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Abstract

An efficient formal synthesis of (-) anisomycin (1), a potent antibiotic agent, has been achieved
in good yields and excellent diastereoselectivity. The key steps are proline-catalyzed sequential
a-amination or a-aminoxylation of aldehyde 2 followed by tandem Horner-Wadsworth-Emmons
olefination.
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Introduction

(-) Anisomycin, (1), an antibiotic isolated from the fermentation broth of Streptomyces sp.,
exhibits a strong and selective activity against pathogenic protozoa and fungi and has clinically
been used with success in the treatment of vaginitis due to trichomonas vaginitis and of amoebic
dysentery.! Both anisomycin (1) and its deacetyl derivative have been used as fungicides in the
eradication of bean mildew and as inhibitors of other pathogenic fungi in plants® and peptide
bond formation on eukaryotic ribosomes.> Several methods are available in literature for the
asymmetric synthesis of (-) anisomycin (1); however, most of them use chiral starting materials
with a overall low yield due to large number of steps involved.*
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In recent years, organocatalysis has become the main focus of research due to emergence of
organocatalyzed tandem transformations’ and its application to the synthesis of complex organic
molecules that are be accessible in one-pot procedure. As part of our research program aimed at
achieving asymmetric synthesis of biologically active molecules using organocatalysts,® herein
we report a highly efficient formal synthesis of (-)-anisomycin via L-proline-catalyzed tandem o-
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amination-olefination™ (Scheme 1) and D-proline-catalyzed sequential o-aminoxylation-
olefination®” (Scheme 2) of 3-(4-methyoxyphenyl)propanal (2), a common starting material.

Results and Discussion

Synthesis of pyrrolidine diol 6 via L-proline-catalyzed sequential a-amination-Horner-
Wadsworth-Emmons-olefination strategy

Recently, we have developed a one-pot procedure for the enantioselective synthesis of y-amino-
o,B-unsaturated esters.”” We have now made use of this method for achieving the formal
synthesis of (-)-anisomycin (1). Accordingly, L-proline-catalyzed sequential a-amination-
Horner-Wadsworth-Emmons olefination of 3-(4-methoxyphenyl)- propanal (2) was carried out
to obtain y-amino-o,B-unsaturated ester 3 in 88 % yield and 99 % ee. The Os-catalyzed
diastereoselective dihydroxylation of ester 3 furnished the diol 4 in 85 % yield. Reductive
cyclization of 4 was achieved with Raney/Ni (H,, 60 psig) in 60 % yield with inseparable
mixture of diastereomers (dr 7:1 syn:anti as determined by 'H NMR analysis).
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Scheme 1. Reagents and conditions: (a) DBAD, L-proline, CH3CN, 0-10 °C, 3 h then triethyl
phosphonoacetate, LiCl, DBU, 5 °C, 45 min., 88 %; (b) OsO4, NMO, acetone-water; (c) Raney-
Ni, MeOH, H, (60 psi), 12 h; (d) EtOH, reflux, 4 h, 60 % (over two steps); (¢) BHs. THF, THF,
reflux, 10 h; (f) ag. Na,COs, Cbz-Cl, CH,Cl,, 4 h, 66 % (over two steps).

The predominant syn selectivity was determined by NOE study, > which is also confirmed by
matching the sign of optical rotation of 6 with literature values.* The amide carbonyl in 5 was
then reduced with BH;.THF; followed by its amine protection gave N-Cbz protected diol 6 in 66
% vyield. [a]*p -7.3 (¢ 1, MeOH) {lit."* [0]*p -8.2 (¢ 5.97, MeOH)} (Scheme 1). Since a
moderate diastereoselectivity for 4 was obtained in this approach, a modified a-aminoxylation
approach was taken up as described below.
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Synthesis of butyrolactone diol 9 via D-proline-catalyzed sequential a-aminoxylation-
Horner-Wadsworth-Emmons olefination strategy

In this approach, the synthesis of 1 was started with o-aminoxylation of 3-(4-
methoxyphenyl)propanal (2), which was carried out using nitrosobenzene as the electrophilic
component followed by in situ Horner-Wadsworth-Emmons olefination®’ with DBU as base
that furnished anilinoxy olefinic ester 7 in 79 % yield. The deprotection of anilinoxy group to
hydroxy group was achieved with Cu(OAc), in ethanol. The optical purity of 8 was found to be

99 % ee as determined by its Mosher ester analysis. The Os-catalyzed diastercoselective
dihydroxylation of unsaturated ester 8 furnished lactone diol 9 in 82 % yield with high optical
purity as a single diastereomer. [a]*p -73 (¢ 1, MeOH) {lit.*” [a]*p -72.2 (¢ 0.41, MeOH)}

(Scheme 2). The conversion of pyrrolidine diol 6 and butyrolactone diol 9 into (-)-anisomycin (1)
4b,p

has already been reported.

ref. 4p
“1OH e *_» (-)-Anisomycin (1)

Scheme2. Reagents and conditions (a) PANO, D-proline (20 mol %), CH3CN, -20 °C, 24 h then
triethyl phosphonoacetate, LiCl, DBU, 1 h, 79 %; (b) Cu(OAc),, EtOH, 25 °C, 12 h; (¢) OsOs,
NMO, acetone-water, 2 h, 82 %.

