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Abstract

This work investigates the phase-transfer catalytic (PTC) reaction of dichlorocycloproanation of 1,7-octadiene in an alkaline
solution/organic solvent two-phase medium. The reaction is dramatically enhanced in the presence of quaternary ammonium
salt. The reaction mechanism proposed is that the active dichlorocarbeng) {S3it$t generated from the interfacial reaction
of chloroform, sodium hydroxide and quaternary ammonium salt to form an active complex{f@E&le dichlorocarbene
(:CClp) precursor. Then, this active complex Q@ Qir dichlorocarbene :Cg), which transfers from the agueous phase to the
organic phase, further reacts with 1,7-octadiene to produce mono-dichlorocyclopropane and bi-dichlorocyclopropane in the
organic phase. No other byproducts were detected during or after the reaction. The conversion of 1,7-octadiene is increased
with the increase in the amount of NaOH in the agqueous phase. At lower alkaline concentration (30% NaOH or less), the
reaction obeys a third-order rate law. However, a pseudo first-order rate law is sufficient to describe the kinetic behavior
at higher alkaline concentration (>50% NaOH). Explanations are made for this discrepancy. The effects of the reaction
conditions, such as quaternary ammonium salts, amount of catalyst, agitation, concentration of 1,7-octadiene, temperature,
amount of chloroform, and amount of NaOH on the conversion were investigated in detail.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction tution, displacement, condensation, polymerization,
reduction and oxidatiofiLl—4].

The technique of phase-transfer catalysis is a Doering and Hoffmanif6] were the first ones to re-
promising method for synthesizing specialty chem- port synthesis of dichlorocyclopropane, which is usu-
icals from two immiscible reactants. The primary ally difficult to produce. They employed the reaction
advantages of using phase-transfer catalysis are toof cyclohexene and dichlorocarbene, which was pro-
obtain a large conversion, high reaction rate and duced from chloroform and potassiurbutanoxide,
selectivity at moderate reaction conditions. It has to produce 7.7-dichlorobicyclo[4.1.0]heptane. Later,
been extensively applied to synthesize medical drugs, William and Edward[6] developed the technique for
polymers and other important chemicals via substi- the generation of dichlorocarbene by reaction with

