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The total synthesis of 8a-epi-swainsonine has been achieved in

20% overall yield from R-glyceraldehyde dimethylacetonide 3

through epoxidation with the achiral furyl-substituted sulfo-

nium ylide 2d as one of the key steps.

Swainsonine 1 (Fig. 1), a naturally occurring polyhydroxyindoli-

zidine, was first isolated from the fungus Rhizoctonia leguminicola

in 19731 and has since attracted much attention, primarily because

of its significant biological activity. For example, it was found to

be an effective inhibitor of a-D-mannosidases,2 including the

glycoprotein-processing enzyme mannosidase II.3 It also exhibits

important antimetastatic,4 antitumor-proliferative,5 anticancer,6

and immunoregulating activities.7 Swainsonine was also the first

inhibitor to be selected for testing as an anticancer drug, reaching

phase II clinical trials in the US.8 Furthermore, considerable

structural variants (alternative epimers, other structural analogues)

have also been prepared in order to try to improve the biological

activity and/or the selectivity of the natural compound.9

Its considerable biological activity and interesting structure has

made swainsonine a popular target amongst synthetic chemists.9,10

Our own analysis of a potential route to this compound evolved

from our work on sulfur ylides.11 In early studies, we had shown

that the phenyl-stabilized ylide 2a reacted with glyceraldehyde

dimethylacetonide 3 to give the cis epoxide 4a (Scheme 1).12 In this

kinetically controlled reaction, the C1 stereochemistry is controlled

by the chiral sulfur ylide (reagent control) and the C2

stereochemistry is controlled by the substrate. We reasoned that

if we could effect the same type of reaction with the related furyl-

stabilized ylide 2b to give epoxide 5a, then following ring opening

by NH3 and application of the Achmatowicz reaction we should

arrive at piperidine 7a (Scheme 2). Piperidine 7a is just a few

functional group interconversions away from swainsonine.

Realization of this strategy, however, quickly revealed a

significant obstacle. Although the furyl-stabilized ylide 9 could

be generated from the corresponding tosylhydrazone salt 10 and

reacted with PhCHO (as shown previously),13 the related reaction

with glyceraldehyde dimethylacetonide 3 under the same condi-

tions failed (Scheme 3). This is presumably due to the instability of

the aldehyde at 40 uC over a prolonged period.

Application of the stoichiometric sulfur ylide reaction was

therefore explored.14 However, all attempts to form simple furfuryl

sulfonium salt 2c led to polymers or very low yields of products

(Scheme 4).15 We therefore attempted to stabilize the sulfonium

salt by blocking the 5-position on the furyl ring with a suitable

electron-withdrawing group. Of the substrates explored, only the

chloro and sulfonyl groups led to stable intermediates and of these

only the sulfonyl substituted salt 2d reacted with glyceraldehyde

dimethylacetonide 3. This furnished a mixture of epoxides (6 : 83 :

11) in which 11b predominated. The stereochemical outcome at C2

(11a + 11b : 11c) is in keeping with a polar Felkin–Anh controlled

addition of the ylide to the chiral aldehyde. Interestingly, use of

either of the two chiral sulfonium salts (+)-2e and (2)-2e gave

similar results, indicating that the ylide reaction was now under

substrate control rather than reagent control. This implies that

betaine formation (which would be expected to be controlled by

the reagent) must be reversible, and the epoxide selectivity is

determined by the equilibrium ratios of the betaine intermediates

and their rates of ring closure. Thus, the introduction of the
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Fig. 1 Structure of swainsonine.

Scheme 1 Reaction of chiral sulfur ylide with chiral aldehyde.

Scheme 2 Proposed route to swainsonine.
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sulfonyl group on the furyl ring, necessary to stabilize the

sulfonium salt, has changed the nature of the ylide from a semi-

stabilized ylide that would otherwise react non-reversibly, to a

stabilized ylide that reacts reversibly. In fact, the level of selectivity

observed is similar to that reported for amide-stabilized sulfur

ylides (0 : 84 : 16; a : b : c) which are also believed to react

reversibly.16

With a scalable synthesis of trans epoxide 11b in hand we

continued our synthesis, the next step of which involved ring

opening of the epoxide with an appropriate nitrogen nucleophile.

