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Figure S1: Variable temperature '"H-NMR spectra for Mo complex 4 performed in
chloroform in the available temperature range for this solvent. Up to down: +45, +25,

+5, -10, -25, -40, and -55 °C.
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Theoretical Methods

Geometry optimization. Stationary points were characterized by frequency analysis.
All the calculations were carried out using the Gaussian 03 program package.' Due to
the large size of the compounds (from 125 to 129 atoms), the optimization of their
structures was carried out using the two layer basis set’ scheme shown in figure S2. For
the HTIMP3 ligand, the 6-31g(d) level was used. The B3PW91° functional was used to
optimize the model systems. In agreement with its NMR spectra, the optimization of the

structure of 1 was performed using a C3 symmetric coordination environment.

1: 6-31g(d)
M: Lanl2dz ecp
1-a rest: 3-21g 2-a

Figure S2

NMR Chemical Shift Calculations. The B3LYP functional together with a locally
dense basis set’ scheme were used to calculate the '"H-NMR chemical shielding.* 'H-

NMR-GIAO calculations were carried out using the three layer basis set scheme shown

in the figure S3. TMS B3LYP/6-311++g(2d,2p) was used as 'H-NMR reference.

! Gaussian 03, Revision D.02, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J.
R. Cheeseman, J. A. Montgomery, Jr., T. Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. Iyengar,
J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M.
Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H.
Nakai, M. Klene, X. Li, J. E. Knox, H. P. Hratchian, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, P. Y. Ayala,
K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg, V. G. Zakrzewski, S. Dapprich, A. D. Daniels,
M. C. Strain, O. Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q.
Cui, A. G. Baboul, S. Clifford, J. Cioslowski, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I.
Komaromi, R. L. Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, M.
Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M. W. Wong, C. Gonzalez, and J. A. Pople, Gaussian,
Inc., Wallingford CT, 2004.

Basis  Set  Exchange: A  Community  Database  for  Computational  Sciences
Schuchardt, K.L.; Didier, B.T.; Elsethagen, T.; Sun, L.; Gurumoorthi, V.; Chase, J.; Li, J.; Windus, T.L.
J. Chem. Inf.- Model., 2007, 10.1021/ci600510j.

3 Becke, A. D. J. Chem. Phys. 1993, 98, 5648. Perdew, J. P.; Wang, Y. Phys. Rev. B. Condens. Mater.
Phys. 1992, 45, 13244,

4 Zhang, Y.; Lewis, J. C.; Bergman, R. G.; Ellman, J. A.; Oldfield, E. Organometallics 2006, 25, 3515,
and reference 18 within.
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5 1: 6-31g(d) 01// 1\
F1 2: 6-311++g(2d,2p) 0
1-a M: Lanl2dz ecp 2-a

rest: 3-21g
Figure S4

AIM analysis.” The electron density p(r) parameter was analysed by using the model

compounds shown in figure S4.

F M: DGDZVP )
1-a rest: 6-31g(d) 2-a
Figure S3

In AIM analysis, the topological properties of the electron density p(r) are explored to
define the bond path between bonding (o interacting) atoms. A critical point (CP) is
defined when the gradient field Vp(r)=0 and classified according to the eigenvalues of
the Hessian matrix. The critical points are defined by rank and signature. For rank = 3
(number of non-zero eigenvalues of the Hessian matrix), the critical points have 4
different values of signature (algebraic sum of signs of eigenvalues). At the (3,-3) CP,
local maximum, all curvatures of p(r) are negative; it corresponds to a nucleus. At the
(3,-1) CP, two curvatures are negative (maximum) and one is positive (minimum); it
corresponds to a bond critical point (BCP). The trajectory that belongs to the positive
curvature is the bond path connecting the two bonded atoms. Two nuclei are considered

to be linked by a chemical bond if they have the corresponding (3,-1) BCP. The points

> Bader, R. F. W. Atoms in Molecules: A Quantum Theory, Oxford: New York, 1990. Bader, R. F. W. J.
Phys. Chem. A, 1998, 102, 7314. Bieger-king, F. AIM2000, Version 1.0; University of Applied Science:
Bielefeld, Germany. For a detailed discussion of AIM see the Supporting Information.
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(3, +1) (3,+3) are defined as the ring critical point (RCP) and the cage critical point
(CCP), respectively.

