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Abstract Efficient S-acylation of thiourea using a variety of acid chlo-
rides is reported. Structurally diverse aryl and alkyl substrates are com-
patible with this methodology. Confirmation that acylation occurs
exclusively on the sulfur atom of thiourea is provided by single-crystal
X-ray crystallographic analysis.

Key words isothiourea, thiourea, organosulfur, sulfur transfer

The thiourea motif is ubiquitous in organic chemistry.
In particular, S-alkyl- and S-aryl isothioureas are widely
employed as precursors to sulfur-containing heterocycles!
such as thiazoles? and thiouracils.? They are also useful in
the preparation of sulfonyl chlorides,* thiols,> sulfides,® di-
sulfides” and guanidines.? The sulfur transfer reagent 3-
mercaptopropionitrile is typically accessed from the corre-
sponding isothiourea derivative.? More recently, S- and N-
substituted thioureas have been incorporated into various
organocatalysts to facilitate asymmetric induction through
hydrogen bonding.!® Interestingly, isobenzofuran-substi-
tuted isothioureas undergo unusual base-mediated thermal
rearrangement reactions to form isoindoles!' while iso-
thiourea-substituted indolones rearrange under similar
conditions to form thiazoles.!? The corresponding benzofu-
ran-2-one analogues likewise rearrange to furnish 1,3-iso-
thiazolidin-4-ones.!?

S-Alkyl and S-aryl thioureas are notable molecules in
their own right. They are known to inhibit a number of en-
zyme systems including nitric oxide synthase (NOS)',
monoamine oxidase (MAQ)'®> and H3 histamine receptors.!6
Their inhibitory effect on multidrug resistant bacterial
strains has also been described.!” Isothioureas have been
found to disrupt biofilm formation in P. aeruginosa.'® Indol-
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Key Features:
— Rapid, quantitiative reaction which avoids chromatographic purification
— 21 structurally diverse examples were synthesised
— Novel analogues of common NSAIDs were prepared by this method

amine 2,3-dioxygenase (IDO), an enzyme that is overex-
pressed in several disease states including cancer, is inhibit-
ed by a range of simple S-alkyl isothioureas.'® Allylic iso-
thioureas have displayed potent antileukemia activity.2°

While the formation of S-alkyl isothioureas is well-
studied,!21¢52021 there remains few systematic studies on
the synthesis of S-acyl derivatives. It has previously been
shown that thiourea reacts quantitatively with acetyl or
benzoyl chloride to form the corresponding acylated
thiourea adducts.?2 However, it was not clear whether sub-
stitution had occurred on the sulfur or nitrogen atoms and
these compounds were not characterised by modern tech-
niques.

Herein, we report an efficient method for the selective
S-acylation of thiourea, and we confirm that acylation oc-
curs exclusively on the sulfur atom. Our method can be ap-
plied to a broad range of substrates, including the non-ste-
roidal anti-inflammatory drugs (NSAIDs) Indomethacin, As-
pirin, Diclofenac and Ibuprofen.

In the course of our studies on sulfur transfer reagents,
we observed the formation of S-benzoyl isothiourea hydro-
chloride (2) on addition of benzoyl chloride (1) to a warm
solution of thiourea in acetonitrile (Scheme 1).

o )J\ (0] NH
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MeCN, 50 °C
1 th 2

Scheme 1 Synthesis of S-benzoyl isothiourea hydrochloride (2)

The reaction proceeded rapidly with instantaneous pre-
cipitation of the product, which was isolated in quantitative
yield without need for further purification. It was subse-
quently found that treatment of thiourea with a range of
aryl-substituted acid chlorides furnished the corresponding
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S-acyl isothioureas 2-9 quantitatively (Scheme 2). The re-
action tolerates aromatic acid chlorides with either elec-
tron-donating or electron-withdrawing substituents. This
route also provides access to more sterically hindered or-
tho-substituted products, such as 4. Evidence that acylation
had occurred exclusively on the sulfur atom, rather than on
either of the nitrogen atoms, was provided by the apparent
equivalence of the chemical shift values for the isothiouro-
nium protons in the 'H NMR spectrum of 2-9. No evidence
for the formation of the N-acylated regioisomers was pres-
ent in the spectra of the crude reaction mixtures. Addition-
ally, recrystallisation of 5 and subsequent single-crystal X-
ray diffraction confirmed that acylation had indeed oc-
curred at the sulfur atom (see the Supporting Information
for details) (Figure 1). The equivalent C-N bond lengths in
S-acyl isothiourea 5 confirm the delocalization of the cation
across the amidine portion of the molecule (Figure 2).
These bond lengths are similar to those of previously de-
scribed alkyl isothiourea 10.2> The S-C-N bond angle is
smaller in 5 than in 10, perhaps reflecting the influence of
the adjacent carbonyl group. The hydrogen bond network
in 5 is constructed through bridging chloride ions via N-
H--Cl hydrogen bonding. Although the quaternary carbon
signal of the isothiouronium group was not always appar-
ent by 3C NMR analysis, extending the relaxation delay
from 1.00 second to 4.00 seconds allowed for the detection
of the isothiouronium carbon in 2 (see the Supporting In-
formation).

