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The sterically encumbered QGPor system consists of a 1,2,4,5-substituted benzene cap with five-atom arms of
the type—O(CH,)3;0— linking the benzene cap to the ortho positions of 5,10,15,20-tetraphenylporphyrin. The
structures of the following compounds have been determined by single-crystal X-ray diffraction meth(€;-H

OPor) @), Fe(OGOPor)(Cl) @), Fe(OGOPor)(CO)(1-Melm) 8), and Fe(O@DOPor)(CO)(1,2-Mdm) (4).
Structuresl—3 pack as one crystallographically independent porphyrin with solvate molecules, whereas structure
4 packs with half of a crystallographically independent porphyrin molecule and a solvate molecule. In compound
2 the Cl ligand is bound to the Fe center on the unprotected side of the porphyrBand4, which represent
R-state (relaxed) and T-state (tense) models for hemoglobin, respectively, CO is bound underneath the cap and
either 1-Melm 8) or 1,2-Melm (4) is bound to the sixth coordination site, opposite the CO and outside the cap.
The bulkier 1,2-Melm in 4 forces the Fe atom 0.10 A out of the mean nitrogen plane toward the 1;@aMe
ligand. In3, where the base is less bulky, the Fe atom lies 0.06 A out of the plane toward the CO ligand. The
cap-to-porphyrin distance increases approximately 0.8 A to accommodate CO, from 4.74 and 45580k 1)
respectively, to 5.55 and 5.59 A Biand4, respectively. The FeC—O angle is 173.9(?)in 3 and is constrained

by symmetry to be 180in 4.

Introduction accuracy is obtainable, to address the issue of steric discrimina-

. tion against CO binding?°

The use of model porphyrin systems to probe strueture . o .
function relationships in the hemoproteins hemoglobin (Hb) and ~ The synthesis and binding properties for many types of
myoglobin (Mb) has been an active field of research over the Sterically protected model systems have been reported. These
past quarter centu:® In most forms of Hb and Mb values  include “strapped™'~*7 “picnic basket”#22“picket fence"2*~2
of M (M = Py22/Py,C0)8 are small compared with those for ~ “pocket” 2628 and “capped?® %6 porphyrins as well as hybrids
nonbiological system®.Thus, Hb and Mb discriminate against
the binding of CO. How this discrimination comes about is (11) Baldwin, J. E.; Crossley, M. J.; Klose, T.; O'Rear, E. A., IIl; Peters,

unclear. One explanation is that because the roles of Hb and

Mb are Q transport and storage, the cavity wherghinds is
shaped to accommodate, @ its preferred FeO—0O bent
geometry but not CO in its preferred+€—O linear geometry.
Therefore, for CO to bind, the porphyrin must distort, the protein
must distort, or the FeC—O linkage must tilt or bend, all
energetically unfavorable processes. The report of bent Fe
C—0 angles of 126140 in protein crystal structuré8 has

been used to support this explanation for discrimination against

CO binding. However, these values are unreliable owing to
the limited accuracy of protein structure determinatib#sit

is important and necessary to use models, where much higher
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of these different classificatio®$3® However, for most of these ~ Fe(OGOPor)(CO)(1-Melm) 8), and Fe(O@OPor)(CO)(1,2-
systems structural data are very limited; yet structural data areMe,lm) (4). Comparison of the structures band?2 with those
essential in the elucidation of structurinction relationships. of 3 and 4 allows for analysis of the types and amounts of
Notable exceptions are found in the PocPi¥F3 Piv,C,, 193839 distortion that take place upon CO ligation under the cap.
and G—Cap system&47 and especially in the TPivPsystem, Structures3 and4 represent models for the R- and T-states of
the only one for which structures of both a five-coordinate Hb and Mb, respectively, and structural differences at the Fe
Fe'(base}® and a six-coordinate BE0,)(base}®*®have been  center will be used to address how the bulkier 1,2Ikeaffects
reported. the structure and consequent ligand binding properties. In
Herein, we present one of the most complete structural studiesaddition, these structures in the @@Por system will be
to date of a sterically encumbered heme model system. Thecompared with the related structures of the five-atom linked
following structures for the five-atom linked capped porphyrin C,—Cap porphyrin system #C,—Cap)#* Fe(G—Cap)(Cl)#°
system OGOPor have been determined by single-crystal X-ray and Fe(G—Cap)(CO)(1-Melm)®
diffraction methods: KH{OC;OPor) (), Fe(OGOPor)(Cl) @), ) )
Experimental Section

(29) Q'T",gﬁjé %a'gwig'e férlé;r\/(ljrcr)(STselter);h'(\eﬂdri'ﬁ%gqeggag(ggbgégallayer' Materials. All solvents and reagents were used as purchased,
(30) Budge, J. R.; Ellis, P. E., Jr.; Jones, R. D.; Linard, J. E.; Szymanski, €XCept toluene and-hexane which were dried over Na.

