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Abstract

Alkyl bromides afford the corresponding sulfide derivatives upon treatment with aqueous sodium sulfide under phase-transfer catalysts (PTC)
ultrasound irradiation conditions. The use of phase-transfer catalysis and sonochemistry has been compared and demonstrated in thase nuclec
substitution reactions. The kinetics of the reaction depends on the effect of amount of catalyst, agitation speed, quaternary ammoniumtsalts, arr
of sodium sulfide, amount of sodium hydroxide, organic solvents, temperature and the frequency of the ultrasound waves on the conversio
alkyl bromides were investigated in detail. A kinetic model was built from which a pseudo-first order rate law is sufficient to describe the behavi
of the reaction. The observed peculiar phenomena were also explained satisfactorily.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction in a variety of solvents, this approach has now evolved into a
useful technique in heterogeneous reactions. A vast majority of
Thioethers, which have been widely employed as perfumaonochemical applications in the synthesis deal with reactions
additives[1] and inverse phase-transfer catal\j&8] are gen- involving metald21,23,24]Jorganic phase insoluble reagents, or
erally synthesized inahomogeneous readd¢rPhase-transfer their aqueous solutiof21,25,26]
catalysis (PTC) is well-recognized as a invaluable methodology Our interest was centered on first time evaluating the influ-
in organic syntheses in recent ye@s7]. The advantages of ence of ultrasound in association with phase-transfer catalyst on
the PTC method for synthesizing thioethers are increased reattie rate of alkyl thioether formation. This work investigates the
tion rate and selectivity, hydrophilic conditions and low energysubstitution of alkyl bromides (RBr) to sodium sulfide g$3,
requirement. Searching for a more effective condition to enhanciecluding linear and branched alkyl groups and the applica-
the reaction or to elevate the conversion is the primary purposton of phase-transfer catalysts in combination with ultrasound
in phase-transfer catalysis in combined with ultrasonic wavesbviously provides a more efficient synthetic approach for the
[8-13]. Inventing selective, efficient and eco-friendly methodspreparation of thioethers. These PTC reactions were carried
for applications in complex organic synthetic manipulationsout in a liquid—liquid two-phase medium. In the absence of a
constitutes a major chemical research effort. In this regardphase-transfer catalyst and ultrasound, less than 5% conver-
several non-conventional methods are emerging that involveion was detected even after 4 h of reaction. In contrast high
reactions in aqueous medid4,15] or those that are acceler- yields of products were obtained in shorter reaction time using
ated by exposure to microway#6—18] or ultrasound19-22] 4 mol% (based on the amount of alkyl bromide) of the phase-
irradiation. These methods are now recognized as viable enviransfer catalyst, tetrabutylammonium bromide (TBAB) and
ronmentally benign alternativg$6—22] Although, sonication ultrasound 28 kHz (200 W) conditions. Kinetics of the substi-
methods have been initially applied to homogeneous reactiortsition of alkyl bromide to sodium sulfide, including the effect of
amount of catalyst, agitation speed, quaternary ammonium salts,
amount of sodium hydroxide, organic solvents, temperature and

* Corresponding author. Tel.: +886 4 2631 8652x4175; fax: +886 4 2652 922¢4ltrasound frequency on the conversion were investigated in
E-mail address: chmmlw@sunrise.hk.edu.tw (M.-L. Wang). detalil.
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2. Experimental Organic Phase  2RBr R:S

. i il
2.1. Materials
l |

All reagents, including sodium sulfide (b8), tetrabuty-
lammonium bromide (TBAB), tetrahexylammonium bromide
(THAB), tetraethylammonium bromide (TEAB), benzyltriethy-

2RBr + (Q)S 2Q Br+ RS (2)

lammonium bromide (BTEAB), alkyl bromides (RBr), sodium Interface  INa Br+ Q)8 > 2QB+ NaS (D
hydroxide (NaOH), biphenyl, and other reagents for synthe- i
sis were guaranteed grade (GR) chemicals, and were used as H l
received without further purification.

Aqueous Phase 2Na Br NazS
2.2. Instrumentation Scheme 1.

