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ABSTRACT

In this study, akind of ball mill called reciprocating reactor were studied.
Furthermore, methods of production of binaphthol from oxidative coupling
reaction of 2-naphthol were classified by reciprocating reactor; moreover,
oxidative coupling reaction of 2-naphthol in presence of Iron (111) Chloride
Hexahydrate as catal yst with chlorobenzane, 1,2-dichloroethane, chloroform
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and water as solvents were investigated to produce binaphthol.
Consequently, performing thisreaction in reciprocating reactor with different
solvents should betaken into account asanovel work and no similar research

has been done previoudly.

INTRODUCTION

Ball milling has been the subject of multitudinous
research inthelast past decade. Reductionin size of
the processwith afocus on reducing energy consump-
tionispresented. Infact, agreat deal of energy isre-
quiredto break particles; however, thesizereductionis
needed to avoid excessgrinding energy consumptiontt.
Reci procating machines, which should betakeninto ac-
count asakind of ball mill, areused for millingto pro-
ducefineparticles, mostly inthecement industry, min-
ingand functional unitg*4. Thesemachinesrepresent a
useful tool for mixing whereyiedishigh®. High con-
version mixings, which requires continuous contacts
between theimaging modaiitiesreactionsespecialyin
responseto thesolid-solid system, might apparently
besgnificant. Millingwithanew placeto call would be
moreeffectivein comparison with grindingt®. Inrecip-
rocating machines, raw materia sare put betweenthe
surfaces and pressed together. Thiscompressionisdue
tofrictional forceswhich aregeneratedin collisons. In
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synthesisof chemicals, reciprocating machinesimprove
reection conditionsand reectivity; whatismore, it should
be stated that the mechanical activation could surpris-
ingly begrown up!™.

Oxidative coupling of 2-naphthol eventuateinim-
portant compound of 1-1'-bi-2-naphthol (binaphthol)
whichisused asan organic synthesisof chird™®. Naph-
tholsarewiddy applied for synthesisof several kinds
of dyes, pigments, fluorescent whitening agents, sub-
stances used intanning and asaraw material for the
manufacture of certain drugs, antioxidantsand pesti-
cides¥. Moreover, theuseof chiral binaphthol for the
production of enantioselective catalyst promotes a
variety of reactionsin homogenoussystemd®%l, Inthis
study, oxidative coupling reaction of 2-naphthol asa
typeof solid-solid reaction in presence of FeCl,.6H.,0,
with chlorobenzane, 1,2-dichloroethane, chloroformand
water as sol vent was examined by reci procating reac-
tor to produce binaphthol with high yield.

Sharmaet d. studied oxidative coupling reaction of
2-naphthol complex in presence of catalyst Schiff base
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copper (I1). They used chlorobenzene, acetonitrile, 1,2-
dichloroethane and toluene as sol ventsto assessthe
effect of such solvents. It was proposed that therate of
oxidative coupling of 2-naphthol isvery low at room
temperatureand can have high yie d with refluxed chlo-
robenzene™. Inanother study, Sharmaet d. examined
oxidative coupling reaction of 2-naphthol in presence
of MTO (Methyltrioxorhenium) ascatalyst and by us-
ing molecular oxygenintheroleof oxidizing. Reaction
yieldsat best condition werefound 95%in 10 hourg™.

Habaueet a. performed oxidative coupling reac-
tion of 2-naphthol with methyl-3-hydroxy-2-ngphthoate
as solvent in presence of CuCI(OH)-TMEDA
(copper(11)-tetramethylethylenediamine) ascatalyst in
THF (Tetrahydrofuran) solvent at room temperatureand
under atmospheric oxygen inthe presenceand inthe
absence of Yb(OTf), (Ytterbium (IIl)
trifluoromethanesulfonate). They achieved 91%yields
in 36 hourg?e,

Li Chenetd. provided amethod for oxidative cou-
pling of 2-naphthol by using different solventsinthe
presenceof catalyst Cu (I or 11)-N-akylimidazoleand
found different values for the yields of binaphthol.
Dichloromethane, methanol, acetone and ethyl acetate
weretested as sol vent that dichloromethanewasfound
the best of al.

