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ARTICLETYPE

Computational investigation of ligand field effect to improve photoa-
coustic contrast behavior of organometallic carbonyl clusters

Arijit Bag,” Pradip Kr. Ghorai *¢

Water soluble organometallic carbonyl clusters are bio-compatible, stable and reliable high-contrast photoacoustic contrast agent
(PACA). But they have limited application and efficacy due to their absorption in the visible region which has poor pene-
tration depth inside tissue. In this article, we present the molecular level understanding of these compounds and investigate
an alternative way to improve their PACA behavior. We discover that organometallic nitrosyl carbonyl compounds such as
[0s53(CO)6(NO)4(t —NO) (1t — S(CH,)2COO0)|~ Na™ which shows high absorption at near infra-red region (A, = 755nm) is
more suitable photoacoustic contrast agent than other carbonyl clusters which are reported in the literature till date. As metal
nitrosyl bond is easily oxidisable, these compounds may also be used to study the reactive oxygen species in living cell. We
introduce a theoretical model to calculate relative toxicity of a compound in terms of electric dipole moment (¢) and reactivity
index (®). Thus we compute 1 and @ of all the clusters. It is shown that the modeled nitrosyl carbonyl compound is very less

toxic than the reported carbonyl clusters.

1 Introduction

Photoacoustic spectroscopy 2 is one of the most important
field of research today due to it’s spatial resolution and deeper
tissue penetration capability in live cell imaging.>® Now a
days exogenous contrast agents® are used for most of the
cell imaging techniques.”%!1%!! For photoacoustic imaging,
several classes of contrast agents have been tried among
which organic dyes,'>!3 nanoparticles, '4'® nanodyes ! and
organometallic cluster compounds?® are main focus of in-
terests. All these contrast agents have many advantages
over the other and also have some drawbacks. Very re-
cently organometallic cluster compounds, M3(CO);, [where
M = Fe,Ru and Os] of group 8 elements have been used as
PACA.?° These compounds have drawn huge interests due to
their bio-compatibility, solubility, stability and negligible cy-
totoxicity.>!~2* These compounds have also been used to syn-
thesize effective anti—angiogenic agents which may be used
for cancer treatment.’* They are the common synthetic pre-
cursors to other organometallic complexes also. >’

These compounds are surface active catalysts and have
shown to catalyze the Fischer-Tropsch?®2?° and water-gas
shift3" reactions. But application of these compounds as
PACA is limited due to their optical absorbance is at visible
region. 2% Photoacoustic tomography is used for live cell imag-
ing to detect live threatening deceases like cancer, tumor etc.
This method has more accuracy than other imaging techniques
say, MRI, CT scan, USG etc. A very good PACA should
exhibit significant absorbance within 700 nm to 1000 nm as
absorbance in this region by living cell is very less. In this

¢ Indian Institute of Science Education and Research Kolkata, Mohanpur-
741246, West Bengal, India. E-mail:pradip @iiserkol.ac.in

article we report the molecular level understanding of these
compounds and discover new compounds which exhibit ab-
sorbance at longer wave length (1) through effective ligand
substitution.

2 Theory

The linearized photoacoustic energy equation 23! for a light
absorptive material is defined as

T
or

_ pC(y—1)ds

Vit —pC — (1) 5o (1)

where 7 is a small perturbation in the temperature, §,p,C, 3,0
and 7y are the thermal conductivity, density of the absorbent,
heat capacity at constant volume, thermal expansivity, density
perturbation and specific heat ratio respectively. .J#(¢) is the
amount of heat generated due to the photoacoustic interaction.
Photoacoustic interaction in a material, when exposed to the
light can be written as a function of absorption coefficient (i)
and time integrated flux density, fluence (®),? as follow

H(x,1) = pa(X)P(x,1, g ()

where, x is the position vector and ¢ is the absorption time. It
is known that the optical penetration depth is inversely pro-
portional to the absorption coefficient (L) and hence propor-
tional to the wave length A of the incident radiation as fol-

lows33
Ak

Ha = T 3

where k is molar extinction co-efficient. From equation 2 and
3, we can say that a photoacoustic signal ¢ (x,t) is inversely

This journal is © The Royal Society of Chemistry [year]
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proposal to A. If A varies within the tissue transparent win-
dow of 700 nm to 1000 nm, a great contrast to the background
signal is expected. Thus, for better contrast, one must use a
radiation of longer A. It is also possible to increase the sig-
nal strength by increasing the ® [see equation 2] within the
biomedical application limit.3* By reducing the pulse duration
(tp), ® can also be increased provided f, < %. 12 Thys, for
compounds which have very small value of oscillator strength
may also be used successfully as PACA by using high fre-
quency laser pulse.

