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ABSTRACT

Several new substituted triarylbismuth(v) dihalide and pseudo halide of the general formula ArsBiX:
and mixed halides ArsBilY[Ar=p-FCesHs, p-ClCsH4 and p-CH3zCsHa; X=CI,Br,N3,NCS,NCO and Y=CI
and Br],have been prepared and characterized.As compared to triorganobismuth(v)dihalides mixed
halides and pseudohalides of the general formula R3BiX: or R3;BiXY(R=Ph,Me,CF; X=halo or
pseudohalo group) similar triarylbismuth dihalides ArsBiX,(where Ar= substituted phenyl ring having
electron with drawing or electron donating groups) have not received much attention. Here in we
report the synthesis and characterization of triarylbismuth(V)dihalide,ArsBiX, (Ar= p-FCgHa, p-
CICsHa4;X=Cl,Br) mixed halides, ArzBilY (Y=CI,Br), pseudohalides ArsBiX, (X=N,NCO,NCS).

Keywords: Organobismuth, tris-parafluorophenylbismuth, Corbonylsulphide.

INTRODUCTION
Despite a voluminous work appearing in the literature concerning the synthesis and characterization
of partially and fully halophenyl substituted Groups 15 Organometallics, (M = As, Sb and Bi) the
studies are mainly centered on antimony compounds . The latter compounds in recent years have
been studied not only from synthetic point of view but also for their potential biological activity®. As in
case of Organotin compounds, fluorine substituted organic groups or the ligands bound to metal
atoms enhance the water and lipid solubility and as a result of this, their bioavailability increases. No
wonder many of fluoro substituted organoantimony show significant antimicrobial and antitumour
activity. However, the studies on organoantimony compounds are hindered due to their toxic nature.
The retention period of antimony compounds, in human organs is again greater than the
correspondlng bismuth compounds and the Sb—C bond is not biodegradable unlike bismuth-carbon
bond(s)*®
A perusal of literature reveals that in contrast to Organoantimony compounds, corresponding
Organobismuth compounds in which organic group is studded with a fluoro substituent have been
little studied, while halo substituted phenyl antimony compounds are well known in literature and have
been studied by our research group and others®®. However, p-fluorophenylgroup(s) containing
organo-bismuth compounds are very little known. Exploratory work reveals that the synthesis of tris(p-
fluorophenyl) blsmuth(lll) alongwnh arylstibines was reported as early as in 1971 by De Ketelaere et,
together with their *H and *°F NMR spectra followed by vibrational studies reported (Both IR and
Raman) by the same authors in 1974 1t may be noted that inorganic bismuth compounds e.g.
bismuth subsalicylate, bismuth subcitrate and bismuth subcarbonate have been used over a long
period for treatment of gastroentitis, peptic ulcer and duodenal iliness and are frequently administered
for stomach related ailments despite the prevalence of so many antibiotics'®*%.The introduction of
fluoro group in the organic group bound to the metal atom or in the anionic ligand is known to
enhance both hydrophilicity and lipophilicity and thereby make them better candidates for biological
activity. This observation is well substantiated in our finding on pentafluoro [;Jhenyl antimony
compounds on which we have got issued a patent for potential insecticidal activity*™".

Experimental

Tertiary substituted_arylbismuth ArzBi [Ar= (p-FCe¢H,4)] were synthesized through the reported method.
Thiocyanogen was generated in CCl, by the reaction of bromine upon lead thiocyanate. Moisture was
excluded from thiocyanogen solution in order to prevent its hydrolysis. The reaction of Bromine was
carried out in dark at lower temperature (-5°C) to retard its polymerization, which is induced due to
the presence of light, heat and hydroly5|s products. A few representative experiments are described
below further details are listed in tables®*
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Reaction of (p-FCg¢H,)3Bi with Br,

Tris(p-fluorophenylantimony)dibromide was prepared by the addition of bromine in slight excess to a
solution of tri(p-fluorophenyl)bismuth in petroleum-ether (60-80°C). The reaction mixture was stirred
for 3-4 h. Subsequent filtration and recrystallization from benzene yielded tri(p-fluorophenyl)bismuth
dibromide, m.p.109°C;yield 65%.

