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Abstract:

Two efficient methods for the preparation of 2-chloro-6-
methylbenzoic acid were developed: one based on nucleophilic
aromatic substitution and the other based on carbonylation.
In the first approach, 2-chloro-6-fluorobenzaldehyde was con-
verted to its n-butylimine, then treated with 2 equiv of
methylmagnesium chloride in THF to give, after hydrolysis,
2-chloro-6-methylbenzaldehyde. Subsequent oxidation of this
compound gave the title compound in 85% overall yield. In
the second approach, 3-chloro-2-iodotoluene was efficiently
carbonylated in methanol to give methyl 2-chloro-6-methyl-
benzoate, which after hydrolysis afforded the title compound
in 94% vyield (84% vyield after recrystallization). The car-
bomethoxylation proceeded smoothly even at a high substrate-
to-Pd ratio of 10 000. Both methods do not require isolation of
intermediates and are suitable for the preparation of kilogram
quantities of 2-chloro-6-methylbenzoic acid.

Introduction

2-Chloro-6-methylbenzoic acidl) is a rather simple
compound but is difficult to prepare in high purity on a large
scale. A recent program at Roche required multikilogram
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Scheme 1. Sandmeyer reaction
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amine? followed by oxidation of6 to give 1 (Scheme 2),
and (3) direct ortho-metalation of 2-chlorobenzoic adid,
(Scheme 3§.

The Sandmeyer reaction (Scheme 1) suffers from a low
yield (<50%), high dilution, and tar formatietthus, it is
not suitable for large-scale manufacturing. The second
approach (Scheme 2) requires more than 3 equiv each of
butyllithium and methyl iodide. It affordetiwith an identical
impurity profile as the commercial material, which was
difficult to purify. The direct ortho-metalation af (Scheme

quantities of this compound as a starting material to meet 3) requires a reaction temperature-680 °C and was not
the ever increasing supply requirement of our molecules for reproducible in our hands.

toxicological evaluations. We had previously purchaged
from commercial suppliers, but it was quite expensive
(>$1000/kg) and of insufficient quality<(99% pure). The
impurities contained in the commercial(2-chlorobenzoic
acid, 2-chloro-dimethylbenzoic acid, 2-chloro-6-ethylbenzoic
acid, etc) were difficult to remove frorhby recrystallization
and, unfortunately, were incorporated into the final product.
There are three known methods for the synthesig,of

To produce high-quality final products in an economical
manner, we then envisioned two potential route$, twhich
are based on nucleophilic aromatic substitution and carbo-
nylation, respectively.

Results and Discussion
Nucleophilic Aromatic Substitution Approach. This
route is based on chemistry described by Cahiez étial.,

which are based on: (1) the Sandmeyer reaction of 2-chloro-yhich they report a substitution reaction of the fluorine atom

6-methylaniline (2) to form the corresponding nitrild,
followed by two more steps to give(Scheme 1}(2) ortho-
metalation of 2-chlorobenzaldehyd® ia in situa-amino-
alkoxide 6) formation with N,N,N-trimethyl-ethylenedi-

T Hoffmann-La Roche, Inc., Nutley, NJ.
#F. Hoffmann-La Roche, Ltd., Basel, Switzerland.
(1) Héring, M.Hely. Chim. Actal960,43, 104.
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in compound8 by butylmagnesium bromide to give in
90% yield after hydrolysis (Scheme 4). If a methyl Grignard
reagent would react witB as cleanly as butylmagnesium

(2) Comins, D. L.; Brown, J. DJ. Org. Chem1984,49, 1078.

(3) Bennetau, B.; Mortier, J.; Moyroud, J.; Guesnet, JxL.Chem. Soc., Perkin
Trans. 11995, 1265.