The ultrasonic apparatus consisted of two layers stainlests : . . .
; imes with authentic samples. Yields were determined from stan-
steel body to have safe and beauty from use. This ultra- . . .
: . . ard curve and using biphenyl as internal standard.
sonic apparatus (model L-400) was specially designed ang
constructed by a Ko Hsieh Instruments Co. Ltd., Taipei, Tai-
wan (http://www.kohsieh.com.t@y/ The internal dimensions
of the ultrasonic cleaner tank is 340 m250 mmx 250 mm ) e )
with liquid holding capacity of 221. The external tank size In this work, the substitution reaction between 1-butyl bro-

is 350 mmx 355 mmx 410 mm. Two types of frequencies of Mide (RBr) and sodium sulfide (148) were employed in the
ultrasound were used in these experiments, which are 28 kHresence of phase-transfer catalyst namely tetrabutylammonium

and 40 kHz with each output as 200 W. Both ultrasounds argromide (QBr) and ultrasonic waves 28 kHz (200 W). The ultra-

separately produced through a flat transducer mounted at tﬁé)nicwaves enhance the rate of the reaction which is discussed in
bottom of the tank. In this ultrasonic instrument there is a>cction3. The reaction mechanism is represente8eheme 1

provision for a drain as well as an outlet at the top, whichWhiCh is sim_ilar to the mechanism proposed by Yadav and Bisht
gives facility of continuous operation of work. An additional [27] snd HS|&1|:) et al28]. o das
heater with facility of temperature controller has been also The overall reaction can be represented as:

provided so as to facilitate some high and low temperatur
reactions.

4. Reaction mechanism and kinetic model

ORBr+ N&;S*25R,S + 2NaBr
when the organic and aqueous reactants are immiscible in the
2.3. Kinetics of the substitution of alkyl bromides aqueous and organic phases, the substitution reactior(ZJq.
and ion-exchange (Eq1)), mainly take place in the phase-
The reactor was a 250 ml three-necked pyrex round-bottorfransfer catalyst. In addition, the hydrophilicity (or lipophilicity)

flask. Each neck having the purpose of agitating the solutiongf the catalyst is a crucial factor for influencing the rates of Egs.
inserting the thermometer, taking the samples, and feedingl) and (2)

the feed. This reaction vessel was suspended at the center

of the ultrasonic cleaning bath to get the maximum ultra-> 5 pefinirion

sound energy. Known quantities of sodium sulfide (7 g, excess

agent), was put into the reactor. Ten milliliter of water was e conversionX) of RBr is defined as follows:

added. Then, 1-bromobutane (4 mmol, limiting reactant), and

0.5g biphenyl (internal standard), which were dissolved iny _ 4 _ [RBr]o 1)
40 ml n-hexane, were introduced into the reactor. The phase- [RBr]o,i

transfer catalyst, tetrabutylammonium bromide (4 mol% with . .
respect to 1-bromobutane) was added to the reactor. The reav(\:/here [RBr]? represents the concentratlon of 1-butyl bromide
tion mixture was stirred at 500 rpm and simultaneously them.t.he organic phf’“e atagiven tlrma,_nd [.RBr]"i stand_s for the
ultrasonic energy 28kHz (200W) was passed through théﬂltlaJ concentration of 1-butyl bromide in the organic phase.
reactor. )
The sample (0.5ml) was withdrawn periodically from the 2-0- Rate expression
reactor and put into the glass vials containing 1 mi-tfexane.
The samples were then analyzed by Gas Chromatography (G
Shimadzu 17 A model). The analyzing conditions were as_,oo — kapdRBI]o )
follows: column, 30 mx 0.525mm i.d. capillary column con-
taining 100% poly(dimethyl siloxane); injection temperature,wherekappis the apparent reaction rate constant.
250°C; detector, flame ionization detector (3@0). The prod- This reaction is carried out in a batch reactor, so the diminu-

ucts formed were analysed by comparison of their retentioion rate of RBr per volume of the organic phase with tinje (

c- The rate expression for this reaction may be expressed as:


http://www.kohsieh.com.tw/
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can be expressed as: Effect of Temperature

d[RBr],
dr

on integrating the E(3) yields:

[RBY],
- <[RBr]o,i

= —IRBr = kapF{RBr]o (3) 35+

> = —In(1— X) = kapy (4)

-In (1-X)

Using Eq.(4), we can get thé&aprvalue experimentally by 1.5+
plotting —In(1—X) against timex).

