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Product-Derived Bimetallic Palladium Complex Catalyzes Direct

Carbonylation of Sulfonylazides
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Abstract: A novel product-derived bimetallic palladium com-
plex catalyzes a sulfonylazide-transfer reaction with the o-
donor/m-acceptor ligand CO, and is advantageous given its
broad substrate scope, high efficiency, and mild reaction
conditions (atmospheric pressure of CO at room temperature).
This methodology provides a new approach to sulfonylureas,
which are present in both pharmaceuticals and agrochemicals.
The synthesis of Glibenclamide on a gram scale further
revealed the practical utility of this procedure. Mechanistically,
the generation of a bridged bimetallic palladium species
derived from the product sulfonylurea is disclosed as the
crucial step for this catalytic cycle.

Selective transition-metal-catalyzed C—N bond formation
via a nitrene has attracted considerable attention because of
its high synthetic value in the construction of diverse N-
containing compounds.'! The recently developed procedure
using organic azides as nitrene precursors does not require
any external oxidant and releases N, as the only byproduct. In
particular, commercially available and air-stable sulfonyl-
azides have played an important role in achieving the concise
synthesis of N-substituted sulfonyl amides. To date, these
transformations are usually catalyzed by Rh, Ir, Ru, Fe, Co,
etc.,”! with either noble metals or complicated and sensitive
ligands (Scheme 1). In contrast, palladium complexes, which
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Scheme 1. A palladium-catalyzed carbonylation of sulfonylazides to
synthesize sulfonylureas.
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serve as common catalysts for various cross-coupling reac-
tions,”) have rarely been used in the transformation of
sulfonylazides. The palladium-catalyzed coupling reactions
between carbenes/nitrenes with o-donor/m-acceptor ligands,
however, has grown remarkably in recent years. Palladium-
catalyzed carbene-transfer reactions with CO, alkynes, and
isocyanides to form ketenes, allenes, and ketenimines, respec-
tively, have been well developed.! However, a direct palla-
dium-catalyzed nitrene-transfer strategy with a o-donor/m-
acceptor ligand, which also represents a synthetically valuable
method for introducing nitrogen moiety to unsaturated
systems, has not been well explored.”! To the best of our
knowledge, palladium-catalyzed carbonylation of sulfonyl-
azides has scarcely been reported. Thus, we have paid much
attention to palladium-catalyzed cross-coupling reactions of
sulfonylazides with CO, an approach which would provide
a potential strategy to access sulfonyl isocyanate, a key
intermediate to sulfonylurea derivatives.

Sulfonylurea derivatives are common structural motifs
in pharmaceuticals’® and agrochemicals.”! The traditional
method to access sulfonylureas is the reaction of sulfamides
with phenyl carbamates, and it produces much waste.”®! Other
approaches include the coupling of either alkyl isocyanates
with sulfamides,” or sulfonyl isocyanates with amines,'” both
of which require the use of phosgene. In addition, the former
approach is unsatisfactory because of the weak nucleophilic-
ity of sulfamides, whereas the latter approach is also limited
because of the difficulty in synthesizing sulfonyl isocyanates.
An alternative strategy to accessing sulfonyl isocyanates by
transition-metal-catalyzed carbonylation of sulfonyl nitrenes
has also been explored."!! However, harsh reaction condi-
tions, such as a high pressure of CO, substrate restrictions, and
unavoidable formation of 1,3-disulfonylurea as a byproduct
limit its application. Herein we describe a Pd(OAc),-cata-
lyzed direct carbonylation of sulfonylazides under the atmos-
pheric pressure of CO at room temperature, as well as tandem
reactions with amines which afford sulfonylureas with unex-
pected excellent yields. Notably, mechanistic studies sug-
gested that the sulfonylurea product itself serves as a ligand
which bridges a bimetallic palladium species, thus forming the
real catalyst in the transformation.

