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The metal-mediated coupling between coordinated EtCN in the platinum(ll) and platinum(IV) complexes cis- and
trans-[PtCl,(EtCN),], trans-[PtCl4(EtCN),], a mixture of cis/trans-[PtCl4(EtCN),;] or [PhsPCH,Ph][PtCI,(EtCN)]
(n=13, 5), and dialkyl- and dibenzylhydroxylamines R,NOH (R = Me, Et, CH,Ph, CH,C¢H,Cl-p) proceeds smoothly
in CH,Cl, at 20-25 °C and the subsequent workup allowed the isolation of new imino species [PtCl,{ NH=C(Et)-
ONRg2},] (n =2, R = Me, cis-1 and trans-1; Et, cis-2 and trans-2; CH,Ph, cis-3 and trans-3; CH,CeH,Cl-p, cis-4
and trans-4; n = 4, R = Me, trans-9; Et, trans-10; CH,Ph, trans-11; CH,CeH,Cl-p, trans-12) or [PhsPCH,Ph]-
[PtCI{NH=C(Et)ONR3}] (n = 3, R = Me, 5; Et, 6; CH,Ph, 7; CH,CsH4Cl-p, 8; n = 5, R = Me, 13; Et, 14;
CHaPh, 15; CH,C¢H4Cl-p, 16) in excellent to good (95-80%) isolated yields. The reduction of the Pt(IV) complexes
9-16 with the ylide PhP=CHCO,Me allows the synthesis of Pt(ll) species 1-8. The compounds 1-16 were
characterized by elemental analyses (C, H, N), FAB-MS, IR, *H, C{*H}, and 3'P{*H} NMR (the latter for the
anionic type complexes 5-8 and 13-16) and by X-ray crystallography for the Pt(Il) (cis-1, cis-2, and trans-4) and
Pt(IV) (15) species. Kinetic studies of addition of R,NOH (R = CH,CsH,Cl-p) to complexes [PhsPCH,Ph]-
[Pt'Cl3(EtCN)] and [PhsPCH,Ph][PtVCIs(EtCN)] by the *H NMR technique revealed that both reactions are first
order in (p-CICsH,CH,),NOH and Pt(1l) or Pt(IV) complex, the second-order rate constant k; being three orders of
magnitude larger for the Pt(IV) complex. The reactions are intermolecular in nature as proved by the independence
of k, on the concentrations of added EtC=N and CI~. These data and the calculated values of AH* and AS* are
consistent with the mechanism involving the rate-limiting nucleophilic attack of the oxygen of (p-CICsH4CH,),NOH
at the sp-carbon of the C=N bond followed by a fast proton migration.

Introduction transformations of other coordinated molecules. Metal-

- . - . mediated and/or metal-catalyzed reactions of RCN have been
_ Reactivity of ligated nitriles has been an area of gontmuc_)us surveyed in a number of articleg including those written
interest for many years owing to their great industrial by some of ug:*

potential (e.g., for preparation of acrylamide or nicotine- “recently, our group has been involved in studies of the
amide) and a variety of laboratory applications (e.g., as reactivity of metal-activated nitriles toward HON-nucleo-
synthons of a broad range of imines and amides) for metal-

mediated RCN reactions. In addition, nitriles are isoelectronic (1) Kukushkin, V. Yu.; Pombeiro, A. J. IChem Rev. 2002 102 1771.
(2) Pombeiro, A. J. L.; Kukushkin, V. Yu. Reactions of Coordinated

to other_importar_1t specjes such ag 80, RNC, and a”_(ynes- Nitriles. In Comprehensie Coordination Chemistry jIMcCleverty,
and their behavior as ligands can model, to a certain degree, J.3A., Metg:;é%gd Eds.; Elsevier: Amsterdam, 2004; Vol. 1, Chapter
1.34, pp .
(3) Kukushkin, V. Yu.; Pombeiro, A. J. Lnorg. Chim Acta2005 358
1
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T Instituto Superior Tenico. (4) B-okach, N. A.; Kukushkin, V. YuUspekhi Khimii(Russ Chem Rev.)
*+ St. Petersburg State University. 2005 74, 164.
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philes? It has been observed that reactions between amidines’! phthalocyaningd and carboxamide®:?* The

(RCN)[M] (M = Pt(1V), Pt(ll), Rh(lll), Re(IV)) complexes
and HON-species such as “simple” oxinfe! vic-di-
oximes?® oximehydrazone¥ dialkyl hydroxylamines; and
hydroxamic acid$'°lead to formation of a EO{N} bond
upon addition of the OH group at thesIN moiety of metal-

latter findings gave a new strong impact for further explora-
tion of the nitrile reactions with HON-type nucleophiles from
a combined viewpoint of their synthetic value, recognition
of general features, understanding of driving forces, and
estimate of activation effects by different metal centers.

activated RCN. It is worthwhile to notice that in the initial As far as the latter effect is concerned, one should notice
stage of the project, the reactions between nitriles and HON-that despite the wealth of kinetic data associated with
nucleophiles observed at substitutionalhert metal com- nucleophilic addition to ligated nitriles adiverse metal
plexes (mostly of platinum group metals) had purely a basic centers, the qualitative comparison of activation effect of
research character, whereas latieeing performed at kineti-  nitriles by onemetal center in different oxidation states has
cally labile metal centers (for instance, Co(IFNi(ll), 2122 been done only for octahedral Ru(lll) and Ru(ll) complexes
and Zn(lIY32%—these systems acquired a more applied in the hydration reactiofno kinetic data on systems of one
character insofar as they opened up attractive routes tometal center in different oxidation states and different

syntheses of important classes of nitrile-derived organic polyhedra were obtained up to date.

compounds such as amidi@sacyl amide<! imidoyl-

(6) Eglin, J. Comments InorgChem 2002 23, 23. Murahashi, S. I.;
Takaya, HAcc Chem Res 200Q 33, 225. Kukushkin, Yu. NRuss
J. Coord Chem 1998 24, 173. Parkins, A. WPlatinum Met. Re.
1996 40, 169. da Rocha, Z. N.; Chiericato, G., Jr.; Tfouni, Atly.
Chem Ser. 1997, 297. Kuznetsov, M. LUspekhi Khimii(Russ Chem
Rev.) 2002 71, 307.

(7) Constable, E. CMetals and Ligand Reaclity. An Introduction to
the Organic Chemistry of Metal Complex&CH: Weinheim, 1995;

p 65. Corain, B.; Basato, M.; Veronese, A. £.Mol. Catal. 1993
81, 133. Chin, JAcc Chem Res 1991 24, 145.

(8) Kukushkin, V. Yu.; Pakhomova, T. B.; Kukushkin, Yu. N.; Herrmann,
R.; Wagner, G.; Pombeiro, A. J. Inorg. Chem 1998 37, 6511.
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2001 40, 1683.
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R.; Pombeiro, A. J. L.; Kukushkin, V. Yu.; Michelin, R. Anorg.
Chem 2001, 40, 1134.
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Wagner, G.; Pombeiro, A. J. LJ. Chem. Soc., Dalton Tran200Q
4683.

(12) Makarycheva-Mikhailova, A. V.; Haukka, M.; Bokach, N. A.; Gar-
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Inorg. Chim. Acta (Specialolume dedicated to J. J. R. Fraio da
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Upon our study of the reaction between (nitrile)Pt com-
plexes and HONR(R = alkyl, benzyl), we discovered that
hydroxylamines react with REN at both octahedral Pt(IV)
and square-planar Pt(ll) centers of the structurally related
complexes [PtG(RCN)]~ (n = 3, 5). This finding prompted
us to undertake a comprehensive synthetic, structural, and
kinetic study to verify the difference in the activation effect
between the complexes in the two oxidation states. All these
results are described in this article.

