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Abstract

A formal convergent synthesis of solamin is disclosed. The synthetic strategy exploits the potential of the sulfinyl group as an
auxiliary, nucleophile and in C-C bond formation. The synthetic route can be adapted to the synthesis of stereoisomers of solamin,
analogs with variable carbon side chains, and other members of mono-THF acetogenins.
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Annonaceous acetogenins,' isolated from 37 different
species of Annonaceae family, are metabolites that possess
a wide range of bioactivity including antitumor, antimal-
arial, pesticidal, immunosuppressive properties and inhibit
multi-drug resistant cancer cells.” They are characterized
by the presence of one to three tetrahydrofuran (THF)
ring(s) with varying stereochemistries along a lengthy
hydrocarbon chain having terminal o,-unsaturated y-lact-
one moiety. trans-Solamin,® 1, is a representative of the
mono-THF class of acetogenins (Fig. 1).

The bioactivity, architecture, and the potential use of a
synthetic route to prepare other members have been the
major stimulants for synthetic activity toward acetogenins.
The synthesis of solamin reported to date utilizes Sharpless
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asymmetric dihydroxylation,* Sharpless asymmetric epoxi-
dation,® chiral pool starting material,” or start from muri-
catacin,® a natural product. We report herein a modular
formal synthesis of solamin, taking advantage of the nucleo-
philicity of the sulfinyl moiety to oxidatively functionalize
an alkene regio- and stereoselectively.’

The retrosynthetic analysis is depicted in Scheme 1. Dis-
connection at C2-C3, C17-C18, and C16-O bonds would
afford subunits 2 and 3. The latter was planned to be
obtained by C17-C18 bond formation using Horner—
Emmons—Wadsworth reaction employing aldehyde 4 and
keto-phosphonate 5. The aldehyde can be traced to bromo-
acetonide 6 and keto-phosphonate to oxazolidinone 7.

The synthesis of aldehyde 4 commenced with bromo-
acetonide'® 6 that was readily obtained from acryloyl imid-
azole 8 in 4 steps. Acetonide 6 was subjected to Pummerer
reaction using trifluoroacetic anhydride, and the resulting
intermediate without isolation was reacted with 1-undecene
and anhydrous SnCl,'" to afford the ene reaction product'?
9 (60% yield). Proceeding ahead, the bromine was replaced
by a hydroxy group by reaction with sodium nitrite'?
in DMF to furnish 10 (80% yield). Swern oxidation'
furnished aldehyde 4 (90% yield) which corresponds to
the C18-C32 subunit, Scheme 2.

The synthesis of 5 began with the coupling of the known
tetradecanoic acid derivative'> 11 with oxazolidinone'® 12
following Ho’s protocol!’ to afford imide 7 (90% yield,
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[oc]zD5 —51.0 (¢ 0.50, CHCly)). The hydroxylation reaction
using Davis reagent'® 13 proved tricky and it was essential
to follow the reported conditions meticulously.'® Thus
dropwise addition of a precooled (—78 °C) solution of 13
to the sodium anion of 7 generated and maintained at
—78 °C and quenching the reaction soon after the addition
followed by work up gave 14 as the sole product in 82%
yield, [«]5 —28.0 (¢ 1.0, CHCly). The auxiliary was
removed using methoxymagnesium bromide®® to afford
methyl ester 15 (80% yield, [oc]]z)5 —1.65 (¢ 2.70, CHCly)).
The hydroxy group was protected as its Mom ether 16
(90% yield, [oc]ZD5 +31.27 (¢ 1.3, CHCl3)) and was subse-
quently reacted with the anion of dimethyl methylphospho-
nate’’ to furnish keto-phosphonate 5 (75% yield, [a]2D5
+12.5 (¢ 1.05, CHCl3)) which corresponds to the C3—C17
fragment of solamin, Scheme 3.

