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Platinum complexes with Z configuration iminoether ligands (trans-[PtCl,{ HN=C(OMe)Bu} ], 1, and trans-[PtCl,-
{HN=C(OMe)Bu'},], 2) have been structurally characterized for the first time. The nearly planar Pt-N-C-0-C
chain, all atoms being in gauche conformation, brings the terminal Pt and C atoms very close to one another. The
steric clash is released by considerably increasing the Pt—=N-C, N-C-0, and C—O—C bond angles (133, 124, and
121° for 1, respectively; 147, 129, and 127° for 2, respectively), which are well above the expected values (120°
for Pt-N-C and N-C-0; less than 120° for C-O—C owing to the repulsive effect exerted by the lone pair of
electrons on the oxygen atom). In the platinum(ll) case the smaller increase of bond angles is accompanied by a
greater value of the Pt—N-C-O torsion angle (27.3 and 15.6° for 1 and 2, respectively). The stabilization of the
Z configuration, notwithstanding the steric clashes described above, has been achieved by a careful choice of the
R substituent in the iminoether moiety (a bulky tert-butyl group). The reactions of the platinum(IV) species (2) in
basic and acidic conditions and with triphenylphosphine have been investigated. Bases and acids both interact
with the coordinated ligand in such a way to weaken the coordinative bond and promote the release of the iminoether
ligands. The phosphine promotes a ready and complete reduction of the platinum(IV) complex to the corresponding
platinum(ll) species (1). Compound 1 reacts with a stoichiometric amount of phosphine (1:1 molar ratio) to form
cis-[PtCl,(PPhs){ Z-HN=C(OMe)Bu'}] and with excess phosphine to form [PtCl,(PPhs);] and free iminoether. The
latter two reactions leading to formation of a mixed phosphine/iminoether platinum species and to free iminoether,
which can be used as a synthon for further organic transformations, can be of synthetic utility.

Introduction similar to transplatin in having two chloride and two
nitrogen-donor ligands; moreover, the nitrogen atoms carry
a proton suitable for hydrogen-bond formation.

Iminoether complexes are generally prepared from related
platinum nitrile complexes by reaction with alcohol under
basic conditions. They can have eitltieor Z configuration

It has recently been reported that some analogues of
clinically ineffective trans-diamminedichloroplatinum(ll)
(transplatin) exhibit antitumor activity.® One of these new
classes of platinum compounds contains iminoethers as
carrier ligand$:® The active iminoether complexes are
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depending upon the positions of the substituents with respect

to the C=N double bond £ and Z stand for the platinum

and the alkoxy groups trans and cis with respect to the double

bond, respectively}®1112The X-ray structure of the first
platinum iminoether complex, [Pt§HN=C(OPf)Me} 4],
was reported 10 years a§foThe E configuration found in

the solid state was assumed to be the preferred one and to

stem from cis addition of the alcohol to the nitrile triple bond.
The crystal structures of other two platinum iminoether
complexes,cis- and trans[PtCL,{ HN=C(OMe)M¢q ], re-
ported somewhat later, had agdhconfiguration of the
iminoether ligand4® However it was demonstrated that the
E isomer was not the first isomer to be formed. Monitoring
of the reaction course by NMR indicated that, in basic (KOH)
alcoholic solution (MeOH), the platinum nitrile undergoes
trans addition of the alcohol to the=tN triple bond and
formation of the Z isomer. However, under the basic
conditions required for the addition of the alcohol to the
nitrile, fast isomerization of th& into the E isomer takes
place, and this latter is generally obtained as final product.

In a previous paper we searched the conditions for the

preparation of theZ isomer and found that it can be
conveniently prepared under conditions in which it precipi-
tates from solution as soon as it is formed. Therefore, high
concentration of the reactants, low temperaturéGy) and
removal of the precipitate from the mother liquor soon after
formation ensure good yield of theisomer. In most cases
purification by column chromatography was also required
as a final step® However, different attempts to characterize
the Z isomer by X-ray crystallography were unsuccessful
either because undesirgd— E ligand isomerization took

place during the crystallization process or because the

crystals, obtained under fast crystallization conditions, were
not suitable for X-ray investigation.

Despite the experimental difficulties, a full characterization
of theZ isomer of platinum iminoether complexes was highly
desirable for at least two reasons: (i) The X-ray structure
of theE isomer revealed a “quasi planarity” of the iminoether
moiety with a lone pair of electrons of the oxygen atom
participating in the iminer system and consequent electron
charge delocalization over the-NC—O moiety. In theE
isomer, the Pt atom and the R group, within the-Rt-
C—R moiety (the R group comes from the former nitrile
ligand), are forced to be very close to one another with

consequent steric repulsion between the two. Such an
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Figure 1. Possible configurations for a coordinated iminoether ligand. A,
B, and C represent thE, Z-syn and Z-anti configurations, respectively.

interaction is expected to be even greater in Zhisomer
since the longer PIN—C—O—R' skeleton will bring the
terminal R group (the R radical comes from the added
alcohol) even closer to the platinum center. (ii) In principle,
theZ iminoether ligand could avoid the steric clash between
the terminal Rgroup and the Pt atom by switching from a
syn to an anti conformation (see Figure 1). Such a config-
uration (which has never been observed so far for iminoether
complexes) would release the-Rt steric interaction but
place the terminal R and’'Rroups, within the planar RC—
O—R' moiety, in a gauche conformation.

