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A new class of porphyrazine macrocycles carrying peripheral NMR spectra (CDCl3, (CD3)2SO) and UV/Vis spectra in
solution of different media (basic, neutral, acid) of thediazepine rings, i.e. tetrakis-2,3-(5,7-diphenyl-6H-1,4-

diazepino)porphyrazine [Ph2DzPzH2](H2O)4, and its metal monomer and its macrocyclic derivatives have provided
information on the conformational flexibility of the diazepinederivatives of formula [Ph2DzPzM](H2O)x=2–7 [M = MgII-

(H2O), CuII, ZnII] have been prepared and characterized. ring as well as on the structural and electronic features of the
entire porphyrazine skeleton.Single crystal X-ray work on the monomeric precursor 5,7-

diphenyl-2,3-dicyano-6H-1,4-diazepine, Ph2(CN)2Dz, and

Nevertheless, the presence in the macrocyclic ring of NIntroduction
atoms and of soft atoms such as S and Se certainly deter-
mines a different electronic distribution within the skeletalTetrapyrrolic macrocycles such as porphyrins[1] and

phthalocyanines (tetrabenzoporphyrazines), substituted ring. In addition, S and Se can play an important role in
affecting the solid state interunit contacts, which are pre-phthalocyanines or their aza analogues, [2] object of extens-

ive studies and practical applications for several decades, sently deepfully investigated, this probably opening promis-
ing perspectives for the new molecular materials in the fieldhave been even more intensively investigated during the last

10220 years. Comparatively, porphyrazines without annu- of practical applications (electrical conductivity, electroch-
romism, nonlinear optical properties, etc.).lated six-membered aromatic rings (commonly named also

as tetraazaporphyrins), a distinct class of novel macrocycles,
We have now extended our attention to the synthesis andhave been little studied, although the object of recent in-

characterization of porphyrazine macrocycles having per-creasing attention. [3] Very recently, we have reported on the
ipheral heptaatomic heterocyclic rings, and report here onsynthesis and characterization of new classes of porphyraz-
the X-ray crystal structure of 5,7-diphenyl-2,3-dicyano-6H-ines carrying five-membered S- and Se-containing hetero-
1,4-diazepine, Ph2(CN)2Dz, and on the use of this dicyanocycles annulated to the pyrrole rings of the central porphyr-
species as a monomeric precursor for the synthesis of a newazine core, namely tetrakis-3,4-(1,2,5-thiadiazole)- [4] and
class of porphyrazine macrocycles, i.e. tetrakis-2,3-(5,7-di-tetrakis-3,4-(1,2,5-selenodiazole)porphyrazines. [5] Defi-
phenyl-6H-1,4-diazepino)porphyrazine, Ph8DzPzH2, and itsnitely, these new macrocycles can be seen as phthalocyan-
complexes with MgII, CuII, and ZnII (see Scheme 1). Theseine-like systems in terms of the square-planar molecular ge-
tetrapyrrolic species, owing to the structural features of theometry, number of π-electrons, and physical properties
annulated diazepine rings (see below), markedly differ from(low-solubility, high thermal stability, vaporizability).
the S- and Se-porphyrazines mentioned above, and from the
phthalocyanines as well, in many respects. First, they are
far from being entirely planar, and, hence, the problem is

[a] Dipartimento di Chimica, Università degli Studi di Roma “La faced of how the central essentially flat porphyrazine core
Sapienza”, and the peripheral non planar diazepine rings will recipro-P.le A. Moro 5, Roma, I-00185, Italy
Fax: (internat.) 1 39-06/49913332 cally interfere both structurally and electronically. In ad-
E-mail: ercolani@axrma.uniroma1.it dition, the presence of the eight peripheral phenyl groups[b] Department of Organic Chemistry, Ivanovo State University of

contribute to infer to the new materials specific physicalChemical Technology,
Friedrich Engels Pr-t 7, Ivanovo, RF-153460, Russia properties, among them solubility, which may diversify the
Fax: (internat.) 1 7-932/377743 spectrum of the possible practical applications. Special ac-E-mail: stuzhin@pstu.icti.ivanovo.su

count should be taken of the fact that the physical proper-[c] Dipartimento di Chimica Generale ed Inorganica, Università di
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Finally, the N···N···N external cavities can probably be used C(2)2C(3) [1.378(2) Å] are longer than those in a double

bond. This indicates that π conjugation permeates the frag-as the sites for exocyclic metal coordination and formation
of multimetallic systems with novel electronic, optical, and ment C(7)2N(1)2C(2)2C(3)2N(4)2C(5) internal to the

diazepine ring, despite of the fact that the latter is consider-redox properties.
ably displaced from planarity. The C(51)...C(56) and
C(71)...C(76) phenyl rings, which form a dihedral angle of
75.8(1)°, are tilted with respect to the
N(1)2N(4)2C(5)2C(7) mean plane by 126.7(1) and
129.0(1)°, respectively.

Scheme 1
Scheme 2

2 3 4 5
Table 1. Experimental data for the X-ray diffraction studies on cry-
stalline compound 1M Mg 2H Cu Zn

Abbreviation Ph8DzPzMg Ph8DzPzH2 Ph8DzPzCu Ph8DzPzZn

1

Empirical formula C19H12N4
Formula mass 296.3Results and Discussion
Space group P21/n (#14)
a [Å] 9.595(2)First, we briefly illustrate the structure of the monomeric b [Å] 10.828(2)

precursor 1, and then report on the synthesis and charac- c [Å] 14.843(3)
α,γ [°] 90terization of the macrocycles 225.
β [°] 95.07
V [Å3] 1536.1(5)
Z 4
T [°C] 22X-ray Crystal Structure of 5,7-Diphenyl-2,3-dicyano-
λ(Mo-Kα) [Å] 1.541786H-1,4-diazepine, Ph2(CN)2Dz (1) Dcalcd. [g cm23] 1.281
µ [cm21] 5.91
Transmission coefficient 0.97421.000The crystal structure of Ph2(CN)2Dz consists of discrete
Unique total data [I > 0] 2862molecules and the crystal packing is determined by van der
Unique observed data [I > 2(I)] 2492

Waals interactions. Crystal data and details associated with R 0.055
wR2 0.176data collection are given in Table 1. The side and front
GOF 1.162views of the molecule are given in Figure 1 (A, B). Selected

bond lengths and angles are quoted in Table 2. The diazep-
R 5 Σ|∆F|/Σ|Fo| calculated on the unique observed data [I > 2(I)];

ine ring exhibits a boat conformation flattened at the stern, wR2 5 [Σw|F2|2/w|Fo
2|2]1/2 calculated on the unique total data with

