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Ring Expansion: Synthesis of the Velbanamine Piperidine Core
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Abstract: A ring expansion reaction applied to a substituted proli-
nol has been used in order to obtain the piperidine core of (-)-velba
namine, an alkaloid extracted from Taber naemontana eglandul osa.
Key words:. (-)-velbanamine, alkaloid, ring expansion, piperidines,
trans-4-hydroxy-(L)-proline

Of the numerous alkaloids isolated from the pantropical
plant Catharanthus roseus, vinblastine and vincristine
have antitumor activity and are used in the treatment of
Hodgkin's disease and leukemia.! Reductive cleavage of
both alkaloids gave the indole derivative (+)-velban-
amine.? On the other hand, (-)-velbanamine was extracted
from leaves and twigs of Tabernaemontana eglandulosa
in 1984.2 Five racemic syntheses of velbanamine and two
chiral non-racemic syntheses of (+)-velbanamine and (-)-
velbanamine have been achieved previously.*® For our
part, we have envisaged the synthesis of (-)-velbanamine
by photochemical cyclization’ of a-chloroacetamide B to
built up the 9-membered ring, and enantioselective ring
expansion of prolinol to piperidin-3-ol® to afford the
3,3,5-trisubstituted piperidine ring present in (-)-velban-
amine. The precursor of the a-chloroacetamide B could be
obtained by condensation of the phosphonium methyl in-
dole bromide® with piperidinoaldehyde A. Here, we
would like to report the synthesis of alcohol 9 from trans-
4-hydroxy-(L)-proline, which isthe precursor of aldehyde
A (Scheme 1).

The enantiomerically pure commercially available trans-
4-hydroxy-(L)-proline 1 was transformed, in quantitative
yield, to the corresponding methylester carbamate by
treatment with SOCI,, in the presence of methanol, fol-
lowed by the nitrogen protection as a tert-butyl carbam-
ate. After protection of the hydroxy group at C-4
(TBDPSCI, imidazole, DMF, r.t., 88%), the correspond-
ing silyl-ether 2° was treated with LDA at —78 °C and the
enolate was quenched with ethyl iodide (7.5 equiv) in the
presence of HMPA (7.0 equiv)*° to afford two inseparable
alkylated compounds3and 3' ina78:22 ratio and in quan-
titative yield (Scheme 2).

To determinethe rel ative stereochemistry between the hy-
droxy group at C-4 and the ester group at C-2, the minor
isomer 3' was transformed to the corresponding hydroxy
acid, as the cisisomer should cyclize to produce the cor-
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Scheme 2 (&) SOCI, (1.2 equiv), MeOH, 0 °C to r.t., 1 day; (b)
Boc,O (1.1 equiv), Et3N (2.2 equiv), dioxane-H,0, 2:1, r.t., 1 day; (c)
TBDPSCI (1.0 equiv), imidazole (2.5 equiv), DMF, r.t., 2 days; (d)
LDA (2.0 equiv), THF, =78 °C, 1 h then HMPA (7.0 equiv), Etl (7.5
equiv), —78 °C, 20 min.

responding lactone. After deprotection of the hydroxy
groups at C-4 in 3 and 3', using TBAF (MS 4 A, THF,
r.t.), the hydroxyesters 10 and 10" were isolated in 87%
yield and separated by chromatography. Compound 10°
was treated with LiOH and transformed to the hydroxy
acid 11 (89%) which, after treatment with diphenylphos-
phorylazide (DPPA) in the presence of Et;N in DMF,X°
led to lactone 12 in 44% yield (Scheme 3).

As the minor diastereomer 3’ clearly has the cis relation-
ship between the hydroxy group at C-4 and the ester at
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Scheme 3 (&) TBAF (2.0 equiv), powdered MS4 A, THF, r.t., 2.5
days; (b) LiOH (2.8 equiv), THF-H,0, 1:1, 0 °C to r.t, 17 h: ()
DPPA (1.2 equiv), Et:N (2.3 equiv), DMF, 0°Ctort., 5 h.

