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Lab o ra tory in stru ments for X-ray dif frac tion mea sure -
ments are be com ing more pow er ful with new tech nol o gies
such as the liq uid an ode sources or HPAD de tec tors. It al -
lows ef fi cient dif frac tion ex per i ments, in clud ing data for
na tive SAD phas ing, on an in creas ing num ber of pro tein
sam ples in house, with out the need of a syn chro tron source. 
The cru cial part of the dif frac tion mea sure ment is data pro -
cess ing. It is a very much stan dard ized pro cess for syn chro -
tron data and us ers are used to pro cess ing data with tools
such as XDS [1]. How ever, in house data col lec tion has a
few spe cific pa ram e ters com pared to syn chro tron: the mea -
sure ment con sists of sev eral runs with var i ous ge om e try
set tings and the ge om e tries are non-or thogo nal. Even
though XDS can pro cess such in di vid ual runs, set tings are
non-triv ial and be hind the scope of a gen eral user. There -
fore, Xdskappa was in tro duced to sim plify pro cess ing of in

house data us ing XDS. Xdskappa au to mat i cally gen er ates
in put for XDS and runs XDS on mul ti ple datasets si mul ta -
neously. More over, a pos si bil ity of man ual fine tun ing re -
mains. Xdskappa is dis trib uted un der the GNU Gen eral
Pub lic Li cense 3 [2].
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Choice of the high res o lu tion dif frac tion limit is an im por -
tant step in macromolecular struc ture de ter mi na tion. Now -
a days, there are sev eral cri te ria for res o lu tion cut-off
es ti ma tion and this can lead to some con fu sion. To cite P.
Ev ans: “An ap pro pri ate choice of res o lu tion limit is dif fi -
cult and some times seems to be per formed mainly to sat isfy
ref er ees.” [1] Data from high res o lu tion con tain im por tant
in for ma tion, which is needed to clar ify struc ture de tails. It
is also a sig nif i cant part (tens of per cent) of all dataset ob -

ser va tions. Thus these data are not neg li gi ble and have a
re mark able in flu ence on the re sult ing struc ture model.

Dif frac tion data from a crys tal of a FAD-de pend ent en -
zyme were col lected on beam line P13, Petra III, Ham burg,

us ing a PILATUS 6M de tec tor. Dif frac tion spots were
vis i ble by eye up to res o lu tion of 2.2 C  (Fig. 1). Var i ous
mod ern ap proaches of dif frac tion data pro cess ing were ap -
plied [2-3]. 

At tempts to es ti mate the dif frac tion limit us ing nu mer -
ous cri te ria were per formed. The main fo cus was on the
R-fac tor anal y sis us ing the re fine ment sta tis tics Rwork and
Rfree. This cri te rion links crys tal lo graphic model and data

qual ity [4], in con trast with con ser va tive cri te ria, e.g., I/s,
Rmerge, or CC1/2, that eval u ate data qual ity with out re la tion
to model. Im pact of var i ous pro cess ing ap proaches on the
over all struc ture qual ity has been an a lyzed. The re sult ing
dif frac tion limit var ied from 2.1 C  to 1.7 C with respect to



the se lected pro ce dure. The fi nal op tion 1.9 C was es ti -
mated ac cord ing to the R-fac tor anal y sis mainly, how ever,

also val ues of the sig nal-to-noise ra tio I/s were taken into
ac count.
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Com plexes based on TCNQ (7,7’,8,8’-tetracyano -
quinodimethane) an ion-rad i cals as car ri ers of un paired
elec trons rep re sent an ex ten sively stud ied group of ma te ri -
als. Due to the abil ity of TCNQ- to di rectly co or di nate to
metal at oms and, in ad di tion, to form supra mo lecu lar

chains via hy dro gen bond ing and  p-p in ter ac tions, this
spe cies of fers a great deal of pos si bil i ties for crys tal en gi -
neer ing [1, 2]. 

