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ABSTRACT: The 9-borataphenanthrene anion is easily accessed by deprotonation of a 9,10-dihydro-9-boraphenanthrene and its 

diverse reactivity is investigated. The carbon atom adjacent to boron is nucleophilic, and room temperature hydroboration occurs 

across the B=C bond. The π-manifold of the central BC5 ring coordinates to chromium in an η6 fashion while only the B=C bond 

binds η2 to gold, indicating versatility of the 9-borataphenanthrene anion as a ligand. Supporting calculations rationalize the observed 

reactivity, and aromaticity is corroborated by nucleus-independent chemical shift (NICS) values.  

INTRODUCTION 

Alkenes and benzene rings are ubiquitous unsaturated hydro-

carbyl functionalities. Isoelectronic and isosteric analogues of 

such species are of interest because the substitution of a C=C 

unit with a heteroatom-containing two π-electron unit results in 

the introduction of a dipole moment, which can be used to alter 

the physical and chemical properties of the molecule.1-7 Boron-

containing analogues of alkenes include aminoboranes and 

borataalkenes in which B-N and [B=C]- units serve as two π-

electron systems (Figure 1).1, 5, 8-9 The respective benzene ana-

logues containing B-N or [B=C]- in place of two carbon atoms 

are 1,2-azaborines and boratabenzenes.1-5, 10-14 

 

 

Figure 1. Isoelectronic relationship of an alkene and benzene to 

row two boron-containing species. 

Boratabenzenes have been extensively studied as polyhaptic 

ligands for transition metals since their discovery in 1970 by 

Herberich and coworkers.10-11, 13-53 The corresponding com-

plexes and related compounds have been applied in fields that 

span olefin polymerization catalysis,14, 30-32, 48, 54 asymmetric 

synthesis,55-57 and single-ion magnets.51 Research has primarily 

focused on monocyclic systems, with only three types of poly-

cyclic boratabenzene-containing frameworks reported to date: 

1-boratanaphthalenes,58 2-boratanaphthalenes,29, 38, 59 and 9-

borataanthracenes.33, 60-62 (A-C, Figure 2). Analogues of phe-

nanthrene with a boron atom at the 9-position are a particularly 

interesting target since they contain a distinct B=C moiety at the 

9- and 10-positions that may be capable of acting as a 

borataalkene in contrast to the fused polycyclic boratabenzenes 

that are currently known. This expectation is founded on the 

known ability of phenanthrene to act as a biphenyl-substituted 

alkene, as evidenced by its alkene-like reactivity toward Br2 via 

9,10-dibromination,63 ozonolysis at the 9- and 10-positions,64-66 

and diminished aromaticity in the central ring relative to the two 

peripheral rings.67 Borataalkenes were first reported in 1972 by 

Rathke and Kow, who described them as boron-stabilized car-

banions.68 For nearly five decades, boratabenzene chemistry 

and borataalkene chemistry have remained separate fields. We 

herein report the first example of a 9-borataphenanthrene, a 

compound that features reactivity patterns of both bo-

ratabenzenes and borataalkenes.  

 

 

Figure 2. Known examples of boratabenzene analogues of polycy-

clic aromatic hydrocarbons and 9-borataphenanthrene disclosed in 

this work. 

 

RESULTS AND DISCUSSION 

Our group recently reported the synthesis of 9,10-dihydro-9-

boraphenanthrene D via carbene insertion into the endocyclic 

B-C bond of 9-phenyl-9-borafluorene.69 The compound bears a 

proton on an sp3 carbon adjacent to a tricoordinate boron atom, 

making it a viable precursor to a boratabenzene-containing spe-

cies by deprotonation. Potassium hexamethyldisilazide 



 

(KHMDS) proved to be a suitable base to deprotonate D as con-

firmed by single crystal X-ray diffraction studies (Figure 3), and 

the resulting yellow borataphenanthrene 1 was isolated in high 

yield (86%, Scheme 1). The 1H NMR spectrum of 1 lacks the 

aliphatic C-H proton at 3.88 ppm and features a diagnostic sin-

glet at -0.01 ppm for the trimethylsilyl group, shifted downfield 

from -0.30 ppm for D. 11B NMR spectroscopy revealed an up-

field shift from 65.8 ppm for D to 40.4 ppm for 1, consistent 

with boratabenzene and borataalkene species.57-59, 70-76  

 

 

Scheme 1. Interconversion of D with 9-borataphenanthrene 1. 

