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The conversion of N-p-tolylpyridine-2-aldimine to
N-p-tolylpicolinamide chelated to Relv(OPPh3)CI3 in
oxidizing aqueous media is shown to proceed via initial
one-electron metal oxidation followed by addition of a
water molecule to the aldimine function. Subsequent
induced electron transfer in the adduct with concomitant
proton loss affords the amide complex. The aldimine-s
amide reaction is utilized for the synthesis of the N-p-
tolylpicolinamide complex of the rare RevlNAr motif.

Chemical transformation brought about by transfer
of oxygen, atom, mediated utilizing transition metal
oxidation states, is an important theme of chemical
research. It was recently shown 1,2 that the
pyridine-2-aldimine complex of rhenium(III), 1
abbreviated as Rell!(L)(OPPh3)CI3 is spontaneously
and quantitatively converted to the amide complex
of rhenium (IV) , 2 abbreviated as RelV (Lo)
(OPPh3)CI3, in oxidizing (cerium(lV) or H202)

aqueous environments. We now wish to disclose
the results of mechanistic studies on this fascina-
ting reaction. Following this lead, the aldimine-e-
amide transformation has been utilized for the

Re(L)(OPPh3)CI3

1

Re(Lo)(OPPh3)CI3

2

synthesis of a stable picolinamide complex of the
ra~e3-7Re VINAr moiety.

Experimental
The complexes Re(L)(OPPh3)C13, 1, and

d 12Re(Lo)(OPPh3)CI3' 2, were prepare as reported' .
Electrochemical experiments were performed in
pure dinigogen atmosphere with a PAR Model 370-
4 electrdchemistry system'' with platinum working
electrode. Electronic spectra were recorded on a
Hitachi 330 spectrophotometer having a thermostat-
ed cell compartment. For rate measurements
ReIII(L/,(OPPh3)CI3was first quantitatively oxidized
to Re v(L)(OPPh3)CI3+ by coulometry at 0.5V
versus SCE in dry acetonitrile. Known amounts of
water were added to aliquots of this solution and the
reaction rate followed ~ectrophotometrically at 680
nm. The complex Re (L)(NC6H4 Y(p»CI3, 5, was
prepared by treating Re(L)(OPPh3)CI3 with p-
chloroaniline in 1:5 ratio in boiling toluene. The
resulting violet coloured solution afforded 5 in -
75% yield, upon chromatographic work-up.
Treatment of 5 with aqueous 0.5 N nitric acid in
acetonitrile medium afforded the brown coloured
ReVI(Lo)(NC6H4Y(p»CI3, 6, in excellent yield.
Analytical data, found (calc.) are as follows: for
Re(L)(OPPh3)CI3, 1: C, 48.46 (48.52); H, 3.47
(3.52), N, 3.73 (3.65), for Re(Lo)(OPPh3)CI3' 2: C,
47.50 (47.59); H, 3.45 (3.32); N 3.64 (3.58), for
Re(L)(NC6H4CI)CI3, 5: C, 37.06 (37.12); H, 2.67
(2.60); N, 6.76 (6.83), for Re(Lo)(NC6H4CI)CI3, 6:
C, (36.32); (36.23); H, 2.44 (2.38); N, 6.56 (6.67).

Results and discussion

Reaction model
The complex Relll(L)(OPPh3)C13 itself does not

react with water but the rhenium(IV) congener
Relv (L)(OPPh3)C13+ does. The reaction was
followed spectrophotometric ally at 680 nm
corresponding to the growth of RellI(L)(OPPh3)CI3•

Representative time-dependent spectra at one
temperature are depicted in Fig.la. Rates were
determined in the temperature range 280-300K and
selected results including activation parameters are
collected in Table 1. Under pseudo first-order
conditions (excess H20) the rate is proportional to
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Fig.l(a}- Time-evolution spectral changes due to the reaction
of Rc(L)(OPPh3)CI/ with water in acetonitrile solution at

