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Absfract An efficient enantiaselective synthesis of the C3-C9 fragment of Octalactin A and studies 
aimed at the conversion of Octalactin B into Octalactin A are -bed, which are based on the borane- 
mediated reduction of a&unsaturated ketones catalysed by B-methyl-4.5,5-triphenyl-1,3f_oxaza- 
boroMines (9). A comparative study of the reduction of2-methylnon-l-en-3-one (10) 4 model of the 
Octalactin-A C3-0 moiety- with different chit reagents has also heen petformed. 

In 1991, Fenical, Clardy er al. reported1 the isolation and relative configuration of Octalactin A (1) and 
Octalactin B (2). two closely related metabolites isolated from marine-derived fungi of the genus Srreptomyces. 

Both compounds contain an eight-membered lactone ring. This unusual structural feature and the strong cyto- 
toxicity displayed by 1 against some tumor cell lines make these compounds very attractive as synthetic targets. 

In 1994, Buszeck et al. 2 elucidated the absolute configuration of 1 and 2 by total synthesis starting from 
methyl (R)- and (S)-3-hydroxy-2-methylpropionates. Shortly afterwards, Clardy etal. reported3 the synthesis 
of (+)-1 and (+)-2. the enantiomers of the naturally ocurring Octalactins, from (+)-citronellic acid. These 
reports have prompted us to disclose here our approach to the enantioselective total synthesis of 1, which is 
based on a completely different strategy: in our retrosynthetic analysis, summan ‘sed in Scheme 1.1 arises from 

2 which, in turn, can be disconnected into fragments or synthons A, B, C, and D; the key steps, as far as the 
control of stereoselectivity is concerned, are the reduction of the CO group of a$-unsaturated ketone 3 as well 
as that of the lateral chain of 2 (followed by a diastereoselective epoxidation and m-oxidation of the C9-OH). 
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Compound 3a (3, with R = Butph2Si = TBDPS) was obtained in 52% overall yield as shown in Scheme 
2. Michael addition of the titanium enolate derived from Evans' N-acyloxazolidinone 4 to acrylonitrile was 
readily carried out at a 15 g bench scale. 4 After reductive removal of the chiral auxiliary 5 from $ and in situ 
protection of the primary alcohol, the nitrile group was cleanly converted into aldehyde 7 by DIBALH 
reduction. Oxidation with NaCIO2/H202, 6 in turn, afforded carboxylic acid 8. Transformation of 8 into 3a was 
successfully achieved by sequential addition of 1 equiv, of BuLl and 1 equiv, of CH2--C(CH3)Li.7 

0 0 0 0 TBDPS-O TBDPS-O 0 a>. b>c>. 0 .  

Bn Bn 
4 5 6, Z=CN ) d )  3a 

7, z = CHO '~ C) 
8, Z = COOH 

Scheme 2. a) TiC13(OiPr), DIPEA, CH2CI2, 0°C, then acrylonilrile 00%, 97.4% d.c.); b) LiBH4, MeOH, THF, 0 '~; 
c) TBDPSCI, Py, r.t. (75% overall 5-6); d) DIBALH, Et20, -78 °C (93%); e) NaCIO2, H202, aq. NaH2PO 4, r.t. (95%); 
0 (from 8) BuLi, TI-IF, 0 ~ ,  then CH2---C(CH3)Li (88%). 

Asymmetric  reduction of  a,l~-unsaturated ketones 
As suggested in Scheme 1, asymmetric reduction of enone 3 seemed us an interesting approach to 

fragment B, since the corresponding allylic alcohol could potentially be transformed via hydroboration, 
followed by selective oxidation of the primary hydroxy group, into either anti-aldols or syn-aldols depending 
upon the reaction conditions used (9-BBN or catecholborane/Wilkinson's catalyst, see Scheme 3). 8 
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Very recently, we have reported on (R)- and (S)-B-methyl-4,5,5-triphenyl-l,3,2- 
9, two new catalysts derived from inexpensive phenylglycine, which we have I oxazaborolidine Ph Ph 

utilised in the borane-mediated reduction of prochiral ketones. 9 When (R)-9 was applied to [ ~ - ~ "  Ph 
the reduction of 2-methylnon-l-en-3-one (10), which was chosen as a model of 3, a clean [ HN'B'O 
conversion to allylic alcohol I I  was observed (98% yield, 92% e.e.). Table 1 shows a[  l~le (R)-9 
comparative study performed with a few representative reducing agents; 10 it is noteworthy that,  
none of them improved the results arising from (R)-9. 

