=k<=25, -21<=[<=20

Reflections collected 32896

Independent reflections 8194 [R(int) = 0.0275]

Completeness to theta = 25.242° 99.8 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.82879

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 8194 /0/451

Goodness-of-fit on F2 1.055

Final R indices [I>2sigma(l)] R1=0.0308, wR2 = 0.0768

R indices (all data) R1=0.0363, wR2 =0.0801

Extinction coefficient n/a

Largest diff. peak and hole 2.385 and -0.392 e.A-3
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Anti-[Ir'(COD)],[u:n>:n°Ph4sPn] (2)

CCcbC 2309146

Identification code s21uh8

Empirical formula Cag Hyg Iy

Formula weight 1007.25

Temperature 150.00(10) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2:/n

Unit cell dimensions a=10.4071(2) A a=90°
b = 18.5544(5) A B =103.209(2)°
c=19.0926(4) A y=90°

Volume 3589.19(14) A3

z 4

Density (calculated) 1.864 Mg/m3

Absorption coefficient 7.442 mm-1

F(000) 1952

Crystal size 0.606 x 0.211 x 0.087 mm3

Theta range for data collection 3.328 t0 27.482°

Index ranges -13<=h<=13, -24<=k<=22, -24<=I<=24

Reflections collected 39304

Independent reflections 8218 [R(int) = 0.0504]

Completeness to theta = 25.242° 99.8%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.35394

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 8218 /0/451

Goodness-of-fit on F2 1.075

Final R indices [I>2sigma(l)] R1=0.0320, wR2 = 0.0636

R indices (all data) R1=0.0414, wR2 = 0.0676

Extinction coefficient n/a

Largest diff. peak and hole 1.484 and -2.054 e.A™3
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Anti-[Rh(NBD)]>[u:n?:n°PhsPn] (3)

CccbC 2309147

Identification code s22uh33

Empirical formula Cs4 Hsa O, Rhy

Formula weight 940.79

Temperature 150.00(10) K

Wavelength 1.54184 A

Crystal system Monoclinic

Space group 12/a

Unit cell dimensions a=10.72484(18) A o=90°
b =15.12621(19) A B = 96.9831(15)°
c=26.3385(4) A y =90°

Volume 4241.10(11) A3

z 4

Density (calculated) 1.473 Mg/m3

Absorption coefficient 6.611 mm-1

F(000) 1936

Crystal size 0.132 x 0.099 x 0.042 mm3

Theta range for data collection 5.080 to 68.248°

Index ranges -12<=h<=10, -18<=k<=18, -31<=[<=31

Reflections collected 47478

Independent reflections 3876 [R(int) = 0.0478]

Completeness to theta = 67.684° 99.9 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.68951

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3876 /72 /307

Goodness-of-fit on F2 1.147

Final R indices [I>2sigma(l)] R1=0.0893, wR2 =0.2285

R indices (all data) R1=0.0897, wR2 =0.2288

Extinction coefficient n/a

Largest diff. peak and hole 5.393 and -1.756 e.A"3
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Anti-[Rh'(CoHa),1o[1:n>:n>PhyPn] (4)

CccbC 2309148

Identification code s23uhll

Empirical formula Cyg Hsa O4 RO,

Formula weight 900.73

Temperature 150.01(10) K

Wavelength 1.54184 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=11.45331(12) A o =70.0281(12)°
b =11.67087(14) A B =85.1666(10)°
c=16.3454(2) A y =76.5215(10)°

Volume 1996.91(4) A3

Z 2

Density (calculated) 1.498 Mg/m3

Absorption coefficient 7.028 mm-1

F(000) 928

Crystal size 0.200 x 0.180 x 0.120 mm3

Theta range for data collection 3.969 to 72.932°

Index ranges -14<=h<=13, -14<=k<=14, -20<=I<=20

Reflections collected 44268

Independent reflections 7923 [R(int) = 0.0221]

