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Abstract

Synthesis of the right half of micacocodin (segment B) and subsequent completion of total synthesis of
the antimycoplasma antibiotic micacocidin is described. The desired S-configuration at C-14 secondary
carbinol was obtained by stereoselective reduction of the preceding ketone in accordance with the Cram rule.
Condensation of two labile segments, A and B, was achieved in the presence of potassium acetate. The chiral

center at C-10 was finally isomerized to the natural configuration through formation of the Zn compiex.
© 1999 Elsevier Science Litd. All rights reserved.
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antimycoplasma antibiotic micacocidin (1) [2], in which phosphorus pentachloride-mediated
thiazoline constructing reaction was applied. In this paper, we describe the synthesis of the
right half of 1 (segment B), and condensation of these two segments leading to 1 [3].
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To introduce three chiral centers into segment B, we planned to use cysteine for C-12
and C-18, while stereoselective reaction was used for C-14 configuration. Construction of
the central thiazolidine ring through condensation of segments A and B, and stereochemical
control on the configuration at mg C-10 carbon were performed with reference to model
L-cysteine (3a), isobutyric acid (4) and 2- methyl S-cysteine (5) (Scheme 1). An initial
attempt starting with N-methyl-L-cysteine (3b) was unsuccessful becausc the N-methyl-
oxazolidinone ring corresponding to 14 resisted cleavage [4], so herein we began the
synthetic study with 3a.

Synthesis of segment B

Elongation of the carboxyl moiety in thiazolidine 6 [S], which was prepared from L-
cysteine (3a) via a two-step reaction, was achieved by carbonyldiimidazole treatment and
subsequent condensation with methyl isobutyrate to yield keto-ester 7. Reduction of 7 with
sodium borohydride proceeded with sufficient stereoselectivity in accordance with the Cram

>

rule as expected to vield the desired S-alcohol 8. along wi
rule as expected to yield the desired S-alcohol 8, along with a trace amount of R isomer an
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an over-reduced diol 11, both of which were readily separated by chromatography.
Compound 8 was then converted to 9 through construction of an oxazolidinone ring with
sodium hydride and subsequent hydrolysis. The configuration of 9 was confirmed by NOE
examination as shown in Scheme 2. When the elongation reaction was performed with
aldehyde 10 [6] and methyl isobutyrate, the unwanted R-alcohol was predominant
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(R:S=ca.3:2 by NMR).
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Next, condensation of 9 with 2-methyi-S-cysteine methyi ester hydrochioride [7] was
performed using carbonyldiimidazole to yield peptide 12. Treatment of 12 with
triﬂuomacetic acid in refluxing toluene accomplished cyclization of the N-acylcysteine

oiety with concomitant removal of the acetonide protecting moiety. Since the methyl ester
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(trimethylsilyl)diazomethane to yield thiol 13. When the cyclization reaction of 12 was
carried out under dehydration conditions, for example with a Dean-Stark trap, the major
product was 21, and attempts to remove the acetonide moiety resulted in simultaneous

cleavage of the thiazoline ring. Then, the thiol residue in 13 was protected with a p-
methoxvbhenzvl (PMR) oroun
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Cleavage of the oxazolidinone ring in 14 was performed as foliows. Introduction of a
t-butoxycarbonyl (Boc) group and subsequent treatment with methanolic cesium carbonate
[8], followed by remethylation of the hydrolyzed methoxycarbonyl group, afforded 15 with
concomitant recovery of 14. After protection of newly formed secondary alcohol with a -
butyldimethylsilyl (TBS) group, N-methylation of 16 was effected by treatment with
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dimethyl sulfate and sodium hydride. Since recovered 16 was not readily separable from 17
by chromatography, the product contaminated with 16 was then treated with a small amount
of tetrabutylammonium fluoride (TBAF) at low temperature to sclectively desilylate 16.

Pure 17 thus obtained was afresh treated with TBAF in the presence of 4A molecular sieves
h

=

A~

AA_NCY fall
o 11

r t ffard 1R Daganaratinn
ATV ), LU 1

n n
U allviu 1 0. NN Eviviauvil v

N
-
-

the thiol residue in 18 was achieved by substituting a 3-nitro-2-pyridinesuifenyl (Npys)
group for PMB and subsequent treatment with tributylphosphine [9] to provide Boc-
protected segment B 20. (Scheme 3)

