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S pKa (acidita e basicita)

- Capacita di ipotizzare la presenza di gruppi deprotonabili in ambiente acquoso
- Applicazione in Chimica Farmaceutica: concetto di drugability
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The chemio-physical constant

Some examples:

Melting point (mp),
Boiling point (bp)
Solubility

logP,

PK,

Density

Viscosity

Chromatografic retention time (Rf)

IRVibration frequency,
NMR chemical shift, .........

Sempre qui dobbiamo starelll
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Solvation
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Solubility - definition#1:

Solubility 1s a phenomena strictly correlate to the intramolecular forces

inside this equilibrium:

Pure substance + Solvent-Solvent <= Substance-Solvent

o+
solvation of a polar compound

&+ &-
(Y—Z) by water
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Solubility - definition#2:

When charged functional groups are present in the structure, the water

solubility is strictly correlate to the pKa the functional groups and the
pH the water solvent.

HA

+

H + A

+ —

v

A

pKa=-log Ka

HB

I
_|_
0o

o+
solvation of a polar compound

o+ &
(Y—Z) by water
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Dissociation constant (pK))

The stronger the acid, the smaller is its
pK;.

T
>

Solution pH | |A

NaOH, 0.1 M ---------
Household bleach -——--
Household ammonia --

A

+
— 11 n
- H  + B
Milk of magnesia ----- — 10 I—l B -
Borax --- - - - - - - - - —- 9
Baking soda---------
Egg white, seawater -~ 8
Human blood, tears ___T
MiIIk ———————————————
Saliva---—---—--------
Rain————————————___ — 6
Coffee -~ - - - - - - - ———-- — 5
Tomatoes -——- -~ 4 pKa=-log Ka
Wine - - ———————————-
Cola, vinegar -------- L 3
Lemon juice --------- >

Gastric juice ~—=—=------
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Dissociation constant (pK))

The stronger the acid, the smaller is its

pK;.
solution PH The dissociation constant (pK,) chemiophysical
constant influenced by few structural:
NaOH, 0.1M ----————-
Household bleach o
rousehold ammena T * Inductive effects (+ I/- 1)
Milk of magnesia -~ 10 * Mesomeric effects (+ M/- M)
o = * Steric effects
Baking soda---------
Egg white, seawater - - 8
{uman blood, tears - |-
L — and environmental factors:
Coffee -~------------ — >
Wi o I A * Solvent
Cola, vinegar -------- — 3
Lemon juice --------- 3 * Tempel”atu e

Gastric juice ~—=—=------
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Inductive effect Pk,

acidity

HO

|
CCO‘

YN

inductive electron withdrawal

0 o) o) 0
! ! ! !
CH3CH2CH2(|3H/ “SOH CH3CH2(|JHCH2/ “OH CH3(|ZHCH2CH2/ “OH C|H2CH2CH2CH2/ “OH

Br Br Br Br
pK, = 2.97 pK, = 4.01 pK, = 4.59 pK, = 4.71
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Inductive effect Pk,

acidity

H O

Ll
Cco—

YN

inductive electron withdrawal

electron-withdrawing groups lowering the pK, of carboxylic acids

0 o ® (0 (o] 0 (o)
)j\ °2N\)j\ Me3N\)J\ NC\)& M
OH OH OH OH OH

pK, 4.76 PKa 1.7 PKy 1.8 PKs 2.4 pK, 3.6
electron-withdrawing groups lowering the pK, of alcohols CF
3
FsC, ,CF3
H3C—OH FaC” OH )\ /<
FsC OH FsC OH
pKy 15.5 pK, 12.4 pKy 9.3 pK, 5.4

INS——S—S————..—
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Inductive effect Pk,

acidity

relative acid strengths

plWow e

strongest

weakest CH3CH3 < H,C=CH, NH; HC=CH H,O aC|d

ac'd pK, = 50 pK, = 44 pK, =36 pK, = 25 pK, = 15.7 pKa 3 2
phenol cyclohexanol ethanol
pK; =10 pK;= 16 pK;= 16
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Inductive effect Pk,

acidity

hydrogen fluoride

Table 1.9 The pK, Values of Some Simple Acids

CH, NH; H,O HF
pK, = 50 pK, = 36 pK, = 15.7 pK, = 3.2
H,S HCI hydrogen chloride
pK, = 7.0 pK, = —7
HBr
pK, = —9
HI
pK, = —10 hydrogen bromide

hydrogen iodide
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Inductive effect Pk,

o

acidity

hydrogen fluoride
relative electronegativities: F > CI > Br > 1

most largest .
electronegative

hydrogen chloride

relative stabilities: Fr < CI” < Br < I
NN
most
stable

relative acidities: HF < HClI < HBr < HI hydrogen bromide

strongest
acid

hydrogen iodide
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Inductive effect

