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Novel Reactivity Mode of Hydroxamic Acids: A Metalla-Pinner Reaction
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The reaction between the nitrile complex trans-[PtCl,(EtCN),] and benzohydroxamic acids RC¢H4C(=O)NHOH (R
= p-MeO, p-Me, H, p-Cl, 0-HO) proceeds smoothly in CH,Cl, at ~45 °C for 2—3 h (sealed tube) or under focused
300 W microwave irradiation for ~15 min at 50 °C giving, after workup, good vyields of the imino complexes
[PtCl{ NH=C(Et)ON=C(OH)(CsH4R)} o] which derived from a novel metalla-Pinner reaction. The complexes [PtCl,-
{NH=C(Et)ON=C(OH)(CsH4R)} ;] were characterized by elemental analyses (C, H, N), FAB mass spectrometry,
and IR and 'H and *C{H} spectroscopies, and [PtCl,{ NH=C(Et)ON=C(OH)(Ph)}.] (as the bis-dimethyl sulfoxide
solvate), by X-ray single-crystal diffraction. The latter disclosed its overall trans-configuration with the iminoacyl
species in the hydroximic tautomeric form in E-configuration which is held by N—H---N hydrogen bond between

the imine =NH atom and the hydroximic N atom.

Introduction

Hydroxamic acids and metal hydroxamates are among the

most studied compounds owing to their high applicability
in diverse areas and significance in life processes. In
bioinorganic chemistry, they are the subject of rapt attention
as inhibitors of enzymes, for example, peroxiddsazases,
and matrix metalloproteinaseand siderophores for iron-
(1.4 In medicine, these acids have recently been widely
used as key functional groups of potential therapeutics
targeting cardiovascular diseases, HIV, and Alzheimer’s
diseasé.Hydroxamic acid based chelation therapy is useful
for the treatment of cancémetal poisoning,iron-overload®
malaria’ allergic disease¥,and tuberculosi&t In agriculture,

* To whom correspondence should be addressed. E-mail: kukushkin@
vk2100.spb.edu (V.Yu.K.); pombeiro@ist.utl.pt (A.J.L.P.).

T St. Petersburg State University.

* Instituto Superior Tenico.

§ University of Joensuu.

(1) O'Brien, E. C.; Farkas, E.; Gil, M. J.; Fitzgerald, D.; Castineras, A.;
Nolan, K. B.J. Inorg. Biochem?200Q 79, 47. (b) Tsukamoto, K.;
Itakura, H.; Sato, K.; Fukuyama, K.; Miura, S.; Takahashi, S.; Ikezawa,
H.; Hosoya, T.Biochemistry1l999 38, 12558.

Benini, S.; Rypniewski, W. R.; Wilson, K. S.; Miletti, S.; Ciurli, S.;
Mangani, S.J. Biol. Inorg. Chem200Q 5, 110. (b) Zhang, Y.; Li,
D.; Houtman, J. C.; Witiak, D. T.; Seltzer, J.; Bertics, P. J.; Lauhon,
C. T.Bioorg. Med. Chem. Letl999 9, 2823. (c) Brown, D. A.; Cuffe,

L. P.; Fitzpatrick, N. J.; Glass, W. K.; Herlihy, K.; Nimir, H.; Deeg,
O.; Errington, W.; Kemp, T. JChem. Commun1998 2433. (d)
Arnold, M.; Brown, D. A.; Deeg, O.; Errington, W.; Haase, W.;
Herlihy, K.; Kemp, T. J.; Nimir, H.; Werner, Rnorg. Chem 1998

37, 2920.

