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Process development of the synthesis of
2 ,3-dichlorophenyl piperazine

H1JI Morris Frank ZHEN G GuoJun  YUAN QiPeng”
(College of Life Science and Technology , Beijing Universty of Chemica Technology , Beijing 100029 , Ching)

Abstract : The new pathway for the synthedsof 2 ,3-dichlorophenylpiperazine from chego raw materid , 2 ,3-dichloroaniline
ispresented. The hydrogen sulphate salt of 2 ,3-dichloroaniline was converted to the correponding Aryl lodide in good yied
of 81 % by reacting with conc. H, SO, and NaNO, to form intermediate diazonium sdt , which wasfurther diplaced by K.
The dedred product was obtained by reacting Aryl lodide and piperazine in the presence of Cul as catalys , proline as lig-
and, K,COs as base and dimethyl sulfoxide as lvent with yidd of 20 %. The method is Snple, utilizes chegp catdys and

ligand , insendtive to moisture; it is easy to sparate the product , and can undergo large scale production.
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Introduction

2 ,3-dichlorophenylpiperazine is a potentia pre-
curor in synthedzing potent drugs that target
dopamine and serotonin receptor, such as aripipra
zole!!! N @B2849'%2! and N GB2904%%. Particular-
ly, by being key intermediate in synthedsof aripipra
ole, the latest schizophrenia drug!* #®! which posses
both postsynaptic dopamine receptor and pre-synaptic
auto-receptor , attracts gpecial attention in its synthe-
gs.

The current method of preparing 2, 3-dichl-
orophenylpiperazine involves reaction between 1,2
dichloro-3-iodobenzene and piperazine in the presence
of Pd (Paladium) catayst, SBingp asligand, base
and olvent like toluene!™® . This method which fol-
lowed a breakthrough in development of C—N bond
using paladium catalyst reported by Buchawad®! in
1997, hasayidd between 50 % - 60 %. The industri-
a use of this method is hindered by high cost of Pd
catalyst and relative ligands as well as air and mois
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ture senstivity!*®!,

Contamination of the product is
another crucia problem, where it takes two daysjust
to separate the product!® . Asaresult , drugs contain
ing 2 ,3-dichlorophenylpiperazine in its molecule are
highly expendve on the market.

Yuan!?! and Robarge!®! reported another method
that utilizes 2 ,3-dichloroaniline and diethanolamine as
raw material and phogphorus pentoxide and triethy-
lamine hydrochloride as catadyst. Again here, yiddis
low ; high operating temperature and large amount of
catdyst are needed. This is ill not an attractive
met hod.

Zhang!™®! reported that L-proline could be used
as apromoter in Cul-catalyzed reaction of aryl haides
with both diphatic primary and diphatic cyclic sec
ondary amines at low temperature (40 - 110 ) with
good yield. Such information attracted our curiosty
to study synthessof 2 ,3-dichlorophenylpiperazine us
ing thispromisng method. It isa dmple mild method
of forming C—N bond without complication in sepa
ration of product. Not only that , but < the proce
dure is relatively insendtive to moisture and can be
performed under air atmoghere.

Diazonium sats are ussful intermediates in syn-
theds of aromatic compounds because the diazonium
group can be eadly replaced by severd atoms or
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groups such as —F,—d ,—Br,—,—CN, —OH
and —H. Diazotization should be conducted below 5

, because most of arene diazonium sats are unsta
ble at temperature between 5 - 10
which is accompanied by evolution of nitrogen gas can

. Replacement ,

be eadly achieved by adding another reagent like Cu-
a, CuBr, Kl, etc to the mixture and followed by
gently warming. This technique was used to synthe-
sze precuror 1, 2-dichloro-3-iodobenzene (Fig 1) ,
from chegp raw materid 2 ,3-dichloroaniline, through
diazotization , followed by replacement with — group
while dedred product , phenylpiperazine (Fig 2) , was
obtained by reacting good leaving group 1 ,2-dichloro-
3-iodobenzene with piperazinein presence of Cul , lig-
and proline, olvent DM SO and K,COs as catalyst.
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DMSO,

FHg.2 Synthessof 2,3-dichlorophenylpiperazine

1 Experimental section

1.1 Measurements

'HNMR was recorded with Varian AV 600
gectrometer. Melting points were measured by Mi-
cro melting point gpparatus ST5A. Corregponding
gtandard dlica gel for column chromatography and
TL C were used.
1.2 9ynthesis of 1,2-dichloro 3-iodobenzene

Into a round bottom flask , 1. 4g (8 mmol) of 2,
3-dichloroaniline was disolved in 30 mL of Et,O, fol-
lowed by addition of 0.5 mL of conc. H,SO4. The
mixture was nicated for 10 s, and then the lvent
was removed by vacuum to achieve 2 ,3-dichloroani-

line hydrogen sulphate salt as white powder.

