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A new practical synthesis of phthalimides through 1,3-dipolar cycloaddition of CO, with isocyanides and
in situ generated aryne is reported here. A series of phthalimide derivatives are observed in moderate to
good yields under mild conditions.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Phthalimides is a class of amide compounds with broad applica-
tions in agriculture, industry and pharmaceutical industry.' They have
important biological activities (Fig. 1),” such as anti-inflammatory,’
anti-epilepticthe, anti-bacterium® and anti-titumor® activities. The
synthesis of phthalimides has received much concern at present.”
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Fig. 1. Biologically active structures of phthalimide derivates.

The highly active aryne intermediates generated in situ have
been an intriguing synthon due to their remarkable diversities. In
recent years, a lot of multicomponent reactions involving arynes
have been reported.® For example, the Stoltz group® reported iso-
cyanides incorporated reactions using arynes, with esters and al-
kynes as electrophilic partners to generate phenoxy
iminoisobenzofurans and iminoindenones, respectively (Scheme 1,
eq. 1, 2).
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Scheme 1. MCRs involving arynes and isocyanides.

Carbon dioxide (CO,) is the most abundant C1 feedstock in na-
ture. It has attracted the attention of the scientists how to take full
advantage of CO, and convert into substances useful to humanity
and the planet.'® Recently, CO, has been successfully used for the
synthesis of carbonic ether,'" carboxylic acid,”> coumarins'® and
isocoumarins'® etc. Based on our previous works on the dual 1,3-
diploar cycloaddition of CO,'" (Scheme 1, eq. 3), we reason that
phthalimide derivatives can be generated through 1,3-dipolar cy-
cloaddition of CO, with isocyanides and in situ generated arynes.
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Herein, we report a three-component reactions of 2-(trimethylsilyl)
aryl triflates, isocyanides, with CO, as the third component to
generate phthalimides under transition-metal-free conditions.

When we are preparing this paper, the Biju group'® has reported
a similar work. However, our reaction conditions are different with
them. The isocyanides show different reaction activities under
Biju’s and our reaction conditions, respectively. The aryl isocyanides
react better under our reaction conditions.

2. Results and discussion

We initiated the study by treating 2-(trimethylsilyl)aryl triflate
1a and 2,6-xylyl isocyanide 2a with stoichiometric amounts of KF
and 18-crown-6 in THF at rt under a balloon pressure of CO,. After
12 h, fortunately, the N-2,6-xylyl phthalimide 3a was obtained in
27% vyield. Inspired by this result, we screened several reaction
conditions to increase the yield of 3a. It was found that the reaction
temperature had great influence on the yield of 3a. Either higher or
lower temperature would decrease the yield of 3a (Table 1, entries
1-3). Further screening the solvents showed that DMF inhibited
the reaction (Table 1, entry 4) and lower yields of 3a were obtained
when the reaction was carried out in MeCN, 1,4-dioxane, methyl
tert-butyl ether (MTBE) and 2-MeTHF, respectively (Table 1, entries

—8). The yield of 3a could be increased to 66% yield when the
reaction time was prolonged to 18 h (Table 1, entry 9). More longer
reaction time could not further increase the yield of 3a (Table 1,
entry 10). When more KF and 18-crown-6 were used in the re-
actions, the yield of 3a decreased dramatically (Table 1, entries
11-12). Attempting to increase the yield, DBU (1 equiv) was added
as an additive. However, the reaction was completely inhibited by
the addition of DBU. Finally, we found that the optimal reaction
conditions were 2-(trimethylsilyl)aryl triflate (1a, 1.5 equiv), 2,6-
xylyl isocyanide (2a, 1.0 equiv), KF (1.5 equiv) and 18-crown-6
(1.5 equiv) in THF at 40 °C under a balloon pressure of CO,.