(4) Cahiez, G.; Lepifre, F.; Ramiandrasoa,3ynthesis 999, 2138.
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Scheme 4. Reported nucleophilic aromatic substitution Scheme 7. Relative reactivities of 14 and 15
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Scheme 5. Nucleophilic aromatic substitution approach
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S E—— (although possible, as described later) to remove ftonf
Me  NaHPO,2H,0 Me  85% overall yield 12 is not removed at this stage, it will be incorporated into
O, . .
. 3‘(’:/" HCzoz ; the final product. On the other hand, the formation of a small
H,CN

amount (<0.2%) of the double-substitution product, 2,6-
dimethylbenzaldehydel (), which givesl3 upon oxidation,
was of less significance to us. In the preparation of the final
cl cl Me . . . .
CHO CHO CHO drug substancel is converted into acid chlorid&4, then
8 — > [ :I + [ :I + [ :I coupled with an amino acid methyl estd, to give key
F Me Me intermediatel7 (see Scheme 7). When 1.03 equivlathat
contained ca. 0.2% ol3 was utilized in this coupling
reaction (via the acid chloride), desiréd was obtained in
l oxidation high yield, and the dimethylbenzoyl impurityl8, was
undetected. Indeed, when a 1:1 mixtureldfand 15 (the

Scheme 6. Impurities and their fate

10 impurity 6 desired 11 impurity

Cl cl Me acid chloride of13) was allowed to react with 1 equiv of
C[C%H @:002'" CECOZH amino acid methyl estefl6 in the presence of sodium
+ + hydroxide (Scheme 7), a 9:1 mixture &7 and 18 was
F Me Me formed. Clearly, dimethylbenzoyl chloridd5, is far less
12 impurity 1 desired 13 impurity reactive tharnl4. Thus, taking advantage of this difference

) n . . in reactivity, the substitution reaction givirggwas allowed
bromide, the requisite aldehydewould be obtained ina go to completion, while formation dfL was minimized

good yield. More importantly,_the s_tart.ing mater.ial, 2-chloro- (<0.2%) by running the reaction at ca. 1T. At higher
6-fluorobenzaldehyde (10), is quite inexpensives40/kg temperatures, the formation f. increased.

for 200-kg quantities). Oxidation of the aldehyd®, obtained after acidic workup,

Qn addition ofn-bqtylamine (1.13 eguiv) to a slurry of 1 4¢ford the title compound, was performed with sodium
10in heptane, the solids dissolved rapidly and water formed chlorite—hydrogen peroxide (Scheme®Sjhe reaction was

(Scheme 5). After washing the organic layer with brine, the ;5 jeq out by the addition of 1.4 equiv of aqueous sodium

residual water in the organic layer was removed azeotropi- - orite to an aqueous acetonitrile solution of aldehgde
cally with heptane. Crud®, thus obtained as an oil, was 5,4 1 4 equiv of 30% hydrogen peroxide, at-1% °C

used_ Qirectly _in th.e ngxt step.. The starting matgtlé)l,, Is - buffered with sodium dihydrogen phosphate. Although crude
sensitive to air oxidation and is usually contaminated with a¢iq1 can be obtained directly from the reaction mixture by
2-chloro-6-fluorobenzoic acid.@). Althoughl2is removed o 0ying the acetonitrile, the product thus obtained is colored
during the aqueous wash, monitoring by GC to ensure the 5y contaminated with inorganic salts. Thus, to remove
complete removal of this impurity is advisable. . inorganic materials, the product was first extracted into
The substitution reaction was carried out at ca*@#or  y5,ene and then into aqueous sodium hydroxide to remove
4 h (Scheme 5). Two equivalents of methylmagnesium qnacigic organic materials. Addition of concentrated hy-
chloride were required to achieve complete conversion (i.e., 4rqchoric acid to the basic phase precipitated the desired
less than 0.05% 0_10 after hydrolysis). The reaction was g Productl, obtained in this fashion, is quite pure,
then quenched with acetone at a lower temperature totypically containing less than 0.1 and 0.2% 1% and 13,
minimize over-reaction. Under these conditiofof high respectively. The overall yield of. from 2-chloro-6-
purity. i_s consistently obtained after hydrolysitypically fluorobenzaldehyde (10) is typically 85%.
containing 0.01-0.05% ofl0 and 0.03—-0.15% of1l During the early development work, when reliable

(Scheme 6). Careful monitoring for complete conversion is analytical methods had not been established, impurelacid
important sincelO can be oxidized in the subsequent step

to give 2-chloro-6-fluorobenzoic acid ), which is difficult (5) Dalcanale, E.; Montanari, B. Org. Chem1986,51, 567.
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Scheme 8. Carbonylation approach
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Table 1. Carbomethoxylation of 19a? variation of ligands

Pd-catalyst ConverSioon
C[x €O (40 buy C[COZMeOF C[COZH (GCarea%) | o0
Me base Me Mo entry catalyst 2h 16h (GC area %)
19 solvent 20 1 .

