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Mono- and Diprotonation of the Superbasic Bisguanidine 1,2-Bis(N,N,N',N'-
tetramethylguanidino)benzene (btmgb) and Pt" and Pt"Y Complexes of
Chelating Bisguanidines and Guanidinates

Anastasia Peters, Ute Wild, Olaf Hiibner, Elisabeth Kaifer, and Hans-Jorg Himmel+'*

Abstract: New Pt complexes of chelat-
ing bisguanidines and guanidinate
ligands were synthesized and character-
ized. 1,2-Bis(N,N,N',N'-tetramethylgua-
nidino)benzene (btmgb) was used as a
neutral chelating bisguanidine ligand,

[(btmgb)PtCl(dmso)]*[PtCly(dmso)] ",

and [(btmgb)PtCl(dmso)]*[Cl"] were
synthesized and characterized. In the
[btmgbH]™* cation the proton is bound
to only one N atom. In the other com-
plexes, both imine N atoms are coordi-

nated to the Pt", thus adopting a n*co-
ordinational mode. The hpp~ anion,
which usually prefers a bridging bind-
ing mode in dinuclear complexes, is n>-
coordinated in the Pt" complex [(n*
hpp)(hppH)PtCL{N(H)C(O)CH}],

and 1,3,4,6,7,8-hexahydro-2H-pyrimido-
[1,2-a]pyrimidinate (hpp~) as a guanidi-
nate ligand. The salts [btmgbH]™"
[HOB(C¢Fs);]~ and [btmgbH,]Cl, and
the complexes [(btmgb)PtClL,],

guanidines -
elucidation

Introduction

Interest in guanidine and its derivatives is manifold: for ex-
ample, it has been shown that 1,2-bis(NV,N,N',N'-tetramethyl-
guanidino)naphthalene (btmgn)! is a superbasic and kineti-
cally active proton sponge. Guanidinium chloride is, like
urea, a denaturant, which destabilizes globular proteins.”!
The destabilization mechanism is as yet unclear despite in-
tensive research on protonated guanidines.”! The potential
use of guanidine derivatives as synthetic anion receptors
(for example, in complexation of carboxylates and diols) has
been studied in some detail.™! The application of these
molecules as ligands in molecular complexes of transition
metals, however, is still very underdeveloped. Bridged bis-
guanidine molecules which have been synthesized® include
1,2-bis(N,N,N',N'-tetramethylguanidino)ethanel”  (btmge),
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which is formed (in low yield) by reac-
tion between cis-[(hppH),PtCl,] and

structure H,0, in CH;CN.

1,3-bis(N,N,N',N'-tetramethylguanidino)propane!®  (btmgp),
1,2-bis(N,N,N’,N'-tetramethylguanidino)benzene!” (btmgb),
1,8-bis(N,N,N',N'-tetramethylguanidino)naphthalene! (btmgn),
and 2,2'-bis(N,N,N',N'-tetramethylguanidino)biphenyl
(btmgbp)!'l. Rare examples of structurally characterized
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transition metal complexes include the Cul, CuCl,, and Fel,
complexes of btmgp.®! Owing to their strong basicity, com-
plexes with guanidine ligands should have interesting prop-
erties. Hence with the tripodal tren (tris(2-aminoethyl)a-
mine) derivative tris(tetramethylguanidino)tren
((tmg)stren), the cationic Cu complex [(tmg)strenCu]*!!
has been synthesized and was shown recently to bind O, in
an end-on fashion.'” Very recently it has been shown that
this Cu" superoxo complex can be used in oxygenation reac-
tions."™ Another example is [Pd(tmg),]Cl,, which has been
introduced as an inexpensive, air-stable catalyst for Heck re-
actions.""Herein we report on the synthesis of Pt and Pt'V

[(TMG)strenCu]X (X = Cl or ClOg4)

complexes with the chelating ligands bisguanidine (btmgb)
and the guanidinate derivative (1,3,4,6,7,8-hexahydro-2H-
pyrimido[1,2-a]pyrimidinate) (hpp~). We also report on the
first structural characterization of the [btmgbH]* cation and
the [btmgbH,]** dication.

Results and Discussion

We report on the characterization of the neutral and mono-
and diprotonated btmgb ligand, the synthesis of Pt" com-
plexes of the btmgb ligand and their structural and electron-
ic properties, and the synthesis of a Pt"Y complex with the
1’-coordinating guanidinate derivative hpp~ occupying two
coordination sites in a distorted octahedral complex.

Neutral and protonated btmgb ligands: We first studied the
reaction between btmgb and B(C¢Fs);. As expected, a com-
plex [(btmgb)-B(C4Fs);] cannot be formed for steric reasons.
In contrast to the reaction between 1,8-bis(dimethylamino)-
naphthalene and B(CFs); [see Eq. (1)],!”! B(C¢Fs); seems
not to abstract an H™ from btmgb. Thus btmgb/B(C4Fs); rep-
resents a “frustrated” Lewis acid-base pair.

