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One-electron and multielectron reductions of 2,3,6,7,11,12,17,18-octaethylcorrphyc@®EQqi) and its

Sn(1V), Fe(lll), Co(ll), Ni(ll), Cu(ll), and Ag(ll) complexes in 2-propanol (2-PrOH) solutions have been
studied by radiolytic techniques. Formation and decay of unstable intermediates formed upon one-electron
reduction have been followed by kinetic spectrophotometric pulse radiolysis. The absorption spectra of stable
reduction products have been recorded followjntadiolysis. HOECH is reduced to a transiemtradical

anion, (HOECn)~, which decays by disproportionation to form a product with a chlorin-like spectral signature.
SAVOECH is reduced to a stabferadical anion and subsequently to the dianion, which protonates to a
species that, on the basis of its spectral characterization, is considered to be a phlorin-anion-type product.
Fe(lll), Co(lll), Co(ll), and Ag(ll) corrphycenes undergo radiolytic reduction at the metal center. The Fe(ll)
and Co(l) corrphycenes produced are stable, and upon further reduction in neutral solutions they yield species
with chlorin-like spectral signatures. When similar reductions are carried out in alkaline solutions, species
with phlorin-anion-like characteristics are produced. '@§Cn, due to its large ionic radius, undergoes
demetalation. CLOECn is reduced at the ligand in neutral 2-PrOH, but in alkaline solutions it forms an
unstable CIODECn complex, which disproportionates and demetalates. In contrast, reductiohQf Gl

yields thez-radical anion in acidic, neutral, and alkaline 2-PrOH solutions. These results suggest that the
larger size of the corrphycene core, as compared with that of porphycenes, results in greater stability of
complexes with metal ions of and larger radii. Ni(ll), Co(ll), and Fe(ll) corrphycenes also react rapidly with
*CH; radicals to formo-bonded CH—M"'OECnH complexes. Whereas the £HNi'"'OECn complex decays

within <1 ms, the CH—Fd"OECn complex proved stable in the absence of oxygen, and the corresponding
CH;—C0"OECn species was found to be stable even in the presencg of O

Introduction smaller size of the porphycene cavity serves to stabilize higher
transition-metal oxidation states and has allowed the formation
of stable Ni(lll) porphycené.

Corrphycene is a relatively new porphyrin isomer that

Porphyrinoid macrocycles form coordination complexes with
a wide variety of metal ions in a range of different oxidation
states. The stability of these complexes is known to depend in TR , i e
part on a proper size on the matching between the metal ion contains its four nitrogens arranged in a planar trap_e20|d with
and the macrocycle cavity. For example, porphyrinoid mac- N—N distances of 2.539, 2.799, and 3.447 A (Figure? 1).
rocycles with a larger cavity size may stabilize complexes with Despite this unsyn_wmetncal pattern, a variety of transition metals
metal ions of lower oxidation states and larger r&dRorphy- (Fe(lin), Co(ln), Nid), Cull), Ag(ll), and Sn(IV)) can be

rin—metal complexes with unusually low or high oxidation states incorporated into the corrphycene ring. In the present study
are of interest in that they serve as intermediates in a range ofWe €xamine the reduction of free base octaethylcorrphycene and
catalytic and electron-transfer proceses. several metallocorrphycenes by radiolytic methods. We find

Porphycenes and corrphycenes are nonnatural porphyrinthat, in comparison to what is true for porphyrins and por-
isomers with cavity sizes that differ from those of the porphyrins. Phycenes, the larger cavity size results in the stabilization of
In porphycenes, the four nitrogens define a rectangle withiN ~ [OWer oxidation states.
distances of 2.83 and 2.63 A. They thus stand in contrast to
the porphyrins, where the four nitrogens form a square with Experimental Section
N—N distances of 2.89 A. The smaller size of the porphycene
cavity restricts the accommodation of reduced metal ions of
large ionic radi@ This has been demonstrated in the reduction
of Ni(Il) and Co(ll) tetrapropylporphycene, which leads to the
formation of z-radical aniong,whereas the analogous metal-
loporphyrins are reduced at the metal cefitaConversely, the

Free base 2,3,6,7,11,12,17,18-octaethylcorrphyceng (H
OECn) and its Fe(lll), Co(ll), Ni(ll), Cu(ll), Ag(ll), and
Sn(IV) complexes were prepared as described elsevfh@iee
divalent metal complexes were neutral! ®ECn, while those
of higher valence, namely CIE©ECn and GISHYOECn, were
studied in the form of the chloride complexes. In discussing

