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Importance of F atom in medicinal chemistry

* Improvement of metabolic stability

CF3
OH l\’l/\{ OH N \ FaC OH l\f/\é—5
N N
. a1

CL, = 110 mL/min/kg CLy, = 52 mL/min/kg CLp, = 20 mL/min/kg

Lin, S. L., etal., ACS Med. Chem. Lett. 2011, 2, 43-47
» Improvement of inhibitory activity

F F
F F
/N\ /N\
F N\/( F N
Et CF3
DPP4 ICsy = 37 nM DPP4 ICsy = 18 nM

Weber, A. E., et al., Bioorg. Med. Chem. Lett. 2007, 17, 3373— 3377
Meanwell, N. A., J. Med. Chem. 2018, 61, 5822-5880

Introducing F atom improves affinity, lipophilicity, metabolic stability, and
other properties of drug molecules.

@

Demand for synthetic methodology is growing.



Conventional N-trifluoromethylation

S EtzN_SCF3
_ NEt Et.,,.CF
EtZNJ\S S\n/ 2 >~ TN
S 70°C, 20 min. Et
70%
Kirsanov, A. V., et al., Synthesis 1973,12, 787-789
- j\ SF,, KF . o
*N” H - NN
R 150°C, 48 hr R
90%

Dmowski, W., & Kaminski, M., J. Fluor. Chem. 1983, 23, 207-218

CF,Br,, TMAE

R“NH - R\N,CF3
|'q sulfolane, rt |'q
37~50%

Pawelke, G., J. Fluor. Chem. 1991, 52, 229-234

« Lacking safe, general and high yielding methodology



Electrophilic N-trifluoromethylation

» Typical alkylation

R—I + Nu — | + Nu—R

» Perfluorolkylation
Ri—l + Nu —> Ry + Nu—l

-t

F—C—I
-/

o ot
F/ Umemoto, T. Chem. Rev. 1996, 96, 1757-1778

» Trimethylation(perfluoroalkylation) does not proceed like non-
fluorinated alkylation.



Electrophilic N-trifluoromethylation: Umemoto’s reagent

* S-CF; dibenzothiophene

@
? 00 0
CF3
—
CF3
O O
©)
PPhs — F,C—PPh,
n-C12H25—SNa —_— n-C12H25—S—CF3

NH2 NH2 NH2
O — _J X
F4C CF,4
 N-CF; bond formation was not reported

Umemoto, T. & Ishihara, S., J. Am. Chem. Soc. 1993, 115, 2156—-2164



Electrophilic N-trifluoromethylation: Umemoto’s reagent

« Thermally unstable CF;-oxionium salt

t-Bu

?
CF4
NH; H X
\/NV | P

N\CF3 (IZF3 | ~
\/N\/ ,Ci'l)/

|
GFs CF3

» Unstable above room temperature

N N

- g o
IL,CF;), e
o O

Umemoto, T., et al., J. Org. Chem. 2007, 72, 6905-6917



Electrophilic N-trifluoromethylation: Togni's reagent

P

\

O

Togni’s reagent
» Ritter-type trifluoromethylation

N F,C—1—0 N Me
RL/:/N = R[_\ N
or - or
X 10 mol % HNTF, @\/X.N
@N':N N=C-MelEt N
H 60 °C N7 “MelEt
X =CHorN &

Togni. A., et al., Angew. Chem., Int. Ed. 2011, 50, 1059-1063
« Synthesizing N-CF; azoles

1) silylation
x=N, ) sily x =N
| , N—H > | JN—CF3
X3/~ X3/~
R R
X =N, CR up to 87% yield

+ additives

Togni. A., et al., Angew. Chem., Int. Ed. 2012, 51, 6511-6515
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N-trifluoromethylation via prefunctionalization

So 930
-

prefunctionalization

N CF4
Qe O
O/NHz N oF, X—» O/ I

N Il
H

derivatization

etc...
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N-trifluoromethylation via prefunctionalization

