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Abstract— Complex formation of magnesium with octaphenyltetraazaporphyrin, ogalds[oromethyl)-
phenylltetraazaporphyrin, and octakigflodecylsulfamoyl)phenyl]tetraazaporphyrin from corresponding
ligands and magnesium acetate in pyridine and pyridirethylamine was studied. Increase in the basicity of

the medium favors a much faster reaction. Some suggestions concerning the mechanism of the reaction
were made.

Tetraazaporphyrins react with metal salts, forming
complexes according to Eq. (1) [1, 2].

H,TAP + [MX(Solv),_,]
— > (SOlV),MTAP + 2HX + (n — 2 — m)Solv. (1)

Here H,TAP is tetraazaporphyrin ligand, MTAP is
metal complex of the tetraazaporphyrin, Solv is sol-
vent, [MX,(Solv),_,] is solvation complex of the
metal salt. Depending on the metal nature, solvent
molecules may remain bound with the central metal
atom as extra ligands.

"
+ 2HSolv

Complex formation of metal acetates with tetra- +2AcQ" + 4Solv. 2)

azaporphyrines in pyridine most frequently occurs b : + : P
the bimolecular mechanism N& [3]. Pyridine E%”Biggﬂ:gé%;g?ﬂ:nd Mg ons in pyridine
molecules in the stage of activation of the system '

H,TAP-salt effect solvation of endocyclic protons and R

force them out of the macroring plane. The reaction R\é/N\é/R

center acquires additional charge and thus gets more \ =

delocalized. The metal cation favors this process. NH  N=

Bond formation between the cation and tertiary nitro- Ny N /N
HN

gen atoms of HTAP almost compensates for the _

energy consumption for MSolv bond cleavage R”@\NQR

[scheme (2)]. R R

Proceeding with our works [4], we have studied HoTAP(CgH4R)g
complex formation between octaaryltetraazapor- R = H, CH,Cl, SONHCyHos

Complex formation of HTAP(CgH,R)g with
magnesium acetate was performed with a large excess
of the salt, i.e. under pseudo-first-order reaction con-
ditions. Actually, the formation of MgTAP(£H,R)g
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Fig. 1. Plot of loQCHZTAP(C6H4R)8/CH2TAP(C5H4R)8 VS.
time for complex formation (a) of KTAP(Ph) with 4.3
Mg(OAc), in pyridine-diethylamine at 1) 303, @) 313, - - o 3
and @) 323 K [oyg(0ac), 1-36x10°3 M)] and (b) of 4.1 . 2
H,TAP(CgH4SONHC, sHosp)g  with  Mg(OAc), in v —1
pyridine at @) 313, @) 323, and 8) 333 K [cyg(oac), 3.9r
0.89x 1073 M]. 37

is a first-order reaction in 5T AP(CgH4R)g concentra- 3l fy
tion, which is evidenced by linear dependences of 28 30 3.2 3.4 3.6 3.8 40 4.2

log (€ 1ap CH,R) CH,TAP(CH,R),) ON reaction timert _log c©
(Fig. 1. Faretore” the apparent and true rate con- 9 mgioncy,
stants can be calculated by Egs. (3) and (4): Fig. 2. Plot of logkyy, Vs. |Ogc&g(OAc)2) for
_ complex formation (a) with HTAP(Ph) in pyridine-di-
dCvgTAP(CHR/AT = KappCh,TapcHmie () ethylamine at 7) 323, @) 313, @) 303, and 4) 298 K:
kapp = kclr\]/Ig(OAc)z- 4) (b) with H,TAP(CsH,SO,NHC, ,Hos-p)g in pyridine at

(1) 333, @) 323, @) 313, and 4) 298 K); and (c) with
Here k,,, is the apparent rate constaftjs the true HoTAP(CgH4CH,Cl-p)g in pyridine at () 343, @) 333,
rate constant, anch is the reaction order in mag-  (3) 323, and 4) 298 K.