olefins to produce dichlorocyclopropane. However,
"+ Corresponding author. Tek+886-4-2359-0262x215; the applicati_on of these techniques are limited due_ to
fax: +886-4-2359-0009. low conversion of reactant, even at extreme reaction
E-mail address: chmmiw@mail.thu.edu.tw (M.-L. Wang). conditions. Makosza and WawrzyniewidZ] then
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successfully prepared dichlorocyclopropane under butylammonium hydrogensulfate (TBAHS), tetraocty-
phase-transfer catalytic (PTC) conditions, finding no lammonium bromide (TOAB), potassium hydroxide
reaction between chloroform and cyclohexene in an and other reagents for synthesis were guaranteed grade
alkaline solution of KOH or NaOHl7]. However, the (GR) chemicals.
reaction rate is dramatically increased by adding a
small quantity of benzyltriethylammonium chloride 2.2. Procedures
(BTEAC), yielding about 70% of dichlorocyclo-
propane. Since then, the PTC technique for generation2.2.1. Synthesis of products
of dichlorocarbene has been extensively applied by Measured quantities of NaOH (10g) and TBAHS
many chemist$§8—14]. (0.2 g) were dissolved in 10 ml of water. The mixed so-
As stated, the production of dichlorocyclopropane |ution was introduced to a 150 ml flask and uniformly
was very difficult before the technique of phase- agitated at isothermal condition for 20 min. Then,
transfer catalysis was developed for synthesizing 1,7-octadiene (organic reactant; 2.2 g) was added to
dichlorocarbene. The main purpose of this study is to the mixed solution. To start the reaction, chloroform
synthesize dichlorocyclopropane from the reaction of (20 ml) was gradually added dropwise over 30 min to
olefins (1,7-octadiene) and chloroform in an alkaline complete the reaction. After reaction, the solution was
solution of NaOH/organic solvent two-phase medium separated and the portion of aqueous solution was
under phase-transfer catalysis conditions. The active extracted twice by ether. Magnesium sulfate was also
dichlorocarbene was generated from the reaction of added to adsorb the residual water. Organic solvent
chloroform, quaternary ammonium salt and sodium (chloroform) and other residues were stripped in an
hydroxide at the interface between organic and aque- vacuum evaporator. Chromatography method was em-
ous phases. In this work, reaction conditions to gen- ployed to separate mono-dichlorocyclopropane and
erate a high concentration of dichlorocarbene in such bi-dichlorocyclopropane products through an adsorp-
a way to obtain a high yield of dichlorocyclopropane, tion column (75 cm glass tube filled with 70-230 mesh
were investigated. Kinetics of the reaction in syn- silica gel powder, eluenti-hexane). The mono-dichlo-
thesizing dichlorocyclopropane, such as quaternary rocyclopropane and bi-dichlorocyclopropane products
ammonium salts, amount of catalyst, agitation speed, were collected from the sample cell and concentrated
concentration of 1,7-octadiene, temperature, amount by vacuum evaporation. Products of mono-dichlorocy-
of chloroform and amount of NaOH were investigated clopropane and bi-dichlorocyclopropane of 98% pu-
in detail. Two products, i.e. mono-dichlorocyclopro- rity were obtained. The products and the reactant
pane and bi-dichlorocyclopropane were obtained from were identified by gas chromatography (GC) mass for
the phase-transfer catalytic reaction. One peculiar phe- molecular weight, FT-IR and NMR'H NMR and3C
nomenon found was that the reaction follows a third- NMR) for functional groups and elements for compo-
order rate law at lower alkaline concentration (30% nents. The contents of the components obtained from
NaOH or less), but it obeys a pseudo first-order rate experiments are consistent with the theoretical values.
law at higher alkaline concentration (>50% NaOH).
Explanations of the difference in reaction rate at dif-
ferent levels of alkaline concentration are provided.

2.2.2. Kinetics of the two-phase reaction

The reactor was a 150 ml three-necked Pyrex flask,
used for agitating the solution, inserting the thermo-
meter, taking samples, and feeding the feed. A known
guantity of NaOH (6 g) was dissolved in deionized
water (14ml) to prepare a 30% alkaline solution.

2. Experimental section

2.1. Materials

All reagents, including 1,7-octadiene, chloroform,
tetrabutylammonium chloride (TBAC), benzyltriethy-
lammonium chloride, tetrabutylammonium bromide
(TBAB), tetraethylammonium chloride (TEAC), tetra-

Known quantities of 1,7-octadiene, tetrabutylammo-
nium chloride (0.056 g), nonane (internal standard,
1 g) were then dissolved in chloroform (20 ml) to form
the organic solution. To start the reaction, the aqueous
and organic solutions were mixed in a 150 ml flask im-
mersed in an isothermal water bath. The organic-phase
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sample (0.05ml), which was withdrawn from the chloroform in the presence of alkaline solution under
reactor at each time interval, and put into test phase-transfer catalysis conditions is given as
tubes containing 3 ml dichloromethane. The content

of mono-dichlorocyclopropane and bi-dichlorocyc- 2CgH14(0rg) + 3CHCh(org) + 3NaOHag)

lopropane products, and the reactant (1,7-octadiene) Qcl

were measured by gas chromatography (GC). The = CoH14Claorg + Ca0H14Clac0rg + 3NaClag
analysis conditions were: Shimadzu GC17A, J&W + 3H20 (1)
Scientific Inc., capillary column (db-1 column), 100%
poly(dimethylsiloxane) stationary phase, 15m
0.525m column dimension, carrier gas: nitrogen (60
ml/min), FID detector, 250C injection temperature.