* Functionalization of amine under mild conditions (Schohenebeck’s work)

tO
p o
S\
7 N
R-N - /\

o)
\ N
R (i) AgF, <4h (in MeCN) I\/ X

or ), r.t., <4h (in DCM) N-CF; bioisostere of mﬁ"ﬁ:\

One-pot procedure:

(i) (Me4N)SCF;
,H DCM or MeCN, r.t., 10 min

CF;

O 24 examples (up to 98% yield)

Schohenebeck, F., et al., Angew. Chem., Int. Ed. 2017, 56, 221-224

» Proposed mechanism

Se_F
CF
§ (Me,N)SCF- e AgF i

S
F7F
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Schohenebeck’s work: Substrate scope

H (i) DCtM1%r MeCN, CF, - (i) Drilt/u%rmﬁCN, ,CF3
R_N: 4 (Me4N)SCF3 L, min s R_N\, R_N‘ , + (Me4N)SCF3 _——— A R_N\ .
R' — (i) AgF, <4h (in MeCN) R' R 13equiv. (i) AgF, <4h (in MeCN) ) R. |
(bench-stable solid) or ))), r.t., <ah (in DCM)  (purified by filtration) (bench-stable solid) or ))), r.t., <4h (in DCM)  (purified by filtration)
S At U DU & ol
CF3 CF3 /\/\N

/7 :
@)
b,d
1.92% 2.92% 3.95% 4. 94% I 1 0

Br
20. 979 21. 889
O TR O ) e et
F,C=N N«O éFs N\)J\oEt N‘ etracaine analogue Sildenafil (Viagra™) analogue
C
o)

5.93% ~ 6.91% 7.93% 8.91%
N I VoI N R,
N OO OO
1
9. 96% 10.91% "3

N=CFs3
11.93% 12. 86% /
. oF, 22. 95% 23. 88% 24. 98%
N l\ll~ ,L Me r!l\/O Terbinafine (Lamisil®) Natftifine (Naftin®) Amitriptyline (Elavil®)
j]/ /@ CF, J@/ *CF, Oi analogue analogue analogue
\r;l O Meo,c O,N OMe
CF3 13.91%¢ 14. 95% 15. 96% 16. 98%
CO,Me SO,Me
CF . .
&;\/Q Q « Tolerant to various functional group
N
O o~
I g P g P
MeO,C el \ CF, F,C”
17. 89%¢ 18. 81%¢ 19. 90%°
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Schohenebeck, F., et al., Angew. Chem., Int. Ed. 2017, 56, 221-224



Synthesis of N-CF;amide

LETTER

https://doi.org/10.1038/s41586-019-1518-3

Straightforward access to N-trifluoromethyl
amides, carbamates, thiocarbamates and ureas

Thomas Scattolin!, Samir Bouayad-Gervais' & Franziska Schoenebeck'*

Amides and related carbonyl derivatives are of central importance alack of efficient methodology to synthesize it. Here we report a
across the physical and life sciences2. As a key biological building  straightforward method to access N-trifluoromethyl analogues of
block, the stability and conformation of amides affect the structures amides and related carbonyl compounds. The strategy relies on

« Safer, more robust and versatile methodology.

 Schoenebeck, F., et al., Nature 2019, 573, 102-107.
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Drawbacks in constructing N-CF; amide

« Coupling is not applicable due to instability of secondary N-CF; amine.

0 0
R J\OH couple
H\ 4
R,N \; R R/N\\rF
F

F

Kloeter, G. & Seppelt, K. J. Am. Chem. Soc. 1979, 101, 347-349
Burger, H. & Pawelke, G., J. Chem. Soc., Chem. Commun. 1988, 105-106

« Conventional methods need hazardous reagent.