T.; Basolo, F.; Baldwin, J. E.; Dyer, R. LJ. Am. Chem. S0d.979 Ho(OCsOPor) was prepared according to the literature proce-
1) |1_|0a]; é;eozt;“???’byer R. L. Crossley, M. 1. Baldwin, J. E.; Basolo dure5® UV-—visible spectra were obtained on a Cary 1E
F.J. Am. Chem. S0d982 104 2101-2109. HR ' _spectrophotometer, IR spectra were obtained on a Nicolet 520SX
(32) Shimizu, M.; Basolo, F.; Vallejo, M. N.; Baldwin, J. Fiorg. Chim. infrared spectrometer, and mass spectra were recorded on a VG
Acta1984 91, 247-250. , Analytical 70 SE quadrupole mass spectrometer.
(33) Garcia, B.; Lee, C.-H.; Blaskad\.; Bruice, T. C.J. Am. Chem. Soc. H»(OC30Por)-C7Hg Crystal Growth. Crystals of H(OCq-

1991, 113 8118-8126. Lo
(34) Zhang, H.-Y.; BlaskoA.; Yu, J.-Q.; Bruice, T. CJ. Am. Chem. Soc.  OP0r}C;Hg were grown by the slow diffusion af-hexane {8
1992 114, 6621-6630. mL) into a toluene solution~1 mL) of 1 (~4 mg) at 4°C.

(3%) f?g”;ggé)ﬂbg& Seok, W. K. Ibers, J. A.Am. Chem. S0d.99], Preparation of Fe'(OC30Por). Fé'(OC;OPor) was pre-
(36) Coliman, J. P.; Zhang, X.; Herrmann, P. C.; Uffelman, E. S.; Boitrel, Pared by the use of a literature procedure for Fe inseffion.

B.; Straumanis, A.; Brauman, J.J. Am. Chem. So2994 116 2681 H,(OC;0Por) ¢~50 mg), KCO; (~75 mg), and FeBr(~75
2682. mg) were stirred in a 1:1 THF/toluene solution for 24 h in an

(37) E"’."?(‘fgg'e‘]'TEJ'; gﬁmro&’)g' %Q%ﬂﬁ%&%i';199?31?)/7'4'61; Hall, S inert atmosphere glovebox. The solvent was pumped off under

(38) Tetreau, C.; Lavalette, D.; Momenteau, M.; Fischer, J.; Weisd, R. ~ vacuum, and the product was chromatographed through silica
Am. Chem. Sod 994 116, 11840-11848. with 1:1:10 THF:CHOH:toluene. After removal of the solvent

(39) Abbreviations: PocPivP- a porphyrin with three-CHy(CO)NH— the solid product was stored in a glovebox for further use. An
linkages connecting the 1,3;positions of a benzene cap to the ortho ’

positions of 5,10,15,20-tetraphenylporphyrin (TPP) and a pivalamido alternative methOd_ for the preparatiqn of "E8Cz0Por) is
arm extending from the ortho position of the fourth phenyl group of through the reduction of a THF solution of 'F€C;OPor)-

TPP in either thex (toward the cap) gf (away from the cap) direction; (CI); the solution is stirred with Zn powder for18 h and

C,—Cap= a capped porphyrin with four (CO)O(CH,),O— linkages ! . -
connecting the 1,2,4,5 positions of a benzene cap to the ortho positionsf'ltered’ and then the THF is pumped off under vacuum in a

of TPP; 1-Melm= 1-methylimidazole; 2-Meln+ 2-methylimidazole; glovebox. UV-vis (THF), Amax 525, 540 nm.

é;Z-'Vller]m ﬁ_l,?ddimfthgiﬂﬁgzolf: Py Py;idihe:tlyngClﬁFplg Preparation of Fe(OC3OPor)(Cl)-CHCIl; and Crystal
icyclohexylimidazole; De euteroporphyrinato dianion; Pr .

protoporphyrin IX dimethyl ester dianion; TTOMeRP mesetetra- Growth' ”Upon exposure of a CH§$OIUt|0n of Fé(OC3OPOI:)
(3,4,5-trimethoxyphenyl)porphyrinato dianion; E&4 (n = 6—10) = to air, [Fé"' (OCz0Por)L(u-O) immediately forms. The solution
porphyrinato dianion with a straps of the typ®&IH(CO)(CH)(CO)- was extracted three times Wit M HCI and once with water.

