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The oxidative amination of functionalized heterocycles has been achieved by using readily available heterocyclic zinc reagents and lithium
amides. Phl(OAc), proved to be a suitable reagent for this oxidative amination.

Heteroaromatics belong to one of the most important classes
of compounds in medicina chemistry.® Especialy amines
containing five-membered heteroaryl groups such as furans,
thiophenes, thiazoles, and pyrazoles are widdly found in both
natural products and drugs.® Wheress the direct amination of
six-membered heterocyclic halides proceeds even uncatalyzed
a high temperatures or high pressure® the amination of five-
membered heteroaromatics has been hampered for along time.
However, due to the work of Buchwald and Hartwig and others
on Pd-catalyzed aminations,*> many functional five- and six-
membered heterocylic amines are nowadays available.®
Nonetheless, these protocols still have some limitations, such
aslong reaction times and the use of strong bases. In addition,
some functional groups such as iodides and bromides are
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not compatible with this Pd-catalyzed amination procedure.
Thus, the development of other mild and general methods
for the amination of heteroaromaticsis still an important goal.

Recently, we have described an oxidative amination of
arylcopper reagents’ starting from organomagnesium re-
agents furnishing primary, secondary, and tertiary amines
using chloranil as an oxidation reagent.® For the oxidative
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amination of heterocyclic copper derivatives obtained by
transmetalation from zinc organometallics, the use of chlo-
ranil was unsatisfactory. Furthermore, the scale-up of such
aminations was difficult with this oxidation reagent. Herein,
we report an oxidative amination reaction starting from
readily available zinc reagents mediated by Phl(OAC),.>*°
We started our investigations on the amination of function-
alized thiazoles. Thiazole derivatives containing an amino
function in position 4 or 5 can be obtained either from
a-thiocyanonitriles™ or via the Cornforth rearrangement.*?

Thus, 2,4-dibromothiazole (1a) was zincated using
(TMP),Zn2MgCl#2LiCI*3 (2, 0.55 equiv; TMP = 2,2,6,6-
tetramethy! piperidyl)* furnishing the diarylzinc compound
3a. This zinc reagent was very stable and did not undergo
halogen dance reactions as is usually the case for electron-
poor heteroarylzinc compounds.’® After the addition of
CuClI-2LiCl (1.1 equiv) the corresponding copper derivative
4a was obtained. Further addition of LiN(SiMes), (2.0 equiv)
afforded the amidocuprate 5a. The subsequent oxidation of
5a using Phl(OACc); (1.1 equiv) provided the thiazole amine
derivative 6a in 82% yield with only traces of the corre-
sponding homocoupling product as byproduct (Scheme 1;
Table 1, entry 1).

A range of thiazoles were aminated in 61—76% yield by
this procedure (Table 1). Thus, the copper derivative 4a was
aso reacted with N-lithium morpholide and N-lithium N’-
methylpiperazide, leading to the tertiary amines 6b and 6¢
in 70% and 61% yield, respectively (Table 1, entries 2—3).
2-Bromothiazole (1b) was aminated with various cyclic and
acyclic amines as well, furnishing the 2-bromothiazole
amines 6d—6f in 63—75% yield (Table 1, entries 4—6).
Using this method, 4-amino thiazoles are aso available.
Thus, the zincation and subsequent transmetalation and
amination of 2-bromo-5-trimethylsilylthiazole (1c) furnished
the tertiary amines 6g and 6h in 73% and 75% yield and the
triarylamine 6i in 76% yield (Table 1, entries 7—9). 2-(Phe-
nylthio)thiazole (1d) was aso successfully aminated, provid-
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Scheme 1. Zincation of 2,4-Dibromothiazole (1a) with
(TMP),Zn (2) Followed by an Oxidative Amination Reaction
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ing the amines 6j—6k in 72—75% yield (Table 1, entries
10—11). These phenylthio thiazoles are useful intermediates
since the phenylthio group can serve as a leaving group in
cross-coupling reactions.™®

We have also applied the method for the amination of other
heteroaromatics, such as benzothiazole (7a), benzofuran (7b),
and 2,5-dibromothiophene (7c). Benzothiazole (7a) was
smoothly zincated at 25 °C using TMP,Zn (2).** Subsequent
oxidative amination with N-lithium morpholide and LiTMP
furnished the tertiary amines 8a,b in 60—73% yield (Table
2, entries 1—-2).

Benzofuran (7b) as well as 2,5-dibromothiophene (7c)
were zincated using microwave irradiation (100 °C, 1 h)*’
followed by an oxidative amination, yielding the correspond-
ing amines 8c—e in 60—70% yield (Table 2, entries 3—5).

