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Agostic bonds are of interest in organometallic chemistry since
they often lead to €H activation! The > C—H interaction
increases the acidity of the agostically bound proton so that
deprotonation with a base frequently resdltaterestingly, the
agostic bond was not widely considered as a possible intermediate
in enzymatic hydrocarbon oxygenations until Collman and co-
workers recently demonstrated the inhibition of cyclohexane
hydroxylation by H or CH, in P-450 model complexes, and they
suggested an agostic alternative to the P-450 rebound mechanism.
Inspired by recent reports, we are aware of the intriguing
tetraphenyl N-confused porphyrin (NCTPE, which has an inner
core C-H bond from the inverted pyrrole ring. To understand Figure 1. Molecular structure of Fe(NCTPP)B8)( Important bond
the bonding interaction between a metal center and an inner core'zeg%'s _(A) and angles (deg): Fefi}(1), 2.361(10); Fe(HN(2),

. ; .140(8); Fe(1)>N(3), 2.024(8); Fe(1yN(4), 2.125(9); C(1)C(2),
C—H, we have prepared and structurally characterized novel iron 1.399(15); C(2)-N(1), 1.387(14); N(3}Fe(1)-C(L), 143.3(4); N(3)
NCTPP complexes. Fe(1)-Br(1), 107.0(3).

The anaerobic reaction of NCTPP and 5 equiv of ReéBra
mixture of CHBCN/THF and a few drops of lutidine gives an olive
green solution. Heating at 6& for 2 h, followed by concentration
and filtration affords green EENCTPP)Br (yield 85%}? The
absorption spectrum recorded in @, shows a Soret band and
3: M=Fe X=Br a broad Q-band at 461 and 744 nm, respectively. These spectral
4: M = Fe, X = §C/H, features resemble those of (2-NH-214CHPP)NI'CI,1° but are

in marked contrast to those of the planar’ANCTPP) complex,

The synthesis of NCTPP was first reported independently by where the Soret band is observed at 447 nm and the Q-band
the groups of LatosGrazynskt and Furuté. The optimization appears with four peaks at 520, 554, 588, and 637 nm. The room-
study performed by the Lindsey grdumcreased the yield to ~ temperature effective magnetic moment obtained by Evan’s
about 35%. NCTPP can exist in various tautomeric forms. method®in CDCl; givesuer = 4.85us. The value is close to the
Theoretical calculations suggest that prearrangement with oneSpin-only value ger = 4.90ug) for a high spin @ Fe(ll) center
inner hydrogen shifting to the outer peripheral nitrogen to give ~ With four unpaired electrons. Preliminary results show thdlt Fe
is energetically feasible.Most NCTPP complexes adopt a (NCTPP)Br can be oxidized to M¢NCTPP)Br under aerobic
porphyrin type, four-coordinated planar core geometry, with a conditions. The Soret band of the oxidized product blue shifts to
metal-carbon bond of about 2.0 AThe nonplanar geomet give a split Soret at 348 and 414 nm, while the Q-band shifts to
with the inverted pyrrole tilted away from the porphyrin plane 564 and 882 nm.
has been structurally characterized from the methylation of planar ~ X-ray single-crystal analysis gives direct information about the
NCTPPNI(ll) at the inner carbon of the inverted pyrrole. In solid state conformation of FENCTPP)Br (Figure 1). The
addition, the NMR spectra of NCTPPCuCl and NCTPPZnCl relatively short distances of 1.399(15) and 1.391(14) for €(1)

suggest a tilted porphyrin coté. C(2) and C(1)-C(19), respectively, show that an’dpydridized
geometry for C(1) is likely. In addition, the bond distances in
* To whom correspondence should be addressed. the porphyrin core agree with the theoretical values for a
(0] 3Bé0<1>khaftv M. Green, M. L. H.; Wang, L. IProg. Inorg. Chem1988§ prearranged tautomer form of NCTPP with a peripheraltN

(2) Gusev, D. G.; Madott, M.; Dolgushin, F. M.; Lyssenko, K. A.; Antipin, and an inner core €H.% The inverted pyrrole ring sharply bends

M. Y. Organometallic200Q 19, 1734.
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Chem. Soc1998 120, 425. 39, 5475.
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Lett. 200Q 2, 1745-1748. Crystallographic data foB: CssH3BrCl,FeN, T = 293 K, MW =
(7) Ghosh, A.; Wondimagegn, T.; Nilsen, HJJ.Phys. Chem. B998 102, 834.40, monoclinic, space gro@?/c, a = 21.466(7),b = 20.877 (7),
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Figure 2. Molecular structure of Fe(NCTPPX&7H)(4). Important
bond lengths (A) and angles (deg): Feff)(1), 2.398(3); Fe(}yN(2),
2.127(2); Fe(1)yN(3), 2.046(2); Fe(yN(4), 2.133(2); C(1)C(2),
1.387(4); C(2-N(1), 1.393(3); N(3)-Fe(1)-C(1), 142.85(10); N(3)
Fe(1>-S(1), 118.61(7).

from the porphyrin plane defined by N(2)N(3)N(4). The average

Fe—N bond distance of 2.096(8) A is within the limits (2.072(6)
2.096(4) A) of high spin five coordinate iron(ll) porphyrin
complexes reported by Scheidt and Réedhe Fe(1)--C(1)
distance of 2.361 A is much longer than the normatEebond
distances found in the literatuteMeanwhile, the distance from

Fe(1) to the inner core hydrogen is only 1.971 A. As is found for
five-coordinate iron porphyrins, the three regular pyrroles are
slightly distorted, with mean deviation of 0.099 A from the plane
defined by 19 atoms on pyrrole rings and methine carbons. The

iron atom sits 0.50 A above the mean plane.
Subsequent reaction of compl8with sodium 4-methylben-
zenethiolate under anaerobic condition give$(RETPP)(S-

C;H-) (4, 78% yield)!® The absorption spectrum of the thiolate
complex mimics that of FENCTPP)Br and suggests that the

conformation and tautomer forms 8fand4 are alike. However,

the solution magnetic moment obtained by Evan’s method in
CDCl; gives uet = 2.77 ug and suggests an intermediate spin

Fe(ll) center.

