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Cyclotrimerization of 4,5-bis(hexylthio)phthalodinitrile (1) in 
1-chloronaphthalene in the presence of BC13 leads to the 
subphthalocyanine 4. Unsymmetrical phthalocyanines (5, 6) 
with six alkylthio substituents on three of the benzenoid units 

are synthesized by the reaction of 4 with an diiminoisoindo- 
line derivative (R' = H or NOz). These extremely soluble 
compounds are characterized by IR, 'H- and 13C-NMR as 
well as UV/Vis spectra. 

The intense interest in soluble phthalocyanines originates 
predominantly from the suitability of these compounds as 
materials with novel electrical, optical, catalytic, and me- 
sogenic The attractive and challenging 
characteristics of the phthalocyanines are their great vari- 
ety, chemical stability, the relative ease with which they can 
be prepared and purified and the strong dependence of 
their properties on peripheral and axial substitution pat- 
t e rn~[~] .  The search for new materials possessing large op- 
tical nonlinearities also comprises these compounds with 
completely conjugated 1 8-JC electron systems[3]. Phthalocy- 
anines show large second-order polarizibilities as do numer- 
ous other conjugated n: donor-acceptor organic molecules 
and some coordination comp0unds[~1. Although symmetri- 
cal or pseudosymmetrical derivatives are sufficient for many 
applications, unsymmetrical ones are especially required for 
a second-order NLO effectu4]. 

Although at first glance it appears possible to obtain un- 
symmetrically substituted phthalocyanines by cyclotetra- 
merization of a mixture of two or more phthalonitrile de- 
rivatives with different substituents, isolation of each isomer 
is hardly possible, and the yield of the desired product 
might be very ~ O W [ ~ - ~ ] .  Therefore, efficient synthetic routes 
to each isomer are required. In this context two methods for 
the preparation of disubstituted phthalocyanines by crossed 
condensation of an iminoisoindoline derivative either with 
1,3,3-trichloroisoindolenine[8] or with another sterically 
crowded iminoisoindoline are note~orthy[~].  Preorganiz- 
ation of three phthalonitrile units as a subphthalocyanine 
of boron['0.' '1 and subsequent conversion into an unsym- 
metrical phthalocyanine by reaction with various substi- 
tuted iminoisoindolines has proven to be the most efficient 
way of obtaining unsymmetrical phthalocyanines with in- 
dentical substituents on three of the benzene units and a 
different substituent on the fourth ~ n e [ ' ~ - ' ~ ] .  In connection 
with the intensive research on the thio-substituted phthalo- 
cyanines as near-IR a b s o r b e r ~ [ ' ~ ~ ' ~ ]  and as a part of our 
research in the field of soluble phthalocyanines with sub- 

stituents carrying different donor group~[ '~-~*] ,  we have iso- 
lated a boron complex of a hexakis(alky1thio)-substituted 
subphthalocyanine which can be used as an intermediate 
to obtain unsymmetrical phthalocyanines. In this paper we 
report also on the synthesis and characterization of two un- 
symmetrical phthalocyanines which carry two peripheral 
hexylthio substituents each on three of the benzenoid 
groups while the fourth one is unsubstituted or bears a 
nitro substituent. 

Results and Discussion 

4,5-Bis(hexylthio)phthalodinitrile (l), obtained from 4,5- 
dichlorophthalic acid by a multistep reaction sequence[l6I, 
was used for the preparation of the subphthalocyanine 4 
by cyclotrimerization in the presence of boron trichloride 
(Scheme 1). In contrast to the unsubstituted analog which 
was synthesized at much higher temperatures (i. a. at reflux 
temperature of l-chloronaphtalene)['O], the reaction leading 
to 4 was complete at 100°C. The boron complex 4 is ex- 
tremely soluble in apolar solvents such as hexane, heptane, 
benzene, toluene, diehtyl ether, tetrachloromethane, chloro- 
form, and dichloromethane. Protic solvents such as ethanol, 
methanol or DMF, DMSO were the few solvents from 
which 4 could be precipitated unchanged. 

