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ARTICLE INFO ABSTRACT

Keywords: We show in this study how the catalyst for the cyclic polymerization of phenylacetylene, a high-spin vanadium
Metathesis (III) complex supported by the p-diketiminate (BDI) scaffold, [(BDDV(x?-C,C-Me3SiCsSiMes)] (1) (BDI = [ArNC
Metauac_yde_ (CHs)]a, Ar = 2,6-PryCgHs), can convert thermally or with a Lewis base to a low-spin [V'"] complex [{ArNC
i?li};?z::mn (CH3)CHC(CH3)C(SiMe3)CC(SiMe3)}V=NAr] (2). Complex 2 was characterized spectroscopically by multinu-

clear NMR (1H, 13C, 29Si, 51V), IR, and UV-Vis in addition to single crystal X-ray diffraction analysis. Complex 2
was found to be inactive towards the polymerization of phenylacetylene, unlike its predecessor 1, therefore
suggesting that such rearrangement might be the modus operandi for catalyst deactivation. We propose the 1 —
2 transformation to involve a denticity change from k-C,C-Me3SiC3SiMes to a k'-alkylidene-alkylnyl, followed
by an intra-molecular cross-metathesis pathway involving the V=C bond of the alkylidene-alkynyl ligand with
the imine group of the BDI ligand to eventually form the vanadium imido ligand and monoazabutadieneallenyl

(MADA") moiety.

1. Introduction

The past decade has seen a bloom in the field of cyclic polymers due
to their inherently unique properties when compared to macromolecules
having end groups [1]. In the context of conjugated polymers, initial
reports by the Veige group has utilized Mo and W tethered alkylidenes
and alkylidynes to synthesize a variety of polymers with cyclic topol-
ogies [2-16]. Likewise, the Maeda group has investigated the formation
of chiral cyclic conjugated polymers from a variety of low-valent (or
masked low-valent) early transition metal complexes with tolanes
[17-19]. More recently, our group has shown that cyclic poly-
phyenylacetylene can be prepared using 3d metal catalysts, with either
vanadium alkylidynes [20], or more conveniently, metallacyclobuta-
(2,3)-diene (MCB-(2,3)-D) complexes of titanium and vanadium [21].
The latter scaffolds however, are more readily accessible by salt
metathesis as described previously Reifl and Beweries [22,23], and thus
circumvent the need to prepare the alkylidyne, metallacyclobutadiene,
and the deprotiometallacyclobutadiene scaffold. Although MCB-(2,3)-D
based complexes of titanium and vanadium can be readily prepared in
multigram scales in two steps from MCI3(THF)3 (M = Ti, V), Li(BDI)
[24], and the dilithio salt [25] of [MegsiC3SiMe3]2’, these systems [21]
are limited in their performance (TOF = 302 g mol"'h~!) compared to
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the state of the art tungsten qz-alkyne complex [‘BuOCO]W[nZ-(H)CC
(Bu)] [2] (‘BuOCO®™ = ipso-CeH3[2,6-(CsHsz-0-'Bu),]) (TOF = 9.00 x
10% g mol*h ™) for the cyclic polymerization of phenylacetylene. The
present study reveals how the vanadium catalyst, [(BDI)V(KZ-C,C-
MegsiC3SiM83)] [21] (1) (BDI = [AI'NC(CHg)]z, and Ar = 2,6-iPr2C6H3),
undergoes a rearrangement to deactivate such species and we provide
spectroscopic and structural information for such product as well as
propose a likely mechanism to its formation.

Three decades ago, Mortreux and coworkers proposed a mechanism
for the formation of polyalkynes using the alkylidyne (‘Bu0)sW=C'Bu
and terminal alkynes (Scheme 1, top). Since an intractable polymer was
formed, it was surmised that cycloaddition of the terminal alkyne across
the W=C bond followed by deprotonation of the p-carbon in the met-
allacyclobutadiene (MCBD) scaffold resulted in the formation of a
deprotiometallacyclobutadiene (dMCBD). dMCBD then underwent
rearrangement to a metal alkylidene-alkynyl in what could be described
as a retrocycloaddition step (Scheme 1, top) [26]. Such species was
proposed to initiate the propagation step through subsequent alkyne
[2+2] cycloaddition steps across the W=C bond, although the topology
of the polymer formed was not described.

