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Diphenyliodonium-2-carboxylate (DPIC) reacts readily in copper ion catalyzed condensations with a variety
of nucleophiles to give ortho-substituted substituted benzoic acids. These reactions occur at temperatures (80-100
°C) below those at which benzyne formation and other side reactions become important. The nature of the Cu(II)
catalysis appears to be different from the more common Cu(I) catalysis of diaryliodonium reactions in that high
specificity in the displacement reaction is retained. Products obtained directly from DPIC condensations include
N-[2,6-dichloro-3-(dimethylsulfamoyl)phenyl]anthranilic acid (§b), N-methyl-N-phenylanthranilic acid (5¢),
N-mesyl-N-(2,3-dimethylphenyl)anthranilic acid (5d), N-(3-chloro-2-methylphenyl)-N-tosylanthranilic acid (5e),
and o0-(2,3-dimethylphenoxy)benzoic acid (5f). Compound 5d has been cyclized to N-(2,3-dimethylphenyl)-

1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (6).

We wish to describe details of our work on nucleophilic
displacement reactions of diphenyliodonium-2-carboxylate
(DPIC). We find DPIC is an excellent reagent for the
preparation of ortho-substituted benzoic acids under mild
conditions. This reaction is very unusual for a diaryl-
iodonium salt in two respects. First, it is highly specific
for nucleophilic attack on the carboxylate-bearing ring.
Second, this selective reaction is copper(II) catalyzed,
whereas Ar,I* reactions are usually catalyzed by copper(I)
and in a way which reduces selectivity (via reduction to
the radical species Ar,l.).2*

DPIC is known primarily for its usefulness as a precursor
to benzyne®™® (Scheme I, path A). While the decomposition
is reported to be catalyzed by CuSO,, AgOAc, and iodine,’
catalysts are usually not used to generate benzyne. At
temperatures in the range of 130-150 °C the predominant
decomposition course is to phenyl o-iodobenzoate” (Scheme
I, path B), presumably occurring by an intramolecular
displacement by the carboxylate ion on the adjacent ring.
This work describes a third reaction course which is
available at temperatures below 130 °C (generally 80-100
°C; Scheme I, path C). The nucleophilic displacement
reactions illustrated in path C cover reactants with a range
of nucleophilicity and steric hindrance. The products
obtained are characteristically tar free. Brief descriptions
of the reaction of DPIC with anilines have appeared.1%-1?

Results and Discussion
Reaction with Anilines. 2,3-Dimethylaniline reacts
slowly with DPIC in 2-propanol at reflux (80 °C) to give
a 2.5% yield of N-(2,3-dimethylphenyl)anthranilic acid
(5a) after 3 h (Table I, expt 1). The addition of 3.6 mol
% of cupric acetate, however, has a very beneficial effect,
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increasing the yield of anthranilic acid to 76% in the same
reaction time (and to 90% after 15 h). The advantage of
the DPIC method becomes most apparent with hindered
weakly basic anilines. N-[2,6-Dichloro-3-(dimethyl-
sulfamoyl)phenyl]anthranilic acid (5b) was obtained from
a DPIC reaction in 2-propanol in 38% yield (56% based
on unrecovered aniline; 48 h).

A wide variety of solvents can be used, ranging from
water to 1,2-dichloroethane to excess arylamine (Table I).
An exception is CCl, which leads to o-chlorobenzoic acid,
presumably from HCI produced by reaction of solvent with
arylamine. This reaction of DPIC with anilines is in
marked contrast to the (uncatalyzed) reaction of aniline
with diphenyliodonium bromide.’® With 2 equiv of aniline
in water at reflux for 3 h the products were bromobenzene
(79%) and only a trace of diphenylamine; with 10 equiv
of aniline at reflux in water for 24 h a 27% yield was
obtained; in neat aniline at 130-140 °C for 1.5 h the yield
of diphenylamine was 18%.

