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Electronic Effects in Transition Metal Porphyrins. 9. Effect of Phenyl Ortho Substituents
on the Spectroscopic and Redox Properties and Axial Ligand Binding Constants of Iron(lIl)
Tetraphenylporphyrinates
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To obtain a better understanding of the effect®ho-halogen and related substituents on the phenyl rings of
TPPH and (TPP)Fe(lll) complexes, a series of unsymmetrically substituted tetraphenylporphyrins have been
synthesized. In each of these complexes one phenyl ring bears halogen(s) on one (ortbothpsition(s),

while the other three phenyl rings capgra-methoxy substituents. The free-base porphyrins were characterized
by UV—visible and'H NMR spectroscopy. The resonance of the pyrrole protons closest to the phenyl ring
bearing theortho substituent, | of the free-base porphyrins shows a progressive shift to higher shielding as the
atomic radius and Hammett substituent consianbf the substituent increases. However, the fact that 2,6-
substitution has a similar effect as 2-substitution suggests that size effects are more important than through-bond
electronic effects. Equilibrium constan{,", for addition of N-methylimidazole to the series of complexes
(0-X)(p-OCHa)3(TPP)FeCl and (2,6-¥(p-OCHg)s(TPP)FeCl were measured in chloroform atZa log(32")
increases in the order E Cl < Br < | < F; < CR < Cl, < Brp, and all 3" values for mixed substituent
porphyrins except the monofluoro-containing complex are larger tharBfhefor the reaction between the
symmetrical norertho-substituted parent compoung:-QCHs)4(TPP)FeCl, and NMelm. Hencertho-halogen

and -CR substituents increase the valuespgf' in order of increasing size, with the 2,6-disubstituted phenyls
causing an increase """ by more than a factor of 2 over that for 2-substituted phenyls. In the strongly solvating
solvent dimethylformamide, where dissociation of the anion has already taken place, the opposite order of log-
(82") is observed (> CFR; > Cl, > p-OCHs). Both sets of equilibrium constant data suggest o
halogens and -GFgroups are electron donating, which we believe is due to direct overlap between the electron
clouds of the halogens and thesystem of the porphyrin. This direct overlap of electron clouds decreases the
Lewis acidity of Fe(lll),both making it easier for Cl to dissociate from the F€I~ starting material in CHGI
andmaking the complex less stable; the former contribution is more important in £ tdfile the latter becomes
evident in DMF. The'H NMR spectra of the same series of low-spin Fe(lll) complexes show a decrease in the
spread of the pyrrole-H resonances in the order of €IF, > Br, > F > C| > Br ~ CR > |. This order
suggests that the apparent electron-donating characteristics of the substituents decrease in the listed order, which
is quite different from that derived from the values of |8¢{) measured in chloroform solution. The differences
probably result from the fact that these two physical properties are sensing different effects athibe
substituents: logl,"') values probe changes in thébasicity of the pyrrole nitrogens and hence the Lewis acidity

of the metal, while the spread of pyrrole-H resonances probes changesrelietron density distribution in the

e(m) orbitals and/or differences in the energy separation of those two orbitals of the porphyrin ring.

Introduction stituents on the periphery of the molecule have been shown to
affect the basicity of the porphyrin nitrogeh3the rate of N-H
tautomerism in porphyrin free-bas®£12.23the chemical shifts

of pyrrole and NH protons in free-base tetraphenylporphyfii,
rates of phenyl ring rotatidi.¢2and porphyrin ring inversici

The degree and mode of transmission of electronic effects
between various points on the porphyrin ring and the central
metal via thes ands orbitals of the four porphyrin nitrogens
have long been of interest to those who have investigated the
physical properties and chemical reactions of metallo- (4) Falk, J. EPorphyrins and MetalloporphyrinElsevier: New York,
porphyrinate$3! Because of the high aromaticity of the 1964; pp 28, 42, 69, 93.

P _ ; Wi ; _ (5 (a) Caughey, W. S.; Deal, R. M.; McLees, B. D.; Alben, JJOAm.
porphyrin ring system, electron-donating or -withdrawing sub Chem. S0c1962 84, 1735. (b) Caughey, W. S.. Fujimoto, W. V.

Johnson, B. PBiochemistry1966 5, 3830. (c) McLees, B. D.;

(1) University of Arizona. Caughey, W. SBiochemistryl968 7, 642.

(2) Present address: Department of Chemistry, California State University, (6) (a) Baker, E. W.; Storm, C. B.; McGrew, G. T.; Corwin, A. H.
San Bernardino, CA 92407. Bioinorg. Chem1973 3, 49. (b) Storm, C. B.; Teklu, YJ. Am. Chem.

(3) San Francisco State University. So0c.1972 94, 1745.
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in metalloporphyrinates, visible absorption speéffaspin nylporphyrins having eithemetaor para substituents on the
state® EPR parameter®,NMR isotropic shifts200.¢.25.2metal phenyl rings have been investigated, and it has usually been
nucleus NMR chemical shiff§;31rate’d12band equilibriunie-15 found that the above physical properties correlate with the
constants for axial ligation, reduction potentf&ig?d.11.1518 of Hammeto constants of the substituents:

both porphyrin ring and metal redox reactions, and metal

incorporation rate&:9:1° In most of the systems studied (except P(X) — P(H) = 4oyp 1)

refs 9, 14, 20, 21c, and 29), symmetrically substituted tetraphe-

Here P(X) and P(H) are the observed physical property of the
(7) (a) Higginbotham, E.; Hambright, forg. Nucl. Chem. Lett1972 tetrephenylporphyrlns haY'”Q substituent X and H, reSp?thely-
8, 747. (b) Worthington, P.; Hambright, P.; Wiliams, R. F. X;;  ox is the Hammett substituent constant of X, andescribes

Feldman, M. R.; Smith, K. M.; Langry, K. Gnorg. Nucl. Chem.  the sensitivity of the property being studied to the electron-

Lett. 198Q 46, 441. (c) Worthi P.: Ham bright, P.; Will , ; ; : ;
Lett. 1980 46, 441, (c) Worthington, P.. /gr.”Tt;rr'gyt' ) Bell b M. Withdrawing or -donating properties of . These linear free

Kirkland, R.; Little, R. G.; Datta-Gupta, N.; Eisner, U. Inorg. energy relationships have been useful in predicting the possible
Biochem.198Q 12, 281. (d) Williams, G. N.; Hambright, Anorg. effects of new substituents on the reactivity of the porphyrin or

Chem.1978 17, 2687. (e) Kirksey, C. H.; Hambright, P.; Storm, C. metalloporphvrinate

B. Inorg. Chem.1969 8, 2141. (f) Shears, B.; Shah, B.; Hambright, porpny ’ . . . .

P.J. Am. Chem. Sod.971 93, 776. (g) Reid, J. B.; Hambright, P. The effect of electron-donating and -withdrawing substituents
Inorg. Chem.1977, 16, 968. on the equilibrium constants for the binding of axial ligands to

(8) (a) Walker, F. A.; Hui, E.; Walker, J. Ml. Am. Chem. Sod975 97, ; ;
2390. (b) Walker F. AJ_ Am. Chem. Sod973 95, 1150, (c) Walker, metalloporphyrinates has been studied by a number of research

F. A. J. Am. Chem. S0d973 95, 1154. (d) Walker, F. A.; Beroiz, groups’® 15 It has been shown that for a wide range of (tetrakis-

D.; Kadish, K. M.J. Am. Chem. Sod.976 98, 3484. (substituted phenyl)porphyrinato)metal(ll) complexes in non-
©) éﬁgS\éVa(”g)efé FlkA-?\';OLMWW"?(Re% "A- T\J/\} AT-JCV]‘IG'E- 3%%]975 958' coordinating solvents (benzene, toluene, or chloroform), in-
. alke, V. L.; alker, F. A.; Wwest, J. J. Am. em. S0cC. . :
1085 107, 1226. cluding zZn(Il) 1314 N|(II),8_<”‘_C0(II),SlHj Fe(Il)1 and VG_*,Sa
(10) Brewer, C. T.; Brewer, G. Anorg. Chem.1987, 26, 3420. that thep values are positive in all cases for the reactions
(11) Nesset, M. J. M.; Shokhirev, N. V.; Enemark, P. D.; Jacobson, S. E.;
Walker, F. A.Inorg. Chem.1996 35, 5188. X),TPPM+ L or 2L == (X),TPPML or (X),TPPML, (2)
(12) (a) Satterlee, J. D.; La Mar, G. N.; Frye, J.5.Am. Chem. Soc.
1976 98, 9295. (b) Satterlee, J. D.; La Mar, G. N.; Bold, TJJAm. . “ . . " L
Chem. Soc1977, 99, 1088. This could be called the “Lewis acid effect”, and it arises from
823 \QO%eI, G. C.;GBick(/nvarlk B. élng{g- Cht(%:r;:_-lWE 135194853439L o5 a decrease or increase in Lewis acidity of the metal center in
cDermott, G. A.; Walker, F. Alnorg. Chim. Act . _ ; Wi ; ;
(15) Jones, R. D.; Summenville. D. A.: Basolo,J-Am. Chem. 504978 response to the electron-donating or wn_hdrawmg, respectively,
100, 4416. abilities of the phenymetaor para substituents. In contrast,

(16) Walker, F. A; Barry, J. A; Balke, V. L.; McDermott, G. A;; Wu, M. for iron(lll) porphyrinates in chloroform or dichloromethane

Z.; Linde, P. F.Adv. Chem. Ser1982 No. 201, 377. ion? hindi i
(17) @ Kadich. K. M.. Morrison. M. MBioinorg. Chem1977 7, 107. solution? binding of two neutrally charged ligands to the metal

(b) Kadish, K. M.. Bottomley, L. A.J. Am. Chem. Sod977, 99, requires dissociati_o_n of the chIorid_e anion in these solvents and
2380. (c) Kadish, K. M.; Bottomley, L. A.; Beroiz, Dnorg. Chem. creates a net positive charge on iron(lll):
197§ 17, 1124,

18) Rillema, D. P.; Nagle, K. J.; Barringer, L. F.; Meyer, T.JJ.Am. — +A—

) b1 T a6 g y (X),(TPP)FeCH- 2L = [(X) (TPP)Fel,]'CI”  (3)

(19) (a) Meot-Ner, M.; Adler, A. DJ. Am. Chem. Sod.972 94, 4763.