NH-— linking the ortho positions of opposite phenyl groups of TPP i ; pEO ;
and pivalamido groups extending from the ortho positions of the The CHC4 layer was isolated, dried over » and filtered.

remaining two phenyl groups in thedirection; Pl s—BHP = basket X-ray quality crystals of Fe(O§DPor)(ClyCHCl; were isolated
handle porphyrinato dianion with two straps of the typ@&(CHy)a— by layering CHOH over the CHQ solution and allowing
linking the 1,4 positions of a benzene cap to opposite phenyl groups diffusion to occur over 3 days at 2&. UV—vis (CHCh), Amax

of TPP, one strap on each face of the porphyrin; Durerie = a .
strapped porphyrin with a 1,4-substituted 2,3;5@ramethylbenzene (loge): 380 (4.78), 417 (5.01), 512 (4.13), 583 (3.54) nm. MS.

cap containing—(CH,),— chains bonded to the trans pyrrole rings of ~ Calcd for G2HsgN4OgFe (parent— Cl). m/z1034.7. Found.
a porphyrin that is alkylated with methyl or ethyl groups at the other m/z1034.3.

ftg‘py”P“C positions; TPivP= the picket-fence porphyrir= mese Preparation of Fe(OC;0Por)(CO)(1-Melm)-1.5C;Hg and
etrakis(,a,o,0-0-pivalamidophenyl)porphyrinato dianion; B8CIm

= the picket fence porphyrimesea,a,a-tris(o-pivalamidophenyl)- Crystal Growth. Fe(OGOPor) (~4 mg) was transferred to a
B-(0-5-N-imidazoylvaleramido)phenyl)porphyrin. diffusion tube and dissolved in a CO-saturated 1-Melm/toluene

(40) Kim, K.; Fettinger, J.; Sessler, J. L.; Cyr, M.; Hugdahl, J.; Collman, gg|ution (~1 mL. 0.5 M). CO-saturated n-hexaned mL) was
J. P.; Ibers, J. AJ. Am. Chem. S0d.989 111, 403—405. & oy ): gmL)

(41) Slebodnick, C.; Kim, K.; Ibers, J. Anorg. Chem.1993 32, 5338 layered over the toluene solution and allowed to diffuse into
5342. the solution at £C. X-ray quality crystals were obtained in
(42) lsgegboiiniz?kég-%sseok W. K.; Kim, K.; Ibers, J. lorg. Chim. Acta  about 2 months. UWvis (toluene) imax 427, 543 nm. IR
(43) Slet?odnic’k, C. Féttinger, J. C.; Peterson, H. B.; Ibers, J. Am. (Nujol): »(CO) 1978 cm*. MS. Calcd for GHeoFeNsOo
Chem. Soc1996 118 3216-3224. (parent peak- CO and 1-Melm). m/z1034.5. Found.m/z
(44) Jameson, G. B.; Ibers, J. A. Am. Chem. Sod98Q 102 2823- 1034.8.
(45) zsgilét, M.; Ibers, J. AL Am. Chem. S0d.982 104 3715-3721. Preparation of Fe(OGOPor)(CO)(1,2-Melm)-2CHCl,
(46) Kim, K.; Ibers, J. AJ. Am. Chem. S0d991 113 6077-6081. and Crystal Growth. The same procedures used in the
(47) Sparapany, J. W.; Crossley, M. J.; Baldwin, J. E.; Ibers, J. Am. preparation of3 were followed in preparingt except a CO-
Chem. Soc198§ 110 4559-4564. saturated 1,2-Mgm/CHCl; solution (~1 mL, 0.2 M) was used

(48) jémeégg’eeg';s'\lfglli?fr% FS'I.SK:E%SHgmé'g%gggnigzpégiuman’ in place of the 1-Melm/toluene solution. X-ray quality crystals
3237.

(49) Jameson, G. B.; Rodley, G. A.; Robinson, W. T.; Gagne, R. R.; Reed, (50) Ma, W.; Slebodnick, C.; Ibers, J. A. Org. Chem1993 58, 6349~
C. A,; Collman, J. PInorg. Chem.197§ 17, 850-857. 6353.




Characterization of O§OPor Capped Porphyrins Inorganic Chemistry, Vol. 35, No. 12, 19968609

55 —26-275—05’
_46—4T——04 28——o4
a5 1B 06 o7 /4—23 31
02 _49/ ] ’~30,
\ A0 56 \ 02 i 4
3 08 J4~—55 59 oor, A% 33;’
e o3, 29 s 3 3 12 14 o
52, 6§ ﬁs 0 8\ lll’ ], 32°
Al 7. 31 77 06 0 P o3’
o1 a P 0s I g g7
10 1 ~ 9—1 2 ] g —1g
[ 8901112, 4—3 } 1 —-N1 N2—g!
A —1—N2 N3 ; { 2 171 7529, \M/ 1p —17 }0’
w6 P MNgs—a3 36 Q it
\ < N L 21— 9N 01 Ni—1 221
—N1 4——16\ 3845 s 3 /
25—26 /4 \ 7 g 8\7 /6\ /4\3 /2
3\2 A 0/1 . A7 12\f
/ \1{
;‘ 0~49 09 13
6 08
41\ | \ o}
1,M=H, \ M 1415
42—43 63 3
2, M = Fe(Cl) | r
Fe
3, M = Fe(CO)(1-MeIm) 4, M = Fe(CO)(1,2-Me,Im) F“‘
6 N3
65\ h 3<</ 3342
66—N 40—N4
R L
67 M

Figure 1. Labeling schemes for #0C;0Por) (1), Fe(OGOPor)(Cl) @), Fe(OGOPor)(CO)(1-Melm) 8), and Fe(OGOPor)(CO)(1,2-Mdm) (4).