Results and Discussion

Starting Materials for Synthetic and Kinetic Studies.
The nitrile platinum(ll) and platinum(lV) complexes
[PRePCHPh][PtCHL(EtCN)] (n = 3 I,*1 511 1Y) andcis- and
trans[PtCI,(EtCN)] (n = 2: cis-lll and transll ;2526
n = 4. a mixture ofcis/translV and transIV??) were
addressed for this study (starting materials are given in this
article in Roman numerals, whereas products are given in
Arabic numerals). The complexrans[PtCl(EtCN))]
(translll') was prepared by solid-state heating o
[PtCL(EtCN)]?® (cis-lll ) (route A). The chlorination of
translll leads to formation of the platinum(lV) complex
trans[PtCl(EtCN)]?’ (transIV) (route B). Interaction of
cis- or trans 1l with [PhsPCH,Ph]CI allows the isolation
of [PhsPCH,Ph][PtCE(EtCN)]** (1) (routesC1 andC2), and
chlorination of the latter results in the formation of
[PhePCH,Ph][PtCE(EtCN)J* (I1) (route D).

Platinum-Mediated Nitrile —Hydroxylamine Coupling.
Hydroxylamine is an ambidentate nucleophile andNitsind
O- addition to nitriles is known in organic chemis#$/In
the majority of cases, NMDH adds to R&N via its N atom
to form amidoximes, RC(NP=NOH, through the

(25) Kukushkin, V. Yu.; OskarssonD,.AEIding, L. I. Inorg. Synth 1997,
31, 279. i

(26) Svensson, P.; Mgvist, K.; Kukushkin, V. Yu.; Oskarsson,.Acta
Chem Scand 1995 49, 72. Kukushkin, V. Yu.; Oskarsson,. AElding,

L. I. Zh. Obsch. Khim1994 64, 881; Russ. J. Gen. Chem. (Engl.
Transl.) 1994 64, 793.

(27) Luzyanin, K. V.; Haukka, M.; Bokach, N. A.; Kuznetsov, M. L.;
Kukushkin, V. Yu.; Pombeiro, A. J. LDalton Trans 2002 1882.

(28) Eloy, F.; Lenaers, RChem Rev. 1962 62, 155. Zilberman, E. N.
Reactions of Nitrilegin Russian); Khimia: Moscow, 1972; p 166.
Dayagi, S.; Degani, Y. InThe Chemistry of the CarberNitrogen
Double Bong Patai, S., Ed.; Interscience: London, 1970; p 111.
Judkins, B. D.; Allen, D. G.; Cook, T. A.; Evans, B.; Sardharwala, T.
E. Synth Commun 1996 26, 4351.
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RCE=NH)NHOH intermediaté® Very recently, it has been  C(Et)ONRy}] (5—8) in reactionG was accomplished for ca.
established that the addition of dialkylhydroxylamines to 4—8 h. The absence of interaction between any of the studied
Pt(IV)-bound nitriles, in contrast to the reaction of hy- hydroxylamine and free EtCN (proved Bid NMR) is in
droxyalmines with free nitriles, affords the imino species RC- accord with a metal-mediated coupling.
(=NH)ONR; resulting from adding of the hydroxylamines Treatment 0f9—16 with PkP=CHCO,Me leads to the
oxygen to RGN, routel.r” Within the framework of the reduction of the Pt(IV) center and allows the synthesis of
current project this addition is now extended to, on one hand, Pt(ll) species1—8 by routes H1 and H2, which are
the anionic type Pt(IV) complek , and, on the other hand, alternative toG andF2, respectively.
to dibenzyhydroxylamines. Moreover, we also found that Characterization of the Imino Complexes. Elemental
the nitrile—hydroxylamine coupling is also mediated by the analyses (C, H, N), FAB-MS, IRH, 13C{*H}, and3'P{*H}
Pt(I1) center although less effectively as compared to the Pt- NMR (the latter for the anionic type complex&s-8 and
(IV) one. 13—16) and X-ray data (see below) for the Pt(l6i%1, cis-
Thus, the coupling between Pt-bound nitriled il , cis- 2, andtrans-4) and Pt(lV) (L5) species are in good agreement
andtranslll , transIV, or a mixture ofcistrans|V and with the proposed structures of Pt(Il) and Pt(IV) complexes
dialkyl- and dibenzylhydroxylamines,ROH (R = Me, Et, with the newly formed imino ligands NHC(Et)ONR.. In
CH,Ph, CHCsH4Cl-p) proceeds smoothly in Ci&l, at IR spectra, the products of the reactiords-16) show no
20—25 °C and the subsequent workup provides the new bands of v(C=N) stretching vibrations in the range
imino species [PtG{ NH=C(Et)ONRy},] (n = 2, R= Me, 2270-2400 cm* (note that such bands appear at 2340tm
cis-1 andtrans-l; Et, cis-2 andtrans2; CH,Ph, cis-3 and for trans[PtClL(EtCN)]?” and 2314 cm! for trans
trans-3; CH,C¢H4Cl-p, cis4 andtrans4; n = 4, R = Me, [PtCL(EtCN)Y]?®) but display intense bands in the range of
trans9; Et, trans-10; CH,Phntrans-11; CH,CgH4Cl-p, trans- 1660-1640 cm* assigned ta’(C=N) of the imino ligand
12) or [PRPCHPhH][PtCI{NH=C(Et)ONR}] (n = 3, NH=C(Et)ONR,; these data are in a very good agreement
R = Me, 5; Et, 6; CH,Ph, 7; CH,CsH4Cl-p, 8, n = 5, with those for similar complexes derived from the addition
R = Me, 13; Et, 14; CH,Ph, 15; CH,C¢H,Cl-p, 16) in of oximes (e.g., [PtG{ NH=C(Me)ON=CMe,} ] or [PtCl,
excellent to good (9580%) isolated yields. In the prepara- {NH=C(Me)ON=CMe;},]® %), hydroxylamines (e.gtrans
tive experiments, the coupling proceeds faster for the [PtClL,{ NH=C(Me)ONE%}},]'"), and hydroxamic acids
Pt(IV) species than for the Pt(Il) compounds; neutral (e.g., [PtC{ NH=C(Et)ON=C(OH)(Ph},]*%'9 to Pt-bound
complexes react faster than the corresponding anionic onesnitriles. Furthermore, IR spectra of the anionic complexes
Thus, the formation oftrans{PtCl,{ NH=C(Et)ONR} 2] 5—8 and13—16display the vibrations of very high intensity
(9—12) in reaction| was achieved for ca. 5 min, the at ca. 1110 cm' due to »(P—C) from the cation
formation of [PRPCHPhH][PtCE NH=C(Et)ONR}] [PhPCHPh]'; these bands are also observed in the chloride
(13—16) in reactionE was complete after ca. 15 min, and [PhsPCHPh]CI (1120 cm?).

the formation ofcis- andtrans{PtCl,{ NH=C(Et)ONR} ;] IH NMR spectra ofl—16 display a broad peak in the range
(1—4) in reactiong=1 andF2 was achieved for ca. 0:2 h, 0 8.00-8.50 assigned to the imine hydrogen of the
whereas the generation of [HCHPh][PtCE{NH= NH=C(Et)ONR. moiety involved in hydrogen bonding
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p)}2] (trans4).

(found also in the solid-state molecular structures, see later)
and these data correspond well to those for the similar imino
complexes, e.g., [PtINH=C(R)R};] (R'" = ONR,",

7 ON=CR," ¥ OHNC(F=O0)R"819. 13C{*H} NMR spectra

of 1-16 display no signal of the €N group from the
starting material (typically it emerges in the range %15
125 ppm; e.g., 119 ppm farans[PtCl,(EtCN),]?") but show

the signal from the &N group in the range of 160

170 ppm. The position of the latter peak is similar to that
observed fotrans[PtCl{{ NH=C(Me)ONMej} 5.’

X-ray Structure Determinations. The X-ray structure
determinations have been performed for four compounds,
i.e, Ccis[PtCL{NH=C(Et)ONMe}] (cis-1), cis[PtCl,-
{NH=C(Et)ONEt}] (cis-2), trans[PtCL{NH=C(Et)-
ON(CH,CsH4ClI-p);] (trans4), and [PRPCHPh][PtCk-
{NH=C(Et)ON(CHPh)}] (15) (Figures -3 and Tables 1
and 2). The coordination polyhedra of the three Pt(ll)
complexes are slightly distorted square-planar and the imin
ligands are mutually cis faris-1, cis-2 and trans fotrans-4
and are in thee-configuration.

