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ABSTRACT

The compound of selenium containing heterocycles namely (1) 4,6-dim-
ethyl-3-cyanopyridine-(2H)-selenone (C,H N, Se) was used asmodel toin-
vestigate the structural and micro-structural features of some selected
selenones. Visualization of molecular structure of selenium contai ning moi-
ety was accurately investigated to clarify role of seleniumionin nucleation
process of forming 3D-framenet of H-bonded of substituted selenones.
Bond distances, torsions on angles of investigated compound were com-
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pared with others crystal data to confirm crystal structures of substituted
selenones which is monoclinic crystal form with P 21/n space group.
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INTRODUCTION

Because of their high level of chemical diversity,
reedy availability, easy handling, and wideefficiency and
applicability, organoselenium compoundsare consid-
ered useful reagentsfor many synthetic transforma-
tions. Although their chemical structureisclosely
related to that of the homol ogous sulfur analogous, the
reactivity often presentsmarked differences. Anillus-
trativeexampleisthat of vinyl sdenones. Thedectron-
withdrawing effect combined with the excellent
nudeofugd ability of the phenylsdenonyl functionmakes
thevinyl sdenonesuseful subgratesfor interestingtrans-
formations, whichhaveno pardld in sulfonechemistry.

A classic exampleistheone-pot synthesisof cyclo-
propanesby trestment of vinyl selenoneswith enolates,

aMichad Initiated Ring Closurereaction (MIRC) in
which the phenylsel enonyl substituent playsadud role
asactivating groupin the conjugateaddition and asleav-
ing group in the cyclization according to>8. Multistep
syntheses of aziridines, based onring closurereactions
garting from B-aminoselenides are disposable in thelit-
erature,* but examplesof direct transformation of vi-
nyl selenonesthrough tandem Michad addition-intramo-
lecular nucleophilic substitution reactionsare only spo-
radic.'518 Asaconsequence of thegreat synthetic and
biologicd interest for the aziridine skel eton*22,
Organic compounds contai ning selenium areof con-
Siderableinterest sincethey exhibit diversebiological
activitieswith numerous therapeutic applications®
and¥, |n addition, the presence of aheterocyclicring
astheorganic moiety inthese compoundsaterstheir
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propertiesto agreat extent. A pharmacologicaly active
hetero-cycleisthequinolinering that occursin severa
natural productsand displaysabroad range of biologi-
cal activity!?® and i ncluding anti-tumour, hypoglyce-
mic, antihistamineand anti-carci nogeni ¢ properties?,
etc. Dueto their importance as substructuresin abroad
range of natural and designed products, significant ef-
forts have been directed into the devel opment of new
qui nolinebased structure®.

Many research were devoted to understand crys-
tal structure, effect of substituent’s on the different
crystallographic dataobtained from singlecrystd data
and their biological and catalytic activity of substi-
tuted pyridineg'2>-3el,

Themajor goal of the present isto visualizeand
comparethecrystal ographic dataof somesel ected se-
lenium contai ning S mplest hetero-cycles such assub-
stituted pyridine nucleuswith experimental data. Be-
sdeconfirmingthevdidity of usng XRD- powder dif-
fraction asquantitativetool for estimating different phases
for small nucleusof organic compound. Furthermore
accurateinvestigationsof micro-structura parameters
that responsiblefor their biologica activity.

EXPERIMENTAL PROCEDURES

CN
f\I

Z
CH; °N SeH
Compound (1) 4,6-dimethyl-3-cyanopyridine-(2H)-sdenone
(C.H.N.Se)

8 '8 2

Thecompound of selenium containing heterocycles
namely (I) 4,6-dimethyl-3-cyanopyridine-(2H)-
selenone (C,H N, Se), was carefully synthesized and
structurdly established by oneof theauthorsthemsd ves
seeref.1¥-¥ gecording to thefollowing briefs.