If this occurred with retention of configuration this would lead to

swainsonine, whilst inversion would lead to 8a-epi-swainsonine.

Direct aminolysis with aqueous ammonia smoothly ring-opened

the oxirane with inversion to give the anti amino alcohol subunit,17

from which the sulfone group was subsequently removed with

sodium amalgam to give the amino alcohol 6b (Scheme 5).

Attempts to effect ring opening of the epoxide with a retention of

configuration were not successful. Use of TMSN3
18 only returned

starting material, presumably because the sulfonyl group destabi-

lized carbocation formation adjacent to the furyl group.

Furthermore, removal of the sulfonyl group using Na/Hg

amalgam could not be effected without destroying the epoxide.

A double inversion strategy,19 using MgBr2 followed by NaN3,

ultimately gave the same major isomer as that obtained from direct

aminolysis, indicating that the initial ring opening had occurred

with retention in this case! Presumably, the bromohydrin was

formed under thermodynamic control through multiple attacks by

the bromide ion.

Access to multigram quantities of 6b nevertheless allowed us to

potentially obtain 8a-epi-swainsonine and so we next considered

the oxidative ring rearrangement—the aza-Achmatowicz reac-

tion.20 A key issue in this regard was the choice of the protecting

groups for the amino alcohol subunit to advance our synthesis.

Despite the common use of a sulfonamide N-protecting group in

the aza-Achmatowicz reaction due to its compatibility with the

acidic reaction conditions,21 we decided to carry forward a Cbz-

protecting group due to the potential for a one-pot reduction–

deprotection at the end of our total synthesis.22 We were pleased to

find that when Cbz-protected a-hydroxy amine 12 was subjected

to the oxidative reaction conditions (using anhydrous mCPBA),22

the ring expanded dihydropyridinone 7b was obtained in 72%

yield. Key to the success of this reaction was the use of anhydrous

mCPBA and avoidance of an aqueous work-up. Evidently the

dihydropyridinone 7b was quite water soluble.

We proposed to protect the hemi-aminal 7b with the internal

hydroxyl group, leading to bicycle 13, prior to the regio- and

diastereoselective reduction of the carbonyl group. This anhydro-

bridged structure would not only simultaneously protect both

functionalities (the alcohol and the hemi-aminal) but would also

effectively block the Re face of the enone, and thus should result in

high diastereoselectivity in attack of sodium borohydride from the

less hindered Si (lower) face.

Thus, treatment of 7b with TsOH?H2O, in toluene in the

presence of 4 Å molecular sieves23,24 gave the anhydro-bicycle 13 in

Scheme 4 Synthesis and reactions of furyl-substituted ylides. THT =

tetrahydrothiophene. Scheme 5 Completion of the synthesis of 8a-epi-swainsonine.

Scheme 3 Attempts to use the catalytic sulfur ylide reaction. PTC =

phase transfer catalyst.
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82% yield. As expected, Luche reduction25 gave essentially one

diastereomer, 15, and in high (95%) yield.26 Subsequent hydro-

genation with Pd/C simultaneously effected reduction of the

alkene, N,O-acetal and Cbz cleavage to furnish the free amine 19.

The synthesis was completed by first deprotection of the acetonide

to the free tetrahydroxy amine 8b under standard catalytic acidic

conditions, followed by an intramolecular N-alkylation under

Appel conditions,27 which finally gave 8a-epi-swainsonine in the

form of its hydrochloride salt 20. An X-ray structure of 20

confirmed its relative (and absolute) stereochemistry (see ESI).{,{
In conclusion we have achieved a concise synthesis of 8a-epi-

swainsonine in an overall yield of 20% from R-glyceraldehyde by

applying our epoxidation reaction with furyl-substituted sulfur

ylides. The synthesis is also noteworthy for its brevity, minimal use

of protecting groups, and for demonstrating the latent function-

ality inherent in furyl epoxides.
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