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ABSTRACT A series of titanium (IV) complex8a-f stabilized by 1,2-diolate ligandsa-e have
been synthesized. Structures of compl8reand 3e have been determined by X-ray diffraction.
Titanium atoms in these complexes have a distadedre-pyramidal environment. All resulting
complexes are highly active in ethylene polymapomain the presence of {SE&ICI + MgBw}

or {1.5E8AI,Cl; + MgBuw} binary co-catalystsin the latter case, higher molecular weights of
UHMWPE samples (up to 7.7 9Gire achieved. Obtained polymers are suitablettiermodern
processing methods — the solvent-free solid statedtion of super high-strength (over 2.0 — 2.8
GPa) and high-modulus (up to 145 GPa) oriented fapes.

1. Introduction

Unique properties of UHMWPE make it one of the mmstmising modern construction
materials, however, the high viscosity of its metigkes it difficult to use conventional methods
(extrusion, injection molding, etc.) for its prosesy. In this regard, the development of new and
improvement of known technologies for the produttiof high-strength and high-modulus



UHMWPE films and tapes are of special importancepresent, this problem is mainly solved
by using the gel-spinning method with subsequenéntation drawing [1]. The main
disadvantage of this method is the low solubilityttee polymer, which determines the need for
large quantities of high-boiling solvents and tlssaxiated high costs for its regeneration. The
developed method of solid-phase processing of UHMEW®actor powders in high-strength
films and tapes [2-4] certainly has a number ofoser technological and economic advantages
in comparison with gel spinning. However, this noethcan be successfully used only for
processing of UHMWPE nascent reactor powders withaaphology close to that of single-
crystal mats [5].

It was established in [5-13] that the nascent mrgmbwders of the required quality can be
obtained on single-center post-metallocene catlystder mild conditions of polymerization
process (low concentrations of the catalysts, mperature and pressure). In the overwhelming
majority of publications, phenoxyimine complexesti@nium (IV) are used as single-center
catalysts.

However, in [14] we showed the possibility of usingpre accessible titanium (IV)
diolate complexes (Compound A, Fig.1l) in combimatigith aluminum alkyl chlorides and
organomagnesium compounds; the obtained UHMWPE powwés processed into orientated
film tapes with breaking strength over 2.3 GPa aladtic modulus over 150 GPa. However, the
geometry of 1,4-diolate ligands leading to the fation of unstable 7-membered metallocycles,
facilitated the formation of 4Ti,(OiPr), complexes (Compound B, Fig.1). It could be assumed
that the activation of such complexes by the orghmoinium compounds will lead to the
cleavage of ligands, which inevitably leads to dppearance of a set of catalytically active sites
and broadening of the MWD of polymers.

Despite the fact that 1,2-diols are able to forabk five-membered chelate rings, the
catalytic activity of such titanium complexes irefah polymerization has been studied rather
poorly. The diolate complexes C and D (Fig. 1),ivated with E$Al,Cls, catalyzed the
formation of low molecular weight PE [15]. It is ¢wwn that pinacol derivatives form highly
stable titanium-containing Metal-Organic Framew(skucture E, Fig. 1) [16], but their ability
to catalyze the polymerization of olefins has neem studied. With the increasing of steric
hindrance around hydroxyl groups, it becomes pésdid obtain “individual" coordination
compounds (structures F and G in the crystalliagesare dimers stabilized by -©OTi bonds)
[17-19].



/ Ph Ph \
PhM

R R Ph .

Solv RO\ /R

0 J O ph Ph O /
oL X / N o oL O ~T
~ . o 0
NN, P __Ti—o o~ T|
o o] \ X o7 '\

o Ph o
Solv
I Ph
A Ph
R= gf% CoFs B D R=iPr, Et, Bu
% N_P'ZL . R'=0iPr, OE,0Bu, CI
& IPTOH, t Complexes Active in the Polymerization of Ethylene /
Ph Ph
0 o ° H
i-Pr—0O \ /
0 ‘ o ‘ o 3 Pr—O \ Ti“—0—I-Pr
\Ti/ \Ti/ \Ti/ o T|—O—I Pr i Pr_o\\_l_I / \
O/ | \O/ \O/ \O >T|\ / O—i.Pr O O—Ii-Pr
Q 0 Ph
o © 0 o
Ph  Ph
E F G

Fig. 1. Examples of Ti (V) diolate complexes.

