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The reaction between activated bicyclic tetramethylbisurea
and 1,2-diaminobenzene or 1,2,4,5-tetraaminobenzene af-
fords new aromatic compounds functionalized with bicyclic
guanidino groups. Protonation and redox reactions are car-
ried out to obtain information about the chemical properties
of these new guanidines. They are used as chelating ligands

Introduction

Bisimines are interesting ligands in the design of highly
active homogeneous catalysts. For example, Ni and Pd com-
plexes with sterically demanding bisimine ligands, such as
ArN=C(R)C(R)=NAr and 2,6-(ArN=CR)2C5H3N (R = H
or alkyl, Ar = aryl, Scheme 1), have been widely applied in
catalytic olefin polymerization, and are especially attractive
for the polymerization of functionalized olefins.[1–3] The
properties of the Ar substituents, in particular their steric
requirements, generally control the molecular weight of the
oligomers or polymeric chains.

Scheme 1.

Guanidines, which are special imines, and guanidinates
exhibit a rich coordination chemistry, which is of interest
for a variety of applications.[4–11] 1,2-Bis(tetramethylguanid-
ino)benzene (btmgb),[12,13] and 1,2-bis(N,N�-dimethylethyl-
eneguanidino)benzene (bdmegb),[14,15] shown in Scheme 2,
are examples of bisguanidines that can coordinate to transi-
tion metal centers through their imino N atoms, similar to
other bisimine ligands. Indeed a number of mononuclear
metal complexes of these two ligands have already been

[a] Anorganisch-Chemisches Institut, Ruprecht-Karls-Universität
Heidelberg,
Im Neuenheimer Feld 270, 69120 Heidelberg, Germany
Fax: +49-6221-545707
E-mail: hans-jorg.himmel@aci.uni-heidelberg.de
Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/ejic.201100479.

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2011, 4220–42334220

in mononuclear and dinuclear group 10 metal (Ni, Pd, and
Pt) complexes, which could be interesting for catalytic appli-
cations. Initial experiments with a Ni complex showed a
moderate activity in olefin oligomerization yielding mostly C6

hydrocarbons.

studied.[16,17] If further guanidino groups are introduced in
positions four and five of the benzene ring, the redox-active,
relatively strong electron donors 1,2,4,5-tetrakis(tetrameth-
ylguanidino)benzene (ttmgb) and 1,2,4,5-tetrakis(N,N�-di-
methylethyleneguanidino)benzene (tdmegb) are obtained
(Scheme 2), which can coordinate two metal centers.[18–24]

Although oxidation, for example of ttmgb, generally leads
directly to the dications (presumably due to ion pairing),
the monocationic radical [ttmgb].+ has been stabilized in a
dinuclear CuII complex.[22]

Herein we report the synthesis of two new guanidine li-
gands 1 and 2 (Scheme 2), which are the products of the
reaction between activated bicyclic tetramethylbisurea
(tetramethylglycoluril) and 1,2-diaminobenzene or 1,2,4,5-
tetraaminobenzene. In comparison to the other guanidine
ligands shown in Scheme 2, the steric demand of the guan-
idino groups is larger due to the curved architecture of the
bicyclic ring system (the H atoms at the ring junction are cis
to each other). This could make these two bisimine ligands
potentially attractive for catalytic applications.

Results and Discussion

Synthesis and Characterization of 1 and 2

The new guanidine ligands were synthesized by the reac-
tion between bicyclic tetramethylbisurea (tetramethyl-
glycoluril) and 1,2-diaminobenzene or 1,2,4,5-tetraamino-
benzene. Bicyclic bisurea (bbu, glycoluril) and its derivatives
are well known, especially for their self-assembly and con-
densation reactions with formaldehydes to give macro-
cycles.[25–29] The resulting macrocycles can be used, for ex-
ample, as receptors, for the incorporation of organic guests
or transition metal complexes, and for chiral recognition.[30]

The three-step synthesis of 1 started with bicyclic tetra-
methylbisurea (other names 1,3,4,6-tetramethyltetrahydro-
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Scheme 2.

imidazo[4,5-d]imidazole-5-one or tetramethylglycoluril,
Scheme 3), which is also known by the name “mebikar” as
a polyfunctional pharmaceutical.[31–33]

Scheme 3.

This molecule can be prepared from a condensation reac-
tion between glyoxal and N,N�-dimethylurea, (MeNH)2CO.
In the second step, this bisurea was activated with oxalyl
chloride to give the Vilsmeier salt; see Equation (1).

The temperature of the reaction mixture during this step
was kept below 100 °C, as another product is formed at
higher temperatures. The high-temperature product was
crystallized from CH3CN solutions, and featured fused five-
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and six-membered rings [see Equation (1) and the Support-
ing Information]. In the third step the activated bisurea was
reacted with 1,2-diaminobenzene. Crystals of 1 suitable for
XRD analysis were obtained from CH3CN solutions, and
Figure 1 illustrates its molecular structure. As anticipated,
the two substituents adopt a cis configuration at the ring
junction. The dihedral angle formed by the mean planes of
the five-membered rings is 121.2°, which compares well
with a corresponding angle in 2,8-dimethyl-bicyclic bisurea
of 121.4(1)°.[34] At 129.13(14) pm, the lengths of the two
imino N=C bonds of 1 fall into characteristic regions. For
comparison, in the related bisguanidines btmgb and
bdmegb the imino C=N bond lengths measure 129.1(3)/
130.1(3)[13] and 128.0/128.4 pm,[15] respectively. The N···N

Figure 1.Molecular structure of 1 (hydrogen atoms omitted for
clarity). Vibrational ellipsoids are drawn at 50% probability. Se-
lected structural parameters (bond lengths in pm, bond angles in
°): N1–C3 141.74(13), N1–C4 129.13(14), N2–C4 137.56(14), N2–
C5 144.23(14), N3–C4 137.69(14), N3–C6 145.55(14), N4–C5
144.94(14), N4–C7 136.63(14), N5–C6 144.50(14), N5–C7
135.90(14), O1–C7 123.47(14), C3–C3� 141.2(2), C5–C6 154.55(15),
C3–N1–C4 123.18(9), N2–C4–N3 108.29(9), N2–C5–N4 115.39(9),
N3–C6–N5 104.16(9), N4–C7–N5 108.84(9).
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separation between the two imino N atoms of the guanid-
ino groups in 1 [295.3(5) pm] is larger by ca. 10 pm than
that of btmgb [285.8(2) pm],[13] presumably due to the in-
creased steric demand of the bicyclic guanidino groups in
1.

Reaction of activated bicyclic tetramethylbisurea with
1,2,4,5-tetraaminobenzene afforded 2, which was crys-
tallized from a saturated CH3CN solution. Figure 2 shows
its molecular structure. The interguanidino imino N···N
separation of 297.5(4) in 2 compares well with that of
295.3(5) pm in 1. The N=C double bond lengths measures
128.7(2)/128.8(2) pm. Figure 3 displays the UV/Vis spectra
of 1 and 2. In the spectrum recorded for 1, bands at 225
(with a shoulder near 234 nm), 267, and 306 nm are ob-
served. The spectrum for 2 also contains three bands, which

Figure 2. Molecular structure of 2 (hydrogen atoms omitted for
clarity). Vibrational ellipsoids are drawn at 50% probability. Se-
lected structural parameters (bond lengths in pm, bond angles in
°): N1–C1 141.8(2), N1–C4 128.7(2), N2–C4 137.1(2), N2–C5
143.2(2), N3–C5 145.4(2), N3–C6 136.2(2), N4–C6 136.0(2), N4–
C7 144.9(2), N5–C4 138.4(2), N5–C7 145.6(2), N6–C3 141.62(19),
N6–C12 128.8(2), N7–C12 137.2(2), N7–C13 145.0(2), N8–C13
144.8(2), N8–C14 136.3(2), N9–C14 136.5(2), N9–C15 144.9(2),
N10-C12 137.0(2), N10-C15 144.1(2), C6–O1 123.70(19), C14–O2
123.3(2), C1–C2 139.5(2), C1–C3 141.0(2), C2�–C3 139.2(2), C5–
C7 155.1(2), C13–C15 154.4(2), C1–N1–C4 121.06(13), N2–C4–N5
108.37(14), N3–C6–N4 109.09(14), C3–N6–C12 122.03(13), N7–
C12–N10 107.96(14), N8–C14–N9 108.86(15).

Figure 3. UV/Vis spectra of 1 and 2 in CH3CN.
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are, however, redshifted with respect to 1 (247, 290, and
347 nm). For comparison, the spectrum of btmgb contains
a single band at 292 nm.[18]

Protonation Experiments

Guanidino-functionalized naphthalene species such as
1,8-bis(tetramethylguanidino)naphthalene[35] and 1,4,5,8-
tetrakis(tetramethylguanidino)naphthalene[21,36] have been
shown to be proton sponges. Hence the monoprotonated
form of these species features the proton in an unsymmetric
bridging position between both imino N atoms. Proton-
ation experiments with 1 and 2 were carried out to probe if
they behave as proton sponges. The reaction of 1 with HCl
yielded [1H2]Cl2·H2O. The structure derived from XRD
analysis is depicted in Figure 4. As anticipated, protonation
occurred exclusively at the two imino N atoms. The N=C
bond lengths in [1H2]2+ are 133.3(3)/133.3(4) pm, and the
interguanidino distance (imino N···N separation) is 298.1(4)
pm. As illustrated in Figure 4 (b), 1D networks were formed
in the crystalline state, in which the protonated ligand units
are connected by hydrogen bonding interactions involving
chloride ions and water molecules. In CD3CN solution, the
N–H protons were observed at δ = 12.01 ppm in the 1H
NMR spectra. For comparison, the corresponding signal of
[btmgbH2]2+ was found at δ = 11.24 ppm (also in
CD3CN).[13]

Figure 4. a) Molecular structure of (1H2)Cl2·H2O (hydrogen atoms
omitted for clarity). Vibrational ellipsoids are drawn at the 50%
probability level. Selected structural parameters (bond lengths in
pm, bond angles in °): N1–C1 143.1(3), N1–C7 133.3(3), N1···Cl1
309.7(1), N1–H···Cl1 221.4(4), N2–C7 134.4(3), N2–C8 147.6(3),
N3–C8 142.9(3), N3–C9 136.6(4), N4–C9 136.8(4), N4–C10
144.3(4), N5–C7 133.9(3), N5–C10 145.7(3), N6–C2 143.1(3), N6–
C15 133.3(4), N6···Cl2 309.4(3), N6–H···Cl2 221.7(4), N7–C15
134.1(3), N7–C16 146.6(4), N8–C16 143.4(4), N8–C17 137.1(4),
N9–C17 137.7(4), N9–C18 144.3(3), N10–C15 134.1(3), N10–C18
146.7(4), C9–O1 122.3(3), C17–O2 122.2(3), C1–C2 140.2(4), C8–
C10 153.9(4), C16–C18 146.7(4), C1–N1–C7 127.2(2), N2–C7–N5
112.0(2), N3–C9–N4 108.4(2), C2–N6–C15 126.2(2), N10–C15–N7
111.9(2), N8–C17–N9 108.0(2). b) 1D networks of (1H2)Cl2·H2O.