Table 1. Selected Crystallographic Data
H2(OC;0Por) () Fe(OGOPor)(Cl) @) Fe(OGOPor)(CO)(1-Melm)8)  Fe(OGOPor)(CO)(1,2-Mdm) (4)

chem form G2HsN4Og°C7Hg C52H50F6N103C|‘CHC|3 Ce7HseFeNsOg+ 1.5GHg CegHngGN;Og’ZCHCb
fw 1073 1190 1283 1398
space group C5-P2u/n C,-P2i/c C,-P2i/n C,-C2/c
a A 16.964(2) 13.110(4) 16.221(7) 12.983(2)
b, A 18.000(2) 16.306(4) 22.763(10) 33.705(6)
c A 18.109(2) 25.838(13) 17.133(6) 15.387(4)
B, deg 95.26(1) 90.96(3) 92.70(3) 105.27(2)
Vv, A3 5506.3(9) 5523(4) 6319(5) 6496(2)
VA 4 4 4 4
density (calc), g/cth  1.295 1.431 1.349 1.429
u, et 7 45 25 47
T,°C —167(2) —167(2) —167(2) —167(2)
transm factor 0.8130.894 0.449-0.636 0.296-0.716
R(F) 0.076 0.13 0.087 0.12
Ru(F?) 0.171 0.275 0.209 0.265
were obtained in about 1 month. UWis (toluene)imax 423, group Cy-P2i/n. The final refinement onF? involved an

539 nm. IR (Kryto®!): »(CO) 1974 cm?!. MS: Calcd for anisotropic model for all non-hydrogen atoms and fixed
CegHsgFeNsOg (parent peak- CO and 1,2-Mgm). m/z1034.5. positions for the hydrogen atoms. There were 9274 independent
Found. m/z1035. observations and 731 variables. The refinement converged to
X-ray Crystal Structure Determinations. To prevent the R indices given in Table 1. The atom-labeling scheme is
solvent evaporation, the chosen crystals of each compound wergyiven in Figure 1. Table 2 provides selected bond lengths and
coated with Krytox! oil and mounted in the cold stream {67 angles. Additional crystallographic data, atomic coordinates,
°C) of an Enraf Nonius CAD4 diffractometer. Unit cell and equivalent isotropic displacement parameters, additional
parameters were determined by the least-squares refinement obond lengths and angles, anisotropic displacement parameters,
25 reflections that had been automatically centered on theand hydrogen atom coordinates and isotropic displacement
diffractometer. Profile intensity data were collected, pro- parameters are available in Tables-SN .56
cessed? and corrected for absorptiéf. Crystallographic details Fe(OC;0Por)(Cl)-CHCI3. The observed Laue symmetry
for the structures are given in Table 1. The direct methods and systematic absences are consistent with the monoclinic space
program SHELX$* was used for structure solution and the group C5-P2y/c. The final refinement onF? involved an
program SHELXL-93°for structure development. The program  anjsotropic model for all non-hydrogen atoms. The final
package SHELXTL P& was used for the ensuing molecular  refinement of 721 variables and 8492 independent observations
graphics generation. converged to th& indices given in Table 1. The atom-labeling
H2(OC30Por)-C7/Hs. The observed Laue symmetry and scheme is given in Figure 1. Selected bond lengths and angles
systematic absences are consistent with the monoclinic spaceyre given in Table 2. Additional crystallographic data, atomic
coordinates and equivalent isotropic displacement parameters,
additional bond lengths and angles, anisotropic displacement

(51) Krytox is a product of DuPont.
(52) Blessing, R. HCrystallogr. Re. 1987 1, 3—58.

(53) de Meulenaer, J.; Tompa, Hcta Crystallogr.1965 19, 1014-1018. parameters, and hydrogen atom coordinates and isotropic
(54) Sheldrick, G. MSHELXTL PG Version 5.0 An Integrated System  displacement parameters are available in Tables-SX.56

for Solving, Refining, and Displaying Crystal Structures from Dif- _ .

fraction Data; Siemens Analytical X-Ray Instruments, Inc.: Madison, Fe(OCG0Por)(CO)(1-Melm)-1.5GHs. The observed Laue

WI, 1994.

