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Abstract

Palladium–biscarbene complexes derived from N,N 0-bis(1,2,4-triazol-1-yl)methane, which bear an alkyl chain functionalized with
a hydroxyl group, have been synthesized ([Pd(L1)Br2] (6) and [Pd(L1)I2] (7) [L1 = 1,1 0-(3-hydroxypropylidene)bis(4-butyl-4,5-dihy-
dro-1H-1,2,4-triazol-5-ylidene)]). Each product is obtained as a non-equimolecular mixture of two conformers. The hydroxyl group
has been replaced by bromide and methanesulphonate and ( [Pd(L2)Br2] [L2 = 1,1 0-(3-bromopropylidene)bis(4-butyl-4,5-dihydro-
1H-1,2,4-triazol-5-ylidene)] (9)) and ([Pd(L3)Br2] [L3 = 1,1 0-(3-methanesulphonyloxypropylidene)-bis(4-butyl-4,5-dihydro-1H-
1,2,4-triazol-5-ylidene)] (10)) were obtained, respectively, as mixtures of conformers. All compounds consist of a six-membered
metallacyclic structure in a boat conformation. Major conformers present the functionalized chain in the axial position, while in
minor conformers it is located in the equatorial position.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

N-Heterocyclic carbenes (NHCs) derived from imid-
azole have been widely used to coordinate transition
metals and the resulting complexes have proven to have
a great number of catalytic applications [1]. NHCs de-
rived from imidazole are the most popular carbenes
although some NHC systems derived from 1,2,4-triazole
have been prepared and used as catalysts [1a,1h,2].

Due to the increased interest in designing efficient
synthetic methods that are environmentally benign, the
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development of recyclable immobilized catalysts is an
interesting goal. Very few examples have been reported
of catalysts based on NHC that have been immobilized;
one such example is a pincer-biscarbene-complex of Pd
that was immobilized on clay through adsorption or cat-
ionic exchange [3]. The preparation of polymers or den-
drimers containing this kind of complex requires the
NHCs or their precursors to have one functional group.
A number of functionalized NHC-complexes [4–7] or
salt precursors of NHC [8,9] have been synthesized
and these were bonded to a polymer or silica. Other
complexes bearing NHC have been immobilized on a
polymer or dendrimer through the use of a ligand other
than the NHC system [10]. Biscarbenes derived from
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Fig. 1. Chemical structures of the previously described compounds 1 and 2.
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N,N 0-diimidazolylmethane bearing a hydroxyalkyl
group at each nitrogen atom 1 (Fig. 1) were obtained
by Herrmann and were attached to polystyrene [11]. In
2002, we reported a derivative of N,N 0-bis(1,2,4-tri-
azol-1-yl)methane (2) (Fig. 1) that has a hydroxyphenyl
group attached to the methylene unit and this com-
pound was used in the synthesis of an NHC-containing
generation zero dendrimer [12]. In this case the carbene
moieties were obtained in the last step and we were un-
able to prepare the functionalized biscarbene-complex
with 2 before coupling to the core. In fact, release of
the heterocycles was observed upon quaternization of
2 – probably due to the significant electrophilic charac-
ter of the benzyl methyne of the double salt [13].

A biscarbene derived from 1,3-bis(N-imidazol-1-
yl)propane functionalized with a hydroxyl group in the
bridge was prepared by Arnold et al. [14].

We report here the synthesis of several biscarbene
complexes derived from N,N 0-bis(1,2,4-triazol-1-
yl)methane functionalized on the methylene bridge with
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a hydroxyalkyl group as well as the corresponding bro-
mide and mesylate derivatives. In these complexes the
presence of a benzyl methyne is avoided.
2. Results and discussion

In previous papers we described the synthesis of ester
3 by a double Michael addition [15] and this compound
was subsequently reduced to alcohol 4 [16] (Scheme 1).
These compounds represent two new examples of
N,N 0-bis(1,2,4-triazol-1-yl)methanes functionalized in
the methylene bridge. In these two examples a benzylic
methyne is not present. The two N4 atoms of the alcohol
4 were quaternized by reaction with a large excess of bu-
tyl tosylate at 100 �C and the corresponding salt 5 was
obtained (Scheme 2).

