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ABSTRACT

Progress toward the total synthesis of hederacines A and B is described. Our approach involves an allylic cyanate-to-isocyanate rearrangement,
eneyne ring-closing metathesis, and a transannular reaction between the C-5 amino group and the C-12 position of the perhydroazuleno[5,
6-b]furanone intermediate.

Structurally novel tropane alkaloids, hederacines A (1)
and B (2) (Figure 1), were isolated from the aerial parts of
Glechoma hederaceae in 2003 by Sarker and co-workers1

and were found to exhibit moderate cytotoxic activities
against the colon cancer cell line, Caco-2.2 The structures
of 1 and 2 were determined by a combination of spectro-
scopic techniques. They each have a unique skeleton
containing an 8-azabicyclo[3.2.1]octane ring system fused
to a cyclopentane ring. Their unique features and biologi-
cal activities prompted us to undertake a total synthesis of
these natural products.
Our approach tohederacines is outlined inScheme1.We

envisioned that both natural products could be accessed
from the azuleno[5,6-b]furanone intermediate 3 through
oxidation atC-12 (hederacine numbering system) followed
by the acid-induced transannular cyclization to form a
tropane ring and reductive amination in the last stage of
the synthesis. The advanced intermediate 3 would be
produced by lactonization of the dihydroxy ester obtained

by selective olefin reduction�dihydroxylation of 1,3-die-
necarboxylate 4, which would be formed via ring-closing
metathesis (RCM) of enynoate 5.3

Our synthesis commenced with the reaction of the
known pentalenone 64 with lithium dimethyl cuprate
followed by trapping of the resultant enolate with TMSOTf
giving rise to silyl enol ether 7, which upon treatment with
dimethyldioxirane (DMDO)5 followed by Pb(OAc)4 gen-
erated aldehyde 8 as the sole diastereomer in 73% overall
yield from 6 (Scheme 2).6 Wittig olefination of aldehyde 8

Figure 1. Structures of hederacines A (1) and B (2).
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and reduction of the ester functionality with LiAlH4

followed by protection of the resultant alcohol as its TBS
ether led to alkene 9 in 95% yield, which was then
converted to allylic alcohol 10 in 74% overall yield in a
four-step sequence involving treatment with OsO4, clea-
vageof the resultantdiolwithNaIO4,Horner�Wadsworth�
Emmons reaction, andDIBAL-H reduction. The next step
was stereocontrolled introduction of an amino group at
the position adjacent to the quaternary carbon; this was
achieved by the application of a [3,3] sigmatropic rear-
rangement of the allyl cyanate.7 For this purpose, the
allylic alcohol 10 was converted into carbamate 11 in
99% yield via treatment with trichloroacetyl isocyanate
(Cl3CCONCO) followed by hydrolysis of the trichloroa-
cetyl group withmethanolic K2CO3. Subsequent dehydra-
tion of 11 with PPh3, CBr4, and Et3N generated an
intermediate allylic cyanate 12, which readily rearranged
to give allylic isocyanate 13. This isocyanate intermediate
was trapped with 2,2,2-trichloroethanol to afford carba-
mate 14 as a single product in 81% yield for the two-step
sequence.
Although the stereochemistry of the newly generated

stereogenic center in 14 could not be determined at this stage,
it was elucidated by NOESY correlation studies performed
on 15, an unexpectedly formed bicyclic hemiaminal by
treatment of 14 with LiAlH4 in refluxing ether (Scheme 3).
On the other hand, when the reduction was conducted at
0 �Cand graduallywarmed to room temperature, the desired

secondary amine was produced, which was converted to
the desired corresponding N-Boc carbamate 16 in 55%
overall yield.
Having obtained the allylic amine with the desired

stereochemistry, we focused on the synthesis of the octa-
hydroazulene intermediate 4 in Scheme 1. The requisite
enyne for the RCM strategy was prepared as follows.
Hydroboration of the allylic methylene group in 16

proved troublesome and was best achieved by employing
thexylborane (ThxBH2) at 0 �C to room temperature. It
provided alcohol 17 in 89% yield, which was subjected to
IBXoxidation8,9 andCorey�Fuchs homologation10 of the
resulting aldehyde to give alkyne 18 (Scheme 4). Subse-
quent removal of the TBS group of 18with TBAF gave the
primary alcohol which, in turn, was subjected to IBX

