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The structure of the complex | Co(PMBP-tsc), * 2DMF-2H,0 ]
( PMBP-tsc = 1-phenyl-3-methyl-4-benzoylpyrazol-5-one-thio-
semicarbazone) has been determined by X-ray crystallogra-
phy. It crystallizes in the orthorhombic system, space group
Pna2;, with lattice parameters a =2.1170(3) nm, b =
1.2780(10) nm, ¢ =1.8956(2) nm, V =4.5258(9) nnr’ and
Z =4. The structure shows that Co’* in the complex is hexa-
coordinated with a distorted octahedral coordination sphere.
The water molecules bridge the adjacent stacks through hy-
drogen bonds and lead to supramolecular formation with
three-dimensional network structure.

Keywords cobalt(II) compound, ecrystal structure, supra-
molecule, hydrogen bonds

Introduction

Molecular polymers with one dimensional or multi-
dimensional structure assembled through hydrogen bonds
is an important research content in the supra-molecular
chemistry and crystal engineering. !> With the develop-
ment of new type functional materials such as molecular
magnetic, selected catalysis, reversible catalysis, re-
versible host-guest molecular (ion) exchange etc.,> the
molecular design and synthesis have already attracted
considerable attention in supramolecular system. The
supramolecular complexes and organic metal compounds
containing hydrogen bond have also been extensively
studied . *®

In recent years investigations based on thiosemicar-
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bazones and their metal complexes’'® have been in-
creased considerably because of their potentially biologi-
cal activities such as antibacterial, antimalarial, antivi-
ral, antineopl-astic etc. Though 1-pheny-3-methyl-4-
benzoylpyrazol-5-one (HPMBP) has been widely studied
as extraction and chelating agents of metal ions, '™ few
work have been reported on the metal complexes.' In
this paper, the synthesis of the complex Co( PMBP-tsc),
and the crystal structure of the supramolecular complex
[ Co ( PMBP-tsc ), * 2DMF * 2H,0 ] were reported. The
water molecules bridge the molecules of the adjacent
stacks through hydrogen bonds and lead to the formation
of supramolecules with three-dimensional network struc-
tures.

Experimental
Maierials

All solvents and chemicals were of commercial
reagents and were used without further purification.

Physical measurements

The elemental analysis was performed on a PE 1700
CHN auto elemental analyzer. IR spectra were recorded
on a Bio-RAD FTS-40 spectrometer as KBr disks. The
crystal structure was determined by a Siemens P4 diffrac-
tometer and SHELXTL crystallographic software package
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of molecular structure.
Synthesis of the ligand

PMBP-tsc was prepared by mixing equimolar
of 1-phenyl-3-methyl-4-ben-
zoylpyrazol-5-one ( HPMBP) and thiosemicarbazone in
100 mL of methanol containing a few drop of glacial
acetic acid. The mixture was refluxed with an oil bath at
80 °C for 3 h and then cooled in the dark. Finally the
white product was filtered, washed with ethanol, and
dried in vacuo (yields ca. 80%). IR v: 3470 (m,
NH,), 3341 [m, N(2)—H], 2537 (br, OH)," 1577
(s, C=N), 1475 (s, pyrazolone-ring), 836 (m, C=
S) em™!; Anal. caled for C;gH;;NsOS: C 61.52, H
4.87, N 19.93; found C 61.44, H 4.67, N 20.21.

amounts ( 10 mmol )

Preparation of the complex Co(PMBP-tsc),

Co(0OAC),*4H,0 (2 mmol) in water (20 mL) was
added dropwise to a warm solution of PMBP-tsc (2
mmol) in anhydrous EtOH (60 mL). The mixture was
then refluxed for 0.5 h with stirring, and the black
product formed was filtered, washed with ethanol and
dried in vacuo. IR v: 3472 (w, NH,), 1593 (s, C=
0 & S—C=N), 1563 (s, C=N), 1483 (s, pyrazol-
ring), 760 (m, C—S) ecm~'; Anal. calcd for Co(Cjg-

Hi;sNsOS),: C 56.91, H 4.25, N 18.44; found C
56.57, H4.03, N 18.22.