The present work aims to investigate the relatignbletween the structures of novel 5-
membered diolate titanium (IVV) complexes and tlativity in ethylene polymerization, and

mainly with their ability to catalyze the productiof disentangled UHMWPE.

2. Results and discussion

2.1.Ligands and coordination compounds synthesis drstructure.

It is known that the introduction of highly fluoated fragments into the diol ligands
significantly increases their acidity. A larger rgte hindrance, in comparison with non-
fluorinated analogs, as well as chemical inerthnes® number of cases makes it possible to
increase the stability of LTiXcomplexes. In the present work, we used fluorshated non-
fluorinated 1,2-diols - commercially available ptoaand perfluoropinacol. Tetraphenylethane-
1,2-diol, 1,2-diphenyl-1,2-perfluorophenylethang-tliol and tetrakis(pentafluorophenyl)
ethane-1,2-diol have been obtained by reductiveedration of the corresponding carbonyl
compounds with zinc powder in THF/NEI ag. [20].
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Scheme 1Synthesis of Ti(IV) diolate complex8s-3f.

Alkoxo-titanium complexes have been obtained byitiberaction of toluene solutions of
ligands2a-ewith titanium (1V) tetraisopropoxide at room temaiire. The resultant complexes
3a-f have been identified on the basis'sf, *C and'°F NMR spectra, IR spectroscopy and
elemental analysis.

The structures of the complex8d and3e have been unambiguously established by X-
ray diffraction study and are shown in Fig. 2A aBdrespectively, along with the atomic
numbering schemes. The pertinent bond lengths aglésare given in Table S1-S2.

Fig. 2. A. Molecular structure of comple3d (A) and3e (B). 50% ellipsoids, hydrogen atoms are
omitted for clarity.

The both titanium complexes are the centrosymnatritmers and, in the crystal,
occupy the special positions on the inversion gsnt&€he dimers include the central four-

membered TO,-ring formed by the two p-bridging isopropoxy (imet case of3e) or



deprotonated pinacol (in the case3d ligands, with the Ti-Ti separation of 3.1218(12) and
3.265(2)[1, respectively. The geometry around each titanitomas distorted square-pyramidal,
with the basal planes consisting of the O1, 02,284 O4A oxygen atoms fd@e and the O2,
O2A, O3 and O4 oxygen atoms f8d. The metal centers are tilted from these planethen
direction of the apical oxygen atoms O3 (in theecag3e) and O1 (in the case &d). The
chelate five-membered cycles adopt #rerelopeconformations. As expected, the p-bridging
Ti—O bond distances are significantly longer thanténminal ones (Table 1).

Crystal packing of3d and 3e is stacking along the crystallographic and a axis,
respectively (Figures S1 and S2). The moleculesiaeaged at van-der-Waals distances.

It is quite obvious that the dissociation of the-Td bond of these complexes during the
activation by organoaluminum compounds will resalthe formation of monomer complexes
with a coordinatively unsaturated tetrahedral titem (IV) atom and two terminal and easily
substituted isopropoxy groups. This, in accordamite modern concepts of the Ziegler catalysis
mechanism, is of fundamental importance for the ifeatation of catalytic activity for olefin

polymerization.

