                           CHAPTER-1
INTRODUCTION
1.1 GENERAL INTRODUCTION
Organometallic chemistry is dealing with those compounds having at least one direct metal-carbon linkage and the bond could be simple covalent as in lead tetra ethyl (C2H​5)4Pb or (-dative as in, ferrocene Fe ((5-C5H5)2 or even predominantly ionic as in ethyl sodium Na+C2H5–. Krause and Von Grosse, in 1937, wrote on the opening page of their classical monograph, in the category of "Metal-organic or organometallic compounds are included a series of versatile, reactive materials in which a metal is bonded directly through at least one primary valence to the carbon atom of a hydrocarbon radical”. On the other hand there are number of metal-organic compounds in which the organic moiety is bonded to the metal through oxygen or another non-metal such as nitrogen, phosphorous, Sulphur. Metal alkoxides, metal amides, chelate complexes, metal salts of carboxylic acids, carbides, cyanides and metal carbonyls also do not belong in this category, because they do not contains hydrocarbon radicals. However, one can not clearly discriminate between pure organic and metal-organic (such as Na4C and NaCH3) species, since there are also intermediate species such as Na3CH and Na2CH2.
1. According to Professor Gilman, the more comprehensive definitions have grown to include metalloids, and even non-metals were considered few decades ago. Furthermore, the so called metals need not always be attached formally to carbon in order to have compounds with organometallic characteristics (Cullen, 1975). However, under all current definitions, the metal carbonyls (and their many derivatives), along with most of the metal carbides, have been incorporated into organometallics. In addition, such species as (C6F5)4Si, (CNCH3)6Mo, and C5Cl5Tl are likewise organometals even though the carbon atoms are not the part of hydrocarbons in the strictest sense. Many of these changes reflect the great upheaval in the field since the preparation of ferrocene in 1951.

The tremendous growth could be attributed due to the fact that organometallic chemistry lies on the border area of organic and inorganic chemistry and it has supported and contributed to the advancement of bioorganic, bioinorganic and biophysical. Recently the medicinal importance of organometallics led to newer term "Bioorganometallic chemistry".

Due to great significance of organometallic chemistry, it is now recognized as an independent branch of chemistry. Its several compounds originated separately and developed largely as independently. In last few decades organometallic chemistry became a coherent self aware discipline.

The organometallic chemistry is the study of the compounds containing at least one direct metal-carbon bond and thus, any organometallic compound (RnM) could be considered as the metals salt of the corresponding pseudo acidic organic compounds (R–H), and the number of possible organometallic derivatives of any given organic compounds would equal at least to the numbers of different C–H bond(s) present. The simple molecule like toluene is capable of forming four isomeric organometallic compounds with any given metal e.g. o-, m-, p-CH​3C6H4 and C6H5CH2M. The number of possible organometallic derivatives with various organic groups and metal atoms can thus be unimaginable because the nature of metal in these compounds certainly difficult to formulate with precision. However, the elements having electronegativity less than that of carbon can be considered as metal giving rise to compounds involving a carbon-metal bond with a higher electron density around the carbon atoms, C-(–M+( (Green, 1968). Such type of polar nature is the main characteristic feature that distinguishes organometallic compounds from other types of organic compounds in which carbon is found at the positive end of bonds to non-metallic compounds.

In electronic point of view "Organometallics" can be defined as–

A)
Those compounds containing anionic carbon or carbon bonded to a more electropositive element which has available low lying unfilled atomic orbital. The absence of such atomic orbital in the organic derivatives of metalloid and non-metals derivatives of metalloid and non-metals (Group 14 & 17) and the less polarity of the carbon metal bonds involved are their lower reactivity. However, the role of some what higher energy d- and f orbitals seems to be prominent in determining the chemical reactivity and stereochemistry of M-C bond cleavage. It appears approximate to term, compound containing carbon ( bonded to an element having only a slightly less electronegativity and having available d- and f orbitals.

B)
Those compounds in which unsaturated organic molecules e.g. olefins, acetylenes and cyclopentadienyl etc. are bonded to metal atom through electronic interactions involving organic moieties, (-electronic orbital and the metals (-hybrid orbital. In such compound (-bonding between several carbon atoms and one metal centre is a common characteristic and hence unlike in the ( bonded compounds mentioned above, the concept of an isolated carbon-metal bond is of less importance. Besides the above category; the concept of an isolated carbon-metal bond has less importance.

C)
Metal carbonyls and their derivatives.

D)
Compounds of categories (A-C) which show biomedicinal activity.

These compounds play significant role in controlling a number of acute diseases such as fungal and bacterial infections, viral diseases, cancer and tumors along with recently reported gastrointestinal ulcers.


Thus, the many reactions of organometallic compounds could involve organic group(s), inorganic ligands, and the metal-carbon linkage. The period of 1870-1950 was dominated by investigations of (-bonded organometallic derivatives of the non-transition metals and organometallic chemistry developed within the classical framework of organic chemists. The structural investigations were scarce, but a great deal of preparative work was carried out and some understanding of reactivity and mechanisms was also developed.


It is further evident from literature survey that increased the interest in organometallic chemistry has been influenced by the serpendity in the most of major advances which have come from experiments for quite different purposes. The expansion of this area has been promoted by the discovery of several class of compounds containing remarkable structures, by the development of valence bond theory to account both for the existence of these novel compounds and for the nature of metal-carbon bond in general and by increasing use of organometallics in industrial and pharmaceutical processes.


Industries dealing with organic chemicals, pharmaceuticals, petrochemicals, polymers, fuel and combustion, agrochemicals and plastic are concern with organometallic chemistry. New dimensions were added to this area by recognition of the biomedicinal and pharmacological activities of some organometallic compounds which brought about a new field, Bioorganometallic chemistry/metalopharmaceuticals.
1.2 ORGANOMETALLIC COMPOUNDS OF GROUP-15 ELEMENTS
The organometallic chemistry of group 15 elements (As, Sb and Bi in particular) has been a unique and fruitful area of the study and research for chemists for the last several decades. The effective use of organoarsenic compounds in the treatment of syphilis, led to the synthesis and screening for other biomedicinal and chemotherapeutic activity of a large number of analogous of organoantimony and organobismuth compounds. Partial success was achieved in the treatment of Bilharzia and Leishmaniasis with organoantimony compounds although the development of antibiotics has slowed down the pack of biomedicinal and pharmacological interest probably due to inherent toxicity of these elements (Thayer, 1974). Apart from this, they have considerable importance in the past few years from industrial point of view (Thayer, 1974, Daum, 1965, Cullen; 1966 and McAculiffe, et. al., 1979) as biocides and chemotherapeutic agents. Admittedly, they are progressively being superseded by other less toxic material (Thayer, 1974, Daum, 1965, Cullen; 1966, McAculiffe, et. al., 1979, Crow, et. al., 1972, and Doak, et. al., 1973 ).

Despite the reported toxicity of compounds of group 15 elements (Berner, 1968) when injected in patients they do not have a repetition as potential hazardous for those who preparing them and tested in the pharmaceutical industry as potential drugs(Varsansyl, et. al., 1972). Burrell et al. have investigated the fungicidal efficacy of organoatimony and organobismuth compounds (Burrell, et. al., 1983). There is voluminous literature available on the recent investigative research activity of group 15 elements. 

Newer methods of preparation, industrial, catalytic and other biomedicinal aspects have been covered in the last two decades (Aduriz, et. al., 1991). The usefulness of organometallics of group 15 elements as a catalyst for the hydrogenation of isoprene has also been explored. Triphenyl stibine has been claimed to be a catalyst for the disproportionation of halosilanes (Schimozaki and Yoshimura; 1989) and a co-catalyst for the preparation of arylesters of carboxylic acids (Nakajima and Matsunaga; 1990, Stavinoha, et. al., 1990). Triphenyl phosphine, arsine and stibine are included in the study of catalyst for transesterfication of ethylene carbonate by methyl alcohol (Knifton and Duranleau, 1991). The use of tertiary stibines as antimony sources for the production of group 13/15 semiconductors by OMVPE (Organometallic vapour phase epitoxy) has prompted investigations of decomposition mechanisms of trimethyl stibine (Larsen, et. al., 1991 and Salesse, et. al., 1992).The organometallics of group 15 elements has been included in a study of the iodometric microdetermination of  these elements in organic compounds (Farag, 1993). Tetraalkyl and tetraaryl antimony derivatives are used as cross linking catalyst for preparing epoxy resins which are used as coating, adhesives and mouldings (Tomita, et. al., 1993). The extensive chemical, biochemical, biomedicinal and pharmacological studies of bismuth compounds have enabled the medical applications of clinically used bismuth compounds to be extended. Bismuth compounds offer potentials in gastroprotection and cancer therapy not only by directly but also by indirectly reducing the side-effect of the clinically used antiulcer and anticancer drugs. The high effectiveness and low toxicity of bismuth drugs to treat gastrointestinal diseases is due to their antimicrobial activities. 

1.3   PROPERTIES OF GROUP-15 ELEMENTS 

The physicochemical properties of the, group 15 elements (nitrogen, phosphorous, arsenic, antimony and bismuth) along with certain aspects of their organic derivatives have been discussed here. Some important trends in physical constants, which changes gradually from one element to another and responsible for the differences in their chemical behaviour of these elements are briefly mentioned below.

A. Electronic Configuration and Oxidation State


Group 15 elements contains ns2, np3 (n = 3 to 6) electrons in their respective outer most shells. The tendency of the paired ns2 electrons to remains inert (inert pair effect) increases with increasing atomic number, only p-electrons are then used in bonding and the trivalent state results in a pyramidal shape. The +5 oxidation state is caused when the 'ns' as well as 'np' electrons get involved and resulting square bipyramidal (SBY) or trigonal bipyramidal shape (TBY). The oxidation state +5 is not possible in nitrogen due to absence of‘d’ orbital. In addition to +3 and +5 oxidation states, other oxidation states of limited stability are +1, +2 and +4 have been reported. The phenyl arsenidiyl, PhAs, in oxidation state +1 and Ph​2M (M= As or Sb) in oxidation state +2 have been reported (Wilkinson; et. al., 1995 ). Hexacoordination is exhibited by the compounds of the type [SbPh6]–, [RSbX5]– and [R2SbX4]– (R2SbX3T)– where the group 15 element is almost octahedral. Apparently, the corresponding bismuth compounds have not been made (Wilkinson; et. al., 1995).

B. Electronegativity


The property of an atom to attract the shared electron pair towards itself in a molecule is known as "electronegativity" and it depends upon the ionization energy and electron affinity of the atom.


The electronegativity of group 15 elements has been described in a number of ways by two groups of workers. (Allred and Honsely, 1961) and (Batsnov, 1964) have compared and found a decreasing trend on describing the group from N to Bi.


N > P > As > Sb > Bi


However, (Pauling, 1960) has deduced the sequence as follows.


N > P > As > Sb ~ Bi.

C. Bond Energies


The reactivity of a compound depends on the Metal-carbon and/or metal-metal bond strength. Metal-carbon bond strength decreases as the bond length increases, down the group 15 elements. The mean bond dissociation energy in compound MRn, where R is an atom or group attached to the element M with a valency n can be calculated from the expression.


[image: image27.wmf]P

t

H

3

N

H

3

N

O

H

O

H

 

 

 

 

C

i

s

-

d

i

a

m

i

n

e

d

i

a

q

u

o

 

p

l

a

t

i

n

u

m

N

N

H

H

H

H

P

t

O

H

O

H

D

i

a

m

i

n

o

c

y

c

l

o

h

e

x

a

n

e

 

d

i

a

q

u

o

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p

l

a

t

i

n

u

m


Thus, the metal-carbon bond energy values for the trialkyl and triaryl compounds of group 15 become progressively weaker in the sequence.

(N-C) > (P-C) > (As-C) > (Sb-C) > (Bi-C) (Greenwood and Earnshaw 1964)
D. Internal ( Bonding using‘d’Orbitals

The stable coordination compounds with electron donors may be formed when a pronounced stabilization occurs through the participation of vacant‘d’orbitals. There is a significant difference between nitrogen and the heavier atoms of its group. All the heavier elements have d-orbitals and for bismuth, there is f-orbitals as well, in the valency shell. Due to the screening of s- and p-electrons, d-orbitals of the valency shell are substantially higher in energy and more diffused than s- and p-orbitals. These higher energy d-orbitals may, however, be used-

1.
To expand the coordination number of the metals in the compounds formed by these elements with donor ligands.

2.
To lower the energy of reaction by forming intermediate involving high coordinate metal compounds.

3.
To form internal d(-bonding by the overlap of the empty d-orbitals of the donor atom having a lone pair of electrons.

4.
Also serve as low lying energy levels for the formation of radical ions by electron capture and electronic transition involving low energy.
Table 1.1 Properties of the group 15 elements
	S. N.
	Properties
	N
	P
	As
	Sb
	Bi

	1
	Atomic number
	7
	15
	33
	51
	83

	2
	Atomic weight (1981)
	14.0067
	30.9737
	74.9216
	121.75
	208.9804

	3
	Electronic configuration
	[He]
2s22p3
	[Ne]
3s23p3
	[Ar]
3d104s24p3
	[Kr]
4d105s25p3
	[Xe]
4f145d106s26p3

	4
	Oxidation state
	-III to +V
	+III, +IV, +V
	+III, +V
	+III, +V
	+III, +V

	5
	Atomic Radius (Å)
	0.75
	1.1
	1.21
	1.41
	1.52

	6
	M+3 ionic radius (Å)
	-
	-
	-
	0.92
	1.08

	7
	M–3 ionic radius (Å)
	1.71
	2.12
	2.22
	2.45
	1.20

	8
	Metal-Carbon bond (Å)
	-
	1.9
	1.98
	2.17
	2.29

	9
	Ionisation Energies (I)

MJ mol-1 - 
	1.402
	1.012
	0.947
	0.834
	0.703

	10
	Ionisation Energies (II) 
MJ mol-1 
	2.856
	1.903
	1.798
	1.595
	1.610

	11
	Ionisation Energies (III) 
MJ mol-1
	4.57
	2.910
	2.736
	2.443
	2.466

	12
	Sum (I+II+III)/MJ mol-1
	8.828
	5.825
	5.481
	4.872
	4.779

	13
	Sum (IV + V) MJ mol-1
	16.920
	11.220
	10.880
	9.636
	9.776

	14
	Electronegativity
	3.0
	2.10
	2.0
	1.9
	1.9


Table 1.2 Mean Bond Dissociation Energies (KJ/MOL)
	S. No.
	Bond
	D(A+B) (KCal/mol)
	Reference

	1
	As-Me
	238
	23

	2
	As-Ph
	280
	23

	3
	Sb-Me
	224
	23

	4
	Sb-Ph
	267
	23

	5
	Bi-Me
	140
	23

	6
	Bi-Ph
	200
	23


1.4  Development of M-C Bond(s)
Among the group 15 elements (N, P, As, Sb and Bi), bismuth forms bond with carbon in +3 oxidation state, represented by the general formula RnBiX3-n (n=1 to 3) and +5 oxidation state, RnBiX5-n (n = 1 to 5). They could conveniently be prepared by either of following methods.

A. From Grignard Reagent
The importance and versality of Grignard reagents is well documented in the whole of the organometallic chemistry. They have also been extensively used to obtain group 15 metal-carbon bonded compounds. The reaction between an aryl Grignard reagent and bismuth trichloride proceed quite smoothly providing an excellent yield of the corresponding triarylbismuth compounds (Doak and Freedman; 1970).  In several interesting studies (Dub, 1965 to 1968), R3Bi [Where (R = Me3SiCH​2​, C6H5CH2, p-XC6H4, C6H5) (X = Cl, Br and CH3, OCH3 etc)] have been synthesized by this method. The trimesitylbismuth and tricyclohexyl bismuth could also be prepared using appropriate Grignard reagents (Ates, et. al., 1986).

The mixed organoantimony and organobismuth (III) compounds containing two or three different aryl groups is readily achieved by the reaction between the appropriate Grignard reagent and a substituted metal halide (Greenwood, et. al., 1964, Nesmeyanor, et. al., 1974 and Campbell, I.G.M., 1955 ).

B. From Wurtz-Fittig Reaction

It is also widely used reaction for the preparation of a large number of organobismuth compounds. This method, normally involving the interaction of an aryl halide (or less commonly alkyl halide) with bismuth trichloride and sodium, leads to the formation of triaryl or trialkyl-bismuth. The method was first used by Michaelis and Reisea (Michaelis, A. and Reisea, A. 1986) for the preparation of triphenylstibines and was later extended to isomeric tritolylstibines, tri-p-triphenyl, tri-o-triphenyl, tris ((-furyl), tri-p-tolyl stibines (Cullen; 1966, Doak, and Freedman; 1970, Coats, et. al., 1967).

3RCl + BiCl3 + 6Na ( R3Bi + 6NaCl

[R=aryl or alkyl group]
C. From Organolithium Compounds

The use of organolithium reagents for the preparation of triorganobismuth compounds has also been extensively investigated. The yield is excellent, often exceeding those obtained by Grignard reagents. Apart from tertiary stibines and bismuth compounds mentioned earlier under the Grignard method, several other organometallic compounds with organic groups such as p-phenyl, o-anisyl, p-biphenyl, p-dimethylaminophenyl and pentachlorophenyl have been prepared (Cullen; 1966, Doak, and Freedman; 1970, Otero and Royo, 1979, Ashe and Drone, 1985) by using the corresponding organolithium reagents. Pentaphenylantimony is obtained in a good yield by the reaction of tetraphenylstibonium bromide with phenyllithium (Witting and Clauses, 1952).

(C6H5)​4SbBr + C6H5Li ( (C6H​5)5Sb + LiBr
D. From Organosodium Compounds

Organosodium compounds have been used in the preparation of tertiary bismuth and antimony compounds (Hartmann and Küehl, 1956, Fischer and Schereiner, 1960, Issleib,  Balzuuweit, 1976, Freedman and Doak, 1980).

Me2BiNa + (o-BrC6H4BiMe2) ( (o-Me2Bi) (C6H4BiMe2)+ NaBr
E. From Organoaluminium Compounds

The use of organoaluminium compounds for the preparation of triaryl antimony and bismuth compounds has been investigated. The preparation of tri-isobutyl stibine in 77% yield (compared to a 22% yield from the Grignard Reagent) from tri-isobutyl aluminum etherate and SbF3 has been described (Zakhark, et. al., 1957). This method offers a very convenient route to synthesized trialkyl antimony and bismuth compounds that the necessary equipment for handling the spontaneously inflammatory trialkyl aluminum is available. Organoaluminium compounds have also been used to prepare trialkylarsinic compounds e.g. Et3As (80%) (Makein and Waters, 1983).

F. Miscellaneous Methods

Various other methods of a less general nature have been used to prepare the organometallics of group 15 elements.
1. Although SbX3 can be arylated by reaction with diazonium salts in the
     presence of a metal such as powdered Zn or Fe, in most of cases aryl
    derivatives of antimony (V) rather than antimony (III) are obtained.

ArN​2Cl + SbCl3 ( ArSbCl4 + N2
2. A number of triaarylstibines and bismuth have also been prepared by adding powdered Sb/Bi metal to arenediazonium chlorides (Landolt, 1861) and by the reaction of antimony or bismuth metal and a more reactive organometallic compound.

3. Trialkyl and triaryl antimony and bismuth compounds have also been prepared by the interaction of an alkyl or aryl halide with an alloy of Sb/Bi and an alkali metal (Associated head manufacturers and Lewis, 1961, Lowig and Schweizer, 1850, Yakubovich, et. al., 1950).
4. Diazomethane reacts with SbCl3 in C6H6 solvent with the formation of either tris (chloromethyl) stibine or chloromethyl dichlorostibine (Yakubovich, et. al., 1952, Foss, et. al., 1965 ).
5. Some interesting tertiary stibines (SbCH2CO2R)3 (R=ethyl; n-proplyl,  

    or n-butyl) have been obtained by passing a stream of ketone through a
    benzene solution of the corresponding trialkoxystibine (Ashe, 1978).

6. Derivatives with less electropositive metals can also be used for the
    preparation of organoantimony and organobismuth compounds 
    (Rheingold and Choudhury, 1977, Jutzi, et. al., 1975). 

