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ions	 (homo‐	 or	 hetero‐complexes)	 of	 N'1,N'4‐bis((E)‐3,4‐
dihydroxybenzylidene)succinohydrazide.	 The	 complexes	
reported	herein	are	investigated	to	the	first	time.	
	
2.	Experimental	
	
2.1.	Materials	
	

Cobalt(II)	 chloride	 hexahydrate,	 nickel(II)	 chloride	
hexahydrate,	 nickel(II)	 acetate	 trihydrate,	 copper(II)	 chloride	
dihydrate,	 copper(II)	 acetate	 monohydrate,	 zinc(II)	 chloride	
dihydrate,	 diethyl	 succinate,	 hydrazine	 hydrate,	 3,4‐di‐
hydroxy‐benzaldehyde,	ethanol,	diethyl	ether	and	DMSO	were	
obtained	from	the	BDH	Chemicals.		
	
2.2.	Physical	measurements		
	

The	 IR	 spectra	 were	 recorded	 on	 a	 FT/IR‐6300	 type	 A	
(400‐4000	 cm‐1)	 as	 KBr	 discs.	 The	 1H	 NMR	 spectra	 of	 the	
ligand	and	its	diamagnetic	complexes	were	recorded	in	DMSO‐
d6,	 on	a	Bruker	WP	200	SY	spectrometer	 (300	MHz)	at	 room	
temperature	 using	 tetramethylsilane	 (TMS)	 as	 an	 external	
standard.	 Varian	 Micro	 V1.5.8,	 CHNS	 Mode	 15073036	 was	
used	for	elemental	analysis	of	SHBH	and	 its	complexes	at	 the	
Microanalytical	 Unit	 of	 Kuwait	 University,	 Kuwait.	 The	metal	
content	 was	 determined	 using	 ICP‐OES	 GBC	 Quantium	
Sequential	at	Kuwait	University,	Kuwait.	Electronic	spectra	of	
the	 complexes	 were	 recorded	 on	 Cary	 5	 UV‐Vis	 Spectro‐
photometer,	 Varian	 (200‐900	 nm).	 Mass	 spectra	 were	
recorded	 on	 a	 GC‐MS	 Thermo‐DFS	 (BG‐FAB)	 mass	 spectro‐
meter.	 Magnetic	 susceptibility	 was	 measured	 for	 powered	
samples	 using	 a	 Johnson‐Matthey	 magnetic	 balance,	 UK.	
Hg[Co(SCN)4]	 was	 used	 as	 a	 calibrant	 and	 corrections	 for	
diamagnetism	 were	 calculated	 from	 Pascal’s	 constants.	
Thermogravimetric	 analysis	 (TGA)	 was	 carried	 out	 (10‐850	
°C)	 using	 a	 Shimadzu	TGA‐60;	 the	 nitrogen	 flow	 and	 heating	
rate	were	50	mL/min	and	10	°C/min,	 respectively.	The	X‐ray	
single	 crystal	 diffraction	 data	 were	 collected	 on	 a	 Rigaku	 R‐
AXIS	RAPID	diffractometer	using	filtered	MoKα	radiation.	The	
structure	 was	 solved	 by	 the	 direct	 methods	 and	 expanded	
using	 Fourier	 techniques	 at	 Kuwait	 University,	 Kuwait.	 The	
molecular	geometry	of	the	Co(II)	and	Ni(II)	complexes	are	first	
optimized	at	molecular	mechanics	(MM+)	level.	Semi	empirical	
method	PM3	 is	 then	used	 for	optimizing	 the	 full	 geometry	of	
the	system	using	Polak‐Ribiere	(conjugate	gradient)	algorithm	
and	Unrestricted	Hartee‐Fock	(UHF)	is	employed	keeping	RMS	
gradient	of	0.01	kcal/Å.mol.	Quantum	chemical	calculations	for	
the	 ligand	 and	 some	 of	 its	 metal	 complexes	 were	 used	 to	
optimize	 the	 geometry	 and	 spectral	 calculation	 by	 Gaussian	
03W	 suite	 program	 [15]	 using	 the	 Becke3‐Lee‐Yang‐Parr	
(B3LYP)	 exchange‐correlation	 functional	 with	 standard	 6‐
311++G	(d,	p)	basis	set.		
	
