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Abstract: Wereport herein an efficient enantiospecific synthesi s of
(+)-calvine in nine steps from (R)-epichlorohydrine. The conver-
gent synthesisis based on an olefin cross-metathesis (CM) reaction
of a chira homoallylamine and an enone. Subsequent reductive
cyclization and lactonization of the cis-2,6-disubstituted piperidine
intermediate furnished the product in good yield.
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Ladybird beetles (Coccinellidae) are rarely exploited as
food sources by predators, owing to toxic alkaloids pro-
duced in their hemolymph, which are released as small
yellow droplets from their knee joints once they are dis-
turbed or molested.® Calvine, a cis-2,6-disubstituted pipe-
ridine annulated with a seven-membered lactone, is the
major akaloid found in two ladybird beetles Calvia 10-
guttata and Calvia 14-guttata. 2-Epicalvine, its corre-
sponding trans-lactone, was also found as the minor con-
stituent (about 10%, Figure 1).

..... ,

H11Cs N H11Cs N
NI NI
] (o]

(+)-calvine (+)-2-epicalvine

Figurel Alkaloidsfound in CalvialO- and 14-guttata

Braekman and coworkers isolated the alkaloids in 1999
and determined their absolute configuration by so far the
first and only total synthesisin 2000.2 They utilized the
CN(R,S method?® as the key step to prepare a cis-2,6-di-
substituted piperidine methyl ester intermediate. The hy-
droxyethyl group was introduced later in the synthesis by
treating the piperidine intermediate with an excess of ox-
irane in methanol. This step, which was the major draw-
back of the synthesis, resulted in a complex mixture
containing calvine, 2-epicalvine, N-alkylated methyl ester
(cig/trans 1:1) and N,N-dialkylated retro-Michael prod-
uct. Thelow selectivity was caused by theinterconversion
of calvineto 2-epicalvinein protic solvents viatransester-
ification, ring-opening, and retro-Michael reaction. Inter-
estingly, both lactones are stable in aprotic solvents such
as THF or acetonitrile.?
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Previous works within our group established the method-
ology for the synthesis of cis-2,6-disubstituted pipe-
ridines.* We were therefore eager to apply the sequential
olefin cross-metathesis—reductive cyclization method to
synthesize calvine. In contrast to the synthesis of Braek-
man, we found it advantageous to introduce the hydroxy-
ethyl group early in the synthesis to avoid the unselective
hydroxyethylation. We envisaged the ester 1 as a syn-
thetic precursor, which should result from the reductive
cyclization of enone 2, the CM product of enone 3 and
enantiopure homoallylamine 4. The homoallylamine
should be prepared via substitution of homoallylalcohol 5,
in turn available from oxirane 6 (Scheme 1). To avoid the
interconversion of calvine to 2-epicalvine, careful selec-
tion of the reaction solvents was crucial.
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Schemel Retrosynthetic analysis of calvine

The synthesis of calvine is presented in Scheme 2. The
CM partner 3 was prepared in two steps according to the
procedure of Zibuck and Streiber.> The aldol reaction of
methyl acetate and acrolein occurred smoothly to furnish
the allyl acohol 7. The Jones oxidation yielded after
Kugelrohr distillation the desired enone 3 in 55% yield.

The CM partner 4 should be prepared from an enantiopure
homoallylalcohol. Brown and coworkers reported the re-
action between allyldiisopinocampheylborane and n-bu-
tyraldehyde to furnish (R)-hept-1-en-4-ol in 72% vyield
with moderate 87% ee® Another approach was the
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Barbier reaction between allyltributyltin and hexanal in
the presence of a catalytic amount (20 mol%) of a chiral
BINOL-TiCl, complex to give (R)-non-1-en-4-ol in 75%
yield and 98.4% ee. However, the reaction was reported
on small scale (1.5 mmol of aldehyde) and elaborate tech-
nique was required to prepare the chiral complex.” An al-
ternative method was reported by Flrstner and coworkers,
which involved an oxirane opening by vinylmagnesium
bromide in the presence of cataytic amounts of
CuCI(COD) (COD =cyclooctadiene). This method is
suitable for large scale and does not result in any erosion
of ee?®

a OH O b (]
OMe \)\/U\OMe OMe
7 3
OH

0 c,d O e

OH OH
fg M chay” N
_c : —_— :
: PN
HllCM H11Cs S
13
/\/OH
7.5% [Ru] N 3 @0
3+4 — o :
1 Hq1Cs X 1 "OMe
4 2
8
i 6l 1 Co,Me
—> Hp;Cs 7 + HuCs N
14& K’ (6]
5 OH (o]
1 (+)-calvine

