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A wide variety of alkyl isatoates can be prepared in good yield from the high temperature
reaction of isatoic anhydride with alcohols. Isatoates were found to undergo an apparent high

temperature rearrangement reaction. Proposed reaction schemes are presented for the formation
of isatoates and the subsequent rearrangement reaction.
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Isatoic anhydride (1) readily ring opens in the presence
of alcohols (2) and a base catalyst to give the corresponding
anthranilates (2). A very different ring opened product,
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methyl isatoate (3) first reported (3) about eighty years
ago, is obtained by reacting 1 with methanol at 140° in
the absence of a base catalyst. This interesting isatoic
anhydride ring opening reaction has gone unstudied until
arecent interest at Sherwin-Williams Chemicals in knowing
the applicability and the mechanism of this uncatalyzed

ring opening reaction. This report will disclose that

isatoate formation is a general reaction and that isatoates
undergo at least two interesting high temperature reac-
tions. Proposed reaction schemes for the formation of
isatoates and for one of the high temperature isatoate
reactions will also be presented.

The uncatalyzed reaction of alcohols with 1 at tem-
peratures in excess of 100° was found to be general in
scope. All tested alcohols from primary to tertiary gave
isatoates in yields as listed in Table I. Varying amounts of
the corresponding anthranilates were also obtained in all
instances except with t-butyl alcohol. In general, ethanol
and isopropanol produced the least amount of anthranilate
by-product and also gave the highest yields of isatoate.
The most consistent yields of isatoate were obtained using
dry solvent and recrystallized isatoic anhydride.

A number of conditions were observed to increase the

Table I

Preparation of Isatoates (a)

Reaction Reaction
ROH Temperature Time

o) (hours)
Me 141 1
Et 161 (c) 2
150 1
125 1
115 2
n-Pr (d) 99 5
n-Bu(d) 116 3
2.Ethex (d) 161 2
i-Pr 152 1
125 2
170 (f) 1
155 (h) 1
120 (i) 1
Cyclohex (d) 161 1
t-Bu 170 4
2.HOEt (d) 145 1

% Yield (b)

Isatoate Anthranilate Other
60 77—
60 33 e
94 ' & e
98 &
98 k)
18 64
62 (k) 18 (e)
62 25 e
95 ®
54 (k) 38 (e)
52 40(g)
87 ® e
() R —
75 (033 T —
. s 39 (e)
- (1)

(a) Reactions were carried out in a 300 ml. autoclave with an isatoic anhydride-alcohol ratio of 0.05-0.06 moles/100 ml. (b) Crude
yield. Product ratios were determined by nmr integration. (¢) Reaction in sealed glass tubes. (d) Reaction in standard glassware. (¢)
Unreacted isatoic anhydride. (f) Reacted with N-methylisatoic anhydride. (g) Unreacted N-methylisatoic anhydride. (h) Reacted with
5-chloroisatoic anhydride. (i) Reacted with 5-nitroisatoic anhydride. (j) Product was a mixture of isopropyl 5-nitroisatoate and 5-nitro-
anthranilic acid. (k) Small, undetermined amounts of anthranilate. (1) Unidentified products.
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amount of anthranilate or other unidentified by-products.
Small amounts of water (up to 0.5 equivalent) can decrease
isatoate yields by 25-30% and significantly increase the
yields of undesirable side products. Catalytic amounts of
a strong acid (such as sulfuric acid) also decreases the
yield of isatoate and increases the amount of anthranilate
collected. Increasing the isatoic anhydride concentration
from 0.5M to 2.0M increased the relative amounts of
anthranilate and unidentified by-products. Using technical
grade 1, which contains trace amounts of acid or base
impurities also increased the amount of anthranilate pro-
duct and other by-products. Dilution of the isatoate
reaction mixture with 50% by volume of dioxane (a
solvent for isatoic anhydride) not only significantly de-
creased the rate of formation and yield of isatoate but
also increased the amount of by-products.

For alcohols boiling below 95° an autoclave was used
for the isatoate preparation reaction while standard glass-
ware was used for alcohols which boil over 95°. As
noted in Table I isatoates could also be prepared from the
ring substituted materials, 5-chloro- and 5-nitroisatoic
anhydride, however, N-methylisatoic anhydride gave only
the corresponding anthranilate. The implications of this
latter observation will be discussed in the part concerned
with proposed reaction pathways.

