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Abstract An expedient method for the direct conversion of acyl iso-
thiocyanates to 2,4-disubstitued thiooxazoles and 2,4-disubstituted ox-
azole sulfonyl chlorides is described. The method takes advantage of an
early observation by Sheehan and the reaction of diazomethane with
isocyanates to form oxazolones. However, in this case an acyl isothiocy-
anate is utilized as well as the readily available TMS-diazomethane to
provide access to the desired 4-substituted sulfur derivatives. The 2,4-
disubstituted oxazole systems synthesized represent novel thiooxazoles
and oxazole sulfonyl chlorides not previously described.

Key words medicinal chemistry, heterocycles, sulfonamides, diazo
compounds, sulfur

As a part of a recent drug discovery effort to expand the
chemical space around a lead compound and modify its bi-
ological and physical properties, we sought the synthesis of
various sulfonyl chlorides to append to our core structure.
After extensive docking experiments and calculation of key
physiochemical properties several novel ring systems were
considered.1 Of the novel ring systems considered, the 2,4-
disubstituted oxazole sulfonyl chlorides 1 were identified
as key targets for further exploration (Figure 1). The sulfon-
amide moiety and oxazole ring system serve to reduce the
overall logD (Δ = ca. 1.1) and increase the TPSA (Δ = ca. 43)
vs. the parent carboxamide and aryl-ring parent system.

Indeed, the oxazole ring system is found in various mol-
ecules that display biological activity (antiviral, antifungal,
antibacterial, and antiproliferative). The biological activity
and presence of oxazoles in natural products and drugs
have generated interest in the synthesis of these ring sys-
tems.2 In particular, 2,4-disubstituted oxazole sulfonyl
chlorides (1, Figure 1) represent a novel variation of the

core oxazole ring system and no synthesis of these struc-
tures has been described in the literature to the best of our
knowledge (Scheme 1).3,4

A survey of the literature revealed the synthesis of oxaz-
olones 3 (Scheme 2), which are the oxygen homologues of
our desired oxazolethiones 4, as being accessible from iso-
cyanates and diazomethane.5 Indeed conversion of the ox-
azolone 3 to the triflate 2 (Scheme 1) has been well utilized
by various investigators to prepare oxazole-containing nat-
ural products6 and various 2,4-disubstituted oxazole deriv-
atives.7,8 Initial routes considered for the preparation of the
desired oxazole sulfonyl chlorides sought to utilize the
known triflate derivative 2 as a precursor, followed by sul-
fur incorporation via transition-metal catalysis.9

Figure 1  Desired sulfonyl chlorides 1, oxazole triflate 2, and calculated 
properties for aryl and oxazole carboxamides/sulfonamides
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Scheme 2  Pathway for the formation of oxazoles 3, 4 and thiadiazoles 
9, 10

However, comparison of the initial report by Sheehan5

pointed to a more direct route to the desired oxazole sulfo-
nyl chloride by simply substituting the acyl isocyanate 5
with an acyl isothiocyanate 6. Although this appeared to be
an obvious variation, an investigation of the literature sug-
gested that acyl isothiocyanates may not be good substrates
for oxazole formation when reacted with diazo species [e.g.,
dimethyl(diazomethyl)phosphonate (R2 = PO(OMe)2], 2-di-
azo-1-phenylethan-1-one (R2 = COPh)] but rather favored
the formation of the thiadiazole ring system10 (Scheme 1
and Scheme 2, path B, 10). However, in the publication by
Regitz10a it was reported that 4-substituted benzoyl isothio-
cyanates were observed to react with ethyl diazoacetate
(R2 = CO2Et) to form ethyl 4-mercapto-2-phenyloxazole-5-
carboxylate derivatives in modest yields (13–20%, via path

A, 4, Scheme 2). With this precedence we decided to further
investigate the formation of our desired ring system from
acyl isothiocyanates and TMS-diazomethane.11

For pilot studies, we explored the synthesis of 2-phenyl-
oxazole-4-sulfonyl chloride (14, Scheme 3). Thus benzoyl
isothiocyanate (11) was combined with TMS-diazomethane
(2 M solution in hexanes) in dichloromethane at 0 °C. Al-
though it was not isolated or characterized, this presum-
ably formed the oxazolethione (4 R1 = Ph, R2 = TMS, X = S),
which was then treated with DBU–BnBr to provide the 4-
(benzylthio)-2-phenyloxazole (12) after acidic workup12a

and chromatography in a 44% yield. In addition to the de-
sired oxazole 12, the product from path B (Scheme 2), the
N-(1,2,3-thidiazol-5-yl)benzamide (13) was isolated in 22%
yield.12b The compound 12 was taken forward and treated
with NCS in AcOH–H2O to provide, as desired, the sulfonyl
chloride 14 in 76% yield. Reaction of 15 with benzylamine
provided sulfonamide 15 (81%), which was then crystal-
lized. Single-crystal X-ray crystallography was performed
(Figure 2) to confirm the proposed structure.

