OH

CF,SO, SO,CF,
SOZCF3 . = o=
Acidities of
CFiS0y Fluorocompounds
CF,S0Js
l. Leito, E. Parman, S. Selberg, L. N
OH Toom I\}N
FC CF: With special thanks to M. Ldkov, A. Ktt, ¥
K. Kaupmees, S. Tshepelevitsh
F.C CF,
Cl, ivo.leito@ut.ee
analytical.chem.ut.ee/esfc2022/ O O
C:38027¢ SO,Cl-,
H H
CFSOL  so.cr, CN

20t European Symposium on Fluorine Chemistry Berlin Aug 15, 2022



Outline and Scope

e Outline
* Acidity of molecules in solution (pk,)
* pK, measurement methods (UV-Vis and NMR)
» F NMR pK, measurement, its pros and cons

» Scope:
» More about ,,measurement science"
» Less about fluorine chemistry
» It is an ,appetizer"

analytical.chem.ut.ee/esfc2022/ >




OH Fluorocompounds
Many fluorocompounds are acidic

- .C Cr . .
3 3 Many were designed to be used as acids
y g
SO,CF, HO  OH Ho CFs Gls
e QL RO
CF,SO! o 3 —5C CF
SO, c F,C CF, 3

Cr,SO,0H CN
H
CN
OH

CkH, N* | ~Z N
NS NS |

CF, )
CF, CN " 3




Acidity of molecules

» Brgnsted acidity of a molecule refers to its
ability to donate proton to other
molecules

» Usually defined in terms of equilibrium constants
(K,, pK,) or deprotonation energies (GA or AG,.q)

analytical.chem.ut.ee/esfc2022/ 4




Acidity of molecules in solution

 Acidity of molecules in solution is defined
in the framework of the Brgnsted theory
via the pK, values
» Typically written as:

Ka —
HA + S < > A+ SH*

a(A")-a(SH™)
a(HA)

analytical.chem.ut.ee/esfc2022/

pK, =—log K, =—log

5




@ Acid dissociation in solution
@ A more realistic presentation:

DY 9

o 0%

Acidity of an acid is

very different
In different solvents 6



pKa
Acid 1,2-DCE | MeCN | DMSO | Water
CF,
DC—'—OH ~5401] 20.52 10.7" 5.331
CF,
COOEt
H 52.55! | 17.73 5.106! 5,914
CN
OH
CF,SO, SO,CF,
38.405! 4.4412) <0 <0
SO,CF,
CF;SO,0H 33.78 0.7 -1418] -15(8]

pK, values in different solvents

[1] J. Phys. Org. Chem.
2013, 26, 162-170.

[2] Eur. J. Org. Chem.
2021, 1407-1419.

[3] Acc. Chem. Res.
1988, 21, 456—-463.

[4] J. Phys. Org. Chem.
2019, 32, e3940.

[5] Chem. Sci. 2017, 8,
6964—6973.

[6] J. Org. Chem. 1988,
53, 780-782.

[7] J. Org. Chem. 2011,
76, 391-395.

[8] J. Phys. Chem. A
2016, 120, 3663—3669.

analytical.chem.ut.ee/esfc2022/ 7




How to Measure?

Difficult to measure

Ofter_l approx[njat.ed o In nonaqueous
ratio of eqwhbnum solvents
concentrations found
using some instrumental
technique

[HA] Problematic, because

species with different

charge type can have

very different activity
coefficients...




Relative pK_ measurement!

Two acids simultaneously in the same solution:

_ ApK, _
HA, + A; < > A, + HA
» Measure their ApK:
K, A5 |[HA
ApK, = pKa(HAz) — pK,(HA;) = —log K_z ~log {HAZL\]Z[][AS

No need to measure H* activity
Activiy coefficients essentially cancel
A number of uncertainty sources cancel partially or fully

Reference compounds needed
(with suitable acidity and spectral properties) 9



Relative pK, measurement: UV-Vis

Individual compounds:

4-H-C6F4-CH(CN)2

" Q@ﬂ /\k Arion Both compounds in the same solution:
VAN
Saif L k\ \s\ Miure
1 N

02 ‘W\\ \\\/z Neutrd] //\\

(4-NC5F4)2CHCN

Al

200 250 300 350 50

[ [ /\,/ Anion

0.1 0.8 /\
"0 \&25&;00/7&3? 400 450 @ é 06 /\\\ // /*\\\
Wavelength (nm) g \ \ , /\\\\ ///

Wavelength (nm)

N R [

+ // v Intensities at many

20:4 \ // Neutnal \wavelengths/

200 250 300 350 400 450

Wavelength (nm) ApKa = pKa( N\/ | : |N ) - pKa( 2}3 ) = 0.46

H CcN

A. Kitt et al Eur. J. Org. Chem. 2021, 1407-1419 10




Acetonitrile pK, scale

1
Flucrad 23.92 e
Compound pK, Directly measured ApK,, 2,4.6-(NOs)s-Aniline 23.87 I
3,6~(CFo)o-Phenol 23.8 T ks o34
Indole 32.57 —
2-NO;-Indole  23.64 s l
Triazine 3 30.86 Groups |
9-COOMe-Fluorene 23.54 ]
7-NO,-Indole 2999 E
Per, {% CS— -e:j‘ O Acstic acid 23.6 i i
Indoxyl acetate 29,97 6 6 e 097054
2 " G, ANCF, (4-CI=CyF4)(CsF:)NH 23,22 J | 0.80
| 29,
Fhene 4-CN-C;H,~CH:-Tf 23.19 l
tBu,Box;CH; 28.85 m )iI::L’ g:}ﬁ C% Sorbic acid  22.97
~CN-2,3,6.6-F.~Anili } }
et R e 204, Mes S phenanthrene C.Fs~CH(COOED), 22.88
2,3.4,5.6-(CF;:):~Toluene 2877 2-NO-~Ph: | 2285 1l -
FoNOwindole 2618 3,5~{CF3):-CeHy=CH:~Tf 22.84
Eacriak ik EUI’. J Ol‘g (4-Me-C:F,).CHCN 22.80
1=(4=Cl=CH,)=3-(34-Cl=CcHajurea 27,95 Ch em 2021 Retinoic acid  22.78 o B
\ on |
4-NO-Indole  27.89 ! 3-NOx-Indole  22.77 Gm Jow
FNOaindole 27.79 1407-1419 CFe-SO-NH, 22.27 —_— Mo Aceticadd
Me;Box;CH; 27,59 (4-Me-CgF.)(CcF:)CHCN  21.94 2 Q
R idamnd il sl oan 4-NO,-CH~CH-TS 21,92 o W"" o
- - ic acid —
CoHa-CH-TE 27.19 Benzoic acid 215 i e
1.2.3.4-F,~9-Ph-Fluorene 2712 0.24 (4=CF3=CgHy)(CsFs)NH 21,37 on gn\"u %ﬂ\pn
- “ raH o "OH  f——
4-CI-CH,~CH-Tt 27.06 8-CN-FI 21.35 Rye N .
4=F=CgHs=CHo=Tf 27.00 Alizarin 21.23 - ic [R}-8PA [RI-BPA-[H,] —
(Phl(4-Me-C:F,JCHCN  26.98 T [ f (4=H-CoF.)(CoFSICHCN  21.10 -
4-Me~C4H,~S0--NH; 26.95 l ot (CsF<hCHEN 21,00
Box,CH, 26,89 £ 4-CF:=CiF~CH-TE 21,02
(4-NC:F,)(d-Me-C.H,NH 26.87 (CF.),COH 20.6
Ph-S0:-NH; 26.63 ‘| (4-NCF.)(CoF<INH 20,39
. o7
Triazine 2 26.58 | ore (4-CI-C¢F)(C:Fs)CHCN  20.36 e
