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Abstract

Chemistry is an inexact science, so that when exploring new synthetic pathways, the experiments that do not proceed accord-
ing to plan can n be just as instructive as the successes. s paper explores issues relating to the discovery of new chem-

Discovery: Careful observation of the negative aspects of the well-known, but t Ullmann reaction being applied to an
industrial process led to the development of a greatly improved process. e power of this novel catalytic synthesis was then
demonstrated across a wide range of bromoaromatic compounds. e reacted with methanolic sodium methoxide and a
novel cuprous bromide/methyl formate catalyst (formed in situ) giving high yields of good quality methoxyaromatics.

e of this novel chemistry: e original target was a pivotal intermediate to manufacture trimethoprim, which was
an important antibacterial at the time. Mono- and polymethoxylated aromatic compounds (and their derived phenols) feature
commonly in natural products, many of which have been used as starting points for pharmaceutical active ingredients (APIs).

Patents and their limitations in spreading important chemical synthetic discoveries: e sad fact is that patent protection
is designed to bury the results of research, rather than advertise and spread the news of important new technologies. s pa-
per reviews how the novel methoxylation catalyst has not been taken up as it ought to have been and comments on the more
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A useful review of methoxy group APIs has recently been published [23].
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Introduction

Not all  publications  in  the  chemical  literature  are
equal. A process patent is generally designed as an obfusca-
tion,  intended  to  avoid  casual  scrutiny,  rather  than  an-
nounce the exclusivity to the world. A further way of avoid-
ing much interest is to design an unreadable abstract. As an
example, the British Patent GB2089672 (A):

e  present  invention  provides  a  process  for  the
preparation of  compounds  of  the  general  formula  wherein
A  represents  the  residue  of  an  aromatic  ring  forming  the
whole of a part of a monocyclic or polycyclic, at least partial-
ly-aromatic,  carbocyclic  and  /or  heterocyclic  ring  system,
optionally  bearing  one  or  more  other  substituents  inert  to
the reactants here employed, and R represents an optional-
ly-substituted alkyl, alkenyl, alkynyl or benzyl group having
up to 12 carbon atoms. According to the process of the in-
vention  such  compounds  are  prepared  by  causing  an  aro-
matic  compound  of  the  general  formula:  wherein  A  is  as

d  above  and X represents  a  chlorine,  bromine  or  io-
done atom, to react with an alcoholate of the general formu-
la:  in  which  M  represents  an  alkali  metal  or  an  alkaline
earth metal atom; n is the valency of M; and P is as
above, in the presence of a catalytically- e amount of
an active catalyst mixture comprising: (i) a formic acid ester
of  an  organic  alcohol  having  the  general  formula:  R2-O--
CO-H (V> in which R<2> represents  an optionally-substi-
tuted alkyl, alkenyl, alkynyl or benzyl group having upto 12
carbon  atoms;  and  (ii)  a  cuprous  salt;  in  a  liquid  medium
which is a solvent for the catalyst mixture and in which the
compound of  formula  II  is  at  least  partially  soluble,  under
substantially anhydrous conditions and a non-oxidising at-
mosphere, to yield the desired corresponding compound of
formula VI.

In order to convey something of the impact of this
innovative  chemistry,  which  generated  USD  millions  of
sales  for  the  author’s  employer,  a  more g  abstract
might  have  been:

A broadly applicable technique for replacing a bro-
mide  by  a  methoxyl  substituent  at  an  aromatic  ring.

chemistry works on an industrial  scale  as  has  already been
used to produce several important pharmaceutical  ingredi-
ents. e  cheap  cuprous  bromide  catalyst  is  used  in
methanol at x temperatures and reaction times are rare-
ly  much  greater  than  four  hours.  Yields  are  generally  over
80% and the purity of  the readily isolated products  greater
than 98%.

s paper describes this aryl bromide methoxyla-
tion reaction in some detail and reviews how its
to  such  synthetic  transformations  has  never  been  fully  re-
alised.

