ORGANIC
LETTERS

Highly Efficient, Enantioselective Ve 200
Synthesis of (+)-Grandisol from a 163165

C,-Symmetric Bis(a.,f-butenolide)

Pedro de March, Marta Figueredo,* Josep Font,*! and Javier Raya

Departament de Qmica, Universitat Autaoma de Barcelona,
08193 Bellaterra (Barcelona), Spain

igormafi@cc.uab.es

Received November 19, 1999

ABSTRACT
(0] (0]
1) CoHy, h
2) n-BugNF "'l

TMSO: OTMS HO OH (+)-grandisol

A new, very efficient, enantioselective synthesis of the sexual attracting insect pheromone (+)-grandisol has been developed, in which the
key step is the double [2 + 2] photocycloaddition of ethylene to a bis(a,f-butenolide) readily available from p-mannitol. The C, symmetry of
the substrate and the appropriate protection of the central diol unit are the crucial features for the high diastereofacial discrimination during
the cycloaddition process.

Easily available compounds with, symmetry are very con-  selective synthesis of many molecules of biological signifi-
venient scaffolds for asymmetric two-directional syntheses. canceZ Compoundsl may be conveniently prepared from
In a strategy based on the simultaneous homologation of botho-mannitol through sequences involving an oxidative cleav-
ends of a chain, the sense of chirality in the formation of age step that yields a protecteeylyceraldehydé.In most
new stereogenic centers may proceed with substrate céntrol. synthetic applications of, a crucial transformation is the
y-Hydroxymethyl o, 8-butenolide derivatives of typé addition of a reagent to the carbooarbon double bond,

(Scheme 1) have been extensively used in the enantio-with concomitant creation of one or two new stereogenic
centers. The diastereoselectivity of this addition process is
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(+)-Grandisol (12) is the main component of the sexual
Scheme 1 attracting pheromone of the cotton boll weegihthonomous
CHOH grandis Boheman, and other inseds\ total synthesis of

HO 12 was developed in our laboratorie#\ key step in this
HO on = synthesis was the formation of the cyclobutane ring through
OH a [2 + 2] photocycloaddition of ethylene t&f-4-methyl-
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5-((pivaloyloxy)methyl)-2(5)-furanone, a compound of type
1 that bears a methyl group at thcarbonyl position.
Although this reaction proceeded in good yield, the dia-
stereofacial selectivity was low (24% de in favor of toati
cycloadduct).

Starting from p-mannitol, we have recently prepared
several bisg,-butenolides), synthetically equivalent 1
with the general structur2 but with opposite configuration
at GJ/Cs. We have evaluated the influence of the protecting
groups of the central diol unit in the [2 2] photocyclo-
addition of ethylene to compoun@s The aim of this work
was to improve the facial discrimination in relation to their
single analogue$. Among the studied derivatives, that with
bis(trimethylsilyl) protecting groups has proved to be the
most effective, with an overall antifacial selectivity higher
than 98%¢

The commercially available isopropylidememannitol
derivative 3 was converted into the corresponding bis-
(epoxide)d’ using known methodology. The bis(butenolide)
58 ([0]%% = —140, c 0.50, DMSO) was readily prepared
from 4in 72% overall yield, through the following sequence
of reactions’ one-pot double addition of phenylselenoacetic
acid dianion; acid-induced lactonization; oxidation of the
selenide functions with consequent thermal elimination.
Although intermediates were not isolated, control NMR
analysis performed after each individual transformation
demonstrated that the acetonide central protection was
hydrolyzed during the oxidation step.

After silylation, the methyl groups at thg-carbonyl
positions of the bis(butenolidé&f° ([a]*°%, = —92.5,¢ 1.06,
CHCIl3) were introduced by treatment with diazomethane,
followed by pyrolysis of the corresponding bis(pyrazoline)

Taking into account these previous results, we have now 711 ([a]2%, = —325.2,c 2.12, CHCH}), in 85% overall yield.

developed an alternative synthesis #f){grandisol from a
C,-symmetric bisg,3-butenolide) that considerably improves
the asymmetric induction during the photocycloaddition
process. The synthetic pathway is shown in Scheme 2.
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a) TBSCI, DMF, imidazole, rt, 1.25 h; b) MsClI, CH,Cl,, Et3N, 0 °c,
30 min; ¢) n-BusNF, THF, r, 4 h; d) NaOH (aq), THF/MeOH, 0 °C,
30 min; e) PhSeCHC022' (ref. 9); f) AcOH, A; g) HoO,, AcOH, THF,
0 °C; h) TMSIm, THF, i, 4h; i) CHoNo, ether/THF, nt, 48 h; j)
1,4-dioxane A; k) C,Hy, hv, acetone, -78 °C,6h; 1) n-BugNF, THF,
rt, 16 h; m) Pb(OAc)4, EtOAC, 1, 2 h; n) NaBH,4, EtOAc, 1t, 2.5 h; o)
MeLi, THF, -78 °Ctort, 2 h
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Although the stereochemical outcome of the dipolar cyclo-
additon of diazomethane is not relevant for the synthesis, it
is worth mentioning that the NMR spectrum tshowed a
single diastereoisomer of high symmetry. This diastereo-
isomer was assigned as thati-anti bis-cycloadduct, ac-
cording to previous resulfs.

The bis(lactoneB® ([o]?% = —3.9,¢ 1.03, CHC}) was
then irradiated in a solution of acetone saturated with
ethylene in a Pyrex vessel with a medium-pressure 125 W
mercury lamp at-78 °C. The'H and*3C NMR spectra of
the crude reaction mixture showed a main set of signals,
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consistent with a highly symmetric bis(cyclobutane) adduct, their high symmetry. The cleavage of compou@dvas
along with traces of other reaction products. This material accomplished by consecutive treatment with lead tetraacetate
was directly hydrolyzed by treatment with tetnebutyl- and sodium borohydride in a one-pot procedure. The single
ammonium fluoride, and the corresponding dét ([o] ?% hydroxymethyl lactonel0 was isolated in 72% vyield. This

= +18.0,¢ 0.50, CHC}) was isolated in 65% yield for the  correlation demonstrates thati-anti stereochemistry of the
two steps. In all these transformations the stereochemicalprecursor bis(cyclobutan®) Thesyndiastereoisomer df0,
integrity of the intermediates was preserved, as evidencedcoming from the opposite facial approach to the butenolide
by the simplicity of their NMR spectra, in agreement with  during the ethylene photocycloaddition, was not detected.

. . The addition of an excess of methyllithium to lactohe
(14) (IR I'R4S4'S5559-4,4-[(1R,2R)-1,2-dihydroxyethane-1,2-diyl]-

bis[5-methyl-3-oxabicyclo[3.2.0]heptan-2-on8]:(mp 180-182°C (EtOAc/ gave a 98% y'eld of the tridl 1, which had been pre\”OUSIy
hexane); IR (KBr) 3507, 2966, 2931, 2875, 1743, 1335, 1307, 1180, 1089, converted in (4)-grandisol (12).

997 cnT; IH NMR (250 MHz, CDCh) 6 4.20 (s, 1H), 3.85 (s, 1H), 3.04

(brs, 1H), 2.71 (br dJ = 8.8 Hz, 1H), 2.51 (dgJ = 11.7 Hz,J' ~ 9.5 Hz, ) )
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