With the optimal conditions in hand, we investigated other
isocyanides such as substituted aryl isocyanides, benzyl isocyanides
and alkyl isocyanides with aryne in the presence of CO-. The results
are summarized in Table 2. It was found that the desired products
3b—e could be observed in moderate yields. Unfortunately, no

Table 1
Optimization of the reaction conditions®

NC 18-crown-6
TMS co2 balloon)
L,
oTf solvent
temp.
1a 2a
Entry Solvent Temp (°C) Time (h) Yield (%)°
1 THF rt 12 27
2 THF 40 12 50
3 THF Reflux 12 32
4 DMF 40 12 Trace
5 Dioxane 40 12 34
6 MTBE 40 12 10
7 2-MeTHF 40 12 20
8 MeCN 40 12 32
9 THF 40 18 66
10 THF 40 24 57
11° THF 40 18 48
12¢ THF 40 18 34
13°¢ THF 40 18 N.D.

@ Reaction conditions: 1a (0.45 mmol), 2a (0.3 mmol), KF (0.45 mmol), 18-C-6
(0.45 mmol), solvent (3 mL), under a balloon pressure of CO,.

b Isolated yield.

€ KF (0.45 mmol), 18-crown-6 (0.45 mmol).

4 KF (0.90 mmol), 18-C-6 (0.90 mmol).

¢ DBU (0.30 mmol) was added. N.D.=Not detected.

Table 2
Substrate scope of reaction®
KF (1.5 equiv.) /0
TMS .
X 18-crown-6 (1.5 equiv.) N
R + RZNC R P N—R?
oTf CO, (balloon) \
THF, 40 °C (¢]
o] o o]
N‘E ) N4< >70/ N— )
o] o o]
3a, 66% 3b, 52% 3c, 48%

o CEEQ CEEQ

3d, 31% 3e,47%

o
2 3h, R = t-Bu, 0%
N{> N-R 3i, R = n-Bu, 02°
3j, R = CH,CO,Me, 02°
o o
3k, R = CH,Ts, 0%

3g, 36%"
o o o
N N N
- : iz o F
o o o
31, 62% 3m, 71% 3n, 34%
P OQ
N N
o
b e
30, 30% 3p, 62%

¢ Reaction conditions: 1a (0.45 mmol), 2a (0.3 mmol), KF (0.45 mmol),
18-crown-6 (0.45 mmol), THF (3mL), under a balloon pressure of CO,,
40 °C, 18h.

P TBAT (1.5 equiv.) was used.

desired product 3f was isolated, when aryl isocyanide with electron
withdrawing group NO, was subjected to the reaction. Cyclohexyl
isocyanide 2g, tert-butyl isocyanide 2h and n-butyl isocyanide 2i
failed to give the desired products 3g—i under previous optimal
reaction conditions. It should be noted that the reaction of cyclo-
hexyl isocyanide 2g led to 3g in 36% yield when tetrabutylammo-
nium triphenyldifluorosilane (TBAT) was utilized instead of KF/18-
crown-6. However, methyl 2-isocyanoacetate 2j and 1-(isocyano-
methylsulfonyl)-4-methylbenzene 2k didn’t react well to afford
the desired products under several reaction conditions. Next,
we evaluated the scope of aryne precursors. The electron-rich
substrates was more efficient then the electron-deficient ones.
The reactions of 5-methyl-2-(trimethylsilyl)phenyl trifluoro
methanesulfonate and 5-methoxy-2-(trimethylsilyl)phenyl tri-
fluoromethanesulfonate under the optimized conditions led to the
desired products 31 and 3m in 62% and 71%, respectively.
Based on the results above and the literature reports,
a plausible mechanism is illustrated in Scheme 2. Initially, a ben-
zyne A is generated in situ by 1,2-elimination of 2-(trimethylsilyl)
aryl triflate 1 with KF/18-crown-6. Then a highly reactive zwitter-
ionic intermediate B is formed by the nucleophilic addition reaction
of isocyanide 2 with benzyne A. In rapid sequence, the 1,3-
zwitterionic intermediate B adds to one of the carbonyl groups of
CO; and concerts to the isophthalimide intermediate C. According
to the literature reports, a thermally rearrangement (path a) is
supposed to happen and lead to the final product phthalimide 3.
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