Discussion

One of  the  more  frustrating  aspects  of  being  em-
ployed in industrial chemistry is the need to maintain secre-
cy  about  the  results  of  the  work  being  undertaken.
work  I  carried  out  between  August-October  1980,  which
was  later  been  patented  [1],  appears  to  have  been  largely
overlooked by later  authors.  Its  use on a plant  scale  by the
company for which I was working generated USD millions
of  sales.  My  intention  in  publishing  a  description  of  this
chemistry is to try to alert organic chemists to the existence
of  a  very  useful  reaction,  which  really  should  be  better
known.

My work at the North-Eastern England-based
chemical company, Sterling Organics, involved g so-
lutions  to  synthetic  challenges  that  involved  coming  up
with  something  a  little  more  original. e  company  had
been manufacturing an intermediate for the Glaxo anti-in-
fective, trimethoprim, for many years. s pivotal aromatic
intermediate  was  3,4,5-trimethoxybenzaldehyde  (TMBA).
Produced in a three-stage process starting from vanillin, the
second  stage  was  a  relatively ,  impurity-forming
metallic copper-catalysed hydroxylation carried out in aque-
ous caustic soda at around 140 deg C. e original develop-
ment of  the process  in use  was  not  known,  but  it  followed
chemistries  described  in  recent  literature  papers  [2,3].
plant process (outlined below) had been recently investigat-
ed  by  a  team  of  four  plant  chemists  over  a  period  of  5
months.
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Figure 1

y  established  that  only  minor  improvements
could  be  made  by  changing  the  reaction  parameters.
crucial  problem was that the reaction was highly heteroge-
neous, with both copper and bromovanillin being insoluble

Debromination,  giving  up  to  15%  reduction  to
vanillin. s was independent of the concentration
of caustic soda.

Tarry by-products, which could only be reduced by
decreasing the concentration of the aqueous caustic

Slight yield increases were achieved by lowering the
reaction  temperature,  but  this  also  extended  the
reaction time (already a longer than ideal 30 hours).

Addition  of  5-10%  by  volume  of  organic  bases
(quinoline,  pyridine,  morpholine,  piperidine  and  triethy-
lamine were tried) was found to improve the reduction ra-
tio from 5:1 to 7-8:1. s was not a t solution,
so it was abandoned. Before starting practical work, a thor-
ough  search  of  the  literature  was  undertaken  [4-7].  It  be-
came clear that, at that time, little was known about copper--
catalysed substitution at aromatic halogen substituents. Gen-
erally,  the  conditions described would be best  described as
“witches’ brews”, containing metallic copper or its salts heat-
ed in basic solutions at relatively high temperatures. e ex-
act state of subdivision of the copper powder was important
and  variable  yields  were  the  norm  (another  unhelpful  fac-
t-of-life  on  the  plant-scale  process).  It  became  clear  that  it
was well-established that:

e  competing  reactions  (reduction  versus

substitution  of  the  halogen  –  see  scheme)  were
thermodynamically close.
Aryl chlorides followed the reduction pathway to a
far greater degree than aryl bromides.

In polysubstituted methoxyaromatics, reduction was
favoured (not helpful in the case of bromovanillin).

e more hindered alkoxides gave more reduction
(tBuO- > iPrO- > CH3O-).

Highest  yields  of  the  desired  substitution  were
favoured  in  high-boiling  aprotic  bases,  such  as
dimethylformide5  and  2,4,6-lutidine.  Expensive
options  for  the  current  case.  Cuprous  salts  were
better than cupric or metallic copper.

e plan for developing a more successful process
was based upon three basic conclusions:

e very insoluble bromovanillin must be brought
into  far  more  intimate  contact  with  the  other
reactants.

