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Letters
First total synthesis of verbalactone, a macrocyclic dilactone
isolated from Verbascum undulatum
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Abstract—Verbalactone, a new macrocyclic dilactone was synthesized efficiently in a steroselective manner involving a Barbier–
Grignard reaction, a Sharpless asymmetric dihydroxylation, monotosylation, epoxidation, ring opening of the epoxide, hydrolysis
and lactonization. A d-lactone, (+)-(3R,5R)-3-hydroxy-5-decanolide was also formed along with the dimeric lactone.
� 2004 Elsevier Ltd. All rights reserved.
Verbalactone1 1 is a macrocyclic dilactone isolated from
the roots of Verbascum undulatum Lam., a biennial plant
of the genus Verbascum that belongs to the family
Scrophulariaceae. This molecule showed activity against
three Gram-positive bacteria with optimum activity
MIC¼ 62.5 lg/mL and five Gram-negative bacteria with
optimum activity MIC¼ 125 lg/mL1;2 and was found to
exhibit interesting antibacterial properties. This macro-
cyclic lactone is a symmetrical dimer of the lactone 2
(a d-lactone), (+)-(3R,5R)-3-hydroxy-5-decanolide3 and
which is a potent inhibitor of the enzyme HMG-CoA
reductase. The NMR profile of 1 is very similar to the
monomeric lactone of (3R,5R)-dihydroxydecanoic acid.
The structure and the absolute stereochemistry of this
lactone, 4R,6R,10R,12R,4,10-dihydroxy-2,8-dioxo-6,12-
dipentyl-1,7-dioxacyclododecane, were determined by
spectroscopic methods and chemical correlation. It
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is the first example of a 1,7-dioxacyclododecane unit
being present in the ring system of a natural product
(Scheme 1).

Due to its interesting antibacterial activity and our
interest in the chemistry of macrolide antibiotics,4 we
were attracted towards its total synthesis. Herein we
wish to report the first asymmetric total synthesis of this
lactone.

The retrosynthesis envisaged for the synthesis of verb-
alactone is shown in Scheme 2. The dimeric lactone can
be disconnected as shown in the Scheme. The resulting
3,5-dihydroxy acid 3 could be synthesized from the
cyanide 4, which in turn can be obtained from a pre-
cursor such as 5 through a regioselective ring opening
strategy with CN� as the nucleophile.5 The epoxide 5
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with the desired stereochemistry can be generated via a
three-step protocol involving asymmetric dihydroxyl-
ation,6 monotosylation7 of the primary alcohol and
subsequent epoxide8 formation under the influence of
a suitable base. We envisioned that the desired ‘R’ ste-
reochemistry of the free alcohol group could be gener-
ated by lipase-catalyzed transesterification9 of the
corresponding homoallylic precursor formed by a Bar-
bier–Grignard reaction.10 The synthetic approach to
verbalactone is outlined in Scheme 3.

Treatment of the allyl zinc reagent prepared in situ from
allyl bromide and zinc in THF and aq NH4Cl with
hexanal afforded the homoallylic alcohol (±)-6 in 90%
yield. The homoallylic acetate R-(+)-7 possessing the
same absolute configuration at C-12 as found in verb-
alactone 1 was prepared by transesterification of (±)-6
with Amano lipase from Pseudomonas fluorescens, giv-
ing R-(+)-7 in 47% yield and with an enantiomeric ex-
cess11(ee) of 94% as determined by chiral HPLC analyses
of the 3,5-dinitrobenzoate derivative. Next asymmetric
dihydroxylation of R-(+)-7 was effected using the ligand
(DHQD)2PHAL to give a diastereoisomeric mixture of
CHO

O
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Scheme 3. Reagents and conditions: (i) allyl bromide, Zn, THF, aq NH4Cl, r

rt, 26 h (47%); (iii) K3Fe(CN)6, K2CO3, (DHQD)2PHAL, OsO4, t-BuOH–

(v) NaOH (2M soln in water), Et2O, 15 h, rt. (72%); (vi) MgSO4Æ7H2O, NaC

reflux, 1M aq HCl (pH5) (77%); (viii) (a) 2,4,6-trichlorobenzoyl chloride, E
8 in a diastereoisomeric ratio of 85:1512 (from 1H
NMR). The required isomer R-(+)-8 was separated from
the diastereoisomeric mixture by preparative TLC in
88% yield and with 95% ee (determined by NMR spec-
troscopy using the chiral shift reagent Eu(hfc)3)

13 and
was monotosylated using TsCl and pyridine in CH2Cl2
at room temperature whereby hydroxy tosylate R-(+)-9
was obtained in 75% yield. Tosylate R-(+)-9 was con-
verted into the epoxide R-(+)-5 in 72% yield by treat-
ment with 2M NaOH in a 1:1 water–ether mixture at rt.
Treatment of R-(+)-5 with NaCN and MgSO4 in re-
fluxing dry methanol gave cyanoalcohol R-(+)-4 in 74%
yield. It was observed that during this step the acetate
group in R-(+)-4 was hydrolyzed under the reaction
conditions. Completion of the synthesis required
hydrolysis14 of the cyanoalcohol R-(+)-4, which was
carried out using a 25% methanolic solution of NaOH
followed by acidic work-up (pH5) with hydrochloric
acid to give 3 in 77% yield. The pH during hydrolysis
had to be carefully controlled as formation of the
monomeric lactone 2 (62% yield, 94% ee) was observed
at pH2, as confirmed by IR, NMR and mass spectro-
scopy data, which were identical with those reported.3
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t, 1 h (90%); (ii) Amano Lipase from Pseudomonas fluorescens, hexane,

water (1:1), 0 �C, 24 h (88%); (iv) TsCl/Py, CH2Cl2, rt, 27 h (75%);

N, dry MeOH, reflux, 6 h (74%); (vii) aqueous NaOH (25%), MeOH,

t3N, THF, rt, 1.5 h; (b) DMAP (20 equiv), toluene, reflux, 4 h (58%).
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In the next and final step, lactonization of 2moles of 3
to give the dimeric lactone 1 was successfully achieved
by Yamaguchi’s method15 in 58% yield and with >95%
ee, the spectroscopic data16 of which were identical with
those of the natural product. In this step, a small
amount of the monomeric lactone 2 (30%) was formed.
No lactone formation took place at 3-OH perhaps due
to ring strain effects or steric effects.

In conclusion, we have completed the first total synthesis
of the macrocyclic dimeric lactone, verbalactone in a
regioselective manner in 5.2% overall yield from hex-
anal. The desired stereochemistry was generated by
kinetic resolution of a homoallylic alcohol and a
Sharpless asymmetric dihydroxylation reaction.
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