Isatoates have some previously unreported interesting
characteristics. During a crystallization of ethyl isatoate
from ethanol-water or chloroform, a platelet crystal was
obtained (isatoates usually crystallize in needles). The
infrared and nmr spectra suggested that this new material
was a hall-hydrate of ethyl isatoate. Heating this new
material at 110° for two hours removed the hydrated
water leaving behind a material now identified by infrared

Vol. 15
Table I1
Melting Points of Isatoates(a)
Isatoate M.p. (°C) Lit. (¢)
Methyl 180.2-181.0 (b) 181 (d)
Ethyl 123.0-124.5 126-128
n-Propyl 115.5-116.5
n-Butyl 100.0-100.5 95-97
i-Propyl 182.5-184.0 (b) 182184
t-Butyl 155.5-157.0 (b)
Cyclohexyl 127.0-128.5
2.Ethylhexyl 63.5-65.0 60.62
i-Propyl 5-chloro 199.5-201.5 (b)
i-Propyl 5-nitro 193.0-197.0 (b)
Methyl V-methyl 133.5-134.5 137-138 (e)
i-Propyl N-Methyl 108.0-110.0

(a) Melting points uncorrected. (b) Corrected. (c). B. Blank,
S. R. Cohen and D. W. Spiggle, J. Chem. Eng. Data, 13, 577
(1968). (d) E.Erdmann, Chem. Ber., 32, 2159 (1899). (e) Beil-
stein, 14, 347.

and nmr spectra as a second crystal form of ethyl isatoate.
No other characterization of this apparent isatoate hydrate
has been carried out.

Melting points for the various isatoates prepared are
presented in Table [1. The melting points of the methyl,
isopropyl and t-butyl isatoates are unusually high in com-
parison with the other series members suggesting some
unusual structural or conformational characteristics. Sub-
stitution of a methyl group on nitrogen apparently dis-
turbs the usual conformation of intermolecular bonding as
the N-methylisatoates follow a predictable melting point
trend.

Table I1I

Characteristic Infrared and Nmr Absorption Bands for Isatoates

Isatoate N-H
Methyl 3330
i-Propyl 3320

i-Propyl N-Methyl 3200 (¢)
i-Propyl 5-chloro 3330
t-Butyl 3320
Ethyl (1) 3320
(1) 3320, 3290, 3220
Ethyl-%2H,0 3475, 3400, 3270
2-Ethylhexyl 3325
Methyl N-phenylcarbamate 3400
Methyl Anthranilate 3475, 3370
Anthranilic acid 3475, 3370

Ir (em ™) (a) NMR (b)
C=0 5, ppm
1750, 1660 8.5
1740, 1675 8.4
1720, 1672 7.27.6
1725, 1675 8.4
1740, 1680 8.4
1740, 1730, 1675 8.5
1740,1710,1680 e
1710, 1675 8.5
1740, 1675 8.5
1730, 1705 7075
1700 6.4-6.8
1675 6.4-6.9 (d)

(a) Infrared spectra of isatoates in mulls on sodium chloride plates, not corrected. (b) Nmr spectra of isatoates in deuteriochloroform
(internal TMS) solution. Ring proton alpha to nitrogen atom. (¢) Hydroxyl of acid group. (d) Perdeuteriodimethylsulfoxide solvent.
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The infrared and nmr spectra (see Table 11I) also suggest
that in general isatoates exist in unusual conformations in
both the solid state and in solution. For example, in the
nmr spectrum the aromatic ring proton alpha to the
carbamate group of isatoates (4) is shifted downfield by
almost 2 ppm from a proton alpha to the amino group of
methyl anthranilate or anthranilic acid. This alpha proton
is also shifted downlield by at least 1 ppm when compared
with the alpha ring proton of methyl N-phenylcarbamate
(5). The ortho carboxyl group of isatoates must cause a
conformational change such that the carbamate carbonyl
exerts a deshielding effect on the alpha proton by a
through space field effect. Substitution of a methyl
group on the carbamate nitrogen apparently destroys
this special conformation effect resulting in the alpha
proton now absorbing in nearly the same place as that
observed for 6. The conformation change caused by
methyl substitution on a carbamalte nitrogen is also noted
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to the infrared spectrum. The OH of the unsubstituted
isatoate acid group is shifted from a very broad, 2500-3500
em™!, absorption to a more defined absorption at 3200
em™ for the N-methylisatoates.
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The appearance of anthranilates in the isatoate pro-
ducts prompted a study to determine their source. Isa-
toates undergo little or no reaction when they are heated
in alcohol under the reaction conditions used for isatoate
synthesis. But continued heating at 150-180° for 5-7
hours showed that isatoates did undergo a very interesting
reaction, an apparent rearrangement to anthranilates.

