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Abstract —The thermochemistry of solution and solvation mEsesubstituted porphyrin ligands in three
solvents differing in the doneacceptor properties (benzene, chloroform, dimethylformamide) was studied.
The results are correlated with the steric structure of the macrorings. Regular trends in variation of the elec-
tronic absorption spectra of the free porphyringRHand their dications (erPzJ') uponmesosubstitution were
revealed.

As compared to aromatic porphyrins,M contain- An advantage of alkyl and aryl substituents is that
ing substituents ap-positions (compound), mese they exert characteristic electronic and steric effects
substituted porphyrin$l -V differ more significantly and, at the same time, do not alter the character of the
in the steric structure and properties from the simplestpecific solvation at the macroring periphery, because
representative of the series, unsubstituted porphirthey contain no polar groups or bonds capable of spe-
(R = X = H). However, by now the most studied cific interactions. Thus, the contribution of the specif-
mesesubstituted porphyrins are still tetraphenylpor-ic solvation to the total solvation of such,Pl mole-
phinell and its symmetricab-, m-, andp-substituted cules can be provided by only thé&l= and-NH cen-
derivatives. Recent studies [1] showed that introducters. This contribution can be affected only by the
tion into the HP molecule of bulkymesealkyl or above-mentioned electronic and steric effects of the
mesearyl substituents often affects its properties moresubstituents.
zgcnégfgptguégz?ugﬁtess’irif"tﬁgtrgﬂgﬁg?nnﬁfgg?gfor or The calorimetric dataO (Table 1) show that the en-

i _ _ thalpies of solutionAH_ of B-octaethylporphinel,
|n.th|S study We. examined the thermOChemIStry Ofmesetetrapheny|porphinﬁ , andmesaetetraisopropyl-
solution and solvation amesetetraphenylporphinél,  porphinelll in benzene, especially those of the alkyl
mesetetraisopropylporphinelll, and mesetetra@i-  derivatives (, Il ), are large and positive. The univers-
naphthyl)porphingV in inert (benzene), proton-donor | selvation of the porphyrin macroring with benzene
(chloroform), and proton-acceptor (dimethylform-inyolves then—=* electronic interaction of the aromat-
amide) solvents (Table 1). We also estimated thg systems of BP and the solvent [2]. We believe that
solvatochromic effect of porphyrin$-V and their jntroduction of conformationally labile alkyl substitu-

double-protonated species4H°¥+ in these solvents _ _ 0 _
Table 1. Enthalpies of solutionAH¢) and relative solva-

(Table 2). _ o _ :
R X R tion (AHy) of p- and mesesubstituted porphyring—IV,
_ B position kJ mort
R N>R
. Chloroform DMF
mesoposition Comp. Benzgne
X no. AH
s AHY | —AHY | AHY  [-AH)
R R I 39.8+3.1| 17.1+3.0| 22.7 | 25.7£0.9 | 14.1
5 X Il 20.7+0.2| 9.9+0.2| 10.8 | 10.9+0.2 9.8
IV R i 34.4+3.3| 24.5+0.4] 9.9 8.3+0.4| 26.1
IV [-10.8+0.6|-21.2+0.5| 10.4 |-25.2+0.2 | 14.4
R = GHs, X = H (I); R = H, X = GgHs (II), iso-C3H;
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Table 2. Parameters 3, nm (loge)] of the electronic positions), it can either remain planar or take one of
absorption spectra ahesesubstituted porphyring-V and  the characteristic nonplanar conformations. The most
their dicationsla-Va frequent types of of distortion of the planar chromo-

phore are corrugation and saddle-, dome-, and wave-

Comp.| Soret band Band | Q) Ay, Solvent shaped distortions, as well as their combinations [1].

no. (B) nm? In particular, whereas ocf&substituted porphyrins
are essentially planar [4mesesubstituted porphyrin