nesium acetate. _
octakisp-(dodecylsulfamoyl)phenyl]tetraazaporphy-

cor-rrla?elis ]% rrig?ioﬁ “;E tg?:talg?eltgr;;zr :r‘;‘?tehrsrir?frin formation are almost independent on salt concen-
withpmagnesium acetate in pyr?gline andppyprid)inestratlon' Figure 2 depicts the 1dgp;10g Cugions,
diethylamine. dependences f(_)r complex fo_rmatlon of octaphenyl-
tetraazaporphyrin and octakis{dodecylsulfamoyl)-
The experimental data showed that the rate corphenyl]tetraazaporphyrin in pyridirdiethylamine
stants of Mgoctaphenyltetraazaporphyrin and Mg and pyridine, respectively. The reaction order in
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Table 1. Kinetic parameters of Mgpctaaryltetraazaporphyrin formatiorc 0.89x 102 M)
g(OAc),

Compound T, K Kappx 10%, s E, kd/mol AS?*, Jmott K-t
Pyridine-diethylamine €ypg, 1.36 M)

H,TAP(Ph) 298 0.19 39+2 -216+5
(cp 1.23x107° M) 303 0.25+0.02

313 0.42+0.05

323 0.66+0.03

Pyridine

H,TAP(Ph), 298 1.00x 1022 71+3 ~130+6
(cp 1.23x107° M) 333 0.20+0.05

343 0.44+0.05

353 0.85+0.06
H,TAP(CgH4SONHC, ;Ho5N)g 298 0.26" 49+2 -193+7
(cp 1.27x107° M) 313 0.61+0.02

323 1.30+0.03

333 1.92+0.02

@ Calculated by the Arrhenius equation.

T‘fjloble 2. Kinetic parameters of Mgpctakisp-(chloromethyl)phenyljtetraazaporphyrin formation in pyridine
(CHZTAP(C5H4CHZC|_n)8 0.524x 1074 M)

Cmg(oac), M T, K Kappx 10%, s E, kd/mol AS*, Jmofrt Kt

6x 107 298 0.038" 20+4 _272+7
323 0.071+0.002
333 0.090+0.004
343 0.112+0.004

1.3x 10 298 0.038" 20+4 27247
323 0.070+0.001
333 0.091+0.005
343 0.110+0.004

2.9x 10 298 0.038 21+4 _272+6
323 0.073+0.002
333 0.090+0.005
343 0.112+0.004

5.9x 1074 298 0.038" 20+3 _272+8
323 0.07+0.002
333 0.09+0.006
343 0.11+0.004

8.9x 1074 298 0.065' 19+1 _268+4
323 0.121+0.004
333 0.152+0.004
343 0.180+0.005

1.18x 1073 298 0.087 17+1 _265+4
323 0.160+0.002
333 0.191+0.004
343 0.233+0.004

@ Calculated by the Arrhenius equation.
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magnesium acetate measured by the slope ratios of
the above dependences, proved to be zero. Apparently, !
with these porphyrins, the limiting stage of the com- p

plex formation with Mg occurs by a mechanism 2
similar to that established for complex formation of

octaphenyltetraazaporphyrin with Zh CU/**, Cd**, 3
Co?*, and NF* in pyridine [7]. According to this 1

mechanism, coordination in tetraazaporphyrins can
involve both internal and externamesenitrogen
atoms to form with metal acetate unstable intermedi-
ate complexes of the amine type [Eq. (5)]:

400 639 700 %, nm

HoTAP(GeHyR)g + [M(OAC) 501,
—> +
«— HzTAP(CsH4R)8[M(OAC)230|v3] Solv.  (9) Fig. 3. Electronic absorption spectra in pyridine of
(1) H,TAP(Ph)  (freshly  prepared  solution),
(2) MgTAP(Ph), and @) “pyridinium salt of
H,TAP(Ph).

Such intermediate complexes can convert into
MTAP(CgH,R)s via migration of the metal cation
from the mesenitrogen atom to the reaction center

[scheme ()] phenyltetraazaporphyrin by pyridine is confirmed by

the following fact: The splitting of th& band in the
electronic absorption spectrum of octaphenyltetra-
azaporphyrin in pyridine is 80 cth smaller than in
the spectrum in chlorobenzene (solvatochromic effect).
On prolonged standing of the pyridine solution of
octaphenyltetraazaporphyrin at room temperature or
on its boiling for some hours ‘@yridinium salt or an
acid-base complex [Eq. (7)] are formed [7].

