Month 2014

First Total Synthesis of 9-Hydroxy-8H-pyrano([3,2-f]indol-2-one

Tao Wang, Cheng Wang, Jie Zhang, and Huaizhen He*

School of Medicine, Xi’an Jiaotong University, Xi’an 710061, China
*E-mail: hehuaizhen @mail.xjtu.edu.cn
Received September 4, 2013
DOI 10.1002/jhet.2251
Published online 00 Month 2014 in Wiley Online Library (wileyonlinelibrary.com).

O, — G0
Cran (g
OH OH

9-Hydroxy-8H-pyrano[3,2-f]indol-2-one

A simple and efficient approach to synthesize a novel pyrrolocoumarin 9-hydroxy-8H-pyrano|3,2-flindol-2-one
(7) has been described. Starting from vanillin, the key intermediate 7-methoxy-1H-indol-6-yl propiolate (6) was
synthesized in six steps. Then, the target compound was obtained by forming pyrone-ring and demethylation
simultaneously in one step. A plausible mechanism invoking PtCl, catalyzed one-step reaction of cyclization

and demethylation was also presented.

J. Heterocyclic Chem., 00, 00 (2014).

INTRODUCTION

Furocoumarins are natural products that occur in a large
number of umbelliferous plants, citrus fruits, and certain
herbal medicines [1]. Especially, 8-hydroxypsoralen (9-hy-
droxy-7H-furo[3,2-g][1]benzopyran-7-one, (I)) is a linear
6,7-furocoumarin. It and its analogs exhibit broad spectrum
of pharmacological activities, such as anti-oxidative activity,
anti-inflammatory, and anti-fungicidal [2]. Moreover, it has
been shown to possess anti-HIV, anti-cancer effects, anti-de-
pressant, and f-secretase inhibitory [3]. In recent years, the
particular of tricyclic aromatic fused structure has gained
considerable attentions by pharmacologists and chemists.
However, 8-hydroxypsoralen and its analogs have undesir-
able side effects, such as genotoxicity, risk of skin cancers,
and chromosomal aberrations [4]. These toxic effects are
due to their cross-linking with DNA [5]. In light of these
aspects, the development of low toxicity, high efficiency,
and benign compounds will be a beneficial and interesting
challenge. For the reasons mentioned earlier, we maintained
the skeleton structure of (I) and replaced the oxygen of
furan-ring with NH, constructing a novel pyrrolocoumarin
9-hydroxy-8H-pyrano[3,2-flindol-2-one (II) (Fig. 1).

RESULTS AND DISCUSSION

Structurally, there are two main synthetic strategies to
construct the pyrrolocoumarin skeleton, namely indol-ring
construction and pyrone-ring construction. Among these
methods, the methodology fusing an indol-ring (especially
including substituent group) on a pyrone nucleus has been
traditionally and widely applied for the synthesis of
pyrrolocoumarin and its analogs. However, only a few
papers described methods for construction of pyrone-ring

on unsubstituent indol-ring by intramolecular cyclization
reaction. In this paper, we presented a short and efficient
synthesis route to (II). The reagents and reaction
conditions are depicted in Scheme 1.

Precursor compounds 1-3 were synthesized using a
modification of the previously reported procedures, and
the overall yield was up to 71% in three steps. On the basis
of the ordinary reaction condition (H,O, NaOH), tetrahy-
drofuran (THF) rather than diethyl ether hydrophilic and
high solubility had to be employed. Vanillin was esterified
with Ac,O in anhydrous THF to give acetic acid 4-formyl-
2-methoxy-phenyl ester (1). Then, the reaction of 1 with an
excess of fuming nitric acid resulted in the formation of
acetic acid 4-formyl-2-methoxy-3-nitro-phenyl ester (2)
under —20°C by selective nitration. The by-product was
isolated by ice water/ethanol (5:1). Further, hydrolysis of
2 afforded 4-hydroxy-3-methoxy-2-nitro-benzaldehyde
(3) as a yellow crystal (sensitive to light). The melting
points and the spectral data were consistent with the
compounds 1-3 reported in literature [6].