The mainly interfacial reactions of alkene with
dichlorocarbene (:CG), which is produced from
chloroform and NaOH, are expressed as

>C=C<+ : CCl, — CH,CH»CCl, 2)

3. Reaction mechanism and kinetic model CHCl; + NaOH — CClNa+ H,0 3)
In general, the most acceptable mechanism of CClkNa+ QCl — Q" CClz~ + NaCl (4)
a phase-transfer catalytic reaction is the extraction o+ccl;~ — QCH-: CCly (5)

mechanism proposed by Starks et [d], using the

so-called Starks’ phase-transfer catalyst. Many ex- Where QCI is the quaternary ammonium salt and is
perimental data and phenomena of phase-transferused as the phase-transfer catalyst. It is reasonable to
catalytic reactions are well explained by the Starks’ assume that the deprotonation of chloroform (C$jClI
extraction mechanism, in which the active catalyst (or by hydroxide ion (OH) takes place on the interface
intermediate) transfers to the organic phase from the of aqueous-organic to produce :GNB. Then, qua-
aqueous phase. However, the reaction of dichlorocy- ternary salt (@) bring ~CCl3 to the organic phase to
clopropanation, except sodium hydroxide, chloroform generate dichlorocarbene (:GEfor further reaction

and 1,7-octadiene of the two main reactants are both [15].

insoluble in water, and only soluble in most organic ~ Thus, the two-phase reaction mechanism can be de-

solvents in this work. Transfer of the active catalyst Scribed as
:CCl, + GCoHisCl, —» CyoH4Cly

‘CCl; + CgHiy - CoH14Cly (organic)

1

CCL, + QCl « [Q°CCl]
| 1
CHC, + NaOH + QCl - [Q'CCly]+NaCl+H,0 (interface)

T v v

NaOH NaCl H;O (aqueous)

(or intermediate) from one phase to another phase is In this work, both 1,7-octadiene and chloroform are
difficult from such characteristics of species solubility. soluble only in organic solvents, not in water. The ex-
Thus, the mechanism of dichlorocyclopropanation is perimental data are fitted well by a third-order rate law
best explained by Makosza's interfacial mechanism at low alkaline solution (30% NaOH or less), rather
[1] rather than by Starks’ extraction mechanism. From than a pseudo first-order rate law, i.e.

a stoichiometric quantity, the equation of synthesizing d[CgH14]

3
dichlorocyclopropane from the reaction of olefin and — 5, — kappa[CgH14l3 (6)
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where the subscript “0” denotes the species in the or- dichlorocarbene ([:CGQl), is defined as the apparent
ganic phase, an#lzpps the defined as the apparent rate constant of the pseudo first-order rate law.

rate constant of the third rate law. Thg,3-value is IntegratingEq. (8) we obtain

a product of the intrinsic rate constaiiy() and the [CeH1d]

concentration of dichlrocarbene ([:GQL [ <&> = —kapp1? 9)
IntegratingEq. (6), we obtain [CaHaalo.0

1 1 1 o @ By pltgti?hg the term tontthe Ieftt:;nd ?ide Bf. (?j)

5 - = 3 versust, the apparent rate cons or a pseudo

2 | [CeHualZ ~ [CoMualZg | ~ %" PP pp1 forap

first-order kinetics is obtained.