The release of heterocycles was not observed, which
confirms that the benzylic methyne is responsible for
the low stability of the double salt obtained from 2.
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Scheme 3. (i) Pd(OAc)2, KBr, THF, DMSO, r.t., 1 h. (ii) Pd(OAc)2, KI, THF, 0 �C, 24 h.
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1H NMR spectra confirm the formation of the 5 by the
appearance of signals corresponding to butyl and tosyl-
ate moieties and the shift to lower field of the signals
corresponding to H3 (9.42 ppm) and H5 (10.59 ppm)
[13].

Reaction of the salt 5 with palladium(II) acetate in
the presence of potassium bromide or iodide gave the
biscarbene–palladium complexes [Pd(L1)Br2] (6) and
[Pd(L1)I2] (7) (Scheme 3), each of which was obtained
as a mixture of two compounds in an 8:1 ratio (deter-
mined by 1H NMR spectroscopy in DMSO-d6). It was
not possible to separate the compounds and no varia-
tion in the relative ratios was observed after successive
crystallization of the mixtures. This observation indi-
cates the possibility of an interchange between the two
compounds at room temperature through slow equilib-
ria on the NMR time scale.

All of the compounds obtained give rise to a 1H
NMR pattern similar to that observed for 1,1 0-methyl-
enebis(4-butyl-4,5-dihydro-1H-1,2,4-triazole-5-ylidene)
(8) [2a] (Fig. 2), apart from the 2-hydroxyethyl groups
and the CH of the metallacyclic rings.

Both major compounds of 6 and 7 (Scheme 3) show
the same 1H NMR spectrum and they are very similar
to those of the minor compounds, whose spectra are
identical. The absence of a signal due to H5 of the tria-
zole ring and the presence of a singlet due to H3 of the
same heterocycle (at 8.92 ppm for the major compounds
and 8.88 ppm for the minor compounds) are indicative
of biscarbene formation. The most marked differences
between the spectra of the major and minor compounds
are in the signals corresponding to the 2-hydroxyethyl
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Fig. 2. The previously reported compound 8.
groups and, in particular, the chemical shifts of the
CH protons of the metallacyclic ring. These latter sig-
nals appear as triplets at 6.79 ppm for the major com-
pounds and 7.12 ppm for the minor components.
Formation of the carbene was confirmed by 13C NMR
spectroscopy. The carbene carbon signals of the two ma-
jor compounds are observed at 163.8 and 167.9 ppm,
respectively [2a] (signals for the carbene carbons of the
minor compounds could not be observed due to the
small quantities present). All of the observations out-
lined above are consistent with the major and minor
compounds in both mixtures being isomers. The exis-
tence of equilibria between these compounds was con-
firmed by NOESY-ID [17].

Similarly to observed with palladium complexes bear-
ing diphosphine ligands [18], at high temperature (363 K
for 6 and 380 K for 7) the signals are broadened and the
chemical shifts of the CH protons of the metallacyclic
ring are close to coalescence (Fig. 3). The coalescence
of these signals has been observed at 378 K for 6 and
421 K for 7. At higher temperatures the equilibriums be-
came fast on the NMR time scale and minor and major
compounds in both mixtures could not be distinguished.

A square-planar structure around the palladium is
proposed for all four compounds in a similar way to 8
[2a]. Two coordination sites are occupied by the two car-
bene carbons to form a six-membered metallacycle with
a boat conformation. The other two coordination sites
are occupied by the halide atoms. Differences can be ob-
served between the 1H NMR signals of the 2-hydroxy-
ethylene groups and the CH of the metallacyclic ring
in the minor and major isomers. These differences are
due to the fact that the 2-hydroxyethyl moieties are in
axial positions in one compound (6a and 7a) and equa-
torial positions in the other (6b and 7b) and boat-
to-boat inversions take place, as shown in Scheme 4.
We propose that the major isomers have the 2-hydroxy-
ethyl groups in axial positions (6a and 7a) whereas they
are in equatorial positions in the minor isomers (6b and
7b) [19].