Ikedaet al. performed oxidative coupling reaction
of 2-naphthol with dichloromethane as solvent inthe
liquid phaseand in presence of vanadium impregnated
catalysts based on inorganic oxides such as MCM-
41(Mobil Catalytic Material Number 41), using mo-
lecular oxygen asthe oxidant. TABLE 1 showsacom-
parison of different solventson oxidative coupling re-
action of 2-ngphthol,

Eshghi et d. evaluated oxidative coupling reaction
of 2-naphthol with the Ferric Hydrogen Sulfate as cata

TABLE 1: Comparison of different solventsyieldson oxida-
tivecouplingreaction of 2-naphthol®

Solvent Y., %
Dichloromethane 23.4
1,2-dichloroethane 20.7
Chlorobenzene 18.2
Chloroform 8.4
Benzene 6
Ethanol ~0
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lyst, inwater and under solvent-free conditions. Oxi-
dative coupling of 2-naphthol isextremely week at low
temperaturesand will havebest conversonwith boiling
water by approximately 98%, Moreover, thisreaction
has 95% conversion under solvent-free conditionsus-
ing SFHS (Ferric Hydrogen Sulfate supported on Silica)
at 90°C9,

EXPERIMENTAL

Materials

Theinformation and gpplications of required mate-
rialsto carry out the reaction and also to identify the
product arelistedin TABLE 2.

All reactionswere carried out in areciprocating
reactor located in Transport Phenomena Centre of
Sahand University of Technology inTabriz, Iran. Infra
red spectrawere taken by aMattson 1000 FTIR in-
strumertt.

TABLE 2: Materialsfor binaphthol production

Chemical

Materials Application Manufacturer
formula

2-naphthol CioHsO  raw material Merk
Iron (111) Chloride A

Hexahydrate FeCl3;.6H,O oxidizingagent Merk
Chlorobenzene CeHsCl solvent Merk
1,2-dichloroethane C,H.Cl,  solvent Merk
Chloroform CHCl3 solvent Merk
Water HO solvent

L washing raw

Hydrochloric acid HCI materials Merk

Experiments

First 0.125 grams of 2-napthol and 2-fold molar
FeCl...6H,O compound (0.47 grams) are mixed and
powdered together. Then aspecific volumeof the sol-
vent isadded, such that it does not overflow from the
reactor. In addition, aspherica ball with adiameter of
9 mmisplaced insdethereactor (Figure1). After the
reaction time, thereactor isremoved and purification
process begins. Reacted materia sareeiminated from
the reactor with asmall needle and washed by 10%
Hydrochloric acid solution to remove the minerals.
Next, the organic portion of the mineral isextracted
through filter paper. The product isplaced intheoven
for threedaysat 50°C. Finally, infrared spectrometer is
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(b)
Figurel: (a) Aball mill; (b) areciprocating reactor with a
spherical ball

used in order to analyze and identify the functional
groups and then the conversion iscal culated for each
reaction, individualy.

There are afew analytical methods that the dia-
gram of the spectroscopic datacan beusedin order to
determinethe concentration of the chemica groupsby
usingtheinfrared spectroscopy. Significanceof thequali-
tative methods of anaysisiseven much morethanthe
quantitative analysis. According to the Beer-Lambert
law, peak intensity absorbed isexpressed by the Eq.
(1)[20] .

A=ax bx c, )
where A, a, b and c arethe intensity of the peak de-
pending on absorptionthat isbased on the peak height,
the extinction coefficient, samplethickness and con-
centration of thedesired component, respectivel y?,

IR absorption informationiscons dered withwave
numberson x-axisand absorption intengity or transmit-
tance on y-axis, generally. Aand T arerelated by a
logarithmic Eq. (2)!2Y.

A=log,, (UT)=—-log,, T, @)
whereTistransmittance?. Accordingto Eq. (3), the
ratio of different groups concentrations on the surface
of the samples are obtained from absorption intensity
peaks corresponding to the groups, becausethethick-
ness and absorption coefficientsfor both samplesare
thesame

AJA=cc, ©)
where 1 and 2 arerelated to two components?.

RESULTSAND DISCUSSION

INnTABLE 3, theconversonsof thereaction, which
arecalculated accordingto Eq. (3), areshownin pres-
enceof chlorobenzene, 1,2-dichloroethane, chloroform
and water assolventsand FeCl .6H,O ascatayst. chlo-
robenzeneisanon-polar compound dueto the pres-
enceof chlorinein molecular structure. Ascan bein-
ferred fromthe TABLE 3, theconversoninthiscaseis
much |essthan that when water isthe solvent. Highest
conversonisachieved when dl parametersareinthe
maximum amounts. Dueto non polarity of chloroben-
zene, thelower conversion isachieved compared to
above state. It is observed that chlorobenzeneisin-
solublein 2-naphthol duringthetest. Thebest conver-
sioninpresence of chlorobenzeneis75.5 %.