Recently, we have reported a novel Mg insertion into
aromatic and heterocyclic bromides and chlorides in the
presence of LiCl and ZnCl,, leading to aromatic and
heteroaromatic zinc organometallics.*® We have applied this
method to the zincation of several heterocycles followed by
an oxidative amination. Thus, 4-bromo-1,3,5-trimethyl-1H-
pyrazole (9a) was treated with Mg turnings (2.5 equiv) in
the presence of LiCl (2.5 equiv) and ZnCl, (1.0 equiv),
furnishing the zinc species 10a. After transmetalation with
CuCl-2LiCl (1.1 equiv) and the addition of lithium N-
diphenylamide (2.0 equiv), the amidocuprate 1la was
obtained. Oxidation of 11a using Phl(OAc); (1.1 equiv) led
to the desired tertiary amine 12a in 70% yield (Scheme 2;
Table 3, entry 1).2°

Other heterocycles such as 9b and 9¢ were also converted
to the corresponding zinc compounds using the previously
described Mg insertion in the presence of ZnCl,.*® These

(16) (a) Egi, M.; Liebeskind, L. S. Org. Lett. 2003, 5, 801. (b) Metzger,
A.; Méelzig, L.; Despotopoulou, C.; Knochel, P. Org. Lett. 2009, 11, 4228.

(17) For microwave accelerated zincations, see: Wunderlich, S.; Knochel,
P. Org. Lett. 2008, 10, 4705.

(18) (a) Piller, F. M.; Appukkuttan, P.; Gavryushin, A.; Helm, M.;
Knochel, P. Angew. Chem., Int. Ed. 2008, 48, 6802. (b) Filler, F. M.;
Metzger, A.; Schade, M. A.; Haag, B. A.; Gavryushin, A.; Knochel, P.
Chem.—Eur. J. 2009, 15, 7192.

(19) The amination sequence of the pyrazole 9a with Li(SiMe3), yielded
the desired TM S-protected amine. However, standard deprotection (TBAF)
resulted in its decomposition.
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Table 1. Oxidative Amination of Various Functionalized
Thiazoles after Zincation with TMP,Zn (2)

Table 2. Oxidative Amination of Various Heterocycles Leading
to Tertiary and Protected Secondary Amines

entry  substrate? amine product yield, %P
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2 The reaction conditions for the metalation with TMP,Zn (2) are given
in parentheses (°C, h). ° Isolated yield of analytically pure product.

zinc reagents were then aminated using the oxidative
amination, yielding the tertiary amines 12b and 12c in 66%
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entry  substrate® amide product yield, %°
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2 The reaction conditions for the metalation with TMP,Zn (2) are given
in parentheses (°C, h). ° Isolated yield of analytically pure product.

Scheme 2. Mg Insertion in the Presence of LiCl and ZnCl, and
Subsequent Oxidative Amination
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and 67% yield (Table 3, entries 2—3). Using this protocol,
we have also prepared various protected secondary amines:
after zincation of the corresponding heteroaromatics 9b and
9c and subsequent oxidative amination, the TBDMS-
protected diarylamines 12d—e were obtained in 60% and
57% yield (Table 3, entries 4—5).

Furthermore, we have found that the previously described
zinc reagents are suitable for large-scal e oxidative amination
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Table 3. Oxidative Amination of Zinc Reagents Obtained by
Magnesium Insertion in the Presence of ZnCl, and LiCl

entry  substrate? amide product yield, %
H]\
Me, Br Me, N~Ph
! )—S/ { LiNPh, 7—5/ )\ 70
N. N,
ﬂ“ Me ,El Me
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N.
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5 9 TBS O n 57
‘NT N
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12¢

2 The reaction conditions for the metalation with TMP,Zn (2) are given
in parentheses (°C, h). ° Isolated yield of analytically pure product.

reactions, regardless if the zinc reagent is formed by
metalation using TMP,Zn (2), by insertion or by addition of
a ZnCl, solution to a preformed magnesium reagent. Thus,
the treatment of 3,5-dibromopyridine (13, 10 mmol) with
iPrMgCI-LiCl provided the corresponding magnesium reagent
14. Subsequent addition of ZnCl, (0.55 equiv) and CuCI-2LiCl
(1.1 equiv) furnished the copper species 15. After the reaction
with lithium N-diphenylamide and Phl(OAc),, the desired
triarylamine 16a is obtained in 88% yield (Scheme 3).

Similarly, the amination of 3,5-dibromopyridine (13) with
lithium N-morpholide furnished the tertiary amine 16b in
71% yield (Table 4, entry 1). In addition, after zincation of
2-bromothiazole (1b) with TMP,Zn (2) the corresponding
zinc species was also smoothly aminated on a 10 mmol scale,
furnishing the desired amines 6l and 6d in 73% and 80%
yield (Table 4, entries 2—3).

We found that the best results were obtained when only
0.55 equiv of ZnCl, was used. Nonetheless, zinc reagents
obtained by magnesium insertion in the presence of ZnCl,
and LiCl,*8 therefore containing 1.0 equiv of ZnCl,, are also
well suited for these larger scale reactions. Thus, the
previously described amination of 9a on a 10 mmol scale
furnished the tertiary amine 12a in 66% yield (Table 4, entry
4; compared to 70% yield on a 1 mmol scale, Scheme 2).
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Scheme 3. Oxidative Amination of 3,5-Dibromopyridine
Mediated by PhlI(OAc), on a 10 mmol Scale
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Table 4. Oxidative Amination of Zinc Reagents on a 10 mmol
Scale

entry substrate amide product yield, %?

Br SN Br
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)
@
z

13 16b
S
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#|solated yield of analytically pure product.

In conclusion, we have developed a new general method
for the amination of readily available heterocyclic zinc
reagents. This procedure for the preparation of functional
amines can be readily scaled up to 10 mmol scale.
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