* Corresponding author. Telephone 219-631-7441; Fax 219-631-8068; the redox reactions of these compounds, we omit the chloride
e-mail guldi@marconi.rad.nd.edu. (or solvent) axial ligands and the positive charges of species
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Figure 1. Structures of metalloporphycenes and metallocorrphycenes
(TPrPc= 2,7,12,17-tetrapropylporphycene; OEER,3,6,7,11,12,17,18-
octaethylcorrphycene).
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such as PEBOECnh and SHYOECH in order to emphasize the
negative charges added upon reduction of the ligand. The other
materials used were analytical reagents, mainly from Mallinck-
rodt? Solutions containing 5< 106 to 1 x 104 mol L™!
corrphycene or metallocorrphycene were freshly prepared and
were irradiated after purging withAr Ar. Most experiments
were done using 2-PrOH as the solvent. In some experiments
this solvent was made acidic by adding HGIGr basic by
adding NaOH or KOH. Steady-state irradiations were done in
a Gammacell 226%o source with a dose rate sfl Gy s™%.
Irradiation times were up to several minutes. Optical absorption Figure 2. Radiolytic reduction of HOECn in deoxygenated 2-PrOH
spectra were recorded within several minutes before and aftersolutions. (a) Differential absorption spectrum monitored by pulse
irradiation. Pulse radiolysis experiments were performed by radic;!YSiSf( bz)oogsdaﬁl;r the dpu'f_e' athf]r Cdoo”s‘g'se“v:":reo“othzes“97‘15‘103;’2
utilizing 50 ns pulses of 8 MeV electrons from a Model TB- rZE;aC 'Zg' 7; a :10 'g reguc '?]n' rrew o o
8/16-1S electron linear acc_elerator. Basic detalls of the equip- abgé)rptics)’n ghghgisddﬁriﬁget‘r{é tcoeurZecz)f ?rragaﬁ?gﬁ_t e direction o
ment and the data analysis have been described elselfhere.

Dosimetry was based on the oxidation of SCié (SCN)"".

The dose per pulse was varied between 14 and 27 Gy, which
in aqueous solutions gives betweer-(%) x 1076 mol L~ of
radicgls. Kinetig: traces were recorded at various Wavelgngths, Free Base Corrphycene (HOECn). The differential ab-
showing bleaching of the starting corrphycene or formation of ¢, ntion spectrum recorded upon pulse radiolysis of a deoxy-
the corrphycene product. Differential absorption spectra were genated 2-PrOH solution of JECn (1 x 1075 mol LY

and were o Corcied for (e Heachng of the Bro. o seeten o ot s ot a1 00"
compound. A°” experiments were carried out at room temper- | -1 cmL, and the Q-band at 511 nm= 15 806 L mot?
ature, 21+ 2 °C. cm ). It is further noticed that the broad band at 6500

nm contains two minima at590 and 630 nm (Figure 2a) which
correspond to the minor peaks ob®ECH (at 585 nm¢ =
4400 L mof! cm™1, and 630 nmge = 2600 L mol? cm™).
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spectra characteristics of the ligand-reduced and metal-reduced
species. This is done by studying the free base corrphycene in
comparison with the metallocorrphycenes.

Results and Discussion
Reduction of corrphycene @@ECn) and metallocorr-

phycenes (MOECn) was carried out by irradiating in deoxy-
genated 2-PrOH solutions. The radiolysis of this solvent
produces two strong reductantse and (CH),*COH (or
(CH3)2*CO™ in basic solution), which have been shown to reduce
many porphyrins and porphycenes:16 The reduction potential

of (CHgz)2*COH in water is—1.39 V vs NHE, and that of
(CH3)*CO™ is —2.1 V11 Therefore, these species are expected
to transfer an electron to metallocorrphycenes with less negative
reduction potentials (eq 13.

MOECN+ (CH,),’COH— (MOECn}~ + (CH,),CO+ H"

Since radiolysis of deoxygenated 2-PrOH leads to the formation
of reducing species, and since one-electron reductionef H
OECn can yield only ther-radical anion, the spectral changes
observed are attributed to theradical anion, (HOECn)~. As

in the case of porphyrins and porphycenes, this is characterized
mainly by a broad absorption feature in the 65%0 nm region;

this band was thus used to identifiyradical anions obtained
from metallocorrphycenes (see below).

The radical anion is formed in two steps, by a diffusion-
controlled reaction with the solvated electron and a slower
electron transfer from (Cpp*COH, occurring with a rate
constant of 5x 10° L mol~1 s,

(1)