To calculate relative toxicity (), we use absolute hardness
(T]),35 absolute electronegativity () and reactivity index(w)
of a compound.’®37 These three properties are calculated
from the following relations

_ Erymo — Enomo

5 “

y=— Erumo -fz—EHOMo )
_ X

@= 2xM ©

where Egopro is the highest occupied molecular orbital energy
and Ery 0 is the lowest unoccupied molecular orbital energy.
Toxicity (Cy,y) and reactivity index (o) is related as follow 3’

Crox =k +ko (7)

where k; and k; are the constants. For large value of @, % <
o and hence
Ciox < @ (3)

Toxicity also depends on the partition co-efficient (F,/,) of
the compound in 1-octanol and water. Considering Deneer’s
equation® we get toxicity is related to P, ,, as follows

Crox < (P,),) 20 ©9)
Thus, we can write
Crox o O(P, )"0 (10)

Bayat and Movaffagh3° showed that partition co-efficient may
be expressed in terms of solvation free energy of the com-
pound in two different solvents as below

AGgy W
e RT

PO/W = AGgol oct (1 1)
e RT

where, AGy,;,, and AGq,; o are the solvation free energies of
the compound in water and in 1-octanol, 7 is the temperature
and R is the universal gas constant. Solvation free energy in
water is the measure of dipole-dipole interaction between the

solute and solvent. Thus, we may consider that AG,,, ,, is pro-
portional to the dipole moment () of the solute i.e. dipole
moment of the compound. If test compound and reference
compound are of the same type then AGy,; ¢ 1S constant. we
may consider P, ;,,, o< " where k is the constant for a particu-
lar temperature. Using equation 10, we get

Crox o we (12)

Now if we define the subscripts re f and comp for the reference
compound and the compound under investigation respectively
then, y of similar compounds can be written as

(Ctox)comp
(Ctox)ref
wcompek”mf ‘

" 0 pekHcomp (13)

’y:

WOcomp
Opef
ek (,ucomp —Href )

k may also be considered as a scaling factor. For simplicity, we
assume k = 1. Hence, relative toxicity of similar compounds
is as below

Dcomp

Wy f
=__Orf 14
y e(ﬂcomp_.urgf) ( )

Thus, ¥ is 1.0. If y of a compound is greater than 1.0, com-
pound is more toxic than the reference one.

3 Computational Details

All the calculations are performed by using Gaussian 09 pack-
age.*® The structures are optimized without any symmetry
constraints. All the minimum energy structures are confirmed
by the harmonic vibrational frequency without any imagi-
nary mode. The convergence thresholds are set to 0.000015
Hartree/Bohr for the forces, 0.00006 A for the displacement
and 10° Hartree for the energy change. All calculations are
performed with the density functional theory (DFT) with unre-
stricted Beckes three parameter hybrid exchange functional #!
combined with Lee—Yang—Parr non-local correlation func-
tion*2, abbreviated as B3LYP. We have used LanL.2DZ basis
set*>* along with the corresponding Los Alamos relativistic
effective core potentials® provided by Gaussian 09 package.
We have performed time dependent density functional the-
ory (TDDFT) calculation for UV-visible spectra of the chosen
compounds. It is reported that, for large main group element
clusters B3LYP/LanL2DZ method is sufficient. 40!

