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ABSTRACT

A total synthesis of both diastereomers of the originally proposed structure for streptophenazine A (1) has been achieved. However, both
synthetic compounds are different from the natural product. Re-examination of NMR data reported for streptophenazine A and a concise total
synthesis of both diastereomers of 17 (17a and 17b) led to the structural revision of streptophenazine A to 17b. Asymmetric synthesis of
(�)-streptophenazine A was also conducted, and its absolute configuration was determined to be 10S,20R.

Phenazine derivatives, such as saphenamycin1 as well as
esmeraldin A and B,2 are a potential source of antibiotics.
Several novel phenazine analogues, streptophenazines
A�H (1�8), have been recently isolated by Mitova and
co-workers fromcultures ofmarineStreptomyces sp. strain
HB202 (Figure 1), some of which have shown moderate
antibacterial activities.3 The structures of streptophena-
zines A�H were elucidated by spectroscopic methods;
however, the stereochemistry of the side chain was not

determined. We are interested in these novel phenazine
analogues and report herein the first total synthesis, the

Figure 1. Proposed structures of streptophenazines A�H (1�8).
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revised structure, and absolute configuration of strepto-
phenazine A.
As shown in Scheme 1, the key step in our synthesis is an

aldol reaction, which couples ester 9 with aldehyde 10 to
generate both diastereomers of 1 in a concise manner.

The synthesis of the target 1 started from commercially
available chloride 11 and aniline 12 (Scheme 2). Reaction
of 11 with aniline 12 in the presence of potassium carbo-
nate provided amine 13 in excellent yield. Reductive
cyclization of 13 gave the desired acid 14 and a minor
regioisomer 15 in a ratio of 3:1.4 The mixture of acids 14

and 15were converted to the correspondingmethyl esters 9
and 16, which are separable by silica gel chromatography.
Treatment of ester 9 with lithium bis(trimethylsilyl)amide
(LiHMDS), followed by coupling of the resulting enolate
with aldehyde 10,5 afforded a 1:1 mixture of the two
diastereomers (1a and 1b) of the proposed structure of
streptophenazine A. The individual diastereomers 1a and
1b were isolated by semipreparative HPLC on a C18
column.

The structures of diastereomers 1a and 1b were con-
firmedbyHRMS, 1H, 13C, 2DCOSY,HSQC, andHMBC
NMR analyses. Unexpectedly, the 1H and 13C NMR data
of both 1a and 1b were different from those reported for
naturally occurring streptophenazine A. In particular, the
chemical shifts of H-10 and H-20 in the 1H NMR spectra
were quite different (Figure 2). For the natural product 1,
the chemical shifts of H-10 and H-20 were reported to be δ
6.15 and δ 3.27, respectively. However, these protons for
synthetic 1a were observed at δ 5.44 and δ 4.41, respec-
tively, and for synthetic 1b the signals were observed at δ
5.47andδ 4.52, respectively. Likewise, significant chemical
shift differences for the corresponding C-10 and C-20 in the
13C NMR spectra were also observed (Figure 2). For the
natural product 1, the chemical shifts for C-10 and C-20

were reported atδ 71.2 andδ 54.7,whereas, in the synthetic
samples, these carbon signals were found at δ 51.9 and δ
75.0 for 1a and at δ 51.2 and δ 73.8 for 1b, respectively.
Comparison of the 1H and 13C NMR data originally

reported for the natural product 1 (i.e., the chemical shifts
for H-10, H-20, C-10, and C-20) with those of the synthetic

Scheme 1. Retrosynthetic Analysis

Scheme 2. Synthesis of the Proposed Structure 1

Figure 2. 1H and 13C NMR data of synthetic 1a, 1b, and the
naturally occurring streptophenazine A. The revised struc-
ture 17.
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compounds 1a and 1b established that the original struc-
tural assignment for streptophenazine A was incorrect. It
seemed more plausible that the actual structure should be
revised to structure 17 (Figure 2). Based on these results,
we set out to confirm our hypothesis by total synthesis of
the revised structure 17.