I > 0; GOF 5 [Σw|F2|2/(NO 2 NV)]1/2.as indicated by the displacements of the C(6), C(2), C(3)
atoms from the N(1)2N(4)2C(5)2C(7) mean plane, which As can be well seen from Figure 1A, two hydrogen atoms
are 0.837(2), 0.572(2), 0.588(2) Å, respectively. The dihedral of the 2CH22 group are inequivalent: One of them is in
angles formed by the C(5)2C(6)2C(7) and the equatorial position while another one, being in the
N(1)2C(2)2C(3)2N(4) mean planes with the quasi-axial position, is located over the diazepine ring.
N(1)2N(4)2C(5)2C(7) mean plane are 119.0 and 148.4°, Thus, in the solid state, 1 exists as 6H tautomer of type I
respectively. The diazepine ring possesses a pseudosym- (Scheme 2).
metry plane running through C(6) and the midpoint of the
C(2)2C(3) bond, as indicated by the asymmetry parameter
∆Cs (C4) 5 0.011(1). Considering the sequence Macrocycles 225: Synthetic and General Aspects
N(1)2C(2)2C(3)2N(4)2C(5)2C(6)2C(7) the puckering
parameters are as follows: q2 5 0.830(2); q3 5 0.308(2); Although 2,3-dicyano-6H-1,4-diazepines have been

known for a long time[6] [7] no attempt, to our knowledge,QT 5 0.886(2); φ2 5 24.3(2); φ3 5 128.3(4); θ2 5 69.6(1).
The N2C and C2C bond lengths within the diazepine ring has so far been made to use them as precursors for the

preparation of porphyrazines. We have attempted the tem-appear to be intermediate between those expected for single
and double bonds. In fact N(1)2C(2) and N(4)2C(5) plate tetramerization in presence of magnesium propylate

of both 5,7-dimethyl-2,3-dicyano-6H-1,4-diazepine,lengths are shorter (ca. 1.36 Å) than those in a single bond,
while N(1)2C(7) and N(4)2C(5) both 1.301(2) Å], and Me2(CN)2Dz, and 5,7-diphenyl-2,3-dicyano-6H-1,4-diazep-
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Table 2. Selected bond lengths [Å] and angles [°] for 1[a] enough, and, after even a rapid evaporation of the solvent,

an unidentified brown product is obtained (molecular peak
Bond lengths in the FAB spectrum at m/z 1084) instead of the green
N(1)2C(2) 1.363(3) C(2)2C(21) 1.445(2) Ph8DzPzH2 (M1 at 1187.5). A similar brown material,
N(1)2C(7) 1.301(2) C(3)2C(31) 1.439(3)

which is presently the object of further investigation, is ob-N(4)2C(3) 1.360(2) C(5)2C(6) 1.505(3)
N(4)2C(5) 1.301(2) C(5)2C(51) 1.468(2) tained when non glacial acetic acid is used for preparation
N(22)2C(21) 1.140(2) C(6)2C(7) 1.503(3) of 3 from 2.N(32)2C(31) 1.138(3) C(7)2C(71) 1.468(3)

Refluxing of the MgII complex 2 in glacial acetic acid inC(2)2C(3) 1.378(2)
the presence of excess of copper acetate results in the for-Bond angles
mation of the CuII complex Ph8DzPzCu (4). This latter, andC(2)2N(1)2C(7) 120.8(2) N(4)2C(5)2C(6) 119.3(2)

C(3)2N(4)2C(5) 121.3(2) C(6)2C(5)2C(51) 121.8(2) the ZnII complex as well, can be obtained by reaction of
N(1)2C(2)2C(21) 113.8(2) C(5)2C(6)2C(7) 101.0(2) the metal-free macrocycle 3 with the pertinent metal acetateN(1)2C(2)2C(3) 126.8(2) N(1)2C(7)2C(6) 119.8(2)
C(3)2C(2)2C(21) 118.5(2) C(6)2C(7)2C(71) 121.7(1) in dimethyl sulfoxide (DMSO). All samples of the com-
N(4)2C(3)2C(2) 125.5(2) N(1)2C(7)2C(71) 118.5(2) pounds 225 were obtained as hydrated materials with
C(2)2C(3)2C(31) 119.0(2) N(22)2C(21)2C(2) 178.3(2)

slightly variable amounts of water molecules depending onN(4)2C(3)2C(31) 114.9(1) N(32)2C(31)2C(3) 177.7(2)
N(4)2C(5)2C(51) 118.8(2) the particular samples, as is evidenced by elemental analysis

(C,H,N), thermogravimetric measurements, and IR spectra
[a] Atom numbering corresponds to that shown in Figure 1. (see Experimental Section). These water molecules can be

completely removed by mild heating under vacuum, excep-
tion made for one water molecule retained by the Mg com-
plex. It is assumed that such a water molecule is directly
and fairly strongly ligated to the metal center, as observed
for several similar MgII2porphyrazines.[4,5,8]

The macrocyclic structure given in Scheme 1 for the pre-
sent species is confirmed by FAB measurements (see Exper-
imental Section), and is further supported by NMR, IR,
and UV/Vis data. The presence of the peripheral 1,4-di-
azepine rings in this kind of macrocycles requires examin-
ation, developed below, of specific problems concerning
their structural and conformational flexibility as well as
chemical behaviour, since it is known that 1,4-diazepines
can exist, depending on substituents, as 6H or 1H tauto-
mers I and II, and in acid media they can be protonated
forming successively monocations (diazepinium salts) III
and dications IV [9] (Scheme 2).

1H-NMR Spectra of Ph2(CN)2Dz (1) and of the ZnII

Complex Ph8DzPzZn (5)

Ph2(CN)2Dz (1) in Solution of CDCl3 and (CD3)2SO

The 1H-NMR spectrum of 1 (Figure 2, Table 3) definitely
Figure 1. SCHAKAL side (A) and front-top (B) views of Ph2- confirms that its structure in solution of a nonacidic solvent
(CN)2Dz (1) (chloroform, dimethyl sulfoxide) is similar to that found in

the solid state. In fact, in addition to the multiplets of the
phenyl protons in the low field region (δ 5 7.93, 7.50, andine [Ph2(CN)2Dz, 1], but only with 1 cyclotetramerization

takes place and the MgII complex Ph8DzPzMg (2) is formed 7.41 for o-Ph, p-Ph and m-Ph, respectively), two doublets
for the 2CH22 protons are observed at δ 5 1.98 and 5.74in a high yield as a hydrated bluish-green material.