(55) Sheldrick, G. MJ. Appl. Crystallogr.manuscript in preparation. (56) Supporting Information.
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Table 2. Selected Bond Lengths (A) and Angles (deg) #or4 Fe(OGOPor)(CO)(1,2-Mdm) molecule with a crystallographi-
Fe(OGOPor)- Fe(OGOPor)- cally imposed 2-fold axis and one CHCiolecule in the
Fe(OGOPor)- (CO)(1-Melm) (CO)(1,2-Melm) centrosymmetric space gro@®2/c. In the final refinement the
Ch (@ 3) 4 cap, parts of the arms, and the 1,2-J\e ligand were modeled
Fe-C(CO) 1.748(7) 1.713(8) as occupying two p.ositions.at 50% occupancy. The atoms of
C—0O(CO) 1.171(8) 1.161(10) the cap were restrained to fit a hexagon, and the oxygen atoms
Fe—Lad 2.232(3) 2.027(5) 2.102(6) bonded to the benzene cap were restrained to lie in the same
Fe-N(1) 2.064(7) 1.999(5) 1.985(4) plane as the cap. Atom C(29) was modeled as being disordered
Ee—N(Z)b 2.051(7) 1.990(4) 2.014(4) over two positions with occupancies that refined to 0.50(6) and
e-N(3) 2.070(7) 1.983(5) 1.985(4) "
Fe—N(4)° 2.060(7) 2.010(5) 2.014(4) 0.50(6). H_ydrogen-_atom positions were only generated for
av Fe-Neg 2.061(8) 1.996(12) 2.00(2) atoms not involved in disorder. The final refinement %
av N—Cg 1.376(9) 1.38(2) 1.388(5) which used an anisotropic model for all non-hydrogen atoms
avG—Cp 1.429(13) 1.433(11) 1.430(6) except N(3), involved 488 variables, 6 restraints, and 5728
av GGy 1.350(16) 1.338(18) 1.361(2) independent observations; it converged to Bhimdices given
avGa-Cn 1.403(11) 1.394(13) 1-383(11) in Table 1. The atom-labeling scheme is given in Figure 1
Fe-C-O 173.9(7) 180 - 9 gl n Fig :
C(CO)-Fe-N(1) 95.1(3) 89.97(12) Selected bond lengths and angles are given in Table 2.
C(CO)-Fe—N(2) 92.0(2) 88.16(12) Additional crystallographic data, atomic coordinates, equivalent
C(CO)-Fe-N(3) 83.4(3) 89.98(12) isotropic displacement parameters, occupancies for all atoms
g(gg)_l'ze_tl(‘;) fgfézé ?*;-318%2) (including hydrogen atoms), additional bond lengths and angles,
fo_F);_Ne(_l) & 102.5(2) 90_'3((2)) 86_'3((3)) and anisotropiscédisplacement parameters are available in Tables
Lax—Fe-N(2) 100.4(2) 89.5(2) 85.9(3) SXV—=SXVIIL.
La—Fe—N(3) 105.7(2) 91.3(2) 93.7(3)
Lax—Fe=N(4) 103.8(2) 89.7(2) 97.7(3) Results and Discussion
N(1)—Fe—N(2) 86.9(3) 89.4(2) 89.9(2)
N(1)—Fe—N(3) 151.7(3) 178.4(2) 179.9(2) Syntheses. The insertion of Fe intd was accomplished by
N(1)—Fe-N(4) 86.9(2) 89.8(2) 90.1(2) stirring a solution of FeBrand the porphyrin in the presence
N(2)—Fe-N(3) 87.2(3) 90.7(2) 90.1(2) of K,CO;, followed by purification by column chromatography.
N(2)~Fe-N(4) 155.9(3) 178.8(2) 176.3(2) An alternative method for the preparation of'E@C;OPor) is
N(3)—Fe—N(4) 87.3(3) 90.1(2) 89.9(2) prep 3