The subscript “0” denotes the initial concentration  The conversion of 1,7-octadiene is defineckase.

of the species at time = 0. By plotting the term [CgH14lo

on the left hand side oEq. (7) versust, the appar- X=1- m (10)

ent rate constarktapp3 for a third-order rate kinetics ’

is obtained. The reason that the reaction obeys the

third-order rate kinetics is probably because the ca- 4 Result and discussion

pability of deprotonation is low at low alkalinity

concentration (30% NaOH or less). This is due tothe |, this work, the phase-transfer catalyzed reaction of
fact that the low concentration of NaOH at 30% or  yichorocyclopropanation of 1,7-octadiene yields both

less is msufﬂmgnt to de-hydrogen from chlor.oform. mono-dichlorocyclopropane and bi-dichlorocyclopro-

So, the formation of QCCls™ is correspondingly  ane For a typical reaction, the distributions of the

decreased at low alkaline concentration. Therefore, ,ono.adduct and di-adduct are shownFiily. 1 At

the rate is both controlled in the organic-phase reac- g jier stage of reaction, mono-adduct s first generated

tion and the interfacial reaction. Such a complicated 5, then the di-adduct is generated for a sequential ad-
reaction mechanism probably leads to a third-order yision of dichlorocarbene. Iffig. 1, the results follow

rate kinetics rather than a simple pseudo order rate aterial balance from which the sum of the concen-
kinetics. By plotting the term on the left hand side of ation of mono-adduct, di-adduct and 1,7-octadiene

Eq. (7) versus time, the apparent rate constajha (reactant) at any time equals to the initial concentra-
for a third-order kinetics is obtained. tion of 1.7-octadiene.

In general, most conventional two-phase phase-tran- - rhe inetic behaviors of the reaction were stud-
sfer catalytic reactions can be described by a pseudojey Therefore, the data obtained from experiments
first-order rate law when the concentration of aqueous- (e.g. Fig. 1) were transformed to the conversion of
phase reactant is larger than that of the organic-phase; 7_,ctadiene by employingq. (10) The effects of
reactan{16]. Based on the proposed reaction mecha- yhe reaction conditions on the conversion or the reac-

nism, the apparent rate constakiphi) is equal 10 jon rate (j.e. the apparent rate constant) are discussed
the intrinsic rate constant multiplied by the concentra- j, ihe following.

tion of dichlorocarbene ([:CG]) in the organic phase.
The concentration of dichlorocarbene should be kept
at a constant value for the reaction to obey pseudo
first-order rate kinetics. Based on the experimental
data, the reaction is best described by the pseudo
first-order rate law at high alkaline solution (>50%

4.1. Effect of the quaternary ammonium salts

In this study, special quaternary ammonium salts,
such as: tetraethylammonium chloride; tetrabuty-

NaOH), i.e lammonium chloride; tetrabutylammonium bromide;
dic H' o tetrabutylammonium hydrogensulfate; tetraoctylam-
% = —kapp1[CsH14]o (8) monium bromide and benzyltriethylammonium chlo-

! ride, were used as the phase-transfer catalysts to

where the subscript “0” also denotes the species in the investigate their reactivities. As shown Ifg. 2, the
organic phase, ankhpp1, which is a product of the  order of the reactivities for these quaternary ammo-
intrinsic rate constantk(,;) and the concentration of  nium salts for the reaction carried out at low alkaline
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Fig. 1. Distributions of reactant, mono-adduct and di-adduct during the reaction period: 5.33 mmol of 1,7-octadiene, 20 ml of chloroform,
0.2 mmol of tetrabutylammonium chloride (TBAC), 6 g of NaOH, 14 ml of water, 800 rpniC40
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Fig. 2. Effects of the quaternary ammonium salts on the conversion of 1,7-octadiene at low alkaline concentration (30% NaOH) (pseudo

first-order rate law approach): 10 mmol of 1,7-octadiene, 20 ml of chloroform, 0.2 mmol of quaternary ammonium salt, 6 g of NaOH, 14 ml
of water, 800 rpm, 40C.
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Table 1 of alkyl compound by viewing the structure of qua-

Effect of the quaternary ammonium salts on kagys-value atlow  ternary ammonium salts. Therefore, instead of the ex-
NaOH concentration: 10 mmol of 1,7_—octad|ene, 20 ml of chloro- traction reaction mechanism, we infer that the present
form, 0.2 mmol of quaternary ammonium salt, 6 g of NaOH, 14 ml . . . . . .
of water, 800 rpm, 40C reaction system is the interfacial reaction mechanism.

