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Novel unsymmetrical vanadyl and zinc dodecakis(2,2,2-trifluoroethoxy)phthalocyaninates with an iodo
group were synthesized by a statistical condensation route. The palladium-catalyzed coupling reaction
between such monoiodinated metallophthalocyanines and terminal acetylenic derivatives gave various new
unsymmetrically dodecakis(2,2,2-trifluoroethoxy)-substituted metallophthalocyanines with extended exo-
cyclic m-conjugation. Unsymmetrical zinc dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate with a nitro
group was also prepared for comparison. All the target phthalocyanines were separated by common col-
umn chromatography and characterized by elemental analysis, ir and 'H-nmr, uv-visible and fast-atom-

bombardment mass spectroscopy.
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Introduction.

Phthalocyanines are a class of two-dimensional wt-con-
jugated aromatic macrocycles which exhibit a number of
unique properties and have found practical applications in
many fields such as dyes, catalysts, chemical sensors, lig-
uid crystals and nonlinear optics [1-3]. To date a great
variety of symmetrical or pseudosymmetrical phthalocya-
nines have been prepared for basic research and industrial
applications [1-3]. However, much less effort has been
devoted to the investigation of the properties of unsym-
metrically substituted phthalocyanines, mainly because
they are much more difficult to synthesize and purify.
Recently, unsymmetrical phthalocyanines have attracted
increasing research attention in the field of liquid crystals
[4], Langmuir-Blodgett (LB) film formation [5], photody-
namic therapy of cancer [6], and second-order nonlinear
optics [7]. In particular, monofunctional phthalocyanines
with only one reactive functional group such as one sulfo,
carboxyl, amino or hydroxyl group are much more attrac-
tive [4b,4f,6d,6f,8], because they are intermediates for
many novel unsymmetrical phthalocyanines which may
possess some new properties. Moreover, such monofunc-
tional phthalocyanines have the advantage of polymer
binding without the disadvantage of crosslinking reac-
tions. For example, they can be bound to biomolecules
like monoclonal antibodies to form a new group of photo-
sensitizers for the photodynamic therapy of cancer.

Although symmetrical phthalocyanines can be prepared
straightforwardly from the appropriately substituted
phthalonitriles, there are few efficient methods to prepare
unsymmetrical phthalocyanines. Methods for the synthe-
sis of unsymmetrical phthalocyanines are: (i) the statisti-
cal condensation of two differently substituted phthaloni-

triles or corresponding 1,3-diiminoisoindolines [9], (ii)
the polymer support route [10], and (iii) the ring enlarge-
ment reaction of subphthalocyanines through a condensa-
tion with substituted 1,3-diiminoisoindoline [7d,11].
Other more specific methods such as stepwise synthetic
procedures [12], the mixed condensation of two different
phthalyl precursors [13] and a route including modified
Meerwein reaction conditions [6d} have also been used to
prepare unsymmetrical phthalocyanines and their ana-
logues. Each method has its advantages and disadvan-
tages, and the applicability of each method depends
strongly on the nature of the substituents on the phthalo-
cyanine ring, the central metal ion, the reactivity of the
precursors, the solvent as well as other factors. In short,
none of the methods can be considered to be perfect.
Therefore it is still necessary to explore more efficient
methods for the preparation of unsymmetrical phthalocya-
nines, especially monofunctional phthalocyanines.
Unsymmetrical phthalocyanines with peripheral donor
and acceptor substituents have been theoretically pro-
posed as novel materials for second-order nonlinear optics
[7a]. However, only a limited number of reports on this
research subject are available [7b,7¢,7d,9h]. On the other
hand, it is well known that the palladium-catalyzed cou-
pling of aryl and alkenyl halides with terminal alkynes is
a widely used reaction in organic synthesis [14].
Nevertheless, to our knowledge, there have been very few
reports on such kind of coupling reaction involving halo-
genated phthalocyanine [8b]. Recently, we have reported
the preliminary result of the synthesis of some novel non-
aggregated unsymmetrical metallophthalocyanines for
second-order nonlinear optics using a palladium-catalyzed
cross-coupling reaction [15]. Here we report the detailed
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results of the convenient synthesis of a series of new
unsymmetrically dodecakis(2,2,2-trifluoroethoxy)-substi-
tuted metallophthalocyanines with extended exocyclic
n-conjugation by the palladium(0)-catalyzed cross-cou-
pling reaction between monoiodinated phthalocyanines
and terminal acetylenes (see Scheme 1). There are several
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molecular aggregation. Secondly, the introduction of dif-
ferent functional substituents like iodo, 2-trimethylsi-
lylethynyl, exocyclic conjugated amino or formyl group at
the comparable position on one of the benzene units
would provide useful intermediates for the syntheses of
many new mononuclear, binuclear and polynuclear
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bis(triphenylphosphine)-palladium chloride/copper(1) iodide, triethylamine/tetrahydrofuran, 25-40°, 24-48 hours.

reasons why we designed and synthesized such unsym-
metrical phthalocyanines. First, we introduced twelve
2,2,2-trifluoroethoxy groups on three of the benzene units
in order to enhance the solubility and suppress the inter-

phthalocyanines. On the other hand, we expect those tar-
get unsymmetrical phthalocyanines with twelve 2,2,2-tri-
fluoroethoxy groups as donor substituents and a nitro or
an exocyclic conjugated nitro group as an acceptor
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substituent to be good candidates for second-order nonlin-
ear optics. Moreover, the different central metal ions are
also very important in understanding the nonlinear optical
properties of phthalocyanines [16]. The present paper
describes the preparation, characterization and spectral
properties of these novel unsymmetrical phthalocyanines.

Results and Discussion.

