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ABSTRACT

The X-ray charge density analysis of a hydroxynaphthoquinnne derrvative was obtained by multipolar Hansen-
Coppens formalism refinement through high resnlution X-rav diffraction data at 100{1) K. The mnlecular
propernies of the title compowmd cesulted from the combined experimental and the quantum thenry of atoms n
mwlecuics (QTAIM) studies. The topelogical properties of the covalent bonds and of the hydrogen honds have

boen mmvestigated.
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INTRODUCTION

Accurate.  high-resolutwn  X-ray  charge-density
capetiments  provide infnrmatinn an the  cleciron
distnbution within the system under study, allowing
both the nature of the bendimg and the alomic
interaeiions to be determined [1]. To this end, Bader's
quantum theory of aloms m moelecules {2] 15 a powerful
tonl, which charactenizes the chemieal interactinns
between atoms on tbe basis of the topniogical
properties of the eleciron density and the assoctated
Laplacian at bond-entical points (beps). In organic
molecules. envalent bhonds arc classified as shared
shell, while van der Waals (vdW) and hydrogen-
bonding interactions are classificd as closed-shell.

The electron-density distribution of small molecules,
peptides and amino acids earrics information which is
important in medcling therr interactions. The mnleeular
elecrostalic potential and electric moments, which may
be denved from the charge-density, help w deermine
the recogaition properties such as reactivity in a
desired motecule. The eleetrun cluuds around atoms in
mplecules are deformed primarily duz to chemical
binding and sccondarily by non-bondad interactions
such as hydrbzen bonds.  Io the rouwtine crysial
struciure determination from X -ray diffracuon daia
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using least-squares refinement procedure, the
continuous  electron-density  of mnalecule 15
subdivided into  independent atoruc  charge
densines, and the basic assumptions arg that
atoms ure neutral and of spherical shape with a
tadial depemdence cqual tn that of free atoms n
the gas phase so-called Independent Atom Model
(TAM}. S0, some corrections due to bonding and
nnr-bonding cifects must he considered which
leads to mudtipolar atom model and  allows
mapping non-spherical electron-density map uf
the desired molecule.

In this study, the tule compound is a snbstituted
S-hydroeyi-1.4-naphthequinene {uglone]. Juglone
and its S-accloxy-2-bromo  analogue are the
casertial dienophile in the highly cunvirgent and
regiospecific  Dils-Alder synthesis nf
Ochmmyemone, a type nf nanral anthraquinone
which exhibits remarkable anttbiotic and anttumor
activities, Our aim 15 to obtain an insight of
the nature nf the chermwal bonds by X-ray
charze-densily study of the title cnmpound.
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EXPERIMENTAL

The crystal stucture of the tile compound was
determined by single-erystal X-ray crystatlography.
The crystallographte data of the title compound are
listed in Tahle 1. The GRTEP plot of the title
compoutid based on the 1AM refinement was
shown i Figure 1, with the 50% probability
dispiacernent elhipsoid and atomic numbering, Data
wert collected on a Bruker SMART APEXII CCD
arca detector diffractemeter with Mo Ko radiation
{ = 071073 A) cquipped with an Oxford
crynsystem Cohra low temperature atachment.
Celt parameters were retrieved using SMART [5]
software and refined using SAINT [6] on all
observed reflections. Data reduction and correction
for Lp and decay were performed usmg SAINT
Plus soflware. Absurption corrections were applicd
using SADARBS [7]. The struckure was solved by
direct methods and refined by the feast squares
method on # using the SHELXTL program
package [8]. All non-hydrogen atoms were refined
anisotropically, Hydrogen atems were posittoned
geometneally and refined with a riding model
appreximation with their purometers constrained to
the parent atom with U fH) = 1.2 or 1.5 U(C3,
excepl for the bydrogen atom attached to O3 atom
which wos located from the difference Fouricr map

Table 1, The crvstallographic data and refinement parametets of the compound by 1AM

¥ i
and constrained 1o refine with the 'parcxlu atom with
U {H} =13 Uﬂq ({J) " I

Fig. 1. The ORTEP piot af the title compuvnd based
on the LAM refinemmi with 50% probability
displacement ellipsonds and the atomic numbering.
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METHODS

lndeed. accurate fow-iemperature high resolution
X-my datu ollow the non-spherical maps. and
clecron-density to be presented in deformotion
clectron-density  maps,  and expcrimentatly

quontificd by using u non-spherical model of the

atomuc clectron-density and so charge-density s

come of oge. This model is deseribed as

superpositun 0f pscudo-atomns described by the
I
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multipolar Hanscn-Coppens  atom  formalism
{equation 1} [2] i program MoPro [4] whieh 5 the
most accurate model as follows:

Fawm l:l':l = fhar (l’} + Py x i (K l'}
+ ZKJ}RM(E' £} Z'F:nfyl'ml{g’¢) “}

1=, [

WHERS P and 2y represent the sphenical core and
valenee unutary cleetron-density, respectively. Poa
is the valenee populalion parameter. 3, represent

multipolar spherical hammonie  functions of the
order { in real form. R, are Slater-type rachal
functions and P, arc the multipolar populations
The cogfficicnis x and " desenbe the cantraction-
cxpansion for the spherical and multipalar valence
densitics, respectively. The jow X-ray scattenng
power of H atams is a wcil known problem in
crystaliopraphy.  However, as  evident  from
structurcs based on neutron diffraction experiments
{where the scatcring length of H atom s
comparable in magnitude with those of heavier
clements such as carbon and oxypen), the use of an
isotropic displacement parameter for hydrogen is a
yery crude approximation and should be corrected.
S0, the program SHADE [10] wcb scrver was used
o model an estimation of hydrogen anisotropie
displacement parameters which is based on the
analysis of displacement parameters of the non-H
frameworks as a rigid body m tenms of a TLS
(ranslation-liberation-screw) model by Schomaker
and Trueblood method [11]. So. the procedure
bascd on  Simple  Hydogen — Amisotropie
Displacement Fstimator {SHADE) caleulated the
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amisotropic  displacement  pamameters  for  the
hydrogen atomns. A first crystal strueture refinement
was performed with SHELXTL based on the
Independent Atom Model {IAM). Then the least-
squares program MoFro was then used tw©
determine the charge-density of the title eompound.
The amsotropic displacement model of the H-
atoms resylted from the SHADE program.

RESULTS AND DISCUSSION

In charge-density resuits Rased on multipolar
refinement, shared-shell interactions, sueh as
covalent bonds, are characlenred by posilive
values of the clectroo density and negative vatues
of the Lapiacian of the clectron density at the bond
critieal  points  {bcps).  while  closed-shell
interacfions, such as ionie bonding, van der Waals
{(vdW) and hydrogen bonding, tend to have small
positive valucs tor bath af the electron density and
its Laplacian at the bond eritical points {beps). The
topological properties at the entieal  points
idemtificd for the title compound are listed in Tuble
2. The bond lengths are consistent with aromatie
delocalized bonding as antieipated, and four ring
critical points {rcps) werg identified. Each of the
carhon-carbon and carbon-oxygen bonds is a
shared-shell cowalenl interaction. The electron
density and Laplacian of C10-Ci1 bond 18 also
shared-shell but as much as the other eovalent
bonds which can be substanuated from low valyes
of 11s clectron density {1.4330 e A”) and Laptacian
(-3.80 . A7),

Table 2. Topolugical propetties of the title compound at the bond crilical points {bops)
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According o the experimental deformation
density, polar interactions such a5 hydrogen bonds
have distorting effects on the clectron eloud in the
region of the oxygen lone pairs. The ORTEP plot
of the e compound based on the multipolar
refinement formalism  with  50% probability
displacement cllipsoids and the atomie numbering
was shown in figure 2. The multipolar retinement
model shows better improvement in the anisotropic
displacement parameters of the non-hydrogen
atotns with respect 0 those in the IAM model
which can be substantiated from the data presented
in Tables 2 and 3, respectiveh. The / > 2]
crystallograplic factors are reduced from 0.0380 o
0.0333 for AF) and from 01031 © 0.0397 for
wA(F). The amsotropic displacement ellipsoids of
the hydrogen atoms (karge ellipsoids in figure 2)
were  calculated by SHADE program.  The
deformation density map, Laplacian of the electron
density, electrostatic potentiat map, and the
gradiant paths of the title compound were showe 1n
Fig. 3. 4, 5, and 6, respectively.
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Fig. 2. The ORTEP plot of the title compound based
on the multipolar refinernent with 304 probablity
ths placement ellipsoids and she atonnc numhering.

The apisotropic displacement ellipsoids of the
hydrogen atums were caleulated by SHADE program.
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Fig. 3. Experimental defiwmation density maps in the

plane of the title compound (contowrs 2t 0.1 e 47
blue/red: positive/negative).

]
Fig. 4. Lupiacian of the electron density for the fitle
compotnd, positive conwurs are dashed red liges,
while negative contours are dashed blie Tines.

[
Fig. 3. Eleetroutatic potendal generated around the
maolecule (Conowrs, (01 e A" contimuous blse lige
positive und dashed red Line. negutive). ;
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Fig. 6. Representation of the gradient hmes of the total
eheetron density in the plone of the title malecule.
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CONCLUSION
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multi-polar refinement and improvement of the
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shared- and closed-shell interactions arc in
pniod agreement with the model as presented m
Tablc 2.
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