New interest in theZ configuration of the iminoether
ligands arose from the discovery that the configuration of
the iminoether ligands can modulate the antitumor potential
of the platinum complexes and species with theonfigu-
ration can be more active than those with taeonfigur-
ation14-16

In this paper we sought the conditions for the stabilization
of the Z configuration of the iminoether ligands and
succeeded in performing the X-ray structural characterization
of two of such complexes, one having a 4-coordinate square-
planar arrangement and the second a 6-coordinate octahedral
structure. The steric clash between the alkoxy group and the
platinum center, cis to one another with respect to tieNC
double bond, is particularly high, especially in the 6-coor-
dinate PY species. How the steric strain could influence the
reactivity of these species has also been investigated.

Results and Discussion

The reactivity of coordinated nitriles depends very much
upon the oxidation state of the platinum center, and weak
nucleophiles react only with platinum(1V) species but do not
react with the platinum(ll) counterparts'® However, even
in the case of platinum(ll), the addition of a catalytic amount
of base (KOH) is sufficient for promoting the rapid and
complete addition of a weak nucleophile such as an alcohol
(R'OH) to the coordinated nitrile (R€N). There is no
impediment to the latter reaction stemming from either steric
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or electronic properties of the coordinated nitrile and of the

incoming alcohol. The new ligand resulting from the addition

reaction has been named “iminoether” since the pioneer work

of Chisholm et al? Imidoester was initially used by

ourselves? however, the former name has been widely

accepted and will be adopted also in this paper.
Coordinated iminoethers can have eitkeor Z configu-

ration depending upon the relative position of the substituents

about the &N double bond (the platinum and the alkoxy
groups cis or trans to one another for thandE isomers,
respectively). A cis addition of the alcohol to the nitrile triple
bond would lead to direct formation ofEaisomer, while a
trans addition would lead to formation ofzaisomer. In a

Gonzalez et al.
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Figure 2. Common reaction intermediate in the base-catalyzed alkoxide
exchange and configuration change for a coordinated iminoether ligand.

and not to a kinetic impediment. Substitution of £&Dfor
CH30 in the coordinated iminoether ligand took place readily

previous paper it was demonstrated that always the firstin deuteriomethanol under basic conditions, indicating that

formed isomer has & configuration indicating that the

the reaction intermediate (or transition state), which is

addition of the alcohol is of trans type, i.e., the alkoxy group common to the methoxide exchange and to the isomerization

and the proton add to the triple bond from opposite sides.
The Z configuration is generally unstable under basic

reaction, was readily accessible (Figure'®).
The platinum(ll) compound with H&C(OMe)BU imino-

conditions (the same conditions used for promoting the ether ligands is the only one, among the several species

addition of the alcohol to the coordinated nitrile) and readily

investigated (R= Me, Et, Pi, Bu; R" = Me, Et, Pi), for

undergoes isomerization to tlieform, which appears to be  which theZ configuration is the only one observed in solution
thermodynamically favored. The greater stability of the  as well as in the solid state. This is because the size of the
isomer appears to be of steric origin. The involvement of R group (BU) is such that no release of steric strains can be
the oxygen atom in electron conjugation with the adjacent attained by placing the Bgroup, instead of the OMe group,
C=N m-system renders the whole iminoether skeleton nearly in a position cis to platinum with respect to the=® double
planar. Already in theée isomer the terminal groups in the bond.
sequence PtN—C—R come close to one another, and some  Platinum(lV) Iminoether Complex [PtCl 4{Z-HN=C-
steric clash between the Pt and R groups was evident from(OMe)But} ], 2. Given the stability of the&Z isomer for the
the X-ray structures. Such a steric clash would be eveniminoether with a bulky &But substituent, we wanted to
greater in theZ isomer for which the PEIN—C—O—R' chain investigate if the shielding of the metal center by thel@e
(all members being coplanar and in gauche positions) is onegroup could have any effect on the oxidation of platinum-
unit longer (Figure 1). These considerations suggested the(ll) to platinum(IV) by chlorine and on the stability of the
way how to increase the thermodynamic stability of the  6-coordinate platinum species obtained therefrom.
isomer with respect to thE isomer. The oxidation reaction by chlorine took place readily in

Stability of the Z Isomer for trans[PtCl,{HN=C- chlorinated solvents and led to the quantitative formation of
(OMe)But} 4], 1. Being that the steric interaction between the related platinum(lV) species. This latter could be
the platinum center and either thé @& isomer) or the R crystallized from chloroform/hexane to give yellow crystals
substituentE isomer) is the dominant factor in determining suitable for X-ray diffraction analysis.
the relative stabilities of th& andE isomers, an increase of The chemical shift value of the -©€Me protons was 0.5
the bulk of the R group with respect td Bhould destabilize  ppm at higher field with respect to the chemical shift of the
the E isomer with respect to théisomer. Hence the platinum  corresponding platinum(ll) species but still ca.-00/8 ppm
complex withtert-butyl nitrile trans[PtCl,(NCBU),] was at lower field with respect to the chemical shift value
reacted with methanol in the presence of a catalytic amountobserved for G-Me in a platinum(ll) iminoether complex
of base. The formed iminoether complex kept the initial with E configuration. To demonstrate that a reduced down-
configuration (expected to b&) and did not undergo field shift of the iminoether alkyl substituent gauche to
isomerization after prolonged standing in basic solution. The platinum (O-R’ and C-R for Z andE isomers, respectively)
Z configuration of the iminoether was deduced not only from is a common feature of 6-coordinate platinum(lV) species
the reaction sterochemistry, which contemplates trans addi-with respect to the 4-coordinate platinum(ll) counterparts,
tion of the alcohol to the nitrile triple bond, but also from platinum(ll) iminoether complexes with establishEdr Z
the chemical shift values of the ligand protons, particularly configuration of the iminoether ligands were oxidized to the
those of the alkoxy group, which in & configuration (the corresponding platinum(IV) species by chlorine and analyzed
methoxy group close to an axial site of the platinum center) by NMR. It was observed that the chemical shifts of the
experience a strong deshielding effect exerted by the platinumOMe groups for theZ and E ligands, respectively, which
center (the resonance of the methoxy group falls at ca. 5fall at 4.96 and 3.77 ppm itrans[PtCl,{ Z-HN=C(OMe)-
ppm in the present isomer while it is expected to be close to Me}{ E-EHN=C(OMe)Mg& ], fall at 4.07 and 3.92 ppm in
3.8 ppm in aE isomer):3 trans[PtCly{ Z-HN=C(OMe)M& { E-HN=C(OMe)Mq ]. Sim-

