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Introduction

Oxazolidine-2-thiones are an interesting class of heterocyclic molecules with a particular portfolio of chemical
and biological activities. Some simple derivatives are present in foodstuffs known to cause hypothyroid effects
[1], while others display antifertility activity [2] or have been proposed as plant growth regulators [3]. In a
complementary yet distinct manner to the use of the related oxazolidine-2-ones, chiral oxazolidine-2-thiones
have been widely employed as chiral auxiliaries in stereoselective synthesis strategies [4].

The bicyclic heteroaromatic benzoxazole-2-thione is tautomerized and S-functionalized derivatives thereof are
of interest for their diverse biological activities [5]. In contrast, aliphatic ring-fused oxazolidine-2-thiones are a
considerably less studied family (Figure 1). Most work has been done on combinations with 5- or 6-membered
ring carbohydrate scaffolds [6] such as the pyranose derivatives A-C [7] and a nucleoside derivative D [8];
indeed, ribofuranosyl (and related pentofuranosyl) oxazolidinone-2-thiones such as E have been suggested as
prebiotic precursors of ribonucleotides [9]. Other descriptions of alicyclic ring-fused oxazolidinone-2-thiones
are rare: isolated examples are a cholestane derivative F [10], a putative unstable fullerene adduct (not shown)
[11] and, recently from our group, a cyclohexane derivative G [12].
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FIGURE 1. EXAMPLES OF PREVIOUSLY-DESCRIBED FUSED-RING OXAZOLIDINONE-2-THIONE SYSTEMS.

In order to expand the structural diversity of ring-fused oxazolidinone-2-thiones, we envisaged the preparation
of derivatives fused to a 4-membered ring. The cyclobutane ring itself is hugely important in organic chemistry
due to its particular geometry and its inherent ring strain [13], and numerous diversely-functionalized
cyclobutanes of natural or synthetic origin are known to display a wide range of chemical and biological
properties [14]. To the best of our knowledge however, no cyclobutane-fused oxazolidine-2-thiones have been
reported to date. Such structures are expected to be quite strained and should only exist with a cis ring junction.

To provide a first entry to such compounds, we decided to investigate the reaction of isothiocyanates with a 2-
hydroxycyclobutylidene ester. This strategy had proved successful in the recent preparation of simpler
oxazolidine-2-thiones from acyclic a,B-unsaturated hydroxy esters [12]. The solvent-free DABCO-catalyzed
protocol proceeds via the mechanism shown in Scheme 2.
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SCHEME 2. PLANNED ACCESS TO CYCLOBUTANE-FUSED OXAZOLIDINE-2-THIONE DERIVATIVES.

Results and discussion

We selected the known ester 3 as the cyclobutane substrate, prepared by a Wittig reaction between 2-
hydroxycyclobutanone 1 and ethyl 2-(triphenyl-As-phosphanylidene)acetate 2 using the literature procedure
[15] (Scheme 3). The required E isomer was separated from its Z isomer 3" by chromatography [16].
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Scheme 2. Synthesis of the starting material 3.

Compound 3 was reacted with a panel of aryl isothiocyanates 4 using similar reaction conditions to those that
had been established in previous syntheses of simple oxazolidine-2-thiones (1 equiv. of each reagent; 10 mol%
DABCO; 65 °C; 72 h). In this way, we successfully prepared the small library of cyclobutane-fused
oxazolidine-2-thiones 5 shown in Scheme 3.

