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Abstract—A six-step, first synthesis of an anti-Helicobacter pylori secondary metabolite, CJ-13,015 (1a), in 65% overall yield, is
described, starting from 5-methylfurfural (2), via a Wittig reaction of the ylide generated in situ from (8-hydroxyoctyl)triphenyl-
phosphonium bromide, selective reduction of the newly formed carbon–carbon double bond, conversion of the alcohol to a halide,
coupling with the anion of 3,5-dimethoxyphthalide and a chemoselective conversion of the protective furan group to a 1,4-dicar-
bonyl system as a key reaction.
� 2004 Elsevier Ltd. All rights reserved.
Gastric and duodenal ulcers affect a significant portion
of the human population worldwide. The root cause of
gastric and duodenal ulcers is the presence of the
microaerophilic Gram-negative bacterium Helicobacter
pylori, which appear to live beneath the mucus layer of
the stomach.1;2 Current therapy is not entirely successful
in achieving long-term eradication of H. pylori and re-
lapse is a problem.1;2 However, long-term treatment
with current therapies is not recommended and,
accordingly, there is a need for a safe and effective
treatment with a compound having an excellent anti-H.
pylori activity. Recently, in a screening programme de-
signed to discover such compounds, Dekker et al.3 iso-
lated the new phthalides 1a–g from the basidiomycete
Phanerochaerte velutina with promising anti-H. pylori
activity (Table 1). These secondary metabolites 1a–g
were isolated in very small amounts and a realistic
supply of these natural products for further biological
evaluation was required. In continuation of our on-
going studies4 on the synthesis of recently isolated bio-
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active natural products, we report herein the first total
synthesis of CJ-13,015 (1a) (Scheme 1).

The retrosynthetic analysis of the microbial secondary
metabolite CJ-13,015 revealed that 5-methylfurfural,5 8-
bromo-1-octanol6 and 3,5-dimethoxyphthalide7 would
be suitable building blocks to access 1a. The Wittig
reaction of 5-methylfurfural (2) with the ylide generated
in situ from the reaction of (8-hydroxyoctyl)triphenyl-
phosphonium bromide and sodium methylsulfinyl-
methanide in a mixture of DMSO–THF (1:1) furnished
the Z- and E-isomers 3 in an 82% yield. Palladium on
charcoal induced selective catalytic hydrogenation of the
newly generated carbon–carbon double bond in 3 gave
the furan derivative 4 in quantitative yield. The primary
alcohol 4 was treated with p-toluenesulfonyl chloride to
form the corresponding tosylate 5 (96% yield), which, on
reaction with lithium bromide, yielded the desired furan-
containing alkyl halide 6 in 95% yield. The halide 6
underwent a smooth SN2 substitution reaction with the
anion of 3,5-dimethoxyphthalide in THF at 50 �C to
yield the desired coupled product 7 in 90% yield. The
furan moiety in compound 7 underwent a clean
chemoselective hydrolysis in a refluxing acetic acid–
water mixture (1:1) in the presence of a catalytic amount
of dilute sulfuric acid to furnish, exclusively, the desired
bioactive natural product CJ-13,015 (1a), in quantitative
yield. Starting from 5-methylfurfural (2), 14-(1,3-dihy-
dro-4,6-dimethoxy-3-oxo-1-isobenzofuranyl)-2,5-tetra-
decanedione (1a) was obtained in six steps and in 65%
overall yield. The analytical and spectral data obtained
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Table 1. New microbial secondary metabolities and their helicobactericidal activities

O

O

CH2CH2CH2CH2CH2R

OMe

MeO

1a-g

Compound R Activity (lg/disk that gives a 15mm zone)

CJ-13,015 (1a) –CH2CH2CH2CH2COCH2CH2COCH3 2

CJ-13,102 (1b) –CH2CH2CH2CH2CH(OAc)CH2CH2COCH3 0.5

CJ-13,103 (1c) –CH2CH2CH2CH2CH2CH2COCH2COCH3 50

CJ-13,104 (1d) –CH2CH2CH2CH2CH2CH2CH2CH(OH)CH3 500

CJ-13,108 (1e) –CH2CH2CH2CH2CH2CH2CH2COCH3 10

CJ-12,954 (1f) OO
H
Me

O
O Me

H

0.02

CJ-13,104 (1g) 0.02

OCH3 CHO
OCH3 CH=CH-CH2(CH2)5CH2OH OCH3 CH2(CH2)7CH2OH

OCH3 CH2(CH2)7CH2OTs OCH3 CH2(CH2)7CH2Br

O

OOMe

MeO
CH2(CH2)7CH2COCH2CH2COCH3

i ii

iii iv v

vi
O

O

MeO
CH2(CH2)7

OMe

OCH2 Me

2 3 (E:Z = 19:81) 4

5 6

7
CJ-13,015 (1a) 

Scheme 1. Reagents, conditions and yields: (i) HOCH2(CH2)6CH2
þPPh3Br

� (1.1 equiv), NaþCH2
�SOCH3 (2.2 equiv), DMSO–THF (1:1), 0 �C, 1 h

(82%); (ii) H2, Pd–C, methanol, rt, 4 h (98%); (iii) p-TsCl (1.1 equiv), TEA (2.2 equiv), DMAP, DCM, rt, 6 h (96%); (iv) LiBr (8 equiv), NaHCO3

(10 equiv), acetone, rt, 15 h (95%); (v) (a) 3,5-dimethoxyphthalide (1.5 equiv), LDA (1.5 equiv), THF, 0 �C to rt, 30min, (b) 6 (1 equiv), 50 �C, 1 h, aq
workup, (90%); (vi) H2O–AcOH (1:1), cat. Hþ/H2SO4 (dil), reflux, 2 h, (98%).
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for CJ-13,015 (1a)8 were in complete agreement with the
reported data.3

In summary, we have demonstrated a simple and effi-
cient total synthesis of the anti-H. pylori microbial sec-
ondary metabolite, CJ-13,015 in six steps and in 65%
overall yield. In the present synthesis, the use of furan to
introduce the 1,4-dicarbonyl system is noteworthy. We
feel that the present approach is general and may be
employed to design several natural and unnatural ana-
logues of this secondary metabolite. Starting from 3, our
work on the total synthesis of the more active secondary
metabolites CJ-12,954 (1f) and CJ-13,014 (1g) is in
progress.
Supplementary material

Analytical and spectral data for compounds 3–7 are
included.
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