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The stereocontrolled synthesis of poly(1-butene) has been estab-
lished using metallocene catalysts in the field of homogeneous
catalysis. However, there are few reports on the efficient and con-
trollable polymerization of 1-butene using non-metallocene cata-
lysts, possibly due to the limited strategies for generating stereo-
specific active species specifically for high-carbon a-olefins. In this
study, a series of novel tridentate [O”NX] titanium complexes were
designed and used to synthesize poly(1-butene) materials with
high activity (up to 3.41 x 10° g mol™ h™?), ranging from atactic to
isotactic (up to 91% mmmm). The physical properties of the
obtained poly(1-butene) materials were highly correlated with
their isotacticity, and highly isotactic poly(1-butene) possessed
good toughness.

Introduction

Isotactic poly(1-butene) is a semi-crystalline polyolefin with
exceptional properties, including a high heat distortion temp-
erature, high creep resistance, good impact resistance and
superior toughness, and it has been successfully industrialized
and applied in food packing and hot-water pipes.'”
Meanwhile, atactic and moderately isotactic poly(1-butene)
have shown potential applications as adhesives and
elastomers.®” Poly(1-butene) was initially produced by Natta in
1955,%” and its controllable synthesis has received more atten-
tion since the 1980s thanks to the remarkable development of
single-site metallocene catalysts.®>” In 1985, Kaminsky used
ansa-zirconocene 1 to furnish poly(1-butene) with activity of
2.64 x 10° g mol™ h™ with a high isotacticity index deter-
mined by IR spectroscopy (Chart 1, 1).>® In 2006, Resconi
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developed a series of ansa-zirconocenes 2,>° which produced
poly(1-butene) with activity of over 10° g mol™* h™" with isotac-
ticities of 78-96% mmmm (Chart 1, 2). Though catalyst per-
formance is no longer a question regarding the industrializ-
ation of metallocene-catalyzed poly(1-butene),*® commercially
available products are still rare. Non-metallocene®'® catalysts
can be prepared with diverse ligand skeletons, however, their
application in 1-butene polymerization has not concurrently
shown good polymerization activity and isotacticity. In 2003,
Miyatake utilized thiobis(phenoxy)titanium 3 and water/
C¢FsOH-modified MMAO to yield poly(1-butene) with good
activity (1.26 x 10° g mol™ h™") and mediocre isoselectivity
(30% mmmm) (Chart 1, 3).*> In 2005, Pellecchia achieved
1-butene polymerization by employing salen zirconium 4,
which exhibited low activity (7.40 x 10> g mol™* h™") and mod-
erate isoselectivity (60% mmmm) (Chart 1, 4)."° Subsequently,
Pellecchia developed the tridentate [O"NN] zirconium complex
5 for the polymerization of 1-butene, and this increased the
isotacticity of the resulting polymer to 87% mmmm, albeit with
low activity (9.70 x 10> g mol™* h™") (Chart 1, 5).** Mechanistic
studies prove that the ligand of the active species becomes dia-
nionic from dehydrochlorination, constructing a covalent
bond between sp*-N and the Zr center. Thus, there are still sig-
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Chart 1 Representative single-site catalysts investigated for the syn-
thesis of isotactic poly(1-butene).
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nificant challenges in developing non-metallocene catalysts to
achieve the efficient, low-cost, and controllable production of
poly(1-butene).

