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The coupling between coordinated propiononitriles in trans-[PtCI(EtCN),] (n = 2, 4) and the 1,2-hydroxylaminooximes
HON(H)CMe,C(R)=NOH (R = Ph 1, Me 2) proceeds smoothly in CHCl; at ca. 40-45 °C and gives trans-[PtCl,-
{NH=C(Et)ON(H)CMe,C(R)=NOH},] (n = 2, R = Ph 5, Me 6; n = 4, R = Ph 7, Me 8) in 80—-85% isolated
yields. The reaction is highly regioselective, and both spectroscopic (IR; FAB*-MS; 1D H, C{*H}, and %Pt
NMR; and 2D H,*C HMQC, 'H,**C HMBC, and 'H,"*N HMQC NMR) and X-ray data for 6-8 suggest that the
addition proceeds exclusively via the hydroxylamine moiety of the 1,2-hydroxylaminooxime species; the existence
of an oxime group remote from the nucleophile was also confirmed. Heating of 6 in air leads to its conversion to
the unusual nitrosoalkane complex [PtCl,{ HON=C(Me)C(Me),N=0}] (9), whereas in the case of 5, only the metal-
free salt [HsNC(Me),C(Ph)=NOH],(NO3)Cl-H,0 (10) was isolated. To compare the kinetic aspects and trends in
the addition of both types of nucleophiles (oximes and hydroxylamines; for the latter, see our recent work: Inorg.
Chem. 2005, 44, 2944) to coordinated nitriles, a kinetic study of the addition of HON=C(CH,Ph), to [PhsPCH,-
Ph][PtCls(EtCN)] (11) to give [PhsPCH,Ph][PtCls{ NH=C(Et)ON=C(CH,Ph),}] (12) was performed. The calculated
rate constant k, of 3.9 x 1076 M~1 s at =20 °C for the addition of the oxime indicates that the hydroxylamine
is, by a factor 1.7 x 10% more reactive toward the addition to nitriles than the oxime. Results of the synthetic,
kinetic, and theoretical (at the B3LYP level of theory) studies have demonstrated that the high regioselectivity of
the reactions of the 1,2-hydroxylaminooximes with ligated nitriles is both kinetically and thermodynamically controlled.

Introduction reviews!? including recent surveys® In general, the
Nucleophilic addition to metal-activated R@\ species interest in conversions of nitriles at metal centers stems from

is one of the frontier areas of current research on organo-the following possibilities: first, to use nitriles as synthons

nitriles, and this topic has been the subject of comprehensive
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for the preparation of compounds with a broad spectrum of

applications (e.g., phthalocyanifgssecond, to provide
environmentally friendly metal-catalyzed hydrolytic trans-

formations of RCN species to amides (e.g., of industrial and

pharmacological significanée and third, to synthesize, via
the nucleophilic addition, diverse imino complexes (e.g.,
exhibiting antitumor properti€s Regarding the creation of
a C-O bond due to metal-mediated nitrit@ucleo-
phile coupling, the analysis of experimental material col-
lected to datk® shows that the largest number of works
in this direction have been focused on the hydration of
RCN specie$, and reactions with alcohol8, whereas
coupling with HON-type nucleophiles is still a scarcely
explored area.

Following our ongoing project investigating various reac-
tivity modes of complexed organonitriles (i.e., nucleophific
and electrophili& 31 additions and [2+ 3] dipolar cycload-
ditions!?), we extended our previous works on the metal-
mediated hydroxylaminenitrile’®**and oxime-nitrile> 22
couplings to such combined bifunctional HO-nucleophiles,
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Figure 1.

i.e., 1,2-hydroxylaminooximes (see boxed compounds in-
Figure 1; IUPAC names 2-hydroxyamino-2-methyl-1-phen-
ylpropan-1-one oxime]l, and 3-hydroxyamino-3-methyl-
butan-2-one oxime2), where the N atoms of the HON
functional groups are in é@mnd sp hybridization, respec-
tively. The distinct hybridization should determine different
nucleophilic properties of the HO moieties of the hydroxyl-
aminooxime species.

This project, utilizing the model Pt-based system, was
driven primarily by the necessity to shed light on the recently
discovered Ni/HON-nucleophile-promoted conversion of
o-phthalonitriles [, Scheme 1) to nickel(ll) phthalocyanines
(11.23241n the case of HON-nucleophiles such as oximes,
this reaction proceeds (route A) via the formation of an
intermediate complexl( ) (generated by the double nucleo-
philic addition to a cyano carbon), which, in turn, reacts
further with 2 equiv ofo-phthalonitriles to form NiPcs (route
B). The employment of HONRSpecies as alternative HON-
nucleophiles (route C) enhances the reactivity to such a
degree that the tetramerization proceeds rapidly in a single
pot and the intermediate similar tid could not be detected.
The difference in promoting abilities of oximes and dialky-
Ihydroxylamines toward the formation of phthalocyanines
should be rationalized, and this warrants a separate investiga-
tion.

Further interests in the project are at least three-fold: (i)
to study the regioselectivity of the addition dfand2 and
to verify preferences in the -©0 bond formation; (ii) to
investigate, by theoretical methods, thermodynamic aspects
of the regioselectivity of the addition; and (iii)) to study
guantitatively the relative nucleophilicities of oximes and
hydroxylamines toward RCN species bound to a Pt center
in order to understand kinetic aspects and trends in their
addition to coordinated nitriles. The scenario of our work,
described in this article, follows these lines.
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Scheme 1

R CN N.Cl2 4 HON=CR'R?
2
R CN Route A
2 RyCgH2(CN),
NiCl,,
4 HONR®,
Route C

Results and Discussion

Platinum-Mediated Coupling of Nitriles with 1,2-
Hydroxylaminooximes. Despite certain progress in metal-
mediated nitrile-nucleophile coupling, relatively few inves-
tigations have been carried out with the addition of potentially
bifunctional nucleophileso the nitrile C atom. Among the
latter, attention should be drawn to the coupling between
metal-complexed nitriles and bifunctional nucleophiles bear-
ing the same (e.g., diphosphirf@sgioximes!”?® and di-
amine$’) and different (amino alcohofé salicylaldoximeg?
mixed sulfimide/sulfided? hydroxy/phosphine®,and oxime/
hydrazone¥) nucleophilic sites. 1,2-Hydroxylaminooximes
(1 and2) are bifunctional HO-nucleophiles insofar as both
N and O atoms from the hydroxylamine NHOH moiety and
O atom from the oxime €NOH group exhibit nucleophilic
properties3~22 their reactionswith and the regioselectivity
of their additionto complexed nitriles have not been studied
to date.

We have now found that the coupling between Pt-bound
nitriles in 3 and4 and 1,2-hydroxylaminooximes HON(H)-

(25) Cotton, F. A.; Daniels, L. M.; Murillo, C. A.; Wang, XPolyhedron
1998 17, 2781.
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(27) Kukushkin, Yu. N.; Kiseleva, N. P.; Zangrando, E.; Kukushkin, V.
Yu. Inorg. Chim. Actal999 285 203. Rousselet, G.; Capdevielle,
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NH, (CI
N_NI—N
H,oN
\ / O/N 2
R 1]
Route B 2 RyCeHa(CN),

CMe,C(R=NOH, with R= Ph (@), Me (2) (in the synthetic
experiment2 was used as the monoacetate aljeCOH),
proceeds smoothly in CHght ca. 46-45 °C via routes E
and F, Scheme 2, and the subsequent workup provides the
new Pt and P¥-imino speciedrans[PtCl.{ NH=C(Et)ON-
(H)CMe,C(R=NOH} ;] (n=2, R=Ph5, Me6;n=4,R

= Ph 7, Me 8) in good isolated yields (8685%). The
reaction is highly regioselective, and both spectroscopic and
X-ray data (see later) suggest that the addition proceeds
exclusively via the hydroxylamine moiety of the 1,2-
hydroxylaminooxime species.