The isolation of MCBD and dMCBD complexes were originally re-
ported by Schrock [27-30] followed by Weiss [31], Fiirstner [32], and
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Scheme 1. Top: Proposed reaction involving terminal alkynes with W alkyli-
dyne to form MCBD, followed by a dMCBD, and then to a transient alkylidene-
alkynyl. Subsequent cycloadditions of the terminal alkyne and propagation
with the alkylidene-alkynyl are also shown. Bottom: Addition of N,O to a V'l
MCB-(2,3)-D, which is likely in equilibrium with a alkylidene-alkynyl, to form
the V¥ alkylidene-alkynyl species having a terminal oxo ligand.

Tamm [33,34]. In a previous study by us, it was found that the yi
complex 1 could be converted with N»O to an alkylidene-alkynyl com-
plex [(BDI)V(:O){Kl-C-(:C(SiMeg)CC(SiMe3))}] [21] having both ter-
minal alkylidene and oxo ligands (Scheme 1, bottom). We proposed that
the MCB-(2,3)-D in 1 would rearrange to the transient alkylidene-
alkynyl complex which was then trapped with NO to form and oxo
and alkylidene-alkynyl ligands.

With the advent of unsaturated scaffolds such as a dMCBD or MCB-
(2,3)-D forming an alkylidene-alkynyl ligand, we decided to investigate
the reactivity of the former with the vanadium complex 1. Since com-
plex 1 is in fact a catalyst for the cyclic polymerization of phenyl-
acetylene, we probed if this complex could be undergoing a
rearrangement during the catalysis which could be rendering it inactive.
This could explain why complex 1 exhibited lower activity when
compared to the Veige and Maeda’s catalysts [2-12,14-19]. Accord-
ingly, we sought different strategies to trap the transient alkylidene-
alkynyl species through thermolysis or via a Lewis base using complex 1.

Prior studies by our group have established that 3d metal alkylidenes
(Ti and V) [35-39] as well as alkylidynes (V) [40] supported by the BDI
ligand can undergo an intramolecular [2+2] cross metathesis between
the M—C multiple bond and the imine residue of the BDI supporting
ligand according to the two reactions shown in Scheme 2. The process is
accelerated when the alkylidene ligand is reduced in sterics at the a-C (e.
g, 'Bu to 'Pr) or inhibited if the BDI ligand was made more sterically
encumbering by using B-substituted ‘Bu groups in the NCCCN ligand
backbone [39].

2. Experimental section
2.1. General procedures

All operations were performed in a Labmaster 130 glove box or using
standard Schlenk techniques under a nitrogen atmosphere unless
otherwise stated. Pentane (Fisher Scientific), was purchased from com-
mercial vendors, thoroughly bubbled with argon, and made anhydrous
by passage through columns of activated alumina in a Grubbs-type
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Scheme 2. Previous reactivity involving the rearrangement of a titanium
neopentylidene and vanadium neopentylidyne and with the imine residue of
the BDI supporting ligand (Ar = 2,6-Pr,CgHs). RDS stands for the rate deter-
mining step of the reaction.