@

~

10.1021/ic025554¢ CCC: $22.00
Published on Web 05/04/2002

© 2002 American Chemical Society

they play an important role in the chemical defense of cereals
against pests such as insects and pathogenic fungi and
bacterid> and as plant growth regulatots.Some other
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practical areas involving hydroxamic acids and their com- has recently been reviewed by two of#4n particular, the
plexes include removal of toxic elements by solvent extrac- reaction between platinum(lV) complexes [PAGCN),] (R
tion,'* usage as efficient and environmentally friendly = alkyl, benzyl, phenyl¥?-3! and also nitrile complexes of
corrosion inhibitors? applications as collectors for flotation ~ Pt(I1),32 Rh(lll),®3 and Re(IV)3* with such NDH nucleophiles
of minerals!® antioxidant acivity’” and their potential as  as oximes, RFC=NOH, and dialkyl hydroxylamines, R
redox switches for electronic devicEs. NOH, giving a C-O bond upon addition of the OH group
Amazingly, such a broad spectrum of activity of hydrox- across the nitrile group of metal-activated RCN, have been
amic acids is almost exclusively associated vatily one observed. As a continuation of this project, we focused our
type of chemical reactionghat is, their ability to bind a  attention on hydroxamic acids as potenti@N nucleophiles
large variety of metal ions forms, in the vast majority of (where the Namide atom in the sp hybridizatior#® is
cases,0,0 five-membered chelate rinfs?* (bridging??23 different of the spaminenitrogen in hydroxylamines) and
and monodentaté coordination modes are also known, found, instead of the conventional chelation, a novel reactiv-
although scarce), and these complexes are often characterizey pattern for those species, that is, their involvement in a
by very high stability constant$ Although hydroxamic acids ~ new metalla-Pinner type reaction leading to ti@iaddition
have been known for over a centiPtheir reactivity modes  to the nitrile carbon. In organic chemistry, the Pinner
involving metal centers, besides the complex forming reactior?®interaction between an organonitrile and an alcohol
properties, are practically unexplored; among the rare excep-which is typically performed in the presence of substantial
tions are the recently described deoxygenation of the€M amounts of hydrogen chloride, is widely applicable for the
group occurring at Os(lll) and Rh(l) centef\li(ll)-assisted preparation of imino esters which are, in turn, useful as
hydroxylamine eliminatio? and reductive cleavage of the synthons for further versatile conversions. We have now
N—O bond with Smy.?” extended this type of reaction to hydroxamic acids in a novel
In recent years, our group has been involved in investiga- metal-mediated process.
tions of the reactivity of metal-activated nitriles, a topic that
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Table 1. Crystal Data for
trans-[PtCl{ E-NH=C(Et)ON=C(OH)PH 7]-2(Me;SO)

empirical formula G4H36ClaN4O6PtS
fw 877.58
temp, K 150(2)
2, A 0.71073
cryst syst triclinic
space group P1 (No. 2)
a A 7.9885(2)
b, A 8.6198(2)
c, A 12.4855(3)
a, deg 87.562(1)
p, deg 75.856(1)
y, deg 86.901(1)
3
\Z/' A ?32'08(3) Figure 1. ORTEP drawing ofrans[PtClg{ NH=C(Et)ON=C(OH)PH ]
¢-range, deg 3.7527.46 2(Me;SO) with the atomic numbering scheme (two J8© molecules are
pealcd glCTT? 1.751 omitted for clarity). The thermal ellipsoids are drawn at the 50% probability
(Mo Ka, mnr? 4.705 level. Selected bond lengths (A) and angles (deg): PiC1{1) 2.3147(8),
refins collected/unique 7928/3756 Pt(1)-CI(2) 2.3193(8), Pt(XyN(1) 2.028(3), N(1)C(1) 1.277(4), C(1y
Rint 0.0464 C(2) 1.494(4), C(1yO(1) 1.345(4), O(1yN(2) 1.443(4), N(2)-C(4) 1.291-

R (I = 20) 0.0270 (4), C(4)-0(2) 1.316(4), C(4)C(5) 1.481(5), CI(1}Pt(1)-CI(2) 91.11(3),

WR2 (1 = 20) 0.0648 Cl(1)-Pt(1)-N(1) 84.62(8), CI(2)-Pt(1)-N(1) 88.38(9), Pt(1}N(1)~C(1)
134.8(2), N(L)-C(1)-0(1) 120.7(3), O(1¥N(2)—C(4) 108.1(3), N(2¥
AR1= 3 ||Fo| — IFell/Z|Fol. ®WR2= [J[W(Fo? — FA)?)/ 3 [W(Fc)?] /2 C(4)-0(2) 127.3(3).