Monoprotonation of 1 to give [1H]PF6 was achieved by
reaction of 1 with NH4PF6. However, no crystals of this
salt could be obtained. Therefore, a salt exchange reaction
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with NaBPh4 was carried out. The resulting [1H]BPh4 was
crystallized from CH3OH solution (Figure 5, a). As antici-
pated, the proton binds to the imino N atom, which is the
most basic site. The data argue against a bridging position
of the proton between the two imino N atoms, implying
that 1 does not meet the criteria set for a proton sponge.
The N=C bond length within the protonated guanidino
unit was determined to be 133.1(2) pm, which is signifi-
cantly longer than the N=C distance within the second, un-
protonated guanidino group [128.8(2) pm]. Protonation re-
sulted in a decrease of the N···N separation between the
imino N atoms of the two guanidino groups from 295.3(5)

Figure 5. Molecular structures of (1H)BPh4 and (2H2)(BPh4)2 (only
the dication is shown) (hydrogen atoms attached to carbon atoms
omitted for clarity). Vibrational ellipsoids are drawn at 50% prob-
ability. a) Selected structural parameters (bond lengths in pm, bond
angles in °) for (1H)BPh4: N1–C1 139.6(2), N1–C7 128.8(2), N2–
C7 137.0(2), N2–C8 144.4(2), N3–C8 144.6(2), N3–C9 135.3(2),
N4–C9 136.6(2), N4–C10 144.8(2), N5–C7 137.8(2), N5–C10
145.3(2), N6–C2 143.8(2), N6–C15 133.1(2), N7–C15 133.7(2), N7–
C16 146.3(2), N8–C16 144.1(2), N8–C17 136.8(3), N9–C17
137.5(2), N9–C18 144.1(2), N10-C15 133.8(2), N10-C18 146.8(2),
O1–C9 123.5(2), O2–C17 121.6(2), C1–C2 140.5(3), C8–C10
154.4(2), C16-C18 154.7(3), C1–N1–C7 125.00(15), N2–C7–N5
107.96(15), N3–C9–N4 109.19(14), C2–N6–C15 124.78(15), N7–
C15–N10 111.50(15), N8–C17–N9 107.89(16). b) Selected struc-
tural parameters (bond lengths in pm, bond angles in °): N1–C1
142.8(2), N1–C4 132.5(2), N2–C4 133.7(2), N2–C5 145.9(3), N3–
C5 144.2(3), N3–C6 135.8(3), N4–C6 136.1(3), N4–C7 144.7(3),
N5–C4 134.6(2), N5–C7 145.8(2), N6–C3 141.4(2), N6–C12
130.4(2), N7–C12 136.2(2), N7–C13 145.0(2), N8–C13 144.2(3),
N8–C14 136.2(3), N9–C14 136.0(3), N9–C15 144.0(3), N10–C12
136.5(2), N10–C15 144.8(2), C6–O1 123.7(2), C14–O2 123.2(2),
C5–C7 154.0(3), C13–C15 154.7(3), C1–C2 138.5(3), C1–C3�
140.5(3), C2–C3 139.3(3), C1–N1–C4 124.45(17), C3–N6–C12
122.35(16), N2–C4–N5 111.48(17), N3–C6–N4 109.26(17), N7–
C12–N10 109.04(16), N8–C14–N9 108.58(17).
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pm before protonation to 287.9(4) pm after. A similar de-
crease [from 285.8(2) to 276.8(3) pm] was observed upon
protonation of btmgb.[13] The tetraprotonated (reaction
with HCl) and diprotonated (reaction with NH4PF6) mole-
cules of 2 were also synthesized. Again the spectroscopic
data indicate protonation of the imino N atoms. The molec-
ular structure of [2H2]BPh4 is shown in Figure 5 (b). As
anticipated, two guanidino groups in para-positions to each
other are protonated. An important detail, which diproton-
ated 2 shares with monoprotonated 1, is that the orientation
of the N–H bond is away from the imino N atom of the
adjacent guanidino group. Hence 2 does not qualify as a
proton sponge either.

Redox Properties

The introduction of guanidino groups in para-positions
to each other as in 2 leads to an easily oxidized system. The
cyclic voltammogram (CV) of 2, measured in CH3CN vs.
the saturated calomel electrode (SCE) at a scan speed of
50 mV s–1, is displayed in Figure 6 (upper trace), and shows
a sharp two-electron wave (2/22+) at E1/2(CH3CN) = –0.15
V vs. SCE (Eox = –0.11 V and Ered = –0.18 V). In compari-
son, –0.32 V was measured for that of ttmgb,[18] and
–0.36 V for tdmegb.[24] Thus in CH3CN solutions 2 is a
slightly weaker electron donor than ttmgb or tdmegb. In
addition, a second wave was observed (at ca. E1/2 =
+1.15 V), which appears to arise from an irreversible redox
process. The lower trace in Figure 6 was measured in
CH2Cl2 solution, yielding E1/2(CH2Cl2) = –0.11 V vs. SCE
(Eox = –0.02 V and Ered = –0.19 V). Ferrocene was added
as internal standard, giving E1/2(CH2Cl2) = –0.62 vs.
Fc/Fc+.

Figure 6. CV for 2 measured at a scan rate of 50 mV s–1 vs. SCE.
Upper trace: CH3CN solution. Lower trace: CH2Cl2 solution in
the presence of ferrocene.

Aerial oxidation proceeded slowly and resulted in a char-
acteristic green color of CH2Cl2 solutions of 2 exposed to
air for a prolonged time. Oxidation of 2 by I2 was analysed.
Upon addition of two equivalents of I2 to 2 dissolved in
CH3CN, the solution adopted the characteristic green color,
which is also observed upon oxidation of ttmgb or tdmegb.
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Dark crystals of (2)(I3)2·2CH3CN suitable for X-ray diffrac-
tion, formed according to Equation (2), were grown from
this solution, and Figure 7 (a) shows the structure.

Figure 7. a) Molecular structure of 2(I3)2·2CH3CN (hydrogen
atoms omitted for clarity). Vibrational ellipsoids are drawn at 20%
probability. Selected structural parameters (bond lengths in pm,
bond angles in °): N1–C1 130.6(5), N1–C4 134.8(5), N2–C4
132.8(5), N2–C5 147.7(5), N3–C5 144.1(5), N3–C6 137.9(5), N4–
C6 136.3(5), N4–C7 144.0(5), N5–C4 133.4(5), N5–C7 147.2(5),
N6–C2 134.4(5), N6–C12 133.9(5), N7–C12 134.2(5), N7–C13
144.2(5), N8–C13 145.2(5), N8–C14 139.1(5), N9–C14 136.1(5),
N9–C15 142.0(5), N10–C12 135.2(5), N10–C15 146.9(5), C6–O1
122.0(4), C14–O2 123.0(5), C5–C7 154.5(5), C13-C15 153.8(6), C1–
C2 149.6(5), C1–C3� 141.8(5), C2–C3 138.7(5), I1–I2 298.66(6), I2–
I3 287.68(6), C1–N1–C4 125.8(3), C2–N6–C12 123.3(3), N2–C4–
N5 111.8(3), N3–C6–N4 108.6(3), N7–C12–N10 110.4(3), N8–
C14–N9 108.6(3), I1–I2–I3 177.184(12). b) UV/Vis spectra of 2 and
(2)(I3)2 in CH3CN.

The arrangement of the four guanidino units around the
C6 ring resembles a paddle wheel. The C–C bond lengths
within the central C6 ring of 149.6(5) (C1–C2), 141.8(5)
(C1–C3�), and 138.7(5) pm (C2–C3) clearly indicate the loss
of aromaticity. As with the related species ttmgb and
tdmegb, oxidation resulted in removal of two electrons from
the aromatic π system. The dication is best described as a
pair of bisguanidinoallyl cations connected by two C–C sin-
gle bonds. The C=N double bonds were elongated to
134.8(5) and 133.9(5) pm upon oxidation. In the UV/Vis
spectrum of (2)(I3)2 (Figure 7, b) absorptions belonging to
the dicationic ligand are visible at 211, 255, and 427 nm.

www.eurjic.org © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2011, 4220–42334224

Another extremely broad, weak feature appeared at around
600 nm. In addition, two typically strong bands due to I3

–

were observed at 290 and 364 nm.[37]

Coordination Chemistry

As already discussed, 1 and 2 are extremely amenable
to protonation. In the case of 2, redox reactions generally
compete with coordination. In the light of problems arising
from product mixtures, crystallization was found to be the
best method for purification of the coordination products.
Therefore, we restrict the discussion mainly to experiments
in which crystalline products were obtained in relatively
high yield (generally suitable for a single-crystal X-ray dif-
fraction analysis). We started with the reaction of 1 with
[PtCl2(dmso)2] in CH2Cl2, which yielded the orange com-
plex [(1)PtCl(dmso)][PtCl3(dmso)]; see Equation (3).

This compound was crystallized by the diffusion of Et2O
into a CH2Cl2 solution. The structure of one of the ion
pairs is reproduced in Figure 8 (a). Both guanidino groups
were bound to the PtII center through the imino N atoms,
realizing a κ2(N,N�) coordination mode. As anticipated, the
Pt atom was four-coordinate in a planar fashion, with Pt–N
bond lengths of 200.4(2) and 201.9(2) pm. The N=C bond
lengths (ca. 138 pm) were significantly elongated with re-
spect to free 1 [129.13(14) pm], indicative of the presence of
π-bonding.[16] The UV/Vis spectrum (Figure 9) featured a
broad band at around 460 nm, responsible for the orange
color of the complex. As a result of coordination, the bands
of the free ligand at 225, 267, and 306 nm are redshifted
to 229, 286, and 331 nm. For comparison, in the UV/Vis
spectrum recorded for [(btmgb)PtCl(dmso)][PtCl3(dmso)], a
broad band appeared at 431 nm, and two sharper features
are seen at 292 and 341 nm.[13] A similar reaction, with 2
furnished dinuclear [(2){PtCl(dmso)}2][PtCl3(dmso)]2
[Equation (4)], and its UV/Vis spectrum is also shown in
Figure 9. Unfortunately, crystals suitable for an XRD study
were not obtained.

Reaction of 2 with [PtCl2(C2H4)]2 afforded
[(2){PtCl(C2H4)}2][PtCl3(C2H4)]2; see Equation (5). Crys-
tals of sufficient quality for XRD analysis were obtained.

