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Abstract

Oxidative addition of methyl iodide to platinum (II) compounds [PtMe,{(Me,NCH,CH,NCH)Ar}] (Ar = phenanthryl or anth-
ryl) produced the corresponding platinum (IV) compounds. Processes aimed at reducing the steric crowding at the coordination
sphere of the platinum (I'V) centre such as C-C restricted rotation of the pendant part of the ligand leading to rotamers and isom-
erisation of the C=N moiety have been detected in solution. The obtained platinum (IV) compounds were characterised by elemen-
tal analyses, mass spectrometry and NMR spectroscopy. According to the crystallographic characterisation, the anthracene
derivative gave an E conformer while a Z conformation was obtained for the phenanthrene derivative. In order to rationalize

the experimental results, DFT calculations have been performed.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Oxidative addition reactions involving transition
metals are fundamental steps in stoichiometric and cat-
alytic processes. The great majority of such processes re-
ported to date involve the reaction of alkyl halides with
organoplatinum(Il) complexes containing nitrogen do-
nor ligands [1]. In particular, rigid bidentate diimines
such as 2,2’-bipyridine or 1,10-phenantroline have been
extensively used [2-5]. The oxidative addition process is
inhibited by the presence of highly electron-withdrawing
groups or by steric hindrance [6]. Recent advances in
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organometallic chemistry and homogeneous catalysis
have emphasized the important role of ligand steric ef-
fects. In particular, bulky substituents on diimine li-
gands influence processes involving square-planar
compounds such as catalysed olefin polymerization [7],
C-H activation [8] and oxidative addition reactions [9].

Interest in the less explored amine—-imine ligands such
as Me,NCH,CH,NCHATr arise from their increased
flexibility compared to rigid diimine ligands as well as
from the fact that a range of aryl groups Ar with differ-
ent steric requirements can be easily introduced. The
increased bulk of octahedral platinum (IV) versus
square-planar platinum (II) centres led to processes
aimed at reducing the steric crowding at the coordina-
tion sphere of the metal centre such as C-C restricted


mailto:margarita.crespo@qi.ub.es 

R. Bosque et al. | Journal of Organometallic Chemistry 690 (2005) 2062-2070 2063

rotation of the pendant part of the ligand or, at higher
temperatures, to an E-Z isomerisation of the imine for
a naphthyl derivative [10]. For diplatinum compounds,
the oxidation to platinum (IV) is also accompanied by
conformational changes [11] related to the steric require-
ments of the compounds. In most cases, the oxidative
addition of alkyl halides to organoplatinum (II) com-
plexes gives trans stereochemistry, although subsequent
isomerization can yield products that appear to arise from
cis-oxidative addition [12]. Here we attempt to assess the
influence of bulky groups such as phenanthrene or
anthracene on: (i) the reactivity of the corresponding com-
pounds [PtMe,(Me,NCH,CH,NCHAr)] towards methyl
iodide, and ii) the conformations adopted by the corre-
sponding compounds [PtMe;[(Me,NCH,CH,NCHAU)].

2. Results and discussion

2.1. Oxidative addition of methyl iodide to compounds
la and 1b

Compounds [PtMe,{(Me,NCH,CH,NCH)C;4Ho}]
containing a phenanthryl or an anthryl group have been
previously synthesised from [Pt,Mey(u-SMe»),] and the
corresponding ligand Me,NCH,CH,NCHAr as precur-
sors for cyclometallated compounds containing a terd-
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entate [C,N,N'] ligand [13]. 2D-NOESY NMR taken
for 1a and 1b indicated that in both cases, the ligand
adopts the E form.

Compounds 1a (R = phenanthryl) and 1b (R = anth-
ryl) are also appropriate substrates to study whether oxi-
dative addition of methyl iodide is plausible when bulky
groups are present. Upon addition of methyl iodide to a
solution of compound 1a or 1b in acetone the colour of
the solution changed from orange to light yellow and
work-up of the final solution allowed isolation of the
corresponding platinum (IV) compound [PtMe;l-
{(Me,NCH,CH,NCH)C4Ho}] (2a or 2b) in high yield.
The new compounds shown in Scheme 1 were character-
ised by elemental analysis, FAB-MS, 'H, and 195p¢
NMR spectra.

