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Abstract of Thesis

Nitrogen-containing melecules are ubiguitous in pharmaceutical and naturally occurring substrates, These
molecules are also playing a significant role in material science and industrial chemistry. A database of Food and
Drug Administrator of USA (FDA) approved drug suggests 84% of total small-molecule drugs contain at least one
nitrogen atom and 59% of total small-molecule drugs contain at least one nitrogen heterocycles.! These data
clearly focus the importance of nitrogen-containing molecules. As a result, several methodologies have been
developed for the construction of C—N bond. Among them, oxidative amination of olefin, known as
aza-Wacker-type reaction, is supposed to be a straightforward and an efficient method. Previously, our group
developed a unique ligand, SPRIX, possessing isoxazoline coordination sites on a rigid spiro framework.? The low
o~donating ability of SPRIX preserves the Lewis acidity of palladium salts and as a result, olefin can easily
coordinate to palladium. The induced electrophilicity of olefin upon the coordination may allow the nitrogen
center to undergo nucleophilic addition to olefin. Herein, I developed enantioselective aza~Wacker-type cyclization
of alkenyl sulfonamides 1 promoted by Pd—SPRIX catalyst (Project 1) and intermolecular aza-Wacker-type
reaction between internal olefins 3 and nitrogen nucleophiles 4 to construct allylamine derivative 5 catalyzed by
Pd—SPRIX complex (Project 2},

Project 1 Enantioselective Synthesis of N*Heterocycles via Aza-Wacker-Type Cyclization

A 6-membered MNheterocycle having a chiral center at the a-position to the nitrogen atom, especially, is
observed in a variety of small molecule drugs, Palladium-catalyzed aza-Wacker-type cyclization is a very simple
and easy way to construct a C—N bond for the synthesis of Mheterocycles. In spite of several reports of
enantioselective 5-membered cyclization, the enantioselective 6-membered aza-Wacker-type cyclization has not
been reported yet.

In 2012, Stahl and his coworkers published aza-Wacker-type eyclization of alkenyl sulfonamide 1 which
provided Nheterocyclic molecules 2 in a racemic manner.® I conceived that the unigue property of SPRIX enabled
6-membered nitrogen-heterveycles to be constructed enantioselectively. After optimization of reaction
parameters, aza-Wacker-type cyclization of substrates 1a was found to proceed efficiently in the presence of 10
mol % palladium acetate, 15 mol % (7B, K)-iPr-SPRIX, and 1 equiv of oxone in chlorobenzene solvent at 60 °C to
furnish 6-membered Nheterocycle 2a in 84% yield with 69% ee.

Table 1. Enantioselective aza-Wacker-type cyclization of alkenyl sulfonamide 1

PatOAc): (10 mol %)

5 “1]:\(\/\\\/ (P.R.R)-i-P-SPRIX (15 mol %) 5 ‘*‘~IYjv | e : ' = ; e |
M NHTs axene (1 equiv) v N = i e 9N Ny ~iPr
chlerobenzene, 60 °C Ts :

4 . : (P,R.R)--Pr-SPRIX

Substrate (1} Product (2) Yield{(%), Ee (%)

R? R!=H,R?=H, R® = H (2a) 84%, 89%
R 0\/\\/1\ R R'=H,R%2=OMe, R*=H (2b)  77%, 53%
\/@ L R'=H, R? =Br, R¥ = H (2¢) 64%, 36%
r? NHTs = Me, R = H, R? = H {2d) 87%, 54%
R‘ =H, R2 H, R3 CHs {20) 79%, 80%
O~~~ [ ¥ = 0 (2f) 84%, G9%
[ NS Y= 2a) 84%, 69%

NHTs ¥ ¥ = NTs (2h) 84%, 69%




The electronic variation on phenylene ring by installation of OMe (2h), Br (2¢} at 5-position or Me (24} at
4-position had no significant effect. The introduction of a bulky #Pr group at the terminal of olefin was found to be
beneficial in terms of enantioinduction without loss of reactivity (2e). The phenylene linker was not essential for
this transformation. Morpholine (2f}, piperidine (2g) and piperazine (2h) were obtained successfully in
enantioenriched form. The absolute configuration of Mheterscyclic product (2¢) was determined by X-Ray
crystallographic analysis.

Project 2: Efficient Construction of Allylamine Derivatives via Intermolecular Azs-Wacker-Type Reaction.
Allylamine derivatives are known to be versatile in modern organic synthesis as a building block for
heterocyclic compounds, biclogically active molecules, and pharmaceutical products.® The presence of allylamine
core in several commercially available drugs such as naftifine, terbinafine and flunarizine proved its usefulness.
Although several methodologies are available for the synthesis of allylamine derivatives, the intermolecular
aza-Wacker-type reaction is expected to be a erucial one.® So, I envisioned that the use of internal olefin under the
Pd—;Pr-SPRIX catalysis might generate synthetically useful allylamine derivatives wiaz aza-Wacker-type
reaction. After the optimization of reaction parameters, intermolecular oxidative amination of olefin 3a with
phthalimide 4 was found to proceed smoothly in the presence of 10 mol % Pd(Feracack: (Fs-acac
hexafluoroacetylacetonate), 15 mol % {rac)-iPr-SPRIX, 3 equiv of potassium persulfate in 1,2-dichloroethane
{DCE) at 90 °C to afford desired allylamine derivative 5a in 93% yield.
Table 2. Intermolecular aza-Wacker-type reaction of 3 and 4

O Pd{Fg-acac); (10 mol %)
(rac)-i-Pr-SPRIX {15 mol %}
Ar/\'%R + NH o N o
KaS204 (3 equiv) /\/k
o DCE, 90 °C AR
3 4 5
Substrate (3) Ar R Product (5) Yiald (%)
3a 2-MeOCgH, 2-MeQCgH4CH, 5a 93
3b 4-MeQCgH4 4-MeQCgH,4CH; 5b 88
3c Ph PhCH; 5¢ 74
3d 4-MeOGCgH, Me 5d 85
3e 4-CF3Cehs Me Se 77
3f 2-MeQOCgHy M 5f 84

Other symmetrical substrates like 3b and 3¢ also furnished the desired product effectively. Unsymmetrical
substrates underwent aza-Wacker-type reaction with excellent regioselectivity. Electron-rich (3d),
electron-deficient (3¢) and sterically-hindered (3f) substrates provided allylamine derivatives successfully.

In summary, I have successfully developed two new aza-Wacker-type reactions utilizing /+Pr-SPRIX ligand:
Intramolecular cyclization of alkenyl sulfonamides leading to optically active §-membered M heterocycles and

intermolecular amination of allylbenzene derivatives,
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