O R F
R. EtSH R’ COOH BrF
NQc\ —_— R\ )I\ —_— R\ y R\NXR,

|
CSZEt CF, CF,

Rozen, S, et al., J. Org. Chem. 2009, 74, 8578-8582



Strategy

prefunctionalization

i L W
O—NCS * CISCO)J\OCCIa RT, MeCN 3 ']'
CF,

4

AgF F Cl,CO™ ~OCCl,
-------- > N‘—QF

derivatization
XL,.0 Lo
( ) .
carbamate ’f\o N < o > %T amide
CF3 CF3
MO
. 9 &, 0
thiocarbamate ,f\S)J\N,O <« Benchstable > g\N)l\N/O urea
& J
I H I
CFS CF3

Schoenebeck, F., et al., Nature 2019, 573, 102-107.

15



Substrate Scope: Carbamoyl fluoride

(—ncs

el

|
CFy

1,98%

NO,
O /©/
F)J\N

|
CF,

7,96%

SUeN

|
CF,

13, 92%

L QL
F)]\N SMe

|
CF,

19, 99%

(0]
i Q9
+ )J\ ©F N
Cl,CO OCCl, RT, MeCN |
CF,
Br MeO _Boc
F)I\l;l F)j\l}l Me F)J\l;l
CF, CF, CF,
2,91% 3, 80% 4, 95%P
(o) (0] — (0] O
A A D
F N OBn F l}l F N
CFy CFSO OMe CFy
8,99% 9, 92% 10, 93%
0 CF, 0 CO,Me o
FJI\N/\H/\/,lj ] /U\ JL
| 3 \ﬂ/ F h B
CFy 0 CF, CF, OMe
14, 81% 15, 93% 16,97%
SO,Me OMe
I /©/ )O]\ /©/ I /©/
A, ity By
|
CF, CF, CF,
20, 94% 21.91% 22, 96%

NC
A, A
b, i

5, 86% 6, 96%
I /G[CI )OJ\ J
F)J\l}l OTf E l?l/\)
CF, CF,
11, 95% 12,97%
Cl B
0O e} j@/ r
F)J\,? i J\’?
CF, CF,
17, 93%P 18, 90%
OAc 0O,
LT
Ny FJ\T
CF, CF,
23, 93% 24, 80%

Schoenebeck, F., et al., Nature 2019, 573, 102-107.
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Substrate Scope: Carbamoyl fluoride

chiral amino acids

NO,
(0] O'Bu
. A X A hig
0 SN N OMe 0Bu OMe
J\ F7ON F7ON F” °N FN
R I I ) I
| CF, CF, O CF, O
CF

3 25, 98% 26, 96% 27, 92% 28, 90% 29, 60%*P

drug molecules

0 COOBN "Bu 0 (
o)
N 0 N
M \‘E‘S(Me 0 D)l\o/\/ j
F7ON
S Me
| H FJJ\III
C

CF,
31, 71% Fa 32 74%:2
Penicillin core B Oxybuprocaine (anaesthetic)
oC
o Nl 0} Me Me
L [ M Ao
F7ON =
|
CF
CF, 3 Me
33, 77% it 34, 98%
Melatonin precursor Mexiletine (heart disease)

» High functional group tolerance was shown.

» Stereochemistry was also retained.

30, 87%°

17

Schoenebeck, F., et al., Nature 2019, 573, 102-107.



Mechanistic studies: Proposed mechanism

m /Q
N.o NC

A
CN S) ||:W CNNﬁ/F
Nec-F : (I ~ No _F
el R &
MeCN, r.t. F
(11 (111)
generated by i ou F
0 AgF 0 | — T F)F CN
L, — X - A
C|3C CC|3 F F II:\F
6

Fig. S55. Proposed mechanism for desulfurization and formation of R-N(CF3)COF.

Schoenebeck, F., et al., Nature 2019, 573, 102-107.
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Mechanistic studies: IR spectra

Absorbtion (a.u.)
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Fig. S56. 3D surface (two perspectives) of ReactIR during synthesis of R-N(CF3)COF 6.

