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Abstract — Starting with (R)-(+)-citronellol (5), the first enantioselective synthesis
of (-)-untenospongin C (1), a C,; furanoterpene isolated from a marine sponge
Hippospongia sp., has been achieved, the present synthesis indicating the absolute

configuration of 1 as S.

It is well-known that marine sponges are generally the source of unique and biologically active
methabolites.® Many structurally related C,; furanoterpenes have been isolated from several marine sponge
genera, in which the linear C,; furanoterpene untenospongin C (1), possessing cytotoxicity against murine
lymphoma L1210 cell in vitro with the ICsy value of 3.8 pg/ml, was isolated from the Okinawan marine
sponge Hippospongia sp. in 1993 by Kobayashi e al.> More recently, untenospongin C (1) was isolated
from the S. E. Queensland marine sponge Coscinoderma mathewsi.> These structural elucidation of 1 was
carried out by spectroscopic studies as well as in comparison with untenospongin B (2),* and the absolute

configuration at C(8) was assigned as S by use of regio-selective catalytic hydrogenation of 1
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to afford dihydrofurospongin-2 (3).2

We have recently reported the enantioselective synthesis of the linear furanosesterterpene (-)-idiadione (4),°
isolated from marine sponge Spongia idia, in which we assigned (S)-configuration to the chiral center
C(11).2 As part of synthetic study on marine natural product, the present paper describes the first
enantioselective total synthesis of (S)-(-)-untenospongin C (1) utilizing (R)-(+)-citronellol (5) as chiral
source.

As shown in the retrosynthetic disconnection in Scheme 1, the target molecule 1 could be constructed
through the assembly of the three fragments, i.e., two phosphonium ylids i and ii, and chiral methyl ketone
12, which could be obtainable from 5, and act as the precursor necessary for stepwise Wittig reactions in the

reaction pathway.
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Scheme 1.

To prepare methylketone 12, our synthesis started with protection of the hydroxy group in (R)-(+)-
citronellol (5) (98%ee) by treatment with DHP in the presence of PPTS to give THP ether 6 in quantitative
yield (Scheme 2). Using Sharpless oxidation procedure (30% H,0,, Ph,Se, and 70% -BuOOH),® 6 was
converted to allylic alcohol 7 in high yield. Ozonolysis of 7 yielded unstable aldehyde 8 with four carbon
loss. Without purification, 8 was then reacted with 1,3-propanedithiol in the presence of BF5-Et,0 to afford
1,3-dithiane 9 with concomitant deprotection in 66% yield from 7. Resulting hydroxy group in 9 was
reprotected as the more stable TBS ether, thus providing ether 10.

The lithium salt, prepared from 10 with n-BuLi, was treated with propylene oxide to give alcohol 11, from
which desired methyl ketone 12 was successfully obtained using Swern oxidation.”

With key synthetic intermediate 12 in hand, introduction of two kinds of furyl moieties in 12 was examined

next. Treatment of [3-(3’-furyl)propyl]triphenylphosphonium bromide with n-BuLi in THF led to the ylide
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i as a yellow THF solution,'? followed by addition of 12 at 0 °C furnished 31% yield of E-13a and Z-olefin
13b (ratio: 4.8:1)2- Fortunately, Wittig-Schlosser procedure’? via reconstruction of the betain

intermediate was modified successfully for the ratio of 13a and 13b to 18.3 :1 (31% yield).
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Scheme 2. Reagents and conditions: {ay DHP, PPTS. CH:Cls, quant.; (b) PhaSes, Hx0n, MgS0,, -BuCOH,
CHACla, 33%; (o) Oy, NaHOOs, MesS, CH-Cl/MeOH; (dy 13 -dithiane, BF 3-Et:00, CHCL; 66%; () TBSCL,
imidazole, DMF, quant_; (t) #-BuLi, propyvlencoxide, THF, 80%:; (g} DMS0 TFAA, Et:N, CH,Cl,, 88%:; (h)
[3-1 ¥'-furvl)propyl] triphenylphosphonium bromide, n-Buli, THF, 31%; (1) TBAF THF, 94%; (j) DMS0,
TEAA, EtyN, CH.Cl,, 58%; (k) 3-furvlmetyltnphenylphosphonium  bromide, n-Buli, THF 83%; (1) HgCl,,
'l'.'ul'.'l'.:'_-.,. MeCN/HSO, 33%

The mixture 13a,b was easily separable by preparative TLC (silica gel). Deprotection of TBS group in 13a
with TBAF, followed by Swern oxidation of the resulting alcohol 14 provided aldehyde 15 in 55% yield
from 13a.

