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ABSTRACT: Three organometallic ligand scaffolds resulting from the insertion of 1-
adamantyl isonitrile (C=NAd; Ad = C,;H;) into titanium neopentylidene complexes,
[(PNP)Ti=CH'Bu(X)] are described herein. Treatment of the titanium neopentylidene
complex (PNP)Ti=CH'Bu(OTf) (1-OTf, PNP~ = N[2-P'Pr,-4-methylphenyl],”, OTf =
trifluoromethanesulfonate™) with one equivalent of C=NAd leads to the formation of a
titanium #*-C,N-ketenimine, (PNP)Ti(#*-C,N-AUNCCH'Bu)(OTf) (2-OTf). However,
when the titanium neopentylidene neopentyl complex (PNP)Ti=CH'Bu(CH,Bu) (1-
Np) is added one equivalent of C=NAd, a titanium neopentylidene k'-N-vinylamido
complex (PNP)Ti=CH'Bu(x'-N-AUNCHCH'Bu) (3) is formed. In contrast, the
titanium neopentylidene methyl complex (PNP)Ti=CHBu(CH;) (1-Me) reacts with
one equivalent of C=NAJ to produce a rare chelating k>-C,N-azaalleneyl ligand, in the
complex (PNP)Ti(k*-C,N-ADNCC'Bu) (4), with concurrent extrusion of methane.
Independently, it is shown that treatment of 2-OTf with one equivalent of neopentyl lithium (LiNp, Np~ = CH,'Bu) or a half
equivalent of dimethyl magnesium (MgMe,) smoothly forms complex 3 or 4, respectively, and suggests that the 77>-C,N-ketenimine
ligand in 2-OTf might be an intermediate ligand enroute to the neopentylidene x'-N-vinylamido or x*-C,N-azaalleneyl complexes.
Complexes 2-OTf, 3 and 4 have been structurally and spectroscopically characterized and a proposed mechanism for the formation
of complexes 3 and 4 is also described.

H INTRODUCTION position, k'-N- (Figure 1C). Subsequent reports of Fischer and
Schrock carbenes and carbynes have demonstrated that the
metal ketenimine ligands can be construed in a variety of ways
and that these scaffolds are versatile and have many isomeric
binding modes to metal ions. These coordination modes for
ketenimine ligands binding to metal ions include; (17>-C,N-
)07 (1-C,C-), 778 (KoN-), P75 790 (G1NL), S (61-C),
and (6'-0-),*> which are illustrated in Figure 1A—F,
respectively. Recent studies by Cadierno, Gimeno et al.*>**

Complexes containing metal—carbon multiple bonds
(MCMBs) have exhibited a diverse array of reactivity due to
the highly polarized nature of the bond and the ability of these
systems to promote the exchange of carbene or carbyne units.
This strategy has resulted in the development of the mature
fields of alkene metathesis,'™> and alkyne metathesis,* ™' and
more recently, the burgeoning field of cyclic conjugated

. 1335 . : U
polymer catalysis. In addition to metathesis and polymer followed by Xia et al.*> have shown the insertion of C=NR

zléizllz)séz’g Cir:vgle:;;t}:::ilzalﬁﬁig dii/[gcﬁlzzkscal;ofe fuli«;ej‘:hif::r into unsaturated metallacycles, which lead to the formation of
2

carboevelic®®=*¢ and N-based heterocvclic four *”* n*-iminoketenyl complexes (Figure 1G). Our group also
43,4;:49_54 . . y;, ’ recently reported the reactivity of 1l-adamantyl isonitrile
five, and even six—membered rings™ among other (C=NAd) with & lkvlid 1 §657 4 f.
organic archetypes 47,5665 One plausible pathway to access _ WIHH vanadium iyl ylne complexes o form
& > p p Y ) novel insertion products such as a k' -N-ynamide and a k*-C,N-
complexes of this type, as well as unsaturated organic

lleneyl ligands (Figure 1H,I).*® Th lexes displayed
fragments, involves the insertion of an isonitrile (C=NR) areariency’ gan s (Figure 1HT) ese comprexes dispiaye
3 > different binding modes and thus exhibited different spin states
into MCMBs. This strategy allows access to metal bound

. . tro T
ketenimines (Figure 1, left) which are the key to furnishing the using the same ligand scaffold [AINCC'Bu]”. Due to our
new synthetic buildin7g blocks, including the formation of free
ketenimine species.””®® To the best of our knowledge, the Received: = October 15, 2024
insertion of C=NR into MCMBs can be traced as far back as Revised:  November 20, 2024
studies by Fischer and Aumann.” In their report, the authors Acce}’ted‘ November 25, 2024
showed that insertion of C=NR into Fischer-type carbenes Published: December 16, 2024
could lead to the formation of metal ketenimine complexes,

with the organic scaffold being bound k' through the N
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Figure 1. Left: previous work and selected examples of monodentate and chelating NCC-based ligands (ketenimine, iminoketenyl, ynamide, and
azaalleneyl) synthesized via MCMB reactions with C=NR. Right: our work describing the diverse reactivity of [(PNP)Ti=CH'Bu(X)] with C=
NAd to form a 7*-C,N-ketenimine, neopentylidene x'-N-vinylamido, and x*-C,N-azaalleneyl scaffolds.

