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(1.4 ± 0.2) X 10-" sec-1 at 11 ± 3°). The nmr spec­
trum had bands at 8 10.38 (1 H, m), 8.16 (1 H, d, / = 3), 
3.9 (2 H, m), 3.8 (2 H, m), and 3.4 (3 H, m), which is 
comparable to that reported by Winstein for this ion. 14>15 

The use of 2-chlorobicyclo[2.1.1]hexane-2-rfi as the 
reactant led at —75° to a 1:1 mixture of 1-deuterio-
cyclohexenyl and 2-deuteriocyclohexenyl cations. At 
— 65 °, the deuterium begins to scramble about the cyclo-
hexenyl ring. The ratio of the areas of the S 10.18 and 
8.22 bands changed from 3 to 2. Complete scrambling 
of the label was achieved after 6-10 hr at —65°. 

(14) Dr. Philip Warner, private communication. 
(15) The cyclohexenyl cation to methylcyclopentenyl cation has re­

ceived considerable study in alkyl substituted cases: N. C. Deno and 
J. J. Houser, J. Amer. Chem. Soc, 86, 1741 (1964); N. C. Deno and 
R. R. Lastomirsky, ibid., 90, 4085 (1968); T. Sorensen, ibid., 89, 3782, 
3794 (1967); 91, 6398 (1969); T. Sorensen and K. Ranganayakulu, 
ibid., 92, 6539 (1970). 
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Use of 1IZmPt-ItNl as a Probe into the Electronic 
Structure of Some Platinum(II)-Amine Complexes 

Sir: 
The question of the extent of TT bonding in square-

planar platinum(II) complexes remains a subject for 
considerable debate. Although the concept of "back-
bonding" between platinum 5d orbitals and suitable 
ligand orbitals has frequently been invoked to explain 
most static and dynamic phenomena in transition metal 
chemistry including the kinetic trans effect1 and certain 
infrared2 and bond-length data,3 the data obtained to 
date have failed to give an unambiguous answer to this 
problem. 

Among the v interactions most frequently postulated 
are those between phosphorus 3d orbitals and metal d 
orbitals. Of particular interest in this context have 
been the efforts to correlate ^JWt-npl coupling con­
stants with the extent of 7r-bond formation between 
these two nuclei.4~e From such data, Pidcock, et al.,6 

concluded that the very large differences in coupling 
constants between cis and trans platinum(II) complexes 
were due to differences in s character of the hybrids 
used by the platinum atom to form bonds to the phos­
phorus atom. These conclusions are supported by 
extended Huckel MO calculations.7 The question at 
issue here is whether or not such changes occur as a 
consequence of the formation of dT-dT bonds. Thus, 
it seemed desirable to establish the extent of rehybrid-
ization accompanying cis-trans isomerization in systems 

(1) J. Chatt, L. A. Duncanson, and L. M. Venanzi, / . Chem. Soc, 
4456 (1955); L. E. Orgel, J. Inorg. Nucl. Chem., 2, 137 (1956). 

(2) F. Basolo and R. G. Pearson, "Mechanisms of Inorganic Reac­
tions," 2nd ed, Wiley, New York, N. Y., 1967, and references therein. 

(3) P. R. H. Alderman, P. G. Owston, and J. M. Rowe, Acta Crystal-
logr., 13, 149 (1960). 

(4) J. F. Nixon and A. Pidcock in "Annual Review of NMR Spec­
troscopy," Vol. 2, E. Mooney, Ed., Academic Press, London, 1969, 
p 345. 

(5) S. O. Grim, R. L. Keiter, and W. McFarlane, Inorg. Chem., 6, 
1133 (1967). 

(6) A. Pidcock, R. E. Richards, and L. M. Venanzi, / . Chem. Soc. 
A, 1707 (1966). 

(7) S. S. Zumdahl and R. S. Drago, J. Amer. Chem. Soc, 90, 6669 
(1968). 

in which the donor-acceptor bond does not have a sig­
nificant TT component. 

In an effort to obtain an answer to this question, we 
have measured the 15N nmr spectra of some complexes 
of platinum(II) with «-dodecylamine (A) labeled with 
>95 atom % 15N (/ = V2). It was thought that a study 
of the changes in .̂/mpt-uNl for a variety of platinum-
amine complexes, relative to some phosphine analogs, 
might prove revealing. The choice of the amine as well 
as the degree of enrichment were dictated by the need 
for relatively high concentrations of 16N.8 The ob­
served 1IJwIPt-HNl coupling constants are shown in 
Table I. 

Table I. 1IyHSPt-UuI Coupling Constants in Some Platinum 
Complexes of «-Dodecylamine (A) 

No. 

