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Table S 1. List of described compounds 17-21 with correspondence to substrates 14, 15, 16 substitutions (including
some examples previously published in refs 59, 64 of main Article). Examples of 17-21 are numbered after substrates
14-15 substitutions, e.g. 17a is obtained from 14 and 15a, or 17n’ is obtained from 14" and 15n

ketone (16) Acetone 16t Cyclohexanone 16u Cycloheptanone 16v _

Substrate (14) 14’ 14” 14”
R; CF, CsF; CsFyy CF; CsFy CsFyy CF; CsF; CsFi
R (anilines 15)

H 15a 17a’ 17a” 17a 18a’ 18a 19a 213’lal 21a” 21alb]
o-Me 15b 17b 18b 21b
m-Me 15¢ 17c 18c 19c 21c
p-Me 15d 17d’ 17d 18d 19d 21d’[al 21d
o-Et 15e 17e 21e
m-Et 15f 17f 19f 21f
p-Et 15g 17g’ 17g 18g 19¢g 21g’ 21g
o-Cl 15h 17h 21h
m-Cl 15i 17i 18i 19i 21i
p-Cl 15j 17j 19j 21j
0-OMe 15k 17k 19k 21k
p-OMe 151 171 18I 191 211
0-CO,H 15m 17m’ 17m 18m 19m 21m’ 21m
p-CO,H 15n 17n’ 17n 18n 21n’ 21n
m-OMe 150 200’ 200 200 200 210’ 210

[al Spectroscopic characterizations published in ref. 64 of main Article. [*] Spectroscopic characterizations published in ref. 59 of main Article.
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Time 15.22
INSTRUM spoct
PROBHD 5 mm QNP 1H/I3
PULPROG zg30
™ 32768
SOLVENT CcDC13
NS 16
DS 2
SWH 3306.878 Hz
FIDRES 0.100918 Hz
A0 4.9545717 sec
RG 724.1
OwW 151.200 usec
DE 8.00 usec
TE 300.0 K
Dl 1.00000000 sec
======== CHANNEL fl =
NUC1 1H
Pl §.50 usec
PL1 -3.00 4B
SFO1 300.1315007 MHz
F2 - Processing paramelers
SI 32768
SF 300.1300000 MHz
WDw EM
Ssp [
LB 0.30 Hz
GR 0
PC 1.00
AT 5 SRARAR ERALSEAENE RRARA DS |
1.5 1.0 0.5 ppm
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INSTRUN SpRCL
PROBMD 5 mm QNP 1NM/13
PULPROG zgflgn
™ 131072
SOLVENT CDCL)
NS 156
J oS 1
=Wt 250632.656 Hz
FIDRES 0.191213 H2
AQ 2.6149364 sec
RG 1280.2
OCH bw 19.550 usec
3 DE B.00 ysec
" 300.0 x
(531 5.00000000 sec
casssssas CHANNEL £l ssasssa=
(17') NUC1 19F
P 93.50 usec

PLL 6,00 4B

19F NMR (CDC|3) 8FO1 282.3761058 Mz

FiI - Processing paraneters
i

ar 65536
s¥ 287 .4043460 Mz
- >~ ’ Wi EM
— ———— SeB Q
LB 0.10 Hz
GB 0
PC 1.00
LS D e e s iyt e o S Ot e S SHME (IR0 e e oo Excne e e e e S o | — T I o T ———————

|
-75 -80 -85 -90 -95 -100 -1056 -110 -11§ -120 -126 -130 -135 ppm
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CO,H