CHAPTER -2
REVIEW OF LITERATURE 

2.1 SYNTHETIC ASPECTS
The organometallic compounds of group 15 elements are highly useful in all fields of chemistry and much work has been done in this field. In 1937 the first comprehensive monograph on organometallic chemistry "Die Chemieder Metallo-organischen Verbindungen" was published by E. Krause and A. Von Grosse (Krause; et. al., 1937) covering all the knowledge published till 1935. Later on the monographs covering general organometallics of arsenic, antimony and bismuth have been written by Dub  (Dub, 1968), Doak and Freedman (Doak, 1970), and Aylett (Aylett,  1979). In addition to this Cullen (Cullen, 1966) reviewed the organic chemistry of arsenic.

Because of the natural relationship between organometallic compounds of antimony and bismuth, most of the reviews, in general, and books on the chemistry of these elements deal together rather than individual as by Poller (Poller, 1979). In addition to the publications, there are some more specialized accounts in organometallic chemistry are their coordination chemistry (Minema and Nolts; 1971) heterocyclic derivatives (Mann, 1970) vibrational spectra of group (V) organometallics (Nakamoto, 1979) and the stereochemistry of organoarsensic, antimony and bismuth compounds (Yambuser and Sarin, 1979). A chapter on electronic spectra of organoantimony arsenic, and bismuth compounds was covered in Ramsey's book (Ramsay, 1969). In 1985, J.S. Thayer covers the biological applications of organometallics of group (V) element (Thayer, 1984).

Besides this, a nine, volume set of books edited by Wilkinson, Stone and Abel had appeared in 1982 which brings together a survey of entire body of research in organometallic chemistry for both the main group and transition elements in one place (Wilkinson, et.al., 1995) A similar set of volumes of books edited by the same workers again published in 1995 covering all the literature up to 1994. There are two useful dictionaries one each by Buckingham (Bukingham, et.al., 1984) and Macintyre (Macintyre, 1986) having some information on organometallic compounds of group 15 metal were published. A few aspects of organometallic chemistry of antimony have been covered by I. Haiduc and Zuckerman in "Basic organometallic chemistry" 
(Haiduc and Juckerman, 1985). The structural aspects of organoantimony and bismuth compounds have also been covered by A.F. Well  (Wells, 1984).

The information on organoantimony compounds has been included in the publications (Wardell, 1987 and Dove, et. al., 1988). The organometallic compounds of group 15 elements have been briefly discussed in the review articles on following subjects: Energetics organometallic species (Skinner and Connor, 1987), production of extra-pure organometallic compounds for the use in epitoxial preparation of semi conducting materials (Efremar, et. al., 1989), newer methods of arylation (Russel, 1987) and Mössbauer spectroscopy (Stevens, 1988).

The research advances of group 15 elements are individually surveyed in the "Journal of organometallic chemistry" on year to year basis and also discussed in "Gmelin Hand Book of Inorganic Chemistry". A review on synthetic applications of organoantimony compounds was published in 1992 (Samuelson, 1992). The organic derivatives of antimony have been published in two annual surveys of organometallic reagents in synthetic chemistry (Lickiss, 1991). The organic derivatives of arsenic, antimony and bismuth have been reviewed on the structure and biological activity of organometallics of group 15 elements (Mehrotra and Singh, 1991) and the chemistry of diphosphorous and their heavier congeners (Wardell, 1992).

Wolfsberger (Wolfsberger, 1991) wrote an interesting review on the preparation of tertiary phoshphines, arsines, stibines, and bismuthines. The organobismuth compounds were briefly mentioned in the reviews or annual surveys on the following subjects, organosilicon derivatives of phosphorous, arsenic, antimony and bismuth (Armitage, 1991), transition-metal based fluoro compounds containing carboxyl, phosphine, arsine, stibine and bismuthines (Doherty and Hoftman, 1991), reactions of metal carbonyl with group 15 ligands (Shorygin and Burshtein, 1991). The use of tertiary stibines as antimony sources for the growth of semiconductor materials (Weber, 1992, and Bruenig 1993). Organoantimony compounds are very briefly mentioned in review articles on organometallic aromaticity (Yamamoto and Asao, 1993) and on organometallic complexes of five membered heterocycles derivatives (Vahter, and Marafante, 1993). A review with over 47 references of the literature published in 1993 on organometallic chemistry of the group 15 elements has been appeared (Sadimenko, et. al., 1993). The annual developments are reviewed in the Royal Society of Chemistry special periodical report "Organometallic chemistry", which includes all the structure that have been determined by electron and X-Ray diffraction methods up to 1990 (Armitage, 1991). The periodical reports regularly cover the various aspects of group 15 organometallic compounds.

In recent years it was found that organobismuth compounds participated in organic synthesis (Rao, et. al., 2008, Chovancova, et. at., 2009, Dostal, et. al., 207, Kyne, et. al., 2010, El-Newehy, et. al., 2010, Saxena, et. al., 2009, Opris, et. al., 2009, Finet and  Fedorov,  2006 ), catalytic processes (Spafford, et. al., 2008, Khosropour, et. al., 2006, Zhang, et. al., 2011, Soran, et. al., 2010, Breunig, et. al., 2009, Zhang, et. al., 2009, Soran, et. al., 2007, Benjamin, et. al., 2011, Bao, et. al., 2011, Zhang, et. al., 2008, Jiang, et. al., 2006, Ooi, et. al., 2011, Rasmussen, et. al., 2006, Gagnon, et. al., 2007, Shimada, et. al., 2009, ) and even in the synthesis of materials (Caires, et. al., 2008, Wolf, et. al., 2008, Qiu, et. al., 2009,  2010, Zhang, et. al., 2010, Monakhov, et. al., 2011, Breunig, et. al., 2010, Sakurai, et. al., 2007, Sorenson, 2011, Zhou, et. al., 2010, Rao, et. al., 2009, 2010,). During the last five years the interest in organobismuth compounds and their applications promoted their development with a great step forward, and some remarkable progress had been achieved (Rao, et. al., 2010, Sato, et. al., 2007, Morisaki, et. al., 2006, Ikegai, et. al., 2006,  Imachi, et. al., 2011, Sakurai, et. al., 2008, Ollevier, et. al., 2009, Narsaiah, et. al., 2009, Kobayashi, et. al., 2005, Zeimentz, et. al., 2006). Application of organobismuth in C–C bond formations and asymmetric synthesis remain a tough job for future studies. Besides this, many reaction mechanisms for some special reactions with organobismuth are still not clarified (Qiu, et. al., 2010, Yin, et. al., 2008, 2009 ). Overall, the future is bright for the organobismuth compounds and we look forward to the great progress in this area of chemistry.
2.2 BIOMEDICINAL ASPECTS
It is now well known that metals have played an important role in medicine from so many years but people have only recently realized their significance in medical science in the treatment of various diseases. Metals have an enormous potential in medicines and their selection may offer the possibility for the discovery of new metal based drugs with novel mechanism of action. The importance of metal based drugs lies in the fact that they are essential components for various physico-chemical processes occurring in living system. The spectrum of the metal based drugs has been expanded as they have found their place among a class of potential biologically active compounds exhibiting antimicrobial, anti-inflammatory, cardiovascular, trypanosomal, anti-herpes and anti-tubercular along with the treatment of cancer and gastric disorders. It is to observe recently that metals can do better due to generation of reactive oxygen species, which help in the treatment of cancer and other acute diseases. Basically both, transition and non-transition help in the treatment of various infectious and acute diseases.

2.2.1 Organometallics of Group-15 elements as Antimicrobial


The discovery of synthetic arsenicals, "Salvarsan" in 1910 found as an effective medicine against syphilis, led to an extensive investigation on the synthesis and biological studies of organoarsenic compounds (Doak et. al., 1973). Later on in some reviews and books it was published that organometallic compounds of group 15 elements show higher activity against bacterial, fungal and viral strains of microorganisms (Ghannoum,  et. al., 1999). The organoantimony compounds also played an important role against the microorganisms. They proved highly effective against infections by Trypanosomes and Leishmanian organisms (Thayer, 1974, Christiansen, 1925, Sijpesteyn, 1969, Bernes, et. al., 1968). Some reports on the microbiological activity of organoantimony compounds have stated that most of them are toxic (Langer, 1970), but do not have a repetition as potential hazardous to those preparing them. It was found that the organoantimony (III) derivatives show important bactericidal and fungicidal activity (Varsanyl, et. al., 1972). The antifungal activity of organoantimony compounds has been studied by some workers (Nath, et. al., 1999 and Mazahir, et. al., 2000). A number of organoantimony (V) polyamines have been synthesized and biologically characterized as antibacterial and fungicidal agent (Charles, et. al., 2004), but the exact mechanisms of their action is unknown till date
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Fig. 2.1 Organoantimony (V) polyamines

2.2.2 Organobismuth compounds as Antimicrobials

The organobismuth compounds have attracted the attention owing to their microbiological and material utility (Sadler, et. al., 1991, Sun, et. al., 1997, Briand, et. al., 1999, Bierer, 1990, and Marshall, 1991) from more than 200 yrs. It was found that organobismuth compounds were active against the treatment of gastrointestinal disorders like dyspepsia, diarrhea and in peptic ulcers by inhibiting E. coli (Rambert, 1991, Gorbach, 1990, Baxter, 1992, Veldhuyzen, et. al., 1994, DuPont, et. al., 1990, Steffen, 1990, Brücher, et. al., 1990, Gryboski, et. al., 1990, Lambert, et. al., 1997).  A group of Japanese workers recently synthesized a series of organobismuth compounds which show potent antimicrobial activity against fungus and bacterial culture responsible for human pathogenic disease (Chiba, 2000). The salts of organobismuth compounds, such as colloidal bismuth subsalicylate (CBS), bismuth subcitrate (BSC) and ranitidine bismuth citrate (RBC) are now common for controlling bacterial and fungal infections (Elizabeth, et. al., 1999). The recent demonstrations has shown that these salts are useful for Helicobacter pylori eradication therapy (Helicobacter pylori is now well known for the formation of gastro intestinal ulcer in Human beings and organobismuth compounds are the only cure against this bacteria) (Murafuji, et. al., 2004, Dahlgren, et. al., 1999) and has promoted the antibacterial and antifungal studies of various organobismuth compounds (Hermann, et. al., 1991, Schilling, et. al., 1996, Ghannoum, et. al., 1999, Turel, et. al., 1998, Dominico, et. al., 1997, Stratton, et. al., 1999, Agoes, et. al., 1997, Agoes, et. al., 1996, Murafuji, et. al., 2000, Mahony, et. al., 1999). Some investigators have synthesized a lots of organobismuth compounds which might have highest antimicrobial activity (Asato, et. al., 1997, Diemer, et. al., 1995, Dittes, et. al., 1997, Pergo, et. al., 2000, Summers, et. al., 1994, Klapötke, 1987, Klapötke, 1988, Bieling, et. al., 1956, Gowich, et. al., 1987, Köpf-maier, et. al., 1988, Klapötke, 1988, Walker, 1928, Smith, et. al., 1998, Suzuki, et. al., 2001,).
2.2.3 Organometallics as Antitumor Drugs

The existence of relationships between tumor (cancer) and metal is well known to oncologists. However various aspects about these relationships are ignored by many workers. It is surprising to observe that metal are able to induce cancer and also to treat the cancer while some are able to perform both. It is known that almost all metals are able to generate reactive oxygen species, which extend for the treatment of cancer. Both transition and non-transition metals plays important role in the treatment of tumors.
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2.2.4 Transition Metal compounds as Antitumor Drugs
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In the category of transition metal; organoplatinum compounds were the first, which were used in the treatment of cancer. The common organoplatinum compounds are cisplatin, carboplatin, oxaliplatin and nedaplatin. The last three compounds of platinum are analogs of cisplatin (Domingo, 1994, and Rosenberg, et. al., 1965, and Kelland, et. al., 1993) . 
A. Cisplatin: [Cis-dichlorodiammine platinum (II)]                                                                                                  
Cisplatin was found active against testicular and ovary cancer and also in lungs, gall bladder, cervix, head and neck, esophageal cancer cell line. 
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B. Carboplatin: Carboplatin has low hematological toxicity in comparison to cisplatin and widely tested in a large number of tumor cell lines. It is found active against ovarian, head and neck, gall bladder, and in small cell lungs cancers (O'Dwyer, et. al., 2000, Go, et. al., 1999, Lebwohl, et. al., 1998, Lokich, et. al., 1998).  
C. Oxaliplatin: Because of its low toxicity and high efficacy than cisplatin, it gave very good results in ovarian, breast, head and neck and in acute blood cancer (Raymond, et. al., 1998). The best result to date has been obtained in the treatment of colon cancer. 
D. Nedaplatin: It is used for the cancer treatment because it produces better results than cisplatin in preclinical studies. It is generally used in the treatment of head and necks, testis, ovaries, lungs, esophageal, and cervical cancer (Cvitkovie, 1998).

E. Mechanism of action: These four platinum drugs are acts as pro-drugs and their hydrolysis is a key step in mechanisms of action. The product of double aquation forms the active metabolites.


         Fig. 2.5 Cis-diaminediaquoplatinum           Fig. 2.6 Diaminocyclohexanediaquoplatinum

The diaquo-platinum species reacted with amino group of proteins, RNA and DNA, forming the respective adducts, which appears to be associated with clinical activity. They generally reacted with the N-7 position of adenine and guanine and produces cross linking between bases in the same or in opposite strand (Levi, et. al., 2000) and mediated cytotoxcity by inhibiting DNA replication and transcription (Graham, et. al., 2000). The efficacy of platinum drugs against cancer cells could be related to inhibition of new DNA synthesis (Miset, 1998).

2.2.5 Non-platinum Organometallics as Antitumor Drugs


In past twenty years new metal complexes other than platinum have been explored for this wide spread disease. The first non platinum complex tested in clinical trials was cis-[(CH3CH2O)2 (bzac)2 Ti(IV)].
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Fig. 2.7 cis-[(CH3CH2O)2 (bzac)2 Ti(IV)]

This complex of titanium was used first against a variety of ascites and solid tumors (Caussanel, et. al., 1990, Sasaki, et. al., 1989, Sasaki, et. al., 1991, and Fichtinger-Schepman, et. al., 1998) such as Ehrlich ascites, Sarcoma-180 ascites tumor. Their marginal responses were found in leukemia p-388 and L-1210. The biomedicinal properties of transition metal organometallics compounds were not explored until 1979, when Kopf Maier and Kopf published the first metallocene with antitumor activity (Köpf, et. al., 1979).
A. Titanocene dichloride: It is the most effective organometallic compound, showing its best activity against colon, lungs and breast cancer cell line (Köpf-maier, 1994) in-vitro. In contrast to platinum complexes, titanocene dichloride showed no evidences of nephro and mylotoxicity (Köpf-maier, et. al., 1998, Köpf-maier, et. al., 1998, Berdel, et. al., 1994, Korfel, et. al., 1998, Luemmen, et. al., 1998, Christodoulou, et. al., 1998, Kröger, et. al., 2000, and Köpf-maier, et. al., 1993) . Because of their low toxicity this compound is presently in clinical trials (Köpf-maier, et. al., 1998, Harstrick, et. al., 1993, Kurbacher, et. al., 1994, 1995, Kurbacher, et. al., 1995, Christodoulou, et. al., 1988, Haisen, et. al., 1998, and FRiedrick, et. al., 1998). It was found that titanocene dichloride showed enhanced activity over cis-platin (Kuo, et. al., 1996) and cis-platin resistant ovarian carcinoma cell line (Yang, et. al., 1999, Rivera, et. al., 2000, and Yang, et. al., 1998).
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Fig. 2.8 Titanocene dichloride
B. Mechanism of action: The nucleic acids have been proposed to be the target site in the cellular system and the binding of titanium complexes with calf thymus DNA have been pursued by spectrophotometrically and fluorescence spectroscopy (Murray, et. al., 1994). The interaction of titanocene dichloride and a mixture of 5'-AMP and 5'-TMP have shown that the complex disrupts the hydrogen bonding of the A-T base pair, which suggested the part of antitumor activity (Djordjevitz, et. al., 1985). Titanocene dichloride may also inhibits the protein kinase-C, an enzyme responsible for cell proliferation (Harding, et. al., 2000), Human topoisomerase-II, an enzymes responsible for DNA replication (Aubrecht, et. al., 1999) and stops the cell proliferation.
2.2.6 Vanadium Compounds as Antitumor Drugs


The chemical composition and antitumor activity along with toxicity of the vanadium compounds play a significant role in controlling the various kinds of tumors (Guo, et. al., 2000). Vanadocene, containing vanadium (IV), belongs to the metallocenes class of antitumor agent (Köpf-maier, et. al., 1981) shows both in-vitro and in-vivo antitumor activity (Shi, et. al., 1992). The reduction of vanadium (V) to vanadium (IV) seems to regulate various cellular actions such as cytotoxic, cytostatic and some morphological effects (Bishayee, et. al., 1997, Chakraborty, et. al., 1994, and Cruz, et. al., 1995). The vanadium complexes are best effective against breast cancer, cell line (Faure, et. al., 1995).

A. Mechanism of action: Fluorescence activated cell sorting assessments shows that peroxovanadates block the G2-M transition state of the cell cycle in cancer cell line leading to significant reduction in growth of tumors (Chitamber, et. al., 1996). Vanadium compounds may also play important role in controlling cell proliferation via interaction with DNA. Vanadocene complex interact with DNA nucleotide phosphate group forming a liable outer sphere complex via a water group (Wang, et. al., 2000) and inhibits the cell proliferation.

2.2.7 Non-transition Organometallics as Antitumor Drugs


Not only transition metals but a series of non-transition metals complexes are known to possess antiproliferative activity.

A. Gallium Complexes as Antitumor Drugs


The anticancer properties of gallium compounds were first time reported in 1997 (Chitamber, et. al., 1997). The radioactive gallium67 and gallium68 show some prominent activity against bone marrow cancer (Collery, et. al., 2000). The new compounds of gallium maltolate, doxorubicin-gallium transferrin conjugate and tris (8-quinolinolato) gallium (III) shows interesting antiproliferative activity against tumor cell line (Desoize, et. al., 2000). 

B. Mechanism of action: Gallium compounds generally interact in trivalent state with the DNA molecules in aqueous solution under different pH conditions (Gielen, et. al., 1985). Gallium compounds bound to DNA phosphate forming a stable complex and acting as a competitor with magnesium for DNA binding. It has been found that the affinity of gallium for DNA is 100 times more than that of magnesium (Penninks, et. al., 1989). Gallium compound may inhibit the RNA-reductase and inhibits the replication of DNA therefore inhibiting the growth of cells (Ross, et. al., 1991 and Zhang, et. al., 1991).
2.2.8 Organotin Compounds as Antitumor Drugs


The first organotin compounds for which the antitumor activities were examined were formally similar to cisplatin (Silvestru, et. al., 1995, Gielen, et. al., 1993, Preut, et. al., 1990, Gielen, et. al., 1992) or to its analogous carboplatin and paraplatin (Gielen, et. al., 1992, 1993, and Arakawa, et. al., 1998). These compounds show borderline activities against leukemia P-388 and L-1210 (Boualam, et. al., 1991, and Meriem, et. al., 1989). Some diorganotin compounds, R2SnX2, were investigated in context of their antitumor activity (Gielen, et. al., 1987). The di-n-butyltin analogue of carboplatin was synthesized and screened against MCF-7 and WiDr tumor cell line of humans (Willem, et. al., 1999). Besides this, a series of organotin derivatives of carboxylic and dicarboxylic acids were synthesized (Gielen, et. al., 1997 and 1992) which show better efficacy. The organotin derivatives of pyridoxine and erythromycin were synthesized and tested against tumors cell line (Willem, et. al., 1997). Some triorganotin compounds were also found active against various tumors cell line (Attassi, 1985). The steroid based carboxylate series is one of the major early development in this area (Gielen, et. al., 1997). They appear to contain pronounced in-vitro antitumor activity (Gielen, et. al., 1993) but their solubility still remains drawbacks (Gielen, et. al., 1993) which affect the tumor activity. In order to make this kind of compounds more soluble in water a less complicated structure was designed which contains polar moieties (Gielen, et. al., 1993).
A. Water Soluble Organotin Compounds as Antitumor Drugs


The introduction of polar groups in the organotin molecules leads to some improvement in the solubility and in-vitro antitumor activity. Fluorine containing organotin compounds were synthesized to check the effect of compounds on tumor cell line (Ng, et. al., 1992 and Gielen, et. al., 1995). Fluorine containing compounds are more soluble in water and still soluble in non-polar solvents and have found useful application in tumor activity (Willem, et. al., 1992, 1993 and Ng, et. al., 1997). We can also increase the solubility by preparing some new organotin compounds (Shukla, et. al., 2009). The most recent development in the field of antitumor active organotin compounds has been achieved by the synthesis and screening of compounds containing polyoxaalkyl moiety (Casisi, et. al., 2001) which exhibit high antitumor activity.

