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Abstract

Tripropoxy-p-tert-butylcalix[4]arene and tripentoxy-p-tert-butylcalix[4]arene and their complexes with
chromium, cobalt and niobium were synthesized. New compounds were characterized by infrared and nuclear
megnatic resonance. All complexes were monometallic system. The ability of the complexes toward
polymerization of []-caprolactone was investigated by ring opening polymerization mode. One can conclude that
the complexes showed modrate activity in term of average molecular weight (M,) with narrow

polydispersity(PDI) and good yield percentage.
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1. Introduction

A large number of reported articles about metals-
based for polymerization systems by ring opening
polymerization (ROP) since the important work by
Luechs[1]. A variety of ligand systems were
employed such as Schiff bases,[2] di or tetra-
phenolates,[3] whilst the use of the other ligand
system such as calixarene-based system for the ring
opening polymerization has received little attention
specially for cyclic esters.

The use of calix[n]arenes catch more attentions in
catalytic/polymerization system owing the fact that
calix[n]arenes have advantageous features such as
separation procedures[4], biological applications[5],
ability to bind with different ionic and natural
species[6], also important feature for calix[n]arene is
application in supramolecular as (nanotubes[7],
capsules[8]. More attention is given during the past

few decades to calix[n]arene derivatives and their
complexes, many examples of such compounds with
first group[9], second group[10, 11] and transition
metals (block d)[12, 13]. Up to the present time,
several calixarenes complexes that possess metals
were reported. Few examples of them described as
catalysts for ring opening polymerization of cyclic
esters[14, 15].

The present work aim to describe the use of p-tert-
calix[4]arene derivitve ligand for the synthesis of a
new Chromium(IIl), Cobalt(I) and Niobium(V)
complexes and investigate their ability as catalysts
for ring opening polymerization of g-caprolactone.

2. Experimental

2.1 General

By employing Schlenk techniques all experiments
were carried out under inert gas. 'HNMR data were
recorded at 300 MHz in a (Bruker) spectrometer, in

*Corresponding author e-mail: yfalkhafaji@gmail.com

Receive Date: 24 May 2020, Revise Date: 18 June 2020, Accept Date: 05 July 2020

DOI: 10.21608/EJCHEM.2020.30944.2660

©2020 National Information and Documentation Center (NIDOC)



4912 A.lsmail; and Y.A. AL-KHAFAJI

Abu Ali centre lab-lIran. Melting points were
recorded an a SMP30, Strut England. IR spectra is
carried out via FTIR-8400S SHIMADZU
spectrometer, department of chemistry the university
of Babylon.

2.2. Synthesis of 25, 26, 27-tripropoxy- 28-hydroxy
p-tert-butyl-calix[4]arene  (L'Hi) and their
complexes.

2.2.1. Synthesis of 25, 26, 27-tripropoxy- 28-hydroxy
p-tert-butyl-calix[4]arene L'H; By flowing Shinkai
procedure[16].

2.2.2.  Synthesis  of

Pr)g}Cr(N03)2 (1)

{p-t-Bu-calix[4]-  (O-

L'H; (0.5 g, 0.64 mmol) was dissolved in toluene (20
mL). Cr(NOs)s (0.16 g, 0.64 mmol) was added and
the mixture was heated under refluxed for 3h. Then
the volatiles were dried in vacuo and recrystalyzed by
acetonitrile, fellow by drying in vacuo to form green.
(0.41 g, 67 %). M.p(230 °C). IR: 3171m, 2958m,
1707m, 1604w, 1481m, 1457s, 1375w, 1363m,
1290m, 1255m, 1201s, 1033w, 869s, 810s, 783s,
721m, 675m, 592m, 460w, 430w. *HNMR (CDCl; at
room temperature): & 0.82(s, C(CHs)s,18H), 0.93(t,-
CH2CH,CHs, 6H),1.01(s, C(CH3)3,9H), 1.07 (t,-
CH>CH,CHj, 3H), 1.26(5, C(CH3)3, 9H), 1.83-
1.91(m, CH2CH,CHjs, 4H), 1.97-2.05 (m, CH,CH,-
CHs, 2H), 3.18(d, ArCH.Ar, 2H) 3.25(d, ArCH-Ar,
2H), 3.29 (d, ArCH.Ar, 2H), 3.84 (d, ArCH,Ar, 2 H),
3.78(t, OCHg, 4H), 3.93 (t, OCH>, 2H), 6.49(d, Ar-H,
2H), 6.87(s, Ar-H, 2H), 7.04(d, Ar-H, 2H) and 7.12
(s, Ar-H, 2H).