Our next goal was to the replace the hydroxyl groups
with other units that may undergo nucleophilic substitu-
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Fig. 3. Variable temperature 1H NMR experiment of complex 6.
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tion; e.g., bromide or methanesulphonyl. Thus, the
mixture of compound 6 was reacted with CBr4 and tri-
phenylphosphine in acetonitrile at room temperature
and the corresponding bromide 9, [Pd(L2)Br2] was ob-
tained (Scheme 5) as a new mixture of two isomers in
an 8:1 ratio. These two components were found to be
interchangeable at room temperature through a slow
equilibrium on the NMR time scale, a situation con-
firmed by NOESY-1D experiments [17]. The two com-
pounds have very similar 1H NMR patterns, with the
most important differences concerning the 2-bromoethyl
moiety and, in particular, the triplets of the CH groups
in the metallacyclic ring (as observed for 6). Further-
more, the signals of the methylene groups are shifted
to lower field in comparison to the corresponding signals
of 6, an observation that is consistent with the replace-
ment of OH by Br.

Similar to 6, coalescence of the CH protons of the
metallacyclic ring was observed at 105 �C. At higher
temperature the two components of the mixture cannot
be distinguished, a fact that indicates a fast equilibrium
on the NMR time scale. However, it should be noted
that partial decomposition (10–15%) was observed.
New signals in the 1H NMR spectrum of new unidenti-
fied products appeared.

As indicated for 6, we propose that these two isomers
of 9 have a square-planar structure around the palla-
dium, with two coordination sites occupied by the two
carbene carbons to form a six-membered metallacycle
with a boat conformation. The other two coordination
sites are occupied by the bromine atoms. The major
compound has the 2-bromoethyl moiety in an axial po-
sition (9a) and the minor isomer has it in the equatorial
position (9b) [19]. In addition, boat-to-boat inversions
take place between these two compounds, as shown in
Scheme 4.

Methanesulphonate derivative [Pd(L3)Br2] (10)
(Scheme 5) was obtained from the mixture 6 by reaction
with methanesulphonyl chloride in the presence of tri-
ethylamine in CH2Cl2 at room temperature. A new mix-
ture of isomers (8:1 ratio) was obtained and these
components were interchangeable at room temperature
through a slow equilibrium on the NMR time scale, a
situation confirmed by NOESY-1D experiments [17].
The two compounds gave similar 1H NMR spectra, with
the most marked differences observed in the signals due
to the methanesulphonyloxyethyl moiety, which is con-
sistent with the presence of axial and equatorial isomers.
Coalescence of the CH protons of the metallacyclic ring
was again observed at 105 �C. At higher temperature the
two isomers are not distinguishable because the equilib-
rium is fast on the NMR time scale. However, it should
be noted that partial decomposition (25–30%) was ob-
served. New signals in the 1H NMR spectrum of new
unidentified products appeared.

The aforementioned mixture of compounds 10 gives
1H NMR patterns similar to that of 6 – except for the
two singlets at 3.20 and 3.24 ppm, which were assigned
to the methyl groups of the sulphonic ester of the major
and minor compounds, respectively. The signals of the
methylene groups bonded to oxygen atoms (4.11 and
4.71 ppm for major and minor, respectively) are shifted
to lower field in comparison to the corresponding signals
in hydroxycarbene 6 (3.54 and 3.90 ppm). This change is
consistent with the formation of a sulphonate ester.