Scheme 3  Synthesis of oxazole 12, thiadiazole 13, oxazolesulfonyl 
chloride 14, and sulfonamide 15

Scheme 1  Previous work by Regitz and current work
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Figure 2  X-ray crystallography of sulfonamide 15

With this result, attempts at increasing the yield of the
reaction (conversion of acyl isothiocyanate 11 to the SBn
derivative 12) were investigated (solvent, temperature, and
time.) The results of these investigations are summarized in
Table 1. It was observed that the conversion was generally
best at lower temperatures. The preferred solvents are non-
polar (e.g., CH2Cl2, toluene, and cyclohexane). However, use
of the more polar solvent (MeCN) resulted in similar yields.
Lower conversions were observed with dioxane, while use
of ethanol was detrimental to the desired product forma-
tion.

Table 1  Solvent, Temperature, and Time Variation

The scope of the reaction was investigated by varying
the nature of the acyl isothiocyanate. Alkyl, aryl, substitut-
ed aryl and heteroaryl acyl isothiocyanates were explored,
and the results are described in Table 2. The acyl isothiocy-
anates not obtained from commercial sources were pre-
pared from the corresponding acid chloride and KSCN by
standard methods.13 The oxazole formation proceeds in
modest yields for alkyl isothiocyanates 16–18 (>30% yield,
Table 2, entries 2–4). In the cases of aryl-substituted acyl

isothiocyanates electron-withdrawing (22–24; Table 2, en-
tries 8–10) and electron-donating substituents (19–21 and
26; Table 2, entries 5–7 and 12) provide moderate yields,
with the exception of the 4-NO2 derivative (25; Table 2, en-
try 11). Furthermore, the reaction proceeds well regardless
of the substitution pattern (19–21 and 22–24; Table 2, en-
tries 5–7 and 8–10) and similar yields were obtained. Final-
ly, the reaction proceeds in modest yields with heterocyclic
acyl isothiocyanates (27, 28; Table 2, entries 13 and 14). For
the conversion of the SBn derivatives to the corresponding
sulfonyl chlorides, the conversions were normally >40%
(14b, 16b–26b, 28b; Table 2, entries 1–12 and 14) with the
exception of 27b.

Table 2  Scope of Reaction: Variation of Acyl Isothiocyanate and Syn-
thesis of Thiooxazoles and Oxazole Sulfonyl Chlorides

In conclusion, a facile method for the synthesis of 2,4-
disubstituted thiooxazoles and oxazole sulfonyl chlorides is
described. The method utilizes readily accessible acyl iso-
thiocyanates and commercially available TMS-diazometh-
ane to form the desired ring system in useful yields. Our re-
sults contrast earlier reports in the literature that the reac-
tion of acyl isothiocyanates and certain diazospecies give
1,2,3-thiadiazoles almost exclusively.10a The oxazole sulfo-
nyl chlorides and thiooxazoles represent novel 2,4-substi-
tuted oxazoles not previously described in the literature. As
small polar monomers we anticipate these will find utility
in medicinal chemistry applications seeking to explore
chemical space while maintaining druglike physicochemi-
cal properties.14–16

Entry Solvent Temp (°C) Time (h) Yield of 12 (%)

