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Abstract: Aspidospermidine has been prepared by a novel route featuring TTF-induced cyclisation of a diazonium salt.
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The Aspidosperma alkaloids pose a severe challenge to the synthetic chemist!-2. The two principal
difficulties in synthesising aspidospermidine (1) are the generation of the tetrasubstituted, spiro centre at the
BCE ring junction and the control of stereochemistry at the four contiguous chiral centres. Radical chemistry is
well suited to the generation of tetrasubstituted carbon atoms3, and so a radical approach to the synthesis merits

scrutiny.
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Radical cyclisations leading to [6.5]-fused ring systems, in which a bond to the ring-junction is formed,
are well established to give a cis ring junction?, and so cyclisation of the ary! radical (2) might afford a useful
opening for the synthesis. This places the “Y” side-chain above the new cyclohexyl ring which would be
appropriate for the formation of ring E. However, functionalising the alkyl radical (3) with a functional group
“X”” which would permit the completion of the synthesis is much more challenging. As shown below, the ideal
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functional group would be an alcohol (X = OH), but there is no direct way to introduce an alcohol via radical
chemistry5:6. An iodide group (X = I) could be efficiently introduced’, but as this would be a secondary
neopentyl iodide, subsequent conversion into an alcohol would be extremely difficult.

We have recently shown8 that alcohols can be formed in high yield through TTF-mediated radical-polar
crossover reactions performed in moist acetone. This process permits an ordered sequence of radical and ionic
steps to be followed in one pot. Specifically, electron transfer from TTF to a diazonium salt (5) is followed by
loss of dinitrogen; the aryl radical (6) cyclises rapidly and the resulting alkyl radical (7) then couples to TTF++
to form a sulfonium salt (8). This salt undergoes unimolecular solvolysis in moist acetone yielding the
corresponding alcohol (9). Accordingly diazonium salt (10)° had been treated with TTF under these conditions

to form the alcohol (12)° as a single isomer.
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Reagents and conditions: (i) PCC, SiO,, DCM, 18h, 82%; (ii) TMSCI, Et;N, DMF, 80°C, 48h, ; TiCly, paraldehyde, DCM, -
78°C 0.5h, then r.t. 48h, 51%; (iii) K;CO1, MeOH, H,0, 18h, (iv) NaBHy, CeCl3, 15 min, 79%; (v) KyCO3, BuyNCl, DMF,
46%.

The stereochemistry at the alcohol in this compound has not been established, but our previous studies led
us to expect complete stereoselectivity in favour of top-face attack on carbocation (11). Oxidation of the alcohol
cleanly afforded the ketone (13), which could now be used to introduce the two carbons which would ultimately
form the ethyl side-chain of aspidospermidine. Aldol reaction!0 followed by spontaneous dehydration afforded



163

(14). Hydrolysis of the trifluoroacetamide group was carried out efficiently under mild conditions to afford the
unstable imine (15). We had previously investigated? the stereochemistry of reduction of the imine (18) which
afforded (19) as principal product!!. Luche reduction of imine (15) in situ afforded exclusively what we
initially assumed to be (16a). However alkylation of this amine with Z-3-bromo-1-iodopropene afforded an
alkylated product which was unable to undergo ring closure by Heck reaction. Hence the stereochemistry of this
alkylated compound was investigated by performing a single-crystal X-ray structure determination, which
showed it to be compound (17)!!, implying that the reduction had afforded (16b). The difference in
stereochemistry of reduction of (15) and (18) was intriguing!2.

To overcome this problem, we reduced the ketone (14), and were delighted to find that Luche conditions
afforded exclusive top-face delivery of hydride to afford alcohol (20)!3. Intramolecular Mitsunobu reaction of
this alcohol, exploiting the inherent acidity of the trifluoroacetamide group, neatly closed ring E affording (21).
Reductive cleavage of the trifluoroacetamide and alkylation!4 of the resulting amine (16a) yielded the Z-
iodoalkene (22) and ring closure under the conditions!3 of Kuehne er al. gave the pentacycle (23).
Hydrogenation proceeded rapidly for the terminal alkene and more slowly for the ring alkene to afford (24).
Deprotection of the mesyl group occurred cleanly to afford aspidospermidine (1), with the data in agreement
with literature!.

This novel synthesis of aspidospermidine allows all of the stereochemistry to be controlled by the
configuration of the single stereocentre!® in (10). It also demonstrates for the first time the synthetic utility of
the radical-polar crossover reaction. The unique property of the radical-polar sequence in allowing direct
formation of the key neopentyl alcohol (12) demonstrates a crucial advance in methodology.
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Reagents and conditions: (i) NaBHy, CeCl3.7H,0, MeOH, 0°C, 100%; (ii) DEAD, PPhyMe, THF, 0°C — r.t. 99%; (iii) NaBHg4,
EtOH, 60°C, 82%; (iv) KpCO3, dry THF, 80%; (v) Pd(OAc)y, Et3N, PPh3, dry CH3CN, reflux, 37%; (vi) 10% Pt / C, 40psi,
EtOH, 5 days, 58%; (vii) Red-Al, toluene, 100°C, 84%.
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