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The crystal structures of Bu4N[Pt(ppy)C12], I, Et,N[Pt(tpy)CL], II, and [Pt-
(ppy)en]Cl II1, have been determined at 93

The anions in I and II are nearly planar, whlle the cation in III deviates from
planarity due to the en ligand. The shortest Pt—Pt distance is 7.726(6) A,
7.612(2) A in II and 5.901(3) A in III. The Pt—Cl and Pt—N bonds trans to the
Pt—C bonds are 0.07-0.08 A longer than the corresponding bonds trans to the
Pt-N bonds. The relative trans influence of a carbon atom and a pyridine nitrogen
atom is therefore retained in the cyclometalated compounds. It is concluded that
the formation of only frans-N products in substitution reactions toward this class
of species is probably due to a rapid isomerization of the initially formed trans-C
products. A longer than expected Pt—Cl bond trans to the Pt—-N bond in I is
observed, 2.329(2) A. The weakening of this bond may facilitate the isomerization
reaction that take place in this class of compounds.

The length of the carbon-carbon bond linking the two aromatic rings in II,
1.427(9) A, as compared with 1. 47(1) and 1.46(1) A in I and III, suggests that
the conjugation between the rings is higher in compounds containing tpy than ppy.
The Buy,N* ion in I has two butyl groups with a zigzag antiperiplanar confor-

mation and two butyl groups with a synclinal conformation.

Organometallic complexes containing N,C’-chelated
ligands derived from various 2-aryl- and 2-(2'-thienyl)-
substituted pyridines and related compounds are known
for a number of transition metals; for a literature survey,
see Refs. 1-9. The upsurge in interest in this class of
compounds is due to their particular high absorbing and
light emitting properties,'® mostly in glassy solution at
low temperatures,>® but also as solids and in solution at
room temperature.>*'!"'> The origin of the photophysical
and photochemical properties of this class of compounds
seems to be due to the strong ligand-field influence of the
formally negatively charged carbon atom combined with
the possibility of n-back-donation into the N,C’-chelated
aromatic ligands. Since the metal-to-ligand charge trans-
fer (MLCT) appears to be related to the covalency in the
metal-ligand bonds,’ platinum species have been in focus
in recent years. Square planar d®* Pt" complexes are par-
ticularly interesting, since they are coordinatively unsat-
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urated and as such may have interesting synthetic appli-
cations.'?

Apart from the extensive photo Lllemical, photophysical
and electrochemical studies perfoi_ ed in recent years far
less is known about the chemistry of this class of com-
pounds in their ground state. Homoleptic bis-cyclometa-
lated Pt" compounds, cis-[Pt<N—-C>,], are known to
add alkyl halides with a remarkable high stereospecific-
ity.®!* (Here <N-C> is a commonly used abbreviation
for N,C’-chelated ligands like ppy, deprotonated 2-phen-
ylpyridine, and tpy, deprotonated 2-(2'-thienyl)pyridine).
It is notable that only cis-[Pt<N-C>,] is formed when
trans- or cis-[ Pt(SEt,)Cl,] reacts with two equivalents of
2'-lithiated 2-phenylpyridine in diethyl ether.’* The
[Pt<N-C>Cl,]™ and [Pt<N-C>en]" ions react rap-
idly with nucleophiles, particularly in protic solvents,’ but
no kinetic studies appear to have been performed.

The strong trans influence of the carbon atom as com-
pared with that of the pyridine nitrogen atom in the N,C’-
chelated ligand would lead one to anticipate that the chlo-
ride trans to the carbon atom in [Pt<N-C>Cl,] "~ is the
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most labile one. In agreement with this assumption van
Eldik and co-workers'® have recently shown that in re-
lated compounds with an aqua ligand trans to the carbon
atom, this ligand is sufficiently labilized to act as a Bron-
sted acid. Nevertheless, for all substitution reactions
which so far have been examined, eqn. (1),

[Pt<N-C>ClL]- + A ——— [Pt<N-C>CIA]
- Cl-

0]

only compounds with the entering ligand A being trans to
the nitrogen atom have been isolated.”'"'®

In an attempt to shed some light upon these substitu-
tion reactions we wish to report the results from a struc-
tural study on some compounds which are frequently
used as starting materials in synthesis, Bu,N[Pt(ppy)Cl,],
I, Et,N[Pt(tpy)CL ], II, and [Pt(ppy)en]Cl, III. From the
extensive surveys of Pt—Cl'>** and Pt—N?' bond lengths
it was hoped to get some information on the relative trans-
influence of a pyridine nitrogen atom and an anionic car-
bon atom when they are part of a N,C’-chelated ring.
Biirgi*? has shown that even small differences in struc-
tural parameters may dramatically affect rates of substi-
tution reactions toward square planar Pd" and Pt" spe-
cies.

