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Figure 1, A plot of the Ru(III/II) reduction potentials (E;20X) vs.
ar®. Values of or° are taken from ref 6. Error limits are £0.01 V in
E,;/2(0OX) and +0.03 for or° values (ref 23).
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Figure 2, A plot of the Ru(III/II) reduction potentials (E,,,0X) vs.
op. Values for oy, are taken from ref 6. Error limits as in Figure 1.

uent groups are directly attached to the aromatic ring.?°

The Ru(I]) nitrosoarene complexes are stable in acetoni-
trile solution, and, as is the case in metal carbonyl and ni-
trosyl complexes, the Ru-N{O)Ar linkage may be largely
w-bonding in character. This is consistent with the relative
instability of first-row transition metal complexes of nitro-
soarenes,?! and the surprising, relatively high lability of
some of the Ru(III) nitrosoarene complexes.?2 The chemi-
cal evidence and the correlation in Figure 1 are consistent
with extensive w-back-bonding from Ru(II), and the effect
of -X is probably transmitted mainly through the =-system
of the ligand.
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Electron Transfer Photochromism. The Flash Photolysis
of the Binuclear Complex (NH3)sRu!!(u-pyrazine)Cul!
Sir:

Recent studies'"* have demonstrated that the metal-to-
ligand charge transfer excited states of Ru(bpy);%* can un-
dergo electron transfer to metal complexes and other oxi-
dants in solution. Observations with several other complexes
indicate similar behavior resulting from MLCT excita-
tion,>¢ Photostimulated electron transfer can be separated
into two general classes: in the first, light accelerates a ther-
modynamically favored reaction (e.g., the photocatalyzed
reaction between Ru(bpy)s?* and T13*)? or a reaction giv-
ing products which decompose irreversibly (e.g., the pro-
posed reduction of cobalt(IIl) ammines by excited
Ru(bpy)32*).” The second category includes those photo-
stimulated electron transfers to produce thermodynamically
less favored species which undergo the reverse reaction to
regenerate the starting materials.>’® The term electron
transfer photochromism describes the latter case. Here we
report the first demonstration of intramolecular electron
transfer photochromism between two metal ions of a polyn-
uclear complex.

It was recently reported® that the pentaammine(pyraz-
ine)ruthenium(II) complex (A) is a good ligand for several
divalent metal ions in aqueous solution (eq 1). The visible

- =\
(NH)RN(ON* + M+ = NHpRuN( ) NM“ (@)

A AM:+
(M2+ =Cu?*,Znz*, Nizt)

spectrum of A is dominated by an intense MLCT absorp-
tion band (Amax 472 nm) and association with H* or M?*
shifts this to the red (508 nm for Cu?*, 489 nm for Zn2*,
493 nm for NiZ*+, 529 nm for H+).2? Continuous photolysis
of A in the MLCT region leads to low photoreaction quan-
tum yields (@ ~ 1073). AH™ is an order of magnitude less
photoactive.!?!! Flash photolysis of A or AH* does not in-
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dicate the formation of any transient species and net photo-
reaction under these conditions is very minor, However,
while the continuous photolysis of ACu2* shows very little
net photodecomposition (& ~ 10~4), flash photolysis dem-
onstrates efficient transient bleaching of the MLCT absorp-
tion band at 508 nm (® > 0.2) followed by regeneration of
the starting material, Since the Ru(I1I) pyrazine complex is
virtually colorless,® we believe this transient bleaching rep-
resents the photostimulated electron transfer process:

/\ hy 7\
RullN NCu!! —> RulllN NCu! (2)
aDOeus 2+ g0

B

followed by regeneration of ACu?* according to the redox
reactions:

4 \ ke,\
RulllN NCu! —> RuliN NCull 3)
wiN(ONeu O

and/or

/~\ /A
RullIN N + Cut ————— RulIN NCul! (4
O Dot 0

(excess Cu(11))

Attempts to observe directly absorptions corresponding to
the presence of a species such as B proved inconclusive
probably as a result of the strongly absorbing character of
the initial solutions. Transient bleaching was the only phe-
nomenon seen by kinetic flash photolysis over the monitor-
ing wavelength range 360-620 nm. Transient absorption
was apparent at 640 nm; however, at this and longer wave-
lengths the optical density is very high owing to the
Cu?*(aq) in solution, thus the significance of this transient
absorption is questionable.