It was possible to demonstrate that the lack of isomeriza- ilarly, the chemical shift of the €EMe groups for the&Z and
tion was due to a thermodynamic preference fordligomer E ligands, respectively, which fall at 2.20 and 2.60 ppm in
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Figure 4. Acid-catalyzed release of an iminoether ligand from a platinum-
Figure 3. Base-catalyzed release of an iminoether ligand from a platinum- (1v) substrate.
(IV) substrate.

trans[PtCh{ Z-HN=C(OMe)M& { E-HN=C(OMe)M& ], fall Reaction of the PtV Complex with PPhs. Addition of a
at 2.52 and 2.69 ppm irans[PtCL{ Z-HN=C(OMe)Mg - stoichiometric amount of a weak reducing agent such ag PPh

{E-HN=C(OMe)M&]. It can be seen how in the'PEpecies toa chlorofo.rm.solution o.f the platinum.(IV) speci&l leads
the chemical shifts of a given substituent does not change!© the quantitative formation of the platinum(lf) complet.(
much upon its position cis or trans to platinum with respect tiS known that platinum(lV) species can be readily reduced
to the G=N double bond; therefore, the chemical shifts of t© Platinum(il) complexes by several reducing agents such
the O-R’ and G-R alkyl groups, which were very diagnostic S NHaH2SQs, NH,OH-HCI, oxalate, and ascorbate (in
for the iminoether configuration in the case of 4-coordinate Water solution) and SO formaldehyde, and olefins (in
platinum(ll) species, are no longer so in the case of Nonagueous media). More recently carbonyl-stabilized phos-
6-coordinate platinum(IV). In the present case, however, that Phorus ylides (P#=CHCOR) have been proposed as
the iminoether ligands keep the origigtonfiguration upon versatile reagents for the reduction of different classes of
oxidation of Pt to Pt was clearly demonstrated by the PtY compounds to the corresponding' Rjpecies in non-
X-ray structures of both compounds. aqueous medi¥. Triphenylphosphine can be used as well

Reaction of the Pt Complex with Acids and Bases. although, if used in excess, it can also lead to ligand
The platinum(IV) species is stable in chloroform solution substitution in the newly formed platinum(il) complex (see
and only after several days at 26 gives a small amount  following discussion).
of decomposition products (free ligand and sonfespecies). Reaction of the Pt(ll) Complex with PPhg. It was already

The PY species reacts readily with acids (HCI) and bases anticipated that the platinum(ll) complex formed by reaction
(KOH). Both reagents lead to displacement of the iminoether of the platinum(lV) counterpart with PRheacts with PPh
ligands which are released in the free (KOH solution) or present in excess to give ligand substitution. The reaction
protonated forms (HCI solution). The metallic species could of the platinum(ll) species with a stoichiometric amount of
be recovered as hexachloroplatinate anion in both cases (irPPh was investigated in detail in chloroform solution. The
the reaction with base it was sufficient to neutralize with first step of the reaction is substitution of one chloro ligand
HCI before recovering the complex anion). by the phosphine and formation wans[PtCI(PPR){ Z-HN=

The fast displacement of the iminoether ligand from the C(OMe)BU},]*. The formation of this reaction product is
platinum(IV) species was rather unexpected owing to the in accord with the greater trans effect of chloro ligands (as
well-known inertness of 6-coordinate"Psubstrates. More-  compared with N-donor iminoether ligands) in the starting
over it was possible to demonstrate that the platinum(lV) substrate and accounts for the chloride being the leaving
complex remains stable in the presence of excess chloridegroup in the reaction of the same substrate with biologically
under neutral conditions, indicating that are the acidic or relevant molecules (glutathione, nucleotides, etc.). However,
basic conditions responsible for the weakening of the on standing of the species in methanol solution, displacement
platinum—iminoether bond. We propose that the mechanism of one iminoether ligand from the previously released
by which the metatiminoether bond is weakened is similar  chjoride and formation ofis-[PtClL(PPh){ Z-HN=C(OMe)-
to that by which the acidic and basic conditions catalyze the gy and free iminoether is observed. The latter reaction is
iminoether isomerizatiorH{<> Z) in the platinum(ll) species.  probably favored by the low dielectric constant of the solvent
The catalysis under basic conditions has been already(4 8 for chloroform as compared to 78.5 for water) which
described (Figure 2). It takes place through nucleophilic ¢oylg favor the formation of an ionic couple between the
attack of an glkqxide anion (alcohfbl base) upon thg carbon cationic trans[PtCI(PPh){ Z-HN=C(OMe)Bu},]* species
atom of the imino residue leading to the formation of an 4nq the chloride anion. The latter reaction can represent an
amido ketal which, afterward, reeliminates the alkoxide gjternative route to the synthesisaé-platinum complexes
restoring the iminoether ligard.It is conceivable that an  \ith mixed ligands (in the present case phosphine and
alkoxide anion from the amido ketal intermediate could be iminoether).

