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(IMes)2Pt(H)(Chloroboratabenzene): a Borabenzene 
Platinum Adduct with an Unusual Pt-Cl-B 
interaction  

André Languérand, Stephanie S. Barnes, Guillaume 
Bélanger-Chabot, Laurent Maron, Philippe Berrouard, 
Pierre Audet, and Frédéric-Georges Fontaine 

Since the first report of a metallaboratrane by Hill in 1999,[1] 

there has been a quest for transition metal complexes containing a 

dative interaction with group XIII Lewis acids. In a recent report, 

Braunschweig demonstrated that [(PCy3)2Pt0] interacts with alanes 

to form Lewis adducts [(PCy3)2Pt(AlX3)],[2] which are rare examples 

of well characterized alane (M→AlR3) complexes.[3-4] However, the 

analogous reaction with haloboranes does not yield Lewis adducts, 

but instead forms platinum boryl complexes,[5] a class of  anionic 

boron containing species with numerous examples reported to 

date.[6] The only compounds having an M→B dative interaction 

with boron are supported by ambiphilic ligands.[7-9] While 

metallaboratranes having bis- or tris(methimazolyl)boranes have the 

borane coordinating the transition metal selectively, [10] the Lewis 

acid moiety of phosphinoboranes, prepared by Bourissou,[11] in 

addition to interacting with a transition metal can interact with an 

anionic ligand within the coordination sphere, depending on the 

nature of the transition metal and the ambiphilic ligand. Such an 

interaction is seldom observed with Lewis acids and is supported by 

ambiphilic ligands,[12] with the exception of BF4 adducts and 

halocarboranes where the Lewis acidity of the boron can no be 

longer considered. [13]  
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While borabenzene adducts are the subject of continuing interest, 

mainly for their electronic properties,[14] the coordination modes of 

these heterocyclic molecules with transition metals are quite limited. 

A common feature of borabenzenes (where L is a neutral Lewis 

base)[15] and boratabenzenes,[16] the analogue with anionic 

nucleophiles, is their coordination via the aromatic ring in a η6 

fashion, analogous to arene and cyclopentadienyl ligands, 

respectively.[17] The exception is a phosphidoboratabenzene which 

binds transition metals by the phosphine moiety.[18] Using the 

efficient and general strategy of forming borabenzene organic 

adducts from boracyclohexadiene by the elimination of Me3SiCl, 

first developed by Fu (Scheme 1),[19] we examined the possibility of 

using a nucleophilic transition metal complex as a group to stabilize 

the Lewis acidic boron orbital on borabenzene. By applying this 

strategy, the isolation of an η1-borabenzene transition metal adduct, 

and consequently of an unchelated borane having a dative 

interaction with a transition metal, could be possible. During these 

investigations, we observed that the B-Cl oxidative addition of the 

boracyclohexadiene with Pt0 does not occur, contrary to what was 

previously observed with haloboranes. Instead, formation of an μ-

η1-Cl-borabenzene adduct, which is a peculiar bonding mode for an 

unchelated Lewis acid, was observed.   

Scheme 1. General scheme for formation of borabenzene adducts 

from boracyclohexadiene. 

As evidenced by Braunschweig adducts (vide supra), 

[(PCy3)2Pt0] looked promising as a potent nucleophile for 

borabenzene formation; however, initial experiments with 1a were 

problematic because of phosphine dissociation. Indeed, free 

phosphine was shown to interact with boracyclohexadiene 

precursors to form PCy3-borabenzene adducts.[20] This result 

prompted us to use N-heterocyclic carbene ligands instead of 

phosphines since they are known to bind tightly to transition metals 

while offering good steric protection.[21] 

Scheme 2. Formation of borabenzene adducts (1a : R1 = TMS, R2 = 

iPr; 1b : R1 = TMS, R2 = H; 1c : R1 = H, R2 = H). 

The addition of one equiv. of boracyclohexadiene 1a to one 

equiv. of a yellow solution of [(IMes)2Pt0] in benzene-d6 gave a 

colorless reaction mixture. After 5 minutes, it was possible to 

observe one major compound, 2a, in solution by 1H NMR 

spectroscopy. In addition to resonances corresponding to the IMes 

carbene in the spectrum, the presence of a hydride signal at -22.41 

ppm was observed, with a record breaking 1JPt-H coupling constant 

of 1910 Hz.[22] Also present are resonances at 5.75 (d, 3JH-H = 10.4 
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Hz), 7.25 (dd, 3JH-H = 10.4 Hz; 4JH-H = 2.1 Hz), and 7.80 ppm (d, 4JH-

H = 2.1 Hz), for aromatic protons, at 3.25 (septet) and 1.64 ppm (d, 
3JH-H = 6.9 Hz), for the iPr moiety bound to the aromatic group, and 

at 0.59 ppm for the trimethylsilyl (TMS) group. These resonances 

are characteristic of a 2-SiMe3-4-iPr-borabenzene adduct. The 

integration of all resonances corresponds exactly to two IMes 

ligands for one hydride and one borabenzene moiety. A 2D ROESY 

NMR experiment was also carried out on 2a. ROE correlations were 

observed between the borabenzene and the [(IMes)2Pt(H)(Cl)] 

fragment. The methyl groups in the ortho position of the mesityl 

group were shown to have ROE correlations with both the 

resonances of TMS and the hydrogen at 5.75 ppm. Also, the methyl 

groups in the iPr moiety were shown to correlate with the aromatic 

proton in the meta position of the mesityl ring. Such correlations 

imply that the substituents in ortho and meta are in close proximity 

of the metal centre.  