The PtCl and PtN bond lengths and also all bond
angles around the Pt center are normal and they are in
good agreement with those for the related completxars
[PtCL{ NH=C(Et)ON=C(Me)C(Me)&0)},]** and trans-
[PtCI{NH=C(Me)ON=CMey},].°? The PtCI bond dis-
tances in the complexes with the tratsafs4 2.2982(8),
2.3069(8) A] and cis configurationscip-1 2.3018(12),

(0]

Figure 3. Crystal structure of [P#°CHPh][PtCK NH=C(Et)ON(CH-
Ph)}] (15). The cation is omitted for clarity. Selected bond lengths (&)
and angles (deg): Pt(N(1) 2.039(12), Pt(%)yCl(1) 2.298(3), Pt(1)Cl-

(2) 2.320(3), Pt(1yCI(3) 2.318(3), Pt(1)Cl(4) 2.318(4), Pt(1}CI(5)
2.315(4), N(1)-C(1) 1.301(16), C(1yO(1) 1.350(15), N(1}Pt(1)-CI(1)
175.3(3), Cl(4y-Pt(1)-CI(5) 179.09(15), CI(2yPt(1)-CI(3) 178.28(15),
Pt(1)-N(1)—C(1) 136.1(10), N(1}C(1)—0O(1) 119.5(13).

2.3021(13), andis-2 2.3041(9), 2.3046(8) A] are the same
within 30 and this indicates that the ground-state trans
influence is similar for the imine and chloride species. The
two C=N bonds in each complex are equal withio 3
[1.254(7) and 1.275(7) A fatis-1; 1.271(4) and 1.273(4) A
for cis-2; 1.272(4) and 1.277(4) A farans-4] and they are
very close to the typical values of the<®l double bonds?

Inspection of the N-H and NH--N distances and values
of the H-N---H angles in the imine ligands clearly indicates
that theE-configuration of these species is stabilized by the
N—H---H hydrogen bond between the imine hydrogen and
the hydroxylamine N atom with the following observed
distances and angles: NEAM(01) 0.95(7) A, N(1-H(01)
=N(2) 2.20(2) A, N(1)-H(01)-+*N(2) 105(67, N(3)—H(03)
0.96(6) A, N(3)-H(03)-**N(4) 2.14(6) A, N(3y-H(03)-+
N(4) 109(5} cis-1; N(1)—H(01) 0.89 A, N(1)-H(01)-+N(2)
2.28 A, N(1)-H(01)--N(2) 107.8, N(3)—H(03) 0.99 A,
N(3)—H(03)-+-N(4) 2.06 A, N(3-H(03)*:N(4) 117.3 cis-

2; and N(1)-H(01) 0.88(4) A, N(1>H(01):*:N(2) 2.15(3)

A, N(1)—H(01)--N(2) 115(3F, N(3)—H(03) 0.84(4) A,
N(3)—H(03)+-N(4) 2.24(3) A, N(3)-H(03)--*N(4) 112(3y

for trans4. This H-bonding was also observed in the relevant
complexegrans[PtCl{ NH=C(Me)ON=CR},]® andtrans
[PtCl,{ NH=C(Me)ONRy} ;].*"

In 15(see Figure 3), all bond lengths and angles are normal
and agree well with those in the previously studied neutral
(imino)Pt(1V) complexesrans[PtCl,{ NH=C(Me)ONR} ;]
(Figure 3)Y7

Kinetics of the Nucleophilic Addition. The structural-
ly related platinum(ll) and platinum(lV) complexes
[PRePCHPH][PtCHEICN)] | (n = 3) and Il (n 5),
respectively, are well soluble in CD£lnd have been
selected for the kinetic investigation using thé¢ NMR
technique. They contain only one nitrile ligand and are more
appropriate for collecting and interpreting kinetic data as
compared to the more common bis-nitrile complexes
[PtCI,(RCN),], where two consecutive processes should be
taken into account. In addition, thed NMR spectra of

PtCI(EtCN)]™ are less complicated as compared with those
of the bis-nitrile compounds and this allows an accurate
integration of the signals from the Et groups of the starting

(29) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
G.; Taylor, R.J. Chem Soc, Perkin Trans. 21987, S1.
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Table 1. Crystallographic Data focis-1, cis-2, trans4, and 15
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cis-1 cis-2 trans4 15
empirical formula QOH24N4C|202Pt C14H32N4C|202Pt C34H36N4C|602Pt Q2H42N2C|50P|Dt
fw 498.32 554.43 940.46 994.09
temp (K) 110(2) 110(2) 100(2) 150(2)
1A 0.71073 0.71073 0.71073 0.71073
cryst syst triclinic monoclinic monoclinic orthorhombic
space group P1 P2,/c P2, Pbca
a(A) 8.2530(15) 11.2917(16) 13.1961(4) 10.0914(7)
b (A) 9.9420(12) 13.2252(15) 10.3787(2) 19.504(2)
c(A) 10.670(2) 14.9965(14) 13.3755(4) 42.279(5)
o (deg) 103.695(10) 90 90 90
B (deg) 91.346(15) 99.251(11) 101.7230(10) 90
y (deg) 92.089(13) 90 90 90
V (A3) 1793.68(8) 2210.4(5) 1793.68(8) 8321.3(15)
z 2 4 2 8
peaic(Mg/m?3) 1.741 1.666 1.741 1.587
u(Mo Ka)) (mm™2) 4.396 6.602 4.396 3.767
no. of collected refins 8293 29451 27046 16000
no. of unique rfins 3196 5073 8162 4383
R1%( = 20) 0.0300 0.0221 0.0195 0.0570
WR2(l > 2 0) 0.0724 0.0406 0.0457 0.1107

AR1= 3 |IFol — IFcll/3|Fol. "WR2 = [ [W(Fo? — F)/ 3 [W(Fo)?] M2
Table 2. Selected Bond Lengths and Angles for the Platinum(ll) 0.007 4
Complexescis-1, cis-2, andtrans4
0.006
cis-1 cis-2 trans4
0.005-
Pt(1)-CI(1) 2.3018(12) 2.3041(8) 2.2982(8) <
Pt(1)-ClI(2) 2.3021(13) 2.3047(8) 2.3068(8) »n 0.004-
Pt(1)-N(1) 2.020(4) 2.020(2) 2.020(3) \3 0,003 £
Pt(1)-N(3) 2.015(4) 2.014(2) 2.015(3) x°
N(1)—C(1) 1.254(7) 1.271(4) 1.272(4) 0.0024
N(3)—C(6) 1.275(7)
N(3)—C(8) 1.273(4) 0.001
N(3)—C(18) 1.277(4) 0.000
Cl(1)—Pt(1)-CI(2) 92.75(5) 91.94(3) 178.73(3) 0.00 002 004 006 008 010 012
N(1)—Pt(1)-N(3) 93.4(2) 90.67(10) 178.29(11) [DAH] /M
Pt(1)-N(1)—C(1) 127.7(3) 127.9(2) 126.9(2)
Pt(1-N(3)—C(6) 129.3(3) Figure 4. Pseudo-first-order rate constamtss as a function of [DAH]
Pt(1)-N(3)—C(8) 128.8(2) for reactions 1Q) and 2 @) at 40.0 and-20.0°C, respectively, in CDGI
Pt(1-N(3)—C(18) 129.0(2) as solvent; ] =[II] = 1.35x 103 M.

material and the product. Complexeandll react via eqs presence of a large excess of free propionitrile. Indeed, the
1 and 2 (Scheme 2), respectively, which are again rathersame values df; have been obtained in the presence of 100-
similar but the reactivity of is significantly lower than that ~ fold excess of EtCN relative tb or Il . Free propionitrile
of Il does not react with DAH in chloroform even under harsh

Major kinetic data for complexes and Il have been  conditions (1 week at 45C).
obtained at different temperatures, viz20.0 and 40.0C, In principle, reactions 1 and 2 could involve a reversible
respectively. Under such conditions, the reactions are substitution of chloride by DAH followed by an intra-
complete in a matter of 051 h. A satisfactory pseudo-first-  molecular nucleophilic attack at the coordinated nitrile.
order behavior has been observed for both complexes in theTherefore, the effect of chloride ok, has been tested
presence of an excess of the hydroxylamm€(CsH,CHy),- by the example of reaction 1 at 40C. Addition of
NOH (DAH). A first order in complexe$ andll holds for [PhsPCH,Ph]CI does not practically affect the rate constants
at least 3-5 half-lives. The dependences of pseudo-first- and k; equals 0.77+ 0.01, 0.73+ 0.04, and 0.70+
order rate constantg:s against the concentration of DAH  0.03 M~* st at [CI"] = 0.0, 0.013, and 0.135 M, respec-
indicate a first order in the incoming nucleophile foand tively. We could not measure the effect of chloride on the
Il without any significant intercept (Figure 4). Thus, reactions rate of reaction 2 due to the substitution of EtCN by chloride
1 and 2 follow the same rate law 3. that occurs via eq 4.