0) ((b)) \l>/lvet|3kt—NeFr,/Il/l.;BAcliller,vA.LD.’;lA. gm. Cherg- ?nod97gh97, %g; This contribution from charge separation and formal charge
a alker, F. A.; Balke, V. L.; McDermott, G. norg. em il 7 H H
21, 3342. (b) Walker, F. A.; Balke, V. L.; McDermott, G. A. Am. stabilization creates_the opposite linear free energy dependence,
Chem. Soc1982 104, 1569. (c) Walker, F. A.; Benson, M. Phys. and a value ofp = —0.39 was reported for a series of
Chem.1982 86, 3495. symmetrical (tetrakigtsubstituted phenyl)porphinato)iron chlo-

(21) (a) Eaton, S. S.; Eaton, G. R.Am. Chem. S0d.977, 99, 1601. (b) ride complexes, i-X)4(TPP)FeCE indicating that electron-
Eaton, S. S.; Fishwild, D. M.; Eaton, G. Riorg. Chem.1978 17, P  FEX)a( ) ' 9

1542. (c) Eaton, S. S.; Eaton, G. R Am. Chem. S0d977, 99, 6594 donating groups favor the formation of the complex in these
and references therein. solvents. This finding was at that time explained in terms of

(22) (a) La Mar, G. N,; Satterlee, J. D.; Snyder, R.VAm. Chem. Soc.  the stabilization of the positive charge on Fe(lll) in the product.
1974 96, 7137. (b) Snyder, R. V.; La Mar, G. N. Am. Chem. Soc.

197 However, Brewer and Brewer later determined the equilibrium

G 98, 44109. .

(23) Asakawa, M.; Toi, H.; Aoyama, Y.; Ogoshi, H. Org. Chem1992 constants for the same setmdra-substituted (tetraphenylpor-
57, 5796. . _ phyrinato)iron(lll) chlorides witiN-methylimidazole in dimethyl

(24) Janson, T. R.; Katz, J. J. lhhe Porphyrins Dolphin, D., Ed,; sulfoxide (DMSO) and found that = +0.1119 DMSO is a
Academic Press: New York, 1979; Vol. IV, pp-59 and references . - . .
therein. coordinating solvent which binds to Fe(lll) to create a bis-

(25) La Mar, G. N.; Walker, F. A. IfThe Porphyring Dolphin, D., Ed.; (DMSO) complexé® whereas chloroform is noncoordinating, and
fﬁcad?mlc Press: New York, 1979; Vol. IV, pp6157 and references  the “charge stabilization of the product” observed by Walker

erein.

o .
(26) Walker, F. A.; Simonis, U. Proton NMR Spectroscopy of Model et al had already oecqrred in the DMSO _S_Olvem before the
Hemes. InBiological Magnetic Resonance: NMR of Paramagnetic addition of N-methylimidazole. This positive value ob

MoleculesBerliner, L. J., Reuben, J., Eds.; Plenum Press: New York, observed in DMSO, together with the negative value observed

1993; Vol. 12, pp 133274. ;
(27) Walker, F. A.; Simonis, U. Iron-Porphyrin Chemistry BHncyclopedia in chloroform, suggest that the Hammettvalue for charge

of Inorganic ChemistryKing, R. B., Ed.; Wiley & Sons: Chichester, ~ S€parationin this System pcharge is approximately—O.S}l
U.K., 1994; Vol. 4; pp 17851846. The above considerations suggest that although it was not

(28) Toney, G. E.; Gold, A.; Savrin, J.; ter Haar, L. W.; Sangaiah, R} realized at the time of our earlier work on Fe(lll) porphyri-
Hatfield, W. E.Inorg. Chem.1984 23, 4350.

(29) (a) Walker, F. AJ. Am. Chem. Sod970 92, 4235. (b) Walker, F. nates’a more unifying approach to understanding the effects
A.; Reis, D.; Balke, V. LJ. Am. Chem. Sod.984 106, 6888.
(30) Hagen, K. I.; Schwab, C. M.; Edwards, J. O.; Jones, J. G.; Lawler, R. (32) (a) Hammett, L. PTrans. Faraday Socl938 34, 156. (b) Leffler, J.

G.; Sweigert, D. AJ. Am. Chem. S0d.988 110, 7024. E.; Grunwald, ERates and Equilibria of Organic Reactign#/iley:
(31) (a) Mink, L. M.; Christensen, K. A.; Walker, F. A. Am. Chem. Soc. New York, 1963; pp 172173. (c) Swain, C. G.; Lupton, E. Q.
1992 114 6930. (b) Mink, L. M.; Polam, J. R.; Christensen, K. A;; Am. Chem. Soc 968 90, 4328.

Bruck, M. A.; Walker, F. A.J. Am. Chem. Sod.995 117, 9329. (33) Zobrist, M.; La Mar, G. NJ. Am. Chem. S0d.978 100, 1944.
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of substituents on the equilibrium constants for binding axial Melm),]*CI~, to remove the formal positive charge on Fe(lll)
ligands to substituted (TPP)FeCl derivatives is to condidin in the produc® or, as we should now also consider, conjugation
the effect of these substituents on the ability to break the of the “most willing” phenyl ring in the unsymmetrical reactants
(TPP)F€CI™ ionic bond and create the charge separated ion to allow dissociation of the anion. Although we cannot separate
pairandthe ability to stabilize the positive charge on Fe(lll) in the effects of unsymmetrical substitution of the previously
the product. From this viewpoint it is evident that the negative studied complexes on the reactant and product of eq 5 without
slope p = —0.39) of eq 1 can be explained by the fact that additional experiments, it remains true that there is a large
electron-withdrawing substituents have a greater effect on difference in the equilibrium constants of unsymmetrically and
stabilizing thereactant (X)4(TPP)FeCl, than they do in stabiliz-  symmetrically substituted derivatives of (TPP)FeCl in chloro-
ing the product, [(X)}(TPP)Fe(L)"]CI-, and that, at least for ~ form solution® In contrast, the Fe(lll/ll) reduction potentials
symmetrically substituted (tetrakis{ or p-X-phenyl-substitut- of the low-spin, bis-NMelm complexes of substituted TPP
ed)porphyrinato)iron(lll) complexes, the effect of electron- derivatives vary according to eq 4, independent of whether the
donating and -withdrawing substituents is no different than it porphyrin is symmetrically or unsymmetrically substituféd.
is for any M(Il) porphyrinate, except that we must include the Thus, unsymmetrically substituted porphyrin complexes of Fe-
large effect of breaking the (TPP)F€Il~ bond and separating  (Ill) exhibit mixed behavior with regard to the effect of
the charges on the two resulting ions, at least to the distanceunsymmetrical substitution on linear free energy relationships.
necessary to form the associated ion pair, {(RPP)Fel] *CI~. Although substituent effects have been discussed for (tet-
Investigations of the sensitivity of reactions and physical raphenylporphyrinato)iron(lll) complexes and are known to
properties to the electronic effects of substituents have beenmodulate the electronic properties of the porphyrin ring (ref 53
extended by this research group in studies of unsymmetrically and references therein), the effectsodtho substituents on the
meta and para-phenyl-substituted derivatives of free-bd%,  physical and chemical properties of these complexes are
Zn(11),*416.20and Fe(1lIpP15200.c. 2% etraphenylporphyrinates.  nonconclusive. On one hand, there is evidence that the
We have found that the pyrrole-H chemical shifts of free-base electronic effects obrtho substituents are much smaller than

derivatives of the seriesrt or p-X)x(m- or p-Y), TPPH (X +y those of theirmetaand para counterpart§354 On the other
= 4) behave according to eq 4. hand, there is considerable scattered evidence that the effects
of ortho substituents are profound. For example, Longo and
POX,Y) = P(H) = (S oy v)p @)
(34) Hatano, K.; Safo, M. K.; Walker, F. A.; Scheidt, W. Rorg. Chem.
The effect of a unique phenyl substituent was found to be 1991, 30, 1643.

felt largely at the closest pyrrole-H positiong Hind the effect ~ (35) Nakamura, Minorg. Chim. Actal989 161, 73.
. (36) Nesset, M. J. M. Ph.D. Thesis, University of Arizona, 1993.
is attenuated by more than a factor of 10 at the next pyrrole-H (37) (37) (a) Longo, F. R.; Finarelli, M. B.; Kim, J. B. Hetercycl. Chem.

position, H,, arguing against direct conjugation between the 1969 6, 927. (b) Kim, J. B,; Leonard, J. J.; Longo, F. RAm. Chem.

phenyl carrying the substituent and the porphyrin f¥gThese gOC-ig;é 8471, gg??- (c) Quimby, D. J.; Longo, F. R. Am. Chem.
P : P ocC. \ .

results |nd|catg that for free-base porphyrins, the trqnsm|35|on(38) (a) Pancucci, R.: Bruice, T. 0. Am. Chem. S0d99Q 112 6063.

of the electronic effects ahetaandpara phenyl substituents (b) Murata, K.; Pancucci, R.; Gopinath, E.; Bruice, T.JCAm. Chem.

is overwhelmingly inductive in nature and probably includes So0c.199Q 112, 6072.