It is well-known that alkyl hydroxylamines are much
stronger N-bases than oximes, e.g., protonation of the N atom
of oximes occurs at the Hammet aciditylof range from
—1.75 to+0.613? whereas for MeNHOH, theHKy, is 5.96
in water3 This significant difference in basicity allows the
protonation of 1,2-hydroxylaminooximes to occur exclusively
at the hydroxylamino group, leaving the oxime functionality
intact. We attempted to control the addition of the 1,2-
hydroxylaminooxime species to complexed nitriles and
performed the reaction & and4 with 2-MeCG;H (or with
2:MeCOQOH in the presence of added &FO,H in the amount
of 1 mmol). In doing so, we observed that, although
protonation of the hydroxylamine function provokes a
significant decrease of the reactivity of this nucleophilic
center, the reaction still remains highly regioselective and
the addition proceeds exclusively via the same hydroxyl-
amine moiety.

It is worth noting that the coupling of propiononitrile $
or 4 with 1 or 2-MeCGO:H is metal-mediated insofar as the
reaction of free EtCN with 1,2-hydroxylaminooximes in
CHCI; does not occur under the same conditions for even 2
days.

(32) Lesz, K.; Sykulski, JRoczniki Chem1977, 51, 2445;Chem Abstr.
1978 88, 169415.

(33) Bissot, T. C.; Parry, R. W.; Campbell, D. .Am Chem Soc 1957,
4, 796.
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Scheme 2
& chy e
EtCEN—(Pt\—NECEt — EtcEN—/Fit‘—NECEt
2 HON(H)CMe,C(R)=NOH E Cl D S E 2 HON(H)CMe,C(R)=NOH
[l (4]
R\ __NOH HON~_ R
Et Et
Me H cl Cleo H Me
md NHON & (o] o |¢" / HN
I e N—/Pt—N\ H'!l Me —_— ve | /N_;pt N | Me
o} NH o}
\( cl H Me Me H ¢l c|;| >/
B B 78
HON R R NOH
G H
R R HON(H)CMe,C(R)=NOH
R 5 Ph 8 Me R
HO_ + oH
ril/ Me HaN\ /N/ 6 Me 9 Me 1 Ph
L > o— M /
cl Pt\'\<\ Me o 7 - 7 Ph 10 Ph 2 Me
Mé R
c Y
NO,;
[e]
Characterization of Imino Complexes 5-8. Compounds ~ Table 1. Selected NMR Chemical Shifts for Complexgs8
5—8 gave satisfactory C, H, and N elemental analyses. Their 14 13 195p¢

FAB-MS, IR, and 1D {H, 3C{*H}, and'®*Pt) and 2D {H,*°C

complex Pt+NH N—OH Pt=N=C  C=NOH
HMQC, H,3C HMBC, and'H,’>N HMQC) NMR spectra

) : 5 8.18 9.84 175.6 159.9  —2027
are in good agreement with the proposed structures'of Pt ¢ 8.16 10.68 177.0 157.9 —2031
and P¥ complexes with the newly formed imino ligands 7 9.14 9.39 179.5 1608  —153

8 9.06 10.81 179.5 157.1 -92

HN=C(Et)ON(H)CMeC(R}=NOH, the latter derived from
the regioselective nitrilehydroxylamine coupling of the 1,2- ot the metal center and the coupling of hydroxylamine versus

hydroxylaminooximes. _ _ oxime moieties can best be judged on the basis of significant
The FAB'-MS spectra 0b—8 display molecular ion peaks  ghift differences and two-dimensional heteronuclear cor-
and/or a characteristic fragmentation for [R{®hine)] related NMR techniques.

compounds, corresponding to the loss of CI's from the  complexes5—8 display a single broad®Pt resonance
molecular ion, viz., [M— nCI]+_; these data agree well w!th signal, typical for a PICLN, or Pt'CLN, coordination
those observed fsogstlr;ezzprewously characterized platinum gnyironment, with half-height line widths between 700 and
Imino complexei‘ %% In the IR spectra5—8 give N0 gog Hz, suggesting that only one type of imino complex was
bands fromv(C=N) stretching vibrations in the range formed in the reactions. The chemical shifts for the platinum-
betV\l/een 2400 and 2270 Cm{susah bands appelar at 2340 (1) complexes were found at2027 and—2031 ppm fors

cm* (vs) fortrans—[thCI4(EtCN)2] and 2314 cm* (m) for and 6, respectively, whereas for platinum(lV) complexes,
trans [PtCL(EtCN)]*} but show one (foi5, 7, 8) or WO the change in the oxidation state of the metal center is
(for 6) intense bands in the range of 1660695 cnm reflected by a significant downfield shift of about 2000 ppm
assigned ta/(C=N) of the newly formed imino group € (—153 and—92 ppm for7 and8, respectively), and these
NH and the free oxime group <€NOH from the HN= values correspond well to those for related species, i.e.,
CEtON(H)CMeC(Ry=NOH ligand; these data match well [PtCl{ NH=C(Me)ON=CRIR%},] (n = 2, —2060 + 30
with those for similar complexes derived from the addition ppm3 n = 4, —120 £ 40 ppni®1Y, [PtCL{NH=C(Me)-

of “simple” oximes, e.g., [PtGINH=C(Me)ON=CR'-  oNRe},] (n = 2, —2035+ 15 ppm3 n = 4, —160 + 10

R2,} 5],1517.18200r dialkyl- and dibenzylhydroxylamines, e.g., ppmt3), and [PtC{ NH=C(Et)OR%} ;] (n = 2, —1935+ 30

[PtCI{ NH=C(Et)ONR;} ;],** to Pt-bound nitriles. ppm037n = 4, —100 4+ 70 ppmi®3).
The_ a_lddition_ of the 1,2-hydroxylaminooximésand2 to TheH NMR spectra of the Ptcomplexes and6 display
the nitrile platinum(ll) and -(IV) complexefrans[PtCl,- a broad peak in the range 68.10-8.20 ppm assigned to

(EtCN)] andtrans [PtCL(EICN)], respectively, was moni-  the imine proton PtNH, involved in intramolecular hydro-

tored by*H, *C, *N, and ***Pt NMR spectroscopy, and  gen honding (observed also in the solid-state molecular
selected data are presented in Table 1. The oxidation state

(36) Wagner, G.; Pakhomova, T. B.; Bokach, N. A.; FBiauda Silva, J. J.

(34) Luzyanin, K. V.; Haukka, M.; Bokach, N. A.; Kuznetsov, M. L.; R.; Vicente, J.; Pombeiro, A. J. L.; Kukushkin, V. Yinorg. Chem
Kukushkin, V. Yu.; Pombeiro, A. J. LDalton Trans 2002 1882. 2001, 40, 1683.

