Green chemistry

Clear brines as environment
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Dr Nurit Kornberg of ICL-IP and Dr Noam Greenspoon of Chemada Fine Chemicals explain how

clear brines were found to be a medium for organic chemistry

rowing awareness of environmental issues is leading the
chemicals industry to increasing demand for green tech-
nologies that generate lower quantities of organic wastes
and do not rely on organic solvents. In the last decade, many stud-
ies have focused on room temperature ionic liquids and supercrit-
ical fluids, which serve as environmentally friendly solvents.
During this time, Chemada Fine Chemicals has developed
processes for the production of several ionic liquids based on the
dialkyl and alkyl-benzyl imidazolium cations. Another attractive
addition to the tools offered as an environmentally friendly solvent
has now been developed by Dr Ariel Ewenson in the R&D labo-
ratones of lsrael Chemicals’ Indusmal Products division GCL-IP).
We have used concentrated zinc bromide (ZnBry) solutions,
which are also known as clear brines, as a medium and a catalyst
for several reaction types. These zinc bromide solutions are well
known as completion fluids for oil drilling and as the electrolyte
solution for batteries. They are now commercially available.
Some of these clear brine solutions have now been found to
offer a non-toxic alternative to toxic organic solvents and catalysts
in substitution reactions. Their high thermal stability allows reac
tions to be run at elevated temperatures by comparison with the
conventional organic solvents. Several case studies have been
undertaken to demonstrate the usefulness of the ZnBr; brines as
a reaction medium. These are described below

Selective bromination in unfavoured position
5-Bromo-2-chloro-4-fluoroanisole is an intermediate in the syn-
thesis of certain agrochemicals, Its substitution pattern makes the
synthesis of this compound, in preference to the corresponding
6-bromo compound, a particular challenge.

For industrial uses, a desired bromination of 2-chloro-4-fluo-
roanisole was reported to have been carried out using sulphuric
aad as the reaciion medium. The yield was only 27% of the

Table 1 - Controlling oxidation by-products during bromination of 4-fluorobenzaldehyde

Zinc Halide

Additive solution

Product distribution,

%Area, GC
Type  mmol Type  Conc. w2  mmol 4FBA  3B4FBA 3B4FAcid 4FAcid
ZnBr; 115 HEBr 49 72 48.0 46.0 1.4 13
ZnBrsy 115 LiBr 50 70 35.0 63.3 - 1.6
ZnBr, 115 CaBr, 52 31 52.0 402 -
ZnBr, 115 NaBr 49 57 53.5 465 - =
ZnBr; 115 KBr 40 40 749 18.5 43 23
ZnQ, 191 R ) 45 415 56.7 18
;rTone HBr 49 destruction Ef raw material
| none LiBr 50 45 | 830 170
none | NaBr 49 T e 33.0

Note: For all experiments: 10 mmol of 4-fluorobenzaldehyde, 11 mmol of Br, at 100°C,
4 hours. Abbreviations: 4FBA- 4-fluorobenzaldehyde; 3B4FBA - 3-bromo-4-
fluorobenzaldehyde; 3B4FAcid - 3-bromo-4-fluorobenzoic acid; 4FAcid - 4-fluorobenzoic acid.
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A direct and efficient synthesis for this key compound was
developed by using ZnBrz as a catalytic bromination medium.
Thus, 2-chloro-4-fluoroanisole, which is readily available via the
methylation of 4-fluorophenol using methyl bromide and a base,
followed by chlorination using sulphonyl chloride, was subjected
to Lewis acid-catalysed bromination (Figure 1).

The results demonstrate the advantages of the clear brines,
which act as a reaction solvent as well as a catalyst for the selec-
tive bromination of the spedfic position that is unfavoured by
conventional bromination processes. An added bonus of this
method is the fact that the desired brominated isomer precpi-
lates out of the reaction mixture upon cooling.

Crude 5-bromo-2-chloro-4-fluoroanisole was thus obtained,
virtually uncontaminated by the 6-bromo isomer, in about 53%
isolated yield. The remaining organic phase which was separated
from the heavy brine contained a roughly 1:1 mixture of isomers,
together with impurities and unreacted starting material.'

Bromination of deactivated aromatic compounds
3-Phenoxybenzaldehyde is a common starting matenial for the
production of pyrethroids. An intermediate for the production of
this compound is 3-bromobenzaldehyde. The bromination
processes that are currently applied for the production of 3-bro-
mobenzaldehyde involve the use of massive amounts of alu-
minum chloride (AICI3) and accordingly produce large amounts
of intractable waste.

In order to circumvent these disadvantages, an alternative
process was developed, using only 82% aqueous ZnBr; solution
and bromine without any additional Lewis acid catalyst, as shown
in Figure 2. The 3-bromobenzaldehyde was extracted with meth-
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