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(o-Imino acidato)ruthenium(ll) complexes, [RIN(R)=C(R)COz} Ly " (R = R2=Me or Rt = R2 = —(CHy)3—;

L = 2,2-bipyridine =bpy) or 1,10-phenanthrolinesphen)), were obtained by anodic oxidation at a constant
potential of the corresponding{amino acidato)ruthenium(ll) complexéé;methylalaninato or prolinato complexes,

in good to excellent yields. afImino acidato)ruthenium(ll) complexes are stable in neutral or acidic aqueous
solution. The half-wave potentials of-imino acidato complexes are 0+8.78 V (vs SCE), which are more
positive than those of the correspondiagamino acidato complexes, 0.58.59 V. The crystal structure of
[Ru(pro-H)(bpy)]ClO43H,0 (pro-H = 1,2-didehydroprolinato) has been determined by single-crystal X-ray
analysis. Crystallographic data: space gr@ic, a = 21.73(1) A,b = 19.33(1) A,c = 14.58(1) A8 =
114.91(5), Z = 8, R=0.0352. The length of the=€N double bond of ther-imino acidate moiety is 1.294(5)

A, and Ru-N(imino nitrogen)= 2.042(3) A. The chelate ring of the-imino acidato ligand is planar.

Introduction 1,2-diamine, Keene and co-workers have proposed that the
reaction starts by one-electron oxidation of the metal center,
Ru(ll) to Ru(lll), and involves a Ru(lV) intermediate from which

is further abstracted a proton, resulting in an imino group with
the Ru(ll) ion8 The syntheses ofitimino acidato)cobalt(l1l)
complexes have been reporféd’* Chelation to a metal ion
|stabilizes the imino acidate moiety against hydrolysis even in
neutral or acidic aqueous solutionso-Imino acidato)cobalt-

(1) complexes have been prepared by several methods as
follows: (a) intramolecular condensationafketo acidate and

In biological systemsy-amino acids are oxidatively deami-
nated toa-keto acids by enzymes such as glutamate dehydro-
genasé. Extensive studies have been made to mimic the
oxidative deamination af-amino acids tax-keto aciddn vitro,
and it has been found that-amino acids are oxidatively
deaminated in the presence of pyridoxal derivatives and metal
ions2 On the other hand, most of attempts in the absence of
pyridoxal derivatives have failed to giveketo acids’ although
oxidative deamination tax-keto acids has been achieved by

using the Ce(lV) iofor Fremy’s salf Since the first step of
oxidative deamination afi-amino acids is dehydrogenation of
the amino groupg-imino acids are postulated as the intermedi-
ate; however, it is difficult to isolate-imino acids because of
their instability in an aqueous solution.

ammine ligands on the compléX{b) dehydrogenation of the
o-amino acidato complex by using potassium permangé&hate
or thionyl chloridet? (c) S-elimination of a $-substituted
o-amino acidato complex with an approprigtesubstituent as

A 1,2-diamine or polyamine chelated to a metal ion can be (7) (a) Goedken, V. LJ. Chem. Sog¢.Chem. Commurl972 207. (b)

dehydrogenated to the corresponding imine compléxghe
dehydrogenation of 1,2-diamine complexes of M(ll) ions (M
= Fe/ Rug O¢ ) by chemical and/or anodic oxidation to 1,2-

diimine complexes has been the focus of a number of studies.

As for the dehydrogenation of the ruthenium(ll) complexes of
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Scheme 1
Tl R!
2
H\N H 2]+ ]L R +
/ anodic oxidation / ~
L, Ru"\ —_— L, Ru"\
[0} 0 [0} 0

L = bpy or phen
R}, R? = CHj; or -(CH,);-

a leaving group? (d) oxidative decarboxylationdehydroge-
nation of a-alkyl-a-aminomalonato complexé$. Attempted
anodic oxidation of amino acidato Co(lll) complexes has failed
to afford imino acidato complexé4® Numerous studies have
been done to utilizeo-imino acidato)cobalt(lll) complexes,

since they react with various reagents such as a nucleophile o

an electrophilé®315 Dehydrogenation ofx-amino acidato

complexes is a promising way to prepare the corresponding

a-imino acidato complexes.
We report herein the dehydrogenation aefgmino acidato)-
bis(diimine)ruthenium(ll) complexes (diimirre bpy, phen) by

Yamaguchi et al.

