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ABSTRACT

Halichlorine and pinnaic acid are two novel marine natural products isolated from a Japanese sponge and an Okinawan bivalve, respectively.
The unique azaspiro[4.5]decane core structure present in both compounds provides a synthetic challenge. Herein, we describe a synthetic
approach to the azaspiro[4.5]decane core structure through an intramolecular [3 + 2] cycloaddition followed by an intramolecular Michael
addition and in situ isomerization to afford the azaspirocyclic core structures stereospecifically in 10 steps with 40% overall yield.

Halichlorine (1) and pinnaic acid?} are two novel marine is an inhibitor of cPLA (phospholipase A with an G, of
natural products (Figure 1) isolated by Uemura and co- 0.2 mM2 Both halichlorine and pinnaic acid contain an
azaspiro[4.5]decane core structure. The absolute stereochem-
istry of halichlorine has recently been determined by chemi-
cal correlation of a degradation product with a synthetic
fragment® The relative stereochemistry at C17 of pinnaic
acid ) has not been reported. Halichlorir® @nd pinnaic

acid (2) were tentatively assigned opposite configurations

5 HO._ OH L at C143
P |14 CH; )l 147CH, Recently Weinreb and co-workers have reported an
’ ~ approach toward the C38C21 chlorinated divinyl alcohol
Cl OH Cl OH so4 i
chain* Uemura and co-workers have reported an asymmetric
Halichlorine (1) Pinnaic Acid (2)

construction of the azaspiro core system via an intramolecular

Figure 1. Structures of halichlorine and pinnaic acid. iminium salt formation followed by hydrogenati6erein,

(1) Kuramoto, M.; Tong, C.; Yamada, K.; Chiba, T.; Hayashi, Y.;
. Uemura, D.Tetrahedron Lett1996,37, 3867.
workers from the Japanese sportge okadai Kadota and (2) Chou, T.; Kuramoto, M.: Otani, Y.; Shikano, M.: Yazawa, K.:

the Okinawan bivalvé’inna muricatarespectively:? Hali- Uemura, D.Tetrahedron Leit1996,37, 3871.

L s . . (3) Arimoto, H.; Hayakawa, |.; Kuramoto, M.; Uemura, Detrahedron
chlorine inhibits the induction of VCAM-1 (vascular cell | o998 39 'g61.

adhesion molecule-1) with an 46of 7 ug/mL.! Pinnaic acid (4) Keen, S. P.; Weinreb, S. M. Org. Chem1998,63, 6739.
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we describe a unique approach which constructs the azaspirolfj |  RNEIRNNNNGAQNE

[4.5]Qecane core structure efficiently and stereospecifically. Scheme 2
Grigg and co-workers have demonstrated a series of both
inter- and intramolecular azaf8 2] cycloadditions via in o 4 Q
situ generation of a nitrone by the addition of an oxime to S._S -BuLi, THE M\m
an electron-withdrawing alkene and subsequent 1,3-dipolar 3 (85%)
cycloaddition of the resulting nitrone to an appropriate olefin AU B,
(Scheme 15.In most cases, the cycloaddition reaction is both 6 T"('g;;;"'PA
N 00
Scheme 1 /:\/\)W 67%) Q
oH OTHP 5 HGINH,OH /W\orﬂp
\ #7~CO0Bn O\Ni\/coosn BrOOC_ 0 8 NaOAc 7
r = — | Me u J CH,=CH-CO.Bn (99%)
E N/<\: 140°C/Xylene ﬂ: > 0 XV'”ES/ZL;“)?OC
NN o
BnO)K/\lﬁ,o
regio- and stereospecific. We envisioned that a similar - OTHP
cycloaddition reaction could be used to set up the tertiary 9 1 o TSOH
amine function of the azaspiro core structure in halichorine -ngg%)
and pinnaic acid. 2. Swern Ox
Our synthesis started with the sequential alkylation of 1,3- COMe A
dithiane @) with alkyl chloride4 and alkyl iodide6” to yield BnoJ<_\
dialkylated dithianer (Scheme 2). The dithiane was selec- PheP=CHCO,CH, N H
tively hydrolyzed withN-chlorosuccinimide and silver nitrate (93%)

v, O\

and then treated with hydroxylamine hydrochloride to afford
oxime 8 as an approximate 1:1 mixture BfandZ isomers.
Heating oxime8 with benzyl acrylate in xylene at 141C

in a similar manner as described by Grigg and co-workers
afforded cyclized adductO as a sole diastereoisomer. The
reaction proceeded through nitro@¢hat was generated by
Michael addition of oxime8 to benzyl acrylate. The THP
protecting group il0was removed under acidic conditions,
and the resulting alcohol was oxidized under Swern oxidation
conditions to yield aldehyddl. Aldehydell was then
homologated via Wittig olefination to afford enondi2 The