Compound 2a was found to be unstable in solution and 

decomposes readily. Higher concentration, slight excess of 1a, or 

removal of the solvent under reduced pressure increases the 

decomposition rate dramatically. Under dilute conditions (≈10-6 M), 

compound 2a was the major component in solution for up to three 

days. However, a single inorganic degradation product (3) was 

always present and was shown to be inversely proportional to 2a in 

solution. All attempts to crystallize compound 2a failed and only 3 

was isolated. Compound 3 has very similar 1H NMR spectroscopic 

features to 2a, with the IMes resonances and the hydride (-17.96 

ppm and 1JPt-H
 = 1550 Hz) shifted slightly down field, although it 

contains no borabenzene moiety. Suitable crystals for x-ray 

crystallography were obtained from a saturated solution of 3 in 

benzene, which allowed its identification as [(IMes)2Pt(H)(Cl)].[23]  

The similarity of the spectroscopic features of 2a and 3 suggest 

that the former complex should also be a hydrido chloro platinumII 

species, but with a borabenzene bound to it. Also, it is evident that 

the aromatization of the borabenzene does not involve the 

elimination of the TMSCl, but instead occurs via C-H bond 

activation by the Pt0 precursor, forming the stable hydride complex. 

In order to account for the observed data, three different structures 

are proposed for the adduct, none of which has ever been reported 

with borabenzene. The first proposed structure involves an 

interaction between the hydride and the borabenzene, but can be 

ruled out since no broadening caused by the quadrupolar boron is 

observed for the hydride. Our second hypothetic structure has a 

Pt→B interaction, similarly to the phosphinoborane complex 

interaction reported by Bourrisou.[11c] The final hypothesis involves 

an interaction between the chloride and the borabenzene which is 

quite unusual for boron containing species other than BF4 and 

halocarboranes. To gain more structural information, the synthesis 

of two other analogues, using precursors 1b and 1c, was undertaken.  

The addition boracyclohexadienes 1b and 1c (see Scheme 2) to 

[(IMes)2Pt0] in benzene-d6 gave similar reactivity to 1a, affording 

2b and 2c. The feasibility of the reaction with 2c confirms that the 

elimination of TMSCl is not a requirement for the borabenzene 

adduct formation. It can also be observed by 1H NMR that the 

borabenzene in 2c is symmetric on an NMR time scale, since H2/H6 

and H3/H5 are equivalent. However, the hydride and the IMes-bound 
1H NMR resonances are, within a margin of error, equivalent for all 

three complexes. Also equivalent are the 195Pt resonances for all 

borabenzene complexes (2a = -4364 ppm,  2b = 2c = -4367 ppm), 

which are upfield from 3 (-4285 ppm). While the acquisition of an 
11B NMR spectrum proved difficult to obtain, especially for 2c 

which decomposed during the acquisition, it was possible to observe 

that both 2a and 2b have similar chemical shifts (36.2 and 38.8 ppm, 

respectively) which are in the expected range for borabenzene 

adducts.[19]  

The similarity of the spectroscopic features of the 

(IMes)2Pt(H)(Cl) core in 2a–2c tends to favour the hypothesis of a 

bridging chloride adduct. Indeed, if a Pt-B interaction were present, 

a more significant shift in the 195Pt and 1H resonance should arise 

depending on the nature of the borabenzene. DFT calculations were 

done in order to credit or discredit the presence of a Pt-B or a Pt-Cl-

B interaction. Modeling of 2b show no minimum energy state that 

would account for any Pt-B interaction; however the Pt-Cl-B model 

did show an energy minimum (Figure 1).  

Figure 1. Optimized structure of the chloroboratabenzene complex 2b. 

The hydrogen atoms and the methyl groups on the Mes were omitted 

for clarity.  

In the complex 2b, a marked interaction between the chlorine 

atom and the boron is obtained (B-Cl distance of 1.93Å). An NBO 

analysis indicates that a covalent bond is formed between these two 

atoms, and thus that a chloroboratabenzene ligand is obtained. At 

the same time, the Pt-Cl bond is elongated (2.47Å in [(IMes)2PtHCl] 

and 2.56Å in 2b) and the Pt-H bond is slightly shortened (1.53Å in 

2b and 1.56Å in [(IMes)2PtHCl]), which could account for the large 

coupling constant between these two elements observed in the 

borabenzene complexes. At the NBO level, in 2b, a remaining 

interaction between Cl and Pt is found at the second order donor-

acceptor level (roughly 20 kcal.mol-1). For comparison, a NBO 

analysis of [(IMes)2PtHCl] already reveals a mainly ionic bond 

between Pt and Cl (second order interaction of more than 90 

kcal.mol-1). NMR calculations of the 11B nuclear shift were carried 

out for the complex 2b as well as for the “free” chloroboratabenzene. 

