IOSR Journal of Applied Chemistry (I0OSR-JAC)
e-1SSN: 2278-5736.Volume 12, Issue 4 Ser. | (April. 2019), PP 24-30
www.iosrjournals.org

Six New Transition Metal Mononuclear Complexes Of N'-(5-
bromo-2-hydroxybenzylidene)nicotinohydrazide Schiff Base.
Synthesis, Spectroscopic Characterization And X-ray structure
Determination of the Zinc(l1) Complex.

Amadou Gueye®,Farba Bouyagui Tamboura®, Adama Sy", Mohamed Gaye,

Nathalie Gruber®, Abdelaziz Jouati’

Department of Chemistry, University Cheikh Anta Diop, Dakar, Sénégal
®Department of Chemistry, University Cheikh AliouneDiop, Bambey, Sénégal
“Laboratoire de Chimie de Coordination Organique, URA 422, Université Louis Pasteur, 4 rue Blaise
Pascal67008 StrasbourgFrance
Corresponding Author:Amadou Gueye

Abstract:The reactions of the Schiff base N'-(5-bromo-2-hydroxybenzylidene)nicotinohydrazide (H,bhbn), with
metal transition ions (Mn (I1), Fe (I1), Co (I1), Ni (II), Cu (1) and Zn (I1)) afforded two different types of
complexes formulated as [M(Hzbhn),(Cl),(H,0),]-(H.0), (M: Mn, Co, Ni or Zn) and [M(Hbhn)(CI)(H,0),] (M:
Fe or Cu). These compounds have been characterized by elemental analysis, UV-Vis, IR, *H and *C NMR
spectroscopies, molar conductivity and room temperature magnetic measurements. The structure of Zinc (1)
complex has been determined by X-ray crystallography. The complex crystallizes in the monoclinic system with
Cc space group, a = 25.8196(11) A, b = 7.2881(3) A, ¢ = 17.4662(8) A, g = 120.566(2)°, V = 2830.0(2) A%, Z =
4, R;=0.0355 (0.0384) and wR,=0.0922. The environment geometry around the Zn (Il) center is best described
as a slightly distorted tetrahedral.

Keywords: Schiff base, 5-bromo-2-hydroxybenzaldehyde, Metal complexes, X-ray crystallography

Date of Submission: 07-04-2019 Date of acceptance: 23-04-2019

I.  Introduction

Schiff bases obtained by condensation of nicotinic hydrazide and a ketoprecursor are widely used in the
synthesis of transition metal complexes [1-5]. Those complexes are particularly interesting in various fields such
as magnetism [6], catalysis [7] and medicine [8]. Antibacterial activities are also reported [9 -13]. The presence
of phenolic groupsuggests antioxidants properties for these kind of complexes as reported in the literature [9].
Nicotinic fragment was found to be an important chemical species witch cause drastically damage in cellular
process. It can act in gene expression and in enzyme activities [14]. Its role in the inhibition of caspases-3 has
been recently demonstrated[15]. In recent studies, nicotinic hydrazide complexes have been prepared and have
shown enzyme-like activities[16-17]. In the present paper, we report the synthesis and the structural
characterization of transition metal complexes with the hydrazone ligand H,bhn (H,bhn is N'-(5-bromo-2-
hydroxybenzylidene)nicotinohydrazide). The powder compounds were characterized with spectroscopic
techniques. The new zinc (I1) complex formulated as [Zn(Cl),(H,bhn),] was characterized by X-ray diffraction.

Il.  Experimental
2.1. Materials and Procedures

Nicotinic acid hydrazide, 5-bromo-2-hydroxybenzaldehyde as well as MCl,:-nH,O (M = Mn (Il), Fe
(1M, (Co (1), Ni (I1), Cu () or Zn (I1)) were commercial products (from Alfa and Aldrich) and were used
without further purification. Solvents were of reagent grade and were purified by the usual methods. Elemental
analyses were performed in a Carlo-Erba EA microanalyser. Infrared spectra were recorded as KBr discs on a
Bruker IFS-66V spectrophotometer. LSI-MS were recorded using a MicromassAutospec spectrometer with 3-
nitrobenzyl alcohol as the matrix. The *H and **C NMR spectra were recorded in DMSO-dg on a BRUKER 500
MHz spectrometer at room temperature using TMS as an internal reference. The UV-Vis spectra were run on a
Shimadzu UV-2501 PC Recording spectrophotometer (1000-200 nm). The molar conductance of 10° M in
DMSO solutions of the metal complexes was measured at 25°C using a WTW LF-330 conductivity meter with a
WTW conductivity cell. Room temperature magnetic susceptibilities of the powdered samples were measured
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using a Johnson Mattey scientific magnetic susceptibility balance {calibrantHg[Co(SCN)4]}. Melting points
were recorded on a Biichi apparatus and are uncorrected.