MP2* level on the basis of the equilibrium HartreEock
geometries also have been performed in order to take into account
the electron correlation effects. A quasirelativistic Stuttgart pseudo-
potential described 60 core electrons, and the appropriate contracted
basis set (8s7p6d)/[6s5p3d] for the platinum atowas used. The
standard basis set of Gauss functions 6-3*Gwas selected for
all other atoms, and d-type polarization functions with exponent
0.75748 were added for the Cl atoms. The Hessian matrix was
calculated numerically for all structures in order to prove the
location of correct minima (all structures have no imaginary
frequencies), and the zero-point vibrational energies have been
estimated. The starting conformation tans[PtCly(N=CMe)-
{N(H)=C(Me)ONC(OH)M@] (HI) corresponded to the experi-
mental structure from this work. Ftnans[PtCly(N=CMe) N(H)=
C(Me)ON(H)CEO)Me}] (HA), the experimental structural data
are unavailable, and in order to check all possible conformations
of this form, the calculations have been carried out on the basis of
' the structures with the different conformation of the Ng@Q(Me)-
ON(H)CE=O)Me fragment.
Addition of RC ¢H4C(=0O)NHOH (R = p-MeO, p-Me, H, p-Cl,

-HO) to trans-[PtCl4(EtCN),]. In a typical experimentirans
PtCI(EtCN),] (0.050 g, 0.11 mmol) is dissolved in dichlo-
romethane (5 mL) at 2025 °C, the hydroxamic acid (0.22 mmol)
is added, and the reaction mixture is heated in a sealed tube at
45—47 °C for 2—3 h until the hydroxamic acid is dissolved. The
. i . . d orange solution is evaporated to'/, of its initial volume, and
operations were not applied. The single-point calculations at the diethyl ether (2 mL) is added. An excess of the hydroxamic acid

- - precipitates and is removed by filtration. In the case pof
@7 fgg?f%%%tg collection software; Nonius B.V.: Delft, The Netherlands,  athoxyhenzohydroxamic acid, the filtrate is evaporated to dryness,

(38) Otwinowski, Z.: Minor, W. Processing of X-ray Diffraction Data and diethyl ether (5 mL) is added to the residue formed giving a
Collected in Oscillation Mode. IiMlacromolecular Crystallography, yellow solution, which is left to stand overnight in a closed flask.

Cﬁ[ﬁﬁfﬁ‘?gﬁg ‘g’enflrc F?;’ggg_t’ ﬁém"v%?f';fggghoﬁs g‘eggzym("‘)gy The bright yellow crystals formed are filtered off and dried in air
(39) Altomare, A Burla, M. C.. Camalli, M.: Cascarano, G. L. Giaco- @t room temperature. In the case of other acids, the filtrate is
vazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; Polidori, G.; Spagna,
R. J. Appl. Crystallogr 1999 32, 115.
(40) Sheldrick, G. M.SHELXTL, Version 5.1; Bruker Analytical X-ray

were performed in a CEM focused microwave synthesis system
(model Discover).

X-ray Structure Determination of trans-[PtCl{ NH=C(Et)-
ON=C(OH)Ph},]-2(Me,SO). The X-ray diffraction data were
collected on a Nonius Kappa CCD diffractometer using Ma K
radiation ¢ = 0.71073 A) and the Colle€tdata collection program.
The Denzo-Scalepagkprogram package was used for cell refine-
ments and data reduction. The structure was solved by direct
methods using the SIR97 progr@hAn empirical absorption
correction based on equivalent reflectittheias applied to data
(Tmad Tmin= 0.38569 and 0.21172). The structure was refined with
the SHELXL97! program and the WinGX graphical user inter-
face?2 Pt was placed on a center of symmetry, and the asymmetric
unit contained half of theans[PtCl,{ NH=C(Et)ON=C(OH)P#} ;]
molecule. The sulfur atom in the M®8O solvent molecule was
disordered in two positions with occupation parameters-6f9
and 0.1. Hydrogens H(1) and H(2), bonded to nitrogen and oxygen
respectively, were located from the difference Fourier map and
refined isotropically. All other hydrogens were placed in idealized
positions and were fixed or constrained to ride on their parent atom.
Crystallographic data are summarized in Table 1, and selected bon
lengths and angles, in the Figure 1 legend.

