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In the light of our previous work on enantioselective re-

Abstract: Highly enantioenriched 4-alken-1-yn-3-ol moiet}), ( . 4 -
present in many bioactive acetylenic metabolites from sponggéfd'on of unsaturated ketones" we envisaged that the

has been efficiently obtained by reduction of the parent 1-trimethyfommon 4-alken-1-yn-3-ol (1) moiety could be construct-
silyl-4-alken-1-yn-3-one 2) with Alpine-Borane or with €d by reduction of the parent 1-trimethylsilyl-4-alken-1-
BH;*SMs, in the presence of chiral oxazaborolidines, followed byn-3-one (2) (see Scheme 1). We wish to report here our
desilylation of the resulting alcohol. This strategy has been applig¢ighdi ngs in this connection as well as a synthesis of petro-

to the first stereoselective synthesis of petrof@an
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Sponges are probably the most prolific sources of biolog-
ically active marine natural products. A remarkable class
among such sponge metabolites are constituted by the
long-chain acetylenes and polyacetylenes isolated from
the genera Sphonocaline, Petrosia, Cribrochalina,
Xestospongia, Pellina, and Haliclona.! Many of these
compounds show antimicrobial, cytotoxic, immunosup-
pressive, RNA-cleaving, and/or antitumor properties.
Structurally, most of these metabolites possess an un-
branched, unsaturated, long-chain backbone in which a
characteristic, terminal 4-alken-1-yn-3-ol (1) moiety isof-
ten present. The strong bioactivity displayed, and the low
natural abundance, which seriously limits the pharmaco-
logical assaysin many cases, make these compounds very
attractive as synthetic targets. However, to the best of our
knowledge, only a few stereosel ective approaches to this
kind of products are reported in which the stereocenters
arise from the chiral pool? or derive from an enzymatic
resolution.
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furan (3), a metabolite recently isolated from Petrosia
sp.1? and Adocia sp.,% in which such areduction is the piv-
otal step.

In order to assess the viabhility of the aforementioned pre-
sumption, we first launched the study of the reduction of
a representative, unbranched 1-trimethylsilyl-4-alken-1-
yn-3-one with a few chiral reducing agents. 1-Trimethyl-
silyl-4-octen-1-yn-3-one (4), easily obtained as outlined
in Scheme 2, was chosen as amodel. The results are sum-
marised in Table 1.

Table 1. Enantioselective reduction of ketone 4

o] OH
reagent and/or .
X |
Pr/\)J\ catalyst Pr \\

4 T™Ms  0°C 5 ™S
Ph Ph Ph Ph Ph
>—€Ph < 7—<—Ph 7_<
HN_ O N_ O HN_ O
\||3/ \‘IB/ \‘|3/
Me Me Me
(56 / (5)-7 (4S,5R)-8

) e
9 10
(=)-Alpine-Borane (-)-DIP-Chloride

reagent and/or .
entry catalyst alcohol t yield? e

12 BHySMe /(96 (9-5 <15min 90% 95%

22 BH3SMe/(9-7 (95 <15min 85% 95%
32 BH3SMe/(4SER)-8 (9-5 <15min 80% 70%
4 ()9 (R-5 overnight 93% 92%
5¢ (-)-10 (R-5 overnight 47% 39%

aReactions were carried out by additiondofl mmol) to a mixture of
BH3:SMe, (1.2 mmol) and catalyst (1 mmol) in THPReduction was
performed with 2.5 mmol of in neat9 (10 mmol) according to ref. 10.
‘Reduction was performed with 1.3 mmoloih neatl0(1.5 mmol) according
to ref. 11.9solated yield after chromatograph§Determined by:F NMR
analysis of the corresponding Mosher esters.
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As shown in entries 1 and 2 of Table 1, neat conversions dation of16 followed by treatment of the resulting alde-
to highly enantioenriched alcohol 5 were accomplished hyde with an excess of FBFFCHCQMe afforded E)-
when ketone 4 (1 mmol) was added over ~15 mintoaso-  o,B- unsaturated estdB.* Finally, reduction ofl8 with
[ution of BH;:SMe, (1.2mmol) inTHF (2mL) inthepres-  DIBAL-H cleanly provided the desired alcohbd.

