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Abstract: The structures of the sterically protected “pocket” porphyri(ot-PocPivP) 1), and the “capped” porphyrins
H2(Cs-Cap) @), Fe(G-Cap)(CO)(1-Melm) 8), Hx(Cs-Cap) @), and Fe(G-Cap)(Cl) 6) have been determined by
single-crystal X-ray diffraction methods. Compouridd each pack with one independent porphyrin unit and solvate
molecules in the unit cell. Compouriiipacks with two crystallographically independent porphyrins and solvate
molecules in the unit cell. The structure bfs the first of a pocket porphyrin in which there are no ligands bound
inside the protected region. This structure reveals that the main form of distortion that occurs when a ligand binds
inside the protected region is the lateral movement of the benzene cap relative to a position above the centroid of the
porphyrin. In1 this lateral displacement is 1.86 A whereas this displacement is 3.30 A faFe(PivP)(CO)(1,2-
Me,lm). Comparison of the free-base struct@revith the Fé carbonyl3, where the CO ligand is bound under the

cap and the 1-Melm ligand is bound opposite the cap, reveals that there is little lateral distortion Ghae C
system, but there is significant vertical expansion of the cap upon coligation to the Fe center. The distance of the
cap centroid from the mean porphyrin plane increases 2.37 A to accommodate the CO ligand, from 32®A in

5.86 A in3. The Fe-C—0 angle in3 is 178.0(13). In the structures of the £Cap systemd and5 there is
sufficient space for the binding of small ligands, such as CO and$well as larger ligands. Compouhdrystallizes

with a CHCE solvate molecule under the cap. The distances from cap centroid to porphyrin plane iiGlag C
structures are 7.28, 7.12, and 7.66 A #05A, and5B, respectively. This is significantly greater than the distance

of 5.6 A in Fe(G-Cap)(CO)(1-Melm) and 5.86 A i8. The relation between these structural changes on ligation
and the binding properties of these systems for CO an @xplored.

Introduction This barrier makes the binding of CO, which prefers a linear
The study of the binding of small molecules to sterically conformatiory, energetically unfavorable while still allowing

protected porphyrins that model the heme active site, along with €10Ugh space for Owhich prefers a bent geomettyProtein
structural characterization of these systems, has been an activgtructure detggnlnatlons have provided a wide range of Fe
method of probing important structuréunction relationships ~ C O angles; ™2 but lack of precision in such determinations
exhibited by the hemoproteins hemoglobin (Hb) and myoglobin weakens support for steric constraints on'th.e bqund CQ ligand.
(Mb).1~4 One relationship of Hb and Mb for which model To address the nature of steric discrimination against the
compounds have been especially useful is their discrimination Pinding of CO many types of sterically encumbered porphyrins
against the binding of C®. Compared with nonbiological ~have been synthesized over the past quarter century. Repre-
porphyrins, the value dfl = P1,,%2/P1,,50 5 for Hb and Mb is sentative examples include “strappéé™® “picnic basket"20-24

f5|gn.|f|car.1tly smaller, and hen(,:e Qlthgﬁ mnd'”g, .'S stabilized . (6) Collman, J. P.; Brauman, J. |.; Halbert, T. R.; Suslick, KP8oc.
in biological systems or CO binding is destabilized. In fact it Natl. Acad Sci U.SA. 1976 73, 3333-3337.
is likely that both of these processes contribute to the lower  (7) Peng, S.-M.; Ibers, J. AL Am Chem Soc 1976 98, 8032-8036.
value of M. However, the chemistry of the two processes is . (8)Jameson, G.B. Rodley, G. A.; Robinson, W. T.; Gagne, R. R; Reed,
. (ﬁ A.; Collman, J. Plnorg. Chem 1978 17, 850-857.

different, and thg processes can be addressed separately through (g) Quillin, M. L.; Arduini, R. M.; Olson, J. S.; Phillips, G. N., Jd.
the proper design of model systems. The argument for the Mol. Biol. 1993 234, 140-155.

ilizati indi i ; (10) Cheng, X.; Schoenborn, B. B. Mol. Biol. 1991, 220, 381—-399.
St;'bmzitlon (lj.f Q gmdrl]ng reStshon the electr]?nl(zjenVIrbqll_’]ant (11) Derewenda, Z.; Dodson, G.; Emsley, P.; Harris, D.; Nagai, K.;
about the @ ligand whereas the argument for destabilization perytz, M.; Reynaud, J.-B. Mol. Biol. 1090 211, 515-519.
against CO binding assumes that steric forces are exerted on (12) Kuriyan, J.; Wilz, S.; Karplus, M.; Petsko, G. A.Mol. Biol. 1986
the CO ligand® A more polar environment inside the protein 192 133-154.

P - . - . i (13) Baldwin, J. E.; Crossley, M. J.; Klose, T.; O'Rear, E. A,, IlI; Peters,
cavity, including hydrogen bonding, is tailored to stabilize the , ° Tetrahedron1982 38, 27--39.

polar Fe-O, bond while having little effect on the relatively (14) Ricard, L.; Fischer, J.; Weiss, R.; Momenteau,Néw. J. Chim
nonpolar Fe-CO bond. Destabilization of CO binding is 1984 8, 639-642.

; ; ; ; (15) Traylor, T. G.; Mitchell, M. J.; Tsuchiya, S.; Campbell, D. H.;
believed to be the result of a steric barrier created by the protem.swnes‘ D. V.. Koga, NJ. Am Chem Soc 1981, 103 5234-5236.

® Abstract published if\dvance ACS Abstractdjarch 15, 1996. (16) Traylor, T. G.; Tsuchiya, S.; Campbell, D.; Mitchell, M.; Stynes,
(1) David, S.; Dolphin, D.; James, B. R. Frontiers in Bioinorganic D.; Koga, N.J. Am Chem Soc 1985 107, 604-614.

Chemistry Xavier, A. V., Ed.; VCH: Weinheim, 1986; pp 163.82. (17) David, S.; James, B. R.; Dolphin, D.; Traylor, T. G.; Lopez, M. A.
(2) Jameson, G. B.; Ibers, J. &omments InorgChem 1983 2, 97— J. Am Chem Soc 1994 116, 6—14.

126. (18) David, S.; Dolphin, D.; James, B. R.; Paine, J. B., lll; Wijesekera,
(3) Momenteau, M.; Reed, C. hem Rev. 1994 94, 659-698. T. P.; Einstein, F. W. B.; Jones, Tan J. Chem 1986 64, 208-212.
(4) Jameson, G. B.; Ibers, J. A. Bioinorganic ChemistryBertini, I., (19) Traylor, T. G.; Koga, N.; Deardurff, L. A.; Swepston, P. N.; Ibers,

Gray, H. B., Lippard, S. J., Valentine, J. S., Eds.; University Science J. A.J. Am Chem Soc 1984 106, 5132-5143.

