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Abstract

The metal-free phthalocyanine and metallophthalocyanine complexes of Cu, Co, Ni, Fe, Zn, Pd, Pt and Ru are easily prepared upon exposure
to microwave irradiation and reaction times are reduced from several hours to a few minutes.
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1. Introduction

Phthalocyanines (Pcs) constitute a remarkably versatile
class of compounds with diverse technological applications
[1—5]. The metallophthalocyanines (MPcs) are usually pre-
pared by cyclotetramerization of phthalonitrile (PN) or
phthalic acid analogues such as phthalimide (PI), phthalic
anhydride (PA) and phthaloacetic acid (PAA) at high temper-
ature (about 200 °C) and reaction times of several hours
(10—24 h) are needed [6—10]. The PN process is generally
a cleaner reaction, a phenomenon that is understandable in
view of the fact that the PN molecules provide the parent
structure of the phthalocyanine ring. The phthalic acid ana-
logue methods are favored in industry due to the cheaper
precursor, but requires source of nitrogen such as urea or am-
monium chloride as a co-reagent. All of the reactions are
helped by the template effect afforded by a suitable metal ion.

In such conventional synthesis of metallophthalocyanines,
which need longer reaction times and high temperature, yield
is often low and a mixture of products is often generated. In
addition, the pure metallophthalocyanines may be difficult to
obtain under these hard conditions. Furthermore, in the
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synthesis of the most of the MPcs from phthalic anhydride,
ammonium molybdate is used as a catalyst and usually prod-
ucts may be contaminated with MoPc.

Very recently, “Toru” has reported [11] a convenient route
for the synthesis of metal-free phthalocyanine (H,Pc) from
phthalonitrile and metallophthalocyanines from phthalonitrile,
phthalimide and phthalic anhydride using hexamethyldisilazane
(HMDS). In spite of the potential utility of this approach, reac-
tion times necessary for these reactions are very long at relatively
high temperature. For example, the reaction times are 10—24 h
at 100—150 °C when metal-free phthalocyanine is synthesized
from phthalonitrile, in the case of metallophthalocyanines
from phthalimide or phthalic anhydride 10—48 h at 150 °C
and 10—12 h at 100—125 °C in the case of phthalonitrile.

Therefore, one of the main purposes for the synthesis of
metal-free and metallophthalocyanines has been to decrease
the reaction times as well as the temperature.

Microwave-promoted organic reactions are well known as
environmentally benign methods that can accelerate a great
number of chemical processes. In particular, the reaction
time and energy input are supposed to be mostly reduced in
the reactions that are run for a long time at high temperatures
under conventional conditions [12].

In continuation of our study to develop a fast and effective
procedure for the synthesis of metallophthalocyanines [13], we
herein wish to study the possibility of synthesis of metal-free
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Scheme 1.

phthalocyanine and metallophthalocyanines from phthaloni-
trile, phthalimide and phthalic anhydride upon treatment
with hexamethyldisilazane using microwave irradiation
(Scheme 1).

2. Results and discussion
2.1. Metal-free phthalocyanine

Metal-free phthalocyanines are an important class of phtha-
locyanines, which are usually prepared from phthalonitriles in
the presence of basic catalyst [14], CeCl; [15], Na,S [16] and
HMDS [11a] at high temperature and very long reaction times.
As indicated in Scheme 2, application of microwave technol-
ogy to this reaction decreased the time required to obtain good
yields by a factor of about 240. For example, the time required
for the conversion of phthalonitrile to metal-free phthalocya-
nine (72%), at 140—160 °C after 1440 min is reduced to
5—6 min when microwave irradiation is used.

Optimization of reaction conditions, the yields and neces-
sary times for the syntheses of H,Pc were indicated in Table 1.
It was found that the molar ratio of the reactants influenced
the conversion as well as yields, and the best results were
obtained when 1:2:0.1:1 mole ratio of phthalonitrile, HMDS,
(NH4),SO,4 and DMF, respectively, were used.

It is important to note that in the absence of each of the
reagents, the reaction is completely stopped (Table 1, experi-
ments 2, 4 and 7).

We also repeated the experiments in the presence of
Na,S-xH,O under MW irradiation and classical heating condi-
tions. As can be seen from Scheme 3, phthalonitrile is effi-
ciently converted into the H,Pc in relatively high yields
using MW irradiation, however, attempt for the synthesis of

CN

Of + HMDS + (NH,),S0, —PMF_
CN

H,Pc under classical heating conditions at 160—170 °C after
180 min is not so successful.

As indicated in Table 2, the optimized amount of reagents
is 4:0.3:6.0 mole ratio of phthalonitrile, Na,S-xH,O and 1,2-
propylene glycol (PG), respectively. Thus, the reaction is not
carried out in the absence of Na,S:-xH,O or PG. (Entries
1 and 2 in Table 2.)