In complex 2b, a 11B nuclear shift of 35 ppm is obtained whereas a 

value of 51ppm is found for the “free” chloroboratabenzene. These 

values are in excellent agreement with the experimental data and 

clearly indicate that the chloroboratabenzene is coordinated to the 

platinum centre. 

It was not possible to determine the nature of the organic 

fragment resulting from the dissociation of the borabenzene 

fragment from complex 2.[24] However, the addition of 2 or 10 equiv. 

of pyridine to 2b leads to the formation of the borabenzene adduct 4 

with the silyl group still present. Formation of the same compound 

was observed in the addition of pyridine to chlorobora-

bis(trimethylsilyl)cyclohexadiene, by elimination of TMSCl. The 

connectivity of 4 was confirmed using X-ray crystallography. It can 

be speculated that the boron is the subject of a nucleophilic attack, 

leading to the displacement of 3 by pyridine to form 4. If such a 

mechanism occurs, it should be possible to use a chloride anion as a 

nucleophile to synthesize a chloroboratabenzene salt. 5 minutes after 

the addition of [NBu4]Cl to 2b in benzene-d6, it was possible to 

observe in the 1H NMR spectrum both the clean formation of 3 as 

the major inorganic compound (~90%) and new borabenzene 
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fragment (5). Although it was not possible to isolate the new 

borabenzene product, a significant upfield shift of the and  

methylene resonances of the butyl chains of the tetrabutyl 

ammonium cation, which integrates for a 1:1 ratio with the 

borabenzene fragment, was observed. The absence of such a shift 

when the only two other species present in solution, 3 and [NBu4]Cl, 

are mixed together, suggests formation of a tetrabutylammonium 

salt of 1-chloro(2-trimethylsilyl)boratabenzene (5).  

Scheme 3. Nucleophilic displacement of the borabenzene from 2b. 

 Compounds 2a-2c are, to our knowledge, the first examples of 

unsupported M-X-BR3 complexes where the Lewis acidity of a 

borane is still available. The stability of the platinum-NHC, relative 

to usual Pt-L dative bonds, seems to be a requirement to prevent the 

weak [(IMes)2Pt(H)(Cl)]-borabenzene adducts from dissociating to 

form L-borabenzene adducts. Whereas it might be economically 

more viable to use the Fu strategy to generate borabenzene adducts, 

the synthetic pathway we are reporting will favour the presence of 

additional functionalities on the borabenzene by not requiring a 

TMS group, and makes hypothetically possible the interaction with 

less donating L groups to form new and unusual borabenzene 

adducts, which we are currently examining. 

Complete characterization and spectroscopic data of all new 

compounds can be found in the Supporting Information.  

Experimental Section 

[(IMes)2Pt0][25], 1a[14a], 1b[19], and 1c[26] were synthesised according to 

literature procedures. In a typical experiment, a dilute solution of 1 

(0.004 mmol) in C6D6 is added dropwise to a yellow solution of 

[(IMes)2Pt0] (0.0035g, 0.00425 mmol) in C6D6. NMR spectra show the 

formation of species 2, which decomposes to give 3 over time. This 

decomposition is greatly accelerated if 1 is present in even minor 

excess. 

 

2a: 1H NMR (benzene-d6):  7.78 (d, J = 2.1 Hz, 1H, H3), 7.25 (dd, J = 

10.3 Hz, 1 Hz, 1H, H5), 6.76 (s, 8H, HmetaMes), 5.94 (s, 4H, Himid), 5.75 
(d, J = 10.3 Hz, 1H, H6), 3.25 (sept, J = 6.9 Hz, 1H, CH(CH3)2), 2.32 (s, 
12H, MeparaMes), 1.85 (s, 24H, MeorthoMes), 1.64 (d, J = 6.9 Hz, 6H, 
CH(CH3)2), 0.59 (s, 9H, TMS), -22.42 (s, 1JP-tH = 1910 Hz, 1H, Pt-H).  
13C{1H} NMR (benzene-d6):  137.8 (CparaMes), 137.3 (C3), 136.5 
(CipsoMes), 135.7 (CorthoMes), 133.6 (C5), 129.3 (CmetaMes), 123.7 (C6), 
121.7 (Cimid), 26.6 (CH(CH3)2), 21.3 (MeparaMes), 18.6 (MeorthoMes), 
2.1 (TMS). C2, C4, and the carbenic carbon were not observed. 195Pt 

(benzene-d6):  -4364 (d, 1JPt-H = 1918 Hz). 11B NMR (benzene-d6): 

36.2.   
2b: 1H NMR (benzene-d6):  8.00 (dd, J = 7.2, 1.3 Hz, 1H, H3), 7.41 

(ddd, J = 10.3, 6.7, 1.4 Hz, 1H, H5), 6.98 (td, J = 6.8, 0.7 Hz, 1H, H4), 
6.75 (s, 8H, HmetaMes), 5.95 (s, 4H, Himid), 5.80 (dt, J = 10.1, 0.7 Hz, 
1H, H6), 2.30 (s, 12H, MeparaMes), 1.86 (s, 24H, MeorthoMes), 0.58 (s, 
9H, TMS), -22.42 (s, 1JPt-H = 1915 Hz, 1H, Pt-H). 13C{1H} NMR 

