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A New Initiator Cholesteryl Chloroformate for Cupper-Based
Atom Transfer Radical Polymerization of Methyl Methacrylate
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The polymerization of metyl methacrylate (MMA) was studied in detail by use of CuCl/L as a catalyst and cho-
lesteryl chloroformate (CC) as an initiator. It was found that the atom transfer radical polymerization of MMA
could proceed when L equals to a multidentate aiphatic amine ligand, N,N,N',N",N”-penta(methyl acry-
late)diethylenetriamine (MAs-DETA), and no polymerization was occurred while L=2,2"-bipyridine and 1,10-
phenanthroline. The linear proportionality of the molecular weights to the conversions and straight lines observed in
IN[M]o/[M] versus time plots indicated that the present polymerization system had the typical controlled polymeri-

zation characteristics.
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Introduction

The atom transfer radical polymerization (ATRP) is
the most effective method not only for getting a poly-
mer with well-controlled molecular weights and narrow
molecular weight distribution, but also for synthesis of a
functionalized polymer with well-controlled architecture
and molecular weights.* Therefore, the study on ATRP
has received much attention in recent years.? ATRP has
been successfully applied to the synthesis of well-
defined gradient, comb, star and dendritic macro-
moleculars® by the metal catalyst. Thus, the choice of an
initiator is essential for getting a fast polymerization rate
and good controllability of the system. Especially, when
the initiator with a functionalized group was used, an
a-end functionalized polymer with a predicted molecu-
lar weight could be formed.* Low polydispersive poly-
styrenes with pyrene (Py-PS) or naphthalene (Na-PS) at
one end of the chain, were synthesized by ATRP.

As a result, the study on searching a new suitable
initiator is always one of the important topics in ATRP
field. Until now, a variety of initiators have been ex-

plored and most of them can be divided into two classes:

one is akyl halides containing an activated C—X bond
and the other is sulfonyl halides bearing an active S—X
bond.® Recently, N-chlorosulfonamides,” a-chloroacetyl
polystyrene macroinitiator and 5-norborn-2-enylmethyl
chloroacetate were reported to be the initiators for the
ATRP of acrylate® and/or styrene and methyl methacry-
|ate” respectively.

The cholesteryl chloroformate contains a chlorofor-

myl group in its molecule, which might be decomposed
into an active radical species by metal complex, and
cholesterol itself has liquid crystal character. These fea-
tures of cholesteryl chloroformate induced us to try to
useit asaninitiator in the ATRP of methyl methacrylate
to see whether the addition of cholesteryl group to the
end of the polymer will give the polymer with liquid
crystal character. The preliminary results show that
cholesteryl chloroformate together with cuprous chlo-
ride and MAs-DETA can catalyze the ATRP of metyl
methacrylate, giving a polymer with narrow polydisper-
sity. In this report we would like to present the results.

Experimental

Materials

Cholesteryl chloroformate (99.5%, white powder)
was commercialy available and used without further
purification.

Cl )

Cuprous chloride was prepared by cupric chloride
and sodium sulfite according to the published method.™
2,2-Bipyridine and 1,10-phenanthroline were commer-
cialy available and used as received. Metyl methacry-
late (MMA) was vacuum distilled after being dried by
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anhydride magnesium sulfate before polymerization.
N,N,N’,N”,N"-penta(methyl acrylate) diethylenetriamine
(MAs-DETA) was synthesized in our lab by a dightly
modified method of Johnson.™*

Polymerization

A typical polymerization procedure was as follows.
The CuCl cholesteryl chloroformate (CC), MA5-DETA,
MMA were added into a Schlenk tube in turn. The tube
was sealed and degassed by three freeze-pump-thaw
cycles and finally immersed in an oil bath and heated at
the desired temperature under stirring. After a certain
time, the tube was opened and diluted with dichloro-
methane. The solution was precipitated into methanol
and the resultant polymer was filtrated and dried in
vacuum.

M easur ements

The monomer conversion was determined gravimet-
rically. Molecular weight and molecular weight distri-
bution were measured by a Waters 1515 /GPC apparatus,
using THF as eluent and calibrated with polystyrene as
standard. *H NMR was recorded on an INOVA 400
MHz NMR spectrometer using CDCl; as solvent.