i i i ior20a (39) (a) Safo, M. K.; Gupta, G. P.; Walker, F. A.; Scheidt, W.JRAm.
andsx induction but notr conjugatior?®® For Zn(Il) complexes Chem. Soc1991, 113 5497. (b) Safo, M. K. Gupta, G. P.. Watson,

of unsymmetrically substituted tetraphenylporphyrins, it was ¢ 7. 'simonis, U.; Walker, F. A.: Scheidt, W. B. Am. Chem. Soc.
found that equilibrium constants for addition of a 3-picoline 1992 114, 7066. (c) Safo, M. K.; Walker, F. A.; Raitsimring, A. M.;
ligand strictly obey eq 4% with the same value gf as found Walters, W. P.; Dolata, D. P.; Debrunner, P. G.; Scheidt, WIR.

for the symmetrically substituted derivatives, e¢f14 Thus, (40) érgr'e(;hgnj..sgﬁggs ﬁ'levgg?{edron Lett1975 2647.

the Lewis acid Zn(ll) appears to average the electronic properties(41) Tashiro, M.; Nakayama, KOPPI Briefs1984 16 (5), 379.
of phenyl substituents, independent of whether they are the samei42) Nesset, M. J. M.; Shokhirev, N. V.; Jacobson, S. E.; Walker, F. A.

or different Manuscript in preparation.
’ (43) Lindsey, J. S.; Schreiman, I. C.; Hsu, H. C.; Kearney, P. C.;
In contrast to the results found for metal-free and Zn(ll) Marguerettaz, A. M.J. Org. Chem1987 52, 827.

complexes, the proton NMR spectra of Fe(lll) complexes of (44) Walker, F. A.; Simonis, U.; Zhang, H.; Walker, J. M.; Ruscitti, T.
i i i i M.; Kipp, C.; Amputch, M. A.; Castillo, B. V.; Cody, S. H.; Wilson,

un%ymmem?a”y S.sztltlmec:. tet_raph;ehn);lporphyrlntates tprc;\élde D. L.; Graul, R. E.; Yong, G. J.; Tobin, K.; West, J. T.; Barichievich,

evidence ofz spin delocalization that is sensitive to the B. A, New J. Chem1992 16, 609.

differencein electron-donating and -withdrawing properties of (45) walker, F. A.; La Mar, G. NAnn. N.Y. Acad. Scll973 206, 328.

the SUbStituenth,b’CWhile EPRg values were found not to be (46) Simonis, U.; Skidmore, K.; Tan, H.; Louie, E.; Luzar, J. B. Manuscript

; i ; _ in preparation.
differently sensitive to unsymmetrical as compared to sym (47) Schlabach, M : Limbach, H.-H.: Bunnenberg, E.: Shu, A. Y. L.; Tol,

metrical substitutio?® The equilibrium constgnt562'”, for B.-R.; Djerassi, CJ. Am. Chem. S0d993 115, 4554.
addition of two N-methylimidazole (NMelm) ligands to un-  (48) Larger apparent-constants were obtained far, m-, or p-amide
symmetrically substituted derivatives of (TPP)F@U, substituents of the type NHCOCH;, due to the extra stability of the

complex that is imparted by hydrogen-bond donation from the-N
proton of the amide to the displaced chloride ion.

X)) (TPP)FeCH 2NMelm= (49) Walker, F. A; Balke, V. L.; West, J. T. IRrontiers in Bioinorganic
_ Chemistry Xavier, A. V., Ed.; VCH Publishers: Weinheim, Germany,
[(X)(Y)(TPP)Fe(NMelmjl "CI~ ," (5) 1985; p 183,

(50) Kalsbeck, W. A.; Seth, J.; Bocian, D.llRorg. Chem1996 35, 7935.

exhibit a complex behavior that is different from that of the 1) fgsgz"";?"]' D.; Bunnenberg, E.; Djerassispectrochim. Actaos4

symmetrically substituted (TPP)FeCl derivatives investigated (52) Barzilay, C. M.; Sibilia, S. A.; Spiro, T. G.; Gross, Zhem. Eur. J.
earlier® This behavior suggests direct conjugation of the 1995 1, 222.

fourth phenyl ring in the symmetrical product complexes, (3 S%%Sosma”' P. G.; Ghosh, A.; Alifild. J. Am. Chem. S0d.992 114
[(X)«(TPP)Fe(NMelmy] “CI™, or the “least willing” phenyl in - (54) (a) Ghosh, AJ. Am. Chem. Sod995 117, 4691. (b) Ghosh, AJ.

the unsymmetrical product complexes, [{&))y(TPP)Fe(N Mol. Struct. (Theochem996 388 359.
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OCH,

X, =F,C,Br,,CF, X, =H,X,
Figure 1. Structures of the unsymmetrically substituted porphyrins
of this study. When X=X, 0=0d, m=m, 0" =0o", m' =m",
and m”’ m””.

co-workers showed some time ago that this is the case for free-

base porphyring’ and both (tetramesitylporphinato)iron(lll)
chloride, (TMP)FeCL13536 and perchlorate, (TMP)FeOC-
103,136 and (tetrakis(2,6-dichlorophenyl)porphinato)iron(lil)
perchlorate, (2,6-GJ4(TPP)FeOCI@3436form bis-axial ligand
complexes that are orders of magnitude more stable than thos
of related (TPP)P& systems, despite the so-called “hindered”
nature of the tetrakis(dirtho-substituted)tetraphenylporphy-
rinate ligand. Bruice and co-workéfshave also noted the
particular stability of axial ligand complexes of (tetrakis(2,6-
dibromo-3-sulfophenyl)porphyrinato)iron(lil), (2,6-B8-SG)4-
(TPP)F¢', and (tetrakis(2,6-dichloro-3-sulfophenyl)porphyrinato)-
iron(lll), (2,6-CL-3-SO;7)4(TPP)Fd!'. The structures of five
bis(pyridine) complexes of (TMP)FeOCiOshow that the
porphyrin ring prefers to undergo sevegruffling in order to
bind the planar pyridine ligands in mutually perpendicular planes
over themesapositions to produce low-spin Fe(lll) comple&ab
but the porphyrin ring of the bibtmethylimidazole) complex
of (TMP)F€" is planar, with the axial ligands in parallel
planes’®a

In the present study we have attempted to quantify the
electronic effect(s) obrtho-phenyl substitution on the spectro-
scopic, redox, and ligand binding properties of tetraphenylpor-
phyrins and their Fe(lll) complexes. Because of the potential
interaction of the sterf? and electronic effects obrtho
substituents in symmetrical tetrakistho-X-phenyl)porphyrins
and their metal complexes, we have utilized TPP derivatives
having only oneortho-substituted phenyl ring (either 2- or 2,6-
substituted) anti-methylimidazole as the axial ligands, so that
ruffling of the porphyrinate ring should not be required. We
have used a large range oftho substituents in the hope of
obtaining a clear set of trends. For reason of more facile
separation of the various porphyrins synthesized by column
chromatography, the other three phenyl ringspae-methoxy
(p-OCHg) substituted, as shown in Figure 1. We will show

Koerner et al.

Pyrrole (Aldrich) was distilled before use. Trifluoroacetic acid (Aldrich)
(200 mL) and trifluoroacetic anhydride (Aldrich) (1 mL) were refluxed
under argon for several hours to remove traces of water and then
distilled and stored under argon. All solvents used for synthesis and
chromatography were obtained from Fisher (Optima) and used as
received for porphyrin synthesis. Dimethylformamide (Burdick and
Jackson), which was used for electrochemical studies, was used as
received and stored under argon. Spectroscopic grade chloroform
(Aldrich) was used for measurement of equilibrium constants; a fresh
bottle was used for each day’'s experiments-Methylimidazole
(Aldrich) was distilled prior to use.

The ortho-iodobenzaldehyde was prepared framho-iodobenzyl
alcohol by oxidation with pyridinium chlorochromdf€Aldrich). 2,6-
Dibromobenzaldehyde was prepared as reported else@ffér@. The
synthesis and purification of the series of free-base porphyrins used in
this study were carried out as reported previot?8i{? or by slight
modification of the Lindsey method utilizing dry dichloromethane as
solvent and trifluoroacetic acid as catalyst. For the latter method, the
total concentrations of pyrrole and benzaldehydes (0.75 anisaldehyde,
0.25 ©-X or 2,6-X;)benzaldehyde) were each 1 1072 M, with
optimum yields occurring at reaction volumes of 100 fALCrude
purification to remove tar was accomplished by column chromatography
with Florisil (Baker) as the stationary phase and dichloromethane as
the mobile phase. Further purification to remove remaining tar and
chlorins, and to separate porphyrin isomers, was accomplished by
column chromatography using silica gel (WR Grace;-800 mesh)
as the stationary phase and toluene as the mobile phase. The desired
isomer in each case was the fifth band that was eluted from the column.
Isomer structure and purity was confirmed by NMR spectroscopy. 1-D
H NMR spectra of the free-base porphyrins were obtained at room

éemperature on a Bruker WM-250 spectrometer; 2-D spectra and 1-D

Spectra at low temperatures were obtained on a Bruker AM-500 NMR
spectrometer. NMR data for the free-base porphyrins are summarized
in Table 1. U\~visible spectra of all of the complexes were
identical: Soret, 422 nm; I¥| bands, 516-518, 552-554, 592-594,

and 648-650 nm. These values are slightly shifted from those of
(TPP)H: 418, 516, 550, 590, and 648 nm.

Iron was inserted into the series of free-base porphyrins by adding
an 8-fold molar ratio of anhydrous FeC(Alfa) dissolved in the
minimum volume of 3:1 CHGIMeOH to a solution of~10 mg of the
phenylortho-substituted porphyrin in 100 mL of CHE* After being
refluxed overnight, the reaction mixture was washed repeatedly with
water to extract any unreacted iron salts until the aqueous phase was
clear. The organic phase was evaporated to dryness and heated (60
°C) under vacuum for 30 min. The resulting Fe(lll) porphyrinate was
then redissolved in 25 mL of dry GEl,, HCI gas was bubbled through
for 1 min, and the sample was then evaporated to dryness and dried at
60 °C under vacuum for 30 min. Samples were stored under argon
until use.

