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Experimental Section

Physical Measurements. The 'H NMR spectroscopic data were collected on a 300 MHz Varian
spectrometer. The 'H NMR spectra were referenced relative to the residual proton impurities of the
deuterated solvent (CD,;CN-d,) and the *'P-{'"H} NMR spectra were referenced to H,PO, in D,0
(30% w/w), which was used as an external reference (0 ppm). Infrared spectra were recorded as
Nujol mulls between KBr plates with a Nicolet Nexus 470 FT-IR spectrometer. Electronic
absorption (UV-vis) spectra were acquired with a Shimadzu UV-1601PC spectrophotometer.
Electrochemical data were collected using a CH Instruments analyzer. The cyclic voltammetry data
were obtained in dry CH;CN with 0.10 M [n-Bu,N][PF,] as the supporting electrolyte at 25 °C. The
E,, values [E,, = (E,, + E, )/2] were referenced to the Ag/AgCl electrode without correction for the
junction potentials. The FeCp,/[FeCp,]* couple occurs at E,, = + 048 V in CH,CN at the same
conditions used for the compounds. Elemental analyses were performed by Atlantic Microlab, Inc.
Electrospray mass spectrometry data were obtained by the Laboratory for Biological Mass
Spectrometry at Texas A&M University using a PE Sciex (Concord, Ontario, Canada) API Qstar

Pulsar with an Ionworks time-to-digital converter TDC x 4 for data recording.

Starting Materials. The precursor [RhCI(COD)], (COD: cycloocta-1,5-diene) was purchased from
Pressure Chemicals whereas [FeCp,][BF,] and [RhCI(CO),], were purchased from Sigma-Aldrich;
all reagents were used as received. Methyl isocyanide (CH;NC),' and NNNH (ditolyl-triazene)* and
the rhodium complexes [Rh(F-form)(COD)],,” [Rh(NNN)(CO),], were prepared according to
published procedures * Acetonitrile was pre-dried over 3 A molecular sieves and distilled under N,.
Dichloromethane was pre-dried over 4 A molecular sieves and distilled over P,O5 under N,. All
manipulations were conducted using standard Schlenk-line techniques unless otherwise stated. The

work-up and isolation of the products was conducted in air.

Syntheses. Preparation of cis-[Rh,(F-form),(CH,CN)[BF,], (2). A quantity of [Rh(F-
form)(COD)], (120 mg, 0.136 mmol) was added to 30 mL of CH,CL,:CH,CN (1:1 v/v) and the

red/orange solution was stirred until the solid was fully dissolved. Subsequently AgBF, (106 mg,
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0.547 mmol) was added to the solution and the color was noted to gradually change to green. The
reaction solution was stirred in the dark at room temperature for 24 h and then filtered through
Celite* to remove finely divided silver particles. The filtrate was evaporated to dryness and
redissolved in 10 mL of CH,CN (red solution). The addition of diethyl ether (40 mL) induced
precipitation of the desired product. Yield: 112 mg, 75%. Found: C, 36.67; N, 10.33; H, 3.11%.
Calc. for C;3H N, B,F,,Rh,*3CH,Cl,: C, 36.64; N, 10.43; H, 3.15 %. 6y (300 MHz; CD;CN-d;) 2.53
(12 H, s, eq CH,CN), 7.05 (16 H, m, p-difluorophenyl), 7.49 (2 H, t, NCHN, Tenn = 4 Hz). UV-vis,
A (CH;CN)/nm 254 (& x 10° /dm’® mol™ cm™ 47.5), ~312 (7.4), ~416 (0.85), ~510 (0.4). IR (Nujol
mull) vey/em™: 2334(w), 2308(m), 2276(w). Cyclic Voltammetry (CV/V, vs Ag/AgCl in ~ 0.10 M
[n-Bu,N][PF]): E,,(red), -0.47, E, ,(red), -1.26, E, ,(0x), +1.13, E, ,(0x), +1.63.

Preparation of cis-[Rh,(NNN),(CH,CN)][BF,], (3). Samples of [RhCI(CO),], (50 mg, 0.13 mmol)
and 58 mg (0.26 mmol) of NNNH were added to dry CH,Cl, (25 mL). After dissolution of the two
reactants, NEt; (45 uL, 0.32 mmol) was added to the solution which was accompanied by an
instantaneous color change from yellow to red. The reaction solution was stirred under N, for 20
minutes and evaporated to dryness. The product [Rh(NNN)(CO),], was extracted with hexanes (3 x
10 mL). The three extracts of hexanes were combined, reduced to dryness and redissolved in dry
CH,CN (30 mL). To this solution, [FeCp,][BF,] (70 mg, 0.26 mmol) was added and the mixture was
refluxed for 48 h. The solution was filtered and concentrated to 5 mL. Diethyl ether was added to
precipitate the product. Yield: 81 mg, 60%. X-ray quality crystals were obtained by slow diffusion of
diethyl ether into an acetonitrile solution of the product. Found: C, 35.71; N, 11.07; H, 3.91 %. Calc.
for C,(H,N,,B,F;Rh,*5CH,Cl,*H,0O: C, 35.60; N, 11.08; H, 3.85%. 6y (300 MHz; CD,CN-d;) 2.31
(12 H, s, CH;,tolyl), 2.52 (12 H, s, eq CH,CN), 7.11 (16 H, m, tolyl-triazenide). A

max

(CH;CN)/nm
244 (¢ x 10’ /dm’ mol”" ecm™ 19.28), 285 (13.9), ~ 463 (0.8), ~ 534 (0.2). IR (Nujol mull) vy/cm™
2330(m), 2310(m), 2280(w). CV (V, vs Ag/AgCl in ~ 0.10 M [n-Bu,N][PF]): E,,(red), -0.35
(quasi-reversible), E, ,(red), -1.22, E, ,(0x), +1.19, E, ,(0x), +1.49.
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Preparation of cis-[Rh,(DTolF),(CNCH,)(][BF,],(5). Methyl isocyanide (39 uL, 0.75 mmol)
was added to a reddish/brown slurry of cis-[Rh,(DTolF),(CH;CN),][BF,], (80 mg, 0.075 mmol)
in CH,CN (10 mL) which led to a color change to yellow. The solution was stirred under N, for
8 h, concentrated to 5 mL and then treated with an excess amount of diethyl ether to induce
precipitation of the product. The filtered solid was washed with diethyl ether (3 x 5 mL) and
dried overnight under vacuum. Yield 66 mg, 83%. X-Ray quality crystals were obtained by slow
diffusion of diethyl ether into a solution of the product in acetonitrile. Found: C, 45.11; N, 12.75;
H, 4.26 %. Calc. for C4HasN19B2FsRhy,*CH3;CNCH,Cly: C, 45.07; N, 12.86; H, 4.46 %. ¢ (300
MHz; CD,CN-d;) 2.28 (12 H, s, tolyl CH;), 2.60 (6 H, s, ax CH;NC), 3.67 (12 H, s, eq CH;NC),
702 (16 H, m, tolyl), 7.86 (2 H, t, *Jz,y = 3 Hz, NCHN). ESI-MS: m/z: 408.02 for
[Rh,(DTolF),(CNCH,);]**. A, (CH;CN)/nm 267 (¢x 10’ /dm’ mol' cm™ 46.6), ~313 (10.9),
~345 (5), ~392 (1.2), ~425 (0.76). IR (Nujol mull) vyc/em™ 2241, 2265(s). CV (V, vs Ag/AgCl
in ~ 0.10 M [n-Bu,\N][PF(]): E,,(red), -0.67, E(red), - 1.20 (irreversible), E,,(ox), +1.13,
E,,(0x), +1.43.

