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ABSTRACT. We demonstrate the formation of a diverse array of organic and organometallic
products containing newly-formed C-C bonds via successive methyl transfers from di-, tri-, and
tetramethyl Ta(V) precursors to unsaturated small molecule substrates under mild conditions. The
reactions of Ta(V) methyl complexes 1-X [H:B(M*Im),]TaMesX (X = Me, Cl; Im = imidazole,
Mes = 2.,4,6-trimethylphenyl) with CO led to oxo enolate Ta(V) products, in which the enolate
ligands were constructed from Ta-Me groups and two equivalents of CO. Similarly, the reaction
of 1-Me with CNXyl yielded an imido enamine Ta(V) product. Surprisingly, 1-Cl reacted with
CNXyl (1 equiv.) at the borate backbone of the [H,B(M*Im),] ligand with concomitant methyl
transfer from the metal center to form a new, dianionic scorpionate ligand that supported a Ta(V)
dimethyl chloro complex (6). Treatment of 1-Cl with further CNXyl led to an azaallyl scorpionate
complex, and an imido isocyanide scorpionate complex, along with propene and xylyl ketenimine.
Complex 6 reacted with CO to yield a pinacol scorpionate complex 10 — a new reaction pathway

in early transition metal chemistry. Mechanistic studies revealed that this proceeded via migratory



insertion of CO into a Ta-Me group, followed by methyl transfer to form an m’-acetone
intermediate. Elimination of acetone furnished a CO-stabilized Ta(IIl) intermediate capable of re-
binding and subsequently coupling two equivalents of CO-derived acetone to form the pinacol

ligand in 10.

Introduction

One of the most interesting and significant challenges that chemists face today is the clean,
efficient utilization of carbon monoxide (CO) as a C; source. The foremost example of successful
Ci chemistry is the Fischer-Tropsch process, by which CO and hydrogen gas are combined under
high temperature and pressure in the presence of heterogeneous metal catalysts to yield liquid
hydrocarbons.! Other notable processes that convert feedstock CO into valuable C;-C, chemical
commodities include the Monsanto’ and Cativa® acetic acid syntheses, as well as
hydroformylation, hydrocarboxylation and hydroesterification;* these classic processes are
typically mediated by homogeneous late transition metal catalysts. Many of the primary steps in
these industrial catalytic processes have been identified by studying the stoichiometric
carbonylation chemistry of organometallic complexes.> Undoubtedly, the most studied of these
stoichiometric steps is the migratory insertion of CO into metal-alkyl bonds to form a new C-C
bond, yielding acyl-containing products.®’ If more than one alkyl group is present on the transition
metal center, successive methyl transfers can be observed, yielding products containing more than

one new C-C bond.®? Using this strategy, a wide array of C»-C, products can be accessed under
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mild conditions, including ketones,” enediols,'*!? enols,'*!* alcohols,'® and ketenes,'’ depending
on the number and nature of alkyl groups, the metal center, and reaction conditions that are

employed.



While many studies in this area have focused on the stoichiometric reactivity of CO (and the
isolobal substrates carbon monosulfide, CS, and isocyanides, CNR) with late transition metal
complexes, fewer reports have detailed the fundamental reactivity of CO with early transition
metal complexes (here defined as groups 3-6).>!¢ The extremely oxophilic nature of the early
transition metals,!” along with their high valencies, influences their reactivity with CO and often
leads to divergent reactivity relative to that of the later metals.!® We previously reported the
reaction of a B-diketiminate-supported Nb imido dimethyl complex with CO, where a variety of
products could be obtained depending on the reaction conditions employed, including acyl-,
ketone-, enediol-, and alcohol-containing products.!® Using this system, we were also able to
access a CO-stabilized Nb(III) species (via elimination of CO-derived acetone) that catalyzes
alkyne semihydrogenation.!” Additionally, we reported the carbonylation reaction of a trimethyl
Ta complex supported by amidinate ligands, which resulted in the formation of an enediol product;
we did not observe reactivity at the third methyl group.!!

Taking this chemistry a step further, we sought a group 5 system that would enable us to observe
carbonylation reactivity at more than two alkyl groups, as such a strategy could lead to unique
products containing multiple equivalents of CO and more than two new C-C bonds. We focused
on Ta, as a few prior studies of Ta alkyl systems have demonstrated the ability of more than two
methyl groups to react with CO, yielding oligomeric enolate-containing products.!*!* These
reports invariably use a Cp* (Cp* = pentamethylcyclopentadienyl) ligand to support the Ta metal
center. In the present study, we forgo Cp* in favor of a bidentate N-heterocyclic carbene (NHC)
ligand.?%?! While NHC ligands are relatively uncommon in the early transition metal literature,?***
they have been used extensively to support late metal cross-coupling catalysts.?**¢ Using an NHC

ligand, we hypothesized that we could observe coupling of the organic products derived from CO



and methyl groups, as the strong o-donating and negligible n-back bonding characteristics of these
ligands serve to increase electron density at electron-poor early metal centers.?’” We recently
reported the syntheses of two closely related NHC-supported Ta(V) tri- and tetramethyl complexes
[H.B(MeIm),]TaMesX (1-X, X = Cl, Me; Im = imidazole, Mes = 2,4,6-trimethylphenyl).?® We
found that reductive hydrogenolysis of the Ta-Me groups in complexes 1-X offered controlled
access to low valent, multinuclear polyhydride products. Here, we describe the reactivity of these
alkyl complexes with CO and CNR. This work demonstrates that successive methyl transfers from
di-, tri-, and tetramethyl Ta(V) precursors to unsaturated small molecule substrates is a viable

strategy to access a diverse array of organic and organometallic products bearing new C-C bonds.

Results and Discussion

Formation of Enolates from Carbon Monoxide and Imines from Xylyl Isocyanide.

Addition of CO (1 atm) to a solution of the tetramethyl bis(NHC)borate Ta(V) precursor 1-Me
resulted in a color change from pale yellow to orange. Upon workup, pale yellow crystals were
isolated away from an oily, orange impurity. The X-ray crystal structure revealed uptake of two
equivalents of CO to give the oxo enolate methyl Ta(V) compound 2-Me in 76% yield (Scheme
1, Figure 1). '"H NMR analysis revealed broad resonances for the protons on the bis(NHC)borate
ligand and four sharp, upfield singlets corresponding to chemically inequivalent methyl groups,
one attached to the metal center and three decorating the periphery of the CO-derived enolate
ligand. Cooling the NMR sample to —10 °C sharpened the resonances of the bis(NHC)borate ligand

but did not affect the four upfield methyl signals (Figure S4).



Scheme 1. Syntheses of compounds 2-X (X = Me, Cl), 3, 4-X (X = Me, Cl), and organic product
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Similarly, the trimethyl chloro Ta(V) precursor 1-Cl reacted with two equivalents of CO to form
the oxo enolate chloro Ta(V) compound 2-Cl in 64% yield (Scheme 1). Compound 2-Cl also
exhibits C1 symmetry by '"H NMR, but unlike 2-Me, the signals in the spectrum of 2-Cl are sharp
at ambient temperature (Figure S5). Comparison of the crystal structures of compounds 2-Me and
2-Cl (Figure 1) revealed striking similarities: both compounds adopt square-based pyramidal
geometries with the oxo ligand in the apical position and have almost identical bond metrics (Table
S6). Despite the highly oxophilic nature of Ta,!” crystallographically characterized examples of
Ta complexes with terminal oxo moieties are relatively rare, likely due to the tendency of such
complexes to form multinuclear oxo-bridged species.??° The Ta=0 bond lengths observed in 2-

X (X =Me, 1.724(3) A; X =Cl, 1.718(2) A) are consistent with the data in these few prior reports

of Ta—O multiple bonds.'*3!-36
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Figure 1. Crystal structures of 2-Me (left), 2-Cl (center), and 3 (right) with 50% probability

thermal ellipsoids. H atoms are excluded, and mesityl and xylyl groups are depicted in wireframe.

Turning to isocyanides as isolobal analogs of CO, addition of two equivalents of xylyl isocyanide
(CNXyl) to a solution of 1-Me led to formation of an orange-colored product identified as the
imido enamine methyl Ta(V) compound 3 in 91% yield (Scheme 1). X-ray diffraction and 'H
NMR studies revealed that the structure of 3 is akin to those of 2-X, with the imido ligand
occupying the apical position of a square-based pyramid (Figure 1). The Ta=N(Xyl) bond length
in 3 (1.776(2) A, Table S7) and the nearly linear Ta=N-Cxyi bond angle (173.34(18)°) are in good
agreement with those of previously reported Ta(V) monoimido compounds.>>*7° Quite
surprisingly, compound 1-Cl did not react in an analogous manner with CNXyl, as detailed below.

Formation of an enolate or enamine moiety from insertion of CO or CNR into early transition
metal-methyl bonds is well precedented. In the realm of Ta carbonylation chemistry, Schrock and

coworkers first reported this reactivity pattern in 1979: Ta(n’-Cp*)Mes reacted with one

equivalent of CO to form the m?-acetone complex Ta(n’-Cp*)(O=CMez)Me,.!* This complex



reacted with a further equivalent of CO to produce a mixture of oxo-bridged oligomeric Ta(V)
species containing one enolate ligand per Ta center. Neither the n?-acetone complex nor the
oligomeric products were crystallographically characterized. A second example of enolate
formation from the reaction of CO with Ta-methyl groups was reported in 2008; again, the product,
[TaO(n’-Cp*)(OSiPh3)(OC(Me)=C(Me),)]n, was oligomeric and an X-ray crystal structure was
not reported.'* Thus, complexes 2-X represent the first structurally characterized examples of
monomeric Ta enolate complexes formed via this route (although two structurally-characterized
Ta bis(enolate) complexes, prepared via salt metatheses between K(OC[Ad]Ar) (Ar = 3,5-
dimethylphenyl and 2,4,6-trimethylphenyl, Ad = adamantyl) and TaMe3Cla, have been reported).*!
It is likely that the bis(NHC)borate ligand employed in this work offers a greater degree of steric
protection than does the Cp* ligand used in these previous studies, thus disfavoring the formation
of oligomers. Monomeric Ta enamine complexes formed from the reaction of Ta-alkyl complexes
with CNR reagents are more numerous.>!%!4424 In these examples, it is likely that the added steric
bulk offered by CNR (relative to CO) disfavors the formation of multinuclear products. The
formation of enol or enamine ligands has also been observed following the reactions of various
Zr, %% Hf*” and W>° alkyl complexes with CO or CNR.

The addition of one equivalent of CO to complexes 1-X led to mixtures of complexes 2-X and
starting material; similarly, the addition of one equivalent of CNXyl to 1-Me led to a mixture of 3
and starting material. Thus, while we were unable to directly observe the products resulting from
the reactions of 1-X with one equivalent of CO or CNXyl, we propose that our system operates
under a mechanism that is consistent with these prior reports (Scheme 2). First, insertion of one

equivalent of CY (Y = O or N(Xyl)) into one Ta-Me bond produces n?-acyl or n*-iminoacyl

intermediate A. Subsequent methyl transfer furnishes n’>-acetone or n>-imine intermediate B. Next,



a second equivalent of CY reacts, either by insertion into the Ta-C bond of the n?-acetone/imine

moiety to give tantalacyclobutane intermediate C, or by insertion into another Ta-Me bond to give

n2-acetone/imine n?-acyl/iminoacyl complex D. Finally, C-C coupling and C-Y bond cleavage

leads to the isolated products 2-Me, 2-Cl, and 3.

Scheme 2. Proposed mechanism for the formation of compounds 2-X (X = Cl, Me) and 3 from the

reactions of 1-X (X = CI, Me) with CY (Y = O, N(Xyl)) reagents.
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We next explored the reactivity of complexes 2-X with reagents that could serve as proton or

silyl sources, with the anticipation that such reactions could lead to liberation of the enolate ligand

as an enol/ketone or silane. Complexes 2-X did not react with weak acids (trialkylammonium salts,

2,6-Iutidinium chloride), even upon heating for extended periods. The addition of excess

trimethylsilyl chloride to yellow solutions of 2-X led to an immediate reaction, as evidenced by



color changes to darker shades of yellow. 'H NMR analysis revealed formation of the products of
1,2-addition across the Ta-oxo bond, namely the enolate siloxy chloride Ta(V) complexes 4-X, in
85% (X = Me) and 73% (X=Cl) yield (Scheme 1).

The solid-state structures of 4-Me and 4-Cl revealed nearly identical geometries and bond
metrics: both complexes adopt distorted octahedral geometries, with the enolate ligand trans to a
carbene carbon of the bis(NHC)borate ligand (Figure 2, Table S8). The Ta—O(SiMes3) bonds are
lengthened (X=Me, 1.857(2) A; X = Cl, 1.856(2) A) relative to the Ta=0 bonds in 2-X. Variable
temperature '"H NMR experiments revealed that compound 4-Me can adopt two conformations
(Figures S11-21). At ambient temperature, the resonances of 4-Me are broad; upon heating to 40
°C, the signals converge into a single set of sharp peaks. Cooling to —70 °C resulted in resolution
of the signals into two equivalent sets of sharp resonances. We suggest that the two conformational
isomers are differentiated by the identity of the ligand (either Me or Cl) trans to the siloxy group,

leading to the observed fluxional behavior.

Figure 2. Crystal structures of 4-Me (left) and 4-Cl (right) with 50% probability thermal

ellipsoids. H atoms are excluded, and mesityl groups are depicted in wireframe.



Formation of compounds 4-X serves as a rare example of 1,2-addition across a Ta-O multiple
bond. A similar complex, [Ta(OSiMe3)CI(77°-Cp*)(77°-CsH4SiMes3)][F3CSOs], was synthesized
from the reaction of Ta(=0)CI(77°-Cp*)(77°-CsH4SiMe3) with F3CSO3SiMes.>* However, in this
case the trimethylsilyl group merely served to cap the oxo ligand and generate a cationic Ta(V)
siloxy complex. Indeed, while there have been a handful of reports of 1,2-addition across highly

polarized, group 4 metal-oxo bonds,>'*>?

examples of such reactivity in group 5 metal complexes
are uncommon. We recently reported an oxo imido Nb(V) complex that was capable of adding
secondary and tertiary silanes across the Nb=0 bond,** where we employed a n-loading™ strategy
specifically to enhance the reactivity of the oxo ligand. In the present work, it is likely that capping
the Ta=0O moieties of 2-X with a silyl group serves to remove electron density from the already
electron-rich Ta center, which is supported by several strongly electron-donating groups (i.e. the
bis(NHC)borate, oxo, and enolate ligands). Thus, while we were unable to release the enolate
ligands of 2-X by reactions with weak acids, we were able to observe atypical reactivity across a
group 5 metal-oxo group.