2.3.	Synthesis	
	
2.2.1.	Synthesis	of	N'1,N'4‐bis((E)‐3,4‐dihydroxy	
benzylidene)succinohydrazide	
	

The	 ligand	 was	 prepared	 by	 adding	 7.3	 g	 (0.05	 mol)	 of	
succinic	 acid	 dihydrazide,	 dissolved	 in	 30	 mL	 ethanol,	 with	
13.8	 g	 (0.1	 mol)	 of	 3,4‐dihydroxybenzaldehyde,	 in	 30	 mL	
ethanol,	and	heating	the	mixture	on	a	water	bath	for	2	h.	The	
off‐white	 precipitate	 thus	 formed	 was	 filtered	 off,	
recrystallized	 from	 ethanol	 and	 allow	 to	 dry	 in	 a	 desiccator	
over	silica	gel.	Single	crystals	were	grown	by	slow	evaporation	
and	 analyzed	 by	 X‐ray	 spectroscopy.	 It	was	 characterized	 by	
elemental	analysis	and	spectral	studies.	Color:	Off‐white.	Yield:	
88%.	M.p.:	206‐208	°C.	FT‐IR	(KBr,	ν,	cm‐1):	3282	(OH),	3163	
(NH),	1644	(C=O),	1589	(C=N).	1H	NMR	(300	MHz,	DMSO‐
d6,	δ,	ppm):	11.2	(s,	1H,	NH),	11.0	(s,	1H,	NH),	9.29	(s,	4H,	OH),	
7.97‐7.82	(d,	2H,	Ar‐H),	7.17	(s,	2H,	Ar‐H),	6.90‐6.86	(d,	4H,	Ar‐

H+CH=N),	 2.92	 (s,	 2H,	 CH2),	 3.45	 (s,	 2H,	 CH2).	 13C	NMR	 (300	
MHz,	 DMSO‐d6,	 δ,	 ppm):	 173.39,	 167.92,	 147.88,	 146.42,	
125.95,	29.03.	MS	(EI,	m/z	(%)):	386.12	(100),	387.13	(19.9),	
388.13	 (3.1),	 387.12	 (1.5).	 UV/Vis	 (Nujol,	 νmax,	 cm‐1):	 33330,	
26040,	21830.	
	
2.2.2.	Synthesis	of	the	complexes	
	

In	general,	the	solid	complexes	were	prepared	by	reacting	
the	calculated	amounts	for	4:1	ratio	[M:L]	of	the	metal	salt	and	
SHBH	 in	EtOH	and	 the	mixture	was	heated	under	reflux	on	a	
water	 bath	 with	 continuous	 stirring	 for	 3‐6	 h.	 In	 the	
preparation	 of	 the	 metal	 acetate	 complexes,	 the	 medium	
solution	 is	 H2O:EtOH	 (1:1,	 v:v).	 The	 precipitate	 thus	 formed	
was	 filtered	 off,	 washed	 with	 hot	 water,	 hot	 ethanol	 and	
diethyl	ether	and	finally	dried.	

