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(-)-clavepictine A (1a): R = Ac, R' = n-CgHj3 H Br
(+)-clavepictine B (1b): R =H, R' = n-CgH43
(-)-pictamine (1¢): R =H, R' = n-C4Hg NHBoc

A short route for assembling clavepictines A and B and pictamine is described, which features elaboration of its trisubstituted piperidine
moiety via condensation of a  f-keto sulfone with an L-alanine-derived bromide and subsequent alkylative cyclization and construction of its
quinolizidine skeleton via a diastereoselective intramolecular conjugate addition. The possible stereochemical course for this conjugate addition

is discussed.

Clavepictines A and B (1and 1b) and pictamine (1c) are After the structures ofla—c were resolved, synthetic
three quinolizidine alkaloids that were isolated from the studies toward these natural products were immediately

tunicate Clavelina pictain 1991 by the Cardellina and _
Faulkner groups, respectively (Figure1Preliminary bio-

logical studies on clavepictines A and B indicated that these

7
two compounds possessed significant cytotoxicity against S -
murine leukemia and human solid tumor cell lines (P-388, = N  rot NN
A-549, U-251, and SN12K1) at concentrations lower than 9 2 . «
A
R

ug/mL22A recent study on the structuractivity relationship
(SAR) revealed that their cytotoxicity was primarily deter-
mined by the side chain connected with C10, as no activity

2a: R = MOM, X = CO.Et
2b: R=TIPS, X = COEt
2¢: R=TBS, X =80,Ph

. . . -)-clavepictine A (1a): 2d: R = MOM, X = SO,Ph
was observed when this unsaturated side chain was replaced © R J}\Q R = ,f_C;H13 :
with some substituentsAlthough there have not been any  (+)-clavepictine B (1b): H
reports on cytotoxicity of pictamine, this alkaloid was (-)-piRct:n::heR (:c’;fcﬁ"'ﬁ Vs
recently found to be a potent blocker for two neuronal R = Ac, R' = n-C4Hq LN
nicotinic acetylcholine receptors with gvalues of 1.5 and RO Boc ||
1.3 uM, respectively? X

3a: R = MOM, X = CO,Et
3b: R=TIPS, X = CO.Et
(1) (a) Raub, M. F.; Cardellina, J. H.; Choudhary, M. I.; Ni, C.-Z.; Clardy, 3c: R=TBS, X = SO,Ph
J.; Alley, M. C.J. Am. Chem. So&991, 113 3178. (b) Kong, F.; Faulkner, . . . _
D. J. Tetrahedron Lett1991,32, 3667. FlgureT 1. structures and retrosynthetic analysis of clavepictines
(2) Agami, C.; Couty, F.; Evano, G.; Darro, F.; Kiss, Bur. J. Org. and pictamine.
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conducted. In 1995, Hart and Leroy disclosed their unsuc-
cessful attempt$.One year later, the first enantioselective
total synthesis of clavepictines was accomplished by the
Momose group, in which 32 linear steps were requir8don
after, Ha and Cha demonstrated their alternative route (in
27 linear steps) to these two target molecGlegerestingly,

in their initial investigations, both the Momose and Cha
groups chose an intramolecular conjugate addition of an
amine liberated fromo,S-unsaturated esteBa or 3b to
elaborate the desired bicyclic intermedidta or 2b.526b

Unfortunately, this process gave rise to undesired 10-epimer

4aor 4b as the major or exclusive product (Figure 2), which
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a: R = MOM, X = CO,Et
b: R = TIPS, X = CO,Et
¢:R=TBS, X = SO,Ph
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Figure 2. Possible stereochemical courses for formation of
quinolizidines2, 4, and6.

forced them to give up this obviously short protocol, and
completed the total synthesis via another intramolecular
conjugate addition (frond to 6), or a silver(l)-promoted

cyclization of -amino allenes, as the key steps. Notable
drawbacks in these two known routes are that the former

one required long steps to manipulate the substituents at C2

and C3 while the latter one suffered from unsatisfactory
diastereoselectivity at the cyclization sfep.

To rationalize the stereochemical outcome for the intramo-
lecular conjugate addition, two possible conformarsnd
B were proposed (Figure 2f The amine generated from

(3) Tsuneki, H.; You, Y.; Toyooka, N.; Sasaoka, T.; Nemoto, H.; Dani,
J. A,; Kimura, I.Biol. Pharm. Bull.2005,28, 611.

(4) Hart, D. J.; Leroy, VTetrahedron1995,51, 5757.

(5) (a) Toyooka, N.; Yotsui, Y.; Yoshida, Y.; Momose, J..Org. Chem.
1996, 61, 4882. (b) Toyooka, N.; Yotsui, Y.; Yoshida, Y.; Momose, T.;
Nemoto, H.Tetrahedron1999,55, 15209.

