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kylation supports the zwitterion formalism for 15, attempts to react
15 with aldehydes failed. This palladium-complexed vinyl
carbene!* also fails to give reactions typical of carbenes—a type
of behavior reminiscent of some nucleophilic carbenes.® Never-
theless, the facility of this palladium initiated a-elimination of
a-acetoxysilanes suggests a new route to metal-complexed carbenes
and supports the notion that palladium complexation imparts
substantial polarization to such reactive intermediates.
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Since the first report of the X-ray crystal structure of oxidized
rubredoxin in 1969,! there has been a recognized need for iron(III)
tetrathiolate complexes to serve as synthetic analogues for the
[Fe(S-cys),4] unit of this protein. Although one example of this
type of complex was achieved using a bidentate ligand,? attempts
by several groups to obtain stable [Fe""'(SR),]~ complexes with
monodentate thiolate ligands or with other polydentate ligands
have all resulted in failure.’ This lack of success has been ascribed
to the tendency of [Fe''(SR),]™ complexes to oligomerize and/or
to undergo autoredox reactions to Fel! and RSSR. Our recent
success using the sterically hindered thiolate ligand 2,3,5,6-
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Figure 1. Anion of [NEt,][Fe'!(SPh),]. Selected distances (A) and
bond angles (deg): Fe-S,; 2.297 (3), Fe-S, 2.295 (3), Fe-S,; 2.289 (3),
Fe-S, 2.303 (3), Fe-S,~C), 112.8 (4), Fe-S;-Cj, 112.5 (4), Fe-S;~Cy,
112.4 (5), Fe-S,-Cy; 107.8 (5).

tetramethylbenzenethiolate to stabilize the [Fe!!(SR),] coordi-
nation unit* has prompted us to reexamine the problem of
[Fe"™(SR),]~ complexes with less sterically hindered ligands. We
wish to report a new and general route to the synthesis of stable
iron(III) tetrathiolate complexes.

The reaction of (NEt,)[Fe(2,6-dimethylphenolate)s]® with
excess benzenethiol in DMF at 0 °C followed by the addition of
diethyl ether gives black crystals of (NEt,)[Fe(SPh),] (1) in 60%
yield.5 Previously, this complex had been thought to be too
unstable for isolation and characterization.”® Its formulation
and structure have been established by an X-ray diffraction study.’
As the ORTEP view in Figure 1 indicates, the geometry of the entire
[Fe(SPh),]” anion has idealized S4 point group symmetry. Taken
alone, the [FeS,] unit is distorted from 7; symmetry by a com-
pression along the noncrystallographic S, axis to produce a [FeS,]
unit with approximate D,, symmetry. If the [FeS,] unit had exact
D,; symmetry, S;-Fe-S, (114.3 (1)°) and S,-Fe-S; (115.2 (1)°)
would be equal and the four remaining S-Fe~S angles would be
equal; rather they are 106.0 (1)° (S,-Fe-S,), 107.1 (1)° (S,—
Fe-S3), 110.7 (1)° (S;-Fe-S,), and 103.7 (1)° (S;~Fe-Sy). The
average Fe-S distance of 2.296 (6) A is about 0.06 A shorter than
the corresponding distance in the previously reported iron(II)
complex (PPh,),[Fe(SPh),] (2).7

For each Fe~S-Ph group, the Fe~S bond lies in the plane
determined by the phenyl ring; this plane is perpendicular to and
approximately bisects a triangular face of the FeS, tetrahedron.
The occurrence of this basic Fe-S—Ph conformation has been
previously recognized by Coucouvanis™® and it has been discussed
by him in detail for the structure of (PPh,),[Fe"(SPh),].”!! We
add to this discussion by noting that if one assumes this basic
conformation of the individual Fe~S-Ph groups, the overall ge-
ometry of the [Fe(SPh),] unit can have only two possible types
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Figure 2. Anion of [NPr,][Fe!!'(SEt),]. The 2-fold disorder of the ethyl
carbons is not shown.

of conformations, both of which have high idealized symmetry;
they are the S4 conformation observed for 1 or the D,; confor-
mation observed in 2,712 The same type of intramolecular in-
teractions that causes the tetragonal elongation of the [FeS,] core
in 27 is responsible for the compression in 1.