The literature procedure has been previously reported to
give f-dinitrostyrene compounds (containing a phenolic
hydroxyl group) via demethylation or hydrolysis. But there
were only a few methods to get these kinds of compounds
directly from unprotected phenolic hydroxyl compounds
and nitromethane as raw materials [7]. Thus, the classical
Henry reaction of 3 with nitromethane was transformed
to 4-hydroxy-3-methoxy-2, f-dinitrostyrene (4) in the
presence of ammonium acetate in acetic acid in 74% yield.
We found the yield of 4 was only related to the temperature
without the dosage of ammonium acetate and acetic acid.
Then, reductive cyclization of 4 with 10% Pd/C, acetic
acid, and ammonium formate to provide the key
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Figure 1. Structures of 8-hydroxypsoralen (I) and 9-hydroxy-8 H-pyrano
[3,2-flindol-2-one (II).

intermediate 6-hydroxy-7-methoxyindole (5) as a white
crystal in 38% yield.

In order to perform the direct conversion of § into
9-methoxy-8H-pyrano[3,2-flindol-2-one (8) under the
Pechmann reaction, we used the classical malic acid/
H,SO, as reaction system. Unfortunately, this reaction
failed to give the expected 8, affording only the derivative
of malic acid upon gas chromatography/mass spectrometry
analysis. Moreover, different kinds of catalysts were tested
for this purpose, such as ZnCl,, AICl;, P,0s5, POCl;,
benzenesulfonic acid, and polyphosphoric acid. However,
no products were obtained. That is, a possible indol-ring
of § was not conducive to the formation of pyrone-ring in
these acid conditions. Through inspecting the chemical
attributes of 5, it was found that 5§ was very sensitive to
oxidizing agents in the presence of acids or bases. Beyond
that, 5 also be quickly darkened in organic solvents under
photocatalysis, but was highly stable in solid form.
Therefore, in order to avoid the decomposition of §, it
was significant to develop a simple and environmentally
friendly synthetic method.

On the basis of the strategy previously described in the
literature [8], 7-methoxy-1H-indol-6-yl propiolate 6 was
prepared by condensation of the phenolic hydroxyl in §
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with propiolic acid using dicyclohexylcarbodiimide and
4-(dimethylamino) pyridine at 0°C in 48% yield. It was
interesting to note that 6 skipped the step of construction
of 8 and was directly converted into the six-membered
heterocyclic ring of 9-hydroxy-8H-pyrano[3,2-f]lindol-2-
one (7), which was obtained under 65°C for 1.5h using
5 mol % of PtCly as a catalyst in 1,2-dichloroethane/1,4-di-
oxane (1:1) in 20% yield.

To the best of our knowledge, PtCl, is mainly used as a
cyclization reagent in chemical reaction [9,10]. Before this
study, there were few reports and studies on demethylation
of methyl ether. The efficient PtCl, catalyzed one-step
reaction of cyclization and demethylation was likely
related to the position of propiolate group and methoxyl
group of 6.

The exact mechanism of this abnormal reaction is not
clear. Here, a plausible mechanism for one-step reaction
of cyclization and demethylation under the catalysis of
PtCl, is shown in Scheme 2. First, the PtCl, coordinates
to the alkyne of 6 and the oxygen of methoxyl group to
give the intermediate A simultaneously. Later, the intramo-
lecular electrophilic aromatic substitution occur at the
aromatic ring of intermediate A, and the oxygen of
methoxyl group is attached to PtCly, affording intermediate
B. Upon deprotonation and rehybridization of the carbon
center as well as rearomatization, the PtCl, is removed
from intermediate B to generate intermediate C.
Subsequently, in the post-processing step, HO act as a
nucleophile to facilitate the hydration to generate interme-
diate D. Accordingly, another PtCl, is removed from
intermediate D to give intermediate E, including the
negative-charged oxygen through electron transfer in the

Scheme 1. Synthesis route of 9-hydroxy-8H-pyrano[3,2-flindol-2-one (7).
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Scheme 2. Possible mechanism for PtCl, catalyzed one-step reaction of cyclization and demethylation affording 7.
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Figure 2. Characteristic N-H proton signals in the "H-NMR spectra of 5, 6, and 7.

intramolecular. Then, the intermediate E undergoes a rapid
hydride transfer from O-H of water to the negative-charged
oxygen of intermediate E to give the target compound 7.

