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ABSTRACT: An easier, safer, and scalable approach to the synthesis of a trianionic

pincer ligand and its use in the preparation of the Mo cyclic polymer catalyst [O,C((p-
OMe-C¢H,)C=)Mo(1>-CH=C'Bu)(THF)] (7) are reported. The synthesis of the
['BuOCO]Me, (1) ligand is simplified to a reaction that allows scaling up, thus reducing
the main barrier to accessing cyclic polymer catalysts. The synthesis allows for the
carbon of the central ring of the pincer. Taking advantage of ¢
this, a deuterium atom was substituted for kinetic isotope measurements. Complex 7 was
tested for activity in the polymerization of phenylacetylene. Confirmation of the cyclic

derivatization of the Cy,,

polymer topology comes from gel permeation chromatography (GPC), dynamic light

scattering (DLS), and intrinsic viscosity (1) measurements.

Bl INTRODUCTION

Manipulating the dispersity (P), branching density and main
chain composition, molecular weight (M,,), and repeat units in
polymers imparts many functional properties of macro-
molecules. The polymer chain ends are an important feature
that determines both solution and solid-state polymer
properties. Removing chain ends to create cyclic polymers
opens an “endless”"” opportunity to alter polymer composi-
tion, and therefore their application diversity. Prolonging blood
circulation®® and improving drug delivery”® using cyclic
polymers are two applications enabled by a lack of chain
ends. On surfaces, cyclic polymers exhibit lower surface
friction,®™® antifouling capability,8 and improved dewetting
kinetics during annealing.” Unique solution phase improve-
ments over linear polymers include lower intrinsic viscosities, "’
increased micelle cloud point temperatures,'’ and higher
refractive indices.'>"?

Tailored transition metal catalysts featuring a tethered
metal—carbon multiple bond, or in one case a metal-
lacyclobutane,'* are initiators for ring expansion metathesis
polymerization (REMP)."*~*' Cyclic alkenes, most commonly
norbornene,”~'”'” undergo ring expansion with tethered-
metal carbon double bonds to give cyclic polymers. REMP of
cyclic alkenes provides cyclic polymers®” with stereoregular
chains,>™7 bottlebrushes,**** gels,23’7‘5 and/or cross-linked
networks.”” In a mechanism yet to be examined in depth,
transition metal complexes can also polymerize alkynes to
obtain cyclic polymers.”® Key to these recent advances is the
synthesis of new catalysts with tailorable ligands. Often ligand
synthesis is the limiting step in the overall atom economics of
catalyst design and ultimate polymerization efficiency tabu-
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lation. In this work, significant improvement in ligand synthesis
is realized.

The methyl-protected precursor ['BuOCO]Me, (1) and the
demethylated ligand [‘BuOCOJH, (2)*”** employed in
REMP catalyst synthesis is a multistep sequence that requires
‘BuLi and a Pd-catalyzed coupling reaction. o-Bromination,
methyl-protection, a Pd-catalyzed cross-coupling reaction
(Negishi coupling), and finally deprotection yield the func-
tional ligand (Scheme 1).** Although Pd-catalyzed cross-

Scheme 1. Previously Reported Synthesis of Trianionic
Pincer Proligand ['BuOCO]H, (2)
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coupling is a popular method to form C(sp*>)—C(sp*) bonds
due to its versatility, the use of ‘BuLi limits efficiency during
lithiation. Lithiation of 2-bromo-6-tert-butylanisole using ‘BuLi
is temperature sensitive due to an undesired elimination
reaction of tert-butyl bromide in the presence of a strong base.
Furthermore, scaling the reaction makes heat dissipation
harder, leading to local heat accumulation.

Here, we present a new ligand synthesis that utilizes "BuLi,
circumvents the Pd coupling reaction, and is scalable.
Synthesized using proligand 2 is a Mo-REMP catalyst that
initiates the polymerization of phenylacetylene to yield cyclic
polymers. In addition, variable temperature NMR spectrosco-
py, a deuterium labeling study, and DFT calculations provide
evidence of an unusual fluxional ligand dynamic.