Compounds 2a and 2b consist of a single isomer for
which three distinct methyl-platinum resonances cou-
pled to platinum are observed. The values of the
2J(Pt-H) coupling constants are smaller than those for
the corresponding platinum (II) compound, which is
consistent with the higher oxidation state of platinum,
and the values obtained (71-73 Hz) indicated the ex-
pected fac-PtMe; geometry [5]. For 2b, a 2D-NOESY
NMR spectrum allows the assignment of the methyl-
platinum resonances since cross-peaks between Me”
and the two dimethylamino resonances and between
Me® and one dimethylamino resonance are expected.

Me Me | Me

2b"-(2)

Scheme 1.
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On these grounds, the resonances at 0.56 and 0.98 ppm
are assigned respectively to the methyl trans to the iodo
(Me?) and trans to the imine (Me®). The resonance at
higher field (6 = —0.06 ppm) is assigned to the methyl
trans to the amine (Me®) and its low chemical shift as
well as that reported for the methyl trans to the amine
in 1b (6 = —0.95 ppm) [13] might be related to the prox-
imity of these methyl ligands to the anthracene group
which is nearly perpendicular to the [PtC,N,] plane. In
agreement with co-ordination through both nitrogen
atoms, the diastereotopic methyl groups of the NMe,
unit and the imine proton are also coupled to platinum.
In both cases, the J(H-Pt) values for the imine proton
indicate an E conformation of the imine in the plati-
num(IV) compounds initially formed [14].

For 2a, the '’Pt NMR spectrum confirms the pres-
ence of a single isomer of the obtained platinum (IV)
compound. After 2a has been allowed to stand in solu-
tion, a second isomer (2a’) is formed and after several
hours both isomers are present in a ratio 2a: 2a’ = 2:1.
For both isomers, the value of the coupling constant
of the imine proton with '*°Pt (J(H-Pt) = 32-34 Hz) is
in the range expected for an E-conformation across
the C=N bond [14]. Therefore, the two species might
be assigned to two different rotamers, both with the
imine in an E form, in which the phenanthryl group
points either towards the iodide or the axial methyl li-
gands. Molecular models suggest that rotation about
the C-C bond of the pendant part of the ligand is likely
to be restricted due to steric hindrance between the
bulky aryl group and the equatorial methyl cis to the
imine. Assignment of the "H NMR spectrum of the mix-
ture of isomers was based on a COSY 'H-'H experi-
ment. After 24 h, at room temperature, in addition to
the signals observed for both rotamers, formation of a
third isomer (2a”) was observed and its amount in-
creased up to 14% of the final mixture. A reduced
J(H-Pt) value for the imine indicated a Z conformation
for 2a”.

For 2b, isomerization of the imine from E to Z (2b")
takes place readily. Within several hours, both 'H and
195pt NMR indicated a (Z):(E) ratio of 2:1. Very minor
resonances (<5% of the final mixture) corresponding to
a third isomer (2b’) were also observed. In an indepen-
dent experiment using shorter times in solution (=1 h)
only 2b and 2b’ were identified and the value of the cou-
pling of the imine proton to platinum is consistent with
an E-conformation for 2b’. Assignment of the 'H NMR
spectrum of the final mixture was based on a COSY
"H-'H experiment.

2.2. Oxidative addition of CD3I to compound 1b
In most cases, the oxidative addition of alkyl halides

to organoplatinum (II) complexes gives trans stereo-
chemistry, although subsequent isomerisation can yield

products that appear to arise from cis-oxidative addition
[5,12,15]. In order to analyse the stereochemistry of the
platinum (IV) compound initially formed the oxidative
addition of CDsl to compound 1b was monitored by
"H NMR at low temperature. Upon addition of CD;I
to an acetone-dg solution of 1b at —40 °C, the two
methyl-platinum resonances corresponding to 1b are re-
placed by those corresponding to Me® and Me® of the
platinum (IV) compound as shown in Fig. 1. The ab-
sence of the resonance assigned to the axial methyl
group indicates that trans addition of CD3l occurred.
On warming to 10 °C, the methyl platinum (IV) reso-
nance assigned to the axial methyl (Me®) appears, and
further warming resulted in an increase of the intensity
of this new signal while those corresponding to Me®
and Me°® decreased. These results are consistent with
an initial frans oxidative addition of CDslI followed by
scrambling of the CH; and CDj ligands [5].

