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ABSTRACT

A gquantum mechanical analysis of 1,3-dithia-2-aysdopentane derivatives with oxygen and sulfurcddigands
such as acetic acid (compound 1) and thioacetid gcompound 2), have been performed with the dibgedtf
exploring their electronic, structural and spectrabehavior on the basis of density functional tlyeorThe
geometrical parameters, band gap and assignmempdrtant vibration frequencies are reported. Inmgmound 2
the As-S (ligand) bond length 2.48 & slightly higher than As-S (1, 3-dithia-2-arselgpentane moity) bond
length 2.35 A In compound 2 the C-C bonds are more stable thah ®©nds and in compound 1 the C-O bonds
are more stable than C-C bonds. The bond lengtlgesstg that compound 2 should be more reactive than
compound 1. Bonds around heavy metal As are foamgkl than all other bonds suggesting that actitessn both
undertaken compounds are centered around As. Bomleaanalysis around heavy metal As suggest SP
hybridization on As atom. Therefore the structufeuadertaken compounds can be assumed to be édtort
tetrahedral. Analysis of dihedral angles revealattbyclopetane moiety is not planer and ligandas ¢o planer to
cyclopentane moiety. A most positive element it suggest maximum ndctiround Ag The total energies of
the two compounds are found to -3339.38 a.u an@233l a.u. suggesting sulfur complex to be mucterstable
compared to oxygen complex. On the other hand oantd is more polar than compound2. The energyigape

two complexes is found to be 5.07 eV (245 nm) arfel &V (261 nm) respectively. An important featsrihat the
compound 1 undergoes rotation abouyt@ and Q-As bonds to produce one more conformer in whigdnd is cis

to the 1, 3-dithia -2-arsacyclopetane group. Thenpound 1 is stabilized by hydrogen bonding. Fangound 1
zero-point vibrational energy is found to be 291&33Joules/Mol) or 69.70210 (Kcal/Mol) with zerohpio
correction  0.111077 (Hartree/Particle) and forrmapound 2 zero-point vibrational energy is found @838
(Joules/Mol) or 67.84509 (Kcal/Mol) with zero-poadrrection 0.108118 (Hartree/Particle)

Keywords: 1, 3-dithia -2-arsacyclopetane, DFT, Arsenic, Lidan

INTRODUCTION

For the last several years the chemistry of arseamplexes having organic ligands has been aneactiga of
interest because of their technological applicaiorhese compounds are popular as poisoning niatetidigh
concentrations. Toxicity of organic complexes o$emic is less than inorganic complexes of arsefisenic
compounds can be used as analytical reagentscauibradditives for regeneration of cracking catalyfingicides
and as antitumor agents. [1-3] Vulcanization ofbeibis carried out by its metal complexes. They al®rk as
rodent repellents. [4] They are useddiass manufacturing and in semiconductor Indusi#ysenic trioxide has
been used successfully for treatment of leukaemiastate, and ovarian carcinoma. [5,6,7] Organoécak
compounds are found useful for the treatment ofrfaielogical malignancies and solid tumouy&9] Now a day’s
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arsenic thiolates are studied as building blocksséff-assembled macrocyclegl0,11,12] Dithiocarbamate
complexes of arsenic are used in analytical cheyi$8] medicines,[14]] as antioxidants,[15] polymghoto
stabilizers,[16] precursor for creating sulfidenfilsemiconductor,[17] and exhibitantialkylation,[1&}d anti-HIV
properties.[19] Dithiocarbamate ligands and theiimony derivatives are proved as multifunctioadtitives to
lubricants.[20] Arsenic complexes find extensiveplagations as biocides, [21] Ternary compounds afug V
metals are found useful in solar cells, photolittapdny, holographic recording, optical memory desjce
photoconductors and as thermoelectric generatatsranoolers. [22-36] Arsenic compounds show goctiviies
as antibacterial and antifungal agents.[Réfently, Chauhan et, al [37] reported the synshesiaracterization and
antimicrobial studies of few 1, 3-dithia-2-arsaop#tane derivative with oxygen and sulfur donor plaxes. To
the best of our knowledge, there is no report enagthantum mechanical study of electronic, struttamd spectral
behavior in such compounds. In the present stuelyeport, A DFT level computation of the derivasvof 1, 3-
dithia -2-arsacyclopetane with oxygen and sulfunatoligands such as acetic acid and thioacetic. asltile
complex with acetic acid is abbreviated as compduadd the complex with thioacetic acid is termed¢@mpound
2.

MATERIALS AND METHODS

A guantum mechanical analysis of 1, 3-dithia-2-eysbopentane derivatives have been performed orbaisés of
density functional theory. [38,39] Calculations fbe current problem were performed on a Pentiumll8 GHz
personal computer using the Gaussian 09W suiterajrams [40]. The Becke 3LYP keyword, which invokes
Becke three parameter hybrid method [41] usingctiveelation function of Lee et al [42,43,44] an@B5-basis set
[45,46] was used to locate the optimized geometrfethe mixed 1,3-dithia-2-arsacyclopentane derres with
oxygen and sulfur donor ligands such as acetid and thioacetic acid. All the parameters werevadhb to relax
and all the calculations converged to an optimigedmetry which corresponds to a true minimum, asaled by
the lack of imaginary values in the wave numbecwations. The Cartesian representation of therdteal force
constants has been computed at the fully optimjsminetry by assuming the molecules belongs to @& gmoup
symmetry by combining the result of Gauss view paogme [47] with symmetry consideration, vibrational
frequency assignments were made.

