Synthesis of Phenoxy-Substituted Phthalic Anhydrides

(methine, septet, 1), 7.60 (aromatics, t, 1), 8,33 (aromatic, m, 2), 8.75
(aromatic, m, 1). _

Preparation of Alkyl 4-Methylphenyl Ethers (9). A mixture of
the appropriate alkyl iodide, 3, and THF was refluxed under nitrogen
fro 16 h. The mixture was then cooled, filtered, and added to water.
The aqueous solution was extracted with ether and the ether extracts
were washed and dried to give the crude product. 13C NMR data for
the compounds are in the Supplementary Material.

9b: 81% yield; bp 140 °C (15 Torr); tH NMR (CDCl;) § 1.35 (t, 3),
2.13 (s, 3), 3.95 (q, 2), and an AyB; aryl region centered at 6.90 (m,

4),
9¢: 76% yield; TH NMR (CDCls) 6 1.30 (d, 6), 2.25 (s, 3), 4.45 (septet,
1), 6.90 (center of AsB; aromatic, 4).
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A Direct Synthesis of Phenoxy-Substituted Phthalic Anhydrides
by Aromatic Nucleophilic Displacement
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Phenoxides react with nitro-, fluoro-, or chloro-substituted phthalic anhydrides to give phenoxy-substituted
phthalic anhydrides. The success of the reaction was dependent upon the reaction conditions employed and the
identity of the leaving group (F > C1 > NOo). All three systems suffered from the reaction of the anhydride linkage
with solvent (DMF) at higher temperature, and the nitro system was further complicated by reaction of the anhy-
dride linkage with the sodium nitrite by-product. Using the fluoro system, yields of >85% were obtained for the

phenoxyphthalic anhydrides.

As part of our continuing effort to understand the reac-
tion of phenoxides with derivatives of nitro-substituted
phthalic acids, we investigated the activating effect of the
anhydride linkage in phthalic anhydrides. Previous results
have shown that phenoxides react with nitro- and halo-sub-
stituted phthalimides,! nitro-substituted phthalonitriles,? and
nitro-substituted phthalate esters.? The successful reaction
of phenoxides with anhydride derivatives would give phe-
noxy-substituted phthalic anhydrides and would constitute
a considerable improvement over existing syntheses (see eq
1 for an example4).

Results and Discussion

Reaction of Nitrophthalic Anhydrides. Reaction of 3-
nitrophthalic anhydride (1a) with sodium phenoxide (Scheme
I; X = NOs, Y = H) in DMF at 25 °C produced a mixture of
ring-opened acid ester salts 4 and 5 and no product (2) from
nitro displacement. If, after 0.5 h at 25 °C, an equivalent
amount of methyl iodide was added to the reaction mixture,
the only products formed were the diesters 6 (21%) and 7 (79%)

CH3 CHS
H, CH,
+ KOPh —»
Cu
Br PhO
0
CO.H
KMnO, /@i Ac0 0
PhO CO,H PhO 3

in excellent yield.5 There was no trace of starting anhydride
1a or displacement product 2a. Therefore, in DMF at 25 °C,
sodium phenoxide exclusively attacked the carbony! carbons
and, preferentially, the carbonyl « to the nitro group. In ad-
dition, because of the total absence of starting material, one
can conclude that if there was an equilibrium between la/3
and 4/5 at room temperature, it was far to the right in favor
of 4 and 5.
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When a reaction mixture containing 4 and 5 was acidified,
the mixture of acid esters 8 and 9 was produced. However,
VPC analysis of this mixture showed only starting anhydride
1a and phenol, both of which were apparently formed from
ring closure of 8 and 9 in the injection port of the VPC (300
°C). if, however, the initial homogeneous mixture of 4 and 5
in DMF was injected directly into the VPC injection port, then
only 2a and 10 were formed. There was no trace of starting
anhydride la or the other possible decarboxylation product
phenyl o-nitrobenzoate (11) observed. Under these conditions,
production of 2a probably resulted from the displacement of
the nitro group in la by sodium phenoxide; both of these re-
agents could have been generated by the thermal ring closing
of 4 and 5.

Compounds 4 and 5 could also be generated by an alternate
route. When a sample of the DMF reaction mixture, in which
6 and 7 were produced using CH;l, was placed directly into
the VPC injection port, not only 6 and 7 but also 2a and 10
were observed. Since it had previously been found that only
6 and 7 were present in a workup involving a methylene
chloride extraction of an identical DMF reaction mixture
which had been diluted with aqueous HCl, products 2a and
10 could not have orginated from unreacted salts 4 and 5 in
the present example. Instead, we believe these salts were re-
generated in the VPC by reaction of sodium iodide with the
methyl group of each ester, 6 and 7, to generate methyl iodide.
These salts, 4 and 5, then decomposed as previously described
to give 2a and 10. When, in fact, a mixture of authentic sam-
ples of 6 and 7 and an equivalent amount of sodium iodide in
anhydrous DMF was injected directly into the VPC, 6, 7, 2a,
and 10 were all observed. However, if this mixture was added
to 1.2 N HCI, then extracted with methylene chloride, and
these organic extracts were subjected to VPC analysis, only
6 and 7 were observed.