H H +

Me /< «~Me

NMe, NMe; N N“‘Me

OO B(CoFs)— OO (HB(CFs)al”

Unfortunately, this mixture shows no reaction with H,
(1 bar, 25°C), so most probably it cannot be used like the
recently developed moisture and air-stable phosphonium
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borates [R,PH(C4F,)BH(C4Fs),] (R=2,4,6-Me;C4H, or tBu)
for hydrogenation reactions.'®! However, btmgb reacts with
H,0O-B(C¢Fs); to give the salt [btmgbH]*[HOB(C¢Fs);]~, 1.
Crystals of 1 suitable for X-ray diffraction analysis were
grown from CH;CN. This complex is the first salt of the pro-
tonated ligand to be structurally characterized. The addition
of HT can be regarded as the simplest model for complexes
of btmgb. Two details of the structure of 1 (see Figure 1) are

Figure 1. Crystal structure of 1. Ellipsoids are drawn at the 50 % proba-
bility level.

of particular interest: a)in clear contrast to protonated
proton sponges such as 1,8-bis(dimethylamino)naphthalene
or 1,8-bis(N,N,N',N'-tetramethylguanidino)naphthalene, H*
is bound to only one of the imine N atoms in btmgb, and in
addition interacts with the O atom of the [HOB(C¢Fs);]™
anion; b) as a consequence of protonation, the N=C bond
length increases by approximately 4 pm (from 130.1(3) to
134.0(3) pm, see Table 2). Table 1 contains selected bond

Table 1. Selected bond lengths [pm] and angles [°] of 1 as obtained by X-
ray diffraction studies (see Figure 1 for atom numbering).

N1-Cl 139.7(3) N4—C6 143.4(3)
N1-C7 129.7(3) N4—C12 134.0(3)
C7-N2 137.3(3) C12-N5 134.6(3)
C7-N3 137.5(3) C12-N6 133.93)
N4—H 89.3(2) O1-H 89.0(2)
N4--01 277.3(2) 01-B1 146.6(3)
N1--N4 276.3(3) C1-C6 140.9(3)
N4-H--O 176.7(54) NH--O1-B1 138.3(54)
N4-H--N3 42.7(54) H-O-B1 116.3(46)
C6-N4-C12 124.18(17) CI-N1-C7 123.49(18)
N4-C12-N5 120.38(19) N1-C7-N2 127.97(19)
N4-C12-N6 119.50(18) N1-C7-N3 118.06(19)
N5-C12-N6 120.02(19) N2-C7-N3 113.96(18)

lengths and angles of 1. The cation and anion interact
through an N—H:-O contact. The structure of the [HOB-
(C¢Fs)s]™ anion is close to that found previously in the salt
of the 7-aza-1H-indolium cation.!”)

The free [btmgbH]*t cation has been studied previously
by using quantum chemical calculations,™® which found an
N—H bond length of 99.7 pm in the minimum-energy struc-
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ture. The distance between of the proton from the second
imine N atom amounts to 255.9 pm. Thus, in agreement with
the results obtained for 1, the calculations predict that the
proton will be bound to only one N atom and will not inter-
act significantly with the second one. We recalculated the
structures of the neutral btmgb molecule and the
[btmgbH]* cation; Table 2 compares some of the structural
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A [btmgbH,]** dication is present in the salt
[btmgbH,]Cl,, 2, which can be synthesized from btmgb and
HCI and crystallized from CH;CN (and contains crystal
water). Figure 2 displays the crystal structure and Table 3
summarizes some of the structural parameters. The elonga-
tion of the N1—C7 and N4—C12 bond lengths from 129.1(3)/
130.1(3) pm in btmgb to 135.1(3)/135.8(3) pm in 2 is the

most remarkable feature and
was found also for the Pt com-

Table 2. Comparison of calculated and experimentally determined bond lengths [pm] and angles [°], and

degree of pyramidalization of amino nitrogen [% ] for btmgb and [btmgbH]* (see Figures 1 and Scheme 1, and

the Supporting Information, for atom numbering and nomenclature).*)

plexes studied in this work (see
below). Only one of the two

Cl™ anions interacts with the H

btmgb [btmgbH]*

exptl® caled exptl caled atoms of the two NH groups.
C1-C6 141.8(3) 141.7(4) 140.9(3) 1414(6) The distance between the two
N1--N4 285.8(2) 288.1(0) 276.8(3) 2802(9) Cl” anions amounts to more
CoNaO, 140409 13950 12400 ar(s) ‘hen 650pm to minimize the

— —N),, . ) . : . .
NI-CT/(C-N), 129.1(3) 128.5(5) 129.7(3) 13100 clectrostatic repulsion.
N4-C12/(C-N),, 130.1(3) 128.8(8) 134.0(3) 134.4(0)
C7-N2/(C-N),, 138.1(3) 138.5(7) 137.3(3) 137.7(7) Pt complexes of btmgb: If the
CT7-N3/(C-N);,, 138.8(3) 139.5(1) 137.5(3) 136.8(6) btmgb ligand is reacted with
CI2-N5/(C—N) g 138.5(3) 139.0(6) 134.6(3) 134.6(2) [(dmso),PtCl,], different prod-
C12-N6/(C—N)y, 137.6(3) 138.9(4) 133.6(3) 134.3(1) . )
NoH 89.3(2) 100.9(4) ucts are obtained depending on
H-N 335.7(3) 340.9(0) the solvent. As a reaction prod-
uct in CH;CN we obtained a

B 42.70(9) 45.96 red salt, which was identified as
DP(N,,) 21 21 03 0.8 [(btmgb)PtCI(dmso)]*
DP(N,y,) 9.7 8.5 8.1 43 3
DP(N,,,) 10.6 11.0 03 02 [PtCl(dmso)]”, 3 (see
DP(N;,) 38 3.1 1.1 0.6 Scheme 2). Crystals of 3 were