[image: image5.wmf]O

O

S

n

O

S

n

S

n

O

S

n

O

O

R

R

B

u

B

u

O

O

R

B

u

B

u

B

u

B

u

B

u

B

u

O

O

R


Fig. 2.9  Organotin polyoxa-substituted carboxylates
B. Mechanism of action: The study of the interaction of organotin compounds with DNA was recently undertaken using NMR study (Jancso, et. al., 1999). At round pH-7, a very weak hardly detectable interaction is observed in contrast with the results found in the case of platinum. The interaction of DNA and DNA fragment with dimethyltin dichloride was also studied very recently (Tiekink, et. al., 2002). It was found that by affecting the DNA replication by interacting with it, they stop the growth of cell line.
2.2.9 Main Group Organometallics as Antitumor Drugs
 

It is well established that main group 15 organometallics viz., organoarsenic, organoantimony and organobismuth compounds play an important role in controlling the tumor growth.

A. Organoarsenic Compounds as Antitumor Drugs

It was reported that arsenic can induce the cancer and also used to treat the cancer that is it shows paradox behavior (Chapner, et. al., 1995). Arsenic is well known to its acute toxicity and it can induce the cancer. Although it does not seem to be a mutagen in-vivo, it interacts with DNA molecules. Arsenic exposure in certain animal modules and in human contributes to skin neoplasia by stimulation of several growth factors. Arsenic acts as a tumor promotion by modulating the signaling pathways which are responsible for cell growth. Arsenic induces chromosomal abnormalities and disruption of DNA methylation and repair systems. Arsenic induced oxidative stress with subsequent DNA damage which could explain its toxicity. By inducing the apoptosis, arsenic can eliminate transformed cells, which could protect organisms from cancer and possibly could be its mechanisms of action against tumors cells (Chapner, et. al., 1995).
B. Organoantimony Compounds as Antitumor Drugs


It was found recently that the organoantimony compounds in both of their +3 and +5 oxidation show pronounced antitumor activity against different types of tumor cell line and ascites tumor (Joesten, et. al., 1982).

C. Organoantimony (III) Compounds as Antitumor Drugs


The alkylating agent cyclophosphamide possesses significant antitumor activity in selected malignant neoplastic cells (Hu, et. al., 1995), and its 1:1 adduct formed with SbCl3 does not show significant activity against L-1210 leukemia and Ehrlich ascites tumor (Hu, et. al., 1997). A series of organoantimony (III) compounds with polydentate carboxylate has also been investigated for their antitumor potentiality (Silvestru, et. al., 1990, and Bara, et. al., 1991). Although, the full details are not yet to be published, but the preliminary results have indicated that coordination of antimony (III) by these ligands results in compounds having greater potency than that displayed by the uncoordinated ligands, indicating the importance of the presence of antimony (III) for the activity. Out of the metal ions investigated with ligands of this type, only organoantimony (III) species displayed the better activity (Socaciu, et. al., 1991). By the use of colorimetric methods, the cytotoxcity of organoantimony (III) compounds was examined in human promylocytic leukemia HL-60 cell line. After 24 hours exposure at concentration of 100, 10, and 1 mg/ml, inhibition of cell growth was 100, 70, and 18% respectively. The antitumor activity against mice inoculated with S-180 solid tumors show a reduction in tumor weight to 74% of the control values after 9 days has lapsed (Socaciu, et. al., 1991). It was noticed that the fore mentioned antimony (III) compounds have Sb-O and/or Sb-N bonds, but the next class of compound described have Sb-S bonds. The most studied antimony (III) compounds in the context of antitumor activity are organometallic compounds having Sb-C bonds (Keppler, et. al., 1994). 

Early work on organoantimony (III) both in-vitro and in-vivo showed that these compounds were more active than their organotin congeners and the compound Ph2Sb(S2P(O'Pr)2 was more active than the Ph2Sb(S2Ph2) against Ehrlich ascites tumor. Three of the four antimony (III) compounds were found to have marginal activity. The compound Ph2Sb(S2(O'Pr)2) was found most active but increased doses were associated with increased toxicity (Socaciu, et. al., 1994). A subsequent study showed that both the above compounds had mutagenic potential with Ph2Sb(O1Pr)2S2P) having the higher effect (Jasmin, et. al., 1974). Not only molecular compounds the minerals derivatives of tungustic heteropolyanion when incorporated with antimony are known to posses some antitumor activity in addition to their known antiviral activity (Lorincol, et. al., 1981, Ono, et. al., 1988 and Müller, et. al., 1998). The reported toxicity of Sb2O3 not withstanding and reported to offer therapeutic benefits to patients with acute promylocytic leukemia (Shen, et. al., 1997). The study of potential of the Sb2O3 in this regards is motivated by the known activity of As2O3 (Naredi, et. al., 1994) which is normally regarded as poison; as Sb2O3 is less toxic to As2O3. The cross resistance of this compound and cisplatin in a human ovarian carcinoma (Naredi, et. al., 1994, Naredi, et. al., 1995 and Haber, et. al., 1999) and other human cell line (Vernhet, et. al., 1999) has been demonstrated and the results suggesting that these complexes share a common mechanisms of resistance due to an accumulation defect. The recent studies indicated that this compound is implicated in over expression of the multi-drug resistance associated protein (MRP), which is a drug export pump (Silvestru, et. al., 1995 and Siegmann-Louda, et. al., 2003). This is a possible mechanism by which human cells can avoid the cytotoxic effect of heavy metals administered as drugs.
D. Organoantimony (V) Compounds as antitumor Drugs

There are about two reports available on the cytotoxicity of organoantimony (V) compounds. A number of organoantimony (V) compound of polyamines were described as effective against various kinds of tumor cell line (Sun, et. al., 1997).
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Fig. 2.10 Organoantimony (V) polyamines
It was found that the product from triphenylantimony dichloride and cephalexin shows good antiproliferative activity against tumor cell line (Sadler, et. al., 1999). All these compounds show some inhibition and the assays showed that increased inhibition is associated with increased doses. 
The organoantimony (V) compounds studied for cytotoxicity are monomeric species of the general formula R3Sb(O2CC6H3–2-OH-5-Y)2 where R = Me or Ph, and Y = H, Me or OMe (Hermann, et. al., 1991). Screening against a variety of human tumor cell lines showed that these species had no significant activity and their study was not further pursued.

2.2.10 Organobismuth Compounds as Antitumor Drugs


The synergic administration of cis-platin and bismuth compounds are known to reduce the toxic side effects of cis-platin; an effect that may be traced to the increased production of metallothionein induced by bismuth compounds (Asato, et. al., 1991, 1992 and 1993). The (-particle emitting bismuth compounds shows potential as radio therapeutic agents (Asato, et. al., 1995, Skinner, et. al., 1978 and Alongo, et. al., 1984). The organobismuth compounds are extremely potent cytotoxic agent when attached to a monoclonal antibody as these can target leukemia, lymphoma and other tumors (Naganuma, et. al., 1987). Against this Background, it is perhaps a little surprising that there have been relatively less studied on the antitumor activity of bismuth compounds. The other studies reported the cytotoxicity and antitumor activity of a range of bismuth compounds including organobismuth compounds. It was postulated that activity might be related to partially hydrolysed species and therefore the inactive Ph3Bi could be traced to its insolubility in aqueous solution (Willis; et. al., 1956).

2.2.11 Organobismuth Compounds as Gastroprotective Agents

Bismuth therapy has shown efficacy against two major gastrointestinal disorders that is peptic ulcer disease and diarrhea (Zhou, et. al., 2010, Rao, et. al., 2009,2010). In peptic ulcer disease it is as effective as the H2-receptor antagonists and offers a lower rate of relapse. In recent studies, bismuth compounds have been used with conventional antibiotics, producing elimination of the organism, histological improvement, and amelioration of symptoms for periods longer than one year (Brogan, et. al., 2005, Kotani, et. al., 2005 and Chen, et. al., 2006). Bismuth subsalicylate has shown modest efficacy in treating traveler's diarrhea and acute and chronic diarrhea in children and it is effective prophylactically for traveler's diarrhea (Beales, 2001 and Panatarotto, et. al., 2003)
                             CHAPTER -3        
     
MATRERIALS AND METHODS 
This chapter describes the various sources from which required materials were obtained and also deals with the methods used for synthesizing those compounds which were not commercially available.

Generally, the compounds have been prepared by the standard methods given in the literature (Vogel, 1971, Olifirenko, 1965, Harris, 1948, Challenger, et. al., 1924, Field, et. al., 1964 and Chatt, et. al., 1940) and were purified by repeated crystallization or fractional distillation. Stringent precautions were taken to exclude air and moisture wherever necessary. Commercial samples were dried in vaccum and purified before use, except those of A.R. grade. 

3.1 MATERIALS

Particulars of the solvents and related materials employed during the course of the present investigation are given below.

A. Solvents: 

Ranbaxy, E. Merk, and Qualigens solvents were purified wherever required and dried by normal methods before use (Vogel, 1971).

B. Metallic Halides: 

Stannic chloride (spectrochem), anhydrous bismuth trichloride (Fluka), and anhydrous aluminum trichloride (Fluka) were used as such without further purification.

C. Organic Halides: 

Chlorobenzene, bromobenzene, p-chlorotoluene, p-bromotoluene, pentafluorobromobenzene were used as such.

D. Metallic salts: 

Sodium tetrafluoroborate (Lobacheme), sodium tetraphenyborate, silver nitrate (E-Merk), sodium azide (Fluka), ammonium thiocyanate (A.R. Grade) were used as such.

E. Triethylamine: 

[Qualigens (A.R. Grade)] was dried over potassium hydroxide before use.

F. Carboxylic acids: 

Acetic acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, (fluka/aldrich) were used as such.

G. Halogens: 

Iodine (Rhodia) was sublimed before use, Bromine (E. Merk) was used as such and chlorine was prepared in laboratory by standard procedure.

H. Metals

a. Sodium: 

Freshly cut sodium metal (E-Merk) in the form of wire used in Wurtz reaction and for drying hydrocarbons and ether solvents.

b. Magnesium: 

Magnesium turnings (Grignard Grade (E-Merk) were used as such)

I. Imides: 

Phthalimide, succinimide, (Fluka/Aldrich) were used as such.

J. Bacterial Culture: 

Three kinds of bacterial culture (Pseudomonas aeruginosa, Staphylococcus aerus and Klebsiela pneumonia) were used as such available from Institute of Microbial Technology, Chandigarh. 

K. Fungus Culture: 

Two kinds of Fungal Culture (Aspergillus flavus and Aspergillus nigar) were used as such available from Institute of Microbial Technology, Chandigarh.

L. Pharmacological Studies:

Antitumor, anti-inflammatory and gastroprotective studies of the synthesized compounds were performed in Hygia Institute of Pharmaceutical Education and Research, Lucknow where our group work by mutual consent. 
3.2 ORGANOMETALLIC DERIVATIVES

A brief account of the reactions along with the method of preparation of some of the representative compounds described and can be classifieds under the following heads.

A. Wurtz-Fittig reaction

It is one of the most frequently employed reactions for the preparation of a large number of organometallic compounds. This reaction generally involves the use of metal halides, viz. metal trichloride and organic halides in the presence of sodium metal in dried benzene solvents. The success of this method depends on the large surface area of the sodium metal. The formation of compounds can be represented as follows:-


nR–X + 2nNa + MXn ( RnM + 2nNaX.


n = Oxidation state of metal employed. 

In the present work this reaction has been employed for synthesizing triphenylbismuth.

B. Triphenylbismuth


A solution of bismuth trichloride (0.1mol) and bromobenzene (0.1mol) in benzene (200 ml) was added drop wise to a boiling suspension of sodium (0.6mol) in the same solvent (300 ml). The reaction mixture was refluxed for 4 hr with occasional shaking and then filtered hot. The residue was extracted twice with hot benzene. The solvent was completely distilled off and the remaining residue was recrystallised from alcohol/pet-ether (60-80o) mixture.

Yield - (70%)

C. Grignard reaction

Normally Grignard reagent (R-Mg-X) is prepared by the slow addition of organic halides to a stirred solution of metallic magnesium turnings in ethyl ether as solvent, a vigorous reaction takes place (activation by etching with a crystals of iodine which form MgI, a good drying agent for the traces of moisture or merely by stirring the metal under nitrogen is sometimes necessary).


The solution turns cloudy, begins to boil, and the magnesium metal gradually disappears. The resulting solution is known as Grignard Reagent. It has general formula, R–Mg–X, in which carbon-magnesium bond is essentially ionic. Grignard reagent undergoes unsymmetrical cleavage of C-Mg bond to form carbanions.
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The carbanions (R–:) undergoes different reactions, to yield tris (pentafluorophenyl) bismuth, tris (p-fluorophenyl) bismuth etc.

D. Tris (Pentafluorophenyl) bismuth


Pentafluorobromobenzene (0.05mol) dissolved in dry ether was added drop wise to Mg, turnings (0.5mol) at 0oC. The resulting Grignard solution was cooled to –10oC and BiCl3 (0.01mol) dissolved in dry ether, slowly added with constant stirring. The mixture was stirred for a hour at room temperature and subsequently refluxed for one hour more. The mixture then cooled at 0oC and treated with ice water containing NH4Cl and subsequently followed by the addition of 4 N HCl (1ml) and stirred to make the solution acidic. The ethereal layer was separated and dried over Na2SO4 and evaporated to give tris (pentafluorophenyl) bismuth.

The brownish layer was extracted with chloroform and in usual way it gave another crop of tris (pentafluorophenyl) bismuth.

Yield ( (60%)

E. Redistribution reactions
This reaction involves the use of metal halides and an organometallic compound in presence of or in absence of an appropriate solvent. The formation of the compounds can be represented in the form of equation shown below.


R3Bi + 2BiCl3
(
3RBiCl2

2R3Bi + BiCl3
(
3R2BiCl

This kind of reaction has been employed for the synthesis of monoorganobismuth (III) dichloride and diorganobismuth (III) chloride.
3.2.1 Preparation of Phenylbismuth (III) dichloride

Bismuth trichloride (0.01mol) and triphenylbismuth (0.05mol) are rapidly liquefied and redistribution is completed in about three hour at 25oC. The pale yellow viscous oil of the product was recrystallised from either dichloromethane or diethylether or the mixture of both (Nunn, et. al., 1983).
3.2.2 Preparation of Diphenylbismuth (III) chloride


Triphenylbismuth (2 mmol) and bismuth trichloride (1 mmol) on mixing followed by shaking are rapidly liquefied and redistribution was completed in about three hour at 25oC. The pale yellow viscous oil of the compound was crystallized from dichloromethane and diethyl ether (Nunn, et. al., 1983).

3.2.3 Preparation of (Pentafluorophenyl) bismuth (III) dichloride


Bismuth trichloride (2mmol) and tris (pentafluorophenyl) bismuth (1mmol) were heated at about 60-70oC in absence of solvent for about three hours. Cooling yielded white crystals, which on recrystallization from dichloromethane gave the pure product (Goldard, et. al., 1928 and Freedman, et. al., 1976).

3.2.4 Preparation of Bis (pentafluorophenyl) bismuth (III) chloride


Tris (pentafluorophenyl) bismuth (2 mmol) and bismuth trichloride (1mmol) on mixing followed by shaking are rapidly liquefied and redistribution was completed in about three hour at 25oC. The off white colour viscous oil of the compound was crystallized from dichloromethane and diethyl ether (Nunn, et. al., 1983).

3.2.5 Preparation of (p-fluorophenyl) bismuth (III) dichloride


Bismuth trichloride (2mmol) and tris (p-fluorophenyl) bismuth (1mmol) were heated at about 60-70oC in absence of solvent for about three hours. Cooling yielded off white crystals, which on recrystallization from dichloromethane gave the pure product (Goldard, et. al., 1928).

3.2.6 Preparation of Bis (p-fluorophenyl) bismuth (III) chloride


Tris (p-fluorophenyl) bismuth (2mmol) and bismuth trichloride (1mmol) on mixing followed by shaking are rapidly liquefied and redistribution was completed in about three hour at 25oC. The off white colour viscous oil of the compound was crystallized from dichloromethane and diethyl ether (Freedman, et. al., 1976).

CHAPTER-4
ORGANOBISMUTH(III) AMIDES
Despite a voluminous work appearing in the literature concerning the synthesis and characterization of partially and fully halophenyl substituted group 15 organometallics (M = As, Sb and Bi), the studies are mainly centered on antimony compounds (Nath, et. al., 2004, Collery, et. al., 1992, Tyagi, et. al., 2004, Tiekink, 2002 and Socacin, et. al., 1991). Organobismuth compounds have assumed pharmaceutical and biological significance in recent years, a tradition maintained over a period of 250 years, because they are non-toxic, biodegradable and are easily excreted from the body system. It may be noted that inorganic bismuth compounds e.g. bismuth subsalicylate, bismuth subcitrate and bismuth subcarbonate have been used for a long period to the  treatment of gastro entities, peptic ulcer and duodenal illness and frequently administered for stomach related ailments despite the prevalence of so many antibiotics (Socaciu, et. al., 1994, Ying, et. al., 2002, Charles, et. al., 2004, Li, et. al., 2002, Lin, et. al., 2002, Gielen, et. al., 1997, Doak, et. al., 1983, Wieber, et. al., 1978 and Hall, et. al., 1986). The medicinal importance of organobismuth compounds due to their non-toxic nature coupled with the paucity of data in this field prompted the author to undertake a systematic study on fully and partially fluoro substituted phenylbismuth (III) compounds. The introduction of fluoro group in the organic moieties bound to the metal atom or in the ligand is known to enhance both hydrophilicity and lipophilicity and thereby make them better biological activity (Wieber, et. al., 1985, Gupta, et. al., 1985). The present chapter describes the synthesis and characterization of some mono and diorganobismuth (III) amides for their biomedicinal aspects which was an untouched area till date. 

4.1 EXPERIMENTAL

The synthesis of mono and diorganobismuth (III) amides was performed in laboratory with the help of earlier reported methods (Tiwari, et. al., 2010), using following reactions.

R3Bi + BiCl3 


[image: image9.wmf]¾

¾

®

¾

Neat


     R2BiCl

            R2BiCl +HL             
[image: image10.wmf]¾

¾

®

¾

N

3

Et

    
R2BiL + Et3N.HCl

             R3Bi + BiCl3 


[image: image11.wmf]¾

¾

®

¾

Neat


      
RBiCl2
              RBiCl2 + 2HL        
[image: image12.wmf]¾

¾

®

¾

N

3

Et

2

      
RBiL2 + 2Et3N.HCl

R = [C6H5; C6F5; p-FC6H4]

HL = [Succinimide and Phthallimide]  

The synthesis of some representative compounds is as follows.

4.1.1 Reaction of (C6H5)2BiCl with Succinimide  

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (0.398gm; 1mmol) in benzene and succinimide (0.099gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C) which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

4.1.2 Reaction of (C6H5)2BiCl with Phthalimide 


Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (0.398gm; 1mmol) in benzene and phthalimide (0.147gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C) was filtered off and filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

4.1.3 Reaction of (C6F5)2BiCl with Succinimide 
In nitrogen atmosphere the solution of bis (pentafluorophenyl)bismuth (III) chloride (0.578gm; 1mmol) in benzene and succinimide (0.099gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C) was filtered off and filtrate on evaporation in vacuum gives an off -white colour crystalline solid mass which was further recrystallised in pet-ether.
4.1.4 Reaction of (C6F5)2BiCl with Phthalimide 
In nitrogen atmosphere, a solution of bis (pentafluorophenyl)bismuth (III) chloride (0.578gm; 1mmol) in benzene and phthalimide (0.147gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off white color Et3N.HCl was formed (M.P. =240°C) which was filtered off and filtrate on evaporation in vacuum gives an off- white colour crystalline solid mass which was further recrystallised in pet-ether.