Black single crystals suitable for X-ray diffraction
analysis were obtained by slow evaporation of its DMF/
C,H50H solutions. .

X- Ray structure determination

Cell constants and orientation matrix for data col-
lection were obtained with least-squares refinement of 30
reflections in the range 2.85°< 8 < 15.8° and 5845 re-
flections in range of 1.92° < § < 28.00° were collected
in w-scan on a siemens P4 four-circle diffractometer us-
ing graphite-monochromated Mo K,(A =0.071073 nm).
The structure was solved by direct methods. All non-hy-
drogen atoms were refined anisotropically. The hydrogen
atoms of O(5) were located from the difference fourier
map and others except for those of O(6) were located in
their calculated positions. A summary of crystal wdata,
experimental details and refinement results are listed in
Table 1. Non-hydrogen atomic coordinates and equiva-
lent isotropic displacement parameters are shown in
Table 2. Selected bond lengths and bond angles are list-
ed in Table 3. The molecular structure and packing dia-
gram of the complex are shown in Fig. 1 and Fig. 2, re-
spectively.

Table 1 Crystal data and details of the structure determination for Co( PMBP-tsc), *2DMF*2H,0

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size (mm)

Cy2HspCoNjp 055,

941.99

296(2) K

0.071073 nm

Orthorhombic

Pra2,

a=2.1170(3) nm oa=90°
5=1.1278(1) nm B=9(°
¢=1.8956(2) nm 7y=90°
4.5258(9) n’, 4

1.382 g/cm’

0.532 mm™!

1972

0.56x0.54x0.52

Empirical formula

6 range for data collection
Limiting indices

Reflections collected
Independent reflections
Max. and min. transmission
Refinement method
Data/restraints/ parameters
Goodness-of-fit on F?

Final R indices [ 1> 20(1)]
R indices (all data)
Absolute structure parameter
Extinction coefficient

Largest diff. Peak and hole

CazHsp ColNy, 06,
1.92 t0 28.00°

lsh<s27,0sk<14,0<1<25

6418
5618( R, = 0.0110)
0.7645 and 0.7431

Full-matrix least-squares on F?

5618/8/599
0.927

R, =0.0354, wR,=0.0751
R, =0.0510, wR;=0.0795
0.013(13)

0.00130(16)

340 and — 228 e/nm’
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Table 2 Atomic coordinates ( x 10*) and equivalent isotropic displacement parameters (nm’ x 10) for Co(PMBP-tsc), *2DMF*2H,0

Atoms X Y VA Uleq) Atoms X Y Z Uleq)