Preparation of cis-[Rh,(F-form),(CNCH,;)([BF,],(6). Methyl isocyanide (48 uL, 0.92 mmol)
was added to a reddish/brown slurry of cis-[Rh,(F-form),(CH,CN).][BF,], (100 mg, 0.092 mmol)
in CH;CN (10 mL) which led to the instantaneous formation of a yellow solution which was
stirred under N, for 12 h to complete the reaction and then concentrated to 5 mL. An excess
volume of diethyl ether was added to the solution to induce precipitation of 6. The resulting solid
was washed with diethyl ether (3 x 5 mL) and dried overnight under vacuum to afford the
product. Yield 81 mg, 81%. X-Ray quality crystals were obtained by slow diffusion of diethyl
ether into a solution of the product in acetonitrile. Found: C, 40.60; N, 12.06; H, 3.19 %. Calc.
for C;3H;N,(B,F,,Rh,*2H,0: C, 40.56; N, 12.46; H, 3.59 %. 6y (300 MHz; CD;CN-d;) 2.74 (6
H, s, ax CH,;NC), 3.68 (12 H, s, eq CH,NC), 7.04 (16 H, m, p-difluorophenyl), 7.84 (2 H, t, T,
= 3 Hz, NCHN). ESI-MS: 436.54 for [Rh,(F-form),(CNCH,),]*". A,,..(CH;CN)/nm 259 (¢ x 10’
/dm’ mol ™ cm™ 40.9), ~ 318 (11), ~ 340 (4.4), ~ 388 (1.9),~ 420 (0.8). IR (Nujol mull) vyc/cm™
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2233(s). CV (V, vs Ag/AgCl in ~ 0.10 M [n-Bu,N][PF]): E,,(red), -0.61, E(red),
- 1.09 (irreversible), E, ,(0x), +1.32, E(ox), +1.70 (irreversible).

Preparation of cis-[Rh,(NNN),(CNCH,)(][BF,], (7). The addition of methyl isocyanide (38 uL,
0.73 mmol) to a reddish/brown slurry of cis-[Rh,(NNN),(CH,;CN)][BF,], (78 mg, 0.073 mmol)
in CH;CN (10 mL) led to an immediate color change to yellow. The solution was stirred under
N, for 12 h and concentrated to 5 mL. Excess diethyl ether was added to the solution to induce
precipitation of the product which was collected, washed with diethyl ether (3 x 5 mL) and dried
overnight under vacuum to afford 7. Yield 66 mg, 85%. X-Ray quality crystals were obtained by
slow diffusion of diethyl ether into a solution of the product in acetonitrile. Found: C, 36.34; N,
12.44; H, 4.13 %. Calc. for C,Hs;B,F;N,;Rh,*6CH,Cl,: C, 36.56; N 12.31; H, 3.96 %. &y (300
MHz; CD,CN-d;) 2.31 (12 H, s, tolyl CH;), 2.73 (6 H, s, ax CH;NC), 3.66 (12 H, s, eq CH;NC),
7.10 (16 H, m, tolyl-triazenide). ESI-MS: [Rh,(NNN),(CNCH,),]**, 408.02. A

max

(CH3CN)/nm
232 (¢x 10° /dm® mol”" cm™ 18.3), 284 (11), 389 (1.4), ~450 (0.3). IR (Nujol mull) vy/cm”
2244(s). CV (V, glassy carbon working electrode in ~ 0.10 M [n-Bu,N][PF(]): E(red), -0.58
(irreversible), E, ,(red), - 1.18 (quasi-reversible), E, ,(0x), +1.28, E, ,(0x), +1.50.

Preparation of cis-[Rh,[Ph,P(C,H,)],(CNCH,)/][BF,], (8). Methyl isocyanide (45 uL, 0.86
mmol) was added to a solution of cis-[Rh,[Ph,P(C,H,)],(CH,CN)][BF,], (85 mg, 0.074 mmol) in
CH,CN (5 mL) which led to a color change from reddish-yellow to light yellow. The reaction
mixture was stirred for 30 min under N, and treated with diethyl ether which led to precipitation
of the desired product Yield 75 mg, 88 %. X-ray quality crystals were obtained by slow diffusion
of diethyl ether into an acetonitrile solution of the product in the dark. Found: C, 48.78; N, 7.22;
H, 407 %. Calc. for C,H,N,B,F;P,Rh,*2H,0O: C, 48.64; N 7.10; H, 4.26 %. 6y (300 MHz;
CD,CN-d;) 2.50 (6 H, s, ax CH;NC), 3.27 (6 H, s, eq CH;NC, trans to C), 348 (6 H, s, eq
CH,NC, trans to P), 6.70-7.70 ppm (28 H, m, Ph,P(C,H,)). (331P (300 MHz; CD,CN-d;; H,PO,)
2094  (Jpp=101.5 Hz). ESI-MS: {[Rh,[Ph,P(C{H,)],(CNCH,),][BF,]}* 1061.16;
{[Rh,[Ph,P(CH,)],(CNCH,),][BF,]}" 1020.13; {[Rh,[Ph,P(C,H,)],(CNCH,)][BF,]}* 979.11.
Ao (CH3CN)/nm 204 (& x 10° /dm® mol™ cm™ 120), 273 (14), ~290 (11), 362 (10). IR (Nujol
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mull) VNC/cm'1 2219(s). CV (V, vs Ag/AgCl in ~ 0.10 M [n-Bu,N][PF(]): E(red) -1.38
(irreversible), E, ,(ox) +1.23.

Discussion
Syntheses. Compounds 1-3 were prepared by oxidation of Rh(I) starting materials; 1 and 2 were

synthesized by similar procedures whereas [Rh(F-form)(COD)],, which is a precursor to 2, was
synthesized according to a method similar to [Rh(DTolF)(COD)]2.3 Subsequently, [Rh(F-
form)(COD)], was treated with an excess of AgBF,’ to afford 2 (Eq. 1):

AgBF
[Rh(F-form)(COD)], Ot e Gis[Rhy(F-form),(CHsCN)eJ[BF s Eq. 1

CH,CI,/CH;CN 2
r.t.

The compound [Rh(NNN)(CO),],, which is a precursor to 3, was prepared by a slightly modified
published procedure* as shown in Eq. 2. A slight excess of [FeCp,][BF,] was used to oxidize
Rh(I) to Rh(II) to afford 3 and ferrocene.

NNHN, NEt; [Fe(Cp).l[BF.]
[RhCICO),l, = [R(NNN)(CO)pl, > Cis-[Rhy(NNN)(CH3CN)e][BFy],  Eq.2
CH,Cl, CH3CN

3

The corresponding methyl isocyanide analogs 5-8 were prepared by substitution of the
monodentate acetonitrile ligands with methyl isocyanide in 1-4. An excess of CH;NC was used
during the syntheses of the methyl isocyanide analogs 5-8. The general synthetic route for 5-7 is
depicted in Eq. 3:
10 equ. CH3NC
cis-[Rhy(N-N)o(CH;CN)g][BF 4] > Cis-[Rhy(N-N);(CNCH;3)g][BF 4], Eq.3

CH3;CN
r.t.