 1 CH2Cl2   0  1 44

 2 CH2Cl2  r.t.  1 38

 3 CH2Cl2   0 12 37

 4 PhMe   0  1 41

 5 PhMe  r.t.  1 38

 6 PhMe   0 12 41

 7 MeCN   0  1 31

 8 MeCN –45  1 36

 9 MeCN  r.t.  1 41

10 dioxane   0  1 27

11 c-hexane   0  1 43

12 EtOH   0  1  5

Enty Compd R1 Yield of a 
(R2 = SBn) (%)17

Yield of b 
(R2 = SO2Cl) (%)18

 1 14 Ph 44 76

 2 16 Me 30 41

 3 17 i-Pr 28 50

 4 18 t-Bu 35 53

 5 19 2-MeC6H4 37 53

 6 20 3-MeC6H4 39 56

 7 21 4-MeC6H4 42 44

 8 22 2-ClC6H4 27 66

 9 23 3-ClC6H4 25 66

10 24 4-ClC6H4 33 75

11 25 4-O2NC6H4 16 72

12 26 4-MeOC6H4 30 74

13 27 2-pyridyl 20 18

14 28 3-Me-4-pyridyl 30 54

ON

R1

R2
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(17) General Procedure for Preparation of SBn Derivatives
To a solution of benzoylisothiocyanate (500 mg, 3.06 mmol) in
CH2Cl2 (15.0 mL, 0.12 M) cooled to 0 °C (ice-water bath) for 15
min was added TMSCHN2 (2 M in hexanes, 2.30 mL, 4.60 mmol,
1.5 equiv) slowly. The mixture became orange upon addition.
After stirring for 1 h at 0 °C a yellow suspension was evident. To
the mixture was slowly added DBU (0.92 mL, 6.13 mmol, 2.0
equiv), followed by the addition of BnBr (0.36 mL, 3.06 mmol) at
which time the color dissipated. The reaction allowed to warm
to ambient temperature and stirred overnight. The reaction was
diluted with CH2Cl2 (10 mL) and then washed with brine, dried
(Na2SO4), and the solvent removed to give a residue. The residue
was diluted with CH2Cl2 (10 mL) and HCl in Et2O (2 M) was
added (5 mL). Note: This was done to ensure removal of TMS
group at the 5-position, which was approximately 20% by GC–
MS. Alternatively, use of TBAF (2 M in THF was also used). The
mixture was stirred for 3 h and then portioned between brine
and CH2Cl2. The layers were separated and organic phase
washed with brine, dried (Na2SO4), and the solvent removed to
give a residue, which was purified by chromatography (silica,
12 g RediSep Column Gold, EtOAc–heptane, 0–40%, 15 CVs) to
give the desired product 4-(benzylthio)-2-phenyloxazole (362
mg, 44%) as an oil and N-(1,2,3-thiadiazol-5-yl)benzamide (138
mg, 22%).
4-(Benzylthio)-2-phenyloxazole (12, Table 1 and 14a, Table 2,
entry 1)
1H NMR (400 MHz, CDCl3): δ = 8.02–8.09 (m, 2 H), 7.44–7.52 (m,
3 H), 7.43 (s, 1 H), 7.20–7.33 (m, 5 H), 4.12 (s, 2 H) ppm. 13C
NMR (101 MHz, CDCl3): δ = 162.2, 139.4, 137.7, 134.3, 130.7,
130.2, 129.1, 128.9, 128.8, 128.4, 127.2, 127.1, 126.5, 38.6 ppm.
ESI-HRMS: m/z calcd for C16H13NOS [M + H]+: 268.0791; found:
268.0791
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N-(1,2,3-thiadiazol-5-yl)benzamide (13)
1H NMR (400 MHz, DMSO-d6): δ = 12.76 (br s, 1 H) 8.85 (s, 1 H)
8.08 (d, J = 7.81 Hz, 2 H) 7.50–7.81 (m, 3 H). 13C NMR (125 MHz,
DMSO-d6): δ = 164.7, 151.1, 136.2, 133.2, 130.9, 128.9, 128.1
ppm. ESI-HRMS: m/z calcd for C9H7N3OS [M + H]+: 206.0388;
found: 206.0382.

(18) General Procedure for Preparation of SO2Cl Derivatives
To a solution of 4-(benzylthio)-2-phenyloxazole (347.2 mg, 1.3
mmol) in AcOH (2 mL) was added H2O (0.5 mL). The reaction
was cooled with an ice-water bath. After 10 min, NCS (538 mg,
4.03 mmol) was added in three portions. The reaction was
stirred for 15 min at 0 °C and then allowed to stir at ambient
temperature for 2 h. Solids were present when the flask was
removed from the cooling bath, which subsequently dissolved

upon warming. The yellow homogeneous solution was parti-
tioned between brine and EtOAc. The layers were separated,
and the organic phase washed with brine, dried (Na2SO4), and
the solvent removed to give a residue. The residue was purified
by chromatography (silica, 4 g Redisep Gold, EtOAc–heptane, 0–
55%, 48 CVs) to give the desired product 2-phenyloxazole-4-
sulfonyl chloride (240 mg, 76%) as a solid.
2-Phenyloxazole-4-sulfonyl Chloride (14b, Table 2, entry 1)
1H NMR (400 MHz, CDCl3): δ = 8.40 (s, 1 H), 8.12–8.19 (m, 2 H),
7.52–7.65 (m, 3 H). 13C NMR (101 MHz, CDCl3): δ = 163.5, 144.8,
141.7, 133.7, 132.4, 130.2, 129.1, 128.5, 128.2, 127.3, 125.1. ESI-
HRMS: m/z calcd for C9H6ClNO3S [M + H]+: 243.983; found:
243.9829.
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