(35) Kukushkin, V. Yu.; Oskarsson,.AElding, L. I. Inorg. Synth 1997, (37) Cini, R.; Caputo, P. A.; Intini, F. P.; Natile, Gorg. Chem 1995
31, 279. 34, 1130.
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Figure 2. Downfield H,23C HMBC NMR spectrum of in DMSO-ds.

structures; see later), whereas for th& Bomplexes7 and

8, a downfield shift of about 1 ppm of the corresponding
signal was detected[9.05-9.15 ppm]. These observations
are in a good agreement with NMR spectroscopic data for
similar platinum imino complexes, viz., [Pt¢NH=C(Et)-
ONR‘?'z}z] (n =24 R = Me, Et, Cl‘bph, C}‘bCGH4C|-p 14

In the *H,*>N HMQC experiment, two resonances fréf
with protons directly boundota N atom were found. The
signal at 83-95 ppm was assigned to the imine—\H
nitrogen signal, whereas the other (34151 ppm) corre-
sponds to the NH signal from the hydroxylamine moiety.

Addition of the 1,2-hydroxylaminooxime$ and 2 to a
coordinated nitrile is accompanied by a change offia
chemical shift of the quaternary carbon atom from the nitrile Figure 3. Thermal ellipsoid view of comple with atomic numbering
to the imino group (&N to C=N). The G=NH imine 13C scheme. Thermal ellipsoids are drawn at 50% probability.
signals were found to resonate in thegange of 175180 proceeds via the hydroxylamine group. Furthermore, coup-
ppm and are shifted by approximately 60 ppm to lower field ling from this proton to the dimethyl-substituted carbon atom
in comparison to the starting platinum nitrile complexes (i.e., at 62.4 ppm was observed (not shown). The G{gprotons,
119 ppm for G=N from trans-[PtCly(EtCN)]%). as well as the ortho protons of the phenyl group (Me in case

The *H and °C signal assignments were performed of 6 and8), the O-NH proton, and the oxime (NOH) proton
unequivocally by interpretation of gradient-enhanced two- display a correlation (vidJy c coupling) to the HG-N=C
dimensionalH,'3C HMQC and'H,**C HMBC NMR spectra. guaternary atom, which resonates at 159.9 ppm. These NMR
Especially the long-range shift correlation experiments via spectroscopic features were also found in compléxes,
2Ju.c and 3Jyc coupling were found to be of high value, consequently leading to a full assignmentf and 3C
because they allowed the detection of the quaternary carborchemical shifts and confirming that the nucleophilic addition
atoms and the determination of whether the hydroxylamine to nitriles, ligated to the Pt centers, proceeds exclusively via
or the oxime functionality was added to the coordinated the hydroxylamine moiety of the 1,2-hydroxylaminooxime
nitrile. speciesl and 2.

Thus, for example, in théH,**C HMBC NMR spectrum The structures 06—8 were determined by single-crystal
of 5 (Figure 2), thé=C signal of the coordinated imine carbon X-ray diffraction analysis (Figures-35, Tables 2 and 3),
atom was detected at 175.6 ppm and assigned through theand it was established that (i) B8, the existence of the
shift correlation peaks with both the Gind the CH protons pendant oxime group €N—OH was detected, and this
from the ethyl residue. A further cross-peak of=N with observation, in addition to the NMR spectroscopic data in
the O—NH proton clearly confirms that the addition reaction solution (see above), indicates that the 1,2-hydroxylami-

2300 Inorganic Chemistry, Vol. 45, No. 5, 2006



Addition of Hydroxylaminooximes to Pt-Ligated Nitriles

Table 2. Crystallographic Data fo6, 7, 8:(C/Hs), and9

6 7 8(C/Hg) 9
empirical C15H34C|2- C26H38C|4N5- C23H42C|4N5- C5H10C|2N2-
formula NeO4Pt O4Pt O4Pt OZPt
Fw 640.48 835.51 803.52 396.14
temp (K) 120(2) 120(2) 120(2) 120(2)
A (A) 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic  monoclinic triclinic triclinic
Space P2:/n P2,/c P1 P1
group
a(A) 7.6006(2)  9.8206(6) 7.2923(2) 8.9309(3)
b (&) 15.4326(6) 15.7599(10)  9.0813(4) 9.0528(3)
c(A) 10.1530(3) 10.5418(10)  13.2633(6) 13.2321(6)
o (deg) 90 90 77.931(2) 99.276(2)
B (deg) 99.141(2)  97.395(7) 85.591(3) 106.497(2)
y (deg) 90 90 73.284(3) 100.964(2)
V (A3 1175.79(7)  1618.0(2) 822.50(6) 980.38(6)
Z 2 2 1 4
I calc 1.809 1.715 1.622 2.684
(Mg/m3)
u(Mo Ka) 6.227 4.707 4.626 14.820
(mm™)
Rint 0.0389 0.0427 0.0456 0.0730
R12 0.0272 0.0241 0.0305 0.0481
Figure 4. Thermal ellipsoid view of complex with atomic numbering (1229
scheme. Thermal ellipsoids are drawn at 50% probability. WR(?; 29 0.0685 0.0397 0.0725 0.1090

aR1= 3 ||Fo| = IFdl/Z|Fol. "WR2 = { 3 [W(Fo* — FA)/ S [W(Fo)} V>

Table 3. Selected Bond Lengths (A) and Angles (deg) &7,
8:(C7Hg), and9

Figure 5. Thermal ellipsoid view of complex8-(C;Hg) with atomic
numbering scheme. Thermal ellipsoids are drawn at 50% probability. The
toluene molecule has been omitted for clarity.

nooximes react with Pt and P¥-bound nitriles exclusively
via the hydroxylamine moiety; (ii) all of the imino ligands
are mutually trans and are in tfieconfiguration; and (iii)

6 7 8(CrHg) 9A 9B
Pt1-Cl1 2.3008(7) 2.3042(7)  2.3203(8) 2.287(3) 2.301(3)
Pt1-CI2 2.3087(9)  2.3186(8) 2.288(3) 2.290(3)
Pt1-N1 2.013(3) 2.013(3) 2.014(3) 1.927(10) 1.916(11)
Pt1-N2 2.009(10) 1.989(9)
N1-C1 1.265(4) 1.265(4) 1.274(5) 1.568(14) 1.541(16)
N1-01 1.186(13) 1.206(15)
N2—-02 1.382(13) 1.371(13)
c1-01 1.351(4) 1.348(4) 1.349(4)
01-N2 1.465(3)  1.444(3) 1.467(4)
N2—C4 1.496(4) 1.476(4) 1.478(5) 1.271(15) 1.292(15)
C7-N3 1.281(4)  1.264(4) 1.279(5)
N3-02 1.426(3)  1.406(4) 1.411(5)
Cl1-Pt1-CI2 91.11(3) ~ 90.62(11) 92.47(12)
Cl1-Pt1-N1 90.74(7) 85.18(8) 85.18(9) 172.7(3) 172.3(3)
C1-01-N2 113.1(2) 113.5(22) 112.0(3)
C7-N3-02 110.6(2) 111.1(3) 112.9(3)
N1-Pt1-N2 80.8(4)  80.7(4)
01-N1-C1 116.0(10) 115.8(11)
02-N2—C4 118.2(10) 116.9(9)

significantly affect the reactivity. To investigate whether the
kinetic and thermodynamic characteristics of these processes
are coherent or opposite, quantum chemical calculations of
the possible products of the reactions of free acetonitrile
MeCN and the four ligated nitrilesans[PtCl,(NCMe),] [n
=2(T1), 4 (T2)] and [PtC}{(NCMe)]~ [m= 3 (T3), 5 (T4)]

all bond lengths and angles are not unusual and are within,itn the model bifunctional nucleophile HGRCHCH,-

the expected limitg8

Theoretical Studies of Thermodynamic Aspects of the
Regioselectivity of the Coupling. The results of both