Fig. S57. Main IR bands observed during R-N(CF3)COF synthesis.
O F
CNY”
No.F
6 C\
L F
F
6
= 1641 cm-1 1845 cm-1
(1)) CN
% N\\C/F
Fa ||:
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Schoenebeck, F., et al., Nature 2019, 573, 102-107.



Absorbance (a.u.)

Mechanistic studies: IR spectra
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Fig. S58. IR bands of (I) & (IIT) on 3D surface (two perspectives), reaction of R-NCS with AgF.

Schoenebeck, F., et al., Nature 2019, 573, 102-107.

Fig. S59. Main IR bands during reaction of R-NCS with AgF only.
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Substrate Scope: Constructing amide

1.0

|
CF

Stability in NaOH (pH 14, RT, 6 h)

10 min

CH,

o)
Q—Mox Ph Ph Ph
OJ\N/O 0 /©/ o o)
Toluene, RT, | )J\ )J\
CF, Bt N < Bt N < Et)J\l;l
H CF

3 35, 89%

OAc

CF,4

36, 41%

Paracetamol derivative

3

Cl Br
OMe
¢ YN o Ny D 1
Gk ! \ | I nBu” N SMe
N X CF, CF, |
Boc

37, 30% 38, 86% 39, 75% 40, 93%

Melatonin derivative

CF, CF, Me CF,

CO,Me SO,Me Me Br OMe
\Q)‘\ C,)J\ N ”Bu)J\N Me)l\N "Bu

Br  42,74%

>Q 2, ?FS
0
o
OBu
—Q‘ © v)k NN RJ\“.‘
(IJF3 o CF, O
49,97%

48, 73%

43,97% 44, 83% 45,71% 46, 68%

3

50, 69%, 96% e.e. 51, 97%, >99% e.e. (R = Ph)

Microporous organic polymer derivative Kevlar derivative 52, 79% (R = "Bu)

N o} (6] O
0'Bu \/\/U\ 0'Bu \/\/\)J\ 0Bu 0'Bu
w b w w
0 CF, O CF, O CFy O

RS O 54,92%,>99% e.e. 55, 39% 56, 65%, >99% e.e. 57,91%, 99% e.e.

Schoenebeck, F., et al., Nature 2019, 573, 102-107.

47, 82%
Nylon (6,6) derivative

0]

)J\N O'Bu

|
CF, O

Bu

53, 72%, >99% e.e.

OBu
CF, O

58, 87%, 98% e.e.



Substrate Scope: Constructing amides

Pd-catalysed late-stage amination

0 0 0
OBu (i) O'Bu (i) O'Bu
wJ\W «— \ — Y \
‘BuO CF, O CF, O MeO. - CF, O
N Br \n/\N
H H
0 0

60, 37%, 94:6 d.r.

Late-stage deprotection and peptide coupling

59, 61%, >99% e.e. 61, 38%, 88:12 d.r.

Ph
o} 0
N SN 0 i (i o L9
l}l i OEt D A— \/\)J\N O'Bu 5 \/\)I\N N\)I\OMe
CF, O X | | :
= c C 0 PN

NH
63, 57%, 98:2 d.r.
(2 steps)

F, O Fs

62, 91%, >99% e.e. 64, 93%, 92:8 d.r. (2 steps)

i) Pd(OAc), (10 mol%)/ BINAP (15 mol%), Cs,CO,, toluene, 110 °C, 3 h; (ii) step 1: trifluoroacetic acid,
dichloromethane, RT, 2 h; step 2: HBTU, DIPEA, amino acid, RT, 16 h.

« Stereochemistry was retained.

« Compatible with further derivatization

Schoenebeck, F., et al., Nature 2019, 573, 102-107.

