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Synthesis of the C1–C12 fragment of the tedanolides.
Selective hydroboration–protonation of allylic alcohol approach
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Abstract

The combination of highly stereoselective vinyllithium addition and hydroboration–protonation of the resulting allylic alcohol
permits the preparation of the completely protected C1–C12 fragment 2 of the novel macrocyclic cytotoxic agent tedanolide 1.
� 2007 Elsevier Ltd. All rights reserved.
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Schmitz et al. isolated tedanolide 1 in 1984 from the
Caribbean sponge Tedania ignis1 and reported that it dis-
played very high cytotoxicity, with ED50’s of 250 pg/mL
against human nasopharynx carcinoma and 16 pg/mL
against in vitro lymphocytic leukemia. Several years later
Fusetani reported the isolation of 13-deoxytedanolide,
which also had very potent cytotoxic effects.2 Due to its
structural complexity and biological activity, tedanolide
has generated considerable synthetic interest,3 including
two total syntheses and significant synthetic work. Our
group has used the non-aldol aldol process4 in various
approaches to this molecule over the last few years.
Straightforward retrosynthetic disconnection of the ted-
anolide skeleton involves cleavage at the lactone moiety
and scission at the C12-C13 bond to generate precursors 2

and 3 (Scheme 1). We recently reported an approach to
the C1–C12 fragment of tedanolide 2 using both the non-
aldol aldol process and a novel highly stereoselective syn
aldol reaction in our approach to this molecule.5 While this
route is quite efficient, we also investigated at the same time
other possible routes to the same ‘top half’ fragment of ted-
anolide since that piece is a common intermediate for both
tedanolide and 13-deoxytedanolide. We now report the effi-
cient preparation of the C1–C12 fragment of tedanolide 2
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from methyl (R) 3-hydroxy-2-methyl-butanoate 4 and
ascorbic acid, which involves the highly stereoselective pro-
duction of an allylic alcohol and its hydroboration–proton-
ation to ultimately install the desired methyl group.

The synthesis of 2 began with the commercially avail-
able optically pure ester 4. We prepared the optically pure
aldehyde 5 in 13 steps by a method that we had described
previously (Scheme 2).4c Aldehyde 5 has all the required
chiral centers from C5 to C11 of tedanolide with the C8–C9

alkene protected as a bromoether. To synthesize the top
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fragment 2 efficiently, we decided to use vinyllithium 10

(prepared from the corresponding vinylstannane 8 via bro-
mide 9) as a chiral equivalent of the C1–C4 fragment of
tedanolide.

Ester 6 was prepared from commercially available L-
ascorbic acid in more than 80% yield via the known 4-step
process, namely first diol protection with 2,2-dimethoxy-
propane, cleavage of the alkene with aqueous hydrogen
peroxide, esterification with ethyl iodide, and final methyl-
ation of the alcohol with silver oxide and methyl iodide.6

The methoxy ester 6 was hydrolyzed to the acid (LiOH,
97%) and converted via the Weinreb amide into the methyl
ketone 7 in 75% yield (Scheme 3). Ketone 7 was converted
into vinylstannane 8 in 60% yield by treatment of the corres-
ponding kinetic vinyl triflate with lithium tri-n-butylstannyl
cuprate (prepared from tributyltin hydride, n-butyl-
lithium, and copper cyanide).7 Attempts to convert this
vinylstannane into the corresponding organocuprate or
vinyllithium using the higher order cyanodimethylcuprate
(Me2CuCN–Li2) or n-butyllithium at 0 �C or �78 �C,
respectively, did not give any significant exchange of tin
for metal. Therefore vinylstannane 8 was converted into
bromide 9 with NBS in 87% yield. The treatment of 9 with
tert-butyllithium in diethyl ether at �78 �C quickly affor-
ded the desired vinyllithium 10, which was not isolated
but used immediately.