298K(initial solute concentration 1.9x 10-4 M). (b )-Eyring
plot for the reactionof Re(LXOl'Ph3)C13" with water

the concentration of RelY(L)(OPPh3)CI3 + and the
observed rate constant kobs is proportional to the
concentration of water. The rate is thus second-order
as in Eq.(1). Eyring plots are shown in Fig. lb. The
entropy of activation is large and negative (Table 1)
showing strong association between RelY(L)
(OPPh3)CI) + and H20 in the rate-determining step.

rate=kom [Re(L) (OPPh) CI/] = k [Re (L) (OPPh) CI3+][HP].
.. (1)

It is clear that the amide oxygen atom in
Re(Lo )(OPPh)CI) originates from water and the
rate is determined by the addition of water to the
aIdimine function, a probable adduct structure being
3. Stable aquo adducts of certain Schiff bases have
actually been isolated':". The intermediate 3 could

. d d I f 11-13· I'undergo m uce -e ectron trans er mvo vmg
radical formation, internal redox and proton

Table I-Rate constants and activation parameters" for the
reaction Re(LXOPPh))CI) +~Re(Lo XOPPh))CI) in acetonitrile

T,K [H20],M \03kobs,s-1103k',M-ls-' AH~,kcal AS~,eu
I-Imo

280 1.I1 0.22 0.17(0.01)
1.67 0.31
2.22 0.43
2.78 0.50

288 1.I1 0.44 0.45(0.01) 11.9(0.6) -33.2(2.2)
1.67 0.71
2.22 0.93
2.78 1.20

293 1.11 0.52 0.65(0.04)
1.67 0.97
2.22 1.29
2.78 1.61

299 1.11 0.85 0.69(0.02)
1.67 1.26
2.22 1.65
2.78 2.00

"Least-squares deviations are in parentheses.
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dissociation as illustrated in the transient 4 finally
affording Reifi(LoXOI'Ph3)C13- which consumes

RelY(L)(OPPh)CI; giving rise to ReIll(L)(OPPh3)

ct, and RelY(Lo)(OPPh)CI). The stoichiometry of
the net reaction is as given in Eq.(2).

H~ RelY(L)(OPPh)CI/ is acting both as a
water acceptor and as an external oxidant. In the
synthesis of Re(Lo )(OPPh)Ch I, an external oxidant
(cerium(IV) or H202) is already present and the
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Fig.2-Perspective view and atom labelling scheme for
Re(Lo)(NC6H4CI(p»CIJ. All atoms are represented by their
30% ellipsoids.

whole of Re(L)(OPPh3)CI3 IS converted
Re(Lo)(OPPh3)C13 via Re(L)(OPPh3)Cl; .

3ReTV(L)(OPPh3)C1; +HP-)

2RelU(L)(OPPh3)C13 + Re1V(Lo)(OPPh3)CII+3H+

A Rev/NAr Complex
The reaction of 1 with p-chloroaniline afforded

the imide complex 5, Eq.(3). In this reaction the
oxidation states of the metal and the phosphorus
atom are interchanged. The transformation 1~ 2
encouraged us to perform a similar reaction on 5
leading to the amide complex 6 incorporating
Rev1(NC6H4Cl(p». This indeed happened upon
treating 5 with nitric acid in aqueous acetonitrile.
The brown complex 6 has been isolated in excellent
yield. Its X-ray structure (Fig.2) has been
determined, and details will be ~ublished elsewhere.
This is the first structure of aRe INAr complex. The
known structures of the rare rhenium(VI) imide
species incorporate electronical~ or stercially
specialized ligands as in Re '(NC2Cls)s and
ReV(NBut)6,7. Complex 6 is one-electron paramag-
netic and EPR-active (5dxyI)'

Re(L)(OPPhJ)CI3+p-CIC6H4NH2 -)
Re(L)(NC6H4CI(P»CI3 + PPh3 + Hp ... (3)
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