It is interesting to note that only the meta isomer 10 was
formed from the decarboxylation of the mixture of 4 and 5
both during VPC analysis and at elevated temperature in
solution. If the mixed ester 6 was stirred with an equivalent
amount of sodium iodide in DMF and then injected directly

S(XJ“C\A
VPC 0

into the VPC, ester 10 was formed as expected. However, when
the experiment was repeated using pure 7, instead of forming
the ortho isomer 11, only ester 10 was formed. Since the re-
action of 7 with sodium iodide at 300 °C should have produced
only 5 and no 4, formation of 10 must have come about from
the rearrangement of 5 to 4. In both cases the yield of decar-
boxylated product was very low (17-18%), indicating perhaps
that the decarboxylation process was not very efficient.? In
addition, when a mixture of 809 of 9 and 20% of 8 was heated
in quinoline with a copper catalyst, a 40% yield of only 10 was
produced. This again indicated that a conversion between the
salts (or the starting acids) could take place. These results are
in agreement with reported literature findings for somewhat
similar systems.3?

The fact that 2a was produced during VPC analysis sug-
gested that the displacement reaction be tried in solution at
elevated temperatures. Reaction of sodium phenoxide with
1a in DMF at temperatures between 80 and 150 °C produced
low yields of both 2a and 10 as well as major amounts of salts
4 and 5. Although this approach did produce 2a, the yield was
such (5-10%) that the reaction is of little synthetic value. In
addition, at these higher temperatures, two other factors
complicated the results: (1) reaction of the anhydride linkage
with solvent; and (2) reaction of the anhydride linkage with
sodium nitrite (vide infra).

The reaction of 1a with sodium 4-methylphenoxide at room
temperature gave very similar results to those described above,
except the amount of attack by the nucleophile at the carbonyl
a to the nitro group was slightly larger (84% vs. 79%). Re-
peating the reaction at 78 °C gave 2 (Y = CH3) and 10 (Y =
CHs;) as well as a new product 13. This diester could result
from initial formation of the intermediate 12, followed by
attack of the phenoxide at carbonyl a to give 13 (Scheme
II).

Reaction of 4-nitrophthalic anhydride (14a) with sodium
phenoxide in DMF at 25 °C gave the salts 15 and 16 (see
Scheme III; X = NOs, Y = H). When a homogeneous mixture
of 15 and 16 was placed into the 300 °C injection port of a
VPC, considerable amounts of starting material 14 were ob-
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Scheme II
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served. This suggests that ring closure of the salts in the 4
system may be considerably more favorable than closure in
the 3 system (or the escape of 4-nitrophthalic anhydride from
the reaction zone in which it was produced was more efficient).
In addition, the amount of decarboxylated product, 19,10 was
much smaller in this system. Methylation of the salts with
methyl iodide produced the esters 17 and 18. The isomers
could not be separated on VPC columns, but 13C NMR anal-
ysis indicated that two isomers were present in the approxi-
mate ratio of 56% (17) to 44% (18).11 When the reaction was
carried out at 150 °C, two unidentified minor products and
a 17% yield of 20 were obtained.

While attempting to improve the yields of the ether prod-
ucts (2 + 20) in these reactions, a side reaction was discovered
which was highly detrimental to the success of the nitro dis-
placement. It was found that the nitrite ion produced from the
displacement rapidly reacts with the anhydride linkage of the

J. Org. Chem., Vol. 42, No. 21, 1977 3427

phthalic anhydride derivative to produce the corresponding
phthalate salts.!? Since this nitrite/anhydride reaction de-
stroys the activating anhydride function of the starting ma-
terials (1 and 14), it interferes with the direct formation of
phenoxyphthalic anhydrides by nitro displacement. We
therefore became interested in the displacement of other
leaving groups.

Reactions of Fluoro- and Chlorophthalic Anhydrides.
Reaction of 3-fluorophthalic anhydride (1b) with sodium
phenoxide in DMF at 25 °C gave the salts 4 and 5 (Scheme I;
X = F, Y = H). Reaction of these salts with methyl iodide
produced the diesters 7 and 6 in the ratio of 74:26, respec-
tively.13 The major isomer was assigned on the basis of its 13C
NMR and by analogy to the 3-nitro system. If, however, a
homogeneous solution of 4 and 5 in DMF was injected into a
VPC injection port at 300 °C, no decarboxylation product, 10,
was seen and starting material 1b was regenerated quite ef-
ficiently. This suggested that if the reaction were carried out
at a higher temperature, an equilibrium between le/3 and 4/5
could be established and displacement of the fluoro group
could take place to give 2a.