The dicationic unit is shown in part b of Figure 8. The
two ethylene ligands adopt a trans-conformation and the
molecule possesses a center of inversion. The XRD derived
structure heavily underestimates the ethylene C=C bond
lengths [122.4(2) pm], which is a well known problem with
ethylene complexes.[19] At 202.0(5) and 202.1(5) pm, the two
Pt–N bond lengths are virtually identical and similar to
those in the mononuclear complex [(1)PtCl(dmso)]+. The
considerable elongation of the C=N imino bonds [from
128.7(2)/128.8(2) pm before to 135.3(8) pm after complex-
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Figure 8. Molecular structures of [(1)PtCl(dmso)][PtCl3(dmso)] and
[(2){PtCl(C2H4)}2][PtCl3(C2H4)]2 (hydrogen atoms omitted for
clarity). Vibrational ellipsoids are drawn at 20% probability. a) Se-
lected structural parameters (bond lengths in pm, bond angles in
°) for [(1)PtCl(dmso)][PtCl3(dmso)]: Pt1–N1 200.4(16), Pt1–N6
201.9(15), Pt1–Cl1 232.6(8), Pt1–S1 220.3(5), N1–C1 140(2), N1–
C7 138.0(18), N2–C7 130(2), N2–C8 146.4(18), N3–C8 142(2), N3–
C9 134(2), N4–C9 136(2), N4–C10 140(2), N5–C7 132(2), N5–C10
147.6(17), N6–C6 135(2), N6–C15 138(2), N7–C15 132(3), N7–C16
146(2), N8–C16 144(3), N8–C17 130(3), N9–C17 134(3), N9–C18
145(2), N10-C15 131(3), N10-C18 144(3), C1–C6 141(2), C8–C10
157(2), C16-C18 157(3), C9–O1 124(2), C17–O2 127(2), S1–O3
146.5(15), S1–C23 181(3), S1–C24 179(2), Pt2–Cl2 229.6(5), Pt2–
Cl3 231.6(4), Pt2–Cl4 231.5(6), Pt2–S2 218.5(4), S2–O4 147.2(9),
S2–C25 176.9(16), S2–C26 177.3(18), N1–Pt1–N6 78.1(6), Cl1–
Pt1–S1 89.5(2), C1–N1–C7 119.6(15), C6–N6–C15 122.6(15), N2–
C7–N5 113.3(13), N3–C9–N4 109.2(17), N7–C15–N10 112(2), N8–
C17–N9 114(2). b) Selected structural parameters (bond lengths in
pm, bond angles in °) for [(2){PtCl(C2H4)}2][PtCl3(C2H4)]2: Pt–Cl
230.0(2), Pt–C20 217.1(5), Pt–C21 213.8(8), Pt–N1 202.0(5), Pt–N6
202.1(5), N1–C1 143.1(8), N1–C4 135.3(8), N2–C4 134.3(8), N2–
C5 145.2(8), N3–C5 144.6(9), N3–C6 136.0(8), N4–C6 138.0(9),
N4–C7 143.3(9), N5–C4 134.0(8), N5–C7 147.2(8), N6–C2
141.9(8), N6–C12 135.3(8), N7–C12 134.8(8), N7–C13 146.5(8),
N8–C13 144.5(9), N8–C14 138.8(9), N9–C14 134.9(10), N9–C15
142.5(8), N10–C12 132.3(8), N10–C15 148.0(8), C1–C2 140.3(9),
C1–C3 138.1(9), C2–C3� 139.9(9), O1–C6 122.4(8), O2–C14
122.1(8), C20–C21 122.4(2), N1–Pt–N6 80.1(2), C20–Pt–C21
33.0(3), Cl–Pt–N1 95.91(16), C1–N1–C4 120.3(5), C2–N6–C12
119.7(5).

ation] again signals significant π-bond contributions. Ther-
mogravimetric analysis (TGA, Supporting Information)
indicated that the complex is stable up to ca. 180 °C. Loss
of the ethylene ligands took place at ca. 200 °C. Finally,
after heating to 450 °C, only elemental Pt remained.
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Figure 9. UV/Vis spectra of [(1)PtCl(dmso)][PtCl3(dmso)],
[(2){PtCl(dmso)}2][PtCl3(dmso)]2, and [(2){PtCl(C2H4)}2][PtCl3-
(C2H4)]2 in CH3CN.

Subsequently, we prepared the two mononuclear com-
plexes [(1)NiCl2] and [(1)PdCl2]. [(1)NiCl2] was the product
of the reaction between [(dme)NiCl2] (dme = 1,2-dimeth-
oxyethylene) and 1; see Equation (6). [(1)PdCl2] was ob-
tained from [(cod)PdCl2] (cod = 1,5-cyclooctadiene) and 1;
see Equation (7).

The UV/Vis spectrum of green [(1)PdCl2] in CH3CN
contains weak bands at λ = 425 and 605 nm with extinction
coefficients of 594 and 838 L mol–1 cm–1 (in addition to
strong bands centred at λ = 231, 299, and 333 nm), which
can be assigned to transitions involving the Pd d-orbitals
(see Supporting Information). Both complexes were crys-
tallized and structurally characterized (Figure 10). The ori-
entation of the guanidino groups is relatively flexible (for-
mal rotation around the C=N double bond) so the ligand
can react to the different steric situations in the tetrahedral
NiII complex and the planar PdII complex. The Ni–N bond
lengths of 199.9(2) and 200.0(2) pm in [(1)NiCl2] fell in the
characteristic region and are similar to those reported for
[(btmgb)NiCl2][16] and [(bdmegb)NiCl2].[15] With 83.7(1)°,
the N–Ni–N angle is relatively small. The Cl–Ni–Cl angle
is quite large [127.69(4)°]. Such large angles (significantly
larger than the ideal tetrahedral angle of 109.4°) were found
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Figure 10. Molecular structures of [(1)NiCl2] and [(1)PdCl2] (hy-
drogen atoms omitted for clarity). Vibrational ellipsoids are drawn
at 20% probability. a) Selected structural parameters (bond lengths
in pm, bond angles in °) for [(1)NiCl2]: Ni–Cl1 225.77(10), Ni–Cl2
221.12(11), Ni–N1 199.9(2), Ni–N6 200.0(2), N1–C1 142.9(4), N1–
C7 131.8(4), N2–C7 136.9(4), N2–C8 145.7(4), N3–C8 144.8(4),
N3–C9 135.1(4), N4–C9 138.0(4), N4–C10 143.9(4), N5–C7
134.4(4), N5–C10 145.8(4), N6–C6 141.6(4), N6–C15 131.2(4), N7–
C15 134.1(4), N7–C16 144.7(4), N8–C16 144.7(4), N8–C17
136.9(5), N9–C17 134.4(5), N9–C18 143.9(4), N10–C15 138.0(4),
N10–C18 146.4(4), O1–C9 122.7(4), O2–C17 122.9(4), C1–C6
140.1(4), Cl1–Ni–Cl2 127.69(4), N1–Ni–N6 83.72(10), C1–N1–C7
120.1(2), C6–N6–C15 122.5(3). b) Selected structural parameters
(bond lengths in pm, bond angles in °) for [(1)PdCl2]: Pd–Cl1
230.71(13), Pd–Cl2 230.16(11), Pd–N1 203.8(4), Pd–N6 203.0(3),
N1–C1 141.0(5), N1–C7 134.2(5), N2–C7 133.5(5), N2–C8
146.4(5), N3–C8 143.3(6), N3–C9 136.6(6), N4–C9 138.0(6), N4–
C10 144.2(6), N5–C7 133.9(5), N5–C10 145.3(5), N6–C6 141.5(6),
N6–C15 134.4(5), N7–C15 133.1(5), N7–C16 145.7(5), N8–C16
143.4(5), N8–C17 136.1(6), N9–C17 137.5(6), N9–C18 143.1(5),
N10–C15 134.5(5), N10–C18 146.3(5), O1–C9 122.2(5), O2–C17
122.3(5), C1–C6 141.0(6), Cl1–Pd–Cl2 90.54(4), N1–Pd–N6
80.32(14), C1–N1–C7 120.5(4), C6–N6–C15 119.7(3).

in the majority of tetrahedrally coordinated NiII dichloride
complexes with chelating N-donor ligands, arguing for elec-
tronic reasons rather than crystal packing effects (see pre-
liminary discussion in Ref.[15]).[38] The dinuclear complex
[2(NiCl2)2] was prepared by reaction of 2 with [(dme)NiCl2]
in CH3CN; Equation (8). Pink needle-shaped crystals were
obtained by diffusion of Et2O into a CH2Cl2 solution of
the complex, which were not suitable for XRD analysis. The
UV/Vis spectra of [(1)NiCl2] (green) and [2(NiCl2)2] (pink)
are shown in Figure 11. Strong absorptions appear below
350 nm, with maxima at 250, 288, and 306 (shoulder) nm
for [(1)NiCl2] and 252, 274, 317, and 341 nm for
[2(NiCl2)2]. These absorptions belong to transitions mainly
localized at the aromatic and guanidino groups. In ad-
dition, weak bands occur at lower energy [439, 513, 577,
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and 699 nm for {(1)NiCl2} and 466, 529, 591, and 702 nm
for {2(NiCl2)2}], which can be assigned tentatively to d–d
transitions at NiII. In line with this assignment, the extinc-
tion coefficients of these bands are about twice as large for
[2(NiCl2)2] than for [(1)NiCl2]. In comparison, the UV/Vis
spectrum of [(ttmgb)(NiCl2)2] features weak bands centred
at 480, 575, 685, and 1025 nm.[15] The reaction of 2 with
[(cod)PdCl2] resulted in a mixture from which it was im-
possible to obtain a clean product; see Equation (9). The
color of the solution indicated that coordination competed
with redox processes in this case.

Figure 11. UV/Vis spectra of a) [(1)NiCl2] and b) [(2)(NiCl2)2] in
CH2Cl2.

The reaction between 2 and [PdCl(η3-C3H5)]2 in CHCl3
furnished [(2){Pd(η3-C3H5)}2][PdCl2(η3-C3H5)]2 in more
than 60 % yield as yellow needle-shaped crystals. To allow
a direct comparison, the corresponding mononuclear com-
plex [(1)Pd(η3-C3H5)][PdCl2(η3-C3H5)] was also synthe-
sized; see Equations (10) and (11).

