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ABSTRACT

A complete normal coordinate analysis was performed by two methods: a classical Wilson G-F matrix method and the
Semi-empirical molecular orbital PM6 method, for a five coordinate Triphenylantimony (V) Benzilate SbPh, [O,CC (OH)

Ph,],, known to be an in vitro antitumour molecule
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I. INTRODUCTION

N most of the organoantimony (V) compounds,

the coordination number of antimony atom is five,
whereas in some cases it may be six [1,2] or seven
[3,4] also. The stretching vibrational frequencies of
carbonyl groups in organoantimony carboxylates play
vital role in the determination of their structures. If
there are interactions between the antimony atom and
the carbonyl oxygen atoms, the asymmetric absorp-
tion vibrational frequencies Vsym of carbonyl groups
decrease, while the symmetric absorption vibrational
frequencies Vsym increase, so the difference between
these two frequencies oy also decreases [5,6]. The
title compound Triphenylantimony (V) Benzilate
SbPh, [0,CC (OH) Ph,], shows a moderate value
of oy which indicates that there may be intermediate
interaction between the antimony atom and the car-
bonyl oxygen atoms. In this study, experimental FT-
IR is compared with theoretical frequencies obtained
by normal coordinate analysis using two different
methods: a classical mechanics Wilson G-F matrix
method and the semi empirical quantum chemical
molecular orbital PM3 method. Thus the advantages
of the evaluation of both the methods are useful for
obtaining areliable assignment of the vibrational spec-

tra. To the best of our knowledge, the work on the
normal coordinate analysis for the title compound is
yet to be reported. The compound is reported to be
antitumour active compound against MCF-7 cell line
invitro [7].

Il. THEORY

The famous Wilson's G-F Matrix method [8] with
Urey Bradley [9] force field has been used to evalu-
ate the normal modes. These are given by the eigen
values ) ofthe secular equation.

GFL =AL where A = 4n%c®V?

The potential energy distribution (PED) in the j"
internal coordinates for the i"" normal mode is given
by

*

L-F.
PED) = ——1
(PED) o~

I11. EXPERIMENTAL DETAILS

A. Structure

The crystal structure of the title
compound Triphenylantimony (V) Benzilate
SbPh,[O,CC(OH)Ph,], is taken from the work of
Barucki et al.[10].The model molecular structure of
the compound isgiven in Fig 1.
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Fig. 1: Model Molecular Structure of Triarylorganoantimony(V) SbPh,[0,CC(OH)Ph,],.

B. FTIR spectra

The FTIR spectra, given in Fig 2, have been
recorded ona Perkin-Elmer Spectrum BX FTIR spec-
trophotometer in the frequency range 4000 to 400
cm-1. X-ray data of the title compound has been taken
fromthe CCDC [11].
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Fig 2 : FTIR spectra of Tfiphenyl antimony(v) benzilate SbPhs[02CC(OH)Pha]2

C. Structure from Winmostar
The molecular structure as viewed fromWinmostar
of the title compound is given in Fig 3.

[12]

Fig. 3: Molecular Structure of Triphenylantimony (V)
Benzilate SbPh,[O,CC (OH) Ph.],

IV. RESULTS AND DISCUSSION

Normal coordinate calculations were performed
using the program developed by Shimanouchi [12]
based on the Wilson's G-F matrix method [8]. We
have used Urey Bradley force field [9] in our calcula-
tions, which takes into account both bonded, and non-
bonded interactions and internal tensions. For the
assignments, the force constants were initially trans-
ferred from our earlier work and literature [13-20]
and were further refined by least square fit method to
provide best match with the observed FT-IR spec-
tra. In the assignment of the normal modes, as given
in Table 1, only the dominant potential energies distri-
butions (PED's) are considered. All the force con-
stants are presented in Table I1. Identification with
the experimental data has been made on the basis of
potential energy distribution, line profile, line intensi-
ties and the presence/absence of a given mode in simi-
lar molecules [17-20]. Semi-empirical calculations are
performed by Mopac 2007 software using PM6
method [21].

The observed frequencies agree with the calcu-
lated ones within 10 cm-1. {Complete computational
details can be obtained from corresponding author}
Here we discuss only the conformationally important
frequency modes they all are presented in the
Table I.