A characteristic color change occurs from reddish/brown to light yellow upon addition of methyl
isocyanide to solutions of 1-3 to afford 5-7, respectively. Unlike compounds 5-7, prolonged
stirring of 8 in CH,CN leads to product decomposition as evidenced by 'H-NMR spectroscopy
(vide infra) therefore 8 was prepared by stirring 4 under N, for 30 min only, in the presence of

CH.NC.
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NMR Spectroscopic Studies. Compounds 1-8 were characterized by "H-NMR spectroscopy and
the exchange process of the monodentate ligands with the deuterated solvent (CD,;CN) was
monitored. In the aromatic region of the 'H-NMR spectra for 1-2 and 5-6, the characteristic
triplet resonances attributed to the N-CH-N groups of the formamidinate ligands appear at o 7.5-
7.9 ppm with coupling constants *Jg, 1;(N-CH-N) ~ 3-4 Hz.* For compound 3, the multiplet at &
7.11 ppm arises from the phenyl protons of the bridging [NNN] ligands, whereas for 1 and 2, the
formamidinate phenyl "H-NMR resonances appear at & ~ 7.0 ppm. The strong trans effect of the
electron-donating bridging ligands in 1-3, leads to an increased lability of the trans eq CH;CN
ligands.® The latter was confirmed by the gradual decrease of the resonance intensity
corresponding to the eq CH,CN ligands (0 ~2.50 ppm for 1-3) with a concomitant increase of the
intensity for the free CH;CN resonance (8 1.96 ppm for 1-3) in the aliphatic region of the 'H-
NMR spectrum of each complex in CD;CN. Despite the slower eq CH,;CN/CD,CN exchange rate
for 2 and 3 as compared to 1, complete exchange takes place in less than 6 h (e.g., Fig. S1, ESI
for 2). Conversely, the intensity of the resonances attributed to the ax (8 ~ 2.73 ppm) and eq
(8 ~3.66 ppm) CH,NC groups, in the 'H NMR spectra of 5-7 in CD,CN do not decrease with
time, i.e., no exchange of the CH;NC groups with the bulk CD;CN solvent is observed after one
week (e.g., Fig. S2, ESI for 5). The latter observation is attributed to the better o-donating and -
accepting abilities of CH;NC as compared to CH,CN, which lead to stronger Rh-C bonds with

the dirhodium core in 5-7.
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Fig. S1 'H-NMR spectra for 2 in CD,CN at different time intervals. (*: eq CH,CN, 7: free

CH,CN) Lower spectrum: 10 minutes after dissolution of 2. Upper spectrum: 6 hours after
dissolution of 2.
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Fig. S2 '"H-NMR spectrum of 5 in CD;CN recorded 10 min after dissolution with no changes
being observed after one week in solution.

NMR of Compound 8. The X-ray crystallographic data for the orthometalated compounds 4 and 8
revealed racemic mixtures of the R and § isomers; the Rh centers are supported by two cis
[Ph,P(C;H,)]- groups in a head-to-tail orientation. As evidenced by the 'H-NMR spectra, both
isomers exhibit the same chemical shifts due to fast rotation of the molecules in solution. The
presence of only one resonance for CH;CN in the 'H-NMR spectrum of 4, within 10 min of
dissolution, indicates fast exchange of the eq CH;CN ligands with the solvent (CD;CN), due to the
strong o-donating ability of the bridging phosphine ligands.”® In contrast, due to the decreased
lability of CH,;NC, as compared to CH,CN, and the asymmetry of the bridging ligands, the "H-NMR

spectrum of 8 displays three CH,;NC resonances at 0 3.48, 3.27 and 2.50 ppm, in a 1:1:1 ratio (Fig.
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S3, ESI), which correspond to eq CH;NC frans to the P and C atoms as well as the ax CH;NC
groups, respectively. Monitoring 8 by 'H NMR spectroscopy in CD;CN, however, revealed slow
decomposition as indicated by the disappearance of the three aforementioned CH;NC resonances at
the same rate and the concomitant appearance of a new resonance at & 3.38 ppm in the 'H NMR
spectra (Fig. S3, ESI). The *'P{'H} NMR spectrum of 8 exhibits a doublet at 8 ~ 21 ppm (Jg, p=
101.5 Hz) with the characteristic '”Rh-*'P coupling;’ the doublet decreases in intensity and after 12
h, new resonances appear in the spectrum, and increase in intensity with time (Fig. S4, ESI; spectra
at 12 h and 4 days). The instability of 8 in solution as a function of time, indicated by the NMR data,
is also corroborated by the fragmentation pattern that 8 exhibits in the MS studies. On the contrary,
the ESI-MS data for 2-7 show the main peaks corresponding to the parent species with a 2* charge
and the appropriate isotopic distributions. Sequential loss of the monodentate ligands, either CH;CN

or CH;NC, is observed in the ESI-MS of 2-7.

Fragments for compound 8 found in ESI-MS analysis: [Rh,{Ph,P(C;H,)},]**, 366.00;
[Rh,{Ph,P (CH)Y,(CNCH,]™,  384.51; [Rh,{Ph,P(C(H,)},(CNCH,),]**,  405.00;
[Rh,{Ph,P(C;H,)},(CNCH,);]**, 425.51; [Rh,{Ph,P(C;H,)},(CNCH,),]**, 446.03; [Rh,{Ph,
P(CH,)},(CNCH,);]**, 466.56; [Rh{Ph,P(C;H,)},]+H", 625.07; [Rh{Ph,P(C,H,)},(CNCH;)]+H*,
666.09; [Rh{Ph,P(CiH,)},(CNCH,),]+H", 707.13; [Rh,{PPh,P(C,H,)},(CNCH,),](BF,)",
938.08; [Rh,{Ph,P(C,H,)},(CNCH,),](BF,)*, 979.11; [Rh,{Ph,P(C,H,)},(CNCH,);](BF,)",
1020.13; [Rh,{Ph,P(C(H,)},(CNCH,),1(BF,)*, 1061.16.
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Fig. S3 Aliphatic region of the 'H-NMR spectra for 8 in CD,CN at different time intervals (in

min).
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Fig. S4°'P {'"H}-NMR spectra of 8 in CD,CN obtained at different time intervals. Spectra are

referenced to 30% H,PO, in D,O (0 ppm).
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X-Ray Crystallographic Studies. X-ray data sets for 2, 3 and 5-8 were collected on a Bruker CCD
APEX diffractometer equipped with a graphite monochromated MoK, radiation source (A = 0.71073
A). A hemisphere of crystallographic data was collected by a combination of four sets of exposure.
Each set had a different ¢ angle for the crystals, and each exposure covered 0.3° in w. The exposure
time for 5-8 was 10s whereas for 2, 3, it was 20s. Crystal decay was monitored by analyzing
duplicate reflections and was found to be less than 1%, therefore no decay correction was applied.
The frames were integrated with the Bruker AXS SAINT Software package,lo and the data were
corrected for absorption using the SADABS program in the same software package.11 The structures
were solved by direct methods and refined by using X-SEED,'? a graphical interface to the
SHELX97 suite of programs.13 In the final cycles of the refinement, all atoms except for hydrogen
were refined anisotropically.

Refinement of X-Ray Crystallographic Structures. Hydrogen atoms on the phenyl rings were
placed in geometrically optimized positions, and the bond distances and angles were idealized
during refinement with the hydrogen U values set at 1.2 times the equivalent isotropic U of the C
atoms to which they were attached. The hydrogen atoms on methyl groups were set at the

positions with the maximum electron density during the refinement, with the hydrogen U value

set at 1.5 times the equivalent isotropic U of the C atom that they were attached.
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Table 1 (Complete). Crystal and structural refinement data for 2¢Et,0, 3, 5.

