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Abstract—A one-step synthesis of tetrahydropyranopyranones, a ring system present in the natural product FR182877, from
carbonyl compounds is described. © 2001 Elsevier Science Ltd. All rights reserved.

The natural product FR182877 was isolated by workers
at Fujisawa in Japan from the fermentation broth of
Streptomyces sp. No. 9885.1 It is of significant biologi-
cal interest since it exhibits microtubule stabilisation
properties reminiscent of taxol.2 Its structure and rela-
tive stereochemistry were determined1c by X-ray crystal-
lography on a derivative which revealed an intriguing
polycyclic structure 1 (Scheme 1) including a strained
bridgehead olefin. This combination of biological activ-
ity and fascinating structure will undoubtedly attract
the interest of synthetic chemists.3,4 Indeed, Sorensen
has already described progress towards an ingenious
proposed biomimetic synthesis.3 One of the most inter-
esting subunits of 1 is the tetrahydropyranopyranone 2.
We envisaged that a rapid synthesis of this ring system
might be possible by reaction between a carbonyl com-
pound and the anion derived from �-deprotonation of
ester 3. Here we report the realisation of this goal,

providing a simple synthesis of the tetra-
hydropyranopyranone unit and allowing the rapid
preparation of a range of analogues.

Initial studies centred on the unsubstituted system 3a.
Compound 3a is commercially available but may be
prepared in a single step from ethyl acetoacetate and
1,3-dibromopropane.5 With 3a in hand, we investigated
anion generation. Treatment with 1 equiv. LDA in
THF at −78°C followed by addition of benzaldehyde
and subsequent standing in the freezer overnight at
−22°C pleasingly led after standard aqueous work up
to the desired tetrahydropyranopyranone 2 in 81% yield
(Scheme 2 and Table 1, entry 1). As well as spectro-
scopic characterisation, the product structure was con-
firmed by X-ray crystallography.6 We were pleased to
find that the method could be extended to an aliphatic
aldehyde, propionaldehyde (entry 2), and ketones

Scheme 1.

* Corresponding author. E-mail: a.armstrong@ic.ac.uk

0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (01 )00803 -6



A. Armstrong et al. / Tetrahedron Letters 42 (2001) 4585–45874586

Scheme 2.

In conclusion, we have demonstrated an extremely
short synthesis of the tetrahydropyranopyranone ring
system, which is present in the natural product
FR182877. Efforts to extend this and related cyclisation
reactions to more functionalised substrates are
underway.
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7. Typical procedure (entry 1 in Table 1, preparation of
7-phenyl-3,4,7,8-tetrahydro-2H-pyrano[4,3-b ]pyran-5-one):
A solution of nBuLi in hexanes (0.293 ml, 2.51 N,
0.735 mmol) was added to iPr2NH (0.109 ml, 0.772 mmol)
in THF (1.5 ml) under nitrogen at 0°C. The reaction
mixture was stirred for 30 min, then cooled to −78°C
before dropwise addition of a solution of ester 3a (100 mg,
0.588 mmol) in THF (0.5 ml). The reaction mixture was
stirred at −78°C for 35 min. Benzaldehyde (0.090 ml, 0.882
mmol) was then added dropwise and the reaction mixture
stirred for 90 min at −78°C, then the reaction flask was
sealed up and placed in the freezer (at −22°C) overnight.
The reaction mixture was taken up in diethyl ether and
water, and the aqueous layer extracted twice with diethyl

Table 1. Synthesis of tetrahydropyranopyranones from
carbonyl compounds7

cis :transeR3R2R1Entry Yieldf

Ph H – 81gH1
H nPr2 H 83–
H3 82g–-(CH2)5-
H 424a –CO2EtCO2Et
H CH�CH2 H – 425
CH3 Ph H 55:45 826

n.d.h43:57H7b PhCH3

Ph8c HCH3 30:70 n.d.h

9d n.d.h22:78HPhCH3

50:50H 77nPrCH310
–11 39CH3 -(CH2)5-

a The initial adduct was treated with CSA (1 equiv.) in toluene at
reflux for 14 h to effect cyclisation.

b 0.5 equiv. of DMPU added before the aldehyde.
c 2 equiv. of DMPU added.
d 8 equiv. of DMPU added.
e Ratio measured by GC. Stereochemistry assigned by 1H NMR

coupling constant analysis.
f Isolated yield of cis :trans mixture.
g Product structure confirmed by X-ray crystallography.6
h n.d., not determined.

(cyclohexanone, entry 3; diethyl ketomalonate, entry 4).
In the ketomalonate case, treatment of the initial
adduct with CSA was necessary after the anion-addi-
tion step in order to induce lactonisation. Particularly
noteworthy is the fact that acrolein gave a reasonable
yield (entry 5), since the exocyclic olefin in the product
could provide a handle for eventual closure of the
seven-membered ring in the natural product by, for
example, olefin metathesis. We next investigated the
incorporation of the methyl substituent present in the
natural product. The required ester 3b was again pre-
pared in a single step from 1,3-dibromopropane and
commercially available ethyl propionylacetate.5 Anion
formation and reaction with benzaldehyde again led to
tetrahydropyranopyranone formation in good yield,
with the product being formed as a 55:45 mixture of
cis :trans diastereomers (entry 6). We investigated the
effect of the presence of DMPU on this diastereomeric
ratio (entries 7–9); while the products from these reac-
tions were not purified, GC analysis of the crude reac-
tion mixture indicated that this additive promoted
formation of the trans-isomer.
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ether. The combined organic layers were washed with sat.
brine solution and dried over magnesium sulphate, filtered,
then concentrated in vacuo. The resulting crude was
purified by flash column chromatography, eluting with
3:10 ethyl acetate:petrol spirit (40–60°C), to obtain the
desired product (109 mg, 81%) as a white solid, mp
116–118°C; �max 1689, 1648 cm−1; �H (300 MHz, CDCl3):

7.45–7.30 (5H, m, ArH), 5.41 (1H, dd, J 12.4, 4.0, CHPh),
4.28–4.06 (2H, m, CH2O), 2.87–2.28 (4H, m), 1.98 (2H,
m); �C (300 MHz, CDCl3): 167.3 (C), 165.2 (C), 138.9 (C),
128.6 (CH), 128.5 (CH), 126.0 (CH), 100.6 (C), 76.6 (CH),
67.7 (CH2), 34.6 (CH2), 21.6 (CH2), 18.6 (CH2); MS
found: [M+H]+, 231.1010; C14H14O3+H+ requires: [M+H+],
231.1021.

.