(6) (@) Ha, J. D.; Lee, D.; Cha, J. K. Org. Chem1997,62, 4550. (b)
Ha, J. D.; Cha, J. KJ. Am. Chem. S0d 999,121, 10012.
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3aor 3b may prefer the conformeX to deliver the undesired
isomer4aor 4b, because in the conformBrthe long carbon
side chain must be axial. To inhibit the formation of the
conformerA, Momose and co-workers employed sulfdhe
as a substrate, in which an additional ring was introduced to
fix the conformation of the piperidine ring inteans-decalin
type. As expected, compouridunderwent a deprotection/
conjugate addition process to provide the desired quinolizi-
dine6 exclusively, which was subsequently transformed into
the advanced intermediagal 5

During the studies on the synthesis of bicyclic alkaléis2
we became interested in development of a more efficient
protocol for assembling clavepictines A and B and pictamine.
We envisaged that revising the balance from the conformer
A to the conformeB could also be achieved by replacing
the MOM protecting group and,3-unsaturated ester moiety
with larger TBS andx,-unsaturated sulfone, respectively.
These measurements would make the confodrless stable
because of its axially disposed bulky silyloxy group and
severe repulsive interaction between the benzenesulfon-
methyl, methyl and silyloxy groups, thereby givirge
predominantly through cyclization of the conforni&rThe
investigations thus undertaken are detailed here.
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As depicted in Scheme 1, the required piperidine ring was
constructed from Boc-protectedamino bromide8, which
was prepared fromN-Boc--alanine via ArndtEistert

(7) () Zhu, W.; Cai, G.; Ma, DOrg. Lett.2005,7, 5545. (b) Zhu, W.;
Dong, D.; Pu, X.; Ma, DOrg. Lett.2005,7, 705. (c) Pu, X.; Ma, DJ.
Org. Chem2003,68, 4400. (d) Zhu, W.; Ma, DOrg. Lett.2003,5, 5063.
(e) Ma, D.; Zhu, W.Org. Lett.2001,3, 3927. (f) Ma, D.; Sun, HOrg.
Lett.2000,2, 2503. (g) Ma, D.; Zhang, Jetrahedron Lett1998,39, 9067.

(8) (a) Rotella, P. DTetrahedron Lett1995,36, 5453. (b) Pu, X.; Ma,
D. Angew. Chem., Int. EQR004,43, 4222.
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synthesis and subsequent transformations, and has beewe are currently exploring each possible reaction pathway

successfully utilized in the total synthesis of lepadihafter in Figure 2 through high-level density function theory
cleavage of the Boc group i@ with AICl3, the liberated calculations. Nevertheless, a comparison of the electronic
amine was immediately condensed witkketo sulfone9 energies of the products given by cyclization of conformers

under solvent free conditions to provide an enamine sulfone, A—D may already provide some insights into the probability
which was then treated with triethylamine and sodium iodide of each reaction pathway. For this purpose, molecular models
at 120°C to produce the alkylative cyclization produb® of the four possible products were built by using the Gaussian
in 75% overall yield?® 03 program:* The geometry of each molecule was fully

For further conversion, we had to protect the enamine in optimized at the B3LYP 6-3t+G(d,p) level, and the single-
10 with a Boc group, which was proven a challenging task point electronic energy of each molecule was computed at
owing to its poor reactivity and sterically hindered environ- the same level (Table 1). We noticed that Ha and ®Cha
ment. After some trials, we found that this goal was reached

by treatment ofLO with n-BuLi and subsequent trapping the _

nion with ditert- | dicarbonate. Next, Raney-Ni-
anio th ditert buty' dicarbonate . ext, Raney Table 1. Electronic Energies of the Direct Products by
catalyzed hydrogenolysis dfl was carried out at 60C to o
Cyclization of Conformers AD

afford alcoholl12, which was reduced with NaB&N in the

presence of TFA to yield 2,6-trans-substituted piperidiB&’ product given by electronic energy® (kcal/mol)

After Swern oxidation ofl13, olefination of the resultant cyclization of R =TBS,X =80;Ph R = TIPS, X = COzEt
aldehyde via a Wittig reaction provided,S-unsaturated A 0.25 —0.78
sulfone3c. Then it was time to check our hypothesis about B 0 0

the stereochemistry of cyclization step. To our delight, C 2.43 2.44

removal of the Boc group ir8c with AICI; followed by 4.52 3.95

exposure of the liberated amine to aqueous NakiCO 2 The product by cyclization of conformé is chosen as the reference
delivered 2c as a single isomer. Its stereochemistry was In both reactions.