Total synthesis of micacocidin
The Boc group in 20 was removed by treatment with trifluoroacetic acid to give

ction. On the other hand. as mentioned
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amino-thiol 22 which was ready for conde...,z:.t,o
in our preceding report [1], the TBDPS-protected segment A (2) was fairly labile, so that
segment A was preserved as Weinreb amide 23. Condensation of alkaline sensitive 22 and
acid sensitive 2, generated from 23 by LiAlH, treatment immediately before use, was
achieved in the presence of potassium acetate, and subsequent desilylation with TBAF
afforded micacocidin methyl ester 24 as a mixture of diastereomers involving C-10 (main)

and C-9 configurations
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[ micacocidin A (25) O |
Scheme 4.
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After hydroiysis of the terminai ester group with LiOH, treatment of the resuiting acid
with zinc chloride resulted in isomerization of the C-10 configuration intensifying natural

chirality via micacocidin A (25) formation (9R:9S = ca.3:1, by 'H-NMR). Finally,
purification of the product by HPLC furnished micacocidin ( 1). (Scheme 4)
Qunthatir micacacidin thne nhtainad wace 1dentifia wit the natniral camnle hy
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an h istruments used t tain physical data an perimental conditions for
chromatography were the same as described in the preceding paper [1].

Ketone 7. To an ice-cold solution of acid 6 [5] (16.53 g) in THF (62.0 mi) was added
carbonyldiimidazole (10.0 g, 1.00 eq.). The mixture was stirred at the same temperature for
30 min and then at room temperature for 2 h. The reaction mixture was diluted with AcOEt,
washed with water and brine. The AcOEt layer was dried over Na,SO, and concentrated
under reduced pressure to give crude acylimidazole (18.15 g).

Under a nitrogen atmosphere, methyl isobutyrate (14.0 ml, 2.10 eq
] gpared h ddmn LDA (43 7ml of 2.0 M

acylimidazole (18.

was stirred at the same temperature for a further 30 min. The reaction was quenched with
10 % aq.citric acid, and the mixture was extracted with AcOEt. The organic layer was taken
and washed with water and brine, dried over Na,SO,, then concentrated under reduced
pressure. The residue was purified by chromatography (silica 500 g, AcOEt/hexane = 1/6) to
give 7 (16.45 g, 75%). Mp 45-48 °C; [a]**; -59.2 (¢ 1.01, CHCL,); IR v, 2976, 2933, 1717,
1683, 1363, 1171 cm™'; 'H-NMR (270 MHz, CDCl,) & 1.44 (3H, s), 1.45 (9H, s), 1.54 (3H, s),

1.75 (3H, br-s), 1.83 (3H, br-s), 2.92 (1H, br-s), 3.23 (1H, br-s), 3.74 (3H, s), 5.29 (1H,
br-s); Anal. caled for C, H.NOS: C, 55.63; H, 7.88; N, 4.05. found: C, 55.48; H, 7.77;

(923 9 4 xi1EA1. VIV 2R \.«]6;1274 NSgR. eIy KBy F Uy 1Ty TeUde ANERIGE, Ny e

~

N,4.18.

Secondary aicohoi 8. To an ice-coid solution of ketone 7 (16.45 g, 47.6 mmoi) in EtOH
(71.0 ml) was slowly added NaBH, (1.80 g, 1.00 eq.), and this mixture was stirred at room
temperature overnight. The reaction mixture was poured into ice-cold sat.aq.NH,Cl slowly,
and extracted with AcOEt. The organic layer was washed with brine, dried over Na,SO,,
then concentrated under reduced pressure. The residue was chromatographed (silica 500 g,
AcOEt/hexane = 1/6 to 1/2) to afford 8 (9.80 g, 59%) and over-reduced diol 11 (3.69 g,

24%). 8: Mp 60-63 °C; [0, -40.0 (c 1.00, CHCL,); IR v 3483, 2977, 2933, 1727, 1694,
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1657, 1366, 1170 cm''; 'H-NMR (270 MHz, CDCL,) 8 1.25 (3H, s), 1.31 (3H, s), 1.48 (9H, s),
1.78 (6H, s),2.38 (1H,d, J= 12.2 Hz),3.17 (1H, dd, J= 12.2, 5.5 Hz), 3.38 (1H, br-s), 3.70
(3H, s), 3.90 (1H, t, J=9.2 Hz), 4.56 (1H, dd, /=9.2, 5.5 Hz); Anal. calcd for C,;H,,NO,S:
C, 55.31; H,8.41; N, 4.03. found: C, 55.11; H, 8.03; N,4.21. 11; Mp 128-129 °C; [o]*, -16.8
(c 1.00, CHCL,); IR v, 3367, 3254, 2971, 2868, 1662, 1394, 1168 cm™'; 'H-NMR (270 MHz,