At the outset of our study, a reaction between TsN; (1a;
Ts = 4-toluenesulfonyl) and morpholine (2a) was surveyed in
the presence of 1mol% Pd(OAc), under a CO (1 atm)
atmosphere in MeCN at room temperature. To our surprise,
the sulfonylurea 3aa was isolated in nearly quantitative yield.
Further investigation of the reaction conditions!'” revealed
that this reaction gives comparable yields in MeCN, THF, and
PhMe, whereas high-polarity solvents such as DMF afforded
poor yields. Comparison experiments showed that Pd(OAc),
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is the best catalyst. Furthermore, this carbonylation carried
out directly from TsCl (4a) in a one-pot fashion also
succeeded. After carefully optimizing the reaction condi-
tions,"? it was found that such a one-pot process could be
achieved in up to 93% yield when 1.3 equivalents of NaNj;
was used and 5.0 equivalents of H,O was added [Eq. (1)].

Pd(OAc), (1 mol%)
0, © H CO balloon
NaN3 (1.3 equiv)

S N
Cl + )
/©/ [Oj HO (5 equw) MeCN /©/ K/O

4a 2a 3aa 93% yield (isolated)

With the optimized reaction conditions in hand, the one-
pot reaction to produce sulfonylureas were evaluated. First,
an array of functionalized sulfonyl chlorides (4) with aniline
(2b) was subjected to this reaction (Table 1). To our delight,

Table 1: Substrate scope of the sulfonyl chlorides 4 and 2b.1!

Pd(OAc); (1 mol%)
CO balloon

0o
o, .0 NaNj3 (1.3 equiv) O\S,/O )J\
8L, * PANHy ————————— "5\ -Ph
R" CI H,O (5 equiv), MeCN H H
4 2b RT 3
3abR2=p-Me  98% 3gbR?= p-CF; >98%
[oNY j’\ 3bbR2=H 98% 3hbR2= p-NHAC  98%
AN S\N N-PN3cbR?= p-OMe 91% 3ib R?= p-NO,  >98%
RZ.—/ H H 3dbR?2=p-Cl  >98% 3jb R2= 0-NO, >98%
3eb R? = p-Br 98% 3kb R?=m-NO, 94%
3fbR = p-F 98%
o, 0 9 o, 0 9
s oo
\NJ\N,Ph < S\NJKN,Ph
H H \g " H
3Ib 98% 3mb 96%
0,00 .
0,0 0 0,00 5§ IR
s’ °s? nBu” NN
@\/S\HXN,Ph Me” HJJ\N,Ph NN
H

3pbR®=H, >98%

3nb 86% 3ob >98% 3pdR3=Cl, 97%

[a] Reaction conditions: 4 (0.4 mmol), 2b (0.48 mmol), Pd(OAc),
(4 umol), NaN; (0.52 mmol), H,O (5 equiv) in MeCN (4 mL) under CO
balloon at room temperature. Yield of isolated products.

not only did aryl sulfonyl chlorides bearing an electron-
withdrawing group give excellent results (3gb, 3ib-kb), but
those bearing an electron-donating group also gave greater
than 90% yields (3ab,cb). The reactions with the sulfonyl
chlorides bearing substituents at different positions of the
aromatic ring all gave greater than 90 % yields (3ib, 3jb, and
3kb). Importantly, halogen substituents were well-tolerated
(3db—fb). Other arenes such as naphthalene and thiophene
sulfonyl chlorides also worked very well (31b and 3mb).
Finally, benzyl- and alkyl-substituted sulfonyl chlorides also
gave greater than 85% yields (3nb-pd).

The scope with respect to the amines (2) was then
examined (Table 2). Similarly, both electron-donating and
electron-withdrawing substituents on the aniline ring gave
mostly greater than 95% yields (3ab, 3ac, 3ag-aj). Halo-
genated amines, especially bromo- and iodo-substituted
amines, which could easily undergo oxidative addition with
a palladium species, gave 95-97 % yields (3ad-af). Sterically
hindered amines, such as 2,4.6-trimethylaniline (3al) and

www.angewandte.de

Zuschriften

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

dte

Chemie
Table 2: Substrate scope of 4a and the amines 2.
Pd(OAC), (1 mol%)
0.0 CO balloon 0,0 9
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[a] Reaction conditions: 4a (0.4 mmol), 2 (0.48 mmol), Pd(OAc),