2.3. Crystal structures

Suitable crystals of 2a and 2b were grown from ace-
tone solution. The crystal structures are composed of
discrete molecules separated by van der Waals interac-
tions. For 2a, two independent molecules with bond
parameters equal within experimental error [3c] are
present in the asymmetric unit. An interplanar separa-
tion of 3.67 A (2a) or 3.76 A (2b) between the phenan-
threne or the anthracene planes suggests a weak m—7
stacking, as reported in the literature for analogous
compounds [16]. Selected bond lengths and angles are
given in Table 1 and the molecular structures are shown
in Figs. 2 and 3. The study confirms the octahedral co-
ordination for the platinum atom with the facial
arrangement of the three methyl groups. For both com-
pounds, the Pt-N distances are unequal with the bond
to the amine nitrogen being slightly longer than that
to the imine nitrogen, that is consistent with the rela-
tively weak ligating ability of tertiary amines for plati-
num. The Pt-C and Pt-1 distances are within the
range of expected values for reported fac-PtMesl com-
plexes [14,17,18]. As expected, the octahedron around
platinum is somewhat distorted, the main distortion
being due to the small “bite angle’ for the chelate ring
of 81.16(19)° for 2a and 80.6(3)° for 2b. The most strik-
ing feature of these structures is the different arrange-
ment around the imine bond. For 2a, the imine adopts
the Z conformation, the torsion angle C(17)-N(12)—
C(18)-C(19) being 0.0(12) A for molecule 1. The dan-
gling phenanthryl group forms a dihedral angle of
125.29(5)° with the co-ordination plane Pt-C(11)-
C(13)-N(11)-N(12). The chelate ring Pt-N(12)-C(17)-
C(16)-N(11) is nearly coplanar with the aforementioned
co-ordination plane, the dihedral angle being 6.64(5)°.
For 2b, the imine adopts the E conformation, the tor-
sion angle C(7)-N(2)-C(8)-C(9) being 175.5(8) A. The
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Fig. 1. "H NMR spectra (500 MHz) in the methyl region during the reaction of 1b with CDsl in acetone-d: (a) before addition of CDsl; (b) at —40
°C; (c) at 10 °C; (d) at 20 °C; (e) at 20 °C after 1 h.

dangling anthryl group forms a dihedral angle of 2.4. Theoretical studies

81.90(5)° with the co-ordination plane Pt—C(1)-C(2)-

N(1)-N(2). The chelate ring Pt-N(2)-C(7)-C(6)-N(1) In order to compare the stability of the different plat-
is nearly coplanar with the aforementioned co-ordina- inum derivatives, we have performed DFT calculations
tion plane, the dihedral angle being 5.40(5)°. on la, 1b, 2a, 2a”, 2b and 2b”, using the GAUSSIAN-03
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Table 1
Selected bond lengths (A) and angles (°) with estimated standard
deviations

Compound 2a” Compound 2b

Pt-C(12) 2.067(8) Pt-C(3) 2.072(10)
Pt-C(13) 2.084(8) Pt-C(2) 2.089(10)
Pt-C(11) 2.102(8) Pt-C(1) 2.108(8)
Pt-N(11) 2.267(6) Pt-N(1) 2.263(7)
Pt N(12) 2.151(5) Pt N(2) 2.183(7)
Pt I(1) 2.7709(6) Pt I(1) 2.8058(8)
C(12)-Pt-C(13) 89.1(4) C(3)-PtC(2) 87.0(4)
C(12)-Pt-C(11) 85.7(4) C(3)-Pt-C(1) 88.3(5)
C(13)-Pt-C(11) 88.3(3) C(2)-Pt-C(1) 87.4(4)
C(12)-Pt-N(12) 91.2(3) C(3)-Pt-N(2) 90.2(4)
C(11)-Pt-N(12) 95.7(3) C(1)-Pt-N(2) 97.3(4)
C(12)-Pt-N(11) 95.2(3) C(3)-Pt-N(1) 91.0(4)
C(13)-Pt-N(11) 94.9(3) C(2)-Pt-N(1) 94.7(3)
N(12)-Pt-N(11) 81.16(19) N()-Pt-N(1) 80.6(3)
C(13)-Pt-I(1) 93.6(3) C(2)-Pt-I(1) 92.5(3)
C(11)-Pt-1(1) 87.4(3) C(1)-Pt-1(1) 88.0(4)
N(12)-Pt-1(1) 86.58(13) N(2)-Pt-1(1) 90.63(18)
N(11)-Pt-I(1) 91.52(15) N(1)-Pt-I(1) 92.7(2)

