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Figure S1. (left) UV-vis spectrum (-80 °C) and (right) resonance Raman spectra (-196 °C, '°O

solid line, "*O dashed line) of [(Meschd)Cu(u-O),Pt(PPh;3);]PFs in CH,Cl,.
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Figure S2. (left) UV-vis spectrum (-80 °C) and (right) resonance Raman spectra (-196 °C, '°O
solid line, '®O dashed line) of [(Mespda)Cu(u-O),Pd(PPh;),]CF3SO; in CH,Cl,.
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Figure S3. (left) UV-vis spectrum (-80 °C) and (right) resonance Raman spectra (-196 °C, '°O

solid line, '®O dashed line) of [(Mespda)Cu(u-O),Pt(PPh;s),] CF3SO; in CH,Cl,.

S2



6000 -

e
_©

= 4000
>

=

s

(o]

§ 2000 4
@

°

=

0

400 500 600 700 800 560 580 600 620 64',10 660 680
Wavelength (nm) Raman Shift (cm™')

Figure S4. (left) UV-vis spectrum (-80 °C) and (right) resonance Raman spectra (-196 °C, '°O

solid line, "*O dashed line) of [(Meschd)Cu(u-O),Pd(PPh;),]PFs in CH,Cl,.
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Figure S5. (left) UV-vis spectrum (-80 °C) and (right) resonance Raman spectra (-196 °C, '°O
solid line, '*O dashed line) of [(iPrstacn)Cu(u-O),Pd(PPhs),]SbFs in CH,Cl,.
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Figure S6. (left) UV-vis spectrum (-80 °C) and (right) resonance Raman spectra (-196 °C, '°O
solid line, '*O dashed line) of [(iPrstacn)Cu(u-O),Pt(PPhs),]SbFs in CH,Cl..
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Figure S7. Plot showing results of spectrophotometric titration of (PPh,),PdO, with
[(LM*)Cu(NCCH;)] in THF at —80 °C. Reproduced from the supporting information in ref. 1.
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Figure S8. *'P{'H} NMR spectrum of L™**Cu(u-O),Pt(PPhs), in THF at -80 °C (* denotes
OPPh,).
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Figure S9. Experimental (left, red) and calculated (right, blue) isotope pattern for the parent ion
of [PtCuP,N,Cs7Hs,0,]", the product of the reaction of LM*Cu(u-O),Pt(PPhs), with [NH4][PF].
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Figure S10. UV-vis spectrum (-80 °C) of LM**Cu(u-O),Pt(PPhs), in CH,Cl, (solid line) and of
the solution resulting immediately after reaction with CO, (dashed line). The latter absorption
featured decayed rapidly (several min).

Complete reference 38: Gaussian 03, Revision C.02, Frisch, M. J.; Trucks, G. W.; Schlegel, H.
B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Montgomery, Jr., J. A.; Vreven, T.; Kudin,
K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi,
M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.;
Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.;
Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.;
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J.
W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V.
G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.;
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Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski,
J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.;
Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W_;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A. Gaussian, Inc., Wallingford
CT, 2004.
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Table S1. Selected experimental and calculated bond distances and angles for [Cu"'(H33m)].

Exp Calc
Cu-C 1.901 1.914
Cu-N(trans)*® 2.002 2.067
Cu-N(cis) 1.952 1.996
Cu-N(cis) 1.960 1.996
C-Cu-N(trans) 178.37 178.25
C-Cu-N(cis) 81.69 82.61
C-Cu-N(cis) 82.79 82.61
N (trans)-Cu-N(cis) 99.73 97.19
N (trans)-Cu-N(cis) 95.63 97.19
N(cis)-Cu-N(cis) 157.24 160.18

® cis and trans is referred to the Cu-C bond.
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Cartesian coordinates for all theoretical structures.
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.863595
.206246
.010082

.081326
.044636
.345515
.162810
.353597
.216931
.297739
.210706
.031353
.558687
.405462
.345370
.385423
.013790
.475770
.410080
.259395
.421551
.509183
.478494
.574072
.615353
.405846
.516071
.099845
.871230
.526913
.880705
.605464
.234093
.394167
.565864
.383916
.182961
.311635
.055125
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[y
g Qo
(g

TIToDIDoD DD OO EDn@DDonoDn DD oD TDTorgEonTDTOO000=2200

.949537
.691814
.292611
.824145
.754103
.451798
.823758
.656259
.836638
.919028
.664098
.393486
.642095
.783766
787771
.737966
.769153
.719410
.941055
.481984
.084283
.366406
.702483
.264627
.500734
.428756
.594096
.847887
.693706
.508641
.559192
.661069
.129210
.593630
.462588
.704139

=

WNNEFP WWNDDNDDNDWWWN

.354926
.008734
.394388
.784381
.829205
.146248
.593167
.673551
.967231
.158666
.752310
.141675
.033121
.494025
.110371
.744259
.464926
.999136
.159857
.421051
.767060
. 733354
.448010
.796936
.318339
.228159
.104931
.551005
.348942
.514741
.635010
.408337
.598366
.122561
.381645
.221022

-0.
-0.
-0.

0.
-0.
.238509
-0.
.228175
-0.
-0.

0.
-0.

0.
-0.
-0.

0.
-0.
-0.

0.

0.
-1.

0

0

1

-1

-1

081779
033843
362714
183730
378788

320954

035988
593495
444074
366601
409254
019252
512117
442893
332969
502575
499678
560847
592899

.583014
-0.
-0.
-1.

0.

1.

0.
-0.
.224434
1.
2.
1.
.156811
-2.

1.

416892
515289
099873
878966
547553
908500
584496

396840
591529
398143

305545
108588
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Table S2. Dichloromethane solvation free energies for 1-6.

Complex AGson (Kcal/mol)

-14.2
-10.5
-10.9
-59.5
-50.9
-54.5

ONHA,WN=

Table S3. Aqueous solvation free energies for 1-3 and 7-9.

Complex AGson (Kcal/mol)
-14.3
-9.4
-10.4
-53.0
-41.0
-41.8

OCO~NWN=

(1) Aboelella, N. W.; York, J. T.; Reynolds, A. M.; Fujita, K.; Kinsinger, C. R.; Cramer, C. J.;
Riordan, C. G.; Tolman, W. B., Chem. Commun. 2004, 1716-1717.
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