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Synthesis of New Push-Pull Unsymmetrically Substituted Styryl
Metallophthalocyanines: Targets for Nonlinear Optics
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Following our studies on styryl phthalocyanines with
extended conjugation, we report here the synthesis and
characterization of new push-pull unsymmetrically sub-
stituted styryl phthalocyanines 2-6. They have been prepar-

ed for studying the influence of the position and electronic
character of the substituents and the role of the central metal
atom on their optical properties.

Introduction

In the field of nonlinear optics, organic materials based
on delocalized m-electron systems have attracted a great deal
of research interest.l In particular, phthalocyanines?=4
and related compounds such as porphyrins,®! hemiporphyr-
azines!® and subphthalocyanines’l have been extensively
studied because these molecules offer the advantage of large
nonlinear optical susceptibilities and enormous architec-
tural flexibility.

Although it has been suggested that noncentrosymmetric
donor-acceptor substituted phthalocyanines should display
second-order nonlinear optical responses,® there have been
few reports on this subject,® probably due to the difficulty
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1 R1=H, R2 = C(CH,),, M = 2H
2 R1=H, R2=C(CH,),, M = Co
3 R1=H, R2= C(CH,);, M=Ni
4 R1=H,R2=C(CH,), M=Cu
5 Rt =CgHq7, R2Z=H, M= Ni

6 R1=0CgH;7, R2=H, M=Ni

in the synthesis and purification of this kind of compounds.
It has been theoretically and experimentally demon-
strated that the second-order optical nonlinearities can be
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significantly enhanced by increasing the number of polari-
zable electrons between the donor and acceptor end
groups.[® Considering these facts, we have now designed
and synthesized noncentrosymmetric push-pull phthalocy-
anines 1—6 with extended conjugation. The main goal of
this work is to make available a set of compounds for study-
ing the influence of the position and electronic character of
the substituents, as well as the role of the central metal
atom, on the optical properties of phthalocyanines. Thus,
we have prepared two series of compounds, varying either
the number, position and electronic character of the donor
substituents (3, 5 and 6) or the central metal ion (1—4).

Results and Discussion

The preparation of the previously described metal-free
phthalocyanine 1% was attempted following a modified
procedure. The mixed condensation of 4-tert-butyl-1,2-dicy-
anobenzene (8a)*Y and 4-p-nitrostyryl-1,2-dicyanobenzene
(7),% in a 3:1 ratio in the presence of a lithium alkoxide
(Scheme 1) yielded a statistical mixture of lithium phthalo-
cyanines which were converted into the metal-free deriva-
tives by treatment with acetic acid. The unsymmetrically
substituted compound 1 was isolated by column chroma-
tography as a mixture of regioisomers in a 14% vyield.

The synthesis of metallic complexes 2—4 was carried out
by statistical condensation of a mixture of 4-tert-butyl-1,2-
dicyanobenzene (8a)** and 4-p-nitrostyryl-1,2-dicyanoben-
zene (7),11%in a 3:1 molar ratio, in the presence of the corre-
sponding metal salt [CoCl,-6H,0, Ni(OAc), 4H,0 or
Cu(OAC),-H,0] (Scheme 1). The statistical mixture of com-
pounds was chromatographed on silica gel using toluene as
eluent. The first eluted component was, in all the cases, the
corresponding symmetrically substituted tetra-tert-butyl-
phthalocyanine complex followed by the corresponding
phthalocyanine bearing one conjugated attractor moiety
(11—-18% yield).

The procedure followed for preparing phthalocyanine 5
was the lithium alkoxide catalyzed condensation of 1,2-di-
cyano-3,6-dioctylbenzene (8b)1*? and phthalonitrile 7, and
subsequent treatment with acetic acid to convert the in-
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Scheme 1. Synthesis of phthalocyanines 1—6

itially formed statistical mixture of lithium phthalocyanines
into the corresponding metal-free phthalocyanines, which
were finally treated with nickel acetate tetrahydrate in
standard conditions (Scheme 1). Column chromatography
(hexane/dichloromethane, 2:1) allows to isolate the sym-
metrically substituted phthalocyanine and the desired com-
pound 5. A 9:1 molar ratio of 8b and 7 in the statistical
condensation was found to be the most appropriate to im-
prove the yield, probably due to the lower reactivity of the
sterically hindered phthalonitrile 8b than that of 7. Never-
theless, the yield of 5 is much lower (8%) than those of 2—4.

