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Phosphine Chemistry of Iron(0) and -(I1)
Sir:

Recently we! described the first example of an iron(0)
derivative with all phosphite ligands, Fe[P(OCH3);]s, and
showed that a relatively high electron density on the iron
atom tends to dominate the chemistry of this type of phos-
phite complex. In attempting to extend this chemistry to
phosphine derivatives we have uncovered a chemistry that is
qualitatively different from that of iron-phosphite com-
plexes and one that affords facile access to a variety of new
iron(0) and -(IT) complexes.

Trimethylphosphine reacted with iron(II) chloride to
form FeCl,[P(CH3);],.%2 Reduction of this complex (argon
atmosphere) was rapidly effected with sodium amalgam in
a tetrahydrofuran medium containing excess trimethylphos-
phine at 0°. The reduced iron complex, purified by recrys-
tallization from pentane and by vacuum sublimation at 25°,
was in the form of yellow crystals?® that exhibited high
thermal and air reactivity. Mass spectral analysis?® estab-
lished the composition of the gaseous phase to be
Fe[P(CH3)3]4; major fragment ions were those represented
by loss of one and of two trimethylphosphine ligands. The
infrared spectrum (Nujol mull) showed a band at 1820
cm™! that could be assigned to an Fe-H stretching vibra-
tion.* Collectively, 3'P and 'H NMR data rigorously estab-
lished that at least for the solution state the phosphine com-
plex is an iron(II) hydride. There is a metal hydrogen 'H
multiplet resonance’ centered at +13.6 ppm (TMS), a com-
plex CH; and CH; 'H spectrum,® and a four-multiplet 3!P
spectrum, Inequivalence of all four phosphorus atoms is re-
quired by the *'P spectrum; one multiplet resonance at rela-
tively high field with respect to the other three (Figure 1) is
assigned to a bridging-P(CH3)>CHj,-group. These data, in
addition to the cryoscopic data that show the complex to be
a monomer’ in benzene, define the structure as shown in 1;
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all alternative stereoisomers are inconsistent with the NMR
data. This is the first established example of intramolecular
C-H addition in a trialkylphosphine metal complex, al-
though the closely related®® and structurally defined®
Ru[(CH3),PCH,CH,P(CH3),], shows intermolecular oxi-
dative addition of a CH bond to give a Ru(Il) hydride
dimer with a six-membered (alternating Ru, C, P) ring.
Basic stereochemistry about Ru is as in 1, It is not evident
why there is a dominant intramolecular mode of addition in
one complex and an intermolecular mode in the other.3®
The oxidative addition of the C-H bond in the iron com-
plex showed no evidence of fast (NMR time scale) reversal
up to temperatures of ~20° where thermal decomposition
ensues. However, we have NMR spectral evidence of a slow
equilibrium between the two extreme Fe(0) and Fe(II)
structural forms.!© Moreover, reversibility was evident in
reactions of 1 with hydrogen at 25° wherein a high yield
(70%) of H,Fe[P(CHj);]4* was realized and with donor
ligands wherein more conventional iron(0) complexes of the
form Fe[P(CH3);3]Ls—x were generated. An exemplary
product of the latter reaction set is Fe[P(CH3)3]3(PF3)2, a
new interesting fluxional molecule which has trigonal bipy-
ramidal ground state form with both PF; ligands at equato-
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Figure 1. FT 3'P {'H} spectrum (36.4 MHz) at =73° for 1 in toluene.
The high field multiplet is tentatively assigned to a P? with Jpaps =~ 34
Hz, and Jpapc =~ Jpapa ~ 40 Hz, the other four-line resonance to P®
with Jpbpe o Jpepd = 28 + 5 Hz, and the remaining three-line reso-
nances to P< and P¢ (these cannot be distinguished) with Jpcps smaller
in magnitude than the other five. Chemical shifts are in parts per mil-
lion from 85% H3PO4 (external). The sharp discontinuity to the left of
resonance {b) is a machine artifact.

rial sites,!! Ligand exchange between 1 and P(CHs;); is
slow on the NMR time scale at 0°; consistent with this ob-
servation of low ligand lability, complex 1 did not isomerize
1-hexene at 25°.