N—CHs(ll), J = 5.9 Hz), 3.48 (dq, €(I), J = 7.3, 16 Hz), 4.02 (dq,
CH(Il), J=6.9, 17 Hz), 4.43 (dg, N(I1), J= 5.9, 17 Hz), 4.9 (Mi(1)),
7.3-9.8 (m, 16 H, aromatics). SelectédC NMR data (RO, 22.5
MHz), 6: 16.9 (C-CHj3), 17.7 (C-CHs), 38.3 (N-CH3), 38.9 (N~
CHs), 62.9 CH), 63.0 CH), 186.0 C=0), 186.3 C=0). Anal. Calcd
for CagHaNsCIOgRuU: C, 50.11; H, 4.81; N, 10.44. Found: C, 50.32;
H, 4.96; N, 10.74. UVlvisible absorption peaks;(®) [Amax NM (€,
mol~t dm® cm™3)]: 480 (1.04x 10, 412 (3.23x 10°), 263 (8.02x
10%, 222 (5.46x 10%). FAB-MS, m/iz 564 (M — Cl)*.

(d) [Ru((S)-pro)(phen),]CI-3.5H,0 (4). Yield: 73%. 'H NMR
(D20, 270 MHz),0: 1.53 (m), 1.8-2.6 (m), 2.87 (m), 3.49 (m), 4.04
(g, N—CH), 4.47 (g, N-CH), 5.26 (q, NH), 6.28 (g, NH), 7.2-9.7 (m,
16 H, aromatics). SelectédC NMR data (RO, 67.5 MHz),0: 22.5,
24.5,29.6, 47.0, 50.8, 61.6, 61.8, 187C3«0). Anal. Calcd for Go
HziNsClOs sRu: C, 51.67; H, 4.63; N, 10.39. Found: C, 51.52; H,
485, N, 10.02. UV/visible absorption peaks;() [Amax NM (, mol?
dm? cm)]: 463 (1.11x 10%), 432 (sh) (1.06x 10%, 313 (sh) (5.26
x 10°), 263 (6.42x 107), 222 (5.14x 10%), 202 (4.40x 10%. FAB-
MS, mz. 576 (M — CI)*.

General Procedure for the Preparation of @-Imino acidato)-
ruthenium(ll) Complexes. The a-amino acidato complex (100 mg)
was dissolved in 1 N HCI (30 mL). Anodic oxidation at constant

anodic oxidation at a constant potential to yield the correspond- potential of thex-amino acidato complex was carried out under nitrogen

ing (a-imino acidato)ruthenium(ll) complexes, [IRIN(RY)=C-
(ROCO}Lo] " (R = R?2 = Me, —(CHy)s—; L = bpy, phen).

Experimental Section

All chemicals were of reagent grade and were used as recegied.
Dichlorobis(2,2-bipyridine)ruthenium(ll) was prepared by using lit-
erature procedurés,. cis-Dichlorobis(1,10-phenanthroline)ruthenium(ll)
was prepared by a method similar to that for the bis¢Bigyridine)
complexes.

General Procedure for the Preparation of @-Amino acidato)-
ruthenium(ll) Complexes. The (-amino acidato)bis(2;2ipyridine

or 1,10-phenanthroline)ruthenium(ll) complexes were prepared by a (C=0),

method similar to that described in ref 17 except thaatnino acidato)-

bis(1,10-phenanthroline)ruthenium(ll) complexes were prepared in
(1,10-p ) (I comp oo and 100, 442 (sh) (1.02« 109, 395 (6.77x 109, 340 (7.95x 10), 288

ethanot-water (1:1) instead of water and crystallized from ethanol an

ethyl acetate.Caution! Although these perchlorate salts are moderately (6.00 x 107), 252 (

with a Pt gauze working electrode at the potential for oxidation of the
Ru(ll) center to Ru(lll) (see below) in a three-compartment electro-
chemical cell in which the working electrode and counter electrode
were separated by a salt bridge. Electrolysis was continued until the
current had fallen below 1% of the initial current. After the solution
was neutralized with a saturated aqueous solution of Nail@@
product was precipitated by the addition of saturated LiCIO

(a) [Ru(N-Me-ala-H;)(bpy)2]CIO 4:2.5H,0O (5). Yield: 78%. H
NMR (DO, 270 MHz),6: 2.33 (s, 3 H, G-CH3), 3.11 (s, 3 H,
N—CHa), 7.05-8.6 (m, 16 H, aromatics). SelectédC NMR data
((CD3),SO, 22.5 MHz),6: 17.0 (G-CHg), 42.5 (N-CH3), 171.6
173.0 C=N). Anal. Calcd for GiH2:NsClOgsRu: C, 43.81;
H, 4.14; N, 10.64. Found: C, 43.76; H, 4.30; N, 10.61. UVl/visible
absorption peaks (#D) [Amax M (€, mol~* dm® cm™Y)]: 469 (1.18x

sh) (1.57x 10, 241 (2.06x 10%), 195 (4.08x

stable, they are potential hazards and should therefore be handled witt1104)' FAB-MS, mz 514 (M — CIO4)".

care and in small quantities.