4.1.5 Reaction of (C6H4F)2BiCl with Succinimide


In an oxygen free nitrogen atmosphere a solution of bis(p-fluorophenyl)bismuth (III) chloride (0.434gm; 1mmol) in benzene and succinimide (0.099gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C) was filtered off and the filtrate on evaporation in vacuum gives an off-white colour crystalline solid mass which was further recrystallised in pet-ether.

4.1.6 Reaction of (C6H4F)2BiCl with Phthalimide


In an oxygen free nitrogen atmosphere, solution of bis(p-fluorophenyl)bismuth (III) chloride (0.434gm; 1mmol) in benzene and phthalimide (0.147gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C) was filtered off and filtrate on evaporation in vacuum gives an off-white colour crystalline solid mass which was further recrystallised in pet-ether.

4.1.7 Reaction of (C6H5)BiCl2 with Succinimide 

Under nitrogen atmosphere, solution of phenylbismuth (III) dichloride (0.357gm; 1mmol) in benzene and succinimide (0.198gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.
4.1.8 Reaction of (C6H5)BiCl2 with Phthalimide


Under nitrogen atmosphere, solution of phenylbismuth (III) dichloride (0.357gm; 1mmol) in benzene and phthalimide (0.294gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

4.1.9 Reaction of (C6F5)BiCl2 with Succinimide 
In nitrogen atmosphere the solution of pentafluorophenylbismuth (III) dichloride (0.447gm;1mmol) in benzene and succinimide (0.198gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C) was filtered off and filtrate on evaporation in vacuum gives an off -white colour crystalline solid mass which was further recrystallised in pet-ether.

4.1.10 Reaction of (C6F5)BiCl2 with Phthalimide 
In nitrogen atmosphere, a solution of pentafluorophenylbismuth (III) dichloride (0.447gm; 1mmol) in benzene and phthalimide (0.294gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and filtrate on evaporation in vacuum gives an off- white colour crystalline solid mass which was further recrystallised in pet-ether.

4.1.11 Reaction of (C6H4F)BiCl2 with Succinimide


 Under nitrogen atmosphere a solution of (p-fluorophenyl)bismuth (III) dichloride (0.375gm;1mmol) in benzene and succinimide (0.198gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and the filtrate on evaporation in vacuum gives an off-white colour crystalline solid mass which was further recrystallised in pet-ether.
4.1.12 Reaction of (C6H4F)BiCl2 with Phthalimide


In an oxygen free nitrogen atmosphere, a solution of (p-fluorophenyl) bismuth (III) dichloride (0.375gm; 1mmol) in benzene and phthalimide (0.294gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white colour crystalline solid mass which was further recrystallised in pet-ether.
4.2 RESULTS AND DISCUSSION

All the newly synthesized organobismuth amides were crystalline solids, air stable and soluble in common organic solvents. The compounds were further characterized by their melting points and analytical techniques such as elemental analysis, infrared and NMR spectroscopy to ascertain their structures and explore their biological properties. The new compounds have sharp melting points and posses pyramidal structure as per results obtained by further analysis.

4.2.1 IR and NMR Spectral Analysis

The IR spectra of new organobismuth compounds were recorded in Perkin–Elmer spectrophotometer in 4000-200 cm-1range. The IR spectra of compound show absorption bands due to phenyl, p-fluorophenyl and pentafluorophenyl groups. The absorption frequencies due to carbonyl group in amide have been fully assigned. The Bi-C vibration in case of phenyl and pentafluorophenyl derivatives corresponding to the y mode appears in the range of 448-460 cm-1. The IR data suggested a bidentate coordination mode of the amide ligands in case of compounds1to 6 and monodentate as in case of compounds7 to 12 respectively. The 1HNMR spectra of the representative of organobismuth compounds showed a multiplet in the range δ7.82ppm to δ 8.12ppm which could be assigned to aromatic protons. The 19FNMR spectra of the compound was carried out at room temperature and the compounds showed peaks appearing in the range of -108.30ppm to -112.30ppm and is consistent with the presence of p-fluorophenyl groups. Thus on the basis of above discussions the newly synthesized organobismuth (III) compounds assigned a pyramidal structure.
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 Table 4.1 Physicochemical properties of organobismuth(III) amides
	S.N.
	Compounds
	Formula
	Formula Weight
	M.P.

(◦C)
	Yield 

(%)
	Solvent 

	1
	(C6H5)2Bi(succinimide)
	C16H14O2NBi
	461
	77
	65
	Pet-ether

(40-60 ºC)

	2
	(C6H5)2Bi(phthalimide)
	C20H14O2NBi
	509
	70
	65
	Pet-ether

(40-60 ºC)

	3
	(C6F5)2Bi(succinimide)
	C16F10H4O2NBi
	641
	75
	70
	Pet-ether

(60-80 ºC)

	4
	(C6F5)2Bi(phthalimide)
	C20F10H4O2NBi
	689
	68
	65
	Pet-ether

(40-60 ºC)

	5
	(C6H4F)2Bi(succinimide)
	C16F2H12O2NBi
	497
	65
	60
	Pet-ether

(60-80 ºC)

	6
	(C6H4F)2Bi(phthalimide)
	C20F2H12O2NBi
	545
	62
	70
	Pet-ether

(40-60 ºC)

	7
	(C6H5)Bi(succinimide)2
	C14H13O4N2Bi
	482
	65
	66
	Pet-ether

(40-60 ºC)

	8
	(C6H5)Bi(phthalimide)2
	C22H13O4N2Bi
	578
	59
	62
	Pet-ether

(40-60 ºC)

	9
	(C6F5)Bi(succinimide)2
	C14F5H8O4N2Bi
	572
	62
	68
	Pet-ether

(60-80 ºC)

	10
	(C6F5)Bi(phthalimide)2
	C22F5H8O4N2Bi
	668
	60
	64
	Pet-ether

(40-60 ºC)

	11
	(C6H4F)Bi(succinimide)2
	C14FH12O4N2Bi
	500
	56
	65
	Pet-ether

(60-80 ºC)

	12
	(C6H4F)Bi(phthalimide)2
	C22FH12O4N2Bi
	596
	58
	70
	Pet-ether

(40-60 ºC)


Table 4.2 Analytical data of organobismuth (III) amides 

	S.N.
	Molecular Formula
	  Elemental Analysis
	IR (cm-1  )

	
	
	C

(%)
	H

(%)
	N

(%)
	νasym(CO)
	νsym(CO)

	1
	C16H14O2NBi
	41.64
	3.03
	3.03
	1706 vs
	1308ms

	2
	C20H14O2NBi
	47.15
	2.75
	2.75
	1758vs
	1354ms

	3
	C16F10H4O2NBi
	29.95
	0.62
	2.18
	1726ms
	1326ms

	4
	C20F10H4O2NBi
	34.83
	0.58
	2.03
	1729vs
	1329ms

	5
	C16F2H12O2NBi
	38.63
	2.41
	2.81
	1732vs
	1332ms

	6
	C20F2H12O2NBi
	44.03
	2.20
	2.56
	1740ms
	1338ms

	7
	C14H13O4N2Bi
	34.85
	2.69
	5.80
	1758vs
	1354ms

	8
	C22H13O4N2Bi
	45.67
	2.25
	4.84
	1750vs
	1350ms

	9
	C14F5H8O4N2Bi
	29.37
	1.40
	4.90
	1725ms
	1325ms

	10
	C22F5H8O4N2Bi
	39.52
	1.20
	4.19
	1724vs
	1324ms

	11
	C14FH12O4N2Bi
	33.60
	2.40
	5.60
	1730vs
	1330ms

	12
	C22FH12O4N2Bi
	44.29
	2.01
	4.69
	1732ms
	1332ms


CHAPTER-5
ORGANOBISMUTH(III)ARYLOXYACETATES
The acetates in organic derivatives of group 15 elements could behave as monodentate, bidentate or as bridging ligands depending on the oxidation state (+3 or +5); physical state of the compound (solid or solution) and the various substituents present on the acetate group itself (Thayer, 1974, Doak, et. al., 1973, Christiansen, et. al., 1925, Sijpesteya, et. al., 1969, Bernes, et. al., 1968, Langer, 1970, Varsanyl, et. al., 1972, Norbury, et. al., 1975, Ham, et. al., 1960 and Lieber, et. al., 1956). It has been found that major influences in determining mode of bonding, geometry and stability of the acetate system in general are the absence of ligand atom trans to an organic group; the preservation of the preferred angle of 120° at bounded oxygen atom and  maximizing of secondary bonding via a bridging for acetate. Another important group of ligand which has not attracted much attention, but closely resembles to carboxylates is aryloxyacetates. However unlike acetate, aryloxyacetates has one extra donor site i.e. Ax-O-, in addition to the -C=O functionality. It is noteworthy that despite such a great variety of structural possibilities, as discussed above exhibited by organometallic  carboxylates and by the variety of metals for which such derivatives have been synthesized, corresponding aryloxyacetates are mainly confirmed to transition metal derivatives (Mitchell, et. al., 1960) with an occasional reference on organotin and organoantimony (Caldow, et. al., 1958) derivatives. A perusal of the literature further reveals that the complexes of aryloxyacetic acids in case of organotin possess intramolecular O--->Sn coordination; particularly for alkyl tin derivatives and the compounds are monomeric in solid state. In sharp contrast to this triaryltin derivatives having pentacoordination, were found to be polymeric with bridging carboxylic group (Ham, et. al., 1960, Cummins, et. al., 1964, Sabatini, et. al., 1965, Clark, et. al., 1965, Bertazzi, et. al., 1972, Aynseley, et. al., 1966 and Thayer, et. al., 1967). On the basis of ultraviolet and infrared spectra it has been concluded that aryloxyacetate behave as monodentate ligand towards bismuth. The principal objective of this work was to synthesize and characterized biomedicinaly unreported organobismuth (III) aryloxyacetate derivatives; to investigate the role of ethereal oxygen of aryloxyacetate group i.e. whether it participates in bonding or not and thus raising the coordination number of bismuth(III) beyond three; to ascertain the mode of bonding of aryloxyacetate group towards bismuth i.e. whether the acetate group (s) acts as monodentate or bidentate group or as a both; to compare and contrast the behavior of aryloxyacetate ligand with that of acetate and to evaluate the newly synthesized organobismuth compounds for their biomedicinal importance against various pathogenic diseases.
5.1 EXPERIMENTAL
The diorganobismuth (III) chloride, R2BiCl and organobismuth (III) dichloride, RBiCl2 was prepared by the redistribution reaction as given in chapter-3 of this thesis in details. The syntheses of some representative compounds are as follows. 

5.1.1 Reaction of (C6H5)2Bi(III)Cl with (C6H5OCH2COOH) 

In the stirring solution of diphenylbismuth(III)chloride (0.398gm;1mmol), phenoxyacetic acid (0.152gm;1mmol) was added in presence of triethylamine (1 ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration gave a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.2 Reaction of (C6H5)2Bi(III)Cl with (p-CH3C6H4OCH2COOH)

In the stirring solution of diphenylbismuth(III)chloride (0.398gm;1mmol), p-methyl phenoxyacetic acid (0.166gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen atmosphere for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.3 Reaction of (C6H5)2Bi(III)Cl with (p-ClC6H4OCH2COOH) 

In the stirring solution of diphenylbismuth(III)chloride (0.398gm;1mmol), p-chloro phenoxyacetic acid (0.186gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen atmosphere for 6h, followed by refluxing for 2h to ensure completion of the reaction. A white colour precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off and the filtrate on concentration in vaccum afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).
5.1.4 Reaction of (C6F5)2Bi(III)Cl with (C6H5OCH2COOH)

In the stirring solution of bis(pentafluorophenyl)bismuth(III)chloride (0.578gm;1mmol), phenoxyacetic acid (0.152gm;1mmol) was added in presence of triethylamine (1 ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration gave a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.5 Reaction of (C6F5)2Bi(III)Cl with (p-CH3C6H4OCH2COOH)

In the stirring solution of bis(pentafluorophenyl)bismuth(III)chloride (0.578gm;1mmol), p-methyl phenoxyacetic acid (0.166gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.6 Reaction of (C6F5)2Bi(III)Cl with (p-ClC6H4OCH2COOH)

In the stirring solution of bis(pentafluorophenyl)bismuth(III)chloride (0.578gm;1mmol), p-chloro phenoxyacetic acid (0.186gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A white colour precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off and the filtrate on concentration in vaccum afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.7 Reaction of (p-FC6H4)2Bi(III)Cl with (C6H5OCH2COOH) 

In the stirring solution of bis(p-fluorophenyl)bismuth(III)chloride (0.434gm;1mmol), phenoxyacetic acid (0.152gm;1mmol) was added in presence of triethylamine (1 ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration gave a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.8 Reaction of (p-FC6H4)2Bi(III)Cl with (p-CH3C6H4OCH2COOH)

In the stirring solution of bis(p-fluorophenyl)bismuth(III)chloride (0.434gm;1mmol), p-methyl phenoxyacetic acid (0.166gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.9 Reaction of (p-FC6H4)2Bi(III)Cl with (p-ClC6H4OCH2COOH)

In the stirring solution of bis(p-fluorophenyl)bismuth(III)chloride (0.434gm;1mmol), p-chloro phenoxyacetic acid (0.186gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A white colour precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off and the filtrate on concentration in vaccum afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.10 Reaction of (C6H5)Bi(III)Cl2 with (C6H5OCH2COOH) 

In the stirring solution of phenylbismuth(III)dichloride (0.357gm;1mmol), phenoxyacetic acid (0.304gm;2mmol) was added in presence of triethylamine (1 ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3H.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration gave a light brown solid which was recrystallised by petroleum ether (40°-60°C).
5.1.11 Reaction of (C6H5)Bi(III)Cl2 with (p-CH3C6H4OCH2COOH) 

In the stirring solution of phenylbismuth(III)dichloride (0.357gm;1mmol), p-methyl phenoxyacetic acid (0.332gm;2mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.12 Reaction of (C6H5)Bi(III)Cl2 with (p-ClC6H4OCH2COOH)

In the stirring solution of phenylbismuth(III)dichloride (0.357gm;1mmol), p-chloro phenoxyacetic acid (0.372gm;2mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A white colour precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off and the filtrate on concentration in vaccum afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.13 Reaction of (C6F5)Bi(III)Cl2 with (C6H5OCH2COOH)

In the stirring solution of (pentafluorophenyl)bismuth(III)dichloride (0.447gm;1mmol), phenoxyacetic acid (0.302gm;2mmol) was added in presence of triethylamine (1 ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration gave a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.14 Reaction of (C6F5)Bi(III)Cl2 with (p-CH3C6H4OCH2COOH)

In the stirring solution of (pentafluorophenyl)bismuth(III)dichloride (0.447gm;1mmol), p-methyl phenoxyacetic acid (0.332gm;2mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).
5.1.15 Reaction of (C6F5)Bi(III)Cl2 with (p-ClC6H4OCH2COOH) 

In the stirring solution of (pentafluorophenyl)bismuth(III)dichloride (0.447gm;1mmol), p-chloro phenoxyacetic acid (0.372gm;2mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A white colour precipitate of Et3H.HCl (M.P.240°C) was formed which was filtered off and the filtrate on concentration in vaccum afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.16 Reaction of (p-FC6H4)Bi(III)Cl2 with (C6H5OCH2COOH)

In the stirring solution of (p-fluorophenyl)bismuth(III)dichloride (0.375gm;1mmol), phenoxyacetic acid (0.304gm;2mmol) was added in presence of triethylamine (1 ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration gave a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.17 Reaction of (p-FC6H4)Bi(III)Cl2 with (p-CH3C6H4OCH2COOH)

In the stirring solution of (p-fluorophenyl)bismuth(III)dichloride (0.375gm;1mmol), p-methyl phenoxyacetic acid (0.332gm;2mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A flocculent white precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off. The filtrate on concentration afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).

5.1.18 Reaction of (p-FC6H4)Bi(III)Cl2 with (p-ClC6H4OCH2COOH)

In the stirring solution of (p-fluorophenyl)bismuth(III)dichloride (0.375gm;1mmol), p-chloro phenoxyacetic acid (0.372gm;1mmol) was added in presence of triethylamine (1ml) in benzene and was stirred in anhydrous oxygen free, nitrogen conditions for 6h, followed by refluxing for 2h to ensure completion of the reaction. A white colour precipitate of Et3N.HCl (M.P.240°C) was formed which was filtered off and the filtrate on concentration in vaccum afforded a light brown solid which was recrystallised by petroleum ether (40°-60°C).
5.2 RESULTS AND DISCUSSION

All the reactions were conducted at room temperature and the products were recrystallised from petroleum ether (40-60°C) or in benzene. The complexes are off-white to light brown solids and obtained as a sticky mass which on treatment with sodium in dry benzene gets solidified and subsequently crystallized with benzene/pet-ether. The complexes are fairly stable on air and moisture and have sharp melting point. There is no regular trend of the melting point of the complexes and they melt without decomposition. Complexes are also soluble in chloroform and acetonitrile. They can be stored at room temperature without decomposition for several weeks. The consistency in melting points after repeated crystallization as well as TLC run in chloroform hexane mixture (1:1) with the observation of a single spot excluded the presence of mixture of reactants. The molar conductance value of 10-3 M solution of these compounds were recorded in methanol and found in the range of 15-25 Ohm-1 mole-1 cm2 indicating the absence of ionic species in solution. The complexes were found to be monomeric in nitrobenzene.

A. IR Spectra

As expected infrared absorptions inherent to pheny1and fluorophenyl groups bound to bismuth have no difference appreciably and hence not discussed. The Infrared absorptions having diagnostic value for organobismuth aryloxyacetates, related to the ligand, have been identified which on preliminary stage indicates the mode of bonding with aryloxy ligand. The characteristic ν(OH) absorption band of ligands which appeared around 3400cm-1 in the free ligand, was found missing in the newly synthesized complexes. A medium strong intensity band appearing at 1690-1700 cm-1 can confidently be assigned to νasy(OCO) mode while comparatively weaker band in the range 1380-1400 cm-1 can be attributed to νsym (OCO) band. The deformation mode as a medium intensity band was found in the range 780-815 cm-1. The absorption associated with the bismuth-oxygen appears in the range between 400-430 cm-1 and the absorption due to bismuth-carbon corresponding to y-mode occurs in the range 450-470cm-1. These values clearly indicated the formation of organobismuth (III) aryloxyacetates. The comparison of IR spectra of the compounds with those of respective ligands in solid and solution states did not show any significant shift in νasy(C=O), νsym (C-O)  and ν(C-O-C) deformation bands which in turn showed the lack of coordination with bismuth through -C=O or C-O-Ar center of the ligand. Since the separation observed in the present compounds is fairly large (2300cm-1), monomolecular constitution seems to be most plausible where bismuth would be have a coordination number three. This observation is clearly sharp contrast to organotin complexes of aryloxyacetates which have been found to be polymeric involving carboxylic bridges. In addition to this intermolecular interaction involving the ethereal oxygen has also been demonstrated in some cases particularly.

B. 1HNMR Spectra

1H NMR spectra of these compounds was recorded in CDCl3 using TMS as an internal reference at 25°C. The disappearance of OH proton signals (89.1 ppm) present in the ligand clearly indicates the formation of aryloxyacetate derivatives. The appearance of singlet for -CH3 protons at 84.85 ppm showed the ligand is in one plane. The pheny1 protons for both the derivatives appear as multiplets in the range δ7.80-7.20 ppm. 

C. UV Spectra

The electronic spectra obtained for representative compounds were recorded in chloroform in the range 200-400 nm. The UV absorption due to COO group appears at 274+6 and 294+2 are due to aryloxy moieties. Since there was no significant change in absorption peaks of the ligands indicates that -C=O and -C-O-Ar centre of aryloxyacetates are not coordinated to bismuth in any of the compounds. This also lends to support to the fact that aryloxyacetates behave as monodentate ligand towards bismuth in +3 oxidation state. 

On the basis of IR, NMR and UV spectral analysis data, it may tentatively concluded that aryloxyacetate under the present study behaves as a monodentate ligand. Conductance measurement and molecular Wight data showed that these aryloxyacetates have monomeric nature and are non conducting in nature. The experimental data are thus consistent with three coordinate pyramidal structures. 
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Fig. 5.1 Organobismuth (IIT) aryloxyacetate
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         Fig. 5.1 Organobismuth(III)aryloxyacetate
Table 5.1 Physicochemical studies of organobismuth (III) aryloxyacetates
	S.N.
	Compounds
	Formula
	M.P.