The pres ent study shows crys tal struc tures of three
nickel(II) com plexes with 2,2’-bipyridine (bpy) and its
deri vate 4,4’-dimethyl-2,2’-bipyridine (4,4’-dmbpy) con -
tain ing TCNQ- in var i ous forms. All three com pounds were 
pre pared by the re ac tions of hot methanolic/ethanolic so lu -
tions of Ni(II) salt with bpy/4,4’-dmbpy and LiTCNQ, fol -
lowed by crys tal li za tion.

The crys tal struc ture of [Ni(bpy)3]2(TCNQ-TCNQ)
(TCNQ)2•6H2O (1) was found to be com posed of bulky
com plex cat ions [Ni(bpy)3]

2+, un co or di nated TCNQ- an -

ion-rad i cals, un co or di nated s-dimerized (TCNQ-TCNQ)2-

dianions and three crys tal lo graphi cally in de pend ent, un co -
or di nated wa ter mol e cules which are strongly dis or dered
(Fig. 1 and Fig. 2). The nickel(II) atom within the
[Ni(bpy)3]

2+ com plex cat ion is hexacoordinated by three
bidentate ar o matic lig ands (Fig. 1). The Ni-N bond

lengths range from 2.078(2) to 2.109(2) C which are in the

usual range of val ues. The s-dimerized dianion (TCNQ-
TCNQ)2- with a cen tral C-C bond length of 1.653(11) C is
dis or dered with a pair of an ion-rad i cals over lapped by their 
exo groups. The oc cu pa tion ra tio for dis or dered an ion-rad -
i cals was re fined to 0.753(9): 0.247(9). Both forms of

TCNQ, the an ion-rad i cals and the s-dimerized dianions,

form supra mo lecu lar chains via p-p  stack ing of their ex -
ter nal C(C?N)2 groups. These chains al ter nate in the struc -
ture with lay ers of [Ni(bpy)3]

2+ com plex cat ions.  The wa ter 
solvate mol e cules along with the TCNQ- an ion-rad i cals
form a three-di men sional supra mo lecu lar struc ture via
O-H···O and O-H···N hy dro gen bonds. The ionic crys tal
struc tures of two other com pounds con tain ing the
4,4’-dmbpy ligand will be dis cussed dur ing the oral pre sen -
ta tion.  

1. L. Ballester, A. Gutiérrez, M. F. Perpiñán. Inorg. Chem.,
36, (1997), 6390.
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Fig ure 1. Co or di na tion en vi ron ment of nickel(II) 
atom in [Ni(bpy)3]

2+ Fig ure 2. Supra mo lecu lar chains of TCNQ with [Ni(bpy)3]
2+ cat ions
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De spite mul ti ple re ports and in ves ti ga tions per formed on
dipicolinate com pounds, great at ten tion to their fur ther
study is still be ing paid, be cause of their struc tural vari abil -
ity, in ter est ing prop er ties and ap pli ca tions in many fields
such as ma te rial chem is try, med i cine and bioinorganic
chem is try [1, 2]. Com pounds of cop per(II) con tain ing
nicotinamide or its de riv a tives as N-do nor lig ands have
been cho sen con sid er ing that they could be in volved into
the hy dro gen-bond net works through the carboxamide
group [3] and thus are suit able can di dates for con struc tion
of supra mo lecu lar ar chi tec tures and to gether with
dipicolinate ligand, which can bind to a metal cen tre in a
va ri ety of co or di na tion modes [4, 5], are of in ter est from a
supra mo lecu lar chem is try point of view. There fore us ing
the above-men tioned lig ands four cop per(II) dipicolinate
com plexes have been syn the sized, namely {[Cu(pca)
(dipic)(H2O)]·H2O} (1), [Cu(nia)(dipic)(H2O)] (2),
{[Cu(mnia)(dipic)(H2O)]·2H2O} (3) and {[Cu(inia)
(dipic)]n·2CH3OH} (4) (dipic = an ion de rived from
pyridine-2,6-di car box yl ic acid also well-known as dipico -
linic acid, pca = pyrazinecarboxamide, nia = nicotinamide,
mnia = N-methylnicotinamide and inia = isonicotinamide).
Crys tal struc tures of all the com pounds have been de ter -
mined, supra mo lecu lar con tacts such as hy dro gen bond ing
de scribed and all pre pared com pounds have been also stud -
ied by EPR spec tros copy. The X-ray dif frac tion anal y sis
re vealed that all of the cop per(II) com plexes are of dis -
torted square-py ram i dal ge om e try with five-co or di nated
cen tral cop per(II) at oms through one ni tro gen do nor atom