2.2. Synthesis ofN'-(5-bromo-2-hydroxybenzylidene)nicotinohydrazide (H,bhn)

The nicotinic acid hydrazide (5.46 g, 39.79 mmol) was dissolved in 20 mL of absolute ethanol by
heating gently on water bath. The 5-bromo-2-hydroxybenzaldehyde(8 g, 39.79 mmol) was added to the mixture
and stirring was continued under reflux for 7 h (Scheme 1). The yellow precipitate obtained was allowed to stay
at room temperature for 10 h before filtered, washed with 20 mL of cold ethanol and dry under vacuum. The
mass obtained is 10.83 g. Yield 85%. M.P. = 205°C.Anal. Calc for [C13H10BrN302]:C, 48.77; H, 3.15; N,
13.13 %. Found: C, 48.74; H, 3.17; N, 13.10 %. IR (v, cm-I): 3246 (NH); 3201 (OH); 3080-3000; 1648 (C=0);
1594 (C=N); 1560; 1477; 1417 (CAr=CAr); 1353; 1284(C-Ophenolic); 1159 (N-N); 820; 780; 797; 615 (CAr-
H). RMN 1H (8, ppm):12.31(s, OH); 11.21(s, NH); 9.06 (s, HC=N); 8.70-6.83(m, Harom.). 13C (8, ppm):
161.65(C=0);156.53(C-Br); 153.48 (C=N) ; 148.56 (C-Ophenolic); [146.25; 135.56; 133.77 ; 130.46 ; 128.57;
123.63; 121.21 ; 118.68; 110.58] (CAr) [18-20].
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Scheme 1. Synthetic scheme for the ligand and themononuclear complexes preparation

2.3. Synthesis of the complexes of H,bhn withMn (11), Fe (I1), Co (11), Ni (11), Cu (I)and Zn (1)

H,bhn (0.47 mmol) was dissolved in methanol (10 mL) to give a colorless solution. The appropriate
chloride metal salt (0.47 mmol) in 5 mL of MeOHwas added. The resulting solution was stirred at room
temperature for two hours, thusfiltered and left to slow evaporation. After three days, the zinc (I1) complex
solution gives yellow crystals suitable for X-ray analysis.The other solutions give precipitates which are
recovered byfiltration. The precipitates were washed successively with cold methanol and diethyl ether before
drying in air.Unlike Singh[21], the preparation of thesecomplexes was carried out at room temperature.

[Mn(H;bhn),(Cl),(H,0)]-H,0. Color: Yellow. Yield: 45 %. M.P.:>
260°C.Anal.Calc.for[MnCyH,,Br,CI,NsOg]:C, 38.93; H, 3.02; N, 10.48 %. Found: C, 38.95; H,
3.06; N, 10.46%. IR (KBr, cm™): 3546; 3193, 3069; 1669; 1600; 1564; 1289. UV-vis (liquid, A(nm)): 347;
417. peff=5.54 MB. A (@ .cm®>.mol™): fresh solution: 21; after 15 days: 20.

[Co(H;bhn),(Cl)z(H,0),]-H,0.  Color:  Brown. Yield: 37 %.MP:>260°C. Anal. Calc for
[CoCyH,6Br,Cl,NgO;]:C, 37.89; H, 3.18; N, 10.20 %. Found: C, 37.85; H, 3.17; N, 10.23%. IR

(KBr, cm™): 3448; 3194; 3068; 1652; 1604; 1522; 1286. UV-vis (liquid, A(nm)): 349, 427. peff = 3.25 MB. A
(Q™*.cm?mol™): fresh solution: 10 after 15 days: 13.
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[Ni(H,bhn),(Cl),(H,0),]:H,0. Color: Green. Yield: 40 %. M.P.:> 260°C.Anal. Calc for
[Ni(CyH6Br,CIoNgO4]: C, 37.90; H, 3.18; N, 10.20 %. Found: C, 37.92; H, 3.20; N, 10.24 %.
IR (KBr, cm™): 3343; 3249; 3075; 2953; 1678; 1599; 1541; 1288. UV-vis (liquid, A(nm)): 361, 431.peff =
3.10 MB. A (Q*.cm?mol™): fresh solution: 23; after 15 days: 29.

