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Experimental Section

Spectroscopic Measurement. All optical ultraviolet-visible (UV/vis) absorption spectra were
obtained using a TU-1810DSPC spectrometer of Beijing Purkinje General Instrument Co. Ltd. at room
temperature in acetonitrile, with a conventional 1.0 cm quartz cell. Emission spectra were recorded
using a F-380 spectrofluorimeter of Tianjin Gangdong Sci & Tech Development Co. Ltd., with a red-
sensitive photomultiplier tube R928F.

Electrochemical Measurement. All cyclic voltammetry (CV) measurements were taken using a
CHI620D potentiostat with one-compartment electrochemical cell under an atmosphere of nitrogen. All
measurements were carried out in 0.1 M of BusNClO4/acetonitrile at a scan rate of 100 mV/s. The
working electrode was a glassy carbon with a diameter of 0.3 mm. The electrode was polished prior to
use with 0.05 um alumina and rinsed thoroughly with water and acetone. A large area platinum wire
coil was used as the counter electrode. All potentials are referenced to a Ag/AgCl electrode in saturated
aqueous NaCl without regard for the liquid junction potential.

Computational Methods. DFT and TDDFT calculations are carried out using the B3LYP exchange
correlation functional' and implemented in the Gaussian 03 program package.” The electronic structures
of complexes were determined using a general basis set with the Los Alamos effective core potential
LanL2DZ basis set for ruthenium, and 6-31G* for other atoms in vacuum.’

Synthesis of Complex 2. To 15 mL of dry acetone were added Ru(daatpy)Cl; (67 mg, 0.1 mmol) and
AgOTTf (82 mg, 0.3 mmol). The mixture was refluxed for 2 h before cooling to room temperature. After
removing the white AgCl precipitate by filtering, the filtrate was concentrated to dryness. To the residue
were added the carbene precursor 1 (48.8 mg, 0.1 mmol), t-BuOK (56 mg, 0.5 mmol), 10 mL DMF, and
10 mL t-BuOH. The resulting system was refluxed for 24 h. After cooling to room temperature, the
solvent was removed under reduced pressure. The residue was dissolved in proper amount of methanol.
After adding an excess of KPFg, the resulting precipitate was collected by filtering and washing with
water and Et,O. The obtained solid was subjected to flash column chromatography on silica gel using

acetonitrile, saturated aqueous KNO; and water (200/1/20) as the eluent. The desired complex 2 was
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obtained as a reddish violet solid (44 mg, 43%). 'HNMR (400 MHz, CD;CN): § 0.61 (m, 10H), 0.77 (m,
4H), 2.82 (t, J = 8 Hz, 4H), 3.87 (s, 6H), 6.79 (s, 2H), 6.83 (t, J = 6.4 Hz, 2H), 7.09 (d, J = 8.8 Hz, 4H),
7.14 (d, J=4.8 Hz, 2H), 7.28 (t, J=7.6 Hz, 1H), 7.37 (d, J = 8.8 Hz, 4H), 7.48 (d, J = 7.6 Hz, 2H), 7.52
(t, J = 7.8 Hz, 2H), 7.79 (s, 2H), 7.95 (s, 2H), 8.01 (d, J = 8.4 Hz, 2H). MALDI-MS: 833.1 for [M -
PFs]". Anal. Calcd for C4;H42FsNoPRu-2.5H,0: C, 54.85; H, 5.07; N, 10.62. Found: C, 54.60; H, 4.63;
N, 10.62.