(°C)
	Colour
	Yield (%)
	Solvent

	1
	(C6H5)2Bi(OOC.CH2OC6H5)
	C20H17O3Bi
	190
	Light Brown
	60
	Pet-ether

	2
	(C6H5)2Bi(OOC.CH2OC6H4.CH3)
	C21H19O3Bi
	156
	Light Brown
	75
	Pet-ether

	3
	(C6H5)2Bi(OOC.CH2OC6H4.Cl)
	C20H16O3ClBi
	214
	Light Brown
	70
	Pet-ether

	4
	(C6F5)2Bi(OOC.CH2OC6H5)
	C20F10H7O3Bi
	184
	Light Brown
	65
	Pet-ether

	5
	(C6F5)2Bi(OOC.CH2OC6H4.CH3)
	C21F10H9O3Bi
	176
	Light Brown
	60
	Pet-ether

	6
	(C6F5)2Bi(OOC.CH2OC6H4.Cl)
	C20F10H6O3ClBi
	204
	Light Brown
	60
	Pet-ether

	7
	(p-FC6H4)2Bi(OOC.CH2OC6H5)
	C20F2H15O3Bi
	192
	Light Brown
	60
	Pet-ether

	8
	(p-FC6H4)2Bi(OOC.CH2OC6H4.CH3)
	C21F2H17O3Bi
	182
	Light Brown
	75
	Pet-ether

	9
	(p-FC6H4)2Bi(OOC.CH2OC6H4.Cl)
	C20F2H14O3ClBi
	198
	Light Brown
	70
	Pet-ether

	10
	(C6H5)Bi(OOC.CH2OC6H5)2
	C22H19O6Bi
	124
	Light Brown
	70
	Pet-ether

	11
	(C6H5)Bi(OOC.CH2OC6H4.CH3)2
	C24H23O6Bi
	202
	Light Brown
	68
	Pet-ether

	12
	(C6H5)Bi(OOC.CH2OC6H4.Cl)2
	C22H17O6Cl2Bi
	114
	Light Brown
	70
	Pet-ether

	13
	(C6F5)Bi(OOC.CH2OC6H5)2
	C22F5H14O6Bi
	118
	Light Brown
	65
	Pet-ether

	14
	(C6F5)Bi(OOC.CH2OC6H4.CH3)2
	C24F5H18O6Bi
	174
	Light Brown
	60
	Pet-ether

	15
	(C6F5)Bi(OOC.CH2OC6H4.Cl)2
	C22F5H12O6Cl2Bi
	106
	Light Brown
	60
	Pet-ether

	16
	(p-FC6H4)Bi(OOC.CH2OC6H5)2
	C22FH18O6Bi
	126
	Light Brown
	65
	Pet-ether

	17
	(p-FC6H4)Bi(OOC.CH2OC6H4.CH3)2
	C24FH22O6Bi
	116
	Light Brown
	62
	Pet-ether

	18
	(p-FC6H4)Bi (OOC.CH2OC6H4.Cl)2
	C22FH16O6Cl2Bi
	138
	Light Brown
	65
	Pet-ether


Table 5.2 Analytical studies organobismuth (III) aryloxyacetates 

	S.N.
	Compounds

Formula
	Formula weight
	Elemental Analysis
	IR Absorption frequencies

	
	
	
	C (%)
	H (%)
	νasy(OCO)
	νsym(OCO)
	ν (Bi-C)

	1
	C20H17O3Bi
	514
	46.69
	3.30
	1695
	1395
	411
	

	2
	C21H19O3Bi
	528
	47.73
	3.60
	1694
	1385
	415
	

	3
	C20H16O3ClBi
	548.5
	43.76
	2.92
	1694
	1387
	417
	

	4
	C20F10H7O3Bi
	694
	34.58
	1.01
	1696
	1390
	419
	

	5
	C21F10H9O3Bi
	708
	35.59
	1.27
	1700
	1397
	410
	

	6
	C20F10H6O3ClBi
	728.5
	32.94
	0.82
	1697
	1400
	425
	

	7
	C20F2H15O3Bi
	550
	43.64
	2.72
	1692
	1406
	428
	

	8
	C21F2H17O3Bi
	564
	44.68
	3.01
	1688
	1394
	422
	

	9
	C20F2H14O3ClBi
	584.5
	41.06
	2.39
	1694
	1408
	431
	

	10
	C22H19O6Bi
	588
	44.89
	3.23
	1700
	1380
	434
	

	11
	C24H23O6Bi
	616
	46.75
	3.73
	1695
	1393
	425
	

	12
	C22H17O6Cl2Bi
	657
	40.18
	2.58
	1690
	1396
	429
	

	13
	C22F5H14O6Bi
	678
	38.93
	2.06
	1696
	1390
	419
	

	14
	C24F5H18O6Bi
	706
	40.79
	2.55
	1703
	1399
	400
	

	15
	C22F5H12O6Cl2Bi
	747
	35.34
	1.61
	1698
	1400
	425
	

	16
	C22FH18O6Bi
	606
	43.56
	2.97
	1690
	1404
	429
	

	17
	C24FH22O6Bi
	634
	45.43
	3.47
	1690
	1396
	424
	

	18
	C22FH16O6Cl2Bi
	675
	39.11
	2.37
	1696
	1406
	428
	


CHAPTER-6
ORGANOBISMUTH(III)CARBOXYLATES
The synthesis and characterization of perfluorophenyl derivatives of metal and non-metal started as early as 1960. Wall and coworkers reported pentafluorophenyl derivatives (Wall, et. al., 1960) of boron in a preliminary communication. Subsequently, some other workers reported (Chambers, et. al., 1962, 1964 and 1965) the isolation of fluoroalkyl derivatives of metal and non-metals. The synthesis and characterization of perfluorophenyl derivatives of silicon, tin, antimony and bismuth along with some other elements was simultaneously reported by some American and Spanish workers (Otero, et. al., 1978 and 1979). The interest in inorganic and organometallic chemistry of fluorine containing compounds gained momentum due to the unusual character of fluorine and the intrinsic properties shown by fluorocarbon based organometallics. Besides this perfluoroalkyl and perfluoroaryl derivatives of metals and non-metals provide much instructive comparison with compounds based on hydrocarbon residue. The presence of fluorine atom either organic group bound to metal or fluorine substituted ligands facilitate the solubility in lipid as well as in water and thus enhancing their bioavailability. In past two decades pentafluorophenyl derivatives especially of Group 15 elements have been exploited for their biological potential (Hu, et. al., 1995) and in fact have shown promising trends related to antimicrobial and antitumor activity (Yu, et. al., 204). In view of the above context we synthesized and characterized some new organobismuth (III) carboxylates by their melting point, elemental and spectral analysis to establish their structure and to evaluate their biomedicinal and pharmacological efficacy.

6.1 EXPERIMENTAL

The synthesis of mono and diorganobismuth (III) carboxylates was performed in laboratory with the help of earlier reported methods (Tiwari, et. al., 2010), using following reactions.

R3Bi + BiCl3 
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         RBiL2 + 2Et3N.HCl

R = [C6H5; C6F5; p-FC6H4]; 

HL = [Respective carboxylic acids]  

The synthesis of some representative compounds is as follows.

6.1.1  Reaction of (C6H5)2BiCl with (CCl3COOH) 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (0.398gm; 1mmol) in benzene and trichloroacetic acid (0.164gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.

6.1.2  Reaction of (C6H5)2BiCl with (CF3COOH) 


Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (0.398gm; 1mmol) in benzene and trifluoroacetic acid (0.114gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

6.1.3 Reaction of (C6F5)2BiCl with (CCl3COOH)  

In nitrogen atmosphere, solution of bis (pentafluorophenyl) bismuth (III) chloride (0.578gm; 1mmol) in benzene and trichloroacetic acid (0.164gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.
6.1.4 Reaction of (C6F5)2BiCl with (CF3COOH)


Under nitrogen atmosphere, solution of bis (pentafluorophenyl) bismuth (III) chloride (0.578gm;1mmol)in benzene and trifluoroacetic acid (0.114gm;1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

6.1.5 Reaction of (p-FC6H4)2BiCl with (CCl3COOH)  

In the nitrogen atmosphere, a solution of bis(p-fluorophenyl)bismuth (III) chloride (0.434gm; 1mmol) in benzene and trichloroacetic acid (0.164gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.

6.1.6 Reaction of (p-FC6H4)2BiCl with (CF3COOH) 


In the nitrogen atmosphere, solution of bis(p-fluorophenyl)bismuth (III) chloride (0.434gm;1mmol) in benzene and trifluoroacetic acid (0.114gm; 1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.
6.1.7 Reaction of (C6H5)BiCl2 with (CCl3COOH) 

Under nitrogen atmosphere, solution of phenylbismuth (III) dichloride (0.357gm; 1mmol) in benzene and trichloroacetic acid (0.328gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

6.1.8 Reaction of (C6H5)BiCl2 with (CF3COOH)


Under nitrogen atmosphere, solution of phenylbismuth (III) dichloride (0.357gm; 1mmol) in benzene and trifluoroacetic acid (0.228gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white color crystalline solid mass which was further recrystallised in pet-ether.

6.1.9 Reaction of (C6F5)BiCl2 with (CCl3COOH) 
In nitrogen atmosphere the solution of pentafluorophenylbismuth (III) dichloride (0.447gm; 1mmol) in benzene and trichloroacetic acid (0.328gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off -white colour crystalline solid mass which was further recrystallised in pet-ether.

6.1.10 Reaction of (C6F5)BiCl2 with (CF3COOH) 
In nitrogen atmosphere, a solution of pentafluorophenylbismuth (III) dichloride (0.447gm;1mmol) in benzene and trifluoroacetic acid (0.228gm;2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and filtrate on evaporation in vacuum gives an off- white colour crystalline solid mass which was further recrystallised in pet-ether.

6.1.11 Reaction of (p-FC6H4)BiCl2 with (CCl3COOH)


 Under the nitrogen atmosphere a solution of (p-fluorophenyl) bismuth (III) dichloride (0.375gm; 1mmol) in benzene and trichloroacetic acid (0.328gm; 2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl formed (M.P. =240°C), was filtered off and the filtrate on evaporation in vacuum gives an off-white colour crystalline solid mass which was further recrystallised in pet-ether.

6.1.12 Reaction of (p-FC6H4)BiCl2 with (CF3COOH) 


In an oxygen free nitrogen atmosphere, a solution of (p-fluorophenyl) bismuth (III) dichloride (0.375gm; 1mmol) in benzene and trifluoroacetic acid (0.228gm;2mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color of  Et3N.HCl formed (M.P. =240°C), was filtered off and filtrate on evaporation in vacuum gives an off-white colour crystalline solid mass which was further recrystallised in pet-ether.

6.1.13 Reaction of (C6F5)2BiCl with (OOC.C6H4.NO2) 

Under nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 2-nitrobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.

6.1.14 Reaction of (C6F5)2BiCl with (OOC.C6H4.NO2)

In an oxygen free atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 4-nitrobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.
6.1.15 Reaction of (C6F5)2BiCl with (OOC.C6H4.Cl)

In an oxygen free inert atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 2-chlorobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

6.1.16 Reaction of (C6F5)2BiCl with (OOC.C6H4.Cl)

 Under nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 4-chlorobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

6.1.17 Reaction of (C6F5)2BiCl with[(OOC.C6H3(OH)(OCH3)] 

In an oxygen free nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 3-methxy4-hydroxybenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

6.1.18 Reaction of (C6F5)2BiCl with (OOC.C6H4.NH2)

In an oxygen free nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 2-aminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

6.1.19 Reaction of (C6F5)2BiCl with (OOC.C6H4.NH2)

In an oxygen free nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 4-aminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 
6.1.20 Reaction of (C6F5)2BiCl with [(OOC.C6H4.N(CH3)2)]

In an oxygen free nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 3-dimethylaminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

6.1.21 Reaction of (C6F5)2BiCl with [(OOC.C6H4.N(C2H5)2)] 

In an oxygen free nitrogen atmosphere, solution of bis(pentafluorophenyl)bismuth (III) chloride (1mmol) in benzene and 4-diethylaminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.
6.2 RESULTS AND DISCUSSION

All the newly synthesized organobismuth (III) carboxylates were crystalline solids, air stable and soluble in common organic solvents. The compounds were further characterized by their melting points and analytical techniques such as elemental analysis, infrared and NMR spectroscopy to ascertain their structures and explore their biological properties. The new compounds have sharp melting points and posses pyramidal structure as per results obtained by further analysis.

6.2.1 IR and NMR Spectral Analysis

The IR spectra of new organobismuth (III) carboxylates were recorded in Perkin–Elmer spectrophotometer in 4000-200 cm-1range. The IR spectra of these compounds show absorption bands due to phenyl, p-fluorophenyl and pentafluorophenyl groups. The absorption frequencies have been fully assigned. The Bi-C vibration in case of phenyl and pentafluorophenyl derivatives corresponding to the y mode appears in the range of 448-460 cm-1. The IR data suggested a monodentate coordination mode of the carboxylate ligands in case of compound 1to 6 and 13 to 21and bidentate in case of compounds7 to 12 respectively. The 1HNMR spectra of the representative organobismuth (III) carboxylates showed a multiplet in the range δ7.82ppm to δ8.12ppm which could be assigned to aromatic protons. The 19FNMR spectra of the compounds were carried out at room temperature and the compounds showed peaks appearing in the range -108.30ppm to -112.30ppm consistent with the presence of p-fluorophenyl groups. Thus, on the basis of above discussions the newly synthesized organobismuth (III) compounds assigned a pyramidal structure.
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Fig. 6.1 Organobismuth(III)carboxylate
L= Carboxylate Group

Table 6.1 Physicochemical properties of organobismuth (III) carboxylates 

	S.N.
	Compounds
	Formula
	Formula Weight
	M.P.

(◦C)
	Yield 

(%)
	Solvent 

	1
	(C6H5)2Bi(OOC.CCl3)
	C14H10O2Cl3Bi
	524.5
	118
	75
	Pet-ether



	2
	(C6H5)2Bi(OOC.CF3)
	C14H10O2F3Bi
	476
	126
	80
	Pet-ether



	3
	(C6F5)2Bi(OOC.CCl3)
	C14F10O2Cl3Bi
	704.5
	98
	74
	Pet-ether



	4
	(C6F5)2Bi(OOC.CF3)
	C14F13O2Bi
	656
	104
	65
	Pet-ether



	5
	(C6H4F)2Bi(OOC.CCl3)
	C14H8F2O2Cl3Bi
	560.5
	115
	65
	Pet-ether



	6
	(C6H4F)2Bi(OOC.CF3)
	C14H8F5O2Bi
	512
	108
	75
	Pet-ether



	7
	(C6H5)Bi(OOC.CCl3)2
	C10H5Cl6O4Bi
	609
	132
	68
	Pet-ether



	8
	(C6H5)Bi(OOC.CF3)2
	C10H5F6O4Bi
	512
	128
	64
	Pet-ether



	9
	(C6F5)Bi(OOC.CCl3)2
	C10F5Cl6O4Bi
	609
	116
	66
	Pet-ether



	10
	(C6F5)Bi(OOC.CF3)2
	C10F11O4Bi
	602
	124
	60
	Pet-ether



	11
	(C6H4F)Bi(OOC.CCl3)2
	C10H4Cl6O4FBi
	627
	120
	65
	Pet-ether



	12
	(C6H4F)Bi(OOC.CF3)2
	C10H4F7O4Bi
	530
	117
	75
	Pet-ether



	13
	(C6F5)2Bi(OOCC6H4NO2)
	C19H4F10NO4Bi
	709
	58
	68
	Pet-Ether



	14
	(C6F5)2Bi(OOCC6H4NO2)


	C19H4F10NO4Bi
	709
	59
	66
	Pet-Ether

	15
	(C6F5)2Bi(OOCC6H4Cl)


	C19H4F10O2ClBi
	698.5
	63
	70
	Pet-Ether

	16
	(C6F5)2Bi(OOCC6H4Cl)


	C19H4F10O2ClBi
	698.5
	61
	72
	Pet-Ether

	17
	[(C6F5)2Bi(OOCC6H3(OH)OCH3]


	C20H7F10O4Bi
	710
	62
	66
	Pet-Ether

	18
	(C6F5)2Bi(OOCC6H4NH2)
	C19H6F10NO2Bi
	679
	66
	65
	Pet-Ether


	19
	(C6F5)2Bi(OOCC6H4NH2)
	C19H6F10NO2Bi
	679
	67
	65
	Pet-Ether


	20
	(C6F5)2Bi(OOCC6H4N(CH3)2)
	C21H10F10NO2Bi
	707
	60
	62
	Pet-Ether


	21
	(C6F5)2Bi(OOCC6H4N(C2H5)2)
	C23H14F10NO2Bi
	735
	57
	60
	Pet-Ether



Table 6.2 Analytical data of organobismuth (III) carboxylates
	S.N.
	Molecular Formula
	  Elemental Analysis
	IR (cm-1  )

	
	
	C

(%)
	H

(%)
	νasym(CO)
	νsym(CO)

	1
	C14H10O2Cl3Bi
	32.03
	1.90
	1706 vs
	1308ms

	2
	C14H10O2F3Bi
	35.29
	2.10
	1758vs
	1354ms

	3
	C14F10O2Cl3Bi
	23.84
	-
	1726ms
	1326ms

	4
	C14F13O2Bi
	25.60
	-
	1729vs
	1329ms

	5
	C14H8F2O2Cl3Bi
	29.97
	1.42
	1732vs
	1332ms

	6
	C14H8F5O2Bi
	32.81
	1.56
	1740ms
	1338ms

	7
	C10H5Cl6O4Bi
	19.70
	0.82
	1758vs
	1354ms

	8
	C10H5F6O4Bi
	23.44
	0.98
	1750vs
	1350ms

	9
	C10F5Cl6O4Bi
	19.70
	-
	1725ms
	1325ms

	10
	C10F11O4Bi
	19.93
	-
	1724vs
	1324ms

	11
	C10H4Cl6O4FBi
	19.13
	0.63
	1730vs
	1330ms

	12
	C10H4F7O4Bi
	22.64
	0.75
	1732ms
	1332ms

	13
	C19H4F10NO4Bi
	32.15
	0.56
	1724vs
	1326ms

	14
	C19H4F10NO4Bi
	32.15
	0.56
	1730vs
	1334ms

	15
	C19H4F10O2ClBi
	32.64
	0.57
	1732ms
	1330ms

	16
	C19H4F10O2ClBi
	32.64
	0.57
	1709 vs
	1306ms

	17
	C20H7F10O4Bi
	33.80
	0.98
	1758vs
	1356ms

	18
	C19H6F10NO2Bi
	33.57
	0.88
	1726ms
	1325ms

	19
	C19H6F10NO2Bi
	33.57
	0.88
	1729vs
	1327ms

	20
	C21H10F10NO2Bi
	35.64
	1.41
	1752vs
	1350ms

	21
	C23H14F10NO2Bi
	37.55
	1.90
	1727ms
	1325ms


CHAPTER-7

 DIPHENYLBISMUTH (III) DERIVATIVES OF

 SUBSTITUTED BENZOIC ACIDS 

The study of metals in biology is a rapidly expanding field, especially the subfield of bioorganometallic chemistry, which explores the role of metal complexes containing direct metal–carbon bonds. It offers a potentially rich field for the development of new medicinal agents with novel mechanisms of action (Guo, et. al., 2000 and Clarke, et. al., 1999). The major advantage of organometallic compounds, as compared with organic or inorganic compounds, is their high reactivity. The range of potential commercial applications of organometallic compounds appear very promising, whether for environmental applications, bioanalysis, enzymology and biomimetic catalysis, in which the models are increasingly efficient, or indeed the development of novel therapies. Bismuth compounds have attracted considerable interest owing to their biological and medicinal utility (Sadler, et. al., 1999, Sun, et. al., 1997 and Briand, et. al., 1999).They have been utilized from more than two centuries in the treatment of gastrointestinal disorders such as dyspepsia, diarrhea and  peptic ulcer (Rambert, 1999, Gorbich, 1990, Marshall, 1991 and Baxter, 1992). Bismuth salts such as colloidal bismuth sub-citrate (CBS), bismuth sub-salicylate (BSS), and ranitidine bismuth citrate (RBC) are common agents used for Helicobacter pylori eradication therapy (Rambert, et. al., 1997 and Chiba, 2000) and therefore promoted these compounds as antimicrobials (Dittes, et. al., 1997, Dahlgren, et. al., 1999, Herrmann, et. al., 1991, Asato, et. al., 1997, Turel, et. al., 1998, Dominico, et. al., 1997, Mahony, et. al., 1999, Turel, et. al., 1997 and Stratton, et. al., 1999). It is known that metals are able to generate reactive oxygen species (ROS) which easily explain the treatment of cancer (Smith, et. al., 1998). In search of antiproliferative studies, a variety of organobismuth compounds have been synthesized and tested in-vitro for their antitumor activity along with their antimicrobial activity (Murafugi, et. al., 2004, Tyagi, et. al., 2004, Tie kink, 2002, Socaciu, et. al., 1991, Socaciu, et. al., 1994 and Ying, et. al., 2002). The present Chapter of research work deals with the design and synthesis of some novel Diphenylbismuth derivatives of substituted benzoic acids and their characterization with the help of M.P., elemental and I.R. spectral analysis followed by their Biomedicinal characterization.
7.1 Experimental

The diphenylbismuth (III) chloride was synthesized by the methods reported earlier (Kant, et.al., 2008,). The ligands were recrystallised before use. The reactions were performed under inert/nitrogen atmosphere. Preparation of representative organobismuth compounds are discussed below.