solvent system. All anhydrous solvents were stored over sodium metal
and 4 A molecular sieves. Benzene-dg (C¢Dg) (Cambridge Isotope Lab-
oratories) 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. [(BDI)V(KZ-C,C-M63SiC3SiM63)] (1) was prepared according
to published procedures [21] (BDI = [ArNC(CH3)],CH , Ar =
2,6-iPr2C6H3). Phenylacetylene (PhC=CH, Sigma-Aldrich, 98 %) was
distilled from magnesium sulfate, degassed by freeze-pump-thaw cy-
cles, and filtered through a column of basic alumina immediately prior
to use. 4-dimethylaminopyridine (DMAP, Sigma-Aldrich) was used as
received. The crystallographic study was carried out on a single crystal,
which was coated with paratone oil, mounted at the end of a cryoloop,
and placed in the nitrogen cold stream at 100 K. Data was collected using
a Rigaku XtaLAB Synergy-S diffractometers (Mo K, radiation), operated
through the manufacturer’s software. The crystal structure was solved
using SHELXT (intrinsic phasing) and refined using SHELXL-2018 (least
squares) [41,42] typically with data processing carried out in Olex2.
NMR spectroscopic studies were recorded on a Bruker Cryo500, UNI500,
or AVIII 500 MHz spectrometers. 'H and '3C NMR spectral chemical
shifts are referenced to the internal proton or carbon resonances of C¢Dg
(57.16 and 6 128.06). >'V NMR spectral chemical shifts were referenced
to VOClI3 in CgDg as an external standard (§ 0) and the 295i NMR spectral
chemical shifts were referenced to tetramethylsilane (TMS, § 0) as an
external standard. 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. UV-Vis spectroscopic data were obtained on a Cary 5000
UV-Vis-NIR spectrophotometer (Agilent Technologies) using 1 cm
quartz cell sealed with a J-Young valve.

2.2. Synthesis of compounds

2.2.1. Thermolysis of [(BDI)V(KZ-C,C—Me;;SiC;;SiMeg)] (1) into [{ArNC
(CH3)CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)}V=NAr] (2)
[(BDI)V(Kz-C,C-Me3SiC3SiMe3)] (1) (101.6 mg, 156 pmol, 1.0 equiv)
was dissolved in ca. 1 ml of benzene-dg (C¢Dg) and the solution was
heated to 70 °C for 48 h in which a resulting color change from red-
orange to dark green was observed. The dark green solution was dried
under vacuum and the solution was dissolved in ca. 1 ml of pentane. The
concentrated solution was cooled to —35 °C overnight resulting in the
formation of green crystals identified as [{ArNC(CH3)CHC(CH3)C(Si
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(CH3)3)CC(Si(CH3)3)}V=NATr] (2). The mother liquor was pipetted off,
and the crystals dried in vacuo prior to use. Yield: 88.8 mg, 136 pmol,
87.4 % based on 1. Crystals suitable for X-ray crystallography were
separated from a chilled (-35 °C), concentrated pentane solution of 1.

2.2.2. Addition of 4-dimethylaminopyridine (DMAP) to [ (BDI)V(KZ-C,C-
Me3SiCsSiMes)] (1) to form [{ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si
(CH3)3)}V=NAr] (2)

[(BDI)V(Kz-C,C-MegsiC3SiMe3)] (1) (50.0 mg, 77 pmol, 1.0 equiv)
was dissolved in ca. 0.5 ml of benzene-dg (CgDg) and the solution was
added a ca. 0.5 ml solution of 4-dimethylaminopyridine (DMAP) (9.4
mg, 77 pmol, 1.0 equiv) of benzene-dg (C¢Dg), which a resulted in an
immediate color change from red-orange to dark green. The dark green
solution was dried under vacuum and the solution was dissolved in ca. 1
ml of pentane. The concentrated solution was cooled to -35 °C overnight
resulting in the formation of green crystals identified as [{ArNC(CH3)
CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)}V=NAr] (2). The mother liquor was
pipetted off, and the crystals dried in vacuo prior to use. Yield: 38.0 mg,
59 pmol, 76.4 % based on 1. Crystals suitable for X-ray crystallography
were separated from a chilled (-35 °C), concentrated pentane solution of
1.

