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General Introduction

The very specific physicochemical properties of fluorine make it an increasingly
important element in medicinal, agrochemical chemistry and materials. Whether by
structural modifications induced by its size or by modulations of reactivity due to its
strong electron-attracting effect, fluorine became in the 1960s an essential element in
the development of drugs. Indeed, today nearly 25% of molecules on the market contain
at least one fluorine atom. Among these fluorinated groups, the Rf-O and the Rf-S have
attracted attention, because heteroatom-containing compounds are frequently found in
biologically active products. However, the Rf-N scaffold in diverse fields is less
developed and present in pharmaceutical compounds. Indeed, the synthesis of N-Rf-

related structures is still limited.

Hydrazines are essential for synthesising N-heterocyclic functionalised compounds and
for their many applications in many areas of synthetic chemistry in materials,
pharmaceuticals and agrochemicals, dyes, and directing groups important in catalysis.
Surprisingly, the synthesis of fluorinated hydrazines is very little developed in the

literature.

In this context, our laboratory's objective is to design and synthesize new fluorinated
hydrazines. This thesis mainly focused on synthesizing fluorinated hydrazines,

particularly N-N-CF3, N-N-CH>CF3 and N-N-CH>CF>H.

In the first Chapter, the interest of fluorine in medicinal chemistry will be presented.
Then in the chapter two, after a bibliographical reminder on the main access routes to
N-CF3 derivatives, an innovative synthesis of new fluorinated hydrazines by adding the
CF5 radical, generated from the Langlois reagent (CF3SO;Na) on azodicarboxylate
derivatives, will be exposed. Subsequently, reactivity studies were carried out on these
new compounds. Thus we coupled them with amino acids to lead to N-CF3 hydrazino
peptidomimetics. Also, these new N-CF3; hydrazines underwent different reactions to

lead to new hitherto unknown compounds.



In parallel of this study, in chapter three, we exploited a side product of the previous
reaction, the trifluoromethyl sulfonyl hydrazide (Boc-NH-N(Boc)SO.CF3), in the

trifluoromethylthiolation reaction of indoles.

?oc
Boc. _N_
H SO,CF, SCF,
Cco - D
N
H [Cu] catalyst N

In chapter four, we report the synthesis of a new family of fluorinated hydrazines
containing the trifluoromethyl and difluoromethyl groups prepared from hydrazones.
Then the hydrazines N-N-CH>CF3 and N-N-CH>CF,H were coupled with aminoacids

to afford unknown azapeptides and azapeptoids.



Chapter I

General Introduction on Fluorine and Its Properties



1.1 Properties of fluorine

Fluorine is the thirteenth element in order of abundance in the earth's crust (0.028%)
and the first halogen. Fluorine is the most electronegative element in the periodic table.
Because of its electronic structure 1s*2s*2p>, fluorine has very specific properties, as
indicated by the extreme values of the atomic parameters (Table 1.1a).l!?]

The relatively small size of the fluorine atom, as indicated by the value (Van der waals
radius = 1.47 A), is more than the radius of hydrogen, but less than other halogens even
oxygen atom. As a result, the fluorine atom mimics a hydroxyl group and engages in

hydrogen-bonding interactions.[*} 4l

Atom Van Der Pauling’s Atom Electron Ionization

Waals Electronegativity polarizability Affinity Potential

radius (A) X, A3 (kcal/mol)  (kcal/mol)
H 1.20 2.20 0.667 17.7 313.6
F 1.47 3.98 0.557 79.5 401.8
C 1.70 2.55 1.76 29.0 240.5
N 1.55 3.04 1.10 -6.20 335.1
(0] 1.52 3.44 0.82 33.8 314.0
Cl 1.74 3.16 2.18 83.3 299.0
Br 1.85 2.96 3.05 72.6 272.4
I 1.98 2.66 4.70 70.6 241.2

Table 1.1a Atom parameters of fluorine atom

The very high electronegativity of fluorine and the excellent overlap of the 2s or 2p
orbitals with corresponding orbitals of carbon mean that a fluorine atom carried by a
carbon atom is always an electron-withdrawing substituent. C—F Bonds are always
highly polarized. [!M5H6) These features are associated with the low polarizability of
fluorine atoms, leading that the C—F bond has a relatively important ionic character and

possesses one of the highest bond-dissociation energy (~485 kJ/mol) (Table 1.1b).



D°(C-X)

Bond Dissociation Energy

(Kcal/mol)
CHs-H 104.3
CHs-F 108.3
CHs-Cl 82.9
CH;-Br 69.6

Table 1.1b Bond Dissociation Energy of CH3-X

In briefly, special properties of fluorine atom mainly include relatively small size, high

electronegativity, very low polarizability and very strong C-F bond.

1.2 Effects of fluorine on physical-chemical properties of compounds

1.2.1 Acidity, basicity and hydrogen bond

1.2.1.1 Acidity and basicity

Acidity/basicity is not only a fundamental physicochemical property, but it also controls

many reactivity and bioactivity characteristics. The introduction of fluorine (mono-, di-,

tri-) increases acidity such as carboxylic acids. Fluorine substituents exert powerful

effects and decrease the basicity of proximal functional groups like amines,

dramatically altering the pK values of compounds, as shown in Table 1.2.1.1a.[711]

Acidity Bacisity
Compound pKa | Compound pK.
CH;COOH 476 | CH;CHNH,  10.7
CF;COOH 0.5 | CF;CH:NH, 5.9
CsHsCOOH 4.21 | C¢HsNH> 4.6
CsFsCOOH 1.75 | C6FsNH; -0.36

Tablel.2.1.1a Values of part of fluorinated compounds



The relative effects of fluorination on amino acid acidity and basicity seem unusual.
The monofluorination has a negligible impact, but the trifluorination has a significant

effect on basicity but only a moderate effect on acidity (Table 1.2.1.1b).["]

+
X1 NHy
X2_IC_C\H
X; COOH

pKaCO=2.3, pK,N3+=9.9

X4 X2 X3 ApK,“OOH ApK N3+
H H H 0.0 0.0
F H H +0.1 -0.1
F F H -0.8 -1.5
F F F -1.1 -4.5

Table 1.2.1.1b ApK., of S-fluoro-, B, f-difluoro-, B, B, f-trifluoroalanine!®!

1.2.1.2 Hydrogen bond

It is known that hydrogen-bonding interactions play an essential role in many chemical
structure systems and biological processes. Fluorine possesses lone pairs of electrons
and high electronegativity. Based on Pauling’s definition, it would behave as a nice
acceptor, but in fact, it is not. Organofluorine as a hydrogen bond acceptor has been a
controversial issue for a long time, and researchers have often reached opposite
conclusions. Finally, according to investigations and analysis, experimental and
computational evidence demonstrated that this interaction between hydrogen-bonding
donor and fluorine atom exists.[!211%]

The theoretical calculation described that the strength of C(sp*)-F-H-O bond (2.38
kcal/mol) is less than half of C-O-~H-O.!'¢] Experimental small-molecules extracted
from the Cambridge Structural Database (CSD) X-ray structures also show hydrogen

(17] (Example as shown Figure 1.2.1.2). In this example,

bonds involving fluorine atoms
the distances of F'"H and F"O are shorter than the sum of two atoms’ Van Der Waals
radius. The F-"H-O angle is 162.1° and meets the criteria for an [UPAC (International

3



Union of Pure and Applied Chemistry) 2011 H-bond which is generally between 110
and 180°.[%]

F--H=1.94 A, F--H-0=162.1- , F---0=2.90 A

Figure 1.2.1.2. X-ray structure of secondary alkyl fluoride involved in an
intermolecular hydrogen bond

It is worth emphasizing that the hydrogen bond related to organofluorine is a type of
weak interaction, even possibly not stabilizing interaction. However, in systems
designed such that a hydrogen bond with fluorine would also affect measurable
chemical equilibrium (acidity/basicity, preferential conformation, reactivity, etc.),

which finally leads to impacts on biological activity, even if it is indirect. [13-16}18]

1.2.2 Boiling point

The boiling points of perfluorinated compounds, functionalized or not, are always
lower than their hydrogenated analogues, excluding some rare cases, for instance,

examples in Table1.2.2.[1]

H;C—-COOH H3C-CCly @CHs
Compounds (118) (75) (112)
(bp/C) ~COOH ~CCly @
(78) (43) (105)

Table 1.2.2 Effect of fluorination on boiling points



1.2.3 Bond energies and reactivity

Fluorine is the most electronegative element in the periodic table. When bound to
carbon, it forms the strongest bonds."*! The strength of the C-F bond increases with the
number of fluorine atoms borne by carbon, while it’s the opposite for other halogens

(Table 1.2.3).

D (C-X) (kcal/mol)

Compound H F Cl Br
CH3-X - 108.3 82.9 69.6
CH2Xz - 119.5 81.0 64
CHXs - 127.5 77.7 62

CX4 104.3 130.5 72.9 56.2

Table 1.2.3 Bond dissociation energy of methanes

Moreover, the effects of a-fluorination cannot be generalized to B-fluorination. a-
Fluorination does not have much influence on the C-H bond. It increases the strength
of C-C, C-O and C-F bonds, for example the C-O bond in CF3-O-CF3 (105.2 kcal/mol)
is 22 kcal/mol stronger than dimethyl ether (83.2 kcal/mol), the C-C bond of ethane
(88.8 kcal/mol) is 10 kcal/mol lower than trifluoroethane (101.2 kcal/mol). In contrast,
B-fluorination influences have little effect on C-F bonds but strongly increase C-H bond
strengths. An obvious case is that the C-H bond in (CF3)>C-H is 15 kcal/mol stronger
than (CH3),C-H. 11

1.2.4 Lipophilicity

In the design and application of drugs, lipophilicity is of extraordinary importance. It
controls many parameters such as absorption, distribution and pathway of
transportation into organs or cells, as well as interaction with the macromolecular target.

It is generally recognized that fluorination induces an increase in lipophilicity. However,



there are still some opposite examples. For instance, the presence of fluorine atoms in
an aliphatic molecule provokes a decrease in lipophilicity as described in Table 1.2.4.
Lipophilicity is often evaluated by using its 10gP octanol Value, which is the logarithm of
its octanol/water partition coefficient.[!! It is obvious that whether lipophilicity

increases or decreases, these effects of fluorine atoms are not to be ignored.

Compound log P Compound log P
CH3CH; 1.81 CH,3CH 0.75
CH3(CH2)3CH3 311 CH3(CH2)3CH2 233

Table 1.2.4 Octanol-water partition (log P) of aliphatic compounds !

1.3 Effects of fluorine substitution on biological properties

As mentioned in much literature, when fluorine is inserted into molecules, it can cause
changes in physicochemical properties, which finally leads to the possibility of
modifying and modulating the pharmaceutical profile of a molecule. Meanwhile, the
distribution, recognition, interaction with biological target, absorption, as well as

metabolism and elimination of this molecule, are affected.

1.3.1 Affinity

The affinity of a substrate with its biological target is first connected to its
complementarity with this macromolecule target. The molecule recognition and affinity
depend on all the favorable interactions that exist in the supramolecular assembly
formed between the substrate and the macromolecule. The main parameters involved
are the steric and conformational effects, the hydrogen bonds, and the dipolar or
hydrophobic interactions.!!!

The steric hindrance induced by the presence of fluorine atoms may destabilize the
supramolecular structure formed between the macromolecule and the fluoro analogue

of the substrate or even prevent its formation.?”) In addition, the influence of

6



conformational changes, induced by the presence of fluorine atoms, on the affinity of a
substrate for its target is well-known. Furthermore, the strong electronegativity of the
fluorine atom, and thus the strong dipole of the C—F bond, favors dipole-dipole

interactions in the binding site. !

1.3.2 Absorption

Almost all cellular organisms, including many viruses, are constituted of phospholipid
bilayers which cause significant obstacles to the distribution and transportation of the
drugs to their target. For instance, in the case of oral administration, drugs must be first
absorbed by the intestine, then enter the blood, and reach organs from blood, which
would go through the intestine barrier and other barriers (e.g. brain-blood barrier) even
if the drugs have reached organs. Finally, these molecules must go into the cells of the
diseased organs by passing through several cell barriers. These procedures of
transportation and absorption have relied on lipophilicity, pKa, solubility and molecular
weight of drug molecules.'! The presence of fluorine atoms may have an effect on these
parameters. !

An example of 5-HTp agonists %]

shows the influence of fluorine atoms on the pKa
and absorption. Quite often, a change in the pKa has a strong effect on both the
pharmacokinetic properties of the molecule and its binding affinity. In the case of 5-
HT\p agonists, the incorporation of fluorine was found to significantly reduce the pKa
of compounds. This reduction of basicity, with the concomitant weakening of the

affinity to the receptor, was shown to have a strong beneficial influence on oral

absorption.?*]

z
-4
z

,NQ\ N = ICs0 =0.9 nM
N\\/N ICs0 =0.3 nM N E EC50=0.9 nM
N\ EC50=0.6 nM AN pKa =8.7
pKa =9.7 medium bioavailability
” very low bioavailability N (14% in rat)

Figure 1.3.2 Effect of fluorine atom on the absorption



1.3.3 Metabolism

Due to the properties of the fluorine atom, in particular its electronic effects, it may
interact differently during the biotransformation steps, including oxidative/reductive,
hydrolytic pathways for example.

1.3.3.1 oxidative/reductive metabolism

Slowing down the oxidative metabolism process is one of the most frequent reasons for
introducing fluorine atoms into a lead compound to transform it into a drug candidate.
The stability of oxidative processes is generally attributed to the strength of the C-F
bond. Aside from modification for the drug's metabolism rates, the presence of fluorine
atoms could also change metabolic pathways and metabolites. In oxidative metabolism,
the formation of reactive species can be a source of toxicity. An example is that the
metabolism of the antimalarial amodiaquine produces quinone-imine, which is an
electrophilic metabolite responsible for hepatotoxicity and agranulocytosis.
Replacement of the phenolic hydroxyl by fluorine prevents the oxidation process, and

then N-dealkylation becomes a major process, which successfully avoids the toxic side

o
Protein
CYP2C8 HN /CQ alkylations
OH /—> N ——— > Toxicity
HN : ‘l Cl I I

N
r W Quinoneimine derivatives
Cl

OH
Amodiaquine CYP2C8
Cl

effect (Figure 1.3.3.1).124




CYP2C8

F /+> Quinoneimine derivatives
F
Wk X

Figure 1.3.3.1 Metabolism of amodiaquine and fluoroamodiaquine

1.3.3.2 hydrolytic metabolism

Hydrolytic processes are common in human metabolism. The presence of fluorine
atoms protects a molecule not only from oxidative metabolism but also from proteolysis
by disfavoring the formation of cationic intermediates involved in the proteolysis
process. An example concerns the instability of prostacyclin (Pglz) in a physiological
medium, which is connected to the presence of the enol ether function (#,,=5-10 min at
PH=7.4 and 37 °C). Since hydrolysis is very fast, its function as a vasodilator and
inhibitor of platelet adhesion cannot be clinically exploited. Fluorine atoms have been
introduced on the position f to the enolic double of lloprost, a more stable derivative
of Pgl>. The proteolysis is dramatically slowed since protonation of the enol ether to
give an oxonium ion is inhibited by the presence of fluorine atoms. Thus, the drug

candidate AFP-07 possesses good metabolic stability, meanwhile, retains an intense

activity as an inhibitor of platelet adhesion.?>}12¢]
COOH COOH
F
e 3 Qe
Q\/\/\/\/ = Z
OH OH OH OH
Prostacyclin (Pgl,) AFP-07

Figure 1.3.3.2 Enhancement of the hydrolytic stability of Prostaglandin derivatives



1.4  Contribution of fluorine-containing compounds to

pharmaceuticals

Since the groundbreaking discovery and introduction to the market of fluorocortisone
and 5-fluorouracil in the mid-1950s, biological applications of fluorine have become a
mature field of mainstream multidisciplinary research advancing the healthcare
industry. Fluorine-containing molecules constitute more than 50% of so-called
blockbuster drugs with Lipitor being possibly the most profitable medicine ever

introduced to the market.*”!

OH OH O

OH

0]

H. )%F
"
Fl rti
uorocortisone O)\[}l
H

5-Fluorouracil

=8

Lipitor

Figure 1.4a Structures of fluorocortisone, 5-fluorouracil and lipitor

In the recent database of fluoro-pharmaceuticals, according to the category of
chemotypes, the largest family of fluoro-pharmaceuticals is Ar-F-containing drugs
(Csp2-F, 167 compounds, 45.3%), followed by molecules with alkyl-CRF (with
monofluorinated moieties) (Csp3-F, 55 compounds, 14.9%), aryl-CF3 (Csp2-CF3, 54
compounds, 14.6%), F-heterocycles (Csp2-F, 20 compounds, 5.4%), and CFs-
heterocyles (Csp2-CF3, 10 compounds, 2.7%). It is clear that to date pharmaceutical
products containing monofluorinated fragments (Ar-F, alkyl-CRF, Het-F, alkyl-CHF,
67.2%) are the most common.?®!

Nowadays, it is already not surprising that fluorine-substituted compounds can impact

on properties of organic compounds. One of the major effects of fluorination is a

modulation of the acidity and the basicity of a parent compound. This can strongly

10



influence binding affinity, pharmacokinetic properties, and bioavailability of a given
drug candidate.l*” Therefore, the presence of fluoride in pharmaceuticals is of lasting
importance.
Here are some recent examples of drugs involved in different pathologies (Figure 1.4b).
NC
H /_\ ©\F

N N
/©/U\/\/ " = Me
H O
F Osilodrostat ”\

(Cushing's syndrome 2020) O“\\ H CF3

Lumateperone (Schizophrenia 2019) Me N7~ ’©\ /O
O N
H H
e F
(0]
Avacopan
F

P

N
mx_Noz S (ANCA-associated vasculitis 2021)
O N F3C

N-N

(0]
N
H
Pretomanid (Anti-tuberculosis 2019)
NH,

Berotralstat
(Hereditary angioedema, HAE 2020)

Figure 1.4b Selected fluoro-pharmaceuticals approved by FDA from 2019-2021
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Chapter 11

Synthesis of N-CF3 Hydrazines and N-CF3; Compounds



2.1 New generation of fluorinated groups

New fluorinated groups have emerged, in recent years, directly incorporating a
fluorinated function on heteroatoms, especially on oxygen and sulfur. These O-Rf and
S-Rf groups (OCF3 and SCF3) have become more and more present. Today, several
bioactive molecules contain this kind of derivative, whether in agrochemistryl or

pharmaceutical chemistry!!/,

H
N~
CHj
SCF, OCF,4
‘ H Tiflorex (Anorexia nervosa) O Q
i e
Me O | M 4 \N) "
e 7 Me
F5CO N™ "N Y cl
@ 9
- COzMe
Me
sonidegib (antineoplastic) Indoxacarb (Insecticide)

Figure 2.1a Some examples of active molecules with O-Rf or S-Rf

The physicochemical properties of these groups are very studied, and they are mainly

used for their very strong lipophilicity (Table 2.1).[2-3]

OCHs OCF3 SCH3 SCF3

H h-| fficient
ansch-leo Coefficient 1 -0.02 104 0.61 1.44

(log Px — log Pw)

Table 2.1 Coefficient of Hansch-Leo for different X-Rf

There are increasingly effective methods in the literature for functionalizing molecules
with this type of function. O-CFs derivatives can be obtained by following three distinct
routes. The first routes reported in the literature involve the fluorination of O-CCls, O-
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COF and the oxidative desulfurization fluorination of O-CS2R groups under very harsh
conditions in the presence of HF or SF4 and at high temperatures. The seconds consist
in carrying out the trifluoromethylation of hydroxyl groups by the trifluoromethyl

™ (Umemoto 6 or Togni 7 reagents), and finally, the last use

group electrophile “CF3
the nucleophilic attack of “F3;C-O (Figure 2.1b).1*"5] It's important to note that in most

cases, only the hydroxyl group of aromatics are functionalized.

Nucleophilic fluoration Electrophilic trifluoromethylation

2
FOF
~ “ () _OH
R-OH S I R
X 6 CF3spFg
Cl”Cl 5
e
>
> CF, 7 CFs
o®
R/O\CH3 Lo
NgN_
S®@ /X
-N."ocF, R

Nucleophilic attack CF;0"

Figure 2.1b Different ways to obtain the O-CF3 group

The S-CF3 group was historically introduced into molecules using two reagents, FzC-
S-Cl1 or metal salts of trifluoromethyl thiolate F3CS™; "M. In the first case, the reagent
could react with fluorinated alkanes or alkenes by radical route or be used as an
electrophile and react with various nucleophiles. One finds in the literature examples
of attacks by Grignards reagents, B-ketoesters or 1,3-diketones, enamine or even
Friedel-Craft reaction. Metallic salts can be used to carry out the nucleophilic

trifluoromethylthiolation of halogenated alkyl or aryl compounds (Figure 2.1c).
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Cl.  SCFy

R1 R2 Ar—SCF;
R4 R3
Ry Ry HetAr—SCF,
= RS
R4 Rg YSQ\@\Ys
H NS

SCF, R1)\ Rz
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Ry R2 rad/cal

pathway -\— \ )J\,Rz

R—SCF,

X R 7

R
X=F, Cl,Br |

M = Hg, Ag, Cu, K, Cs, RyN....

X=0SiMes, NR; SCFs

2]
@}
aul
w
‘m
{;
Pyl
>/
=
x

Figure 2.1¢ Overview of CF3SCl and CF3SM"

More recently, new electrophilic trifluoromethylthiolation reagents have been
developed, particularly  derivatives  with  hypervalent iodine 8 or
trifluoromethanesulfenamide 9 (Figure 2.1d). These reagents make it possible to

functionalize a wide variety of substrates with yields that can be excellent.[®

r/\ AN SCF
R:- R LR
- J X 19 - 99%
5 N R,
H
25-98%
A\
RiT NR,/ TSOH (2.5eq)
H CH2C|2, 50°C R1 SCF3
R=H R=H j/
" .
N - 949
. . scF, 53 -94%
CuBr(SMe), (20mol%) 8
61-92% bipyridine (40mol%) ?
K,CO3 (2eq)
R = Me BF3°Et20 (5eq) R1 SCF3
RE'\J/B(OH) TsONa (1.5eq) j,
5 R= CH,Cl, Ry~ “OTs
Cu(MeCN)4PFg (10mol%) 9
bipyridine (20mol%) SCE e
K,CO3 (2eq) :
(/\/SCFS )\(RZ
- 1 R1
~o- OTs
40 - 95% 41-73%

Figure 2.1d New methods of electrophilic trifluoromethylthiolation

In comparison to the OCF3; and SCF; groups, nitrogen analogues are much less

described. Even if their physicochemical properties can be interesting, there are very
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few examples of fluorinated groups on nitrogen in the literature. Only a few active

molecules containing N-CF3 or N-CF>2H groups are described (Figure 2.1¢).!"]

0]

F~ ] |
N N Na Z (\N N
| 0® ‘
N Cl /NH) CF3
activité antibactérienne (ug/mL)

inhibiteur phosphodiesterase PDE10A Gram+ Gram-

ICs0 = 33.2nM S. aureus St. pneumonae E. Coli P. aeroginosa
stabilité métabolique 41.2% (rat),, 51.1% (humain) Smith type IlI NIHJ JC-2 1ID1210
0.78 3.13 0.05 6.25
FE F

}LF
G NN
i o OOH WNl/W/IN) O NH
N N | NH F>F'§\5<F O
N F$F " F F)N\/E:\O

F

-~

Norfloxacin analogue cl Carazolol analogue

Antitumor agents

Figure 2.1e Example of bioactive molecules incorporating N-CF>H and N-CF3 groups

The methods of access to these N-Rf groups are quite limited. There are only very few
examples of effective synthesis of N-CF3 derivatives, even fewer for N-CF>H and
almost none for N-CF;R. Faced with this lack, we were interested in developing new

ways of accessing this type of function.

2.2 Overview of the introduction of fluorinated groups on the nitrogen

Traditionally, N-CF3 compounds were prepared by fluorination of functionalized amine
derivatives, but methods of fluorination usually suffer from the use of hazardous
reagents and multistep procedures.!*’! Interestingly, mild and commercially available
fluorinating reagents are emerging and more efficient approaches are developing,

especially since 2017.
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2.2.1 Previous synthesis of N-CF; group

The first methods to synthesize the N-CF3; compounds are the fluorine halogen

exchange!® and the oxidative desulfurization fluorination.!

Oxidative desulfurization fluorination

R HF or R F
N-CCl; —— N-CF,4 F S F
R' SbF; R L HF-Pyridine _CF,
N~ > SCH; N
Fluorine halogen exchange o 0

Scheme 2.2.1a Fluorine halogen exchange & oxidative desulfurization fluorination

More recently, new reagents have been developed to generate trifluoromethylated
carbocations. In 2007, the Umemoto team  developed the O-
(trifluoromethyl)dibenzofuranylium tetrafluoroborate 6 which proved to be excellent
agents for trifluoromethylation amines, whether primary, secondary or aromatic

(Scheme 2.2.1b).11

R R Base R R o
/N—H or /N_R" > N_CF3 or ’{l@ SbF6
R R Rl oFs
O
FGSbe@ l_ 6 R = Me, Et, tBu, Bn, Ph
CFS m or p-X pyridine, 38 - 93%

Scheme 2.2.1b Trifluoromethylation by trifluoromethyl-oxonium derivative

In 2006, Togni's group developed a trifluoromethylated hypervalent iodine derivative 7
as a trifluoromethylated carbocation precursor, which is used on a wide range of
nucleophiles."!! It was not until 2012 that they successfully carried out the

trifluoromethylation of amines but only with aromatic nitrogens.!'
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R\ 1) SSA cat, HMDS, A CF, KN'N
‘ CF '
o 2) 73 CF3
XN o N
NH @ 1ed SRS
NGBS 7 XN
2% LiNTf, 15 - 64%

12% HNTf,
1.5M CH,Cl, 35°C

Scheme 2.2.1c Trifluoromethylation of N-heterocycles with the Togni's reagent

In 2015, Bolm et al.["*' released the first radical trifluoromethylation on sulfoximines
with the Ruppert-Prakash reagent (CF3TMS) catalyzed by silver carbonate in the
presence of 1,10-phenanthroline. After 12 h at 60°C, symmetrical or unsymmetrical
sulfoximines substituted by various aliphatic and/or aromatic series were isolated in

moderate to good yields.

o AngPCtzs (ngq) 1,10- CF;
K | -
ST Ms-oR e QN e e
\ S ryl (Ph, o orp ,
R R 1,4-dioxane, O, R7R  X=Me, OMe, CN,F, Br, Cl,NO,)
60°C, 12 h 51-85%
o 5 o §° o 0 o P
N W 2N “-N W\ -N
s S, S, S,
©/ Me /©/ Me Me ©: Me
MeO F Cl
75% 78% 58% 76%
CFs GFs CFs
O\\S//N O\\ //N O\\ //N
Ph”" "Ph Bn” “Ph Bn” "Bn
85% 72% 58%

Scheme 2.2.1d Synthesis of N-trifluoromethyl sulfoxamines

In 2017, Selander et al.['! reported the radical addition of the trifluoromethyl group
from the reagent of Langlois (CF3SO2Na) on aryl nitroso derivatives. The CFs radical
was generated in the combination of copper (11) (Cu(ClOa)2) and t-butyl hydroperoxide.
Once the radical was added to the nitrosoarenes, the hydroquinone transferred a proton

and released the N-CF; hydroxylamines and radical trifluoromethylation.
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CF3SO,Na (3 eq.)

R
=

AcOEt, rt, 1h
51-83%

Cu (ClOy4)2.6H50 (1 mol%) R_|
'BUOOH (3 eq.)
Hydroquinone (1.1 eq.)

R = Alkyl, Ar, ClI, Br, CF3, NO,, MeO, CHO, CO,Me

CuXn CF3SO,Na -
BUOOH ——— > .Byo" CFs
1f
Via two pathyways CuXnOH -NaO'Bu
-S0,
‘BUOOH CF3SO,Na _
CuXn —— CuXnOH ——> NaOH + SO, + [ CFs
Buo”’ -CuXn

Mechanism

© OX. o
O L
H* o)
n . HO H
CF3 9 OH Benzoquinone
AA—NO —> N 7Z> '
(N N
Ar CF3 A \CF;;

N
7 “CF4
/
OH oH OH
N. N.
@i CF3 /©/ CF3 CF3
CF3 O,N
82% 82% 83%
oH OH OH
N N
o s
OMe EtCO, Me
74% 71% 82%
on N
N. 0 CF
J CF3; 3
N HN
/
Boc 0o
51% 66%

Scheme 2.2.1e N-CF3 hydroxylamine synthesis

2.2.2 Recent N-CF3 trifluoromethylation

Currently, the N-trifluoromethylation of secondary amines with the sodium triflinate

(CF3S0:Na, Langlois’ reagent) by one-pot synthesis was reported by Yi’s group.l'> In

this research, CF3SO;Na can produce CF3S™ (unstable) under reductive conditions,

which then undergoes a reversible decomposition to form thiocarbonyl fluoride and

fluoride. The generated thiocarbonyl fluoride then reacts with amine to afford

thiocarbamoyl fluorides intermediate, and finally convert to trifluoromethyl amines by

employing AgF. A wide range of secondary amines bearing electron-donating or -

withdrawing groups proceeded well, as well as heterocyclic (furan, thiophene, pyridine

etc.) amines, particularly some drug-like molecules (1-2) (Scheme 2.2.2a).
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N
_CF
PPh AgF \ 3
CF3SO,Na > CFsSNat —— [ R J\ F]— N
:‘ -NaF R R'
O=PPhg intermediate
R. /H 1. PPh3, MeCN, rt, 1h R. _CF3
CF3SO,Na + N N
R’ 2. AgF, 50°C, 5h R’
Langlois' reagent Secondary amines
CFs
N
o |
N o > N
N=—
I
(e} CF3 74%
82%
Amoxapine analogue Tetracaine analogue
(Antidepressant) (Anesthetic)
1 2

Scheme 2.2.2a One-pot synthesis of trifluoromethyl amines with CF3SO>Na

Then, the Schoeneberg's group was involved in synthesizing the N-CF3 group by
reporting different access routes. Firstly, N-CF3 compounds were prepared by a two-
step sequence but in a one-pot synthesis. Schoenebeck and co-workers investigated this
strategy, which proceeds via a formal initial reaction between the SCF3-anion offered
by readily accessible (Me4N)SCF; salt and the amine, giving quantitative formation of
thiocarbamoyl fluoride intermediates within minutes that can easily be transformed to
corresponding N-CF3; compounds upon reaction with AgF. This protocol is only
compatible with simple secondary amines and allowed to the incorporation of the CF3
group on the nitrogen-containing drug molecules of greater complexity, for example,

the N-trifluoromethylated tetracaine 3, the N-CF3 analogue of Sildenafil 4.[1¢]

S
R. _H (Me4N)SCF, AgF
N~ R A . RjN—CF3
R' DCM/MeCN, rt, 10min R

|
R

21



Q |

jonas
/\/\N

|

CF, 97%
3 Tetracaine analogue 4 (Sildenafil analogue)
(Ester local anesthetic) (Cardiovascular disease)

Scheme 2.2.2b Synthesis of Trifluoromethyl amines by two step strategy and N-
trifluoromethylated complex drug molecules 3 and 4

In 2019, the same group developed another way involving isothiocyanates from
primary amines to access N-trifluoromethyl analogues of amides and related carbonyl
compounds. In this process, the isothiocyanates treated with silver fluoride lead to the
RN=CF in situ. This compound reacts with AgF to give the amide [RNCF3]" which
adds on O=CF> (generated in situ from bis(trichloromethyl)carbonate (BTC) and AgF
to form the N-trifluoromethylcarbamoyl fluorides. These bench-table precursors could
be readily applied to directly access N-trifluoromethyl amides through the addition of
Grignard reagents, phenolates, alcohols, amines. Diverse and general transformations
from broader carbonyl families were developed. Meanwhile, numerous functional
groups were tolerated, simple precursors such as halogen (5), hydrazine groups (6), and

drug analogues (7).l!7)

0
AgF
O-NCs PN : JL GO _OMex O)k Q
Cl;CO” ~OCCls
Via: t, MeCN CF3 rt, toluene, 10min
A
AgF Ang '
' 1
F F Cl,cO~ ~occl
AgF 3 3
N= | ----- . N‘—QF !
d F d F AgF
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NO> COOBn
Br H 0
9 N. Q N
- WON O
F7ON )J\N )LNo S

|
CFs ' 919 o 98% Ph TN b " 81%

5 6 Potential antibiotic

Paracetamol derivative (41%) Aspartame derivative (71%)

) O
aes s’ Q@*@h

OMe CF; O Mexiletine derivative
(heart disease 67 %)

7 (98%)

Scheme 2.2.2¢ Synthesis of N-trifluoromethylcarbamoyl fluorides and N-
trifluoromethyl amides

Based on synthesis of this class of N-trifluoromethylcarbamoyl fluorides, the group of
Schoenebeck also constructed N-CF; alkynamide derivatives by Ni-catalyzed.!!®]
Furthermore, these alkynamides are important and valuable precursors to numerous
alternative structural motifs in medicinal chemistry, such as quinolones and oxindoles,
which appear in anticancer drugs such as sunitinib and tipifarnib.['*/2% Actually,
alkynamides are also important and valuable precursors to numerous alternative
structural motif in medicinal chemistry. Alkenyl amides are featured in >70% of

covalent kinase inhibitors (Scheme 2.2.2d).2!!
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CF
o) 7 N/ \ 3
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|
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a) [Aul(MeCN)(JohnPhos)][SbF¢] (5 mol %), 2-bromopyridine N-oxide (1.1 equiv), CHClj, r.t., 24 h;
b) [Aul(MeCN)(JohnPhos)][SbF¢] (5 mol %), CHCI3, r.t., 2 h

Scheme 2.2.2d Synthesis of N-CF3 alkynamides (8) and derivatization (oxindoles,
quinolones)

In the previous description, it is known that the addition of AgF to the solid reagent
BTC leads to the release of O=CF; in situ, along with AgCl formation. In this context,
Schoenebeck's group reported a simple, environmentally benign and quantitative
approach to the synthesis of AgOCF3 and tested its robust performance in the direct
trifluoromethoxylation, as an O=CF> precursor.??! AgOCF; solution was first prepared
from stable silver source AgF and BTC in MeCN quantitatively. In the N-
trifluoromethylation, the authors showed that AgOCF3 could not spontaneously release

O=CF; even under heating in the medium but got “activated” by coordinating with
24



isothiocyanates to liberate O=CF, and AgF. Finally, the isothiacyanates are converted

to N-CF3 carbamoyl fluorides by the suggested mechanism as shown in Scheme 2.2.2e.