Zn/HOACH;0
55°C (94%)

COMe

1,2-Dichlorobenzene

reflux
{84%)

reductive N—O bond cleavage G2 with zinc in aqueous The formation ofl4 from 13 has been observed to proceed
acetic acid afforded amino alcohbB8. Refluxing aminel3 through the pathway illustrated in Scheme 3. Under refluxing
in 1,2-dichlorobenzene for 24 h provided azaspiro[4.5]decane condition,13 undergoes an intramolecular Michael addition

14 as a single diastereoisomer in 84% yield. Each proton of first to afford intermediated5, which eliminated benzyl
14 was assigned by COSY and NOESY experiméranad

14 has the desired stereochemistry for the synthesis of
halichlorine (1).

Scheme 3

(5) Arimoto, H.; Asano, S.; Uemura, Detrahedron Lett1999 40, 3583.

(6) (a) Grigg, R.; Markandu, J.; Surendrakumar, S.; Thornton-Pett, M.;
Warnock, W. J.Tetrahedron1992,48, 10399. (b) Armstrong, P.; Grigg,
R.; Warnock, W. J.J. Chem. Soc., Chem. Commut887, 1325. (c)
Armstrong, P.; Grigg, R.; Surendrakumar, S.; Warnock, WJ.JChem.
Soc., Chem. Commufh987, 1327. (d) Grigg, R.; Jordan, M.; Tangthong-
kum, A.J. Chem. Soc., Perkin Trans.1D84, 47.

(7) lodide6 and18 were prepared in 88% yield from the corresponding
alcohols by mesylation (MsCl, g), followed by the treatment with sodium
iodide.

(8) 14:*H NMR (400 MHz, CDC}) 6 1.07(d,J = 6.6 Hz, 3H), 1.10 (m,
1H, H6), 1.23 (m, 1H, H8), 1.25 (m, 1H, H7), 1.32 (m, 1H, H13), 1.44 (m,
1H, H10), 1.54 (m, 1H, H6), 1.63 (m, 1H, H12), 1.66 (m, 1H, H10), 1.67
(m, 1H, H12), 1.69 (m, 1H, H11), 1.72 (m, 1H, H7), 1.74 (m, 1H, H11),
2.12 (m, 1H, H8), 2.25 (dd] = 16.5, 9.0 Hz, 1H, H4), 2.37 (dd,= 16.5,
3.6 Hz, 1H, H4), 3.05 (m, 1H, H5), 3.62 (s, 3H), 4.21 (dd& 6.6, 2.1 Hz,

1,2-Dichlorobenzene

180°C, 20 h

1H, H14); 3C NMR (100 MHz, CDCH) 6 172.7 (C3), 65.2 (C14), 64.5 N
(C9), 53.7 (C13), 51.5 (Me), 47.8 (C5), 41.3 (C4), 33.9 (C8), 33.8 (C7), Me ”
32.0 (C6), 22.0 (C10), 21.6 (Me), 20.3 (C12), 19.7 (C11). Anal. Calcd for 15 16

Ci14H2sNOs: C, 65.85; H, 9.87; N, 5.48. Found: C, 65.90; H, 9.66; N, 5.37.
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acrylate to affordl6. Intermediatel6 is finally isomerized and H13 or between H5 and H14. These results indicated
to diastereomet4 via retro- Michael intermediat&7. This the opposite stereochemistry betwelehand 16 at C5.

hypothesis is supported by the isolation1& and 16 from For the synthesis of pinnaic acid)( azaspiro decan20
the reaction mixture after 4 h and by the complete and that is epimeric td4 at C14 is required. CompourD was
independent conversion of the isolated esfé&zand 16 to prepared from dithian® andtrans-olefinic iodidel8’ in the
14 under the reaction conditiofis. same manner as that described¥din Scheme 2 (Scheme