The Mg complex 2 can be demetallated to the metal-free in CDCl3 at 293 K (AB system, 2J 5 11.23 Hz). Such a 1H-
NMR pattern for 1 is fully consistent with the tautomericmacrocycle Ph8DzPzH2 (3) in boiling glacial acetic acid.

The use of stronger acids such as CF3COOH or 96% H2SO4 structure I (6H tautomer). According to the available 1H-
NMR data the 6H tautomer I is also preferred for the di-immediately determines demetallation of 2 upon dissolution

even at room temperature, as can be evidenced by the UV/ methyl derivative Me2(CN)2Dz,[6] and for 5,7-disubstituted
2,3-benzo-1,4-diazepines (R2BzDz; R 5 Me, Ph), [10] whilstVis spectra (see below). However, these strong acids cannot

be used for preparative purposes; in fact, although 3 is the 1H tautomer II is present in 2,3-dihydro-1,4-diazepi-
nes. [9c]stable in 96% H2SO4 for days, its precipitation by pouring

the solution on ice gives an impure material with low yields, An interesting aspect of the observed 1H-NMR spectrum
of 1, worth to be discussed, is that the CH2 protons appear,and solutions of 3 in CF3COOH appear to be not stable
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boiling (CD3)2SO allowed to explore a wider range of tem-
peratures up to 363 K. As shown in Figure 3 (spectra
A2D), the two AB doublets of the CH2 protons located
at δ 5 2.32 and 6.19 at 303 K (spectrum A), progressively
broaden, completely disappearing at 363 K, thus giving a
rough estimation of the coalescence temperature Tc. The
high Tc value observed suggests that the ring inversion pro-
cess for Ph2(CN)2Dz is markedly hindered, very likely be-
cause of the presence of the two phenyl rings in the 5- and
7-positions.

As far as the position of the CH2 signals of 1 is con-
cerned, the quasi-axial proton (ax-CH2) is shielded, being
located over the plane of the C5N double bonds (Figure
1). Accordingly, the signal is found at higher field than is

Figure 2. 1H-NMR spectra of (A) Ph2(CN)2Dz (1) and (B) usual for CH2 protons adjacent to two sp2 carbon atoms.
Ph8DzPzZn (5) in CDCl3 The substituents in the diazepine ring appear to have little

influence on the resonance position of the ax-CH2 proton

Table 3. Positions of the CH2 proton signals in the 1H-NMR spectra of compounds containing 1,4-diazepine rings

Compound Solvent δ [ppm] Splitting T [°C]
ax-CH2 eq-CH2

2J [Hz]

Ph2(CN)2Dz CDCl3 1.98 5.74 11.23 293
1.99 5.73 11.2 313
2.01 5.70 2 333

(CD3)2SO 2.32 6.19 11.18 303
2.32 6.15 2 323
2.33 6.14 2 343

not observed 363 ø Tc
Me2(CN)2Dz[a] CD3CN 1.94 4.41 10 243

singlet 2 Tc ca. room temp.
Ph2BzDz[b] C5D5N 2.18 5.66 12 223

3.80 2 353 (Tc 5 273±10)
MePhBzDz[b] CD3OD 1.97 4.50 12 213

3.3 2 307 (Tc 5 261±7)
Me2BzDz[b] CD3OD 2.04 3.74 11 213

2.90 2 309 (Tc 5 247±8)
Ph8DzPzZn CDCl3 5.18 6.08 12.6 293

(CD3)2SO 5.03 5.99 11.72 373
Ph8DzPzMg (CD3)2SO 5.06 5.99 12.10 373

[a] From ref. [6] 2 [b] From ref. [10]

even at room temperature, as two sharp doublets (again de-
picted here as an AB system,[9] [14] although, owing to their
large inequivalence, they might alternatively be considered
as an AX system). This means that the inversion of the
diazepine ring in this species is slow under these conditions.
A different situation is observed in the case of the dimethyl
derivative Me2(CN)2Dz[6] and of 2,3-benzo-1,4-diazepines
(R2BzDz; R 5 Me, Ph)[10] (Table 3), since for these species
the CH2 protons give a singlet resonance peak at room tem-
perature and only at lower temperatures the peak splits into
two doublets (the coalescence temperature Tc is close to
room temp. or below, Table 3). Variable temperature 1H-
NMR measurements for Ph2(CN)2Dz in solution of CDCl3
show that the gradual raising of the temperature from
293 K causes the broadening of the two sharp doublets of
the CH2 protons, and at 333 K two broad unsplit signals

Figure 3. 1H-NMR spectra of Ph2(CN)2Dz (1) (A2D) andare still observed at δ 5 2.01 and 5.70 for the axial and
Ph8DzPzZn (5) (E) in (CD3)2SO at 313 K (A), 333 K (B), 353 Kequatorial protons, respectively, although clearly the co- (C), and 373 K (D, E); signals of nondeuterated solvent and water
traces are marked with an asteriskalescence temperature is not definitely reached. The higher
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(Table 3). As to the equatorial proton (eq-CH2), the sub-
stituents (especially in 5- and 7-positions) strongly affect the
position of its resonance. In Ph2(CN)2Dz the eq-CH2 pro-
ton is deshielded by the adjacent C5N double bonds and,
additionally, by the π-electron ring current of the phenyl
rings. Hence, its resonance shifts downfield as compared
with that of Me2(CN)2Dz.

Ph8DzPzZn (5) in Solution of CDCl3, (CD3)2SO,
CF3COOH, and H2SO4

The 1H-NMR spectrum of Ph8DzPzZn (5) in CDCl3
shows general features similar to those of the monomeric
compound Ph2(CN)2Dz (compare A and B, Figure 2). At
293 K the phenyl protons give resonances at δ 5 8.23, 7.32,
and 7.37 for o-Ph, m-Ph and p-Ph, respectively. As to the
CH2 protons, two doublets appear at δ 5 5.18 and 6.08
(2J 5 12.5 Hz), which means that in CDCl3 and in
(CD3)2SO as well (Table 3), all diazepine rings of the ZnII

complex 5 are present in the form of the 6H tautomer I. It
can be seen from Figure 2 that in going from Ph2(CN)2Dz
(1) to Ph8DzPzZn (5) a downfield shift is observed for the
resonances of the o-Ph and CH2 protons, due to their close
position to the porphyrazine macrocycle. These downfield
shifts are probably the result of combined structural and
electronic effects, since annulation of the diazepine rings
very likely implies an increased planarity of the Figure 4. 1H-NMR spectra of Ph8DzPzZn (5) in CF3COOH (A)

and in H2SO4 (B); signals of decomposition products are markedC(7)2N(1)2C(2)2C(3)2N(4)2C(5) moiety, thus allowing
with an asteriskan extension of the π-electron conjugation and this, in turn,

the deshielding effect of the strong π-electron ring current
of the formed porphyrazine macrocycle to which the di- 1,4-diazepines, respectively). The signals of the m-Ph and p-

