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complexes?™” having subnormal magnetic moments,
which should be amenable to nmr study because
exchange coupling in these complexes can significantly
decrease the proton nmr line widths.® Furthermore
there will be no complications due to pseudocontact
shifts, and this will greatly simplify the interpretation of
their observed isotropic shifts. Of the octahedrally
coordinated complexes studied to date by contact
shift nmr, only those of nickel(II) have this very
desirable feature.

We have begun an investigation of the nmr contact
shifts of some of these complexes and in particular wish
to report our preliminary results for the complexes
[Fe.L,O]Cly-nH,O where L 1is 1,10-phenanthroline
(phen) or the symmetrically substituted dimethyl-
phenanthrolines, 4,7-dimethylphenanthroline (4,7-dmp)
and  5,6-dimethyl-1,10-phenanthroline  (5,6-dmp).
Recent experimental evidence including infrared* and
conductance® data has shown that these complexes
contain an oxo bridge and two coordinated chlorides
and not two hydroxy bridges as was once believed.
Furthermore magnetic measurements*® and Moss-

[(phen)zI!?e—O—I!:e(phen)zlClz
Cl d

bauer spectra® suggest that the spin states of the
individual iron atoms are S = 5%/, and that anti-
ferromagnetic exchange coupling with J = 100 cm~!
and g = 2.0 can explain the variation of xx, with T and
the subnormal room-temperature magnetic moment®
(Meg = 1.78 BM).

The nmr isotropic shifts of these complexes were
measured in D,O at 28° at 60 MHz and are reported in

Table I. Of interest is the fact that distinct signals
Table I. Nmr Isotropic Shiftse
Compound AVz.g AVa_g AVAJ AVB.S
[Fex(phen),O]Cls- SH,O —1320 —3525 421 —180
[Fey(4,7-dmp),0]Cl4- 3H,O —552 (=9 =210
[Fex(5,6-dmp),O]Cls- 4H,0 —560 20 (—22)

¢ The shifts are in cps relative to the appropriate diamagnetic
tets-iron (II) complex. Methyl resonances are enclosed in paren-
theses.

were found for all four protons. Here, save for the
2,9-proton resonance, the half-widths are between 200
and 400 Hz.® Inlow-spin Fe(phen);(ClO,); and related
complexes!® the observed half-widths, 40-80 Hz, are
much smaller as would be expected and provide further
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evidence that the binuclear complexes discussed herein
do not contain low-spin iron(III). High-spin octa-
hedral d® complexes are expected to be magnetically
isotropic, and thus we can disregard the pseudocontact
term and can attribute the isotropic shifts to a contact
interaction only. If J is approximately 100 cm~1,
about 507 of the molecules at any time will be in the
diamagnetic, S’ = 0 ground state. Most of the re-
maining molecules will have energy 2J, spin S’ = 1,1
and will be responsible for the contact shifts.

As will be noted, the contact shifts for [Fe,-
(phen),O]Cl, follow the pattern (attenuation) expected
for a ¢ mechanism.?? The very small positive value
for Avs7 could be explained by a small contribution
from a spin polarization mechanism or an extremely
minute contribution from a =-delocalization mech-
anism, which for all practical purposes would be nil.
The contact shifts of the methyl-substituted complexes
provide further substantiation for a o-delocalization
mechanism because of the small negative values of the
methyl proton contact shifts. We have discounted an
alternative mechanism whereby the contact shifts in
these complexes are due to a combination of both ¢ and
m delocalization such that at the 4,7 protons these
two effects numerically cancel each other, causing
Avsr = 0 for [Fey(phen),O]Cl,. Were this true, one
would expect that in [Fey(4,7-dmp),O]Cl,, the 4,7-CH;,
shift would be at least —200 cps owing to the dom-
ination of the = mechanism at the 4,7-methyl position.
It seems likely that the unpaired spin resides in an
orbital of ¢ symmetry localized mainly on the Fe-
O-Fe unit and is then via ¢ bonding partially transferred
into the highest filled phenanthroline ¢ molecular
orbital. The success of observing and interpreting the
nmr spectra of these complexes means that similar
studies can be extended to binuclear oxo-bridged
iron(IIT) species of biochemical significance such as
u-oxo-bis(tetraphenylporphyrin)iron(111).2