To this end, a mechanistic understanding of stereo-
regularity control when using single-site catalysts®273173842 jg
important. In an ansa-metallocene catalyst system, the C,-sym-
metric active species achieves isotactic polymerization through
the alternation of polymer chain growth between the two iden-
tical face-selective sites.*> Meanwhile, the isotactic preference
of C;-symmetric species originates from the site epimerization
of the polymer chain and the face selectivity of the unique
coordination site.**** Although these stereochemical prin-
ciples are also applicable to group-IV non-metallocene
catalysts,*' 384547 most of them exhibit low activity towards
high-carbon a-olefin polymerization due to their congested tet-
racoordinate environment in C,- or C;-symmetric systems. In
contrast, tridentate group-IV complexes, such as (pyridyla-
mido)Hf discovered by Dow and Symyx in 2003, exhibit excel-
lent  activity and  isoselectivity = during  o-olefin
polymerization.**™” Coates proposed that the isoselectivity of
these Cs-symmetric tridentate hafnium complexes was caused
by unexpected in situ monomer insertion into the Hf-Cgy
bond, leading to C;-symmetric active species.’® Similarly, a C;-
symmetric [(N"NN")Zr(u-H),AlI'Bu,]" species was proposed to
affect stereoselectivity in Pellecchia’s tridentate Cg-symmetric
[N"NN"] zirconium complexes,’**® which was also supported
by a computational study by Talarico.®® A rare tridentate
hafnium catalyst reported by Voskoboynikov in 2021 show-
cased high isoselectivity with its C, symmetry formed by the
rigid ligand skeleton.®® Notably, most tridentate non-metallo-
cene catalysts involved in the stereoselective polymerization of
a-olefins employed dianionic ligands. To the best of our
knowledge, the field of a-olefin polymerization remains unex-
plored in terms of tridentate non-metallocene catalysts with a
monoanionic ligand,**"®° particularly regarding their potential
for stereoregularity control.

Herein, we report that a tridentate titanium complex family
with a [O"NX] ligand can catalyze stereoselective 1-butene
polymerization to produce poly(1-butene), from atactic to iso-
tactic (up to 91% mmmm), with high activity (up to 3.41 x 10° g
mol™" h™") and with different side-arm donors (Chart 1, 6).
Compared with previous reports,*®6*8381 this is the first
report on the application of group-IV non-metallocene cata-
lysts with a monoanionic ligand for the stereoselective
polymerization of a-olefins.

Results and discussion

Tridentate [O”NX] titanium complexes, originally developed by
Tang’s group, have shown remarkable applications in the regu-
lation of polyethylene structures and properties by employing
different side-arm donors.”®®? We assume that tridentate
[0™NX] titanium complexes with more open catalytic space are
good candidates to catalyse the polymerization of 1-butene
with high activity. In this research, a series of novel tridentate
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[O™NX] titanium complexes is designed and thoroughly inves-
tigated for 1-butene polymerization.

Based on reported methods,”” L6 ligands were synthesized
via the condensation of 1,3-diphenylpropane-1,3-dione and
different substituted anilines. L6 ligands were treated with tita-
nium chloride to afford complexes 6a-6e with side arms
bearing S, O and N (Scheme 1), which were characterized care-
fully by 'H NMR, "*C NMR and elemental analysis. Single crys-
tals of complexes 6a, 6¢, 6d and 6e were grown by the slow
vapor diffusion of n-hexane into their toluene solutions.
Single-crystal X-ray diffraction studies confirmed their
structures.

As shown in Fig. 1,*® complexes 6a, 6¢, 6d and 6e feature
distorted octahedral coordination at the titanium center, with
three chlorine ligands in a mer arrangement. The N, O, Ti, X
(side-arm heteroatom) and equatorial Cl are essentially in the
same plane. Slight distortion was discovered between an
X-containing five-membered ring (N1-C10-C15-S1-Til in 6a)
and an O-containing six-membered ring (O1-C1-C2-C3-N1-
Til in 6a). Interestingly, the single crystal of 6a is a mixture of
enantiomers at the chiral S atom, indicating that 6a is actually
Cy-symmetric (see SI, crystal data). The bond angle sum of
C15-51-C16 (102.9°), C15-S1-Til (95.0°) and C16-S1-Til
(108.6°) is 306.5°, suggesting that the S atom in 6a is sp>-hybri-
dized. The bond angle sum of C22-02-C21 (104.9°), Ti1-O2-
C22 (130.7°) and Ti1-02-C21 (110.7°) in 6d is nearly 360°,
revealing the near-sp>hybridization of the 02 atom. The
different hybridizations of S and O in the side arms are con-
sistent with previous reports.”> Both 6d and 6e are nearly
planar, with similar Ti-X bond lengths (2.17 A vs. 2.16 A),
which may lead to similar catalytic
performance.