MeCN

Scalable
AgF  + CO(OCCly), AgOCF3 + AgCl + Quantitative
rt, overnihgt Proctical
(3 equiv) (0.33 equiv)
-27.1 ppm in "° FNMR
stable silver O0=CF,
source
Under air )OJ\
AgOCF; +  R-NCS - Rk
o |
MeCN, 50°C, 18h CFs
Suggested Mechanism o
r.
R—NCS--AgOCF,4 N~ F
CF; o
Complexation & F
Destabilization
OCF2 y/k
F
R-NCS—AgF  Ag,S + 0=
izati F
fi t
Desulfurization R—N\
CF;
R— /)\
N F o
F

Intermediate at 1641 cm’?

Scheme 2.2.2e Preparation of AgOCF; and synthesis of N-CF3 carbamoy! fluorides

Recently, considering more potentially significant applications of N-CF3 carbamoyl
fluorides, this group published the realization of a photosensitized conversion of
aromatic and aliphatic N-CF3 carbamoyl azides to the corresponding cyclic N-CF3 ureas
and showcased the robustness of the new motif in numerous follow-up
derivatizations.!?3] Schoenebeck and co-workers exposed N-CF3 carbamoyl azides,
prepared from N-CF3; carbamoyl fluorides and sodium azide, to the Ir photocatalyst,
[Ir(dtbbpy)(ppy)2]-PFs, under blue light irradiation in DCM to afford cyclic N-CF3
ureas. The scope of this transformation applies to electron-donating (trimethoxy 11) and

electron-withdrawing groups, such as CF3 (12), additionally, for the nonsymmetric case
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(12), a mixture of two possible isomers was obtained.

Authors indicated that the mechanism of this process is likely undergoing a reductive

rebound between the photocatalyst and carbamoyl azides, in which SET triggers N> loss

and subsequent re-oxidation generates a nitrene intermediate which undergoes C-H

insertion. The ring formation and formal nitrene C-H insertion are fully stereospecific

(example 13) in high yield.

(6]
(0]

P NaNa, THF, 16h Q. [If] cat.
SNTOF N7 Ny -,
| . .
CF, CF; visible light

PC1

E'=57.7 E*yp= -1.40 v
Eqplir™ne™= +1.10 v

PC2

E'= 60.8 E*y;=-1.15 v
Eqolir™neV= +1.49 v

Likely mechanism: Electron rebound triggered nitrene formation

excited [Ir] reduces azides

(0] F.C (0]
30
) N~
FsC-N" "NH or (NH s
"1R2 O ]
R, N
Stereospecific derivatizaton
F. N F | A
| @O Z
N N |
o | \\N\\ f/,,,ll_‘oN‘
F M r
l\N N F l\ll\N X
/Nl P 3 L
N >
F F
PC3 PC4

E'=64.7 E*p=-1.70 v
Eqplir™MneVi= +1.11 v

E'= 60.1 E*y;;=-1.84 v
Eqplir™nr™= +0.77 v

electron rebound

O (0] (0]
R. S PC1 match rR. M- N loss rR. - ©
l}l N3~\ for R=CF3 I}l N3 spontaneous l}l N \
(e [1FIV) ; [1rv)
N2
I: R = CF3 (Eqp= -1.27 V) R = CF; (Eq;p= +0.56 v)
I1: R = CHy (Eqjp= -1.68 V) R = CHg (Eqjo= +0.05 )
nitrene C-H insertion
X
PC1 & PC3 for CFy . 0
PC3 & PC4 for Me R‘N N* R )J\
‘,T, . JE— °N NH
[ri] H
I I )
FsC- F3C-
N~ “NH N~ “NH FsC~N” “NH
Et
OMe CF, MeO b
43% 67% (0] 69%,
MeO OMe MeO 98:2 d.r
11 12 2:1 isomer ratio 13

Scheme 2.2.2f Synthesis of cyclic N-CF3 ureas under photochemistry and
corresponding examples
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Then, in 2020, Li’s group reported the directed N-trifluoromethylation of N-H
amides.!**! Promoted by AgOT{, 2-fluoropyridine, Selectfluor, TMSCF3 and CsF, a
variety of amides reacts smoothly at room temperature leading to the corresponding N-
trifluoromethylated products in satisfactory yields. The reaction is compatible with a
number of N-methylbenzamides with either electron-withdrawing or electron-donating
substituents on the aromatic ring (14, 15), of benzamides with different N-alkyl-
substitutions (16, 17), a variety of N-alkylalkanamides (18), as well as a-amino acids
derivatives and peptides (19, 20). Additionally, the presence of a range of functional
group was tolerated, such as ether, ketones, esters, nitriles and aryl halides (F, Cl, Br).
Proposed mechanism shows that interaction of AgOTf with 2-fluoropyridine and CF3
anion derived from TMSCF3/CsF generates Ag( I )-CF3 intermediate that is then
oxidized by Selecfluor to give the Ag (III)-CF3 species A. Meanwhile, deprotection of
an amide by CF3™ anion gives the corresponding amidyl anion. Ligand exchange of A
with the amidyl anion produces the Ag(Ill)-complex B, which undergoes reductive

elimination to provide the N-trifluoromethylated amide.

o "standard condition":
. (0] AgOTf (1.1 equiv)
)J\ Me conditions )j\ M Selectfluor (4 equiv.)
Ph N~ Ph N’ € 2-fluoropyridine (1.1 equiv.)
H | TMSCF3 (5 equiv.), CsF (5 equiv.)
CF,4 DCM/PhCI (3:1), rt, 24h
I 8 )
Me .Me
CF '
F3C 3 MeO CF3 F CF3 CF3
76% 70% 63% 52%
14 15 16 17
SO SO
N /kH/N -
o g SO S
ocC
CFs “Ph “ph
47% 94% 87%
18 19 20

Scheme 2.2.2g Silver-mediated N-trifluoromethylation of amides and peptides
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Mechanism
TMSCF5/CsF
TMSCF3/CsF Selectfluor
AgOTf ——————> F;C-Ag(l) ——— F,C-Ag(lll)
2-fluoropyridine = A
(0]
0 reductive
)J\ R elimination 0 R1)J\N/R2
Agl) + g R e Ry ©
I 1 '
I 1
CF3 FsC—Ag (Ill) :
B ¥
X
<~ C
X=C,0 o” N

F4C—Ag (IIl)

Scheme 2.2.2h Plausible mechanism

In 2022, Xu’s group reported the direct incorporation of the N-CF3; motif on different
substrates under photoredox catalysis with 7ert-butyl and benzyl (trifluoromethyl)((4-
(trifluoromethyl)benzoyl)oxy)carbamates. These reagents are prepared by the previous

approach involving silver-mediated oxidative trifluoromethylation (Scheme 2.2.2i).1*!

KF, AgOTf
a) H 2-fluoropyridine C|:F3
_N. + TMSCF3 > _N.
AG PG selectfluor AG PG
EtOAc, N2, rt, 24h
PG=Boc, Cbz
AG=0COR, OSO,R
(0] C|3F3 0] 9F3 O\\ _0
/N\ /N\ \ /Cl:3
0" Cbz or 0™ “Boc /©/ o-N
FsC FsC FsC Boc
70% 61% 46%
21 21' 22

Scheme 2.2.2i

Thus, under photochemistry by a radical pathway with Iridium catalyst, the N-CF;

moiety can be incorporated in arenes (23), indoles (24), alkenes (25), and functional
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groups (pyrazole 26, indolizine 27 etc.).

CF3
fac-| Ir(ppy) 2 mol% N
T “Cbz
DCE, white LEDs R( _
N2, rt, 18h
‘ CF3 /—>\ CF ’
t-B No 3 \
! Cbz MeO O Cbz
Cbz

OMe

b)

(Arenes) 71% (indoles) 54% (Alkenes) 85% (pyrazole) 57% (indolizine) 65%

23 24 25 26 27

Scheme 2.2.2j

The N-Cbz-protected trifluoromethylaminated (hetero)-aromatic and aliphatic products
are easily deprotected by hydrogenolysis and then functionalized by the method of
Schoenebeck involving BTC and AgF to give diverse acyclic N-CF3 amide compounds

(28, 29).

) CF, CFs
CFs H2, PdIC, EtOAG, rt Ny BTC, AgF, MeCN, rt N N\H/Nu
| AN N\CbZ |// nucleophile @/ o)
I R R
OMe CF3
/ O
N >—ph
I
CF3
tBu  81% 44%
28 29

Scheme 2.2.2k

Interestingly, from the Tert-butyl (trifluoromethyl)((4-
(trifluoromethyl)benzoyl)oxy)carbamate and alkenes, diversified oxazolidin-2-ones
could be obtained in good yields. The Boc group intervenes in the reaction to lead to

the cyclic compounds.
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O CF3 fac-Ir(ppy)s 2 mol% 1)
,{J Zn(OAc)2 (0.05 eq.) //<
'/\ 7 ~ O
RN O" Boc , s
PhCF3, white LEDs
FsC Ny, it, 12h R'

21

Ph, 69%
H, 71%
t-Bu, 71% 0

O
OMe, 72% \Ié
F, 61%
Cl, 68% O N
3

Br, 57%

>Z 58
T
(@)
hul
w
XX X X X X X
W

30 31 32

Scheme 2.2.21

Xu’s group proposed that initially, the photoexcitation of fac-IrllI(ppy)3, generates fac-
IrllI(ppy)3*, and then, single-electron transfer (SET) reduction of reagent 21” with fac-
Irlll(ppy)s* affords N-centered radical int-I and fac-IrIV(ppy)s. Immediately, the
addition of radical int-I to for example styrenes delivers radical intermediate int-II,
which is oxidized by fac-IrIV(ppy)s to cation intermediates int-III and regenerate fac-
[rIlI(ppy)s. Int-IIT finally undergoes intramolecular nucleophilic attack, delivering N-
CF; oxazolidinones (30-32).

D:I CF, 0 CF3
N + ArCO,; )‘I\ ~N.
. \BDC Ar O Boc
int (Ar = p-CF3CgH.)
fac-Ir'"(ppy)s" 0]
X visible D”/<

fac-I'V (ppy)s light e\/N—CF;
-\ 54
fac-Ir"(ppy)s
L | \}/

0.0 0. {0
Y )
it
"~ \/\/"“CF +
t-Bu
int- II int-1ll

Scheme 2.2.2m Proposed Mechanism by Xu’s group

In the same year, Wang’s group developed a methodology for synthesizing N-
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trifluoromethyl amidines, thioimidates, and imidates via N-CF3 nitrilium ions. The N-
CF3 nitrilium ions were generated via N-trifluoromethylation of nitriles using phICF3Cl
under catalysis with DMAP, followed by the capture of N-, O-, or S-centered

nucleophiles.!¢!

step 1
CF;
(1) PhICF,CI + N-/O-/S-Nu R ,{1
RCN ~ [ R—=nN-cF,| i
(2) DMAP (10 mol%) tep 2
EtsN step Nu
N CN
R+ or G-CN
=
R=H, 2-Me, 3-Me, 4-Me
R=2-OMe, 3-OMe, 4-OMe G=Me, Et, iPr, vinyl
R=4-Cl, 2-F
F30\N F3C\N F3C\N _ F3C\N
Ly | | &N | p
N7\ N7TN N N
\QZ Q _ -
92% 94% 90% 75%
33 34 35 36
>
FsC. F.C. FsC.
3 |N o (e} F3C\IN 3 IN 3 |N
©)\’\©) ©)\N/\/\Ph ©)\O/\© ©)\o/\
", H
o 89% 62%
80% ©\F 78% E/Z=20:1
drug molecule(Secondary amins) Primary amines 39 40
37 38
|
@S ©ASK(
91% E/Z=20:1 93% E/Z=18:1
41 42

Scheme 2.2.2n Synthesis of N-CF3 amidines/imidates/thioimidates via N-CF3
nitrilium ions
In this line, the same group exploited N-CF3 nitrilium intermediates in cycloaddition
reactions to obtain a wide range of azoles. This approach involves the [3+2]
cycloaddition between nitrilium derivatives N-CF3 and 1,3-dipoles.!”]

As a result, a generic platform was established to synthesis N-trifluoromethylated
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azoles. In particular, N-CF3 tetrazoles (43, 44), N-CF3 imidazoles (45, 46), and N-CF;

1,2,3-triazoles (47, 48) have been prepared conveniently from azide, isocyanates and

diazo compounds (Scheme 2.2.20).

R'< N2 F3C
FaCl N ~F YN - 1) PhICF4CI FsC
N N DBU (3 equiv) J\+ cl . F3C\N/N\ oS 1)P8h0IS)cF;30I SN
~ - R N =8 5 : <«—— RCN —=~ N
R DMF, 0°C to rt | )QN’ 2) NaN, . S

R _ DCM, rt R DM, 1t 2) RGH,NC R '

NMe, EtsN (2 equiv.) R

N-CF3 1,2,3-triazoles N-CFj tetrazoles DMF, rt N-CFs imidazoles
G FsC. FsC
3NN FaC N N N
N NN, N N
MeO SN < N
N CO,Et CO,Et
89% 90% (volatile) 91% 62%
43 44 45 46
FiC. N, FaCu N
N N
= =
Ph)j\ ~
el \_s A
e
56% 71%
47 48

Scheme 2.2.20 Synthesis of N-CF3 tetrazoles, imidazoles and 1,2,3-triazoles

2.3 N-CF3 hydrazines

2.3.1 Literature

We have seen that access to the N-CF3 motif has generated a lot of excitement over the
past few years and is now well developed. However, it turns out that on closer
inspection, the synthesis of N-CF3 hydrazines is currently very limited. Hydrazines are

important for synthesizing N-heterocyclic functionalized compounds and for their

(28]

many applications in many areas of synthetic chemistry in materials'“®,

pharmaceuticals!®®! and agrochemicals®*¥, dyesi®”, and as valuable precursors to
heterocycles (pyrazoles, indoles....) and popular directing groups in catalysis!®!),
Currently, we can list only two pathways that lead to hydrazines possessing a single

CF3 group on a nitrogen. The first is that reported by our group involving the
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nucleophilic addition of CF3™ to -Butyl azodicarboxylate. The corresponding hydrazine
is obtained with a low yield of 30%. Nucleophilic addition of CF3™ generated by

TMSCF; and AcONa on other azodicarboxylates led to mixture of compounds. [*%

CF3
CF,TMS i
Boc—N=N—Boc Boc. N« 30%

Boc
DMF, AcONa H

Scheme 2.3.1a Preparation of di-fert-butyl 1-(trifluoromethyl) hydrazine-1,2-
dicarboxylate

Another strategy was proposed by Schoenebeck et.al in 2020.533! It was starting from
their previous development of a direct synthetic route to N-CF3 carbamoyl fluorides,
which is described in 2.2.2(Scheme 2.2.2¢). Subsequently, these carbamoyl fluorides
could be converted to the corresponding acyl azides which through Cutius-type

rearrangement under microwave-based heating, led to Aryl N-CF3 hydrazines (49-52).

o
Clch)J\OCCIg, EF"‘ . 1. NaN, CFs
_ B - N.
r—NCS Ar \n/ ] A “NH,
AGF 5 2. Hy0, uW,100 °C
. 38-70%
NaN3 ~._, NaF co,
¥ H20[
CF3 " N’J CFs . N ¢Fs o
N NZ NGO

” \[f 4 \([)(J

Javtacuieln oty
@Qmm@ﬁ

Some examples:
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o, .0

@k @ @JL \/WCLN,NHZ

|
CF3
99% 65% 99% 50%

49 50 51 52

Scheme 2.3.1b Azidation of carbamoyl fluorides and access to N-CF3 hydrazines

For more in-depth exploration, their group developed derivatizations of N-CF3
hydrazines. The first one is 50-based derivatization such as C-H activation, thiolation,
cyanation, borylation and formation of N-CF3 indoles as shown in the following scheme
(Scheme 2.3.1c). Also, the N-CF3 hydrazine 50 could be converted in a Fischer indole
synthesis using ketone, H>SO4 as catalyst, MeOH and heating at 80°C. The
corresponding indole was functionalized according different reactions (cyanation,

alkylation, arylation and amination).

N _NH, s
89% CF3 NH
Cl N” 2
69% Cyanat/on/( 97% CF3
Thiolation
Suzuki coupl/ng
n-Pr
PinB Br Br X Nn-Pr
\©\ _NH, \©\ NH, | — _NH,
’\|l Borylation '}l C-H Activation '}j
97%  CF4 CF4 74% CF3
50
Cyanation Alkylation
Ne TMS
N Br. N
N N N
p \
85% CFs N 98% CFs
/ 8% CFs \
MeO
o
LN
N
Arylation \ N
. . \
90% CF3 Amination 70% CF,

Scheme 2.3.1c¢ Products of 50-based derivatization
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The derivatization of N-CF3 on the free NH» fragment has been also investigated by the
group. The NH2 could be selectively coupled with 3-chlorobromobenzene via Pd
catalysis in a Buchwald—Hartwig amination to give the diaryl hydrazine. Equally,
hydrazone could be obtained in quantitative yield after heating at 80°C for 3 h in acetic

acid. (Scheme 2.3.1d).

t-Bu
\©\ H Pd (AcO), N
_N Cl tBusP R aldehyde
N | N/N

) -~ A NH, —— «
CF, Cs,CO3 \ AcOH . \
61% toluene, 120°C CF;4 MeOH, 80°C CF, H
99%

Scheme 2.3.1d Derivatization of N-CF3 on the free NH> moiety

In the interest of our group to study the access of fluorinated amines and fluorinated
peptidomimetics, we were interested in the synthesis of new fluorinated hydrazines. To
date, the synthesis and incorporation of N-fluorinated peptidomimetics is not yet well

exploited. First of all, we focused on the synthesis of N-CF3 hydrazines.

2.3.2 Our approach to the synthesis of N-CF3 hydrazines

Inspired by previous work of Selander!'¥! realizing the addition of the radical CF3" on
nitroso aryls, it is expected that the CFs-radical generated from CF3SO;Na and TBHP
(tert-butyl hydroperoxide) adds onto commercially available azodicarboxylates to give

corresponding N-CF3 hydrazides. (Scheme 2.3.2a).

SOZNa
Organic
oxidant
PG
N\, =N
OR AiN=0 N e .
Nk, o — " pe "N FC
Arm CF3  Ref[14] PG, PG' = Boc, Cbz... H
Radical

Scheme 2.3.2a Access to N-CF3 hydrazides from CF3SO;Na
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First, we tested Selander's conditions involving triflinate 2-1, Cu(Cl04),.6H,O, TBHP
(70% in water, 1.5 equiv.), hydroquinone, and the diisopropyl azodicarboxylate 2-2a in
ethyl acetate. At the end of the reaction, we obtain, after only a few minutes, a single
product in fluorine NMR corresponding to the N-trifluoromethyl-sulfonylated
compound 2-4a (-72 ppm). Other metals such as Cul, Cu(OAc)2, Fe(NO,)s...for
example, have been tested, but none gives the expected product, but always the
compound 2-4a, and the azodicarboxylate reagent decomposes in the media.

We then undertook the addition of the oxidant TBHP (70% in water, 1.5 equiv.) in the
solution of sodium triflinate 2-1 (CF3SO2Na, 1.5 equiv.) and diisopropyl
azodicarboxylate 2-2a (1 equiv.) in acetonitrile at 0°C without metal catalyst. After the
addition of the oxidant, and the complete disappearance of the yellow color
characteristic of the presence of 2-2a, '’F NMR of the crude revealed two compounds
(Figure 2.3.2a). The first corresponds to the N-trifluoromethyl-sulfonylated compound

2-4a (-72 ppm) 4 and the second one is N-CF3 hydrazide 2-3a (-60 ppm) in a ratio

SO,CF3 | [H]
B —
peNn-PC

90/10, respectively.

PG=iPr, Boc, Cbz.....

PG/ \\N/
- 0 . . -
‘ CF380; + %/ \OH] —— |CF380, |+ tBu" + OH
J-so2
Ny P
R i

Mechanism of radical reaction
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COyPr  CFaSO:Na 2-1 CF3
=N’ N CO,iPr + CO,iPr
N=N B ——— AINS L - 2! . AINS L~ 2!
, P N P N
iPrO,C TBHP iPro,C H iPro,C H
2-2a MeCN, rt 2-3a 2-4a
Add. TBHP minor (10%) major (90%)
-59 ppm -72 ppm
. A J JL
e <
o ~
N d
J$ 8
= |
T T l T T T T I T T T T ] T T T
60 -65 70

Figure 2.3.2a

This primary result seems very interesting because, for the first time, the expected
compound N-CF3 is detected. Considering the high electrophilicity of azodicarboxylate
2-2a, the nucleophilic addition of the triflinate takes precedence over the
trifluoromethyl radical less nucleophile. To promote radical trifluoromethylation, we
thought to perform the reverse addition of the reagents. The sodium triflinate 2-1 was
added to the mixture of diazene 2-2a and TBHP in acetonitrile. Under these conditions,
the decomposition of triflinate 2-1 into the CF3 radical is excessive and preferred. As a
result, the majority product detected is the expected product (Figure 2.3.2b), i.e. the
compound N-CF3 2-3a isolated in 34% yield (Scheme 2.3.2b).

/COZiPr CF3SO,Na 2-1 EF3 CO.iP N CO.iP
N:N > . NS 7 2' r . < IS T 2' r
iPro,C TBHP iPrO,C N iPrO,C ”
2-2a MeCN, rt 2-3a 2-4a

Scheme 2.3.2b Preliminary conditions
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COyipr  OFaSO:Na 21 CF3
=N’ N COyiPr + CO,iPr
N=N B ——— A RN 2! . PN 2
iPrOQC/ TBHP iPrO,C H iPrO,C H
2.2a MeCN, rt 2-3a 2-4a
Add. CF3SO,Na major (90%) minor (10%)

A o

—
1 10.0364
I ——

M
. | o3 9838
|

Figure 2.3.2b

Subsequently, in order to improve ratio of N-CF3 hydrazine, the reaction was optimized

with different solvents and oxidants (Table 2.3.2a and Table 2.3.2b).

241

N_N/COZiPr CF3SO,Na ﬁF3 coup CF3 OCF3
= _— - i + i + _ :
iPrO,C’ oxicant PrOCT N T o N COPT iPro,c” N o
solvent, T°C H
2-2a 2-3a 2-4a 2-C
Oxidant 2-3a/ Yield of
Entry CF3SO2Na solvent T°C
(eq.) 24a  2-3a (%)
1 1.5 eq. TBHP (1.5) MeCN \ o 90/10 34
2 2.5 eq TBHP (2.5) DMF \ rt 10/90 -
3 2.5eq. TBHP (2.5) AcOEt \ t o 40/60 -
4 2.5 eq TBHP (2.5) DCM/H20 \ t 80/20 -
5 1.5 eq. TBHP (1.5) DMSO \ rt 9317 45
6 15eq. TBHP (1.5) DMSO ?"g‘:q’* t 88/12 37

Table 2.3.2a Optimization of solvents with TBHP as Oxidant

As shown in the table 2.3.2a, in this process, DCM/H>0, AcOEt, DMF, MeCN, DMSO

were screened by employing TBHP as oxidant. According to the different conditions,
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the DMSO was the best solvent. The main compounds 2-3a was obtained in 45% after
purification. The addition of MeOH or the excess of sodium triflinate and TBHP (3 or

5 equiv.) did not enhance the yield.

Additionally, no improvement was observed with K2S>Og as oxidant which required 90°C

with slow addition of sodium triflinate.

2-1 CF
CO,iPr CF3SO,Na k 9F3 OCF;
N=N _— N _COPr + . + — i
iPro,C’ oxidant iPro,C” N 2 Pro,c N NCOZPT ipro,c N7 o T
solvent, T°C H
2-2a 2-3a 2-4a 2-C
Oxidant 2-3a/ Yield of
Entry CF3SO2Na solvent T°C
(eq.) 2-4a 2-3a (%)
1 1.5 e€q. K2S20s (1.5) DMSO \ rt 14/86 -
2 1.5 eq. K2S20s (1.5) DMSO \ 50°C 26/74 -
3 1.5 e€q. K2S20s (1.5) DMSO \ 90°C 2/96 -
4 1.5 e€q. K2S20s (1.5) DMSO(H20) \ 50°C 53/47 -
5 1.5 eq. K2S20s (1.5) DMSO(H20) \ 90°C 90/10 38
6 1.5 e€q. K2S20s (1.5) MeCN(H20) \ 70°C 49/51 -

Table 2.3.2b Optimization of oxidant with DMSO as solvent

During our study, we observed that when reactions were carried out in acetonitrile or
dichloromethane, the presence of side products was detected. One of these compounds
2-C was isolated (14%) and characterized, and corresponded to bis N- and O-
trifluoromethylation of the azodicarboxylate. The formation of this compound could be
explained by the following mechanism (Scheme 2.3.2c). On the one hand, the CF;
radical was added to the diazene to give the N-CF3 hydrazide radical 2-A. The latter led
to the expected product 2-3 after hydrogen atom transfer (HAT). On the other hand, the
intermediate 2-A could isomerize into the intermediate 2-B to react with the CF3 radical

to afford the compound 2-C.
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CF4

FsCo _.N__O F5Co, N
RO,CN=NCO,R \ — NTS
2-A 2-B
HAT CFsl
! H ! FsCo N _OCF,
| FsCoy N OR ! NTSY”
: \ ! RO,C OR 2-C
| RO,C O ;
2-3

Scheme 2.3.2¢ Proposed mechanism for formation of side product 2-C

The presence of the hydrazine ((iPrO.CNH-NHCO,iPr)) which can be recovered (15-20%),
was also observed at the end of the reaction and possibly due to radical chain and H-
bond abstraction pathways. Attempts to trap the nitrogen radical of 2-A have been
undertaken. Unfortunately, whatever the scavenger used (hydroquinone, alkanes,
alcohols), no improvement was observed.

Optimized conditions have been applied to other commercially available
azodicarboxylate derivatives such as tBu 2-2b, Et 2-2¢, Bn 2-2d (Scheme 2.3.2d). The
N-CF3 hydrazides 2-3b and 2-3¢ were obtained with yield of 57% and 48%, respectively.
The structure of 2-3b was determined by X-Ray crystallographic analysis. It is
interesting to note that the N-CF3 hydrazines are very stable on column chromatography,
in air and several months in fridge. For 2-4d, yield was low and led to a mixture of side

products.

CF,
PG CF3SO,Na 2-1 /TBHP N.__PG
N=N PG™ "N
PG H
DMSO, rt
2-2a~2-2d 2-3a~2-3d

PG = Cbz, CO,Et, Boc, iPrCO,

Symmetric diazenes
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¢

_N. .Boc —
Boc N —
H
2-3b/2-4b (98/2, 2-3b: 57%) 2-3b
CF vFs
3
| ,N\ ,COan
_N. _CO,Et BnO,C~ N
EtO,C~ N”~ 2 ” H
H 2-3d/2-4d (81/19, 2-3d: 19%)
2-3c/2-4¢ (92/8, 2-3c: 48%) Presence side products

Scheme 2.3.2d Trifluoromethylation of azodicarboxylates

The reaction was then extended to unsymmetrical azodicarboxylates to get access to
dissymmetric and free N-CF3 hydrazides. The addition of the triflinate 2-1 was
performed with a series of Boc-protected azodicarboxylates 2-2e~2-2h with esters,
ketones and phenyl groups. Reactions led to a mixture of inseparable regioisomers 2-
3e/2-3’e and 2-31/2-3°f isolated in moderate yield, 46% (60/40) and 41% (50/50),
respectively. Hydrazides 2-3g/2-3’g and 2-3h/2-3’h were obtained in 29% and 32%.

H
,PG' CF3SO;Na 2-1 /TBHP N_ _PG' _N. _PG'
N=N Boc™ N ~* Boc” N
Boc” H CF
DMSO, rt 3
2-2e~2-2h 2-3 2-3'
PG' = Cbz, CO,Et, CO,Ph, COPh
From unsymmetric diazenes
CF3 H GFs H
N., .CO,Et - N. .CO,Bn
BOC/N\N/COZEt / BOC/ ,}] 2 BOC/N N COZBn/ BOC/ ’}j 2
H CF, H CF,

2-3e/2-3'e (40/60; 46%) 2-3f/2-3'f (50/50; 41%)
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CFs H CFs H
N. _CO,Ph N. _COPh _N. _COPh
/N\N,COZPh/ Boc” "N 2 Boc” "N ! Boc™ "N

| |
H CF, H CFs

2-3g/2-3'g (36/64; 29%) 2-3h/2-3'h (45/55; 32%)

Boc

*In these cases, regioisomers are indistinguishable respectively, the ratio in brackets only represent
two isomers

Scheme 2.3.2¢ Trifluoromethylation of azodicarboxylates

In addition, in the exploration of applicable scope for this condition, for diazenes with
carboxamides, the complete decomposition was observed from 1,1’-(azodicarbonyl)-
dipiperidine and no reaction occurred from the fert-butyl-2-(methyl(phenyl)carbamoyl)

diazene-1-carboxylate and the fert-butyl-2-(phenylcarbamoyl) diazene-1-carboxylate.