TABLE 3: Conversion of thereaction in presenceof chloro-
form, 1,2-dichlor oethane, chlor obenzeneand water assol-
vents: (a) chloroform; (b) 1,2-dichlor oethane; (c) chlor oben-
zene, (d) water

Frequency, t, V, Conv®, Conv’, Conv, Conv’
Hz min__ ml % % % %
10 10 01 22.1 53 27.8 58.8
10 15 01 24.3 61.67 31 68
10 10 02 25.67 68.6 33 75.3
10 15 02 3233 71.2 355 79
15 10 01 334 73.5 36.8 78
15 15 01 34 76.78 40 87
15 10 02 3954 80.5 58.7 91
15 15 0.2 43.1 84.2 75.5 98.3

Ethylenechlorideincludestwo chlorineatomsand
symmetry initschemical structure. Subsequently, it
would be abetter option compared to chlorobenzene.
Theconversonisgrester incomparisonwithwhenchlo-
robenzeneissolvent, becauseof chlorineatoms, polar-
ity and higher electronegativity difference of 1,2-
dichloroethane.

Molar masscan a so be consdered asaparameter
of the solvents excellence. Molar mass of 1,2-
dichloroethane and chlorobenzene are 98.96 g/mol and
112.56 g/mol, respectively. Near 70Hz, itispossible
to gain high conversion in shorter time of about 5-6
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Figure2: Three-dimensional diagram of binaphthol conversion with four solvents, for frequenciesof 10and 15Hz, with a

reaction timeof 15 minutesand solvent volumeof 0.2 ml

minutesin presence of 1,2-dichloroethane. It can be
distinguished from TABLE 3that theyid dwould change
greatly by noticeable changein frequencies. If thereac-
tor was cons dered with higher volumes, thepossibility
of usinglarger volumes of solventswould have been
investigated.

Crystallization of water in the structure of
FeCl,.6H,0 can partly provideareactionin wet con-
ditions. Exposure of FeCl...6H,O to outdoor |eadsto
thischemicd reactionwith the surrounding environment.
Moreover, water moleculesarelinked to the crystalli-
zation of the salt components. In other words, ahy-
drated salt such asferrous chloride crystalsisacombi-
nation of FeCl.6H,O withwater.

Water isthe best solvent for the oxidative coupling
reaction of 2-naphthol inwet conditionsbecauseof for-
mation of hydrogen bondswith polar structureand also
itsavailability and non-toxicity (TABLE 3).

InFgure2, three-dimengond diagram of bingphthol
conversonwith four solvents, for frequenciesof 10and
15Hz, with areaction timeof 15 minutesand solvent
volumeof 0.2 ml ispresented. Accordingto Figure2, it
could be compared the performance of solvents, more
efficiently. Ascan be seen, therewill bealittlediffer-
enceintheconversion of binaphthol by using chloro-
form and chlorobenzenefor low frequencies.

Oxidative coupling of 2-naphthol has also been
carried out in dry state without sol vent by Shayesteh. It
was achieved the conversion of 95 % with frequency
of 30Hzin 12 minutes. Lack of conversionisone of
the problems of FeCl,.6H,0 in lessthan 20 Hz fre-
quency (TABLE 4)22,

TABLE 4: Effect of frequency on theconversion of thereac-
tion without solvent®

Freqﬁgncy' 10 20 30 5 60 70
L 60 30 12 8 7 7
min
Conv,

<10 2995 2995 2995 2995 =995

Itisasoobservedthat 9mmball istrappedin sticky
dough even after an hour. Consequently, the ball did
not moveand the energy of the ball isnot givento raw
materials. Asaresult, themeasured conversionismi-
nor. Increased frequency isequivaent withincreasing
thenumber of reciprocating reactorsinasecond. Thus,
thenumber of death pointsincreasesper unittime. This
issuemakesball harder to hit reactor sectionsand more
energy import to raw materials. The number of their
strokes and speeds become higher with increasing fre-
quency. Asaconsequence, it isexpected that the con-
version of chemical reactionincreaseswith growthin
frequency®.