Theoretical calculations examining the electronic structure of 1 

yield a geometry (as a free anion) in agreement with the X-ray 

diffraction structure (Table 1). The calculated HOMO is π-sym-

metric with the largest coefficients on the endocyclic B-C bond 

atoms, while the LUMO does not have any contribution at the 

boron atom (Figure 4). The Wiberg bond index (WBI) of the B-

C bond in 1 is calculated to be 1.248, which indicates multiple 

B-C bond character in 1. For comparison, the WBI is 0.929 for 

the analogous B-C single bond in precursor D. Nucleus inde-

pendent chemical shift (NICS) scan calculations indicate that 

the boron-containing ring has significant aromatic character, 

with a NICS-scan minimum of -17 ppm at 1.3 Å above the plane 

of the ring. For comparison, the minima for benzene, the central 

ring of phenanthrene,67 and 1-H-boratabenzene are -30 ppm, -

21 ppm, and -26 ppm, respectively, all at 1.0 Å above the ring 

plane. These NICS-scan values indicate that incorporating bo-

ron into the ring, as well as fusing rings, reduces aromaticity. 

The NICS-scan calculations confirm aromatic character in the 

central ring, while the localization of the HOMO on the B=C 

functionality indicates that 1 can be described as either a 

dibenzo-fused boratabenzene or a biphenyl-substituted 

borataalkene. The borataalkene carbon atom has the largest par-

tial negative NBO charge in 1 at -0.99, suggesting that this car-

bon has potential to act as a nucleophilic site.  

 
Figure 4. Frontier molecular orbitals of 1. 

To examine if 9-borataphenanthrene anion 1 acts as a nucleo-

phile, in accordance with the calculated negative charge local-

ized on the borataalkene carbon, protonation was attempted 

with triflic acid at room temperature. The reaction regenerated 

the protonated borataphenanthrene species D with potassium 

triflate as the byproduct (Scheme 1). C-alkylation was at-

tempted by reaction with iodomethane77-78 at room temperature 

(Scheme 2), resulting in a change in color from yellow to col-

orless. In situ 11B NMR spectroscopy indicated a downfield 

shift in the boron resonance from 40.4 ppm to 67.2 ppm, indic-

ative of the formation of a tricoordinate boron center, with con-

version completed in 20 minutes. The isolated compound ex-

hibits a diagnostic singlet at 1.86 ppm in its 1H NMR spectrum 

that integrates in a 3:9 ratio with the trimethylsilyl singlet, con-

firming the addition of the methyl group to 1. The structure of 

the compound was determined by X-ray crystallography to be 

the C-methylated derivative 2, confirming carbon nucleophilic-

ity (Figure 5). 

 

 
Scheme 2. Alkylation of 1 with iodomethane. 

 

 

Figure 3.  Solid-state structures of 1•dioxane, 1•THF, and 1•DME (left to right).  Hydrogen atoms are omitted for clarity, and thermal 

ellipsoids are drawn at the 50% probability level.  The asymmetric units are displayed, and complete polymeric representations are 

shown in the SI (Figures S-60-62). 



 

 
Figure 5. Solid-state structure of 2. Hydrogen atoms are omitted for 

clarity, and thermal ellipsoids are drawn at the 50% probability 

level. 

 

To determine if the borataalkene moiety of 1 can exhibit olefin-

like behavior, hydroboration with pinacolborane (HBpin) was 

attempted at room temperature (Scheme 3). In situ 11B NMR 

spectroscopy indicated the consumption of 1 and HBpin after 

21 hours. The spectrum consisted of a broad singlet at 34.5 ppm 

and two distinct doublets; a major species at -11.1 ppm and mi-

nor species at -12.1, the latter consistent with hydride-substi-

tuted tetracoordinate boron centers. Both species were crystal-

lized and identified as the syn (major) and anti (minor) isomers 

of the B=C hydroboration product (Figure 6). In their respective 

proton NMR spectra, broad quartets were observed at 2.62 and 

2.69 ppm, with matching coupling constants to the doublets in 

the 11B NMR spectrum (J = 90.0 Hz and 88.0 Hz) confirming 

the presence of a boron-bound hydride. This was further sup-

ported by an 1H{11B} experiment in which the quartets became 

singlets and a 11B{1H} experiment in which the doublets be-

came singlets. This represents the first example of a B=C bond 

hydroboration in which the hydride is not bridged between the 

two boron centers and the first observation of an anti B=C bond 

hydroboration product.74, 79-81 Allowing the reaction to proceed 

for longer periods of time showed a decrease in the intensity of 

the doublet at -11.1 ppm accompanied by an increase in the in-

tensity of the doublet at -12.1 ppm in the in situ 11B NMR spec-

tra. Conducting variable-temperature 1H NMR studies with a 

1:1 mixture of syn-3 and anti-3 did not result in any intercon-

version of the two diastereomers; instead at 70 ºC, the intensity 

of the trimethylsilyl singlet for syn-3 decreased with the emer-

gence of a trimethylsilyl singlet at -0.01 ppm that corresponds 

to 1. In addition, the Bpin methyl singlets for syn-3 decreased 

in intensity and a singlet at 1.28 ppm corresponding to pinacol-

borane emerged. The methyl and trimethylsilyl singlets for 

anti-3, however, remained unchanged, thus confirming that the 

syn diastereomer, syn-3, is capable of thermal syn elimination 

of HBpin in a reverse hydroboration process while anti-3 is not. 