recent discoveries of new insertion complexes of C=NR into
MCMBs we decided to investigate the reactivity of C=NR
with titanium neopentylidenes, [(PNP)Ti=CH'Bu(X)]
(where X~ = OTf (1-OTf), CH,'Bu (1-Np), and CH; (1-
Me).**~"" Likewise, previous studies with this system have
shown that the PNP (PNP~ = N[2-P'Pr,-4-methylphenyl],”)
ligand scaffold can generate a transient titanium neo-
pentylidyne {(PNP)Ti=C'Bu}.*””’ By utilizing the diverse
reactivity of the titanium neopentylidene and neopentylidene
alkyl scaffolds, our aim was to uncover novel binding modes
resulting from isonitrile insertion into these MCMBs. Herein,
we describe the synthesis of a #*-C,N-ketenimine, a neo-
pentylidene x'-N-vinylamido, and a rarely reported x*-C,N-
azaalleneyl complexes, all of which derive from the insertion of
C=NAd into titanium neopentylidene complexes. Surpris-
ingly, the results shown here do not suggest the involvement of
a transient titanium neopentylidyne {(PNP)Ti=C'Bu}.*"°

B RESULTS AND DISCUSSION

Synthesis of the Titanium nZ-C,N-Ketenimine (2-OTf).
Before probing the reactivity of the C=NAd with {(PNP)-
Ti=C'Bu} or titanium neopentylidene alkyl motifs we
investigated the reactivity of the titanium neopentylidene
triflate complex, 1-OTf. The reaction of 1-OTf with one
equivalent of C=NAd in deuterated benzene (C¢D) at room
temperature led to an immediate color change from red to
violet. After workup of the reaction mixture, crystallization of
the product was performed by slow concentration of a pentane
solution of the reaction mixture using toluene as the sorbent at
—35 °C overnight, affording needlelike violet-colored crystals
of a side-on titanium #*-C,N-ketenimine, (PNP)Ti(#*-C,N-
AdNCCH'Bu)(OTf) (2-OTf) in a 79% yield (Scheme 1).

The *'P{'"H} NMR spectrum of 2-OTf displays two doublets
centered at § 28.8 and 23.2 (}Jpp = 77 and 79 Hz, respectively)
(Figure S4), which agrees with the molecule lacking C,
symmetry in solution. The spectroscopic resonances in the
ketenimine fragment were identified by using "H—"*C HSQC
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Scheme 1. Synthesis of Complexes 2-OTf, 3, and 4 from
Neopentylidene Precursors 1-OTf, 1-Np, and 1-Me,
Respectively and the Isonitrile, C=NAd“
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“Independent synthesis of complexes 3 and 4 from 2-OTf and LiNp
or 1/2 MgMe, are also shown.

(Figures 2 and S7) and 'H-"C HMBC (Figure S8)
experiments. Highlighted in Figure 2 is the one-bond
correlation of the hydrogen on the ketenimine at § 5.16 to
the fB-carbon (C/;) (C,g in Figure 3, left) at § 110.49. The
"H—"*C HMBC experiment confirmed this assignment of this
resonance as the proton at § 5.16 exhibits two bond correlation
with the a-carbon (C,) (C,; in Figure 3, left) on the 7*-C,N-
ketenimine ligand at 6 189.70. These assignments are in good
agreement with the previously characterized 1*-C,N-keteni-
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Figure 2. Partial 'H-3C HSQC NMR ((500 MHz, 126 MHz),
C¢Dg, 300 K) of complex 2-OTf, highlighting the one bond

correlation in the 7°-C,N-ketenimine fragment.

mine complex, (BDI)Ti(5*-C,N-‘BuNCCH'Bu)(OTf)""
(where BDI™ = [ArNC(CH3)]2CH‘, Ar = 2,6-"Pr2C6H3),
which exhibited a 'H resonance at § 5.82 and *C resonances
at § 1004 (for C ) and § 170.0 (for Cs). The #*-C,N-
coordination of the 5*-C,N-ketenimine in 2-OTf was further
confirmed by single-crystal X-ray diffraction studies (scXRD,
Figure 3, left). The C,,—Cys (1.353(3) A) and C,,—N,
(1.375(2) A) bond distances in 2- OTf are similar to those
of other structurally characterized #>-C,N-ketenimine com-
plexes (1.35—1.37 A and 1.33—1.37 A, respectively).”"*>">**
Infrared spectroscopic studies also reveal a v(CN) vibration for
the 5-C,N-ketenimine at 1463 cm™" (Figure S25). This stretch
compares well to the #?-C,N-ketenimine complex [(P,Cp)Zr-
(7*-C,N-BuNCCHPh)(C1)]"° which exhibits a v(CN) at 1504
cm™!, where P,Cp~ = °>-CsH;-1,3-(SiMe,CH,P'Pr,),".
Synthesis of the Titanium Neopentylidene «'-N-
Vinylamido (3). We then turned our attention to the
neopentylidene alkyl complexes [(PNP)Ti=CH'Bu(R)]*""’
(R = CH,By, 1-Np; R = CH;, 1-Me), since these species are
known to undergo a-hydrogen abstraction to form the reactive
and transient titanium neopentylidyne {(PNP)Ti=C'Bu}.” It
should be noted however, that complex 1-Np undergoes a first-
order extrusion of neopentane (NpH) with a ¢,,, of ~3.1 h at
r.t.*” whereas 1-Me extrudes methane (CH,) very slowly with
a ty, of ~62.4 h at 60 °C.”° We anticipated that such a large
discrepancy in the rate of formation of the {(PNP)Ti=
C'Bu}motif should allow for distinct reactivity of 1-Np versus
1-Me with C=NR, since the former is more likely to produce
the neopentylidyne than the latter. As a result, C=NR could