Reduction potentials of the high- and low-spin Fe(lll) porphyrins
were measured by cyclic voltammetric techniques utilizing a three-
electrode system with a Princeton Applied Research (PAR) model 173
potentiostat/galvanostat and a PAR model 276 computer interface
module. The working electrode was a platinum disk (BAS) that was
polished on 0.05:m alumina, rinsed repeatedly with distilled water
and reagent grade methanol, sonicated for 5 min, rinsed again with
methanol, and air-dried before use. A platinum wire served as the
counter electrode. The reference electrode consisted of a silver wire
and silver nitrate (0.01 M) with 0.10 M tetrabutylammonium perchlorate
(TBAP) in dimethylformamide (DMF) and was prepared freshly for
each experiment. DMF solutions for electrochemical investigations
were approximately 2.5 1074 M in metalloporphyrinate and 0.10 M
in TBAP electrolyte. For each run, 20 mL of the 0.10 M TBAP solution

below that the properties of the free-base porphyrins and their Was placed in the water-jacketed electrochemical cell (Princeton Applied

low-spin iron(lll) analogues are mainly influenced by the size
of the substituent.
Experimental Section

Substituted benzaldehydesF, o-Cl, 0-Br, 0-CF;, 2,6-F, 2,6-Cb,
p-OCH;) andortho-iodobenzyl alcohol (Aldrich) were used as received.

Research) maintained at 25 0.1 °C and deaerated prior to the
voltammetric run by purging with argon gas presaturated with DMF
and was maintained under an argon atmosphere. The cyclic voltam-
mogram of this blank was first recorded, and then the solid chloroiron-
(1) porphyrinate was added, dissolved, and again purged with argon
gas. For each Fe(lll) porphyrinate, the Fe(lll/Il) CV wave was recorded
in the absence of added ligand and in the presence of 0.05 and 0.1 M
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substituted porphyrin free base are sensitive to the nmno-
iodo substituent (Figure 2) and that rotation of tipeQCHs)-
substituted phenyl rings is fairly slow on the NMR time scale
at 500 MHz and ambient temperatures, as observed previdasly.
The separate, broadenedando’-H resonances of the phenyl
rings on either side of thertho-iodophenyl group of the

Koerner et al.

as the heavier halogens and {Cife substituted for fluorine.
The difference in shift of the two AB doublet§(Hy) — 6(Ha),

is probably a better measure of the relative electronic effects of
the ortho-halogen or -Ck as compared tgpara-methoxy
substituents. This chemical shift difference increases in the
order b =F < Cl < Br < | =Cl, < Br, < Ck;, which, at

compound shown in Figure 2 are spread further apart for the least among the singlprtho-substituted compounds, is ap-
0-CF; derivative and are more closely spaced for the smaller proximately in the order of the through-bond electron-withdraw-

substituents, suggestiegherthat the solvation of the porphyrin

ing tendencies of the substituents if they were in flega

is different on the two sides of the porphyrin plane as the position of the unique phenyl ridgand alsoin the order of

substituent becomes larger that a single bulkyortho sub-
stituent distorts itsnesecarbor-phenyl ring bond out of the

increasing size of a single substituent. The trends of the 2,6-
disubstituted free-base porphyrins of this series are in the same

porphyrin plane by an increasing amount as the size of the singledirection, but are not additive, based on the shifts observed for

ortho substituent increases. It is well-known that phenyl ring
rotation requires severe distortion of the porphyrin Akgf;2545

the monoertho-substituted series. This suggests that substituent
sizeis more important than through-bond electron-withdrawing

and such distortion would be expected to be much more difficult ability. Recent investigation of the CHz analogue of the free-

if one phenyl ring has one or botrtho positions substituted

base porphyrins of this study shows the same AB doublet

by atoms larger than a proton. From the line broadening of structure, with H shifted to higher shielding, and it falls very

the 0,d-H in Figure 2, a rate of phenyl rotation at room
temperature of-3—5 s can be estimated. (To our knowledge,
this is the first example of estimation of the rate of phenyl

close too-Cl in the above series of chemical shift differences
of the two AB doubletd® This result strongly supports the
importance of substituestze since CH is an electrordonating

rotation in a free-base porphyrin.) This is as slow or slower substituent when in thgara position, though slightly less

than the rates of phenyl rotation of a series of (tetrpks{enyl-
substituted)porphyrinato)metal complexes (exclugrdEt),
where the metal center is (IN€1) (kygs = 3—7 s71),21¢(Ti0)2"
(kogs = 8—32 §l),21c and (GZ’:\CBJr (Kogs = 62—336 51),2119

electron donating than a methoxy group, hence suggesting it
should exhibit a much smaller separation of the AB doublets
than has been observed for any of drtho-halogen derivatives

of this study, if through-bond electronic effects were most

but faster than the rates of phenyl rotation of a series (RuL- important.

(CO)P" complexes Kxgg = 0.15-0.24 s1).21¢ The rates of

As will be discussed elsewhetéthe pyrrole-H shifts seem

phenyl rotation reported for these particular metal TPP deriva- to follow the same trend as discussed by GHdsRhenyl rings

tives correlate fairly well with the expected ability of the
porphyrin core to distort from planariB}¢ the Ru(ll) 6-coor-
dinate porphyrinates are believed to be most rigbe,and the
porphyrinates of the small Ga(lll) most flexibl&® The free-

bearing electron-withdrawing substituents seem to behave as
local dipoles with the local dipole moment being directed away
from the porphyrin ring in the case ofeta andpara-substituted
tetraphenylporphyrins and toward the center of the porphyrin

base porphyrins of this study should be considerably less rigid macrocycle in the case @itho-substituted TPPs. Using this
than any metalloporphyrin, and hence the slow rate of phenyl rationale, a phenyl ring bearing an electron-withdrawing sub-

rotation of the twop-OCHs-substituted phenyl rings on either
side of theo-iodophenyl ring (Figure 2) testifies to significant
loss of flexibility of the porphyrin core in this monortho-
substituted derivative of TPRH

The pattern of pyrrole-H resonances observed for the free-

stituent will increase the electron density odensity) at the
pyrrole H, positions due to the local dipole moment, thereby
shifting the pyrrole protons Hto higher shielding as the
electron-withdrawing power of the substituent increases.

The chemical shifts of NH protons of porphyrin free-bases

base porphyrins of this study, a pair of AB doublets and a are expected to be affected both by thelonor properties

singlet, all in the 8.58.9 ppm region, is that expected for a (hasicity) of the porphyrin nitrogens and the strength of the ring
free-base tetraphenylporphyrin having one unique substitutedcurrent that gives rise to the large shift of these protons to higher
phenyl2%a Furthermore, in each case, one of the AB doublets shielding. At very low temperatures-00 °C) the *H NMR
has nearly the same chemical shift as the Singlet, while the Otherspectra of the NH protons of the unsymmetrica”y substituted
has a smaller chemical shift, as shown in Figure 2. Thisis the porphyrin free bases show two resonances due to the two
pattern that has been observed previously for unsymmetrically chemical environments of the NH protons (spectra not shown),
meta or para-substituted TPPp$ in which one phenyl ring  as expected, on the basis of the structure shown in Figure 1
carries a substituent that is electron-withdrawing relative to the and the fact that the protons are expected to be on Opposite
other threé?aalthough as will be discussed below, thestho- rather than adjacent nitroge?@:23v47 For S|ng|y ortho-
halogen or -CEsubstituents do not otherwise behave as though sybstituted derivatives at90 °C in CD,Cl,, the separation of
they are electron-withdrawing. This pyrrole-H resonance pattern the two resonances increases in the order €l < Br < | (6,
identifies the doublet at higher shielding (smaller chemical shift) 17, 23, and 35 Hz at 500 MHz, respectively), and the chemical
as being due to the protons nearest the unique phegylytie shifts of the resonances at lower shielding are more strongly
the doublet at lower shielding is due t Bind the singletto H  affected by the halogen than those at higher shielding. Thus,
and H;.2% The similarity in chemical shift of & Hc, and H it is likely that the NH resonance at lower shielding is that due
for each of the free-base porphyrins of this Study indicates that to the proton bound to the nitrogen of one of the pyrr0|e rings
the effect of the Singlertho substituent or the 2,6'SUbStituentS adjacent to the pheny] ring bearing the unique substitéfent.
on one phenyl ring is felt only in very close proximity to the |ts progressive shift to lower shielding is partially consistent
unique substituent, and thus, its effects are quite localized.  with the electron-withdrawing characteristics of the halogen if
As summarized in Table 1, the;ipyrrole resonance shows it were apara substituent (F< | < Cl = Br) but is more
a progressive shift to higher shielding@$- is replaced by Cl, consistent with the increase in size of the halogen and, hence,
Br, I, and CR or as 2,6-F is replaced by 2,6-Gland 2,6-Bj, potential direct electron density transfer between the halogen
while the H,, Hc, and H; resonances do not vary nearly as much and ther system of the porphyrin (see below). An increase in
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Figure 3. Progressive change in the UWis spectra of [§-CFs)(p-
OCH;)3(TPP)FeCl] as the concentration of NMelm is increased. Solvent
= CHCl;; temperature= 25.0 °C. Insert: Plot of eq 9 for the
spectrophotometric data, showing the intercept @gb)).