2.2. Metallophthalocyanines

The reaction conditions were optimized with CuCl or/and
with various raw materials such as PN, PA and PI. We found
that the molar ratio of 1:4:4:1:0.41 of CuCl:phthalonitri-
le:HMDS:DMF:p-TsOH - H,O obtained the best results.

In a typical experiment, the reaction was carried out by the
mixing of PN, PA or PI with HMDS, MX,,, p-TsOH and DMF
in a glass tube and the reaction mixture was stirred at room
temperature for 20 min under a nitrogen atmosphere. Then,
the tube was sealed and the mixture was irradiated for
10—15 min in the microwave oven.

To explore the scope and limitations of this reaction further,
we extended the procedure to various raw materials and to dif-
ferent metal salts such as Cu(OAc),-H,O, CuCl,-2H,0,
CoCl,, NiCl,, FeCl,-4H,0, ZnCl,, PdCl,, PtCl, and RuCls.

As can be seen from Table 3, the different starting materials
such as PN, PA and PI are converted to MPcs with good yields
after several minutes. In general these results showed the PN
to produce the best yield.

It is important to note that the yield of the reaction in the
absence of HMDS and p-TsOH-H,0 as a catalyst intensively
decreased and in the case of the PN the reaction is completely
stopped. In addition, the reaction in the absence of DMF with
each of the raw materials has not occurred.

It is important to note that the MPcs of two expensive
metals such as Pt and Ru are prepared efficiently from PN.
However, synthesis of these compounds from PA or PI was
not successful and yields of the reaction were very low or
reaction was completely stopped (entries 9 and 10).

In conclusion, we have developed a convenient and rapid
procedure for the synthesis of H,Pc and MPcs using micro-
wave irradiation within a few minutes. Investigation toward
extension of this procedure to other derivatives is in
progress.

3. Experimental

The microwave oven was a domestic (max. 900 W)
National model NN-6653 with five select power levels (two

MW N .

6 min H,Pc (75%) (This work)
140-160°C
1440 min

H,Pc (72%) (Reported) [11]

Scheme 2.
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Table 1
Optimization of reaction conditions and yield for the synthesis of H,Pc from
phthalonitrile

Table 2
The synthesis of H,Pc from PN in the presence of Na,S-xH,O and 1,2-propyl-
ene glycol using microwave irradiation

Entry Molar ratio of raw materials (mmol) Yield (%)/ Literature® Entry Molar ratio (mmol) Yield (%)/ Literature®
PN HMDS (NH,,S0, DMF tme (min) PN  NaS«H,0  pg tme(min)
1 1.0 2.0 0.1 0.5 64(6) 1 4.0 — 4.0 0(5) —
2 1.0 2.0 0.1 0.0 0(7) 2 4.0 0.3 — 0(5) —
3 1.0 1.0 0.1 1.0 64(8) 3 4.0 0.3 0.5 40(5) —
4 1.0 0.0 0.1 1.0 0(6) 4 4.0 0.2 1.0 60(5) —
5 1.0 3.0 0.1 1.0 63(6) 5 4.0 0.3 2.0 65(5) —
6 1.0 4.0 0.1 0.5 65(6) 6 4.0 0.3 3.0 70(5) 86.5°
7 1.0 2.0 0.0 0.5 0(10) 7 4.0 0.2 3.0 60(5) —
8 1.0 2.0 0.2 1.0 65(6) 8 4.0 0.1 3.0 45(5) —
9 1.0 0.1 0.1 0.5 8(10) 9 4.0 0.3 6.0 72(5) —
b
10 ;(0) gg 8.1 1.8 22(6) 72 @ Ref. [16].
1 : - ol = % b After heating at 140—150 °C for about 7 h.
12 3.0 2.0 0.1 1.0 68(6)
& Ref. [11a].

® PN (2.34 mmol), (NH,),SO, (0.234 mmol), HMDS (4.69 mmol) and DMF
(2.33 mmol) after heating at 150 °C for 24 h.

of this was used for this experiment; high 100% Wattage,
medium 70% Wattage). IR and UV—vis spectra were recorded
with a Shimadzu IR-470 spectrometer and UV—vis Shimadzu
2100, respectively.

3.1. Procedure for the synthesis of H,Pc

A mixture of PN (0.128 g, 1 mmol), HMDS (0.414 cm’,
2 mmol), (NHy),SO, (0.139g, 0.1 mmol) and DMF
(0.077 cm?, 1 mmol) was irradiated in a glass sealed tube in
the domestic microwave oven. As the reaction proceeded,
dark purple solid gradually appeared. After completion of
the reaction, the mixture was cooled and filtered. The solid
was washed with methanol and dissolved in concentrated sul-
furic acid (5 cm3), and then the solution was poured into water
(200 cm®) to give a blue precipitate. The precipitate was fil-
tered and washed successively with distilled water and dried
in an oven. The solid was further purified by soxhlet extractor
with methanol to give 0.096 g (75%) of H,Pc.