2.2.3. Characterization of [{ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si
(CH3)3)}V=NAr] (2)

'H NMR (500 MHz, C¢Dg, 300 K): 6 7.05-7.17 (m, 3H, CgHs, H,),
6.78-6.90 (m, 3H, CgHs, Hy), 4.38 (septet, 2H, CH(CH3)2, Hp), 3.50
(septet, 2H, CH(CHs)3, Hc), 3.00 (s, 1H, ArNC(CH3)C(H)C(CH3)C(Si
(CH3)3)CC(Si(CH3)3), Hg), 2.64 (s, 3H, ArNC(CH3)C(H)C(CH3)C(Si
(CH3)3)CC(Si(CHs)s, Si(CH3)3), He), 1.42 (dd, 12H, CH(CHs), Hp), 1.21
(dd, 12H, CH(CH3), Hyg), 1.19 (s, 3H, ArNC(CH3)C(H)C(CH3)C(Si(CH3)3)
CC(Si(CH3)3), Hp), 0.37 (s, 9H, (ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si
(CHs)3), Hp, 0.06 (s, 9H, (ArNC(CHs)CHC(CH5)C(Si(CH3)3)CC(Si
(CH3)3), Hj). *C NMR (126 MHz, C¢Ds, 300 K): § 125.42 (s, CgHs),
124.55 (S, C6H3), 124.46 (S, C6H3), 123.77 (S, C6H3), 122.36 (S, C6H3),
106.95 (s, ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)), 100.77 (s,
ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)), 28.76 (s, CH(CHs),),
27.08 (s, CH(CH3)y), 25.77 (s, CH(CHs)3), 24.87 (s, CH(CH3)), 24.44 (s,
C(H)[C(Me)]2), 23.14 (s, CH(CH3)5), 2.20 (s, Si(CH3)3), 1.99 (s, Si
(CHs)3). 2°Si NMR (99 MHz, Cg¢Dg, 300 K): 5 —0.61, —9.79. 51V NMR
(132 MHz, C¢Dg, 300 K): 6 —132.11 (v 2 = 462 Hz). IR, solid, v (cm’l):
1598 cm ™' v (C=C = C, out of phase), 1386 em % v (C=C = C, in of
phase). UV/Vis, pentane, A [nm, &€ (max/sh, M em1)]: 586 (max,
1803), 479 (sh, 2429), 339 (max, 11266), 245 (max, 34792), 221 (max,
34946).

3. Results and discussion

Upon heating a benzene-dg solution of 1 for 48 h at 70 °C or by
adding DMAP (1 equiv) at room temperature (15 min), a color change
from red-orange to green was observed. The green-colored solution was
dried in vacuo, taken up in n-pentane, filtered, and the filtrate concen-
trated, and cooled to —35 °C to yield green crystals of the vanadium
imido having supported by a monoazabutadieneallenyl ligand
(MADA™), [{ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)}V=NAr]
(2) (Fig. 1, top), based on a combination of structural and NMR spec-
troscopic studies.

The reaction is essentially quantitative via the thermolytic reaction
(87.4 %, isolated yield). Complex 2 could also be formed using DMAP at
room temperature (15 min) in comparable yields (76.4 % isolated yield).
X-ray quality green crystals of 2 can be obtained from a concentrated
pentane solution stored at —-35 °C for 24 h, and a single crystal X-ray
diffraction study (sc-XRD) confirmed its assignment as a mononuclear
vanadium imido, supported by a chelating MADA™ ligand (Fig. 1, bot-
tom). The nomenclature of the MADA™ ligand derives from the mono-
azabutadiene (MAD) ligand described by Tomson, Arnold, and Bergman
[43], but also an allenyl (A™) moiety thus leading to such a description
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Fig. 1. Top: Synthesis of complex 2 (Ar = 2,6-Pr,CgH3) from thermolysis or via
DMAP addition to 1. Bottom: sc-XRD of 2 with ellipsoids shown at the 50 %
probability level (except for the aryl fragments shown in a wireframe). H-atoms
(except on the MADA™ ligand backbone) have been omitted for clarity.

of this ligand.