To examine the stable products of reductigrradiolysis
The spectra of transient species and stable products wereexperiments were carried out with similar solutions. The optical
recorded using standard techniques (see Experimental Sectionpbsorption spectra recorded before and after several irradiation
and were used to characterize the reduction products. On theintervals (Figure 2b) show a gradual decrease in the intensity
basis of what is observed with porphyrins and porphycenes, it of the peaks of the starting material and a growing in of a broad
was considered likely that reduction of metallocorrphycenes absorption feature in the 5550 nm region. (Isosbestic points
could take place at either the macrocylic ligand or the metal are also observed at 450, 500, and 520 nm.) This spectrum is
center!213.16 |t was thus deemed important to establish which different than that observed at short times after the pulse and
process, if any, was dominant for a given MOECn complex. leads us to suggest that a stable product is formed by dispro-
This, in turn, required an assignment of the optical absorption portionation and protonation of the unstabteadical anion.
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The finding that the product formed fromy@®ECn absorbs near  radiolytic reduction led to a complete conversion ofY&ECn
600 nm and is stable under,@llows us to assign it as being into this latter product (i.e., the one absorbing at 655 and 760
a chlorin-type product, i.e., a product of two-electron reduction nm) (Figure 3b, dotted line). The intense broad peak at 760
which is doubly protonated at a pyrrole ring (eq'2).The nm is considered consistent with the formation of a phlorin-
absorption peak for this presumed chlorin-type product is much anion-type product. Support for this conclusion came from
broader than that of the chlorins derived from typical porphyrins. studies of its reactivity with @ Both the z-radical anion
This is unexpected since several isomeric products with slightly initially and the putative phlorin anion derived from it were
different peaks should be formed in the case of corrphycene.found to be quantitatively oxidized by,Qo regenerate $f
OECn. It should be noted that theradical anion was unstable
2H,OECH + 2H" — H,OECn+ H,OECnH, (2) even in alkaline 2-PrOH solutions and underwent dispropor-
tionation within several minutes.
Upon continued radiolysis this product transforms into a species
absorbing weakly at lower wavelengths (with maxima at 349 2siYOECH™ + H' — siYOECn+ SAYOECnH (3)
and 500 nm), which we attribute to bacteriochlorin-type
products, wherein two of the pyrrole ring have become partly Radiolytic reduction of SHOECH in acidic 2-PrOH solutions
saturated. resulted in the formation of a product with chlorin-like spectral
Radiolytic reduction of HOECn in alkaline 2-PrOH solutions  features that was not reoxidized by.O
also gives rise to stable products with chlorin-like spectral  Iron Corrphycene (FeOECn). This complex was synthe-
features. However, it was noticed in these experiments thatsized and studied in the form of its chloride derivative, ClFe
the spectrum recorded within several seconds after irradiation OECn. Although initially prepared in this manner, the spectrum
exhibited absorptions similar to those of®ECH—, which is of this complex was found to be strongly dependent on the actual
believed to decay to a chlorin-like product. In light of this, it solution phase conditions (i.e., on the actual axial ligands bound
is assumed that the alkaline conditions somewhat stabilize to the iron). In neutral and acidic 2-PrOH solutions the Soret
H,OECn~ by (i) eliminating radiolytically generated protons band falls at 407 nm and the Q-bands appear at 524 and 665
and (ii) suppressing the putative proton-induced disproportion- nm. In alkaline 2-PrOH there is a split Soret band; the peaks
ation. are at 360, 400, 445, and 572 nm. These shifts probably are
The spectrum of BEDECh was the same in neutral and in due to ionization of the (Ck,CHOH axial ligand in alkaline
alkaline solutions, indicating that no deprotonation of the solutions. In the presence of pyridine (12102 mol L™
pyrrolic NH protons takes place in 2-PrOH containing 0.01 mol the Soret band was similar to that observed in neutral 2-PrOH,
L~1KOH. In contrast, in acidic solution (0.01 molrLHCIOy) but slightly shifted to the blue (i.e4max 407 — 404 nm) with
the absorption maxima shifted to 416, 556, and 600 nm. This the other peaks appearing at 520 and 668 nm (Table 1). At
result is considered consistent with further protonation taking this low concentration of pyridine the complex is most probably
place on the pyrrolic nitrogen to form, presumably, species such in the form of CI(Py)F# OECn. Replacement of the chloride
as HOECr*". Radiolysis of this acidic form resulted in the to form [(PypFe€"OECn]" likely requires a much higher
formation of a product that exhibits an intense absorption at concentration of pyridine, as is the case with iron porphyrins.
710 nm and that may be oxidized by © regenerate the starting  Consistent with this thinking is the observation that in the
material HOECn. On this basis, the reduction product produced presence of 0.6 mol 1! pyridine the Soret band appeared also
in acid solutions is ascribed to a phlorin-type product (protonated split with maxima at 380 and 402 nm.
at a meso position, not at a pyrrole ring). The absorption y-Radiolysis of any of the above Fe(lll) corrphycene solutions
characteristics of free base corrphycene and of the variousin the absence of Oresulted in the formation of E©ECn.
metallocorrphycenes studied as well as those of their reductionThe spectral changes are similar to those observed in the case
products are summarized in Table 1. of iron porphyrins. In particular, the Soret band of'B&Cn
Tin Corrphycene (Cl,SnYOECN). The stability ofz-radical was found to be much sharper than that of'B&Cn. This
anions of metalloporphyrins and metalloporphycenes has beenpeak is found at 438 nm in neutral and alkaline 2-PrOH and in
shown to increase as the reduction potential becomes morethe presence of pyridine. The main Q-band was at 558 nm,
positive4a14 This effect is particularly notably in the case of with an additional small peak near 600 nm (Figure 4 and Table
Sn(IV) porphyrins; as a general rule, these form stabtadical 1). The FEOECn species produced in this way react rapidly
anions even in neutral agueous solutions (in the absencg)of O with O, to regenerate the original BE®ECn. Reduction of &
Accordingly, we expected $fOECn, which has a reduction = OECn by Pd/H gave the same spectra.

potential of —0.97 V vs SCE in CHCl,, as compared with The reduction behavior of E&®OECH in acidic 2-PrOH
—1.32 V for the free bas®,to form a stable SHOECn~ radical solutions, however, was quite different. Although the spectrum
anion. As detailed below this expectation was met albeit only of starting F&' OECn complex was similar to that recorded in
in part. neutral 2-PrOH, that of the E®ECn complex produced upon

