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ABSTRACT

W

Me  Crambescidin 359 (4)

Crambescidin 359 (4), which is the “vessel part” of the pentacyclic guanidine alkaloid ptilomycalin A (1), was synthesized for the first time
based upon successive 1,3-dipolar cycloaddition reaction. This synthesis established the absolute stereochemistry of 4.

Ptilomycalin A (1)! from the sponge®tilocaulis spiculifer group independently reported the synthesis of the pentacyclic
and Hemimycalesp. and related crambescidinge.g., guanidine part based upon a biomimetic rdiftand recently,
isocrambescidin (2)) from the spon@eambe crambare a Overman et al. succeeded in the first total synthesis’df
characteristic family of marine alkaloids, which consist of and2™ based upon the efficient tethered Biginelli condensa-
unigue pentacyclic guanidine units (so-called “vessel part”)
and a spermidine or hydroxyspermidine units (so-called
“anchor part”) linked by a linear long chain fatty acid. They
show significant antitumor, antiviral, and antifungal activ-
ities 2P Ca&* channel blocker activit§?® and inhibitory
activity toward N&, K*, and Ca" -ATPases'. Because of
this unique structure and the biological activities of ptilo-
mycalin A (1, Figure 1) and its analogues, many synthetic HN"">""
studies have been reported.The Snider group and Murphy ~ HaN-_~_-N

T RIKEN.
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tion reaction. In 1995, Minale et al. reported the isolation of
two new types of pentacyclic guanidine alkaloids, celero-
mycalin and fromiamycalin, from two New Caledonian
starfishes,Celerina heffernaniand Fromia mononilis, to-
gether with known ptilomycalin AX), crambescidin 800,
and the hydroxyspermidin® linked to a long chain fatty
acid® Those five compounds were examined in a CME 4
cell infection assay with HIV-1 and were found to be highly
cytotoxic toward the target cells except for the hydroxysper-
midine 3. On the basis of these investigations, Minale and

co-workers proposed that the biological activities of these

ptilomycalin A type alkaloids are mostly caused by the
pentacyclic guanidine portion (vessel part) in the moleéule.

In 2000, Braekman reported the isolation of new penta-
cyclic guanidine alkaloids dehydrobatzelladine C, crambes-

cidin 359 @), and crambescidin 431 from the marine sponge
of the genusMonanchora, guided by the toxic activities
against nauplii of brine shrimp\rtemia salinal® Among
them, crambescidin 359 )4 the first derivative which lacks
the side chain of carboxylate at C14 of ptilomycalin A.
Though those structures were elucidated with 1D and 2

NMR experiments, the absolute configurations were not
determined. Intrigued by the structure of crambescidin 359

(4) and the poorly defined biological activities of the “vessel
part” of ptilomycalin A, we planned to synthesidestereo-

selectively on the basis of the successive 1,3-dipolar cyclo-

addition protocol!

Our synthetic plan is outlined in Scheme 1. Pentacyclic
guanidine4 could be prepared from douli¢O-acetalization
of guanylated dihydroxy-diketorte, which can be obtained
via 6 through successive 1,3-dipolar cycloaddition (1,3-DC)
between the nitron& and olefins8 and9.

Scheme 1. Retrosynthetic Analysis for Crambescidin 358 (

OR
1,3-DC ) 1,3-DC
Ny 45 7
7 7 Me
oR 8 OR

9

Synthesis of the olefirl3 corresponding t® is sum-
marized in Scheme 2. The optically active epoxitig?
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Scheme 2. Synthesis of Olefin{)-13
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derived from theo-mannitol was reacted with methylmag-
nesium bromide in the presence of copper(l) cyanide to give
the alcoholl1 in 80% yield. The secondary alcohol af

was protected as théert-butyldimethylsilyl ether, and
subsequent deprotection of the benzyl group with Pearlman’s
catalyst® gave the alcoholl2 in 76% yield. Oxidation of

D the alcoholl12 under Swern conditions followed by elonga-

tion of the side chain with the Wittig reaction using
1-pentenyl-5-triphenylphosphonium bromide gaden 62%
yield.