The synthesis of indol homologous compounds 5, 6, and
7 were distinguished by characteristic signals in their 'H-
NMR spectra corresponding to the shift of indol N-H pro-
ton, respectively (Fig. 2). Contrast to 5, the signal of N-H
proton in 6 displayed a characteristic of field shifting to
0=8.40ppm due to the deshielding effect of propargyl
ester. In compound 7, the deshielding effect of pyrone-ring
is even lower as the signal of N—H proton shift to lower
field in indol region appearing at 6 =12.58 ppm.

CONCLUSIONS

In conclusion, we have described an efficient method for
the first total synthesis of a novel pyrrolocoumarin 9-hy-
droxy-8H-pyrano[3,2-flindol-2-one. The catalysis of PtCly
was to be worth investigating for one-step reaction of
cyclization and demethylation, although the transformation
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rate was low. Further biological study of 9-hydroxy-8H-
pyrano[3,2-flindol-2-one and the synthesis of modified
derivatives are currently underway in our group.

EXPERIMENTAL

Melting points were measured on an X-4 microscope melting
point apparatus (Henan, China) and were uncorrected. Infrared
spectra were recorded on a Shimadzu Fourier transform Fourier
transform infrared 440 spectrometer (SHIMADZU, Japan) in the
4000-500 cm™" range. NMR spectra were recorded on a Bruker
AVANCE 400 MHz spectrometer (Bruker, Germany) in CDClj
or DMSO-ds. The chemical shifts (0 values) are given in parts
per million downfield from tetramethylsilane as the internal refer-
ence. The molecular weights were performed on a Shimadzu GC-
MS-QP2010 spectrometer (SHIMADZU, Japan). High resolution
mass spectra were recorded on Bruker micrOTOF-Q II spectrom-
eter (Bruker, Karlsruhe, Germany). All the solvents and
chemicals were obtained from commercial sources and were used
without further purification unless otherwise stated. The synthetic
procedure was controlled by the method of thin-layer chromatog-
raphy (TLC) on 0.25 mm silica gel plates (60 GF-254, Qindao
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Ocean Chemical Company, China) and visualized with ultraviolet
light (Shanghai, China). The products were purified by recrystal-
lization or flash chromatography. Column chromatography was
carried out on silica gel (300400 mesh, Qindao Ocean Chemical
Company, China).

Acetic acid 4-formyl-2-methoxy-phenyl ester (1).  Vanillin
(10.00 g, 65.72mmol) was dissolved in 6% aqueous sodium
hydroxide solution (50 mL), and acetic anhydride (10.60 mL,
112.34 mmol) in dry THF (60 mL) was added dropwise. The
mixture was vigorously stirred at RT for 4h. THF was
removed under reduced pressure. The residue was extracted
with ethyl acetate (2x50mL). The organic phase was
washed with brine solution and dried over anhydrous
Na,SO,. After removal of the solvent, the residue was
washed with ice ethanol (3x10mL) and dried to give 1 as
white needles, 11.10g (87%), mp 76-77°C (lit. [6a] mp 77°
C, no range given); Ry=0.64 (petroleum ether-EtOAc, 2:1);
IR (KBr): 2960, 2847, 1750 (C=0), 1680 (C=0), 1279,
1209em™"; "H-NMR (CDCl3): ¢ 2.35 (s, 3H, COCH3), 3.91
(s, 3H, OCH3), 7.23 (d, J=7.6Hz, 1H, ArH), 7.52-7.46
(m, 2H, ArH), 9.95 (s, 1H, CHO); “C-NMR (CDCls): ¢
20.75 (COCHj;), 56.18 (OCHj), 110.89, 123.51, 124.84,
13531, 145.00, 152.04 (C-aryl), 168.46 (COCHj), 191.16
(CHO); MS (EI, m/z): 194 [M]*. The spectral data are in
agreement with literature values.