The UV/Vis spectrum of [(1)Pd(η3-C3H5)][PdCl2(η3-
C3H5)] in CH2Cl2 features three bands centred near 234,
291, and 383 nm (see Supporting Information). In the case
of [(2){Pd(η3-C3H5)}2][PdCl2(η3-C3H5)]2, bands centred at
241, 289, 363, and 435 (weak and broad) nm were measured
(see Supporting Information). The molecular structures of
both allyl complex cations are shown in Figure 12. In line
with several other cationic η3-coordinated allyl–Pd com-
plexes,[39] the bond lengths between Pd and all three C
atoms of the allyl ligand are similar. The C–C–C bond an-
gle in the allyl group is close to 120°. The angle between
the allyl plane and the N–Pd–N plane amounts to 115° for
[(1)Pd(η3-C3H5)]+ and 109° for [(2){Pd(η3-C3H5)}2]2+. In
comparison, in [PdCl2(η3-C3H5)]– the angle between the
PdCl2 plane and the allyl plane is 117° for the mono- and
118° for the dinuclear complex. The thermal stability of the
two allyl complexes in the solid state was assessed by TGA.
The resulting curves are plotted in Figure 13. The step at
100 °C in the curve of [(2){Pd(η3-C3H5)}2][PdCl2(η3-
C3H5)]2·2CH2Cl2 (bottom) arises from the loss of the
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Figure 12. Molecular structures of [(1)Pd(η3-C3H5)][PdCl2(C3H5)]
(only the cation is shown) and [(2){Pd(η3-C3H5)}2][PdCl2(C3H5)]2
(only the dication is shown). Hydrogen atoms omitted for clarity.
Vibrational ellipsoids are drawn at 20% probability. a) Selected
structural parameters (bond lengths in pm, bond angles in °) for
[(1)Pd(η3-C3H5)][PdCl2(C3H5)]: Pd–N1 208.1(2), Pd–N6 210.3(2),
Pd–C23 211.5(3), Pd–C24 210.5(3), Pd–C25 211.9(3), N1–C1
141.9(3), N1–C7 133.1(3), N2–C7 135.8(3), N2–C8 145.3(3), N3–
C8 144.2(4), N3–C9 137.3(3), N4–C9 138.6(4), N4–C10 144.1(3),
N5–C7 134.3(3), N5–C10 147.0(3), N6–C6 141.6(3), N6–C15
132.5(3), N7–C15 136.0(3), N7–C16 145.8(3), N8–C16 144.3(4),
N8–C17 138.9(4), N9–C17 137.3(4), N9–C18 143.5(3), N10–C15
135.2(3), N10–C18 146.8(3), O1–C9 121.5(3), O2–C17 121.5(3),
C1–C6 140.8(4), N1–Pd–N6 79.39(9), C23–Pd–C25 69.11(12), C1–
N1–C7 120.6(2), N2–C7–N5 110.5(2), C6–N6–C15 121.1(2), N7–
C15–N10 110.4(2), C23–C24–C25 117.8(3). b) Selected structural
parameters (bond lengths in pm, bond angles in °) for [(2){Pd(η3-
C3H5)}2][PdCl2(C3H5)]2: Pd–N1 210.7(3), Pd–N6 211.8(3), Pd–C20
210.6(4), Pd–C21 212.8(4), Pd–C22 212.9(4), O1–C6 121.5(5), O2–
C14 122.1(5), N1–C1 143.8(4), N1–C4 131.4(5), N2–C4 135.1(5),
N2–C5 147.4(5), N3–C5 143.9(5), N3–C6 137.3(5), N4–C6
137.8(5), N4–C7 145.2(5), N5–C4 136.6(5), N5–C7 145.0(5), N6–
C2 142.7(4), N6–C12 132.1(5), N7–C12 136.8(5), N7–C13 146.0(5),
N8–C13 143.4(5), N8–C14 138.1(6), N9–C14 137.2(5), N9–C15
146.0(5), N10–C12 135.9(5), N10–C15 144.2(5), C1–C2 140.3(5),
C1–C3� 138.6(5), C2–C3 138.8(5), N1–Pd–N6 80.04(11), C20–Pd–
C22 68.39(16), C1–N1–C4 120.8(3), N2–C4–N5 109.9(3), C2–N6–
C12 119.6(3), N7–C12–N10 109.9(3), C20–C21–C22 116.7(4).

cocrystallized CH2Cl2. The allyl complexes were stable up
to ca. 200 °C. Decomposition occurred in three steps; in the
first step (at ca. 200 °C) the allyl groups were eliminated.
It follows that a possible decomposition pathway involving
reductive elimination with allylation of the guanidine imino
N atom and formation of Pd0 could be excluded. A similar
decomposition has been studied for N-heterocyclic carbene-
stabilized PdII allyl complexes, which lead to 2-allylimid-
azolium salts.[39a,40] For the complexes synthesized here
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there is no evidence (TGA or NMR) for the allylation of
the guanidine ligand. The total mass loss after reaching a
temperature of 400 °C in the TGA curve of [(2){Pd(η3-
C3H5)}2][PdCl2(η3-C3H5)]2·2CH2Cl2 indicates complete de-
composition, with black elemental Pd being the only re-
maining solid. In the case of [(1)Pd(η3-C3H5)][PdCl2(η3-
C3H5)], a brown solid remained, presumably Pd/PdCl2.

Figure 13. TGA curves for [(1)Pd(η3-C3H5)][PdCl2(C3H5)] (top)
and [(2){Pd(η3-C3H5)}2][PdCl2(C3H5)]2·2CH2Cl2 (bottom).

As already mentioned, the introduction of bulky guan-
idino groups in 1 and 2 could be of interest for catalytic
applications. The catalytic activity of complexes of these
two and related ligands will be studied in more detail in
future work. In initial test experiments, we applied the mo-
nonuclear complex [(1)NiCl2] to ethylene oligomerization.
Ethylene was passed over a mixture of [(1)NiCl2] and ca.
3000 equiv. of methylaluminoxane in toluene. After 38 min,
the reaction was quenched by addition of EtOH/HCl. The
organic phase was washed three times with H2O/HCl, and
analysed by GC/MS. Oligomerization to C6–C11 hydro-
carbons (mostly C6 with 77 %) with an activity of approx.
1600 gmmol–1 (Ni) h–1 was found.

Conclusions

We reported the synthesis of two new diimine ligands 1
and 2 featuring bulky bicyclic guanidino groups. Of these,
2 was shown to be a relatively strong electron donor. Oxi-
dation of 2 with I2 led to the triiodide salt of the dication,
which could be described as a pair of bisguanidinoallyl cat-
ions connected by two C–C single bonds. Protonation ex-
periments were carried out with the strongly basic guanid-
ines, showing that protonation occurs exclusively at the
imino N atoms indicating that the new ligands are not pro-
ton sponges. Several mononuclear (in the case of 1) and
dinuclear (in the case of 2) Ni, Pd, and Pt metal complexes,
all featuring a chelating coordination mode, were synthe-
sized and characterized. In these complexes, the bulky bicy-
clic guanidino groups shield the metal center from two
sides. Initial test experiments were carried out in which a
Ni complex was applied to catalytic ethylene oligomeriza-
tion. The activity was moderate, and C6 hydrocarbons were
mostly formed. In our ongoing work we are replacing the
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methyl groups at the bicyclic guanidino groups with more
space-demanding alkyl or aryl groups to test the influence
of such substitutions on the catalytic activity. Future work
will also focus on the redox chemistry of 2 and its donor–
acceptor properties.

Experimental Section
General: All the synthetic work was carried out under an Ar atmo-
sphere using standard Schlenk techniques. All solvents were dried
by standard methods prior to their use. NMR spectra were
measured with a Bruker DPX 200, Avance II 400, or Avance III
600 spectrometer. A Cary 5000 spectrophotometer was used for
UV/Vis spectroscopy. CsI discs of the compounds were measured
with a FT-IR Biorad Merlin Excalibur FT 3000 spectrometer. Ele-
mental analyses were carried out at the Microanalytical Laboratory
of the University of Heidelberg. A EG&G Princeton 273 apparatus
was used for the CV measurements. The curves were recorded at
different scan rates in the range 50–200 mV s–1 using a SCE as the
reference electrode and Bu4NPF6 (Fluka, electrochemical grade) as
the electrolyte. TGA were carried out with a Mettler TC15 under
Ar in the range 30–500 °C. A Finnigan MAT 8230 (FAB) or a
Bruker ApexQe FT-ICR (ESI) were used for mass spectrometry
(MS).

Bicyclic Tetramethylbisurea: To CH3OH (200 mL) and glyoxal solu-
tion (2.3 mL, 20 mmol, 40% in H2O) were added concentrated HCl
(1 mL) and (MeHN)2CO (3.6 g, 40.9 mmol) in methanol (200 mL).
After heating the reaction mixture to reflux for 30–45 min, it was
stirred for additional 20 h at room temp. After removal of the sol-
vent a colorless solid was obtained, which was recrystallized from
CH3OH and washed with Et2O. The colorless crystals were dried
at 60 °C under high vacuum; yield 2.228 g (11.2 mmol, 56 %). 1H
NMR (399.89 MHz, CDCl3, 295.5 K): δ = 4.91 (s, 2 H, CH), 2.95
(s, 12 H, CH3) ppm. 13C NMR (100.56 MHz, CDCl3, 297.1 K): δ
= 158.69 (CO), 72.05 (CH), 30.39 (CH3) ppm. The product was
used for the preparation of 1 and 2 without further analysis.

Ligand 1: Bicyclic tetramethylbisurea (1.356 g, 6.84 mmol) was sus-
pended in toluene (40 mL). After addition of oxalylchloride
(6.6 mL, 75.7 mmol) via syringe, the reaction mixture was heated
to 80–90 °C for 20 h. The solvent was removed under vacuum, and
the residue washed 3–4 times with Et2O. A beige product (1.264 g)
was obtained, which consisted of ca. 40% activated and 60% deac-
tivated bisurea; yield 2.04 mmol, 29.8%. 1H NMR (200 MHz,
CDCl3, 295.0 K): δ = 6.28 (s, 2 H, CH), 3.49 (s, 6 H, CH3), 3.07
(s, 6 H, CH3) ppm. The activated bisurea was dissolved in CH3CN
(8 mL), and triethylamine (0.55 mL, 4 mmol) and a solution of 1,2-
diaminobenzene (108 mg, 1 mmol) in CH3CN (6 mL) were added
by syringe. After 30 min, an NaOH solution (0.86 mL, 25% in
H2O) was added dropwise to the reaction mixture, and the solvent
was removed under high vacuum. The remaining residue was sus-
pended in H2O and filtered. The collected solid was dissolved (if
necessary with mild heating) in CH3CN and the solution dried with
K2CO3. The solution was filtered and the desiccant washed with
hot CH3CN. After removal of the solvent a beige powder (450 mg,
0.96 mmol, 96%) was isolated. Crystals were obtained from a satu-
rated CH3CN solution. C22H32N10O2 (468.56)·3H2O: calcd. C
50.56, H 7.33, N 26.80; found C 51.02, H 7.22, N 26.62. 1H NMR
(399.89 MHz, CD2Cl2, 295.3 K): δ = 6.74–6.69 (m, 4 H, CHarom.),
4.80 (s, 4 H, CH), 2.88 (s, 12 H, CH3), 2.74 (s, 12 H, CH3) ppm.
13C NMR (100.56 MHz, CD2Cl2, 295.5 K): δ = 158.68 (CO),
149.05 (CN3), 141.31, 122.34, 122.82 (Carom.), 74.84 (CH), 33.07,
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30.03 (CH3) ppm. MS (ESI, CH3CN): m/z (%) = 469 (100) [M]+.
IR (CsI): ν̃ = 2939 (w), 2880 (sh), 1700 (vs), 1636 (vs), 1581 (m),
1512 (s), 1475 (m), 1415 (m), 1373 (w), 1297 (w), 1232 (s), 1162
(w), 1104 (w), 1033 (vs), 879 (w), 854 (w), 781 (s), 694 (w), 579 (m)
cm–1. UV/Vis (CH3CN, c = 9.61 �10–5 molL–1): λmax (ε,
Lmol–1 cm–1) = 225 (2.31�104, with a shoulder at 234), 267
(0.94 �104), 306 (0.65�104) nm. Crystal data for C22H32N10O2·
3H2O: C22H38N10O5, Mr = 522.62, 0.40�0.40�0.35 mm3, mono-
clinic, space group C2/c, a = 12.775(3) Å, b = 15.945(3) Å, c =
13.441(3) Å, β = 108.96(3)°, V = 2589.4(11) Å3, Z = 4, dcalcd. =
1.341 Mgm–3, Mo-Kα radiation (graphite-monochromated, λ =
0.71073 Å), T = 100 K, θrange 2.11 to 30.08°. Reflections measured:
13338, independent: 3781, Rint = 0.0347. Final R indices [I �2σ(I)]:
R1 = 0.0420, wR2 = 0.1121.

