
289Acta Chim. Slov. 2012, 59, 289–293

Sha rif et al.:  Synthe sis and Cry stal Struc tu re of a Fi ve-Coor di na te Com plex of ...

Scientific pa per

Synthe sis and Cry stal Struc tu re of a Fi ve-Coor di na te 
Com plex of Cop per(II) with 4-Ni tro ben ze ne sul fo na te 

and 2, 2’-Bip yri di ne

Mah bou beh A. Sha rif,1,* Ma sou meh Ta ba ta ba ee,2 Va hi deh Beik2

and Ha mid Re za Kha va si3

1 De part ment of Che mi stry, Qom Branch, Is la mic Azad Uni ver sity, Qom, Iran

2 De part ment of Che mi stry, Yazd Branch, Is la mic Azad Uni ver sity, Yazd, Iran

3 De part ment of Che mi stry, Sha hid Be hesh ti Uni ver sity, Te hran, Iran

* Corresponding author: E-mail: sha rif44m @ya hoo.com

Re cei ved: 05-08-2011

Ab stract
[Cu(bipy)2Cl](nbs) (1) (bipy = 2,2’-bip yri di ne, nbs = 4-nitro ben ze ne sul fo na te) was ob tai ned from the reac tion of 4-ni -
tro ben ze ne sul fonyl chlo ri de and 2-amine-4-methy lop yri di ne with Cu Cl2 in the pre sen ce of 2,2’-bip yri di ne and cha rac -
te ri zed by ele men tal analy sis, IR spec tra and X-ray sin gle-cry stal dif frac tion. The asym me tric unit of (1) con tains the
ca tio nic com plex [Cu(bipy)2Cl]+ and, in the ou ter coor di na tion sphe re, an (nbs)- coun ter ion. 
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1. In tro duc tion

The sha pe of fi ve-fold coor di na tion poly he dra, is an
in te re sting to pic in coor di na tion che mi stry. Fi ve- fold
coor di na tion is much mo re un com mon than four- fold
coor di na tion. Due to the lack of hig her symme try sta bi li -
zing many che mi cal systems, thus fi ve- fold coor di na tion
is mo re of ten seen in so lu tion whe re symme tric re stric -
tions are less im por tant. The re are two main fi ve-coor di -
na ted geo me tries: the tri go nal bip yra mid (tbp) and the
squa re pyra mid (sqpy). They are clo sely re la ted to each
ot her, which can be il lu stra ted with the so-cal led Berry
mec ha nism or pseu do-ro ta tion for a fi ve coor di na ted com -
plex, with its tbp-sqpy-tbp in ter con ver sion.1–5 In con ti nua -
tion of our re cent work on synthe sis of new li gands with
sul fur and ni tro gen atoms6–9 and pro ton trans fer com -
pounds,10–12 we pre pa red (C5H9N2)(C6H4NO5S) by the
reac tion of 2-ami no-4-methylp yri di ne and 4-ni tro ben ze -
ne sul fonyl chlo ri de.13 Now we are going to re port on the
synthe sis and cry stal struc tu re of the cop per(II) com plex
with this pro ton trans fer com pound. 

2. Ex pe ri men tal

2. 1. Ma te rials and In stru men ta tions

Cu Cl2, 4-ni tro ben ze ne sul fonyl chlo ri de, 2-amin-4-
methy lop yri di ne and 2,2’-bip yri di ne we re purc ha sed from
Merck and used wit hout furt her pu ri fi ca tion. IR spec tra
we re re cor ded on a Bruker FT-IR Ten sor 27 spec tro me ter
(KB r pel lets, Nu jol mulls, 4000–400 cm–1). X-ray struc tu -
re analy sis of sui tab le sin gle cry stals was car ried out on a
Bru ker APEX II CCD area de tec tor (Mo Kα ra dia tion,
grap hi te mo noc hro ma tor, λ = 0.71073 Å at am bient tem -
pera tu re). 