From carboxamide diazenes

(0]
o Ns J\ /© — No reaction
e - ~
m,\, Ne JU — decomposition Boc” N E

R =H, Me

Scheme 2.3.2f Trifluoromethylation of other azodicarboxylates

It seemed interesting to us to incorporate other fluorinated groups and in particular the
CF2H group. We, therefore, carried out the addition of sodium difluoromethylsulfinate
on the azodicarboxylate and the TBHP. Unfortunately, under these conditions, only the
compound possessing the CFoHSO, group is detected (Scheme 2.3.2g). The use of
metals such as iron, and copper catalysts led to the same product without a trace of the

expected compounds. At this stage, we have not continued this study.

HCF,SO,Na/TBHP
Boc., ~N. - BOC\N’N\Boc
N™ Boc DMSO, rt !
: SO,CF,H

92%

Scheme 2.3.2g Reaction of azodicarboxylate and HCF2SO>Na
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2.3.3 Access to new N-CF; peptidomimetic scaffolds

Hydrazine motifs are well-known and showcased abundant applications. In such many
cases, hydrazines are often used to build peptidomimetics and induce conformations in
peptides.l*>! We therefore set out to combine the N-CF3 hydrazine with an amino acid.
To access the diazenes 2-7~2-8, which has never been reported, we first prepared the
hydrazine Boc amino-acids 2-5~2-6 by classical peptide coupling between the fert-

butyl carbazate and the alanine.

Me EDCI, HOBt Me
HO DCM, DIPEA Boc H
(@] (e

2-5 (89%)/2-6 (89%)

Scheme 2.3.3a Synthesis of Boc amino-acids

Then the hydrazides 2-5~2-6 were treated with NBS and pyridine in dichloromethane
at 0°C or -78°C.% Unfortunately, while the diazene was formed in the medium, it could
not be isolated due to its instability. In order to avoid the isolation of the diazene, a one
pot sequential reaction was then undertaken in dichloromethane. After total
consumption of the hydrazides 2-5~2-6 into diazene with NBS and pyridine (30 min.
at room temperature), DMSO and the TBHP were added and then the aqueous solution
of the triflinate 2-1. Unfortunately, the mixture dichloromethane and DMSO as solvents
led to a complex mixture of compounds. So, in order to avoid the presence of
dichloromethane, we performed the one pot reaction only in DMSO. Thanks to these
new conditions, the N-CF3 hydrazines 2-9~2-9° and 2-10~2-10’ could be obtained in
51 and 26% yield after two steps with a ratio of 48/52 and 40/60 respectively (Scheme
2.3.3b). Interestingly each regioisomers could be easily separated on silica gel. It should
be noted that at the end of the reaction the starting hydrazines 2-5~2-6 are present and

could be recovered after purification (15-27%).
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Me Me

H
Boc. _N NBS/Pyridi .
H DMSO, 0°C to rt

0 30 min )
2-5/2-6 2-7/2-8
H Me (|3F3 Me
CF3S0,Na /TBHP Boc. _N -
350 oc N \H)\NHZ + Boc N N\[H\NHZ
DMSO, rt C|:F3 o H 5§
2-9/2-10 2-9'/2-10°
o Me CF5 Me
Boc N
SN Boc. _N
N TWJ\NHBOC * N NHBoc
2-9 2-9'
48/52, 2 steps 51%
H Me CF5 Me
Boc N
SN~ Boc. _N
N NHCbz + B0C~y NHCbz
CF; O o
210 2-10'

40/60, 2 steps 26%

Scheme 2.3.3b Trifluoromethylation of aminoacid-diazenes

2.3.4 Deprotection of N-CF; hydrazine derivatives

We prepared different families of N-CF3 compounds with protective groups such as Boc
and Cbz. The other challenge is, therefore, obtaining deprotected N-CF3 hydrazine

building blocks to exploit them in the construction of new molecules.

- Deprotection of the hydrazine 2-3b

Accordingly, we attempted the deprotection of compound 2-3b with HCl (4N in
dioxane). Thankfully CFsNHNH2.HCI 2-11 was obtained and could be characterized
but is too unstable to be stored for several days even at low temperatures. Thus, we

attempted to synthesize N-CF3; pyrazole in a one-pot approach. Pyrazoles are potent
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medicinal scaffolds and exhibit a full spectrum of biological activities.*”! To date, there
are very few methods for accessing N-CF3 pyrazoles. The first involves the use of
CF,Br», a known ozone-depleting reagent, followed by fluorination.*®3°) The second

involves the electrophilic N-trifluoromethylation of pyrazoles with Togni’s reagent.[!!]

1) NaH, n-BuyNBr cat.
N DMF \ N Me,NF \ N \ N
N o ’ / ’
| N N —_— N * &N

/

2) CF,Br,, DMF P Sulfolane \ \
4h, 75% CF2Br  {70-180°C CF,H CF4
39%
R RZ N\
R\” R\ 1)SSAcat, HMDS, A XX N\ = T N
. — * B N
NRor NV CF P N-CF3 or ,
A \N/ H 2) I ; \ v
7
2% LiNTf,

12% HNTF,
1.5M CH,Cly, 35°C

Scheme 2.3.4a Methods for accessing N-CF; pyrazoles

Thus 2-11 was trapped directly in the medium with 1,3-diones to give the corresponding
N-CFj3 pyrazoles 2-12 in reasonable yields (Scheme 2.3.4b).1*%1 Our new approach is an

excellent alternative to the synthesis of N-CF3 pyrazoles.

0 0 F3C,
R’K/‘\Q NN
H .
Fsc\N/N\Boc HCI (4N), dioxane FgC\N/NHz_HCl R&)\Ph
| . H
MeOH, 50°C, 30 min -
Boc 2.3p 2-11 R = Me 2-12a, 44%

R = Ph, 2-12b, 46%

Scheme 2.3.4b Synthesis of N-CF3 pyrazoles

In addition, recent studies have shown that the N-CF3 pyrazoles have excellent stability
in aqueous media, improved metabolic stability, and higher lipophilicity.[*!!

Alternatively, some attempts were also carried out with 2-3b and benzaldehyde to
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prepare fluorinated hydrazone as shown in Scheme 2.3.4c. However, in this process,

decomposition always was detected (along with elimination of fluorine anion F-).

0]
o
4A, BF;.Et,0, DCM, Ar

X N
Boc. _N._ . Y
N Boc x N CF3
H Or HCl/dioxane
Methanol, 0°C-rt

CF3 ACOH, rt

H
I i H,0, Methanol ~ _N.
BOC\ /N\ M F3C\N/NH2HCI z—eamo> N CF3
” Boc  pewm, oocrt H o

2-3b ©)(H -
decomposition

Scheme 2.3.4c Reaction of 2-3b and benzaldehyde

- Deprotection of the unsymmetrical hydrazines

Then deprotection of the unsymmetrical N-CF3 hydrazides (as a mixture of
regioisomers) was carried out with HCI (4 N in dioxane) overnight (Scheme 2.3.4d).
The Boc group could be removed to afford the clean and stable corresponding N-CF3;
hydrazides 2-13~2-20. From the hydrazides 2-3e/2-3’e, only the hydrazide 2-13, which
sublimes slowly at room temperature, could be recovered at the end of the reaction with
a not optimized yield of 38%. Unfortunately, compound 2-14 is too volatile to be

isolated, although detected in fluorine NMR at -60 ppm.

N (':FS FsC H OEt C':FS
FsC.. .N.__OEt Boc. _N_ _OEt HCI(4N)dioxanne 3N yr _N_ _OEt
TN T - N+ HNTY
Boc O H o DCM, rt over night o} 0
2-3e 2-3% 2-13, 38% 2-142

Scheme 2.3.4d Deprotection of the unsymmetrical hydrazines. [a] The hydrazine 2-14
was too volatile to be isolated

The N-debenzylation of the hydrazides 2-3f/2-3’f was also carried out in the presence
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of Pd/C under the atmosphere of Hy. The N-CF; hydrazide 2-21 was isolated in a
moderate yield of 38% due to its sublimation. Product 2-22 was detected in the '°F

NMR of the crude but is too volatile to obtain pure (Scheme 2.3.4¢).

CF
H CF H 3
F2Co N e Pd/C,H;  F,c. _N. N
N™ "Cbz + BOC\N,N\Cbz —_— H Boc + H,N" "Boc
MeOH
Boc 2-3f H 2.3 € 2.21 2-22

Scheme 2.3.4e Hydrogenolysis of 2-3f/2-3°f

The products 2-3f/2-3’f afforded the hydrazides 2-15 and 2-16 in good yield (73%),
easily separated on silica gel. In the case of the amino acid-hydrazides 2-9/2-9° and 2-
10/2-10°, each molecule has been treated independently to lead pure hydrazides 2-17,
2-18, and as chlorhydrate salts 2-19, 2-20, respectively.

H (I:F3 ) H CI:F3
F3C\N,N\H/R + BOC\N,N\”/R HCI (4N) dioxanne R F3C\N,N\H/R . H2N’N\H/R
Boc O H 3 DCM, rt over night H oo o

FsC H OB l(ll;F3 OB
3L<L - n . n
H,>N
SR G
2-15 2-16

2-15/2-16 = 73%

H CF3 @ #//i)g
F3Ci-N N O 7 /QOJQ/S‘
N TH\NHCbZ HoN jH\NHCbz = "Hdew )

0] o) ¥
217, 77% 2-18, 79% &

H , " CF3
FsC. ..N _ o AN lll
N NHy HCl = % \, HoN" NH_ HCI

@ O
2-19, quant. 2-20, quant.

Scheme 2.3.4f Deprotection under acid conditions

47



Chiral HPLC analysis of the hydrazines 2-17, 2-18 showed no racemisation of the
stereocenter of the amino acid following three reactions from 6. We unambiguously
determined the structure of molecules 2-18, 2-19 thanks to the achievement of their X-
ray analyses. By comparing the different X-ray analyses of compounds 2-3b, 2-18 and
2-19, the N-N—CF; length bond was observed in a range of 1.381-1.413 A showing an
interesting influence of the CF3 group, while in the nonfluorinated derivatives, the
length is around 1.454 A .[4%]

We also investigated the potential interactions between N-H---F and C-H---F in N-CF3
peptidomimetics 2-18, 2-19. For the molecule 2-19, one fluorine atom strongly interacts
with the NH proton close to the CF3 showing a distance of 2.29 A and an angle of 72.4°
(Figure 2.3.4a). We can suppose an intramolecular H-Bond while the angle is below
ITUPAC standards (6=110-180°). The other both fluorines also interact with hydrogen:
one with both NH and one with the C-H of the methyl group. The distances are 2.56 A
and 2.61 A for the NH---F and 2.43 A for the C-H---F, respectively. Here also, a second

intramolecular H-bond is observed with an angle of 152.06° (Figure 2.3.4a).

-

Compound 2-19: Angles C-H---F (6°) Interactions between C(N)-H---F (A)

Figure 2.3.4a Intramolecular interaction of F---H-C(N)

Concerning compound 2-18, one fluorine and one H of the NH2 group interact to form
an intramolecular hydrogen bond with a distance of 2.38 A and an angle of 95.75°

(Figure 2.3.4b). Otherwise, two main intermolecular interactions are observed between
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one fluorine and the NH of NH> group (2.62 A and 6 = 125.7°) and one fluorine with
the H of the CHa group of the benzyl (2.65 A and 0 = 141.4°) (Figure 2.3.4b).

v

Angles C-H---F (0°)
Figure 2.3.4b Intermolecular interaction of C(N)---F

These NH---F and C-H--F interactions have gained more and more interest, in particular,
in medicinal chemistry either for protein-ligand interactions or for stabilizing particular
conformations. 431143

- Exploitation of N-CF3 hydrazines to elaborate new compounds
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The potential of certain N-CF3 hydrazides has been studied in some reactions to
elaborate on the first-time inaccessible compounds. To illustrate their reactivity, we
performed some reactions on the N-CF3 hydrazides 2-15 and 2-16.

First, the hydrazide 2-15 could be oxidized into diazene 2-23 after treatment with NBS
and pyridine in DCM in quantitative yield. In our laboratory, we studied the potential
of fluorinated solvent, particularly the 1,1,1,3,3,3- hexafluoro-2-propanol (HFIP) in this
line, we realized the C-H amination of azodicarboxylate with electron rich arenes.*®!
Then, C-H amination was carried out between the N-CF3- azodicarboxylate 2-23 and

the N-dimethylaniline in HFIP to afford the corresponding hydrazine 2-24 with

excellent regioselectivity and good yield (71% in 2 steps).

N ?F3
F.C H NBS, Pyridine F.C. N /NO N\N/Cbz
TONTTCbz T YUNTTCbz H
H ' HFIP@mL),DCM >N
215 2.23 2-24, 71% (2 steps)

Scheme 2.3.4g Access to regioselective N-CF3 hydrazine

Interestingly, from the hydrazide 2-16, the benzyl (N-trifluoromethyl) carbamate 2-25
was obtained after treatment with sodium nitrite and HCI in dichloromethane, which is

a stable form of the trifluoromethylamine (Scheme 2.3.4h).

HCI, NaNO, CF3
C,:F3 AcOH, H,0 N
N > H™ “Cbz
HoN Cbz °
2 o 5°C tort, 3h 2.25. 92%

Scheme 2.3.4h Preparation of trifluoromethylamine

The benzyl hydrazide 2-27 was isolated after reduction of the corresponding hydrazone

2-26 formed from the benzaldehyde and 2-16 (Scheme 2.3.41).
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NaBH3CN
CFs Pr0 CFs “ACOH CFs
/N\ /N\ /\ /N\
HoN" "Cbz DCM, MgSO4 Ph" N “Cbz THF, rt, 12 h Ph ” Cbz
2-16 2-26

2-27,70% (2 steps)

Scheme 2.3.41 Synthesis of new fluorinated hydrazine

The aziridination reaction*’! could be realized easily in the presence of
(diacetoxyiodo)benzene and the methyl frans-4-(trifluoromethyl) cinnamate to afford

the N-CF3 aminoaziridine 2-28 in excellent yield (83%).

F3C\ /CbZ
CF3 PEFPI = come N
N N
H,N™ ~Cbz PhI(OAc),, K,CO4 /u
DCM, rt pCF;Ph CO,Me
2-16
2-28, 83%

Scheme 2.3.4j Reactivity of the 1-N-CF3 hydrazide 2-16

2.4 Conclusion

A new and efficient pathway to N-CF3 hydrazides was prepared by adding of the CF;
radical generated in sifu from sodium triflinate on symmetric and unsymmetric
azodicarboxylates. This reaction could also be carried out on diazenes comprising
amino acids to afford regioisomers of N-CF3 hydrazide peptidomimetics.

The N-CF3 products with removable protecting groups could generate RCO-N(CF3)-
NH; and H-N(CF3)-NHCOR hydrazines. These hydrazines could find applications in
synthesising of new compounds, such as access to N-CF3 pyrazoles, formation of N-
CF3 hydrazones, preparation of trifluoromethylamine as well as N-CF3; aminoaziridine,
alternatively, synthesis of excellent regioselective product in good yield.

Therefore, new N-CF; scaffolds have been developed, and these N-CF3 hydrazine units

have contributed to a new interesting family of N-CF3.
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Experimental part

General Procedure (I)

1. Radical trifluoromethylation from symmetrical azodicarboxylates

To a stirred solution of azodicarboxylates (di-ethyl, isopropyl, tert-butyl, benzyl) (1.0
mmol) in DMSO (8 mL) and 70 % TBHP in water (1.5 mmol) was added at room
temperature drop by drop the sodium triflinate (1.5 mmol) dissolved in water (2 mL).
At the end of the addition, the yellow disappeared to give a colorless media. After that,
15 mL water was added, and the reaction mixture was extracted with ether (3x15 mL).
The organic layers dried with Na;SO4 anhydrous and was evaporated under reduce
pressure. The crude product was purified by column chromatography on silica gel using
cyclohexane: ethyl acetate (100/0-70/30) as eluent to give corresponding N-CF;
hydrazides.

Diisopropyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate [2-3a]

2-3a

2-3a was afforded from diisopropyl azodicarboxylate 2-2a (202 mg, 1 mmol) which
was treated with TBHP (192 mg, 1.5mmol) and sodium triflinate 2-1 (2mL, 1.5 mmol)
in DMSO (8 mL) at rt following general procedure (I) as off-white solid (123 mg, 45%
yield). "TH NMR (300 MHz, CDCls) & (ppm) 6.95 (s, 1H, He), 5.02-4.88 (m, 2H, Hi,
10), 1.24 (d, J = 6.18 Hz, 6H, Huetny1), 1.20 (d, J = 6.60 Hz, 6H, Hmethy1); '*C NMR (75
MHz, CDCL) 6 (ppm) 154.9 (Cs), 151.2 (C7), 120.1 (q, J= 261.9 Hz, C12), 72.7 (Cy1),
70.9 (Ci0), 21.6 (Cmethy1), 21.5 (Crmethyt), 21.4 (Cmetmy1); ’F NMR (188 MHz, CDCl3) &
(ppm) -59.63 (s, CF3). HRMS m/z CoHisF3N>Os4 [M+Na]" cal. 295.0882, found.
295.0875.
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m.p. = 67-68°C.

Isopropyl (Z)-2-(isopropoxy (trifluoromethoxy) methylene)-1-(trifluoromethyl)
hydrazine-1-carboxylate [2-C]
CF;

C|3F3 CI) J\
YO\H/ N. N/)\O
O
2-C
'H NMR (200 MHz, CDCls) 5 (ppm) 5.08 (m, 2H, Ho,14), 7.25-7.11 (m, 2H), 1.38-1.28
(m, 12H, Huemyt); *C NMR (75 MHz, CDCl3) § (ppm) 153.2 (C3), 148.7 (C7), 122.8
(q,J=264.6 Hz, C10), 119.3 (q, J = 266.7 Hz, Cis), 75.0 (C14), 74.5 (Cs), 21.4 (Cumetiy),

21.3 (Cmetny1); ’F NMR (188 MHz, CDCl3) & (ppm) -59.4 (brs, 1xCF3), and -65.1 (q,
J =43 Hz, 1xCF3).

Di-tert-butyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate [2-3b]

2-3b

2-3b was prepared from di-tert-butyl azodicarboxylate 2-2b (690 mg, 3 mmol) which
was treated with TBHP (405 mg, 4.5mmol) and sodium triflinate 2-1 (6mL, 4.5 mmol)
in DMSO (24 mL) at rt following general procedure (I) as oft-white solid (514 mg, 57%
yield). 'TH NMR (300 MHz, CDCl3) 8 (ppm) 6.59 (br s, 1H, He), 1.52 (s, 9H, Humethy1),
1.49 (s, 9H, Hmethy1). 3C NMR (75 MHz, CDCl3) § (ppm) 154.2 (C3), 150.3 (C7), 120.3
(g, J=261.0 Hz, C12), 84.9 (C1), 82.5 (C10), 27.9 (Crethy1), 27.8 (Cmetny1). "F NMR (188
MHz, CDCl3) & (ppm) -59.37 (s, CF3). HRMS m/z CiiHi9F3N2O4 [M+Na]" cal.
323.1195, found. 323.1195. m.p. = 69-70°C.
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Diethyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate [2-3¢]

5
6
(@)
8 H
16\/0 7 N\:]):);I\O/']\
N ?)r &ry 2
3
9 12

(CF3S02-N(CO2Et)-NHCOEt was contained in it)

2-3¢ was prepared from diethyl azodicarboxylate 2-2¢ (174 mg, 1 mmol) which was
treated with TBHP (192 mg, 1.5mmol) and sodium triflinate 2-1 (2mL, 1.5 mmol) in
DMSO (8 mL) at rt following general procedure (I) (117 mg, 48% yield). 'TH NMR
(300 MHz, CDCI3) & (ppm) 7.23 (s, 1H, He), 4.24 (q, J = 7.13 Hz, 2H, H1), 4.16 (q, J
=17.05 Hz, 2H, Hio), 1.24 (t, J = 5.31 Hz, 3H, His), 1.21 (t,J=5.21 Hz, 3H, His); 13C
NMR (75 MHz, CDCl) 6 (ppm) 155.4 (Cs), 151.7 (C7), 120.0 (q, J = 262.2 Hz, C12),
64.2 (C1), 62.8 (C10), 14.1 (Crnethyt), 13.8 (Crmetny1); ’FNMR (188 MHz, CDCls) 8 (ppm)
-59.71 (s, CF3). HRMS m/z C7H11F3N204 [M+Na]" cal. 267.0569, found. 267.0564.

Dibenzyl 1-(trifluoromethyl) hydrazine-1,2-dicarboxylate [2-3d]

o i
OT N » J\o @
O
2-3d
The title compound was prepared between diazene 3-2d (298 mg, 1 mmol), TBHP (192

mg, 1.5 mmol) and triflinate 3-1 (2 mL, 1.5 mmol) in DMSO (8 ml) at rt, and purified
on silica gel (cyclohexane/EtOAc: 70/30) to afford 2-3d/2-4d (69 mg, 19%).

2. Radical trifluoromethylation from asymmetrical azodicarboxylates

2-(Tert-butyl) 1-ethyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate and 1-(tert-
butyl) 2-ethyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate [2-3e/2-3’¢]
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Firstly, tert-butyl carbazate (5.28 g, 40mmol) in Et2O (200 mL) was added pyridine
(3.48 g, 44mmol), followed by ethyl chloroformate (3.8 mL, 40 mmol) at 0°C. The
mixture was stirred at 0°C for 50 minutes and warmed to room temperature for
additional 50 minutes. Reaction was monitored by TLC. Subsequently, the mixture was
treated with H,O (20 mL), 5% HCI (20 mL) and 5% NaHCOs3 (20 mL) successively,
organic phase was dried by NaSO4 anhydrous. BocNH-NHCO:Et (7.27 g, 89% yield)
was afforded by purification of silica gel as white solid.

The title compound 2-3e/2-3’e was prepared by BocNH-NHCO:Et (202 mg, 1 mmol),
NBS (196 mg, 1.1 mmol) and pyridine (87 mg, 1,1 mmol) in DCM, followed by TBHP
(192 mg, 1.5 mmol) and sodium triflinate 2-1 (2 mL, 1.5 mmol) in DMSO (8 mL) at rt,
and purified on silica gel (cyclohexane/EtOAc:100/0-70/30) to afford 2-3e/2-3e (141
mg, 49% yield) as liquid. "H NMR (300 MHz, CDCl3) & (ppm) 6.82 and 6.70 (s, 1H,
Hi6ana12°), 4.25 and 4.16 (q, J4.25= 7.01 Hz, J416= 7.11 Hz, 2H, Hi ana 1°), 1.44 and 1.41
(s, 9H, Hi1,13,15 and 11°,13°,15°), 1.25 and 1.22 (t, J1.25= 5.2 Hz, J12>= 5.1 Hz, 3H, Hi4 and
14). 3C NMR (75 MHz, CDCI3) 8 (ppm) 155.5 (C3and 7°), 154.1 (C3 anda 7), 120.3 and
120.1 (q, J1203= 262.0 Hz, J120./= 261.9 Hz, C12and 16°), 85.3 and 82.8 (Ci0and 10°), 64.1
and 62.7 (C1and 1), 27.9 and 27.8 (Ci1,13,15and 11°, 13, 15°), 14.2 and 14.0 (C14 and 14°). P°F
NMR (188 MHz, CDCls) o (ppm) -59.26 and -59.76 (s, CF3). HRMS m/z CoH15F3N204
[M+Na]" cal. 295.0882, found. 295.0883.

2-Benzyl 1-(tert-butyl) 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate and 1-
benzyl 2-(tert-butyl) 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate [2-31/2-3f]
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20 12 20 12

9H s % e e
2 6 7{3)]\ 8 2 O NZ;:%(J),\O 14 18"
3>( \n/ | /\© 3'%/ \n/ | 11'/\©
, © H 15 17 s O CF; 15' 17
8 21 16 8 21" 16
2-3f 2-3'f

CbzNH-NHBoc was first prepared by adding benzyl chloroformate (1.28 g, 7.57 mmol)
into mixture of fert butyl carbazate (1.0 g, 7.57 mmol) and N-methyl morpholine (765
mg, 7.57 mg) in THF (50 mL) at 0°C as white solid (2.0 g, 99% yield). 2-3/2-3’f was
afforded through BocNH-NHCbz (264 mg, 1 mmol), NBS (196 mg, 1.1 mmol) and
pyridine (87 mg, 1.1 mmol) in DCM, followed by TBHP (192 mg, 1.5 mmol) and
sodium triflinate (2 mL, 1.5 mmol) in DMSO (8 mL) at rt, and purified on silica gel
(cyclohexane/EtOAc:100/0-70/30), (138 mg liquid, 41% yield). '"H NMR (300 MHz,
CDCl) 6 (ppm) 7.39-7.10 (m, 5H, Harom), 6.83 and 6.61 (s, 1H, Ho1 and 20°), 5.25-5.11
(m, 2H, Hi3 and 13°), 1.37 (s, 9H, Hmetmy1). 13C NMR (75 MHz, CDCl3) & (ppm) 155.3
and 153.9 (Cé and 10°), 151.7 and 150.1 (Cé¢ and 10), 135.2 and 134.4 (Ci4 and 14°), 128.7
(Carom), 128.6 (Carom), 128.3 (Carom), 120.3 and 120.1 (q, J120.3= 261.8 Hz, J120./= 262.7
Hz, C20and21°), 85.4 and 82.9 (Cz and 2°), 69.5 and 68.3 (Ci3 and 13°), 27.9 (Cietny1), 27.5
(Crmethy1). "F NMR (188 MHz, CDCl3) & (ppm) -59.25 and -59.72 (s, CF3). HRMS m/z
C14H17F3N204 [M+Na] " cal. 357.1038, found. 357.1034.

1-(Tert-butyl) 2-phenyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate and 2-
(tert-butyl) 1-phenyl 1-(trifluoromethyl)hydrazine-1,2-dicarboxylate [2-3g/2-3’g]

14 20 14" 20 18
CF; O
19 7 3 19"
6 I 911 J< 6' '119 1ﬂ<
1 5 N)1J2\O T 5-Oj]/ N)1J2\O
' 15'
2 4 O CF; 2 4 O H
3 10 13 3 100 13
2-3g 2-3'g

The title compound was prepared between diazene (BocNH=NHCO,Ph, 250 mg, 1
mmol), TBHP (192 mg, 1.5 mmol) and sodium triflinate (2 mL, 1.5 mmol) in DMSO
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(8 mL) at rt, and purified on silica gel (cyclohexane/EtOAc: 100/0-70/30) to afford 2-
3g/2-3’g (94 mg, 29% yield). '"H NMR (200 MHz, CDCls) § (ppm) 7.54-7.32 (m, 3H,
Harom), 7.25-7.11 (m, 2H, Harom), 6.99 and 6.69 (s, 1H, Hisana 13°), 1.55 and 1.51 (s, 9H,
Himethy). 13C NMR (75 MHz, CDCl3) § (ppm) 153.1 (Csand 12), 152.9 (Cgand 12°), 149.4
and 149.1 (Cs and 5°), 128.6 (Carom), 128.4 (Carom), 125.6 (Carom), 125.0 (Carom), 120.1
(Carom), 119.3 and 119.1 (q, J119.3= 263.7 Hz, J119./= 265.6 Hz, C13 and 14°), 84.7 (Ci6 and
16°), 26.9 and 26.8 (Cmetny1). 'F NMR (188 MHz, CDCl3) 6 (ppm) -59.09 and -59.88 (s,
CF3). HRMS m/z C13H15F3N204 [M+Na]" cal. 343.0882, found. 343.0873.

Tert-butyl 2-benzoyl-1-(trifluoromethyl)hydrazine-1-carboxylate and tert-butyl 2-
benzoyl-2-(trifluoromethyl)hydrazine-1-carboxylate [2-3h/2-3’h]

12 9 12 9
18 14 CF3 O
o N 8 1 O 11 N 8 1 2
* e # 1G9
2 CF3 2 4
13 3
2-3h 2-3'h

PhCONHNHBoc was obtained through stirring the mixture of benzohydrazide (1.36 g,
10 mmol) and di-fert-butyl dicarbonate ((Boc).O) (2.7 mL, I12mmol) in
dichloromethane (50 mL) at room temperature (2.0 g, 85% yield, white solid). 2-3h/2-
3’h was prepared by PhRCONHNHBoc (236 mg, Immol), NBS (196 mg, 1.1 mmol) and
pyridine (87 mg, 1.1 mmol) in DCM, followed by TBHP (192 mg, 1.5 mmol) and
sodium triflinate (2 mL, 1.5 mmol) in DMSO (8 mL) at rt, and purified on silica gel
(cyclohexane/EtOAc:100/0-70/30), (98 mg, 32% yield).

(-SOCFj3 inside, 'H NMR and *C NMR complex determination)

F NMR (188 MHz, CDCl3) & (ppm) -58.88 and -61.02 (s, CF3). HRMS m/z
C13Hi5F3N203 [M+NH4]" cal. 322.1379, found. 322.1382.

3. Preparation of N-CF3 hydrazides 2-9/2-9° and 2-10/2-10’ from hydrazines 2-
5/2-6 via diazenes 2-7/2-8:
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Me Me

idi CF3SO,Na /TBHP
Boc\N,N NHZ NBS/Pyridine Boc\N/,N iz 3SO;Na
o} DMSO, 0°C to rt 5 DMSO, rt
30 min
Z=Boc (2-5), Cbz (2-6)
2-7/2-8
H Me (‘ZFS Me H Me (FF3 Me
Boc., _N + Boc. _N
BOC‘N’Nj('\NHBoc ¥ BOC‘N’Nj(kNHz Y j('\NHCbz N j('\NHCbz
CF, O "o CF; O o]
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A stirred solution of hydrazides (2-5/2-6) and pyridine (1.1 eq.), in DMSO at 0 °C was
treated with NBS (1.1 eq.) in a single portion. The reaction mixture was allowed to
room temperature and stirred 5 min, and had changed to a pale yellow to give the
diazene 2-7, 2-8. Then at room temperature, TBHP (1.5 eq.) and drop by drop the
triflinate 2-1 (1.5 eq.) dissolved in water were added. At the end of the addition the
yellow disappeared to give a colorless media. After, 15 mL of water was added, and the
reaction mixture was extracted with ether (3x15mL). The organic phases dried on
NaxSO4 was evaporated under reduce pressure. The crude product was purified by

column chromatography on silica gel using cyclohexane: ethyl acetate (80/20) as the

eluent to give N-CF3 hydrazide 2-9, 2-9° (51%)), 2-10, 2-10° (26%).

Tert-butyl 2-((tert-butoxycarbonyl)-L-alanyl)-2-(trifluoromethyl)hydrazine-1-
carboxylate [2-9’] and 7Zert-butyl 2-((tert-butoxycarbonyl)-L-alanyl)-1-
(trifluoromethyl)hydrazine-1-carboxylate [2-9]

The title compounds 2-9, 2-9’ were prepared between hydrazine 2-5 (303 mg, 1 mmol),
NBS (196 mg, 1.1mmol), pyridine (87 mg, 1.1mmol) in DMSO (10 mL), then TBHP
(192 mg, 1.5 mmol) and triflinate 2-1 (234 mg, 1.5 mmol) dissolved in water (2 mL),
and purified on silica gel (cyclohexane/EtOAc: 80/20).