In contrast, the enamine ligand in 3 could be protonated to give the corresponding free imine.
Addition of two equivalents of lutidinium chloride to a solution of 3 in C¢Ds and subsequent
sonication resulted in a heterogeneous mixture with tan solids. Analysis of the solution by 'H NMR
revealed complete and clean conversion to the free imine, N-(1,2-dimethylpropylidene)-2,6-
dimethylbenzenamine (5) and lutidine (Scheme 1). A 20:1 ratio of E:Z isomers of 5 could be

observed in the "TH NMR spectrum (Figure S25). No tantalum species could be observed by NMR,

suggesting that the insoluble tan precipitate contains a mixture of insoluble Ta-oxo species. Mass

10



spectrometry analysis of the pale orange solution further confirmed the presence of imine § (m/z:

189).

Formation of Xylyl Ketenimine and Propene from Xylyl Isocyanide.

Addition of one equivalent of CNXyl to 1-Cl at —40 °C resulted in an immediate color change
from yellow to yellow-orange. After stirring the resulting mixture at —10 °C for 1.5 h and
subsequent workup, yellow microcrystals were obtained. NMR analysis revealed several
diagnostic resonances, indicating formation of the dimethyl chloro scorpionate Ta(V) complex 6
in 67% yield (Scheme 3). In the '"H NMR spectrum, the broad signal corresponding to the protons
on the borate group integrated to one, rather than two protons, and was now accompanied by a
quartet integrating to one proton (Figure S27). In addition, only two resonances for Ta-methyl
groups could be identified in the spectrum, and a new doublet integrating to three protons appeared
upfield. In the ''"B NMR spectrum, a single broad resonance at —0.35 ppm could be assigned to the
borate group (Figure S29); in contrast, this signal appears between —8.11 and —2.82 ppm in the
spectra of complexes 2-X, 3, and 4-X. Taken together, these data suggested that complex 1-Cl had
reacted at the borate group of the bis(NHC)borate ligand to produce a dianionic C,N,C-scorpionate
ligand®® comprised of two neutral NHCs and one negatively charged amido group, all linked via
an anionic borate group. The scorpionate ligand likely formed following migratory insertion of
CNXyl into a Ta-Me bond to give a [MeCNXyl] group, which subsequently inserted into a B-H

bond of the bis(NHC)borate ligand.

Scheme 3. Syntheses of compounds 6, 7, 8, and organic side products 9 and propene from 1-Cl.

Compounds 7, 8, and 9 can also be synthesized from compound 6.
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X-ray crystallographic analysis (Figure 3) showed that the Ta center in 6 lies in a distorted
octahedral geometry, with the donor atoms of the scorpionate ligand making up one face of an
octahedron and the two methyl groups and chloro ligand making up another face. Notably, the
scorpionate ligand is chiral: the transfer of a methyl group to the carbon atom linking the amido
nitrogen to the boron atom results in the formation of a stereocenter. In the solid-state structure,
we observed positional disorder at the xylylamido moiety, including the chiral center and the
attached methyl group. Modeling the two positions for the stereocenter as either the R- or S-
enantiomer resulted in a stable structure solution with each part in roughly 50% occupancy,

implying that the R- and S-enantiomers are present in a ca. 1:1 ratio in the solid-state structure.
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Figure 3. Crystal structures of 6 (left), 7 (center), and 8 (right) with 50% probability thermal
ellipsoids. H atoms (except the hydrogen on the chiral center of the scorpionate ligand), disordered
fragments of the molecules (6 and 7) and lattice solvent (8) are excluded, and mesityl and xylyl
groups are depicted in wireframe. A Q peak corresponding to the tantalum hydride in 7 could not

be located in the Fourier difference map.

We have previously reported chemically noninnocent behavior at the borate group of this
bis(NHC)borate ligand: reaction of [H2B(M*Im),]Nb(N'Bu)Me; with excess CO resulted in the
formation of a transient n?-acetone product that subsequently released an equivalent of acetone.?!
The liberated acetone inserted into the B-H bond of the bis(NHC)borate ligand to generate a
monoanionic, tridentate boryl isopropoxide ligand, which ligated a CO-stabilized Nb(III) metal
center. This mode of hydroboration reactivity was also observed to occur with ketones, aldehydes,
and isocyanates, and in some cases double insertion into both B-H bonds was observed. The
present work differs from this previous report in that the newly formed tridentate ligand is

dianionic, rather than monoanionic.
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Complex 1-Cl was observed to react with further equivalents of CNXyl: addition of two
equivalents of CNXyl to a yellow solution of 1-Cl at —78 °C resulted in an immediate color change
to dark orange. After stirring this mixture at —78 °C for two hours and subsequent workup, dark
orange crystals were obtained. "H NMR analysis revealed formation of the hydrido chloro azaallyl
Ta(V) complex 7 in 55% yield, ligated by the aforementioned dianionic scorpionate ligand
(Scheme 3). The azaallyl group was likely formed via insertion of CNXyl into a Ta-Me bond,
followed by migration of a second Ta-Me group to give a transient n>-imine complex; subsequent
B-hydride elimination at one of the imine methyl groups furnished the final product. In the 'H
NMR spectrum, a resonance at 17.34 ppm integrating to one proton could be assigned to the metal
hydride (Figure S30). Interestingly, this resonance is split into a doublet (*J = 3.3 Hz) instead of
the expected singlet due to three-bond coupling to one of the methylene protons of the azaallyl
moiety. Off-diagonal cross peaks between the Ta-H peak and the methylene proton resonance were
observed in a 'H-'H COSY NMR spectrum of 7, further confirming three-bond coupling between
these two protons (Figure S34). Additionally, the two methylene proton resonances appear at
distinct chemical shifts: a doublet at 3.02 ppm (*J = 3.3 Hz) and a singlet at 3.94 ppm, both
integrating to one proton. Cross-peaks between these proton signals and the methylene carbon
resonance were observed in a 'H-'>*C HSQC NMR spectrum of 7 (Figure S33).

In the solid-state structure, the azaallyl ligand in 7 is in the same plane as the NHC groups of the
scorpionate ligand, while the chloro ligand is trans to the scorpionate amido group (Figure 3).
Positional disorder of the azaallyl group and the scorpionate amido moiety prevented us from
locating a Q peak corresponding to the Ta hydride. While we were unable to crystallographically
confirm the presence of a metal hydride, the NMR data for this compound strongly supports our

assignment, as discussed above. The disorder at the chiral carbon of the scorpionate amido group
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in 7 is identical to the disorder described above for 6: modeling the two positions for the
stereocenter as either the R- or S-enantiomer resulted in a stable structure solution with each part
in roughly 50% occupancy.

Complex 7 could be cleanly generated in C¢Ds solution by the addition of one equivalent of
CNXyl to 6 (Scheme 3). This suggests that 6 is an intermediate along the path to 7. Further, it can
be concluded that formation of the scorpionate ligand likely occurs first, followed by reaction of a
second equivalent at the Ta-Me groups to generate an m’-imine moiety, which subsequently
undergoes B-hydride elimination to yield the azaallyl ligand. Similar B-hydride elimination of an
n?-imine bound to a Ta center was observed following the reaction of (n?>-C2BoH;1)TaMes with
CNAd (Ad = adamantyl).>®

Reactions of 1-Cl with further equivalents of CNXyl all led to a third scorpionate product, the
imido chloro isocyanide scorpionate Ta(V) complex 8, with the use of four equivalents resulting
in the cleanest reaction and highest yield (77%, Scheme 3). The room temperature 'H NMR
spectrum of the dark orange product appeared to indicate the presence three similar compounds,
based on the presence of three quartets between 3.5-4.2 ppm, corresponding to the proton on the
chiral carbon of the scorpionate ligand (Figure S35). Repeated recrystallizations did not affect the
relative magnitude of these signals, which were present in a ca. 2:1:2 ratio. A variable temperature
'H NMR experiment provided clarity: upon heating to 100 °C, the 'H NMR spectrum simplified
dramatically and only one quartet remained at 3.70 ppm, suggesting that we were observing a
mixture of isomers that interconvert on the NMR timescale at elevated temperatures (Figures S38-
43; see p. S23 for a detailed discussion of isomerism in complex 8). The three sets of resonances

observed at ambient temperature resolved into two sets of peaks upon cooling to —45 °C. In the
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FT-IR spectrum, we observed a strong absorbance at 2180 cm’! that we attributed to a CNXyl C=N
stretch (Figure S84).

Unlike compounds 6 and 7, the solid-state structure of 8 exhibited no disorder at the chiral amido
moiety (Figure 3). The Ta=N(Xyl) bond is lengthened (1.823(2)A, Table S11) and the Ta=N-Cxyi
bond angle is more bent (161.32(19)°) in complex 8 than was observed in imido enamine complex
3. The metal center sits in a distorted octahedral environment, with the imido and isocyanide
groups in the same plane as the NHC groups of the scorpionate ligand and the chloro ligand trans
to the amido nitrogen.

Complex 8 was cleanly generated in CsDs solution by addition of two or three equivalents of
CNXyl to 6 (Scheme 3). As with 7, this result suggests that 6 is an intermediate along the path to
8. Generation of 8 in solution, from either 6 or 1-Cl, enabled us to observe the organic side products
generated in these reactions: propene and dimethyl xylyl ketenimine (9, MexC=C=NXyl, Scheme
3). Reaction of 1-Cl with four equivalents of CNXyl resulted in the clean formation of 8 and
ketenimine 9 (Figure S46). Mass spectrometry analysis of this reaction mixture further confirmed
the presence of 9 (m/z: 173). Reaction of 6 with two equivalents of CNXyl led to formation of 8,
ketenimine 9, and trace amounts of propene, as observed in the 'TH NMR spectrum (Figure S45);
carrying out the same reaction with three equivalents of CNXyl led only to the formation of 8 and
9. Complex 8 could not be generated from azaallyl hydrido complex 7, suggesting that 3-hydride
elimination at the n-imine moiety is irreversible.

Taken together, these NMR observations allow us to piece together a possible mechanism for
the formation of 8, as depicted in Scheme 4. Combination of 1-Cl with CNXyl first leads to
formation of iminoacyl intermediate E via migratory insertion. The newly formed [MeCNXyl]

group then inserts into a B-H bond to form scorpionate complex 6. Then, a second equivalent of

16



CNXyl inserts to form iminoacyl intermediate F, which subsequently undergoes methyl group
transfer to form transient n?-imine complex G. In the absence of additional equivalents of CNXyl,
the n?-imine moiety undergoes beta hydride elimination to form 7. In the presence of additional
CNXyl, n%-imine complex G continues reacting: a third equivalent of CNXyl binds to the metal
center to give n?-imine isocyanide intermediate H. This binding event provides the impetus for
cleavage of the n%-imine C-N bond to give 8 and a dimethylcarbene fragment, which can be
trapped by CNXyl to give ketenimine 9 or, in absence of a fourth equivalent of CNXyl, rearrange

to give propene.

Scheme 4. Proposed mechanism for the formation of complexes 6, 7, 8, propene, and ketenimine
9 from the reaction of 1-Cl with CNXyl.
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Two similar examples of ketenimine formation from Ta-Me groups and CNR reagents have been
reported. First, reaction of Ta(7°-Cp*)Me.Cl, with CNXyl or CNMes led to formation of Ta-imido
products and the corresponding ketenimines MexC=C=NXyl and MexC=C=NMes.** A second
report detailed formation of Me,C=C=NDipp (Dipp = 2,6-diisopropylphenyl), which was
generated following reaction of [n':n’-(Me2NCH2CH,)C2BoH 9]TaMe; with three equivalents of
CNDipp.> The related reaction of [n'm’-(Mez2NCH2CH2)C2BoHi9]TaMes with one or two
equivalents of the less sterically encumbering CNXyl also led to the formation of a
dimethylcarbene fragment, but in this case the carbene inserted into a B-H bond of the carborane

cage.

Formation of Pinacol from Carbon Monoxide or Acetone.

Addition of CO (1 atm) to a solution of 6 resulted in successive color changes from yellow to
dark yellow to orange. Small amounts of yellow microcrystals were isolated from the reaction
mixture; '"H NMR analysis revealed formation of a new product that retained the dianionic
scorpionate ligand and possessed four chemically inequivalent methyl groups (Figure S47).
Reaction of 6 with 1*C-enriched CO (99% '*C) yielded a similar product that displayed two intense
doublets with J = 35.4 Hz in the 100-107 ppm region of the *C{'H} NMR spectrum, which
suggested a bond between two chemically distinct but strongly coupled *C atoms (Figure S52).
These data revealed formation of the pinacol scorpionate Ta(V) complex 10 (Scheme 5). Two
equivalents of dimethyl starting material are required to form one equivalent of 10, which was
isolated in poor yield via this route (10, 31%; 10-*C,*C, 27%). Interestingly, in the 'H NMR

spectrum of the 3CO-labeled product 10-*C,*C, the four pinacol methyl resonances are split into
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virtual triplets with 2/ = 3.6 Hz due to two-bond coupling with a 1*C atom that is strongly coupled
to the other '*C atom, producing four signals with AA'X; splitting patterns (Figures S50-51). The
'H-coupled '*C NMR spectrum exhibited further splitting of the pinacol carbon doublets into broad

triplets with 2/ = 3.0 Hz (Figure S53).

Scheme 5. Synthesis of compounds 10 and 10-*C,*C from the reactions of 6 with CO and *CO,
respectively (top). Synthesis of compounds 10, 10-d12, and 11 from the reaction of 6 with H> and
excess ketone (bottom).
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The solid-state structure of 10 exhibited a distorted octahedral geometry about the metal center,
with the chloro ligand frans to the amido nitrogen and the pinacol ligand bound in the same plane
as the two NHC groups (Figure 4). Complex 10 crystallized in an orthorhombic space group
(Pnma), with half of the molecule present in the asymmetric unit (a vertical mirror plane bisects
the pinacol ligand). In this case, the chiral carbon of the scorpionate ligand was not positionally

disordered, but the methyl group and proton bound to it were. Modeling the methyl and proton

moieties as either the R- or S-configuration in 50% occupancy led to a stable structure solution.
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Figure 4. Crystal structure of 10 with 50% probability thermal ellipsoids. H atoms (except the
hydrogen on the chiral center of the scorpionate ligand) and disordered fragments of the molecule

are excluded, and mesityl and xylyl groups are depicted in wireframe.