RESULTS AND DISCUSSION

Geometry of the molecule

On the basis of spectroscopic data Chauhan etval fegported a tentative geometry of the moleculdsre ligands
exhibit a monodented mode of attachment to thellsahd have coordinated distorted pyramidal suce. X-Ray
crystal structure data of the molecule is also ax@ilable [37]. Therefore optimized geometry of thelecule at
DFT level becomes more relevant. The optimizedngetoy of the complex 1, 3-dithia-2-arsacyclopentavith
acetic acid is shown in Fig.1 and geometry ofdbmplex with thioacetic acid is shown in Fig.2islfound that the
calculated bond lengths are in conformity with tfwend lengths expected from reported atomic rad].[4T he total
energy is calculated to be -3339.39 a.u. and -362.1.. for oxygen and sulfur ligands respectivalggesting
sulfur complex to be less stable compared to oxygmnplex As-S bond length of the cyclopentane group is
calculated to be 2.36°Aapproximately in both the molecules. On the otiemd As-S bond length of the As-S
(ligands) is 2.405 Ain compound 2.The AS-S (ligands) bond is obtained more covaleantAs-S (cyclopentane)
bond. The corresponding As-O bond length in themerwith O ligands is 1.87 A On similar grounds it can be
concluded that As-S bond is more polar compareds® bond. The S-C / O-C and C-C bonds of the liigan
moiety are calculated to be 1.90and 1.50. Aespectively in com 2 while in com 1 correspagdvalues are 1.37,
1.50 A’ Respectively The C=0 bond in compound 1 (1.83 & slightely longer than in compound 2 (1.22)A
which can be attributed to hydrogen bond in complolinAn important feature of the two compoundshe while
molecule2 remains in one stable conformer, the cubdel undergoes rotation about O1-C3 and Ol1-Asikion
produce one more conformation. The low energy @onér can be named as cis conformers in whichigaed
and R groups are cis to each other. On the otled the high energy conformer can be named as Eaarfsrmer
in which the ligand is Trans to the R group. The conformer is stabilized by hydrogen bonding. TheH;
hydrogen bond length is 2.18 AThe bond length between cyclopentane moietyligatid in compound 1 is less
(1.87 A’) than compound 2 (2.40°Asuggesting that compound 2 should be more reatian compound 1. The
study of bond lengths data suggest that bonds drbeavy metal As are longer than all other bondsemt in both
the compounds. The detailed data on bond lengtisown in fig- 1, fig-2 and Table 1.
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Table 1. Various bond lengths in molecules 1 andi@ A°

R = CHCH, SAs —

Bond length | R-OCOCH; | R-SCOCH; Bond length R-OCOCH; | R-SCOCH;
Ci-H; 1.08 1.08 Asi-04/ Asi- S 1.87 2.40
Ci-H; 1.09 1.09 Cs04J C3-S 1.38 1.90
Ci-C, 151 151 C0J/C 0O, 1.23 1.22
Co-Hs 1.08 1.08 O:-Hi 218 | -
CoHy4 1.09 1.09 Cs+C,4 1.50 1.50
CrS, 1.92 1.92 CsHs 1.09 1.09
Ci-S 191 191 C4+-Cs 1.09 1.09

S —As 2.34 2.35 CsHy 1.08 1.09
S, — As 2.36 2.36

The optimized geometry of the molecule 1 and 2
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Fig.1.Optimized geometry of compound 1
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Fig.2. Optimized geometry of compound 2

The bond angles in compound 1 and 2 are listed dhlel 2. In compound 1 the internajAS;S,; angle in
cyclopantane moiety is lower ( 93°) compared to outer,8s,0, bonds (109 similarly in compound 2 the
internal $As,;S; angle in cyclopantane moiety is lower ( 93)5compared to outer,8s,S; bonds (102.8) which
can be attributed to loan pair - loan pair repuisiver neibouring sulfur atoms. This also sugg8§tshybridization