NHOH were performed at the B3LYP level of theory.
An inspection of the energies of the calculated structures
NH=C(Me)ON(H)CHCH=NOH (H5), trans[PtCl.{ NH=

synthetic and kinetic work (see later) clearly demonstrate C(Me)ON(H)CHCH=NOH};] [n = 2 (H6), 4 (H7)],
that the high regioselectivity of the nucleophilic addition of [PtCl,.{ NH=C(Me)ON(H)CHCH=NOH}]~ [m = 3 (H8),

the bifunctional hydroxylaminooximes to the complexed 5 (H9)], NH=C(Me)ON=CHCH,N(H)OH (O5), trans
nitriles should be explained by kinetic reasons. However, [PtC|.{ NH=C(Me)ON=CHCH,N(H)OH},] [n = 2 (06), 4
there is another factor, i.e., thermodynamics, that might (O7)], and [PtCl{ NH=C(Me)ON=CHCH,N(H)OH}]~ [m

= 3 (08), 5 (09)] leads to the following conclusions (see
Supporting Information for the table with the absolute
energies). First, the products of the addition by the hydroxyl-
amine site H5—H9) are more stable than the corresponding

(38) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R.J. Chem Soc, Dalton Trans 1989 S1. Allen, F. H,;
Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A. G.; Taylor, R.
J. Chem Soc, Perkin Trans 2 1987, S1.
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Table 4. Reaction Energies (in kcal/mol) for the Formation of the Scheme 3
ProductsH/O5—H/O9 upon Addition of HON(H)CHC(H)=NOH to Et
Nitriles? | - ’ -
fa T ow g So po ]
AE AH AG CI—PIV—N=C—Et + N —c—ptV—N |
5H —14.69 13.21) —12.50 —0.21 ¢+1.26) cl g, R cl g H"‘N\\CRZ
6H —54.98 (-49.04) —49.75 —20.86 (-14.92)
H —67.62 (-62.72) —63.03 —33.11 (28.22) 1 R = CHyPh 12
8H —23.85 (-21.24) —21.39 —6.76 (—4.15)
9H —30.62 (-29.12) —28.16 —13.63 (-12.13) ind4 i i i
=0 1297 {-11.35) 098 +1.08 (+2.70) ;pemgé _These reactions can be conS|de_red as standards in
60 —48.78 (-42.53) —44.03 —16.74 (-10.49) investigations of the reactivity of other incoming nucleo-
70 —61.81 (-56.03) —56.38 —29.58 (-23.80) philes.
80 —19.90 (-18.05) —-17.63 —4.30 (-2.45) fo At o i}
9 2719 {-25.08) 5489 1035 (.8.21) Here, we report kinetic data for the addition of 1,3

diphenylpropan-2-one oxime, HGXC(CH,Ph), to the PV
aEnergies corrected for the solvent effect are in parentheses. complex [PRPCH,Ph][PtCE(EtCN)] (11) to give [PhPCH:-
oxime addition complexes05—09), by 1.44, 4.43, 4.42,  Ph][PtCE{NH=C(Et)ON=C(CH,Ph)}] (12, for its charac-
1.70, and 3.92 kcal/mol, respectively, in terms of Gibbs free terization, see the Experimental Section) in order to compare
energy in solution AGy), although, in some cases, this rate constants with those for the addition of the relevant
difference is small. Hence, there is a direct correlation hydroxylamines HONR(R = CH,Ph and CHCeH,Cl-p)**
between the kinetically and thermodynamically preferred and, subsequently, to verify kinetic aspects and trends in the
products of the reactions. Second, all of the reactions areaddition of both types of nucleophiles to coordinated nitriles.
exothermic and exoergonic, except the addition to free MeCN Complex11was chosen for this study because tHeé &tnter
(Table 4). TheAG magnitudes are significantly lower, in  provides a substantial electrophilic activation of the nitrile
absolute values, thaAH because of a strong decrease of toward even very weak nucleophitésind, in addition, the
the entropy upon addition. The endoergonic character of thecoupling between oximes and "Ptomplexes does not
reactions with free MeCN accounts for the experimentally proceed at ait*
observed spontaneous splitting of the imino species, e.g., Initially, some structural features of th@-nucleophiles
HN=C(Et)ON=C(Me)C(Me)E&0) 2 to the parent nitrile and  hydroxylamines and oximes appear similar, but in fact, the
dione monoxime, whereas the corresponding platinum spe-N=C double bond in oximes could noticeably reduce their
ciestrans[PtCl{ NH=C(Et)ON=C(Me)C(Me)E&0)} ;] are nucleophilic reactivity by making the nucleophilic center
stable?! Third, the coordination of MeCN by platinum results  electron-poorer. Note that these nucleophilic addition reac-
in significant increases ofAH| and |AG|. The change of tions proceed in dichloromethane or chloroform as the
the oxidation state of the metal center has a markedly greatersolvent, and therefore, neutral uncharged forms of both
effect on the reaction energies (by8 kcal/mol per ligand) hydroxylamines and oximes should be considered as reactive
than the variation of the overall charge of the complex moiety species.
(by 2—4 kcal/mol per ligand). Thus, the exothermic and  The kinetics of the reaction depicted in Scheme 3 was
exoergonic character of the reactions increases along thestudied by'H NMR spectroscopy under conditions very
sequence MeCN« T3 (Pt!, anionic complex)< T1 (Pt', similar to those used for the reaction with HON(§EH)
neutral complex)< T4 (PtV, anionic complex)< T2 (PtV, and HON(CHCgH4CI-p)..** The majority of runs were
neutral complex). This trend perfectly correlates with both performed at 50C, where the reaction is complete within
kinetic data (ref 14 and this work) and qualitative synthetic 0.5—1 h. In the presence of-80-fold excesses of the oxime,
results that show the enhancement of the reactivity accordinga satisfactory pseudo-first-order behavior was observed for
to the same trend. Fourth, consideration of the effects of the complex11. The values of pseudo-first-order rate constants
solvent leads to a decrease of the reaction energies (inkops Showed no variation for at least=% half-lives. The
absolute values) in comparison to gas-phase calculationsdependence dé,,s0n oxime concentration is linear without
because of the higher stabilization, in solution, of the any significant intercept (Figure 6). Therefork.,,s =

reactant’s level than the product’s level. koJoxime], implying that the kinetic features of the additions
Kinetics of Nucleophilic Addition of 1,3-Diphenylpro- of hydroxylamines and oximes match nicely.
pan-2-one Oxime to P¥-Bound Propiononitrile. Despite The second-order rate constaktswere obtained at 40,