[a] N2 apical: DP(N;,;); N3 apical: DP(N;,); N5 apical: DP(Ny,); N6 apical: DP(N,,,) (DP=degree of pyra-
midalization; dp,ip= directly and indirectly protonated). [b] Parameters from a new X-ray diffraction analysis

(see cif file, CCDC-677131).

elements. The nomenclature (which is similar to that used in
ref. [18]) is explained in Scheme 1 (DP: degree of pyramid-
alization).'®! In agreement with the previous calculations

Ndp1 N\p1
+
C H C
Ny ‘\.‘\ pZ \Ni
" d(C=W\de"T' """" NZdCN),
d(C—N)dp\ B d(C-N),,
o} c

Scheme 1. Labeling for the [btmgbH]* cation.

and our experimental results obtained for 1, the form in
which the proton is bound to only one N atom represents a
minimum on the potential energy surface.””! The change in
the calculated N---N separation from 288.1 pm in btmgb to
2802 pm in [btmgbH]" is particularly remarkable. The
value of 218.4 pm as given in ref. [18]) for the N--N separa-
tion in noncoordinating btmgb is a printing error; it should
be 281.4 pm.™! The crystal structure analysis yielded N---N
separations of 285.8(2) and 276.8(3) pm in btmgb and 1.
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grown from acetone/hexane.
Figure 3 illustrates the crystal
structure of 3 and Table 4 con-

Figure 2. Crystal structure of 2. Ellipsoids are drawn at the 50% proba-
bility level.

tains selected bond lengths and angles. In contrast to HT,
Pt" is bound to both imine N atoms (N1 and N4). The Pt—
Cl length (231.7(1) pm) in the cation [(btmgb)PtCl(dmso)]*
is slightly greater than that measured for (2,2"-bipyridine)di-
chloroplatinum (230.6 pm),! and significantly greater than
the Pt—Cl bond length measured in the unusual complex di-
chloro[4,9-dichloroquino(7,84)quinoline]platinum

(229.2(4) pm), in which the Pt atom lies above the approxi-
mate plane in which the quinoline ligand (which becomes
bent upon coordination) is located.” The relatively great
Pt—ClI bond length in 3 can be explained by the electron
density donation by the strongly basic btmgb ligand. The
Pt—N bond lengths, 203.6(3) and 201.5(3) pm, are in good
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Table 3. Selected bond lengths [pm] and angles [°] of 2 as obtained by X-

ray diffraction studies (see Figure 2 for atom numbering).

C1-N1 145.8(4) C6-N4 142.8(3)
N1-C7 135.1(3) N4—C12 135.8(3)
C7-N2 132.2(4) C12-N6 133.1(3)
C7-N3 133.8(3) C12-N5 133.5(3)
Cl1--HN1 225.8(2) Cl1--HN4 230.4(2)
N1-H 89(3) N4-H 90(3)
C1-C6 139.6(4) N1--N4 283.9(3)
C7-N1-H 117(2) C12-N4-H 116.4(19)
C1-N1-H 115(2) C6-N4-H 118.9(19)
C1-N1-C7 125.5(2) C6-N4-C12 123.8(2)
N1-C7-N2 118.8(2) N4-C12-N6 120.9(2)
N1-C7-N3 120.4(3) N4-C12-N5 118.0(2)
N2-C7-N3 120.7(2) N5-C12-N6 121.1(2)
MeoN_ NMeyp MeN,_ NMey|*
T 7
N N
©: + H0-B(CgF5)3 — @: [HOB(CgF5)3]”
N N—H

Figure 3. Crystal structure of 3. Ellipsoids are drawn at the 50 % proba-
bility level.

Table 4. Selected bond lengths [pm] and angles [°] of 3 as obtained by X-
ray diffraction studies (see Figure 3 for atom numbering).
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Scheme 2. Synthesis of complexes 1,3-5.

agreement with those obtained previously for the guanidine
complex [(hppH),PtCl,] in its cis (202.3(3) and 202.2(3) pm)
and trans (203.3(2) pm) forms.” They compare with a Pt—N
bond length of 200.1(6) pm in (2,2’-bipyridine)dichloroplati-
num.” The Pt atom is coordinated in a planar fashion
(angle sum =360°) by the four atoms (Cl, S, and two N) di-
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N1-C1 141.1(5) N4—C6 140.6(5)
N1-C7 135.6(5) N4—C12 137.5(5)
C7-N2 133.6(5) C12-N5 132.0(5)
C7-N3 134.3(5) C12-N6 134.4(5)
N1-Pt2 203.6(3) N4—P12 201.5(3)
P2—Cl4 231.7(1) P12-S2 221.3(1)
Pt1-S1 219.6(1) Pt1-Cl1 230.4(1)
Pt1-CI2 232.8(1) Pt1-CI3 230.5(1)
S1-01 147.4(3) S2-02 147.1(3)
N1-Pt2-N4 79.96(13) Cl4-P12-S2 88.87(4)
N1-Pt2-Cl4 94.05(9) N4-P12-S2 96.99(10)
N1-Pt2-S2 174.07(10) N4-P2-Cl4 173.86(9)
C6-N4-Pt2 114.8(2) CI-N1-P2 113.8(2)
C12-N4-Pt2 126.7(2) C7-N1-P2 124.9(2)
C6-N4-C12 117.5(3) CI1-N1-C7 120.2(3)
N4-C12-N5 119.1(3) N1-C7-N2 119.6(3)
N4-C12-N6 119.2(3) N1-C7-N3 121.3(4)
N5-C12-N6 121.6(3) N2-C7-N3 119.1(4)

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

rectly attached to Pt. Whereas all these parameters fit more
or less with expectations, the dramatic change in the btmgb
C=N bond lengths within the btmgb ligand upon coordina-
tion is remarkable. Thus the N1—C7 and N4—C12 bond
lengths increase from 129.1 and 130.1 pm in btmgb to as
much as 135.6(5) and 137.5(5) pm in 3.