22



Substrate Scope: Constructing urea

Lo QO

CF DCM, DIEA
3
DMAP (cat.)
F
COOBn
0 MeO S (6] s
JJ\ ve X I
N N N
H |
CF,
65, 71% 66, 80% 67,81% 68, 63% (2 steps) 69, 94%
Aspartame derivative Potential antibiotic (penicillin core)
”Bu Ph
Fmoc
)L ﬂ U i
CFs\ MeO Me
O Y ey
OMe 0 CF, CF,
70, 61%3 71, 77% 72, 80% 73, 67% (2 steps) 74,87%

Oxybuprocaine derivative

CO,M
o) 2M1e 0 o o OMe
NN J\ J\ J\ OMe )L
Y YT C e N

Me CF, Me/N\) CF, OMe

75, 89% 76,97% 77, 79% 78, 92%

Schoenebeck, F., et al., Nature 2019, 573, 102-107.
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Substrate Scope: Constructing carbamate

Q HO
I:)]\N/O _O >
' DCM, DIEA

CF;
b o DMAP (cat.)
CFS/\O)]\N/% >To
éFSo OMe 0 O\ Q 9
79, 99% 07< Br OJ\I}I H 0 Q "o
o T TR

Ph
S AT o) owe &x, O
0 [}j CF; Cl
CF,

81, 79% 82,67% 83, 98% 84, 74%"

Mexiletine derivative
80, 79%° (heart disease)

o o) O'Bu
O )J\ I U I
o (0] OMe . (o) ’}l | O)J\[}]\“ ETO)J\,;I
)I\ " CFy CF, CF, ON
S SadiRe
85, 88% CF, 86, 78% 87,83% 88, 85%
Oestrone derivative Fmoc protection Cbz protection NO.
2
C'@\ 0 @/ N\\N/©/
N
A,
89, 96% CF,
Schoenebeck, F., et al., Nature 2019, 573, 102-107. Nonlinear optical material (dye) derivative

24



Substrate Scope: Constructing thio- and selenocarbamate

j)\N/O Na* 'Nu—q

CF, THF
@)LQ e xpkij @CMQ fMLJQ XJLQ

STTCalNNRUE-ch BT

Overlay of minimum energy conformers of hY)
N-Me vs N-CF, penicillin G

95, 86%

« Carbamoylfluoride could be transformed to urea, carbamate, and
thio(seleno-)carbamate

Schoenebeck, F., et al., Nature 2019, 573, 102-107.
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Short summary

Ny
C\\S
AgF
BTC
@) O
'j\O)J\I?I/O (_r - N_) :}fkwj/O
CF
s i o
(@) ! O
CF3
Y‘S\S)J\N/O <_k Bench-stable J" Y‘S\N)]\N/O
C|3F3 : (|3F3

« Safe and simple methodology to construct N-CF3 amide

* Accessible to urea, carbamate and thiocarbamate
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Constructing N-CF5; by Prefunctionalizing hydroxylamine derivatives

?F3

oo LR

o )]\N'CFs ! OTf CF,
-
~ X N._
\ J AG™ PG Ar)\/ “Boc
R (AG = OCOATr,
O PG = Cbz, Boc) /
)J\N,CF:, EF?'
- ~
H N / Boc
Xu, X., et al., J. Am. Chem. Soc. 2022, 144, 1962-1970

« Strategy

H GFa
N .-LG N. LG '
o — g 1 Gl

28



Constructing N-CF; hydroxylamine

* Previous work

AgOTf, 2-fluoropyridine

KF, selectfluor
ROH + TMSCF; > ROCF;

EtOAc, rt, 12 h

40 examples
31-92% yields

Xu, X., et al., Org. Lett. 2015, 17, 5048-5051

» Applied to N-trifluoromethylation of hydroxylamine

* Proposed mechanism

AgOTf, KF selectfluor
TMSCF; » Ag)CF; .
2-fluoropyridine Nu—Ag
F
-AgF F\ Nu-
F1C—NU - A/g<”'>-Nu
FsC

Xu, X., et al., Angew. Chem., Int. Ed. 2015, 54, 11839-11842
Xu, X., etal., J. Org. Chem. 2017, 82, 3702-3709
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Constructing N-CF; hydroxylamine