Table IV

Rearrangement of Isatoates to Anthranilates (a)

Time Temperature
Lsatoate (hours) (°0)
Methyl
0.5 6 160
0.6 6 172
0.2 6 172
1.0 6 172
0.5 (b) 6 162
0.5 (0) 6 162
0.4(c) 7 162
0.5 (d) 6 160
0.5 (b,k) 8 162
0.5 (e) 6 170
0.6 (b,i) 5 162
0.5 (m) 6 180
0.7 (f) 2 180
i-Propyl
0.6 6 172
0.5 (¢) 7 170
0.5 (b,p) 5 180
0.4 (cq) 7 170
0.5 (r) 6 180
t-Butyl
0.4 () 7.5 180

% Products (j)

Isatoate Anthranilate Other (h)
85 - ——
62 32 6
70 24 6
56 32 12
30 51 19
37 43 20
21 7

B
42 48(1)
83(g) 5 1
----- 84 undet
15m) 5
50 26 24
I —
80 16 4
0 100 0
64 1 —
1s¢s) 17
e —

(a) Reactions in sealed glass tubes containing alcohol solvent which corresponds with isatoate. (b) Copper metal catalyst. (c) Triethyl-
amine catalyst. (d) Chloroform solvent. (e) t-Butyl alcohol solvent. (f) Dimethylsulfoxide solvent. (g) Other product 11% t-butyl
isatoate. (h) Mixtures of unidentified materials. (i) Methyl N-methylisatoate. (j) Mole percent of recovered products determined by
nmr integration. (k) Diglyme solvent. (l) Remaining products isatoic anhydride plus unidentified materials. (m) 2-Propanol solvent.
(n) Remaining product 80% isopropyl isatoate. (o) Iron powder catalyst. (p) Isopropyl N-methylisatoate. (q) Isopropyl 5-chloroisa-
toate. (r) Methanol solvent. (s) Remaining product 37% methyl isatoate and 31% methyl anthranilate.
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Some examples of these rearrangements are presented in
Table IV.

This rearrangement, depending on solvent and R group,
was anywhere from 0 to 80% complete under the specified
time and temperature conditions. The rate of the re-
arrangement decreased from methyl isatoate to t-butyl
isatoate. (Because ol the unidentified product mixture, it
isnot known whether t-butyl isatoate undergoes rearrange-
ment or a decomposition reaction.) The rearrangement
reaction was shown to be both metal (copper and iron)
and base (triethylamine) catalyzed as rearrangements done
in the presence of these materials were faster than in their
absence. The rearrangement is apparently affected by the
ionizing power of the solvent as the rate of rearrangement
decreases in the {ollowing order DMSO > MeOH >
t-BuOH > diglyme >> chloroform. This reaction also
appeared to be dependent on the isatoate concentration
as the rate of rearrangement appeared to increase with
increasing isatoate concentration. Isatoic anhydride may
be an intermediate in the rearrangement reaction as it was
one of the products isolated when diglyme was used as
solvent. Both N-methyl and 5-chloroisatoates rearrange
faster than unsubstituted isatoates.

COpH COZR
—_
NHCOR B NHa

4 2

+ €O,

Isatoates also undergo another high temperature reac-
tion, a relatively fast alcohol exchange. This exchange
reaction is much faster than the rearrangement reaction
as isopropyl isatoate can be readily prepared from methyl
isatoate before any detectable rearrangement has taken
place. Methyl isatoale can also be readily made from

COopH 'oH CoH
—_—
@NHCOZR e @NHCOZR'
isopropyl isatoate. t-Butyl isatoate can be prepared from
methyl isatoate but its rate of formation is very slow.