Conclusions

In conclusion, a short, formal synthesis of (-)-anisomycin (1) employing proline-catalyzed
sequential a-aminooxylation or a-amination coupled with tandem Horner-Wadsworth-Emmons
olefination of 3-(4-methyoxyphenyl)propanal (2) has been achieved. This is the first
organocatalytic route involving operationally simple procedures with high yields and excellent
enantioselectivities. The use of inexpensive proline in catalytic amounts and less number of steps
render our approach a good alternative to the known methods.

Experimental Section
General Procedures. Solvents were purified and dried by standard procedures before use.

Melting points are uncorrected. Optical rotations were measured using sodium D line on a
JASCO-P-1020 digital polarimeter. 'H and >C NMR spectra were recorded on Brucker AC-200

ISSN 1551-7012 Page 90 SARKAT USA, Inc.



General Papers ARKIVOC 2009 (ii) 88-94

spectrometer. Enantiomeric excess was measured using either the chiral HPLC, Mosher ester
analysis or by comparison with specific rotation. Elemental analysis was carried out on a Carlo
Erba CHNS-O analyzer.

(2R,3S,4R)-Ethyl 4-(dibenzyloxycarbonylhydrazinyl)-2,3-dihydroxy-5-(4 methoxyphenyl)
pentanoate (4). To a solution of olefin 3 (1.06 g, 2 mmol) and 4-Methylmorpholine N-oxide
(NMO) (0.702 g, 6 mmol, 3 equiv.) in 20 mL THF-H,O (1:1) at 0 °C, was added OsO4 (25.4 mg,
0.1 M in toluene, 5 mol %) and the reaction mixture was stirred at the same temperature for 12 h
and at 25 °C for 6 h. The reaction was quenched with sodium bisulfite (0.5 g), diluted with water
and extracted with ethyl acetate (3 x 50 mL). The combined organic layers were washed with
brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure to give crude
product, which was then purified by flash column chromatography using petroleum ether: ethyl
acetate (35:65) to afford pure diol 4.