The	mixed	Co/Zn	complex	was	prepared	by	adding	0.387	g	
(0.01	mol)	of	the	ligand,	in	30	mL	EtOH,	to	a	mixture	of	0.75	g	
(0.02	mol)	CoCl2.6H2O	and	0.33	g	(0.02	mol)	of	ZnCl2.2H2O,	in	
30	mL	EtOH,	and	heating	the	mixture	on	a	water	bath	for	5	h.	
The	color	of	the	mixture	was	changed	instantly	followed	by	the	
formation	of	colored	precipitate	which	is	filtered,	washed	and	
allowed	to	dry.	[Ni3Zn(SHBH‐6H)(H2O)6Cl2]⋅H2O	was	prepared	
by	 adding	 0.387	 g	 (0.01	mol)	 of	 SHBH,	 in	 30	mL	 EtOH,	 to	 a	
mixture	of	0.1	g	(0.03	mol)	NiCl2⋅6H2O	and	0.17	g	(0.01	mol)	of	
ZnCl2⋅2H2O,	 in	 30	 mL	 EtOH,	 and	 heating	 the	 mixture	 on	 a	
water	bath	for	3	h.	The	formed	precipitate	 is	filtered,	washed	
with	water,	ethanol	and	finally	with	ether	and	allowed	to	dry.	
Similar	 procedure	 was	 carried	 out	 for	 the	 preparation	 of	
[Cu3Zn(SHBH‐6H)(H2O)6Cl2].	 The	 purity	 of	 the	 compounds	 as	
formulated	was	established	by	microanalysis.		
	
3.	Results	and	discussion	
	
3.1.	General	information	
	

The	CHN	analysis	of	the	ligand	coincides	with	SHBH⋅3H2O;	
its	 single	 crystal	 has	 4H2O.	 The	 color,	 melting	 points	 and	
elemental	 analyses	of	 SHBH	and	 its	 complexes	are	presented	
in	 Table	 1.	 The	 data	 confirm:	 [Co3(SHBH‐6H)(H2O)6],	
[Co2Zn(SHBH‐4H)(H2O)4Cl2]⋅2H2O:	 [Ni4(SHBH‐6H)(H2O)4	
(OAc)2]⋅6H2O,	[Cu4(SHBH‐6H)(H2O)4(OAc)2]⋅3H2O,	[Zn3(SHBH‐
4H)(H2O)4Cl2]⋅2H2O,	 [Ni3Zn(SHBH‐6H)(H2O)4Cl2]⋅H2O,	 and	
[Cu3Zn(SHBH‐6H)(H2O)6Cl2].	 The	 TGA	 data	 indicate	 a	 high	
stability	 for	 tetrametallic	 complexes.	 Unfortunately,	 the	
complexes	are	insoluble	in	all	organic	solvents,	so,	their	molar	
conductance	 and	 NMR	 were	 not	 measured.	 Although	 single	
crystals	are	not	grown,	the	suggested	structures	are	consistent	
with	all	other	evidence.	
	
3.2.	Analysis	of	SHBH	single	crystal	
	

SHBH	 crystals	 (colorless,	 platelet)	 with	 the	 formula	
C18H26N4O16	have	molecular	weight	of	458.42	g/mol.	It	belongs	
to	 monoclinic	 system	 with	 no	 centrosymmetric	 P21/c(#14)	
space	 group	 (Table	 2)	 having	 four	 water	 molecules;	 its	 half	
molecule	 has	 two	water	molecules	 (Figure	 1).	 The	 estimated	
cell	 parameters	 are	 a	 =	 6.027(2)	 Å,	 b	 =	 6.256(2)	 Å,	 c	 =	
27.977(7)	Å,	β	=	94.216	°.	The	distance	of	O1‐C3	(1.378	Å)	 is	
more	than	that	of	O2‐C4	(1.356	Å)	because	the	O1‐C3‐C2	angle	
(123.7	 °)	 is	 less	 than	 that	 of	 O2‐C4‐C5	 (124.8	 °).	 The	 O3‐C8	
(1.245	Å)	 is	 relavent	 to	double	bond	 character.	 The	N1‐C7	 is	
less	than	N2‐C8.	The	distance	of	N1‐N2	is	1.415	Å.	The	higher	
distance	 is	 for	 C1‐C7	 due	 to	 the	 attraction	 of	 more	
electronegative	 N	 atom.	 The	 N1‐C7	 is	 shorter	 than	 N2‐C8	
related	to	its	double	bond	nature	confirming	the	condensation	
process	(Table	3‐6).	
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Table	3.	Bond	lengths	for	SHBH.	
Atom	 Atom	 Length/Å	 		 Atom	 Atom	 Length/Å	
O1	 C3	 1.378(5) C1 C7 1.439(6)
O2	 C4	 1.356(5) C2 C3 1.375(5)
O3	 C8	 1.245(5)	 		 C3	 C4	 1.409(6)	
N1	 N2	 1.415(5)	 		 C4	 C5	 1.377(6)	
N1	 C7	 1.285(5)	 		 C5	 C6	 1.389(6)	
N2	 C8	 1.308(5)	 		 C8	 C9	 1.451(7)	
C1	 C2	 1.407(6) C9 C9 1 1.415(8)
C1	 C6	 1.392(6) 		
1	‐1‐x,	2‐y,	1‐z.	
	