2-9'

'H NMR (300 MHz, CDCL) & (ppm) 8.18 (s, 1H, Hs), 5.35 (s, 1H, His), 4.66 (q,
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J=7.19 Hz, 1H, Hy"), 1.42 and 1.41 (s, 9H, Hunetny1), 1.35 and 1.33 (s, 9H, Hunetny1), 1.26
(d, J= 6.9 Hz, 3H, H;s"). 3C NMR (75 MHz, CDCl3) § (ppm) 174.6 (C2'), 155.6 (Ce),
154.2 (Ci¢°), 119.6 (q,J=267.1 Hz, C10°), 82.9 (Ci9°), 80.4 (Co’), 47.2 (C1°), 28.1 (Cinethy1),
27.9 (Crmethy1), 17.3 (C15°). ’F NMR (188 MHz, CDCl3) 5 (ppm) (mixture of rotational
isomers) -60.62 (s, CF3), -60.59 (s, CF3). HRMS m/z Ci4sH24F3N30s [M+Na]" cal.
394.1566, found. 394.1569. [a]p?®=+15.0" (c 0.0373, CH30H).

23 4 i
7 CF3 O 17
1_N6.0.19 20
XTJ%TK
12 o) 22
15 pyet 21
2-9

'H NMR (300 MHz, CDCI3) & (ppm) 9.11 (s, 1H, H3), 5.31-5.25 (brs, 1H, Hy4), 4.32
(m, 1H, Hy), 1.41 (s, 9H, Hmetny1), 1.36 (s, 9H, Hmewyl), 1.31 (d, J=4.8 Hz, 3H, His). 13C
NMR (75 MHz, CDCl3) 6 (ppm) 172.2 (Cz), 155.9 (Cs), 149.7 (Ci6), 120.2 (q, J=265.4
Hz, C»3), 84.8 (Co), 80.7 (Ci9), 48.1 (C1), 28.2 (Crmethy1), 27.8 (Cmetny1), 17.7 (Cis). °F
NMR (188 MHz, CDCls) & (ppm) -59.17 (s, CF3). HRMS m/z C14H24F3N30s [M+Na]"
cal. 394.1566, found. 394.1573. [a]p?*=-27.3" (c 0.0386, CH30H).

Tert-butyl 2-(((benzyloxy)carbonyl)-L-alanyl)-2-(trifluoromethyl)hydrazine-1-
carboxylate [2-10’] and Tert-butyl 2-(((benzyloxy)carbonyl)-L-alanyl)-1-
(trifluoromethyl)hydrazine-1-carboxylate [2-10]

The title compounds 2-10, 2-10° were prepared between hydrazine 2-6 (337 mg, 1
mmol), NBS (196 mg, 1.1mmol), pyridine (§7mg, 1.1mmol) in DMSO (10 mL), then
TBHP (192 mg, 1.5 mmol) and triflinate 2-1 (234 mg, 1.5 mmol) dissolved in water (2
mL), and purified on silica gel (cyclohexane/EtOAc: 80/20).
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'"H NMR (300 MHz, CD30D) & (ppm) 7.36-7.28 (m, 5H, Harom), 5.09 (m, 2H, Hio),
4.68 (q, J=7.15 Hz, 1H, Hy’), 1.52 (s, 9H, Hmetny1), 1.37 and 1.32 (d, J;=7.14 Hz, J> =
7.05 Hz, 3H, H;s). ¥3C NMR (75 MHz, CD30D) & (ppm) 175.9 (C»), 175.5 (Cy),
158.2 (Ce and 16°), 138.1 (C20°), 129.5 (Carom), 129.0 (Carom), 128.8 (Carom), 121.4 (q, J=
265.4 Hz, Ci¢), 83.6 (Cy), 67.8 (Ci9°), 49.5 (C1°), 28.4 (Cmetny1), 16.9 (C15°). ’F NMR
(188 MHz, CDCl3) o (ppm) (mixture of rotational isomers) -59.45 (brs, CF3), -60.30
(s, CF3), -60.56 (s, CF3). HRMS m/z Ci7H»F3N30s [M+Na]" cal. 428.1409, found.
428.1416. [a]p?®=+23.6" (c 0.0233, CH30H).

26 4 i 24
CF3 o) 17 25 23

13 ! ' H 20
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12 H 19 21
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'H NMR (300 MHz, CD30D) 8 (ppm) 7.25-7.16 (m, 5H, Harom), 4.98 (m, 2H, Hiv),
4.14 (q, J= 9.24 Hz, 1H, Hi), 1.39 and 1.36 (s, 9H, Humety1), 1.29 and 1.26 (d, J=4.41
Hz, J=4.35Hz, 3H, His). 3C NMR (75 MHz, CD30D) & (ppm) 174.8 (C2), 158.2(Cs),
151.2 (Cis), 138.1 (Ca0), 129.5 (Carom), 129.0 (Carom), 128.9 (Carom), 121.7 (q, J=260.5
Hz, C2), 85.9 (Co), 67.7 (C19), 50.5 (C1), 28.1 (Cmethy1), 18.1 (Ci5). ’FNMR (188 MHz,
CDCI3) 6 (ppm) (mixture of rotational isomers) -59.08 (s, CF3). HRMS m/z
C17H2F3N30s [M+Na]* cal. 428.1409, found. 428.1401. [a]p?’ = -37.6" (c 0.0086,
CH3OH).

General Procedure (II)
1. Deprotection of Hydrazide [2-3b] and Synthesis of pyrazole [2-12]

(Trifluoromethyl)hydrazine hydrochloride [2-11]
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2-11
At a solution of N-CF3 hydrazide 2-3b (300 mg, 1 mmol) in dichloromethane (10 mL)
was added HCI1 4N in dioxane (10 eq.) at 0°C. After stirring overnight, the solvents are
evaporated to afford crude solid (quantitative yield). "H NMR (300 MHz, CDCl;3) &
(ppm) 5.36 (brs, 4H). 3C NMR (75 MHz, CD30D) & (ppm) 124.0 (q, J= 259.9 Hz).
19F NMR (188 MHz, CD30D)  (ppm) -66.63 (s, CF3). HRMS compound instable.

5-Methyl-3-phenyl-1-(trifluoromethyl)-1H-pyrazole [2-12a]

At a solution of N-CF; hydrazide 2-3b (326 mg, 1.1 mmol) and 1-phenyl-1,3-
butanedione (162 mg, 1 mmol) in MeOH (8 ml) was added HCI 4N in dioxane (4 mL)
at 0°C. The mixture was stirred for 10 minutes at room temperature, then placed in a
60°C oil-bath for 30 minutes, the solution of reaction was concentrated and crude
product partitioned between CH2Cl, and NaHCO3s(aq), and the organic phase was
separated and washed with NaCl (aq). The organic extract was dried (Na>SOs), filtered
and concentrated. The compound was purified on silica gel to give pyrazole 2-12a as a
pale-yellow liquid (101 mg, 44% yield). "H NMR (300 MHz, CDCl3) é (ppm) 7.35-
7.24 (m, 5H, Harom), 6.09 (s, 1H, H3), 2.23 (s, 3H, H7). ¥C NMR (75 MHz, CDCl3) §
(ppm) 151.8 (C4), 145.6 (Cz), 129.3 (Cs), 128.9 (Carom), 128.3 (Carom), 126.1 (Carom),
118.7 (q,J=262.1 Hz, C¢), 111.1 (C3), 13.4 (C7). ’F NMR (188 MHz, CDCI3) § (ppm)
-54.90 (s, CF3) and -57.61 (s, CF3, *isomer). HRMS m/z C;iHoF3N> [M+H]" cal.
227.0796, found. 227.0804.
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2-12b

At a solution of N-CF3 hydrazide 2-3b (122 mg, 0.41 mmol) and 1,3-diphenyl-1,3-
propanedione (82 mg, 0.37 mmol) in MeOH (3 mL) was added HCI1 4N in dioxane (1.5
mL) at 0°C. The mixture was stirred for 10 minutes at room temperature, then placed
in a 60°C oil-bath for 30 minutes, the solution of reaction was concentrated and crude
product partitioned between CH>Cl, and NaHCOs (aq), and the organic phase was
separated and washed with NaCl (aq). The organic layer was dried (Na2SOs), filtered
and concentrated. The compound was purified on silica gel to give pyrazole 2-12b as a
colorless liquid (49 mg, 46% yield).

'"H NMR (300 MHz, CDCI3) 6 (ppm) 7.78 (m, 2H, Harom), 7.37-7.29 (m, 8H, Harom),
6.60 (s, 1H, H3). 13C NMR (75 MHz, CDCl3) § (ppm) 153.7 (C4), 146.0 (C2), 131.0
(C8 and 7), 129.6 (Carom), 129.1 (Carom), 129.04 (Carom), 128.8 (Carom), 128.4 (Carom),
128.39 (Carom), 126.3 (Carom), 118.9 (g, J= 262.9 Hz, C¢), 108.2 (C3). '’F NMR (188
MHz, CDCl3) § (ppm) -54.88 (s, CF3). HRMS m/z Ci6H11F3N2 [M+H]" cal. 289.0953,
found. 289.0952.

2. Boc group deprotection

At a solution of N-CF3 hydrazide in dichloromethane was added HCI 4N in dioxane (10
eq.) at 0°C. After stirring at room temperature overnight, the solvents are evaporated to

afford crude as chlorhydrate salt or neutral compound which are or not purified on silica
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gel.

Ethyl 2-(trifluoromethyl)hydrazine-1-carboxylate [2-13] and Ethyl 1-
(trifluoromethyl)hydrazine-1-carboxylate [2-14]

2

5 H 4 . ?F3
FsC. N3 O~ N. O
NI N
1 O O
5
2-13, 38% 2-142

The title compounds 2-13 and 2-14 were prepared between hydrazine 2-3e/2-3’e (544
mg, 2 mmol), in DCM (20 mL), then HCI 4N (5 ml, 20 mmol), and purified on silica
gel (cyclohexane/EtOAc: 80/20).

[2-13]: '"TH NMR (200 MHz, CDCI3)  (ppm) 6.20 (brs, 1H, H>), 5.32 (s, 1H, Hi), 4.23
(g, J= 7.1 Hz, 2H, H7), 1.29 (t, J= 7.1 Hz, 3H, Hs). *C NMR (75 MHz, CD30D) &
(ppm) 159.3 (C3), 124.7 (q,J=255.1 Hz, Cs), 62.7 (C7), 14.8 (Cs). ’F NMR (188 MHz,
CDCls) 8 (ppm) -67.20 (d, J= 6.2 Hz, CF3). ’F NMR (188 MHz, CD30D) § (ppm) -
67.70 (s, CF3). HRMS m/z C4H7F3N>O, [M+H]" cal. 173.0521, found. 173.0565. m.p.
=92-93°C.

[2-14]: ’F NMR (188 MHz, CDCI3) & (ppm) -60.20 (s, CF3). The product is volatile,

spectra of crude in mixture with [2-13]

Benzyl 2-(trifluoromethyl)hydrazine-1-carboxylate [2-15] and benzyl 1-
(trifluoromethyl)hydrazine-1-carboxylate [2-16]

The compounds [2-15] and [2-16] were prepared between hydrazine 2-3£/2-3°f (334
mg, 1 mmol), in DCM (10 mL), then HC1 4N (2.5 mL, 10 mmol), purified and separated
on silica gel (cyclohexane/EtOAc: 70/30) to afford [2-15] (81 mg, 35 %, white solid)
and [2-16] (88 mg, 38 %, colorless oil) in global 73% yield.
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'H NMR (200 MHz, CDCls) § (ppm) 7.45-7.32 (m, SH, Hurom), 6.35 (s, 1H, Hs), 5.40
(s, 1H, Ha), 5.21 (s, 2H, Hy). "H NMR (300 MHz, CD30D) & (ppm) 7.38-7.2 (m, 5H,
Harom), 5.15 (s, 2H, H7). 3C NMR (75 MHz, CD30D) & (ppm) 159.2 (C4), 137.7 (Cs),
129.5 (Carom); 129.2 (Carom), 128.9 (Carom), 124.8 (q, J = 255.0 Hz, C1), 68.3 (C7). 1UF
NMR (188 MHz, CDCls) 5 (ppm) -67.10 (d, J = 6.19 Hz, CF3). HRMS m/z
CoHoF3N202 [M-H] cal. 233.0538, found. 233.0536. m.p. = 114-115°C.
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2-16

'H NMR (300 MHz, CDCL3) § (ppm) 7.45-7.35 (m, SH, Harom), 5.30 (s, 2H, Hg), 4.17
(brs, 2H, H;). 1*C NMR (75 MHz, CDCl3) 8 (ppm) 154.2 (C3), 134.7 (C7), 128.7 (Carom),
128.4 (Carom), 128.1 (Carom), 120.7 (q, J = 259.4 Hz, Ci3), 69.3 (Cs). ’F NMR (188
MHz, CDCls) 5 (ppm) -59.99 (s, CF3). HRMS m/z CoHoF3N>O, [M+Na] " cal. 257.0514,
found. 257.0489.

Benzyl (R)-(1-ox0-1-(2-(trifluoromethyl)hydrazineyl)propan-2-yl)carbamate [2-
17] and benzyl (R)-(1-0x0-1-(1-(trifluoromethyl)hydrazineyl)propan-2-
yDcarbamate [2-18]

The title compounds 2-17 was prepared between hydrazine 2-10 (138 mg, 0.34 mmol),
in DCM (5 mL), then HCI1 4N (0.9 ml, 3.4 mmol), and obtained in 77% (80 mg) yield
and in excellent purity without purification (presence of conformers and some traces of

side products could not be removed).
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'H NMR (300 MHz, CD30D) & (ppm) 7.36-7.29 (m, 5H, Harom), 5,1 (s, 2H, Hs), 4.19
(g, J=6.9 Hz, 1H, H12), 1.36 (d, J= 6.96 Hz, 3H, Hi4). ¥*C NMR (75 MHz, CD30D)
d (ppm) 175.5/174.2 (C13), 158.2 (Cy1), 138.1 (Cs), 129.4 (Carom), 129.0 (Carom), 128.8
(Carom), 124.5 (q, J = 256.0 Hz, Cis), 67.8/67.7 (C4), 50.5/50.6 (C12), 18.3 (Ci4). 1°F
NMR (188 MHz, CD30OD) 6 (ppm) -67.2 (s, CF3). HRMS m/z Ci2H14F3N30;3
[M+Na]+ cal. 328.0885, found. 328.0880. [a]p?® =-10.6° (¢ 0.036, CH3OH).

Benzyl (R)-(1-oxo-1-(1-(trifluoromethyl)hydrazineyl)propan-2-yl)carbamate |[2-
18]

2-18 was prepared between hydrazine 2-10° (200 mg, 0.49 mmol), in DCM (5 mL),
then HCI 4N (1.3 ml, 4.9 mmol), and obtained in 79% (118 mg) yield and in excellent

purity without purification.

18 3
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2-18

'H NMR (300 MHz, CDCLs) & (ppm) 7.50-7.18 (m, SH, H arom), 5.60 (brs, 1H, Huy),
5.10 (m, 3H, Haand 12), 4.25 (brs, 2H, Hi7), 1.39 (d, J= 6.84 Hz, 3H, His). 13C NMR (75
MHz, CDCls) & (ppm) 175.0 (C13), 155.7 (C1), 136.3 (Cs), 128.5 (Carom), 128.2 (Carom),
128.0 (Carom), 120.5 (q, J=264.2 Hz, Cis), 66.9 (Ca), 48.6 (C12), 18.4 (C14). F NMR
(188 MHz, CDCl3) & (ppm) -61.28 (s, CF3). HRMS m/z C12H14F3N305 [M+H]" cal.
306.1066, found. 306.1065. m.p. = 89-90°C. [a]p? =-5.6° (¢ 0.078, CH;0H).

(R)-2-amino-N'-(trifluoromethyl)propanehydrazide hydrochloride [2-19]
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2-19 was prepared between hydrazine 2-9 (295 mg, 0.79 mmol), in DCM (8 mL), then
HCI1 4N (2 ml, 7.9 mmol), and obtained in quantitative yield as salt (some side products
could not be removed). 'TH NMR (300 MHz, CD30D) § (ppm) 4.0 (q, J =7.0 Hz, 1H,
H»), 1.54 (d, J =7.08 Hz, 3H, Hs). 3C NMR (75 MHz, CD30D) & (ppm) 171.3 (C3),
124.4 (q,J=256.5 Hz, Csg),49.2 (C»), 17.5 (C4). ’FNMR (188 MHz, CD30D) & (ppm)
-67.08 (s, CF3). HRMS m/z C4sHgF3N30 [M+H]" cal. 172.0698, found. 172.0690.

(R)-2-amino-N-(trifluoromethyl)propanehydrazide hydrochloride [2-20]
8
4
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2-20
Compounds 2-20 was prepared between hydrazine 2-9° (392 mg, 1.06 mmol), in DCM
(10 mL), then HC1 4N (2.6 ml, 10.6 mmol), and obtained in quantitative yield as salt.
'"H NMR (300 MHz, CD30D) & (ppm) 4.8 (m, 1H, H>), 1.64 (d, J = 6.9 Hz, 3H, Ha).
13C NMR (75 MHz, CD30D) & (ppm) 173.7 (C3), 121.8 (q, J = 264.4 Hz, Cs), 50.1
(C2), 16.3 (C4). F NMR (188 MHz, CD30D) § (ppm) -63.11 (s, CF3). HRMS m/z
C4HgF3N30 [M+H]" cal. 172.0698, found. 172.0691.

3. Deprotection of the Cbz group with hydrogen of hydrazides 2-3g/2-3°g

At a solution of hydrazides 2-3g/2-3’g (334 mg, 1 mmol) in 10 mL methanol under
hydrogen (1 atm) was added Pd/C 10%-15% (33 mg). After 3 h at room temperature,
the mixture was filtered on celite and washed with ether. The solvents were evaporated
under low pressure. The crude was purified on silica gel (eluent Cyclohexane/ether:

90/10) to afford 2-21 in 38% (76 mg). Compound 2-22 is too volatile to give a yield.
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Tert-butyl 2-(trifluoromethyl)hydrazine-1-carboxylate [2-21]
10
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2-21
'H NMR (300 MHz, CDCl3) & (ppm) 6.14 (s, 1H, Hi), 5.39 (s, 1H, Hz), 1.50 (s, 9H,
Huethy1). *C NMR (75 MHz, CD30D) & (ppm) 158.3 (C2), 124.8 (q, J = 254.8 Hz, Cs),
81.8 (Cs), 28.54 (Cmethy1). ’F NMR (188 MHz, CDCl3) 8 (ppm) -67.2 (s, CF3). m.p. =
99-100°C.

Tert-butyl 1-(trifluoromethyl)hydrazine-1-carboxylate [2-22]

4
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Presence of compound 2-21. "TH NMR (300 MHz, CDCl3) § (ppm) 4.0 (s, 2H, H»), 1.52
(s, 9H, Hmetny1). 13C NMR (75 MHz, CDCl3) & (ppm) 153.1 (C3), 120.9 (q, J = 258.8
Hz, C4), 84.8 (C¢), 27.9 (Cmetny1). ’F NMR (188 MHz, CDCls) 6 (ppm) -59.57 (s, CF3).

4. Reaction with the compound 2-15

Benzyl 2-(trifluoromethyl)diazene-1-carboxylate [2-23]

12 1
5
013 10
4 F.C—N=N 8
Sl 243<O 9
6

2-23

7

In CHxCl; solvent. ’F NMR (188 MHz, CDCl;3) 8 (ppm) -75.34 (s, CF3).
In a solution of N-CF3 hydrazide 2-15 (140 mg, 0.66mmol) in dichloromethane (6 mL)
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were added successively at 0°C, pyridine (52 mg, 0.66mmol) and NBS (117 mg, 0.66
mmol). After 10 minutes, the solution of 2-23 in dichloromethane was directly used for
the next step.

Benzyl 2-(4-(dimethylamino)phenyl)-2-(trifluoromethyl)hydrazine-1-carboxylate
[2-24]
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2-24

At the previous solution of N-CF3 azodicarboxylate 2-23 in CH>Cl, was added 2 mL of
hexafluoroisopropanol (HFIP) then the dimethylaniline (66 mg, 0.55 mmol) at 25°C.
The mixture was stirred at this temperature for 5 h. Upon completion of the reaction,
the mixture was concentrated under reduce pressure to give a crude product. Then, the
crude product was purified by column chromatography (silica gel; cyclohexane/Ethyl
acetate, 70/30) to afford 2-24 in two steps as white solid (150 mg, 71% yield). "H NMR
(300 MHz, CDCl) 6 (ppm) 7.23-7.14 (m, 7H, Harom), 6.80 (s, 1H, Hsg), 6.54 (m, 2H,
Harom), 5.05 (s, 2H, His), 2.84 (s, 6H, Hmety1). 3C NMR (75 MHz, CDCl3) 8 (ppm)
155.6 (Co), 150.4 (C3), 135.6 (Ci6), 129.7 (Carom), 128.6 (Carom), 128.3 (Carom), 128.11
(Carom), 126.9 (Carom), 122.7 (q, J = 256.9 Hz, Cio), 112.4 (Carom), 67.8 (Ci5), 40.4
(Cmetmy). YF NMR (188 MHz, CDCl3) & (ppm) -64.77 (s, CF3). HRMS m/z
C17H18F3N30: [M+H]" cal. 354.1429, found. 354.1429. m.p. = 139-140°C.

5. Reaction with the compound 2-16

Benzyl (trifluoromethyl)carbamate [2-25]
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2-25

To a stirred mixture of 2-16 (100 mg, 0.43 mmol) in 1.5 mL of acetic acid and 0.5 mL
of IN hydrochloric acid, a solution of sodium nitrite (30 mg, 0.43 mmol) in 0.5 mL of
water was added dropwise at 5°C. The reaction mixture was stirred at 5°C for 20
minutes, then warmed to rt for 3 h, solution of reaction was concentrated, the resulting
residue was diluted with ether, solid was filtered. After removal of the solvents to give
2-25 as a pale-yellow solid (86 mg, 92% yield). "H NMR (300 MHz, CDCl3) § (ppm)
7.41-7.34 (m, 5H, Harom), 6.66 (brs, 1H, Hio), 5.22 (s, 2H, H7). 3C NMR (75 MHz,
CDCIs) & (ppm) 151.2 (Co), 134.7 (Cs), 128.7 (Carom), 128.6 (Carom), 128.3 (Carom),
118.8 (q, J = 256.9 Hz, C12), 68.3 (C7). F NMR (188 MHz, CDCl3) & (ppm) -56.89
(s, CF3). HRMS m/z CoHgF3NO> [M-H] cal. 218.0429, found. 218.0431. m.p. = 66-
67°C.

Benzyl (E)-2-benzylidene-1-(trifluoromethyl)hydrazine-1-carboxylate [2-26]
14 10
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Compound 2-16 (78 mg, 0.15 mmol) was mixed with benzaldehyde (29 mg, 0.12 mmol)
in dichloromethane, followed by MgSOg at rt. After stirring overnight, MgSO4 was
filtered and the solvent was evaporated to give 118 mg of hydrazone 2-26.
TH NMR (300 MHz, CDCl3) 6 (ppm) 8.48 (s, 1H, Hi3), 7.65-7.62 (m, 2H, Harom), 7.38-
730 (m, 3H, Harom), 725'722 (m, SH, Harom), 520 (S, 2H, HS) 13C NMR (75 MHZ,
CDCl) o (ppm) 164.3 (Cz), 151.7 (C13), 134.7 (Cs), 132.7 (Ci5), 131.9 (Carom), 128.8
(Carom), 128.7 (Carom), 128.67 (Carom), 128.5 (Carom), 128.0 (Carom), 120.7 (q, J = 262.2
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Hz, C14), 69.3 (Cs). 1°F NMR (188 MHz, CDCls) & (ppm) -59.17 (s, CF3). HRMS m/z
C16H13F3N20; [M+Na]* cal. 345.0827, found. 345.0781.

Benzyl 2-benzyl-1-(trifluoromethyl)hydrazine-1-carboxylate [2-27]

10

14
?F:; 3 11 9
16 13 6
7 15 N/';l\ﬁ/o 8
H 5 7
18 20 12 O
19 4
2-27

The crude compound 2-26 was directly used and dissolved in THF (4 mL) and acetic
acid (0.74 mmol) then NaBH3CN (35 mg, 0.56 mmol) was added at rt. After 12 hours
of stirring, the reaction medium was quenched with NaHCO3 aqueous, the mixture was
stirred for 30 minutes. The crude was then extracted with ether and purified by
chromatography on silica gel (eluent AcOEt/Cyclohexane; 70/30) to give the compound
2-27 as colorless oil (62 mg, 70% yield).

'"H NMR (300 MHz, CDCl3) § (ppm) 7.33-7.25 (m, 5H, Harom), 7.23-7.18 (m, 5H,
Harom), 5.19 (s, 2H, Hs), 4.32 (brs, 1H, Hi2), 3.93 (d, J = 6.03 Hz, 2H, Hi3). 1*C NMR
(75 MHz, CDCl) 6 (ppm) 153.5 (C2), 136.0 (Ce), 134.7 (Cis), 129.3 (Carom), 128.7
(Carom), 128.5 (Carom), 128.1 (Carom), 128.0 (Carom), 125.5 (Carom), 120.9 (q, J=260.9 Hz,
Cus), 69.3 (Cs), 56.1 (Ci3). ’F NMR (188 MHz, CDCl3) & (ppm) -59.50 (s, CF3).
HRMS m/z C16H15sF3N202 [M+Na]" cal. 347.0983, found. 347.0979.

Methyl  (2S,3R)-1-(((benzyloxy) carbonyl) (trifluoromethyl)amino)-3-(4-

(trifluoromethyl) phenyl) aziridine-2-carboxylate [2-28]
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Fs;C
23 2-28
N-CF3 hydrazine 2-16 (62 mg, 0.26 mmol) was added to a solution of methyl 4-
(trifluoromethyl)cinnamate (43 mg, 0.26 mmol), iodobenzene diacetate (126 mg, 0.39
mmol) and K2COs3 (101 mg, 0.73 mmol) in dichloromethane. The resulting solution was
stirred at room temperature until 12 hours. The reaction medium was washed with brine,
dried over MgSO0s, filtered, and concentrated under reduced pressure. The crude was
then purified by chromatography on silica gel (eluent AcOEt/Cyclohexane; 80/20) to
afford the compound 2-28 (87 mg, 83% yield).
'"H NMR (300 MHz, CDCls) 6 (ppm) 7.46 (d, J = 8.25 Hz, 2H, H7 and9), 7.25-7.15 (m,
7H, Harom), 5.16 (d, Ha, J = 12.15 Hz, 1H, His), 5.10 (d, Hy, J = 12.12 Hz, 1H, His),
4.01 (d,J=5.07 Hz, 1H, H3), 3.63 (s, 3H, Has), 3.16 (d, /= 5.22 Hz, 1H, H>). ¥C NMR
(75 MHz, CDCI3) 3 (ppm) 165.6 (Cs), 152.5 (C12), 138.6 (C4), 134.2 (Ci6), 130.7 (q, J
= 32.6 Hz, Cg), 128.7 (Carom), 128.6 (Carom), 128.2 (Carom), 127.1 (Carom), 125.5 (q, J
=3.4 Hz, Carom), 123.9 (q, J =272.2 Hz, C23), 121.1 (q, J = 266.8 Hz, C22), 69.5 (C15),
52.8 (C3), 51.5 (C2s), 49.0 (C>). F NMR (188 MHz, CDCl3) & (ppm) -58.77 (s, CF3),
-62.76 (s, CF3). HRMS m/z C20Hi6FsN2O4 [M+Na]" cal. 485.0912, found. 485.0915.
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Chapter 111

Synthesis of Trifluoromethanesulfonyl Hydrazides and

Sulfenylation of Indoles



3.1 Deprotection of di- or trifluoromethanesulfonyl hydrazides

In the previous chapter, an efficient and economical method of accessing N-CF3
hydrazides has been described, and the presence of side products has caught our
attention, particularly the trifluoromethanesulfonyl hydrazide. Heteroatom attached
trifluoromethyl units, such as trifluoromethanesulfonyl (SO>CF3) groups, are of
considerable interest. They are considered to be a strong electron-withdrawing groups,
with high lipophilicity.['?) Besides, it is noticed that the unit of CF3SO,-N-N plays an
important role in pharmaceuticals and metabolism. Furthermore, the incorporation of
this group is generally incorporated with (CF3S0)20, CF3SO.CI(F) from the
functionalized drugs. However, only one example reported the synthesis of biological
molecules from the CF3SO2-NH-NH:> hydrazine. The over-expression of the a-amylase
enzyme causes hyperglycemia which leads to many physiological complications,
including oxidative stress, one of the most commonly associated problems with
diabetes mellitus. A compound (Figure 3.1a) with the trifluoromethylsulfonyl group
was prepared by multi-step reactions (Scheme 3.1a). The corresponding hydrazone was

found to be significantly potent in a-amylase enzyme inhibitory activities."!

. .
F * F
0-’?20
HN,
IN
\ Asn431 Arg267
LY -
N & NS
' N s -
- -
e %
ICqe = 1.23 % 0.06 pM Asn481 € 2 »
a-Amylase inhibition ‘
1o = 2.01 £ 0.13 uM 1Cso = 2.34 + 0.07 uM Arg319 ®
DPPH Radical Scavenging ABTS Radical Scavenging
Activity Activity

3D Picture of the docked confirmation
Lead Molecule

Figure 3.1a Compound with unit of trifluoromethanesulfonyl hydrazides and its
inhibitory activity, molecular docking study
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DMF-DMA
_CuCh2r0 | \IN 94 NH,NH,, H,0 Q
N + F3C_S_N\ B — F3C_§_C|
Ethanol, reflux, 3h 5 5 NH; pyridine, ethanol 0
reflux, 2h

Ethanol,
Glacial acetic acid
reflux, 2h

\

ZT

/

B —

Scheme 3.1a Preparation of lead molecule

As described above, the unit of trifluoromethanesulfonyl hydrazine is significant
potential, which exists in the bioactive structures. Having in hand key intermediates,
we undertook to prepare this fluorinated hydrazine (CF3SO>-NH-NH>) and study its
reactivity for constructing motifs of interest to incorporate them or access bioactive
molecules.

In this process, we investigated the deprotection of the Boc and Cbz
trifluoromethanesulfonyl hydrazides 3-2a/3-2c. For  di-tert-butyl 1-
((trifluoromethyl)sulfonyl) hydrazine-1,2-dicarboxylate 3-2a, the deprotection was
firstly performed with a solution of HCl/dioxane (10 equiv.) in DCM. The signal in the
F NMR spectrum is shifted from -75 to -87 ppm. These peaks probably belong to
trifluoromethanesulfonic acid derivatives CF3S02X (X= OH, NHa, N3....)*), (Figure
3.1b(1)). We obtained the same result with the trifluoroacetic acid (TFA; 10 equiv.) in
DCM. In addition, acetic acid was also employed for the deprotection, but it was not
efficient at room temperature and 50°C, while at higher temperatures (75 °C),
decomposition was detected (Figure 3.1b (2)). Unfortunately, under acidic conditions,

these fluoromethanesulfonyl hydrazines are too unstable to be isolated.