(a) [Ru(N-Me-ala)(bpy)2]CIO 4-2H,0 (1). Yield: 96%. *H NMR
(D20, 270 MHz)¥ §: 1.39 (d, CG-CHx(Il), J=7 Hz), 1.48 (d, G-CHs-
(1), 3= 7 Hz), 1.69 (d, N-CHs(l), J = 5 Hz), 2.40 (d, N-CHa(ll), J
= 6 Hz), 3.30 (m, Ei(l)), 3.80 (m, GH(II)), 4.12 (m, NH(Il)), 4.53
(m, NH(l)), 7.0-9.4 (m, 16 H, aromatics). Selecté®C NMR data
(D20, 22.5 MHz),0: 16.4 (C-CHj3), 16.7 (CG-CHg), 37.9 (N-CHjy),
38.6 (N-CH3), 62.7 CH), 185.9 C=0). Anal. Calcd for Gs
H,eNsClOgRu: C, 44.27; H, 4.34; N, 10.76. Found: C, 44.23; H, 4.36;
N, 10.68. UV/visible absorption peaks {8) [Amax NM (€, mol~t dm?
cm1)]: 487 (6.75x 10°), 342 (6.10x 1C°), 290 (4.30x 10%, 250
(sh) (1.33x 10%), 241 (1.64x 10, 193 (3.16x 10%. FAB-MS,m/z.
516 (M — CIOg)*.

(b) [Ru((S)-pro)(bpy)2]ClIO4+2H,0 (2). Yield: 90%. H NMR
(D20, 270 MHz),6: 1.6-3.3 (m, 5 H), 3.71 (d (br), 1 H), 3.92 (m, 1
H), 7.0-9.2 (m, 16 H, aromatics). Select& NMR data (RO, 22.5
MHz), 6: 27.2,30.8, 31.2,50.6, 52.4, 64.3, 65.0, 18C5(0). Anal.
Calcd for GsHgNsCIOgRu: C, 45.29; H, 4.26; N, 10.56. Found: C,
44.12; H, 4.15; N, 10.37. UV/visible absorption peaks@H [Amax
nm (e, mol~* dm?® cm™1)]: 467 (9.90x 10°), 335 (7.71x 10°), 288
(5.16 x 109, 252 (sh) (1.43x 10%), 241 (1.90x 10%, 196 (3.34x
10%). FAB-MS,m/z 528 (M — CIO,)*.

(c) [Ru(N-Me-ala)(phen)]Cl-4H,0 (3). Yield: 77%. 'H NMR
(D20, 270 MHz)18 §: 1.47 (d, G-CHs(ll), J = 6.9 Hz), 1.57 (d,
C—CHg(l), J = 7.3 Hz), 1.57 (d, N-CHs(l), J = 4.3 Hz), 2.47 (d,

(15) Harrowfield, J. M.; Sargeson, A. M.; Whimp, P. l@org. Chem1991,
30, 1792 and references cited therein.

(16) Lay, P. A.; Sargeson, A. M.; Taube, hhorg. Synth.1986 24, 291.

(17) Vagg, R.; Williams, P. Alnorg. Chim. Actal982 58, 101.

(18) H NMR spectra showed thatand3 were a mixture of two isomers,
I and Il, shown in parentheses. See text.

(b) [Ru(pro-H 5)(bpy)2ClO4-2H,0 (6). Yield: 68%. H NMR
(CDsOD, 270 MHz),6: 2.05 (m, 1 H), 2.33 (m, 1 H), 2.91 (m, 1 H),
3.12 (m, 2 H), 3.90 (m, 1 H), 7-48.8 (m, 16 H, aromatics). Selected
3C NMR data (CROD, 100 MHz),0: 23.8 (CHy,), 36.1 CH>), 62.3
(CH,), 173.5 C=0), 179.7 C=N). Anal. Calcd for GsHsNsClOg-
Ru: C, 45.43; H, 3.96; N, 10.59. Found: C, 45.51; H, 3.91; N, 10.57.
UV/visible absorption peaks @®) [Amax NM €, molt dm? cm™Y)]:
465 (1.06x 10%, 440 (sh) (9.43x 1(°), 388 (6.08x 107, 336 (7.24
x 10%), 287 (5.33x 10%, 251 (sh) (1.43x 10%), 240 (1.82x 107,
195 (3.63x 10%). FAB-MS,m/z 526 (M — CIOy)*.

(c) [Ru(N-Me-ala-Hy)(phen)]ClO4 (7). Yield: 81%. 'H NMR
(D20, 270 MHz),0: 2.39 (s, 3 H, G-CHy), 3.08 (s, 3 H, N-CHy),
7.3-9.1 (m, 16 H, aromatics). SelectédC NMR data ((CR).SO,
22.5 MHz),6: 17.0 (G-CHj3), 42.9 (N\-CHg), 171.8 C=0), 173.1
(C=N). Anal. Calcd for GgH..NsCIO¢Ru: C, 50.88; H, 3.35; N,
10.59. Found: C, 50.58; H, 3.54; N, 10.76. UV/visible absorption
peaks (HO) [Amax NM (€, mol* dm?® cm™3)]: 460 (sh) (1.34x 109,
435 (1.37x 10%), 316 (sh) (3.81x 108), 264 (7.58x 10¢), 222 (5.44
x 10%). FAB-MS, m/iz 562 (M — CIlOy)™.