The desired novel unsymmetrical metallophthalocya-
nines 2a, 2b and 3b were prepared according to the
route shown in Scheme 1. The preparation of 3,4,5,6-
tetrakis(2,2,2-trifluoroethoxy)phthalonitrile (1) was pub-
lished in our previous study [20] and other groups’ work
[21,22]. 4-Todophthalonitrile, one of the starting materi-
als, was prepared by the reference method [23]. The
metal salt-mediated statistical condensation of the two
corresponding phthalonitriles with urea as a solvent and
co-reactant produced the desired unsymmetrical metal-
lophthalocyanines, and the reaction conditions including
feed ratio, temperature and time were varied in order to
give an optimal yield of target product. The mixed con-
densation of a 1:3 molar ratio of compound 1 and
4-jodophthalonitrile in the presence of an excess of
vanadium trichloride and dry urea at 180-190° yielded
vanadyl 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-
hexadecakis(2,2,2-trifluoroethoxy)phthalocyaninate, 2a
and other statistical phthalocyanine mixtures. The first-
round separation by common column chromatography
on silica gel with hexane/ethyl acetate (4:1, volume
ratio) as an eluent gave the target phthalocyanine 2a as
the first fraction. Compound 2a was further purified by
column chromatography using hexane/ethyl acetate as
an eluent and obtained in 23.0% yield. It was found later
that the statistical condensation of a 1:1 molar ratio of 1
and 4-iodophthalonitrile gave compound 2a in a little
better yield (25.0%). Similarly, compound 2b was pre-
pared by a statistical condensation of a 1:1 molar ratio of
1 and 4-iodophthalonitrile in the presence of an excess
of zinc chloride and dry urea at 195-205°, and obtained
in 15.0% yield after purification. However, quite unlike
compound 2a, compound 2b was eluted as the third frac-
tion in the first-round separation by column chromatog-
raphy on silica gel with hexane/ethyl acetate (3:1, vol-
ume ratio) as an eluent.

We have also tried to synthesize metal-free 23-iodo-
1,2,3,4,89,10,11,15,16,17,18-dodecakis(2,2,2-trifluoro-
ethoxy)phthalocyanine by a mixed condensation of the
two corresponding 1,3-diiminoisoindolines in 2-(N,N-
dimethylamino)ethanol, but this method was not success-
ful because 3,4,5,6-tetrakis(2,2,2-trifluoroethoxy)-
phthalonitrile could not be smoothly converted to the cor-
responding 1,3-diiminoisoindoline when reacted with
ammonia gas in the presence of sodium methoxide in
methanol or other alcohols [24].
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Previously we have reported the synthesis of unsym-
metrical phthalocyanine 3a for second-order nonlinear
optics [20). For a comparison study, we also prepared the
analogue 3b by a similar procedure depicted in Scheme 1.
The mixed condensation of a 1:5 molar ratio of compound
1 and 4-nitrophthalonitrile in the presence of an excess of
zinc chloride and dry urea at 195-205° yielded zinc
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexade-
cakis(2,2,2-trifluoroethoxy)phthalocyaninate, 3b and
other statistical product mixtures. The target phthalocya-
nine 3b was separated by common column chromatogra-
phy using hexane/ethyl acetate as an eluent and obtained
in 18.1% yield. However, quite unlike compound 3a,
compound 3b was eluted first in the first-round separation
by column chromatography on silica gel with
hexane/ethyl acetate (1:1) as an eluent. It was also noted
that the mixed condensation of compound 1 and
4-nitrophthalonitrile in the presence of an excess of zinc
chloride and dry urea could not take place at a tempera-
ture below 190°.

Compounds 2a and 2b are new monofunctional
phthalocyanines with one reactive iodo group. They can
be expected to be useful in the palladium-catalyzed cou-
pling with terminal alkynes [14]. Recently the Heck type
coupling of halogenated porphyrin with monosubstituted
acetylenes has been reported [25]. While our work was in
progress, another group reported a similar approach [8b].

Scheme 1 shows the synthesis of 23-(2-substituted-
ethynyl)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-
trifluoroethoxy)phthalocyaninato vanadyl and zinc com-
plexes (4a-b and Sa-d) by the palladium(0)-catalyzed
cross-coupling reaction. The intermediates 4-nitrophenyl-
acetylene [17], 4-aminophenylacetylene [17] and
4-formylphenylacetylene [18] were prepared according to
the reference methods. The monoiodinated unsymmetrical
phthalocyanines 2a and 2b were treated with a range of
monosubstituted acetylenes in triethylamine-tetrahydrofu-
ran (1:1, volume ratio) in the presence of catalytic quanti-
ties of bis(triphenylphosphine)palladium chloride and
copper(l) iodide under a dry nitrogen atmosphere
(Scheme 1). All the monosubstituted acetylenes treated in
this way reacted smoothly to give the corresponding
23-(2-substituted-ethynyl)-1,2,3,4,8,9,10,11,15,16,17,18-
dodecakis(2,2,2-trifluoroethoxy)phthalocyaninato vanadyl
and zinc complexes 4a-b and 5a-d in 75-95% yields.
Better yield was obtained when the coupling reaction was
carried out at lower temperature. Since the terminal
alkynes were in large excess and the coupling reaction
was carried out for sufficient time, the monoiodinated
unsymmetrical phthalocyanine 2a or 2b was converted
completely. This fact makes fast purification and isolation
of products possible. As can be seen from the diversity of
substituted alkynes which undergo this reaction, the
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method is a powerful tool for attaching substituents to a
phthalocyanine through a common acetylenic linkage to
give new unsymmetrical phthalocyanine derivatives. In
particular, biologically active moieties, or moieties with
unique electro-optical, magnetical, or nonlinear optical
properties can be attached to a phthalocyanine to afford
new advanced materials. The fact that the coupling was
carried out under mild conditions of low temperature and
ambient pressure also makes it attractive for the incorpo-
ration of sensitive organic functional groups, as demon-
strated by the linking of 4-formylphenylacetylene with 2a.

All final products were obtained as pure samples after
numerous purifications via column chromatography on sil-
ica gel and then by recrystallization. They were character-
ized by 'H-nmr, ir and fast-atom-bombardment ms spectro-
scopic methods, as well as by elemental analysis. All the
analytical and spectra data are consistent with the predicted
structures. It should be noted that the 'H-nmr spectra of
unsymmetrical vanadylphthalocyanines are extremely broad
because of the presence of the paramagnetic vanadium atom
and the constitutional isomers [26]. Owing to the broad
IH-nmr spectra, the aromatic protons of those unsymmetri-
cal vanadylphthalocyanines can not be expected to be
clearly resolved. Attempts to record the well-resolved
13C-nmr spectra of those unsymmetrical vanadylphthalo-
cyanines were not successful. On the other hand, the
IH-nmr spectra of unsymmetrical zincphthalocyanines are
better resolved than those of unsymmetrical vanadylphthalo-
cyanines due to the diamagnetism of zinc atom.

