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(a-Amino acidato)ruthenium(Il) complexes were dehydrogenated to give (-imino acidato)ruthenium(Il) complexes
by chemical oxidation. (-Imino acidato)ruthenium(II) complexes, [Ru"{N(R') = C(R®)CO, }(phen),]* (R' =H, Me, or
Bn, R>=H;R! =H or Me, R>=Me; R', R? =—(CH,);—) were obtained from the (-amino acidato)ruthenium(Il) complexes
(glycinato, N-Me-glycinato, N-Bn-glycinato, (S)-alaninato, N-Me-(S)-alaninato, and (S)-prolinato complexes) by using
diammonium cerium(IV) nitrate (CAN) as an oxidizing reagent. On the other hand, in the presence of hydrogen per-
oxide, the az-imino acidato complexes were converted to the corresponding a-imino acidato complexes, except for the
glycinato and (S)-alaninato complexes. In particular, the iminoacetatoruthenium(Il) complex, [Ru(NH=CHCO,)(phen),]*,
was synthesized for the first time by this method using CAN as an oxidizing reagent. Dehydrogenation with CAN is more
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facile and versatile than any other method that we have ever examined.

a-Amino acids are partially metabolized through oxida-
tive deamination to a-keto acids by enzymes, such as amino
acid oxidase or dehydrogenase. At the first step of this re-
action, a-amino acids are dehydrogenated to yield a-imino
acids. a-Imino acids are unstable in an aqueous solution, and
are easily hydrolyzed to afford a-keto acids. On the con-
trary, chelation to a metal ion stabilizes a-imino acids, and
a-imino acidato complexes are isolated. «-Imino acidato
complexes of the Co(Ill),>~" Ru(l),® Pd(I),” and Mo(I)!?
ions have been reported, which were prepared by several
methods. (a-Imino acidato)ruthenium(Il) complexes could
be potential synthetic building blocks for various ¢-amino
acidato complexes, since the reactive C=N bond would be
attacked by nucleophilic reagents.>'"'?

We have already reported on a novel dehydrogenation
of the (a-amino acidato)cobalt(Ill) complexes by chemical
oxidation® and Ru(Il) complexes by electrolysis at a con-
stant potential.® However, there are several disadvantages
in electrolysis at a constant potential: The reaction time is
rather long, and a special instrument is necessary. Further-
more, attempted electrolysis at a constant potential of the
glycinatoruthenium(Il) complex [Ru(gly)(phen),]* has failed
to afford the corresponding a-imino acidato complex,'?
which would be the simplest a-imino acidato complex.
The amine, diamine, or polyamine ruthenium(Il) complexes
have been dehydrogenated to the imine, diimine, or poly-
imine ruthenium(Il) complexes by either chemical or anodic
oxidation.’*='> Hence, the chemical oxidation of @-amino
acidato complexes using effective oxidizing reagents was
examined, which would be more facile and versatile than
electrolysis at a constant potential.

For example, the cerium(IV) ion is widely applicable in
the oxidation of various organic compounds'® and transition
metal complexes. The Ru(Il) complexes of 1,2-diamines
are easily dehydrogenated to the 1,2-diimine complexes by
using the Ce(IV) ion.'” Hydrogen peroxide might also be an
effective oxidizing reagent for the dehydrogenation of (a-
amino acidato)ruthenium(I) complexes.

We now report on the dehydrogenation of (a-amino
acidato)bis(1, 10- phenanthroline)ruthenium(Il) complexes,
[RuYNH(R"-CH(R?)CO, }(phen),]* (R! =H, Me, or Bn,
R?2=H; R'=H, or Me, R*=Me; R', R? =—~CH,)s~;
phen = 1,10-phenanthroline), by chemical oxidation using
ammonium cerium(IV) nitrate (CAN) and hydrogen per-
oxide as the oxidizing reagent to yield the corresponding
(a-imino acidato)ruthenium(Il) complexes, [RuT{N(R!)=C-
(R?)CO, }(phen),]*. By using CAN as the oxidizing reagent,
the iminoacetatoruthenium(Il) complex, the simplest ¢-imi-
no acidato complex with no substituent group on the C=N
group, which cannot be obtained by electrolysis at a constant
potential, was successfully synthesized for the first time."”