Methoxylation,  rather  than  hydroxylation,  was
preferred. s would also reduce the quantity of
dimethyl sulphate needed in the l stage (not so
far  mentioned,  but  this  stage  also d  from
competing  side-reactions,  caused  by  the  problem
that  the  reaction  conditions  led  to  substantial
hydrolysis of the dimethyl sulphate). Note also that
methylation  of  the  phenol  prior  to  methylation
w o u l d  a l s o  f a i l ,  s i n c e  t h e  T i s c h e n k o
disproportionation would predominate without the
phenol being present)
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Figure 2

Figure 3

Reported methoxylation conditions included [5]:

Sodium methoxide in dimethylformamide (DMF),
with cuprous iodide

Methanolic caustic soda in DMF, in the presence of
calcium oxide and cupric chloride

Sodium methoxide in DMF, with cuprous chloride

Sodium phenoxide, with a cuprous halide-triphenyl
phosphine complex.

e was not much help for our current purpos-
es,  since  DMF would  be  far  too  costly.  So,  the  initial  reac-
tions were carried out using methanolic sodium methoxide
and  cuprous  bromide.  Heating  a  suspension  of  bromo-

vanillin in this mixture at , produced no useful results.
So how could it be brought into greater contact with the so-
lution of methanolic sodium methoxide?

An idea was tried. It turned out that the dimethyl
acetal of bromovanillin, formed readily with trimethylortho-
formate (TMOF), using a trace of concentrated hydrochlo-
ric acid. e exothermic reaction quickly dissolved the sus-
pension within two minutes. Leaving a k containing the
warm  solution  overnight  rewarded  us  with  huge  transpar-
ent crystals (2-3 cm long). What chemist could resist isolat-
ing the crystals from the mixture?

r  characterising  the  crystals  and
their identity to be the dimethyl  acetal  of  bromovanillin,  it
was reacted with the usual methoxylation mixture solution.
Even r  heating  under x  for  24  hours,  a  tlc  showed
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that  no  reaction  had  occurred. s  disappointing  result
might have led to the project being shelved. However, com-
ing back to the problem with a fresh mind r a summer
break) and a freer hand, I decided to carry out the reaction
by  forming  the  acetal  in  situ  with  trimethyl  orthoformate
and  then  introducing  it,  via  a  dropping  funnel,  to  the
methanolic  sodium  methoxide  and  cuprous  bromide  mix-
ture at . s meant that there was no exposure to air
and  the  by-product  methyl  formate  remained  in  the  mix-
ture.  In retrospect,  this was crucial  to the exciting result  of
this experiment. Within two hours at , all the cuprous
salt dissolved, yielding a straw-coloured solution, which up-
on cooling became blue, as air was drawn in under cooling.

Work-up under  aqueous  acidic  conditions  (which also  hy-
drolysed the acetal) allowed a crystalline product to be iso-
lated,  which  was  shown  to  be  syringaldehyde  (4-hydrox-
y-3,5-dimethoxybenzaldehyde). e yield was around 95%.
Further experiments established the following facts and vi-
tal aspects required for a successful reaction:

Even traces of water,  sodium hydroxide or air all

situ, appears to be a complex of cuprous ion with
methyl  formate,  which was  readily  hydrolysed by
water  or  hydroxide  and/or  oxidised  by  air  (see
proposed structure in the diagram below).

Figure 4

Carbon monoxide was evolved during the reaction
(one equivalent to the formate present).

Commercial sodium methoxide was entirely useless,
since it contained substantial amounts of hydroxide,
so  the  methanolic  sodium  methoxide  had  to  be
prepared by addition of sodium metal to methanol
(fresh industrial methanol from a 200 litre drum is
suitable, but laboratory supplies may contain water,
since methanol is deliquescent).

A  process  outline  is  provided  below. e  chemical
stages are shown in Scheme 1.

1.  In  a  secondary  reaction  vessel,  dry  bromo-
vanillin (1.0 moles) is suspended in methanol and stirred vi-
gorously.  Trimethyl  orthoformate  (1.3  moles)  is  run  into
the  mixture  and then  a  trace  of  concentrated  hydrochloric
acid (1-2 ml) added.

2. e mixture heats up to ca. 50 deg C under a re-

x  condenser  and  purged  with  dry  nitrogen  (optional,  if
the  mixture  is  warmed without  stopping).  It  is  maintained
at  this  temperature  to  avoid  crystallisation  of  the  diacetal.

s solution is ready for transfer to the main reaction ves-
sel.