With the olefins13 and 15* in hand, a successive 1,3-
DC reaction protocol was next applied (Scheme 3). The 1,3-
DC reaction of the optically active nitrore*® with (2R)-
2-tert-butyldimethylsilyloxy-6-heptenélf) in toluene stereo-
selectively gave the isoxazolidir6'® in 67% vyield. The
secondary alcohol on the pyrrolidine ring was removed by
means of the following stepwise reactions: (1) thiocarbonate
formation with phenyl chlorothionoformdfeand (2) reduc-
tion with "BusSnH in the presence of AIBN catalyst. The
resulting isoxazolidind 7 was subjected to m-CPBA oxida-
tion in dichloromethane at €C, and a nitrone moeity was
regenerated regioselectively to git81® The second 1,3-
DC reaction of18 and the olefin13 took place regio- and

(7) (@) Overman, L. E.; Rabinowitz, M. H.; Renhowe P.JAAm. Chem.
So0c.1995,117, 2657. (b) Coffey, D. S.; McDonald, A. I.; Overman, L. E.;
Stappenbeck, Fl. Am. Chem. S0d.999,121, 6944.

(8) For other synthetic studies, see: (a) Grillot, A. L.; Hart, D. J.
Tetrahedron1995, 51, 11377. (b) Anderson, G. T.; Alexander, M. D.;
Taylor, S. D.; Smithrud, D. B.; Benkovic, S. J.; Weinreb, S. M.Org.
Chem.1996,61, 125.

(9) Palagiano, E.; De Marino, S.; Minale, L.; Riccio, R.; Zollo, F.; lorizzi,
M.; Carre, J. B.; Debitus, C.; Lucarain, L.; Provost,T&trahedron1995,
51, 3675.

(10) Braekman, J. C.; Daloze, D.; Tavares, R.; Hajdu, E.; Van Soest, R.
W. M. J. Nat. Prod.2000,63, 193.

(11) Nagasawa, K.; Georgieva, A.; Nakata, Tletrahedron2000, 56,
187.

(12) Takano, S.; Inamura, Y.; Ogasawara, Fetrahedron Lett1981,
22, 4479.

(13) Pearlman, W. MTetrahedron Lett1967, 1663.

(14) Nagasawa, K.; Georgieva, A. Takahashi, H.; Nakat@gffahedron
2001,57, 9726.

(15) Goti, A.; Cacciarini, M.; Cardona, F.; Brandi, Aetrahedron Lett
1999,40, 2853.

(16) NOEs were observed from H-1@3 H-12 and H-15, from H-15 to
H12.

(17) (a) Barton, D. H. R.; McCombie, S. W. Chem. Soc., Perkin Trans.
11975, 1574. (b) Barton, D. H. R.; Jaszberenyi, JT€trahedron Lett.
1989,30, 2619.

(18) (a) Tufariello, J. J.; Mullen, G. B.; Tegeler, J. J.; Trybulski, E. J.;
Wong, S. C.; Ali, Sk. AJ. Am. Chem. S0d979 101, 2435. (b) Tufariello,

J. J.; Puglis, J. MTetrahedron Lett1986,27, 1489.

Org. Lett., Vol. 4, No. 2, 2002



Scheme 3. Total Synthesis of{)-Crambescidin (4)
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Crambescidin 359 (4)

stereoselectively from the less hindered side in tbeo*
mode” to give the isoxazolidin&9'® in 65% yield from17.
The second oxidative cleavage of the isoxazolifavith 1
equiv of m-CPBA in dichloromethane effectively furnished
the nitrone20 regioselectively¥’ Reduction of the nitrone