Experimental

The preparation of Bu,N[Pt(ppy)CL], I, and [Pt(ppy)-
en]Cl, II1, has been described.® Crystals of I were grown
from a dichloromethane/diethyl ether mixture, while crys-
tals of III were obtained by slow evaporation from a

Table 1. Crystal data and structural parameters.

methanolic solution. Since all attempts to make satisfac-
tory crystals of Bu,N[Pt(tpy)Cl, ] failed, the tetraethylam-
monium salt, Et,N[Pt(tpy)Cl, ], I, m.p. 161°C, was pre-
pared by adding 2 mol of Et,NCl to a slurry of the dimer,
[Pt(tpy)Cl],, in dichloromethane as described for the
Bu,N* salt.’ Crystals of II were obtained by slow evapo-
ration from a dichloromethane solution. The crystals
were cut to suitable prismatic specimens with average di-
mensions of approximately 0.2 mm. Measurements of cell
dimensions and intensity data were collected on an En-
raf-Nonius CAD-4 diffractometer using graphite mono-
chromated Mo Ko radiation (A =0.71073 A). The tem-
perature at the crystal during data collection was 93 K.
Cell parameters were determined using a least-squares fit
for 25 reflections.

The intensities were corrected for Lorentz and polar-
ization effects. Variations in three standard reflections
were used for scaling the intensity data. The data were
corrected for absorption by a semiempirical PSI-scan
procedure.? The structures were solved by Patterson and
Fourier methods and refined by full-matrix least-squares
techniques. Anisotropic temperature factors were applied
to all non-hydrogen atoms. The hydrogen atoms were
placed geometrically at a fixed C—H distance of 0.96 A
and were refined isotropically. Crystal and experimental
data together with final figures of merit are listed in
Table 1. All computer programs used in the calculations
belong to the Enraf-Nonius Molen Package.”® Atomic
scattering factors were taken from Ref. 25. Fractional co-
ordinates and their estimated standard deviations to-
gether with isotropic equivalent thermal parameters,
B/A?, are listed in Table 2. Structure factor tables and
isotropic thermal parameters are available from the au-
thors.

Compound |

I 1]

Chemical formula

Empirical formula C,,H,,ClLN, Pt
Formula weight 662.66
Temperature/K 93
Radiation/Scan-mode Mo K, /®-scan
6-Range/° 2-24

Scan width (x+0.34 tan 6)/° 1.10

a/A 11.551(2)
b/A 16.759(5)
c/A 14.541(9)
a/° 20

p/° 98.68(3)

y/° 90

V/A3 2782(3)
Space group P2,/n{No. 14)
V4 4

D,,./g cm® 1.582
Absorption coefficient/cm ™" 53.044

No. unique reflections 4362

No. /> No/N 3229/2.0
R=X|F,—F,|/ZF, 0.038

R, =[Zw(F,—F)?/Z(F,)*1°® 0.031
S=[Zw(AF)*/N—n)°® 1.405

Bu,N[Pt(ppy)Cl,]

Et,N[Pt(tpy)Cl,] [Pt{ppy)en]CI

C,7Ho6CloN,PtS C,5H16CIN,P
5566.47 444.84

93 93

Mo K,/m-scan Mo K, /m-scan
2-28 2-28

1.3 1.3

8.996(2) 8.5675(9)
25.085(2) 15.971(2)
9.103(2) 18.875(4)
90 90
110.60(1) 90

90 90

1922(1) 2582(1)
P2,/c(No. 14) Pcab (No. 61)
4 8

1.922 2.288
77.586 111.718
4622 3110
3541/2.0 2132/2.5
0.029 0.029

0.031 0.030

1.341 1.394
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Table 2. Fractional atomic coordinates and equivalent isotro-
pic thermal parameters.