Table  1. Enantioselect ivi ty in the reduct ion of l0  with different reagents 

O 

i) BH3, cat. (R)-9, THF, 0 °C 92% c.e. (S) 

ii) BH3, CBS cat., I°a THF, 0 °C 92% e.e. (R) 

ii0 LiAlI-b,, (+)-l,l'-bis(2-naphthol), I°b 89% e.e. (R) 
EtOH, THF, -I00 °C to -78 °C 

OH 

iv) LiAIH4, (-)-N-methylephedrine, I°c 
N-ethylanilin¢, -78 °C 

v) LiAIH4, (-)-N-methylephedtine, t°c 
2-(ethylamino)pyridine, -78 °C 

vi) LiBH,t. THF, BuhOH 
N,NO dibenzoyi.l.,.cystine, 10d -78 °C 

84% e.e, (R) 

54% e.e. (S) 

35% e.e. (R) 
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In the light of these results, we treated 3a with borane in the presence of (R)-9, which gave allylic alcohol 
12 in 95% yield and 91% d.c. 11 As expected, 8a hydroboration of 12 with an excess of 9-BBN in THF 
followed by oxidation led mainly to 13 (2,3-anti), corresponding to the C3-C9 fragment of Octalactin A. An 
attempt aimed at achieving the one-pot wansformation of 3a into 13 (reduction with borane and (R)-9, followed 
by u'eatment with 9-BBN and oxidation) gave a lower selectivity (92%, anti/syn 4.5:1). On the other hand, 
hydroboration with CB/Rh(I) gave predominantly the syn isomer (93%, anti/syn 1:3). 

BH3:SMc2 TBDPS-O OH TBDPS-O OH OH TBDPS-O OH OH 

(R)-9 a) or b) --" l 

12 13 14 

a) I)9-BBN;2)H202, NaHCO, 3 90%; 13/14=9:1 
b) 1)Bu~COCI, Py:2)9-BBN, TH F 62%; [13/14= 15:11 

3) H202, NaHCO3; 4) LiA1H4 

Scheme 4 

An improvement in selectivity was obtained when the 3-O-pivaloyl derivative of 12 was treated with 9- 
BBN in THF (sequence b, Scheme 4). 12 After deprotcction of the secondary hydroxy group, a gratifying 
15.4:1 diastcrcomeric ratio was achieved. 13 

From Octalactin B to  O c t a l a c t i n  A 

We have also explored the potential application of oxazaborolidines 9 with regard to the transformation of 
protected Octalactin B into Octalactin A, Provided that the stereoselective reduction of the carbonyl group of 
Octalactin B could be accomplished, the C9-OH-directed epoxidation 14 followed by re-oxidation to the ketone 
would lead to protected Octalactin A. 

Enone 15, a model of Octalactin B, was obtained as a single stereoisomer via a Homer-Wadsworth- 
Ernmons reaction promoted by active Ba(OH)215 from the corresponding phosphonatc and protected (S)-3- 
hydroxy-4-methylpentanai 16 (see D in Scheme 1). Reduction of 15 with borane and (R)-9 cleanly afforded 
ailylic alcohol 16 (7:1 diastereomeric ratio), 11 which was converted into epoxy ketone 17 (see Scheme 5). As 
expected, reduction of 15 using (S)-9 yielded the epimer at C3 of 16 (1:7 diastereomeric ratio). It is worth 
noting that catalyst (R)-9 leads to products of opposite configuration at the new stcreocenter of 12 and 16. 
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Scheme $. a) EtPO3Et2, ButLi, THF, -78 °C (90%); b) Swem oxidn. (95%); c) (S)-3-hydroxy-4- 
methylpentanal TBDPS ether, Ba(OH)2-8H20, wet THF (93%); d) BH3:SMe. 2, (R)-9 (1 equiv.), 
THF, 0 °C (94%); e) ButOOH, VO(acac)2 cat, benzene, r.t. (80%); f~ Swem oxidn. (90%). 
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In summary ,  cata lyst  (R)-9 has  been appl ied to an Octalaet in  A synthesis  in two  respects:  (i) an eff icient  
synthesis  o f  C3-C9  f ragment  and (ii) a s tereoseleet ive  synthesis  of  c o m p o u n d  18, a mode l  o f  the C9-C15 
fragment.  The  total synthesis o f  the Octalactins will be reported in full in due course. 
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