In general, most conventional phase-transfer cat-

PTC kappa x 10 (mirr*M~2) alytic reactions can be described by a pseudo first-
BTEAC 5.14 order rate law when the concentration of the aqueous-
TBAHS 3.50 phase reactant is larger than that of the organic-phase
gﬁg g_ég reactanf16]. Under this circumstance, the data were
TOAB 234 fitted well when a pseudo first-order rate law was
TEAC 1.65 applied. However, as shown Figs. 2 and 3only a

third-order rate law rather than a pseudo first-order
rate law can be used to describe the data successfully
concentration (30% NaOH or less) are: BTEAC for the reaction carried out at low alkaline concentra-
TBAHS > TBAC > TBAB > TOAB > TEAC. It tion (30% NaOH or less). Based on the experimental
can be seen that neither quaternary ammonium saltsresults, we can infer that Starks’ extraction mecha-
of total high carbon number (e.g. TOAB) nor those of nism[1] cannot be applied to explain the complicated
total low carbon number (e.g. TEAC) do not possess reaction on the interface, even though the effect of
high reactivities. Larger conversion was obtained in mass transfer is not neglected. Otherwise, the reaction
using quaternary ammonium salt of appropriate total follows the interfacial mechanism.

carbon number (e.g. BTEAC, TBAHS, TBAC and In this work, chloroform and 1,7-octadiene are the
TBAB). The correspondingkapps-values for these  two main reactants both of which are organic soluble.
different quaternary ammonium salts are given in However, the aqueous soluble NaOH participates in
Table 1 These results are reasonably explained by the generation of dichlorocarbene. Therefore, itis rea-
viewing the characteristics of the interfacial reaction sonable to assume that the interfacial reaction is the
mechanism. That is, those quaternary ammonium saltsmain mechanism in this worl&ig. 4 shows the con-

of total low carbon number which are hydrophilic, version of 1,7-octadiene verstisvhen the reaction
such as TEAC, are not adequate to enhance the re-was carried out at a relative high alkaline concentra-
action. However, those quaternary ammonium salts tion (>50% NaOH). A pseudo first-order rate law is
of total high carbon number which possess large sufficient to describe these reaction kinetics.

alkyl groups are hydrophobic such as TOAB, do not

produce the effective intermediate on the interface 4.2. Effect of agitation speed

between two phases.

The effect of the anions of the quaternary ammo-  Mass transfer between two phases in a phase-transfer
nium salts on the reaction rate can also be obtained catalysis system is important in affecting the conver-
using tetrabutylammonium cation with various anions, sion or the reaction rate. From the point of kinetics,
such as Cf, Br— and HSQ™. As indicated in the changing the agitation speed can influence both the
above, the order of the reactivities are: TBAHS mass transfer rate, which relates to the mass trans-
TBAC > TBAB. These results are different fromthose fer coefficient and the interfacial area between two
explained by Starks’ extraction mechanism, in which phases, and the reaction rate. Increasing the agitation
TBAB exhibits high reactivity. From the point view of  speed leads to increase both the mass transfer coef-
the Starks’ extraction mechanism based on the total ficient and the interfacial area, thus enhancing the
carbon number of quaternary ammonium salts, the re- mass transfer rate. In this work, the effect of agitation
activity of BTEAC should be less than that of TBAC speed on the conversion for the reaction carried out at
by counting the total carbon number of the catalyst. low alkaline concentration (30% NaOH) is shown in
However, the reactivity of BTEAC is clearly higher Fig. 5. No other byproducts were obtained during or
than that of TBAC. The aromatic compound is more after the reaction. The conversion is highly dependent
favorable to generate dichlorocyclopropane than that on agitation speeds less than 800 rpm, above which
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Fig. 3. Effects of quaternary ammonium salts on the conversion of 1,7-octadiene at low alkaline concentration (30% NaOH) (third-order
rate law approach): 10 mmol of 1,7-octadiene, 20 ml of chloroform, 0.2 mmol of quaternary ammonium salt, 6 g of NaOH, 14 m| of water,

