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Abstract—Reactions of salicylaldehyde, 3-fert-butylsalicylaldehyde, and 3,5-di-tert-butylsalicylaldehyde with
1,4-diaminobutane, 1,6-diaminohexane, 4,4’-diaminodiphenylmethane, 4,4'-diamino-3,3',5,5'-tetramethyldi-
phenylmethane, 4,4'-diamino-5,5'-dicyclopentyl-3,3’-dimethyldiphenylmethane, 4,4'-diamino-5,5'-dicyclo-
hexyl-3,3'-dimethyldiphenylmethane, bis(4-aminophenyl) sulfone, 0,0’- and p.,p'-diaminodiphenyl ethers,
1,4-bis(4-aminophenoxy)benzene, 2,2-bis[4-(4-aminophenoxy)phenyl]propane, and 4,4"-diamino-p-terphenyl
gave a series of the corresponding Schiff bases which can be used as tetradentate ligands for the synthesis of

titanium and zirconium complexes.
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Despite striking advances in the field of studying
postmetallocene catalytic systems for polymerization
of olefins, achievement of maximal control over the
structure and properties of the resulting polymers
remains an important problem [2]. Phenoxy—imine
complexes of Group IV transition metals were found
[3] to catalyze living polymerization which makes it
possible to obtain polymers with required molecular
weight and block copolymer structure. Therefore,
design of new phenoxy—imine catalysts seems to be
quite promising.

The main disadvantages of such catalysts include
loss of activity and “living” character of the process
and formation of low-molecular weight oligomers at
elevated temperature [4]. The existing views on the
mechanism of olefin polymerization over metallocene
and postmetallocene catalysts imply that the reasons
are increased contribution of chain transfer and
B-hydride transfer processes and stronger deactivation
of the catalyst as the temperature rises.

Processes inducing deactivation of catalysts are li-
gand transfer to aluminum cocatalyst present in a very

* For communication XI, see [1].
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large excess in the catalytic system [5] and insertion of
alkyl ligand into the C=N bond via 1,2-migration [6].
Moreover, cationic centers tend to undergo dimeriza-
tion through formation of p-alkyl bridges, which is
referred to as bimolecular deactivation [7]; as a result,
inactive species become to predominate in the catalytic
system. Insofar as the above processes are sensitive
to the ligand environment, the structure of available
transition metal complexes which catalyze olefin
polymerization at elevated temperature suggests that
their modification should give rise to new promising
catalysts.

We believe that a challenging method for modifica-
tion of a-diimine, diiminopyridine, and bis(salicylalde-
hyde imine) complexes may be bonding of the imino
groups through various bridges. In other words, mod-
ified ligands can be synthesized using diamines instead
of primary alkyl- or arylamines. We also anticipated
that complexes with linked imino groups would be
more stable toward deactivation. These views are sup-
ported by the data of [8], according to which 1,2-bis-
(p-phenylene)ethane bridge connecting the arylimino
substituents in [1,2-bis(arylimino)acenaphthene]-
nickel(Il) dibromide makes the modified complex
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stable and highly active, as well as capable of promot-
ing living polymerization at a considerably higher tem-
perature (75°C) as compared to acyclic analog (0°C).

Clarkson et al. [9] showed that deactivation of com-
plexes with bridged arylimine substituents and those
having no such bridges follow different mechanisms.
Presumably, structural variation of the bridging frag-
ment could displace the maximal catalytic activity
toward higher temperature by analogy with bridged
metallocenes [10]. Ishii et al. [11] found that the cata-
lytic activity of [6,6’-polymethylenebis(iminomethyl)-
bis(2-R-phenoxy)]zirconium(IV) dichloride A in the
polymerization of ethylene increases in parallel with
the number of methylene units in the bridge. The cata-
lytic activity also increases as the temperature rises,
though the molecular weight of the polymerization
product decreases.

While performing systematic studies on the effect
of structural modification of metal complexes and their
catalytic activity [12, 13] we found that bis{4,4'-meth-
ylenebis[(p-phenylene)iminomethyl]bis(2-R'-4-R*-
phenoxy)}dititanium(IV) tetrachloride (B) even at
70°C ensures very effective preparation of linear poly-
ethylene with high and ultrahigh molecular weight and
increased melting point [13]. In the present work we
examined the synthesis of tetradentate ligands con-
taining various diimine bridges with a view to make
them accessible for the preparation of bridged phen-

R’ / \ R’
/E:[()/ /I “‘\ O
R? = R?

oxy—imine complexes. The synthetic procedure was
based on the reaction of substituted salicylaldehydes
with primary diamines, some examples of which have
already been reported [6, 9, 11, 14]. We have extended
this procedure to the synthesis of new bis-salicylalde-
hyde imine ligands V-VII and optimized conditions of
their synthesis.

Aldehydes I-III reacted with 1,4-diaminobutane
(IVa) and 1,6-diaminohexane (IVb) in methanol at
room temperature in the absence of a catalyst, and the
corresponding diimines V-VII (a, b) were formed in
5-6 min in quantitative yield (Scheme 1). The reac-
tions with diaminodiphenylmethanes IVe—1Vf, 4,4'-di-
aminodiphenyl sulfone (IVg), and 0,0'-diaminodi-
phenyl ether (IVh) were carried out by heating in
boiling methanol in the presence of a catalytic amount
of formic acid, the reaction time ranged from 1 to 4 h,
and the yields of diimines Ve—Vh, VIce—VIh, and
VIlc—VIIh were 91-99%. The condensation of alde-
hydes I-III at both amino groups of p,p’-diaminodi-
phenyl ether (IVi) and diamines IVj, IVK, and IVI was
possible only on prolonged heating of the reactants in
methanol-methylene chloride (1:1) in the presence of
a catalytic amount of formic acid. The yields of bis-
salicylaldehyde imines Vi—V1, VIi-VII, and VIIi-VIIl
ranged from 81 to 94%. When the reactions with di-
amines IVi-1VIl were carried out in methanol, the proc-
ess stopped at the stage of formation of the corre-
sponding poorly soluble monoimines.