Experimental

Materials. All of the chemicals were of reagent grade, and were
used as received. cis-Dichlorobis(1,10-phenanthroline)ruthenium-
(II) was prepared by a method similar to that of the bis(2,2’-bipyri-
dine) complex.'®

Instrumentation and Measurements. The electronic absorp-
tion spectra were measured with a Hitachi 220A spectrophotometer.
'"HNMR and '>C NMR spectra were recorded on a JEOL EX-270
spectrometer. The chemical shifts were reported on the  scale in
ppm relative to tetramethylsilane (TMS) or sodium 4,4-dimethyl-
4-silapentanoate-ds (TSP) for 'HNMR and to 1,4-dioxane (67.4
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ppm) for BCNMR. The fast atom bombardment (FAB) mass spec-
tra were measured with a JEOL JMS-DX300 spectrometer using
m-nitrobenzyl alcohol as a matrix. All of the electrochemical mea-
surements were made versus the saturated calomel electrode (SCE),
and were uncorrected for junction potentials. The potential control
for electrochemical experiments was obtained with a Hokuto Denko
Model HA-501 potentiostat/galvanostat. The waveform generator
was a Hokuto Denko Model HB-104 function generator. Cyclic
voltammetric experiments were conducted in a two-compartment
electrochemical cell equipped with a platinum working electrode,
a platinum counter electrode, and a saturated calomel reference
electrode, which was separated by a salt bridge. All of the solu-
tions were deoxygenated by bubbling nitrogen gas through them
and were maintained under nitrogen during the experiments.

General Procedure for Preparing (a-Amino acidato)-
ruthenium(ll) Complexes : [Ru(e- amino acidato)(phen);]X
(X=Cl, ClO4 or PFg). The (a-amino acidato)bis(1,10-phen-
anthroline)ruthenium(Il) complexes were prepared by a method de-
scribed in the literature.®'® To a hot solution of [RuCly(phen),] in
50% aqueous ethanol was added an aqueous solution of amino acid
and NaOH; the mixture was refluxed for 1 h. The pH was adjusted to
7 with 1.0 mol dm~* HCL. The reaction mixture was concentrated
and desalted, then poured onto a column of SP-Sephadex C-25
cation-exchange resin in the sodium form. The complex was eluted
with 0.1 mol dm ™2 NaCl. The concentration of the eluate from the
main band gave a reddish-orange powder, which was recrystallized
from ethanol and ethyl acetate.

[Ru(gly)(phen),]C1-2H0 1. Yield:67%. "HNMR (D,0,
270 MHz), éy=3.60 (dd, 1H, CH, J=6.3, 17 Hz), 3.87 (dt, 1H,
CH, J=17.1, 17 Hz), 4.15 (m, 1H, NH), 4.9 (1H, NH), 7.2—9.7
(m, 16H, aromatics). Selected data of ?C NMR (D,0, 67.5 MHz),
6c=46.5 (CH,), 125—155 (aromatics), 186.5 (C=0). Anal. Found:
C, 51.25; H, 3.52; N, 11.68%. Calcd for CsH24N504ClRu: C,
51.45; H, 3.99; N. 11.54%. Electronic absorption data, Am.x/nm
(g/mol™" dm® cm™") 482 (1.19x 10%), 450(sh) (1.06x 10*), 316(sh)
(3.54x10%), 265 (6.75x 10%), and 223 (5.13x 10%). FAB mass: m/z
536 M—CD*.