Atom  x y z B/A%®
Compound |
Pt 0.11465(3) 0.20978(2) 0.07715(2) 0.990(5)
cn 0.0739(2) 0.2026(1) 0.2290(1) 1.74(4)
Ci2 0.3027(2) 0.1507(1) 0.1258(1) 1.56(4)
N1 0.1391(5) 0.2212(4) -0.0565(4) 1.5(1)
N2 0.7772(5) 0.0677(4) 0.7548(4) 1.2(1)
C1 0.2344(6) 0.1963(5) —0.0926(5) 1.3(1)
Cc2 0.2466(7) 0.2116(6) —0.1842(5) 2.0(1)
C3 0.1570(7) 0.2493(5) —0.2421(6) 1.8(2)
C4 0.0575(7) 0.2723(5) —0.2063(5) 1.5(2)
C5 0.0479(6) 0.2582(4) -—0.1134(5) 1.1(1)
C6 —0.0527(6) 0.2809(5) -—0.0683(5) 1.2(1)
C7 -—0.1528(7) 0.3147(5) -0.1111(6) 1.5(2)
C8 —0.2405(7) 0.3367(6) =-0.0622(5) 1.3(1)
C9 -—0.2258(7) 0.3212(5) 0.0342(6) 1.4(2)
C10 -0.1253(6) 0.2824(5) 0.0767(5) 1.5(1)
C11 -0.0371(6) 0.2623(4) 0.0288(5) 0.8(1)
c12 0.8225(7) 0.1250(5) 0.6876(6) 1.6(2)
C13 0.8717(7) 0.0871(5) 0.6075(6) 1.6(2)
C14 0.9062(8) 0.1502(5) 0.5420(6) 2.3(2)
C15 0.9419(8) 0.1140(6) 0.4552(6) 2.7(2)
C16 0.6802(7) 0.0159(5) 0.7043(5) 1.2(1)
C17 0.5774(7) 0.0622(5) 0.6479(6) 1.7(2)
c18 0.4737(7) 0.0066(5) 0.6189(6) 1.7(2)
c19 0.4068(8) —0.0134(6) 0.6982(6) 2.5(2)
C20 0.7324(7) 0.1180(5) 0.8286(6) 1.5(2)
C21 0.6722(8) 0.0730(5) 0.8967(6) 2.4(2)
c22 0.6419(8) 0.1272(6) 0.9736(7) 3.0(2)
C23 0.568(1) 0.0937(9) 1.035(1) 7.8{4)
C24 0.8734(7) 0.0119(5) 0.7965(6) 1.3(1)
C25 0.9774(7) 0.0507(5) 0.8566(6) 1.7(2)
C26 1.0759(7) —0.0090(5) 0.8858(6) 1.7(2)
c27 1.1395(8) —0.0353(6) 0.8075(7) 2.9(2)
Compound I
Pt 0.23420(3) 0.11800(1) 0.23075(3) 1.275(4)
cn 0.0186(2) 0.16860(7) 0.2287(2) 2.33(4)
Cl2 0.1561(2) 0.04746(7) 0.3657(2) 2.37(4)
S1 0.5078(3) 0.20602(9) —0.0095(3) 3.57(5)
S2 0.678(2) 0.0660(6) 0.161(2) 1.6(3)
N1 0.4273(7) 0.0790(2) 0.2192(6) 1.5(1)
N2 0.8667(6) 0.1324(2) 0.6737(6) 1.4(1)
C1 0.4793(9) 0.0302(3) 0.2755(8) 2.0(2)
C2 0.616(1) 0.0091(3) 0.2647(9) 2.8(2)
C3 0.704(1) 0.0375(4) 0.200(1)  3.5(2)
Cc4 0.6565(9) 0.0852(3) 0.1401(9) 2.4(2)
C5 0.5160(7) 0.1075(3) 0.1494(7) 1.6(1)
C6 0.4485(8) 0.1585(3) 0.0943(7) 1.7(1)
C7 0.344(1) 0.2465(3) —0.0215(9) 2.8(2)
Cc8 0.2561(9) 0.2230(3) 0.0519(8) 2.0(2)
Cc9 0.3118(8) 0.1730(3) 0.1188(7) 1.3(1)
Cc10 0.9105(9) 0.1229(3) 0.8525(8) 2.6(2)
c11 0.924(1) 0.0645(3) 0.8960(9) 2.9(2)
c12 0.707(1) 0.1061(3) 0.5848(9) 2.8(2)
c13 0.5723(9) 0.1221(3) 0.6418(8) 2.4(2)
ci14 0.856(1) 0.1933(3) 0.6549(9) 2.7(2)
C15 0.815(1) 0.2109(3) 0.4811(9) 3.1(2)
Cc16 0.9859(9) 0.1079(3) 0.6139(9) 2.6(2)
Cc17 1.1544(9) 0.1305(3) 0.6943(9) 2.8(2)
(continued)
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Table 2. continued.