2¢Et,0 3 5
Formula C,,H,N,oF,B,ORh, C,HyN,B,F¢Rh, C,,H,N,B,FgRh,
Formula weight 1162.31 1074.30 1072.33
Temperature/ K 110(2) 110(2) 110(2)
Crystal system Monoclinic Orthorhombic Orthorhombic
Space group P2./c Pbca Pbca
a,b,c/ A 11.042(2), 32.589(7), 14.135(3), 21.331(4), 14.338(3), 21.619(4),
14.243(3) 31.170(6) 31.136(6)
a, B,y ° 90, 100.66(3), 90 90, 90, 90 90, 90, 90
v/ A3 5036.5(17) 9399(3) 9651(3)
Crystal description, color red plate red block yellow plate
Crystal size/ mm3 0.04 x 0.08 x0.10 0.08 x0.10x0.13 0.02 x 0.06 x 0.25
V4 4 8 8
Dcalc./g/°m3 1.5314 1.5183 1.4758
w/ mm-1 0.74 0.78 0.76
F(000) 2336.0 4336.0 4336
260 range for data collection/® 53.62 41.63 57.24
Diffraction limits (h, k, /) -13<h<13 -14<h<14 -18<h<19
-41<k<41 21<k<21 -29<k<28
-17<1<17 -31<1<31 -41<1<39
Reflections measured 54314 57506 105468
Independent reflections R(int) = 0.0635 R(int) = 0.0248 R(int) = 0.0301
Completeness to @ max/% 99.3 99.9 95.4
Data/restraints/parameters 10690/0/630 4201 /12/588 11808/0/587
Ry," WR, [1>20(1)] R =0.0587, R =0.059, R=0.0262,
wR =0.1314 wR =0.1570 wR =0.0590
Ry,° wR,” (all data) R = 0.0852, R= 0.0677, R =0.0374,
wR =0.1435 wR =0.1719 wR = 0.0660
Goodness-of-fit parameter (all 1.052 1.193 1.059
data)‘(F)
Largest diff. peak and hole/ 0.91/-0.93 0.88/-0.65 0.83/-0.62

e.A-3
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Table 1 (continued-complete). Crystal and structural refinement data for 6°Et,0, 7, 8.

6°Et,0 7 8
Formula CiHyN oF1,B,ORb, CioHyN,B,FsRh, CoeHooN,P,B,F cRh,
Formula weight 1162.31 1074.30 2296.60
Temperature/ K 110(2) 110(2) 110(2)
Crystal system Monoclinic Orthorhombic Monoclinic
Space group P2./c Pbca Pbca
a,b,c/A 11.110(2),31.777(6), 14.126(3), 21.399(4),  22.272(4), 22.161(4),
14.195(3) 31.434(6) 22.409(4)
a, B, vl 90, 101.13(3), 90 90, 90, 90 90, 119.43(3), 90
v/ A3 4917.3(17) 9502(3) 9633(3)
Crystal description, color Yellow block Yellow plate Yellow block
Crystal size/ mm3 0.05x0.10 x 0.11 0.13x 0.10 x 0.03 0.16x0.12x 0.11
b4 4 8 4
Dealc/ g/cm3 1.5698 1.5017 1.5833
u/ mm-1 0.76 0.77 0.82
F(000) 2336 4336.0 4624
26 range for data 50.02 49.46 54.64
collection/?
Diffraction limits (h, k, /) -13<h<13 -16<h<16 -28<h <28
-37<k<37 -25<k<25 -28 <k<28
-16<l<16 -36<1<36 -28<1<28
Reflections measured 44350 83459 107654
Independent reflections R(int) = 0.0359 R(int) = 0.0885 R(int) = 0.0443
Completeness to @ max/% 100 100 99.5
Data/restraints/parameters 8664/ 0/630 8110/0/587 21603/0/1256
R, wR,” [I>20(1)] R =0.0374, R =0.0443, R =0.0328,
wR =0.0914 wR =0.1010 wR =0.0899
Ry,° wR,” (all data) R = 0.0480, R = 0.0680, R =0.0459,
wR =0.0981 wR =0.1133 wR =0.0978
Goodness-of-fit parameter 1.038 1.019 1.060
(all data)”
Largest diff. peak and hole/ 1.08/-0.66 1.08/-1.09 0.62/-0.78

e.A‘a

R=Z| [Fo| = |Fe| |/ | Fo|. "WR = {2 [W(F,? - F2)’)/ Sw(F.YI}"2. “Goodness-of-fit = {< [w(F,’
- FCZ)Z]/(n—p)}l/Z, where n is the number of reflections and p is the total number of parameters

refined.
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cis-[Rh,(F-form),(CH,CN),)][BF,],°Et,O (2°Et,0), (2). A thermal ellipsoid plot of the cationic

unit in 2 is shown in Fig. S5. The dirhodium unit is bridged by two [F-form]- ligands in a cis
arrangement with six CH;CN ligands occupying the remaining Rh(II) coordination sites. The Rh-
Rh bond distance is 2.571(1) A which is comparable to 1 and the compounds cis-
[Rh,(DTolF),(bpy)(CH;CN);][BF,], and cis-[Rh,(DTolF),(bpy),(CH,CN)][BF,],.° The Rh-N [F-
form]” and Rh-N (eq CH,CN) distances are in the ranges 2.024(4)-2.052(5) and 2.032(5)-
2.043(5) A, respectively. The previous distances are similar to 1 but longer than the
corresponding distances in cis-[Rh,(O,CCH,),(CH;CN)][BF,],."* As in the case of 1 and cis-
[Ir,(DTolF),(CH,CN)][BF,],," a splaying of the four eq CH,CN ligands occurs. The [F-form]
groups are twisted by 18.0(2)° from the eclipsed conformation and the eq CH,CN groups are
twisted by 22.8(2)° due to the steric constraints imposed by the bridging ligands.

Fig. S5 Thermal ellipsoid plot for the cationic unit in 2 at 50% probability level. Selected bond distances
(A) and angles (°): Rh1-Rh2 2.571(1), Rh1-N9 2.251(4), Rh1-N1 2.038(5), Rh1-N5 2.032(5), Rh1-N6
2.040(5), Rh2-N2 2.046(5) , Rh2-N4 2.024(4). Colors for thermal ellipsoids: C: gray, N: dark blue, F:
light blue, Rh: teal.

cis-[Rh,(NNN),(CH;CN)(I[BF,],, (3). The cationic unit in 3 is shown in Fig. S6. The Rh-Rh
bond distance is 2.5135(9) A, which is slightly shorter than the Rh-Rh distance in cis-

[Rh,(NNN),(CH,CN),(bpy)][PF,]," (2.534(2) A). The Rh-N (eq CH,CN) bond distances are in
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the range 1.996(7)-2.024(6) A and are comparable to the corresponding distances in 1, 2 and cis-
[Rh,(NNN),(CH,CN),(bpy)][PF],.** The Rh-N triazenide bond distances are in the range
2.011(6)-2.024(6) A, and are slightly shorter than the corresponding ones in 1, 2 and Rh-N (N
trans to eq bpy in [NNN]-) and comparable to the Rh-N ([NNNJ-, trans to eq CH,CN) in cis-
[Rh,(NNN),(CH,CN),(bpy)][PF,],. The eq CH,CN groups and the bridging ligands ([NNN]-) are

twisted by ~23.0° and ~20.3°, respectively, from the eclipsed configuration.

Fig S6. Thermal ellipsoid plot for the cationic unit in 3 at 50% probability level. Selected bond distances
(A) and angles (°): Rh2-Rh1 2.5135(9), Rh2-N12 2.202(7), Rh2-N6 2.011(6), Rh2-N10 1.996(7), Rh2-
N9 2.024(6), Rh1-N4 2.023(6), Rh1-N11 2.225(7), Rh1-N1 2.024(6), Rh1-N7 2.007(8). Colors for
thermal ellipsoids: C: gray, N: dark blue, Rh: teal.
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CP

b=

R

Scheme S1. R and S enantiomers of dirhodium orthometalated phosphine complexes.”'”'®

Fig. S7 Thermal ellipsoid plot of 8-R at the 50% probability level. All the hydrogen atoms and
the anions have been omitted for clarity. Selected bond distances A), angles (°) and dihedral

angles (°): Rh3-Rh4 2.766(1), Rh3-P3 2.3056(8), Rh3-C67 2.099(3), Rh3-C95 2.033(3), Rh3-
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C85 2.005(3), Rh3-C91 2.011(3), Rh4-P4 2.3076(8), Rh4-C49 2.096(3), Rh4-C87 2.019(3),
Rh4-C89 2.004(3), Rh4-C93 2.040(2), Rh4-Rh3-C95 174.50(8), Rh3-Rh4-C93 175.20(8), Rh4-
C89-N9 172.5(2), Rh4-C93-N12 171.9(2), Rh4-C87-N10 175.9(3), Rh3-C95-N11 173.7(3),
Rh3-C85-N8 173.1(2), Rh3-C91-N7 177.3(3), C67-Rh3-Rh4-P4 21.08(8), P3-Rh3-Rh4-C49
21.19(8), C85-Rh3-Rh4-C487 30.7(1), C91-Rh1-Rh2-C89 31.8(1).