[Ru(N-Me-gly)(phen);]CI1-3.5H,0 2.  Yield: 80%. '"HNMR
(D20, 270 MHz), éu =1.60 (d, N-CH3(Il), J=5.9 Hz), 2.37 (d,
N-CHs(I), J=5.9 Hz), 3.39 (dd, CH(I), J=7.4, 17 Hz), 3.85 (dd,
CH(I), J=4.9, 12 Hz), 4.0 (m, CH(I)), 4.04 (dd, CH(II), J = 6.6,
17 Hz), 5.08 (m, NH(1)), 5.61 (m, NH(II)), 7.2—9.9 (m, 16H, aro-
matics). *CNMR (D;0, 67.5 MHz), & =39.7 (N-CH3(ID)), 39.8
(N—CH3(D)), 57.6 (CHy(I)), 57.8 (CH»(1)),125—155 (aromatics),
184.1 (C=0(ID)), 184.7 (C=0(1)). Anal. Found: C, 49.60; H, 4.24;
N, 11.12%. Calcd for C27H29N505_5C1Ru: C, 50.04; H, 4.51; N,
10.81%. Electronic absorption data, Amax/nm (e/mol™ ! dm3 cm™})
479 (1.00x10%), 459(sh) (9.85x10%), 315(sh) (4.99x10°), 265
(6.33x10%, and 223 (5.00x 10*). FAB mass: m/z 550 (M—CI)*.

[Ru(N-Bn-gly)(phen);]C1-2H;0 3.  Yield:34%. 'HNMR
(D70, 270 MHz), d4 =3.24 (dd, CH(gly)(Il), J =10, 14 Hz), 3.68
(dd, CH(gly)(@), J=5.6, 17 Hz), 3.76 (dd, CH(gly)(W), J=4.0,
14 Hz), 403 (dd, CH(Bn)(1), J=5.1, 17 Hz), 4.1—44 (m,
CH(gly)(I), CH2(Bn)(I), CH(Bn)(II)), 5.02 (m, NH()), 5.96 (m,
NH(ID), 6.2—10.1 (m, aromatics). “CNMR (D,0, 67.5 MHz),
6c =57.5 (CHa(gly)(D), 58.6 (CH2(Bn)(D), 58.8 (CHz(Bn)(ID),
59.6 (CHa(gly)(D)),125—156 (aromatics), 182.7 (C=0), 183.4
(C=0). Anal. Found: C, 56.83; H, 442; N, 10.16%. Calcd for
C33H30NsO4CIRu: C, 56.85; H, 4.34; N. 10.05%. Electronic
absorption data, Amax/nm (e/mol~ ' dm3 cm™!) 477 (1.03x10%),
430(sh) (8.86x 10%), 317(sh) (3.39x 10%), 265 (6.22x 10*), and 222
(4.89x10%). FAB mass: m/z 626 (M—Cl)*.

Dehydrogenation of Amino Acidato Ru Complexes

[Ru((S)-ala)(phen);]PF¢-2.5H,0 4.  Yield:50%. 'HNMR
(D0, 270 MHz), éu = 1.46 (d, C-CH3(I), J=6.9 Hz), 1.62 (d,
C-CHs(I), J=7.3 Hz), 3.63 (m, CH(I)), 3.82 (m, NH(II)), 4.07 (m,
CH(D)), 4.43 (m, NH(I)), 4.64 (m, NH(1)), 5.47 (m, NH(I)), 7.2~
9.8 (m, 16H, aromatics). “CNMR (D,0, 67.5 MHz), dc =20.6,
20.7 (CH3), 52.8, 53.5 (CH), 125—156 (aromatics), 187.7, 188.1
(C=0). Anal. Found: C, 43.54; H, 3.27; N, 9.78%. Calcd for
Cy7H27N5045PFsRu: C, 43.85; H, 3.68; N. 9.47%. Electronic
absorption data, Amsx/nm (e/mol”'dm’® cm™") 483 (1.03x10%),
460(sh) (1.00x 10%), 316(sh) (4.59%10%), 265 (6.52x 10*), and 223
(5.16x10*). FAB mass: m/z 550 (M—PF)*.

[Ru(N-Me-(S)-ala)(phen):]CI-4H,0® 5.  Yield: 77%.

[Ru((S)-pro)(phen),]CI-3.5H,0% 6.  Yield: 73%.