(benzene-d6):  139.3 (C3), 137.8 (CparaMes) 136.4 (CipsoMes), 135.6 
(CorthoMes), 135.3 (C5), 129.3 (CmetaMes), 123.4 (C6), 121.6 (Cimid), 
112.5 (C4), 21.3 (MeparaMes), 18.5 (MeorthoMes), 2.0 (TMS). C2, and 

the carbenic carbon were not observed. 195Pt (benzene-d6):  -4367 (d, 
1JPt-H = 1960 Hz). 11B NMR (benzene-d6): 38.8.   
2c: 1H NMR (benzene-d6):  7.76 (dd, J  = 10.5, 7.1 Hz, 2H, H3 and 

H5), 7.00 (tt, J = 7.0, 1.1 Hz, 1H, H4), 6.77 (s, 8H, HmetaMes), 6.31 (dd, 
J = 10.5, 1.1 Hz, 2H, H2 and H6), 5.93 (s, 4H, Himid), 2.30 (s, 12H, 
MeparaMes), 1.88 (s, 24H, MeorthoMes), -22.44 (s, 1JPt-H = 1905 Hz, 1H, 

Pt-H). 13C{1H} (HSQC) NMR (benzene-d6):  133.6 (C3 and C5), 128.8 
(CmetaMes), 121.5 (Cimid), 120.4 (C2 and C6), 111.9 (C4), 21.1 
(MeparaMes), 18.2 (MeorthoMes). CipsoMes, CorthoMes, CparaMes and the 

carbenic carbon were not observed.  195Pt (benzene-d6) :  -4367 (d, 
1JPt-H = 1910 Hz).  

3:  1H NMR (benzene-d6): 6.80 (s, 8H, HmetaMes), 6.08 (s, 4H, 

imidazol), 2.33 (s, 12H, MeparaMes), 2.07 (s, 24H, MeorthoMes), -17.97 

(s, 1JPt-H = 1542 Hz, Pt-H).13C{1H} NMR (benzene-d6):180.1 

(carbene), 137.3 (CipsoMes), 136.9 (CparaMes), 136.1 (CorthoMes), 129.0 

(CmetaMes), 120.8 (Cimid), 21.4 (MeparaMes), 18.9 (MeorthoMes) 195Pt 

NMR (benzene-d6):  -4285 (d, 1JPt-H = 1523 Hz).  
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1. General experimental  

Unless otherwise specified, manipulations were carried out under an atmosphere of dinitrogen, 

using standard glovebox and Schlenk techniques. Dry, deoxygenated, distilled solvents were 

used for all manipulations. Toluene and benzene were distilled from sodium/benzophenone. 

Pyridine was dried over CaH2. Deuterated solvents were dried over NaK, degassed using freeze-

pump thaw cycles, and purified by vacuum transfer. 

NMR spectra were recorded on a Varian Inova NMR AS400 spectrometer, at 400.0 MHz (1H), 

100.580 MHz (13C), 161.923 MHz (31P), 85.987 MHz (195Pt), Bruker Avance NMR 400 MHz 

spectrometer at 128.336 MHz (11B), or on a Brucker NMR AC-300 at 300MHz (1H), 75.435 

MHz (13C), 121.442 MHz (31P). 1H NMR and 13C{1H} NMR chemical shifts are referenced to 

residual protons in deuterated solvent. Multiplicities are reported as singlet (s), doublet (d), 

triplet (t), quartet (q), multiplet (m), or overlapping (ov). Chemical shifts are reported in ppm. 

Coupling constants are reported in Hz. 
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2. Reactions involving PCy3 

2.1 Experimental 

Reaction of [(PCy3)2Pt(0)] with boracycle 1a 

Boracyclohexadiene 1a (0.0056 g, 0.02 mmol) in C6D6 was added to [(PCy3)2Pt(0)] 

(0.015 g, 0.02 mmol) in a J-Young NMR tube. Several products were observable by NMR 

spectroscopy. 1H NMR (C6D6, 25 oC) 7.99 (d, 3JH-H = 10 Hz, 2H, B), 7.29 (d, 3JH-H = 10 Hz, 

1H, B), 3.22 (sept., 1H, 3JHH = 6.8 Hz, B), 2.5-0.5 (m, Cy), 0.16 (s, (CH3)3SiCl), -17.78 (t, 2JP-H = 

11 Hz, C), -18.66 (d, 2JP-H = 29 Hz). 31P{1H} NMR (C6D6, 25 oC) 62.8 (s, 1JP-Pt 4167 Hz, 

[(PCy3)2Pt(0)] (A)), 39.4 (s, 1JP-Pt 2814 Hz, [(PCy3)2Pt(H)(Cl)] (C)), 34.7 (s, 1JP-Pt 4922 Hz, D), 