Computational Details. The full geometry optimization of all
structures has been carried out at the restricted Harffeek level
of theory with help of the GAMESS program package. Symmetry

(44) Mgller, C.; Plesset, M. 2hys. Re. 1934 46, 618. (b) Binkley, J.
S.; Pople, J. Alnt. J. Quantum. Chenl975 9, 229.

Systems, Bruker AXS, Inc.: Madison, WI, 1998.

(41) Sheldrick, G. MSHELXL97 Program for Crystal Structure Refine-
ment; University of Gttingen: Gdtingen, Germany, 1997.

(42) Farrugia, L. JJ. Appl. Crystallogr 1999 32, 837.

(43) Schmidt, M. W.; Baldridge, K. K.; Boatz, J. A.; Elbert, S. T.; Gordon,

(45) Andrae, D.; Haeussermann, U.; Dolg, M.; Stoll, H.; Preusgheor.
Chim. Actal99Q 77, 123.

(46) Ditchfield, R.; Hehre, W. J.; Pople, J. A. Chem. Physl1971, 54,
724. (b) Hehre, W. J.; Ditchfield, R.; Pople, J. A.Chem. Physl972
56, 2257.

M. S.; Jensen, J. H.; Koseki, S.; Matsunaga, N.; Nguyen, K. A.; Su, (47) Francl, M. M.; Pietro, W. J.; Hehre, W. J.; Binkley, J. S.; Gordon, M.

S.J.; Windus, T. L.; Dupuis, M.; Montgomery, J. A.Comput. Chem

1993 14, 1347.

S.; DeFrees, D. J.; Pople, J. A. Chem. Physl982 77, 3654.
(48) Hariharan, P. C.; Pople, J. Aheor. Chim. Actdl973 28, 213.
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evaporated to dryness and the solid washed with pentane. YieldsScheme 1

are 70-80%, based on Pt. The reaction is accelerated by focused

300 W microwave irradiation and completed fol5 min at 50
°C giving the same isolated yields.

[PtCIl{ NH=C(Et)ON=C(OH)(C¢H,OMe-p)},]. Anal. Calcd
for C22H28N4C|406Pt: C, 33.81; H, 3.61; N, 7.17%. Found: C,
33.49; H, 3.71; N, 7.00%. FABMS, m/z 783 [M + H], 710 [M
— 2Cl], 674 [M — 3CI + H]. TLC on SiO;: R = 0.38 (eluent
Me,CO/CHCE = 3:1). IR spectrum (selected bands), ¢m3265
mw v(N—H), 1709 (variable intensity, see text)C=0), 1669 m
and 1608 3/(C=N), 1256 sy(C—OMe), 1024 s»(O—Me), 839 s
0(C—H) (aryl). *H NMR spectrum in DMSGQds, 6: 1.29 (t,J 7.5
Hz, 3H, CH:Me), 3.12 (quartJ 7.5 Hz, H, CH,Me), 3.82 (s, 8i,
OMe), 7.10 (d,J 8.8 Hz, H, meta) and 7.79 (d) 8.8 Hz, H,
ortho) (aryl), 8.56 (s, br, H, C=NH). 13C{H} NMR in DMSO-
ds, 0: 10.8 (CH;) and 26.0 (CH) (Et), 55.2 (CCH3), 114.0, 114.3,
114.9 and 119.8GsH,OMe), 164.8 and 176.6 (€0 and HN=C).