Synthesis of Complex 3. According the similar synthetic procedure for 2, complex 3 was prepared
from Ru(Mebip)Cl; and 1 as a reddish violet solid in a yield of 22%. '"HNMR (400 MHz, CD;CN): &
0.52 (m, 14H), 2.66 (s, 4H), 4.38 (s, 6H), 6.08 (d, J = 8.4 Hz, 2H), 6.61 (d, J = 2.0 Hz, 2H), 6.86 (t, J =
7.6 Hz, 2H), 7.28 (t, J = 8.0 Hz, 2H), 7.50 (t, J = 8.4 Hz, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 7.6
Hz, 2H), 7.73 (d, J = 1.6 Hz, 2H), 8.03 (t, J = 8.0 Hz, 1H), 8.69 (d, J = 8.0 Hz, 2H). MALDI-MS: 762.1
for [M - PF6]+. Anal. Calcd for C4H4FsNoPRu-3H,0: C, 51.25; H, 5.03; N, 13.12. Found: C, 51.64; H,
4.83; N, 13.26.

Synthesis of Complex 4. According the similar synthetic procedure for 2, complex 4 was prepared
from Ru(ttpy)Cl; and 1 as a reddish violet solid in a yield of 49%. "HNMR (400 MHz, CD;CN): & 0.52
(m, 14H), 2.49 (s, 3H), 2.65 (m, 4H), 6.75 (d, J = 2.0 Hz, 2H), 6.95 (m, 2H), 7.28 (d, J = 5.6 Hz, 2H),
7.36 (t, J = 8.0 Hz, 1H), 7.52 (m, 4H), 7.70 (m, 2H), 7.80 (d, J = 2.0 Hz, 2H), 8.02 (d, J = 8.0 Hz, 2H),
8.58 (d, J = 8.0 Hz, 2H), 8.93 (s, 2H). MALDI-MS: 746.1 for [M - PFs]". Anal. Calcd for
CypHpFsN7PRu-2H,0: C, 54.42; H, 5.00; N, 10.58 Found: C, 54.04; H, 4.75; N, 10.33.

Synthesis of Complex 5. According the similar synthetic procedure for 2, complex 5 was prepared
from Ru(Mestcbtpy)Cls and 1 as a green solid in a yield of 21%. "HNMR (400 MHz, CD;CN): § 0.45
(m, 14H), 2.44 (m, 4H), 3.92 (s, 6H), 4.15 (s, 3H), 6.73 (d, J = 2.0 Hz, 2H), 7.46 (t, J = 8.0 Hz, 1H),
7.49 (d, J=8.0 Hz, 2H), 7.57 (m, 4H), 7.80 (d, J = 1.6 Hz, 2H), 9.06 (s, 2H), 9.37 (s, 2H). MALDI-MS:
830.0 for [M - PF¢]". Anal. Calcd for C4;H4,F¢N;OgPRu-2H,0: C, 48.71; H, 4.59; N, 9.70. Found: C,

49.08; H, 4.42; N, 9.43.
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Figure S1. Cyclic voltammograms of (a-d) 2-5 in acetonitrile containing 0.1 M "BuyNClO, as the

i
processes of four

supporting electrolyte at a scan rate of 100 mV/s. (e): A comparison of the Ru
complexes. The working electrode was a glassy carbon and the counter electrode was a platinum wire.

The reference electrode was Ag/AgCl in saturated aqueous NaCl solution.
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Table S1. Electrochemical data of 2-5 and related complexes.

complex Eint® Ein? AEP

anodic cathodic (eV)
2 +0.33, +1.07, +1.33, +1.52° -1.64 1.97
3 +0.42, +1.26° -1.67 2.09
4 +0.51, +1.28° -1.61 2.12
5 +0.75, +1.59°¢ -1.22,-1.58 197
[Ru(Mebip)(dpb)]"  +0.43, +1.49° -1.56 1.92
[Ru(tpy)(dpb)]" +0.56, +1.60° -1.51 2.07

3The potential is reported as the E;, value vs Ag/AgCl. "The electrochemical energy gap is determined by the potential

difference between the first oxidation and first reduction wave. °Ep,anodic, irreversible.
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Figure S3. Isodensity plots of frontiers orbitals of complex 3. All orbitals have been computed at an isovalue of 0.02.
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Figure S5. Tsodensity plots of frontiers orbitals of complex 5. All orbitals have been computed at an isovalue of 0.02.
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Figure S6. Frontier orbital energy level alignment of complexes 2-5.
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Figure S7. (a) UV/vis spectra of 2-5 in acetonitrile. (b-e) TDDFT-predicted low-energy excitations of

