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The addition of pyridine-2-carbaldehyde 4N-methylthiosemicarba- Scheme 1

zone (CgH10N4S) to an aqueous solution of copper(ll) nitrate yields B Q

[{ Cu(CgHgN4S)(NO3)} 2] (1). This complex consists of centrosym- N ( i
metric dinuclear entities containing square-pyramidal copper(ll) ions o _/S ,S_N/%
bridged through the sulfur thioamide atoms. The oxidation of 1 el “\T-E{~~ONO“2”_
with KBrOs or KlO; gives rise to a compound with formula [{ Cu- < |
(C3H3N40)(H20)2(SO4)} 2]'2H20 (2) (C3H3N4O = 2-methylamin0- \1
5-pyridin-2-yl-1,3,4-oxadiazole). The structure of 2 is made up of wos
centrosymmetric dimers where the copper(ll) ions exhibit a distorted l’
octahedral coordination and are connected by the oxadiazole

moiety. The metal ions in 2 can be removed by addition of ~ :\( /Hz?
Ks[Fe(CN)g], and then the oxadiazole ligand can be isolated and L~ g
recrystallized as (CgHgN40)+3H,0 (3). N'\O/>_"H 0/4 )\

3

Compoundl was synthesized by addition ofgl@;oN4S,
1,3,4-Oxadiazoles exhibit relevant biological properties Which was prepared following ref 5, to an aqueous solution
and a wide variety of applications, in particular as active of copper(ll) nitrate. Dark green single crystalsicduitable
compounds in both medicine and agriculttir&everal for X-ray analysis were obtained by slow evaporation of an
methods have been used for the synthesis of these kinds ofqueous solution. The crystal structure 15f consists of
compounds from acylic precursors. Some of them are the centrosymmetric dinuclear molecules (Figure 1). The copper-
oxidative cyclizations of acyl hydrazonésgcyl thioureas, (I1) ions exhibit a square-pyramidal geometry=t 0.08) and
and acyl thiosemicarbazidés. are bridged through the sulfur thioamide atoms, in a similar
The present work deals with the oxidation of a copper(ll) Way to that observed in copper(ll) derivatives of pyridine-
complex with formula{Cu(GHeN4S)(NOs)} 2] (1) (CeHidNaS 2-carbaldehyde thiosemicarbazdne.
= pyridine-2-carbaldehydeNtmethylthiosemicarbazone), to ~ The addition of potassium bromate (1 mmol, 0.17 g) to
give the [ Cu(GHsN4O)(H:0)(SOx)} 2]+2H0 (2) compound an aqueous solution df (0.5 mmol, 0.32 g) gave rise to
.(CBHS.N40 - 2_-methy|amin0-5-pyridin-2-yl-1,3,4-oxa§iazole) (4) (a) Omar, F. A,; Mahfouz, N. M.; Rahman, M. Eur. J. Med. Chem.
in which the ligand has undergone a series of reactions which 1996 31, 819. (b) Vashi, B. S.: Mehta, D. S.; Shah, V. IHdian J.

have been summarized in Scheme 1. Chem. Sect. B1996 35, 111. (c¢) Rama Rao, G.; Mogilaiah, K.;
Sreenivasulu, Bindian J. Chem. Sect. B996 35, 339. (d) Albar, H.

A.; Makki, M. S. |.; Faidallah, H. MlIndian J. Chem. Sect. B996

* Authors to whom correspondence should be addressed. E-mail: 35, 23. (e) Kelarev, V. I.; Karakhanov, R. A.; Gasanov, S. S.;
gipgatoj@ubu.es (J.G.-T.). Morozova, G. V.; Kuatbekova, K. RRuss. J. Org. Chenmi993 29,
T Universidad de Burgos. 323. (f) Raman, K.; Singh, H. K.; Salzman, S. K.; Parmar, SJ.S.
* Universidade da Cofian Pharm. Scil1993 82, 167. (g) Fernandes, P. S.; Sonar, T.IRdian
§ Universidad del PalVasco. J. Chem. Sod 986 63, 427. (h) Hiremath, S. P.; Biradar, J. S.; Kudari,
(1) (a) Hetzheim, A.; Mokel, K. Adv. Heterocycl. Chem1966 7, 183. S. M.J. Indian Chem. S0d.984 61, 74. (i) Hiremath, S. P.; Goudar,
(b) Sharma, B. L.; Tandon, S. KRharmaziel984 39 H-12, 858. N. N.; Purohit, M. G.Indian J. Chem. Sect. B981, 20, 388.
(2) Jedlovska, E.; Lesko, &ynth. Commuril994 24, 1879. (5) West, D. X.; Bain, G. A.; Butcher, R. J.; Jasinski, J. P.; Li, Y.;
(3) Hiremath, S. P.; Sonar, V. N.; Raja Sekhar, K.; Purohit, Mir@ian Pozniakiv, R. Y.; Valde-Martnez, J.; Toscano, R. A.; HEmMdez-
J. Chem.1989 28B, 626. Ortega, SPolyhedron1996 15, 665.
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Figure 1. ORTEP plot of1. Selected bond distances (A) and angles