[PtCI4{NH=C(Et)ON=C(OH)(C6H4Me-p)}2]-1/2Et20. Anal.
Calcd for GoH2aN4Cl,O4PtY,ELO: C, 36.65; H, 4.23; N, 7.12%.
Found: C, 36.52; H, 4.25; N, 7.22%. FABVIS, m/z. 749 [M +
H], 713 [M — CI], 642 [M — 3Cl — H], 606 [M — 4CI — H]. TLC
on SiQ: R = 0.61 (eluent MgCO/CHCE = 3:1). IR spectrum
(selected bands), crtit 3273 mwy(N—H), 1705 (variable intensity,
see texty(C=0), 1648 and 1611 8(C=N), 827 md(C—H) (aryl).
IH NMR spectrum in DMSGQdg, 6: 1.31 (t,J 7.2 Hz, 3H, CH,Me),
3.14 (quartJ 7.2 Hz, H, CH,Me), 2.39 (s, 8, CMe), 7.38 (d,J
7.8 Hz, H, meta) and 7.74 (d} 7.8 Hz, H, ortho) (aryl), 8.58 (s,
br, 1H, C=NH), 11.12 (s, br, H, OH). 13C{'H} NMR in DMSO-
ds, 6: 10.9 (CH) and 21.0 (CH) (Et), 20.4 (GH4CH3), 118.0,
118.3, 126.9, 128.7, 129.1 and 129&HK,Me), 164.3 and 179.7
(C=0 and HN=C). The solvated EO has been detected in the
NMR spectra.

[PtCl{ NH=C(Et)ON=C(OH)Ph},]-%/,CH,Cl,. Anal. Calcd
for C20H24N4C|4O4Pt'1/2CH20|2: C, 32.24; H, 3.30; N, 7.34%.
Found: C, 32.26; H, 3.53; N, 7.00%. FABVS, m/z. 650 [M —
2Cl], 614 [M — 3CI — H], 579 [M — 4CI]. TLC on SiG: R =
0.50 (eluent MgCO/CHCE = 3:1). IR spectrum (selected bands),
cmt: 3216 mw »(N—H), 1710 (variable intensity, see text)
1(C=0), 1663 and 1609 &(C=N), 832 so(C—H) (aryl). '"H NMR
spectrum in CDGJ 6: 1.35 (t,Jun 7.5 Hz, H, CHMe), 3.18 (quart,
Jun 7.5 Hz, H, CH;Me), 7.46-7.51 (m, 3H, meta+ para) and
7.74 (m, H, ortho) Ph), 8.70 (br, H, C=NH), 11.31 (s, br, H,
OH). 13C{*H} NMR in DMSO-dg, ¢: 11.0 (CH) and 24.3 (CH)
(Et), 127.2, 128.9, 129.7 and 132Bh), 162.8 and 178.5 (€O
and HN=C). The solvated CkCl, has been detected in the NMR
spectra.

[PtCl{ NH=C(Et)ON=C(OH)(CeH4CI-p)},]. Anal. Calcd for
CooH22N4ClsO4Pt: C, 30.40; H, 2.81; N, 7.09%. Found: C, 30.18;
H, 2.95; N, 7.00%. FAB-MS, mz. 755 [M — CI], 717 [M — 2ClI
+ H], 683 [M — 3ClI], 647 [M — 4Cl]. TLC on SiG: Ry = 0.38
(eluent MeCO/CHCE = 3:1). IR spectrum (selected bands),ém
3270 mwy(N—H), 1711 (variable intensity, see tex{)C=0), 1665
and 1619 3/(C=N), 1092 sv(Aryl—Cl), 839 s6(C—H) (aryl). 1H
NMR spectrum in DMSGQdg, 6: 1.29 (t,J 7.5 Hz, 3H, CH;Me),
3.12 (quartJ 7.5 Hz, H, CH,Me), 3.82 (s, 8, OMe), 7.51 (d,J
8.6 Hz, H, meta) and 7.83 (d] 8.6 Hz, H, ortho) (aryl), 8.57 (s,
br, 1H, C=NH), 11.25 (s, br, H, OH). 13C{*H} NMR in DMSO-
ds, 0: 11.0 (CH) and 21.5 (CH) (Et), 128.5, 128.7, 129.1 and
129.4 CsH,OCI-p), 176.5 and 166.7 (€0 and HN=C).