The ylid ii was prepared from 3-furylmethyltriphenylphosphonium bromide with #-BuLi in THF according
to the Katsumura procedure,’® and resulting THF solution of ii was reacted with 15 to give bisfurano
compound 16 as a mixture of E-16a and Z-isomer 16b in ratio of 1.1 and 1. However, no effect was
obtained on attempted Wittig-Schlosser method, providing a mixture of 16a and 16b in a ratio of 1.5 and 1.
Finally, the mixture of 16a, b was then hydrolyzed with HgCl, and CaCOj3 in aqueous MeCN, followed by
separation of the resulting mixture by preparative TLC (silica gel) to afford (-)-untenospongin C (1), [a]p>>
-9.46 (c 0.31, CHCls) {lit.,? [a]p™* -9.3 (¢ 1.0, CHCl3)} as the major product (35% yield) and 4Z-isomer of
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1, [a]p™* -8.58 (c 0.83, CHCI3) as minor product (22% yield). The IR, 'H and '*C NMR of synthetic 1 were

identical with those of an authentic sample.

In conclusion, we have accomplished the enantioselective total synthesis of (-)-untenospongin C (1) in an

optically active form from (R)-(+)-citronellol (5). The present study also supports the absolute

stereostructure of 1 by a synthetic means.

ACKNOWLEDGEMENTS

We thank to Dr. Hiroyuki Matsuda, Takasago International Corporation, for generously providing a sample
of (R)-(+)-citronellol (98%ee). We would like to thank Prof. Junichi Kobayashi of Hokkaido University for
the "H- and *C-NMR spectra.

REFERENCES AND NOTES

1.

A

10.

1.
12.
13.
14.

D. J. Faulkner, Nat. Prod. Rep., 2002, 19, 1;J. W. Blunt, B. R. Copp, M. H. G. Munro, P. T. Northcote,
and M. R. Prinsep, Nat. Prod. Rep., 2006, 23. 26.

J. Kobayashi, H. Shinonaga, H. Shigemori, and T. Sasaki, Chem. Pharm. Bull., 1993, 41, 381.

K. W. L. Yong, J. N. A. Hopper, and M. J. Garson, ARKIVOC, 2008, 100.

A. Umeyama, N. Shoji, S. Arihara, Y. Ohizumi, and J. Kobayashi, Aust. J. Chem., 1989, 42, 459.

G. Gunella, P. Amada, and F. Pietra, Helv. Chim. Acta, 1986, 69, 726; G. Cimino, S. De Stetano, and L.
Minale, Tetrahedron, 1972, 28, 267.

R. P. Walker, J. E. Thompson, and D. J. Faulkner, J. Org. Chem., 1980, 45, 4976.

Y. Noda, H. Hashimoto, and T. Norizuki, Heterocycles, 2001, 55, 1839.

T. Hori and K. B. Sharpless, J. Org. Chem., 1978, 43, 1689; K. Mori, S. Kuwahara, and H. Ueda,
Tetrahedron, 1983, 39, 2439.

S. L. Huang, K. Omura, and D. Swern, Synthesis, 1978, 297.

Preparation of the phosphorane i in situ, see M. Huckestein, W. Kreiser, and V. Rueschenbaum, Helv.

Chim. Acta, 1987, 70, 445; A. Chakraborty, G. K. Kar, and J. K. Ray, Tetrahedron, 1997, 53, 8513.

Assignment of geometry and the ratio were obtained from 'H-NMR studies.

M. Schlosser and K. F. Christmann, Angew. Chem., 1966, 78, 115.

K. Tanaka, T. Hata, H. Hara, and S. Katsumura, Tetrahedron, 2003, 59, 4945.

Spectral data of compound 9: a colorless oil. [a]p>*+12.2 (c 0.98, CHCl,); IR (CHCls) cm™: 3620,

3455, 2905, 1415; 'H-NMR (CDCl;, 300 MHz): § 0.96 (d, J = 6.6 Hz, 3H), 1.40~1.94 (m, 9H),
2.1~2.2 (m, 1H), 2.79~2.91 (m, 2H), 4.12 (t,J= 7.8 Hz, 1H); "C-NMR (CDCls, 75 MHz): § 19.4, 26.0,
26.4,30.3,30.4,39.2, 42.4,45.3, 60.6. 12: a colorless oil. [a]p>*+0.67 (¢ 1.06, CHCl3); IR (CHCl3)
em™': 2956, 2857, 1717, 1471; 'H-NMR (CDCls, 300 MHz): & -0.06 (s, 6H), 0.78 (s, 9H), 1.4 (m, 1H),