The crystals o#t were obtained from slow diffusion of hexanes

into a THF/CHCI, solution of4, Figure 2. The high quality data
refine to give a solution with aR factor of 0.046, which allows

for the direct assignment of hydrogens on the porphyrin core from
the differential maps of electron density. Consequently, the

peripheral N-H and the inner core €H in 4 are assigned

unambiguously. The overall structure demonstrates a nonplanar.
geometry with an inverted pyrrole ring tilted away from the

porphyrin plane, as i. In addition to the relatively short bond
distances of C(5C(2) (1.387(4) A) and C(BHC(19) (1.408(4)
A), the bond angles of 106.2 (2¥or N(1)—C(2)—C(1) and

109.3(3Y for C(2)—N(1)—C(20) are consistent with the tautomer
forms in 2 and 3.7 The thiolate ligand occupies the equatorial

position with an Fe(1)yS(1)}-C(45) angle of 106.33(11) The

(14)
(15)

(16)

Scheidt, W. R.; Reed C. hem. Re. 1981, 81, 543.

(a) Magill, C. P.; Floriani, C.; Chiesi-Villa, A.; Rizzolin @org. Chem.
1994 33, 1928. (b) Klose, A.; Solari, E.; Floriani, C.; Chiesi-Villa, A.;
Rizzoli, C.; Re, N.J. Am. Chem. S0d.994 116, 9123.
Fe(NCTPP)(S@&;): absorption spectrum (GBL,) [Amax NM (loge, M2
cm )] 346(4.43), 461(4.69), 741(3.91). Anal. Calcd fogEzeN4-
FeS1THF2CHCl,: N, 5.41; C, 66.16; H, 4.66. Found: N, 5.29; C,
65.75; H, 4.73. Crystallographic data fér CsgHs,FeN,O,S, T = 293
K, MW = 936.96, triclinic, space group—1, a = 13.4489(15)b =
13.6169(15),c = 13.3453(15) Ao = 72.921,8 = 83.036(2),y =
77.615(2),V=2448.005) B, Z=2,D. = 1.271 Mg/nm3, 2. = 0.71073
A, 1 = 0.398 mn1%, F(000) = 984. Data were collected on a Bruker
Smart 1000 diffractometer for 1.59 6 < 27.56. The structure was
solved by direct methods and refined by least-squares adzinstR1

= 0.0464 (WR2 = 0.1003) andS;eer = 0.716.
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Figure 3. Important distances (A) and angles (deg) around the iron
coordination sphere i (left) and4 (right).

mean Fe-N distance of 2.102 A i is comparable to that &,
while the Fe(1)}-C(1) distance of 2.398(3) A is slightly longer
than the 2.361(10) A found iA.

The comparisons of the iron coordination spheres (Figure 3)
reveal significant structural differences betwegmand 4. The
Fe--C(1) distances are comparable 3nand 4. However, the
Fe--H(1) distance of 1.971 A i8 is much shorter than the 2.334
A found in4. Apparently, the flexible inverted pyrrole ring plays
arole in attenuation of the FeH(1) distances. This point of view
is supported by the much more acute angle between the inverted
pyrrole ring and Fe int (116.7) than in3 (126.2). Moreover,
the distance of 4.091 A between Fe and peripheral nitrogén in
is longer than the 3.924 A corresponding distancd.itmpor-
tantly, the solid-state geometry of C{1j(1)---Fe in3 is within
the bond distances of an agostic interaction between iron and
pyrrolic C(1)-H(1) bond* It is likely that the axial ligand may
play a role in attenuating the strength of the agostic interaction.
In our case, the reduced Lewis bascity of bromide creates a
relatively electron-deficient iron center B and results in the
stronger three-center two-electron C{tj(1)---Fe interaction.
Although it may not be as significant as the electronic effect, the
solid-state packing would be another factor that can cause the
interactions® Noticeably, the larger angle of 118.6or S(1)—
Fe(1)-N(3) indicates that the axial ligand leans more toward the
inverted pyrrole ring i4, which gives a more tetrahedral-like
metal center ird rather than square-pyramidal, as found in five-
coordinated iron porphyrin complexes. The much shorter distances
of the Fe-N bonds trans to the inverted pyrrole rings in b8th
and4 suggest stronger electron-donating ability of these pyrrolic
nitrogens to the relatively electron deficient iron centers and
further support the agostic interactions between metal and inner
core C-H bond?

The paramagnetism of both compounds makes quantitative
measurement of the agostic interaction by NMR problematic. We
are currently exploring the preparation of a nonplanar diamagnetic
NCTPP complex for the direct observation of the potential agostic
interaction. The studies on understanding theHCactivation
during the formation of planar N-confused porphyrin metal
complexes are also in progress.
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