H,TAP(Ph), + 2PyH &= 2(PyH;)--TAP(PhE". (7)

This reaction has first been observed by Whalley
[10] for tetraazaporphyrin, its alkyl derivatives, and

Probably, the intermediate amine complex isphthalocyanine. The referee showed that such
formed not only by donesmacceptor interaction, but complexes with the mentioned tetraazaporphyrins can
also by hydrophobic =z interaction between form only photochemically. With more acidic tetra-
H,TAP(CsH,4R)g and ligand environment of the metal. azaporphyrins  (tetrabromotetraazaporphyrin, tetra-
Such interaction of mesenitrogen atoms with chlorotetraazaporphyrin), the formation of thpyri-
metal cations has been found in the Ni(ll) complex ofginium salt in pyridine is complete at room tempe-
tetrakis@, Sdibutyltin}-octathiolatotetraazaporphyrin - rature within 4660 min [11]. The changes in the elec-
[8]. The formation of the amine complex is favored byyonic absorption spectra of tetraazaporphyrins, that
electron-donor substituents in pyrrole rings of theaccompany acicbase complex formation, are similar

tetraazaporphyrin macroring, which increase the elegy, yhqge ghserved on addition of metal ions, implying
tron density on themesenirogen atoms 3], as well removal of protons from the reaction center with

as by strong solvation of the reaction center, which X X
hindgrs axiagl attack by the metal [3]. increase in the ligand symmetry from,, to D,

(Fig. 3). Studies on acidase interactions of tetraaza-
The stability constants of first acidic forms (proto- porphyrins with various bases in chlorobenzene

nated by mesenitrogens) of octaphenyltetraazapor-showed that the complexes formed differ in the degree

phyrin and tetraazaporphyrinKp 1 and 0.15, respec- of charge transfer from the tetraazaporphyrin to the

tlvel_y) show that phenyl radlcals actually increase thyonor center of the base, which depends on the elec-

basicity of the macroring by increasing the electron,,nic and geometric structure of the tetraazaporphyrin

density onmesenitrogen atoms by the Heffect [9]. and base, as well as on the features of solvation of the
The strong solvation of the reaction center in octaresulting acidbase forms [12] [scheme (8)].

"
+ 2HSolv

+ 2AcO™ + 3Solv. (6)
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Fig. 4. Thermoanalytical curves for the crystal solvates (a) gfTAP(Ph)y with pyridine and (b) of MgTAP (Pl with
pyridine.