Completeness to theta = 67.684° 99.9 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.62331

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 7923 /0/ 487

Goodness-of-fit on F2 1.071

Final R indices [I>2sigma(l)] R1=0.0218, wR2 = 0.0573

R indices (all data) R1=0.0222, wR2 =0.0575

Extinction coefficient n/a

Largest diff. peak and hole 0.550 and -0.589 e.A"3
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Syn-[Rh'(CO),],[u:n>:n>PhysPn] (5)

ccbc
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

YA
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

2309149
s22uh4

Csg Hay O4 Rh,
724.35
150.01(10) K
0.71073 A
Monoclinic
P24/n
a=12.7037(2) A
b =10.34448(16) A
c=22.6879(4) A
2895.92(8) A3

4

1.661 Mg/m3

1.179 mm-1
1440

0.472 x 0.421 x 0.090 mm3
3.302 t0 27.497°

a=90°
B =103.7600(16)°
y =90°

-16<=h<=16, -13<=k<=13, -29<=I<=29

44989

6633 [R(int) = 0.0305]
99.8 %

Gaussian

1.000 and 0.264
Full-matrix least-squares on F2
6633/0/379

1.111

R1=0.0231, wR2 = 0.0509
R1=0.0266, wR2 = 0.0525
n/a

0.436 and -0.299 e.A-3
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JEnFPlane

L-Rh-L Flane

Figure S63: Definition of the dihedral between L-Rh-L plane and the plane of Ph,Pn%. Value given in
main text is the average of each L-Rh-L plane (79.08° and 76.60°)
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[Rh'(CO)(PMes)4][Ph4Pn] (8)

CccbC 2309150

Identification code s22uh24

Empirical formula Ci02 H140 Os Pg Rh,

Formula weight 1899.71

Temperature 150.00(10) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=12.6981(2) A o =76.340(2)°
b = 13.2480(3) A B = 69.8125(19)°
c=17.4462(4) A y = 63.790(2)°

Volume 2459.11(10) A3

z 1

Density (calculated) 1.283 Mg/m3

Absorption coefficient 0.516 mm1

F(000) 1002

Crystal size 0.320 x 0.200 x 0.120 mm3

Theta range for data collection 3.374 to 30.550°

Index ranges -17<=h<=17, -18<=k<=18, -23<=[<=23

Reflections collected 44004

Independent reflections 13180 [R(int) = 0.0292]

Completeness to theta = 25.242° 99.8 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.97819

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 13180/ 15/ 608

Goodness-of-fit on F2 1.039

Final R indices [I>2sigma(l)] R1=0.0291, wR2 = 0.0673

R indices (all data) R1=0.0346, wR2 = 0.0699

Extinction coefficient n/a

Largest diff. peak and hole 0.850 and -0.456 e.A"3
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[Rh'(dppe),][Rh(CO),(n>-Ph,Pn)] (9)

CccbC 2309151

Identification code s22uh32

Empirical formula Ci02 H102 Os P4 Rh;

Formula weight 1753.53

Temperature 150.00(10) K

Wavelength 1.54184 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=13.9687(3) A o = 75.3403(16)°
b = 14.9315(3) A B = 87.2098(15)°
c=22.8545(4) A y = 79.4900(15)°

Volume 4534.28(16) A3

z 2

Density (calculated) 1.284 Mg/m3

Absorption coefficient 4.022 mm1

F(000) 1824

Crystal size 0.153 x 0.128 x 0.035 mm3

Theta range for data collection 3.784 to 72.980°

Index ranges -17<=h<=16, -18<=k<=17, -28<=[<=18

Reflections collected 47619

Independent reflections 17878 [R(int) = 0.0430]

Completeness to theta = 67.684° 99.9 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.82514