Books: Mill Valley, CA, 1994; pp 16%252. (20) Collman, J. P.; Brauman, J. |.; Fitzgerald, J. P.; Hampton, P. D.;
(5) M = P12°%/P5°0, wherePy/2- is the partial pressure of L (& CO, Naruta, Y.; Sparapany, J. W.; Ibers, J. A, Am Chem Soc 1988 110,

0Oy) at half saturation. 3477-3486.
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“picket fence25-28 “pocket” 28730 and “capped®1~38 porphy-

rins as well as hybrids of these different classificati#t®.The
binding of CO and @to these model systems has been studied
extensively. However, owing to the difficulty of obtaining

J. Am. Chem. Soc., Vol. 118, No. 13, 2998

Ru(a-PocPivP)(CO)(1-Melm}? and Ru-PocPivP)(HO)i-
(CO)ut** The capped porphyrin structures will be compared
with those known for the £Cap system, namely fC,-Cap)#°
Fe(G-Cap)(CO)(1-Melm)® and Fe(G-Cap)(Cl)#” and the G-

crystals of these elaborated porphyrin systems, especially thoseCap structure will be compared with that of Ce{Cap)*8 Close

where Q is a ligand, only limited structural data are available.
Here we report the structural characterization of the pocket
porphyrin H(a-PocPivP}°304land the capped porphyringH
(Cs-Cap)3L41 Fe(G-Cap)(CO)(1-Melm}2 Hy(C4-Cap)# and
Fe(C-Cap)(CN3* The pocket porphyrin structure will be
compared with the structures of BelPocPivP)(CO)(1-Melmj?

(21) Ricard, L.; Weiss, R.; Momenteau, M. Chem Soc, Chem
Commun 1986 818-820.

(22) Schappacher, M.; Fisher, J.; Weiss|rirg. Chem 1989 28, 389~
390.
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(31) Almog, J.; Baldwin, J. E.; Crossley, M. J.; Debernardis, J. F.; Dyer,
R. L.; Huff, J. R.; Peters, M. KTetrahedron1981, 37, 3589-3601.

(32) Budge, J. R.; Ellis, P. E., Jr.; Jones, R. D.; Linard, J. E.; Szymanski,
T.; Basolo, F.; Baldwin, J. E.; Dyer, R. L. Am Chem Soc 1979 101,
4762-4763.

(33) Hashimoto, T.; Dyer, R. L.; Crossley, M. J.; Baldwin, J. E.; Basolo,
F.J. Am Chem Soc 1982 104 2101-2109.

(34) Shimizu, M.; Basolo, F.; Vallejo, M. N.; Baldwin, J. Forg. Chim
Acta 1984 91, 247—250.

(35) Garcia, B.; Lee, C.-H.; Blask@\.; Bruice, T. C.J. Am Chem Soc
1991, 113 8118-8126.

(36) Zhang, H.-Y.; BlaskpA.; Yu, J.-Q.; Bruice, T. CJ. Am Chem
Soc 1992 114, 6621-6630.
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113 3998-4000.

(38) Collman, J. P.; Zhang, X.; Herrmann, P. C.; Uffelman, E. S.; Boitrel,
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S. R,; Klose, TJ. Chem Soc, Dalton Trans 1984 1739-1746.

(40) Tetreau, C.; Lavalette, D.; Momenteau, M.; Fischer, J.; Weiss, R.
J. Am Chem Soc 1994 116, 11840-11848.

(41) Abbreviations: PocPivE a porphyrin with three-CH,(CO)NH—
linkages connecting the 1,3,5-positions of a benzene cap to the ortho
positions of TPP and a pivalamido arm extending from the ortho position
of the fourth phenyl group of TPP in either tle(toward the cap) off
(away from the cap) direction; TPP tetraphenylporphyrinato dianion;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 positions of TPP; 1-Melm
= 1-methylimidazole; 1,2-Mgm = 1,2-dimethylimidazole; Py pyridine;
1,5-DCIm = 1,5-dicyclohexylimidazole; Deut= deuteroporphyrinato
dianion; Proto= protoporphyrin IX dimethyl ester dianion; TTOMeRP
mesetetra(3,4,5-trimethoxyphenyl)porphyrinato dianion;£iy(n = 6—10)
= porphyrin with a strap of the type-NH(CO)(CH,),(CO)NH— linking
the ortho positions of opposite phenyl groups of TPP and pivalamido groups
extending from the ortho positions of the remaining two phenyl groups of
TPP in thea direction; Pl =-BHP = porphyrin with two straps of the type
—O(CHy)4— linking the 1,4 positions of a benzene cap to opposite phenyl
groups of TPP, one strap on each face of the porphyrin; Dunéme= a

examination of the structural changes that take place when small
molecules bind under the cap will be used to address the binding
behavior previously reported for these poéReind capped
porphyrirg2-34.49.50gystems.

Experimental Section

Material. All solvents were reagent grade. Methanol was dried
by refluxing over Mg(OCH),; CHCl; was dried by refluxing over CaH
CeFs was stored ove4 A molecular sieves angthexane was refluxed
over Na. NaS;0O,was purchased from Aldrich and used without further
purification. H(a-PocPivP3® was a gift from Prof. J. P. Collman..H
(Cs-Cap), Fe(G-Cap)(Cl), H(Cs-Cap), and Fe(£Cap)(Cl) were kindly
supplied by Prof. J. E. Baldwift.

X-ray Structure Determinations. Data were collected on either
an Enraf Nonius CAD4 or a Picker diffractometer. Unit cell parameters
were determined by least-squares refinement of at least 25 reflections
that had been automatically centered on the diffractometer. Intensity
data were collected, processed by methods standard in the laboratory
for the individual diffractometers, and corrected for absorptiofhe
direct methods program SHELX&vas used for structure solution and
the program SHELXL-9% for structure refinement. The program
package SHELXTL P& was used for the ensuing molecular graphics
generation.

H2(a-PocPivP)2.5GFes. Hx(o-PocPivP) 1) (~4 mg) was dissolved
in a 1:4 solution of CHGland GFs (~8 mL), and the solvents were
allowed to evaporate slowly over a period of several months. X-ray
quality crystals formed just above the solvent level. The trapezoid
shaped crystals were too large, and the chosen crystal was cut into a
block.

