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Asymmetric Synthesis of the mC7N Core of the Manumycin Family:
Preparation of (+)-MT 35214 and a Formal Total Synthesis of (-)-Alisamycin
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Abstract: An asymmetric approach to the mC7N epoxyquinone central unit of the manumycin antibiotics is
described based on the enantioselective (89% ee) chiral phase transfer epoxidation of a substituted cyclohexenone.
The chiral epoxide is employed in the first syntheses of the title compounds in enantiomerically pure form,
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Tremendous advances have been made in recent years concerning the asymmetric epoxidation of alkenes.!
Most success has been achieved with electron rich alkenes, the Sharpless? and Jacobsen/Katsuki3 procedures
being of particular note. There have also been significant discoveries in the asymmetric epoxidation of acyclic
enones of the chalcone type.# The asymmetric epoxidation of cyclic enones, however, has proved much more
challenging.>6 Our interest in this area stems from a synthetic programme concerned with the total synthesis and
biological evaluation of epoxycyclohexenone natural products and novel analogues.’-13 We have reported total
syntheses, in racemic form, of the anti-tumour agent LL-C100370 18:10 and the antibiotic alisamycin 2,9.10
which is closely related to manumycin 3. The key step in these syntheses is the conversion of enone 4 into
epoxide 5, which constitutes the mC7N core of all these natural products. In order to prepare such compounds
in enantiomerically pure form we therefore required an asymmetric synthesis of epoxide 5. It shouid be noted
that Wipf er al. have prepared related epoxides in enantioenriched form using chiral acetal methodology.14 We
decided, however, not to employ chirai auxiiiaries but to develop a procedure based on chiral catalysis or
reagents. We have recently described the successful impiementation of this approach during the synthesis of the
(+)-enantiomer of manumycin A 3.13 Herein, we provide more details of the asymmetric epoxidation of 4 1o
produce (-) -5, and describe its utility for the preparation of alisamycin 2 and (+)-MT 35214 6.
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““““““““““ alyst with t-butyl hydroperoxide as oxidant and
1. -

“yclohexenone, (25,35)-epoxycyciohexenone
used ynberg s procedure (but with 12 mol

de 9 was prepared and utilis p
margmally hxghe r yield (entry v) but u fortunately epox1de (-)-5 was formed with a disappointing ee (35%).
We had hoped, based on literature precedence,5b.d that the use of the pseudoenantiomeric N-benzylcinchoninium

chloride 10 would produce (+)-5 but sumrlsmelv this catalyst also gave (-)-5, albeit in only 10% ee (entry vi)
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The predominant (-)-enantiomer was assigned the (2S, 3R)-configuration by analogy with Wynberg's
studies on epoxycyclohexenone? and this was subsequently confirmed by conversion into known compounds
(see later). Wynberg's transition state model,5d in which the N-benzyl substituent discriminates between the re
and si faces of the cyclohexenone during the enantioselective epoxidation process, is compatible with the high
ee's obtained in this study: the 5-z-butoxycarbonylamino substituent leads to a marked increase in the