react with the Ti=C linkage in the latter as opposed to the
Ti=C or Ti—R bonds in the case of a slower a-hydrogen
abstraction step. As shown in Scheme 1, complex 1-Np”° is
readily prepared according to published procedures by triflate
ligand substitution with LiNp, whereas 1-Me’' is prepared
with half an equivalent of MgMe,. Accordingly, treatment of 1-
Np with one equivalent of C=NAd in C4Dy resulted in an
immediate reaction at room temperature, which was
accompanied by a color change from green-brown to yellow.
The workup of the reaction mixture afforded a titanium
neopentylidene complex containing a k'-N-vinylamido ligand,
namely (PNP)Ti=CH'Bu(x'-N-AINCHCH'Bu) (3)
(Scheme 1, middle), in an 84% isolated yield. Surprisingly,
the reaction does not result in loss of NpH, implying that C=
NAd rapidly reacts with the titanium neopentylidene before an
a-hydrogen abstraction ensues. Crystallization of 3 was
performed by slow concentration of a pentane solution of
the reaction mixture using toluene as the sorbent at —35 °C
overnight, affording block shaped orange crystals. The 'H
(Figure S9), 'H-'"H COSY (Figure S14), 'H-"*C HSQC
(Figure 4), and '"H-3C HMBC (Figure S17) NMR spectra of
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Figure 4. A partial '"H-"C HSQC NMR ((500 MHz, 126 MHz),
C¢Dg, 300 K) of 3 (from the addition of C=NAd to 1-Np),
highlighting the correlation of the hydrogens on the neopentylidene
and the x'-N-vinylamido fragments.

3 displayed three salient spectral signals consistent with the
formation of a neopentylidene x'-N-vinylamido complex. The
neopentylidene resonances ('H, C) arise at § 4.75 and
258.13, respectively, and are similar to those of other [Ti"]
neopentylidene complexes reported by our group using the
PNP ligand (5 260-276). 8994796 "The k!-N- vinylamido

Figure 3. scXRD of 2-OTf, 3, and 4 with thermal ellipsoids shown at the 50% probability level (except for the PNP fragment which is shown in a

wireframe). Only hydrogen atoms derived from the neopentylidene,
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k'-N-vinylamido, and #?-C,N-ketenimine groups are shown for clarity.
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exhibits two resonances that exist as doublets (*Jy; = 14 Hz)
at 8 5.46 and 4.67, which is in accord with previously isolated
k'-N-vinylamido complexes having trans isomerism (*Jyy =
14—18 Hz).”””® The 'H-"3C HSQC spectrum (Figure 4)
shows that the k'-N-vinylamido protons exhibit one bond
coupling to carbon resonances at 6 124.31 and 111.04,
respectively. While the 'H—"*C HMBC allowed us to
distinguish between the Cj; and C, on the k'-N-vinylamido
(Cs and C; in Figure 3, middle). The resonance at § 4.67
exhibits a two-bond coupling to the resonance assigned as the
central carbon of the ‘Bu fragment in the x'-N-vinylamido.
While the resonance at § 5.46 exhibits three-bond coupling to
the apical carbon on the Ad fragment in the x'-N-vinylamido.
Thus, with this information, we have tentatively assigned the
resonances for the proton on Cj at 6 5.45 and the proton on
the C, at 6 4.67. Further confirmation of complex 3 having
neopentylidene and x'-N-vinylamido fragments was confirmed
by scXRD (Figure 3, middle). As expected, the titanium
neopentylidene Ti;—C, bond distance was short, at 1.886(3) A
and comparable to previously characterized titanium neo-
pentylidenes supported by the PNP™ ligand scaffold (1.790—
1.883 A).*”"” The crystallographic features of the x'-N-
vinylamido fragment in 3 (Ti;—N;: 1.982(2) A and C,—C:
1.337(3) A) are in good agreement with previously
characterized niobium- (Nb—N: 2.037-2.097 A, C=C:
1.336—1.349 A)?"'° and hafnium- (Hf—N: 2.182 A and
C=C: 1.329 A)""" k'-N-vinylamido complexes.

Synthesis of the Titanium x?-C,N-Azaalleneyl Com-
plex (4). The neopentylidene alkyl complexes 1-Np and 1-Me
have been investiégated extensively in the context of C—H
activation,” 7101027198 gpecifically, complex 1-Np failed to
produce {(PNP)Ti=C'Bu} in the presence of a C=NAJ,
which reacted instead at the neopentylidene linkage to form 3
(vide infra). This was rather surprising since the isomeric and
bulky nitriles (N=CR; R = ‘Bu, Ad) have been shown to
undergo [2 + 2] cycloaddition chemistry across the {(PNP)-
Ti=C'Bu} to generate the k*-C,N-azametallacyclobutadiene
complexes of the type (PNP)Ti(x*-C,N-BuCC(R)N) (R =
‘Bu, Ad).”> To probe how reactivity would change with C=
NAd, we examined the more kinetically stable alkylidyne
precursor 1-Me. Accordingly, the reaction of 1-Me with one
equivalent of C=NAd in C¢Dg at room temperature led to an
immediate color change from yellow to red. After workup of
the reaction mixture, crystallization of the product was
performed by slow concentration of a pentane solution of
the reaction mixture using toluene as the sorbent at —35 °C
overnight, and afforded red colored and block-like crystals of
the titanium x>-C,N-azaalleneyl (PNP)Ti(x*-C,N-AdNCC'Bu)
(4) (Scheme 1, bottom) in 95% isolated yield. Notably, the
BC NMR spectrum (Figure S20) provided an interesting
insight into the x*-C,N-azaalleneyl scaffold revealing the S-
carbon (C,, of Figure 3, right) to resonate at § 193.76, and the
a-carbon (C,g of Figure 3, right) to resonate even further
downfield at 6 228.82, which we have tentatively assigned. The
a-carbon resonance is quite broad; thus, we were fortunate to
confirm its assignment with the aid of an 'H-'C HMBC
experiment (Figure S). Interestingly, the spectroscopic data
showed that there was a three-bond correlation between the
protons on the ‘Bu fragment at § 1.69 and the a-carbon at §
228.82. These resonances differ quite substantially to the
previously isolated vanadium &*-C,N-azaalleneyl complex