2| Journal Name, 2010, [vol]1-9
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(a) Fes(CO)r2

(c) Os3(CO)12

Fig. 1 Optimized geometries of M3(CO) 1y (M = Fe,Ru and Os)
metal carbonyl clusters

4 Results and Discussion

4.1 Metal Carbonyl Clusters

First we perform geometry optimization of the three trimetal
carbonyl clusters, Fe3(CO)2, Ruz(CO)12 and Os3(CO);, in
gas phase. Figure 1 represents the optimized structures and
Table 1 lists the metal - metal (M — M) bond distances of
these carbonyl clusters. In Fe cluster, two metal atoms are
connected through two bridging CO. Bond distance between
the two Fe atoms is 2.59 A which is very close with the ex-
perimental value of 2.57 A. Two other metal-metal bonds, i.e.
bonds between bridging and non-bridging metals are 2.68 A
as compared to the experimental value of 2.70 A. In case of
Ru cluster, bond between bridging atoms are 2.86 A which
is again in agreement with the experimental value of 2.85 A.
The bonds between the bridging and non-bridging metals are
2.89 A as compared to the experimental value of 2.85 A and
2.86 A. For both Fe and Ru clusters, bonds between bridging
and non-bridging metals are larger than the bridging M — M
bond distance which is expected because bridging stabilises
the bond. On the other hand, in case of Os cluster, all three
metal-metal bonds are nearly same and there is no bridging
carbonyl. The M — M bond distances are 2.89 A, 2.89 A and
2.89 A which are in very good agreement with the experimen-
tal values of 2.87 A, 2.88 A and 2.88 A respectively.

By using these optimized structures, we compute the ab-
sorption spectra for all the three clusters. Calculated values of
the absorption peaks which are listed in Table 1 are in very
good agreement with the experiment. Only for Fe cluster,
computed value at 565 nm has a deviation of 37 nm from the
experimental value else deviation is less than 10 am. In Os-
mium cluster, we find all three absorption peaks are in fact a
result of overlapping of two near degenerate transitions which

15000 :
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Fig. 2 UV-Visible spectra of different [M3(CO); clusters, where
M = Os,Ru and Fe]

are probably due to the higher order of symmetry. Thus for
Osmium cluster, absorbance intensity is higher than Fe and
Ru clusters. A comparative absorption spectra is presented in
Figure 2. Nature of all the three plots are similar, only their
absorption peaks are at different frequency.

4.2 Metal Carbonyl Cluster Derivatives

L

(c) Os3(CO);, derivative

Fig. 3 Optimized geometries of metal carbonyl cluster derivatives

From the metal carbonyl cluster studies it is not clear why
Osmium cluster has better contrast as PACA.2 Thus, we
compute the UV-visible absorption spectra of all carbonyl
cluster derivatives to justify the experimental results reported
by Kong et. al.?® Figure 3 represents three optimized ge-
ometries of carbonyl cluster derivatives of Fe,Ru and Os.
We use thio-acetate derivative of the Fe, Ru and Os clusters
[M3(CO)10(u — H)(ut — S(CH2),COO~)Na™] as the experi-
ment was done by Kong ef. al. with this derivative. Opti-
mized structures are shown in Figure 3. Due to organic ligand

This journal is © The Royal Society of Chemistry [year]
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Table 1 Absorption maxima and other properties of Fe3(CO)12, Ruz(CO)1, and Os3(CO); clusters

Compound Calculated Experimental °2°> M — M bond M — M bond Charge
absorbance absorbance distance (A) distance (A) on
peak (nm) peak (nm) (calculated) (experimental) metal (au)

Fe3(CO) 1o 565 6022 2.59° 2.57°% -0.940”
301 31052 2.68 2.70 -0.9400

2.68 2.70 -0.653
"Ruz(CO) s 390 39052 39233 2.86° 2.85% 0.059”
230 2382 2.89 2.85 0.059°

2.89 2.86 0.216

0s3(CO) 15 386.71, 386.55 3855253 2.89 2.87%6 0.171
320.93,320.87 3305253 2.89 2.88 0.171
254.43,254.43 2405254 2.89 2.88 0.171

b indicates metal atoms (or bond between two atoms) which are connected by bridging ligand.

substitution geometries of all three clusters have significantly
changed.

