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ABSTRACT

Tedanolide

A highly stereoselective synthesis of the C(13) —C(23) segment of tedanolide (1), an 18-membered macrolide isolated from the Caribbean
sponge Tedania ignis , displaying significant cytotoxicity against KB and PS tumor cell lines, is described which involves two stereoselective
epoxidations of regioisomeric trisubstituted double bonds and a stereospecific S n2' methylation reaction of a  trans -y,0-epoxy- cis-o.,f-unsaturated
ester as the key steps.

Tedanolide (1), a structurally complex 18-membered mac- so far SmitR2%° and very recently Roughhave reported
rolide, was isolated from the Caribbean spofgéania ignis successful total syntheses of 13-deoxytedanot&jeHow-

in 19841 which was referred to as “fire sponge” because ever, the synthesis of tedanolidg bas been impeded owing
contact with the skin induced a localized burning sensation.
Tedanolide (1) has demonstrated potent antitumor activity  (3) (a) Katsuya, M.; Zheng, B.-Z.; Kusaka, S.-1.; Kuroda, M.; Yoshimoto,

L ; ; K.; Yamada, H.; Yonemitsu, CEur. J. Org. Chem2001, 3615. (b) Zheng,
as well as Cytotoxicity against KB and PS (_;e“ lines 6ED B.-Z.; Yamauchi, M.; Dei, H.; Kusaka, S.-1.; Matsui, K.; Yonemitsu, O.
values of 0.25 ng/mL and 16 pg/mL, respectivélyn.1991, Tetrahedron Lett200Q 41, 6441. (c) Matsushima, T.; Nakajima, N.; Zheng,
_ i i .-Z.; Yonemitsu, OChem. Pharm. Bull2000,48, 855. (d) Zheng, B.-Z,;
13 deoxytedanOIIde (2) was discovered from the Japanesel\B/Iaeda, H.; Mori, M.; Kusaka, S.-l.; Yonemitsu, O.; Matsushima, T.;
spongeMycale adhaerensand2 was also revealed to exhibit  Nakajima, N.; Uenishi, J-IChem. Pharm. Bull 1999, 47, 1288. (e)

strong antitumor activity as well as significant cytotoxicity :\(AatsusygimabTS.; Zlhzqgg,gg.?é;oMg)ei/?,tH.; r:\'lakaji?am N.; L;/tlenizfp]i, J-l;
H - . onemitsu, O.synle , . atsusnima, 1.; Morl, . eng,
against P388 murine leukemia cells. B.-Z.; Maeda, H.; Nakajima, N.; Uenishi, J.-l.; Yonemitsu,&hem. Pharm.

These distinctive biological properties, combined with El{"ut?]?sgﬁi‘lg ?9% o(gzem?;lslui%w:mTp r':/;?rrrl] l\éu Iugggﬂ%a,ll\éé é\ﬂ?ﬁ)da
complex StereOSt.rUCtures’ make the te:danOHde macro"des‘f\/latsushima, T.; Horita, K.; Nakajima, N.; Yonemitsu, Tetrahedron Lett.
extremely attractive targets for synthetic chemist§,and 1996,37, 385.

(4) (a) Taylor, R. E.; Hearn, B. R.; Ciavarri, J. ©rg. Lett.2002,4,

2953. (b) Taylor, R. E.; Ciavarri, J. P.; Hearn, B.Fetrahedron Lett1998
(1) Schmitz, F. J.; Gunasekera, S. P.; Yalamanchili, G.; Hossain, M. B.; 39, 9361. For the synthesis of the myriaporones, a related class of natural

van der Helm, DJ. Am. Chem. S0d.984,106, 7251. products, see: Fleming, K. N.; Taylor, R. Bngew. Chem., Int. E@004,