The structure of compounds V-VII was confirmed
by analytical and spectral data. According to the
'H NMR spectra, the isolated Schiff bases were pure
E isomers. Compounds V-VII displayed in the
'H NMR spectra singlets from the N=CH protons at
0 8.02-9.03 ppm and broadened singlets from the hy-
droxy protons in the region & 12.33—14.15 ppm; the
downfield position of the latter indicates formation of
intramolecular hydrogen bond between the OH proton
and imino nitrogen atom. In the "H NMR spectra of
VIa—VII, protons in the tert-butyl groups resonated as
singlets at 6 1.40—1.47 ppm, while the spectra of di-
imines VIIa—VIII contained two singlets from the tert-
butyl groups, at 6 1.24—-1.34 and 1.35-1.49 ppm. Meth-
ylene protons in the cycloalkyl substituents in Schiff
bases Ve, Vf, Vle, VIf, Vlle, and VIIf gave multiplets
in the region 6 1.11-2.05 ppm, and the cycloalkyl CH
protons appeared as multiplets at & 2.50-3.18 ppm.
Diimines Vd-V{, VId-VIf, and VIId-VIIf showed
singlets from methyl protons at 6 2.12-2.20 ppm.
Aromatic protons resonated in the spectra of V-VII in
the region 8 6.44-8.51 ppm. Singlets from the bridging
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CH, groups in diimines Vc—V{, VIc—VIf, and VIlc—
VIIf derived from diaminodiphenylmethanes were
located at 6 3.77—4.01 ppm, while protons in the bridg-
ing methylene groups in compounds Va, Vb, Vla,
Vb, VIla, and VIIb derived from diaminoalkanes I'Va
and I'Vb resonated as multiplets at § 1.39-1.92 ppm
and triplets (NCH,) at 6 3.61-3.70 ppm.

The IR spectra of Schiff bases Ve—VI1, VIe—VII, and
VIIce—VIIIl contained a strong absorption band in the
region 16141623 cm ' due to stretching vibrations of
the C=N bonds. The corresponding absorption band in
the spectra of polymethylene-bridged derivatives Va,
Vb, Vla, VIb, VIla, and VIIb was displaced to higher
frequencies (1632—1635 cm™'). The mass spectra of all
ligands V-VII were characterized by the presence of
strong molecular ion peaks.

EXPERIMENTAL

The '"H NMR spectra were recorded on a Bruker
WP-200 SY instrument at 200.13 MHz using hexa-
methyldisiloxane as internal reference. The IR spectra

were measured on a Vector 22 spectrometer from
samples prepared as KBr pellets. The progress of re-
actions was monitored, and the purity of products was
checked, by TLC on Silufol UV-254 plates using
chloroform as eluent. The elemental compositions
were determined on a Carlo Erba 1106 CHN analyzer,
and their formulas were calculated from the high-reso-
lution mass spectra which were recorded on a Finnigan
MAT 8200 instrument. The melting points were deter-
mined by heating samples placed between glass plates
at a rate of 1 deg/min.

Initial 2-cyclopentyl- and 2-cyclohexyl-6-methyl-
anilines were synthesized according to the procedure
described in [15].

4,4'-Methylenebis(2,6-dimethylaniline) (IVd).
A mixture of 3.8 g (31.35 mmol) of 2,6-dimethyl-
aniline and 6.2 ml of water was heated to 95°C, 2.6 ml
of concentrated hydrochloric acid was added, the mix-
ture was stirred for 10 min at 95°C, 0.45 g (15 mmol)
of paraformaldehyde was added, and the mixture was
stirred for 6 h at 100°C. The mixture was cooled,
diluted with 10 ml of water, neutralized with a 20%
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aqueous solution of potassium hydroxide, and ex-
tracted with diethyl ether (3x50 ml). The extract was
washed with water and dried over MgSQ,, the solvent
was distilled off on a rotary evaporator, and the solid
residue was recrystallized from methanol. Yield 3.31 g
(87%), mp 114-115°C [16].

4,4'-Methylenebis(2-cyclopentyl-6-methylani-
line) (IVe) was synthesized in a similar way from
2-cyclopentyl-6-methylaniline. Yield 80%, mp 94—
95°C. 'H NMR spectrum, 8, ppm: 1.50-2.02 m (16H,
CH,), 2.06 s (6H, Me), 2.39 m (2H, CH), 3.35 br.s
(4H, NH,), 3.59 s (2H, CH,), 6.54 s (2H, Haom), 6.66 s
(2H, Hyom). Found: [M]" 362.28544. C,5sH34N,. Calcu-
lated: M 362.28476.

4,4'-Methylenebis(2-cyclohexyl-6-methylaniline)
(IVf) was synthesized in a similar way from 6-cyclo-
hexyl-2-methylaniline. Yield 82%, mp 139-140°C.
'"H NMR spectrum, 8, ppm: 1.20-1.49 m (12H, CH,),
1.60-1.95 m (8H, CH,), 2.09 s (6H, Me), 2.88 m
(2H, CH), 3.34 br.s (4H, NH;,), 3.65 s (2H, CH,),
6.60 s (2H, Hyuom), 6.72 s (2H, Hyom). Found:
[M]"390.30323. C,;H3sN,. Calculated: M 390.30348.

Schiff bases Va, Vb, VIa, VIb, VIla, and VIIb
(general procedure). Diamine IVa or IVb, 1 mmol,
was added to a solution of 2 mmol of aldehyde I-III
in 20 ml of methanol, and the mixture was stirred for
10 min at room temperature (until the initial com-
pounds disappeared according to the TLC data). The
light yellow precipitate was filtered off and washed
with 2 ml of cold methanol.

2,2'-[Tetramethylenebis(iminomethyl)]diphenol
(Va). Yield 98%, mp 87-89°C; published data [17]:
mp 90°C. IR spectrum: v 1632 cm™' (N=C). '"H NMR
spectrum (acetone-dg), o, ppm: 1.72—1.83 m (4H,
CH,), 3.66 t (4H, NCH,, J= 7.5 Hz), 6.80—6.89 m (4H,
Harom), 7.22-7.38 m (4H, Huom), 8.50 s (2H, N=CH),
13.39 br.s (2H, OH). Found: [M]" 296.16264.
C,3sH0N,0,. Calculated: M 296.16370.