To our knowledge, formation of a pinacol ligand from metal-bound methyl groups and CO is
unprecedented. To learn more about the mechanism of this transformation, we monitored the
reaction of 6 with >*CO by 3C{'H} NMR spectroscopy (Figure 5 and Figures S54-57). After 10
min, two intense singlets appeared at 161.79 and 161.82 ppm, which were assigned as n?-acyl
intermediates; we suggest that the asymmetry of the chiral ligand leads to two chemically distinct
binding orientations for the acyl group, leading to the appearance two singlets for two
stereoisomers. After 1 h, a resonance appeared at 184.5 ppm, corresponding to free 1*CO, as well
as two doublets at 106.4 and 100.3 ppm for the '3C atoms of product 10. In addition, two singlets
appeared at 102.4 and 102.76 ppm, likely corresponding to two closely related n>-acetone
complexes. Schrock and coworkers report the °C shift for a similar n*-acetone complex,

Cp*TaMez(n?-acetone), at 111 ppm.'* Finally, four singlets at 262.2, 260.0, 231.05, and 230.97
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ppm appeared to grow in and disappear at the same rate. The resonances at 262.2 and 260.0 ppm
likely correspond to Ta-bound '3CO; the CO carbon resonance in a related complex,
[BDI]Nb(N'Bu)(CO)2, appears at 255.6 ppm.'? The remaining two singlets at 231.05, and 230.97
ppm could correspond to carbonyl carbons of two stereoisomeric n'-acetone complexes. The
carbonyl carbon '3C resonance in early transition metal n'-acetone complexes typically appears in
the 204.3-226.6 ppm range.®**? Taken together, we suggest that these four singlets correspond to
a CO-stabilized Ta(III) n'-acetone intermediate. As time progressed, the n?-acyl, n?>-acetone, and
n'-acetone intermediates grew in and then disappeared as the amount of 10 increased. Free '*C-

labeled acetone was not observed in any of the spectra.
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Figure 5. '*C{'H} NMR spectra of the reaction of 6 with *CO to give 10 (298 K, 101 MHz, C¢Dg).

Based on these NMR data, we propose that reaction of 6 with CO could follow the mechanism
outlined in Scheme 6. First, migratory insertion of CO into a Ta-Me group gives n*-acyl
intermediate I; transfer of a second methyl group furnishes m?-acetone intermediate J.
Isomerization of n*-acetone to n'-acetone yields low valent Ta(Ill) intermediate K, which is
stabilized by m-back bonding interactions with CO ligands (path 1). Intermediate K can eliminate
acetone to furnish transient Ta(Ill) intermediate L (not observed in the '3*C NMR monitoring
experiment), which is unstable and either re-binds acetone or reacts deleteriously to form
unidentified side products. The newly generated free equivalent of acetone quickly reacts with 1>

acetone intermediate J via insertion of the carbonyl into the Ta-C bond, yielding complex 10 (path

2).
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Scheme 6. Proposed mechanism for the formation of pinacol complex 10 from dimethyl complex

6 and CO-derived acetone.
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Several prior reports support our mechanistic proposal. Reports of acetone formation from
reaction of metal-methyl groups with CO are legion: examples of such reactivity can be found for
most of the early- to mid-transition metals, including Ti,%* Zr,5%6% V %6 Nb,10:19.21.67 T4 12-14.68 yy 50
and Re.® In these examples, the newly formed acetone either remains bound to the metal center
as an m*-acetone ligand or dissociates to give a low valent metal center and free acetone.
Additionally, there are several noteworthy examples of low valent and masked low valent early
transition metal complexes reductively coupling ketones to give diol ligands (relevant examples:
Ti,%"! Zr,%* V.72 Nb,>>”3 Ta,”* Mo,”® and W’®), with the most famous being the low valent Ti-
catalyzed McMurry reaction.”” Two mechanistic proposals are generally invoked in these ketone-
coupling reports: the dimerization of ketyl radicals (radical mechanism) or carbonyl insertion into
the M-C bond of an n*-acetone intermediate (non-radical mechanism). The Ti-catalyzed McMurry
reaction was originally thought to proceed via the radical mechanism; however, a computational

study carried out years later provided support for the nonradical mechanism.”® The nonradical
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mechanism is also supported by several reports of isolated n?-ketone complexes reacting with
ketones to yield diol products.®*7>76

To test if a radical pathway could be operative in our system, we carried out the reaction of 6
with CO in the presence of excess 9,10-dihydroanthracene, a radical scavenger. This reaction
resulted in relatively clean conversion to 10, suggesting either that radicals were not formed along
the reaction pathway, or that the trap was not potent enough to intercept them (Figure S58). To
provide further experimental insight into our proposed mechanism, we carried out isotope labeling
studies with acetone-ds. Reaction of 6 with CO and 0.5 equivalents of acetone-ds in C¢Ds led to
formation of isotopologues 10, 10-ds, and 10-d12, the products of coupling two equivalents of
proteo-acetone, one equivalent of each proteo- and deutero-acetone, and two equivalents of
deutero-acetone, respectively (Scheme 7). Conveniently, the signals for the pinacol methyl groups
in the "H NMR spectra of 10 and 10-ds appear at slightly different chemical shifts, enabling rough
quantification of the relative amounts of these products by integration (Figures S59-63, S73 and
p. S31). Compounds 10, 10-ds, and 10-d12 were formed in an approximately 1:4:1 ratio, with
minimal generation of side products, as evidenced by 'H NMR spectroscopy. Since proteo- and
deutero-acetone are present in an equimolar ratio in the reaction mixture, a 1:2:1 statistical
distribution of these products is expected (assuming a negligible secondary kinetic isotope effect);
the greater-than-expected amount of mixed proteo/deutero product 10-ds suggests reaction of 1
acetone intermediate J with free acetone (path 2) is faster than Ta reduction and acetone
elimination (path 1). Notably, formation of 10-d12 suggests that both steps of path 1 are reversible,
as CO-generated proteo acetone must be exchanged for deutero acetone in order to form deuterated

product 10-d12.
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Scheme 7. Synthesis of a ca. 1:4:1 mixture of complexes 10, 10-ds, and 10-d12 from the reaction

of 6 with CO and acetone-ds.
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To ensure the validity of the labeling experiment, 10-d12 was independently synthesized and
combined with an equimolar amount of 10 in C¢Ds, and the mixture was subsequently monitored
for isotopic scrambling by '"H NMR spectroscopy. Formation of 10-ds or scrambling of deuterium
into other positions of the molecule were not observed, even upon heating for several days; this
suggests that pinacol formation is irreversible under these conditions (Figures S67-68). Complex
10 was stable to heating under an atmosphere of Hz, and the pinacol ligand could not be liberated
by silylation with trimethylsilyl reagents. Addition of lutidinium chloride to a solution of 10 led to
an intractable mixture of products, as evidenced by 'H NMR spectroscopy, with no evidence of
pinacol in the NMR spectrum. Additionally, solutions of 10 in acetone decomposed over the course

of 24 h to yield intractable mixtures of products in the 'H NMR spectrum. Similarly-concentrated
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solutions of 10 in acetone-ds decomposed more slowly (4 days), suggesting that C-H (or C-D)
activation of acetone leads to decomposition of the product.

Interestingly, 10 could also be accessed via a second route: reaction of 6 with H> in excess
acetone resulted in formation of 10 in much higher yield (64%; Scheme 5) with a shorter reaction
time (12 h) than the corresponding reaction with CO (31%; 48 h). The deuterated product, 10-d12,
was also synthesized via this route upon replacing acetone with acetone-ds (60% yield, Scheme
5). Additionally, the 3-pentanone coupling product 11 could be generated in 64% yield (Scheme
5), but this reductive coupling methodology could not be extended to benzophenone or
benzaldehyde. As outlined in Scheme 8, we suggest that the reaction of 6 with H> and ketones
follows a pathway similar to that of the corresponding reaction with CO. First, reaction of 6 with
H; likely generates the transient low valent Ta(IIl) intermediate O, through a series of reductive
eliminations from the putative dihydride and/or hydride intermediates M and N.2%7>#¥! Low valent
intermediate O proceeds to reductively bind one equivalent of ketone to form m>-ketone
intermediate P, which subsequently reacts with a second equivalent of ketone to yield diol-
containing products 10, 10-d12, and 11. In contrast to the reaction of 6 with CO, none of the Ta
starting material is sacrificed in this mechanism, leading to the observed higher yield of 10.
Unfortunately, reaction of 6 with Hy and acetone generates myriad hydride-containing side
products, as evidenced by many peaks near 17 ppm in the "H NMR spectrum; the presence of these

side products prevented monitoring of this reaction by 'H NMR spectroscopy.
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Scheme 8. Proposed mechanism for the formation of diol complexes 10, 10-d12, and 11 from 6,

H», and excess ketone.
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To provide insight into the reactivity observed with Hz, we carried out a crossover experiment
with acetone-ds. Reaction of 6 with H, and 1:1 acetone:acetone-ds in benzene led to isolation of a
ca. 1:2:1 mixture of isotopologues 10, 10-ds, and 10-d12 (Scheme 9, Figures S69-73, p. S31).
Whereas the reaction between 6 and CO always generates proteo-n’-acetone intermediate J
(Scheme 6), formation of n?-acetone intermediate P via reaction of 6 with H and equimolar
acetone:acetone-ds is equally likely to occur with proteo- or deutero-acetone (assuming a
negligible secondary kinetic isotope effect). The reaction of a 1:1 mixture of proteo:deutero n2-
acetone intermediate P with a second equivalent of acetone or acetone-ds leads to the observed

statistical distribution of products.
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Scheme 9. Synthesis of a ca. 1:2:1 mixture of complexes 10, 10-de, and 10-d12 from the reaction

of 6 with H; and 1:1 acetone:acetone-ds.
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Conclusion

Overall, we have demonstrated that successive transfer of methyl groups from di-, tri-, and
tetramethyl Ta(V) precursors to unsaturated small molecule substrates is a viable strategy to access
a plethora of organic and organometallic products bearing new C-C bonds. Addition of CO or
CNXyl to Ta(V) tri- and tetramethyl complexes 1-X (X = Me, Cl) led to the formation of Ta(V)
oxo or imido products containing enolate (2-X) or enamine (3) ligands. Enolate complexes 2-X
could add trimethylsilyl chloride across Ta-oxo groups to yield complexes 4-X, providing rare
examples of 1,2-addition across early transition metal-oxo multiple bonds. We were able to
protonate the enamine ligand of 3 to give the corresponding free imine 5. In contrast to these

results, reaction of 1-Cl with CNXyl resulted in noninnocent ligand behavior, yielding a variety
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of organometallic products bearing a chiral, dianionic scorpionate ligand, as well as organic side
products. Migratory insertion of one equivalent of CNXyl into a Ta-Me bond, followed by
insertion of the newly formed XyINCMe group into a B-H bond of the bis(NHC)borate ligand,
produced dimethyl chloro scorpionate complex 6. Additional equivalents of CNXyl led to the
azaallyl hydrido scorpionate complex 7 and the imido isocyanide scorpionate complex 8, as well
as the generation of organic side products propene and xylyl ketenimine 9. Finally, we were able
to observe a unique pathway to pinacol-containing products: addition of CO to 6 resulted in
formation of acetone via sequential methyl transfers from the Ta metal center to CO. Two
equivalents of CO-generated acetone could be reductively coupled across the Ta center to form
pinacol product 10. Diol-containing products 10, 10-di2, and the ethyl derivative 11 were also
accessed via the reaction of 6 with Hy and excess ketone. Using a variety of NMR-monitored
experiments and labeling studies, we propose plausible mechanisms for these coupling reactions.
Our work builds upon several prior reports in this arena, but stands alone in that both acetone
formation and reductive pinacol coupling were observed over the course of a single reaction.
Future work will focus on accessing and harnessing the reducing ability of transient Ta(III)

intermediate O, which can be generated from the reaction of 6 with Ho.

Experimental

General Considerations. Unless otherwise stated, all reactions were performed under an
atmosphere of dry N> using standard Schlenk line techniques or in an MBraun inert atmosphere
glovebox under an atmosphere of nitrogen (<1.0 ppm O2/H>0O). All glassware, cannulae, and Celite
were stored in an oven at ca. 150 °C for at least 12 h prior to use. Molecular sieves (3 A) were

activated by heating to 200 °C overnight under vacuum and then stored in a glovebox. NMR
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spectra were obtained at ambient temperature, unless otherwise noted, using Bruker AV-300,
AVB-400, AV-500, and AV-600 spectrometers. 'H and '*C{'H} NMR chemical shifts (§) were
reported relative to residual solvent peaks. "B NMR chemical shifts (8) were referenced to an
external standard (BF3-Et0).?H NMR chemical shifts (5) were referenced to an internal standard
(toluene-ds). 'H and '*C NMR assignments were routinely confirmed by 'H-*C HSQC NMR
experiments. Fourier transform infrared (FT-IR) samples were prepared as Nujol mulls and were
taken between KBr disks using a Nicolet iS10 FT-IR spectrometer. Melting points were
determined using an Optimelt SRS automated melting point system using sealed capillaries
prepared under an atmosphere of dry N». Elemental analysis samples were sealed under vacuum
in ampules and analyzed at the University of California, Berkeley. Mass spectrometry analyses
were carried out at the QB3 Mass Spectrometry Faculty at the University of California, Berkeley;
samples were analyzed by an AutoSpec Premier mass spectrometer (Waters, Manchester, UK),
equipped with an electron impact ion source and Masslynx software. The sample was introduced
by a direct probe without heating and the low resolution data was acquired at a mass range from
50 to 1100 m/z.

Materials. Diethyl ether (Et2O), n-hexane, toluene, benzene, and tetrahydrofuran (THF) were
dried and degassed using a Phoenix solvent drying system commercially available from JC Meyer
Solvent Systems. Hexamethyldisiloxane (HMDSO) was dried using sodium/benzophenone,
degassed with three freeze-pump-thaw cycles, and vacuum-transferred prior to storage in a
glovebox over molecular sieves. Toluene-dgs and C¢Ds were obtained from Cambridge Isotope
Laboratories and dried using sodium/benzophenone, degassed with three freeze-pump-thaw
cycles, and vacuum-transferred or distilled prior to storage in a glovebox over molecular sieves.

[H.B(M®Im),]TaMes (1-Me),?® [H2B(M*Im),]TaMesCl (1-C1),?® and 2,6-diisopropylphenyl
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isocyanide®? were prepared according to literature procedures. All other reagents were acquired
from commercial sources and used as received.

Warning! Carbon monoxide (CO) is a highly toxic, odorless, colorless, flammable gas.
Manipulations using CO gas should be carried out entirely within a calibrated fume hood (or an
equivalently contained, mechanically ventilated area) by qualified personnel only.

Synthetic Procedures.