B RESULTS AND DISCUSSION

Hart and co-workers developed the synthesis of m-terphenyls
through successive nucleophilic displacements of 1,2,3-
trihalobenzene with excess Grignard reagents in 1991.>” Five
years after, they carried out the same synthesis using aryl
lithium and 1,3-dichlorobenzene rather than Grignard and
trihalobenzene substrates (Scheme 2a).>’ Adapting the Hart
protocol provides a convenient and scalable synthesis of
[‘BuOCO]Me, (1) (Scheme 2b).

Scheme 2. (a) m-Terphenyl Syntheses via Successive
Nucleophilic Displacement Developed by Hart and Co-
workers Using 1,2,3-Trihalobenzene and Grignard
Reagents; (b) Adapted Synthesis of ['BuOCO]Me, (1)
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Adding 1.5 equiv of 2.5 M "BulLi in hexanes to a solution of
2-bromo-6-tert-butylanisole in diethyl ether at —10 °C (in a
cooling bath of ice and NaCl) followed by stirring for 1 h
yields 3-fert-butyl-2-methoxyphenyl lithium. Slow addition (20
min) of 1,3-dichlorobenzene to the 3-tert-butyl-2-methoxy-
phenyl lithium slurry and stirring the reaction mixture
overnight followed by acidic workup yields ['BuOCO]Me,
(1). Recrystallization of the crude mixture in cold isopropanol
(=5 °C) affords yellow 1 in 25% yield. Since 2-tert-butylanisole
(liquid) and 1 are miscible, isolation via recrystallization was
low yielding, compared to the % conversion measured by 'H
NMR spectroscopy (50—60%). The reaction is scalable and an
attempt with 190 g (0.79 mol) of 2-bromo-6-tert-butylanisole
yielded 48.3 g (0.12 mol, 30%) of 1.

Despite the low isolated yield, this new synthetic method has
several advantages over the previously reported Pd catalyzed
coupling reaction:

1340

1. Considering its high pyrophoricity, substitution of ‘BuLi

with "BuLi enhances safety.’'**

The lithiation step is more reliable on a large scale with

no eliminating side reaction of ‘BuBr and ArLi above

—78 °C.

. Cost savings come from avoiding a Pd-catalyzed
coupling reaction and switching the substrate from 1,3-
dibromobenzene (100 g, $188) to 1,3-dichlorobenzene
(100 g, $16).

. The new synthetic method permits the functionalization
of the ipso carbon by simply changing the quenching
agent. For example, quenching the reaction with D,O
provides the deuterated ['BuOCDO]Me, (1-d;) prod-
uct, used below to study kinetic isotope effects (KIE).
Treating the proligand ['BuOCO]H, (2)*" with 1.10 equiv

of molybdenum alkylidyne (‘BuO);Mo=C(p-OMe-C.H,)

(3)* in benzene at ambient temperature for 1 h generates

['BuOCHO]Mo=C(p-OMe-C¢H,) (‘BuO) (4) and 2 equiv of

tert-butanol (Scheme 3). Removal of the free alcohol in vacuo

2.

Scheme 3. Metalation of the Proligand [‘BuOCO]H, (2)
with (‘BuO);Mo=C(p-OMe-C(H,) (3) to Synthesize
Alkylidyne 4 as a Mixture of 4a and 4b

followed by trituration with pentane provides 4 as an
amorphous yellow powder in 84% yield. A 'H NMR spectrum
(Figure S1) provides evidence that complex 4 exists in solution
as a mixture of two stereoisomers 4a and 4b in a 1:1 ratio.