When a mixture of sodium phenoxide, b, and DMF was
heated in a 150 °C oil bath for 30 min, approximately an 85%
yield (by VPC) of 2a was formed. This reaction produced so-
dium fluoride which, unlike sodium nitrite, appeared to be
inert under these reaction conditions. Unfortunately, at these
higher temperatures, we found that the solvent, DMF, un-
derwent a reaction with both 1b and 2a which slowly de-
stroyed these materials. These results, which are contained
in Table I, show that 1b was much more susceptible to this
reaction than 2a. Although we know the reaction involves ring
opening of the anhydride linkage, the resulting products have
not yet been identified. However, a 1.2 N HCI workup was
used in our control studies and the new product (or the in-
termediate leading to it} was not hydrolyzed back to the cor-
responding phthalic acid under these conditions. We are
currently attempting to identify these products and determine
if the corresponding dimethylamide derivatives are formed.14
When the reaction between sodium phenoxide and 1b was
repeated in DMF at 150 °C for 20 min, an 87% yield of pure
2a was isolated by direct precipitation of the reaction mixture
into acidic water. This product, 2a, was not contaminated with
any of the corresponding diacid which could have formed from
hydrolysis during workup.

Several ether derivatives were synthesized by fluoro dis-

Scheme III
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Table I. Destruction of Phthalic Anhydrides by DMF at

Reflux
Reaction % destruction

time, h 1b lc 2a
1 29 50 11

3 47 75 17

5 62 85 24

i 67 91 27

24 92 100 48

Table II. Synthesis of I by Fluoro Displacement
0]

0

Noxan
I

Compd (isomer) Y Yield, % (VPC)
2a (3) H 85-95
2b (3) CH; 88-92
2¢ (3) Cl 80-85
2d (3) OCH; 65-75
20b (4) CH; 85

placement (Table II). As can be seen from these results, use
of this route allowed the synthesis of derivatives such as 2b
and 20b containing groups which would be oxidized in con-
ventional methods.*

Reaction of 3-chlorophthalic anhydride (1¢) with sodium
phenoxide in DMF at 25 °C, as in the fluoro and nitro cases,
produced the mixture of salts, 5 and 4, which upon methyl-
ation gave an 85:15 mixture of 7/615 (Scheme ; X = Cl, Y =
H). The isomer assignments were made again on the basis of
the 13C NMR data and by analogy to the nitro system. When
the reaction was repeated at 150 °C for 5 h, the desired
product, 2a, was produced in 44% yield. The formation of 2a
by chloro displacement occurred more slowly and in lower
yield than by fluoro displacement. However, under these re-
action conditions, 24% of the product 2a would have been
destroyed by reaction with DMF (raising the possible yield
of 2a to 68%) and the remainder of unreacted lc¢ (theoretically
32%) would have been completely destroved by solvent reac-
tion (see Table I). This argument is substantiated by the fact
that we have isolated sodium chloride in yields of up to 73%

Williams, Relles, Donahue, and Manello

of the theoretical amount. Production of sodium chloride from
a route other than by the phenoxide displacement of the
chloro group seems unlikely.

Attempts were made to find a solvent system in which lc
and 2a would not be destroyed, but in which displacement
would occur. However, none of the solvents tried (DMAC,
sulfolane, Me>SO, HMPA, N-methylpyrrolidone, o-dichlo-
robenzene, acetonitrile, dimethyl sulfone, nitrobenzene, tri-
butylamine, propylene carbonate, or a neat reaction) gave
results as good as those in DMF. The use of potassium or
lithium phenoxide did not increase the yield of 2a.

Finally, the reaction of 4-chlorophthalic anhydride (14¢)
and sodium phenoxide was investigated. Reaction of 14 at 150
°C in DMF for 6 h resulted in a 33% yield of 20a (Scheme I1I;
X = Cl, Y = H). Since the 4 isomers are generally less reactive
toward displacement than the 3 isomers in these systems,? it
was not surprising to obtain this lower yield, since more of
anhydride 14¢ would have been destroyed by side reaction
with DMF.