9.7 (bs, [C8H11B.PCy3] B). Peaks for C were assigned to [(PCy3)2Pt(H)(Cl)], which has been 

previously reported in the literature.[1] A crystal structure for C was also obtained. (See page 

S51). The exact nature of D was not confirmed, but we suppose it to be [(PCy3)(H)Pt(μ-Cl)]2.
[2]  

 

Scheme S-1. Reaction [(PCy3)2Pt(0)] with boracycle 1a 

Synthesis of 1-Tricyclohexylphosphine-4-(isopropyl)borabenzene (B) 

Boracyclohexadiene 1a (0.2704 g, 1.46 mmol) in toluene (3 mL) was added by cannulae 

to a solution of PCy3 (0.4079 g, 1.46 mmol) in toluene (10 mL). The reaction proceeded for 3h to 

give a yellow solution. Solvent was removed under vacuum, and the resulting solid was 

recrystallized in pentane at -80°C. 1H NMR (C6D6, 25oC)  7.97 (d, 3JH-H = 10 Hz, 2H, H3), 

7.28 (d, 3JH-H = 10 Hz, 2H, H2), 3.22 (sept, 3JH-H = 7 Hz, 1H, CHiPr), 2.35-1.10 (ov m, 33H, Cy), 

1.53 (d, 3JH-H = 7 Hz, 6H, CH3
iPr). 31P{1H} NMR (C6D6, 25oC) 9.3. 11B{1H} NMR (C6D6, 

25oC) .  
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2.2 NMR characterization 
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3. Multinuclear NMR characterization 

3.1 Compounds 2a-2c 

Compound 2a 
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Compound 2b 
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Compound 2c 
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3.2 Compound 3
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4. Reactions with Pyridine 

4.1 Experimental 

Reaction of 2b with Pyridine 

Boracyclohexadiene 1b (0.00045 g, 0.0024 mmol) and [(IMes)2Pt(0)] (0.0021 g, 0.0026 mmol) 

were combined in C6D6 (1 mL) in a J-Young NMR tube, to generate 2b, as previously described. 

After five minutes, a dilute solution of pyridine (0.0004 g, 0.005 mmol) in C6D6 was added by 

syringe. Several species were observable by NMR spectroscopy, but after 24 hours 3 and 4 were 

the principal species remaining in solution. 1H NMR (C6D6, 25 oC) 8.52 (d, J = 4.2 Hz, Py), 

8.23 - 8.10 (ovm, 2H, 4), 8.08 (dm, J = 6.7 Hz, 2H, 4), 7.35 (td, J = 7.2, 1.1 Hz, 1H, 4), 6.97 

(app.tt, J = 7.6, 1.7 Hz, Py), 6.80 (s, 3), 6.65 (ov, ddd, J = 7.5, 4.2, 1.2 Hz, 4, Py), 6.48 (app.tt, J 

= 7.8, 1.5 Hz, 1H, 4), 6.12 (dd, J = 7.8, 6.7 Hz, 2H, 4), 6.08 (s, 3), 5.84 (s,*), 2.33 (s, 3), 2.07 (s, 

3), 1.49 (s, *), 0.91 (s, *), 0.18 (s, TMS 4), -17.97 (d, 1JPt-H = 1546 Hz, 3). * is for unidentified 

species. 

Scheme S-2. Reaction of 2b with pyridine. 

Synthesis of 1-pyridine-2-(trimethylsilyl)borabenzene (4) 

1-chloro-2,6-bis(trimethylsilyl)-2,4-boracyclohexadiene and 1-chloro-2,2-bis(tri-

methylsilyl)-3,5-boracyclohexadiene were combined in a 1:1 mixture, according to a known 

procedure.[3] Pyridine (0.4 mL, 4.95 mmol) was slowly added to a stirring solution of the 

boracycles (1.36 g, 5.3 mmol) in Et2O (2 mL). Volatiles were removed under vacuum, and the 

resulting red precipitate was recrystallized from a saturated solution of Et2O, filtered at -70°C, 

and dried under vacuum, to give a yellow crystalline solid. 1H NMR (C6D6, 25 oC) 8.20-8.07 

(ovm, 2H), 8.03 (dm, J = 7.1 Hz, 2H), 7.32 (td, J = 7.1, 1.1 Hz, 1H), 6.66 (dd, J = 10.1, 1.1 Hz, 

1H), 6.48 (app.tt, J = 7.8, 1.5 Hz, 1H), 6.15 (m, 2H), , 0.17 (s, 9H, TMS); 11B NMR (C6D6, 25 

oC) ppm. A crystal structure of 4 was also obtained (See S54) 

2b

B
TMS

ClPtH

(IMes)

(IMes)

N

N

BTMS

4b

(IMes)2Pt(0)

B TMS

Cl

1b + 3



 

S27 

 

4.2 NMR characterization 
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5. Reactions with tetrabutylammonium chloride 

5.1 Experimental 

Reaction of 2b with tetrabutylammonium chloride  

Boracyclohexadiene 1b (0.00045 g, 0.0024 mmol) and [(IMes)2Pt(0)] (0.0021 g, 0.0026 mmol) 

were combined in C6D6 (1 mL) in a J-Young NMR tube, to generate 2b, as previously described. 