The structure proposed for the two isomers has a
square-planar geometry around the palladium atom;
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two coordination sites are occupied by the carbene
carbons to give a six-membered metallacyclic ring with
a boat conformation and the other two positions are
occupied by the bromine atoms. The sulphonyloxyethyl
groups are in axial positions for the major compound
and equatorial positions for the minor component [19]
– as indicated in Scheme 4. In addition, a boat-to-boat
inversion takes place at room temperature between these
two compounds.

The activation energies for this fluxional process in
DMSO-d6 were determined by examining the coales-
cence temperatures of the CH protons of the metallacy-
clic rings. The thermodynamic parameters are
summarized in Table 1.

The absence of a boat-to-boat inversion at room tem-
perature, which was reported by us for compound 8 [2a],
warrants further comment. The activation energy of the
inversion of 8 (78.12 kJ/mol) is lower than that observed
Table 1
Activation parameters

Compound Tc (K) DG# (kJ/mol) [20]

6 378 74.75 ± 0.5
7 421 83.86 ± 0.6
9 378 75.01 ± 0.5
10 378 75.23 ± 0.3
for 7 (83.86 kJ/mol), meaning that 8 must be in a more
rapid conformational equilibrium than 7 at room tem-
perature. When a NOESY-1D experiment was per-
formed on 8, a signal was not observed in the negative
phase other than that of the irradiated proton. This re-
sult is probably a consequence of the inversion rate not
being high enough to observe formal magnetization
transference from one conformer to the other.
3. Conclusions

Palladium–biscarbene complexes derived from an
N,N 0-bis(1,2,4-triazol-1-yl)methane that has an alkyl
group functionalized with hydroxyl, methanesulphonate
or bromide have been synthesized. Each product is ob-
tained as a non-equimolecular mixture of conformers
and these have a six-membered metallacyclic structure
in a boat conformation. The substituent of the metalla-
cycle is in an axial position for the major conformer and
equatorial for the minor one.
4. Experimental

Solvents were purified by distillation from appropri-
ate drying reagents before use. All reagents were used
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as received and without further purification. When
necessary, work was carried out using standard Schlenk
techniques under an atmosphere of dry argon. Melting
points were determined in capillary tubes on a Gallenk-
amp apparatus and are uncorrected. Elemental analyses
were performed on a Perkin–Elmer 2400 CHN microan-
alyzer. Electron Impact (EI) (working at 70 V and 200
�C) experiments were performed on a VG Autospec
instrument belonging to Servicio Interdepartamental
de Investigación, Universidad Autónoma de Madrid.
IR spectra were recorded on a Nicolet 550 spectropho-
tometer (FT-IR). NMR spectra were recorded in CDCl3
on a Varian Inova-500 instrument with TMS or the sol-
vent carbon signal as the standards, operating at 500
MHz for 1H and 125 MHz for 13C. Chemical shifts
are expressed in parts per million (d). The signals were
assigned with the help of NOESY-1D.

4.1. Synthesis of 1,1 0-(3-hydroxypropylidene)bis(4-butyl-

1H-1,2,4-triazolium) ditosylate (5)

A mixture of 1,1 0-(3-hydroxypropylidene)bis(4-butyl-
H-1,2,4-triazole) (4) (1.00 g, 5.15 mmol) and butyl tosyl-
ate (15 mL) was heated and stirred at 100 �C in a 25 mL
round-bottomed flask for 24 h. The crude material was
washed with ethyl acetate and the product was obtained
as a colourless solid after crystallization from methanol/
ethyl ether. Yield 99%; m.p. 187–191 �C. IR (KBr): 3368
(OH). Anal. found: C, 53.21; H, 6.38; N, 12.85%. Calc.
for C29H42N6O7S2: C, 53.52; H, 6.50; N, 12.91. 1H
NMR (DMSO-d6): d = 0.88 (t, J = 7.3 Hz, 6H,
CH2CH2CH2CH3); 1.28 (m, 4H, CH2CH2CH2CH3),
1.79 (m, 4H, NCH2CH2CH2CH3), 2.28 [s, 6H,
CH3(Ts)], 2.81 (q, J = 6.2 Hz, 2H, CHCH2CH2OH),
3.50 (pseudo-t, J = 5.5 Hz, 2H, CHCH2CH2OH), 4.27
(t, J = 7.5 Hz, 4H, CH2CH2CH2CH3), 5.01 (bs, 1H,
OH), 7.11 (d, J = 8 Hz, 4H, Ts) and 7.47 (d, J = 8 Hz,
4H, Ts), 7.59 (t, J = 7.3 Hz, 1H, CHCH2CH2OH),
9.43 [s, 2H, H3 (1,2,4-triazole)], 10.60 [s, 2H, H5
(1,2,4-triazole)]. 13C NMR (DMSO-d6): d = 13.2, 18.7,
20.8, 30.6, 33.4, 47.7, 55.3, 71.7, 125.4, 128.1, 137.7,
144.6, 145.3, 145.5.