In conclusion, we found that the reaction between phe-
noxides and nitro-, chloro-, or fluorophthalic anhydrides was
very dependent upon the reaction conditions employed and
the leaving group. In all three systems, reaction with sodium
phenoxide at room temperature resulted in opening of the
anhydride ring to produce a mixture of acid ester salts (4 and
5 for the 3 isomers, 15 and 16 for the 4 isomers). Upon heating
of the reaction mixture, these salts either decarboxylated (X
= NO,) or ring closed to varying degrees (X = F, C1 > NOy)
to regenerate starting material. The starting material then
underwent displacement with phenoxide to give the phenoxy
ether derivative with varied success (F > Cl1 > NOy). Using the
fluoro system, yields of >85% were obtained for a variety of
ether derivatives. All three systems suffered from the reaction
of the anhydride linkage with solvent (DMF) at higher tem-
peratures and the nitro system was further complicated by
reaction of the anhydride linkages with the sodium nitrite
by-product.

We are currently continuing our studies of the reactions of
nucleophiles with nitro and halo phthalic acid derivatives in
an attempt to better understand the role of the nitro group
in such displacements.

Experimental Section

All TH NMR spectra were recorded with a Varian Associates T-60
NMR spectrometer using tetramethylsilane as an internal standard
and deuteriochloroform or MegSQ-dg as a solvent. Infrared spectra
were taken on a Perkin-Elmer 457 grating infrared spectrophotometer
in chloroform solution or as a KBr pellet. Mass spectra were deter-

Table III. Aryloxy-Substituted Phthalic Anhydride Derivatives®

0

X— —0 ? 0O

Registry Position of

no. Compd X attachment Mp, °C (solvent) mfe
54738-86-2 2a H 3 106-108 (hexane) 240
63181-77-1 2b CH3 3 117-118 (cyclohexane) 254
63196-07-6 2c Cl 3 163-164 (benzene/hexane) 2740
63196-08-7 2d OCH3; 3 108.5-109 (benzene/cyclohexane) 270
21345-01-7 20a H 4 112-113 (hexane) (lit. 114-116)4 240
63196-09-8 20b CHs 4 89.5-90 (hexane) 254
63196-10-1 20¢ Cl 4 118-118.5 (benzene) 274%
63196-11-2 20d OCHj; 4 106-107.5 (benzene/cyclohexane) 270

a Satisfactory analytical data (+0.4% for C, H) were reported for all the compounds listed in the table. ® One-chlorine molecular-ion

cluster.
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mined on a CEC 21-104 analytical mass spectrometer at 70 eV.
Vapor-phase chromatography (VPC) was carried out on a Hewlett
Packard 5750 research chromatograph using a 6 ft 10% UC-W98 on
80/100 Chromosorb W column with temperature programming be-
tween 150 and 250 °C at 10°/min, unless otherwise indicated. The
injection port and detector were at 300 °C. Melting points were de-
termined on a Thomas-Hoover instrument and are uncorrected.

The N,N-dimethylformamide (DMF) was either distilled from
CaH; or purchased in the anhydrous state from Burdick and Jackson
Laboratories. All other solvents were dried by standard methods and
distilled prior to their use.

VPC yields were calculated as follows. In a typical run equivalent
amounts of phenoxide and phthalic anhydride derivatives were mixed
with an internal standard (o-terphenyl) in a given solvent (10 mL/g
of anhydride) and the solution was heated under nitrogen. Aliquots
were removed and added to a mixture of 1.2 N hydrochloric acid and
chloroform. The mixture was shaken well, the layers were separated,
and the chloroform solution was dried over anhydrous magnesium
sulfate. The chloroform solution was subjected to VPC analysis and
the yield was calculated from the relative peak areas of standard and
product after correcting for detector response differences. Values for
the peak areas were obtained by weighing Xeroxed copies of the peak
traces.

The starting phthalic anhydride derivatives (1 and 14) were ob-
tained as described previously.! The 13C NMR spectra of these ma-
terials were obtained and are tabulated in the supplementary material
(Table VI).

Preparation of Sodium Phenoxides. The sodium salts of the
different phenol derivatives used in this study were prepared from
the reaction of freshly prepared sodium methoxide in methanol with
the desired phenol derivative.! The resulting salts were thoroughly
dried and then were stored in a drybox under nitrogen. All salts were
weighed in the drybox to avoid contact with oxygen and moisture.

Potassium Phenoxide. Potassium phenoxide was prepared from
phenol and potassium tert-butoxide in a dimethylformamide/toluene
mixture. The toluene and tert-butyl alcohol were removed by distil-
lation.

Lithium Phenoxide. Lithium phenoxide was prepared from
phenol and n-butyllithium in a mixture of benzene and hexane, Di-
methylformamide was added and the hexane and benzene were re-
moved by distillation.