[19] suite of programs. On every molecule a geometry
optimization has been performed without any con-
straint. No solvent effects have been taken into account.
The relative energies are shown in Table 3.

In a first stage, we have studied the oxidative addition
of methyl iodide to the platinum(II) compounds. This
reaction is in both cases energetically favourable, by

16.7 kcal/mol (1a) and 14.8 kcal/mol (1b); in all cases
the E conformation has been chosen. The complexes
with a phenanthryl group that have been calculated
are always more stable than the compounds with an
anthryl moiety; the difference in energy is 6.5 kcal/mol
for the platinum(II) derivatives and 8.3 kcal/mol for
the platinum(IV) ones. This fact can be attributed
to the greater stability of the phenanthrene compared
to the anthracene, with the former being 5.3 kcal/mol
more stable that the latter, at the same level of theory.

We have also studied the difference in energy between
the E and Z isomers for the Pt(I) and Pt(IV) deriva-
tives. In all the cases the Z isomers are more stable,
although this effect is slightly more pronounced in the
platinum(IV) complexes (about 4.5 kcal/mol) than in
the platinum(Il) compounds (3.1 kcal/mol for 1a, 3.8
kcal/mol for 1b). Thus, the fact that the E complexes
are isolated could be due to the adoption of this confor-
mation by the free imine in solution.

In relation to the existence of two isomers of 2a and
2b in solution, we have tried to discard the possibility of
the existence of two different conformations of the che-
late ring. In order to achieve this, geometry optimiza-
tions have been performed on the 6 and 4
conformations of 2a” and 2b. In both cases, the most
stable conformation is the same that is adopted experi-
mentally (6 for 2a”, A for 2b), according to the crystal
structures; the difference in energy between conforma-

Fig. 2. Molecular structure of compound 2a”.
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Fig. 3. Molecular structure of compound 2b.

tions is larger in 2a” (1.7 kcal/mol) than in 2b (0.4 kcal/
mol). In order to have an estimation of the energy bar-
rier for the interconversion process, we have optimized
the geometries of 2a” and 2b forcing the rings to be
planar. The obtained values (12.7 and 13.3 kcal/mol
respectively) are sufficiently small to allow a fast inter-
conversion between both conformations.

Finally, we have studied the energy profile corre-
sponding to the rotation of the organic group (phe-
nanthryl- or anthryl-), in order to ascertain if there are
different rotamers in solution. With this aim, we have
calculated the energy profile corresponding to the rota-
tion of the dangling group around the Cipso—Ciminic
bond. As the molecules are rather complex we have per-
formed this calculation at the semiempirical PM3(tm) le-
vel, using the Spartan program [20]. The calculations
have been performed every 12°, and the remaining geo-
metrical parameters have been optimised. The computed
energy barriers are rather high [31.0 kcal/mol (2a), 29.5
kcal/mol (2b), 29.3 kcal/mol (2a”), 26.0 kcal/mol (2b")],
so the rotation of these bulky organic groups should
be hindered, and the existence of two rotamers should
be expected.

Summarising, for the platinum (IT) compounds under
study, oxidative addition of methyl iodide is not inhib-
ited by the presence of bulky groups such as phenanthryl
(1a) or anthryl (1b). The reaction of 1b with CDs;l con-
firmed that trans-oxidative addition took place. Pro-
cesses aimed at reducing the steric crowding at the
coordination sphere of the platinum(IV) centre such as
C—C restricted rotation of the pendant part of the ligand
leading to rotamers and isomerization of the C=N moi-

ety leading to Z conformers have been detected in solu-
tion at room temperature. Crystallisation of the
resulting platinum (IV) compounds gave the initially
formed E conformer for the anthracene derivative and
the Z conformer for the phenanthrene.

