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ABSTRACT: We report the metalation of the 1,3,4-oxadiazole and 1,24-triazole scaffolds via regioselective zincation or
magnesiation using the TMP bases (TMP = 2,2,6,6-tetramethylpiperidyl) TMP,Zn-2LiCl, TMP,Zn-2MgCl,-2LiCl, TMPMgCI-LiCl,
and TMPZnCI-LiCl under mild conditions in THF. Subsequent trapping with various electrophiles including hydroxylamino

benzoates gives access to functionalized heterocycles while tolerating many functional groups.

S ubstituted five-membered heterocycles such as function-
alized 1,3,4-oxadiazoles and 1,2,4-triazoles are common
structural moieties in pharmaceutical compounds (Figure 1)."
Examples include raltegravir (1)* and maraviroc (2),” which
are used for the treatment of HIV, the iron chelator deferasirox
(3),* as well as alprazolam (4),” which is used in the
medication of anxiety disorders.
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Figure 1. Pharmaceuticals containing a 1,3,4-oxadiazole or 1,2,4-
triazole ring.
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These heterocycles have also been utilized as functional
materials such as electron-transporting, hole-blocking materials
in the construction of organic light-emitting diodes (OLEDs).
Most synthetic approaches toward functionalized 1,3,4-
oxadiazoles and 1,2,4-triazoles involve a late-stage formation
of the heterocycle starting from a properly substituted
precursor.” In consequence, the installation of various
substituents may require multiple precursors, which compli-
cates medicinal screening experiments. Therefore, we envi-
sioned a more general approach involving the metalation of
these scaffolds followed by trapping reactions with electro-
philes. However, the metalation of 1,3,4-oxadiazole has not yet
been reported, and in the case of N-substituted 1,2,4-triazoles,
only the lithiation with BuLi is known from the literature.®

Previously, we have demonstrated that sterically hindered
TMP-magnesium bases (TMP = 2,2,6,6-tetramethylpiperidyl)
such as TMPMgCI-LiCl (5) or TMP,Mg-2LiCl (6) and TMP-
zinc bases like TMPZnCl-LiCl (7), TMP,Zn-2LiCl (8),
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TMP,Zn-2MgCl,-2LiCl (9), or TMPZnOPiv-LiCl (10) allow
the metalation of a range of different heterocycles under mild
conditions while tolerating a variety of functional groups.”
Therefore, we envisioned a selective double functionalization
of 1,3,4-oxadiazole (11) and N-substituted 1,2,4-triazoles (12)
using TMP bases (Scheme 1).

Scheme 1. Stepwise Functionalization of 1,3,4-Oxadiazole
(11) and N-Substituted 1,2,4-Triazoles of Type 12 Using
the TMP Bases 8, 9, and 5“
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Preliminary studies have shown that in the case of 1,3,4-
oxadiazole (11) the freshly prepared base TMP,Zn-2LiCl
(8)'° provided the best results, leadlng to a complete
conversion after 5 min at 25 °C."" The resulting zincated
1,3,4-oxadiazole 13 was subsequently submitted to Negishi
cross-coupling (Scheme 2).'” A mixture of Pd(dba), (3 mol

Scheme 2. Zincation of 1,3,4-Oxadiazole (11) Using
TMP,Zn-2LiCl (6) Followed by Negishi Coupling Leading
to Monosubstituted 1,3,4-Oxadiazoles of Type 14
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%) and XantPhos'® (3 mol %) provided excellent results with a
variety of electron-poor aryl iodides at 25 °C, producing the
desired cross-coupling products 14a—14e, 14h, and 14i in 73—
98% yield. When employing electron-rich aryl iodides,
Pd(PPh;),"* (7.5 mol %) was the best catalyst and afforded
the heterocycles 14f and 14g in 63—90% yield (50 °C, 2 h).
Due to the relatively low reactivity of the intermediate
organozinc species 13, various functional groups were
tolerated, including an ester (14b), a chloride (14c), a nitrile
(14d), an amine (14g), and a nitro group (14h). In addition,
heterocyclic iodides, such as 6-iodoquinoline and 2-iodothio-
phene, have been successfully coupled, providing the hetero-
cycles 14j and 14k in 92% yield.