The reaction of 4 with iminoisoindoline derivatives was 
accomplished at low temperatures as in the case of other 
similar ring expansion  reaction^['^,'^]. Here the excess of 
iminoisoindoline derivatives resulted in the formation of the 
corresponding symmetrical metal-free derivatives of the im- 
inoisoindoline reactant together with the desired unsym- 
metrical phthalocyanines 5 or 6,  but they were easily separ- 
ated by column chromatography. The hexakis(hexy1thio)- 
substituted phthalocyanines 5 and 6 are extremely soluble 
in apolar solvents like the subphthalocyanine 4 or the sym- 
metrically octakis(alky1thio)-substituted phthalocyan- 
ines[l61. 

The relatively weak absorption at 955 cm-' in the IR 
spectrum of 4 can be assigned to B-CI bond, and it disap- 
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Scheme 1. Synthesis of the unsymmetrical phthalocyanines 5 and 6 
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pears after the phthalocyanine formation. Although the X- 
ray results of the unsubstituted subphthalocyanine have 
shown that this molecule is composed of three symmetri- 
cally oriented iminoisoindoline units["], the 'H- and 13C- 
NMR spectra of the subphthalocyanine 4 reveal that this 
bowl-shaped molecule no longer exhibits 3m symmetry. The 
signal of the aromatic protons at 6 = 8.5 is split into a 
doublet. In the 13C-NMR spectrum, aromatic carbon atoms 
appear as four groups as expected, but each group is split 
into two or three signals which may be attributed to the 

disruption of the symmetry. The FAB-mass spectrum of 4 
also brings new lights into this discrepancy (Figure 1). 
While the M' ion is observed at mlz 1128 as the most in- 
tense peak, [M + Cl]+ is also present at 1163 which might 
be interpreted as a consequence of the partial chlorination 
of peripheral positions. Since insertion of one chlorine atom 
in up to 25% of the molecules does not cause an appreciable 
change in the elemental analysis results, the presence of 
some peripherally chlorinated impurities might be another 
reason for splitting observed in the NMR spectra of 4. 

The quasiaromatic conjugated x system of the 14-mem- 
bered inner core shows an optical absorption at higher en- 
ergy than the phthalocyanines[',l81. The intense absorption 
around 590-600 nni is very similar to the Q band of the 
phthalocyanines and is also affected by the changes in the 
polarity of the solvent (i.e. h,,, 600 nm in CHC13, 596 nm 
in toluene and 593 nm in tetrachloromethane). 

The 'H-NMR spectra of the unsymmetrical phthalocy- 
anines 5 and 6 are in excellent agreement with the proposed 
structures. The aromatic protons of the alkylthio-substi- 
tuted benzene units appear as two singlets at 6 = 7.74 and 
7.62 corresponding to the different positions with respect 
to the unsubstituted benzene in 5. The protons of the latter 
appears at 6 = 8.38 and 8.0 as singlets. In the case of 6, 
the effect of the nitro group on the aromatic protons is a 
broadening of the peaks together with a shift to higher 
field. The strongly shielded cavity protons absorb at 6 = 
-4.91 for 5 and at -6.10 for 6, and the signals disappear 
by deuterium exchange. The alkyl carbon atoms are ob- 
served as six signals in 13C-NMR spectra for both 5 and 6 
as expected. The number of weaker signals for aromatic car- 
bons also meets the expectations. 

The electronic spectra of the unsymmetrical phthalocyan- 
ines show the features of both metal-free phthalocyanine 
and alkylthio substitution (Figure 2). The latter is charac- 
terized by a shift of the Q band to lower energy. While a 
split Q band at 723 and 691 nm is observed for 5 in chloro- 
form, the introduction of a polar nitro substituent as in the 
case of 6 causes a drastic change in the Q absorption which 
is extremely sensitive to the solvent used. As shown in Fig- 
ure 3, the spectrum of 6 in toluene is split into two peaks, 
but those in chloroform or CC14 exhibit an intense absorp- 
tion with a shoulder; however, the shoulder is on the lower 
energy side in CC14, while in chloroform it is on the higher 
energy side. The intensity of Soret band acceeds that of Q 
band in 6 as a result of this new substitution pattern with 
electron-donating and and-accepting groups in the same 
molecule. 