2. 2. Synthe sis of Com plex

A so lu tion of Cu Cl2 (134.45 mg, 1 mmol) and 2,2’-
bip yri di ne(156.01m g, 1 mmol) in et ha nol (20 ml) was ad -
ded to a so lu tion of (ampy H)(nbs)13 (ampy is 2-ami no-4-
methylp yri di ne and nbs is 4-nitro ben ze ne sul fo na te)
(311.31 mg, 1 mmol, 20 ml et ha nol) in a 1:1:1 mo lar ra tio.
The mix tu re was stir red for 6 h at room tem pe ra tu re, the



290 Acta Chim. Slov. 2012, 59, 289–293

Sha rif et al.:  Synthe sis and Cry stal Struc tu re of a Fi ve-Coor di na te Com plex of ...

re sul tant mix tu re was fil te red and the fil tra te was kept at
room tem pe ra tu re. Blue cry stals of (1) we re ob tai ned af ter
al lo wing the mix tu re to stand for two weeks (Schem 1). 

3. Re sults and Dis cus sions

3. 1. IR Spec tra
IR spec tros copy of the com plex (1) shows a strong,

broad and branc hed band at 3550–2980 cm-1 at tri bu ted to
aro ma tic C-H’s of coor di na ted 2, 2’-bip yri di ne and ben ze -
ne ring of nbs. Sharp and re la ti vely strong bands in 1104
cm–1 are at tri bu ted to stretc hing C-N vi bra tion. The bands
around 1480 and 1420 cm–1 are due to the C=C and C=N
stretc hing modes of the coor di na ted 2,2’-bip yri di ne mo le -
cu les. Another re mar kab le fea tu re of the IR spec trum is
strong bands at 1517 and 1342 cm–1, which is ex plai ned
by the pre sen ce of the N=O bonds with dif fe rent
strengths. Ot her strong bands in 1216 and 655 cm–1 are re -
la ted to re so nan ce of (SO3)

–, in fact, ν(S=O) and ν(S-O)
bands are trans for med in to the symme tric and asym me tric
stretc hing vi bra tions of the sulp ho na te group.

3. 2. Cry stal struc tu re

The mo le cu lar struc tu re of [Cu(bipy)2Cl](nbs), 1
with atom num be ring and a view of the cry stal pac king
are pre sen ted in Fi gu res 1 and 2. The cry stal lo grap hic da -

ta, se lec ted bond lengths, bond an gles and tor sion an gles
are li sted in Tab les 1 and 2, res pec ti vely. 

Tab le 1. Cry stal and Struc tu re Re fi ne ment Da ta for Com pound 1

Cry stal da ta
Em pi ri cal For mu la C26H20Cl Cu N5O5S 
For mu la weight 613.54
Cell set ting, Spa ce group Mo noc li nic, P21/c
Unit cell di men sions a = 7.0435(12) Å

b = 10.6811(12) Å
c = 33.731(6) Å
β = 91.186(14)°

Unit cell vo lu me 2537.1(7) Å3

Tem pe ra tu re (K) 293 (2)
Ab sorp tion coef fi cient 1.098 mm–1

Z, Den sity [g/cm3] 4, 1.606Mg/m3

F(000) 1252
Cry stal si ze (mm) 0.50× 0.45× 0.30 
R va lue 0.041
Rw va lue 0.050
θ ran ge (°) 2.00 → 29.47°
h ran ge –9 → 7
k ran ge –13 → 14
l ran ge –46 → 46 
Ref lec tions col lec ted / uni que 15873/ 5615 [R (int) = ]
Com ple te ness to θmax 96.7%
Good ness-of-fit on F2 1.085
Lar ge diff. peak and ho le 0.79 and –0.56 e. Å–3

Wa ve length 0.71073 Å
Weigh ting sche me w = 1/[σ2(Fo

2) + (0.0624P)2 +
1.1103P] whe re P = (Fo

2 +
2Fc

2)/3

Sche me 1. The synthe tic met hod for the pre pa ra tion of [Cu(bipy)2Cl](nbs)

Fig. 1 The molecular structure of [Cu(bipy)2Cl](nbs), showing the
atom-numbering scheme. Fig. 2 The cry stal pac king dia gram of [Cu(bipy)2Cl](nbs)
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In com pound 1 the asym me tric unit is com po sed of
the ca tio nic com plex [Cu(bipy)2Cl]+ and, in the ou ter
coor di na tion sphe re, an (nbs)- coun ter ion. The cop per
atom in 1 is fi ve coor di na ted to the four 2,2’-bip yri di ne
ni tro gen atoms and to one atom of chlo ri ne. Ho we ver, the
pro to na ted 2-ami no-4-methylp yri di ne is lost and the nbs-

anion does not en ter the in ner coor di na tion sphe re. 