Measurements of the Electronic Absorption or Nuclear Mag-
netic Resonance Spectra of (¢-Amino acidato)ruthenium(II)
Complexes in the Presence of Hydrogen Peroxide. To an
aqueous solution of [Ru(a-amino acidato)(phen);]X was added an
equivalent amount of hydrogen peroxide. The spectra (electronic
absorption, NMR or FAB MS) were measured periodically at an
appropriate interval.

Measurement of the Electronic Absorption Spectra of (a-
Amino acidato)ruthenium(Il) Complexes with the Addition of
CAN.  Under nitrogen, to an aqueous solution of [Ru(a-amino
acidato)(phen),]X was added an aqueous CAN solution by 0.25°
equivalence to the complex until two equivalents. After each ad-
dition of an aqueous solution of CAN, the electronic absorption
spectrum was measured.

General Procedure for Preparing (e-Imino acidato)-
ruthenium(Ill) Complexes, [Ru(e-imino acidato)(phen);]X
(X=Cl, ClO4 or PFg), Using CAN. To an aqueous solution (20
cm?®) of [Ru(a-amino acidato)(phen)>]X (0.08 mmol) was added an
aqueous solution (10 cm?) of two equivalents of CAN (0.16 mmol)
under nitrogen with stirring. The reaction mixture was quickly
poured onto a column of SP-Sephadex C-25 cation-exchange resin
in the sodium form. The complex was eluted with 0.1 mol dm™>
NaCl. The concentration of the eluate from the main band gave a
reddish-orange powder, which was recrystallized from ethanol and
ethyl acetate.

[Ru(gly-H:)(phen);]C104-1.5H,0 7.  Yield: 58%. 'HNMR
(D0, 270 MHz), oy =7.3—9.2 (m, 17H, CH and aromat-
ics). *CNMR (D0, 67.5 MHz), & = 127—157 (aromatics),
171.1 (C=N), 178.6 (C=0). Anal. Found: C, 47.34; H, 2.97; N,
10.84%. Calcd for CeHzN5O75CIRu: C, 47.32; H, 3.21; N.
10.61%. Electronic absorption data, Amax/nm (e/mol™t dm3 cm ™)
444 (9.77x10%), 314(sh) (4.40x10%), 263 (6.62x10%), and 221
(5.79%10%). FAB mass: m/z 534 (M—ClO4)*.

[Ru(N-Me-gly- H,)(phen);]C104-1.5H,0 8. Yield: 77%.
'"HNMR (CD;0D, 270 MHz), dz=3.20 (d, 3H, N-CH3, J=1.7 Hz),
8.1(q, 1H, CH, J=1.7 Hz), 7.4—9.2 (m, 16H, aromatics). *C NMR
(CDs0D, 67.5 MHz), 6c =49.2 (N-CH3), 126—155 (aromatics),
166.8 (C=N), 175.5 (C=0). Anal. Found: C, 47.99; H, 3.27; N,
10.35%. Calcd for C,7H23NsO75sCIRu: C, 48.11; H, 3.44; N.
10.39%. Electronic absorption data, Amax/nm (e/mol™! dm® cm™Y)
450 (1.32x10%), 425(sh) (1.26x10%), 314(sh) (4.63x10°%), 263
(7.55%10%), and 222 (6.01 x 10*). FAB mass: m/z 548 M—ClO4)*.