(2) (a) Nishimura, S.; Matsunaga, S.; Yoshida, M.; Hirota, H.; Yokoyama, 43, 1728.
S.; Fusetani, N.Bioorg. Med. Chem.2005, 449. (b) Nishimura, S.; (5) (@) Smith, A. B.; Adams, C. M.; Barbosa, S. A. L.; Degnan, A. P.
Matsunaga, S.; Yoshida, M.; Nakao, Y.; Hirota, H.; FusetaniBorg. Proc. Natl. Acad. Sci. U.S./£2004,101, 12042. (b) Smith, A. B.; Adams,
Med. Chem2005 455. (c) Fusetani, N.; Sugawara, T.; Matsunaga, S.; C.M.; Barbosa, S. A. L.; Degnan, A. B. Am. Chem. So2003,125, 350.
Hirota, H.J. Org. Chem1991,56, 4971. (c) Smith, A. B.; Lodise, S. AOrg. Lett.1999,1, 1249.
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to its densely functionalized complex stereostructure, despitestereoselective synthesis of the C(&8)(23) segment3

great synthetic efforts.
We set about synthetic studies of tedanolitleltat aimed

having seven contiguous asymmetric carbon centers. The
strategy is highlighted by two stereoselective epoxidation

at developing an efficient synthetic route flexible enough to reactions of trisubstituted olefins and a stereospecif’ S
provide access to the tedanolide macrolides. Our retrosyn-methylation reaction of daransy,0-epoxy<is-a,3-unsat-

thesis of tedanolide (1) is shown in Scheme 1.

Scheme 1. Retrosynthesis of Tedanolidé&)(
QH I\:/Ie l\:/Ie
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Namely,1 was divided into the C(13)C(23) segmen8
and the C(1)C(12) segment, and both segments were

urated estét as the key steps.

At first, the C(13}-C(21) polypropionate chain containing
five stereogenic centers andranstrisubstituted double bond
was elaborated according to Scheme 2. Thus, reduction of
ester51?2 with DIBAH in THF furnished the allyl alcohol in
95% vyield, which was then subjected to the Katsuki
Sharpless asymmetric epoxidafidresulting in the formation
of the S-epoxy alcohol6 (o/f = 5:95) in 96% yield.
Treatment o6 with vinylmagnesium chloride and copper(l)
bromide—dimethyl sulfide complé% in ether at 0°C
provided7 stereoselectively. Interestingly, vinylmagnesium
chloride was found to be much more effective than vinyl-
magnesium bromide in this substitution reaction. Protection
of the resulting 1,3-diol as the acetonide followed by
oxidative cleavage of the vinyl group using standard condi-
tions furnished aldehyd®& in 68% overall yield from6.
Aldehyde 8 was then converted to the trisubstituted allyl
alcohol9 by a Wittig reaction with PiP=C(CH;)CO,Et in
toluene followed by reduction of the ester with DIBAH in
THF (97% yield for the two steps). Epoxidation &fwith
m-CPBA in CHCI, at 0 °C gave the expected-epoxy
alcohol 10 with remarkably high stereoselectivitp/ff =
98:2) in 92% vyield.

In turn, to introduce am. secondary methyl group at the
C(20) position stereoselectively, we envisaged the use of the
stereospecific &' methylation reaction of,6-epoxy-a., -
unsaturated esters recently developed in our laboréatéiyr

designed to connect by an aldol reaction at the C(12) andthis purpose, the requisités-o,S-unsaturated estéd was

C(13) positions under FelkinAnh control. We also designed
a synthetic route for the C(13)C(23) segmen8 starting
from a chiral unsaturated esté& We report herein the

synthesized by a two-step reaction sequence: (1) oxidation
of the primary alcohollO with Dess-Martin periodinan®&®
to the aldehyde and (2) HornewWadsworth-Emmons reac-