Yield: 0.962 g, 85 %; [0]*’p +21.66 (¢ 1.0, CHCI3); IR (CHCl3) v 3400, 3220, 3020, 2929, 2400,
1658, 1429, 1220, 1075, 923, 758 cm™; "H NMR (200 MHz, CDCl; + DMSO-dg) & 1.32 (t, J =
7.1 Hz, 3H), 2.90-2.99 (m, 1H), 3.14-3.24 (m, 1H), 3.73 (m, 3H), 4.30 (m, 3H), 5.0 (m, 6H), 6.09
(m, 1H), 6.63 (d, /= 7.1 Hz, 1H), 6.74 (d, /= 8.2 Hz, 1H), 6.97 (d, J= 8.2 Hz, 1H), 7.07 (d, J =
8.0 Hz, 1H), 7.28-7.38 (m, 10H); °C NMR (50 MHz, CDCl; + DMSO-de): & 13.2, 31.8, 54.0,
60.1, 66.3, 66.5, 70.4, 70.5, 112.5, 126.2, 126.4, 126.7, 126.9, 127, 127.1, 127.2, 127.3, 127.5,
129.1, 129.3, 134.6, 135, 135.2, 154.7, 155.6, 156.9, 171.7; Elemental analysis: C3yH34N,O9
requires C, 63.59; H, 6.05; N, 4.94; found C, 63.35; H, 6.15; N, 4.68 %.
(3R,4S,5R)-5-(4-Methoxybenzyl)-3,4-dihydroxypyrrolidin-2-one (5). A solution of diol 4
(0.849 mg, 1.5 mmol) in MeOH (20 mL) and acetic acid (0.3ml) was treated with Raney nickel
(3 g, excess) under H, (80 psig) for 24 h. The reaction mixture was filtered over celite and
concentrated to give the crude amino diol, which on stirring in EtOH at 50 °C for 4 h gave the
cyclized product 5 (purified by flash chromatography using ethyl acetate as eluent). Yield: 0.213
g, 60 %; [a]*p +16.25 (¢ 1.0, CHCls); IR (CHCIs) v 3330, 2920, 2864, 1670, 1463, 1377, 1225,
1121, 728 cm™; "H NMR (200 MHz, CDCl; + DMSO-dg) & 2.52 (m, 1H), 2.94-3.05 (m, 1H),
3.51 (brs, 2H), 3.68 (m, 1H), 3.75 (s, 3H), 3.82 (d, J= 7.5 Hz, 1H), 4.11 (t, J= 7.4 Hz, 1H), 6.79
(m, 2H), 7.13 (m, 2H), 7.44 (s, 1H); >C NMR (50 MHz, CDCl; + DMSO-dg): & 33.7, 53.4, 54.6,
72.1,73.3, 112.0, 128.9, 129.1, 129.2, 156.2, 172.85; Elemental analysis: C;,H;sNO4 requires C,
60.75; H, 6.37; N, 5.90; found C, 60.45; H, 6.15; N, 5.68 %.
(2R,3S,4S)-benzyl-2-(4-methoxybenzyl)-3,4-dihydroxypyrrolidine-1-carboxylate (6). To a
solution of amide 5 (111 mg, 0.5 mmol) in dry THF (10 mL) was added BH;.DMS (0.3 mL,
excess, 95 %) and the reaction mixture was refluxed for 10 h. After completion of reaction
(TLC) it was quenched with dil. HCI and solvents were removed under reduced pressure. The
crude residue was dissolved in MeOH and treated with Et;N (2 mL). The solvents were removed
under reduced pressure and the crude product was directly used for the next step without
purification.
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To a solution of the above crude amine in dry THF (10 mL) was added Na,COs (80 mg, 0.7
mmol) at 0 °C, after stirring for 10 min. Cbz-Cl (85 mg, 0.5 mmol) was added and the reaction
mixture was stirred at 25 °C for 2 h. The reaction mixture was extracted with CHCl;, dried over
anhydrous Na,SO4. Evaporation of solvents under reduced pressure followed by column
chromatographic purification gave 6 as a colorless solid. Yield: 0.110 g, 66 %, mp 126 °C (lit.*®
mp 127-129 °C); [0]*p -7.2 (¢ 1.0, MeOH) [lit.* [a]*p -8.2 (¢ 1.0, MeOH)] ; IR (CHCls) v
3320, 3050, 3022, 2920, 2864, 1670, 1423, 1357, 1235, 1121, 815 cm™; 'H NMR (200 MHz,
CDCl3) 6 1.75-1.82 (m, 2H), 2.87 (m, 1H), 2.93 (m, 2H), 3.68 (m, 1H), 3.77 (s, 3H), 4.16-4.23
(m, 3H), 5.16 (s, 2H), 6.76 (d, J = 8.2 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 7.37 (m, 5H); °C NMR
(50 MHz, CDCl3): & 32.3, 40.3, 55.1, 60.9, 68.9, 70.0, 79.1, 113.8, 128.1, 128.5, 129.8, 136.2,
156.7; Elemental analysis: Cy0H23NOs requires C, 67.21; H, 6.49; N, 3.92; found C, 67.55; H,
6.25; N, 4.73 %.

(S)-Ethyl 4-anilinoxy-5-(4-methoxyphenyl)pent-2-enoate (7). To a solution of nitrosobenzene
(1 g, 9.3 mmol) and D-proline (158 mg, 15 mol %) in CH3;CN (20 mL) was added 3-(4-
methoxyphenyl)propanal (1.8 g, 11.2 mmol) at -20 °C. The reaction mixture was stirred at the
same temperature for 24 h followed by addition of LiCl (566 mg, 1.5 equiv.), triethyl
phosphonoacetate (3.13 g, 1.5 equiv.) and after stirring for 5 min DBU (1.4 g, 1 equiv.) was
added. The reaction mixture was quenched with half saturated NH4Cl and extracted with ethyl
acetate (3 x 20 mL). Combined organic phases were concentrated and dried over anhydrous
Na,S0y. Purification by flash column chromatography (Pet ether: EtOAc = 85:15) afforded
aminoxy olefinic ester 7. Yield: 3 g, 79 %; [a]*p -25.0 (¢ 1, CHCls); IR (CHCl3) vinax 3016,
2935, 2839, 2360, 1716, 1600, 1494, 1512, 1247, 1035, 757 cm™; "H NMR (200 MHz, CDCl;):
0 1.29 (t,J = 7.1 Hz, 3H), 2.81-2.91 (dd, J = 6.1, 13.9 Hz, 1H), 2.99-3.09 (dd, J = 7.5, 14.0 Hz,
1H), 3.81 (s, 3H), 4.15 (q, J = 7.1 Hz, 2H), 4.53 (m, 1H), 5.95-6.04 (dd, J = 1.1, 15.8 Hz, 1H),
6.68 (d, J = 7.5 Hz, 2H), 6.84-6.98 (m, 5H), 7.13-7.21 (m, 4H); >C NMR (50 MHz, CDCl;): &
14.1, 39.1, 55.2, 60.5, 84.1, 113.8, 114.2, 122.0, 122.9, 128.8, 130.6, 131.9, 146.4, 148.1, 158.3,
166; Elemental analysis: Cy0H23NOy4 requires C, 70.36; H, 6.79; N, 4.10; found C, 70.63; H,
6.73; N, 4.57%.