(17n)
1H NMR (CDCl,)
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Time 8.2%
INSTRUM speact
PROBHD S mm QNP 1R/13
PULPROG 2g30
NG - ™ 32768
I SOLVENT €cDel3
NS 16
DS 2
+ - SwH 3306.578 Hz
N C F FIDRES 0.10(_)918 Hz
5 11 AQ 41.9545717 aec
RG 912 .3
oW 151.200 usec
CH DE .00 usec
3 TR 300.0 K
D1 1.00000000 sec
wes===== CHANNEL fl1 sssssa==
Nuci 1H
Pl 6.50 usec
PL1 -3.00 a8
SFO1 300.1315007 MHz
(18b) F2 - Processing parameters
SI 32768
1 SF 300.1300320 MHz
H NMR (CDCL,) s 7
=
LB 0,30 Hz
GB 0
PC 1.00
s
J( M - . J i
[ﬂ"l"“"" \ 7 P o 20 S PRk o 2 VLI 0 [ e gt | S 2 o It s o By i b £ b it e ' i Y Y Y I [y [ T B T T r—TrT
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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Time 10.18
INSTRUM spect
+ _~ PROBHD 5 =m QNP 1H/13
PULPROG zgflgn
N C F ™ 131072
5011 SoLVENT enc3
NS 1h
CH % :
3 EWH 25062.656 Hz
FIDRES 0.19121)3 Hz
AQ 2.6149364 aec
RG 1149.4
oW 19.550 usec
DE E.00 usec
™ 300.0 X
m 5.00000000 sec
======== CHANNEL £l =====—==
» NUC1 15F
(18b) r Pl 9.50 usec
. PLY -6.00 48
g . 19 ( ) SPel 282 1781058 MHz
F NMR CDCI3 F2 - Procesasing parameters
81 65536
- 3F 282.4043460 MHz
WDW =
SSH 0
LB 0.30 Hz
GB 0
PC 1.00
—‘—‘“_
A L__A A, l A A A j‘
RS e I
v ' v ' » ey I LMET JBA TEn a2 i",- Eo 1"[ R I e f e tj**r*r*v*v*[w.ﬁt e l -y 7 '»-r«v——v—lw Laane anl ‘I-'v"t—'—r—'ﬁ—r—r—v-
-70 ~75 -80 -85 -90 -95 -100 -105 -110 =115 -120 -125 =130 -135 ppm
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(f\ Time 5.00

N INSTRUM apect
| I PROBHD S mm QNP 1H/13
PULPROG zg30
+_ ™ 32768
N C F SOLVENT CDCL:
NS 1
511 DS 3
SWH 3306.878 Hz
FIDRES 0.100918 Hz
AQ 4.9545717 sec
RG 2586
Dw 151.200 usec
DE #.00 usec
TE 300.0 K
Dl 1.00000000 sec
OCH ======== CHANNEL £1 sn==
3 NUC1 18
Pl 6.50 usec
FL1 -3.00 dB
(18') - SFO1 300.1315007 MHz
J F2 - Processing parameters
H NMR (CDCl,) y
3 sr 300,1300000 Mrz
WDW BM
SSe 0
e LB Q.30 Hz
P GB d
. o PC 1.00
© -

e R |

I'l'\ll""<I'lI]l’l'v’l!l'*'vIvvv'v"-v'cv-'v0""-""v-" T A | | v | R Ty T —v—]'—v—v-v | B | Y | AR |

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm




Time 9.28
INSTRUM spect
PAOBND S mm QNP 1H/13
PULPROG gflgn
y*) 133072
SOLVENT cbCl3
NS 16
oS 4
SwWil 25062.8%% Hzx
( FIDRES 0.1%121) N2
OCH AQ 3.6149164 nec
3 ]G 645.1
oW 15.950 uzsec
DE 8-00 usec
by J00.0 K

(18') o 5.00000000 sec

= CHAMNWNEL [l =vor=

19F NMR (CDCl,)

PL1 -5 ,00 d&
S5¥0L 282 3761058 MH:
2 - Processing parameters
51 65536
S 282 .0043460 MHz
} WM £N
— MRS D J
LB ). 30 ha
[- GB 0
FC 1.00

) B e ] | * B Lo B ot Lo A2t (A S 20 LT\ S [ dns i et G TL AT o

| R A T el AT Eacieh SR OF | T

9 i
~75 -80 -85 -90 -85 -100 -105 -110 =115 -120 -125 -130 -135 ppm
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20 [rel]
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CO,H

(18m)
HSQC (DMSO-d)

VTSR P T BT L R R R R e R T
120 100 80 60 40

|

Tt

31

! [

F2 [ppm]