3-CF.-Phenol 26.5 i 032 ! 24,6-Bri-Phenal  20.34
CsFs-NH-COMe 26.45 DI 2,3.4,56-(CN)c-Toluene 20.14 T
(Ph){4-NCsF,)NH  26.36 i (2.4.6-C1;~C5F2)(CcFs)CHCN  20.13 | F
{4-NO.-C:H.):;NH 26,18 ulv ) 2,3,5,6-F4~Phenol 20.1 oo
b
4-NOo-Indolocarbazole  26.18 23.4.56-Fc-Phenol 20.1 -
1 !
4-F-C5H,s-50--NH: 26,16 " (2-CgF7){CsF5)CHCN 20,07
SBoxCH, 26.16 (4-CN=-CgF4)(CeFs)NH  19.87 OH-acids
(Ph)CEFEICHEN 2616 ~CoF-oH 107 LG
I W A
3-CN-Indole  26.01 2,4,6-(SO.F);-Aniline 19,66 e A
1 v -
4-Cl-CoH-50.-NH, 25.85 (2-CroF7)l2CHCN . 19.32 alfan
Triazine 1 25.85 DO::T: CA-benzoic acid  19.20 IrPh—;;blf.tImuki:id
3-F-CgHs~CH,-Ti 2562 }—C}A—_N :5;}—@ 9-C.F:-Octafluorofiuorene 18,87 Q .
4-CF:-Phenol 25,5 2-CioF-OH 18,5 phor,
Bu,Box,CH, InelH 5 oa !
3-CI-CH,~CH,-Tt 2547 T~ P [4-(Ph.B)-2.6-Mes~PyridinelH  18_4! « L%,
4-CF,=CoH.-S0.-NH, 26,24 athteayashte’ (4-NC<F.J(4-CF.~C.FJNH 18,25 a.ﬁm B
Box,CH, —
3-CF:-CoHa-S0:-NHz 25,20 Saomcth (4-CFs=CoF)(CFICHEN 18,13 BTG bnankcacd
(4-Me:N-CF)(CsFINH 25,13 4-CF.-2,3,56-F,-Phenal 18.1 Q Q
3-CF:~CgH,~CH.-TH  25.08 Q ruhlene Bry-CF3-CAC-benzole acid  18.1 o ol
- : I 9 A
M, Box,CH, —H - - or,
(4-Me-CeFa)(CsFs)NH 24,96 ity 4-H-C:F;-CH(CN)COOEt 18.07 :r&:un B.IEI:?”
2-CF.~Phenol 249 w 2.3,4,8,6~Cls-Phencl  18.00 i 4
: Br,C Br,-CX-benzoic acid | ——
,3,4,5,6-Brs=Phi | 4
1,3-Bis(4-NO,~CcHyJurea 2471 e . 2,3,4,5,6-Bre—Phencl 17.81 ”
CeF5-CH(CN)COOEt 17.73 Jj\
-NO,~C3H:-50:-NH
3-NO,-CoH:-S0:-NH: 24,63 o 4-Me-CH.~CH(CN), 17.67 Q-u*: e [
2,3,4.6,6-(CFa)c-Aniline 2457 [ 1 ) . ] 3
: 2-C1oF—CH(CN)COOEt 17.48 o,
4-NO;-CgHy-SO-NH:  24.57 f " Octafluorofiuorene  5-NO,-Barbituric acid oo e I
3-CN-CoHa~CH,=TH 24,61 “ s CREFRENEIERE D 14
P 0, (4-NCsF.):NH 17.20 — 3 RR-3,5-{CF ), Ph-CXCC-Br, benaoic acid [——
Octafl 24.49 N oN - ] oy
4-CF-CgH.-CHo-Tf 24.44 X-TCNPD Cyclopentadiene | O»)L"Q“,
1 analytical.chem.ut.ee/esfc2022/ | .- —
. .
(4-H-CLF (CsFINH 24,11 | I&'"“ 11
CeFs=NH-C(CF3)s 24.03 y
5 Y 4-CF.-2,3,5,6~F,~Phencl 16,6 — 027 ausm,),ﬁcmm,hmma
(CeFel:NH 2398 x o
] (4-NC<F)(CF5)CHEN  16.39
3.5-F~CoH:-CH,-TH 2396 —o