Table 8.1 The pK, value of some compounds

Acid pPK,
HI ca.—-10
HCI ca.—7
H>SO0,4 ca.-3
HSOZ 2.0
CH3COOH 4.8
H>S 7.0
NHZ 9.2
CeHs0H 10.0
CH3OH 15.5
o
CH3)I\CH3 20.0
CH=—=C—H 25

NH3 33

Conjugate base
-

cI-
HSOZ
S0%
CH3C00™
HS™

NH3
CgHs0™
CHz0™

CH3 CH,

CH==C ©

NH>

Marco L. Lolli

pK

a
acidity

o

hydrogen fluoride

hydrogen chloride

hydrogen bromide

hydrogen iodide
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Inductive effect Pk,

acidity

H
e H H H
S S ——
H H H H
pK, ca. 50 pK, ca. 44 pK, ca. 26
H
H% © H e
1, H——_9) ©
H o H H
lone pair of CH3CH2@ lone pair of CH2=CH@ lone pair of HCEC@
in sp3 orbital in sp? orbital in sp orbital
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Inductive effect Pk,

acidity

pK; 16.1 pKy; 15.5 pK; 15.4 pK; 13.5
0 (0) 0
(0)
i \)J\OH \)1\("_' OH _—<
OH
pK; 4.9 pKy 4.2 pK; 4.2 pK; 1.9
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Inductive effect Pk,

acidity
electron-withdrawing groups lowering the pK, of alcohols CF
3
F3C. CF3
H3C—OH Fsc/\OH )\ /24
FsC OH FsC OH
pKy 15.5 pKy 12.4 pK; 9.3 pK, 5.4
(o) (o) CH3 CH3
H3C_OH H3c/\OH Ry
HsC OH HaC OH
H OH H3C OH 3 HsC
formic (methanoic) acid acetic (ethanoic) acid methanol ethanol isopropy! alcohol tert-butyl alcohol
pK, 3.7 pK, 4.8 pK, 15.5 pK, 16.0 pK, 17.1 pK, 19.2
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Mesomeric effect Pk,

CH5CH,O™
CH3—C':
-
CH,CH,O—H
pK, = 15.9 (”)
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Mesomeric effect PK,
acidity
o@

H H 0 !
B g I
v 0 m o m 0 M ‘0

charge localized on )
one oxygen charge delocalized over two oxygens

methane sulfonate

0 0 0 0 o
Me— \\ O Me— X\ O Me— \§0 Me \, ©
o 0 @0 o

charge delocalized over three oxygens

CH3 OH
05N i NO,  OoN< i _NO,
NO, NO,

trinitrotoluene, TNT picric acid
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PK,

acidity

Mesomeric effect

The potassium salt of 6-methyl-1,2,3-
oxathiazin-4-one 2,2-dioxide known as
acesulfame-K is used as an artificial
sweetener (trade name Sunett). Here

HI-L H the negative charge is delocalized over
H & both the carbonyl and the sulfone
groups.
H"“g o)
H H Me 0\ /
S§
L
© ®
K

pK;ca. 48 pK;ca. 40

acesulfame-K
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Basicity evaluation PK,

basicity

neutral to acid

pH <9.24 pH 7 pH 9.24! pH10-33 pH~33  pH >33
strongly basic very strongly basic indeed

pH 16
limit of measurements in water
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Basicity evaluation PK,

basicity
0
(0
o 0 /N””'H R)I\N/H N_H
N H M

H™ H _H H |

R (o) H o

water carboxylic acid ammonia amide phthalimide
pKy; 15.74 pKy ca. b pK, ca. 33 pKy ca. 17 pKy 8.3

+ +
O O

protonated aniline protonated cyclohexylamine
pK; =4.60 pK;=11.2
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D.H. Ripin, D.A. Evans pKa's of Nitrogen Acids http://daecrl.harvard.edu/

Substrale pka Hz O [DMSE0) subsirate pia  HyD (DOMS0)  sjhstrate pka HzD (DMSD) 5 hstrate pia HED (OMSL
PROTONATED NITROGEN AMINES IMIDES AMIDINES
MW Hy 9.2  (108)| HM3 47 (T.H o o MEOPh
: NH3 38 (41) A
EtM*H 106 . LR H
N i-PraNH (36 THF)) M B30 H4T) | g e 17.3)
et 11.05 TMSNH Z6{THF) (30) Ph {15.0)
EtgM*H 10.75 (2.00) | PhNH, {30.8) :
RN Ha 46 (38) | PhoNH 125.0) AcaNH (17.9) | PROTONATED HETEROCYCLES
— o 5gy | MCNH {16.9)
PhM* M)z H 520 [(2.50) 2 UL FCNAMIDE DBU O:.j {12} {=slimals)
PhaM*Hg 0.78 D’" (44} ¥
. 5 H
2-napthal-N"Hy 418 Mo MaSCiNH, (17.5) OMAE
HaMN"H; g1z TMP I (3T} PhSCMH, (16.1)