1 Pd(OAcYPPh(3,5-di-tBu-Ph], 97 99.8 98
X =1 (a), Br (b}, OTf (¢), N,*BF, (d) 2 Pd(OAc)P(3,5-di-tBu-Ph)], 96 99.9 99
3 Pd(OAc}P(o-Tol)], 88 99.6 97
. . . 4 Pd(OAc)PPh), 87 99.4 97
containing 0.4% ofL.2, was produc'e'd. Thls necessitated the 5 Pd(OACYPPhMe), 48 99.9 92
development of an efficient purification method of this 6 Pd(OAC)(DIOPY 87 99.9 95
compound. After several fruitless attempts, recrystallization 7 Pd(OAc)(BINAP) 64 99.8 92
from dilute aqueous acetic acid, buffered with a small amount g Egggﬁgiggsgg‘; 5§ gg-s 3{313
of soq|um acgtatg, was found to be quite .effectlve todive 49 Pd(OAC)dppb) 5 o 3
of a high purity with 81% recovery, containing only 0.07% 11 pdCj(PPh), 97 99.6 08
of the impurity, 12. Without addition of sodium acetate, 12 PdC}PPh(3,5-di-tBu-Ph], 92 99.4 98
recrystallization was less effective. Presumably, sodium 13 PdBEPPh), 86 993 98
14 PACHNCMe)/2 PPh 65 90 87

acetate maintains 2-chloro-6-fluorobenzoic acid (12), the
most acidic component in the mixture, ionized at least
partially in the aqueous mixture, preventing crystallization
of this impurity. Once appropriate in-process control methods
had been established,of a high quality has consistently
been produced without resorting to this purification method.
Carbonylation Approach. Benzoic acid derivatives are
generally accessible in good yield by carbonylation of aryl
halides, -triflates, or -diazonium saftSurprisingly, however,

aS/C 1000, 1.5 equiv of NaHC40 bar initial CO pressure, 14T, 5 wt
% of 19ain methanol? Isolated or in situ prepared catalyst®IOP: O-iso-
propylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butdmpf: bis(diphe-
nylphosphino)ferrocené.dppp: bis(diphenyl-phosphino)proparieppb: bis-
(diphenylphosphino)butane.

First, the influence of phosphine ligands was investigated
using palladium acetate as the metal source (Table 1, entries
1-10). In the monodentate ligand series (entriess),

catalysts containing bulky ligands (entries 1 and 2) were

there are only few reported examples employing carbony- found _to be more effe.ctive than those con_taining sterica!ly
lation for the preparation of 2,6-disubstituted benzoic agids. €ss hindered phosphines; for example, triphenylphosphine
Carbonylation of 2,6-disubstituted substrates, suctgasd ~ (entry 4). Catalysts containing bidentate ligands (entries
(Scheme 8), may be impractical due to steric hindrance, 6—10) were generally less effective; only DIOP was
requiring long reaction times, high catalyst loadings, and comparable with triphenylphosphine. Interestingly, dppp,
relatively high CO pressures. Moreover, the aryl chloride Which was found to be 500 times more effective than
function in 19, as well as in the product (e.@0), could triphenylphosphine in the carbomethoxylation of aryl
undergo carbonylation reaction to generate byproductsltriflates?a’bwas one of the least effective ligands examined

particularly, if more forcing conditions are applied.