Ligand 2: Bicyclic tetramethylbisurea (1.0 g, 5.03 mmol) was sus-
pended in toluene (30 mL). After the dropwise addition of oxalyl
chloride (5 mL, 57.3 mmol) by syringe, the reaction mixture was
stirred at 80–90 °C for 20 h. After removal of the solvent under
high vacuum the residue was washed 3–4 times with Et2O, leaving
a beige residue (865 mg), which consisted of ca. 30% activated and
70 % deactivated bisurea; yield 1.15 mmol, 23%. 1H NMR
(200 MHz, CDCl3): δ = 6.28 (s, 2 H, CH), 3.49 (s, 6 H, CH3), 3.07
(s, 6 H, CH3) ppm. The activated urea was dissolved in CH3CN
(12 mL), and triethylamine (0.5 mL, 3.6 mmol) and 1,2,4,5-
tetraaminobenzene·4HCl (78 mg, 0.28 mmol) were added to the re-
action mixture at a temperature of 0 °C. After 30 min, NaOH solu-
tion (0.58 mL, 25% in H2O) was added, and the solvent was re-
moved under high vacuum. The residue was suspended in H2O and
filtered. The solid collected was redissolved in CH3OH, and the
solvent was removed to yield a beige powder (129 mg, 0.15 mmol,
54%). Crystals were grown from a saturated CH3CN solution.
C38H58N20O4 (859.01)·8H2O: calcd. C 45.50, H 7.44, N 27.93;
found C 45.54, H 7.47, N 27.93. 1H NMR (399.89 MHz, CD2Cl2,
295.4 K): δ = 6.16 (s, 2 H, CHarom.), 4.78 (s, 8 H, CH), 2.88 (s, 24 H,
CH3), 2.78 (s, 24 H, CH3) ppm. 13C NMR (100.56 MHz, CD2Cl2,
295.0 K): δ = 158.70 (CO), 149.09 (CN3), 134.76, 115.98, (Carom.),
74.87 (CH), 33.26, 30.11 (CH3) ppm. MS (FAB): m/z (%) = 859
(100) [M]+. IR (CsI): ν̃ = 2934 (m), 2884 (sh), 1692 (vs), 1634 (vs),
1510 (s), 1413 (s), 1371 (m), 1236 (s), 1164 (m), 1035 (vs), 904 (m),
787 (m), 755 (w), 669 (w), 662 (w), 579 (w) cm–1. UV/Vis (CH3CN,
c = 6.72 �10–5 molL–1): λmax (ε, Lmol–1 cm–1) = 247 (3.37�104),
290 (0.94�104), 347 (1.22 �104) nm. CV (CH3CN, SCE, 50 mV
s–1): E1/2 (2/22+) = –0.15 V. Crystal data for 2·4CH3OH·2H2O:
C42H76N22O10, Mr = 1049.25, 0.35 �0.35�0.35 mm3, triclinic,
space group P1̄, a = 8.4840(17) Å, b = 9.3670(19) Å, c =
17.136(3) Å, α = 89.39(3)°, β = 88.21(3)°, γ = 72.65(3)°, V =
1299.2(5) Å3, Z = 1, dcalcd. = 1.341 Mgm–3, Mo-Kα radiation
(graphite-monochromated, λ = 0.71073 Å), T = 100 K, θrange 2.28
to 30.07°. Reflections measured: 13894, independent: 7551, Rint =
0.0364. Final R indices [I �2σ(I)]: R1 = 0.0542, wR2 = 0.1324.

(1H2)Cl2: Bisguanidine 1 (62 mg, 0.13 mmol) was dissolved in
CH3OH (3 mL). A HCl (2 m, 0.2 mL, 0.4 mmol) solution in Et2O
was added dropwise by syringe, and the clear, colorless reaction
mixture was stirred at room temp. for 30 min. The solvent was re-
moved under high vacuum and the colorless residue washed three
times with Et2O; yield 61 mg (0.11 mmol, 87%). Crystals were
grown from a saturated CH3OH solution at –20 °C.
C22H34Cl2N10O2 (540.22)·H2O: calcd. C 47.29, H 6.50, N 25.08;
found C 47.06, H 6.52, N 24.89. 1H NMR (399.89 MHz, CD3OD,
295.1 K): δ = 7.50 (s, 4 H, CHarom.), 5.43 (s, 4 H, CH), 2.98 (s, 12 H,
CH3), 2.95 (s, 12 H, CH3) ppm. 13C NMR (100.56 MHz, CD3OD,
295.7 K): δ = 160.66 (CO or CN3), 129.21 (Carom.), 78.71 (CH),
34.36, 31.38 (CH3) (low signal intensity due to low solubility) ppm.
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1H NMR (200 MHz, CD3CN): δ = 12.01 (s, 2 H, NH), 7.43 (s, 4
H, CHarom.), 5.25 (s, 4 H, CH), 3.03 (s, 12 H, CH3), 2.96 (s, 12 H,
CH3) (low signal intensity due to low solubility) ppm. MS (ESI,
CH3OH): m/z (%) = 469 (100) [M – H]+. IR (CsI): ν̃ = 2942 (w),
2865 (sh), 1706 (vs), 1634 (vs), 1587 (vs), 1497 (s), 1419 (s), 1359
(m), 1235 (vs), 1159 (m), 1037 (vs), 956 (w), 896 (w), 789 (s), 694
(m), 580 (m) cm–1. Crystal data for (1H2)Cl2·H2O,
C22H36Cl2N10O3, Mr = 559.51, 0.30�0.20 �0.20 mm3, mono-
clinic, space group P21/n, a = 12.606(3) Å, b = 12.844(3) Å, c =
16.472(3) Å, β = 94.92(3)°, V = 2657.2(9) Å3, Z = 4, dcalcd. =
1.399 Mgm–3, Mo-Kα radiation (graphite-monochromated, λ =
0.71073 Å), T = 100 K, θrange 2.01 to 30.04°. Reflections measured:
15139, independent: 7749, Rint = 0.0630. Final R indices [I�2σ(I)]:
R1 = 0.0638, wR2 = 0.1634.

(2H4)Cl4: Compound 2 (34 mg, 0.04 mmol) was dissolved in
CH3OH (5 mL). A HCl (2 m, 0.13 mL, 0.26 mmol) solution in Et2O
was added dropwise by syringe. The pale yellow solution was
stirred at room temp. for 20 h. The solvent was removed under
vacuum, and the colorless residue washed three times with CH3CN/
Et2O; yield 22 mg (0.022 mmol, 55%). Colorless crystals (unfortu-
nately not suitable for XRD analysis) were obtained from a concen-
trated CH3OH solution at –20 °C. C58H62Cl4N20O4 (1004.85)·
2H2O: calcd. C 43.85, H 6.39, N 26.91; found 44.04, H 6.41, N
26.06. 1H NMR (399.89 MHz, CD3OD, 294.9 K): δ = 7.52 (s, 2 H,
CHarom.), 5.45 (s, 8 H, CH), 3.09 (s, 24 H, CH3), 3.03 (s, 24 H,
CH3) ppm. 13C NMR (100.56 MHz, CD3OD, 295.7 K): δ = 160.63
(CO or CN3), 126.96 (Carom.), 78.73 (CH), 34.80, 31.46 (CH3) ppm.
The NMR analysis was hampered due to low solubility. IR (CsI):
ν̃ = 2935 (w), 2878 (sh), 2808 (sh), 1710 (vs), 1624 (vs), 1579 (sh),
1516 (m), 1493 (m), 1460 (m), 1420 (s), 1354 (m), 1288 (m), 1234
(s), 1035 (vs), 895 (w), 812 (m), 787 (s), 754 (m), 693 (w), 578 (m)
cm–1. MS (ESI, CH3OH): m/z (%) = 430 (100) [M – 2H]+, 859 (80)
[M – 3H]+.

(1H)PF6: Bisguanidine 1 (102 mg, 0.22 mmol) was dissolved in
CH3CN (6 mL). After the addition of NH4PF6 (36 mg, 0.22 mmol)
the reaction mixture was stirred with heating to reflux for 30 min.
The solvent was removed under high vacuum, and the colorless
residue redissolved in CH3CN. After addition of charcoal the solu-
tion was stirred for 30 min before the mixture was filtered through
celite. The solvent was reomoved under vacuum, and the residue
washed three times with Et2O; yield 95 mg (0.15 mmol, 70%). 1H
NMR (399.89 MHz, CD2Cl2, 295.1 K): δ = 7.09–7.00 (m, 4 H,
CHarom.), 5.17 (s, 4 H, CH), 2.96 (s, 12 H, CH3), 2.91 (s, 12 H,
CH3) ppm. 13C NMR (100.56 MHz, CD2Cl2, 296.5 K): δ = 158.08
(CO), 154.90 (CN3), 124.56, 123.04 (Carom.), 76.23 (CH), 33.80,
30.20 (CH3) ppm. 31P NMR (161.89 MHz, CD2Cl2, 296.2 K): δ =
–144.48 (septet) ppm. IR (CsI): ν̃ = 2955 (w), 1714 (s), 1641 (s),
1592 (sh), 1500 (m), 1461 (sh), 1417 (m), 1367 (w), 1292 (sh), 1235
(s), 1158 (w), 1033 (s), 845 (vs), 784 (s), 703 (w), 559 (s) cm–1.