(S)-Ethyl 4-hydroxy-5-(4-methoxyphenyl)pent-2-enoate (8). To a solution of ester 7 (2.5 g,
7.3 mmol) in ethanol (25 mL) was added Cu(OAc), (488 mg, 0.3 equiv.) and the reaction
mixture was stirred at 25 °C for 12 h. The reaction mixture was quenched with saturated
ammonium chloride solution and extracted with ethyl acetate (3 x 50 mL). The combined
organic layers were dried over anhydrous Na,SO, and condensed under vaccum. The crude
product was purified by flash column chromatography (Pet ether: EtOAc = 75:25) to give pure 8
in 70 % yield. Yield: 1.2 g, 70 %; [a]*p -10.27 (¢ 1, CHCls); IR (CHCI3) vinax 3020, 2360, 2343,
1716, 1650, 610, 1512, 1247, 1217, 1178, 1037, 757 ecm™; "H NMR (200 MHz, CDCl3): & 1.29
(t, J = 7.1 Hz, 3H), 2.34 (brs, 1H), 2.67-2.78 (dd, J = 8.1, 13.7 Hz, 1H), 2.84-2.94 (dd, J = 5.0,
13.8 Hz, 1H), 3.79 (s, 3H), 4.18 (q, J = 7.2, 2H), 4.47 (m, 1H), 6.0 (dd, J = 1.6, 15.6 Hz, 1H ),
6.84 (d, J = 8.6, 2H), 6.94-7.05 (dd, J = 4.6, 15.6 Hz, 1H ), 7.11 (d, J = 8.6, 2H); *C NMR (50
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MHz, CDCl3): & 14.1, 42.2, 55.1, 60.3, 71.7, 114.0, 120.4, 128.6, 130.4, 149.0, 158.4, 166.4;
Elemental analysis: C;4H;304 requires C, 67.18; H, 7.25 found C, 67.54; H, 7.62 %.
(BR,4R,55)-5-(4-methoxybenzyl)-dihydro-3,4-dihydroxyfuran-2(3H)-one (9). To a solution of
50 % aq. N-methylmorpholine N-oxide (0.93 mL, 4 mmol) and osmium tetraoxide (101 mg, 10
mol%) in acetone (10 mL) was added a solution of ester 8 (1 g, 4 mmol) in acetone (10 mL) at 0
°C and the reaction mixture was stirred for 2 h at the same temperature. To the reaction mixture
was added 10 % Na,SO; at 0 °C and was stirred for 30 min. The generated precipitate was
filtered through celite pad and the filtrate was concentrated. The residue was diluted with ether
and treated with 10 % aq. HCIl. The organic layer was dried over anhydrous Na,SO, and
evaporated to give the crude product 9, which was purified by flash column chromatography (Pet
ether: ethyl acetate = 55:45) and recrystallized from CHClsYield: 780 mg, 82 % yield, colorless
solid (mp = 81 °C, lit.*» mp = 81-82 °C); [a]*’p -72.5 (¢ 1, MeOH), [lit.*? [0]*p -72.2 (¢ 0.41,
MeOH); IR (CHCI3) Vinax 3330, 2920, 2864, 1760, 1465, 1387, 1225, 1131, 728 cm™; '"H NMR
(200 MHz, CDCls): 6 2.81 (dd, J = 7.5, 14.7 Hz, 1H), 3.12 (dd, J = 3.3, 14.7 Hz, 1H), 3.79 (s,
3H), 3.98 (t, J = 8.4, 1H), 4.22 (dt, J = 3.3, 7.6 Hz, 1H ), 4.33 (d, J = 8.7 Hz, 1H ), 5.35 (brs,
2H), 6.81 (d, J = 8.7 Hz, 2H ), 7.17 (d, J = 8.7, 2H); °C NMR (50 MHz, CDCLs): § 35.8, 54.1,
73.2, 75.4, 80.0, 112.7, 127.4, 129.5, 157.2, 173.5; Elemental analysis: C;,H;4Os requires C,
60.50; H, 5.92 found C, 60.84; H, 5.62 %.
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