2-5, respectively.
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Table S2. Observed absorption data and calculated excitation energy (E), oscillator strength (f), dominant contributing
transitions and the associated percent contribution and assignment of complexes 2-5.2

complex S, E/eV Emm f Amax/NM & dominant transitions
observed  (x10°Mem™) (percent contributionb)
2 1 204 6068 0.0233 HOMO - LUMO (89%)
4 223 5549 0.0337 HOMO-2 > LUMO (42%)
HOMO - LUMO+1 (51%)
5 233 351.1 0.0278 HOMO-2 - LUMO+1 (91%)
6 252 4927 0.160 520 0.139 HOMO-2 > LUMO (53%)
HOMO - LUMO+1 (32%)
7 2.88 430.1 0.0092 HOMO-3 - LUMO (94%)
3 4 214 578.1 0.0004 HOMO-2 - LUMO+1 (23%)
HOMO-1 = LUMO (76%)
5 224 553.6 0.056 HOMO-2 > LUMO (94%)
6 271 457.1 0.1255 498 0.142 HOMO-2 > LUMO+1 (55%)
7 326 380.1 0.0078 HOMO-3 > LUMO+1 (97%)
9 336 3694 0.0225 HOMO-3 > LUMO (93%)
4 4 226 548.0 0.0493 HOMO-1 - LUMO (67%)
5 229 541.1 0.0184 HOMO-2 > LUMO (60%)
HOMO-1 > LUMO+1 (36%)
6 263 4723 0.1732 502 0.143 HOMO-2 > LUMO (36%)
HOMO-1 - LUMO+1 (42%)
9 323 3833 0.0413 HOMO-1 - LUMO+2 (94%)
10 3.26 380.7 0.0117 HOMO-1 > LUMO+3 (92%)
5 2 201 6166 0.0119 HOMO-2 - LUMO (53%)
HOMO-1 - LUMO (35%)
4 224 552 0.0174 625 0.067 HOMO-2 - LUMO (20%)

HOMO-2 - LUMO+1 (29%)
HOMO-1 - LUMO (26%)
HOMO-1 > LUMO+1 (20%)

5 233 5308 0.0874 577 0.073 HOMO-2 - LUMO+1 (34%)
HOMO-1 - LUMO+1 (56%)
6 264 469.6 0.0656 508 0.084 HOMO-2 > LUMO+1 (27%)

HOMO-1 - LUMO (17%)
HOMO-1 > LUMO+1 (14%)

9 296 418.1 0.0976 424 0.175 HOMO-1 > LUMO2 (65%)
10 297 417.8 0.0545 HOMO-2 > LUMO+2 (56%)
11 3.00 413.4 0.0868 HOMO-2 - LUMO+2 (20%)

HOMO-2 > LUMO+3 (38%)
HOMO-1 - LUMO+3 (32%)

13 3.12 397.6 0.0222 HOMO-3 & LUMO (91%)

14 3.17 3909 0.0555 HOMO-2 > LUMO+3 (44%)
HOMO-1 - LUMO+3 (31%)

16 342 3629 0.0436 HOMO-3 2 LUMO+1 (86%)

3Computed at the TDDFT/B3LYP/LANL2DZ/6-31G*/vacuum level of theory. "The actual percent contribution =
(configuration coefficient)® X 2 X 100%.
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Cartesian coordinates of DFT-optimized structure of complex 2:

Charge = 1; multiplicity=1
Ru -0.00282600 -0.06759100 0.02095000
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-4.24250300
-1.17566800
1.17708800
1.20946300
0.00387300
-1.20383100
4.23763700
2.12999800
0.00555900
-2.12274000
0.87748400
0.74539900
0.97312500
0.79773500
0.51939200
0.47204500
0.62122100
0.34579300
0.65968200
0.39502900
0.19938800
0.35189900
0.20499300
-0.35072200
-0.47975900
-0.19689400
0.01283800
-0.52570900
-0.39650700
-0.18883500
-0.75036900
-0.62188300
-0.88359600
-0.33014200
-0.80014000
-0.65884700
-0.97500800
-0.00186600
-2.28416200
-3.26332300
2.28323300
3.25674100
3.62258500
2.03143900
-2.03560000
-3.62390100
4.02006300
5.27220900
-4.01913900
-5.27847400
-3.53844200
-4.03501000
-2.59225200
-4.18219600
3.52562200
2.58098200

0.84992600
2.67773400
2.68978300
4.08440900
4.76234600
4.07208300
0.89480000
4.64658000
5.84708800
4.62464900
0.50875900
-0.21474600
-1.96955300
-1.58778000
0.22674400
1.28229400
-2.46348200
-0.61132600
-3.53468400
-1.96527400
-2.83118400
-4.78420200
-4.22249600
-0.47982100
1.46108400
-2.75637300
-4.91722300
0.42341300
-1.81610700
-4.14543900
0.06649100
-2.23050400
0.83980700
-4.64766200
-1.28797200
-3.28899500
-1.60451700
-2.12712600
1.79715300
-0.12064400
1.82080000
-0.08571900
2.09451900
0.46178800
0.44029200
2.05666000
3.09664100
0.65365100
3.05473600
0.59763900
-1.54988600
-1.84595700
-2.08120700
-1.81059800
-1.51208900
-2.04603300

-0.73185200
-0.27911700
0.11536000
0.06445800
-0.16474700
-0.33949300
0.71771100
0.19620100
-0.20779000
-0.51565900
-5.13984900
-4.34228800
-5.58823600
-4.58736000
-3.04380900
-2.80148900
-3.52135100
-2.00288600
-3.68497400
-2.23392900
-1.05095800
-1.95143100
-1.03870300
2.07716700
2.75154000
1.27118400
0.18042900
3.06170900
2.39536500
1.35073100
4.38618100
3.71236200
5.13534100
2.29835200
4.71951500
3.94463500
5.74298500
0.08817200
-0.43271200
-0.53436300
0.33708200
0.59031300
0.55833000
0.35212100
-0.34381200
-0.66822800
0.58529100
0.90869300
-0.77126300
-0.89943300
-0.52354500
-1.45289100
-0.43522200
0.32308100
0.69667400
0.60760600
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4.20256500
3.98164700
-0.00044500
-0.50604900
0.30823000
-1.85393900
-0.20067800
1.34852000
-2.36439200
-2.50049400
-1.54302100
0.45451300
-3.40484200
0.56626300
-0.22675300
1.91011200
0.29886300
-1.26336600
2.43666900
2.54121600
1.63654500
-0.34023300
3.47421700
0.02210000
2.24986500
-2.14175800
1.50478700
0.64809400
2.19329800
1.15140700
-1.37548200
-0.53143800
-2.05600700
-1.00079000

-1.83473900
-1.74088100
1.96012000
-7.01393100
-7.88569500
-6.87395300
-8.61130000
-8.00814400
-7.57763000
-6.21205400
-8.45669900
-9.28496100
-7.48062900
-7.08155700
-8.02464100
-6.93699400
-8.81584300
-8.15143100
-7.70632300
-6.21940400
-8.65658000
-9.54357600
-7.60588700
-6.30263900
-9.36218700
-9.10250800
-10.35782900
-9.92174800
-10.79472800
-11.13972000
-10.02805200
-9.53483400
-10.42871400
-10.84798300

