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Abstract

Carboxamides are omnipresent in living organisms. The amide bond, with its central role in protein

structure, is just one example.

Due to its low reactivity, chemoselective functionalization of amides at either the carbonyl or the
a-position is generally a challenging task. In this thesis, a recently developed approach via Umpolung of

amides was extended towards that goal.

We have investigated a range of nitrogen compounds as well as alcohols for their suitability in this
transformation. Among the nitrogen nucleophiles, sulfonamide salts gave particularly high yields. The

effect of the substituents on both the amide and the nucleophilic partner was studied in detail.

Additionally, several of the synthesised o-aminated amides were further derivatised via an
atom-economical Smiles rearrangement to yield a-amino-a-aryl-amides. These densely functionalized

amino acid derivatives are thus available in two steps starting from simple amides.
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German Abstract

Carbonsaureamide sind in lebenden Organismen omniprasent. Die Amidbindung spielt eine zentrale Rolle

in Proteinenstrukturen, um nur ein Beispiel zu nennen.

Wegen ihrer geringen Reaktivitat ist die chemoselektive Funktionalisierung von Amiden, sowohl am
Carbonylkohlenstoff, als auch in a-Position Gblicherweise eine herausfordernde Aufgabe. In dieser Arbeit
wird ein kirzlich entwickelter Ansatz, in dem Amide umgepolt werden, in Richtung dieses Ziels

ausgeweitet.

Wir untersuchten verschiedene Stickstoffverbindungen und Alkohole auf ihre Kompatibilitdt mit dieser
Transformation. Unter den Stickstoffnukleophilen gaben Sulfonamidsalze besonders hohe Ausbeuten.
Der Effekt der Substituenten wurde umfassend, sowohl am Amid, als auch am nukleophilen Partner

erforscht.

Zusatzlich wurden einige der synthetisierten a-aminierten Amide, mit Hilfe einer atomokonomischen
Smiles-Umlagerung  zu  a-Amin-a-aryl-amiden  transformiert.  Diese  hochfunktionalisierten

Aminosaurederivate sind nun in zwei Schritten, ausgehend von einfachen Amiden, verfiigbar.
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Abbreviations

Abbreviation Meaning
Ar aryl
Alk alkyl
Boc tert-butyloxycarbonyl
CAN cerium ammonium nitrate
cat. catalyst
18-crown-6 1,4,7,10,13,16-hexaoxacyclooctadecane
d doublet
o) chemical shift
DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene
DCM dichloromethane
DEAD diethyl azodicarboxylate
DMF N,N-dimethylformamide
d.r. diastereomeric ratio
ee enantiomeric excess
HMDS bis(trimethylsilyl)amide
J coupling constant
LN* 2,6-lutidinium ion
LNO 2,6-lutidine N-oxide
m multiplet
MeCN acetonitrile
Ms mesyl, methanesulfonyl
v wave number
nBu n-butyl
NHC N-heterocyclic carbene
Ns nosyl, 4-nitrobenzenesulfonyl
PMP para-methoxyphenyl
Pr propyl
q quartet
r.t. room temperature
3 singlet
t triplet
TBAB tetrabutylammonium bromide
TBAF tetrabutylammonium fluoride
TBAHFP tetrabutylammonium hexafluorophosphate
tBu tert-butyl
TEBNnAC triethylbenzylammonium chloride
TEMPO 2,2,6,6-tetramethylpiperidin-1-yl)oxyl
Tf triflyl, trifluoromethylsulfonyl
Ts tosyl, toluensulfonyl




1. Introduction

1.1.  Umpolung
By definition carbonyl moieties display electrophilic character at the carbonyl carbon and nucleophilic
character at the a-position. Through deprotonation aldehydes, ketones, esters, amides and nitriles form
enolates which react with electrophiles to yield a-functionalized products. Examples of such electrophiles
include aldehydes, ketones or esters themselves. These aldol™ or Claisen'? coupling reactions showcase

the electrophilic character of the carbonyl carbon as well as the nucleophilic character of the a-position.

To expand the number of possible transformations of carbonyl compounds, chemists have conceived
creative strategies to reverse their polarity and therefore their reactivity. The term Umpolung (“polarity
inversion”) was popularized by the German chemist D. Seebach and the American Nobel laureate E. J.
Corey and describes a reversal in partial charge.’® Umpoled carbonyls are thus either nucleophilic at the

carbonyl carbon or electrophilic at the a-position (Scheme 1).
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Scheme 1 General depiction of the Umpolung of carbonyl groups.

In 1975, Seebach and Corey developed one of the first Umpolung protocols for aldehydes.” Through
thioacetal formation, the original aldehydic hydrogen becomes more acidic than the a-proton and
therefore enables selective deprotonation by a strong base such as nBuli. The in situ formed
(1,3-dithian-2-yl)lithium species (I) is nucleophilic at the previously electrophilic carbonyl carbon and
reacts with electrophiles like aldehydes, ketones, alkyl halides and epoxides (Scheme 2a). The thioacetal
can be deprotected under oxidative conditions to reveal the desired ketone.P! A similar method was
employed by Baldwin et al. who used tert-butyl hydrazones instead of 1,3-dithianes.® These can be easily

synthesised from aldehydes and tert-butyl hydrazine. Deprotonation with nBuli affords an anionic acyl



intermediate which can be reacted with an electrophile at carbon (Scheme 2b). Deprotection can be

achieved under acidic conditions.
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Scheme 2 a) Umpolung of aldehydes via dithiols: The Corey-Seebach reaction.
b) Umpolung of aldehydes via tBu-hydrazine: The Baldwin method. X = Br or I.

The fact that it takes three consecutive reactions — protection, alkylation and deprotection — is, even if
they are high vyielding, a major drawback of the Corey-Seebach or the Baldwin reactions. A more
atom-economical approach is the Umpolung by cyanide. This concept was first discovered in the benzoin
condensation.”! Through the attack of cyanide on benzaldehyde, a nucleophilic intermediate is formed
which immediately reacts with a second equivalent of benzaldehyde to form an a-hydroxy ketone and
cyanide (Scheme 3a). A more general approach was reported by Stetter in 1976.) He used an
N-heterocyclic carbene (NHC) to form a nucleophilic species now known as the Breslow intermediate.’
The latter, effectively an Umpoled aldehyde, can attack a,B-unsaturated ketones, esters or nitriles in a
Michael addition (Scheme 3b). Since the original report, many extensions of the Stetter reaction have
been published including asymmetric variants.'%' The structure of the catalyst is derived from thiamine
(Vitamin B;). This compound acts as a coenzyme for pyruvate dehydrogenase, amongst other proteins,

and is therefore essential for all organisms.?
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Scheme 3 Catalytic Umpolung of aldehydes: a) The benzoin condensation, b) N-heterocyclic carbene catalysis.

While Umpolung at the carbonyl carbon is now a well-established concept, with many methods reported,
Umpolung of the a-carbon is comparatively underexplored. In 2007 MacMillan et al. reported single
electron oxidation of an in situ formed enamine to form an electrophilic a-carbon on aldehydes.*¥! This
method can be used to form a-allylated aldehydes enantioselectively (Scheme 4a). In its racemic form,

this concept was originally developed by Murakami et al. in 1992.4

Wirth et al. showed that treating ketones with a base and a silyl chloride containing an oxygen or nitrogen
substituent yields a vinyl silyl ether (Scheme 4b).1™>! The reaction of this intermediate with an I"" species
leads to in situ generation of an a-I"-ketone which can be attacked by the nucleophilic silyl group
substituent. The employment of a chiral iodine compound yields functionalized ketones with an ee up to
94%. One year after Wirth et al. had developed this method Szpilman et al. used Koser’s reagent which is
a similar hypervalent iodine compound in combination with a nucleophilic alkyl zinc species to install an

alkyl group in a-position of a ketone (Scheme 4b).[1¢]

In 2011, Miyata et al. developed the concept of using nucleophilic organo aluminium compounds on
isoxazolidine enamines.['”! These enamines are prepared in situ from a ketone. In the next step the
organometallic species coordinates to the oxygen and transfers the alkyl or aryl group to the a-position.

The resulting imine is easily hydrolysed to the ketone (Scheme 4c).
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Scheme 4 Umpolung at the a-carbon: a) by single electron oxidation (CAN = cerium ammoniumnitrate) b) with hypervalent
iodine reagents c) by enamine formation in combination with an organo aluminium species.

Ketones can also be easily transformed into oximes which, when acylated, form an electrophilic
enaminium species. The nitrogen bears a good leaving group so the a-carbon is prone to a nucleophilic
attack. Zard et al. have used this concept to form tetracycles via Fridel Crafts type cyclisation in moderate

yields (Scheme 5).[t8
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Scheme 5 a-Umpolung of a ketone via sequential oxime formation and acetylation.
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Maulide et al. have developed a new strategy for the chemoselective a-Umpolung of amides which will

be described in the next chapter.
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1.2. Amide Activation

Amides are ubiquitous functional groups in nature. In proteins, amino acids are connected via amide
bonds. The unreactive nature of this bond is important for mechanical and chemical resistance in solution.
The low electrophilicity of amides can be explained by delocalisation of the nitrogen lone pair into the *
orbital of the carbonyl.*® This property however makes them more nucleophilic than most other carbonyl

derivatives (Scheme 6).

Scheme 6 The mesomeric structures of amides.

Strong electrophiles can activate the amide carbonyl oxygen. One such example is
trifluoromethanesulfonic anhydride (Tf,0). Since triflate is a good leaving group, the iminium triflate
formed in the reaction of an amide with Tf,O can be deprotonated by weak bases to yield a highly
electrophilic keteniminium ion.?% Spectroscopic studies have shown that this intermediate is stabilized

by a second equivalent of the pyridine derivative (Scheme 7).12!
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Scheme 7 Formation of a keteniminium ion and stabilisation by a pyridine base. R* = H, CHs, F, Cl, Br or I.

The afore mentioned nucleophilicity of amides enables their selective activation by triflic anhydride even
in the presence of aldehydes, ketones, esters and nitriles. Many reactions have been developed using this
method.?? Notably, Maulide et al. discovered that aryl sulfoxides and aryl hydroxamic acids add to the
keteniminium intermediate to trigger a [3,3]-sigmatropic rearrangement event, ultimately yielding

o-arylated amide products (Scheme 8).12324

12
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Scheme 8 Chemoselective a-arylation of amides.

The chemoselective a-amination of amides can be achieved by the analogous addition of alkyl azides.[?!
The unusual enamine intermediate Il cyclises to a 2H-azirinium, the hydrolysis of which reveals the final

products (Scheme 9).

Na =N 4
N‘Ng R4 RY IN? R
R:‘— i " 2 N 0 1 i 2
— N — R2| — > L _R2 —m/> R _R
s AW N, R N
R R' RS RS HN. ,R®
\R4
1l 28 examples

40-90% yield

Scheme 9 Chemoselective a-amination of amides.

In the same study, one special case was encountered. The use of a substrate bearing a tethered ester led
to an unusual cyclisation to product lll, via intermediate IV (Scheme 10a). The addition of an alkyl azide,

bearing a good leaving group (Nz), resulted in a polarity inversion at the a-carbon of the staring amide.

13
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Scheme 10 Umpolung of the a-carbon with a) an azide or b) 2,6-lutidine N-Oxide (LNO).

A 1979 report by Ghosez et al. provided an additional piece of evidence for this picture.?® In that
publication, Ghosez employed a pyridine N-oxide to intercept the keteniminium intermediate, leading to
o, B-desaturation of the amide precursors. The involved intermediate V shows characteristics typical of an
enolate structure whilst having noteworthy electrophilic character at the a-carbon. The term “enolonium”

is thus particularly suitable for this species (Scheme 10b).
The advent of this electrophilic enolonium intermediate has given rise to multiple new reactions.

The first one reported was an intramolecular Fridel Crafts type cyclisation vyielding
1,4-dihydroisoquinolin-3-one amongst other lactams.?”! Later on, oxazoles were synthesised via an attack
of a nitrile,'?®! a-oxidation was achieved through employment of a second equivalent 2,6-lutidine N-Oxide
(LNO)®>' and 1,4-dicarbonyles were the products of the reaction of enolonium ions coupled with enolates

(Scheme 11).5%

14
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Scheme 11 Synthesis of lactams, oxazoles, a-hydroxy- or a-keto amides and 1,4-dicarbonyles from amides. *LN = 2,6-lutidinium.