The nature of the bond can be characterized by the analysis of the BCP. The electron
density, ps, the Laplacian V*py and the electronic energy density, (kinetic, potential and
total energy density, Gy, Vy and Hy, respectively) at the critical point give the properties

of the bonding interaction.
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Figure S5. HOMO-5 in complex 4 (isovalue 0.01 a.u.). The hydrogen atom involved in the M---H

interaction is highlighted in a red cycle.
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Optimized coordinates for compound 1

atom
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X

.58461600
.87427000
.68756100
.30548100
.97050800
.36169900
.46536700
.80978300
.67891300
.00804400
.00983100
.62449000
.59607500
.44374800
.59616000
.85072300
.64297500
.97499500
.23663200
.69206400
.99388400
.43756600
.03047900
.91839800
.83514800
.21702600
.64122600
.68381400
.92717400
.46030400
.08740500
.06640000
.88111800
.11873700
.83132900
.10323100
.47525300

Y

.46316300
.46295800
.00103200
.92506900
.53077400
.46501600
.06998600
.23702500
.31262600
.00069100
.00088700
.73359600
.23364500
.48318200
.21569800
.12468300
.62386700
.02239800
.06514900
.66717300
.54332400
.75935000
.65627600
.43637600
.72142900
.61839200
.21958900
.63385500
.79889500
.37307800
.48083700
.69343800
.46815600
.03653600
.30326400
.99822000
.76359300

V4

.68311500
.68340000
.67481700
.55968300
.56052400
.55802300
.32934800
.33156300
.33288900
.97707100
.12305600
.99799900
.24841100
.68439300
.05190400
.75312400
.25618700
.06777800
.05740500
.65677200
.66597200
.71931400
.02351100
.69350800
.22536700
.24644000
.05489200
.54553800
.03133300
.31693200
.00816600
.04614000
.07099300
.47920600
.57180600
.58484200
.00172000
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95]
o0

3

-1.

4

-3

-2.

2.
-1.
-3.

2.
.31437600
.63201100

0.

1.
-2.
.73045600
.62358600
.55115300
.23876900
3.
6.
.27776800
-2.
.28655400

-4
1

-6
4
4

-2

-1

-2

-6.
-1.
.86997700
.36381800
.43974300
.78616200
.05042400
.55416400
.52100600
.13299600
.07456900
.92366900
.37512000
.49765400
.67740400
.28455700
.68711300
.56871600
.61329200
.55212200
.56108500
.60335800
.88815900
.27885500
.15200300
.65985900
.38268400
.78145300
.14088800
.58366200
.67367800
.35673700
.09377600
.73110900
.31199000
.76939500
.91367300
.94679700

AP DNONWWNEONWU UTWE

.70933000

17320600

.51762600
5.
.57905300

98345400

88236300
19200200
99124100
01643600
05048000

09302200
80641900
98077100

84234500
00199800

18621500

09351400
09550900

-2
3
4

-3

3
-2

-5.
.47793900
.73903600
-6.
.29509300
.60513600
.19489300
.07081800
.39850400
.65124200
.27450100
.34483400
.91459300
.84959700
.67489900
.77754600
.61514000
.81751000
.97816200
.16523800
.34952200
.59202600
.29895700
.58471100
.35601600
.25854400
.19919300
.25012100
.76079000
.49665900
.86528600
.70758200
.22907000
.10331400
.28911800
.33460500
.18614300
.01432200
.62849600
.24435500
.47308200
.82863700
.27576900
.55485300
.88620700
.37215100
.50462400
.17299100
.23141100
.77996400
.56553900
.31955800
.30107500
.34090800

4
-1

.85358800
.51760300
.27532800
0.
.51463000
3.
.58591300
.42632000

02148200

87110600

18031400

07712500

.53033400
.00714200
.27586000
.27136000
.57740600
.71782600
.04697900
.58017400
.27456700
.02976600
.58805500
.30405700
.62612500
.31149600
.30269800
.76774500
.23869200
.62742800
.65858000
.75472100
.22023700
.58459500
.24437500
.32742700
.35005500
.18142600
.07094100
.78934400
.80266400
.69047800
.49038100
.67471400
.20982400
.44356100
.31930200
.30730500
.19291300
.52780000
.79272800
.92982100
.23661700
.18403700
.08567400
.01737800
.02931000
.11735700
.23024500
.08818100
.00046900
.06113400
.29972700
.55994500
.83224500
.13159500
.35336800
.60460300
.30348000
.30915900
.15152100
.49363800
.75240800
.90281600
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.86378700
.00962300
.15992300
.02822700
.28214000
.24544900
.68182000
.20814900
.12297300
.55037900
.71081800
.43091500
.99314000
.34693500
.55375900
.69135000
.60558900
.41982400
.09983200
.58267600
.01112200
.47512300
.19980000