(4 umol), NaN; (0.52 mmol), H,O (5 equiv) in MeCN (4 mL) under CO
balloon at room temperature. Yield of isolated product. [b] This reaction
was carried out at 80°C.

tBuNH, (3as), also led to greater than 98 and 94 % yields,
respectively. When amines were substituted by functional
groups such as carbonyl (3ai), ester (3aj), alkynyl (3ar), even
borate (3ak), the reaction yields were all above 94 %.
Notably, 4,6-dimethoxypyrimidin-2-amine (3an) and 4-
ethyl-6-methoxy-1,3,5-triazin-2-amine (3ao0), the core struc-
ture in most sulfonylurea herbicides,”! both gave 90 % yield.
In addition, fused rings (3am), benzyl amines (3aq), alkyl
amines (3ar-3at), secondary amines (3aa, 3au), and diamines
(3ap) all furnished greater than 90 % yields.

Having revealed high efficiency to construct sulfonyl-
ureas, we assessed the potential of this reaction for synthesiz-
ing nitrogen-containing biologically active molecules in more
complex scaffolds. The application of this strategy towards
Glibenclamide (9), an antidiabetic drug, was investigated
(Scheme 2). Starting from 2-phenylethanamine (5), Gliben-
clamide was synthesized in four steps and 70 % overall yield.
The key step, Pd(OAc),-catalyzed carbonylation of the
sulfonylazide 8 with cyclohexylamine, has been studied on
a gram scale, thus giving greater than 98 % yield. Addition-
ally, an alternative route which introduces the sulfonylazide
group prior to building the benzoyl amide moiety also
succeeded.!

With the unexpected excellent yields and splendid uni-
versality of this palladium-catalyzed sulfonylazide formation,
mechanistic studies were performed to further understand the
key factors. In previous reports, Besenyei and co-workers
synthesized and characterized bimetallic palladium sulfonyl
nitrenes ([Pd,Cl,(dppm),(u-NSO,Ar)]) from ArSO,N;,™ but
further transformation had not been achieved. Nonetheless,
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Scheme 2. Synthesis of Glibenclamide.

based on their results and other reports about bimetallic
nitrene complexes, ™ it is possible that a bridged bimetallic
palladium species may be a part of this carbonylation process.
Pd(OAc),, the best catalyst in our reaction, is also a common
palladium species used in bimetallic Pd"/hypervalent Pd
catalytic cycles."!

Control experiments were carried out to compare the
activity of different anions (Table 3). When Pd(OAc), was
used as the catalyst, or PACl, with a NaOAc/AgOAc additive,
the reactions all afforded excellent yields (entries 1 and 3).

Table 3: Effect of different anion ligands."

O 0 catalyst 0,0 9
_ COballoon _ 387 Jl\
o E J weon LY
o
1a 3aa
Entry®  Cat. (5mol%)  Additive (equiv) Yield [%]"!
1 Pd(OAc), - >98
2 PdCl, - trace
3 PdCl, NaOAc (0.1) or AgOAc (0.1) >98
4 PdCl, PhCONHnBu (0.1) trace
5 PdCl, TsNHnBu (0.1) 74
6 PdCl, Succinimide (0.1) 64
7 PdCl, o-phthalimide (0.1) 73
8 PdCl, H,L" (0.1) 85

[a] Reaction was carried out with 1.0 equiv of 1a, and 1.2 equiv of 2a.
[b] Yields were determined by 'H NMR spectroscopy using mesitylene as
an internal standard. [c] H,L' = N-(mesitylcarbamoyl)4-methylbenzene-
sulfonamide (3al).