Aldehyde 4 and keto-phosphonate 5 were subjected to
Horner—Emmons—Wadsworth olefination using Ba(OH),**
to afford unsaturated ketone 3 stereoselectively (70% yield,
[oz]zDS +16.0 (¢ 2.1, CHCI3)). The carbonyl group was selec-
tively reduced using Zn(BH4),>* in anhydrous THF to
afford allyl alcohol 17 (85% yield, [«]5 +4.22 (c 1.85,
CHCly)), essentially as a single isomer.>* The alcohol upon
treatment with Raney-Ni under an atmosphere of hydrogen
suffered hydrogenation and selective hydrogenolysis to
afford alcohol 18 (65% yield, [oc]lz)5 +7.5 (¢ 1.0, CHCly)).
Having introduced the oxygen functionalities, the THF ring
needed to be constructed. It was planned to convert the
hydroxyl into a good nucleofuge, deprotect the acetonide
selectively in the presence of Mom ether, and subject the
resulting diol to treatment with a mild base to form the
THF ring. Toward this end, 18 was converted to mesylate
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19 cleanly (100% yield, [oc]zDS +10.0 (¢ 0.25, CHCI3)), and
selective deprotection of the acetonide using 70% aq
AcOH? directly yielded diol 20 (65% yield, [o]5 +6.00 (c
0.65, CHCly)). The diol is probably formed by the sequen-
tial deprotection of the acetonide, cyclization, promoted
by the high temperature, and Mom deprotection. The
methine protons at C16 and C19 resonated at 6 3.8-3.7
and the methylene protons at C17 and C18 resonated at §
1.95-1.5 confirming the trans di-substitution of the THF
ring.?® The diol was protected as the di-TBS ether 21
(95% yield, [oc]zD5 +14.4 (¢ 0.75, CHCly)). Deprotection of
the benzyl ether by hydrogenolysis using Pd/C furnished
the primary alcohol 22 (95% yield, [o];; +11.2 (¢ 0.85,
CH,Cl,)). Alcohol 22 was converted to iodo derivative 23

(71% yield, [oz]ZDS +15.0 (¢ 0.75, CHCl3)) using iodine and tri-
phenylphosphine in the presence of imidazole, Scheme 4.%
Iodide 23, an intermediate in the synthesis of 1 reported by
Mioskowski and co-workers,® had spectral characteristics
in full agreement to that reported by them, thus completing
the formal synthesis of trans-solamin.

In conclusion, we have devised a formal modular syn-
thesis of trans-solamin, 15 steps by the longest linear
sequence (0.038% overall yield), which demonstrates the
potential of the sulfinyl moiety as an auxiliary, potent
intramolecular nucleophile and in C—C bond forming reac-
tions. It is noteworthy that the reduction of the keto group
in 3 with L-selectride®® would vyield the threo alcohol
(epimer of 17) which can be transformed into cis-solamin
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by following the same sequence of reactions delineated for
the transformation of 17 into trans-solamin. Also other
stereoisomers of solamin can be prepared starting from
the diastereoisomer of 6 that can be obtained by DIBAL-
H/ZnCl,* reduction of keto sulfoxide. The methodology
should also be useful for the synthesis of analogs possessing
longer or shorter chain lengths (possessing functional
groups and corresponding to C21-C32 chain) by varying
the alkene used in the Pummerer ene reaction.

Acknowledgments

S.R. is thankful to Dr. J. M. Rao, Head, Org. Div. I, Dr.
J. S. Yadav, Director, IICT for constant support and
encouragement. S.G.S. and K.A.T are thankful to CSIR,
New Delhi for a fellowship. Financial assistance from
DST (New Delhi) is gratefully acknowledged. We thank
Dr. A. C. Kunwar for the NMR spectra and Dr. M. Vair-
amani for the mass spectra.

References and notes

1. For reviews of annonaceous acetogenins, see: (a) Alali, F. Q.; Liu,
X.-X.; McLaughlin, J. L. J. Nat. Prod. 1999, 62, 504-540; (b) Zafra-
Polo, M. C.; Figadere, B.; Gallardo, T.; Tormo, J. R.; Cortes, D.
Phytochemistry 1998, 48, 1087-1117; (c) Cavé, A.; Figadere, B
Laurens, A.; Cortes, D.. In Progress in the Chemistry of Organic
Natural Products; Herz, W., Kirby, G. W., Moore, R. E., Steglich,
W., Tamm, Ch., Eds.; Springer: Wien, 1997; Vol. 70, pp 81-288; (d)
Figadere, B. Acc. Chem. Res. 1995, 28, 359-365; (e) Rupprecht, J. K.;
Hui, Y. H.; McLaughlin, J. L. J. Nat. Prod. 1990, 53, 237-278.

2. (a) Zeng, L.; Ye, Q.; Oberlies, N. H.; Shi, G.; Gu, Z.-M.; He, K. Nat.
Prod. Rep. 1996, 13, 276-306; (b) Oberlies, N. H.; Croy, V. L.;
Harrison, M. L.; McLaughlin, J. L. Cancer Lett. 1997, 115, 73-79; (c)
Oberlies, N. H.; Chang, C.-J.; McLaughlin, J. L. J. Med. Chem. 1997,
40, 2102-2106.

3. (a) Mynt, S. H.; Cortes, D.; Laurens, A.; Hocquemiller, R.; Leboeuf,
M.; Cave, A.; Cotte, J.; Quero, M. Phytochemistry 1991, 30, 3335-
3338; (b) Hisham, A.; Sreekala, U.; Pieters, L.; De Bruyne, T.; Van
Den Heuvel, H.; Claeys, M. Tetrahedron 1993, 49, 6913-6920.