Calculation of the reaction pathway shows that syn-3 lies 11 

kJ/mol below the starting materials, and isomerization to anti-

3 is a further 17 kJ/mol lower in energy. Modeling a simplified 

system bearing an -SiH3 group on 1 showed that the transition 

state barrier for the conversion of 1 to syn-3 is 84 kJ/mol (G), 

and the reverse barrier is similar in magnitude for the model 

system at 85 kJ/mol. These data and the relatively flat G of 

reaction at 11 kJ/mol are consistent with back-conversion of 

syn-3 to 1 at elevated temperatures, driven by entropy. The abil-

ity of 1 to undergo hydroboration presents a potential new route 

to geminal bis(boron)-functionalized organic species. 

 

 
Scheme 3. Hydroboration of 1 with pinacolborane to produce dia-

stereomers syn-3 and anti-3 (pin = pinacolate). 

 
Figure 6. Solid-state structures of syn-3 and anti-3. Hydrogen at-

oms (except for boron-bound hydrides) and non-coordinated solv-

ates are omitted for clarity, and thermal ellipsoids are drawn at the 

50% probability level. For disordered atoms, only the component 

with the highest occupancy is shown. The complete dimeric repre-

sentation of syn-3 is shown in the SI (Figure S-59). 

 

The nucleophilicity at carbon and addition reactivity with 

HBpin provide evidence for a borataalkene description of 1. 

Given the resemblance of the HOMO on the B=C bond to the 

HOMO of an olefin, we postulated that η2 coordination with the 

π-bond could occur, reminiscent of an olefin.82-84 Reaction of 1 

with (Ph3P)AuCl at room temperature resulted in a color change 

from yellow to colorless (Scheme 4), and in situ 31P{1H} NMR 

spectroscopy showed the emergence of a singlet at 39.7 ppm 

along with the disappearance of the singlet at 33.2 ppm corre-

sponding to (Ph3P)AuCl with the reaction complete in an hour. 

The in situ 11B NMR spectrum showed a single broad peak at 

42.4 ppm, slightly downfield from 1 (40.4 ppm). Single-crystal 

X-ray crystallography identified the product as the η2-borataal-

kene complex 1•AuPPh3 (Figure 7). The solid-state structure of 

1•AuPPh3 is disordered but clearly reveals that the gold center 

preferentially occupies a position closer to the borataalkene car-

bon rather than boron (88% site occupancy). The gold center is 

closer to the borataalkene carbon than to boron [Au-C = 

2.188(7) Å] vs. Au-B = 2.427(8) Å], consistent with known ex-

amples of η2-borataalkene complexes.9, 85 Theoretical calcula-

tions reproduce this trend, with Au-C and Au-B bond distances 

of 2.227 and 2.491 Å, respectively. The geometry about the 

gold(I) center in 1•AuPPh3 is approximately linear with respect 

to the borataalkene carbon as shown by its P-Au-C bond angle 

of 172.1(2)º. The ligand geometries about the borataalkene bo-

ron and carbon centers remain trigonal planar with angular sums 

of 359.6(9)º and 359.0(8)º. This is a unique borataalkene metal 

complex as it is the only example that originates from a free 

borataalkene. The only other species reported are of early tran-

sition metals and are prepared by modification of pre-existing 

ligands.9, 85  

 
Scheme 4. Reaction of 1 with (Ph3P)AuCl to produce η2-

borataalkene complex 1•AuPPh3. 



 

 

 
Figure 7. Solid-state structure of 1•AuPPh3. Hydrogen atoms are 

omitted for clarity, and thermal ellipsoids are drawn at the 50% 

probability level. For disordered atoms, only the component with 

the highest occupancy is shown. Selected bond distances (Å) and 

angles (º): Au(1A)-B(1) 2.427(8), Au(1A)-C(1) 2.188(7), Au(1A)-

P(1) 2.2618(18), B(1)-Au(1A)-P(1) 146.8(2), C(1)-Au(1A)-P(1) 

172.1(2). 

