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Synthesis of sterically hindered cyclohexyl Bismuth(V)
carboxylates, amides and oximes
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Abstract

Several new sterically hindered cationic complexes of tricyclo-
hexylbismuth (V) carboxylates, amides and oximes have been synthesized
by the reaction of substituted carboxylic acids, substituted amides and
ketoximes with tricyclohexylbismuth dichloride, which in turn was
obtained from cyclohexylbromide magnesium and bismuth trichloride.
New compounds were characterized by melting point, elemental analysis
and infrared spectroscopy. The antimicrobial activity of these compounds

are under study.
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Introduction

In the past two decades, despite the
toxicity of group 15 elements, arsenic, antimony
and bismuth possessed considerable importance
from industrial point of view and as biocides
and chemotherapeutic agents'>. Several workers
reported the anti microbial activity of organo-
bismuth compounds*®. Finet et.al.” reported
the synthesis and reactivity of chiral pentavalent
bismuth derivatives. Bismuth is a rare element
in terms of its low levels of toxicity and noncar-
cinigenic nature inspite of its heavy metal
status. Kotars® and his coworkers reported the
antibacterial properties of some cyclic organo-

bismuth (IIT) compounds. Anti proliferative
activity against ehrlich ascites tumor growing
as fluid tumor in the peritoneal cavity of mice
of organobismuth(III) bis thiolates was also
reported’. Singhal et. al.'®'? reported the synthesis
of triarylbismuth diamides and dioximates.
Synthesis of organobismuth(III) derivatives of
sterically hindered bifunctional tetradentate
schiff bases were reported'®. Moreover recent
studies have shown that bismuth compounds
especially thiolates and other nitrogen containing
derivatives are better antitumor agents and
even in certain cases can supersede known
platinum based drugs'*".
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In view of the above facts we initiated
a systematic study of sterically hindered
organobismuth compounds containing Bi-O and
Bi-N bonds by incorporating the substructural

unit carboxylates, which have been found -

increasing importance as antitumor agents.In-
the present paper we have synthesized tricyc-
lohexylbismuth dicarboxylates, tricyclohexy-
Ibismuth diamides and tricyclohexylbismuth
dioximates and study their antimicrobial
activity.

Material and Methods

The melting points of the compounds
were determined in a Toshniwal Electric
melting point bath and are uncorrected. IR spectra
were recorded on Perkin-Elmer 577 spectro-
photometer in the range 4000-400 cm™" using
KBr. Special precautions were taken to
exclude moisture. Anhydrous benzene (Aldrich)
was used as the solvent.

Synthesis of tricyclohexylbismuth dichloride
(Cy-CsH 11)3BiCl; :

A Grignard solution was prepared
from cyclohexyl bromide (0.50 mol) and
magnesium (0.50 mol) in dry ether in the
Nitrogen atmosphere with exclusion of light in
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ether (150 ml). A solution of BiCl;( 0.16 mol)
in benzene solvent was added dropwise, the
reaction mixture was stirred vigorously after
complete addition of BiCl; it refluxed for 2
hours. This gave Tri cyclohexyl bismuth was
bubbled with chlorine for half an hour. The
reaction mixture was hydrolysed by addition
of 10% HClI in cold water. The organic layer
was separated and dried over sodium sulphate.
Removal of solvent followed by crystallization
of white solid from absolute alcohol.

Melting Point: 124°C

Synthesis of tricyclohexylbismuth dicarbo-
xylates (Fig 1) :

Tricyclohexylbismuth dichloride (1
mol), substituted carboxylic acid (2 mole) and
triethylamine (1 ml) were stirred in benzene
(30 ml) at room temperature for 2 hrs. The
reaction mixture was then refluxed for one hr

- to ensure completion of the reaction. The

precipitated triethylamine hydrogen chloride
was filtered off (m.p. > 240°C) and the filtrate
on concentration in vacuum, afforded the
corresponding product which was precipitated
out by adding petroleum ether (40-60°) to
concentrated mixture. (Table 1)

(Cy — C¢Hyy); BiCl; + 2RCOOH EtsN (Cy-CgHi1); Bi(OOCR);
——
Benzene
+
27 Ets N HCL:ivim0000 (D)

[RCOO=CgH; COO~, m-OH CgH4COO", p-NH; CgH4COO", p-NO; CgH4COO~, p-Cl CgH4COO]
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Synthesis of tricyclohexylbismuth diamides
(Fig2) :

To astirred solution of tricyclohexyl-
bismuth dichloride( 1 mol) in solvent benzene
(40 ml), substituted amide (2 mol) and
triethylamine in the same solvent was added
at room temperature. The reaction mixture
CgHjy); BiCl; + 2HNR',

(Cy- Et;N

_—
Benzene

--—N(gocsH,,& _NCO(CH,),CO. “NNNGeH, , — N CHz NC, H, , —

Synthesis of tricyclohexylbismuth dioximates
(Fig. 3) :

To astirred solution of tricyclohexyl-
bismuth dichloride (1 mol) in solvent benzene
(50 ml), ketoxime (2 mol) and triethylamine
(1 ml) in the same solvent was added at room
temperature. The reaction mixture was stirred

was stirred for 3 hrs then it was refluxed for
one hr to ensure completion of the reaction.
The precipitated triethylamine hydrogen
chloride was filtered off and the filtrate was
distilled off followed by addition of petroleum
ether (40-60°) to obtain the desired compound.
(Table 2)