Co 3390(1) 5156(1) 6641(1) 28(1) c(18) 2227(2) 6645(4) 4783(2) 43(1)
S(1) 3752(1) 3722(1) 7314(1) 39(1) c(19) 2356(2) 5551(3) 7633(2) 32(1)
S(2) 3095(1) 6219(1) 7562(1) 38(1) C(20) 2329(2) 3751(3) 6179(2) 30(1)
o(1) 3040(1) 6319(2) 6000(1) 38(1) c21) 1662(2) 3318(3) 6228(2) 34(1)
o(2)  3707(1) 4334(2) 5810(1) 39(1) c(22) 1529(2) 2273(3) 6573(3) 50(1)
N(1) 4865(2) 3868(4) 7943(2) 51(1) c(23) 919(2) 1814(4) 6552(3) 66(1)
N(2) 4621(1) 5396(3) 7200(2) 36(1) c(24) 451(2) 2384(5) 6195(3) 70(1)
N(3) 4222(1) 5852(2) 6680(2) 31(1) C(25) 579(2) 3417(5) 5867(3) 72(2)
N(4) 3243(1) 7541(3) 5049(2) 35(1) c(26) 1186(2) 3902(4) 5878(2) 53(1)
N(5) 3743(1) 8169(3) 4752(2) 44(1) c(27) 3335(2) 3650(3) 5470(2) 34(1)
N(6) 1974(2) 5940(3) 8162(2) 45(1) C(28) 2695(2) 3343(3) 5589(2) 35(1)
N(T) 2148(1) 4730(2) 7214(1) 32(1) C(29) 2549(2) 2526(4) 5043(2) 45(1)
N(8) 2559(1) 4461(2) 6659(2) 29(1) C(30) 1942(2) 1919(5) 4856(3) 69(2)
N(9) 3527(1) 3017(3) 4894(2) 2(1) c(31) 4132(2) 2971(4) 4575(2) 44(1)
N(10)  3040(2) 2325(3) 4635(2) 54(1) C(32) 4307(2) 1939(4) 4225(2) 58(1)
c(1) 4465(2)  4351(3) 7496(2) 37(1) C(33) 4890(2) 1907(6) 3881(3) 74(2)
c(2) 4463(2) 6636(3) 6247(2) 32(1) C(34) 5294(2) 2863(6) 3913(3) 79(2)
c(3) 5146(2) 6973(3) 6308(2) 36(1) C(35) 5124(2) 3853(5) 4270(3) 70(1)
C(4) 5327(2) 7950(3) 6692(3) 49(1) C(36) 4533(2) 3933(4) 4601(2) 55(1)
c(5) 5952(2) 8291(4) 6720(3) 58(1) 0(4) 5829(1) 5546(3) 7769(2) 63(1)
c(6) 6392(2) 7659(5) 6358(2) 63(1) N(12)  6793(2) 5238(3) 8237(2) 57(1)
c(7) 6228(2) 6669(5) 5980(2) 63(1) C(40) 6636(3) 4052(5) 8477(4) 110(3)
c(8) 5599(2) 6320(4) 5955(2) 45(1) C(41) 7412(2) 5669(5) 8404(3) 82(2)
c(9) 3428(2) 6918(3) 5627(2) 32(1) C(42) 6368(2) 5868(4) 7904(2) 51(1)
Cc(10)  4080(1) 7147(3) 5711(2) 32(1) 0o(5) 4772(2) 1389(3) 8160(2) 80(1)
c(11) 4235(2) 7938(3) 5146(2) 40(1) 0(6) 6085(2) 1107(3) 8258(2) 73(1)
c(12) 4859(2) 8487(4) 4956(3) 65(1) 0(3) 4148(2) 470(5) 7465(3) 132(2)
c(13) 2631(2) . 7606(3) 4745(2) 35(1) N(11) 3466(2) 63(4) 6577(4) 81(1)
c(14) 2457(2) 8626(4) 4392(2) 47(1) c(37) 3822(5) 812(6) 6274(5) 185(5)
c(15) 1870(2) 8684(4) 4061(2) 59(1) C(38) 2866(3) 372(8) 6294(5) 148(4)
C(16) 1470(2) 7725(5) 4008(2) 66(1) C(39) 3678(3) 676(6) 7113(4) 96(2)
c(17) 1635(2) 6706(4) 4453(2) 52(1)

Table 3 Selected bond lengths (nm) selected bond angles (°) for Co(PMBP-tsc), *2DMF+2H,0