The differential absorption spectrum recorded upon pulse radiolytic reduction was shifted; specifically, the Soret peak
radiolytic reduction of a deoxygenated 2-PrOH solution d¥Sn  appeared at 418 nm instead of 438 nm. Furthermore, the Fe
OECn (Figure 3a) exhibits absorption maxima at 610, 680, 700, OECn species formed under these acidic conditions was not
and~780 nm. Such spectral features are consistent with the oxidized by Q. This is interpreted in terms of a shift in the
formation of SWOECH™. The spectra monitored following  Fe'/F€" reduction potential due to protonation of the
y-radiolytic reduction of the same solution also contain peaks (CHs),CHO™ axial ligand. When the acidic 2-PrOH solution
at 680, 700, and 780 nm (Figure 3b, dashed line) that resembleof FE'OECn was made alkaline, the complex was readily
those found in the time-resolved experiments. The product reoxidized to F OECn in the presence of O
formed under conditions of-radiolysis is thus also ascribed to Further radiolytic reduction of PF®©ECn in alkaline 2-PrOH
the m-radical anion. This product was not stable and was solutions led to formation of a product that exhibits a broad
converted within several minutes into a stable product that is absorption at 760 nm and a weak Soret band (similar to Figure
characterized by absorptions at 655 and 760 nm. Further3b). This product is rapidly oxidized by o regenerate P&
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TABLE 1: Absorption Peaks of the Corrphycenes and Their Radiolytic Reduction Products

corrphycens and products medium peaks, nm (relative intensity)
H,OECn 2-PrOH 410 (100), 508 (15), 540 (4), 576 (6), 630 (2)
H,OECnH 2-PrOH 322 (100), 410, 511 (61), 576 (55), 605 (50)
H,OECnH, 2-PrOH 349 (100), 500 (10)
H,OECn 2-PrOH/KOH 410 (100), 508 (15), 540 (4), 576 (6), 630 (2)
H,OECn~ 2-PrOH/KOH 650-750
H,OECnH 2-PrOH/KOH 322 (100), 410, 511 (61), 576 (55), 605 (50)
H4OECr+ 2-PrOH/HCIQ 416 (100), 556 (6), 600 (3)
H4,OECNnH?2" 2-PrOH/HCIQ 548 (100), 710 (93)
SnVOECNH 2-PrOH 374 (30), 424 (100), 554 (16), 592 (5)
SNVOECH™ 2-ProH 424 (100), 632 (1), 680 (4), 700 (3), 780 (2)
SnVOECH 2-PrOH 355 (50), 413 (100), 472 (20), 635 (20), 762 (38)
SnYOECh 2-PrOH/KOH 374 (30), 424 (100), 552 (16), 592 (5)
SnVOECH™ 2-PrOH/KOH 424 (100), 632 (1), 680 (4), 702 (2), 780 (1)
SAVOECH™ 2-PrOH/KOH 424 (100), 510 (7), 790 (14)
SnVOECNH 2-PrOH/HCIQ 374 (30), 424 (100), 554 (16), 592 (5)
SAVOECnH 2-PrOH/HCIQ 322 (100), 511 (61), 576 (55), 605 (50)
CIFE"OECn 2-PrOH 360 (sh), 406 (100), 520 (10), 668 (3)
F&'OECn 2-PrOH 380 (20), 436 (100), 526 (8), 558 (10), 596 (5)
CIF"OECn 2-PrOH/KOH 364 (88), 402 (100), 446 (63), 574 (16)
F&'OECn 2-PrOH/KOH 361 (20), 438 (100), 558 (10), 596 (5)
Fe'OECnH" 2-PrOH/KOH 350 (100), 526540 (38), 780 (70)
CIFE"OECn 2-PrOH/HCIQ 360 (sh), 404 (100), 520 (10), 668 (3)
Fe'OECn 2-PrOH/HCIQ 418 (100), 557 (6), 601 (4)
Cl(py)Fe"OECn 2-PrOH/py (0.1 vol %) 360 (sh), 404 (100), 520 (10), 668 (3)

Cl(py)Fe'OECn
(py).F€"OECN
(py)FE'OECn

2-PrOH/py (0.1 vol %)
2-PrOH/py (5 vol %)
2-PrOH/py (5 vol %)

381 (30), 438 (100), 526 (8), 558 (11), 597 (4)
380 (87), 402 (100}, 440 (50), 570 (10), 664 (2)
434 (100), 524 (13), 555 (12), 590 (4)

CH;—Fe'"OECn 2-PrOH/CHCI 415 (90), 432 (100), 558 (12), 640 (5), 730 (5)
Co"OECn 2-PrOH 386 (75), 444 (100), 563 (19), 602 (16)
C0'OECn 2-PrOH 405 (100), 525 (15), 640 (10)

CJOECn 2-PrOH 413 (100), 533 (11), 622 (8)

CJOECnH, 2-PrOH 413 (100), 540 (20), 640 (16), 690 (14)
Cd'OECn 2-PrOH/KOH 404 (100), 560 (11), 608 (10)

COJOECn 2-PrOH/KOH 410 (100), 520 (10), 640 (5)

(py)2C0"OECn 2-PrOH/py 386 (75), 444 (100), 553 (19), 592 (16)
(py).C0'OECn 2-PrOH/py 410 (100), 540 (9), 650 (5)

(py)2COOECn 2-PrOH/py 414 (100), 458 (18), 535 (14), 575 (14)
(PY)2COOECNH 2-PrOH/py 630 (80), 680 (100), 710 (80), 780 (10)
Co'OECn CHCl, 405 (100), 528 (11), 630 (4)