	Table	4.	Bond	angles	for	SHBH.	
Atom	 Atom	 Atom	 Angle/˚ Atom Atom Atom	 Angle/˚
N2	 N1	 C7	 113.6(4) O2 C4 C5	 124.8(4)
N1	 N2	 C8	 121.6(4)	 		 C3	 C4	 C5	 119.4(4)	
C2	 C1	 C6	 118.8(4)	 		 C4	 C5	 C6	 120.3(4)	
C2	 C1	 C7	 122.5(4) C1 C6 C5	 120.9(4)
C6	 C1	 C7	 118.7(4) N1 C7 C1	 123.7(4)
C1	 C2	 C3	 120.2(4) O3 C8 N2	 123.3(4)
O1	 C3	 C2	 123.7(4) O3 C8 C9	 124.7(4)
O1	 C3	 C4	 115.9(3) N2 C8 C9	 111.9(4)
C2	 C3	 C4	 120.4(4) C8 C9 C91	 121.8(5)
O2	 C4	 C3	 115.8(4) 		
1	‐1‐x,	2‐y,	1‐z.	
		
Table	5.	Hydrogen	bonds	for	SHBH.	
D	 H	 A	 d(D‐A)/Å d(D‐H)/Å d(H‐A)/Å D‐H‐A/°
O1	 H1	 O5	 2.800(5) 0.820 2.016 159.7	
O2	 H2	 O11	 2.858(4) 0.820 2.166 142.2	
O4	 H4A	 O32	 2.903(5) 0.824 2.08(4) 177(5)
O5	 H5A	 O4	 2.783(6) 0.821 1.966(19) 173(6)
O5	 H5B	 O33	 2.874(5)	 0.820	 2.07(6)	 168(5)	
N2	 H2A	 O54	 2.920(5) 0.860 2.064 173.1	
1	2‐x,	1/2+y,	3/2‐z;	2	‐x,	1‐y,1‐z;	3	1+x,	+y,	+z;	4‐1+x	,1+y,	+z.	
		
Table	6.	Torsion	angles	for	SHBH.	
A	 B	 C	 D	 Angle/˚ A B C D Angle/˚	
N2	 N1	 C7	 C1	 ‐176.8(3)	 		 C1	 C2	 C3	 C4	 1.6(6)	
C7	 N1	 N2	 C8	 ‐180.0(3)	 		 O1	 C3	 C4	 O2	 ‐0.1(5)	
N1	 N2	 C8	 O3	 3.8(6)	 		 O1	 C3	 C4	 C5	 ‐179.3(3)	
N1	 N2	 C8	 C9	 ‐177.0(3)	 		 C2	 C3	 C4	 O2	 178.3(4)	
C2	 C1	 C6	 C5	 ‐0.1(6) C2 C3 C4 C5 ‐0.8(6)	
C6	 C1	 C2	 C3	 ‐1.1(6) O2 C4 C5 C6 ‐179.5(4)	
C2	 C1	 C7	 N1	 ‐5.6(6) C3 C4 C5 C6 ‐0.4(6)	
C7	 C1	 C2	 C3	 178.5(4) C4 C5 C6 C1 0.9(6)	
C6	 C1	 C7	 N1	 173.9(4) O3 C8 C9 C91 15.7(8)	
C7	 C1	 C6	 C5	 ‐179.7(4) N2 C8 C9 C91 ‐163.5(5)	
C1	 C2	 C3	 O1	 179.9(4)	 		 C8	 C9	 C91	 C81	 ‐180(4)	
1	‐1‐x,	2‐y,	1‐z.	
	