2.2.3. Synthesis of {p-t-Bu-calix[4]- (O-Pr)3:}CoCl
(2)

As for (1) but using CoCl, (0.10 g, 0.64 mmol)
purple powder formed( 0.33g, 55%). M.p(290 °C).
IR: 3147 w, 2958 s, 2868. m, 2360 m, 1651 w,
1600 w 1537 w, 1483 s, 1464 m, 1365s, 1294 m,
1247 w, 1201 s, 1114 w, 873 m, 725 m, 461 w,
430 w. 'HNMR (CDCl; at room temperature): &
0.81(s, C(CHs)3,18H), 0.94(t,-CH,CH,CH3;, 6H),
1.00(s, C(CHas)s3,9H), 1.07 (t,-CH2.CH,CH3;,3H),
1.26(s,C(CHa)s, 9H),1.84-1.91(m,CH>CH,-CHj,
4H),1.98-2.08(m,CH,CH>-CHs, 2H),3.17(d,
ArCHRAr, 2H), 3.19(d, ArCH.Ar, 2H), 3.24(d,
ArCH-Ar, 2H) 3.78 (d, ArCH.Ar, 2H), 3.75(t, OCH,
4H), 3.83(t, OCHy, 2H), 6.51(d, Ar-H, 2H), 6.86(s,
Ar-H, 2H), 7.03(d, Ar-H, 2H), 7.14 (s, Ar-H, 2H).
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2.2.4. Synthesis of {p-t-Bu-calix[4]- (O-Pr)3}NbCl4
3

As for (1) but using NbCls (0.10 g, 0.64 mmol) red
powder formed ( 0.30g, 46 %). M.p(310 °C) IR: 3149
s, 3059 w, 3028 w, 2958 s, 2906 w, 2868 w,
2335 m, 1606 m, 1481s, 1386 s, 1303 m, 1201
s, 869 s, 817 s, 783 s, 704 m, 596 w, 524 w,
434 w. 'HNMR (CDCl; at room temperature): &
0.82(s, C(CHs)3,18H), 0.95 (t,-CH,CH,CHs, 6H),
1.00(s, C(CHs)3,9H), 1.32(s, C(CHs)s, 9H),1.11 (t.-
CH,CH,CH3,3H),1.79-1.85(m, CH,CH2-CH3s,
4H),1.97-2.08 (m, CH:CH>-CHs, 2H), 3.14(d,
ArCHyAr, 2H), 3.20(d, ArCHAr, 2H), 3.29 (d,
ArCHyAr, 2H), 3.96 (d, ArCH.Ar, 2H), 3.75 (t,
OCH,, 4H), 3.83(t, OCH,, 2H), 6.52(d, Ar-H, 2H),
6.85(s, Ar-H, 2H), 7.06(d, Ar-H, 2H), 7.15 (s, Ar-H,
2H).