Scheme 2. Stereoselective Synthesis of the C(28)21) Polypropionate Chain

CH,=CHMgCI x
EtO.__ A\ 1y ompy - DIBAH THF (95%) HO Y ompy CUBrDMS Ho - 1y OMPM
_—
\C[)(\/\/ 2. Ti(O'Pr),, (-)-DET, TBHP \/?/\/ Et,0,0°C \/\(I;\/
5 MS 4A, CH,Cl, (96%) 6 7
1. (MeO),CMe, o
PPTS Ve 1. PhgP=C(CH3)CO,Et Me Me
(75%, 2 steps) OHC X _OMPM toluene, 70 °C (98%) HOM‘\/Lr 2 _OMPM mCPBA
2. 0sO4, NMO 2. DIBAH, THF (99%) 0 CHCl,, 0°C
then NalOy (91%) 9 (92%)
Me Me 1. Dess-Martin periodinane o Me o Me
Ho. L = _OMPM pyridine, HO, CH.Cls E\/OMPM MeyZn, CuCN
IR EtO” N—="33
© o) 2. (0-MeCgH40),P(O)CHCO,EL © o DMF, 10 °C
KHMDS, THF, -78 °C (74%)
10 (0:$=98:2) (81%, 2 steps) 1
1. ag. ACOH, 50 °C (91%) oTBS
Me Me 0 Me 2. TBSCI, ir:ﬂdazole I\E/Ie Me Me
EO. : 2 L OMPM DMF (72%) EtO S OMPM
20 e =
o} OH 0 3. (MeO),CMe,, p-TsOH 0 0,0

CH,Cl, (82%)
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e
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Scheme 3. Stereoselective Synthesis of C(13)—C(23) Segment

1. TBSCI
Me Me Q Ve imidazoleO
EtM S_OMPM _ DMF(90%)
o OH & 2. DIBAH, THF
0 °C(99%)
12
1.DDQ
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17
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pyridine, H,O, CH.Clo

2. PhgPCH,CH3Br
KHMDS
THF, -30°Cto 0 °C
(75%, 2 steps)

B 0O
14

mCPBA
CHyCly, -25 °C (72%)

tion with the Ando reagentf¢CH;C¢H40),P(O)CHCO,Et®
and KHMDS in THF at—78 °C (81% yield for the two
steps). The key 2 methylation reaction ofll with
Me,Zn—CuCN reagent stereospecifically occurred in DMF,
as we expected, giving rise i as a single product in 74%
yield.

methyl group newly introduced at the C(20) posifibas
well as the stereochemistry of the previous trisubstituted
epoxidel0.

With the synthesis of the C(13)C(21) polypropionate
chain in hand, we focused on the conversiori®into the
C(13)—C(23) segmerg (Scheme 3). Namely, protection of

It should be pointed out that other organocopper reagents.the secondary hydroxyl group ih2 with TBSCI followed

e.g., the Gilmann reagéitand Knochel’s condition¥ were
totally ineffective in this particular reaction. To confirm the
stereochemistry of the product at this stafjg2 was trans-
formed into acetonidel3 by the following reaction se-
guence: (1) removal of the acetonidelif by aq AcOH;
(2) protection of the primary alcohol with TBSCI; (3)
formation of isopropylidene acetal on thsti-1,3-diol moiety
(54% for the three steps). As the acetal carbat3appeared
at 0 100.5 ppm in its’®C NMR spectrum, the stereo-
chemistry of theanti-1,3-diol was unequivocally con-
firmed!° This also proved the configuration of the secondary

(6) (a) Jung, M. E.; Lee, C. Prg. Lett.2001,3, 333. (b) Jung, M. E;
Lee, C. P.Tetrahedron Lett2000,41, 9719. (c) Jung, M. E.; Marquez, R.
Org. Lett.2000,2, 1669. (d) Jung, M. E.; Marquez, Retrahedron Lett.
1999,40, 3129.

(7) (@) Loh, T.-P.; Feng, L.-CTetrahedron Lett2001,42, 6001. (b)
Loh, T.-P.; Feng, L.-CTetrahedron Lett2001,42, 3223.