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 17878 /10 / 1082

Goodness-of-fit on F2 1.115

Final R indices [I>2sigma(l)] R1=0.0555, wR2 =0.1492

R indices (all data) R1=0.0636, wR2 = 0.1549

Extinction coefficient n/a

Largest diff. peak and hole 1.496 and -1.079 e.A-3

S47



[Mg5(u-Cl)3][Rh(CO),(n>-PhsPn)]

CccbC 2309152

Identification code s22uh22

Empirical formula Csg Hyg Clz Mg, Og Rh

Formula weight 1153.02

Temperature 150.00(10) K

Wavelength 1.54184 A

Crystal system Monoclinic

Space group P2,/c

Unit cell dimensions a=18.23888(15) A a=90°
b = 14.65593(8) A B = 103.8749(9)°
c=21.64988(19) A y =90°

Volume 5618.32(8) A3

z 4

Density (calculated) 1.363 Mg/m3

Absorption coefficient 4.409 mm-1

F(000) 2408

Crystal size 0.241 x 0.055 x 0.030 mm3

Theta range for data collection 3.677 to 72.955°

Index ranges -22<=h<=22, -18<=k<=11, -26<=I<=26

Reflections collected 65504

Independent reflections 11168 [R(int) = 0.0473]

Completeness to theta = 67.684° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.76675

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 11168 /36 /677

Goodness-of-fit on F2 1.023

Final R indices [I>2sigma(l)] R1=0.0316, wR2 = 0.0756

R indices (all data) R1=0.0376, wR2 = 0.0787

Extinction coefficient n/a

Largest diff. peak and hole 0.555 and -0.536 e.A"3
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[Rh(CO)(P{OPh}5)]5[1:n>:n°Ph,Pn] (11)

CccbC 2309153

Identification code s23uh3

Empirical formula Cis2 Hizg O19 P4 Rhy

Formula weight 2794.06

Temperature 150.01(10) K

Wavelength 1.54184 A

Crystal system Monoclinic

Space group P2,/c

Unit cell dimensions a=14.00549(11) A o=90°
b = 19.39104(14) A B = 106.3340(8)°
c=23.86254(18) A y =90°

Volume 6219.04(8) A3

z 2

Density (calculated) 1.492 Mg/m3

Absorption coefficient 5.282 mm-1

F(000) 2864

Crystal size 0.150 x 0.080 x 0.030 mm3

Theta range for data collection 3.861 to 73.007°

Index ranges -17<=h<=16, -23<=k<=23, -29<=[<=27

Reflections collected 61512

Independent reflections 12365 [R(int) = 0.0571]

Completeness to theta = 67.684° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.00000 and 0.87710

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 12365/216 /961

Goodness-of-fit on F2 1.052

Final R indices [I>2sigma(l)] R1=0.0316, wR2 = 0.0746

R indices (all data) R1=0.0360, wR2 =0.0773

Extinction coefficient n/a

Largest diff. peak and hole 0.528 and -0.499 e.A"3
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[Rh'(CO)(P{OMe};)]5[:n>:n>Ph,Pn] (12)

CccbC
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method
Data / restraints / parameters

Goodness-of-fit on F2
Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

2309154
s23uh12

Cyo Hgo Og P2 Rh,
916.48
150.00(10) K

1.54184 A

Monoclinic

P2,/n

a=9.87390(5) A a=90°

b =21.78333(8) A B = 102.6820(5)°
c=17.76504(7) A y =90°

3727.80(3) A3
4

1.633 Mg/m3

8.414 mm-1
1856

0.296 x 0.113 x 0.084 mm3

4.059 to 72.910°

-10<=h<=12, -26<=k<=27, -22<=I<=21
77133

7423 [R(int) = 0.0237]

100.0 %

Gaussian

1.000 and 0.554

Full-matrix least-squares on F2

7423 /0/ 475

1.127
R1=0.0201, wR2 = 0.0492
R1=0.0202, wR2 = 0.0493

n/a

0.435 and -0.365 e.A-3
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