Tab le 2. Bond lengths (Å), bond an gles and tor sion an gles (°) for
Com pound 1

Di stan ces (Å)
Cu1–N3 1.9775 (18) Cu1–N1 2.1106 (18)
Cu1–N2 1.9903 (18) Cu1–Cl1 2.2805 (8)
Cu1–N4 2.1045 (18)

An gles (°)
N3–Cu1–N2 174.86 (8) N4–Cu1–N1 100.34 (7)
N3–Cu1–N4 80.26 (7) N3–Cu1–Cl1 92.45 (6)
N2–Cu1–N4 97.62 (8) N2–Cu1–Cl1 92.44 (6)
N3–Cu1–N1 96.05 (7) N4–Cu1–Cl1 131.78 (5)
N2–Cu1–N1 79.68 (7)

Tor sion angles (°)
N4–Cu1–N1–C1 78.97 (19) N1–Cu1–N3–C11 –79.4 (2)
N4–Cu1–N1–C5 –96.66 (14) N1–Cu1–N3–C15 101.66 (16)
N4–Cu1–N2–C10 –82.6 (2) N1–Cu1–N4–C20 80.16 (19)
N4–Cu1–N2–C6 104.53 (16) N1–Cu1–N4–C16 –94.26 (14)

The Cu-N and Cu-Cl di stan ces are wit hin the usual
ran ges for this kind of cop per(II) com plex.14–16 The coor -
di na tion poly he dron can not be des cri bed as eit her a squa -
re pyra mid or a tri go nal bip yra mid, ha ving a tri go na lity
in dex τ = 0.718 (τ = (β – α)/60, whe re β and α are the lar -
gest an gles in the coor di na tion sphe re;17 its va lue is ze ro
for a per fect squa re pyra mid and one for a per fect tri go nal
bip yra mid). Thus Com plex 1 dis plays a di stor ted tri go nal
bip yra mi dal geo me try around the Cu(II) cen ter. Two sets
of Cu–N di stan ces we re ob ser ved. The axial di stan ces are
short com pa red to the equa to rial ones. The axial Cu–N di -
stan ces are 1.988(2) and 1.991(2) Å and the equa to rial di -
stan ces are 2.105(2) and 2.109(2) Å. The axial di rec tions,
Cu-N2 and Cu-N3, de fi ne the lar gest N–Cu–N an gle of
174.85(8)°, which shows 5.14° de via tion from li nea rity
and N4Cu1N1C5 and N1Cu1N4C16 tor sion an gles are -
96.66 (14) and -94.26 (14)° res pec ti vely (see tab le 2).
Thus, it can be conc lu ded that two 2,2’-bip yri di ne li gands
are al most per pen di cu lar to each ot her.

The lon gest in-pla ne di stan ce, Cu–N1 is op po si te to
the lar gest in-pla ne an gle. Whi le the ob ser ved Cu–Cl di -
stan ces are lon ger be cau se of lar ger co va lent ra dii18 of the
Cl atom re la ti ve to the ni tro gen atom, i.e. 0.99 and 0.70 Å,
res pec ti vely. Our re sults com pa re well with tho se re por ted
for [Cu(bipy)2Cl][(CH3)2C6H3SO3] · H2O.19

As ex pec ted, the in di vi dual pyri di ne rings of the bpy
li gands are all pla nar. The bpy li gand as a who le is al most

pla nar in 1, but the re are di he dral an gles bet ween the
pyridyl rings of each bipy: 10.21(11) bet ween N1/C1-C5
and N2/C6-C10 rings and 7.01(11)° bet ween N3/C11-
C15 and N4/C16-C20 rings. Twi sting around the 2-2’
bond is nor mal in coor di na ted bpy.20

The non-co va lent in te rac tions ha ve an im por tant ro -
le in self-as so cia tion of the cry stal system. As can be seen
from the pac king dia gram (Fig. 2) the re are two kinds of
the non-co va lent in te rac tions: the in ter mo le cu lar π-π stac -
king in te rac tion with cen troid-cen troid di stan ce 3.687(2)
Å (Fig. 3) and Cu–Cl···π stac king in te rac tion, with Cl···π
di stan ce and angle of 3.726(2) Å and 157.72(4)° (Fig. 4)
seem to be ef fec ti ve in the sta bi li za tion of the cry stal
struc tu re, re sul ting in the for ma tion of an in te re sting su -
pra mo le cu lar struc tu re. 