[H2B(M¢Im)2] TaO(Me)[OC(Me)=C(Me):] (2-Me). Compound 1-Me-toluene (259 mg, 0.360
mmol) was added to a 250 mL round-bottomed Schlenk flask and dissolved in benzene (15 mL).
The solution was degassed, and the headspace was refilled with CO. After 15 minutes, the solution
changed color from pale yellow to orange. The flask was sealed, and the solution was stirred
vigorously at ambient temperature for 2.5 h. Then, the volatiles were removed via lyophilization,
resulting in an orange-colored powder. The crude product was extracted with toluene (2 x 6 mL),
and the resulting solution was filtered through Celite, concentrated to a final volume of ca. 2 mL,
and stored at —40 °C overnight, yielding pale yellow crystals of 2-Me (186 mg, 76% yield). X-ray
quality crystals of 2-Me were grown from a saturated toluene solution of 2-Me at —40 °C. '"H NMR
(600 MHz, 298 K, CsDs): & 7.09 (s, HCimid, 2H), 6.81 (br s, HCwmes, 1H), 6.72 (br s, HCwmes, 1H,
overlapping HCimia peak), 6.72 (s, HCmid, 2H, overlapping HCwmes peak), 6.19 (br s, HCwmes, 1H),
6.11 (brs, HCwmes, 1H), 4.25 (brs, HB, 2H), 2.28 (br s, H3Cwmes, 3H), 2.04 (s, H3Cwmes, 9H), 1.99 (br
s, H3Cwmes, 3H), 1.85 (br s, H3Cwmes, 3H), 1.67 (s, OC(Me)=C(Me)2, 3H), 1.66 (s, OC(Me)=C(Me)a,
3H), 1.48 (s, OC(Me)=C(Me),, 3H), 0.70 (s, TaMe, 3H). 3C NMR (151 MHz, 298 K, C¢Ds): &
149.6, 129.3 (HCmia), 121.6 (HCwmes), 110.1, 36.3 (TaMe), 21.0 (H3Cwmes), 18.7 (OC(Me)=C(Me).),
18.6 (H3Cwmes), 17.8 (OC(Me)=C(Me),), 17.5 (OC(Me)=C(Me).). ''B NMR (193 MHz, 298 K,

CsDs): & —7.78 (s). Anal. Calcd for C30H40BN4O2Ta (2-Me): C, 52.96; H, 5.93; N, 8.23. Found: C,
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53.23; H, 6.07; N, 8.40. FT-IR (KBr, Nujol, cm™): vg.u 2424 (m), 2370 (w), 2318 (m), 2257 (w),
2235 (w). Mp: 202 °C (dec).

[H2B(M*Im)2] TaO(Cl)[OC(Me)=C(Me)2] (2-Cl). Compound 1-Cl-toluene (150 mg, 0.204
mmol) was added to a 250 mL round-bottomed Schlenk flask and dissolved in benzene (10 mL).
The solution was degassed, and the headspace was refilled with CO. After 15 minutes, the solution
changed color from light brown to yellow. The flask was sealed, and the solution was stirred
vigorously at ambient temperature for 2.5 h. Then, the volatiles were removed via lyophilization,
resulting in a yellow-colored powder. The crude product was extracted with toluene (2 x 7 mL),
and the resulting solution was filtered through Celite, concentrated to a final volume of ca. 8§ mL,
and stored at —40 °C overnight, yielding bright yellow crystals of 2-Cl (91.4 mg, 64% yield). X-
ray quality crystals of 2-Cl were grown by vapor diffusion of hexane into a saturated benzene
solution of 2-Cl at room temperature. 'H NMR (500 MHz, 298 K, C¢D¢): & 7.01 (d, J = 1.1 Hz,
HCimig, 1H), 6.99 (d, J = 1.1 Hz, HCmida, 1H), 6.79 (s, HCwmes, 1H), 6.75 (s, HCwmes, 1H), 6.69 (s,
HCwes, 2H), 6.14 (d, J= 0.9 Hz, HCmiq, 1H), 6.02 (d, J= 0.9 Hz, HCimiq, 1H), 4.21 (br s, HB, 2H),
2.23 (s, H3Cwmes, 3H), 2.15 (s, H3Cwmes, 3H), 2.11 (s, H3Cmes, 3H), 2.04 (s, H3Cwmes, 3H), 2.00 (s,
H3Cwmes, 3H), 1.76 (s, H3Cwmes, 3H), 1.66 (s, OC(Me)=C(Me)2, 3H), 1.65 (s, OC(Me)=C(Me)., 3H),
1.44 (s, OC(Me)=C(Me),, 3H). '*C NMR (151 MHz, 298 K, CsD¢): 6 200.6 (Cimid), 194.9 (Cimid),
150.5, 139.0, 138.8, 136.3, 135.9, 135.8, 135.5, 135.3, 129.6, (HCwmes), 129.4, (HCwmes), 129.0
(HCMmes), 129.0 (HCwmes), 128.6, 126.9 (HCimia), 125.1 (HCimia),122.0 (HCimia), 121.7 (HCmia),
112.1, 21.0 (H3Cwmes), 21.0 (H3Cwmes), 19.1 (H3Cwmes), 19.0 (H3Cwmes), 18.6 (H3Cwmes), 17.9
(OC(Me)=C(Me)y), 17.5 (OC(Me)=C(Me),), 17.3 (OC(Me)=C(Me)>). ''B NMR (193 MHz, 298

K, C¢Dg): 6 —8.11 (s). Anal. Calcd for C29H37BCIN4O2Ta (2-Cl): C, 49.70; H, 5.32; N, 7.99. Found:
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C, 50.05; H, 5.63; N, 7.82. FT-IR (KBr, Nujol, cm™): vg.n 2436 (m), 2371 (w), 2319 (m), 2262
(W), 2236 (w). Mp: 210 °C (dec).

[H2B(M¢Im)2] Ta(NXyl)(Me)[NXyl(Me)C=C(Me)2] (3). Compound 1-Me-toluene (150 mg,
0.209 mmol) was combined with xylyl isocyanide (2 eq., 54.8 mg, 0.418 mmol) in a 20 mL glass
scintillation vial in the glovebox. The solid mixture was dissolved in toluene (8 mL), resulting in
an immediate color change from pale yellow to dark orange. The vial was sealed, and the solution
was stirred vigorously at ambient temperature for 1 h. The volatile materials were removed under
vacuum, and the oily orange solids were triturated with hexane (2 x 4 mL), affording orange,
amorphous solids. The solids were extracted with THF (2 x 4 mL), and the resulting solution was
filtered through Celite, concentrated to a final volume of ca. 0.5 mL, and stored at —40 °C
overnight, yielding dark orange crystals of 3 (168 mg, 91% yield). X-ray quality crystals of 3 were
grown from a saturated Et,0 solution of 3 at —40 °C. 'H NMR (600 MHz, 298 K, C¢Ds): & 7.29
(s, HCar, 1H), 7.12 (s, HCar, 1H), 6.95 (d, J = 6.7 Hz, m-HCxy1, 1H), 6.73 (s, HCar, 1H), 6.71 (d,
J=6.8 Hz, m-HCxy, 1H), 6.69 (s, HCar, 1H), 6.64 (t, J = 6.9 Hz, 0-HCxy1, 1H), 6.59 (d, J=6.8
Hz, m-HCxy1, 1H), 6.49 (t, J = 7.6 Hz, 0-HCxy1, 1H), 6.40 (d, J = 6.8 Hz, m-HCxyi, 1H), 6.34 (s,
HCar, 1H), 6.21 (s, HCar, 1H), 6.17 (s, HCar, 1H), 6.10 (s, HCar, 1H), 4.61 (br s, B, 1H), 4.19
(br s, HB, 1H), 2.28 (s, H3Car, 3H), 2.18 (s, H3Car, 3H), 2.13 (s, H3Car, 6H), 2.08 (s, H3Car, 3H),
1.97 (s, H3Car, 3H), 1.85 (s, H3Car, 3H), 1.76 (s, NXyl(Me)C=C(Me),, 3H), 1.73 (s,
NXyl(Me)C=C(Me)., 3H), 1.69 (s, H3Car, 3H), 1.63 (s, H3Car, 3H), 1.56 (s, H3Car, 3H), 1.08 (s,
TaMe, 3H), 1.07 (s, NXyl(Me)C=C(Me),, 3H). *C NMR (151 MHz, 298 K, CsDs): 8 207.2 (Cimid),
202.1 (Cmia), 155.5, 152.1, 140.0, 138.9, 138.4, 137.6, 137.3, 137.2, 137.0, 136.3, 134.8, 133.9,
133.7,132.0, 131.3, 129.5 (HCar), 129.1 (HCAr), 128.8 (m-HCxy1), 128.6 (m-HCxy1), 128.4 (HCay),

128.0 (HCay), 126.4 (m-HCxy), 125.5 (m-HCxy), 124.4 (HCar), 122.9 (HCay), 122.6 (0-HCxy),
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121.9 (0-HCxy1), 121.4 (HCAr), 108.0, 47.7 (TaMe), 22.3 (H3Car), 21.5 (H3Car), 21.2 (H3Car), 21.0
(H3Car), 20.8 (H3Car), 20.5 (H3CAr), 20.0 (H3Car), 19.5 (NXyl(Me)C=C(Me)2), 19.3 (H3Car), 19.1
(NXyl(Me)C=C(Me),), 18.7 (NXyl(Me)C=C(Me)), 17.1 (H3Car). "B NMR (193 MHz, 298 K,
CsDs): 6 —7.61 (s). Anal. Calcd for C4sHssBNgTa (3): C, 62.31; H, 6.59; N, 9.48. Found: C, 62.42;
H, 6.30; N, 9.42. FT-IR (KBr, Nujol, cm™): vg.n 2411 (m), 2363 (w), 2272 (w). Mp: 194 °C (dec).

[H2B(M*Im)2] TaMeCl(OSiMe3)[OC(Me)=C(Me)2] (4-Me). In a 20 mL glass scintillation vial
in an inert atmosphere glovebox, compound 2-Me (100 mg, 0.147 mmol) was dissolved in toluene
(8 mL), resulting in a pale-yellow solution. The solution was set to stir at room temperature; then,
excess chlorotrimethylsilane (4 eq., 74.6 pL, 0.588 mmol) was added via micropipette, resulting
in an immediate color change from pale yellow to yellow. The vial was sealed, and the solution
was stirred vigorously at ambient temperature for 30 minutes. The volatile materials were removed
under vacuum, and the oily yellow solids were triturated with hexane (2 x 2 mL), affording yellow,
powdery solids. The solids were extracted with Et;O (2 x 3 mL), and the resulting solution was
filtered through Celite, concentrated to a final volume of ca. 0.5 mL, and stored at —40 °C
overnight, yielding yellow crystals of 4-Me (98.4 mg, 85% yield). X-ray quality crystals of 4-Me
were grown from a saturated Et2O solution of 4-Me at —40 °C. Compound 4-Me exists as a 1:1

mixture of fac and mer isomers at —70 °C; these isomers rapidly interconvert on the NMR timescale
at 40 °C. "H NMR (600 MHz, 298 K, CsDs): 8 7.26 (br s, HCimid, 2H), 6.71 (br s, HCwmes, 4H), 6.11
(br s, HCimid, 2H), 4.38 (br s, HB, 2H), 2.07 (br s, H3Cwmes, 18H), 1.78 (s, OC(Me)=C(Me)2, 3H),
1.50 (br s, OC(Me)=C(Me),, 6H), 1.03 (br s, TaMe, 3H), 0.20 (br s, SiMe, 9H). 'H NMR (500
MHz, 313 K, tol-ds): 6 7.22 (s, HCmid, 2H), 6.69 (s, HCwmes, 4H), 6.16 (s, HCimia, 2H), 4.24 (br s,
HB, 2H), 2.04 (s, H3Cwmes, 18H, overlapping tol-ds methyl resonance), 1.74 (s, OC(Me)=C(Me)s,

3H), 1.53 (s, OC(Me)=C(Me),, 3H), 1.51 (br s, OC(Me)=C(Me),, 3H), 0.97 (br s, TaMe, 3H), 0.16
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(s, SiMe, 9H). 'H NMR (500 MHz, 203 K, tol-ds): & 7.32 (s, HCimid, 1H), 7.17 (s, HCimid, 1H),
7.15 ((, HCimia, 1H, overlapping tol-ds aryl resonance), 7.12 (s, HCimid, 1H), 6.71 (s, HCwmes, 3H),
6.63 (s, HCwmes, 1H), 6.61 (s, HCmes, 1H), 6.54 (s, HCmes, 1H), 6.51 (s, HCmes, 1H), 6.34 (s, HCMes,
1H), 5.87 (s, HCmid, 1H), 5.66 (s, HCimid, 1H), 5.64 (s, HCimida, 1H), 5.63 (s, HCimid, 1H), 4.57 (br
d,J= 63 Hz, HB, 2H), 4.40 (br d, J = 52 Hz, HB, 2H), 2.33 (s, H3Cwmes, 3H), 2.21 (s, H3Cwmes, 6H),
2.20 (s, H3Cwmes, 3H), 2.14 (s, H3Cwmes, 3H), 2.12 (s, H3Cwmes, 3H), 2.08 (s, H3Cwmes, 3H, overlapping
tol-ds methyl resonance), 2.05 (s, H3Cwmes, 3H), 2.01 (s, H3Cwmes, 3H), 1.95 (s, H3Cwmes, 3H), 1.89 (s,
H3Cwmes, 3H), 1.83 (s, H3Cwmes, 3H), 1.81 (s, OC(Me)=C(Me)2, 3H), 1.77 (s, OC(Me)=C(Me)2, 3H),
1.76 (s, OC(Me)=C(Me)., 3H), 1.68 (s, OC(Me)=C(Me)2, 3H), 1.62 (s, TaMe, 3H), 1.34 (s,
OC(Me)=C(Me),, 3H), 1.29 (s, OC(Me)=C(Me)., 3H), 0.92 (s, TaMe, 3H), 0.38 (s, SiMe, 9H),
—0.04 (s, SiMe, 9H). >*C NMR (151 MHz, 298 K, CsDg): & 138.2, 129.1 (HCwmes), 128.4 (HCwmes),
128.1 (HCwmes), 128.0 (HCwmes), 126.2 (HCmia), 121.8 (HCmid), 21.0 (H3CMes), 19.1 (H3Cwmes), 18.5
(OC(Me)=C(Me)), 18.4 (OC(Me)=C(Me)), 1.9 (SiMe). 3C NMR (126 MHz, 313 K, tol-ds): &
138.1, 129.2 (HCwmes), 128.3 (HCwmes), 126.1 (HCimid), 121.7 (HCimia), 21.0 (H3Cwmes), 19.0 (H3Cwmes),
18.5 (OC(Me)=C(Me),), 18.4 (OC(Me)=C(Me)>), 1.9 (SiMe). '*C NMR (126 MHz, 203 K, tol-ds):
0 193.0 (Cimid), 190.8 (Cimid), 189.2 (Cimia),188.3 (Cimia), 151.6, 149.4,138.7, 137.8, 136.4 (HCwmes),
136.2 (HCwmes), 136.1 (HCwmes), 136.0 (HCwmes), 135.9 (HCwmes), 135.4 (HCwmes), 135.1 (HCwmes), 135.0
(HCwmes), 126.1 (HCimia), 126.0 (HCmia), 125.9 (HCimia), 125.7 (HCmia), 121.9 (HCimiq), 121.7
(HCmia), 121.5 (HCmia), 120.7 (HCmia), 114.4, 111.7, 59.6, 42.3, 19.5 (H3Cmes), 19.2 (H3Cwmes),
19.1 (H3Cmes), 18.9 (H3Cmes), 18.7 (H3Cmes), 18.6 (H3Cwmes), 18.2 (OC(Me)=C(Me)2), 18.0
(OC(Me)=C(Me)), 17.8 (OC(Me)=C(Me)2), 17.7 (OC(Me)=C(Me).), 14.9, 1.8 (SiMe), 1.7
(SiMe). ''B NMR (193 MHz, 298 K, C¢Ds): & —5.36 (s). ''B NMR (160 MHz, 313 K, tol-ds): &

—-5.93 (s). "B NMR (160 MHz, 203 K, tol-ds): & —2.82 (s), —7.55 (s). Anal. Calcd for
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C33H49BCIN4O2SiTa (4-Me): C, 50.23; H, 6.26; N, 7.10. Found: C, 50.19; H, 6.40; N, 6.93. FT-
IR (KBr, Nujol, cm™): v 2404 (m), 2320 (w), 2267 (w). Mp: 166 °C (dec).

