A practical route to methyl nonactate
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Methyl nonactate is available with excellent
stereoselectivity in only six steps from furan by application
of sequential transformations.

Actic acids 2 are the monomeric subunits of the macrotetrolides
1, also known as actins or nactins, which have been isolated
from various Streptomyces cultures (Scheme 1).! The neutral
ionophores? 1 display pronounced antibacterial,? insecticidal*
and in part immunosuppressive> activities. An unusual feature
of the structurally elucidated macrotetrolides 1 is the alternating
sequence® of (+)- and (—)-enantiomers of the building blocks 2.
With respect to an efficient synthesis of actins 1, including the
achiral S;-symmetrical members such as nonactin (R!-R* =
Me)? and tetranactin (R!'-R*4 = Et),® an enantioselective
preparation of both enantiomers of 29 is thus required. Though
several syntheses of nonactic acid 2al%-1! and some reports on
the synthesis of its homologues®.12 have been published, a short
and general access to compounds 2a—c is still highly desirable
in view of the biological activities associated with the actins.
Here we report a practical route to methyl nonactate which
emerged from our studies on intramolecular Diels—Alder
reactions of vinylsulfonates and the synthetic elaboration of the
resultant sultones.!3

Alcohol 3, prepared from furan and epoxypropane, reacted
with vinylsulfonyl chloride to give sultone 4 by a tandem
esterification/cycloaddition (Scheme 2).134 Subsequent treat-
ment of 4 with 2 equiv. of methyllithium induced a tandem
elimination/1,6-addition to yield the bicyclic compounds
5a—c.!3¢ Both the intramolecular Diels—Alder reaction to 4 and
the alkoxide-directed C—C coupling involved in the formation
of 5 occur with complete diastereoselectivity, whereas a less
regio- and stereo-selective protonation of the intermediate

(+)

2aR=Me
bR =Et
cR=Pr
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Scheme 1

allyllithium species produced upon 1,6-addition leads to a
mixture of Sa—c.

Ozonolysis of 5a, obtained isomerically pure by base-
catalysed equilibration of Sa—c (ButOK, 77%),13c followed by
eliminative work-up!4 yielded a single hemi-acetal 6 (69%).t
However, more straightforward and efficient is the corre-
sponding transformation of the mixture Sa—c under identical
conditions. Only the allylic sultones 5a and Sb are attacked,
while 5¢ can be easily separated. The production of two
diastereoisomeric methyl esters 6% implies a regioselective
cycloreversion of the primary ozonides from Sa and Sb with
formation of the intermediate carbonyl oxide distal to the
electron-withdrawing sulfonate function and cyclization of the
resultant y-hydroxy ketone moiety to a hemi-acetal. A Lewis
acid-catalysed exchange of the hydroxy group in 6 against a
phenylsulfanyl group!> in 7t sets the stage for a chemoselective
reductive cleavage of both C-S bonds in one operation.
Gratifyingly, upon treatment of 7 with Raney nickel, methyl
nonactate 8 was directly obtained. Presumably, a reductive
elimination first occurs to give a single 2,3-dihydrofuran!'®
which in turn is immediately hydrogenated by the hydrogen
adsorbed within the Raney nickel highly diastereoselectively
(8:6-¢pi-87<:11 = 96:4)§ from the sterically less hindered -
face.

Saponification of 8 to nonactic acid 2a is known’” and thus,
our sultone route from furan to 8 consisting of only six steps due
to the application of sequential transformations!’ also con-
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Scheme 2 Reagents and conditions: i, BuLi, THF, —78 °C then epoxy-
propane, —78 °C to room temp., 65%; ii, CH,=CHSO,Cl, EtsN, THF, 0 °C
to room temp., 90%; iii, MeLi, THF, —78 to 0 °C then sat. aqueous NH,Cl,
—78°C to room temp., 54%; iv, O3, NaHCO;, CH,Cl,, MeOH, —78 °C
then Ac,O, pyridine, CH,Cl,, room temp., 66%; v, PhSH, BF;-Et,0,
CH,Cl;, room temp., 93%; vi, Raney Ni, EtOH, room temp., 51%
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Fig. 1

stitutes the shortest synthesis of acid 2a with excellent
stereocontrol. Since the tricyclic compounds corresponding to
sultone 4 with an ethyl or isopropyl substituent instead of the
methyl group are readily prepared in an analogous fashion,134
this reaction sequence should offer a general access to all actic
acid homologues 2a—c. Moreover, the transition to enan-
tioselective synthesis is at hand, since the requisite enan-
tiomerically pure epoxides which react with lithiated furan to
the starting materials?#-132 for the tandem esterification/Diels—
Alder reaction are easily available in both enantiomeric
forms.18
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Footnotes