Scheme 1. Retrosynthetic Approach to Hederacines A and B Scheme 2. Synthesis of Allylic Amine Intermediate 14
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oxidation and Wittig olefination (MePPh3Br, KHMDS)
providing enyne 19 in 79% yield in three steps. Methox-
ycarbonylation of the terminal alkyne was achieved by
employing butyllithium as a base followed by addition
of methyl chloroformate to afford the desired ester 20
in 92% yield. The enyne ester 20 thus obtained was then
subjected to RCM using Grubbs second-generation
catalyst to form 1,3-dienecarboxylate 21 in 92% yield,
which contains the complete carbon skeleton of the
natural products.
The next task was construction of the butenolidemoiety

bearing a methyl group. Thus, 1,3-dienecarboxylate 21
was treated with NaBH4 to reduce the R,β-unsaturated
ester selectively to afford ester 22 in 86% yield. Dihydrox-
ylation of the resulting ring alkene of 22 with OsO4 and
N-methylmorpholine N-oxide (NMO), followed by treat-
ment of the resulting crude mixture with SOCl2 and Et3N,
provided the desired azuleno[5,6-b]furanone 23 efficiently
in 62% yield.
The final stage in the synthesis of the common core

framework of the target natural products involved
selective conversion of the butenolide to the γ-hydro-
xybutenolide. For this purpose, the azuleno[5,6-b]
furanone intermediate 23 was treated with tert-butyldi-
methylsilyl triflate (TBSOTf, 1.3 equiv) in the presence of
Et3N to afford trialkylsilyloxyfuran 24 in 59% yield
together with the corresponding TBS carbamate 25 in
7% yield.11 The best result was obtained when the reac-
tion was carried out by employing 5.0 equiv of TBSOTf;
only the TBS carbamate 25was produced in 79% isolated
yield (Scheme 5). Treatment of 25withDMDO at�15 �C

by the Boukouvalas protocol12 gave rise to γ-hydroxy-
butenolide 26, which, without purification, was treated
with TBAF in THF. The resulting amine 27 was then
exposed to mild acidic conditions (heating at 60 �C in
acetonitrile solution containing 5% water in the presence
of LiBF4) in order to remove the 1,3-dioxolane protecting
group, to give bisacetal 28 in 74% yield with a fused
tetracyclic ring system derived from intramolecular trans-
acetalization from 25. The bisacetal 28 thus formed was
found to undergo transannular hemiaminal formation by
prolonged heating at increased temperature (ca. 100 �C),
giving the desired 8-azabicyclo[3.2.1]octane 29, albeit in
modest yield (36%).
After testing several reaction conditions, we finally

succeeded in optimizing the reaction by use of TFA in
aqueous acetonitrile to provide 29 in 93% yield, the
structure of which was confirmed by single-crystal X-ray
analysis (Figure 2).13 The best result was obtained when
the γ-hydroxybutenolide 26 resulting from oxidation of 25

Scheme 3. Preparation of N-Methyl Allyic Amine 16 Scheme 4. Synthesis of Azuleno[5,6-b]furanone 23
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was treated with TFA in aqueous acetonitrile at reflux;
under these conditions, 29was obtained in 85% yield over
two steps from 25.

In conclusion,we have developed a synthetic pathway to
the azabicyclo[3.2.1]octane 29, an advancedkey intermedi-
ate for the total synthesis of both 1 and 2, using an allylic
cyanate-to-isocyanate rearrangement, eneyne ring-closing
metathesis, and a transannular aminal formation. Further
studies directed toward the completion of hederacines A
and B continue in our laboratory.
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Scheme 5. Synthesis of Azabicyclo[3.2.1]octane 29

Figure 2. X-ray crystal structure of compound 29.