2,2'-[Hexamethylenebis(iminomethyl)]diphenol
(Vb). Yield 97%, mp 74-75°C; published data [17]:
mp 73°C. IR spectrum: v 1633 cm™' (N=C). '"H NMR
spectrum (acetone-dg), o, ppm: 1.39—-1.53 m (4H,
CH,), 1.62-1.79 m (4H, CH,), 3.61 t (4H, NCH,, J =
7.6 Hz), 6.79-6.90 m (4H, H,om), 7.23-7.37 m (4H,
Harom), 8.48 s (2H, N=C), 13.42 br.s (2H, OH). Found:
[M]+ 324.18342. C20H24N202. Calculated:
M 324.18377.

6,6'-| Tetramethylenebis(iminomethyl)]bis(2-zert-
butylphenol) (VIa). Yield 95%, mp 146-147°C. IR
spectrum: v 1632 cm™' (N=C). 'H NMR spectrum

(CCly),d, ppm: 1.40 s (18H, #-Bu), 1.81-1.92 m (4H,
CH,), 3.65 t (4H, NCH,, J = 7.6 Hz), 6.68 t (2H, Haoms
J="17.5 Hz), 6.95 d.d (2H, Hayom, J = 7.5, 1.5 Hz),
7.20 d.d (2H, Haom, J = 7.5, 1.5 Hz), 8.30 s (2H,
N=CH), 13.55 br.s (2H, OH). Found: [M]" 408.27780.
C26H36N202. Calculated: M 408.27776.

6,6'-|Hexamethylenebis(iminomethyl)|bis(2-zert-
butylphenol) (VIb). Yield 97%, mp 73-74°C. IR
spectrum: v 1633 cm™' (N=C). 'H NMR spectrum
(CDCl), 6, ppm: 1.40 s (18H, #-Bu), 1.42—1.53 m (4H,
CH,), 1.65-1.82 m (4H, CH,), 3.65 t (4H, NCH,, J =
7.5 Hz), 6.71 t (2H, Hyom, J = 7.8 Hz), 6.99 d.d (2H,
Harom, J = 7.8, 1.8 Hz), 7.22 d.d (2H, Haom, J = 7.8,
1.8 Hz), 8.29 s (2H, N=CH), 13.84 br.s (2H, OH).
Found: [M]" 436.30935. C,sH4oN,O,. Calculated:
M 436.30896.

6,6'-[Tetramethylenebis(iminomethyl)|bis(2,4-di-
tert-butylphenol) (VIIa). Yield 94%, mp 143-144°C;
published data [18]: mp 144-145°C. IR spectrum:
v 1635 cm™' (N=C). '"H NMR spectrum (acetone-ds), 3,
ppm: 1.28 s (18H, #-Bu), 1.41 s (18H, #-Bu), 1.79-
1.88 m (4H, CH,), 3.70 t (4H, NCH,, J = 7.0 Hz),
7.23 d (2H, Harom, J = 2.0 Hz), 7.39 d (2H, Harom, J =
2.0 Hz), 8.54 s (2H, N=CH), 13.99 br.s (2H, OH).
Found: [M]" 520.40348. C34Hs;N,0,. Calculated:
M 520.40286.

6,6'-|[Hexamethylenebis(iminomethyl)|bis(2,4-di-
tert-butylphenol) (VIIb). Yield 95%, mp 125-126°C;
published data [18]: mp 120-122°C. IR spectrum:
v 1634 cm™' (N=C). '"H NMR spectrum (acetone-ds), 3,
ppm: 1.26 s (18H, #-Bu), 1.39 s (18H, #-Bu), 1.45—
1.53 m (4H, CH,), 1.60-1.79 m (4H, CH,), 3.61 t (4H,
NCH,, J= 7.0 Hz), 7.21 d (2H, Hyom, J = 2.0 Hz),
7.37 d (2H, Hyom, J = 2.0 Hz), 8.49 s (2H, N=CH),
14.02 br.s (2H, OH). Found: [M]" 548.434615.
C36Hs6N,O,. Calculated: M 548.43415.

Schiff bases Vc—Vh, VIe-Vh, and VIIc-VIIh
(general procedure). A mixture of 2 mmol of aldehyde
I-I11, 1 mmol of diamine IV¢-IVh, 20 ml of metha-
nol, and 10 mg of 99% formic acid was heated under
reflux with stirring for 1-4 h (until the initial com-
pounds disappeared according to the TLC data). The
mixture was cooled, and the light yellow precipitate
was filtered off and washed with 2 ml of cold
methanol.

2,2'-{Methylenebis[(p-phenylene)iminomethyl]}-
diphenol (Ve). Yield 93%, mp 216-217°C. IR spec-
trum: v 1619 (N=C). 'H NMR spectrum (DMSO-ds),
o, ppm: 4.01 s (2H, CH,), 6.85-7.62 m (16H, H,om),
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8.90 s (2H, N=CH), 13.02 br.s (2H, OH). Found:
[M]" 406.16812. C,7H,,N,0,. Calculated: M 406.16812.

2,2'-{Methylenebis[(3,5-dimethyl-1,4-phenylene)-
iminomethyl]}diphenol (Vd). Yield 91%, mp 132—
133°C. IR spectrum: v 1622 cm ' (N=C). '"H NMR
spectrum (acetone-ds), o, ppm: 2.15 s (12H, Me),
3.79 s (2H, CH,), 6.84-6.95 m (8H, Hyrom), 7.29-7.47 m
(4H, Hyrom), 8.44 s (2H, N=CH), 12.89 br.s (2H, OH).
Found: [M]" 462.23093. C;H3oN,0,. Calculated:
M 462.23071.