800rpm, 40C.
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Fig. 4. Effects of quaternary ammonium salts on the conversion of 1,7-octadiene at low alkaline concentration (50% NaOH) (pseudo
first-order rate law approach): 10 mmol of 1,7-octadiene, 30 ml of chloroform, 0.2 mmol of quaternary ammonium salt, 50% of NaOH,
14 ml of water, 800 rpm, 30C.
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Fig. 5. Effect of the agitation speed on the conversion of 1,7-octadiene at low alkaline concentration (30% NaOH): 10 mmol of 1,7-octadiene,

20 ml of chloroform, 0.2 mmol of tetrabutylammonium chloride (TBAC), 6 g of NaOH, 14 ml of watetC40

the conversion is not influenced by increasing the
agitation speed. The correspondikgns-values with
various agitation speeds are givenTable 2

4.3. Effect of the amount of catalyst
This work also investigates the effect of the amount

of tetrabutylammonium chloride on the conversion of
1,7-octadiene. As shown iRig. 6, the conversion is

to the reaction solution. Furthermore, the conversion
is increased with an increase in the amount of TBAC,
up to a 0.02 molar ratio of TBAC/1,7-octadiene. Fur-
ther increase in the amount of TBAC catalyst does not
make the conversion increase at low alkaline concen-
tration (30% NaOH or less). This result confirms that
TBAC reacts with chloroform to form an intermedi-
ate of the constant value. Similarly, the experimental
data follows a third-order rate law at low alkaline con-

low when the reaction was carried out in the absence centration (30% NaOH or less). The corresponding

of TBAC. However, the reaction rate is dramatically

Kapp3-values with various amounts of TBAC catalyst

enhanced when TBAC of a small quantity was added are given inTable 3

Table 2

Effect of the agitation speed on thepps-value at low NaOH
concentration: 10 mmol of 1,7-octadiene, 20ml of chloroform,
0.2 mmol of tetrabutylammonium chloride (TBAC), 6 g of NaOH,
14 ml of water, 40C

Table 3

Effect of the amount of TBAC catalyst on thgpysz-value at low
NaOH concentration: 10 mmol of 1,7-octadiene, 20 ml of chloro-
form, 6 g of NaOH, 14 ml of water, 800 rpm, 4C

Agitation speed (rpm) Kappz x 10 (mimtM~2) TBAC (g) Kappz % 10 (MimiM—2)
200 0.26 0.014 1.11

400 0.88 0.028 2.05

600 1.90 0.042 3.07

700 2.58 0.056 3.29

800 3.29 0.112 3.23
1000 341 0.278 3.38
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Fig. 6. Effects of the amount of tetrabutylammonium chloride (TBAC) on the conversion of 1,7-octadiene at low alkaline concentration
(30% NaOH): 10 mmol of 1,7-octadiene, 20 ml of chloroform, 6 g of NaOH, 14 ml of water, 800 rpfA€C.40

4.4. Effect of temperature increased with the increase in the alkali concen-
tration. This phenomenon is well explained by the

As shown inFig. 7, the conversion of 1,7-octadiene interfacial reaction mechanism, i.e. the reaction of
is increased with the increase in temperature. A plot chloroform, quaternary ammonium salt and sodium

for the Arrhenius equation OKapp3, Which is ob- hydroxide on the interface between organic and aque-
tained from the third-order rate law, is givenFiyg. 8. ous phases. By increasing the concentration of alka-
The activation energy for this reaction system is line, the rate of ion-exchange, which occurs on the
13.42 kcal/mol. interface, accelerated. Meanwhile, the inorganic salt

produced from the interfacial region then transfers
4.5. Effect of the alkaline concentration to the aqueous phase, so it is favorable for the re-