However, PdCl, alone was found to be ineffective (entry 2).
Besides an O,0-donor bridging ligand OAc™, different types
of N,0O-donor and N,N-donor anions were further evaluated
(entries 4-7). Normal amides, PhCONH#nBu, only gave trace
product, while the sulfonylamide TsNH#nBu gave 74 % yield.
Succinimide and o-phthalimide are effective additives
(entries 6 and 7). When the sulfonylurea product H,L'
(3pd) was used as the additive, the reactions also gave good
yields (85%, entry8). This observation suggests that the
bridged bimetallic palladium species may be key to this
transformation. It is also envisioned that the product sulfo-
nylurea, which can serve as a bridging ligand, plays an
important role.
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To investigate the interaction of sulfonylurea and Pd-
(OAc),, HRMS studies of different mixtures of Pd(OAc),
with typical sulfonylureas were performed (see the Support-
ing Information for details). When sulfonylureas from
a primary amine (H,L) were used, the bimetal complexes
[Pd,L',(MeCN),] were observed. For example, [Pd,L',-
(CH5CN),H]" was found (calculated: 957.07593, found:
957.07817) in the mixture of Pd(OAc), with H,L' in MeCN.
Additionally, when performed in [D;]MeCN, the correspond-
ing [Pd,L',(CD;CN),H]" could also be found (calculated:
963.11359, found: 963.11305). These results suggested that di-
sulfonylurea bridged bimetallic palladium was the real active
palladium species in the mixture.

Further NMR studies!"”! also suggested that the acetate of
Pd(OAc), was replaced by H,L'. In Figure 1 a, the shifts of C,
and C,; of acetate were 0 =20.8 and 172.7 ppm, respectively,
nearly the same as those of HOAc (6 =20.8 and 174.6 ppm),
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Figure 1. a) *C NMR spectra of HOAc, Pd(OAc),, H,L' (3al), and a 1:1
mixture of H,L' (3al) and Pd(OAc), in [D;]MeCN at 25°C. b) Rate
curve of the reactions between TsN; (1a) and different amines (2)and
the reactions between 1a and 2a with either Pd(OAc), or [Pd,L',-
(CH5CN),] as the catalyst.

but not Pd(OAc), (0 =22.8 and 189.4 ppm). These results
illustrate that acetate disassociates from the palladium center
when Pd(OAc), was mixed with H,L'. Notably, the signal of
the sufonylurea carbonyl group, Ci, in the [Pd,L',(MeCN),]
complex was 0 =163.2 ppm, 13 ppm downfield from that of
the signal of H,L' (0=150.4 ppm). Additionally, in the
"HNMR study, the signal of the active protons of the
sufonylurea disappeared upon mixing. It is another indication
that the sulfonylurea bridged two palladium atoms. The
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sulfonylurea-bridged palladium could be an N,O-donor form
or an N,N-donor form, and the NMR analysis suggested that
the N,0-donor form would be dominant [Eq. (2)].'") How-

R? 0,8—R! 0,5—R!
N—Pd—N R®  o—pd—N
o="" ¢ =0 N=CT 5 =N @
N—Pd—N N—Pd—0 R2
R'-s0, iz R? R-so, iz
z [Pd,Lo(MeCN),], z

L = sulfonylurea anion, Z = MeCN

ever, for the sulfonylurea 3aa, derived from the secondary
amine morpholine (2a), the NMR spectrum of the mixture of
sulfonylurea and Pd(OAc), was no different from that of the
free sulfonylurea. In addition, when mixing Pd(OAc), with
3aa and 3al together, only the change of 3al could be found
(see the Supporting Information for details).

To further understand the role of the product sulfonylurea
itself in the reactions, relative rates of the reactions between
1a and different amines were studied (Figure 1b). Regardless
of whether PhNH, (2b), p-MeOC¢H,NH, (2¢), p-CIC;H,NH,
(2d), or MesNH, (21) were used, the conversions were
completed in 40 minutes. The rate of the reaction of bulky
alkyl amine rBuNH, (2s) was also faster, up to 98% in
35 minutes. However, the reaction the secondary amine 2a
gave only 42 % product after 1 hour, and required more than
1.5 hours to complete. These results do not accord with the
nucleophilicity of different amines.'¥! Together with the
above investigation of the interaction of sulfonylurea and
Pd(OAc),, one reasonable explanation was that the presence
of different sulfonylurea products would affect the rate of
TsNCO formation. Then we further studied relative rates of
the reactions of 2a with only Pd(OAc), and using sulfonylurea
H,L' as the additive. Clearly, the reaction proceeded at
a much quicker rate when the catalyst was changed from
Pd(OAc), to [Pd,L',(MeCN),]. It was complete in 40 minutes,
the same as other reactions performed in Figure 1b. This data
is important evidence that the sulfonylureas from primary
amines are superior to the acetate ligand in terms of
coordination to palladium, that this product-bridged palla-
dium species, which has higher reactivity, is the real active
catalyst in sulfonylazide carbonylation with primary amines.