Reaction with N-Methylaniline. N-Methyl-N-
phenylanthranilic acid can be prepared directly by the
reaction of DPIC with N-methylaniline. A 44% yield was
obtained after 24 h reaction in 2-propanol. This product
otherwise has been obtained by N-methylation.!* Prior
unsuccessful attempts to react N-methylaniline with o-
chlorobenzoic acid'® and 5-nitro-2-chlorobenzoic acid'® are
recorded.

Reaction with Sulfonanilides. Sulfonamides of N-
arylanthranilic acids are difficult to obtain by direct sul-
fonylation.!” DPIC reacts with the sodium salts of sul-
fonanilides at 80 °C in dimethoxyethane (with cupric
acetate). The N-mesyl derivative 5d was obtained in 57%
yield (24-h reaction time). Subsequent to the completion
of this work, 5d!® and N-tosyl-N-(2,3-dimethylphenyl)-
anthranilic acid!® have been reported in the patent liter-
ature. They were prepared by heating a mixture of sul-
fonanilide, o-chlorobenzoic acid, CuBr,;, and K,CO; in
xylene for 24 h. Beringer et al.® phenylated toluene-
sulfonamide and benzenesulfonanilide in 45 and 56%
yields with diphenyliodonium bromide in ethanol.
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Table I. Exploratory Condensations of DPIC with 2,3-Dimethylaniline
molar ratio anthramilic acid, %
ArNH,/ )
expt comments DPIC solvent® time,h temp,°C catalyst? crude adj¢

1 1.4 (CH,),CHOH 3 80 none 2.7 2.5

2 1.4 (CH,),CHOH 3 80 Cu(OAc), 85 76

3 1.2 (CH,),CHOH 15 80 Cu(OAc), 97 90

4 aniline 1.2 (CH,),CHOH 1 80 Cu(OAc), 68 66

5 2',4',6'<(CH,),DPIC 0.8 (CH,),CHOH 1 80 Cu(OAc), 65 58

6 0.8 (CH,),CHOH 1 80 Cu(OAc), 53 50

7 +1 molar equiv 1.4 (CH,),CHOH 3 80 Cu(OAc), 31 26

of K,CO, + cuproin

8 +1 molar equiv 1.4 (CH,),CHOH 3 80 Cu(OAc), 75 67

of K,CO,

9 1.2 (CH,),CHOH 3 80 Cu,CL ¢ 86 80
10 1.2 CH,CON(CH,), 5 100 Cu(OAc), 100 87
11 16 none 66 22 Cu(OAc), 29 26
12 1.2 CCl, 15 77 Cu(OAc), 0¢
13 1.2 mise! 15-20  reflux Cu(OAc), f f

¢ Four milliliters per gram of DPIC.
sorption at 279 and 350 nm.
present. ¢ o-Chlorobenzoic acid, 69%.
80%; water, 80%; 1,2-dichloroethane (6 mL/g), 69%.

As an aside, the mesyl derivative 5d can be readily cy-
clized to N-(2,3-dimethylphenyl)-1H-2,1-benzothiazin-4-
(3H)-one 2,2-dioxide (6) by treatment of the methyl ester
with sodium hydride. N-aryl derivatives have not previ-
ously been described, but N-alky! derivatives have been
obtained by a similar cyclization? and by a polyphosphoric
acid cyclization of carbethoxy-?! and carboxymethane-
sulfonanilides.??

Reaction with Phenoxide Ion. Beringer and Gindler®
studied the reaction of diphenyliodonium nitrate with
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b Twenty milligrams per gram of DPIC; 3.6 mol %.
d 3.6 mol %,; freshly prepared, but from the color of the mixture cupric ion was obviously
f The following yields were obtained (solvent, % adj yield):

¢ Calculated from the UV ab-

1,2-dimethoxyethane,

phenoxide ion. They found that this reaction is not copper
catalyzed. A general synthetic procedure for diaryl ethers
involves reaction of Ar,I* with phenoxide in water at 100
°C for 5 h.?* We obtained a 42% yield of 2-(2,3-di-
methylphenoxy)benzoic acid (5f) from the reaction of
2’,4’,6’-Me;DPIC with 1 equiv of phenoxide in excess
phenol at 80-90 °C for 5 h. The common route to this class
of compounds, the copper-catalyzed reaction of an o-
halobenzoate with a phenol salt, requires bringing two
anions to close proximity in the transition state. Examples
of the fairly vigorous conditions required are heating the
molten salts briefly at 190 °C or for 13 h in nitrobenzene