Key structural features of complex 2 are highlighted on the bottom of
Fig. 1. The reduction of the V;-N; bond lengths from 1.9751(17) or
1.9814(17) A in 1 (Fig. 2, left) to 1.679(1) A in 2 (Fig. 2, right) implies
the formation of a vanadium imido, which compares well to previously
characterized vanadium imido complexes on rearranged BDI scaffolds
shown in Scheme 2, namely the complex [([Ar]NC(CH3)CHC(CHs)
CH'Bu)V=NAr(D)] [36] (1.678(8)A) and [(‘BuCC(CH3)CHC(CH3)N[Ar])
V=NAr(OTf)] [40] (1.671(1)A) (Ar = 2,6-Pr,CgHs). The most notable
feature in complex 2 however, is the formation of a chelating MADA™
ligand {ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)}~ as the result of
the allene fragment undergoing an intramolecular cross-metathesis with
the imine residue of the BDI ligand. The monoazabutadiene (MAD, ArNC
(CH3)CHC(CH3)) residue of the ligand compares well with complexes
with similar rearranged BDI scaffolds [35-38]. Specifically, the struc-
ture of 2 contains alternating short C;7-C;g 1.362(2) A and long C16-C17
1.496(2) A distances (Fig. 2, right), which are characteristic of an
asymmetric complex containing a rearranged p-diketiminate ligand

21971(11) 2.1104(11)
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Fig. 2. Comparison of salient metrical parameters between complex 1 (left)
and 2 (right). Distances are reported in A.
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[35]. In addition, the C1g-N5 bond length is elongated (1.397(1) A)
compared to the Cig-N3 (1.340(2) A) and C16-N71 (1.337(2) A) bond
lengths in 1 (Fig. 2, left), implying the nitrogen atom of the MADA™
ligand in 2 (Fig. 2, right) being more in accord as a neutral donor to the
formally [V!] ion. The allenyl moiety (-C(Si(CHs)3)CC(Si(CHs)s), A™) of
the chelating ligand is oriented nearly perpendicular to the MAD frag-
ment where the plane of the MAD and A~ fragments intersect at an angle
of 62.81°. The A~ fragment exhibits substantially different metrical
parameters in comparison with the x%allene fragment in 1 most likely
the result of the larger ring. In 1, the allene’s two carbon double bond
lengths are quite similar at 1.371(3) and 1.390(4) A (Fig. 2, left) whereas
in 2 the bond distances are 1.399(2) and 1.275(2) A (Fig. 2, right). In
fact, metrical parameters of the A~ fragment of 2 are remarkably similar
to the vanadium alkylidene-alkynyl complex [(BDDV(:O){KI-C-(:C
(SiMe3)CC(SiMe3))}] [21] bond distances of 1.388(9) and 1.222(2) A.
Thus, one might propose the A~ moiety in complex 2 to possess some
resonance in accord with an alkynyl ligand (-C-C=C-) in addition to a
bent allenyl (-C=C=C-). However, the bond angle of the fragment in
question £Cj3-C14-C;5 (148.7(1)°) deviates significantly from linearity
thus being more consistent with the bent allene fragment in 1 (131.9
(2)°) [21]. The MADA™ fragment can therefore adopt several different
possible resonance forms with delocalization being dispersed about the
8-membered ring (Scheme 3). For simplicity we do not show other
possible resonances where the ligand and the vanadium center have
radical character and could weakly couple. Based on the metrical pa-
rameters we propose V-C interactions to take place with the A~ motif as
well as with the A-C of the ring. Whereas resonance 2-A implies a tri-
anionic charge localized about the allenyl motif in accordance with a V¥
ion, resonance 2-B suggests somewhat of a lesser extent of backbonding
with the alkynyl and alkene motifs with a low-spin V' ion. Resonance 2-
C on the other hand suggests a slightly more distributed set of charges
around the 8-membered ring. We propose contributions from all
possible resonances based on the metrical parameters observed in the sc-
XRD study of 2.