reduction of F#(OC;OPor) by Zn. Exposure of this fe
: A product to air leads to the rapid formation of the@xo dimer
4. b For purposes of clarity, N(3) in this table refers to N@hd N(4 . . . . .
refers th)) Np(2) of porph;/rin A(L)CSeIected bond distané?s (A() )for [Fe(OQOPQr)]z(,u-O), thractlon_ofasolutlo_n of the d'mer with
HA(OCsOPor) are av N-C, = 1.369(9), av G—Cy = 1.443(10), av 1 M HCI yleld_s the flve-coo_rdlnate speci& Solvation of_
Cb—Cp = 1.349(5), av G-Cpn = 1.400(7). Féd!'(OC30Por) in a base solution under a CO atmosphere yields
the six-coordinate species(base= 1-Melm) and4 (base=
symmetry and systematic absences are consistent with thel,2-Me&lIm).
monoclinic space grouﬁ;gh-le/n_ The crystallographically Description of the Structures. Stereoviews of the porphyrin
independent solvent molecules appeared to be a combinatiorparts (—4) of Hy(OC;OPor}C7Hs, Fe(OGOPor)(CIYCHCI,
of toluene and 1-Melm disordered over the same site. In the Fe(OGOPor)(CO)(1-Melmj1.5CGHg, and Fe(OGOPor)(CO)-
final refinement the solvents were modeled as toluene molecules,(1,2-Melm)-2CHCk are presented in Figure 2. The g@Por
occupying two positions with occupancies that refined to molecule consists of four five-atom arms of the type
0.578(12) and 0.422(12) for the first solvent site and were fixed —O(CH)30— linking the 1,2,4,5 positions of a benzene cap to
at 0.5 for the toluene molecule located at the inversion center. the ortho positions of 5,10,15,20-tetraphenylporphyrin. The
The final refinement orfF2, which involved 810 variables and ~ crystal structures of HOC;OPor)yC;Hs, Fe(OGOPor)(Cly
7459 independent observations, converged tdRtimelices given CHCls, and Fe(O@OPor)(CO)(1-Melm)1.5GHg consist of the
in Table 1. The atom-labeling scheme is given in Figure 1. packing of one crystallographically independent porphyrin
Selected bond lengths and angles are given in Table 2.molecule and solvate molecules in the unit cell. Fe{ORor)-
Additional crystallographic data, atomic coordinates, equivalent (CO)(1,2-Melm)-2CHCk packs with half of a crystallographi-
isotropic displacement parameters and occupancies for all atomsally independent porphyrin and a CHGolvate in the unit
(including hydrogen atoms), additional bond lengths and angles, cell. The Fe(O@OPor)(CO)(1,2-Mgm) molecule thus has a
and anisotropic displacement parameters are available in Tablegrystallographically imposed 2-fold axis, and there is some
SXI—-SXIV.56 resultant disorder in the cap, arms, and base that were modeled

Fe(OC0Por)(CO)(1,2-Mem) -2CHCls. The observed Laue ~ OVer two positions at 50% occupancy. The stereoview iof
symmetry and systematic absences are consistent with thefigure 2 does not show this disorder. Porphydrend2 have
monoclinic space groupétgh-CZIC and C-Cc A structure no ligands bound beneath the cap. Porphgrisiunmetalated,
consisting of one porphyrin and two CSI-gOinolecuIes was whereas porphyri is the Fé' chloride with the chloro ligand
solved in the space grou@ic, but it refined poorly. The outside the cap. The coordination geometry about the Fe atom
MISSYMS? algorithm, as implemented in the PLATG%uite is similar to that of other five-coordinate high-spin systems of
of programs, indicated that 80% of the resultant atoms were (€ type Fe(Pon)(Cl) (Table 3). There is nothing unusual about
related by a 2-fold axis of symmetry. The 20% that were not ComPound2. _ S _
related by Symmetry encompassed the six atoms of the benzene It is useful to discuss the dISpOSItIOI’] of the Cap relative to
cap, five atoms in the arms, and the 1,2-Me ligand. A the porphyrin in terms of several parameters, including the

preferable model is thus one involving a slightly disordered Vertical displacement of the cap, which is the perpendicular
distance from cap centroid to the porphyrin plane, the lateral

(57) Le Page, YJ. Appl. Crystallogr 1987, 20, 264269 displacement of the cap, which is the distance from porphyrin

(58) Spek, A. L.Acta Crystallogr., Sect. A: Found. Crystallogt99Q centroid to the above perpendicul_ar, and the interplanar angle
46, C34. between the cap and the porphyrin planes. The amounts and

aLa= Clfor 2, Lax= N (1-Melm) for 3, Lax = N (1,2-Melm) for
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Figure 2. Stereoviews ofi—4. Ellipsoids are drawn at the 50% probability level for3 and at the 30% probability level fe. Hydrogen atoms
are omitted.

Table 3. Metrical Data for Selected Fe(Por)(Cl) Systems

av Fe-N, Fe—Cl, av N—Fe—N, av N—Fe—Cl, Fe dev from Fe dev from
compd A A deg deg N4 plane 24-atom plane ref

Fe(TPP)(CH 2.049(9) 2.192(12) 0.38 0.38 60
Fe(TPP)(CH 2.070(9) 2.211(1) 86.8 103.6 0.49 0.57 61
Fe(Proto)(CH° 2.062(10)  2.218(6) 87.0 1033 0.48 0.55 62
Fe(PRsBHP)(CIF®  2.060(2) 2.207(2) 87.25(5) 102.6(5) 0.46 0.45 12
Fe(TTOMePP)(CF  2.079 2.207(20) 86.2 106 0.53 0.58 63
Fe(Durene)(CP 2.054 2.232(1) 86.8 103.6 0.49 0.64 16
Fe(G—Cap)(Cl) 2.063(3) 2.242(1) 87.2(4) 102.8 0.46 0.47 45
Fe(OGOPor)(Cl) 2.064(7) 2.232(3) 87.1(2) 103(2) 0.47 0.52 this work
Fe(G—Cap)(Cl) 2.07(2) 2.243(3) 87.2(4) 103(1) 0.46 0.43 43