(deg): Cu-N2 1.964(2), Ce-O1 1.990(2), CtrN1 2.028(2), Cu+S 2.2699-
(6), Cu-S' 2.7659(6), S-C7 1.759(2), N2-C6 1.291(3), N2-N3 1.358-
(2), N3—-C7 1.333(3), N4 C7 1.325(3), N4C8 1.454(4), N+Cu—S
164.77(6), N2-Cu—01 169.78(7), N:Cu—S 92.44(5), intramolecular

Figure 2. ORTEP plot of2. Selected bond distances (A): €03 1.976-
(2), Cu—02 1.998(2), CtrN3 2.008(2), Cu-N1 2.047(2), Cu-N2 2.356-
(2), Cu—04 2.368(1), SO7 1.460(2), SO6 1.467(2), SO5 1.480(2),
S—04 1.489(2), O+ C7 1.358(2), 01-C6 1.376(2), N2-C6 1.282(3), N2
N3' 1.391(2), N3-C7 1.322(2), N4C7 1.308(3), N4C8 1.453(3),
intramolecular Cu-Cu distance 4.410(1), closest intermolecular @Qu

o oo | i f . . )
g‘; 4908% 4)?'(533”80_903-‘;?;%') (C'gsfit Jr'”{,er_";")'f‘;;‘_'ar @u distance distance 7.226(1)l (= —x + 1, —y, —z + 1).
compound (Scheme 1). The solution was allowed to stand
at room temperature for 2 days, and green crystal® of
appeared. Compourttlis stable in air at room temperature
for months. The crystal structure &f is made up of cen-
trosymmetric entities (Figure 2). The metal ions exhibit a Figure 3. ORTEP plot of3. Selected bond distances (A): 6C7 1.362-
distorted octahedral coordination and are connected by the%” Szljﬁg 1143;&(22))N“!}}C%lllg%:’;g)z),\uicgiéff(zzgz),\l 2(%&?16. 12121327)-.
oxadiazole moiety. Note the presence of sulfate groups in
th|S Compound Wh|Ch arose from the OXidation Of the Sulfur potassium iodate instead of potassium bromate yieided
thione atoms. cyclization (yield = 40%), but reactions with potassium

We have also obtained oxadiazole derivatives from the chlorate and hydrogen peroxide were not successful. The rate
oxidative attack on an analogous ligand as pyridine-2-car- of the reaction increased with heating, but the oxidation
baldehyde thiosemicarbazone (yietd58%)° However, we process led to the attainment of bis(pyridinecarboxylate)-
were not able to obtain the same results with pyridine-2- copper(ll) Cu(py-COQ}2H,0.
carbaldehyde 4,4N-dimethylthiosemicarbazone. The use of  The reaction of K[Fe(CN)]-3H,0 (0.2 mmol, 0.08 g) with
an aqueous solution @ (0.1 mmol, 0.08 g) at OC yielded
a dark red suspension containing theCki[Fe(CN}]-H.O
compound and a white precipitate. The latter was recrystal-
lized from ethanol, giving rise to colorless crystals of
(CgHsN4O)-3H,0 (3) suitable for X-ray studies. The crystal
structure of3!° is shown in Figure 3. As in the case of the
2 derivative, a syn conformer with respect to the C{&)6)
bond is obtained. However, atoms C(8) and N(3) are syn
with respect to the C(7AN(4) bond in compoun@, but they
show an anti conformation in the copper(ll) derivative. This
conformational change is due to a steric hindrance between
the methyl and the sulfate groups into the dirHer.