Acetic acid 4-formyl-2-methoxy-3-nitro-phenyl ester
(2). To a solution of fuming nitric acid (40mL) was slowly
added 1 (10.00g, 51.50mmol) over 20min at —20°C. The
resulting mixture was stirred at this temperature for 0.5h. Then,
the reaction mixture was poured into ice water (200 mL). The
precipitate was filtered, washed with ice water:ethanol (5:1,v/v)
and dried to give 2 as a white solid, 10.30g (84%), mp 84-85°C
(lit. [6¢] mp 87°C, no range given); R=0.40 (petroleum ether—
EtOAc, 2:1); IR (KBr): 2960, 2870, 1776 (C=0), 1709 (C=0),
1550 and 1373 (NO,), 1277, 1182cm™'; "H-NMR (CDCl;): ¢
242 (s, 3H, COCHs;), 3.96 (s, 3H, OCH3), 7.45 (d, J=8.4Hz,
1H, ArH), 7.72 (d, J=8.4Hz, 1H, ArH), 991 (s, 1 H, CHO);
SC-NMR (CDCl3): 6 20.94 (COCHg), 63.10 (OCH3), 125.66,
126.17, 126.25, 144.55, 145.71, 149.23 (C-aryl), 167.63
(COCH3), 185.81 (CHO); MS (EL, m/z): 239 [M]". The spectral
data are in agreement with literature values.

4-Hydroxy-3-methoxy-2-nitro-benzaldehyde (3). To a
stirred solution of 7% aqueous sodium hydroxide solution
(60mL) was slowly added 2 (10.30g, 43.06 mmol), and the
mixture was stirred at RT for 0.5h. The reaction mixture was
acidified with 2M HCI at 0°C. The precipitate was filtered,
washed with ice water, and dried to give 3 in dark as a yellow
solid, 8.23g (97%), mp 135-136°C (lit. [6a] mp 137°C, no
range given); Ry=0.16 (petroleum ether-EtOAc, 2:1); IR (KBr):
3276 (OH), 2959, 2928, 1670 (C=0), 1575, 1540 and 1373
(NO»), 1317, 1275, 1202cm™'; 'H-NMR (CDCls): & 3.98 (s,
3H, OCHy;), 6.40 (s, 1H, OH), 7.22 (d, /J=8.4Hz, 1H, ArH),
7.66 (d, J=8.4Hz, 1H, ArH), 9.81 (s, 1 H, CHO); “C-NMR
(CDCl;): ¢ 63.11 (OCHj), 117.71, 120.96, 128.42, 139.12,
144.53, 155.25 (C-aryl), 185.80 (CHO); MS (EI, m/z): 197
[M]*. The spectral data are in agreement with literature values.