(8) (a) Julian, L. D.; Newcom, J. S.; Roush, W. R.Am. Chem. Soc.
2005 127, 6186. (b) Roush, W. R.; Newcom, J.Grg. Lett.2002 4, 4739.
(c) Roush, W. R.; Lane, G. @rg. Lett.1999,1, 95.

(9) Liu, J.-F.; Abiko, A.; Pei, Z. H.; Buske, D. C.; Masamune, S.
Tetrahedron Lett1998,39, 1873.

(10) (a) Ehrlich, G.; Kalesse, MSynlett2005 655. (b) Hassfeld, J.;
Kalesse, M.Synlett2002, 2007.

(11) Hirai, A.; Matsui, A.; Komatsu, K.; Tanino, K.; Miyashita, Lhem.
Commun2002, 1970.

(12) Dias, L. C.; Jardim, L. S. A,; Ferreira, A. A.; Soarez, HJUBraz.
Chem. Soc2001,12, 463.

(13) Katsuki, T.; Sharpless, K. BJ. Am. Chem. Soc198Q 102
5974.

(14) Tius, M. A,; Faug, A. HJ. Org. Chem1983,48, 4131.

(15) Dess, P. B.; Martin, J. . Am. Chem. S0d.978,100, 300.

(16) (a) Ando, K.;Tetrahedron Lett1995, 36, 4105. (b) Ando, KJ.
Org. Chem.1997,62, 1934.

(17) (a) Marshall, J. A.; Blough, B. El. Org. Chem1990,55, 1540.
(b) Marshall, J. A.; Trometer, J. D.; Blough, B. E.; Crute, T.T@trahedron
Lett. 1988,29, 913. (c) Marshall, J. A.; Trometer, J. D.; Blough, B. E.;
Crute, T. D.J. Org. Chem1988,53, 4274.

(18) (a) Soorukram, D.; Knochel, FOrg. Lett. 2004, 6, 2409. (b)
Harrington-Frost, N.; Leuser, H.; Calaza, M. I.; Kneisel, F. F.; Knochel, P.
Org Lett. 2003,5, 2111.
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by reduction of the ester with DIBAH in THF produced the
primary alcoholl4in 89% vyield. At this stage, the requisite
terminal (2)-olefin was installed by oxidation of alcoHia!
with Dess—Martin periodinarie followed by a Wittig
reaction of the resulting aldehyde with PCHCH;Br and
KHMDS in THF (75% yield for the two steps). Removal of
the MPM group inl5 with DDQ in CH,Cl, and subsequent
removal of the TBS group with TBAF furnished did6 in
98% yield. The crucial epoxidation of the allyl alcohol with
m-CPBA occurred stereoselectively by the neighboring
participation of the hydroxyl group, as we expected,
giving rise to theo-epoxidel7 (a/f = 94: 6) in 72% yield.
Finally, protection of two hydroxyl groups iti7 with TESCI
followed by a Swern oxidation according to the Spur
protocof! afforded the targeted C(131C(23) segment8

in 75% yield.

In summary, we have achieved the straightforward, highly
stereoselective synthesis of the C(28)(23) segment of
tedanolide 1) through an original strategy based on acyclic
stereocontrol without use of any aldol methodologies, in
which two stereoselective epoxidations of regioisomeric
trisubstituted double bonds and the stereospecifie’ S
methylation reaction of theansy,0-epoxy-<is-a,5-unsatu-
rated estellO are involved as the key steps. Studies toward
total synthesis of tedanolidel) are in progress in our
laboratory.

(19) Rychnovsky, S. D.; Rogers, B. N.; Richardson, TAtc. Chem.
Res.1998,31, 9.

(20) We unambiguously confirmed the configuration of C(20) by
degradation of compoun4 into (S)-2-methyl-3-(triisopropylsilyl)oxy-1-
propanol followed by conversion into (#MTPA ester and its identification
with a chiral authentic sample by NMR analyses.

(21) Rodriguez, A.; Nomen, M.; Spur, B. W.; Godfroid, JTétrahedron
Lett. 1999,40, 5161.
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