in the As atom in both the compounds. The structfrdoth the compounds can be assumed to be didtort
tetrahedral due to the presence of lone pair oamkIp-bp repulsion around it. Similarly /&C; angle in com 1
and 2 are 96.99and 95.0. This is due to Ip-Ip repulsion on central S. As dsrAsS,C, angle in com 1 and 2 are
concern they are 98.@&nd 98.4 respectively suggesting Ip-Ip repulsion on cen8aWe can also conclude that
central S is in SPhybridization. Bond angl&,As,O; in com 1 is 100.8 and bond angl&,As,S; in com 2 is 94.8
both are less than 18#B'due to Ip-bp repulsion. Since electronegativifyO is more than S therefore/®,S;is
less than gAs,0, Data also suggest that,&, and G carbon atoms of com. 1 and 2 are found in I8Pridization.
0,C;0,/ S$C0:bond angle (123% 116.8) and O,C;C4J O,CC, bond angle(123%124.8) suggest SP
hybridisation in central £Due to electronegativity difference between O &ndond angle of (C;0, is more than
S3C30;. It is interesting to discuss angle around As atdiridging the two moieties namely 1, 3-dithia -2-
arsacyclopetane and acetic acid / thioacetic adid. GS;As; angle in compound 2 is 108.8ompared to §:As;
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angle of 132.2in the compound 1. This can be attributed tohilgker electro negativity of oxygen as compared
to sulfur.

Table 2. Various bond angles (degree) in moleculésand 2
R = CHCH, SAs —

Angle R-OCOCH; | R-SCOCH; Angle R-OCOCH; | R-SCOCH;
H.CiH, 111.4 109.9 As;1S,C, 98.9 98.4
H.C,C, 110.9 111.0 SASS 93.4 93.5
H.C,C, 112.4 112.3 SAs,04/ SASS; 100.8 94.8
H3CoHa4 110.3 110.3 SiIAs, 04/ S ASS; 107.0 102.8
H3C,C1y 112.2 111.6 ASlolcg/ As$,S:C3 132.2 106.8
H4C,C, 110.6 110.8 0,C30,/ SC30, 123.6 116.8
SiCiH, 106.0 107.7 HeCaH7 109.8 35.5
SiCiH, 104.5 104.7 0,C3C4 O,C3C4 125.3 124.8
SiCiCo 111.1 110.6 CsCsHs 110.0 110.6
S,CoH; 107.0 107.4 C3C4Hse 110.0 1111
S,CoHa 103.8 103.8 C3Cy4H7 109.6 108.8
S,C.Cy 112.6 1125 HsC4Hs 107.3 108.0
As:S.Cy 96.9 95.0 HsC4H- 110.0 109.0

Dihedral Angles

The dihedral angles of the two undertaken molecatedlisted in Table 3. Analysis of dihedral angg&.C,S, (-
59.13/-61.07),C,C;S,As,(49.86/53.55),C,C,S,As,(34.18/32.4T) and GS,As,S,(-21.73/-25.44) in com 1 and 2
reveals that 1, 3-dithia-2-arsacyclopetane moiesy not planer. Similarly analysis of dihedral angles
SAs5,0,C4/S;AS5,S:C;5 (55.590/-175.880) and155101C3/81A3183C3(-41.43"/89.4(5’) in compound 1 and 2 suggest
that the ligand and cyclopentane moiety are nobgrlawe can also conclude that 1, 3-dithia-2-ardlapgtane
moiety is in cis position to ligand in com 1 whdata analysis confirm the trans position of ligand., 3-dithia-2-
arsacyclopetane moiety.

Table 3. Various Dihedral angles in molecules 1 and 2
R = CHCH, SAs —

Dihedral angles R-OCOCH; | R-SCOCH; Dihedral angles R-OCOCH, | R-SCOCH;
H1CiCH, -56.18 -56.29 HC1S1As -72.57 -69.64
H1C1CoH3 -179.75 -179.76 £,S1As: 49.86 53.55
H1CiCoS, 59.49 59.44 CoSAs1 34.18 32.41
H,CiCoH, 69.39 67.29 bC,SAs1 153.85 152.32
H,CiCoH3 -54.18 -56.17 BC.SAs1 -89.52 -90.79
H.CiCoS, -174.94 -176.96 S1As10/ CiSAsiSs 80.71 70.26
SCiCS, -59.13 -61.07 SiAsS, -21.73 -25.44
SiCiCoH; 61.63 59.71 SAs101/ C:SAs1S: -109.80 -101.68
S,CiCoHy -174.80 -176.81 S5A1S -1.72 1.48
SAs510:Cof SA1SCs 55.59 -175.88 AO;C3Cyf AsiS:C3Cy -176.52 -4.48
S1As10:Caf SIA1S:Cs -41.43 89.40 AO;C30,/ As1S:C30, 3.72 176.32

H,C1S1As1 169.58 173.29 @3C4Hs/ O,C3CyHs 123.02 117.51
0,C3C4Hs/ SC3C4Hs -56.72 -61.61 @C3C4He/ O1C3CyHs -118.99 -122.43
0,C3C4Hy/ S:C3C4H6 61.26 58.43 &C3;C4H4/ O,C3CH7 1.85 -2.25
0,C3C4H+/ SCsCaH- -177.89 178.62