Reaction of (p-FCgsH,)3Bi with (SCN),

Tris(p-fluorophenyl)bismuth (0.912 g, 2 mmol) was taken in CCl, (~30 ml) and kept stirring. To this
was then added a freshly prepared solution of thiocyanogen (0.24 g, 2 mmol) in CCl4 (~50 ml) at —
5°C during 15 minutes. The reaction mixture was subsequently stirred for 1 h and warmed to room
temperature. The removal of the solvent under reduced pressure afforded a brownish-yellow solid.
After recrystallization from ethanol it was characterized as tris(p-fluorophenyl) bismuth dithiocyanate,
m.p. 173°C;yield 76%.

Reaction of (p-FCgsH4)3Bi with IBr

To a stirred solution of tris(p-fluorophenyl)bismuth (0.456 g, 1 mmol) in acetonitrile at 00C, added
iodine monobromide (0.207 g, 1 mmol) in the same solvent dropwise within 30 minutes. The reactants
were stirred further for 30 minutes at 0°C and then for 2 h at room temperature, solution on
concentration afforded tris(p-fluorophenyl)bismuth iodine bromide which was recrystallized from
petroleum-ether,m. p. 95°C ,yield 65%.

Reaction of (p-FCgH,)3Bi with Sulphur

A solution of tris(p-fluorophenyl) bismuth (0.912 g, 2 mmol) in acetonitrile (~50 ml) was refluxed with
elemental sulphur (0.064 g, 2 mmol) for 1 h under nitrogen atmosphere. The solution was
concentrated and cooled overnight to afford off white crystalline solid. It was characterized as tris(p-
fluorophenyl)bismuth sulphide,m.p. 138°C,yield 62%.

Reaction of (p-FCgH4)3BilCl with NaN3

A freshly generated solution of iodine azide (0.338 g, 2 mmol) in acetonitrile (~50 ml) at —10°C was
added to a precooled (—10°C) stirring solution of tris(p-fluorophenyl)bismuth chloride iodide (0.618 g, 2
mmol) in the same solvent (~50 ml) during 15 minutes under nitrogen atmosphere. The reactants
were stirred for 1 h at initial temperature and then at room temperature. The solution was evaporated
under reduced pressure and cooled overnight after adding petroleum-ether (40-60°C) (~10 ml). A
brownish yellow crystalline solid of tris(p-fluorophenyl)bismuth lodideazide was obtained, m.p.280°C
yield 58%.

Reaction of (p-FCgH,)3BilCl with KNCO

A suspension of potassium cyanate (1 g, 1.24 mmol) in acetonitrile was added to a solution of tris(p-
fluorophenyl)bismuth chloride iodide (0.618 g, 1 mmoal) in the same solvent (~60 ml) and refluxed for
3-4 h. The mixture was then filtered to remove potassium chloride and unreacted potassium cyanate.
The filtrate was concentrated under vaccum to afford white solid which was recrystallized from
petroleum-ether (40-60°C) and characterized as tris(p-fluorophenyl)bismuth(V) iodide isocyanate, m.
p. 148°C,yield: 68%.

RESULTS AND DISCUSSION

Tris (p-fluorophenyl) bismuth dichlorides and dibromides were prepared almost in quantitative yields
through the direct chlorination or bromination respectively, from the corresponding tertiary substituted
aryl bismuth (Il1) compounds in petroleum-ether (40-60°C) at —10°C.