Al L ‘
! e 2,3.4,5.6~(CF)s—Cs—CH(CN), .88 b
4-F-2,6-(NO2)o-Phenol 1617 — o7 [ ! } i L ~(CFal=Ce-CH{CN), 8 oo |
o . 2,3,4,56-(CFa)s-CelsNH - 8.76 020 58
(4-CF,=C.F.),CHCN  16.12 ! a1 } o ! i 2 |
005 oo I 4-C1-3-NO;-C:H;-S0--NH-S0~C:H;~4-Cl 8,75 102 i
4-CF;=CoF,~CH(CN)COOEt 16.07 1 i e I AN l |
oss | " s - B TosOH 8.6 2 T
(4=NC<F.)(2-C1oF7)CHCN 16,01 ——}— 0.1 72 —| NH-acids 05 [ 12 |
oo I 3 Ph-soH 82 ST
4-NO2-CsH,~50:-NH-CO-CcH.~4-Me  15.68 e l A l ‘s YW (B-NO-CH-SONNH 818 . 07— ]
' 3 5 =NO;~CsHy=S0s) E
4-NCsF.-OH 16, | 1 ' E[E Q‘Qj@g v 2 T .
y 15.39 2 T T ~E}? D e (4-NO~CH~SOLNH  8.15 : [T
4-NC-F,-CH(CN)CCOOEt 14.89 1 5 indole  Indoxyl acetate  Indolocarbazole Anlline | L
049 6n l NH, -i/ 1’ 2.4.6=(S020CH2CF2CFaH)s=Phenol  8.14 131 I ohe
3-CF:-C:H,-CH(CN).  14.70 e L
045 b b 4,6-(S0.0CH,CF-).~Phenol  7.94 157 o0
v 1457 1 § [ QHJ. 10 quuknij J-:ifd\ 2.4,6-(S0.0CH.CF2). 7 -+ i 1] —
o 1-CigH-S0:H 7.9 J o I
3-NO~CgHi~S0;-NH-CO-C.H,-3-Cl  14.55 - é @ — | @
o l | Triazine 1 Triazine 2 Triazine 3 3-NO2-CeHs~SO02-NH-502-CcH3-3-NO-4-Cl  7.84 0 un l
4-NO,-C;3H;~S0,-NH-CO-C;H;-3-Cl 14.43 —o84 A l CFy 4-NO,~C¢Hy~S0,-NH-50,-C.H;-3-NO~4-Cl  7.82 j " . "n .
2-Cl-4,6-(NOz)-Phenol 14.23 Q — A
! @’ﬁ“ QL0 Q0 CoHs—CHTE,  7.73 3
[9-Phenanthrene]-BPA-[H:] 13.97 Kl H H H H I
104 | 189014 I Saccharin 1,3-Diphenylurea  3,5-(CF,),-Ph-C-thioures H:S50s 7.6 I s
- Fi-CH(CN),  13.
4=Me=CgF,=CH(CN). 13.87 (‘:"' | C:F:-S0.-NH-S0.~CsH.~4-Cl  7.66 I 142
i PreCoH s 054 B ¥
[24.6-i-Pro-CiHal-BPA 13,63 —- T (4-CI-3-ND-C Hy-SOUNH 747 i
RR=3,6(CF,),~Ph-CXCC-Br.-benzoic acid  13.56 i - [ “I‘ Me-TCNPD ~ 7.36 il J
37 - - h 1.26
NCLLCHN. 1347 T Acetonitrile
o 4-CI-CoH,-80:H 7.0 -
= 075 0.56 022 1.02
2.3,45,6~(CF)s~Co-CH(CN)COOE  13.41 T - L 2 I T QD . |
Il
[3-FPhenanthrens-BPA 13.32 nuq * l f e p Ka Sca. e [Ph]IC:F.7]-NTPA-[H:] 6.69 177 ¥
CeFs-CHCN),  13.01 -+ 5 “-f‘ [PHIICFSI-NTPA-[H:]  6.68 W : i
4-H-CeFs-CHICN): 1298 s B CgF5-80,-NH-80,-C¢H.~3-NO; 6.68 —1
[PRI-BPA 1273 o [ [PhI[C4Fsl-NTPA-[H:]  6.65 T T
3-CF.-4-NO;-Ph-CACC-Bry-benzoic acid  12.69 —|——ors w C.Fs-50.~NH-50.-C;H,=4-NO,  6.60
[4-F-C¢H,]-BPA 1245 o Ton " . 3-NO:-CoHi-SO:H 6.4 11 b o f
2 & T [4-MeO-CH,ICF:I-NTPA  6.35 I oar
1 0.66 A