determined by NOESY studies and was further confirmed
by X-ray diffraction analysis (Figure 3). Importantly, the

reported a similar reaction before showing different stereo-
chemistry. Their reactant was different from ours only by R
and X (R= TIPS, X= CO,Et). To make a comparison, we
studied their reaction with the same computational method
above. The results are also summarized in Table 1.
According to our computations, the products®andD
in both reactions are considerably unfavorable as compared
to the ones ofA andB. In these two products, theCHyX
branch is in fact close to the methyl group in space, which
leads to steric repulsions. In contrast, cyclizatiorBadr A
does not result in a molecule with such a problem. It is thus
reasonable to expect that these two reaction pathways should
govern the stereochemistry in the final product. Our com-
putation indicates that in our reaction the electronic energy
of the product ofB is 0.25 kcal/mol lower than the
counterpart ofA, while in Ha and Cha’s reaction, however,
the electronic energy of the product Afis lower by 0.78
kcal/mol (Table 1). Both results are in agreement with the
stereochemistry observed in experiment. Therefore, the
preference between these two reaction pathways seems to
X-ray structure clearly showed thac has an exact confor-  giem from the relative magnitude of the 1,2-gauche interac-
mation as indicated in Figure 2, in which the quinolizidine 55 petween the methyl group and th@OR branch. As a
has a cis ring junction, both silyloxy and methyl groups are |5rger substituent group, TIPS is more sensitive than TBS
in equatorial orientations, and benzenesulfonmethyl group i the spatial hindrance from the nearby methyl group. Thus,
is disposed at an axial position. This result serves as a strongr|ps tends to stay away from the methyl group even on the
evidence for the mechanism proposed in Figure 2. price of taking an axial orientation, as seen in the product
To obtain an in-depth understanding of the stereoselectivity ¢ conformera (Figure 2). In fact, Ha and Cha found By
exhibited in our intramolecular conjugate addition reaction, nvR spectrum that conforme of their reactant was indeed

(9) This strategy has b a1 b 3-acyl-substitut dfavored over conformeB.®
is strategy has been used for assembling 3-acyl-substitute . : . .
piperidines; see: (a) Yu, S.; Zhu, W.; Ma, D. Org. Chem 2005, 70, With sulfone 2c in hand, we decided to employ Julia

7364. Beak and Nakajima have reported an alternative approach to coupling to complete our synthes&As outlined in Scheme
3-benzenesulfonylpiperidines; see: (b) Back, T. G.; Nakajim&®ig. Lett . - . .
1999,1, 261. (c) Back, T. G.; Nakajima, K. Org. Chem2000,65, 4543. 2, deprotonation o2c with n-BuLi followed by trapping the

(10) Comins, D. L.; Weglarz, M. AJ. Org. Chem1991,56, 2506. resultant anion with Z)-nonenal or ZE)-heptenal to provide

Figure 3. X-ray structure of2c.
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Scheme 2

1. n-BulLli, then 2-E-nonenal
or 2-E-heptenal, THF, -78 to -50 °C
2. PhCOCI, Et3N, DMAP

850"

10% Na-Hg, MeOH/EtOAc (2 : 1), -30 °C
50% yield for 15a in 3 steps
(EE):(EZ) =41
or DBU, THF then 10% Na-Hg,
MeQH/THF (1:2), -30 °C
56-59% yield for 15a, b in 4 steps
(EE): (EZ)=8:1

TBSO™

W\

20% HF W

in MecN_HO"
—_—
84% for 1b
88% for 16

Ac,0, Py A0
—_—
85% for 1a
X 87% for 1¢
1b:n=4
16:n=2

estersl4, after esterification with benzoic chloride. Initially,
direct treatment 014 with sodium amalgam was attempted.
This approach gave the desired diebBsvith unsatisfactory
stereoselectivity (4:1 for (E,E)- and (E,Z)-isomers). Fortu-
nately, Danishefsky’s sequential elimination/reduction pro-
cedure (DBU then Na/Hg) could improve the selectivity to
8:113 The overall yields for four steps were 56—59%.
Removal of the silyl protectiong group itba with 20%
HF in acetonitrile furnished clavepictine RIf), which was
acylated with acetic anhydride to afford clavepictinesLA)(
Similarly, deprotection of5bfollowed by acylation provided
pictamine (¢). Although these three final products all contain

3182

about 12% inseparabl&(Z)-isomers, analytical data of the
major isomers were all identical with those reported.

In conclusion, we have described here a facile protocol to
clavepictines A and B and pictamine by using a diastereo-
selective intramolecular conjugate addition as the key step.
The overall yields were about 7.7% for less than 19 linear
steps. The stereochemical outcome in formation of quino-
lizidine 2c clearly indicated that subtle change in substituents
of the piperidine ring could alter the stereochemical course
greatly. This work shall be of value to quinolizidine
chemistry.
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