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ABSTRACT

Comparative study of S-Alkylation of thiophenol under Liquid-Liquid (L-L) biphasic versus Liquid-Liquid-Liquid (L-
L-L) triphasic phase transfer catalysis (PTC) has been carried out. Various alkyl halides were used as an alkylating
agent. Tetrabutyl ammonium bromide (TBAB) was used as Phase transfer catalyst. The rates of reaction were
enhanced under the Liquid-Liquid-Liquid triphasic PTC as compared to the Liquid-Liquid biphasic PTC.

Keywords: Phase transfer catalysis, Tetrabutyl ammonium emS-Alkylation liquid-liquid, Liquid-Liquid-
Liquid System.

INTRODUCTION

S-alkylation reactions for the synthesis of thieethare very important from industry point of viélhioethers are
important in biology, notably in the amino acid trietine and the cofactor biotin. According to ldgarme survey
some of the catalysts used for the synthesis okthers are, Microwave assisted highly EfficientidSetate S-
Alkylation [1], CsCO;. TBAI [2], Cs,COs-Cul [3] methyl acetate on a sodium acetate- type fixed aed other
alkylations by orthoesters or orthocarbonates opotassium carbonate catalytic bed [4], fluoroalkgia of
thiophenols by 1,2-dibromotetrafluoroethane actdat by sulfur dioxide [5], Homogeneous catalytic
fluoroalkylation of thiophenols, phenols and pyerddy Freons BrCIEF,Br and CRCICFCL [6], lonic Liquid-
[pmIm]Br [7], Synthesis of various ethers is aleparted by using various phase transfer catalysierdifferent
conditions. One-pot, solid-phase synthesis of @ethier is also described by using Tetrabutyl amomariodide [8].
Various thioesters were obtained through an efficiphase-transfer catalysis method, by treatingersév
thiophenols with different acyl chlorides, in a h#sic system composed of 10% aqueous NaOH and
dichloromethane in the presence of tetrabutylamomarghloride [9], Gas—liquid phase-transfer synth@diphenyl
ethers and sulphides with carbonate as base amdWax asatalyst [10], S-alkylation of different substratesng
different phase transfer catalysts is also repdtté

A majority of PTC reactions are conducted underuldel iquid conditions, wherein the organic phasedsmally
the reaction phase with associated transfer of@eguphase reagent as an ion pair with phase trazatfgysts, such
as quaternary ammonium and phosphonium salts, cetlears, cryptands, polyethylene glycols etc. Tiga hate of
reaction exhibited by Liquid-Liquid PTC reaction @aomparison with conventional homogeneous reactians
hydroxylic solvents results from the presence oékle solvated and highly reactive ion pair in ongamedia. A
certain amount of water of hydration is co-extrdotégth the ion pair migrating from aqueous phas¢ht organic
phase. This can sometimes interfere and fully sgspa reaction or lead it to byproduct formatioieuid-Liquid
PTC is also disadvantageous for systems, wherprésence of water can lead to side reactions sutlydrolysis.
Liquid-Liquid PTC involves heterogeneous reactieivieen two reagents located in an aqueous andgamior
phase.
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In liquid-liquid-liquid (L-L-L) PTC system, catalysich liquid phase is generated in between theeags and
organic phase. If an aqueous phase is saturatesiby appropriate salt and if the catalyst coneioin exceeds
certain quantity, third phase in L-L PTC systeng@&nerated. This catalyst rich middle phase doesalhmi the
direct contact between the aqueous phase and orghaise therefore side reactions such as hydrotigsisto
presence of water are totally suppressed. Cataysiniddle phase is the main reaction phase ferptiase transfer
catalyst which catalyzes the reaction [12-14]This phase can also be recovered and reusedsasitriscible with
the aqueous phase.

In present work we have studied the S-alkylatiothafphenol under the influence of different hatid®y using tetra
butyl ammonium bromide as a phase transfer catalgder liquid-liquid and liquid-liquid-liquid phasteansfer
catalysis conditions.

Reaction scheme:
The generalized reaction is showrFing. |.

s
SH
NaOH
+ R—X - +  HX
TBAB
Where R= 'C4H9Y t-C4Hg, -CsH11, -CgH17, 4-C|CH2C6H4', CeHsCH,. X=-Cl, -Br.