The uncatalyzed ring opening of isatoic anhydride is
believed to occur by the reaction scheme proposed in
Figure 1. Pathway one is a modification of a reaction
scheme proposed by Bunnett and Naff (4) for the ring
opening of isatoic anhydride with amines. The products
of the ring opening are explained by two competing
reaction pathways. Pathway one involves the ionization
and ring opening of 1 to form 2-carboxyphenyl iso-
cyanate as a reactive intermediate. Alcohol then adds to
the isocyanate group forming an isatoate. The decrease
in the rate of isatoate formation with increasing bulk of
the alcohol (the variation in ionizing power of the solvent
is not considered here) correlates roughly with the known
rate decrease observed for the addition of alcohols (5) to

phenyl isocyanates (relative rate: t-Bu, 1; i-Pr, 30; Me,
2
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Figure 1. Proposed isatoic anhydride ring opening pathways.

Pathway two involves the direct addition of alcohol to
the carbonyl adjacent to the aromatic ring of 1 (addition
of alcohol to the carbonyl adjacent to the nitrogen atom is
electronically less favorable (9) followed by ring opening
and loss of carbon dioxide to form the corresponding
anthranilate. Due to the tetrahedral hall acetal inter-
mediate this pathway will be very susceptible to steric
hinderance in the attacking alcohol. Thus pathway two
should be most important {or primary alcohols.

The observations concerning the preparation of isa-
toates generally support the proposed reaction pathways.
Two observations in particular support the proposed two
N-Methylisatoic anhydride
reacts with isopropanol giving only isopropyl N-methyl-

pathway reaction scheme.

anthranilate. N-Methylisatoic anhydride cannot ring open
to an isocyanate intermediate thereby blocking any reac-
tion by pathway one and making pathway two the only
one available for ring opening. An expected ring opening
by pathway two is slower as noted by the N-methylisatoic
anhydride reaction. This reaction had only gone to about
50% completion at a temperature 20° higher than for the
unsubstituted 1. Additonal support for competing path-
way two is gained from the 30% yield of methyl an-
thranilate obtained in the preparation of methyl isatoate.
This yield of anthranilate is much higher than is obtained
when methyl isatoate is subjected to rearrangement reac-
tion conditions for six hours. (Compare data in Table [
with Table IV.)

There are at least two probable reaction schemes for
the rearrangement reaction, an isocyanate-alcohol elimina-
tion-readdition reaction scheme (thermal elimination of
alecohol from a carbamate (6) is well known) or by an
internal displacement reaction (7). The previously re-
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ported observations tend to support the mechanism out-
lined in Figure 2, an internal displacement mechanism very
similar so that of Hegarty (7) proposed for the hydrolysis
of phenyl isatoate. An ionization step is supported by
Both of these
materials promote ionization of the acid group. Addi-

the observed metal and base catalysis.

tional support for ionization being part of the rate deter-
mining process lies in the observed solvent effect and
effect of ring substitution. Polar solvents such as dimethyl-
sulfoxide promote the rearrangement while in a nonpolar
solvent such as chloroform the reaction was not observed
under the conditions tried. The 5-chloroisatoate rearranged
faster as an electron withdrawing substituent meta to a

9
@cozn @cag ©f‘\ o
— —
-~ -— o~
NHCO, R NHCO,R N0
H
/ -RO™
o
co, + o
2 ROH
NH, N /Lo
H

Figure 2. Proposed isatoate rearrangement pathway.

carboxy group promoles its ionization. Support for the
internal displacement by the ortho carboxy anion on the
carbamate group rather than the alternate elimination
mechanism is also given by the fact that N-methylisatoates
readily undergo the rearrangement reaction. The presence
of a methyl substituent prevents alcohol elimination trom
the carbamate group. The last step of the reaction scheme
is a relatively fast addition of alkoxide to the carbonyl
adjacent to the aromatic ring of 1 opening the anhydride
ring and forming the anthranilate product.

This study has shown that a wide variety of isatoates
can be prepared in moderate to good yield by the high
temperature reaction of isatoic anhydride with alcohols.
This method is a good alternative to the current prepara-
tion of isatoates synthesized by the reaction of the
appropriate chloroformate with anthranilic acid (8). Isa-
toates were shown to undergo two interesting high tem-
perature reactions, an alcohol exchange and a rearrange-
ment to anthranilates. Reaction schemes for the ring
opening reaction and the rearrangement reaction were
proposed.

EXPERIMENTAL

Chemicals.

Isatoic anhydride (Sherwin-Williams Chemicals recrystallized);
N-methylisatoic anhydride, 5-chloroisatoic anhydride and 5-nitro-
isatoic anhydride, Sherwin-Williams Chemicals. Reagent, anhy-
drous solvents were also used.

Instruments.