2,2'-{Methylenebis|(3-cyclopentyl-5-methyl-1,4-
phenylene)iminomethyl]}diphenol (Ve). Yield 92%,
mp 77-78°C. IR spectrum: v 1623 cm ™' (N=C).
"H NMR spectrum (acetone-dg), 8, ppm: 1.49-1.99 m
(16H, CHy), 2.13 s (6H, Me), 2.95-3.12 m (2H, CH),
3.84 s (2H, CH,), 6.83-7.09 m (8H, Hyom), 7.28—
7.45 m (4H, Hyrom), 8.38 s (2H, N=CH), 12.85 br.s (2H,
OH). Found: [M]" 570.32464. C3yH4,N,0,. Calculated:
M 570.32461.

2,2'-{Methylenebis[(3-cyclohexyl-5-methyl-1,4-
phenylene)iminomethyl]}diphenol (Vf). Yield 98%,
mp 154-155°C. IR spectrum: v 1621 cm™' (N=C).
'H NMR spectrum (acetone-dg), 8, ppm: 1.15-1.85 m
(20H, CHy), 2.12 s (6H, Me), 2.57-2.75 m (2H, CH),
3.89 s (2H, CH;), 6.90-7.18 m (8H, Hauom), 7.36—
7.57 m (4H, Hyom), 8.49 s (2H, N=CH), 12.98 s (2H,
OH). Found: [M]" 598.35551. C41H4N,O,. Calculated:
M 598.35591.

2,2'-{Sulfonylbis[(p-phenylene)iminomethyl]}di-
phenol (Vg). Yield 96%, mp 268-269°C. IR spectrum:
v 1618 cm™' (N=C). '"H NMR spectrum (DMSO-d), 8,
ppm: 6.97 m (4H, Hyom), 7.43 t.d (2H, Hyom, J = 7.8,
2.0 Hz), 7.56 d (4H, Hyom, J = 7.8 Hz), 7.67 d.d (2H,
Harom, J = 7.8, 2.0 Hz), 8.02 d (4H, Hyom, J = 7.8 Hz),
8.92 s (2H, N=CH), 12.33 br.s (2H, OH). Found: [M]"
456.11544. CsHy0N,04S. Calculated: M 456.11437.

2,2"-{Oxybis|[(o-phenylene)iminomethyl]}di-
phenol (Vh). Yield 99%, mp 181-182°C. IR spectrum:
v 1619 cm™' (N=C). '"H NMR spectrum (acetone-ds), 3,
ppm: 6.79-6.98 m (6H, Hyom), 7.19-7.51 m (10H,
Harom), 8.90 s (2H, N=CH), 13.09 br.s (2H, OH).
Found: [M]" 408.14845. C,sH,oN,O5. Calculated:
M 408.14738.

6,6'-{Methylenebis[(p-phenylene)iminomethyl]}-
bis(2-tert-butylphenol) (VIc). Yield 94%, mp 96—
97°C. IR spectrum: v 1616 cm™' (N=C). "H NMR spec-
trum (CDCL), 8, ppm: 1.44 s (18H, #Bu), 4.00 s (2H,
CH»), 6.79 t (2H, Hyom, J = 7.7 Hz), 7.08-7.37 m
(12H, Hyom), 8.57 s (2H, N=CH), 13.73 br.s (2H, OH).

Found: [M]" 518.29359. C35H3sN,0,. Calculated:
M 518.29331.

6,6’-{Methylenebis[(3,5-dimethyl-1,4-phenylene)-
iminomethyl]}bis(2-tert-butylphenol) (VId). Yield
93%, mp 170-171°C. IR spectrum: v 1617 cm’!
(N=C). "H NMR spectrum (CDCl5), 3, ppm: 1.45 s
(18H, #-Bu), 2.22 s (12H, Me), 3.79 s (2H, CH,), 6.72—
6.93 m (6H, Hyom), 7.09 d.d (2H, Harom, J = 7.8,
1.8 Hz), 7.34 d.d (2H, Huyom, J = 7.8, 1.8 Hz), 8.31 s
(2H, N=CH), 13.55 br.s (2H, OH). Found: [M]"
574.35694. C39H46N,0O,. Calculated: M 574.35591.

6,6'-{Methylenebis[(3-cyclopentyl-5-methyl-1,4-
phenylene)iminomethyl]}bis(2-zert-butylphenol)
(Vle). Yield 91%, mp 212-213°C. IR spectrum:
v 1616 cm™' (N=C). '"H NMR spectrum (CDCl;), 8,
ppm: 1.46 s (18H, #-Bu), 1.51-2.05 m (16H, CH,),
2.17 s (6H, Me), 2.95-3.13 m (2H, CH), 3.84 s (2H,
CH,), 6.70-7.02 m (6H, Hyom), 7.10 d (2H, Hyrom, J =
7.8 Hz), 7.34 d (2H, Hyom, J = 7.8 Hz), 8.29 s (2H,
N=CH), 13.55 br.s (2H, OH). Found: [M]" 682.44931.
C47H58N202. Calculated: M 682.44980.

6,6'-{Methylenebis[(3-cyclohexyl-3-methyl-1,4-
phenylene)iminomethyl]}bis(2-zert-butylphenol)
(VIf). Yield 91%, mp 239-240°C. IR spectrum:
v 1616 cm™' (N=H). 'H NMR spectrum (CDCl;), 8,
ppm: 1.11-1.39 m (8H, CH,), 1.46 s (18H, #-Bu),
1.55-1.85 m (12H, CH,), 2.15 s (6H, Me), 2.50-
2.71 m (2H, CH), 3.87 s (2H, CH,), 6.75-7.03 m (6H,
Harom), 7.14 d.d (2H, Hyom, J = 7.6, 1.8 Hz), 7.38 d.d
(2H, Hyom, J = 7.6, 1.8 Hz), 8.29 s (2H, N=CH),
13.70 br.s (2H, OH). Found: [M]" 710.48320.
C4oHeN,O,. Calculated: M 710.48110.