20 F1 [ppm]

140



<t

0
\0

2510.87
2503.97

2459.56
2454.07

2321.96
2316.03

—~

2191.36

— 208B5.97
e 206501

o OO

@ QOO MME-WOWANNM
o R o B2 g IR - -
o nNoo= P . . . .
o WP~ IO ™M
0 coocoumel ™
— L B B B e e e )

TT——714.52
————— 661.65

(18m)
'H NMR (CDCl,)
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wn MmmMmmMm
Tins 9.02
INSTRUM spect
PROBHD S mm QNP 1H/13
PULPROG 2q30
TD 32768
SOLVERT cpCcl3
NS 16
ns 2
SWH 3306.878 Hz
FIDRES 0.100918 Hz
AQ 4.9545717 asec
RG T24.1
(20 151.200 usec
DE B,.00 uses
TE 300.0 ¢
D1 1.00000000 s=c
2 rocessing parametercs
ST 12768
sF 300.1300000 MHz
wow EM
SSH 0
LB 0.30 Hz
GB ]
PC 1.00

| . | 1

15 1.0 0.5 ppm

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0



NONSLCDONFOEAMNATANAMKR

:‘:;:!' MEONNNN MMM eSO

05D, FAONONNNNNNNANINNOYN !N

SOoO M NN N NN NNNNNNNNNNIAN ™

na')ﬂla -c—h—-.-—.Tu.nc.n.u.c-lcﬁ?r—-« 177
P | 1 Lol

Time 9.45
INSTRUM spect
COZH PROBHD S mm QNP 1N

PULPROG zgflan

™ 131072

SOLVENT DMSO

NB 16

ns 4

SWH 25062.656 H=z

FIDRES 0.191213 Hz

M 2.6149364 pec
(18m RG 645.1

o 19.950 usec

DE 8.00 ugec

TE

19F NMR (CDC|3) o1 5.00000000 sac

wnsunwanz CHANNEL £1 sesssc==

( NUC1 19F
£l 6.86 unec
FL1 -6.00 dB
SF01 282.3761058 MHz
F2 - Processing parameters
8I 5536
-4 282.4043460 MHz
WoW Bd
§SB 0
La 0.30 Hz
<]} 0
»C 1.00

=, ] J
v]vfr .I-.'-rwuyvl“‘lnvy'----'vﬁﬁ + rv*v- v o T "I""l" v—lvv'v
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-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 ppm
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Time 18.53
\ - INSTRUM spect
I PROBHD 5 men QNP 1H/13
| PULPROG 2930
™ 32768
+ SOLVENT cocl3
N C F A NS 16
5M11 os 2
SWH 3306.878 Hx
FIDRES 0.10091e H4=
AQ 4.9545717 sec
RG 250
D 151.200
DE B8.00
TE 300.0
D1 1.00000000 sco
CH3 2s=2ven== CHANMEL €1 ==
) s‘q ] 14
o g | LA I 1N | %
(19c) D7 S LY 3.00 s
SFul 300,i315007 Mbz
1 I FZ2 - Processing parameters
H NMR (CDCL,) o
Sk 300.1300000 Milz
WDW EM
558 Q
LB 0.30 Hz
GB 4]
F pC 1,00
/{ /-}
— b e - SO J Lj,xn j A ¥ _JL—
"V" | ™ T r—r 1 | vw'-v“'vv-v'.vvrlvr-r'vv-ulrrvl'!v-vvv[-'~|l|~-'lv--rlr-v'v--]vw-w—wl--vr—vv]

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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PROBND

CsF11 .
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SOLVENT
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[ kueLe
AQ

RG
CHg
e
Dl

e (19c)
19F NMR (CDCl,) "

- 1 SAEm: anamon on o | B et S —r —

~70 -75 -80 -85 -90 -95 -100 -105 -110 -115 =120

R i

g I o e R
-125 -130 -135 ppm

18.51

spect

S mm QNP 1H/13

2gflgn

131072

crcli

16

1
45062.056 KEz
U, 194211 H:
2.6149364 aec

645.1

19.550 usec
B. 0D usec
300.0 ¥

3.00000000 sac
MR wan
9.50
5.0

3761058 MH

- Procvaasing Darametaors

65526

482, dU43460 Mz
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(19i)
1H NMR (CDCl,)
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104
1014.