CDCl,) 6 0.98 (3H, s) .06 (3H, s), 1.51 (9H, s),
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(calcd 320.1896 for ,5H30NO4S) Anal. calcd for
found: C, 56.19; H, 9.00; N,4.34.

mmol) in THF (70.0

8.2
re was stirred at room
d

Carboxylic acid 9. To an ice-cold solution of alcohol 8 (9.80 g, 2
ml) was slowly added NaH (60%, 1.35 g, 1.20 eq.), and the mixti
temperature for 1.5 h. The reaction mixture was poured into ice-

and the whole was extracted with AcOEt. The organic layer was washed with brine, dried

P N S R me:  os

over Na,SO,, then concenirated under reduced pressure. T he residue was purified by
chromatography (silica 320 g, AcOEt/hexane = 1/4) to yield a white solid (methyi ester of 9,
5.54 g).

A mixture of the solid (5.54 g, 20.3 mmol) and NaOH (0.97 g, 1.20 eq.) in MeOH (30.0 ml)
and water (10.0 ml) was stirred under reflux overnight. After cooling to room temperature,
MeOH was removed in vacuo, and the residue was taken up in water and washed with AcOEt.

The aqueous phase was acidified (pH 3-4) with aq.HCI, and then extracted twice with AcOEt.

The combined organ 11C phace was washed with brine, dried over Na,SQ,, then concentrated
nunder redinced nrecaure tao affaord mure 0 (A R7 o 67 U, fraom R) ac a white anlid

ALlivAWwl A Wil Wil k’l WAIUEL W AV AL L1 & ljulv 7 \'Tl\l i 5, s v A1 wsiia U[ L4 4 YYililw IV A\R.
Dareyctallizgatinm Af tha onlid feam A~NDOy l\nvnnn gave ~rnlAarlace Arrvotale 712 QO Y A 1Q9)

RECTystanizZaiion o1 e 50110 Irom ACuLLi-neXanc gave CO10r1€85 Crystais (5.57 g). vip 1064-
185 °C; [a]*, -5.0 (c 1.01, MeOH); IR v, 3273, 2978, 2938, 1735, 1370, 1264 cm™"; 'H-
NMR (270 MHz, CDCl,) 6 1.30 (3H, s), 1. 38 (3H, s), 1.69 (3H, s), 1.98 (3H, s), 3.04 (1H, dd,
J=10.4, 9.8 Hz), 3.12 (1H, dd, J= 10.4, 5.5 Hz), 4.31 (1H, ddd, J=9.8, 6.1, 5.5 Hz),4.45
(IH, d, J=6.1 Hz); Anal. calcd for C,,H,,NO,S: C, 50.95; H, 6.61; N, 5.40. found: C, 50.84;
H, 6.53; N,5.45.

treated with carbonvldiimidazole (2.55 ¢. 1.05 eq.), and stirred a temnerature for 1.5
trcated with carponyldiimidazoie (2.J5 g, 1.U0 €q.), and stirred at m temperature 1or 1.5
bE. 1 111D I11LTARUL O bUllLalllllls vl uue au_y 1HIIUAQLULIC VWAD AUULALL LU ddl 1LUTUULU DULTULLIULL ULl LTLVvIU
C M MAA_TIMT 1 7 A 10 1 & <\ - TYRATY 7NN 1N o & ALfs o el 1 ad e m oo amem
D“vybULVlC’nLJ L/] (4.10 g, 1.0 Cq} 11 vir \JU U IH1) OVCL J HIll. AILLCL SUIrin 100IN

The organic phase was taken and washed with brine, drled over Na2804, then evaporated
under reduced pressure. The residue was purified by chromatography (silica 270 g,
AcOEt/hexane =2/3) to afford 12 (4.40 g, 75%). [0.]*, -40.6 (c 1.00, CHCL,); IR v, 3363,
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2980, 2934, 2567, 1743, 1657, 1520, 1371, 1260 cm™; 'H-NMR (270 MHz, CDCl,) & 1.29
(3H, s), 1.32 (3H, ), 1.60 (3H, s), 1.61 (1H, dd, J=9.2, 5.5 Hz), 1.68 (3H, s), 1.95 (3H, s),
299 (1H,dd,J=11.0,9.2 Hz),3.07 (1H,dd, J=11.0, 5.5 Hz), 3.15 (1H, dd, J= 14.0, 8.6 Hz),
3.35 (1H, dd, J= 14.0, 9.2 Hz), 3.80 (3H, s), 4.36 (2H, m), 6.79 (1H, br-s); LSIMS m/z 781
2M+H]", 391 [M+H]", 331, 219; HR-LSIMS m/z 391.1360 [M+H]" (calcd 391.1361 for

hade R4 [ Sl il | hantadabaisad i i | SN2

16}127NZOSS2) .