-2
-2
-1
-3
-4

-5

-3.
-1.
.64228400
-4.
-3.
.36451800
.57593300
.43029500
.45714400
.38440400
.27567900
.56390100
.76687400
.94264200
.18330600
.77398600

-2

-2

.00994300
.41656600
.53793100
.30014600
.79014900
-6.
.32005500

12463300

18211900
14645400

01239300
86780600

.24422700
.30872800
.30609000
.17104300
.49658900
.75487800
.90927600
.23531100
.17709300
.09880400
.05116800
.07213200
.15734600
.60251200
.89640900
.08733300
.35168900
.62330700
.53809900
.48816100
.27582200
.77523600
.11387300
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Optimized coordinates for compound 2

atom

o]
Q,
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S10

X

.01182800
.41148200
.47692400
.93437100
.86210000
.72315400
.21805800
.08007500
.73620100
.65541800
.53413800
.96778900
.36254100
.20363900
.04852700
.72948500
.34470100
.01807600
.46653600
.95625000
.14326500
.09121200
.10041300
.17202800
.36418300
.09728900
.55839000
.59914500
.48193800
.55594600

-1

-0
-0

-1

Y

.20302900
.69130500
-1.
-1.
.05499700
-0.
.00206200
-1.
-1.
.99994700
.36502900
.78213500
.43668700
.44286400
.19462900
-1.
.77063600
.52818900
.53983900
-1.
-3.
.44453200
.93789100
-1.
.83432600
.99387000
.45034000
.54812800
-1.
.94734900

42346100
45588100

08853800

15803400

05425400

92147100

27484900

09539400

36789700

82878200

I I I |
MNNMNNORNHORRORKEREREORHR

1 I
WHORRPR

V4

.86842600
.60210100
.51896400
.54668400
.44450600
.59754900
.17562900
.17216200
.86781700
.69688100
.55992900
.96303700
.32664100
.23771100
.87992600
.32907100
.52655400
.11743500
.65706400
.97695000
.51419200
.67369700
.78747500
.03431100
.35498600
.03778900
.81673300
.20635800
.82657700
.64296000
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S11

0.
.64680000
.51599300
.33968600

3
-2
-2

-3.
.73560700
.69674200
.38114900
.50510200
.51114200

-1
0
-1
-4
0

-0.
.72961500
.71232200
.34062100
.89757000
.47735400
.36791100
.13005700
.56674600
.32489100
.25766200
.01982600
.21052800
.63834600
.14874700
.90381900
.59977800
.84558700
.44102200
.53749300
.79265100
.80794700
.75339800
.67851100
.31402800
.08994200
.66033800
.28119200
.44771700
.69838500
.55268000
.05014600
.04573100
.41038700
.55269000
.90557200
.56510700
.37255300
.84766600
.35732700
.34627300
.48115400
.24270300
.65783700
.75467200
.77722100
.91130400
.70277300
.90577000
.52822000
.52329400
.29390800

N

1
O Ul Ul UL R

03916500

13226400

95658100

-3
-1

-2
-2

.40325800
.69055300
0.
-0.
.80862700
.44187900
.68462600
.47950800
.78762100
.29846800
.20045600
.06031600
.16511900
.68888900
.61446700
.56229600
.54842700
.94809000
.85747100
.94237600
.87919900
. 77738900
.54489100
.05463700
.91146200
.79589200
.17643200
.98157000
.71185800
.30943900
.70376700
.21544100
.30002800
.53867200
.17861000
.57578300
.49140400
.96030200
.07794400
.29985900
.66467200
.31541500
.62127300
.72633300
.42569100
.77368700
.29473900
.65655000
.09197400
.75092000
.67314900
.41932700
.04313700
.14466800
.01698900
.73826200
.58116900
.99276900
.77648300
.61184400
.78865500
.99727100

