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Summary. Efficient synthesis of (+)-nanaomycin A and (+)-frenolacin from
a versatile i1ntermediate is described. -

2a 2b
Nanaomycin A (%) )and frenclicin (2) )are typical member of naphthoguinone
antibictics The former (1) also possesses significant antineoplastic activity

as one of the bioreductive alkylating agents In this communication we report
nanacmycin A and (+)~freneclicin from a versatile
intermediate és/ which also serves as a potential starting material for the

synthesis of other members of the antibiotics. |

4)

b Nnown procedure
eld. Reduction of 4 with sodium borohydride (THF, 5°C) proceeded r

1
tereoselectively to give the keto alecohol 5 1n a

-
Treatment of 5 with acetone dimethoxypropane- BF3O(C )2 vielded the acetonide

E, mp 215~219°C (70.2% ) , which was converted to ihz lelJZ, mp 162.8~164.8 ‘c
(96.7%) by lithium aluminum hydride reduction (Etzo). The Lemieux~Johnson
oxidation (0s0,-NalO,, t-BuOH-H,0} of the diol 7 and subsequent treatment with
sodium acetate1and DgBCO afford;d an equilibrated mixture (99%) of the aldehyde
§§ and the hemiacetal 29, from which only the latter compound Qp, mp 130~137°C,
was 1solated in pure state. From the mixture of 29 and EE, nanaomycin A (1) and

frenolicin (2) have been synthesized as follows.

3
Synthesis of (+)-nanaomycin A7’(g): Reverse addition of the Grignard reagent
(CHBMgI, Etzo) to the mixture of 29 and §E gave the alkylated products 2?)(59.4%

-

as a diastereomeric mixture arising from two asymmetric centers, C-1 and C-3.

The Wittig-Horner reaction (methyl diethylphosphonoacetate, n-Buli, THF) of g
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vielded cyclized methyl ester‘z (011, 74.4%), which was oxidized to the ketone

}9 (94.6%) with pyridinium chlorochromate (CH2C12, rt). DDQ oxidation {dioxane,
reflux) of ;9 in the presence of p-toluenesulfonic acid9)gave nanaomycin A methyl
ester }i, mp 118~ 120°C. Hydrolysis of ;&_w1th 0.1N-KOH (EtOH—HzO, lhr, rt)
yielded quantitatively nanaomycin A (&2, mp 177~—181°C, whose spectral data are

identical with natural nanaomycin A in all respects. Since (+)-nanaomycin A was

7a)

converted to (+)-kalafungin by air oxidation , present synthesis also means

formal total synthesis of (+)-kalafungin.

Synthesis of (+)-frenolicin (g)lo)ll): Similarly, treatment of the mixture (;9,

;B) with n-propyl magnesium bromide (Et20) yielded stereoselectively the hemiace-
tal ;;8)(65.5%), mp 155.6 ~156.9°C. The stereoselective alkylation would be
explained by the formation of a chelated i1ntermediate in the course of the reac-
tion. The Wittig reaction (methyl diethylphosphonocacetate, n-BuLi, DMSO, 2hr.
rt) of 12 afforded regio- and sterecselectively the methyl ester 13 (oil, 60.9%),
which was oxidized with pyridinium chlorochromate (CH2C12, rt) to the keto ester
14 (98.2%), mp 139.9~140.9°C. On the other hand, the Wittg reaction of 12 with
trimethylphosphonoacetate (n-BuLi, DMSO, rt, overnight) yielded the methyl ester
13 (9.4%) and the diol 15 (o1l, 40.7%). The latter was converted to the keto
ester ;é (52.2%) via manganese dioxide oxidation (benzene, rt) and base treatment
(Triton B, rt, overnight). The stereoseclective formation of the keto ester %i
from %3 and 15 would be rationalized by a stable transition state in the Michael
type cyclization, in which bulky n-propyl and carbomethoxymethyl groups are
orlented in trans manner. Oxidation (DDQ, TsOH, MeOH, reflux %9hr and additional
12 hr after addition of dioxane) of ;3,afforded (+)-deoxyfrenolicin methyl ester
16 (80%), mp 140.5~1419C, whose 1y NMR data are identical with those of reported

paary
SampleZb)

derived from natural frenolicain (2). Saponification (KOH, MeOH-Hzo) of
&9 gave deoxyfrenclicin (;Z), which, by refluxing in CHClB, was easily trans-
formed to the pyranclactone 18 (oil, quantitative). Epoxidation (t-BuOOH, Triton
B, dioxane~-EtOH, rt) of the ester £§ gave epifrenclicin methyl ester (;2), which
would be derived from a stable conformation %é?- On the other hand, epoxidation

of deoxyfrenolicin (17) under the same conditions described above yielded via a
—~

0,CHy Y4 o

s T mﬂg otSo TN g

~ &
conformation 1l7a, a mixture of (+)-frenclicin (2) and (+)-epifrenolicin (20} in
a4 - e

a ratio of 1 : 1. Since direct separation of the mixture was difficult, the
mixture was methylated with diazomethane and separated to give (+)-frenclicin
methyl ester %& and (+)-epifrenolicin methyl ester ig. The spectral data of the

former 21 were identical with those of 21 deraived from natural sample,.
' el
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Ry =~—CHg y Ry =~0H 10 Ry=~CHy 16 Ry= "CHyCH,CHg »
Ry= ~CHg sy R =~CHCO,CHy Ry=~CH,CO,CHy Ry= —CHCOxCHy
Ry=""CHyCH;CH3 , Ry=-OH 14 Ry=CHyCHyCHz, 17 Ry= CHCHyCHy
Ry=»+CHyCH2CH3 , Ry= —CHpCO2CH3 Ry= —CHyCOzH
Ry= —CHC0CHy
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Saponification (KOH, CH3OH~ HZO’ rt) of the methyl ester %} afforded (+)-
frenolicain (2), mp 175.2~181.0 %, whose IR, lH—NMR and mass spectra are i1denti-

cal with those of natural frenolicin.
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