(24) J. R. Crowder, E. E. Glover, M. F. Grundon, and H. X. Kaempfen,
J. Chem. Soc., 4578 (1963).
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Table II. Ratio of Products from Pyrolysis
of Diaryliodonium Bromides®:?

Br-
Ar—I"—Ar’
Ar ArBr/Ar'Br Ar ArBr/Ar'Br
4-CH, 0.5:1 2,4,6-(CH,), 24:1

2-CH, 6.7:1

@ Reference 28. b Ar’ is unsubstituted.

at 165 °C.% Anderson and Connelly® recently described
an improved procedure in which a sodium phenoxide is
heated with sodium o-chlorobenzoate and 1 equiv of so-
dium iodide (no copper) in excess phenol at 170 °C for 7
h. It is said to be of particular advantage for the absence
of tars, which is alsc a feature of the DPIC reaction.

Specificity of the Reaction. The remarkable product
specificity in the direction of cleavage of this unsymme-
trical iodonium compound was examined more closely by
looking at the products from the reaction with aniline. In
1 h at 80 °C (Table I, expt 4), the products consisted of
66% N-phenylanthranilic acid and 2.2% diphenylamine.
A separate control experiment showed that no detectable
diphenylamine was formed from decarboxylation of the
anthranilic acid or coupling of iodobenzene with aniline
under the reaction conditions. The ratio of reaction by
path i to that by path ii (Scheme II) is therefore about 30:1.

While cupric acetate catalyzes a very specific nucleo-
philic reaction with IDPIC, it is not obvious why the ring
bearing the carboxylate ion should be the one attacked.
Carboxylate has a o value?” which is zero (para) to —0.1
(meta) and would surely be even more negative in the ortho
position. Yamata et al.?® determined that for (4-
carboxyphenyl)-p-tolyliodonium bromide (acid form), the
ratio of uncatalyzed bromide ion attack on the carboxylic
acid ring (¢ = 0.73) to the tolyl ring (¢ = —0.07) was 6.5:1
and 12.3:1 in the melt and in DMF, respectively. These
appear to be fairly clearly nucleophilic displacement re-
actions from the mcre recent work of Lancer and Wie-
gand.® These values contrast with the approximate 30:1
ratio é‘ound for the Cu(Il)-catalyzed reaction of aniline with
DPIC.

Another factor that affects the specificity of nucleophilic
reactions with unsymmetrical diaryliodonium ions is ortho
substitution on the aryl ring (Table II). Lancer and
Wiegand® found that attack on the hindered ring is fa-
vored even though the reaction still appears to be a nu-
cleophilic displacement reaction. They propose that in the
trigonal-bipyramidal structure of Ar,I* (7), steric factors
may favor the ortho-substituted ring being in an equatorial
position which puts it. closer to the counterion Y. This may

(25) N. C. Yang, P. Kumler, and S. S. Yang, J. Org. Chem., 87, 4022
(1972).

(26) E. L. Anderson and G. A. Connelly (SmithKline Corp.), U.S.
Patent 4094900 (1978).

(27) D. H. McDaniel arid H. C. Brown, J. Org. Chem., 23, 420 (1958).

(28) Y. Yamada and M. Okawara, Bull. Chem. Soc. Jpn., 45, 1860
(1972).

(29) K. M. Lancer and (. H. Wiegand, J. Org. Chem., 41, 3360 (1976).
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be even more likely if R is also the counterion (CO,).
Simple steric factors do not seem to be the explanation
for the specificity of the DPIC reactions since 2/,4’,6'-tri-
methyldiphenyliodonium-2-carboxylate reacts with 2,3-
dimethylaniline with about the same specificity (based on
product yield) as does DPIC (Table I, expt 5 and 6).