(d) [Ru(pro-H 2)(phen),]ClO 4-0.5H,0 (8). Yield: 60%. H NMR
(D20, 270 MHz),6: 1.95 (m, 1 H), 2.25 (m, 1 H), 2.92 (m, 2 H), 3.10
(m, 1 H), 3.95 (m, 1 H), 7.29.1 (m, 16 H, aromatics). SelectéiC
NMR data (DO, 67.5 MHz),0: 24.5 (CH,), 36.8 CH,), 63.7 CH.),
176.0 C=0), 179.1 C=N). Anal. Calcd for GgH23NsClOssRu: C,
51.07; H, 3.40; N, 10.27. Found: C, 50.91; H, 3.49; N, 10.28. UV/
visible absorption peaks @) [Amax, "M (€, mol~* dm? cm1)]: 455
(sh) (1.43x 10%), 434 (1.47x 10%), 315 (sh) (4.25< 10°), 263 (8.36
x 109, 222 (6.22x 10%). FAB-MS, m/iz 574 (M — ClO,)*".

Measurements. Visible and ultraviolet absorption spectra were
measured with a Hitachi 340 or Hitachi 220A spectrophotometiir.
NMR and 3C NMR spectra were recorded on JEOL FX-90, JEOL
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Table 1. Crystallographic Data for [Ru(pro-H{bpy)]ClO4-3H,0O Table 2. Fractional Positional Parameters and Equivalent Isotropic

(6) Thermal Parameters for Non-Hydrogen Atoms with Their Estimated
empirical formula GHasN=OsCIRU Standard Deviations in Parentheses
fw 679.05 atom xla y/b Zc U(iso), A2
cystalsize e 25’(51; Lo mnt Ru() 0.15200(1)  0.22521(2) 0.71227(2)  0.040
b= 10.33(1) A cl2) 0.12642(6) 0.52433(6)  0.72157(9) 0.070
c= 14.58(1) A N(3) 0.20386(15) 0.18274(16) 0.63611(20) 0.045
= 114.91(5) N(4) 0.12148(14)  0.27562(17) 0.80994(20)  0.046
vol of unit cell V = 5556(6) A N(5) ~ 0.19421(15)  0.16295(17) 0.83809(20)  0.047
crystal system monoalinie N(6) 0.10175(15)  0.28615(17) 0.58732(20)  0.048
space group C2/c (No. 15) N(7) 0.06723(15) 0.16800(18) 0.63886(22) 0.050
7 value =g 0o(8) 0.24332(13)  0.28394(14) 0.76685(17)  0.050
densities Dons= 1.60 g/crd 0(9) 0.34160(15) 0.29503(18) 0.75422(23) 0.073
D 162 glcrd C(10)  0.1875(3) 0.1277(3)  0.5594(3) 0.065
F(000) 2768 C(1) o062  Olsiz3)  0soa3  0.061
H — 1 . . . .
L'Qc?iiiiiﬁs coeff Mo ?{facfo (7'\48 %’% C(13) 0.26219(19)  0.21004(20) 0.65405(26)  0.049
max (sinf)/4 0.648 ' C(14) 0.28557(19) 0.26702(21) 0.73044(26) 0.050
no. of tot. reflns measd .6725 C(15) 0.0886(2) 0.3368(2) 0.7917(3) 0.055
no. of unique refins 5992 C(16) 0.0761(2) 0.3716(3) 0.8649(3) 0.064
intérnal consistency Ry = 0.02 C(@17) 0.0979(2) 0.3428(3) 0.9598(3) 0.069
function minimized ZE\tN(\F 12— IF? C(18)  0.1321(2) 0.2808(3)  0.9792(3) 0.063
no. of refins usedf, > 30(Fy)) 2548 ° © C(19) 0.14413(18) 0.24767(21) 0.90438(25) 0.049
no. of variables © o 458 C(20) 0.18300(18) 0.18323(21) 0.91934(25) 0.048
reciduald R= 0.0352 C(21)  0.2082(2) 0.1444(3) 1.0077(3) 0.064
Ry = 0.0355 C(22)  0.2440(3) 0.0847(3)  1.0143(3) 0.069
goodness of fit S 289 C(23)  0.2553(2) 0.0644(3)  0.9325(3) 0.068
Cey paory Ol ose) oo
max positive peak in final diff map 0.57 €l C(26) 0.0850(3) 0.3857(3) 0.4827(2) 0075
aw = 1.0.°R = Y||Fo| — |Fdll/Z|Fol; Ry = [IW(IFo| — [Fc)% C(27)  0.0280(3) 0.3561(3)  0.4089(4) 0.080
SW|Fo[? Y2 C(28)  0.0074(2) 0.2924(3) 0.4252(3) 0.070