Additional experiments were carried out with btmgb and
[(dmso),PtCl,] dissolved in DMSO. The product of this reac-
tion (see Scheme 2) turned out to be the salt [(btmgb)PtCl-
(dmso)]*Cl, 4, which was identified by NMR, IR, UV/Vis
spectroscopy, and mass spectrometry. If 4 is heated under
vacuum to 150°C, the NMR spectra indicates the loss of
DMSO and quantitative formation of the neutral complex
[(btmgb)PtCl,], 5. DMSO elimination of this kind was also
observed for other Pt complexes; for example, reaction be-
tween [(dmso),PtCl,] and ethylenediamine (en) yields first
[PtCl(dmso)(en)]CL?Y  which can be converted into
[(en)PtCl,] by heating in vacuum or by stirring in CH,Cl,

Chem. Eur. J. 2008, 14, 7813 -7821
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for several days.” Crystals of 5
were grown from toluene/di-
chloromethane (6:1 v/v) mix-
tures. As in 3 (and also 2), the
significant elongation of the
btmgb C=N bond lengths in §
upon coordination, as deter-
mined by X-ray diffraction
(Figure 4), is the most remark-
able structural detail (see
Table 5 for selected bond
lengths and angles). Quantum
chemical calculations are gener-
ally in pleasing agreement with

Figure 4. Crystal structure of 5.
Ellipsoids are drawn at the
50% probability level.

Table 5. Selected bond lengths [pm] and angles [°] of 5 as obtained by X-
ray diffraction studies (see Figure 4 for atom numbering).

N1-C7 136.0(8) N4—C12 1352(8)
N1-C1 141.7(7) N4—C6 141.5(8)
C71-N2 131.2(8) C12-N5 131.6(8)
C7-N3 134.7(8) C12-N6 135.9(8)
N1-Pt 202.3(5) N4-Pt 203.3(5)
Pt—Cll 232.0(2) Pt—CI2 232.0(2)
N1-Pt-N4 80.6(2) Cl1-Pt-CI2 88.96(6)
N1-Pt-Cl1 174.64(14) N1-Pt-CI2 94.89(14)
N4-Pt-Cl1 95.23(15) N4-Pt-CI2 173.15(15)
C6-N4-Pt 113.8(4) C1-N1-Pt 113.7(4)
C12-N4-Pt 125.0(4) C7-N1-Pt 125.5(4)
C6-N4-C12 119.2(5) C1-N1-C7 118.8(5)
N4-C12-N5 120.2(6) N1-C7-N2 120.4(6)
N4-C12-N6 120.2(6) N1-C7-N3 120.5(6)
N5-C12-N6 119.5(6) N2-C7-N3 119.1(6)

the experimental results (see the tables in the Supporting In-
formation); the largest deviations occur for the N—Pt bond
lengths. The N1-C7 and N4—C12 bond lengths in 5 were cal-
culated to be 134.0 and 133.9 pm. In principle 5§ can be con-
verted back to 4 on stirring a solution of § in DMSO. How-
ever, this reaction is extremely slow and requires more than
a week at room temperature. [(en)PtCl,] has been shown
previously to undergo slow solvolysis in DMSO at room
temperature to give [(en)Pt(dmso)CI]* [CI]~;P¥ this reaction
can be accelerated by UV photolysis.””! The Gibbs energy
of activation for the thermal process was estimated to be
96 kJmol ™' at 25°C.

Figure 5 displays UV/Vis spectra for free btmgb and 3-5,
and Table 6 includes the wavelengths and extinction coeffi-
cients for all the absorption maxima observed. The wave-
length of the absorption maximum of [(dmso),PtCl,] was
taken from the literature.” The spectrum of the free btmgb
ligand contains an absorption maximum at A=292 nm. In
the spectra recorded for 3, 4, and S5, three absorption
maxima were observed. As expected, the spectra of 3 and 4
are similar. The absorption maxima shift to lower energies
in the neutral complex 5. Information about the electron
density distributions in the HOMO and LUMO of free

Chem. Eur. J. 2008, 14, 7813 -7821
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Figure 5. UV/Vis spectra of btmgb and compounds 3-5.

Table 6. Measured absorptions [nm], with extinction coefficients
[dm*mol~! em™'] in parentheses, for btmgb and complexes 3, 4, and 5.