Copper Catalysis. The copper catalysis has several
unusual aspects. First, the copper ion catalysis that is
associated with the reaction of simple diaryliodonium salts
with nucleophiles is Cu(I) catalysis even when the added
species is Cu(II).2® Evidence includes kinetic studies, in-
hibition of reactions by cuproin, and the markedly reduced
rates of reaction with Cu(II) in an acid and O, environment
where conversion to the Cu(I) species is retarded.? Cu(I)
exerts its catalytic effect by promoting homolytic disso-
ciation of simple diaryliodonium salts at the expense of
any SyAr pathway.* For example, Beringer and Falk® have
found that an aqueous solution of 4-nitrodiphenyliodonium
tosylate reacts with sulfite ion in the absence of catalyst
to give more than 10 times as much 4-nitrobenzene-
sulfonate as benzenesulfonate. With 0.1 mol of cupric
sulfate/mol of iodonium salt, the ratio is reduced to 1.9:1
and with 0.9 mol of cupric sulfate to 0.5:1. For some nu-
cleophiles (alkoxides® and cyanide® ) an uncatalyzed
radical chain reaction predominates. Addition of 1,1-di-
phenylethylene as a radical scavenger in these cases allows
the nucleophilic reaction to become important.20:3!

In contrast to the above examples, the nucleophilic re-
actions of DPIC are Cu(Il) catalyzed, and high specificity
is retained. Cuproin does not prevent the reaction of DPIC
with 2,3-dimethylaniline, although the rate is reduced,
possibly due to weak Cu(II) complex formation (Table I,
expt 8). With fresh Cu,Cl, the nucleophilic reaction still
occurred (Table I, expt 9), but cupric ion was obviously
present from the color of the mixture.

Experimental Section

The yields of 5a—f are not optimized. They represent single
experiments run to illustrate a range of possibilities for the use
of DPIC. In all cases anhydrous DPIC was used. Melting points
(corrected) were taken on a Thomas-Hoover melting point ap-
paratus. Infrared spectra were obtained on a Beckman IR-7 or
IR-9 spectrophotometer and the ultraviolet spectra on a Cary
Model 11 spectrophotometer. The NMR spectra were determined
in deuteriochloroform by using a Varian A-60 spectrometer.
Gas-liquid phase chromatography was done on a Model 810 F&M
chromatograph. The DPIC reactions were routinely run under
nitrogen.

Diphenyliodonium-2-carboxylate (1, DPIC). Potassium
persulfate (42.0 g, 0.156 mol) was added at 10 °C over 40 min to
a solution of o-iodobenzoic acid (20.0 g, 0.0807 mol) in 80 mL of
concentrated sulfuric acid, and the mixture was kept at that
temperature for an additional 20 min. Benzene (75 mL) was
added, and the mixture was stirred for 3 h at 25 °C and then
poured onto ice. A small amount of 2-carboxydiphenyliodonium
bisulfate was collected. The addition of 40 g of potassium iodide
in a minimum of water precipitated the iodonium iodide. The
salts were combined and stirred with 200 mL of 5§ N sodium
hydroxide, and the DPIC was collected and washed with water.
Recrystallization from ca. 350 mL of water gave 20.1 g (77%) of

(30) J. J. Lubinkowski, J. W, Knapczyk, J. L. Calderon, L. R. Petit,
and W. E. McEwen, J. Org. Chem., 40, 3010 (1975).

(31) J. J. Lubinkowski, M. Gomez, J. L. Calderon, and W. E. McEwen,
J. Org. Chem., 483, 2432 (1978).
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DPIC as coarse prisms (not hydrated), mp 223-225 °C dec (lit.
mp 205 °C,5 215-216 °C,° 220.5-221 °C;% hydrate, mp 220 °C,?
220-222 °C,? all with decomposition). Our preferred procedure
for obtaining anhydrous DPIC is to concentrate a methylene
chloride-methanol solution to dryness under vacuum. The water
content can be easily determined from the IR in the 3400 cm™
region.