Complex 6a with a pendant -SMe group was chosen as the
model catalyst to optimize the 1-butene polymerization con-
ditions, inspired by the excellent performance of S-containing
tridentate [O"NX] titanium complexes for ethylene
polymerization.”®®> Some representative results are summar-
ized in Table 1. When using 500 equivalents of MMAO as the
co-catalyst, the activity of 1-butene polymerization was 4.8 x
10* g mol™" h™" (Table 1, entry 1), which is much lower than
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Scheme 1 Synthetic pathways to the tridentate [O™NX] titanium com-
plexes 6a—6e.
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Fig. 1 Molecular structures of 6a, 6¢c, 6d and 6e. Selected bond lengths (A) and angles (°): 6a: Til-O1 1.833(6), Ti1-N1 2.137(7), Til-S1 2.595(2); S1-
Til-N1 75.29(19), S1-Ti1-01 159.2(2), N1-Ti1l-O1 84.9(3); 6c: Ti1l—O1 1.852(5), Ti1l—N1 2.102(6), Ti1-N2 2.306(6); N2-Til—-N1 74.3(2), N2-Ti1-O1
157.5(2), N1-Til-01 83.2(2); 6d: Ti1l-O1 1.8252(15), Ti1l-N1 2.1551(16), Til-O2 2.1684(14); O2-Til-N1 74.40(6), O2-Ti1l-O1 160.87(6), N1-Ti1-O1
84.49(6); 6e: Til-O1 1.8262(14), Til—N1 2.1713(15), Til-N2 2.1616(18); N2—Ti1l-N1 75.34(6), N2-Ti1l-O1 159.72(6), N1-Ti1l-O1 84.50(6). Hydrogen

atoms are omitted for clarity. Thermal ellipsoids are set at 30% probability.

Table 1 Optimization of the reaction conditions for 6a-catalyzed
1-butene polymerization®

Yield M,°

[ALJ/[Ti)/ ;
Act? (kDa) P°

Entry Co-cat. [B]

Time
(min) (g)

500/1/0 120 0.96 0.48 11 2.4
1000/1/0 120 1.63 0.82 24 2.1
2000/1/0 120 0.98 0.49 27 2.2
1000/1/0 120 1.13  0.57 9 3.2
50/1/1 120 1.50 0.75 49 2.1
50/1/1 120 1.13  0.57 37 2.5
50/1/1 120 2.50 1.25 7 2.5

1 MMAO

2 MMAO

3 MMAO

4 MAO

5 AlMe;/[Ph;C][B(CgFs)4]
6 Al'Bu;/[Ph;C][B(CeFs)4]
7 AlEt3/[Ph;C][B(CgFs)4)
s

AlEt;/[Ph,C][B(CeFs)s]  50/1/1 30 243 486 8 24
AlEty/[PhyC][B(CeFs)s]  50/1/1 30 368 7.36 14 22
10?9  AlEty/[PhsC][B(CeFs)s] 25/1/1 30 376 7.52 38 2.3

119 AlEty/[PhsC][B(CeFs5)s]  10/1/1 30 232 464 163 2.5

“Reaction conditions: 1-butene (2.4-2.5 g), 6a (0.01 mmol in 2 mL of
toluene), co-catalyst, 25 °C, 30-120 min, in a sealed tube, quenched by acid-
ified ethanol at the set time. ?Activity is in units of 10° g mol™ h~".
¢ Determined via GPC. ¢ 4.8-4.9 g of 1-butene was used.