7 electron density in the region of the unique substituaat
be accompanied by a decrease itdonor strength at the nitrogen
or, more likely, a decrease in ring current at the Ml position.
The increase int density would also agree with the phenyl
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Table 2. Equilibrium Constants3,", for Addition of
N-Methylimidazole to the Series ofd{X)(p-OCHs)s(TPP)FeCl] and
[(2,6-X2)(p-OCHg)s(TPP)FeCl] in Chloroform and Derived Hammett
o Constants for th@rtho Substituents

X B, M2 log(B2") S o(calc) oox(calc)
o-F 3310 3.52 —0.75 —0.05
o-Cl 4370 3.64 —1.45 —0.65
o-Br 5010 3.70 —1.87 —1.07
o-l 5500 3.74 —2.10 —1.30
0-CR 6110 3.79 —2.42 —1.62
2,6-k 8320 3.92 —3.15 —2.35
2,6-Ch 10 500 4.02 —3.90 —3.10
2,6-Br 10 650 4.03 —3.90 —3.10
p-OCHs 3600° 3.56% —1.072 —0.2682
4p-H 1500° 3.185 0.00?2 0.00?2

whereAy andA¢ are the absorbances of the starting material to
which no ligand and a large excess of ligand (0.1 M in the case
of NMelm) has been added, respectivelys the absorbance

of each solution to which varying concentrations Nf
methylimidazole, [NMelm] have been added, andthe number

of ligands added, is allowed to be a variable. Absorbance values
at each of four wavelengths (512, 550, 574, and 690 nm) were
utilized to calculate the Beer’s law function on the left side of
eq 9. As was the case in the previous stéitlye constants are
not so large as to require correction of [NMe]rigfr the amount

ring bearing the substituent behaving as a local dipole. Either of ligand utilized in formation of the complex. The values of

would cause a shift of that NH resonance to lower shielding.
The lower sensitivity of the NH resonance at higher shielding

log(B2") obtained by this procedure are listed in Table 2. As
observed previousl¥ at low concentrations of the ligand, the

to the nature of the halogen substituent suggests that the effect/alues of log(A — Ag)/(Ac — A)} at the wavelength maxima

of the ortho substituents is attenuated significantly as the
distance from the unique phenyl increases.

Spectrophotometric Determination of Equilibrium Con-
stants, 7", for Addition of N-Methylimidazole to the
Chloroiron(ll) Complexes Having ortho-Halogen Substit-
uents (Solvent= Chloroform). Although the addition of axial
ligands, L, to (TPP)FeCl might be expected to occur in a
stepwise fashion,

(TPP)FeCH L = (TPP)Fe(L)(Cl) K," (6)

(TPP)Fe(L)(C)+ L = [(TPP)Fe(L)]"ClI” K," (7)

it has previously been shown that, for NMelm in low-

dielectric solvents such as chloroform and methylene chloride,

of the starting material fell below the best-fit lines of slope 2
(indicating two ligands added), yielding an approximate slope
of 1 (indicating one ligand added). Derived lég(') values
obtained from the intercept of this line of slope 1 range from
10 to 75 and indicate order-of-magnitude values for the
stabilities of the 1:1 complexes, as discussed previdisly.

As is evident from the results presented in Table 2, all but
one of the ¢-X)- or (2,6-X;)(p-OCHg)3(TPP)FeCl complexes
of this study have equilibrium constants for addition of two
N-methylimidazole ligands that are larger than those for the
symmetrically substituted parent complexp-CHs)4(TPP)-
FeCl]; only the monm-F complex has a slightly smaller
equilibrium constant. As we have shown previousgjectron-
donating substituents on the phenyl rings of the porphyrinate
moiety favor the formation of the complex (eq 8); i.e., the

the intermediate, 1:1 complex is seldom detected, and thus theHammettp value is negative. As discussed in the Introduction,

overall equation
(TPP)FeCH- 2L = [(TPP)Fe(L)] "CI™ B," = K,"K,"
(8)

best describes the observed reactiom chloroform solution
the product of the reaction, [(TPP)Fef])Cl~ (eqs 7 and 8),
behaves as one usithat is, the chloride ion forms an associated
ion pair with [(TPP)Fe(Ly)]".° The same is found in the present
cases of the f-X)(p-OCHs)3(TPP)Fe(NMelmy*Cl~ com-
plexes, as is discussed further below.

In Figure 3 is shown a typical example of the electronic
spectral changes that occur whidrmethylimidazole is added
in a stepwise fashion to one of tlwtho-substituted (TPP)-
FeCl derivatives of this study, in this caseCFs)(p-OCHs)s-
(TPP)FeCl. Equilibrium constants were determined from the
least-squares intercepts of the equétion

log{ (A — A)/(A, — A)} =log(B,") + nlog[NMelm]; (9)

we must view the negative = —0.39? eq 1, as arising from
the larger sensitivity of the reaction to the effect of electron-
donating and -withdrawing substituents on the energetics of
breaking the (TPP)FPe«CI~ bond to produce separated ions than
on the energetics of stabilizing the iron(lll) center of the product,
which carries a formal positive charge. For the reaction of eq
8, the equilibrium constants increase in the o@é&r< p-OCHs

< 0-Cl < 0-Br < o-l <2,6-k < 0-CR < 2,6-Chb ~ 2,6-Bp,
(Table 2). Thus, albrtho-halogen and -C#substituted and
disubstituted complexes of this study excegf appear to be
more strongly electron-donating, if through-bond transmission
of the substituent effect is considered, than is the fopeta-
OCH; substituent, anartho-F is only slightly less electron-
donating than this substituent. Therefooetho-halogens and
the CF; group have considerably different through-bond elec-
tronic effects (if that is what is being measured) than do the
same substituents jmara positions, for which Hammett values
have been reported#+0.06 @-F), +0.18 (-1), +0.23 @-ClI,
p-Br), and+0.54 (-CFs),3? as compared te-0.27 (-OCHg).
Rather than Hammeti, values, the above order correlates fairly
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Figure 4. Plot of log(3,"") vs ¥ ¢ for reaction 6 for symmetric¥(filled
squares) and unsymmetrical derivatives of (TPP)Ee@pen circles

and triangles). The appareqt values for the complexes of this study
have been estimated by constructing bracketing dotted lines parallel to
those for the formation of the complexeX)n(p-Y)4-n(TPP)Fe-
(NMelm),]*, where X= CI (triangles) and H (circles) on either side

of the position expected for the OCH; substituent, and then marking
the values of log§,") for the complexes of this study at the positions
where they intersect the midpoint of these bracketing lines. From these
values ofy g, the apparend constants of thertho substituents were
calculated (last column of Table 2).

well with the increasing total “size” of the substituent(s), a
conclusion similar to that reached for the spread of the AB
doublets of the free-base porphyrins, Table 1.

If one wishes to quantitate the effectatho substituents in

Koerner et al.

apparent from the negative signs, when analyzed in terms of
their apparent inductive effec|l ortho-halogens and the -GF
group appear to be electron-donating when placed on a phenyl
ring of (TPP)F#', and they appear to increase in their electron-
donating tendency in the orderF < 0-Cl < 0-Br < ol <
2,6-F, < 0-CR; < 2,6-Chb = 2,6-Br,. The apparent Hammett
o constants derived in this manner for the three heartkio-
halogens and the -GRgroup are larger than for any of the non-
H-bondingmetaand para substituents investigated thus far in
this laboratory?484%and thus, the effects afrtho substituents
on Fe(lll) tetraphenylporphyrinates are profound, in contrast to
the conclusions of Ghosh for free-base porphy®hs-urther-
more, twoortho substituents on a given phenyl ring appear to
be far more strongly electron-donating than simply double the
effect of one (2,6-G| 0, = —3.1; 2-Cl,0, = —0.65). The
magnitudes of these apparemg values are too large to be
explained in terms of through-bond inductive effects, and their
signs are opposite those expected when compareg talues
for the same substituents. We will return to alternative
explanations of these data after considering the trends in log-
(82") and log,") obtained for some of these complexes by
electrochemical measurements in DMF.

Electrochemical Determination of the Equilibrium Con-
stants 8" and B2 for Addition of N-Methylimidazole to
the (Perchlorato)iron(lll) Complexes Having ortho-Halogen
or -CF3 Substituents (Solvent= Dimethylformamide). As
has been shown recenfly,the equilibrium constants for
formation of the bid{-methylimidazole) complexes of iron
porphyrinates can be measured in dimethylformamide from the

terms of apparent through-bond electron-donating character Ofligand concentration dependence of Eag values for the P&/
the substituent, the results obtained herein, Table 2, can bergl 53ng Fé/Fe couples. We have used these same methods

compared to those obtained previod8ifor unsymmetrically
substituted (TPP)FeCl derivatives in which onhgta or para-
phenyl substituents were present.
mentioned in the Introduction and summarized in Figure 4, it
was found that unsymmetrically substituted derivatives behave
differently than symmetrically, tetrpara-substituted derivatives
(p-X)4(TPP)FeCl. The three solid lines shown in Figure 4
summarize the previously observed correlation of equilibrium
constant data with the sum of the Hammettonstants Y o)

for the binding ofN-methylimidazole to symmetrically (%)
(TPP)FeCl and unsymmetrically (XY)y(TPP)FeCl complexes

in which the substituents were located on eitheataor para
positions of the phenyl ring®. As was pointed out in that
work 2 tetrametasubstituted and unsymmetrically substituted
complexes show a weaker dependence of the binding constan
on the electron-donating or -withdrawing properties of the
substituents than do tetgara-substituted complexes. The log-
(52" values for (n-X)4(TPP)FeCl andi-X)x(p-Y)(TPP)FeCl
reactions with NMelm give rise to parallel lines of slope
—0.182° with the line for the unsymmetrical porphyrin series
passing through the point for the particular tgteaa-substituted
“parent” complex p = —0.399. In the present case,p{
OCH)4(TPP)Fe(NMelm)] *CI~ is the parent complex, so we
have drawn two dotted lines of slope0.18 that bracket that

to study the unsymmetrically substituted iron porphyrinates in
dimethylformamide solution:

In the previous study, as

PFe(DMF)+ 2L = PFel, + DMF 3, (10)

[PFe(DMF)]"ClO,” + 2L =
[PFeL]ClO,” + 2DMF B," (11)

Here, 37" is the equilibrium constant for binding two ligands

to the Fe(ll) complex, whilgd," is, as in the above eqs 8 and

9 and discussion, that for binding two ligands to the Fe(lll)
complex. If only one step of complex formation can be detected
for each oxidation state, the reduction potential, measured as a
function of the concentration of the ligand added to the solution,
is given by