SO,CF3 Hacid F3CO,S
I > \
Boc—N—H—Boc HN — NH,.Hacid
3-2a
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CF3SO,H HCI
T T T T T T T
-65.0 -70.0 -75.0 -80.0 -85.0 -90.0 ppm
(1)
i ‘: 2;1 ;ll'j
F3COS. N
H Boc
CF3S0O,”
1
i CH;COOH
1
— W N
T T T T T T T T T T T
-72.0 -74.0 -76.0 -78.0 -80.0 -82.0 -84.0 -86.0 -88.0 ppm
(2)

Figure 3.1b Spectrum of deprotection with HCI and acetic acid respectively
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We set out to deprotect the di-benzyl-1-((trifluoromethyl)sulfonyl) hydrazine-1,2-
dicarboxylate 3-2¢ with the Pd/C, H> in EtOAc. The signal of ’F NMR showed a
mixture of 3-8a (-76.13 ppm), 3-9a (-77.09 ppm) and triflic acid (-88.80 ppm) with
ratio of 58%, 27% and 15%, respectively. While in methanol, triflic acid was directly
observed and was the only product after 1 hour at room temperature. (Scheme 3.1b).

Here also in these conditions, the CF3SO>,NH-NH is not stable in free form.

?023':3 PUC, EOAC oy, H
Cbz—N—N—Cbz g N7 Us0,cF; +  CF80,X 4+ HSO,CFs
Hy, 1t 1 h H
3-2¢
58% 3-8a 27% 3-9a 15%

Pd/C, MeOH decomposition
- HSO,CF4

Ho, 1t, 1 h

Scheme 3.1b Deprotection of di-benzyl 1-((trifluoromethyl)sulfonyl) hydrazine-1,2-
dicarboxylate

Moreover, following the success of the preparation of pyrazoles with 2-3b and diones
in one pot, we carried out the same method from 3-2a. Unfortunately, during the
reaction, a decomposition is also observed, whether with HCI or acetic acid. (Scheme

3.1c and Figure 3.1c¢).

SO,CF4 0O o -N
! H Condition
Boc —N—N—Boc + O skt
3-2a

3-pyrazole

Condition 1: HCl/dioxane, Methanol, 60 °C
Results: decomposition was detected (Spectrum a)

Condition 2: Acetic aicd, 70 °C
Results: decomposition was detected (Spectrum b)

Scheme 3.1¢ Reactions of 3-2a and 1,3-diphenyl-1,3-propanedione
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| |
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H Boc
CH3;COOH
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]
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Figure 3.1c 'F NMR spectra of cyclisation
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Faced with the instability of these compounds, we turned our research to another
approach concerning the reactivity of fluoro-sulfonyl hydrazines. These compounds are
excellent precursors for the incorporation, for example, of the SCF3 group from the
trifluoromethylsulfonyl hydrazines. The next chapter will study their reactivity in

incorporating the SCF3 group.

3.2 The trifluoromethyl sulfenyl group: SCF3

SCF; shows extremely high lipophilicity (n= 1.44) and strong electron-withdrawing
power (om=0.40, 6, = 0.50) in comparison to CF3, OCF3 and SO>CF; groups, Table3.2.

“Aromatic” substituent constants of selected fluorine-containing groups

Fluorine-containing group CF3 OCF3 SCF3 SO.CF3
m 0.88 1.04 1.44 0.55
Om 0.43 0.38 0.40 0.79
Op 0.54 0.35 0.50 0.93

o is electronic parameters. om emphasizes non-resonance capability of substituents. gp+ emphasizes
resonance capability of substituents, gp- is for the nitro substituent.

Table 3.2 “Aromatic” substituent constants of selected fluorine-containing groups

Compounds containing SCF3, as well as analogous, are frequently found in many
pharmaceutical and agrochemical products. Representative examples are shown in
Figure 3.2a: Toltrazuril is a coccidiostat drug, Cefazaflur is a first-generation
cephalosporin antibiotic, flupentiofenox is a new acaricide. The analogue of losartan
has been developed as a potential hypotensive agent, while the analogue of adenosine

shows good inhibitory activity against P. falciparum.¢]

o N
Y ,',\l\{\l O+ _OH
F,CS N_ _N. N’ o)
3 i M ey
o] / o
0] sz N/K/
Me H J SCF;
Toltrazuril (Antiprotozoal agent) Cefazaflur (cephalosporin antibiotic)
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\C[ N Flupentiofenox (insecticide) HN =N
N N=N . J
/ \ O N
N _NK N

® o™~
HO  ©OH

Losartan analogue Adenosine analogue

Figure 3.2a Selected SCFs-containing examples

This specific group has fascinated researchers for a long time. In the past, numerous
methods for forming trifluoromethylthio compounds have been developed. These
methods were described in detail by reviews.”"® For example, different synthetic
methods of alkyl trifluoromethyl sulfides are summarized in Figure 3.2b.

Trifluoromethanesulfenylation reactions have been developed.

RSH + XCFj3 S
R- + XSCF, RS™ + XCF; oOf R)J\R" "CF3
RX + "SCF; RSX + “CF,
electrophilic or nucleophilic electrophilic or nucleophilic

R1 R3 trifluoromethanesulfenylation trifluoromethylation RSH IS
RH or R> <R + 'SCFy4 \ I/ Rs- or R1)J\R2+ CF3
2 \& / RSSR

radical R_S_CF3 radical

trifluoromethanesulfenylation trifluoromethylation

()y

R4 R3 X<
\/ _ \/ . XSCF3; or / IX CF,4

R2 R4 XSC F3/HY decomposition
2 SCF, RS—CCls,

addition

functionalization fluorination

Figure 3.2b Different methods for the incorporation of trifluoromethyl sulfenyl group

Aside from synthetic methods, CF3S-reagents play a quite crucial role. In previous
research, the CFsS-reagents are usually toxic gas such as CISCF3 or F3CSSCF3, and

unstable trifluoromethylthiolate salts.
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Among the reagents, trifluoromethanesulfonyl hydrazide (TfNHNHBoc 3-1) PH!! is 3
useful synthetic precursor for a variety of organic transformations, in particular, the
well-known trifluoromethylthiolation reaction.[*?I '8 The trifluoromethylsulfonyl
hydrazide could achieve trifluoromethylthiolation of indoles in the presence of a copper

catalyst in acetonitrile (Scheme 3.2a).

HCl(cat.), CuOTf (cat.), MeCN, 70°C (Ref. 10) SCF,
o
or \
BocNHNHTf  + l}j
N
341 R DMSO (1 eq.), CuCl (10mol%), MeCN, 80°C (Ref. 11) R

Scheme 3.2a Trifluoromethanesulfonyl hydrazide 3-1 as source of -SCF; group

Hydrazide 3-1 was usually prepared in the literature from (CF3SO2)20 (triflic anhydride)
and Boc-NHNH: at a very low temperature (-80 °C) and was often obtained in moderate
yield (Scheme. 3.2b) '), Alternatively, trifluoromethylsulfonyl group could also be
introduced onto nitrogen by treating hydrazine with trifluoromethanesulfonyl chloride
(CF3S0.Cl) 2% However, both of (CF3S02),0 and CF3;SO.Cl are corrosive and

moisture sensitive.

Et;N, CH,Cl,

BocNHNH, +  Tf,0 TNHNHBoc

-80 °C, 63 %
3-1

Scheme 3.2b Preparation of tert-butyl trifluoromethylsulfonyl hydrazide

We thus thought di-tert butyl trifluoromethylsulfonyl hydrazide 3-2a having a structure
close to 3-1 could be of great interest as a potential reagent for the

trifluoromethylthiolation reaction (Figure 3.2c¢).

S|020F3
BocNHNHSO,CF; BocNHNBoc
3-1 3-2a

Figure 3.2¢ Structure of 3-1 and 3-2a
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Furthermore, the synthesis of this type of hydrazides from diazene is very little
described in the literature, and no example with other fluorinated groups has been
reported. Given the poor scope and the unknown reactivity of fluorinated sulfonyl
hydrazides in the sulfenylation of indoles, we set out to prepare a wide range of

hydrazides and test them as a source of SRf on indoles.

SR;
RSO,Na SO,Rf
—N=N— H source of SR¢? \
PG-N=N-PGC  — — PG—N—N—-PG -
3-3 l}l
PG= Boc, Cbz... 3-2 R

Scheme 3.2¢ Potential reagent (3-2) for the trifluoromethylthiolation reaction

We were first interested in the synthesis of fluorinated sulfonyl hydrazides. In 2015,
Wang et.al. reported one example of the preparation of trifluoromethylsulfonyl
hydrazides 3-2b from trifluoromethyl sulfinic acid and di (propan-2-yl) diazene-1,2-
dicarboxylate (3-3b) in methanol. They showed that the reaction could also be carried
out from sodium sulfinates in the presence of trifluoroacetic acid (TFA) in methanol
(Scheme 3.2d).12!) While our work was in progress, Gong and Lu published the study
of intermolecular trifluoromethyl hydrazination of alkenes by photoredox catalysis and
also observed compound 3-2a as a side product. To explain the mechanism, the group
optimized conditions (acetic acid, triflinate in dichloromethane and acetonitrile) to

obtain only the compound 3-2a (Scheme 3.2d).?!

) CF3SO,Na, TFA poziPr
Pro,c” VNGO ——— Pro,C. N
2 MeOH, 12 h N” “SO,CF;
87% H
3-3b 3-2b
Ne B CF3SO,Na/AcOH Boc
Ny ~BOC > Boc. _N_
Boc™ N MeCN/CH,Cly, 4 h H SO,CF3
92%
3-3a 3-2a

Scheme 3.2d Preparation of fluoroalkylsulfonyl hydrazides
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These conditions are very interesting because sodium sulfinates are easily accessible in
the form of salts and easier to handle. So, we investigated the previous conditions with
the sodium triflinate. First, the preparation of CF3SO» hydrazides was carried out
between various azodicarboxylates, sodium triflinate and one equivalent of
trifluoroacetic acid (TFA). The results are reported in Scheme 3.2e. The corresponding
hydrazides 3-2 were obtained with excellent yield, and these products are solids, air-

stable, and can be stored in the fridge for several months.

N PG 1.2 equiv. CF3S0,Na PG
N - -  PG. _N.
PG" N 1 equiv. TFA N "SO,CF;
MeOH, rt H
3-3 3-2
JPrCo, Cbz CO,Et
iPro,C. N Cbz. _N._ EtO,C. _N.
Z¥>N" " "S0,CF, N~ “SO,CF, 2¥>N" " "S0,CF;
H H H
3-2b (91%) 3-2¢ (94%) 3-2d (94%)

Scheme 3.2e. Synthesis of trifluoromethylsulfonyl hydrazides

CF, and MeCF; sulfinates commercially available reacted smoothly to give the
corresponding difluoromethyl- and difluoroethylsulfonyl hydrazides (3-4, 3-5) in good
to excellent yields (Scheme 3.2f). From di-tert-butyl azodicarboxylate (3-3a), reactions
were carried out with acetic acid to avoid deprotection and decomposition of the starting
material having the Boc group. For the other diazenes possessing the Cbz or the COzEt
or the CO,1Pr functions, trifluoroacetic acid is preferred because the reactions are faster

and can be carried out at room temperature.

1.05 equiv. RCF,SO,Na EG
Ney-PC - PG, .N
PG™ N 1.5 equiv. acid N~ “SO,CF,R
Solvent, T°C H
3-3 3-4,3-5
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Boc !300 /Boc (Cbz)
1

Boc.. _N. Boc., .N_ Boc)Cbz. _N_
°“>N""~80,CF,H N s0,cF,Me (BOOICPZ  Nagh o
H H H
3-4a 3-5a 3-4e
AcOH, MeCN/DCM AcOH, MeCN/DCM AcOH, MeCN/DCM
40 °C, 98% 40 °C, 98% 40 °C, 91%
/iPrCOZ /CbZ /COzEt
iPro,C. N Cbz. _N._ EtO,C. _N.
Z¥>N" " ~S0,CF,H N~ “SO,CF,H 2¥>N""~S0,CF,H
H H H
3-4b 3-4c 3-4d
TFA, MeOH TFA, MeOH TFA, MeOH
rt, 98% rt, 75% rt, 89%

Scheme 3.2f. Preparation of difluoromethyl- and difluoroethylsulfonyl hydrazides

To highlight the synthetic utility of this protocol, we performed the reaction on a gram
scale. Under the optimized conditions, the gram scale (1.15 g of 3-3a) proceeded
smoothly to give the corresponding trifluoromethylsulfonyl hydrazide 3-2a in 84%
yield (1.53 g).

With various fluorinated sulfonylhydrazides in our hands, we studied and compared
their reactivity in the sulfenylation reaction with indoles under two conditions from the
literature involving hydrazide 3-1. The first one is carried out in the presence of
CuCl/DMSO!Y, and the second in the presence of CuOT{/HCL,!! each in acetonitrile.
First, indole 3-6a was treated under the two previous conditions with hydrazide 3-2a.
Thankfully, the trifluoromethylthiolation reaction succeeded in yielding indole 3-7a at
60% (condition a) and 61% (condition b), respectively (Scheme 3.2g). Hydrazide 3-2a
is very effective under these conditions and appears to be an excellent alternative to
TfNHNHBoc 3-1.

However, reactions with other CF3SO:;N-hydrazides (3-2b-d) failed under these
conditions. Complete decomposition of hydrazides was observed.

Thus, these conditions allowed the incorporation of the SCF3 group on a wide range of
indoles with reasonable yields (Scheme 3.2g). The reaction was successful with groups

such as methyl, bromide and benzyl ether on the aromatics. The corresponding
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substituted 3-SCFs-indoles were isolated in reasonable yields. Protected N-methyl
indole reacted with 3-2a to afford the SCF3-indole 3-7e in 50 and 54% yields. From
indoles substituted in position 2 with a methyl and phenyl group, the fluorinated indoles

3-7f and 3-7g are isolated in reasonable to good yields.

;30c

Boc. _N_
” SO,CF3

3-2a
N
I
Z N
H

a) DMSO (1 eq.), CuCl (10mol%)
MeCN, 80°C, 22h (Ref. 11)

3-6a b) HCI(0.2 equiv.), CuOTf (10mol%) 3-7

MeCN, 70°C, 16h (Ref. 10)

Me Br
N N N
H

}
\ 7/
Iz __

y

Py

H H
3-7a 3-7b 3-7c
a) 60% (80%) a) 45% (68%) a) 59% (61%)
b) 61% (60%) b) 49% (47%) b) 55% (61%)
OBn
N N N
H \ H H
3-7d 3-7e 3-7f 3-7g
a) 49% a) 50%(61%) 50%(46% a) 62%(70%)
b) 40% b) 54%(50%) Z; 48%§51%; b) 55%

Scheme 3.2g Trifluoromethylthiolation from 3-2a

It could be noted that hydrazide 3-2a reacted very well as a source of SCF3 in the
trifluoromethylthiolation of indoles. In the majority of cases, the yields are close to
those reported in the literature (in bold in the Scheme 3.2g).

In this line, we attempted the reactivity of other fluorinated hydrazides having the CF,H
and the CFaMe group. Unfortunately, only traces of compounds are detected from the
hydrazides 3-4a and 3-5a, and total decomposition was observed for other sulfenyl
hydrazides 3-4b-d.

Subsequently, to understand the transformation of CF3-sulfonyl hydrazide 3-2a, we
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monitored trifluoromethylthiolation under both conditions using '’F NMR. In the case
of condition A involving CuCl/DMSO, we first observed a deprotection of the Boc
group of 3-2a in 3-1. After about five hours, when the compound 3-1 is majority in the
medium, SCF3-indole 3-7a begins to form. Then the reaction is left overnight to lead to

3-7a.

Conditions A: involving CuCI/DMSO in acetonitrile with PhCFs3 as internal standard

Ll’>oc
Boc. _N_
N" “SO,CF, SCF,
A\
h 10 mol% CuCl/ DMSO (1 eq.) N
MeCN, 80°C
3-6a 3-7a
3-7a E
24h PhCF; CF380;-
J .
3-1 }
W L L
e | J F‘
6h
5h -8
4h
50 min
30 min J
10 min l 3-2a ©
T T T A T T T T T
-40 - 50 - 60 -70 - 80 -90 Ippm]

In contrast, in the case of conditions B involving CuOT{/HCI, a completely different
reactivity is observed. The '°F NMR monitoring shows four peaks after only 10 minutes.
The majority peak is attributed to product 3-2a (6=-72.40 ppm). The minority peak
corresponds to 3-1 (6=-76.20 ppm), the other peaks are traces of TfOH (6=-78.48 ppm),

and probably of trifluoromethanesulfonate (6=-85.30 ppm). After only 20 minutes, 3-
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SCF3-indole 3-7a appeared. The reaction was complete after 20h without the

compounds 3-2a and 3-1. Only the side products TfOH and CF3;SO;Na were present.

Conditions B: involving CuOTf/HCI in acetonitrile with PhCF3 as internal standard

EI’>oc
Boc. _N_
H SO,CF3 SCF3
3-2a
o @(\%
N
H 10 mol% Cu(OTf)/ 0.2eq. HCI N
MeCN, 70°C
3-6a 3-7a
57a TIOH
20h CF;80,-
2h20 ‘ ‘T
thso | J; [ ¥
1h30
L } - L J
1h10
50 min
40 min
30 min }
|
20 min
10 min I
PhCF;
0 min j 3‘2;5
5I0 GIO 7I0 80 [ppm]

[rel]

T
30

25

20

15

10

In addition, 1,2-bis(trifluoromethyl)disulfane (-45.76 ppm, Figure 3.2d), a key reaction

intermediate, was detected in the medium.
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M -44.8349
M -45.7598

M-62.7748
M -84.7261

PhCF;

F{CS-SCFy 323JT""‘ CF3S0,-

J

[rel]

40

30

20

10

Figure 3.2d Spectrum of ’F NMR (F3CS-SCF3)

Based on the above experimental results and previous studies, the mechanism seems to

be same with literature reported [!!! (Scheme 3.2h and Scheme 3.2i).

A !300
- «—  Boc. _N_
TfNHNHBoc 3-1 N SO,CF;
SMez, Hzo H
A 3-2a
F3CS_SCF3

DMSO
F3CS'(:|U_SCF3
Cl R

CusCF 3-6a
’ F3CS. HCI

“|=
\_/
Iz __

HClI ‘
SCE SCF;
3 | X \
R N 3.m2
Z N
H
3-7

Scheme 3.2h. Proposed reaction pathways with CuCl [Ref. 11]
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I H* H* <(|)|r|7|
BocNNHBoc —> TINHNHBoc ———> F3;C—S—NNH,
I
O A
<OH H
F2C—S=N-NH c-sZn L
— F3C-S=N-— T’Fg——N:N—>
I
o B o c
H,O
Cu(l) Cu(ll)
~ + -
F;C—S=N=N Cl + — \/
i o T> F;C—S—N=N CI ———>
D (O\ " 3 E N2
H H,0
SCF,
Indoles AN
CF4S-SCF; —— RL SR,
Z N
\
Cu(l)* CFsS™ + Re

Cu(ll)

Scheme 3.2i. Proposed reaction pathways with CuOTf [Ref. 10]

3.3 Conclusion

We have readily prepared a wide range of families of new fluorinated sulfonyl
hydrazides from accessible and inexpensive sulfinates and azodicarboxylates. These
hydrazides have been obtained under mild conditions and in excellent yields. In
addition, these hydrazides are air-stable and can be stored for a long time.

Meanwhile, trifluoromethylsulfonyl hydrazide (Tf(Boc)N-NHBoc) is an efficient
source of SCF3 in the sulfenylation of indoles and is an alternative to the TEINHNHBoc
reagent. Because in the case of sulfenylation of indoles with trifluoromethylsulfonyl
hydrazide, it first undergoes Boc-group deprotection to give TINHNHBoc, followed by

the same mechanism to offer SCF3-indoles.
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Experimental part

General Procedure (III) For the nucleophilic addition of sodium sulfinates on

azodicarboxylates

1. With AcOH

To a solution of di-tert-butyl azodicarboxylate 3-3a (1 equiv.) and RiSO>Na (1.2 equiv.)
were added CH3CN (8 mL), CH2Cl, (2 mL) and AcOH (1.2 equiv.) successively. The
mixture was stirred at 40 C for 1~4 h. The crude product was diluted with CH>Clo,
organic phase was washed by H>O, NaHCOs (sat.) and brine successively, dried by
NazSO4 anhydrous. White solid was obtained after removing solvent, the hydrazide 3-

2a/3-4a/3-5a were afforded.

Di-tert-butyl 1-((trifluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-2a]

5
13
oo b Sl
10.0. 7 _N. 2
ST N0
1 O  SO,CF;
9

3-2a was prepared with di-fert-butyl azodicarboxylate (230 mg, 1 mmol), CF3SO;Na
(187 mg, 1.2 mmol) and AcOH (72 mg, 1.2 mmol) in CH3CN/CH>Cl (8mL/2mL)
following general procedure. After evaporation of solvents, the hydrazide 3-2a was
isolated through a silica gel flash column (Cyclohexane/EtOAc: 9/1) as a white solid
(307 mg, 84% yield).

On a large scale, the reaction was carried out with 1.15 g of 3-3a and resulted in 1.53 g
of 3-2a with a yield of 84%.

'"H NMR (300 MHz, CDCl3) & (ppm) 6.86 (brs, 1H, He), 1.48 (s, 9H, Humeiny1), 1.42 (s,
9H, Hmetny1). '*C NMR (75 MHz, CDCI3) 6 (ppm) 153.2 (C3), 148.3 (C7), 119.4 (q, J =
324.4 Hz, C11), 88.1 (C1), 83.6 (C10), 27.9 (Crethy1), 27.6 (Cmetnyt). ’F NMR (188 MHz,
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CDCL) 5 (ppm) -72.19 (s, -SO,CF3). HRMS m/z C11H1oF3N206S [M+NH,]* cal.

382.1260, found. 382.1268. m.p: 104C -106 C.

Di-tert-butyl 1-((difluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-4a]

To a solution of di-tert-butyl azodicarboxylate (230 mg, 1 mmol) and HCF2SO;Na (166
mg, 1.2 mmol) in CH3CN/CH2Cl> (8mL/2mL) was added AcOH (72 mg, 1.2 mmol)
following general procedure to afford 3-4a (339 mg, 98% yield). 'H NMR (300 MHz,
CDCD) o (ppm) 6.87 (s, 1H, He), 6.64 (t,J=54.16 Hz, 1H, Hi1), 1.47 (s, 9H, Hmetny1),
1.42 (s, 9H, Humetny). *C NMR (75 MHz, CDCl3) 3 (ppm) 153.9 (C3), 149.6 (C7), 114.4
(t,J=286.1 Hz, C11), 87.6 (C1), 83.6 (C10), 27.9 (Crmethy1), 27.7 (Cmetny1). ’F NMR (188
MHz, CDCl) & (ppm) -115.79 (dd, J = 262.4 Hz, J = 54.6 Hz, 1F), -118.22 (dd, J =
261.9 Hz, J=56.1 Hz, 1F). HRMS m/z C17H15F3N206S [M+Na]" cal. 455.0501, found.
455.0507. m.p :118C-119C.

Di-tert-butyl 1-((1, 1-diﬂu0roethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-5a]

>1‘0/O7N4J\ J<15

. O SO,CF,CHjs
9 17 18
3-5a

3-5a was prepared through di-fert-butyl azodicarboxylate (230 mg, 1 mmol),
CH3CF2SO2Na (183 mg, 1.2 mmol) in CH3CN/CH:Cl, (8mL/2mL) and AcOH (72 mg,
1.2 mmol) following general procedure to obtain 3-5a (353 mg, 98% yield). "H NMR
(200 MHz, CDCl3) 6 (ppm) 7.16 (s, 1H, He), 2.04 (t, J = 18.93 Hz, 3H, Hisg), 1.47 (s,
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9H, Huetnyl), 1.43 (s, 9H, Humemyl). *C NMR (75 MHz, CDCLs) § (ppm) 153.6 (Ca),
149.2 (Cy), 124.5 (t, J = 286.9 Hz, Ci7), 86.6 (C1), 82.8 (C10), 27.8 (Cumehey1), 27.6
(Crmethyl), 19.3 (t, J = 22.2 Hz, Cig). ’F NMR (188 MHz, CDCls) & (ppm) & -91.56 (q,
J=17.65 Hz, 2F), -91.56 (brs, 2F). HRMS m/z C12H2:F2N206S [M+Na]" cal. 383.1064,
found. 383.1061. m.p :84C-86C.

2. With TFA (Trifluoroacetic acid)

RfSO2Na (1.05 equiv.) firstly mixed with TFA (1.05 equiv.) in methanol for 15 minutes.

The mixture was cooled down to 0 C, azodicarboxylates (1 equiv.) was added slowly.

After that, the solution was stirred at room temperature for 30 minutes to 1h and
concentrated in vacuo. The crude product was diluted with CH2Cl», organic phase was
washed by H,O, NaHCOs (sat.) and brine successively, dried by Na>SO4 anhydrous.

After removal of solvent, corresponding products were afforded.

Di-isopropyl 1-((trifluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-2b]

5
s i
15 4 2 |1
O N.
R
2 O SOCFs

The title compound was prepared with di-isopropyl azodicarboxylate (202 mg, 1 mmol),
CF3SO2Na (164 mg, 1.05 mmol), TFA (120 mg, 1.05 mmol) in 10 mL methanol
following general procedure as yellow solid (306 mg, 91% yield). "H NMR (300 MHz,
CDCI) o (ppm) 7.59 (brs, 1H, He), 5.08-4.89 (m, 2H, H and 10), 1.24 (d, /= 19.56 Hz,
12H, Hmethy). *C NMR (75 MHz, CDCls) 8 (ppm) 154.3 (C3), 149.6 (C7), 119.3 (q, J
= 324.5 Hz, Cn), 75.4 (C1), 71.7 (Ci0), 21.5 (Cmethy1), 21.2 (Cmetny1). '°’F NMR (188
MHz, CDCl3) § (ppm) -72.22 (s, SO2CF3). HRMS m/z CoHisF3N206S [M+Na]" cal.

359.0501, found. 359.0506. m.p : 62C-63 C.
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Di-benzyl 1-((trifluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-2c¢]

3-2c
The title compound was prepared with di-benzyl azodicarboxylate (298 mg, 1 mmol),
CF3SO:Na (164 mg, 1.05 mmol) and TFA (120 mg, 1.05 mmol) in 10 mL methanol
following general procedure as white solid (406 mg, 94% yield). 'TH NMR (300 MHz,
CDCI) o (ppm) 7.51 (s, 1H, He), 7.39-7.36 (m, 10H, Harom), 5.32 (s, 2H, Hy), 5.19 (s,
2H, Hio). 3C NMR (75 MHz, CDCl3) 8 (ppm) 154.5 (C3), 150.2 (C7), 134.7 (C12),
133.4 (Ci3), 129.1 (Carom), 128.8 (Carom), 128.7 (Carom), 128.6 (Carom), 128.4 (Carom),
128.3 (Carom), 119.3 (q, J = 324.8 Hz, SO2CF3), 71.5 (C1), 69.0 (Ci0). ’F NMR (188
MHz, CDCls) 8 (ppm) -72.13 (s, SO2CF3). HRMS m/z C17H15F3N206S [M+Na]" cal.

455.0501, found. 455.0507. m.p : 92C-95C.

Di-ethyl 1-((trifluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-2d]

The title compound was prepared with di-ethyl azodicarboxylate (174 mg, 1 mmol),
CF3SO2Na (164 mg, 1.05 mmol), TFA (120 mg, 1.05 mmol) in 10 mL methanol
following general procedure as yellow solid (289 mg, 94% yield). '"H NMR (300 MHz,
CDCls) 6 (ppm) 7.55 (brs, 1H, He), 4.40 (q,J = 7.11 Hz, 2H, H1), 4.26 (q, J = 7.09 Hz,
2H, Hio), 1.35 (t,J = 7.14 Hz, 3H, Hmety1), 1.29 (t, J = 7.16 Hz, 3H, Hietny1). *C NMR
(75 MHz, CDCl) 3 (ppm) 154.6 (C3), 150.2 (C7), 119.3 (q, J = 324.6 Hz, Cn1), 66.2
(C1), 63.5 (C10), 14.0 (Cmethy1), 13.7 (Cmetmy1). ’F NMR (188 MHz, CDCl3) & (ppm) -
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72.06 (s, SO2CF3). HRMS m/z C7H11F3N2O6S [M+Na]" cal. 331.0188, found. 331.0186.

m.p : 61C-64C.

Di-isopropyl 1-((difluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-4b]

Di-isopropyl azodicarboxylate (202 mg, 1 mmol), HCF2SO:Na (145 mg, 1.05 mmol),
TFA (120 mg, 1.05 mmol) in 10 mL methanol following general procedure to afford 3-
4b white solid (311 mg, 98% yield). '"H NMR (300 MHz, CDCl3) & (ppm) 7.28 (s, 1H,
He), 6.66 (t, J = 53.78 Hz, 1H, Hi1), 5.08-4.88 (m, 2H, Hi and 10), 1.29 and 1.27 (d, J1.2¢
=6.30 Hz, J;1.27= 6.36 Hz, 6H, Hmetmy1), 1.23 (d, J= 6.24 Hz, 6H, Hmethy). '3C NMR (75
MHz, CDCl) 6 (ppm) 154.8 (C3), 150.8 (C7), 114.4 (t, J = 288.6 Hz, C11), 74.9 (C1),
71.9 (Ci0), 21.7 (Cmethy1), 21.5 and 21.4 (Cetny1). ’F NMR (188 MHz, CDCl3) & (ppm)
-116.28 (dd, J=261.9 Hz, J = 54.2 Hz, 1F), -118.37 (dd, J = 260.9 Hz, J = 56.5 Hz,

1F). HRMS m/z CoHi6F2N206S [M+Na]" cal. 341.0595, found. 341.0597. m.p : 81 C.

Di-benzyl 1-((difluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-4c]
20

5
21 19
22 @\/ \ﬁ/ 4)J\2 7
o SOZCFZ/H1\4©16
9

11 15
3-4c

The title compound was obtained from di-benzyl azodicarboxylate (298 mg, 1 mmol),
HCF2SO2Na (145 mg, 1.05 mmol), TFA (120 mg, 1.05 mmol) in 10 mL methanol
following general procedure as a white solid. (309 mg, 75% yield). "H NMR (300 MHz,
CDC3) 6 (ppm) 7.56 (s, 1H, He), 7.38-7.36 (m, 10H, Harom), 6.72 (t, J=53.88 Hz, 1H,
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Hu), 5.29 (s, 2H, Hi), 5.17 (s, 2H, Hip). 3C NMR (75 MHz, CDCls) & (ppm) 155.0
(C3), 151.3 (C7), 134.7 (C12), 133.5 (C13), 129.1 (Carom); 128.9 (Carom), 128.8 (Carom),
128.7 (Carom), 128.4 (Carom), 128.3 (Carom), 114.3 (t, J = 287.3 Hz, C11), 71.1 (C1), 69.0
(C10). F NMR (188 MHz, CDCls) & (ppm) -116.39 (dd, J = 260.05 Hz, J = 54.5 Hz,
1F), -118.41 (dd, J = 262.1 Hz, J = 56.6 Hz, 1F). HRMS m/z C17H1sF2N206S [M+Na]*

cal. 437.0595, found. 437.0591. m.p : 86 C.