T

OsK(CO) - derivative| 7
— R113(CO)12 derivative
— Fe,(CO), derivative

10000~

Absorbance
wn
[=)
(=]
{
T
|

A R T
400 600 800
Wave length (nm)

Fig. 4 UV-Visible spectra of different metal carbonyl cluster
derivatives [M3(CO)o(pt — H)(p — S(CH2),COO~)Na™, where
M = Os,Ru and Fe]

From Table 2 it is seen that both in Fe and Ru clusters
metal-metal bond between two bridged metal increases by
0.07 A but bond between bridging and non-bridging metals
remains almost same as the deviation is less than 0.01 A. A
dramatic change is observed for Osmium cluster. Here sym-
metry is lost. Sulfide and hydride ions act as metal-ligand-
metal (M — L — M) bridging. As a result, bond between two
bridging Os is decreased by 0.29 A and two other bonds are
decreased by 0.21 A and 0.20 A respectively. Figure 4 repre-
sents the UV-visible spectra of these compounds. The absorp-
tion peak of Fe and Ru derivatives have a blue shift, where as
Os derivative shows red shift. From Table 2, it is clear from
the maximum value of the absorption peak that Os derivative
is better PACA than Fe and Ru derivatives. The significant
change in UV-visible spectra is due to their different structural
transformation which is observed due to organic ligand substi-
tution. In the cluster only form i.e. in M3(CO)12, we observe

two bridging CO (M — L — M bridge) for both Fe and Ru but
not for Os. Interestingly, in derivatives form, Os cluster also
shows M — L — M structure like Fe and Ru. Thus, the red shift
of Os derivative is only due to the change of geometry. We
also observe that for Fe and Ru derivatives, only one absorp-
tion peak is obtained instead of two for unsubstituted carbonyl
clusters. For Os, there are two peaks, but they become broad.

Charge density analysis (see Table — 1) shows that in the
cluster only form, all Fe atoms are negatively charged, Ru
atoms have very small positive charge where as Os atoms
are positively charged. In Fe and Ru clusters, bridging atoms
are more negative or less positive than non-bridging atom and
bond distance between the M — M bridging atoms is less than
the non-bridging bonds. This implies that due to bridging, lig-
and to metal charge transfer occurs. In the Os cluster, all three
metals have same positive charge which indicates the absence
of ligand to metal charge transfer. Due to more positive charge
on Os and larger value of crystal field splitting energy, it is
more stable than Fe and Ru cluster.

For the Os cluster, recent experiment did not observe any
significant difference in absorbance due to salt derivative for-
mation. We observe one absorption peak at 386 nm with oscil-
lator strength 0.05 for the pure cluster whereas for the deriva-
tive [see Figure 4] there are two distinct peaks of nearly equal
intensities, one is at 475 nm with oscillator strength 0.06 and
another is at 340 nm with oscillator strength 0.08. Thus, due to
salt formation and hence change of ligand field, optical prop-
erty of the compound changes significantly. If we consider
the overlap between the two absorption maxima, we find a
maximum at 407.5 nm which is very good agreement with the
experimental observed value of 410 nm.2°

Analyzing the excited states of M3(CO);; clusters and their
derivatives, we observe degeneracy only for lowest unoccu-
pied molecular orbital (LUMO) of Os3(CO); cluster which
does not contain any bridging atom. But due to bridging in the
derivative form, the degeneracy is lost. The loss of degeneracy

4| Journal Name, 2010, [vol]1-9

This journal is © The Royal Society of Chemistry [year]



RSC Advances

Page 6 of 10

Table 2 Absorption maxima of Fe3(CO) 15, Ruz(CO)1, and Os3(CO); cluster derivatives.

Compound Calculated Oscillator Homo-Lumo M-M bond Charge
absorbance strength energy distance (A) on
peak (in nm) (calculated) gap(au) (calculated) metal (au)

Fe3(CO)1» 300 0.14 0.12101 2,667 -0.856°

derivative 2.69 -0.855°

2.69 -0.782
Ruz(CO) 1, 296 0.045 0.12975 2.92° -0.0945
derivative 2.88 -0.093%

2.88 0.190
0s3(CO)12 473 0.060 0.05965 2.61° 0.132°

derivative 349 0.075 2.70 0.180”

2.69 0.725

b indicates metal atoms (or bond between two atoms) which are connected by ligand bridge.

is responsible for the decreases of absorbance. These twofold
degeneracy indicates electronic transition from one metal to
two other equivalent metal centers. But due to presence of lig-
and in the bridge, two metal atoms differs from the rest. In that
situation the absence of degeneracy indicates that the electron
transition occurs from bridging metals to non-bridging metal.