3. In the main reaction vessel, sodium metal (2.5 –
4.0 moles)  is  dissolved in methanol  containing < 0.1% wa-
ter. e solution of sodium methoxide is cooled to 30 deg C
and 20% of the diacetal solution run in from the secondary
reaction vessel.

4.  Cuprous  bromide  (0.05  –  0.2  moles)  is  added
and the reaction slowly brought to , with t stir-
ring  needed  to  avoid  foaming  (some  carbon  monoxide  is
emitted at his point). e balance of the diacetal mixture is
run in  gradually  over  2  hours  and then the  mixture  main-
tained at x for  a  further 10 hours. e  straw-coloured
mixture,  which  is  now  generally  almost  homogeneous,  is
cooled to room temperature. As air enters, the mixture be-
comes blue.
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5. e  condenser  is  set  to  distillation  and  the
methanol removed under reduced pressure (on a small scale
a rotary evaporator is ideal).

6.  Dilute  (2N)  hydrochloric  acid  is  added  to  the
solid residue and then the aqueous suspension is  extracted
twice with isopropyl acetate (preferred) or toluene. e or-
ganic layers are combined and the solvent removed.

7. e  residue  is  recrystallised  in  a  minimum  of

methanol, cooled and a pale-yellow product is d . A
yield of > 90% of syringaldehyde of >99% purity is obtained.

Conversion  of  syringaldehyde  to  TMBA  by
dimethyl  sulphate  turned  out  to  be  straightforward.
original  process  was  eventually  developed  on  a  large  scale
and  the  three  stages  gave  the  following  isolated  yields  on
50-80 kg batches:

vanillin -> bromovanillin 98% /  bromovanillin ->
syringaldehyde 91% / syringaldehyde -> TMBA 95%

Figure 5

e process was agreed to be worthy of further in-
vestigation and was found to be applicable to a wide range
of aromatic bromides. Generally, the yields were good to ex-
cellent.  Other  cuprous  salts  give  similar  results,  but  cupric
salts were shown to be inactive. Chloroaromatics failed to re-
act  at  all.  In  Table  1,  a  representative  summary  of  com-
pounds  that  were  tested  is  shown.

Two more of these were of immediate commercial
use:  1,3,5-trimethoxybenzene  (TMB),  an  intermediate  al-
ready  being  used  to  produce l  and 6-methoxyte-

trahydroquinoline  (6-  MTHQ),  an  intermediate  under  de-
velopment for making rosoxacin.

e cost of the existing synthesis of 6-MTHQ was

gredient  could  be  made  at  the  same  cost  as  the  original
method for making 6-MTHQ, a spectacular improvement.

Although the TMB process was one of the slowest
methoxylations,  it  was  nevertheless  commercially  viable.

e older route for making TMB started from 2,4,6-trinitro-
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toluene  (TNT),  an  intermediate  being  sourced  at  the  time
from  only  one  supplier,  which  was  closing  production  of
this famous explosive for reasons of safety.

e  important  facts  about  the  catalytic  process
that  emerged  from  these  reactions  were:

As  the  electron  density  on  the  aromatic  ring
increases, the rate of methoxylation increases. s
is the opposite to the rule that applies to normal
nucleophilic  substitutions,  showing  that  the
mechanism  must  be

e activating e of aromatic substituents is
greatest for those ortho to the bromine group and
least to those meta (o- > p- > m-).

r the publication of the patent, I received several
comments from chemists stating that the reaction
“didn’t  work”.  In  all  cases,  it  turned  out  that
commercial  sodium methoxide had been used, or
poor  control  of  the  oxygen  levels  had  occurred.
Unfortunately,  many chemists  thought they knew
better than the author how to conduct the reaction.

s  even  happened  in  Sterling  Organics’  own
production plant!