Four chlorotoluene derivative49a—d, were evaluated
as starting materials for the methoxycarbonylation. lodide
19asmoothly converted to the desired methyl e2@under
a variety of conditions. Using bromidb, the carbonylation
was quite sluggish even at a very high catalyst loading (S/C
= 10) and elevated temperature (180). Triflate 19conly
gave a mixture of 2-chloro-6-methylphenol and 2-chloro-6-
methylanisole. Diazonium sali9d gave 3-chlorotoluene as
a major product together with only 14% 80. As 19awas
found to be a good substrate for methoxycarbonylation,
carbonylation in the presence of water to directly giweas
attempted. Unfortunately, under the conditions examined,
3-chlorotoluene was obtained as the major product (50—
80%), and the desired produtf,was formed only as a minor
product (<30% vyield). On the basis of these results,
methoxycarbonylation of iodid&9awas chosen for further
investigatior?

(6) Colquhoun, H. M.; Thompson, D. J.; Twigg, M. Zarbonylation: Direct
Synthesis of Carbonyl Compounds; Plenum Press: New York, 1991.
(7) (a) Nicolau, K. C.; Ebata, T.; Stylianides, N. A.; Groneberg, R. D.; Carrol,
P. J.Angew. Cheml988 100, 1138. (b) Dolle, R. E.; Schmidt, S. J.; Kruse,
L. 1. J. Chem. Soc., Chem. Comm@887, 904. (c) Nagira, K.; Kikukawa,
K.; Wada, F.; Matsuda, TJ. Org. Chem1980,45, 2365.

(8) Another plausible approach to prepdremetalation ofl9a (Grignard or
lithiation) followed by quenching with C§ was also examined but was

found to be unsuccessful, presumably due to concomitant benzyne formation.
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(entry 9).

Having identified triphenylphosphine analogues as the
most effective ligands for this reaction, the influence of
anionic ligands (i.e., OAc, Cl, and Br) was examined (Table
1, entries 11—-14). Pdg{PPh), was found to be the most
active catalyst (entry 11), which was comparable with the
more elaborate catalyst, Pd(OA®Ph(3,5-di-tBu-Ph).
(entry 1). Interestingly, the corresponding chloride of the
latter was found to be less active (entry 12). P4BPh),

was similar to Pd(OA¢)PPh), (entries 4 and 13). Since

PdCL(PPh), is commercially available and most active of
those examined, this catalyst was chosen for further develop-
ment.

With PdCL(PPh), as the catalyst, other reaction param-
eters were then examined. Both the substri®a, and the
product, 20, were found to be thermally stableo major
decomposition products were detected when the reaction was
performed even at 16%C for 16 h. Lowering CO pressure

from 40 to 10 bar resulted in a slight decrease in selectivity

(99 to 97% GC area%). Of the bases evaluated (NagCO
NaOAc, and ENN), sodium bicarbonate was found to be
superior to the others in terms of reaction rate. From these
and other experiments, a reaction temperature of 12,0
initial CO pressure of 40 bar, and use of 1.5 equiv of sodium
bicarbonate were chosen. Catalyst loading and substrate
concentration were then examined (Table 2). Increasing the



Table 2. PdCI,(PPhg),-catalyzed carbomethoxylation of 19a2 saturated sodium chloride solution (2 50 mL) and

variation of catalyst loading and substrate concentration concentrated (40C/8 mmHg) to give 117 g (overweight)
catalyst conversion of crude8 as a pale-yellow oit.
loading 19aconcentration (GC area %) product20 To a solution of8 (67.3 g, 315 mmol) in THF (100 mL)

entry S/C  (wt%)inmethanol 2h 16h (GC area %) at 5°C was added a 3 hethylmagnesium chloride solution
in THF (210 mL, 630 mmol) over 30 min, while maintaining