This thesis focuses on further chemoselective a-functionalisation of amides using nucleophilic sources of

heteroatom compounds.
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1.3.  Smiles Rearrangement

The Smiles rearrangement is a powerful tool in the construction of arene-bearing molecular structures.3%
Its reaction mechanism proceeds through a nucleophilic attack onto a (usually electron-poor) arene
ipso- to a good leaving group. Particularly interesting is the a-arylation of amino acid derivatives. The
deprotonation of nitrobenzenesulfonyl (nosyl)- protected amino acid esters or amides leads to the
formation of a transient enolate which undergoes attack to the aromatic group to form a spirocyclic
Meisenheimer intermediate.®? With the irreversible loss of SO,, the rearranged product is formed
(Scheme 12). Esters have been reported to undergo this rearrangement in good yields, and Wilson et al.
synthesised 11 different a-nitro phenyl amino acid esters in up to 81% yield.?¥ They show that aqueous
tetra-butyl ammonium hydroxide as a base gives the best results. Later on, Lupi et al. have shown that
the reaction proceeds in a stereospecific manner.*¥ The first and only report of amides undergoing this
rearrangement have been developed on compounds connected to a solid phase via a linker.3% Only three

examples of amides undergoing this transformation have been published.

(0] 1 0 (0]
R1 7o R R1
o N*@\ X base O,N——-* X H,0 X
2 _— < —_— NH
/N\ 2 aN\ - '
o”s“o R*> X =O0R% NR% O/,(,S), R2 S0z o, R2

Meisenheimer
intermediate

Scheme 12 o-Arylation of esters and amides via a Smiles rearrangement.

This specific Smiles chemistry will be further explored in the following thesis.
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2. Results and Discussion

2.1.  Nucleophilic a-Functionalisation of Amides
We envisioned a chemoselective nucleophilic functionalisation of amides through Umpolung. A challenge
that could arise are the different electrophilic centres on the enolonium ion V itself. Attack on the
a-carbon would lead to the desired product, while the addition of the nucleophile at carbon 4 of the
lutidinium moiety would lead to a functionalised lutidine with concomitant release of the starting (Scheme

13). In prior work we have shown that Tf,0 can activate pyridine N-oxides in that fashion.!3¢

0 X
o R! ’R2
5 I j)j\l}l + /(j\
LI Nu- Nu R N
?)\ .R2 < Nu
5N

(0]
R F|23 | S + RK)J\N, R?
v N7 R

Scheme 13 The different electrophilic sites on the enolonium.

Despite this concern, we realised that the successful addition of nitrogen nucleophiles would result in an

access to complex amino acid derivatives.

2.1.1. Amination
At the outset, we considered a range of possible nitrogen nucleophiles. The enolonium species was
generated, as in prior studies, in dichloromethane (DCM) at 0 °C by the addition of LNO to the previously
generated keteniminium ion.B% Deprotonation of the nitrogen nucleophile was achieved with sodium
hydride (NaH) in N,N-dimethyl formamide (DMF). This solution was then added to the enolonium
intermediate and warmed to room temperature for 1 h. Various nitrogen nucleophiles were investigated
including carbamates, indole, unprotected tryptophan, dimethylhydroxylamine, amides, aniline
derivatives and tosylhydrazone. From all these nucleophiles only indole yielded the desired product 2.1a
while the others led to degradation or reformation of the amide (Scheme 14). Another approach was to
add metal amides directly. For this, lithium bis(trimethylsilyl)amide (LiIHMDS), NaNH; or potassium
phthalimidate were added to the enolonium solution. These also failed to aminate the amide and did not

react with the enolonium ion.

17
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Scheme 14 Nucleophilic amination attempts.

Deprotonated sulfonamides, however, readily underwent the desired transformation and yielded
protected o-aminated amides. Methyl para-nitrophenylsulfonyl (nosyl or Ns) amide 1.2a gave product
2.1b in 82% isolated yield. After this encouraging result, some optimisation for the deprotonation and
addition of the sulfonamide was conducted (Table 1). Direct addition of the sulfonamide without a base
or sequentially with a base or a phase transfer catalyst did not give the product (entry 1-4). Switching the
solvent to acetonitrile (MeCN) lowered the yield (entry 5-10). After this study, it was determined that the

initial conditions were the most suitable and the preparation of the sodium salt in DMF was necessary.

2.2 eq. 2I-Py, 1.1 eq. Tf,0

o] (0]
DCM (0.1 M), 0 °C, 15 min
Ph\/\)LNQ """""""""""" » Ph D
1 eq. LNO, N
11a then 3 eq. HNMeNs 1.2a " "“Ns
) or NaNMeNs 2.1a
entry T(°C) Time(h) solvent Nucleophile addition conditions NMR yield
1 r.t. 1 DCM  no base 0
2 r.t. 1 DCM  NaH + sulfonamide added directly 0
3 r.t. 1 DCM | Cs,COs + sulfonamide added directly 0
4 r.t. 1 DCM  no base + TBAHFP 0
5 r.t. 1 MeCN  NaH + sulfonamide added as a MeCN suspension 37
6 r.t. 1 MeCN  direct addition of Na-sulfonamidate 44

18



7 r.t. 20 MeCN | direct addition of Na-sulfonamidate 43

8 r.t. 2 MeCN  KHMDS + sulfonamide added directly 25
9 r.t. 2 MeCN  Na-sulfonamidate dissolved in 0.5 mL DMF 45
10 80 2 MeCN  direct addition of Na-sulfonamidate salt 31

Table 1 Control experiments for the amination with methyl Ns amide. TBAHFP = Tetrabutylammonium hexafluorophosphate.
NMR yields were determined with 1,3,5-trimethoxybenzene as an internal standard.

To investigate the influence of the substituent on the nitrogen, a range of para-methylphenylsulfonyl
(tosyl or Ts) amides were synthesised. These, as well as some commercially available nosyl- and
tosyl-amides, were tested under the reaction conditions described above. Methyl-tosyl-amide gave
product 2.1c in 71% yield. Unsubstituted compound 2.1d was synthesised in 69% vyield which is
comparable to the 71% of the sterically demanding isopropyl amide 2.1e. A benzyl (2.1f) as well as an
unsubstituted phenyl (2.1g) and a para-methoxy phenyl (2.1h) were tolerated. We were pleased to see
that tosyl- protected glycine methyl ester gave coupled product 2.1i in a good 63% yield (Scheme 15). The

possibility of coupling N-tosylated amino acids opens up interesting applications.

o 2.2 eq. 2I-Py, 1.1 eq. TH,O
DCM (0.1 M), 0 °C, 15 min
1 eq. LNO, then
3 eq. NaNR'R? 1.2a-h R'
1.1a in DMF (0.2 M), r.t., 1h 2.1b-i

PG
Ns: 2.1b 82% 2.1d 69% 21e 71%
Ts: 21¢c 71%

YD LD LD
L & N G

R
2.1f70% H: 2.19 75% 2.1i63%
OMe: 2.1h 72%

Scheme 15 Addition of tosyl and nosyl amides to the enolonium.
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Since tosyl- and nosyl- sulfonamides proved to be suitable nucleophiles, in this transformation, we further
investigated other aromatic groups on the sulfonamide. An ortho-nitrophenylsulfonyl amide gave the
aminated product 2.1j in a similar yield as its isomer 2.1b while a naphthyl derivative 2.1k was comparable
to 2.1c. The 2-pyridinyl sulfonamide 2.1l was successfully obtained while its 4-nitro derivative 2.1m gave
no product. In the last case, the sulfonamide may have undergone decomposition and/or deprotection as

none of it could be detected after the reaction (Scheme 16).

2.2 eq. 2I-Py, 1.1 eq. Tf,0

DCM (0.1 M), 0 °C, 15 mi
Ph\/\)j\N ( : mm: Ph\/\HLN
Q 1 eq. LNO, then Q

3 eq. NaNMePG 1.2i-I -~ pg
1.1a in DMF (0.2 M), r.t.,, 1h 2.1j-m
O O O
Ph
\/\)J\'D Ph\/\)J\ID Ph\/\)LID
N N N<

- 380, -0, - ?02

he ¢
J s
Ho o 2.1174%

2.1j 80% 2.1k 70% NO2: 2.1m 0%

Scheme 16 Different aromatic groups on the sulfonamide.

Our group and others have previously shown that the activation of amides with Tf,O and a pyridine base
is very chemoselective over other carbonyl groups.'?? In our case esters (2.1n), ketones (2.10) and nitriles
(2.1p) were tolerated. Pleasingly, a primary chloride was not substituted by the sulfonamide and instead
smoothly yielded the desired product 2.1q. A tethered alkene did not trigger a [2+2] cycloaddition®” but
rather gave amide 2.1r. An amide derived from dimethylamine instead of pyrolidine could also be
o-aminated (2.1s). Products 2.1u and 2.1v again showcased the similarity in the employment of tosyl and

nosyl nucleophiles, while amides 2.1w and 2.1x could not be prepared via this method (Scheme 16).
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2.2 eq. 2I-Py, 1.1 eq. Tf,O

o) . _ 0
» ns DCM(0.1M),0°C, 15min i
o 1 LNO, th - N
o eq. , then '
R 3 eq. NaNMePg /N‘pGR
1.1b—-k in DMF (0.2 M), r.t., 1 h 2.1n—x
(e} (e} (@] O (e}
(@) NS
-
(@) NJ (@) N< NJ N< N<
< Ts <~ "Ts -~ Ts < Ts - "Ts
2.1n 64% 2.10 69% 21p 47% 2.1q 66% 21r 47%
0O O 0O 0O O
Ph Ph
YO Yy Yy Yy Oy
N. N. N. N. N<
““Ns “ Ns - PG ““Ns " "Ns
2.1s 74% 21t 72% PG 2.1w 0% 2.1x 0%

Ts: 2.1u57%
Ns: 2.1v 55%

Scheme 17 Amide scope of a-amination via Umpolung.

Our group has previously shown that the installation of a chiral auxiliary at the amide can induce a good
diasterioselectivity in this Umpolung strategy.?”! For this, (R)-1-(2-benzhydrylpyrrolidin-1-yl) was chosen
as a chiral auxilary. The reaction with methyl tosyl amide led to product 2.1y in low yield and a poor d.r.
(Scheme 18). Both diasteromers were isolated as an inseparable mixture. The low yield is probably due to

the steric hindrance exerted by the chiral auxiliary.

o Ph{ _pn 22eq.2l-Py, 1.1 eq. TF,0O o Ph{ _ph
DCM (0.1 M), 0 °C, 15 min
/OWLN > /O\’WJ\N
! 6 1 eq. LNO, then g 6N
3 eq. NaNMeTs 1.2b " Ts

in DMF (0.2 M), r.t., Th 2.1y 28%, 1:1.3 d.r.

Scheme 18 An attempt for a diasteroselective a-amination.

Among the sulfonamide family, the nosyl protecting group is popular because of its reliable deprotection
method.® A thiol, such as thiophenol, can be used in the combination with a base to trigger a nucleophilic
aromatic substitution with irreversible loss of SO,. This leads to the side product 4-nitrobenzenethiol as

well as the free amine. Employing this convenient method, amide 2.1d was deprotected to form the free
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a-amino amide 2.1z in an excellent 93% yield (Scheme 19). This detives a two-step sequence whereby an

amide is converted to an unsubstituted a-amino amide in an overall yield of 64%.

3 eq. thiophenol

(@) 0O
Ph 4 eq. K2C03 Ph
HN.
Ns
2.1d

MeCN (0.1 M) NH,
50°C,40h
21z 93%

Scheme 19 Deprotection of the nosyl group.

2.1.2. Oxygenation
Results discussed in this chapter include some of Carlos Rafael Goncalves [those examples will be marked

with the prefix CG and no experimental data will be provided].