 

With the borataalkene reactivity of 1 established, the bo-

ratabenzene character was investigated next. To determine if 

the central BC5 ring in 9-borataphenanthrene 1 exhibits bo-

ratabenzene reactivity, complexation with chromium was at-

tempted by reacting 1 with tris(acetonitrile)tricarbonylchro-

mium at room temperature in THF (Scheme 5). Upon mixing, 

the solution color immediately changed from yellow to red. In 

situ 11B NMR spectroscopy revealed an upfield shift of the bo-

ron resonance from 40.4 ppm to 30.5 ppm, consistent with the 

formation of an η6-boratabenzene complex49-50, 52 with complete 

conversion of 1 in 75 minutes. Coordination of dibenzo-18-

crown-6 to the potassium ion allowed for the isolation and crys-

tallographic characterization of the piano-stool complex 

1•Cr(CO)3 (Figure 8). The borataphenanthrene ligand coordi-

nates to the chromium center through the central BC5 ring. The 

FT-IR spectrum of the piano-stool complex 1•Cr(CO)3 exhibits 

carbonyl stretching bands at 1903, 1821, and 1769 cm-1, which 

are similar to the chromium boratabenzene complex 

Na[(MeBC5H5)Cr(CO)3] (υCO = 1910, 1820, 1776 cm-1).26 The 

η6 complexation of the central boratabenzene ring of 1 is con-

sistent with the aromatic character determined in the NICS-scan 

calculations. 

 

 
Scheme 5. Reaction of 1 with tris(acetonitrile)tricarbonylchro-

mium to form η6-boratabenzene complex 1•Cr(CO)3 (crown = 

dibenzo-18-crown-6). 

 

 
Figure 8. Solid-state structure of 1•Cr(CO)3. Hydrogen atoms 

and dichloromethane solvate are omitted for clarity, and ther-

mal ellipsoids are drawn at the 50% probability level. Selected 

bond distances (Å) and angles (º): B(1)-Cr(1) 2.410(4), C(1)-

Cr(1) 2.294(3), C(2)-Cr(1) 2.306(4), C(7)-Cr(1) 2.294(3), C(8)-

Cr(1) 2.329(3), C(13)-Cr(1) 2.349(3), Cr(1)-C(23) 1.821(4), 

C(23)-O(1) 1.171(5), Cr(1)-C(24) 1.813(4), C(24)-O(2) 

1.163(5), Cr(1)-C(25) 1.809(4), C(25)-O(3) 1.174(5), O(3)-

K(1) 2.849(4). 

 

All compounds share the fused tricyclic framework, enabling a 

comparison of their common metrical parameters from X-ray 

diffraction data (Table 1). The structure of 1 was determined 

with three different solvates; THF, 1,4-dioxane, and dimethox-

yethane (DME), with the closest contacts of the potassium cat-

ion with the borataphenanthrene anion differing in each. In the 

THF solvate, coordination of the potassium ion to the central 

boratabenzene ring occurs, while in the dioxane solvate, the po-

tassium ion coordinates to the carbonaceous ring adjacent to the 

trimethylsilyl-substituted carbon, and in the DME solvate, the 

potassium ion coordinates to the carbonaceous ring adjacent to 

boron. The heteroatom bonds to the deprotonated carbon are 

notably shortened with the B-C bond of 1.541(3) Å of D con-

tracting to 1.487(10)-1.495(2) Å in the structures of 1 and the 

C-Si bond contracting from 1.948(2) Å to 1.856(7)-1.8736(18) 

Å (Table 1). The boron-carbon and carbon-silicon bond dis-

tances of the methylated product are similar to D [2: B-C = 

1.5481(18) Å and 1.9721(12) Å] while the metal complexes are 

similar to those of 1 [1•AuPPh3: B-C = 1.504(11) Å and C-Si 

= 1.891(12) Å, 1•Cr(CO)3: B-C = 1.517(5) Å and C-Si = 

1.888(4) Å] indicating that metal complexation has minimal ef-

fect on the bonding in the borataphenanthrene. The hydrobora-

tion products have significantly lengthened boron-carbon bonds 

[syn-3 = 1.702(3) Å, anti-3 = 1.674(5) Å] that are consistent 

with quaternization of the boron center. In all the structures, 

there is minimal perturbation of the biphenyl framework. 

 

CONCLUSION  

 

The synthesis of the 9-borataphenanthrene anion enabled a re-

activity study that revealed surprisingly diverse reaction modes. 

The feature compound readily undergoes protonation to 



 

regenerate its charge-neutral precursor or methylation at carbon 

with iodomethane, consistent with the B=C bond polarization 

and borataalkene reactivity. Hydroboration of the B=C bond 

with pinacolborane demonstrated the potential of addition reac-

tions in the system and provided a B=C hydroboration product 

that does not have a three-center two-electron bond with the hy-

dride and boron atoms. Accordingly, this is also the first obser-

vation of an anti hydroboration product and provides a potential 

route to geminal bis(boron)-functionalized organic molecules. 