A. C-H Stretching

The calculated frequencies from PM6 method of
v(C-H) vibrations are found at 2768, 2764 and 2756
cm* and they can be assigned with the observed fre-
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quencies at 3072, 3060 and 3048 cm respectively.
The v(C-H) vibration is reported in the range 3100-
3000 cm* inthe literature [22]. So these modes are
found at lower values as reported earlier as shown in
the Table I.

B. C=0 Stretching

A highly intense peak is observed at 1692 cm* in
the FTIR spectra, which is calculated by Wilson GF
matrix method, at 1692 cm™ attributed to the vibra-
tional modes v(C=0) with [47%] PED mixed with
v(C-C)out-R[18%] and v(C-C)adj-co[13%] PED,
and it is calculated by PM6 method at 1744 cm
having vibrational mode as v(C=0)adj-
R6&R7[71%]. The presence of v(C=0) double
bond, makes the structure of the title compound fairly
rigid and the formation of hydrogen bonds don't much
disturb the charge distribution in the ring and side
chains. The length of hydrogen bonds is also in sup-
port of this rigidity.

A strong band with two peaks in the range 1446-
1436 cm? is observed in FTIR spectra and it is cal-
culated.

C. C-C Stretching

From classical method at 1437 cm* and 1446 cm-
1 with modes of vibrations as v(C-C)R-adj-Sb[98%]
and v(C-C)R-adj-C=0[95%] PED's respectively,
these peaks are calculated by PM6 method at 1481
and 1456 cm™ with vibrational modes as
V(C-C)R7[39%] and v(C-C)R2[42%]. The v(C-C)
mode is reported in the range of 1488- 1632 cmin
the literature [22, 23].

D. C-O Stretching

A very intense absorption band is obtained in the
FTIR spectra, containing two peaks at frequencies
1279 cm® and 1267 cm’, this band is calculated
at1272 and1266 cm™ frequencies from Wilson GF
method, having v(C-O)adj-R[30%] and v(C-O)adj-
R[22%)] as vibrational modes. This band is calculated
at frequencies 1267 and 1260 cm* from PM6 method
with vibrational modes as ¢(C-C-H)R4[51%] and
¢(O-H-C)R4&R5[48%)]. The value of frequency dif-
ference for asymmetric and symmetric stretching Av
for v(CO,)asym and v(CO,)sym is calculated as
1629-1279=350 cm* as shown in Table I.

E. Sb-O Stretching

An absorption band is observed inthe spectra with

three peaks obtained at 1100, 996 and 918 cm™,

these are calculated at 1090, 1005 and 918 cm* from
Wilson GF matrix method and at 1113, 996 and 930
cm™ with PM6 method respectively. The concerned
Vibrational modes from GF matrix method are
v(Sh-0)[22%], v(Sb-0O)[41%] and v(Sb-O)[31%]
mixed with PM6 modes also as shown in Table I.
The stretching vibration, v(Sb-O) is reported in the
range 561-585 cm by Khosa et al. [24] and at 755
cm? by Shanker et al.[25], indicating that this mode
is obtained at considerable higher frequencies. This
increase in wave number may be attributed to the re-
placement of antimony of organic group R by more
electrons withdrawing oxygen atom [26].
F. In-plane and out of plane bending and