Given the success of sulfonamides in the chemoselective a-amination of amides, we were eager to probe
alcohols as a potential nucleophile class for addition to the enolonium ion. In a first experiment, para-nitro
phenol already gave a good 79% yield (2.2a). Benzyl (CG2.2b) and allyl (CG2.2c) alcohols worked well in
this transformation. Surprisingly, ethyl 2-oxocyclohexane-1-carboxylate acted as an oxygen-centered
nucleophile and formed compound €G2.2d. In a previous report, our group has shown that other p-keto
esters react at the a-carbon.?” Primary metabolite derivatives such as a protected furanose or protected

threonine gave products CG2.2f and CG2.2g respectively in high yields (Scheme 20).
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2.2 eq. 2I-Py, 1.1 eq. Tf,0

(e} (0]
DCM (0.1 M), 0 °C, 15 min
Ph 5> Ph
A LN .
1 eq. LNO, then o
3 eq. NaOR R”
1.1a in DMF (0.2 M), r.t., 1 h 2.2a—g

o fo ’
Ph
O,N Z

2.2a 79% CG2.2b 81% CG2.2c 86%

Oun,
o XY Oy
o) O (6) O o H

CG2.2d 96% CG2.2f 92% CG2.29 78%
1:1.3d.r. 1:1.2d.r.

Scheme 20 a-Functionalisation of amides with alkohols (Boc = tert-butyloxycarbonyl).

As shown in 2.1.1, this Umpolung strategy shows high chemoselectivity for amides over other carbonyl
moieties. Here again, we could observe complete selectivity towards amides over esters CG2.2h, ketones
CG2.2i and nitriles CG2.2j for a-oxygenation. As before, a primary chloride was not attacked by the
nucleophile and yielded amide CG2.2k. Amides containing an unsaturation gave similar yields shown with

alkene €G2.2l and alkyne CG2.2m (Scheme 21).
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2.2 eq. 2I-Py, 1.1 eq. Tf,0

O o ) (0]
R R3 DCM (0.1 M), 0 °C, 15 mln‘ R R3
l}l' 1 LNO, th - l}l’
2 eq. , then >
R 3 eq. NaOBn OBn R
1.1b—g,m in DMF (0.2 M), r.t., 1h 2.2h-n
O O O o]
RNy RS A v
LD THD SO D
O OBn O OBn OBn OBn
CG2.2h 81% CG2.2i 76% CG2.2j 87% CG2.2k 93%
(0] O (0]
NS Ph e
Wﬂ*@ MD A
OBn OBn OBn
CG2.21 81% CG2.2m 93% 2.2n 74%

Scheme 21 Nucleophilic c-oxygenation of different amides.

This method complements our group’s reported o-oxidation of amides.!?°!

In the course of our study, we noticed that even weakly nucleophilic DMF could add to the enolonium
species. If no other nucleophile, is present a suspension of NaH in DMF reacted with the enolonium ion to
form intermediate A which upon aqueous work up gave formate 2.20 in 26% yield and alcohol 2.2p in
42% (Scheme 22). The same reaction carried out with dimethylacetamide instead of DMF did not produce

the a-acetylated compound.

2.2 eq. 2I-Py, 1.1 eq. Tf,0O

\/\)?\ DCM (0.1 M), 0 °C, 15 min Q H,0 Q Q
'il/ 1 o o \/\)j\’il/ e \/\)l\,ij/ + \/\H’l\’i‘/
3 eq. NaH in 3 mL DMF n/O O © OH
rt.1h NI A 2.20 26% 2.2p 42%

Scheme 22 Attack of DMF on the enolonium intermediate.
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2.2.  Arylation via a Smiles rearrangement

With a range of a-sulfonamido amides in hand we were eager to try a Smiles rearrangement as described

above in chapter 1.3. This would lead to deprotected and densely functionalised c.-amino-a-aryl amides.

For the Smiles rearrangement of amide 2.1b leading to compound 2.3a multiple conditions were
investigated which are summarised in Table 2. In DMF, the rearrangement only took place when NaH was
employed at room temperature (entries 1-7). In dioxane however, the reaction proceeded with
tetrapropylammonium hydroxide (PrsNOH) in 42% isolated yield (entry 8). The yield improved in
acetonitrile as a solvent (entry 9). These conditions were superior to any other which were tested. All
other solvents and solvent mixtures investigated gave a lower yield (entries 10-21). The base Pr4sNOH also
proved to be the best, among those examinated for this transformation (entries 22-30). Different

additives such as phase transfer catalysts, similar in nature to PrsyNOH, were less efficient (entries 30-35).

(0]
\/\HL base Ph N
O solvent (0.1 M) NH Q
I

rt., 16 h
2.1b O,N 2.3a
entry solvent base base additive T(°C) NMR
eq. Yield
1 DMF DBU 1 - 80 0
2 DMF DBU 4 - 120 0
3 DMF Cs,COs 1 - 80 0
4 DMF Cs,CO3 2 = 120 0
5 DMF PrsaNOH 1 - 80 0
6 DMF NaH 1 - 0 0
7 DMF NaH 2 - r.t. 30
8 dioxane PrsNOH 2 - r.t. 42 (iso.)
9 MeCN PrsaNOH 2 - r.t. 59?
10 DCM PrsaNOH 2 - r.t. 4
11 toluene PraNOH 2 - r.t. 0
12 H20 PrsaNOH 2 - r.t. 0
13  dioxane/DMF (1/1) PrsaNOH 2 - r.t. 44
14 MeCN/DMF (1/1) PrsNOH 2 = r.t. 34
15 DCM/MeCN (1/1) PrsNOH 2 - r.t. 34
16 H20/MeCN (1/9) PrsNOH 2 - r.t. 0
17 H,0/MeCN (1/9) DBU 2 - r.t. 0
18 MeCN (0.5 M) PrsNOH 2 - r.t. 50
19 MeCN (0.01 M) PrsNOH 2 - r.t. 20
20 MeCN PrsNOH 2 - r.t. (1 h) 35
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21 MeCN PraNOH 2 - 0 53
22 MeCN MesNOH 5 - r.t. 22
23 MeCN BusNOH 5 - r.t. 42
24 MeCN BusNOH 2 - r.t. 45
25 MeCN NaNH, 5 - r.t. 8
26 MeCN NEts 2 - r.t. 0
27 MeCN LHMDS 2 - r.t. 0
28 MeCN KHMDS 2 - r.t. 0
29 MeCN Proton-sponge 2 - r.t. 0
30 MeCN TBAF 2 - r.t. 0
31 MeCN KOH 2 TBAB r.t. 7
32 MeCN KOH (50% aq.) 20 TBAB r.t. 29
33 MeCN KOH (50% aq.) 20 TEBnAC r.t. 44
34 MeCN K>COs 2 TBAB r.t. 0
35 MeCN K.CO3 5 18-crown-6 r.t. 0

Table 2 Optimisation conditions for the Smiles rearrangement of 2.1b to 2.3a. (iso.) = isolated yield, a) average yield of two
reactions (56% and 62%), DBU = 1,8-Diazabicyclo[5.4.0]Jundec-7-ene, TBAF = tetrabutylammonium fluoride, TBAB =
tetrabutylammonium bromide, TEBnAC = triethylbenzylammonium chloride, 18-crown-6 =
1,4,7,10,13,16-hexaoxacyclooctadecane. NMR yields were determined with 1,3,5-trimethoxybenzene as an internal standard.

With the conditions optimised to an acceptable yield, different substrates were tested. Phenylalanine
derivative 2.1t formed the target compound 2.3b (Figure 1) in 45% vyield. The sterically less demanding
amide 2.1s gave product 2.3c in a slight improved yield of 51% compared to the similar compound 2.3a.
When the para-nitro group was changed to an ortho-nitro group, the starting amide 2.1j did not rearrange
to 2.3d. This method was also not suitable for the rearrangement of a pyridine group from 2.1l to 2.3e
(Scheme 23). Because of the high interest of functionalised pyridines, additional conditions were tested
for this special case. At 80 °C, 2.1l did not undergo rearrangement and with 1,8-Diazabicyclo[5.4.0]Jundec-

7-ene (DBU) in DMF at room temperature or at 80 °C no reaction took place.
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Ph\/’\TJLN/“‘ 2 eq. Pry;NOH Ph\/n><J\N/\
| 7 MeCN(0.1M) -

N . Ar” NH .
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Ar
2.1b,s.,t,j,1 2.3a—-e
o) o) 0
Ph Ph
N Ph N N
NH NH NH |
| | |
O,N O,N O,N
2.3a45% 2.3b 45% 2.3¢ 51%

o o
Ph Ph\v/j><JL
N N
WD 0
NO,

2.3d 0% 2.3e 0%

Scheme 23 Scope of the Smiles rearrangement on amides.

Figure 1 X-ray structure of Smiles product 2.3b.

The thought of combining the a-amination and the rearrangement event in a single step was appealing.
Despite the moderate yield in the optimisation of the Smiles rearrangement, a few one-pot experiments
were carried out. Their results are summarised in Table 3. Entries 2 and 3 were the only cases in which

Smiles product 2.3a was obtained. Huge excess of Pr4NOH as well as the absence of DMF seemed to be

crucial.
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1) a-amination @)

(0] O
Ph\/\/u\N (conditions like above) Ph\/\HI\N Ph N
* NH
Ns |

2) Smiles rearrangement PLN
2.1b O,N 2.3a
NMR NMR
entry solvent Step 1 Step 2

yield 1b = vyield 3a
NaH + sulfonamide

1 MeCN bended in MeCN (0.12 M) 3 eq. PraNOH 32 0
2 MeCN Na-sulfonamidate 10 eq. PrsNOH 4 19
3 MeCN Na'su'for;aB'/:‘LdFa;e t2eq 10 eq. PraNOH 1 15
a DCM NaH + sulf(%?gnl\;ll)de in DMF Addl';lgr;:fsur;\ll.ol\:eCN, 70 0
s oo Mo e o 80

Table 3 Conditions for a one-pot amination — rearrangement reaction. NMR yields were determined with
1,3,5-trimethoxybenzene as an internal standard.

28



3. Conclusion and Perspectives

3.1. Conclusion

In this thesis, a novel concept for the a-functionalisation of amides was further developed. The Umpolung
of amides enables a nucleophilic a-amination with several sulfonamide derivatives. This method reliably
affords good vyields and shows a high functional group tolerance. Additionally, a-oxygenation was

achieved using similar conditions.

The products were further derivatised through an atom-economical Smiles rearrangement to yield

densely functionalised amino acid derivatives.

3.2. Enantioselective a-Amination
The amide Umpolung method developed over the last two years is now a well-established concept. One
challenge that still needs to be addressed is enantioselectivity. All of the enolonium-mediated
transformations described in this work yield racemic mixtures of products. It has been previously shown
that a chiral enolonium intermediate can be generated via keteniminium formation by protonation of an
ynamide. Using an axially chiral quinoline N-oxide derivative, Shin et al. observed an ee of 83% for the

addition of N-methyl indole (Scheme 24).3°

/
fe) N
HNTF, |
Ms, (10 mol%)  Ms, MS\N%
N——PMP — > +N:C=\ | BMP
/ / PMP

94% (83% ee)

Scheme 24 A chiral N-oxide promotes enantioselective Umpolung, Ms = methylsulfonyl, PMP = para-methoxyphenyl.

A different approach would be the employment of a chiral counter ion.*® For the activation of amides, a

mixed anhydride might be used to achieve this purpose.