[Fe(Hbhn)(Cl)(H,0),]. Color: Dark brown. Yield: 48 %. M.P..:> 260°C. Anal. Calc for
[FeC13H13BIrCIN;O,]:C, 34.97; H, 2.93; N, 9.41 %. Found: C, 35.03; H, 2.97; N, 9.52%. IR
(KBr, cm™): 3250; 3074; 1601; 1523; 1299-1275. UV-vis (liquid, A(nm)): 320, 376, 448, 509. 4.12 MB. A (Q
L em?mol™): fresh solution: 13; after 15 days: 26.

[Cu(Hbhn)(CI)(H,0),]. Color: green. Yield: 66 %. M.P.:> 260°C. Anal. Calc.for[CuC3H,3BrCl
N3O.:C, 34.38; H, 2.89; N, 9.25 %: Found: C, 34.32; H, 2.88; N, 9.22 %. IR (KBr, cm™):

3220; 3043; 2620; 1604; 1562; 1179. UV-vis (liquid, A(nm)):293, 330, 413, 986. peff = 1.68 MB. A (Q
.em?mol™): fresh solution: 20; after 15 days: 55.

[Zn(H,bhn),(Cl);]. Color:  Yellow. Yield: 53 %. M.P..> 260°C. Anal. Calc for
[ZnCy6H,0Br,Cl,NgO,]: C, 40.21; H, 2.60; N, 10.82 %. Found: C, 40.19; H, 2.62; N, 10.78 %. IR

(KBr, cm™): 3264; 3206; 3062; 1663; 1611: 1539; 1271. UV-vis (liquid, A(nm)): 346, 403. Diamagnetic. A
(©Q*.cmimol™): fresh solution: 07; after 15 days: 08.

2.4. X-ray data collection, structure determination and refinement

Single crystals of CysH,0Br,Cl,NgO4Zn were grown by slow evaporation of MeOH solution of the
complex. A suitable crystal was selected and mounted on a Bruker APEX-1I CCD diffractometer with graphite
monochromatized MoK, radiation (A = 0.71073 A). The crystal was kept at 173(2) K during data collection.
Details of the X-ray crystal structure solution and refinement are given in Table 1. The structure was solved with
the SHELXT[22] structure solution program using direct methods and refined with the SHELXTL[23] Software
Package.Molecular graphics were generated using ORTEP-3 [24].

Table-1. Crystallographic data and refinement parameters for [Zn(H,bhn),(Cl),]

Chemical formula C26H20Br2CI2N604Zn
Formula weight 776.57 g/mol
Temperature 173(2) K

Crystal system Monoclinic

Space group Cc

Wavelength 0.71073 A

Crystal size (mm) 0.100 x 0.100 x 0.120
a (A) 25.8196(11)

b (A) 7.2881(3)

c (A 17.4662(8)

B(°) 120.566(2)

V(A3) 2830.0(2)

z 4

Dcalc(g/cm3) 1.823

Y (mm-1) 3.926

F(000) 1536

26 range for data collection (°) 2.381030.18

hkl ranges -21, 33; -10, 10; -24, 21
Measured reflections 13465

Independent reflections 6274

Reflections with [ > 2o(1)] 5878

No. of parameters 372

Rint 0.0327

R1(F) [ > 20(1)] 0.0355,

wR2 (F2) 0.0922
Goodness-of-fit on F2 1.041

Apmax, Apmin (eA-3) 0.755/ -0.469

DOI: 10.9790/5736-1204012430

www.iosrjournals.org

26 |Page



Six new transition metal mononuclear complexes of N'-(5-bromo-2-hydroxybenzylidene)

