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ABSTRACT

A novel approach to the synthesis of substituted 5-amino- and 3-amino-1,2,4-thiadiazoles beginning from a common precursor has been
achieved. Derivatization by palladium-catalyzed Suzuki-Miyaura coupling enables the rapid preparation of analogs around this pharmaceutically
relevant core. FMO calculations rationalize the observed chemoselectivity for coupling at chlorine.

As part of a program aimed at the identification of allosteric
modulators of the calcium sensing receptor, we became
interested in the preparation of 3-aryl-5-amino-1,2,4-thia-
diazoles as metabolically stable replacements of a 2-amino-
4-aryl-thiazole moiety (eq 1). 2-Amino-thiazoles without
blocking substituents at C-5 can undergo oxidation in ViVo
to generate potentially toxic reactive epoxide metabolites.1

Despite the presence of the 5-amino-3-substituted-1,2,4-
thiadiazole and the isomeric 3-amino-5-substituted-1,2,4-

thiadiazole in potential pharmaceuticals2 and cytotoxic
natural products3 (Figure 1), there is a dearth of methods
available for the rapid synthesis of analogs.4 The most
efficient of these methods requires the use of amidine and
isothiocyanate intermediates (eq 2).5,6 For our purposes,
access to the unfunctionalized 3-aryl-5-amino-1,2,4-thiadia-
zoles was required (R ) H, eq 2). We envisaged a
complementary method that would obviate the need for
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amidines and isothiocyanates by starting with the thiadiazole
intact and then functionalizing the nucleus as necessary (eq
3). By taking advantage of the broad functional group
tolerance of the Suzuki-Miyaura coupling,7 it would be
possible to efficiently prepare analogs.

A singular example from the patent literature suggested that
such an approach was feasible.8 The coupling of 5-amino-3-
bromo-1,2,4-thiadiazole9 to phenyl boronic acid using the
conditions reported gave only trace amounts of the desired
product, however (Table 1, entry 1). Examination of a suite of

catalysts under varying conditions gave uniformly disappointing
results (entries 2-5). Of these catalysts, Pd(PtBu3)2 stood out
as the best. Interestingly, the use of wet dioxane improved yields
slightly (entry 6). We suspected that the unprotected amino
group was responsible for the reduced yields10,11 and investi-
gated a strategy of temporarily protecting the amino group
as a t-butyl carbamate.12 Such protected thiadiazoles improved
reactivity (entry 7). A scan of basic additives indicated that reducing
the base strength also enhanced the yield slightly (entry 8). Finally,
the use of a phosphine analog of PtBu3 improved coupling to
synthetically useful levels (entry 9).13

With our optimized conditions in hand we explored coupling
with a variety of boronic acids and esters14 (Table 2). Results
demonstrate some dependence of reaction yield on the electron
richness of the boronic acid component (entries 1-3). Some
heteroaryl boronic esters are tolerated (entries 4, 9, and 10) and
mild steric crowding at the bononic acid is possible (entry 6).
3- and 4-Pyridylboronic acids, as well as 2,6-dimethylphenyl-
boronic acid, are not viable coupling partners, however.
Nonbasic N-H groups do not adversely impact yield (entries
1, 2, and 5). Alkenyl boronates work well (entries 7-8), but
aliphatic boronates do not.15 Deprotection of the t-butyl car-
bamate products is achieved under standard conditions (eq 4).
In the case of the N-t-butyl sulfonamide, it is possible to
selectively remove the Boc protecting group (eq 5).

Figure 1. Representative amino-1,2,4-thiadiazoles in natural prod-
ucts and potential pharmaceutical agents.

Table 1. Optimization of Reaction Conditionsa

entry -R X mol % cat base solvent yield

1b -H 5% Pd(PPh3)4 K2CO3 aq. CH3CN 175 °C, µW tracec

2 -H 20% Pd(PPh3)4 Cs2CO3 Dioxane 80 °C tracec

3 -H 20% Pd(PtBu3)2 Cs2CO3 Dioxane 80 °C 8%d

4 -H 4% Pd2(dba)3 8% XPhos K3PO4 1-Butanol 100 °C NDc

5 -H 20% PdCl2(DPPF) Cs2CO3 Dioxane 80 °C tracec

6 -H 20% Pd(PtBu3)2 Cs2CO3 aq. Dioxane 80 °C 13%d

7 -CO2
tBu 5% Pd(PtBu3)2 Cs2CO3 aq. Dioxane 80 °C 27%e

8 -CO2
tBu 5% Pd(PtBu3)2 CsF aq. Dioxane 80 °C 33%e

9 -CO2
tBu 5% PdCl2{PtBu2(p-NMe2-C6H4)}2 CsF aq. Dioxane 80 °C 68%e

a Reaction time (8-16 h), aqueous solvent denotes 10% H2O. b Reaction time (15 min). c As determined by LCMS monitoring using UV detection at
254 nM. d Complete conversion, isolated yield, see footnote 11. e Incomplete conversion, yield estimated by integration of 1H NMR from purified mixture
containing product and unreacted bromide.
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As an alternative to coupling the problematic 3-bromo-
5-amino-1,2,4-thiadiazole, we explored the possibility of
performing a chemoselective coupling on the parent 3-bromo-