Experimental 
IR: Perkin-Elmer 983, CH2C12, sodium chloride Cell. - ' H  and 

off-resonance-decoupled I3C NMR: Bruker 200-MHz. - UVNis: 
Varian DMS 90. - FAB MS: VG-ZAB-SPEC spectrometer. - El- 
emental analyses: Instrumental Analysis Laboratory of TUBITAK 
Marmara Research Centre. - 4,5-Bis(hexylthio)phthalodinitrile 
(l)[lsl, 1,3-dihydro-l,3-diiminoisoindoline (2)[23],  and 1,3-dihydro- 
1,3-diimino-6-nitroisoindoline (3)[231 were prepared according to 
literature procedures. 
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Figure 1. FAB-Mass spectrum of 4 
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Figure 2. UVNis spectra of octakis(alky1thio)phthalocyanine (-), 5 
(-), and 6 (---) in toluene 

Figure 3. UVNis spectra of 6 in toluene (-), chloroform (- - -), and 
tetrachloromethane (- .- .-) 
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Chloro[2,3,9,10,16, I7-hexakis(hexylthio j -7,12,14,19-diimino- 
21 ,5-nitrilo-5 H-tribenzo[c,h,mj[l,6,1 l]triazacyclopentadecinato- 
(2-j-N22,N23,N24]-(T-4)-boron (4): Compound 1 (2.0 g, 5.55 
mmol) was dissolved in anhydrous 1-chloronaphthalene (4 ml) un- 
der Ar. After cooling of the solution in an ice bath a solution of 
boron trichloride (0.217 g, 1.85 mmol) in anhydrous l-chloronaph- 
thalene was added. The mixture was stirred at 0°C for 10 min and 
then heated to 100°C. This temp. was maintained for 4 h. After 
cooling to room temp. the dark purple mixture was diluted with 
ethanol (50 ml), and the waxy precipitate was centrifugated. This 
treatment was carried out several times. The crude product was 
dissolved in dichloromethane and precipitated from the solution by 
the addition of ethanol, then centrifugated to obtain a bronze-col- 
ored product. This compound was soluble in CH2Cl2, CHCI,, 
CCb, diethyl ether, hexane, toluene, benzene; yield: 0.59 g (28%). 
- IR (CH,CI,): if = 2960-2850 cm-', 1600, 1525, 1460-1365, 

- UV/Vis (chloroform): A,,, (Ig E) = 600 nm (5.17), 550 (4.69), 

CH3), 1.38 (m, 24H, CH,CH2CH3), 1.65 (m, 12H, SCH,CH2CH2), 

3.2 Hz, aromatic CH). - I3C NMR (CDCI3): F = 14.04 (CH,), 

128.30, 139.37, 140.16, 140.65, 149.00, 149.53, 150.70 (aromatic C). 
- MS (FAB), d~ (%): 1163 (27) [M + CI]+, 1128 (100) [MI+, 1057 
(9), 1006 (21), 952 (36), 916 (6), 887 (8), 816 (25), 791 (12), 736 
(25), 690 (37), 605 (24), 562 (29), 521 (43), 476 (51), 426 (14) [M - 
6 X (C6H13S2)]+, 382 (81), 337 (25), 280 (17), 208 (17), 179 (12), 
150 (22). - C ~ O H X ~ B C ~ N ~ S ~  (1127.9): calcd. C 63.89, H 7.51, N 

1220-1190, 1110-1040, 980, 955 (B-CI), 860, 820, 790, 760, 710. 