4.2. Synthesis of 1,1 0-(3-hydroxypropylidene)bis(4-butyl-

4,5-dihydro-1H-1,2,4-triazol-5-ylidene)palladium(II)

dibromide (6)

Compound 5 (150 mg, 0.23 mmol), DMSO (2 mL),
KBr (83.30 mg, 0.7 mmol) and Pd (OAc)2 (46.42 mg,
0.207 mmol) were added, in that order, to THF (100
mL) in a 500 mL two-necked round-bottomed flask.
The resulting brown suspension was stirred for 1 h.
The THF was evaporated under vacuum at 20 mmHg
and the DMSO was distilled at 10�3 mmHg. The residue
was washed with toluene (3 · 50 mL) and the product
was extracted with THF (3 · 80 mL). The THF was
evaporated and the product was purified by column
chromatography (silica gel, CH2Cl2/acetone 10:1) to
give an oil, which crystallized when washed with diethyl
ether under ultrasound. The pure product was obtained
by crystallization from CH2Cl2/diethyl ether. Yield 60%;
m.p.: 144–146 �C. MS-FAB+: m/z = 492.8 [M-Br]+,
1064.5 [2M-Br]+. IR (KBr): 3405 (OH). Anal. found:
C, 31.71; H, 4.63; N, 14.82%. Calc. for
C15H26Br2N6OPd: C, 31.46; H, 4.58; N, 14.68. Com-
pound 6a, 1H NMR (DMSO-d6): d = 0.88 (t, J = 7.4
Hz, 6H, CH3), 1.18–1.25 (m, 4H, CH2CH2CH2CH3),
1.73–2.88 (m, 4H, CH2CH2CH2CH3), 3.04 (q, J = 6.1
Hz, 2H, CHCH2CH2OH), 3.54 (q, J = 5.4 Hz, 2H,
CHCH2CH2OH), 4.14–4.19 (m, 2H, one H for each
CH2CH2CH2CH3), 4.84–4.98 (bs, 2H, one H for each
CH2CH2CH2CH3), 5.05 (t, J = 4.8 Hz, 1H, OH), 6.79
(t, J = 7.3 Hz, 1H, CHCH2CH2OH), 8.92 [s, 2H, H3
(1,2,4-triazole)]. 13C NMR (CDC13): d = 13.6, 19.6,
32.9, 41.7, 49.9, 57.2, 77.10, 143.0, 163.8. Compound
6b, 1H NMR (DMSO-d6): d = 2.84 (q, J = 6.7 Hz,
2H, CHCH2CH2OH), 3.90 (q, J = 5 Hz, 2H,
CHCH2CH2OH), 4.78–4.90 (bs, 2H, one H for each
CH2CH2CH2CH3), 5.08 (t, J = 5.5 Hz, 1H, OH), 7.12
(t, J = 6.3 Hz, 1H, CHCH2CH2OH), 8.88 [s, 2H, H3
(1,2,4-triazole)].