Based on the above investigations and other reports of
discrete late-metal nitrenes with CO to give isocyanates, ™
a possible reaction mechanism was proposed (Scheme 3).
Initially, the insitu generated sulfonylurea product (from
primary amines) combined with Pd(OAc), in the presence of
CO to produce a MeCN/CO-coordinated bimetallic palla-
dium complex in the N,N-donor form A, or N,O-donor form
A’, which was suggested as the real active catalyst in this
reaction. Then, reaction of A/A’ with the sulfonylazide took
place along with dinitrogen extrusion to afford the bimetallic
palladium nitrene complex B. Subsequently, insertion of the
o-donor/m-acceptor ligand CO into the palladium nitrene
complex C to produce the sulfonyl isocyanate D with the
regeneration of A/A’. Finally, nucleophilic addition of the
amine component furnishes sulfonylurea as the final product.

In summary, we have developed a novel palladium-
catalyzed nitrene-transfer reaction of sulfonylazides with
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Scheme 3. Proposed mechanism.

CO. The reactions are operationally simple and proceed
smoothly under mild reaction conditions to afford highly
functionalized sulfonylureas in outstanding yields, thus dem-
onstrating broad applications in both pharmaceuticals and
pesticides. The gram-scale preparation exhibited nearly
quantitative yield, and the synthesis of Glibenclamide
revealed the promising implementation of our methodology
in total synthesis. In addition, mechanistic studies as well as
NMR spectroscopy, HRMS, and control experiments provide
evidence to support the presence of a bridging ligand as key to
this reaction. Furthermore, the bimetallic palladium species
derived from the product sulfonylurea is superior to Pd-
(OAc),, and is the real active catalyst during the carbon-
ylation. This work amply demonstrates that palladium-
catalyzed reactions of sulfonylazides show great potential in
the synthesis of functionalized nitrogen-containing com-
pounds, and bridged bimetallic palladium species may play
an important role for palladium nitrene generation from
sulfonylazides.

Acknowledgments

This project is supported by the National Natural Science
Foundation of China (No. 21302219), Chinese Universities
Scientific Fund (2014RC009), National S&T Pillar Program
of China (2015BAK45B01), and Beijing National Laboratory
of Molecular Sciences (BNLMS). We thank Prof. Zhiyuan
Zhang and Huan Sun of National Institute of Biological
Sciences (Beijing) for LC-MS analysis support. We appreciate
Dr. Yiyang Liu of University of Michigan for correcting this
manuscript. We also acknowledge Prof. Jianbo Wang, Prof.
Fanyang Mo, and Dr. Di Qiu of Peking University for helpful
discussion.

Keywords: azides - carbonylation - palladium -
reaction mechanisms - structure elucidation

How to cite: Angew. Chem. Int. Ed. 2016, 55, 5545-5549
Angew. Chem. 2016, 128, 5635-5639