Structural Details about cis-[Rh,[Ph,P(CH,)],(CNCH,)[BF,],, (8). The Rh-P bond lengths
(2.30 10\) for both isomers of 8 are ~0.10 A longer than Rh-P in cis-
[Rh,[Ph,P(C(H,)],(O,CCH,),]*2CH;CO,H and cis-[Rh,(O,CCH,),[Ph,P(C{H,)],]*2C;H;N,” and
~0.05 A longer than in 4. The Rh-C bond lengths (2.07 A; bridging phosphine) in 8 are ~0.07 A
longer than the corresponding distances in cis-[Rh,[Ph,P(C;H,)],(O,CCH,),]*2CH,CO,H, cis-
[Rh,(O,CCH,),[Ph,P(C,H,)],]*2CH;N and 4."8which is attributed to the strong trans influence
of the Rh-C (eq CNCH;) bonds on the bridging orthometalated ligands (Table 6 of main paper).
The bridging phosphine groups exhibit considerably smaller twist angles from an eclipsed
conformation than the CH,;NC groups, with dihedral angles -21.29(8)° and -20.47(8)° in 8-S.
Likewise, for 8-R, they are 21.08(8)° and 21.19(8)°. These distortions are similar to those
encountered in 4, but larger than the angles in cis-[Rh,[Ph,P(C,H,)],(O,CCH,),]*2CH,CO,H,
wherein the acetate bridging groups are twisted by ~ 12.22° from the eclipsed conformation.

Computational Studies. DFT calculations were performed on the cationic units of 1-8 in an
attempt to gain further insight into their structural, electrochemical and electronic absorption
properties. The graphical representations of the optimized structures are shown in Fig. S§;
detailed structural parameters are listed in Table S1. In general, the good agreement of the bond
lengths and angles with the X-ray data indicates that the level of theory and the basis sets that
were used are reliable. The structural parameters of the optimized metal complexes closely
resemble those experimentally found by X-ray crystallography. In 1-3, the Rh-Rh bond distances
in the cationic units are ~ 0.09 A shorter than the distances in 5-7. Moreover, a significant
decrease of the Rh-L bond distances (L. monodentate ligand, L: CH,CN in 1-3, L: CH,;NC in 5-7)
was also successfully predicted by the calculations for the pairs 1/5, 2/6, 3/7. The Rh-Rh bond

distance in the optimized cationic unit of 4 is comparable to the crystal structure, whereas in 8, it
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is by ~ 0.05 A longer than the experimentally determined value. In 4, slightly longer Rh-N bond
distances (eq CH;CN, trans to C) than the Rh-N bond distances (eq CH,CN trans to P) were also
successfully predicted, indicating the stronger trans influence imposed by the Rh-C bond. For 8,
the Rh-C (ax CNCH;) and Rh-C (eq CNCH,) bond distances are very similar, in agreement with
the X-ray diffraction data. The calculated dihedral angles w for 1-8, defined by the equatorial

ligands and the two Rh centers, are slightly higher than those in the crystal structures but within a

similar range.
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Table S1. Important bond distances (A) and dihedral angles (°) for the optimized (with the

solvation model in CH,CN) and crystallographically determined structures of 1-8.

Calculated X-ray Data
1 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.5759 2.5653(7)
RhI-N1 2.0396 2.020(4)
RhI-N3 2.0444 2.029(5)
Rh2-N2 2.0439 2.043(4)
Rh2-N4 2.0383 2.043(5)
RhI-N5 2.0428 2.023(5)
Rh1-N6 2.0479 2.030(5)
Rh2-N7 2.0487 2.020(5)
Rh2-N8§ 2.0433 2.024(5)
Rh1-N9 2.2183 2.214(6)
Rh2-N10 2.2183 2.247(5)
Dihedral angles (°) Dihedral angles (°)
N1-Rh1-Rh2-N2 18.122 18.2(2)
N3-Rh1-Rh2-N4 18.110 18.4(2)
N5-Rh1-Rh2-N7 26.633 21.3(2)
N6-Rh1-Rh2-N8 26.589 22.5(2)
Calculated X-ray Data
2 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.5688 2.571(1)
RhI-N1 2.0462 2.038(%)
RhI-N3 2.0484 2.052(5)
Rh2-N2 2.0337 2.046(5)
Rh2-N4 2.0340 2.024(4)
RhI-N5 2.0411 2.032(5)
Rh1-N6 2.0463 2.040(5)
Rh2-N7 2.0512 2.043(5)
Rh2-N8§ 2.0472 2.034(5)
Rh1-N9 2.2191 2.251(4)
Rh2-N10 2.2311 2.195(4)
Dihedral angles (°) Dihedral angles (°)
N1-Rh1-Rh2-N2 20.714 18.0(2)
N3-Rh1-Rh2-N4 21.659 18.0(2)
N5-Rh1-Rh2-N7 29.547 22.8(2)
N6-Rh1-Rh2-N8 30.452 22.8(2)
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Table S1. continued

Calculated X-ray Data
3 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.521 2.5135(9)
Rh1-N4 2.042 2.023(6)
RhI-N1 2.039 2.024(6)
Rh1-N7 2.049 2.007(8)
Rh1-N8 2.048 2.004(6)
RhI-N11 2.214 2.225(7)
Rh2-N3 2.042 2.017(6)
Rh2-N6 2.039 2.011(6)
Rh2-N9 2.047 2.024(6)
Rh2-N10 2.048 1.996(7)
Rh2-N12 2.214 2.202(7)
Dihedral angles (°) Dihedral angles (°)
N3-Rh1-Rh2-N1 23.8 20.2(2)
N6-Rh1-Rh2-N4 23.8 20.6(2)
N7-Rh1-Rh2-N9 34.2 22.7(3)
N8-Rh1-Rh2-N10 34.2 23.0(3)
Calculated X-ray Data
4 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.6576 2.655(1)
Rh1-P1 2.2770 2.228(2)
Rh1-Cl1 2.0289 2.024(5)
RhI-N1 2.1490 2.131(5)
Rh1-N2 2.1169 2.127(5)
RhI-N5 2.2083 2.202(6)
Rh2-P2 2.2777 2.232(7)
Rh2-C2 2.0294 2.05(1)
RhI-N3 2.1169 2.104(6)
Rh1-N4 2.1500 2.142(6)
Rh1-N6 2.2092 2.196(6)
Dihedral angles (°) Dihedral angles (°)
P1-Rh1-Rh2-C2 -22.704 -23.0(2)
C1-Rh1-Rh2-P2 -22.759 -21.1(5)
N1-Rh1-Rh2-N3 -34.329 -32.3(2)
N2-Rh1-Rh2-N4 -34.386 -31.7(2)
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Calculated Experimental
> Bond distances (A) Bond distances (A)
Rh1-Rh2 2.6635 2.6262(4)
Rh1-N1 2.1099 2.093(2)
RhI-N3 2.1107 2.094(2)
Rh2-N2 2.0983 2.078(2)
Rh2-N4 2.0980 2.081(2)
Rh1-Cl 1.9420 1.935(2)
Rh1-C2 1.9431 1.948(2)
Rh1-C5 1.9466 1.949(2)
Rh2-C3 1.9463 1.939(2)
Rh2-C4 2.0618 2.080(2)
Rh1-C6 2.0622 2.099(2)
Dihedral angles Dihedral angles (°) Dihedral angles (°)
N1-Rh1-Rh2-N2 19.942 17.79(6)
N3-Rh1-Rh2-N4 20.968 17.97(6)
C1-Rh1-Rh2-C3 29.341 20.48(8)
C2-Rh1-Rh2-C4 30.233 20.99(8)
Calculated X-ray Data
6 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.6648 2.6105(9)
RhI-N1 2.0993 2.097(3)
RhI-N3 2.1004 2.080(3)
Rh2-N2 2.1125 2.081(3)
Rh2-N4 2.1107 2.094(3)
Rh1-Cl 1.9475 1.947(3)
Rh1-C2 1.9469 1.951(4)
Rh1-C5 2.0662 2.074(4)
Rh2-C3 1.9431 1.954(4)
Rh2-C4 1.9442 1.937(4)
Rh1-C6 2.0665 2.1344)
Dihedral angles (°) Dihedral angles (°)
N1-Rh1-Rh2-N2 20.624 18.1(1)
N3-Rh1-Rh2-N4 19.600 17.2(1)
CI1-Rh1-Rh2-C3 28.747 21.6(2)
C2-Rh1-Rh2-C4 29.716 23.5(2)
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Table S1. continued