All dodecakis(2,2,2-trifluoroethoxy)-substituted unsym-
metrical metallophthalocyanines 2a-b, 3b, 4a-b and 5a-d
show good solubility in common polar organic solvents
such as diethyl ether, tetrahydrofuran, ethyl acetate and
acetone. It was noted that unsymmetrical zincphthalocya-
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Figure 1. Ultraviolet-visible absorption spectra of vanadyl 23-iodo-
1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-triflucroethoxy)phthalocyani-
nate 2a (—) and zinc 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-

trifluoroethoxy)phthalocyaninate 2b (------ )in 1,4-dioxane.
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nines 2b, 3b and 5b showed better solubility in more
polar solvents like methanol and ethanol than the corre-
sponding vanadylphthalocyanines 2a, 3a and 5a.
However, among these unsymmetrical phthalocyanines,
Se¢ shows the best solubility in less polar solvents such as
toluene and chloroform.

The uv/visible absorption spectra of compounds 2a and
2b in 1,4-dioxane are given in Figure 1. The novel
monoiodinated unsymmetrical vanadylphthalocyanine 2a
shows characteristic absorptions in the Q-band region of
around 728.5 nm without splitting and in the B-band
region of around 352 nm, while the new monoiodinated
unsymmetrical zincphthalocyanine 2b exhibits character-
istic absorptions in the Q-band region of around 699.5 nm
without splitting and in the B-band region of around 360
nm. Compared with the corresponding compound 2b,
compound 2a shows a similar-shaped Q-band but with a
red-shift of 29 nm. This result can be explained from the
molecular structure of phthalocyanine. Compounds 2a
and 2b have the same peripheral substitution of the
phthalocyanine ring but different central metal ions. The
same peripheral substitution leads to the similar shape of
their Q-bands. However, the unfilled d-orbitals and the
axial substitution on the central vanadium atom of com-
pound 2a can be expected to make a much larger positive
contribution to the phthalocyanine ring m-conjugation
than the saturated d-orbitals on the zinc atom of com-
pound 2b without axial substitution. Since the Q-band
absorption results from the m — 7* transition [27], the
unsymmetrical vanadylphthalocyanine 2a would show a
considerable bathochromic shift of the Q-band in compar-
ison with the corresponding zincphthalocyanine 2b.

Figure 2 shows the uv/visible absorption spectra of
compounds 3a and 3b in 1,4-dioxane. Compound 3a
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Figure 2. Ultraviolet-visible absorption spectra of vanadyl 23-nitro-
1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-trifluoroethoxy)phthalo-
cyaninate 3a (--+--- ) and zinc 23-nitro-1,2,3,4,8,9,10,11,15,16,17,18-
dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate 3b (—) in 1,4-dioxane.
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shows characteristic absorptions in the Q-band region of
around 730 nm without splitting and in the B-band region
of around 347 nm [20], while the new unsymmetrical
zincphthalocyanine 3b exhibits typical absorptions in the
Q-band region of around 701 nm without splitting and in
the B-band region of around 360 nm. Compared with the
corresponding vanadylphthalocyanine 3a, compound 3b
shows a similar-shaped Q-band but with a blue-shift of 29
nm, as expected.

Figures 3 and 4 show the uv/visible absorption spectra
of compounds 4a-b and 5a-d in 1,4-dioxane, respectively.
Novel unsymmetrical vanadylphthalocyanines 4a, Sa, Sc
and 5d show characteristic absorptions in the Q-band
region of around 733 nm without splitting and in the
B-band region of around 353 nm, while new unsymmetri-
cal zincphthalocyanines 4b and 5b exhibit characteristic
absorptions in the Q-band region of around 703 nm with-
out splitting and in the B-band region of around 360 nm.
In comparison with compounds 5a and 5d, compound S¢
shows a slightly red-shifted Q-band, due to the different
contribution of electron-donating amino and electron-
withdrawing nitro and formyl groups to the phthalocya-
nine ring m-conjugation. Moreover, similar to vanadyl
23-amino-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-
trifluoroethoxy)phthalocyaninate [20], compound Sc was
demonstrated to be more aggregated in 1,4-dioxane than
compounds 5a and 5d not only by the broadening of the
Q-band with a shoulder on the longer wavelength side but
also by the absorption in the window region between 450
and 600 nm. This fact might be explained by the existence
of strong intermolecular aggregation of compound Sc,
which stems from the intermolecular hydrogen-bonding
interaction between the amino group and the fluorine
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Figure 3. Ultraviolet-visible absorption spectra of vanadyl 23-(2'-
trimethylsilylethynyl)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate 4a (—) and zinc 23-(3'-hydroxy-3'-
methyl-1'-butyny!)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-
trifluoroethoxy)phthalocyaninate 4b (------ ) in 1,4-dioxane.
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atoms of 2,2,2-trifluoroethoxy group in polar solvent like
1,4-dioxane. In contrast to compound S¢, compounds 5a,
5b and 5d show a transparent window region between
480 and 580 nm in their uv/visible absorption spectra in
1,4-dioxane. This transparent window region is very use-
ful for the second harmonic generation research. On the
other hand, compounds 5a and 5b have an extended exo-
cyclic conjugation when compared with the correspond-
ing compounds 3a and 3b. However, only 3-nm red-shifts
of Q-band were observed in the uv/visible absorption
spectra from compound 3a to 5a and from 3b to 5b.
These results may be explained by the reduction of effec-
tive conjugation between the phthalocyanine ring and
exocyclic phenyl ring due to the rotation of the benzene
ring around the carbon-carbon triple bond.
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Figure 4. Ultraviolet-visible absorption spectra of vanadyl 23-(2'-(4"-
nitrophenyl)ethynyl)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate Sa (—), zinc 23-(2'-(4"-
nitrophenylethyny1)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate 5b (-...-), vanadyl 23-(2'-(4"-
aminophenyl)ethynyl)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate 5S¢ (------ ) and vanadyl 23(-2'-(4"-
formylphenyl)ethynyl)-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate 5d (- - - -) in 1,4-dioxane.