(dBDI)V(k*-C,N-AANCC'Bu) (where dBDI> = ArNC(CH,)-
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Figure 5. "H-3C HMBC ((500 MHz, 126 MHz), C¢Ds, 300 K) for
complex 4 (from the addition of C=NAd to 1-Me), which highlights
the two and three bond correlation of the hydrogens on the ‘Bu
fragment to carbon atoms on the complex.

CHC(CH,)NAr, Ar = 2,6-Pr,C¢H;).** We speculate that the
difference in the chemical shifts for the a-carbon and f-carbon
on the k*-C,N-azaalleneyl could be attributed to the supporting
ligand scaffold (PNP~ vs dBDI*") and the geometry around
the metal center (trigonal bipyramidal vs tetrahedral). This
trend in the difference in chemical shifts in metallacyclic
complexes has been discussed by Reif8, Beweries et al.'""” in the
context of all carbon based x*-C,C-deprotiometallacyclobuta-
dienes (dMCBD). Further evidence for chelation of the x*
C,N-azaalleneyl in 4 was confirmed by scXRD (Figure 3,
right). The C,;,—C,s and C,,—N, bond lengths for 4 are
1.407(3) A and 1.383(3) A, respectively, and are longer when
compared to the vanadium x*-C,N-azaalleneyl complex (C—C
and C—N bond lengths of 1.394(2) A and 1.331(2) A,
respectively). The Ti,—C,s bond length of 4 (1.926(2)A) is
longer than the vanadium x*-C,N-azaalleneyl bond length of
1.843(2) A, while the M—N bond lengths are quite similar
(1.872(2) A, M = Ti (4) and 1.877(1) A, M = V**). Lastly, the
K*-C,N-azaalleneyl in 4 displays a bond angle of 121.9(2)°
(£N,—C,,—C,,) and is more acute than the vanadium x*-C,N-
azaalleneyl bond angle of 127.6(2)°, which we attribute to the
increased steric demand of the PNP ligand scaffold in
comparison to the dBDI’*” ligand scaffold as well as the
greater coordination number in complex 4.

A Bifurcated Reaction Pathway Involving the 7*-C,N-
Ketenimine Moiety. Despite being alkylidyne synthons,
complexes 1-Np and 1-Me react quite differently with C=
NAd to yield insertion products 3 and 4. However, we have
noted in a previous study involving the reactivity of N=CR
and 1-Np, that subtle changes in the steric environment can
drastically alter the outcome in the products.”” For instance,
complex 1-Np extrudes NpH to form {(PNP)Ti=C'Bu} in
the presence of sterically demanding N=CR, whereas the use
of less sterically hindered N=CR (R = Ph, Pr) generate
instead titanium imide alkyls, (PNP)Ti=NC(R)CHBu-
(CHyBu) (R = Ph, Pr) from cycloaddition chemistry
involving the titanium neopentylidene ligand. In our present
study, we propose a bifurcated pathway to complexes 3 and 4,
respectively. Both mechanisms are speculated to proceed
through three key elementary steps. Regardless of the alkyl
group on the titanium neopentylidene, the first two proposed
steps involve C=NAd coordination to the metal center to
form transient {1-R(C=NAd)} (R = Me, Np) followed by
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rapid insertion of the C=NAdJ into the titanium neo-
pentylidene ligand to generate an 7*-C,N-ketenimine fragment
as outlined in Scheme 2. We speculate the first two steps to

Scheme 2. Proposed Mechanism for the Formation of
Complexes 3 (Top) and 4 (Bottom) with Intermediates
Drawn”

Bu a-H
1-Np 7<7:7N’/:\g>( N )Ti/ACEN_Ad ) ) . fé’ﬁ’?’?f’?ﬁ, 3
insertion Bu / =
. \ , H / R=Np
Bu into W/ /
{(1-Np(C=NAd)} alkylidene N !
\ LN pisurcati
yommmon > (PN )T|\ bifurcation
/ insertion R \
By into §= '““AP: {éwnp}} N BH
' alkylidene R=Me,{2-Me} \ ,pctraction
. A=N— \ G ACtiON
1-Me -SNAD, (oN )Ti%C:N Ad CHy
CH, R = Me

{1-Me(C=NAd)}

“Replacing the R group from CH; (Me) with CH,'Bu (Np) results in
a bifurcated process where a-hydrogen abstraction switches to f-
hydrogen abstraction.