A compound (1) 4,6-dimethyl-3-cyanopyridine-
(2H)-sdlenone (C,H,N,Se) was synthesized by mixing
amixtureof the corresponding chloroquinolinederiva
tive1 (1.66 g, 10 mmol), selenium metal (1.0 g, 12
mmol) and sodium borohydride (1.2 g, 32 mmol) was
refluxedin ethanol (50 mL) for 5 h. The mixturewas
cooled and poured in cold HCI. The solid precipitate
wasfiltered, dried, and re-crystdlized from ethanol. The
detailsof datawasreported in ref 5738,
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Sructural measurements
(A) X-ray diffraction (XRD)

The X-ray diffraction measurements (XRD) were
carried out at room temperature on the fine ground
4,6-dimethyl-3-cyanopyridine-(2H)-selenonein the
range (20 =10-70°) using Cu-K a radiation source and
acomputerized [ Steo-Germany] X-ray diffracto-meter
with two theta scan technique. A visualized studies of
crystal structure were made by using Diamond Mo-
lecular Structure version 3.2 package, Germany and
Mercury 2.3-BUILD RC4-UK. A visudization study
made is concerned by matching and comparison of
experimental and theoretical dataof atomic positions,
bond distances, oxidation states and bond torsion on
thecrystal structureformed.

(B) Scanning electron - microscope (SEM)

Scanning electron microscope (SEM) measure-
mentswerecarried out using small piecesof prepared
sampleson different sectorsto estimate the actual mo-
lar ratiosby using “TXA-840, JEOL-Japan” attached
to XL 30 gpparatuswith EDX unit, accel erant voltage
30kv, magnification 10x up to 500.000x and resolution
3. nm. The sampleswere coated with gold.

RESULTSAND DISCUSSIONS

Structur al measurements

(A) Sructural identification

The X-ray diffraction of pure 4,6-dimethyl-3-
cyanopyridine-(2H)-selenone (C,H N, Se) whichre-
crystalized from ethanol was performed and supported
by singlecrystal datasupplied from |CSD-data bank
Karlsruhe Germany see TABLE 1.

Analysisof the corresponding 20 values and the
interplanar spacing d (A°) by using computerized pro-
gram proved that the compound ismainly belongsto
monoclinic crysta structurewith P21/n spacegroup as
confirmedin crystallographicdatain TABLE 1.

Figure 1laShowstheexperimental XRD-profilere-
corded for highly pure solid product of 4,6-dimethyl-
3-cyanopyridine-(2H)-selenone. Themost intensere-
flection peaks of monoclinic phase was marked with
green squarsasclear in Figure 1a. Theindexed peaks
arerepresenting the maor monoclinic phasein case of
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powder diffraction whilethe non-indexed reflections
refer toimpurity phases. To confirm thevalidity of using
XRD- powder diffraction asquantitativetool for esti-
mating different phasesfor smal nudeusof organiccom-
pound avisualized XRD- for singlecrystd of 4,6-dim-
ethyl-3-cyanopyridine-(2H)-sd enonewas constructed
depending up on latticecoordinates of puresinglecrystd
asclearinFigure 1b.

The comparison between the fundamenta finger-
printsof experimenta lines (those with green squares)
for 4,6-dimethyl-3-cyanopyridine-(2H)-selenonein
Figure lawiththosein Figure 1b onecan observethat
the most intensereflection peaks (lineswith [ 110] and
[100]) arelocated nearly in the same position at two
theta~ 15-17. The differences between the two posi-
tionsattributableto different kind of hydrogen bonding
inside the unit cell of packing 4,6-dimethyl-3-
cyanopyridine-(2H)-selenone. Theseresultsareinfull
agreement with those reported by 4! who were con-
firming that there are strong rel ationship between the
intermol ecular H-bonding and solid crysta structure of
theinvestigated compound.

T Experimental XRD-profile
n B
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Figurela: Experimental x-ray diffraction patter n of of 4,6-
dimethyl-3-cyanopyridine-(2H)-sdenone.

Visualized XRD-profile of Compound I
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Figurelb: Visualized x-ray diffraction pattern of of 4,6-dim-
ethyl-3-cyanopyridine-(2H)-sdenone.
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For accurateidentification of pesk positionin both
casesexperimental and visuaized XRD-profilesFig-
ures 2a, 2b were constructed as high resol ution zoom
indiffractogram. It was concluded that the differences
between experimentd and visudized intensereflection
peaks (lineswith[110] and [100]) wasonethetade-
gree (2theta=15,15.5and 16-16.5for visualized one)
whichisdueto widerange of H-bond possibilitiesin-
sidethe crystal lattice of compound (1) namely 4,6-
dimethyl-3-cyanopyridine-(2H)-selenone.