Ph protons are shifted downfield in CF3COOH (δ 5 8.03azepine rings are attached in this case. The unusually large
downfield shift of the axial methylene proton (δ 5 3.2) to and ca. 8.25, respectively) as compared to their position in

the CDCl3 solution. Whilst no AB doublets attributable tothe new position of δ 5 5.18 is especially remarkable and
indicates its proximity to the macrocycle. In fact, the dis- the CH2 protons are observed, two singlets of equal inten-

sity (4 H each) are found present at δ 5 4.90 and 8.32. [13]tance of this axial methylene hydrogen atom from the center
of the porphyrazine macrocycle (ca. 5.3 Å, as can be esti- These two resonances can be assigned to the 2CH5 and

NH protons. Their position and relative intensity prove thatmated from the MM1 geometry optimization procedure of
the Hyperchem[11]), is 1.7 Å shorter than that of the equa- diazepine rings of Ph8DzPzZn in the CF3COOH solution

are present in the form of the 1H tautomer II, rather thantorial hydrogen. Furthermore, such distance is comparable
with that of the aromatic pyrrole protons for the Zn com- in the form of a type-III cation. In support of this: a) the

olefinic 2CH5 and NH protons of the 1H tautomer II ofplex of unsubstituted porphyrazine (ca. 5.1 Å, singlet at δ 5
9.4 in its 1H-NMR spectrum[12]). It is remarkable that in 2,3-dihydro-5,7-dimethyl-1H-1,4-diazepine give, similarly,

resonances of equal intensity at δ 5 4.40 and 7.76 for solu-the 1H-NMR spectrum of Ph8DzPzZn in (CD3)2SO even at
373 K (Figure 3, spectrum E) the CH2 protons give two tion in CCl4; [9c] b) for the corresponding cation of type III

in the case of 2,3-dihydro-5,7-diphenyl-1,4-diazepine occur-sharp doublets of the AB system, whilst approximately at
the same temperature the monomeric precursor 1 showed ring in CF3COOH, signals of the 2CH5 and NH protons

are observed at lower fields and have intensity ratio 1:2 [δ 5coalescence. This means that annulation to the porphyraz-
ine macrocycle very strongly reduces the conformational 5.95 (1 H) and 8.1 (2 H)[14]]. Hence, if the tetracation

[Ph8(DzH)PzZn]41 with diazepine rings in form III wereflexibility of the diazepine ring.
The 1H-NMR spectra of Ph8DzPzZn in trifluoroacetic the case, the 2CH5 and especially NH resonances should

appear at lower fields (due to the influence of the macro-and sulfuric acids (Figure 4) differ from those taken in
CDCl3 or (CD3)2SO. This is not surprising, because it is cyclic π-electron ring current) and have relative intensity

1:2. Transformation of the diazepine rings of Ph8DzPzZnknown[9] that 1,4-diazepines exhibit strong basic properties,
forming easily (e.g. in CF3COOH) monocations III of di- from 6H tautomer I in neutral CDCl3 solution to the 1H

tautomer II in CF3COOH occurs evidently because of theazepinium salts (pKa1 ø 9 and 13 for 2,3-benzo- and for
2,3-dihydro-1,4-diazepines, respectively), and, under much specific acid solvation of the second nitrogen atom of the

diazepine rings and meso-nitrogen atoms of the porphyraz-more severe conditions (conc. H2SO4), diprotonated forms
IV (pKa2 ø 21 and 23 for 2,3-benzo- and for 2,3-dihydro- ine macrocycle by molecules of trifluoroacetic acid. Unlike
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monomeric 1,4-diazepine derivatives, protonation of the di- (CD3)2SO)]. Similar spectra are also obtained for the free

ligand as to the presence of the Ph and CH2 groups, al-azepine rings in the macrocyclic complex 5 with formation
of the tetracation [Ph8(DzH)PzZn]41 is not favourable un- though the spectra are of poor quality because of low solu-

bility. In strong acids such as H2SO4 (96%) complex 2 un-der these conditions. Noteworthy, in the case of monomer
1, due to two electron-withdrawing CN groups present and dergoes demetallation to the free ligand, whose spectra did

not allow identification of the central NH groups.strongly reducing its basicity, the diazepinium salt
Ph2(CN)2DzH1 of type III is also not formed in
CF3COOH. Accordingly, the 1H-NMR spectral pattern re-

UV/Vis Spectramains characteristic for the 6H tautomer I, although all sig-
nals, because of the acidic solvation, appear at lower fields

UV/Vis spectra of the macrocyclic compounds 225,[multiplets at δ 5 8.35, 8.02, 7.87 for o-, p- and m-Ph and
which show strong absorptions in the ranges 2502410 (So-two AB doublets (2J 5 11 Hz) at δ 5 2.77 and 6.51 for the
ret region) and 6002700 nm (Q-band region), deserve someaxial and equatorial CH2 protons].
detailed discussion.The 1H-NMR spectrum of the ZnII complex 5 in H2SO4

contains nonresolved multiplets of the phenyl protons (δ 5
Spectra in Basic, Neutral, and Slightly Acidic Solvents8.54, 8.07, 7.80 for o-, p- and m-Ph, respectively) and one

broad signal at δ 5 5.39. The intensity ratio of this signal Remarkably, the UV/Vis spectra of the metal-free ligand
3 and the metal complexes 2, 4, and 5 in basic, neutral andto the signals of the phenyl protons is 1:10, which allows us

to assign it to the olefinic 2CH5 proton of the monopro- slightly acidic solvents [pyridine (Table 4), CHCl3,
(CH3)2SO, alcohols, acetic acid] show two well distincttonated diazepine rings in form III. For a structure contain-

ing doubly protonated diazepine rings IV this ratio should bands in the Q-band region (see Figure 5A, B, C for the
free ligand, and Figure 5F, G, H for the CuII complex), i.e.be 1:5. Resonances of the NH protons which should be pre-

sent for both possible structures III and IV have not been an intense sharp short-wave band with λmax ø 6302640 nm
(split for the free ligand 3 because of its lower symmetry,observed. The NH groups located close to the aromatic

porphyrazine macrocycle should be strongly deshielded by i.e. D2h) accompanied by a slightly broader less intense well
separated satellite with λmax ø 6602680 nm (ca.its π-electron ring current and give resonances downfield

with respect to their position in mono- and diprotonated 80021000 cm21).
These two bands cannot be considered as two compo-2,3-dihydro- or 2,3-dibenzo-1,4-diazepines (for 2,3-dihydro-