Thiol 13. A mixiure of 12 (4.00 g, 10.2 mmol), TFA (10.0 mi) and toluene (90.0 mi) was
heated with stirring under refiux for 3 days. After cooling to room temperature, the reaction
mixture was concentrated under reduced pressure. The residue was dissolved in Et,0 (45.0
ml) and MeOH (5.00 ml), and treated with (trimethylsilyl)diazomethane (2.00 M in hexane)
dropwise until generation of N, gas ceased. After quenching the methylation with AcOH, the
reaction mixture was diluted with AcOEt, washed with sat.aq.NH,Cl and brine, dried over
Na,SO,, and then evamrated under reduced pressure. The residue was purified by
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chromatography 0 g, fford 13 asanoil (2.22 g, 65%)

[ -2.0 (¢ 0.50, CHCI;), IR 3270 2978 2934, 2563, 1741, 1606, 1236 cm’'; ' NMR
(270 MHz, CDC1,) 6 1.28 (3H, s), 1.36 (3H, s), 1.49 (1H, dd, /= 10.1, 7.8 Hz), 1.51 (3H, s),
2.58 (iH, ddd, j=13.9, 10.1, 7.8 Hz),2.90 (iH, ddd, /=13.9, 7.8, 3.3 Hz),3.12 (iH,d, j=
11.4 Hz),3.66 (1H,d, J=11.4 Hz), 3.79 (3H, s), 3.80 (1H, m), 447 (1H, d, /= 3.8 Hz),5.77
(1H, br-s); EIMS m/z 333 [M+H}", 201; HR-EIMS m/z 333.0930 [M+H]" (calcd 333.0943 for

Ci;H, N;O,S,).

Thiazolidine 21 A mixture of 12 (391 mg, 1.00 mmol), TFA (1 00 ml) and toluene (9.00
r reflux for 3 days. During the action, H,O generated in
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raed unGer réquced pressure. 1 ac résiGue was Gisso

AcOEt washed with sat.aq.NaHCO, and brine, dried over Na,SO,, and then evaporated
under reduced pressure. The residue was purified by chromatography (silica 15 g, AcOEt
/hexane = 1/2 to 1/1) to afford 21 (207 mg, 56%) and 13 (100 mg, 30 %). 21; [(xj“"D -7.2 (c
0.50, CHCL,); IR v, 2979, 2936, 1759, 1610, 1370, 1236 cm''; '"H-NMR (270 MHz, CDCl,)
0 1.30 (3H, s), 1.37 (3H, s), 1.53 (3H, s), 1.67 (3H, s), 1.97 (3H, s), 3.00 (1H, dd, J=10.4,9.8
Hz), 3.10 (1H,dd, J=10.4, 5.5 Hz),3.12 (1H,d, J=11.6 Hz),3.68 (1H,d, J=11.6 Hz),3.78
(3H, s), 4.35 (1H, dt, J=9.8, 5.5 Hz), 4.46 (1H, d, J= 5.5 Hz); EIMS m/z 373 [M+H]", 201;
HR-EIMS m/z 373.1259 [M+H]" (calcd 373.1256 for C, . H,;N,O,S,).

AsniVEIVS 7T TR AST IS,V

Thiazoline 14. To an ice-cold solution of 13 (2.22 g, 6.68 mmol) in DMF (13.4 ml) was
added p-methoxybenzyl chloride (1.09 ml, 1.20 eq.) and K,CO, (1.38 g, 1.50 eq.), and the

mixture was stirred at room temperature for 2 h. The reaction mixture was diluted with
AcOEt, washed with water and brine, dried over Na,SO,, and then evaporated under reduced
pressure. The residue was chromatographed (silica 140 g, AcOEt /hexane = 3/2) to give 14
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(2.64 g, 87%). [0F®, -19.8 (c 1.00, CHCL,); IR v, 3283, 2971, 2941, 1751, 1609, 1511,

1248 cm’'; '"H-NMR (270 MHz, CDCl,) § 1.23 (3H, s), 1.29 (3H, s), 1.46 (3H, s), 2.49 (1H, dd,
J=13.4,9.2 Hz), 2.83 (1H, dd, J= 13.4, 3.7 Hz), 3.09 (1H,d, J= 11.6 Hz), 3.64 (1H, d, J=
11.6 Hz), 3.70 (2H, s), 3.74 (1H, m), 3.77 (3H, s), 3.80 (3H, 5), 4.36 (1H,d, J= 3.7 Hz),5.14
(1H, br-s), 6.86 (2H, d, J = 8.6 Hz), 7.22 (2H, d, J = 8.6 Hz); LSIMS m/z 905 [2M+H]*, 453

[M+H]", 331, 121; HR-LSIMS m/z 453.1523 [M+H]" (calcd 453.1518 for C,;H,N,0,S,).