3. Experimental
3.1. General

NMR spectra were recorded at the Unitat de RMN
d’Alt Camp de la Universitat de Barcelona using Gemini
200 ("H, 200 MHz), Bruker 250 (**°Pt, 54 MHz) and
Varian 500 ('H-variable temperature, '"H-'H COSY,
'"H-"H NOESY, 500 MHz) spectrometers, and refer-
enced to SiMe, (*H) and H,PtClg in D,O (1*°Pt). 6 Val-
ues are given in ppm and J values in Hz. Microanalyses
were performed at the Serveis Cientifico-Tecnics de la
Universitat de Barcelona. Mass spectra were performed
at the Servei d’Espectrometria de Masses de la Universi-
tat de Barcelona using a VG-Quattro (FAB, NBA)
spectrometer.

3.2. Preparation of the compounds

Compounds (1a) and (1b) were prepared as reported
[13].

[PtMes1{9-(Me, NCH,CH,N=CH)C4Ho}] (2a) was
obtained when 0.5 mL of methyl iodide were added to
a stirred solution of 50 mg (0.099 mmol) of 1a in dichlo-
romethane (20 mL). Continuous stirring was maintained
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during 10 min. The solvent was removed in the rotary
evaporator, the residue was washed with ether (3 x 2
ml) and the pale yellow solid was dried in vacuum.
Yield: 45 mg (68%).

'"H NMR (CDCls, 500 MHz): 2a-(E): é = {0.70 [s,
2J(Pt-H) = 73], 0.78 [s, 2J(Pt-H) = 71], 1.12 [s, *J(Pt—
H) =71], Me*®€}, {2.50 [s,’J(H-H) = 14, 3H], 3.25
[s,J(Pt-H) = 11, 3H], HY}, {2.78-2.82 [m, 1H], 3.55-
3.60 [m, 1H], H%}, {4.04-4.08 [m, 1H], 4.24-4.27 [m,
1H], H", {7.77-7.79 [m, 2H], 8.10 [d, *J(H-H) =17,
1H, H'], 8.69 [s, 1H, H'", 8.72 [d,>J(H-H) =8, 1H,
H®}, 9.36 [s, *J(Pt-H) =34, H%. 2a’-(E): 6= {0.50
[s,2J(Pt=H) = 72], 0.58 [s,>J(Pt-H) = 74], 0.93 [s,>J(Pt—
H) = 71] Me*><}, {2.50 [s, J(Pt-H) = 14, 3H], 2.99
[s,>J(Pt-H) = 10, 3H], HY}, {2.69-2.73 [m, 1H], 3.40-
3.47 [m, 1H], 4.10-4.13 [m, 2H], H®"}, {7.60-7.64 [m,
4H], 8.11 [d,>J(H-H)=7.5, 1H, H'], 8.65 [d,’J [H-
H]=7, 1H, H®, 8.85 [s, 1H, H']}, 9.39 [s, *J(Pt—
H) =32, H8. 7.68-7.71 (m, 4H of 2a-(E) and 2H of
2a’-(E)). 2a"-(Z) 6=1{0.90 [s,2J(Pt-H)=71], 1.02
[s,2J(Pt-H) = 72], 1.05 [s,2J(Pt-H) = 71], Me*><}, {3.12
[s, *J(Pt-H) = 10, 3H], 3.25 [s,’J(Pt-H) = 10, 3H], HY},
9.29 [s, *J(Pt-H) =22, H%. "’Pt-NMR (CDCl;, 54
MHz):6 = —2545.6 [s, 2a-(E)]. FAB(+)-MS (NBA,
m/z): 516 [M-I]", 471 [M-1-3Me]". Anal. Found: C,
41.2; H, 4.6; N, 4.3. Calc. for C,oH,oN,IPt: C, 41.06;
H, 4.54; N, 4.35%.