4.3 Effect of Organic Chain Length

To model improved PACA using this compound, first we
change the organic chain length keeping functional group
fixed. From Table 3, we find that for C = 3 [C is the num-
ber of carbon atom present in the organic salt] PAC activity
is the maximum. From the charge distribution of the residue,
we find that for C = 3, charge on the S atom is maximum
[—0.286] and very large as compared to C = 2,4 and 5. Same
charge on S for C = 2,4 and 5 yields same position of the ab-
sorption maxima of the corresponding derivatives irrespective
of the salt.

Table 3 Dependence of organic chain length on optical absorption
of Os3(CO)1, derivative.

Number of Charge on Lowest energy Oscillator
carbon atoms sulfur absorption strength

in the residue atom peak (nm) (calculated)
2 -0.069 290 0.05

3 -0.286 475 0.06

4 -0.072 287 0.07

5 -0.070 294 0.07

4.4 Effect of NO Substitution

As we do not observe significant improvement in the PACA
by substituting the organic chain, we substitute strong field

CO ligand by a weak field NO ligand. For the Osmium ni-
trosyl carbonyl cluster, such as Os3(CO)o(NO), we find the
existence of bridging NO which agrees very well with the ex-
periment.>’ As discussed before, we do not observe any bridg-
ing CO for Os3(CO);y cluster. The different metal—ligand
bonding is due to the crystal field splitting. In presence of
strong field CO ligand, crystal field splitting stabilization en-
ergy is high and hence strong metal—metal bond formation is
favorable. Thus, only terminal metal—ligand binding occurs
in case of Os3(CO); cluster. Appearance of a weak field lig-
and weaken the M — M bond and leads to the formation of
M — L — M bridge. Metal—metal bond analysis of two opti-
mized geometries, Os3(CO) 2 and Os3(CO)1o(NO), support
this argument. All M — M bond distances in Os3(CO);, are
2.89 A, whereas in Os3(C0)10(NO), the bond distances are
2.96, 2.96 and 3.26 A. It is seen that one Os — Os bond where
two bridging ligands are connected, is elongated maximum as
areflection of weak M — M bonding. This change of geometry
and ligand field around the metals also cause red-shift>* and
blue-shift [from 386 nm — 339 nm] in UV-visible spectrum.
The metal—metal bond distances in Os3(CO)11(NO) cluster
are 2.88, 2.90 and 2.90 A. Though due to substitution of one
CO by one NO does not affect the metal-metal bond length
significantly, a huge red-shift in UV-Visible spectra [386 nm
— 494 nm, change is 108 nm] is observed. Due to one NO sub-
stitution, HOMO-LUMO energy gap decreases from 0.14336
au to 0.10673 au i.e. by 109 nm which is exactly same as the
spectral shift of 108 nm. Thus, the spectral shift is only due
to the change of ligand field. For this compound the lowest
energy transition is a metal—metal d — d transition. Thus, for
osmium cluster derivative, to improve PAC behavior we have
to substitute CO by a weak field ligand.

Following this, we compute the lower energy absorption
spectra of all possible osmium nitrosyl carbonyl compounds.
Interestingly, there is no linear dependence of A, [wave
length for maximum absorbance] with the number of NO. We

This journal is © The Royal Society of Chemistry [year]
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Table 4 Absorption peak of Os3(CO)1, cluster due to substitution
of CO by NO ligand