Anal. Calced for C;3HglO,: C, 48.17; H, 2.80; 1, 39.16. Found:
C, 48.09; H, 2.98; I, 38.97.

2/,4’,6’-Trimethyldiphenyliodonium-2-carboxylate. o-
Iodobenzoic acid (20.0 g) was oxidized with potassium persulfate
as in the preparation of DPIC, and mesitylene (16.7 mL, 0.12 mol)
was added at 0 °C. The mixture was stirred at 0-6 °C for 1.5 h,
poured onto ice, and made alkaline with concentrated sodium
hydroxide. Extraction with chloroform, washing, drying, and
concentrating gave a paste which on trituration with ether-
pentane afforded 25.0 g (85%) of 2',4',6-MesDPIC, mp 224-225
°C dec (lit.> mp 213-214 °C). This was used directly. A sample
obtained from chloroform-methanol and then methanol had a
melting point of 227-229 °C dec.

Anal. Calcd for C;¢H,10,: C, 52.47; H, 4.13. Found: C, 52.14;
H, 4.07.

Exploratory Condensations (Table I, Expt 3). A solution
of 2.0 g (6.18 mmol) of DPIC, 0.90 g (7.4 mmol) of 2,3-di-
methylaniline, and 40 mg of cupric acetate in 8 mL of 2-propanol
was heated under reflux for 15 h. The mixture was concentrated
and taken up in dilute sodium hydroxide. After an ether ex-
traction and filtration of the aqueous phase, the filtrate was added
slowly to acid to give 1.45 g (97%) of 5a, mp 220-222 °C dec.
Comparison of the ultraviolet spectrum with that of analytical
material indicated the crude 5a to be 93% pure. The analytical
material had a melting point of 229-230 °C dec and ultraviolet
absorptions at A, 279 and 350 nm (e 8480 and 7020) in methanol
0.01 N in HCL

Water as Solvent. A mixture of 2.00 g (6.17 mmol) of DPIC,
0.89 g (7.35 mmol) of 2,3-dimethylaniline, and 40 mg of cupric
acetate in 8 mL of water was stirred under reflux for 15 h. Dilute
sodium hydroxide was added, and iodobenzene and unreacted
aniline were extracted with ether. Filtration and acidification
of the alkaline solution gave 1.28 g (86%) of 5a, mp 221-225 °C
dec.

Ethylene Chloride as Solvent. A solution of 1.00 g of DPIC,
0.75 g of 2,3-dimethylaniline, and 0.02 g of cupric acetate in 6 mL
of ethylene chloride was heated under reflux for 20 h. Product
began to precipitate from the solution by the second hour. The
mixture was filtered and the product washed with cold carbon
tetrachloride to give 0.56 g (75%) of 5a as off-white needles, mp
227-229 °C dec.

N-Phenylanthranilic Acid and Diphenylamine (Expt 4).
A solution of DPIC (3.00 g, 9.25 mmol), aniline (1.03 g, 11.1 mmol),
and cupric acetate (0.06 g) in 18 mL of 2-propanol was heated
under reflux for 1 h. The crude N-phenylanthranilic acid (1.34
g, 68%) had a melting point of 180-182 °C and was 97% pure
by the ultraviolet spectrum. Analytical material had a melting
point of 183-184 °C and A, 350 and 284 nm (¢ 7150 and 14 100)
in methanol 0.01 N in HCl.

The ether extract of the basified reaction concentrate was
washed with 0.1 N hydrochloric acid (to remove some of the aniline
but not diphenylamine) and then sodium chloride solution, dried,
and concentrated. GLC indicated 2.6% by weight of the iodo-
benzene-diphenylamine components to be diphenylamine (cal-
culated from chromatography of an authentic mixture). Assuming
a 68% yield of iodobenzene, this corresponds to a 2.2% yield of
diphenylamine.