Electronic structure

Atomic charges depend on how the atoms are def#@dt plays an important role in the applicatiohtheoretical
calculations to molecular system. The Mullikan aitooharges calculated at B3LYP level with 6-31 €5 () basis
set on various atoms in molecules 1 and 2 are shiowable 4. Table shows that all hydrogen atombdth the
compounds carry positive charge. In both the comgsupositive charge on hydrogen atoms of cyclopenta
moiety is more than the hydrogen of ligand [50¢an be attributed to the presence of more eleagatine sulfur
with C;and G while in ligand less electronegative carbon iadted to ¢ C,, C, of cyclopentane moiety in both
the compounds are negative due to the presendeatfapositive hydrogen atoms it concludes theyeptelectron.
C,4 in both the compounds is negative, hegofrom 1 is more charged thag & com 2 because;0,0, system of
com 1 is more electronegative thagOgS; system of com 2. Strong electronegative O / $téched to gresults in
positive charge on it. Here;©f com 1 is more charged than com 2 it can béattd to more electro negativity of
sulfur over oxygen. Less charge o} S, and 3 is due to less electro negativity of sulfur andrge on @and Q
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is higher than sulfur due to its high electro nagist As; is most positive element in both the undertaken
compounds because it is present in a moiety mbsdigang electronegative elements S, O, it suggest maximum
reactivity around Asin both the compounds.

Table 4. Mulliken Atomic charges (coulomb) on varias atoms in molecules 1 and 2

R = CHCH,; SAs —
Atomic charges| R-OCOCH; | R-SCOCH; | Atomic charges | R-OCOCH; | R-SCOCH;
Cy -0.64 -0.65 0,/0, -0.32 -0.29
C, -0.59 -0.59 H, 0.24 0.25
Cs 0.53 0.02 H, 0.24 0.24
C4 -0.73 -0.58 Hs 0.26 0.26
S -0.08 -0.04 H, 0.26 0.25
S 0.01 0.01 Hs 0.23 0.22
0/ S -0.61 -0.01 He 0.23 0.23
As; 0.75 0.45 H- 0.23 0.22

The dipole moments, energies, the highest occupielbcular orbital (HOMO) energies, the lowest ungaed
molecular orbital (LUMO) energies and the energy f@ the studied molecules have been calculatedgaren in

Table 5
5. Table R = CH,CH,SAs —

R-OCOCH; | R- SCOCH; R-OCOCH; | R- SCOCH;
Dipole Moment | 0.31 Debye 4.0 Debye | HOMO -0.25 Hartree |  -0.26 Hartresg
Total Energy -3339.39 a.u| -3662.3 a.uf LUMO -0.06 Hartree| -0.08 Hartree
Point group Cl Cl Energy GAP | 0.19 Hartree 0.18 Hartree
Energy GAP | 5.17 eV 4.89 eV

The frontier molecular orbitals HOMO and LUMO gdm@aid gap) helps to characterize the chemical régcind
kinetic stability of the molecule. A molecule withsmall band gap is more polarizable and is cGsppo posses
high chemical reactivity and can be termed as mafiecule [51, 52]. HOMO is electron donor andMO is
electron accepter [53] the band gaps for molecuded 2 are computed to be 5.17 eV (240 nm) a8@ &V (253
nm) respectively which matches well with the observalue in the range 210 -270 nm. It suggest higgmical
reactivity of compound 2 than compound 1. The etectmovement between these orbitals could easdyrd&4] it
makes molecule soft and more polarizable with & lilgemical reactivity. 3D plots of HOMO and LUMO tife
studied molecules are shown in Fig 3. The highestpied molecular orbital is concentrated around-dithia-2-
arsacyclopentane moiety in both the compounds.ldivest unoccupied molecular orbital is concentraieslind
the whole molecule The HOMO and LUMO orbital’'s @hepound 1 and 2 are shown in Figure 3 ,4, The lgapd
is found to be 0.18 Hartree and 0.17 Hartree donmound 1 & 2 respectively.

v

.
&

A B
Fig 3. (A) HOMO and (B) LUMO molecular orbitals of compound 1

A B

Frig. 4. (A) HOMO and (B) LUMO molecular orbitals of compound 2

50



S. Trivedi et al Der Pharma Chemica, 2016,8 (18):46-55

Vibrational analysis

The molecules 1, 3-dithia-2-arsacyclopentane devies with oxygen and sulfur donor legends such@ic acid
(compound 1) and thioacetic acid (compound 2) bwhk 16 atoms as a result of it 42 fundamental modes
vibrations are present in both the molecules. Tindeoules belong to the Cs point group and all vibre are
supposed to IR as well as Raman active.

C-H Stretching Vibrations;

For molecule 1 seven frequencies are computed #1.813136.8, 3076.9 ,3065.9, 3155.2, 3111.9 adé.30cm’
“Consideration of Cartesian displacements revehiadfrequencies appeared at 3170.1, 3136.8, 30&6D3065.9
cm® should be assigned to C-H stretching modes ofopgritane moiety and 3155.2, 3111.9 and 3046.3 cm
should be assigned to C-H stretching modes of nettoyp. Out of this only one mode at 2962 cm-bhserved
by Chauhan et al. The nearest calculated frequenagsponding to the reported observed frequertc0s0 cnit

is 3046.3 crl. Its dependence on Cartesian coordinates suggesisng to methyl group.  Similarly in moleeul

2 the four bands computed at 3151.3,3132.5,307%d63866.1 cii can be assigned to C-H stretching modes of
cyclopentane moiety and three modes appeared at31%98.9 and 3029.8 ¢htan be assigned to methyl group.
Some relevant vibrational modes, their observedyelsas computed frequencies along with their doconstants
and intensities are shown in Table. The assignniente been made on the basis of earlier publistwe# {85-60]
and Cartesian displacement of normal modes. Tlaeest calculated frequency corresponding to tiperted
observed frequency at 2930 ¢his 3029.8 cril. Its dependence on Cartesian coordinates sugigéstbelong to
methyl group.