Both of these strategies — a chiral N-oxide or a chiral counter ion — could be tested for the enantioselective

a-amination of amides.
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3.3.  y-Amination
In 2006 Jgrgensen et al. have reported the first enantioselective y-amination of aldehydes using a
dienamine intermediate. This nucleophilic intermediate reacted with diethyl azodicarboxylate (DEAD) to

form y-aminated products in moderate yield and high ee (Scheme 25a).*

With this in mind, one can envisage a nucleophilic y-amination of amides using the chemistry developed
in this thesis. From an a,p-unsaturated amide, a [3,y-unsaturated enolonium might be formed. This
electrophilic species could then be attacked by a sulfonamidate to form the y-aminated amide
chemoselectively (Scheme 25b). One possible challenge that could arise is the competition between a

1,3-attack and the desired 1,5-attack.

a) ([ FC )
. as
Al
R amine cat. = ' DEAD RMO 3
S : B
N0 > RagAAANy T L. N COE OTMS
5 tO,C H N
" (e
8 examples
43-58% yield F5C
88-93% ee .
L amine cat. )
b) LN a
Q umpolung 0 /N\SO Ar 0
1 2 1 2 2 1 2
R\/\)LN’R ......... > RMN,R ........... -~ RMN,R
R3 5t R3 - 3
< SSO,Ar

Scheme 25 a) electrophilic ~Amination of aldehydes, b) possible nucleophilic y-amination of amides.
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4. Experimental Data

All glassware was flame-dried before use and the reactions were performed under an atmosphere of
argon. All dry solvents were bought from Acros and used as received. All other reagents, the synthesis of
which is not described below, were used as received from commercial suppliers. Reaction progress was
monitored by thin layer chromatography (TLC) performed on aluminum plates coated with silica gel F254
with 0.2 mm thickness. Chromatograms were visualized by fluorescence quenching with UV light at 254
nm or by staining using potassium permanganate. Column chromatography was performed using silica
gel 60 (230-400 mesh, Merck and co.). Neat infra-red spectra were recorded using a Perkin-Elmer
Spectrum 100 FT-IR spectrometer. Wavenumbers (= 1/A) are reported in cm™. Mass spectra were obtained
using a Finnigan MAT 8200 or (70 eV) or an Agilent 5973 (70 eV) spectrometer, using electrospray
ionisation (ESI). All 'H NMR and 3C NMR spectra were recorded using a Bruker AV-400, AV-600 or AV-700
spectrometer at 300K. Chemical shifts were given in parts per million (ppm, 8), referenced to the solvent
peak of CDCls, defined at 6 = 7.26 ppm (*H NMR) and 6 = 77.16 (**C NMR). Coupling constants are quoted
in Hz (J). *H NMR splitting patterns were designated as singlet (s), doublet (d), triplet (t), quartet (q).

Splitting patterns that could not be interpreted or easily visualized were designated as multiplet (m).

Amides

Amides 1.1b,d,e,h—-m were either generously donated by other members of our group or received from

commercial suppliers.

General procedure A for the synthesis of amides

To the a solution of the acid (1 eq.) in DCM (0.2 M) was added 1-hydroxybenzotriazole hydrate (1 eq.),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1 eq.), triethylamine (1 eq.) and the
secondary amine (1 eq.). The solution was stirred for 16 h. After dilution in AcOEt, the organic phase was
washed subsequently with a solution of HCl (1 M), saturated solution of NaHCO; and finally with a
saturated solution of NaCl. The organic layer was separated, dried over MgSO, and the solvent was

removed under reduced pressure. The crude mixture was purified by column chromatography on silica

gel.
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1.1a 4-Phenyl-1-(pyrrolidin-1-yl)butan-1-one
@\/\)OL
O

The product was prepared from 2.46 g (15 mmol) 4-phenylbutyric acid and 1.07 g (15 mmol) pyrrolidine
according to general procedure A. Purification by column chromatography (EtOAc:heptane = 2:1) gave the

amide in 93% (3.04 g). All spectroscopic properties are in good accordance with reported data.!*

1.1c 1-(Pyrrolidin-1-yl)undecane-1,10-dione

O

WD

0]

[25]

This amide was synthesised according to a reported procedure in 69% yield. All spectroscopic

properties are in good accordance with reported data.’?”

1.1f 1-(Pyrrolidin-1-yl)Jundec-10-en-1-one
WLID

To a solution of 711 mg (10 mmol) pyrrolidine in 33 mL DCM (0.15 M) was added 2.02 g (20 mmol)
triethylamine and 2.43 g (12 mmol) 10-undecenoyl chloride and the solution was stirred for 16 h. Then
the reaction was quenched with a saturated solution of NH4Cl and extracted with EtOAc. The organic layer
was separated and the solvent removed under reduced pressure. The crude mixture was purified by
column chromatography on silica gel (EtOAc:heptane = 1:1) to yield amide 1.1f in 92% (2.19 g). All

spectroscopic properties are in good accordance with reported data.!*?
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1.1g N,N-Dimethyl-4-phenylbutanamide

@\/\)?\
N~
I
The product was prepared from 2.46 g (15 mmol) 4-phenylbutyric Acid and 7.5 mL (15 mmol)
dimethylamine (2 M in THF) according to general procedure A. Purification by column chromatography

on silica gel (EtOAc:heptane = 2:1) afforded amide 1.1g in 71% (2.04 g) yield. All spectroscopic properties

are in good accordance with reported data.*3!

Sulfonamides

Sulfonamides 1.2b,c,g were either generously donated by other members of our group or received from

commercial suppliers.
General procedure B for the synthesis of sulfonamides

To a solution of sulfonyl chloride (1 eq.) in THF (1 M) was added the primary amine (3 eq.) or the primary
amine hydrochloride salt (1 eq.) in combination with triethylamine (2.5 eq.) at room temperature. The
mixture was stirred for 16 h while a precipitate formed. Then a solution of HCI (1 M) was added until a pH
of 2 was reached. The solution was extracted with EtOAc. The combined organic layers were washed with
a saturated solution of NaCl and dried over MgS0O.. The solvent was removed under reduced pressure

which yielded the product. The crude product was used without further purification.

1.2a N-Methyl-4-nitrobenzenesulfonamide

Q

OZNOS—NH
no\
o)

The product was prepared from 2.22 g (10 mmol) 4-nitrobenzenesulfonyl chloride and 15 mL (30 mmol)
methylamine (2 M in THF) in 96% (2.12 g) yield according to the general procedure B. All spectroscopic

properties are in good accordance with reported data.**
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1.2d N-Isopropyl-4-methylbenzenesulfonamide

The product was prepared from 381 mg (2 mmol) 4-methylbenzenesulfonyl chloride and 355 mg (6 mmol)
iso-propylamine in 95% (404 mg) yield according to the general procedure B. All spectroscopic properties

are in good accordance with reported data.*!

1.2e N-Benzyl-4-methylbenzenesulfonamide

The product was prepared from 381 mg (2 mmol) 4-methylbenzenesulfonyl chloride and 643 mg (6 mmol)
benzylamine in 94% (489 mg) yield according to the general procedure B. All spectroscopic properties are

in good accordance with reported data.“®!

1.2f 4-Methyl-N-phenylbenzenesulfonamide

The product was prepared from 381 mg (2 mmol) 4-methylbenzenesulfonyl chloride and 559 mg (6 mmol)
aniline in 87% (432 mg) yield according to the general procedure B. All spectroscopic properties are in

good accordance with reported data.!*®
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1.2h Methyl tosylglycinate

The product was prepared from 381 mg (2 mmol) 4-methylbenzenesulfonyl chloride, 281 mg (2 mmol)
glycine methyl ester hydrochloride and 506 mg (5 mmol) trimethylamine in 91% (445 mg) yield according

to the general procedure B. All spectroscopic properties are in good accordance with reported data.!*”!

1.2i N-Methyl-2-nitrobenzenesulfonamide

The product was prepared from 665 mg (3 mmol) 2-nitrobenzenesulfonyl chloride and 4.5 mL (9 mmol)
methylamine (in THF 2 M) in 93% (600 mg) yield according to the general procedure B. All spectroscopic

properties are in good accordance with reported data.!®!

1.2j N-Methylnaphthalene-2-sulfonamide
(i
Sl h

The product was prepared from 453 mg (2 mmol) naphthalene-2-sulfonyl chloride and 3 mL (6 mmol)
methylamine (in THF 2 M) in 96% (423 mg) yield according to the general procedure B. All spectroscopic

properties are in good accordance with reported data.*”

The synthesis of pyridine derived sulfonamides 1.2I,m is a modified version of Wright et al.’s method.”
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1.2k N-Methylpyridine-2-sulfonamide

8
9 @g—NH
—/2 10 \
10 1 O 6
2-Mercaptopyridine (0.561 g, 5 mmol) was stirred in a mixture of 25 mL of DCM and 25 mLofa 1 M
solution of HCl for 10 min at -10 to -5 °C. Then, a cold (5 °C) solution of sodium hypochlorite (11% (aq.),
9.3 mL, 16.5 mmol) was added dropwise under vigorous stirring. After the addition was completed, the
mixture was stirred for 15 min at -10 to -5 °C. It was transferred to a separatory funnel (pre-cooled in the
freezer) and the organic layer was rapidly separated and collected in an Erlenmeyer flask cooled in a dry
ice-acetone bath. Methylamine (2 M in THF, 6.25 mL, 12.5 mmol) was added while stirring, whereupon
the organic layer became a white suspension. The suspension was stirred for 30 min at 0 °C. Then, the
mixture was washed with 1 M solution of HCI, water and a solution of saturated NaCl, dried with MgSQO4
and concentrated under reduced pressure. Purification by column chromatography on silica gel

EtOAc:heptane = 1:1) yielded the product as a white solid (400 mg, 47%).150
( p )y p ( g )

'H NMR (400 MHz, CDCls): § = 8.75-8.69 (m, 1H?®), 8.02 (dt, J = 7.7, 0.9 Hz, 1H"), 7.93 (td, /= 7.7, 1.7 Hz,
1H*Y), 7.51 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H°), 4.92 (s, 1H""), 2.75 (d, J = 5.3 Hz, 3H®) ppm; **C NMR (175 MHz,
CDCl3): 6 = 156.7 (C2), 150.2 (CHA"), 138.2 (CHA"), 126.8 (CHA"), 122.7 (CH*"), 23.0 (CH®) ppm; IR (neat): / =
3289, 1579, 1454, 1428,1325,1174,1117, 1086, 992, 844, 777,738,590 cm™*; HRMS (ESI): m/z calculated
for [M+Na]* (C¢HsN20,SNa) 195.0199, found 195.0198.

1.2] N-Methyl-5-nitropyridine-2-sulfonamide

5-Nitro-2-mercaptopyridine (312 mg, 2 mmol) was stirred in a mixture of 10 mL of DCM and 10 mL of a
1 M solution of HCI for 10 min at 0 °C. Then, a cold (0 °C) solution of sodium hypochlorite (11% (aq.), 26
mL, 6.6 mmol) was added dropwise under vigorous stirring. After the addition was completed, the mixture
was stirred for 60 min at 0 °C. It was transferred to a separatory funnel (pre-cooled in the freezer) and the
organic layer was rapidly separated and collected in an Erlenmeyer flask cooled in a dry ice-acetone bath.

Methylamine (2 M in THF, 2.5 mL, 5 mmol) was added while stirring, whereupon the organic layer became
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a white suspension. The suspension was stirred for 30 min at 0 °C. Then, the mixture was washed with a
1 M solution of HCI, water and a solution of saturated NaCl, dried with MgS0,4 and concentrated under
reduced pressure. Purification by column chromatography on silica gel (EtOAc:heptane = 1:20-1:4)

yielded the product as a white solid (92 mg, 21%).57

H NMR (400 MHz, CDCls): 6 = 9.49 (dd, , J = 2.5, 0.5 Hz, 1H?), 8.71 (dd, J = 8.5, 2.5 Hz, 1H'), 8.22 (dd, J =
8.5, 0.5 Hz, 1H), 4.86 (bs, 1H™), 2.85 (d, J = 5.2 Hz, 3H®) ppm; 3C NMR (175 MHz, CDCls): 6 = 161.8 (C*),
145.6 (CH™), 145.4 (C*), 133.6 (CH""), 123.0 (CH*"), 30.2 (CHE) ppm; IR (neat): 2 = 3283, 3099, 1600, 1567,
1531, 1355, 1334, 1176, 1104, 1016, 840, 750, 612 cm™; HRMS (ESI): m/z calculated for [M+Na]*
(CsH7N304SNa) 240.0045, found 240.0049.

General procedure C for the synthesis of a-functionalised amides 2.1a-y and 2.2a,n

To a solution of amide (0.2 mmol) in DCM (2 mL) was added 2-iodopyridine (46.8 uL, 0.44 mmol). The
reaction mixture was cooled to 0 °C before triflic anhydride (37 puL, 0.22 mmol) was added. After stirring
for 15 min, lutidine N-oxide (22.4 pL, 0.2 mmol) was added and the reaction was stirred for a further 5 min
at 0 °C. Then, a solution of the sodium amide generated from addition of the amine, amide or alcohol (0.6
mmol) to a suspension of NaH (0.6 mmol) in DMF (3 mL) was added. The reaction mixture was stirred at
room temperature for 1 h before being quenched with a saturated solution of NH4Cl. The layers were
separated and the aqueous layer was extracted with DCM. The combined organic layers were washed

with brine before being dried over MgSQ.. The solvent was removed under reduced pressure.

