
A synthetic approach to the pseudopterosins 

Simon Gill," Philip Kocienski,*" Andrew Kohler," Alessandro Pontirolia and Liu Qunb 
a Department of Chemistiy, The University, Southampton, UK SO1 7 1BJ 

Department of Chemistry, Northeast Normal University, Changchun 130024, Peoples Republic of China 

Three Lewis acid catalysed reactions used in a synthesis of 
the tricyclic core of the marine anti-inflammatory 
pseudopterosins are reported; the reductive cleavage of an 
oxirane with inversion, the cyclisation of an a-hydroxy 
ketenedithioacetal to an arene, and a stereoselective 
annulation using an allylic sulfone as the electrophile. 

was critical to the success of the reaction since similar treatment 
of the dithioacetal derivative 13 under identical conditions 
returned the methylthioarene 14 (Scheme 2) in 84% yield.20 

To complete the synthesis, the alcohol 10 was converted to its 
tosylate 11 which was then added to the lithium derivative of 

Pseudopterosins A-D la-d were the first members of a family 
of diterpene pentose glycosides isolated from the Caribbean sea 
whip Pseudopterogorgia elisabethae. Their potent anti- 
inflammatory and analgesic activities were the spur for the total 
syntheses of the glycoside,24 the aglycone,5,6 and advanced 
fragments of pseudopterosins A and E.7-13 We now report a 
highly stereoselective synthesis of the tricyclic derivative 2 
whose enantiomer had previously been converted to pseudo- 
pterosin A la.6 The absolute configuration of 2 corresponds to 
the tricyclic core of pseudopterosins K le  and L If  which have 
yet to be synthesised.14 

The synthesis began (Scheme 1) with a highly stereoselective 
hydroxy group directed epoxidationl5 of ( 1 S,2S,SR)-neoisopu- 
legol3 which is readily available from commercial (lR,2S,5R)- 
isopulegol. 16 The oxirane 4 was cleaved with clean inversion of 
configuration by reduction with NaBH3CN in the presence of 
BF3.0Et2 to give the diol 5 as a single diastereoisomer in 79% 
yield. 17 Selective protection of the primary hydroxy group 
(84%) followed by Swern oxidation returned the ketone 7 which 
was then converted to the a-oxoketenedithioacetal 8 by a one- 
pot, four step procedure involving reaction of the lithium 
enolate derived from 7 with CS2 followed by a second 
enolisation and trapping of the intermediate ketene dithiolate 
with 1,3-dibromopropane (7 1 % overall). 

A critical step in the synthesis was the conversion of 
a-oxoketenedithioacetal 8 to the aromatic ring in intermediate 
10-a reaction which is based on the work of Dieter, Ila and 
Junjappa. 18.19 Thus, addition of methallylmagnesium chloride 
to the ketone 8 followed by treatment of the crude alcohol 9 with 
BF,.OEt, in MeOH-THF gave methoxyarene 10 in 63% overall 
yield for the two steps. The structure of the ketenedithioacetal 
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Scheme 1 Reagents and conditions: i, V O ( a ~ a c ) ~ ,  ButOOH, PhH, room 
temp.; ii, NaBH3CN, BF3-OEt2, THF; iii, TBSCl, imidazole, DMF, room 
temp.; iv, Swem oxidation; v, LHMDS, DMPU, THF, -78 "C; vi, CS2, 
-78+0 "C; vii, LHMDS, -78 "C; viii, Br(CH2)3Br, -78 "C+room temp.; 
ix, methallylmagnesium chloride, THF, 0 "C; x, BF3-OEt2, MeOH-THF, 
-40 "C-+room temp.; xi, TsC1, DMAP, NEt3, 0 "C-+room temp.; 
xii, Me2C = CH-CH(Li)S02Ph, THF, -78 oC-+room temp.; xiii, EtAlC12, 
THF, -78 "C-+room temp. 
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Scheme 2 Reagents and conditions: i, methallyl magnesium chloride; 
ii, BF3.0Et,, THF-MeOH, 84% 
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3-methylbut-2-enyl sulfone to afford the alkylation product 12 
as a mixture (ca. 1 : 1) of diastereoisomers in 91% yield. 
Treatment of the mixture of sulfones 12 with EtAlC12 in THF at 
-78 "C returned the tricycle 2 as a mixture of diastereoisomers 
(10 : 1) in favour of the desired stereochemistry.21 The structure 
and stereochemistry of pure diastereoisomer 2 obtained by 
simple crystallisation from 2-PrOH (mp 95-96 "C) was 
confirmed by comparison with NMR spectra kindly provided 
by Dr Stuart McCombie of the Schering-Plough Research 
Institute. 

In conclusion we have accomplished a concise and efficient 
synthesis of the enantiomerically pure tricyclic core of the 
pseudopterosins starting from cheap and readily available 
starting materials. Since (lR,2R,5S)-neoisopulegol (ent-3) is 
available from commercial (S)-citronellal, both enantiomeric 
series of the pseudopterosin aglycones are available by our 
route. A noteworthy feature of our synthesis is the trans- 
formation of a-oxoketenedithioacetal 8 to methoxyarene 10 - 
a transformation which hitherto has been limited to the 
production of methylthioarenes as in 1 L 1 4 .  
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