significant achievements isyntheticapproaches to metal- 50, 55, and 6(°C (Table 5) and used for calculating the
mediated additions to RCN ligands, the existing knowledge corresponding activation parametex$i* and AS", which
about actuakeactivity of incoming nucleophiles is rather are included in Table 6. The rate constaitare unaffected
rudimentary. Therefore, we recently launched systematic by excess free propiononitrile. The same valuek,afiere
kinetic and mechanistic studies of nucleophilic additions to obtained in the presence of a 100-fold excess of EtCN
nitriles at P¥ and PY centers. In particular, we have relative toll Furthermore, free propiononitrile does not react
demonstrated that the nucleophilic addition of dibenzylhy- with the oxime in chloroform for 1 week at 4%C.
droxylamines HONR (R = CH,Ph and CHCsH,ClI-p) to The results obtained in this and previdtaorks clearly
N=CEt coordinated to Ptand PY¥ follows clean second- indicate that the reactivity of hydroxylamines is significantly
order kinetics and the reactivity of "Ptcomplexes is 19 higher than that of oximes. The activation parameters in
times higher than the reactivity of the correspondiny Pt Table 6 allow for the calculation of the rate constants
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Figure 7. Thermal ellipsoid view of comple® with atomic numbering
scheme. Thermal ellipsoids are drawn at 50% probability. The asymmetric
unit contained two independent molecules. The second molecule has been
omitted for clarity.

0.0000 L 1 1 I 1
0.00 0.02 0.04 0.06 0.08 0.10

[HON=C(CH,Ph),] /M
Figure 6. Pseudo-first-order rate constaritgs as a function of oxime

concentration for reaction depicted in Scheme 3:°60 CDC} solvent,
[11] = 1.35x 1073 M.

crystals of9 and 10 along with the starting materials and
yet unidentified noncrystalline decomposition species. Au-
thentic crystals 0B were also obtained by vapor diffusion

Table 5. Rate Constants for the Reaction Depicted in Scheme 3 (in of diethyl ether into a DMF solution & for 1 week at room

cocl) - temperature. X-ray determinations show that decomposition
T(CC)  [oxime] (M) Kobs (5™*) ke(M~'s™) of 6 (route G) leads to, in particular, the unusual nitrosoal-
40.0 2.69x 1072 (23+£0.4)x 104 (8.8+£0.5)x 1073 kane Comp|ex [PtQ{ HON:C(Me)C(Me}N:O}] (9),
108x 107 (21+02)x 10 whereas in the case 5f(rout_e H), we succeeded in isolatin
1.35x 102  (3.2+0.8)x 10%  (1.84+0.1)x 1072 i o » WE 9
50.0 2.69x 102 (4.84+0.2)x 1074 and identifying the metal-free speciessMC(Me),C(Phy=
i-ggx 1gj (g-gi 8-‘11) x ig‘s‘ NOH]2(NO3)CI-H,0 (10) (for the X-ray structure of this salt,
55.0 2‘_69i 10-2 28:6:|: 0:4;§ 104 (3.3+0.2)x 10°2 see the Sgpporting Infqrmation), which posgibly orig_inates
60.0 2.69x 102 (1.6+0.3)x 103  (6.3+0.3)x 102 from the disproportionation of the hydroxylamine functional-

ity4! to afford the amine group and NQ compoundl0 is
known from the literaturé?

In the IR spectrum oB, there are two strong bands at
1658 cmt assigned ta(C=N) of the oxime group &NOH
and at 1547 cmt due tov(N=0) from the nitroso group of
the newly formed ligand. In the X-ray structure ®f(see
Figure 7), the ligand HO®RC(Me)C(Me)N=0 is coordi-
nated to the Pt(ll) center by both the oxime and nitroso
nitrogens, forming a five-membered chelate ring similar to
6 that observed in related platinum chelates of the type pPtClI
(NN)].*3 The measured &0 bond distance from the nitroso
fragment is 1.206(15) A, and this value agrees well with
that for the relevant platinum nitrosoalkane complexes, i.e.,
trans[PtCl{ MesC(N=0)} 5] [1.21(1) A]** and [PtCH{ N(=
0O)CRONCR}] (R = Me, GHyg) (1.21-1.24 A

Table 6. Activation Parameters for Reactions bf with Different
Nucleophiles in CDG

incoming nucleophile AH* (kJ mofl) AS’(J mortK—1) ref

HON(CH,CgH4Cl-p)2 56+ 6 —47+23 14
HON=C(CH:Ph), 81410 —274+31 this work

3.9x 10°M1stat—20°C. Measured at this temperature,
the rate constant for HON(GIBsH.4Cl-p)2 equals 6.5¢< 102
M~1 s71.2 Hence, the hydroxylamine is a factor of 1x7
10* more reactive than the oxime. Inspection of Table
suggests that the significantly lower enthalpy of activation,
AH*, accounts for this difference. The entropies of activation,
AS', are negative, similar, and typical of clean second-order
reactiong’®:40

There is no doubt that the HO-nucleophilicity of hydroxyl-
amines is substantially higher than that of oximes. Itis very (41) aluisetti, G. E.; Aimaraz, A. E.; Amorebieta, V. T.. Doctorovich, F.;
likely that the lone-pair electrons of oxygen are significantly Olabe, J. AJ. Am Chem Soc 2004 126, 13432. Kuznetsova, N. I.;

. - . . Kuznetsova, L. I.; Detusheva, L. G.; Likholobov, V. A.; Pez, G. P.;
delocalized over the ©N=C moiety of the oxime. As a Cheng, H.J. Mol. Cat A: Chem 200Q 161, 1. Hieber, W.: Nast, R.:
result, the highest occupied molecular orbital (HOMO) of Proeschel, EZ. Anorg Chem 1948 256, 159; Chem Abstr. 1949
oximes is lower in its energy than that of hydroxylamines 43, 17093. Banyai, |; Gyemant, G.; Dozsa, L., Beck, Magyar
(by 0.38 eV for HON=CMe, and HONMeg at the B3LYP/

Kemiai Folyoirat 1988 94, 420; Chem Abstr. 1989 110, 102607.
Nast, R.; Foppl, I. ZAnorg. Allg. Chem195Q 263 310;Chem Abstr.

6-31G* level of theory), providing the slower nucleophilic (42)

attack for the former reagent.

1951, 45, 21375,
Volodarskii, L. B.; Tormysheva, N. Yuzv. Sibh Otd. Akad Nauk
SSSRSer Khim. 1976 136;Chem. Abstrl976 85, 159592. Gnichtel,
. H.; Schuster, K. EChem Ber.1978 3, 1171;Chem. Abstr1978 88,
Further Conversions of 5 and 6.When the syntheses of 8 8

