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A highly enantioselective synthesis of (�)- and (+)-juglomycin A
through Dötz annulation and asymmetric dihydroxylation
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Abstract

A highly enantioselective synthesis of (�)- and (+)-juglomycin A, a quinone antibiotic is described. The synthesis is completed in eight
steps, and 19% overall yield and in a high enantioselectivity of 99.5% [for (�)-juglomycin A] and 98.5% [for (+)-juglomycin A]. The syn-
thetic strategy features an efficient combination of the Dötz annulation reaction and asymmetric dihydroxylation as the keys steps.
� 2008 Elsevier Ltd. All rights reserved.
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Fig. 1. Juglomycins A 1, ent-1 (unnatural), and B 2.
Juglomycins A 1 and B 2 (Fig. 1) isolated from the cul-
ture filtrate of the fungus Streptomyces sp. 190–21 show
antitumor activity as well as antibacterial activity against
both Gram-negative and Gram-positive bacteria.1 A few
syntheses of racemic juglomycins have been reported.2

The formal syntheses of 1 and its analogs are also known.3

There is only one report on the asymmetric synthesis of 1

(in 15% overall yield) by Kraus and Maeda.4 Herein, a
highly enantioselective synthesis of both (�)-juglomycin
A 1 and its unnatural isomer (+)-ent-1 is described. The
synthetic strategy features an efficient combination of the
Dötz annulation and asymmetric dihydroxylation as the
key steps.

The retrosynthesis of (�)-juglomycin A 1 and (+)-ent-1
is shown in Scheme 1. The target compounds can be envi-
sioned to be derived from a b,c-unsaturated ester 3 through
asymmetric dihydroxylation. Ester 3 can be obtained from
alcohol 4 through oxidation and a decarboxylative decon-
jugative Knoevenagel condensation.5 The alcohol 4 with
required aryl functionalization could be prepared by Dötz
annulation6 from Fischer carbene 6.
0040-4039/$ - see front matter � 2008 Elsevier Ltd. All rights reserved.
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The detailed synthesis of b,c-unsaturated ester 3 is
shown in Scheme 2. To begin with, the Fischer carbene
complex 67 was prepared from 2-bromoanisole 7 in 83%
yield. Condensation of 6 with alkyne 58 afforded the Dötz
annulated product 8 in a good yield of 78%. Methylation of
the phenolic hydroxyl with MeI gave 9 in 81% yield.
Deprotection of the TBDMS group in 9 was effected with
TBAF to afford alcohol 4 in quantitative yield. Further,
Swern oxidation of 4 gave the corresponding aldehyde
which when condensed with the half ester of malonic acid
under decarboxylative deconjugative Knoevenagel condi-
tions5 afforded the b,c-unsaturated ester 3 in a good yield
of 72% (over two steps).

The synthesis of (�)-juglomycin A 1 from 3 was
completed as shown in Scheme 3. Sharpless asymmetric

mailto:rfernand@chem.iitb.ac.in


MeO O
OMe

OMeOMe
3 10

i ii

iii

O

O

OMe

OMeOMe

OH

1

O

O

O

OOH

OH

11

O

O

O

OOMe

OH

(−)-juglomycin A

Scheme 3. Synthesis of (�)-juglomycin A 1 from 3. Reagents and
conditions: (i) (DHQD)2-PHAL (1.0 mol %), K3Fe(CN)6 (3.0 equiv),
K2CO3 (3.0 equiv), NaHCO3 (3.0 equiv), MeSO2NH2 (1.0 equiv),
K2OsO4�2H2O (0.4 mol %), t-BuOH–H2O (1:1), 0 �C, 24 h, then rt, 12 h,
84%; (ii) (NH4)2Ce(NO3)6 (2.0 equiv), MeCN–H2O (1:1), rt, 15 min, 94%;
(iii) AlCl3 (2.0 equiv), CH2Cl2, 0 �C, 10 min, then rt, 45 min, 92%.
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Scheme 4. Synthesis of (+)-juglomycin A ent-1 from 3. Reagents and
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Scheme 1. Retrosynthesis of (�)-juglomycin A 1 and ent-1.
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dihydroxylation9 of 3 with the (DHQD)2-PHAL ligand
afforded the b-hydroxy-c-lactone 1010 in a good yield of
84% and with an excellent enantioselectivity of 99.5%
ee.11 Further treatment of 10 with CAN afforded quinone
11 in a very good yield of 94%. Demethylation of 11 with
AlCl3 gave (�)-juglomycin 1 in 92% yield as a yellow solid,
½a�25

D �51.6 (c 0.25, CHCl3) [lit.1 �51.9 (c 0.42, DMSO)],
mp 171–173 �C (decomp. at 170 �C) [lit.4 175–177 �C
(decomp.)]. The spectroscopic and analytical data of 1 were
in full agreement with that reported.4 The overall yield for
this eight step strategy was 19%. Similarly, the unnatural
isomer ent-1 (Scheme 4) was synthesized from 3 through
asymmetric dihydroxylation using the (DHQ)2-PHAL
ligand to give ent-1010 in 83% yield and 98.5% ee.11 Fur-
ther, quinone formation (ent-11) and demethylation affor-
ded the unnatural isomer (+)-juglomycin A, ent-1 as a
yellow solid, ½a�25

D +49.2 (c 0.2, CHCl3), mp 168–171 �C
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Scheme 2. Synthesis of b,c-unsaturated ester 3. Reagents and conditions:
(i) n-BuLi (1.04 equiv), THF, �78 �C, 5 min, Cr(CO)6 (1.0 equiv), �78 �C
to 0 �C, 3 h, then Me3OBF4 (1.5 equiv), CH2Cl2, 0 �C to rt, 3 h, 83%; (ii) 5

(1.5 equiv), THF, 45 �C, 12 h, 78%; (iii) NaH (3.0 equiv), MeI (3.1 equiv),
DMF, 0 �C to rt, 3 h, 81%; (iv) TBAF (1.2 equiv), THF, rt, 2 h, quant.; (v)
(a) (COCl)2 (1.4 equiv), DMSO (2.0 equiv), �78 �C, 20 min, 4, 45 min,
Et3N (4 equiv), �60 �C, 30 min, to room temperature, 1 h; (b) MeO2-
CCH2CO2H (2.0 equiv), Et3N, reflux, 12 h, 72% over two steps.

conditions: (i) (DHQ)2-PHAL (1.0 mol %), K3Fe(CN)6 (3.0 equiv),
K2CO3 (3.0 equiv), NaHCO3 (3.0 equiv), MeSO2NH2 (1.0 equiv),
K2OsO4�2H2O (0.4 mol %), t-BuOH–H2O (1:1), 0 �C, 24 h, then rt, 12 h,
83%; (ii) (NH4)2Ce(NO3)6 (2.0 equiv), MeCN–H2O (1:1), rt, 15 min, 94%;
(iii) AlCl3 (2.0 equiv), CH2Cl2, 0 �C, 10 min, then rt, 45 min, 93%.
(decomp. at 168 �C). The spectroscopic and analytical data
of ent-1 were similar to 1.

In summary, a highly enantioselective synthesis of both
(�)- and (+)-juglomycin A has been achieved in eight steps,
19% overall yield (for both), and 99.5% ee and 98.5% ee
respectively. The synthetic strategy features an efficient
combination of Dötz annulation and asymmetric dihydr-
oxylation as the key steps. Thus, the above strategy with
high enantiocontrol and versatility to target both enantio-
mers represents an alternative to the known methods.
Application of this strategy to other related compounds
is in progress.
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