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Abstrn& a-Iodo6 and - 
underao both tributvltin hv & 

hexonolactones with a$-unsaturated esters developed from C-6 
de-induced radical and base catalvsed anionic Michael cvclisations 

to for% bicyclic la&men with very highly substituted homo$ii-al cycle manes. The~&lacton~ 
give cyclopentane rducts m which adJac!ent carbon substrtuents on t/z 
cis to each other, w 

cyclopentane ring ate 
reas y4actone.s grve cyclopentanes in which the carbon chams are trans. 

Carbohydrate lactones am almost ideal starting materials 
for the synthesis of a wide range of highly functional&d 
targets by procedures in which it is rarely necessary to use 
more than isopropylidene pt0tectioa.t Recently, we have 
reported a number of high yielding aldol reactions2 of 5- 
formyl-blactones to give very highly substituted 
cyclopentanes. However, rather different behaviour is found 
ln these reactions between compounds epimeric at C-2 of 
the lactone. Thus. the iodide la reacts with lithium iodide 
to give 2 by an overall reductive aldol condensation in 55% 
yield; only very low yields of 2 are formed by treatment of 
the epimeric 18 under the same conditions [!kheme 1). The 
reverse WBS found in the efficiency of aldol condensations 
in the case of the two epimeric iodoaldehydes. llms, 10 in 
the presence of potassium fluoride in a&to&rile gave the bicyclic iodolactone 3 in 81% yield; in contrast, 
la gave only trace amounts of 3.3 This paper extends the applications of iodoaldehydes such 1 in other 

cyclisation ma&ions; the Glactones 4 undergo (i) reductive radical cyclisations in good yields to give 5 and 
(ii) intramolecular anionic Michael closure to form 6. The highly substituted cyclopentanes 5 and 6 have 

the adjacent carbon substituents 
on the cyclopentane cis to each 
other. Nucleophilic ring opening 
of 5 and 6 should give 7. 
Analogous cyclisatioIls of the y 
lactones 8 give 9 and 10 in 
which the adjacent carbon 
substituents on the cyclopentane 
sule trans related. Reaction of 9 
and 10 should give access to 11, 
epimeric with 7. 
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The precursors for the cyclisation reactions are readily available from the aldehydes la and 18.2 
Thus, reaction of la with the stabilised Wittig reagent Ph3P=CHCOOMe gave a mixture of 4c+traus, m.p. 
125127oC. [a&u -22.4 (c. 1.04 in CHC13) in 12% yield and 4u-cis, m.p. 107-108oC, la]# -8.6 (c, 0.99 
in CHC13) in 59% yield [Scheme 21. Treatment of 4c+eis with tritluoroacetic acid in aqueous dioxan caused 
removal of the isopropylidene protecting group, isomerisation of the Glactone to the more stable ylactone 
and closure of the C-5 hydroxyl group onto the ester cat-bony1 to give the dilactone &t, an oil, [CC]Dao -47.0 
(c, 1.64 in CH3CN) in 63% yield. The remaining free hydroxyl group in &a, with trimethylsilyl chloride in 
tetrahydrofuran in the presence Of pyridine, was COnVerted into the silyl ether 12a, m.p. 97-99oc, [a]Dzo 
-53.3 (c, 0.75 in CHC13). in 76% yield. 

la 4acb 

1B 4BtM. 4Bdm w 
Scheme 2 0) phjK!HCOOMe. tohme (ii) CFJ3COOH. H20. dioxan (iii) MesSilYI, pyridine. TISF (iv) H2, Pd. NaOAc, MeOH 

The cis-olefm 4-P m.p. 17 l-173oC. [a]fl+20.6 (c. 1.06 in CHCl3), was also the major product 
[46% yield] from the Wittig reaction of lp with Ph$CHCOOMe; the rrans-isomer la-trans. m.p. 192- 
194oC, [abm +63.1 (c, 1.0 in CHC13). was isolated in 24% yield. Treatment of rl~cis, with acid gave the 
diiactone Sp, oil, [a]Du) -9.9 (c, 1.3 in CH3CN) in 80% yield, which was converted into the corresponding 
silyl ether 128, m-p. 146-148oC. [a]D2’ -66.7 (c, 1.0 in CHC13) in 76% yield. All four diastereomeric 
olefii 4 with hydrogen in methanol in the presence of palladium black gave the same saturated ester 13, 
m-p. 73-74oC. [u]D~ +107.4 (c, 1.02 in CHCl3). 