Bond lengths (nm)
Co—N(8) 0.1926(2) Co—N(3) 0.1931(2) Co—0(1) 0.1937(2)
Co—S(1) 0.2197(1) Co—S(2) 0.2208(1) S(1)—C(1) 0.1703(3)
Co—0(2) 0.1948(2) S(2)—C(19) 0.1741(3) N(1)—C(1) 0.1316(5)
0(1)—C(9) 0.1278(4) 0(2)—C(27) 0.1277(4) N(3)—C(2) 0.1310(4)
N(2)—C(1) 0.1346(4) N(2)—N(3) 0.1396(4) N(7)—C(19) 0.1298(4)
N(4)—C(9) 0.1358(4) N(4)—N(5) 0.1394(4) N(9)—C(27) 0.1367(4)
N(5)—C(11) 0.1307(4) N(6)—C(19) 0.1361(4) N(10)—C(29) 0.1314(4)
N(7)—N(8) 0.1498(4) N(8)—C(20) 0.1308(4) C(9)—C(10) 0.1412(4)
N(9)—N(10) 0.1384(4) c(10)—C(11) 0.1431(5) C(20)—C(28) 0.1436(4)
c(2)—cQ10) 0.1423(4) C(20)—C(21) 0.1496(4) C(28)—C(29) 0.1420(5)

C(27)—C(28) 0.1416(5)
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Bond angles (°)
N(8)-Co-N(3) 176.81(1)  N(8)-Co-0(1) 86.37(1) N(3)-Co-O(1) 95.61(1)
N(8)-Co-0(2) 97.81(1) N(3)-Co-0(2) 84.81(1) 0(1)-Co-0(2) 86.89(1)
N(8)-Co-S(1) 90.52(8)  N(3)-Co-S(1) 87.66(9) 0O(1)-Co-S(1) 175.24(8)
0(2)-Co-5(1) 89.97(8) N(8)-Co-S(2) 87.02(9) N(3)-Co-S(2) 90.44(9)
0(1)-Co-5(2) 91.14(8) 0(2)-Co-S(2) 174.65(8)  S(1)-Co-S(2) 92.30(4)
C(1)-8(1)-Co 96.89(1) €(19)-S(2)-Co 94.66(1) C(9)-0(1)-Co 117.3(2)
C(27)-0(2)-Co 118.8(2)  C(1)-N(2)-N(3) 117.9(3)  C(2)-N(3)-N(2) 117.1(2)
C(2)-N(3)-Co 127.4(2)  N(2)-N(3)-Co 115.4(2)  C(9)-N(4)-N(5) 111.6(3)
C(19)-N(7)-N(8) 113.8(2) N(5)-N(4)-c(13) 120.2(3)  C(11)-N(5)-N(4) 105.8(3)
N(7)-N(8)-Co 119.6(2)  €(20)-N(8)-N(7) 115.1(2) C(20)-N(8)-Co 125.3(2)
N(1)-C(1)-N(2) 118.2(3)  C(27)-N(9)-N(10) 110.9(3)  C(29)-N(10)-N(9) 106.4(3)
N(3)-C(2)-C(10) 119.9(3) N(1)-C(1)-8(1) 121.8(3) N(2)-C(1)-8(1) 119.9(2)
€(9)-C(10)-c(2) 124.3(3)  C(9)-C(10)-C(11) 104.7(3)  N(4)-C(9)-C(10) 106_.2(3)
N(5)-C(11)-C(10) 111.7(3)  N(7)-C(19)-S(2) 124.5(2) C(2)-Cc(10)-¢c(11) 131.0(3)
N(7)-C(19)-N(6) 118.6(3) 0(2)-C(27)-C(28) 131.1(3)  N(6)-C(19)-S(2) 116.9(3)
N(8)-C(20)-C(28) 122.5(3) €(27)-C(28)-C(20) - 124.2(3) N(9)-C(27)-C(28) 106.5(3)
C(27)-C(28)-C(29) 104.5(3)  C(29)-C(28)-c(20) 131.1(3)  N(10)-C(29)-C(28) 111.7(3)

Results and discussion

IR spectra

A broad absorption band at 2537 cm™! in the free
ligand spectrum is attributed to vo—y,'> which suggests
the existence of the white PMBP-tsc in the enol form in’
the solid state and the presence of intermolecular hydro-
gen bonding.'® However, the band has disappeared in
the spectrum of the complex and a new absorption band
assigned to C = O has appeared at 1593 cm™!, indicat-
ing the involvement of the oxygen atom of carbonyl group
in the pyrazolone-ring in bonding to the Co(II) .