Reaction of 3-Nitrophthalic Anhydride (la) with Sodium
Phenoxide. A. Room Temperature. A mixture of 12.46 g of sodium
phenoxide, 28.74 g of 1a, and 100 mL of anhydrous DMF was stirred
at 25 °C under nitrogen. A dark orange color was initially present, but
it quickly faded and a light yellow homogeneous solution was ob-
tained. Analysis of this mixture by 13C NMR indicated the absence
of 1a, displacement product 2a, and decarboxylated material 10, and
the presence of two acid ester salts 4 and 5.

If this homogeneous solution was injected directly into the VPC,
two products were obtained. Collection of these materials by pre-
parative VPC gave samples which were identified as 2a and 10 by
comparison to authentic samples (synthesis of these materials is de-
scribed below).

An aliquot from this reaction mixture was added to a 1.2 N HCI
solution and this mixture was extracted thoroughly with methylene
chloride. The methylene chloride solution was dried and subjected
to VPC analysis. This analysis showed only peaks corresponding to
1la and phenol.

Another aliquot was removed from the reaction mixture and added
to 1.2 N HCl, and this time the resulting precipitate was collected and
dried to give a mixture of acid esters, 8 and 9, in 88% yield. The as-
signment of structure was based on the 13C NMR of this mixture,
which also showed that no 1a, 2a, or 10 was present.

B. Room Temperature with Methyl Iedide. In order to deter-
mine the ratio of 4 to 5 (and 8 to 9), the following experiment was
carried out. A mixture of 1.989 g of sodium phenoxide, 3.31 g of la,
and 33 mL of DMF was stirred at 25 °C under nitrogen. After 30 min,
4.88 g of methyl iodide (2 equiv) was added and the clear yellow so-
lution turned orange in color. This mixture was stirred for 2 h at 25
°C and then an aliquot was removed and added to a 1.2 N HCl solution
and the entire mixture was extracted well with methylene chloride.
The methylene chloride mixture was subjected to VPC analysis. This
showed only a mixture consisting of 21% of 6 and 79% of 7. The re-
mainder of the reaction mixture was poured into 1.2 N HCI and the
resulting precipitate was collected by filtration and dried to give 4.40
g (85%) of a mixture of esters 6 and 7. The isomers were separated by
preparative VPC and identified by comparison to authentic samples.
The '3C NMR spectrum (in Me2SO-dg) of the isolated mixture dis-
played all of the peaks for the major isomer (7) and all of the peaks
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of the protonated carbons of the minor isomer (6). Also, this 13C NMR
spectrum indicated that the mixture consisted of 23% of 6 and 77%
of 7.

C. Reaction at Elevated Temperature. In a typical run 1.16 g of
sodium phenoxide, 1.93 g of 1a, and 1.00 g of o-terphenyl (internal
VPC standard) were heated at 150 °C in 20 mL of anhydrous DMF
under a nitrogen atmosphere. Aliquots were removed at timed in-
tervals (5 min to 16 h) from this dark black mixture and were worked
up as described above. Analysis showed 2a (5-10%), 10 (<5%), and
a longer retention time material thought to be the product analogous
to 13. Other runs were made at temperatures between 80 and 150 °C
and showed very little nitro displacement.

Reaction of Sodium 4-Methylphenoxide with 3-Nitrophthalic
Anhydride.!¢ A, At Room Temperature. Exactly 1.05 g (0.00808
mol) of sodium 4-methylphenoxide and 1.56 g (0.00808 mol) of 1a were
dissolved in 20 mL of DMF. A slight exotherm was noted initially. The
13C NMR spectrum of the resulting solution was recorded and indi-
cated that two acid/ester salts, 4 and 5, had been produced. By analogy
with the previous experiments with sodium phenoxide, it was assumed
that the major isomer was 5. An estimate (13C NMR) for the ratio of
isomers observed was 87 to 13. When the mixture of salts was con-
verted to the corresponding methyl phenyl esters as has been pre-
viously described, then VPC analysis indicated an 84 to 16 ratio of
products.!”

The above reaction was repeated at 78 °C for 65 h to give upon
workup and isolation 6% of 2b, 1% of 10b, and 6.5% of 13. Products
2b and 10b were identified by comparison to authentic samples. The
product 13 was identified from its mass spectrum (m/e 391) and 13C
NMR (see supplementary material).

Reaction of 4-Nitrophthalic Anhydride (14a) with Sodium
Phenoxide. A. At Room Temperature. A mixture of 5.80 g of 14a
and 3.86 g of sodium phenoxide was stirred in 60 mL of DMF at room
temperature under nitrogen for 0.5 h. Direct injection of this homo-
geneous reaction mixture into the VPC allowed the isolation of a small
amount of the desired displacement product 20a. In addition, a small
amount of 19 contaminated with 20a was collected. This material had
identical retention time with both m- and p-nitrophenyl benzoate,
which could not be separated under these conditions. Infrared analysis
of this mixture (19 and 20a) showed the presence of a nitro group
(1530 cm™!) and an ester carbonyl (1745 cm~1). The amount of 19
formed was much smaller than for the decarboxylation of the corre-
sponding 3 isomer.