Results and discussion

Effect of ligand on the polymerization

Because CICOO group in CC is labile, CACE is
expected to be able to initiate copper mediated ATRP of
MMA. In view of fact that the two complexes of
CuX-2,2-bipyridine and CuX-1,10-phenanthroline are
well known the good catalyst for most of the ATRP
systems with a variety of initiators,>** thus the bulk
polymerization of MMA was first conducted by use of
CuCl-2,2-bipyridine and CuCl-1,10-phenanthroline as
the catalyst respectively and CC as the initiator. It was
surprising that no polymerization was occurred for both
systems under the wide range of reaction conditions.
Considering the fact that the ligand around the metal has
a great effect on the catalytic activity and the tridentate
amine is a better ligand than bidentate one in most cases,
we tried again with MAs-DETA as the ligand, which
was found to be a suitable ligand in iron-based ATRP of
styrene and/or MMA in our laboratory.™ Indeed, the
bulk polymerization took place and the process was
controlled (see later section). This result demonstrated
obvioudly that the suitable combination of the metal
complex and an initiator was essential for getting an
active ATRP system.

ATRP of MMA catalyzed by CuCI/MAs-DETA/
CACE in bulk

In order to get more information about the present
catalytic system, the polymerization was first studied at
different temperature. The results are listed in Table 1.
As can be seen from Table 1, the reaction temperature
has great effect on the polymerization rate and the
polydispersity of the resulting polymer, which both in-
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crease with increasing temperature. The polymer with
the narrowest molecular weight distribution was ob-
tained at 90 C.

Table1l Bulk polymerization of MMA initiated by CuCl/MAs-
DETA/CC

No. T/IC Conv./% M ero) M/M,,
1 120 47 125400 2.23
2 115 43 107400 1.96
3 110 38 97800 175
4 105 28 92600 1.86
5 100 21 67500 1.68
6 95 14 51400 147
7 90 5.0 13900 115
8 85 1.0 6500 134
9 80 — — —

Reaction conditions: time, 1.5 h; CC . CuCl : MAs-DETA
MMA=1:15": 3: 200 (moler ratio).

The ratio of [M]o/[l]o had effects not only on the po-
lymerization rate but aso on the initiation efficiency.
The polymerization rate increased with the decrease of
[M]o/[1]o. The monomer conversion reached to 68% in
1.5 h at alower [M]o/[l]o ratio (50/1), while the conver-
sion decreased to 28%, when the ratio of [M]d/[l]o was
increased to 400. The initiation efficiency increases with
the increase of [M]o/[I]o, even the initiation efficiency
for the present catalyst system was low (Table 2). The
polymerizations of MMA in the range of [M]d/[l]o=
50—700 al afforded the polymers with narrow mo-
lecular weight distributions (M,,/M,=1.22—1.51) under
the conditions of CuCl/MAs-DETA/CACE = 1.5/3/1
(molar ratio) and at 90 C (Table 2).

Table 2 Effect of [M]o/[l]o on the ATRP of MMA initiated by
CuCl/MAs-DETA/CC

No. [M]y/[llo Conv./% Mn @) Mn oy M/M,
1 700 27 19270 114200 1.33
2 600 13 8200 45500 1.15
3 500 18 9400 57600 1.25
4 400 28 11600 95600 1.35
5 300 21 6700 61100 121
6 200 24 5200 56800 1.42
7 150 55 8700 226600 164
8 100 68 7200 216400 184
9 80 31 2900 82000 155

10 50 68 3800 104900 150

Reaction conditions: CC 1 mmol, CuCl 1.5 mmol, MAs-DETA 3
mmol, T=90 °C. The theoretical molecular weight in Table 2 are
calculated using the following equations: M nmy =[M]o/[1]oX
Conv.% X Myua +M,. The efficiency of initiation was deter-
mined by rate of the measured molecular weights and the theo-
retical values: f:Mn(th)/Mn(GPC)-



1438 Chin. J. Chem., 2004, Vol. 22, No. 12

Polymerization kinetics and mechanism

In order to better understand the process, the bulk
polymerization kinetic of MMA was measured. The
results are shown in Figure 1, and the relationship be-
tween molecular weights and molecular weight distribu-
tions and conversion are illustrated in Figure 2. The
straight semilogarithmic plot of In[M]/[M] versus time
was obtained. The linear relationship demonstrated that
the polymerization was first-order with respect to
monomer consumption and the concentration of grow-
ing radicals kept constant in the system. Figure 2
showed that the molecular weight of the polymer in-
creased with the increase of monomer conversion line-
arly and the molecular weight distributions kept narrow
and amost unchanged. These results indicated that the
polymerization system was controlled one.
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Figurel Plotsof conversion and In[M]y/[M] versustime.
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Figure 2 Dependence of molecular weight and polydispersity
on conversion.