Heavy Atoms Stretching Modes:

Frequencies computed at 1689.8 and 17129 ara assigned to C=0 stretching modes of compouadd1?2
respectively on the basis of their dependencearhiat coordinates. Corresponding observed frequsrarie 1650
and 1650 cil respectively. Frequencies computed that 599.3684d3 crit can be assigned to C-S stretching
modes of the compound 1 and 2 respectively. Cooregipg observed bands have appeared at 625 andn610
Calculated vibrational frequencies are found inlwehformity with experimental values.

Metal Legend Stretching Vibrations

These include As-S and As-O stretching modes. femey calculated at 320.0 cthcan be assigned to As-S
stretching modes in molecule 1 Corresponding oleseband has appeared at 315 ¢nfror compound 2 frequency
lie at 348.4 cm* and for it observed freaquency is at 335 €mData show an excellent agreement between the
observed and calculated frequencies. While in nuded As-O; stretching mode is calculated and observed at
542.4 cmi*and 510 cm' respectively.

Other vibration modes:

In molecule 1 the frequencies calculated at 122617 and 1037.3 cth are assigned to;&, and G-C, stretching
modes respectively. In molecule 2 these modescaleulated at 959.9 and 1034.6 ¢hm. For molecule 1
assignment of frequencies computed in the rang&B&12.9 crit belong to different C-H bending modes and are
shown in Table 7.similarly for molecule 2 assigningffrequencies computed in the range 24.3-15&618belong

to different C-H bending modes and are shown ibl§&.1. In compound 1 0O-C-O3z0;-As;, and Q-As;-S;
bending modes are calculated at 633.4'c095.8 cmitand 177.2 cni respectively while for compound 2,@-

Cs Ci-Cs-S;, S-Asi-S;,C5-S5-As; bending modes are calculated at 584.1°c874.3 cm®, 262.6 cmi'and 146.5
cm.* respectively.
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Table 6: Computed stretching frequencies (cil), force constants (mDyne/A), and atomic Cartesian displacement of vibrationamotions

in molecule 1

A(Cyclopantane moiety), B(Methyle group)

SN. (CF:r:Ing:IZ rt]gé/) 'ggg Assignt. Force Const Cartesian Displacement

1. 3170.1(4.1) | - Asymv(Ci-Hi)A 6.5 Gi(-0.09X) + H(0.76X) + H(0.27Y) + H(0.22X)
2. 3155.2(9.6) | - Asymv(C,-H7)B 6.5 C(0.09Y) + H(-0.27Z) +H(0.24Z) + H(-0.82Y)
3. 3136.7(11.4) | - Asymv(Cx-H3z)A 6.4 Hy(-0.10Y) + G(0.06Y) + H(0.70X) + H(-0.382)
4. 3111.95.9) | - Asymv(C,-He)B 6.3 C(0.09Z) + H(-0.54Z) + H(-0.56Z) + H(-0.04Y)
5. 3076.9(21.8) | ---- Sym(Ci-Hp)A 5.9 Gi(-0.05Y) + H(-0.37X) + H(0.47X) + H,(0.292)
6. 3065.02.5) | - Symy(C-Hi)A 5.8 Hy(-0.29X) + G(-0.04X) + H(0.41X) + H,(0.512)
7. 3046.2(3.0) 2962| Symv(Cs-Hs)B 5.7 C(0.05X) + H(-0.48Z) + H(0.55Z) + H(0.41Y)
8. 1689.7(137.3)] 1650 v(Cs=0;) 15.0 G(0.53Y) + Q(-0.35Y) + G(-0.08X) + H,(0.29X)
9. 1225.7(431.1)| ------- v(Cs-Cy)B 3.2 G(0.32X) + G(0.14Y) + H(-0.26Y) + H(-0.72X)
10. 1037.3(1.8) | ------- v(C-Cr)A 1.6 Gi(0.192) + H(0.527) + G(-0.192Z) + H(-0.442)
11. | 892.3(161.0)| --- v(Cs-Oy) 34 Q(0.42Y) + G(-0.15Y) + Q(-0.24Y) + G(0.32X)
12. 599.3(6.7) 625 V(Ci-Sy) 0.8 G(0.29Y) + H(0.41Y) +5(-0.11Y) + H(0.31X)
13. 582.3(7.8) | --—-- v(CrS) 1.2 G(0.34X) + G(0.30Y) + H,(0.41X) + $(-0.13Y)
14. 542.4(21.8) 510 V(As:- Oy) 0.8 As5(0.06X)+01(-0.33X) + G(0.21Y) +Q(0.22X)
15. 351.9(16.5) | - V(As- §)) 1.8 Hy(-0.26Y)+ S(0.492)+$(-0.48Z)+As(0.20Y)
16. 320.0(13.5) 315 V(Asi- S) 0.9 H,(-0.30Y)+S(0.26Y)+S(-0.322)+As(0.25Z)