Tetrabutylammonium chloride (0.0005g, 0.0022 mmol) was dissolved in C6D6, and added 

dropwise. Two species, 3 and 5 were the major species observable by NMR spectroscopy. 1H 

NMR (C6D6, 25 oC)  7.84 (dd, J = 6.8, 1.4 Hz, 1H, 5), 7.62 (ddd, J = 10.1, 6.8, 1.5 Hz, 1H, 5), 

6.81 (s, [Pt(0)IMes2]), 6.80 (s, 3), 6.78 (s, *), 6.70 (td,  J = 6.9, 1.1, 1H, 5), 6.66 (dd, J = 10.1, 

1.0, 1H, 5), 6.10 (s, [Pt(0)IMes2]), 6.09 (s, 3), 6.09 (s, *), 2.75 (m, 8H, 5), 2.33 (s, 3), 2.32 (s, 

[Pt(0)IMes2]), 2.10 (s, *), 2.07 (s, 3), 2.04 (s, [Pt(0)IMes2]), 1.24 (ov m, 16H, 5), 0.92 (t, J = 7.0, 

12H, 5), 0.74 (s, 9H, 5), 0.29 (s, *), -16.70 (s, *), -17.96 (s, 3). 13C{1H} (HSQC) NMR (C6D6, 25 

oC) 128.73), 120.5 (3), 58.5 (Bu, 5), 24.1 (Bu, 5), 21.1 (3), 19.8 (Bu, 5), 18.5 (3), 13.7 (Bu, 

5), 1.6 (TMS5) * is for unidentified species.  

Scheme S-3. Reaction of 2b with [NBu4]Cl. 
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5.2 NMR characterization 
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6. 2D NMR experiments 

6.1 ROESY-2D of 2a
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6.2 gHMQC of 2a, 2b, 2c and 3 
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7. DFT calculations 

Pt and Cl were treated with a Stuttgart-Dresden pseudopotential in combination with their 

adapted basis set.[4,5] In all cases, the basis set has been augmented by a set of polarization 

functions (f for Pt d for Cl).[6] Carbon, Nitrogen, Boron and Hydrogen atoms have been described 

with a 6-31G(d,p) double-ζ basis set.[7] Calculations were carried out at the DFT level of theory 

using the hybrid functional B3PW91.[8,9] Geometry optimisations were carried out without any 

symmetry restrictions, the nature of the extrema (minimum) was verified with analytical 

frequency calculations. All these computations have been performed with the Gaussian 03[10] 

suite of programs. 11B NMR chemical shifts were evaluated by employing the direct 

implementation of the Gauge Including Atomic Orbitals (GIAO) method[11] at the B3PW91 

density functional level of theory, using as reference the corresponding BF3·OEt2 (
11B = 0 ppm) 

shielding constant calculated at the same level of theory. 

Table S-1 - Complex 2b 

 

120 

E=-2324.29407 a.u.  

 C     0.262000     0.585000     0.517000 

 C     0.204000     0.861000     1.891000 

 C     1.037000     0.214000     2.817000 

 C     1.965000    -0.708000     2.329000 

 C     2.070000    -0.999000     0.967000 

 C     1.208000    -0.348000     0.082000 

 N    -0.803000     1.760000     2.384000 

 C    -0.647000     3.095000     2.630000 

 N    -1.849000     3.477000     3.147000 

 C    -2.730000     2.409000     3.215000 

 C    -2.074000     1.328000     2.734000 

Pt     1.033000     4.200000     2.355000 

Cl     0.155000     4.904000     0.050000 

 C    -2.202000     4.790000     3.621000 

 C    -2.991000     5.623000     2.816000 

 C    -3.353000     6.869000     3.336000 

 C    -2.969000     7.283000     4.610000 

 C    -2.211000     6.406000     5.391000 

 C    -1.819000     5.153000     4.923000 

 C    -3.444000     5.250000     1.433000 

 C    -3.356000     8.645000     5.122000 

 C    -1.022000     4.226000     5.799000 

 C     0.929000     0.490000     4.292000 

 C     3.094000    -1.983000     0.465000 

 C    -0.662000     1.256000    -0.460000 

 C     2.818000     5.184000     2.300000 

 N     3.462000     5.734000     3.379000 

 C     4.698000     6.251000     3.025000 

 C     4.847000     6.021000     1.702000 

 N     3.699000     5.374000     1.273000 

 C     3.028000     5.733000     4.749000 

 C     3.408000     4.658000     5.570000 

 C     3.038000     4.701000     6.915000 

 C     2.328000     5.780000     7.451000 

 C     1.989000     6.836000     6.605000 

 C     2.335000     6.842000     5.250000 

 C     3.583000     4.935000    -0.093000 

 C     3.370000     5.899000    -1.092000 

 C     3.374000     5.464000    -2.417000 

 C     3.567000     4.123000    -2.760000 

 C     3.775000     3.202000    -1.734000 

 C     3.799000     3.584000    -0.389000 
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 C     3.107000     7.343000    -0.765000 