In summary, two novel monofunctional phthalocya-
nines, 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dode-
cakis(2,2,2-trifluoroethoxy)phthalocyaninato vanadyl and
zinc complexes, and zinc 23-nitro-1,2,3,4,8,9,10,-
11,15,16,17,18-dodecakis(2,2,2-trifluoroethoxy)phthalo-
cyaninate were synthesized by a statistical condensation
of the two corresponding phthalonitriles in the presence of
the corresponding metal chloride and urea. The palla-
dium(0)-catalyzed cross-coupling reaction between such
monoiodinated unsymmetrical metallophthalocyanines
and mono-substituted acetylenes under mild conditions
produced various new unsymmetrical dodecakis(2,2,2-tri-
fluoroethoxy)metallophthalocyanines with extended exo-
cyclic m-conjugation in good yields. All the target
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unsymmetrical phthalocyanines were separated by com-
mon column chromatography and fully characterized.
Their solubility and spectral properties in a certain solvent
depends strongly not only on the peripheral substituents
but also on the central metal ion. It is demonstrated that
the application of the palladium(0)-catalyzed coupling
method greatly simplifies the preparation of new unsym-
metrical phthalocyanine derivatives. Second harmonic
generation of spin-coated thin films of poly(methyl
methacrylate) doped with those target unsymmetrical met-
allophthalocyanines containing donor and acceptor groups
was observed after electric poling at 110° for 30 minutes
at a fundamental wavelength of 1.064 um [15]. The
detailed results of their second-order nonlinear optical and
other physical and chemical properties will be published
elsewhere.

EXPERIMENTAL

The ir spectra were recorded on a Shimadzu FTIR-4100
Fourier transform infrared spectrophotometer, using potassium
bromide pellets. The !H-nmr and !3C-nmr spectra with tetram-
ethylsilane as internal standard were recorded on a JEOL INM-
EX270 Fourier transform nuclear magnetic resonance spectrom-
eter (270 MHz). Electron ionization mass spectra were recorded
on a Hitachi M-80A mass spectrometer. Fast-atom-bombard-
ment mass spectra with m-nitrobenzyl alcohol as a matrix were
recorded on a JEOL JMS-HX110 mass spectrometer. Elemental
analyses were carried out by the Microanalysis Laboratory of
RIKEN (The Institute of Physical and Chemical Research). The
uv-visible absorption spectra were measured by a Shimadzu UV-
3100 spectrophotometer in a quartz cell of path length 10 mm.
Column chromatography was performed using silica gel of par-
ticle size 63-200 um which was produced by Merck Company.
4-Nitrophthalonitrile (98%) was purchased from Tokyo Kasei
Kogyo Co., Ltd. and used without further purification.
Anhydrous tetrahydrofuran was purchased from Kanto
Chemical Co., Inc.. Triethylamine was refluxed with sodium
chips and distilled in an atmosphere of dry nitrogen gas before
use. The solvents for uv-visible absorption measurement were of
spectral grade and used without further purification. Other
chemicals were of reagent grade and used as supplied.

4-Nitrophenylacetylene [17], 4-aminophenylacetylene [17]
and 4-formylphenylacetylene [18] were prepared according to
the reference methods. Bis(triphenylphosphine)palladium chlo-
ride was prepared according to the literature [19]. 3,4,5,6-
Tetrakis(2,2,2-trifluoroethoxy)phthalonitrile (1) was prepared
according to the procedure published previously [20].

Vanadyl 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-
trifluoroethoxy)phthalocyaninate (2a).

In a 300-ml round-bottomed three-neck flask equipped with a
nitrogen gas inlet, a reflux condenser and a magnetic stirring
bar, was placed a mixture of 3,4,5,6-tetrakis(2,2,2-trifluoro-
ethoxy)phthalonitrile (2.60 g, 5.0 mmoles) and 4-iodophthaloni-
trile (3.81 g, 15 mmoles). To this mixture, were added vanadium
trichloride (2.0 g, 12.7 mmoles) and dry urea (30 g) under dry
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nitrogen gas. The resulting mixture was heated at 110-120° for 1
hour in an atmosphere of dry nitrogen gas, and then heated to
180°, stirred at 180-190° for 4 hours. A dark green solid was
formed in the process of reaction. The reaction mixture was then
cooled to room temperature, and refluxed with 150 ml of 2%
aqueous hydrochloric acid for 4 hours, and then cooled to room
temperature. The resulting dark green precipitate was filtered
and washed with water, then air-dried. The crude product was
dissolved in ethy! acetate, and the solution was filtered to
remove the insoluble precipitate, which was washed with ethyl
acetate until the filtrate became clear. The combined filtrates
were condensed and the resulting dark-green residue was puri-
fied by column chromatography on silica gel using 4:1 (volume
ratio) hexane/ethyl acetate as an eluent. The first green fraction
was collected, condensed and further purified by column chro-
matography on silica gel with hexane/ethyl acetate (5:1, volume
ratio) as an eluent (twice), and then with hexane/ethyl acetate
(6:1, volume ratio) as the first eluent to remove the front-run-
ning yellow impurities, followed by eluting with hexane/ethyl
acetate (5:1, volume ratio) to give a dark green solid which was
checked by fast-atom-bombardment mass spectroscopy to be 2a.
Recrystallization from ethyl acetate-hexane (1:40) yielded a
green microcrystalline solid, 720 mg (23.0%); ir: v, 3092
(=CH), 2971 (CH,), 1634, 1630 (C=C ring), 1489 (C=C ring),
1456, 1427 (CH,), 1406, 1277, 1248 (C-0O), 1157 (C-F), 1117
(ring), 1069, 1011, 974 (C-O), 853 (CH,), 833, 760, 662, 550
(C-I) emrl; TH nmr (acetone-dg): 8 5.24 (m, 16H, OCH,), 5.50-
6.30 (br m, 8H, OCH,), 7.60-7.80 (br, H,.,,); ms: fast-atom-
bombardment m/z 1881.9 (M+*, 100), 1798.9 (M+ - CF;CH,,
39.5), 17159 (M* - 2 x CF3CH,, 12.4); uv/visible (1,4-diox-
ane): Agg,/nm [log €/dm3mol-lem-1] 728.5 (5.25), 655.0 (4.58),
352.0(4.78), 264.5 (4.51), 228.5 (4.91).