C(29)  0.04441(19)
C(30)  0.02608(19)

0.25753(23) 0.51556(26)  0.054

EX-270, and JEOL EX-400 spectrometers, chemical shifts being 0.19046(23)  0.54318(28) 0.055

reported on th& scale in ppm relative to tetramethylsilane (TMS) or gg%g _8833?%; géggggg ggﬁégig 88;2
sodium 4,4-dimethyl-4-silapentanoate¢TSP) for'H NMR and to 1,4- c(33) _0:0023(3) 0:0673(3) 016116(4) 0.082
dioxane (67.4 ppm) fofSC NMR. Fast atom bombardment mass  c(34)  0.0519(2) 0.1080(3) 0.6706(4) 0.067
spectra (FAB-MS) were obtained on a JEOL JMS-DX300 mass (Q(35) 0.1331(2) 0.5933(2) 0.6936(3) 0.098
spectrometer by usingrnitrobenzyl alcohol as matrix. The calculation  O(36) 0.1191(3) 0.5266(3) 0.8127(4) 0.191
of the isotope distribution for the complexes were done by the program O(37) 0.1849(2) 0.4853(3) 0.7387(4) 0.144
MASS written by M.Y. 0(38)  0.0696(3) 0.4906(3)  0.6508(4) 0.159
All electrochemical measurements were made versus the saturated O(39) 0.3214(2) 0.4404(2) 0.7819(3) 0.123
calomel electrode (SCE) at 222 °C and are uncorrected for juncton ~ O(40) ~ 0.0907(5)  —0.0460(5) 0.8145(7) 0.313
potentials. Potential control for electrochemical experiments was O(41)  0.0656(3) 0.1706(6)  0.3177(5) 0.254

obtained with a Hokuto Denko Model HA-101 or HA-501 potentiostat/

galvanostat. The waveform generator was a Hokuto Denko Model HB-
104 function generator. Cyclic voltammetric experiments were con-
ducted in a two-compartment electrochemical cell equipped with a

Table 3. Selected Intramolecular Bond Distances (A) and Bond
Angles (deg) with Their Estimated Standard Deviations in
Parentheses

platinum working electrode, a platinum counter electrode, and a Ru(1)-N(3) 2.042(3)  N(3)Ru(1}-0(8) 77.9(2)
saturated calomel reference electrode, which was separated by a salt Ru(1)-N(4) 2.065(3)  N(4rRu(1}-N(5) 78.9(2)
bridge. All solutions were deoxygenated by bubbling nitrogen gas gﬂgi)):mggg ggggg; HES;SE&)):“EB 1(7333((%
through them and were maintained under nitrogen during the experi- : :
Sihe G MTRANS WS
X-ray Structure Analysis of [Ru(pro-H ;)(bpy)2]ClIO 4-3H,O. Deep ’ ’
red crystals of [Ru(pro-kJ(bpy)]ClO43H,O (6) were obtained by N(3)—C(10) 1.475(6) Ru(EyN(3)—C(13) 115.8(3)
crystallization from an aqueous solution. The crystal used in the data N(3)—C(13) 1.294(5) Ru(:y0O(8)—-C(14) 114.9(3)
collection was a deep red plate with the dimensions (x30.35 x C(10)-C(11)  1.532(8)  N(3yrC(13)-C(14) 116.6(4)
0.10 mni. The diffraction data were measured on a Mac Science C(11)-C(12)  1.515(8)  O(8C(14)-C(13) 114.7(4)
MXC18 four-circle diffractometer using graphite-monochromated Mo C(12)-C(13) 1.487(6)
Ko radiation ¢ = 0.710 73 A). Within the range® < 55°, 5992 8%32‘5&4) i-ggg(g) g(i}cc(lﬂ‘cc(lllg 182-}1(?
independent reflections were obtained, and 4548 reflections|®ith 029;—0&4; 1.241§53 CEl%CElZ)):CEBg 102'7E4g
> 30(F,) were used in the further' ca[culations. The intensities were ’ N(3)—C(13)-C(12) 115:0(4)
corrected for Lorentz and polarization effects, and no absorption C(10)-N(3)—C(13) 110.6(4)

correction was applied.