4-Hydroxy-3-methoxy-2,4-dinitrostyrene (4). To a
solution of 3 (8.23g, 41.75mmol) in acetic acid (100 mL),
ammonium acetate (8.00g, 103.79mmol) and nitromethane
(7.64 g, 125.16 mmol) were added under nitrogen and stirred at
120°C for 2h (or until the reaction was complete as judged by
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silica gel TLC in CH,Cl,). The mixture was then cooled to
40° C and poured into ice water (300 mL). The mixture was
extracted with CH,Cl, (7x100mL). The organic phase was
washed with water (2x100mL) and brine solution
(2x100mL), dried over anhydrous Na,SO,, then the solvent
was concentrated in vacuum. The residue was purified by flash
chromatography (silica gel; CH,Cl,) to give 4 as a yellow solid,
7.38g (74%), mp 164-166°C; R;=0.20 (CH,CL); IR (KBr):
3414(0OH), 3109, 2945, 2928, 2852, 1603, 1525 and 1342
(NO»), 1298, 1220, 1064cm™"; "H-NMR (DMSO-dg): & 3.97
(s, 3H, OCHj), 7.44 (s, 1H, CHCHNO,), 7.58 (s, 1H,
CHCHNO,), 825 (d, J=132Hz, 1H, ArH), 844
(d, J=132Hz, 1H, ArH), 10.88 (s, 1H, OH); "“C-NMR
(CDCl3): 6 61.53 (OCHj3), 112.59, 119.34, 124.67 (C-aryl),
130.94 (CHCHNO,), 138.86 (CHCHNO,), 139.34, 146.42,
154.98 (C-aryl); MS (EL, m/z): 240 [M]*; HR-ESI-MS: m/z
caled for CoHgN,Og [M +Nal* 263.0280; found, 263.0223.

6-Hydroxy-7-methoxyindole (5).  Under nitrogen, to a
solution of 4 (0.50 g, 2.08 mmol) in dry methanol (10 mL), 10%
Pd/C (0.05 g) and acetic acid (0.10 mL) were added and stirred
at RT for 20min. Then, ammonium acetate (1.21g,
19.19 mmol) was added and stirred at RT for 15h. The Pd/C
was filtered and washed with methanol. The combined solvents
were evaporated, and the crude residue was subjected to column
chromatography (silica gel; petroleum ether—acetone, 3:1) to
obtain 5 as a white crystal, 0.13 g (38%), mp 85°C (lit. [11] mp
85°C); Ry=0.53 (petroleum ether—acetone, 2:1); IR (KBr): 3495
(OH), 3420 (NH), 3105, 2947, 2843, 1620, 1506, 1411,
1333, 1236, 1202, 1047, 725cm™'; "H-NMR (CDCl3): J 3.98
(s, 3H, OCHj3), 5.27 (s, 1H, OH), 6.50 (s, 1H, H-pyrrol),
6.81 (d, J=8.4Hz, 1H, ArH), 7.11 (s, 1 H, H-pyrrol), 7.25
(s, 1H, ArH), 8.09 (s, 1H, NH); C-NMR (CDCl;): J 60.82
(OCH3;), 103.40 (C-pyrrol), 110.30, 116.61, 123.30 (C-aryl),
124.14 (C-pyrrol), 129.20, 131.78, 143.42 (C-aryl); MS
(BL, m/7): 163.1 [M]".

7-Methoxy-1H-indol-6-yl propiolate (6).  Under nitrogen,
a solution of propiolic acid (0.67mL, 10.90mmol) in dry
CH,Cl, (50mL) was stirred at 0°C for 10min. Then,
dicyclohexylcarbodiimide (2.25g, 10.90 mmol) in dry CH,Cl,
(5 mL) was added. A white precipitate formed after stirred 15s.
A solution of 5 (1.18g, 7.23mmol) in anhydrous CH,Cl,
(2mL) was added to the reaction mixture. Lastly, 4-
dimethylamiopryidine (0.12 g, 0.98 mmol) was dissolved in dry
CH,Cl, and added dropwise to the stirring solution. The
reaction was stirred under nitrogen at 0°C until complete
consumption of 5 was monitored by TLC (2h), and then the
mixture was concentrated in vacuum. The solid residue was
suspended in EtOAc, filtered, and the filtrate was washed with
brine. The collected organic layers were dried over anhydrous
MgSO, and evaporated under reduced pressure. The solid
residue was purified by chromatography (silica gel; petroleum
ether—acetone, 3:1) to obtain 6 as a white solid, 0.74 g (48%),
mp 112-113°C; Ry=0.60 (petroleum ether-acetone, 2:1); IR
(KBr): 3392 (NH), 3259 (C=CH), 2941, 2810, 2123 (C=C),
1732 (C=0), 1600, 1500, 1338, 1242, 1200, 1057, 750cm™";
"H-NMR (CDCl5): & 3.09 (s, 1 H, C=CH), 4.00 (s, 3H, OCH3),
6.55 (s, 1H, H-pyrrol), 6.85 (d, /J=8.8Hz, 1H, ArH), 7.23
(s, 1H, H-pyrrol), 7.34 (d, J=8.8Hz, 1 H, ArH), 8.40 (s, 1 H,
NH); "*C-NMR (CDCly): § 61.08 (OCH3), 74.24(C=CH),
103.41 (C-pyrrol), 115.00 (C=CH), 115.98 (C-aryl), 125.16
(C-pyrrol), 128.59, 129.37, 136.05, 136.89 (C-aryl), 151.35
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(C=0); MS (EL, m/z): 215 [M]*; HR-ESI-MS: m/z caled for
C2HoNO; [M + Na]* 238.0480; found, 238.0428.