CICd"OECn CHCl, 382 (100), 440 (71), 558 (24), 602 (18)
CHs—C0"OECn 2-PrOH/CHCI/KOH 414 (100), 495 (12), 540 (10), 640 (5), 680 (5)
C0d'OECnh 2-PrOH/CHCI/HCI 390 (55), 440 (100), 550 (12), 592 (10)
CHs—C0"OECn 2-PrOH/CHCI/HCI 414 (100), 490 (10), 545 (9), 640 (4), 680 (4)
Ni"OECn 2-PrOH 395 (100), 458 (23), 537 (10), 622 (11)
Ni"OECnH- 2-ProH 395 (100), 625 (8), 786 (26)

Ni"OECnH 2-PrOH 310 (100), 500 (30)

Ni"OECn 2-PrOH/KOH 395 (100), 458 (23), 537 (10), 622 (11)
Ni"OECNnH- 2-PrOH/KOH 312 (25), 395 (100), 622 (10), 804 (20)
CU'OECn 2-PrOH 435 (100), 551 (13), 594 (10)

CU'OECnH, 2-PrOH 322 (100), 511 (61), 576 (55), 605 (50)
CU'OECn 2-PrOH/KOH 435 (100), 551 (13), 594 (10)

CU'OECNnH" 2-PrOH/KOH 330, 435, 623, 764

Ag'"OECn 2-PrOH/KOH 382 (32) 445 (100), 551 (14), 594 (10)
H,OECn 2-PrOH/KOH 410 (100), 508 (15), 540 (4), 576 (6), 630 (2)
Ag'"OECn 2-PrOH 382 (32) 445 (100), 551 (14), 594 (10)
H,OECn 2-PrOH 410 (100), 508 (15), 540 (4), 576 (6), 630 (2)

OECn. In light of the results discussed above and in consid- was found to undergo oxidation in the presence gfdlihough
eration of previous findings with metalloporphyrins, this product much more slowly than the product obtained in alkaline
is ascribed to a phlorin-anion-type species!GECnH". This solutions. Interestingly, it is oxidized to form 8ECn and
product was not observed when"B¥ECn was radiolytically not Fé'OECH.

reduced in neutral 2-PrOH. In this latter instance, unidentified  The above phlorin-type products are thought to arise as the
degradation products were formed, and very little of the original result of disproportionation and protonation of the initial unstable
iron corrphycene was found to be regenerated upon air oxidation.one-electron reduction products. One-electron reduction'bf Fe
Reduction in acidic solutions, however, did give rise to a product OECn is expected to lead to formation of'/®&Cn, but this
with a strong absorption in the red, similar to that of a phlorin putative product was not sufficiently stable to be detected in
anion. However, its lowest energy absorption was found to fall the solutions studied above byradiolysis. In an attempt to
at 710 nm (instead of 760 nm), leading us to propose that it examine whether BF®©ECn is indeed reduced to a transient Fe
may be a protonated form of the same species. This productOECnh or to ar-radical anion, we carried out pulse radiolysis
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2.0 to form F&'OECn and FEOECnH". Since radiolytic reduction
15 E » -] of FE'OEChn leads to the efficient production of what is thought
£ : H a to be the phlorin anion, BF®ECnH-, we conclude that the latter
= 1Lof / k;& ; route reflects the more likely mechanism for in in-situ decom-
g o5 : Moo . position.
g ok P } K/'H““ ] Fe(ll) porphyrins are known to form stabjebonded alkyt-
2 s : / \ /‘ ] iron complexed® To examine whether such products might
S TR f &] 3 be formed from the corrphycenes, we irradiated 8&Cn in
1.0 By d 3 2-PrOH solutions saturated with GEI. The latter solute reacts
L3 SPUPUPI R BRI SN I with solvated electrons to generate methyl radicals, while the
400 500 600 700 800 900 solvent radicals reduce HOECH.
A b CHLCl + e, — "CHy + CI- 4)
g o ,\? ? Fé"OECN+ (CH,),’COH— Fe'OECn+ (CH,),CO + ?5*)
el
% o1 \\-.‘,. 1 /\\_ ] Subsequent reaction between these two products was expected
: L_. ﬂ ¥ ] to form the sought-aftes-bonded methyl adduct.
v W"J“&
S T AN e e Fe'OECn+ ‘CH,— CH,—Fé"OECn (6)
400 500 600 700 800 900
Wavelength, nm As it transpired, the spectral changes recorded aftediolysis

Figure 3. Radiolytic reduction of GISHVOECn in deoxygenated  of the above solution are indeed significantly different from
2-PrOH solutions. (a) Differential spectrum monitored by pulse those recorded in the absence of LH(Table 1). They are
radiolysis, 20Qus after the pulse. (b)-Radiolytic reduction. The doses thus ascribed to the formation of an gHFell OECn complex.

were 0, 185, and 1285 Gy; the arrows indicate the direction of . . .
absorption changes during the course of irradiation, showing the Upon exposure to ©the starting material, FEOECn, is

spectrum of ther-radical anion (dashed line) and the phlorin-anion- recovered quantitatively.

type product (dotted line). Cobalt Corrphycene (CoOECn). This metallo derivative
was originally prepared in the form of the TBECn complex.