Complex 2 is a diamagnetic, consistent with a low-spin VI or
possibly a V¥ ion, thus we relied on multinuclear NMR spectroscopy to
further characterize this species. The 'H NMR spectrum of 1 (Fig. S1)
spectrum clearly shows the formation of a single diamagnetic species in
solution. A singlet at § 3.00 (Fig. S1, Hq) was determined to be the
methine hydrogen on the backbone of the MAD motif. Complex 2 also
shows two septets at § 4.38 (Fig. S1, Hp) and 3.50 (Fig. S1, H.) for the
isopropyl methines as well as two singlets at § 2.65 (Fig. S1, He) and 1.19
(Fig. S1, Hy) for the former p-methyl groups on the BDI backbone in 1.
Two intense resonances at § 0.37 (Fig. S1, H;) and 0.06 (Fig. S1, Hj) were
assigned as the two inequivalent trimethylsilyl groups. To unambigu-
ously elucidate the structure of 2 we relied on multidimensional and
heteronuclear NMR spectroscopic studies. A combination of a 'H-'H
COSYand H-'3C HSQC NMR spectroscopic experiments (Fig. 3, top)
highlights key correlations in 2. Specifically, the methine resonance on
the MADA™ ligand at § 3.00 correlating to a resonance at 5 106.56 in the
carbon NMR trace for the y-C of MAD motif. The latter experiment also
allowed for assignment of other groups such as the trimethylsilyl,
methyl, diisopropyl, and aryl fragments in 2 (Fig. S6-S8). To further
assign the remaining carbon resonances in 2 we employed a 'H-'3C
HMBC NMR spectroscopic experiment (Fig. S9). Resonances for the
remaining carbons on the MAD residue were found at § 148.3 and 155.7
and correlated with the hydrogens on the methyl groups on the ligand

Me;Si SiMe. Me;Si Me;Si
\c/c§ oo s \C/CSC/SiMe3 N.__C
\ :; /{\ :\ N
| Vi — \,Q -—
/N/ N\ N / N\
N Ar N Ar
Ar Ar
2-A 2B

Scheme 3. Proposed resonances for the metallaaza-diene-yne scaffold in 2.

Polyhedron 253 (2024) 116913

e el i -
-10
| 1H-15C HSQC NMR PR
J ((500 MHz,126 MHz), C;D;, 300K) ‘ 10
= = by 20
o ° si 30
40
50
t 60 E
1’7-c‘-?C 0 g
~f- 80 &
! 90
_J 100
=1 110
w to 120
eS| ¢ 130
q’ 140

75 7.0 65 60 55 50 45 40 35 3.0 25 20 L5 1.0 05 00
f2 (ppm)

51V NMR P ®SiINEPTNMR - R

(132 MHZ, o (99 MHz, C¢Dg, e

C;Ds, 300K) i 300K)

1500 1000 500 An (gpm; 500, <1000, A0 e e e

5
f1 (ppm)

Fig. 3. Top: 'H-'>C HSQC NMR((500 MHz, 126 MHz), C¢Ds, 300 K) spectrum
of 2, with the inset showing the assignment of the methine peak at (*H: 3.00
ppm, '3C: 106.56 ppm). Bottom Left: >'V NMR (132 MHz, C¢Ds, 300 K) spec-
trum of 2. Bottom Right: 295i NMR (99 MHz, Cg¢Dg, 300 K) spectrum of 2.