This purple block was coated with Krytox #ilto prevent solvent
evaporation. It was then mounted in the cold stream of an Enraf Nonius
CAD4 diffractometer. Cell reduction and systematic absences were
consistent with the monoclinic space grow,-P2,/n. Crystal-
lographic details are given in Table 1. The final refinerfiénn F2
involved an anisotropic model for all non-hydrogen atoms and fixed
positions for the hydrogen atoms. There were 12 879 independent
observations and 931 variables. This refinement converged tR the
indices given in Table 1. The atom-labeling scheme is given in Figure
1. Table 2 provides selected bond distances. Additional crystal-
lographic data, atomic coordinates and equivalent isotropic displacement
parameters, additional bond lengths and angles, anisotropic displacement
parameters, and hydrogen-atom coordinates and isotropic displacement
parameters are available in Tables-SV .5

H2(Cs-Cap)-CHCI3-3CsH14. Hy(Cs-Cap) @) was dissolved in
CHCls. n-Hexane was allowed to diffuse into the solution over a period

(45) Jameson, G. B.; Ibers, J. A.Am Chem Soc 198Q 102 2823~
2831.

(46) Kim, K.; Ibers, J. AJ. Am Chem Soc 1991, 113 6077-6081.

(47) Sabat, M.; lbers, J. Al. Am Chem Soc 1982 104, 3715-3721.
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J. Am Chem Soc 198Q 102, 1896-1904.
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D.; Basolo, F.; Hoffman, B. MProc. Natl. Acad Sci U.SA. 1982 79,

strapped porphyrin with a 1,4-substituted, 2,3,5,6-tetramethylbenzene cap5742-5745.

containing—(CHy),— chains bonded to the trans pyrrole rings of a porphyrin
that is alkylated with methyl or ethyl groups at the otBgsyrrolic positions.

(42) Kim, K.; Fettinger, J.; Sessler, J. L.; Cyr, M.; Hugdabhl, J.; Collman,
J. P.; Ibers, J. AJ. Am Chem Soc 1989 111, 403-405.

(43) Slebodnick, C.; Seok, W. K.; Kim, K.; Ibers, J. korg. Chim
Acta in press.

(44) Slebodnick, C.; Kim, K.; Ibers, J. Anorg. Chem 1993 32, 5338—
5342.

(51) de Meulenaer, J.; Tompa, tActa Crystallogr 1965 19, 1014
1018.

(52) Sheldrick, G. M. SHELXTL PC Version 5.0 An Integrated System
for Solving, Refining, and Displaying Crystal Structures from Diffraction
Data. Siemens Analytical X-Ray Instruments, Inc. Madison, WI, 1994.

(53) Sheldrick, G. MJ. Appl. Crystallogr,, to be submitted.

(54) Krytox oil is a product of Dupont.

(55) Supporting information.
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Table 1. Selected Crystallographic Data

Slebodnick et al.

compd H(o-PocPivP) 1) H2(Cs-Cap) @) Fe(G-Cap)(CO)(1-Melm)B) Hy(Cs-Cap) @) Fe(G-Cap)(Cl) 6)
chem C51H45N804'2.5C6F6 C56H52N4012'CHC|3' C71H52F€MO]_3‘CHC|3'2H20 C70H56N4OJ_2‘2CHCl3 C70H60C|F9N1012'1/2CHC|3'
formula 3CsH14 1/2CGH14
4
fw 1420 1471 1408 1384 1318
space C5-P2,/n G-P2,/n C-P2,/c Dy-Pbca G-P1
group
a A 16.920(2) 20.546(8) 18.422(12) 14.359(3) 17.841(6)
b, A 21.565(2) 15.661(7) 15.932(12) 20.803(4) 18.125(4)
c, A 17.989(1) 22.919(9) 22.54(2) 43.690(9) 24.953(9)
a, deg 90 90 90 90 111.83(3)
B, deg 97.664(8) 111.144(12) 90.76(2) 90 98.85(3)
v, deg 90 90 90 90 93.79(2)
v, A3 6505(1) 6878(5) 6614(8) 13051(5) 7334(4)
z 4 4 4 8 4
density, 1.450 1.420 1.414 1.409 1.194
glcm?
radiat’iLc\)n Cu Ko, (1.5406) Cu Ku (1.5406) Mo Koy (0.7093) Mo Koy (0.7093) Cu K (1.5406)
(., A)
u, cmt 10 18 4 3 30
T,°C —167(2) —167(2) —167(2) —167(2) —167(2)
R(F) 0.074 0.12 0.15 0.17 0.15
Ry(F?) 0.206 0.254 0.297 0.310 0.264
(76
03
5 I N oL
~46-47 — 6—47¢ 5
§1——45] a8 X 02/54 45\/4 /48—-?—62/\
50—a9.__s4—0p \ J059 51 X
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Figure 1. Labeling schemes for Ho-PocPivP) 1), Hx(Cs-Cap) @), Fe(G-Cap)(CO)(1-Melm) 8), Hx(Cs-Cap) @), and Fe(G-Cap)(Cl) 6).

of several months to afford X-ray quality crystals.

were consistent with the monoclinic space groDR-P2,/n. Badly

refinement. Consequently, the BYPASSubroutine in the program
A crystal was coated in oil and mounted in the cold stream of a package PLATORFwas used. In this method, potential solvent regions
Picker diffractomete?® Unit cell dimensions and systematic absences in the crystal structure are identified from considerations of space filling.

The contributions to the total structure factors of the observed contents

disordered solvent could not be modeled successfully during structure in these regions are calculated by a discrete Fourier transform, and the

(56) Huffman, J. C. Ph.D. Dissertation, Indiana University, 1974.

(57) van der Sluis, P.; Spek, A. |Acta Crystallogr, Sect A: Found
Crystallogr. 199Q 46, 194-201.