[H2B(M¢Im)2] TaCl2(0SiMe3)[OC(Me)=C(Me)2] (4-Cl). In a 20 mL glass scintillation vial in
an inert atmosphere glovebox, compound 2-Cl (100 mg, 0.143 mmol) was dissolved in toluene (8
mL), resulting in a bright yellow solution. The solution was set to stir at room temperature; then,
excess chlorotrimethylsilane (4 eq., 72.4 pL, 0.571 mmol) was added via micropipette, resulting
in an immediate color change from bright yellow to yellow-orange. The vial was sealed, and the
solution was stirred vigorously at ambient temperature for 30 minutes. The volatile materials were
removed under vacuum, and the oily yellow solids were triturated with hexane (2 x 2 mL),
affording yellow, powdery solids. The solids were extracted with Et,O (2 x 5 mL), and the resulting
solution was filtered through Celite, concentrated to a final volume of ca. 1 mL, and stored at —40
°C overnight, yielding yellow crystals of 4-Cl (83.8 mg, 73% yield). X-ray quality crystals of 4-
Cl were grown from a saturated Et,O solution of 4-Cl at —40 °C. '"H NMR (600 MHz, 298 K,
CeDg): 8 7.24 (s, HCimid, 1H), 7.11 (s, HCimia, 1H), 6.74 (s, HCwmes, 2H), 6.64 (s, HCwmes, 1H), 6.47
(s, HCwmes, 1H), 6.21 (s, HCimida, 1H), 5.95 (s, HCmia, 1H), 4.44 (br s, HB, 2H), 2.29 (s, H3Cwmes,
3H), 2.19 (s, H3Cwmes, 3H), 2.12 (s, H3Cwmes, 3H), 2.02 (s, OC(Me)=C(Me)2, 3H), 2.00 (s, H3Cwes,
3H), 1.83 (s, H3Cwmes, 3H), 1.81 (s, H3Cwmes, 3H), 1.37 (s, OC(Me)=C(Me), 3H), 1.30 (s,
OC(Me)=C(Me),, 3H), 0.38 (s, SiMe, 9H). 3*C NMR (151 MHz, 298 K, C¢D¢): & 193.4 (Cimid),
191.8 (Cmia), 153.1, 138.4, 138.2, 137.7, 136.9, 136.5, 136.4, 136.13, 136.06, 129.4 (HCmiq),
129.3 (HCmia), 128.6 (HCimia), 128.5, 128.4 (HCimia), 128.1, 128.0, 126.1 (HCwmes), 125.9 (HCwmes),
121.9 (HCwmes), 121.0 (HCwmes), 117.9, 21.0 (OC(Me)=C(Me)2), 20.9 (H3Cwmes), 19.54 (H3Cwmes),
19.45 (H3Cwmes), 19.1 (H3Cwmes), 18.5 (H3Cwmes), 18.3 (H3Cwmes), 18.0 (OC(Me)=C(Me)2), 15.1

(OC(Me)=C(Me),), 1.9 (SiMe). ''B NMR (193 MHz, 298 K, CeDe): & —5.45 (s). Anal. Calcd for
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C32H46BC12N4O2SiTa (4-Cl): C, 47.48; H, 5.73; N, 6.92. Found: C, 47.76; H, 5.95; N, 6.75. FT-
IR (KBr, Nujol, cm™): v 2405 (m), 2772 (w). Mp: 182 °C (dec).
N-(1,2-Dimethylpropylidene)-2,6-dimethylbenzenamine (5). In an inert atmosphere
glovexbox, compound 3 (15.0 mg, 0.0169 mmol) was combined with lutidinium chloride (2 eq.,
4.9 mg, 0.0338 mmol) in a 4 mL glass dram vial. CsDs (0.25 mL) was added to the solid mixture
and the resulting orange solution with suspended solids was transferred to a J. Young NMR tube.
The tube was sealed and sonicated for 1 day, resulting in a heterogeneous, pale orange solution
with tan precipitate. The solution was filtered through Celite and transferred to a clean J. Young
NMR tube for NMR analysis, revealing imine 5 and lutidine. Then, the volatiles were removed
under vacuum and the solid mixture was analyzed by LRMS. A 20:1 ratio of E:Z-isomers was
observed in the "H NMR spectrum; in the '"H NMR spectrum, the aromatic resonances for the Z-
isomer could not be confidently assigned. 'H NMR (600 MHz, 298 K, C¢Ds): E-isomer & 7.05 (m,
m-HCxy1, 2H, overlapping lutidine 0-HCay), 6.93 (dd, J = 7.0 Hz, 8.1 Hz, 0-HCxy1, 1H), 2.39 (sept,
J = 6.8 Hz, N=C(Me)-CH(Me)., 1H, overlapping lutidine H3Ca:), 1.98 (s, H3Cxy1, 6H), 1.27 (s,
N=C(Me)-CH(Me)>, 3H, overlapping Z-isomer N=C(Me)-CH(Me)2), 1.12 (s,
N=C(Me)-CH(Me)., 3H), 1.11 (s, N=C(Me)—CH(Me)., 3H). Z-isomer o 2.28 (sept, J = 6.8 Hz,
N=C(Me)-CH(Me),, 1H), 2.06 (s, H3Cxy1, 6H), 1.26 (s, N=C(Me)—CH(Me)., 3H, overlapping E-
isomer N=C(Me)-CH(Me)>), 0.64 (s, N=C(Me)-CH(Me)., 3H), 0.63 (s, N=C(Me)-CH(Me).,
3H). >*C NMR (151 MHz, 298 K, C¢Dg): E-isomer & 174.3 (N=C(Me)—-CH(Me),), 149.7 (N—Cxy1),
128.3 (m-HCxy1, overlapping CsDe), 125.6 (p-Cxy1), 122.7 (0-HCxy1), 38.9 (N=C(Me)-CH(Me)>),
20.2 (N=C(Me)-CH(Me)>), 18.0 (H3Cxy1), 1 7.6 (N=C(Me)-CH(Me),). Resonances corresponding
to the Z-isomer could not be observed by 1*C NMR. LRMS (EI) m/z: [M]" caled for C13H19N (5):

189.15; Found: 189.
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[H(CH(Me)NXyD)B(M¢Im)2] TaClMe2 (6). Compound 1-Cl-toluene (1.04 g, 1.42 mmol) was
added to a 250 mL round-bottomed Schlenk flask and dissolved in Et;O (100 mL). Xylyl
isocyanide (186 mg, 1.42 mmol) was added to a 50 mL round-bottomed Schlenk flask and
dissolved in Et2O (15 mL). Both solutions were set to stir and cooled to —40 °C; then, the colorless
xylyl isocyanide solution was added dropwise via syringe over a period of 10 minutes to the yellow
solution of 1-Cl-toluene, resulting in a color change from yellow to dark yellow. The flask was
sealed, and the reaction mixture was warmed to —10 °C and then stirred vigorously for 1.5 h. Then,
the volatile materials were removed under vacuum, yielding powdery yellow-orange solids. The
solids were extracted with Et2O (3 x 30 mL), and the resulting yellow-orange solution was filtered
through Celite and concentrated to a final volume of ca. 15 mL. Yellow microcrystals began to
form on the sides of the flask; the solution was allowed to sit undisturbed at room temperature for
30 minutes before storing at —40 °C overnight, yielding yellow microcrystals of 6 (740 mg, 67%

yield). X-ray quality crystals of 6 were grown from a saturated Et,O solution of 6 at —40 °C. 'H
NMR (600 MHz, 298 K, CsDs): 6 7.24 (d, J= 1.3 Hz, HCin, 1H), 7.13 (d, /= 1.3 Hz, HCin, 1H),
7.11 (br d, J= 7.0 Hz, m-HCxy1, 1H), 7.04 (br d, J = 6.9 Hz, m-HCxy, 1H), 7.00 (t, /= 7.5 Hz, o-
HCxy1, 1H), 6.77 (br s, HCwmes, 1H), 6.71 (s, HCwmes, 1H), 6.65 (s, HCwmes, 1H), 6.62 (br s, HCwes,
1H), 6.20 (s, HCm, 1H), 6.14 (s, HCm, 1H), 4.25 (br s, AB, 1H), 3.93 (q, J = 7.0 Hz,
H(CH(Me)NXyl)B(MeIm),, 1H), 2.49 (s, H3Car, 3H), 2.11 (br s, H3Car, 3H), 2.06 (br s, H3Car,
3H), 2.02 (s, H3Car, 3H), 2.00 (s, H3Car, 3H), 1.94 (s, H3Car, 3H), 1.80 (s, H3Car, 3H), 1.08 (d, J
= 7.2 Hz, H({CH(Me)NXyl)B(M*Im),, 3H), 1.04 (br s, TaMe, 3H), 0.82 (br s, TaMe, 3H). *C NMR
(151 MHz, 298 K, CsDe): 6 140.9, 139.7, 138.4, 138.3, 137.1, 137.0, 136.6, 136.2, 136.0, 135.7,
130.2 (m-HCxy1), 129.1 (HCwmes), 128.9 (HCwmes), 128.8 (m-HCxyi1), 128.7 (HCwmes), 128.4 (HCwmes),

127.6 (0-HCxy), 124.6 (HCimia), 124.3 (HCimia), 122.1 (HCimia), 121.8 (HCimia), 57.7
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(H(CH(Me)NXyl)B(M*Im),), 22.2 (H3Car), 21.0 (H3Car), 20.9 (H3Car), 20.3 (H3Car), 19.2
(H3Car), 18.9 (H3Car), 18.8 (H3Car), 18.1 (H(CH(Me)NXy)B(M®Im),). 'B NMR (193 MHz, 298
K, CeDe): 6 0.35 (s). Anal. Calcd for C36H46BCINsTa (6): C, 55.72; H, 5.98; N, 9.03. Found: C,
55.81; H, 5.97; N, 8.82. FT-IR (KBr, Nujol, cm™): vg.n 2404 (w), 2378 (m). Mp: 98 °C (dec).
[H(CH(Me)NXyD)B(M¢Im):] TaCIH[NXylC(Me)CHz:] (7). In a 20 mL glass scintillation vial,
compound 1-Cl-toluene (156 mg, 0.212 mmol) was dissolved in toluene (4 mL); in a separate vial,
xylyl isocyanide (55.7 mg, 0.425 mmol) was dissolved in toluene (4 mL). Both vials were cooled
to —78 °C with stirring in a cold well in an inert atmosphere glovebox. Then, the colorless xylyl
isocyanide solution was added dropwise to the yellow solution of 1-Cl-toluene over a period of 5
min; over the course of the addition, the yellow solution darkened to orange. After the addition,
the vial was sealed and stirred vigorously at —78 °C for 2 h. The vial was removed from the cold
well and allowed to warm to ambient temperature; upon warming, the color of the solution
darkened to red. The volatile materials were removed under vacuum, and the oily red solids were
triturated with hexane (2 x 3 mL), affording red, amorphous solids. The solids were extracted with
Et,O (2 x 5 mL), and the resulting solution was filtered through Celite, concentrated to a final
volume of ca. 0.5 mL, and stored at —40 °C overnight, yielding dark orange crystals of 7 (106 mg,
55% yield). X-ray quality crystals of 7 were grown from a saturated Et,O solution of 7 at —40 °C.
"H NMR (600 MHz, 298 K, C¢Ds): § 17.34 (d, °J = 3.3 Hz, TaH, 1H), 7.43 (s, HCimid, 1H), 7.22
(s, HCimig, 1H), 7.10 (d, J = 7.4 Hz, m-HCxy1, 1H), 6.95 (s, HCwmes, 1H), 6.91 (t, J= 7.6 Hz, o-
HCxy1, 1H, overlapping HCwmes), 6.89 (s, HCwmes, 1H, overlapping 0-HCxy1), 6.83-6.75 (m, HCwmes
and HCxyl, 6H), 6.31 (s, HCimid, 1H), 6.27 (s, HCimid, 1H), 4.21 (br s, H{CH(Me)NXy)B(M*Im),,
1H), 3.94 (s, NXylC(Me)CH>, 1H), 3.38 (q, J = 6.7 Hz, H{CH(Me)NXyD)B(M*Im),, 1H), 3.02 (d,

3] = 3.3 Hz, NXylC(Me)CHa, 1H), 2.30 (s, H3Car, 3H), 2.23 (s, H:Car, 3H), 2.20 (s, HsCar, 3H),
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2.11 (s, H3Car, 6H), 2.09 (s, H3Car, 3H), 2.06 (s, H3Car, 3H), 2.01 (s, H3Car, 3H), 1.93 (s, H3Car,
3H), 1.40 (s, H5Car, 3H), 0.87 (d, J = 6.6 Hz, H(CH(Me)NXy)B(M*Im),, 3H), 0.82 (s,
NXylC(Me)CHz, 3H). *C NMR (151 MHz, 298 K, C¢D¢): & 194.9 (Cimia), 191.4 (Cimia), 156.4,
153.1, 148.4, 139.0, 138.2, 138.1, 137.6, 137.5, 137.3, 136.4, 136.2, 135.9, 135.2, 134.8, 130.1,
129.7 (HCar), 129.4 (HCwmes), 129.2 (HCar), 129.3 (HCar), 129.1 (HCar), 128.9 (HCwmes), 128.4
(HCwmes), 127.2 (HCar), 125.6 (0-HCxy1), 125.0 (m-HCxy1), 124.6 (HCimia), 124.1 (HCimia), 122.5
(HCimia), 121.4 (HCimid), 70.5 (NXylC(Me)CH>), 68.1 (H(CH(Me)NXyl)B(M*Im),), 22.0 (H3Car),
21.5 (H3Car), 21.1 (H3Car), 21.0 HzCar), 198 (H3Car), 195 (H3Car), 19.2
(H(CH(Me)NXyDB(M¢Im),), 19.1 (H3Car), 18.8 (H3Car), 18.7 (NXylC(Me)CH), 18.5 (H3Car),
18.3 (H3Car). ''B NMR (193 MHz, 298 K, CsDs): & —0.30 (s). Anal. Calcd for C4sHssBCINgTa
(7): C, 59.58; H, 6.11; N, 9.26. Found: C, 59.56; H, 5.91; N, 9.17. FT-IR (KBr, Nujol, cm™): vg.n
2374 (m). Mp: 172 °C (dec).