If the homogeneous reaction mixture was first added toa 1.2 N HCl
solution, this mixture was extracted with ether, and the ether extracts
were dried, then subjected to VPC analysis, no trace of 19 or 20a was
seen. However, there was a peak corresponding to starting material
14a.

B. At Room Temperature with Methy! Iodide. The above re-
action was repeated, except that after 4 h of stirring, 2 equiv of methyl
idodide were added. The entire mixture was stirred for an additional
4 h. The mixture was worked up with 1.2 N HCI/CHCl; as described
previously to give an 87% yield of 17 and 18. VPC analysis showed only
one peak for this mixture. However, 13C NMR showed that two
products were present in the ratio of 56:44. The major isomer has
tentatively been assigned structure 17 for electronic reasons similar
to those used as rationale for the observed product distribution in the
3 system.

C. At Elevated Temperature. A mixture of 5.80 g of 14a, 3.86 g
of sodium phenoxide, 2.50 g of o-terphenyl (internal standard), and
60 mL of DMF was stirred at room temperature under nitrogen. The
mixture was quickly placed in an oil bath at 170 °C and aliquots were
removed at timed intervals between 0.5 and 16 h. These aliquots were
worked up with 1.2 N HCI/CHyCl, as described previously. VPC
analysis indicated the maximum yield of desired product 20a was 17%
after 16 h. There was no trace of decarboxylated product(s) 19.

Reaction of 3-Fluorophthalic Anhydride (1b) with Sodium
Phenoxide. A. At Room Temperature. These reactions were run
exactly as has been described for the nitro system.

B. At Elevated Temperatures. A mixture of 1.18 g of sodium
phenoxide, 1.69 g of 1b, and 22 mL of anhydrous DMF was heated at
a bath temperature of 170 °C under nitrogen. The solution became
homogeneous almost immediately, turned cloudy yellow, and after
ca. 10 min turned orange and again became homogeneous. The solu-
tion was stirred at reflux for a total of 20 min and after brief cooling,
it was added to a mixture of 200 mL of 1.2 N HCl/ice. The resulting
white precipitate was removed by filtration and dried to give 2.12 g
(87%) of 2a (mp 102-104 °C). This material was identical in all re-
spects with an authentic sample of 2a. Analysis by '3C NMR and IR
showed no trace of the ring-opened diacid 23. VPC analysis showed
no trace of 1b.
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The reaction was repeated several times using o-terphenyl as an
internal standard. Yields ranged from 85 to 95%. Typical results at
170 and 125 °C are as follows. 170 °C (time, % 2a) 15 min, 76; 30 min,
85; 45 min, 84; 60 min, 78; 3 h, 79. 125 °C (time, % 2a) 1 h, 51; 2 h, 56;
3h,60;5h,54;6.5h,47.

Reaction of Other Phenoxides with 1b. The solution salt of the
phenoxide derived from p-chloro-, p-methyl-, and p-methoxyphenols
was reacted with 1b at 150 °C exactly as described above. In all cases,
the products were isolated and found to be identical with authentic
samples prepared by hydrolysis of the corresponding imide (vide
infra). The yields of product were determined from VPC analysis
using an alternal standard (o-terphenyl) (Table II).

Preparation of Authentic Samples. Phenyl m-Nitrobenzoate
(10, Y = H; X = NO3). A mixture of 1.88 g of phenol, 40 mL of pyri-
dine, and 3.71 g of m-nitrobenzoyl chloride was stirred at room tem-
perature under nitrogen. The solution was heated at 80 °C for 4 h,
cooled to room temperature, and poured into ice water. The resulting
white precipitate was collected and stirred vigorously with a §% so-
dium carbonate solution. The solution was filtered to give 4.365 g of
10 (98% yield). Recrystallization from absolute ethanol gave a sample
with mp 90-92 °C (lit.!® mp 97 °C).

In a similar fashion phenyl o-nitrobenzoate (11), mp 50-52 °C (lit.1?
mp 52-53 °C), and phenyl m-chlorobenzoate, mp 57-58 °C (1it.2° mp
53 °C), were prepared. !3C NMR assignments for all three comounds
‘are in the supplementary material.