(Ey)e = (Eyr)s — (2.30RTNF) log (8,18, —
(2.30RTnF) log[L]"™ (12)

where Ey/0). is the reduction potential of the iron porphyrinate
in the presence of a particular concentration of axial ligand,
(E1p)s is the reduction potential of the ligand-free iron porphy-
rinate starting materiah is the number of electrons involved

point, which should then represent the expected behavior of thein the reduction reactiom(= 1 in this case)F is the Faraday

series of [6-X)(p-OCHz)3(TPP)Fe(NMelm)*Cl~ complexes
of this study, if the inductive effect of thartho substituent were
the only contribution to the observed valuesfef'. We have

constantf,> andgq®?are the equilibrium constants for binding
p ligands to the oxidized state agdigands to the reduced state
of the complex, respectively, and [L] is the equilibrium

then placed crosses between these lines at the positions thatoncentration of axial ligand present upon each addition. If

correspond to their measured values of B3t() (Table 2). The
values of Yo for these complexes that are obtained in this

indeed there is only one detectable step of complex formation,
in this case the bis-ligand complex, themandqg can only be 0

manner are then listed in the next-to-last column, and the derivedor 2 over the course of the titration, and as we fifidl,is smaller

values of the Hammett constants for thesertho-halogen
substituents are listed in the last column of Table 2. As is

thanB!" in all cases, a plot ofy,). vs log [L] will be a curve
that has as its steepest slop2(0.0591) V at 25C.11 A more
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Table 3. log(32"), log(32"), andEy, Values for [p-X)- or ionic bond in CHCY4, and in the product, which results in
(2,6-X2)(p-OCHy)5(TPP)Fe(NMelmy] *° Complexes decreasing the Lewis acidity of iron(lll) in both CHCAnd
E12(DMF)  Ei(NMelm) DMF. We further feel that this electron donation takes place

X log(82") log(") (VvsSCE) (VvsSCE) ref through direct overlap of the electron cloud of ththo-halogen-

o-E 72402 6.3+04 —0.068 —0.111 TW (s) with thesr system of the porphyrin ring. In support of this,

0-CFs 6.6+0.1 574+0.1 —0.071 -0.114  Tw Bocian and co-workers have recently reported EPR and

26-Ch  63+01 57+01 —0.066 —0.096  TW resonance Raman evidence for direct porphysij—chlorine

39'3(3“3 ?gi 8-% ggi 8'% :8-8157) :g-égg HV’ (p) orbital overlap in ther cation radicals of Zn(Il) and Mg(ll)

4 2_6-5 6.9+ 05 69+05 0.033 0.093 1 tetrakis(2,6-dichlorophenyl)porphyrin, [(2,6 TPPZnt* and

42,6-Ch 71402 7.4+02 —0.013 0.003 11 [(2,6-CL)sTPPMgH".% Longo and co-workers were actually

426-Bp 7.7+06 7.7£05 —0.040 -0.040 11 the first to suggest the direct overlap @tho-halogen substit-

uents with the porphyrir system?” and Bunnenberg, Djerassi,
and co-workers considered, among other possibilities, similar
complete equation is required if the valueskof and K are explanations for the altered sign pattern of the MCD spectra of
similar for one or both oxidation statés. The data were the free-base tetrakis(2,6-dihalophenyl)porphyringruice and
analyzed both according to the simple eq 12 and the more CO-workers have also suggested the possibility of direct overlap
Comp|ete treatment, for which a Computer program that fits the of electron cloud$® As concluded by these Workers, we believe
dependence ofHy). on log [L] to the stepwise constants for ~that direct overlap of the electron cloud of thetho substituent
both oxidation staté3was also used. The best values of log- With thes system of the porphyrin ring must play a significant
(82") and logB,") obtained are summarized in Table 3. role, because of the much larger effect of the size ofdgt))

In dimethylformamide, Fe(lll) porphyrinates are fully com- Mmeasured in CHGJ Table 2, on the presence of 2,6-dihalogens
plexed by the solvent (high-spin bis-DMF compf&85eq 11), as compared to a singlertho-halogen (a factor of 2.5 for F,
while Fe(”) porphyrinates form stable h|gh-sp|n mono-DMF 2.4 for Cl, and 2.1 for Br, which result in much Iarger differences
complexe$5eq 10. Thus the binding constants measuyfet, in the calculated values of,.x, Table 2). Again it should be
andf,", are ligand replacement constants. As shown in Table pointed out that monosubstitution at thetho position(s) of
3, the equilibrium constants for both Fe(lll) and Fe(ll) are largest the phenyl was used in this study specificallydioninishthe
for the singleo-F-phenyl-containing porphyrinate, smaller for importance of any so-called “steric hindrance” effect of the
the singleo-CFs-phenyl-containing porphyrinate, and smallest tetrakis(2,6-%phenyl) substituents, and hence we believe that
for the single 2,6-Gtphenyl-containing porphyrinate. This the major effect being observed is a transmission of electron
order is close to opposite that expected based upon the electrondensity from theortho substituent(s) to the iron(lll) center in
withdrawing properties gbara substituentsd, = 0.06 (F), 0.23  both the (TPP)FeCI™ reactant in CHGland the [(TPP)Fell*—

x 2 (2 CI), 0.54 (CE), and the symmetrical complex, anion product in both CHGland DMF, probably by direct
(p-OCHs)4(TPP)FeCl, has a binding constant very similar to overlap of the electron cloud of thartho substituent with the
that of the mono-2,6-Glphenyl derivative. From the data of 7 System of the porphyrin ring. Such overlap would be expected
Table 2 we have seen that for the 2,6-disubstituted phenyl to be more significant when twortho substituents are present
complexes the effect is more than additive, so it is perhaps noton the same phenyl ring, because this ring will be unable to
surprising that the 2,6-glderivative has a smaller binding “bend” theortho substituents out of the way of thesystem,

aTW = this work.

constant than the-CF; derivative. as would a phenyl ring that carries only ooeho substituent.

At this point we must recall that Brewer and Brewdound The values of logt.") reported in Table 3 mirror fairly
that, in the coordinating solvent DMSO, tetrakia(a-phenyl- closely the values and relative order of |8g{), again indicating
substituted) derivatives of (TPP)FeCl react withmethylimi- thatortho substituents appear to be electron-donating in the order

dazole according to eq 11 to produce complexes with values of p-OCHs > 2,6-Ch ~ 0-CF; > o-F, or in terms of our hypothesis
p2"" that increase as the electron-withdrawing nature of the of direct overlap of the electron cloud of tetho substituent,
substituents increases. The Hammethlue that they obtained  the largest substituents are best able to transmit electron density
for the series of substituents studied we®.111° Assuminga  from theortho substituent to the porphyrin ring. Hence, there
similar positive value op in DMF, we must conclude thatthe  does not appear to be a major difference in behavior of Fe(ll)
apparent through-bond electron-withdrawing ability of the as compared to Fe(lll), and the Lewis acidity of the metal

substituents increases in the order 2,6-€lp-OCH; < 0-CFs increases as the size of the halogen decreases in both cases. In
< o-F or that the apparent electron-donating ability increases all cases log§.") is larger than log§.").
in the opposite order. Thus, the values of J6d{) measured In comparing the present equilibrium constant data to those

in DMF lead to the same conclusion as those measured ingphtained for the binding df-methylimidazole to symmetrically
CHCls: If induction is considered to be the sole contributor to 2,6-disubstituted phenyl derivatives of (TPPYFauch as [(2,6-
determining the size ¢8,", ortho-halogens and the GRgroup Cl,)4(TPP)Fe(DMR)*CIO,~, [(2,6-Br)s(TPP)Fe(DMF)|*-
on a phenyl ring of a [(TPP)Fe(NMelr}y complex appearto  cjo,~ and (tetramesitylporphyrinato)iron(ill) perchlorate,
behave as electron-donating substituents, and a 2’6'd'ha|°ge”[TMPFe(DMF)Z]JrCIO( in dimethylformamidé? we first note
substituted phenyl ring appears to be more than twice asha¢ the presence of large 2,6-dihalogen orsGidbstituents
electron-donatlng. as a single 2-halogen-supstltuted phenyl.  .ouses strong enhancement in the size ofdg) for binding
We feel that this apparent electron-'donajung character qf 2- 4 series of pyridines of differing basicities, as welldsand

and 2,6-halogens may best be explained in terms of a direct;_methylimidazole. For NMelm the values of Igigt') are 7.7
transfer of electr_on density _from the ha'F’ge” to the bothin (Br), 7.1 (Cl), and 7.9 (TMP}! so there is some stabilization
the reactant, which results in a weakening of the (TPFJie of the symmetrical tetrakis(2,6-phenyl-substituted) complexes
(55) Lexa, D.: Saveant, J. M. Redox Chemistry and Interfacial Beliur with respect to the compounds of this study listed in Table 3.

of Biological MoleculesDryhurst, G., Niki, K., Eds.; Plenum: New  While all Other Iiga_nds are kn_own to cause extreme ruffl_ing of

York, 1988, 1993; pp 125. the porphyrinate ring? there is no evidence that the bis(
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perhaps in the case of the monoiodo amoheCF; complexes,
/UW\ where peak overlap makes the pattern less clear. In fact, it is
o-1 curious to note that the separation of resonances 3 and 4 is
N almost the same for all of the complexes shown in Figure 5.
o-CF, A much better understanding of the patterns of pyrrole-H
resonances shown in Figure 5 could be obtained if the four
JML/\\\- pyrrole-H resonances could be assigned to the four unique types
o-Br of protons, H—Hgy. It has thus far not been possible to

unambiguously assign the four resonances, but partial assign-
o-Cl ment shows that resonances 1,4 and 2,3 (or 1,3 and 2,4) are

due to protons in individual pyrrole rind& as discussed further
M - below. We have recently questiorféthe data that resulted in
o-F our earlier assignments fopara-substituted [(TPP)Fe(N-
Melm),]*+ complexe$2¢dsince the cross peak pattern observed
2 6-Br in the symmetrized NOESY maps of the compléResis not
R observed in phase-sensitive NOESY and steady-state NOE
h A \ difference spectréf However, recent one-and two-dimensional
2,6-Cl, IH and 13C NMR studie4® appear to support the earlier
4 n ns 2 1 assignment8?d For monoertho-substituted derivatives of
[(TPP)Fe(NMelm)]*, Hais the most upfield-shifted resonartée,
= '_114' T '_116' ' :18‘ T fz[oj PZP’:’FZ thus allowing peaks-14 to be assigned to HHgq, Hp, and H,