2-CioF7-CHICN)2  12.23 . e [PR][CF:]-NTPA  6.33 | ¥ 0.64
Tos;NH  11.97 ]. " 4-NO-CoHi-SOH 6.8 —— 1 008205 T T
Ph-SO,-NH-S0,~Me 11.89 2 o T -
o8 o8 05
[FE=EES T == T B | ) 181 3-NO;-C:H;-S0:-CH(CN):  6.16 e ‘
4-NO_-C:H.-CH(CN),  11.61 Ufu C4F-S0,-NH-§0,-C;H;-3-NO,-4C1  6.16 o ;
048 1.48 5
4-MeO-C;H,~CO-NH-T 11.60 i A" . 4-MeO-CcH,~C(=NTH-NH-Tt  6.05 I T
CeFs-NH-Tf  11.48 —o1002e l 4-NO,-C:H,~S0.~CH(CN),  6.01 - .lza oL B ‘
4-Me-CgH,~CO-NH-T! 1146 e Tos-NH-Tf  5.82 J. i 5
4 141 ]
(CeHs-SO)NH 1135 o o 4-Me-CgH,~C(=NTf)-NH-Tf 582 l
4-MeO-CsH,~50,-NH-S0,-CcHa-4-Cl  11.29 0.60 0.60 - CgH=—C(=NTf)-NH-Tf 568 0.2 - 7
CeFs=NH-S0,-C,Fy 11.25 0.41 o l H-TCNPD  5.64 Y
CoFs-NH-S0,-CsF 7 11.19 15 T | C.H:-SO-NH-Tf  5.52 T 1 *
4=Cl-C:H;~80,-NH-Tos 11,10 I Lll“ . HBr 5.4 - —)n‘ 8 T 5 o
C:H-CO-NH-Tf 11.07 . l 4-F-CgH,~C(=NTf)-NH-T{  5.29 04 174
Picric acid  11.00 ——057 P B 3 2,4,6-(SO-F):-Phenol 522 . NH-acids *
2 R
5-NO;-Barbituric acid  10.72 81—+ ; 4-CI-CoHs-C(=NTf)-NH-Tt  5.20 R A —— e o, 00
31 : : e P
4-F-C,H:~CO-NH-Tf 10.65 (CoF=-SO.LNH  5.08 ‘l .y, o rpma
R1 —
(2.4,6-({NO2)5-CeH2):NH  10.54 e CH{CN); 5.0 —— 084042 T [R1][R2]-NTPA
2,3.4,6,6-(CFa)e-Phenol 10.46 i s sl ilinul - () [ o o .
087 0.7 ~s®
23.48~(CFo).~CiH-CH(CN),  10.42 e T i [3.8~(CFa)=CoH:]-JINGLE  4.07 oy ‘ P oy
4-CI-C:H:~CO-NH-Tf  10.35 ! T _T HERSLURREIMRL A0S i f Mg
043
HCl 103 i l ‘ 021 4-NO,-CH,~C[=NTf-NH-Tf 463 o "y
: 024 0.56 oR 10 ____
4-MeO-CH,-50,-NH-50,-CcH,-4-NO,  10.29 d e 24,6-Thy-Phenol  4.44 l !
: A i —
(4-CI-C5Hi-SO2:NH  10.20 ¥ o (CN)C=CICNJOH  4.36 1o G
-0.01 048 115 o 1% [R]-JINGLE
4-CFy=CeFi-CHICN),  10.19 ‘ 4-NO;~CHy-S0-NH-T  4.04 ok i
N
2,3,4,5.6-(CF5):=Thiophenal 10,12 —0.45 " 1 a—.—l—n,‘ 4-CI-C;H,~SO(=NTf)-NH-S0.~CzH.~4-Cl  4.00 - 1101, l
14
3-NO,~CoH:-SO,-NH-Tos  10.07 ! 1 } — 24-(NOzJ-CsHe-SOH - 3.98 ore '
el l ’ O L 2,35-Th 3665
4-NO,-C¢H,;-S0:-NH-Tos  10.04 + mm . I ophanot 3, i l,
106 .
Me-SO:H .97 105 ‘ —— 4-CI-C;H.~SO[=NTf)-NH-S0,-C;H,~4-NO,  3.30 —o
4-CI-3-NO,-C;H;-S0,-NH-Tos 968 . 46 A28 h 2021 1407 1419
\ Eur. J. Org. Chem. . o
2.4-(NQ;);-CgH:-CHICN):  9.58 [ o l
\
4=NOx=CeH=CO-NH=T!  9.49 o l o5 Acidtype: Bl CH-acids Bl OH-acids Bl NH-acids M SH-acids B Hydrogen halides
4-NO,-C:H,~S0,-NH-S0,~CeHy-4-Cl 917 } T T