Calculated X-ray Data
7 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.614 2.5860(6)
Rh2-C39 2.066 2.094(5)
Rh2-C31 1.946 1.949(5)
Rh2-C33 1.937 1.946(5)
Rh2-N1 2.113 2.091(4)
Rh2-N4 2.110 2.088(4)
Rh1-N6 2.095 2.077(4)
RhI-N3 2.105 2.068(4)
Rh1-C37 2.064 2.097(5)
Rh1-C29 1.949 1.939(5)
Rh1-C35 1.951 1.949(5)
Dihedral angles (°) Dihedral angles (°)
N3-Rh1-Rh2-N1 -20.8 18.9(1)
N6-Rh1-Rh2-N4 -22.5 19.8(1)
C35-Rh1-Rh2-C33 -32.2 21.8(2)
C29-Rh1-Rh2-C31 -32.2 21.0(2)
Calculated X-ray Data
8 Bond distances (A) Bond distances (A)
Rh1-Rh2 2.8157 2.7682(6)
Rh1-P1 2.3524 2.2929(9)
Rh1-Cl 2.1121 2.090(3)
Rh1-C3 1.9820 2.000(3)
Rh1-C4 2.0053 2.007(2)
Rh1-C7 2.0049 2.023(4)
Rh2-P2 2.3544 2.3077(9)
Rh2-C2 2.1127 2.078(2)
Rh2-C5 2.0047 2.026(3)
Rh2-C6 1.9809 2.009(2)
Rh2-C8 2.0033 2.037(4)
Dihedral angles (°) Dihedral angles (°)
P1-Rh1-Rh2-C2 -20.302 -21.29(8)
P2-Rh1-Rh2-C1 -20.181 -20.47(8)
C4-Rh1-Rh2-C6 -33.599 -29.4(1)
C3-Rh1-Rh2-C5 -33.512 -35.9(1)
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Computational Studies (continued). Density Functional Theory (DFT) calculations were
performed using the Gaussian09, Revision B.01 program package.'® The B3LYP hybrid
functional incorporating the Becke three-parameter (B3) exchange functional * and the
correlation functional of Lee, Yang and Parr (LYP)*' with the Pople-type basis set 6-311G+(d")*
were used for the C, N, H atoms of CH,;CN and CH,NC, which were calculated in the gas phase.
DFT calculations were performed on the cationic units of 1-8. The mPW1PW91 correlation and
exchange functionals® with the Stuttgart RSC 1997 Electron Core Potential (ECP)* basis set
were used for the Rh atoms and the 6-31G (d”) basis set® for the C, N, F, P and H atoms. The
coordinates from the X-ray crystal structures of the cationic units 1-3, 5-7 (without the anions)
were used as starting points for the geometry optimizations. The S isomers from the cationic
units of the crystal structures were used for the calculations of 4 and 8. Frequency calculations
were performed on 1-8 to confirm that the fully optimized structures were global minima, which
is the case for 1-6 and 8. For 7, however, an imaginary mode was located at -14 cm”,
corresponding to the rotation of one methyl group on the triazenide ligand; this issue, however,
did not have a notable effect on the results of the TD-DFT calculations. Based on the gas phase
optimized structures for compounds 1-8, a non-equilibrium Time-Dependent Density Functional
Theory (TD-DFT)* method at the same level, associated with a Polarizable Continuum?®’
solvation Model (PCM), was applied in CH;CN. The first thirty lowest singlet-to-singlet
excitations were included in the TD-DFT calculations for the gas phase and the solvation model.
For all the compounds, there are slight hypsochromic shifts of the electronic transitions between
the gas phase and the solvation model, which are ascribed to the destabilization of the doubly
charged compounds in the polarized solvent. The MOs were plotted by using the Agui graphical
user interface”™ with an iso-value 0.04 and the detailed analyses for the composition of the

orbitals were obtained through the Chemissian program http://www .chemissian.com.
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Table S2. Bond Character of Orbitals, Energy Levels (eV) and Orbital Compositions (%) for the

Dirhodium Units of 1 and 5.

1 5
Energy (eV)  Orbital Composition Energy (eV)  Orbital Composition
8 HOMO-16 -8.85 43 (DTolF) HOMO-16 -9.05 51 Rh
42 Rh 24 (eq CH;NC)
15 (eq CH,CN) 22 (DTolF)
n  HOMO-15 -8.49 72 Rh HOMO-15 -8.88 58 Rh
18 (DTolF) 19 (DTolF)
5 (eq CH;CN) 12 (eq CH;NC)
11 (ax CH,NC)
n  HOMO-14 -8.30 80 Rh HOMO-14 -8.73 63 Rh
9 (eq CH;CN) 19 (eq CH;NC)
8 (DTolF) 12 (DTolF)
7 (ax CH;NC)
8 HOMO-13 -7.83 79 Rh HOMO-13 -8.46 71 Rh
13 (DTolF) 16 (eq CH,NC)
8 (eq CH;CN) 12 (DTolF)
x* HOMO-6 -7.28 78 Rh HOMO-12 -8.10 81 Rh
11 (DTolF) 9 (eq CH,NC)
9 (ax CH;CN) 7 (ax CH;NC)
n* HOMO-5 -7.25 88 Rh HOMO-11 -8.08 83 Rh
5 (DTolF) 8 (eq CH;NC)
6 (ax CH;NC)
o HOMO-4 -7.21 78 Rh HOMO-2 -6.76 51 Rh
13 (ax CH,CN) 26 (ax CH;NC)
14 (DTolF)
9 (eq CH;NC)
HOMO* -5.75 71 (DTolF) HOMO -5.97 80 (DTolF)
27 Rh 15 Rh
o* LUMO -2.11 66 Rh LUMO -1.84 63 Rh
12 (DTolF) 13 (DTolF)
16 (ax CH,CN) 14 (ax CH;NC)
6 (eq CH,CN) 10 (eq CH;NC)

“Not a dirhodium-based orbital.
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Fig. S9 Diagrams of the MO levels for the dirhodium units in 2 and 6 with visualization of the

corresponding orbitals generated by Agui (iso-value=0.04).
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Fig S10. Representation of the orbital interactions between Rh,(0*), pmt lone pairs on the bridging

ligand and the low lying n*orbital on the CH3NC ligands.
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Table S3. Bond Character of Orbitals, Energy Levels (eV) and Orbital Composition (%) for the

Dirhodium Units in 3 and 7.