C-2, themajor isomer 3 hasthe desired transrelative ster-
eochemistry required for our synthesis. The mixture of
compounds 3 and 3' was reduced with LiAIH, in reflux-
ing THF to afford the corresponding prolinols 4*2 and 4
(ratio 4/4 = 78/22) in 93% yield, which could be separat-
ed by flash chromatography. It isworth noting that the si-
lylether group of the cis diastereomer was deprotected
under these conditions.!® Ring expansion conditions® ap-
plied to 4, using trifluoroacetic anhydride (TFAA) in THF
at r.t. followed by addition of Et;N and NaOH, led to pip-
eridinol 5'*in 93% yield and with a diastereomeric excess
of >98%. After protection of the tertiary alcohol at C-3
(TBSOTf, 2,6-lutidine, CH,Cl,, r.t.) followed by the N-
demethylation and carboxylation of the piperidine using
isobutyl chloroformate in presence of K,COj; in refluxing
toluene,*® the 3,3,5-trisubstituted piperidine 6 was isolat-
ed in 92% yield. Selective deprotection of the C-5 silyl-
ether was achieved with TBAF (1.0 equiv) and PCC oxi-
dation afforded the aminoketone 7 in 92% yield. Transfor-
mation of 7 to the desired alcohol 9 was achieved in two
steps via the methylene piperidine 8. Treatment of ketone
7 with Cp,TiMe,, in THF in the dark?® afforded the meth-
ylene piperidine 8 (98%), which was then transformed to
the primary alcohols 9 and 9" in 94% yield and in aratio
of 61:39 with BH;THF/NaOH, H,0,. Remarkably, the
ratio in 9/9' was not improved when a hindered borane
such as t-hexylborane was used (Scheme 4).

To determinetherelative stereochemistry between the hy-
droxy at C-3 and the hydroxymethyl at C-5 in compounds
9/9', the alcohol a C-3 was deprotected (TBAF, THF, re-
flux, 100% vyield) and the diol was oxidized (TPAP,
NMO, MS4 A, CH,CI,/CH,CN). Under these conditions,
lactone 16 was the only compound isolated. The monitor-
ing of this reaction by GC/MS shows us that lactone 16
was obtained via the hydroxyaldehyde-lactol 14-15. The
minor compound 13" was transformed to hydroxyalde-
hyde 14’ " which decomposed very rapidly under these
conditions (Scheme 5).
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Scheme 4 (a) LiAlH, (4.8 equiv), THF, 0 °C to reflux, 2 h; (b)
TFAA (1.2 equiv), THF, 0°C, 1.2 hthen Et;N (4.0 equiv), 0°Ctor.t.,
2 days then 3.75 N NaOH (20.0 equiv), r.t., 2 h; (c) TBSOTf (1.2
equiv), 2,6-utidine (3.0 equiv), CH,Cl,, r.t., 1 h; (d) CICO,i-Bu (1.0
equiv), K,CO; (0.6 equiv), toluene, reflux, 3 h; (e) TBAF (1.0 equiv),
powdered MS 4 A |, THF, r.t., 3.5 h; (f) PCC (2.5 equiv), powdered
MS4A | CH,Cl,, r.t., 2.5 h; (g) Cp,TiMe, (3.2 equiv), THF, dark, re-
flux, 4 h; (h) BHyTHF (1.1 equiv), THF, 0 °C, 50 min then 3.75 N
NaOH (4.0 equiv), 30 % H,0, (8.0 equiv),0°Ctor.t., 1.5 h.
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Scheme 5 (@) TBAF (5.0 equiv), THF, reflux, 17 h; (b) TPAP
(0.04 equiv), NMO (3.0 equiv), powdered MS 4 A , CH,CI,/CH,CN
=10/1,rt,15h.
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By employing aring expansion of the 2,2,4-trisubstituted
prolinol 4, we were able to obtain the 3,3,5-trisubstituted
piperidine 5 with excellent diastereosel ectivity. Thislatter
compound can be transformed in four additional steps to
piperidine 9, which will be utilized in the synthesis of (-)-
velbanamine.
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