20 T T However, when dissolved in 2-PrOH and stored under air,
£ gradual oxidation to the Cb form was observed (as in the

corresponding porphyrin). The spectrum of the latter product

was similar to that obtained upon oxidative radiolysis, such as
irradiation in aerated C§Ll,. To accelerate the air oxidation

¢ 1 of Cd'OECn and to obtain quantitative conversion, pyridine

x . was added to the solution. Coordination of pyridine as an axial

/
J ligand makes the reduction potential of the cobalt complex more
A 7 positive. In the presence of 5% pyridine the cobalt complex
[ ] was rapidly converted into (P¥30"OECn. Radiolytic reduc-
. tion of this product (i.e., reductive conversion back to thé Co
. . MEPEPETIS RPN U state) was followed by pulse radiolysis (Figure ®), and
300 400 500 600 700 800 y-radiolysis (Figure 5b) with the peak positions for the two

Wavelength, nm species being given in Table 1. The spectral changes are
somewhat similar to those observed with the corresponding iron

Absorbance

Figure 4. Radiolytic reduction of CIPEOECn in deoxygenated
2-PrOH solutionsy-Radiolytic reduction. The doses were 0, 275, and complex.
475 Gy; the arrows indicate the direction of absorption changes during ~ Pulse radiolytic reduction of C®ECn in 2-PrOH solution
the course of irradiation. (in the absence of pyridine) resulted in absorption changes
(Figure 5a,0) that somewhat resemble those observed upon
experiments with FEDECn in alkaline 2-PrOH. The E®ECnh reduction of C8'OECn (Figure 5a®). This similarity and the
solutions were prepared by quantitative reduction df GECn lack of absorption near 700 nm are interpreted in terms of
solutions, either byy-radiolysis or by H over Pd. Unfortu- reduction of CBOECn to COECn. This putative product was
nately, the handling of these solutions during the pulse radiolysis also observed following-radiolysis, leading us to consider this
experiments led to partial oxidation by traces of @nd the spectral assignment as secure. (Relevant peak positions are
mixtures of the resulting F®ECn solutions containing a small  summarized in Table 1.) Exposure t@ @sulted in quantitative
fraction of F&' OECn were found to undergo reduction processes recovery of CBOECn. Further radiolysis of COECn led to
that involved predominantly the latter species. reduction of the corrphycene ligand. The resulting species, with
Although we cannot confirm at this time that'®@ECn is a chlorin-type absorption at 640 and 690 nm, was quite stable
reduced to POECNH, we may assume that this reaction takes in the presence of oxygen. Indeed, only very slow recovery to
place, in analogy to the behavior of iron porphyrihsFeé OECn the starting CHOECn complex was observed.
then may undergo two possible reactions. It may react with a  Although time-resolved reduction of €OECn in acidic
proton from the solvent, to form a hydride complex (a species 2-PrOH leads undoubtedly to the formation of the monovalent
that would likely decompose to yield ;Hand FEOECnN). cobalt complex (vide supray-radiolysis of a similar solution
Alternatively, it may undergo disproportionation and protonation did not reveal any noticeable changes in the absorption spectrum.
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5 Figure 6. Radiolytic reduction of NIOECn in deoxygenated 2-PrOH
< solutions. (a) Differential absorption spectra monitored by pulse
2 radiolysis, 4Qus (@) and 40Qus (O) after the pulse, the former showing
2 formation of a sharp absorption at 430 nm ascribed to transiegt CH
Ni" OECn and the latter showing formation of the broad absorption
around 680 nm ascribed to 'NDECn~. (b) Representative traces
showing the formation and decay of the transient absorptions at 450

0.0 : i
300 400 500 600 700 800 and 680 nm.
Wavelength, nm
Figure 5. Radiolytic reduction of COOECn in deoxygenated 2-PrOH _Conflrms that reductlon of_C‘@ECn s the predo_mlnant process
solutions. (a) Comparison of the differential absorption spectra IN the radiolysis of the divalent Co complex in neat 2-PrOH.
monitored by pulse radiolysis upon reduction of!@ECH and Ct- Nickel Corrphycene (NIOECn). The differential spectrum
OECn. @) C0"OECn, in the presence of pyridine (5 vol %), recorded recorded by pulse radiolysis of alkaline 2-PrOH solutions of
100 us after the pulse@) Co'OECN, recorded @s after the pulse.  Ni''OECn indicates the formation of a species absorbing at 680
(b) y-Radiolytic reduction of CBOECn in the presence of pyridine. (Figure 6a). By comparison with the results obtained with

The doses were 0, 50, 100, and 200 Gy; the arrows indicate the direction _ . . .
of absorption changes during the course of irradiationy{Badiolysis FZOECH ﬁnd SQ.OEICW.’ WeNiaC8)0r(|§3e7 this new absorption
of Cd'OECn in the presence of GHI, showing formation of Cht eature to ther-radical anion, ECn~ (eq 7).