3 7
Energy (eV) | Orbital Composition Energy (eV) | Orbital Composition
8* | HOMO-11 | -7.68 51 (NNN) HOMO-18 -9.32 43 Rh
44 Rh 28 (NNN)
25 (eq CH;NC)
T HOMO-16 | -8.63 74 Rh HOMO-17 -9.19 63 Rh
12 (NNN) 14 (NNN)
11 (eq CH,CN) 12 (eq CH;NC)
11 (ax CH;NC)
T HOMO-15 | -8.52 49 Rh HOMO-16 -9.03 63 Rh
42 (NNN) 20 (eq CH;NC)
8 (eq CH;CN) 12 (NNN)
5 (ax CH5;NC)
b HOMO-13 | -8.27 78 Rh HOMO-15 -8.88 71 Rh
13 (eq CH;CN) 22 (eq CH;NC)
9 (NNN) 6 (NNN)
n* | HOMO-10 | -7.54 86 Rh HOMO-13 -8.28 64 Rh
6 (NNN) 21 (NNN)
9 (eq CH;NC)
6 (ax CH;NC)
n* | HOMO-9 -7.54 86 Rh HOMO-12 -8.28 53 Rh
6 (NNN) 32 (NNN)
11 (eq CH;NC)
o | HOMO-8 -7.42 45 (NNN) HOMO-2 -6.92 46 Rh
40 Rh 24 (ax CH;NC)
13 (ax CH,CN) 22 (NNN)
7 (eq CH;NC)
HOMO -5.87 79 (NNN) HOMO -6.13 86 (NNN)
20 Rh 12 Rh
o* | LUMO -2.32 66 Rh LUMO -2.06 65 Rh
15 (ax CH,CN) 16 (NNN)
12 (NNN) 11 (ax CH;NC)

7 (eq CH;CN)

9 (eq CH;NC)
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Table S4. Composition (%) of Selected Frontier Molecular Orbitals, Derived from TD-DFT

Calculations for 1-8.

1 2 3 4
91 (DTolF) 80 (F-form) 92 (NNN) 54 [Ph,P(C.H,)]
HOMO-2 7 Rh 17 Rh 7 Rh 40 Rh
HOMO-1 93 (DTolIF) 90 (F-form) 94 (NNN) 51 [Ph,P(C.H,)]
5 Rh 8 Rh 46 Rh
HOMO 71 (DTolF) 69 (F-form) 79 (NNN) 638 Rh
27 Rh 29 Rh 20 (Rh) 20 [Ph,P(C¢H,)]
10 (ax CH,CN)
LUMO 66 Rn 66 Rh 66 Rh 55 Rh
16 (ax CH,CN) 15 (ax CH,CN) 15 (ax CH,CN) 29 [Ph,P(C4H,)]
7 (eq CH,CN) 12 (F-form) 12 (NNN) 11 (ax CH,CN)
7 (eq CH,CN) 7 (eqCH,CN) 5 (eq CH,CN)
LUMO+1 43 Rh 43 Rh 44 (NNN) 61 [Ph,P(C.H,)]
35 (DToIF) 37 (F-form) 39 (Rh) 33 Rh
21 (eq CHiCN) 20 (eq CH,CN) 16 (eq CH,CN) 6 (eq CH,CN)
LUMO+2 45 Rh 44 Rh 60 (NNN) 63 [Ph,P(C.H,)]
33 (DToIF) 35 (F-form) 36 Rh 29 Rh
22 (eq CHCN) 21 (eq CH,CN) 7 (eq CH,CN)
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Table S4. Continued

5 6 7 8

51 Rh 52 Rh 46 Rh 76 [Ph,P(CeH,)]
HOMO-2

26 (ax CH3NC) 26 (ax CH;NC) 24 (ax CH;NC) 21 Rh

14 (DTolF) 13 (F-form) 22 (NNN)

9 (eq CH;NC) 9 (eq CH;NC) 7 (eq CH;NC)
HOMO-1 86 (DTolF) 86 (F-form) 90 (NNN) 86 [Ph,P(CsHy)]

11 Rh 10 Rh 7 Rh 13 Rh
HOMO 80 (DTolF) 80 (F-form) 86 (NNN) 59 Rh

15 Rh 15 Rh 12 Rh 18 (ax CH;NC)

15 [Ph,P(CeHy)]
9 (eq CH;3NC)

LUMO 63 Rh 63 Rh 65 Rh 52 Rh

14 (ax CH;NC) 14 (ax CH;NC) 16 (NNN) 26 [PhyP(CeHy)]

13 (DTolF) 14 (F-form) 11 (ax CH;NC) 11 (eq CH3NC)

10 (eq CH3NC) 9 (eq CH3NC) 9 (eq CHsNC) 11 (ax CH;NC)
LUMO+1 43 Rh 44 Rh 47 (NNN) 60 [Ph,P(CeH,)]

34 (DTolF) 34 (F-form) 35 Rh 35 Rh

21 (eq CH3NC) 21 (eq CH;NC) 16 (eq CH;NC)
LUMO+2 41 Rh 41 Rh 51 (NNN) 49 [Ph,P(CeH,)]

36 (DTolF) 36 (F-form) 38 Rh 47 Rh

19 (eq CH3NC) 19 (eq CH3NC) 8 (eq CH;3NC)
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Table S5. Bond Character of Orbitals, Energy Levels (eV) and Orbital Composition (%) for the
Dirhodium Units in 8.

8
Energy (eV) Orbital Composition
T HOMO-20 -8.59 68 Rh
14 (eq CH3NC)
12 [PhoP(CsHa)]
6 (ax CH3NC)
T HOMO-19 -8.53 67 Rh

13 (eq CH;NC)
13 [PhoP(CsHa)]
8 (ax CH;NC)

0 HOMO-18 -8.38 49 Rh
28 [PhoP(CsHa)]
21 (eq CH3NC)

o* HOMO-17 -8.35 56 Rh
22 [PhoP(CsHa)]
18 (eq CH;NC)

¥ HOMO-14 -7.89 55Rh
29 [PhoP(CsHa)]
10 (eq CH;NC)
6 (ax CH;NC)
¥ HOMO-13 -7.81 79 Rh

8 [PhoP(CeHa)]
7 (ax CH;NC)
6 (eq CH3NC)

o HOMO -6.17 59 Rh

18 (ax CH;NC)
15 [PhoP(CsHa)]
9 (eq CH3NC)

o* LUMO -1.67 52 Rh

26 [PhoP(CsHa)]
11 (eq CH3NC)
11 (ax CH;NC)
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Fig. S11 Diagram of the MO levels for the dirhodium unit in 8 with visualization of the

corresponding orbitals generated by Agui (iso-value = 0.04).
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Fig. S12 Overlay of the experimental and calculated electronic absorption spectra (in solvation

model with CH,CN as solvent) for 1-4.
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Fig. S13 Comparisons of the experimental and calculated electronic absorption spectra (in

solvation model with CH,CN as solvent) for 5-8.
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Fig. S14 Visualization of the frontier molecular orbitals mainly involved in the electronic

transitions for the DFT calculations of 1-4 (iso-value 0.04).
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Fig. S15 Visualization of the frontier molecular orbitals mainly involved in the electronic
transitions for the DFT calculations of 5-8 (iso-value 0.04).
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Table S6. Excited states calculated by TD-DFT/PCM (CH,CN as the solvent) with major
transitions* involved in the excitations, transition coefficients, vertical excitation energies (nm),
and oscillator strengths (f) for 1 and 2.