It is worth mentioning that the use of reactives different
from ferrocyanide, such as NaHG@ielded the same results

(6) Crystal data forl: CigH1sCWpN1006S,, My = 637.60, triclinic, P1
space groupa = 7.5259(5) Ab = 8.7096(6) A,c = 9.9215(6) A«
= 72.734(13, f = 86.646(1, y = 70.362(1), V = 584.29(7) &, Z
= 1, u(Mo Ka) = 2.056 mntl, T = 298(2) K, 4140 reflections
collected, 2820 were uniqu&f: = 0.0204). FinaR values: R1[>
20(1)] = 0.0350, wR2 [ > 20(1)] = 0.0982, R1 (all data¥ 0.0376,
wR2 (all data)= 0.1008. Anal. Found: C 29.8, H 2.8, N 22.0, S
10.1. Calcd for @H1sCwpN100sS: C 30.2, H 2.8, N 22.0, S 10.0.
Yield: 83%. Molar conductivity of 5x 104 M solutions in water
(dimethylformamide) at 28C: Ay = 91.6 (74.3)Q~1 cn? mol1.
Selected IR bands (cm, KBr): 3390 m, 1605 m, 1586 m, 1563 m,
1518 vs, 1485 m, 1461 vs, 1447 vs, 1386 vs, 1357 sh s, 1303 s, 1234
s, 1176 s, 1023 m, 913 m, 885 m, 810 w, 776 s. EPR (X-band, solid
sample): at 120 Kg; = 2.186,9, = 2.049,g; = 2.025.

(7) (a) Garta-Tojal, J.; Urtiaga, M. K.; Cofe R.; Lezama, L.; Rojo, T.;
Arriortua, M. I. J. Chem. Soc., Dalton Tran$994 2233. (b) Gar@a-
Tojal, J.; Lezama, L.; Pizarro, J. L.; Insausti, M.; Arriortua, M. 1.;
Rojo, T. Polyhedron1999 18, 3703.

(8) Crystal data for2: Ci6H18CWwNgO16S,, My = 779.66, monoclinic,
P21/c space groupa = 8.4426(5) Ab = 13.1063(8) Ac = 12.7657-
(8) A, 5=191.280(1}, V= 1412.2(2) R, Z= 2, u(Mo Ko)) = 1.742 (10) Crystal data foB: CgH14N4O4, My, = 230.23, crystal dimensions 0.50
mm-1, T = 298(2) K, 9746 reflections collected, 3496 were unique x 0.35x 0.35 mm; monoclinicP2y/c space groupa = 12.415(1) A,
(Rnt = 0.0248). FinaR values: R1[> 20(1)] = 0.0288, wR2 [ > b =7.1097(8) A,c = 12.763(1) A8 = 93.302(2}, V = 1124.7(2)
20(1)] = 0.0717, R1 (all datay¥ 0.0400, wR2 (all datay 0.0758. A3,Z=4,u(Mo Ka) = 0.110 mmL, T = 298(2) K, 6674 reflections
Anal. Found: C 24.4, H 3.6, N 14.3, S 8.2. Calcd foigiys- collected, 2280 were uniqu&f: = 0.0403). In spite of their relative
CwNgO16S,: C 24.6, H 3.6, N 14.4, S 8.2. Yield: 40%. Molar instability, freshly prepared crystals were measured and no intensity
conductivity of 5x 1074 M solutions in water (dimethylformamide) decay of control reflections was observed. FiRavalues, R1 [ >
at 25°C: Am = 211.8 (not solubleX2~* cm? mol~*. Selected IR 20(1)] = 0.0447, wR2[ > 20(1)] = 0.1133, R1 (all datay 0.0569,
bands (cm?, KBr): 3444 s,b, 1681 vs, 1624 s, 1576 m, 1559 m, 1497 wR2 (all data)= 0.1213. Anal. Found: C 42.4, H 5.7, N 24.9. Calcd
m, 1389 s, 1298 m, 1109 vs,b, 789 s, 719 m, 617 vs. EPR (X-band, for CgH1aN4O4: C 41.7, H 6.1, N 24.4. Yield: 45%. Mass spectrum
solid sample): in the room temperature to 120 K ranges 2.294 (EMBR): m/z (%) = 176 (M*, 100), 78 (py, 51). Selected IR bands
andgp = 2.082. (cm™t, KBr): 3397 m,b, 2991 m, 1653 vs, 1548 m, 1476 m, 1424 m,
(9) Gomez-Saiz, P.; GafatTojal, J.; Maha, J.; Maestro, M.; Lezama, 1408 s, 1153 m, 1111 m, 1077 m, 1034 s, 1000 m, 788 m, 737 m,

