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Preparation of 3'-Bromodiphenyl Ethers from 3'-Carboxydiphenyl Ethers

Free Radical Methodology

Dennis R. Patterson and Lori A. Spangler*

Exploratory Agricultural Products Research, Rohm and Haas Co., 727 Norristown Road,

Springhouse, Pennsylvania 19477

Abstract:

The ability to convert commercial 3-carboxydiphenyl ether

herbicides to 3-alkoxydiphenyl ether herbicides could allow
more cost efficient preparation of the 3-alkoxydiphenyl ethers.

The free radical brominative decarboxylation of 3-carboxy-

diphenyl ethers was explored and optimized. Yields of 50%
were obtained, which are not high enough for commercializa-
tion. The intermediate 3-bromodiphenyl ethers can, however,
be used in the synthesis of other diphenyl ether analogues.

Introduction

Substituted diphenyl ethers constitute a large class of
commercial herbicides. Among the commercial materials
are some with very similar structures. For example, aci-
fluorfen-sodium (Blazerla) and oxyfluorfen (Goal3a) vary
only in the 3'-substituent (Scheme 1). Preparation of one
commercial herbicide from the other could result in sub-
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decarboxylatiorf=8 Aliphatic acids undergo brominative

stantial cost savings due to economy of scale. This paperdecarboxylation rapidly and in high yield, but the reactions

describes exploratory process work to converto 3a via
the intermediacy of the 3'-bromo compouraa.

Other researchers have explored the possibility of con-
verting 3-carboxydiphenyl ethers td-Bromodiphenyl ethers
and ultimately to the '3alkoxy compounds. Free radical

of aromatic acids are more problematic, as formation of the
aryl radical is orders of magnitude slower than for aliphatic
systems. Nevertheless, we chose to explore the possibility
of using this technology to convert thé-&rboxydiphenyl
ethers to 3'-bromodiphenyl ethers.

halogenation has been achieved using excesses of bromine

and peroxide, in the presence of heat and lightields were
low (30—40%), and mixtures of' &arboxy and 3bromo-
diphenyl ethers were obtained. Brominative decarboxylation

Discussion
We have successfully formed the thiohydroxamic acid
ester,1b, of the 3-carboxydiphenyl etheta and optimized

of 3'-carboxydiphenyl ethers has also been performed usingconditions for the brominative decarboxylation to foa.

mercuric oxide, bromine, and lightNeither of these routes

The 3'-bromodiphenyl ethers can be converted to the

is acceptable for commercial scale synthesis, due to the3'-alkoxydiphenyl ethers3, in good isolated yield$. The
excesses of peroxide and bromine required in the first case3'-bromodiphenyl ethers can also be reacted with other

and the use of mercury in the second.

nucleophiles, besides alkoxide, to generate nesuBstituted

Barton, Crich and co-workers have described the use of diphenyl ether analogues.

thiohydroxamic acid esters formed from carboxylic acids or
their salts as general precursors to free radit@lsThe free

It was found that the thiohydroxamic acid ester intermedi-
ate,1b, can be formed either from the carboxydiphenyl ether,

radicals can be trapped by a variety of reagents, including alC, and 2-oxo-1-oxa-3-thiaindolizinium chloride or by con-
source of bromine radical, to result in an efficient brominative Vversion of the 3carboxydiphenyl ether to the acid chloride
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when 1d was formed at OC in the reaction solvent to be in that it makes use of no toxic metaland higher yields
used in the brominative decarboxylation, bromotrichlo- were achieved relative to more conventional free radical
romethane. Higher yields @awere obtained whehd was proceduresd.
formed with oxalyl chloride (50% yield) rather than thionyl
chloride (40% yield).

The bromotrichloromethane solution &l was reacted
with the sodium salt of 2-mercaptopyridifkeoxide to form

Experimental Section
Preparation of 2-Chloro-4-(trifluoromethyl)-3 '-bromo-
4'-nitrodiphenyl Ether, 2a, Using Optimized Conditions.
1b, which can in principle be decomposed to the carbon 2-MercaptopyridineN-oxide (15 g, .0'12 mol) in THF (500
mL) was cooled to OCC under a nitrogen atmosphere and

radical by heat, light, or radical initiators. With the diphenyl . . . o i T .
ether substrates, the best conditions for radical generationtreatecj with sodium hydride (60% dispersion in mineral oil,

proved to be a combination of light and heat. The literature 4.8 g, 0.12 mol) in portions, Thg slurry was stlrred at room
. : o temperature for 16 h and then filtered. The solid was dried
reports that AIBN improves the yield of brominative decar- : o X .
. . " to yield 2-mercaptopyridinél-oxide, sodium salt (13.9 g,

boxylation for aromatic substratésAddition of AIBN as a : . : )

2 : : ) - ; 79% vyield), as a hygroscopic white solid, mp 256—2€D
radical initiator with or without irradiation lowered yields : .
(30—40% yield) and decreased the purity 2sf obtained A suspension of 2-chloro-4-(trifluoromethyl)-8arboxy-