(1H)BPh4: (1H)PF6 (85 mg, 0.138 mmol) was dissolved in acetone
(3 mL) and CH2Cl2 (3 mL). NaBPh4 (47 mg, 0.138 mmol) was
added and the reaction mixture was stirred at room temp. for 1 h.
After solvent removal under high vacuum, the colorless residue was
washed three times with Et2O. The product was recrystallized from
CH3OH; yield 97 mg (0.123 mmol, 89%) of crystalline product
suitable for an XRD analysis. C46H53BN10O2 (788.44)·CH3OH·
CH3CN: calcd. C 68.25, H 7.02, N 17.88; found C 68.49, H 6.74,
N 17.57. 1H NMR (399.89 MHz, CD3CN, 294.9 K): δ = 7.28–7.25
(m, 8 H, CHarom.), 7.10–7.08 (m, 2 H, CHarom.), 7.07–7.04 (m, 2 H,
CHarom.), 6.99 (t, J = 7.49 Hz, 8 H, CHarom.), 6.84 (t, J = 7.21 Hz, 4
H, BPh4, CHarom.), 5.04 (s, 4 H, CH), 2.88 (s, 12 H, CH3), 2.77 (s,
12 H, CH3) ppm. 13C NMR (100.56 MHz, CD3CN, 295.5 K): δ =
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159.56 (CO), 136.63, 126.51, 126.11, 122.68 (Carom.), 76.71 (CH),
33.68, 30.85 (CH3) ppm. MS (ESI, CH3CN/CH3OH): m/z (%) =
469 (100) [M]+. IR (CsI): ν̃ = 3055 (w), 3000 (w), 2926 (w), 1713
(vs), 1635 (vs), 1588 (s), 1485 (s), 1415 (s), 1365 (w), 1232 (vs), 1158
(m), 1031 (vs), 887 (w), 848 (w), 774 (m), 740 (s), 708 (s), 612 (m),
578 (w) cm–1. Crystal data for (1H)BPh4·2CH3OH·CH3CN:
C50H62BN11O4, Mr = 891.92, 0.30 �0.25�0.25 mm3, triclinic,
space group P1̄, a = 12.738(3) Å, b = 13.198(3) Å, c = 15.058(3) Å,
α = 102.65(3), β = 92.18(3)°, γ = 94.02(3), V = 2460.3(8) Å3, Z =
2, dcalcd. = 1.204 Mgm–3, Mo-Kα radiation (graphite-monochro-
mated, λ = 0.71073 Å), T = 100 K, θrange 2.42 to 29.00°. Reflections
measured: 25156, independent: 12916, Rint = 0.0365. Final R in-
dices [I �2σ(I)]: R1 = 0.0624, wR2 = 0.1714.

(2H2)(PF6)2: Compound 2 (53 mg 0.06 mmol) was dissolved in
CH3CN (10 mL), and NH4PF6 (23 mg, 0.14 mmol, 2.35 equiv.) was
added. The reaction mixture was stirred at room temp. for 20 h.
The solvent was removed under vacuum, and the pale yellow resi-
due redissolved in CH3CN. After addition of activated charcoal,
the solution was stirred for 30 min before it was filtered through
celite. The pale green residue obtained after removal of the solvent
under vacuum was washed three times with Et2O; yield 50 mg
(0.043 mmol, 72%). C38H60F12N20O4P2 (1150.95)·3H2O: calcd. C
37.88, H 5.52, N 23.25; found C 37.68, H 5.43, N 22.40. 1H NMR
(399.89 MHz, CD3CN, 295.4 K): δ = 6.74 (br. s, 2 H, CHarom.),
5.13 (s, 8 H, CH), 2.99 (s, 27 H, CH3), 2.83 (s, 21 H, CH3) ppm.
13C NMR (100.56 MHz, CD3CN, 296.5 K): δ = 159.60 (CN3 or
CO), 76.98 (CH), 33.82, 30.98 (CH3) ppm. 31P NMR (161.89 MHz,
CD3CN, 295.9 K): δ = –144.62 (septet) ppm. IR (CsI): 2943 (w),
2882 (sh), 1709 (s), 1690 (sh), 1625 (s), 1501 (m), 1453 (sh), 1416
(m), 1359 (w), 1285 (m), 1264 (m), 1234 (m), 1172 (w), 1030 (s),
845 (vs), 786 (s), 698 (w), 568 (m), 559 (s) cm–1. MS (ESI, CH3OH):
m/z (%) = 430 (100) [M]+, 1005 (62) [M + PF6]+, 859 (51) [M –
H]+.

(2H2)(BPh4)2: (2H2)(PF6)2 (40 mg, 0.035 mmol) was dissolved in
CH3OH (3 mL) and CH2Cl2 (3 mL). After addition of NaBPh4

(26 mg, 0.076 mmol), the reaction mixture was heated to reflux for
a short period of time and then stirred for 1 h at room temp. The
solvent was removed under vacuum, the residue was recrystallized
from CH3OH, and washed three times with Et2O; yield 38 mg
(0.025 mmol, 72%). Crystals were grown by recrystallization from
CH3CN. 1H NMR (399.89 MHz, CD3CN, 293.8 K): δ = 7.27 (m,
16 H, BPh4, CHarom.), 6.99 (t, J = 7.40 Hz, 16 H, BPh4, CHarom.),
6.84 (t, J = 7.25 Hz, 8 H, BPh4, CHarom.), 6.65 (s, 2 H, CHarom.),
5.06 (s, 8 H, CH), 2.88 (s, 24 H, CH3), 2.80 (s, 24 H, CH3) ppm.
13C NMR (100.56 MHz, CD3CN, 296.9 K): δ = 136.65, 126.49,
122.69 (Carom.), 76.75 (CH), 33.74, 30.90 (CH3) ppm.
C86H100B2N20O4 (1499.49)·3H2O: calcd. C 66.49, H 6.88, N 18.03;
found C 66.25, H 6.58, N 18.87. MS (ESI, CH3OH): m/z (%) =
430 (93) [M]+, 859 (100) [M – H]+, 1179 (32) [M + BPh4]+. IR
(CsI): ν̃ = 3056 (w), 3037 (w), 2995 (w), 2934 (w), 1727 (sh), 1707
(vs), 1655 (sh), 1624 (vs), 1576 (w), 1506 (sh), 1494 (s), 1480 (sh),
1456 (m), 1450 (m), 1414 (s), 1358 (m), 1292 (m), 1267 (m), 1234
(s), 1177 (w), 1160 (w), 1127 (w), 1030 (vs), 967 (w), 903 (w), 889
(w), 849 (w), 789 (s), 740 (s), 708 (vs), 613 (s), 578 (m), 473 (w)
cm–1. Crystal data for (2H2)(BPh4)2·8H2O·6CH3CN:
C98H134B2N26O12, Mr = 1889.94, 0.30 �0.30�0.25 mm3, mono-
clinic, space group P21/c, a = 15.079(3) Å, b = 18.264(4) Å, c =
18.397(4) Å, β = 95.05(3)°, V = 5046.9(18) Å3, Z = 2, dcalcd. =
1.244 Mgm–3, Mo-Kα radiation (graphite-monochromated, λ =
0.71073 Å), T = 100 K, θrange 2.01 to 29.00°. Reflections measured:
27862, independent: 13351, Rint = 0.0488. Final R indices
[I�2σ(I)]: R1 = 0.0629, wR2 = 0.1513.
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2(I3)2: I2 (52 mg, 0.2 mmol) was added to a solution of 2 (86 mg,
0.1 mmol) in CH3CN (5–10 mL). The reaction mixture adopted a
green color, from which dark crystals precipitated. The precipitate
was separated and washed several times with Et2O; yield 71 mg
(0.044 mmol, 63%). C38H58I6N20O4 (1620.44): calcd. C 28.17, H
3.61, N 17.29; found C 27.83, H 3.64, N 16.76. 1H NMR
(399.89 MHz, CD3CN, 295.2 K): δ = 5.34–5.26 (m, 2 H, CHarom.,
8 H, CH), 2.94–2.87 (m, 48 H, CH3) ppm. 13C NMR (100.56 MHz,
CD3CN, 296.2 K): δ = 75.76, 76.12 (CH), 31.82 (CH3) (low signal
intensity due to low solubility) ppm. MS (ESI, CH3OH): m/z (%)
= 429 (100) [M]+, 985 (42) [MI]+. UV/Vis (CH3CN, c =
5.18 �10–5 molL–1): λmax (ε, Lmol–1 cm–1) = 211 (1.85�104), 255
(1.80�104), 290 (4.60�104), 364 (2.37 �104), 427 (2.48 �104) nm.
Crystal data for (2)(I3)2·2CH3CN, C42H64I6N22O4, Mr = 1702.56,
0.26 �0.20 �0.18 mm3, monoclinic, space group P21/c, a =
15.334(3) Å, b = 12.080(2) Å, c = 17.282(4) Å, β = 112.70(3)°, V

= 2953.3(10) Å3, Z = 2, dcalcd. = 1.915 Mgm–3, Mo-Kα radiation
(graphite-monochromated, λ = 0.71073 Å), T = 100 K, θrange 2.12
to 30.11°. Reflections measured: 16641, independent: 8647, Rint =
0.0329. Final R indices [I�2σ(I)]: R1 = 0.0405, wR2 = 0.0938.

[(1)PtCl(dmso)][PtCl3(dmso)]: [PtCl2(dmso)2] (91 mg, 0.216 mmol)
was added to a solution of 1 (50 mg, 0.107 mmol) in CH2Cl2
(10 mL). The reaction mixture was stirred for 20 h before the sol-
vent was removed under high vacuum. The orange residue was dis-
solved in CH3CN and filtered. The solvent was removed from the
filtrate, and the residue washed several times with Et2O. Diffusion
of Et2O into a solution of the product in CH2Cl2 led to an oily
orange residue (yield 121 mg, 98%), which was again dissolved in
CH2Cl2. Upon diffusion of Et2O into this solution, orange crystals
suitable for XRD analysis were obtained. C26H44Cl4N10O4Pt2S2

(1156.79)·CH2Cl2: calcd. C 26.12, H 3.73, N 11.28; found C 25.81,
H 4.11, N 11.47. 1H NMR (399.89 MHz, CH3CN, 295.0 K): δ =
6.65–6.62, 6.44–6.37 (m, 4 H, CHarom.), 5.46, 5.20 (s, 4 H, CH),
3.43–2.93 [m, 12 H, (CH3 in dmso), 24 H, CH3] ppm. 13C NMR
(100.56 MHz, CH3CN, 295.0 K): δ = 121.20 (Carom.), 76.80, 76.76,
75.29 (CH), 46.07, 46.03, 43.90 [CH3 in dmso], 33.29, 33.26, 33.11,
32.57, 31.71, 31.33, 31.29 (CH3) ppm. MS (ESI, CH3OH): m/z (%):
777 (100) [M]+, 662 (7) [(1)Pt]+, 698 (3) [(1)PtCl]+. UV/Vis
(CH3CN, c = 4.80 �10–5 mol L–1): λmax (ε, Lmol–1 cm–1) = 229
(3.90�104), 286 (1.14�104), 331 (0.45 �104), 460 (0.12 �104) nm.
Crystal data for C26H44Cl4N10O4Pt2S2: Mr = 1156.81,
0.20 �0.20 �0.18 mm3, triclinic, space group P1̄, a = 9.0590(18) Å,
b = 13.248(3) Å, c = 18.994(4) Å, α = 72.73(3)°, β = 78.22(3)°, γ =
87.22(3)°, V = 2130.8(9) Å3, Z = 2, dcalcd. = 1.803 Mgm–3, Mo-Kα

radiation (graphite-monochromated, λ = 0.71073 Å), T = 100 K,
θrange 2.29 to 26.75°. Reflections measured: 16050, independent:
8763, Rint = 0.0407. Final R indices [I�2σ(I)]: R1 = 0.0904, wR2

= 0.2317.