Table 1

Post publication comment: Brandsma et al in 1990
(Syn  Comm.  Page  213)  reported  the  reaction  between  3-
bromothiophene and methanolic sodium methoxide, in the
presence  of  cuprous  bromide  at  100  deg  C,  gave  an  88%
yield  of  the  expected  3-methoxythiophene.  It  may  be  that
my  original  NMR  interpretation  (details  were  given  in  the
Sterwin patent1) was d or that the t conditions

Post-patent literature search (selected , Jan-
uary 2025)

It  is  now  53  years  since  my  patent  [1]  was  pub-
lished and it seemed a good idea to d out what progress
in  the  area  of  cuprous  salt  catalysed  methoxylations  had
been  made  in  the  interim.  Sadly,  little  useful  progress  oc-
curred. e one exception is the paper published by Capde-
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veille  and  Maury  in  1993,  which y  cites  my 1980
patent as being of e [7a]. Of particular note is the
almost total lack of patent citations in the papers on aryl bro-
mide  methoxylations.  It  would  appear  that  commercially
useful  chemistry  does  not  qualify  as  academically  worthy
enough to be taken in consideration. e following relevant
papers,  published  since  1982,  have  been d  as  wor-
thy of note:

Strauss et al [8]

Review of earlier papers covered only the 21st Cen-
tury. Majority of cited references employed complex chelat-
ing agents and/or problematic solvents such as HMPA and
DMSO.  Strauss'  own  work  covered  a  wide  array  of  multi-
functional  starting  bromides,  but  used  10-20%  moles  of  a
complex diaryldiamine ligand, with DMSO favoured as the
solvent. h ,  it  would seem that  the  reactions
would be quite costly to operate.

James Lindley, Copper assisted nucleophilic substi-
tution  of  aryl  halogen  [9].  On  the  face  of  it,  this  review
should  be  a  useful  source  of  information,  being  published

just  two  years r  the  RB  patents,  which  are  not  refer-
enced, however. e short section on displacements by oxy-
gen  nucleophiles  also  contains  inaccurate  generalisations
and  the  review  of  the  mechanisms  is  unhelpful.

Aalten  et  al  (including  Andeno  BV's  Roger  Shel-
don), Copper catalysed reaction of sodium methoxide with
aryl bromides [10].

s  review  appeared  to  be  much  the  most  rele-
vant , and so it proved. Again, no men-
tion  of  the  RB  patent  is  made. e  proposed  mechanism,
largely  based  upon  a  series  of  reactions  between  sodium
methoxide  and  bromobenzene,  is  similar  to  the  musings
our team had. If their proposal has any merit, then the posit-
ed  cuprous  dimethoxide  catalyst  would  be  replaced  by
cuprous  methoxide-formate  in  the  case  of  the  RB  catalyst

bilising the intermediate radical anion, IV, shown in the Te-
trahedron e (reproduced below, . Interesting paper,
although it fails to identify the best conditions for bromide
displacement.

Figure 7

Preparation  of  1,3,5-trimethoxybenzene,  Liu  Jian-
ming,  Jiangsu  Kanglong  Pharmaceutical  Company,
China [11].

s patent covers one of the important commer-
cial processes claimed in the1982 Sterwin patent, the protec-

tion for which had expired in the 1990's. Since the text is un-
helpfully  written  in  mandarin,  only  a  sketchy  understand-
ing of  the claims was possible.  However,  yields  of  75-  85%
were claimed for the methoxylation of 1,3,5-TMB (table of
results shown below). Unlike the academic papers, the Ster-
win patent is listed (together with the Andeno DMF patent,
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of which the process described is  a close copy) as relevant! All other references are to Chinese authors' work; some sort
of recognition.

Figure 8

A  ligand-free  method  for  methoxylation  of  unacti-
vated  bromides  by  use  of  CuCl/HCOOMe/MeON-
a/MeOH system, Liu Hong-Wei, Research on Chemi-
cal Intermediates [12].

Although  this  online-published  paper  appears
highly relevant,  only the references and a brief abstract are
available  without  spending  GBP  29.00.  Since  it  appears  to
be  a  rip-o  of  my  work,  I  was  not  prepared  to  spend  the
cash.

Many  other  literature  references  were  found,  but
none are as relevant as the ones detailed above. Unfortunate-
ly,  a  copy  of  the  highly  relevant  Capdeveille/Maury  paper
[7a] could not be obtained, with just an abstract being seen.

s paper and the patents quoted the RB catalyst patent as
a relevant precedent. A list of these is presented in the bibli-
ography.
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