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Abstract
The total synthesis of hyacinthacine A2 is reported via a novel transannular hydroamination in
which planar chirality of a 5-aza-trans-cyclooctene precursor is transferred to point chirality in the
product. Key to the success of this strategy was the development of a method for establishing
absolute planar chirality via stereocontrolled photoisomerization of a 5-aza-cis-cyclooctene. This
was accomplished by constructing a 5-aza-cis-cyclooctene precursor with a trans-fused acetonide.
The improved diastereoselectivity observed upon photoisomerization of this derivative is
attributed to the conformational strain of the eight-membered ring in the minor diastereomer.

Introduction
The pyrrolizidine framework is common to manifold natural products,1 including the
polyhydroxylated natural products hyacinthacine A2 (1), australine, alexine and their
epimers (Figure 1). These natural products and analogs have been targeted for synthesis1-5

because of their selective glycosidase inhibition6 and activity against HIV.7 For example,
hyacinthacine A2 (8.6 μM),8 australine (5.8 μM),9 and alexine (11 μM)10 and are all
selective inhibitors of amyloglucosidase that do not display significant inhibition of β-
glucosidases. Because of the diverse biological activities of pyrrolizidine alkaloids,1 the
stereocontrolled construction of this privileged scaffold is of considerable interest.

A transannular approach to the synthesis of the pyrrolizidine framework was first explored
by Wilson, who showed that electrophiles could activate 5-aza-cis-cyclooctenes toward
transannular C–N bond construction.11,12 White,4 Lin,13 Madsen5 and Davies14 have
elegantly demonstrated the importance of transannular cyclizations in syntheses of
pyrrolizidine alkaloids. White first used an epoxidation/transannular cyclization strategy to
synthesize australine, and demonstrated that the 5-aza-cis-cyclooctene precursors could be
created using ring closing metathesis.4 Madsen later synthesized australine via this approach
of epoxidation/transannular cyclization, and demonstrated that the 5-aza-cis-cyclooctene
precursors could be prepared very easily using a zinc-mediated fragmentation of iodosugars
derived from fructose or sucrose.5 Most recently, Davies described an enantioselective
synthesis of 7a-epi-hyacinthacine A1 in which transannular iodoamination was a key step.14

We envisioned that access to the pyrrolizidine alkaloids could be realized through
transannular hydroamination15,16 of a 5-aza-cyclooctene (Scheme 1). There are few
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descriptions of transannular hydroaminations of 5-aza-cis-cyclooctenes. The radical cation
of 5-aza-cis-cyclooctene cyclizes in the presence of t-BuSH to pyrrolizidine in 28% yield.12

The two-stage conversion of 3-azabicyclo[3.3.l]non-6-ene to 3-aza-noradamantane proceeds
in two steps via the intermediacy of an isolable HCl addition product.16 We envisioned that
transannular hydroaminations of 5-aza-trans-cyclooctenes would be facile due to the
intrinsic strain of the (E)-cycloalkene. While stereospecific, transannular cyclizations of (E)-
cycloalkenes have been studied with larger ring systems,17 relatively few studies have been
carried out on trans-cyclooctene derivatives.18-20 Ceré et al. demonstrated that (E)-
thiacyclooct-4-ene undergoes acid catalyzed transannular cyclization,21 as does the anion of
(E)-4,5-epoxy-1-thiacyclooctane-1,1–dioxide.22 In 2008, we demonstrated that treatment of
4-aza-trans-cyclooctene derivative with bromine provides the bromopyrrolizidine in >90%
isomeric purity, and with complementary diastereoselectivity relative to bromoamination of
4-aza-cis-cyclooctene. 23 Previously, the transannular hydroamination of an 5-aza-trans-
cyclooctene has not been described, although elegant studies on the intermolecular
hydroamination of trans-cycloalkenes have been described by Beauchemin.24

Retrosynthetic Analysis
A retrosynthetic analysis for the total synthesis of hyacinthacine A2 (1) is displayed in
Scheme 1. It was expected that 1 could arise from the hydroamination of a 5-aza-trans-
cyclooctene pS-3, which would in turn arise from the photoisomerization of cis-cyclooctene
4.25 cis-Cyclooctene 4 could be prepared via ring closing metathesis.4,5 We planned for the
photoisomerization of 4 to be carried out on practical scale using a flow reaction developed
by our group, in which trans-isomers selectively complex to AgNO3/silica.23 While our
photochemical flow procedure has been applied in bioconjugation chemistry,26,27 it has not
been previously applied in a target directed synthesis.