2.1a 2-(1H-Indol-1-yl)-4-phenyl-1-(pyrrolidin-1-yl)butan-1-one
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (51.4 mg, 77%) as a pale yellow liquid.

14 NMR (400 MHz, CDCls): 6 = 7.63 (d, J = 7.7 Hz, 1H*"), 7.34-7.08 (m, 9H*"), 6.55 (d, J = 3.3 Hz, 1H®3), 4.97—
4.92 (m, 1HY), 3.58-3.39 (m, 2H®), 3.28-3.20 (m, 1H?), 2.88-2.79 (m, 1H?), 2.65-2.52 (m, 3H"¥), 2.43-2.31
(m, 1HA%), 1.87-1.66 (m, 4HA¥), 1.51-1.40 (m, 1H*¥) ppm; 3C NMR (175 MHz, CDCls): 6 = 167.8 (C?), 140.8
(C*), 136.1 (C*), 128.7 (C*), 128.6 (2CHA), 128.6 (2CH""), 126.3 (CH*), 126.2 (CH?), 121.8 (CHA"), 121.2
(CH*"), 119.8 (CH”), 109.1 (CH*), 102.3 (CH""), 56.2 (CHY), 46.4 (CH.%), 46.2 (CH.%), 33.8 (CH"%), 31.9
(CHz"%), 26.2 (CH2*%), 24.0 (CH,A*) ppm; IR (neat): 2 = 3026, 2969, 2875, 1645, 1456, 1400, 1308, 1192,
700 cm™; HRMS (ESI): m/z calculated for [M+Na]* (C2:H24N,ONa) 355.1781, found 355.1780.

2.1b N-Methyl-4-nitro-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (82.3 mg, 82%) as a pale yellow liquid.

'H NMR (400 MHz, CDCls): 6 = 8.30 (d, J = 9.0 Hz, 2H*?7), 7.82 (d, J = 9.0 Hz, 2H**?8), 7.35-7.29 (m, 2H618),
7.27-7.21 (m, 1HY), 7.15-7.10 (m, 2H">*), 4.63 (apt, J = 7.5 Hz, 1H?), 3.64-3.57 (m, 1H®), 3.41-3.19 (m,
3H%9), 3.02 (s, 3H), 2.67-2.50 (m, 2H™), 2.18-2.07 (m, 1H"¥), 1.98-1.80 (m, 4H"¥), 1.65-1.55 (m, 1H")
ppm; *C NMR (100 MHz, CDCl;): 6 = 167.7 (C?), 150.1 (C?®), 144.8 (C*"), 140.4 (C*), 128.8 (2CH"), 128.6
(2CHA"), 128.5 (2CHA), 126.7 (CHY), 124.3 (2CH”"), 56.4 (CHY), 46.5 (CH,%), 46.1 (CH.®), 32.1(CH,*¥), 30.8
(CHs), 30.3 (CH2*%), 26.3 (CH,*), 24.2 (CH,") ppm; IR (neat): »” = 3103, 3063, 2974, 2876, 1642, 1529,
1448, 1349, 1162, 855, 699, 608 cm™; HRMS (ESI): m/z calculated for [M+Na]*(C:H2sN3O0sSNa) 454.1407,
found 454.1411.
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2.1c N,4-Dimethyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (57.0 mg, 71%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 7.58 (d, J = 7.8 Hz, 2H>*?8), 7.32-7.18 (m, 5H"), 7.09 (d, J = 7.8 Hz, 2H™),
4.59 (dd, J = 9.8, 6.4 Hz, 1HY), 3.76-3.68 (m, 1H®), 3.46-3.21 (m, 3H%9), 2.92 (s, 3H™), 2.64-2.54 (m, 1HAX),
2.50-2.41 (m, 1H"%), 2.42 (s, 3H?), 2.18-2.09 (m, 1H*¥), 1.98-1.78 (m, 4H*¥), 1.51-1.40 (m, 1H*¥) ppm;
13C NMR (100 MHz, CDCl3): 6 = 167.7 (C?), 143.6 (C*), 140.9 (C*), 136.2 (C*"), 129.8 (2CH*"), 128.6 (2CHA"),
128.6 (2CH™), 127.4 (2CH*), 126.4 (CHYY), 56.5 (CHY), 46.6 (CH,?), 46.1 (CH,?), 32.4 (CH,*¥), 30.5 (CHs™),
29.6 (CH2"%), 26.3 (CH,*¥), 24.3 (CH,A%), 21.7 (CHs%°) ppm; IR (neat): 2 = 3059, 3026, 2950, 2874, 1740,
1639, 1441, 1335, 1156, 1087, 933, 814, 696, 651 cm™; HRMS (ESI): m/z calculated for [M+Na]*
(C22H2sN203SNa) 423.1713, found 423.1716.

2.1d 4-Nitro-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (57.2 mg, 69%) as a white solid.

H NMR (400 MHz, CDCl5): 6 = 8.29 (d, J = 8.8 Hz, 2H*?7), 7.99 (d, J = 8.8 Hz, 2H?*%8), 7.33-7.16 (m, 5H™),
5.86 (bs, 1HY), 3.94 (bs, 1H), 3.20-3.11 (m, 1H®), 2.99-2.88 (m, 3H%°), 2.87-2.68 (m, 2H™), 1.94-1.58 (m,
6H*%) ppm; 3C NMR (100 MHz, CDCls): 6 = 168.5 (C?), 150.2 (C*), 145.8 (C*), 140.5 (C*"), 128.8 (CH™),
128.7 (CH™), 126.6 (2CHY7), 124.1 (2CH™), 54.1 (CH?), 46.1 (CH.%), 45.9 (CH,?), 35.1 (CH,"%), 31.3 (CH,*¥),
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26.0 (CH>"%), 24.0 (CH**) ppm; IR (neat): V' =3104,2952, 2876, 1629, 1528, 1451, 1348, 1164, 1091, 855,
613 cm™; HRMS (ESI): m/z calculated for [M+Na]* (C20H23N30sSNa) 440.1251, found 440.1251.

2.1e N-Isopropyl-4-methyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:3) yielded the product (54.6 mg, 64%) as a pale yellow solid.

H NMR (400 MHz, CDCls): 6 = 7.60 (d, J = 7.8 Hz, 2H?*?8), 7.31-7.17 (m, 5H*"), 7.04 (d, J = 7.8 Hz, 2H>?7),
4.40 (dd, J=10.3, 4.1 Hz, 1H%), 4.15-4.05 (m, 1H"), 3.72-3.64 (m, 1H®), 3.56-3.38 (m, 2H°), 3.24-3.16 (m,
1H°), 2.65-2.56 (m, 1H"¥), 2.42 (s, 3H?), 2.41-2.24 (m, 2H"¥), 1.94-1.78 (m, 4HA¥), 1.52-1.42 (m, 1H),
1.33 (d, J = 6.9 Hz, 6H?**°) ppm; 3C NMR (100 MHz, CDCl3): & = 167.5 (C?), 143.1 (C*), 141.0 (C*), 139.6
(C*), 129.6 (2CH™), 128.7 (2CH”"), 128.6 (2CH™), 127.6 (2CH"), 126.4 (CHY), 57.7 (CH?), 50.4 (CH™), 46.5
(CH,®), 46.4 (CH,®), 32.7 (CH,*%), 31.2 (CH"¥), 26.4 (CHA¥), 24.2 (CHM%), 23.3 (CH;*), 22.4 (CH5*), 21.6
(CHs*) ppm; IR (neat): 2 = 3026, 2970, 2873, 1637, 1599, 1439, 1328, 1151, 1085, 965, 936, 815, 698,
597 cm™; HRMS (ESI): m/z calculated for [M+Na]* (C24H32N,0sSNa) 451.2026, found 451.2022.

2.1f N-Benzyl-4-methyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (67.0 mg, 70%) as a pale yellow solid.

H NMR (400 MHz, CDCls): & = 7.62 (d, J = 8.1 Hz, 2H?®2%), 7.44 (d, J = 7.1 Hz, 2H"), 7.32-7.14 (m, 8H*),
7.98-7.93 (m, 2H*), 4.87 (d, J = 16.1 Hz, 1H), 4.26 (dd, J = 9.1, 4.8 Hz, 1HY), 4.33 (d, J = 16.1 Hz, 1H?),
3.55-3.46 (m, 1H6), 3.20-3.11 (m, 2H®°), 2.68-2.59 (m, 1H°), 2.55-2.47 (m, 1H®), 2.43 (s, 3H%), 2.37-2.27
(m, 1H®), 2.24-2.13 (m, 1H3), 1.80-1.61 (m, 3H78), 1.53-1.42 (m, 1H8), 1.41-1.31 (m, 1H?) ppm; 3C NMR
(100 MHz, CDCl3): & = 166.7 (C?), 143.7 (C*), 141.1 (C*), 137.9 (C*), 137.7 (C*), 129.8 (CHA"), 128.7(CHA"),
128.5 (CHA), 128.5 (CH*"), 128.2 (CH*"), 127.5 (CH'), 127.4 (CH), 126.3 (CH), 57.2 (CH?), 48.6 (CH,Y),
46.1 (CH,®), 45.9 (CH,°), 32.7 (CH,"), 30.2 (CH,"%), 26.2 (CH"), 23.9 (CH"%), 21.7 (CH3%°) ppm; IR (neat):
Vo= 3061, 3027, 2948, 2874, 1642, 1599, 1494, 1435, 1335, 1156, 1093, 698, 654 cm™’; HRMS (ESI): m/z
calculated for [M+H]* (C2sH33N,03S) 477.2206, found 477.2201.

2.1g 4-Methyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)-N-phenylbenzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:3) yielded the product (69.7 mg, 75%) as a white solid.

'H NMR (400 MHz, CDCls): 6 = 7.36 (d, J = 8.6 Hz, 2H*"), 7.32-7.19 (m, 7H*"), 7.18-7.10 (m, 3H""), 7.98—
7.93 (m, 2H*"), 5.04-4.96 (m, 1H'), 3.88-3.78 (m, 1H®), 3.40-3.22 (m, 3H%%), 2.59-2.42 (m, 2H™), 2.34 (s,
3H%), 2.03-1.64 (m, 6H"*) ppm; **C NMR (100 MHz, CDCls): & = 167.8 (C?), 143.5 (C*), 140.9 (C*"), 137.0
(C*), 136.0 (C*), 132.4 (2CH”"), 129.3 (2CH"), 128.8 (CH™?), 128.7 (2CH”"), 128.7 (2CH"), 128.6 (2CH™),
127.9 (2CH*"), 126.4 (CHY), 59.1 (CH?), 46.4 (CH,®), 46.3 (CH)%), 32.6 (CH"), 32.4 (CH"%), 26.5 (CH,"Y),
24.3 (CH"%), 21.7 (CHs*) ppm; IR (neat): 2 = 3061, 3026, 2951, 2874, 2242, 1643, 1597, 1491, 1439,
1342,1159, 909, 729, 697, 657 cm™*; HRMS (ESI): m/z calculated for [M+H]* (C,7H31N»0sS) 463.2050, found
463.2046.
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2.1h N-(4-Methoxyphenyl)-4-methyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-

yl)benzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (70.4 mg, 72%) as a pale yellow solid.

'H NMR (400 MHz, CDCl5): 6 = 7.40 (d, J = 8.3 Hz, 2H**?%), 7.31-7.16 (m, 7H*"), 7.13-7.08 (m, 2H""), 6.77
(d, J=9.0 Hz, 2H>*?), 5.03 (dd, J = 8.1, 6.4 Hz, 1H'), 3.93-3.85 (m, 1H®), 3.78 (s, 3H?*), 3.45-3.28 (m, 3H%?),
2.64-2.48 (m, 2HY), 2.39 (s, 3H%), 2.07-1.82 (m, 6H**) ppm; 3C NMR (100 MHz, CDCl;): § = 167.9 (C?),
159.7 (C*), 143.4 (C™), 141.0 (C*), 137.0 (C*), 133.5 (2CH*), 129.2 (2CH*), 128.6 (2CH™"), 128.6 (2CH™),
128.2 (C*), 127.9 (2CH*"), 126.3 (CH'), 113.9 (2CH*"), 59.0 (CH3??), 55.4 (CH?), 46.4 (CH,%), 46.2 (CH,°), 32.5
(CHz"%), 32.4 (CH,*), 26.5 (CH,*%), 24.3 (CH,"¥), 21.6 (CH5%) ppm; IR (neat): » = 3062, 3026, 2952, 2874,
2240, 1644, 1602, 1505, 1439, 1341, 1249, 1158, 914, 727, 589 cm™; HRMS (ESI): m/z calculated for
[M+H]* (C2sH33N,04S) 493.2156, found 493.2164.