(58) Spek, A. L.Acta Crystallogr, Sect A: Found Crystallogr. 1990
46, C34.

results are incorporated into the structure factors for further least-squares
refinement of the ordered part of the structure. The procedure is iterated
to convergence. In the present instance, electron density totaling 830
e~ was subtracted, corresponding to a total of sixteen solvent molecules
(CHCI; = 58 & and hexane= 50 €) or four solvents per porphyrin
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Table 2. Selected Bond Distances (A) for Porphyrihs5

Fe(G-Cap)(Cl)
Ha(a-PocPivP) 1)  Hi(Cs-Cap) @)  Fe(G-Cap)(CO)(1-Melm)8)  Hi(Cs-Cap) @) (5A) (5B)
Fe—C(CO) — — 1.800(13) — — —
C—O(FeCO) — — 1.107(13) — - -
Fe—Lax — — 2.046(10) — 2.243(3) 2.226(3)
av Fe-Neq - - 1.99(2) - 2.073(23) 2.071(7)
av N—C, 1.370(2) 1.376(12) 1.388(12) 1.383(7) 1.381(12) 1.378(14)
avCG—GCy 1.442(3) 1.451(12) 1.436(8) 1.424(11) 1.424(6) 1.423(11)
av G—Cp 1.344(6) 1.376(20) 1.356(17) 1.330(7) 1.337(13) 1.345(9)
av G—Cn 1.396(7) 1.372(14) 1.383(13) 1.394(6) 1.414(24) 1.407(14)
Table 3. Selected Bond Angles (deg) for Porphyridgnd5 anisotropic displacement parameters, and hydrogen-atom coordinates
Fe(C-Cap)(L) gr;((i/igsotropic displacement parameters are available in Tables SXI
Fe(G-Cap)(CO)(L)  5A 5B '

H2(C4-Cap)-2CHCls. X-ray quality crystals were grown by slow

S3(ta=1-Melm) (Lax=Cl) (La=Cl) diffusion of CHOH into a CHC} solution of H(C,-Cap) @).

O(CO)-C(CO)-Fe 178.0(13) - - A crystal was coated in oil and mounted in the cold stream of a
C(CO)y-Fe-N(1) 89.9(4) - - Picker diffractometef® Cell dimensions and systematic absences were
gggg)):ig:mgg gggggg _ _ consistent with the orthorhombic space grddjj-Pbca Successful
C(COY-Fe-N(4) 92:1(5) _ _ refinement of the structure was plagued by the presence of a c_iisordered
C(CO)-Fe—Lay 178.9(5) _ _ CHCI; solvate molecule, which was modeled as occupying two
N(1)—Fe—Lay 90.9(4) 99.4(2) 99.7(2) conformations with occupancies that refined to 0.46(1) and 0.54(1).
N(2)—Fe—Lay 88.7(4) 104.1(2) 104.7(2) An anisotropic model for the lighter atoms was not successful,
N(3)—Fe—Lax 86.9(4) 105.2(2) 103.6(2) presumably owing to deficiencies in our modeling of the solvent
N(4)—Fe—Lax 88.6(4) 102.2(2) 99.8(2) molecule so only the Cl atoms were refined anisotropically. The final
N(1)—Fe—N(2) 89.1(4) 88.3(4) 88.0(3) refinement® on F2 of 435 variables and 7053 independent observations
N(1)—Fe—N(3) 177.9(3) 155.4(3)  156.7(3) converged to th&indices given in Table 1. The atom-labeling scheme
N(1)—Fe—-N(4) 90.2(4) 87.0(4) 87.8(4) is given in Figure 1. Selected bond distances are given in Table 2.
N(2)—Fe-N(3) 90.9(4) 86.7(3) 86.0(4) Additional crystallographic data, atomic coordinates, equivalent iso-
“gg_'ﬁ:“gig 1;;3((2)) 18563;((::33)) 1;’85'3?(%) tropic displacement parameters and occupancies for all atoms (including

hydrogen atoms), additional bond lengths and angles, and anisotropic
displacement parameters are available in Tables S>8KIX.%°

molecule. Prior to applying the BYPASS option, the electron density ~ F€(C-Cap)(Cl)-*/>:CHCl3/oCeH1s. X-ray quality crystals were
difference map suggested the presence of atoms heavier than carbor™Wn by slow diffusion ofn-hexane into CHGlsolution of Fe(G-

so the solvent combination was assigned as one €ld@dl three Cap)(C)) ).
n-hexane molecules per porphyrin. The final refinerfenn F2 of A crystal was coated in oil and mounted in the cold stream of an
739 variables and 7288 observations converged t&Rtimelices given Enraf Nonius CAD4 diffractometer. Unit cell dimensions and the

in Table 1. The atom-labeling scheme is given in Figure 1. Selected lack of systematic absences were consistent with the triclinic system.
bond distances are given in Table 2. Additional crystallographic data, From the agreement among Friedel pairs the centrosymmetric space
atomic coordinates and equivalent isotropic displacement parameters 3r0UP Plwas assumed. One arm to the cap and a G@late were

additional bond lengths and angles, anisotropic displacement parametersdisordered. These were modeled as occupying two conformations. The

and hydrogen-atom coordinates and isotropic displacement parameterdccupancies found were 0.46 and 0.54 and 0.70 and 0.30 for the arm
are a\)//ailagle in Tables S\IHSX 55 I pic disp P and the CHG, respectively. Even after this refinement, significant

residual electron density peaks remained that could not be easily

Fe(Cs-Cap)(CO)(1-Melm)-CHCI52H0. Under a CO atmosphere  jnerpreted. Consequently, the subroutine BYPHSS the program
Fe(G-Cap)(Cl) €-20 mg) was dissolved in CHE(S mL) and stirred package PLATORP was used. A total of 71 ewas subtracted from
over 0.3 M aqueous N&O, for 5 min. The aqueous layer was  the structure factors, corresponding to approximatelyniiféxane per
removed. The CHGllayer was dried over N8Q,, one drop of porphyrin molecule. The final refinement &A involved an anisotropic
1-Melm was added, and the solution was transferred to several diffusion model for all non-hydrogen atoms, except O11 and O11A, C68 and
tubes. X-ray quality crystals were obtained by slow diffusion of C68A, and C69 and C69A of the disordered arm and the atoms of the
n-hexane into the CH@Ilsolution. disordered CHGIl This refinemer of 1632 variables and 21119

A crystal was coated in oil and mounted in the cold stream of a Observations converged to tReindices given in Table 1. The atom-
Picker diffractomete? Cell dimensions and systematic absences were labeling scheme is given in Figure 1. Selected bond distances and
consistent with the space gro3,-P2,/c. Successful refinement of ~ @ngles are given in Tables 2 and 3, respectively. Additional crystal-
this structure was plagued by residual electron density that could not /09raphic data, atomic coordinates, equivalent isotropic displacement
be modeled in a totally satisfactory way. Two strong residual electron Parameters, and occupancies for all atoms (including hydrogens),
density peaks did not resemble expected solvent molecules. Owing to@dditional bond lengths and angles, and ar;;sotroplc displacement
their locations (2.55 A (O14015) and 3.05 A (O15015)) they were  Parameters are available in Tables SXIXXIII.
presumed to be oxygen atoms of water molecules. Water could have ] )
been introduced during the reduction of the Fe center with aqueous Results and Discussion