5 and6 (Scheme 2) were performed in air under prolonged

heating (45°C, 12 h) followed by slow evaporation of the

solution for 1 day, the reactions resulted in the formation of

190684. Martin, V. V.; Volodarskii, L. BKhim. Geterotsiklicheskikh
Soed1979 103;Chem. Abstr1979 90, 186860. Gnichtel, H.; Belkien,
L.; Totz, W.; Wawretschek, LLiebigs Ann. Chem198Q 7, 1016;
Chem. Abstr198Q 93, 186245. Titova, T. F.; Krysin, A. P.; Martin,
V. V. Khim. Geterotsiklicheskikh Soeii986 62; Chem. Abstr1986
106, 67184. Hanss, J.; Beckmann, A.; Krueger, HEUr. J. Inorg.
Chem 1999 1, 163;Chem. Abstr1999 130, 162340.
(39) Espenson, J. HChemical Kinetics and Reaction Mechanisr@ad (43) Kukushkin, V. Yu.; Belsky, V. K.; Aleksandrova, E. A.; Konovalov,
ed.; McGraw-Hill: New York, 1995. V. E.; Kirakosyan, G. Alnorg. Chem 1992 31, 3836. Kukushkin,
(40) Wilkins, R. G.Kinetics and Mechanism of Reactions of Transition V. Yu.; Tudela, D.; Izotova, Y. A.; Belsky, V. K.; Stash, A.lhorg.
Metal Complexes2nd ed.; VCH: Weinheim, Germany, 1991. Chem 1996 35, 4926.
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It is worth mentioning that, even though oxidations of 1,2-
hydroxylaminooxime species involving metal centers to
afford nitrosoalkane complexes are knotkrt,’ the formation

Luzyanin et al.

promoters, of such HON-nucleophiles as oxifdsoutes
A and B) orN,N-substituted hydroxylamin&s*° (route C).
In fact, the cyclotetramerization ofphthalonitriled to yield

of a (nitrosoalkane)platinum(ll) complex by route G (Scheme phthalocyaninel requires a two-electron reduction and the

2) is the first example of this kind in platinum chemistry.

donation of two protons from a promoterFrom this

Moreover, (nitrosoalkane)platinum(ll) complexes are so far perspective, it is clear that substantially higher tetramerization

quite rare, and the known examples include drdays [PtCl,-
{MesC(N=0)},]** and [PtCH{ N(=O)CRONCR}] (R =
Me, GHip).*® It is anticipated that the reaction of 1,2-
hydroxylaminooximes with Pt precursors, in air, might

constitute an entry to these complexes, and this project is

underway in our group.
Final Remarks. In synthetic experiments, it has been

rates in the case of hydroxylamines than in the case of oximes
can be explained by both better nucleophilic properties
toward the nitrile group (this work) and higher reducing
abilities (ref 50) of the former compared to the latter.

Experimental Section

Materials and Instrumentation. The preparations of the nitrile

demonstrated that the 1,2-hydroxylaminooximes, i.e., re- platinum(ll) and platinum(lV) complexesans[PtCIL(EtCN)] (n
agents bearing both hydroxylamine and oxime HO moieties, = 2, 3;3551n = 4, 434 and [PRPCH,Ph][PtCE(EtCN)] (11)1° were

react readily with both Pt and P¥-ligated EtCN to achieve,
with a high degree of regioselectivity, the product of
hydroxylamine-site addition to the nitrile group. This reaction

represents an unusual reactivity pattern for 1,2-hydroxylami-

nooximes, which were previously employed mostly as
sequestering reagefitfor various metal centers.

In complete accord with the synthetic work, the kinetic
study revealed thal,N-disubstituted hydroxylamines, as

reported previously. 1,2-Hydroxylaminooximgésand2-MeCO,H

and HON=C(CH,Ph), (1,3-diphenylpropan-2-one oxime) were
synthesized in accord with the published proced®tesolvents
were obtained from commercial sources and used as received. C,
H, and N elemental analyses were carried out by the Microanalytical
Service of the Instituto Superior €gico. For thin-layer chroma-
tography (TLC), Merck UV 254 Sigplates were used. FABand
FAB~ mass spectra were obtained on a Trio 2000 instrument by
bombarding 3-nitrobenzyl alcohol (NBA) matrixes of the samples

compared to the structurally related oxime species, are ca.with 8 keV (ca. 1.28< 10'5J) Xe atoms. Mass calibration for data

10*fold better nucleophiles toward"P$ound EtCN. More-
over, the computational study explicitly shows that the
platinum-mediated nitrile hydroxylamine coupling gives

system acquisition was achieved using Csl. Infrared spectra {4000
400 cnrl) were recorded on a JASCO FTS 3000MX instrument
in KBr pellets. 1D NMR experiments, i.etH, 13C{1H}, and9pPt,

products that are more thermodynamically stable than those@"d 2D NMR correlation experiments, i.&,'3C HMQC, *H,1%C

derived from the nitrile-oxime coupling. The verified kinetic
and thermodynamic aspects of the metal-mediated nitrile
hydroxylamine and nitrileoxime coupling make highly
unfavorable the mechanism involving the addition of 1,2-
hydroxylaminooximes to RCN ligands via the oxime site
followed by isomerization of [M{N(H)=C(R)ON=C—CN-
(H)OH species to achieve the appropriate fN(H)=C(R)-
ON(H)C—C=NOH-type complexes.

HMBC, andH,'>N HMQC, were performed on Bruker Avance
DPX 400 (UltraShield Magnet) and Varian UNITY 300 spectrom-
eters at ambient temperatut®Pt NMR chemical shifts are given
relative to K[PtClg] (0.0 ppm), and*N NMR chemical shifts are
relative to NHCI (0.0 ppm).

X-ray Structure Determinations. X-ray diffraction data were
collected with a Nonius KappaCCD diffractometer using Ma K
radiation ¢. = 0.71073 A). Crystals were mounted in inert oil within
a cold gas stream of the diffractometer. The Denzo-Scalépack

All the more important is that the obtained results shed [6, 8:(C7Hg), 9, 10] or EvalCCD* (7) program packages were used
light on the mechanism and driving forces of the recently for cell refinements and data reduction. Structures were solved by
discovered mild protocol for syntheses of metal-containing direct methods using the SHELXS-97 or SIR97 prograniSA

and metal-free phthalocyanines froomphthalonitriles?324

the basic reaction (Scheme 1) involves application, as

(44) Mansuy, D.; Dteme, M.; Clottard, J. C.; Guilhem, J. Organomet
Chem 1978 161, 207. Cameron, M.; Gowenlock, B. G.; Vasapollo,
G. Chem Soc Rev. 199Q 19, 355.

(45) Larionov, S. V.; Kosareva, L. A.; Boguslavskii, E. I2v. Akad Nauk
SSSR Ser Khim. 1986 2110; Chem. Abstr 1987 107, 58574.
Larionov, S. V.; Kosareva, L. A.; Boguslavskii, E. @v. Akad Nauk
SSSRSer Khim. 1984 2592;Chem. Abstr1985 102 55084.

(46) Kolesov, B. A.; Sobolev, E. V.; Belyaev, A. V.; Khranenko, S. P.
Koord. Khim. 1985 11, 254; Chem. Abstr1985 103 29395.

(47) Stetsenko, A. |.; D'yachenko, S. A.; Sharova, L. P.; Volodarskii, L.
B. Zh. ObshchKhim. 1986 56, 684;Chem. Abstr1986 105 202125.