The addition of 10 to aldehyde 5 in diethyl ether at
�78 �C afforded an approximate 5:1 mixture of the two
diastereomeric allylic alcohols in 60% yield (Scheme 4).
The stereochemistry of major diastereomer of the mixture
was assigned as the expected Cram–Felkin–Ahn product
as follows. Fluoride-promoted removal of the silyl ether
followed by treatment with 2,2-dimethoxypropane and
acid gave acetonide 12. The stereochemistry was confirmed
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via coupling constant analysis (small Jab and Jbc) and NOE
analysis as shown. Thus the C5 stereocenter could be
assigned as shown.

The final step required for the synthesis of 2 was the
selective hydroboration–protonation of the allylic alcohol.
We required a very selective hydroboration of the acyclic
alkene bearing both an allylic alcohol and an allylic ether
along with mild protonation conditions, so that the acid
sensitive functionalities of 11 (acetonide, tertiary ether)
would survive. There have been several reports of the selec-
tive hydroboration of allylic alcohols8 and amines9 and
varying mechanistic arguments to account for the stereose-
lectivity observed. We postulated that if the hydroboration
was carried out in a very non-polar solvent, then the pre-
ferred reactive conformation of the allylic alcohol might
be the cyclic hydrogen-bonded 6-membered ring A shown
in Scheme 5. In this conformation, the top face of the
alkene is less sterically hindered and thus more accessible
to the large hydroborating agent, dicyclohexylborane.
Thus hydroboration would occur from the top face as
drawn to give the organoborane which would then be con-
verted into the methyl group on protonation. For the pro-
tonation, Brown published a study that showed that the
rate of protonation of trialkylboranes decreased as follows:
Cy2B–R > Sia2B–R > ThxBH–R, with the latter two need-
ing elevated temperatures (90–100 �C) while the first could
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be carried out at 25 �C.10 Therefore we chose to use dicy-
clohexylborane in the reaction with 11.

Thus the treatment of a solution of the allylic alcohol 11

in cyclohexane with 3 equiv of dicyclohexylborane at 25 �C
for 2 h followed by the addition of acetic acid and stirring
at 0 �C with warming to 25 �C for 7 h afforded a 6:1 mix-
ture of diastereomeric alcohols in 52% yield (Scheme 6).
The major isomer 13 could be isolated in 45% yield by flash
column chromatography.11 It was readily converted into
the triethylsilyl ether 14 in 95% yield by treatment with
TESOTf at �78 �C. The stereochemistry of the newly cre-
ated C4 stereocenter was assigned by comparison of the
bis-silyl ether 14 to an authentic sample prepared earlier
via the aldol–non-aldol aldol route.5 The stereochemistry
of the authentic sample of 14 had been confirmed at a pre-
vious stage (when the methyl ether was still an alcohol) via
the formation of an acetonide and the usual coupling con-
stant and NOE analysis. Thus we have been able to set the
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two stereocenters at C4 and C5 via this combination of a
Cram–Felkin–Ahn addition of a vinyllithium to aldehyde
5 followed by selective hydroboration–protonation.

The final elaboration of 14 into the target compound 2

was the same as we reported earlier (Scheme 7). Reductive
ring opening4e of 14 with BuLi gave the desired E alkenol
which was oxidized to the aldehyde and then methyl Grig-
nard agent added to give the homoallylic alcohol 15 as a
3:1 mixture of diastereomers. The desired ketone fragment
having all the required methyl groups and oxygen atoms
with the appropriate stereochemistry was prepared via a
second TPAP–NMO oxidation of 15. Since tedanolide
has a ketone at C5, the alkoxy group at C5 of 15 must even-
tually be transformed into a ketone. Consequently, we con-
verted the TMS group at C7 into a more stable TBS group
to allow us to eventually deprotect the TES group selec-
tively. This final conversion was achieved via the treatment
of the TMS ether with a catalytic amount of citric acid
followed by reaction with TBSOTf and Hunig’s base to
provide ketone 2.

In conclusion, we have developed an efficient method for
the preparation of a fully functionalized protected C1–C12

fragment for the synthesis of the tedanolide using a combi-
nation of a highly stereoselective Cram–Felkin–Ahn addi-
tion of vinyllithium 10 to aldehyde 5 followed by a
highly stereoselective hydroboration–protonation of the
resulting alkene 11. Further developments toward the total
synthesis of tedanolide will be published in due course.
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