N&S;0s.  An anisotropic model for all atoms was not successful, Structure of Ha(a-PocPivP)2.5CsFs. The crystal structure

presumably owing to deficiencies in our modeling of the solvent; all . . .
but the two water oxygen atoms and seven atoms of the porphyrin of Hy(a-PocPivPj2.5GFs consists of the packing of one

were refined anisotropically. The final refinem&non F2 of 830 crystallographically independent porphyrin molecule and 2.5
variables and 8694 independent observations converged Ritiices hexafluorobenzene solvent molecules in the cell. There are no

given in Table 1. The atom-labeling scheme is given in Figure 1. Unusual intermolecular interactions. In the(éd-PocPivP) 1)
Selected bond distances and angles are given in Tables 2 and 3portion of the structure the protected area consists of a benzene
Additional crystallographic data, atomic coordinates and equivalent cap linked at the 1,3,5-positions by three-atom arms of the type
isotropic displacement parameters, additional bond lengths and angles,—CH,(C=0)NH-— to the ortho positions of three phenyl groups



3220 J. Am. Chem. Soc., Vol. 118, No. 13, 1996 Slebodnick et al.

S5A

5B

Figure 2. Stereoviews ofl—5. Hydrogen atoms are omitted.

of 5,10,15,20-tetraphenylporphyrin. The pivalamido group,  Hx(a-PocPivP3i2.5GFs is the fourth structure to be reported
which is connected to the ortho position of the fourth phenyl for the PocPivP system, but the first structure with no ligand
group, extends in thex direction, or toward the cap. A  under the cap. Its structure allows an analysis of the types and
stereoview ofl is shown in Figure 2. amounts of distortions that take place in the PocPivP system
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Table 4. Porphyrin Distortions

av deviation M deviation vertical lateral
dihedral from 24-atom from 24-atom displacement displacement
structure anglé plane, A plane, & of cap, & of cap, & OFe-C—0O ref
Hz(o-PocPivP) 12.7 0.10 - 4.21 1.86 - this work
Ru(3-PocPivP)(HO)in(CO)ut 13.7 0.21 0.20 4.23 3.01 178.3(3) 44
Ru(a-PocPivP)(CO)(1-Melm) 9.9 0.13 —0.03 4.39 2.82 168(3) 43
5.5 0.15 0.01 4.37 2.74 159(3)

Fe(3-PocPivP)(CO)(1,2-Mgm) 17.6 0.27 0.01 4.25 3.30 172.5(6) 42
H,(C,-Cap) 0.0 0.13 - 3.96 0.12 - 45
Fe(G-Cap)(Cl) 3.2 0.08 0.47 4.01 0.24 - 47
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)
H2(Cs-Cap) 1.7 0.27 - 3.49 0.20 - this work
Co(Gs-Cap) 1.9 0.31 0.06 3.50 0.20 - 48
Fe(G-Cap)(CO)(1-Melm) 145 0.04 0.03 5.86 1.03 178.0(13) this work
H2(C4-Cap) 6.0 0.08 - 7.28 0.69 - this work
Fe(G-Cap)(Cl) 4.6 0.04 0.49 7.12 0.40 - this work

12.7 0.07 0.46 7.66 0.52 -

aThe dihedral angle is the interplanar angle between the cap and the 24-atom porphyrifi Plasitive value indicates displacement toward the
Cl or the CO group¢ The vertical displacement of the cap is the perpendicular distance of the cap centroid from the mean 24-atom porphyrin plane.
dThe lateral displacement of the cap is defined as the distance of the cap centroid from the above perpendicular.

Table 5. Interplanar Angles (deg) and Amide Orientation for PocPivP Structures

orientation of

compound por-phenyl 1 por-phenyl 2 por-phenyl 3 por-phenyl 4 amide carbonyls 1 and 3
Hz(o-PocPivP) 72.1¢)? 83.6 96.7 ¢) 90.0 +/-b
Ru(a-PocPivP)(CO)(1-Melm) 100.5H) 91.4 92.54¢) 72.4 ++

62.8 (+) 87.8 84.6 {) 71.3 +/—-
Ru(B-PocPivP)(HO)in(CO)ut 71.8 () 85.6 69.1¢) 114.8 +/—
Fe(3-PocPivP)(CO)(1,2-Mgm) 108.8 (+) 97.4 101.8¢) 119.1 +/+

aA (+) indicates the tilt of the phenyl ring moves the cap toward phenyl group 2 ard imdicates it moves it away.A (+) indicates the
oxygen atom of the amide carbonyl group is pointed toward phenyl group 2 anjl iadicates that it is pointed away.

upon ligand binding. Table 4 summarizes these distortions. Thethe greatest lateral displacement of the PocPivP structures, the
centroid of the benzene cap in compounid laterally displaced conditions for lateral displacement of the cap are maximized.
from a position directly above the porphyrin centroid by 1.86 Phenyl groups 1 and 3 are tilted toward phenyl group 2 at angles
A; the cap lies 4.21 A above the mean 24-atom porphyrin plane. of 18.8 and 11.8 from the perpendicular, respectively, and
In the other reported structures of the PocPivP systemRu( both the amide carbonyl groups of the outer arms of the cap
PocPivP)(CO)(1-Melm}2 Ru(3-PocPivP)(HO)in(CO)u,** and are oriented toward phenyl 2.

Fe(3-PocPivP)(CO)(1,2-Mgm),*2 there is significant lateral The nonplanarity of the porphyrin plane1r(0.10 A) is only
displacement of the cap to accommodate the small molecule,slightly less than that of Ra¢PocPivP)(CO)(1-Melm) (0.13
but there is little vertical expansion. The cap moves laterally A and 0.14 A), but significantly less than that of ReRocPivP)-
between 1.0 and 1.5 A, from 1.86 A inyfdi-PocPivP) to 2.8 (H20)in(CO)ut (0.21 A) and of Fe§-PocPivP)(CO)(1,2-Me

A in Ru(a-PocPivP)(CO)(1-Melm) and to 3.3 A in Fs Im) (0.27 A). This suggests that ligand binding has little effect
PocPivP)(CO)(1,2-Mgm). However, the maximum vertical  on distortion of the porphyrin plane, but the orientation of the
expansion is only 0.18 A, from 4.21 A in 4&-PocPivP) to pivalamido ¢ or 8) arm greatly affects nonplanarity. In the
4.39 A in Ru@-PocPivP)(CO)(1-Melm). These results suggest PocPivP compounds the dihedral angle between cap and
that the flexibility of the three-atom arms is severely limited, porphyrin shows no noticeable trend with ligand binding or
as would be expected for the more rigid amide functional groups. orientation of the arm.