[(2){PtCl(dmso)}2][PtCl3(dmso)]2: Compound 2 (49 mg,
0.057 mmol) and [PtCl2(dmso)2] (98 mg, 0.233 mmol, 4.09 equiv.)
were dissolved in CH2Cl2 (10 mL), and the reaction mixture was
stirred at room temp. for 20 h. A red solid was obtained upon re-
moval of the solvent under vacuum, which was redissolved in
CH2Cl2. Addition of Et2O produced the red precipitate again. Af-
ter removal of the solvent with the aid of a pipette, the solid was
again first dissolved in CH2Cl2 and then precipitated by addition
of Et2O. After solvent removal (by pipette), the product was dis-
solved in CH3CN and the solution filtered. The solvent was re-
moved under vacuum to give a dark red powder; yield 86 mg
(0.038 mmol, 67.5%). Thin red needle-shaped crystals were grown
from CH3CN solutions at –20 °C; however, structural analysis
through XRD was impossible. C46H82Cl8N20O8Pt4S4 (2235.47 g/
mol): calcd. C 24.75, H 3.71, N 12.56; found C 24.64, H 3.93, N
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12.42. 1H NMR (600.13 MHz, CH3CN, 295.0 K): δ = 6.09–5.02
(several multiplets, 2 H, CHarom., 8 H, CH), 3.27 (s, 12 H, CH3 in
[PtCl3(dmso)]–), 3.43–2.75 (several multiplets, 12 H, CH3 in dmso,
48 H, CH3) ppm. 13C NMR (150.92 MHz, CH3CN, 295.0 K): δ =
99.37, 99.13, 98.17 (Carom.), 76.56, 74.83 (CH), 46.07, 45.85, 43.77
(CH3 in dmso), 33.56, 33.42, 33.16, 32.99, 32.95, 32.92–32.78,
32.61, 31.91, 31.86, 31.77, 31.70, 31.67, 31.64, 31.64, 31.59, 31.25,
31.19, 30.70 (CH3) (low signal intensity due to poor solubility)
ppm. MS (ESI, CH3OH): m/z (%): 737 (100) [M]+, 584 (60) [(2)
HPt(dmso)Cl]+. IR (CsI): ν̃ = 3006 (m), 2924 (m), 1717 (s), 1627
(sh), 1579 (s), 1544 (s), 1504 (m), 1449 (w), 1408 (m), 1354 (s), 1288
(m), 1231 (m), 1135 (s), 1025 (vs), 976 (w), 934 (w), 860 (s), 790
(s), 694 (w), 579 (m), 444 (m) cm–1. UV/Vis (CH3CN, c =
2.34�10–5 molL–1): λmax (ε, Lmol–1 cm–1) = 228 (53704), 244
(48649), 302 (14606), 390 (7784), 492 (2016) nm.

[(2){PtCl(C2H4)}2][PtCl3(C2H4)]2: Compound 2 (35 mg, 0.04 mmol)
and [PtCl(C2H4)(μ-Cl)]2 (47 mg, 0.08 mmol) were dissolved in
CHCl3 (5 mL), and the reaction mixture was stirred at room temp.
for 20 h. After removal of the solvent the solid red residue was
washed several times with Et2O; yield 63 mg (0.031 mmol, 77%).
Pale red crystals were grown by diffusion of Et2O into a solution
of CH2Cl2. Crystals suitable for XRD were obtained from a CDCl3
solution in an NMR tube. C46H74Cl8N20O4Pt4 (2035.17 g/mol):
calcd. C 27.15, H 3.66, N 13.76; found C 26.94, H 3.73, N 13.39.
1H NMR (399.89 MHz, CH3CN, 294.1 K): δ = 5.97–5.92, 5.75–
5.63, 5.57–5.33 (m, 2 H, CHarom., 8 H, CH), 4.30 (s, 8 H, Hethylene

in [PtCl3(C2H4)]–), 3.77 (m, 2JPt-H = 119.58 Hz, 8 H, Hethylene of
the cation), 3.12–2.97 (m, 48 H, CH3) ppm. 13C NMR
(100.56 MHz, CH3CN, 295.0 K): δ = 75.42 (m, CH), 67.69 (Cethylene

in [PtCl3(C2H4)]–), 31.82 (m, CH3) (low signal intensity due to low
solubility) ppm. IR: (CsI) ν̃ = 3468 (w), 2964 (m), 2928 (sh), 1734
(s), 1728 (sh), 1707 (sh), 1576 (sh), 1561 (s), 1544 (s), 1499 (m),
1410 (m), 1353 (s), 1262 (m), 1218 (m), 1173 (w), 1094 (s), 1022
(vs), 853 (m), 796 (s), 695 (w), 579 (w) cm–1. MS (ESI, CH3OH):
m/z (%) = 687 (100) [M]+. UV/Vis (CH3CN, c =
2.34 �10–5 molL–1): λmax (ε, L mol–1 cm–1) = 243 (79833), 261
shoulder (56299), 288 (32963), 373 (31769), 485 (5213). Crystal
data for C54H82Cl32N20O4Pt4: Mr = 2990.12, 0.40 �0.35�

0.35 mm3, triclinic, space group P1̄, a = 11.627(2) Å, b =
12.641(3) Å, c = 17.571(4) Å, α = 106.46(3)°, β = 91.18(3)°, γ =
101.04(3)°, V = 2423.1(8) Å3, Z = 1, dcalcd. = 2.049 Mgm–3, Mo-
Kα radiation (graphite-monochromated, λ = 0.71073 Å), T =
100 K, θrange 2.29 to 26.75°. Reflections measured: 16050, indepen-
dent: 8763, Rint = 0.0407. Final R indices [I �2σ(I)]: R1 = 0.0904,
wR2 = 0.2317.

[(1)NiCl2]: [(dme)NiCl2] (25 mg, 0.11 mmol) was suspended in
CH3CN (5 mL) and cooled to –40 °C. A solution of 1 (51 mg,
0.109 mmol) in CH3CN (5 mL) was added dropwise. Then the reac-
tion mixture was stirred for 2 h at –40 °C and 20 h at room temp.
The green solution was filtered through Celite, and the solvent re-
moved from the filtrate under vacuum. The green residue was
washed three times with Et2O; yield 50 mg (0.084 mmol, 77%).
Green plate-like crystals suitable for an XRD analysis were grown
by diffusion of Et2O into a CH2Cl2 solution of the product.
3C22H32N10Cl2NiO2 (598.16)·2CH2Cl2: calcd. C 41.58, H 5.13, N
21.39; found C 41.87, H 5.58, N 21.03. IR (CsI): ν̃ = 2960 (w),
2934 (w), 2886 (sh), 1720 (s), 1705 (sh), 1601 (s), 1563 (vs), 1525
(s), 1485 (s), 1448 (w), 1415 (s), 1362 (m), 1288 (m), 1270 (m), 1233
(m), 1091 (sh), 1028 (vs), 890 (m), 862 (w), 837 (m), 794 (s), 782
(s), 756 (m), 656 (w), 580 (w), 480 (w) cm–1. UV/Vis (CH2Cl2, c =
2.7� 10–5 molL–1): λmax (ε, Lmol–1 cm–1) = 250 (18179), 288
(16051), 306 (13875), 439 (597), 513 (296), 577 (230), 699 (130)
nm. Crystal data for [(1)NiCl2]·CH2Cl2: C23H34Cl4N10NiO2, Mr =
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683.11, 0.35 �0.30 �0.15 mm3, orthorhombic, space group Fdd2,
a = 16.698(3) Å, b = 64.216(13) Å, c = 11.458(2) Å, V =
12286(4) Å3, Z = 16, dcalcd. = 1.477 Mgm–3, Mo-Kα radiation
(graphite-monochromated, λ = 0.71073 Å), T = 100 K, θrange 2.18
to 29.99°. Reflections measured: 8955, independent: 8762, Rint =
0.0346. Final R indices [I�2σ(I)]: R1 = 0.0461, wR2 = 0.0937.

[(2)(NiCl2)2]: [(dme)NiCl2] (46 mg, 0.2 mmol) and 2 (89 mg,
0.1 mmol) were dissolved in CH3CN (10 mL) at –40 °C. The reac-
tion mixture was stirred for 1.5 h at –40 °C and then at room temp.
for 2 h. The brown solution was filtered through Celite, which was
washed with CH2Cl2. The solvent was removed from the pink fil-
trate in vacuo. The dark pink residue was washed three times with
Et2O; yield 92 mg (0.082 mmol, 82%). Pink needles, which were
unfortunately not suitable for XRD analysis, were obtained by dif-
fusion of Et2O into a solution of the product in CH2Cl2 at 3 °C.
C38H58Cl4N20Ni2O4 (1118.20)·0.5CH2Cl2: calcd. C 39.84, H 5.12,
N 24.14; found C 39.81, H 5.43, N 23.23. IR (CsI): ν̃ = 2968 (sh),
2940 (w), 2879 (sh), 1712 (sh), 1576 (m), 1524 (m), 1493 (m), 1413
(m), 1360 (m), 1273 (m), 1227 (m), 1170 (w), 1090 (w), 1026 (vs),
973 (w), 923 (w), 857 (m), 819 (w), 791 (m), 726 (w), 579 (m),
468 (w) cm–1. UV/Vis (CH2Cl2, c = 4.34 �10–5 molL–1): λmax (ε,
Lmol–1 cm–1) = 252 (24889), 274 (27777), 317 (20429), 341 (19763),
466 (1196), 529 (1008), 591 (716), 702 (235) nm.