Table 6.1: Computed stretching frequencies (ct), force constants (mDyne/8), and atomic Cartesian displacement of vibrational

motions in molecule 2
A(Cyclopantane moiety), B(Methyle group)

SN. (E;ﬁgﬂ; rt]gé/) 'ggg Assignt. Force Const Cartesian Displacement

1. 3151.3(5.8) | ---- Asynv(C-H3z)A 6.5 H1(0.30X) + G(0.06Z) + H(0.47X) + H(-0.282)
2. 3132.5(0.2) | ----- Asynv(Ci-H)A 6.4 Hi(0.42X) + H(0.37Y) + H(-0.27X) + G(-0.06X)
3. 3132.3(15.1) | ----- Asymy(C,-H;)B 6.4 G(-0.09X) + H(0.24Y) + H(-0.29Z) + H(0.83X)
4. 3098.9(3.8) | ---- Asynv(C,-He)B 6.2 C(0.06Y) + H(-0.53Y) + G(-0.62Z) + H(0.03Y)
5. 3075.6(12.8) | ----- Sym(Cy-HyA 5.9 Hi(-0.30X) + H(0.35Y) + G(-0.05X) + H(0.422)
6. 3066.1(4.1) | --—--- Sym(Ci-Hy)A 5.8 Hi(-0.29X) + H(0.42Y) + G(-0.04Z) + H(-0.402)
7. 3029.8(0.8) 2930 Sym(Cs-Hs)B 5.6 C(0.04Z) + H(0.49Y) + H;(0.14Y) + H(-0.43X)
8. 1712.9(368.0)] 1650 v(Ce=0y) 16.7 G(0.49X) + Q(-0.36X) + H(0.31Z) + H(-0.29Y)
9. 1034.6(1.6) v(Ci-CA 1.7 C1(0.20X) + H(-0.42Y) + G(0.16Z) + H(0.49Y)
10. | 959.9(115.8) v(Ca-Ch)A 1.6 H(-0.44Y) + G(0.18Y) + G(0.20Z) +H(0.402)

11. 604.3(3.9) 610 v(Ci-S) 0.9 G(0.2927) + $(-0.11Z) + H(0.42Z) + H(0.39X)

12. 587.7(13.8) | ----- v(CrSy) 1.0 G(0.30X) + $(-0.10X) + H(0.17Y) + Hy(0.38X)
13. 418.8(32.2) | ----- v(CsS3) 1.3 G(0.29X) + $(-0.41X) + Q(0.42X) + G(-0.072)
14. 348.4(24.9) 335 V(As-S1) 15 As(-0.18X)+S(-0.40Y) + S(0.47Y) + G(-0.12Y)
15. 318.2(9.7) | ----- V(As1-S,) 1.2 A5(-0.18X)+S(-0.30X) +H(-0.32X)+G(-0.15X)
16. 245.5(10.1) | ----- V(As-S3) 0.2 As(0.11X)+S(-0.07X) +5(0.09Y)+G(-0.08X)
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in Com 1

Table 7: Computed Bending frequencies (cif), force constants (mDyne/#), and atomic Cartesian Displacement of vibrationamotions

A(Cyclopantane moiety), B(Methyle group)