action being carried out and generating intermediate
In a phase-transfer catalytic reaction by quaternary species.
ammonium salt, the reaction rate is highly affected
by the alkaline concentration. The main reason iS Tapie 4
that the distribution of the active catalyst between Effect of the NaOH concentration of thegps-value: 10 mmol of
two phases and the solubility of the inorganic salt are 1.7-octadiene, 20 ml of chloroform, 0.2 mmol of tetrabutylammo-
both dependent on the alkaline content in the aque- Nium chloride (TBAC), 14 ml of water, 800rpm, 4C

ous phase. Kinetic data for the effect of low alkaline Concentration of NaOH (%) Kappz x 10 (mintM~2)
concentration on the conversion of 1,7-octadiene are 0 0
shown inFig. 9. Similar to the results above, the data 1g 0.41
obtained at a low alkaline concentration are well de- 20 1.01
scribed by a third-order rate law. The corresponding 30 3.29
kappa-values with various alkaline concentrations are 40 6.01
50 20.49

given in Table 4 The reaction rate is substantially
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Fig. 7. Effects of the temperature on the conversion of 1,7-octadiene at low alkaline concentration (30% NaOH) (third-order rate law

approach): 10mmol of 1,7-octadiene, 20 ml of chloroform, 0.2 mmol of tetrabutylammonium chloride (TBAC), 6g of NaOH, 14 ml of
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Fig. 9. Effects of the concentration of NaOH on the conversion of 1,7-octadiene (third-order rate law approach): 10 mmol of 1,7-octadiene,

20 ml of chloroform, 0.2 mmol of tetrabutylammonium chloride (TBAC), 14 ml of water, 800 rprmiC40

4.6. Effect of the amount of 1,7-octadiene the proportionate decrease in the number of catalytic
active sites available. The results suggest that the con-
In the two-phase reaction, the rate and the con- centration of 1,7-octadiene in the organic phase is not
version are both highly dependent on the concentra- important, whereas the concentration of 1,7-octadiene
tion of the reactant in the organic phase. As shown in at the interface may be vital. Similar characteristics
Fig. 1Q the reaction rate decreases with the increase in are obtained from the interfacial reaction.
the amount of 1,7-octadiene in the organic phase. The Keeping the same other conditions, the reactions
correspondingapps-values with various amounts of ~were carried out at different concentrations of 1,7-
1,7-octadiene are given ifable 5 The same results  octadiene. The results for using 5.33 and 36.36 mmol
were also obtained by Jayachandran and WAITg of 1,7-octadiene are shown kigs. 1 and 1lrespec-
in studying the cycloalkylation of phenylacetonitrile tively. It is obvious that the yield of mono-adduct
with 1,4-dibromobutane under phase-transfer catalysis at high 1,7-octadiene concentration (36.36 mmol) is

conditions. This decrease in rate may be attributed to larger than that at low 1,7-octadiene concentration
(5.33 mmol). Nevertheless, the yield of the di-adduct is
Table 5 insensitive to the initial concentration of 1,7-octadiene.
Effect of the amount of 1,7-octadiene on thgyps-value at low A much more plausible interpretation is that, as the
NaOH conc_entranon:_ 20ml of chloroform, 0.2mmol of tetra-  ragction proceeds, a higher fraction of the dichloro-
butylammonium chloride (TBAC), 6g of NaOH, 14 ml of water, . . .
carbene generated is consumed by reaction with 1,7-

800rpm, 40C . . . .