2.1i Methyl N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)-N-tosylglycinate
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (58.0 mg, 63%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 7.66 (d, J = 8.3 Hz, 2H*), 7.32-7.16 (m, 5H*), 7.04 (d, J = 8.3 Hz, 2H"), 4.39
(d,J=18.3 Hz, 1H'), 3.39-3.34 (m, 1HY), 4.17 (d, J = 18.3 Hz, 1HY), 3.71 (s, 3H'?), 3.54-3.45 (m, 1H¢), 3.38-
3.22 (m, 2H?), 3.02-2.93 (m, 1H°), 2.66-2.57 (m, 1HA), 2.53-2.44 (m, 1HA¥), 2.43 (s, 3H*), 2.12-2.01 (m,
1HA%), 1.90-1.74 (m, 4H%), 1.62-1.51 (m, 1H*¥) ppm; 3C NMR (100 MHz, CDCls): & = 170.5 (C%), 167.4
(C?), 144.0 (C*), 140.7 (C*), 137.0 (C*), 129.8 (2CH"), 128.6 (2CH*"), 128.6 (2CHY), 127.8 (2CH™), 126.4
(CHY7), 55.7 (CH?), 52.3 (CH'2), 46.2 (CH.?), 46.1 (CH,°), 45.3 (CH,), 31.9 (CH,*¥), 30.9 (CH,*%), 26.2 (CH,"%),
24.2 (CH¥), 21.7 (CHs®) ppm; IR (neat): 2 = 2951, 2876, 2251, 1756, 1638, 1598, 1447, 1341, 1206,
1156, 1093, 909, 813, 727, 700, 654 cm™; HRMS (ESI): m/z calculated for [M+Na]* (CasH3oN,OsSNa)
481.1768, found 481.1758.

2.1j N-Methyl-2-nitro-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:4-7:3) yielded the product (69.0 mg, 80%) as a pale yellow solid.

1H NMR (400 MHz, CDCls): & = 7.94-7.90 (m, 1H), 7.71-7.60 (m, 3H""), 7.30-7.12 (m, 5H"), 4.75 (apt, J =
7.4 Hz, 1HY), 3.70-3.61 (m, 1HS), 3.44-3.37 (m, 2H?), 3.31-3.23 (m, 1H®), 3.14 (s, 3H), 2.71-2.56 (m,
2HAK), 2.21-2.12 (m, 1HAX), 1.95-1.78 (m, 5HAX) ppm; *C NMR (100 MHz, CDCls): & = 168.3 (C?), 148.2
(C?%), 140.7 (C*), 133.6 (CH™), 132.6 (C*), 131.7 (CH™), 130.7 (CH™), 128.6 (2CH*"), 128.5 (2CH"), 126.3
(CHA"), 124.3 (CH*), 56.6 (CHY), 46.5 (C:H®), 46.1 (C,H?), 32.2 (CH»*¥), 31.0 (CHs), 30.9 (CHA¥), 26.2
(CH2"%), 24.1 (CH,"*) ppm; IR (neat): » = 3064, 3025, 2951, 2875, 1637, 1542, 1440, 1370, 1348, 1161,
937, 851, 729, 700 cm™; HRMS (ESI): m/z calculated for [M+Na]* (C21H2sN3OsSNa) 454.1407, found
454.1412.
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2.1k N-Methyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)naphthalene-2-sulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (60.8 mg, 70%) as a pale yellow solid.

H NMR (400 MHz, CDCl3): & = 8.29 (d, J = 1.6 Hz, 1H?%), 7.97-7.89 (m, 3H""), 7.69-7.59 (m, 3H*"), 7.28—
7.15 (m, 3H*), 7.05-7.00 (m, 2H""), 4.66 (dd, J = 9.0, 6.1 Hz, 1H), 3.76-3.67 (m, 1H®), 3.42-3.33 (m, 1H°),
3.31-3.20 (m, 2H®°), 3.01 (s, 3HY), 2.63-2.42 (m, 2H®), 2.17-2.05 (m, 1H**), 1.94-1.70 (m, 4H*), 1.54—
1.44 (m, 1HAX) ppm; 3C NMR (175 MHz, CDCls): & = 167.6 (C?), 140.7 (C*), 136.1 (C*"), 135.0 (C*), 132.3
(CA1), 129.5 (CHA), 129.2 (CHA"), 128.9 (CHA"), 128.6 (2CHA"), 128.6 (2CHA"), 128.1 (CHA), 127.7 (CHY), 126.4
(CHA7), 122.6 (CH*), 56.4 (CHY), 46.6 (CH.®), 46.1 (CH,%), 32.3 (CH,*%), 30.7 (CHs), 29.7 (CHAX), 26.3
(CH;"%), 24.2 (CH*%) ppm:; IR (neat): 2 = 3058, 3025, 2969, 2876, 1642, 1447, 1336, 1159, 933, 751, 702,
651 cm™; HRMS (ESI): m/z calculated for [M+H]* (C2sH29N203S) 437.1893, found 437.1892.

2.1l N-Methyl-N-(1-oxo-4-phenyl-1-(pyrrolidin-1-yl)butan-2-yl)pyridine-2-sulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (57.0 mg, 74%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): § = 8.66-8.63 (m, 1H?7), 7.92-7.83 (m, 2H>?), 7.49-7.43 (m, 1H"), 7.31-7.24
(m, 2HA), 7.21-7.12 (m, 3H™), 4.81 (dd, J = 8.0, 6.8 Hz, 2H"), 3.88-3.79 (m, 1H®), 3.45-3.32 (m, 2H?), 3.30—
3.22 (m, 1H¢), 3.04 (s, 3H), 2.67-2.52 (m, 2HA¥), 2.20-2.09 (m, 1H*¥), 1.98-1.77 (m, 5HA), 1.60 (bs, 1HA¥)
ppm; *C NMR (100 MHz, CDCls): 6 = 168.2 (C?), 157.2 (C*), 150.1 (CH*), 141.0 (C*), 137.9 (CH"), 128.6

44



(CHA"), 128.6 (CH""), 126.7 (CH™), 126.3 (CH*), 122.8 (CH""), 56.9 (CHY), 46.6 (CH.®), 46.1 (CH,°), 32.2
(CH2"%), 30.9 (CH51), 30.8 (CH*), 26.3 (CH2"%), 24.4 (CH,*¥). IR (neat): 7 = 3025, 2951, 2874, 1640, 1577,
1449, 1428, 1340, 1172, 1083, 937, 778, 744, 700, 589 cm™; HRMS (ESI): m/z calculated for [M+Na]*
(Ca0H25N303SNa) 410.1509, found 410.1507.

2.1n Methyl 8-((N,4-dimethylphenyl)sulfonamido)-9-oxo-9-(pyrrolidin-1-yl)nonanoate

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:1) yielded the product (55.8 mg, 64%) as a pale yellow liquid.

'H NMR (400 MHz, CDCls): § = 7.63 (d, J = 8.3 Hz, 2H?*%), 7.28 (d, J = 8.3 Hz, 2H*?’), 4.64-4.58 (m, 1H?),
3.86-3.76 (m, 1H°®), 3.66 (s, 3H'), 3.50-3.24 (m, 3H%°), 2.91 (s, 3H?), 2.42 (s, 3H*), 2.28 (t, J = 7.6 Hz,
2H®3), 2.01-1.91 (m, 2HAX), 1.88-1.69 (m, 3HAX), 1.63-1.52 (m, 2HA%), 1.33-1.11 (m, 7H**) ppm; 3C NMR
(175 MHz, CDCl3): 6 = 174.2 (C**), 168.3 (C?), 143.5 (C*), 136.4 (C*), 129.6 (2CH?***8), 127.2 (2CH*>*), 56.9
(CHY), 51.5 (CHsY), 46.6 (CH.®), 45.9 (CH,°), 34.1 (CH,**), 30.3 (CHs), 28.9 (CH*¥), 28.2 (CH,*), 26.3
(CHz"%), 26.0 (CH,*), 24.9 (CH,*%), 24.2 (CH,"¥), 21.6 (CH3¥") ppm; IR (neat): 2 = 2931, 2860, 1734, 1641,
1437, 1335, 1154, 1088, 815, 713, 652 cm™; HRMS (ESI): m/z calculated for [M+Na]* (C22H34N,OsSNa)
461.2081, found 461.2079.
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2.10 N-(1,10-Dioxo-1-(pyrrolidin-1-yl)Jundecan-2-yl)-N,4-dimethylbenzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:1) yielded the product (60.0 mg, 69%) as a pale yellow liquid.

4 NMR (400 MHz, CDCls): & = 7.63 (d, J = 8.3 Hz, 2H*%8), 7.28 (d, J = 8.3 Hz, 2H*?7), 4.62 (dd, J = 8.2, 6.2
Hz, 1HY), 3.85-3.77 (m, 1H9), 3.51-3.24 (m, 3H%%), 2.91 (s, 3H?), 2.42 (s, 3H?), 2.40 (t, J = 7.4 Hz, 2HS),
2.13 (s, 3H3), 2.00-1.92 (m, 2H*¥), 1.88-1.79 (m, 2H"%), 1.79-1.69 (m, 1H*¥), 1.60-1.48 (m, 2H*¥), 1.32—
1.12 (m, 9H**) ppm; 3C NMR (175 MHz, CDCl3): & = 209.3 (C*), 168.4 (C?), 143.5 (C%), 136.4 (C*), 129.7
(2CH?*28), 127.3 (2CH?5?7), 56.9 (CHY), 46.7(CH,), 46.0 (CH,), 43.8 (CH,*), 30.4 (CHs), 30.0 (CH3%), 29.3
(CH2"%), 29.2 (CH2A%), 29.1 (CH,A%), 28.3 (CHAY), 26.3 (CH2A%), 26.2 (CHAY), 24.3 (CH,A%), 23.9 (CHAY), 21.6
(CHs?) ppm; IR (neat): = 2928, 2855, 1711, 1640, 1598, 1441, 1334, 1154, 1088, 911, 814, 730, 651 cm"
1. HRMS (ESI): m/z calculated for [M+Na]* (C23sH3sN204SNa) 459.2288, found 459.2289.

2.1p N-(7-Cyano-1-oxo-1-(pyrrolidin-1-yl)hexan-2-yl)-N,4-dimethylbenzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:9-7:3) yielded the product (32.5 mg, 47%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 7.65 (d, J = 8.2 Hz, 2H*?8), 7.31 (d, J = 8.2 Hz, 2H?>?), 4.62 (dd, J = 8.9, 6.1
Hz, 1HY), 3.85-3.77 (m, 1HS), 3.51-3.28 (m, 3H®°), 2.87 (s, 3H), 2.43 (s, 3H%), 2.28 (t, J = 7.1 Hz, 2H™2),
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2.01-1.93 (m, 2H*), 1.89-1.76 (m, 3H"¥), 1.72-1.49 (m, 3H*¥), 1.39-1.31 (m, 2H"*) ppm; 3C NMR (100
MHz, CDCls): 6 = 167.6 (C?), 143.8 (C%), 136.3 (C%), 129.9 (2CH*?8), 127.3 (2CH?>?7), 119.5 (C12), 56.9 (CHY),
46.8 (CH,®), 46.2 (CH%), 30.4 (CH5), 27.3 (CH:*%), 26.3 (CH2A), 25.4 (CH,A%), 25.2 (CH,A), 24.2 (CHA),
21.7 (CHs%), 17.1 (CH,*) ppm; IR (neat): V= 2950, 2875, 2246, 1641, 1444, 1334, 1156, 1088, 816, 714,
653 cm™; HRMS (ESI): m/z calculated for [M+Na]* (C19H27N30sSNa) 400.1665, found 400.1672.

