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Stereoselective total syntheses of the antiprotozoal natural product (+)-passifloricin A and its C-6 epimer
have been achieved in ~5% overall yield. The strategy is based on Jacobsen epoxidation, Grubbs’ meta-
thesis and an Evans’ intramolecular oxa-Michael reaction.
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The §-lactone ring is an important structural feature of a num-
ber of natural products.! A few of these natural products also pos-
sess a non-polar lipophilic tail, which gives these compounds
amphiphilic character. Passifloricin A (Fig. 1, 1a) is one such natural
product isolated from Passiflora foetida.? This compound has shown
interesting antiprotozoal, antifungal properties® and has attracted
the attention of both analytical and synthetic chemists owing to
the ambiguous assignment of the structure.* However, Murga et
al. synthesized several isomers of this natural product and
unequivocally assigned the structure as shown in Figure 1.4f

Having a general interest in the total synthesis of bioactive
compounds and in particular, six-membered oxygen heterocycles,’
we have recently employed the intramolecular oxa-Michael reac-
tion>“"® of Evans et al. and Grubbs’ olefin metathesis®® to construct
oxygen heterocycles. The retrosynthetic analysis of 1a/1b based on
this strategy is shown below in Scheme 1.

Our approach also demonstrates the power of Jacobsen’s asym-
metric epoxidation® as a tool for generating the first stereogenic
center at C-13 followed by Sharpless asymmetric epoxidation
chemistry to install the next stereogenic carbon at C-10. An intra-

Figure 1. Structure of (+)-passifloricin A (1a) and 6-epi-passifloricin A (1b).
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Scheme 1. Retrosynthesis of compounds 1a and 1b.
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molecular oxa-Michael reaction allowed exclusive syn-installation
of the third asymmetric carbon at C-8. Herein, we report our efforts
on the total synthesis of passifloricin A (1a) and its 6-epimer 1b
(Scheme 2).

Initially, we investigated the cobalt-based chiral salen complex-
mediated resolution of racemic epoxide 4a, which was obtained in
95% yield from commercially available olefin 5. The racemic epox-
ide 4a was resolved efficiently with Jacobsen’s catalyst A® and the
chiral oxirane 4 was obtained in high enantiomeric excess’ and
45% yield. The regioselective opening of epoxide 4 with allylmag-
nesium chloride resulted in alcohol 6 in 92% yield. Protection of
the alcohol as MOM ether® 7 was achieved using MOMCI and diiso-
propylethylamine which was followed by cross metathesis® with
ethyl acrylate in the presence of 2 mol % of Grubbs’ catalyst B
(2nd generation) to realize the conjugated ester 8 in quantitative
yield. Reduction of the ester functionality in 8 was achieved with
DIBAL-H at —15 °C to room temperature to give 9 in 96% isolated
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Scheme 2. Stereoselective synthesis of compounds 2a and 2b.

yield.'® The stage was then set for introduction of the following
stereogenic hydroxy functionality under Sharpless asymmetric
epoxidation conditions'! using (+)-DET to give chiral epoxy alcohol
10 in 85% isolated yield. The reductive opening of this epoxide was
achieved with Red-Al'? to realize the 1,3-diol 11. This diol 11, on
selective oxidation in the presence of bis(acetoxy)iodoben-
zene (BAIB) and 2,2,6,6-tetramethylpiperidine-N-oxide (TEMPO),
followed by exposure of the crude B-hydroxy aldehyde to ethoxy-
carbonylmethylene triphenylphosphorane furnished &-hydroxy-
o,B-unsaturated ester 12 in 80% overall yield for the two steps.!®
This substrate has all the functionalities necessary to perform the
tethered Evans’ intramolecular oxa-Michael syn addition reaction'*
which was executed easily using benzaldehyde and potassium tert-
butoxide at 0 °C in anhydrous THF to furnish benzylidene acetal 3
in 72% isolated yield. The diastereoselectivity was greater than 95%
favoring the more stable syn-isomer. The ester group in 3 was re-
duced to aldehyde'® 13, which on allylation gave a diastereomeric
mixture of 2a and 2b in variable yields and ratios (Table 1).'® The
chiral BINOL-mediated Maruoka allylation!”>¢ (Table 1, entry 4)
was most efficient providing a syn-selectivity of 90% albeit with a
low yield of product. Column chromatography allowed us to sepa-

Table 1

Metal catalyzed allylation of aldehyde 13

Entry Reagents and conditions Yield? (%) syn:anti®
1 Allyl bromide, Mg, dry ether, 0°C, 1h 92 55:45

2 Allyl bromide, Zn, THF/satd NH4Cl, —15°C, 1 h 98 24:76

3 Allyl bromide, In, THF/H,0, —15°C, 1 h 95 32:68

4 Allyltri-n-butyltin, Ti(O'Pr),, TiCls, Ag,0, 45 90:10

(R)-BINOL, CH,Cl,, 24 h

@ Isolated yield after column chromatography purification.
b Ratio based on the yields of both isomers after separation by silica gel
chromatography.

rate the diastereomers 2a and 2b, which were converted indepen-
dently into (+)-passifloricin A (1a) (Scheme 3) and its 6-epimer 1b
(Scheme 3a), respectively.

Diastereomer 2a was subjected to acrylation with acrolyl chlo-
ride in the presence of diisopropylethylamine to generate the diene
ester 14a setting the stage for the Grubbs’ ring-closing metathesis
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Scheme 3. Stereoselective synthesis of 1a.
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Scheme 3a. Stereoselective synthesis of 1b.
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(RCM)'® reaction. The diene ester 14a in CH,Cl, underwent a
smooth intramolecular metathesis reaction in the presence of
5 mol % of Grubbs’ catalyst C (1st generation) to produce the o,p-
unsaturated lactone 15a in 92% yield. Treatment of lactone 15a
with 4 N HCl in THF resulted in cleavage of the MOM-ether and
benzylidene acetal to afford passifloricin A (1a) in 89% yield.'®
The other diastereomer 2b was also subjected to the same
sequence of reactions to realize the 6-epimer 1b. The spectroscopic
data of both compounds 1a and 1b were in full agreement with
those reported in the literature.*f

PCys
Cl,, | H
a” R|u Ph
PCyj;
Grubbs' Catalyst (1st generation)
©)

In conclusion, asymmetric total syntheses of (+)-passifloricin A
and its 6-epimer have been achieved using Jacobsen’s epoxidation,
Grubbs’ metathesis, an Evans’ intramolecular oxa-Michael and a
Maruoka allylation as key steps.?®
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