c12
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Figure 1 Crystal structure of 5, demonstrating that acylation has oc-
curred at the sulfur atom
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Figure 2 Comparison of bond lengths (in red) and S-C-N bond angles
(in blue) between 5 and 10%

Alkyl- and alkyl-aryl-substituted acid chlorides were
subjected to the same conditions, affording 11-18 in quan-
titative yields (Scheme 3). As part of an ongoing effort in
our laboratory to develop novel anti-inflammatory agents,
we wondered whether this methodology could also be ap-
plied to some common NSAIDs. Diclofenac, Aspirin, Ibupro-
fen and Indomethacin were converted into their corre-
sponding acid chlorides with oxalyl chloride in the presence
of a catalytic amount of N,N-dimethylformamide.?* Addi-
tion of the resultant acid chlorides to a solution of thiourea
in acetonitrile furnished NSAID derivatives 19-22, again in
quantitative yields, with no apparent difference in reactivi-
ty (Scheme 4).
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Scheme 2 Preparation of aryl-substituted S-acyl isothioureas 2-9%

In conclusion, a method for the facile synthesis of S-acyl
isothioureas has been described. The reactions proceed
quantitatively, and the resulting solids are isolated without
the need for further purification. We have shown that acy-
lation occurs exclusively on the sulfur atom through crys-
tallographic analysis. Several common NSAIDs were con-
verted into their S-acyl isothiourea derivatives using this
approach.
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Scheme 3 Preparation of alkyl and aryl-alkyl derivatives 11-182°
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Scheme 4 Preparation of NSAID derivatives 19-2223
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Representative Examples:
S-(3-Methoxybenzoyl)isothiouronium Chloride (5)

Mp 166-168 °C (MeCN).

TH NMR (400 MHz, DMSO-dg): & = 3.80 (s, 3 H, OCH,), 7.19 (dd,
J=28.15,1.83 Hz, 1 H, ArC(2)H), 7.39-7.44 (m, 2 H, overlapping
ArC(6)H and ArC(3)H), 7.53 (d, J = 8.15 Hz, 1 H, ArC(4)H), 9.62
(bs, 4 H, NH,=C-NH,). 13C NMR (100 MHz, DMSO-dg): & = 55.2,
113.8, 118.9, 121.5, 129.7, 132.1, 159.2, 167.1. IR (KBr): 3329,
3281, 3163, 3085, 2954, 2836, 1697, 1609, 1583, 1526, 1470,
1420, 1311, 1293, 1267, 1051, 755 cm!. HRMS (ESI*): m/z
calcd. for CoH;;N,0,5*: 211.0536; found: 211.0528. Anal. Calcd.
for CoH;N,0,CIS: C, 44.00; H, 4.10; N, 11.40; Found: C, 44.31; H,
418; N, 11.71.

S-(Decanoyl)isothiouronium Chloride (14)

Mp 115-117 °C (MeCN).

'H NMR (400 MHz, DMSO-ds): & = 0.86 (t, J = 7.51 Hz, 3 H,
CH5(10)), 1.24 (m, 12 H, CH,(9-4)), 1.46-1.50 (m, 2 H, CH,(3)),
2.18 (t,J = 7.88 Hz, 2 H, CH,(2)), 9.18 (bs, 4 H, NH,=C-NH,). 13C
NMR (100 MHz, DMSO-dg): 6 = 13.9, 22.1, 24.5, 28.5, 28.6, 28.7,
31.2, 33.6, 174.5. IR (KBr): 3385, 3261, 3175, 3031, 2822, 2859,
1748, 1676, 1427, 732cm'. HRMS (ESI*): m/z calcd for
Ci1H,3N,0S: 231.1531; Found: 231.1536. Anal. Calcd for
Ci1H,3N,0CIS: C, 49.52; H, 8.69; N, 10.50; Found: C, 49.18; H,
8.75; N, 10.71.

Indomethacin Analogue 21

Mp 168-171 °C (MeCN).

TH NMR (400 MHz, DMSO-dg): & = 2.22 (s, 3 H, ArCH;), 3.67 (s,
2 H, CH,), 3.76 (s, 3H, OCHs), 6.72 (dd, J = 8.18, 1.33 Hz, 1H,
C(6)H),6.92 (d,] =8.18 Hz, 1 H, C(7)H), 7.05(d,J = 1.33 Hz, 1 H,
C(4)H). 7.64-7.70 (m, 4 H, Ar(2', 3", 5" and 6')H). 13C NMR (100
MHz, DMSO-dg): 6 = 13.2, 29.5, 55.4, 101.7, 111.3, 113.4, 114.6,
116.5, 129.0, 130.2, 130.71, 131.1, 134.1, 135.1, 137.6, 155.5,
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167.8, 172.0. IR (KBr): 3332, 3312, 2952, 1727, 1687, 1657,
1482, 1308, 1227, 1047, 792 cm™'. HRMS (ESI*): m/z calcd for
C,0H;9CIN;055*: 416.0830; Found: 416.0851. Anal. Calcd for
CyoH14CLN505S: C, 53.10; H, 4.23; N, 9.29; Found: C, 53.33; H
4.29; N, 9.45
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