A ﬂ &N c‘ c»') MIno
14 (L.0U &, JL o 1 UU, \D{)L)ZU

.33 g, 1.10 eq.) and DMAP (34.0 mg, 0.05 eq.) in Cr12C12 (16.6 mi) was stirred at room
temperature for 30 min, and then the mixture was concentrated under reduced pressure. A
solution of the residue in MeOH (27.6 ml) was treated with Cs,CO, (3.60 g, 2.00 eq) and
stirred at room temperature for 22 h. The reaction was quenched with 10% aq.citric acid and
extracted twice with AcOEt. The combined organic phase was washed with brine, dried over

Na,SO,, and then evaporated under reduced pressure. A solution of the residue in Et,0 (45.0

[¢ 3 TP T W TR T FAPURY R, Ly T
1 nIazoiine aiconoi 1o. IMIXWUre o1 Ox4a/ZoI114dlnoic
(1

ml) ar .d MeOH (5 00 ml\ was treated with ethereal diazomethane, which was annﬂrPd from

AVAWNIR A\ UV 11 (W5 L Wl¢ 3 QR 3¢ az YGS P ._.‘-

A thyl A7 nat Al _nit e H
N-methyl-N-nitro-N-nitrosoguanidine and KOH, dropwise at 0°C, until generation of N, ga

ceased. The reaction was quenched with AcOH, and concentrated under reduced pressure to
yield a residue which was chromatographed (silica 100 g, AcOEt /hexane = 1/4 to 2/1) to
afford 15 (878 mg, 30%) and recovered 14 (1.64 g, 66%). 15; [(xj“" -29.4 (¢ 1.00, CHCl,);
IR v, 3418, 3295, 2973, 2932, 1739, 1705, 1609, 1512, 1249, 1173 cm™; 'H-NMR (270
MHz, CDCl,) § 1.24 (3H,s), 1.36 (3H, s), 1.43 (9H, s), 1.57 (3H, s), 2.52 (1H, dd, /= 14.0,
5.5 Hz), 2.67 (1H, dd, /= 14.0, 8.5 Hz), 3.08 (1H, d, J=11.6 Hz),3.61 (1H, d, J= 11.6 Hz),
3.73 (2H, s), 3.78 (3H, s), 3.79 (3H, s), 3.86 (1H, br-s), 3.95 (1H, br-q, J=9.7 Hz),5.17 (1H,
br-d, J= 10.4 Hz), 5.48 (1H, br-s), 6.83 (2H, d, J=8.6 Hz),7.29 (2H, d, J= 8.6 Hz); LSIMS
m/z 527 [M+HT', 230, 202, 121; HR-LSIMS m/z 527.2244 [M+H]' (caled 527.2250 for

0P &, o7 dm [AVATTLL] o & b 2 AINT ALVWFRAVAWS 14 LAvA T 2Aj LS NS PO Y LY AV

\.,251 1391‘42\}6\)2} .

N-Me-TBS-ether 17. To a solution of alcohol 15 (436 mg, 0.83 mmol) and 2,6-lutidine
(0.38 ml, 4.00 eq.) in CH,Cl, (4.10 ml) was added TBSOTT (0.38 ml, 2.00 eq.) dropwise over
S min at -78°C, and the mixture was stirred at the same temperature for 30 min. The reaction
was quenched with sat.aq.NaHCO, and extracted with AcOEt. The AcOEt extract was washed
with water and brine, dried over Na,SO,, and then evaporated under reduced pressure. The
residue was purified by chromatography (silica 25 g, AcOEt /hexane = 1/5) to afford 16

(479 mg, 90%). IR v, 3453, 2954, 2932, 1735, 1711, 1610, 1512, 1250, 1175 cm’'; 'H-

FUAN Ty AT & Py 2 LY il

NMR (270 MHz, CDCI,) 4 0.10 (3H, s), 0.11 (3H, s), 0.92 (9H, s), 1.23 (3H, s), 1.27 (3H, 5),
1