SN (CF:r:Ing:IZ rt]gé/) 'ggg Assignt. Force Const Cartesian Displacement
1 1512.9(13.1)| ---- n B (C-H)B 14 C4(0.052)+H(0.38Y)+H(0.33X)+H,(-0.7227)
2 1508.7(25.1) | ----- 7B (C-H)B 14 C,(0.05Y)+H5(-0.49Y)+H5(-0.52Y)+H,(0.40Y)
3 1494.7(10.9)| ----- n B (C-H)A 1.4 Hi(0.44Y)+Hy(-0.37X)+Hs(0.392)+H,(0.40X)
4 1488.9(11.2)| ----- n B (C-H)B 14 Hi(-0.35Y)+H(0.32X)+H;(0.402)+H,(0.52X)
5 1441.1(35.9)| ----- W B (C-H)B 15 Ci(0.14X)+H5(-0.51X)+H5(-0.57X)+H;(-0.46X)
6 1361.5(7.9) | --- B (C-HA 1.3 H1(0.65Z)+H(0.20Y)+H;(0.37)+H,(0.13X)
7 1313.4(14.5)| ---- W B (C-H)B 1.2 Hi(0.272)+H(0.46Z)+H(-0.43Y)+H,(0.372)
8 1183.1(1.9) | - B (C-HA 1.0 Hi(-0.13Z)+Hy(0.64Z)+H;(0.14X)+H,(0.43Y)
9 1165.6(4.7) | --- B (C-H)A 0.8 G(0.32X)+Cy(0.14Y)+Hx(-0.26Y)+H;(-0.72X)
10 1093.3(8.5) | ---- RB (C-H)B 1.2 Ci(-0.162)+H(-0.58X)+H5(0.63X)+H;(0.352)
11 | 1029.8(108.2) ----- W B (C-H)B 1.2 Ci(-0.17Y)+H5(-0.49X)+H;(-0.45X)+H;(0.59X)
12 972.8(8.6) | --- RB (C-H)A 0.8 Hi(0.43Y)+H,(-0.44Y)+H(0.43Y)+H,(-0.44X)
13 869.1(13.5) | ----- RB (C-H)A 0.7 H1(0.30Y)+Hx(-0.49Y)+Hs(-0.31Z)+H,(0.57X)
14 633.4(38.7) | ----- n B (O-C-0) 1.9 01(0.33Y)+G(-0.15X)+0,(-0.26Y)+Cy(-0.39X)
15 590.1(6.2) | ----- RB (C-H)B 0.6 ((0.132)+Hy(-0.50X)+H5(0.59X)+H;(0.332)
16 422.2(3.4) | ---- RB (C-H)A 0.4 Hi(0.32Z)+H(-0.29X)+G(0.212)+Hy(0.432)
17 310.2(40.2) | ----- B (C-H)B 0.3 Ci(0.24 Y)+H5(-0.36X)+H(0.33Y)+H,(0.36Y)
18 265.9(9.8) | - B (C-H)A 04 H1(0.332)+H(-0.36X)+Hy(-0.372)+H,(0.45X)
19 257.7(0.5) | --- B (C-H)A 0.1 H1(0.34Y)+H,(0.45X)+Hs(0.33Z)+H,(-0.27X)
20 195.8(6.3) | ----- B(Cs-01-Asy) 0.2 $(0.16X)+As(0.082)+Q(-0.602)+G(-0.202)
21 177.2(10.5) | ---- B(O1-Asi-Sy) 0.1 S(0.19X)+As(-0.09X)+O(-0.23Y)+G(-0.17Y)
22 123.5(2.7) | --- B (C-H)A 0.04 H(0.21X)+G(0.21X)+H(-0.31Y)+H,(0.40X)
23 110.9(2.1) | --- B (C-H)A 0.04 H(0.27X)+H,(0.28X)+Hs(-0.45Y)+H,(0.46X)
24 101.7(0.1) | --- RB (C-H)B 0.008 Q(-0.112)+H(0.49Y)+H(-0.51Y)+H;(0.582)
25 75.5(0.6) | ----- RB (C-H)B 0.01 Q(0.322)+H(0.43Y)+H(-0.41Y)+H,(0.462)
26 53.6(3.3) | ----- RB (C-H)B 0.006 G(0.332)+H(0.552)+H;(0.512)+H,(0.46Z)

Table 7.1: Computed Bending frequencies (cm), force constants (mDyne/A), and atomic Cartesian Displacement of vibrational

motions in Com

2.

A(Cyclopantane moity), B(Methyle group)