Finally, compound 6 was prepared by statistical conden-
sation of the appropriate phthalonitriles 8c*3l and 7 in a
9:1 ratio, with nickel chloride in (dimethylamino)ethanol
(Scheme 1). The mixture of products obtained was chroma-
tographed on silica gel using hexane/dioxane mixtures of
increasing polarity. The elution of the octakis(octyloxy)ph-
thalocyanine was followed by the elution of the unsym-
metrically susbtituted macrocycle 6, which was isolated in
a 8% yield. This compound decomposes in chloroform
solution when exposed to light.

Compounds 2—6 were characterized by elemental analy-
sis, IR and UV/Vis spectroscopies, fast-atom bombardment
mass spectrometry (FAB MS) and *H NMR in the case of
diamagnetic complexes. Phthalocyanine 3 shows in the *H-
NMR spectrum (CDCIs;) a large number of signals for the
tert-butyl groups since it is a mixture of regioisomers. Sev-
eral signals appear also at 6 = 8.5—5.1, assignable to the
aromatic and olefinic protons. In the spectra of 5 and 6, the
signals for the aromatic protons in nonequivalent environ-
ments are well resolved. The non-equivalence of the alkyl
chains is also observed, especially for the signals corre-
sponding to the first methylene group linked to the phthalo-
cyanine ring in the case of 5 and to the oxygen atom in the
case of 6.

The position of the Q-band of phthalocyanines 1—6
changes according to the kind of central metal atom and
the type, number and positions of the peripheral substitu-
ents. Thus, the UV/Vis spectrum of metal-free phthalocyan-
ine 1 shows the two typical Q-bands of a non-metallated Pc
system, centered at 681 and 699 nm, and an additional
band at a higher wavelength (717 nm) indicative of a split-
ting of the excited electronic levels (Figure 1).1° When
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some metal ions are included into the cavity of 1, the aver-
age position of the Q-bands of the resulting metal com-
plexes (2—4) is sligthly shifted to the blue with respect to
the parent metal-free compound (Figure 1), especially in
the case of cobalt (2) and nickel (3) complexes which show
split Q-bands centered at around 680 nm. The most notice-
able change in the UV/Vis spectra occurs in the second
series of compounds (3, 5, 6), when varying the number of
the donor substituents, their position and electron affinity.
In Figure 1 it is possible to appreciate a red-shift of the
Q-band for compound 5 and especially for compound 6,
corresponding to the presence of substituents on the inner
benzenoid positions. 4
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Figure 1. UV/Vis spectra of phthalocyanines 1 (continuous line), 3
(dashed), 5 (dotted) and 6 (dashed-dotted) in chloroform solution
(ca. 11075 m)

Preliminary second-order NLO studies of phthalocyan-
ines 1—6 have been carried out. The permanent dipole mo-
ments of these compounds are quite high and range from
4.6 D (compound 1) to 22.7 D (compound 6); Yegisn SUS-
ceptibilities for these molecules have been measured at 1.907
um in CHCI; solution. From these data, a quantitative esti-
mate of the dipolar off-resonant B,(0) coefficients has been
obtained. These B values, ranging from 14-10%° to 45.10 ¢
esu, are the highest reported in the literature for unsym-
metrically substituted phthalocyanines. Thus for example,
compound 5 shows a p-B,(0) value of 511.10“8 esu, having
a dipole moment of 12.6 D. A more detailed study on the
NLO properties of this new family of compounds has been
now undertaken.
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Experimental Section