Composition Absorbance Oscillator
peak (in nm) strength
0s3(CO) 12 386 0.091
053 (CO)]] (NO) 494 0.046
0s3(C0O)10(NO), 339 0.025
0s53(C0O)9(NO)3 361 0.014
053 (CO)g(N0)4 337 0.028
0Os3(CO)7(NO)s 429 0.006
0s3(CO)6(NO)g 654 0.028
053 (CO)S(N0)7 545 0.006
0Os3(C0O)4(NO)g 540 0.034
0s53(CO)3(NO)g 674 0.006
0s53(CO)»(NO) 19 655 0.016
0s3(CO) 1 (NO)1y 764 0.004
Os3(NO) 12 939 0.005

discover that though Os3(NO)j2 compound has the highest
Amax of 939 nm (see Table 4), it’s oscillator strength is very
low (0.006). Thus, Considering both high value of A, and
acceptable value of oscillator strength, Os3(CO)s(NO)¢ may
be the best PACA [A0c = 657 nm and oscillator strength is
0.03]. Same organic salt substitution to this compound leads
to a better PACA [A,qx = 755 nm and oscillator strength is
0.0134].

Fig. 5 Optimized structure of
0s3(C0O)6(NO)4 (1 —NO) (1 — S(CH2),COO™ )Na™*

Since we have found that Os3(CO)g(NO)4(u —NO)(u —
S(CH;),CO0~)Na* compound may be the best PACA, we
further study this compound extensively. To find the solvent
effect on this compound, we include water as a solvent. For
this particular study we use IEFPCM model and B3PW91
functional with the same basis set. Optimized structure is
given in Figure 5. Metal-metal bond distances are 3.22 A for
bridging metals and 3.06 A and 2.97 A for bridging to non-
bridging metal.

IR and UV-visible spectra of Os3(CO)s(NO)s(u —
NO)(u —S(CH,),COO™)Na* are shown in Figure 6 and Fig-
ure 7 respectively. It is observed that our modeled compound

15000 [~ B
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Fig. 6 IR spectra of
053(C0O)6(NO)4(u — NO)(1t — S(CH2)2CO0™ )Na*

5000 T T
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Fig. 7 UV-visible spectra of
0s53(C0O)6(NO)4( — NO) (1 — S(CH2)2COO™ )Na*

shows similar efficiency as PACA in solution phase also. Ab-
sorption above 800 nm is same for both gas phase and so-
lution phase. within 500 nm to 800 nm, solution phase has
better efficiency. Thus, use of this compound as PACA is vi-
able. We find that it is a very strong polar compound with
dipole moment 14.29 Debye. Thus, it is expected that this
compound would be highly water soluble and hence less cyto-
toxic. Comparison of relative toxicities of three cluster deriva-
tives and this nitro- substituted compound are presented in
Table 5. Osmium carbonyl cluster is taken as the reference
compound. We know that cytotoxicity depends on reactiv-
ity index and logF, ,, 3859 " As discussed before, a compound
of high dipole moment(it) should have low value of logF,
and low toxicity.>® On the other hand, high value of reactiv-
ity index (@) is corresponds to high toxicity. Here we com-
pute the relative toxicity as mentioned in the theory section.
In this parameter we find that Ruz(CO)g(NO)4(t —NO) (1 —
S(CH3),CO0™ )Na™ compound has six times (6.227) higher
toxicity than Os3(CO)1o(t — H)(t — S(CH,),COO™ )Na™.
Our modeled compound, Os3(CO)s(NO)s(n — NO)(u —

6| Journal Name, 2010, [vol]1-9
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Table 5 Reactivity descriptors and relative toxicity (with respect to Osmium cluster derivatives) of three metal carbonyl cluster derivatives

and our modeled compound

Compounds Absolute Absolute electro- Reactivity Dipole Relative
hardness negativity index moment toxicity
m) ) (o) () »
Fe3(CO)psalt 0.060 0.1779 0.2628 11.954 0.014
Ru3(CO)psalt 0.050 0.1760 0.3094 5.988 6.227
Os3(CO)jpsalt 0.071 0.1753 0.2161 7.458 1.00
0Os53(CO)6(NO)ssalt 0.024 0.1876 0.7325 14.292 0.004

S(CH;),CO0™)Na™, is extremely less toxic than osmium and
iron cluster derivatives.