6,6'-{Sulfonylbis[(p-phenylene)iminomethyl]}bis-
(2-tert-butylphenol) (VIg). Yield 91%, mp 178—
179°C. IR spectrum: v 1614 cm ™' (N=C). '"H NMR
spectrum (CDCls), o, ppm: 1.43 s (18H, #-Bu), 6.83 t
(2H, Harom, J = 7.8 Hz), 7.19 d.d (2H, Hyiom, J = 7.8,
2.0 Hz), 7.29-7.42 m (6H, Hyom), 7.97 d (4H, Harom,
J=28.0 Hz), 8.55 s (2H, N=CH), 13.16 br.s (2H, OH).
Found: [M]" 568.23930. C34,H36N,0,S. Calculated:
M 568.23956.

6,6’-{Oxybis[(o-phenylene)iminomethyl]}bis-
(2-tert-butylphenol) (VIh). Yield 93%, mp 127-
128°C. IR spectrum: v 1614 cm' (N=CH). 'H NMR
spectrum (CDCl,), 8, ppm: 1.40 s (18H, #-Bu), 6.69 t
(2H, Harom, J = 8.0 Hz), 6.92—7.28 m (12H, Harom),
8.61 s (2H, N=CH), 13.50 br.s (2H, OH). Found:
[M]"520.27307. C34H3sN,0s. Calculated: M 520.27258.

6,6'-{Methylenebis[(p-phenylene)iminomethyl]}-
bis(2,4-di-tert-butylphenol) (VIIc). Yield 98%,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 4 2009



DESIGN OF POSTMETALLOCENE SCHIFF BASE-LIKE CATALYTIC SYSTEMS ... XIIL.

mp 196-197°C. IR spectrum: v 1620 cm™' (N=C).
"H NMR spectrum (CDCI3), 8, ppm: 1.30 s (18H,
t-Bu), 1.44 s (18H, #-Bu), 4.01 s (2H, CH,), 7.13 d
(2H, Haom, J = 2.0 Hz), 7.16—-7.23 m (8H, Hgrom),
7.37 d (2H, Hyom, J = 2.0 Hz), 8.59 s (2H, N=CH),
13.54 br.s (2H, OH). Found: [M]" 630.41786.
C43H54N202. Calculated: M 630.41850.

6,6’-{Methylenebis[(3,5-dimethyl-1,4-phenylene)-
iminomethyl]}bis(2,4-di-zert-butylphenol) (VIILd).
Yield 93%, mp 147-148°C. IR spectrum: v 1622 cm™'
(N=C). '"H NMR spectrum (CDCl5), , ppm: 1.30 s
(18H, ¢t-Bu), 1.45 s (18H, #-Bu), 2.27 s (12H, Me),
3.77 s (2H, CH,), 6.61-6.92 m (4H, Hyom), 7.01 d (2H,
Harom, J = 1.5 Hz), 7.35 d (2H, Huom, J = 1.5 Hz),
8.31 s (2H, N=CH), 13.29 br.s (2H, OH). Found, %:
C 82.32; H 8.97; N 4.10. [M]" 686.5. C4;HsN,0,. Cal-
culated, %: C 82.23; H 9.04; N 4.08. M 686.5.

6,6'-{Methylenebis|[(3-cyclopentyl-3-methyl-1,4-
phenylene)iminomethyl]}bis(2,4-di-zert-butylphe-
nol) (Vlle). Yield 94%, mp 176-177°C. IR spectrum:
v 1621 ecm™' (N=C). 'H NMR spectrum (CDCls), 3,
ppm: 1.30 s (18H, #-Bu), 1.45 s (18H, #-Bu), 1.51—
2.05 m (16H, CH,), 2.17 s (6H, Me), 2.95-3.18 m (2H,
CH), 3.83 s (2H, CH,), 6.79 s (2H, Huom), 6.95 s (2H,
Harom), 7.03 s (2H, Harom), 7.38 s (2H, Harom), 8.29 s
(2H, N=CH), 13.35 br.s (2H, OH). Found, %: C 83.09;
H 926, N 3.59. [M]+ 794. C55H74N202. Calculated, %:
C 83.12; H9.32; N 3.53. M 794.

6,6'-{Methylenebis[(3-cyclohexyl-5-methyl-1,4-
phenylene)iminomethyl]}bis(2,4-di-zert-butylphe-
nol) (VIIf). Yield 92%, mp 110-112°C. IR spectrum:
v 1621 cm™' (N=C). '"H NMR spectrum (CDCI;), 8,
ppm: 1.31 s (18H, #-Bu), 1.32—-1.43 m (8H, CH,),
1.46 s (18H, t-Bu), 1.58-1.96 m (12H, CH,), 2.20 s
(6H, Me), 2.50-2.73 m (2H, CH), 3.82 s (2H, CH,),
6.76 s (2H, Hurom), 6.88 s (2H, Hyom), 7.00 d (2H,
Harom, J = 1.5 Hz), 7.35 d (2H, Hyrom, J = 1.5 Hz),
8.29 s (2H, N=CH), 13.35 br.s (2H, OH). Found, %:
C 83.10; H 9.49; N 3.46. Cs;H-sN,O,. Calculated, %:
C 83.21; H9.49; N 3.41.

6,6'-{Sulfonylbis[(p-phenylene)iminomethyl]}bis-
(2,4-di-tert-butylphenol) (VIIg). Yield 91%, mp 172—
173°C. IR spectrum: v 1618 cm™' (N=C). '"H NMR
spectrum (acetone-dg), 0, ppm: 1.31 s (18H, #-Bu),
1.45 s (18H, #-Bu), 7.47-7.64 m (8H, Hgrom), 8.08—
8.12 m (4H, Hyom), 8.95 s (2H, N=CH), 13.36 br.s (2H,
OH). Found, %: C 83.10; H 9.35; N 3.47. [M]" 680.
C34H;36N,04S. Calculated, %: C 83.21; H 9.49; N 3.41.
M 680.
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6,6"-{Oxybis[(o-phenylene)iminomethyl]}bis-
(2,4-di-tert-butylphenol) (VIIh). Yield 98%, mp 155—
156°C. IR spectrum: v 1618 cm ' (N=C). '"H NMR
spectrum (acetone-dg), o, ppm: 1.24 s (18H, #-Bu),
1.35 s (18H, #-Bu), 6.96-7.54 m (12H, Hyom), 8.93 s
(2H, N=CH), 13.72 br.s (2H, OH). Found: [M]"
632.39695. C4,H5,N,0O5. Calculated: M 632.39777.