Anul. Calcd. for C56H27N8F36013IV (188166) C, 3575, H,
1.45; N, 5.96; F, 36.35. Found: C, 35.92; H, 1.46; N, 5.86; F,
36.46.

Zinc 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate (2b).

To a mixture of 3,4,5,6-tetrakis(2,2,2-trifluoro-
ethoxy)phthalonitrile (1.56 g, 3.0 mmoles) and 4-iodophthaloni-
trile (762 mg, 3.0 mmoles), under dry nitrogen gas, were added
zinc chloride (850 mg, 6.0 mmoles) and dry urea (15 g). The
resulting mixture was stirred and heated at a temperature of 110-
120° for 1 hour under dry nitrogen gas, and then heated to 195°,
stirred at 195-205° for 4 hours. A dark-green solid was formed in
the process of heating. The reaction mixture was then cooled to
room temperature, and refluxed with 70 ml of water for 2 hours,
and then cooled to room temperature. The resulting black-green
precipitate was filtered and washed with water, then air dried.
The crude product was dissolved in ethyl acetate, and the solu-
tion was filtered to remove the insoluble precipitate, which was
washed with ethyl acetate until the filtrate became clear. The
combined filtrates were condensed and the resulting black-green
residue was purified by column chromatography on silica gel
with hexane/ethyl acetate (3:1, volume ratio) as an eluent to
remove the first fraction of yellow impurities and the second
fraction of blue by-products, and to give the third green fraction
consisting largely of 2b. The crude unsymmetrical product was
further purified by column chromatography on silica gel with
chloroform as the first eluent and chloroform/tetrahydrofuran
(100:1, volume ratio) as the second eluent (twice), and then with
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hexane/ethyl acetate (3:1 to 3:2, volume ratio) as an eluent to
give a green solid. Recrystallization from ethyl acetate-hexane
(1:18) yielded a green microcrystalline solid, 282 mg (15.0%); ir:
Vmax 3118 (=CH), 2972, 2896 (CH,), 1626, 1596 (C=C ring),
1487 (C=C ring), 1456, 1433 (CH,), 1401, 1335, 1275, 1243
(C-0), 1160 (C-F), 1126 (ring), 1069, 1010, 969 (C-0), 911, 853
(CH,), 831, 754, 662, 549 (C-I) cm™l; 'H nmr (acetone-de): 5
5.18 (m, 12H, 6 x OCH,), 5.65 (m, 4H, 2 x OCH,), 5.80 (q, ] =
8.58 Hz, 4H, 2 x OCHy), 5.96 (q, J = 8.58 Hz, 4H, 2 x OCH,),
8.33 (d, J = 8.50 Hz, 1H, H,,om)> 8.75 (d, J = 8.50 Hz, 1H,
Hyrom)s 9-25 (s, 1H, Hypop); ms: fast-atom-bombardment m/z
1877.9 (M+ -1, 100), 1878.8 (M*, 87.6, %4Zn-2b requires M+
1878.7), 1879.8 (M+ +1, 92.0), 1880.8 (M*, 70.5, 65Zn-2b),
1881.8 (M+ +1/66Zn-2b, M+/67Zn-2b, 70.2), 1882.8 (M*,
37.7)/1883.8 (M+ +1, 20.1)(68Zn-2b), 1884.8 (M*, 8.0)(?0Zn-
2b); uv/visible (1,4-dioxane): Ayay/nm [log €/dm3mol-lem-1]
699.5 (5.41), 630.0 (4.65), 360.5 (4.81), 211.0 (5.38).

Anal. Calcd. for CsgHy7NgF360,1Zn (1880.11): C, 35.78; H,
1.45; N, 5.96; F, 36.38. Found: C, 35.59; H, 1.41; N, 5.83; F,
36.13.

Zinc 23-nitro-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-tri-
fluoroethoxy)phthalocyaninate (3b).