General: Phthalonitriles 7% and 8a—c**~% were prepared accord-
ing to previously described procedures. (Dimethylamino)ethanol
was freshly distilled and collected in the presence of 4 A molecular
sieves before using it. Silica gel used for chromatography was
Merck Silica Gel 60 (particle size 0.040—0.063 mm). — Melting
points: Blchi 504392 type S apparatus (open capillaries, uncor-
rected values). — *H-NMR spectra: Bruker AC-200 (200 MHz)
spectrometer (TMS at 6 = 0, CHCI; at 6 = 7.26 as internal stand-
ard). — UV/Vis spectra: Perkin—Elmer Model Lambda 6 spectro-
photometer. — IR spectra: PU 9716 Philips spectrophotometer. —
MS: MAT 900 (Finnigan MAT, GmbH, Bremen) spectrometer. —
Elemental analyses: CHN elemental analyser Perkin—Elmer 2400.

9,16,23-Tri-tert-butyl-2-(p-nitrostyryl)phthalocyanine (1) (only one
regioisomer is named):*% A small piece of clean lithium metal
(1.2 mmol) was placed in a round-bottom flask with 3 mL of (di-
methylamino)ethanol and the mixture stirred under argon until
complete reaction of the lithium metal. 4-tert-Butyl-1,2-dicyano-
benzene (8a) (0.60g, 3.26 mmol) and phthalonitrile 7 (0.30g,
1.09 mmol) were then added and the mixture was refluxed for 14 h.
The mixture was allowed to cool down, poured onto glacial acetic
acid and stirred for 30 min. The precipitate was isolated by centri-
fugation and washed several times with MeOH/H,O (10:1). The
mixture of phthalocyanines was chromatographed with CH,Cl,/
hexane (2:1). The first eluted component was identified as tetra-
tert-butylphthalocyanine. Phthalocyanine 1 was eluted in the se-
cond fraction. Yield: 14%, dark-green powder; m.p. > 250°C. — 'H
NMR (CDCly): 6 = 9.2—8.7 (2 X m, arom. H), 8.3-7.9 (2 X m,
arom. H) 7.7-7.4 (2 X m, arom. H), 7.0—-6.3 (2 X m, olef. H),
1.9-1.75 [8 X s, C(CHj)3]. —UV/NVis (CHCI3): Amax (log e/
dm®mol~tcm~1) = 347 nm (4.99), 430 sh, 621 (4.55), 650 (4.76),
681 (5.12), 699 (5.13), 717 (4.90). — IR (KBr): ¥ = 2955 cm™?,
1610 (C=N), 1590 (C=C), 1520 (NO,), 1340 (NO,), 1110, 1090,
1010, 830, 750. — MS (FAB*, m-NBA); m/z (%): 830 (100) [(M +
H)"]. — Cs,Hs7NgO,-2H,0 (866.0): caled. C 72.11, H 5.93, N
14.55; found C 71.75, H 5.54, N 14.36.

General Procedure for the Preparation of Phthalocyanines 2—4: A
mixture of  4-tert-butyl-1,2-dicyanobenzene  (8a)  (0.60 g,
3.26 mmol), phthalonitrile 7 (0.30 g, 1.09 mmol) and the corre-
sponding metal salt (1.3 mmol) in (dimethylamino)ethanol (3 mL)
was refluxed under argon for 14 h. After cooling, MeOH/H,O
(10:1) (30 mL) was added and the precipitate isolated by centrifug-
ation and washed several times with the same mixture of solvents.
The mixture of phthalocyanines was chromatographed on silica gel,
using toluene as eluent. The first eluted component was identified
in all the cases as the corresponding (tetra-tert-butylphthalocyanin-
ato)metal(ll) complex. Phthalocyanines 2—4 were eluted as re-
gioisomeric mixtures in the second fractions.