[110]
CH, =
Do
—~
H.C N SeH -

10 11 12 13 14 15 16 17 18 19 20 21 22
Two Theta Degree
Figure2a: High-resolution zoom in XRD-pr ofileof 4,6-dim-
ethyl-3-cyanopyridine-(2H)-selenone, red squaresrefer to
puremonaclinic phasewith P21/n spacegroup.
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Figure 2b : Visualized XRD-profile of 4,6-dimethyl-3-
cyanopyridine-(2H)-selenone.

Figure 3 displaysthedifferent typesof hydrogen
bonding that could befound together inthe 3D-unitcell
of 4,6-dimethyl-3-cyanopyridine-(2H)-selenone caus-
ingthesmall difference between thetwo diffractogram
of experimenta and visuaized one.

From Figure 3 one can indicate that therearefour
types of H-bonding two areintra-H-bond in the same
molecule of 4,6-dimethyl-3-cyanopyridine-(2H)-
selenonewhichareSe...H....CN and Se....H....N
whilethe otherstwo inter-H-bond areSe.. . H.....N
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andSe....H....Se. These four types of hydrogen bond-
ing areresponsiblefor forming 3D-framnet of 4,6-
dimethyl-3-cyanopyridine-(2H)-sdenone as solid ar-
ray material.
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Figure3: Possibilities of H-bonding inside 3D-unit cell of
4,6-dimethyl-3-cyanopyridine-(2H)-sdlenone.

Venkatachalam et d .3 repoted that the are strong
correlation between ructura variationimpartsmol ecu-
lar anisotropy (H-bonding) in solid state by preferen-
tidly formingintermol ecular and intramolecular hydro-
gen bonds. In particular examination of crystal struc-
ture of agroup of structuraly similar compoundsre-
ved ed theimportance of theindividua groupsintheir
structure and how they influencethemolecul ar lattice
framework.

Structural visualization of 4,6-dimethyl-3-
cyanopyridine-(2H)-sdenone

To confirmthecrystal ographic dataobtainablefrom
experimental XRD and singlecrystal datareportedin
TABLE 1 avisualized unit cell with minimum 120 at-
omswas constructed by using both of DIAMOND —
IMPACT CRY STAL-Germany /and MERCURY
2.3Build RC4-UK visualizer - see Figure 4 and
TABLES?2,3and 4.

The study concerned by matching and comparison
of lattice constants, torsion of bonding, bond lengths
and lattice volume. Figure 4 shows the 3D-packing
monodinicwith 10moleculesinunit cdll with P2 /nspace
group built up viaM ERCURY-package version 2.3
RC4-UK depending up on pyridinering hasfour dif-
ferent substituent R =Se...H,R,=CN",R =R =CH,

and the plans of symmetry represented by cyan and
violet color. Themoleculesarelinked in strongly hy-
drogen-bonded two-dimensiona sheets. The mean
separation between the sheets of moleculesis~4.321
(7) A °, corresponding to fifth of the ¢ axis. There are
no stacking interactionsin thisstructure. Themolecules
form amesh and the symmetry-related moleculesinthe
adjacent planeslieaboveor bel ow thegapsinthemesh.
There areno strong interactions visible between the
molecular layersingdeunit cdl.

It was observed that selenium anion hasimportant
role as nucleation center such that selenium canform
four types of H-bonding as clear in Figure 3two are
intra-H-bond i n the same mol ecul e of 4,6-dimethyl-3-
cyanopyridine-(2H)-selenonewhichareSe.. .H....CN
and Se....H....N while the others two inter-H-bond
areSe...H....Nand Se....H....Se.

The observed changesinthe Se....H distances in

TABLE 1: Crystallographic data and measur ements of
compoundsl.