2.1q N-(6-Chloro-1-oxo-1-(pyrrolidin-1-yl)hexan-2-yl)-N,4-dimethylbenzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:1) yielded the product (51.2 mg, 66%) as a pale yellow liquid.

H NMR (400 MHz, CDCl5): 6 = 7.65 (d, J = 8.4 Hz, 2H*?%), 7.30 (d, J = 8.4 Hz, 2H?5?"), 4.63 (dd, /= 8.8, 6.1
Hz, 1H?), 3.87-3.78 (m, 1HF), 3.52-3.27 (m, 5H591°), 2.89 (s, 3H), 2.42 (s, 3H%), 2.02-1.92 (m, 2HAK),
1.88-1.60 (m, 5HA%), 1.40-1.21 (m, 3H*¥) ppm; 1*C NMR (100 MHz, CDCls): 6 = 167.9 (C?), 143.7 (C?%), 136.3
(C%), 129.8 (2CH2428), 127.3 (2CH?5?7), 57.0 (CHY), 46.8 (CH,®), 46.1 (CH,?), 44.6 (CH,™°), 32.2 (CH,™), 30.4
(CHs1), 27.4 (CH,*%), 26.3 (CH2A%), 24.3 (CH*%), 23.6 (CH,*¥), 21.7 (CHs2®) ppm; IR (neat): 2 = 2951, 2873,
1640, 1441, 1334, 1154, 1088, 929, 912, 815, 713, 652 cm’; HRMS (ESI): m/z calculated for [M+Na]*
(C1sH27CIN,03SNa) 409.1323, found 409.1330.
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2.1r N,4-Dimethyl-N-(1-oxo-1-(pyrrolidin-1-yl)undec-10-en-2-yl)benzenesulfonamide

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:19-2:3) yielded the product (39.6 mg, 47%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): 6 = 7.64 (d, J = 8.3 Hz, 2H?*%%), 7.28 (d, J = 8.3 Hz, 2H??7), 5.86-5.75 (m, 1H),
5.03-4.91 (m, 2H), 4.62 (dd, J = 8.0, 6.0 Hz, 1H?), 3.86-3.78 (m, 1H¢), 3.66 (s, 3H'), 3.50-3.25 (m, 3H®),
2.91 (s, 3H™Y), 2.42 (s, 3H%), 2.07-1.92 (m, 2H"X), 1.88-1.69 (m, 3HA¥), 1.40-1.12 (m, 11H**) ppm; *C NMR
(175 MHz, CDCl3): 6 = 168.5 (C2), 143.5 (C2), 139.2 (CH), 136.5 (C%), 129.7 (2CH?*2#), 127.3 (2CH®?),
114.4 (CH,%), 57.0 (CHY), 46.7 (CH,®), 46.0 (CH%), 33.9 (CH,™), 30.4 (CHs), 29.4 (CH,*¥), 29.3 (CH,*¥), 29.1
(CHz"%), 29.0 (CH,*¥), 28.3 (CH2*%), 26.3 (CH,"¥), 26.2 (CH,A%), 24.3 (CH,*%), 21.7 (CHs?°) ppm; IR (neat): 2
= 3070, 2925, 2855, 1643, 1441, 1338, 1160, 1088, 910, 815, 713, 652 cm™; HRMS (ESI): m/z calculated
for [M+Na]* (C23H3sN,0sSNa) 443.2339, found 443.2336.

2.1s N,N-Dimethyl-2-((N-methyl-4-nitrophenyl)sulfonamido)-4-phenylbutanamide
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:5 — 1:2) yielded the product (60.4 mg, 74%) as a pale yellow liquid.

14 NMR (400 MHz, CDCl3): 6 = 8.31 (d, J = 9.0 Hz, 2H?5?7), 7.81 (d, J = 9.0 Hz, 2H?*?8), 7.36-7.30 (m, 2H168),
7.28-7.22 (m, 1HY), 7.16-7.10 (m, 2H¥?), 4.83 (apt, J = 7.5 Hz, 1H?) 3.01 (s, 3H®), 2.99 (s, 3H®), 2.86 (s,
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3HY), 2.67-2.48 (m, 2H®), 2.17-2.07 (m, 1H3), 1.63-1.53 (m, 1H3) ppm; 3C NMR (100 MHz, CDCls): & =
169.3 (C?), 150.2 (C%), 144.7 (C*), 140.3 (C*), 128.8 (2CHA), 128.7 (2CHA), 128.5 (2CHA"), 126.7 (CHY),
124.3 (2CH"), 54.4 (CHY), 37.3 (CH5®), 36.0 (CH5?), 32.1 (CH»*), 30.7 (CH5*%), 30.5 (CH."*) ppm; IR (neat):
V' =3103, 3061, 3026, 2933, 2866, 1645, 1528, 1346, 1161, 932, 854, 736, 697, 606 cm™; HRMS (ESI):
m/z calculated for [M+Na]* (C19H23N30sSNa) 428.1251, found 428.1248.

2.1t N-Methyl-4-nitro-N-(1-oxo-3-phenyl-1-(pyrrolidin-1-yl)propan-2-yl)benzenesulfonamide
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:3) yielded the product (60.0 mg, 72%) as a pale yellow solid.

'H NMR (400 MHz, CDCl3): & = 8.25 (d, J = 9.0 Hz, 2H*>%"), 7.78 (d, J = 9.0 Hz, 2H?**%8), 7.27-7.21 (m, 3H"),
7.14-7.10 (m, 2H*), 4.94 (dd, J = 9.2, 6.2 Hz, 1H'), 3.65-3.57 (m, 1H°®), 3.33-3.12 (m, 3H%°), 3.13 (s, 3H™),
2.87-2.79 (m, 1H3), 2.71 (dd, J = 13.3, 6.2 Hz, 1H®3), 1.90-1.64 (m, 4H*¥) ppm; 3C NMR (100 MHz, CDCls):
8 =167.7 (C?), 150.0 (C?®), 144.9 (C*), 136.2 (C*), 129.3 (2CH™"), 128.9 (2CH*"), 128.4 (2CHM), 127.3 (CH*:),
124.3 (CH*), 58.3 (CHY), 46.5 (CH.®), 45.8 (CH®), 36.0 (CH>?), 31.0 (CHs?), 26.1 (CH,’), 24.2 (CH®) ppm; IR
(neat): 2 = 3104, 3063, 3029, 2876, 1640, 1528, 1447, 1347, 1162, 942, 853, 738, 699, 609 cm’; HRMS
(ESI): m/z calculated for [M+Na]* (C20H23N30sSNa) 440.1244, found 440.1251.
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2.1u N,4-Dimethyl-N-(1-oxo-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide

22

The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:2) yielded the product (37.1 mg, 57%) as a pale yellow liquid.

H NMR (400 MHz, CDCl5): 6 = 7.64 (d, J = 8.2 Hz, 2H"?Y), 7.28 (d, J = 8.2 Hz, 2H#%°), 4.57 (dd, J = 8.4, 6.5
Hz, 1H?), 3.86-3.79 (m, 1HS), 3.50-3.37 (m, 2H%°), 3.34-3.26 (m, 1H°%), 2.92 (s, 3H), 2.42 (s, 3H?), 2.00-
1.92 (m, 2H7), 1.88-1.75 (m, 3H>®3), 1.39-1.28 (m, 1H?), 0.84 (t, J = 7.5 Hz, 3H3) ppm; 3C NMR (125 MHz,
CDCls): 6 = 168.4 (C?), 143.5 (C*%), 136.5 (C19), 129.7 (2CH'2Y), 127.3 (2CH!®%), 58.5 (CHY), 46.7 (CHE), 46.0
(CH®), 30.3 (CH5™), 26.3 (CH,"¥), 24.3 (CH"%), 21.7 (CH,*%), 21.6 (CH3%2), 10.8 (CHs™) ppm; IR (neat): 7 =
2969, 2877, 1642, 1444, 1336, 1163, 1151, 1088, 955, 812, 714, 652 cm™’; HRMS (ESI): m/z calculated for
[M+Na]* (C16H24N,03SNa) 347.1400, found 347.1401.

2.1v N-Methyl-4-nitro-N-(1-oxo-1-(pyrrolidin-1-yl)butan-2-yl)benzenesulfonamide
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 2:3) yielded the product (40.3 mg, 55%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 8.33 (d, J = 9.0 Hz, 2H2!), 7.93 (d, J = 9.0 Hz, 2H!82°), 4.60 (t, J = 7.5 Hz,
1H1), 3.80-3.72 (m, 1H°), 3.51-3.33 (m, 2H%°), 3.30-3.21 (m, 1H°), 3.02 (s, 3H), 2.04-1.94 (m, 2H7), 1.91—
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1.76 (m, 3H*®3), 1.54-1.43z (m, 1H3), 0.90 (t, J = 7.3 Hz, 3H%) ppm; *C NMR (175 MHz, CDCl5): & = 168.3
(C?), 150.1 (C%9), 145.1 (C), 128.4 (2CHY2Y), 124.3 (2CH®), 58.7 (CHY), 46.7 (CH.%), 46.0 (CH.%), 30.6
(CHs), 26.4 (CH,*¥), 24.3 (CH,*%), 22.3 (CH;*¥), 10.9 (CHs™3) ppm; IR (neat): 2 = 3103, 2971, 2876, 1642,
1529, 1446, 1348, 1310, 1155, 1087, 739, 606 cm™; HRMS (ESI): m/z calculated for [M+Nal]*
(C15H2:1N30sSNa) 378.1094, found 378.1092.

2.1y Methyl 9-((R)-2-benzhydrylpyrrolidin-1-yl)-8-((N,4-dimethylphenyl)sulfonamido)-9-oxononanoate

The product was prepared according to general procedure C. Purification by column chromatography on
silica gel (EtOAc:heptane = 1:5-1:2) yielded the product (34.4 mg, 28%) as a white solid. Isolated as a
mixture of diasteromers in a ratio of 1:1.3, only the major one is reported for the *H NMR. Both

diastereomers are reported for the 3C NMR (maj = major, min = minor) and the IR.

H NMR (700 MHz, CDCls): & = 7.62 (d, J = 8.3 Hz, 2H?*?¥), 7.48-7.12 (m, 12H"), 5.51 (dd, J = 10.8, 6.1 Hz,
1H°), 4.06 (t, J = 7.1 Hz, 1HY), 3.91-3.58 (m, 2H5'8), 3.68 (s, 3HY), 3.50 (m, 1HE), 2.62 (s, 3H), 2.42 (s,
3H2), 2.25 (t, J = 7.4 Hz, 2H™), 2.00-1.85 (m, 4H7#), 1.51-1.47 (m, 2H'), 1.20-0.78 (m, 5H"¥), 0.65-0.59
(m, 1HA%), 0.46-0.39 (m, 1HA¥), 0.30-0.23 (m, 1H"¥) ppm. 3C NMR (175 MHz, CDCl;): 174.3 (C4), 168.3
(C2mai), 168.0 (C>™), 143.7 (C2), 143.6 (C2), 142.2 (C*), 142.1 (C*), 142.1 (C*), 141.6 (C*), 136.4 (C¥),
129.8 (2C*7), 129.8 (2C™), 129.5 (2C*), 129.4 (2C*), 129.1 (2C*7), 129.0 (2C*), 129.0 (2C*), 128.7 (2CY),
128.6 (2C*7), 128.2 (2C™), 127.5 (2C*), 127.5 (2C*), 127.0 (C*), 126.9 (C*), 126.8 (C*), 126.3 (C*), 60.8
(CH>™), 60.2 (CH™"), 57.6 (CH™"), 57.1 (CHY™), 54.8 (CH'®™), 52.9 (CH™"), 51.6 (CHs7), 46.9 (CH,™"),
44.8 (CH,5™), 34.2 (CH,™>™), 34.1 (CH,'3™"), 30.3 (CH;¥), 30.0 (CH5Y™3), 29.9 (CH5!™"), 29.2 (CHAX),
29.1 (CH*%), 29.0 (CH,*¥), 27.9 (CH,*%), 26.9 (CH2"%), 26.9 (CH,*¥), 26.4 (CH,A%), 25.6 (CH2A%), 25.0 (CH, ),
24.9 (CH,¥), 23.6 (CH,*), 21.9 (CH52®™"), 21.7 (CH32™), 21.1 (CH,**) ppm. IR (neat): 2~ = 3056, 3028,
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2927, 2856, 1733, 1634, 1599, 1493, 1434, 1336, 1265, 1159, 1087, 814, 732 cm™*; HRMS (ESI): m/z
calculated for [M+Na]* (CssHasN,OsSNa) 627.2863, found 627.2862.