91782700
89800100

.31887900
.09559600
.53948200
.18518300
.25647100
.38269000
.52020700
.20752100
.43229700
.46522500
.57628300
.35066800
.22481100
.27590400
.22556700
.18275200
.46181300
.48034900
.17034600
.92783700
.58209600
.00975300
.05516400
.39140500
.25009800
.88355100
.44289700
.67200200
.31510500
.41871200
.61735400
.27998900
.05094100
.47494100
.03692600
.68884100
.91774500
.98153800
.91955100
.44900400
.23013200
.45905200
.35229800
.09433600
.64297700
.33945300
.35721600
.13642400
.84777000
.34734900
.01992800
.38843900
.59595000
.34142600
.24137600
.45454600
.91159000
.13422700
.36983400
.34595200
.61647300
.23057100
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NN O UL UTwuu B 1w,

[
w W w

[ [ [ [ [ [
FORFRRPJIUdPP WU ORFOONNREO

.29389400
.58534500
.10047800
.24595900
.47958300
.03630700
.33861000
.87308700
.51330300
.63146100
.47077900
.22132000
.44994200
.25566000
.90873100
.94180900
.32238700
.43133700
.80244100
.15099900
.21509800
.30275500
.79244500
.36547100
.17152800
.12480500
.30481900
.81818500
.60891600
.41396600
.44234900
.50709500
.96317700

3
-1
0
-0

-3.

2.
.29641200
.63529100
.66860500
.29077200
-3.
.54787700
.47845300
-0.
-3.
.41308700
1.
0.
.26806000

-2
-4
6
2

-3

-4

-1

-4

-3.
-2.
.23495600
.31658300
.42809900
.52501000

-4
3
3
4

-2.
.06586700
-4.

2.
-4.
-6.
.60149200
.57819300

-2

-6
6

.39735900
.71412900
.41891500
.21904100

81391900
84435300

81309200

93250200
05137300

12780900
17052000

17407500
84483000

80748600

05167400
88906700
88500500
05436500

.11088000
.05853300
.91657300
.21853900
.44492700
.14784600
. 77243500
.05819600
.32389100
.93592700
.04546300
.12608200
.59455200
.44249700
.46635500
.23011800
.14576400
.67578900
.96836900
.32284100
.23478600
.99696500
.22286800
.13376600
.75151700
.99197100
.32521600
.22152100
.41857800
.84947100
.14999900
.29174300
.47608900
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Optimized coordinates for compound 3

atom

OOOOOOQOOOOOEOOQOZZZ"U"UfUUj'ij'ij'T_I'TJL:g

S13

O O OOoOOo

.00444600
.73190900
.00454000
.59923100
.32774200
.00163800
.32208700
.05596500
.37840700
.48674100
.07299300
.41081800
.37828300
.22547000
.14297100
.00341300
.00365000
.65145000
.15022300
.55189300
.27157500
.56857600
.96459500
.75759700
.12512100
.03115200
.53229800
.01188900
.94110500

.00216200
.10305600
.00901800
.19926800
.06751400
.01031400
.97536500
.13264700
.15732800
.19536000
.24188900
.05502500
.53387800
.45056300
.92962700
.00460100
.00505100
.65318300
.18717200
.79018400
.30709200
.41022200
.97534000
.18197500
.83950700
.17605900
.35445200
.38463600
.60562100

V4

.45743900
.65463900
.58962700
.65592400
.65833000
.21759900
.41680400
.42068500
.41696700
.28891300
.29000600
.28619600
.12964700
.12977100
.12993100
.77216100
.67779500
.92187700
.22093500
.90483500
.11597700
.89452600
.22411800
.11935800
.62806500
.41923100
.83141300
.89372900
.15778100
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S14

-0.
-2.
1.
-0
-2
3
1.
-2
3.
-4.
-5
4
-3.
-1
4
-2
1
5
-2.
-3
-0.
0
-1
0.
-1
3
-3.
1.
-4
-5.