In a 200-ml round-bottomed three-neck flask equipped with a
nitrogen gas inlet, a reflux condenser and a magnetic stirring
bar, was placed a mixture of 3,4,5,6-tetrakis(2,2,2-trifluoro-
ethoxy)phthalonitrile (1.56 g, 3.0 mmoles), 4-nitrophthalonitrile
(2.60 g, 15 mmoles), zinc chloride (2.46 g, 18.0 mmoles) and
dry urea (23 g). The mixture was stirred and heated at a temper-
ature of 110-120° for 1 hour under dry nitrogen gas, and then
heated to 195°, stirred at 195-205° for 3 hours. A dark-green
solid was formed in the process of heating. The reaction mixture
was then cooled to room temperature, and refluxed with 100 ml
of water for 2 hours, and then cooled to room temperature. The
resulting dark-green precipitate was filtered and washed with
water, then air dried. The crude product was dissolved in ethyl
acetate, and the solution was filtered to remove the insoluble
precipitate, which was washed with ethyl acetate until the fil-
trate became clear. The combined filtrates were condensed and
the resulting dark green residue was purified by column chro-
matography on silica gel with hexane/ethyl acetate (3:1, volume
ratio) as the first eluent to remove the yellow impurities, fol-
lowed by eluting with 3:2 and 1:1 (volume ratio) hexane/ethyl
acetate to remove the pale-green and yellow impurities, and
finally with hexane/ethyl acetate (1:2, volume ratio) as an eluent
to give a green fraction consisting largely of 3b. The crude
unsymmetrical product was further purified by column chro-
matography on silica gel twice with hexane/ethyl acetate (1:1 to
1:2, volume ratio) as an eluent, and then once with
chloroform/tetrahydrofuran (100:1 to 25:1, volume ratio) to give
a green solid. Recrystallization from ethyl acetate-hexane (1:18)
yielded a green microcrystalline solid, 325 mg (18.1%); ir: Vpax
3118 (=CH), 2974, 2896 (CH,), 1627, 1587 (C=C ring), 1523
(NO,), 1487 (C=C ring), 1452, 1429 (CH,), 1401, 1339 (NO),
1274, 1246 (C-0), 1160 (C-F), 1110 (ring), 1065, 1008, 970 (C-
0), 853 (CH,), 805, 757, 664 cm!; 'H nmr (acetone-dg): § 5.25
(m, 12H, 6 x OCH,), 5.33-5.55 (m, 4H, 2 x OCHy), 5.75 (m, 4H,
2 x OCHy), 6.19 (m, 4H, 2 x OCH,), 8.43 (d, J = 7.92 Hz, 1H,
Hyrom)> 872 (d, J = 7.92 Hz, 1H, Hyrom)s 920 (s, TH, Hyom)s
ms: fast-atom-bombardment m/z 1796.9 (M+ -1, 100), 1797.9
(M, 87.2, $4Zn-3b requires M+ 1797.83), 1798.9 (M* +1, 95.6),
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1799.9 (M*, 72.9, 66Zn-3b), 1800.9 (M+ +1/66Zn-3b, M+/67Zn-
3b, 71.3), 1801.9 (M+, 44.6)/1802.9 (M+ +1, 21.1)(68Zn-3b),
1803.9 (M+, 8.9, 70Zn-3b); uv/visible (1,4-dioxane): Ay, /nm
{log €/dm3mol-lcm-1] 701.0 (5.33), 631.0 (4.66), 359.5 (4.85),
221.5 (5.10).

Anal. Caled. for C56H27N9F36014Zn (179922) C, 3738, H,
1.51; N, 7.01; E, 38.01. Found: C, 37.13; H, 1.53; N, 6.84; F,
38.30.

Vanadyl 23-(2'-trimethylsilylethynyl)-1,2,3,4,8,9,10,11,15,16,-
17,18-dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (4a).

A typical procedure for coupling reaction: in a 100-ml round-
bottomed three-neck flask equipped with a nitrogen gas inlet, a
reflux condenser and a magnetic stirring bar, was placed a mix-
ture of vanadyl 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dode-
cakis(2,2,2-trifluoroethoxy)phthalocyaninate (100 mg, 5.31 x 10-
2 mmole), bis(triphenylphosphine)palladium dichloride (2.0 mg,
2.85 x 10-3 mmole) and copper(I) iodide (1.0 mg, 5.25 x 103
mmole). To this mixture, under dry nitrogen atmosphere, were
added anhydrous tetrahydrofuran (20 ml), anhydrous triethyl-
amine (20 ml) and trimethylsilylacetylene (0.10 ml, ~0.713
mmole). The resulting reaction mixture was stirred at 30-40°
under nitrogen gas for 24 hours. The formed precipitate was fil-
tered and washed with tetrahydrofuran. The filtrate was con-
densed under reduced pressure, and the residue was purified by
column chromatography on silica gel with hexane/ethyl acetate
(4:1, volume ratio) as an eluent to yield a green solid.
Recrystallization from ethyl acetate-hexane to give compound 4a
as a green microcrystalline solid, 84.5 mg (85.9%); ir: vy, 3090
(=CH), 2977 (CH,), 2357 (ethynyl), 1636, 1628, 1624 (C=C
ring), 1487 (C=C ring), 1456, 1429 (CH,), 1275, 1248 (C-0),
1161 (C-F), 1122 (ring), 1067, 1013, 972 (C-0), 850 (CH,), 762,
662 cm-!; 'H nmr (acetone-dg): 8 0.46 (s, 9H, (CH3)3), 5.24 (m,
16H, OCH,), 5.50-6.40 (br, 8H, OCHy), 7.70-8.30 (br, 3H,
H,,om); ms: fast-atom-bombardment m/z 1852.1 (M*, 100),
1769.0 (M* - CF5CH,, 24.9), 1686.2 (M* - 2 x CF3CH,, 8.81);
uv/visible (1,4-dioxane): A, /nm [log e/dm3mol-lem-1] 732.0
(5.33), 657.0 (4.64), 353.0 (4.84), 231.0 (5.01).

Anal. Caled. for CgH36NgF3603SiV (1851.97): C, 39.56; H,
1.96: N, 6.05; F, 36.93. Found: C, 39.59; H, 1.96; N, 6.06; F,
37.13.

Zinc 23-(3'-hydroxy-3'-methyl-1'-butynyl)-1,2,3,4,8,9,10,11,15,-
16,17,18-dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (4b).