that of reported ethylene polymerization. Increasing the Al/Ti
ratio from 500 to 1000 improved the activity obviously (Table 1,
entry 2). However, further increasing the Al/Ti ratio to
2000 had a negative effect on activity (Table 1, entry 3). MAO as
the cocatalyst resulted in low activity (5.7 x 10* g mol™* h™")
when the Al/Ti ratio was 1000 (Table 1, entry 4). To our delight,
it was found that employing alkyl aluminum and [Ph;C][B
(CeFs)s] as co-catalysts resulted in higher activity (Table 1,
entries 5-7), and the Al/Ti ratio can be reduced to 50. AlEt;
facilitated complete monomer conversion within 120 min with
an activity of 1.25 x 10°> g mol™* h™" (Table 1, entry 7). By short-
ening the reaction time (Table 1, entry 8) and increasing the
monomer loading (Table 1, entry 9), the activity can reach 7.36
x 10° ¢ mol™" h™'. Reducing the Al/Ti ratio from 50 to 25
(Table 1, entry 10) resulted in a higher activity (7.52 x 10°> g
mol™" h™) and molecular weight (38 kDa). However, further
reducing the Al/Ti ratio to 10 (Table 1, entry 11) resulted in a
loss of activity (4.64 x 10° g mol™" h™") with a higher molecular
weight (163 kDa). Of note, an induction period was needed,
since sticky reaction mixtures and an exothermic phenomenon
will not be observed until 15 min after the addition of [Ph;C][B
(CeF5)4)- In summary, we used model complex 6a and success-

This journal is © The Royal Society of Chemistry 2025

fully optimized the 1-butene polymerization conditions.
Interestingly, we can employ alkyl aluminum (25 eq.) and
[Ph;C][B(CeFs)s] (1.0 eq.) as cocatalysts to replace costly MAO
or MMAO and produce poly(1-butene) efficiently.

With the best polymerization conditions in hand (Table 1,
entry 10), 1-butene polymerizations using catalysts 6 with
different side-arm donors were further investigated, as shown
in Table 2. Atactic poly(1-butene) was obtained by using 6a
(Table 2, entry 1) in the form of a viscous oil. Complex 6b
bearing an ~-OMe group gave a slightly lower activity (3.92 x 10°
g mol™" h™") and moderate isotacticity (44% mmmm) (Table 2,
entry 2), producing poly(1-butene) with elasticity. 6¢, with an
sp>-N-donor pendant group, did not yield observable polymers
(Table 2, entries 3 and 4), whether using AlEt;/[Ph;C][B(CeFs)4]
or MMAO as cocatalysts, which agreed with previous reports
regarding ethylene polymerization.®® We speculate that an
increase in poly(1-butene) isotacticity is possibly attributed to
smaller steric hindrance from the -OMe group. As a result, we
designed complex 6d with an alkyl-constrained dihydrofuran
structure. Interestingly, 6d exhibited better isoselectivity (60%
mmmm) and higher activity (6.00 x 10° g mol™* h™") compared
with 6b (Table 2, entry 5 vs. entry 2). Notably, lowering the
reaction temperature to —20 °C further increased the isotacti-
city (80% mmmm) and polymerization activity, with the corres-
ponding product taking the form of hard plastic (Table 2,
entry 6). Given that a significant quantity of emitted heat was
observed during the polymerization process, we speculate that
at a lower temperature, such as —20 °C, the thermal decompo-
sition of active species was avoided so that the polymerization
activity was improved (Table 2, entry 6 vs. entry 5). When
MMAO was used as a co-catalyst, the isotacticity was improved
to 75% mmmm, although the activity (1.50 x 10° ¢ mol™* h™)
was reduced quite a lot (Table 2, entry 7 vs. entry 5). The per-
formance of 6d confirmed our hypothesis that smaller side-
arms lead to better isoselectivity and activity. Next, we turned
to modifying sp>N in 6¢ to sp>N. Surprisingly, when -NMe,
was replaced with pyridine to yield the complex 6e, there was a
remarkable increase in polymerization activity (2.60 x 10° g
mol~" h™") and isotacticity (82% mmmm) (Table 2, entry 8 vs.
entry 5). Boiling of the reaction mixture within a few
seconds of the addition of [Ph;C][B(CeFs),] was observed.