52423100
03798400
82967300

.50425600
.75140400
.59303700

01670600

.66106900

16547600
05664000

.42251100
.99631600

80947500

.26033500
.52246100
.38849500
.29545000
.58317200

03031200

.71277700

04186600

.27218500
.29373300

16830900

.79172900
.63528400

97650500
08918800

.28818000

86309600

.32920700
.38242200
.61458400
.40405700
.95038300
.97148500
.91847400
.07832400
.93658300
.11842800
.88876900
.48285100
.37596800
.24629500
.48633700
.43392400
.23495000
.93526100
.65394500
.57020900
.13701900
.99188300
.02876700
.38058800
.70666000
.75584100
.91130200
.07083500
.03531600
.87004300
.35048300
.00296300

4
5
-1
3
-3

-0.
1.

-2
1

-0

3
-0
-2

-1
4
-2
-3
4
5
-4

3

-3.
-1.
-3.
.65840100
.82032000
.46988600
.44292400
.25849800
.09001900
-4.
.60494400
-0.
.34104900

1
-2
-1

5
-3
-1

-4

1

-3.

2

4

3
5

-5
-0
0

-2
-4
-5
-4

-1.
.60813300
.41651300
.69318000

-1
-3
-4

-4.
.30687400
.52851700

-4
-3

.58758600
.68389500
.22885000
.47455300
.62324300

99153800
82980700

.60691700
.78495400
2.
2.
.54455200
-1.
.47826400
.55493000
.83482300
-4.

13341400
03567200

87629100

93903000

.73692800
.58762000
.75483500
.62822600
.23256800
.68771400
.58799700
4.

19816200

.60433800

90727400
80027500
96616900

05134200

05250900

18959500

.44349000
-5.
.24703400
-1.
.67554300
.40367300
6.
.72089800
.51514400
.89492700
0.
.26223600
.42843000
.54977200
.55127600

90616200

84996100

03074500

15767200

08175400

19224400

w w N W

.96983100
.41841900
.21980400
.11989600
.12599500
.16304300
.39672400
.16307800
.62829900
.37808800
.10776300
.55337000
.82078900
.92558100
.11892700
.92105000
.17534200
.60075600
.56085800
.96856600
.63797700
.83277500
.61149300
.36284600
.10352100
.15807400
.73011900
.39776100
.60528400
.16265100
.38298900
.72695600
.43136000
.43405000
.40734200
.55156400
.40823600
.40605300
.15824200
.37497400
.37650500
.18547700
.16378600
.96268600
.10569400
.70774800
.36994900
.08583100
.30832100
.22870500
.60636800
.89399600
.24927100
.14272300
.62944500
.08384100
.14039500
.84247000
.47582700
.40025100
.16374300
.85378200



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2009

s niasiitanie siifa s iila siifa s iila siia s ite e s lia i a s o i a s o i a o b o o sl a n o sl a e sl a u e s a o e s a o e wia o e siia o o i a s B il o)

S15

P RPOUUOOO WERORFR WULd WNDNBO

[ R |
NNDNPREP O

.09573600
.57641300
.81526200
.37907600
.51793100
.85516700
.04361100
.98206000
.27166600
.01509800
.44408500
.96001100
.35454500
.99958800
.29598100
.41211500
.58273000
.72884600
.04675700
.32522500
.63158400
.60091600
.72988100
-2.
.03793000
.55163500
.94525700
.84877200
.27390400
.92636600
.14139500
.71628300
.26170500
.46328900
.09877700
.74811000
.06593500

09707400

.12266700
.49491100
.71072300
.91797300
.06101100
.19800400
.18444700
.99714300
.20513800
.84148600
.82052900
.34390800
.14868100
.01384800
.05996300
.69734900
.91603200
.64326100
.58550700
.55948500
.55336100
.60580400
.72175900
.85185200
.97091900
.91892500
.78526100
.09902500
.01398200
.59871900
.26170400
.43565800
.44850400
.00538100
.46107300
.06177800
.79608100

| T T I R |
O WhNhobdNhw

N BB D UTOo N RSO

.46709700
.38444200
.09924400
.64672200
.13483900
.37305300
.88530300
.36029200
.30361400
.21927700
.59314100
.88528500
.24288100
.14252800
.63363900
.30509100
.21861600
.58714300
.89243100
.25640400
.15681100
.64186400
.36517900
.44024500
.83764300
.16592600
.10888100
.64953200
.13580600
.37162100
.88843800
.36228700
.34845600
.65398400
.86220300
.15334100
.39957700



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2009

Optimized coordinates for compound 4
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NMR Spectra of Ag(HTIMP3)(BF,) and Mo(CO);(HTIMP3)
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