5-chloro-1,2,4-thiadiazole. The sequential selective cross-
coupling of such polyhalogenated heterocycles has emerged
as an efficient strategy for the construction of polysubstituted
heterocycles.16 Our prediction was that reaction should occur
at the C-3 bromide exclusively. However, upon using the
optimized conditions developed previously, the product of
selectiVe coupling at the C-5 chloride was obserVed (Table
3, entry 1).17 Further investigation of the reaction with a

diverse set of boronic acids and esters confirmed this
selectivity.18 Coupling is possible with electron-rich and
-poor boronic acids (entry 2 vs 3). The presence of nonbasic(6) Other efficient methods: (a) Martin, D.; Graubaum, H.; Kulpe, S. J.
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J.G.;Pattabiraman,K.;Seierstad,M.;Xiao,W.U.S.PatentUS20070004741A1,
2007.
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(11) Heating the unprotected 5-amino-3-bromo-1,2,4-thiadiazole in the
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Table 2. Suzuki-Miyaura Couplings of tert-Butyl
3-Bromo-1,2,4-thiadiazol-5-ylcarbamatea

a Reaction conditions: thiadiazole bromide (1.0 equiv), boronic acid or
boronate (1.3 equiv), CsF (2.1 equiv), 10% aqueous 1,4-dioxane (3 mL/
mmol thiadiazole), scale (1-6 mmol thiadiazole), reaction time (6 h).
b Isolated yield based on an average of two runs. c Pd cat (8 mol %) was
used and reaction heated to 90 °C for 16 h.

Table 3. Suzuki-Miyaura Couplings of 3-Bromo-5-chloro-
1,2,4-thiadiazolea

a Reaction conditions: thiadiazole (1.0 equiv), boronic acid or boronate
(1.2 equiv), CsF (2.0 equiv), 10% aqueous 1,4-dioxane (5 mL/mmol
thiadiazole), scale (2 mmol thiadiazole), reaction time (16 h). b Isolated
yield based on an average of two runs. c Conditions changed: thiadiazole
(1.75 equiv), boronic acid (1.0 equiv), see ref 18.
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N-H functionality is not deleterious (entries 4-5). Mono-
substitution ortho to the boronic acid is tolerated (entry 6)
and alkenyl boronic esters are viable coupling partners (entry
7). Lastly, weakly basic heterocyclic boronic acids may be
used, but the yield is reduced (entry 8). Coupling with
unsubstituted 3- or 4-pyridylboronic acids was ineffective.

The 3-bromo-5-substitued-1,2,4-thiadiazoles are versatile
intermediates readily affording access to other derivatives.19

For our purposes, however, preparation of the regioisomeric
3-amino-5-substituted-1,2,4-thiadiazoles20 would complete
the investigation. To this end, treatment of the 3-bromo-5-
substitued-1,2,4-thiadiazoles with LHMDS affords the ami-
nated derivatives (eq 6).

While chemoselectivity in cross-coupling reactions nor-
mally follows the pattern of C-I > C-Br > C-Cl, there
are rare examples when that trend is broken.21 Houk and

co-workers have invoked the analysis of the frontier mole-
cular orbitals (FMO) to explain chemoselectivity in the cross-
coupling of polyhalogenated heterocycles.22 The key interac-
tion determining selectivity is the magnitude of a stabilizing
π* LUMO - Pd dxy HOMO secondary orbital interaction.
Mapping of the LUMO for 3-bromo-5-chloro-1,2,4-thiadia-
zole identifies a π* LUMO at the 5-position (Figure 2), thus
validating the observed selectivity.23

In summary, the serendipitous discovery of preferential
cross-coupling at the chloride of 3-bromo-5-chloro-1,2,4-
thiadiazole has enabled the delineation of a convenient
protocol for the expeditious synthesis of both 3-substituted-
5-amino- and 3-amino-5-substituted-1,2,4-thiadiazoles from
this common starting material. These intermediates should
find utility as synthons for the preparation of medicinally
relevant agents. In addition, the current methodology comple-
ments existing technologies for the construction of 3-sub-
stituted-5-amino-1,2,4-thiadiazoles. Finally, results from
these investigations reinforce the use of FMO analysis in
predicting chemo/regioselectivity for the cross-coupling of
polyhalogenated heterocycles.
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Figure 2. High level ab initio calculations showing the π* LUMO
of 3-bromo-5-chloro-1,2,4-thiadiazole.
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