A control experiment was run in which a mixture of N-
phenylanthranilic acid (1.00 g), aniline (0.50 g), p-iodotoluene (1.00
g), and cupric acetate (0.06 g) in 18 mL of 2-propanol was heated
1.5 h under reflux. GLC of the neutral fraction showed no di-
phenylamine or 4-methyldiphenylamine.

N-{2,6-Dichloro-3-(dimethylsulfamoyl)phenyl]anthranilic
Acid (5b). A mixture of 3-amino-2,4-dichloro-N',N'-dimethyl-
benzenesulfonamide (18.2 g, 0.067 mol), DPIC (26.3 g, 0.081 mol),
and cupric acetate (0.55 g) in 75 mL of 2-propanol was heated
under reflux for 48 h. The mixture was concentrated, diluted with
1 N sodium hydroxide, and extracted with methylene chloride.
(The sodium salt of 5b had an appreciable solubility in the

Scherrer and Beatty

methylene chloride phase.) The neutral fraction yielded 5.9 g
of starting sulfonamide. Acidification of the filtered aqueous
solution gave 17.2 g of 5b, mp 207-212 °C. Recrystallization from
aqueous ethanol gave 10.0 g (38%; 56% based on unrecovered
arylamine) of 5b, mp 217.5-219.5 °C.

Anal. Caled for C;;H,,CL,N,0,S: C, 46.28; H, 3.63; C1, 18.22;
N, 7.19; S, 8.23. Found: C, 46.55; H, 3.78; Cl, 18.14; N, 7.03; S,
8.39.

The 3-amino-2,4-dichloro-N*,N'-dimethylbenzenesulfonamide
was obtained in a series of steps from 4’-bromo-2’,6’-dichloro-
acetanilide. Nitration, reduction of the nitro group, and reductive
dehalogenation gave 3’-amino-2’,6'-dichloroacetanilide. The 3'-
amino group was diazotized, replaced by sulfonyl! chloride and
converted to the dimethylsulfonamide.

A solution of 4’-bromo-2’,6’-dichloroacetanilide® (62.8 g, 0.22
mol) in 390 mL of concentrated sulfuric acid was treated at room
temperature with 15.5 g (0.22 mol) of nitric acid (specific gravity
1.5) in 55 mL of sulfuric acid. After 1 h the solution was poured
onto ice, and the solid was collected and recrystallized from ethanol
to give 53.5 g of 4-bromo-2,6’-dichloro-3'-nitroacetanilide, mp
190-195 °C (analytical material, mp 198-199 °C). This acetanilide
(53.4 g, 0.163 mol) was reduced catalytically with Raney nickel
(2 g) in methanol to the 3’-amino derivative (crude, mp 194-197
°C) and then with 20% Pd/C (2 g) in ethanol containing sodium
acetate (14 g, 0.17 mol) to 3’-amino-2/,6’-dichloroacetanilide: 30.1
g; mp 217.5-221 °C. An analytical sample had a melting point
of 222-224 °C (ethanol).

Anal. Caled for CiHgCILNO: C, 43.86; H, 3.68; N, 12.79. Found:
C, 43.77, H, 3.76; N, 12.71.

A suspension of 3’-amino-2’,6'-dichloroacetanilide (15.0 g, 0.068
mol) in 70 mL of concentrated hydrochloric acid was treated at
2-4 °C with 4.96 g (0.072 mol) of sodium nitrite in water. After
30 min the mixture was poured into a cooled solution of sulfur
dioxide (30 g) in 70 mL of acetic acid to which a saturated solution
of cupric chloride dihydrate (3.3 g) in water had been added.
When nitrogen evolution had ceased (ca. 1 h), dilution with ice
and water precipitated 3-acetamido-2,4-dichlorobenzenesulfonyl
chioride. The acid chloride was collected (a sample had a melting
point of 161-163 °C dec) and added in portions to 100 g of
anhydrous dimethylamine. Partial evaporation of the solvent and
dilution with water gave 11.0 g of 3-acetamido-2,4-dichloro-N,N-
dimethylbenzenesulfonamide, mp 186-189 °C. An analytical
sample from ethanol had a melting point of 186-187 °C.