Scales as tools: some recent pK, applications
(involving fluorocompounds) CF,S0, S0,C7,
Ck, 807?

SOC

D. Hofler et al Angew. Chem.
~,C. CF, v sR so,cr,
3 o Int. Ed. 2017, 56, 1411 CE
"

Ck, Solvent: 1,2-dichloroethane

SO,CH,

D. Hofler et al Synlett 2021, 32, 45
Solvent: acetonitrile

m mcg mss
N N N

\ \ \ Cr
H H H

H.-Y. Bae et al Nature Chem.
2018, 10, 888

V. Debrauwer et al ACS Org. Inorg. Au 2021, 1, 43 %
Solvent: acetonitrile

Solvent: acetonitrile

analytical.chem.ut.ee/esfc2022/ 13 ‘




Limitations of UV-Vis

: CF,S0,,

Many acids (most >_OH : C+OH CF SO/NH
aliphatics) do not :
have suitable UV HO OH CE. CE
spectrum ~co—cr, HOJ ° L op
FC CF, FC CF,

In many cases there is
spectrum but it
changes very little on
deprotonation




F NMR pK_, measurement

® NOt neW- B. G. Jones et al J. Chem. Soc. Perkin |

1996, 2685
CF;-substituted heterocycles in water

S. E. Boiadjiev et al J. Phys. Org.
Chem 1999, 12, 551
F-substituted carboxylic acids in water

C. L. Perrin, Y. Dong, J. Am. Chem. Soc.
2007, 129, 4490.
Different F-substituted compoundsin water

» But certainly underutilized
» Considering its potential

analytical.chem.ut.ee/esfc2022/ 15




3

Relative pK, measurement: °F NMR

All compounds in the same solution:

N\
\N .
F C/C[ Anion ~— QCOOH

pH 10.81
pH 4.60 j
oH 4.41 }
pH 4.20
pH 3.99 JL
pH 3.79
pH 3.59 44}5&\—\
pH 3.42

Neutral Neutral
s JL R

-6:1.2 -64.6 I I I I -1;6 \Né{ltral ppm
ApK ., = pK OCOOH) — pK @COCH ) = 0.33

Differences of K= pK QCOOH < C[ 093
chemical shifts ApK4 = pKy( ) = PKalrc N )"

E. Parman et al J. Phys. Org. Chem. 2019, 32, e3940

APK, = pK,( ' H-coom) — PKa( N,N "\ = 0.56

OH Solvent: water 16




Compound

4-Fluorobenzenesulfonamide

4-Fluorophenol

3-Trifluoromethylbenzenesulfonamide
4-Trifluoromethylbenzenesulfonamide
1,1,1,3,3,3-Hexafluoropropan-2-ol
3-(Trifluoromethyl)phenol
2.3.4.5,6-Pentatluorobenzenesulfonamide
3,5-Bis(trifluoromethyl)phenol

2,6-Difluorophenol

1,1,1-Trifluoromethanesulfonamide
1,1,1,4,4.4-Hexafluoro-2,3-bis(trifluoromethyl)butane-2,3-diol
2,3,5,6-Tetrafluorophenol

2,3.,4,5,6-Pentatluorophenol

Perfluoro-fert-butyl alcohol
2,4-Bis(trifluoromethyl)-1,1,1,5,5,5-hexafluoropentane-2.4-diol
4-Fluorobenzoic acid