Polym. Chem., 2025, 16, 3675-3682 | 3677
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Table 2 Effects of the side arms on 1-butene polymerization?
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Entry Side-arm (cat.) Time (min) Yield (g) Act.? M, ¢ (kDa) pe mmmm®?
1 SMe (6a) 30 3.76 7.52 38 2.3 <10
2 OMe (6b) 30 1.96 3.92 57 2.0 44
3 NMe, (6¢) 120 n.r. n.p. — — —
4° NMe, (6¢) 120 n.r. n.p. — — —
5 Dihydrofuran (6d) 30 3.00 6.00 41 2.4 60
6/ Dihydrofuran (6d) 30 3.28 6.56 129 2.1 80
7° Dihydrofuran (6d) 30 0.75 1.50 38 1.9 75
8 Pyridine (6e) 5 2.17 26.0 41 2.8 82
9f Pyridine (6e) 5 2.84 34.1 52 3.2 85
10° Pyridine (6e) 30 0.91 1.82 42 2.1 91

“Reaction conditions: 1-butene (4.8-4.9 g), 6 (0.01 mmol in 2 mL of toluene), AlEt; (0.25 mmol, 1 M in hexane), [Ph;C][B(CeFs),] (0.01 mmol in
2 mL of toluene), 25 °C, 5-30 min, in a sealed tube, quenched by acidified ethanol at the set time. ” Activity is in units of 10> g mol™* h™".
° Determined via GPC. ¢ Determined via quantitative *>C NMR spectrum analysis. 10 mmol of MMAO was used instead of AlEt;/[Ph;C][B(CFs),].

fThe reaction is run at —20 °C.

Consequently, the magnetic stirrer stopped stirring after 5 min
due to the increased viscosity of the reaction solution. The
poor stirring and high reaction viscosity of the mixtures may
have led to the relatively wide PDI values (Table 2, entry 8: PDI
= 2.8; entry 9: PDI = 3.2). Encouraged by the above findings, we
tried 1-butene polymerization using catalyst 6e at —20 °C and
produced poly(1-butene) with increased activity (3.41 x 10° g
mol™" h™) and isotacticity (85% mmmm) (Table 2, entry 9). Of
note, isotacticity can be further improved to 91% mmmm by
using MMAO as the co-catalyst at room temperature, with
reduced activity (1.82 x 10° g mol™* h™") (Table 2, entry 10). To
the best of our knowledge, the above experiment results rep-
resent the highest level of activity and isoselectivity obtained
in non-metallocene-catalyzed 1-butene polymerization. 6e
avoids the use of expensive MAO and has a simple synthesis
process; however, it still shows unsatisfactory activity and iso-
selectivity in 1-butene polymerization compared with metallo-
cene catalysts.”® More structural modifications of 6e to
enhance its practicality are currently underway in our lab.

The quantitative ">C NMR spectra of corresponding poly(1-
butene) samples from Table 2 are shown in Fig. 2, ranging
from isotactic to atactic. The rrrr pentad cannot be observed,
implying that the resulting polymers are not hemi-isotactic.
This suggests that consecutive migratory insertions between
the axial site and the equatorial site are not feasible. On the
other hand, mmmr, mmrr, and mrrm pentad peaks retain clear
signals with increased tacticity, suggesting the prompt correc-
tion of stereoirregularity via an ESC mechanism' and that site
epimerization is likely operative. In addition, regioerror and
chain-end peaks were not observed in any of the polymers.

To correlate poly(1-butene) isotacticities with physical pro-
perties, the thermal and mechanical properties of representa-
tive polymers were investigated. To minimize polymer mole-
cular-weight effects on the physical properties, the samples fall
within a comparable molecular weight range of 38-57 kDa
(Table 2, entries 1, 2, 5, 8 and 10). Interestingly, good corre-
lation was discovered between the glass-transition temperature
(Ty) and the isotacticity, ie., the higher the isotacticity, the
lower the T, value (varying from —15.5 to —32.1 °C, Fig. 3a, a-

3678 | Polym. Chem., 2025, 16, 3675-3682

271 ppm 26.8 ppm 26.6 ppm 26.2 ppm 25.7 ppm
n mmmm mmmr  mmrr rrrr mrrm
| ' 1 | (not observed) \
(a) Table 2, entry 10 \
mmmm = 91% 1 8
e —

(b) Table 2, entry 9
mmmm = 85%

(c) Table 2, entry 8
mmmm = 82%

(d) Table 2, entry 6
mmmm = 80%

(e) Table 2, entry 7
mmmm =75%

() Table 2, entry 5
mmmm = 60%

(g) Table 2, entry 2
mmmm = 44%

(h) Table 2, entry 1

27.5 27.4 27.3 27.2 271 27.0 26.9 26.8 26.7 26.6 26.5 26.4 26.3 26.2 26.1 26.0 25.9 25.8 257 25.6 25.5
Chemical shift

