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Abstract: A five-step total synthesis of the marine natural
product synoxazolidinone A was achieved through a diastereo-
selective imine acylation/cyclization cascade. Synoxazolid-
inone B and a series of analogues were also prepared to
explore the potential of these 4-oxazolidinone natural products
as antimicrobial agents. These studies confirmed the impor-
tance of the chlorine substituent for antimicrobial activity and
revealed simplified dichloro derivatives that are equally potent
against several bacterial strains.

The continued emergence of multidrug-resistant bacteria
highlights the pressing need for the development of novel
antimicrobial agents.[1] Compounds that display antimicrobial
activity and bear novel structural features are compelling
targets for synthesis and serve as a platform for antibiotic
development.[2–4] Synoxazolidinones A (1) and B (2) are
recently discovered natural products isolated from the sub-
arctic ascidian Synoicum pulmonaria, collected off the
Norwegian coast (Figure 1).[5] The synoxazolidinones contain
an unusual 4-oxazoldinone heterocycle bearing an exocyclic
conjugated aromatic moiety. To our knowledge, an oxazolid-
inone is present in only one other class of natural products
(the lipoxazolidinones; 3, Figure 1), albeit with an alternate

substitution pattern.[6] Interestingly, although rare in natural
products, oxazolidinones (particularly 2-oxazolidinones) have
a rich history in medicinal chemistry as highlighted by
successful synthetic drugs such as linezolid.[7] A synthetic
approach to these bioactive scaffolds would thus not only
serve the synthesis of this class of natural products but also
enable the synthesis of heterocyclic libraries.

Inspired by the proposed biosynthetic route,[5] we envi-
sioned an imine acylation/cyclization cascade that would
construct the core 4-oxazolidinone ring while stereoselec-
tively controlling the alkene geometry and the aminal center
in the process (Scheme 1b).[8,9] The acylation of imines to
generate iminium ions and subsequent trapping with

appended nucleophiles has provided rapid access to a variety
of heterocyclic scaffolds.[10] Furthermore, intermolecular
addition of phenylpyruvic acids to imines has been reported
to prepare the biologically active but undesired 3-hydroxy-
1,5-dihydro-2H-pyrrol-2-ones (5, Scheme 1a) through an
addition/cyclization/dehydration sequence.[11] Unlike these
previously developed methods, the proposed reaction
requires the formation of an activated enolizable a-keto
carboxylic acid, subsequent reaction with an enolizable a-
chloroimine[12] to generate an acyliminium ion, and finally
cyclization through the oxygen atom (as opposed to the
carbon atom) of the enol to generate 4-oxazolidinone 6.

As an initial test of the proposed reaction, phenylpyruvic
acid (7) was treated with various activating agents and imine 8
to explore the feasibility and addition chemoselectivity of this
process (Scheme 2). Coupling agents such as DCC or cyanuric
chloride provided the undesired carbon addition product 9
exclusively in up to 57% yield. We cannot rule out an
intermolecular imine addition process analogous to that
reported;[11] however, that mechanism appears unlikely
under the conditions employed. By contrast, the acid chloride
generated from oxalyl chloride/DMF provided the desired 4-
oxazolidinone 10 as the major product from the reaction
mixture (24–40 % yield of isolated product).[13] As well as the
acid chloride, PyBOP/Hunig�s base also proved effective for
preparing the 4-oxazolidinone products in 20–30% yield
(Scheme 2). The complete switch in selectivity is striking and
is possibly accounted for by an electrocyclization mechanism

Figure 1. Natural products containing 4-Oxazolidinone.

Scheme 1. Potential addition pathways for acyliminium intermediate 4.
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(rather than a 5-endo enol addition) in which the equilibrium
of keto/enol tautomers, influenced by pH value and other
factors, would dictate reaction selectivity.[14] The mass balance
in both the acid chloride and PyBOP reactions is high, with
the remainder of the material being lost through activated-
acid dimerization. Although the yields for this process are
modest, the readily available starting materials, straightfor-
ward isolation, and one-step protocol allow ample material to
be prepared through this approach. Furthermore, the carbon
addition products, 3-hydroxy-1,5-dihydro-2H-pyrrol-2-ones
(9), are commonly found in nature and possess a wide range
of biological activities.[15] The imine acylation/enol addition
provides a mild method to generate these heterocycles and
provides compatibility with alkyl substituents that is not
possible with current methods.[11]

With a route to the core heterocycle in hand, we turned
our attention to the incorporation of the functional groups
required for the synoxazolidinones. Being the simplest
member of the family, synoxazolidinone B (2) was initially
targeted for synthesis (Scheme 3A). The treatment of 4-
aminobutanol (11) with N,N’-bis(tert-butoxycarbonyl)-S-
methylisothiourea provided a Boc-protected guanidine alco-
hol that was oxidized under Swern conditions to yield
aldehyde 12 in 88 % yield over the two steps. Conversion of
the aldehyde to the requisite benzylimine was accomplished

by treatment with 2,4-dimethoxybenzyl amine (13) and
MgSO4, and the crude imine was directly subjected to the
aforementioned acylation/cyclization cascade with acid chlo-
ride 14 to provide the fully functionalized synoxazolidinone B
scaffold in 30% yield over two steps. Subsequent deprotec-
tion provided compound 2 in 77% yield after preparative
reverse-phase chromatography (20 % over four steps) and the
1H and 13C NMR spectroscopy data are in agreement with the
isolation report.[5]