4. Sinha, S. C.; Keinan, E. J. Am. Chem. Soc. 1993, 115, 4891.

Trost, B. M.; Shi, Z. J. Am. Chem. Soc. 1994, 116, 7459-7460.

6. Prestat, G.; Baylon, C.; Heck, M.-P.; Grasa, G. A.; Nolan, S. P;
Mioskowski, C. J. Org. Chem. 2004, 69, 5770.

7. Kuriyama, W.; Ishigami, K.; Kitahara, T. Heterocycles 1999, 50, 981.

v

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.

26.

27.

28.

29.

S. Raghavan et al. | Tetrahedron Letters 49 (2008) 16011604

. Makabe, H.; Tanaka, A.; Oritani, T. J. Chem. Soc., Perkin Trans. 1

1994, 1975.

. Raghavan, S.; Rasheed, M. A.; Joseph, S. C.; Rajender, A. Chem.

Commun. 1999, 1845.

Raghavan, S.; Joseph, S. C. Tetrahedron: Asymmetry 2003, 14, 101.
Ishibashi, H.; Komatsu, H.; Ikeda, M. J. Chem. Res. (S) 1987, 296.
The ene product indicated the presence of one major diastereomer,
however, efforts were not made to separate or assign the configuration
at the newly introduced stereogenic center of the major isomer since it
was to be destroyed subsequently.

Raduchel, B. Synthesis 1980, 292.

Mancuso, A. J.; Swern, D. Synthesis 1981, 165.

Koert, U.; Emde, U. Eur. J. Org. Chem. 2000, 1889.

Gage, J. R.; Evans, D. A. Org. Synth. 1989, 68, 77.

Ho, G.-J.; Mathre, D. J. J. Org. Chem. 1995, 60, 2271.
Vishwakarma, L. C.; Stringer, O. R.; Davis, F. A. Org. Synth. 1987,
66, 203.

Evans, D. A.; Gage, J. R.; Leighton, J. L. J. Am. Chem. Soc. 1992,
114, 9434.

Evans, D. A.; Weber, A. J. Am. Chem. Soc. 1987, 109, 7151.
Rousch, W. R.; Murphy, M. J. Org. Chem. 1992, 57, 6625.
Paterson, I.; Yeung, K. S.; Smaill, J. B. Synlett 1993, 774.

Nakata, T.; Tani, Y.; Hatozaki, M.; Oishi, T. Chem. Pharm. Bull. Jpn.
1984, 32, 1411.

The absolute configuration of the secondary hydroxy group resulting
from Zn(BH,), reduction was unambiguously assigned by the
comparison of "H NMR spectrum of its mandelate ester with that
of the epimeric ester derived by the reduction of ketone 3 with
NaBH,/CeCl;-7H,0 followed by esterification. Clear differences were
observed in the chemical shifts for methylene protons of the Mom
group; in the ester derived from 17 they resonate at ¢ 4.43 and 4.39,
and at 0 4.6 and 4.5 in the ester derived from the epimer of 17.
Hanessian, S.; Delorme, D.; Tyler, P. C.; Demailly, G.; Chapleur, Y.
Can. J. Chem. 1983, 61, 634.

Hu, Y.; Cecil, A. R. L.; Frank, X.; Gleye, C.; Figadere, B.; Brown, R.
C. D. Org. Biomol. Chem. 2006, 4, 1217.

Garegg, P. J.; Samuelson, B. J. Chem. Soc., Perkin Trans. 1 1980,
2866.

L-Selectride stereoselectively affords threo 1,2-diol derivatives upon
reducing derivatives of a-hydroxy ketones, refer: (a) Arndt, S.; Emde,
U.; Baurle, S.; Friedrich, T.; Grubert, L.; Koert, U. Chem. Eur. J.
2001, 7, 993; (b) Figadere, B.; Harmange, J.-C.; Hui, L. X.; Cave, A.
Tetrahedron Lett. 1992, 33, 5189.

(a) Carreno, M. C.; Garcia Ruano, J. L.; Martin, A.; Pedregal, C.;
Rodrigues, J. H.; Rubio, A.; Sanchez, J.; Solladie, G. J. Org. Chem.
1990, 55, 2120; (b) Solladie, G.; Frechou, C.; Demailly, G.; Greck, C.
J. Org. Chem. 1986, 51, 1912; (c) Solladie, G.; Demailly, G.; Greck, C.
J. Org. Chem. 1985, 50, 1552; (d) Solladie, G.; Demailly, G.; Greck,
C. Tetrahedron Lett. 1985, 26, 435.



	A formal convergent synthesis of (+)-trans-solamin
	Acknowledgments
	References and notes