The first isothiocyanate tested was the phenyl derivative 4a which gave the target compound 5a as the only
product in an encouraging 89% vyield. For this first example, the reaction progress was monitored periodically
(see supporting information) and the transformation appeared to be largely complete within 36 h. No depletion
of the yield was observed over the following 36 h period so the 72h reaction time was retained for all
subsequent reactions. Isothiocyanates 4b-f with alkyl substituents at the p-position of the aromatic ring
performed well, giving 5b-f in good yields (66-79%). Satisfyingly, isothiocyanates 4g-k bearing either
electron-donating or electron-withdrawing substituents at the p-position were accommodated in the reaction,
affording the products 5g-k in uniformly good yields (73-87% yield). The m-substituted isothiocyanate 4l led
to the adduct 51 (63% vyield) but the reaction with the o-substituted isothiocyanate 40 was unsuccessful,
presumably due to steric hindrance. We examined three aliphatic isothiocyanates: pleasingly, the benzyl and
phenethyl substrates 4m-n were converted smoothly into the corresponding derivatives 5m-n in moderate to
good vyield (57-74%), whereas the cyclohexyl substrate 4p failed to react. To demonstrate the preparative
applicability of the methodology, a five-fold scale-up synthesis of compound 5a was performed. The reaction
of 3 with 4a on a 1.36 mmol scale gave the product 5a in only slightly reduced yield (79%). The reactivity of
the (2)-2-hydroxycyclobutylidene ester 3" with 4a was also examined in the standard conditions: in this case,
compound 5a was obtained in only 11% yield, possibly due to increased steric hindrance prevailing in the
substrate.
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Scheme 3. Synthesis of cyclobutane-fused oxazolidine-2-thione derivatives.*®¢

8Reaction conditions: 3 (0.272 mmol), 4 (0.272 mmol), DABCO (0.0272 mmol), 65 °C, 72 h. Isolated yields
are indicated. In parentheses, the yield of a scale-up reaction (1.36 mmol of 3). °The starting materials were
recovered.

All the new compounds presented in Scheme 3 were isolated in the indicated yields after purification by
column chromatography and were characterized spectroscopically (see supporting information). On some
occasions we detected (using *H NMR) the presence of a by-product (up to 5%) in crude product mixtures. We
assigned its structure as that of 6 displaying a hemi-aminal-type function. This by-product might arise from the
reaction between isothiocyanate 4 and small amounts of 2-hydroxycyclobutanone 1, present as an inseparable
contaminant of the starting material 3. To confirm this postulate, 1 was reacted with isothiocyanate 4a in the
standard reaction conditions, leading to the formation of 6a in good isolated yield (72%) (Scheme 4). This
observation underlined the advantage of using a clean sample of the substrate 3, even though the requisite
compounds 5 in Scheme 3 could be obtained pure (devoid of 6) by careful chromatography.
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Scheme 4. Control experiment: preparation of derivative 6a.

Compound 5f furnished crystals that were suitable for single crystal X-ray diffraction analysis [17]. The
molecular structure is illustrated in Figure 2, confirming the expected cis ring junction. The cyclobutane ring
was considerably flattened, with a puckering angle of only 12° while the oxazolidinone-2-thione ring was
nearly planar, with C5 being 10° out of the plane of the other four atoms to accommodate the cyclobutane ring
puckering.

Figure 2. X-ray crystal structure of 5f.

We examined the reaction of compound 5j in basic conditions (NaOH, dioxane/H-0, reflux). Hydrolysis of
both the ester and the heterocycle was observed, leading to monocyclic product 7 in 66% yield. This result
contrasted with the behaviour of a monocyclic analogue (with Ar = Ph) reported in our previous work [12],
which undergoes hydrolysis of only an ester function in the same conditions. The heterocyclic ring-opening of
5j may be due to the added strain imparted by the fused four-membered ring. A further indication of the
exalted reactivity was the observation that the attempted ammonolysis (2 M NH3s/EtOH, 110 °C 16 h, sealed
tube) of ester 5j led to a complex product mixture.
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Scheme 6. Preparation of cyclobutane compound 7.
Conclusion

In summary, the procedure described in this paper provides a practical, solvent-free, mild base catalyzed
protocol for the one-pot preparation of cyclobutane-fused oxazolidine-2-thiones for the first time. Both rings in
the new bicyclic system are near to planar. Further applications of this strategy in synthetic methodology are
currently underway in our laboratory.
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