of nicotinamide or its de riv a tives, one ni tro gen do nor atom
and two ox y gen do nor at oms of a tridentate che lat ing
dipicolinate an ion and one ox y gen do nor atom from co or -
di nated wa ter mol e cule (be sides com plex (4)). In the com -
plex 4 an ion of dipicolinic acid has one car bonyl ox y gen
atom of carboxylate group act ing as bridg ing to the neigh -
bour ing cop per(II) atom, what re sulted into the for ma tion
of poly meric com pound. The com plex mol e cules to each
other and sol vent mol e cules in the cases, where un co or di -
nated sol vent mol e cules (wa ter or meth a nol) are lo cated in
the crys tal struc ture, are linked to gether through com pli -
cated hy dro gen-bond net works in all cases and form ei ther
2D or 3D supra mo lecu lar frame works. The X-band EPR
spec tra of all pre pared cop per(II) com plexes were re corded 
at room, as well as at low tem per a ture 98 K. The g-fac tor
re la tion g// > g+ > 2.0023 con firmed the dx

2-y
2 ground elec -

tronic state. 
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We have fo cused on char ac ter iza tion of cocrystallization
prod ucts of edaravone, a neuroprotective agent, and phe no -
lic ac ids in or der to prove the for ma tion of cocrystals. New
deri vates of edaravone were pre pared be cause it could im -
prove physicochemical prop er ties of this drug. 

The goal of qual i ta tive phase anal y sis is to de ter mine
what phases are pres ent in sam ple, such as re ac tants,

cocrystals with dif fer ent stoichiometric ra tios of start ing
ma te ri als and their poly morphs and pseudopolymorphs. 

The prep a ra tion of cocrystals was per formed, with tree
ex per i men tal pro ce dures, namely sol vent drop grind ing,
sol vent cocrystallization and slur ring method at 1:1, 2:1,
and 1:2 mo lar ra tios with dif fer ent sol vents. Mainly, pow -
der sam ples were prepared.

Fig ure 1.  Crys tal struc ture of cocrystal Edaravon: Camphanic acid 2:1 (view along axis c)

Fig ure 2.  Crys tal struc ture of cocrystal Edaravon: 4- Sulfobenzoic acid 1:2 (view along axis c)
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As cocrystals dif fer from salts or con tin uum salt-
 cocrystal only by the po si tion of pro ton be tween the
acidic and the ba sic func tion al ity of the co-crys tal li za -
tion com po nents, we can de cide about the form of the
prod ucts only af ter de ter mi na tion of their crys tal struc -
ture. The po si tion of the pro ton was de ter mined in di -
rectly by de duct ing it from the bond lengths C-O and
C=O groups of car boxyl groups.

More then forty pow der sam ples have been char ac -
ter ized, out of which ten pure crys tal line prod ucts have
been con firmed. Pre lim i nary crys tal struc tures of three
prod ucts have been solved (Ta ble). Crys tal struc ture of 
cocrystal Edaravon: Camphanic acid 2:1 (Fig. 1) and
cocrystal Edaravon: 4-Sulfobenzoic acid 1:2 (Fig. 2)
have been solved by pow der dif frac tion anal y sis. Con -
tin uum salt - cocrystal Edaravon: Trimesic acid 1:2
(Fig. 3) has been solved by a sin gle crys tal diffraction
analysis.

1. M. Veverka, T. Dubaj, J. Galloviè, E. Švajdlenka, B.   
Me¾uchová, V. Jorík, P. Šimon. Edaravone cocrystals:
syn the sis, screen ing, and pre lim i nary char ac ter iza tion.
Monatshefte für Chemie-Chem i cal Monthly, 2013, 144.9:

1335-1349.