[PtMegI{9-(M62NCH2CH2N:CH)C14H9}] (Zb) was
obtained as a pale yellow solid using an analogous
procedure from 1b. Yield: 52 mg (72%). 'H NMR
(CDCl;, 500 MHz): 2b-(E): 6=-0.06 [s, “J(Pt-
H) =73, Mec‘], 0.56 [s, 2J(Pt-H) =71, Me?], 0.98 [s,
2J(Pt-H) = 72, Me®], {2.50 [s,’J(H-H) = 15, 3H], 3.26
[s,>J(Pt-H) = 10, 3H], H}, {2.89-2.92 [m, 1H], 3.34-
3.37 [m, 1H], H}, {4.19-4.24 [m, 1H], 4.86-4.91 [m,
1H], HY, {7.67-7.71 [m, 1H], 7.97 [m, 2H, H*J,
8.24 [dd,>J(H-H) =8, *J(H-H) =1, 2H, H"®], 8.48 [s,
1H, H']}, 9.67 [s, J(Pt-H)=34, HE. 2b'-(Z):
0=1.05 [s,2J(Pt-H)=72, Me", {121 [s,J(Pt-
H)=69], 1.62 [s,2J(Pt-H)=70], Me>}, {249 [s,
3J(Pt-H) = 14, 3H], 3.21 [s,*J(Pt-H) =11, 3H], HY},
{2.41-2.45 [m, 1H], 3.38-3.41 [m, 2H], 3.60-3.54 [m,
1H], H*}, {7.60-7.65 [m, 2H], 8.02 [m, IH], 8.44
[dd,*JH-H)=8, *“JMH-H)=1, 1H], 851 [s, IH,
H'"}, 9.59 [s, *J(Pt-H) =21, HE. 7.43-7.52 (m, 3H
of 2b-(E) and 4H of 2b’~(Z)). 2b'-(E): 6 = —0.31 [s,
2J(Pt-H) = 72, Me?], 0.34 [s, 2J(Pt-H) = 74], 0.73 [s,
2J(Pt-H) = 71], Me™}, {2.45 [s,>J(H-H)=15, 3H],
291 [s,*J(Pt-H) =9, 3H], HY}, {2.77-2.81 [m, 1H],
3.25-3.28 [m, 1H], H%}, {4.12-4.14 [m, 1H], 4.61-4.65
[m, 1H], HY, {7.43-7.45 [m, 2H, H>®], 7.57 [tdd,
JH-H)=8%H-H)=2 *JH-H)=1, 2H, H>],
7.94 [d,*J(H-H) =9, 2H, H*’], 8.25 [dd,’J(H-H) = 8,
‘JH-H)=1, 2H, H"®, 848 [s, 1H, H']}, 9.58 [s,
3J(Pt-H) = 33, HE. Pt NMR (CDCl;, 54 MHz):

= —2601.1 [s, 2b-(E)], —2547.7 [s, 2b"-(Z)]. FAB(+)-

MS (NBA, m/z): 516 [M-1]*, 471 [M-1-3Me]". Anal.
Found: C, 40.6; H, 4.5; N, 4.3. Calc. for C,,H,oN,IPt:
C, 41.06; H, 4.54; N, 4.35%.

Reaction with CDsl: An excess of CDsl (0.05 mL)
was added at —40 °C to an NMR tube containing a
solution of 1b (5 mg) in acetone-d®. 'H NMR (500
MHz) spectra were recorded at —40, —20, 0, 10 and 20
°C as the solution was warmed.

3.3. X-ray structure analysis

3.3.1. Data collection

A prismatic crystal was selected and mounted on a
MAR345 diffractometer with an image plate detector.
Unit cell parameters were determined from automatic
centering of 11813 (2a”) and 8800 (2b) reflections
(3°<0<31°) and refined by least-squares method.
Intensities were collected with graphite monochroma-
tized Mo Ko radiation. 18605 (2a”) and 15585 (2b)
reflections were measured in the range 1.09° <0<
28.36° (2a”), or 1.92° < 0 <28.40° (2b). 5353 (2a”) and
2420 (2b) reflections were assumed as observed applying
the condition 7> 2¢(l). Lorentz polarisation and
absorption corrections were made. Further details are
given in Table 2.