7.1.1 Reaction of (C6H5)2BiCl with (OOC.C6H4.NO2) 
Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 2-nitrobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether.
7.1.2 Reaction of (C6H5)2BiCl with (OOC.C6H4.NO2) 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 4-nitrobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.3 Reaction of (C6H5)2BiCl with (OOC.C6H4.Cl) 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 2-chlorobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.4 Reaction of (C6H5)2BiCl with (OOC.C6H4.Cl) 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 4-chlorobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.5 Reaction of (C6H5)2BiCl with[(OOC.C6H3(OH)(OCH3)] 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 3-methxy4-hydroxybenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.6 Reaction of (C6H5)2BiCl with (OOC.C6H4.NH2) 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 2-aminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.7 Reaction of (C6H5)2BiCl with (OOC.C6H4.NH2) 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 4-aminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.8 Reaction of (C6H5)2BiCl with [(OOC.C6H4.N(CH3)2)]

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 3-dimethylaminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.1.9 Reaction of (C6H5)2BiCl with [(OOC.C6H4.N(C2H5)2)] 

Under nitrogen atmosphere, solution of diphenylbismuth (III) chloride (1mmol) in benzene and 4-diethylaminobenzoic acid (1mmol) in same solvent were stirred together in presence of triethylamine at room temperature for 4-5 hours. The off-white color Et3N.HCl was formed (M.P. =240°C), which was filtered off and the filtrate on evaporation in vacuum gives an off-white color crystalline solid which was further recrystallised in pet-ether. 

7.2  RESULTS AND DISCUSSION
The synthesis of diorganobismuth (III) carboxylates was performed in laboratory with the help of following reactions.

R3Bi + BiCl3 
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   R2BiL + Et3N.HCl

Here:

R = [C6H5] 

HL = [Respective carboxylic acids]  

All the newly synthesized diorganobismuth (III) carboxylates were crystalline solids, air stable and soluble in common organic solvents. The compounds were further characterized by their melting points and analytical techniques such as elemental analysis, infrared and NMR spectroscopy to ascertain their structures and explore their biological properties. The new compounds have sharp melting points and posses pyramidal structure as per results obtained by further analysis.

7.2.1 IR and NMR Spectral Analysis

The IR spectra of new diorganobismuth (III) carboxylates were recorded in Perkin–Elmer spectrophotometer in 4000-200 cm-1range. The IR spectra of these compounds show absorption bands due to phenyl and pentafluorophenyl groups. The absorption frequencies have been fully assigned. The Bi-C vibration in case of phenyl and pentafluorophenyl derivatives corresponding to the y mode appears in the range of 448-460 cm-1. The IR data suggested a monodentate coordination mode of the carboxylate ligands. The 1HNMR spectra of the representative diorganobismuth (III) carboxylate showed a multiplet in the range δ7.82ppm to δ8.12ppm which could be assigned to aromatic protons. The 19FNMR spectra of the compound was carried out at room temperature and the compounds showed peaks appearing in the range -108.30ppm to -112.30ppm consistent with the presence of fluorophenyl groups. Thus on the basis of above discussions the newly synthesized diorganobismuth (III) compounds assigned a pyramidal structure.
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Fig:7.1 Suggested structure of diphenylbismuth(III)derivatives of substituted benzoic acid. 
Table 7.1: Physicochemical Analysis of diphenylbismuth(III)derivatives of substituted  

                  benzoic acid
	S.N.
	Compounds
	Formula
	Formula Weight
	Yield

%
	M.P

°C
	IR (cm-1  )

	
	
	
	
	
	
	νasym(CO)
	νsym(CO)

	1
	(C6H5)2Bi(OOCC6H4NO2)
	C19H14NO4Bi
	529
	70
	79
	1706 vs
	1309ms

	2
	(C6H5)2Bi(OOCC6H4NO2)
	C19H14NO4Bi
	529
	68
	78
	1758vs
	1354ms

	3
	(C6H5)2Bi(OOCC6H4Cl)
	C19H14O2ClBi
	518.5
	72
	81
	1726ms
	1325ms

	4
	(C6H5)2Bi(OOCC6H4Cl)
	C19H14O2ClBi
	518.5
	70
	80
	1729vs
	1327ms

	5
	[(C6H5)2Bi(OOCC6H3(OH)OCH3]
	C20H17O4Bi
	530
	66
	76
	1732vs
	1334ms

	6
	(C6H5)2Bi(OOCC6H4NH2)
	C19H16NO2Bi
	499
	60
	89
	1740ms
	1338ms

	7
	(C6H5)2Bi(OOCC6H4NH2)
	C19H16NO2Bi
	499
	60
	90
	1758vs
	1354ms

	8
	(C6H5)2Bi(OOCC6H4N(CH3)2)
	C21H20NO2Bi
	527
	62
	79
	1752vs
	1350ms

	9
	(C6H5)2Bi(OOCC6H4N(C2H5)2)
	C23H24NO2Bi
	555
	60
	75
	1725ms
	1323ms


CHAPTER-8

BIO-MEDICINAL STUDIES
It has been found that metal based drugs have attracted the attention in past few years. Many organometallic compounds are highly toxic and therefore not used in clinical practice but less toxic organometallic compounds are used clinically to the patients suffering from different kinds of acute diseases. Since organobismuth compounds are on trial against various infectious diseases along with cancer and ulcer therefore we proposed here to synthesize some new organobismuth compounds which are almost nontoxic and have higher efficacy against cancer and ulcer. Many Indian pharmaceutical industries have now demanded to synthesize some new metal based drugs for the treatment of different kinds of diseases.

The organobismuth compounds have attracted the attention due to their microbiological and material utility (Sadler, et. al., 1991, Sun, et. al., 1997, Briand, et. al., 1999, Bierer, 1990 and Marshall 1991) from more than 200 yrs. It was recently found that organobismuth compounds were active against the treatment of gastrointestinal disorders like dyspepsia, diarrhea and in peptic ulcers by inhibiting E. coli (Rambert, 1991, Gorbach, 1990, Baxter, 1992, Veldhuyzen, et. al., 1994, Dupont, et. al., 1990, Steffen, 1990, Brucher, et. al., 1990, Gryboski, et. al., 1990 and Lambert, et. al., 1997). Japanese workers very recently synthesized a series of organobismuth compounds which show potent antimicrobial activity against fungal and bacterial culture responsible for human pathogenic disease (Chiba, 2000).The salts of organobismuth compounds, such as colloidal bismuth sub-salicylate (CBS), bismuth sub-citrate (BSC) and ranitidine bismuth citrate (RBC) are now common for controlling bacterial and fungal infections (Dittes, et. al., 1997). Recently it was found that these salts are useful for Helicobacter pylori eradication therapy, (Helicobacter pylori now well known for the formation of gastrointestinal ulcer in Human beings and organobismuth compounds are the only cure against this bacteria) and therefore promoted for the microbial studies of various organobismuth compounds (Toshihiro Murafuji, et. al., 2004, Dahlgren, et. al., 1999, Hermann, et. al., 1991, Asato, et. al., 1997, Ghannoum, et. al., 1999, Turel, et. al., 1989, Dominico, et. al., 1997, Stratton, et. al., 1999 and Agoes, et. al., 1997). The synergic administration of cis-platin and bismuth compounds are well known to reduce the toxic side effects of cis-platin, an effect that may trace to increase the production of metallothionein induced by bismuth compounds (Agoes, et. al., 1996, Murafuji, et. al., 2000, Mahony, et. al., 1999 and Mala Nath et.al., 1999). The organobismuth compounds are extremely potent cytotoxic agent when attached to a monoclonal antibody because they can target leukemia, lymphoma and other tumors (Pergo, et. al., 2000, Sorenson, 2011). There is not much work has been reported for organobismuth compounds as a potent anti-inflammatory agents so the chemist and biochemist attracted to work in this area.

Due to perhaps less studies on the anti-tumor, anti-ulcer, anti-inflammatory along with toxicological activity of bismuth compounds, the mechanism of the biological action of organobismuth compound is not fully understood. It is an important issue for us to know that how organobismuth compounds act against these diseases.

8.1 EXPERIMENTAL

A. Antibacterial activity

The antibacterial activity of these organobismuth (III) compounds was determined by disc diffusion method (Verma, et. al., 1973). In this technique, the filter paper (Whatman No. 1) sterile discs of 5 mm diameter, impregnated with the test compounds (10 (g/ml of ethanol) were placed on the nutrient agar plate at 37oC for 24 hrs. The inhibition zones around the dried impregnated discs were measured after 24 hrs. The activity was classifieds as 'highly active' (diameter > 14 mm); "moderately active" (diameter = 10-14 mm) and 'slightly active' (diameter = 6-10). The diameter less than 6 mm was regarded as inactive.

B. Antifungal activity

The antifungal activity of these compounds was tested by agar diffusion method (Tiwari, et. al., 2010) using two concentrations of the test compound, viz, 50 and 100 (g/ml; against Aspergillus flavus and Aspergillus niger. The one ml of each organobismuth compound was poured into a petri dish having about 20-25 ml of molten potato dextrose agar medium. As the medium gets solidify, petri dishes were inoculated separately with the fungal isolates and kept at 26oC for 96 hrs in incubator. All the values (% inhibition) were recorded after 96 hrs. The % inhibition of these compounds was calculated by using following mathematical equation. 

Percent (%) Inhibition = C-T/C X 100

Here: C = Diameter of fungus in control.

  T = Diameter of fungus in test compound.
C. Anti-tumor activity

This method was carried out to estimate the effect of test compound on the growth of tumor cells. The human breast cancer (MCF-7) and mammary cancer (EVSA-7) cell lines were employed for valuation of this activity. The cell lines were co-incubated with the organobismuth compounds/test compounds at 1 (g/ml doses for 96 hrs and the cell growth count was measured by MTT assay (Mosmann, 1983). The basic principle involved in this assay depends upon the reduction of tetrazoleum salt.

The yellow colored tetrazoleum MTT, [3-(4,5-dimethylthiazol-2-yl)-2,5,-diphenyltetrazoleumbromide] is reduced by metabolically active cells in part by the action of dehydrogenase enzymes to generate reducing equivalents such as NADH and NADPH. The resulting intracellular purple colour zones was solubilized and quantified by spectrophotometer method. The MTT was dissolved in PBS (phosphate buffer saline) at a concentration of 5 mg/ml. Then 50 (l of the MTT solution was added to each well of the 96 well culture plate, containing 100 (l culture along with test compound and incubated at 37oC for 4 hrs. The medium was then removed carefully without disturbing the purple colored formazon crystals. Then, 50 ml of dimethylsulfoxide (DMSO) was added to each well and mixed thoroughly to dissolve the crystals of the formazon. The plates were then read on ELISA plate reader at a wavelength of 570 nm. The readings were presented as optical density/ cell count to evaluate the activity.

D. Gastroprotective (Anti-ulcer) Activity

The gastroprotective activity of organobismuth compounds was performed in rats using standard methods (Amresh, 2007). In the experiment, rats were divided into four groups (each group contains 6 rats). Group 1 was control group which received suspension of 1% carboxymethyl cellulose in distilled water (10ml/kg). Group 2 and 3 received samples dose of 25 and 50 mg/kg body weight. Group 4 received ranitidine salt in the dose of 50mg/kg body weight. These all were administered orally twice daily at 10.00 and 16.00 hrs respectively for five days for acute ulcer protective studies

E. Aspirin (ASP) Induced Ulcers: Aspirin in dose of 200mg/ kg (20mg/ml) was administered to the animals on the day of the experiment and ulcers were scored after four hrs. The animals were sacrificed and the stomach was then excised and cut along the greater curvature, washed carefully with 5 ml of 0.9% NaCl and ulcers were scored by a person unaware by the experimental protocol in the glandular portion of the stomach. Ulcer index was calculated by adding the total number of ulcers/ stomach & total severity of ulcers /stomach. The pooled group ulcer score was then calculated by reported method.

F. Ethanol (EtOH) induced Ulcers: The gastric ulcers were induced in rats by administering ethanol (1ml/200gm/kg for 1hrs) and the animals were sacrificed by cervical dislocation & the stomach was incised along the greater curvature and examined for ulcers. The ulcer index was scored, based upon the product of length and width of the ulcers present in the glandular portion of the stomach (mm2/rats).  

8.2 RESULTS AND DISCUSSION

A. Antibacterial activity

All the organobismuth (III) amides, aryloxyacetates and carboxylates were tested for antibacterial activity against three bacterial strains Pseudomonas aeruginosa, Staphylococcus aureus and Klebsiela pneumoniae using 10 (g/ml concentration of test compound. All the compounds show higher to moderate activity against the bacterial strains. It was found that compounds having fluoro and pentafluorophenyl ring are more effective because of their water and lipid solubility. The fluorine containing compounds may generally form complexes with metaloenzymes, particularly those which responsible in basic physiology such as cytochrome oxidase. These compounds may react with peptidoglycan layer of bacterial cell wall and damage it by penetrating in such a manner that the phenyl ring gets entered inside the cell by puncturing it followed by death of bacterial cell. Some times these compounds in low concentration may cause bacteriostatic condition by slow down the growth of bacteria.

B. Antifungal Activity


The antifungal activity of all the organobismuth (III) compounds was tested against Aspergillus flavus and Aspergillus niger using 50 and 100 (g/ml concentration. The activity of these compounds was found variable at 50(g/ml concentration but at higher concentration all the organobismuth (III) compounds show high activity against fungal strains. Presence of nitrogen, phenyl and pentafluorophenyl ring along with bismuth in +3 oxidation state are considered for fungal activity. The role of different aryloxyacetates and carboxylates as ligands was also commendable. These compounds generally damage the fungal strains by puncturing the cell wall similarly as in the case of bacteria. Water and lipid solubility of these compounds, due to presence of fluorine, also increases the activity due to presence of fluorine.  

C. Anti-tumor activity
The antitumor activity of these compounds was studied against the human breast adenocarcinoma (MCF-7) and mammary cancer (EVSA-7) cell lines. The compounds show moderate to high activity against tumor cell lines. It was found that these compounds are in +3 oxidation state and the slight variation in their activity is due to presence of different amides, aryloxyacetates and carboxylates group as ligand along with presence of fluorine on main moiety of the compound. The compounds generally interact with the receptor site of multienzyme complex responsible for the cytostatic and cytotoxic conditions. The compounds in +3 oxidation state can easily bind with the receptor site. It may be noted that the organobismuth compound generally binds with nitrogen 7 position of purine bases in DNA molecule and form complexes with DNA strands affecting replication and transcription of DNA molecule and stop the cell division along with protein synthesis.

D. Gastroprotective (Anti-ulcer) Activity


The anti-ulcer activity of all the organobismuth (III) compounds was performed on Sprague-Dawley rats (140-180g). The compounds exhibit higher activity than the standard ranitidine when the tests were carried out with aspirin (ASP) induced and moderate activity was seen when the tests were done with ethanol (EtOH) induced. It was known that aspirin caused mucosal damage by interrupting the synthesis of prostaglandin and increasing acid secretion and back diffusion of H+ ions, which results in overproduction of leucotrienes and other products of 5-lipoxygenase pathway. Hence the protective action of these compounds against aspirin-induced gastric ulcer could possibly be due to its inhibitory effect on 5-lipoxygenase enzyme pathway. In case of ethanol induced ulcer which is predominantly occurs at glandular part of stomach was reported to stimulate the formation of leucotrienes C-4, mast cell secretary products and reactive oxygen species, which results in the damage of gastric mucosa of rat. The organobismuth (III) amides and carboxylates possibly play an important role in inhibition of these pathways and shows better activity in comparison to organobismuth (III) aryloxyacetates.

Table 8.1: Anti-bacterial activity of organobismuth (III) amides
	S. N.
	Compounds
	Control
	Pseudomonas aeruginosa
	Staphylococcus aureus
	Klebsiela pneumoniae

	1
	(C6H5)2Bi(succinimide)
	–
	+++
	+++
	++

	2
	(C6H5)2Bi(phthalimide)
	–
	++
	++
	++

	3
	(C6F5)2Bi(succinimide)
	–
	++
	++
	++

	4
	(C6F5)2Bi(phthalimide)
	–
	++
	++
	++

	5
	(C6H4F)2Bi(succinimide)
	–
	++
	++
	+++

	6
	(C6H4F)2Bi(phthalimide)
	–
	+++
	++
	++

	7
	(C6H5)Bi(succinimide)2
	–
	++
	++
	++

	8
	(C6H5)Bi(phthalimide)2
	–
	++
	++
	+++

	9
	(C6F5)Bi(succinimide)2
	–
	+
	+++
	++

	10
	(C6F5)Bi(phthalimide)2
	–
	+++
	++
	++

	11
	(C6H4F)Bi(succinimide)2
	–
	++
	+
	++

	12
	(C6H4F)Bi(phthalimide)2
	–
	++
	++
	++


+ = 6-10 mm; ++ = 10-14 mm; +++= >14 mm; –
= Inactive

Table 8.2: Anti-fungal activity of organobismuth (III) amides at 50 (g/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia. 

(mm)
	% Inhibition
	Aspergillus niger 

Col. Dia. 

(mm)
	%

Inhibition

	1
	(C6H5)2Bi(succinimide)
	0.2
	93.3
	0.7
	65.0

	2
	(C6H5)2Bi(phthalimide)
	0.2
	93.3
	0.7
	65.0

	3
	(C6F5)2Bi(succinimide)
	0.4
	86.7
	0.6
	70.0

	4
	(C6F5)2Bi(phthalimide)
	0.7
	76.63
	0.6
	70.0

	5
	(C6H4F)2Bi(succinimide)
	0.2
	93.3
	0.7
	65.0

	6
	(C6H4F)2Bi(phthalimide)
	0.2
	93.3
	0.7
	65.0

	7
	(C6H5)Bi(succinimide)2
	0.7
	76.6
	0.7
	65.0

	8
	(C6H5)Bi(phthalimide)2
	0.8
	73.3
	0.8
	60.0

	9
	(C6F5)Bi(succinimide)2
	0.8
	73.3
	0.8
	60.0

	10
	(C6F5)Bi(phthalimide)2
	0.7
	76.63
	0.6
	70.0

	11
	(C6H4F)Bi(succinimide)2
	0.7
	76.6
	0.5
	75.0

	12
	(C6H4F)Bi(phthalimide)2
	0.5
	83.3
	0.4
	80.0

	13
	Control
	3.0
	–
	2.0
	–


Table 8.3: Anti-fungal activity of organobismuth (III) amides at 100 (g/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia.

 (mm)
	% Inhibition
	Aspergillus niger 

Col. Dia.