[Ru(N-Bn-gly-H,)(phen);]C104-1.5H,0 9. Yield: 87%.
'HNMR (CD;OD, 270 MHz), éx =5.08 (dd, 1H, Ph—CH, J=1.4,
13 Hz), 5.41 (d, 1H, Ph—CH, J=13 Hz), 5.9—6.6 (m, 5H, Ph), 8.48
(d, 1H, CH=N, J=1.4 Hz), 7.2—9.4 (m, 16H, aromatics). *C NMR
(CD;0D, 67.5 MHz), éc =68.5 (CH), 125—155 (aromatics),
167.7 (C=N), 175.7 (C=0). Anal. Found: C, 52.62; H, 3.63; N,
9.55%. Calcd for C33H27N507_5C1Ru: C, 52.84; H, 363, N.
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" 9.34%. Electronic absorption data, Ama/nm (e/mol™" dm’ em™")
456 (1.40%10%), 430(sh) (1.31x10%), 315(sh) (3.92x10%), 264
(6.68x10%), and 222 (5.30x 10*). FAB mass: m/z 624 (M—Cl04)*.
[Ru(ala-H2)(phen),;]JPFs-2.5H,0 10.  Yield: 73%. '"HNMR
(D0, 270 MHz), 6y =2.37 (s, 3H, C-CH3), 7.2—9.1 (m, 16H,
aromatics). . CNMR (D,0, 67.5 MHz), ¢ =22.9 (C—CH3),
125—155 (aromatics), 176.0, 176.6 (C=N, C=0). Anal. Found:
C, 43.97; H, 3.42; N, 9.50%. Calcd for Co7Hy5N504sPFsRu: C,
44.21; H, 3.30; N. 8.84%. Electronic absorption data, Amax/nm
(e/mol™! dm® cm 1) 460(sh) (1.21 x 10%), 440 (1.24 x 10*), 314(sh)
(3.83x10%), 263 (6.67 x 10*), and 222 (4.94x 10*). FAB mass: m/z
548 (M—PFe)".
[Ru(N-Me-ala-H;)(phen);]C10,® 11.
- [Ru(pro-Hz)(phen);]C104-0.5H,0% 12.

Yield : 66%.
Yield : 57%.

Results and Discussion

Syntheses of (¢-Amino acidato)ruthenium(Il) Com-
plexes.  The treatment of cis-[RuCl,(phen),] with sodium
a-amino acidate in hot ethanol-water (1: 1) affords the (a-
amino acidato)bis(1,10-phenanthroline)ruthenium(Il) com-
plexes ([Ru(a-amino acidato)(phen);]X : @-amino acidato=
glycinato, N-methylglycinato, N-benzylglycinato, (S)-alanin-
ato, N-methyl-(S)-alaninato or (S)-prolinato; X =Cl, ClO4 or
PFg). The NMR spectra of these complexes reveal that they
consist of approximately equal amounts of two diastereo-
mers, except that of the glycinato complex: A-S and A-
S for the (S)-alaninato or (S)-prolinato complexes and A-
S/A -R and A -S/A-R for the N-methylglycinato, N-benzyl-
glycinato or N-methyl-(S)-alaninato complexes. For the N-
methylglycinato, N-benzylglycinato or N-methyl-(S)-alanin-
ato complexes, the NMR peaks of two isomers shown in ex-
perimental section (isomers I and II) were assigned based on
the HH COSY spectra. Isomer II was assumed to be A -S/A -
R, because its N-methyl group resonates at a higher magnetic
field compared to that of isomer I, due to the ring current
effect of 1,10-phenanthroline.

Dehydrogenation of (¢-Amino acidato)ruthenium(Il)
Complexes by Chemical Oxidation. (a-Imino acidato)-
ruthenium(Il) complexes, such as 2-methyliminopropionato
or 1-pyrroline-2-carboxylatoruthenium(Il) complexes, have
been prepared from the corresponding a-amino acidato com-
plexes by anodic oxidation.” However, anodic oxidation of
the glycinato complex failed to give the ¢-imino acidato
complex. We therefore examined the chemical oxidation of
the glycinato complex.

First, we employed hydrogen peroxide as an oxidizing
reagent. In the presence of hydrogen peroxide, the a-ami-
no acidato complexes are slowly converted to the @-imino
acidato complexes, except for the glycinato and (S)-alan-
inato complexes. After 72 h, particular peaks of the a-
amino acidato complexes disappeared, and those of the a-
imino acidato complexes were observed by NMR and FAB
MS spectra. As for the UV/visible spectra, the absorption
maximum in the visible region shows a blue shift, indicating
the formation of the ¢-imino acidato complexes.® How-
ever, since those spectra do not have an isosbestic point, the
reaction using hydrogen peroxide as an oxidant is not quanti-
tative, and produces by-products. It is assumed that a part of
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the a-imino acidato complex may be further oxidized. In the
case of the glycinato or (S)-alaninato complexes, which con-
tain the NH,-group with no substituent, no ¢-imino acidato
complex, such as iminoacetato (NH=CHCO, ™) or 2-imino-
propionato (NH=C(Me)CO, ™), was obtained, probably due
to successive oxidation. Using hydrogen peroxide as an
oxidizing reagent, N-alkyl substituted az-amino acidato com-
plexes were partly dehydrogenated to give the corresponding
a-imino acidato complexes; though these reactions were not
quantitative.