Evidence of the isomers comes from the presence of two
singlets at 2.96 (4a) and 3.12 (4b) ppm in the 'H NMR
spectrum (benzene-dy) corresponding to the OMe group on
the alkylidyne. Further, the C,, proton on the central ring of
the pincer ligand resonates at 8.52 (4a) and 8.33 (4b) ppm.
Consistent with the presence of mirror symmetry, one singlet
from the equivalent ‘Bu groups appears for each isomer. In the
BC{'H} NMR spectrum, the alkylidyne C,-atoms resonate at
301.3 and 302.4 ppm for 4a and 4b, respectively, and are
consistent with analogous alkylidynes.”***

1D selective gNOESY spectra of complex 4 in benzene-dy at
25 °C confirm the isomers are in dynamic equilibrium in
solution (Figure 1). Selective inversion of the H33 and H37
protons at 6.71 ppm (4a) results in signal inversion at 6.46
ppm (4b) (Figure 1). Further, the NOE from H37 (6.71 ppm)
to H12 (8.52 ppm) on complex 4a provides strong support
that the central aryl ring of isomer 4a is within the same
hemisphere as the phenyl ring of the alkylidyne. In contrast,
the NOE from signals at H37 (6.46 ppm) to H9 and H10
(6.89 and 6.99 ppm) on complex 4b suggests the central aryl
ring of isomer 4b and the alkylidyne phenyl ring are

https://doi.org/10.1021/acs.organomet.3c00060
Organometallics 2023, 42, 1339-1346



Organometallics

pubs.acs.org/Organometallics

87 85 83 81 79 7.7 75 73 7.1 69 6.7 6.5 63 6.1 5.9
f1 (ppm)

Figure 1. 1D gNOESY spectrum (top) irradiation of the H33 and
H37 protons at 6.71 ppm results in signal inversion at 6.46 ppm
(bottom) irradiation of H33 and H37 protons at 6.46 ppm results in
signal inversion at 6.71 ppm in benzene-dg, 25 °C.

perpendicular to each other. Variable temperature 'H NMR
spectroscopy reveals a difference in the relative free energy of
the isomers. Upon cooling the solution of isomers to —60 °C
in toluene-dg, NMR data reveals a ratio of 2:1 for 4a:4b, while
at 70 °C, the ratio reverses to 1:2.

Isomers 4a-d, and 4b-d, are the ipso deuterated derivatives
of 4 synthesized to probe kinetic isotope effects (KIE) during
the dynamic exchange. Quenching with D,O during the
synthesis of 1 provides (1-d,), and its subsequent use in the
alkylidyne syntheses yields 4-d,. In situ '"H NMR studies of
protonated and deuterated isomers 4a, 4b, 4a-d;, and 4b-d;
display a KIE with ky/kp = 1.21 (SI page S22). This value
indicates a normal secondary kinetic isotope effect, suggesting
that the C—H12 remains intact during isomerization.

DFT investigations at the TPSSh-DO(SMD)/cc-pVTZ//
TPSSh/cc-pVDZ level of theory (see SI for details)’>™°
interrogate the equilibrium between 4a and 4b. This level of
theory accurately predicts thermodynamic and kinetic data for
similar complexes.”’ The calculations reveal the ring flip is
indeed in rapid equilibrium at 25 °C with nearly thermoneutral
isomers (4a: 0.0 kcal/mol; 4b: —0.1 kcal/mol). Isomerization
occurs without breaking bonds via a simple ring flip with a
barrier (17.6 kcal/mol) low enough for quick, dynamic
conversion at room temperature. Furthermore, substituting a
deuterium atom at H12 perfectly matches the relative energies
and barriers for their protonated counterparts (within the error
of DFT), yielding a theoretical KIE of ~1.0, consistent with
the experimental results.

Adding a substoichiometric amount of THF to a benzene-d,
solution of 4a and 4b at 25 °C initiates their conversion to a
single new complex with THF bound to the Mo-center (4yg)
(Scheme 4). Indeed, DFT calculations confirm that THF
stabilizes 4a by —3.5 kcal/mol. 1D selective gNOESY spectra
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Scheme 4. Addition of THF to Isomers 4a and 4b

OMe

of the sample indicates an exchange between the C;,,—H at
8.84 (4ryp) and 8.56 (4a) ppm, and between the H33 and
H37 protons at 6.74 (4ryp) and 6.50 (4b) ppm. Further,
adding an excess of THF to the solution results in complete
conversion to 4ryg. Signals for the coordinated THF appear at
3.55 and 1.41 ppm, each integrating to 4H. In the gHMBC
NMR spectrum, complex 4y exhibits coupling between C39,
C42 carbons (3.55, 67.4 ppm) and C40, C41 carbons (1.41,
25.4 ppm), suggesting the presence of a bound THF on the
Mo alkylidyne. Spectra for complex 4 do not contains signals
for THF.