1,4-diazepinium salts III δNH 5 8.529.5[14] [15] and for form nents of the split Q-band originating from considerable low-
ering of the symmetry of the molecule, since annulation ofIV of Me2BzDz in H2SO4 δNH 5 13.4[9c]). No signals are

present in the lowfield region (δ > 12.6), where resonances the four nonplanar diazepine rings cannot significantly dis-
turb the overall D4h symmetry of the chromophore. A splitof the NH protons for the structure with doubly protonated

diazepine rings IV could be expected. Therefore, the octac- Q-band could alternatively originate from dimer formation
caused by strong π-interaction, [19] and, indeed, such type ofationic structure Ph8(DzH2)PzZn81 can be excluded for the

H2SO4 solution. For the tetracation Ph8(DzH)PzZn41 with splitting (80021000 cm21) has been observed for macro-
cyclic units brought very close to one another and firmlymonoprotonated diazepine rings (form III), the NH reson-

ances, expected in the region δ 5 9212, are very likely held together, as occurs, for instance, for the diphthalocyan-
ine systems (PcRh)2, [20] (PcFe)2(2C) and (PcRu)2(2C).[21]underneath the intense absorption of H2SO4 at δ 5

9.3212.6. In the spectrum taken in deuterated sulfuric acid, This is not, however, the case for the present species, for
which, noteworthy, the 1H-NMR spectra in CDCl3 give nothe signal of the 2CH5 proton is not present. This is easily

explained by deuterio exchange which is facilitated by the indication of molecular association even at high concen-
trations of the species. Clearly, then, the two peaks in thequasi-aromatic properties of the diazepinium salt III and

hence its reactivity in electrophylic substitution. [16] [17] Q-band region have a different origin. We suggest that the
sharp more intense band at 6302640 nm is associated withAlthough meso-nitrogen atoms of the porphyrazine mac-

rocycle can also take part in the acid-base interaction pro- the lowest πRπ* transition (“normal” Q-band), and the
less intense long-wave band at 6602680 nm is due to thecesses, [18] no signal attributable to the 1Nmeso2H resonance

was found either in CF3COOH or in H2SO4. It is not sur- low lying nRπ* transition (Qn-band), as it is further dis-
cussed below.prising that the 1H-NMR spectra provide no evidence of

protonation of meso-nitrogen atoms. Low relative intensity The φn orbitals of the meso-nitrogen atoms of the por-
phyrazine macrocycle and the pyridine-type nitrogen atomsand broadness (due to the rapid exchange with media)

make difficult the detection of these signals, expected in the of the annulated heterocyclic rings (e.g. in tetrapyrazinopor-
phyrazines) have a lower energy than the HOMO, and cor-low field region (possibly nearby the OH absorption of the

solvent). UV/Vis spectroscopy in some cases can provide responding nRπ* transitions are observed in the Soret
band region. [22] The lone pairs of these nitrogen atoms aremore definite information about acid-base interaction of

meso-nitrogen atoms. [18] located in the plane of the porphyrazine skeleton. Differ-
ently, the lone pairs of the imido nitrogen atoms in the di-The 1H-NMR spectra of the MgII complex 2 in weakly

donor solvents show features strictly similar to those ob- azepine rings of compounds 225 are not coplanar with the
macrocycle forming an angle with its mean plane of aboutserved for the ZnII complex [see data in Table 3 for
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only negligibly affected. This is clear for our species looking
at Figure 5 (see spectra B and C, and also F, G, and H).

Spectra in Strong Acids (CF3COOH, H2SO4)

The UV/Vis spectra in CF3COOH (Figures 5, D and I)
show a Soret band at λmax 5 3942401 nm, and a broad Q-
band at λmax 5 6252664 nm. No distinct Qn-band is ob-
served. This type of spectrum is consistent with diazepine
rings being present in the 1H-tautomeric form II as was
concluded on the basis of the 1H-NMR data. Strong acidic
solvation of the diazepine imido and amino nitrogen atoms
and meso-nitrogen atoms of the porphyrazine macrocycle is
responsible for the diffuse character of the Q-band envel-
ope.

The spectra of the Cu and Zn complexes 4 and 5 and of
the metal-free macrocycle 3 in solution of conc. H2SO4

(96%) are very similar to the spectra of the corresponding
unsubstituted, alkyl- or aryl-substituted, and benzo-annu-
lated porphyrazines in neutral solvents[18] [19] in that they
show a single Q-band for complexes 4 and 5 (λmax ø
6752690 nm), and two well-resolved Qx and Qy compo-
nents (659 and 704 nm) for the metal-free ligand 3. The
main maximum in the Soret band envelope is considerably
moved towards higher wavelengths (Figure 5, E and J).
Such spectra are in full agreement with the symmetrical
structure of the macrocycle containing protonated diazep-
ine rings in form III, as was also suggested on the basis of
the 1H-NMR data. In this structure there is no lone pair
on the nitrogen atoms of the diazepine rings and hence the
Qn-band is absent in the spectra. Usually at least one of the
meso-nitrogen atoms of metalloporphyrazines is protonated
in H2SO4, which results in a bathochromic shift of the Q-
band and its observed splitting (in case of interaction with
one, two or three meso-nitrogen atoms). [18] For our metal

Figure 5. UV/Vis spectra of Ph8DzPzH2 (A2E) and Ph8DzPzCu
complexes, although the maximum of the Q-band is shifted(F2J) in pyridine (A, F), CHCl3 (B, G), CH3COOH (C, H),

CF3COOH (D, I) and H2SO4 (E, J) bathochromically as compared with neutral solvents by ca.
1000 cm21, there is no splitting observed due to nonsym-

Table 4. UV/Vis data for Ph8DzPzH2, and its MgII, CuII and ZnII derivatives in pyridine solution

Compound λ [nm] (lg ε)
Soret region Q-band region

Ph8DzPzH2 3 339sh 357 484sh 639 677sh
(4.83) (4.86) (4.55) (4.44)

Ph8DzPzMg 2 351sh 374 589 639 680
(5.01) (5.05) (4.22) (5.12) (4.83)

Ph8DzPzCu 4 323sh 365 577 628 673
(4.82) (4.94) (4.24) (4.93) (4.73)

Ph8DzPzZn 5 348sh 367 384sh 585 637 678
(4.96) (5.02) (5.01) (4.20) (5.07) (4.80)