Fig. 2 Quantitative C NMR (298 K, CDCls) spectra analysis of the
methylene carbon in the side chains of the obtained poly(1-butene)
samples.

e), which suggested that the highly isotactic poly(1-butene)
may have applications in a wide temperature range. This trend
may because the atactic amorphous structure reduced the
mobility of the chain end, slowing down the transition kine-
tics. No T, was found for low-isotacticity poly(1-butene)
(Fig. 3b, a and b), indicating the low crystallinity of these poly-
mers. More than one T,, peak was observed in moderately to
highly isotactic poly(1-butene). The highest T;, values were
positively correlated with the isotacticity of the corresponding
polymers (varying from 71.8 to 81.8 °C, Fig. 3b, c-e). Moreover,
an exothermic peak was discovered for 91% mmmm poly(1-
butene) (Fig. 3b, e) at 23.9 °C with heating, indicating the
occurrence of cold crystallization. We believe that highly iso-
tactic poly(1-butene) does not crystallize during a direct
cooling process; however, cold crystallization occurs during
subsequent heating.

Fig. 3c shows 1D WAXD profiles of the above five examples
aged at room temperature for 30 days. For low-isotacticity poly
(1-butene) (Fig. 3c, a and b), crystalline peaks cannot be

This journal is © The Royal Society of Chemistry 2025


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5py00583c

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Open Access Article. Published on 10 1404. Downloaded on 05/11/1404 12:32:17 ..

(cc)

Polymer Chemistry

E

(a)

o_€X0
s |z
G
o_€XO

T,=-155°C
(b)

© T,=213°C ©

T,=-201°C @ Tni=47.0°C

Ta2=718°C

Heat flow (W/g)
Heat flow (W/g)

(c)

Intensity (a.u.)

(10), (300), (220),+ (211),

5 10 15 20 25
26/degree

0 100 200 300 400 500 600 700 800 900 1000
Strain(%)

— (a) Table 2, entry 1, mmmm <10% —— (b) Table 2, entry 2, mmmm =44%  — (c) Table 2, entry 5, mmmm = 60%

— (d) Table 2, entry 8, mmmm = 82% —— (e) Table 2, entry 10, mmmm = 91
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Fig. 3 Characterization of obtained poly(1l-butene) samples. (a) DSC
thermograms from the first heating cycle showing T, (b) DSC thermo-
grams from the second heating cycle showing T. and T,,. (c) Wide-angle
X-ray diffraction (WAXD) profiles. (d) Stress—strain curves measured at a
speed of 50 mm min~? for all specimens after aging for 24 h.

observed clearly. The low-crystalline nature of these polymers
was also supported by DSC analysis (Fig. 3b, a and b). As
expected, when the isotacticity of poly(1-butene) is increased
(Fig. 3c, c-e), the crystallization peaks of the corresponding
poly(1-butene) samples become clear and sharp in the WAXD
spectra, which indicated that the thermal properties were
greatly affected by the isotacticity of the materials. In addition,
the distinct diffraction peaks observed at 26 values of 10.1°,
17.5°, and 20.2° corresponded to the (110), (300), and (220) +
(211) crystallographic planes of hexagonal®® form I, while
peaks of other crystal forms are invisible, suggesting that a
complete phase transition from tetragonal form II to hexag-
onal form I has been achieved.