2.3. Synthesis of 25, 26, 27-tripentoxy- 28-hydroxy
p-tert-butylcalix[4]arene  (L?’Hi) and their
complexes.

2.3.1. Synthesis of 25, 26, 27-tripentoxy- 28-hydroxy
p-tert-butylcalix[4]arene L?H;

In a 250 ml round-bottomed flask were placed (1.30
g, 2.00 mmol) of p-tert-butylcalix[4]arene and
(2.21g, 7.00 mmol) of Ba(OH),.8H,0 in DMF (35
mL). This mixture stirred at room temperature for
half hour under nitrogen atmosphere. Then (11.88 g,
60 mmol) of 1-lodo-pentane was added dropwise and
the mixture will be further strired at room
temperature for 4 hours. Then the suspension was
extracted with (100 mL) CH,Cl, and washed with
water (2*50 mL ). The organic layer will be dried
with anhydrous Na,SOs and evaporated by rotary
evaporator to afford a white solid. The product will
be purified by recrystallization (methanol/CHCl,)
10:3 v/v. White powder formed( 0.72 g, 62 %).
M.p(210-212) °C). IR: 3398 m, 2958 s, 2704 s, 2474
w, 1479 w, 1383 s, 985 m, 825 m, 520 w. 'HNMR
(CDCI; at room temperature): &  0.82(s,
C(CHg3)3,18H), 0.92 (t,-CH.CH,CH,CHs, 6H),
0.95(m, -CH,CH,CH,CH,CHs;, 12H), 1.32(s,
C(CHs);, 9H),1.55(s, C(CHas)s, 9H), 142 (t-
CH>CH>CH2CH,CHj, 6H),1.82-1.98(m,-
CH,CH2CH2CH2CH3,4H)+(t,-
CH,CH,CH,CH,CH3,3H),2.26-2.32(m,
CH2CH2CH,CH2CH3, 2H), 3.15(d, ArCH:Ar, 2H),
3.22(d, ArCH:Ar, 2H), 3.23(d, ArCH:Ar, 2H),
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4.38(d, ArCH,Ar, 2H) , 3.79 (t, OCH,, 4H), 3.90 (t,
OCH,, 2H), 5.73 (s, Ar-OH,1H), 6.51(d, Ar-H, 2H),
7.07(s, Ar-H, 2H), 7.12(d, Ar-H, 2H), 7.25 (s, Ar-H,
2H).

2.3.2 Synthesis of
Pen)3}Cr(NOs): (4)

{p-t-Bu-calix[4]-  (O-

L2H: (0.5 g, 0.61 mmol) was dissolved in toluene (20
mL). Cr(NOs)3 (0.14 g, 0.61 mmol) was added and
the mixture was heated under refluxed for 2h. Then
the solution was dried and recrystalyzed by
acetonitrile, fellow by drying in vacuo to form dark
green. (0.42 g, 70 %). M.p(250 °C). IR: 3109 w,
2958 s, 2866 w, 1726 s, 1700 w, 1680 w, 1483 s,
1405 w, 1310 w, 1290 s, 1203 s, 1185 w, 1130 m,
1037 m, 873 m, 804 m, 723 w, 520 w, 466 m, 440
w. 'HNMR (CDCl; at room temperature): & 0.81(s,
C(CH3)3,18H), 0.96(m, -CHzCHzCHzCHzCH3,
12H),1.33(s, C(CHa3)3,9H), 1.42(t,-
CH,CH,CH,CH,CHgs, 6H), 1.58(s, C(CHz3)3,9H),1.77-
1.97(m,-CH2CH2CH>CH2CHs, 4H) + (t-
CH2CH,CHs, 3H), 2.21-2.35(m,-
CH2CH,CH,CH,CHs, 2H), 3.12(d, ArCH,Ar, 2H),
3.20(d, ArCH2Ar, 2H), 3.29(d, ArCHAr, 2H), 4.35
(d, ArCHAr, 2H), 3.78 (t, OCH,, 4H), 3.91 (t, OCHj,
2H), 6.52(d, Ar-H, 2H), 7.01(s, Ar-H, 2H), 7.12(d,
Ar-H, 2H), 7.25 (s, Ar-H, 2H).