 (mm)
	%

Inhibition

	1
	(C6H5)2Bi(succinimide)
	0.1
	96.7
	0.4
	80.0

	2
	(C6H5)2Bi(phthalimide)
	0.2
	93.3
	0.3
	75.0

	3
	(C6F5)2Bi(succinimide)
	0.1
	96.7
	0.3
	75.0

	4
	(C6F5)2Bi(phthalimide)
	0.1
	96.7
	0.1
	95.0

	5
	(C6H4F)2Bi(succinimide)
	0.2
	93.3
	0.3
	85.0

	6
	(C6H4F)2Bi(phthalimide)
	0.1
	96.7
	0.3
	75.0

	7
	(C6H5)Bi(succinimide)2
	0.2
	93.3
	0.3
	75.0

	8
	(C6H5)Bi(phthalimide)2
	0.1
	96.7
	0.2
	90.0

	9
	(C6F5)Bi(succinimide)2
	0.2
	93.3
	0.1
	95.0

	10
	(C6F5)Bi(phthalimide)2
	0.1
	96.7
	0.1
	95.0

	11
	(C6H4F)Bi(succinimide)2
	0.4
	86.7
	0.2
	90.0

	12
	(C6H4F)Bi(phthalimide)2
	0.2
	93.3
	0.2
	90.0

	13
	Control
	3.0
	–
	2.0
	–


Table 8.4: Anti-tumor activity of organobismuth (III) amides
	S. N.
	Compounds
	MCF-7

Cell No. x 104
	EVSA-7 

Cell No. x 104
	Activity

	1
	(C6H5)2Bi(succinimide)
	9.19(0.92
	9.29(0.88
	Positive

	2
	(C6H5)2Bi(phthalimide)
	9.17 ( 0.90
	8.6 7 ( 0.69
	Positive 

	3
	(C6F5)2Bi(succinimide)
	11.59(1.06
	11.29(1.02
	Negative

	4
	(C6F5)2Bi(phthalimide)
	9.29(0.88
	9.89(0.92
	Positive

	5
	(C6H4F)2Bi(succinimide)
	8.95(0.67
	8.55(0.62
	Positive

	6
	(C6H4F)2Bi(phthalimide)
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	7
	(C6H5)Bi(succinimide)2
	11.52(1.02
	11.82(1.06
	Negative

	8
	(C6H5)Bi(phthalimide)2
	12.31(1.02
	12.39(1.03
	Negative

	9
	(C6F5)Bi(succinimide)2
	9.19(0.92
	9.29(0.88
	Positive 

	10
	(C6F5)Bi(phthalimide)2
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	11
	(C6H4F)Bi(succinimide)2
	9.19(0.92
	9.29(0.88
	Positive

	12
	(C6H4F)Bi(phthalimide)2
	8.95(0.67
	8.55(0.62
	Positive

	13
	Negative control
	10.21(1.01
	10.22(1.01
	–

	14
	Positive control
	40.26(3.23
	41.23(3.28
	–


Table 8.5 Anti-ulcer Activity of organobismuth (III) amides
	S.N.
	Compounds
	Aspirin Induced
	Ethanol Induced

	
	
	Ulcer Index

(mm2/rat)
	Protective Ratio 

(%)
	Ulcer Index

(mm2/rat)
	Protective Ratio 

(%)

	1
	(C6H5)2Bi(succinimide)
	7.2±0.58
	61.68
	19.9±5.4
	18.21

	2
	(C6H5)2Bi(phthalimide)
	7.2(0.58
	61.68
	19.7(5.2
	18.17

	3
	(C6F5)2Bi(succinimide)
	7.1±0.54
	61.21
	19.8±5.5
	18.18

	4
	(C6F5)2Bi(phthalimide)
	7.3±0.58
	61.72
	19.8±5.4
	31.24

	5
	(C6H4F)2Bi(succinimide)
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	6
	(C6H4F)2Bi(phthalimide)
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	7
	(C6H5)Bi(succinimide)2
	7.2±0.56
	61.70
	19.6±5.2
	31.20

	8
	(C6H5)Bi(phthalimide)2
	6.4±0.28
	62.18
	14.6±2.4
	34.71

	9
	(C6F5)Bi(succinimide)2
	6.2±0.28
	62.16
	19.8±5.4
	31.24

	10
	(C6F5)Bi(phthalimide)2
	7.1±0.54
	61.21
	19.6±5.3
	33.72 

	11
	(C6H4F)Bi(succinimide)2
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	12
	(C6H4F)Bi(phthalimide)2
	7.1±0.54
	61.21
	19.8±5.4
	31.24

	13
	Ranitidine
	7.6±0.53
	58.46
	10.3±3.3
	57.43

	14
	Aspirin
	18.3±1.6
	-
	-
	-

	15
	Ethanol
	-
	
	24.2±6.5
	-


Table 8.6: Anti-bacterial activity of organobismuth (III) aryloxyacetates
	S. N.
	Compounds
	Control
	Pseudomonas aeruginosa
	Staphylococcus aureus
	Klebsiela pneumoniae

	1
	(C6H5)2Bi(OOC.CH2OC6H5)
	–
	+++
	+++
	++

	2
	(C6H5)2Bi(OOC.CH2OC6H4.CH3)
	–
	++
	++
	++

	3
	(C6H5)2Bi(OOC.CH2OC6H4.Cl)
	–
	+++
	++
	++

	4
	(C6F5)2Bi(OOC.CH2OC6H5)
	–
	++
	++
	++

	5
	(C6F5)2Bi(OOC.CH2OC6H4.CH3)
	–
	++
	++
	+++

	6
	(C6F5)2Bi(OOC.CH2OC6H4.Cl)
	–
	+++
	++
	++

	7
	(p-FC6H4)2Bi(OOC.CH2OC6H5)
	–
	++
	++
	++

	8
	(p-FC6H4)2Bi(OOC.CH2OC6H4.CH3)
	–
	++
	++
	+++

	9
	(p-FC6H4)2Bi(OOC.CH2OC6H4.Cl)
	–
	+++
	+++
	++

	10
	(C6H5)Bi(OOC.CH2OC6H5)2
	–
	+++
	++
	++

	11
	(C6H5)Bi(OOC.CH2OC6H4.CH3)2
	–
	++
	+
	++

	12
	(C6H5)Bi(OOC.CH2OC6H4.Cl)2
	–
	+++
	++
	++

	13
	(C6F5)Bi(OOC.CH2OC6H5)2
	–
	++
	++
	++

	14
	(C6F5)Bi(OOC.CH2OC6H4.CH3)2
	–
	++
	++
	+++

	15
	(C6F5)Bi(OOC.CH2OC6H4.Cl)2
	–
	+++
	+++
	++

	16
	(p-FC6H4)Bi(OOC.CH2OC6H5)2
	–
	+++
	++
	++

	17
	(p-FC6H4)Bi(OOC.CH2OC6H4.CH3)2
	–
	++
	+
	++

	18
	(p-FC6H4)Bi (OOC.CH2OC6H4.Cl)2
	–
	+++
	++
	++


+ = 6-10 mm; ++ = 10-14 mm; +++= >14 mm; – = Inactive

Table 8.7: Anti-fungal activity of organobismuth (III) aryloxyacetates at 50 (g/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia. 

(mm)
	% Inhibition
	Aspergillus niger 

Col. Dia. 

(mm)
	%

Inhibition

	1
	(C6H5)2Bi(OOC.CH2OC6H5)
	0.7
	76.6
	0.6
	70.0

	2
	(C6H5)2Bi(OOC.CH2OC6H4.CH3)
	0.2
	93.3
	0.7
	65.0

	3
	(C6H5)2Bi(OOC.CH2OC6H4.Cl)
	0.2
	93.3
	0.7
	65.0

	4
	(C6F5)2Bi(OOC.CH2OC6H5)
	0.5
	83.3
	0.4
	80.0

	5
	(C6F5)2Bi(OOC.CH2OC6H4.CH3)
	0.2
	93.3
	0.7
	65.0

	6
	(C6F5)2Bi(OOC.CH2OC6H4.Cl)
	0.2
	93.3
	0.7
	65.0

	7
	(p-FC6H4)2Bi(OOC.CH2OC6H5)
	0.7
	76.6
	0.7
	65.0

	8
	(p-FC6H4)2Bi(OOC.CH2OC6H4.CH3)
	0.8
	73.3
	0.8
	60.0

	9
	(p-FC6H4)2Bi(OOC.CH2OC6H4.Cl)
	0.8
	73.3
	0.8
	60.0

	10
	(C6H5)Bi(OOC.CH2OC6H5)2
	0.7
	76.6
	0.6
	70.0

	11
	(C6H5)Bi(OOC.CH2OC6H4.CH3)2
	0.7
	76.6
	0.5
	75.0

	12
	(C6H5)Bi(OOC.CH2OC6H4.Cl)2
	0.5
	83.3
	0.4
	80.0

	13
	(C6F5)Bi(OOC.CH2OC6H5)2
	0.2
	93.3
	0.7
	65.0

	14
	(C6F5)Bi(OOC.CH2OC6H4.CH3)2
	0.2
	93.3
	0.7
	65.0

	15
	(C6F5)Bi(OOC.CH2OC6H4.Cl)2
	0.4
	86.7
	0.6
	70.0

	16
	(p-FC6H4)Bi(OOC.CH2OC6H5)2
	0.7
	76.6
	0.6
	70.0

	17
	(p-FC6H4)Bi(OOC.CH2OC6H4.CH3)2
	0.2
	93.3
	0.7
	65.0

	18
	(p-FC6H4)Bi (OOC.CH2OC6H4.Cl)2
	0.2
	93.3
	0.7
	65.0

	19
	Control
	3.0
	–
	2.0
	–


Table 8.8: Anti-fungal activity of organobismuth (III) aryloxyacetates at 100 (g/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia.

 (mm)
	% Inhibition
	Aspergillus niger 

Col. Dia.

 (mm)
	%

Inhibition

	1
	(C6H5)2Bi(OOC.CH2OC6H5)
	0.1
	96.7
	0.4
	80.0

	2
	(C6H5)2Bi(OOC.CH2OC6H4.CH3)
	0.2
	93.3
	0.3
	75.0

	3
	(C6H5)2Bi(OOC.CH2OC6H4.Cl)
	0.2
	93.3
	0.1
	95.0

	4
	(C6F5)2Bi(OOC.CH2OC6H5)
	0.1
	96.7
	0.1
	95.0

	5
	(C6F5)2Bi(OOC.CH2OC6H4.CH3)
	0.4
	86.7
	0.2
	90.0

	6
	(C6F5)2Bi(OOC.CH2OC6H4.Cl)
	0.1
	96.7
	0.3
	75.0

	7
	(p-FC6H4)2Bi(OOC.CH2OC6H5)
	0.2
	93.3
	0.3
	75.0

	8
	(p-FC6H4)2Bi(OOC.CH2OC6H4.CH3)
	0.1
	96.7
	0.2
	90.0

	9
	(p-FC6H4)2Bi(OOC.CH2OC6H4.Cl)
	0.2
	93.3
	0.1
	95.0

	10
	(C6H5)Bi(OOC.CH2OC6H5)2
	0.1
	96.7
	0.1
	95.0

	11
	(C6H5)Bi(OOC.CH2OC6H4.CH3)2
	0.4
	86.7
	0.2
	90.0

	12
	(C6H5)Bi(OOC.CH2OC6H4.Cl)2
	0.2
	93.3
	0.2
	90.0

	13
	(C6F5)Bi(OOC.CH2OC6H5)2
	0.1
	96.7
	0.4
	80.0

	14
	(C6F5)Bi(OOC.CH2OC6H4.CH3)2
	0.2
	93.3
	0.3
	75.0

	15
	(C6F5)Bi(OOC.CH2OC6H4.Cl)2
	0.1
	96.7
	0.3
	75.0

	16
	(p-FC6H4)Bi(OOC.CH2OC6H5)2
	0.1
	96.7
	0.1
	95.0

	17
	(p-FC6H4)Bi(OOC.CH2OC6H4.CH3)2
	0.2
	93.3
	0.3
	85.0

	18
	(p-FC6H4)Bi (OOC.CH2OC6H4.Cl)2
	0.1
	96.7
	0.3
	75.0

	19
	Control
	3.0
	–
	2.0
	–


Table 8.9: Anti-tumor activity of organobismuth (III) aryloxyacetates
	S. N.
	Compounds
	MCF-7

Cell No. x 104
	EVSA-7 

Cell No. x 104
	Activity

	1
	(C6H5)2Bi(OOC.CH2OC6H5)
	9.19(0.92
	9.29(0.88
	Positive

	2
	(C6H5)2Bi(OOC.CH2OC6H4.CH3)
	9.17 ( 0.90
	8.6 7 ( 0.69
	Positive 

	3
	(C6H5)2Bi(OOC.CH2OC6H4.Cl)
	11.59(1.06
	11.29(1.02
	Negative

	4
	(C6F5)2Bi(OOC.CH2OC6H5)
	9.29(0.88
	9.89(0.92
	Positive

	5
	(C6F5)2Bi(OOC.CH2OC6H4.CH3)
	8.95(0.67
	8.55(0.62
	Positive

	6
	(C6F5)2Bi(OOC.CH2OC6H4.Cl)
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	7
	(p-FC6H4)2Bi(OOC.CH2OC6H5)
	11.52(1.02
	11.82(1.06
	Negative

	8
	(p-FC6H4)2Bi(OOC.CH2OC6H4.CH3)
	9.19(0.92
	9.29(0.88
	Positive

	9
	(p-FC6H4)2Bi(OOC.CH2OC6H4.Cl)
	12.31(1.02
	12.39(1.03
	Negative

	10
	(C6H5)Bi(OOC.CH2OC6H5)2
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	11
	(C6H5)Bi(OOC.CH2OC6H4.CH3)2
	9.19(0.92
	9.29(0.88
	Positive

	12
	(C6H5)Bi(OOC.CH2OC6H4.Cl)2
	8.95(0.67
	8.55(0.62
	Positive

	13
	(C6F5)Bi(OOC.CH2OC6H5)2
	12.31(1.02
	12.39(1.03
	Negative

	14
	(C6F5)Bi(OOC.CH2OC6H4.CH3)2
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	15
	(C6F5)Bi(OOC.CH2OC6H4.Cl)2
	9.29(0.88
	9.89(0.92
	Positive

	16
	(p-FC6H4)Bi(OOC.CH2OC6H5)2
	8.95(0.67
	8.55(0.62
	Positive

	17
	(p-FC6H4)Bi(OOC.CH2OC6H4.CH3)2
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	18
	(p-FC6H4)Bi (OOC.CH2OC6H4.Cl)2
	9.19(0.92
	9.29(0.88
	Positive

	19
	Negative control
	10.21(1.01
	10.22(1.01
	–

	20
	Positive control
	40.26(3.23
	41.23(3.28
	–


Table 8.10 Anti-ulcer Activity of organobismuth (III) aryloxyacetates
	S.N.
	Compounds
	Aspirin Induced
	Ethanol Induced

	
	
	Ulcer Index

(mm2/rat)
	Protective
 Ratio 

(%)
	Ulcer Index

(mm2/rat)
	Protective Ratio 

(%)

	1
	(C6H5)2Bi(OOC.CH2OC6H5)
	7.2±0.58
	61.68
	19.9±5.4
	18.21

	2
	(C6H5)2Bi(OOC.CH2OC6H4.CH3)
	7.2(0.58
	61.68
	19.7(5.2
	18.17

	3
	(C6H5)2Bi(OOC.CH2OC6H4.Cl)
	7.1±0.54
	61.21
	19.8±5.5
	18.18

	4
	(C6F5)2Bi(OOC.CH2OC6H5)
	7.3±0.58
	61.72
	19.8±5.4
	31.24

	5
	(C6F5)2Bi(OOC.CH2OC6H4.CH3)
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	6
	(C6F5)2Bi(OOC.CH2OC6H4.Cl)
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	7
	(p-FC6H4)2Bi(OOC.CH2OC6H5)
	7.2±0.56
	61.70
	19.6±5.2
	31.20

	8
	(p-FC6H4)2Bi(OOC.CH2OC6H4.CH3)
	6.4±0.28
	62.18
	14.6±2.4
	34.71

	9
	(p-FC6H4)2Bi(OOC.CH2OC6H4.Cl)
	6.2±0.28
	62.16
	19.8±5.4
	31.24

	10
	(C6H5)Bi(OOC.CH2OC6H5)2
	7.1±0.54
	61.21
	19.6±5.3
	33.72 

	11
	(C6H5)Bi(OOC.CH2OC6H4.CH3)2
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	12
	(C6H5)Bi(OOC.CH2OC6H4.Cl)2
	7.1±0.54
	61.21
	19.8±5.4
	31.24

	13
	(C6F5)Bi(OOC.CH2OC6H5)2
	7.3±0.58
	61.72
	19.8±5.4
	31.24

	14
	(C6F5)Bi(OOC.CH2OC6H4.CH3)2
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	15
	(C6F5)Bi(OOC.CH2OC6H4.Cl)2
	6.4±0.28
	62.18
	14.6±2.4
	34.71

	16
	(p-FC6H4)Bi(OOC.CH2OC6H5)2
	6.2±0.28
	62.16
	19.8±5.4
	31.24

	17
	(p-FC6H4)Bi(OOC.CH2OC6H4.CH3)2
	7.3±0.58
	61.72
	19.8±5.4
	31.24

	18
	(p-FC6H4)Bi (OOC.CH2OC6H4.Cl)2
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	19
	Ranitidine
	7.6±0.53
	58.46
	10.3±3.3
	57.43

	20
	Aspirin
	18.3±1.6
	-
	-
	-

	21
	Ethanol
	-
	
	24.2±6.5
	-


Table 8.11: Anti-bacterial activity of organobismuth (III) carboxylates
	S. N.
	Compounds
	Control
	Pseudomonas aeruginosa
	Staphylococcus aureus
	Klebsiela pneumoniae

	1
	(C6H5)2Bi(OOC.CCl3)
	–
	+++
	+++
	++

	2
	(C6H5)2Bi(OOC.CF3)
	–
	++
	++
	++

	3
	(C6F5)2Bi(OOC.CCl3)
	–
	++
	++
	++

	4
	(C6F5)2Bi(OOC.CF3)
	–
	++
	++
	++

	5
	(C6H4F)2Bi(OOC.CCl3)
	–
	++
	++
	+++

	6
	(C6H4F)2Bi(OOC.CF3)
	–
	+++
	++
	++

	7
	(C6H5)Bi(OOC.CCl3)2
	–
	++
	++
	++

	8
	(C6H5)Bi(OOC.CF3)2
	–
	++
	++
	+++

	9
	(C6F5)Bi(OOC.CCl3)2
	–
	+
	+++
	++

	10
	(C6F5)Bi(OOC.CF3)2
	–
	+++
	++
	++

	11
	(C6H4F)Bi(OOC.CCl3)2
	–
	++
	+
	++

	12
	(C6H4F)Bi(OOC.CF3)2
	–
	++
	++
	++

	13
	(C6F5)2Bi(OOCC6H4NO2)
	–
	+++
	++
	++

	14
	(C6F5)2Bi(OOCC6H4NO2)
	–
	++
	+
	++

	15
	(C6F5)2Bi(OOCC6H4Cl)
	–
	+++
	++
	++

	16
	(C6F5)2Bi(OOCC6H4Cl)
	–
	++
	++
	++

	17
	[(C6F5)2Bi(OOCC6H3(OH)OCH3]
	–
	++
	++
	+++

	18
	(C6F5)2Bi(OOCC6H4NH2)
	–
	+++
	+++
	++

	19
	(C6F5)2Bi(OOCC6H4NH2)
	–
	+++
	++
	++

	20
	(C6F5)2Bi(OOCC6H4N(CH3)2)
	–
	++
	+
	++

	21
	(C6F5)2Bi(OOCC6H4N(C2H5)2)
	–
	+++
	++
	++


+ = 6-10 mm; ++ = 10-14 mm; +++= >14 mm; – = Inactive

Table 8.12: Anti-fungal activity of organobismuth (III) carboxylates at 50 (g/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia. 

(mm)
	% 

Inhibition
	Aspergillus

 niger 

Col. Dia. 