Di-ethyl 1-((difluoromethyl) sulfonyl) hydrazine-1, 2-dicardoxylate [3-4d]

5
3\/ 7 4)J\2
10 \n/
O SOchzH
9 1
3-4d

3-4d was prepared from di-ethyl azodicarboxylate (174 mg, 1 mmol), HCF2SO>Na (145
mg, 1.05 mmol), TFA (120 mg, 1.05 mmol) in 10 mL methanol following general
procedure as a white solid. (259 mg, 89% yield). 'TH NMR (300 MHz, CDCl3) 5 (ppm)
7.49 (s, 1H, He), 6.66 (t, J = 53.72 Hz, 1H, H11), 4.31 (q, J=7.12 Hz, 2H, H)), 4.19 (q,
J=7.23 Hz, 2H, Hi¢), 1.29 and 1.23 (t, J;29 = 7.31 Hz, J;.23= 7.74 Hz, 6H, Hmetny1). 1*C
NMR (75 MHz, CDCI3) 6 (ppm) 155.2 (C3), 151.4 (Cy), 114.4 (t, J = 288.0 Hz, C11),
65.9 (C1), 63.5 (C10), 14.2 (Ciethy1), 13.9 (Crmetnyt). ’FNMR (188 MHz, CDCls) 3 (ppm)
-116.28 (dd, J = 262.2 Hz, J = 52.8 Hz, 1F), -118.53 (dd, J = 260.2 Hz, J = 52.8 Hz,

1F). HRMS m/z C7H12F2N2O6S [M+Na]* cal. 313.0282, found. 313.0292. m.p : 66 C.

2-Benzyl 1-(tert-butyl) 1-((difluoromethyl) sulfonyl) hydrazine-1,2-dicarboxylate
and 1-benzyl 2-(tert-butyl) 1-((difluoromethyl) sulfonyl) hydrazine-1,2-

dicarboxylate [3-4e]
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The title compounds were prepared from I1-benzyl 2-(fert-butyl) hydrazine-1,2-

dicarboxylate (266 mg, 1 mmol), which was treated with NBS (196 mg, 1.1 mmol) and

pyridine (87 mg, 1.1 mmol) in CH>Cl, at 0 C to afford corresponding diazene. After

removal of solvent, the diazene was dissolved in CH3CN/CH2Cl> (8 mL/2mL),
subsequently, mixture of acetic acid (120 mg, 2 mmol) and (207 mg, 1.5 mmol) in
CH3CN/CH2CL, (1 mL) was added into reaction solution drop by drop at room
temperature. The mixture was stirred at rt for 1h and concentrated in vacuo. Crud
product was diluted by CH>Cl, organic phase was washed by H.O, HCI (1N), NaHCO3
(sat.) and brine successively, as well as dried by Na;SO4 anhydrous. Final product was
obtained as colorless oil after evaporating solvent. (345 mg, 91% yield). "H NMR (300
MHz, CDCI3) é (ppm) 7.51 (s, 1H, Hy), 7.26-7.22 (m, 5H, Harom), 6.61 (t,J=53.97 Hz,
1H, Hao), 5.21-5.06 (dd, J; = 15.88 Hz, J>= 15.40 Hz, 4H, Hi2), 1.39 and 1.34 (s, 9 H,
Himethy1). '3C NMR (75 MHz, CDCl3) § (ppm) 155.3 and 153.9 (C3 anda 4), 151.6 and
149.5 (C4and3), 134.9 and 133.7 (Ci3), 129.0 (Carom), 128.7 and 128.6 (Carom), 128.4 and
128.3 (Carom), 114.4 (t, J=288.0 Hz, C20), 88.0 and 83.9 (Cs), 70.8 and 68.8 (Ci2), 27.9
and 27.6 (Cmethy). ’F NMR (188 MHz, CDCl3) & (ppm) 8 -115.30 to -120.05 (m, -
CF2H). HRMS m/z C14H18F2N>O6S [M+Na]" cal. 403.0751, found. 403.0749.

General Procedure (IV) Sulfenylation of indoles with TTHBocNHBoc

Conditions A: To a reaction a tube was charged with TINBocNHBoc (3-2a) (211 mg,
0.80 mmol), indole 3-6a (0.40 mmol), and CuCl (4.0 mg, 10 mol%). The tube was

sealed with a septum, evacuated, and backfilled with nitrogen three times. DMSO (31.2

97



mg, 28 uL, 0.40 mmol) and MeCN (2.0 mL) were added via syringe. After stirring at
80 °C for 22 h, the mixture was cooled to room temperature and purified directly by
silica gel chromatography, eluting with ethyl acetate/cyclohexane (1:10), to give indole
thioether 3-7a~3-7g.

Conditions B: A 15 mL sealing tube with a magnetic stirring bar was charged with
indole 3-6a (0.5 mmol), TENBocNHBoc (158 mg, 0.6 mmol) and CuOTf (11 mg, 0.05
mmol), and dry acetonitrile (2 mL) was added via a syringe with gentle stirring. Then
12 M HCI (aq.) (8 pL, 0.1 mmol) was added to the reaction mixture. After stirring at
70 °C for 16h, the reaction mixture was concentrated and purified directly by silica gel
chromatography, eluting with petroleum ether/ethyl acetate (9/1), to give compound 3-
Ta~3-7g.
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Chapter IV

Fluorinated Azapeptides and Azapeptoids



4.1 Peptide-based drugs

Peptide-based drugs generally offer greater efficacy, high potency and selectivity than
non-peptide molecules, and thus their interest is growing regularly. ! In recent years,
the peptide-based drug market has expanded expeditiously. It is estimated that the
global peptide drugs market will be worth around USD 48.04 billion by 2025, with a
compound annual growth rate of 9.4%.!2) However, peptides as drugs usually suffer

from rapid proteolysis, poor membrane permeability and sometimes poor solubility

(Table 4.1).%]

Advantages Disadvantages
High potency Poor metabolic stability
High selectivity Poor membrane permeability
Broad range of targets Poor oral bioavailability
Potentially lower toxicity than small High production costs
molecules
Low accumulation in tissues Rapid clearance
High chemical and biological diversity Sometimes poor solubility
Discoverable at peptide and/or nucleic
acid levels

Table 4.1 Advantages and disadvantages of peptides as drugs

To overcome these problems, the development of peptidomimetics, which are more

stable analogues of peptides, has experienced significant growth in recent years.! "]

Indeed, in addition to increasing the selectivity and efficiency of natural peptides, these
compounds can reduce side effects, improve bioavailability and prolong the
pharmacological activity of related natural peptides.!®!

The first peptidomimetics were obtained by modifying the N and C-terminal ends, the
methylation of the nitrogen of the amide function or the replacement of L amino acids

with D amino acids (Figure 4.1a).°M% The introduction of isostere of amide function
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makes it possible to avoid enzymatic degradation and modifies the peptide's

biochemical properties, in particular, its conformation and hydrophobicity.!!]

!
Ay
H R,
R4 o) R, o}
[;’\ H Retropeptide ;«\
N < > N =
H o Ro H R R,

Ry | o Z-alkene
;‘;\ )\H/ N \HJY
N
0O R,

N-methylamide

Figure 4.1a. Examples of isosteres of amide group

A very large number of peptidomimetics are described in the literature. In particular,
azapeptides and azapeptoids which belong to the family of peptidomimetics, have

attracted attention (Figure 4.1b).

oC to N substitution side chain R moved
2 bR
N\
At Aty
|
o r o)
azapeptide azapeptoid

Figure 4.1b Azapeptides and azapeptoids

4.2 Azapeptides and azapeptoids

Aza-amino acids, where the a-carbon is replaced by a nitrogen atom, have found great
utility in fine-tuning the structural and conformational properties of peptides for
biomedical™?*%land biomaterials!*4*"1 applications. Furthermore, the azapeptides

bring specific advantages such as greater protease stability,[*® higher hydrogen bonds
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(Figure 4.2a (1)). For example, the replacement of the Glycine (Gly) by aza-Glycine
(azGly) in collagen increased the number of interfacial cross-strand H-bonds, leading

to hyperstability in the triple-helical form (PPII (polyproline type-II) helical secondary

[14],[16][

structures). Pl In the case of azapeptides with different R groups, their

incorporation in peptides favors B-turn®” (Figure 4.2a (2)).
Glycine (Gly) aza-Glycine (azGly)
H HO H jZ
N\H N—
AT = Ay
5 H H 5 H

Hydrophobic CH» Extra H-Bond

Hyperstable &
faster folding

\{o H
C=0-H- Namlde

Namlde H- Namlde

Peptide
Azapeptide
Hydrogen bond

2

Figure 4.2a. (1) Additional H-bonds due to azGly substitution. (2) Namide---H-Namide
HBs contribute to form -turns

Unlike azapeptides, azapeptoids where the NH of the amide group is alkylated (Figure
4.2D), are poorly reported in the literature and no specific data reported. We can find,
in one example, comparative analyses of RGD mimics that revealed profound

differences in the binding affinities of azaGlycine (zaGly), azaSarcosine (azaSar) and
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azaAlanine (azaAla) analogues (Figure 4.2b). The azaGly-containing RGD-mimetics
showed weak inhibitory activity on receptors. Only the azapeptoid derivative, azaSar,

was found to bind selectively to the allbB3 receptor.?!! (Figure 4.2b)

aC to N substitution side chian R moved N\)J\N/\H/N \)J\ }‘\
H H ! COOH
A N
& H 5 Ilq H o H H NH

A

HN” “NH,
peptide azapeptide azapeptoid
RGD-sequence

Azapeptoid & azapeptide RGD mimics

azaSar azaAla
Ho,NT N N~ \ﬂ/ v” "NH,  H,N" °N N~ \ﬂ/ v~ “NH,
H L EE H e
’ ~CooH “COOH
aVp3 allbp3 aVp3 aVp3
IC50>100 pM IC50=2.7 uM IC50>100 M IC50>100 pM

Figure 4.2b. Azapeptide/Azapeptoide, RGD-sequence and receptor binding and
selectivity of azapeptoid and azapeptide RGD mimics

The azapeptoid is prepared according to peptide coupling from alkylated hydrazines.

And it undergoes multi-step to afford the final product (Scheme 4.2a).

HZN\)J\ Q

HoN FmocCl, EtzN CHj cocCl, C|:H3 0 COztBU
'\IIH —_— lll —— N _
CHsy CH,Cl Fmoc™ "NHp gioxane ~ FMoc” N° Cl DIEA

1. 20% piperidine/DMF

Fmoc\ N\)J\ /O 2. Fmoc-6Ava-OH, HATU,
| collidine, DMF Fmoc.. /\/\)J\ \)J\
NH,

CH O
3 CoztBu 3. hv, ACN/H,0 CH3 O
COztBU

1. 20% piperidine/DMF

2. N, N'-bis-Boc-1-guanylpyrazole,
CHyCl, /\/\)J\ \)J\
NH»

3.TFA CH3 O S
4. hv, ACN/H,0 COZH

Scheme 4.2a Synthesis of azapeptoid
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In this line, the Proulx's group!®? recently reported the direct late-stage N-alkylation of
aza-glycine on resin to afford azapeptoids selectively. The best conditions to obtain
predominantly monoalkylated azapeptoids are the use of tetracthylammonium
hydroxide (TEAH) and 10 equivalents of electrophile which are benzyl bromide
derivatives, methyl iodide, allyl bromide and propargyl bromide (Scheme 4.2b).
Interestingly, during this study, the authors noticed that when they changed the
counterion of the hydroxide (tetramethylammonium hydroxide (TMAH) and 12

equivalents of electrophile), the dialkylation compounds were in the majority.

\fo 0 o
HN N N \)k Q 1TEAH(15eq) HN\)LI N N\)k \)kNHZ

2 Electrophile (10eq.)

/@/ 3. TFA:H,0 /@/ 1
BuO HO

a: Ry=alkyl, Ry=H

Ac-[azaGly?]-Leu-enkephalin amide 6-17 b: Ry=H, Ry=alkyl
@ =Rink amide resin c: Ry, Ry=alkyl
Electrophile=
: CHs
/\©\ /\©\ /\©\ Br/\©
a(50%):6b (6%) (54%):7b (3%) (58%):8b (3%) 9a(60%):9b (3%)
6c (24%) 7c 30/(, ac 28/0 9c (16%)
OCH3 OBn
10a(52%):10b (3%) 11a(56%):11b (3%) 12a(46%):12b (12%) 13a(47%):13b (11%)
2 10c (32% )( 110(24/0) 126(10/0) 13c (<1%)
0%
Br Br
HiC—l
A“ 3 M\ M
14a(63%):14b (3%) 15a(37%):15b (4%) 16a(41%):16b (4%) 17a(21%):17b (2%)
14c¢ (27%) 15¢ (31%) 16¢ (17%) 17¢ (20%)

Scheme 4.2b Direct N-alkylation of aza-glycine to access selectively azapeptoids

Meanwhile, due to our interest in the synthesis of fluorinated amino-acids and
peptidomimetics, we were particularly intrigued by the fact that the synthesis of
RfCH2N azapeptides and azapeptoids has not been reported in the literature to date.
Only one example was reported in synthesising azapeptide inhibitors of Hepatitis C
Virus Serine protease.®1 However, the experimental conditions are not detailed.

Faced with this lack of data, we were interested in the synthesis of fluorinated (CF3 and

CF:>H ethyl group) azapeptides and azapeptoids better to know their contribution in the
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conformation of peptides.

4.3 Synthesis of N-Fluorinated peptides, azapeptides and azapeptoids

In order to access aza-derivatives, this procedure starts with fluorinated hydrazones
which undergoes a reduction to afford hydrazines. These are coupled with amino acids

to produce azapeptides. The different approaches are present in the following Scheme

4.3.
OH N-CH,Rf Hydrazines
Rf— T .
H OEt H - H ;
_N. N~ Reduction ' N Py !
PG™ 'NH, PG 'N” Rf — PG~ N7 Rf!—>
PG = Protecting group el ;
(Boc, Cbz, Fmoc)
Azapeptoids
Pathway A
! Rf
Coupling o o ! R1 r o R2
H H HoN N. Fmoc.. N L o.
-N. N N Fmoc N N N Rs3
PG )N Fmoc —» ) R > H o H H 5
Ry Rf !
Rf R4/Ry/R3 = alkyl or aryl group
Azapeptides
H
Py 2 2 AN o,
Deprotection e} N N N R
H RN N Hoo LR o
Rf N. ~ N~ ~ —_—
SUONHHCE T NJ\( z Rf
R4 or
Ri y O
Z. N. R
N/kﬂ/ N Fmoc
H o R
Rf 2

Scheme 4.3 General procedures of accessing to fluorinated aza-derivatives

4.3.1 Preparation of N-Fluorinated hydrazones and hydrazines

The trifluoromethyl and difluoromethyl hydrazones are first prepared in toluene with
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catalytic amount of p-toluenesulfonic acid (APTS) from hydrazides having different
protective groups such as Boc, Cbz, Fmoc and trifluoro or difluoro acetaldehyde ethyl
hemiacetal (4-1/4-2).2*1 The formation of water is eliminated using a Dean-Stark
apparatus. The corresponding fluorinated hydrazones (4-3 and 4-4) were successfully

obtained with good to excellent yields. (Scheme 4.3.1a, 87%-97%).

H
_N R
H,oN y
OH 4 o
X
Rf—< OFt . Rf/\N,N\”/R
Dean-Stark 0
4-1~4-2 toluene
Rf=1:CF;/2:CF,H 4-3~4-4
R = tBuO, BnO .....
H H H
N X N

F5;C N Boc F;C N Cbz F3C/\N Fmoc

4-3a 4-3b 4-3c
95% 97% 87%
< N < N < N
N, - N SN ~INJ
HF,C” "N “Boc HF,C~ °N”" “Cbz HF,C~ °N”' “Fmoc
4-4a 4-4b 4-4c
92% 96% 89%

Scheme 4.3.1a Preparation of fluorinated hydrazones

Subsequently, we attempted the reduction of these hydrazones into fluorinated
hydrazines. Thus, different conditions of reduction NaBH3CN/AcOH/THF,
NaBH4/THF, NaBH4/MeOH were employed. Under the conditions of NaBH4 (2.5
equiv.)/MeOH, '°F NMR revealed a mixture of 85% of hydrazine 4-5b (-72 ppm) and
15% of hydrazone 4-3b (-67 ppm) at room temperature for overnight. We continued to
add 1 equivalent NaBH4 and raised the temperature to 50°C for 21h, there was no
obvious improvement. Finally, using ethanol as a solvent with NaBH4 (3 equiv.) was

efficient at room temperature for 3 hours to afford pure hydrazines 4-5b/4-6b.
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Conditions of reduction Results (Ratio of compounds in solution)
NaBH3CN/AcOH/THF No reaction

NaBHJ4/THF 4-3b (-67 ppm): 19%, 4-5b (-72 ppm): 81%
NaBH4/MeOH 4-3b (-67 ppm): 15%, 4-5b (-72 ppm): 85%
NaBH4/EtOH 4-5b (-72 ppm): 100%

Table 4.3.1 Conditions and results of reduction

Meanwhile, 4-3a/4-4a underwent the same condition to afford 4-6a/4-6b in 83% and

98%, respectively (Scheme 4.3.1b).

H NaBH H
X _N_ R 4 .
Rf” N e — > RN N\[(R
5 EtOH H
4-3~4-4 a-b 4-5~4-6
Rf = CF5 / CF,H
§ N N N
F3C/\N/ “Boc F3C/\N/ ~Cbz HFZC/\N/ “Boc HFZC/\N/ “Cbz
H H H H
4-5a 4-5b 4-6a 4-6b
95% 98% 83% 98%

Scheme 4.3.1b Reduction of fluorinated hydrazones

With these hydrazines in hand, two ways are possible in order to prepare azapeptides

and azapeptoids.

4.3.2 Access to N-trifluoro and difluoroethyl azapeptoids

For the synthesis of fluorinated azapeptoids, we proposed the following reactions
(Scheme 4.3.2a). First, we will investigate the coupling of amino acids with the
hydrazine Boc. Then after deprotection of the Boc group, the amine will be treated with

the trisphogene following of the addition of an amino acid.
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)
FmocHN\)LOH

0]
R1:/\N,NHBOC R1 FmOCHN\)J\N,NHBoc deprotection
- 5
H Z
R
4-5a/4-6a ! ka

4-10
Rf = CF; / CF,H

@) 1) triphosgene O
H H
FmocHNQkN,NH2 2) H-leu-OMe HCl FmocHNQJ\N,N\[rNvc:02R3
R ka H-Phe-OMe.HCI R; ka O Ry
4-11 4-12

Scheme 4.3.2a The general procedure for accessing to N-fluoroethyl azapeptoids

Unfortunately, no reaction occurred under classical peptide coupling between 4-5a/4-
5b and 4-6a/4-6b and the amino-acids. This failure is undoubtedly due to the low
nucleophilicity of the nitrogen, which carries the electron-withdrawing CF3CHz group,
and also the presence of the Boc group on the other nitrogen. So, we undertook another
way involving the coupling with activated amino-acids which means acyl chloride
amino acids. The acyl chloride derivatives 4-9 were easily prepared according to the
conditions reported by the team of T. Brigaud.!*” The Ala and PheAla amino acids were
treated with thionyl chloride under sonication and then the crude was directly used for

coupling without purification and after evaporation of solvent and excess of thionyl

chloride (Scheme 4.3.2b).

o SOCl,, DCM 0 4-9b
FmocHN_JJ\OH - . FmocHN\_)J\CI R, = Me or PhCH,
- Sonication -
R4 4-9 R 4-9a
Fmoc-L-alanine quantitative yields

Scheme 4.3.2b Preparation of acyl chloride derivatives 4-9a-b

Thankfully, 4-9 mixed with fluorinated hydrazines 4-5a/4-6a in DCM at room

temperature without base led to 4-10 in 73% to 95% (Scheme 4.3.2¢). It's interesting to
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note that while the media is acidic, the Boc group was not removed.

0
FmocHN\)j\CI
: o
49 3
i~y NHBoc Ri FmocHN\)J\N,NHBoc
H DCM, rt H
' R
4-5a/4-6a ! ka

4-10
Rf=CF3/CF,H

O o}
o o)
FmocHN _NHBoc FmocHN _NHBoc
FmocHN\)J\N,NHBOC FmocHN\)J\N,NHBoc \E)J\N \.)J\N
Me

e kcr=3 kC|=2H ©/ : -

CFs; CF,H
4-10a (90%) 4-10b (73%) 4-10c (95%) 4-10d (84%)

Scheme 4.3.2¢ Synthesis of 4-10a-d compounds

Then in order to deprotect the hydrazines, the reaction was carried out with
HCl/dioxane in dichloromethane to afford 4-11 in excellent yields (84%-91%). In fact,
the amine NHb> is not basic and does not form a salt with HCI. It is, therefore, possible

to purify the compounds on silica gel (Scheme 4.3.2d).

o) o o) o
FmocHN:Qk’[NHBoc FmocHNJ’[NHBoc FmocHN\:)kN,NHZ FmocHN\:)kN,NHZ
Me Me M M
CF, CF,H © kCF3 © kCFZH
4-10a 4-10b 4-11a (84%) 4-11b (85%)

HCI (4N, dioxane)
—_—
DCM, 0° to rt

o] (0] o] (0]
FmocHN\:)L’[NHBoc FmocHN\V)L'\[NHBoc FmocHN\:)kN,NHg FmocHN%N,NHZ
CF, CF,H L<:|=3 LCFZH
4-10c 4-10d 4-11c (91%) 4-11d (87%)

Scheme 4.3.2d Compounds 4-11a-d

The structure of 4-11b was determined by X-ray crystallographic analysis, performed

by Pascal Retailleau of ICSN, as shown as Figure 4.3.2a.
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Figure 4.3.2a X-ray crystallographic analysis of 4-11b

We investigated the intramolecular and intermolecular interactions of the molecule 4-
11b. Both fluorines interact with their oo CH2 hydrogen (2.62 A and 2.63 A). The
hydrogens of the HCF2 and of the NH. formed strong intermolecular hydrogen-bonds
with the carbonyl of another molecule. The distances are 2.48 A for CF,H---O and 2.39
A for NH2---O with angles of 132.12<and 129.91 “respectively (Figure 4.3.2b). One
fluorine atom clearly strongly interacts with the CH> proton of the Fmoc. The distance
is 0f 2.53 A and an angle of 123.45° (Figure 4.3.2b). We can suppose an intermolecular
H-Bond.

> “
Figure 4.3.2b H-bonding between C=0 and HCF>**)/ /)N and F---H-C
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As an important part of azapeptoid construction, we directly investigated the coupling
of 4-11 with Boc-L-alanine under classical conditions (Table 4.3.2). Unfortunately, the
desired product did not appear when 4-11a was coupled to alanine. Due to the influence
of the CF3CH> and carbonyl groups, the nucleophilicity of 4-11a is relatively weaker.
So we have tried other coupling conditions in difficult cases (entries 2-4), but
unfortunately, there is also no reaction. We observed the same result with compound 4-

11b. Compounds 4-11 are recovered intact at the end of the reaction.

(6] 0 (0] Me

FmocHN\‘)J\N,NHz + BocHN\‘)kOH Coupling FmocHN\‘)J\N,H\”/'\N,Boc
Me ka Me Me RfO H
4-11 Boc-L-alanine
Conditions of coupling Results
1 EDCI, HOBt, DIPEA, DCM, rt No reaction
2 HATU, DIEA, DMF, rt No reaction
3 Oxyma, DIC, Collidine, DCM No reaction
4 EEDQ, DCM, rt No reaction

Table 4.3.2 Different coupling conditions

In order to circumvent this failure, we undertook to activate hydrazine. We introduced
4-nitrophenyl chloroformate on the structure of 4-11b to obtain the carbamate int-I.
Unfortunately, adding the NH> free amino acid to the 4-Nitrophenyl chloroformate
failed (Scheme 4.3.2¢).

(0]
o H NH o}
Base, DCM P 2
FmOCHN%NzNHZ FmOCHN\‘)LN,I\‘I ‘0 \‘\\ L» FmocHN\‘)-L /H H
Me ) b:f' Me ) Tork\,ij\ M j‘ I 7
AN \ e
HF,C (0] NO, HF,C \\\‘ltl_o-zj HF,C

4-11b int-l \
HOONOQ

4-nitrophenol

a-p

Scheme 4.3.2¢ Access to urea through formation of int-I with 4-nitrophenyl
chloroformate
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Consequently, another protocol®”) was investigated by activating 4-11 with the bis
(trichloromethyl) carbonate (BTC) to form activated intermediates -NHCOX (X=ClI,
OCCI", or isocyante) and finally convert to desired ureas by employing L-Leucine

methyl ester hydrochloride/ L-Phenylalanine methyl ester hydrochloride salt (Scheme

4.3.21).
B:
Cl
°'>k )k )< L0
o Ccl -
% NU T ﬂ* MO N
Rf
X CIJJ\CI CIJJ\CI
o 9 'ﬂj H 9 H
N -NH _N _N__cClI
Fmoc N — » Fmoc N \n/
R k R4 k 0
Rf Rf

Formation of intermediates -NHCOX (X=Cl, OCCls, or isocyanate)

FmocHN\)J\ N _CO,Me FmocHN\)L N _CO,Me

P kCF3O Y o KCF3O \Ph

4-12a (53%) 4-12c (46%)

FmocHN\)J\N,N\n/ ~_-C0OsMe FmocHN\)J\N N\ﬂ/ ~-CO2Me
o =
Ph” kCFZH Y Ph \ EI “pn

4-12b (73%) 4-12d (49%)
Scheme 4.3.2f Azapeptoid compounds 4-12a-d

In two steps, the corresponding azapeptoids 4-12 were obtained in isolated yields of
46%-73% (Scheme 4.3.2f).
Subsequently, we undertook the synthesis of fluorinated azapeptides from the

hydrazines prepared previously.
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4.3.3 Access to N-trifluoro and difluoroethyl azapeptides

Next, we investigated the synthesis of azapeptides 4-8 according to the following
Scheme 4.3.3a. After deprotection of the Boc group, the free hydrazine will be coupled
with amino acids. Then, the second coupling step will involve the activation with the

bis (trichloromethyl) carbonate (BTC) and addition of an amino acid.

Me
Hoj]/'\NHZ
H Deprotection NH-.HCI 0 H Me
RN NBoe — = RIT N EE——— Rf/\N/N\H)\NHZ
H H Coupling H
4-int 0
4-5a/4-6a 4-7
Rf = CF;/ CF,H
R (0] Me
2 K
1) BTC R30,C N N NHZ
> H (0]
2) O Rf
NH,.HCI 4-8
o
Ro

Scheme 4.3.3a Synthesis of fluorinated azapeptides

So after adding 10 equivalents of HCl/dioxane in methanol on 4-5a and 4-6a, 4-X/Y

were obtained as hydrochloride salt in quantitative yields (Scheme 4.3.3b).

Y /H\ HCl/Dioxane (10 equwz Rf/\N/NHz_HC|
Rf N Boc H
H Methanol, rt
Rf = CF;/ CF,H 4-X: Rf = CF,
4-Y: Rf = CF,H
4-5a/4-6a

quantitative yield

Scheme 4.3.3b Deprotection of Boc group

Then, having the appropriate CF; and CF2H hydrazines 4-X, 4-Y, we first chose to

evaluate the coupling with Boc-L-alanine under classical peptide conditions (EDCI,
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HOBt, DIPEA). Fortunately, the corresponding peptidomimetics are obtained in
excellent yields (4-7a, 81%; 4-7b, 79%). Additionally, Fmoc-L-alanine underwent

same reaction condition with 4-X to afford 4-7¢ (62%).

H Me
Fs€7 N \H)\NHBOC 4-7a
H
(0]
81%
EDCI, HOBt, 1t y Me H Me
DIPEA, DCM -~ ,-N
Rt~ NHz HCI Rf/\N’N\”/'\NHZ HF,CTON \H/'\NHBOC 4-7b
H Me H
HO © ©
4-X:Rf = CF TI/LNHZ 4-7 79%
4-Y:Rf = CF,H o
H Me
F,C7 O N” \H/LNHFmoc 4-7¢
H (0]

62%

Scheme 4.3.3c Synthesis of compounds 4-7a-c

Here, we can note that the hydrazine is sufficiently nucleophile to engage in the peptidic

coupling.

Next, a mixture of 4-7¢ and base (DIEA) in DCM was treated with triphosgene at 0°C.
After 40 minutes, the solution of L-Leucine methyl ester hydrochloride and DIEA in
DCM was added in one portion to afford fluorinated azapeptide 4-8 in isolated yield

61% as white solid.

Me (0] Me

H 1) triphosgene )J\ H
F5C7 ON” jH\NHFmoc MeO,C~ N N’NjH\NHFmoc
H o 2) O H ) ¢
a7c e NH, HCI FsC
4-8

Scheme 4.3.3d Access to azapeptides
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Other synthesis of fluorinated azapeptides

Moreover, while exploring the reactivity of these N-fluoroethyl hydrazines, we
undertook the synthesis of new azapeptidic compounds 4-13. In this case, the
hydrazides 4-7 were treated directly with acyl chloride amino acids in dichloromethane
at room temperature. In this way, a new family of trifluoromethyl and difluoromethyl

azapeptides was obtained in good to excellent yields (52-89%) (Scheme 4.3.3¢).

/Fmoc

0]
FmocHN\HKCI Rf
y Me 49 R, 0 j HN
N /NW/L > BocHN _N
Rf H NHBoc Base-free, DCM, rt ” R4
Me 0]

O
4-7al4-7b 4-13
F;C HF,C
o) \ Me 0 \ Me
BocHN _N _F BocHN _N _F
oc \‘)J\H \[('\N moc oc \‘)J\” \[('\N moc
Me 0] H Me @) H
4-13a (52%) 4-13b (79%)
F,;C JFmoc HF,C JFmoc
0 \ HN o) \ HN
BocHN\HJ\N,N BocHN\‘)J\N,N
Me H (0] Me H 0]
4-13c (88%) 4-13d (89%)

Scheme 4.3.3e Access to new azapeptides 4-13a-d

Some of these azapeptides and azapeptoids are solids. We provided some to Pascal
Retailleau's X-Ray department. Studies are in progress. We carried out some
preliminary NMR analyzes such as HOESY, on two compounds 4-13a and 4-13b. But
it was difficult at this step to give the conformation of these hydrazines in solution. For
the compound 4-13a, the HOESY in DMSO-ds showed that the CF3; group correlates

with the NH amide and the Me and group of the alanine close to the Boc group (Figure
116



4.3.3a).
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Figure 4.3.3a. HOESY ('H-'°F) in DMSO-ds of compound 4-13a

In the case of compound 4-13b, there does not appear to be any correlations with groups

other than CH,CF,H.

(I-)IFZC\ Me

BocHN _N _Fmoc
N N
H H

Me o
4-13b
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Figure 4.3.3b. HOESY ('H-""F) in DMSO-ds of compound 4-13b

4.4 Conclusion

In conclusion, a series of N-fluorinated azapeptoids and azapeptide were successfully
prepared with N-fluorinated hydrazines as starting materials which are easy to access
under simple reaction conditions in excellent yields. Additionally, some of the N-
fluorinated products determined by X-Ray crystallographic analysis were proposed

intermolecular and intramolecular Hydrogen Bonds.
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Experimental part

General Procedure (V) Preparation of N-trifluoro and difluoroethyl hydrazines

To a solution of Boc/Cbz/FmocNHNH: (1 equiv.) in toluene were added (0.05 equiv.)
APTS and trifluoro or difluoromethyl acetaldehyde ethyl hemiacetal (1.2 equiv.). Then
the reaction was warmed temperature to 90°C-reflux for 1-3h. The reaction was
monitored by TLC. After complete reaction, solvent was evaporated and the hydrazones
were used to next step directly.

Subsequently, the corresponding N-fluorinated hydrazines were prepared through
reduction of the hydrazones with NaBH4 (3 equiv.) in ethanol at room temperature.
After complete reduction, a saturated aqueous solution of NH4Cl was added and the
mixture was stirred for lh. After filtration, the product was extracted twice with
dichloromethane. The organic phases were dried with Na>SOg, filtered and evaporated

under vacuum to afford hydrazine as white solid.