35240° (as can be estimated from the X-ray data on 1, and metrical protonation. Symmetrical acid-base interaction
with all four meso-nitrogen atoms which should give a sin-MM1 geometry optimization of Ph8DzPz22). As a result

the φn orbitals of the diazepine imido nitrogen atoms gle bathochromically shifted Q-band (e.g. by more than
2500 cm21 for metallophthalocyanines in H2SO4)[18] is alsoshould rise in their energy over HOMO, thus causing the

corresponding nRπ* electronic transition to appear as a impossible. In fact, four positively charged diazepine rings
acting as strong electron acceptors should decrease the ba-Qn-band in the long-wave region, as indeed it occurs. The

solvatochromic effect is normally large on the peak position sicity of the meso-nitrogen atoms as compared with unsub-
stituted porphyrazines in which only two meso-nitrogenof the nRπ* transitions, whereas the πRπ* transitions are
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Substituted Porphyrazinatomagnesium Pentahydrate, [Ph8DzPzMg-atoms can be protonated in H2SO4. Thus, in tetra(2,3-pyri-
(H2O)]·4H2O (2): Magnesium metal (0.54 g, 22.2 mmol) was sus-dino)porphyrazines only one meso-nitrogen atom can be
pended, with stirring, in propyl alcohol (25 mL) in the presence ofprotonated in addition to four pyridinium rings. [18] The ob-
a small amount of I2 and the mixture was refluxed for 10 h toserved strong bathochromic shift of the Soret band maxi-
complete the conversion of Mg into its corresponding propylate.mum allows to discard protonation of meso-nitrogen atoms
Ph2(CN)2Dz (1) (1.5 g, 5.06 mmol) was then added and the mixture

in H2SO4 (and in CF3COOH as well), because the B-band kept refluxing for further 8 h. During the reaction the gray mixture
(a2uReg transition), which is the strongest in the Soret changed to dark green, and then to dark blue. At the end of the
envelope, should be hypsochromically shifted upon pro- reaction, propanol was evaporated under reduced pressure and the
tonation. [23] solid material was suspended in 50% aqueous acetic acid and

stirred for 3 h to dissolve the residual unchanged magnesium pro-
pylate. The dark bluish-green solid, separated by filtration, was
washed with water to neutrality, then with 3 portions of methanol,Conclusion
and brought to constant weight in a vacuum dessicator. Yield

A new class of porphyrazine macrocycles carrying seven- 1.42 g (93%). The product can be recrystallized from pyridine/ethyl
acetate. All samples obtained from different preparations containedmembered diazepine rings annulated at the periphery of the
variable amounts of weakly ligated water molecules (427). 2 Rep-“internal” tetrapyrrolic macrocycle is reported. This new
resentative sample of formula [Ph8DzPzMg(H2O)]?4H2O:class of complexes shows specific structural (displacement
C76H58MgN16O5 (1299.71): calcd. C 70.23, H 4.50, N 17.24; foundfrom planarity of the external diazepine rings, presence of
C 69.68, H 4.68, N 16.82. 2 Thermogravimetric analysis revealedperipherally attached phenyl rings) and UV/Vis spectral fea-
a featureless loss of four water molecules for this sample in thetures in the Q-band region. Further synthetic work is pre-
temperature range 252200°C (found 5.76%, calculated for 4 mol-

sently being extended to other metal derivatives. Alternative ecules of H2O 5.54%), whereas the fifth molecule is more strongly
peripheral substitution is possible on the diazepine rings retained, being most likely directly ligated to the central metal. 2
and attempts are in due course for the preparation of new MS (FAB); m/z (%): 1210.5 (100) [M 2 5H2O]1, 1227.9 (7) [M 2
macrocyclic diazepine materials showing better solubility, 4H2O]1, 2418.9 (20) [M 2 5H2O]2

1. 2 UV/Vis (pyridine): λmax (lg
ε) 5 351 nm sh, 374 (5.05), 589 (4.22), 639 (5.12), 680 (4.83). 2 IReither in donor or nondonor solvents, and original chemical
(KBr): ν̃ 5 3060 cm21 w, 1645 m, 1600 w, 1580 w, 1527 vs, 1498and physical properties.
w, 1470 w, 1448 s, 1395 w, 1320 m, 1305 w, 1277 m, 1175 s, 1120 s,
1043 m, 1027 w, 1003 w, 983 m, 952 w, 925 vw, 875 w, 840 w, 782
vw, 760 s, 740 w, 710 vs, 690 s, 420 w. 2 1H NMR [(CD3)2SOExperimental Section
373 K]: δ 5 5.06 (d, J 5 12.21 Hz, 4 H, ax-CH2), 5.99 (d, J 5

Solvents and Chemicals: Solvents (1-propanol, CHCl3, CH3COOH, 11.99 Hz, 4 H, eq-CH2), 7.41 (m, 16 H, m-Ph), 7.49 (m, 8 H, p-
CF3COOH, pyridine, ethyl alcohol, dimethyl sulfoxide (DMSO), Ph), 8.13 (d, J 5 7.92 Hz, 16 H, o-Ph).
ethyl acetate, acetonitrile, 96% H2SO4) and reagents [diamino-

Substituted Porphyrazine Tetrahydrate, [Ph8DzPzH2]·4H2O (3): Sol-maleodinitrile, dibenzoylmethane, P2O5, Mg turnings,
vated magnesium complex 2 (310 mg, 0.24 mmol) was suspendedCu(OCOCH3)2·H2O, Zn(OCOCH3)2·2H2O] were pure chemicals
in glacial acetic acid (15 mL) and the mixture refluxed for 16 h.(Carlo Erba, Aldrich, Merck).
After cooling, the reaction mixture was poured into water. The

Chemical Physical Measurements: IR spectra were taken with a Per- precipitated dark green solid formed was separated by filtration,
kin2Elmer 783 spectrophotometer in the range 40002200 cm21 by washed with H2O, then with acetone, and brought to constant
using Nujol mulls between CsI disks or KBr pellets. 2 UV/Vis weight in a vacuum dessicator. Yield 233 mg (77%). 2
solution spectra were taken with a Varian Cary 5E spectrometer. [Ph8DzPzH2]·4H2O: C76H58N16O4 (1259.40): calcd. C 72.48, H
2 Thermogravimetric analyses were carried out with a Stanton Re 4.64, N 17.79; found C 72.22, H 4.21, N 17.74. 2 MS (FAB); m/z
Model STA-781 analyzer in N2 (0.5 L/min). 2 FAB experiments (%): 1187.5 (100) [M 2 4H2O]1. 2 UV/Vis (pyridine): λmax (lg ε) 5
were carried out with a multiple quadrupole instrument (VG quat- 339 nm sh, 357 (4.86), 490 sh, 639 (4.55), 677 (4.44). 2 IR (KBr):
tro). 2 Elemental analyses (C, H, N) were provided by the “Servi- ν̃ 5 3298 cm21 w (NH), 3060 m, 1650 m, 1600 vw, 1535 vs, 1498
zio di Microanalisi” at the Dipartimento di Chimica, Università w, 1480 vw, 1448 s, 1390 vw, 1320 m, 1306 vw, 1285 m, 1187 m,
“La Sapienza” (Rome). 1120 s, 1080 w, 1040 vw, 1025 m, 1000 w, 975 m, 945 w, 845 w, 790