[9,16,23-Tri-tert-butyl-2-(p-nitrostyryl)phthalocyaninato]cobalt(l1)
(2) (only one regioisomer is named): After purification by column
chromatography, as indicated above, the isolated solid was tritu-
rated with hot acetonitrile. Yield: 11%, dark-green powder; m.p. >
250°C. — 'H-NMR spectrum is uninformative for the cobalt com-
plex since only broad signals for tert-butyl groups can be observed
due to the paramagnetic character of this compound. — UV/Vis
(CHCI3): Aax (log e/dm®mol~tcm~1) = 293 nm (4.68), 333 (4.84),
614 (4.50), 637 sh, 672 (5.02), 688 (5.06). — IR (KBr): ¥ = 2955
cm~1, 1610 (C=N), 1590 (C=C), 1520 (NO,), 1340 (NO,), 1110,
1090, 1010, 830, 750. — MS (FAB™*, m-NBA); m/z (%): 887 (100)
[((M + H)"]. — Cs,Hs5CoNgO,-H,O (904.9): caled. C 69.02, H
5.23, N 13.93; found C 68.49, H 5.09, N 13.67.
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[9,16,23-Tri-tert-butyl-2-(p-nitrostyryl)phthalocyaninato]nickel(I1)
(3) (only one regioisomer is named): The pure product was obtained
after chromatography followed by trituration with hot methanol.
Yield: 18%, dark-green powder; m.p. > 250°C. — H NMR
(CDClj): 6 = 8.5-5.1 (various signals, arom. and olef. H),
1.70—1.55 [12 X s, C(CHs)3]. — UV/Vis (CHCI3): Amay (log &/
dm®mol~cm~1) = 296 nm (4.87), 335 (4.95), 613 (4.66), 639 sh,
672 (5.20), 689 (5.23). — IR (KBr): ¥ = 2955 cm %, 1615 (C=N),
1590 (C=C), 1515 (N—-0), 1410, 1340 (N—-0O), 1280, 1255, 1095,
945, 830, 750. — MS (FAB", m-NBA); m/z (%): 888, 886 (100) [(M
+ H)*]. — CspHasNgNiO,-H,0 (904.7): calcd. C 69.04, H 5.24, N
13.93; found C 69.26, H 5.37, N 14.46.

[9,16,23-Tri-tert-butyl-2-(p-nitrostyryl)phthalocyaninato]copper(I1)
(4) (only one regioisomer is named): Trituration with hot methanol
afforded the pure product. Yield: 16%, dark-green powder; m.p. >
250°C. — *H NMR spectrum is uninformative for the copper com-
plex since only broad signals for tert-butyl groups can be observed
due to the paramagnetic character of this compound. — UV/Vis
(CHCl3): Amax (log e/dm®mol~tecm~1) = 342 nm (5.11), 619 (4.75),
643 sh, 681 (5.26), 697 (5.33). — IR (KBr): v = 2955 cm™1, 1615
(C=N), 1590 (C=C), 1510 (N—-0), 1395, 1340 (N—-0), 1280, 1255,
1090, 1050, 830, 750. — MS (FAB™, m-NBA); m/z (%): 894, 892
(100) [(M + H)*]. — Cs3H45CuNgO,-H,0 (909.6): caled. C 68.67,
H 5.21, N 13.86; found C 68.54, H 4.96, N 13.70.