The strong IR band appearing at 1577 cm™! for
C(2)=N(3) in the free ligand has been observed to
shift towards lower wave number by 14 cm™! in the v
spectrum of the complex due to the involvement of the a-
zomethine nitrogen in bonding. The bands at 3341 [N
(2)—H] em™ ! and 836 (C=S) em~! in the free lig-
and have disappeared in the complex, with appearance
of new bands at 1593 cm™! and 760 cm™! assigned to
(S-C=N)" and (C—S),® respectively. These re-
sults indicate that thione form of the ligand isomerizes to
the thiol form in the reaction. Then the reagent loses a
proton from its tautomeric thiol form and acts as a singly
charged tridentate ligand coordinating to cobalt(II) via
the mercapto S.

Structure of Co(PMBP-tsc),*2DMF+2H,0

The molecular structure and packing diagram of the
complex are shown in Fig. 1 and Fig. 2, respectively.
As expected, the cobalt(II) atom is octahedrally coordi-
nated by the two tridentate ONS-ligands. Two ligands
chelate to Co>* ion with the azomethine nitrogen atoms
positioneing trans to each other. But the oxygen and
sulphur atoms do not lie mutually in the trans positions.
The Co—S(2), Co—0(2) are 0.2208 nm, 0.1948
nm. The S(2)-Co-0(2) angle is 174.65°. The

Fig. 1 Molecular structure of the title compound.
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Fig. 2 Unit cell packing diagram of the title compound.

$(1)-Co-S(2) (92.30°), S(2)-Co-N(8) (87.02°),
N(8)-Co-0(2) (97.81°) angular distributions indicate
that the coordination polyhedron is distorted.

Useful information can be derived by comparing the
structure of the ligand in the free state and in the Co(II)
complex, some bond lengths and bond angles were
changed. As far as bond distances around atoms C(1),
C(19) in the Co(Il) complex are concerned, the
changes may be the most obvious. The bond distances of
C(1)—S(1) and C(19)—S(2) are 0.1703 nm and
0.1741 nm in the complex respectively, slightly longer
than that of C—S (0.1672 nm)" in the ligand. While

the bond lengths of C(1)—N(1) and C(19)—N(7) in
the title compound are 0.1316 nm and 0.1298 nm re-
spectively, slightly shorter than the corresponding C—N
(0.1356 nm)° distance in the ligand. These changes
indicate the involvement of sulfur atom in bonding. The
result is further supported by IR spectroscopic studies of
the free ligand and the complex molecule.

Coordination to the metal center causes inter-plane
twisting, the dihedral angles between them are listed in
Table 4. The plane III in one ligand is nearly perpen-
dicular to the planes II and IV, while the planes II and
IV are nearly coplaner. So do the planes I and V and
those of the other ligands contained in the structure.

It is interesting that two DMF molecules and two
water molecules are contained in the structure of the
complex. The DMF molecules are linked to the complex
by the hyrogen bonds [N(1)---0(4), 0.2806(5)
nm ; N(1)---0(5), 0.2835(6)nm; 0(5)---0(3),
0.2795(7) nm]. Two water molecules were bridged
through hydrogen bond [0 (5)+--0(6), 0.2795(5)
nm ). The hydrogen bonds [N(6):--0(6), 0.2984(5)
nm; N(5)--0(6), N(1)---0(5), 0(5):-0(6)] ex-
ist between the neighboring molecules. Thus three-di-
mensional hydrogen-bond networks assembled the moi-
eties into a supramolecule as shown in Fig. 2. All above
hydrogen bonds in this structure may bring additional
stabilization for the complex.