On the other hand, it was found that ammonium cerium-
(IV) nitrate (CAN) is more facile and versatile than elec-
trolysis at a constant potential and other oxidizing reagents
to dehydrogenate a-amino acidato complexes giving ¢/-imi-
no acidato complexes. Figure 1 shows the change in the
electronic absorption spectrum of the glycinato complex
([Ru(gly)(phen),1*) of CAN by a 0.25 equivalent portion.
The dehydrogenation by CAN is so fast that the spectrum
is changed immediately with the addition of CAN. The
spectrum of the @-amino acidato complex changes with an
isosbestic point at 473 nm, and those of the other (a-ami-
no acidato)ruthenium(Il) complexes show a similar behavior
upon the addition of CAN. The spectra show an isosbestic
point until the addition of two equivalents of CAN. Then,
the a-amino acidato complexes were oxidized on a prepara-
tive scale by two equivalents of CAN to afford the products,
which were assigned by measurements of the FAB-MS and
NMR spectra to be the a-imino acidato complexes. The
dehydrogenation of the ¢z-amino acidato complexes, giving
rise to the a-imino acidato complexes, is a two-electron ox-
idation process (Scheme 1). Consequently, @-imino acidato
complexes were quantitatively obtained with the addition of
two equivalents of CAN. There are four possible types of the
(a-imino acidato)ruthenium(Il) complexes: with or without
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Fig. 1. The change of the UV/visible spectrum of the glycin-

ato complex [Ru(gly)(phen),]* 1 with the addition of CAN
by 0.25 equivalent amount.
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N-substituent and/or C-substituent. Every type of the typical
(a-imino acidato)ruthenium(Il) complexes 7—12 were ob-
tained by oxidation of the a-amino acidato complexes using
CAN (Scheme 2). The iminoacetatoruthenium(Il) complex
([Ru(NH=CHCO,)(phen),]*) was synthesized for the first
time using CAN.'?

Although we have not yet carried out an extensive mech-
anistic study, the reaction mechanism may be assumed
by analogy with those for the dehydrogenation of the
amine ruthenium complexes proposed by Keene and co-
workers,?" and of the hexaamine cage complex by Sargeson
and Bernhard,"™ as follows: The first step is one-elec-
tron oxidation by the Ce(IV) ion from Ru(Il) to Ru(Il)
(Scheme 3(1)).22 The next step is proton dissociation of
the amino group (Scheme 3(2)); then, disproportionation
between two Ru(Ill) species yields the original Ru(Il) com-
plex and the Ru(IV) intermediate (Scheme 3(3)). A proton
is removed from the Ru(IV) intermediate, and the (@-imi-
no acidato)ruthenium(Il) complex is then produced. The
overall reaction is two-electron oxidation. In the case of
the dehydrogenation of the amine osmium(Il) complex, the
Os(IV) species, which was the intermediate of the dispro-
portionation of the Os(Ill) species, was isolated and the
molecular structure of that was determined by an X-ray
crystallographic analysis.”® As for the dehydrogenation of
the amine ruthenium(II) complex, the production of the Ru-
(IV) species, the intermediate of the disproportionation of
the Ru(1ll) species, was detected by means of the UV/visible
spectrum.’ The absorption spectrum of the intermediate re-
sembles that of the Os(IV) species.