_ pet ether _

(X = Cl, Br)

The products are white crystalline solids with sharp melting point and are soluble in common organic
solvents. Being hygroscopic in nature they were stored in vacuum desiccators. The analytical data of
the newly synthesized compounds are given in Table 2 and 3.
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Similarly, under oxygen free conditions interhalogens, ICI and IBr were found to add oxidatively to
tertiary substituted p-fluorophenylbismuth(lll) compounds to give tertiary substituted aryl bismuth
mixed halides in high yield and high purity at —10°C in dried carbon tetrachloride.

|
|
(p-FCgH,)3Bi + IX ccl > (p-FC6H4)3Bi< . (2)

-100C X
(X = Cl, Br)

No traces of p-F(CgHyl) or p-Ce¢H4BiX were found in any of these reactions. The products normally
expected from the bismuth-aryl bond cleavage. This observation is in conformity with the earlier
observed reactions of interhalogens with triorganobismuth, R;Bi (R= Ph, Me, Cg¢Fs) compounds.
Elemental sulphur was also found to add oxidatively to the tertiary aryl substituted compound in
refluxing benzene in dry nitrogen atmosphere in the sense of equation shown below:

Benzene
(p-FCgH,)3BI + S N > (p-FCgH,)3BIS ..(3)

The sulphide derivatives could be obtained by passing H,S gas to an ammonical solution of tertiary
arylbismuth(V) dihalide in alcohol.

Alcohol

"FCqH,)4BIX, + H
(p-FCgH,)3BiX, 25 room temp.

(p-FCgHy)3BIS + 2HX | (4)

The compounds obtained by equation (3) and (4) are identical in nature. They had similar melting
points (no depression in melting point on mixing) and had super imposable infrared spectra. The
molecular weight of sulphide derivative determined cryoscopically in benzene suggests that they exist
as a monomer. It is not surprising since triphenylbismuthsulphide triphenylantimony and tris-
pentafluorophenylsulphide have also been reported to be monomolecular on the basis of molecular
weight and dipole moment data®.

Freshly generated solution of IN; and INCO were found to add oxidatively to tris(p-
fluorophenyl)bismuth at -10°C in carbon tetrachloride in the sense of equation shown below:

|
CCly _

(p-FCsH,)-Bi + IN > (p-FCgHy)3BI ..(5

6M4)3 3 1000 \N3 (5)

(p-FCgH,)4Bi ..(6
-100C o \NCO ©

The reactions with these interhalopseudohalides were performed in dark because at room
temperature and in sunlight polymerization retarded oxidative addition. Mixed pseudohalides can also
be obtained by the selective replacement reactions as shown below.

cCly

(p-FCgH,)sBi + INCO

_ Benzene ,

(p-FCgH,)3BIICI + NaN, " > (p-FCgH,)3BiIN3 + NaCl ....(7)
_ Benzene _

(p-FCgH,)3BilBr + KNCO .y »  (p-FCgH,)3Bil(NCO) + KBr ....(8)

Further, (p-FCgH4)3BICl, forms an important source for obtaining various disubstituted tris(p-
fluorophenyl)bismuth(V) derivatives. Thus, the treatment with the corresponding sodium salts in
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benzene under moderate condition leads to the replacement of both the chloride atoms. The metallic
chlorides separate immediately in each case after mixing the reactants.

(p-FCgH4)3BICl2 + 2MY > (p-FCgH,)3BiY2+2MCI | (9)

M =Na, Ag, Y =NCO, N3

Reaction of freshly generated solution of thiocyanogen6 in carbon tetrachloride proceeded in the same
fashion at —10°C.

_ CCly _
(P-FCgHy)3Bi + (SCN)2 TooC > (p-FCgH,)3BI(SCN)2 ...(10)
=100

Reaction of thiocyanogen was carried in dark to retard its polymerization. No cleavage of any group
however was observed.

IR Spectra

The IR absorptions associated with the various modes of vibrations due to the p-fluorophenyl groups
bound to the bismuth in the newly synthesized tertiary substituted arylbismuth(V) dihalides and
pseudo-halides correspond well with those reported for tertiary substituted aryl bismuth, R3Bi (R = p-
FC6H4)9. No appreciable change or shifting in the positions of none mass sensitive modes was
observed and hence not discussed here. IR absorptions associated with the various modes of
vibrations of azido, thiocyanato and cyanato groups have been identified and a conclusion regarding
the mode of bonding of these pseudohalide groups to bismuth atom has been arrived at and is
discussed below.