Formula Compound | : CgHgN,Se

Assymetric unit CgHgN,Se

Formula weight 301

Crystal Size 0.15x0.2x0.4

T/IK 100(1)

Crystal system Monaoclinic

Space group P 21/n

alA 6.112(4)

b/A 7.474(5)

c/A 22.779(6)

pl° 94.345(5)

VIA 3 1039.26(10)

z 4

Absorption coefficient/mm”™  7.095

Deadg cm® 2.107

F(OO00) 632.0

26/° 57.56

Index ranges ?8<h<6; ?9<k<9;
?30<1<23

Reflections collected [Rin] 6378 [0.0745]

Reflections unique 2552

Parameters 137

GOF 1.134

R/WR; [I > 20(1)] 0.0716/0.1933

R/WR; (all data) 0.0933/0.2683

Largest res. peak/e A7 0.935
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SpaceFill Unit Cell

Packing Monoclinic Unit Cell with P 21/n Space Group

Figure4: Packing and spacefill unit cellsof 4,6-dimethyl-3-
cyanopyridine-(2H)-selenonewith differ ent plansof symme-
try showing selenium-ion asnucleation center.

thefully protonated structures are small and may be
dueto someuncorrected experimentd error. Theshape
of the hydrogen-bond potential-energy well must
changeduetodight changesinthelocd environment as
suggested by Wilson“3,

From TABLE 2 it was observed that there are
more than onetype of hydrogen bonding asclear in
TABLE 1 namely N,...H, =0.864(3) A, Se,....H
=0.873(4) A, Se,....H, =0.852(1)A, N,,...H, =
0.988(3) A and Se....H, = 0.825(4) A. These ob-
servationssupplied from TABLE 2 confirmthat sele-
nium anion make as nucl eation center through differ-
ent possibilitiesof H-bond formation that enhance 3D-
nucl eation process of 4,6-dimethyl-3-cyanopyridine-
(2H)-sdlenone.

Thefour typesof H-bonding asclear in Figure 3
two areintra-H-bond in the same molecul e of 4,6-
dimethyl-3-cyanopyridine-(2H)-selenonewhich are
Se...H....CNand Se....H....N while the others two
inter-H-bond are Se...H.....N and Se....H....Se.
Thesetypesaredightly short in contrast with normal
H-bond compared with similar hydrogen bondsre-

—== Fyl] Paper

ported in*d since O—H and H....O distances show
no abnormalities compared with O—H....O hydro-
gen bonds of similar length Steiner and Saenger™ re-
ported that there is no evidence of disorder in the
anisotropic displacement parameters of the protons.
Thesedistancesreportedin TABLE 2lieintheregion
wherethe proton position has been found to be near
the centre of the hydrogen bond.

TABLE 2: Sdlected bond distancesin the packing unit cell of
4,6-dimethyl-3-cyanopyridine-(2H)-sdenone.

Number Atoml Atom2 Type Distance A
1 Sel Cc2 Single 2.4458(4)
2 H1 Sel Single 0.8254(4)
3 C1 N1 Aromatic 1.364(5)
4 H1 C1 Single 0.949(5)
5 Cc2 c1 Aromatic 1.405(7)
6 H3 C3 Single 0.996(5)
7 H1 N1D  Single 0.988(3)
8 C3 Cc2 Single 1.519(5)
9 Cc4 Cc2 Aromatic 1.394(8)
10 H4 C4 Single 0.950(5)
11 C5 C4 Aromatic 1.407(5)
12 C6 C5 Single 1.513(7)
13 H1 N2 Single 0.864(3)
14 H6 Cc6 Single 0.960(3)
15 C5 N1 Aromatic 1.326(7)
16 H5 C5 Single 0.950(4)
17 CiB Sel Single 2.4458(4)
18 H1D Sel Single 0.8521(4)
19 ClF Sel Single 2.4458(4)
20 H3B C3 Single 0.988(3)
21 H6B C6 Single 0.960(3)
22 H1D Sel Single 0.873(4)
23 H1D N1D  Aromatic 1.364(5)
24 H1D ClD  Single 0.949(5)
25 C2b ClD  Aromatic 1.405(7)

TABLE 3 shows some selected bondstorsionin
the packing unit cell of 4,6-dimethyl-3-cyanopyridine-
(2H)-selenonewhich containsten molecule. It isob-
viously that thetorsion on the most cases are equili-
brated that reflect the high stability inside unit cell.
These equilibrated bondssuch asC -N,-Se -H, with
positive45.5(3) and C,..N,..Se,..H , with negatively
value-45.5(3) consider good model that reflects sta-
bility of lattice.
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TABLE 3: Selected bondstorsion in the packing unit cell of
4,6-dimethyl-3-cyanopyridine-(2H)-sdlenone.