1 
2 
3 
4 
5 
6 
7 

8 

Compound 

CW-[PtCl2As] 
/TOfW-[PtCl2A2] 
CU-[PtBr2A2] 
rTO«j-[PtBr2A2] 
CW-[PtCl4A2] 
CW-[PtBr4A2] 
[PtBrA3]Br 

[PtA4]Br2 

J-

351 
290 
334 
279 
249 
223 
3421 

288' 
298 

° Measured as saturated solutions in chloroform. The data are 
estimated to be correct to ± 2 Hz. b For the nitrogen atom in a 
trans position to bromine. ° For the nitrogen atoms in trans posi­
tions to each other. 

The data can be interpreted in terms of the theory 
developed by Ramsay9 which assumes the dominance 
of the Fermi contribution. Using the equation of 
Pople and Santry10 for the directly bonded X-Y cou­
pling in a covalent bond, one can write the expression 
for the term /̂IUPC-UNI in an abbreviated form as 

1IZuSPt-UNl a (AE)-1APt2KN 2| lApt(6s)(0)| 2 | IAN(2S)(0) 2 

where AE is an average excitation energy, coc2 is the s 
character of the hybrid used by X in the platinum-
nitrogen bond, and [̂ a(O)J2 is the electron density of 
orbital a evaluated at the nucleus. As found for the 
phosphorus complexes examined earlier,6 there is no 
correlation between the Pt-N coupling constants and 
the parameter AE.x J Thus, it appears that the coupling 
is directly proportional to terms involving the s char­
acter of the bonding orbitals. A similar approach has 
been suggested for 15N and has been shown to be valid 
for the 16N-H bond in a series of aniline derivatives.: 2 

Such correlations have also been suggested13 for other 
nuclei, e.g., the 1Iy1KPt-IcI is responsive in a predictable 
manner to the s character of the carbon atom. In this 

(8) / = Vsi natural abundance = 0.36%. The more abundant iso­
tope (/ = 1, natural abundance = 99.64%) possesses a quadrupole 
moment which frequently prohibits accurate measurements of the 
desired spin-spin interactions. 

(9) N. F. Ramsay and E. M. Purcell, Phys. Rev., 85, 143 (1952); 
N. F. Ramsay, Phys. Rev., 91, 303 (1953). 

(10) J. A. Pople and D. P. Santry, MoI. Phys., 8, 1 (1964). 
(11) This is based on the assumption that the lowest energy electronic 

transitions are primary in determining the magnitude of AE and on the 
observation that such transitions show a trend which is opposite to that 
of the observed coupling constants. 

(12) M. B. Bramwell and E. W. Randall, Chem. Commun., 250 
(1969); T. Axenrod, P. S. Pregosin, M. J. Wieder, and G. W. A. Milne, 
/ . Amer. Chem. Soc, 91, 3681 (1969). 

(13) M. H. Chisholm, H. C. Clark, L. E. Manzer, and J. B. Stothers, 
Chem. Commun., 1627 (1971). 
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context it is also interesting to note that the ratio 
/ptdi)/^pt(iv) (see Table I) is found to be 1.41 between 
compounds 1 and 5 and 1.50 between compounds 3 and 
6, values which compare very favorably with the ratio 
calculated on the basis of a change of hybridization 
from dsp2 to d2sp3 and with that of ca. 1.5 obtained for 
some related phosphine complexes.6 The major in­
fluence of changes in s character on coupling constants 
does not appear to be restricted to those arising from 
directly bonded atoms as it is also found that the values 
of 3|7',5Pt-N-c-H| in complexes [Pt(en)2]Cl2 and [PtCI2-
(en)2]Cl2 give a ratio of/Pt(ii)//pt(iv) of 1.60.u 

As found previously in complexes cis- and trans-
[PtX2(R3P)2], the /pt-N values for complexes CM-[PtX2A2] 
are larger than those found for the corresponding trans 
complexes (see Table I), although in the former case 
/pt(ii)//pt(iv) is ca. 1.5 and in the latter case, it is ca. 
1.2. Thus, as found in the case of the phosphine com­
plexes, isomerization in complexes [PtX2Ai] is accom­
panied by a significant amount of rehybridization which 
can only be due to cr effects. On the other hand, be­
cause of the nature of the equations used to express 
1IZu5Pt-ISxI and l\Jm-et-^-p\ the difference in cis/trans 
ratios between amine and phosphine complexes cannot 
be taken as an indication that rehybridization occurs to 
a different extent in the complexes of the two ligands. 
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Syntheses of Ferrous-Porphyrin Complexes. A 
Hypothetical Model for Deoxymyoglobin 

Sir: 

Intense, sustained interest in simple models for oxy-
and deoxymyoglobin and hemoglobin has resulted in 
many reports concerned with iron porphyrins. How­
ever, few of these describe experimentally well char­
acterized iron(II) porphyrins. Only low-spin com­
plexes of the type Fe(porphyrin)L2 for L = pyridine1'2 

and piperidine3 appear to be well documented, and the 
crystal structure of Fe(TPP)(piperidine)2 (TPP = meso-
tetraphenylporphyrin) has been determined.4 Herein 
we describe a clean high-yield preparation of unsub-
stituted Fe(TPP) and the conversion of this isolated 
complex into a series of Fe(II)-TPP derivatives includ­
ing a five-coordinate high-spin complex which appears 
to be a model for deoxymyoglobin. 