Preparation of Isatoates from Isatoic Anhydride
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Varian T-60 NMR; Perkin-Elmer 237 and 567 IR spectro-
meters; 300 and 1000 ml. Autoclave Engineers autoclave; 500 ml.
bomb reactor; Thomas Hoover capillary melting point apparatus.

Preparation of Isopropyl Isatoate.

To a 300 ml. autoclave was added 8.2 g. (0.05 mole) of
isatoic anhydride and 100 ml. of isopropyl alcohol forming a
white suspension. The reactor was sealed, heated to 150-155°
(20-30 minute heat-up time) and held at 152° for one hour with
stirring. The reactor was cooled to room temperature and the
yellow solution was removed by suction. After washing the walls
of the reactor with 2-propanol the combined liquids were filtered
to remove small amounts of insoluble material. The filtrate was
reduced to dryness on a rotary film evaporator and the resulting
solid oven dried. There was collected 10.7 g. of yellow-white
solid (95% yield) which was identified by an infrared spectrum
as being crude isopropyl isatoate.

Other isatoates prepared with alcohols boiling under 95° were
synthesized in an autoclave as described above. For alcohols
boiling over 95° the isatoates were prepared in standard glassware
under a nitrogen atmosphere. For relatively high boiling alcohols
(boiling over 150°) the excess alcohol used in the preparation
was removed using a vacuum pump.

Preparation of Methyl N-Methylisatoate.

N-Methylanthranilic acid, 6.0 g. (0.04 mole) (prepared by
hydrolysis of N-methylisatoic anhydride) was mixed with 50 ml.
of benzene and 5.6 ml. (0.039 mole) of triethylamine forming a
solution. Then 4.0 g. (0.043 mole) of methyl chloroformate was
added, with stirring, over a five minute period producing a white
precipitate and a 20° temperature increase. After addition was
complete the reaction mixture was filtered and the residue (tri-
ethylammonium chloride) washed with benzene. On cooling a
solid precipitated from the benzene filtrate. This solid was
collected and dried giving 5.0 g. (60% yield) of white solid shown
by infrared and nmr spectra to be impure title isatoate. The
ammonium salt impurity was removed by dissolution in aqueous
base and reprecipitation with aqueous acid.

Isopropyl N-methylisatoates were prepared in a like manner.

Purification and Recrystallization of Isatoates.

Isatoates were purified by dissolving them in a slight excess of
aqueous base, filtered to remove any insoluble material and then
extracted with 2 or 3 portions of methylene chloride to remove
emulsified anthranilate and other base insoluble impurities. The
aqueous portion containing isatoate was then carbon treated,
filtered, precipitated with aqueous acid, filtered, washed with
water and air dried. The lower alkyl isatoates were recrystallized
from alcohol-water yielding white crystalline solids. Due to an
oiling out problem the longer chain alkyl isatoates were recrys-
tallized from chloroform-hexane or from hexane.

An alternate purification procedure was also used which
worked well to remove base soluble impurities or color bodies.
A concentrated (about 10-30% by weight) solution of isatoate in
aqueous base was prepared, filtered to remove insolubles, extracted
2-3 times with methylene chloride and then 10-20 g. of sodium
chloride per 100 ml. of isatoate solution was added soon pre-
cipitating a white solid. This white solid was collected, washed
with cold aqueous saturated sodium chloride solution and cold
water and dried. There was recovered about 80% of a material
identified by nmr and infrared spectra as the sodium isatoates.
Isatoate of reasonable purity could be obtained by redissolving,
acidification and then recrystallization. This procedure worked
best with ethyl and isopropyl isatoates.

Rearrangement Reactions.
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A solution of recrystallized methyl isatoate, 1.95 g. (0.01 mole)
in 20 ml. of anhydrous methanol, was sealed into a 200 mm glass
tube. The sealed tube was placed in a bomb along with a methanol
heat transfer agent and the bomb was placed in an oil bath. The
oil bath was heated to 160° (about one hour heat-up) and held at
this temperature for six hours. After cooling the sealed tube
was opened and the orange-pink solution was reduced to dryness
on a rotary film evaporator. An nmr spectrum showed the crude
reaction product to be 85% methyl isatoate and 15% methyl
anthranilate.

The same general procedure was used for doing the other
rearrangements listed in Table IV. Forreactions involving catalysts,
on the above scale, 0.1 ml. of triethylamine or a few strands of
shredded copper were used.
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