9-Hydroxy-8H-pyrano[3,2-flindol-2-one (7). To a solution
of 6 (0.74g, 3.44mmol) in 1,4-dioxane and 1,2-dichloroethane
(1:1, 10 mL), Smol% PtCl, (0.06 g) was added. The mixture was
stirred under nitrogen at 65°C for 1.5h, then extracted with
EtOAc (3x50mL) after the PtCl,; was filtered. The combined
solvents were evaporated, and the crude residue was subjected to
column chromatography (silica gel; petroleum ether—acetone, 3:1)
to obtain 7 as a light brown solid, 0.14 g (20%), mp 175-176°C;
R;=0.39 (petroleum ether—acetone, 2:1); IR (KBr): 3475 (OH),
3238 (NH), 3092, 2926, 2852, 1780 (C=0), 1636, 1500, 1402,
1188, 1024, 760cm '; 'H-NMR (DMSO-dg): d 5.76 (d,
J=9.2Hz, 1H, H-pyrano), 6.33 (s, 1 H, OH), 6.52 (d, /J=5.2Hz,
1 H, H-pyrrol), 6.87 (d, J=9.6Hz, 1H, H-pyrano), 7.40 (s, 1 H,
ArH), 7.62 (d, J=5.2Hz, 1 H, H-pyrrol), 12.58 (s, 1 H, NH); *C-
NMR (DMSO-dy): 6 89.38 (C-pyrrol), 108.58 (C-pyrano),
122.00, 124.20 (C-aryl), 124.94 (C-pyrrol), 126.74, 130.87,
133.04 (C-aryl), 155.73 (C-pyrano), 173.75 (C-aryl), 178.94
(C=0); MS (EI, m/z): 201.0 [M]"; HR-ESI-MS: m/z caled for
C,1H;NO3 [M + Na]" 224.0324; found, 224.0301.

Acknowledgments. This work was financially supported by the
National Natural Science Foundation of China (No. 81202494,
30730110). We are grateful to Professor Zongru Guo for
practical guidance during the course of this project.

REFERENCES AND NOTES

[1] (a) Murray, R. D. H.; Méndez, J.; Brown, S. A. The Natural
Coumarins: Occurrence, Chemistry and Biochemistry; John Wiley &
Sons: New York, 1982; (b) Marumoto, S.; Miyazawa, M. Bioorg Med
Chem 2010, 18, 455.

[2] (a) Ng, T. B.; Liu, F.; Wang, Z. T. Life Sci 2000, 66, 709; (b)
Huang, G.-J.; Deng, J.-S.; Liao, J.-C.; Hou, W.-C.; Wang, S.-Y.; Sung, P.-

Journal of Heterocyclic Chemistry

First Total Synthesis of 9-Hydroxy-8H-pyrano[3,2-f]indol-2-one

J.; Kuo, Y.-H. J Agr Food Chem 2012, 60, 1673; (c) Sardari, S.; Mori, Y.;
Horita, K.; Micetich, R. G.; Nishibe, S.; Daneshtalab, M. Bioorg Med
Chem 1999, 7, 1933.