Generation of 7 in solution from 6. In a 20 mL glass scintillation vial in an inert atmosphere
glovebox, compound 6 (15.0 mg, 0.0193 mmol) was dissolved in CsDs (0.25 mL) and the resulting
yellow solution was set to stir. In a separate vial, xylyl isocyanide (1 eq., 2.5 mg, 0.0193 mmol)
was dissolved in C¢Ds (0.25 mL) and then the colorless solution was added in one portion to the
solution of 6, resulting in an immediate color change to dark orange. The dark orange solution was
transferred to a J. Young NMR tube; subsequent 'H NMR analysis revealed complete and clean
conversion to 7. The 'H NMR spectrum of 7 prepared via this route exactly matched that of isolated
7.

[H(CH(Me)NXyl)B(M*Im)2] TaCI(N-Xyl)(CN-Xyl) (8). In a 20 mL glass scintillation vial in
an inert atmosphere glovebox, compound 1-Cl-toluene (150 mg, 0.212 mmol) was dissolved in

toluene (4 mL); in a separate vial, xylyl isocyanide (111 mg, 0.850 mmol) was dissolved in toluene
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(4 mL). The yellow solution of 1-Cl-toluene was set to stir at room temperature and the colorless
solution of xylyl isocyanide was added in one portion, resulting in an immediate color change to
dark red. The vial was sealed, and the solution was stirred vigorously at ambient temperature for
1 h. The volatile materials were removed under vacuum, and the oily red solids were triturated
with hexane (2 x 5 mL), affording red, amorphous solids. The solids were extracted with Et:O (2
x 6 mL), and the resulting solution was filtered through Celite, concentrated to a final volume of
ca. 3 mL, and allowed to sit undisturbed at ambient temperature for 4 h before storing at —40 °C
overnight, yielding dark orange crystals of 8 (164 mg, 77% yield). X-ray quality crystals of 8 were
grown from a saturated Et2O solution of 8 at —40 °C. Compound 8 exists as a 1:1 mixture of two
diastereotopic pairs of enantiomers in solution at room temperature. 'H NMR (600 MHz, 298 K,
toluene-d8): 6 7.29 (d, J= 1.4 Hz, HCa, 1H), 7.26 (d, J= 1.4 Hz, HCa, 1H), 7.23 (d, /= 1.4 Hz,
HCar, 1H), 7.15 (d, J = 1.4 Hz, HCar, 1H), 7.05 (br t, J=7.1 Hz, 0-HCxy1, 2H), 7.02 (d, J=1.2
Hz, HCar, 1H), 6.93 (s, HCar, 1H), 6.92 (s, HCar, 1H), 6.87 (br t, J = 7.4 Hz, 0-HCxy, 2H), 6.77
(s, HCar, 1H), 6.75 (s, HCar, 1H), 6.72 (br s, HCar, 3H), 6.67 (br s, HCar, 2H), 6.64 (s, HCar, 1H),
6.63 (s, HCar, 2H), 6.59 (s, HCar, 1H), 6.58 (s, HCar, 1H), 6.57 (br s, HCar, 2H), 6.40 (s, HCAa,
1H), 6.39 (s, HCar, 1H), 6.31 (d, J = 1.3 Hz, HCa:, 1H), 6.26 (d, J = 1.3 Hz, HCa, 4H), 5.98 (s,
HCar, 1H), 5.79 (s, HCar, 1H), 4.16 (br s, HCH(Me)NXyl)B(M*Im),, 2H), 4.12 (q, J = 7.1 Hz,
H(CH(Me)NXyl)B(M*Im),, 1H), 3.60 (q, J = 6.6 Hz, H{CH(Me)NXyl)B(M*Im),, 1H), 2.59 (s,
H3Car, 3H), 2.46 (s, H3Car, 3H), 2.38 (s, H3Car, 3H), 2.30 (s, H3Car, 3H), 2.21 (s, H3Car, 3H), 2.19
(s, H3Car, 6H), 2.18 (s, H3Car, 3H), 2.17 (s, H3Car, 3H), 2.16 (s, H3Car, 3H), 2.10 (s, H3Car, 6H),
2.06 (s, H3Car, 3H), 2.00 (s, H3Car, 3H), 1.99 (s, H3Car, 3H), 1.97 (s, H3Car, 6H), 1.91 (s, H3Car,
6H), 1.77 (s, H3Car, 6H), 1.61 (s, H3Car, 3H), 1.55 (s, H3Car, 3H), 1.45 (s, H3Car, 3H), 1.09 (d, J

= 7.8 Hz, H(CH(Me)NXy)B(M*Im),, 3H), 1.07 (d, J = 7.8 Hz, H(CH(Me)NXy)B(M*Im),, 3H).
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'H NMR (600 MHz, 373 K, toluene-d8): & 7.08 (br s, HCar, 2H), 6.87 (br t, J = 7.4 Hz, 0-HCxy,
1H), 6.80 (t, J = 7.4 Hz, 0-HCxy, 1H), 6.74 (s, HCar, 2H), 6.68 (br t, J = 7.4 Hz, 0-HCxy, 1H),
6.65 (br s, HCar, 2H), 6.57 (br s, HCar, 4H), 6.39 (s, HCar, 1H), 6.37 (s, HCas, 2H), 5.91 (s, HCar,
1H), 4.12 (br s, H(CHMe)NXyD)BM*Im),, 1H), 3.70 (br q, HCHMe)NXy)B™M=Im),, 1H), 2.69
(s, HsCar, 3H), 2.20 (s, H3Car, 3H), 2.06 (s, H3Car, 3H), 1.96 (s, HzCar, 9H), 1.81 (s, H3Car, 3H),
1.71 (br s, HsCar, 3H), 1.65 (s, HsCar, 3H), 1.59 (s, HsCar, 3H), 1.54 (s, HsCar, 6H), 1.44 (br d, J
= 5.1 Hz, H(CH(Me)NXy)B(M*Im),, 3H). 13C NMR (151 MHz, 298 K, CsDs): 8 209.2 (Cimid),
208.3 (Cmida), 201.6, 199.0, 198.0, 196.6, 194.3, 159.3, 155.7, 155.6, 155.4, 154.7, 154.0, 138.6,
138.3, 138.2, 138.1, 138.0, 137.91, 137.87, 137.83, 137.82, 137.7, 137.59, 137.56, 137.5, 137.4,
136.9, 136.6, 136.4, 136.0, 135.9, 135.71, 135.65, 135.5, 135.0, 134.9, 134.02, 133.99, 133.6,
133.4, 132.1, 130.3 (HCar), 130.0 (HCar), 129.7 (HCar), 129.41 (HCar), 129.35 (HCar), 129.3
(HCar), 129.22 (HCar), 129.19 (HCar), 129.1 (HCar), 129.0 (HCay), 128.5 (HCar), 128.4 (HCay),
127.8 (HCa), 127.6 (HCap), 127.5 (HCar), 127.1 (HCap), 126.8 (HCar), 126.4 (HCa), 125.4
(HCar), 125.2 (HCar), 124.9 (HCa)), 124.6 (HCa)), 124.5 (HCar), 124.3 (HCas), 124.1 (HCay),
122.9 (HCar), 122.4 (HCar), 122.3 (HCar), 122.19 (HCar), 122.15 (HCar), 121.8 (HCar), 121.7
(HCar), 120.7 (HCar), 120.5 (HCar), 66.0 (H(CH(Me)NXyl)B(MeIm),, overlapping Et:O peak),
59.9 (H(CH(Me)NXyD)BM=Im)y), 23.0 (H3Car), 22.8 (H3Car), 22.6 (H3Car), 21.04 (H3Car), 20.99
(H3Car), 20.96 (H3Car), 20.6 (H3Car), 20.5 (H3Car), 20.4 (H3Car), 20.1 (H3Car), 19.9 (H3Car),
19.3Car), 19.68 (H3Car), 19.66 (H3Car), 19.60 (H3Car), 19.57 (H3Car), 19.5 (HsCar), 19.4 (HsCar),
19.31 (H(CH(Me)NXyD)B(MIm),), 19.28 H(CH(Me)NXy)BMSIm)y), 19.2 (HsCar), 19.0
(H3Car), 18.7 (H3Car), 18.6 (H3Car), 18.3 (H3Car), 18.2 (H3Car). '3C NMR (151 MHz, 373 K,
toluene-d8): 6 208.8 (Cimid), 202.63 (Cimia), 172.6, 155.9, 155.7, 138.8, 138.5, 137.3, 137.0, 136.3,

135.1, 134.3, 133.8, 130.7, 130.2, 130.1 (HCar), 129.9 (HCas), 129.3 (HCa:), 128.5 (0-HCxy1),
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128.4 (0-HCxy1), 126.2 (HCar), 125.6 (HCAar), 124.9 (0-HCxy1), 124.3 (HCar), 123.7 (HCar), 122.7
(HCar), 122.5 (HCar), 122.2 (HCar), 61.3 (H(CH(Me)NXy)B(M®Im),), 22.7 (H3Car), 21.0
(H3Car), 20.97 (H3Car), 19.8 (H3CAr), 19.6 (H3CAar), 19.5 (H3Car), 19.4 (H3Car), 19.3 (H3Car), 19.0
(H3Car), 18.7 (H(CH(Me)NXyD)B(M*Im),), 18.3 (H3Car). ''B NMR (193 MHz, 298 K, C¢Ds): &
0.13 (s), -3.02 (s). ''"B NMR (193 MHz, 373 K, toluene-d8): & —3.16 (d, J = 100.2 Hz). Anal. Calcd
for Cs1HssBCIN7Ta (8): C, 61.48; H, 5.87; N, 9.84. Found: C, 61.72; H, 5.98; N, 9.75. FT-IR (KB,
Nujol, em™): vgn 2359 (m), 2343 (m); ve=n 2180 (s). Mp: 167 °C (dec).

Generation of 8 in solution from 6 and 2 eq. xylyl isocyanide. In a 20 mL glass scintillation
vial in an inert atmosphere glovebox, compound 6 (14.4 mg, 0.0186 mmol) was dissolved in C¢Ds
(0.25 mL) and the resulting yellow solution was set to stir. In a separate vial, xylyl isocyanide (2
eq., 4.9 mg, 0.0371 mmol) was dissolved in C¢Ds (0.25 mL) and then the colorless solution was
added in one portion to the solution of 6, resulting in an immediate color change to red. The red
solution was transferred to a J. Young NMR tube; subsequent '"H NMR analysis revealed complete
and clean conversion to 8, ketenimine 9, and a trace amount of propene. The 'H NMR spectrum
of 8 prepared via this route exactly matched that of isolated 8.

Generation of 8 in solution from 6 and 3 eq. xylyl isocyanide. In a 20 mL glass scintillation
vial in an inert atmosphere glovebox, compound 6 (14.4 mg, 0.0186 mmol) was dissolved in C¢Ds
(0.25 mL) and the resulting yellow solution was set to stir. In a separate vial, xylyl isocyanide (3
eq., 7.7 mg, 0.0588 mmol) was dissolved in C¢Ds (0.25 mL) and then the colorless solution was
added in one portion to the solution of 6, resulting in an immediate color change to red. The red
solution was transferred to a J. Young NMR tube; subsequent '"H NMR analysis revealed complete
and clean conversion to 8 and ketenimine 9. The 'H NMR spectrum of 8 prepared via this route

exactly matched that of isolated 8.
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2,6-Dimethyl-N-(2-methyl-1-propen-1-ylidene)benzenamine (9). In an inert atmosphere
glovebox, compound 1-Cl (14.2 mg, 0.0200 mmol) was combined with xylyl isocyanide (4 eq.,
10.5 mg, 0.0800 mmol) in a 4 mL glass dram vial. The yellow and white colored solid mixture
was dissolved in C¢Ds (0.25 mL) and the resulting homogeneous, red solution was transferred to
aJ. Young NMR tube. The tube was sealed and removed from the glovebox. After sitting at room
temperature for 1h, 'H and '*C NMR analyses indicated that all starting material had been
consumed and that 8 and ketenimine 9 had formed. Then, the volatiles were removed under
vacuum and the solid mixture was analyzed by LRMS. "H NMR (400 MHz, 298 K, C¢Ds): § 6.92
(m, HCxy, 3H), 2.25 (s, H3Cxy1, 6H), 1.45 (s, (Xyl)N=C=C(Me),, 6H). 13C NMR (101 MHz, 298
K, CsDg): 0 206.2 (Xyl)N=C=C(Me)>), 137.5 (N-Cxy1), 129.0 (m-HCxy1), 125.3 (p-Cxy1), 124.4
(0-HCxy1), 56.2 (Xy)N=C=C(Me)>), 18.3 (H3Cxy), 15.3 ((Xyl)N=C=C(Me)2). LRMS (EI) m/z:
[M]" calcd for Ci2HisN (9): 173.12; Found: 173.

[H(CH(Me)NXyl)B(M*Im)2] TaCl(OCMe2CMe20) (10).

Method A. Compound 6 (200 mg, 0.258 mmol) was added to a 50 mL Teflon-sealed tube and
dissolved in benzene (15 mL), resulting in a yellow solution. The solution was degassed, and the
headspace was refilled with CO. After 2 minutes, the solution changed color from yellow to dark
yellow. The flask was sealed, and the solution was stirred vigorously at ambient temperature for 2
days, resulting in an orange solution. Then, the volatiles were removed via lyophilization, yielding
an orange-colored powder. The crude product was extracted with Et,0O (2 x 6 mL), and the resulting
yellow-orange solution was filtered through Celite, concentrated to a final volume of ca. 0.5 mL,
and allowed to sit undisturbed at room temperature for 30 minutes before storing at —40 °C
overnight, yielding yellow microcrystals of 10 (34.2 mg, 31% yield). X-ray quality crystals of 10

were grown from a saturated Et,O solution of 10 at —40 °C. Due to the low yield of material
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produced by Method A, characterization was carried out using material obtained from Method B.
The '"H NMR spectrum of the isolated material made using Method A matched that of analytically
pure 10 synthesized by Method B.

