
CHEMISTRY LETTERS, pp. 163-166, 1980. CThe Chemical Society of Japan 1980

ASYMMETRIC TOTAL SYNTHESIS OFINDOLMYCIN
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An asymmetric total synthesis ofindolmycin was achieved via

a key intermediate, α-indolmycenic  acidester. The ester was

obtained by oxygenation of methyl(S)-3-(3-indolyl)butanoate which

was prepared by asymmetric synthesisutilizing (2R,3S)-3,4-

dimethyl-2-phenylperhydro-1,4-oxazepine-5,7-dione. (2S,3R)-N-[2-

Hydroxy-3-(3-indolyl)-butanoyl]-N'-methylthiourea prepared from

α-indolmycenic  acid ester was treatedwith 2-chlorobenzoxazolium

salt to give indolmycin in 93% opticalpurity.

Indolmycin (1) isolated from an Africanstrain of Streptomyces albus1) ex-

hibits an antibacterial activityagainst Staphylococci2). It was shownby Schach

von Wittenau and Els that indolmycin(1) is5-1'-(3-indolyl)ethyl-2-methylamino-2-

oxazolin-4-one3) and the absoluteconfiguration was also determined as5S, 1'R by

Chan and Hill4). Synthesis of opticallyactive indolmycin (1) has been done

employing resolution method byPreobrayhenskaya et al.,5) butasymmetric synthesis

of (1) has not yet been reported.

Previously we reported that highlyoptically active 3-substituted alkanoic

acids are obtained by the reaction of(2R,3S)-6-alkyliden-3,4-dimethyl-2-phenyl-

perhydro-l,4-oxazepine-5,7-dione withGrignard reagents6).
In this communication, we wish toreport an asymmetric total synthesis of

indolmycin (1) utilizing the abovementioned asymmetric reaction in thekey step

of the preparation of  α-indolmycenic acid ester. The ester was in turnconverted

to (1) by the treatment with2-chlorobenzoxazolium salt under mildconditions.

1-Carbobenzoxyindole-3-aldehyde (mp 70.5-71°)  (2), prepared quantitativelyby
the reaction of indole-3-aldehyde withcarbobenzoxychloride in THE using NaHas

a base (0° to r.t., overnight), wastreated with(2R,3S)-3,4-dimethyl-2-phenyl-

perhydro-1,4-oxazepine-5,7-dione (3) inthe presence of TiC14 and pyridine 7)to

give the 6-(3-indolyl)methylenederivatives (4Z and 4E) 8) in 87%yield. The
isomer ratio (4Z/4E) varied slightlywith work-up procedure and the value ofthe

ratio was approximately 1.5. The Zisomer (4Z) was thermally  (160-700,1h)

converted into the E isomer (4E) in 68%yield.

Methyl (S)-3-(3-indolyl)butanoate (5)8)was obtained (47%) by the reaction of

4E with methylmagnesium bromide (1.1equiv) in THE  (-78°, 3h), followed by

hydrolysis of the adduct (2:1AcOH-6NH2SO4, reflux, 3h) andesterification of the

acid with diazomethane. The ester (5)was treated with lithiumdiisopropylamide
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(2.2 equiv) in THF-HMPT at  -78° toproduce the corresponding enolate.

α-Indolmycenic  acid methyl ester (6)8)was obtained by the oxygenation of the

enolate in the presence oftriethylphosphite (2.2 equiv) in 67%yield9).

In order to confirm the structure ofthe ester, 6 was converted to  α-

indolmycenic acid (7)10) (48%, mp  178-9°,[α]23D-9.5°  (c 0.72 CH3OH);natural 7 ,

mp  181-2°,[α]25D-10° (c 2 CH3OH)3) )by hydrolysis (15% ethanolic KOH,reflux, 2h).

It is known that indolmycin (1) readilyepimerizes in an alkaline medium to

give its C5-diastereoisomer,isoindolmycin (11), which has noantibacterial activi-

ty. Consequently, isoindolmycin (11) isproduced as well as indolmycin (1) ac-

cording to the conventional method oftreating  α- indolmycenic acid methylester

and N,N-dimethylguanidine hydrochloridewith sodium methoxide3).

In order to prevent the epimerizationof 1 in the step of forming oxazoline

moiety, the following synthetic routewas devised. The epimerization of 1 can

be minimized since the formation of 1from the thiourea derivative (10)utilizing

2-chlorobenzoxazolium salt is completedunder neutralization condition.
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Methyl ester of  α-indolmycenic  acid(6) was treated with dihydropyrane (20

equiv) in the presence of a catalyticamount of p-toluenesulfonic acid inether

r.t., 72h) to afford thetetrahydropyranyl derivativequantitatively. Then, the

ester was hydrolyzed with LiOH (16equiv) in THE-H2O (5:4, 9ml/mmol) andthe acid

(8) was obtained in 83% yield.

The acid (8) was allowed to react with2-chloro-3-ethylbenzoxazolium tetra-

fluoroborate (2 equiv) in CH2C12-HMPT(10:1, 5.5ml/mmol) at  0° for 2h in the

presence of triethylamine (1.1 equiv).After addition of N-methylthiourea (2equiv)

to the solution, stirring was continuedovernight at r.t.. The reaction mixture

was treated with triethylamine (1.1equiv) to give S-acylated thiourea (9S)and

N-acylated thiourea (9N) in 48% and 13%yields, respectively. S-Acylatedthiourea

(9S) was successfully rearranged toproduce 9N by refluxing in dioxane(25h, 68%).
Deprotection (3:1:1 AcOH-H2O-THF,reflux, 3h) of 9N gaveN-[3-(3-indolyl)-2-

hydroxybutanoyl]-N'-methylthiourea (10)8) in 75% yield. The thioureaderivative

(10) was treated with2-chloro-3-ethylbenzoxazoliumtetrafluoroborate (1.1 equiv)

in acetonitrile (0°, 4h).  Afteraddition of triethylamine (2.2 equiv, 0°,2h),

indolmycin (1) was isolated by silicagel chromatography (19:1 Et2O-CH3OH) in80%

yield. Further it was purified byrecrystallization (acetone) to give thepure

product-10) (54%, mp 204-6°,[α]23D-198° (c 2 CH30H); natural 1 , mp  212°,[α]25D-214°

(c 2 CH30H)3))  in 93% optical purity.
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