transferred to the platinum center while the reconstituted In the presence of excess RRoth iminoether ligands

iminoether ligand is released (Figure 3). . ! . .
Under acigic conditions an( e(IJectrop)hiIic attack of the & displaced from platinum leading to formation of [BCl
proton on the €N x system was proposed to lead to a (PPh);] and free iminoether. This latter reaction can have a
practical application in case the iminoether molecules are

N-bisprotonated species, which could undergo— E . .
isomerization before releasing of the added préfoh.is used as synthons for further organic transformations.

conceivable that N-protonation also weakens theNPbond oW o Packh T B Bokach N A Frausto da Siva J

H H At R H H H agner, G.; Packnomova, |. B.; bokach, N. A.] Frauslto da sliva, J.
favoring the d|ssoglat|on of the iminoether ligand in its J. R Vicente, J.. Pombeiro, A. J. L; Kukushkin, V. Yiorg. Chem
protonated form (Figure 4). 2001, 40, 1683.
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Table 1. Selected Crystal Data and Structure Refinementrams[Pt! Clo{ Z-HN=C(OMe)BU} 2], 1, andtrans[PtVCls{Z-HN=C(OMe)BU} ], 2

param 1 2
empirical formula QszerNzOth C12H26C|4N202Pt
fw 496.34 567.24
temp/K 293(2) 293(2)
wavelength/A 0.710 73 0.71073
cryst system, space group monoclind2/m monoclinic,P2;/c
unit cell dimens

alA 15.796(1) 8.647
b/A 11.420(1) 11.116(1)
c/A 5.075(1) 10.880(1)
Bldeg 102.14(1) 109.52(2)
VIA3 895.0(2) 985.7(1)
Z, calcd density/Mg m? 2,1.842 2,1.911
abs coeff/mm? 8.137 7.664
cryst size/mm 0.1 0.15x 0.20 0.20x 0.15x 0.10
6 range for data collcn/deg 2.230.00 2.50-25.00

reflcns collcd/unique
refinement method
data/restraints/params
final R indices [ > 20(1)]

1636/1369 [R(int) 0.0130]
full-matrix least-squaresrn
1369/0/115
R1=0.0160, wR2= 0.0400
R¥ 0.0160, wR2= 0.0400

2334/1733 [R(intF 0.0345]
full-matrix least-squares of?
1733/0/98
R1=0.0274, wR2= 0.0714
R1=0.0351, wR2= 0.0772

final R indices (all data)

Table 3. Selected Bond Angles (deg) for
trans[Pt'Cl,{ Z-HN=C(OMe)BLU} 2], 1, and
trans [PtV Cl{ Z-HN=C(OMe)BU} ,], 22

vectors 1 2
CI(1)—Pt(1)-CI(2) 88.38(6)
CI(1)—Pt(1)-CI(2)#1 91.62(6)
N(L)—Pt(1)-CI(1) 94.61(12) 95.66(13)
N(1)—Pt(1)-CI(2) 83.50(13)
CI(1)—Pt(1)-CI(1)#1 180.0 180.0
N(1)—Pt(1)-CI(1)}#1 85.39(12) 84.34(13)
N(1)—Pt(1)-CI(2)#1 96.50(13)
N(1)—Pt(1)-N(1)#1 180.0 180.0
C(1)-N(1)—Pt(1) 133.3(4) 147.3(4)
Figure 5. Drawing of the complex molecule farans[Pt!Cl{Z-HN= C(1)-0O(1)-C(6) 120.7(5) 127.1(5)
C(OMe)BU} ], 1. Ellipsoids enclose 30% probability. gg)):ggg:g((g ﬁ‘l‘ig ﬁggg;
Table 2. Selected Bond Lengths (A) for (N:(é)—g(%)—g(f) ﬁ‘z‘g(g) 1(2)82(‘51)
trans[Pt'Cl{ Z-HN=C(OMe)BU} 4, 1, and C(4)—C(2)—C(1) 113-7(9) 112-5(4)
trans [PtV Cl{ Z-HN=C(OMe)BU} o], 22 c§5§ic§z§ic§1§ 103}328; 106-3553
vector 1 2 3 4 5 6 C(4)-C(2)—-C(3) 113.9(14) 109.1(5)
C(3)-C(2)-C(5) 105.4(13) 110.3(5)
Pt(1)-N(1) 2.020(4) 2.044(4) 2.016(4) 2.017(4) 1.999(7) 2.010(8) —C2)-
Eiﬁig:gg 2.309(1) 22.332106((11)) 2.313(1) 2.300(2) 2.303(2) gg‘s‘)A)S(CZ()z)Eg)l) igg:gggg 109.4(5)
O(L)-C(1) 1.323(7) 1.290(7) 1.334(7) 1.325(7) 1.31(1) 1.33(1) ggﬁg:gggjggg ﬂg-g&gg
O(1)-C(6) 1.438(8) 1.420(8) 1.475(8) 1.444(8) 1.43(1) 1.45(1) oA G- C(aA) 10603)
S 125(7) 1536(7) 1487(7) 1500(7) 151(1) Lea(t) ~ CEA-CRI-C(sR) 105(2)
C()-C(3) 1.510(16) 1.519(8) ' ' ' C4A)-C(2)-C(5A) 116(2)
C(2)-C(4)  1.483(15) 1.522(8) aSymmetry transformations used to generate equivalent atomst, for
C(2)-C(5) ~ 1.570(18) 1.529(8) #l=—x+1, -y, —z+ 1 for2, #1= —x+ 1, -y, -z