Kops = K;[DAH] 3 Il + [Ph,PCH,Ph]CI— [Ph,PCH,PhL[PtCIl] + EtCN (4)

The second-order rate constakitiave been obtained at Ligand substitution reaction 4 involves the Pt(IV) complex
different temperatures (Table 3) and these data have beerand a nucleophile (C). The observation that compldk
used for calculating the corresponding activation parametersreacts with chloride but compldxdoes not is in accordance
AH* andAS for reactions 1 and 2, which are also included with the fact that the Pt(IV) complex is more electrophilic
in Table 3. The rate constants are unaffected by the and therefore the reactivity of is also higher with respect
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Scheme 2
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Table 3. Kinetic and Activation Parameters for Reactions 1 and 2 in GDCI

T/°C [DAH)/M Kobds™t ko/M~1s71 AH*/kJ mot?t AS/I mortK—1
Reaction 2
—30.0 5.38x 1072 (8.1+£0.4)x 10* (1.5+£0.1)x 102 56+ 6 —47+ 23
—20.0 1.08x 1072 (5.9+£0.3)x 104 (6.1£0.4)x 102
1.35x 102 (8.1£0.4)x 10*
2.69x 1072 (1.740.1)x 1073
5.38x 1072 (3.04£0.2) x 10732
1.08x 101 (6.7£0.3)x 1073
—15.0 5.38x 1072 (41+£04)x 104 (7.7£0.4)x 1072
—-10.0 5.38x 1072 (7.5+£0.3)x 1073 (1.4+£0.1)x 101
Reaction 1
20.0 5.38x 1072 (1.1£0.2)x 104 (22+£0.1)x 1073 74+ 3 —41+£10
30.0 5.38x 1072 (3.5+£0.4)x 104 (6.5+£0.3)x 1073
40.0 1.08x 1072 (21+£0.1)x 104 (1.9+£0.1)x 102
2.01x 1072 (3.8+£0.2)x 104
2.69x 1072 (4.840.2)x 104
5.38x 1072 (1.04£0.1) x 10°3b
1.08x 101 (1.9+£0.1)x 1073
50.0 5.38x 1072 (21+£0.2)x 1073 (4.0£0.2)x 102

3(3.5+ 0.2) x 103 571 for (PhCH),NOH. b (1.28 £ 0.07) x 103 571 for (PhCH)2NOH.

to the hydroxylamine nucleophile DAH. Limited data hydroxylamine reacts somewhat faster than DAH supporting
obtained for (PhCE),NOH as a nucleophile (see footnote the nucleophilic nature of the reactions.

to Table 3) indicate that this more nucleophilic hydro-  The platinum(IV) complesl is notably more reactive than
Xylamine reacts somewhat faster as compared 1o its platinum(ll) counterpart. The difference in the reactivity
(p-ClCeH4CH;).NOH (DAH), as could be anticipated. of compoundsll and| leads to faster kineticskf) in the
The addition of hydroxylamines to nitriles coordinated to former by a factor of 1.4« 10® at 0 °C. Thek, ratio was
Pt(ll) and Pt(IV) is a true nucleophilic reaction where the calculated by using the values of activation parameters from
platinum centers enhance immensely the reactivity of pro- Table 3. Recent theoretical studigsuggest that although
pionitrile. The kinetic data suggest that it is always the nijtriles exhibit both weak-donor andz-acceptor properties,
coordinated nitrile that reacts with the hydroxylamine and the o-donor features preva“ even for the Pt(“) Comp|exes'
the nucleophilic attack occurs from the bulk solution. Clear An increase in the oxidation state of p|atinum from Il to IV
first-order kinetics in hydroxylamine for both Pt(ll) and results in a stronger shift of the electron density from the
Pt(IV) complexes (Figure 4) and the absence of inhibition |igand to the metal. Hence, the nitrile should be more
by added chloride agrees with the fact that hydroxylamine electron-deficient in complex! and this facilitates the

does not coordinate platinum(ll) or (IV) before the addition nycleophilic attack at the ligand bound to Pt(IV). Analysis
across the &N bond. In other words, reactions 1 and 2 are

true intermolecular processes. The negative values of en- 31 wikins, R. G.Kinetics and Mechanism of Reactions of Transition
tropies of activatiolAS* (Table 3) agree with the bimolecular Metal Complexes2nd ed.; VCH: Weinheim, 1991.

: 31 ia A (32) Kuznetsov, M. L.J. Mol. Struct., THEOCHEM2004 674, 33.
character of the reactiod%3! The more nucleophilic dibenzyl Kuznetsov. M. L.. Kukushkin, V. Yu.: Haukka. M. Pombeiro, A. J.
L. Inorg. Chim Acta 2003 356, 85. Kuznetsov, M. L.; Dementev,
A. |.; Shestakova, O. S.; Kukushkin, V. YRuss J. Inorg. Chem
2001, 46, 1683.

(30) Espenson, J. HChemical Kinetics and Reaction Mechanisraad
ed.; McGraw-Hill: New York, 1995.

Inorganic Chemistry, Vol. 44, No. 8, 2005 2949



of the frontier molecular orbitals of the dinitrile complexes
trans[PtCI,(NCMe),] and trans[PtClL(NCMe)]**3? indi-
cates that the energy of the empty(CN) MO in the
Pt(1V) complex is lower as compared with the Pt(ll) species.

Luzyanin et al.

whereas they are unreactive when treated with (nitrile)
Pt(Il) species? (ii) alcohol$® or watef react easily with
(nitrile)Pt(IV) complexes without added Olwhereas these
reactions with (nitrile)Pt(ll) complexes require the addition

Thus, the higher reactivity of the Pt(IV) species can also be of an alkali to perform the addition. On the other hand, the

accounted for in terms of the frontier orbital energy differ-
ence. Note the free energy of activati?Z* that can be
calculated from the data in Table 3 is by 16 kJ niol
(at 0°C) lower in reaction 2 involving the Pt(lV) species.
The general mechanism of addition of hydroxylamines to
nitriles coordinated to Pt(ll) and Pt(IV) complexes should
involve the rate-limiting nucleophilic attack of the hydroxy-
lamine oxygen at thesp-carbon of the &N group of

kinetic data also suggest that synthetic chemists could take
advantage of the stronger electrophilic activation power of
a Pt(IV) center of RCN ligands to form, upon addition
followed by reduction, final (imine)Pt(ll) complexes which
otherwise would not be accessible.

Experimental Section

Materials and Instrumentation. Hydroxylamines were pur-

coordinated nitrile followed by a fast proton migration. Itis chased from Aldrich. Solvents were obtained from commercial
interesting to note that ligand substitution at Pt(ll) and sources and used as received. C, H, and N elemental analyses were
Pt(IV) centers generally occurs via different mechanisms, carried out by the Microanalytical Service of the Instituto Superior

i.e., associative and dissociative, respectivél@aur study

Técnico. For TLC, Merck UV 254 Sigplates have been used.

has shown that the kinetic features of reactions 1 and 2 areP0sitive-ion FAB mass spectra were obtained on a Trio 2000

strikingly similar. This may indicate that ligand substitution

is not involved in these processes, thus supporting the

suggested mechanism.

Final Remarks

Qualitatively the activation effect of a metal center toward
the nucleophlic attack at the coordinated RCN can be
estimated by analyzing IR spectra of free and ligated nitriles.
Thus, thev(C=N) stretching vibrations of (nitrile)Pt(Il)
complexes exhibit positive coordination shift values of
Av = ¥(C=N)coord — V(C=N)sree & 50 cnr ! indicating the
increased electrophilic susceptibility of the nitrile carbon.
Moreover, this shift is even more positive on going from
platinum(ll) to the relevant platinum(lV) species [e.g.,
v(C=N) 2314 and 2340 cnt for trans[PtCl,(EtCN)y]%>27
(n = 2, 4), respectively] and this comparison favors the
higher activation of RCN, toward the nucleophilic attack,
by a Pt(IV) center. In general, the nucleophilic additions to
Pt(ll)- and Pt(IV)-bound nitriles proceed under strictly
different condition§*833and this hampered the qualitative
comparison of the activation effect by the two Pt metal
centers.