proceed in a similar fashion for both 3 and 4, resulting in
intermediate {(PNP)Ti(#?-C,N-AINCCH'Bu)(R)} (2-R; R =
Np, {2-Np} and R = Me, {2-Me}) as outlined in Scheme 2. It
is at this step, where the system should result in a bifurcated
process. If {2-R} is a common intermediate in these reactions,
a transmetalation with the appropriate alkylating reagent
should allow us to traverse from 2-OTf to the intermediate
species {2-R}, and ultimately to 3 and 4. To probe this
proposed mechanism, we explored the reaction of 2-OTf with
one equivalent of LiNp in C4Dg. Accordingly, upon addition of
a solution of 2-OTf to LiNp a color change occurred
immediately from violet to yellow. A 'H and a *'P{'H}
NMR spectrum was taken shortly thereafter which indicated
quantitative conversion to 3. A similar procedure was applied
to access complex 4 cleanly, by the addition of one-half
equivalent of dimethyl magnesium (MgMe,) to 2-OTf,
resulting in an immediate color change from violet to red
with the coevolution of methane gas (CH,) and the
precipitation of a solid we speculate to be lithium triflate,
LiOTf.

In the case of 1-Me and C=NAd, where CH, is liberated,
we argue against a-hydrogen abstraction preceding C=NAd
insertion into the alkylidyne ligand of transient {(PNP)Ti=
C'Bu}, since the rate of this reaction is too fast (seconds)
compared to previous mechanistic studies involving the
formation of from either 1-Np (hours)® and 1-Me (days).”
Our independent studies argue for {2-R} involving a bifurcated
process, and changing course depending on the R fragment to
ultimately form 3 and 4. In the case of 3, an a-hydrogen
abstraction occurs to form the corresponding neopentylidene
k'-N-vinylamido, 3 (top of Scheme 2). Akin to 3, one could
propose that an intermediate {1-Me(C=NAd)} would
undergo a similar transformation to a methylidene x'-N-
vinylamido complex {(PNP)Ti=CH, (x'-N-AANCHCH'Bu)}.
However, one must first take into account the energetic
differences of accessing a methylidene versus a neopentylidene
through an a-hydrogen abstraction.'"”"'®'"" Due to the
unfavorable energetics in accessing a methylidene on the
titanium metal center, we suggest that the system instead
traverses through a f-hydrogen abstraction to deliver complex
4. Such a f-hydrogen abstraction results in the loss of methane
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in accordance with our experimental observations (bottom of
Scheme 2). Previous studies by Schrock,”'""'*'"* and us''*
have demonstrated that the a-hydrogen abstraction pathway is
generally favored when S-hydrogens in the adjacent ligand are
lacking. In these studies, our proposed #°-C,N-ketenimine
intermediates {2-Np} and {2-Me} possess -hydrogens on the
side-on ketenimine, but the alkane is only eliminated when the
alkyl group is a CHj;. This argues against thermodynamics
involving the Ti—Np versus the more stable Ti—Me bond as
detailed by Wolczanski."'® In other words, the system chooses
to pay a lower enthalpic penalty in order to avoid making the
more reactive titanium methylidene ligand.

Bl CONCLUSION

In this report we discussed the reactivity of a bulky isonitrile,
C=NAd with titanium neopentylidene complexes. Contrast-
ing earlier results involving the reaction of 1-Np with N=CR,
we establish here the formation of #*C,N-, k'-N-, and x*-C,N-
organometallic scaffolds with C=NAd. We also propose
common intermediates to be formed from the binding of C=
NAd to the titanium metal center, and subsequent insertion
into the titanium neopentylidene fragment to form a 7>-C,N-
ketenimine fragment. However, the resulting reactivity of this
1*-C,N-ketenimine fragment varies depending on the alkyl
group bound to the titanium metal center. Intuitively, when a
triflate ligand is present no further reactivity occurs (2-OTf),
whereas the presence of a Np ligand yields a-hydrogen
abstraction generating a neopentylidene «'-N-vinylamido
complex. In the case of a Me ligand, we gain access to a
rarely reported x*-C,N-azaalleneyl complex, via a f-hydrogen
abstraction pathway, to avoid the higher energy pathway that
results in formation of a reactive titanium methylidene ligand.

B EXPERIMENTAL SECTION

All operations were performed in a Labmaster 130 glovebox or using
standard Schlenk techniques under a nitrogen atmosphere unless
otherwise stated. Pentane and toluene (Fisher Scientific) were
purchased from commercial vendors, thoroughly bubbled with
argon, and made anhydrous by passage through columns of activated
alumina in a Grubbs-type solvent system. All anhydrous solvents were
stored over sodium metal and 4 A molecular sieves. Benzene-d
(C¢Dg, Cambridge Isotope Laboratories) was dried over a potassium
mirror, vacuum transferred to a flame-dried flask and degassed by
freeze—pump—thaw cycles prior to use. Celite and 4 A molecular
sieves were activated under vacuum overnight at 200 °C. 1-OT£” 1-
Np,% and 1-Me”' were prepared according to published procedures.
1-adamantyl isonitrile (C=NAd, Ad = C,,H,;, Sigma-Aldrich, 95%)
was used as received.