http://dx.doi.org/10.1039/B009029H
http://dx.doi.org/10.1039/b502792f
http://dx.doi.org/10.1071/CH9890459
http://dx.doi.org/10.1002/hlca.19860690325
http://dx.doi.org/10.1016/0040-4020(72)80132-7
http://dx.doi.org/10.1021/jo01312a032
http://dx.doi.org/10.3987/COM-01-9311
http://dx.doi.org/10.1021/jo00403a015
http://dx.doi.org/10.1016/S0040-4020(01)91971-4
http://dx.doi.org/10.1055/s-1978-24729
http://dx.doi.org/10.1002/hlca.19870700225
http://dx.doi.org/10.1002/hlca.19870700225
http://dx.doi.org/10.1016/S0040-4020(97)00509-7
http://dx.doi.org/10.1002/ange.19660780118
http://dx.doi.org/10.1016/S0040-4020(03)00763-4

HETEROCYCLES, Vol. 83, No. 10, 2011 2269

1.56 (m, 1H), 1.8~2.0 (m, 5H), 2.2 (d, J = 6.6 Hz, 3H), 2.8 (m, 4H), 3.02 (s, 2H), 3.53 (m, 2H);
BC-NMR (CDCls, 75 MHz): § -5.3, 18.3,21.6, 24.8,25.9, 26.5,26.6, 32.2, 41.5, 45.8, 50.4, 50.8, 61.1,
204.5. 14: a colorless oil. [a]p** +8.53 (¢ 0.55, CHCl3); IR (CHCls) cm™: 3618, 2931, 1500, 1440;
'H-NMR (CDCl;s, 300 MHz): & 1.04 (d, J = 6.6Hz, 3H), 1.50 (m, 2H), 1.69 (m, 1H), 1.80 (s, 3H),
1.85~2.10 (m, 6H), 2.31 (t, J= 7.5 Hz, 2H), 2.46 (t, J = 7.5 Hz, 2H), 2.70 (s, 2H), 2.72~3.0 (m, 4H),
3.70 (m, 2H), 5.30 (t, J = 5.7 Hz, 1H); 6.30 (s, 1H), 7.28 (s, 1H), 7.34 (s, 1H); "C-NMR (CDCl;, 75
MHz): § 18.5,22.7,24.7, 24.9, 26.1, 26.6, 28.5,41.7, 46.3,49.7, 54.1, 60.8, 61.1, 110.9, 124.6, 130.5,
131.5, 138.8, 142.5.

Compound 1 (-)-Untenospongin C: a colorless oil. IR (CHCls) em™: 3027, 1708, 1502, 1456;
'H-NMR (CDCl3, 300 MHz): 8 0.91 (d, J= 5.7 Hz, 3H), 1.58 (s, 3H), 2.05~2.46 (m, 9H), 3.02 (s, 2H),
5.26 (t,J=6.6 Hz, 1H), 5.85 (dt, J=15.3, 7.3 Hz, 1H), 6.20 (d, J=15.3 Hz, 1H), 6.27 (s, 1H), 6.50 (s,
1H); 7.21 (s, 1H), 7.35 (s, 3H); ?C-NMR (CDCls, 75MHz): § 16.5, 19.9, 24.7, 28.5,29.2, 40.2, 48.1,
54.5, 107.4, 110.9, 121.1, 124.2, 124.5, 128.1, 128.9, 129.6, 138.8, 139.5, 142.6, 143.3, 209.3.
4Z-isomer of 1: a colorless oil. IR (CHCls) cm™: 3029, 1709, 1500; 'H-NMR (CDCls, 300 MHz): &
0.93 (d,/=6.0 Hz, 3H), 1.59 (s, 3H), 2.05~2.50 (m, 9H), 3.01 (s, 2H), 5.26 (t, /= 6.0 Hz, 1H), 5.85 (dt,
J=11.7,6.0 Hz, 1H), 6.20 (d, /= 11.7 Hz, 1H), 6.28 (s, 1H), 6.47 (s, 1H), 7.21 (s, 1H), 7.34 (s, 1H)
7.36 (s, 1H), 7.39 (s, 1H), 7.44 (s, 1H); C-NMR (CDCl;, 75MHz): § 16.5, 19.9, 24.6, 28.4,29.4, 35.9,
48.2,54.5,110.9, 110.9, 120.0, 122.4, 124.5, 129.6, 129.6 138.8, 140.9, 140.9, 142.6, 142.6, 209.2.