[23-p-(Nitrostyryl)-1,4,8,11,15,18-hexaoctylphthalocyaninato]-
nickel(I1) (5): A small piece of clean lithium metal (0.5 mmol) was
placed in a round-bottom flask with 4 mL of (dimethylamino)e-
thanol and the mixture stirred under argon until complete reaction
of the lithium metal. Phthalonitriles 8b (1.38 g, 3.92 mmol) and 7
(0.12 g, 0.43 mmol) were then added to the mixture. After heating
at reflux temperature for 10 h, the mixture was allowed to cool and
poured onto glacial acetic acid and stirred for 30 min. The solid
was collected by centrifugation and washed several times with
methanol. After drying, the statistical mixture of metal-free phthal-
ocyanines was allowed to react with Ni(OAc),-4H,O (0.35g,
1.41 mmol) in refluxing (dimethylamino)ethanol (2 mL) for 12 h.
After cooling, methanol was added and the solid obtained was iso-
lated by centrifugation and chromatographed on silica gel (hexane/
CH,CI,, 2:1). The desired product was eluted in the second frac-
tion. Trituration with hot methanol afforded the pure product.
Yield: 8%, green powder; m.p. > 250°C. — *H NMR (CDCly): § =
8.26 (m, 2 H, AA'XX’ system), 7.61, 7.45 (2 X m, 5 H, arom.
22-H, 24-H, 25-H; AA’XX’ system), 7.33 (s, 2 H, arom. Hg, Hyg),
7.19 (m, 2 H, arom. 3-H, 16-H), 6.95 (m, 2 H, arom. 2-H, 17-H),
6.68 (AB system, Jag = 16.5 Hz, 2 H, olef. H), 4.1, 4.0, 3.9, 3.25,
3.0 (5 X m, 12 H, CH,0), 2.05, 1.9, 1.5—-1.0 (3 X m, 72 H, CH,),
0.85, 0.71 (2 X m, 18 H, CH3). — UV/Vis (CHCl3): Anax (log &/
dm3mol~*cm~1) = 340 nm (4.54), 630 (4.26), 660 sh, 692 (4.89) 709
(4.92). IR (KBr): v = 2918 cm 1, 2849, 1591 (C=C), 1516 (N—0),
1463, 1341 (N—0), 1094, 803. — MS (FAB™*, m-NBA); m/z (%):
1393, 1391 (100) [(M + H)*]. — CggH117NgNiO,-5H,0 (1481.7):
calcd. C 71.33, H 8.64, N 8.51; found C 70.98, H 8.29, N 8.13.

[23-(p-Nitrostyryl)-1,4,8,11,15,18-hexakis(octyloxy)phthalo-
cyaninato]nickel(l1) (6): A mixture of 8c (1.51g, 3.92 mmol), 5
(0.12 g, 0.43 mmol) and NiCl,-6H,O (0.34 g, 1.43 mmol) in (di-
methylamino)ethanol (4 mL) was refluxed under argon for 14 h.
After cooling, methanol was added and the solid isolated by centri-
fugation and chromatographed on silica gel (hexane/dioxane, 15:1).
The first eluted compound was the symmetric octakis(octyloxy)ph-
thalocyaninatonickel(I1). The amount of dioxane was then gradu-
ally changed to hexane/dioxane (5:1) in order to separate 6. Com-
plete purification was achieved by further column chromatography
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on silica gel (toluene/2-propanol, 50:1). Yield: 8%, dark-green pow-
der; m.p. > 250°C. — 'H NMR (CDCl): 5 = 9.1 (m, 3 H, arom.
22-H ((AUTHOR: H,, etc. means 22 H etc.!)), 24-H, 25-H), 8.31
(m, 2 H, AA’XX" system), 8.12 (d, J = 7.5Hz, 2 H, arom. 2-H,
17-H), 7.71 (m, 2 H, AA’XX’ system), 7.5 (m, 6 H, arom. 3-H, 9-
H, 10-H, 16-H, olef. H), 4.77 (m, 8 H, CH,0), 458 (m, 4 H,
CH,0), 2.4,2.2,1.9,1.6—1.2 (4 X m, 72 H, CH,), 0.85, 0.75 (2 X
m, 18 H, CHj). — UV/Vis (CHCIy): Amay (log e/dm®mol~'cm~1) =
332 nm (4.66), 660 (4.47), 737 (5.11). — IR (KBr): ¥ = 2956 cm™1,
2922, 2852, 1611 (C=N), 1590 (C=C), 1506 (N—0), 1340 (N-0),
1318, 1263, 1082—1034 (C—O—-C), 804, 794. — MS (FAB*, m-
NBA); m/z (%): 1489, 1487 (100) [(M + H)*]. -
CggH117NgNiOg-5H,0 (1577.7): calcd. C 66.99, H 8.11, N 7.99;
found C 66.34, H 7.84, N 8.47.
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