H,TAP + B & B---H---TAP--H---B In the binary mixture pyridinediethylamine the
H complex Mg-octaphenyltetraazaporphyrin complex is formed
+ + o+ 20 times faster than in pyridine (Table 1). Diethyl-
P B};?:igr,]o\zs.;gcgt? BHi&ﬁzﬁPas;gciite amine, being a stronger base than pyridine, accelerates
the reaction by enhancing polarization ofil bonds,
—— TAPZ//2BH* P TAPZ + 2BH*. (8) which favors formation of the TAP(P§) anion and
solvent-separated dianion thus the transition state of the reaction.
ion pair
P Earlier Stuzhinet al. [4] studied complex forma-
The high thermal stability of octaphenyltetraazaportion of magnesium with unsubstituted tetraazapor-
phyrin allowed us to perform a thermogravimetricPhyrin in pyridine. Comparison of the rate constants
investigation of the crystal solvate of octaphenyltetra®f complex formation of tetraazaporphyrin and octa-
azaporphyrin with pyridine in the range 4B(°C, Phenyltetraazaporphyrin in pyridine showed that octa-
where decomposition of the compound is excludeddhenyltetraazaporphyrin coordinates with Mg ions 2
Analysis of the thermoanalytical curve (Fig. 4)Orders of magnitude faster than tetraazaporphyrin
shows that octaphenyltetraazaporphyrin forms witHKapp 10° and 9.6<10™ s™, respectively, atygoag),
pyridine an HTAP(Ph)-2 PyH complex which is 3x10" M). It is known [3] that the rate of coordina-
stable in crystal solvate up to 88. The enthalpy of tion of tetraazaporphyrins with metal ions in basic
the decomposition of the complex, accompanied bgolvents is controlled by N bond cleavage, and
evolution of gaseous pyridine, was estimatesH( electron-donor substituents (such as phenyl) should
41.2+0.4 kJ/mol). The low acidity of octaphenyltetra- decelerate the reaction. This is the case in complex
azaporphyrin (,; 13.79 in DMF [9]), the low di- formation of octaphenyltetraazaporphyrin with Cu
electric constant of pyridines(12.3 [13]), as well as C&”*, Zn**, C&”, and NF* ions [3]. The first coordin-
the energetic characteristics and the composition @#tion sphere of Mg in pyridine is unlike the coordi-
the complex suggest that théyridinium salt of natlo'n Sphgfes of transition metal Ian and' IS fprmed
octaphenyltetraazaporphyrin is an H complex likeDy six pyridine molecules, and anions reside in the
[HPy.--H---TAP(Ph)--H---PyH] [12] whose bonds are sepor}d coordination sphere: [Mg(P)g,[N_DAc)2 [4]'.
close in nature to doneacceptor bonds, as evidencedThis is the reason why tetraazaporphine coordinates
by the AH value. The“pyridinium salt of octaphenyl- with Mg(ll) slower by a factor of 1®than with Zn(I1)
tetraazaporphyrin is insusceptible to complex formaer Cd(Il). The higher rate of coordination of octa-
tion, since its reaction center is blocked by pyridinephenyltetraazaporphyrin  with Mg(ll) can be ex-
molecules. plained by that the reaction here occurs by a mono-
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Fig. 5. Thermoanalytical curves of thermooxidative decomposition of (gJA#(Ph) and (b) MgTAP(Pl)

molecular mechanism, where the solvation shell oatom, reacts with magnesium acetate by a bimolecular
Mg2+ in the intermediate anionic complex is alreadymechanism, like with Mgtetraazaporphyrin complex
strongly rearranged and thus weaker affects the limiformation [4] (Fig. 2).

ing stage of the reaction.
The above results allowed us to rank the octaaryl

Introduction in phenyl radicals of octaphenyltetra-tetraazaporphyrins studied by their reactivity toward
azaporphyrin of the electremcceptor dodecylsul- magnesium acetate in pyridine as follows:
famoyl groups reduces the electron densityroese H,TAP(Ph), < H,TAP(CH,CH,CI-p)g <
nitrogen atoms and thus unfavors the m0n0m0|eCU|a42TAP(C5H4SOZNHC12H25-p)8.
limiting stage. However, this mechanism is still
operative with the sulfamoyl derivative, probably, We performed a thermogravimetric study of ther-
because of the strong solvation of the reaction centemooxidative decomposition of octaphenyltetraazapor-
therewith, autosolvation may occur due to the prephyrin and its magnesium complex (Fig. 5). The pro-
sence of G,H,s groups (formation of quasi-solva- cess of thermooxidative decomposition of octaphenyl-
tion shells). The same effect has been observed witietraazaporphyrin begins at ZZD and completes at
the Zn-bis(octadecylamino)methyltetrabenzoporphinédSC°C, and it is accompanied by exothemic effects
complex formation [14]. The rate constants of com{DTA, the maximum exothermic effect is observed at
plex formation of the sulfamoyl derivative with 505°C) and a full weight loss at the end of the process.
magnesium acetate is much higher than the corre§ompared with the ligand, the magnesium complex
ponding values for octaphenyltetraazaporphine; therés less stable thermally (the respective temperatures
with, the activation energy and entropy are reduceépr the ligand are 200, 600, and 5&), which is
by almost half. Such a reduced activation energgonsistent with the regularities reported for porphyrin
suggests stronger solvation of the reaction center digands and complexes [15]. It should be noted that
the sulfamoyl derivative in the transition state. octapheﬂyltetraazaporphyrin and Mgtaphenyltetra