Atom x y z B/A?¢
Compound it

Pt 0.12971(3) 0.12295(1) 0.13293(1) 0.647(3)
Cl 0.1130(2) 0.38975(8) 0.21772(8) 1.13(3)
N1 0.2443(6) 0.0441(3) 0.0677(3) 0.70(9)
N2 -0.0078(6) 0.1952(3) 0.1979(3) 1.0(1)
N3 0.2264(6) 0.0840(3) 0.2316(3) 1.00(9)
Cc1 0.3498(7) —0.0126(4) 0.0906(4) 1.0(1)
Cc2 0.4045(8) —0.0757(4) 0.0462(4) 1.2(1)
C3 0.3519(7) —0.0785(4) —0.0227(4) 1.3(1)
ca 0.2462(8) —0.0196(4) —0.0463(3) 1.1(1)
C5 0.1926(7) 0.0422(4) -0.0002(3) 0.9(1)
C6 0.0774(7) 0.1072(4) —0.0160(4) 0.9(1)
Cc7 0.0122(7) 0.1186(4) —0.0832(3) 1.1(1)
C8 —0.0921(8) 0.1826(4) —0.0940(4) 1.2(1)
C9 -0.1313(8) 0.2355(4) —0.0383(4) 1.3(1)
C10 -0.0684(8) 0.2236(4) 0.0285(4) 1.1(1)
C11  0.0365(7) 0.1577(4) 0.0412(4) 0.8(1)
C12 -0.0004(8) 0.1628(4) 0.2713(4) 1.1(1)
C13 0.1673(7) 0.1414(4) 0.2874(3) 1.2(1)

2 B=4/3[a’B(1,1)+b°B(2,2)+¢*B(3,3) + ablcos y)B(1,2) +
ac{cosP)B(1,3)+ bclcos)B(2,3)].

During the refinement process a disorder in the crystal
packing of Et,N[Pt(tpy)ClL,], II, was detected. Around
109 of the molecules were observed to be flipped 180°
around an axis through the platinum atom and bisecting
the Cl-Pt—Cl bond angle placing the sulfur atom close to
C4 in the pyridine ring. Similar types of disorder in com-
pounds containing a thienyl group have been encountered
previously.?®?” Disorder may also exist in I and III but
the geometrical similarity of the phenyl and pyridine
group will obscure it.

Results and discussion

Description of the structures. Drawings of the anions in I
and II and the cation in III are shown in Fig. 1 together
with numbering of the atoms. (The cations in I and II will
be discussed below.) The anion in I is presented with the
chelated N and C atoms together with the two chloro
atoms in the plane of the paper; the platinum atom being
slightly above this plane, 0.022(1) A. In the anion of II
the platinum atom is in the plane of the four surrounding
atoms within experimental error. The disordered position
of the sulfur atom in II, denoted by S2, is indicated by a
dotted circle on the C3—C4 bond. The cation in III is
shown with Pt, N1 and C11 in the plane of the paper; N2
residing 0.213(5) A below this plane while N3 is 0.039(5)
A above. The most important bond lengths and bond
angles in the three ions are listed in Table 3.