3. Results and discussion 0.5 F

§ : : .
3.1. Effect of the agitation speed 0 10 20 30 40 50 60

Time (min)

The_mass tr_anSfer as well QS the chemical reaction is ImpOII’fig. 1. Effect of the temperature on the conversion of 1-butyl bromide: 2§Na
tant in influencing the conversion or rate of the two-phase reacrg mj water; 4 mmol of 1-butyl bromide; 40 ml afhexane; 4 mol% of TBAB;
tion. In this study, the effect of the agitation speed on the reaction.s g of biphenyl; 500 rpm; 35C; 60 min of reaction.
rate is shown iffable 1with the ultrasonic energy used is 28 kHz
(200 W) for throughout the reaction. For agitation speed oveB.2. Effect of temperature
400 rpm, the conversion of 1-butyl bromide is insensitive to the
agitation speed. This resultis different from that of other reaction The reaction was studied at five different temperature in the
systems that require a high agitation speed to reach a consta@inge of 20-40C. The results are shown Fig. 1 It is obvious
value of conversioff27,29]. The main reason is that other reac- that the reactivity is increased with an increase in the tem-
tions system§27,29]need a relatively larger interfacial area to perature along with ultrasonic effef1]. The reason is that
increase the mass transfer rate. However, the active intermediatege number of reactant molecules, which possess larger acti-
of the catalyst (@S), which is hydrophobic, likes to stay in the vated energy at a higher temperature and thus the ultrasonic
organic phase, i.e., it is easy to transfer the active intermediatgave easily passes through the reactor. Thus the conversion is
of the catalyst from the aqueous phase to the organic phase, iincreased. The other point is that the collision of the reactants
which the interfacial area is not so important. Thus, the masat higher temperature is also increased. Hence, the reaction rate
transfer rate reaches a constant value when the stirring speedssincreases with increasing temperature. Arrhenius plots were
larger than 400 rpm. Hence, the stirring speed was set at 500 rpmade irFig. 20f —In(kapp) against 17°to get an activation energy
for further experiments. of 11.37 kcal mot 2.

In the absence of stirring speed and in the presence of the
effect of ultrasonic condition at 28 kHz (200 W) the observed3.3. Effect of the amount of TBAB
rate constant is 9.8 10~3min~t in vice-versa théapp value at
500 rpmis 11.4< 10-3min—1. Inthe presence of both condition, In general, the reactivity is increased with an increase in
i.e., at 500 rpm combined with the ultrasonic wave frequencythe amount of quaternary ammonium salt. As showhim 3,
28 kHz (200 W) thekgpp value is 41.7« 103min~1. From this  the conversion of 1-butyl bromide is increased with an increase
observation the ultrasonic effect enhances the rate 3.7 times with the amount of tetrabutylammonium bromide from 25 mg to
respect to the conventional method (stirring speed at 500 rprh25 mg. The rate constants are linearly dependent on the amount
only). Itmay be due tointhe presence of ultrasonic wave increase
the collision rate between the organic and aqueous phase and ] Arrhenius Plot

decrease the surface area between the two 1§$€}s
S y=11.372x-33.579
Table 1 |
Effect of the agitation speed on the apparent rate consfapgs? g NaS; 10 mi 'é 4
water; 4 mmol of 1-butyl bromide; 40 mthexane, 4 mol% of TBAB; 500 rpm; g 3
35°C; 60 min of reaction =
[=
Agitation speed (rpm) kapp x 10° (min~1) -2
0 9.8 Lr
200 33.9 5 ‘ , , ‘ ,
400 39.6 3.15 32 325 33 3.35 3.4 3.45
500 41.7
600 40.7 (UTx10°, (1/K)
800 40.8 _ _ _
1000 40.6 Fig. 2. Arrhenius plot: dependencelghp on temperature; same reaction con-

ditions as given irFig. 1
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Amount of TBAB Kinds of PTC
5 | 1.2
+ THAB
4.5
*0.025¢ | F|m=TBAB
4 0050 ¢ TEAB
BTEAB
3.5 0.075 ¢ x 0.8
S 3 =
e 0.100 ¢ 2
- Z 06
= 25 o
g *0.1252 2
] 2 =
= =] L
S 04
1.5
1 0.2
0.5
0"
0 0 10 20 30 40 50 60
0 10 20 30 40 50 60 Time (min)