Table 4 Dihedral angles (°) for selected planes of Co(PMBP-tsc), *2DMF-2H,0

i Dihedral angle
Plane Atom defining plane
! 1 I v
I C(13), €(14), C(15), c16), C(17), C(18)
I N(4), N(5), C(9), €(10), C(11) 0.4
I C(3), C(4), C(5), C(6), C(7), C(8) 65.6 9.6
v Co, O(1), C(9), C(10), C(2), N(3) 23.8 7.2 83.6
v Co, S(1), C(1), N(2), N(3) 9.7 20.8 74.1 14.5
Plane Atom defining plane Dihedral angle
r 1§ I’ v
r c(31), €(32), C(33),C(34), C(35), C(36)
1§ N(9), N(1), C(27), C(28), C(29) 275
' c(21), €(22), C(23), C(24), C(25), C(26) 65.2 9.8
v’ Co, 0(2), C(27), C(28), C(20), N(8) 29.3 3.1 90.0
VA Co, S(2), C(19), N(7), N(8) 24.8 5.6 9.7 50.3
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Supplementary data

Supplementary data are available from the CCDC,
12 Union Road, Cambridge CB2 1EZ, UK. The deposi-
tion number is 155181.

References

1 Atwood, J. L.; Davies, J. E.; MacNicol, D. D. Com-
prehensive Supramolecular Chemistry, Vol. 6, Ed.: Vogtle
F., Oxford; Pergamon, 1996, p.1.

2  MacDonald, J. C.; Whitesides, G. M. Chem. Rev.
1994, 94, 2383.

3  Batten, S. R.; Robson, R. Angew. Chem. Int. Ed.
Engl. 1998, 37, 1460.

4 Bumrows, A. D.; Chen, C. W.; Chowdhry, M. M.
Chem. Soc. Rev. 1995, 329.

5 Braga, D.; Grepioni, F.; Desiraju, G. R. Chem. Rev.
1998, 98, 1375.

6  Groeneman, R. H.; MacGillivray, L. R.; Atwood, J. L.
Inorg. Chem. 1999, 38, 208.

7 Zhang, S. Y.; Tian, Y. P.; Zhang, Y. H.; Xie, F.

10

11
12

13

14

15

16

17

18

X.; Duan, C. Y. Chin. Chem. Lert. 1998, 9, 599.
Alphonsa, C. K.; Kurup, M. R. P. Synth. React. In-
org. Met.-Org. Chem. 1999, 29, 805.

Garg, B. S.; Kurup, M. R. P.; Jain, S. K.; Bhoon,
Y. K. Synth. React. Inorg. Met.-Org. Chem. 1998,
28, 1415.

Franco, E.; Torres, E. L.; Mendiola, M. A.; Sevilla,
M. T. Polyhedron 2000, 19, 441.

Mirza, M. Y. Talanta 1978, 25, 685.

Zolotov, Yu. A.; Sizonenko, N. T. J. Anal. Chem. U.
S.S.R. 1970, 25, 40.

Uzoukwu, B. A.; Adiukwu, P. U. Synth. React. Inorg.
Met. -Org. Chem. 1997, 27, 187.

Mahalakshmi Sita, N.; Prasada Rao, T.; Iyer, C. S. P.
Damodaram, A. D. Symh. React. Inorg. Met.-Org.
Chem. 1998, 28, 75.

Tang, X. C.; Jia, D. Z.; Liang, K.; Zhang, X. G.;
Xia, X.; Zhou, Z. Y. J. Photochem. Photobiol. A;
Chem . 2000, 134, 23.

Bullock, J. I.; Tajmir-Riahi, H. A. J. Chem. Soc.,
Dalton Trans. 1978, 36.

Aggarwal, R. C.; Singh, N. K.; Prasad, L. Indian J.
Chem., 1976, 144, 325.

Khalifa, M. E.; Rakha T. H.; Bekheit, M. M. Synth.
React. Inorg. Met.-Org. Chem. 1996, 26, 1149.

(E0103123 SONG, J. P.; ZHENG, G. C.)



