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Total synthesis and absolute configuration determination

of (+)-subincanadine Fw
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The first asymmetric synthesis of indole alkaloid (+)-sub-

incanadine F was successfully accomplished with the uncommon

7-endo-trig stereoselective radical cyclization as the key step and

its absolute configuration was thus assigned.

Bridged, medium-sized nitrogen heterocycles are embedded in

a number of indole alkaloids such as subincanadines F (1),1

D (2), E (3) and apparicine.2 The structural complexity of

these alkaloids imposes a formidable challenge to synthetic

organic chemists. In fact, only the total synthesis of racemic

subincanadine F3,4 and apparicine5 has recently been reported.

(+)-Subincanadine F was isolated (in 0.002% yield) as a

trifluoroacetic acid salt from a Brazilian medicinal plant,

Aspidosperma subincanum, by Kobayashi and coworkers in

2002 with the [a]23D value of +17.8 (c 1.0, MeOH).1 This

cytotoxic compound possesses a unique 1-azabicyclo[4,3,1]decane

skeleton and its absolute configuration has yet to be determined.

The synthesis of racemic subincanadine F was first reported by

Zhai and coworkers3 and later by our group.4 Herein we

report the first asymmetric synthesis of (+)-subincanadine F

and the assignment of its absolute configuration.

The bridged tetracyclic framework of subincanadine F

requires the efficient generation of the seven-membered C ring.

Previous approaches utilized the Pictet–Spengler condensation

followed by skeleton rearrangement.3,4 The intramolecular

Heck coupling between N-protected 2-iodoindoles and a

cyclohexene was also reported.6 However, these methods were

unlikely to be applicable for the asymmetric synthesis of

(+)-1. It is therefore highly desirable to develop new methods

for the stereoselective construction of the core structure. We

envisioned that the uncommon 7-endo-trig intramolecular

radical addition to an indole7,8 depicted in Scheme 1 might

provide a direct entry. The stereoselectivity of cyclization

might be controlled by the ester group in intermediate A, thus

allowing the use of easily available tryptophan as the starting

material. Furthermore, unprotected indoles might be directly

used in the cyclization by taking advantage of the wide

functional group compatibility of radical reactions. Owing to

our interest in the cyclization of a-carbonyl radicals,9 we set

out to explore this possibility.

1-(2-(1H-Indol-3-yl)ethyl)piperidin-4-one (4)10 was first

employed in our model study (Scheme 2). The reaction of 4

with trimethylchlorosilane (TMSCl) and triethylamine gave

the corresponding vinyl silyl ether, which was then treated

with cerium ammonium nitrate (CAN) and sodium bicarbonate

to generate the a-carbonyl radical.11 However, no desired

radical cyclization product could be detected while all the

starting material, 4, decomposed. Presumably the unprotected

indole and tertiary amine moieties were sensitive under the

oxidative conditions.12 To test this hypothesis, amide 5, which

was readily prepared from the condensation of 2-(1H-indol-3-yl)-

acetic acid with piperidin-4-one followed by N-esterification

with ClCO2Et/Et3N, was subjected to the above reaction

conditions. Indeed, the non-optimized CAN-oxidation of the

corresponding silyl ether intermediate B afforded the mixture

of cyclized products 6 (25%) and 7 (20%), whose structures

were unambiguously determined by their X-ray diffraction

experiments. The formation of 7 was apparently caused

by over-oxidation. These model experiments indicated that

the desired radical cyclization shown in Scheme 1 was

conformationally accessible. However, the cyclization should

be performed under milder oxidative conditions in order to

avoid over-oxidation and to allow the direct use of tertiary

amine and unprotected indole as in intermediate A.