2.2. Catalytic properties of Ti diolate complexes.

All complexes reported herein have been testedhiair ability to catalyze the ethylene
polymerization. The polymerization was carried autder the same conditions such as
temperature, Al/Ti ratio, solvent and ethylene pues. The most relevant results of ethylene
polymerization using pre-catalysia-f are shown in Table 1. It was observed that congsl@a-

f in the presence of EICI or Et;Al ,Cl; as co-catalyst have demonstrated rather low dataly
activity and vyielded only the trace amounts of tip®lyethylene. Introduction of

dibutylmagnesium to the catalytic systems contginaduminum alkyl chlorides leads to a
significant increase in activity (up to 3029 kgRE mol‘h™ atm®, run 14). The obtained results
are consistent with the works [21-22], in which &tore of AIR,CI/MgR, was proposed as
universal cocatalysts for Ziegler—Natt@alytic systems.

Table 1.

Ethylene Polymerization by complexgs-d *

Bulk c
wl e | e e el % | o2
1 3a | FUAICUIMOBU | 9629 | 0035 | 158 |  139/136 67.5/48.9
2 3a Etﬁgzoco'ill'\ggmz 2057 | 0056 | 7.73 | 1421136 78.5/49.7
3 3b ELACUMIBUZ | 2457 | 0035 | 108 |  136/132 65.0/51.6




4 3p | FWACMIBLT o800 | 0.076| 486 | 140133 78.1/49.3
5 3c | AU | 9629 | 0040 | 134 | 137135 78.6/64.6
6 3c | FACYMIBL | 9314 | o064 | 467 | 140135 76.5/44.7
7 3d | FYACY OB | o609 | 0.046| 242) 138134 64.1/44.9
8 ad | FPCUNMIBE | o514 | 00s1| 563 141135 76.3/46.6
9 3e EtzA;g’g /'i/'ogoBUZ 1829 | 0.031| 2.94 139/136 75.3/48.2
10 3e EtSA;Z()CAi/l“ggBUZ 1829 | 0.042| 518  141/136 74.7/41.9
11° 3e EtzA;g’g /'i/'ogoBUZ 2029 | 0.066| 1.31 138/134 67.2/52.3
17 | 3e | FWLCWMIBL | 5114 | 0084| 3200 140135 68.7/45.0
13 3f EtzAégg /'1/'0908“2 2286 | 0.035| 2.92 139/135 72.5/45.9
14 3f Mg'gﬁ';&')j/loo 3020 | 0.060| 671 1421136 75.4146.6
15 | TioPr), EtzA?'gg MOBU2 | 2014 | 0.049| 166  138/133 68.4/52.8
16 | Ti'Pr). Etﬁgzggjll'\ggmz 2071 | 0.053| 3.34 140/135 75.1/47.2
17 | mioen, | FUUSTMIBU2 | o571 | 0059 | 150 1351130 61.4/41.1

3 Polymerizations carried out in 100 mL of toluerievd 10° mol of catalyst at a constant 0.7 atm ethylenequne for 30 min,
temperature 36C.

b Activity, kg of PE motth® atm™.

¢ Melting points were determined by DSC, the valuggte first and second heating runs are given

9. Degree of crystallinity was calculated by useafieAH,,1°°% = 288 J/g [23]; the values for the first and setheating runs
are given.

® amount of catalyst - 1 Tmol.

From Table 1 it is apparent that the structure refqatalyst, as well as the nature of
organoaluminum activator, does not have a sigmifiedfect on the activity of the complexes,
which, ceteris paribus, is in the range 1829-30g§%k PE mofh™ atm®. Unexpectedly the
maximum catalytic activity in this series was shavat by systems based on dimeric complexes,
capable of dissociation upon activation by alumiramad magnesium organics, but by a system
based on a spiro-compl&f with covalent Ti-O bonds. Using the example of-patalyst3e it
was shown that an increase in the catalyst amoomt 5- 1¢ to 1- 10° moles is accompanied by
a slight increase in activity and a marked decr@aslee viscosity-average molecular weights of
the polymers (runs @s 11 and 1@s 12).