 C     3.540000     3.694000    -4.202000 

 C     4.052000     2.568000     0.689000 

 C     4.200000     3.502000     5.024000 

 C     1.977000     5.816000     8.915000 

 C     1.998000     8.016000     4.375000 

 H     5.342000     6.729000     3.746000 

 H     5.653000     6.248000     1.022000 

 H     3.204000     6.196000    -3.203000 

 H     3.939000     2.155000    -1.981000 

 H     3.320000     3.873000     7.562000 

 H     1.445000     7.688000     7.006000 

 H     4.401000     2.766000     5.807000 

 H     3.663000     3.003000     4.211000 

 H     5.162000     3.832000     4.617000 

 H     1.496000     7.704000     3.456000 

 H     1.343000     8.715000     4.900000 

 H     2.901000     8.562000     4.078000 

 H     1.131000     6.483000     9.108000 

 H     1.718000     4.822000     9.291000 

 H     2.822000     6.179000     9.513000 

 H     3.146000     2.393000     1.281000 

 H     4.366000     1.616000     0.254000 

 H     4.834000     2.900000     1.382000 

 H     3.071000     7.941000    -1.679000 

 H     2.140000     7.456000    -0.259000 

 H     3.873000     7.772000    -0.111000 

 H     3.807000     2.639000    -4.313000 

 H     2.541000     3.835000    -4.629000 

 H     4.236000     4.284000    -4.808000 

 H    -3.734000     2.527000     3.592000 

 H    -2.382000     0.303000     2.604000 

 H    -3.944000     7.536000     2.712000 

 H    -1.923000     6.701000     6.398000 

 H     2.615000    -1.219000     3.036000 

 H     1.263000    -0.574000    -0.980000 

 H    -2.914000     5.863000     0.694000 

 H    -3.255000     4.203000     1.191000 

 H    -4.516000     5.442000     1.317000 

 H    -1.434000     3.211000     5.797000 

 H     0.016000     4.159000     5.455000 

 H    -1.013000     4.587000     6.830000 

 H    -3.152000     8.746000     6.192000 

 H    -2.798000     9.429000     4.598000 

 H    -4.421000     8.845000     4.959000 

 H     1.612000    -0.151000     4.856000 

 H     1.173000     1.534000     4.513000 

 H    -0.086000     0.312000     4.663000 

 H    -0.491000     2.337000    -0.486000 

 H    -0.509000     0.864000    -1.468000 

 H    -1.713000     1.103000    -0.194000 

 H     2.776000    -2.449000    -0.472000 

 H     4.054000    -1.489000     0.275000 

 H     3.278000    -2.777000     1.195000 

 H     1.500000     3.682000     3.725000 

 B    -0.541000     6.697000    -0.084000 

 C    -0.335000     7.590000     1.087000 

 C    -0.807000     8.899000     0.968000 

 C    -1.451000     9.346000    -0.192000 

 C    -1.666000     8.491000    -1.278000 

 C    -1.255000     7.140000    -1.325000 

 H     0.121000     7.277000     2.024000 

 H    -0.685000     9.603000     1.795000 

 H    -1.802000    10.375000    -0.250000 

 H    -2.193000     8.917000    -2.134000 

Si    -1.690000     6.137000    -2.851000 

 C    -2.659000     7.189000    -4.111000 

 C    -0.149000     5.476000    -3.755000 

 C    -2.789000     4.639000    -2.425000 

 H    -2.910000     6.584000    -4.989000 

 H    -3.595000     7.568000    -3.688000 

 H    -2.074000     8.048000    -4.456000 

 H    -3.005000     4.042000    -3.319000 

 H    -2.299000     3.992000    -1.691000 

 H    -3.743000     4.970000    -2.000000 

 H    -0.434000     4.849000    -4.608000 

 H     0.457000     6.307000    -4.131000 

 H     0.474000     4.884000    -3.078000 
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8. Crystallographic analyses 

Data Reduction 

Data were integrated using the program SAINT.[12]  The data were corrected for Lorentz 

and polarization effects. Face-indexed and multiscan absorption corrections were both performed, 

respectively using the XPREP[13] and SADABS[14] programs. 

Structure Solution and Refinement 

The structures were solved and refined using SHELXS-97 and SHELXL-97.[15] All non-H 

atoms were refined anisotropically. The hydrogen atoms were placed at idealized positions, 

except for the hydrides that were located in the Fourier map.  Neutral atom scattering factors 

were taken from the International Tables for X-Ray Crystallography.[16]  All calculations and 

drawings were performed using the SHELXTL package.[17] The final model was checked either 

for missed symmetry or voids in the crystal structure using the PLATON software.[18]  None 

were found.  All crystal structures give satisfactory chekcif reports.  

Data Collection 

Crystals were mounted on a glass fiber using Paratone N hydrocarbon oil.  Measurements 

were made at 200(2) K on a Bruker APEX II area detector diffractometer equipped with graphite 

monochromated MoKα radiation.  Frames corresponding to an arbitrary hemisphere of data were 

collected using ω scans of 0.5º counted for a total of 30 seconds per frame. 

