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aChonbuk National University, Department of Chemistry, 664-14 Doegjin-Dong, Chonju, Chonbuk 561-756, Republic of Korea
bSeonam University, Department of Chemistry, 720 Gwangchi-Dong, Namwon, Chonbuk 590-711, Republic of Korea

cDublin City University, School of Chemical Sciences, Dublin 9, Ireland

Received 23 December 2004; revised 8 March 2005; accepted 15 March 2005

Available online 2 April 2005
Abstract—x-Phthalimido-ortho-phenoxy carboxylates efficiently undergo photodecarboxylative cyclizations in reasonable to good
yields of 12–75%. Although the photocyclization efficiency decreases with increasing carbon chain lengths, target ring sizes up to 15
are successfully realized. Likewise, intermolecular photodecarboxylative additions of x-phenoxy carboxylates to N-methyl phthal-
imide give hydroxyphthalimidines in yields of 45–73%.
� 2005 Elsevier Ltd. All rights reserved.
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The chemistry of electronically excited phthalimides is
dominated by electron and hydrogen transfer reactions.1

Among numerous synthetic applications, the photo-
chemical decarboxylation (PDC) of x-phthalimidoalkyl
carboxylates has been developed by Griesbeck and
co-workers as a versatile pathway to medium- and
large-ring heterocycles.2 We have recently reported the
successful synthesis of macrocyclic alkynes following
this PDC strategy.3 As an extension of our work, we
became interested in using ortho-substituted arenes as
rigid linkers between the phthalimide chromophore
and the terminal carboxylic acid chain. The U-shaped
geometry of the central skeleton should favor a close
contact geometry between the two active ends of the
molecule preferably for medium size ring systems. In
this paper, we describe the photochemistry of several
x-phthalimido-ortho-aryl carboxylates differing in the
terminal carbon chain length and compare it with
intermolecular addition reactions.

The first substrate we synthesized was 2-phthalimido-
phenyl acetic acid. Upon irradiation in aqueous acetone
for 1 h its corresponding potassium salt 1 readily gave
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the simple decarboxylation (CO2H/H-exchange) prod-
uct 2 in a good yield of 62% (Scheme 1).4 The ortho-
CH3-group of 2 showed a characteristic

1H NMR singlet
at 2.21 ppm.

Although compound 2 is known to undergo photocycli-
zation to the corresponding five-membered ring via
hydrogen abstraction,5a,b we were unable to detect
any cyclization product under the given reaction condi-
tions in the NMR spectrum or via TLC analysis of the
crude reaction mixture.

For all other derivatives, we selected N-(2-hydroxyphen-
yl)-phthalimide as a useful and easily available building
block. In contrast to compound 1, the chain elongated
x-phthalimido-ortho-phenoxy acetate 3a readily gave
the six-membered product 4a in 75% isolated yield after
1 h of irradiation.6 In CDCl3, the
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Scheme 1. Simple decarboxylation of 1.
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Scheme 2. Photodecarboxylative cyclization of 3.

Table 2. Product yields and irradiation times for the photodecarb-

oxylative additions to 5

Entry n Time (h) Yield 7 (%)

6a 1 1 73

6b 2 3 65

6c 3 1 55

6d 4 1 45

6e 9 1 47

6f 10 1 49
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showed two clearly separated doublets for the O–CH2
group at 3.82 and 4.74 ppm with a large 2J coupling of
10.8 Hz. The hydroxy proton gave a broad singlet at
3.28 ppm, which was unambiguously assigned via H–D
exchange with D2O. Likewise, photolysis of compounds
3b–f furnished the corresponding cyclization products
4b–f (Scheme 2; Table 1). Noteworthy, the isolated
yields decreased from 42% to 12% with increasing chain
length. Furthermore, the irradiation time had to be
extended (especially for the long chain derivatives 3e, f)
in order to reach high conversion rates. In all cases,
the quaternary C–OH carbons showed characteristic
13C NMR resonances in CDCl3 at 82.3 (4a), 92.3 (4b),
93.3 (4c), 93.0 (4d), 93.2 (4e) and 92.4 ppm (4f),
respectively.