I1l.  Results and discussion

3.1 General Studies

The acyclic Schiff baseH,bhn have been prepared following a well-knownmethod reported in the
literature [25-27]. The synthesis of the ligand was achieved in a one-step procedure using the direct
condensation of nicotinic acid hydrazide and 5-bromo-2-hydroxybenzaldehyde in molar ratio (1/1) with
quantitative yield (Scheme 1). The IR spectrum of the ligand shows an absorption at 3201 cm™ indicating the
presence of phenolic O-H groupand a broad band in the range 3246-3130 cm™ due to the v(N-H) group. The
bandsof low intensity observed in the spectrum between 3080-3000 cm™ are assigned to the aromatic v(C-H)
groups. The intense absorption bands at 1648 cm™ and 1594 cm™ are assigned respectively to the stretching
vibrations of v(C=0) and v(C=N). The vibration frequencies of the v(C=N) and v(C=C) bonds of the two
pyridine and aromatic rings are identified between 1560 and 1417 cm™. The phenolic v(C-O) bond is pointed at
1284 cm™. The bands at 1353 cm™ and 1559 cm™ are respectively attributed to the vibrations of the C-N and N-
N bonds. The deformation vibrations of the aromatic C-H bonds are identified respectively at 820 and 615 cm’
! The *H and *C NMR spectra of the ligand were recorded in DMSO-ds."H NMR spectrum reveals five singlet
signals at 12.31; 11.21; 9.06; 7.73 and 8.57 ppm representing one proton each [18-20]. They arerespectively
assigned to the hydroxyl proton (OH), the hydrazone proton (NH), the imine proton (HC=N) and the two
aromatics protons.Three doubletsrepresenting one proton each are also revealed at 8.22; 7.33 and 6.83 ppm, and
are respectively assigned to the aromatic protons. The triplet at 7.48 ppm is attributed to an aromatic proton.The
BC-NMR spectrum indicates a signal at 161.65 ppm attributed to the C=0 function. The signal of the imine
carbon function (C=N) is pointed at 152.38 ppm. For aromatic carbon atoms,the chemical shifts are between
148.52 and 113.75 ppm [20]. The ligand mass spectrum indicates a ion molecular peak at m/z = 321 and 322
corresponding respectively an [M+H]* and [M+2H]*". The parent peak at m / z = 320, which corresponds to the
exact mass of the ligand. The corresponding empirical formula is C13H;oN3zO,Br.

Formation of the titledM(I1) complexes was readily achieved by equimolecular reaction of MCl,'xH,O
(M = Mn, Fe, Co, Ni, Cu and Zn) and the Schiff base H,bhn in methanol at room temperature (Scheme 1). The