2.3.3. Synthesis of {p-t-Bu-calix[4]- (O-Pen)3}CoCl
)

As for 4 but using CoCl, (0.10 g, 0.61 mmol) pink
powder formed( 0.28, 48 %), m.p(230 °C). IR: 3163
m, 2958 s, 2929 w, 2866 m, 1724 m, 1606 w,
1483 s, 1462 w, 1394 m, 1363 m, 1292 m, 1249
w, 1201's, 1116 w, 1035 m, 873 m, 800 m, 526 w,
464 m, 437 w. 'HNMR (CDCl; at room temperature):
) 0.82(s, C(CHs3)3,18H), 0.98(m, -
CH.CH,CH,CH,CH3, 12H), 1.31(s, C(CHz)s3,9H),
140 (t- CH2CH.CH.CH:CHs, 6H), 1.57(s,
C(CHs)3,9H), 1.80-1.98 (m,-CH>CH,CH>CH,CHs,
4H)+  (t,-CH.CH,CHs, 3H), 2.16-2.32 (m,-
CH.CH,CH,CH,CHj3, 2H), 3.11(d, ArCH,Ar, 2H),
3.14(d, ArCH2Ar, 2H), 3.22(d, ArCHAr, 2H), 4.32
(d, ArCHAr, 2H), 3.73(t, OCH, 4H), 3.85 (t, OCH,,
2H), 6.50(d, Ar-H, 2H), 6.98(s, Ar-H, 2H), 7.12(d,
Ar-H, 2H), 7.24 (s, Ar-H, 2H).
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2.3.4. Synthesis of
Pen)s}NbCl4 (6)

{p-t-Bu-calix[4]- (O-

As for 4 but using NbCls (0.16 g, 0.61 mmol) red
powder formed( 0.50g, 78 %) m.p(250 °C). IR:
3086w, 3049 m, 3020 w, 2960 s, 2933 m, 2862 w,
1724 s, 1650 w, 1606 m, 1485s, 1456 w, 1380 m,
1288 s, 1267 m, 1203 s, 1201 s, 1090 m, 1072 m,
877 m, 806 m, 727w, 659 w, 450 m, 420 w. 'HNMR
(CDCl; at room temperature): &  0.82(s,
C(CHgs)3,18H), 0.96(m, -CH,CH,CH,;CH,CHs;, 12H)
1.32(s, C(CH3)3,9H), 1.43 (t,- CH,CH,CH,CH2CHj,
6H), 1.56(s, C(CHs)3,9H),1.81-2.01 (m,-
CH,CH,CH,CH,CH3, 4H)+ (t,-CH,CH,CH3, 3H)
2.22-2.36 (m,-CH>CH,CH.CH.CHs3, 2H), 3.14(d,
ArCHAr, 2H), 3.19(d, ArCH.Ar, 2H), 3.21(d,
ArCHyAr, 2H), 4.35 (d, ArCHzAr, 2H), 3.73(t,
OCHg, 4H),3.85 (t, OCH>, 2H), 5.66 (s, Ar-OH,1 H),
6.51(d, Ar-H, 2H), 7.07(s, Ar-H, 2H), 7.12 (d, Ar-H,
2H), 7.25 (s, Ar-H, 2H).

2.4. Polymerization procedure[17]

Polymerization procedures was carried out as. In 5
mL of toluene in a Schlenk tube at 110 °C under inert
gas a mixture of [-caprolactone (42 mmol), catalysts
(0.21 mmol) and benzyl alcohol ( 0.21 mmol) were
added. At the required temperature the Schlenk tube
was then placed into an oil bath, then was stirred for
one hour. Then the solution was quenched by adding
of (0.2 mL) of glacial acetic acid follow by pouring
the solution into (200 mL) of methanol. White
polymer was formed then collected on filter paper
and was dried.

2. Results and discussion

The compound L2H; was prepared according to the
modified reported approach[16]. It was prepared in
good vyield percent (62%) by treatment of p-tert-
butylcalix [4]arene with a (30 times equivalent) of n-
pentyliodide in THF. In term of stoichiometry the
ligand L2H; was prepared by the loss of one (HI)
molecules through the reaction. The HNMR signals
are coherent with the structure for L*Hi(Figure 1
sup.), singlet at 5.73 ppm revealed hydroxyl group
proton. Also, signals at 0.82, 1.32 and 1.55 belong to
tert-butyl. In addition to signals at 0.96 and 1.39
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assigned by methyl group in the pentyl- moiety (Fig.
1 and 2 supplementary).