For all studied catalyst precursors, the replacerneELAICI with Et;AlLCl; leads to a
significant increase in the molecular weight of gaymer (Table 1, Figure 3A similar trend
was observed for titanium complexes stabilized Withdiol ligands [14].

m 3Et2AICI+Bu2Mg
m 3EE3AI2CI3+Bu2Mg

M,,, 105 D
QO = N Wk OO N

ap &P o o o B &

Pre-catalysts A

Fig. 3. Molecular weight of the obtained UHMWPE samplessus the nature of activators.

The production of low molecular weight PE (639-1GBénol) on 1,2-diolate titanium
complexes activated with #l,Cl; [15] clearly indicates a significant rate of charansfer
process on the organoaluminum compounds. Obvioushe introduction of the
organomagnesium compound in the catalyst systemifis@ntly retards the process. The
observed increase in the molecular weight of Pl #ie use of BAI,Cl; instead of BAICI is
difficult to explain solely by the nature of theganoaluminum compoundshus, for example,
the molecular weight of PE synthesized onT0@l,/ELAICI was 15-30% higher than the values
obtained using the GpPiCl,/EtzAl,Cl; system [24]]t is more likely that the reason for such a
significant increase in the molecular weight of UANRE is in the composition of the interaction
products of the binary activator {#l,Cl; +Bu,Mg}, which, for example, can be formed by

reactions 1-2:

3ELAICI + Bu,Mg = MgCl + 2AIEt,Bu + AIELCI 1
3EBAILCls+ 2BuMg = 2MgCh + 2AIELBuU + AIEtBw, + ELAICI + 2ELAICI +.... 2

The above equations are conditional and do not haNesxperimental confirmation.
They do not take into account the differences im tbactivity of alkyl aluminum chlorides,
possible symmetrization processes, exchange reactietc., but the established fact of the
magnesium chloride formation when combining thévatbr components indicates a significant
increase in the content of aluminum alkyl chloridévarious nature in the reaction media and,

accordingly, the formation of a set of active sites



Apart from increasing the molecular weight, a repfaent of BAICI with Et;Al.Cls
leads to a marked increase in the crystallinityrdegand melting temperature of UHMWPE
samples at the first heatinBuring the second heating run, these values arelddy which

indirectly indicates a high degree of disentangleinoé nascent reactor powders.

2.1.Mechanical properties of synthesized UHMWPE

The processing of reactor powders of UHMWPE obthina complexesa-f into
high-modulus oriented films was carried out by @rpg monolithic samples under pressure
and shear deformation at an elevated temperatul@wbpolymer melting point with
subsequent uniaxial drawing [S]riteria for the quality of the resulting orientébn tapes
were: homogeneity of the resulting filament alohg width and homogeneity of the samples
masses within one multiplicity at one lengBar comparison, the mechanical properties of
film tapes drawn from the UHMWPE reactor powderamieéd on the Ti(OiPEEtAlICls
(run 16) are given in the table 2. As can be sgEnmaximum drawing ratio in this case did

not exceed 20 at rather mediocre mechanical crarstits of the filaments.

Table 2.

Mechanical properties of UHMWPE oriented film tapes

a Catalytic systerfi : 0, E, 8"
Run Draw ratio GPa GPa %
) 3a/ EtAI,Cly/MgBU; 24 2.56 135 2.88
28 2.75 95 2.56
A 3b/ EtAI,Cly/MgBuU, 40 2.77 140 2.41
44 2.72 140 2.48
5 3¢/ EtAICly/MgBU, 36 2.82 145 2.46
8 3d/ EAI,Cly/MgBU, 36 2.74 130 2.55
9 3e/ELAICI/MgBuU, 20 2.09 75 3.28
10 3e/EtAl ,Cly/MgBU;, 32 2.72 140 2.37
13 3f/ ELAICI/MgBuU, 36 247 120 2.71
14 3f/ E&AI,Cly/MgBU, 28 2.41 105 2.27
16 | Ti(O'Pr)J/EtAl,ClyMgBu, 20 1.99 105 2.12

# Numbering corresponds to Table 1.
® Molar ratio [Ti]:[Al]:[Mg] = 1:300:100.



Most of the reactor powders produced on catalystesns with EfAICI proved to be
unsuitable for solid-phase processing, with theepkion of the powders synthesized on
complexes3e and3f stabilized by perfluoropinacol (Table 2, runs @ 413).