The solution subjected to flash photolysis contained ex-
cess Cu?* (conditions: [Ru(I)] = 1.4 X 1075 M, [Cu?*] =
033 M, pH ~6, u = 1.0 M, T = 25°, Apasp >405 nm).
Therefore, the question remains whether the photostimulat-
ed electron transfer is inner sphere as in eq 2 or is outer
sphere as in the electron transfer reactions from excited
Ru(bpy)i2*. The following observations support the conclu-
sion that the transient bleaching results from an inner
sphere electron transfer. First, not only do A and AH™ fail
to show flash induced transient bleaching but also the zinc
and nickel complexes, AZn?* and ANi2*, show no signifi-
cant photoreaction when subjected to flash photolysis under
similar conditions. Only the relatively easily reduced Cu?*
displays this pathway. Second, flash photolysis of the 4-
acetylpyridine complex, (NH;3)sRu(pyCOCH3)2* (Amax
523 nm), in the presence of the 0.35 M Cu?* displays no
transient bleaching. Since this complex has a MLCT band
comparable in energy to that of ACu?* and there is no evi-
dence for association of Cu?* with the 4-acetyl complex, we
conclude that inner sphere association between the Ru!l
complex and Cu?* is necessary for efficient photostimulat-
ed electron transfer.

Photostimulated intramolecular electron transfer has
been reported for species C (and related complexes)® and is
implied by the photodecomposition noted for species D;’

Cu!

I

(NH;);Co"1Q,CCH==CH, (NH;)sCo'll(u-4,4"-bpy)Fe(CN);
C D
however, these cases represent irreversible electron transfer
steps owing to the rapid dissociation of the Co(II) product.
In contrast, the transient bleaching of species ACu?* is fol-
lowed by its regeneration on a millisecond time scale; there-
fore, the system is photochromic. For a related system, it
was reported'? that Ru(phen),(CN), (phen = 1,10-phenan-
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throline) forms complexes with Cu?* in aqueous solution
and that these complexes are responsible for a static
quenching pathway of the ruthenium complex charge trans-
fer luminescence, Without additional data (e.g., flash pho-
tolysis results), one cannot differentiate between energy
transfer or electron transfer pathways for the static quench-
ing mechanism, However, our flash photolysis results with
ACu?* plus the observed redox reactivity of excited
Ru(bpy)31?* make the electron transfer quenching pathway
an attractive possibility.

Formulation of the photoproduct as B introduces another
dimension of the interest to this system. B is a precursor
complex!? of the reverse inner sphere electron transfer reac-
tion (eq 3). Despite the extensive activity in the study of
electron transfer reactions between metal ion centers, pre-
cursor complexes of inner sphere paths have been rarely ob-
served,>®!4 and measured rate constants of inner sphere
redox reactions generally are the product of the formation
constant of the precursor complex and the rate constant
k... Based on the flash photolysis results, it is difficult to
conclude that the back reaction is in fact a monomolecular
decay of the precursor complex (eq 3). Cu! is expected to be
substitution labile, and the back reaction conceivably would
represent a bimolecular path eq 4 or a combination of eq 3
and 4. However, the regeneration curves are linear over sev-
eral half-lives when plotted In (4. — A4,) vs. ¢t and the re-
sulting first-order rate constants k; are independent of the
flash intensity (k; = (7.8 & 0.7) X 103 sec™! at 25°) and of
the concentration of B generated. Although plots according
to second-order kinetics ((A4«~ — A()~! vs. 1) are also ap-
proximately linear for the first half-life, the second-order
rate constants (k2) obtained are not independent of flash in-
tensity. Therefore it appears that regeneration of ACu’*
from B (eq 3) is faster than dissociation of Cu* from B, and
that electron transfer relaxation is unimolecular. We are
currently initiating stopped flow kinetic measurements of
the reaction between aqueous Cu* and the Ru(I1l) pyraz-
ine complex generated separately to confirm this conclu-
sion. A second-order rate constant of ~10° M~! gec™!
would be necessary to account for electron transfer relaxa-
tion of flash induced transients by a bimolecular process.

Similar behavior under flash photolysis has been ob-
served for related systems (e.g. E), and these are being in-
vestigated further in this laboratory.

(NHs)sRu”NEC-—@NCu”

E
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The Oxidative Deamination of Amines to Ketones
via Oxaziridines
Sir:

The transposition of a carbon-nitrogen double bond plays
a pivotal role in the enzymatic oxidative deamination of a-
amino acids to pyruvic acids mediated by pyridoxal pyro-
phosphate.! In developing synthetic methodology for the ox-
idative deamination of amines 1 to ketones 2,2 we have
sought to mimic this biochemical process.> The conversion
of olefins to allylic alcohols via epoxides proceeds with con-
comitant carbon-carbon double bond transposition* and
suggests that oxaziridines could be utilized to effect carbon-
nitrogen double bond transposition.