(1) J. O. Alben, W. H. Fuchsman, C. A. Beaudreau, and W. S. 
Caughey, Biochemistry, 7, 624(1968). 

(2) H. Kobayashi and Y. Yanagawa, Bull. Chem. Soc Jap., 45, 450 
(1972). 

(3) L. M. Epstein, D. K. Straub, and C. Maricondi, Inorg. Chem., 6, 
1970(1967). 

(4) L. J. Radonovich, A. Bloom, and J. L. Hoard, / . Amer. Chem. 
Soc, 94, 2073 (1972). 

Reduction of FeCl(TPP) with Cr(acac)2
5 in rigor­

ously degassed benzene, followed by precipitation with 
ethanol and recrystallization from benzene-ethanol 
(using Schlenk tube techniques within an inert at­
mosphere chamber), affords an 80% yield of purple 
crystalline Fe(TPP) (1). Anal. Calcd for C44H28N4Fe: 
C, 79.05; H, 4.2; N, 8.4; Fe, 8.4. Found: C, 79.0; 
H, 4.45; N, 8.65; Fe, 8.4. The postulated four-co­
ordinate nature of 1 cannot be verified without a crystal-
lographic study or a molecular weight determination 
and so far our measurement of the latter has been 
frustrated by its meager solubility and extreme solution 
air sensitivity. Four-coordinate d6 complexes are 
rare and none have been characterized by X-ray crystal-
lographic analysis. Phthalocyanineiron(II)—a good 
model for 1—has an unusual magnetic moment (ix = 
3.71 BM at 25°) and has been extensively studied.8 

The moment observed for 1 (M = 4.4 BM at 25°)7 is 
intermediate between that expected for high- and low-
spin Fe(II). It should be noted that most four-co­
ordinate iron complexes are tetrahedral so that the 
constrictions imposed by the essentially planar por­
phyrin may force an unusual electronic state upon the 
iron in 1. Conversely the iron(II) may tend to max­
imize distortion from planarity of the porphyrin making 
the crystallographic analysis of 1 a paramount objective. 

As expected Fe(TPP) reacts rapidly with strong field 
nitrogen donors L, affording diamagnetic low-spin com­
plexes Fe(TPP)L2 (L = imidazole, pyridine, piper­
idine).7 Tetrahydrofuran (THF) affords the high-spin 
complex FeTPP(THF)2, /x = 5.1 BM at 25°. Anal. 
Calcd for C62H44N4O2Fe: C, 76.85; H, 5.45; N, 6.9; 
Fe, 6.9. Found: C, 76.7; H, 5.6; N, 7.2; Fe, 7.0. 
While this work was in progress a different preparation 
of Fe(TPP) and Fe(TPP)(THF)2 was published,2 but 
elemental analyses were poor and the reported magnetic 
moments differ from this work. 

X-Ray diffraction studies of myoglobin (Mb)8 and 
hemoglobin (Hb)9 and predictions advanced by Hoard10 

suggest the high-spin deoxy-heme geometry to be five-
coordinate square pyramidal with the iron atom dis­
placed 0.5-0.8 A above the porphyrin plane toward 
the axial histidyl imidazole. In all low-spin six-co­
ordinate complexes such as Fe(TPP)(piperidine)2

4 and 
probably oxyhemoglobin,11 the iron is thought to oc­
cupy an in-plane position. 

The absence of simple models for deoxymyoglobin 
undoubtedly results from the affinity of five-coordinate 
iron(II) to bind another imidazole forming low-spin six-
coordinate complexes. In the natural system the shape 
of the globin protein pocket enforces five-coordination. 
Using a simple concept of nonbonded steric inter-

(5) An inner-sphere atom transfer mechanism has been shown to 
operate in this reduction: I. A. Cohen, C. Jung, and T. Governo, J. 
Amer. Chem. Soc, 94, 3003 (1972). 

(6) B. W. Dale, R. J. P. Williams, C. E. Johnson, and T. L. Thorp, 
/ . Chem. Phys., 49, 3441 (1968); C. G. Barraclough, R. L. Martin, 
S. Mitra, and R. C. Sherwood,/. Chem.Phys., 53, 1643 (1970). 

(7) Magnetic measurements were done in air using a Cahn Faraday 
balance—these well-formed crystalline solids appear to be air stable. 
Crystalline materials having good elemental analyses have been ob­
tained in all cases. Adducts are also formed with CO and activated 
acetylenes—these will be the subject of a future publication. 

(8) C. L. Nobbs, H. C. Watson, and J. C. Kendrew, Nature (.London), 
209,339(1966). 

(9) M. F. Perutz, H. Muirhead, J. M. Cox, and L. C. G. Goaman, 
Nature (London), 219, 139 (1968). 

(10) J. L. Hoard, Science, 174, 1295 (1971). 
(11) M. F. Perutz, Nature (London), 228, 726 (1970). 
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