	

 
 

Figure	2. Structure	of	[Cu4(SHBH‐6H)(H2O)4(OAc)2]⋅3H2O.
	
	
3.3.	IR	and	NMR	spectra	of	SHBH	and	complexes	
	

The	positions	of	 the	 important	bands	 in	 the	 IR	spectra	of	
SHBH	and	its	complexes	are	shown	in	Table	7.	SHBH	has	good	
coordination	 ability	 for	 the	 studied	 metal	 ions.	 Its	 spectrum	
showed	 bands	 at	 3282,	 3163,	 1644	 and	 1589	 cm‐1	 due	 to	
(OH),	 (NH),	 (C=O)	 and	 (C=N),	 respectively	 [16].	 Its	 1H	
NMR	 spectrum	has	 signals	 at	 δ	 11.2	 (s,	 1H,	NH),	 11.0	 (s,	 1H,	
NH),	9.29	(s,	4H,	OH),	7.97‐7.82	(d,	2H,	Ar‐H),	7.17	(s,	2H,	Ar‐
H),	 6.90‐6.86	 (d,	 4H,	 Ar‐H+CH=N),	 2.92	 (s,	 2H,	 CH2),	 3.45	 (s,	
2H,	CH2).	13C	NMR	spectrum	showed	peaks	at	δ	173.39,	167.92	
(C=O);	δ	147.88,	146.42	(C=N);	δ	125.95	(C‐O)	and	29.03	ppm	
(CH).	The	ligand	has	multi	donor	groups,	so	different	modes	of	

chelation	are	proposed.	Tentative	assignments	of	the	observed	
bands	for	the	compounds	were	made	by	complete	comparison	
of	the	spectra	of	complexes	with	that	of	SHBH.	