(19) NOE was observed from H-8 to H-13.
(20) (a) Ali, Sk. A.; Wazeer, M. |. MTetrahedron Lett1993,34, 137.
(b) Ali, Sk. A.; Wazeer, M. |. M.Tetrahedron1993,49, 4339.
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with sodium borohydride gave 2,5-cis-N-hydoxypyrrolidine
with 7:1 diastereoselectiofi. After removal of the minor
trans-isomer by silica gel column chromatography, tie
isomer was subjected to reduction with molybdenium hexac-
arbonyf! in aqueous acetonitrile to give the X&
pyrrolidine 21 in 42% vyield from19. Reaction o1 with
bis-N-Boc-thiourea and HgG¥ gave theN-protected guani-
dine 22, which was subjected to oxidation with the TPAP
NMO systend® to give the diketon®3. Though the depro-
tection of thetert-butyldimethylsily ether and Boc group
under acidic conditions took place smoothly, the subsequent
N,O-double acetalization reaction was troublesome. On
treatment o3 with hydrogen chloride, rearranged cycliza-
tion product24 was obtained as the major produet.

After investigation of various acidic conditions, CSA was
found to be effective for giving the desiréO-acetalization
product. To the diketon23 in toluene was added CSA (1
equiv), and the resulting mixture was heated at 10Cor
20 h to gived as a camphorsulfonate. The countercamphor-
sulfonate anion was exchanged to tetrafluoroborate with
saturated sodium tetrafluoroborate and gave crambescidin
359 (4) in 40% yield fron22. A comparison of théH and
3C NMR spectral data of our syntheticand the natural
product revealed some slight differences in tAeiand**C
NMR chemical shifts (Table 1%

Table 1. 13C NMR (150 MHz) Spectra oft

Crambescidin 359 (4)

position X =BF4~ X=CI~ naturali0.26
1 10.1 10.1 10.1
2 29.1 29.1 29.1
3 70.8 70.9 70.9
4 1335 133.7 133.7
5 129.6 129.7 129.7
6 23.6 23.5 23.5
7 36.4 37.0 37.0
8 83.9 83.5 83.5
9 37.0 37.3 37.3
10 53.3 53.0 53.0
11 29.9 30.02 30.0
12 29.9 30.12 23.5
13 51.8 51.4 51.4
14 39.7 39.7 39.7
15 80.3 80.1 80.1
16 33.5 33.8 33.7
17 17.9 18.6 18.5
18 32.1 32.3 32.3
19 67.0 67.0 67.0
20 215 21.5 21.5
21 147.7 148.4 148.4

a|ndistinguishable.
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We carefully analyzed the spectral data of 2D PFG- based upon the successive 1,3-DC reaction protocol, and this
DQFCOSY, HMQC, and HMBC spectra, and completely synthesis has established the absolute stereochemistry of
assigned thé'H and *C NMR data of our synthetiet. Since crambescidin 359 is the first isolated ptilomycalin
Stereochemistries of the synthetiovere confirmed to be A type derivative which lacks the “anchor part”, studies to
the same as those of natural crambescidin 359 by NOEevaluate the biological activities df (the “vessel part” of
differential spectral data as follows: from Me-1to H-10 and ptilomycalin A) are in progress in our laboratories.

H-19, from H-3 to H-1, from H-75 to H-9a.. We speculated
that the discrepancies of the NMR chemical shifts were due
to the difference of the counteranion d@f Thus, the
counteranion o# was reexchanged into chloride anion by
treatment with saturated ammonium chloride to furrists

a chloride salt. Its spectral data were completely consistent
with those reported for natural crambescidin 389 (Table

1). Since the optical rotation of synthetic crambescidin 359  Supporting Information Available: Experimental pro-
(4) chloride salt was-8° (lit. —9°),!° this also established cedures and spectral data 8,16, 17, 19, 21, and4. This
the absolute stereochemistry 4f° material is available free of charge via the Internet at

In summary, the first total synthesis of crambescidin 359 http://pubs.acs.org.

(4), a novel pentacyclic guanidine alkaloid, was accomplished | 4168263
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