The NOE from 8.84 to 3.55 ppm validates the presence of
bound THF. Additionally, the chemical shifts and NOEs for
H33 and H37 demonstrate that 4y has a geometry similar to
4a. Complex 4y is also C; symmetric and the alkylidyne C,-
atom appears upfield, at 296.7 ppm, in comparison to both
isomers 4a and 4b.

Conclusive evidence for the molecular structure of 4y
comes from an XRD experiment performed on single crystals
obtained from the diffusion of pentane into a concentrated
THE solution of 4y at —35 °C. Figure 2 depicts the solid-

Figure 2. Molecular structure of [‘BuOCHO]Mo=C(p-OMe-
C¢H,)(OBu)(THF) (41gp). The hydrogen atoms are removed for
clarity. Selected bond distances [A]: Mo1—C35 1.757(2), Mo1—03
1.8672(16), Mo1—01 1.9440(15), Mo1—02 1.9483(15), and Mol—
04 2.4317(17). Selected bond angles [°]: £C35-Mol—-03
104.63(9), £C35—Mol—01 99.56(8), £03—Mol-01 105.47(7),
£C35—Mol1-02 101.43(8), £03—Mol1-02 105.58(7), £01—
Mo1-02 136.35(6), £C35—Mo1—04 174.38(9), £03—Mol1—-04
80.90(7), 201—Mol—04 77.78(6), and £02—Mol—04 77.68(6).

state molecular structure of 4ryp, and the caption lists
pertinent bond lengths and angles. The asymmetric unit of
4pyp consists of two chemically equivalent but crystallo-
graphically independent Mo complexes. One THEF ligand
displays disorder and is refined in two parts. Complex 4ryg is
pseudo C; symmetric in the solid state and contains a formal

https://doi.org/10.1021/acs.organomet.3c00060
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Organometallics

pubs.acs.org/Organometallics

Mo(VI) ion in a distorted trigonal bipyramidal geometry (tbp)
with an Addison parameter 75 = 0.63.”

The pincer ligand chelates through the phenolate donors at
the equatorial sites creating an expanded £01-Mol—02
angle of 136.35(6)°, and the fert-butoxide ligand occupies the
remaining equatorial coordination site. The anisole alkylidyne
and the THF molecule occupy the axial sites with a near-linear
angle C35—Mol1—04 of 174.38(9)° and a Mol1—C3S bond
length of 1.757(2) A. The len§th of the Mo=C alkylidyne falls
within the typical range.””**>*** The THF ligand is trans to
the alkylidyne ligand and exhibits a long Mo1—04 bond length
of 2.4317(17) A.

Treating 4a and 4b with methylenetriphenylphosphorane
(Ph,P=CH,)***° in Et,0 at ambient temperature for 1 h
precipitates the analytically pure trianionic pincer alkylidyne
salt {CH;PPh;}{['BuOCO]Mo=C(p-OMe-C¢H,)(O'Bu) (5)
in 75% yield (Scheme $). The reaction results in a color

Scheme $. Synthesis of {CH;PPh;}{['BuOCO]Mo=C(p-
OMe-CH,)(0'Bu) (5)

OMe OMe

[CHSPPm]
OMe|

s Ve
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0~ 1 o o]