Close analysis of the PocPivP structures reveals that the lateral Hy(Cs-Cap)-CHCI3-3CgH14 and Fe(G-Cap)(CO)(1-Melm)--
movement of the cap takes place through two types of distortion. CHCl3-2H,0. Stereoviews of the porphyrin parts of these two
First, the cap can move laterally away from the porphyrin structures are presented in Figure 2. Bot(C4-Cap) @) and
centroid and toward the middle arm (attached to phenyl group Fe(G-Cap)(CO)(1-Melm) 8) consist of the packing of one

2) of the cap by the tilting of phenyl groups 1 and 3. The cap crystallographically independent porphyrin molecule and solvate
can also move laterally by orienting the amide carbonyl groups molecules. The solvate molecules ig(Es-Cap)CHCl3:3CsH14

of the first and third arm so that they also point toward the are disordered and were difficult to model. There are no unusual
phenyl group 2. Both of these types of motion serve to move porphyrin—solvent interactions. The solvent molecules in Fe-
the cap laterally away from the porphyrin centroid and in the (Cs-Cap)(CO)(1-Melm)CHCl3-2H,0 include one ordered CHEI
direction of phenyl group 2. Table 5 summarizes interplanar molecule and two others, assigned as water molecules. Notable
angles between the porphyrin ring and the phenyl groups asintermolecular distances are 2.55 A (0140h+—015(H:0)) and

well as the orientation of the amide groups. Ig(¢t+PocPivP) 3.05 A (015-015), both within range for hydrogen bonding
the lateral displacement of the cap is the smallest of the four interactions. The &Cap of 2 and 3 consists of a 1,2,4,5
structures. The amide carbonyl group of one of the outer arms substituted benzene cap connected by four six-atom linkages
is oriented toward phenyl group 2 and the other carbonyl group of the type—(C=0)O(CH,);0— to the ortho positions of the

is directed toward phenyl group 4. The tilts of phenyl groups phenyl rings of 5,10,15,20-tetraphenylporphyrin. Compound
1 and 3 are also mixed, with phenyl 1 tilted toward phenyl 2 at 2 is unmetalated, whereas compouis a six-coordinate iron

an angle of 17.9while phenyl 3 is tilted toward phenyl 4 atan  species with CO bound to the Fe inside the cap and 1-Melm
angle of 6.7. In Fe3-PocPivP)(CO)(1-2-Mgm), which shows bound to Fe trans to the CO ligand.
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Table 6. Interplanar Angles (deg) for &Cap Porphyrin Structures one hexane in the unit cell is comprised of two half molecules

por-pheny! por-phenyl por-phenyl por-pheny Ioca}ted at inversion centers. '_I'he solvent molecules were
compound 1 2 3 4 assigned and modeled as described above.

Ho(Co-Cap) 76.6 62.2 107.9 119.7 The G-Cap porphyrin has a benzene cap that is connected
Fe(G-Cap)(Cl) 106.7 68.1 96.0 113.1 at the 1,2,4,5 positions by four seven-atom linkages of the type
Fe(G-Cap)(CO)(1-Melm)  102.7 82.4 83.2 112.5 —(CO)O(CH,),O— to the ortho positions of the phenyl rings

97.7 75.9 69.6 104.2 of 5,10,15,20-tetraphenylporphyrin.  The compound ke(C
H2(Cs-Cap) 47.3 92.2 524 81.8 Cap)(ClyY,CHClz+1/,CeH14 s the iron(lll) chloride. The chloro
Co(Gs-Cap) 52.5 80.6 132.3 86.8 limand is outside th Th dinaii v about th
Fe(G-Cap)(CO)(1-Melm)  72.2 114.4 69.0 732 igand is outside the cap. The coordination geometry about the
Hx(Cs-Cap) 75.7 70.3 66.0 68.2 Fe atom is similar to that in other five-coordinate high-spin
Fe(C-Cap)(Cl) 94.0 109.4 88.8 106.3 systems of the type Fe(Por)(Cl) (Table 8). The porphyfins

1123 74.5 69.0 97.7 5A, and5B are all similar with respect to dihedral angle between

cap and porphyrin, deviation from the mean plane, and vertical
The only previously known structure of aCap systemwas  and lateral displacements of the cap (Table 4).
that of Co(G-Cap)*® The conformation of the porphyrin and The twisting that is seen in thes@ap system when no ligand
cap in2 compares well with that of Co¢gCap) with regardto s bound under the cap in not seen in thegeO@p structures.
dihedral angle between cap and porphyrin, mean atomic Instead, the cap is already vertically extended. The presence
deviation from the 24-atom plane, and vertical and lateral of solvent under the cap ihmakes it clear that there is ample
displacement of the cap (Table 4). In these two structures, space to accommodate small molecules, such as CO grasO
where there is no ligand under the cap, the cap is twisted causingwell as larger molecules, such as CH6t smaller axial bases.
two opposite phenyl groups of tetraphenylporphyrin to deviate The binding of an axial base under the cap is reported for both
from being perpendicular to the porphyrin plane. Phenyl groups the G-Cap and G-Cap system&5° The distances of the cap
1 and 3 of both compoun#and Co(G-Cap) deviate from the  centroid from the porphyrin plane are 7.276, 7.125, and 7.664
perpendicular by between 37.8nd 42.7, whereas ir8, where A in 4, 5A, and5B respectively. These distances are signifi-
there is a ligand under the cap, the largest deviation is only cantly longer than those for the two capped porphyrin carbonyl
24.% (phenyl 2) (Table 6). Modest tilting occurs in the five-  structures Fe(€Cap)(CO)(1-Melm) £5.6 Ay and Fe(G-
atom linked G-Cap porphyrin system (phenyls 2 and 4), but Cap)(CO)(1-Melm) (5.86 A). This suggests that ligand binding
the longer arms of the &Cap allow for significantly more  in the G-Cap system involves displacement of solvent or base
distortion. The tilting of the phenyl groups is very different under the cap.
from that in the PocPivP system, where they tilt to move the  Structure-Binding Relationships in Model Porphyrins.
cap away during ligand binding. In addition, unlike the PocPivP Taple 9 lists @ and CO binding constants for selected model
system, lateral movement of the cap is minimized, presumably and biological systems. As noted earfecare must be
owing to the presence of a fourth arm holding the cap over the exercised in comparing such data. Nevertheless, it is convenient
porphyrin. The maximum displacement of a cap centroid from to discuss trends in these binding data within the framework of
a position above the porphyrin centroid is 1.03 A, significantly central and peripheral steric effects that are presumed to occur
less than the displacement in all four of the PocPivP structureson the distal, as opposed to the proximal side, of the protein or
(Table 4). However, this displacement of 1.03 A is sufficient trans to the axial base for the modédsCentral steric effects
to move the cap so that only atom C45 is above the oxygen include any interactions from directly above the porphyrin plane;
atom (013) of the carbonyl group at a distance of 3.174 A.  peripheral steric effects refer to side-on interactions. Central
The untwisting of the cap, in combination with the reorienta-  steric effects should reduce CO affinity but have little effect on
tion of the arms, causes the cap to expand vertically 2.36 A to O, affinity as CO bonds in a linear fashion whereast®nds
accommodate CO, from 3.5 A in bothand Co(G-Cap) to in a bent fashion. For the same reason peripheral steric effects
5.86 A above the mean porphyrin plane@n The size of the  should reduce ©binding but not CO binding. One would
cavity and the amount of expansion that takes place are greatelexpect that as the length of thg €hains in these model systems
than those reported for theCap system, where the cap s decreased with concomitant increase in central steric effects
expands approximately 1.6 A, from 3.96 or 4.01 A in(€- CO binding should decrease. Indeed, of the models in Table
Cap)® and Fe(G-Cap)(Cl);7 respectively, to 5.57 and 5.67 A 9, the trends iM values for all but the GCap systems indicate
for the two crystallographically independent molecules of Fe- discrimination against CO binding as the length of the arms or
(C2-Cap)(CO)(1-Melmyé Unlike many of the nonlinear Fe straps is decreased. Althoulyhvalues for the G:Cap systems
C—0 linkages reported for Mb and H8;*the Fe-C—O angle cannot be calculated from the available data, the trend in the
in 3is essentially linear (178.0(13) This angle is consistent  yajues forPy,°C is unexpected, with £Cap= Cs-Cap < Cs-
with the Fe-C—O angles reported for other heme model Cap3334 There are two possible explanations for this trend.