3.3.2. Structure solution and refinement

The structures were solved by direct methods using
SHELXS computer program [21] and refined by the full-
matrix least-squares method, with the SHELXL-97 com-
puter program using 7846 (2a”) and 3702 (2b) reflections
(very negative intensities were not assumed). The func-
tion minimised was > w||F,|*—|F|*|%, where w = [¢X(]) +
(0.0688 P)’]"! (2a”), or w=[o*(I) + (0.0925 P)’]"' (2b)
and P = (|F,|* + 2|F/5/3. f, f and /" were taken from
International Tables of X-ray crystallography [22]. All
hydrogen atoms were computed and refined using a rid-
ing model with an isotropic temperature factor equal to
1.2 times the equivalent temperature factor of the atom
to which they are linked. Further details are given in Ta-
ble 2.

3.4. Computational details

All DFT calculations have been performed using the
GAUSSIAN-03 [19] package of programs at the Becke3-
LYP computational level [23]. The basis set has been
chosen as follows: an effective core potential was used
to replace the 68 innermost electrons of Pt and the 36
innermost electrons of I; for these atoms, the
LANL2DZ [24] basis was used. In the case of N, C
and H, the 6-31G basis was used [25]; for iodine, nitro-
gen and the carbon atoms bonded to the platinum cen-
tre, polarization functions [26] were added. All the
geometry optimisations have been performed without
imposing any symmetry restriction.
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Table 2
Crystallographic and refinement data

2069

Compound 2a”

Compound 2b

Formula

FW

Temperature (K)

Wavelength (A)

Crystal system, space group
a(A)

b(A)

c(A)

B, ©)

vV (A%, z

dcalcd (mg/m3)

Absorption coefficient (mm™")
F(000)

Number of reflections collected/unique
Data/restraints/parameters
Goodness-of -Fit on F?

R, (I> 26(D)

wR, (all data)

Peak and hole (eA’3)

szHngNth szHngNth

643.46 643.46

293(2) 293(2)

0.71069 0.71069

Monoclinic, P2; /¢ Orthorhombic, Pbca
15.4000(10) 14.3810(10)
15.5260(10) 14.4430(10)
20.0990(10) 21.2410(10)

111.73 90.0

4464.2(5); 8 4411.9(5); 8

1.915 1.937

7.677 7.768

2448 24438

18,605/7846 [Rin) = 0.0396] 15,585/3702 [R;n, = 0.0515]
7846/0/469 3702/0/235

0.975 0.990

0.0319 0.0454

0.1048 0.1387

0.941 and —0.805

0.802 and —0.645

Table 3

References

Relative energies (kcal/mol) for compounds 1a, 1b, 2a, 2a”, 2b and 2b”

Compound Relative energy® Compound Relative energy® [1] L.M. Rendina, R.J. Puddephatt, Chem. Rev. 97 (1997) 1735.
[2] G. Ferguson, P.K. Monaghan, M. Parvez, R.J. Puddephatt,
}“ (£) (3)'(1) ;“,, 5 g_(s) Organometallics 4 (1985) 1669.
1; E?) 9.6 2:,, EA; 1'7 [3] J.K. Jawad, R.J. Puddephatt, J. Organomet. Chem. 117 (1976)
’ N ’ 297.
1b (2) >8 ig (;’) B; [4] R.J. Puddephatt, J.D. Scott, Organometallics 4 (1985) 1221.
2b”( ) 8.2 [5] M. Crespo, R.J. Puddephatt, Organometallics 6 (1987) 2548.

“ Energy relative to 1a (Z).
® Energy relative to 2a” ().

The semiempirical calculations were carried out at the
PM3(tm) level, using the Spartan 5.0 suite of programs
[20] implemented on a Silicon Graphics workstation (In-
digo-2 Power XZ).

4. Supplementary material

The crystallographic data of compounds 2a” and 2b
have been deposited with the Cambridge Crystallo-
graphic Data Centre, CCDC Nos. 244279 and 244280.
Copies of this information may be obtained free of
charge from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax: +44 1223 336033;
e-mail: deposit@ccdc.cam.ac.uk or www: http://www.
ccde.cam.ac.uk).
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