Fig. 3. A view of the π–π stac king in te rac tion bet ween two aro ma -
tic rings. The di stan ce bet ween the pla nes of the rings (N1/C1–C5)
and (N2/C6–C10) is 3.687(2) Å [symme try co de: 1-x, 1-y, -z].

Fig. 4. Cu–Cl···π stac king in te rac tion bet ween the chlo ro li gand
and cen troid of the N2/C6-C10 aro ma tic ring of coor di na ted 2,2’-
bipyri di ne [symme try co de: –1+x, y, z]. The di stan ce bet ween Cl
atom and the ring cen troid is 3.726(2) Å. 
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As shown in Tab le 3, a num ber of in ter and in tra mo -
le cu lar weak C–H·E·E·EO hydro gen bonds with D·E·E·A
in the ran ge of 2.935(3) to 3.447(3) A can be obser ved in
cry stal pac king as ef fec ti ve fac tors in ex pan ding the su -
pra mo le cu lar net work.

Tab le 3 Hydro gen-bond geo me try (Å, °).

D–H···A D–A H···A D···A D–H···A
C13–H13···O2i 0.93 2.54 3.261(3) 134
C14–H14···O4ii 0.93 2.52 3.411(3) 160
C17–H17···O4ii 0.93 2.50 3.343(3) 150
C18–H18···O5 0.93 2.44 3.254(3) 146
C22–H22···O1iii 0.93 2.59 3.338(3) 138
C23–H23···O3 0.93 2.60 2.935(3) 102
C26–H26···O3iv 0.93 2.57 3.447(3) 157

Symme try Co des: (i) -x,-1/2+y,1/2-z   (ii) -1+x,y,z   
(iii) 1-x,1/2+y,1/2-z   (iv) 2-x,-1/2+y,1/2-z
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Ap pen dix A. Supplemen tary da ta

The se lec ted cry stal of (1) was co ve red with a per
fluo ri na ted oil and moun ted on the tip of a glass ca pil lary
un der a flow of cold ga se ous ni tro gen. The orien ta tion
ma trix and unit cell di men sions we re de ter mi ned from
8000 (Stoe IPDS II (1), (grap hi te-mo noc hro ma ted Mo-
Kα ra dia tion in all ca ses; λ = 71.073 pm). In ad di tion, ab -
sorp tion cor rec tions we re ap plied for (1) (nu me ri cal). The
struc tu re was sol ved by the di rect met hods (SHELXS-97
[21]) and re fi ned against F2 by full-ma trix least-squares
using the pro gram SHELXL-97 [22], ORTEP-3 (Far ru gia,
1997) [23], Mer cury CSD 2.0 – New Fea tu res for the Vi -
sua li za tion and In ve sti ga tion of Cry stal Struc tu res [24],
soft wa re used to pre pa re ma te rial for pub li ca tion: Win GX
(Far ru gia, 1999) [25].

Cry stal lo grap hic da ta (exc lu ding struc tu re fac tors)
for the struc tu re re por ted in this pa per has been de po si ted
at the Cam brid ge Cry stal lo grap hic Cen ter, CCDC No.
749881. Co pies of the da ta can be ob tai ned free of char ge
on http:www.ccdc.cam.ac.uk.
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Povzetek
[Cu(bipy)2Cl](nbs) (1) (bipy = 2,2’-bi pi ri din, nbs = 4-ni tro ben zen sul fo nat) smo sin te ti zi ra li z reak ci jo med 4-ni tro ben -
zen sul fo nil klo ri dom in 2-ami no-4-me ti lo pi ri di nom s Cu Cl2 v pri sot no sti 2,2’-bipiri dina. Spo ji no smo ka rak te ri zi ra li z
ele ment no ana li zo, IR spek tro sko pi jo in rent gen sko di frak ci jo na mo no kri sta lih. Asi me tri~ na eno ta (1) vse bu je ka tion -
ski kom pleks [Cu(bipy)2Cl]+ in v zu na nji koor di na cij ski sfe ri (nbs)- ion. 