torsional modes

A very sharp band with three peaks are observed
inFTIR spectraat 761, 746 and 689 cm™ which are
calculated at 761, 743 and 688 cm™ by Wilson
GF matrix method and it is attributed to the mode
¢(C-C-C)R-adj-C=0[30%],¢(C-C-C)R-adj-
C=0[30%] and ¢(C-C-C)R-adj- Sb[60%] respec-
tively. This intense band is calculated at 772, 698 and
689 cmr! by PM6 method having modes of vibration
as ¢(O=C-C)adj-R5[51%], ¢(C-C-0)[73%] and
V(CC)[56%] respectively. The in-plane bending mode
¢@(C-C-C)Risreported in literature[27] at 522 cm'™
and 495 cmr. Asharp band is obtained inthe FTIR
spectra with two peaks observed at 599 cm and
451 cm™ and these are calculated at 591 and 458
cm™ by GF matrix method, having modes of vibra-
tions as w(O=C)[37%] and v(C-C-C)R-adj-
C=0[80%], and by PM6 method these are calcu-
lated at 599 and 452 cm? having vibrational modes
as ¢(C-C-C)R-6[106%] and ¢(C-C-C)R4[61%]
respectively. Amedium shoulder peak is observed at
438 cmtin FTIR spectraand it is calculated at 435,
489 cm* with classical and PM6 method respectively
having vibrational motions fromfirst method as t (Sh-
C)[10%] mixed with t(C-C) r-adj-co[12%], t(C-
C)r-adj-Sb[42%] and in-plane bending ¢(C-Sb-
0)[21%] and v(Sbh-O)adj-R[52%] from PM6
method. Here PM6 method gives better assignment
of the mode v(Sb-0), as it is much closer to the re-
ported [24,25,28] v(Sb-O) mode. This mode seems
to be the characteristic mode of the present com-
pound. Aweak shoulder peak is observed in far infra
red region of the spectra at 426 cm™* which is calcu-
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lated at 422 cm! by classical method with Vibrational
modes ¢(C-Sh-O)[60%] PED, and it is calculated
at 426 cm?, having modes of vibration as ¢(C-C-
C)R3[71%]. This mode suggests the participation of
oxygen atom in (C-Sb-O) bonding [29,30]. This
mode also seems to be one of the characteristic modes
of the title compound.

V. CONCLUSIONS

Normal coordinate analysis data performed for the
title compound from both Wilson G F matrix method
and Semi-empirical PM6 method shows close resem-
blance ofthe calculated & observed vibrational bands.
The value of frequency difference for asymmetric and
symmetric stretching Av for v(CO,)asym and
v(CO,)sym is calculated as 1629-1279 = 350 cm*
(from Table 1), which is greater than 300 cm?, this
suggests that the coordination number of antimony is
five confirming the trigonal bipyramidal (TBPY) struc-
ture of the title compound. This also indicates that
there will be at least moderate if not strong second-
ary bonding interactions between carbonyl oxygen
atoms of carboxylate group and the central antimony
atom.

APPENDIX

Tables - |
1. Back Bone & Mixed Mode
Calculated Freq (cm-1) | Observed Freq (cm-1) Assignment (% Potential energy distribution)
1514 1512 v(C-Chout1[93]
177 1279 V(C-0)adi-4301Hv(C-Chr-ad-co34+v(C-C)[15]
1266 1267 v(C-0)adj-1[22[+v(C-C)adj1{12]
+v(C-0)ad-sb[10]
1090 1100 v(0-S6)[22] +v(C-C)r-ad-co[18]
1005 996 v(0-8b)[41] +v(C-C)r-ad-co[17]
980 983 V(O-Sb)[31] +(C-C)r-ado[21]
435 438 T (C-C)adj-sb[42] +H(C-Sb-O)[21] +
+1(C-C)r-ad-o[12] + 1 (Sb-C)[10]
2. Side Chain Modes
Calculated Freq (cm-1) | Observed Freq (cm-1) Assignment(% Potential energy distribution)
1692 1692 V(O=C)[47] + V(C-C)adi-r{18] + v(C-Chadj-o[13]
1667 1666 V(O=C)[54] + V(C-C)adj-1[15] + w(C-Cadj-o[17]
1642 1652 v(C-O)l67]
1602 1604 V(C-C)adj£[24] + v(C=0)[22] + v(C-O)adj-r[17]
761 761 $(C-C-C)r-adj-c[301+ V(C-O)ad-sb[19]+
+ $(0-C=0)ad-Sb[16]+ H(O=C-C)ad-c[10]
591 599 @(O=C)[3T}+ $(C-C-C)r-adj-c[24]+ $(C-C-Clad-o-1[9]
583 586 $(C-C-C)r-adj<[35H w(0=C)[15] +W(C-Clad-[8}+
+V(C-C)adj-1[6]
an 426 $(C-Sb-0)[60]

[14]