Tert-butyl (E)-2-(2,2,2-trifluoroethylidene)hydrazine-1-carboxylate [4-3a]

1
3

5 H
8
7 _ 04 _N_ =~
10>‘/\ﬂ/ ';l CFs,,
o)
9 6

4-3a

The title compound was prepared with tert-butyl carbazate (3.0 g, 22.73 mmol),
trifluoroacetaldehyde ethyl hemiacetal (3.93 g, 27.27 mmol) and APTS (195 mg, 1.14
mmol) following general produce (V) (4.60 g, 95%). "H NMR (300 MHz, CDCls) &
(ppm) 8.42 (s, 1H, Hy), 7.80 (brs, 1H, H3), 1.53 (s, 9H, Hmety); *C NMR (75 MHz,
CDCls) o (ppm) 151.5 (C4), 131.8 (q, J = 42.5 Hz, C3), 120.2 (q, J = 270.9 Hz, C11),
83.0 (C7), 28.1 (Cmethy1); ’FNMR (188 MHz, CDCl3) 5 (ppm) -67.80 (s, CF3); HRMS
m/z C7H11F3N202 [M+Na]" cal. 235.0670, found. 235.0667.

Benzyl (E)-2-(2,2,2-trifluoroethylidene)hydrazine-1-carboxylate [4-3b]
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4-3b

The title compound was prepared with benzyl carbazate (166 mg, 1 mmol),
trifluoroacetaldehyde ethyl hemiacetal (173 mg, 1.2 mmol) and APTS (9 mg, 0.05
mmol) in toluene following general produce (V) (240 mg, 97%). 'H NMR (300 MHz,
CDCl) & (ppm) 9.08 (s, 1H, Hy), 7.62 (brs, 1H, H3), 7.43-7.32 (m, 5SH, Hary), 5.23 (s,
2H, Hy); BC NMR (75 MHz, CDCl3) & (ppm) 153.0 (Cs), 135.0 (C12), 132.7 (q, J =
41.4 Hz, C3), 128.7 (Carom), 128.6(Carom), 128.4 (Carom), 120.0 (q, J = 270.0 Hz, C11),
68.2 (C7); YF NMR (188 MHz, CDCl3) § (ppm) -67.8 (s, CF3); HRMS m/z
C1oHoF3N20; [M+Na]" cal. 269.0514, found. 269.0514.

(9H-Fluoren-9-yl)methyl (E)-2-(2,2,2-trifluoroethylidene)hydrazine-1-
carboxylate [4-3¢]

The title compound was prepared with 9-fluorenylmethyl carbazate (508 mg, 2 mmol),
trifluoroacetaldehyde ethyl hemiacetal (317 mg, 2.2 mmol) and APTS (17 mg, 0.1
mmol) in 5 mL toluene following general produce (V) (579 mg, 87%). "TH NMR (300
MHz, DMSO-dy) 6 (ppm) 11.7 (s, 1H, H1), 7.89 (d, J = 7.41 Hz, 2H, Harom), 7.72 (d, J
=7.52 Hz, 2H, Harom), 7.61 (q, J =4.27 Hz, 1H, H3), 7.45-7.32 (m, 4H, Harom), 4.56 (d,
J=6.27 Hz, 2H, H7), 4.32 (t,J = 6.69 Hz, 1H, H12); '*C NMR (75 MHz, DMSO-dj) §
(ppm) 152.7 (C4), 143.4 (Carom), 140.8 (Carom), 130.8 (q, J = 56.4 Hz, C3), 127.7 (Carom),

127.1 (Carom), 125.0 (Carom), 120.5 (q, J = 270.5 Hz, C11), 120.1 (Carom), 66.3 (C7), 46.4
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(C12); F NMR (188 MHz, DMSO-ds) § (ppm) -65.98 (d, J = 4.12 Hz, CF3); HRMS
m/z C17H13F3N20, [M+Na]" cal. 357.0827, found. 357.0826.

Tert-butyl (E)-2-(2,2-difluoroethylidene)hydrazine-1-carboxylate [4-4a]

1
3

5 H
8
7 0.4 _N_ =~
10%/ \ﬂ/ ';l CF2H11
@)
° 6

4-4a

The title compound was prepared with fert-butyl carbazate (2.0 g, 15.15 mmol),
difluoroacetaldehyde ethyl hemiacetal (2.29 g, 18.18 mmol) and APTS (130 mg, 0.756
mmol) in 20 mL toluene following general produce (V) (2.70 g, 92%). "TH NMR (300
MHz, CDCl3) & (ppm) 9.00 (s, 1H, Hi), 7.41 (s, 1H, H3), 6.13 (td, J; = 54.82 Hz, J> =
6.22 Hz, 1H, Hi1), 1.50 (s, 9H, Hmetny); *C NMR (75 MHz, CDCl3) 8 (ppm) 152.4
(Cs), 136.7 (t, J = 34.5 Hz, C3), 113.3 (t, J = 233.3 Hz, C11), 82.5 (C7), 28.1 (Cethy1);
1F NMR (188 MHz, CDCl3) & (ppm) -116.14 (d, J = 54.10 Hz, 2F); HRMS m/z
C7H12F2N>0, [M+Na]" cal. 217.0765, found. 217.0758.

Benzyl (E)-2-(2,2-difluoroethylidene)hydrazine-1-carboxylate [4-4b]
14

15 13 1
o N 2
16 15 4 _N_ =~
7 \ﬂ/ l;l CF2H11
(@)
6

17

4-4b
The title compound was prepared with benzyl carbazate (830 mg, 5 mmol),
difluoroacetaldehyde ethyl hemiacetal (756 mg, 6 mmol) and APTS (43 mg, 0.25 mmol)
following general produce (V) (1.097 g, 96%). 'H NMR (300 MHz, CDCl3) & (ppm)
8.82 (s, 1H, Hy1), 7.44-7.35 (m, 6H, H3, Harom), 6.16 (td, J; =53.88 Hz, J> =6.03 Hz, 1H,
Hii), 5.25 (s, 2H, Hy); 3C NMR (75 MHz, CDCI3) 6 (ppm) 153.2 (Cs), 137.7 (t, J =
35.9 Hz, C3), 135.1 (C12), 128.7 (Carom), 128.4 (Carom), 112.9 (q,J=234.4 Hz, C11), 68.1
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(C7); F NMR (188 MHz, CDCl3) § (ppm) -116.36 (dd, J; =54.02 Hz , J> =2.48 Hz,
2F); HRMS m/z C1oH10F2N20, [M+Na]" cal. 251.0608, found. 251.0605.

(9H-Fluoren-9-yl)methyl (E)-2-(2,2-difluoroethylidene)hydrazine-1-carboxylate
[4-4c¢]

The title compound was prepared with 9-fluorenylmethyl carbazate (254 mg, 1 mmol),
difluoroacetaldehyde ethyl hemiacetal (189 mg, 1.2 mmol) and APTS (9 mg, 0.05 mmol)
in 5 mL toluene following general produce (V) (283 mg, 89%). 'H NMR (300 MHz,
DMSO-ds) 6 (ppm) 11.52 (s, 1H, H1), 7.89 (d, J=7.83 Hz, 2H, Harom), 7.71 (d, J=7.57
Hz, 2H, Harom), 7.50-7.32 (m, 5H, Harom, H3), 6.49 (td, J; =54.07 Hz, J> =5.46 Hz, 1H,
Hiy), 4.55 (d, J=6.39 Hz, 2H, Hy), 4.31 (t, J= 6.47 Hz, 1H, H}»); '3*C NMR (75 MHz,
DMSO-ds) & (ppm) 152.9 (Ca), 143.5 (Carom), 140.8 (Carom), 137.2 (t, J = 32.4 Hz, C3),
127.7 (Carom), 127.1 (Carom), 124.9 (Carom), 120.1 (Carom), 113.3 (t, J = 233.4 Hz, C11),
66.1 (C7), 46.5 (C12); ’F NMR (188 MHz, DMSO-ds) & (ppm) -116.05 (dd, J; =54.29
Hz, J; =3.42 Hz, 2F); HRMS m/z Ci7H14F2N>0> [M+Na]" cal. 339.0921, found.
339.0921.

Tert-butyl 2-(2,2,2-trifluoroethyl)hydrazine-1-carboxylate [4-5a]

1

5 H
8 3
7 04 _N_ _~
10 %/ \ﬂ/ ” CFs,,
9 0 2
6

4-5a
NaBHj4 (152-228 mg, 4-6 mmol) was added into the mixture of 4-3a (414 mg, 2 mmol)
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and 20 mL ethanol to afford 4-5a (405 mg, 95%) following the general procedure (V).
TH NMR (300 MHz, CDCl3) 6 (ppm) 6.31 (s, 1H, Hy), 4.20 (s, 1H, H»), 3.36 (qd, J =
9.2 and 4.7 Hz, 2H, H3), 1.40 (s, 9H, Humeny1); 3C NMR (75 MHz, CDCl3) & (ppm)
156.6 (C4), 124.8 (q, J = 277.7 Hz, Cn1), 81.3 (Cy), 52.9 (q, J = 30.7 Hz, C3), 28.2
(Cmethy1); '’F NMR (188 MHz, CDCl3) 6 -71.76 (t, J = 9.12 Hz, CF3); HRMS m/z
C7H13F3N20, [M+Na]" cal. 237.0827, found. 237.0825.

Benzyl 2-(2,2,2-trifluoroethyl)hydrazine-1-carboxylate [4-5b]

14
15 13 1
o N 2
16 15 4_N_ _~
17 7 \ﬂ/ ” CF311
o 2
6
4-5b

The title compound was afforded with NaBH4 (28.5 mg, 0.75 mmol), 4-3b (61.6 mg,
0.25 mmol) and 3 mL ethanol. (60.8 mg, 98%). 'H NMR (300 MHz, CDCls) & (ppm)
7.54-7.35 (m, 5H, Harom), 6.62 (s, 1H, H1), 5.17 (s, 2H, H7), 4.35 (s, 1H, H»), 3.44 (qd,
J=9.2 and 4.7 Hz, 2H, H3); 3C NMR (75 MHz, CDCl3) 8 (ppm) 157.2 (C4), 135.7
(Ci2), 128.6 (Carom), 128.5 (Carom), 128.2 (Carom), 124.8 (q,J=278.5 Hz, C11), 67.6 (C7),
52.8 (q,J=30.9 Hz, C3); ’F NMR (188 MHz, CDCl3) & (ppm) -71.88 (t,J=9.32 Hz,
CF3); HRMS m/z CioH11F3N>0, [M+Na]" cal. 271.0670, found. 271.0665.

Tert-butyl 2-(2,2-difluoroethyl)hydrazine-1-carboxylate [4-6a]

1
3

5 H
8
7 04 N _~
10%/ \ﬂ/ H CF2H11
9 (6) 2

4-6a
The title compound was obtained with NaBH4 (2.31 g, 60.87 mmol), 4-4b (3.94 g, 20.29
mmol) and 150 mL ethanol. (3.29g, 83%). "TH NMR (300 MHz, CDCl3) 5 (ppm) 6.43
(s, 1H, Hy), 5.79 (tt, J; = 55.88 Hz, J> = 4.29 Hz, 1H, Hi1), 4.17 (s, 1H, H»), 3.12 (td, J;
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=15.15 Hz, J, = 4.26 Hz, 2H, Hs), 1.39 (s, 9H, Huetny1); *C NMR (75 MHz, CDCLs) &
(ppm) 156.8 (C4), 115.2 (t, J=240.0 Hz, C1), 81.0 (C7), 53.9 (t, J = 24.2 Hz, C3), 28.2
(Hmetnyl); "F NMR (188 MHz, CDCL3) 5 (ppm) -122.39 (dt, J; = 56.09 Hz, J, = 14.78
Hz, 2F); HRMS m/z C7H14F2N2O, [M+Na]" cal. 219.0921, found. 219.0929.

Benzyl 2-(2,2-difluoroethyl)hydrazine-1-carboxylate [4-6b]

14
15 13 1
o N 3
16 > 4 N~
17 7 \ﬂ/ H CF2H11
O 2
6
4-6b

The title compound was afforded with NaBH4 (114 mg, 3 mmol), 4-3b (228 mg, 1 mmol)
and 8 mL ethanol. (225 mg, 98%). '"H NMR (300 MHz, CDCl3) 6 (ppm) 7.39-7.11 (m,
5H, Harom), 6.54 (s, 1H, H1), 5.76 (tt, J; = 55.73 Hz, J>=4.31 Hz, 1H, H11), 5.05 (s, 2H,
H7), 4.05 (s, 1H, H»), 3.13 (td, J; =14.78 Hz, J> =3.96 Hz, 2H, H3); 13C NMR (75 MHz,
CDCI3) 6 (ppm) 157.4 (Cs), 135.8 (Ci2), 128.6 (Carom), 128.5 (Carom), 128.3 (Carom),
115.2 (t, J=241.3 Hz, C11), 67.5 (C7), 53.7 (t, J = 24.2 Hz, C3); ’F NMR (188 MHz,
CDCI3) 6 (ppm) -122.25 (dt, J; =55.79 Hz, J> =15.12 Hz, 2F); HRMS m/z
C10H12F2N202 [M+Na]" cal. 253.0764, found. 253.0761.

(2,2,2-Trifluoroethyl)hydrazine hydrochloride [4-int-1]

2
3
_NH,HCI
F,¢7 N7 2

4 H
1

4-int-1
4-5a (856 mg, 4 mmol) was dissolved in 40 mL dichloromethane, followed by
HCl/dioxane (4N) 10 ml drop by drop at 0°C. After that, the mixture was warmed to rt
for overnight to afford quantitative yield title compound. '"H NMR (300 MHz, CD30OD)
8 (ppm) 3.55 (q,J=9.27 Hz, 2H, H3); 1*C NMR (75 MHz, CD30D) § (ppm) 125.8 (q,
J=276.9 Hz, C4), 57.0 (q, J= 32.8 Hz, C3); ’F NMR (188 MHz, CD30D) § (ppm) -
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69.00 (t, J = 9.09 Hz, CF3); HRMS m/z CoHsF3N> [M+Na]* cal. 115.0483, found.
115.0480.

(2,2-Difluoroethyl)hydrazine hydrochloride [4-int-2]

2

3
_NH,HCI

HF,C”~ N
4 H
1
4-int-2

4-6a (784 mg, 4 mmol) was dissolved in 40 mL dichloromethane, followed by addition
of HCl/dioxane (4N) 10 ml drop by drop at 0°C. Then, the mixture was warmed to rt
for overnight to afford compound in quantitative yield. 'H NMR (300 MHz, CD3OD)
d (ppm) 5.91 (tt, J; =55.19 Hz, J> =4.14 Hz, 1H, Ha4), 3.20 (td, J; = 15.07 Hz, J> = 4.14
Hz, 2H, H3); 3C NMR (75 MHz, CD30D) & (ppm) 116.0 (t, J = 239.3 Hz, Cs), 52.3
(t,J=25.2 Hz, C3); ’F NMR (188 MHz, CD30D) § (ppm) -123.70 (dt, J; = 55.70 Hz,

J>=15.21 Hz, 2F); HRMS m/z C;HeF2N> [M+H]" cal. 97.0577, found. 97.0572.

General Procedure (VI): Access to azapeptides or azapeptoids

1. Peptide coupling

To a solution of 4-int (1 equiv.), Boc-L-alanine (1.1 equiv.) and EDCI (1.1 equiv.),
HOBt.H>O0 (1.1 equiv.) in dichloromethane was added slowly DIPEA (2 equiv.) at 0°C
slowly. The mixture was stirred at room temperature for 16h. The solvent was
evaporated and the crude was diluted with ethyl acetate, and was washed by citric acid,
H>0, K>CO3 and brine successively. The products were obtained after evaporation of

solvent and purification by chromatography column.

Tert-butyl (R)-(1-(2-(2,2,2-trifluoroethyl)hydrazineyl)-1-oxopropan-2-

yDcarbamate [4-7a]
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4-7a
4-7a was prepared following the general procedure (VI-1), 4-int-1 (530 mg, 3.53 mmol)
in 35 mL of DCM, Boc-L-alanine (734, 3.88 mmol), EDCI (744 mg, 3.88 mmol),
HOBt.H20 (594 mg, 3.88 mmol) and DIPEA (1.51 mL, 7.06 mmol). Compound 4-7a
811 mg, 81%. '"H NMR (300 MHz, Acetone-ds) 5 (ppm) 8.91 (s, 1H, H), 6.05 (s,
1H, Hg), 5.22 (brs, 1H, NH1), 4.13 (m, 1H, He), 3.47 (m, 2H, H3), 2.79 (brs, 1H, NHs),
1.40 (s, 9H, Humety1), 1.30 (d, J = 7.04 Hz, 3H, Ho); 'TH NMR (300 MHz, CD30OD) &
(ppm) 4.04 (q, J = 7.45 Hz, Hs), 3.41 (qd, J = 9.6 and 1.6 Hz, 2H, H3), 1.34 (s, 9H,
Hmethy1), 1.29 (d, J = 7.53 Hz, 3H, Hy); 13C NMR (75 MHz, CD30D) 3 (ppm) 175.4
(Cs), 157.6 (Cio), 126.7 (q, J = 277.2 Hz, C4), 80.6 (C13), 52.9 (q, J = 30.8 Hz, C3), 50.3
(Cé), 28.7 (Crmethy1), 18.2 (Co); ’F NMR (188 MHz, Acetone-ds) 5 (ppm) -72.37 (t, J

=9.84 Hz, CF3); HRMS m/z C10HisF3N303 [M+Na]" cal. 308.1198, found. 308.1195.

Tert-butyl (R)-(1-(2-(2,2-difluoroethyl)hydrazineyl)-1-oxopropan-2-yl)carbamate

[4-7b]
9 12
14
. H Me j\ 15
N5 d<
HF,C~ N Q\HJG\N 10007 N6
4 H H 11
1 O 8
7
4-7b

The title compound was prepared with 4-int-2 (602mg, 4 mmol), Boc-L-alanine (831,
4.4 mmol), EDCI (843 mg, 4.4 mmol), HOBt.H>O (673 mg, 4.4 mmol) and DIPEA
(1.71 mL, 8 mmol) in 35 mL DCM to afford 4-7b following general procedure (VI-1)

(840 mg, 79%). "H NMR (200 MHz, A cetone-ds) § (ppm) 8.86 (s, 1H, Ha), 6.09 (brs,
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1H, Hy), 5.96 (tt, J; = 56.28 Hz, J, = 4.47 Hz, 1H, Ha), 5.05 (s, 1H, H)), 4.10 (m, 1H,
He), 3.16 (td, J; = 15.20 Hz, J> = 4.52 Hz, 2H, Hs), 1.41 (s, 9H, Humetyl), 1.31 (d, J =
7.30 Hz, 3H, Ho); 1*C NMR (75 MHz, Acetone-ds) § (ppm) 173.5 (Cs), 156.1 (C1o),
116.8 (t, J = 238.76 Hz, C4), 79.4 (C13), 54.4 (t, J = 25.40 Hz, C3), 49.7 (Cs), 28.5
(Crmethyl), 18.5 (Co); F NMR (188 MHz, Acetone-ds) 5 (ppm) -122.66 (dt, J; = 55.64

Hz, J> = 15.36 Hz, 2F); HRMS m/z CioH19F2N303 [M+Na]* cal. 290.1292, found.
290.1290.

(9H-fluoren-9-yl)methyl (S)-(1-ox0-1-(2-(2,2,2-trifluoroethyl)hydrazineyl)propan-
2-yl)carbamate [4-7c¢]

18
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4-7c

The title compound was prepared with 4-int-1 (2 mmol), Foc-L-alanine (653, 2.1
mmol), EDCI (403 mg, 2.1 mmol), HOBt.H>O (321 mg, 2.1 mmol) and DIPEA (0.86
mL, 5 mmol) in 20 mL DCM to afford 4-7¢ following general procedure (VI-1) (505
mg, 62%). "H NMR (200 MHz, Acetone-ds) 5 (ppm) 7.86 (d, J = 6.67 Hz, 2H, Harom),
7.70 (d, J = 7.30 Hz, 2H, Harom), 7.48-7.22 (m, SH, Harom, H17), 4.40-4.14 (m, 5H, Hs,
His, Hio, H24), 3.48 (q, J=9.78 Hz, 2H, H»s), 1.35 (d, J=7.05 Hz, 3H, Hz1); ’F NMR
(188 MHz, Acetone-ds) 5 (ppm) -72.32 (t, J = 9.62 Hz, CF3;); HRMS m/z

C20H20F3N303 [M+Na]" cal. 430.1349, found. 430.1354.

2. Preparation of the azapeptides from the aminoacid chlorides

Preparation of aminoacid chloride:
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(1) Preparation of aminoacid chlorides 4-9 (General Procedure)

To a solution the Fmoc-Ala(Phe)-OH (1.2 mmol) suspended in 10 mL DCM under
argon, was added SOCI (15.6 equiv.). The mixture was sonicated at room temperature
during 30 min-2h, and then solvent and excess of SOCl, were removed in vacuo. The
crude was washed with DCM to give the Fmoc-Ala (Phe)-Cl as a solid directly used

without further purification.

(2) The synthesis of the azapeptide 4-10. (General procedure)

To a solution of 4-5a/6a (1.0 equiv) in dichloromethane was added Fmoc-amino acid
chloride (1.1 equiv). The reaction mixture was stirred for 24 h at room temperature
under inert atmosphere, and then the solvent was evaporated under reduced pressure.

Purification by flash chromatography gave pure compound.

Tert-butyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-alanyl)-2-(2,2,2-

trifluoroethyl)hydrazine-1-carboxylate [4-10a]

4-10a

Following the general procedures (VI-2). Fmoc-Ala-OH (342 mg, 1.1 mmol) was
treated with SOCI (14.3 mmol) to give Fmoc-Ala-Cl 4-9a. Then the residue was mixed
with 4-5a (214 mg, 1 mmol) in 10 mL DCM to afford compound 4-10a (458 mg, 90%).
'"H NMR (300 MHz, CDCI3)  (ppm) 7.66 (d, J=7.44 Hz, 2H, Harom), 7.55 (s, 1H, Hy),
7.49 (m, 2H, Harom), 7.30 (t, J = 7.4 Hz, 2H, Harom)-7.21 (t, J = 7.4 Hz, 2H, Harom), 5.54
(s, 1H, H7), 4.78 (brs, 2H, H35), 4.26 (d, /= 7.08 Hz, 2H, H17),4.10 (t,J=6.77 Hz, 1H,
Hz1), 3.65 (brs, 1H, H3), 1.39 (s, 9H, Humetny1), 1.26 (d, J = 6.96 Hz, 3H, Hs); 13C NMR
(75 MHz, CDCl3) 6 (ppm) 175.9 (Cs), 155.8 (C11), 153.6 (Co), 143.8 and 143.7 (Cx2,
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Cas), 141.3 (Ca3, Cas), 127.7 (Carom), 127.1 (Carom), 125.1 (Carom), 124.0 (q, J = 281.7
Hz, C10), 119.9 (Carom), 83.1 (Ci6), 67.2 (C17), 47.1 (Cs), 47.0 (q, J = 29.5 Hz, C3), 46.4
(Ca1),29.7 and 28.1 (Cumetnyt), 19.2 and 17.8 (Cs); 1F NMR (188 MHz, CDCls)  (ppm)
-69.61 and -70.02 (brs, CF3) mixture of rotamers; HRMS m/z C2sH2sF3N30s [M+NH4]"
cal. 525.2325, found. 525.2334.

Tert-butyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-alanyl)-2-
(2,2-difluoroethyl)hydrazine-1-carboxylate [4-10b]

7 ° 1
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4-10b

Following the general procedures (VI-2): Fmoc-Ala-OH (342 mg, 1.1 mmol) was firstly
treated with SOCI (14.3 mmol) to give Fmoc-Ala-Cl 4-9a. Then the residue was mixed
with 4-6a (196 mg, 1 mmol) in 10 mL DCM to afford compound 4-10b (356 mg, 73%).
'"H NMR (300 MHz, CDCls3) & (ppm) 7.67 (d, J = 7.47 Hz, 2H, Harom), 7.50 (m, 2H,
Harom), 7.31 (t, J = 7.4 Hz, 2H, Harom)-7.22 (t, J = 7.4 Hz, 2H, Harom), 7.24 (brs, 1H, Hy),
5.87 (tt, J; = 55.85 Hz, J> = 4.29 Hz, 1H, Hio), 5.46 (s, 1H, H7), 4.74 (m, 1H, Hs), 4.28
(d, J=17.54 Hz, 2H, H17), 4.18 (brs, 1H, H3), 4.11 (t, J = 6.98 Hz, 2H, H21), 3.45 (brs,
1H, H3), 1.41 (s, 9H, Hmeiny1), 1.26 (d, J=7.16 Hz, 3H, Hs); 13C NMR (75 MHz, CDCl3)
d (ppm) 176.0 (C4), 155.7 (C11), 153.9 (Co), 143.8 and 143.7 (Cz2, C2s), 141.3 (Ca3, Ca24),
127.7 (Carom), 127.1 (Carom), 125.1 (Carom), 119.9 (Carom), 113.6 (t, J = 242.1 Hz, Cyo),
83.0 (Ci6), 67.1 (Ci17), 50.2 (t, J=24.9 Hz, C3),47.1 (Cs), 46.5 (Cz1), 28.1 (Cinethy1), 18.0
(Cg); YFNMR (188 MHz, CDCls) & (ppm) -119.47 (dd, J; = 280.66 Hz, J> = 60.14 Hz,
1F), -122.23 (dd, J; = 268.74 Hz, 1F); HRMS m/z CisH29F2N30s [M+Na]" cal.
512.1972, found. 512.1969.
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Tert-butyl 2-(((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-(2,2,2-

trifluoroethyl)hydrazine-1-carboxylate [4-10c]

37 38 4-10c

Following the general procedures (VI-2): Fmoc-Phe-Cl was firstly prepared with SOCl,
(42.9 mmol) and Fmoc-Phe-OH (1.28 g, 3.3 mmol) to give 4-9b. Then the residue was
mixed with 4-5a (643 mg, 3 mmol) in 30 mL DCM to afford compound 4-10¢ (1.66 g,
95%). "TH NMR (300 MHz, CDCl3) & (ppm) 7.66 (d, J=7.79 Hz, 2H, Harom), 7.45 (brs,
2H, Harom, H1), 7.36-6.69 (m, 10H, NH, Harom), 5.49 (brs, 1H), 4.96 (brs, 1H), 4.70 (brs,
1H), 4.26 (brs, 2H), 4.08 (brs, 1H), 3.77-2.25 (m, 3H), 1.38 (s, 9H, Hmetny); 13C NMR
(75 MHz, CDCI3) & (ppm) 174.6 (Cs), 155.3 (C11), 153.5 (Co), 143.8 (C22,C2s), 141.3
(Ca3, C24), 135.8 (C34), 129.4 (Carom), 128.7 (Carom), 127.7 (Carom), 127.1 (Carom), 125.1
(Carom), 123.9 (q, J = 280.8 Hz, Cio), 83.3 (Ci), 67.1 (C17), 52.1 (Cs), 48.1 (Cs), 47.1
(C21), 37.3 (Cs), 28.1 (Cmetny); 19F NMR (188 MHz, CDCI13) & (ppm) -69.53 (s, CF3);
HRMS m/z C31H32F3N305 [M+Na]" cal. 606.2192, found. 606.2204.

Tert-butyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-
(2,2-difluoroethyl)hydrazine-1-carboxylate [4-10d]
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37 38 4-10d

Following the general procedures (VI-2): Fmoc-Phe-Cl was firstly prepared with SOCl,
(42.9 mmol) and Fmoc-Phe-OH (1.28 g, 3.3 mmol). Then the residue was mixed with
4-6a (589 mg, 3 mmol) in 30 mL DCM to afford compound 4-10d (1.42 g, 84%). 'H
NMR (300 MHz, CDCI3) 6 (ppm) 7.79 (d, J = 7.88 Hz, 2H, Harom), 7.57 (brs, 3H, Hi,
Harom), 7.50-6.89 (m, 9H, Harom), 5.93 (brt, J = 55.20 Hz, 1H, Hio), 5.64 (s, 1H, H»),
5.09(brs, 1H, Hs), 4.80-4.04 (m, 4H, Hi7, H21, H3), 3.70 (brs, 1H, H3), 3.09 (brs, 2H,
Hg), 1.52 (s, 9H, Hmethy1); 13C NMR (75 MHz, CDCI3) 6 (ppm) 174.7 (Cs), 155.7 (C11),
153.6 (Co), 143.8 (C22, C25), 141.3 (C23, C24), 136.0 (C34), 129.4 (Carom), 128.6 (Carom),
127.7 (Carom), 127.1 (Carom), 125.1 and 125.0 (Carom), 119.9 (Carom), 113.5 (t, J =242.7
Hz, Cio), 83.1 (Cie), 67.1 (Ci7), 51.8 (Cs), 50.2 (t, J = 32.8 Hz, C3), 47.1 (Cza1), 37.8
(Cs), 28.1 (Ciethy); 19F NMR (188 MHz, CDCI3) 6 (ppm) -119.21 (m, 1F), -121.93
(m, 1F); HRMS m/z C31H33F2N30s [M+Na]" cal. 588.2286, found. 588.2309.

Deprotection of Boc group (General procedure)

A solution of 4-10 in DCM was cooled down to 0 °C, followed by slow addition of
HCl/dioxane (4N, 10 equiv.). Then, the mixture was stirred at room temperature
overnight. Subsequently, the solvent was removed and the compound 4-11 was afforded

after purification on silica gel.

(9H-fluoren-9-yl)methyl (R)-(1-0x0-1-(1-(2,2,2-trifluoroethyl)hydrazineyl)

propan-2-yl)carbamate [4-11a]
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4-11a

4-11a was prepared following the general procedure (VI-3) with 4-10a (400 mg, 0.79
mmol) and HCl/dioxane (2 mL) in 8 mL DCM. 4-11a was obtained in 84% (271 mg).
'"H NMR (300 MHz, CDCl3) & (ppm) 7.65 (d, J = 8.04 Hz, 2H, Harom), 7.48 (d, J =
5.27 Hz, 2H, Harom), 7.29 (t, J = 7.35 Hz, 1H, Harom), 7.20 (t, J=7.38 Hz, 1H, Harom),
5.57(d,J=17.93 Hz, 1H, Hy), 5.16 (q, J = 7.4 Hz, 1H, Hs), 4.47-4.29 (m, 1H, H3), 4.26
(d,J=7.44 Hz, 2H, Hi7), 4.11 (t,J=7.06 Hz, 1H, H»1), 4.01 (s, 2H, Hi), 3.91-3.58 (m,
1H, H3), 1.28 (d, J = 6.98 Hz, 3H, Hg); 13C NMR (75 MHz, CDCI3) § (ppm) 176.1
(C4), 155.8 (Cv), 143.9 and 143.8 (C22, C22, Cas), 141.3 (Ca3, C24), 127.7 (Carom), 127.1
(Carom), 125.1 (Carom), 124.3 (q, J =280.9 Hz, Ci0), 119.9 (Carom), 66.9 (C17), 50.7 (q, J
=32.8 Hz, C3), 47.2 (Cs), 47.1 (Cz1), 18.7 (Ciethy1); 19F NMR (188 MHz, CDCI3) 6
(ppm) -69.41 (t, J = 8.87 Hz, CF3); HRMS m/z C20H20F3N303; [M+H]" cal. 408.1535,
found. 408.1541.