Practically all of the rector powders synthesizesing EAl.Cl, have been
successfully processed into high-strength, high-uhadmaterials. Reactor powders obtained
in the present work allowed to achieve maximal dingwatios (up to 44), among the samples
obtained on titanium complexes with OO-type ligafids 25-26].

As can be seen from Table 2, the best mechani@ahcteristics were demonstrated
by films obtained on complexes with fluorinatedaligls. Among the complexe3a-c
stabilized by the ligands with aromatic substitsethe maximum strength characteristics -
2.82 GPa was obtained on an "asymmetric" pre-csttab/(elastic modulus 145 GPa at draw
ratio = 36, run 6). For the pre-cataly8@-f with aliphatic ligands, the positive effect of the
presence of fluorine manifests itself to a lessegrée. Interestingly, the mechanical
characteristics of the film from UHMWPE obtained thre spiro-complex3f activated with
ELAICI surpassed the analog obtained fr8ffEtzAl .Cl,. The maximum achievable drawing
ratio of the film from the UHMWPE powder obtained ®i(OiPr)/Et;Al ,Cl, system did not

exceed 20. The mechanical characteristics of dinisdre also very mediocre.

It is well known [27] that drawability of UHMWPE ¢ihly depends on its supramolecular
structure. To examine the morphologies of thesedeosy SEM observations have been made
(Figure 4). All of these micrographs are of the samagnification for comparative purposes. As
can be seen from the scanning electron micrographlsv magnification, the polymer particles
have the irregular shape and porous structure diftarmines the low bulk density (0.031-0.084
g/cnt) of the obtained samples.



SEM HV: 30.0 kV D: 10.48 mm VEGA3 TESCAN SEM HV: 30.0 kV D: 4.96 mm
View field: 324 ym Det: SE 100 pm View field: 9.70 pm Det: SE 2 pm
SEM MAG: 1.58 kx  Date(m/dly): 06/09/18 MsU SEM MAG: 52.7 kx  Date(m/dly): 06/09/18

SEM HV: 30.0 kV WD: 10.16 mm ‘ | | | VEGA3 TESCAN SEM HV: 30.0 kV WD: 3.99 mm VEGA3 TESCAN|
View field: 338 pm Det: SE 100 pm View field: 9.88 ym Det: SE 2pm
SEM MAG: 1.61 kx  Date(m/dly): 06/09/18 MSU SEM MAG: 51.7 kx | Date(m/d/y): 06/09/18 MSU
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Fig. 4. Scanning electron micrographs of a series of erdseactor powders, prepared on
3aELAICI (A-B), 3aEAlLCls (C-D), 3cELAICI (E-F), 3cEBAILCI; (I3-H).

The high magnification micrographs clearly showt @& catalytic systems, regardless of
the nature of the organoaluminum activator, wersébto produce polymers with nodular type
microstructures. The main morphological differete@ween UHMWPE powders obtained on
3a-e/EtAlCls, and samples obtained 8a-dELAICI, and unsuitable for orientational drawing
Is the irregular shape of microparticles - nodéss lknown that polymeric powders having
irregular, spongy particles compacted better thenseé consisting of spherical, dense patrticles
[28].



In general, the morphology of the polymers obtaiasithg various activators (EICl or

Et:Al,Cl3) differs insignificantly. Obviously, in this casthe factors determining the possibility

of solid-phase processing are significantly higheues of Mv and crystallinity of the polymers
obtained with E4AIl,Cls.

3. Conclusion

In summary, a series of titanium (IV) complexesrbgpl,2-diolate ligands have been
synthesized in high yields. Structures of complea:® have been established by X-ray
diffraction.