In the current work, we discovered that the coupling
between EtCN and RIOH proceeds in a similar way, albeit
with substantially different rates, in the structurally related
platinum(ll) and platinum(lV) complexes [RRCHPh]-
[PtCI(EtCN)] (n = 3, 5). This finding prompted further
kinetic study and, eventually, allowed tfiest quantitative
comparisonof the activation effect of the Pt centers in

instrument by bombarding 3-nitrobenzyl alcohol (NBA) matrixes
of the samples with 8 keV (ca. 1.28 *0J) Xe atoms. Mass
calibration for data system acquisition was achieved using Csl.
Infrared spectra (4008400 cnt?) were recorded on a JASCO FTS
3000MX instrument in KBr pelletsH, 13C{*H}, and3P{*H} NMR
spectra were measured on a Varian UNITY 300 spectrometer at
ambient temperature.

Synthetic Work. Addition of R ,NOH to [PtCI (EtCN),]. In a
typical experiment, the isomerically purganslll (0.10 g,
0.266 mmol) [or a mixture ofis/transH| ] which contains, by NMR
and TLC, ca. 80% of the cis isontefq is dissolved in chloroform
(5 mL) at 26-25 °C, the hydroxylamine (0.522 mmol) is added,
and the reaction mixture is left to stand ®h atroom temperature.
The bright yellow solution is evaporated to dryness at room
temperature under a flow of \Nand the solid residue is washed
with diethyl ether (five 3-mL portions) to remove the excess of
the hydroxylamine. Yields are 990%, based on Pt. In the case
of translll only the isomerically purgrans[PtCl{ NH=C(Et)-
ONRy},] was isolated, otherwise the mixture oik/transisomers
was obtained. In the latter case, the isomers were separated by
chromatography on SiO

trans{PtCl,{ NH=C(Et)ONMe,} ;] (trans-1). Anal. Calcd for
Ci0H22aN4ClLOsPt: C, 24.10; H, 4.85; N, 11.24%. Found: C, 24.05;
H, 4.80; N, 11.00%. FAB-MSm/z. 498 [M]*, 463 [M — CI]*,
427 [M — 2CI]*. IR spectrum (selected bands), tm 3225 mw
v(N—H), 1661 sy(C=N), 1438 sy(C=C), 750 so(C—H). 'H NMR
spectrum in CDG, 6: 1.37 (t,J = 7.5 Hz, 3H, CH;Me), 2.76
(s, 8H, NMe), 2.92 (gq,d = 7.5 Hz, H, CH,Me), 8.05 (s, br, H,
NH). 13C{*H} NMR spectrum in CDG| 6: 10.2 (CH), 21.1 (CH)-
(Et), 47.2 (Me, NMe), 176.5 (H&C).

cis{PtCI{ NH=C(Et)ONMey},] (cis-1). Anal. Calcd for
C10H24N4C|202Pt C, 24.10; H, 4.85; N, 11.24%. Found: C, 24.00;

different oxidation states toward RCN species. The actual H: 4.84; N, 11.20%. FAB-MSm/z. 498 [M]*, 463 [M — CI]*,

activating effect of nitriles by Pt(1V) versus Pt(Il) is 3 orders
of magnitude when coordinated propionitrile reacts with
(p-CICsH4CH,).NOH. This reactivity difference, on one

hand, explains the previous preparative observations, i.e.

(i) weak HO-nucleophiles such as oximes, under mild
conditions, react with RCN in (nitrile)Pt(IV) complexes,

(33) Bokach, N. A.; Kukushkin, V. Yu.; Kuznetsov, M. L.; Garnovskii,
D. A,; Natile, G.; Pombeiro, A. J. Linorg. Chem 2002 41, 2041.
Cini, R.; Caputo, P. A.; Intini, F. P.; Natile, Gnorg. Chem 1995
34, 1130.
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427 [M — 2CI]*. IR spectrum (selected bands), ©m 3225 mw
v(N—H), 1661 sy(C=N), 1438 sy(C=C), 750 so(C—H). 'H NMR
spectrum in CDG, 6: 1.27 (t,J = 7.5 Hz, 3, CH,Me), 2.73
(s, 8H, NMe), 2.92 (q,J = 7.5 Hz, H, CH,Me), 8.15 (s, br, H,

'NH). 13C{*H} NMR spectrum in CDG| 6: 10.2 (CHy), 21.1 (CH)-

(Et), 47.2 (Me, NMe), 176.5 (H&C).

trans{PtCl,{ NH=C(Et)ONEt,},] (trans-2). Anal. Calcd for
C14H3N,ClL,O,PPt: C, 30.33; H, 5.82; N, 10.11%. Found: C, 30.40;
H, 6.18; N, 9.97%. FAB-MSm/z. 554 [M]*, 519 [M — CI]*, 483
[M — 2CI]". IR spectrum (selected bands), ©m 3189 m-w
v(N—H), 1661 sy(C=N), 1438 my(C=C). IH NMR spectrum in
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CDClg, 6: 1.01 (t,J = 7.5 Hz, 64, NCH,Me), 1.30 (t,J = 7.5 Hz,
3H, CHMe), 2.92-2.97 (m, H, NCH,Me and H, CH,Me), 8.14
(s, br, H, NH). 13C{*H} NMR in CDCls, 6: 10.2 (CH) and 26.4
(CHp)(EY), 11.7 (CH) and 62.4 (CH)(NELt), 175.7 (HN=C).

cis{PtCl{ NH=C(Et)ONEt,} ;] (cis-2). Anal. Calcd for G4HzN4
Cl,0,PPt: C, 30.33; H,5.82; N, 10.11%. Found: C, 43.79; H, 4.31;
N, 3.24%. FAB-MS,m/z. 554 [M]*, 519 [M — CI]*, 483
[M — 2CI]*". IR spectrum (selected bands), Tm 3189 m-w
v(N—H), 1661 sy(C=N), 1438 my(C=C). 'H NMR spectrum in
CDClg, 6: 1.01 (t,J = 7.5 Hz, 64, NCH,Me), 1.30 (t,J = 7.5 Hz,
3H, CH,Me), 2.92-2.97 (m, H, NCH,Me and H, CH,Me), 8.14
(s, br, H, NH). 13C{*H} NMR in CDCls, 6: 10.2 (CH) and 26.4
(CHy)(EY), 11.7 (CH) and 62.4 (CH)(NEt), 175.7 (HN=C).

trans{PtCl{ NH=C(Et)ON(CH ,Ph),} ;] (trans-3). Anal. Calcd
for Cz4HaoN4Cl,0O,Pt: C, 50.87; H, 5.02; N, 6.98%. Found: C,
50.00; H, 5.02; N, 6.83%. FAB-MSmz 641 [M]", 569
[M — 2CII*. IR spectrum (selected bands), Tm 3197 s
v(N—H), 1658 vsv(C=N), 1435 mv(C=C), 754 so(C—H).
IH NMR spectrum in CDG|, 6: 1.02 (t,J = 7.5 Hz, 3, CH,Me),
2.75 (9,d = 7.5 Hz, H, CH,Me), 3.98 and 4.06 (d] = 13.2 Hz,
4H, CH,Ph), 7.277.39 (m, 3, CH, Ph), 8.10 (s, br, H, NH).
13C{*H} NMR in CDCl, ¢: 10.0 (CH) and 25.8 (CH)(Et), 62.4
(CH,, NCH,C¢Hs), 128.3, 128.7, 129.7, and 134.0 (aryls), 174.0
(HN=C).