w, 753 m, 688 vs, 660w, 610 vw, 415 w.2,3-Dicyano-5,7-dimethyl-6H-1,4-diazepine, Me2(CN)2Dz: This
species has been prepared from diaminomaleodinitrile and acetyl- Substituted Porphyrazinatocopper Dihydrate, [Ph8DzPzCu]·2H2O
acetone according to a known procedure. [6]

(4): A mixture of [Ph8DzPzH2]·4H2O (3) (250 mg, 0.20 mmol) and
anhydrous copper acetate (463 mg, 2.55 mmol) in pyridine (10 mL)2,3-Dicyano-5,7-diphenyl-6H-1,4-diazepine, Ph2(CN)2Dz (1): Diam-

inomaleodinitrile (2.4 g, 20 mmol) and dibenzoylmethane (5.0 g, 20 was kept refluxing for 6 h. After cooling, the solid separated by
centrifugation was washed with water to remove the unchangedmmol) were condensed in absolute ethanol (80 mL) in the presence

of P2O5 following closely the procedure reported in the literature. [7] CuII acetate, and dried in a vacuum dessicator. Yield 111 mg (44%).
2 [Ph8DzPzCu]·2H2O: C76H52CuN16O2 (1284.90): calcd. C 71.04,Yield 88%. This material was used for the synthesis of the macro-

cyclic compounds without further purification. 2 Ph2(CN)2Dz (1): H 4.08, Cu 4.94, N 17.44; found C 70.77, H 4.11, Cu 4.68, N 17.64.
2 UV/Vis (pyridine): λmax (lg ε) 5 323 nm sh, 365 (4.94), 577C19H12N4 (296.3): calcd. C 77.01, H 4.08, N 18.91; found C 76.94,

H 3.88, N 18.80. 2 1H NMR (CDCl3): δ 5 1.98 (d, J 5 11.27 Hz, (4.24), 628 (4.93), 674 (4.73). 2 IR (KBr): ν̃ 5 3060 w, 1645 s, 1600
w, 1585 w, 1530 vs, 1500 m, 1485 m, 1447 s, 1410 w, 1319 m, 13041 H, ax-CH2), 5.74 (d, J 5 11.18 Hz, 1 H, eq-CH2), 7.41 (m, 4 H,

m-Ph), 7.50 (m, 2 H, p-Ph), 7.93 (m, 4 H, o-Ph). 2 13C NMR m, 1280 m, 1188 s, 1128 vs, 1080 vw, 1050 m, 1028 m, 1000 w,
980m, 952 m, 880 w, 840 vw, 782 vw, 758 s, 737 w, 712 vs, 688 s,(CDCl3): δ 5 39.22 (CH2), 115.04 (CN), 123.68 (C2,3), 129.13 (o-

Ph), 129.82 (m-Ph), 133.13 (p-Ph), 133.40 (ipso-Ph), 149.20 (C5,7). 652 w, 622 w, 592 vw, 558 vw, 468 w, 418 m. 2 Alternatively, the
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Cu complex can be prepared by refluxing a mixture of the corre- (Rome)] for the FAB measurements, to F. Piccioni for taking NMR

spectra, and to Dr. P. Galli (University of “La Sapienza”) and Dr.sponding MgII complex (160 mg, 0.125 mmol) and anhydrous cop-
per acetate (176 mg, 0.97 mmol) in glacial acetic acid (10 mL) for R. Dragone (Centro SACSO) for elemental analyses and additional

support and collaboration.5 h. Yield 83 mg (52%). 2 [Ph8DzPzCu]?4H2O: C76H56CuN16O4

(1320.93): calcd. C 69.11, H 4.27, Cu 4.81, N 16.97; found C 68.14,
H 3.62, Cu 5.39, N 17.13.

Substituted Porphyrazinatozinc Heptahydrate, [Ph8DzPzZn]·7H2O
(5): A mixture of [Ph8DzPzH2]·4H2O (3) (274 mg, 0.22 mmol) and
zinc acetate (380 mg, 1.73 mmol) in pyridine (10 mL) was refluxed [1] The Porphyrins (Ed.: D. Dolphin), Acadademic Press, Inc., New

York, 1979, vol. I2VII (a new edition of this series is in prep-for 6 h. After cooling, water (10 mL) was added, and the solid ma-
aration and will probably be published in 1999).terial, separated by centrifugation, was washed with water to re- [2] Phthalocyanines: Properties and Applications (Eds.: C. C. Lez-

move the excess of the unchanged ZnII salt, and dried in a vacuum noff, A. B. P. Lever), VCH Publishers, Inc., New York,
198921996, vol. 124.dessicator. Yield 192 mg (67%). 2 [Ph8DzPzZn]·7H2O:

[3] [3a] J. Fitzgerald, W. Taylor, H. Owen, Synthesis 1991, 6862688.C76H62N16ZnO7 (1376.80): calcd. C 66.30, H 4.54, N 16.29; found
2 [3b] P. A. Stuzhin, I. S. Migalova, B. D. Berezin, A. V. Lyubi-C 65.70, H 4.00, N 16.02. 2 MS (FAB); m/z: 1252 [M 2 7H2O]1. mov, Koord. Khim. 1994, 20, 4442448; Chem. Abstr. 1994, 121,