All complexes in the presence of a binary co-cataly{3ELAICI + Bu,Mg} or
{1.5Et:Al.Cl; + BwuMg} exhibited moderate to high activities towardshydene
polymerization (1829-3029 kg of PE rifbi* atmi?).

It should be noted that the spiro-comp8hunexpectedly showed high catalytic activity,
despite its activation, in our opinion, is morefidiilt compared with the complexes
having the composition LTi(OiPx)

All investigated pre-catalysts produced ultra-highlecular-weight polyethylene
(viscosity-average molecular weights were in thrgeal.1-7.7 19).

The complexes activated with 3Bt,Cl; produce polymers with significantly higher
values of Mv, crystallinity and melting point orrsi heating run. This may be due to
differences in the composition of the reaction piid {3ELAICI + Bu,Mg} or
{1.5Et:Al .Cl3 + BwpMg}.

All UHMWPE reactor powders obtained with3Et,Cl; were processed into oriented
films with a strength of 2.0 - 2.8 GPa and an eagtcoefficient up to 145 GPa.

The best mechanical properties were exhibited lgsfiobtained on complexes with
polyfluorinated ligands;

The properties of the produced films, and espscihké drawing ratios, are superior to

materials previously obtained on titanium complexék 1,4-diol ligands.

4. Experimental section

All manipulations with air-sensitive materials wegrerformed with rigorous exclusion of

oxygen and moisture in oven-dried Schlenk glasswarea dual manifold Schlenk line,

interfaced to a high-vacuum line. Argon and ethglef special-purity grade (Linde gas) were

dried by purging through a Super Clean™ Gas Filters

NMR spectra were recorded on Bruker AMX-400 instemtn Deuterated solvents

(CDCls, THF-d8) were degassed by freeze-pump-thaw vacuuctesyand stored over 3 A



molecular sieves. Chemical shifts are reported pmpvs. SiMg and were determined by
reference to the residual solvent peaks. All cogptonstants are given in Hertz. Air-sensitive
NMR spectra were taken in J. Young tubes with Treflalve plugs. IR spectra were recorded on
a Magna-IR 750 spectrophotometer. Elemental arsalysis performed by the microanalytical
laboratory at A. N. Nesmeyanov Institute of Orgdasent Compounds.

Toluene was distilled over Na/benzophenone ketglitae water content was periodically
controlled by Karl-Fischer coulometry by using atMem 756 KF apparatus. Diethylaluminum
chloride, ethylaluminum sesquichloride and di-nytmagnesium (Aldrich) were used as 1.0 M
solution in heptane. Decafluorobenzophenone an@lupespinacol were obtained from SIA
"P&M-Invest" Ltd., Moscow

4.1.Ligands3a-cwere obtained using general procedure [20].

Zn powder (4 mmol, 0.26 g) and carbonyl compounan(@ol) were slurried in 3 cin
saturated aqueous NEI and 5 cm THF. The mixture was stirred at room temperatiiiee
temperature rose, and the Zn powder had disapp€eHBnedsolvents were evaporated to dryness,
and the product was extracted with diethyl ethée &theral layer was separated and evaporated
to dryness to afford the pure pinacol.

4.2.(1,1,2,2-Tetraphenylethane-1,2-diyloxy)bis(ipoopoxy)titanium (3a)
Compound3a (3.66 g, 10 mmol) and toluene (20 mL) were plaicgéd a Schlenk tube equipped
with a magnetic stirrer under argon atmospheréovad by the addition of Ti(OiPs)(3.0 ml,
10 mmol) at r.t. The resulting suspension was lieatdil all solids dissolved. After 10 h at r. t.
the formed crystals were collected by filtrationdadried in vacuo. Yield 8.7 g (65.7 %).