Schiff bases Vi-V1, VIi-VIl, and VIIi-VIIl (gen-
eral procedure). A mixture of 2 mmol of aldehyde
I-I1I1, 1 mmol of diamine IVi-IVI1, 10 ml of methanol,
10 ml of methylene chloride, and 10 mg of 99% formic
acid was heated for 8—12 h under reflux with stirring
(until the initial compounds disappeared according to
the TLC data). The solvent was distilled off on a rotary
evaporator, the residue was ground with 5 ml of meth-
anol, and the light yellow precipitate was filtered off
and washed with 2 ml of cold methanol.

2,2'-{Oxybis[(p-phenylene)iminomethyl]}diphe-
nol (Vi). Yield 84%, mp 213-214°C; published data
[19]: mp 210-211°C. IR spectrum: v 1621 cm ™' (N=C).
"H NMR spectrum (CDCI;—DMSO-d;), 8, ppm: 6.44—
6.68 m (8H, Huom), 6.85-7.04 m (8H, Hyom), 8.27 s
(2H, N=CH), 12.74 br.s (2H, OH). Found: [M]"
408.14740. Cy6H,0N,05. Calculated: M 408.14738.

2,2'-{p-Phenylenedioxybis[(p-phenylene)imino-
methyl]}diphenol (Vj). Yield 83%, mp 231-232°C.
IR spectrum: v 1620 cm ' (N=C). 'H NMR spectrum
(DMSO-ds), 8, ppm: 6.58=7.15 m (12H, Hyrom), 7.36—
7.68 m (8H, Hyom), 8.94 s (2H, N=CH), 14.04 br.s (2H,
OH). Found: [M]" 500.17299. C3,H24N,0,. Calculated:
M 500.17359.

2,2'-{Propane-2,2-diylbis[(p-phenylene)oxy-
(p-phenylene)iminomethyl|}diphenol (VK). Yield
81%, mp 122—123°C. IR spectrum: v 1618 cm™’
(N=C). '"H NMR spectrum (CDCl;), 8, ppm: 1.69 s
(6H, Me), 6.91-7.06 (12H, Huom), 7.20-7.38 m (12H,
Harom), 8.60 s (2H, N=CH), 13.21 br.s (2H, OH).
Found: [M]" 618.25140. C4 H34N,0,4. Calculated:
M 618.25184.

2,2'-[(4,4"-p-Terphenylene)bis(iminomethyl)]-
diphenol (VI1). Yield 84%, mp 309-310°C. IR spec-
trum: v 1622 cm ' (N=C). 'H NMR spectrum
(DMSO-dg), 8, ppm: 6.66 t (2H, Hyrom, J = 7.7 Hz),
6.93-7.02 m (4H, Harom), 7.34-7.81 m (14H, Harom),
9.03 s (2H, N=CH), 13.10 br.s (2H, OH). Found: [M]"
468.18320. C5,H24N,0,. Calculated: M 468.18377.

6,6’-{Oxybis[(p-phenylene)iminomethyl]}bis-
(2-tert-butylphenol) (VIi). Yield 90%, mp 146—
147°C. IR spectrum: v 1613 cm ™' (N=C). '"H NMR
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spectrum (CDCls), o, ppm: 1.47 s (18H, #-Bu), 6.87 t
(2H, Hurom, J = 7.6 Hz), 7.07 d (4H, Haom, J = 7.6 Hz),
7.25 d (2H, Hyom, J = 7.6 Hz), 7.30 d (4H, Hyom, J =
7.6 Hz), 7.39 d (2H, Haom, J = 7.6 Hz), 8.62 s (2H,
N=CH), 13.83 s (2H, OH). Found: [M]" 520.27260.
C34H36N203. Calculated: M 520.27258.

6,6’-{p-Phenylenedioxybis[(p-phenylene)imino-
methyl]}bis(2-zert-butylphenol) (VIj). Yield 94%,
mp 198-199°C. IR spectrum: v 1614 cm™' (N=C).
"HNMR spectrum (CDCL,), 8, ppm: 1.47 s (18H, #-Bu),
6.87 t (2H, Hyom, J = 7.7 Hz), 7.01-7.33 m (14H,
Harom), 7.38 d (2H, Hyrom, J = 7.7 Hz), 8.62 s (2H,
N=CH), 13.89 br.s (2H, OH). Found: [M]" 612.29940.
C40H4oN,0,. Calculated: M 612.29879.

6,6'-{Propane-2,2-diylbis[(p-phenylene)oxy-
(p-phenylene)iminomethyl]}bis(2-tert-butylphenol)
(VIK). Yield 85%, mp 83-84°C. IR spectrum:
v 1612 ecm™' (N=C). '"H NMR spectrum (CDCI;), 8,
ppm: 1.46 s (18H, #-Bu), 1.69 s (6H, Me), 6.86 t (2H,
Harom> J = 7.8 Hz), 6.93 d (4H, Hyom, J = 8.0), 7.04 d
(4H, Huom, J = 8.0), 7.19-7.29 m (10H, Huom),
7.37 d.d (2H, Hyrom, J = 8.0, 2.0 Hz), 8.61 s (2H,
N=CH), 13.89 br.s (2H, OH). Found: [M]" 730.37740.
C49H5()N204. Calculated: M 730.37703.

6,6'-[(4,4""-p-Terphenylene)bis(iminomethyl)|bis-
(2-tert-butylphenol) (VII). Yield 91%, mp 280—
281°C. IR spectrum: v 1614 cm ' (N=C). '"H NMR
spectrum (DMSO-dg), 8, ppm: 1.43 s (18H, ¢-Bu),
6.64-6.70 m (2H, Harom), 6.88-7.04 m (2H, Hurom),
7.32-7.81 m (14H, Haom), 8.25 s (2H, N=CH),
14.15 br.s (2H, OH). Found: [M]" 580.30910.
C40H4N,0O,. Calculated: M 580.30896.