In parallel to the efforts to construct synoxazolidinone B
(2), we explored the installation of the secondary chlorine
substituent present in synoxazolidinone A (1). To determine
the potential of employing an imine acylation/cyclization
cascade analogous to that employed for the deschloro
product 2, we required access to a-chloro aldehyde 16 (Sche-
me 3B).[12] Although the chlorination of aldehydes is a well-
established reaction, with several elegant catalytic asymmet-
ric approaches,[16] it became apparent that a protected gua-
nidine moiety in close proximity to the reacting aldehyde
significantly complicated this reaction. All attempts at
catalytic chlorination proved unsuccessful, with no reactivity
observed. To overcome these difficulties, we employed
stoichiometric proline to promote efficient chlorination of
aldehyde 12, thereby producing compound 16 in 60%
yield.[17] With this aldehyde in hand, we carried out the
imine formation/acylation/cyclization cascade to provide
compound 17 in 40% yield and d.r. 4:1 favoring the desired
diastereomer.[18] Significant efforts were made to improve this
diastereoselectivity; however, no conditions provided
a higher quantity of the desired product upon isolation. The
presence of the dimethoxybenzyl group was essential to
obtaining diastereoselectivity, with many substrates and
conditions yielding a 1:1 mixture of diastereomers. With the
natural product skeleton complete, removal of both the
dimethoxybenzyl and Boc protecting groups was achieved
with TFA (40 8C, 48 h) to yield synoxazolidinone A (1) as
a 4:1 mixture of diastereomers in 88 % yield (19 % over 5
steps). No erosion of the diastereomeric ratio during the
deprotection reactions was detected, even upon prolonged

Scheme 2. Imine acylation/enol addition chemoselectivity. DMB= 2,4-
dimethoxybenzyl, DCC = N,N’-dicyclohexylcarbodiimide, DMAP= 4-
dimethylaminopyridine, THF = tetrahydrofuran, DMF= N,N-dimethyl-
formamide, PyBOP= benzotriazol-1-yloxytripyrrolidinophosphonium
hexafluorophosphate, DIPEA =N,N-diisopropylethylamine.

Scheme 3. A) Synthesis of synoxazolidinone B (2) and B) diastereoselective synthesis of synoxazolidinone A (1). DMB = 2,4-dimethoxybenzyl,
NCS = N-chloro succinimide, DMSO= dimethylsulfoxide, TFA = trifluoroacetic acid, Boc= tert-butoxycarbonyl.
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heating. The diastereomers of the fully deprotected natural
product proved difficult to separate without the use of HPLC,
but fortunately, the partially deprotected product 18 (TFA/
CH2Cl2, RT, 2 h) was readily separable by reverse phase
chromatography. As with compound 2, the NMR data is in
full agreement with the reported data.[5]

As well as the two natural products, we prepared a small
panel of compounds (19–22) to explore the impact of deleting
the guanidine moiety, making the aryl ring electron deficient
(21–24), or installing an additional chlorine substituent
(20, 22, 25) in order to define an initial structure–activity
relationship (SAR) for this class of compounds (Figure 2). All
of the analogues were produced without modification to our
method, thereby highlighting the straightforward nature of
this approach for generating an array of 4-oxazolidinone

products. It should be noted that the dichloro compounds
(20, 22, 25) arise from chlorination of the crude imine (excess
NCS) since purified dichloro aldehydes do not undergo our
dehydration/acylation/cyclization cascade reaction.[19]

With synoxazolidinone A (1) and B (2) and their ana-
logues in hand, we explored the antimicrobial activity of these
compounds against several bacterial strains. The activities of
compounds 1 and 2 are in line with those reported for the
isolated natural products against both sensitive and resistant
gram-positive bacteria S. Aureus (Table 1).[5,20] Deletion of
the guanidine moiety on monochloro derivatives was detri-
mental to the antimicrobial activity (19, 21); however, the
installation of an additional chloride or an electron-with-
drawing group on the aryl ring was generally beneficial. In
particular, compounds 22 and 25 displayed comparable activ-
ity to that of 1 and increased activity against A. baumannii,

a gram-negative bacterium that is resistant to many com-
monly employed antibiotics. These dichloro derivatives are
particularly straightforward to prepare and provide a starting
point for further improving the potency of these natural-
product analogues and/or generating probe molecules to
study the interaction of these electrophilic natural products
with proteins.[21]

In conclusion, we have developed a rapid and diastero-
selective synthesis for the synoxazolidinone family of natural
products. Through these efforts, we have gained insight into
the chemistry of these unusual heterocycles and provided new
lead compounds for antimicrobial development. Efforts to
increase the potency and selectivity of this class of compounds
are underway, as well as studies aimed at identifying their
intracellular targets.
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MIC [mgmL�1]
Compound S. Aureus[a] MRSA[b] A. baumannii[c]

1 12.5 20 100
2
10

30
>100

30
>100

>100
>100

19 >100 >100 >100
20 50 60 >100
21 >100 >100 100
22 10 20 80
23 60 40 80
24
25
vancomycin
linezolid
tetracycline

>100
12.5
1
0.5
0.25

>100
20

1
1

100

>100
50

>100
>100

2

[a] ATCC 29213. [b] ATCC 33591. [c] ATCC 19606. MIC = minimum
inhibitory concentration, MRSA = methicillin-resistant Staphylococcus
aureus.
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