The oxidized products, which were identified as the (-
imino acidato)ruthenium(Il) complexes [Ru?{N(R)=C(R?)-
CO; }(phen),]* (R!'=H, Me, or Bn, R?=H; R! =H, or Me,
R?=Me; R!, R? =—(CH,);—; X=Cl, ClO4 or PFg), were
isolated as the chloride, perchlorate or hexafluorophosphate
salt in 57—87% yield. The ruthenium complex ions were
observed by fast atom bombardment mass spectrometry, and
the isotope distribution of the ions is in good agreement
with the calculated value. For instance, the m/z value of
the glycinato complex is 536; on the other hand, that of the
oxidized product is 534. Thus, the m/z value of the oxidized
product is less than that of the starting compound by two,
which clearly proves that dehydrogenation takes place in the

H W
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(phen)ZRu"\Ni +Ce(lv) —~ (phen)zﬂu"'/ N:EQ+ Ce(lil) ( 1 )
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R R
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Scheme 3.

oxidation of the @-amino acidato complexes. The absorption
maximum of the electronic spectrum of the a-imino acidato
complex in the visible region shows a blue shift of about 30
nm compared to that of the a-amino acidato complex. The
shift may reflect a back donation from the ruthenium metal
center to the C=N double bond.

The cyclic voltammogram (CV) of the a-amino acidato
complexes in 1.0 moldm~—* HCI shows two anodic peaks
and a cathodic peak, as shown in Fig. 2(a) for 2; the data
are listed in Table 1. An irreversible anodic peak at 0.55—
0.65 V for the @-amino acidato complexes is considered to
be a one-electron oxidation of the Ru(Il) center to Ru(Ill).
On the other hand, a quasi-reversible couple was observed
at about 0.75 V for the a-amino acidato complexes, except
for the glycinato and (S)-alaninato complexes (1, 4), which
is attributed to the product oxidized by the EC reaction. The
cyclic voltammograms of the a-imino acidato complexes
display a reversible couple, as shown in Table 1, which is
identical to those observed with the ¢-amino acidato com-
plexes. The half-wave potential (about 0.75 V) of the a-



T. Mori et al.
T T T T T T
a
I 1uA
1 1 il i I 1
0 0.2 04 0.6 0.8 1.0V
vs. SCE
T T T T T T
b
I 1pA
1 i | Nl 1 1
0 0.2 0.4 0.6 08 1.0V
vs. SCE
Fig. 2.  Cyclic voltammograms of (a) [Ru(N-Me-gly)-

(phen),]* 2 and (b) [Ru(gly)(phen),]* 1in 1.0 mol dm™3HCI
(Pt working electrode; scan rate 50 mV s7h.

imino acidato complex is about 0.2 V more positive than
the anodic potential of the corresponding a-amino acidato
complex. However, the CVs of the glycinato complex 1
(Fig. 2(b)) and the (S)-alaninato complex 4 are different
from those of the other a-amino acidato complexes, and
the CVs of the iminoacetato (NH=CHCO, ™) complex 7 and
2-iminopropionato (NH=C(CH3)CO, ™) complex 10 show
two irreversible anodic peaks. Although a pseudo-reversible
peak was observed at 0.59 V for 1 and 4, the reversible peak
of the corresponding a-imino acidato complexes was not ob-
served. These results suggest that electrolysis at a constant
potential of the glycinato and the (S)-alaninato complexes
may be difficult to yield the corresponding a-imino acidato
complexes because of further oxidation of the product. In
fact, no a-imino acidato complex was obtained by elec-
trolysis at a constant potential of the glycinato and the (S)-
alaninato complexes. It thus appears that electrolysis at a
constant potential is unsuitable to dehydrogenate a-amino
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Table 1. Anodic and Cathodic Peaks of Amino and Imino
Acidato Complexes®