instant color change of the Hybhn solution upon addition of the methanolic solution of MCl,'xH,O indicated
immediate occurrence of the coordination of the Metal (1) to the binding sites of the acyclic ligand. In all cases
the complexes appear to be air stable and soluble in common organic solvents. Crystals suitable for X-ray
analysis were obtained by slow evaporation of the methanolic solution of the zinc (11) complex. All compounds
are characterized by elemental analysis (C, H, N), IR spectroscopy, molar conductivity, magnetic measurements,
and X-ray diffraction for the zinc (1) complex. Upon complexation of H,bhn with M (11) ions (M: Mn, Co, Ni
or Zn), the infrared spectra of the complexes do not reveal a shift of the C=N band to lower frequencyon
comparison to the corresponding band of the free ligand. This fact is indicative of the non-participation of the
imine group in the coordination [28]. The frequency of the carbonyl group increase for all complexes.
Moreover, for the Fe (1) and Cu (1) complexes, the frequencies of the two previous functions (C=N and C=0)
decrease drastically. This is a consequence of the involvement of these functions in coordination with those two
metal ions.In the infrared spectra of Mn(lI1), Co(ll) and Ni(ll) complexes the bandat high frequencies in the
range3448-3300cm™ is attributed to the v(OH) of the free water molecule and the band at ca. 3200 cmis
representative of the v(OH) of the phenolic functionand the coordinated water molecule.The infrared spectra of
Fe(l) and Cu(ll) complexes reveal only band attributable the v(OH) of coordinated water molecule in this
region.The Zn(Il) complex spectrum shows a band near 3206 cm™ which is probably due to the v(OH) of the
free phenolic function.The electronic spectral data of the complexes are recorded in DMF solventand the main
bands are listed in Table 2. The assignments are made by comparison with literature data [28-29]. In the case of
phenolic ligand, a 1 — «* band which is observed around 200-250 nm is correlated to the electrons transfer in
phenyl rings [28]. The band in the regions 300-350 nm and 350-400 nm are respectively due to 1 — n* and n —
n* electron transfer in imine chromophore[29]. The intense bands observed in the spectra of the Cu, Ni and Co
complexes near 250 nm is assigned to = — 7* transition of the aromatic rings. In the region 300-445 nm intense
bands are observed and are assigned to n — =* transition in imine chromophore [28-29]. In the electronic
spectra of the complexes d—d transitions bands are observed. The electronic spectrum of the Mn (1) complex
displayed two bands with very low intensities in the visible at 417 and 569 nm which are probably due,
respectively, to the electronic transition 6A1—>4ng and 6A1—>4Tlgin accordance with an square pyramidal
geometry around Mn (I1) ion [31]. For the iron (1I) complex typical bands for octahedral environment [31]were
pointed at 448 and 509 nm and assigned, respectively, to *E;—°T,, and “Eq—*T14(P) transitions. For the cobalt
(1) complex the bands pointed at 470 and 675 nm are assignable, respectively, to “Eq—°T,y and “Eq—"T14(P)
transitionsindicating octahedral environment around Co (1) ions [32].Two of the three bands expected for the
octahedral Ni (I1) complex are pointed at 431 and 503 nm in the Ni (I1I) complex spectrum. The absence of the
third transition band is probably due to the low intensity. These two values are attributed, respectively, to 3Azg
— 3ng(P) and 3A29 — 3Tlg(F) transitions for octahedral environment in Ni (1) complex [32]. In the spectrum of
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the Cu (1) complex, the bands at 462 and 636 nm are both assigned to d—dtransition [32-35]. The broadness of
the band at 636 nm is indicative of a hexacoordinated environment around the copper ions. The spectrum of the
Zn* complex which has a d*® metal center presents no absorption band over 403 nm.While the Zn (Il) is
diamagnetic, Mn (I1), Fe (II), Co (I1), Ni (Il) and Cu (Il) complexes are paramagnetic and exhibit room
temperature magnetic moments in solid state. The magnetic moment of the manganese (11) complex is 5.54uB.
This value is in accordance with the presence of five unpaired electrons and is indicative of a high spin d°
configuration. These facts support octahedral geometry around the Mn?* ions[36]. The magnetic moment of the
mononuclear nickel (11) complex value of 3.10uB is indicative for one Ni** ion in octahedral environment. The
value of the magnetic moment at room temperature of the mononuclear cobalt complex is 3.20uB in accordance
with the presence of one high-spin Co (Il) ions having a spin-orbit contribution is indicative of octahedral
environment around the metal center [37]. The mononuclear Cu?* complex presents at room temperature
magnetic moment of 1.68uB. This value is close to that of the free ion.Molar conductivities were measured for
freshly prepared DMF solutions and after standing for two weeks (Table 2). The conductivities increased very
slightly with time in DMF for all the complexes. For the complexes Mn (11), Fe (11), Co (1), Ni (1) and Zn (1I),
the conductance values are observed in the range 7-29 cm?.Q™.mol™. These observations are indicative of a non-
electrolytic solution in nature [38]. On the other hand, for the Cu (1) complex, the conductance goes from 20 to
55 cm?.Q ™" .mol™. This observation is indicative of a dissociation of the copper (1) complex in DMF yielding 1:1
electrolyte [38].

Br2

Figure 1: ORTEP plot (30% probability ellipsoids) showing the molecule structure of the Zinc (I1) complex

Table-2. Electronic data, magnetic moments and conductance data of the complexes

Compound UV Bands A (Qcm’mol™)

— ¥ n—o ¥ — B
Hzbhn = C1sH10BrN;O, 72[27, 72[3%?29(; ?:484LCT T Fresh | two weeks afer -
[Mn(Hzbhn)2(Cl)2(H20)]-H.O 347,417 569 21 20 5.54
[Fe(Hbhn)(CI)(H,0),] 320, 376, 448 509 13 26 6.11
[Co(H2bhn)2(C1)2(H20)]-H,0 349, 427 643 10 13 3.20
[Ni(Hzbhn)a(Cl)2(H;0)]-H,0 361, 431 503 23 29 3.10
[Cu(Hbhn)(CI1)(H,0),] 293, 330, 413, 636 986 20 55 1.68
[Zn2(Hzbhn)2(C1)z]-H,0 346, 403 -—-- 07 08 diam