unfavourable interactions in the transition state leading to the minor enantiomer.
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Table Epoxidation of 4 using -BuOOH/cat. NaO
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in toluene at rt with chiral phase transfer agents 7-10
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i 7 12 mol % 7, rt, 2d 55 (22) 66
il 7 12 mol % 7, rt, 7d 57 (28) 69
iii 7 100 mol % 7, rt, 7d 74 (28) 77
v 8 100 mol % 8, rt, 7d 714¢ (32) 89
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1
CThe yield of 5 based on recovered 4 is shown (the absolute yield is given in parentheses)
dDetermined by HPLC using a Chiracel OJ column [hexane-IPA (98:2) @ 1 mL/min as eluant]
€On a subsequent run, 13 the yield based on recovered starting material was 82%
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A single recrystallisation of (-)-5 (entry iv) from dichloromethane-hexane increased the ee from 89% to
94%, and afier two recrystallisations a sample with an ee of 99.5% was obtained. We have previously converted
racemic 5 into racemic LL-C10037¢ 1.8:10 The availability of (-)-5 in high enantiomeric pur1ty has allowed us
b Ansnnlata tha Fieat acsrsviennntboin ovrmtbhiannio Af tlhin mensabliomen 1 sl a 2. 7\ RAM AT A /
tO COMmpieic Ui st asymimeuic Synucsis o1 ulic enanuomer o1 1, tnat is (+)-MT 35214 6, as shown in Scheme
1 Tha camianna is scgantialle tha cama nc that amalo o d S oo PR R ST S SUR- S AU - 38 [ R
1. 1C SCHUCTICT 15 TIsCiitiaily uic S&Imc as uidl Cilipioy d in our publisned Syninesis o1 tne racemate +v put three
iMmnrAavamante dacasua mantine Damanval ~F tha DN gemarin sroio | PPN I P L S Y U |
HHPTOVOHKILD GOIVe Mihiuin RCINUVdl U1 uIC DULC ZIoup ualug VLIV HHIUOIIAC aIcinyl cucratC ana
molecular sieves in DCM18 proceeded in reasonable yield to give amine 11 but the use of trifluoroacetic acid
gave a near auantitative canvercion Tha ~ryctalline amina 11 wag acatulatad im madarata yiald rith anptyg]
aAvyv a iwai UQHLILAaLI VL L UTTYUIsIUn LT Ul yStaiiin diliie 11 wad attiytaitd il Hioucidic yieiu wilil aciiyl
chlaride tn give 12 which in the aarlier annraarh wac reduced with cndinnm haranhudrida in mathanal ta give o
CIIVIIUG WU Sive L VLllLil, I UV VALIIVIE QP PIVAaVEE, Wad 1VUUMLLU WL SUMIUILN UUT ULy ULiue dl aicuianol o BIVC a
mixture (ra 4 - 1) af cvn and anti aleahnale We have cince fannd that the nea of annr;Unrlm'Aa® (1 iRITE AN i
ALiATRAY (L. T L7 VR OYIE GLIG Wk QUIVUVLIVES. VY L HIATVL GILIVE TVMLIM UIGL LIV WDV UL JupulTi yulniuc \ LD LLai4) 11l
THF at low temperature gives exclusively the syn isomer 13 in excellent yield. Finally, cleavage of the acetal,
originallv nerformed in 499% vmld using para-toluenesulfonic acid and pyridinium para-toluenesulfonate, was
=] J v v ~ A Q% Y amiane waaxa D LLLLLLLLLLL U AW RAVANS LA y}ll“lll&\dlll l/“l “ UVIUVIIVQ“ILU‘I“‘.U, YY 4o
achieved more efficientlv l___u_‘_ o the montmorillonite K10 nrocedure develoned in our lahorataries 19 The NMR
Y using the monimorilionite K1 procedure developed in our laboratories. ihe NMR,
IR and mass spectral data, as well as mp (148-149°C; 1it.20 mp 149-151°C, dec.) and Ry, of (+)-MT 35214 ¢
were in accord with hterature alues.20 The optical rotation value determined for our synthetic sample of (+)-6
{lodp +186.7 (¢ 0.35, MeOH)} corresponded well to the re epo ported value for the enantiomer 1 {[a]p -202 (c 0.3,

MeOH)} 14 although it d1ffered in magmtude but not sign, from the reported value for (+)-MT 35214 itself
{lodp +104 (¢ 1, MeOH)}.20 This synthesis confirmed the absolute stereochemistry of (-)-5 obtained in the
asymmetric epoxidation step. The overall yield of (+)-6, obtained in 7 steps from 2-amino-1,4-

dimethoxybenzene, is over 10%; this compares well with Wipf's asymmetric route to (-)- LL-C10037c (12
steps, ca. 1.3% overall yield!4).
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Similar chemistry was employed to prepare, for the first time and in enantiomericaily pure form,
alisamycin epoxyquinone (-)-17 as shown in Scheme 2. Thus acylation of 11 with acid chloride 148-10
proceeded in good yield to give amide 15 which was reduced and deprotected as before to produce the secondary

alcohol 10 which is a IlOVCl Cndl'l[lOlTlCrlCdlly PUI'C dl'lleg e of ausamycm 2 1ac1(1ng the COI'DPIC[C lower side
chain. Ox:datlon w1th PDC then converted 16 efflclently into (-)-a 1samyc1n epoxyqumone 17. This is the first
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