[3] (a) Sancho, R.; Marquez, N.; Gomez-Gonzalo, M.; Calzado,
M. A.; Bettoni, G.; Coiras, M. T.; Alcami, J.; Lopez-Cabrera,
M.; Appendino, G.; Munoz, E. J Biol Chem 2004, 279, 37349; (b) Oliveira,
A. M. A. G.; Raposo, M. M. M.; Oliveira-Campos, A. M. F.; Machado,
A. E. H.; Puapairoj, P.; Pedro, M.; Nascimento, M. S. J.; Portela,
C.; Afonso, C.; Pinto, M. Eur ] Med Chem 2006, 41, 367; (c) Bergendorff,
O.; Dekermendjian, K.; Nielsen, M.; Shan, R.; Witt, R.; Ai, J.; Sterner,
O. Phytochemistry 1997, 44, 1121.

[4] (a) Bordin, F.; Baccichetti, F.; Marzano, C.; Carlassare, F.;
Miolo, G.; Chilin, A.; Guiotto, A. Photochem Photobiol 2000, 71, 254; (b)
Gould, J. W.; Mercurio, M. G.; Elmets, C. A. J Am Acad Dermatol 1995,
33, 551; (c¢) Stern, R. Lancet 1994, 344, 1644; (d) Hook, G. J.;
Heddle, J. A.; Marshall, R. R. Cytogenet Cell Genet 1983, 35, 100.

[5] Kitamura, N.; Kohtani, S.; Nakagaki, R. J Photochem
Photobiol C Photochem Rev 2005, 6, 168.

[6] (a) Grenier, J. L.; Cotelle, N.; Catteau, J. P.; Cotelle, P. J Phys
Org Chem 2000, 13, 511; (b) Sommer, K.; Williams, R. M. Tetrahedron
2009, 65, 3246; (c) Imada, I.; Morimoto, H. Chem Pharm Bull 1965,
13, 130; (d) Erasmuson, A. F.; Ferrier, R. J.; Franca, N. C.; Gottlieb,
H. E.; Wenkert, E. J] Chem Soc Perkin Trans 1 1977, 492.

[71 Murphy, B. P. US Patent 4595765A, 1986.

[8] (a) Chen, G.; Sames, D.; Gubernator, N.; Yee, D. J. WO
2006026368A2, 2006; (b) Kitamura, T.; Otsubo, K. J Org Chem 2012,
77, 2978.

[9]1 (a) Ameta, R. K.; Singh, M.; Kale, R. K. New J Chem 2013, 37,
1501; (b) Guseva, E. V.; Khasanshin, R. A.; Zinkicheva, T. T.; Yarkova,
E. G.; Polovnyak, V. K. Russ J Gen Chem 2007, 77, 1864; (c) Bokach,
N. A.; Kukushkin, V. Y.; Kelly, P. F.; Haukka, M.; Pombeiro, A. J. L. Dalton
Trans 2005, 1354.

[10] (a) Teicher, B. A.; Herman, T. S.; Kaufmann, M. E. Radiat Res
1989, 120, 129; (b) Hiroya, K.; Matsumoto, S.; Ashikawa, M.; Ogiwara,
K.; Sakamoto, T. Org Lett 2006, 8, 5349; (c) Kong, W. Q.; Cui, J.; Yu,
Y. H.; Chen, G. F.; Fu, C. L.; Ma, S. M. Org Lett 2009, 11, 1213; (d)
Dieguez-Vazquez, A.; Tzschucke, C. C.; Lam, W. Y.; Ley, S. V. Angew
Chem Int Ed 2008, 47, 209; (e) Oh, C. H.; Bang, S. Y.; Rhim, C. Y. Bull
Korean Chem Soc 2003, 24, 887.

[11] Beer, R. J. S.; Clark, K.; Davenport, H. F.; Robertson,
A. J Chem Soc 1951, 2029.

DOI 10.1002/jhet