complexes (Table 7). As we noted above, for £Cap the binding of CO or ©may
Ha(C4-Cap)-2CHCI3 and Fe(G-Cap)(Cl)-/2CHCI3+/2CeH14. involve a displacement reaction rather than a simple ligation
Stereoviews of the porphyrin XCs-Cap) @) of Hx(Cs-Cap)- reaction. It is clear from the structure ob(€,;-Capy2CHChk
2CHCk and the two crystallographically independent porphyrin that solvents can and do get trapped under the cap. If such
molecules of Fe(¢&Cap)(Cl) 6A and5B) of Fe(G-Cap)(Cly solvent molecules are noncoordinating, for example toluene or

Y/,CHCI+*/,CeH14 are presented in Figure 2. The structure of CHCI,, then in ligand binding studies there would be little
H(C4-Cap)2CHCk consists of the packing of one crystallo-  change in the spectra, but there could be major changes in the
graphically independent porphyrin molecule and two chloroform pinding constants compared with other porphyrin systems.
solvate molecules. The CHgholecule, located under the cap — Alternatively, there is the possibility that in solution the cap in

is disordered and was modeled as occupying two positions with the G-Cap system may be twisted to an even greater extent
occupancies of 0.455(11) and 0.545(11). The structure of Fe-

_ 1 .1 i i (59) Ellis, P. E., Jr.; Linard, J. E.; Szymanski, T.; Jones, R. D.; Budge,
(Cs-Cap)(Cl}y /_ZCHCI_S /,CeH14 CONSIiSts of_the packing of two 3. R Basolo, FJ. Am Chem Soc 1980 102, 1889-1896.
crystallographically independent porphyrin moleculgd @gnd (60) Traylor, T. G.; Campbell, D.; Tsuchiya, S.; Mitchell, M.; Stynes,

5B), one chloroform solvate, and omehexane solvate. The D.V.J Am Chem Soc 198Q 102 5939-5941.
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Table 7. Metric Data for Selected Carbonylated Metalloporphyrins

Fe-N(av)(A) Fe-C(CO)(A) C-O(A) Fe-C-—O(deg) Fe-L (transto CO) (A) ref
Fe(TPP)(Py)(CC} 2.02(3) 1.77(2) 1.12(2) 179(2) 2.10(1) 7
Fe(Deut)(CO)(THP} 1.98(3) 1.706(5) 1.144(5) 178.3(14) 2.127(4) 65
Fe(PiwCe)(CO)(1-Melm)t 1.981(3) 1.733(4) 1.149(5) 178.3(5) 2.045(2) 40
Fe(PiwCg)(CO)(1-Melm}* 1.991(4) 1.752(4) 1.149(6) 178.0(5) 2.039(3) 40
Fe(PivwCi10)(CO)(1-Melm)t 1.999(3) 1.728(6) 1.149(6) 180.0¢0) 2.062(5) 21
Fe(PocPivP)(CO)(1,2-Melm) 1.973(8) 1.768(7) 1.148(7) 172.5(6) 2.079(5) 42
Fe(G-Cap)(CO)(1-Melm) 46
molecule 1 1.990(7) 1.742(7) 1.161(8) 172.9(6) 2.043(6)
molecule 2 1.988(13) 1.748(7) 1.158(8) 175.9(6) 2.041(5)
Fe(G-Cap)(CO)(1-Melm) 1.992(21) 1.800(13) 1.107(13) 178.0(13) 2.046(10) this work
aBy symmetry.
Table 8. Metrical Data for Selected Fe(Por)(Cl) Systems
Fe dev from Fe dev from

compound avFeN,A Fe-ClLA avN-Fe-N,deg avN-Fe—Cl, deg Nsplane  24-atom plane ref
Fe(TPP)(ChH 2.049(9) 2.192(12) - - 0.38 0.38 66
Fe(TPP)(ChH 2.070(9) 2.211(1) 86.8 103.6 0.49 0.57 67
Fe(Proto)(CH! 2.062(10) 2.218(6) 87.0 103.3 0.48 0.55 68
Fe(PhksBHP)(CIy* 2.060(2) 2.207(2) 87.25(5) 102.6(5) 0.46 0.45 14
Fe(TTOMePP)(CH 2.079 2.207(20) 86.2 106 0.53 0.58 69
Fe(Durene-4/4)(Ct} 2.054 2.232(1) 86.8 103.6 0.49 0.64 18
Fe(G-Cap)(Cl) 2.063(3) 2.242(1) 87.2(4) 102.8 0.46 0.47 47
Fe(G-Cap)(Cl) 2.07(2) 2.243(3) 87.2(4) 103(1) 0.46 0.43 this work