Crystallographic studies were carried out on single crystals, which
were coated with paratone oil, mounted at the end of a cryoloop, and
placed in the nitrogen cold stream at 100 K. Data were collected and
processed using Bruker ApexII, Rigaku XtaLAB Synergy-I, or Rigaku
XtaLAB Synergy-S diffractometers (Mo K, radiation), operated
through the manufacturer’s software. The crystal structures were
solved using SHELXT (intrinsic phasing) and refined using SHELXL-
2018 (least-squares) typically with data processing carried out in
Olex2

NMR spectroscopic studies were recorded on Bruker NEO 600
MHz, AVIII Bio500, UNI400 or AVIII 500 MHz spectrometers. 'H
and "*C NMR chemical shifts are referenced to the internal proton or
carbon resonances of C¢Dg (6 7.16 and 128.06). 3'P NMR chemical
shifts are reported with respect to external H;PO, (aqueous solution,
5 0.0). "”F NMR chemical shifts are referenced using 'H spectrum as
an absolute reference utilizing the IUPAC unified scale which relies
on E values expressed as percentages.
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FT—IR spectroscopic studies were measured on a JASCO FT/IR-
4600 spectrometer with samples mounted between KBr windows
using the JASCO tablet master device. The sample chamber was
flushed with argon gas to prevent decomposition during measure-
ments.

Synthesis of (PNP)Ti(5?-C,N-AdNCCH'Bu)(OTf) (2-OTf).
(PNP)Ti=CH'Bu(OTf) (1-OTf) (50.4 mg, 72.5 pmol, 1.00 equiv)
was dissolved in ca. 0.5 mL of C4Dg4 and the solution was added to a
vial containing C=NAd (11.7 mg, 72.5 pmol, 1.00 equiv) in ca. 0.5
mL of C¢D4 under vigorous stirring. The color of the solution
changed from a red to a dark violet instantaneously. The content of
the vial was stirred for 30 min and was subsequently cooled to —35
°C. The C4D¢ was lypholized under dynamic vacuum and the residue
was extracted into ca. 5 mL of pentane and was filtered over Celite
and the Celite was washed with ca. 5 mL pentane. The pentane
solution was then concentrated to ca. 1 mL. The concentrated
solution was transferred into a small crystallization vial and placed in a
large vial containing toluene. The combined vials were cooled to —35
°C overnight resulting in the formation of violet crystals identified as
(PNP)Ti(5>-C,N-ADNCCH'Bu) (OTf) (2-OTf). Crystals suitable for
X-ray crystallography were separated from a pentane solution of 2-
OTHY. Yield: 49.0 mg, 57.2 pmol, 79.0% based on 1-OTf. '"H NMR
(500 MHz, C¢Dg, 300 K): § 7.32—7.48 (m, 2H, C¢H;), 6.73—6.93
(m, 4H, C4H,), 5.17 (s, 1H, (7*-C,N-AdNCCH'Bu), 2.76—2.85 (m,
6H, Ad), 2.65—2.73 (sept, 2H, CH(CH,),), 2.36—2.44 (sept, 2H,
CH(CHs;),), 2.23-2.33 (m, 3H, Ad), 2.17 (s, 3H, C¢H;—CH,), 2.08
(s, 3H, C¢H;—CHj,), 1.81-1.90 (m, 3H, Ad), 1.66—1.73 (m, 3H,
Ad), 1.10-142 (m, 20H, CH(CH,),), 0.99—1.04 (m, 4H, CH-
(CH,;),), 0.86 (s, 9H, C(CH,);), 0.75—0.83 (m, 6H, CH(CH,),). *C
NMR (126 MHz, CiD4 300 K): & 189.99 (broad s, #*-C,N-
AdNCCHBu), 161.68 (s, C¢H;), 159.53 (s, C¢Hj;), 133.56 (s, C¢H;),
133.19 (s, C¢H;), 132.06 (s, C¢H,), 131.25 (s, C¢H,), 121.55 (d,
C¢H,), 119.71 (s, CHj), 119.49 (d, C4H3), 117.81 (d, C4H;), 110.95
(s, n”*-C,N-ADNCCHBu), 68.75 (s, n*-C,N-AANCCH'Bu), 44.29 (s,
7*-C,N-AANCCH'Bu), 43.95 (s, n*-C,N-AdNCCH'Bu), 37.39 (s, n*-
C,N-AANCCH'Bu), 37.19 (s, 1*-C,N-AdNCCH'Bu), 36.47 (s, n*-C,N-
AdNCCH'Bu), 34.96 (s, 7*-C,N-AANCCH'Bu), 34.44 (s, >-C,N-
AdNCCH'Bu), 31.92 (d, CH(CH;),), 31.64 (s, n*-C,N-
AINCCH'Bu), 30.84 (s, n-C,N-AANCCH'Bu), 30.75 (s, CH-
(CH,),), 30.15 (s, #*~C,N-AdNCCH'Bu), 27.15 (d, CH(CH,),),
23.63 (d, CH(CH,),), 2091 (s, CH(CH,),), 20.78 (s, CH(CH,),),
20.70 (d, C¢H;—CHj,), 20.57 (s, CH(CH,),), 20.06 (d, C¢H;—CH,),
19.16 (d, CH(CH,),), 18.46 (d, CH(CH,),), 17.43 (d, CH(CH,),),
15.96 (d, CH(CHj,),). *P NMR (131 MHz, C¢Dg, 300 K): 5 28.8
(dd, PNP, Jo_p = 77 Hz), 23.3 (dd, PNP, Jp_p = 79 Hz). ’F NMR
(282 MHz, C¢D, 300 K): 6 —75.1 (s, OSO,CF,). IR, solid, v (cm™):
1463 (C—N stretch).