Crystallographic data are listed in Table 1. Atom scattering factors
were taken from the standard soutteThe structure was solved by
direct methods using SIRF2refined by a block-diagonal matrix least-
squares method with anisotropic temperature factors for non-hydrogen

atoms and isotropic temperature factors for hydrogen atoms, and further
refined by a full-matrix least-squares method for the final two cycles.
The final discrepancy factors weRe= 3 ||Fo| — |F¢||/3|Fo| = 0.0352
andRy = [SW(|Fo| — |Fc))¥3W|Fo|3Y2 = 0.0355 with a unit weight,
- ) w = 1.0. Final positional and thermal parameters for non-hydrogen

(19) :gitr%innagli?;rﬁl J ?f'elsgéir. \;((;F"I"& Crystallography<ynoch Press:  o45mq are listed in Table 2, and selected bond distances and angles are
(20) SIR92: Alto'ma.re','A.; Ca’scarénoi, G.; Giacovazzo, C.; Guagliardi, A.; listed in Table 3. All calculations were carried out on a Mac Science

Burla, M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr.1994 MXC18 SYSTEM, and ORTEP was employed for drawing the

27, 435. molecular structurét




146 Inorganic Chemistry, Vol. 35, No. 1, 1996 Yamaguchi et al.

Table 4. Anodic Peak and Half-Wave Potentials

a Eo, V Eiz V
0.1N 0.1N
I 2 A complex 1NHCI TEAP/AN 1NHCI TEAP/AN
1 0.59 0.72 0.70 (0.06) 0.80 (0.10)
2 0.56 0.71 0.74 (0.06) n'o.
3 0.59 0.68 0.72 (0.05) 0.82 (0.07)
4 0.55 0.68 0.75 (0.06) 0.85 (0.09)
5 0.70 (0.05) n.nt.
-2 ' . : L L L 6 0.74 (0.06) n.m.
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 7 0.72 (0.06) n.nm.
Vvs. SCE 8 0.75(0.06)  n.nd.
a Scan rate 50 mV/s unless stated otherwise; potentials vs SCE; Pt
b electrode; m 1 N HCI or in 0.1 N tetraethylammonium perchlorate
(TEAP)/acetonitrile (AN). Peak separations in parenthes€sthodic
peak was not observed. Anodic peak is 0.928can rate 20 mV/s.
I SuA 4 Not measured.
100
i §
[ §
80 - @) §
B By
-5 | ) 1 I R R | ’o\? 60 ; §
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 :: - N IR %
V vs. SCE £ i § § §
Figure 1. Cyclic voltammograms of (a) [RiMe-ala)(bpy)]* (2) 2 4 r § § § §
and (b) [RuN-Me-ala-H)(bpy)]* (5) in 1 N HCI (Pt working electrode; [ § § § §
scan rate 20 mV/s). 20 | \ § § §
[ N KRR
Results and Discussion 508 510 512 514 516 518 520
m/z

Synthesis of @-Amino acidato)ruthenium(ll) Complexes.

Treatment ofcis-[RuCly(bpy or phery] with sodiumo-amino 100 §
acidate in hot water or ethanelater affords the -amino 80 F §
acidato)bis(bipyridine or phenanthroline)ruthenium(ll) complex ) §
[Ru(aa)(bpy or phem)X (aa = N-methylalaninato or - e L §
prolinato; X = Cl or ClOy).1®8 The NMR spectra of these = I \ §
complexes reveal that they consist of approximately equal < 40 L § §
amounts of two diastereomer&-S and A-S for (S-prolinato o A § § S
complexes and\-S/A-R and A-SA-R for N-methylalaninato 20 [ § § §
complexes. FoN-methylalaninato complexes, two isomers, | § § §
and Il, are assigned by+H COSY spectra, as shown in the 0 N N

Experimental Sectiof® We assume that isomer | i SA-R,

because th&l-methyl groups of isomer | resonate in a higher _ )

magnetic field compared to those of isomer Il due to the ring I'\:/:gf’;gibpz‘;‘ﬁ'?l;a;gt&?[E%ngf,ared_r;lZt‘é;?g;;)jﬁ’e(gt)r'aggs(;)\tﬂ;“(

current effect of bipyridine or phenanthroline. data are shown by hatched bars, and calculated data by solid bars.
Cyclic voltammetry (CV) of theq-amino acidato)ruthenium-

(1) complexes n 1 N HCI shows two anodic peaks and a which were identified as the-imino acidato complexes [Ru

cathodic peak as shown in Figure 1 forthe data are listed in  (N(RY)=C(R})CO,)(bpy or phenj]X (Rl = R2 = Me, —(CHy)s—;

Table 422 An irreversible anodic peak at 0.58.59 V (vs X = ClOy, Cl), were isolated as the perchlorate or chloride salts