C0"OECn. The doses were 0, 50, 100, and 200 Gy.
Ni"OECn+ e” — Ni"OECH™~ 7)

This can be rationalized in terms of a fast reoxidation (on the
y-radiolysis time scale) of the transient'O&Cn by the acidic Based on a kinetic analysis, this species is thought to arise
medium. predominantly from the reaction of NDECn with (CH),"COH

The reaction of CGOECn with *CHj; radicals was studied  over the course of200us. In addition to this product, another
via the y-radiolysis of CHCI-saturated 2-PrOH solutions. species was observed at short times; it is characterized by a
Under these conditions, new absorptions at 414, 490, 545, 640,sharp peak at 430 nm and is seen to decay with a half-life of
and 680 nm appeared (Figure 5c) that are ascribed t9-CH 71, = 40 us. Representative kinetic traces for these two
Cd"OECnN. This presumed product was stable in the presencetransients are shown in Figure 6b. In acidic solutions, the decay
of O, in alkaline solutions but was found to be reoxidized readily of the species characterized by the absorption at 430 nm was
in acidic solutions to regenerate the starting complex. The considerably fasterr{,, = 25 us), whereas that of the species
observation of the above absorption features in acidic media absorbing at 680 nm remained the same.
stands in contrast to what is found in the absence 0§GTH The 430 nm peak is ascribed to the product of the reaction
where reoxidation of the initially formed GOECn complex of methyl radicals (produced in small yields@.1 umol J2%)
by the acid precluded the detection of any stable product. upon radiolysis of neat 2-PrOH) with NDECn, to form the

Production of methyl radicals during the radiolysis of 2-PrOH, unstable species GHNi"'OECn. A similar short-lived product
although in small yield £0.1 umol J1), gives rise to the has been shown to be produced upon reaction of Ni(ll)
possibility that CBOECn in the above reduction experiments porphyrins with methyl radicals. Nonetheless, to confirm this
may react wititCHs; radicals. Comparison between Figure 5a assignment, we irradiated a 2-PrOH solution of'®ECnh
(O) and Figure 5c reveals that the spectral changes, in particularsaturated with CkCI, where the yield of methyl radicals is much
around 410 nm, are distinctly different from each other. This higher. In fact, the yield of the species absorbing at 430 nm
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increased by a factor of 3.5, relative to what was seen in the 1.6 ————71+——r1 T T T
absence of CECl. Also, the peak at 680 nm was not observed. [ T ¢ ¢ ]
Further evidence for the-bonded species was obtained from L A ¢

pulse radiolysis experiments involving the study of @ECn 1.2 ," A

in N,O-saturated-BuOH solutions. These conditions produce
significant quantities ofCH,(CHs;),COH radicals and gave rise
to a short-lived species absorbing around 450 nm.

0.8 :
y-Radiolytic reduction of NIOECn in basic 2-PrOH led to I 3
the formation of a transient, ascribed to'"REC~. Within [ \

51
1
g

¢

Fool
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minutes this latter species is transformed into a species (absorb- Yy o i
ing at 804 nm) that is considered to be a phlorin-like anion. -
Both products were oxidized by, Qo regenerate the starting P PRI I S