The total synthesis of the revised structure 17 employing
an aldol reaction as the key step is shown in Scheme 3.
Utilizing the same strategy from Scheme 2, the known
alcohol 216 was prepared in three steps. Coupling of
chloride 11 with aniline 18 in the presence of potassium
carbonate afforded compound 19 smoothly. Reductive
cyclization of 19 with sodium borohydride and sodium
ethoxide in ethanol provided the desired regioisomer 206

exclusively. Treatment of acid 20with methyl iodide using
potassium carbonate as base yielded the compound 21, mp
189�192 �C (lit.6 189 �C). Oxidation of alcohol 21 with
activated manganese(IV) oxide furnished aldehyde 22 in
good yield.Aldol reaction of aldehyde 22withmethyl ester
237 provided two separable diastereomers 17a and 17b in a
ratio of 3:2.
The structures of 17a and 17bwere assigned on the basis

of HRMS, 1H, 13C, 2DCOSY,HSQC, andHMBCNMR
analyses. Both 1H and 13C NMR data of 17b in CD3OD

are identical with those reported for naturally occurring
streptophenazine A. To confirm the hydroxyl group is
located on 10-position, 1H NMR of 17b was recorded in
CDCl3, in which the hydroxyl was observed at δ 5.07 (d,
J = 10.0 Hz) and the H-10 was observed at δ 5.57 (dd,
J = 10.0, 7.5 Hz). The coupling correlation between the
hydoxyl and H-10 was observed and confirmed by a 2D
COSY NMR experiment8 in CDCl3. Therefore, the ori-
ginally proposed structure for streptophenazine A was
revised to 17, although the stereochemistry of the side
chain was still unknown at that point.

In order to determine the relative configuration of the
side chain of 17a and 17b, both racemic diastereomerswere
transformed into cyclic compounds 24a and 24b in two
steps, hydrolysis and cyclization (Scheme 4). As expected,
a significant difference in the proton coupling constant
J10-20 between 24a and 24b was observed by 1H NMR
(J10-20 =2.5Hz for 24a and J10-20 =10.5Hz for 24b). In 1D

Scheme 3. Synthesis of the Revised Structure 17

Scheme 4. Relative Configuration of (()-17a and (()-17b
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NOE studies, a strong NOE between H-10 and H-20 was
recorded for 24a, whereas noNOE between H-10 and H-20

was observed for 24b (Figure 3). The diagnostic NOE
difference between 24a and 24b supported the assignment
of the relative stereochemistry for both compounds and
their precursors (17a and 17b).

Chiral HPLC resolution of (()-17bwas performed on a
chiral column to provide (þ)-17b {[R]20D =þ47.5� (c 1.2,
MeOH,>99% ee9)} and (�)-17b {[R]20D=�45.0� (c 1.2,
MeOH,>99% ee9)}. The optical rotation of (�)-17b is in
agreementwith that reported for streptophenazineA in the
literature.3

Asymmetric synthesis of (�)-17b was conducted utiliz-
ing asymmetric aldol reaction10 as the key step (Scheme 5).
Reaction of acid chloride 2511 with (S)-4-benzyloxazoli-
din-2-one (26) provided 27 smoothly. Asymmetric aldol
reaction of oxazolidinone 27 with aldehyde 22 afforded
exclusively the desired anti-adduct 28. Oxidative hydro-
lysis of 28 with lithium hydroxide in the presence of
hydrogen peroxide,12 followed by treatment of the re-
sulting acid with (trimethylsilyl)diazomethane gave (�)-17b,
[R]D20 �48.4� (c 1.0, CH3OH). The optical rotation and
1H, 13CNMRdata of (�)-17b are in agreement with those
of naturally occurring streptophenazine A.3 Therefore, the
absolute configuration of (�)-17b was determined to be
10S,20R.
In conclusion, we have achieved the first total synthesis

of (�)-streptophenazine A, leading to the structural revi-
sion of streptophenazine A to structure 17b. The absolute

configuration of (�)-streptophenazine A was determined
to be 10S,20R. Utilizing the same strategy described in
Scheme 5, asymmetric synthesis of streptophenazines B
and E has also been carried out.8
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Scheme 5. Asymmetric Synthesis of (�)-17b

Figure 3. Key NOE correlations of (()-24a and (()-24b.