+ The relative configuration of 6 and 7 obtained from pure 5a (Fig. 1) was
unambiguously established by X-ray diffraction analysis. Crystal data for 6
(from 5a): C;1H,30,S, M = 294.3, triclinic, space group PT (No. 2),a =
8.370(1), b = 8.839(2), ¢ = 10.027(2) A, « = 77.56(2), B = 81.74(1), y
= 67.15(1)°,V = 666.1(2) A3,Z = 2,D. = 1.467 gcm—3,u = 24.3 cm—1,
F(000) = 312, colourless crystal with dimensions 0.5 X 0.3 X 0.2 mm, A
= 154178 A, T = 2232) K, © = 4.53-74.06°, - 10 < h <9, —11 <k
<0, —12 <! < 12, 2894 reflections collected, 2709 independent [Riy =
0.022], full-matrix least-squares refinement on F'2, 176 parameters, GOF on
F21.051, final R indices [/ > 20(/)] R = 0.043 and wR2 = 0.119, largest
difference peak and hole 0.33 and —0.58 ¢A3. For 7 (from 5a): C,7H»0S>,
M = 386.5, monoclinic, space group P2,/n (No. 14), a = 13.393(2), b =
9.320(2), ¢ = 15.195(2) A, B = 100.75(1)°, V = 1863.4(5) A3, Z = 4,D,
= 1.378 gem—3, p = 28.6 cm—!, F(000) = 816, colourless crystal 0.3 X
02 x02mm, A = 1.54178 A, T = 223(2) K, © = 4.04-74.16°,0 < h <
16, —11 < k < 0, —18 < | < 18, 3959 reflections collected, 3795
independent [R;,,, = 0.016], full-matrix least-squares refinement on F2, 230
parameters, GOF on F2 1.237, final R indices [/ > 20(/)] R = 0.037 and
wR? = 0.104, largest difference peak and hole 0.36 and —0.35 eA3. Atomic
coordinates, bond lengths and angles, and thermal parameters have been
deposited at the Cambridge Crystatlographic Data Centre. See Information
for Authors, Issue No. 1.

i Capillary GC/MS analysis of 6 [after silylation with N,O-bis-
(trimethylsilyl)acetamide] obtained from the mixture of 5a and 5b showed
two products (93:7) with nearly identical mass spectra.

§ According to capillary GC analysis of the crude product.

References

1 Forreviews, see: W. Keller-Schierlein and H. Gerlach, Fortschr. Chem.
Org. Naturst., 1968, 26, 161; Y. Nawata, K. Ando and Y. litaka, Met.
Ions Biol. Syst., 1985, 19, 207.

432 Chem. Commun., 1996

2 Use in biosensors: S. B. Butt and K. Cammann, Anal. Lett., 1992, 25,
1597.

3 M. V. Nefelova and A. N. Sverdlova, Antibiot. Med. Biotekhnol., 1985,

30, 261.

4 H. Oishi, T. Sugawa, T. Okutomi, K. Suzuki, T. Hayashi, M. Sawada

and K. Ando, J. Antibiot., 1970, 23, 105; L. P. Shopotova and Y. D.

Shenin, Zh. Prikl. Khim. (Leningrad), 1993, 66, 1334.

D. M. Callewaert, G. Radcliff, Y. Tanouchi and H. Shichi, Im-

munopharmacology, 1988, 16, 25; Y. Tanouchi and H. Shichi,

Immunology, 1988, 63, 471.

6 Studies on the biosynthesis: P. Stahl and H. Pape, Arch. Mikrobiol.,
1972, 85, 239; D. M. Ashworth, C. A. Clark and J. A. Robinson,
J. Chem. Soc., Perkin Trans. 1, 1989, 1461; M. V. Nefelova, 1. Y.
Karelina, A. N. Sverdlova and N. S. Egorov, Biokhimiya, 1989, 54,
1873, Biochemistry (Eng. Transl.), 1990, 1531.