Ti i . . .
irge:ain) Fig. 5. Effect of the quaternary ammonium salts on the conversion of 1-butyl

Fig. 3. Effect of the amount of TBAB on the conversion of 1-butyl bromide: bromide: 7g NaS; 10 ml water; 4 mmol of 1-butyl bromide; 40 ml@fhexane;
79 NaS; 10 ml water; 4 mmol of 1-butyl bromide; 40 ml sfhexane; 5g of 59 of biphenyl; 500 rpm; 35C; 60 min of reaction.
biphenyl; 500 rpm; 35C; 60 min of reaction.
state for the regeneration of catalysts and unfavorable for the
of catalyst used in each reactidfig. 4). So, the sonication along attack of the nucleophilic reagent in this reactj8a].
with phase-transfer catalyst, thg,value increases which may
be due to induce the surface area, change the size, and morphal5. Effect of the organic solvents

ogy of phase-transfer catalyj82].
In this work, hexane, cyclohexane, toluene, chloroform and

1,2-dichloroethane were employed as the organic solvents to
investigate their reactivity. The results are shownFig. 6.
In principle, there is no universal rule to guide in selecting anYsually, the dielectric constants are used as the main index in

appropriate phase-transfer catalyst except that determined froRf#C0Sing an appropriate organic solvent. However, this state-
experiments. The reason is that different reactions need varioff@entdoes nothold to be true in the application to a phase-transfer
catalysts to enhance the rate and to promote the yields. In thf&talyst system. The main reason is that the effect of the organic
study, tetrahexylammonium bromide (THAB), tetrabutylam-sowe”t qulves_ the solubility of the cataly_st, transitions state
monium bromide, tetraethylammonium bromide (TEAB) andof the rgactlon, |qn.transfer, solvgtlon, and mterch!al phenom-
benzyltriethylammonium bromide (BTEAB) were employed to €N& wh|c_h are difficult to determl_ne. Ther_efo_re, it is based on
investigate their reactivities. The results are showFign5 The  the experimental results for practical application. As shown in
results indicate that the reactivity of quaternary salt increase§!9- 6andTable 2 toluene possesses a higher reactivity among
with total carbon number in the alkyl group of the cation. Forthe five organic solvents.

example, the reaction is 100% completed within 40 min by

using THAB. On comparing the catalytic activity of TEAB with 3.6. Effect of the amount of sodium sulfide

BTEAB, TEAB is more reactive than BTEAB although the total

number of carbon in the cation of BTEAB is larger than that The effect of the amount of sodium sulfide @$3 on the

of TEAB. The reason is that the benzyl group appears in th&onversion of 1-butyl bromide is shown Fig. 7. In principle,
unsymmetric cation. The reaction system of the unsymmetric

3.4. Effect of the various phase-transfer catalysts

cation easily forms the emulsion solution, which is a retardant Organic solvents
1
+ Toluene
Catalyst Amount Variation (TBAB) el [ Chloroform
0.1 - ! 1,2-Dichloroethane
' >< Cyclohexane E3
0.08 - 5 0.6 F | = Hexane *
Ea +* & *
0 [F]
2 0.06 | Z 04t
= =4
5 R S
S 0.04 02 b
-t
0.02 } *
0.0 : - : .
i g i . g i i 0 10 20 30 40 50 60
0 0.02 0.04 006  0.08 0.1 012 0.14 Time (min)

Amount of TBAB (g)
Fig. 6. Effect of the organic solvents on the conversion of 1-butyl bromide:

Fig. 4. Effect of catalyst amount dipp Same reaction conditions as given in 7 g NgS; 10 ml water; 4 mmol of 1-butyl bromide; 4 mol% of TBAB; 0.5 g of
Fig. 3 biphenyl; 500 rpm; 38C; 60 min of reaction.
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Table 2
Effect of the organic solvents on the conversion of 1-butyl bromide: 75N&0 ml water; 4 mmol of 1-butyl bromide; 40 ml of organic solvent; 4 mol% of TBAB;
500 rpm; 35 C; 60 min of reaction

Solvents

Hexane Cylcohexane Toluene Chloroform 1,2-Dichloroethane

&2 1.89 2.02 2.4 4.8 10.4
kappx 103(min~1) 3.2 24.9 40.3 28.2 34.8

2 Dielectric constant.

Amounts of Na,$ _ Therefore, the conversions are obviously affected by the amount
of sodium sulfide, so we choose 7 g sodium sufide per 10 ml
edz w5 water for the kinetic study.