Angew. Chem. 2016, 128, 5635-5639


http://www.angewandte.de

GDCh
~~

[1] a) S. Brise, K. Baner, Organic Azides: Syntheses and Applica-
tions, Wiley-VCH, Weinheim, 2010; b) S. Brise, C. Gill, K.
Knepper, V. Zimmermann, Angew. Chem. Int. Ed. 2005, 44,
5188-5240; Angew. Chem. 2005, 117, 5320-5374; ¢)T. G.
Driver, Org. Biomol. Chem. 2010, 8,3831-4028; d) G. Dequirez,
V. Pons, P. Dauban, Angew. Chem. Int. Ed. 2012, 51,7384 —7395;
Angew. Chem. 2012, 124, 7498 -7510; e) L. Daniela, Z. Paolo, C.
Alessandro, G. Emma, Chem. Commun. 2014, 50, 11440-11453;
f) K. Shin, H. Kim, S. Chang, Acc. Chem. Res. 2015, 48, 1040 -
1052.
For examples, see: a) Y. Liu, C.-M. Che, Chem. Eur. J. 2010, 16,
10494-10501; b) H. Lu, H. Jiang, H. Wojtas, X. P. Zhang,
Angew. Chem. Int. Ed. 2010, 49, 10192-10196; Angew. Chem.
2010, 722, 10390-10394; c) M. Ichinose, H. Suematsu, Y.
Yasutomi, Y. Nishioka, T. Uchida, T. Katsuki, Angew. Chem.
Int. Ed. 2011, 50, 9884 —-9887; Angew. Chem. 2011, 123, 10058 -
10061; d) J. Y. Kim, S. H. Park, J. Ryu, S. H. Cho, S. H. Kim, S.
Chang, J. Am. Chem. Soc. 2012, 134,9110-9113; ¢) M. R. Yadav,
R. K. Rit, A. K. Sahoo, Org. Lett. 2013, 15, 1638 -1641; f) Q.-Z.
Zheng, Y.-F. Liang, C. Qin, N. Jiao, Chem. Commun. 2013, 49,
5654 -5656; g) D.-G. Yu, M. Suri, F. Glorius, J. Am. Chem. Soc.
2013, 135, 8802-8805; h)J. Llaveria, A. Beltran, W. M. C.
Sameera, A. Locati, M. M. Diaz-Requejo, M. 1. Matheu, S.
Castillon, F. Maseras, P. J. Pérez, J. Am. Chem. Soc. 2014, 136,
5342 -5350.
a) E.-1. Negishi, Handbook of Organopalladium Chemistry for
Organic Synthesis, Wiley-Interscience, New York, 2002; b) J.
Bariwal, E. Van der Eycken, Chem. Soc. Rev. 2013, 42, 9283 —
9303.
[4] a) Z. Zhang, Y. Liu, L. Ling, Y. Li, Y. Dong, M. Gong, X. Zhao,
Y. Zhang, J. Wang, J. Am. Chem. Soc. 2011, 133, 4330-4341,
b) Q. Xiao, Y. Xia, H. Li, Y. Zhang, J. Wang, Angew. Chem. Int.
Ed. 2011, 50, 1114-1117; Angew. Chem. 2011, 123, 1146-1149;
¢) FE. Zhou, K. Ding, Q. Cai, Chem. Eur. J. 2011, 17, 12268 -
12271.
[5] a) R. P. Bennett, W. B. Hardy, J. Am. Chem. Soc. 1968, 90, 3295 —
3296; b) L. Ren, N. Jiao, Chem. Commun. 2014, 50, 3706 —-3709;
c) Z. Zhang, Z. Li, B. Fu, Z. Zhang, Chem. Commun. 2015, 51,
16312-16315.
a) C.-L. Zhang, M. Katoh, T. Shibasaki, K. Minami, Y. Sunaga,
H. Takahashi, N. Yokoi, M. Iwasaki, T. Miki, S. Seino, Science
2009, 325, 607-610; b) B. Hemmingsen, J. B. Schroll, S. S. Lund,
J. Wetterslev, C. Gluud, A. Vaag, D. P. Sonne, L. H. Lundstrom,
T. Almdal, Cochrane Database Syst. Rev. 2013, 4, CD009008.
[7] A. Guan, C. Liu, X. Yang, M. Dekeyser, Chem. Rev. 2014, 114,
7079-7107.
[8] For an example, see: S. Fu, H. Yang, G. Li, Y. Deng, H. Jiang, W.
Zeng, Org. Lert. 2015, 17, 1018 -1021.
[9] For an example, see: D. Tan, V. Strukil, C. Mottillo, T. Fris¢ic,
Chem. Commun. 2014, 50, 5248 — 5250.
[10] For an example, see: a) J. D. Moore, A. M. Harned, J. Henle,
D. L. Flynn, P. R. Hanson, Org. Lett. 2002, 4, 1847 —1849.
[11] a) G. Besenyei, S. Németh, L. I. Simandi, Angew. Chem. Int. Ed.
Engl. 1990, 29, 1147-1148; Angew. Chem. 1990, 102, 1168 -

