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Abstract: A total synthesis of pterosines B and C is reported. Start-
ing with a fourfold substituted benzene derivative, the introduction
of the remaining substituents is mainly based on Sonogashira cou-
plings followed by different transformations of the ethyne moiety.
The key step is a photochemical ring-closure of an a-mesyloxy
ketone forming the 1-indanone skeleton.
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The pterosines constitute a class of sesquiterpene indane
derivatives occurring in several plants, e.g. in the bracken
fern (pteridium aquilinium).1 Several pterosines have
been shown to possess interesting biological activity. Es-
pecially due to their cytotoxic2 and antibacterial3 activity
the pterosines are attractive targets for pharmaceutical ap-
plications. In the past years some total syntheses of these
compounds have been reported.4 Despite their seemingly
simple structure, the fivefold-substituted aromatic core is
a considerable synthetic challenge.

Figure 1

Recently we reported on the photochemical synthesis of
some indanones as well as on the mechanism of this reac-
tion.5 The method rests on an extension of the Norrish–
Yang reaction, called spin center shift. To date, this reac-
tion has been successfully applied to the synthesis of cy-
clopropanes,6 1,3-oxazine-4-ones7 and benzo[c]furanes.5

Herein we wish to describe an application of this photo-
chemical method on the synthesis of pterosines B and C
(Figure 1).

Our route commences with the commercially available
bromo mesitylene (1). After regioselective oxidation of
the 4-methyl group,8 reduction to alcohol 2 and protection
with isobutene we obtained tert-butyl ether 3 in good
yields. The introduction of the C2 side chain at C-1 proved
to be difficult due to the steric hindrance of this position
by the two methyl groups. Classic Grignard reaction and

halogen–metal exchange with n-BuLi gave very low
yields of the desired products. These difficulties could be
circumvented by using RiekeTM magnesium.9 Subsequent
treatment of the thus obtained Grignard reagent with ox-
irane afforded the primary alcohol 4b in very good yields.
The same procedure was applied to bromo mesitylene (1)
giving 4a. The tert-butyl ether protective group in 4b,
necessary for the Grignard reaction, must now be replaced
by a relatively acid-stable protective group (vide infra)
and we chose acetate esters. Fortunately, deprotection of
4b and protection of both hydroxy groups could be per-
formed in one step. The alcohol 4a was protected as the
acetate as well (Scheme 1).

Scheme 1 Reagents and conditions: i) 1. CrO3/Ac2O/HOAc; 2.
LiAlH4, 53%; ii) isobutene, BF3·OEt2, 99%; iii) RiekeTM-Mg, oxirane
(4a, 98%; 4b, 78%); iv) Ac2O, pyridine, DMAP, 82%; v) Ac2O,
FeCl3, 92%.

An alternative route to 5b started with 2,6-dimethylphenol
(6), which was firstly converted into the 4-hydroxy benzo-
ic ester 8 by a Kolbe–Schmidt reaction followed by
esterification.10 Differing from the approach outlined in
Scheme 1, the C2 side chain was introduced by a
Sonogashira coupling11 with trimethylsilyl ethyne and
conversion of the acetylenic unit to the acetic acid accord-
ing to the procedure described by Zweifel giving diacid
10.12 Reduction of the carboxyl groups and protection as
acetate afforded 5b (Scheme 2).

The installation of the fifth substituent started with an
iodination using the PhI(OOCCF3)/I2 system described by
Muraki et al.13 Whereas the acetate group turned out to be
suitable for the protection of the 2-hydroxyethyl group in
all subsequent steps, problems arose with the benzylic
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ester moiety in 12b. Therefore we changed the protective
group in 12b from acetate to pivalate, giving 13. Both 12a
and 13 underwent a smooth Sonogashira coupling with
trimethylsilylethyne to 14a and 14b. After removal of the
trimethylsilyl group we obtained the acetophenones 16
using a gold-catalyzed hydration (Scheme 3).14

The photochemical ring-closure to indanones5 required
the introduction of a leaving group in a-position with re-
spect to the keto group. This was achieved in good yields
by treating ketones 16 with PhI(OH)OMs (Scheme 4).15

Unfortunately, the irradiation of compounds 17 under var-
ious conditions gave the desired 1-indanones 18 only in
low yields. In this context the low site selectivity of the
initial photochemical hydrogen abstraction by the excited
carbonyl group turned out to be the main problem.

In the case of 17a this comes up to our expectations be-
cause the substituents in both ortho positions are identical.
Admittedly, we were surprised that the undesired 1-in-
danone 19 was formed in nearly the same amount as 18
from the asymmetric compound 17b as well. The C–H
bond energies of the methylene group (mode B,
Scheme 4) should be considerably lower than that of the
methyl group (mode A). Obviously, the transition states of
both modes are of very early nature and therefore the gra-
dation of the bond energies are not reflected by the site se-
lectivity. If the irradiation was performed in methanol
another problem arose. Instead of the expected 1-in-
danones 18 and 19 we obtained the methyl arylacetates 20
as main products. These compounds were formed in the
course of a photo-Favorsky rearrangement, already
known from other cases.16 Even though the preparation of
esters 20 was not the objective of this work it should be
noted that the described sequence is obviously an interest-
ing method for the introduction of acetic acid moieties
into highly substituted aromatic hydrocarbons. The results
of the irradiation of 17a and 17b are summarized in
Table 1. Best yields were achieved with tert-butanol as
solvent.17

To complete the total synthesis of pterosine B two steps
remained. Firstly, the acetate protective group in 18a had
to be cleaved by saponification, which succeeded in very
good yields with K2CO3/MeOH. The methylation using
two equivalents of LDA and MeI gave 21 (pterosine B)
with moderate yield.

Scheme 2 Reagents and conditions: i) 1. NaH; 2. CO2, 34%; ii)
SOCl2, MeOH, 92%; iii) 1. Tf2O/pyridine, 96%; 2. TMS-ethyne,
Pd(Ph3P)2Cl2, Et3N, 92%; iv) 1. BH3·THF; 2. NaOH, H2O2, 44%; v)
LiAlH4, 76%; vi Ac2O, pyridine, DMAP, 96%.
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Scheme 3 Reagents and conditions: i) I2/PhI(OOCCF3)2, 12a: 54%,
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Application of the same saponification conditions to
dipivalate 18a caused an elimination of water in the
sensitive b-hydroxyketone moiety, followed by Michael
addition of MeOH. Variation of the reaction conditions
(solvent, base) did not solve the problem but caused de-
composition of the compound at best. Finally, the diol 22
could be obtained by enzymatic saponification with
porcine liver esterase (PLE) in good yields.18,19 The
methylation with LDA/MeI completed the total synthesis
of 23 (pterosine C, Scheme 5).

Scheme 5 Reagents and conditions: i) 1. K2CO3/MeOH, 91%; 2.
LDA (2 equiv)/MeI, 43%; ii) PLE/HEPES, 54%; iii) 3 equiv LDA (3
equiv)/MeI, 49%.

In summary, we developed a total synthesis for pterosines
B (21) and C (23), which is based on a photochemical con-
struction of the 1-indanone skeleton. Even though the
yields of the photochemical ring-closure were low owing
to low site-selectivity, it was in principle demonstrated
that this method is suitable for the synthesis of highly sub-
stituted aromatic compounds.
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