[(dmso),PtCl,] btmgb 3 4 5

265 292 292 292 313

(3.80x10%) (1.18x10%)  (1.45x10%  (1.38x10%)  (2.13x10%
341 341 361
(0.49%x10% (0.46x10% (1.21x10%
431 432 469
(022x10%  (022x10%)  (0.41x10%

btmgb 5 and the [(btmgb)PtCl(dmso)]* cation present in 3
and 4 was obtained by quantum chemical calculations. An il-
lustration of the isodensity surfaces (see the Supporting In-
formation) reveals that the HOMOs of free btmgb and the
[(btmgb)PtCl(dmso)]* cation have some similarities, and
the Pt d orbital contribution is not very substantial. Only in
the LUMO of [(btmgb)PtCl(dmso)]* is a large contribution
from a Pt d orbital visible. In the HOMO of 5, however, a
Pt d orbital plays a dominant role, whereas the LUMO
shows similarities to that of [(btmgb)PtCl(dmso)]*. Addi-
tional coupled-cluster calculations using the CC2 method
were carried out for btmgb and 5. The structures were opti-
mized and, subsequently, excitation energies and intensities
were calculated. These CC2 calculations yielded results, but
they were problematic because the values for the D, diag-
nostics®®! (0.14 for 5 and 0.08 for btmgb) clearly lie outside
the range (D;(CC2)=0.05) over which the method can be
expected to perform well. The spectra obtained are shown
in the Supporting Information. (To display the spectra, the
calculated transitions are folded by Gaussian functions with
a standard deviation of 0=20 nm.) The calculated spectra
seem to reproduce the essentials of the observed spectra
well. The experimental spectrum of btmgb shows no absorp-
tion between 1=600 and 350 nm, and has a band with a
maximum around 300 nm. Likewise, the calculated spectrum
shows no absorption in the longer-wavelength region, but an
intense absorption between A =300 and 200 nm. The experi-
mental spectrum of 5 is characterized by additional absorp-
tions at longer wavelengths, namely at A=470, 360, and

www.chemeurj.org — 7817


www.chemeurj.org

CHEMISTRY—

H.-J. Himmel et al.

A EUROPEAN JOURNAL

310 nm. Likewise the calculated spectrum features an ab-
sorption maximum at A =430 nm, and furthermore a should-
er at A=320nm and a maximum at A=270 nm. Hence, the
basic difference between observed and calculated spectra
appears to be a shift by about 40 nm. The main contribution
to the transition calculated at about 430 nm stems from the
excitation of the 58a’ orbital (HOMO) to the 52a”
(LUMO +1) orbital (see the Supporting Information for iso-
density plots). Both orbitals are delocalized over the Pt
center, the guanidino unit, and the benzene ring, but within
the 58a’ orbital the contribution from the guanidino unit is
localized at the nitrogen bound to the Pt center, whereas
within the 52a” orbital it is localized at the central carbon
atom of the guanidino unit. Hence, some charge transfer to
the central carbon atom of the guanidino group can be as-
signed to the transition at 1 =430 nm.

[(hpp) (hppH)PtCL{N(H)C(O)CH3}] (6): In compounds 3-5
the guanidine acts as a neutral ligand. For guanidines such
as hppH, which feature a hydrogen atom bound to the N
atom, proton elimination occurs easily, leading to the hpp~
anion, which could act as a n'- or n?-coordinating ligand as
well as a bridging (u?) ligand. An example of a complex
with bridging guanidinate ligands and Pt in a high oxidation
state is [Pt,(hpp),Cl,] with its characteristic paddlewheel
structure,® in which the Pt atoms are engaged in direct and
multiple metal-metal bonding (and thus formally containing
a Pt,°* dimer). From a simple consideration of orbital orien-
tation it has been claimed that hpp~ prefers p coordination
over 1? coordination, a rule which indeed many compounds
obey.®*!l Recently we have reported on the bisguanidine
complex [(hppH),PtCl,], which can be synthesized in its cis
as well as in its trans form.”? In new experiments cis-
[(hppH),PtCl,], dissolved in CH;CN, was treated with a
30% H,0, aqueous solution. Oxidation of Pt to Pt"Y was
followed by a color change from yellow to orange, giving an
oily product, which we were not able to crystallize or char-
acterize adequately. A small number of crystals were grown
from an acetone/hexane mixture. The single-crystal analysis
showed that these crystals consisted of [(n’-hpp)-
(hppH)PtCL{N(H)C(O)CH3}] molecules, 6 (see Figure 6),
which are formed by the pathway shown in Scheme 3. H,0,
reacts first with cis-[(hppH),PtCl,] to give [(n*hpp)-
(hppH)PtCl,(OH)], which is likely to be the oily compound.
The acetamido species 6 is formed by conversion of solvent
(CH;CN) molecules in the ligand sphere. Such a process has
been reported in the literature for other Pt complexes.*
The most interesting structural feature of 6 (see Table 7) is
the bonding mode of the hpp~ ligand. The N4---N5 separa-
tion (220.1(2) pm) is short, and the angle N4-C8-NS5 is only
108.6(3)°. For comparison, the N1---N2 bond length and N1-
C1-N2 bond angle within the n'-coordinated hppH ligand
are 232.1(3) pm and 120.0(4)°. The Pt atom is coordinated
in a distorted octahedral fashion by three N, two Cl, and
one O atom. The N4-Pt-N5 angle (64.2(1)°) is much smaller
and the N4-Pt-ClI1 angle much larger (103.0(1)°) than the
90° angle of an octahedron.
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Figure 6. Crystal structure of 6. Ellipsoids are drawn at the 50 % proba-
bility level.

H202

[cis-(hppH)thCIzl#' [(hppH)2PtCl2(OH),]

&Hzo

5 + CH3CN 5
[(hppH)Pt(n“-hpp)Cl2(N(H)C(O)CH3)] =~——— [(hppH)Pt(n“-hpp)Cl2(OH)]
6

Scheme 3. Synthesis of complex 6.

Table 7. Selected bond lengths [pm] and angles [°] of 6 as obtained by X-
ray diffraction studies(see Figure 6 for atom numbering).