A unique η2-borataalkene gold complex was synthesized and is 

the first example of a late metal borataalkene complex as well 

as the only example of an η2-borataalkene complex prepared 

from the free anion. The 9-borataphenanthrene species coordi-

nates to chromium in an η6 fashion from the central BC5 ring to 

underscore the diverse reactivity. Although several unusual 

transformations were disclosed in this manuscript, we are 

merely scratching the surface of the chemistry of the 9-borata-

phenanthrene anion. Overall the new class of compound 

demonstrates C-based nucleophilic, olefinic, and aromatic be-

havior and reactivity within a single heterocyclic ring system. 

 

EXPERIMENTAL SECTION 

 

General Considerations: All manipulations were performed 

under an inert atmosphere in a nitrogen-filled MBraun Unilab 

glove box or using standard Schlenk techniques. CDCl3, C6D6, 

and CD3CN for NMR spectroscopy were purchased from Cam-

bridge Isotope Laboratories and dried by stirring for 3 days over 

CaH2, distilling, and storing over molecular sieves. Dimethox-

yethane was purchased from Acros Organics and dried by stir-

ring for 3 days over CaH2, distilling, and storing over molecular 

sieves. 1,4-Dioxane was purchased from Beantown Chemical 

and stored over molecular sieves. All other solvents were pur-

chased from commercial sources as anhydrous grade, dried fur-

ther using a JC Meyer Solvent System with dual columns 

packed with solvent-appropriate drying agents, and stored over 

molecular sieves. 9-Phenyl-9-borafluorene and (Ph3P)AuCl 

were prepared by the literature procedures.86-87 The following 

reagents were purchased from the listed sources and used as re-

ceived: Trimethylsilyldiazomethane 2 M solution in hexanes 

(Acros Organics), pinacolborane (Acros Organics), triflic acid 

(Beantown Chemical), potassium bis(trimethylsilyl)amide (Al-

drich) tris(acetonitrile)tricarbonylchromium (Aldrich), 

dibenzo-18-crown-6 (TCI). Iodomethane was purchased from 

Acros Organics and stored over molecular sieves. Multinuclear 

NMR spectra (1H, 1H{11B}, 13C{1H}, 11B, 11B{1H}, 31P{1H}) 

were recorded on a Bruker Ascend 400 MHz instrument. High 

resolution mass spectra (HRMS) were obtained at the Baylor 

University Mass Spectrometry Center on a Thermo Scientific 

LTQ Orbitrap Discovery spectrometer using ESI or at the Uni-

versity of Texas at Austin Mass Spectrometry Center on a Mi-

cromass Autospec Ultima spectrometer using CI. Melting 

points were measured with a Thomas Hoover Uni-melt capil-

lary melting point apparatus and are uncorrected. FT-IR spectra 

were recorded on a Bruker Alpha ATR FT-IR spectrometer on 

solid samples. Single crystal X-ray diffraction data were col-

lected on a Bruker Apex II-CCD detector using Mo-Kα radia-

tion (λ = 0.71073 Å). Crystals were selected under paratone oil, 

mounted on MiTeGen micromounts, and immediately placed in 

a cold stream of N2. Structures were solved and refined using 

SHELXTL and figures produced using OLEX2.88-89  

Computational Methods: Unless noted, all calculations were 

performed with the Gaussian 16 program.90 Geometry optimi-

zations were carried out in a THF solvent forcefield using 

Table 1. Selected bond distances (Å) for D,69 1 (free anion, calculated), 1•dioxane, 1•THF, 1•DME, 2, syn-3, anti-3, 1•AuPPh3, and 

1•Cr(CO)3. 

 



 

B3LYP-D3(BJ)91 with a def2-SVP basis set.92 Frequency calcu-

lations were performed analytically at the same level of theory 

to characterize the stationary points as minima or transition 

states. NBO analysis was carried out with NBO 6.0.93 Plots of 

molecular orbitals were obtained by performing MO analysis at 

B3LYP-D3(BJ)/def2-SVP in THF solvent. NICS scan calcula-

tions were carried out with the AROMA program67, 94-96 coupled 

to Gaussian. NICS calculations were carried out with the 

B3LYP97-98 method, def2-TZVP basis set,92 and THF solvation.  

Synthesis of D: D was prepared using a modified version of the 

literature procedure to accommodate a larger scale.69 Trime-

thylsilyldiazomethane (2 M in hexanes, 2.67 mL, 5.34 mmol) 

was added dropwise to a solution of 9-phenyl-9-borafluorene 

(1.12 g, 4.65 mmol) in n-pentane (25 mL) while stirring at room 

temperature. The reaction mixture was then stirred for an addi-

tional hour, after which the volatile components were removed 

in vacuo. The resulting solid was then recrystallized from n-

pentane at -35 ºC to yield D as a colorless solid. Yield: 1.15 g 

(75%). The characterization details match the literature data.69 

Synthesis of D from 1: A solution of triflic acid (25 μL, 0.28 

mmol) in THF (2.5 mL) was added dropwise to a solution of 1 

(102 mg, 0.281 mmol) in THF (2.5 mL) while stirring at room 

temperature. After 15 minutes of stirring, the volatile compo-

nents were removed in vacuo, and the residue was extracted 

with benzene (3 mL). The supernatant was then filtered and ly-

ophilized to yield D as a white powder. Yield: 72 mg (79%). 