Intra- and intermolecular non-bonding distances. In I and 11
all nonbonding H- ---Cl distances are greater than 2.60 A.
The distance from CI2 to the hydrogen atom linked to C1,
HI, is 2.61 A in I and 2.70 A in IL These distances
suggest that the experimental down-field shift of this hy-
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I

Fig. 1. Drawings of the anions in | and Il and the cation in
lil. In the plane of the paper: I: N1, C11, CI1 and Ci2, Pt is
0.022(1) A above. Il: N1, C9, CI1, CI2 and Pt. lll: N1, C11
and Pt, N2 is 0.213(5) A below, N3 is 0.039(5) A above.
For the sake of clarity the hydrogen atoms are omitted.

110

drogen, 9.91 ppm in I and 9.56 ppm in IL° can hardly be
due to proximity effects excerted by the chloride atom cis
to N1. The corresponding distances from Cl1 to H10 in
I and from CIl to H8 in II are 2.63 and 2.93 A. The
shortest intermolecular H----Cl distances in I are be-
tween Cll and H20 and between CI2 and H24, both
2.77 A; H20 and H24 are hydrogen atoms linked to
a-carbon atoms in the cation. The chlorine atoms #rans to
Cl1l in I, CI2, is separated from a second a-hydrogen
atom, H16, by 2.89 A and from two aromatic hydrogen
atoms in an adjacent anion, H4 by 2.81 and H7 by
2.87 A, respectively. Evidently, if interactions between the
chlorine atoms and the hydrogen atoms in I do exist it is
the chlorine atom trans to C11, C12, that acts as the better
donor atom. In II there is only one intermolecular
H:----Cl contact that may be of importance, Cl1-H15,
2.67 A. HIS resides on a B-carbon atom in Et,N*.

The presence of an en ligand, a chloride ion and the
absence of a large tetraalkylammonium ion in III give rise
to several fairly short hydrogen bonds. Each chloride ion
is in close contact with three amine hydrogen atoms in
three different cations; the distances being 2.31, 2.36 and
2.40 A. The distance to one additional N-H proton and
to two hydrogen atoms belonging to the aromatic ligands
are significantly longer, 2.78, 2.98 and 2.99 A. Appar-
ently, these contacts are sufficient to satisfy the coordi-
nation need of the chloride ion and to prevent III from
being hygroscopic or to crystallize with crystal water. The
en ligand itself is retained in a synclinal conformation
with a N2-C12-C13-N3 torsion angle of - 53.7(6)°
with equal N2-C12-C13 and N3-C13-C12 bond angles,
108.0(6) and 108.8(6)°, and with fairly equal Pt—-N2-C12
and Pt-N3-C13 bond angles, 109.7(5) and 107.8(4)°.

In the compounds there are no donor atoms close to
an axis perpendicular to the coordination planes shown
in Fig. 1, and the cations do not form stacks of the type
observed in [Pt(2,2’-bpy)Cl,]*® and in [Pt(tpy)(CO)Cl].'®
Furthermore, there are no obvious interactions between
the aromatic ligands and between the Pt atoms, the short-
est Pt—Pt distance being 7.726(6) AinI 7.612Q) A in II
and 5.901(3) A in IIL. One may therefore consider the
anions in I and II and the cation in III to be true square-
planar Pt complex ions in the crystalline state. The
structural parameters obtained ought to be quite reliable
since variations in these parameters in square planar Pt"
compounds due to intermolecular forces are negligible ex-
cept for very accurate structure determinations.?

The aromatic ligands. The ppy and tpy ligands are not
perfectly planar but the torsion angles between the two
aromatic rings are very small when taking the experimen-
tal error into consideration; 3.6(2.4)° in I, 3.8(2.4)° in II
and 2.4(3.2)° in II1. Most of the bond lengths and bond
angles in these ligands are as expected and are presented
in Table 3 as average values. The bond linking the two
aromatic rings, C5—C6, are 1.47(1) A in I and 1.46(1) A
in III. These bonds may therefore not be significantly
shorter than a carbon-carbon single bond between two



Table 3. Selected bond lengths (in A) and bond angles (in °)
in the cyclometalated ions of I, Il and lll with estimated stan-
dard deviation.