The chalcogenate group has three fundamental modes of vibrations vC=N, vC-X and SNCX. Out of
these modes the C=N has been most frequently studied because its intensity and position in infrared
spectra does not vary significantly from one pseudohalogen to another and from one metal to the
other. The position of the corresponding vC—X and bending mode of vibration, SNCX greatly depends
upon the nature of the pseudohalogen and its mode of bonding to the metal atom® Approxrmate
frequency range for the different type of chalcogenate coordination are listed in Table 1.

Tertiary substituted arylbismuth (V) diisothiocyanate

Absorption frequencies of diagnostic values of NCS group and their possible assignments are given
inTable 4.

Reported spectra of various isothiocyanates place the asymmetric isothiocyanate stretchlng at
2075+35 cm™ and the corresponding vibrations of the thiocyanate (-SCN) at 2155+15 cm 1922 | the
present mvestrgatron the asymmetric stretching vibrations appear as a broad band of strong mtensrty
at 2140+10 cm™ which is closer to the normal form than the isothiocyanate. It has been reported
that the intensity of the asymmetric -NCS group is 50-100 times stronger than the —SCN group and
the shape is broad for the former. The shape and intensity of the —NCS stretching absor tion
observed in thepresent investigation, suggest normal structure for (p-FCgH4)sBi (SCN),*’.The
symmetric NCS stretching, which is virtually v C-S stretching mode, accordlng to the established
views, lies at distinctly higher frequency in the |soth|ocyanates (760 cm™ to 880 cm™) and offers more
promise in the decrdlng the nature of these compounds Thus, the appearance of a medium
intensity band at 800 cm™ suggests no bonding through sulphur bonding.

The IR spectra of azido derivatives exhibit three fundamental bands in the region 2100-400 cm™. The
band around 2090 cm™ asslgnable to vas N=N"=N" mode, is the strongest and the only one |n the
triple bond region above 2000 cm™. A second band of weak intensity is located at 1270+10 cm™ and
is assigned to symmetric N=N"=N", while bending N5 was identified at 655+5 cm™. The spectral data
thus suggest the presence of a covalently bonded linear N=N"=N" in the azide derivatives?>?, The v
Bi-C bond corresponding to y mode of vibration appears 440-450cm™

All the compounds are stable at room temperature and are less hygroscopic as compared to phenyl
or alkyl analogs. The molecular weight determined in nitrobenzene indicates their monomeric
behaviour. They were aIso found non- conductrng in acetonitrile and, the conductivity ranges between
8 to 20 ohm™*cm?mole™ for 10 M solution®
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NMR Spectra

The "H NMR of the representative compounds showed a multiplet in the range & 7.82 ppm to & 8.12
ppm which could be assigned to aromatic protons. The ¥FE NMR spectra of the compound (3 & 4)
were carried out at room temperature. Both the compounds showed a triplet of triplets appearing in
the range & —-108.30 ppm to & —112.30 ppm and is consistent with the presence of three p-

fluorophenyl groups in equatorial positions.

Thus on the basis of IR and NMR spectra, molecular weight and non-ionic nature of the compounds
the newly synthesized triarylbismuth halo-pseudohalides and dipseudohalides may be assigned a
trigonalbipyramidal structure in which three p-fluorophenyl groups occupy equatorial positions. Halo
and pseudohalo group being more electronegative would occupy axial positions. Similar conclusions

ISSN: 2277-5005

have earlier been arrived at in case of triphenylbismuth(V) compounds.