O'Bu Y

Ol o O'Bu

a T
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change of the solution from yellow to red, indicating the
successful removal of the C,,—H proton. A combination of
'H, BC{'H}, *P{'H}, multinuclear gHSQC, and gHMBC
NMR experiments confirm the identity of 5 and permit its
structural assignment. In contrast to the analogous W-
alkylidyne salt,”” complex § displays poor solubility in most
nonpolar solvents. In THF-dg, the lack of the C;,—H
resonance confirms the identity of complex 5. Additionally,
the “C{'H} NMR spectrum contains a diagnostic signal for
the formation of the trianionic pincer ligand. For complex §,
the C,,,, resonates at 197.6 ppm (THF-dg), which is downfield-
shifted compared to the Cy,, in 4a and 4b found at 122.6 and
114.7 ppm (benzene-ds). Also, the alkylidyne C,-atom in
complex § resonates at 299.6 ppm. Other structurally verified
Mo and W-anionic alkylidynes®™>” exhibit similar downfield
Cipso and alkylidyne C,-atom resonances. In the 'H NMR
spectrum, a doublet (Jyp = 13.3 Hz) at 1.97 ppm is attributable
to the methyl protons of the phosphonium countercation, and
the corresponding phosphorus resonates at 21.3 ppm in the
SIp{'H} NMR spectrum. Consistent again with C; symmetry,
the 'H NMR contains one singlet resonance at 1.58 ppm for
the ‘Bu protons on the pincer ligand.

Single crystals amenable to X-ray diffraction deposit at
ambient temperature by vapor diffusion of pentane into a
concentrated solution of § in THF after 2 d. Figure 3 depicts
the solid-state structure of . Complex $ is C-symmetric, and
the molybdenum ion adopts a distorted square pyramidal
geometry (75 = 0.18),%” with the Mo=C bond occupying the
axial position. The ['BuOCO]*~ trianionic pincer and the tert-
butoxide ligands coordinate in the basal plane. The Mo(VI)
ion resides 0.429 A above the O1—C12—02-O3 basal plane.
The Mo—Cj,, bond length of 2.2062(16) A is normal
compared to other trianionic pincer molybdenum com-
plexes.”****° The Mo1—C31 bond length is 1.7551(17) A,
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Figure 3. Molecular structure of {CH;PPh;}{['BuOCO]Mo=C(p-
OMe-C¢H,)(O'Bu) (5). The countercation [Ph;PCH,]*, hydrogen
atoms, and lattice solvent molecule (n-pentane) are removed for
clarity. Selected bond distances [A]: Mo1—C31 1.7551(17), Mol—
03 1.9657(12), Mo1—01 1.9689(12), Mo1—02 1.9753(12), Mol—
C12 2.2062(16). Selected bond angles [°]: 2C31-Mol—03
107.85(6), £C31-Mol—01 101.19(7), £03—Mol1-01 92.02(5),
2C31-Mol—-02 106.49(7), £03—Mol—02 92.37(5), 201
Mol1-02 149.09(5), £C31—Mo1—C12 92.09(7), £03—Mol—-C12
160.03(6), £01—Mol1—C12 82.76(6), £02—Mol1—-C12 82.76(6).

similar to complex 4ryg and slightly shorter than the Mo=C
bond length of 1.7676(13) A in ['BuOCO]Mo=CMes-
(THF),.*" The complex displays similar characteristic features
to the only other crystallographically characterized anionic W-
alkylidyne, {CH;PPh,}{[CF;-ONO]W=C'Bu(O'Bu).*’
Adding methyl triflate (MeOTf) to the chilled (—35 °C)
anionic Mo-alkylidyne (5) solution in a 4:1 (v/v) mixture of
Et,O and THF results in an immediate color change from red
to dark brown. Stirring the reaction mixture for 1 h generates
the neutral trianionic pincer alkylidyne [‘BuOCO]Mo=C(p-
OMe-C4H,)(THF), (6) (Scheme 6). Removing the methyl

Scheme 6. Synthesis of ['BuOCO]Mo=C(p-OMe-
C¢H,)(THEF), (6)

} OMe
ey s)
o
i

CH3PPh
[ s OMe

MeOTf
IS MoBu Et,O/THF
(4:1; viv)
O Bu -MeO'Bu
MePPh;OTf
5 6

triphenylphosphonium triflate salt ([PhyPCH,][OSO,CF;])
by filtration and volatiles in vacuo generates alkylidyne 6 as a
dark brown-yellow solid in 63% yield. The 'H NMR spectrum
of 6 in THF-dg again exhibits resonances consistent with a Cy-
symmetric complex; for instance, a single resonance appears
for the pincer ‘Bu protons at 1.62 ppm. Most evident within
the '"H NMR spectrum of 6 is the presence of two broad
resonances at 3.62 and 1.77 ppm for the two bound THF
molecules. A downfield resonance at 3164 ppm in the
BC{'H} NMR spectrum is attributable to the Mo=C carbon,
and a resonance at 193.1 ppm corresponds to the pincer Mo—
Cipso carbon.