Such work is at present being initiated in this lab-
oratory along with a study of other binuclear iron(III)
complexes in order to ascertain if a o-delocalization
mechanism is prevalent in these complexes.
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The Thiophilic Addition of Phenyllithium to
Thiobenzophenone
Sir:

Stabilization of an anion or radical by a sulfur
atom adjacent to the site of formal electron localization

is well documented.! Nucleophilic attack on sulfur
has also been studied extensively in recent years.? We
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wish to report a reaction which illustrates both phe-
nomena and reveals the possibility of inverse addition
of organometallics to carbon-heteroatom multiple
bonds.

Reaction of phenyllithium in ether-benzene with
equimolar thiobenzophenone at —70 or 25° gives im-
mediate decolorization of the blue thioketone solution.
Aqueous quenching followed by extractive and tri-
turative or chromatographic work-up gives a 30-4077
isolated yield of benzhydryl phenyl sulfide (1).* Quench-
ing the reaction solution immediately after disappear-
ance of the blue color of thiobenzophenone with metha-

C5H5 C5H5
N 1. CeHsLi
C=S ———— CsHs—C—S—CeHs
2. H:0 l
CeH; H
1

nol-O-d (94 atom 7 d) gives 1 with 84 9 deuterium
at the benzhydryl carbon, as shown by pmr and mass
spectrometry, suggesting 2 as a reaction intermediate.

Lit
(CeH;%C—S—C:H; (CeH;):C—S* (CsD3)2CHSCeH;
2

3 4

The possibility that thiobenzophenone and phenyl-
lithium react by initial addition to carbon to give
the anion or radical 3 which rearranges to 2 or its
precursor? is discounted by the observation that thio-
benzophenone-d;, reacts with phenyllithium to give
benzhydrylphenyl-di, sulfide (4) containing less than
3% S-phenyl-d; material.5 Reaction of thiobenzo-
phenone with phenylmagnesium bromide produces 1
in 109 yield. n-Butylbenzhydryl sufide is obtained
in 259 yield (glpc) by reaction of n-butyllithium with
thiobenzophenone.

Although reports of the reactions of arylthioketones
and organometallics usually stress the formation of
tetraarylethylene sulfides and tetraarylethylenes,® prod-
ucts resulting from thiophilic attack on thiocarbonyls
are precedented with organometallics,” radicals,? diazo
compounds,® and other nucleophiles.’-!! It has been
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suggested that the polarization of a thiocarbonyl group
is toward a negative carbon from a positive sulfur
on the basis of dipole moment measurements.!? The
present results are consistent with initial thiophilic
attack on sulfur by the organometallic to give an
intermediate stabilized anion, but we cannot discount
the prior intermediacy of radicals. The mode of addi-
tion {s inverse to that usually observed for the reaction
of carbon-heteroatom multiple bonds and organo-
metallics,. Further study of the scope!® and mech-
anism of this reaction is in progress.
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Cycloaddition Reactions of Cycloheptatriene and
2,5-Dimethyl-3,4-diphenylcyclopentadienone!
Sir.

Following the prediction of concerted cycloadditions
of order greater than [4 4 2] made by Woodward and
Hoffmann in 1965,? several examples of the [6 + 4]
cycloaddition reaction were discovered.® Although
the [6 + 4] cycloaddition elucidated herein has been
mentioned briefly,** we wish to report preliminary
evidence concerning the concertedness of this reaction,
and, in addition, to outline the complexity of the reac-
tion paths observed.

Cycloheptatriene and 2,5-dimethyl-3,4-diphenylcyclo-
pentadienone (VII) form 1:1 adducts I, mp 145-146°,
II, mp 171° (needles) and mp 196-197° (prisms), 111,
mp 199-200°, and 1V, mp 158-159°, a decarbonylated
1:1 adduct V, mp 198-199°, and a 2:1 adduct VI, mp
225-226°.5
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