-0.10116700
1.66513200
-0.05288500
1.35799900
2.08404700
1.72723700
3.16297700
1.79774200
2.80900500
1.15786800
3.53610400
3.70264600
3.10210800
-0.85120800
-1.50836700
-1.23346500
-2.53179500
-1.21086300
-2.26138600
-0.71668400
-2.91942200
-3.01788800
-2.56354900
0.22661800
-3.90343700
4.56885100
-4.59442200
-5.12397900
-5.31882800
-3.91049900
5.33058200
5.82948100
6.08293400
4.70501800
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Cartesian coordinates of DFT-optimized structure of complex 3:

Charge = 1; multiplicity=1

OOOOOIEEOEOOOOOOEOEIEOIEEOEEIEOOOOZZZZZEOOOOEOEEIOOOOOOO?

0.00452000
-4.29540100
-1.19665000

1.18775400

1.21368300
-0.01111000
-1.23149700

4.29839900

2.14516000
-0.01460700
-2.16650800

0.00292500

0.00709500

0.01283300

0.03082900

0.03144900

0.04026700

0.05496100

0.01314700
-2.31573000
-3.29639200

2.31249200

3.30587100

3.67086400

2.06155900
-2.05584800
-3.67585000

4.07072200

5.34908700
-4.08226800
-5.34441900
-3.56927600
-4.12696100
-2.61935100
-4.15493400

3.58876200

2.64266200

4.15215100

4.17269300
-0.00210000

0.03934300

0.03780000

0.03758500

0.05182300

0.03387200

0.06255900

0.04447100

0.02315400

0.05854100

0.07355000

0.04197000

0.06652600
-0.01589500
-0.03229400
-0.04199000
-0.03831900
-0.05760300

-0.11239100
0.81891200
2.64044300
2.64724400
4.04223500
4.72382200
4.03525500
0.84374000
4.60078500
5.80872500
4.58856000

-2.89883300

-4.87960100

-4.29860700

-2.81745600

-4.95098000

-4.21590300

-4.73361700

-2.18501100

1.76497000

-0.15192700
1.77820700

-0.13297500
2.04650200
0.42252600
0.41081000
2.02530300
3.04715200
0.59700400
3.02361200
0.56605200

-1.58015200
-1.89492700
-2.11068300
-1.82321300

-1.55941800

-2.09705300

-1.86560600

-1.80282000
1.91962000

-6.03532500

-1.84661200
0.14465100

-0.79545300
1.52227600

-0.39451200
1.91894600
2.23516700
0.97361900

-1.10557400
2.97694700
1.32398500

-2.00512500

-0.08039800

-1.09050400
1.27587800

-0.78196400

0.02131400
0.03763800
-0.06207600
-0.08813000
-0.13574100
-0.14555000
-0.10908100
-0.05769900
-0.16447800
-0.18196100
-0.11748700
-1.07429100
-1.95838400
-1.04626300
1.30743000
0.18759600
1.37419300
2.32349400
0.09367300
-0.01890800
0.06180100
-0.06972400
-0.01265200
-0.09361400
-0.01899300
0.02713300
-0.01291900
-0.13308300
-0.06008300
-0.04363200
0.05877700
0.11333000
-0.77475900
0.14973700
1.00568500
0.03431200
0.06407500
-0.85306900
0.92781200
-0.05053700
0.22461200
2.39455800
3.29970200
4.35452200
3.56180800
5.69525800
4.89130300
2.74444000
5.94111700
6.51503300
5.13462800
6.96878400
-2.22548900
-3.26480700
-4.25287500
-3.62066800
-5.61804900
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-0.05372400
-0.03074800
-0.06320800
-0.06429500
-0.05845400
-0.07489300
0.02900500
0.05176600
-0.01670100
-0.03224400
0.06297900
-0.83043900
0.95909600
0.06900500
-0.04254800
0.86211900
-0.92672500
-0.07378600