%]

62

6.5¢

3.7. Effect of the amount of sodium hydroxide

x 10z ¢13¢

e Fig. 9 shows the effect of sodium hydroxide amount in

the agueous phase on the thioether production.kEfgvalue
increased from 0.5g to 2.0 g of sodium hydroxide (NaOH). It
: o may be due to increase the basicity of aqueous pl&a2e
V= From 2.0g to 5.0g sodium hydroxide tltgy, value tremen-
0 Ll | - . . . | dously decreased. According to Hsiao and Wgs4j adding

0 10 20 30 40 50 60 salt (NaOH or NaBr) to the aqueous solution would inhibit the

Time (min) ionization of sodium sulfide, thus the rate of formation of the

Fig. 7. Effect of the amount of sodium sulfide on the conversion of 1-butyiProduct is decreased and the second reason is the amount of
bromide: 10 ml water; 4 mmol of 1-butyl bromide; 40 mlhexane; 4mol%  phase-transfer catalyst salted out from the aqueous phase and
of TBAB; 0.5 g of biphenyl; 500 rpm; 35C; 60 min of reaction. thereby the reaction rate is decreaséid (10).

- 20g

-In(1-X)

0.5}

the concentration of sodium sulfide affects the distribution ofg -8 Effect of alkyl bromides

the catalyst between wo phases. The active catalyst QS(R) Fig. 11andTable 3shows that the reaction follows pseudo-
in the aqueous phase is solvated to form the complex compour}d ’

: . irst order law in the presence of PTC and excess amount of
(QS(RpSQ)n (H20),. The hydration number of QS(ESQ IS o4\ < ifide. The most reactive organic reactant is allyl bro-

decreased by increasing th_e concentratl_on of s_odlum sulfidé, ide (GsHsBr). The reaction is 100% completed within 10 min
Hence, the reaction rate is increased by increasing the amouyl ' : .
or allyl bromide. It may be due to its smaller molecular size

of sodium sulfide. However, when the concentration of sodium . : . .
sulfide exceeded a certain value (approximately 8 gper 10 mz?nd the conjggatlon of pi bqnd. Among the aI_kyI bromias
ropyl bromide (2-GH7Br) is the least reactive one because

water) the reaction rate decreased, it may be due to the catal)gsft steric hindrance in its reaction, From 1-propyl bromide

concentration that decreased at sodium sulfide phase (salting
out effect). Thekapp value increases by increasing the sodium

sulfide amount up to 7 g sodium sulfide per 10 ml water and 5
doest not increase apparently beyond this concentrafigng). )

Amounts of NaoH

451 | w0¢ m05g 10

132 x15¢g +20g

Variation of amounts of Na,S (g) 5.0¢

=40g

50

40

30 F

Kapp X 10° (min™)

0 10 20 30 40 50 60

il Time (min)

Amount of Na,S

Fig. 9. Effect of the amount of sodium hydroxide on the conversion of 1-butyl
Fig. 8. Effect of sodium sulfide amount dgpy same reaction conditions as bromide: 7 g NaS; 10 ml water; 4 mmol of 1-butyl bromide; 40 mlethexane;
given inFig. 7. 4 mol% of TBAB; 0.5 g of biphenyl; 500 rpm; 3%2; 60 min of reaction.
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Effect of NaOH

80
60}
g
=) <
— 40}
Ed
o
o
S
b4

20

0 : . . . .

0 1 2 3 4 5 6

Amount of NaOH (g)

Fig. 10. Effect of sodium hydroxide amount g, same reaction conditions
as given inFig. 9.

Kinds of Bromoalkanes

*C3H5Br ul-C3H7Br
1.2+ 1-C4HYBr 1-C5H11Br
¥ 1-C6HI13Br «1-CTHI5Br
1+ + 1-CBH17Br  =2-C3H7Br

Conversion, X

0 10 20 30 40 50 60

Time (min)

Fig. 11. Conversions of various reactants with time: 7 @$Jal0 ml water;
40 ml of n-hexane; 4 mol% of TBAB; 0.5 g of biphenyl; 500 rpm; 35; 60 min
of reaction.