A key consideration for the synthesis of hyacinthacine A2 is stereocontrol in the
photoisomerization step, as trans-cyclooctenes possess planar chirality and are
configurationally stable. Only the pS isomer of 3 would lead to the natural product; pP-3
would instead lead to 7a epimer of hyacinthacine A2. In our earlier study, poor
diastereoselectivity was observed in the photoisomerizations of most cyclooctenes that bear
stereogenic centers.23 For example, the photoisomerization of 4,5-dihydroxy-trans-
cyclooctene 5 gives 6a and 6b with a dr of only 1.9 : 1 (Scheme 3a). An exceptional case
was 7, which gave 8a and 8b in 11 : 1 dr (Scheme 3b). As 7 is simply the acetonide of 5, we
hypothesized that the high diastereoselectivity observed in the photoisomerization of 7 was a
result of conformational constraints of the ring fusion. The eight-membered rings of both
diastereomers of 6 can adopt the most stable crown conformation. By contrast, only the
major diastereomer of 8 is able to adopt a crown conformation. The minor diasteromer 8b
cannot reasonably support a crown conformation, which would necessitate a trans-diaxial
ring fusion. Compound 8b must instead adopt a higher energy conformation. The second
lowest energy conformation of trans cyclooctene is the chair conformation, which is
calculated to be 5.4–5.6 kcal/mol (22.6–23.4 kJ/mol) higher in energy than the crown
conformation. 23,28 This difference in product ground state conformations is apparently
mirrored by an energetic difference in the transition states leading to 8a and 8b.

Based on these observations, we predicted that a ring fusion could also impart
diastereocontrol in the synthesis of hyacinthacine A2. Thus, acetonide 9 was targeted, and
expected to photoisomerize to pS-10, which can adopt the crown conformation (Scheme 2c).
The eight-membered ring of minor diastereomer pP-10 would be unable to adopt a crown
conformation, and would instead be forced to adopt a higher energy chair conformer.
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Results and Discussion
The synthesis of acetonide 9 was accomplished as illustrated in Scheme 3. The preparation
of ketone 11 was carried out using the efficient method previously described by Lauritsen
and Madsen.5 Reductive amination of 11 was carried out using a modification of the
literature procedure5 to give an inseparable 7:3 mixture of diastereomers. However, the
isomers could be readily separated upon trifluoroacetylation, and the major diastereomer 12
was obtained in 30% yield. While our efforts to improve the reductive amination of 11 were
unsuccessful, we considered that the brevity of the synthesis of 12 make it an attractive
intermediate. Ring closing metathesis using the 2nd Generation Grubbs catalyst gave 9 in
91% yield.

The key photoisomerization of 9 was carried out using our previously described flow
system23 in which the very unfavorable cis/trans ratio is driven to completion by active
removal of the trans-isomers (Figure 2). Thus, a 4:1 hexanes/ether solution of cis-alkene 9
was irradiated at 254 nm, and continuously cycled through a RediSep™ column that was
packed with a bed of AgNO3 impregnated silica gel.29 Unlike cis-cyclooctenes, trans-
cyclooctenes form stable coordination complexes with Ag(I), and trans-isomers 10 form
stable complexes with AgNO3 that adhere to the column. In contrast, cis-cyclooctene 9 is
not retained on the column, and is returned to the reaction flask for isomerization. The aza-
trans-cyclooctene complexes were decomplexed from AgNO3 using aqueous ammonia,
providing 10 with 8:1 dr, favoring the pS-isomer. The major isomer was separated, and X-
ray crystallography confirmed that the eight-membered ring of pS-10 adopts a crown
structure in the solid state (Figure 2a).

The total synthesis of hyacinthacine A2 (1) was completed as shown in Scheme 4. The
trifluoroacetyl group of pS-10 was cleaved through treatment with MeLi. Without
purification, treatment with hydrochloric and acetic acids removed the acetonide to give triol
11 as the ammonium salt. 5-Aza-trans-cyclooctene 11 smoothly underwent transannular
hydroamination to give hyacinthacine A2 (1) upon treatment with aqueous ammonium
hydroxide and pH adjustment with aqueous hydrochloric acid. In the hydroamination, the
absolute planar chirality of 11 is transferred to the C-7a stereocenter of 1 with excellent
fidelity: only a single diastereomer of 1 is obtained in the transannular reaction.

Conclusions
The total synthesis of hyacinthacine A2 is reported using a novel transannular
hydroamination of a 5-aza-trans-cyclooctene precursor in which planar chirality is
transferred to point chirality in the product. Key to the success of this strategy was the
development of a method for establishing absolute planar chirality via stereocontrolled
photoisomerization of a 5-aza-cis-cyclooctene.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Representative pyrrolizidine alkaloid natural products
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Figure 2.
(a) Flow photoisomerization of 9 provides 10 in 8:1 dr, favoring the pS-diastereomer. (b)
Schematic description of the flow photochemical apparatus
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Scheme 1.
Retrosynthesis of hyacinthacine 1 using transannular hydroamination and diastereoselective
photoisomerization as key steps
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Scheme 2.
(a) Like most cyclooctenes with stereogenic centers, the photoisomerization of cyclooctene
5 proceeds with poor diastereoselecitvity. (b) The high diastereoselectivity observed in
photoisomerization of cyclooctene 7 is attributed to the acetonide ring fusion, which would
force the minor diastereomer to adopt a high energy chair conformation. (c) Incorporation of
an acetonide in 5-aza-cyclooctene 9 is expected to prefer the formation of pS-10.
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Scheme 3.
Synthesis of aza-cis-cyclooctene 9
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Scheme 4.
Synthesis of hyacinthacine A2 via transannular hydroamination with planar-to-point
chirality transfer
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