2.071(7) 2.226(3) 87.5(5) 102(1) 0.49 0.46

aTetragonal form® Monoclinic form.

types of distortions that take place in these and other encumberedingles in H(C,—Cap) and Fe(&-Cap)(Cl) are similar, the
porphyrin systems are summarized in Table 4. The vertical lateral displacements and interplanar anglet afd2 are very
displacement of 4.74 and 4.65 A respectively for porphylins  different from one another. As can be seen from the stereoviews
and 2 is significantly greater than that of 3.96 and 4.01 A in of the unit cells (Figure 3), the disposition of solvent molecules
the five-atom linked porphyrins #IC,—Cap}f* and Fe(G—Cap)- relative to the porphyrins is very different i@ C;OPoryC;Hg
(CN.*5 Presumably the ester linkage in the-@Cap allows more and Fe(O@OPor)(CIyCHCls.

efficient folding of the arms than does the ether linkage in the  Comparison of the structures 8fand4 with those ofl and
OGC30Por system. Whereas the displacements and interplanar2 provides an indication of the types and amounts of distortion



3612 Inorganic Chemistry, Vol. 35, No. 12, 1996 Slebodnick et al.

Table 4. Porphyrin Distortions

vertical lateral
dihedral av dev from Fe dev from displacement displacement Fe—-C-O,

structure anglé  24-atom plane, A 24-atomplané A of cap®A of cap, & deg ref
H,(C,—Cap) 0.0 0.134 3.96 0.12 44
Fe(G—Cap)(Cl) 3.2 0.08 0.47 4.01 0.24 45
Fe(G—Cap)(CO)(1-Melm) 155 0.08 0.02 5.57 0.30 172.9(6) 46

115 0.08 —0.01 5.67 0.00 175.9(6)

H,(OC;0Por) ) 14.3 0.07 4.74 0.54 this work
Fe(OGOPor)(Cl) @) 3.9 0.15 0.52 4.65 1.35 this work
Fe(OGOPor)(CO)(1-Melm) 3) 20.3 0.08 0.06 5.55 0.21 173.9(7)  this work
Fe(OGOPor)(CO)(1,2Mdm) (4) 5.3 0.07 —0.10 5.59 0.66 1800 this work

aThe dihedral angle is the interplanar angle between the cap and the 24-atom porphyrifi laositive value indicates displacement toward
the chloride ligand or toward the CO grouplhe vertical displacement of the cap is the perpendicular distance from cap centroid to porphyrin
plane.? The lateral displacement of the cap is the distance from porphyrin centroid to the above perperfdigummetry.

Figure 3. Stereoviews of the unit cells of ¥DC;0PoryC;Hs (top) and Fe(OgDPor)(ClyCHCI; (bottom).

that take place in the cap and arms to accommodate the binding To the best of our knowledge8 and 4 permit the first

of CO under the cap. I8 and4 the cap expands-0.9 A, comparison of high-affinity R- and low-affinity T-state carbonyl
from 4.74 A (1) and 4.65 A @) to 5.55 A 3) and 5.59 A 4). structures in model systems. The only other R- and T-state
The vertical displacements in these §£0®Por carbonyl structures  structures reported for a single model porphyrin system are for
are remarkably close to those of 5.57 and 5.67 A in the two the G complex of the picket-fence porphyrin TPivP, namely,
crystallographically independent molecules of Fe{Cap)(CO)- Fe(TPivP)(Q)(1-MelmY*® and Fe(TPivP)(g)(2-Melm)*8 The
(1-Melm). It is thus clear that a vertical displacement-d.6 steric effects of the T-state systems involving the bulky bases
A'is necessary to accommodate an essentially lineaiGFeO are obvious: in4 the Fe atom lies 0.10 A out of the mean
linkage under the cap. Analysis of torsion and interplanar angles nitrogen plane toward the 1,2-Men ligand, whereas in
about the cap, arms, and phenyl rings of each porphyrin doesFe(TPivP)(Q)(2-Melm) it lies 0.086 A toward the 2-Melm base.
not reveal any obvious trends in the expansion process. Theln 3 and in Fe(TPivP)(@(1-Melm) the Fe atom lies 0.06 or
cap in3 s significantly tilted, with an interplanar angle of 20.3 ~ 0.03 A, respectively, out of the plane toward the CO or O
The CO group is slightly tilted and bent toward the higher ligand.

portion of the cap, with a tilt angle of 5>7and an Fe-C—O Further comparisons among these four structures, as well as
angle of 173.9(7 In contrast, in4 the interplanar angle is  other selected Peporphyrin systems, are presented in Table 5.
only 5.3; the Fe-C—0O angle is constrained to be 180y Unfortunately, the comparisons one would like to make, namely,

symmetry. Generally Fe¢c-Cap)(CO)(1-Melm) shows values Fe—base and FeL distances in the two T- and R-state systems,
similar to these (Table 4). are suspect owing to disorder of the @olecules in the TPivP
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Table 5. Metrical Data for Selected Porphyrins of the Type Fe(Por)(L)(Basey (CO or Q)