Cycfisations of iodo-&lactones 4. Fraser-Reid and co-workers5 have developed the use of 
intramolecular radical cyclisations to form very highly substituted cyclopentanes. For example, the iodoester 
14 with tributyltin hydride undergoes a reductive 
cyclisation to give the bicyclic acetal 15 in 97% &- 

COOYO 

yield;6 this procedure efficiently produces a I +._ 0 

& 

-I 

cyclopentane ring in which the two carbon & 

0 
COOYe m* 0 

O OMo 

substituents am cis-related. M60 0 
14 15 

The cyclisations of the iodo-&lactones 4 induced by tributyltin hydride provide a complementary 
procedure to that of methyl pyranosides such as 14; thus, rla-cis, 4$-&s, and 4f%trans on treatment with 
tributyltin hydride in toluene at 8ooC in the presence of AIFSN cyclise gave the bicyclic lactone 5, m-p. 60- 
61oC. [a]9 -45.7 (c, 1.02 in CHC13) in yields of 79.77 and 83% respectively [Scheme 31. 
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Scbem 3 (i) BlyjSnH, AIBN. t&ene, &PC (ii) un-BuOK, THF (ii) LiLH2O.lI-J.F 
Intramolecular anionic Michael cyclisations are widely used in synthesis, although such cl~~utes to 

form highly functional&d bicyclic systems are rare. 7 Both 4acis and 4&cis react with ~potassium terz- 
butoxide in tetrahydrofuran to give the bridgehead bicyclic iodolactone 6,8 m.p. il3- 114oC. [CZ]D~ 43.1 

(c. 1.01 in CHC13) in yields of approximately 25% The diiodo compound l6,9 m.p. 180-181oC. [a@ 
+83.9 (c, 0.81 in CHC13) could also he isolated in yields of around 10%. The fotmation of a small amount of 
16 indicates that the initially formed bicyclic anion may abstract a positive iodine from the starting material 
in preference to a proton. Unlike the marked difference in the yields of aldol products from the 
iodoaldehydes la and 1s. the behaviour of the two Z-enoates 4u-cis and 4j3-& in the intramolecular 

anionic Michael addition is almost identical; in contrast, 4&traus did not give any of the bicyclic lactone 
products. Work is in progress to optimise the yields of these ionic cyclisations. The structure of 16 was 
determined by X-ray crystallographic analysis, 16 could be converted to the monoiodo lactone 6 by 
treatment with lithium iodide hydrate in tetrahydrofurant” in 80% yield while further reduction of 6 with 
tributyltin hydride gave 5. Thus the structures of all the bicyclic lactones with the carbon chains cis to each 
other are firmly established. 

\ l2a 

/ 

Sckmc 4 (i) Bu3SnH, AIBN, tcgtene or benzene, StPC (ii) tert-BuOK, THF (iii) CF3COOH. H20, dioxau 
Cy&ations of iodo-ylactones 8 and 12. Both 8a and 8s reacted with tributyltin hydride, added 

over six hours, in benzene to give the bicyclic lactone 9,11 m.p. 189-191oC. [akP -60.6 (c, 0.99 in 
CH3CN), in yields of 50 and 49% respectively [Scheme 41. Reduction of the trimetbylsilyl ethers 12a and 
128 with triburyltin hydride, added over six hours in toluene, gave the bicyclic lactone 17,t2 m.p. 168- 

17ooC, [a]Dm -35.0 (c. 0.65 in CH3CN). in yields of 66 and 64% respectively. Treatment of 17 with 
trifluoroacetic acid in aqueous dioxan resulted in loss of the trimethylsilyl ether protecting group to give 9 in 
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quantitative yield. In all cases, competition with capture of the uncyclised radical by the tin hydride was 

more problematic than in the cyclisation of the radicals derived from the Glactones. In contrast to the cis 
relationship of the c&bon side chains on the cyclopentane rings formed by cyclisation reactkms of the & 

lactones, the adjacent carbon chains on the cyclopentane ring formed in 9 are rruns to each other. 
AU attempts to induce 8a and 88 to undergo intramolecular base-catalysed Michael reactions failed. 

However, reaction of potassium tert-butoxide with 12a and 128, in which the free hydroxyl group was 
protected as the trimethylsilyl ether, afforded the bridgehead iodolactone 18,‘s m-p. decomposes at 202oC, 
[f%]D2’ 46.8 (c, 1.02 in CHCl3). in yields of 35%, regardless of which epimer was used as the starting 
material. Removal of the trimethylsilyl ether in 18 by trifluoroacetic acid in aqueous dioxan gave 10." m-p. 
decomposes at 225W,, [cr]fl+10.6 (c, 0.71 in CH3C.N) in 81% yield; tbe structute of 10 was established by 
X-ray crystslIographic analysis. Reaction of 10 with tributyltin hydride in benzene gave 9 in 67% yield. In 
all the y-lactone cyclisations, the new chiral centre formed in the reactions is controlled by the chirality of 
the carbon bearing the oxygen in the unsaturated lactone ring. 

In summary, this work describes the opportunities for stemochemical control in the synthesis of 
highly functional&d cyclopentanes in which the cis- or trans relationship of adjacent carbon substituents 
can be guaranteed by use of a 1~ or 6 lactone starting material. Radical cychsations proceed in good yield in 
all cases but at present only moderate yields have been obtained in intramolecular anionic Michael 
cycbsations. The analogous iodoaldehydes for a number of sugars am available as both “f- and &lactones~s 

and the generality of this strategy for the use ofcarbohydrates in the synthesis of carbocycleste is’curmntly 
under investigation.17 
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