6,6'-{Oxybis[(p-phenylene)iminomethyl]}bis-
(2,4-di-tert-butylphenol) (VIIi). Yield 87%, mp 215—
216°C; published data [20]: mp 210-212°C. IR spec-
trum: v 1619 cm ' (N=C). '"H NMR spectrum (CDCly),
o, ppm: 1.32 s (18H, #Bu), 1.47 s (18H, #-Bu), 7.07 d
(4H, Harom, J = 8.0 Hz), 7.21 d (2H, Hyrom, J = 2.0 Hz),
7.29 d (4H, Harom, J = 8.0 Hz), 7.44 d (2H, Harom,
J=12.0 Hz), 8.64 s (2H, N=CH), 13.67 s (2H, OH).
Found: [M]" 632.39790. C4Hs,N,O5. Calculated:
M 632.39777.

6,6'-{p-Phenylenedioxybis[(p-phenylene)imino-
methyl]}bis(2,4-di-tert-butylphenol) (VIIj). Yield
87%, mp 240-241°C. IR spectrum: v 1618 cm™'
(N=C). '"H NMR spectrum (CDCl;), 8, ppm: 1.32 s
(18H, #-Bu), 1.47 s (18H, #Bu), 7.01-7.46 m (16H,
Harom), 8.63 s (2H, N=CH), 13.68 s (2H, OH). Found,
%: C 79.61; H 7.84; N 3.87. [M]" 724. C43sHssN,O,.
Calculated, %: C 79.52; H 7.79; N 3.86. M 724.

6,6'-{Propane-2,2-diylbis[(p-phenylene)oxy-
(p-phenylene)iminomethyl]}bis(2,4-di-zert-butyl-
phenol) (VIIk). Yield 88%, mp 91-92°C. IR spec-
trum: v 1618 cm™' (N=C). "H NMR spectrum (CDCl5),
o, ppm: 1.31 s (18H, #-Bu), 1.46 s (18H, #-Bu), 1.68 s
(6H, Me), 6.93 d (4H, Hyom, J = 7.8 Hz), 7.04 d (4H,
Harom, J = 7.8), 7.18-7.28 m (10H, Hyom), 7.43 d (2H,
Harom, J = 1.8 Hz), 8.61 s (2H, N=CH), 13.63 br.s (2H,
OH) Found, %: C 8115, H 793, N 3.27. C57H(,6N204.
Calculated, %: C 81.20; H 7.89; N 3.32.

6,6'-{(4,4""-p-Terphenylene)bis(iminomethyl)}bis-
(2,4-di-tert-butylphenol) (VIIl). Yield 93%, mp 290—
291°C. IR spectrum: v 1618 cm ™' (N=C). 'H NMR
spectrum (CDCl;), o, ppm: 1.34 s (18H, #-Bu), 1.49 s
(18H, ¢-Bu), 7.25-7.29 m (6H, Hyom), 7.38 d (4H,
Harom, J = 8.0 Hz), 7.47 d (2H, Huiom, J = 2.0 Hz),
7.69-7.73 m (4H, Hyom), 8.70 s (2H, N=CH), 13.68 br.s
(2H, OH). Found: [M]" 692.43390. C,43HssN,0,. Cal-
culated: M 692.43415.

REFERENCES

1. Zhilovskii, G.S., Oleinik, L.I., Ivanchev, S.S., and Tolsti-
kov, GA., Russ. J. Org. Chem., 2009, vol. 45, p. 44.

2. Ivanchev, S.S., Usp. Khim., 2007, vol. 76, p. 769; Gib-
son, V.C., Redshaw, C., and Solan, G.A., Chem. Rev.,
2007, vol. 107, p. 1745; Brylyakov, K.P., Usp. Khim.,
2007, vol. 76, p. 280.

3. Tian, J., Hustad, P.D., and Coates, GW., J. Am. Chem.
Soc., 2001, vol. 123, p. 5134; Mitani, M., Mohri, J.,
Yoshida, Y., Saito, J., Ishii, S., Tsuru, K., Matsui, S.,
Furuyama, R., Nakano, T., Tanaka, H., Kojoh, S.,
Matsugi, T., Kashiwa, N., and Fujita, T., J. Am. Chem.
Soc., 2002, vol. 124, p. 3327; Ivanchev, S.S., Bada-
ev, VK., Ivancheva, N.I., and Khaikin, S.Ya., Dokl
Ross. Akad. Nauk, 2004, vol. 394, p. 639.

4. Matsukawa, N., Matsui, S., Mitani, M., Saito, J.,
Tsuru, K., Kashiwa, N., and Fujita, T., J. Mol. Catal. A:
Chem., 2001, vol. 169, p. 99; Killian, C.M., Tem-
pel, D.J., Johnson, L.K., and Brookhart, M., J. Am.
Chem. Soc., 1996, vol. 118, p. 11664.

5. Makio, H. and Fujita, T., Macromol. Symp., 2004,
vol. 213, p. 221; Bryliakov, K.P., Kravtsov, E.A., Pen-
nington, D.A., Lancaster, S.J., Bochmann, M., Brin-
tzinger, H.H., and Talsi, E.P., Organometallics, 2005,
vol. 24, p. 5660; Bott, R.K.J., Hammond, M.,
Horton, P.N., Lancaster, S.J., Bochmann, M., and
Scott, P., Dalton Trans., 2005, p. 3611.

6. Knight, P.D., Clarke, A.J., Kimberley, B.S., Jack-
son, R.A., and Scott, P., Chem. Commun., 2002, vol. 352;
Knight, P.D., Clarkson, G., Hammond, M.L., Kimber-
ley, B.S., and Scott, P., J. Organomet. Chem., 2005,
vol. 690, p. 5125.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 4 2009



10.

11.

12.

. Clarkson, G.J.,

DESIGN OF POSTMETALLOCENE SCHIFF BASE-LIKE CATALYTIC SYSTEMS ... XIIL.

. Brintzinger, H.H., Fischer, D., Miilhaupt, R., Rieger, B.,

and Waymouth, R.M., Angew. Chem., Int. Ed. Engl.,
1995, vol. 34, p. 1143; Bochmann, M., J. Chem. Soc.,
Dalton Trans., 1996, p. 255.