Fig. |: Reaction scheme
EXPERIMENTAL SECTION

The Phase transfer catalyst Tetrabutyl Ammoniumniide, Thiophenol and toluene of AR grade were olefi
from M/s. s.d. Fine Chem. Pvt. Ltd., Mumbai, Indfdl other chemicals were analytical reagents oigdifrom
M/s. s.d. Fine Chem. Pvt. Ltd. Mumbai.

Experimental Setup and reaction procedures:

a. Liquid-Liquid (L-L) PTC: The reactions were studied in 5 cm i.d. reactod®® cni capacity which was
equipped with six blade turbine impeller and refaondenser. The reactor was kept in isothermdiaith at desired
temperature. The typical run were carried out tkng0.01 mol thiophenol , 0.015 mol of NaOH in d° water

it was stirred at 108C for one hour to convert the thiophenol into sadithiophenoxide then 0.00045 mol of
TBAB catalyst was added. Organic phase contain@d fhol of alkyl halide in 15 chof toluene. A zero sample
was withdrawn from the organic phase. The readionperature was maintained a@Qand stirring speed 1200
rpm, the run was carried out for seven hours.

b. Liquid-Liquid-Liquid (L-L-L) PTC: The reactions were studied in 5 cm i.d. reactorldfO cricapacity which
was equipped with six blade turbine impeller anilirecondenser. The reactor was kept in isotheroiabath at
desired temperature. The typical run were carrigicby taking 0.01 mol thiophenol, 0.015 mol of Na@HL5 cnd
water mixture was stirred for one hour at 18D at 1200 rpm speed to ensure the formation ofusod
thiophenoxide, aqueous phase was saturated wiBLowd of NaCl. Then 0.0045 mol of Tetrabutyl ammaoni
bromide was added as phase transfer catalyst whilted in the formation of third phase. To th&s cht of
toluene was added with 0.01 mol of alkyl halideeTeaction temperature was maintained af®@nd stirring
speed 1200 rpm. A zero sample was withdrawn froenotiganic phase before stirring. The run was chuoigt for
one hour. Same procedure was repeated for allkigeralides used in the reaction.

Method of analysis:

Samples were withdrawn at the 0 minute and aftegrs@ours in Liquid-Liquid PTC reactions and aftee hour in
triphasic Liquid-Liquid-Liquid PTC system and anzdyl by Gas chromatograpl@hemito model) by using 5 m
stainless steel column packed with SE-30 as a diggtationary phase. The conversion was based upon
disappearance of alkyl halides from the organicspha

RESULTSAND DISCUSSION

Different alkyl halides were studied for the reantiwith thiophenol under Liquid-Liquid Phase PTQ driquid-
Liquid-Liquid phase PTC condition. Results are swariged intable-l.
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From table-l, it is clear that the rates of thectiem were increase under the triphasic PTC camdiéis compared to
biphasic PTC condition. Percentage conversion $e cd L-L PTC is low, when this biphasic system wasverted
to triphasic L-L-L PTC, percentage conversions warédenly increased. Drastic increase in the rfateagtion was
observed when catalyst rich middle phase was us#tkamain reaction phase in L-L-L PTC system

Tablel: S-Alkylation of thiophenol under biphasic versustriphasic PTC condition using Tetrabutyl
Ammonium Bromide asa Phase Transfer Catalyst.

Liquid-Liquid PTC | Liquid-liquid-Liquid PTC
Entry Substrate (% conversion) (% conversion)
7 Hrs 1-Hr.
1. n-BuBr 77.2 98.2
2. t-BuCl 38.4 89
3. GHu.Br 90.5 94.3
4. GHy7Br 70.0 96.0
5. 4-Cl-GH,CH2ClI 75.40 94.3
6. GsHsCH:CI 66.0 98.5
CONCLUSION

Lquid —Liquid PTC can be elegantly modified to certvit into Liquid-Liquid-Liquid PTC to enhance thate of
reaction and selectivity, thereby improving the fipability and environmental benefits. The novedtief phase
transfer catalyzed S-alkylation of thiophenol weatedied under L-L-L PTC with TBAB as the catalysithw
reference to L-L PTC. The concentration of catalgfluences the formation of third liquid phaset@yst rich
middle phase) and distribution of catalyst. It wasserved that third liquid phase was the main r@agbhase
Effect of various alkyl halides was studied. Thacteon rates were intensified in the L-L-L PTC weyd -L PTC
and 100 % selectivity to the product was obtained.
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