The characterization details match the literature data.69 

Synthesis of 1: A solution of potassium bis(trimethylsilyl)am-

ide (0.630 g, 3.16 mmol) in benzene (15 mL) was added drop-

wise to a solution of D (0.964 g, 2.95 mmol) in benzene (5 mL) 

while stirring at room temperature. The resulting yellow solu-

tion was then transferred to a pressure tube with a Teflon cap 

and heated at 80 ºC for 3 d, resulting in the formation of a yel-

low precipitate. The precipitate was collected by vacuum filtra-

tion, washed with additional benzene (40 mL), and dried in 

vacuo to yield 1 as a yellow powder. Yield: 0.922 g (86%). m.p. 

99-102 ºC. Crystals for X-ray diffraction studies were grown by 

vapor diffusion of n-pentane into a 1,4-dioxane solution of 1 

(1•dioxane), by vapor diffusion of n-pentane into a THF solu-

tion of 1 (1•THF), or by vapor diffusion of hexanes into a di-

methoxyethane solution of 1 (1•DME). 1H NMR (400 MHz, 

CD3CN):  8.59 (d, J = 8.0 Hz, 1H), 8.55 (dd, J = 8.0, 2.5 Hz, 

1H), 7.84 (dd, J = 8.5, 1.0 Hz, 1H), 7.64 (dd, J = 7.5, 1.5 Hz, 

1H), 7.50-7.48 (m, 2H), 7.39-7.35 (m, 1H), 7.29-7.25 (m, 2H), 

7.20-7.11 (m, 3H), 6.91-6.87 (m, 1H), -0.01 (s, 9H); 13C{1H} 

NMR (101 MHz, CD3CN):  148.13, 138.50, 134.99, 134.45, 

128.63, 127.82, 126.67, 125.04, 124.61, 124.46, 124.11, 

122.53, 122.50, 115.49, 4.61; 11B NMR (128 MHz, CD3CN):  

40.4; FT-IR (cm-1 (ranked intensity)): 1467 (9), 1417 (15), 1298 

(6), 1256 (14), 1243 (8), 1229 (13), 930 (7), 863 (10), 828 (1), 

761 (2), 748 (3), 727 (5), 710 (4), 676 (12), 622 (11); high-res-

olution mass spectrometry (HRMS) electrospray ionization 

(ESI): calcd for C22H22BSi [M]-, 325.1583; found, 325.1578. 

Synthesis of 2: Iodomethane (55 μL, 0.88 mmol) was added 

dropwise to a solution of 1 (107 mg, 0.293 mmol) in acetonitrile 

(3 mL) while stirring at room temperature. After 20 minutes, 

the reaction mixture was extracted with n-pentane (3 × 5 mL). 

The volatile components were then evaporated in vacuo from 

the n-pentane extract to afford 2 as a colorless oil, which was 

lyophilized from benzene to produce a white powder. This pow-

der was then further purified by recrystallization from n-pen-

tane at -35 ºC. Yield: 63 mg (63%). d.p. 82 ºC. Crystals for X-

ray diffraction studies were grown by storing an n-pentane 

solution of 2 at -35 ºC. 1H NMR (400 MHz, C6D6):  8.10 (t, J 

= 8.0 Hz, 2H), 7.84 (dd, J = 7.5, 1.0 Hz, 1H), 7.43-7.39 (m, 4H), 

7.34-7.21 (m, 5H), 7.16-7.12 (m, 1H), 1.86 (s, 3H), -0.33 (s, 

9H); 13C{1H} NMR (101 MHz, C6D6):  144.37, 143.82, 

136.99, 134.28, 133.62, 132.21, 127.44, 127.41, 126.75, 

126.60, 125.55, 124.56, 123.23, 17.91, -1.07; 11B NMR (128 

MHz, C6D6):  67.2; FT-IR (cm-1 (ranked intensity)): 1591 (15), 

1437 (13), 1247 (4), 1226 (12), 950 (14), 835 (1), 766 (8), 752 

(5), 744 (7), 732 (2), 707 (3), 690 (11), 671 (6), 663 (9), 636 

(10); high-resolution mass spectrometry (HRMS) chemical ion-

ization (CI): calcd for C23H25BSi [M]+, 340.1819; found, 

340.1821. 