ence of oxazaborolidines 6 or 7 (1 mmol);® these

oxazaborolidines come from phenylglycine® and pro-

line,” respectively. However, lower stereoselectivities a =  OH b X

! - S L —_— — OH
were noted with oxazaborolidine 82 (entry 3). The origin~~ ~*™ 1% > 58% W
of the enantioselectivity observed® can be explained, in 15 16

agreement with literature precedents,” through a complex e S J .
like 11 in which the ethylenic moiety, acting as agroup ~ —— \\(\/\}CHO —»WCO o 14
“larger” than the acetylenic one, is located far fromBhe = 98% . 3 89% . Ve 98w
Me group.

(a) i) BuLi, THF, =78 °C; ii) (CH,0)p, —78 °C. (b) HoN(CH,)sNH,, NaH,

55 °C, overnight. (¢) Swern oxidn. (d) PhsP=CHCO,Me, CH,Cl,, 1t, 6 h (€)
DIBAL-H, toluene, =78 °C, 1 h.

o /Me)</ ™S -t

Ph g 74 OH Scheme 5
Ph)ﬂ_i,\j/B\ + — Pr A
H +\ ’,O_/ %

W H Pr ()5 ™S Pd-catalysed couplidy of 14 with 2,5-dibromofuran
A proved to be troublesome. Several attempts carried out
Seheme3 with catalytic Cul/PEP/ BnPd(PEP),CI systems in EN
eme

led to only poor yields of the desired didBJ together
with the furan-monosubstituted compound and the diyne
arising from the oxidative dimerization b4. Fortunately,
eventually succeeded, by using (PfRd as the cata-
st (14/ dibromofuran ratio 3:1, 10% mol of (PfjiPd,
refluxing pyrrolidine, 6 h}® Addition of TMSG=CLI to
19 provided a mixture of diol80, which was subjected to
} ) ] ] ~Swern oxidation to yield diketon#. Reduction ofl2
In the light of the encouraging results obtained in entriggth BH,:SMe, (3 mmol) in THF in the presence @16

1,2, and 4, we envisaged that a synthesis of petrofyan (2 mmol) afforded $9)-20" (98% e.e ¥ which was des-
could be feasible via a stereoselective reduction of ketof\gated to yield petrofurang).t?

12. In our retrosynthetic analysik? could come froni3,
which in turn would arise from a Pd-catalysed, one pot
double coupling of side chaidg to 2,5-dibromofurari?

Alpine-Borane 9) was as efficient a8 or 7 but longer re-
action times were required to complete the reaction (en
4). On the other hand, DIP-Chloridij led to a mixture
of products from whiclb was isolated in low yield and
with poor e.e. (entry 5).

TMS

T™MS

(a) 14 , (Ph3P)4Pd cat., pyrrolidine, reflux, 6 h . (b) Swern oxidn. (c)

é /@\ \\ - TMSC=CLi, THF, =78 °C. (d) i) BH3:SMey, (S)-6, THF, 0 °C; ii) K,COg,
AN g + Br 3 MeOH-H,0, rt, 45 min.
OH OH
14 14

Scheme 6

OH U 13 OH
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Scheme 4

In summary, we have disclosed an efficient approach to
Alcohol 14 was synthesised by a standard procedure, Bighly enantioenriched 4-alken-1-yn-3-ol moiety which
shown in Scheme 5. Thus, treatment of 1-octyne wififems of general applicability to a number of bioactive
BuLi and (CHO), furnished 2-nonyn-1-o0l16) which metabo_lites from_ sponges. We hav_e applied this strategy
was readily transformed into the corresponding termin@ the first enantioselective synthesis of petrofuran.
alkyne16 by NaH in 1,3-propylenediamirté Swern oxi-
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