Bond lengths | 1] m
Pt—CI1 (trans-N) 2.329(2) 2.312(2)

Pt—N2 (trans-N) 2.055(6)
Pt—CI2 (trans-C) 2.395(2) 2.395(2)

Pt—N3 (trans-C) 2.131(7)
Pt—N1 2.014(6) 2.028(6) 2.016(5)
Pt—C11 (C9,Il) 1.993(7) 1.982(7) 1.987(7)
N1-C1 1.356(9) 1.345(9) 1.351(8)
N1-C5 1.385(9) 1.381(9) 1.358(9)
C5—-C6 1.47(1) 1.427(9) 1.462(9)
C6—C11 (C9o.l) 1.43(1) 1.37(1)

C12-C13 1.508(9)
Pt----Pt 7.726(6) 7.612(2) 5.901(3)
C—C (Ph) 1.39(1) 1.38(1)
C—C (Py) 1.38(1) 1.36(2) 1.38(1)
S1-C6 1.718(7)

S1-C7 1.76(1)

Bond angles I ] 1}
Ci1—Pt—CI2 90.18(7) 90.73(7)

N2—Pt—N3 82.3(2)
Cl1—Pt—N1 175.7(2) 174.5(2)

N2—Pt—N1 173.8(2)
Cl1—Pt—C11 (C9,l) 93.7(2) 93.4(2)

N2-Pt-C11 97.6(3)
Cl2—Pt—N1 94.1(2) 94.7(2)

N3—Pt—N1 99.3(2)
Cl12—Pt—C11 (C9,Il) 175.8(2) 175.8(2)

N3-Pt—C11 179.0(2)
N1-Pt—C11(CS,ll)  82.1(3) 81.1(3) 80.7(2)
Pt—N1-C1 125.8(5) 127.4(5) 123.3(5)
Pt—N1-Cb5 114.5(5) 114.7(4) 115.6(4)
Pt—C11-C10 128.0(6) 127.9(5)
Pt—C9—-C8 135.0(6)

Pt—C11-C6 114.7(5) 114.4(5)
Pt—C9-C6 113.3(5)

N1-C5-C6 115.5(7) 112.4(6) 113.4(6)
C5-C6—C11(C9,) 113.2(6) 118.4(6) 115.0(6)
c6—-C11-C10 117.3(7) 117.6(7)
C6—-C9-C8 111.7(6)

S—C6-C5 129.6(6)

C7-S-Cé6 91.1(4)

Pt—N2—C12 109.7(5)
Pt—N3—-C13 107.8(4)
N2—-C12-C13 108.0(6)
N3-C13-C12 108.8(6)
Pt—N2—-C12 109.7(5)
Pt—N3—-C13 107.9(4)

sp? carbon atoms, 1.48 A.2° In II, however, the C5-C6
bond length is only 1.427(9) A which indicates that the
conjugation between the two rings is significant. Fairly
short C5-C6 bond lengths in cyclometalated compounds
derived from 2-(2'-thienyl)pyridine have been noted pre-
viously,'8273%3! and may be the cause for the distinct
difference in the photochemical behaviour of complexes
with tpy and ppy as ligands.'?3? 2-(2’-Thienyl)pyridine is
known to be a weaker hydrogen base than 2-phenyl-
pyridine** and complexes derived from the former ligand
absorb light at significantly lower energy than the corre-
sponding ppy compounds.® Presumably, owing to the in-
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crease in electron density in the C5-C6 bond in II, the
adjacent bonds are elongated; N1-C5 being slightly
longer than N1-C1 and C6-S1, 1.76(1) A, significantly
longer than C7-S1, 1.718(7) A. The C6-S-C7 bond
angle is only 91.1(4)° as compared with 93.8(4)° in the
non-coordinated ligand.** One may further mention the
N1-C5-C6 bond angle which is slightly smaller in II than
in I, 112.4(2)° in II vs. 115.5(2)° in L It has previously
been suggested that a smaller N1-C5-C6 bond angle in
II combined with a shortening of the C5-C6 bond may
be one of the reasons for the significantly better yield of
cyclometalated products from 2-(2'-thienyl)pyridine than
from 2-phenylpyridine.’

