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ABSTRACT: A synthetic study of pactamycin is described.
Enantioselective construction of the aminocyclopentitol core of
pactamycin bearing five contiguous stereocenters was achieved
based on an organocatalytic asymmetric aziridination of
2-cyclopentene-1-one, a regio- and diastereoselective 1,3-dipolar
cycloaddition, and a rhodium-catalyzed C−H amination reaction.

Pactamycin (1) was isolated from the fermentation broth of
Streptomyces pactum var. pactum by researchers at Upjohn

in 1961 (Figure 1).1 An X-ray crystal structure analysis of its

analogue, pactamycate (2), revealed its unique aminocyclopenti-
tol structure,2 which is highlighted by six contiguous stereo-
centers: all five carbons of the cyclopentane core are stereogenic,
and three of these are tetrasubstituted carbons. Pactamycin has
potent antiproliferative activity against bacteria,3 mammalian
cells,4 viruses,5 and protozoa.6 This broad-spectrum bioactivity
originates from its ability to inhibit translocation through
binding to the highly conserved region of the 30S ribosomal
subunit.7 The densely functionalized structure and remarkable
bioactivitymake pactamycin an attractive target for synthetic organic
chemists. Synthetic studies of pactamycin have been reported
by Isobe and Nishikawa et al.,8 Knapp et al.,9 Looper et al.,10

and Castle et al.11,12 In 2011, the first total synthesis of pactamycin
was achieved by Hanessian et al. in 29 steps from L-threonine.13

More recently, Johnson and co-workers reported an elegant 15-step
total synthesis of pactamycin based on a catalytic asymmetric
Mannich reaction and symmetry-breaking reduction sequence.14

Optically active aziridines are versatile building blocks for the
synthesis of nitrogen-containing chiral compounds. Regioselective
opening of aziridine rings with a nucleophile provides efficient
access to chiral amine fragments with contiguous stereocenters.

Various asymmetric synthetic methods of optically active
aziridines15 have therefore been developed based on the metal-
catalyzed nitrene-transfer reaction,16 asymmetric Brookhart−
Templeton aziridination using Lewis acid catalysts17 or organo-
catalysts,18 and chiral amine catalysis.19 We previously reported
a chiral diamine-catalyzed asymmetric aziridination of cyclic
enones.20 Using 20 mol % of diphenylethylene diamine-
derived organocatalyst (R,R)-3, asymmetric aziridination of
2-cyclopenten-1-one with tert-butyl p-toluenesulfoxy carbamate
4 proceeded smoothly to give the corresponding chiral aziridine
ketone (1R,5R)-5 in good yield with excellent enantioselectivity
(Scheme 1). Compound (1R,5R)-5 was successfully applied to

the synthesis of (−)-allosamizoline.20b We hypothesized that the
antipode aziridine ketone (1S,5S)-5 could be utilized as a chiral
scaffold for constructing the core structure of pactamycin.
Herein we report our efforts toward the synthesis of pactamycin.
Enantioselective construction of the pactamycin core bearing five
contiguous stereocenters is the highlight of this communica-
tion and was achieved based on the chiral diamine-catalyzed
asymmetric aziridination of 2-cyclopenten-1-one, a regio- and
diastereoselective 1,3-dipolar cycloaddition, and a rhodium-
catalyzed C−H amination reaction.
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Figure 1. Structures of pactamycin (1) and pactamycate (2).
Scheme 1. Chiral Diamine-Catalyzed Asymmetric
Aziridination of 2-Cyclopenten-1-one
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Our retrosynthetic analysis is outlined in Scheme 2. To
establish an enantioselective synthetic route for pactamycin,
we first developed an efficient method of constructing the
array of the stereogenic carbons. We set compound I bearing
five contiguous stereocenters of six in pactamycin as the key
intermediate. We envisioned that a rhodium-catalyzed C−H
amination reaction21 using carbamate derivative II would be
applicable to the construction of the tertiary amino stereocenter
in I. Controlling the three contiguous stereocenters from the
hydroxyethyl branch to the tertiary alcohol in II is a challenging
task. We envisioned that compound II could be prepared from
isoxazoline intermediate III, which in turn would be accessible
via a regio- and diastereoselective 1,3-dipolar cycloaddition of
functionalized cyclopenten derivative IV with acetonitrile oxide.
Chiral aziridine ketone (1S,5S)-5 could be utilized as a reason-
able precursor for compound IV.
Our synthetic study started with nearly optically pure

aziridine ketone (1S,5S)-5 (99% ee), which could be prepared
in multigram scale using 20 mol % of (S,S)-3. Introduction of a
phenylselenenyl group to the α-position of the ketone proceeded
diastereoselectively, affording compound 6 in 71% yield
according to the reported procedure20b (Scheme 3). Subsequent
reduction of the ketone with NaBH4 in a THF−H2O mixed
solvent, followed by an aziridine opening reaction with sodium
azide, provided compound 7 in a regio- and stereoselective
manner (77% yield). After reduction of the azide group in 7 by
using zinc powder, the resulting primary amine was protected
with a tosyl group to give compound 8 in 93% yield in two
steps.22 Oxidative elimination of the phenylselenenyl group
with aqueous hydrogen peroxide afforded the corresponding
allylic alcohol intermediate, which was then transformed
into cyclic enone derivative 9 by treating with IBX in DMSO
(88% yield, two steps). To introduce a C1 unit to the α-position
of the enone, a Morita−Baylis−Hillman reaction was first
examined using formaldehyde as an electrophile under several
reaction conditions. All trials, however, gave unsatisfactory
results. On the other hand, α-iodination of the enone proceeded
smoothly in the presence of iodine in a CH2Cl2/pyridine mixed
solvent system, providing compound 10 in 81% yield.
Diastereoselective reduction of the ketone using Al(O-i-Pr)3
(81% yield),23 followed by Stille coupling between 11 and
tetramethyltin in the presence of 10 mol % of Pd(dba)2 and