C(2-C(3A) 1.54(2)
C(2)-C(4A) 1.51(3
cEzg_C&,Ai 1-468 binary axis. Since the iminoether ligand is located in general
position, two distinct orientations of the coordination square
around thex axis are present in the cells at 50% probability
each (see Experimental Section for the occupancies of the

atoms).
The bond distances relevant to the—RH (2.309(1) A)

X-ray Crystallography of trans[Pt"Cl{Z-HN=C- and P+N (2.020(4) A) linkages and all bond lengths within
(OMe)But} 5], 1. The Pt atom ofl has the usual square planar the iminoether ligands are in excellent agreement with those
coordination arrangement (Figure 5 and Tables 2 and 3). Thepreviously found fotrans- andcis-[PtCl,{ E-HN=C(OMe)-
chlorine atoms occupy positions trans to each other and areMe} 2.2
located on the mirror plane (perpendicular to thaxis). The configuration of the iminoether ligand can be de-
The metal atom is also located on the mirror plane and sits scribed aZ, the methoxy group and the platinum atom being
on the 2-fold axis. The two iminoether ligands (trans to each cis to one another with respect to the=N double bond. As
other), as well as the chlorine ligands, are related by the a consequence, the-®Me branch of the ligand molecule

a Previously reported bond distances for Pt(ll) iminoether complexes are
also listed for comparisoncis-[Pt! Cl,{ E-HN=C(OPf)Me} ], 3 (ref 12),
[Pt'{ E-HN=C(OEt)E} 4]?*, 4 (Prenzler, P. D.; Hockless, D. C. R.; Heath,
G. A. Inorg. Chem 1997, 36, 5845),trans-[Pt! Cl,{ E-HN=C(OMe)M¢ 2],
5 (ref 13), andcis-[Pt!Cl{ E-HN=C(OMe)Mg 7], 6 (ref 13).
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Table 4. Contact Distances between the Pt Atom and the Closest H(C) Atoms for the Selected Structures of Pt(ll) Iminoether Gomplexes

C-++Pt/A, 0 = 0.006 C:+-norm/A, o = 0.005

compd [H---Pt/A, 0 = 0.08] [H---norm/A, o = 0.07]
trans[PtCl{ Z-HN=C(OMe)BU} ] 3.164 [2.672] 1.558 [0.964]
trans[PtCl{ E-HN=C(OMe)Mg ;] 3.290 (C2) [2.655] 2.284[1.343]
3.357 (C5) [2.741] 2.434[1.550]
cis-[PtCl{ E-HN=C(OMe)Mg ;]° 3.322[2.715] 2.278[1.223]

aThe distances between the Pt atom and the closest H(C) atom, as well as those between the normal to the plane which passes through the metal center
(norm) and the closest H(C) atoms have also been repdrfadm ref 13.

protrudes over the coordination plane. It has to be recalled
that both thetrans and cis-[PtCL{ E-HN=C(OMe)M#& ;]
complexes described in ref 13 had the methoxy group trans
to the platinum atom with respect to the=Gl double bond

(E configuration of the ligand) while was the-@®/le group

to be cis to platinum and protruding toward the metal center.
The steric bulk of thetert-butyl group renders thee
configuration highly unfavorable for the present case.

The N(1), C(1), C(2), and O(1) ligand atoms are coplanar
within +0.003(3) A (plane 1) as expected owing to thé sp
hybridization of the N(1) and C(1) atoms linked by a double Figure 6. Drawing of the complex molecule farans [PtV Cla{ Z-HN=
bond. Moreover, as already pointed out in a previous paper,C(OMe)BU}Z]’ 2. Ellipsoids enclose 30% probabiliy.
whenever an oxygen atom is bound to a carbon atom engageghethoxy methyl and the platinum coordination center is
in a double bond, a lone pair of the oxygen atom gets present inl.
involved in thesr-systemt® The z-bond delocalization over As expected, the two iminoether molecules are nearly
the N—C—0 moiety extends the planarity of the iminoether herpendicular to the coordination plane (dihedral angle
ligand also to the ©Me carbon atom (C(6)). The C(6) and  peqyeen the plane defined by the coordination square atoms

Pt atoms deviate sigpificantly from plaqe _1 (0.288(7) and (plane 2) and the plane of the iminoether ligands (plane 1)
—0.660(1) A, respectively). Such a deviation suggests the of 95.3(5)).