(Cy-CgHy1); Bi (NR’2); + 2Et;N.HCL...(2)

' OCOESH‘,

for 3 hrs then refluxed for one hr to ensure
completion of the reaction. The precipitated
triethylamine hydrogen chloride was filtered
off and then filtrate was distilled off followed
by addition of petroleum ether (40-60) to obtain
the desired oxime derivative which is stable
and do not decompose on storage. (Table 3)

Et;N/ Benzene

CR“ R"I

(CﬁH] 1)3 BiCl, +2 HON =

(R",R" = Me, Me; Me, Ph)

»  (CeH;1);Bi(ONCR"R™)2
room temp.
_+_

2 Et;NHCL.......(5)

SUGGESTED STRUCTURES OF TRI(CYCLOHEXYL)BISMUTH(V) DE RIVATIVES

OCOR
~Cy-CgHyy
Cy-CgHyy Cy-CeHy
OCOR

FIG. 1: TRICYCLOHEXYLBISMUTH DICARBOXYLATES
(Cy-CgHy;);BI(OOCR),

Cy-Ceths RALAY

FIG. 2: TRICYCLOHEXYLBISMUTH DIAMIDES.
(Cy-CgHi1)3Bi(NRg),
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Rm\ Ru

O

R!'Il/ \RII

FIG. 3: TRICYCLOHEXYLBISMUTH DIOXIMATES

Where,
OCOR = CgHsCOO - , m-OHCgH4COO0-, p-NH, CgH,COO-, p-NO, C4H,CO0-p-Cl C;H,COO0-

R'=-NCOCgzH,CO, —I‘llCO (CH;)2 (.L,O, -I‘!«l NN (.]361-14,

—NCH, NCgHs, -NCOCOCgH,
R', R" = Me, Me; Me, Ph
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Table 3. Analytical data of tricyclohexylbismuth (V) dioximates.

Synthesis of sterically hindered---carboxylates, amides and oximes.
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*Molecular weight and conductance of 107°M solution (ohm™" ¢cm? mole™") was found in satisfactory range.

Result and Discussion

The compounds reported herein were
characterized by elemental analysis, melting
points and spectroscopic data. Infrared spectra
of all the compounds were run in the solid state
in the region 4000-400 cm™ in KBr Infrared
absorption due to cyclohexyl group (Cy-CeHi1)
bonded to bismuth do not differ significantly
from those reported in the literature and hence

not discussed here'®!7.

IR Spectra of Tricyclohexyl bismuth(V)
dicarboxylates(Table IV):

In the solid-state vibrational spectra
of tricyclohexyl-bismuth dicarboxylates, the
peaks due to v, (OCO) stretching mode appear
in the range 1600-1655 cm™ and vgm (OCO)
appear in the range 1311-1340 cm™ as a
medium strong bond. Since the difference Av
between Vygm (OCO) an vy, (0CO) is quite
larger [AV {Vagym (OCO) - vy (OCO)} > 250
cm'] in all the cases, it seems reasonable to
conclude that the carboxylate moiety behaves
as unidentate, ester type-OCO group.

Infrared Spectra of Tricyclohexylbismuth(V)
diamides Table V).

One of the important features of the
spectra of the ureido derivatives is the presence
of a strong band in the region 1710-1740 cm™
indicating the presence of “ester like” co-groups(s).
The symmetric stretching mode was found to
appear between 1310-1325 cm™ which corres-
pond well to earlier reported values on phenyl.

Infrared Spectra of Tricyclohexyl bismuth(V)
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dioximates(Table V):

In case of the free oximes a weak but
broad band appears in the 3000-4000 em’
region and has been assigned to the intramo-
lecularly hydrogen-bonded OH group'®,
However, this band is absent in the spectra of
the dioximate derivatives of bismuth. Another
diagnostic band is related to the vC=N
stretching vibration. This band in the dioximates
appears in the 1570-1610 cm’' region which is
considerably lower than is observed in the free
oximes (1668 cm). This 60-90 cm™ downfield
shift may be ascribed to a mass effect as has
been reported earlier for analogous group 14
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compounds'®. It could also be related to the
stabilization of C=N bond by resonance.

The N-O stretching vibration of weak
intensity was observed as 910-930 cm™, while
a medium band appearing in the region 445-460
cm™ may be assigned to the Bi-C Y-mode'”.
No assignments could be made for the Bi-O
bond owing to the complexity of the spectra in
the 600-400 cm™' region.

Biological Activity:

The antimicrobial activity of synthesized
compounds are under study.

Table 4. Important IR data of tricyclohexylbismuth (V)
dicarboxylates (Cm™)

S. No. Compounds Vasm (OCO) Vem (OCO)
1 C;2H04BI 1650 1334
2 C;2H.306Bi 1635 1312
3. C;;HysOsN:Bi 1640 1335
N C52Hy OsN:Bi 1636 1320
5 C3Hy O.CLBI 1600 1313
Table 5. Important IR data of tricyclohexylbismuth (V)
dicarboxylates (Cm™)
S.No. Compounds v(C=N) v(N-0) v(Bi-C)
1. C;33HyO4Bi 1725
2. CagHy O4N,Bi 1740
3: C33Hy OsN:BI 1720
4, C34H905N>Bi 1570 920 445
5. C44Hs302N;Bi 1610 915 458
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