40 mol % of Ph3As in HMPA, afforded the methylated product
12 in 79% yield.
With the key intermediate 12 in hand, we next examined the

regio- and stereoselective 1,3-dipolar cycloaddition using
acetonitrile oxide as a 1,3-dipole (Scheme 4). Metal ionmediated
cycloaddition of nitrile oxides to allylic alcohols is a useful
strategy for the regio- and stereoselective synthesis of isoxazoline
derivatives.24 We first examined the reaction using a magnesium

Scheme 2. Retrosynthetic Analysis of Pactamycin Scheme 3. Synthesis of Compound 12

Scheme 4. Synthesis of the Key Intermediate 15a
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ion as a mediator,25 but no desired product was obtained and
deprotection of the Boc group partially occurred. In contrast,
acetonitrile oxide generated from acetaldoxime and tert-butyl
hypochlorite in the presence of triethylamine reacted with 12 in
a regio- and diastereoselective manner, producing isoxazoline
derivative 13 in 66% yield (80% yield based on the recovery of
12).26 We expected that the regioselectivity and facial selectivity
of the olefin would be controlled by the hydrogen-bonding
interaction between the anionic oxygen of the nitrile oxide and
the alcohol, as well as the steric repulsion between the tosyl
amide moiety and acetonitrile oxide. Reductive cleavage of the
N−O bond under a hydrogen atmosphere in the presence
of Raney-Ni, followed by acetonide formation with the
resulting diol, gave compound 14 in 59% yield in two steps.
Diastereoselective reduction of the methyl ketone was then
examined under several reaction conditions. Combination of the
reducing agent and solvent dramatically affected the diaster-
eoselectivity.26 When 14 was treated with 10 equiv of DIBAL-H
in THF at −78 °C, the corresponding products 15a and 15b
were obtained in 91% yield as an inseparable 5:1 mixture of
diastereomers. The relative configuration of the major
diastereomer 15a was determined by X-ray crystal structure
analysis after esterification of the mixture with p-nitrobenzoyl
chloride and chromatographic separation of the diastereomers.27

The X-ray structure of the major isomer 16a (Figure 2) revealed

that 15a was the desired isomer for this study. Because of
the difficult separation of 15a and 15b, the obtained mixture
was used for the next reaction without further purification.
A carbamoyl unit was introduced into the secondary alcohol
using a 5:1 mixture of 15a and 15b as the substrate, affording
compound 17a and 17b in excellent yield. These compounds
were separable by silica gel column chromatography.
A rhodium-catalyzed C−H amination to construct the tertiary

amino stereocenter was then examined using 17a (Scheme 5).28

First, we performed the reaction in CH3CN using 15 mol %
of the Rh2(esp)2 complex, the benchmark catalyst for this
chemistry.21c,d The desired spirocyclic adduct 18a was obtained
in only 7% yield, accompanied by the formation of compound 14
in 37% yield. Screening of other rhodium complexes revealed
that Rh2(OAc)4 was the most suitable catalyst for this purpose.
When the reaction was performed using 15 mol % of Rh2(OAc)4,
1.4 equiv of PhI(OAc)2, and 2.3 equiv of MgO in CH3CN at
80 °C, 18a was produced in 47% yield and recyclable product 14
was also formed in 32% yield.29 The yield of 18a was slightly
improved (51% yield) when benzene was used as the solvent.
Finally, the desired product 18a was obtained in 70% yield by

using PhI(OCOt-Bu)2 as the oxidant and 14 was recovered in
30% yield.30

In conclusion, we successfully synthesized 18a, the advanced
intermediate in a projected synthesis of pactamycin. Introduction
of the chirality was accomplished using organocatalytic
asymmetric aziridination of 2-cyclopenten-1-one. Regioselective
opening of the aziridine with an azide nucleophile furnished
the trans-diamine motif. Construction of the three contiguous
stereocenters including two tetrasubstituted carbons was realized
via a regio- and diastereoselective 1,3-dipolar cycloaddition and
a rhodium-catalyzed C−H amination reaction. The 17-step
reaction sequence from 2-cyclopenten-1-one provided access to
the key intermediate bearing five of the six contiguous stereo-
centers in pactamycin. Further studies toward the enantiose-
lective synthesis of pactamycin are ongoing.
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Synth. Catal. 2010, 352, 3201. (g) Deiana, L.; Dziedzic, P.; Zhao, G.-L.;
Vesely, J.; Ibrahem, I.; Rios, R.; Sun, J.; Coŕdova, A. Chem. - Eur. J. 2011,
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