Accordingto Figure 3, thereisarapid progress at
the beginning of thereaction and at high frequency. As
an example, theconversion of 2-naphthol is32.8% af-
ter two minutes at afrequency of 30 Hz, whilethecon-
versionis72.7% at afrequency of 50 Hz1#2,

Non-polar solubility of asolidinanon-polar liquid
depends ontwo factors: melting point and melting en-
tha py. When the solid dissolves, theliquid solutionis
obtained. High mdtingtemperaturesand enthal piessol-
idsshow greater solubility. Thisdifferenceisduetothe
stronger gravitational forceson objectsthat their crys-

%
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Figure 3 : Effect of reaction time on the conversion of 2-
naphthol inthedry state®

tals have high melting temperatures. During the solu-
tion, it should be overcometheseforces. Despite hav-
ing two benzeneringsinitsstructure, 2-ngphthol iscon-
Sdered anon-polar solid. However, it hasapolar head
but that is non-polar solid generally, due to the OH
group. Melting point and melting enthal py of 2-naph-
thol, which areboth great values, are 390K and 18.79
kJ/mol, respectively. InTABLE 5, polarity indexes,

Temperature can be considered as an important
factor inincreasing theconversion. Risng temperatures
cause faster melting of compounds and reaction
progress. Dueto high boiling point of hydrogeninthe
structureof chlorobenzene, it ispossibleto create con-
verson of bingphthal at high temperatures. Pressurecan
also beevauated asaparameter in reaction enhance-
ment. Ralsing Pressureleadsto adecreased cross-link
and increased density.

Figure 4 and TABLE 6 show binaphthol conver-
sonwiththemethod of thisstudy and other methodsto
investigate the oxidative coupling reaction proceeded
inawet state. Itisevident that water isthe best sol vent
among the solventsmentioned. 1,2-dichloroethaneand
dichloromethane can a soimprovethe conversion of
bingphthol by providing gppropriatereaction conditions.
INTABLE 6, different timesand temperature condi-
TABLE 6: Converion of reaction in different timesand tem-

peratur e conditions: (a) Joseph resear chi®; (b) present re-
sear ch; (c) Takizawaresear chi®

solubility inwater in 20°C and boiling points for all used Solvent t Temp,’C  Conv,%
solventsof thisreactionisshown. Acetonitrile® 24 hr 81 50
a
TABLE5: Comparison of melting point, polarity index and Chlorobenzene 24 hr 132 70
s)| ub| | |ty Of m|ve’]tsin water Chl Orobenzeneb 15 m| n 25 75.5
Solubility in 1, 2-dichloroethane® 12 hr 83 90
Solvent b.p°C water in20°C, TO@ty 1 2.dichloroethane® 15 min 25 84.2
9/100 ml index 1, 2-dichloroethane® 24 hr 30 99
1,2-dichloroethane 84 0.87 35 Chloroform® 24 hr 30 40
Chlorobenzene 131 Very low 2.7 Chloroform” 15 min 25 43.1
Water 100 - 10 Toluene® 20 hr 110 35
Chloroform 61.2 0.8 41 Water” 15 min 25 98.3
120
O Water
100 H
B | .2-dichloroethane
80 -
c“ O Chlorobenzene
g 60
o OChloroform
40
B Dichloromethane
20
B Methanol
0
Present research Li Chen Tkeda Joseph B Acetonitrile

Researchers
Figure4: Comparison of performance of our method in termsof conversion and with three other methodsto produce

binaphthol"82
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tionsareclassified too.

To perform oxidative coupling of 2-ngphthol, which
leadsto the production of binaphthol, FeCl,.6H,0Ois
oneof thebest catalystsregardlessof other investiga-
tions. To accel erate thisreaction, the solvent and the
frequency are considered asthe most important fac-
tors. Theinnovation of thisstudy isthe occurrence of
reaction with optimal solvent in thereci procating reac-
tor that can provide high frequenciesup to 70 Hz; fur-
thermore, thedesired product isobtainedinlesstime.

CONCLUSIONS

Inthisstudy, oxidative coupling reaction of 2-naph-
thol in presence of FeCl,.6H,0, with chlorobenzane,
1,2-dichloroethane, chloroform and water as solvents
was done by reciprocating reactor to produce
binaphthol. This study indicated that the proposed
method hasbetter conversion compared to other meth-
ods. Inthisresearch, themeasured parametersaretype
and volume of the solvent, time of reaction and fre-
quency. Infact these parametersaremore effectivethan
others. Inthefrequenciesof near 70 Hz, itispossible
to gain high conversion in shorter time of about 2-3
minutes. All mentioned solventsare useful solventsbe-
causeof polarity and having chlorineatomsinther struc-
tures.
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