Phenyl 2-Carbomethoxy-6-nitrobenzoate (7). Compound 7 was
synthesized from methyl 2-carboxy-3-nitrobenzoate?! in two steps.
A mixture of 5.0 g of this acid was stirred with 50 mL of anhydrous
DMF under a nitrogen atmosphere at room temperature. To this
mixture was slowly added 2.82 g of oxalyl chloride and the solution
was stirred for 4 h at room temperature. The solution was cooled in
ice and 2.58 g of sodium phenoxide was added, and the mixture was
gradually allowed to warm to room temperature. The mixture was
stirred for 4 h and was then added to a 1.2 N HCl solution. The re-
sulting oil was extracted well with methylene chloride and the
methylene chloride solution was washed well with water, a sodium
bicarbonate solution, and a saturated sodium chloride solution. After
drying over magnesium sulfate, the solution was concentrated to give
an oil which upon stirring with ethanol gave the desired product 7 as
a white solid, mp 119-121 °C, in 55% yield. VPC analysis of this ma-
terial showed only a single component having a different retention
time from that of 6 (vide infra). The structure was confirmed by the
13C NMR in MesSO-dg. Mass spectral analysis of this material showed
m/fe at 270 (2%) for loss of methoxy and m/e at 208 (31%) for loss of
phenoxy. There was no parent ion at m/e 301. Infrared analysis (KBr)
of this sample showed strong absorptions at 1765, 1720, 1050, 980, and
890 em~1, which were absent in 6.

Anal. Caled for C15sH;06N: C, 59.8; H, 3.7; N, 4.6. Found: C, 59.8;
H, 3.9; N, 4.7.

Phenyl 2-Carboxymethoxy-3-nitrobenzoate (6). Compound
6 was synthesized from methyl 2-carboxy-6-nitrobenzoate?! in two
steps, exactly as was described for compound 7. Starting with 9.54 g
of methyl 2-carboxy-6-nitrobenzoate, we obtained a 60% yield of 6,
mp 105-107 °C. VPC analysis of this material showed only one com-
pound, which had a different retention time from 7. The structure was
again confirmed by !13C NMR spectroscopy in MesSO-dg. Mass
spectral analysis of this material showed m/e at 270 (5%), 208 (100%),
and no parent ion at m/e 301. Infrared analysis (KBr) of this sample
showed strong bands at 1745, 1735, 1260, 1070, and 955 cm~! which
were not present in 7.

Anal. Calced for C15H1106N: C, 59.8; H, 3.7; N, 4.6. Found: C, 59.9;
H,3.9; N, 4.7.

Synthesis of Phenoxy-Substituted Phthalic Anhydrides by
Phthalimide Hydrolysis. The phthalimide derivatives were syn-
thesized exactly as described in ref 1. Hydrolysis of the resulting 3
isomers required either the use of a higher boiling co-solvent or else
higher temperatures (130 °C) under pressure. We believe this is due
to the formation of a hindered amide acid intermediate from the 3
isomer which is more resistant to further hydrolysis. Higher tem-
peratures could also be used with the 4 isomers to shorten the reaction
time. The diacids from the hydrolysis were then ring closed in re-
fluxing acetic acid/acetic anhydride to give the anhydride derivatives
(see Table III for physical properties). 13C NMR data for the diacids
and dianhydrides are contained in the supplementary material in
Tables IV and V. Representative examples for the hydrolysis and ring
closures are given below.

3-(4-Methylphenoxy)phthalic Acid (24). To 200 mL of ethylene
glycol and 40 mL of 25% aqueous NaOH was added 19.74 g (0.060 mol)
of N-phenyl-3-(4-methylphenoxy)phthalimide. The system was
heated at reflux (135 °C in solution) for 18 h and then added slowly
to 2000 mL of 1 N HCI with stirring and cooling. The precipitated
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solid was filtered, washed with 0.1 N HCl, then with water, and dried
in vacuo at 60 °C. The yield of 24 was 15.61 g (96%): 'H NMR
{Me2S0-dg) 6 2.30 (methyl, s, 3), 6.7-7.7 (aryl, m, 7), 9.2 (-COOH, br
s, 2); IR (KBr) C=0 1688 (s) and 1708 (s), OH 2900 cm™! (br); 13C
NMR was in accord with the assigned structure (see Table V).

3-(4-Methylphenoxy)phthalic Anhydride (2b). A solution of
54.5 g (0.20 mol) of 24, 300 mL of acetic acid, and 40.8 g (0.40 mol) of
acetic anhydride was heated at reflux for 2 h and then all solvent was
removed in vacuo. The residue, after being recrystallized from cy-
clohexane, gave 39.6 g (78%) of 2b: mp 117-118 °C; 1H NMR (CDCly)
6 2.33 (methyl, s, 3), 6.7-7.7 (aryl, m, 7); IR (KBr) C=0 1782 (vs), 1840
ecm~! (g); 13C NMR was in accord with the assigned structure {(see
Table IV); UV (Et20) Amax 229 (e 20 800), 333 nm (e 5200), Ashoulder
324 nm (¢ 4900).