(9H-fluoren-9-yl)methyl (R)-(1-(1-(2,2-difluoroethyl)hydrazineyl)-1-oxopropan
-2-yl)carbamate [4-11b]

4-11b was prepared following the general procedure (VI-3) with 4-10b (593 mg, 1.21
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mmol) and HCl/dioxane (3 mL) in 12 mL DCM. 4-11b was obtained in 85% (400 mg).
'"H NMR (300 MHz, CDCls) & (ppm) 7.66 (d, J = 7.93 Hz, 2H, Harom), 7.51 (d, J =
7.26 Hz, 2H, Harom), 7.30 (t, J = 7.35 Hz, 1H, Harom), -7.2 (t, J =7.38 Hz, 1H, Harom),
5.86 (tt, J; = 55.85 Hz, J> = 4.52 Hz, 1H, Hi0), 5.54 (d, J=7.72 Hz, 1H, H7), 5.16 (q, J
=7.15 Hz, 1H, Hs), 4.27 (d, J=7.16 Hz, 2H, Hi7), 4.12 (t, J = 6.89 Hz, 1H, Hz1), 3.98
(s, 2H, H1), 3.93-3.83 (m, 1H, H3), 3.77-3.62 (m, 1H, H3), 1.29 (d, /= 6.78 Hz, 3H, Hs);
13C NMR (75 MHz, CDCl3)  (ppm) 176.0 (C4), 155.7 (Co), 144.0 and 143.9 (C22, C»s),
141.3 (Ca3, Ca4), 127.7 (Carom), 127.1 (Carom), 125.1 (Carom), 119.9 (Carom), 114.0 (t, J =
242.9 Hz, C19), 66.9 (Ci7), 52.7 (t,J=24.9 Hz, C3), 47.2 (Cs), 47.1 (C21), 18.8 (Cs); °F
NMR (188 MHz, CDCl3) & (ppm) -120.45 to -121.06 (m, 2F); HRMS m/z
C20H21F2N303 [M+Na]" cal. 412.1449, found. 412.1445.

(9H-fluoren-9-yl)methyl (R)-(1-0x0-3-phenyl-1-(1-(2,2,2-trifluoroethyl)
hydrazineyl)propan-2-yl)carbamate [4-11c]

10

4-11c

4-11¢ was prepared following the general procedure (VI-3) with 4-10c (1.5 g, 2.57
mmol) and HCl/dioxane (6.4 mL) in 30 mL DCM. 4-11b was obtained in 91% (1.136
g). 'H NMR (300 MHz, CDCI3) & (ppm) 7.79 (d, J = 8.23 Hz, 2H, Harom), 7.59 (dd, J
=7.33 Hz, 2H, Harom), 7.43 (t, J= 7.45 Hz, 2H, Harom), 7.38-7.18 (m, 7H, Harom), 5.71-
5.46 (m, 2H, Hs, Hy), 4.49-4.27 (m, 3H, Hs, Hi7), 4.21 (t, J= 7.11 Hz, 1H, H21), 3.86
(m, 1H, H3), 3.72 (s, 2H, H)), 3.08 (d, /= 6.39 Hz, 2H, Hs); 1*C NMR (75 MHz, CDCl3)
0 (ppm) 174.8 (Co), 155.8 (C4), 143.9 (Caz2, Cas), 141.3 (Ca3, Ca4), 136.1 (C34), 129.5
(Carom), 128.8 (Carom), 128.4 (Carom), 127.7 (Carom), 127.1 (Carom), 125.1 (Carom), 124.2

(q, J = 280.9 Hz, C10), 119.9 (Carom), 67.0 (C17), 51.5 (Cs), 50.7 (q, J = 32.9 Hz, C3),
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47.2 (Ca1), 39.7 (Cs); ’F NMR (188 MHz, CDCl3) 6 (ppm) -69.13 (t, J = 8.57 Hz,
CF3); HRMS m/z C26H24F3N303 [M+Na]" cal. 506.1667, found. 506.1670.

(9H-fluoren-9-yl)methyl (R)-(1-(1-(2,2-difluoroethyl)hydrazineyl)-1-oxo-3-
phenylpropan-2-yl)carbamate [4-11d]
10

4-11d

4-11d was prepared following the general procedure (VI-3) with 4-10d (1.36 g, 2.40
mmol) and HCl/dioxane (6.0 mL) in 25 mL DCM. 4-11d was obtained in 87% (970
mg). 'H NMR (300 MHz, CDCl3) & (ppm) 7.79 (d, J = 8.44 Hz, 2H, Harom), 7.66-7.53
(m, 2H, Harom), 7.43 (t, J = 7.39 Hz, 2H, Harom.), 7.38-7.16 (m, 7H, Harom), 5.86 (t, J =
59.58 Hz, 1H, Huo), 5.64 (brs, 2H, H7, Hs), 4.49-4.27 (m, 2H, H17), 4.22 (t,J=7.05 Hz,
1H, Haz1), 3.96 (m, 1H, H3), 3.72 (s, 2H, H)), 3.68-3.55 (m, 1H, H3), 3.08 (brs, 2H, Hs);
I3C NMR (75 MHz, CDCl3) & (ppm) 174.5 (C4), 155.7 (Cy), 143.9 and 143.8 (C22, C>s),
141.3 (Cas, Caa), 136.3 (Cs4), 129.4 (Carom), 129.3 (Carom), 128.7 (Carom), 128.3 (Carom),
127.7 (Carom), 127.3 (Carom), 127.1 (Carom), 125.1 (Carom), 119.9 (Carom), 113.9 (t, J =
243.9 Hz, C10), 66.9 (Ci7), 52.6 (t,J=27.2 Hz, C3), 51.6 (Cs), 47.2 (C17), 39.6 (Cs), °F

NMR (188 MHz, CDCL) & (ppm) -120.01 to 120.79 (m, 2F); HRMS m/

C26H25F2N303 [M+Na]" cal. 488.1762, found. 488.1764.

3. Synthesis of fluorinated azapeptoids (General procedure)

A mixture of 4-11 (1 equiv.) and DIPEA (1.2 equiv.) in DCM was slowly added into the
stirred solution of triphosgene over a period of 10 min at 0°C. After that, this mixture

was stirred at rt for 40 minutes, followed by the addition of the mixture of L-Leucine

134



methyl ester or L-Phenylalanine methyl ester hydrochloride salt (1 equiv.) and DIPEA
(2.2 equiv.) in DCM. After 16h, the crude product was washed by H>O one time. The
organic phase was dried over NaSQOy and filtered. After evaporation of the solvent, the

crude was purified on silica gel to afford the desired compound.

Methyl (2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-(2,2,2-
trifluoroethyl)hydrazine-1-carbonyl)-D-leucinate [4-12a]

10 53

35 37

4-12a

Following the general procedure: 4-11¢ (242 mg, 0.5 mmol) and DIEPA (1.2 mmol) in
1.6 mL of DCM, triphosgene (59 mg, 0.2 mmol in 1.2 mL of DCM), L-Leucine methyl
ester hydrochloride (91 mg, 0.5 mmol) and DIPEA (1.1 mmol) in 2 mL DCM.
Compound 4-12a was obtained in 53% (172 mg). Mixture of rotamers. "H NMR (300
MHz, CDCL) 6 (ppm) 8.46 (brs, 1H), 7.62 (d, J = 7.05 Hz, 2H, Harom), 7.49-6.77 (m,
12H, Harom, H1), 6.68-5.87 (brs, 1H, Ha41), 5.69 (s, 1H, H7), 4.99 (m, 1H, Hs), 4.46 (brs,
1H, Hi1), 4.15 (brs, 2H, Hi7), 4.09-3.85 (m, 2H, Hs, H»1), 3.47 (brs, 4H, Hs, Hs4), 2.94
(m, 2H, Hs), 1.71-1.31 (m, 3H, Has, Hae), 0.82 (d, J=4.71 Hz, 6H, Hss, Hse); 3C NMR
(75 MHz, CDCl) & (ppm) 175.3 (Cs), 173.7 (Cas), 156.9 (Cao), 156.2 (Co), 143.7 and
143.6 (Ca2, Cas), 141.2 (Ca3, C24), 136.2 and 135.1 (C34), 129.4 (Carom), 128.8 (Carom),
127.7 (Carom), 127.5 (Carom), 127.1 (Carom), 125.1 (Carom), 123.9 (q, J = 280.5 Hz, Cyo),
119.9 (Carom), 67.5 (C17), 52.2 (Cs, Ca3, Cs4), 48.3 (q, J=33.4 Hz, C3), 46.9 (C21), 41.4
and 40.1 (Cas), 37.5 (Cs), 24.9 (Cse), 22.9 and 21.3 (Css, Cse); ’F NMR (188 MHz,
CDCI3) & (ppm) -69.19 and -69.48 (s, CF3); HRMS m/z C34H37F3N4O [M+Na]" cal.
677.2563, found. 677.2566.
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Methyl (2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-(2,2-

difluoroethyl)hydrazine-1-carbonyl)-D-leucinate [4-12b]

H
N5 2.6 O 45846 -2
7 O 42
39
35 37
36

4-12b

Following the general procedure: 4-11d (233 mg, 0.5 mmol) and DIPEA (0.6 mmol) in
1.6 mL of DCM, triphosgene (59 mg, 0.2 mmol in 1.2 mL of DCM), L-Leucine methyl
ester hydrochloride salt (91 mg, 0.5 mmol) and DIPEA (1.1 mmol) in 2 mL of DCM.
The title compound was obtained (237 mg, 73%). "H NMR (300 MHz, CDCl3) § (ppm)
7.77 (d, J = 8.10 Hz, 2H, Harom), 7.58-7.17 (m, 13H, Harom, H1), 6.26 (s, 1H, Ha1), 5.92
(t,J=51.87 Hz, 1H, Hio), 5.74 (s, 1H, H7), 5.12 (brs, 1H, Hs), 4.64-4.0 (m, 5H, H3, Hy7,
Ha1), 3.63 (s, 3H, Hs4), 3.04 (m, 2H, Hsg), 1.89-1.39 (m, 3H, Has, Ha), 0.94 (d, J=5.58
Hz, 6H, Hss, Hse); '3C NMR (75 MHz, CDCI3) & (ppm) 175.4 (C4), 173.7 (Cas), 157.0
(Ca0), 156.5 (Cy), 143.7 (Cx2, C25), 141.2 (Ca3, C24), 135.5 (C34), 129.3 (Carom), 128.7
(Carom), 127.8 (Carom), 127.1 (Carom), 125.1 and 125.0 (Carom), 119.9 (Carom), 113.3 (t, J
= 244.5 Hz, Cyo), 67.5 (C17), 52.2 (Cs, Ca3), 51.6 (Cs4), 50.7 (t, J = 27.6 Hz, C3), 46.9
(Ca1), 40.1 (Cas), 37.5 (Cs), 24.9 (Cae), 22.9 (Css), 21.4 (Css); ’F NMR (188 MHz,
CDCl3) 6 (ppm) -120.08 (dd, J=50.89 Hz, 1F), -122.32 (dd, J=54.07 Hz, 1F); HRMS
m/z C34H33F2N4O6 [M+Na]" cal. 659.2657, found. 659.2659.

Methyl (2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-(2,2,2-

trifluoroethyl)hydrazine-1-carbonyl)-D-phenylalaninate [4-12c]
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35

4-12c

Following the general procedure: 4-11¢ (100 mg, 0.21 mmol) and DIPEA (0.25 mmol)
in 0.8 mL of DCM, triphosgene (25 mg, 0.08 mmol in 0.6 mL of DCM), L-
Phenylalanine methyl ester hydrochloride salt (45 mg, 0.21 mmol) and DIPEA (0.46
mmol) in 1 mL of DCM. The compound was obtained (65 mg, 46%). Mixture of
rotamers. 'H NMR (300 MHz, Acetone-ds) & (ppm) 8.58 and 8.10 (s, 1H, H;), 7.84 (d,
J="17.47 Hz, 2H, Harom), 7.61 (brs, 2H, Harom, H7), 7.39 (t, J = 7.43 Hz, 2H, Harom), 7.34-
7.15 (m, 13H, Harom), 6.67 (brs, 1H, Ha1), 5.20-4.0 (m, SH, H3, Hs, Ha3, Hi7, H21), 3.62
(s, 3H, Hs4), 3.58 (brs, 1H, H3), 3.21 (dd, J = 13.9, 5.1 Hz, 1H, Has), 3.06 (dd, J = 13.6,
7.6 Hz, 1H, Has), 2.78 (s, 2H, Hs); *C NMR (75 MHz, CDCl3) & (ppm) 176.1 (C4),
172.8 (Cas), 156.8 (Cao0), 156.3 (Co), 144.9 (Cx2, C2s), 142.1 (Ca3, Ca4), 138.8 (Cs4),
137.7 (Cas), 130.3 (Carom), 129.2 (Carom), 129.1 (Carom), 128.5 (Carom), 127.9 (Carom),
127.6 (Carom), 127.3 (Carom), 126.2 (Carom), 126.1 (Carom), 125.5 (q, J = 279.7 Hz, Cyo),
120.8 (Carom), 67.3 (C17), 55.3 (Cs), 53.4 (Cn1), 52.5 (Csa), 48.4 (q, J = 31.6 Hz, C3),
47.9 (Ca1), 38.9 (Cs), 38.2 (Css); 'F NMR (188 MHz, CDCl3) & (ppm) -70.34, -70.46
and -70.63 (brs, CF3), mixture of rotamers; HRMS m/z C37H3sF3N4Os [M+Na]" cal.
711.2406, found. 711.2406.

Methyl (2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-(2,2-

difluoroethyl)hydrazine-1-carbonyl)-D-phenylalaninate [4-12d]
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4-12d

Following the general procedure: 4-11d (233 mg, 0.5 mmol) and DIPEA (0.6 mmol),
triphosgene (59 mg, 0.2 mmol in 1.2 mL of DCM), L-Phenylalanine methyl ester
hydrochloride salt (108 mg, 0.5 mmol) and DIPEA (1.1 mmol) in 2 mL of DCM. The
title compound was obtained (164 mg, 49%). 'H NMR (200 MHz, CDCl3) & (ppm)
7.73 (d, J = 7.18 Hz, 2H, Harom), 7.55 (d, J = 7.18 Hz, 2H, Harom), 7.48-7.04 (m, 15H,
Harom, H7), 6.99-5.81 (brs, 1H, Ha41), 5.75-5.26 (m, 2H), 5.22-4.87 (m, 1H, Hs), 4.88-
4.47 (brs, 1H), 4.41-3.84 (m, 4H), 3.67 (s, 3H, Hss), 3.31-2.85 (m, 4H, Hs, Has); °F
NMR (188 MHz, CDCls) 6 (ppm) -119.77 (dd, J; = 281.81 Hz, J> = 60.49 Hz, 1F), -
122.35 (dd, J; = 290.74 Hz, J> = 64.61 Hz, 1F); HRMS m/z C37H36F2N4Os [M+Na]"
cal. 693.2495, found. 693.2503.

4. Synthesis of fluorinated aza peptides 4-8 and 4-13a-d

Preparation of 4-8: To a solution of triphosgene (44 mg, 0.15 mmol) in 0.8 mL of
DCM was added a mixture of DIPEA (0.45 mmol) and 4-7¢ (150 mg, 0.37 mmol) in x
mL of DCM. After 40 minutes, the mixture of DIPEA (0.81 mmol) and L-Leucine
methyl ester hydrochloride salt (67 mg, 0.37 mmol) were added in one portion to afford
4-8 (131 mg, 61%).

Methyl (2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-alanyl)-1-(2,2,2-trifluoroet-

hyl)hydrazine-1-carbonyl)-L-leucinate [4-8]
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'H NMR (300 MHz, CDCls) 5 (ppm) 7.69 (d, J = 8.15 Hz, 2H, Hasom), 7.49 (d, J =
6.87 Hz, 2H, Harom), 7.37-7.16 (m, 4H, Harom), 5.1 (d, J = 9.99 Hz, 1H, Hy), 4.99 (d, J
—9.09 Hz, 1H, Ho), 4.85-4.68 (brs, 1H, Ha), 4.47-4.29 (m, 3H, Hu1, Has), 4.27-4.09 (m,
3H, Har, Hag), 3.60 (s, 3H, Ho), 1.73-1.31 (m, 6H, iz, Hua, Hao), 0.86 (d, J = 3.00 Hz,
3H, His), 0.84 (d, J = 2.76 Hz, 3H, His); *C NMR (75 MHz, CDCl3) & (ppm) 174.8
(C13), 156.9 and 156.8 (C3), 155.3 (Cs), 153.1 (Cy), 143.6 (C27, C30), 141.3 (Cas, Cao),
127.8 (Carom), 127.1 (Carom), 124.9 (Carom), 122.6 (q, J = 279.9 Hz, C22), 120.0 (Carom),
67.3 (Caa), 52.1 (Ca, C11), 51.6 (C19), 47.1 (Cag), 46.8 (q, J = 36.6 Hz, Ca1), 42.2 (C12),
24.8 (C14), 22.8 (C15), 22.0 (C16), 18.3 (Ca0); °F NMR (188 MHz, CDCls) 5 (ppm) -
71.03 (td, J = 16.69 Hz, CF3).

General procedure for the preparation of compounds 4-13a-d

To a solution of 4-7a/7b (1.0 equiv) in dichloromethane was added Fmoc-amino acid
chloride (1.1 equiv). The reaction mixture was stirred for 16h at room temperature
under inert atmosphere, and then the solvent was evaporated under reduced pressure.

Purification by flash chromatography gave pure compound.

Tert-butyl ((R)-1-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-alanyl)-2-(2,2,2-

trifluoroethyl)hydrazineyl)-1-oxopropan-2-yl)carbamate [4-13a]
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Following the general procedure: 4-7a (285 mg, 1 mmol) and 4-9a (362 mg, 1.1 mmol)
were employed in 10 mL DCM to afford 4-13a. (303 mg white solid, 52%). Mixture of
rotamers. '"H NMR (400 MHz, DMSO-ds) & (ppm) 11.00 and 10.83 (s, 1H, H;), 7.88
(d, J=7.52 Hz, 2H, Harom), 7.72 (t, J = 6.8 Hz, 2H, Harom), 7.65 (s, 1H, H7), 7.43 (t, ] =
7.3 Hz, 2H, Harom), 7.3 (t, J = 7.3 Hz, 2H, Harom), 7.15 (d, J = 6.05 Hz, 1H, Hi2), 4.78
(brs, 1H, H3), 4.62 (brs, 1H, Hio), 4.41 (t, J = -4.14 (m, 3H, His, H20), 4.02 (q, J = 7.0
Hz, 1H, Hs), 3.72 (brs, 1H, H3), 1.37 (s, 9H, H3s, H37, H3g), 1.21 and 1.09 (brs, 6H, Hi4,
His); 3C NMR (100 MHz, DMSO-ds) & (ppm) 175.7 (Cs), 172.6 (C4), 155.2 (Cs, C13),
143.8 and 143.7 (Cz1, C24), 140.7 (C22, C23), 127.6 (Carom), 127.0 (Carom), 125.5 (Carom),
124.2 (q, J=280.5 Hz, Ci¢), 120.0 (Carom), 78.1 (C3s), 65.7 (Ci1s), 48.3 (C10), 47.0 (Cs),
46.6 (Ca), 46.4 (C3), 28.1 (C36, C37, C33), 17.6 (C14), 16.6 (Ci5); ’F NMR (376 MHz,
DMSO-ds) & (ppm) -68.61 and -69.12 (s, CF3); HRMS m/z C2sH33F3N4O¢ [M+Na]"
cal. 601.2250, found. 601.2259.

Tert-butyl ((R)-1-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-alanyl)-2-(2,2-

difluoroethyl)hydrazineyl)-1-oxopropan-2-yl)carbamate [4-13b]
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Following the general procedure: 4-7b (267 mg, 1 mmol) and 4-9a (362 mg, 1.1 mmol)
were employed in 10 mL DCM to afford 4-13b. (427 mg white solid, 76%). "H NMR
(400 MHz, CDCI3) 6 (ppm) 9.48 (s, 1H, Hi), 7.74 (d, J = 7.49 Hz, 2H, Harom), 7.55 (m,
2H, Harom), 7.38 (t, J = 7.4 Hz, 2H, Harom), 7.29 (t, J = 7.25 Hz, 2H, Harom), 5.92 (t, J =
55.57 Hz, 1H, Hie), 5.64 (d, J = 7.82 Hz, 1H, Hi»), 5.16 (brs, 1H, Hio), 4.7 (brs, 1H,
Hs), 4.40-4.10 (m, 4H, Hig, H2o, H3), 3.73 (brs, 1H, H3), 1.42 (s, 9H, H3e, H37, H3g),
1.39 (d, J = 7.19 Hz, 3H, Hi4), 1.30 (d, J = 6.24 Hz, 3H, His); '3C NMR (100 MHz,
CDCI) o (ppm) 175.4 (Co), 172.4 (C4), 156.0 (Csg), 155.9 (C13), 143.9 and 143.8 (Cz1,
Cu), 141.4 (C22, C23), 127.9 (Carom), 127.2 (Carom), 125.2 (Carom), 120.1 (Carom), 113.7
(t, J=242.5 Hz, Cis), 80.9 (Cs4), 67.3 (C13), 49.9 (t, J = 27.1 Hz, C3), 49.1 (C1o), 47.1
(Cs), 46.4 (Ca0), 29.8 and 28.3 (Cse, C37, C3s), 18.2 (C14), 17.2 (Ci5); ’F NMR (376
MHz, CDCl3) § (ppm) -120.47 to -121.40 (m, 2F); HRMS m/z C2sH34F2N4Og [M+Na]"
cal. 583.2344, found. 583.2339.

Tert-butyl((R)-1-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-

(2,2,2-trifluoroethyl)hydrazineyl)-1-oxopropan-2-yl)carbamate [4-13c]
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4-13c

Following the general procedure: 4-7a (285 mg, 1 mmol) and 4-9b (445 mg, 1.1 mmol)
were employed in 10 mL DCM to afford 4-13¢. (574 mg, 88%). "H NMR (400 MHz,
CDCl) 6 (ppm) 7.75 (d, J = 7.52 Hz, 2H, Harom), 7.51 (brs, 2H, Harom), 7.38 (t, J = 7.5
Hz, 2H, Harom), 7.35-7.16 (m, 8H, Harom, H7), 5.62 (d, J = 8.49 Hz, 1H, Hi2), 5.03 (brs,
1H, Hio), 4.95 (brs, 1H, Hs), 4.45-4.04 (m, SH, Hoo, H3, Hig), 3.15-2.90 (m, Hi4), 1.52-
1.33 (m, 12H, His, Hze, H37, H3g); 3C NMR (100 MHz, CDCls) & (ppm) 174.0 (Co),
171.8 (C4), 155.9 (Cs), 143.8 and 143.7 (Ca1, Co4, C13), 141.4 (C2z, C23), 135.8 (C3o),
129.5 (Carom), 128.7 (Carom), 127.8 (Carom), 127.3 (Carom), 127.2 (Carom), 125.2 (Carom),
125.1 (Carom), 123.9 (q, J = 280.1 Hz, Ci¢), 120.1 (Carom), 81.0 (C34), 67.4 (Cis), 51.4
(C1o0), 48.8 (Cs), 47.5 (q, J = 33.5 Hz, C3), 47.1 (C20), , 28.3 (C36, C37, C3g), 16.9 (Ci5);
F NMR (376 MHz, CDCl3) 8 (ppm) -69.75 (s, CF3); HRMS m/z C34H37F3N406
[M+Na]" cal. 677.2563, found. 677.2557.

Tert-butyl ((R)-1-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)-D-phenylalanyl)-2-

(2,2-difluoroethyl)hydrazineyl)-1-oxopropan-2-yl)carbamate [4-13d]
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Following the general procedure: 4-7b (267 mg, 1 mmol) and 4-9b (445 mg, 1.1 mmol)
was employed in 10 mL DCM to afford 4-13d. (569 mg, 89%). '"H NMR (400 MHz,
DMSO-dy) 6 (ppm) 10.86 (s, 1H, Hy), 7.87 (d, J=7.53 Hz, 2H, Harom), 7.65 (t, J = 8.5
Hz, 2H, Harom), 7.40 (td, J = 7.2, 2.45 Hz, 2H, Harom), 7.35-7.11 (m, 11H, Harom, H7,
Hi2), 6.14 (t, J=55.44 Hz, 1H, His), 4.63 (brs, 1H, Hio), 4.45-3.80 (m, SH, H3, Hs, His,
Hao), 3.55 (brs, 1H, Hs), 3.18-2.65 (m, 2H, Hi4), 1.37 (s, 9H, H3s, H37, H3g), 1.25 (d, J
=7.81 Hz, 3H, His); 13C NMR (100 MHz, DMSO-ds) 8 (ppm) 174.2 (Co), 172.8 (C4),
155.3 (Cs, C13), 143.7 (Ca1, Ca4), 140.6 (C22, C23), 137.6 (C39), 129.3 (Carom), 128.1
(Carom), 127.9 (Carom), 127.6 (Carom), 127.0 (Carom), 126.2 (Carom), 125.3 and 125.2
(Carom), 120.0 (Carom), 114.0 (t, J = 240.7 Hz, Ci), 78.3 (C34), 65.7 (Cig), 52.1 (Cho),
49.0 (t, J = 26.4 Hz, C3), 48.5 (Cs), 46.5 (Ca0), 36.6 (C14), 28.1 (Cs36, C37, C33), 17.1
(C15); F NMR (376 MHz, DMSO-ds) & (ppm) -119.39 to -123.12 (m, 2F); HRMS
m/z C34H33F2N4Og [M+Na]" cal. 659.2657, found. 659.2653.
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General conclusion

During my PhD, we achieved significant results in developing an efficient methodology
to synthesize N-trifluoromethylted hydrazines through the radical reaction from
azodicarboxylates. The study of their reactivity allowed access to new peptidomimetics
and fluorinated compounds. Then direct access to a series of fluorinated sulfonyl
hydrazides has been performed in a mild and effective condition in good to excellent
yields. The trifluoromethyl sulfonyl hydrazide showed its excellent reactivity as the
SCF; source with a copper catalyst in the thiolation reaction on indoles. Additionally,
we also synthesized N-di and trifluoromethylated hydrazines and coupled them with

amino acids to access new fluorinated azapeptides/azapeptoids.

1. Synthesis of N-CF3 hydrazines through radical trifluoromethylation of
azodicarboxylates

In the first chapter, a new approach to accessing N-CF3 hydrazines was developed. By
carrying out the radical reaction of the CF3 group on azodicarboxylate compounds,
families of molecules could be synthesized very efficiently. Studies of the deprotection
and reactivity of these building blocks have also been carried out. Thus, new N-CF3;
hydrazino peptidomimetics have been prepared in reasonable yields. Also, heterocyclic
compounds, substituted N-CF3 hydrazine, aziridine and the protected N-CF3 amine have
been synthesized in excellent yields in few steps. Some products were determined by
X-Ray crystallographic analysis.

This methodological study gave rise to a publication: Tingting Cao, Pascal Retailleau,

Thierry Milcent, Benoit Crousse, Chem. Commun. 2021, 57, 10351-10354.
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2. Direct access to fluorinated sulfonylhydrazides and study of their reactivity in

trifluoromethylthiolation of indoles
A wide range of families of new fluorinated sulfonyl hydrazides were prepared from
accessible and inexpensive sulfinates and azodicarboxylates in excellent yields.
Meanwhile, we showed that the trifluoromethylsulfonyl hydrazide (Tf(Boc)N-NHBoc)

is an efficient source of SCF3 in the trifluoromethylthiolation of indoles and is an

This work has led to a publication: Tingting Cao, Benoit Crousse, Helv. Chim. Acta.
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Scheme 2. Direct access to fluorinated sulfonylhydrazides and application in

trifluoromethylthiolation of indoles




In later research, we disclosed some simple reaction conditions to access a series of N-
fluorinated azapeptoids and azapeptides. After reduction of hydrazones, hydrazines,
obtained in good yields, are coupled with amino acids to generate corresponding aza-
derivatives. Finally, some products were determined by X-Ray crystallographic

analysis.

OH

Rf—

H OEt H Reduction H
NH,” PG’

_N.
pGg™ N\ ke — | P N RS

PG = Protecting group
(Boc, Cbz, Fmoc)

Pathway A
Coupling
@)

O
N N o HoN N
PG/ \N)J\r \Fmoc Deprotection 2 \N)J\r \Fmoc

Rf) Ri Rf) Ri

Pathway B
Deprotection O
H Rf _N §
Rf N\ ~ ~
STUNHHC —= Y NJ\( z —
H
R1
R 0 R 'y 9 N
Z H o] or Z\NJ\WN\ ~
\N \N N \R3 H )N FmOC
(0] (0] ORf R2

Scheme 3. Synthesis of aza-derivatives



R&umeée

Gr&e ades propriéé& physico-chimiques particulieres, le fluor prend de plus en plus
d’importance dans la chimie médicinale. Les hydrazines sont essentielles pour la synthése de
composeés fonctionnalisés N-hé&é&ocycliques et pour leurs nombreuses applications dans les
domaines des maté&iaux, de la pharmacie et de I'agrochimie. Dans ce ménoire, nous sommes
particulieeement focalisés sur la synthése d'hydrazines fluorées et en particulier des hydrazines
N-N-CF3, N-N-CH2CF3 et N-N-CH2CF2H.

Dans la premiere partie, une éude de préoaration d'hydrazines N-CF3z a éérélisé par voie
radicalaire, faisant intervenir le réctif de Langlois, le triflinate (CF3SO.Na) et des
azodicarboxylates. Les conditions ré&ctionnelles sont douces et efficaces. Cette réction a pu
&jalement &re effectué sur des diazénes comprenant des acides aminé& pour donner des
peptidomiméiques N-CFs-hydrazines. Les produits N-CF3 avec des groupes protecteurs tels
que Boc et Cbz ont géné&édes hydrazines RCO-N(CFz)-NH2 et H-N(CF3)-NHCOR. Ces
derniers ont conduit aprés plusieurs réactions de nouveaux composés d'int&&s. Egalement en
paralldle de cette éude, nous avons pu exploitéun produit secondaire, le trifluoromethyl
sulfonyl hydrazide (Boc-NH-N(Boc)SO2CF3) dans la réction de trifluoromethylthiolation
d'indoles.

Dans la seconde partie, de nouveaux peptidomiméiques comportant des groupements N-N-
CH2CF3 et N-N-CH,CF2H ont &éconaus et synthé&isés. Nous avons particuliéement synthé&ise
des azapeptides et des azapeptodes qui ont &&incorporé dans des peptides. Des éudes de
RMN ont é&éréalisés afin de voir I'impact des groupes fluoré dans la conformation des
peptidomimé&iques et peptides.
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hydrazines was carried out by the radical route,
involving Langlois' reagent, triflinate (CF3SO,Na) and
azodicarboxylates. The reaction conditions are mild
and efficient. This reaction could also be carried out
on diazenes comprising amino acids to give
peptidomimetics N-CF3-hydrazines.

N-CF3 products with protecting groups such as Boc
and Cbz generated RCO-N(CFs3)-NH; and H-N(CF3)-
NHCOR hydrazines. The latter has led, after several
reactions, to new compounds of interest. Also, in
parallel with this study, we exploited a secondary
product, trifluoromethyl sulfonyl hydrazide (Boc-
NH-N(Boc)SO,CFs3), in the trifluoromethylthiolation
reaction of indoles.

In the second part, new peptidomimetics
comprising N-N-CH,CF3 and N-N-CH,CF;H groups
were designed and synthesized. We have
synthesized azapeptides and azapeptoids, which
have been incorporated into peptides. NMR
studies have been carried out to see the impact of
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