To account for the decrease in isolated yields during the
intramolecular cyclization reaction, we have expanded
our study to intermolecular addition reactions.7 In all
cases examined, N-methylphthalimide 5 was used as a
model substrate and the phenoxy alkanoates 6 were var-
ied. Irradiation of 5 in aqueous acetone for 1–3 h in the
presence of 5 equiv of the potassium alkynoates 6a–f
gave the corresponding hydroxyphthalimidines 7a–f in
moderate to good yields between 45% and 73% (Scheme
3; Table 2).8 Judged by isolated yields and irradiation
times, the addition proceeded more efficiently than the
corresponding cyclization.
Table 1. Product yields and irradiation times for the photodecarb-

oxylative cyclizations of 1 and 3

Entry n Time Yield 4 (%) Ring-size

1 – 1 h 62 (2) –

3a 1 1 h 75 6

3b 3 14 h 42 8

3c 4 6 h 36 9

3d 6 10 h 24 11

3e 9 5 d 12 14

3f 10 5 d 19 15
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Scheme 3. Photodecarboxylative addition to 5.
No simple decarboxylation (CO�
2 /H-exchange) products

of 6a–f were formed under the given conditions. In
CDCl3, the N-methyl group showed

1H NMR singlets
at 2.86 (7a), 2.86 (7b), 2.77 (7c), 2.76 (7d), 2.91 (7e)
and 2.88 ppm (7f), respectively.

The key step of the mechanistic scenario (Scheme 4;
path A) is a rapid intramolecular electron transfer
(PET) via the excited 3p, p* triplet state (5: E00 =
3.1 eV) or the higher 3n, p* state (5: E00 � 3.6 eV) of
the phthalimide.9 Subsequent decarboxylation of the
carboxy radical gives the corresponding terminal
carbon radical. In the case of substrate 1, back elec-
tron transfer (BET) generates a carbanion,10 which is
protonated by water (path B). Although compound 2
is capable of undergoing a sequence of intramolecular
H-abstraction and photocyclization, this reaction is
highly sensitive to the irradiation conditions. Kanaoka
and co-workers reported that best results were
obtained with high-pressure mercury lamps, tert-butanol
as solvent and quartz vessels,5 and these conditions
clearly differ from ours.

For all other derivatives, protonation and biradical
combination gave the desired cyclization products 4
(path C). The latter process also occurred for the
photodecarboxylative additions to the hydroxylphthal-
imidines 7. For x-phthalimidoalkoxy acetates, Yoon
et al. have recently postulated an alternative electron
transfer from the oxygen tether followed by a-decarbox-
ylation (path D; n = 1).11 This scenario would parallel
PET reactions of related a-trimethylsilyl (TMS) methyl
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Scheme 4. Mechanistic scenario.
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ethers.12 In contrast, the results from our present inves-
tigation suggest that electron transfer occurs from the
carboxylate instead, independent from the position of
the oxygen tether. This interpretation is in line with ear-
lier studies on photoadditions of heteroatom-substituted
carboxylates,13 and is furthermore supported by the
oxidation potentials of the competing donors (Eox:
ROCH2TMS� RCO�

2 6 PhOR < R2O).
14,15

As for related anthranilic acid-based analogues,16 the
success of the cyclization depended on the chain length
and thus the ring-size of the corresponding product. In
compound 3a, the ortho-substitution pattern favors a
close contact for electron transfer and consequently,
the corresponding six-membered product was obtained
in the best yield of 75%. Noteworthy, a slightly lower
yield of 73% was reported for the corresponding ethyl-
ene-linked analogue.2b Further chain-elongation dis-
turbed the necessary approach for the biradical
combination due to steric overcrowding,17 and conse-
quently, the yields of 4 dropped below 20% and ex-
tended irradiation times were necessary to achieve high
conversion rates. On the contrary, the chain length ef-
fected the photodecarboxylative addition less and yields
were, in almost all cases, higher than for the intramolec-
ular counterparts after 1–3 h.
Acknowledgements

This work was supported by grant R05-2002-000-01419-
0 from the Basic Research Program of the Korea
Science and Engineering Foundation (KOSEF). D.J.Y.
thanks KOSEF for a KOSEF-DFG fellowship during
the summer of 2004 (F03-2004-000-10046-0) and Profes-
sor Axel G. Griesbeck (University of Cologne) for his
support.
References and notes
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beck, A. G. J. Photochem. Photobiol. C: Photochem. Rev.
2002, 3, 109–127; (c) Coyle, J. D. In Synthetic Organic
Photochemistry; Horspool, W. M., Ed.; Plenum Press:
New York, 1984, pp 259–284; (d) Mazzocchi, P. H. Org.
Photochem. 1981, 5, 421–471; (e) Kanaoka, Y. Acc. Chem.
Res. 1978, 11, 407–413.

2. (a) Griesbeck, A. G.; Kramer, W.; Oelgemöller, M. Synlett
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