cis{PtCl{ NH=C(Et)ON(CH Ph),} ;] (cis-3). Anal. Calcd for
C34H40N4C|202Pt: C,50.87; H, 5.02; N, 6.98%. Found: C, 50.00;
H, 5.02; N, 6.83%. FAB-MSm/z. 641 [M]*, 569 [M — 2CI]*. IR
spectrum (selected bands), ¢ 3197 s »(N—H), 1658 vs
v(C=N), 1435 my(C=C), 754 s6(C—H). H NMR spectrum in
CDClg, 6: 0.86 (t,J = 7.5 Hz, 3, CH,Me), 1.93 (q,J = 7.5 Hz,
2H, CH,Me), 3.94 and 4.02 (m] = 12.6 Hz, H, CH,Ph), 7.27
7.30 (m, 1, Ph), 8.15 (s, br, &, NH). 33C{*H} NMR in CDCl;,
0: 9.7 (CHy) and 25.3 (CH)(Et), 61.8 (CH, NCH,CgHs), 128.3,
128.7, 129.7, and 134.0 (aryls), 174.0 ().

trans{PtCl,{ NH=C(Et)ON(CH ,C¢H4Cl-p)2} 2] (trans-4). Anal.
Calcd for G4H3eN4CleO.Pt: C, 43.42; H, 3.86; N, 5.96%. Found:
C, 43.24; H, 4.20; N, 5.89%. FAB-MSwz 942 [M + 2H], 867
[M — 2Cl = H], 604 [M — L + 2H]. (eluent CHCI,). IR spectrum
(selected bands), crit 3274 mwy(N—H), 1661 sy(C=N), 1433
s ¥(C=C). 'H NMR spectrum in CDG| ¢: 1.02 (t,J = 7.5 Hz,
3H, CHMe), 2.74 (q,J = 7.5 Hz, H, CH,Me), 3.94 and 4.03
(d,J = 13.8 Hz, H, CH,CsH,Cl-p), 7.22 and 7.35 (d] = 7.5 Hz,
4H, aryl), 8.03 (s, br, H, NH).13C{*H} NMR in CDCls, é: 10.2
(CH3) and 25.8 (CH)(Et), 61.8 (CH, NCH,CeH,4Cl-p), 128.5,
129.1, 131.3, 132.1, 132.3, and 134.4 (aryls), 174.24d)

cis[PtCl { NH=C(Et)ON(CH ;C¢H4Cl-p)2} 7] (cis-4). Anal. Cal-
cd for GyH3eN4ClgOoPt: C, 43.42; H, 3.86; N, 5.96%. Found: C,
43.24; H, 4.20; N, 5.89%. FAB-MSwz 942 [M + 2H]*, 867 [M
— 2Cl— H]*, 604 [M — L + 2H]". IR spectrum (selected bands),
cm 'l 3274 mwyv(N—H), 1661 sv(C=N), 1433 sy(C=C). H
NMR spectrum in CDG} 6: 0.94 (t,J = 7.5 Hz, #H, CH;Me),
2.14 (g,J = 7.5 Hz, H, CH;Me), 3.96 (m, H, CH,CsH,Cl-p),
7.21-7.36 (m, 4, aryl), 8.51 (s, br, H, NH). 13C{*H} NMR in
CDCls, 6: 9.8 (CH) and 25.6 (CH)(Et), 61.0 (CH, NCH,C¢H,-

washed with diethyl ether (five 3-mL portions) to remove the excess
of the hydroxylamine. Yields are 8®0%, based on Pt.

[PhsPCH,Ph][PtCls{ NH=C(Et)ONMe}] (5). Anal. Calcd for
C30H34N2C|3OPPt: C,46.73; H, 4.44; N, 3.63%. Found: C, 46.53;
H, 4.54; N, 3.43%. FAB-MS, m/z. 353 [Mcatior, 262 [Mcation —
CH,Ph]. FAB™ -MS, m'z. 417 [Maniod, 347 [Manion — 2Cl]. IR
spectrum (selected bands), ctn 3225 mw v(N—H), 1652 s
v(C=N), 1438 sy(C=C), 1111 s»(P—C), 750 s6(C—H). *H NMR
spectrum in CDG, 6: 1.14 (t,J = 7.5 Hz, 3, CH;Me), 2.82
(g, 3 = 7.5 Hz, H, CH,Me), 3.09 (s, 8, NMe), 4.91
(d, 2Jpy = 13.8 Hz, H, PCH,Ph), 6.977.29 and 7.537.74
(m, CH, Ph), 8.20 (s, br, H, NH). 23C{1H} NMR spectrum in
CDCl, 6: 10.2 (CH3), 21.1CHy)(Et), 30.8 (CH, YJpc = 47.7 Hz,
PCHPh), 47.2 (Me, NMe), 116.6, 117.7, 126.7, 128.5, 128.8, 130.1,
130.2, 131.2, 134.1, and 135.0 (aryls), 176.5 &iD). 3P{H}
NMR in CDClg, 6: 23.2.

[PhsPCH,Ph][PtCIs{ NH=C(Et)ONEt,}] (6). Anal. Calcd for
Cs2H3sNLCIsOPPt: C, 48.10; H, 4.79; N, 3.51%. Found: C, 48.01;
H, 4.78; N, 3.41%. FAB-MS, 'z 353 [Mcatiod, 262 [Mcation —
CH,Ph]. FAB™ -MS, mVz. 410 [Manion — Cl], 339 [Manion — 3CI].
IR spectrum (selected bands), tm 3220 m-w »(N—H), 1663 s
v(C=N), 1437 sv(C=C), 1111 s/(P—C), 748 mo(C—H). IH NMR
spectrum in CDG| 6: 1.14 (t,J = 7.5 Hz, €4, NCH,Me), 1.24
(t, J= 7.5 Hz, H, CHMe), 2.96 (q,d = 7.5 Hz, 44, NCH,Me),
3.11 (g,Jd = 7.5 Hz, H, CH,Me), 5.00 (d,2Jpy = 13.5 Hz, H,
PCH,Ph), 7.05-7.82 (m, GH, Ph), 8.15 (s, br, &, NH). 13C{1H}
NMR spectrum in CDG], 6: 10.9 (CHMe), 11.7 (NCHMe), 24.1
(CH;Me), 31.5 (CH, Jpc = 47.6 Hz, CH,Ph), 52.9 (NCH,Me),
116.8, 117.9, 128.4, 128.8, 130.4, 131.6, 134.4, 138, (L77.6
(HN=C). 31P{1H} NMR in CDCl;, 6: 28.4.

[PhsPCH,Ph][PtCls{ NH=C(Et)ON(CH,Ph),}] (7). Anal. Cal-
cd for CioH4oN-ClIsOPPt: C, 54.64; H, 4.59; N, 3.03%. Found: C,
54.54; H, 4.57; N, 3.00%. FABMS, m/z 353 [Mcation, 262 [Mcation
— CH,Ph]. FAB™ -MS, mVz. 569 [Maniod, 534 [Manion — CI]. IR
spectrum (selected bands), ©m 3222 mw v(N—H), 1664 s
v(C=N), 1437 sv(C=C), 1111 sv(P—C), 749 s6(C—H). *H NMR
spectrum in CDG], 6: 0.85 (t,J = 7.5 Hz, H, CH;Me), 2.91
(q, J = 7.5 Hz, H, CH,Me), 4.08 (s, H, NCH,Ph), 5.00
(d, 2py = 13.5 Hz, H, PCH,Ph), 7.04 (m, B, ortho), 7.15
(m, 2H) and 7.24 (m, H)(PCHPh), 7.30-7.42 (m, 164, NCH,Ph),
7.58-7.70 (m, 1) and 7.78 (m, 3HR®h), 8.20 (s, br, H, NH).
13C{1H} NMR in CDClg, ¢: 10.5 (CH3) and 24.0 CH,)(Et), 31.5
(CHy, Wpc = 47.7 Hz, EH,Ph), 61.4 (CH, NCH,Ph), 117.5
(Cipso Ypc = 86.1 Hz, Ph), 126.9 (0, 2Jpc = 8.9 Hz, PCHPH),
128.1 (CH, NCHPh), 128.5 (CH, Jpc = 2.8 Hz, PCHPh), 128.8
(CH, NCH,Ph), 128.9 (CHl, Jpc = 3.4 Hz, PCHPHh), 129.8 (CH,
NCH,Ph), 130.3 (CH,Jpc = 11.9 Hz,Ph), 131.6 (CH, Jpc =
5.5 Hz, PCHPh), 133.6 (Gpso NCH,Ph), 134.4 (CH, Jpc =
10.1 Hz,Ph), 135.0 (CH), Jec = 2.8 Hz, Ph), 176.3 (HN=C).
31P{1H} NMR in CDCl3, o: 23.5.