To confirm further its living nature, the block co-
polymerization of PMMA-St was performed by use of
the macroinitiator of PMMA (M, (gpc)=54271, PDI =
1.18) obtained by the system CACE/CuCl/MAs-DETA/
MMA in the ratio of 1 :1.5: 3 : 200. The block co-
polymer of PMMA-St (Mp gpc)=264587, PDI=1.76)
was obtained by the system PMMA/CuUCI/MAs-DETA/
Stintheratioof 1 : 1.5 3 : 800.

The GPC curves for the macroinitiator and the co-
polymer are shown in Figure 3.
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Figure3 GPC curves of the macroinitiator and the copolymer.

In order to give a supporting datum for the ATRP
mechanism, the analysis of the end-group of the poly-
mer was determined by 'H NMR. The sample to be
measured was prepared by solution polymerization in
anisol under the conditions of CACE/CuCl/MAs-
DETA/MMA=1/1.5/3/200 (molar ratio) at 90 C. Fig-
ure 4 shows the *H NMR of the resulting polymer.

The peaks 6 5.39 and 6 0.67 are associated respec-
tively with the protons h and f in CC and those within ¢
1—2 with other corresponding protons of CC. The peak
at ¢ 1.87 should belong to the methyl group d, which
located at the other end of the polymer. The shift of the
peak ¢ 1.87 to the lower field 6 2.03 and 3.74 was
caused by the electron-drawing effect of the chlorine
atom.

As discussed above, it would be concluded that
CACE is a new initiator, which can redly initiate the
ATRP of MMA catalyzed by CuCl-MAs-DETA. How-
ever, the initiation efficiency, according to the rate of
the measured molecular weight by GPC and the theo-
retical one, is low, especially in the case of [M]/[I]o=
50. The low initiation efficiency leads to the formation
of a high molecular weight PMMA and high viscosity
of the polymerization system, which may be the reason
for that the polydispersity for the polymers obtained at
[M]o/[110=50 and 100 is the highest (Table 2 Entries 6
and 7). The low initiation efficiency of CC may be as-
cribed to the high cleavage energy of the CI—C bond of
CICOO group.

The mechanism of the ATRP of MMA with CC as
an initiator can be supposed as follows:

0
R-0-C—Cl + CUCIMAs-DATE

Re + CuCly/MAs-DATE + CO,

R—C| + CuCl/MAs;-DATE —— R- + CuCly/MAs-DATE
(W)

Il
R-0-C—-Cl =
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Figure4 H NMR spectrum of PMMA initiated by CC.

Conclusion

This paper demonstrated a new initiator CC for
CuCl-based ATRP of MMA. Several parameters in-
cluding the kind of the ligand, the polymerization tem-
perature, the molar ratio of the catalyst to monomer,
have great effect on the polymerization behavior. The
living/controlled polymerization of MMA with the
catalyst system CuCl/MAs-DETA/CC was successfully
performed in bulk at 90 °C. The polymerization mecha-
nism was proposed.

References

1 Coessens, V.; Pintauer, T.; Matyjaszewski, K. Prog. Polym.
Sci. 2001, 26, 349.

2 Matyjaszewski, K.; Xia, J. Chem. Rev. 2001, 101, 2921.

3 Zhao, Y .-L.; Chuan, F.-C,; Fu, X. Chin. Chem. Lett. 2002, 3,
217.

4 Wang, J-S.; Matyjsszewski, K. Mocromolecules 1995, 28,

10

11

12
13

14

7901.

Tang, T.-J; Ye, Y.; LI, Z-C,; Du, F.-S; Zhang, X.; LI,
F.-M. Acta Chim. Sinica 2002, 60, 931 (in Chinese).

Percec, V.; Barboiu, B. Mocromolecules 1995, 28, 7970.
Senkal, B. F.; Hizal, G.; Bicak, N. J. Polym. i, Part A:
Polym. Chem. 2001, 39, 2691.

Liu, B.; Liu, F.; Luo, N.; Ying, S--K.; Liu, Q. Chem. J. Chin.
Univ. 2000, 3, 484 (in Chinese).

Li, Y.-S.; Li, H.; He, B.-L. Acta Chim. Snica 2002, 60,
1485 (in Chinese).

Whitesides, G. M.; Sadowski, J. S. J. Am. Chem. Soc. 1974,
96, 2829.

Chu, J.; Chen, J.; Zhang, K. D. J. Polym. ci., Part A: Po-
lym. Chem. 2004, 42, 1963.

Johnson, M. R. J. Org. Chem. 1986, 51, 833.

Wang, J. S.; Matyjsszewski, K. J. Am. Chem. Soc. 1995,
117, 5614.

Cheng, G. L.; Hu, C. P; Ying, S. K. Macromol. Rapid
Commun. 1999, 20, 303.

(E0402091 PAN, B.F)