SCE), which is irreversible at any scan rate{B00 mV/s),is  in 60—81% yield?® The cyclic voltammogram of aa-imino

considered to be the one-electron oxidation of the RU(“) center acidato Comp|ex disp|ays a reversible Coup|e as shown in Figure

of thea-amino acidato complexes to Ru(lll). On the other hand, 1b, which is identical with that observed withamino acidato

a quasi-reversible couple is observed at 6:00Y5 V, whichis  complexes. The half-wave potentials of thémino acidato

attributed to the product oxidized by an EC reaction as diSCUSSEdcommexes listed in Table 4 are more positive than the anodic

later. potentials of the correspondirngamino acidato complexes.
Dehydrogenation of @-Amino acidato)ruthenium(ll) Com- As shown in Figure 2, the ruthenium complex ion was

plexes. Anodic oxidation of the ¢-amino acidato)ruthenium-  observed by fast atom bombardment mass analysis, and the

(I1) complexes was carried out at constant potential, 6559 isotope distribution of the ions was in good agreement with the

V (vs SCE), which is attributed to the potential for oxidation calculated one. Theavz value of the electrolyzed product is

of the Ru(ll) center to Ru(lll),n 1 N HCI with a Pt gauze less than that of the starting-amino acidato complex by 2,

working electrode under nitrogen. The oxidation products, which clearly proves that dehydrogenation took place in anodic
oxidation of theo-amino acidato comple¥

(21) Johnson, C. K. ORTEP Report ORNL-3794; Oak Ridge National

Laboratory: Oak Ridge, TN, 1965. (23) Chemical oxidations ofo-amino acidato)bis(bipyridine or phenan-
(22) The cyclic voltammograms in a neutral solution (1 N NaCl) were throline)ruthenium(ll) complexes using an oxidizing reagent such as
almost identical with those in an acidic solution. For examtge= the Ce(IV) ion have been readily carried out to afforémino acidato

0.54 V (vs SCE) and;, = 0.75 V (0.08) for2 (scan rate 50 mV/s; complexes: Mori, T.; Yamamoto, T.; Yamaguchi, M.; Yamagishi, T.

Pt electrode; peak separation in parentheses). Manuscript in preparation.
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Figure 3. ORTEP drawing of [Ru(pro-k(bpy)]ClO43H,O (6).

The 1H and 3C NMR spectra of thea-imino acidato
complexes are consistent with the structures proposed.!Hhe
NMR spectra ofo-imino acidato complexes derived from the
N-methylalaninato complexesand7 exhibit downfield shifts
of the C-methyl group (0.820.94 ppm) and th&l-methyl group
(0.61-1.51 ppm) compared to those of themethylalaninato
complexedl and3. These downfield shifts are similar to those
observed with theo(-imino acidato)cobalt(lll) complexé&? The
13C NMR spectra of @-imino acidato)ruthenium(ll) complexes
display two peaks at 174180 ppm, and a peak resonating at
lower magnetic field is assigned to the=@®l carbon by
measurements using selective long-range decoupling with
NOE 14b

An X-ray structure analysis of [Ru(proz{bpy),]CIO4-3H,0
(6) was performed, and the ORTEP drawing is shown in Figure
3 along with the numbering in the molecule. The bond distance
of N(3)—C(13) is 1.294(5) A, which is normal for a=éN
double bond. The chelate ring of theimino acidato ligand is
almost planar: distances (A) from the least-squares plane
through the five atoms of the chelate ring are 0.0000 (Ru(1)),
0.0065 (N(3)),—0.0139 (C(13)), 0.0099 (C(14)), aneD.0014
(O(8)), respectively (see Supporting Information). The bite
angle of the imino acidato chelate N{3Ru(1)-0(8) is 77.9-
(2)°, which is similar to those of the bipyridines. The bond
distance of Ru(BN(3)(imino nitrogen), 2.042(3) A, is similar
to those of Re-N(imino) in the bipyridines, 2.0392.065 A,
and is shorter than those of Rdl(amino), 2.0%2.14 A, in
the analogousof-amino acidato)bis(bipyridine)ruthenium(ll)
complexes, which reflects the differenceditbond radii between
sp? and sp nitrogen atomg®

(24) Itis noteworthy that in some experiments th@mino acidato complex
was obtained as a byproduct of the synthesis of the N-substituted
o-amino acidato complex because thesemino acidato complexes
are readily dehydrogenated. For instance, they are partly dehydroge-
nated in hot water (90C) under air for 1 day®> Care must be taken
to obtain the pure ruthenium(ll) complexes with N-substituteimino
acids.

(25) Ishidai, H.; Yamaguchi, M.; Yamagishi, T. Unpublished results.

