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In an earlier paper in this series (5), it was reported
that sodium methoxide acts upon N-substituted 3-nitro-
phthalimides to give nucleophilic displacement of nitrite to
form N-substituted 3-methoxyplithalimides. This displace-
ment reaction did not occur with N-substituted 4-nitro-
phthalimides. Studies of the activity toward displacement
ol a substituent on the phthalimide moiety have now been
extended to a number of halogenated phthalimides, speciti-
cally, methyl 3-chlorophthalimidoacetate (la), methyl 3-
fluorophthalimidoacetate (1b), N-phenyl-3-chlorophthal-
imide (llla), N-phenyl-3-fluorophthalimide (IlIb), and
methyl 4-chlorophthalimidoacetate (V).

Action of refluxing methanolic sodium methoxide on
either Ia or [b, at a mole ratio of | to methoxide of | 1o
L5, resulted in displacement ot halide to form methyl
3-methoxyphthalimidoacetate (II). To obtain comparable
yields of IL required four hours of refluxing for displace-
ment of chloride from la, but only five minutes for
displacement of {luoride from [h. Under the same condi-
tions, IlIb was converted in a comparable yield to V-
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phenyl-3-methoxyphthalimide (I1V) in the time required
to heat the reaction mixture from room temperature to
the boiling point. In contrast, Illa failed to undergo
displacement of cliloride, even on prolonged heating.

The displacement reaction was not ohserved with methyl
4-chlorophthalimidoacetate (V). lLike its nitro analog, V
was isomerized by sodium methoxide to form, in very
poor yield, a product whose spectral behavior was con-
sistent with that of products (V1) of the Gabriel-Colman
rearrangement.

Neither the halogens nor the nitro group are normally
subject to nucleophilic displacement from the henzene
ring. This lack of reactivity is attributable to resonance
interactions between substituent electrons and the ring
m-electron cloud, shortening and strengthening the bond
between the substituent and the ring (6). Such interactions
must be suppressed or absent in the cases of the 3-nitro-
and 3-fluorophthalimides, and reduced in the cases of the
3-chlorophthalimides.  Suppression of resonance inter-
action in 3-nitrophthalimide has already been demonstrated
by spectral evidence (7).

Steric effects do not provide a satisfactory explanation
for the susceptibility of the 3-substituent to displacement.
The order of decreasing ease of displacement is F>N0, >>
Cl, while the order ol decreasing size is NO; >>CI>F. The
ease of displacement of the nitro group, moreover, de-
creases with increasing bulkiness of the V-substituent (5),
suggesting that steric effectz hinder the displacement
reaction. Since there is effective nucleophilic displacement
ounly of the two most strougly electronegative croups, F
and NO, , and since the cvelic imide moiety is also strongly
electron attracting, we suggest that the suppression of
resonance interaction results from an inductive competi-
tion between the electron-withdrawing tendencies of the
imide moiety and the substituent. It is interesting to note
that the same order ol ease ol displacement of substituents
has been observed (8) with pyridine and quinoline deriva-
tives.  The heterocyelic nitrogen atom and the eyclic
mide motety evidently have comparable activating effects.
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EXPERIMENTAL (9)

Methyl Halophthalimidoacetates (IV).

The methyl halophthalimidoacetates were prepared from the
halophthalimidoacetic acids (10) by esterification with methanol
in the presence of anhydrous hydrogen chloride (11). The
products were recrystallized from methanol, ;,wmg methyl 3-
chlorophthalimidoacetate (la), 76%, m.p. 105- 106°; methyl 3-
fluorophthalimidoacetate (Ib), 66%, m.p. 114- 115°; 3 and methyl
4-chlorophthalimidoacetate (V), 93%, m.p. 92.5-93. 5°.

Anal. Caled. for C;{HgCINO4: C,52.09; H, 3.18; Cl,13.98;
N, 5.52. Found for la: €, 51.75; H, 3.13; Cl, 13.70; N, 5.45.
Found for V: (, 52.08; H, 3.14; (1, 13.85; N, 5.28.

Anal. Caled. for C,HgFNO4: C, 55.70; H, 3.38; N, 5.91.
Found: C,55.50; H, 3.23; N,5.78.

N-Phenyl-3-chlorophthalimide (I1la).