I 395(5.30) | 621(3.81) - CgHg ligands and their Zn(Il) and Ni(Il) complexes occur in
la 395(5.41) | 590(3.90) | -31 CgHg the crystal in the corrugated conformation which, ac-
I 393(5.27) | 619(3.74) -2 CHClg cording to resonance Raman [1] afH NMR [5]
la 392(5.43) | 591(3.96) | -29 CHCl, spectroscopy, is preserved in solution. The corrugated
| 387(5.31) | 619(3.74) -2 DMF conformation is characterized by alternating upward
la 392(5.41) | 589(3.77) | -30 DMF (+) and downward <) displacements of thenese
I 418(5.58) | 647(3.68) - CgHg positions of BP relative to the initial planar molecule
lla 438(5.62) | 654(4.72) 7 CgHg (structureVI). The mean shifAC,,.s, Of the meseC
I 418(5.67) | 646(3.55) -1 CHCly atoms from the initial macroring plane can serve as
lla 436(5.69) | 652(4.73) 6 CHCly a quantitative measure of corrugation. According to
I 416(5.62) | 646(3.68) 0 DMF the X-ray structural and spectroscopic data, macro-
lla 438(6.12) | 656(5.21) 11 DMF cyclesl-V can be ranked in the following order with
11 417(5.18) | 661(3.51) - CgHg respect to the extent of their nonplanarity< Il =
llla 424(5.27) | 639(4.36) | -22 CgHg IV <l <V.Whereas octaethylporphirieand tetra-
Il 419(5.18) | 657(3.60) -4 CHClg phenylporphindl , as well as their Ni(ll) complexes,
llla 427(5.20) | 640(4.30) | -17 CHCly are essentially planar and their distortion is due to the
11 415(5.19) | 657(3.54) -4 DMF crystal packing effects ACy,es, 0.04 and 0.38A,
lla 419(5.11) | 638(4.18) | -19 DMF respectively) [4], mesetetraisopropylporphinél and
\% 420(5.22) | 655(3.76) - CgHg mesetetracyclohexylporphineV (AC., 0.74 and
IVa 447(5.00) | 645(4.42) | -10 CgHg 0.77 A, respectively) exist in the crystal in the non-
v 423(5.15) | 654(3.69) -1 CHCly planar corrugated conformation [1, 6]. However,
IVa 453(5.02) | 646(4.36) -8 CHCly despite the corrugated structure of the macrormgg
v 421(5.21) | 653(3.49) -2 DMF of Il in benzene remains large and positive (Table 1).
IVa 450(4.91) | 644(4.13) -9 DMF Apparently, large negative values AHS are charac-
\Y, 420(5.05) | 663(3.31) - CgHg teristic of distorted porphyrins only, e.g., for dodeca-
Va 429(5.21) | 649(4.37) | -14 CgHg substituted porphyrins having a saddle-shaped struc-
\Y 424(5.12) | 660(3.61) -3 CHClg ture [1]. ForlV, AHg (in particular, in benzene) unex-
Va 430(5.15) | 648(4.25) | -12 CHCly pectedly was large and negative. The X-ray structural
\Y, 420(5.03) | 659(3.17) -4 DMF data for this macrocycle are lacking; however, there
Va 429(5.01) | 646(3.89) | -13 DMF are no grounds to assume that this compound is less

planar tharl . Apparently, the most probable structure

@ For solutions of dicationsa-Va, the shift of band I in going Of IV is that with the relatively planar core and almost
from the ligand HP to its dication HP?* (AL*); for solu-  perpendicular arrangement of thmeseo-naphthyl
tions of 1-V, the shift of band | of the ligand in the given substituents relative to the macroring plane [7].
solvent (k) relative to GHg. — - —

ents into theB- or mesepositions of the macroring
prevents such solvation. Furthermore, these alkyl sub-
stituents, apparently, increase the energy consumption
for formation of a cavity in the structure of the solvent
(benzene) to accommodate the solute molecule [3];

this factor also makes a positive contributionAsl 2. - -

In the case omesetetraphenylporphindl , the possi- Vi
with benzene somewhat decreastd?. (decreasing aromaticity) of macroringsV is a down-

Depending on the substitution of the,imolecule
(at B- or mesepositions, or at the intracyclic NH 1 Here and hereinafter, data for the Ni(ll) complexes.
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field shift of the 'H NMR signals §yy, ppm) of the
intracyclic NH protons, indicative of the decreased 419(a) (b)

ring current g-electronic shielding) in the series of re- 4131 638
lated compounds:(-3.74) >l (-2.76)~ IV (-2.53) > 2.5
M -1.80 >V (-1.60) [~9] (solvent CDCJ). 20

The following factors may be responsible for the
fact that the dissolution dV in benzene is more exo- 15
thermic than that ofl (Table 1): additionak—n* sol-
vation of the bulkiermesosubstituent; smaller energy 1.0
required for breaking the solvent structure, because of g
no rotation of themesofragments around the G5
Chaphtnh PONd; less strong crystal lattice 8f becuase 0