.I‘\I

X
Ar

7

Y

Ar = p-FCgHy; X = Y = NCS, N3, NCO

X, Y =ICl, IBr, IN3, INCO

X,Y=1ICl,

Br; I, N3; I, NCO

Ar

Table 1: Approximate frequency ranges for different types of
chalcogenate co-ordination to metal

Compound type v CN (cm-1) v CX (cm-1) 8 NCX (cm-1)

NCS— 2053 746 486, 471
M-NCS 2100-2050 870-820 485-475
M-SCN 2130-2085 760-700 470-430
M-NCS-M 2165-2065 800-750 470-440
NCSe— 2070 558 424-416
M-NCSe— 2090-2050 650-600 460-410
M-SeCN 2130-2070 550-520 410-370
M-NCSe-M 2150-2100 640-550 410-390
NCO- 2165 1254 637, 628
M-NCO 2240-2170 1350-1320 640-590
M-OCN 2240-2200 1320-1250 630-590

Table 2: Analytical data of tertiary substituted aryl bismuth (v) derivatives

S. No. Compound M.P.°C Yield % Colour Recrystallisation solvent
1. (p-FCeH4)sBiBr 109 65 Off white Petroleum-ether/ benzene (60-80 °C)
2. (p-FCeH.)sBiCl, 117 70 Off white Petroleum-ether (60-80°C)
3. (p-FCgH4)3Bi(Ns)2 163 70 Off white Petroleum-ether/ hexane
4. (p-FCsH4)3Bi(NCO), 184 68 Off white Petroleum-ether (60-80°C)
5. (p-FCsH4)3Bi(SCN), 173 67 Light brown Petroleum-ether (60-80°C)
6. (p-FCeH,)3BilCI 127 60 Light brown Petroleum-ether (60-80°C)
7. (p-FCeH.)sBilBr 143 62 Brown Petroleum-ether (60-80°C)
8. (p-FCgsH4)3BiS 138 78 Off white Petroleum-ether/ Hexane
9. (p-FCsH4)sBiINCO 148 68 White Petroleum-ether (40-60°C)
10. (p-FCeHa4)3BilN3 280 58 Brownish crystalline Petroleum-ether (40-60°C)
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Table 3: Elemental analysis of tertiary
substituted aryl bismuth (v) derivatives

ISSN: 2277-5005

S.No. | Empirical formula Mvc\)/I:i‘;LrJ]Itar c Found (Sa“ld) % S
2. CisH12F3ClLBI 565.17 38.05 (38.11) 2.14 (2.16) —
3. CigH12F3sNgBiI 578.30 37.38 (37.40) 2.09 (2.10) 14.53 (14.68)
4. CooH12F3N,O,Bi 578.30 41.54 (41.56) 2.09 (2.10) 4.84 (4.92)
5. CaoH12N,S,F3Bi 610.43 39.35 (39.38) 1.98 (2.00) 4.59 (4.65)
6. C1gH1,F3ICIBI 656.62 32.93 (33.00) 1.84 (1.92) —
7. C1gH1,F3IBrBi 701.07 30.84 (30.90) 1.73 (1.80) —
8. CigH1,F3SBI 526.33 41.08 (41.10) 2.30(2.32) —
9. Ci9H12FsNOI 334.10 32.35 (32.38) 3.62 (3.68) 4.19 (4.22)
10. CroH12FaNGBil 663.10 | 32.60 (32.68) | 1.82(L.90) | 6.34 (6.38)

Table 4: Relevant IR absorptions of tertiary
substituted aryl bismuth (V) derivatives

Compound No. vasyPseudohalide veymPseudohalide 8 Pseudohalide Bi-N
3 2090 s 1280 w 650 w 346 w
4 2160 s 1365 w 655 mw 422 vw
5 2150 s 800 w 440 w 355 vw
9 2075 s 880 w 450 w 418 w
10 2000 s 1270 w 655 w 423 w

s = strong; w = weak; mw = medium weak; vw = very weak

CONCLUSION

The introduction of fluoro group in the organic bound to the metal atom or in the anionic ligand is
known to enhance both hydrophilicity and lipophilicity and thereby make them better candidates for
biological activity. However, the studies on organoantimony compounds are hindered due to their
toxic nature. The retention period of antimony compounds, in human organs is again greater than the
corresponding bismuth compounds and the Sb—C bond is not biodegradable unlike bismuth-carbon
bond(s).
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