(mm)
	%

Inhibition

	1
	(C6H5)2Bi(OOC.CCl3)
	0.2
	93.3
	0.7
	65.0

	2
	(C6H5)2Bi(OOC.CF3)
	0.2
	93.3
	0.7
	65.0

	3
	(C6F5)2Bi(OOC.CCl3)
	0.4
	86.7
	0.6
	70.0

	4
	(C6F5)2Bi(OOC.CF3)
	0.4
	86.7
	0.6
	70.0

	5
	(C6H4F)2Bi(OOC.CCl3)
	0.2
	93.3
	0.7
	65.0

	6
	(C6H4F)2Bi(OOC.CF3)
	0.2
	93.3
	0.7
	65.0

	7
	(C6H5)Bi(OOC.CCl3)2
	0.7
	76.6
	0.7
	65.0

	8
	(C6H5)Bi(OOC.CF3)2
	0.8
	73.3
	0.8
	60.0

	9
	(C6F5)Bi(OOC.CCl3)2
	0.8
	73.3
	0.8
	60.0

	10
	(C6F5)Bi(OOC.CF3)2
	0.8
	73.3
	0.6
	70.0

	11
	(C6H4F)Bi(OOC.CCl3)2
	0.7
	76.6
	0.5
	75.0

	12
	(C6H4F)Bi(OOC.CF3)2
	0.5
	83.3
	0.4
	80.0

	13
	(C6F5)2Bi(OOCC6H4NO2)
	0.7
	76.6
	0.6
	70.0

	14
	(C6F5)2Bi(OOCC6H4NO2)
	0.7
	76.6
	0.5
	75.0

	15
	(C6F5)2Bi(OOCC6H4Cl)
	0.5
	83.3
	0.4
	80.0

	16
	(C6F5)2Bi(OOCC6H4Cl)
	0.2
	93.3
	0.7
	65.0

	17
	[(C6F5)2Bi(OOCC6H3(OH)OCH3]
	0.2
	93.3
	0.7
	65.0

	18
	(C6F5)2Bi(OOCC6H4NH2)
	0.4
	86.7
	0.6
	70.0

	19
	(C6F5)2Bi(OOCC6H4NH2)
	0.7
	76.6
	0.6
	70.0

	20
	(C6F5)2Bi(OOCC6H4N(CH3)2)
	0.2
	93.3
	0.7
	65.0

	21
	(C6F5)2Bi(OOCC6H4N(C2H5)2)
	0.2
	93.3
	0.7
	65.0

	22
	Control
	3.0
	–
	2.0
	–


Table 8.13: Anti-fungal activity of organobismuth (III) carboxylates at 100 (g/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia.

 (mm)
	% Inhibition
	Aspergillus niger 

Col. Dia.

 (mm)
	%

Inhibition

	1
	(C6H5)2Bi(OOC.CCl3)
	0.1
	96.7
	0.4
	80.0

	2
	(C6H5)2Bi(OOC.CF3)
	0.2
	93.3
	0.3
	75.0

	3
	(C6F5)2Bi(OOC.CCl3)
	0.1
	96.7
	0.3
	75.0

	4
	(C6F5)2Bi(OOC.CF3)
	0.1
	96.7
	0.1
	95.0

	5
	(C6H4F)2Bi(OOC.CCl3)
	0.2
	93.3
	0.3
	85.0

	6
	(C6H4F)2Bi(OOC.CF3)
	0.1
	96.7
	0.3
	75.0

	7
	(C6H5)Bi(OOC.CCl3)2
	0.2
	93.3
	0.3
	75.0

	8
	(C6H5)Bi(OOC.CF3)2
	0.1
	96.7
	0.2
	90.0

	9
	(C6F5)Bi(OOC.CCl3)2
	0.2
	93.3
	0.1
	95.0

	10
	(C6F5)Bi(OOC.CF3)2
	0.1
	96.7
	0.1
	95.0

	11
	(C6H4F)Bi(OOC.CCl3)2
	0.2
	93.3
	0.2
	90.0

	12
	(C6H4F)Bi(OOC.CF3)2
	0.1
	96.7
	0.2
	90.0

	13
	(C6F5)2Bi(OOCC6H4NO2)
	0.1
	96.7
	0.1
	95.0

	14
	(C6F5)2Bi(OOCC6H4NO2)
	0.4
	86.7
	0.2
	90.0

	15
	(C6F5)2Bi(OOCC6H4Cl)
	0.2
	93.3
	0.2
	90.0

	16
	(C6F5)2Bi(OOCC6H4Cl)
	0.1
	96.7
	0.4
	80.0

	17
	[(C6F5)2Bi(OOCC6H3(OH)OCH3]
	0.2
	93.3
	0.3
	75.0

	18
	(C6F5)2Bi(OOCC6H4NH2)
	0.1
	96.7
	0.3
	75.0

	19
	(C6F5)2Bi(OOCC6H4NH2)
	0.1
	96.7
	0.1
	95.0

	20
	(C6F5)2Bi(OOCC6H4N(CH3)2)
	0.2
	93.3
	0.3
	85.0

	21
	(C6F5)2Bi(OOCC6H4N(C2H5)2)
	0.1
	96.7
	0.3
	75.0

	22
	Control
	3.0
	–
	2.0
	–


Table 8.14: Anti-tumor activity of organobismuth (III) carboxylates

	S. No.
	Compounds
	MCF-7

Cell No. x 104
	EVSA-7 

Cell No. x 104
	Activity

	1
	(C6H5)2Bi(OOC.CCl3)
	11.69 ( 1.04
	11.82 ( 1.06
	Negative

	2
	(C6H5)2Bi(OOC.CF3)
	11.59(1.06
	11.29(1.02
	 Negative

	3
	(C6F5)2Bi(OOC.CCl3)
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	4
	(C6F5)2Bi(OOC.CF3)
	9.17 ( 0.90
	8.67 ( 0.69
	Positive

	5
	(C6H4F)2Bi(OOC.CCl3)
	8.95(0.67
	8.55(0.62
	Positive

	6
	(C6H4F)2Bi(OOC.CF3)
	9.29(0.88
	9.89(0.92
	Positive

	7
	(C6H5)Bi(OOC.CCl3)2
	12.79(1.20
	12.69(1.16
	Negative

	8
	(C6H5)Bi(OOC.CF3)2
	11.52(1.02
	11.82(1.06
	Negative

	9
	(C6F5)Bi(OOC.CCl3)2
	8.70 ( 0.50
	8.40 ( 0.44
	Positive

	10
	(C6F5)Bi(OOC.CF3)2
	9.19(0.92
	9.29(0.88
	Positive

	11
	(C6H4F)Bi(OOC.CCl3)2
	8.69 ( 0.42
	8.22 ( 0.86
	Positive

	12
	(C6H4F)Bi(OOC.CF3)2
	8.22 ( 0.62
	9.42 ( 0.48
	Positive

	13
	(C6F5)2Bi(OOCC6H4NO2)
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	14
	(C6F5)2Bi(OOCC6H4NO2)
	9.19(0.92
	9.29(0.88
	Positive

	15
	(C6F5)2Bi(OOCC6H4Cl)
	8.95(0.67
	8.55(0.62
	Positive

	16
	(C6F5)2Bi(OOCC6H4Cl)
	12.31(1.02
	12.39(1.03
	Negative

	17
	[(C6F5)2Bi(OOCC6H3(OH)OCH3]
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	18
	(C6F5)2Bi(OOCC6H4NH2)
	9.29(0.88
	9.89(0.92
	Positive

	19
	(C6F5)2Bi(OOCC6H4NH2)
	8.95(0.67
	8.55(0.62
	Positive

	20
	(C6F5)2Bi(OOCC6H4N(CH3)2)
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	21
	(C6F5)2Bi(OOCC6H4N(C2H5)2)
	9.19(0.92
	9.29(0.88
	Positive

	22
	Negative control
	10.21(1.01
	10.22(1.01
	–

	23
	Positive control
	40.26(3.23
	41.23(3.28
	–


Table 8.15 Anti-ulcer Activity of organobismuth (III) carboxylates

	S.N.
	Compounds
	Aspirin Induced
	Ethanol Induced

	
	
	Ulcer Index

(mm2/rat)
	Protective Ratio 

(%)
	Ulcer Index

(mm2/rat)
	Protective Ratio 

(%)

	1
	(C6H5)2Bi(OOC.CCl3)
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	2
	(C6H5)2Bi(OOC.CF3)
	7.2(0.58
	61.68
	19.7(5.2
	18.17

	3
	(C6F5)2Bi(OOC.CCl3)
	7.1±0.54
	61.21
	19.8±5.5
	18.18

	4
	(C6F5)2Bi(OOC.CF3)
	7.2±0.56
	61.70
	19.6±5.2
	31.20

	5
	(C6H4F)2Bi(OOC.CCl3)
	7.1±0.54
	61.21
	19.6±5.3
	33.72 

	6
	(C6H4F)2Bi(OOC.CF3)
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	7
	(C6H5)Bi(OOC.CCl3)2
	7.2±0.56
	61.70
	19.6±5.2
	31.20

	8
	(C6H5)Bi(OOC.CF3)2
	6.4±0.28
	62.18
	14.6±2.4
	34.71

	9
	(C6F5)Bi(OOC.CCl3)2
	6.2±0.28
	62.16
	19.8±5.4
	31.24

	10
	(C6F5)Bi(OOC.CF3)2
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	11
	(C6H4F)Bi(OOC.CCl3)2
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	12
	(C6H4F)Bi(OOC.CF3)2
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	13
	(C6F5)2Bi(OOCC6H4NO2)
	7.1±0.54
	61.21
	19.6±5.3
	33.72 

	14
	(C6F5)2Bi(OOCC6H4NO2)
	7.2±0.54
	61.68
	19.6±5.3
	33.72 

	15
	(C6F5)2Bi(OOCC6H4Cl)
	7.1±0.54
	61.21
	19.8±5.4
	31.24

	16
	(C6F5)2Bi(OOCC6H4Cl)
	7.3±0.58
	61.72
	19.8±5.4
	31.24

	17
	[(C6F5)2Bi(OOCC6H3(OH)OCH3]
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	18
	(C6F5)2Bi(OOCC6H4NH2)
	6.4±0.28
	62.18
	14.6±2.4
	34.71

	19
	(C6F5)2Bi(OOCC6H4NH2)
	6.2±0.28
	62.16
	19.8±5.4
	31.24

	20
	(C6F5)2Bi(OOCC6H4N(CH3)2)
	7.3±0.58
	61.72
	19.8±5.4
	31.24

	21
	(C6F5)2Bi(OOCC6H4N(C2H5)2)
	6.2±0.28
	62.16
	14.4±2.2
	34.70

	22
	Ranitidine
	7.6±0.53
	58.46
	10.3±3.3
	57.43

	23
	Aspirin
	18.3±1.6
	-
	-
	-

	24
	Ethanol
	-
	
	24.2±6.5
	-


Table 8.16 Antibacterial Activity of diphenylbismuth(III)derivatives of substituted      
                    benzoic acid 

	S. N.
	Compounds
	Control
	Pseudomonas aeruginosa
	Staphylococcus aureus
	Klebsiela pneumoniae

	1
	(C6H5)2Bi(OOCC6H4NO2)
	–
	+++
	+++
	++

	2
	(C6H5)2Bi(OOCC6H4NO2)
	–
	++
	++
	++

	3
	(C6H5)2Bi(OOCC6H4Cl)
	–
	+++
	++
	++

	4
	(C6H5)2Bi(OOCC6H4Cl)
	–
	++
	++
	++

	5
	[(C6H5)2Bi(OOCC6H3(OH)OCH3]
	–
	++
	++
	+++

	6
	(C6H5)2Bi(OOCC6H4NH2)
	–
	+++
	++
	++

	7
	(C6H5)2Bi(OOCC6H4NH2)
	–
	++
	++
	++

	8
	(C6H5)2Bi(OOCC6H4N(CH3)2)
	–
	++
	++
	+++

	9
	(C6H5)2Bi(OOCC6H4N(C2H5)2)
	–
	+++
	+++
	++


+ = 6-10 mm; ++ = 10-14 mm; +++= >14 mm; – = Inactive
Table 8.17 Antifungal Activity of diphenylbismuth(III)derivatives of substituted 
                   benzoic acid at 50µg/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia. 

(mm)
	%
Inhibition
	Aspergillus niger 

Col. Dia. 

(mm)
	%

Inhibition

	1
	(C6H5)2Bi(OOCC6H4NO2)
	0.7
	76.6
	0.6
	70.0

	2
	(C6H5)2Bi(OOCC6H4NO2)
	0.2
	93.3
	0.7
	65.0

	3
	(C6H5)2Bi(OOCC6H4Cl)
	0.2
	93.3
	0.7
	65.0

	4
	(C6H5)2Bi(OOCC6H4Cl)
	0.5
	83.3
	0.4
	80.0

	5
	[(C6H5)2Bi(OOCC6H3(OH)OCH3]
	0.2
	93.3
	0.7
	65.0

	6
	(C6H5)2Bi(OOCC6H4NH2)
	0.2
	93.3
	0.7
	65.0

	7
	(C6H5)2Bi(OOCC6H4NH2)
	0.7
	76.6
	0.7
	65.0

	8
	(C6H5)2Bi(OOCC6H4N(CH3)2)
	0.8
	73.3
	0.8
	60.0

	9
	(C6H5)2Bi(OOCC6H4N(C2H5)2)
	0.8
	73.3
	0.8
	60.0

	10
	Control
	3.0
	-
	2.0
	-


Table 8.18 Antifungal Activity of diphenylbismuth(III)derivatives of substituted 
                   benzoic acid at 100µg/ml conc.
	S. N.
	Compounds
	Aspergillus flavus 

Col. Dia.

 (mm)
	% Inhibition
	Aspergillus niger 

Col. Dia.

 (mm)
	%

Inhibition

	1
	(C6H5)2Bi(OOCC6H4NO2)
	0.1
	96.7
	0.4
	80.0

	2
	(C6H5)2Bi(OOCC6H4NO2)
	0.2
	93.3
	0.3
	75.0

	3
	(C6H5)2Bi(OOCC6H4Cl)
	0.2
	93.3
	0.1
	95.0

	4
	(C6H5)2Bi(OOCC6H4Cl)
	0.1
	96.7
	0.1
	95.0

	5
	[(C6H5)2Bi(OOCC6H3(OH)OCH3]
	0.4
	86.7
	0.2
	90.0

	6
	(C6H5)2Bi(OOCC6H4NH2)
	0.1
	96.7
	0.3
	75.0

	7
	(C6H5)2Bi(OOCC6H4NH2)
	0.2
	93.3
	0.3
	75.0

	8
	(C6H5)2Bi(OOCC6H4N(CH3)2)
	0.1
	96.7
	0.2
	90.0

	9
	(C6H5)2Bi(OOCC6H4N(C2H5)2)
	0.2
	93.3
	0.1
	95.0

	10
	Control
	3.0
	--
	2.0
	--


	S. No.
	Compounds
	MCF-7

Cell No. x 104
	EVSA-7 

Cell No. x 104
	Activity

	1
	(C6H5)2Bi(OOCC6H4NO2)
	9.19(0.92
	9.29(0.88
	Positive

	2
	(C6H5)2Bi(OOCC6H4NO2)
	9.17 ( 0.90
	8.6 7 ( 0.69
	Positive 

	3
	(C6H5)2Bi(OOCC6H4Cl)
	11.59(1.06
	11.29(1.02
	Negative

	4
	(C6H5)2Bi(OOCC6H4Cl)
	9.29(0.88
	9.89(0.92
	Positive

	5
	[(C6H5)2Bi(OOCC6H3(OH)OCH3]
	8.95(0.67
	8.55(0.62
	Positive

	6
	(C6H5)2Bi(OOCC6H4NH2)
	8.79 ( 0.52
	8.42 ( 0.46
	Positive

	7
	(C6H5)2Bi(OOCC6H4NH2)
	11.52(1.02
	11.82(1.06
	Negative

	8
	(C6H5)2Bi(OOCC6H4N(CH3)2)
	9.19(0.92
	9.29(0.88
	Positive

	9
	(C6H5)2Bi(OOCC6H4N(C2H5)2)
	12.31(1.02
	12.39(1.03
	Negative

	10
	Negative control
	10.21(1.01
	10.22(1.01
	–

	11
	Positive control
	40.26(3.23
	41.23(3.28
	–


 Table 8.19 Antitumar Activity of diphenylbismuth(III)derivatives of  Substituted
                   benzoicacid.

*Negative Control- Culture Medium only, **Positive Control – 17 ( estradiol

                             CHAPTER-9                                          

CONCLUSION
It is now well found that the metals and their complexes are used in several biomedical and commercial applications. Number of organobismuth compound is now used for the treatment of different acute and pathogenic diseases in case of human beings. The salts of organobismuth are highly useful in treatment of gastric disorder along with cancer of early stages. Due to higher interest in medicinal application of metal based drugs, the present investigation was undertaken in past three years with a view to explore the biomedicinal and pharmacological studies of some new fluorine based organobismuth compounds which show water and lipid solubility. It was found by the observations of the earlier workers on antitumor, antimicrobial and gastroprotective studies of organobismuth compounds that the organic group attached with metal atom or ion act as pro-drugs which make their study more interesting. 

The present investigation deals with the synthesis and characterization of some novel and known organobismuth compounds in a view to examine their bio-medicinal efficacy. In the present work author has incorporated fully and partially substituted aromatic groups to study their comparative effect on biomedicinal and pharmacological studies. The present investigation deals the anti-inflammatory, anti-microbial, anti-tumor and gastroprotective studies of organobismuth compounds in +3 oxidation states having different kinds of organic moieties. The variation in organic group was performed for the enhancement of water and lipid solubility of organobismuth compounds and to study their effect on biomedicinal and pharmacological efficacy. Fluorine based compounds were generally synthesized and characterized for their rich water and lipid solubility.

The organobismuth compounds, containing aryl and substituted aryl group as organic moieties, were tested for their anti-inflammatory activity using carrageenan induced paw edema bioassay method in rat’s in-vivo and the percentage inhibition values were determined for each compound. The result indicates that these compounds are slight effective against inflammation. These compounds were also screened for antibacterial activity against three pathogenic bacterial strains viz. Pseudomonas aeruginosa, Staphylococcus aereus and Klebsiela pneumoniae by disc diffusion method in-vitro. The compounds show amazing antibacterial activity against these bacterial strains as shown in their results. The antifungal studies of organobismuth compounds against two pathogenic fungal strains, Aspergillus flavus and Aspergillus nigar at concentrations of 50 and 100 (g/ml of the test compounds was also studied and the results of these compounds show tremendous activity.  

Besides this, the work in present thesis also related to the investigation dealing with the in-vitro antitumor activity of organobismuth compounds against human breast adenocarcinoma (MCF-7) and mammary cancer cell lines (EVSA-7) using MTT bioassay method. The results indicate that these compounds are potentially active against the tumor cell lines in-vitro. The compounds having substituted aromatic group with nitrogen and carboxylate group as ligands show effective antitumor activity due to their higher water and lipid solubility. It may be noted that these compounds in +3 oxidation states easily binds with the receptor site of multienzyme complexes. The organobismuth compounds generally binds with nitrogen-7 position of purine bases in DNA strands and affect replication and transcription along with cell growth and protein synthesis. 



The organobismuth compounds were also tested for gastroprotective (antiulcer) studies against Sprague-Dawley rat’s in-vivo in aspirin (ASP) and ethanol induced ulcer. The results are so amazing and indicate higher activity than the standard ranitidine. It is well known that aspirin caused mucosal damage by interrupting the synthesis of prostaglandin and increasing acid secretion and back diffusion of H+ ions which results in overproduction of leucotrienes and other products of 5-lipoxygenase pathway. Hence the protective action of these compounds against aspirin-induced gastric ulcer could be due to its inhibitory effect on 5-lipoxygenase enzyme pathway. In case of ethanol induced ulcer which is predominantly occurs at glandular part of stomach was reported to stimulate the formation of leucotrienes C-4 mast cell secretary products and reactive oxygen species, which results in the damage of gastric mucosa of rat. The organobismuth (III) amides and carboxylates possibly play an important role in inhibition of these pathways and shows better activity in comparison to organobismuth (III) aryloxyacetates.



Before the biomedicinal and pharmacological screening, the newly synthesized organobismuth compounds were characterized on the basis of various techniques including M.P., elemental, IR and NMR spectral analysis. On the basis of IR, NMR spectral analysis data it may conclude that, in organobismuth (III) compounds, amides, aryloxyacetates and carboxylates behaves as monodentate ligand. Conductance measurement and molecular weight data showed that these ligands have monomeric and non conducting nature. The experimental data are thus consistent with three coordinate pyramidal structures.




[image: image23.png]|
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L= Amides; Aryloxyacetates; Carboxylates

So, from these observations it is clear that the organobismuth compounds in future acts as better supplements in drug industry to control microbial infections, in treatment of simple and acute tumors and also in control of gastric and peptic ulcer in human beings.
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Fig. 2.2 [Cis-platin]





Fig. 2.3 [Carboplatin]





Fig. 2.4 [Oxaliplatin]
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