(Fig. S10). Aryl carbon atoms and trimethylsilyl groups were also
assigned based on similar correlations to nearby C—H groups (Fig. S12).
The observation of this downfield carbon resonance in the 1*C NMR at 5
100.31 provides credence to the MADA™ ligand having an allenyl
(-C=C=C-M) moiety rather than a pendant alkyne (-C-C=C-). Unfortu-
nately, the other two carbon resonances on the allenyl fragment
(-C=C=C-M) were not located. A possible explanation for the low in-
tensity in these carbons might be due to the lack of protons directly
bonded to each which in turn increases the relaxation time for those
carbons. In addition, the carbons of interest are near the quadrupolar
51y nuclei (°'V, 99.75 % abundance, I = %), which in turn render these
resonances quite broad [44]. The Sy NMR spectrum (Fig. 3, bottom left)
of complex 2 showed one resonance at 8 —132.11 (v 2 = 462 Hz, Fig. 3,
bottom left), which compares quite nicely to the previously character-
ized complex (‘BuC=C(Me)CHC(Me)N[Ar])V=NAr(OTf) [40] (5
—165.3). Lastly, the 29si INEPT NMR spectrum (Fig. 3, bottom right)
contains two signals at 8 —0.61 and —9.79 for the two chemically
inequivalent SiMes groups in the MADA™ ligand of 2 (Fig. 3, bottom
right).

In addition to structural and NMR spectral studies, IR and UV-Vis
studies were also carried out for 2. The IR spectra of 2 (Fig. S15) shows
diagnostic stretches of C=C=C unit at 1386 cm™! and 1598 cm™". This
deviates slightly from 1 [21] whose C=C=C out-of-phase stretch is at
1530 cm ™. ReiB and Beweries observed C=C=C out-of-phase stretching
frequencies at 1729 em ! and at 1731 ecm™! for MCB-(2,3)-D titanium
[22] and zirconium [23] complexes, respectively. The UV-Vis spectral
data of 2 (Fig. S16) is also quite diagnostic of a VI complex as there are
two electronic bands with small molar absorptivity values (¢) at 586 nm
(e =1803 M’lcm’l) and 479 nm (e = 2429 M’lcm’l). These two bands
can be attributed to the two d-d transitions for a VI ion. In comparison,
the high-spin d2 precursor 2 exhibits two d-d transitions at 770 nm (g =
156 M 'cm 1) and 416 (¢ = 3088 M 'em 1) [21]. Other absorptions in
2 can be attributed to charge transfer bands at 339 nm (¢ = 11266
M lem™), 245 nm (¢ = 34792 M"'em™), and 221 nm (¢ = 34946
M lem™h).

We propose complex 2 to form akin to how titanium and vanadium
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alkylidene complexes rearrange with the BDI ligand (vide supra, Scheme
1). Upon thermolysis or via addition of a Lewis base, the MCB-(2,3)-D
scaffold in 1 undergoes a denticity change from «2 to k! via the forma-
tion of a vanadium alkylidene (bottom of Scheme 1). The V=C bond then
undergoes an intramolecular cross-metathesis with the imine fragment
of the BDI ligand to form a vanadium imido and the chelating MADA™
ligand {ArNC(CH3)CHC(CH3)C(Si(CH3)3)CC(Si(CH3)3)} .

Complex 2 was investigated as a potential precatalyst for the for-
mation of polyphenylacetylene from phenylacetylene. However, after
several trials at different concentrations of monomer or metal complex,
as well as varying solvents it was determined that 2 was not catalytically
competent. The inactivity of 2 towards the polymerization of phenyl-
acetylene suggests tantalizingly that this rearrangement could be one
plausible deactivating mode of catalyst 1.

4. Conclusion

In conclusion we reported the rearrangement of a cyclic conjugated
polymer catalyst 1 into a catalytically inactive vanadium imido complex
2 containing an unusual ligand scaffold, a monoazabutadieneallenyl
ligand which we abbreviate as MADA . The deactivation of the cyclic
polyphenylacetylene catalyst 1 is proposed to occur via an intra-
molecular cross-metathesis rearrangement involving a transient vana-
dium alkylidene with the imine moiety of the BDI ligand. Having found
this likely mode of deactivation, we are now exploring more robust
chelating scaffolds of Ti and V with the MCB-(2,3)-D ligand which lack
vulnerable sites for cross-metathesis with a transient alkylidene-alkynyl
ligand.
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