The ipso-carbon bond angles in I and III are only
117.3(7) and 117.6(7)°, 111.7(6)° in II. As viewed by the
downfield shift of the ipso-carbon atoms, 141.4, 145.6 and
146.7 ppm in I, II and III, respectively,9 there is no evi-
dence for a residual negative charge on these atoms.

Coordination around the platinum atoms. The angles be-
tween the bonds to the ligating atoms are as expected
from previous studies on related compounds; for a review
of references see Ref. 3. A comparison between the struc-
tures of the anions in I and II is particularly interesting
owing to the difference in photochemical behaviour.!?=2
The N1-Pt—C9 bond angle in II, 81.1(3)°, may be slightly
less than the corresponding bond angle in I, N1-Pt-Cl11,
82.1(3)°. These bond angles may furthermore be slightly
larger than the N-Pt—N bond angle in the corresponding
compounds derived from 2,2’-bipyridine, ca. 80°.%® The
differences, however, may not be significant when taking
the uncertainties into consideration. Characteristic for all
three ions is that the frans bond angles are not strictly
180°, and range from 173.8(2)° for the N1-Pt-N2 bond
angle in III to the N3-Pt-C11 bond angle, 179.0(2)°,
also in IIL

Based upon the difference in the coupling constants
between Pt and C10 in I and between Pt and C8 in II it
was recently suggested that the Pt atom might be more
strongly linked to the thienyl part of the tpy ligand than
to the phenyl part of ppy.>> The Pt—Cl11 bond length in
I, 1.993(7) A and the Pt—C9 bond length in II, 1.982(7)
A, however, are not sufficiently accurately determined to
substantiate this conclusion. The Pt—-N1 bond lengths in
the three ions are likewise equal within experimental er-
ror. These bond lengths are only slightly longer than the
Pt—C bonds to the carbon atoms in the cyclometalated
ring; in I the difference between the Pt—N1 and the Pt-
C11 bond lengths is hardly significant. Apparently, the
difference between Pt—-N and Pt—C bond lengths in cy-
clometalated Pt" compounds is significantly smaller than
in related Rh, Ru and Ir complexes.”'> The N2-Pt-N3
bond angle in III, 82.3(3)°, is similar to those observed
in a number of Pt complexes containing chelated 1,2-di-
aminoethane.*!

The Pt—Cl and Pt—N bond lengths. As pointed out in the
introduction, the main purpose of this study was to in-
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vestigate the Pt—Cl and Pt—N bond lengths in an attempt
to explain the formation of only trans-N products in sub-
stitution reactions [egn. (1)]. The results listed in Table 3
show clearly that the Pt—Cl and Pt—N bonds trans to the
Pt—C bond are from 0.07 to 0.08 A longer than the cor-
responding bonds frans to the Pt—-N bond. The Pt-Cl
bonds in I and II trans to Pt—C, are both 2.395(2) A,
similar to those observed in several zrans-alkyl, trans-aryl
and trans-carbene Pt!! complexes.'®*=3" Apparently, the
strong trans-influence of the carbanionic ligand, possibly
as large as that of trialkylphosphines and second only to
the hydride ligand, is retained when the carbon atom is
part of a N,C’-chelate system. The long Pt—N bond in III,
2.131(7) A, has roughly the same length as that observed
in cis-[Pt(ppy),]** and indicates that the formally nega-
tively charged carbon atom is exerting the same trans-
influence on Pt-N(py) and Pt—-N(en) bond lengths.

From the extensive surveys of Pt—Cl bond lengths one
may conclude that this bond, when unaffected by other
ligands, is close to 2.30 A.'>?° The Pt—Cl bonds rans to
the nitrogen atom, particularly that in I, 2.329(2) A, seems
longer than in the uncharged compound derived from
2,2 -bipyridine, [Pt(bpy)Cl,]. 2.281(4)-2.300(3) A,? in
cis-N,N'-[Pt(Hppy),Cl,], 2.293(6) A,*® and in cis- and
trans-[Pt(py),Cl,], 2.30 A.3° This may suggest that the
pyridine part of the cyclometalated ligand in I, ppy, ex-
certs a stronger frans influence on the Pt—Cl bond than
each of the pyridine groups in chelated 2,2’-bipyridine
and in compounds derived from non-chelated pyridines.
The alternative explanation based upon a cis-lengthening
effect®® by the carbanionic ligand is less probable, since
Pt—Cl bond lengths do not seem to depend on ligands cis
to the Pt—Cl bond.'® Regardless the origin of the possible
elongation of the Pt—Cl bond trans to the nitrogen atom
in I, this bond may be sufficiently weakened to facilitate
the isomerization of the kinetic trans-C product to the
final trans-N product; cf. eqn. (1). It is notable that a
similar elongation of the short Pt—-N(en) bond in III, Pt—
N2, is not observed.