(48) Kosareva, L. A.; Boguslavskii, E. G.; Larionov, S.I¥v. Akad Nauk
SSSRSer Khim. 1991, 9, 1959.Chem. Abstr1992 116 142636.
Troepol'skaya, T. V.; Vagina, G. A.; Morozov, V. |.; Kitaev, Yu. P.
I1zv. Akad. Nauk SSSBer Khim. 1988 6, 1268;Chem. Abstr1988
109 118041. Larionov, S. V.; Kosareva, L. A.; Boguslavskii, E. G.
1zv. Akad. Nauk SSSRBer Khim. 1986 9, 2110;Chem. Abstr1987,
107, 58574. Larionov, S. V.; Kosareva, L. Zh. Neorg Khim. 1986
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Addition of Hydroxylaminooximes to Pt-Ligated Nitriles

{XPREP in SHELXTI" version 6.14-1 ¢, 8-(C;Hg), 10] or
SADABS version 2.107)}%8 or analytical absorption correction
(de Meullenaer and Tompgdwas applied to datalfin/ Tmax Values

results obtained at the B3LYP level agree well with those calculated
using higher correlated methods.
The Hessian matrix was calculated analytically for all optimized

were 0.2539/0.6103, 0.4381/0.7622, 0.2982/0.7259, 0.2470/0.6327 structures to verify the location of correct minima (no “imaginary”

and 0.9572/0.9855 fd, 7, 8:(C7Hg), 9, and10, respectively]. The
structures were refined with SHELXL-%7 and the WinGX
graphical user interfac®.Structure9 contained two independent
molecules in the asymmetric unit. B) 9, and 10, the OH, HO,

frequencies) and to estimate the zero-point-energy (ZPE) correction
and thermodynamic parameters; the latter were calculated at 25
°C. The reaction energiedAE) and reaction enthalpies and Gibbs
free energiesAH and AG) were calculated as the differences in

and NH hydrogens were located from difference Fourier maps but energy of the product and sum of the energies of the reactants.

not refined. The methyl groups of the toluene solver8-{C;Hs)

Solvent effects were taken into account at the single-point calcula-

were disordered over two sites with equal occupancies of 0.5. In tions based on the gas-phase equilibrium geometries by using the

7, the OH hydrogen was located from the difference Fourier map
and refined isotropically. 18-(C;Hg), OH and NH hydrogens were
located from the difference Fourier map and modeled with isotropic

polarizable continuum mod&lin the CPCM versioff with CHCl
as a solvent. The Gibbs free energies in solut®f) were estimated
by addition of the ZPE, thermal, and entropic contributions taken

displacement parameters and distance constraints (0.85 A). Otherfrom the gas-phase calculation$&y) to the single-point CPCM-
hydrogens were placed in idealized positions and constrained toSCF energy &s).

ride on their parent atoms. The crystallographic details6fe®

The experimental X-ray structures wans[PtCl,{ NH=C(Et)-

are summarized in Table 2, and selected bond lengths and angle©ONHCMe,C(Mey=NOH} ;] (n = 2, 4) (current work), [P§PCH,-

are reported in Table 3. The crystallographic details@ére given
as Supporting Information.

Computational Details. The full geometry optimization of all

Ph][PtCk{ NH=C(Et)ON(CHPh)}],** [PhePCH,Ph][PtCE{ NH=
C(Et)ON=C(CgH1)} 1,2 trans[PtClo{ NH=C(Me)ON=CMey} 5], 3¢
andtrans[PtClL,{ NH=C(Me)ON=C(Me)C(Me=NOH},]1” were

structures was carried out in Cartesian coordinates using thechosen as the starting geometries for the optimization. The
Gaussian 98 program package at the DFT level of theory. The equilibrium geometries and the main calculated bond lengths of
calculations were performed using Becke's three-parameter hybrid H/O5—H/O9 are in reasonable agreement with the experimental

exchange function& in combination with the gradient-corrected
correlation functional of Lee, Yang, and Pdr(B3LYP). A

data. The maximum deviations of the theoretical and experimental
parameters are 0.1 and 0.05 A for the-Bil and PN bonds,

quasirelativistic Stuttgart pseudopotential described 60 core elec-respectively, whereas the difference for the other bonds does not

trons, and the appropriate contracted basis set (8s7p6d)/[6§5p3d]

exceed 0.03 A, often falling within theo3interval of the X-ray

for the platinum atom and the 6-31G* basis set for other atoms data.

were used. The combination of the B3LYP functional and the

Kinetic Measurements. The kinetics of the reaction depicted

mentioned basis set was found to be a quite reasonable approximain Scheme 3 was studied in CDQlsing a Varian UNITY 300

tion for the investigation of properties of transition metal
complexe$%-88including platinum specie’;®6taking into account
the low computational cost of this method and the fact that the
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NMR spectrometer equipped with an indirect detection probe and
a thermostated module in the temperature range from 40 €60
The progress of the reactions was monitored by integratingrthe
NMR signals from the coordinated EtCN b1 or signals of the Et
group from the imino ligand of [PIRPCH,Ph][PtCE NH=C(Et)-
ON=C(CH,Ph)}] (for its complete characterization, see later). The
pseudo-first-order conditions were ensured by using at least an
8-fold excess of HOR-C(CH,Ph), (DBO) with respect td.1. The
reactions were initiated by mixing solutions i and DBO in
CDCl; to give the total solution volume of 0.5 mL. Commonly
used concentrations Gfl and DBO were 1.35% 103 and (1.08-
10.8) x 1072 M, respectively. The pseudo-first-order rate constants
kons Were calculated from the slope of linear plots of In[100/(100
— X)] versus time where (in percent) is the conversion of the
starting material to the product of the reaction. KRllsrate constants
throughout are the mean values of at least three measurements. The
curve fit and all other calculations were performed using the Origin
6.1 package.

Synthetic Work. Addition of HON(H)CMe ,C(R)=NOH to
[PtCIL(EICN),]. In a typical experiment3 or 4 (0.1 mmol) was
dissolved in chloroform (5 mL) at 2625 °C, the corresponding
1,2-hydroxylaminooximé. or 2:MeCQO,H (0.2 mmol) was added,
and the reaction mixture was heated at@or ca. 15 min. In the
cases of5 and 7, the bright yellow solution was evaporated to
dryness at room temperature under a flow of Bnd the solid
residue was washed with cold chloroform (1 mL) and pentane (five
3-mL portions) to remove the unreacted reagents. In the cages of
and8, the bright yellow precipitate formed was washed with cold
chloroform (1 mL) and ether (five 1-mL portions) to remove the
unreacted reagents. Yields were-85%, based on Pt.

(69) Tomasi, J.; Persico, MChem. Re. 1997 94, 22027.
(70) Barone, V.; Cossi, MJ. Phys. Chem1998 102, 1995.
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trans-[PtCl,{ NH=C(Et)ON(H)CMe,C(Phy=NOH} ;] (5). Anal.
Calcd for GgH3gNgCl,O4Pt: C, 40.84; H, 5.01; N, 10.99%.
Found: C, 40.70; H, 4.84; N, 10.87%. FABMS, m/z. 764 [M]*,
692 [M — 2CI — H]*. IR spectrum (selected bands), ¢ 3180
mw »(N—H), 1663 sv(C=N). IH NMR spectrum in CDGIDMSO-
ds (9:1),6: 1.30 (s, 61, NCMe,), 1.37 (t,J = 7.2 Hz, H, CH,Me),
3.02 (quart] = 7.2 Hz, H, CH,Me), 6.76 (s, 1H, ONH), 7.16
7.40 (m, 5, Ph), 8.18 (s, br, H, NH), 9.84 (s, 1H, NOH)3C-
{*H} NMR spectrum in CDGIDMSO-ds (9:1) (through direct
13C{1H} observation and'H,’*C HMQC, and H,’3C HMBC
experiments)g: 10.5 (CH) and 26.4 (CH)(Et), 23.5 (NQVey),
62.4 (NCMey), 126.3-131.5 (Ph), 159.9 (OXC), 175.6 (HN=
C). 5N NMR spectrum in CDGIDMSO-dg (9:1) (through'H,*5N
HMQC experiment)p: 93.1 (HN=C), 143.8 (ONH).1%Pt NMR
spectrum in CDGIDMSO-ds (9:1), 6: —2031 (800 Hz).