Method B. Compound 6 (150 mg, 0.193 mmol) was added to a 50 mL Teflon-sealed tube and
dissolved in benzene (6 mL), resulting in a yellow solution, to which excess acetone (3 mL) was
added. The solution was degassed, and the headspace was refilled with H,. The flask was sealed,
and the solution was stirred vigorously at ambient temperature for 12 h, resulting in a
heterogeneous suspension of fine yellow precipitate in a yellow solution. Then, the volatiles were
removed via lyophilization, yielding a yellow powder. The crude product was extracted with
toluene (3 x 5 mL), and the resulting yellow solution was filtered through Celite, concentrated to
a final volume of ca. 4 mL, and allowed to sit undisturbed at room temperature for 4 hours before
storing at —40 °C overnight, yielding yellow microcrystals of 10 (107 mg, 64% yield). '"H NMR
(600 MHz, 298 K, CsDs): 6 7.15 (d, J = 1.5 Hz, HCmiq, 1H), 7.12 (d, J = 6.9 Hz, m-HCxy, 1H),
7.10 (d, J = 6.9 Hz, m-HCxy, 1H), 7.05 (d, J = 1.5 Hz, HCinid, 1H), 6.99 (t, J = 7.4 Hz, 0-HCxy,
1H), 6.81 (s, HCwmes, 1H), 6.78 (s, HCwmes, 1H), 6.76 (s, HCwmes, 2H), 6.27 (d, J = 1.5 Hz, HCimid,
1H), 6.20 (d, J = 1.5 Hz, HCimig, 1H), 4.14 (q, J = 6.8 Hz, H{CH(Me)NXyl)B(M*Im),, 1H,
overlapping H(CH(Me)NXy)B(M*Im), peak), 4.14 (br s, H(CH(Me)NXyl)B(M*Im),, 1H,
overlapping H(CH(Me)NXyl)B(M®Im), peak), 2.55 (s, H3Car, 3H), 2.321 (s, H3Car, 3H), 2.315 (s,
H3Car, 3H), 2.16 (s, H3Car, 3H), 2.13 (s, H3Car, 3H), 2.12 (s, H3Car, 3H), 2.02 (s, H3Car, 3H), 1.87
(s, HsCar, 3H), 1.14 (d, J = 7.0 Hz, H({CH(Me)NXyD)B(M*Im),, 3H), 1.12 (s, H3Cpin, 3H), 0.86 (s,
HiCpin, 3H), 0.76 (s, H3Cpin, 3H), 0.58 (s, H3Cpin, 3H). '>*C NMR (151 MHz, 298 K, CsDs): & 202.0
(Cimid), 199.3 (Cimia), 150.7 (Car), 137.7 (Car), 137.6 (Car), 137.2 (Car), 137.14 (Car), 137.08 (Car),

137.06 (Car), 136.7 (Car), 135.7 (Car), 135.5 (Car), 134.6 (Car), 130.0 (HCwmes), 129.3 (m-HCxy1),
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129.1(HCwmes), 128.9 (HCwmes), 128.6 (m-HCxy1), 128.5 (HCmes), 125.5 (0-HCxy1), 124.9 (HCimia),
124.8 (HCimia), 121.3 (HCmmia), 121.1 (HCimia), 106.4 (Cpin), 100.4 (Cpin), 59.1
(H(CH(Me)NXyl)B(MeIm)), 28.3 (H3Cpin), 27.2 (H3Cpin), 25.7 (H3Cpin), 21.8 (H3Car), 21.0
(H3Car), 19.8 (H3Car), 19.7 (H3Car), 19.6 (H3Car), 19.3 (H3Car), 19.0 (H3Ca:), 18.9
(H(CH(Me)NXy)B(M*Im),). "B NMR (193 MHz, 298 K, C¢D¢): 8 —0.40 (s). Anal. Calcd for
C40Hs2BCINsO2Ta (10): C, 55.73; H, 6.08; N, 8.12. Found: C, 56.04; H, 6.16; N, 7.96. FT-IR
(KBr, Nujol, cm™): vg.iy 2420 (m). Mp: 289 °C (dec).

[H(CH(Me)NXyl)B(M*Im)2] TaCl(O*CMez2*CMe20) (10-*C,*C). Compound 6 (200 mg,
0.258 mmol) was added to a 25 mL Teflon-sealed tube and dissolved in benzene (15 mL), resulting
in a yellow solution. The solution was degassed, and the headspace was refilled with *CO. After
2 minutes, the solution changed color from yellow to dark yellow. The flask was sealed, and the
solution was stirred vigorously at ambient temperature for 2 days, resulting in an orange solution.
Then, the volatiles were removed via lyophilization, yielding an orange colored powder. The crude
product was extracted with Et20 (2 x 4 mL), and the resulting yellow-orange solution was filtered
through Celite, concentrated to a final volume of ca. 1.5 mL, and allowed to sit undisturbed at
room temperature for 30 minutes before storing at —40 °C overnight, yielding yellow microcrystals
of 10-*C,*C (30.4 mg, 27% yield). '"H NMR (400 MHz, 298 K, CsDs): & 7.15 (d, J = 1.5 Hz,
HCimid, 1H), 7.13 (d, J= 6.9 Hz, m-HCxy1, 1H), 7.09 (d, J = 6.9 Hz, m-HCxy, 1H), 7.05 (d, J=1.5
Hz, HCimig, 1H), 6.99 (t, J= 7.4 Hz, 0-HCxy1, 1H), 6.81 (s, HCwmes, 1H), 6.79 (s, HCwmes, 1H), 6.76
(s, HCwmes, 2H), 6.26 (d, J= 1.5 Hz, HCimig, 1H), 6.19 (d, J= 1.5 Hz, HCimi¢, 1H), 4.15(q, J= 6.8
Hz, H{CH(Me)NXyl)B(M*Im),, 1H, overlapping H(CH(Me)NXy)B(M*Im), peak), 4.15 (br s,
H(CHMe)NXyD)BM*Im),, 1H, overlapping H(CH(Me)NXyl)B(M*Im), peak), 2.55 (s, H3Car,

3H), 2.321 (s, HsCar, 3H), 2.315 (s, HsCar, 3H), 2.16 (s, H3Car, 3H), 2.13 (s, H3Car, 3H), 2.12 (s,
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H3Car, 3H), 2.02 (s, H3Ca, 3H), 1.88 (s, H3Ca, 3H), 1.15 (d, J = 6.5 Hz,
H(CH(Me)NXy)B(M*Im),, 3H, overlapping H3Cpin peak), 1.13 (t, 2J = 3.5 Hz, H3Cpin, 3H,
overlapping H(CH(Me)NXyl)B(M®Im), peak), 0.86 (t, 2J = 3.5 Hz, H3Cpin, 3H), 0.76 (t, 2/ = 3.5
Hz, H3Cpin, 3H), 0.58 (t, 2J = 3.5 Hz, H3Cpin, 3H). >*C NMR (101 MHz, 298 K, C¢Ds, fast scan): &
106.4 (d, J = 35.4 Hz, *Cpin), 100.3 (d, J = 35.4 Hz, *Cpin). 'H-coupled *C NMR (101 MHz, 298
K, C¢Ds): 8 106.4 (dt, J=35.4 Hz, 2J = 3.0 Hz, *Cpin), 100.3 (dt, J = 35.4 Hz, >J = 3.0 Hz, *Cpin).

NMR-Monitored Solution Generation of
[H(CH(Me)NXyD)B(M*Im)2]TaCl(O*CMe2*CMe20)  (10-*C,*C) from 6 and 1BCO.
Compound 6 (20.0 mg, 0.026 mmol) was added to a 4 mL glass dram vial and dissolved in C¢Ds
(0.25 mL). The resulting yellow solution was transferred to a J. Young NMR tube and the tube
was sealed. Then, the solution was degassed and the headspace was refilled with 1*CO. The tube
was sealed and kept at ambient temperature. '>C {!{H} NMR spectra were obtained after 10 minutes,
1 h,2h,4h,6h, 10 h, 24 h, and 48 h. Sequential color changes from yellow to dark yellow to
orange were observed over the course of the reaction.

Solution Generation of [H(CH(Me)NXyl)B(M*Im):]TaCl(OCMe2CMe20) (10) in the
Presence of a Radical Scavenger. In an inert atmosphere glovebox, compound 6 (20.0 mg, 0.026
mmol) and 9,10-dihydroanthracene (5 eq., 23.2 mg, 0.129 mmol) were added to a 4 mL glass dram
vial and the solid mixture was dissolved in CsDs (0.25 mL). The solution was transferred to a J.
Young NMR tube and the tube was sealed. Then, the solution was degassed and the headspace
was refilled with CO. The tube was sealed and kept at ambient temperature for 6 days, resulting in
a color change from yellow to orange. 'H NMR revealed conversion to 10 and several side products
after 6 days, with no changes to the resonances for the 9,10-dihydroanthracene protons. 'H NMR

(300 MHz, 298 K, C¢De): & 4.14 (br s, HCimia, 1H), 7.09 (s, HCantr, 140H, 18 eq.), 7.05 (br s,
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HClmia, 1H), 7.01 (s, HCxy1, 1H), 6.99 (s, HCxy1, 1H), 6.96 (br s, HCxy1, 1H), 6.81 (br s, HCytes,
1H), 6.79 (br s, HCytes, 1H), 6.76 (br s, HCues, 2H), 6.26 (d, J = 1.7 Hz, HCimig, 1H), 6.19 (d, J =
1.7 Hz, HCimia, 1H), 4.16 (q, J = 6.8 Hz, H(CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CHMe)NXyDBM*Im), peak), 4.16 (br s, H(CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CH(Me)NXyDBM=Im), peak), 3.63 (5, HCannr, 80H, 18 eq.), 2.5 (s, HsCar, 3H), 2.33 (s,
HsCas, 3H), 2.32 (s, HsCar, 3H), 2.17 (s, H>Car, 3H), 2.13 (s, HsCas, 3H), 2.12 (s, H3Car, 3H), 2.03
(s, HsCas, 3H), 1.88 (s, H3Car, 3H), 1.16 (d, J = 7.0 Hz, H(CH(Me)NXyl)B(M*Im)y, 3H), 1.13 (s,

HCbin, 3H), 0.86 (s, H3Cpin, 3H), 0.77 (s, H3Cbpin, 3H), 0.58 (s, H3Cpin, 3H).

Solution Generation of a ca. 1:4:1 mixture of
[H(CH(Me)NXyD)B(M¢Im)2] TaCl(O*CMez*CMe20) (10),
[H(CH(Me)NXyD)B(M¢Im)2] TaCl(OC(CD3)2C(CH3):20) (10-ds), and

[H(CH(Me)NXyl)B(M*Im)2] TaCl(OC(CD3)2C(CD3)20) (10-d12) from CO and Acetone-ds. In
an inert atmosphere glovebox, compound 6 (20.0 mg, 0.026 mmol) was added to a 4 mL glass
dram vial and dissolved in C¢Ds (0.25 mL). A stock solution of 1.36 M acetone-ds in CsDs (0.5
eq., 9.48 uL, 0.013 mmol) was added to the yellow solution of 6 via micropipette. The solution
was quickly transferred to a J. Young NMR tube, and the tube was sealed. Then, the solution was
degassed and the headspace was refilled with CO. The tube was sealed and kept at ambient
temperature for 24 h, resulting in a color change from yellow to dark yellow. 'H NMR analysis
revealed relatively clean conversion to a 1:4:1 mixture of 10:10-de:10-d12. Then, the volatiles were
removed under vacuum, yielding tacky yellow solids. The solids were triturated with hexane (2 x
0.5 mL), resulting in a yellow powder. The yellow powder was dissolved in C¢Hg (0.25 mL), and
toluene-ds (2 L) was added via micropipette to serve as an internal standard. The solution was

transferred to a clean J. Young NMR tube and analyzed by ?H NMR spectroscopy. '"H NMR (600
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MHz, 298 K, Cs¢Ds): 6 7.15 (d, J = 1.4 Hz, HCimig, 1H), 7.12 (d, J = 7.0 Hz, m-HCxy, 1H), 7.10
(d, J=6.9 Hz, m-HCxy1, 1H), 7.05 (d, J = 1.4 Hz, HCmig, 1H), 6.98 (t, J = 7.4 Hz, 0-HCxy1, 1H),
6.81 (s, HCwmes, 1H), 6.78 (s, HCwmes, 1H), 6.75 (s, HCwmes, 2H), 6.27 (d, J = 1.3 Hz, HCimi¢, 1H),
6.20 (J = 1.3 Hz, HCimia, 1H), 4.14 (q, J = 6.8 Hz, H({CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CHMe)NXyDBM®Im), peak), 4.14 (br s, H(CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CH(Me)NXyl)B(M*Im), peak), 2.54 (s, H3Car, 3H), 2.32 (s, H3Car, 3H), 2.31 (s, H3Car, 3H),
2.16 (s, H3Car, 3H), 2.13 (s, H3Car, 3H), 2.12 (s, H3Car, 3H), 2.02 (s, H3Car, 3H), 1.87 (s, H3Car,
3H), 1.14 (d, J = 7.0 Hz, H{CH(Me)NXyl)B(M*Im),, 3H), 1.122 (s, H3Cpin of 10, 0.50H relative
to the bis(NHC)borate ligand), 1.116 (s, H3Cpin of 10-ds, 1.09H relative to the bis(NHC)borate
ligand), 0.860 (s, H3Cpin of 10, 0.49H relative to the bis(NHC)borate ligand), 0.855 (s, H3Cpin of
10-ds, 1.01H relative to the bis(NHC)borate ligand), 0.763 (s, H3Cpin of 10, 0.51H relative to the
bis(NHC)borate ligand), 0.756 (s, H3Cpin of 10-ds, 1.04H relative to the bis(NHC)borate ligand),
0.579 (s, H3Cpin of 10, 0.50H relative to the bis(NHC)borate ligand), 0.574 (s, H3Cpin of 10-ds,
1.00H relative to the bis(NHC)borate ligand). 2H NMR (92 MHz, 298 K, C¢He): & 1.08 (br s,
D3Cpin 0of 10-ds, 3D), 0.81 (br s, D3Cpin of 10-ds, 3D), 0.73 (br s, D3Cpin of 10-ds, 3D), 0.55 (br s,
D3Cpin of 10-ds, 3D).