TABLE 4: Selected bond anglesin the packing unit cell of
4,6-dimethyl-3-cyanopyridine-(2H)-sdenone.

Number Atoml Atom2 Atom3 Atom4 Torsion Number Atoml Atom2 Atom3 Angle”123
1 C1 N1 Sel H1 45.5(3) 1 H1 Sel N1 90.5(1)
2 C1 N1 Sel H1B  -45.5(3) 2 H1 Sel H1B 91.08(1)
3 C1 N1 Sel H1D  -134.5(3) 3 H1 Sel H1D 180.00(1)
4 C1 N1 Sel H1F  134.5(3) 4 H1 Sel H1F 88.92(1)
5 C1 N1 Sel N1D  Undefined 5 H1 Sel N1D 89.5(1)
6 c7 N1 Sel H1  -134.5(4) 6 N1 Sel H1B 90.5(1)
7 c7 N1 Sel H1B  134.5(4) 7 N1 Sel H1D 89.5(1)
8 c7 N1 Sel H1D 45.5(4) 8 N1 Sel H1F 89.5(1)
9 c7 N1 Sel H1F  -455(4) 9 N1 Sel N1D 180.0(2)
10 c7 N1 Sel N1D  Undefined 10 H1B Sel C1D 88.92(1)
11 H1 C1 N1 Sel -0.0(6) 11 H1B Sel C1F 180.00(1)
12 H1 C1 N1 c7 180.0(5) 12 H1B Sel N1D 89.5(1)
13 c2 C1 N1 Sel  -180.0(4) 13 H1D Sel C1F 91.08(1)
14 c2 C1 N1 Cc7 0.0(7) 14 H1D Sel N1D 90.5(1)
15 C3 c2 C1 N1  -180.0(4) 15 H1F Sel N1D 90.5(1)
16 C3 c2 C1 H1 0.0(7) 16 Sel N1 C1 119.4(3)
17 c4 c2 C1 N1 -0.0(7) 17 Sel N1 c7 121.6(3)
18 c4 c2 C1 H1  -180.0(5) 18 C1 N1 c7 118.9(4)
19 H2 C3 c2 C1 -0.0(6) 19 N1 C1 H1 119.2(5)

20 H2 C3 c2 C4  -180.0(4) 20 N1 C1 c2 121.6(4)
21 H3 C3 c2 Cl  -120.2(5) 21 H1 C1 c2 119.1(5)
22 H3 C3 c2 c4 59.8(6) 22 C1 c2 C3 118.1(4)
23 H3B C3 c2 C1 120.2(5) 23 C1 c2 c4 117.7(4)
24 H3B C3 c2 c4 -59.8(6) 24 C3 c2 c4 124.1(4)
25 H4 c4 c2 Cl1  -180.0(5) 25 H1 C3 H3 109.4(4)
26 H4 c4 c2 C3 -0.0(8) 26 H1 C3 c2 110.0(4)
27 C5 C4 c2 C1 0.0(7) 27 H1 C3 H3B 109.4(4)
28 C5 c4 c2 C3 180.0(4) 28 H5 C3 c2 109.4(4)
29 C6 C5 c4 c2 180.0(4) 29 H5 C3 H3B 109.2(4)
30 C6 C5 c4 H4 -0.0(8) 30 c2 C3 H3B 109.4(4)

TABLE 4 explains some sel ected bondsanglesin
the packing unit cell of 4,6-dimethyl-3-cyanopyridine-
(2H)-selenone. One canindicatethat noviolationin
most of bond anglesasclear in TABLE 4 which con-
firmsthetorsondatain TABLE 3. Theangleswith se-
lenium center as (H,Se,N,*) = 90.5(1)° are good ex-
amplefor representing stability of thiscompound (1)
(4,6-dimethyl-3-cyanopyridine-(2H)-sel enone) that
enhanced by H-bond as proved in structure anaysisin
the present investigations.