Synthesis of (PNP)Ti=CH'Bu(k'-N-AdNCHCH'Bu) (3). Path-
way A. (PNP)Ti=CH'Bu(Np) (1-Np) (25.3 mg, 41.0 umol, 1.00
equiv) was dissolved in ca. 0.5 mL of C¢D4 and the solution was
added to a vial containing C=NAd (6.60 mg, 41.0 ymol, 1.00 equiv)
in ca. 0.5 mL of C¢Dg under vigorous stirring. The solution changed
from brown-green to yellow instantaneously. The content of the vial
was stirred for 30 min and was subsequently cooled to —35 °C. The
CsDg was lypholized under dynamic vacuum and the residue was
extracted into ca. 5 mL of pentane and was filtered over Celite and the
Celite was washed with ca. S mL pentane. The pentane solution was
then concentrated to ca. 1 mL. The concentrated solution was
transferred into a small crystallization vial and placed in a large vial
containing toluene. The combined vials were cooled to —35 °C
overnight resulting in the formation of orange crystals identified as
(PNP)Ti=CHBu(x'-N-AINCHCH'Bu) (3). Crystals suitable for X-
ray crystallography were separated from a pentane solution of 3. Yield:
26.6 mg, 34.2 umol, 83.5% based on (1-Np). '"H NMR (500 MHz,
C¢Dy, 300 K): 7.23—7.28 (m, 2H, C¢H;), 6.91—6.93 (m, 2H, C,H,),
6.81—6.83 (m, 2H, C¢H,), 5.46 (d, 1H, k'-N-AINCHCH'Bu), 4.76
(s, 1H, Ti=CH'Bu), 4.67 (d, 1H, x'-N-AINCHCH'Bu), 2.53—2.63
(m, 6H, Ad), 2.51 (sept, 2H, CH(CH,;),), 2.35 (sept, 2H,
CH(CH,),), 2.28 (m, 3H, Ad), 2.22 (s, 3H, C,H;—CH,), 2.18 (s,
3H, CsH;—CH;), 1.74-1.87 (m, 6H, Ad), 1.61-1.66 (m, 8H,
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CH(CH,;),), 1.33—1.46 (m, 16H, CH(CH,),), 1.10 (s, 9H,
C(CH,),), 0.86 (s, 9H, C(CHs);). 3C NMR (126 MHz, C(D,
300 K): 258.48 (t, Ti=CH'Bu), 161.39 (d, CH;), 157.97 (d, C4Hs),
13238 (s, CgHy), 132.15 (s, CgHs), 130.82 (s, CeH;), 126.68 (t,
C4H,), 124.62 (s, k'-N-AANCHCH'Bu), 124.01 (d, CsH;), 122.34 (d,
C¢H;), 119.12 (d, C4H;), 11691 (d, C(H,), 111.33 (s, x'-N-
AANCHCH'Bu), 58.03 (s, k'-N-AUNCHCH'Bu), 48.71 (s, x'-N-
AINCHCH'Bu), 44.54 (s, x'-N-ANCHCH'Bu), 37.69 (s, k'-N-
AdNCHCH'Bu), 35.38 (s, k'-N-ANCHCHBu), 32.78 (s, Ti=
CH(CH,),), 31.61 (s, k'-N-AANCHCH'Bu), 31.05 (s, '-N-
AdANCHCH'Bu), 30.60 (s, x'-N-AUNCHCH'Bu), 26.22 (d, CH-
(CH,),), 25.11 (d, CH(CHa;),), 24.93 (d, CH(CHs;),), 21.38 (d,
CH(CH,),), 21.02 (C¢H,—CH,), 20.77 (C4H,—CH,), 20.31 (d,
CH(CH,),), 20.19 (s, C;H,—CHS,), 19.94 (d, CH(CH,),), 19.77 (d,
CH(CHs,),), 19.26 (d, CH(CH,),), 18.78 (d, CH(CHS,),), 16.03 (d,
CH(CH,),). *'P NMR (131 MHz, C(Dy, 300 K): 31.5 (dd, J_p = 53
Hz), 24.2 (dd, Jo_p = 53 Hz). IR, solid, v (cm™): 1506 (C=C
stretch), 1460 (C—N stretch), 1278 (C—N stretch).

Pathway B. In a J-Young NMR tube (PNP)Ti(n*-C,N-
AANCCHBu)(OTf) (2-OTf) (17.1 mg, 16.8 umol, 1.00 equiv)
was added and was dissolved in ca. 0.5 mL of C4Dg. The solution was
then added a C¢Dy solution ca. 0.5 mL containing neopentyl lithium
(2.0 mg, 25.6 umol, 1.03 equiv) and the solution color changed from
violet to yellow instantaneously. The NMR tube was then subjugated
to NMR experiments revealing the formation of (PNP)Ti=
CH'Bu(x'-N-ADNCHCHBu) (3) quantitatively.