[PhaPCH,Ph][PtCl{ NH=C(Et)ON(CH ,CsH,CI-p)2}] (8). Anal.
Calcd for G,H4oNoClsOPPt: C, 50.85; H, 4.06; N, 2.82%. Found:
C, 50.83; H, 4.04; N, 2.78%. FABMS, m/z 353 [Matio, 262
[M cation — CHZPh]- FAB~ -MS, m'z. 602 [Manioriln 533 [Manion -

Cl-p), 128.8, 130.8, 131.2, 132.3, 132.4, and 134.3 (aryls), 173.3 3C| + H]. IR spectrum (selected bands), tm 3204 mw

(HN=C).

Addition of R,NOH to [PhsPCH,Ph][PtCI3(EtCN)]. In a
typical experiment,I (0.10 g, 0.140 mmol) is suspended in
chloroform (10 mL) at 26-25 °C, the hydroxylamine (0.140 mmol)

»(N—H), 1663 sv(C=N), 1439 sy(C=C), 1111 sv(P—C), 750 m
0(C—H). IH NMR spectrum in CDGJ, 6: 0.85 (t,J= 7.5 Hz, #H,
CH;Me), 2.80 (q,J = 7.5 Hz, H, CH;Me), 4.05 (s, #, CH,CeHa-
Cl-p), 5.00 (d,2Jpyy = 13.5 Hz, M, PCH,Ph), 7.07-7.82 and

is added, and the reaction mixture is left to stand on vigorous stirring (m, CH, aryl), 8.15 (s, br, H, NH). 33C{*H} NMR in CDCls, ¢:
for 12 h at room temperature. The bright yellow-orange solutionis 11.5 CH3) and 24.5 CHy)(Et), 31.5 (CH, Jpc = 47.7 Hz,
evaporated to dryness under a flow of &hd the solid residue is ~ PCH,Ph), 62.0 (CH, NCH,CsH,Cl-p), 117.3, 118.5, 127.3, 128.9,
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129.5, 130.7, 130.9, 131.6, 132.1, 132.4, 134.8, 135.0 and 135.5CH,Ph]. FAB"-MS, 'z 489 [Maniod, 417 [Manion — 2Cl], 373

(aryls), 176.5 (HN=C). 3P{*H} NMR in CDCls, 6: 28.1.

Addition of R ;,NOH to [PtCI 4(EtCN);]. In a typical experiment,
isomerically puretrans1V 27 (0.12 g, 0.266 mmol) [or a mixture
of cis/transiV which contains, by NMR, ca. 60% of theis-
isome#?’] is dissolved in chloroform (5 mL) at 2625 °C, the
hydroxylamine (0.522 mmol) is added, and the reaction mixture is
left to stand for 15 min at room temperature. The bright yellow

[PtCls]. IR spectrum (selected bands), th 3225 mwv(N—H),
1655 sy(C=N), 1438 sy(C=C), 1111 sy(P—C), 750 s6(C—H).
IH NMR spectrum in CDGJ, 6: 1.14 (t,J = 7.5 Hz, 3H, CH,Me),
2.98 (qu,J = 7.5 Hz, H, CH,Me), 3.09 (s, B,NMe), 4.91
(d, 2py = 13.8 Hz, H, PCH,Ph), 6.977.29 and 7.537.74
(m, CH, Ph), 8.78 (s, br, H, NH). 3C{1H} NMR spectrum in
CDCls, 9: 10.2 (CHs), 21.1CHy)(Et), 30.8 (CH, Jpc = 47.7 Hz,

solution is evaporated to dryness at room temperature under a flowPCHPh), 47.2 (Me, NMe), 116.6, 117.7, 126.7, 128.5, 128.8, 130.1,

of N, and the solid residue is washed with diethyl ether (five 3-mL
portions) to remove the excess of the hydroxylamine. Yields are
90—-95%, based on Pt. In the cases of bins |V and a mixture
of cis/transtV, only the isomerically purgans|[PtCl{ NH=C(Et)-
ONRy} ;] was isolated.

trans{PtCl,{ NH=C(Et)ONMe,},] (trans-9). Anal. Calcd for
Ci10H24N4Cl4O.Pt: C, 21.10; H, 4.25; N, 9.84%. Found: C, 21.02;
H, 4.10; N, 9.69%. FAB-MS,m/z. 533 [M — CI]*, 498
[M — 2CI]". IR spectrum (selected bands), Tm 3225 mw
v(N—H), 1664 sy(C=N), 1438 sy(C=C), 750 s§(C—H). *H NMR
spectrum in CDG| 6: 1.02 (t,J = 7.5 Hz, #H, CH,Me), 2.88
(s, &H, NMe), 2.92 (q,J = 7.5 Hz, H, CH,Me), 9.01 (s, br, H,
NH). 3C{1H} NMR spectrum in CDG| ¢6: 8.2 (CHs), 20.1 (CH)-
(Et), 52.2 (Me, NMe), 174.5 (H&C).

trans{PtCl{ NH=C(Et)ONEt,} ] (trans-10). Anal. Calcd for
C14H3:N4Cl,O0Pt: C, 26.89; H, 5.16; N, 8.96%. Found: C, 26.44;
H, 5.01; N, 8.82%. FAB-MSm/z. 624 [M]*, 554 [M — 2CI]*. IR
spectrum (selected bands), ©m 3220 m~w »(N—H), 1665 s
r(C=N), 1438 my(C=C). 'H NMR spectrum in CDG], é: 0.99
(t, J= 7.5 Hz, 64, NCH,Me), 1.20 (t,J = 7.5 Hz, 3H, CH;Me),
2.88-3.02 (m, 4, NCH,Me and H, CH,Me), 9.02 (s, br, H,
NH). 13C{*H} NMR in CDCls, 6: 8.2 (CH;) and 22.4 (CH)(EY),
11.6 (CHy) and 61.4 (CH)(NEt), 174.2 (HN=C).

trans{PtCl { NH=C(Et)ON(CH ,Ph)} ;] (trans-11). Anal. Calcd
for CzsHaoN4CliO,Pt: C, 46.75; H, 4.62; N, 6.41%. Found: C,
46.22; H, 4.60; N, 6.18%. FAB-MSyz 873 [M + H]*, 767
[M — 3CII*. IR spectrum (selected bands), Tm 3237 s
»(N—H), 1655 vsy(C=N), 1435 m»(C=C). IH NMR spectrum
in CDCl;, 6: 0.90 (t,J = 7.5 Hz, #H, CH,Me), 2.78 (q,J =
7.5 Hz, H, CH,Me), 4.02-4.12 (m, H, CH,Ph), 7.25-7.42
(m, 5H, CH, Ph), 8.92 (s, br, H, NH).13C{*H} NMR in CDCls, 6:
7.0 (CHs) and 23.8 (CH)(Et), 58.4 (CH, NCH,CgHs), 128.0-
134.0 (aryls), 173.0 (H&C).

trans{PtCl ,{f NH=C(Et)ON(CH ;CeH4Cl-p)} ;] (trans-12). Anal.
Calcd for GaH3gN4ClgO,Pt: C, 40.38; H, 3.59; N, 5.54%. Found:
C, 40.11; H, 3.44; N, 5.02%. FAB-M$yWz 941 [M — 2Cl + H],
906 [M — 3Cl + H]. IR spectrum (selected bands), c
3230 mwy(N—H), 1660 s»(C=N), 1433 s»(C=C). 'H NMR
spectrum in CDG| 6: 0.92 (t,J = 7.5 Hz, #H, CH,Me), 2.86
(quart, 3 = 7.5 Hz, H, CH;Me), 4.04-4.14 (m, 4H,
CH,CgH4Cl-p), 7.31-7.38 (m, 4, aryl), 9.03 (s, br, H, NH).
13C{1H} NMR in CDCls, o: 6.2 (CH) and 19.8 (CH)(Et), 57.0
(CH,, NCH,CgH4Cl-p), 127.1-130.2 (aryls), 172.8 (H&RC).

