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Solid-phase organic synthesis (SPOS) is now routinely
used to prepare druglike, small organic molecules in me-
dicinal chemistry programs. This procedure enables the
generation of massive numbers of hit and lead compounds
as part of high-throughput screening technologies.1 Het-
erocyclic compounds are commonly used scaffolds on
which pharmacophores are arranged to provide potent and
selective drugs.2 This is especially true for five-mem-
bered ring heterocyclic compounds, which serve as the
core components of a large number of substances that
possess a wide range of interesting biological activities. In
this family, 1,3,4-oxadiazoles and 1,3,4-thiadiazoles have
been used as “privileged” scaffolds to produce substances
of interest in numerous therapeutic areas, such as antiim-
flammatory,3 antimicrobial,4 anticonvulsant,5 and antihyper-
tensive.6 In addition, these heterocycles serve as intermediates
in the preparation of various biologically important com-
pounds.7

As a result of these applications, 1,3,4-oxadiazole8,9 and
1,3,4-thiadiazole9,10derivatives have been targets of a number
of solution- and solid-phase synthetic studies. However,
preparative methods developed thus far lack diversity, since
they employ different intermediates for the syntheses of the
oxygen- and sulfur-containing compounds. As a part of a
drug discovery effort that required a general method for facile
and rapid solid-phase parallel synthesis of druglike five-
membered heterocycles,11 we developed a new procedure for
the preparation of thiocarbamoylpyrazole and 1,2,4-triazole
derivatives via a dithiocarbazate linker.11d In a recent
investigation, described below, we expanded the utility of
this technique by applying it to efficient solid-phase syntheses
of 1,3,4-oxadiazole and 1,3,4-thiadiazole derivatives. The
process employs an acyldithiocarbazate resin, from which
the respective targets are generated by cyclodehydration or
cyclodesulfurization reactions.12 (Scheme 1)

The sequence used to prepare the acyldithiocarbazate
resins2 (Scheme 2) employs the Merrifield resin1 as a

polymer support. Treatment of1 with carbon disulfide and
various hydrazides in the presence of NaH at room temper-
ature leads to production of the corresponding acyldithio-
carbazate resins2.13 The progress of these reactions was
monitored by measuring (ATR-FTIR) the growth of typical
acyldithiocarbazate infrared bands at 1665 and 1323 cm-1.
To investigate methods for reagent-based, skeletal, diversity-
oriented synthesis of 1,3,4-oxadiazoles or 1,3,4-thiadiazoles,
cyclization reactions of the acyldithiocarbazate resin2a
were investigated by using various reagents, including
EDC‚HCl, DCC, TMSCl,p-TsCl, PPh3, SOCl2, PCl5, and
diphenyl chlorophosphate. The progress of these reactions
was monitored by ATR-FTIR (at 1665 cm-1). The desired
products (5a or 8a) are cleaved from the resins (3a or 6a)
by sequential treatment withmCPBA and NaOH in aqueous
dioxane (producing the sulfone) and piperidine in 1,4-dioxane
at 100°C.

The results of the cyclization reactions of2a are sum-
marized in Table 1. Reactions of the acyldithiocarbazate
resin with EDC‚HCl and DCC both gave 1,3,4-oxadiazole
5aas a major product but in low yield (entries 1 and 2, Table
1), whereas the use of SOCl2 to promote this cyclization
processleads to the 1,3,4-oxadiazole as a major product
with high chemoselectivity (99:1) and a moderate yield
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Scheme 1

Table 1. Results of the Cyclization of the
Acyldithiocarbazate Resin2a

ratio (%)a

entry reagent solvent
temp
°C

time
h 5a 8a

yield
%b

1 EDC‚HCl DMSO 80 24 100 - 23
2 DCC DMSO 80 24 98 2 19
3 SOCl2 CHCl3 80 12 99 1 28
4 p-TsCl/TEA DCE 60 24 98 2 50
5 TMSCl DCE 60 12 1 99 53
6 (PhO)2P(O)Cl DCE 60 12 2 98 51
7 PCl5 CHCl3 80 12 58 42 -
8 PPh3 CCl4 60 12 44 55 -
a Calculated by using LC/MS integrated peak areas of the crude

product mixtures.b Four-step overall yields from the Merrifield resin
1 (loading capacity of the resin1 is 0.94 mmol/g) of the major
products after purification by short-pass chromatography.
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(28%) (entry 3, Table 1). Last, reaction of2a, promoted by
p-TsCl in the presence of TEA in DCE at 60°C, gen-
erates the 1,3,4-oxadiazole in high yield (50%) and high
chemoselectivity (98:2) (entry 4, Table 1). The LC/MS
spectrum of the crude product mixture containing the 1,3,4-
oxadiazole formed in thep-TsCl-initiated process is shown
in Figure 1a.

The 1,3,4-thiadiazole8awas produced in high yield (53%)
and excellent chemoselectivity (99:1) by dehydrative cy-
clization upon treatment of2a with TMSCl in DCE at 60
°C (entry 5, Table 1; see Figure 1b LC/MS spectrum of the
crude product). Similarly, reaction of2a with diphenyl
chlorophosphate also gives8a in high yield (51%) and

chemoselectivity (98:2) (entry 6). However, PCl5 and PPh3
treatment of2a produces8a but with low chemoselectivity
(entries 7 and 8, Table 1).

To explore the diversity of this methodology, various
amines were used to liberate the 1,3,4-oxadiazole and 1,3,4-
thiadiazole (Tables 2 and 3, respectively) derivatives from
functionalized sulfone-containing resin. Cleavage reactions
with amines generally gave desired products in high yields.
Exceptions to this trend are observed with the sterically
hindered amines, such as dibenzylamine.

In summary, an efficient solid-phase method has been
developed for the synthesis of 1,3,4-oxadiazole and 1,3,4-
thiadiazole derivatives. The acyldithiocarbazate resins2,

Scheme 2a

a Reagents and conditions: (a) hydrazides, CS2, NaH, NMP, rt, 12 h; (b) desulfurative cyclization; (c) dehydrative cyclization; (d)mCPBA, 1 N aq
NaOH, 1,4-dioxane, rt, 6 h; (e) R2R3NH, 1,4-dioxane, 100°C, 24 h.

Figure 1. LC/MS spectra of the crude product mixtures, containing5a and8a, from cyclization reactions of2a promoted byp-TsCl and
TMSCl, respectively.
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which serve as key intermediates in this process, are
generated by reaction of the Merrifield resin with hydrazides
and CS2. Cyclization reactions of the resulting resins,
followed by oxidation and treatment with amines, give the
oxadiazole and thiadiazole products, culminating reagent-
based, skeletal diversity-oriented syntheses.
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