, S . 4'-nitrodiphenyl ethét* (1.0 g, 2.8 mmol),1c, in bromo-
The 3'-radical is trapped by bromotrlchloromethane to form trichloromethane (20 mL) was cooled t0°G and treated
2a. In all cases, an equal amount of 2-[(trichloromethyl)-

thio]pyridine byproduct is formed and must be separated with oxalyl chloride (0.26 mL, 3.0 mmol) and DMF (1 drop).

from 2 by chromatoaraphv. extraction. or crvstallization. No The ice bath was removed and the mixture stirred for 1 h.

other 'dgnt'f'able bg r(?d y;:t Xform:ad'd r'nrythe Iczonl er. ion The flask was placed under vacuum for about 5 min to
! hable byproducts uring t VETSIon emove hydrogen chloride and carbon dioxide.

of 1ato 2a. Yields were calculated by isolation following

. A suspension of the sodium salt of 2-mercaptopyridine
chromatography, and purity was assessed by GC/MS andN-oxide (p0.45 g, 3.0 mmol) and DMAP (34 mg B.Spr)r/lmol)
proton NMR. ' '

. . in bromotrichloromethane (20 mL) was heated to reflux
On the basis of speculation that thendtro group could ( )

be interferi ith th dical i th " under a static nitrogen atmosphere. The acid chloride
€ Intertering wi € radical reaction, the same reaction g, 4o, prepared above was placed in a dropping funnel
sequence was repeated on the desnitro analdtrie,No

; . , above the hot salt suspension and added dropwise, while the
|mprovem§nt in the yield o2b was pbserved. refluxing mixture was irradiated with a 75 W incandescent
Bromotrichloromethane, which is probably not a com- bulb. After 3 h, the light source was removed and the
mercially useful solvent, was the only radical trap examined reaction mixture, was cooled to room temperature. The
which resulted in the formation of a'-Bunctionalized mixture was washed with water (8 25 mL) and dried
diphenyl ether. The use of carbon tetrachloride as solventthrough sodium sulfate. The solvent was remoiedacuo
did not result in the formation of thé-8hlorodiphenyl ether. to yield a brown oil (1.9 g), which was placed on a x5
Attempts were made to directly prepare theh@droxy- 14" fiash silica gel (236400 mesh) column and eluted
diphenyl ether froml by reactinglb with tert-butanethiol, with 5% ethyl acetate in hexane. The higiReproduct, by
oxygen, DMAP, and trimethyl phosphité but no product ’

: . X TLC on silica gel eluted with 20% ethyl acetate in hexane,
corresponding to the' iydroxydiphenyl ether product was 4504 (0.54 g, 50% yield) as a colorless oil, identical to a

observed by comparison to a known standafd. known standard2 'H NMR (200 MHz, CDC}, & refer-

The highest yield oR obtained following optimization  5.ed to TMS): 8.0 (d, 1H), 7.8 (s, 1H), 7.65 (d, 1H), 7.3
was 50%, which is not high enough for economically viable (m, 2H), 7.0 (dd, 1H). The loweR: product was 2-[(trichlo-
commercial production of oxyfluorfen from acifluorfen- romethyl)thio]pyridin€ (0.23 g, 40% yield), as a yellow oil.
sodium. The free radical brominative decarboxylation based 1y N\ MR (200 MHz, CDC}, ¢ referenced to TMS): 8.8 (m,
on the thiohydroxamic acid esters described in this Paper 1) 8.0 (m, 2H), 7.5 (m, 1H).

represents an improvement over previous routes fraai2 Preparation of 2-Chloro-4-(trifluoromethyl)-3 '~bro-

modiphenyl Ether, 2b. A suspension ofle!! was treated

(10) Barton, D. H. R.; Crich, D.; Motherwell, W. B. Conversion of Aliphatic 0 H 1
and Alicyclic Carboxylic Acids into nor-Hydroperoxides, nor-Alcohols, and as above to form2b (35A) yleld)' H NMR (200 MHz,

nor-Oxo Derivatives using Radical Chemisty. Chem. Soc., Chem.  acetoneds, 0 referenced to TMS): 7.9 (d, 1H), 7.7 (dd, 1H),

(11) (Jlgrr]r:]rg(;l:lv?lmo ZF?r%);ssAFSALfor Preparing Phenoxybenzoic Acids. U.S Patent7'4 (m, 2H), 7.3 (m, 2H), 7.1 (m, 1H). Elemental anal. Calcd
4031131, 1977, paring 4 2 T obsd): C, 44.40 (44.08); H, 2.01 (2.36).

(12) Comparison to known standard by TR(silica gel eluted with 10% ethyl
acetate in hexane), GG (Hewlett Packard 5890, 10 m DB-1 column,  Received for review March 1, 1996.
100—-250°C, 20°C/min ramp), mass spectroscopy (Hewlett Packard 5890
gas chromatograph, 15 m DB-5 column, Hewlett Packard 5970 mass QP9702051
selective detector, all GC/MS were recorded by Mr. Ron Ross),eind
NMR spectroscopy. ® Abstract published idvance ACS Abstract§ebruary 15, 1997.
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