Modification  of  the  reduction course  for
FeCl,[P(CH3)3]2 can be effected by the presence of addi-
tional coordinating ligands. For example, the above de-
scribed reduction in the presence of butadiene yielded the
novel n*-C,H¢Fe[P(CH3)3]3!2 complex. One of the most in-
teresting modifications was that achieved with acetoni-
trile'? to give a blue-black crystalline solid (30% yield) that
readily sublimes under vacuum at 25°. NMR, infrared, and
mass spectral data's defined the heterocyclic diimine!®
complex 2, The N-H protons were derived from acetonitrile

Fe[P(CHg)g]g

as shown by the synthesis of (CsDsN3)Fe[P(CHj3)3]3!?
from the reduction scheme using CD3CN. (In the analo-
gous reduction in the phosphite system, Fe[P(OCH3)s]s!
was formed.) Reduction of the iron chloride~phosphine
complex in the presence of 2-butyne generated (~40%
yield), the novel iron(II) heterocycle!? 3 which is a blue,
highly volatile solid of high thermal reactivity. Purification
was achieved by vacuum sublimation at 40°. Hexamethyl-
benzene was also produced in the reduction scheme. Possi-
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ble involvement of 1 and/or 3 in this scheme is indicated by
the finding that 1 catalyzed the trimerization of 2-butyne as
well as oligimerization to tetra-, penta-, and hexamers
which remain to be fully characterized structurally.

NOTE ADDED IN PROOF. Through private communica-
tions, we have learned that compound 1 has been prepared
in other laboratories: H. F. Klein and H. Schmidbaur (per-
sonal communication from H. Schmidbaur) and by Dr. S.
Ittel (personal communication from S. Ittel).
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New Peripheral Metal Complexes
Related to Chlorophyll
Sir:

Coordination of metal ions to the four central nitrogen
atoms of the porphyrin tetrapyrrole macrocycle has been
the generally recognized mode of metal complex formation
in chlorophyll and related compounds.! We report here new
metal complexes of the chlorophyll macrocycle in which the

metal is bound to the §-ketoester system of ring V and
which we therefore term peripheral complexes.
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Figure 1, Uv-visible absorption spectra of pheophytin a (1) in dry pyri-
dine (A, - - -), and its peripheral magnesium complex (7) (B, —) indry
pyridine, saturated with anhydrous Mg(ClO4)2. Spectrum A is the typ-
ical chlorin spectrum.

During metalation studies of pheophorbides of the a se-
ries to the respective chlorophyllides by the method of
Baum et al.,? we noticed that the substrates can be divided
into two classes on the basis of their spectral response to
Mg?*. Compounds of the first class dissolve in pyridine sat-
urated with Mg(ClO4); to give brown solutions with the uv-
visible spectrum typical of pheophorbides (i.e., Figure 1A).
Compounds of the second class, by contrast, give under the
same conditions bright green solutions in which the red
band is broadened and shifted to significantly longer wave-
lengths and the Soret band is split into two complex band
systems extending from 350 to 500 nm (Figure 1B).

The spectral response to pyridine-Mg?* is determined by
whether or not the pheophorbides contain an enolizable 3-
ketoester system in ring V. Pheophytin a (1) and methyl-
pheophorbide a (2) form green solutions, and similar pro-
nounced spectral changes are observed in pheophytin b, and
bacteriopheophytins a and b.? These compounds all contain
an intact ring V 3-ketoester system capable of enolization,
However, pyromethylpheophorbide a (3),* 9-desoxo-9-hy-
droxymethylpheophorbide a (4),%> and 10-methoxymethyl-
pheophorbide a (5)¢ give brown solutions in pyridine with
spectra unaffected by the presence or absence of
Mg(ClOs),. In the latter compounds, ready enolization of
the 3-ketoester system is prevented by elimination of either
the C-10 ester C=O0 or the C-9 keto C=0 functions or by
substitution of the enolizable 10-H by an alkoxy group. We
conclude from this chemical evidence that the observed

COORg
No. Compound R,R, R, R, R,
1 Pheophytin a =0 H COOCH, phytyl
2 Methylpheophorbide a =0 H COOCH, CH,

3 Pyromethylpheophorbide a =0 H H CH,

4 9-Desoxo-9-hydroxy-
methylpheophorbide a

5 10-Methoxy-
methylpheophorbide b

HOH H COOCH CH,

=0 OCH, COOCH, CH,
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