Anal. Caled for C15H004: C, 70.9; H, 3.9; mol wt 254. Found: C, 70.8;
H, 4.1; mol wt 254 (mass spectrum).

4-(4-Methylphenoxy)phthalic Acid (28). A mixture of 19.63 g
(0.0596 mol) of N-phenyl-4-(4-methylphenoxy)phthalimide, 19.2 g
of 50% NaOH, and 400 mL of H;0 was stirred and heated for 3 h at
approximately 170 °C in a pressure bomb. The resulting yellow so-
lution was extracted with ether and then acidified with 400 mL of 3
N HCL The precipitated product was filtered, washed with a little
H;0, and dried in vacuo. In this way 15.53 g (96%) of 28 was obtained:
1H NMR (Me2SO-dg) 6 2.35 (methyl, s, 3), 6.9-7.9 (aryl, m, 7), 10.9
(~COOH, brs, 2); 13C NMR was in accord with the assigned structure
(see Table V).

4-(4-Methylphenoxy)phthalic Anhydride (20b). A 13.51-g
(0.0497 mol) sample of 28 was refluxed for 3 h with 10.2 g of acetic
anhydride and 200 mL of acetic acid. Solvent was removed and the
product was recrystallized from hexane to afford 10.87 g (86%) of 20b:
mp 89.5-90.0 °C; 'H NMR (Me2SO-dg) & 2.38 (methyl, s, 3), 6.9-8.1
(aryl, m, 7); IR (HCCly) C=0 1774 (s), 1847 cm™! (m); 13C NMR
spectrum was in accord with the assigned structure (see Table 1V).

Anal. Caled for Cy5H004: C, 70.9; H, 3.9; mol wt 254. Found: C, 70.9;
H, 4.1; mol wt 254 (mass spectrum).
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The reaction of 4-nitro-N-methylphthalimide with either fluoro or nitrite salts in an aprotic solvent affords up
to a 78% yield of the diaryl ether, 4,4’-0xybis(N-methylphthalimide). When potassium fluoride is used in the reac-
tion, 4-fluoro-N-methylphthalimide can also be isolated. The reaction of 4-fluoro-N-methylphthalimide with po-
tassium nitrite affords the diaryl ether in 75% yield. A possible mechanism for the ether formation is discussed. The
intermediate in this mechanism, 4-hydroxy-N-methylphthalimide, has been synthesized and shown to react with
either 4-fluoro- or 4-nitro-N-methylphthalimide to afford the diaryl ether. In the reaction with 4-fluro-N-methyl-
phthalimide, potassium fluoride was utilized as a base. Several other minor by-products were identified in the reac-
tion; among them were N-methylphthalimide and 4-substituted phthalic acids. When MesSO is used as a solvent,

4-thiomethoxy-N -methylphthalimide is also formed.

Recently! we reported the reaction of potassium fluoride
with 4-nitrophthalic anhydride at elevated temperatures, in
which a mixture of 4-fluorophthalic anhydride and dipotas-
sium 4-nitrophthalate is produced. Reaction of 4-nitrophthalic
anhydride with potassium nitrite produces dipotassium 4-
nitrophthalate as the sole product. In this paper we describe
the entirely different behavior of 4-nitro-N-methylphthali-
mide (1) with potassium fluoride and potassium nitrite.

Heating a solution of 4-nitro-N-methylphthalimide (1) with
potassium fluoride in an aprotic solvent such as DMF, MeoSO,
or NMP at temperatures of 142-190 °C affords up to a 78%
yield of 4,4’-0xybis(N-methylphthalimide) (2) (Scheme I).
Instead of potassium fluoride, the use of potassium or sodium
nitrite also affords good yields of the bisimide 2. Examples are
listed in Table I.

The reaction of nitro compounds to give diaryl ethers is not
without precedent. It has been reported? that p-nitrobenzo-
nitrile or p-chlorobenzonitrile will undergo a condensation
reaction when treated with sodium nitrite in N-methylpyr-
rolidone to give 4,4’-oxybis(benzonitrile).

After isolation of the bisimide ether 2 by filtration, the fil-
trate was extracted with methylene chloride and the organic
fractions were concentrated in vacuo. The components of this
material were separated and identified by GC, GC/MS, and
13C NMR analyses. The various products and their yields are
listed in Table II.

Scheme 1
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4 Y=F 10,Z=F
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8, Y=H

Another compound identified in the reaction mixture when
potassium fluoride was used was 4-fluoro-N-methylphthali-