SE-microscopy measur ements
Figure 5a-b show the SEM-micrographsfor pure

4,6-dimethyl-3-cyanopyridine-(2H)-sel enone ap-
plied on the ground powders that prepared in
ethanolic solution.

Theaveragegrain Szewascdculated and foundin
between 1.13and 2.91um.

TheEDX examinationswas performed on random
spotsinthesame sampl e confirmed and are consi stent
withour XRD anaysisfor monoclinic phasewith P2, /n
spacegroup, such that thedifferencesinthemolar ra-
tiosEDX arefitted with molecular formulaof 4,6-dim-
ethyl-3-cyanopyridine-(2H)-selenone.

From Figure 5a-b it is so difficult to observe
inhomogeneitiy within the micrograph dueto that the
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powdersused arevery fineand the particle size esti-
matedistoosmall.

[110]
[r00] T

Sa Sb

Figureb5a,b : SE-micrograph captured for 4,6-dimethyl-3-
cyanopyridine-(2H)-sdenonewith two different magnification
factors(5,) Spm and (5,) 1 pm.

Thegrainsizefor 4,6-dimethyl-3-cyanopyridine-
(2H)-selenone monoclinic -phasewas cal cul ated ac-
cordingto:

Scherrer’s formulal®,

B =0.87 A/D cos0(1)

whereD isthecrystallinegrainsizein nm, 6, half of
thediffraction anglein degree, A isthe wavelength of
X-ray source (Cu-Ko) innm, and B, degree of wid-
ening of diffraction peak whichisequd tothediffer-
enceof full width at half maximum (FWHM) of the
peak at the same diffraction angle between the mea-
sured sample and standard one. From SEM-maping,
theestimated averagegrain szewasfoundto be (1.13
and 2.91um) which is relatively large in comparison
with that cal cul ated applying Scherrer’s formula for
pure 4,6-dimethyl-3-cyanopyridine-(2H)-selenone
monoclinic-phase (D ~0.89 um). This indicates that,
theactua grainsizeinthemateria bulkissmaller than
that detected on the surface morphol ogy. Similar be-
havior wasreported by4647,

Theseresults estimated from Scherrer’s calcula-
tions are consi stent with those deduced from structure
visualization of 4,6-dimethyl-3-cyanopyridine-(2H)-
sdlenoneinthecurrent sudy inwhich sdeniumionmake
asnucleation center through different possibilitiesof H-

—= Pyl Peper

bond formation that enhance and reinforce 3D-nucle-
ation process of 4,6-dimethyl-3-cyanopyridine-(2H)-
selenone and consequently lead to corresponding de-
creaseinthegrain size estimated of 4,6-dimethyl-3-
cyanopyridine-(2H)-selenone.

CONCLUSIONS

Theconclusiveremarksinsidethisarticle can besum-

marizedinthefollowing points;

1- Compound (1) 4,6-dimethyl-3-cyanopyridine-
(2H)-sdenoneismainly belongstomonodliniccrys-
tal structure with P21/n space group asconfirmed
incrystalographic data.

2- XRD- powder diffraction could used as quantita-
tivetool for estimating different phasesfor small
nucleus of organic compounds.

3- Therearefour typesof H-bonding two areintra-
H-bond in the same mol ecul e of 4,6-dimethyl-3-
cyanopyridine-(2H)-selenone which are
Se...H....CNand Se....H....N while the others
two inter-H-bond are Se...H.....N and
Se....H....Se, these four types of hydrogen bond-
ing arerespons blefor forming 3D-framnet of 4,6-
dimethyl-3-cyanopyridine-(2H)-selenoneas solid
array materid.

4- Thevisudizedinvestigationsexhibited goodfitting
with experimentd data

5- Theaveragegrainsizewascdculatedandfoundin
between 1.13and 2.91um which is relatively high
incontrast with that cal culated throughly applying
Scherrer’s formula for pure 4,6-dimethyl-3-
cyanopyridine-(2H)-sdenonemonoclinic-phase (D
~0.89 um).
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