3. Ring Modes

Calculated Froq {cm-1) | Observed Freq (cm-1) Assignmant(® Potential saergy distribution)
1639 1628 WC-Chadi=63] + WC-Cr-adj-col22]
576 1566 W{[C-Cr-adj-Sb[E]
1557 13600 W{C-Cr-adj-ca[$1] + v{C-Cladj-o[ 18] + v {C-Ojadiwh[11]
1445 1546 WC-Cr-adj-sh[9E]
1437 1436 W{C-Cir-adj-co[99]
1314 1303 w{C-Clr-adi-k{74]
1302 1284 {C-Clr-adi-{37]
7% 1176 W C-Cr-ad-[EE)
1165 1182 WC-Cr-adj-cof38]
1084 1091 W[C-Cr-ad-ce[36]
05 1054 W{C-Cr-adj-sh[71] +(C-C-C) r-ad-sb [16]
1033 1032 W(C-Clr-adi-sb[72] -W(C-C-C) r-ad-sb [10]
S1E 918 [T r-ad-h 47 [ C-C-Clr-ad-st[43]
897 B33 W{C-Cr-ad-cof68]
£21 BLS N C-C-Cir-adj ]33]+ v(C-Oad-sb{1 8+u{C-Cir-ad-caf14]
743 746 < C-C-Cir-adj ] 30]+ § (C-C-Clad1%] +{C-C-Clad-o-r6]
SEE i HC-C-Cr-adi-s bSO C-SE)[21] Fu{C-Clr-ad-sk]17]
331 531 HC-C-Cip-adjs{B I+ w{C-Clr-ad-sh{7]
474 475 W C-CChr-adjc[46]* §(C-C-Cladi-o 16] + +u{0=C)37]
458 431 HC-C-Cir-adj ] £E]
Notes:
1 Here the abbreviation ad means adjacent outside.
2 r-stands for the ring one ,two etc.

Only the dominant modes are taken in most of the

cases
Tables - 11
Internal Co-ordinates and Urey Bradley Force
Constants (md/A%)
INTERNAL COORDINATE  FORCE CONSTANT | INTERNAL COORDINATE FORCE CONSTANT
1.v(Sb-C1) 5.510 41.v(C31-C30)
2. v (509 6.785 42, v (04-C33)
3v(EBCT) 5510 43.v(C33=05)
4.v (Sb-O1) 6785 Hv(C33-CHY
5.v{Sb-C13) 5.510 45, v (C34-C41)
6.v{C1-CY) 46, v (C34-04)
7.v{C1-C6)
8.v(C2C3)
9.v{C3-C4)
10.v (C4-C5)
11.v (C5-C6)
12w {C7-C8)
13.v (C7-C12)

14 v (CB-C9)
15. v (C9-C10)
16.v (C10-C11)
17.v {C11-C1D)
18 v (C13-C14)

19.v (C13-C18) 39, v (C45-C46)
20.v (C14-C15) 60. $(CT-5b-04)

21w (C15-C16) 61 $(CT-5b-C1)

23 v (C16C17) 62, $(CT-5b-C13)

23.v (C17-C18) 450 63, $(CT-5b-01)

24 v (01-C19) 5 64, G(04-5b-C1)

25 v (C18=03) 8740 65, $(04-5b-C13)

26.v (C19-C20) 4552 66. $(0H4-5b-01)

27.v (C20-03) 6.950 67. $(C1-5b-C13)

28.v (C20-C27) 6212 68. $(C1-5-01)

29 v (C20-C21) 6.212 69, $(C13-56-01)

30.v (C21-C22) 5600 70. $(Sb-C1-C2)

31.v(C21-C26) 5.600 7

32.v (C22C23) 5,600 v

33.v (C23-C24) 5,600

34.v (C24-C25) 5.600

35.v (C25-C26) 5.600 75. H{CI-C4CT)

36.v (C27-C28) 5.690 76. $(C4-C5-C6)

37.v(C27-C32) 5690 77. $(C5-C6-CT)

38.v (C28-C29) 5,600 78, $(Sb-CT-C8)

39.v (C29-C30) 5600 79, $(Sb-CT-C12) 0885 (0.500)
40 v (C30-C31) 5600 80 $CE-CT-C12) 0605 (0350)

56. v (C42-C43)
57.v [CA3-CH)
S8 v [CH-C45)
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1. §(CT-CE-CT)
2. H(C8-CO-C10)

3. H(CO-C10-C11)
4. §(C10-C11-C12)
85. d(C11-C12-CT)
86 H(5b-C13-C14)

7. 4(5b-C13-C18)

8. 4(C14-C13-C18)
9. H(C13-C14-C15)
90. (C14-C15-C16)
91 H(C15-C16-C1T)
92 4(C16-C17-C18)
93 H(C17-C18-C13)
94, H(01-C19=03)