Complex 6 reacts rapidly with S equiv of tert-butylacetylene
in toluene at ambient temperature to yield [O,C((p-OMe-
C¢H,)C=)Mo(n*-CH=C'Bu)(THF)] (7) in quantitative
isolable yields. Upon addition of the alkyne, the solution

https://doi.org/10.1021/acs.organomet.3c00060
Organometallics 2023, 42, 1339-1346
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immediately changes from dark brown-yellow to orange-
yellow, suggesting the reductive migratory insertion of
alkylidyne into the Mo—Cj,, bond (Scheme 7). Further, a
'"H NMR spectrum indicates the formation of exclusively one

product in the reaction mixture.

Scheme 7. Synthesis of [0,C((p-OMe-C¢H,)C=)Mo(n*-
CH=C'Bu)(THF)] (7)

OMe

4

o Bu

[V Toluene

Mo + | | -

THE O “THE
H
e
(1.0 equiv) (5.0 equiv)
6 7

In benzene-ds, complex 7 exhibits a 'H NMR spectrum
indicative of C, symmetry. Two singlets attributable to the
pincer and coordinated alkyne ‘Bu groups resonate at 1.20 and
1.73 ppm, respectively. A downfield singlet at 10.90 ppm
correlates with the proton on the 7>-HC=C'Bu moiety. In the
BC{'H} NMR spectrum, the alkylidene carbon appears at
271.3 ppm, consistent with known pincer-supported alkylidene
complexes.15_17’26’34’51’59’61’62 Furthermore, a resonance at
128.4 ppm corresponds to the C,,, of the central pincer aryl
ring, again indicating that the backbone of the ligand is not
directly attached to the Mo(VI) metal center, as the C;,,,—Mo
resonance commonly appears further downfield, around 200
ppm.”*

Complex 7 is an active catalyst for the ring-expansion
polymerization (REP) of phenylacetylene (PA) to give cyclic
polyphenylacetylene (c-PPA) (Scheme 8). Treating a solution

Scheme 8. Polymerization of Phenylacetylene (PA) by
Complex 7 to Generate Cyclic Polyphenylacetylene (c-PPA)

OMe

Ph
Ph

Toluene, RT

of 500 umol phenylacetylene in 2 mL toluene with 7 for 1, 2, S,
10, and 24 h at ambient temperature produces ¢-PPA (Table
1). Polymerization at 1 h yields a polymer too small for GPC.
The polymerization continues up to 24 h, and the yield
increases with reaction time. The M, ranges between 5600 and
39000 g/mol with the largest polymers produced in 10 h.
Other reported Mo-alkylidynes g)roduced PPA with M,
ranging from 1500 to 8000 g/mol. 3

Evidence for a cyclic topology comes from various
measurements that probe the hydrodynamic volume of the
polymers. The commercially available complex
acetylacetonato(1,5-cyclooctadiene) rhodium(I) (8)%* is an
active catalyst for linear polyphenylacetylene (I-PPA) syn-
thesis. Mixing a solution of complex 8 in THF with
phenylacetylene for 3 h provides the I-PPA.®® Figure 4 depicts
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Table 1. Polymerization of Phenylacetylene” by Complex 7
with Different Reaction Times

reaction time (h) yield (%) M," (g/mol) M, /M.t
1 15 N/A N/A
2 30 5600 2.18
S 47 36000 2.33
10 63 39000 227
24 76 31000 2.80

“The appropriate amount of catalyst solution in toluene (10 mg/mL)
is added to phenylacetylene dissolved in toluene and stirred at
ambient temperature for different reaction times. ’Determined by
size-exclusion chromatography (SEC) using THF as a mobile phase at
35 °C equipped with multiangle light scattering (MALS) detection.