[PtCl{ NH=C(Et)ON=C(OH)(CeH,OH-0)},]. In the case of
salycylhydroxamic acid, the addition is not selective, and the

_ cl
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CI/ |\N=CEt 2 HO H/ X —
Cl O
0 R
HO
R\/< ~<
NH N
o H C o ,\\l
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However, our attempts to isolate [PINH=C(Et)ON=C(OH)-
(CsH40OH-0)} 7] in the pure form by recrystallization or by column
chromatography failed because of either thermal instability of the
compound or decomposition on SiOrespectively. FAB-MS,
m/z. 717 [M — CI], 681 [M — 2Cl], 645 [M — 3ClI]. IR spectrum
(selected bands), crt 3559 my(O—H), 3260 mwy(N—H), 1728
(variable intensity, see text)C=0), 1697 s and 1611 m(C=

N), 1082 mv(Aryl—ClI), 829 s6(C—H) (aryl). 'H NMR spectrum

in DMSO-dg, 6: 0.97 (t,J 7.5 Hz, H, CH;Me), 2.04 (quart] 7.5

Hz, 2H, CH;Me), 6.91-7.26 (m, H) (aryl), 8.30 (s, br, H, C=
NH), 11.62 (s, H, OH).13C{1H} NMR in DMSO-ds, 6: 11.0 (CH)
and 23.5 (CH) (Et), 126.5, 127.5, 128.1, 128.7, 129.1 and 129.4
(CeH4OH-0), 166.5 and 176.8 (€0 and HN=C).

Results and Discussion

The reaction between the nitrile compléans[PtCly-
(EtCN),] (addressed for this study because of its rather good
solubility in CH,Cl,) and benzohydroxamic acids R&€,C-
(=O)NHOH (R = p-MeO, p-Me, H, p-Cl, 0-HO) proceeds
smoothly in CHCI, at ~45 °C for 2—3 h (sealed tube), and
subsequent workup allowed the isolation of new complexes
in good yields. The reaction is accelerated by focused 300
W microwave irradiation and completed ferl5 min at 50
°C giving the compounds in 70%80%. The satisfactory
elemental analyses and coherent FAB-MS and NMR data
favor the addition of the hydroxamic acids to the nitrile
carbon atom giving the iminoacylated products, which, in
principle, can be obtained in two tautomeric forms, | and Il
(Scheme 1).

The products of the reaction show no bands/(@=N)
stretching vibrations but display two intense bands in the
range 16971611 cnt! due tov(C=N),?° and one more band
at~1710 cm?, whose intensity varies randomly from sample
to sample within the same compound and also depends on
the R radical of the reagent. If the later band can be attributed
to v(C=0), and this assumption is supported by the
conducted quantum chemical calculations, in the hydroxamic
form | (Scheme 1), the results obtained give collateral
evidence in favor of concurrent formation of the two
tautomers in a ratio which depends on both experimental
conditions and type of hydroxamic acid employed.

All the complexes exhibit rather poor solubility in the most

reaction gives a mixture of products. The target addition product common solvents, and NMR spectra were obtained only in
was detected in the mixture and characterized as indicated later.dmsods where the compounds gradually decomposg(%
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degradation is observed for3—4 h) to give some yet
unidentified reddish-brown Pt-containing species and EtC-
(=O)NH,. However, measuring the spectra soon after
dissolution allowed the observation of only one set of signals
from one tautomeric form, and these peaks were attributed
to the HN=C(Et) part of the hydroxamic/hydroximic func-
tionality.

In one case, a crystalline material, that is, [{tSH=C(Et)-
ON=C(OH)PH ], appeared soon after dissolution of the
complex in dmsads, and these crystals were subject to X-ray
study. The coordination polyhedron of the bis-solvated
complex is a slightly distorted octahedron, Figure 1.