Quantities: zinc 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dode-
cakis(2,2,2-trifluoroethoxy)phthalocyaninate (35 mg, 1.86 x 102
mmole), 3-methyl-1-butyn-3-ol (20 mg, 0.238 mmole), bis(tri-
phenylphosphine)palladium dichloride (1.0 mg, 1.43 x 10-3
mmole), copper(I) iodide (1.0 mg, 5.25 x 10-3 mmole), anhydrous
tetrahydrofuran (10 ml), and anhydrous triethylamine (10 ml);
reaction conditions: 35-40°, 24 hours. The experimental procedure
was as described for the preparation of compound 4a. The crude
product was purified by column chromatography on silica gel with
3:1, 2:1 and 1:1 (volume ratio) hexane/ethyl acetate as the first,
second and third eluent to remove the yellow impurities, followed
by eluting with dichloromethane/tetrahydrofuran (10:1, volume
ratio) as an eluent to give a green fraction of 4b. The crude unsym-
metrical product was further purified by column chromatography
on silica gel with hexane/ethyl acetate (1:2, volume ratio) as an
eluent to give a green solid. Recrystallization from ethyl acetate-
hexane (1:18) yielded a green microcrystalline solid, 31 mg
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(90.6%); ir: Vay 3090 (=CH), 2968, 2935, 2862 (CH,), 2347
(ethynyl), 1718, 1674, 1634, 1613 (C=C ring), 1486 (C=C ring),
1454, 1432 (CH,), 1406, 1273, 1245 (C-0), 1161 (C-F), 1123
(ring), 1068, 1008, 969 (C-0), 853 (CH,), 751, 662 cm-!; IH nmr
(acetone-dg): 8 1.45 (m, 6H, 2 x CH3), 4.25 (s, 1H, OH), 5.18 (m,
12H, 6 x OCH,), 5.74 (m, 8H, 4 x OCH,), 5.99 (m, 4H, 2 x
OCHy), 7.71 (d, J = 8.50 Hz, 1H, H,,), 8.22 (d, J = 8.50 Hz, 1H,
H,om)» 9.30 (s, 1H, H,om); ms: fast-atom-bombardment m/z
1834.2 (M* -1, 100), 1835.2 (M*, 100, 64Zn-4b requires M+
1834.93), 1836.2 (M* +1, 100), 1837.2 (M+, 95.6, 66Zn-4b),
1838.3 (M* +1/66Zn-4b, M+/67Zn-4b, 92.9), 1839.2 (M+,
59.3)/1840.2 (M* +1, 27.5)(8Zn-4b), 1841.3 (M+, 10.8, 70Zn-4b);
uv/visible (1,4-dioxane): A ,./nm [log &/dm3mol-lcm-1] 702.0
(5.30), 631.5 (4.58), 360.5 (4.79), 309.0 (4.58), 225.5 (4.99).

Anal. Calcd. for Cg;H34NgF340,3Zn (1836.32): C, 39.90; H,
1.87; N, 6.10; F, 37.25. Found: C, 40.44; H, 2.26; N, 5.66; F,
37.06.

Vanadyl 23-(2'-(4"-nitrophenyl)ethynyl)-1,2,3,4,8,9,10,-
11,15,16,17,18-dodecakis(2,2,2-trifluoroethoxy)phthalocyani-
nate (5a).

Quantities: vanadyl 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-
dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (90 mg,
4.78 x 10-2 mmole), 4-nitrophenylacetylene (22 mg, 0.15
mmole), bis(triphenylphosphine)palladium dichloride (3.0 mg,
4.29 x 10-3 mmole), copper(l) iodide (2.0 mg, 1.05 x 102
mmole), anhydrous tetrahydrofuran (30 ml), and anhydrous
triethylamine (30 ml); reaction conditions: 30-40°, 48 hours.
The experimental procedure was as described for the prepara-
tion of compound 4a. The crude product was purified by col-
umn chromatography on silica gel with hexane/ethyl acetate
(3:1, volume ratio) as an eluent to give the second fraction of
Sa. The crude unsymmetrical product was further purified by
column chromatography on silica gel with hexane/ethyl acetate
(4:1, volume ratio) as an eluent to give a dark green solid.
Recrystallization from ethyl acetate-hexane (1:18, three times)
yielded a dark green microcrystalline solid, 86.4 mg (95.0%);
ir: vipax 3070 (=CH), 2977 (CH,), 2357 (ethynyl), 1636, 1624,
1616, 1593 (C=C ring), 1522 (NO,), 1489 (C=C ring), 1456,
1429 (CH,), 1339 (NO,), 1275, 1248 (C-0), 1159 (C-F), 1115
(ring), 1067, 1011, 972 (C-0), 856 (CH,), 750, 660 cm-!; 1H
nmr (acetone-dg): & 5.29 (m, 16H, OCH,), 5.60-6.50 (br, 8H,
OCHy,), 8.00-8.90 (br, H,op); ms: fast-atom-bombardment m/z
1901.0 (M*, 100), 1818.0 (M* - CF;CH,, 33.4); uv/visible (1,4-
dioxane): Aya,/nm [log €/dm3mol-! em-1] 733.0 (5.34), 658.0
(4.65), 350.0 (4.87), 226.0 (5.08).

Anal. Calcd. for CgqHyNgF3605V (1900.89): C, 40.44; H,
1.64; N, 6.63; F, 35.98. Found: C, 40.61; H, 1.67; N, 6.59; F,
36.16.

Zinc 23-(2'-(4"-nitrophenyl)ethynyl)-1,2,3,4,8,9,10,11,15,16,-
17,18-dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (5b).

Quantities: zinc 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-dode-
cakis(2,2,2-trifluoroethoxy)phthalocyaninate (140 mg, 7.45 x
10-2 mmole), 4-nitrophenylacetylene (33 mg, 0.224 mmole),
bis(triphenylphosphine)palladium dichloride (4.0 mg, 5.70 x
10-3 mmole), copper(l) iodide (2.0 mg, 1.05 x 10-2 mmole),
anhydrous tetrahydrofuran (30 ml), and anhydrous triethylamine
(30 ml); reaction conditions: 25-30°, 24 hours. The experimental
procedure was as described for the preparation of compound 4a.
The crude product was purified by column chromatography on
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silica gel with hexane/ethyl acetate (1:1 to 1:2, volume ratio) as
an eluent to give a green fraction of 5b. The crude unsymmetri-
cal product was further purified by column chromatography on
silica gel with chloroform/tetrahydrofuran (100:1 to 25:1, vol-
ume ratio) as an eluent to give a dark green solid.
Recrystallization from ethyl acetate-hexane (1:18, twice) yielded
a dark green microcrystalline solid, 130 mg (92.2%); ir: Vyax
3020 (=CH), 2968, 2928, 2857 (CH,), 2210 (ethynyl), 1629,
1610, 1594 (C=C ring), 1518 (NO,), 1486 (C=C ring), 1452,
1431 (CHy), 1406, 1342 (NO,), 1274, 1246 (C-0), 1159 (C-F),
1111 (ring), 1068, 1008, 970 (C-0), 855 (CH,), 750, 661 cm'};
'H nmr (acetone-dg): 8 5.17 (m, 12H, 6 x OCH,), 5.49 (m, 4H,
2 x OCH,), 5.66 (m, 4H, 2 x OCH,), 6.29 (m, 4H, 2 x OCH,),
7.80 (d, J| = 8.24 Hz, 2H, H,,,,), 8.20 (d, J; = 8.24 Hz, 2H,
Harom)» 8.30 (d, J, = 7.91 Hz, 1H, Hyo), 9.17 (4, J, = 7.91 Hz,
IH, Hypom), 9.25 (s, 1H, Hypopy); ms: fast-atom-bombardment
m/z 1896.9 (M* -1, 99.4), 1897.9 (M*, 100, %4Zn-5b requires
M+ 1897.94), 1898.9 (M+ +1, 100), 1899.9 (M+, 90.8, 66Zn-5b),
1900.9 (M+* +1/66Zn-5b, M+/67Zn-5b, 89.1), 1901.8 (M+,
59.9)/1902.9 (M* +1, 35.1)(68Zn-5b), 1903.9 (M+, 16.4, 70Zn-
5b); uv/visible (1,4-dioxane): Ap,,/nm [log e/dm3mol-lem-1]
704.0 (5.43), 633.5 (4.71), 358.0 (4.93), 222.0 (5.07).

