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Physicochemical studies of group 1A metal phthalocyanines
are virtually nonexistent, probably, in part, because of the
purported insoluble or nonsublimable nature of these com-
pounds.'? Recently, however, we reported that the alkali
metal phthalocyanines dissolve in common oxygen-donor
solvents or in solvents containing oxygen-donor ligands to yield
novel oxygen-donor metal phthalocyanine complexes.>* We
now report the first structural example of one such complex
formed between K,Pc and a monodentate oxygen-donor ligand,
dimethylformamide (DMF).

Experimental Section

One gram of freshly prepared K,Pc? was dissolved in 25 mL of
hot DMF. Crystalline material formed upon cooling and was removed
by filtration, washed with a heptane/DMF mixture, and dried in vacuo.
Combustion analysis suggested the formulation K,Pc(DMF),, which
was confirmed by the structure analysis. Anal. Found: C, 59.19;
H, 4.93; N, 18.92; K, 8.76. This complex was also obtained by
dissolving phthalocyanine in strongly basic (KOH)DMF and evap-
orating some solvent.

A prism measuring 0.20 X 0.20 X 0.22 mm was mounted in a glass
capillary for X-ray diffraction studies.* Cell constants were obtained
by computer-centering of 25 reflections, followed by least-squares
refinement. No systematic extinctions were observed and space group
P was assumed. A Delaunay reduction revealed no hidden symmetry.
Cell constants (23 £ 1 °C) area = 7.342 (1) A, b = 12.388 (1) ,&v
c=12.768 (1) &, & = 97.17 (2)°, 8 = 99.76 (1)°, v = 102.02 (1)°,
V= 1104 (2) A%, Degeq = 1.328 g/cm’, and Z = 1,

Data were collected at 23 = 1 °C on an Enraf-Nonius CAD4
automatic diffractometer at Molecular Structure Corp.® with use of
Cu Ko« radiation filtered by a graphite-crystal incident-beam
monochromator. Experimental details are available as supplementary
material. The number of reflections collected totaled 4679 with 4341
independent. Intensities and standard deviations on intensities were
calculated as described previously with the parameter p set to 0.05.7
Lorentz—polarization and decay (<2%) corrections were applied to
the data. Extinction and absorption corrections (u = 23.4 cm™!) were
not necessary.

The 53-atom structure was solved by direct and Fourier methods.
Hydrogen atoms were located and refined isotropically after anisotropic
refinement of all nonhydrogen atoms. Full-matrix least-squares
refinement of the 368 variables in space group P1 led to final agreement
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Table I. Heavy-Atom Positional Parameters for K,Pc(DMF),

atom X y z

K 0.26713(9)  —-0.00117(6)  —0.00112 (5)
0ol 0.5712 (4) 0.0607 (2) 0.1808 (2)
02 0.5564 (4) 0.1862 (2) —0.0126 (2)
N1 0.0779 (4) 0.0995 (2) 0.1412 (2)
N2 0.0255 (4) 0.1309 (2) -~0.0734 (2)
N3 0.1221 (4) 0.2794 (2) 0.0813 (2)
N4 0.0713 (4) —-0.0386 (2) 0.2602 (2)
NS§ 0.6681 (4) 0.1816 (3) 0.3383(2)
N6 0.5339 4) 0.2905 (2) -0.1462 (2)
Cl 0.1000 (4) 0.0662 (2) 0.2389 (2)
C2 0.1637 (4) 0.1639 (2) 0.3249 (2)
C3 0.2050 (5) 0.1770 (3) 0.4363(2)
C4 0.2623 (5) 0.2850 (3) 0.4938 (2)
CS 0.2773 (5) 0.3771 (3) 0.4422 (3)
Cé6 0.2380 (5) 0.3653 (3) 0.3310 (2)
Cc7 0.1797 (4) 0.2577 (2) 0.2730 (2)
C8 0.1242 4) 0.2130 (2) 0.1569 (2)
Cc9 0.0734 (4) 0.2398 (2) —0.0249 (2)
C10 0.0647 (4) 0.3139(2) —0.1054 (2)
Cil 0.0966 (5) 0.4289 (2) -0.0987 (2)
Ci2 0.0699 (5) 0.4719 (3) -0.1939 (3)
C13 0.0153 (5) 0.4024 (3) -0.2929 (2)
Cl4  —-0.0161(5) 0.2868 (3) —-0.3003 (2)
C15 0.0085 (4) 0.2435 (2) -0.2051 (2)
Clé 0.0148 (4) —-0.1290 (2) 0.1817 (2)
C17 0.6219 (6) 0.1564 (3) 0.2317 (3)
C18 0.7285 (6) 0.2955 (4) 0.3932 (4)
C19 0.6624 (7) 0.0926 (4) 0.4012 (3)
C20 0.5603 (6) 0.2762 (3) —-0.0438 (3)
C21 0.4919 (6) 0.1944 (4) -0.2314 (3)
C22 0.5455 (7) 0.3992 (4) —-0.1751 (4)