2

—

3

—

[6

—_

Zuschriften

1169; b) G. Besenyei, A. Neszmélyi, S. Holly, L. I. Simandi, L.
Pérkéanyi, Can. J. Chem. 2001, 79, 649-654; c) O. Aberg, B.
Langstrom, J. Labelled Compd. Radiopharm. 2011, 54, 38 —-42.

[12] For more details, see the Tables S2-S4 in the Supporting
Information.

[13] For more details about another route in which 4-(2-aminoethyl)
benzenesulfonyl azide (13) was synthesized first, a convenient
way to diversity of the benzoyl amide moiety. See Scheme S1
Route 2 in the Supporting Information.

[14] a) G. Besenyei, L. Parkanyi, I. Foch, L. I. Simédndi, A. Kalman,
Chem. Commun. 1997, 1143-1144; b) G. Besenyei, L. Parkanyi,
I. Foch, L. I. Simandi, A. Kalman, Angew. Chem. Int. Ed. 2000,
39, 956-958; Angew. Chem. 2000, 112, 986—988.

Ar
50,
N
ArSOzN3 Phy |\ Phy
+ N = P- Pld_F> —>—= No further reaction
Pd(dppm)Cllp]  ~ 2 Pe=Pd=—p
[{Pd(dppm)Cl}] Ph, |(|:I Phy
Cl

Ar = 2,4 6-triisopropylphenyl

[15] For examples, see: a) A. 1. Nguyen, R. A. Zarkesh, D. C. Lacy,
M. K. Thorson, A.F. Heyduk, Chem. Sci. 2011, 2, 166—-169;
b) M. J. B. Aguila, Y. M. Badiei, T. H. Warren, J. Am. Chem. Soc.
2013, 135, 9399 -9406.

[16] a) S. D. Kirik, R. F. Mulagaleev, A. 1. Blokhin, Acta Crystallogr.
Sect. C 2004, 60, m449-450; b) D. C. Powers, D. Y. Xiao, T.
Ritter, Acc. Chem. Res. 2012, 45, 840-850; c) A.J. Hickman,
M. S. Sanford, Nature 2012, 484, 177 -185.

[17] According to D.C. Powers, D.Y. Xiao, M. A. L. Geibel, T.
Ritter, J. Am. Chem. Soc. 2010, 132, 14530-14536, the acetate
carbonyl "*C signal of the acetate-bridged palladium dimer was
around 0 = 185 ppm, 8 ppm downfield relative to that of single-
chelating acetate ligand. The succinate carbonyl *C signal of
a succinate-bridged palladium dimer was around 6 =190 ppm,
also about 10 ppm downfield from that of singly chelated
succinate ligand. For more details, see the Supporting Informa-
tion.

[18] pK, of morpholine (2a) is 8.36, pK, of PhNH, (2b) is 4.62, pK, of
p-MeOCH,NH, (2¢) is 5.29, pK, of p-CIC;H,NH, (2d) is 3.81,
pK, of MesNH, (21) is 4.74, pK, of ‘BuNH, (2s) is 10.55. For
reference, see: H. K. Hall, Jr., J. Am. Chem. Soc. 1957, 79, 5441 —
5444.

[19] a) D. M. Jenkins, T. A. Betley, J. C. Peters, J. Am. Chem. Soc.
2002, 724, 11238-11239; b) S. D. Brown, T. A. Betley, J. C.
Peters, J. Am. Chem. Soc. 2003, 125,322 -323; ¢) E. Kogut, H. L.
Wiencko, L. Zhang, D. E. Cordeau, T. H. Warren, J. Am. Chem.
Soc. 2005, 127, 11248 -11249.