Inorganic Chemistry, Vol. 35, No. 12, 19968613

avFe-N,A Fe-L,LA L-0,A Fe-L-0,deg Febase, A FedevfrommeanN pléne ref
Fe(TPP)(Py)(CO} 2.02(3) 1.772)  1.12(2) 179(2) 2.10(1) 0.02 64
Fe(Deut)(CO)(THF? 1.98(3) 1.706(5)  1.144(5) 178.3(14) 2.127(4) 0.08 65
Fe(PivCe)(CO)(1-Melm§? 1.981(3)  1.733(4) 1.149(5) 178.3(5) 2.045(2) 38
Fe(PivCs)(CO)(1-Melm}? 1.991(4)  1.752(4)  1.149(6) 178.0(5) 2.039(3) 38
Fe(PiwC10)(CO)(1-Melm}y? 1.999(3)  1.728(6)  1.149(6) 180.0 2.062(5) 0.02 19
Fe(PocPivP)(CO)(1,2-Melm) 1.973(8)  1.768(7)  1.148(7) 172.5(6) 2.079(5) 0.02 40
Fe(OGOPor)(CO)(1-Melm) 1.996(12) 1.748(7) 1.171(8) 173.9(7) 2.027(5) 0.06 this work
Fe(OGOPor)(CO)(1,2-Mgm)  2.00(2) 1.713(8)  1.161(10)  180.0 2.102(6) -0.10 this work
Fe(G—Cap)(CO)(1-Melm) 46
molecule 1 1.990(7)  1.742(7)  1.161(8) 172.9(6) 2.043(6) 0.01
molecule 2 1.988(13) 1.748(7)  1.158(8) 175.9(6) 2.041(5) 0.02
Fe(G—Cap)(CO)(1-Melm) 1.992(21)  1.800(13) 1.107(13)  178.0(13) 2.046(10) 0.04 43
Fe(TPivP)(Q)(1-Melm) 1.98(1) 1.75(2)  1.17(8) 129(2) 2.07(2) 0.03 49
1.15(4) 133(2)
Fe(TPivP)(Q)(2-Melm) 1.996(4)  1.898(7) 1.205(1%) 129.0(12) 2.107(4) —0.09 48
1.232(22)  128.5(18)

a Positive value indicates displacement toward the CO grbBy. symmetry.c The dioxygen is disordered over two sites.

systems and of the 1,2-Mlen base ind. Nevertheless, the Fe

base distances in these systems are self-consistent, bein

significantly longer in the T-state molecules. The difference
between the FeC(CO) bond length of 1.748(7) A i8 and
1.713(8) A in4 is significant and in the expected direction from
trends inv(Fe—C(CO)) for R-state models compared with
T-state models (Table 6. The CO stretching frequency
decreases from 1978 crhin 3 to 1974 cnt1! in 4, indicating

Table 6. Fe—CO Stretching Frequencies for R- and T-state Model

at least a slight decrease in CO bond order; a corresponding Fe(G—Cap)(CO)

increase in FeC bond order would be expected. Whether the
magnitude of the differences in F€ bond lengths is real or
an artifact of the disorder in the structure 4fis another
question. Comparison of Fe&C stretching frequencies (Table
6) and binding affinitie31526:31.3%or R- and T-state models of
other porphyrin systems reveals that factors in addition to the
Fe—C bond strength contribute to the energetics of binding.
Indeed an inverse trend between—#& bond strength and
bonding affinity is seef?
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%ompound@
v(Fe=C), v(CO),
compd base cm? cm?t ref

Fe(OGOPor)(CO) 1-Melm 1978 this work
1,2-Melm¢® 1974 this work

Fe(TPivP)(CO) 1-Melm 489 19660 7,59
1,2-Melm 496 1962 59
1-Melm 497 20062 10,31
1,2-Melm 1999 31

Fe(PocPivP)(CO) 1-Melm 500 1964 10, 27
1,2-Melm 502 10

Fe(TPP)(CO) 1-Melm 486 59
1,2-Melm 494 1970 31, 59

a Spectra were obtained in benzene unless otherwise rfokagol.
¢ Krytox oil.5* 9 Toluene gives the same stretching frequency.

an IR spectrometer. This research was kindly supported by the
U.S. National Institutes of Health (Grant HL-13157).

Supporting Information Available: Tables S+SV and SVI-SX,
giving crystallographic data, atomic coordinates, equivalent isotropic
displacement parameters, additional bond lengths and angles, anisotropic
displacement parameters, and hydrogen atom coordinates and isotropic
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