. ;II 1
rﬂn.N—Cﬂl i Q.E'“‘Ar 585

HON*H 5.96 P CF350.NH; &3 {87
Quinucliding [A2H 110 (9.80) "'-"'—C" (2650 | masouNHER {12.9) cz.“

AMIDES & CARBAMATES GUARMIDIMILRA,
Muorpholine O Hzd A8 HYRDALCOMES - IDES, & -INES R
WH R= H(PPTS) 521 {3.4)
M-Pds m&rphullne Rj\hn (13.8) £Bus 495 (0.90)

= H (23.5) W"NJLNM‘ Me 6.75 (4.486)
s CHs 15.1 (25.5) pﬂj:::‘ (21.6) il o.re
Eh {23.3) o HETEROCYCLES
ﬁ CF3 (17.2) m’i\ (18.9) H
wH MH, (uraa (264 ) "
DABCO ..:} 297, 8.82 2 J } MEINE CE) {20 95)

(2.97, 8.93) = {24.8) PhSO,NHNH, (17.2)

[ I:N.'"h-"""'"m y 5.890, 595 E| i:i N""pn (21.8) PhNHMNHPR [2E6.1) (23.01 e
L Iy I HiH 23 185
80 120 o o HYDROXAMIC ACID e
Praton Spongs f--, T.50) 4.1} 12 (20.5) - 1.2.9 triazale
" - Hl
\_{hn 0H B.aa {13.7) L17.0) m.-j JH o (13.9)
PhCH™H -10 M (MH] W

1 H
“Walues <0 for H;O and DMS0, and values =14 for waler and =35 for DME0 were axtrapolated using varicus methods.



Basicrty evaluation PK,

basicity

Table 8.4 pKyH values for primary, secondary,
and tertiary amines

R PKan RNH2  pKay RoNH  pKay R3N
Me 10.6 10.8 9.8

Et 10.7 11.0 10.8

nPr  10.7 11.0 10.3
nBu  10.7 11.3 9.9

Table 8.5 pK,ys of unsaturated
primary, secondary, and tertiary amines

R RNH, RoNH  R3N
H3C—CH>—CHo— 10.7 11.0  10.3
H>C=CH—CH,— 9.5 9.3 8.3
HC=C—CH,— 8.2 6.1 3.1
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Basicrty evaluation

Cl.C” NH,

pKay 5.5

H
Q H
N’

lone pair in sp3 orbital
pKap 10.7

N.Hz NN
CI3C/\/ F3C NH>

PKan 9.65 PKan 5.7
Q M
N
Me/\\\N\CD
H H

lone pair in sp? orbital

pKaH 9.2 pKaH 10.8

Me

Si NH
Me™ \/ 2
Me(

pKay 11.0

lone pair in sp3 orbital

PK,

basicity

NH,
Fsc/\/

pKaH 8.7

Me—————NO

lone pair in sp orbital
pKan ca. =10
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Basicrty evaluation PK,

basicity

Q _H
N/
QN/H N/H H2N NH,
e)}\ guanidine: pK, 13.6
™ NH, (+)
. L
an amidine pKan 12.4 (+)HoN7 *NH> (+)

very stable guanidinium cation
each (+) is a third
of a positive charge
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Basicrty evaluation

pK

a
basicity
N NH N_NH HN;NH | \_‘ | t
) % ) % N N N%
H
imidazoline imidazole imidazolium pyridine pyridinium
PKan 11 PKan 7.1 cation PKan 5.2 cation
H
H pK, 10 N pK, 14.5
N < | H
| \
N .-NH
<\ ® N Ny 2
N NH; | @
NH,

the major form of histamine
at physiological pH (7.4)

the guanidine analogue
the extra carbon in the chain was found
to increase the efficacy of the drug
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Henderson-Hasselbalch Equation PK, and Solubility

_[ATHT] [A]
a= pH=pKa + log OH™ H,0
[HA] [HA] cuacoou _&% cuscoo
(acetic acld HA) + (acetate A7)
-m
100 90 0y, o M
A~ 0 10 50 90 100 P
§ y = PK, = 4.8
-m o
BH+ |00 90 °% 3 & 7

B0 10 50 90 |oo_Figure1_9

Marco L. Lolli  Titration curve of acetic acid.




pK, and Solubility

acidic form basic form
RCOOH — RCOO  + H*
+
RNH; — RNH, + H*"

99% —

90% —

50% —

B acidic form 10% —
3

B basic form 1% =

2 4.2 5.2 6.2 72

T N
T pH = pK, T pH=pK, + 2
pH=pK, -1 pH=pK, +1
pH =pK, —2
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