Synthesis of syn-3: Pinacolborane (212 μL, 1.46 mmol) was 

added to a solution of 1 (354 mg, 0.972 mmol) in THF (5 mL) 

while stirring at room temperature. After 21 hours of stirring, 

the solution was concentrated to a volume of 2 mL, resulting in 

the formation of a cloudy yellow precipitate. The precipitate 

was isolated by decantation and dried in vacuo to yield syn-3 as 

a pale-yellow powder. Yield: 308 mg (64%, minimum 7:1 dia-

stereomer ratio). d.p. 167 ºC. Crystals for X-ray diffraction 

studies were grown by slow evaporation of a solution of syn-3 

in THF/benzene (5:1). 1H NMR (400 MHz, CD3CN):  7.57-

7.55 (m, 1H), 7.43 (d, J = 7.5 Hz, 1H), 7.20-7.17 (m, 2H), 7.01-

6.93 (m, 4H), 6.88 (td, J = 7.5, 1.5 Hz, 1H), 6.80 (td, J = 7.0, 

1.5 Hz, 1H), 6.67-6.64 (m, 3H), 2.62 (q, J = 90.0 Hz, 1H), 0.87 

(s, 6H), 0.69 (s, 6H), -0.08 (s, 9H); 1H{11B} NMR (400 MHz, 

CD3CN):  7.57-7.55 (m, 1H), 7.43 (d, J = 7.5 Hz, 1H), 7.20-

7.18 (m, 2H), 7.00-6.93 (m, 4H), 6.88 (td, J = 7.0, 1.5 Hz, 1H), 

6.81-6.78 (m, 1H), 6.68-6.65 (m, 3H), 2.62 (s, 1H), 0.87 (s, 6H), 

0.68 (s, 6H), -0.08 (s, 9H); 13C{1H} NMR (101 MHz, CD3CN): 

 151.88, 142.70, 136.09, 134.35, 131.16, 126.13, 125.52, 

125.45, 125.34, 124.02, 123.76, 122.95, 122.78, 81.31, 25.39, 

24.50, 2.69; 11B NMR (128 MHz, CD3CN):  34.5 (s, br), -11.1 

(d); 11B{1H} NMR (128 MHz, CD3CN):  34.9 (s, br), -11.1 (s); 

FT-IR (cm-1 (ranked intensity)): 2974 (9), 1426 (10), 1297 (6), 

1241 (4), 1140 (2), 973 (7), 891 (14), 828 (1), 762 (13), 737 (3), 

716 (5), 674 (8), 620 (15), 600 (12), 510 (11); high-resolution 

mass spectrometry (HRMS) electrospray ionization (ESI): 

calcd for C28H35B2O2Si [M]-, 453.2592; found, 453.2614. 

Synthesis of anti-3: Pinacolborane (52 μL, 0.36 mmol) was 

added to a solution of 1 (87 mg, 0.24 mmol) in THF (3 mL) 

while stirring at room temperature. After 17 days of stirring, the 

volatile components were removed in vacuo to produce a col-

orless oil. The oil was then redissolved in a mixture of THF (1 

mL) and n-pentane (2 mL) and recrystallized at -35 ºC to yield 

colorless crystals of anti-3. Yield: 72 mg (61%). d.p. 151 ºC. 

Crystals for X-ray diffraction studies were grown by storing an 

n-pentane/THF (2:1) solution of anti-3 at -35 ºC. 1H NMR (400 

MHz, CD3CN):  7.66-7.64 (m, 1H), 7.56-7.53 (m, 1H), 7.44-

7.40 (m, 1H), 7.26 (s, br, 1H), 7.13-7.12 (m, 2H), 7.00-6.92 (m, 

2H), 6.85-6.81 (m, 2H), 6.70-6.66 (m, 2H), 6.64-6.59 (m, 1H), 

2.69 (q, br, J = 88.0 Hz, 1H), 0.98 (s, 6H), 0.82 (s, 6H), -0.34 

(s, 9H); 1H{11B} NMR (400 MHz, CD3CN):  7.66-7.64 (m, 

1H), 7.56-7.53 (m, 1H), 7.44-7.40 (m, 1H), 7.27-7.24 (m, 1H), 

7.14-7.11 (m, 2H), 7.00-6.92 (m, 2H), 6.86-6.81 (m, 2H), 6.70-

6.66 (m, 2H), 6.64-6.60 (m, 1H), 2.68 (s, 1H), 0.98 (s, 6H), 0.82 

(s, 6H), -0.34 (s, 9H); 13C{1H} NMR (101 MHz, CD3CN):  

141.10, 135.44, 135.37, 126.13, 125.82, 125.34, 124.27, 

123.80, 123.28, 122.72, 122.69, 81.39, 25.65, 25.52, 0.63; 11B 

NMR (128 MHz, CD3CN):  35.4 (s, br), -12.1 (d); 11B{1H} 

NMR (128 MHz, CD3CN):  35.1 (s, br), -12.1 (s); FT-IR (cm-

1 (ranked intensity)): 2975 (12), 1477 (9), 1425 (11), 1371 (15), 



 

1303 (6), 1238 (4), 1143 (3), 1023 (14), 972 (8), 833 (1), 742 

(2), 712 (7), 677 (5), 620 (10), 596 (13); high-resolution mass 

spectrometry (HRMS) electrospray ionization (ESI): calcd for 

C28H35B2O2Si [M]-, 453.2592; found, 453.2521. 