Ni'"OECn complex. 300 400 500 600 700 800
Copper Corrphycene (CuOECN). Pulse radiolytic reduc- Wavelength, nm
tion of CU'OECn in neutral 2-PrOH solutions forms a transient rigure 7. Radiolytic reduction of AJOECh in deoxygenated 2-PrOH
species absorbing at 680 and 780 nm (similar to Figures 2asolutions containing 0.01 mol KOH. y-Radiolytic reduction. The
and 3a) that is ascribed to theradical anion, CUWOECH™. This doses were 0, 50, and 100 Gy; the arrows indicate the direction of
species undergoes disproportionation over several hundredabsorption changes during the course of irradiation.
milliseconds to form a species with chlorin-type spectral
properties This latter product, observed also ingthradiolysis ~ Ag'OECn is being formed. This product did not change for
experiments, is similar to that produced upon radiolysis of acidic several milliseconds.
SnYOEChn solutions and is similarly inert towarc,.O Interestingly, y-radiolysis of A OECn under these same
By contrast, pulse radiolysis in alkaline 2-PrOH solutions bPasic conditions resulted in the transformation of the starting
indicated formation of a different product, i.e., one lacking an Ag"OECn complex into a stable product with absorption features
absorption feature near 680 nm (not shown, but differential that are similar to those of #®ECn (Figure 7, Table 1). This
changes resemble those depicted in Figure 5a). Because of théS taken as an indication that reduction to'@gCn leads
lack of resemblance to what is produced under conditions of eventually to demetalation. This postulated demetalation pro-
neutral pulse radiolysis, this species is considered to be a metal€€SS was observed even in the presence of KOH and is
centered product, GOECN. It has been noticed before that considered reasonable in view of the larger ionic radius of
reduction may take a different route in alkaline 2-ProH as Ad(l) (1.26 A) compared to Cu(1)<0.96 A)!® certainly, it
compared to neutral solution. In the case of Co porphyéene, Parallels what happens with a silver porphyrin in aqueous
base-promoted reduction took place at the ligand rather than atsolution*?
the metal. That behavior was rationalized in terms of the )
alkaline conditions providing a stronger axial ligands (2-Pro  Conclusion
vs 2-PrOH) which increased the electron density at the metal  the pehavior of octaethylcorrphycene and most of its metal
center and militated against a metal-centered r_eo!uctlon_processcommexes, upon one-electron and multielectron reduction, is
In the present case t'he t.rend is reversed. This is ascribed to &enerally similar to that of the analogous porphyrins and
change in the coordination geometry of the copper complex. porphycenes. All of these compounds are reduced very rapidly
The 2-Pr0O ligand in the alkaline medium is a stronger ligand |,y solvated electrons and more slowly by the radicals derived
than 2-PrOH. As a result, the starting square-planar (tetra- from the 2-PrOH solvent. Reduction may take place at the metal
coordinated) CLOECn is transformed into one with a pyramidal - center or at the macrocyclic ligand, and the spectral changes
(pentacoordinated) geometry. This geometric change may placegpserved for each type of process are somewhat independent
the copper out of the corrphycene plane and thus facilitate its ot the various macrocyclic structure. With specific metal
reduction. complexes, however, the behavior was different for the different
The above considerations aside,'GHCn is not observed  macrocycles. This difference may be ascribed to two factors:
as a stable product under conditionsyefadiolysis. Instead,  (a) variations in the size of the macrocycle cavity relative to
the product exhibits absorptions at 330, 435, 623, and 764 nm, the size of the metal ion (which can affect the stability of the
indicating the formation of a phlorin-anion-type product. This complex) and (b) variations in the reduction potential of the
latter putative product changes over minutes and, after exposuremacrocycle. As outlined above, porphycenes and porphyrins
to Oy, generates the free base form of corrphycengECn). possess cavities of similar size (but not shape), whereas that of
Such an observation leads us to suggests th&BQn does  corrphycene is larger. This difference has been found to
not undergo demetalation directly, despite the large radius of decrease the stability of porphycene complexes with low-
Cu(l) (0.96 A). Rather it is CLOECnH that demetalates  oxidation state metal ions, relative to that of porphyrins. This
slowly. results either in reduction of the macrocycle instead of the metal
Silver Corrphycene (AgOECn). Reduction of AQOECnh or in demetalation of the reduced complex. Corrphycenes,
by the (CH),"COH radical in neutral 2-PrOH solutions was too  because of their larger cavity, exhibit the opposite effect, as
slow to be observed by pulse radiolysis at the low concentrationsdemonstrated by the present results.
used, althoughy-radiolysis resulted in reduction. Addition of Independent of core size, changes in macrocycle reduction
0.01 mol L~ KOH leads to partial dissociation of (Gj#*COH potential can determine whether reduction takes place at the
into (CHg),"CO™, under which conditions AgDECn is reduced metal center or at the ligandsystem. The reduction potential
more rapidly. Specifically, under these latter conditions, the of the corrphycene ligand—<1.32 V vs SCE) is anodically
spectral changes observed by pulse radiolysis show a sharp bandhifted relative to that of porphycene .94 V vs SCE). As a
around 460 nm and no noticeable absorbance in the-800 consequence, electron transfer to the corrphycene ligand is
nm region (not shown), features that lead us to suggest thatrelatively inhibited and reduction of the metal center may
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predominate in certain cases. For comparison, the reduction113 5511. (d) Bormann, SChem. Eng. New995 (June 26), 30.
otentials of porphyrins are-1.05 V vs SCE for HTPP and (4) (a) Renner, M. W.; Forman, A.; Wu, W.; Chang, C. K.; Fajed.J.
El 46 V S%Epf y EP KT Am. Chem. S0d.989 111, 8618. (b) Gisselbrecht, J. P.; Gross, M.;dKer,
: VS . or HOEP. M.; Lausmann, M.; Vogel, EJ. Am. Chem. Socl99q 112, 8618. (c)
The reactions of the Ni(ll), Co(ll), and Fe(ll) corrphycene Kadish, K. M.; van Caemelbecke, E.; Boulas, P.; D'Souza, F.; Vogel, E.;

complexes with methyl radicals were also found to reflect what Kisters, M.; Medforth, C. J.; Smith, K. Minorg. Chem.1993 32, 4177.

; : ; (d) Bernard, C.; Gisselbrecht, J. P.; Gross, M.; Vogel, E.; Lausmann, M.
is seen with porphyrins and porphycenes. In all cases, the |  “cpem 1904 33 2393. (6) D'Souza, F.: Boulas, P.- Aukauloo, A,

corresponding-bonded CH—M"OECn complexes were formed. M .: Guilard, R.; Kisters, M.; Vogel, E.; Kadish, K. M. Phys. Chen1.994
The stabilities of these species varied significantly and paralleled 98, 8, 11885. (f) Guldi, D. M.; Neta, P.; Vogel, B. Phys. Chem1996
the behavior of the porphyrin and porphycene analogues. For100 4097.

instance, CENi'"OECn was found to decay withinl ms back 197552,{“5%8_”' F. H.. Kadish, K. M.; Davis, D. G. Am. Chem. Soc.

to methyl radicals (which dimerize) and the starting Ni(ll) (6) Guldi, D. M.; Field, J.; Grodkowski, J.; Neta, P.; Vogel,.EPhys.
complex. On the other hand, GFE" OECn was found to be ~ Chem.1996 100, 13609. ‘
stable in the absence obQwhereas CkCo" OECn was found 386(7(%)(3 La:'ﬁ J; thresg JP-? lt\t/IeyersteLln,FDhemd.f’r%ys. éeﬁnwfg%

. . . . aruthamutnu, P.; Patterson, L.; Ferraual rg. em
to be staple even in thg presence oefi@neutral solutions but 17, 7, 1630. (c) Jacobi, M.; Meyerstein, D.; Lilie, lhorg. Chem.1979
unstable in acidic media. 18, 429. (d) Zeigerson, E.; Bar, |.; Bernstein, J.; Kirschbaum, L. J;

Meyers_tein, D.norg. Chem.1982 21, 1, 73. (e) Nahor, G. S.; Neta, P.;
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