1.58091800

2.04337100

0.56611700
-1.54728000

2.61989800

0.84551200
-0.53500800
-2.05077000
-0.67633700
-2.30203900
-3.31600300
-3.90587700
-3.89711200
-3.10500700
-3.61357800
-4.17767600
-4.18583100
-3.47620200

-4.97403800
-2.85475200
-5.95677200
-6.38748300
-5.28881300
-7.00593700
2.09877100
3.75895800
-2.02014500
-3.57277100
4.47918000
4.25252000
4.24070000
5.54826000
-4.20465600
-3.95749100
-3.90783900
-5.28524500
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Cartesian coordinates of DFT-optimized structure of complex 4:

Charge = 1; multiplicity=1
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0.00510100
-4.30015700
-1.20077300

1.18329600

1.20752000
-0.01891000
-1.23861600

4.30045600

2.13743500
-0.02425800
-2.17394900
-0.05170700
-0.04081800
-0.04977200
-0.03959200
-0.02766800
-0.02824100
-0.02494400
-0.01382200
-0.02343700
-0.01227700

0.00457700
-0.03685100

0.00154300

0.02881000

0.03232700

0.02293700

0.01344900

0.03888500

0.03625700

0.02604400

0.05668200

0.05417200

0.06412100

0.06252300

0.06469300

0.06041800

0.07896000

0.01341000
-2.31988300
-3.30217000

2.31099500

3.31196200

3.66843000

2.06551000
-2.06117000
-3.67985900

4.06501400

5.35212100
-4.08607600
-5.34936600
-3.57731500
-4.13600600
-2.62923700
-4.16240000

3.60119100

2.65839300

-0.02744700
0.89971500
2.72425600
2.73523800
4.12988400
4.80836000
4.11861200
0.93915300
4.69106300
5.89307100
4.67130100
0.56256200
-0.16091500
-1.91511700
-1.53427800
0.28049500
1.33582700
-2.41072500
-0.55867100
-3.48182600
-1.91194700
-2.77380800
-4.73363500
-4.16786200
-0.42124700
1.52295600
-2.69652300
-4.85664900
0.48671300
-1.75601800
-4.08980300
0.13480400
-2.16568300
0.91063200
-4.59482500
-1.21862700
-3.22302900
-1.53072400
-2.07120300
1.84529000
-0.07133900
1.86658900
-0.04110200
2.13965400
0.50895300
0.49005800
2.10590300
3.14160100
0.69650900
3.10418100
0.64742700
-1.50020500
-1.81605600
-2.03355300
-1.73861200
-1.46715700
-2.01093100

0.01944200
0.02435400
-0.07785000
-0.09753100
-0.15170400
-0.16808300
-0.13167600
-0.04308000
-0.18024500
-0.20961900
-0.14492600
-5.21362600
-4.40533100
-5.67282000
-4.65646100
-3.08763100
-2.84031600
-3.57699900
-2.03334900
-3.74548700
-2.26950500
-1.07151600
-1.97090000
-1.04718000
2.10699400
2.78427100
1.29530700
0.18058900
3.10239500
2.43306500
1.36133000
4.44691800
3.77093000
5.20511600
2.31977100
4.78907300
4.01134700
5.82857800
0.09029000
-0.03241100
0.05454800
-0.07061800
-0.00032100
-0.08744400
-0.01596700
0.02011300
-0.03021000
-0.12846600
-0.03812300
-0.06594200
0.04451000
0.11102900
-0.77574000
0.14814400
1.00477200
0.05743400
0.06977200
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4.18380000
4.16786900
0.00986500
-0.68905100
0.70308700
-0.69458500
-1.26024200
0.69613500
1.28329900
-0.00399500
-1.25219200
1.25241300
-0.03184000
0.15332300
-1.01130500
0.72048300
-0.00519000

-1.77200200
-1.70420800
-6.33629200
-7.03007600
-7.09140700
-8.42075900
-6.47783000
-8.48383100
-6.58837500
-9.17670100
-8.93069100
-9.04265400
-10.68548800
-11.06546800
-11.06899400
-11.11653300
2.00622100