% éggg g gg gg:i gg thg temperature of 'Fhe reaction mixture at 5% The
3 10000 5 80  98.7 98 mixture was then stirred at room temperature (ca.°@y
4 10000 10 91  99.2 98 for 4 h to achieve complete reaction (i.e., less than 0.05%
5 10000 20 94 =99.9 98 of 10 after hydrolysis). After cooling to 83C with an ice-
1.5 equiv of NaHC@, 40 bar initial CO pressure, 14C. water bath, the reaction was quenched by the addition of

acetone (30 mL, 409 mmol), while maintaining the temper-
substrate concentration (entries-3 was found to be  ature of the mixture at 0—16C. Then, 3 N HCI (360 mL)
beneficial in terms of reaction rate. Even at a very low as added. An exotherm ensued that raised the temperature
catalyst loading (S/C 10 000) the reaction proceeded smoothlyof the mixture from 10 to 40C. The mixture was allowed
with high selectivity (entry 5). In a preparative experiment t cool to 25°C over 1 h and then extracted with hexane (2
on a 100-g scale, with a substrate concentration of 20 wt % ,, 170 mL). The combined organic layers were washed with
and S/C 10 000, the reaction was complete within 8 h (see 194 sodjum chloride solution (2 150 mL) and concentrated

Experimental Section). The resulting reaction mixture was dryness (40C/14 mmHg) to give 49.1 g (overweight) of
then directly subjected to hydrolysis with aqueous sodium ,4e6 as a light-yellow, low-melting solid.

hydroxide at reflux to give, after acidic workup, 99.5% pure GC retention times-10. 4.50 min-11. 4.61 min6. 4.96
1 in 94% yield. This material should be suitable for ..

subsequent transformations. If desired, 99.8% fduséth a 2-Chloro-6-methylbenzoic Acid)? To a mixture of6

palladium content of less than 5 ppm can be obtained after(63_0 g, 408 mmol), sodium dihydrogen phosphate dihydrate
charcoal treatment and recrystallization from hexane. (16 g, 116 mmol), water (100 mL), 30% hydrogen peroxide
(64 mL, 564 mmol), and acetonitrile (190 mL) at 10 was
added a solution of 80% sodium chlorite (64 g, 566 mmol)
in water (190 mL) over 1 h, while maintaining the temper-
ature at 15-19 °C with an ice-water bath. After stirring at
room temperature for 1 h, TLC analysis of the organic layer
indicated complete reaction. After cooling with an-agater
bath, sodium metabisulfite (54 g, 284 mmol) was added in
portions. An exotherm ensued that raised the temperature
of the mixture from 10 to 50C. After stirring for 0.5 h, the
mixture was concentrated (4C/14 mmHg) to remove most

of the acetonitrile and then acidified by the addition of
concentrated HCI (20 mL) and again concentrated. Toluene
(200 mL) was added to the resulting aqueous slurry, and
the aqueous layer was separated. The organic layer was then
extracted with a solution of sodium hydroxide (31 g, 775
mmol) in water (300 mL) and then with water (30 mL). The
combined aqueous layers were concentrated @0L4
mmHg) to remove residual solvents. The resulting clear
solution was then acidified by the addition of concentrated

Summary

We have developed two efficient methods for the prepa-
ration of 2-chloro-6-methylbenzoic acid)( The first method
based on nucleophilic aromatic substitution gave the desired
acid in three chemical steps and 85% vyield from 2-chloro-
6-fluorobenzaldehydel(). The second method, which is
based on a catalytic carbonylation, gave two chemical
steps and 94% yield (84% yield after recrystallization) from
3-chloro-2-iodotoluene (19a). Both methods do not require
isolation of intermediates and are suitable for the preparation
of kilogram quantities of 2-chloro-6-methylbenzoic acid.

Experimental Section

General. Melting points are uncorrected. All reagents and
solvents were obtained from commercial suppliers and used
without further purification. The GC analysis data is reported
in area % and is not adjusted to weight %.

GC conditions.

column Restek Rtx-35, 15 nx 0.32 mm, HCI (96 mL). After cooling to 10°C, the resulting solid
_ y Ogglﬁfg thick coating was collected by filtration, washed with cold water%250

carrier gas e, a . . . .

injection 250°C, split ratio of 1:50 mL), anq dried by suction overnlght to _glye 5861 g (85.5%

temperature 50150°C at 10 °C/min overall yield from10) of 1 as a white solid; 99.7% pure by

detection 300°C, FID GC analysis, containing 0.06% of 2-chloro-6-fluorobenzoic

N ) o acid (12) and 0.12% of 2,6-dimethylbenzoic aci8). For

Nucleophilic Aromatic Substitution Approach. 2-Chloro- GC analysis, samples (1 mg &J were treated with a 1:2