presence of a steric interaction between theM& group Weak intermolecular interactions could be found between
and the platinum center which can be relieved by displace- N(1) and CI(1) £x + 1, —y, —2) (contact distance 3.469(6)
ment of the Pt and C(6) atoms from the ligand plane-(Pt R), between O(1) and C(3)-x + 1, -y — 1, —z + 1)
N(1)-C(1)~-0(1) and N(1)-C(1)-O(1)~C(6) torsion angles  (contact distance 3.505(7) A), and between CI(1) and several

of 27.3(5) and 12.9(3) respectively). In the corresponding  methy| groups from theert-buthyl group (contact distances
platinum(ll) species witle configuration of the iminoether  ;, ihe range 3.75(84.00(1) A).

ligands the maximum deviations from the ligand plane (plane X-ray Crystallography of trans-[Pt"Cl4{Z-HN=C-
1) were 0.019(3) and-0.195(1) A for the carpon atom of (OMe)But},], 2. The complex molecule is represented in
the methoxy group and the Pt atom, respectively. Figure 6, and selected geometrical parameters are listed in
The presence of a relevant steric interaction between thetaples 2 and 3. The coordination sphere arrangement can
O—Me and the platinum center is also evident from the pe gescribed as pseudooctahedral with the two nitrogen atoms
analysis of bond angles. The-f¥(1)—C(1), N(1)-C(1)~ from the iminoether ligands occupying the axial positions
O(1), and C(1)O(1)-C(6) bond angles (133.3(4), 124.1- 414 the four chloride ligands occupying the equatorial sites.
(5), and 120.7(5) respectively) are all above the expected  The pi-C] (average, 2.316(1) A) and PN (2.044(4) A)
values (120 for Pt=N(1)—C(1) and N(1)-C(1)-0O(1) and bond lengths are not significantly longer than those found
less than 120for C(1)~O(1)~C(6) owing to the repulsive o1 1 and for other Pt(Il) iminoether complexes.
effect exerted by the lone pair of electrons on the oxygen  gome hond angles, within the coordination sphere, deviate
atom) and larger than corresponding values for the iminoethersignificantly from the idealized value of 90Two angles
complexes witlE configuration (average values 126.2, 123.0, . particularly large (95.7(1) and 96.5(Xpr N(1)—Pt—
and 118.5, respectively}3 The difference is particularly CI(1) and N(1)-Pt—CI(2) (—x + 1, —y, —2), respectively),

relevant for the P£N(1)—C(1) bond angle. and two are particularly small (83.5(1) and 84.3(f9r
NotW|thstand_|ng the torsions along the-(1)—C(1)— N(1)—Pt-CI(2) and N(1}Pt-Cl(1) (-x + 1, -y, —2),
O(1)—C(6) chain and the enlargements of the-R{1)— respectively). The largest angles involve the nitrogen atom

C(1), N(1)-C(1)~0(1), and C(1)y O(1)-C(6) bond angles,  anq the two chloride ligands which are syn with respect to
the O-Me is much closer to Pt irL (C(6)--Pt contact  he O-Me group. This indicates a relevant steric interaction

distance of 3.162(6) A) than was the-®le intrans- and  petween the methoxy group and the chloride ligands close
cis-[PtCL{E-HN=C(OMe)Mg ] (average C-Pt contact (4 it (intramolecular C(6)CI contact distances of 3.335(6)
distance of 3.32 A? see Table 4). It is to be noted that the 4.4 3.376(6) A for CI(1) and CI(2), respectively).

sum of the van der Waals radii for C and Pt atoms is 3.3
A.20 All these facts suggest that a severe clash between the20) Bondi, A.J. Phys. Chemil964 68, 441.
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The N(1), C(1), C(2), and O(1) atoms of the iminoether
ligands are coplanar withig-0.008(3) A (plane 1), and as
already observed for the platinum(ll) complex, the Pt and
C(6) atoms deviate significantly (although less than in
complex1) from the least-squares iminoether plane (dis-
placements of Pt and C(6) from plane 1-60.337(1) and
0.243(3) A, respectively). The dramatic increase of inter-
ligand steric interaction on passing from 4-coordinate plati-
num(ll) to 6-coordinate platinum(lV) is revealed by the-Pt
N(1)—C(1) (147.3(4)), N(1)—C(1)—0(21) (129.0(5)), and
C(1)—0O(1)—C(6) (127.1(59) bond angles which are greater
by 14, 5, and 6, respectively, than corresponding values
for complex1 (see Table 3).

Gonzalez et al.

been investigated. Both the acid and the base favor the
displacement of the strained iminoether ligand. Such a
displacement is most probably promoted by an interaction
of either the base or the acid with the ligand moiety, resulting
in a weakening of the coordinative bond with platinum. The
reaction with phosphine leads to fast reduction of the
platinum(IV) species?) to the corresponding platinum(ll)
complex (). The reaction of the platinum(ll) species with
excess phosphine leads to the displacement of the iminoether
ligands. This latter reaction can be of synthetic utility in case
the iminoethers are used as synthons for further organic
transformations. It is interesting to note that the reaction with
a stoichiometric amount of PRlkean lead to the formation

The iminoether plane (plane 1) is almost staggered with of mixed phosphineiminoether platinum(ll) species; this

respect to the PtCl bonds (CI(1)-Pt=N(1)—C(1) torsion
angle of 28.0(5) so that the interligand steric repulsions
are minimized.

Weak intermolecular interactions involve the CI(1) atom
and the methyl groups C(5)- + 1,y + 0.5, —z + 0.5)
and C(6) k, —y — 0.5,z + 0.5) (contact distances 3.771(7)

and 3.891(7) A, respectively) and the O(1) atom and the

methyl group C(6) tx + 1, —y + 1, —2) (contact distance
3.831(7) A).