Anal. Caled for C,oH;,CLLN,04S: C, 38.59; H, 3.89; Cl, 22.79;
N, 9.00; S, 10.30. Found: C, 38.79; H, 3.80; Cl, 22.87; N, 9.01;
S, 10.43.

A suspension of the above amide (18.0 g, 0.058 mol) in 72 mL
of 6 N hydrochloric acid and 36 mL of ethanol was heated under
reflux for 4 h. The resulting solution was concentrated to remove
ethanol and extracted (from acid) with methylene chloride. From
the methylene chloride solution there was obtained 15.0 g of
3-amino-2,4-dichloro-N',N'-dimethylbenzenesulfonamide as an
oil which crystallized on standing; mp ca. 55-58 °C. An analytical
sample from aqueous methanol had a melting point of 60.5-61.5
(-]

Anal. Caled for CgH;CLN,0,S: C, 85,70; H, 3.75; Cl, 26.34;
N, 10.41; S, 11.91. Found: C, 35.86; H, 3.78; Cl, 26.51; N, 10.45;
S, 12.09.

N-Methyl- N-phenylanthranilic Acid (5¢). A solution of
DPIC (324 g, 0.10 mol), N-methylaniline (12.8 g, 0.12 mol), and
cupric acetate (0.6 g) in 100 mL of 2-propanol was heated under
reflux for 24 h. The 2-propanol was removed under reduced
pressure and the mixture diluted with sodium hydroxide solution
and ether. The aqueous phase was heated to remove ether and
then added to dilute hydrochloric acid containing a small amount
of ethanol to give N-methyl-N-phenylanthranilic acid: 17.4 g; mp
82-98 °C. Two recrystallizations from aqueous ethanol gave 10.0
g (44%) of 5¢, mp 103-104 °C (lit.!* mp 104-104.5 °C).

Anal. Caled for C H,3NOy: C,73.99; H, 5.76; N, 6.16. Found:
C, 73.86; H, 5.81; N, 6.13,

N-Methanesulfonyl- N-(2,3-dimethylphenyl)anthranilic
Acid (5d). 2/,3-Dimethylmethanesulfonanilide (40.0 g, 0.201 mol;
mp 82.5-86 °C) was added to a suspension of 9.65 g (0.201 mol)

(32) W. W. Reed and K. J. P. Orton, J. Chem. Soc., 91, 1543 (1907).
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of 50% sodium hydride (dispersed in mineral oil) in 200 mL of
1,2-dimethoxyethane. When hydrogen evolution was complete,
71.6 g (0.221 mol) of DPIC and 1.5 g of cupric acetate were added,
and the mixture was heated for 24 h under reflux. It was diluted
with water, made alkaline with sodium hydroxide, and filtered
through Super-cel, and the filtrate was acidified to give 5d. The
product was taken up in ether, extracted into a sodium bicarbonate
solution, liberated with acid, and again taken up in ether. After
the ether washing, drying, and concentrating, there was obtained
51.2 g (80%) of a viscous oil which solidified, mp 104-130 °C.
Recrystallizations of a 3.0-g portion from benzene gave 2.4 g (57%
overall) of 5d with 0.5 mol of benzene of crystallization: mp
103-106 °C, with gas evolution and resolidifying and melting at
134-136 °C; IR (KBr) 1700, 1730 (sh) em™; IR (CHCl;) 1705 (s),
1740 (m) cm™; NMR § 3.13 (SO,CHjy), 11.23 (CO,H), spectrum
integrated as expected; pK,’ = 6.2 (67% DMF).

Anal. Caled for CIG}IHVNO4S'1/203H6: C, 63.66; H, 5.63; N, 3.91,
S, 8.95. Found: C, 64.04; H, 5.53; N, 4.12; S, 8.69.

An analytical sample of the starting 2/,3’-dimethylmethane-
sulfonanilide had a melting point of 85.5-87.5 °C (aqueous eth-
anol).

Anal. Caled for CgH sNO,S: C, 54.25; H, 6.57; N, 7.03. Found:
C, 54.57; H, 6.47; N, 6.96.