Pt—Cl1 235.1(1) Pt—CI2 232.9(1)
Pt-N7 203.6(4) Pt—N1 203.8(3)
Pt—N4 206.5(3) Pt—N5 207.0(3)
Pt--C8 247.6(1) Pt--HN2 281.9(3)
N2—-Cl1 135.4(5) N1-Cl 132.4(5)
N3—C1 134.3(5) N2-H 87(5)
N4-C8 134.7(5) N5-C8 135.9(5)
N6-C8 132.4(5)

CI1-Pt-CI2 89.6(4) N4-Pt-N5 64.2(1)
N1-Pt-Cl1 90.3(1) N1-Pt-CI2 176.8(1)
N1-Pt-N4 88.0(1) N1-Pt-N5 92.3(1)
N4-Pt-Cl1 103.0(1) N4-Pt-CI2 88.9(1)
N5-Pt-Cl1 166.8(1) N7-Pt-N2 92.5(2)
N7-Pt-N4 173.8(1) N7-Pt-N5 109.6(1)
N7-Pt-Cl1 83.2(1) N7-Pt-CI2 90.7(1)
N1-C1-N2 119.9(4) N4-C8-N5 108.6(3)

To find out whether CH;COOH elimination from 6 is pos-
sible leading to the Pt"Y complex [(n*-hpp),PtCL,], 7, further
quantum chemical calculations were carried out which indi-
cate that 7 is indeed a stable species (see Figure 7 for an il-
lustration of its likely structure and Table 8 for selected
bond lengths and angles). An energy change AgE of
+48kJmol ! is calculated to be associated with the (gas-
phase) reaction set out in Equation (2); at T=298 K
ARGe=—12kImol .
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Figure 7. Calculated structure of 7.

Table 8. Selected calculated bond lengths [pm] and angles [°] of 7 (see
Figure 7 for atom numbering).

Pt—Cl1 237.7 Pt—CI2 237.9
Pt—N1 208.8 Pt—N2 208.1
Pt—N4 208.3 Pt—N5 208.3
N1—-C1 1335 N2—-C1 134.0
N4—-C8 133.9 N5-C8 133.7
N3—C1 135.4 N6—C8 134.9
N1-Pt-N2 63.4 N4-Pt-N5 63.5
Cl1-Pt-C12 93.2 N1-Pt-N4 162.9
N1-Pt-N5 104.1 N1-Pt-Cl1 88.0
N1-Pt-CI2 103.6 CI2-Pt-N2 166.8
CI1-Pt-N5 167.0 N4-Pt-Cl1 103.7
N4-Pt-CI12 88.4 N4-Pt-N2 103.9

[(W*-hpp) (hppH)PtCL (OAc)] — [(*-hpp),PtCL] + HOAc
(2)

On the basis of these theoretical results it is plausible that
7 could be formed as well. Indeed, the NMR spectra of the
reaction mixture (see the Supporting Information) indicate
the presence of more than one reaction product.

Conclusion

Reaction of 1,2-bis(N,N,N',N'-tetramethylguanidino)benzene
(btmgb) with H,0-B(CFs); leads to protonation and forma-
tion of the salt [btmgbH]*[HOB(CFs);]~. In the [btmgbH]™*
cation the proton is bound to only one N atom, in agree-
ment with quantum chemical calculations. In contrast to
proton sponges such as 1,8-bis(N,N,N',N'-tetramethylguani-
dino)naphthalene (btmgn) there is no significant interaction
with the second imine N atom. The [btmgbH,]** dication
also was characterized structurally. The experiments showed
that btmgb could be used as a chelating ligand. The new Pt
complexes [(btmgb)PtCl)], [(btmgb)PtCl(dmso)][PtCl;-
(dmso)] and [(btmgb)PtCl(dmso)]Cl were prepared and
characterized. According to X-ray diffraction analysis re-
sults, upon coordination of Pt" the imine N=C bond lengths
of btmgb increase dramatically: in [(btmgb)PtCl,] and
[(btmgb)PtCl(dmso)][PtCl;(dmso)] they increase by about
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6 pm. A new PtV complex with a chelating guanidinate,

[(m*hpp)(hppH)PtCL{N(H)C(O)CH,;}], in which the hpp~
ligand is n?-coordinated, was synthesized also.

Experimental Section

All synthetic work was carried out by using standard Schlenk techniques.
IR spectra were recorded by using a BIORAD Excalibur FTS3000 spec-
trometer. NMR spectra were measured by means of a Bruker Avance
11 400 spectrometer. A Perkin-Elmer Lambda 19 spectrometer was used
for recording UV/Vis spectra. The ligand btmgb was synthesized as de-
scribed in the literature.”!

[btmgbH]*[HOB(CF5);]~ (1): The ligand btmgb (0.079 g. 0.26 mmol)
and H,0-B(C¢Fs); (0.133 g, 0.25 mmol) were stirred in toluene at room
temperature for 1h. After removal of the solvent the remaining white
solid was crystallized from CH;CN. White crystals of 1 (0.106 g,
0.13 mmol) were obtained. Yield 52%; "H NMR (399.89 MHz, CD;CN):
0=6.95-6.92 (m, 2H), 6.71-6.68 (m, 2H), 2.78 ppm (s, 24H; CH;);
BCNMR (100.56 MHz, CD;CN): 6=160.87, 137.51, 123.88, 122.07,
40.19 ppm (CH;3); "BNMR (128.30 MHz, CD;CN): 6=-3.95 ppm;
F NMR (376.23 MHz, CD;CN): 0 =—135.54, —161.70, —165.66 ppm; IR
(CsI): 7=3690 (w), 2939 (w), 1644 (m), 1616 (m), 1583 (s), 1562 (vs),
1515 (vs), 1464 (vs), 1425 (m), 1386 (m), 1276 (w), 1161 (w), 1082 (s), 959
(s), 810 (W), 770 (w), 748 (W), 673 cm™" (w); MS (ESLLCH;CN): m/z (%):
305 (100) [btmgbH]™*, 260 (8.5) [btmgbH—HN(CH,),]*.