— [.PPA
c-PPA

Log (Malar Mass (g/mal))

Retention Time (min)

Figure 4. Log of molar mass versus retention time for
polyphenylacetylene synthesized by complex 7 (cyclic) and by
complex 8 (linear).

a plot of log of molar mass versus retention time. Cyclic
polymers with the same molar mass elute later than their linear
counterparts because of their smaller hydrodynamic volume.
Indeed, Figure 4 reveals that cyclic structures elute later than
linear ones over a broad range of molar mass.

Confirmation of the cyclic topology also comes from the
demonstration of lower intrinsic viscosities of cyclic versus
linear PPA samples ([#7]ccic < [#]imear) Via @ Mark—Houwink—
Sakurada (MHS) plot ([#] is the intrinsic viscosity and M is
the viscosity-average molar mass) (Figure S). The exper-
imental ratio [#7]eycic/ [#]jinear Of 0.43 % 0.12 over a range of
molecular weights is within the limits expected for the
topological difference. Under 6 conditions (a = 0.5), the

0.0

—— IPPA
c-PPA

0.5

2.04

Log (Intrinsic Viscosity (mL/g))

2.5+

T T
438 50

Log (Molar Mass(g/mol))

46 62

Figure 5. Log of [#7] versus log of molar mass for polyphenylacetylene
synthesized by complex 7 (cyclic) and by complex 8 (linear).

https://doi.org/10.1021/acs.organomet.3c00060
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predicted range of ratios are between 0.65°*°” and 0.58 +
0.01.°® Depending on the molecular weight®”’® and the
polymer—solvent system,”"””* experimental results range from
~0.4 to ~0.8."%%7" The polymers synthesized with complexes
7 and 8 depict MHS parameter a values of 0.485 and 0.927,
indicating the different behaviors of polymers in solution.
Figure 6 depicts the root-mean-square radius ( (Rg2>) versus
the log of molecular weight of I-PPA versus c-PPA. The

——PPA
c-PPA

1800

1600 |-
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a

<R %> (nm?)
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400

200

0 I 1 1
5.0 5.1 5.2 5.3 54

Log (Molar Mass (g/mol))

55

Figure 6. Plot of root-mean-square radius ((Rgz)) versus log of molar
mass for polyphenylacetylene synthesized by complex 7 (cyclic) and
by complex 8 (linear).

molecular weight of the linear analogue increases at a greater
rate than the more compact cyclic polymers. As the molecular
weight grows, the linear analogue will increase in size more
rapidly than the more compact cyclic polymer. The cyclic and
linear polyphenylacetylene demonstrate a <Rg2)cydic/ <Rg2>linear
ratio of 0.455 + 0.05, which is within the experimental error of
the theoretical value of 0.5.”>7*

A safer, less expensive, and scalable synthesis for the
trianionic pincer ligand precursor [‘BuOCO]Me, (1) is now
available. The new cyclic polymer catalyst [O,C((p-OMe-
C¢H,)C=)Mo(#*-CH=C'Bu)(THF)] 7 was synthesized.
Using this new approach, it is possible to functionalize the
Cipso Of the pincer carbon. Placing an iodide in that position is
plausible from literature precedent. In this work, deuterium
was substituted by quenching with D,O. The isomers
['BuOCHO]Mo=C(p-OMe-C4H,)(O'Bu) (4a and 4b) are
in dynamic equilibrium where the pincer central aryl ring flips
rapidly at ambient temperatures in solution with a modest KIE.
Complex 7 adds to the list of REP catalysts for the synthesis of
cyclic polyphenylacetylene (c-PPA). However, the activity
pales in comparison to the corresponding W-deriva-
tives.”>*”%"7> This fact may be important in elucidating the
mechanism of the polymerization, which is still under
investigation in our laboratories.
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