1.44 (9H, s), 1.56 (3H, s), 2.49 (1H, dd, J = 13.4, 7.9 Hz), 2.60 (1H, dd, J= 13.4, 6.1 H),
3.10 (1H, d, J= 11.6 Hz), 3.65 (1H, d, J= 11.6 Hz), 3.71 (2H, d, J= 2.4 Hz), 3.77 3H, ),
3.78 (3H, ), 3.92 (1H, br-q, J= 7.9 Hz), 4.17 (1H, br-s), 5.09 (1H, br-d, J= 8.5 Hz), 6.82

(2H, d, J= 8.5 Hz), 7.27 (2H, d, J= 8.5 Hz).
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To a solution of 16 (479 mg, 0.75 mmol) and Me,SO, (942 mg, 10.0 eq.) in DMF (7.50 ml)
was slowly added NaH (60%, 239 mg, 8.00 eq.). The mixture was stirred at room
temperature for 30 min and then at 75 °C overnight. After cooling to room temperature, the
reaction mixture was diluted with AcOEt and Et,0, and then the organic phase was washed
with sat.aq.NH,Cl, water and brine, dried over Na,SO,, and concentrated under reduced

pressure. The residue was dissolved in THF (6.00 ml) and treated with TBAF (1.00 M in

™ 0
qu, 0.19 ml 0.25 cq. ) at0 C, and stirred at the same {puxp\‘hatuu, for 20 min. The reaction

mixture was poured into 5% aq.KHSO, and extracted with AcOEt. The AcOEt extract was
washed with brine, dried over Na,SO,, then evaporated under reduced pressure. The residue
was purified by chromatography (silica 25 g, AcOEt /hexane = 1/5 to 1/3) to give 17 (304
mg, 62%) and recovered 15 (55.0 mg, 14%). 17; [0]*, -26.4 (¢ 0.50, CHCL,); IR v__, 2955,
2856, 1739, 1689, 1610, 1512, 1252, 1173 cm’'; 'H-NMR (400 MHz, DMSO-d,, 120°C) &
0.07 (6H, s), 0.90 (9H, s), 1.16 (3H, 5), 1.23 (3H, s), 1.44 (9H, 5), 1.45 (3H, 5), 2.64 (2H, m),
2.73 (3H, s), 3.11 (1H,d, J=11.5Hz), 3.61 (1H, d, J= 11.5 Hz), 3.69 (3H, s), 3.70 (2H, s),

3.75 (3H, s),4.31 (1H, d, J=3.4 Hz), 4.46 (1H, br-s) 6.85 (2H,d, J=8.3Hz), 7.22 (2H,d

2y 3/, T \i1i1y, ViITS;, U LS TR Al ¢ PPN D § \dwi By \ay

Hz); LSIMS m/z 655 [M+H]", 555, 121; HR-LSIMS m/z 655.3276 [M+H]" (calcd

for L32n55ni2u60201 ).
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N-Me-alcohol 18. A mixture of 17 (304 mg, 0.46 mmol), THF (4.60 ml), MS-4A (600 mg,
x 2 wt) and TBAF (1.00 M in THF, 1.16 ml, 2.50 eq.) was stirred at room temperature for
1.5 h. The MS-4A was removed by filtration and the AcOE:t filtrate was washed with 5%
aq.KHSO, and brine, dried over Na,SO,, then concentrated under reduced pressure. The
residue was dissolved in CH,Cl, (5.00 ml) and MeOH (1.00 ml), and treated with
( trlmethvhll I)diazomethane ( 2 .00 M in hexane) dropwise, until generation of N, gas ceased.
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, 2835, 1735, 1684, 1610, 1512,

Ty 7S & 1

1248, 1171 cm™'; '"HHNMR (400 MHz, DMSO-4,, 130° C) 6 1.21 (6H, s), 1.44 (9H, s), 1.45
(3H, s), 2.67 (IH dd, J=13.2,54Hz),2.73 (1H,m), 2.74 (3H, s), 3.13(1H, d, J=11.2 Hz),
3.60 (1H, d, J=11.2 Hz), 3.69 (2H, s), 3.70 (3H, s), 3.75 (3H, s), 3.84 (1H, d, /= 3.4 Hz),
4.30 (1H, br-s), 6.85 (2H, d, J= 8.5 Hz), 7.22 (2H, d, J= 8.5 Hz); LSIMS m/z 541 [M+H]",

441, 121; HR-LSIMS m/z 541.2403 [M+H]" (calcd 541.2406 for C,H,,N,0O,S,).
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mg).