(1-C3H7Br) to 1-octyl bromide (1-@H17Br) the kapp value
decreases due to increasing the carbon chain of the molecul
and (Q@S) is not able to properly interact with active site of the
long chain alkyl bromides.

Table 3

Conversions of various reactants vs. time: 7 g Na2S; 10 ml water; 4 mmol of 1
butyl bromide; 40 ml ofi-hexane; 4 mol% of TBAB; 500 rpm; 35 CircC; 60 min
of reaction

Sl. no. Alkyl bromide (molecular formula) kappx 10% (min~1)
1 Allyl bromide (GsHsBr)2

2 1-Propyl bromide (1-¢H7Br) 49.6

3 1-Butyl bromide (1-GHgBr) 41.7

4 1-Pentyl bromide (1-§H11Br) 255

5 1-Hexyl bromide (1-@H13Br) 17.1

6 1-Heptyl bromide (1-¢H15Br) 11.7

7 1-Octyl bromide (1-@H17Br) 9.5

8 2-Propyl bromide (2-gH7Br) 5.6

2 Reaction completed within 10 min.

Catalysis A: Chemical 244 (2006) 237-243

Ultrasonic Effect

35
+0kHz
3
B 28 kHz
25
40 kHz

L L L L

0 10 20 30 40 50 60
Time (min)

Fig. 12. Effect of ultrasonic on the conversion of 1-butyl bromide: 7 gNa
10 ml water; 4 mmol of 1-butyl bromide; 40 ml athexane; 4 mol% of TBAB;
0.5 g of biphenyl; 500 rpm; 35C; 60 min of reaction.

3.9. Ultrasonic effect

Ultrasound has been found to enhance this reaction of
liquid—liquid phase-transfer catalysts (LLPTC) bi-phase sys-
tem. The chemical effects of ultrasound, attributed to intense
local conditions generated due to cavitation bubble dynamics,
i.e., the nucleation, formation, disappearance, and coalescence
of vapour or gas bubbles in the ultrasonic fig#,36]. However,
in phase-transfer catalyst (PTC) reactions rate enhancements are
typically due to mechanical effects, mainly through an enhance-
ment in mass transfer. The presence of ultrasound in LLPTC
systems, cavitational collapse near the liquid-liquid interface
disrupts the interface and impels jets of one liquid into the other,
forming fine emulsions, and leading to a dramatic increase in the
interfacial contact area across which transfer of species can take
place[37]. It has been reported that a combination of PTC and
ultrasound is often better than either of the two techniques alone
[38,39] In such cases, the phase-transfer catalyst initiates the
reaction by the transfer of species across the interface and ultra-
sound merely facilitates this transfer, possibly by increasing the
interfacial area across which this transfer ocqdty (Fig. 12.
€SIn our experiments the ultrasonic bath, model L-400 was
used. It is consisted of two layers stainless steel body.
The internal dimensions of the ultrasonic cleaner tank is
340 mmx 250 mmx 250 mm with liquid holding capacity of
221. The external tank size is 350 mx855 mmx 410 mm.

We used water as a liquid in the ultrasonic cleaner. Two types
of frequencies, 28 kHz and 40 kHz are available with power of
ultrasound 200 W for each frequencies. Both ultrasound sepa-
rately produces through a flat transducer mounted at the bot-
tom of the sonicator. In this ultrasonic instrument there is a
provision for a drain as well as an outlet at the top, which
gives facility of continuous operation of work. An additional
heater with a facility of temperature controller has also been
provided so as to facilitate some high and low temperature
reactions. If the water level is lower than the outlet, i.e., 3cm
below from the top of the sonicator, the applied frequency
is automatically cut off. So the water fill level is important.
The reactor was a 250 ml three-necked pyrex round-bottom



M.-L. Wang, V. Rajendran / Journal of Molecular Catalysis A: Chemical 244 (2006) 237-243 243

flask. This reaction vessel was suspended at the center of thg] C.M. Starks, C.L. Liotta, M. Halpern, Applications and Industrial Per-
ultrasonic cleaning bath 2cm above from the position of the  spectives, Chapman & Hall, New York, 1994.
transducer to get the maximum ultrasound energy. All the exper.8] J.P- Idoux, R. Wysocki, S. Young, S. Turcot, C. Ohlman, R. Leornard,

. . Synth. Commun. 13 (1983) 139.
imental parameters were done at 28 kHz with output power of[g] J.P. Jayachandran, M.L. Wang, Synth. Commun. 29 (1999) 4101.