The flask was then placed in a magnetic stirrer
withice, where 6 mL of H,O in 1.96 mL of conc.
H,SO,4 were added. A pre-cooled solution of NaNO;
(950mg) in 17 mL of H,O were added over 15 min,
girred further for 30minat 0 . Then Kl (2.79) in
17mL of H,O were added over 5 min, followed for
further gtirringat 0  for 1h.

A condenser was ingalled to the flask and the
mixture was heated at 100
stopped and contents were cooled to room tempera

for 2 h. Reaction was

ture. After cooling, 30 mL of hexane was added
through a reflux condenser to rinse off the sublimed
materia , the resulting bi-phasc layer was sirred
rapidly for 1h; the organic layer was sparated,
washed with 5% NaHSOs;, dried over MgSO,, fil-
tered , and concentrated in vacuum to form apink lig
uid. Slica gd column chromatogrgphy was used to
separate the product , udng hexane as eluent lvent.
Concentration in vacuum digillation, &forded 1,2
dichloro-3-iodobenzene (1.8g, 81 %) as white crys
td; TLC (hexane) Rf =0.6; mp:35- 36

1.3 Yynthesis of 2,3-dichlorophenylpiperazine

Into a 3-neck round bottom flask , the mixture of
1, 2-dichloro-3-iodobenzene (1.4 g, 5.1 mmol) ,
piperazine (2g) , KxCOs(2g) , proline (0.17g) , Cul
(0. 15) was diswlved in 30 mL of DM SO and placed
under N, gas, temperature was raised to 90  and
mai ntai ned there with stirring for 72 h.

After cooling, the organic compound was ex-
tracted by partition with 30 mL of EA and 30 mL of
H,O for 3 times, further washed with brine, dried by
Na S0, and concentrated in vacuum to form brown
liquid , which was chromatographed by usng mixture
of dichloroethane and methanol in the volume ratio of
10 1 and concentrated by vacuum digtillation to get a
emrolid, 0.23 g. HCO gas in MeOH was added ,
nicated for 10sto form a correpond hydrogen chlo-
ride salt , which was further purified through recrys
talization by dowly adding iopropanol in reflux temr
perature until al contents disolved and then dowly
adding hexane until first crysa commence, ater
oooling into room temperature, the contents were
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kept in O  overnight. 0.26 g of 2,3-dichlorophe-
nylpiperazine hydrochloride with overal yield of 20 %
was obtaned ter filtration, mp:239 - 241 [239 -

242 1B 'H-NMR @ ,CD;0) 3.37- 3.43 (m,

8H) , 6.97(m,1H) , 7.16- 7.2(m ,2H) .

2 Results and Discusson

1, 2-Dichloro-3-iodobenzene was prepared from
correponding aniline through diazotization in good
yieddd of 81%. Purification by column chromato-
graphy was performed to obtain pure white crystal ,
mp :35- 36

1, 2-Dichloro-3-iodobenzene was coupled with
piperazine in the presence of Cul as catdyst and pro-
line as ligand. This is Ullmann Copper Mecha
nism 2% which traditionaly uses high temperature
and often require the use of stoichiometric amounts of
copper reagents which leads to problems of waste dis
posal. However, the presence of proline ligand,
lves these problems. According to Zhang''® the
coupling reaction of secondary amino acids with aryl
halides occurred best at temperature between 60 - 95

, and proline serves as the best additive. The
amount of Cul and proline used are 0.1 and 0.2 e
quivadents repectivdy that means the problems of
handling Cul digosal is reduced tremendoudy.

The target product was easly separated by chro-
matography and further purified by converson to cor-
regonding hydrogen chloride st followed by recrys
talization , to &ford pure light brown crysta in over-
al yidd of 20 %.
noticed which are un-reacted precursor and over re-

However , two by-products were

acted product on both dSdes of piperazine, diph-
enylpiperazine. The weight ratio between the desred
product to over reactedoneisl1 2; thisisgood cluein
finding improved high yield method, which could be
done through protecting one sde of piperazine. The
next work isto study appropriate method for protect-
ing one dde of piperazine.
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Twolevel implementation method for converting STEP-NC into XML

ZHANGLiYan! ZHAN YunXin'

WAN G KuiShengt CHEN Hu?

(1. College of Mechanica and Hectricd Engineering, Beijing University of Chemica Technology , Beijing 100029 ;
2. Beijing Shouke Hectricad Technology Ltd. , Beijing 102200, China)

Abstract : A two-level implementation method , based on a study of the STEP-NC information modd and XML ,
isproposed to convert STEPNCinto XML. Inthefirst level, STEPNCisdividedinto a seriesof interconnect-
ed modules. In each smal module, the object seridization early binding maps each STEPNC ingtance into an
XML instance as attribute data usng JDOM. Usng XML , STEP-NC data can be shared for networked manu-
facturing and cooperative manufacturing in different places. In the second level , STEPNC data is shown by a
tree and some tables, such that it iseadly used by the operator. Furthermore, an interfacefrom STEPNCfiles

to traditiona CNC files has been developed 0 that usng STEP-NC a component can be processed directly in a
CNC machine tool.
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