To a solution of 19 (150 mg, ca.0.26 mmol) in acetone (4.00 ml) and water (1.00 ml) was
added n-Bu,P (65.0 pl, 1.00 eq.), and stirred at room temperature for 20 min. The acetone
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was removed in vacuo and the residue was taken up in AcOEt. The AcOEt extract was
washed with 10% aq.citric acid and brine, dried over Na,SO,, then concentrated under
reduced pressure. The residue was purified by chromatography (silica 8.0 g, AcOEt /hexane
= 1/3) to afford 20 (83.0 mg, 66% from 18). [a]”,-73.2 (¢ 0.50, CHCL,); IR v, 3333, 2974,
2560, 1735, 1690, 1601, 1445, 1366, 1168 cm™'; 'H—NMR (400 MHz, DMSO-4;, 120°C) 8

J=134Hz).2.77 CH. ). 2.81 (1H m). 2.15¢(1H. d. J=115H2).360(1H. 4. J=11.5 Hn
Uy J— L ITARLJy Lo F \TEEy D)y 4O AL, 11L), J 1IN\ UL, U, v = 11.J 114}, .UV \lll,u,J—-xx.J sy,
271 FATY N\ M OL 11X 1 ' [ Bor B & AN A 19 /11T L. .\ T OTRAC ___/_ AMN1 TAA.IFI+ DA™ 1IN 1
3.71 {5, 8), 5.06 (in, 4, Jy= 3.7/ 4.15 (10, pr-s); LOIMD m/z 421 (M+1], 34/, 321,
230: HR-LSIMS m/z 421.1838 [M+H]' (calcd 421.1831 for C,,H.:N,0.S,)

Micacocidin methyl ester 24. To an ice-cold solution of 20 (40.0 mg, 0.10 mmol) in
CH,(Cl, (2.00 ml) was added TFA (0.40 ml), and stirred at the same temperature for 10 min,
then at room temperature for 1 h. The resulting mixture was then concentrated under
reduced pressure to afford TFA salt 22 (62.0 mg, quant.) as a pale yellow oil. The product

22 thus obtained was quhm(‘tm‘l to the next reaction without purification. 22; IR Vi 2?02

tion 1out pu 3308,

H-NMR (270 MHz, CDCl,) 8 1.29 (IH m),

1 22 /211 .Y 1 AOQO /7231 .\ 1 £€0 /ALY Y M O1 /ATT Lo 5 N OO /NLY i) 17 /1LY ) 2 MA /‘III
1.33{5,8), 1.40 (01, 8), 1.050 (411, 8), £.01 (o601, DI-8), £.590 (261, 1T1), 3.12 (1m, i), 3.24 (10,
d, J=11.6 Hz), 3.60 (IH, d, J=11.6 Hz), 3.81 (3H, s), 3.97 (1H, br-s), 7.95 (3H, br-s).

To an ice-cold solution of 23 [1] (31.0 mg, 5.42x10° mol) in THF (1.50 ml) was added
LiAlH, (2.50 mg, 1.20 eq.), and the mixture was stirred at the same temperature for 30 min.
The reaction was quenched with AcOEt, and then the mixture was poured into sat.aq.NH,Cl
and extracted with AcOEt. The AcOEt layer was washed with water and brine, dried over
Na,SO,, then concentrated under reduced pressure.

;:

ITndpr a nitrooen atmosnhere. to a susnension of the residue and AcOK (RO.0 mo. 15.0 ea.)
Under a nitrogen atmosphnere, to a suspension of the residue and ACOK (sL.Umg, 15.0€q.)
in T O (1 S0 v wag addad a enlimtinn nf TEA calt 2247 0 ma 1 8D anYin CH CY (1 DD
11X ulzblz \1 U llll} YWAO AUUILLUL A DULIULIUVILI UL 11 7Y OALL v b \'TL v 1115, 1L.J0U \/\.1 ] 111 \.4[1 \/1 Li.vuy

ml) dropwise over 30 min, and the mixture was stirred at room temperature for 19 h. The
reaction mixture was diluted with AcOEt, washed with 5% aq.KHSO, and brine, and dried
over Na,SO,. Evaporation of the AcOEt phase under reduced pressure gave a pale yellow oil
(55.0 mg).