(26) Bond distances of RtN(amino) determined by X-ray analysis of the
(o-amino acidato)bis(bipyridine)ruthenium(ll) complexes: [FEK(
ala)(bpy}]Cl04-0.5H,0,2622.071(11), 2.130(11) A; [Rug-thr)(bpy))-
ClO,4+5H,0,269 2.118(9), 2.142(10) A; [Ru§)-allothr)(bpy)]ClO4:-
5H,0,2602,121(7), 2.130(7) A; [Ru((gly)(bpy)ClO4-2H,0,26¢2.135(4)

A. (a) Stephens, F. S.; Vagg, R. S.; Williams, PIforg. Chim. Acta
1983 72, 253. (b) Goodwin, T. J.; Williams, P. A.; Stephens, F. S;
Vagg, R. S.Inorg. Chim. Actal984 88, 165. (c) Anderson, M. A.;
Richards, P. G.; Stark, A. G.; Stephens, F. S.; Vagg, R. S. Williams,
P. A.Inorg. Chem.1986 25, 4847.
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Scheme 2
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R!, R? = CH; or -(CHy);-
L = bpy, phen

This is the first time, as far as we know, that an (imino
acidato)ruthenium(ll) complex has been obtained; however, the
molecular structures of several (imino acidato)cobalt(lll) com-
plexes have been report&d:2” The Co-N(imino) bond
distances and the bite angles of the imino acidate chelate rings
of the Co(lll) complexes are 1.8®3 A and 82.784.C,
respectively. Longer RuN(imino) bond lengths and smaller
bite angles for the (imino acidato)ruthenium(ll) complexes may
reflect the larger radius of the ruthenium(ll) ion compared to
the cobalt(l11) ion.

We have not yet done an extensive mechanistic study;
however, it seems likely that the mechanism of this reaction is
analogous to that of the dehydrogenation of (amine)ruthenium
complexes to give imine complexes, which was proposed by
Keene and co-workers, as shown in Schenié?. The first
step is one-electron oxidation of the metal ion from Ru(ll) to
Ru(lll) (eq 1), and next step is proton dissociation of the amino
group (eq 2). Then electron transfer between two Ru(lll)
species, the associated form and the dissociated form, provides
the original Ru(ll) complex and the Ru(IV) intermediate (eq
3). Finally, a proton is abstracted from the Ru(lV) intermediate
to give the {-imino acidato)ruthenium(ll) complex (eq 4). The
overall reaction is two-electron oxidation. Sargeson and co-
workers have also proposed a similar mechanism for the
dehydrogenation of a (hexaamine cage)ruthenium(lll) complex
to a (hexaimine)ruthenium(ll) complex and have observed a
ruthenium(1V) intermediaté®

(27) (a) Yamaguchi, M.; Yamagishi, T.; Hida, NBull. Chem. Soc. Jpn.
1987, 60, 1942. (b) Robertson, G. B.; Whimp, P. @ust. J. Chem.
1975 28, 2129.

(28) Ridd, M. J.; Keene, F. RI. Am. Chem. S0d.981, 103 5733.
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Taube and llan have reported the preparation and X-ray acidate moieties chelated to a metal ion are so reactive that the
analysis of a (glycinato)tetraammineruthenium(lll) complex.  a-carbon can be attacked by a nucleophile andAtearbon
In contrast, we could not obtai{amino acidato)bis(diimine)-  can be attacked by an electrophitejmino acidato complexes
ruthenium(lll) complexes, buto¢imino acidato)ruthenium(ll) are useful compounds for the syntheses of variatamino
complexes instead. This is probably due to the difference in acidato complexes.
reactivity between bis(diimine)ruthenium(lll) complexes and
tetraammineruthenium(lll) complexés. Acknowledgment. The authors are grateful to H. Ishidai,
(a-Imino acidato)ruthenium(ll) complexes are readily ob- T.Yamamoto, and S. Katagiri for preliminary experiments. This
tained by anodic oxidation at constant potential. Although (  work was partly supported by Grant-in-Aids (Grant Nos.
imino acidato)cobalt(lll) complexes have been already prepared,62740351 and 01750811) from the Ministry of Education,

this is the first example of the dehydrogenation of arafnino Science, and Culture of Japan.

acidato)ruthenium(ll) complex giving rise to the corresponding ) . . »

o-imino acidato complex, as far as we know. Sireémino Supporting Information Available: Tables of pqsmona_l and

isotropic thermal parameters for hydrogen atoms, anisotropic temper-

(29) Bernhard, P.; Sargeson, A. ML Am. Soc. Chen1989 111 597. atur_e factors fqr non-hy(_jrogen atoms, bond distances, bond angles,

(30 (a) llan, Y.; Taube, Hinorg. Chem.1983 22, 1655. (b) llan, Y.; torsion angles, interatomic distances, and least-squares planes and cell
Kapon, M.Inorg. Chem.1986 25, 2350. packing diagrams (24 pages). Ordering information is given on any

(31) The Ru(ll/lll) half-wave potential for [Ru(gly)(Nkls "2+ is —0.24 current masthead page.

V (vs SCE) at pH 1: Diamond, S. E. Ph.D. Thesis, Stanford University,
1975. llan, Y.; Kfir, A. Inorg. Chem.1987, 26, 2872. IC941264N