Hoon — B<d — ~OH
0
H\/N\ — H\/N\J — /N\/OH

We now wish to report an oxidative deamination procedure
which incorporates this approach (Scheme I).

J©
N m-QPhCOH

Scheme 1

H><NHZ 5 CHo H><N=CH
R~ R R~ R
1 4
0
A

0]
N 1. OH
>< H 2. H.O" /u\
R~ R S i 7
5 2

The condensation of 2-pyridinecarboxaldehyde® (3) (1,0
equiv) with amines 1 in THF (5 ml/mmol of 1 at 25° for 2
hr) over SA molecular sieves furnished imines 4 in high
yield (Table I). The selection of 3 bearing no « hydrogens
circumvented any problems in the regioselectivity of oxazir-
idine ring opening later in the sequence. The m-chloro-
peroxybenzoic acid oxidation® (1 equiv/CH>Cl>/0° for 0.5
hr) of imines 4 provided a mixture of E and Z isomers’ of
oxaziridines® § in good yield® (Table I). The formation of
nitrones or pyridine N-oxides was not problematical.

The base-catalyzed ring opening of oxaziridines was re-
ported to liberate ammonia in high yield'? but to afford car-
bonyl compounds in low yield.!! The desired ring opening of
an oxaziridine § would regenerate 2-pyridinecarboxal-
dehyde (3) as well as liberate a ketone 2 according to the
postulated mechanism shown below. To allow for the effi-
cient conversion of oxaziridines 5 to ketones 2 required the
suppression of two competing reactions: the rearrangement
of 5 to amide 6'2 and the Aldol condensation of the ketone
2 and 2-pyridinecarboxaldehyde (3).

We have found that the ring opening of 5 to ketones 2
proceeds smoothly using potassium hydroxide in an aqueous
acetone solution containing methanol or N,N-dimethyl-
formamide as a cosolvent!? (Table 1). The dramatic influ-

Table I. The Oxidative Deamination of Amines (RR'CHNH,) 1
to Ketones (RR'C=0) 2

% isolated yields

Oxaz-
Imine iridine  Cosolvent Ketone
R R’ 4 5 (Time, hr) 2
a nCH, nCH, 91 88 DMF (18) 73
b nCH,, nCH, 97 86 DMF (21) 73
c ~CH,(CH,),CH,— 89 82 MeOH (1.5) 640
d ~CH,(CH,),CH,— 92 77 DMF (6.5) 44
e ~CH,(CH,),CH,— 92 80 DMF (14) 66
f  —C,H, —CH,CH,Ph 92 78 MeOH (2.5) 74
g H Ph 93 ... MeOH (1) 644
h CH, Ph 94 MeOH (0.25) 424
i /@ 93 90 MeOH (3) 47b
HN
j 99 89 DMF (23) 77
HN" H
H
NH,
k 100 DMF (16) 44a.c
{BuO ~

a Oxaziridine too labile to isolate by thick layer chromatography.
bisolated as the 2 4-dinitrophenylhydrazone derivative. ¢ Oxaziri-
dine generated at —78° by inverse addition of m-CIPhCO,H to imine.

Table 1I. Base-Catalyzed Ring Opening of Oxaziridine 5b

% isolated yields

Base Ketone  Amide

(equiv) Conditions 2b 6b
KOH(10) H,0—DMF —acetone 73 ..
KOH(10) H,0—MeOH—acetone 64 3
NaOMe(1.5) THF 22 12
KO-t-Bu(1,5) THF 20 3
Li-N(-Pr),(1.5) THF 56
Cu(0AC),(1.0) H,0—MeOH 68

Oy
K= N NH
5 — N O — 3 + )I\ — 2
/u\ R R

R R

ence of other bases on the course of the reaction is summa-
rized in Table I1. In marked contrast to the effective use of
dialkylamides and alkoxides in the ring opening of epox-
ides,* only hydroxide ion proved suitable in the ring opening
of oxaziridines § to ketones 2.'4 Finally, acetone!? served to
trap the regenerated 3 as the enone 7, The pyridine ring in 7
allowed for the facile removal of this contaminant (and any
unreacted 3) in an acidification step.

0

I ?
H_ _~Nac—() PN
o 6@ | @

In several cases, we have found that our oxidative deami-
nation sequence is superior to literature procedures. For ex-
ample, application of our procedure to 1j provided 2j in 66%
yield (without isolation of the intermediate imine or oxaziri-
dine) but application of the mesitylglyoxal procedure3c af-

Journal of the American Chemical Society [ 97:23 |/ November 12, 1975