2 UV/Vis (pyridine): λmax (lg ε) 5 348 nm sh, 367 (5.02), 384 sh, 147717g. 2 [3c] N. S. Mani, L. S. Beall, T. Miller, O. P. Ander-
son, H. Hope, S. R. Parkin, D. J. Williams, A. G. M. Barrett,585 (4.20), 637 (5.07), 678 (4.80). 2 IR (KBr): ν̃ 5 3055 cm21 w,
B. M. Hoffman, J. Chem. Soc., Chem. Commun. 1994,1645 s, 1600 vw, 1582 vw, 1527 vs, 1498 w, 1473 w, 1447 s, 1400 w,
209522096. 2 [3d] J. W. Sibert, S. J. Lange, C. L. Stern, A. G.1320 m, 1305 w, 1278 m, 1220 vw, 1178 s, 1127 vs, 1080 vw, 1062 M. Barrett, B. M. Hoffman, Angew. Chem. Int. Ed. Engl. 1995,

vw, 1043 m, 1027 w, 1002 w, 982 m, 952 w, 872 w, 842 w, 782 wv, 34, 202022022. 2 [3e] C. S. Velazquez, G. A. Fox, W. E. Broder-
ick, K. A. Andersen, O. P. Anderson, A. G. M. Barrett, B. M.760 s, 748 w, 710 vs, 690 s, 652 w, 623 w, 422 m. 2 1H NMR
Hoffman, J. Am. Chem. Soc. 1992, 114, 741627424. 2 [3f] T. F.(CDCl3, 293 K): δ 5 5.18 (d, J 5 12.7 Hz, 4 H, ax-CH2), 6.08 (d,
Baumann, M. S. Nasir, J. W. Sibert, A. J. P. White, M. M.J 5 12.5 Hz, 4 H, eq-CH2), 7.31 (m, 16 H, m-Ph), 7.39 (m, 8 H, p- Olmstead, D. J. Williams, A. G. M. Barrett, B. M. Hoffman, J.

Ph), 8.23 (d, J 5 7.4 Hz, 16 H, o-Ph); [(CD3)2SO 373 K]: δ 5 5.03 Am. Chem. Soc. 1996, 118, 10479210486. 2 [3g] J. W. Sibert, T.
F. Baumann, D. J. Williams, A. J. P. White, A. G. M. Barrett,(d, J 5 12.2 Hz, 4 H, ax-CH2), 5.99 (d, J 5 12.23 Hz, 4 H, eq-
B. M. Hoffman, J. Am. Chem. Soc. 1996, 118, 10487210493.CH2), 7.42 (m, 16 H, m-Ph), 7.50 (m, 8 H, p-Ph), 8.13 (d, J 5

[4] P. A. Stuzhin, E. M. Bauer, C. Ercolani, Inorg. Chem. 1998,7.33 Hz, 16 H, o-Ph). 37, 153321539.
[5] E. M. Bauer, C. Ercolani, P. Galli, I. A. Popkova, P. A. Stuzhin,X-ray Crystal Structure Determination of Ph2(CN)2Dz (1): Single

J. Porph. Phthal. 1999, 3, 3712380.crystals of 1 were obtained as light-yellow hexagonal prisms during [6] R. W. Begland, D. R. Hartter, F. N. Jones, D. J. Sam, W. A.
recrystallization of Ph2(CN)2Dz from hot acetonitrile. A suitable Sheppard, O. W. Webster, F. J. Weigert, J. Org. Chem. 1974,

39, 234122350.colorless crystal with the approximate dimensions 0.3130.3430.55
[7] Y. Otsuka, J. Org. Chem. 1976, 141, 6292633.mm was mounted on a glass fiber. The reduced cell was obtained
[8] M. S. Fischer, D. H. Templeton, A. Zalkin, M. Calvin, J. Am.with use of TRACER.[24] Data were collected at 295 K with a Sie- Chem. Soc. 1971, 93, 262222628.

mens AED single-crystal diffractometer. For intensities and back- [9] [9a] I. L. Finar, J. Chem. Soc. 1958, 409424097. 2 [9b] D. Lloyd,
R. H. McDougall, D. R. Marshall, J. Chem. Soc. 1965,ground the individual reflection profiles were analyzed. [25] The
378523792. 2 [9c] H. A. Staab, F. Vögtle, Chem. Ber. 1965,structure amplitudes were obtained after the usual Lorentz and
98, 270122714. 2 [9d] W. J. Barry., I. L. Finar., E. F. Mooney,polarization corrections[26] and the absolute scale was established Spectrochim. Acta 1965, 21, 109521099.

by the Wilson method.[27] The crystal quality was tested by ψ scans [10] A. Mannschreck, G. Rissman, F. Vögtle, D. Wild, Chem. Ber.
1967, 100, 3352346. 2 In order to retain the numbering of theshowing that crystal absorption effects could be neglected. The
atoms in the diazepine ring we used the name 2,3-benzo-1,4-function minimized during the least-square refinements was
diazepines instead of somewhat more common 1,5-benzodia-Σw(∆F2)2. Anomalous scattering corrections were included in all zepines. See also ref. [9]

structure factor calculations. [28b] Scattering factors for neutral [11] Hyperchem: A molecular modeling system, Release 3.0, Hyper-
cube and Autodesk, 1993.atoms were taken from ref. [28a] for nonhydrogen atoms and from

[12] P. A. Stuzhin, Khim. Geterotsikl. Soedin. 1997, 136421370;ref. [29] for H. Structure solution was based on the observed reflec-
Chem. Abstr. 1998, 129, 161437v.tions [I > 2(I)] while the refinement was based on the unique reflec- [13] Additional minor signals in the region δ 5 8.429.3 are due to

tions having I > 0. The structure was solved by the direct methods the products of the decomposition occurring slowly with por-
phyrazines 225 in CF3COOH.using SIR92.[30] Refinement was done by full-matrix least-squares

[14] A. M. Gorringe, D. Lloyd, D. R. Marshall, J. Chem. Soc. Cfirst isotropically and then anisotropically for all non-H atoms
1969, 108121084.using SHELX93.[31] The hydrogen atoms were located from a dif- [15] D. Lloyd, R. K. Mackie, H. McNab, D. R. Marshall, J. Chem.

ference Fourier map and introduced in the refinements as fixed Soc., Perkin Trans. 2 1973, 172921732.
[16] A. Gorringe, D. Lloyd, D. R. Marshall, L. A. Mulligan, Chem.atoms contributions (Uiso 5 0.10 Å2). In the last stage of refine-

Ind. 1968, 1302131.ment the weighting scheme w 5 1/[σ2(Fo
2) 1 (aP)2] [with P 5

[17] A. R. Butler, D. Lloyd, D. R. Marshall, J. Chem. Soc. B 1971,(Fo
2 1 2Fc

2)/3] was applied with a resulting in the value of 0.1001. 7952797.
The final difference map showed no unusual features, with no sig- [18] P. A. Stuzhin, O. G. Khelevina, B. D. Berezin, ref. [1], vol. 4,

pp. 19279.nificant peaks above the general background.[32]

[19] M. J. Stillman, T. Nyokong, ref. [1], vol. 1, pp. 1332289.
[20] H. Hückstädt, C. Bruhn, H. Homborg, J. Porphyrins Phthalocy-

anines 1997, 1, 3672378.
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