octadiene. For this, less instantaneous dichlorocarbene
1,7-Octadiene (g) kappa x 10 (mim* M~?) exist under the condition of high 1,7-octadiene con-
0.5866 28.80 centration. Therefore, the correspondiagyz, which
1.1040 3.29 is a product of the intrinsic rate constamt,{) and
Z-gggg 8-32 the concentration of dichlorocarbene [:G[ls low at

high 1,7-octadiene concentration, as showRim 10
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Fig. 10. Effects of the amount of 1,7-octadiene on the conversion of 1,7-octadiene at low alkaline concentration (30% NaOH) (third-order
rate law approach): 20 ml of chloroform, 0.2 mmol of tetrabutylammonium chloride (TBAC), 6 g of NaOH, 14 ml of water, 800 r{tn, 40
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Fig. 11. Distribution of reactant, mono-adduct and di-adduct during the reaction period: 36.36 mmol of 1,7-octadiene, 20 ml of chloroform,
0.2mmol of tetrabutylammonium chloride (TBAC), 6 g of NaOH, 14 ml of water, 800 rpmiC40
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Fig. 12. Effects of the amount of chloroform on the conversion of 1,7-octadiene at low alkaline concentration (30% NaOH) (third-order rate
law approach): 10 mmol of 1,7-octadiene, 0.2 mmol of tetrabutylammonium chloride (TBAC), 6 g of NaOH, 14 ml of water, 8007@m, 40

Furthermore, the ratio of 1,7-octadiene/catalyst is Table 6
increased with the increase in the concentration of Eﬁgﬁ: of the tamt?lmtlgf Ch'olfoiolm; 0: tdhbappa-ovzlue atl '?\;Vt
1,7-octadiene. Therefore, the reaction rate is |ncregsedbjtylanf%';cn?ﬂn:aéﬁl’g” de";?gAg)’ égogfaNlae(r)]E, e Svatee:,a
with the decrease in the concentration of 1,7-octadiene gqg pm, a0c
because the availability of the catalyst per mole of
1,7-octadiene to catalyze the reaction is low at high

Chloroform (ml) Kappz x 10 (mintM~2)

1,7-octadiene concentration. 5 8.62
10 6.29

20 3.29

4.7. Effect of the amount of chloroform 0 1.40
0.75

In this work, chloroform acts both as organic sol-
vent and the source of dichlorocarbene. The effect

of the amount of chloroform on the conversion of
1,7-octadiene is shown iRig. 12 The conversion is
reduced with the increase in the amount of chloroform.
The correspondingapp 3-values with various amounts
of chloroform are given iffable 6 In principle, the
generation of dichlorocarbene, which is favorable to

the amount of water. The dichlorocarbene generated is
diluted by increasing the amount of chloroform in the
organic phase. Thus, the concentration of dichlorocar-
bene in the organic phase (chloroform) is decreased
with the increase in the amount of chloroform. In this
way, the conversion is decreased by increasing in the

enhance the reaction, is increased with the increaseamount of chloroform.

in the amount of chloroform. However, the generation
of dichlorocarbene occurs at the interface of the two

phases. The interfacial area remains at a constant valueb. Conclusions

for a constant agitation speed. Furthermore, the gen-

eration of dichlorocarbene is also limited due to the
limited amount of phase-transfer catalyst added and

In this work, dichlorocyclopropanation of 1,7-
octadiene was successfully catalyzed by quaternary
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ammonium salt in an alkaline solution of NaOH/ [2] E.V. Dehmlow, S.S. Dehmlow, Phase Transfer Catalysis, VEB

organic solvent two-phase medium. It is believed that Chemie, Weinheim, Germany, 1983. o .

the reaction was carried out by first synthesizing the [3] W.P. Weber, G.W. Gokel, Phase Transfer Catalysis in Organic
. . . . Chemistry, Springer, New York, 1977.

active dichlorocarbene from the reaction of sodium

. ; [4] H.H. Freedman, Industrial applications of phase transfer
hydroxide, chloroform and quaternary ammonium salt catalysis (PTC): past, present and future, Pure Appl. Chem.

at the interface. Both mono-dichlorocyclopropane and 58 (6) (1986) 857—868.

bi-dichlorocyclopropane products were obtained from [5] W.E. Doering, A.K. Hoffmann, The addition of dichloro-
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