Anal. Caled. for CgqH3iNgF3404Zn (1899.33): C, 40.47; H,
1.65; N, 6.64; F, 36.01. Found: C, 40.98; H, 1.99; N, 6.27; F,
35.47.

Vanadyl 23-(2'-(4"-aminophenyl)ethynyl)-1,2,3,4,8,9,10,11,-
15,16,17,18-dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate
(5¢).

Quantities: vanadyl 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-
dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (100 mg,
5.31 x 102 mmole), 4-aminophenylacetylene (18 mg, 0.154
mmole), bis(triphenylphosphine)palladium dichloride (3.0 mg,
4.28 x 10-3 mmole), copper(l) iodide (1.5 mg, 7.88 x 10-3
mmole), anhydrous tetrahydrofuran (30 ml), and anhydrous tri-
ethylamine (30 ml); reaction conditions: room temperature, 48
hours. The experimental procedure was as described for the
preparation of compound 4a. The crude product was purified by
column chromatography on silica gel with hexane/ethyl acetate
(3:1, volume ratio) as an eluent (twice) to give a dark purple
solid. Recrystallization from ethyl acetate-hexane (1:18, three
times) yielded a dark purple microcrystalline solid, 74.6 mg
(75.1%); ir: vipay 3229 (NH,), 3080 (=CH), 2969, 2928, 2863
(CH,), 2201 (ethynyl), 1627, 1602 (C=C ring), 1519, 1488
(C=C ring), 1452, 1429 (CH,), 1276, 1246 (C-0O), 1160 (C-F),
1113 (ring), 1067, 1010, 972 (C-0), 852 (CH,), 833, 760, 662
cml; 1H nmr (acetone-dg): 8 4.25 (m, NH,), 5.28 (m, 16H,
OCH,), 5.60-7.00 (br, 8H, OCH,), 7.20-8.30 (br, H,); ms:
fast-atom-bombardment m/z 1871.2 (M+, 100), 1788.2 (M+ -
CF3CH,, 26.5); uv/visible (1,4-dioxane): Ap,/nm [log
g/dm3mol-tem-1] 740.0 (5.29), 664.5 (4.64), 354.0 (4.93), 265.5
(4.70), 229.0 (4.99).

Anal. Calcd. for CgyH33NgF360,3V (1870.90): C, 41.09; H,
1.78; N, 6.74; F, 36.58. Found: C, 41.58; H, 1.89; N, 6.62; F,
37.16.

Vanadyl 23-(2'-(4"-formylphenyl)ethynyl)-1,2,3,4,8,9,10,11,15,-
16,17,18-dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (5d).

Quantities: vanadyl 23-iodo-1,2,3,4,8,9,10,11,15,16,17,18-
dodecakis(2,2,2-trifluoroethoxy)phthalocyaninate (60 mg,
3.19 x 102 mmole), freshly prepared 4-formyl-phenylacetylene
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(12 mg, 9.23 x 10-2 mmole), bis(triphenylphosphine)palladium
dichloride (3.0 mg, 4.29 x 10-3 mmole), copper(l) iodide (2.0
mg, 1.05 x 10-2 mmole), anhydrous tetrahydrofuran (20 ml), and
anhydrous triethylamine (20 ml); reaction conditions: 30-40°, 24
hours. The experimental procedure was as described for the
preparation of compound 4a. The crude product was purified by
column chromatography on silica gel with hexane/ethyl acetate
(3:1, volume ratio) as an eluent (twice) to give a green solid.
Recrystallization from ethyl acetate - hexane (1:18, three times)
yielded a green microcrystalline solid, 48 mg (80.0%); ir: v«
3070 (=CH), 2971, 2928, 2857 (CH,), 2210 (ethynyl), 1700
(CHO), 1633, 1612, 1600 (C=C ring), 1563, 1488 (C=C ring),
1454, 1429 (CHy), 1275, 1247 (C-O), 1159 (C-F), 1113 (ring),
1067, 1010, 972 (C-0), 854 (CHy), 834, 760, 662 cm-!; 'H nmr
(acetone-dg): 8 5.31 (m, 16H, OCH,), 5.60-6.80 (br, 8H, OCH,),
7.20-8.50 (br, Hyrom)> 10.0 (m, CHO); ms: fast-atom-bombard-
ment m/z 1884.9 (M+ + 1, 97.3), 1883.9 (M+, 100), 1882.9 (M+
- 1, 100), 1800.9 (M* - CF5CH,, 42.8), 1817.9 (M*- 2 x
CF3;CHj, 13.6); uv/visible (1,4-dioxane): A, ,/nm [log
e/dm3mol-tem-!] 733.5 (5.31), 658.5 (4.61), 354.0 (4.83), 326.5
(4.79), 229.0 (4.99).

Anal. Calcd. for C65H32N3F36014V (188390) C, 4144, H,
1.71; N, 5.95; F, 36.30. Found: C, 41.91; H, 1.77; N, 5.85; F,
36.16.
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