3.2. Typical procedure for the synthesis of CuPc

A glass tube was charged with PN (0.512 g, 4 mmol) and
CuCl (0.1 g, 1mmol), HMDS (0.828 cm3, 4 mmol),
p-TsOH-H,O (0.078 g, 0.41 mmol) and DMF (0.077 cm’,
1 mmol) and stirred under a nitrogen atmosphere at room tem-
perature for 20 min. The tube was sealed and irradiated in the
domestic microwave oven for 7 min. As the reaction

: :CN
CN

Na,S.xH,0 + CH;CHOHCH,0H —

proceeded blue solid gradually appeared. The crude product
was washed successively with cold water, acetone and then
was dried. Next the product was dissolved in the concentrated
H,S0,, precipitated from distilled water, filtrated off and
washed with water and dried to give 0.449 g (78%) of CuPc.

All of the products are known compounds and their purities
were confirmed by comparison with the literature.

C3oH gNg: IR (KBr): v (cm™') 422, 688, 730, 735, 760,
869, 999, 1087, 1111, 1151, 1180, 1245, 1278, 1297, 1320,
1327, 1399, 1430, 1468, 1490, 1520, 3040, 3055, 3400,
3420. UV—vis (CHCl3): Apax (nm) 693, 656, 637, 594.

C3,H;¢CuNg: IR (KBr): v (cm™') 724, 752, 775, 799, 871,
897, 1067, 1085, 1166, 1282, 1328, 1415, 1457, 1500, 1602.
UV—vis (H>SO4): Apax (nm) 791, 699, 440.

C3,H,6CoNg: IR (KBr): v (cm™") 729, 756, 778, 871, 911,
948, 1024, 1085, 1115, 1153, 1284, 1326, 1420, 1484, 1517,
1604. UV—vis (H,SOy4): Anax (nm) 784, 697, 425.

C3,H,¢NiNg: IR (KBr): v (cm™") 724, 758, 770, 886, 911,
1086, 1114, 1158, 1287, 1327, 1421, 1455, 1538. UV—vis
(H>SO4): Amax (nm) 775, 683.

CaoH,¢FeNg: IR (KBr): v (cm™") 724, 749, 775, 884, 1087,
1112, 1150, 1279, 1327, 1404, 1448, 1478, 1601. UV—vis
(H2S04): Amax (nm) 796, 698.

CsoH,6ZnNg: IR (KBr): v (cm™ ') 726, 751, 775, 864, 948,
1065, 1112, 1158, 1282, 1325, 1415, 1462, 1600. UV—vis
(H>SO4): Amax (nm) 786, 697, 418.

C3,H 6PdNg: IR (KBr): v (cm™ ") 720, 752, 767, 807, 885,
911, 940, 1076, 1101, 1116, 1164, 1287, 1126, 1346, 1415,
1460, 1588. UV—vis (H2SOy): Apax (nm) 797, 692.

C3,H,¢PtNg: IR (KBr): v (cm™ ') 724, 765, 771, 915, 938,
998, 1071, 1119, 1164, 1325, 1417, 1456, 1588. UV—vis
(H2SOy): Amax (nm) 784, 693, 426.

MW

i H,Pc (70 %)

160-170 °C

H,Pc (10 %
180 min 2Pe )

Scheme 3.
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Table 3
Synthesis of MPc by the reaction of PN, PI or PA under microwave irradiation

Entry MX,

Yield (%)/time (min)

PN PI PA Literature®

1 CuCl 78(7) 75(7) 50(8) -
2 Cu(OAc),-H,O 55(7) 68(8) 35(8) —
3 CuCl,-2H,0 88(7) 50(8) 62(8) 63(10 h)b
4 CoCl, 86(7) 48(9) 48(8) 51(10 h)b
5 NiCl, 50(7) 45(9) 30(8) 53(4 h)b
6 FeCl,-4H,0 78(7) 44(9) 40(8) -
7 ZnCl, 69(7) 40(10) 33(8) 47(10 h)b
8 PdCl, 87(7) 68(9) 72(8) —
9 PtCly 76(15) 0 (15) 17(12) -
10 RuCls 65(15)  18(12) 012 -

# Refs. [11b] and [11c].

At 150 °C.

Cs,H,6RuNg: IR (KBr): v (cm™") 730, 756, 775, 886, 903,
935, 998, 1052, 1113, 1179, 1283, 1318, 1408, 1435, 1460,
3040. UV—vis (H2SO4): Amax (nm) 764, 680.
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