2.1. Tripropoxy and their complexes

The new chromium (III) tripropoxy-p-tert-
butylcalix[4]arene  complex{p-t-butyl-calix[4]-(O-
Pr)s}Cr(NQOs), (1)} can be isolated as green
precipitate(Scheme 1) by the reaction of Cr(NO3)3(1)
with tripropoxy-p-tert-butylcalix[4] in toluene at
reflux (1:1 ratio). The infra-red spectrum of (1)
reviled v(NOs) for the bidentate coordinated nitrate

Propoxy

Ry Pr:|_1H1

I ]
OH OR;QR;RiO

CriNGy)s CoCl,

Scheme 1: Ligands and complexes used in this study

The  mono-nuclear  cobalt  tripropoxy-p-tert-
butylcalix[4]arene and niobium tripropoxy-p-tert-
butylcalix[4]arene were synthesised via the
reaction of the tripropoxy-p-tert-butylcalix[4]arene
ligand, L'H; in a 1:1 ratio with CoCl, and NbCls
respectively at reflux toluene (Scheme 1). Each
solution was heated at reflux for 3 hour, after work
up the resulting solid was identified by IR and
'HNMR(see experimental section and Fig. 5-8
sup.). By analysing of *HNMR we have observed
that the hydroxyl groups signal in the apparent
ligands (L'H: and L2H;) at around 5 ppm was
disappear while the singlet belong to R-OAr (about
3.7 t0 3.9) in both ligands were little shifted.

R,: Pen=L2H,

Rzé%zf/o
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group at 1707 cm™ and 1730 cm separated by 25
cm?[18] and the band at 3500 appeared at the
apparent tri-propoxy- p-t-Bu -calix[4]are [16] was
disappeared in the complex(Fig. 3 sup.). Complex (1)
was also identified by 'HNMR, peak at 5.51 ppm in
the L'Hiwas gone in the complex(1), chemical shifts
of the peaks of the methylene group close to the
oxygen atom (O-CH,;) in the L'H; are shifted
downfield from(2.08-2.23 and 2.26-2.36) ppm to
(1.83-1.91 and 1.97-2.05) ppm which attributed to
coordinate the oxygen atoms close to the methylene
group with the

metal(Fig.4sup.).

Cr(NO3); CoCl,

(I10)
/

Cr(NO,),

2.2. Tripentoxy and their complexes

Treatment of tripentoxy-p-tert-butylcalix[4]arene
with Cr(NOs)s in toluene with reflux yields a
complex (4) in which the chromium attached with
two NOjs group and both bidentate mode according
to the IR spectrum which revealed bands at 1703
cmtand 1726 cm™* separated by 23 cm™[18], and
there is a coordinate bond with adjacent oxygens
of (OCH,) moieties because there is shift in NMR
peaks in this area (figure 9 and 10 sup.). L*H; in a
1:1 ratio with CoCl, and NbCls respectively in
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refluxed toluene (Scheme 1), after work up the
resulting solid was identified by IR and *HNMR(see
experimental section). tHNMR spectra of 4 and 6 in
chloroform-d indicated disappear of hydroxyl group
signals in the aromatic ring in the tripentoxy p-tert-
calix[4]arene, also other signals were shifted due to
coordination between ligand with metals. The
evidence enough to say there is a coordinate bond
between Co and Nb because there a little shift in
signal in the tHNMR (Fig. 11-14 sup.)

3. The use of prepared complexes as catalysis of
ring opening polymerisation (ROP) of ¢-
caprolactone

The Cr, Co and Nb complexes L'Hi(1-3) and Cr,
Co and Nb complexes (4-6) have been tested for
their capability to ROP of ¢-caprolactone (Table 1).
Ring opening polymerization of &-CL: experiments
were run in the presence of benzyl alcohol (BnOH).
On increasing the average molecular weight from
tripropoxy-p-tert-butylcalix[4]arene complexes to
tripentoxy-p-tert-butylcalix[4]arene complexes this
may attributed to the increasing in size of alkyl
group lead to intense the positive charge on metals
atoms in the complexes, these lead to intense the
negative charge on alkyl groups which responsible
of the nucleophilic attack on the monomer[19].
Comparing cobalt complex 1 and 4 have higher
molecular weight (M,) as compared with chromium
and niobium complexes (2, 3, 5 and 6) complexes in
both systems due to cobalt has highest
electronegativity (1.8 Co, 1.6 Cr and 1.6 Nb), the
increasing in the negativity of metals of the
catalysts containing cobalt is beneficial in terms of
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