Calculated (%) for GH_.O,Ti, (1076): C, 72.49; H, 6.74; Ti, 8.89. Found (%): ©2.41; H,

6.68; Ti, 8.83'H NMR (CDCL): & = 1.22-1.24 (d, J = 6.1 Hz, 24 H, @H4.04 (m, 4HCH),
6.80-7.34 (m, 40H, Ar)°C NMR (101 MHz, CDGJ) § 144.25, 132.83, 132.44, 131.81, 130.29,
130.07, 129.66, 129.21, 128.91, 128.64, 128.37,282827.24, 127.12, 126.90, 126.72, 126.55,
126.20, 125.78, 125.50, 83.04, 80.50, 64.51, 2528673, 25.58, 25.30, 22.90. FT-IR (KBr):
662, 554 critv(Ti-O).

Using this general procedure, the following compmbbave been isolated:

4.3. (1,1,2,2-tetrakis(pentafluorophenyl)-ethane-2;diyloxy)bis(isopropoxy)titanium (3b)
Yield 54.9 %. Calculated (%) for {H,, F40O,Ti, (1760): C, 43.45; H, 1.80; Ti, 5.33. Found
(%): C, 43.38; H, 1.72; Ti, 5.26H NMR (CDC%): 5=1.26-1.27 (d, J = 6.1 Hz, 24 H, gH
4.51 (m, 4HCH). °F NMR (300 MHz, CDGJ) § 140.78, 148.43, 160.22. FT-IR (KBr): 623, 552
cmtv(Ti-0).



4.4, 1,2-bis(pentafluorophenyl)-1,2-diphenylethane-1,2hyloxy)bis(isopropoxy)titanium
(3c) Yield 42.9 %. Calculated (%) for (H., F200,Ti, (1436): C, 54.34; H, 3.65; Ti, 6.66. Found
(%): C, 54.27; H, 3.58; Ti, 6.48H NMR (CDCL): 5=1.77 (m, 24 H, Ch), 3.65 (m, 4HCH),
7.13-7.27 (m, 20H, Ar). FT-IR (KBr): 613, 552 ¢m(Ti-O).

4.5. (2,3-dimethyl-butane-2,3-diyloxy)bis(isopropoxy)tianium (3d). Yield 61.5 %.
Calculated (%) for GH_, O,Ti, (580): C, 51.73; H, 9.72; Ti, 16.49. Found (%):81.68; H,
9.69; Ti, 16.45H NMR (CDCk): & =1.13-1.16 (m, 48 H, C#, 3.93 (m, 4H,CH). FT-IR
(KBr): 613, 552 critv(Ti-O).

4.6. (1,1,1,4,4,4-hexafluoro-2,3-bis(trifluoromethyl)-btiane-2,3-diyloxy)-bis(isopropoxy)-
titanium (3e). Yield 62.9 %. Calculated (%) for,(H_ F40,Ti, (1012): C, 29.66; H, 3.19; Ti,
9.46. Found (%): C, 29.51; H, 3.11; Ti, 9.39.NMR (CDC): 8 =1.23-1.29 (m, 24 H, C}),
4.43 (m, 2HCH), 4.81 (m, 2H, CH)°F NMR (300 MHz, CDGJ) § 71.19, 71.53. FT-IR (KBr):
666, 575 critv(Ti-O).

4.7. Bis-(1,1,1,4,4,4-hexafluoro-2,3-bis(trifluoromethly-butane-2,3-diyloxy) titanium
(3f). Yield 48.3 %. Calculated (%) for1@-404Ti - CsHsO (772): C, 23.34; H, 1.04; Ti, 6.20.
Found (%): C, 23.27; H, 0.91; Ti, 6.H NMR (CDCZ): 8 =1.35 (b-c, 6 H, Ch), 4.80 (m, 1H,
CH). °F NMR (300 MHz, CDGJ) § 70.73, 71.53. FT-IR (KBr): 666, 575 cm(Ti-O).

4.8. X-ray crystal structure determination.

The single-crystal X-ray diffraction data f@e and 3d were collected on the ‘Belok’
beamline of the Kurchatov Synchrotron RadiationrS8eNational Research Center ‘Kurchatov
Institute’, Moscow, Russian Federation) using ad®ay SX165 CCD detector at= 0.80246 A.