6-methylbenzaldehyde ()To a slurry of 2-chloro-6- mixture of bis(trimethylsilyltrifluoroacetamide and pyridine
fluorobenzaldehyde (10, 85.4 g, 539 mmol) in 255 mL of (350, ) at 70°C for 30 min.

heptane was addedbutylamine (60 mL, 607 mmol). After GC retention times:13, 6.66 min;12, 6.79 min;1, 7.79
stirring at room temperature for 1 h, the resulting water layer in

was separated, and the organic layer was washed with  Removal of 2-Chloro-6-fluorobenzoic Acid2) from

ini 0,
(9) Bedard, T. C.; Corey, J. Y.; Lange, L. D.; Rath, NJPOrganomet. Chem. Impure 1 . Ten Qrams ofl cpnta!nlng 0.4% of12 was
1991,401, 261. dissolved in a mixture of acetic acid (14 mL) and water (100
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mL) by heating to 84°C. After cooling to 50°C, sodium with argon. GC analysis confirmed complete conversion. The

acetate (50 mg) was added, and at°@5 seed crystals df reaction mixture containing methyl est&® was transferred

were added. The resulting suspension was slowly cooled toto a flask with the aid of methanol (500 mL), and a solution

4 °C. The solid was then collected by filtration, washed with  of sodium hydroxide (47.53 g, 1.19 mol) in 400 mL of water

water, and dried to give 8.13 g df (81% recovery),  was added. After heating to reflux for 21 h, the mixture was

containing 0.07% of.2. concentrated to a volume of ca. 600 mL. The aqueous
2-Chloro-6-methylbenzoyl Chloridd 4)* To a mixture  so|ution was washed wittert-butyl methyl ether (4x 300

of 1(20.0 g, 117 mmol), DMF (5QL), and toluene (70 ) diluted with water (300 mL), and cooled to°E with

mL) was added oxalyl chloride (16 mL, 180 mmol). The 4, jce—water bath. After dropwise addition of concentrated

resulting solution was stirred at room temperature for 1 h, HCI (105 mL, 1.24 mol) over 90 min, a white suspension

a?d :hen Cﬁ ) 5.0 mL of toluizne was removed tbytd'jt'![lalt'on formed, which was extracted with dichloromethane«(300
at atmospheric pressure to give a concentrated 1o u_enemL). The combined organic layers were dried over magne-
solution of14, which was used in the subsequent acylation

reactions without purification. GC analysis indicated this sium sulfate, concentrated to dryness, and further d”eq at
material to be 98.4% pure, containing three impurities, room tempera’Fure under vacuum (0.1 mbar) for 16 hto give
<0.1% of 2-chloro-6-fluorobenzoyl chloride, ca. 6:0.2% 64.5 g (94% y|_eld) Oﬂ asa pa_le yellow solid; 99'5% pure
of 2,6-dimethylbenzoyl chloride16), and ca. 1.4% of by GC ana_ly5|s. This materlal.was further purified by
2-chloro-6-methylbenzoic anhydride. treatment with charcoal (3.14 g) in hexa_ne at°&0for 1 h.
Carbonylation Approach. 2-Chloro-6-methylbenzoic Acid The charcoal was then removed by filtration, and the product,
(1).3 3-Chloro-2-iodotoluenel@a, 100 g, 396 mmol), sodium 1, was crystallized from the hexane by cooling-t@3 °C
bicarbonate (49.9 g, 594 mmol), bis(triphenylphosphine)- (ot optimized) to give 57.0 g (84% overall yield) dfas
palladium(ll) chloride (27.8 mg, 0.0396 mmol), and methanol White crystals; mp 9899 °C (lit. mp 100-102°C),* 99.8%
(500 mL) were charged into an autoclave. After purging with pure by GC analysis.
argon [three cycles of vacuum (0.2 bar)/argon (8 bar)], the
autoclave was pressurized with carbon monoxide (40 bar).
The mixture was heated to 14C with stirring (750 rpm)
for 8 h. After cooling, the autoclave was vented and purged OP0102363
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