H KF, AgOTf CF,
N BE 2-fluoropyridine . rh
AG” PG T TMSGk; selectfluor AG™ PG
(PG = Boc, Cbz) EtOAc, Ny, rt, 24 h
1 (AG = OCOR) 2 (AG = OCOR)
3 (AG = OSO,R) 4 (AG = OSO,R)
0 ?Fs 0 <|3F3 0 (|3F3
©/N\ 0 Boc /©/N\ 0 Boc 0 Boc
MeO NC
2a, 64% 2b, 70% 2c, 57%
CF,
e T AT
0~ “Boc N NJ
t-Bu” "0~ “Boc O Cbz
F3C
2d, 61% 2e,45% F3C 2f, 70%
CF3 CF3 CF3
\\S//
Me”™™ / \ /@/ / \ /©/ / \
4a, 45% 4b, 54% 46%

« Conversion proceeded in moderate ~ good yield.
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Inserting N-CF; to C-H: Optimization

white LEDs

photocatalyst (2 mol%)

+ |
/N\
AG PG

solvent, Np, rt, 18 h

GFs
N

N

/\

5a 2 (AG = OCOR); 4 (AG = OSO,R) 6a /©)\o/ “cbz Me SN0 \B oc
FsC 2f
entry  reagent photocatalyst solvent product 19F NMR (%)°
1 2a fac-Ir(ppy)3 DCE 6a (PG =Boc) 62
2 2b Sac-Ir(ppy)3 DCE 6a (PG = Boc) 0
3 2c fac-Ir(ppy)3 DCE 6a (PG =Boc) 53
4 2d Sfac-Ir(ppy)3 DCE 6a (PG = Boc) 67
5 2e fac-Ir(ppy)3 DCE 6a (PG =Boc) 0
6 2f fac-Ir(ppy)3 DCE 6a (PG = Cbz) 55
7 4a Sfac-Ir(ppy)3 DCE 6a (PG =Boc) 26
8 4b Sfac-Ir(ppy)3 DCE 6a (PG =Boc) 23
9 4c fac-Ir(ppy)3 DCE 6a (PG =Boc) 13
10 2d Ru(bpy);Cl DCE 6a (PG = Boc) 0
11 2d fac-Ir(ppy)3 MeCN  6a (PG =Boc) 14
12¢ 2d fac-Ir(ppy)3 DCE 6a (PG =Boc) 89
| 13¢¢ 2f fac-Ir(ppy)3 DCE 6a (PG = Cbz) 85
14%¢ 2f Sfac-Ir(ppy)3 DCE 6a (PG = Cbz) 0
15¢ 2f — DCE 6a (PG = Cbz) 0

a Reaction conditions: 5a (0.1 mmol), reagent 2 or 4 (0.15 mmol), photocatalyst (0.002 mmol), solvent (1.0 mL), white LEDs, under N2, rt, 18 h. b Yields were
determined by 19F NMR spectroscopy using trifluoromethylbenzene as an internal standard. ¢ 5a (0.15 mmol), reagent 2 (0.1 mmol). d Note: reagent 2f was gelected

because the Cbz is easily deprotected under mild conditions. e No light.

Xu, X., etal., J. Am. Chem. Soc. 2022, 144, 1962-1970



Substrate scope

§Fa
N
)fl ™

6a, 64%

ety

H (0] CF; (I;Fs
X . /ﬁ\ fac-Ir(ppy)s (2 mol%) LN
R N 0" Cbz DCE, white LEDs R‘Ej/ Cbz
Ny, rt, 18 h Z
5 FaC 2f 2 X" 620
OMe CF; CFs . GF o CFs CFs CFs
B N o) N_ N_ Br N . N
£ “\C[ “Cbz [ D/ Cbz Meo)‘\@ Cbz \C[ Cbz /@/
OMe (@) OMe OMe MeO
6b, 60% 6c, 71% 6d, 68% (12.5/1) 6e, 30% 6f, 52% 6g, 70% (1.7/1)