-0.81758100
0.96343500
0.22519800
1.22915700

-0.73482300
1.26497000

1.97067300

-0.69098400

-1.50381600
0.30528900
2.04687300

-1.43924100

0.34085600
1.35184100
0.02718300

-0.32636100

-0.06010200
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Cartesian coordinates of DFT-optimized structure of complex 5:

Charge = 1; multiplicity=1

Ru

TTTQOITITTTQOIT T T TOOOQQZZZZZITOQIITOQOOQOQOQOOQOOQOOQOITZOITOQOOQITIZOITOQOOQOQITIIT T TOOOQOOQOQOQOQAO

0.00376300
-4.29782200
-1.19774200

1.18494700

1.21134500
-0.01386900
-1.23413800

4.29849700

2.14208000
-0.01779300
-2.16881500
-0.05623100
-0.04556300
-0.04299400
-0.03384000
-0.03545800
-0.02928900
-0.01951500
-0.02747300
-0.01752500
-0.00145600
-0.00794700

0.00168700

0.03036300

0.03504700

0.02597200

0.01726600

0.03978500

0.03650200

0.02952900

0.05409300

0.05084300

0.06082600

0.04143700

0.05934100

0.05499100

0.01070700
-2.31833000
-3.30023500

2.31191900

3.30793300

3.66981900

2.06493600
-2.06152500
-3.67799500

4.06878100

5.34939500
-4.08410300
-5.34674400
-3.57810000
-4.14384200
-2.63169800
-4.15702900

3.59674800

2.65462400

4.17825000

4.16415300

-0.04661300
0.89176700
2.71368500
2.72131700
4.11599800
4.79617200
4.10816400
0.91924600
4.67546500
5.88092800
4.66175600
0.58174000
-0.13872200
-1.51404000
0.29214200
1.34609100
-2.39654600
-0.55350200
-3.46128500
-1.90672200
-2.77573000
-4.74586300
-4.17063900
-0.43464300
1.50900300
-2.70705800
-4.83650000
0.47155000
-1.77004200
-4.09838800
0.11487800
-2.18797800
0.86860500
-4.63930200
-1.24223900
-3.24281900
-2.08005700
1.83691900
-0.07980600
1.85173000
-0.05880100
2.12169900
0.49635500
0.48323800
2.09816200
3.12276600
0.67340000
3.09664800
0.63919700
-1.50893800
-1.82177900
-2.04545200
-1.74580400
-1.48592300
-2.03057600
-1.78743200
-1.72470600

0.01385500
0.04905900
-0.06935000
-0.09743100
-0.14755800
-0.15782600
-0.11896800
-0.05453300
-0.17692700
-0.19570100
-0.12649000
-5.21650800
-4.40767700
-4.66855500
-3.08774500
-2.83536100
-3.59036300
-2.03744800
-3.79328700
-2.28392700
-1.09443600
-1.99765200
-1.08025600
2.09606000
2.78204600
1.28321800
0.15271100
3.09534700
2.42053300
1.34412800
4.43567100
3.75385100
5.21483300
2.28339300
4.77748600
3.99868300
0.07477700
-0.02080900
0.06933500
-0.07605500
-0.01274600
-0.09443800
-0.02460500
0.02664700
-0.00742700
-0.13265500
-0.05169100
-0.03676200
0.07732400
0.12665700
-0.75644500
0.15677200
1.02449800
0.04056700
0.05214100
-0.83605800
0.94538300
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-0.00378500
-0.05361800
-0.05273800
-0.06343800
0.07334400
0.08122200
0.07554400
0.02121600
0.03402700
0.00889800
-0.07319200
-0.07964600
0.81763700
-0.96472600
0.01139100
0.00092400
0.90829800
-0.87368400
0.08791500
-0.79867300
0.08788900
0.98331000