To an ice-cold solution of the o0il (55.0 mg) in THF (2.00 ml) was added TBAF (1.00 m in
THF, 65.0 ul, 1.20 eq.), and stirred at room temperature for 15 min. The reaction mixture
was diluted with AcOEt and washed with 5% aq.KHSO, and brine, dried over Na,SO,, then

concentrated under rednced pressure, The residue was pnm‘led h c‘hrnmnmcr;mhv (silica

vvvvvvvvvvvvvvvvvvvvvvvvvvv Caalll esiaue u vustapil
SN0 g ArOFt hovanes = 2/8) tn give micacocidin methvl ecter (24 (14 4 mo 46 % from 2 32)

v 5, LASIUTHIVAGIUIY — LT ] WU Bl VU HHMVAVULIUL TV Y L LoV (a7 ) L 17777 Q115 TW /U 11ULL &ial),
~F A Ainctarancaarae TD 1 22272 INKT7T NIQT7N 1728 18QD 1440 170 1H7N07

as da llll/\lulc O1 4 giastereomers. iIn v DIy LTI, LOTU, V1TDJ, 1004, 1YY7, 1207, 14U]

s), 134(3H s), 1.‘56(4H m), 152(3H s), 1.61 (ZH m),ZOJ(j ,8),2.92 (IH,dd, J=11.7,
4.5 Hz),2.95 (2H, m), 3.11 (1H,d, /J=11.4 Hz),3.14 (1H, dd, /= 11.4, 7.6 Hz),3.24 (1H, dd,
J=11.7,6.9 Hz),3.40 (1H,td, J=6.8, 4.5 Hz), 3.46 (1H, dd, J= 11.4, 8.7 Hz),3.51 (1H,d,



J=6.6 Hz),3.62 (1H,d, J= 11.4 Hz), 3.78 (3H, s), 4.19 (1H, d, /= 9.2 Hz), 4.77 (1H, ddd,
J=92,8.7,7.6Hz),6.70 (1H, dd, J= 7.6, 1.3 Hz),6.85 (1H, dd, J=8.2, 1.3 Hz), 7.21 (1H,
dd, J= 8.2, 7.6 Hz).

Micacocidin (1). To an ice-cold solution of micacocidin methyl ester 24 (a mixture of 4
dlastcrcomers 12.0 mg, 2.06x10”° mol) in THF (1.00 ml) and water (0 25 ml) was added

.) “A Dfll

ad at r
vu i

4

J
Na,SO,, then concentrated under reduced pressure to give crude mlcacoc:lcn
4 diastereomers.

To a solution of the residue in MeOH (1.00 ml) and water (0.25 ml) was added ZnCl, (42.0
mg, 15.0 eq.), and stirred at room temperature overnight. The mixture was diluted with
AcOEt and washed with 5% aq.KHSO, to release the zinc ion. The organic layer was washed
with brine, dried over Na,SO,, then concentrated under reduced pressure to give crude

micacocidin (8.50 mg, ca. 3:1 mixture of 2 diastereomers of C-9 r‘nnﬂonmnnn\

AR QiR Aiig.

The crude micacocidin (6.0 mg) was purified by HPLC [ODS HG-5 (50 x 250 mm), 75 %
MeOH + 1 mM phosphate buffer (pH 7), 7.5 mi/min, det. UV 254 nm] to yield pure
micacocidin (3.0 mg, Rt; 20.3 min) and C-9 isomer (1.2 mg, Rt; 18.5 min). 1; [(xj"D -65.3 (¢
0.93, MeOH); IR v, 3064, 2924, 2857, 1729, 1581, 1464, 1290, 1211 cm’'; 'H-NMR (270
MHz, CDCL,) 6 0.90 (3H,t, J=6.9 Hz), 1.31 (3H, s), 1.32 (3H, s), 1.36 (4H, m), 1.58 (3H, s),
1.61 (2H, m), 2.63 (3H, 5),2.94 (3H, m), 3.16 (1H,dd, J=11.4, 7.6 Hz),3.17 (1H,d, J=11.5
Hz),3.26 (1H,dd, J=11.2,7.2 Hz),3.34 (1H,td, /=6.9, 4.0 Hz),3.47 (1H,dd, J=11.4, 8.7
Hz), 3.61 (1H,d, J=6.8 Hz),3.65 (1H, d, J=11.5 Hz), 4.22 (1H,d, /= 9.1 Hz),4.76 (1H, ud,

J=89,7.6Hz),6.64 (1H,br-s), 6.71 (1H,dd, J=7.6, 1.2 Hz), 6.86 (1H,dd, J= 8.2, 1.2 Hz),
7.21 (1H, t, J= 7.8 Hz); HR-LSIMS m/z 566.2183 [M+H]" (calcd 566.2179 for C,,H,;N,Q,S;).
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