Co-{:

7a(R= Me) 58%;
7b (R = Ph), 53%;
7c (R=Bn), 61%

@}o

53%

NC CF;

Z; /;
z

\
Cbz
\

7i, 58%

CF3
N

\

Cbz

-n
Z; /2

\
71, 60%

CF3
N

\

Cbz

70, 56%

-
N

CF3
: :l \>_N’
e N\ Cbz

\ \ N ‘N N
N Cbz \ ¢

L ). o
' Cbz

|
o bz Bn Cbz
7\ 8, 53% 9,65% 10, 57%
=N
7d, 53% 7e. 699 FsC., .Cbz
' S 71 CF, TN I \_ ,CF;
4 N’ MeO OMe | N
bR 73 MeO - cbz
CF3 MeO A N,CF3 Bn Nﬁ/N
N Coz 11, 61% SMe 12.53% 13, 65%
\

79, 67% 7h, 68%

e mN \ \ CFs
| N o N
¥4

o M
i . .CF,
N ,CF3 /N ,CF3 B ?Il \ CbZ
N NN Cbz .
N\ Cbz N\ Cbz 14, 55% 15, 59% 16, 48%

7j, 54% 7k, 61% Br\[Nj\/\>_N'CF3
CF3 Br CF3 N/ N Cbz I:(
cl N Cbz N Cbz 17, 55% 18, 52%
X \ (from gemfibrozil derivative)
7m, 62% 7n, 56%
CFy o)

%j@

20, 64% (2.7/1) CbZ 32
(from sulbactam derivative)

N
O b OMe
\ N.
N Cbz MeO < “Boc
19, 46%

7p, 70% 79, 35% (from tyrosine derivative)

Xu, X., etal., J. Am. Chem. Soc. 2022, 144, 1962-1970



Substrate scope

‘ 41, 68% 22, 56% OMe CF;
D N-co
A CFs TMSCN @) z
Cbz _ (k) o Ph 23, 59%
40, 40% 2
21a MeOH (b) &
Ne 21a J

(0] 39 H® 'O CF
o (Y0 X

N (] )

Cbz 37

38, 40% 0) o CF, 24 72%
N,
/©)\o Cbz
\/\SﬂBU:g F.C
3 O
N () o) i
/\/N “Cbz ~Cbz

26, 72%

36, 42%
(h) @ Ph/\/\
S
N_ TMSNCS
Cbz

rll NCS CFj
/©)‘\/ “Cbz Ph/\)\/N\Cbz
32, 85% 30, 45%
Xu, X., etal., J. Am. Chem. Soc. 2022, 144, 1962-1970
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Substrate scope

(I:F3 (I:F3 (I:F3
_N_ 1) Hp, Pd/C, EtOAc, rt _N. _N
rR-N~cbz (1) Hz . RNy (2) BTC, AgF, MeCN, rt . - \n/Nu
(3) nucleophile
6c, 7a, 8,9, 14, 23 42-47 48-53
OMe (IIF3 OMe (.I‘.F3 OMe (|2F3 OMe CF3 OMe CF3 OMe CF3
N. N n-Bu N Ph NHPh
H hig b
0] o
t-Bu t-Bu t-Bu t-Bu t-Bu t-B
42 48a, 67% 48b, 69% 48c, 54% 48d, 47% 48e 81%
CF3 CF3 CI:F3 CF3 OMe 9F3
N n-Bu N Ph
S X
e ” S o e S o
MeO Z
49b, 44% 49e, 54% 50a, 43% 51e, 33% 52b, 36%
OMe CF; OMe CF; OMe CF3
/©/K/ \n/ /@)\/ \n/ /@)\/ \n/ /©)\/ \n/NHPh /©)\/ m/
53a, 54% 53b, 55% 53c, 56% 53d, 34% 53e, 73%

» Deprotection and further functionalization with Schoenebeck’s
system®.