[(1)PdCl2]: [PdCl2(cod)] (22 mg, 0.077 mmol) and 1 (32 mg,
0.068 mmol) were dissolved in CH2Cl2 (10 mL). The blue-green
solution was stirred at room temp. for 20 h and filtered through
Celite. The solvent was removed under vacuum and the residue
washed twice with petroleum ether 40–60 and Et2O; yield 42 mg
(0.065 mmol, 96%). Green needles suitable for XRD were obtained
by diffusion of Et2O into a CH2Cl2 solution of the product.
C22H32Cl2N10O2Pd (642.89)·0.25CH2Cl2: calcd. C 40.06, H 4.91, N
21.00; found C 40.14, H 5.05, N 20.73. 1H NMR (399.89 MHz,
CDCl3, 295.8 K): δ = 6.61 (dd, J = 5.76, 3.32 Hz, 2 H, CHarom.),
6.38 (dd, J = 5.86, 3.40 Hz, 2 H, CHarom.), 5.30 (4 H, CH), 3.27 (12
H, CH3), 3.04 (12 H, CH3) ppm. 13C NMR (100.56 MHz, CDCl3,
297.3 K): δ = 167.33 (CO), 158.04 (CN3), 142.95, 120.21, 115.79
(Carom.), 75.31 (CH), 34.41, 30.48 (CH3) ppm. IR (CsI): ν̃ = 2962
(w), 2932 (w), 2883 (sh), 1731 (sh), 1720 (vs), 1698 (sh), 1583 (sh),
1561 (vs), 1527 (s), 1491 (s), 1447 (w), 1407 (s), 1387 (w), 1351 (s),
1292 (sh), 1276 (m), 1236 (m), 1092 (sh), 1024 (vs), 887 (w), 851
(m), 831 (m), 789 (m), 785 (m), 752 (m), 656 (w), 576 (w), 542 (w),
480 (w) cm–1. UV/Vis (CH3CN, c = 2.73�10–5 molL–1): λmax (ε,
Lmol–1 cm–1) = 231 (38575), 299 (13028), 333 (6044), 425 (594),
605 (838) nm. Crystal data for [(1)PdCl2]·2CH2Cl2:
C24H36Cl6N10O2Pd, Mr = 815.73, 0.35�0.20 �0.15 mm3, mono-
clinic, space group P21/c, a = 12.544(3) Å, b = 23.560(5) Å, c =
11.841(2) Å, β = 107.74(3)°, V = 3333.1(12) Å3, Z = 4, dcalcd. =
1.626 Mgm–3, Mo-Kα radiation (graphite-monochromated, λ =
0.71073 Å), T = 100 K, θrange 2.24 to 30.12°. Reflections measured:
53827, independent: 9791, Rint = 0.0833. Final R indices [I�2σ(I)]:
R1 = 0.0589, wR2 = 0.1504.

[(1)Pd(η3-C3H5)][PdCl2(η3-C3H5)]: [PdCl(η3-C3H5)]2 (35 mg,
0.096 mmol) and 1 (45 mg, 0.096 mmol) were dissolved in CHCl3
(6 mL). The reaction mixture was stirred for 3 h (in a closed, elon-
gated Schlenk tube) under reflux and at room temp. for a further
hour. The yellow solution was filtered through Celite and the Celite
was washed with CH2Cl2. The solvent was removed from the fil-
trate under vacuum. The yellow residue was washed three times
with Et2O; yield 57 mg (0.068 mmol, 71%). Yellow needle-shaped
crystals were obtained by diffusion of Et2O into a solution of the
product in CH2Cl2. C28H42Cl2N10O2Pd2 (834.45): calcd. C 40.30,
H 5.07, N 16.79; found C 40.06, H 5.20, N 16.29. 1H NMR
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(399.89 MHz, CDCl3, 296.5 K): δ = 6.74 (m, 2 H, CHarom.) 6.60
(m, 2 H, CHarom.), 5.95 (m, 1 H, CHallyl), 5.61 (br. s, 4 H, CH),
5.37 (m, 1 H, CHallyl), 3.98 (d, J = 6.56 Hz, 2 H, CH2 allyl), 3.80 (J
= 6.37 Hz, 2 H, CH2 allyl), 3.15 (d, J = 12.02 Hz, 2 H, CH2 allyl),
3.04 (s, 12 H, CH3), 3.02 (s, 12 H, CH3), 2.91 (d, J = 12.11 Hz, 2
H, CH2 allyl) ppm. 13C NMR (100.56 MHz, CDCl3, 297.7 K): δ =
129.45, 128.44, 123.54, 121.34, (Carom.), 109.88 (CHallyl), 75.15
(CH), 61.40 (CH2 allyl), 34.17, 30.99 (CH3) ppm. IR (CsI): ν̃ = 3060
(w), 2952 (w), 2887 (sh), 1722 (s), 1581 (sh), 1549 (vs), 1489 (s),
1450 (w), 1410 (s), 1362 (m), 1295 (m), 1272 (m), 1233 (m), 1121
(w), 1026 (vs), 964 (w), 945 (w), 888 (m), 843 (m), 787 (m), 754 (s),
660 (w), 579 (m), 538 (w), 510 (w), 481 (w) cm–1. MS (ESI,
CH2Cl2): m/z (%): 615 (100) [(1)Pd(η3-C3H5)]. UV/Vis (CH2Cl2, c

= 7.19 �10–5 molL–1): λmax (ε, Lmol–1 cm–1) = 233 (37201), 293
(9864), 380 (1934) nm. Crystal data for [(1)Pd(C3H5)]-
[PdCl2(C3H5)]: C28H42Cl2N10O2Pd2, Mr = 834.42, 0.30 �0.15�

0.15 mm3, triclinic, space group P1̄, a = 9.850(2) Å, b =
12.858(3) Å, c = 13.618(3) Å, α = 71.66(3)°, β = 83.67(3)°, γ =
88.36(3)°, V = 1627.2(6) Å3, Z = 2, dcalcd. = 1.703 Mgm–3, Mo-Kα

radiation (graphite-monochromated, λ = 0.71073 Å), T = 100 K,
θrange 2.48 to 33.00°. Reflections measured: 21275, independent:
12086, Rint = 0.0373. Final R indices [I � 2σ(I)]: R1 = 0.0422, wR2

= 0.0978.

[(2){Pd(η3-C3H5)}2][PdCl2(η3-C3H5)]2: [PdCl(η3-C3H5)]2 (22 mg,
0.06 mmol) and 2 (26 mg, 0.03 mmol) were dissolved in CHCl3
(6 mL). The reaction mixture was heated (in a closed, elongated
Schlenk tube) to reflux for 3 h and stirred at room temp. for a
further hour. The orange solution was filtered through Celite
(which was washed subsequently with small amounts of CH2Cl2).
The solvent was removed from the filtrate under vacuum and the
residue washed three times with Et2O; yield 30 mg (0.018 mmol,
63%). Crystals were obtained by diffusion of Et2O into a solution
of the product in CH2Cl2. Yellow needles suitable for XRD were
obtained. C50H78Cl4N20O4Pd4 (1590.79)·2CH2Cl2: calcd. C 35.47,
H 4.69, N 15.91; found C 36.00, H 4.90, N 15.82. 1H NMR
(399.89 MHz, CDCl3, 296.4 K): δ = 6.35 (m, 2 H, CHarom., 2 H,
CH); 6.09 (m, 4 H, CH), 5.87 (m, 2 H, CH), 5.50 (m, 2 H, CHallyl),
5.34 (m, 2 H, CHallyl), 3.98 (d, J = 6.63 Hz, 4 H, CH2 allyl), 3.30
(dd, J = 6.49, 3.69 Hz, 4 H, CH2 allyl), 3.18 (s, 6 H, CH3), 3.06 (s,
6 H, CH3), 3.04 (s, 6 H, CH3), 3.03 (s, 6 H, CH3), 3.01 (br. s, 12
H, CH3), 2.95 (d, J = 12.31 Hz, 4 H, CH2 allyl), 2.90 (s, 6 H, CH3),
2.86 (d, J = 11.88 Hz, 4 H, CH2 allyl), 2.79 (s, 6 H, CH3) ppm. 13C
NMR (150.56 MHz, CDCl3, 297.8 K): δ = 83.93, 75.47, 75.27,
74.90 (CH), 61.15 (CH2 allyl), 35.00, 34.19, 33.78, 32.99, 32.05,
31.31, 31.21, 30.49 (CH3) ppm. IR (CsI): ν̃ = 2938 (w), 2875 (sh),
1716 (s), 1553 (vs), 1522 (s), 1497 (s), 1458 (w), 1407 (s), 1360 (s),
1272 (m), 1224 (m), 1177 (w), 1128 (w), 1088 (w), 1022 (vs), 966
(w), 929 (w), 855 (m), 827 (w), 789 (s), 757 (w), 734 (w), 700 (w),
663 (w), 577 (m), 515 (w), 481 (w) cm–1. MS (ESI, CH2Cl2): m/z
(%): 1005 (100) [(2)Pd(C3H5)]+, 859 (47) [2H]+, 577 (15) [M]+. UV/
Vis (CH2Cl2, c = 3.69 � 10–5 molL–1): λmax (ε, Lmol–1 cm–1) = 241
(35254), 285 (13745), 360 (8705), 425 (2864) nm. Crystal data for
[(2){Pd(C3H5)}2][PdCl2(C3H5)]2·2CH2Cl2: C52H82Cl8N20O4Pd4, Mr

= 1760.58, 0.20 �0.10�0.10 mm3, triclinic, space group P1̄, a =
9.3720(19) Å, b = 13.259(3) Å, c = 14.360(3) Å, α = 107.66(3)°, β
= 95.22(3)°, γ = 94.72(3)°, V = 1681.9(6) Å3, Z = 1, dcalcd. =
1.738 Mgm–3, Mo-Kα radiation (graphite-monochromated, λ =
0.71073 Å), T = 100 K, θrange 2.20 to 30.10°. Reflections measured:
17756, independent: 9809, Rint = 0.0482. Final R indices [I �2σ(I)]:
R1 = 0.0458, wR2 = 0.0986.

Catalytic Test Experiment: 3[(1)NiCl2]·2CH2Cl2 (1.156 mg,
1.6� 10–3 mmol) was suspended in toluene (5 mL). Polymethylalu-
minoxane (PMAO) (2.03 g, 2985 equiv., 7% solution in toluene)
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was added, and the mixture stirred for 20 min. The mixture was
transferred by syringe to a second Schlenk tube, which contained
toluene (50 mL) and ethylene. Additional ethylene was passed over
the stirring solution at room temp. After 38 min, Et2OH/HCl (95:5,
50 mL) was added and the organic phase washed three times with
H2O/HCl. The organic phase was finally analysed with GC/MS.

X-ray Crystallographic Study: Crystals were taken directly out of
the mother liquor, immersed in perfluorinated polyether oil, and
fixed on a glass capillary. Measurements were made with a Nonius-
Kappa CCD diffractometer with a low temperature unit using
graphite-monochromated Mo-Kα radiation. The temperature was
set to 100 K. The data collected were processed using the standard
Nonius software.[41] 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.[42,43] Graphical handling of the structural
data during solution and refinement was performed with
XPMA.[44] Atomic coordinates and anisotropic thermal parameters
of non-hydrogen atoms were refined by full-matrix least-squares
calculations.

CCDC-795587 (for 1), -795588 [for (1H)(BPh4)], -795590 [for
(1H2)Cl2], -824160 [for (2H2)(BPh4)2], -795591 (for 2), -795593
[for (2)(I3)2], -795592 [for {(1)PtCl(dmso)}{PtCl3(dmso)}], -824158
[for ({2}{PtCl(C2H4)}2){PtCl3(C2H4)}2], -824159 [for{(1)NiCl2}],
-824161 [for {(1)PdCl2}], -824163 [for {(1)Pd(η3-C3H5)}{PdCl2(η3-
C3H5)}], and -824162 [for ({2}{Pd(η3-C3H5)}2){PdCl2(C3H5)}2]
contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Molecular structure and crystal data for the product of the
reaction of tetramethylbisurea and oxalyl chloride at temperatures
exceeding 100 °C, IR spectra, TGA curve for [(2){PtCl(C2H4)}2]-
[PtCl3(C2H4)]2, selected UV/Vis spectra.
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