200 W. _ _ [10] G. Jin, T. Ido, S. Goto, Catal. Today 79-80 (2003) 471.

The reaction rate also compared with 28 kHz and 40 kHZ11] X. Li, J. Wang, R. Mason, X.R. Bu, J. Harrison, Tetrahedron 58 (2002)
having same output power of 200W. At 1h, without ultra- 3747
sonic irradiation the conversion is only 53%, but in the preslgi i(/l '-A'*m‘]t;ese_‘r“tﬁl%n;g 'éﬁ'e ;e”lf‘;fd(rfgg'é‘;tge‘él (2001) 4057.

. o 0 0 . . T. , . Lett. .

ence of ultrasonic the conversion is 91% and 97% for 28 kI-_| 14] T.J. Mason, Chem. Soc. Rev. 26 (1997) 443.
and 40kHz, respectively. From this observed result ultrasoniqas) ¢ J. Li, chem. Rev. 93 (1993) 2023.
assisted phase-transfer catalysis significantly increased thus] C.J. Li, Tetrahedron 52 (1996) 5643.
yields. The same trend is also observed by Entezari and coL7] A LOUpY, A. Petit, J. Hamelin, F. Texier-Boullet, P. Jacquault, D. Mathe,
workers[31,41] So the application of ultrasounds in organic _ Synthesis (1998) 1213.

s . . [18] R.S. Varma, K.P. Naicket, D. Kumar, J. Mol. Catal. A: Chem. 149 (1999)
synthesis is one of the popular areas in sonochemistry. 153

[19] G.J. Price (Ed.), Current Trends in Sonochemistry, Royal Society of
4. Conclusion Chemistry, Cambridge, 1993.
[20] F.A. Luzzio, W.J. Moore, J. Org. Chem. 58 (1993) 512.
In conclusion, the reaction rate of alkyl bromides with sodium[21] J.L. Luche (Ed.), Synthetic Organic Sonochemistry, Plenum Press, New
. . . York, 1998.
sulfl_de_cata_lyz_ed by phgse-trqnsfercatalyst combined W!th uItreiiz] J.L. Luche, Ultrason. Sonochem. 4 (1997) 211.
sonic irradiation was investigated. The factors affecting théosj j.L. Luche, P. Cintas, in: A. Furstner (Ed.), Active Metals, VCH, Wein-
overall reaction rate, such as agitation speed, solvent, amount of heim, 1995, p. 133.
catalyst, amount of sodium sulfide, amount of sodium hydrox{24] K.S. Suslick, D. Docktycz, in: T.J. Mason (Ed.), Advances in Sono-
ide, temperature and ultrasonic effect, were studied to determine_ ¢hemisty, 1, JAI Press, London, 1990, p. 197.
the optimal operating conditions. The reaction was not aﬁecteg 51 A Loupy, J.L. Luche, in: Y. Sasson, R. Neumann (Eds.), Handbook of
L < ) Phase Transfer Catalysis, Blackie Academic and Professional, London,
by stirring speeds higher than 400 rpm. The apparent reaction 1997, p. 369.
rates were observed to obey the pseudo-first order kinetics wifhé] J.L. Luche, in: T.J. Mason (Ed.), Advances in Sonochemistry, 3, JAI
respect to the organic reactant. The reaction rate increased with Press, London, 1993, p. 85.
increasing temperature, catalyst amount and the frequency B SéD' Yadav, P.M. Bisht,
ultra_lsonlc wave. Nevertheless, there is an optimum value of th 8] H.C. Hsiao, W.C. Li, H.S. Weng, J. Chem. Technol. Biotechnol. 80
sodium sulfide amount to promote the yield or to enhance the * (2005) 299.

reaction rate. The apparent activation energy for this two-phage9] H.S. Weng, C.M. Wang, D.H. Wang, Ind. Eng. Chem. Res. 36 (1997)

J. Mol. Catal. A: Chem. 221 (2004)

reaction was determined to by 11.37 kcal mol 3613.
[30] B. Torok, K. Balazsik, K. Felfoldi, M. Bartok, Ultrason. Sonochem. 8
(2001) 191.
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