Received: January 26, 2016
Published online: March 23, 2016

Angew. Chem. 2016, 128, 5635-5639

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.de

An dte

Chemie

5639


http://dx.doi.org/10.1002/anie.200400657
http://dx.doi.org/10.1002/anie.200400657
http://dx.doi.org/10.1002/ange.200400657
http://dx.doi.org/10.1039/c005219c
http://dx.doi.org/10.1002/anie.201201945
http://dx.doi.org/10.1002/ange.201201945
http://dx.doi.org/10.1021/acs.accounts.5b00020
http://dx.doi.org/10.1021/acs.accounts.5b00020
http://dx.doi.org/10.1002/chem.201000581
http://dx.doi.org/10.1002/chem.201000581
http://dx.doi.org/10.1002/anie.201005552
http://dx.doi.org/10.1002/ange.201005552
http://dx.doi.org/10.1002/ange.201005552
http://dx.doi.org/10.1002/anie.201101801
http://dx.doi.org/10.1002/anie.201101801
http://dx.doi.org/10.1002/ange.201101801
http://dx.doi.org/10.1002/ange.201101801
http://dx.doi.org/10.1021/ja303527m
http://dx.doi.org/10.1021/ol400411v
http://dx.doi.org/10.1039/c3cc42613k
http://dx.doi.org/10.1039/c3cc42613k
http://dx.doi.org/10.1021/ja4033555
http://dx.doi.org/10.1021/ja4033555
http://dx.doi.org/10.1021/ja412547r
http://dx.doi.org/10.1021/ja412547r
http://dx.doi.org/10.1039/c3cs60228a
http://dx.doi.org/10.1039/c3cs60228a
http://dx.doi.org/10.1021/ja107351d
http://dx.doi.org/10.1002/anie.201005741
http://dx.doi.org/10.1002/anie.201005741
http://dx.doi.org/10.1002/ange.201005741
http://dx.doi.org/10.1002/chem.201102459
http://dx.doi.org/10.1002/chem.201102459
http://dx.doi.org/10.1021/ja01014a089
http://dx.doi.org/10.1021/ja01014a089
http://dx.doi.org/10.1039/c4cc00538d
http://dx.doi.org/10.1039/C5CC05981J
http://dx.doi.org/10.1039/C5CC05981J
http://dx.doi.org/10.1126/science.1172256
http://dx.doi.org/10.1126/science.1172256
http://dx.doi.org/10.1021/cr4005605
http://dx.doi.org/10.1021/cr4005605
http://dx.doi.org/10.1021/acs.orglett.5b00131
http://dx.doi.org/10.1039/C3CC47905F
http://dx.doi.org/10.1021/ol0257880
http://dx.doi.org/10.1002/anie.199011471
http://dx.doi.org/10.1002/anie.199011471
http://dx.doi.org/10.1002/ange.19901021013
http://dx.doi.org/10.1002/ange.19901021013
http://dx.doi.org/10.1139/v01-074
http://dx.doi.org/10.1039/a700942i
http://dx.doi.org/10.1002/(SICI)1521-3773(20000303)39:5%3C956::AID-ANIE956%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3773(20000303)39:5%3C956::AID-ANIE956%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3757(20000303)112:5%3C986::AID-ANGE986%3E3.0.CO;2-I
http://dx.doi.org/10.1039/C0SC00414F
http://dx.doi.org/10.1021/ja400879m
http://dx.doi.org/10.1021/ja400879m
http://dx.doi.org/10.1107/S0108270104016129
http://dx.doi.org/10.1107/S0108270104016129
http://dx.doi.org/10.1021/ar2001974
http://dx.doi.org/10.1038/nature11008
http://dx.doi.org/10.1021/ja1054274
http://dx.doi.org/10.1021/ja01577a030
http://dx.doi.org/10.1021/ja01577a030
http://dx.doi.org/10.1021/ja026852b
http://dx.doi.org/10.1021/ja026852b
http://dx.doi.org/10.1021/ja028448i
http://dx.doi.org/10.1021/ja0533186
http://dx.doi.org/10.1021/ja0533186
http://www.angewandte.de