[btmgbH,]Cl, (2): The ligand btmgb (0.65 g, 2.14 mmol) was dissolved in
HCI (5 mL, 1m). Subsequently the water was removed and the remaining
solid was crystallized from CH,;CN. The crystals were dried under
vacuum to give 2 (0.584 g, 1.55 mmol) as a white solid. Yield 73%;
'"HNMR (199.92 MHz, CD,CN): §=11.24 (s, 2H), 7.31-7.22 (m, 2H),
7.01-6.92 (m, 2H), 2.97 ppm (s, 24H; CH;); "CNMR (50.28 MHz,
CD;CN): 6=159.64, 131.16, 127.51, 123.96, 41.27 ppm (CHj;); IR (Csl):
7=3433 (s), 3344 (s), 2951 (m), 1639 (vs), 1602 (s), 1549 (vs), 1489 (m),
1478 (s), 1449 (m), 1406 (s), 1307 (s), 1231 (s), 1167 (m), 1068 (w), 1036
(m), 913 (w), 866 (w), 782 (m), 756 (m), 504 cm™' (m); MS (EI): m/z
(%): 305 (39) [btmgbH]*, 260 (44) [btmgbH—HN(CHs;),]*, 233 (37)
[btmgbH—-HN(CH;),~HCN]*, 188 (91) [btmgbH—-2HN(CH;),~HCN]*
108 (74) [CsHN,] ™.

[(btmgb)PtCl(dmso)] T [PtCly(dmso)]” (3): A  solution of cis-
[(dmso),PtCL,] (0.236 g, 0.559 mmol) in CH;CN (15 mL) containing and
btmgb (0.176 g, 0.578 mmol) was stirred for 1 h at room temperature. The
solvent was removed under vacuum and the remaining oil was dissolved
again in acetone (=7 mL). From this solution 3 (0.146 g, 0.147 mmol)
was precipitated as orange crystals. Yield 53%; "H NMR (399.89 MHz,
CD;CN): 6=6.72-6.68 (m, 2H), 6.37-6.31 (m, 2H), 3.36 (s, 6 H; dmso),
3.26 (s, 6H; dmso), 3.10 (s, 6H; CH;), 3.08 (s, 6H; CHj;), 3.02 (s, 6H;
CH;), 299 ppm (s, 6H; CH;); "CNMR (100.56 MHz, CD;CN): 6=
166.88, 165.38, 143.82, 143.74, 121.79, 121.77, 115.73, 114.64, 45.53
(dmso), 43.92 (dmso), 41.68 (CHj;), 41.52 (CHj;), 40.97(CHj;), 40.28 ppm
(CH;); Pt NMR (85.96 MHz, CD;CN): 0=-2962.34, —2979.24 ppm;
IR (CsI): 7=3003 (w), 2918 (w), 1606 (s), 1592 (vs), 1580 (s), 1515 (vs),
1488 (vs), 1443 (m), 1400 (vs), 1316 (s), 1277 (s), 1225 (m), 1163 (m),
1136 (s), 1030 (s), 921 (W), 876 (W), 845 (W), 735 (m), 694 (w), 443 cm™"
(w); UV/Vis (CHCl;, c¢=4.8x10"molL™"): A,.(e)=431 (2240), 341
(4926), 292 nm (14479 dm*mol ' cm™'); MS (FAB): m/z (%): 613 (100)
[(btmgb)Pt(dmso)Cl]*, 570  (9) [(btmgb)Pt(Cl),]*, 534 (26)
[(btmgb)PtCl]*, 499 (69) [(btmgb)Pt]**, 454 (15)
[(btmgb)Pt—N(CHj,),]**, 409 (17) [(btmgb)Pt—2N(CH,),]**.
[(btmgb)PtCl(dmso)]TCl~ (4): cis-[(dmso),PtCl,] (0.253 g, 0.599 mmol)
was dissolved in DMSO (15mL), btmgb (0.192 g, 0.631 mmol) was
added, and the reaction mixture was stirred for 1 h at room temperature.
Half of the DMSO was removed and acetone (5mL) was added. A
yellow solid (4) (0.295g, 0.454 mmol) was precipitated. Yield 76%;
'"HNMR (399.89 MHz, CD;CN): §=6.72-6.67 (m, 2H), 6.36-6.31 (m,
2H), 3.36 (s, 6H; dmso), 3.09 (s, 6H; CHj;), 3.08 (s, 6H; CH;), 3.02 (s,
6H; CH;), 2.99 ppm (s, 6H; CH,); *C NMR (100.56 MHz, CD;CN): 6=
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166.90, 165.40, 143.82, 143.75, 121,78, 121.77, 115.74, 114.64, 45.50
(dmso), 41.66 (CH;), 41.51 (CHs), 40.95(CH;), 40.27 ppm (CHj);
Pt NMR (85.96 MHz, CD;CN): §=-2979.49; IR (Csl): #=3013 (w),
2928 (w), 1599 (vs), 1578 (s), 1520 (vs), 1485 (s), 1470 (s), 1416 (s), 1395
(vs), 1323 (s), 1275 (m), 1225 (m), 1167 (m), 1141 (s), 1035 (m), 1009 (w),
920 (w), 871 (w), 841 (w), 752 (m), 441 cm™! (w); UV/Vis (CHCL;, c=
59x10° molL™"): A, (£)=432  (2159), 341 (4564), 292 nm
(13828 dm’mol ' em™"); MS (ESI,CH,CL): m/z (%): 612 (100) [M—1];
MS (FAB): m/z (%): 613 (90) [(btmgb)Pt(dmso)Cl]*, 534 (26)
[(btmgb)PtCI]*, 499 (78) [(btmgb)Pt]**, 454 (9) [(btmgb)Pt—N(CH,),]**,
409 (12) [(btmgb)Pt—2N(CH,),]**.