3.2. Structure determination

The complex crystallizes in the triclinic system with the centrosymmetric space group Cc. Selected
bond distances and angles are listed in Table 3. The asymmetric unit consists of a mononuclear complex where
two ligands molecules are coordinated to the metal center which is also coordinated to two chloride ions.
Eachligand molecule acts via the nitrogen atom of the pyridine ringresulting in a tetracoordinated zinc (I1) ion in
N,Cl, inner. The ZnN,Cl, chromophore is best described as distorted tetrahedral.For the determination of the
geometry around the metal center, a similar formula of Addisson parameter[39] for four-coordination is used: 7
= [360 - (a+p)]/141 (o and B being the largest angles around the Zn (11) atom). Perfect tetrahedral geometry is
indicated by the rvalue of 1 while z value of 0 is indicative of a perfect square planar geometry. For the
complex Zn(H,bhn),Cl,, the value of # = 0.91 is indicative of a slightlydistorted tetrahedral geometry around
the Zn ionwhich is formed by two nitrogen atoms of the pyridine rings and two terminal chloride atoms. The
bondlengths Zn-CI1 and Zn-CI2 are 2.2053 (16) and 2.2091 (16) A respectively.The bonds lengths Zn-N1 is
2.057(5) A and Zn-N4 is 2.038(5) A (Table 3).Those distances are in the order of those found for the tetrahedral
complex [Zn(dap),Cl,] (dapis 2,3-Diaminopyridine)[40] which are very similarto those found for our complex
[Zn—N, 2.038(3) and 2.05(2)A].The coordination geometry of the Zn atom is tetrahedral with N-Zn-N and CI-
Zn-Cl angles of 101.44(19) and 119.05(7)° respectively. The CI-Zn-Cl value is close proximity with the
corresponding angle found by Bakir[41]in ZnCl,(x*-N,N’-dpknph) (dpknph is di-2-pyridylketone-p-nitrophenyl
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hydrazone)complex while the N-Zn-N are largely different (CI-Zn-Cl = 119.67(3)° and N-Zn-N = 89.97(7)°). It
should be noted that the angles in the studied complex have values slightly different to the ideal value of perfect
tetrahedral geometry. The values of the N-Zn-Cl angles are in the range 105.10 (14)° - 111.35 (14)° and are
comparable to the values of the angles found for the [ZnCl,(C;H1,N,O)]  and
[ZnCl,(H,0),](Me4Pyz),complexes [42].

Table-3. Selected geometric parameters (A, °)

Zn1-N4 2.038(5) N1-Zn1-Cl1 110.98(15)
Zn1-N1 2.057(5) N1-Zn1-CI2 105.10(14)
Zn1-Cl1 2.2053(16) N4-Zn1-Cl1 107.52(15)
Zn1-CI2 2.2091(16) N4-Zn1-CI2 111.35(14)
N4-Zn1-N1 101.44(19) Cl1-zn1-CI2 119.05(7)

IV.  Conclusion

Using the Schiff base ligand N'-(5-bromo-2-hydroxybenzylidene)nicotinohydrazide, six metal
transition complexes have been synthesized and have been studied with spectroscopic methods and X-rays
diffraction technic for the zinc (I1) complex. The neutral Schiff base ligands acts in monodentate mode through
the pyridine nitrogen atom with Mn(11), Co(ll), Ni(ll) and Zn(Il) cations. When the ligand is mono deprotonated
it acts in tridentate fashion through the pyridine nitrogen atom, the imino nitrogen atom and the phenolate
oxygen atom with Fe(ll) and Cu(ll) and results in two five membered rings. The nuclearity of the complexes,
the pentahedral environment around Mn(l1) and the octahedral environments around Co(ll), Ni(ll), Fe(ll) and
Cu(ll) are supported by the spectral data while the distorted tetrahedral environment in the Zn (1) complex is
demonstrated by the X-ray diffraction structure.

V.  Supplementary material
CCDC 1908462 contains the supplementary crystallographic data for the reported complex. These data
can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44)-1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk. or www: http:// www.ccdc.cam.ac.uk).
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