Xu, X., etal., J. Am. Chem. Soc. 2022, 144, 1962-1970
* Schoenebeck, F., et al., Nature 2019, 573, 102-107.

34



Constructing N-CF5; amide

(A) (B) "
O CF, fac-Ir(ppy)s (2 mol%) /[23 0O
) Zn(OAc); (0.5 equiv)
/\ /lk /N\ 2 o O =
AN+ A7 N0” Boc  Bc,. white LEDS )\/N CF,
(Ar=p-CF3CeHa) N, 1,12 h Ar : 5
21 2d 54 Y WL
>~
N\CF3 N‘CF3 N‘CFs
Ir[dF(CF3)ppyl2(dtbbpy)PFg O
: (2 mol%) OJ<
A4l 75% & 54 56% MBU A, pg BTz dibbpy (10 mol%) J_N-CFs
i >
g:; (ﬁ Er;)gg/%, © 2,6-Iutidine, MeCN, BBl
0, 55 white LEDs, No, rt, 12 h 56 o
54c (R = t-Bu), 71%:; ’40 2 e
54d (R = OMe), 72%; O

N~cF,
54e (R = F), 61%; OO "CFs (D) e, T SR
- 0o/ -
54f (R = CI), 68%:; O 2 . Ao, P

549 (R = Br), 57%; Mg Ar” 0" “Boc
54], 52% <\ O ey (Ar = p-CF3CGH4)
N

int-l
54k, 56% “
O\I//o fac-I'"(ppy)s* //z)
A visible 0
N ArTX fac-I'V(ppy)s light )\/N_CF3
CF, o 21 Ar
\ 54
o 54m, 68%

541, 69%
fac-Ir"(ppy)s
Y \‘/ \’/

Ot-Bu (
NHBoc ONge) Ox°
FsC—N FsC-N ; T + T
O )—-O Ar” N~ ~CF, AT ~CF, s
o) 54n, 70% o) 540, 71% int-Il int-ll

« Boc-protected amine afforded cyclized compound
Xu, X., et al., J. Am. Chem. Soc. 2022, 144, 1962-1970
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Constructing unprecedented ynamide

OAc O CF;
/U\ N (a)
+ Ar” 0" TBoc —>
(AI’ = p-CF3C6H4)
31 2d
unprecedented
0 e
Q Zz YK _©
z N ; -—
CF3 59, 90%

N-CF; alkynamide (reported)

B
N.
Boc

57, 58%

l (b)

OTf CF;

N.
=y Boc

58, 80%

| I
C) l (e) l
O

Vi

0
0 oK
N—CF, _ N—CF,

60, 98% 61, 89%

« Succeeded in synthesizing unprecedented ynamide

ol

O N—CF3
~

Ph
62, 47%

Xu, X., etal., J. Am. Chem. Soc. 2022, 144, 1962-1970
N-CF; alkynamide: Schoenebeck, F., et al., J. Am. Chem. Soc. 2021, 143,13029-13033
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Perspective

» Recent reports on N-CF; compound

0 F.C O
0 N
O‘NJ\N (eat  po. L NK -
|

; - N NH or Z NH i
&F, visible light \_£I1,R2 S | g

stereospecific derivatization
Schohenebeck, F., et al., J. Am. Chem. Soc. 2022, 144, 6100-6106

Br /O

S
O/\b CF
C//S Et;SiH CF, 3
N* AgF | AgOTf AN
QY - gt M Q'R
J ofe

Yi. W., et al., Angew. Chem., Int. Ed. 2022, accepted

Synthetic methodologies for various N-CF; compounds are now
developed.

@

Lead to elucidating unique bioactivity
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Summary

Electrophilic direct N-trifluoromethylation is still difficult.

CF; incorporation and derivatization is major strategy to
construct N-CF5; moiety.

More simple and versatile methodology for N-CF; is
emerging.

Biological activity of N-CF5; molecule will be elucidated in
the future.