A total of 720 images for two different orientat®om the case of each crystal were collected
using an oscillation range of 1.0° agdscanning mode. The data were indexed and intebrate
using the utility IMOSFLM from the CCP4 program teuj29] and then scaled and corrected for
absorption using the Scala program [30]. For detaslee Table 2. The structures were
determined by direct methods and refined by fultiiraleast square technique d¥f in
anisotropic approximation for non-hydrogen atomsthle crystal o®, two different isomers are
arranged in the same positions with the occupamdi®s/5:0.25. The hydrogen atoms3eand

3d were placed in calculated positions and refinethiwithe riding model with fixed isotropic
displacement parameterdi{(H) = 1.5U(C) for the methyl groups and Lg(C) for the other
groups]. All calculations were carried out usinge ttSHELXTL program suite [31].
Crystallographic data foBe and3d have been deposited with the Cambridge Crystaljayc
Data Center, CCDC 1855966 and CCDC 1855965. Thelementary crystallographic data can
be obtained free of charge from the Cambridge @hHggraphic Data Centre via



www.ccdc.cam.ac.uk/data request/cif.

4.9. Polymerization of ethylene
The ethylene polymerization was performed in a 800eactor (Parr Instrument Co.) equipped
with a magnetic stirrer and inlets for loading caments of catalytic systems and ethylene at a
total pressure of ethylene and toluene vapours. dfam. Toluene (100 ml) and the necessary
amount of a co-catalyst (#&ICl/Bu,Mg or EgAI.Cls/Bu,Mg) were loaded in the reactor. The
reactor was heated to a specified temperature,tl@deaction mixture was saturated with
ethylene. Polymerization was started by the aduitibpre-catalyst to the reaction mixture. The
pressure of ethylene was maintained constant dupolymerization. Polymerization was
stopped through the addition of 10% HCI solutiorethanol to the reactor. The polymer was
filtered off, washed several times with water-ethlamixture, and dried under vacuum at 50-60
°C until a constant weight was achieved.

4.10. Polymer evaluation methods

DSC was performed by a differential scanning caleter DSC-822e (Mettler-Toledo,
Switzerland) at a heating rate 10 °C/min in air.

Viscosity-average molecular weight of synthesiz¢¢MWPE samples was calculated with
the Mark-Houwink equation: Mw 5.37-18 [n]**" [1], where: Mv = viscosity-average
molecular weight (g/mol);1] = intrinsic viscosity in decalin at 135°C (dl/dn] = (2nsp -
2Inn, )*%0.056 @sp - specific viscosity decalin at 135°G; - relative viscosity in decalin at
135°C;ny =nsp +1.

The mechanical characteristics of the oriented rizd$e prepared with the synthesized
polymers were evaluated on the oriented tapesraatdiy a solid state processing of UHMWPE
nascent reactor powders. The uniform over the eeréangth monolithic tapes (100 mm in
thickness and 10 mm in width) were formed at a qures and shear deformation below the
polymer melting point (124-126 °C). The tapes wargjected to uniaxial drawing while using a
Spinline Daca equipment. The drawing temperature 8e&t 4 °C below the polymer melting
point. The mechanical characteristics of the tapese measured with a Hounsfield H1KS
machine at the gauge length of the tested sam@@srin with 2 mm/min initial deformation

rate. The reported values were the average ofat &samples.
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Highlights

Novel titanium complexes bearing 1,2-diolate ligands were synthesized and fully
characterized.

Complexesin the presence of { Et,AICI+Bu,Mg} produced high molecular weight
polyethylene

The replacement of Et,AICI with Et3Al,Cl; leadsto asignificant increasein Mv (up to 7.7
10°) and the crystallinity of UHMWPE samples.

Polymers are suitable for the solvent-free formation of high-strength (up 2.8 GPa) and high-
modulus (up to 145 GPa) oriented film tapes.