Computer modeling using molecular mechanics revealed 4). The difference in olefin geometry inand 19 has thus
that there is 3.8 kcal/mol energy difference betw&érand

141° The energy difference represents an equilibrium ratio _

of >100:1 favoring the more stable isomddj. Thus, the Scheme 4

isomerization effectively converted the kinetic proddé& ,

to the thermodynamically more stable prodadt S. .8 + MI ?ﬁ#/LLiMpA
The stereochemistry of4 and 16 was established by ;</\/\OTHP

NOESY and COSY experiments (Figure 2). We observed 18

OTHP
19

set up the opposite stereochemistry at C14l4nand 20.
The stereochemistry ¢f0 was established by NOESY and
COSY experiments as that described 1dr.

In summary, we have developed an efficient route for the
synthesis of the core aza[4.5]spiro ring systems of halichlo-
Figure 2. NOESY results ofl4 and 16. rine and pinnaic acid in 10 steps and 40% overall yield from
1,3-dithiane. The synthetic route employed an intramolecular
[3 + 2] cycloaddition followed by a Michael addition
cross NOE effects among H5, H13, and H141i6. For reaction and in situ isomerization to achieve the desired
compoundl4, we observed cross NOE effects among H5, stereochemistry. The different stereochemistries at C14 in
H7, and H10, but no NOE effect was observed between H5 halichlorine and pinnaic acid were controlled by the different
olefin geometry in the intramolecular azaf3 2] cycload-
dition reaction step. Our current efforts are focused on the

(9) CompoundL5: *H NMR (300 MHz, CDC}) 6 1.10 (d,J = 6.3 Hz,
3H), 1.23—1.71 (m, 10H), 1.87—1.96 (m, 2H), 2.02 (m, 1H), 2.30 (dd,

14.7, 8.1 Hz, 1H), 2.44 (dd] = 15.0, 6.9 Hz, 1H), 2.53 (¢] = 7.8 Hz, total synthesis of the two natural products.
2H), 2.77—2.96 (m, 2H), 3.37 (m, 1H), 3.68 (s, 3H), 4.31 (M, 1H), 5.11 (s, o
2H), 7.35 (m, 5H);33C NMR (75 MHz, CDC}) ¢ 172.2, 172.1, 135.7, Acknowledgment. We thank Berlex Biosciences for

128.4, 128.3, 128.2, 70.3, 66.2, 65.7, 56.6, 51.6, 46.3, 41.2, 39.8, 39.7, : ;
385,292 24.2.25.9,21.7. 216, 20.3. CompolBiiH NMR (300 MHz. generous financial support, Dr. Jerry Dallas for the NOESY

CDCly) & 1.00—1.24 (m, 2H), 1.09 (d, superimposed ondw= 6.0 Hz, and COSY experiments, Dr. Margaret McCarrick for the
f:g %-ig—((ljgg (mislgH%&lﬁGlia? (gnzsl?). 21-|?:§ (g%30=( 153-3,) 82113?2(' § computer modeling, and Drs. Kenneth Shaw, Gary Phillips,
2. =15.6, 5.1 Hz, 1H), 3.25 (m, 1H), 3.70 (s, 3H), 4.31 (qd, - : ;

3='6.3, 1.8 Hz, 1H)1%C NMR (75 MHz, COCY) 6 172.2, 66.5, 63.1, ~ and Michael Morrissey for their support.

51.6,50.7, 48.2, 44.3, 41.9, 38.0, 32.1, 24.2, 22.0, 20.5, 20.4. Anal. Calcd . . . _ .

for C1aHzsNOs: C, 65.85; H, 9.87; N, 5.49. Found: C, 65.69; H, 9.66; N,  Supporting Information Available: Experimental pro-

5-6(11-0) " deli . 4 by using the MacroModel and th cedures and characterization data for all compounds. This
e modeling was performed by using the MacroModel and the S . .

AMBER* force field models: (a) Mohamadi, F.; Richards, N. G. J.; Guida, material is available free of charge via the Internet at
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