4.3. Synthesis of 1,1 0-(3-hydroxypropylidene)bis(4-butyl-

4,5-dihydro-1H-1,2,4-triazol-5-ylidene)palladium(II)

diiodide (7)

Compound 5 (150 mg, 0.23 mmol), KI (76.53 mg,
0.46 mmol) and Pd(OAc)2 (46.42 mg, 0.21 mmol) were
added, in that order, to THF (100 mL) in a 500 mL
two-necked round-bottomed flask. The resulting brown
suspension was stirred at 0 �C for 24 h. The crude
mixture was filtered and the solvent evaporated under
vacuum. The residue was purified by column chroma-
tography (silica gel, acetone/CH2Cl2 1:20). The pure
product was obtained as a red solid after crystallization
from CH2Cl2/diethyl ether. Yield 85%; m.p. 200–203 �C.
MS-FAB+: m/z = 538.9 [M-I]+, 1205.1 [2M-I]+. IR
(KBr): 3402 (OH). Anal. found: C, 26.68; H, 3.65; N,
12.41%. Calc. for C15H26I2N6OPd: C, 27.03; H, 3.93;
N, 12.61. Compoud 7a, 1H-NMR (DMSO-d6): d =
0.88 (t, J = 7.3 Hz, 6H, CH3), 1.17–1.25 (m, 4H, CH2-
CH2CH2CH3), 1.71–1.88 (m, 4H, CH2CH2CH2CH3),
3.11 (q, J = 6.1 Hz, 2H, CHCH2CH2OH), 3.53 (pseu-
do-q, J = 4.5 Hz, 2H, CHCH2CH2OH), 4.15–4.20 (m,
2H, one H for each CH2CH2CH2CH3), 4.74–4.90 (bs,
2H, one H for each CH2CH2CH2CH3), 5.05 (pseudo-t,
J = 4.5, 1H, OH), 6.82 (t, J = 7.5 Hz, 1H, CHCH2-
CH2OH), 8.93 [s, 2H, H3 (1,2,4-triazole)]. 13C NMR
(CDCl3): d = 13.6, 19.5, 32.6, 40.8, 50.8, 57.3, 77.6,
142.7, 167.9. Compound 7b, 1H-NMR (DMSO-d6):
d = 2.86 (q, J = 6.7 Hz, 2H, CHCH2CH2OH), 3.90 (q,
J = 6.7 Hz, 2H, CHCH2CH2OH), 4.69–4.80 (bs, 2H,
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one H for each CH2CH2CH2CH3), 5.11 (t, J = 7.5 Hz,
1H OH), 7.12 (t, J = 6.3 Hz, 1H, CHCH2CH2OH),
8.90 [s, 2H, H3 (1,2,4-triazole)].

4.4. Synthesis of 1,1 0-(3-bromopropylidene)bis(4-butyl-

4,5-dihydro-1H-1,2,4-triazol-5-ylidene)palladium(II)
dibromide (9)