1-(2,3-Dimethylphenyl)-1 H-2,1-benzothiazin-4(3 H)-one
2,2-Dioxide (6). The methyl ester of 5d was obtained by
treatment of 3.4 g (0.0106 mol) of 5d in 15 mL of dimethylform-
amide with 2.9 g of potassium carbonate and 7.5 g of methyl iodide
for 2 h at 60 °C. The crude ester (3.2 g, a pale yellow oil, infrared
absorption at 1730 cm™ in CHCl,) was heated in 10 mL of di-
methylacetamide containing 0.92 g (0.019 mol) of 50% sodium
hydride for 2 h at 60 °C. Dilution of the solution with water and
acidification gave a sticky solid which after recrystallization from
ethanol afforded 0.8 g of 6: mp 163-164.5 °C; infrared absorption
(KBr) at 1697 cm™ (s) and, probably indicative of some enolic
contribution, a broad absorption centered at 3550 cm™; ultraviolet
absorption at A, (CH;0H) 335, 258, and 224 nm (e 3920, 7770,
and 24 750); Ay, (CH;OH + KOH) 299 and 240 nm (e 7900 and
10200); pK,” = 8.8 (67% DMF).

Anal. Caled for C;gH,;NO,S: C, 63.77; H, 5.02; N, 4.65; S, 10.64.
Found: C, 63.72; H, 4.95; N, 4.65; S, 10.85.

N-(p-Toluenesulfonyl)- N-(3-chloro-2-methylphenyl)-
anthranilic Acid (5e). 3’-Chloro-2’-methyl-p-toluenesulfon-
anilide® (16.5 g, 0.056 mol) was added to 1 equiv of sodium hydride
(2.68 g of a 50% dispersion in mineral oil) in 225 mL of 1,2-di-
methoxyethane. DPIC (18.15 g, 0.056 mol) and cupric acetate
(0.36 g) were added, and the mixture was heated 6 h under reflux.
(The reaction could probably have been run longer to advantage.)

(33) G. T. Morgan and T. Glover, J. Chem. Soc., 125, 1597 (1924).
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The mixture was made alkaline with dilute sodium hydroxide,
filtered through Super-cel, and acidified. By extraction with ether,
an oil (31.2 g) was obtained which on dilution with carbon tet-
rachloride afforded 9.2 g of a solid, mp 112-181 °C. Extraction
with sodium bicarbonate left 2.9 g of DPIC undissolved. On
acidification, there was obtained 6.3 g (27%) of 5e, mp 189-196
°C. Recrystallizations from aqueous ethanol gave 4.0 g (17%)
of 5e: mp 197-199 °C dec; infrared absorption (KBr) at 1700 cm™
with a shoulder at 1730 cm™. There were no maxima above 220
nm in the ultraviolet spectrum in methanol with or without added
potassium hydroxide.

Anal. Caled for C,H,,CINO,S: C, 60.65; H, 4.36; Cl, 8.52; N,
3.37; S, 7.71. Found: C, 60.48; H, 4.06; Cl, 8.66; N, 3.38; S, 7.79.

0-(2,3-Dimethylphenoxy)benzoic Acid (5f). A solution of
sodium methoxide (1.5 g, 0.028 mol) in 2,3-dimethylphenol (13.3
g, 0.11 mol) was heated under reduced pressure to remove
methanol and then heated with 10.0 g (0.0273 mol) of 2/,4',6’-
Me,DPIC and 0.20 g of cupric acetate at 80-90 °C for 5 h. The
mixture was made alkaline with dilute sodium hydroxide solution,
filtered through Super-cel, and then acidified, and excess phenol
was removed by steam distillation. The solid remaining (4.9 g,
mp 155-173 °C) was recrystallized from aqueous ethanol and from
benzene to give 2.8 g (42.3%) of 5f as yellow prisms, mp 178-180
o

C

Anal. Caled for C5H, Oy C, 74.36; H, 5.82. Found: C, 74.45;
H, 5.95.
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