Synthesis of (PNP)Ti(x?-C,N-AdANCC'Bu) (4). Pathway A.
(PNP)Ti=CH'Bu(Me) (1-Me) (30.4 mg, 51.4 umol, 1.00 equiv)
was dissolved in ca. 0.5 mL of C4Dg4 and the solution was added to a
vial containing C=NAd (8.73 mg, 54.1 ymol, 1.00 equiv) in ca. 0.5
mL of C¢D4 under vigorous stirring. The color of the solution
changed from a yellow to a dark red instantaneously. The content of
the vial was stirred for 30 min and was subsequently cooled to —35
°C. The C4Dg4 was lypholized under dynamic vacuum and the residue
was extracted into ca. 5 mL of pentane and was filtered over Celite
and the Celite washed with ca. S mL pentane. The pentane solution
was then concentrated to ca. 1 mL. The concentrated solution was
transferred into a small crystallization vial and placed in a large vial
containing toluene. The combined vials were cooled to —35 °C
overnight resulting in the formation of red crystals identified as
(PNP)Ti(x*C,N-ANCC'Bu) (4) Crystals suitable for X-ray
crystallography were separated from a pentane solution of 4. Yield:
36.2 mg, 51.2 pumol, 94.6% based on 1-Me. 'H NMR (500 MHz,
C¢Dg, 300 K): 6 7.57-7.69 (m, 2H, C¢H;), 6.94—7.00 (m, 2H,
CeH;), 6.65—6.69 (m, 2H, CgH,), 2.42—2.52 (m, 6H, ¥*-C,N-
AdNCCBu), 2.17-2.22 (m, 3H, x*-C,N-AdNCC'Bu), 2.16 (over-
lapping s, 6H, C¢H;—CH,;), 1.72—1.82 (m, 6H, KZ-C,N—AdNCCtBu),
1.70 (s, 9H, x*-C,N-AINCC'Bu), 1.58—1.63 (m, 4H, CH(CHj,),),
1.27-1.46 (m, 6H, CH(CHj,),), 0.72—0.81 (m, 12H, CH(CH;),),
0.55—0.63 (m, 6H, CH(CHj,),). *C NMR (126 MHz, C(Dy, 300 K):
228.82 (broad s, K¥*-C,N-AANCC'Bu), 193.67 (broad s, x*-C,N-
AdNCC'Bu), 160.44 (dd, CsH;), 131.95 (d, C¢H;), 131.82 (C4H,),
131.14 (CeH,), 128.60 (CeHy), 128.36 (CeHy), 128.17 (C4Hy),
127.97 (C¢H,), 125.36 (dd, C¢H3), 121.36 (d, C4H,), 119.23 (d,
CeH;), 119.02 (C¢H,), 118.04 (d, C¢H;), 70.62 (s, k*-C,N-
AdNCC'Bu), 57.87 (s, x¥*-C,N-AANCC'Bu), 47.01 (d, «*-C,N-
AdNCCBu), 37.51 (d, «¥*-C,N-AANCC'Bu), 37.18 (d, ¥*-C,N-
AdNCC'Bu), 3541 (d, x*-C,N-AANCC'Bu), 34.05 (d, x*-C,N-
AdNCC'Bu), 31.37 (d, x*-C,N-AANCC'Bu), 30.72 (d, x*-C,N-
AdNCC'Bu), 29.71 (d, ¥*-C,N-AdNCC'Bu), 25.18 (d, CH(CH,),),
24.27 (CH(CHs,),), 22.45 (d, CH(CH,),), 21.70 (d, CH(CH,),),
21.35 (d, CH(CH,),), 21.07 (C4¢H;—CH,;), 20.95 (C¢H;—CH,),
20.41 (d, CH(CHs,),), 19.99 (t, CH(CHs;),), 19.82 (d, CH(CH,;),),
18.16 (d, CH(CHs,),), 17.28 (d, CH(CH,),), 15.77 (d, CH(CHs,),).
3P NMR (131 MHz, C¢D,300 K): & 16.8 (dd, Jo_p = 40 Hz), 15.8
(dd, Jo_p = 40 Hz). IR, solid, v (cm™): 1505 (C=C stretch), 1460
(C—N stretch), 1280 (C—N stretch).

Pathway B. In a small vial (PNP)Ti(#*-C,N-AINCCH'Bu)(OTf)
(2-0Tf) (17.1 mg, 16.8 umol, 1.00 equiv) was added and was
dissolved in ca. 0.5 mL of C4Dg. The solution was then added to a vial
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containing dimethyl magnesium (0.7 mg, 13.0 gmol, 0.77 equiv) and
the solution color changed from yellow to red instantaneously. The
NMR tube was then subjugated to NMR experiments revealing the
formation of (PNP)Ti(x*-C,N-ADNCC'Bu) (4) quantitatively.
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PNP~, N[2-P'Pr,-4-methylphenyl],”; ‘Bu, tertbutyl; OTf,
trifluoromethanesulfonate™; Ad, adamantyl; C=NR, isonitrile;
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Pr, isopropyl; C=NAd, l-adamantyl isonitrile; N=CR,
nitrile; NMR, nuclear magnetic resonance; HMBC, hetero-
nuclear multiple bond correlation; HSQC, heteronuclear single
quantum coherence; scXRD, single crystal X-ray diffraction;
MCMBs, metal—carbon multiple bonds; dMCBD, deprotio-
metallacyclobutadiene; COSY, COrrelation SpectroscopY; Ph,
phenyl; Np, neopentyl; NpH, neopentane; P,Cp~, 1°-CsHs-
1,3-(SiMe,CH,P'Pr,),-; Ar, aryl; {(PNP)Ti=C'Bu}, transient
titanium alkylidyne
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