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Summary: A synthesis of the unusual Spiro-benzoqulnonefuran unit (13) present 

In the marine toxin stypoldione (11, using the strategy (9)+(10)+(12)+(13), 1s 

described. 

Stypoldlone (1) and stypotriol (2) belong to a rare class of marine toxins 

produced by the brown alga Stypodium zona1e.l The two molecules, together with 

some of their co-metabolltes, show pronounced narcotic and hyparative effects upon 

reef-dwelling fish. Stypoldione (1) 1s particularly active, and has also been 

found to show antitumoral properties and inhibit cell dlvlslon In the 

fertllised sea urchin egg assay. 
2 

Two closely related diterpene-hydroqulnone 

metabolltes, medlterraneol A (3) and cystoselrol A (41, have been isolated from 

the marine alga Cystoseira medlterranea, 
3 

and it seems likely that the four 

compounds (l)+(4) have a similar biosynthetic origin, e.g.(l) from (5) via (6). 

The novel structures shown by these new marine metabolltes, together with their 

unusual mode of biological action, combine to make them desirable targets for 

synthetic lnvestlgatlons. 
4 

In this Letter, we outline a synthesis of the 

Spiro-benzoquinonefuran unit, i.e. (131, present in stypoldlone (11, using a 

strategy, viz (9) +(lO) %12) +(13), which has close similarltles to the probable 

biogenesis of this portlon of the natural product. 

Thus, conversion of 2-bromo-6-methylbenzoqulnol 
5 

to the corresponding 

bis(methoxymethy1) (MOM) derivative (7~) (BuLi, THF, O'C; then MOMCl, 0°C+25'C), 

followed by treatment of (72) with n-butyllithium (1.2 equivs., -40°C, 0.5h) 

led to the llthlo derivative (7b) which was then reacted with cyclogeranyl 

bromlde(8J6 in the presence of cuprous iodide (0.5 equivs) (-40°C+25'C over 2h) 
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to give the coupled product (9) rn 64% yield. ' Epoxrdatlon of (9) I usrng 

m_-chloroperbenzolc acid (1.3 equrvs., CH2C12,25'C,16h), next produced the 

epoxlde (10, colourless oil, 91%), which on treatment with lithium aluminium 

hydrlde- aluminium chloride (O"C, Et20, 18 days) followed by chromatography, 

resulted in reglospeclflc reduction and cleavage of the MOM protecting groups 

leading to the crystalline i-carbinol (11; 79%), m.p. 164.5 - 166"C, 6B 0.76 

(Me), 0.98 (d, J 7 Hz, CHE), 1.13 (Me), 1.6-1.8 (m, 6H), 2.2 (ArE), 2.3 

(br, OH), 2.7 (a, J 15 Hz, CsHAr), 3.06 (d, J 15H2, CHIJAr), 3.49 (q, J 'Hz, 

(CgMe), 4.35 (br, OH), 6.45 (d, J ~Hz, Ar), 6.5 (d, J 3Hz, A$), 8.78 (br, 

OH). Exposure of the qulnol f-carblnol (11) to catalytic p-toluenesulphonic - 

acid (CHC13, reflux, 7 days) then resulted rn smooth cyclisation to the 

Spiro-dihydrofuran derivative (12; 90%) which was obtained as an amorphous 

semi-solid, 6B 0.7 (d,J 6.4~~, CHS), 0.8 (Me), 0.95 (Me), 1.1-1.9 (m,6H), 2.11 

(ArMA), 2.77 (d, 2 16.5Hz, CgHAr), 3.13 (d, J 16.5Hz, CHflAr), 5.76 (br, OH), 

6.4 (br, ArH), 6.44 (br, Arg) p.p.m. The relative stereochemistry of the 

ad3acent choral centres in (12) was confirmed through an X-ray crystal 

structure determination on the corresponding I-nitrobenzoate derivative, m.p. 

123-5°C (EtOAc).8 

The synthesis of the splro-benzoqulnonefuran unit (13) in stypoldlone (1) 

was finally completed by treatment of (12) with FremY'S Salt (POtasslUm 

nltrosodlsulphonate) (2.6 equivs., KH2P04, Me2CO-H20,2h), which gave (13: 77%) 

as a deep red solid, m.p. ill-3“C, Xmax (BtOH) 272(5000), 471(1150) nm.8 u max 

(CHC~~) 1685, 1650, 1630, 1585 Cm.", Jc15.4(q), 16.7 (q), 21.1(t), 22.0(q), 

24.5(q), 30.5(t), 30.9(t), 36.0(t), 36.9(d), 38.2, 102.5, 114.6, 128.6(d), 

143.2, 170.3, 174.4, 182.8 p.p.m. Reduction of the o-benzoquinone (13), using 

sodium dithlonlte rn aqueous ethanol (1 min., 25OC), led to the corresponding 

catechol (14; 97%), a cream solld, m.p. 143-5"C, hmax (BtCH)295, (36OO)nm 

whrch became oxldised back to the qulnone (13) ln quantitative yield, 

lmmedlately on exposure to air. Both the Spiro-benzoqulnonefuran (13) and the 

catechol (14) showed n.m.r. spectroscopic data which were superimposable on all 

of the signals associated with the CDE ring portions of the corresponding 

natural products stypoldlone (1) and stypotxlol (2) respectively'. In 

addition, both stypoldlone and the analogue (13) showed a similar growth 
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innlbitlon of mouse P388 leukaemla cells in vitro with a 96% inhibltlon at 1 x 

10e4M and 17% lnhlbitlon at 1 x 10w6M.' 

We thank the S.E.R.C. for a studentship (to P.V.F.) and Professor W 

Fenical for a sample of natural stypoldione. We also thank Wellcome Research 
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