Conclusions
The conditions for the stabilization of tfZeconfiguration

latter reaction can also be of synthetic utility.

Experimental Section

Starting Materials. Commercial reagent grade chemicals were
used without further purification. The complettans[PtCl,-
(NCBU),] was prepared by the reported procedéire.

Preparations. trans-[PtCl{ Z-HN=C(OMe)Bu'} 5], 1. The pro-
cedure was similar to that described for the preparation of similar
compounds in ref 13trans{PtCL(NCBu),] (0.25 g, 0.58 mmol)
dissolved in 10 mL of methanol was treated with KOH (0.1 g, 1.8
mmol) and kept under stirring at 2« for 10 min; meanwhile a
yellow solid separated out. This was collected by filtration of the

in complexed iminoether ligands have been found. Since in mother liquor, washed with methanol, and dried. Yield: 65%. Anal.

the planar Pt(H)R-C(OR)R moiety more sterically demand-
ing substituents will tend to go trans to one another with
respect to the €N double bonda R radical (B{) larger
than R (Me) will go preferentially trans to platinum as found
in the Z configuration. In the iminoether ligands the oxygen
atoms gets involved in electron delocalization with the C

Calcd for GH2¢ClLN,O-Pt (1): C, 29.0; H, 5.3; N, 5.6. Found:
C,29.3; H,5.3; N, 5.51H NMR in CDCl; (6): 1.17 (s, ¥, CBW),
5.08 (s, H, OMe), 6.70 (s, br, H, NH).

trans-[PtCl{ Z-HN=C(OMe)Bu'},], 2. trans[PtCl{Z-HN=
C(OMe)BU} ] (0.063 g, 0.127 mmol) dissolved in 2 mL of CHCI
was treated with a saturated solution of chlorine in carbon

N 7 system; as a consequence, not only the oxygen atomtetrachloride (3 mL). A layer of hexane was placed on the reaction

but also the Rradical is forced to be coplanar with the
azomethene moiety. In principle thé gtoup could be either
syn or anti to R; however only the latter conformation has
been found both in 4-coordinate platinum(ll) and 6-coordi-
nate platinum(lV) complexes.

The X-ray structures (the first for an iminoether complex
with Z configuration) has shown that the terminal atoms in
the sequence PN—C—O—C (all five atoms being nearly

solution and the reaction vessel left standing at room temperature
overnight. Yellow crystals of the desired product were formed.
Evaporation of the mother liquor under reduced pressure allowed
the recovery of a further crop of the desired product. Yield: 90%.
Anal. Calcd for G,H2sCIuN,OPt (2): C, 25.4; H, 4.6; N, 4.9.
Found: C, 25.5; H, 4.7; N, 4.9H NMR in CDCl; (6): 1.30 (s,
9H, CBU), 4.54 (s, 8, OMe), 7.64 (s, br, H, NH).

trans-[PtCI{ Z-HN=C(OMe)Bu'} ,(PPhs)]CI. A chloroform so-
lution (30 mL) of 1 (0.52 g, 1.01 mmol) was treated with PPh

coplanar and gauche to one-another) come very close to ong0.32 g, 1.2 mmol) and stirred at room temperature for 15 min.
another. The steric clash is released by an increase of theThe colorless solution was then covered with a supernatant layer

Pt—N—C, N—C—0, and C-O—C angles (respectively 133,
124, and 121in the case of platinum(ll) and 147, 129, and
127 in the case of platinum(lV)) which are well above the
expected values (12Gor Pt—N—C and N-C—O and less
than 120 for C—0O—C). In the case of the €0—C bond
angle a value smaller than 128 expected and, indeed, has
been observed in iminoether complexes vitbonfiguration,

because of the repulsion exerted by the lone pair of electrons
on the oxygen atom. In the case of platinum(ll) the smaller
increase of bond angles (as compared to the platinum(lV)

case) is compensated by greater values 6fNPtC—0 (27°)
and N-C—0O—C (13) torsion angles.

The reactivity of the Pt(IV) complex2]j toward a base
(KOH), an acid (HCI), and a phosphine ligand (RPhas

476 Inorganic Chemistry, Vol. 41, No. 3, 2002

of hexane (300 mL) and left on standid h at 4°C. The formed
white precipitate was recovered by filtration of the mother liquor.
Yield: 80%. Anal. Calcd for @HgaN4O4P,Cl:Pt, ([PtCK Z-HN=
C(OMe)BU} ,(PPh)]ICI-1/2CHCE): C, 44.7; H, 5.1; N, 3.4.
Found: C, 44.3; H, 5.0; N, 3.3H NMR in CDCl; (6): 0.87 (s,
18H, CBU), 4.86 (s, &1, OMe), 7.98 (s, br, B, NH), 7.50 (m, $,
meta+ para PPh), 7.86 (d, &1, ortho PPh).