[Ru(L)(phen), J* Anodic peak Cathodic peak
L E,/NV E./V
gly 1 0.59 0.51
N-Me-gly 2 0.58 0.81 0.74
N-Bn-gly 3 0.65 0.82 0.76
(85)-ala 4 0.59 0.78 0.51
N-Me-(S)-ala 5 059 074 0.69
(8)-pro 6 055 0.78 0.72

gly-Hy 7 0.65 0.80

N-Me-gly-H, 8 0.81 0.74
N-Bn-gly-H, 9 0.83 0.76
ala-H, 10 0.71 0.90 0.83
N-Me-ala-H, 11V 0.75 0.69
pro-H 12% 0.78 0.72

a) Scan rate 50 mV s—!; potentials vs. SCE; Pt electrode; in 1.0
moldm—3HCL. b) Ref. 8.

acidato complexes having no N-substituent. On the other
hand, oxidation using CAN as the oxidizing reagent is ca-
pable of dehydrogenating a-amino acidato complexes, even
with no N-substituent, such as the glycinato complex, to give
the corresponding a-imino acidato complexes.

The 'H and 3CNMR spectra of the a-imino acidato
complexes are consistent with the proposed structures. The
'HNMR spectrum of the @-imino acidato complex derived
from the N-methylglycinato complex exhibits downfield
shifts of the N-methyl group (0.83 and 1.60 ppm from the
isomer I and II) compared to those of the N-methylglycinato
complex. In case of the (S)-alaninato complex, downfield
shifts of the C-methyl group (0.75 and 0.91 ppm) of the
ala-H, complex compared to those of (S)-alaninato complex
were observed. These downfield shifts were similar to those
observed with the a-amino acidato cobalt(Ill) complexes™>
and the N-methylalaninato ruthenium(Il) complexes.® Al-
though the peak of the imino(N=CH) proton of the meth-
yliminoacetato (Me—N=CHCO,) complex overlaps those of
the aromatic protons of the phenanthrolines, the peak at 8.1
ppm (in CD30D) is assigned as the imino proton by the mea-
surement of HH COSY spectrum, because the *J coupling
was observed between the imino proton and the N-methyl
protons (Fig. 3). Similarly, the peak of the imino proton
of N-benzyliminoacetato (Bn—-N=CHCQO,) was observed at
8.48 ppm. As for 13C NMR spectra, it is generally difficult to
distinguish the peak of C=N carbon from that of C=0 carbon
of the a-imino acidato complex having a C-substiuent on the
imino group. However, in the case of the a-imino acidato
complex of the glycine derivative, which has no C-substituent
on the imino group, the peaks of the C=N carbon can be eas-
ily assigned by the DEPT method. The '*CNMR spectrum
of the methyliminoacetato (Me—N=CHCO,) ruthenium(I)
complex display two peaks at 171—180 ppm; a peak res-
onated at a higher magnetic field was assigned as the C=N
carbon by the DEPT spectrum measurement, as shown in
Fig. 4.
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Fig. 3.
with asterisk are those of solvent or impurities.

In conclusion, all four possible types of the (a-imino
acidato)ruthenium(Il) complexes with or without N- and/or
C-substituent(s) were obtained from the corresponding (a-

b

N

L

ppm

Fig. 4. (a) ®CNMR and (b) DEPT 90° (CH) spectra of
[Ru(N-Me-gly-H,)(phen),]* 8 (67.5 MHz, in CD;0D).

T I T 1
180 160 140 120

HH COSY spectrum of the methyliminoacetato complex [Ru(N-Me-gly-Hz)(phen),]* 8 (270 MHz, in CD;0D). The peaks

amino acidato)ruthenium(Il) complexes by chemical oxida-
tion using diammonium cerium(IV) nitrate (CAN) as the
oxidizing reagent. In particular, the iminoacetatoruthenium-
(I) complex [Ru(NH=CHCO;)(phen),]* (7), of which the a-
imino acidato moiety is the simplest one with no substituent
on the imino group, was synthesized for the first time by this
method.'” The dehydrogenation of the (@-amino acidato)-
ruthenium(Il) complexes with CAN is more facile and ver-
satile than any other method that we have ever examined,
including hydrogen peroxide.

The authors are grateful to Prof. Tomomichi Ishikawa and
Dr. Takehiko Suzuki for use of the instrument for elemental
analyses.
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