state excitations 1 E/nm f excitations ? E/ nm f
1 H ->L 94.1% | 538 0.0015 H >L 93.6% 525 0.0011
2 H-6 ->L 30.2% | 441 0.0099 H-1 >L 22.3% 442 0.0019
H-1 ->L 39.8%
3 H-5 >L 88.3% | 435 0.0001 H-5 >L 64.2% 436 0.0001
H-4 ->L 20.51%
4 H-6 ->L 22.5% | 424 0.0201 H-1 ->L 21.84% 419 0.0150
H-1 ->L 37.0% H ->L+1 44.81%
5 H-1 ->L 204% | 417 0.0001 H-1 >L 50.20% 411 0.0066
H >L+1 58.9% H ->L+1 27.31%
6 H >L+2 73.6% | 405 0.0153 H ->L+2 67.97% 399 0.0097
7 H-1 >L+1 82.2% | 332 0.0001 H-1 >L+1 58.27% 333 0.0305
8 H-13 >L 22.8% | 330 0.0404 H-15 >L 17.00% 330 0.0268
H-2 ->L 27.2% H-12 >L 12.88%
9 H-14 ->L 32.9% | 326 0.0010 H-13 ->L 27.34% 326 0.0064
10 H-13 >L 27.0% | 325 0.0044 H-13 ->L 36.90% 323 0.0016

* Dlcoefficient> 0.2
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Table S7. Excited states calculated by TD-DFT/PCM (CH,CN as the solvent) with major
transitions* involved in the excitations, transition coefficients, vertical excitation energies (nm),
and oscillator strengths (f) for § and 6.

state excitations : E/ nm f excitations ° E/ nm f

1 H-1 ->L 20.17% 413 0.0016 H ->L 77.15% 409 0.0011
H ->L 75.05%

2 H-1 ->L 75.81% 392 0.0154 H-1 >L 78.10% 387 0.0167
H ->L 20.77%

3 H >L+1 74.6% 348 0.0259 H ->L+1 76.39% 345 0.0211

4 H >L+2 68.89% 337 0.0037 H ->L+2 70.46% 334 0.0044

5 H-1 >L+1 63.51% 334 0.0501 H-1 >L+1 64.84% 331 0.0386

6 H-1 >L+2 68.86% 326 0.0192 H-1 >L+2 69.27% 324 0.0146

7 H-12 ->L 21.07% 301 0.1654 H-12 ->L 29.91% 301 0.1480
H-2 >L 44.98% H-2 ->L 38.4%

8 H-11 >L 43.58% 298 0.0189 H-11 ->L 65.98% 299 0.0234

9 H-2 >L+1 50.98% 296 0.0403 H-2 >L+1 46.97% 296 0.0192

10 H-12 ->L 26.65% 295 0.0349 H-12 ->L 25.90% 295 0.1088
H-3 >L 24.71% H-2 >L 25.93%

2lcoefficientl> 0.2
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TD-DFT Calculation Analysis for 3 and 7. The lowest energy transition in 3 is of the same
character as the transitions in 1 and 2 and it occurs at A 538 nm (f = 0.0006) (Table S8, ESI).
The second set of absorption bands in the region 440-450 nm corresponds to transitions from
HOMO, HOMO-1 to LUMO, LUMO+1 orbitals. The excited states 4, 5 centered at A ~ 425 nm,
with low oscillator factors, mainly are Rh,(st%)—Rh,(0*) transitions. In the region 340-380 nm,
the bands are anticipated to be strong and originate from HOMO, HOMO-1 to the low-lying
orbitals including LUMO+1 to LUMO+4 orbitals. Similarly to 5 and 6, the first two electronic
transitions for 7 are mainly HOMO and HOMO-1 to LUMO occurring at A = 413 and 388 nm (f
=0.0024 and 0.0008, respectively). These hypsochromic shifts, as compared to 3, are also due to
the larger HOMO-LUMO energy gap. The excited states 3-5 arise from HOMO, HOMO-1 to
LUMO+1 and LUMO+2 transitions in the region 360-340 nm, and have similar characters and

energies to those in 5 and 6.
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Table S8. Excited states calculated by TD-DFT/PCM (CH,CN as the solvent) with major
transitions involved in the excitations, transition coefficients, vertical excitation energies (nm),
and oscillator strengths (f) for 3 and 7.

state excitations ; E/ nm f excitations : E/nm f

1 H->L 94.15% 538 0.0006 H->L 91.41% 413 0.0024

2 H ->L+1 62.21% 452 0.0030 H-1->L 90.98% 388 0.0008

3 H-1>L 56.63% 437 0.0029 H->L+1 81.08% 361 0.0298

4 H-10 >L 81.03% 430 0.0003 H-1 ->L+1 72.77% 349 0.0060

5 H-9 >L 61.44% 424 0.0005 H->L+2 75.31% 336 0.0028

H-1->L 24.54%

6 H ->L+4 69.52% 382 0.0107 H-2 ->L 47.27% 325 0.0282
H-1 >L+2 30.88%

7 H-1 >L+1 88.11% 366 0.0006 | H-2 ->L+1 63.75% 318 0.0078

8 H ->L+2 94.51% 347 0.0198 | H-1->L+2 36.39% 315 0.0853

9 H ->L+3 44.82% 340 0.1346 | H->L+3 52.51% 302 0.2781

10 H-10 ->L+1  48.22% 331 0.0428 H-13 >L 34.27% 302 0.0175
H-3 >L 30.09%

2lcoefficientl> 0.2
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Table S9. Excited states calculated by TD-DFT/PCM (CH,CN as the solvent), with major
transitions involved in the excitations, transition coefficients, vertical excitation energies (nm),
and oscillator strengths (f) for 4 and 8.

state excitations : E/ nm f excitations : E/ nm f
1 H-4 ->L 24.82% 442 | 0.0223 | H->L 87.54% 346 0.2222
H->L 48.85%
2 H-3 >L 67.17% 441 0.0000 | H->L+1 83.60% 312 0.0012

H-1->L 22.08%

3 H-3 >L 22.51% 364 | 0.0012 | H->L+2 67.77% 306 0.0183
H-1->L 64.24%

4 H-4 ->L 32.91% 359 | 0.0074 | H-2->L 72.75% 294 0.0007
H-2 >L 34.18%
H ->L 20.00%
5 H-14 >L 15.07% 327 | 0.1063 | H->L+2 20.60% 290 0.0108
H-2 ->L 18.65% H ->L+3 38.38%
6 H-17 ->L 22.26% 322 | 0.0027 | H-13 ->L 65.68% 288 0.0021
7 H-2 >L 26.04% 317 | 0.1262 | H-3->L 50.27% 287 0.0349
8 H->L+1 44.44% 312 | 0.0017 | H-1->L 43.00% 285 0.0959
H->L+3 22.18%
9 H ->L+2 29.04% 308 | 0.0009 | H->L+4 79.91% 284 0.0010
10 H-3 >L+1 32.76% 299 | 0.0056 | H->L+5 80.72% 269 0.0007

* 2|coefficient> 0.2
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Table S10. The V(CN) (cm™) for the CH3CN Stretches in the Free Ligand and 1-4.

Compound v(CN) (cm™)
CH,CN 2253
1 2326(w), 2303(m), 2276(w)"
2 2334(w), 2308(m), 2276(w)"
3 2330(m), 2310(m), 2280(w)*
4 2314(m), 2286(sh), 2268(m)"
[Rh,(CH,CN),.][BF,],” 2300(w), 2317(m), 2342(m)°

[Rhy(CH,CN), J[CE,SO.l.>  2286(m), 2316(w), 2345(m)°
“Nujol mull, KBr. ” Ref. * “Nujol mull, CsI.
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