L.; Rojo, T. Oxidative cyclization of pyridine-2-carbaldehyde thio-
semicarbazone: crystal structure of tH&{I(CHsN4O)(H20)s} 2]-
(SQy)2, compound. 5th FGIPS Meeting in Inorganic Chemistry,
Toulouse, France, 1999.
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677 m.’H NMR(400 MHz;de-DMSO): 6 2.85 (3H, d3J 5 Hz, CHy),
8.63 (1H, dt,3J 5 and 1.4 Hz, k), 7.95 (1H, dt3] 1.4 and 7.5 Hz,
H,), 7.90 (1H, td3) 7 and 7.5 Hz, H), 7.78 (1H, q3) 5 and 1.4 Hz,
NH), 7.47 (1H, td3J 5 and 7 Hz, H).
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but the isolation of the ligand was more tedious. It was also mechanism of oxidative cyclization involving desulfurization

possible to synthesiZwithout complexation (yiele= 45%), of thiosemicarbazones.

but a certain amount of impurities was detected (e.g., the This discovery could be of importance to synthetic

thiosemicarbazone ligand). Furthermore, compoGnah- protocols for biologically active molecules, as well as to the

dergoes decomposition after some days; however, it is stablepreparation of active site models which are bridged by

in air under complexation as observed in compo@nd histidine moieties. Further experimental and structural de-
As the conclusion of this work we describe a very easy tails together with a discussion about the spectroscopic and

route to obtain and store 1,3,4-oxadiazole unstable ligandsmagnetic properties of the complexes will be published

as stable 2-methylamino-5-pyridin-2-yl-1,3,4-oxadiazole  shortly as a full paper. In the same way, the mechanism of

copper(ll) complexes. The starting thiosemicarbazone sys-this process and the feasibility of the desulfurization reaction

tems are characterized by their stability in air and aqueousof thiosemicarbazones in physiological media are under

solutions. Procedures for their preparation are very simple study.

famd inexpensive. Another |mportant aspegt to. be con§|dgred Supporting Information Available: Tables of crystallographic

!s thgt, alth_OUQh some me,(:han',sms of o>§|da}t|ve Cyc'_'zatlon data in CIF format. This material is available free of charge via

in thiosemicarbazones give rise to thiadiazdfeshia- the Internet at http://pubs.acs.org.

diazolinest® pyrazolones? and 1,2,4-triazoline-5-thionés,

no oxadiazole complexes have been synthesized througHCO15625s

oxidative reactions involving heterocyclic thiosemicarba- (13) (8) Landquist, J. KJ. Chem. Soc. @970 63 and references therein.

.. . (b) Shamsuzzaman; Aslam, M.; Salim,A.Chem. Res., Synaf098
zones. Furthermore, as far as we are aware, this is the first 824 and references therein. (c) Zelenin, K. N.; Kuznetsova, O. B.;

Alekseyev, V. V.; Terentyev, P. B.; Torocheshnikov, V. N.; Ovcharen-

(11) Gamez-Saiz, P.; Maestro, M.; Mah1J.; Gara-Tojal, J. 1,3,4-Oxa- ko, V. V. Tetrahedron1993 49, 1257.
diazolecopper(ll) complexes: crystal structures of [Git{gN4O)z- (14) Casas, J. S.; Cad@nM. V.; Castellano, E. E.; Ga&iTasende, M.
(H20)2](NO3),2 and [Cu(GHsN4O)(oxalate)(HO)]-H20. 10th Inter- S.; Sachez, A.; Sanjua, M. L.; Sordo, JEur. J. Inorg. Chem200Q
national Conference on Bioinorganic Chemistry, Florence, Italy, 2001; 83 and references therein.
J. Inorg. Biochem2001, 86, 237. (15) Noto, R.; Lo Meo, P.; Gruttadauria, M.; Werber, &.Heterocycl.
(12) Alho, M. A.; D’Accorso, N. B.J. Heterocycl. Chen200Q 37, 811. Chem.1999 36, 667 and references therein.
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