2. S. L. Childs, G. P.  Stahly, A. Park. The salt- cocrystal
con tin uum: the in flu ence of crys tal struc ture on ion iza tion

state. Mo lec u lar phar ma ceu tics , 2007, 4.3: 323-338.

       3. A. N. Queiroz, et al. Tau tom er ism and rad i cal-scav eng -
ing ac tiv ity of edaravone by DFT meth ods. Jour nal of
Com pu ta tional and The o ret i cal Nanoscience, 2010, 7.1:
153-156.

       4. T. Watanabe, M. Tahara, S. Todo. The novel an ti ox i dant
edaravone: from bench to bed side. Car dio vas cu lar ther a -

peu tics, 2008, 26.2: 101-114.

Fig ure 3.  Supra mo lecu lar 2D frame work of  con tin uum salt- cocrystal Edaravon: Trimesic acid 1:2.

Eda ra von:
Cam pha nic
acid 2:1

Eda ra von: 
4-Sul fo ben zo -
ic acid 1:2

Eda ra von:
Tri me sic
acid 
1:2

Che mi cal
for mu la

C20H24N2O5 C24H22N2O11S2 C76H64N8O28

Mr 372.41 578.56 1537.35

Cell
setting

Spa ce
group

Orthor hom bic
P212121

Orthor hom bic
Pn21a

Tric li nic
P-1

T (K) 293(1) 293(1) 293(1)

a (C) 32.9448(10) 19.911(3) 7.5440(3)

b (C) 7.94775(16) 19.893(3) 14.9690(12)

c (C) 7.31362(18) 6.5273(9) 16.1120(7)

a (°) 90 90 81.442(5)

b (°) 90 90 78.327(4)

c (°) 90 90 87.653(5)

V (C3) 1914.98(8) 2585.4(7) 1761.89(18)

Ta ble 1. Crys tal lo graphic data.
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A novel en zyme, DbeA, be long ing to the fam ily of halo al -
kane deha lo ge nases (EC 3.8.1.5) was iso lated from Bra -
dyr hizobium elkanii USDA94. This haloalkane
dehalogenase is closely re lated to DbjA en zyme from
Bradyrhizobium japonicum USDA110 (71% se quence
iden tity), but has dif fer ent bio chem i cal prop er ties. DbeA is 
gen er ally less ac tive and has a higher spec i fic ity to wards
brominated and io din ated com pounds than DbjA. The
DbeA pro tein was crys tal lised us ing the sit ting-drop
vapour-dif fu sion method and the crys tal struc ture of a
DbeA en zyme has been solved and de pos ited at World wide 
Pro tein Data Bank un der PDB ID 4k2a. The DbeA wt
struc ture re vealed the pres ence of two ha lide-bind ing sites.
The first chlo ride-bind ing site is lo cated in the ac tive site in
be tween two ha lide-sta bi liz ing res i dues. The sec ond chlo -
ride-bind ing site is unique to DbeA and has not been pre vi -

ously re ported in any other struc ture of this en zyme fam ily.
To elu ci date the role of the sec ond ha lide-bind ing site, a

two-point vari ant DbeA DCl (I44L+Q102H) lack ing this
site was con structed and bio chem i cally char ac ter ized [1].
Elim i na tion of the sec ond ha lide-bind ing site de creased the 
sta bil ity and cat a lytic ac tiv ity, and dra mat i cally al tered the
sub strate spec i fic ity. The two-point sub sti tu tion re sulted in
a shift of the sub strate-spec i fic ity class, which is the first
time this has been dem on strated for this en zyme fam ily.
Ra tio nal de sign of bur ied ha lide-bind ing sites rep re sents a
novel strat egy for en gi neer ing of en zymes with mod i fied
cat a lytic prop er ties.

The work was sup ported by the Grant Agency of the Czech
Re pub lic P207/12/0775.
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