Synthesis of 1•AuPPh3: A solution of (Ph3P)AuCl (52 mg, 0.11 

mmol) in benzene (4 mL) was added to a solution of 1 (39 mg, 

0.11 mmol) in THF (1 mL) while stirring at room temperature. 

After 60 minutes, the volatile components were evaporated in 

vacuo to produce a colorless oily residue, which was then ex-

tracted with benzene (10 mL). The benzene extract was then 

filtered and lyophilized to yield 1•AuPPh3 as a white powder. 

Yield: 73 mg (88%). d.p. 57 ºC. Crystals for X-ray diffraction 

studies were grown by vapor diffusion of n-pentane into a tolu-

ene solution of 1•AuPPh3. 1H NMR (400 MHz, CDCl3):  8.53 

(dd, J = 8.0, 1.0 Hz, 1H), 8.48 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 

8.0 Hz, 1H), 7.62-7.57 (m, 2H), 7.52-7.42 (m, 6H), 7.34-7.29 

(m, 8H), 7.24-7.20 (m, 3H), 7.10-7.05 (m, 6H), 0.16 (s, 9H); 
13C{1H} NMR (101 MHz, CDCl3):  149.70, 143.20, 143.14, 

141.33, 139.75, 134.70, 134.06 (d, J = 14.0 Hz), 132.77, 131.56, 

131.53, 129.54, 129.17 (d, J = 11.0 Hz), 129.07, 129.01, 128.83, 

126.46, 125.55, 125.27, 125.20, 124.73, 122.83, 122.12, 4.65; 
11B NMR (128 MHz, CDCl3):  42.4; 31P{1H} NMR (162 MHz, 

CDCl3):  39.7; FT-IR (cm-1 (ranked intensity)): 1476 (9), 1435 

(5), 1243 (8), 1099 (7), 928 (10), 829 (3), 745 (6), 729 (12), 691 

(1), 676 (14), 639 (13), 619 (11), 593 (15), 532 (2), 498 (4); 

high-resolution mass spectrometry (HRMS) electrospray ioni-

zation (ESI): calcd for C40H37AuBKPSi [M+K]+, 823.1798; 

found, 823.1802. 

Synthesis of 1•Cr(CO)3: A solution of tris(acetonitrile)tricar-

bonylchromium (76 mg, 0.29 mmol) in THF (6 mL) was added 

dropwise to a solution of 1 (108 mg, 0.296 mmol) in THF (2 

mL) while stirring at room temperature under low-light condi-

tions. After 75 minutes, dibenzo-18-crown-6 (107 mg, 0.296 

mmol) in dichloromethane (4 mL) was added to the reaction 

mixture. The reaction mixture was then stirred for an additional 

30 minutes, after which the volatile components were evapo-

rated in vacuo. The resulting solid was then washed with di-

chloromethane (1 mL) to yield 1•Cr(CO)3 as a bright red pow-

der. Yield: 189 mg (75%). d.p. 131 ºC. Crystals for X-ray dif-

fraction studies were grown by vapor diffusion of a dichloro-

methane solution of 1•Cr(CO)3 into toluene. 1H NMR (400 

MHz, CD3CN):  8.75 (d, J = 8.5 Hz, 1H), 8.50 (d, J = 8.5 Hz, 

1H), 8.37 (s, br, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.47-7.24 (m, 

8H), 7.02 (t, J = 8 Hz, 1H), 6.95 (s, 8H), 4.14-4.12 (m, 8H), 

3.92-3.90 (m, 8H), 0.13 (s, 9H); 13C{1H} NMR (101 MHz, 

CD3CN):  147.83, 138.68, 135.75, 135.38, 133.81, 129.97, 

129.29, 129.18, 127.34, 125.99, 124.47, 123.42, 122.33, 

122.23, 122.10, 115.49, 112.29, 97.83, 70.01, 68.00, 4.53; 11B 

NMR (128 MHz, CD3CN):  30.5; FT-IR (cm-1 (ranked inten-

sity)): 1903 (7), 1821 (13), 1769 (3), 1503 (5), 1453 (9), 1245 

(2), 1211 (10), 1120 (4), 1061 (12), 942 (6), 830 (8), 743 (1), 

702 (15), 683 (14), 634 (11); high-resolution mass spectrometry 

(HRMS) chemical ionization (CI): calcd for C25H23BCrO3Si 

[M+H]-, 462.0915; found, 462.0912. 
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