In light of the above model reactions, we then designed the

following synthetic route towards (+)-subincanadine F

starting from L-tryptophan (�)-8 (Scheme 3). The reaction

of L-tryptophan with methyl acrylate in aqueous methanol

gave the double N-Michael addition product (�)-9. The

Dieckmann condensation of (�)-9 with the aid of excess

t-BuOK afforded the acid (�)-10, which was then converted

to its methyl ester (�)-11 by treatment with methanol,

1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide methiodide

Scheme 1 Retrosynthetic analysis.
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(EDCI)13 and 4-(dimethylamino)pyridine (DMAP). The b-keto
ester (�)-11 served as the substrate for radical cyclization and

various oxidative conditions were screened. Oxidants such as

CAN,10 Mn(OAc)3,
11a,14 Cu(OAc)2

11a,15 and FeCl3,
11a,15 with

or without the help of a base (K2CO3, MeONa or t-BuOK),

failed to give any desired cyclization product. However, we

were delighted to find that, with Cp2FePF6 (2.2 equiv.) as the

oxidant16 and t-BuOK (2.2 equiv.) as the base, the expected

cyclization product (�)-12 was isolated in 64% yield as a

single stereoisomer, whose stereochemistry was firmly

established by its X-ray diffraction analysis. No products

derived from 6-exo-trig cyclization could be detected.17

The cleavage of the two ester groups from (�)-12 followed

by ethylenation would lead to the target molecule. However,

this turned out to be unexpectedly difficult. The six-membered

D ring of 12 broke up upon treatment with aqueous LiOH or

HCl (6 N) solution even at room temperature. The use of

AlCl3 in CH2Cl2 also resulted in substrate decomposition.

Presumably the ring constraint made the ketone easily attacked

by nucleophiles leading to retro-Dieckmann-condensation

products. Nevertheless, when 12 was heated up with LiI18 in

DMSO, the four-ring skeleton remained intact. Unfortunately,

the demethylation product, being an amino acid, was difficult

to purify.

The above-mentioned difficulty urged us to change the

protection of acid 10. Also note that, contrary to the natural

(+)-1, compound 12 has a negative optical rotation. Thus,

D-tryptophan was used as the starting material (Scheme 4).

Acid (+)-10 was synthesized accordingly in two steps, which

was then converted to the corresponding benzyl ester (+)-13

by reaction with BnOH/EDCI/DMAP. The oxidative radical

cyclization reaction of (+)-13 was again performed under the

same conditions outlined in the synthesis of (�)-12. The

product (+)-14 was nicely obtained in 68% yield. Treatment

of compound 14 with LiI in DMSO at 180 1C now resulted in a

clean reaction and (+)-15 was achieved in 70% yield. No

epimerization of the bridgehead carbon could be observed,

which should be attributed to the rigid structure of (+)-15.

The next step was the removal of benzyloxycarbonyl group.

Thus, the debenzylation of 15 via Pd/C-catalyzed hydrogenation

gave the corresponding carboxylic acid quantitatively, which,

without further purification, was converted to the corresponding

Scheme 2 Model study.

Scheme 3 Oxidative radical cyclization.

Scheme 4 Synthesis of (+)-subincanadine F.
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phenylseleno ester in about 75% yield by reaction with

i-BuOCOCl/PhSeNa.19 Further treatment of the ester with

Bu3SnH/AIBN afforded cleanly the desired product (+)-16 in

almost quantitative yield.19 Finally, the TiCl4/ethyldiisopropyl-

amine-mediated condensation of (+)-16 with acetaldehyde

furnished the target molecule (+)-1 in a one-step procedure,4

whose spectra were identical with those reported in the

literature.1,3,4 The chiral HPLC analysis indicated that the product

was optically pure (see the ESIw). The [a]23D value was measured to

be +198.4 (c 0.25, CHCl3) for compound 1 and +39.2

(c 0.50, MeOH) for its trifluoroacetic acid salt. On the basis of

the above synthesis (Schemes 3 and 4), the absolute configuration

at the a-carbonyl carbon of (+)-1 was assigned as R.

In conclusion, the first asymmetric total synthesis of

(+)-subincanadine F was successfully accomplished and its

absolute configuration was determined. Our synthesis features

the unprecedented stereoselective intramolecular radical

addition reaction to indoles in the uncommon 7-endo-trig

mode, providing a convenient entry to bridged, medium-sized

N-heterocycles Furthermore, the use of ferrocenium ions as a

mild oxidant allows the direct use of unprotected indoles.

The extension of this novel radical strategy in the synthesis of

related indole alkaloids is currently in progress in our

laboratory.
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