3-Fluorobenzoic acid
1-Hydroxy-6-(trifluoromethyl)benzotriazole
2-Fluorobenzoic acid

E. Parman et al J. Phys. Org. Chem. 2019, 32, 3940

pKa

10.02

9.89
9.69
9.64
9.42
9.08
8.30
8.03
7.34
6.35
5.95
5.67
5.55
5.33
5.21
4.14
3.86
3.60
3.46

Many ApKa measurements together

ApK; (NMR) pK (lit)

016 |
{—035 9.89017]
0.16 |
! 0.30
0.04

—4—0.31 0.81
0.27 0.56
t 0.54 9.30018]
D§43 1.20 9 04091
0.86
' 1.01
0.20
i _ [20]
e 7.96
} 1.68
a1 [21]
! 6.33
0.29 0.76
—o0.40
o 0.72—0.32—— [12]
0,20 ‘ | o042 3.53

——0.32 5 4016l
0.12 | [
i 1.20
- 4.140%1
0333 OIQ T 3 86121
0;23 J/o.ee oo 3 301101
0.13 | ’ (2]
i 3.27,3.5202

3.311

Solvent: water 17




Aspect
Application range
Relative
acidities/basicities

Concentration range

Accurate signal intensity
needed?

Sensitivity to acidic or
basic impurities

Partially decomposing
compound

3 or more compounds in
one experiment

Choice of solvents

Possibility to couple

with glovebox
High-end instrument

neede?

UV-Vis spectrophotometry

Spectral change needed, proton

exchange rate unimportant
Ref compounds within 1.5 pKk
units needed

(n*10°) n*10°5... n"10“* M
Accurate intensities are needed

Very strong, if the spectra of the
impurities change during titration

Impossible

Impossible

Any non-UV-absorbing solvent

Good

No

9F NMR vs UV-Vis in pK, measurement

19F NMR spectrometry
F atom in molecule, fast prooton

Exchange strongly preferred
Ref compounds within £1.5 pKk,
units needed

(n'10°) n"10% ... n"103 M
Accurate intensities not needed

If peaks can be resolved then
not sensitive to impurities

If peaks can be resolved from
decomposition products then
may be possible

Possible

Any non-fluorinated solvent

Difficult

No 18




Some recent 1°F NMR pK, applications

OH Ho CFs C
>—o|.| FC+OH ,* ——&cr, MOH
|:3C Chk, =3C CE
3

E. Parman et al J. Phys. Org. Chem. 2019, 32, e3940
H

Solvent: water
\\ Cl N, J. Kdgel et al Eur. J. Inorg.
+ N N Chem. 2019, 3612
Ni—l Solvent: acetonitrile

E. Parman et al Chem. Phys. Chem. 2021, 22, 2329
Solvent: acetonitrile

T-2NAZ-T

In several cases parallel measurements were done with UV-Vis
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F too far from H?

Compound

4-Fluorobenzenesulfonamide
4-Fluorophenol
3-Trifluoromethylbenzenesulfonamide
4-Trifluoromethylbenzenesulfonamide
1,1,1,3,3,3-Hexafluoropropan-2-ol
3-(Trifluoromethyl)phenol
2,3,4,5,6-Pentafluorobenzenesulfonamide?
3,5-Bis(trifluoromethyl)phenol
2,6-Difluorophenol
1,1,1-Trifluoromethanesulfonamide
1,1,1,4,4,4-Hexafluoro-2,3-bis(trifluoromethyl)butane-2,3-diol
2,3,5,6-Tetrafluorophenol?
2,3,4,5,6-Pentafluorophenol?
Perfluoro-tert-butyl alcohol

2,4-Bis(trifluoromethyl)-1,1,1,5,5,5-hexafluoropentane-2,4-diol

4-Fluorobenzoic acid
3-Fluorobenzoic acid
1-Hydroxy-6-(trifluoromethyl)benzotriazole
2-Fluorobenzoic acid

2 F in 3 position

Appm

4.15
6.59
0.20
0.35
0.22
0.22
1.82
0.19
1.07
0.28
0.86
3.40
3.89
1.12
3.08
4.50
0.80
0.50
4.08

Number of bonds
between F and H
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