Addition of R,NOH to [PhsPCH,Ph][PtCI5(EtCN)]. In a
typical experiment,Il (0.10 g, 0.128 mmol) is dissolved in
chloroform (10 mL) at 26-25 °C, the hydroxylamine (0.128 mmol)
is added, and the reaction mixture is left to stand¥d atroom

130.2, 131.2, 134.1, and 135.0 (aryls), 176.5 &D). 3P{H}
NMR in CDCl;, 6: 23.2.

[PhsPCH,Ph][PtCls{ NH=C(Et)ONEt,}] (14). Anal. Calcd for
C32H38N2C|5OPPt: C,44.18; H, 4.40; N, 3.22%. Found: C,43.79;
H, 4.31; N, 3.24%. FAB-MS, m/z. 353 [Mcatio]; 262 [Mcation —
CH,Ph]. FAB™-MS, m'zz 514 [Mapion — H], 444 [Manion — 2Cl],
373 [PtCh]. IR spectrum (selected bands), tim 3220 m—w
v(N—H), 1663 syv(C=N), 1437 sy(C=C), 1111 sy(P—C), 748 m
O0(C—H). IH NMR spectrum in CDG|, 6: 1.14 (t,J= 7.5 Hz, 6H,
NCHMe), 1.24 (t,J = 7.5 Hz, H, CH,Me), 2.96 (q,J = 7.5 Hz,
4H, NCH;Me), 3.13 (q,J = 7.5 Hz, H, CH,Me), 5.00 (d,2Jpy =
13.5 Hz, H, PCH,Ph), 7.05-7.82 (m, CGH, Ph), 9.15 (s, br, H,
NH). 13C{*H} NMR spectrum in CDGJ, 6: 10.9 (CHMe), 11.7
(NCHMe), 24.1 CH;Me), 31.5 (CH, Jpc = 47.6 Hz, CH,Ph),
52.9 (NCH;Me), 116.8, 117.9, 128.4, 128.8, 130.4, 131.6, 134.4,
135.0 Ph), 177.6 (HN=C). 31P{*H} NMR in CDCl;, §: 28.4.

[Ph3sPCH,Ph][PtCls{ NH=C(Et)ON(CH ,Ph);}] (15). Anal. Cal-

cd for CyH4NLClsOPPt: C, 50.74; H, 4.26; N, 2.82%. Found: C,
50.68; H, 4.22; N, 2.74%. FABMS, mVz 353 [Mcatior], 262 [Mcation
— CH,Ph]. FAB™-MS, m/z. 641 [Maniod, 569 [Manion — 2ClI]. IR
spectrum (selected bands), tm 3222 mw v(N—H), 1664 s
v(C=N), 1437 sv(C=C), 1111 sv(P—C), 749 s6(C—H). *H NMR
spectrum in CDG, 6: 0.85 (t,J = 7.5 Hz, 3, CH,Me), 2.91
(q, J = 7.5 Hz, H, CH,Me), 4.08 (s, H, NCH,Ph), 5.00
(d, 2Jpy = 13.5 Hz, H, PCH,Ph), 7.04 (m, B, ortho), 7.15
(m, 2H, meta) and 7.24 (m, H, para)(PCHPh), 7.30-7.42
(m, 10H, NCH,Ph), 7.58-7.70 (m, 1M, ortho+ meta) and 7.78
(m, 3H, para)Ph), 9.22 (s, br, H, NH). 13C{H} NMR in CDCl;,
0: 10.5 CHs) and 24.0 CH)(Et), 31.5 (CH, YJpc = 47.7 Hz,
PCH,Ph), 61.4 (CH, NCH,Ph), 117.5 (Gso, 1Jpc = 86.1 Hz, Ph),
126.9 (Gyso, 2Jpc= 8.9 Hz, PCHPh), 128.1 (CH, NCHPh), 128.5
(CHp, Joc = 2.8 Hz, PCHPHh), 128.8 (CH, NCHPh), 128.9 (CHi,,
Jpc = 3.4 Hz, PCHPh), 129.8 (CH, NCHPh), 130.3 (CH,Jpc =
11.9 Hz,Ph), 131.6 (CH, Joc = 5.5 Hz, PCHPH), 133.6 (Gysor
NCH,Ph), 134.4 (CH,Jpc = 10.1 Hz, Ph), 135.0 (CH, Jpc =
2.8 Hz,Ph), 176.3 (HN=C). 3P{'H} NMR in CDClg, 6: 23.5.

[PhsPCH,Ph][PtCls{ NH=C(Et)ON(CH ,CsH,Cl-p)2}] (16). Anal.
Calcd for G,oH4oNoCl;OPPt: C, 47.46; H, 3.79; N, 2.64%. Found:
C, 47.49; H, 3.75; N, 2.60%. FABMS, m/z. 353 [Mcatiod], 262
[M cation — CHoPh]. FAB™-MS, mVz: 636 [Mapjon— 2Cl], 616 [Manion
— 3Cl], 566 [Manion — 4Cl + H]. IR spectrum (selected bands),
cm L 3204 mwy(N—H), 1663 sy(C=N), 1439 sy(C=C), 1111
sv(P—C), 750 md(C—H). 'H NMR spectrum in CDG], ¢: 0.85
(t, J= 7.5 Hz, H, CHMe), 2.90 (q,J = 7.5 Hz, H, CH,Me),
4.05 (s, H, CHCeH,Cl-p), 5.00 (d, 2Jpn 13.5 Hz, H,
PCH,Ph), 7.07~7.82 and (m, €I, aryl), 9.15 (s, br, H, NH).
13C{1H} NMR in CDClg, ¢: 11.5 CH3) and 24.5 CH,)(Et), 31.5

temperature. The bright yellow solution is evaporated to dryness (CHz, {Jpc = 47.7 Hz, CH,Ph), 62.0 (CH, NCH,CsH,Cl-p), 117.3,

under a flow of N and the solid residue is washed with diethyl
ether (five 3-mL portions) to remove the excess of the hydroxy-
lamine. Yields are 8690%, based on Pt.

[PhsPCH,Ph][PtCls{ NH=C(Et)ONMe}] (13). Anal. Calcd for
C3oH34N2C|5OPPt: C,42.80; H, 4.07; N, 3.33%. Found: C, 41.67;
H, 4.07; N, 3.17%. FAB-MS, m/z. 353 [Mcation)s 262 [Mcation —
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118.5,127.3, 128.9, 129.5, 130.7, 130.9, 131.6, 132.1, 132.4, 134.8,
135.0 and 135.5 (aryls), 176.5 (H*C). 31P{*H} NMR in CDCls,
o: 28.1.

X-ray Structure Determinations. The X-ray diffraction data
were collected with a Nonius KappaCCD diffractometer using Mo
Ko radiation ¢ = 0.71073 A). Crystals were mounted in inert oil
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within the cold gas stream of the diffractometer. The Denzo-
Scalepack or EvalCC*® programs packages were used for cell

(DAH) with respect to [PEPCH,Ph][PtCL(EtCN)]. The reactions
were initiated by mixing solutions of [BRCHPh]-

refinements and data reduction. Structures were solved by direct[PtC|,(EtCN)] and DAH in CDC} to give the total solution volume

methods using the SHELXS or SIR-2002 progr&if.The structure
trans4 was solved as a racemic mixture (ratio ca. 0.4/0.6) in the
monoclinic space group2;. A multiscan absorption correction
based on equivalent reflections (XPREP in SHELXTL v. 6344)
was applied to datélnin/Tmax Values were 0.1907/0.6272, 0.3219/
0.4584, 0.08068/0.13409, and 0.15477/0.21243clsrl, cis-2,
trans4, and 15, respectively). The structures were refined with
SHELXL-97%° and WinGX graphical user interfa¢e.In cis-1,
cis-2, and trans4, the NH hydrogens were located from the
difference Fourier map and refined isotropicaltysf1l andtrans

4) or were fixed €is-2). All other hydrogens were placed in
idealized position and constrained to ride on their parent atom.

0.5 mL. Commonly used concentrations of jPEHPh]-
[PtCI(EtCN)] and DAH were 1.35¢< 103 M and (1.08-10.8) x

102 M, respectively. The pseudo-first-order rate constigtsvere
calculated from the slope of linear plots In(100/(16)) versus

time wherex (in %) is the conversion of the starting material to
the product of the reaction. Akops rate constants throughout are
the mean values of at least three measurements. The curve fit and
all other calculations were performed using an Origin 6.1 package.
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