Scheme2 Reagentsand conditions: (a) LDA, THF, =78 °C; acrole-
in, 5min, quant.; (b) CrO;, H,SO,, acetone, 18 h, 55%; (c) n-BuMgCl,
CuCN (10 mol%), —78 °C to 0 °C, 2.5 h, quant.; (d) NaOH, THF—
H,0, 20 h, 87%; (€) vinyIMgBr, CuCN (10 mol%), =78 °Ctor.t., 24
h, 84%; (f) TsCl, DMAP (10 mol%), CH.Cl,, 7 d, 72%; (g) ethanol-
amine, THF, reflux, 6 d, 77%; (h) CbzCl, K,CO;, H,O0-CH,Cl,, 4 h,
73%; (i) 3 (2 equiv), 4 (1 equiv), [Ru] (7.5 mol%), CH,Cl,, reflux, 18
h, 70%; (j) 10% Pd/C, i-Pr,O, 3 bar H,, 40 °C, 3 d, 61% 1 and 13%
calvine; (k) PTSA (1.1 equiv), benzene, reflux, 18 h, 66%.

The homoallyalamine 4 was prepared in six steps, starting
from (R)-epichlorohydrine. Its conversion to pentyl ox-
irane 6 was done by copper-catalyzed oxirane opening
with n-butyl magnesium chloridefollowed by oxiranefor-
mation in basic conditions.® Successive oxirane opening
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with vinyl magnesium bromide gave the homoallylalco-
hol 5 in 84% yield.2%* Copper cyanide works as well as
CuCI(COD) in catalyzing the reaction. The transforma
tion of homoallylalcohol 5 to homoallylamine 4 was ac-
complished by tosylation, nucleophilic substitution, and
introduction of the Cbz protecting group, yielding the ho-
moallylamine 4. The tosylation proceeded slowly and was
complete after seven days. The substitution reaction was
complete after six days yielding the volatile homoallyl-
amine 8. The benzyloxycarbonylation was done in atwo-
phase reaction system, which gave solely the N-protected
homoallylamine. We expected that the substitution reac-
tion occurred with complete inversion of configuration
(Sy2 mechanism). As we could not determine the con-
figuration of 8 or 4 either via chiral HPLC or Mosher
derivatives, we decided to continue our synthesis sincethe
configuration of the final product would provide more
information about the substitution reaction.

CM between enone 3 and homoallylamine 4 was conduct-
ed in the presence of 7.5 mol% Hoveyda—Blechert ruthe-
nium catalyst [Ru]*? to afford exclusively the E-enone2in
70% yield.®® The catalyst was chosen as it shows higher
reactivity and stability than the second generation
Grubbs' catalyst.'*

We then investigated the reductive cyclization reaction of
enone 2. Suitable aprotic solvent was required for the
reaction as the hydrogenation with methanol as solvent
resulted in the epimerization due to the retro-Michael re-
action. Reaction in THF led only to the hydrogenation of
the double bond with retention of the N-Chz protecting
group.'® Maki and coworkers reported ahydrogenation re-
action with various solvents, in which isopropyl ether
proved to be as effective as methanol in hydrogenating
benzyl ester moiety.'® Conducting the reductive hydroge-
nation in isopropyl ether at 3 bar of hydrogen and 40 °C
for three days afforded a mixture of the cis-2,6-disubsti-
tuted piperidine 1 and calvine in 61% and 13% yields, re-
spectively.18 Both products were chromatographically
separated and the piperidine 1 was subjected to lactoniza-
tion conditions.

Braekman and coworkers reported a lactonization proce-
dure, in which the crude mixture resulted from hydroxy-
ethylation was heated in acetonitrile at 50 °C in the
presence of Amberlyst A15 and molecular sieve.? Using
this procedure calvine was obtained in 60% yield together
with 25% recovered piperidine 1. We found out that the
TLC controls detected only the substances in the solution.
The adduct attached on the Amberlyst surface remained
undetected and it was released only during workup, giving
low yield and conversion. A complete conversion was
achieved by treating the piperidine 1 with a slight excess
of p-toluenesulfonic acid in refluxing benzene, affording
neat calvine in 66% yield.*?° The spectral data and opti-
cal rotation of the final product were in agreement to the
reported values. The enantiopurity of calvine also con-
firmed the complete inversion of configuration of the
crucial nucleophilic substitution reaction.
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In summary, we have performed an enantiosel ective syn-
thesis of (+)-calvine in nine steps starting from (R)-epi-
chlorohydrine with an overall yield of 10%. The key
strategies included the copper-catal yzed oxirane opening,
S\2 reaction, and sequential CM—reductive cyclization
method. Further investigations and syntheses based on
this concept are currently under study in our laboratories
and the results will be reported in due course.
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