In	 [Cu4(SHBH‐6H)(H2O)4(OAc)2]⋅3H2O	 (Figure	 2),	
[Ni4(SHBH‐6H)(H2O)4(OAc)2]⋅6H2O,	 [Ni3Zn(SHBH‐6H)(H2O)6	
Cl2]⋅H2O,	[Cu3Zn(SHBH‐6H)(H2O)6Cl2]⋅H2O,	the	ligand	acts	as	a	
hexanegative	 octadentate	 with	 the	 four	 metal	 ions	 coordi‐
nating	through	the	deprotonated	OH’s,	the	two	enolic	carbonyl	
and	 the	 two	 C=N	 groups.	 Complete	 disappearance	 of	 the	 OH	
band	 confirmed	 their	 involvement	 in	 coordination	 after	
deprotonation.	New	observed	band	at	3350‐3550	cm‐1	 is	due	
to	 the	 hydrated	 or	 coordinated	water.	 The	 absence	 of	(NH)	
and	(C=O)	bands	indicates	enolization	of	the	amidic	group.		
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Table	9.	Bond	length	and	bond	angles	of	[Cu4(SHBH‐6H)(H2O)4(OAc)2].3H2O.	
Atom‐Atom	 Length/Å	 Atom‐Atom‐Atom	 Length/Å	
Cu(31)‐O(39)	 1.953	 O(39)‐Cu(31)‐O(38) 102.963	
Cu(31)‐O(38)	 1.942	 O(39)‐Cu(31)‐O(27) 104.388	
Cu(30)‐O(37)	 1.936	 O(39)‐Cu(31)‐O(26)	 101.106	
Cu(30)‐O(36)	 1.954	 O(38)‐Cu(31)‐O(27)	 120.97	
Cu(29)‐O(43)	 1.872	 O(38)‐Cu(31)‐O(26)	 128.653	
Cu(29)‐O(42)	 1.87	 O(27)‐Cu(31)‐O(26)	 95.347	
Cu(28)‐O(35)	 1.871	 O(37)‐Cu(30)‐O(36) 101.571	
Cu(28)‐O(34)	 1.873	 O(37)‐Cu(30)‐O(13) 128.64	
O(27)‐Cu(31)	 1.93	 O(37)‐Cu(30)‐O(12) 124.103	
O(26)‐Cu(31)	 1.965	 O(36)‐Cu(30)‐O(13) 101.071	
N(18)‐Cu(29)	 1.854	 O(36)‐Cu(30)‐O(12) 102.83	
O(17)‐Cu(29)	 1.82	 O(13)‐Cu(30)‐O(12) 94.33	
O(13)‐Cu(30)	 	 1.97	 O(43)‐Cu(29)‐O(42) 70.514	
O(12)‐Cu(30)	 1.93	 O(43)‐Cu(29)‐N(18)	 170.149	
N(4)‐Cu(28)	 1.854	 O(43)‐Cu(29)‐O(17)	 97.062	
O(1)‐Cu(28)	 1.821	 O(42)‐Cu(29)‐N(18) 101.573	
C(41)‐O(43)‐Cu(29)	 89.677	 O(42)‐Cu(29)‐O(17)	 166.662	
C(41)‐O(42)‐Cu(29)	 89.518	 N(18)‐Cu(29)‐O(17) 91.269	
H(69)‐O(39)‐Cu(31)	 95.891	 O(35)‐Cu(28)‐O(34) 70.456	
H(61)‐O(39)‐Cu(31)	 96.387	 O(35)‐Cu(28)‐N(4) 101.629	
H(70)‐O(38)‐Cu(31)	 99.53	 O(35)‐Cu(28)‐O(1) 166.568	
H(60)‐O(38)‐Cu(31)	 96.948	 O(34)‐Cu(28)‐N(4) 169.927	
H(67)‐O(37)‐Cu(30)	 100.547	 O(34)‐Cu(28)‐O(1) 97.174	
H(59)‐O(37)‐Cu(30)	 98.975	 N(4)‐Cu(28)‐O(1)	 91.221	
H(68)‐O(36)‐Cu(30)	 95.91	 Cu(31)‐O(27)‐C(22) 89.36	
H(58)‐O(36)‐Cu(30)	 96.702	 Cu(31)‐O(26)‐C(23)	 81.769	
C(33)‐O(35)‐Cu(28)	 89.544	 Cu(29)‐N(18)‐C(19)	 121.628	
C(33)‐O(34)‐Cu(28)	 89.643	 Cu(29)‐N(18)‐N(16)	 105.238	
Cu(30)‐O(13)‐C(9)	 81.681	 Cu(28)‐N(4)‐N(3) 105.226	
Cu(30)‐O(12)‐C(8)	 88.907	 Cu(28)‐O(1)‐C(2) 106.054	
Cu(28)‐N(4)‐C(5)	 121.623	 C(15)‐C(14)‐C(44)‐C(2) 86.748	