_ respectively. This assignment is also consistent with the results
Flgure 5. IH NMR spectra of the pyrrole-H resonances of tho:—z+ low-  of the earlier Hakel calculation$9c
f‘:ﬁ",n '::c(glr)dce%mﬂ%’xgé %]X)C'Src(bz‘G'XZ)(QOC%)s(TPP)Fe(NMemﬁ] | We have previously shown by COSY technicfféshat the

' ' pyrrole-H coupling pattern of f-Cl)(p-OCHa)s(TPP)Fe-
(NMelm),] " is resonances 1,3 and 2,4 or largemall unpaired
electron density in each case. These results confirm that spin
Fe' has the axial ligands in perpendicular plaifesidmaybe delocqlization oceurs via the Se(c_)rbitals having. nodes at
slightly ruffled, and we observe both rhombic and “laggay’ oppositemesopositions, by porp.hyrln—> Fesr donation to the
EPR signals for [(2,6-B)a(TPP)Fe(NMelmy]*CIOs 5 the hole in the dr orbitals of low-spin Fe(_III). Theorthofluo_ro,
latter of which suggests the ligands are in perpendicular planes.g;LOF:%X::% ; -t?ll}gns]griggdshtg\?v ti’iz-gglr%zr%oigﬁns’g;?['lfgrioroln
Perpendicular ligand planes tend to cause the porphyrinate ring . '
to ruffle 57:58so it is possible that part of the stabilization of the ©Y" earlier work, we found that thecOE)(TPP)Fe(NMelm]

symmetrical tetrakis(2,6-phenyl-substituted) complexes of the complex and iw’QCHZPh an;jo-COOH analogues show the
previous studf? is due to ruffling. Again, for the mono-2- or L4 @nd 2,3 coupling pattef? also a large-small pattern of

2,6-phenyl-substituted complexes of the present study, thereeleotron density at thg-pyrrole positic_)ns. It was prev?ous_ly
should be little need for ruffling of the porphyrinate ring. And suggested that the 1,3 and 2,4 coupling pattern is indicative of

while the 2-substituted phenyl ring may be able to distort the moqlification of the electron ‘."?”S“V distribution in the Bp(
meseC—pheny! bond out of the porphyrin plane to relieve steric orbitals at all four pyrr_ole positions aqd suggests at _Ieast some
interactions between the electron cloud of a single (laogisp- degree ofr delocalization of the substituent effe¥twhile the

halogen, the 2,6-disubstituted phenyl ring compounds cannot.tlr;4 alndt2,3 é:oupltin%_pta_téertn is itndiciati\r:e t(\)/\f/ mcl)dificz:tion Olf
NMR Studies of the Low-Spin Fe(lll) Complexes Having € electron density distribution at only the two closest pyrrole

s o ) . X
ortho-Halogen Substituents. The series of low-spin Fe(lll) positionst® and suggests mainly an inductive effect of the

porphyrinate complexes dX)(p-OCHs)s(TPP)Fe(NMelmy+- substituents that give that pattern. However, a more recent

_ 2 theoretical treatment of the Curie behavior of low-spin Fe(lll)
CI~ and [(2,6-%)(p-OCHg)3(TPP)Fe(NMelmy *CI~, formed b ) . )
reaction[é have)(t[))een in\)/se(stiga)ted(by ong?gjimensibmalMRy porphyrinate® shows that, depending on the energy separation

spectroscopy in CECl, at room temperature. As in previously of the two efr) orbitals that are thermally occupied and the

studied unsymmetrically substituted low-spin (TPBRem- temperature at which the NMR spectrum was recorded, the

plexes, either three or four pyrrole-H resonances are observeore"".ltIve shifts of H and H may be reversed. Hence’ It is
in the —15 to—25 ppm regio%2644.5%s shown in Figure 5 unlikely that the observation of a 1,3 and 2,4 coupling pattern

for the complexes of this study. The pattern of two closely for some complexes and a 1,4 and 2,3 coupling pattern for others

spaced or overlapping resonances at lower shielding (peaks 30rOVideS any_information concerning the “degr_ee of I(_)caliza_tion”
and 4) and two more widely spaced resonances at higherOf the substituent effect, but rather, more likely, it provides
shielding (peaks 1 and 2) was observed previously among'tc\fgr;n;;'g?bﬁglnsce;g'gigzgsgg?ﬁ?g g‘eg\]’\?r%ﬁ’“ of the
unsymmetrically substituted derivatives of [(TPP)Fe(NMe]rh) h L p ed i : bl i
having only meta or para substituents when one relatively AS_S own in Figure 5 and summarized in Table 4, dho
electron-donating substituent was pres@hf® On this basis, substituent has a dramatic effect on the total spread of these
at least, it would appear that phenyl rings bearioigho
substituents behave as if they were electron-donating, except(59)

methylimidazole) complex of (TMP)Heis ruffled 3%2although
one isomer of the 1-vinylimidazole complex of (2,6;YTPP)-

(a) Walker, F. AJ. Am. Chem. Sod98Q 102 3254. (b) Lin, Q.;
Simonis, U.; Tipton, A. R.; Norvell, C. J.; Walker, F. /org. Chem.
1992 31, 4216. (c) Tan, H.; Simonis, U.; Shokhirev, N. V.; Walker,

(56) Watson, C. T. Ph.D. Thesis, University of Arizona, 1996. F. A.J. Am. Chem. S0d.994 116, 5784. (d) Simonis, U.; Lin, Q.;
(57) Munro, O. Q.; Marques, H. M.; Debrunner, P. G.; Mohanrao, K; Tan, H.; Barber, R. A.; Walker, F. AMagn. Reson. Chem993 31,
Scheidt, W. RJ. Am. Chem. S0d.995 117, 935. S133.

(58) Safo, M. K.; Nesset, M. J. M.; Walker, F. A;; Debrunner, P. G.; (60) Momot, K. |.; Walker, F. AJ. Phys. Chem. A997 101, 9207.
Scheidt, W. RJ. Am. Chem. S0d.997, 119, 9438. (61) Shokhirev, N. V.; Walker, F. AJ. Phys. Chem1995 99, 17795.
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Table 4. *H NMR Chemical Shifts of the Pyrrole Protons of the T T T v T
Low-Spin Fe(lll) Complexes f-X)(p-OCHs)s(TPP)Fe(NMelmy]+ 1
and [(2,6-X)(p-OCHs)s(TPP)Fe(NMelmy*
derived

X H 1b sz H3b H4b (5avb Aéb 0(0.x)c
o-F —18.7 —174 —145 —-142 -16.2 —45 -17
o-Cl —-18.4 —17.3 —15.0 —14.7 —164 -37 -13 ’E
o-Br -179 -16.9 —155 —-152 -164 —-2.7 -09 2
oCr —-17.2 —16.1 —-16.1 —159 -16.3 -1.3 -03 ~
ol —-16.8 —16.5 —16.2 —16.0 —16.4 (?)09 -0.1 P
2,6-, —-20.2 —-18.1 —-13.7 —-13.1 —16.3 -71 -238
26-Ch —209 —-184 —-134 —-129 -164 —-79 -31
2,6-Br, —19.2 —-17.3 —-15.0 —14.4 -165 —-48 -1.8

aMeasured in CDGlat 33°C. ® Chemical shift (ppm) referenced
to CHCE at 7.25 ppm¢ g, for the phenybrtho substituent determined 8.0} . , ) ) E
from the observed\6 (Figure 5) and the correlation line of Figure 6 3.0 2.0 -0 0.0 1.0
(see text).

Ao

resonances. This total spreakh, decreases in the order.Cl  Figure 6. Plot of the difference in shiftAd, between the most unique
> F, > Br,~ F> Cl > Br > CR > I. This is approximately pyrrole-H resonance and its extremeAss, the difference in Hammett
the reverse of the order of the effect of tbetho-halogen o-constants of the two substituents. Data for{6r p-X)(m- or p-Y)s-
substituent on the chemical shift difference qfahd H, in the (TPP)Fe(NMelmy* and the correlation line were taken from ref 20b,

free-base porphyrins, discussed above, and must arise fromwhere the sign oA was defined as positive when the pyrrole-H pattern

. . . . was 1:1:(2) and negative when it was (2):1:1, where (2) represents the
differences in the pattern of delocalizeclectron density and/ intensity of the two closely spaced resonances, which overlap at lower

or differences in the energy of the twomg(valence orbitals,  NMR field strength. On the basis of the observkd (Figure 5), the
AE,8 in these low-spin Fe(lll) complexes. This pattern of compounds of this study have been placed on this line (crosses).
delocalizedr electron density is indicative of unpaired electron

delocalization into the modified e-symmetry filled orbitals equilibrium constants for bindinlg-methylimidazole to the iron-
previously called the 3aj orbitals®? Mixing of these orbitals (1) porphyrins in CHC} (Table 2) or DMF (Table 3). The
with the ¥/, filled e-symmetry d orbitals, ¢, and g, and, to a large negative values of.x derived from this procedure, some
lesser extent, the empty porphyrin 4g@rbital$? produces a  of which are similar in size to those derived from I8gl)
strongly bonding filled set, a weakly bonding, mainly metal- values measured in CHgITable 2 (although others are not),
centered set containing one hole, and an empty antibondingagain support the conclusion thatho substituents may behave
set>® The degeneracy of each of these sets of “e-symmetry” as electron-donating substituents. Again, it should be noted that
orbitals is lifted by the unsymmetrical substitution pattern, the order also correlates extremely well with the size of the
leaving one of the middle, mainly metal-centered set of orbitals substituent, though in the approximately opposite order, with
to be the singly occupied molecular orbital (SOMO). The one set for 2-X and another for 2,6;Xerivatives. However,
unpaired electron distribution in the two orbitals of the middle the situation is more complex than for Igig{') values, because
set, the SOMO and its slightly lower-in-energy filled counterpart, the spread of the pyrrole-H resonances is not only determined
calculated from Hakel molecular orbital theor§i® has been by the electron-donating or -withdrawing characteristics of the
shown to be satisfyingly consistent with the observed contact unique substituent or, as we concluded above, by its size and
shifts of two unsymmetricallypara-substituted [(TPP)Fe-  the direct overlap of the electron cloud of thetho substituent