. . azaporphyrin are less stable thermally than previously
" 'Il'h(a coln:plex formatrl]on_ of octa!gp{(chlorome-b studied porphyrins and porphyrin complexes, which
yhphenyljtetraazaporphyrin in- pyridineé occurs by, he que to the peculiar molecular and crystal struc-

a more complicated mechanism (Table 2). At the co :
centrations of Mg(OAG)from 6x 107 0 5.9x 107 M Mure of the former and effects of the phenyl substituents.

the reaction order in magnesium acetate is zero, and The thermogravimetric analysis of the crystal sol-
at the concentrations 8:9.0* and 1.1810° M itis  vate of Mg-octaphenyltetraazaporphyrin with pyridine,
0.7. Probably, at higher salt concentrations the intetike of the crystal solvate of the ligand, was performed
mediate amine complex formed bgnesenitrogen in the range 15150°C. The thermoanalytical curve
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shows (Fig. 4) that the magnesium complex formgorphyrins were determined from the slopes of the

with pyridine an extra complex of the composition TG curves [21] and additionally checked by the elec-

MgTAP(Ph)-2PyH which is stable in crystal solvate tronic absoption spectra of samples taken below and
up to 86C (AH 53.2+0.3 kJ/mol). The presence in above that temperature. The physicochemical charac-

the crystal solvate of the energetically stable complexeristics of the molecular complexes of porphyrins
MgTAP(Ph)-2PyH gives us grounds to propose thatwith pyridine were determined from the thermogra-
in pyridine, too, Mg(ll) in the Mg complex takes up vimetric data, according to [22]. The reproducibility
in the course of complex formation two pyridine of the thermoanalytical curves was controlled by five
molecules as extra ligands. Analogous data on theuns with freshly prepared samples.

composition of pyridine extra complexes have been
obtained for other magnesium(ll) porphyrins [16].

EXPERIMENTAL
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(chloromethyl)phenyljtetraazaporphyrin were obtained
by the procedures in [17] and [18], respectively.
Pyridine and diethylamine were purified and dried by
the procedures in [19]. Magnesium acetate of che-1.
mical grade was recrystallized from glacial acetic acid.

Kinetic measurements were performed in a tempe-
rature-controlled cell of a Specord M-40 spectrophoto-
meter, where we placed solutions of octaarylporphy-
rine and magnesium acetate of specified concentra-
tions and at a specified temperature and measured ir8.
certain intervals the optical densities of the solutions
at the absorption maxima of the resulting complexes
{637 nm for Mg-octaphenyltetraazaporphyrin, 642 4,
nm for Mg-octakisp-(dodecylsulfamoyl)phenyl]-
tetraazaporphyrine, and 646 nm for Mgtakisp-
(chloromethyl)phenyl]tetraazaporphyrin}. The current
and final concentrations of octaaryltetraazaporphyrines6
were determined by Eq. (9): '

C = ColA; — Al(Ag — A)-

Here Ay, A,, andA,_ are the optical densities at the
beginning of the reaction, at time and at the end of 8.
the reaction;c, andc are the initial and current con-
centrations of tetraazaporphyrin.

Thermal analysis was performed on a MOM-1 9.
000D derivatograph (Hungary). Before analysis the
compounds were dried to constant weight at-25
100°C. Crystal solvates were prepared by a procedur&0.
similar to that described in [20] and involving slow
crystallization from concentrated solutions at26°C. 11,
To remove weakly bound solvent molecules, the crys-
tal solvate was dried in a vacuum to constant weigh{2
(25-50°C). The samples were 380 (tetraazapor-
phyrines and complexes) or 426 mg (crystal sol-
vates). The heating rate in the analysis of crystal soft3:
vates in nonisothermal conditions was 0.6 deg/min.
The heating rate in thermal decomposition studies waA.
5 deg/min. The decomposition temperaturgs of
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