trans-[PtCl{ NH=C(Et)ON(H)CMe ,C(Me)=NOH}] (6). Anal.
Calcd for Q6H34NGC|204Pt: C, 30.01; H, 5.35; N, 13.12%.
Found: C, 29.42; H, 5.03; N, 12.56%. FABAS, Wz 604 [M —
Cl — H]*, 569 [M — 2CI]*. IR spectrum (selected bands), tm
3189 m~w »(N—H), 1660 s and 1595 my(C=N). IH NMR
spectrum in DMSQds, d: 1.20 (t,J = 7.2 Hz, H, CH,Me), 1.24
(s, 8H, NCMe,), 1.80 (s, 8, N=CMe), 2.85 (quart) = 7.2 Hz,
2H, CH,Me), 5.70 (s, 1H, ONH), 8.16 (s, brHi NH), 10.68 (s,
1H, NOH). 13C{*H} NMR spectrum in DMSQd; (through direct
13C{1H} observation and'H,*C HMQC, and H,13C HMBC
experiments)¢: 10.3 (CH) and 26.8 (CH)(Et), 10.2 (N=CMe),
23.2 (NQVley), 62.4 (NCMey), 157.9 (ON=C), 177.0 (HN=C). We
were unable to perform thé>N NMR measurements due to
instability of the compound in DMS@s. 1°*Pt NMR spectrum in
DMSO-ds, 6: —2027 (800 Hz).

trans-[PtCl { NH=C(Et)ON(H)CMe>C(Phy=NOH} ;] (7). Anal.
Calcd for Q6H38N6C|404Pt: C, 37.38; H, 4.58; N, 10.06%.
Found: C, 37.29; H, 4.85; N, 9.61%. FABVIS, m/zz 835 [M +
H]*, 765 [M — 2CIl + H] ™. IR spectrum (selected bands), ¢in
3197 sy(N—H), 1652 vsy(C=N). 'H NMR spectrum in CDG
DMSO-ds (9:1),6: 1.25 (t,J= 7.2 Hz, H, CH;Me), 1.30 (s, 61,
NCMe,), 3.42 (quart) = 7.2 Hz, H, CH,Me), 6.66 (s, 1H, ONH),
7.12-7.40 (m, B, Ph), 9.14 (s, br, H, NH), 9.39 (s, 1H, NOH).
13C{1H} NMR spectrum in CDGIDMSO-ds (9:1) (through direct
13C{1H} observation and'H,’*C HMQC, and H,3C HMBC
experiments)g: 10.9 (CH) and 24.7 (CH)(Et), 23.4 (NQVey),
62.9 (NCMey), 127.4-131.0 (Ph), 160.8 (ONC), 179.5 (HN=
C). >N NMR spectrum in CDGIDMSO-dg (9:1) (through'H,*5N
HMQC experiment)p: 85.3 (HN=C), 145.6 (ONH).1%Pt NMR
spectrum in CDGIDMSO-ds (9:1), 6: —153 (700 Hz).

trans-[PtCl ,{ NH=C(Et)ON(H)CMe ,C(Me)=NOH}] (8). Anal.
Calcd for GgHasNgClO4Pt: C, 27.01; H, 4.82; N, 11.81%.
Found: C, 27.51; H, 4.84; N, 10.79%. FABMS, m/z. 710 [M]*,
641 [M — 2CI + H]*. IR spectrum (selected bands), ¢ 3232
mw v(N—H), 1657 sy(C=N). IH NMR spectrum in DMSGCde, :
1.11 (t,J = 7.5 Hz, 3, CH,Me), 1.23 (s, &, NCMey), 1.79 (s,
3H, N=CMe), 2.95 (quart) = 7.2 Hz, H, CH,Me), 8.45 (s, 1H,
ONH), 9.06 (s+ d, 2Jpys ca. 35 Hz, H, NH), 10.81 (s, 1H, &
NOH). 13C{*H} NMR spectrum in DMSQds (through direct*C-
{1H} observation andH,**C HMQC, andH,13C HMBC experi-
ments),0: 10.5 (N=CMe), 11.4 (CH) and 24.8 (CH)(Et), 23.3
(Me, NCMey), 62.8 (NCMey), 157.1 (ON=C), 179.5 (HN=C). 5N
NMR spectrum in DMSQdg (throughH,*>N HMQC experiment),
0: 83.9 (HN=C), 151.1 (ONH).1%Pt NMR spectrum in DMSO-
ds, 0 —92 (750 Hz).

Further Conversions of 5 and 6.Prolonged heating d§ and6

(45 °C, 12 h) obtained in situ (see above), followed by slow

Luzyanin et al.

crystals of10 and9 along with the unreacted starting material and
yet unidentified noncrystalline decomposition species. Authentic
crystals of9 were also obtained by vapor diffusion of diethyl ether
into a DMF solution of6 for 1 week at room temperature.
[PtCI,{ HON=C(Me)C(Me).N=0}] (9). Anal. Calcd for
CsH1oNL,Cl,0-Pt: C, 15.16; H, 2.54; N, 7.07%. Found: C, 15.00;
H, 2.34; N, 6.80%. IR spectrum (selected bands); tn8238 mw
v(O—H), 1658 sv(C=N), 1547 sy(N=0). 'H NMR spectrum in
DMSO-ds, 6: 1.20 (s, 61, NCMey), 1.84 (s, 3, N=CMe).
Synthesis of [PRPCH,Ph][PtCls{ NH=C(Et)ON=C(CH,Ph),}]
(12) was performed analogously to that described forflH,-
Ph][PtCE{ NH=C(Et)ON=CMe,}].*® The yield was 85%. Anal.
Calcd for GsH4oNoClsOPPt: C, 51.33; H, 4.21; N, 2.78%. Found:
C, 52.33; H, 4.17; N, 2.60%. FABMS, m/z. 581 [M — 2CI],
373 [PtCh]~. IR spectrum (selected bands), Tm 3228 mwv-
(N—H), 1656 sy(C=N). *H NMR spectrum in CDG|, 6: 1.30 (t,
J = 7.5 Hz, H, CH,Me), 2.33 (quartJ = 7.2 Hz, H, CH,Me),
3.73 (s, H, N=CCH,), 5.34 (s, 4, PCH,Ph), 7.0:-7.63 (m, 3®,
Ph) 9.12 (s, H, NH). 13C{*H} NMR spectrum in CDGl (through
direct 13C{1H} observation),0: 10.6 (CH) and 25.3 (CH)(Et),
32.6 (CH, Jpc = 44.0, RCH,Ph), 39.4 (CH, NCH,Ph,), 126.6-
136.5 (Ph), 168.7 (RC), 177.0 (HN=C). We were unable to
perform thel>N NMR measurements because of the rather poor
solubility of the compound in CDgland instability in DMSOds.
195t NMR spectrum in CDGJ 6: —6 (290 Hz).
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evaporation of the solution for 1 day, results in the formation of 1C051909R
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