7 (a) H. Gerlach, K. Oertle, A. Thalmann and S. Servi, Helv. Chim. Acta,
1975, 58, 2036; (b) U. Schmidt, J. Gombos, E. Haslinger and H. Zak,
Chem. Ber., 1976, 109, 2628; (c¢) P. A. Bartlett, J. D. Meadows and E.
Ottow, J. Am. Chem. Soc., 1984, 106, 5304; (d) 1. Fleming and S. K.
Ghosh, J. Chem. Soc., Chem. Commun., 1994, 2287; (e) J. Y. Lee and
B. H. Kim, Tetrahedron Lett., 1995, 36, 3361.

8 U. Schmidt and J. Wermner, Synthesis, 1986, 986.

9 The actic acids 2 display insecticidal activity, too: J. Jizba, V.
Ptikrylov4, L. Ujhelyiova and S. Varkonda, Folia Microbiol., 1992, 37,
299. A macrodiolide of homononactic acid 2b acts as a fungicidal agent:
H. R. Y. Jois, A. Sarkar and S. Gurusiddaiah, Antimicrob. Agents
Chemother., 1986, 30, 458.

10 For recent syntheses of 2a, see: I. Fleming and S. K. Ghosh, J. Chem.
Soc., Chem. Commun., 1994, 2285; M. Ahmar, C. Duyck and L
Fleming, Pure Appl. Chem., 1994, 66, 2049; G. Solladie and C.
Dominguez, J. Org. Chem., 1994, 59, 3898; see also ref. 7e.

11 A. Warm and P. Vogel, Helv. Chim. Acta, 1987, 70, 690.

12 R. D. Walkup and G. Park, J. Am. Chem. Soc., 1990, 112, 1597; B.
Lygo, Tetrahedron, 1988, 44, 6889.

13 (a) E. Bovenschulte, P. Metz and G. Henkel, Angew. Chem., Int. Ed.
Engl., 1989, 28, 202; (b) P. Metz and E. Cramer, Tetrahedron Lett.,
1993, 34, 6371; (c) P. Metz, U. Meiners, R. Frohlich and M. Grehl,
J. Org. Chem., 1994, 59, 3687; (d) P. Metz, J. Stolting, M. Lige and B.
Krebs, Angew. Chem., Int. Ed. Engl., 1994, 33, 2195; (e) P. Metz, M.
Fleischer and R. Frohlich, Tetrahedron, 1995, 51, 711.

14 S. L. Schreiber, R. E. Claus and J. Reagan, Tetrahedron Lett., 1982, 23,
3867; O. Arjona, A. Martin-Domenech and J. Plumet, J. Org. Chem.,
1993, 58, 7929.

15 R. J. Ferrier and R. H. Furneaux, Carbohydr. Res., 1976, 52, 63; L.
Chanteloup and J.-M. Beau, Tetrahedron Lett., 1992, 33, 5347.

16 K. C. Nicolaou, C.-K. Hwang, B. E. Marron, S. A. DeFrees, E. A.
Couladouros, Y. Abe, P. J. Carroll and J. P. Snyder, J. Am. Chem. Soc.,
1990, 112, 3040.

17 L.F. Tietze and U. Beifuss, Angew. Chem., Int. Ed. Engl., 1993, 32, 131;
T.-L. Ho, Tandem Organic Reactions, Wiley, New York, 1992.

18 (R)- and (S)-Epoxypropane: K. Rossen, P. M. Simpson and K. M. Wells,
Synth. Commun., 1993, 23, 1071; M. K. Ellis and B. T. Golding, Org.
Synth., 1985, 63, 140; (R)- and (S)-1,2-epoxybutane: U. Goergens and
M. P. Schneider, Tetrahedron: Asymmetry, 1992, 3, 1149; H. K.
Chenault, J. Dahmer and G. M. Whitesides, J. Am. Chem. Soc., 1989,
111, 6354, for the synthesis of the (S)-enantiomer, see also ref. 8; (R)-
1,2-epoxy-3-methylbutane: B. Koppenhoefer and V. Schurig, Org.
Synth., 1988, 66, 160; (S)-1,2-epoxy-3-methylbutane: K. Tsuji, T.
Hirano and T. Tsuruta, Makromol. Chem., 1975, Suppl. 1, 55.

Received, 26th September 1995; Com. 5/06319A

wn