With the monosubstituted 1,3,4-oxadiazoles of type 14 in
hand, we performed a second metalation using the freshly

prepared base TMP,Zn-2MgClL,-2LiCl (9),'" resulting in a
complete zincation within 20 min at 25 °C (Scheme 3). The

Scheme 3. Zincation of Monosubstituted 1,3,4-Oxadiazoles
of Type 14 Using TMP,Zn-2MgCl,-2LiCl (9) Followed by
Electrophilic Amination Leading to Aminated 1,3,4-
Oxadiazoles of Type 16
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zincated heterocycles 15 were then aminated at 25 °C using
hydroxylamino benzoates'**" in the presence of 15% Cu-
(OTf),, providing a varlety of aminated 1,3,4-oxadiazoles of
type 16 in 54—98% yield."> This sequence proceeded well with
both electron-rich (16b, 16f, 16i, 16j) as well as electron-
deficient (16¢c, 16d, 16h) 1,3,4-oxadiazoles. The scope of
hydroxylamino benzoates was also explored, including reagents
derived from morpholine, diallyl amine, azepane, and
piperazine, leading to the products 16a—16g in 70—98%
yield. In addition, a variety of amines bearing functional groups
such as an ester (16h), a protected ketone (16i—16j), or an
amide (16k) could be prepared in 79—94% yield.

In the case of N-propyl and N-benzyl 1,2,4-triazoles (12a,b),
complete magnesiation was achieved within 30 min at 0 °C
using TMPMgCL-LiCl (5) (Scheme 4). The resulting
magnesiated triazoles of type 17 were trapped with a variety
of electrophiles such as iodine, allylic bromides, benzaldehyde,
and benzoyl chloride, providing the S-substituted 1,2,4-
triazoles 18a—18h in 79—95% yield. In addition, a metalation
with TMPZnCI-LiCl (7) under the same conditions enabled
Pd-catalyzed Negishi cross-couplings with both electron-rich
(18i—18j) as well as electron-poor aryl halides (18k) in 78—
94% vyield. Finally, zincation followed by copper-catalyzed
electrophilic amination with hydroxylamino benzoates derived
from morpholine, nipecotic acid, and sertraline'® led to the S-
aminated 1,2,4-triazoles 181, 18m, and 18n in 70—95% yield.

To prepare fully functionalized 1,2,4-triazoles of type 19,
two approaches have been developed (Scheme S). On one
hand, a double magnesiation of N-propyl 1,2,4-triazole (12a)
was achieved by using an excess of TMPMgCI-LiCl (7, 4.0
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Scheme 4. Metalation of N-Substituted 1,2,4-Triazoles of
Type 12 Using TMPMgCl,-LiCl (S) Followed by
Electrophile Trapping Leading to Functionalized 1,2,4-
Triazoles of Type 18
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TMPZnCl'LiCl (7) and subsequent cross-coupling catalyzed with
5% Pd(OAc), and 10% SPhos. “Zincation using TMPZnCIL-LiCl (7)
and subsequent amination catalyzed with 15% Cu(OTf),.

Scheme 5. Double Functionalization of N-Propyl 1,2,4-
Triazole (12a) Leading to Fully Functionalized 1,2,4-
Triazoles of Type 19
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equiv, 0 °C, 30 min). Subsequent trapping with cyclohexyl
bromide provided the double allylated triazole 19a in 73%
yield. Also, transmetalation to zinc followed by a Negishi cross-
coupling with 4-iodoanisole led to the formation of the double
arylated triazole 19b in 52% yield. On the other hand, a second
metalation of monosubstituted 1,2,4-triazoles of type 18 could
be achieved using TMPMgCI-LiCl (8, 2.0 equiv, 0 °C, 30 min)
or TMPZnCI'LiCl (7, 1.2 equiv, 0 °C, 30 min). This
procedure was used to allylate the 3-amino triazole 181 as
well as to aminate the 3-anisyl triazole 18i, giving access to the
fully functionalized triazoles 19¢ and 19d in 80% and 87%
yield.

Using the N-2-iodobenzyl-protected 1,2,4-triazole 12¢, a
copper-catalyzed cyclization was performed after a zincation
with TMPZnCl-LiCl (7, 1.5 equiv, 0 °C, 30 min, Scheme 6).
The cyclization was completed after 18 h at 40 °C and afforded
SH-[1,2,4]triazolo[5,1-aJisoindole'” (20) in 94% yield.

Scheme 6. Copper-Catalyzed Cyclization of a Zincated
1,2,4-Triazole

Oy

N 2) 20% CuCN-2LiCl
Q\N) 40°C,18h

1) TMPZnCI-LiCl 7 (1.5 equiv)
THF, 0 °C, 30 min

12c, 1.0 equiv 20: 94%

In summary, we achieved the full functionalization of both
1,3,4-oxadiazole (11) as well as 1,2,4-triazoles (12) utilizing
the sterically hindered TMP-magnesium and TMP-zinc bases
TMP,Zn-2LiCl (8), TMP,Zn-2MgCl,-2LiCl (9), TMPMgCl-
LiCl (5), and TMPZnCI-LiCl (7). The metalations were
achieved under mild conditions (0 or 25 °C) in THF, and the
subsequent trappings with various electrophiles, including
electrophilic amination reagents, gave access to substituted
heterocycles while tolerating many functional groups. Further
extensions are currently explored in our laboratories.
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