SN (gzgﬂgt]ecg) 'ggg Assignt. Force Const Cartesian Displacement
1 1516.8(23.5)| ----- 7 B (C-H)B 14 C4(0.04Y)+H5(0.39X)+H(-0.38X)+H;(-0.51Y)
2 | 1504.3(44.4)] - 7B (C-H)B 1.4 C4(0.05X)+H5(-0.41X)+Hy(-0.57X)+H,(-0.35Z)
3 1491.6(2.8) | -—-- 7B (C-H)A 1.4 H(0.282)+H,(0.28Z)+H(0.45X)+H,(0.48X)
4 1487.2(13.5)| ----- 7 B (C-H)A 14 H,(0.412)+H(0.46Z)+H(-0.27 X)+H,(-0.33X)
5 | 1438.1(29.4)| ----- W B (C-H)B 1.5 C(-0.10Z)+H(0.55Z)+Hy(-0.55Y)+H,(0.36Z)
6 1347.2(20.6) | ----- W B (C-H)A 1.3 H(-0.48Y)+H,(0.16Z2)+H;(0.55Y)+H,(0.15X)
7 1309.9(5.2) | - W B (C-H)A 1.2 Hy(-0.31X)+H,(0.40Y)+H;(0.29Z)+Hy(0.46Y)
8 1183.8(0.4) | ----- W B (C-H)A 1.0 H1(0.152)+H(0.47X)+H(0.16X)+H,(0.53Y)
9 1151.3(4.0) | ----- 1B (C-H)A 0.8 H1(0.41Y)+H,(0.31X)+H;(0.46Y)+H,(-0.32Y)
10 | 1141.9(172.7) ---- R B (C-H)B 1.5 C4(0.17X)+H5(0.26Y)+Hs(-0.29X)+H,(0.58Z)
11 1068.7(2.9) | ----- R B (C-H)B 1.0 C4(0.11Y)+H5(-0.56Z)+H5(-0.55Y)+H;(-0.25Y)
12 962.6(3.2) | ---- R B (C-H)A 0.8 Hy(-0.40Z)+H,(0.452)+Hs(-0.36 X)+H,(0.44X)
13 869.9(15.8) | ----- R B (C-H)A 0.6 H(-0.292)+H(0.552)+Hy(-0.122)+H,(0.33X)
14 | 584.1(105.7)| ----- 7 B (01-C5-Cy) 0.9 0(0.23X)+G(0.16Y)+C,(0.192)+H;(0.542)
15 505.9(1.7) | ---- RB (C-H)B 0.5 C(-0.02Z)+H(-0.49Z)+H(-0.51Y)+H,(-0.28Y)
16 425.9(3.5) | ---- R B (C-H)A 0.4 H1(0.412)+H(0.24Y)+H(-0.42X)+H,(0.22Y)
17 374.3(0.2) | - 7 B (C+Cs-Ss) 0.4 C,(-0.26X)+G(0.06Y)+S(-0.19Y)+0(-0.137)
18 262.6(4.4) | ----- 1 B (S-Asi-Sy) 0.2 S(0.15X)+As(-0.092)+s(0.132)+G(-0.15Y)
19 [ 255.5(32.8) | ---- R B (C-H)A 0.2 Hi(-0.27Y)+H(-0.27X)+H5(0.22Y)+H,(-0.18Z)
20 164.8(0.9) | ----- R B (C-H)B 0.01 C(0.01X)+H5(-0.41X)+H5(0.56 X)+Hy(-0.38Y)
21 146.5(2.9) | ----- B (Cs-Ss-Asy) 0.09 G(-0.04x)+S(-0.23y)+As(0.092)+5(0.21X)
22 131.7(0.7) | ----- B (A and B) 0.08 H(-0.40X)+H5(-0.49X)+C,(-0.35X)+5(0.24X)
23 86.3(1.6) | ----- B (A and B) 0.04 Hy(-0.37X)+H5(-0.28X)+H,(0.27X)+Cy(-0.26X)
24 61.6(4.1) | ----- B (A and B) 0.01 H(-0.31X)+H(036Z)+H,(0.34X)+0(-0.23Y)
25 43.9(4.2) | --- B (A and B) 0.006 H(-0.39Y)+0(0.26Z2)+Hx(-0.21X)+H,(-0.23X)
26 24.32.0) | --- B (A and B) 0.002 H(0.36Y)+H,(0.37Y)+H;(0.22X)+C(0.25Y)
CONCLUSION

Density function theory (DFT) computations are atrout for the model compounds @H, S,As — ACOCH
(A=S, O) with the objectives of suggesting thgeometry, electronic structure, and bonding. Thenggtrical
parameters, band gap and assignment of importénation frequencies are reported. The As-S (ligatmsd
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length of 2.40 Ais slightly higher than As-S (1, 3-dithia-2-arselopentane moity) bond length 2.38. 4 is found
that the calculated bond lengths are in conformitth the bond lengths expected from reported atamdti. The
bond length between cyclopentane moiety and ligamtdmpound 1 and 2 suggest that compound 2 shmmutdore
reactive than compound 1. By analyzing the bondtlexdata in both the compounds bonds around haatgl As
are found longer than all other bonds suggestiagahtive sites in both undertaken compounds areeed around
As. Bond angle analysis around heavy metal As stg8€ hybridization on As atom in both the compounds
Therefore the structure of undertaken compoundseasmssumed to be distorted tetrahedral. We cancalsclude
that ALL S atoms are in $mybridization. Data analysis also suggests@ and G carbon atoms of com. 1 & 2 to
posses SPhybridization and €is in SP hybridization. Analysis of dihedral angles revetiiat 1, 3-dithia-2-
arsacyclopetane moiety is not planer. It can als@dncluded that ligand and cyclopentane moietynateplaner.
Analysis also suggest that 1, 3-dithia-2-arsagetiane moiety is in cis position to ligand in cormtile in com 2
it is trans.As is most positive element in both the undertakempmmunds. It suggests maximum reactivity around
As, in both the compounds. Energetically sulfur compkefound to be less stable compared to oxygenpbexn
On the other hand compound 2 is more polar tharpoomd 1. The band gaps for molecule 1 and 2 arguted to
be 5.07 eV (245 nm) and 4.75 eV (261 nm) respelgtilt suggest high chemical reactivity of compduhthan
compound 1. An important feature of the two compgeis that while compound 2 exists in only onelstédrm the
compound 1 has one more conformer. The compoundiaislized by hydrogen bonding. Zero-point vibvatl
energy for compound 1 and 2 is reported to be 23B53Joules/Mol) with zero-point correction 0.11Z07
(Hartree/Particle) and 283863.8 (Joules/Mol) witdrazpoint correction 0.108118 (Hartree/Particlegpextively.
Calculated vibrational frequencies are found inlwehformity with experimental values reported blya@han at al
[37].
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