The Pt-CI and P+N bond lengths and also all bond

Table 2. Calculated Total EnergieSi: (Hartree), Zero-Point Energies,

ZPE (kcal/mol) and Relative EnergieS, (kcal/mol) with the Most
Stable Isomer as a Reference
HF//HF MP2//HF
Etot ZPE Erela Etot Erel

HI —2502.800085 124.83 0.72(0.48) 2504.640755 2.02
HA1 —2502.801239 125.07 0.0(0.0) 2504.643972 0.0
HA2 —2502.799745 124.82 0.93(0.71) 2504.641026 1.85
HA3  —2502.795449 12494 3.63(3.50) 2504.636135 4.92
HA4  —2502.794768 125.04 4.06 (4.06) 2504.634886 5.70

aValues in parentheses include zero-point corrections.

form, and to get additional arguments favoring this assump-
tion, a theoretical study on the relative stabilities of the two

angles around the Pt center are normal, and they are of typicatautomeric forms has been conducted.

values for other platinum(lV) complexé%?® The imine
ligands are mutually trans. The two=@ bonds are equal
within 3o [1.277(4) and 1.291(4) A], and they agree well
with typical values for the &N double bonds$? concur-
rently, the C-O bond [1.316(4) A] is a typical single bond.
Inspection of these values clearly indicates that the imino-
acylated ligand is stabilized in the hydroximic tautomeric
form (I) in the E-configuration with N—H---H hydrogen
bond between the imine=ENH atom and the hydroximic
nitrogen with the following observed distances and angles:
N(1)—H(1) 0.85(5), N(1)-*N(2) 2.559(3), N(1)y-H(1)--*N(2)
2.11(5), and the angle N(&H(1):-N(2) is 113(4}. Unfor-
tunately, comparison of the IR spectra of [P{QIH=C(Et)-
ON=C(OH)PH ;] beforethe dissolution in dmsds andafter

The full geometry optimization of the two model com-
pounds bearing the iminoacyl ligands in the hydroximic and
the hydroxamic forms, that istrans[PtCl,(N=CMe)-
{N(H)=C(Me)ONC(OH)M@] (HI) and trans[PtCly(N=
CMe)X N(H)=C(Me)ON(H)CEO)Me} ] (HA), has been per-
formed. The conformation of the equilibrium structure of
HI and the H-bonding pattern correspond to the experimental
ones, and the main calculated bond lengths are in very good
agreement with the experimental X-ray data (the maximum
deviation of 0.043 A for the PtCl bonds and not higher
than 0.021 A for the other bonds). For HA, four minima,
associated with four structures (HA#, Table 2) having
different conformations of the hydroxamic moiety, were
located on the potential energy surface; the bond lengths for

the isolation of the bis-solvate was not constructive becauseg|| the HA structures are very close to each other. The

in the latter case the two dimethyl sulfoxide molecules in
the lattice strongly affect the fingerprint area.

The isolation of the complex in the pure hydroximic form
is unusual insofar as it is well-documented by both theoreti-
caP5tand experimental studies that the hydroxamic form is
the dominant one in free hydroxamic acfdsnetal hydrox-
amate$? andO-acylated oiO-silylated hydroxamic acid¥"

calculations at the Hartred-ock level show that the differ-
ence of the total energies of HI and the most energetically
favorable HA structures (HA1 and HAZ2; the schematic
representation of HAL is given in Scheme 1 as |) is small
and does not exceed 1 kcal/mol; the zero-point correction
additionally decreases this difference. The electron correla-
tion correction at MP2//HF level increases the relative

We assumed, albeit based on so far scarce experimental datatability of HA1 and HA2 although the energy difference

that the coordination led to a higher stabilization of the Il

(49) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R.J. Chem. Soc., Dalton Tran989 S1. (b) Bokach, N.
A.; Haukka, M.; Pombeiro, A. J. L.; Morozkina, S. N.; Kukushkin,
V. Yu. Inorg. Chim. Acta accepted for publication. (c) Ryabov, A.
D.; Kazankov, G. M.; Panyashkina, I. M.; Grozovsky, O. V.;
Dyachenko, O. G.; Polyakov, V. A.; Kuzmina, L. G. Chem. Soc.,
Dalton Trans 1997 4385.

Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
G.; Taylor, R.J. Chem. Soc., Perkin Trans.1®87, S1.

Remko, M.; Sefcikova, THEOCHEM?200Q 528 287. (b) El Yazal,
J.; Pang, Y.-PJ. Phys. Chem. A999 103 8346. (c) Remko, M.;
Mach, P.; Schleyer, P.; Exner, OHEOCHEM 1993 98, 139. (d)
Turi, L.; Dannenberg, J. J.; Rama, J.; Ventura, OJNPhys. Chem
1992 96, 3709. (e) Fitzpatrick, N. J.; Mageswaran, Rolyhedron
1989 8, 2255.

Salmon, L.; Prost, E.; Merienne, C.; Hardre, R.; Morgant, G.
Carbohydr. Res2001, 335, 195. (b) Hoshino, Y.; Murase, N.; Oishi,
M.; Yamamoto, H.Bull. Chem. Soc. Jpn200Q 73, 1653. (c)
Henriksen, A.; Schuller, D. J.; Meno, K.; Welinder, K. G.; Smith, A.
T.; Gajhede, MBiochemistryl998 37, 8054.

Santana, M. D.; Garcia, G.; Perez, J.; Molins, E.; LopezinGrg.
Chem 2001, 40, 570. (b) Swiatek-Kozlowska, J.; Fritsky, I. O;
Dobosz, A.; Karaczyn, A.; Dudarenko, N. M.; Sliva, T. Yu; Gumienna-
Kontecka, E.; Jerzykiewicz, LJ. Chem. Soc., Dalton Tran200Q
4064. (c) Chen, W.; Gao, S.; Liu, S.-Acta Crystallogr., Sect. C
1999 C55, 531. (d) Gaynor, D.; Starikova, Z. A.; Haase, W.; Nolan,
K. B. J. Chem. Soc., Dalton Trang001, 1578.

(50)
(51)

(52)

(53)

between HI and HA1 is still rather small, that is, 2.02 kcal/
mol. Hence, the theoretical study gives further support to
our assumptions stating that in the coordinated ligands both
forms have comparable stability. We also anticipate that the
addition of the hydroxamic acids gives a mixture of HA and
HI tautomers which then (B Ph) crystallizes from dimethyl
sulfoxide preferably in the HI form.

In conclusion, it is worthwhile to mention that: (i) The
addition of hydroxamic acids across the=N bond is
platinum(IV)-mediated becaudel NMR experiments show
that noncoordinated EtCN does not react with the hydroxamic
acids under the reaction or even harsher (45 5 d)
conditions. Moreover, it has been reported that namely
nitriles are formed upon pyrolysis of hydroxamic a&fdsr
their deoxygenation, for example, by BBt The imino-

(54) Artemenko, A. I.; Anufriev, E. K.; Tikunova, I. V.; Exner, @h.
Prikl. Spektrosk198Q 33, 131; Chem. Abstr1981 94, 46316. (b)
Schraml, J.; Kvicalova, M.; Blechta, V.; Soukupova, L.; Exner, O.;
Boldhaus, H.-M.; Erdt, F.; Bliefert, CMagn. Reson. Chen200Q
38, 795.

(55) Shahnaz, F5ov. Rep. Announce. Index (U. 3993 93 (4), Abstract
No. 308,980;:Chem. Abstr1994 120, 216694.
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acylated products of our study are presumably formed by hydroxamic acids to obtain compounds with remote unligated
nucleophilic attack of the OH group of the hydroxamic acids —C(=O)(H)NOH groups which may be useful for further
on the activated carbon atom of the platinum(IV)-bound complexation, for example, with hard metal centers, and
organonitrile, a process similar to that for the addition of construction of heterometallic systeth¥® with potential
oximes?8~34 (ii) Although the metal-mediated hydroxamic application in the material science and this project is
acid—nitrile coupling is entirely unusual, it is still reasonable underway in our group.

to expect theaddition with platinum nitrile complexes
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