¢ Values in parentheses are estimated standard deviations in the
least significant digits.

factors of Ry = Y _||F,| = |Fe|l/ 2|F,| = 0.050 and R, = [ w(|F,| -
|F))?/ S wF,"/? = 0.060. The function minimized was ¥ w(|F,| -
|F|)? with the weight w defined as 4F;?/¢*(F,%). Neutral-atom
scattering factors were used,® and anomalous dispersion corrections
were applied.® Only the 2733 reflections having F,2 > 3a(F,2) were
used in the refinement. Calculations were performed as described
previously.!® The esd of an observation of unit weight was 1.502,
and the maximum parameter shift was 0.5 times its esd.

The final positional parameters are given in Table I. General
temperature factor expressions (B;), the positional and thermal pa-
rameters for hydrogen atoms and the distance to the attached atom,
the observed and calculated structure factors, and the rms dis-
placements along the principal axes of the temperature factor ellipsoids
for the nonhydrogen atoms are available as supplementary material.

Results and Discussion

Dipotassium phthalocyanine crystallizes in DMF to afford
K,;Pc(DMF), (1).!! A stereoscopic unit cell view of the
compound is given in Figure 1. The complex consists of
infinite stacks of KPcK units along @ separated by planes
containing four DMF molecules normal to a. The structure
mimics that of the infinite stack complex K;Pc(diglyme), (2)*
and is similar to that of the monomeric trimacrocyclic
“sandwich” complex K,Pc(18-crown-6), (3).4
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Figure 2. Atom labeling scheme, distances (&), and angles (deg) in
the phthalocyanine dianion. The estimated standard deviations are
0.003-0.005 A for distances and 0.1-0.3° for angles. N-K distances
are 2.777 (2), 2.781 (2), 2.782 (2), and 2.792 (2) A.

The phthalocyanine ligand exists as the dianion with bond
distances and angles (Figure 2) similar to those found in the
coordinated ligand. In addition, the central cavity of the
phthalocyanine is square and has a typical isoindole N-N
distance of 2.785 (3) A. Identical distances have been observed
in several transition-metal phthalocyanine complexes.!> The
K-Pc (4-N isoindole plane!'?) distance, however, is 1.967 A
and exceeds typical transition-metal M-Pc distances, which
range from O to 1.5 A.!* The N-K distances (Figure 2; mean
value 2.783 (5) A'%) suggest coordination of the potassium by
the anion and are slightly shorter than the N-K distances in
the multicyclic complex K[CsH;sN,0]1.16  Similar obser-
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(13) Weighted least-squares planes, dihedral angles, and atom distances from
the planes are given as supplementary material,

(14) See, for instance: Boucher, L. J. In “Coordination Chemistry of
Macrocyclic Compounds”; Melson, G. A., Ed.; Plenum Press: New
York, 1979; Chapter 7.

(15) Estimated variances of the mean values of chemically equivalent dis-
tances or angles were calculated as [¥(x — £)?/(n(n - 1))]¥/2

HI3 Hi4

1.452(5)
1.440(5)

1.227(4) 25, ‘ HI5
13284) e ez O
||9(2) 118.7(4)
I08(2) 121.9(a) (Onie
(O 150 121514)

H9

R2l H2O HIt - HIO

Figure 3. Atom labeling scheme, distances (A), and angles (deg) in
the DMF molecules. The upper entries refer to the labeled molecule
while the lower entries refer to the equivalent portion of the adjacent
moleiule. O-K distances are 2.838 (2), 2.838 (2), 2.842 (2), and 2.868
3) A

Figure 4. Potassium ion coordination in K,Pc(DMF),. N1-N2 =

2.789 (4) A; N2-N1’ = 2.780 (4) A; O1-02 = 3.076 (4) A; 02-O1’
= 3.366 (4) A.

vations were made for 2 and 3. The equivalence of the N-N
and N-K distances in 1, however, leads to a regular K;N,
octahedron with N-K-N angles of approximately 60 and 90°.