(NMelm),] ™ isomers, and the same is true of the presetito- with the & system of the porphyrin but also by the relative
phenyl substituent-containing complexes, for which dhio- populations of the two valencesg(orbitals (which is in turn
substituted phenyl ring is considered to be an electron-donatingdetermined by the energy spacing between thevd,, as
substituent. compared tkT).%1 Hiickel calculations, where the energy of

For para- and metasubstituted iron(lll) porphyrinates we  onemesecarbon orbital is adjusted up or down to simulate the
have previously shown that a correlation exists between the electronic effect’°and 2-level Curie dependence calculatfdns
spread of the pyrrole-H resonances in unsymmetrically substi- show that both of these factors are important, and they cannot
tuted derivatives of [(TPP)Fe(NMelg}) and the difference in  be separated without carrying out extensive measurements of
the electron-donating or -withdrawing effect of the substituents, the temperature dependence of the pyrrole-H resonances of each
as measured by the difference in the Hamneetionstants of complex, which we have not done. We mayspecthat AE,
the substituent¥® These data are summarized in Figure 6, will increase with the size of the substituent, however, because
where the spread of the pyrrole-H resonances of the series oflarge substituents can hinder the rotation of one (or both) axial
[(0-X)- or (2,6-X2)(p-OCHs)3(TPP)Fe(NMelmy]t complexes ligands, but this does not explain why the separatlahis
of this study (Figure 5, Table 4) has been marked as crosses orsmaller for the 2,6-Brsubstituted complex than for the 2,6-
the correlation line of Figure 6 in each case. Asis evident from F,-substituted complex.
the positions of these crosses, we find that the “apparent”

Hammetto constants for thertho-halogen substituents are all  Summary

negative. The derived apparentonstants are summarized in ) .

the last column of Table 4. This order is entirely different (and 1€ NMR chemical shifts of the pyrrole protons &hd H,
not simply the reverse) from that found for either thg—#. of the free-base porphyrins (Table 1) suggest that their separation

chemical shifts of the free-base porphyrins (Table 1) or the depends on substituent size, while those of the corresponding
low-spin Fe(lll) complexes, especially the variation in the spread

(62) Longuet-Higgins, H. C.; Rector, C. W.; Platt, J. R.Chem. Phys.  Of the pyrrole-H resonances of these complexes (Figure 5, Table
195Q 18, 1174. 4), indicate an order that is entirely different from either the
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trends of the pyrrole-H resonances of the free-base porphyrinsin the (TPP)F&CI~ unit of the starting material, hence weaken-
or the sizes of the equilibrium constants for bindihg ing that ionic bondand to decrease the Lewis acidity of the
methylimidazole to the high-spin Fe(lll) derivatives, either in metal in the product. The reaction (eqs 3 and 5) is much more
chloroform (Table 2) or DMF (Table 3). The equilibrium sensitive to the direct transfer of electron density in the reactant
constants measured in both solvents confirm tinttto-halogen than it is to the electron-donating properties of the substituents
and -CFk substituents behave as though they are electron-in the product.
donating, if the effect of the substituent is assumed to result In the case of the NMR experiments on the free-base
entirely from through-bond inductive effects. All of these porphyrins, we have used theHHa pyrrole proton resonance
properties correlate well with the variation in size of the Separation to attempt to quantify the asymmetry oftledectron
substituent(s), and the results are most consistent with the effectcloud created by the difference in the effect of ththo- or
of the phenyl ring bearing thertho substituent(s) behaving 2 6-halogens and theara-methoxy substituents. In the case
apparently as electron-donating, due to direct overlap of the of the NMR experiments on the low-spin Fe(lll) complexes,
electron cloud of theortho substituent (WhICh is eXpeCtEd to we are using the pyrroie_H resonances of the porphyrin ring to
increase with its size) with the system of the porphyrin ring.  measure the unpaired electron distribution in the)eflled

It must also be mentioned that there are scattered pieces ofporphyrin orbitals as a function of the 2- or 2,6-phenyl
data that suggest thatrtho-halogens behave as electron- substituent. This distribution is a result of a combination of
withdrawing substituents: In this work we have found that the the modification in the electron density distribution in the)e(
pattern of free-base pyrrole-H resonances, with thesslonance orbital that is preferred for spin delocalization (the SOMO) and
shifted to higher shielding, is that expected for unsymmetrically the energy separation between this half-filled orbital and the
substituted TPP derivatives in which one phenyl substituent is fully filled orbital, from which an electron can be excited to
electron-withdrawing with respect to the other th#&although the SOMO, which is likely of the order d&€T.61 Hence, it is
we find that the resonance separatigyHHi, increases in order  not surprising that the two sets of NMR measurements vyield
of increasing substituent size (Table 1). Thé'Fee' reduction different orders of substituent effects.
potentials of the complexes of the (tetrakis(2,6ptenyl)- The second question that arises concerning the electronic
porphyrinato)iron(ll) in dimethylformamide shift negatively in  effects ofortho substituents in this system is as follows: Why
the order F, Cl, Br, H, OCkl as do the P¥Fe reduction are the trends observed in the spread of the pyrrole-H NMR
potentials of the same complexés.The Fé!/Fé! reduction resonances of the low-spin Fe(lll) complexesy(EIF, > Br,
potentials of the bid{-methylimidazole) complexes also shift ~ F > C| > Br > CF; > 1) so different from those observed
negatively in the same ord&rsuggesting in all three cases that  for the size of log8."") measured in chloroform (Br> Cl, >
reduction is thermodynamically favored by “electron-withdraw- CF; > F, > | > Br > Cl > F) or DMF (F > CF; > Cly),
ing substituents”, although not in the order suggested byghe  when, formeta andpara-substituted derivatives of (TPP)fte
values of these substituents. None of these trends in reductionhoth of these physical quantities were found to be functions of
pOtentia'S correlate with substituent size. A similar order was the Hammetts- or gp_constantS, respective@@byc To address
observed for cation radical species of some of the correspondingthis question we must remember that the spread of the pyrrole-H
Zn(ll) and Mg(ll) complexes, where the reduction potentials resonances measures the asymmetry in the unpaired electron
from the cation radical to neutral porphyrin shift negatively in  density distribution in the ef) orbital$°c62and, in addition,
the order F, CI, and F* XPS and ab initio SCF calculatiof’s  the difference in energy between the two formerly degenerate
and local density functional calculatictidiave also suggested  e(x) orbitals, which will change the spread of the resonances
that phenylo-halogens appear to be electron-withdrawing but as a function of temperature more than that expected on the
that local dipole effects may dominate the behaviooho basis of simple Curie behavié#5% On the other hand, the
substituent§! However, in the Zn(ll) and Mg(ll) complex study  size of log@,"') measures the combined and 7 electronic
and in the XPS and calculationsytho-fluoro and -chloro  effects of substituents at the periphery of the porphyrin ring on
substituents have been considered together with perhalogenateghe Lewis acidity of the metal. Fartho substituents, where
phenyl rings, and it is not easy to relate these two types of there may indeed be varying degrees of direct overlap of the
substituted phenyl rings because of different substituent effectselectron cloud of the halogen with thesystem of the porphyrin
of ortho-, meta, andpara-halogens. As aresult, we have only  as the size of the halogen(s) (or £ficreases in both the (TPP)-
three data points for comparison, those for the TPP and tetrakis-FeC| starting material and in the bis(NMelm) complexes, there
(2,6-F) and -(2,6-CJ) derivatives, the latter two of whose Zn-  js no guarantee that the thermodynamic and spectroscopic
(I1) cation radical reduction potentials are quite sinfitaand properties will be correlated with each other, mainly because
the latter two of whose calculated valence ionization pOtentia'S of the extremesensitivity of the pyrroie_H shifts to Changes in
are almost identicat: It is to be hoped that additional studies the 7 electron distribution in the SOMO. Furthermore,
of a wider range Obrtho—halogen substituents will be carried electronic effects on the size of |¢g(”) cannot be quantified
out by these workers in order to more fU”y elucidate the effects on the basis of the Spread of the pyrroie_H resonances aione,
of the whole class of phenyrtho substituents. since the NMR contact shifts of the pyrrole protons sesrsg

The first question that must be addressed in correlating the the electron density distribution in thedf{type SOMO and its
data of this study is as follows: What is actually being measured slightly lower-energy filled ef) partner and not that in thg,a
in each case? In the case of ! values in the two different  («) or & (sr) orbitals, both of which are expected to be slightly
solvents, one which is noncoordinating and allows the anion to lower in energy than the SOMO but still among the frontier
be coordinated to the metal in the starting material and the otherorbitals of the Fe(lll) porphyrinate. Hence, we cannot determine
of which is coordinating and has already accomplished the quantitatively the relative importance of x, local dipole3*
separation of the cation and anion, the opposite orders of log-and direct electron cloud overlap effects on the values of log-
(82" can be attributed to a direct transfer of electron density (52") and the spread of the pyrrole-H resonances of these low-
from the halogen substituents to thesystem of the porphyrin  spin Fe(lll) complexes, but it is clear that the sum of these
ring, which helpsothto decrease the Lewis acidity of the metal effects is profound. Future interpretations of the effects of
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