of the bulkier meso substituent. 400 " 500 600 J?ﬁn

1
(s

The latter factor is, apparently, the most signifi-
cant, because compoun¥ dissolves with the heat Fig. 1. Electronic absorption spectra ofl)(Ill and
release not only in the inert, universally solvating (2) its dicationllla in DMF (acidifying agent 3.6 M
benzene, but also in the proton-donor chloroform and CF;COOH): (a) Soret bandB) and (b) band | Q).
electron- donor dimethylformamide. The enthalpies of
transfer AHY) of porphyrinlV from the standard sol- 11]. In going from free porphyrlns to thelr double-
vent (benzene) into DMF and CHClor the relative protonated species PR, + 2H (solv) < H4P(250,\,)]
enthalpies of solvation dfv with these solvents, are existing in an organic solvent in the presence of strong
close to those off , which is consistent with the class- acids, the absorption spectrum in the visible range
ical concept of specific solvation of the =Nand-NH  becomes two-band owing to the degeneration of the
centers of HP witgh electron-donor and electron- electronic levels with an increase in the molecular
acceptor solvents [2]. Previous studies of the thermasymmetry fromD,, to D,,. Band | Q band) is shifted
chemistry of solution of natural and synthetic (mainlyhypsochromically relative to the neutral ligand
planar) porphyrins showed that the solvation of thgFig. 1). The extent of the hypsochromic shift is usu-
=N- and—-NH centers in these molecules is weak beally correlated with the stability of the J#2* dication
cause of their shielding with the-electron system of and is considered as a measure of the molecular non-
the planar aromatic macroring, i.ebecause of the planarity [12]. Howevermesetetraphenylporphind ,
macrocycllc solvation effect [2]. The enthalpies ofin contrast tomesealkyl porphine derivatives, e.g.,
transfer AHQ) of | and Il into proton-donor chloro- the tetracyclohexyl analog’ shows a bathochromic
form, characterizing the enthalpy of solvationlofind ~ shift of band | @A) upon protonation (Table 2).
Il with this solvent relative to the standard solvent,This is apparently due to the capability of theese
are consistent with the basicity of these porphyrinsphenyl substituent to act astaelectron buffer: its par-
Owing to the transfer of the-electron density to the tial conjugation with ther system of the protonated
macroring from the eight electron-donor groups at thenacroring delocalizes the excess positive charge [12].
B-positions, the tertiary nitrogen atoms lirare more As a result of extension of the chromophore system
basic than those il [1]. Despite the expected in- of Il, band | is shifted bathochromically. In the case
crease in the basicity of nonplanar porphyltindue to  of mesetetra@-naphthyl)porphindV, such ar con-
its decreased aromaticity, the distortion of the planajugation is impossible for steric reasons; therefore,
structure of the chromophore corelih is not mani- band | in the protonated species Idf is also shifted
fested in the enthalpies of its solution and transfehypsochromically, and the intensity of the electron

(Table 1). transfer in the Soret band decreases (Table 2).
The enthalpies of transfemHU) of I, Il, andIV Aryl- (I, 1IV) and alkyl-substitutedi(IIl, V) por-
into dlmethylformamlde are similar and Iow Com- phyrins can be readily distinguished by the batho-
poundIII is poorly soluble in DMF, and&H of i chromic shift of the Soret band upon protonation:

in DMF is an estimated quantity; thereforAHtr of ~20-30 and less than 10 nm, respectively.

Il into DMF may be somewhat overestimated. Porphyrinsl-V show a weak solvatochromic effect

B- and meseAlkyl-substituted porphyrin ligands  upon solvent replacement [the shift of band | of the
and lll -V exhibit a classical electronic absorptionelectronic absorption spectrumX,) is within 4 nmj,
spectrum (four bands in the visible range and the Soreharacteristic of the majority of classical porphyrins
band, Table 2); the assignments were made in [1{Table 2). This fact shows that the first excite® |
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states ofl-V differ insignificantly from the ground
(&) state in the solvation with nonpolar with nonpolar
(benzene, chloroform) and polar (DMF) solvents. The 5
solvatochromic effect of BP** dications la—Va is
virtually as weak as that of the neutral, species
(Table 2). Furthermore, we have not observed any4-
correlation ofAk}4+ with the solvent polarity, reported
previously [12] for dications of porphyrins of other
structural groups. The lack of such a correlation may 5.
be due to efficient delocalization of the positive
charges of protons over the system of the dication
in the case ofmese substituted porphyrins with alkyl 6
or aryl substituents. '

EXPERIMENTAL

Porphyrinsl -V were prepared, purified, and identi-
fied as described in [6, 7,-91]. Solvents were dehy-
drated and purified by standard procedures [13]. The
calorimetric experiment was performed with a preci-
sion ampule calorimeter with an isothermal jacket,
following the procedure described in [14]. The elec-
tronic absorption spectra of porphyrihsV and their
dications were recorded on a Hitachi U-2000 spectro-
photometer.
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