2.1z 2-Amino-4-phenyl-1-(pyrrolidin-1-yl)butan-1-one
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To 32 mg (0.077 mmol) 1d in 0.5 mL MeCN 25.3 mg (0.23 mmol) thiophenol and 42.4 mg (0.307 mmol)
freshly ground K,CO3; was added. The mixture was heated to 50 °C for 40 h. Then, the solvent was removed
under reduced pressure and the crude product was purified by column chromatography on silica gel

(EtOACc:(99% MeOH, 1% NH4OH) = 9:1) to yield amine 1z (16.6 mg, 93%) as a pale yellow liquid.

'H NMR (400 MHz, CDCl3): § = 7.31-7.25 (m, 2H""), 7.23-7.16 (m, 3H""), 3.54-3.37 (m, 3H'7), 3.34-3.26
(m, 1H¥), 3.19-3.10 (m, 1H¥), 2.86-2.67 (m, 2H), 1.96-1.62 (m, 8H"">%9), ppm; 3C NMR (100 MHz,
CDCl3): & = 174.1 (C?), 141.7 (C%?), 128.7 (2CH""), 128.6 (2CH""), 126.1 (CH®), 52.4 (CH?), 46.1 (CH,"), 46.0
(CH29), 36.9 (CH*), 32.2 (CH»*), 26.2 (CH2*%), 24.2 (CH**) ppm:; IR (neat): 2 = 3363, 3060, 3025, 2950,
2873, 1631, 1449, 1370, 1342, 752, 701 cm™:; HRMS (ESI): m/z calculated for [M+H]*(C14H21N,0) 233.1648,
found 233.1647.

2.2a 2-(4-Nitrophenoxy)-4-phenyl-1-(pyrrolidin-1-yl)butan-1-one
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:1) yielded the product (56.0 mg, 79%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 8.16 (d, J = 9.3 Hz, 2H»?7), 7.29-7.12 (m, 5H*), 6.87 (d, J = 9.3 Hz, 2H>2),
4.66 (dd, J = 9.1, 4.0 Hz, 1H?), 3.53-3.37 (m, 3H®?), 3.25-3.14 (m, 1H®), 2.96-2.87 (m, 1H*3), 2.85-2.74 (m,
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1H®3), 2.38-2.26 (m, 1H3), 2.23-2.13 (m, 1H?), 1.94-1.68 (m, 4H”%), ppm; 3C NMR (100 MHz, CDCl3): § =
168.1 (C?), 162.8 (C?Y), 142.2 (C*), 140.5 (C), 128.7 (2CH™), 128.7 (2CHA), 126.5 (CHY), 126.2 (2CHA),
115.0 (2CH*), 77.8 (CHY), 46.8 (CH,®), 46.0 (CH,7), 33.3 (CH»"%), 31.7 (CH:%), 26.6 (CH2"¥), 23.5 (CH,*¥)
ppm; IR (neat): V= 3082, 3027, 2956, 2878, 1652, 1590, 1512, 1494, 1441, 1338, 1256, 1110, 845, 751,
655 cm™; HRMS (ESI): m/z calculated for [M+Na]* (Ca0H22N»04Na) 377.1472, found 377.1475.

2.2n 2-(Benzyloxy)-N,N-dimethyl-4-phenylbutanamide
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The product was prepared according to general procedure C. Purification by column chromatography on

silica gel (EtOAc:heptane = 1:3) yielded the product (44.0 mg, 74%) as a pale yellow liquid.

4 NMR (400 MHz, CDCls): § = 7.40-7.11 (m, 10H*), 6.87 (d, J = 9.3 Hz, 2H**?8), 4.63 (d, J = 11.6 Hz, 1H%),
4.35 (d, J = 11.6 Hz, 1H?Y), 4.16 (dd, J = 9.1, 4.2 Hz, 1HY), 2.94 (s, 3H°), 2.92 (s, 3H?), 2.89-2.81 (m, 1H™S),
2.74-2.65 (m, 1H®3), 2.20-2.09 (m, 1H3), 2.02-1.92 (m, 1H3) ppm; *C NMR (100 MHz, CDCl3): & = 171.7
(C?), 141.5 (C*), 137.9 (C*"), 128.7 (2CHA"), 128.6 (2CH""), 128.5 (2CHA"), 128.3 (2CHA"), 128.0 (2CH""), 126.1
(2CHA), 77.5 (CHY), 71.5 (CH,2), 36.52 (CHs?), 36.2 (CH5?), 33.9 (CH,*%), 31.9 (CH,A%) ppm; IR (neat): 2 =
3060, 3026, 2925, 2861, 1639, 1494, 1452, 1397, 1343, 1257, 1097, 981, 734, 697 cm™*; HRMS (ESI): m/z
calculated for [M+Na]* (C1sH23NO>Na) 320.1621, found 320.1621.

2.20 1-(Dimethylamino)-1-oxopentan-2-yl formate
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The product was prepared according to general procedure C with the difference that no sulfonamide or
alcohol was added. Purification by column chromatography on silica gel (EtOAc:heptane = 1:1) yielded the

product (21.1 mg, 26%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 8.08 (s, 1H8), 5.40 (dd, J = 4.3, 8.6 Hz, 1H), 3.08 (s, 3H™X), 3.96 (s, 3H),
1.91-1.80 (m, 1H3), 1.77-1.66 (m, 1H?), 1.56-1.35 (m, 2H7), 0.95 (t, J = 7.3 Hz, 3H™2) ppm; 3C NMR (175
MHz, CDCls): 6 = 169.4 (C?), 160.7 (CH8), 69.9 (CH?), 37.0 (CHs1°), 36.1 (CH5™), 33.1 (CH.?), 18.6 (CH,"), 13.8
(CH5™) ppm; IR (neat): 2 = 2960, 2934, 2874, 1720, 1652, 1500, 1462, 1402, 1259, 1163, 1108, 1059, 852,
631 cm%; HRMS (ESI): m/z calculated for [M+Na]* (CsHisNOsNa) 196.0944, found 196.0942.

2.2p 2-Hydroxy-N,N-dimethylpentanamide

The product was prepared according to general procedure C with the difference that no sulfonamide or
alcohol was added. Purification by column chromatography (EtOAc:heptane = 1:1) yielded the product
(36.3 mg, 42%) as a pale yellow liquid. All spectroscopic properties are in good accordance with reported

data.5Y

General procedure D for the synthesis of a-arylated amides 2.3a—c

To a solution of the amide (1 eq.) in MeCN (0.1 M) was added tetrapropyl ammonium hydroxide
(40% (aq.), 2 eq.) The solution was stirred for 16 h. Then it was washed with saturated NH,4Cl solution and
brine. The organic layer was dried with MgSQ,, the solvent evaporated and the crude product purified by

column chromatography on silica gel.
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2.3a 2-(Methylamino)-2-(4-nitrophenyl)-4-phenyl-1-(pyrrolidin-1-yl)butan-1-one

The product was prepared according to general procedure D from amide 2.1b (63 mg, 0.15 mmol).
Purification by column chromatography on silica gel (EtOAc:heptane = 1:1) yielded the product (24.0 mg,
45%) as a pale yellow liquid.

H NMR (400 MHz, CDCls): & = 8.21 (d, J = 9.0 Hz, 2H*!Y), 7.57 (d, J = 9.0 Hz, 2H312), 7.25-7.20 (m, 2H"),
7.19-7.13 (m, 1H%), 7.12-7.06 (m, 2H*), 3.53 (bs, 2HAX), 3.19 (bs, 1HA), 2.70 (bs, 1HAX), 2.62—2.53 (m,
1HAK), 2.42-2.33 (m, 2HA), 2.28 (s, 3H™3), 1.78-1.49 (m, 4H*¥) ppm; 3C NMR (150 MHz, CDCl3): § = 170.6
(C18), 150.0 (C*"), 147.0 (C*), 141.7 (C*"), 128.5 (2CH), 128.4 (2CHA"), 127.3 (2CHA"), 126.1 (CH*), 123.8
(2CH™), 68.5 (C'), 47.8 (CH,?), 46.6 (CH,?%), 35.4 (CH,"), 29.4 (CH*¥), 29.2 (CH,®), 26.8 (CHs"), 23.2
(CH2A%) ppm; IR (neat): 2 = 2946, 2876, 2798, 1625, 1603, 1519, 1401, 1346, 1109, 854 cm™%; HRMS (ESI):
m/z calculated for [M+H]* (C21H26N303) 368.1969, found 368.1971.

2.3b 2-(Methylamino)-2-(4-nitrophenyl)-3-phenyl-1-(pyrrolidin-1-yl)propan-1-one

The product was prepared according to general procedure D from amide 2.1t (417.5 mg, 1 mmol).
Purification by column chromatography on silica gel (EtOAc:heptane = 3:2) yielded the product (159.0 mg,

45%) as a pale yellow solid.
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H NMR (600 MHz, CDCls): & = 8.10 (d, J = 9.0 Hz, 2H%Y), 7.31-7.24 (m, 2H*), 7.14-7.06 (m, 3H*), 6.52
(d, J = 9.0 Hz, 2H3%2), 3.71 (d, J = 14.3 Hz, 1H%), 3.67-3.62 (m, 1H?), 3.60-3.49 (m, 2H%), 3.24 (d, J = 14.3
Hz, 1H), 2.49 (s, 3H3), 2.34-2.36 (m, 1H%), 1.79-1.52 (m, 4H>3), ppm; 3C NMR (150 MHz, CDCl3): & =
169.8 (C8), 149.8 (C*), 146.7 (C%), 135.9 (C*"), 130.4 (CH'), 128.1 (CHA"), 127.2 (CHA"), 126.8 (CH*), 123.3
(CHA"), 69.53 (C°), 47.6 (CH,Y), 46.4 (CH,*), 41.1 (CH"%), 30.1 (CH5®®), 26.7 (CH,"%), 23.3 (CH*) ppm; IR
(neat): 27 = 3028, 2947, 2875, 2802, 1629, 1599, 1518, 1451, 1398, 1345, 1107, 850, 705 cm™; HRMS
(ESI): m/z calculated for [M+H]* (C20H24N303) 354.1812, found 354.1816.

2.3c N,N-Dimethyl-2-(methylamino)-2-(4-nitrophenyl)-4-phenylbutanamide

The product was prepared according to general procedure D from amide 2.1s (39 mg, 0.096 mmol).
Purification by column chromatography on silica gel (EtOAc:heptane = 1:2) yielded the product (17.0 mg,

51%) as a colourless liquid.

'H NMR (400 MHz, CDCls): & = 8.23 (d, J = 9.0 Hz, 2H>'), 7.53 (d, J = 9.0 Hz, 2H®*?), 7.26-7.20 (m, 2H"),
7.19-7.13 (m, 1H?), 7.10-7.04 (m, 2H*"), 2.91 (bs, 3H%), 2.73 (bs, 3H%), 2.65-2.53 (m, 1H*%), 2.39-2.26 (m,
2H?Y), 2.30 (s, 3H®), 2.25-2.12 (m, 1H%), 1.97 (bs, 1H"") ppm; **C NMR (100 MHz, CDCls): § = 171.7 (C*%),
150.4 (C*), 146.9 (C*), 141.6 (C*"), 128.6 (2CH™"), 128.4 (2CH™), 126.8 (2CH*"), 126.1 (CH?), 123.9 (2CH""),
68.5 (C*), 37.6 (CH;"¥), 36.5 (CH,*), 29.5 (CH,"¥), 29.4 (CH,%) ppm; IR (neat): 2/ = 2928, 2857, 1666,
1634, 1601, 1518, 1385, 1345, 1256, 1091, 855, 701, 659 cm™; HRMS (ESI): m/z calculated for [M+H]*
(C1gH24N303) 342.1813, found 342.1813.
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