. Camacho, D.H. and Guan, Z., Macromolecules, 2005,

vol. 38, p. 2544.

Gibson, V.C., Goh, PK.Y., Ham-
mond, M.L., Knight, P.D., Scott, P., Smit, T.M.,
White, A.J.P., and Williams, D.J., Dalton Trans., 2006,
p. 5484.

Xu, S., Dai, X., Wu, T., Wang, B., Zhou, X., and
Weng, L., J. Organomet. Chem., 2002, vol. 645, p. 212;
Soga, K., Ban, H.T., and Uozumi, T., J. Mol. Catal. A:
Chem., 1998, vol. 128, p. 273.

Ishii, S., Mitani, M., Saito, J., Matsuura, S., Furu-
yama, R., and Fujita, T., Stud. Surf. Sci. Catal., 2003,
vol. 145, p. 49.

Ivancheva, N.I., Badaev, V.K., Oleinik, I.I., Ivan-
chev, S.S., and Tolstikov, G.A., Dokl. Ross. Akad. Nauk,
2000, vol. 374, p. 648; Ivanchev, S.S., Tolstikov, GA.,
Badaev, V.K., Ivancheva, N.I., Oleinik, I.I., Serush-
kin, M.L., and Oleinik, L.V., Vysokomol. Soedin., 2000,
vol. 43, p. 2053; Ivanchev, S.S., Tolstikov, GA., Bada-
ev, VK., Ivancheva, N.I., Oleinik, I.I., Khaikin, S.Ya.,
and Oleinik, I.V., Vysokomol. Soedin., 2002, vol. 44,
p.- 1478; Ivanchev, S.S., Tolstikov, G.A., Badaev, V.K.,
Oleinik, L.I., Ivancheva, N.I., Rogozin, D.G., Olei-
nik, I.V., and Myakin, S.V., Kinet. Katal., 2004, vol. 45,
p- 192; Ivanchev, S.S., Tolstikov, G.A., Gabutdi-
nov, M.S., Kudryashov, V.N., Oleinik, L.I., Ivanche-
va, N.I., Badaev, V.K., and Oleinik, I.V., Russian Patent
no. 2194056, 2001; Byull. Izobret., 2002, no. 34; Ivan-
chev, S.S., Tolstikov, GA., Kudryashov, V.N., Ivanche-
va, N.I., Oleinik, LI., Gabutdinov, M.S., Badaev, V.K.,
Oleinik, I.V., Rogozin, D.G., Tikhonov, M.V., Vakh-
breit, A.Z., Khasanshin, R.A., and Balabueva, G.Ch.,
Russian Patent no. 2202 559, 2002; Byull. Izobret.,
2003, no. 11; Ivanchev, S.S., Badaev, V.K., Ivanche-
va, N.I, Sviridova, E.V., Khaikin, S.Ya., Rogozin, D.G.,

13.

14.

15.

16.

17.

18.

19.

20.

535

and Abakunchik, A.S., VWsokomol. Soedin., 2005,
vol. 47, p. 934; Tolstikov, GA., Ivanchev, S.S., Olei-
nik, LI., Ivancheva, N.I., and Oleinik, 1.V., Dokl. Ross.
Akad. Nauk, 2005, vol. 404, p. 208; Ivancheva, N.I.,
Malinskaya, M.Yu., Ivanchev, S.S., Oleinik, I.I., Koch-
nev, Al and Tolstikov, GA., Kinet. Katal., 2007,
vol. 48, p. 887; Malinskaya, M.Yu., Ivancheva, N.L.,
Oleinik, I.I., Tolstikov, G.A., and Ivanchev, S.S.,
Zh. Prikl. Khim., 2007, vol. 80, p. 1479.

Ivanchev, S.S., Tolstikov, G.A., Oleinik, L.I., Ivanche-
va, N.I., Oleinik, I.V., Sviridova, E.V., Malin-
skaya, M.Yu., Kochnev, A.L, and Romanov, V.E.,
Russian Patent no. 2315659, 2006; Byull. Izobret.,
2008, no. 3.

Corazza, F., Solari, E., and Floriani, C., J. Chem. Soc.,
Dalton Trans., 1990, p. 1335; Woodman, P.R., Mun-
slow, 1.J., Hitchcock, P.B., and Scott, P., J. Chem. Soc.,
Dalton Trans., 1999, vol. 4069; Gagieva, S.Ch., Su-
khova, T.A., Savinov, D.V., Bravaya, N.M., Belo-
kon’, Yu.N., and Bulychev, B.M., Izv. Ross. Akad. Nauk,
Ser. Khim., 2004, p. 2652; Doyle, D.J., Gibson, V.C.,
and White, A.J.P., Dalton Trans., 2007, vol. 358;
Fujita, T., Tohi, Y., Mitani, M., Matsui, S., Saito, J.,
Nitabaru, M., Sugi, K., Makio, H., and Tsutsui, T., US
Patent no. 6875718, 2005; Chem. Abstr., 2002,
vol. 137, no. 311214b.

Oleinik, LI., Oleinik, I.V., Abdrakhmanov, 1.B., Ivan-
chev, S.S., and Tolstikov, GA., Russ. J. Gen. Chem.,
2004, vol. 74, p. 1423.

Barluenga, J., Campos, P.J., Roy, M.A., and Asensio, G,
J. Chem. Soc., Chem. Commun., 1979, p. 339.

Panova, G.V., Potapov, I.M., Turovets, .M., and Go-
lub, E.G.,, Zh. Obshch. Khim., 1981, vol. 53, p. 1612.
Chen, F.-X., Liu, X., Qin, B., Zhou, H., Feng, X., and
Zhang, G., Synthesis, 2004, p. 2266.

Krasovitskii, B.M. and Mal’tseva, N.I., Zh. Org. Khim.,
1966, vol. 2, p. 894.

Chu, Z. and Huang, W., J. Mol. Struct., 2007, vol. 837,
p. 15.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 4 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