The [Fe(SR),]™ unit in the recently reported (NEt,)[Fe'
(2,3,5,6-tetramethylbenzenethiolate),] (3) also has S, symme-
try;»!2 however, the o-methyl groups prevent the pheny! rings in
this complex from possessing the same conformation as in 1 and
2. Rather, the planes of the phenyl rings in 3 are perpendicular
to the Fe-S bonds. The sulfur p = lone pair orbitals are conjugated
with the phenyl rings in 1 but are orthogonal to the rings in 3.
The effect of this change on the electronic properties of the
iron(III) center will need to be carefully addressed by using theory
and spectroscopy.

The ligand exchange reaction of alkylthiols with the iron(III)
tetraphenolate complex also gives stable [Fe''(SR),]~ compounds.
Stable but air-sensitive DMF solutions of [Fel''(SR),]" (R =
CH,CH;, CH,Ph, CH,CH,Ph, and C(CH3),), which are obtained
by this reaction, display the characteristic rubredoxin-like elec-
tronic spectrum with two ligand-to-metal charge-transfer bands
in the visible region.'* [Felll(SEt),][NPr,] (4), which is isolated
as black crystals in 70% yield from DMF/Et,0, has been
structurally characterized.!>1¢ The [Fe!''(SEt),]” anion (Figure
2) has crystallographic S, symmetry. Interestingly, the FeS, core
of [Fel'(SEt)4]™ has nearly perfect T; symmetry with the two
S-Fe-S angles bisected by the S, axis equal to 109.43 (9)° and
the four remaining angles equal to 109.49 (5)°. The Fe-S bonds
are 2.272 (1) A,

Attempts to understand the electronic structure of symmetric
[Fe(SR),]'~ 7 complexes such as (1-4) are of direct biological
importance since the geometry of the [Fe(SCH,),] unit of ru-
bredoxin closely approximates D,; symmetry.l* Besides serving
as models for oxidized rubredoxin, iron(III) tetrathiolates should
be valuable reactants in the synthesis of iron—sulfide and iron-
molybdenum-sulfide clusters.
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The complexity of many biological molecules can make proton
NMR spectral assignment a challenging task. This task would
be facilitated by any technique allowing selective observation of
a certain type of resonance. Such a technique is potentially
furnished by editing methods that permit exclusive observation
of protons directly bonded to a spin-'/, nucleus.! If this nucleus
can be introduced into a molecule selectively, the scope of the
method is considerably increased. The assignment of N-H protons
is of particular importance considering their role in the stabilization
of protein and nucleic acid secondary structure. Two factors can
complicate such assignments; analog to digital conversion limi-
tations accompanying the necessity of working in H,O, and
possible overlap with other signals, especially in the aromatic
region. The ready availability of many antibiotics biosynthetically
enriched in 1N provides the possibility of using editing techniques
for spectral simplification in complexes of these antibiotics with
suitable receptors.

Uniformly enriched actinomycin D? may be prepared from
Streptomyces parvulus grown on a medium containing Na'>NO,
as the sole nitrogen source. The complex formed between the drug
and the duplex of the self-complementary tetranucleoside tri-
phosphate d(A-G-C-T) is in slow exchange on the 'H NMR time
scale below 30 °C.> NMR spectra were acquired on a Bruker
WH-400 modified to pulse protons and '*N simultaneously and
observe protons. Editing out of proton resonances other than those
directly bonded to >N was achieved using the multinuclear pulse
sequence

m/2['H,x] - 1 /(2J) - =['H,x] - 1 /(2J) - acquire
#[*N,1,0] N

where J is the one-bond proton-!*N coupling constant (ca. 90 Hz),
and ...1,0... signifies that the «-pulse on nitrogen is applied only
on alternate scans. If these alternate scans are subtracted, signals
result exclusively from *"N-H protons (Figure 1); #/2['H] = 35
us and w[*N] = 50 us. Experimental considerations vital to the
success of the sequence are discussed elsewhere,* and its application
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