95, §(01-C19-C20)
96 H(0I=C18-C20)
97 H(C19-C20-03)
98 H(C19-C20-03)
99, §(C10-C20-C21)
100, $({03-C20-C27)
101, ${03-C20-C21)
102. $(C27-C20-C21)
103. (C20-C21-C22)
104. H(C20-C21-C26)
105. $(C22-C21- c“a}

J
115, ¢C28-C27. c;:}
114, §(C27-C28-029)
115, {C28-C29-C30)
116 §{C20-C30-C31)
117. §(C30-C31-C32)
118. §(C31-C32-£27)
119, §{04-C33=05)
120. gO04-C33-C34)
121 §{05=C33-C34)
122 §(C33-C34-C41)
123. 4(C33-C34-06)
124, §(C33-C34-035)
125, {C41-C34-06)

- 020}
0,410 (0.525)
0.660 (0.525)
0.660 (0.025)
0.250 (0.025)
0.250 (0.025)
0.795 (0.255)
0.520 (0.255)
0,680 (0.255)
0.499 (02500
0,400 (02500
0,400 (0.250)
0,490 (0.250)
0,499 (0.250)
0499 (02500
0.680
0.580 (0.255)
0,490 (02500
0,400 (02500
0.400 (0.250)
0,400 (0.250)
0,400 (02500
0,409 (02500
1.525 (0.350)
(0.250)
L kﬂ' 350)
0.560 (0.025)
0.250 (0.250)
0.660 (0.255)
0.250 (02500

255)

126, d(C41-C34-C35)
127, $(06-C34-035)

128, (C34-C35-C36)
129, §(C34-C35-C40)
130. (C3I6-CI5-C40)
131. ${C35-C36-C3T)
132, (C36-C37-C3E)
133, d(C37-C38-C38

138, 4(C42
1309, $(C41-C42-C43)
140, $C4I-C43-CH)
141, $(C43-C44-C45)
142 (CH4-CH5-C48)
143, $(C45-C46-C41)
144, §(Eb-01-C19)
145, (Sh-04-C33)
146, o{(02-C15)

147, (03-C20)

148, @{05-C33)

148, (06-C34)

150. (Sb-C1)

16L.© (cmu:m
162, 1 (C11C13)
163. T (C12-CT)
164. T (Sb-C13)
165, 7 (C13-C14)
:cus (C14-C15)

*(C15C1)

0.795 (0.250)
0.250 (0.250)
0.680 (0.025)
0.680 (0.025)
0,498 (0.250)
0,499 (0.250)
0,499 (0.250)
0,499 (0.250)
0,499 (0.250)
0,499 (0.250)
0.680 (0.025)
0,680 (0.025)
0,680 (0.250)
0,680 (0.250)
0.680 (0.250)
0.680 (0.250)
0,680 (0.250)
0,680 (0.250)
0.435 (0.523)
0,435 (0.525)
0318

190

171. 1 {Sb-O1)
172, T(01-C13)
173. 1 (C18-C20)
174. T{C20-C21)
175. 1 (C21-L27)
176. T(C22-C23)
177. T(C23-C24)
178. 1 (C24-025
179. T{C25-C26)
180. T(C26-C21)
121. 1 (C20-C2T)
182. T(C27-C28)
183, T(C28-C29)
184, T(C29-C30)
185. 1 (C30-C31)
186.1(C31-C37)
187, 1 (C32-C2T)
188, 7 (Sb-04)
189 T(04-C33)
T (C33-C34)
191. 1{C34-C35)
192. 1{C35-C36)
193 1(C36-C3T)
194. 1(C37-C38)
195 T (C38-C30)
196. T {C30-C40)
197. 1 (C40-C35)
198. T(C34-C41)
199, T(C41-C47)
200. T {C42-C43)
200 T(C43-C4H)
202. 1 (C44-C45)
203. 1 (C45-C48)
204. T{C46-C41)

Note:

1. v (X-Y)represents the stretching between the

2.

atoms X and Y etc.
b (X-Y-Z) represents the in plane bending be-

tween the atoms X,Y and Z.

3. o (X-Y) represents the out of plane bending
(wagging) between the atoms X and Y.

4. ¢ (X-Y) represents the torsion of the atoms X
and.

5. The number in parenthesis represents the non-
bonded value of the atoms X,Y and Z
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