4.5 Free Energy (AG) Calculation for NO Substitution

Table 6 Calculation of free energy change for the substitution
reaction of CO by NO ligand to Os3(CO);

Composition Free energy Free energy
change(AG) change(AG)
(in a.u.) (in a.u.)
from previous from initial
derivative compound
0s53(C0O)11(NO) -0.3742 -0.3742
0s3(C0O)10(NO), -0.0463 -0.4205
0s53(C0O)9(NO)3 0.4498 0.0293
Os3(CO)3(NO)4 -0.3892 -0.3599
0Os3(CO)7(NO)s 0.4405 0.0806
0s53(CO)6(NO)g -0.3738 -0.2932
0s3(CO)5(NO)7 0.0038 -0.2894
0Os3(C0O)4(NO)g -0.4471 -0.7365
Os3(CO)3(NO)gy 0.0035 -0.7329
0S3 (CO)z(NO)]O 0.0835 -0.6495
0Os3(CO)1(NO) 1, -0.0002 -0.6497
Os3(NO) 12 0.0169 -0.6328

We have modeled to improve PACA by substituting CO by

NO ligand. Synthesis of these compounds may not be triv-
ial. So far, mono- and di- substituted compounds have already
been synthesized. Thus, using free energy calculation, we find
out whether other substitutions are possible or not. Computed
AG is listed in Table 6. AG for the first two substitutions [i.e.
for Os3(CO)11(NO) and Os3(CO)10(NO),] are negative. But
overall free energy change for tri- substituted derivative is pos-
itive, same as penta- substituted derivative. Total free energy
change for other derivatives are negative. From this calcu-
lation we conclude that tri- and penta- substituted derivative
may not be prepared but rest can be prepared.

4.6 Drug Potentiality

As organometallic compounds are used as potential drug for
several fatal diseases?*%, we have tested our modeled com-
pound, Os3(CO)s(NO)4(it —NO) (1 — S(CH,)2COO™)Na',
for few selective diseases using chemosophia in-silico test pro-
gram®'. This compound is found to have drug potentiality for
AIDS, cancer and pain killer. Results of biological activity
tests are given in Table- 7. It is also found as less eco-toxic.
This supports our relative toxicity calculation result of this
compound discussed earlier. CYP450-2D6 and CYP450-3A4
metabolism is possible for this compound.

Table 7 Drug potentiality of our modeled compound: an in-silico
test using chemosophia®! package

Biological activity Success probability (%)

HIV1-proteaze inhibitory activity 66.8

Anti-Inflammatory activity 69.4
(ks2-p38-MAP-kinase inhibitors)

Anti-Oxidant activity 33.8
Anti-Tumor Anti-mitotic activity 27.5
Anti-Tumor Dihydrofolate 25.9

reductase inhibitory activity

Anti-Tumor Topoisomerase-II 99.6
inhibitory activity

Eco-toxicity 8.7
Metabolism at CYP450-2D6 54.9
Metabolism at CYP450-3A4 78.9

This journal is © The Royal Society of Chemistry [year]
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5 Conclusions

We study UV-visible spectra of the organometallic carbonyl
clusters as very recently these compounds are used as pho-
toacoustic contrast agent. We find that Os3(CO)s(NO)a(pt —
NO)(u —S(CH,),COO™)Na™ is a better PACA with high ab-
sorption within 500 nm to 1000 nm. Absorption of this com-
pound even extended up to 2000 nm. Thus, it may be used
in IR detector. This compound is paramagnetic, hence it may
be used as MRI contrast agent also. Absolute hardness(n)
of this compound is 0.024 and reactivity(®) is 0.7325 which
suggest that it may be used to study reactive oxygen species
in living cell. Free energy calculation shows that this com-
pound can be easily synthesized. In-silico activity test of this
compound shows very good activity to words HIV (66.8%)
and cancer (99.6%). Other biological activities are given in
Table- 7. From these study we can say that our modeled com-
pound Os3(CO)s(NO)4(t — NO)(u — S(CH2)2C007)N11+
may serve as eco-friendly (as eco-toxicity is only 8.7%), bio-
compatible (as non-cytotoxic), water soluble deeper tissue
penetrative (absorption at 700 nm to 1000 nm) PACA as well
as effective drug for HIV, cancer and inflammation.
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