1.99422900
-2.09537600
-3.28969000
-1.14540700
-1.61478800
-0.79684100
-2.94575700
-6.32826800
-6.91809400
-6.92533800
-1.62143000
-0.72506800
-2.22287900
-2.22614800

-8.36850900
-8.67127000
-8.73747100
-8.74025000
-3.38774700
-3.02017600
-4.47610700
-3.01951300

-0.05838400
-6.04960000
-6.26764800
-6.99591100
6.22911900
7.12442000
6.40893400
0.26322700
1.32466700
-0.93989100
-8.35864100
-8.97752800
-8.55367200
-8.53983400
-0.92062100
-1.96702300
-0.41784700
-0.39925200
7.78314200
8.30483900
7.73666000
8.28907700
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1 .
H NMR of 2:
V.uh-djﬂmwl U Wl
T T T T T T T T T T T T T T T T T T T
8 ] 4 2 0 FPM
. N USER: pmr— ) 30
F1. 400.132 SW1: 11000 I [OF1: 24601 I [PTs1d 32768
EX:zg30 PU- 121 usec PD:10 sec [Na:32 [LB:00 [ WinHuts - SNME |
T T T T T T T T T T T T T T T T T T T T T T T T
8.0 75 70 a5 60 PPM
AVH00, CDICH, LW_SJTI.M_QMML
F1: 400132 [ [sW1: 11000 I [OF1: 2460.1 [PTS1d: 32768
EX: zz30 (o 10 sec [Na:32 LB 00 [ Winkiuts - SNME |
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H NMR of 3:

l l HLL__L[ L -

AV400, CDICH, W_DTLWL
F1:400.132 [ SWL: 11000 I [OF1: 24601 [PTs14: 32768
| EX: zg30 PW-12]usec  |PD10 sec [Na:32 I Winiuts - SNME_|

— T T T T T T T T T
8.5 8.0 75

IP‘ISI:L' 32768
Winhuts - SHNME. |

AV400, CDICN,
Fl: 400.132 [ SW1: 11090 I [OF1. 24601
[EX.zz30 PW- 12,1 usec PD:10 sac [r0a: 32

20



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

1 .
H NMR of 4:
_L . Wy
T T T T T T T T T T T T T T T T T T T
8 6 4 2 0 PPM
AV400_CDACH, USER: oy — DATE: Thy Mar 01 08:12:27 2012 |
F1:400.132 [ [sw1: 11000 I [OFL: 24585 I [PTS1d 32768 [
EX:zz30 [pwr 10 sec [ra: 16 1B 00 [ WinNuts - SNME |
L N
b assnmipL e i) h .
—— T T T — T — T —
oD 85 8.0 75 85 6.0 FPM
[AL400, CD3CN USERm—HAE_DTAMLDLIZZlML
F1: 400.132 [ [sw1: 11000 I [OFL: 24505 [PTS14- 32768
[ EX:zg30 [Pw- 121 usec [PD: 10 = a8 LB 00 I Windfuts - SHME. |
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"H NMR of 5:

. l \ . MJL j

T T T T T T T T T T T T T T T T T T T T T
8 ] 4 2 0 PPM
| AV400, CD3CN, USER: pmr — . 34
F1. 400.132 SW1: 11000 I [OF1: 24601 I [PTs1d: 32768
| EX: zg30 PW- 121 usec PD:10 sec [ma:16 LB 00 [ WinHuts - SNME_ |
| - i L -
e e e e I S e e e e e B S e e e e e S e I B B e e e e L i
0.5 0.0 8.5 8.0 75 7.0 8.5 PPM
| AV400, CD3CN, USER: nmr — DATE: Sat Mar 10 06:34:31 2012
Fl: 400.132 I SW1: 11090 I [OF1: 2460.1 I [PTs1d: 32768 |
EX:zgid PW: 12.] msec PD:10 =c [ra: 16 [1m:00 I WinNuts - SNME |
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