2.071(7) 2.226(3) 87.5(5) 102(1) 0.49 0.46
aTetragonal form? Monoclinic form.
Table 9. O; and CO Binding to PePorphyrin Complexes and Hemoproteins
Pl/goz(TOFI') Pl/QCO(TOI'r) M= Pl/zoz/Pl/zco ref
Mb (elephant) 0.62 9.5x 1072 6.5 70
Mb (horseY 0.70 1.8x 1072 39 71
R-state systems

HbA(R)° 0.22()4,0.36(3)¢ 1.4x 10734 160(),260(3) 28, 72-75

Fe(PocPivP)(1-Melm) 0.36 15102 240 28

Fe(MedPivP)(1-Melm) 0.36 6.5 104 550 28

Fe(G-Cap)(1-Melm) 23,45 54x 108 4300 33,49

Fe(G-Cap)(1,5-DCIm) — 7.5x 1073 — 34

Fe(G-Cap)(1,5-DCIm) 54 4.1x 10°° - 33

Fe(G-Cap)(1,5-DCIm) - 0.21 - 34

Fe(PiwCe)(1-Melm) 0.16 1.1x 107 14 77

Fe(PiwCr)(1-Melm) 0.033 2.8x 10* 120 77

Fe(PiwCg)(1-Melm) 0.13 1.2x 10 1100 77

Fe(PiwCio)(1-Melm) 0.03d 4.4x10° 6800 77

Fe(Durene-4/4)(1-Melm) 69 141072 5x 10 17

Fe(Durene-4/4)(DCIm) 139 28102 6 x 10° 17

Fe(Durene-5/5)(DCIm) 83 1R 108 7 x 104 17

Fe(Durene-7/7)(DCIm) 152 15103 9 x 10¢ 17

T-state systems

HbA(T)P 40(),4140(3)¢ 0.3 130(),4700) 28,7476

Fe(PocPivP)(1,2-Mgm) 12,6 6.7x 1072 220 28

Fe(MedPivP)(1,2-Mgm) 12.4 2.6x 1072 480 28

Fe(TalPivP)(1,2-Mgm) 4 1.1x 103 3500 28

Fe(G-Cap)(1,2-Melm) 4000 0.2 2.0x 10 33,49

Fe(G-Cap)(1,2-Melm) 88C¢ 0.14 - 33

Fe(C-Cap)(1,2-Melm) - 41 - 34

Fe(PiwCs)(1,2-Melm) 3.9 0.53 7 40

Fe(PivwC7)(1,2-Melm) 0.95! 3.3x 10724f 29 40

Fe(PiwCs)(1,2-Melm) 5.10f 3.1x 10724f 160 40

Fe(PivCio)(1,2-Melm) 2.7 2.5x 1073af 1100 40

Fe(Durene-4/4)(1,2-M#m) 2.45x 10° 0.66 4x 10° 17

Fe(Durene-5/5)(1,2-M&m) 2.31x 10° 4.8x 1072 6 x 10¢ 17

Fe(Durene-7/7)(1,2-Nm) 2.19x 1¢° 3x 102 9 x 104 17

aMeasurements were made in toluene af@5unless otherwise notetlH,O, pH~ 7.0 °C. 920 °C. ¢ —63 °C. f Solubilities of 7.00x 1076
M/torr and 9.47x 107 M/torr for O, and CO, respectively, were used to calculatg® or P1,°° from the equilibrium constants.

than is the cap in the£Cap system. As a result, more energy linkages to the cap extend from all meso positions of the
would be required to reorient the molecule during ligand binding porphyrin so that peripheral steric interactions occur readily.
and this would manifest itself in a higher valueRf,.3* The The G-Cap structures make it clear that the porphyrin can twist
evident discrimination of the Cap system against;®inding significantly as well as reorient the arms to reduce peripheral
(Table 9) is likely a result of peripheral steric effects. Unlike steric effects, while the £Cap system does not have that
the durene, pocket, and R, systems, in the GCap systems  flexibility.
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Central interactions can bring about three types of structural Profs. Jack E. Baldwin and James P. Collman for the gifts of
changes in proteins and models: (1) increased porphyrin ruffling the porphyrins, and Dr. Kimoon Kim for help with the
or doming, (2) greater expansion of the distal protective group, crystallizations.
or (3) tilting or bending or both of the Fe&C—O linkage. With
the exception of one of the two crystallographically independent
molecules of Ruf-PocPivP)(CO)(1-Melm), structural data for
the pocket and capped porphyrin systems are consistent with
conclusions reached earlier on the flysystems’® The main
types of distortion that occur in the porphyrin upon CO ligation

Supporting Information Available: Tables S+SV, SVI-
SX, and SX+SXV give crystallographic data, atomic coordi-
nates and equivalent isotropic displacement parameters, addi-
tional bond lengths and angles, anisotropic displacement

are ruffling of the porphyrin ring and expansion of the distal Parameters, and hydrogen atom coordinates and isotropic
cavity, but not significant tilting or bending of the FE—O displacement parameters fby 2, and3, respectively. Tables
linkage, as reported in many protein crystal structures. In the SXVI=SXIX and SXX-SXXIII give crystallographic data,
C,-Cap and G-Cap systems, porphyrin ruffling decreases upon atomic coordinates, equivalent isotropic displacement param-
CO ligation, but there is significant expansion of the cap, while eters, and occupancies for all atoms (including hydrogens),
the Fe-C—0O bond remains essentially linear. In the PocPivP additional bond lengths and angles, and anisotropic displacement
system both the mean deviation from planarity and the lateral parameters fo# and5, respectively (61 pages). This material
displacement of the cap increase when a small molecule bindsjs contained in many libraries on microfiche, immediately
underneath the cap (Table 4). One of the crystallographically fo|lows this article in the microfilm version of the journal, can

independent molecules of RufPocPivP)(CO)(1-Melm) has a
Fe—C—0 bond angle of 159(3) similar to that reported recently
in the structure of mutant Mb(CG¥162but nearer 180than

reported in the original Mb structuré!? Since the pocket,

be ordered from ACS, and can be downloaded from the Internet;
see any current masthead page for ordering information and
Internet access instructions.

Piv,C,, and durene model systems do sterically discriminate JA953684X

against CO binding and closely parallel the discrimination seen
in Mb and the R- and T-states of Hb, it seems very likely that

there is not significant off-axis distortion of the CO group in

biological systems. Recent spectroscopic studies also support

this conclusiorf364 In fact, in one such stud§the Fe-C—0O
bond in Mb was found to be oriented7° from the heme
normal.
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