The dianion in 1 is nearly planar!’ in contrast to the sad-
dle-shaped ion in 2. The largest deviation from planarity is
the bending of the C10 and C10’ benzene rings above and
below the 4-N plane with the two outermost carbon atoms
0.315 A from the plane. All other atoms in the macrocycle
are less than 0.1 X from the 4-N plane. A similar confor-
mation for the anion is observed in the monomer, 3, and ap-
pears to be the result of crystal packing effects.* The benzene
rings have a distorted hexagonal geometry as observed pre-
viously in, for example, VOP¢.!”

Bond distances and angles in the DMF molecules are given
in Figure 3 and appear normal.!® With the exception of the

(16) Moras, D.; Metz, B.; Weiss, R. Acta Crystallogr., Sect. B 1973, B29,
383.
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methyl hydrogen atoms, all of the atoms of the two DMF
molecules and two symmetry-related molecules lie in a plane.!?
The largest atom deviation from the four-molecule plane is
-0.009 i for N5 in one DMF and 0.011 A for C20 in the
other. The four DMF molecules have a radial distribution in
the plane (Figure 1) and form a quasi-macrocyclic oxygen-
donor ligand. The four oxygen atoms form a rectangle with
its sides (3.076 (4) and 3.366 (4) A) relating to the head-to-
head and tail-to-tail distribution of the DMF molecules. The
dihedral angle between the 4-O DMF and 4-N isoindole planes
is —1.4°,

The O-K distances (Figure 3) have a mean value of 2.847
(7) A and suggest coordination by the DMF. The potassium
ions, therefore, are in an eight-coordinate environment and
are 1.704 A from the 4-O DMF plane. The coordination
around the potassium ion is distorted cubic and is illustrated
in Figure 4. The coordinated O and N atoms are in slightly
staggered positions when viewed along the potassium ion chain.
The O-K-O angles (68, 72, and 106°) differ from the N-K-N
angles and reflect the distortion in the coordination geometry.
No unusually close intermolecular DMF contacts are observed.

Structural results for 1, 2, and 3 suggest a strong coordi-
nation template effect for K,Pc with both monodentate and
sterically more restrictive multidentate oxygen donor ligands.
In solution, the coordination template effect is known to en-
hance ring-closure reactions.’® Similar enhancement may be
possible using the alkali metal phthalocyanines.

In DMF, K,Pc is a nonelectrolyte (10~ M) and exhibits the
single MPc-like Q band (667 nm) associated with a Dy, sym-
metry of the phthalocyanine ring. These observations suggest
the presence of the K,Pc moiety in solution where a species
similar to 1is expected. A similar model for H,Pc in solution
was suggested by Martin and Stillman.?

Replacement of the (DMF), quasi-macrocycle in 1 with a
phthalocyanine dianion is sterically feasible and suggests a
possible stacked structural model for the M,Pc (M = Na, K)
compounds, namely, nM*(MPc™),. The structures of these
compounds are unkown.

Registry No. K,Pc(DMF),, 76081-82-8; K,Pc, 25047-77-2.

Supplementary Material Available: Tables of the observed and
calculated structure factors, the general temperature factor expressions
(8, the rms amplitudes of thermal vibration, the positional and
thermal parameters for the hydrogen atoms and the distance to the
attached atom, and weighted least-squares planes (23 pages). Ordering
information is given on any current masthead page.
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Simple salts of transition and main group elements have
been used as Lewis acids frequently. Similarly simple or-
ganometallic compounds like (C¢H;),SnCl, and (C¢H;);SnCl
have also been used as Lewis acids. Recently a new class of
mixed-metal, bimetallic compounds of general formula
MM'(NCS), (M = Co, Ni; M’ = Zn, Cd, Hg) have been used

as Lewis acids, and a review! has recently appeared on this
class of bimetallic Lewis acids. We now wish to report the
preparation of some organobimetallic, mixed-metal compounds
of the type (NCS),Co(NCS),Hg,(CsHs), and (EtOH),-
(NCS),Ni(NCS),Hg,(CsHs),. These organobimetallic com-
pounds act as Lewis acids, and the products containing various
Lewis bases are reported also.