The Bu,N™ and Et,N* ions. Although a large number of
crystal structures of salts of the two tetraalkylammonium
ions have been determined, the actual structure of the
cations has seldom been the subject of a discussion;*'~*3
for a survey of recent references cf. Ref. 44. While the
Et,N* ion generally seems to prefer a structure with a
zigzag antiperiplanar (‘trans’) conformation of the ethyl
groups, as indeed was observed in the present study, the
Bu,N" ion, and presumably other large R,N " ions, have
a versatility to crystallize as the conformer best matching
the packing requirements of the anion.*! While the energy
difference between the numerous possible conformers is
undoubtedly very small, the various conformers will fill
space in different ways, from the relatively flat cation with
close to D,; symmetry to the more spherical type with
near S, symmetry. The determining factor is how the cat-
ion can arrange its aliphatic chains to avoid contact with
the counter-ion.*?
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Snow and Ibers*! showed that in (Bu,N),[Fe(edt),],
(edt = 1,2-dithiolatoethane) all butyl groups had the anti-
periplanar conformation with all N-C-C-C and C-C-
C-C torsion angles close to 180°, while all C-N-C-C
torsion angles were close to 60 or -60°. In
Bu,N[PhTeCl,I] three of the butyl groups attained the
same conformation, while one group had a C-C-C-C
torsion angle close to a synclinal one, ca. 60°.*> In
Bu,N[Pt(ppy)CL,], 1, a third conformer is observed, two
of the butyl groups being antiperiplanar, while two groups
are synclinal with C-C-C-C torsion angles of 75.8(8)
and 70.9(9)°. A similar conformation of the butyl groups
has previously been observed in one of the two crystal-
lographic independent cations in Bu,N[Cu(CN),].*

The C-C and N-C bond lengths in the two cations are
as expected when taking the uncertainty into account. It
is notable that two of the C-N-C bond angles are less
than tetrahedral in both cations, 106.9(6) and 106.6(6)°
in I and 104.7(5) and 106.8(6)° in II; the remaining four
C-N-C bond angles being slightly greater than 109°. The
N-C-C bond angles in the cations range from 114.9(6)
to 115.9(7)° in Bu,N* and from 112.8(6) to 114.6(7)° in
Et,N*. Large N-C-C bond angles appear to be general
for R,N* ions, regardless the conformation of the alkyl
groups,* and is the probable cause for the ability of the
a-hydrogen atoms to make hydrogen bonds to electron-
rich atoms in anions;* cf. the Cl----H contacts in I.

Conclusion

The Pt—Cl and Pt-N bonds trans to the Pt—C bond are
from 0.07 to 0.08 A longer than the corresponding bonds
trans to the Pt—N bond in square planar Pt complexes
containing N,C’-chelated metallocycles derived from
2-phenylpyridine and 2-(2’-thienyl)pyridine. The differ-
ence in the trans influence of a carbanionic ligand and a
pyridine nitrogen ligand is therefore retained when these
ligand atoms are part of a N,C’-chelate. The formation of
only trans-N products in substitution reactions suggests
that the rate of isomerization from the presumably ini-
tially formed trans-C products to the trans-N products is
very high for this class of species. A fairly long Pt—Cl
bond trans to the Pt-N bond in Bu,N[Pt(ppy)Cl,] may
indicate that the trans-influence of a pyridine nitrogen
atom when part of an aromatic N,C’-chelate is larger than
in N,N-chelated bipyridines and in non-chelated py-
ridines. This possible elongation of the Pt—Cl bond trans
to N may prove to be the cause for the high rate of
isomerization from trans-C to trans-N products.
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