To a solution of 6 (100 mg, 0.17 mmol) and carbon
tetrabromide (230 mg, 0.69 mmol) in acetonitrile (10
mL) at 0 �C was added a solution of triphenylphosphine
(182 mg, 0.69 mmol) in acetonitrile (10 mL). The reac-
tion mixture was stirred under argon for 14 h at room
temperature. Potassium carbonate was added and the
stirring was maintained until the organic layer had been
neutralized. The crude mixture was filtered and the sol-
vent evaporated under vacuum. The residue was purified
by column chromatography (silica gel, CH2Cl2/acetone,
16:1) followed by crystallization from CH2Cl2/Et2O.
Yield 92%; m.p. 202–204 �C. MS-FAB+: m/z = 554.8
[M-Br]+, 1190.5 [2M-Br]+. Anal. found: C, 28.40; H,
4.04; N, 13.09%. Calc. for C15H25Br3N6Pd: C, 28.35;
H, 3.96; N, 13.22. Compound 9a, 1H NMR (DMSO-
d6): d = 0.88 (t, J = 7.3 Hz, 6H, CH3), 1.19–1.26 (m,
4H, CH2CH2CH2CH3), 1.73–1.88 (m, 4H, CH2CH2-
CH2CH3), 3.46 (q, J = 6.7 Hz, 2H, CHCH2CH2Br),
3.64 (t, J = 6.5 Hz, 2H, CHCH2CH2Br), 4.14–4.20 (m,
2H, one H for each CH2CH2CH2CH3), 4.88–4.95 (m,
2H, one H for each CH2CH2CH2CH3), 6.88 (t, J = 7.3
Hz, 1H, CHCH2CH2Br), 8.94 [s, 2H, H3 (1,2,4-tria-
zole)]. 13C NMR (CDCl3): d = 13.6, 19.6, 26.3, 32.9,
41.9, 49.9, 77.6, 143.3, 164.2. Compound 9b, 1H NMR
(DMSO-d6): d = 3.21 (q, J = 7.2 Hz, 2H, CHCH2-
CH2Br), 3.95 (t, 7.8 Hz, 2H, CHCH2CH2Br),
4.79–4.89 (bs, 2H one H for each CH2CH2CH2CH3),
7.17 (t, J = 6.3 Hz, 1H, CHCH2CH2Br), 8.91 [s, 2H,
H3 (1,2,4-triazole)].

4.5. Synthesis of 1,1 0-(3-methanesulphonyloxy-

propylidene)bis(4-butyl-4,5-dihydro-1H-1,2,4-triazol-5-

ylidene)palladium(II) dibromide (10)

A stirred mixture of 6 (100 mg, 0.17 mmol) and
freshly distilled Et3N (36 lL, 0.26 mmol) in CH2Cl2
was cooled to 0 �C and treated dropwise with a solution
of methanesulphonyl chloride (20 lL, 0.26 mmol) in
CH2Cl2 (10 mL). The mixture was allowed to warm
up to room temperature over a further 2 h. Et3N Æ HCl
was then removed by centrifugation and the solvent
evaporated under vacuum. Compound 10 was obtained
as a yellow oil and this was purified by column chroma-
tography (silica gel, CH2Cl2/acetone, 16:1) followed by
crystallization from CH2Cl2/Et2O. Yield 90%; m.p.
188–191 �C. MS-FAB+: m/z = 570.8[M-Br]+, 1222.7
[2M-Br]+. Anal. found: C, 29.60; H, 4.49; N, 12.72%.
Calc. for C15H28Br2N6O3PdS: C, 29.53; H, 4.34; N,
12.91. Compound 10a, 1H NMR (DMSO-d6): d = 0.88
(t,J = 7.3 Hz, 6H, CH2CH2CH2CH3), 1.19–1.26 (m,
4H, CH2CH2CH2CH3), 1.75–1.87 (m, 4H, CH2CH2-
CH2CH3), 3.20 (s, 3H, CH3SO3), 3.33–3.38 (m, 2H,
CHCH2CH2O), 4.15–4.21 (m, 2H, one H for each
CH2CH2CH2CH3), 4.11 (t, J = 5.5 Hz, 2H, CHCH2-
CH2O), 4.85–4.98 (m, 2H, one H for each CH2CH2CH2-
CH3), 6.95 (t, J = 7.3 Hz, 1H, CHCH2CH2O), 8.93 [s,
2H, H3 (1,2,4-triazole)]. 13C NMR (CDCl3): d = 13.6,
19.6, 32.9, 37.8, 38.6, 49.9, 64.1, 76.1, 143.5, 164.0. Com-
pound 10b, 1H NMR (DMSO-d6): d = 3.11�3.15 (m
2H, CHCH2CH2O), 3.24 (s, 3H, CH3SO3), 4.71 (t,
J = 6.8 Hz, 2H, CHCH2CH2O), 4.80–4.90 (bs, 2H,
one H for each CH2CH2CH2CH3), 7.23 (t, J = 5.5 Hz,
1H, CHCH2CH2O), 8.91 [s, 2H, H3 (1,2,4-triazole)].
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