The procedure of Marriott and Robinson (12) gave an 86%
yield of N-phenyl- .5(h|0r0phthallmxde m.p. 189-191°; reported
(12) m.p. 189-190° ir spectrum (potassium bromide): 3300,
1710, 1635, 1490, 1450, 1375, 1125 (C-Cl stretch), 1110, 890,
750, 730, and 700 cm™!.

N-Phenyl-3-fluorophthalimide (I1Ib).

To a refluxing solution of 5.81 g. (0.035 mole) of 3-fluoro-
phthalic anhydride in 50 ml. of glacial acetic acid was added 6.5 g.
(0.07 mole) of aniline during ten minutes. The mixture was
refluxed three hours, cooled, diluted with 50 ml. of carbon tetra-
chioride, chilled, and filtered. The precipitate was rinsed with
carbon tetrachloride and recrystallized from methanol to give
7.5 g (89%) N-phenyl-3-fluorophthalimide, m.p. 151-152°% ir
spectrum (potassium bromide): 3300, 1715, 1640, 1490, 1475,
1380, 1240 (C-F stretch), 1110, 965, 755, 740, and 700 em™!
nmr spectrum (deuteriochloroform): & 7.55 (5 protons), 7.4
(3 protons, broad).

Anal. Caled. for (:|4HSFN022
Found: €, 69.52; H, 3.13; N, 5.67.

Methyl 3-Methoxy phthalimidoacetate (11).

C, 69.71; H, 3.32; N, 5.8L

To a solution of 0.03 mole of sodium in 50 ml. of absolute
methanol was added 0.02 mole of la or Ib. The stirred mixture was
refluxed four hours in the case of la, or five minutes in the case of
Ib. The mixtures were cooled, acidified with 1 N hydrochloric
acid, and filtered. After recrystallization from 1:1 benzene-
hexane, the products melted at 147-148° and did not depress the
melting point of authentic (5) methyl 3-methoxyphthalimido-
acetate (I1). The ir spectra were also identical. The yield of 11
from la was 41%: from Ib, 39%; nmr spectrum (deuteriochloro-
form): & 7.2-7.9 (multiplet, 3 aromatic protons), 4.5 (singlet,
CHy), 4.06 (singlet, 3-OCH3), 3.8 (singlet, ester OCH3).
N-Phenyl-3-methoxyphthalimide (IV).

To a solution of 0.03 mole of sodium in 50 ml. of absolute
methanol was added 4.82 g. (0.02 mole) I1Ib. The temperature

was raised to the boiling point, producing a white precipitate.
The mixture was cooled to room temperature, acidified with 1 ¥

Vol. 10

hydrochloric acid, and filtered. Recrystallization of the precipitate
from methanol gave 1.66 g. (32%) N-phenyl-3-methoxyphthalimide
(IV), m.p. 185-187°, reported (5) 188.5-190°. The product did
not depress the meltmg point of authentic IV. The product and
authentic IV gave identical ir spectra (potassium bromide): 3325,
1705, 1480, 1380, 1282, 1045, and 750 em~!. The nmr spectrum
(deuteriochloroform) showed a methoxy signal at & 4.08.

Treatment of 111a with Sodium Methoxide.

To a solution of 0.03 mole of sodium in 50 ml. of absolute
methanol was added 0.02 mole of Iila. The mixture was refluxed
four hours, cooled, and acidified with 1 N hydrochloric acid,
precipitating 4.8 g. (94%) of the starting material.

Treatment of V with Sodium Methoxide.

To a solution of 0.03 mole of sodium in 50 ml. of absolute
methanol was added 0.02 mole of methyl 4-chlorophthalimido-
acetate (V). The mixture was refluxed for four hours, producing
a bright yellow, gelatinous mass. The mixture was cooled,
acidified with 1 N hydrochloric acid, and filtered. Recrystalliza-
tion of the precipitate from methanol gave 0.1 g. (2%) of yellow
needles, m.p. 250° (dec.), uv A max (95% ethanol) 345-346 nm,
A max (0.1 N NaOH) 380 nm.

Anal. Caled. for CyHgCINO4:
N, 5.52. Found: C, 51.92; H, 3.48; Cl, 14.27;

C,52.09; H, 3.18; Cl, 13.98;
N, 3.51.
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