[(btmgb)PtCl,] (5): Compound 4 (0.188 g, 0.290 mmol) was heated for
4 h under vacuum to 150°C. A red compound was formed. Upon recrys-
tallization from toluene/dichloromethane (6:1, v/v) red crystals of 5
(0.155 g, 0.272 mmol) were obtained. Yield 94%; 'H NMR (399.89 MHz,
CD;CN): 6=6.61-6.57 (m, 2H), 6.24-6.20 (m, 2H), 3.01 (s, 12H; CHj;),
2.96 ppm (s, 12H; CH;); "CNMR (100.56 MHz, CD;CN): 0=167.76,
146.13, 121.06, 116.23, 41.23 (CH,), 39.80 ppm (CH;); '"PtNMR
(85.96 MHz, CD;CN): 6 = —1848.60 ppm; IR (CsI): #=2936 (w), 1594 (s),
1576 (vs), 1514 (vs), 1489 (s), 1400 (vs), 1323 (m), 1281 (m), 1217 (m),
1167 (m), 1036 (m), 920 (w), 871 (w), 839 (w), 756 (m), 697 cm™" (w);
UV/Vis (CHCL;, ¢=6,7x107> molL™"): A, (¢) =469 (4087), 361 (12141),
313nm (21268 dm*mol ' ecm™'); MS (FAB): m/z (%): 571 (60)
[(btmgb)PtCL]*, 534 (19) [(btmgb)PtCl]*, 498 (24) [(btmgb)Pt]**, 454
(9) [(btmgb)Pt—N(CHs;),]**, 409 (12) [(btmgb)Pt—2N(CHs,),]**.

[(hpp) (hppH)P{CL{N(H)C(O)CH}] (6): cis-[(hppH),PLCL] (144 mg),
prepared from reaction of [hppH,],[PtCl,] with Li(hpp) and also contain-
ing some hppH,Cl and [(hppH);PtCl]Cl (which are very difficult to elimi-
nate), was dissolved in CH;CN (10 mL). Slow addition of H,O, solution
(0.6 mL in total, 30%) resulted in the solution changing color from
yellow to orange. It was stirred for 20 h at room temperature, then the
solvent was removed under vacuum. The orange residue was washed sev-
eral times with diethyl ether, dissolved in acetone, and filtered from
silica. After removal of the solvent an orange oil remained. Crystals were
obtained from a solution of acetone layered with hexane at 0°C. The
"H NMR spectra showed the presence of molecules of more than one
product (see Discussion and the Supporting Information) so that unam-
biguous identification of the signals due to 6 proved impossible.

X-ray crystallography: Suitable crystals were taken directly out of the
mother liquor, immersed in perfluorinated polyether oil, and fixed on top
of a glass capillary. Measurements were made on a Nonius-Kappa CCD
diffractometer with a low-temperature unit using graphite-monochromat-
ed MoK, radiation. The temperature was set to 200 K. The data collected
were processed using the standard Nonius software.’”! All calculations
were performed using the SHELXT-PLUS software package. Structures
were solved by direct methods with the SHELXS-97 program and refined
with the SHELXL-97 program.’**! Graphical handling of the structural
data during solution and refinement was performed with XPMA .
Atomic coordinates and anisotropic thermal parameters of non-hydrogen
atoms were refined by full-matrix least-squares calculations.

CCDC-676968 (1), 676969 (2), 676966 (3), 676967 (5), 676970 (6) and
677131 (free btmgb ligand) contain the supplementary crystallographic
data (excluding structure factors) for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Quantum chemical calculations: The quantum chemical calculations
within the framework of density functional theory were performed with
the TURBOMOLE program package.’” In all calculations the B3LYP
functional®! was employed and the def2-TZVP basis set®! was used for
all atoms. This required the use of an effective core potential on Pt
representing 60 core electrons. The structures were optimized.

In addition, coupled cluster calculations using the CC2 method™!! were
performed for btmgb and complex 5. The structures were optimized and
subsequently excitation energies and intensities were calculated. The cal-
culations used the def2-SVP basis set® on Pt and the def2-SV(P) basis
set on all other atoms. Within the calculations, the resolution-of-the-
identity approximation was employed to calculate the two-electron inte-
grals. Therefore, the appropriate def2-SV(P) and def2-SVP auxiliary
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basis setsl* were used. The calculations were performed with the TUR-
BOMOLE program system.”” The underlying HF calculations used the
DSCF module;*! the CC2 calculations used the RI-CC2 module.[*!
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