Subsequently, we attempted to investigate the mechanical
characteristics of poly(1-butene) with different isotacticities
through tensile tests. It is noteworthy that only poly(1-butene)
materials with medium to high isotacticity (Fig. 3d, c-e) could
be successfully fashioned into tensile-test specimens, while
sample a and b failed due to their excessive viscosity. 91%
mmmm poly(1-butene) (Fig. 3d, e) showed the highest yield
strength (oy = 9.5 MPa) but the lowest elongation at break (eg =
513%). Sample d with 82% mmmm isotacticity (Fig. 3d, d) was
softer, with a yield strength of 6y = 8.3 MPa and an elongation
at break of ¢z = 837%. Sample ¢ with 60% mmmm (Fig. 3d, c)
showed a marked decrease in yield strength (oy = 2.9 MPa)
accompanied by the highest elongation at break value (e =
946%). Compared to commercial LDPE (Fig. 3d, f; oy = 12.1
MPa, eg = 703%), poly(1-butene) with 82% mmmm isotacticity
possesses much higher tensile strength (26.0 MPa vs. 15.1
MPa) and a larger area under the stress-strain curve, indicat-

This journal is © The Royal Society of Chemistry 2025
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Viur = 56.9%
Et-6b

o 3 T -4

Vpur = 58.8%
Et-6a

Vpur = 56.7%
Et-6e

Fig. 4 A comparison of steric hindrance. Steric maps of 6a, 6b and 6e,
and their corresponding active species Et-6a, Et-6b and Et-6e. The tita-
nium center is placed at the center of the xyz coordinate system. The
Ti—N bond coincides with the z-axis. The y-axis represents the axial
position of the xz-plane containing the titanium center. The chloride
atoms are omitted in 6a, 6b and 6e, and the ethyl groups are retained in
Et-6a, Et-6b and Et-6e.

ing its good toughness and potential applications as a plastic
film and packaging material.

To rationalize the remarkable effects of side-arm donors on
stereocontrol, we first studied the steric hindrance effects and
generated steric maps of complexes 6a, 6b and 6e and their
possible active species Et-6a, Et-6b and Et-6e using the
SambVca 2.0 program®’ (Fig. 4). The structures of complexes
were optimized via DFT computation at the level of the B3LYP
functional with D3 dispersion and the 6-31G(d, p) basis set.
The buried volume (%Vy,;) was used to measure the steric
environment of the side-arm donors around the Ti active site.
The order of %V, was 6a (43.1%) > 6b (41.8%) > 6e (41.5%),
which is opposite to the isotacticities of the corresponding
polymers. The -SMe group in 6a caused obvious steric conges-
tion at the north poles. Considering that atactic poly(1-butene)
is generated using 6a, while an isotactic polymer is preferen-
tially produced by 6e, it can be preliminarily inferred that the
steric hindrance of side-arm donors may be a negative factor
affecting isoselectivity. The order of %V, for possible active
species was Et-6a (58.8%) > Et-6b (56.9%) > Et-6e (56.7%),
which is consistent with the order of the catalyst precursors.

Conclusions

In summary, an elegant system to generate isospecific C;-sym-
metric active species from tridentate [O"NX] titanium com-
plexes has been discovered, leading to the efficient synthesis
of a range of poly(1-butene) samples, from atactic to isotactic
(up to 91% mmmm), with good polymerization activity (up to
3.41 x 10° g mol™* h™"). To the best of our knowledge, no non-
metallocene titanium complex catalysts have demonstrated
such high activity and isoselectivity in catalyzing the polymer-
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ization of a-olefins. Interestingly, isoselectivity can be effec-
tively regulated by modifying one functional group or even one
heteroatom of the ligands in this system. In addition, the
material properties of poly(1-butene) samples with different
isotacticities have been preliminarily investigated, indicating
the much better toughness of isotactic poly(1-butene) com-
pared to commercial LDPE. These newly synthesized tridentate
[0O™NX] titanium complexes bearing different side-arm hetero-
atoms showed slightly C;-symmetric structures in steric maps
and single-crystal diffraction analysis. However, this is not
sufficient to explain their differential isotactic selectivities. **C
NMR microstructural analysis of poly(1-butene) suggested that
the isospecificity results from a mechanism of steric control
based on enantiomorphic sites. Due to the fact that these tri-
chloride precursors will grow two polymer chains after acti-
vation,®® explaining their polymerization behavior on the basis
of generally accepted symmetry rules*® is complicated at
present. Experimental and theoretical investigations are cur-
rently in progress in order to address the origin of the isoselec-
tivity of these tridentate [O”NX] titanium complexes in our lab.
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