Cis-[PtCl{ Z-HN=C(OMe)Bu'} (PPhg)]. trans[PtCi{Z-HN=
C(OMe)BLU} x(PPH)]CI (0.35 g, 0.46 mmol) was dissolved in CHCI
(50 mL) and the solution kept fa} h at 55°C. After cooling, the
solution was covered with a supernatant layer of hexane (500 mL)
and left on standing at £C overnight. The resulting white

(21) Cini, R.; Fanizzi, F. P.; Intini, F. P.; Maresca, L.; Natile, &.Am.
Chem. Soc1993 115 5123.
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crystalline solid was collected by filtration of the mother liquor,
washed with hexane, and dried in a stream of dry air. Yield: 80%.
Anal. Calcd for G4H,eNOCLPPt: C, 44.8; H, 4.4; N, 2.2. Found:
C,45.1; H, 4.4; N, 2.0tH NMR in CDCl; (6): 0.80 (s, ¥, CBU),
4.85 (s, H, OMe), 6.09 (s, br, H, NH), 7.44 (m, H, meta+
para PPh), 7.76 (m, &1, ortho PPh).

Cis[PtCly(PPhg),]. trans[PtCl{ Z-HN=C(OMe)BU} ] (0.06 g,
0.12 mmol) and an excess of RPP{0.15 g, 0.6 mmol) were
dissolved in CHGJ (20 mL), and the solution was kept under stirring
for 20 h at room temperature. After evaporation of the solvent under
reduced pressure, the white residue was transferred on a filter,
washed carefully with diethyl ether (which removes excessRPh
and dried in a stream of dry air. Yield: 80%. Anal. Calcd fogto-
Cl,P,Pt: C,54.7; H, 3.8. Found: C,54.7; H, 3!i NMR in CD,-

Cly (0): 7.48 (m, M, ortho PPh), 7.21 (m, H, metaPPh) 7.37
(m, 1H, para PPh). The cis configuration of the compound was

least-squares cycles. The hydrogen atoms for the methyl groups
were located in computed positions and allowed to ride on the
carbon atoms to which they are linked. All the hydrogen atoms
were refined isotropically, and their thermal parameters were
restrained to 1.2 times thos¥(eq)) of the atoms to which they
are bound. The agreement factors converged;te=R.0160 and

wR; = 0.0400 over the independent observed reflections with
1 > 20(l).

All the calculations were carried out using XSCAR'S{EMP 25
SHELXS 9726 SHELXL 972" PARST 972 PLATON 982°
XPMA-ZORTEP?® and ORTEP & computer programs imple-
mented on Pentium machines.

trans-[Pt"V Cl{ Z-HN=C(OMe)Bu'} ], 2. (a) Data Collection.

A yellow prism of 2 (dimensions 0.10< 0.15 x 0.20 mm) was
used for the X-ray analysis through the techniques and the devices
already reported above far The cell constants (see Table 1) were

deduced on the basis of spectral features already reported for thigdétermined from the values of 42 carefully centered randomly

compoun@?23

Physical Measurements.IR spectra in the range 406@00
cm~1 were recorded as KBr pellets; spectra in the range-200D
cm~1 were recorded as polythene pellets on a Perkin-Elmer FT 1600
spectrophotometetH NMR spectra were obtained with a Bruker
Avance DPX 300WB spectrometer.

X-ray Structure Determinations. trans-[Pt"Cl,{Z-HN=C-
(OMe)But} ], 1. (a) Data Collection. A pale yellow prism ofl
(dimensions 0.1 0.15x 0.20 mm) was selected at the polarizing

selected reflections in the range®1& 20 < 44°. The data were
collected at 293 2 K and then corrected for Lorentpolarization
and absorption effectgptscan technique). The independent ob-
served reflectionsl (> 20(l)) were 1445 out of a total of 2334
collected reflections (R(inty= 0.0345). The space groupZ/c,
No. 14) is in agreement with the systematic extinctions and with
the structure solution and refinement (see below). Three standard
reflections were monitored periodically (97 reflections) during the
data collection; no appreciable decay was observed.

(b) Structure Solution and Refinement. The structure was

microscope and mounted on a glass fiber. The diffraction data were solved through the Patterson and Fourier techniques. The Pt atom
collected through a four-circle automatic Siemens P4 diffractometer, is located on an inversion center. Two chloride ligands and a
by using graphite-monochromatized Mafadiation ¢, 0.710 73 Z-HN=C(OMe)BU ligand, which complete the asymmetric unit,
R). The cell constants (see Table 1) were determined via full-matrix are in general positions. As a consequence the structure of the
least-squares refinement of the values of 26 carefully centered complex molecule is pseudooctahedral. All the non-hydrogen atoms

randomly selected reflections in the range€ K120 < 42°. The
data were collected at 298 2 K and then corrected for Lorentz
polarization and absorption effectg-6can technique). The inde-
pendent observed reflectionls X 20(l)) were 1369 out of a total

of 1636 collected reflections ([R(intr 0.0130]). The space group
(C2/m, No. 12) is in agreement with the systematic extinctions and
with the structure solution and refinement (see below). Three
standard reflections were monitored periodically (97 reflections)
during the data collection; no appreciable decay was observed.

(b) Structure Solution and Refinement. The structure was

solved through the Patterson and Fourier techniques. The Pt atom

is located on a mirror plane and on a 2-fold crystallographic axis,
whereas the chlorine atom is located on the mirror plane. All the

were treated as anisotropic during the subsequent 12 cycles of least-
squares refinement. All the hydrogen atoms forZzHeN=C(OMe)-
But group were located in computed positions, allowed to ride on
the atoms to which they are linked, and refined isotropically. The
agreement factors converged t@ R 0.0274 and wR= 0.0714
over the independent observed reflections vith 20(1).

All the calculations were carried out using the packages and
machines described above fbr
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