Experimental Section

Materials and Manipulations. Phenylmercury thiocyanate was
prepared by stirring an ethanolic solution of phenylmercury acetate
(BDH) with an ethanolic solution of KNCS (BDH) in 1:1 molar ratio.
Phenylmercury thiocyanate precipitated immediately, and the solid
was isolated by filtration, washed with solvent, recrystallized from
acetone, and dried under vacuum. The purity of the compound was
determined by elemental analysis, melting point, and infrared spectra.?
Cobalt and nickel thiocyanates were prepared by reacting their re-
spective nitrates with potassium thiocyanate in ethanol. Co(NCS),2py
and Ni(NCS),4L (L = pyridine, nicotinamide, aniline) were prepared
by the method described elsewhere.* Dimethyl sulfoxide (Me,SO),
1,10-phenanthroline (phen), 2,2’-bipyridyl (bpy), tetrahydrofuran
(THF), pyridine (py), nicotinamide (Nia), aminopyridine (Amp),
dioxane (DIOX), methanol (MeOH), ethanol (EtOH), and acetone
were used after purification by known methods.* All solvents were
purified and dried before use.

Preparation of (py),(NCS),Co(NCS),Hg,(C¢Hs),. A 3.32-g sample
of Co(INCS),-2py (1 mmol) was dissolved in 50 mL of ethanol. To
this solution was added a suspension of 6.7 g of C;qHsHgSCN (2 mmol)
in 50 mL of ethanol, and the mixture was stirred for 72 h. A pink
solid was formed which was filtered, washed with solvent, and dried
under vacuum. The compound was recrystallized from Me,SO.

Preparation of the Lewis acid (NCS),Co(NCS),Hg,(C¢Hs),. This
compound was prepared by heating (py),(NCS),Co(NCS),Hg,-
(CgHs); under vacuum at 50-60 °C for about 0.5 h, until the pink
color changed to blue; mp 192 °C.

Preparation of L,(NCS),Co(NCS),Hg,(C¢H;), and [Co(L-L),]-
[CsHHg(SCN),], (L = py, Nia, Amp, Me,SO, THF, DIOX; L-L =
phen and bpy). All of these complexes were prepared by stirring a
suspension of the Lewis acid in ethanol with a solution of the ligand
in the some same solvent for 24 h in stoichiometric ratios. The THF,
DIOX, and Me,SO complexes were prepared by stirring the Lewis
acid in these solvents. The complexes of bpy and phen were re-
crystallized from a mixture of ethanol and Me,SO. The pyridine and
nicotinamide complexes melted at 192 and 125 °C, respectively, and
rest of the complexes decomposed in the range 170-250 °C.

Preparation of L,(NCS),Ni(NCS),Hg,(CsH;), (L = MeOH, EtOH,
THF, Me,SO, DIOX). A solution of 1.75 g of Ni(NCS), (1 mmol)
in 50 mL of methanol was mixed with a solution of 6.7 g (2 mmol)
of phenylmercury thiocyanate in 50 mL of acetone, and the mixture
was refluxed for 10 h. The methanol complex appeared as a green
precipitate, which was filtered and washed with methanol. The
compound was recrystallized from Me,SO and hexane mixture. The
remainder of the complexes were prepared similarly by substituting
another solvent for methanol. In each case a green solid appeared,
which was recrystallized from Me,SO and hexane mixture. These
complexes decomposed in the range 220-260 °C.

Preparation of L,(NCS),Ni(NCS),Hg,(C¢H;), (L = py, Nia, 4-
Amp, Ani). Ni(NCS),4L (1 mmol) was dissolved in 50 mL of acetone
and mixed with a solution of C¢HsHgSCN (2 mmol) in 50 mL of
the same solvent. The reaction mixture was stirred for 2 h, and
thereafter S mL of methanol was added and stirring continued for
48 h. Violet or bluish green precipitates appeared in each case which
were filtered, washed with solvent, recrystallized from a mixture of
Me,SO and hexane, and dried under vacuum. These complexes
decomposed in the range 160-230 °C.

Alternatively these complexes were also prepared by refluxing an
ethanolic solution of 1 mmol of (MeOH),(NCS),Ni(NCS),Hg,-
(C¢Hs), with a solution of 2 mmol of the ligands in the same solvent
for 15 h.
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