Orientation matrixes corresponding to cell constants listed in Tables S-2 and S-3 were 

obtained from a least-squares refinement using the measured positions of n centered reflections. 

The program used for retrieving cell parameters and data collection was APEX 2.[19] 
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Table S-2.  Crystal data and structure refinement for C and 3 

 

 [(PCy3)2Pt(H)(Cl)] (C) [(IMes)2Pt(H)(Cl)] (3) 

 

Empirical formula  C36 H67 Cl P2 Pt C42 H49 Cl N4 Pt 

Formula weight  792.38 840.39 

Wavelength  0.71073 Å 0.71073 Å 

Crystal system  Monoclinic Orthorhombic 

Space group  P2(1)/C Pbca 

Unit cell dimensions a = 10.0446(11) Å  a = 17.0333(16) Å  

 b = 15.7442(17) Å; β= 109.880(4)° b = 19.0943(18) Å 

 c = 24.5102(19) Å  c = 23.214(2) Å 

Volume 3645.2(6) Å3 7550.1(12) Å3 

Z 4 8 

Density (calculated) 1.444 Mg/m3 1.479 Mg/m3 

Absorption coefficient 4.033 mm-1 3.822 mm-1 

F(000) 1632 3392 

Crystal size 0.20 x 0.14 x 0.02 mm3 0.30 x 0.20 x 0.20 mm3 

θ range for data collection 1.77  to 27.00° 1.75 to 29.11° 

Reflections collected 41578 90507 

Independent reflections 7932 [R(int) = 0.0512] 9696 [R(int) = 0.0373] 

Max. and min. transmission 0.9237 and 0.4993 0.5153 and 0.3935 

Data / restraints / parameters 7932 / 0 / 365 9696 / 0 / 449 

Goodness-of-fit on F2 1.119 1.213 

Final R indices [I>2σ(I)] R1 = 0.0298, R1 = 0.0217,  

wR2 = 0.0621  wR2 = 0.0525 
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Figure S-1. Molecular structure of [(PCy3)2Pt(H)(Cl)] (C) Selected bond lengths (Å) and bond 

angles (°): Pt(1)-Cl(1)  2.4043(10), Pt(1)-H(99)  1.38(4), Pt(1)-P(1)/P(2)  2.2859(9)/2.2840(9), 

P(1)-Pt(1)-P(2)  162.77(3), Cl(1)-Pt(1)-H(99)  174.5(17),  Cl(1)-Pt(1)-P(1)/P(2)  

96.69(3)/95.36(3), H(99)-Pt(1)-P(1)/P(2)  87.7(15)/80.4(15). Anisotropic atomic displacement 

ellipsoids for the non-hydrogen atoms are shown at the 50% probability level. Hydrogen atoms 

have been omitted for clarity. Hydrides are represented by spheres of arbitrary size. (CCDC 

deposition No. 724579) 
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Figure S-2. Molecular structure of [(IMes2)2Pt(H)(Cl)] (3). Selected bond lengths (Å) and bond 

angles (°): Pt(1)-C(1)/C(4)  1.995(2)/1.998(2),  Pt(1)-Cl(1)  2.4174(7),  Pt(1)-H(1)  1.54(3),  

C(1)-Pt(1)-C(4)  177.22(9),  Cl(1)-Pt(1)-C(1)/C(4)  92.48(7)/90.18(7),  H(1)-Pt(1)-C(1)/C(4)  

85.5(9)/91.8(9),  Cl(1)-Pt(1)-H(1)  179.6(10). Anisotropic atomic displacement ellipsoids for the 

non-hydrogen atoms are shown at the 50% probability level. Hydrogen atoms have been omitted 

for clarity. Hydrides are represented by spheres of arbitrary size. (CCDC deposition No. 724579) 
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Table S-3 Crystal data and structure refinement for (4) 

Empirical formula  C26 H35 B2 N2 Si2 

Formula weight  453.36 

Crystal system  Monoclinic 

Space group  c2/c 

Unit cell dimensions a = 18.842(5) Å α = 90°. 

 b = 9.016(3) Å β = 117.481(14)°. 

 c = 18.201(6) Å γ = 90°. 

Volume 2743.1(15) Å3 

Z 4 

Density (calculated) 1.098 Mg/m3 

Absorption coefficient 0.145 mm-1 

F(000) 972 

Crystal size 0.13 x 0.12 x 0.02 mm3 

θ range for data collection 2.44 to 24.25°. 

Reflections collected 12430 

Independent reflections 2220 [R(int) = 0.1380] 

Data / restraints / parameters 2220 / 0 / 148 

Goodness-of-fit on F2 1.004 

Final R indices [I>2σ(I)] R1 = 0.0573, wR2 = 0.0931 

 



 

S55 

 

 

Figure S-3. Molecular Structure of 1-pyridine-2-(trimethylsilyl)borabenzene (4). Selected bond 

length (Å): B(1)-N(1)  1.555(5). Anisotropic atomic displacement ellipsoids for the non-

hydrogen atoms are shown at the 50% probability level.  Hydrogen atoms are represented by 

spheres of arbitrary size.(CCDC Deposition number 737237) 
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