396 (4.71), 302 (5.08). - 'H NMR (CDC13): 6 = 0.93 (t, 18H, 

1.86 (p, 12H, SCHZCH2), 3.25 (t, 12H, SCHJ, 8.56 (d, 6H, J =  

22.56, 28.43, 28.62, 31.47 (CH,), 33.64 (SCHZ), 119.38, 127.07, 

7.45, S 17.05; found C 63.85, H 7.21, N 7.66, S 16.46. 

Unsymmetrical Phthalocyanines 

2,3,9,10,16,17-Hexukis(hexylthio jphthalocyanine (5) :  A mixture 
of 2 (0.18 g, 1.24 mmol), 4 (0.2 g, 0.177 mmol), anhydrous l-chlo- 
ronaphthalene (0.5 ml), and anhydrous dimethyl sulfoxide (1 ml) 
was heated at 80°C under Ar for 4 h. After cooling to room temp. 
the reaction mixture was diluted with ethanol (30-40 ml), and the 
waxy precipitate was separated. It was heated with ethanol and 
centrifuged to remove impurities. The crude green product was 
purified by column chromatography (silica gel, CH2Cl2). This com- 
pound was soluble in CH2C12, CHC13, CCI4, diethyl ether, hexane, 
heptane, etc. Yield: 20 mg (10%). - IR (CH2C12): 0 = 3300 cm-', 

1025, 940, 870, 800, 745-720. - UVNis (chloroform): I,,, (Ig 
E )  = 723 nm (5.12), 691 (5.12), 660 (4.66), 448 (4.53), 340 (4.81). 
- 'H NMR (CDCl3): F = 1.06 (t, 18H, CH3), 1.25-1.99 (m, 48H. 
CH,), 3.16 (t, 12H, SCH,), 7.62 (s, 2H, aromatic CH), 7.74 (s, 4H, 
aromatic CH), 8.00 (s, 2H, aromatic CH), 8.38 (s, 2H, aromatic 

22.72, 28.69, 29.15, 31.78, 33.70 (CH,), 119.65, 121.95, 128.67 (aro- 
matic CH), 132.37, 138.08, 140.30 (aromatic C). - C68H90N&, 
(1211.8): calcd. C 67.40, H 7.48, N 9.24, S 15.87; found C 67.00, 
H 7.65, N 9.00, S 15.50. 

2980-2880, 1600, 1500, 1460, 1430-1400, 1380, 1330, 1265, 1080, 

CH), -4.91 (s, 2H, NH). - I3C NMR (CDC13): 6 = 14.21 (CH,), 

2,3,9,l0,16,17-He~akis(hexylthio)-23-nitrophtlialocyanine (6) was 
synthesized similar to 5 by starting with 3 (0.236 g, 1.24 mmol) 

and 4 (0.20 g, 0.177 mmol). The crude product was purified by 
column chromatography (silica gel, CH,Cl,/n-hexane, 3:2). Yield: 
15 mg (7%). - IR (CH,Cl,): if = 3300 cm-', 2980-2880, 1600, 
1520, 1460, 1340, 1260, 11 10- 1020, 800, 740. - UV/Vis (toluene): 
h,,, (Ig E )  = 707 nm (4.72), 646 (4.721, 479 (4.40), 326 (4.81). - 
'H NMR (CDC13): 6 = 1.03 (t, 18H, CH3), 1.80-1.25 (m, 48H, 
CH,), 2.95 (SCH,), 6.8-8.2 (m, 9H, aromatic CH), -6.10 (s, 2H, 
NH). - I3C NMR (CDC13, APT): 6 = 14.20 (CH,), 22.69, 28.39, 
29.10, 31.79, 33.52(CH2), 115.85, 117.39, 118.87., 120.27 (aromatic 
CH), 139.31, 141.02, 141.48, 146.26 (aromatic C). - C6RHx9N902S6 
(1256.8): calcd. C 64.98, H 7.14, N 10.03, S 15.05; found C 65.66, 
H 7.22, N 9.65, S 15.32. 
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