	
Table	10.	Bond	length	and	bond	angles	of	[Co3(SHBH‐6H)(H2O)6].	
Atom‐Atom	 Length/Å Atom‐Atom‐Atom Length/Å
Co(35)‐O(37)	 2.025	 H(61)‐O(32)‐H(50)	 107.729	
Co(35)‐O(36)	 1.961	 H(61)‐O(32)‐Co(29)	 104.161	
Co(29)‐O(33)	 2.021	 H(50)‐O(32)‐Co(29) 106.879
Co(29)‐O(32)	 1.975	 H(56)‐O(31)‐H(49) 107.77	
Co(28)‐O(31)	 1.975	 H(56)‐O(31)‐Co(28) 104.104
Co(28)‐O(30)	 2.021	 H(49)‐O(31)‐Co(28) 106.855
O(27)‐Co(29)	 1.909	 H(57)‐O(30)‐H(48) 108.279
O(26)‐Co(29)	 1.861	 H(57)‐O(30)‐Co(28) 109.543
O(13)‐Co(28)	 1.913	 H(48)‐O(30)‐Co(28)	 105.901	
O(12)‐Co(28)	 1.862	 O(33)‐Co(29)‐O(32)	 87.176	
O(1)‐Co(35)	 1.9	 O(33)‐Co(29)‐O(27)	 96.637	
H(59)‐O(37)‐Co(35)	 105.558 O(33)‐Co(29)‐O(26) 92.96	
H(55)‐O(37)‐Co(35)	 104.434	 O(32)‐Co(29)‐O(27)	 89.072	
H(58)‐O(36)‐Co(35)	 107.937 O(32)‐Co(29)‐O(26) 178.956
H(54)‐O(36)‐Co(35)	 102.559 O(27)‐Co(29)‐O(26) 89.884	
O(37)‐Co(35)‐O(36)	 90.429	 O(31)‐Co(28)‐O(30) 87.221	
O(37)‐Co(35)‐O(17)	 90.677	 O(31)‐Co(28)‐O(13) 89.427	
O(37)‐Co(35)‐O(1)	 88.106	 O(31)‐Co(28)‐O(12) 178.878
O(36)‐Co(35)‐O(17)	 178.044 O(30)‐Co(28)‐O(13) 97.948	
O(36)‐Co(35)‐O(1)	 71.645	 O(30)‐Co(28)‐O(12)	 92.726	
O(17)‐Co(35)‐O(1)	 106.781 O(13)‐Co(28)‐O(12) 89.47	
H(60)‐O(33)‐Co(29)	 108.862	 O(1)‐Co(35)‐O(37)‐H(55)	 38.995	
H(51)‐O(33)‐Co(29)	 105.751	 O(1)‐Co(35)‐O(37)‐H(59)	 152.668	
	
	

 
 

Figure	4. Structure	of	[Co3(SHBH‐6H)(H2O)6].
	
	

The	calculated	energetic	parameters	shown	in	Table	8	for	
[Co3(SHBH‐6H)(H2O)6]	(Figure	5)	indicate	exoergic	process	for	
the	complex	formation.	Bond	lengthes	and	angles	are	shown	in	
Table	10.		

The	 last	 mode	 of	 chelation	 in	 which	 SHBH	 acts	 as	 a	
tetrabasic	hexadentate	through	the	four	deprotonated	OH	and	
two	C=O	was	depicted	 in	 [Zn3(SHBH‐4H)(H2O)4Cl2]⋅2H2O	and	

[Co2Zn(SHBH‐4H)(H2O)4Cl2]⋅2H2O	 (Figure	 6).	 The	 (C=O)	
appeared	 at	 1650	 (1644	 cm‐1)	 indicating	 chelation	 through	
this	 group	 (keto	 form).	 Also,	 the	 disappearance	 of	 OH	 band	
confirmed	 its	 deprotonation	 through	 coordination.	 The	
complexes	showed	new	band	at	521	(510)	cm‐1	due	to	(M‐O).		
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[Cu4(SHBH‐H)(H2O)4(OAc)2].3H2O,	 [Ni3Zn(SHBH‐6H)(H2O)6	
Cl2].H2O	 and	 [Cu3Zn(SHBH‐6H)(H2O)6Cl2]	 and	 tetrahedral	 for	
[Ni4(SHBH‐H)(H2O)4(OAc)2].6H2O,	 [Zn3(SHBH‐4H)‐(H2O)4Cl2].	
2H2O	and	[Co2Zn(SHBH‐6H)(H2O)4‐Cl2].2H2O.	
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Crystallographic	 data	 for	 the	 structure	 reported	 in	 this	
paper	 have	 been	 deposited	with	 Cambridge	 Crystallographic	
Data	 Center	 as	 supplementary	 publication	 CCDC‐1053722.	
These	 data	 can	 be	 obtained	 free	 of	 charge	 at	
http://www.ccdc.cam.ac.uk/data_request/cif.	
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