[H(CH(Me)NXyl)B(M*Im)2] TaCI(OC(CD3)2C(CD3)20) (10-d12). Compound 6 (75.0 mg,
0.0967 mmol) was added to a 25 mL Teflon-sealed tube and dissolved in benzene (2.5 mL),
resulting in a yellow solution, to which acetone-ds (2.1 eq., 13.0 mg, 14.9 uL, 0.203 mmol) was
added via micropipette. The solution was degassed, and the headspace was refilled with H,. The
flask was sealed, and the yellow solution was stirred vigorously at ambient temperature for 2 days,
resulting in a homogeneous, dark yellow solution. Then, the volatiles were removed via

lyophilization, yielding a brown powder. The crude product was triturated with hexane (2 x 2 mL),
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extracted with toluene (2 x 3 mL), and the resulting dark yellow solution was filtered through
Celite, concentrated to a final volume of ca. 0.25 mL, and allowed to sit undisturbed at room
temperature for 30 min before storing at —40 °C overnight, yielding yellow crystals coated in a
tacky brown impurity. The crystals were washed with HMDSO (3 x 0.5 mL) and dried under
vacuum, yielding yellow crystals of 10-d12 (50.3 mg, 60% yield). 'H NMR (600 MHz, 298 K,
CeDg): 6 7.15 (d, J = 1.3 Hz, HCmiga, 1H), 7.12 (d, J = 6.9 Hz, m-HCxy, 1H), 7.10 (d, 6.9 Hz, m-
HCxy1, 1H), 7.05 (d, J = 1.3 Hz, HCimig, 1H), 6.99 (t, J = 7.3 Hz, 0-HCxy1, 1H), 6.81 (s, HCwmes,
1H), 6.78 (s, HCwmes, 1H), 6.76 (s, HCmes, 2H), 6.27 (s, J = 1.2 Hz, HCimig, 1H), 6.20 (s, J=1.2 Hz,
HCimia, 1H), 4.14 (q, J = 6.7 Hz, H(CHMe)NXyDBM*Im),, 1H, overlapping
H(CHMe)NXyDBM®Im), peak), 4.14 (br s, H(CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CH(Me)NXyl)B(MeIm), peak), 2.55 (s, H3Car, 3H), 2.321 (s, H3Car, 3H), 2.315 (s, H3Car, 3H),
2.16 (s, H3Car, 3H), 2.13 (s, H3Car, 3H), 2.12 (s, H3Car, 3H), 2.02 (s, H3Car, 3H), 1.87 (s, H3Car,
3H), 1.14 (d, J = 7.0 Hz, H({CH(Me)NXyD)B(M*Im),, 3H). 2H NMR (92 MHz, 298 K, C¢He): &
1.07 (br s, D3Cpin, 3D), 0.79 (br s, D3Cpin, 3D), 0.72 (br s, D3Cpin, 3D), 0.54 (br s, D3Cpin, 3D).
NMR-Monitored Scrambling Experiment between
[H(CH(Me)NXyl)B(M*Im)2] TaCl(OCMe2CMe20) (10) and
[H(CH(Me)NXyl)B(M*Im)2] TaCl(OC(CD3)2C(CD3)20) (10-d12). In an inert atmosphere
glovebox, compound 10 (7.0 mg, 0.008 mmol) was combined with compound 10-d12 (7.0 mg,
0.008 mmol) in a 4 mL glass dram vial. The solid mixture was dissolved in CsDs (0.25 mL), and
the resulting yellow solution was transferred to a J. Young NMR tube. The tube was sealed and a
'H NMR spectrum was obtained. Then, the tube was heated to 80 °C for 2 days. 'H NMR analysis
revealed no scrambling of deuterium atoms between 10 and 10-di2 under these conditions. 'H

NMR of 1:1 10:10-d12 (400 MHz, 298 K, CsDs): 6 7.15 (d, J = 1.4 Hz, HCimig, 1H), 7.11 (m, m-
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HCxy1, 2H), 7.05 (d, J = 1.4 Hz, HCimig, 1H), 6.99 (t, J = 7.4 Hz, 0-HCxy1, 1H), 6.81 (s, HCwmes,
1H), 6.79 (s, HCwmes, 1H), 6.76 (s, HCwmes, 2H), 6.26 (d, J = 1.4 Hz, HCimiga, 1H), 6.19 (d, J=1.4
Hz, HCimi, 1H), 4.15 (q, J = 7.0 Hz, H(CHMe)NXy)BM*=Im),, 1H, overlapping
H(CHMe)NXyDBM®Im), peak), 4.15 (br s, H(CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CH(Me)NXyl)B(M*Im), peak), 2.55 (s, H3Car, 3H), 2.324 (s, H3Car, 3H), 2.319 (s, H3Car, 3H),
2.16 (s, H3Car, 3H), 2.13 (s, H3Car, 3H), 2.12 (s, H3Car, 3H), 2.03 (s, H3Car, 3H), 1.88 (s, H3Car,
3H), 1.15 (d, J = 6.8 Hz, H{CH(Me)NXyl)B(M*Im),, 3H), 1.13 (s, H3Cpin of 10, 1.5H relative to
the bis(NHC)borate ligand), 0.86 (s, H3Cpin of 10, 1.5H relative to the bis(NHC)borate ligand),
0.77 (s, H3Cpin of 10, 1.5H relative to the bis(NHC)borate ligand), 0.58 (s, H3Cpin of 10, 1.5H
relative to the bis(NHC)borate ligand).

Synthesis of a ca. 1:2:1 mixture of [H(CH(Me)NXyl)B(M*Im):] TaCl(OCMe2CMe20) (10),
[H(CH(Me)NXyl)B(M*Im)2] TaCl(OC(CD3)2C(CH3)20) (10-de), and
[H(CH(Me)NXyD)B(M¢Im)2] TaCl(OC(CD3)2C(CD3)20) (10-d1z) from H:z, Acetone, and
Acetone-ds. Compound 6 (75.0 mg, 0.0967 mmol) was added to a 50 mL Teflon-sealed tube and
dissolved in benzene (3 mL), resulting in a yellow solution, to which excess 1:1 acetone:acetone-
de (0.25 mL each) was added. The solution was degassed, and the headspace was refilled with H».
The flask was sealed, and the solution was stirred vigorously at ambient temperature for 5 h,
resulting in a homogeneous, yellow solution. Then, the volatiles were removed via lyophilization,
yielding a yellow powder. The crude product was extracted with toluene (2 x 4 mL), and the
resulting yellow solution was filtered through Celite, concentrated to a final volume of ca. 1 mL,
and allowed to sit undisturbed at room temperature for 20 minutes before storing at —40 °C
overnight, yielding yellow microcrystals of 10, 10-ds, and 10-d12 (41.4 mg, 49% yield, ca. 1:2:1

ratio). 'H NMR (600 MHz, 298 K, CeDe): 8 7.15 (d, J = 1.4 Hz, HCimia, 1H), 7.12 (d, J = 7.0 Hz,
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m-HCxy1, 1H), 7.10 (d, J= 6.9 Hz, m-HCxy, 1H), 7.05 (d, /= 1.4 Hz, HCmid, 1H), 6.98 (t, J=7.4
Hz, 0-HCxy1, 1H), 6.81 (s, HCwmes, 1H), 6.78 (s, HCmes, 1H), 6.76 (s, HCmes, 2H), 6.27 (d, J=1.3
Hz, HCimig, 1H), 6.20 (J = 1.3 Hz, HCimig, 1H), 4.14 (q, J = 6.8 Hz, H{CH(Me)NXyl)B(M*Im),,
1H, overlapping H(CH(Me)NXy)B(M*Im), peak), 4.14 (br s, H{CH(Me)NXy)BM*Im),, 1H,
overlapping H(CH(Me)NXyl)B(M*Im), peak), 2.54 (s, H3Car, 3H), 2.32 (s, H3Car, 3H), 2.31 (s,
H3Car, 3H), 2.16 (s, H3Car, 3H), 2.13 (s, H3Car, 3H), 2.12 (s, H3Car, 3H), 2.02 (s, H3Car, 3H), 1.87
(s, H3Car, 3H), 1.14 (d, J = 7.0 Hz, H({CH(Me)NXyD)B(M*Im),, 3H), 1.123 (s, H3Cpin of 10, 0.77H
relative to the bis(NHC)borate ligand), 1.118 (s, H3Cpin of 10-ds, 0.73H relative to the
bis(NHC)borate ligand), 0.861 (s, H3Cpin of 10, 0.76H relative to the bis(NHC)borate ligand),
0.856 (s, H3Cpin of 10-ds, 0.71H relative to the bis(NHC)borate ligand), 0.764 (s, H3Cpin of 10,
0.76H relative to the bis(NHC)borate ligand), 0.757 (s, H3Cpin of 10-ds, 0.70H relative to the
bis(NHC)borate ligand), 0.580 (s, H3Cpin of 10, 0.77H relative to the bis(NHC)borate ligand),
0.575 (s, HsCpin of 10-ds, 0.70H relative to the bis(NHC)borate ligand). 2H NMR (92 MHz, 298
K, CsHe): & 1.08 (br s, D3Cpin, 3D), 0.79 (br s, D3Cpin, 3D), 0.73 (br s, D3Cpin, 3D), 0.53 (br s,
D3Cpin, 3D).

[H(CH(Me)NXyl)B(M*Im)2] TaCI(OCEt2CEt20) (11). Compound 6 (200 mg, 0.258 mmol)
was added to a 50 mL Teflon-sealed tube and dissolved in benzene (6 mL), resulting in a yellow
solution, to which excess 3-pentanone (2 mL) was added. The solution was degassed, and the
headspace was refilled with H». The flask was sealed, and the solution was stirred vigorously at
ambient temperature for 5 h, resulting in a bright yellow solution. Then, the volatiles were removed
via lyophilization, yielding a yellow powder. The crude product was extracted with toluene (2 x 4
mL), and the resulting yellow solution was filtered through Celite, concentrated to a final volume

of ca. 2 mL, and allowed to sit undisturbed at room temperature for 30 min before storing at —40
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°C overnight, yielding yellow microcrystals of 11 (151 mg, 64% yield). '"H NMR (600 MHz, 298
K, C¢De¢): 7.18 (d, J=1.5 Hz, HCimia, 1H), 7.15 (d, J = 8.0 Hz, m-HCxy, 1H), 7.11 (d, J= 8.0 Hz,
m-HCxy1, 1H), 7.04 (d, J = 1.5 Hz, HCimig, 1H), 6.99 (t, J = 7.6 Hz, 0-HCxy1, 1H), 6.80 (s, HCwMes,
1H), 6.79 (s, HCwmes, 2H), 6.76 (s, HCwmes, 1H), 6.23 (d, J = 1.5 Hz, HCmida, 1H), 6.20 (d, J=1.5
Hz, HCimid, 1H), 420 (q, J = 6.8 Hz, H(CHMe)NXy)BM*=Im),, 1H, overlapping
H(CHMe)NXyDBM*Im), peak), 4.20 (br s, H(CH(Me)NXyl)B(M*Im),, 1H, overlapping
H(CH(Me)NXyl)B(M*Im), peak), 2.76 (sx, J = 7.0 Hz, H>Cpiol, 1H), 2.56 (s, H3Car, 3H), 2.36 (s,
H3Car, 3H), 2.234 (s, H3Car, 3H), 2.226 (s, H3Car, 3H), 2.17 (s, H3Car, 3H), 2.14 (s, H3Car, 3H),
2.10 (s, H3Car, 3H), 1.94 (s, H3Car, 3H), 1.59 (sx, J = 7.5 Hz, H2Cbpiol, 1H), 1.54 (sx, J = 7.0 Hz,
H>Cpiol, 1H), 1.41 (sx, J = 7.9 Hz, H2Cpiol, 1H), 1.16 (sx, J = 7.0 Hz, H>Cpio1, 1H), 1.14 (sx, J =
7.6 Hz, HCpioi, 1H), 1.10 (d, J = 6.7 Hz, H({CH(Me)NXy)B(M*Im),, 3H), 1.07 (sx, J = 7.0 Hz,
H>Cpiol, 1H), 0.64 (t, J= 7.1 Hz, H3Cbpiol, 3H), 0.56 (t, J= 7.6 Hz, H3Cpiol, 3H), 0.49 (t,J = 7.6 Hz,
H3Cpiol, 3H), 0.38 (sx, J = 7.4 Hz, H>Cpiol, 1H), 0.21 (t, J = 7.3 Hz, H3Cpioi, 3H). *C NMR (151
MHz, 298 K, C¢De): 6 201.8 (Cimid), 200.4 (Cimid), 150.9 (Car), 137.8 (Car), 137.7 (Car), 137.2
(Car), 137.1 (Car), 137.01 (Car), 136.99 (Car), 136.88 (Car), 135.32 (Car), 135.29 (Car), 135.0
(Car), 130.3 (m-HCxy1), 129.34 (HCwmes), 129.29 (HCwmes), 129.0 (HCwmes), 128.9 (HCwmes), 125.7 (m-
HCxy1), 125.4 (0-HCxy1), 125.1 (HCimia), 125.0 (HCimia), 121.3 (HCimia), 121.1 (HCimiq), 113.5
(Cpiot), 109.3 (Cpiol), 58.0 (H(CHMe)NXyDBMIm),), 27.2 (H2Cpiol), 26.5 (H2Cbiol), 26.1
(H2Cpiol), 23.3 (H2Cpiot), 21.9 (H3Car), 21.03 (H3CAr), 20.96 (H3Car), 20.2 (H3Car), 20.0 (H3Car),
19.70 (H3Car), 19.66 (H3Car), 19.1 (H3Car), 18.5 (H(CH(Me)NXyD)B(M*Im),), 10.4 (H3Cpiol),
10.2 (H3Cbiot), 10.0 (H3Cpioi), 8.1 (H3Cpiol). ''B NMR (193 MHz, 298 K, CsDs): 6 —0.70 (s). Anal.
Calcd for C44HsoBCINsO,Ta (11): C, 57.62; H, 6.48; N, 7.64. Found: C, 57.85; H, 6.48; N, 7.65.

FT-IR (KBr, Nujol, cm™): v 2414 (m). Mp: 260 °C (dec).
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SYNOPSIS. We present the reactivity of Ta(V) methyl complexes toward unsaturated substrates

under mild reaction conditions to yield a variety of products containing newly-formed C-C bonds.

We demonstrate conversion of CO and CNXyl into higher-value products, including enols,

enamines, imines, ketenimines, propene, and acetone, via successive methyl transfers from Ta

centers. Notably, we report and study the mechanism of pinacol formation from CO and Ta-methyl

groups, a new reaction pathway in the early transition metal literature.
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