66

985.04

950.50

940.66

935.9¢4
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-
o™~
()]

\11

-
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.39
606.21
30
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4y

11

59
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0
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550.77
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517.
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373.
266.10
259.85
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251
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Time 17.42
INSTRUM spech
PROBHD 5 mu QNP 1H/13
PULPROG 2930

™ 32768
SOLVENT cDCcl3

NS 16

DS 2

SWH 3306.878 Hz
FIDRES 0.100318 Hz
AQ 4,9545717 sec
RG 362

Dw 151.200 usec
DE 8.00 usec
TE 300.0 K
D1 i.90000G00 sec
smxm=-—=== CHANNEL £l ======s=z
NUC1 14

Pl 6.50 usec
PL1 -3.00 dB
SFO1 300, 1315007 MHz2
2 - Procesusing parameters
SI 32768

SF 300.1300000 MHz2
wWDw EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Cl

P (19i)
15F NMR (CDCl,)

Time

PROBHD
PULPROG
™
SOLVENT
J NS
DS

SWH
IDRES

AQ

N C5 Fll INSTRUM

J ST
SF
i WOW
S58
L8
B
PC

] FENA I N o (e ) S 7 80 i PG T

v‘l"v SR '17""‘"|vll A i diidl Dk

-70 =75 ~-80 -85 -90 -95 -100 -105 -110 -115 =120 -125 -130 =135 ppm

17.39
gpect
S mm QNE IH/13
zgflgn
131072
[ols k]

16

4
25062.656 Hz
0.151213 Mz
2.6149364 sec
1290.2
19.950 usec
8 00 usgec
300.0 K
5.00000000 sec

CHANNEL £l wsss====

ec
.00 dB
282.3761058 MKz

F2 - Processing parameters

65536
282,4043460 NHz
EN
0
0.30 Hz
Q

1.00
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Cl
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19F NMR (CDCl)

c

~117.316
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- 140 [ppml]
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I Time 17.26
INSTRUM spect
+/ PROBHD 5 mm QNP 1H/13
PULPROG 2¢30
N C5F11 ™ 32768
SOLVENT coCl3
NG 16
DS 2
OCH3 SWH 3306.878 Hz
! FIDRES 0.100918 Hz
M 4,9545717 sec
RG 456.1
oW 151.200 usec
DE 8.00 usec
! TE 200.0 X
} Dl 1.000000¢0 sec
(19k) — ssss==== CHANNBL £l ========
( NUC1 1H
1 6.50 usec
1 ( I) e -3.00 dB
H NMR CDC3 SFOX 300.1315007 MHz
F2 rocessing parameters
SI 32768
SF 300.1300000 MHz
WOW EM
58B 0
LB 0.30 Hz
Ge 0
PC 1,00
S i B I Sn e MaEs E e (o T e A I o b R I ERERASON S SRl o dnay Faln i T | er T | caAs U AR F5 T Iﬁv‘[trtv‘l 'I‘l'l"l‘rl

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

40 35 30 25 20 15 1.0 05 ppm
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OCHj

(19Kk)
15F NMR (CDCl,)

Time 17.30
INSTRUM spect
FROBHD S mn QWP 1H/13
PULPROG zgflgn
™D 131072
SOLVENT CDCl3
J NS 16
i Ds 4
- ! S i5084.4856 Hz
2 FIDRES 0.191211 Hz
N 2.6149364 sec
RG 2049
oW 19. 950 usec
DE v 00 usec
TE 300.0 K
DL y C0000000 sec
——s==x3> CHANNEL El ==zsz====
NUCL 15¥¢
i 9,50 usec
PL1 -6.00 48
g8POL 282.3761058 Mz
P2 - Procesasing parameters
81 65%16
5F 282.4043460 MHz
5= WCW M
888 0
LE 0.30 Bz
. GB 1]
[ eC 1.00

JLrL 1 A -

r—'1‘1vvv|1-"

~70 -75

r——ry r T ey r T T 1 T

o ; |
-105 -110 -115 =120 =125 -130 -135 ppm
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(191)
1H NMR (CDCl,)

[rel]
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[rel]
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