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OTKyAaa Bce nowno

Effect of Multiple Substitution on pK,.

Compound pK4 single ApK, total ApK, I
CH;CO,H 4.74 - -
CICH,CO,H 2.87 1.87 1.87
CLCHCO,H 1.29 1.58 3.45
CCLCO,H 0.65 0.64 4.09
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PeakumnoHHasn cepus

2]
HOO CH,OH + Br
e / <
CH;0 CH,OCH, + Brf :
t CHBr —
(‘n}—f—o@ T CHy=C—0—CH, + B" .
| .
0 0
©
Qo {3»0—(:113 - B
Heckonbko 3ameuvaTteribHbIX BOMNPOCOB: /
1. MOXHO N1 AaHHbIe, NONYy4YeHHble HA HU3LIMUX YfieHaX roMOSIOrM4YecKoro
psaa (meTun-, aTun-) pacnpocTpaHnUTb Ha OCTalfbHble?;

2. MoxHO nu npeacrtaBrieHns, chopMmupoBaHHble Ha OCHoBe (pu3UKO-
XUMUYECKUX [AaHHbIX B rasoBon ¢pase, NepeHOCUTb Ha XUAKOCTb
(0OCHOBHOCTb U KUCMOTHOCTbL 4epe3 pK)?; :
3. fBnsieTca nu pacTBOp, B KOTOPOM MpOTeKaeT peakuus, UCTUHHbLIM?;
56_11_%§r.qa M Mbl NOMHWM, O . BIAMMHOM  BRWAHWUM aTOMOB?3



HomeHknaTypa

S Name S Name
e X halo R(C=0) acyl
« RO alkoxyor hydroxy R alkyl
« R2N amino H hydrogen
« HSO3 sulfonic acid R2C=CR alkeny!
« N=C cyano RC=C alkynyl

« O2N nitro Ar aryl

26.11.2018 Oduuepos E.H.



ANEeKTPOHHbIe 3¢ heKTbl

 The inductive effect has universally been represented by the symbol I.
This is now commonly taken to include both through-bonds and
through-space transmission, but | is also used specifically for through-bonds
transmission; through-space transmission is then symbolized as (for field
effect). The symbols for the influence of substituents exerted through
electron delocalization have variously been (mesomeric), (electromeric),
(tautomeric), (conjugative), K (konjugativ) and (resonance). Since the
present fashion is to use the term resonance effect, is the most commonly
used symbol, although is still seen quite often. Both the possible sign
conventions are in use.

« The Ingold sign convention associates electronegativity (relative to
hydrogen atom) with a negative sign, electropositivity with a positive sign.
Thus the nitro group is described as electronwithdrawing by virtue of its +I
and effects; chloro is described as a - |, substituent, etc. For correlation
analysis and linear free-enerqgy relationships this convention has been found
inconvenient, for it is in contradiction to the sign convention for polar
substituent constants (o-constants). Authors concerned with these fields
often avoid this contradiction by adopting the opposite sign convention
originally associated with Robinson, for electronic effects. This practice is
almost always associated with the use of R for the electron delocalization
effect: thus the nitro group is a , substituent; chloro a , substituent, etc.

. PAC. 1994, 66, 1077 (Glossary of terms used in physical
organic chemistry (IUPAC Recommendations 1994)) on page 1111

26.11.2018 Odpuuepos E.H. 5




[1Ba Tna MOCTUKOB WU O
Ba)>XHOCTU HanpaBlieHUS

Kpucrannuueckue pewerku anmasa (cnesa) u rpadura (cnpasal)

26.11.2018 Odbruepos E.H.



IIpocTeie BelecTBa

Annorpornus

¢ Vraepon: anma3s (sp°),
rpadur (sp?), kapouH (sp),
dyiepeH.

¢ (JI0BO «0O€I0e» U «Cepoey.

Omoro Oertoe

Avaz

OmoBo cepoe
26.11.2018 Ocbuuepos E.H.




[1aTb pakTOpPOB

MNepBbIN UnNun 3apag

1. Acidity Increases with Increasing positive charge on an atom

HO@ < H,O <« H30®
pKa 15.7 -1.7

Increasing acidity

®

pKa 38 9.2

26.11.2018 Odbruepos E.H. 8



2. Across the periodic table, acidity increases with electronegativity...

CHy < NH; < H0 < HF
pKa ~50 38 15.7 3.2

Electronegativity 25 3.0 3.4 4.0

...but down the periodic table, acidity increases with size,
HF < HCIl < HBr < HI

pKa 3.2 -8.0 -9.0 -10
Electronegativity 4.0 3.0 28 25
lonic radius 133 181 196 220
(picometres)

Also holds for oxygen versusg sulfur...
H,O < H;S
pKa 15.7 7.0

COH < CSH
26.11.2018 H Odbnuepos El-.'I?I.
pKa 155 10



N Takx...

« KoHuenuusa anekTpooTpuuatenbHOCTN paboTaeT
B nepuoae, Ho He paboTaeT B rpynnax. Y He
NPOCTO He paboTaeT, HO AaeT abCcostoTHO
NPOTMBOMNONOXHblE 3aBUCUMOCTU!

« Kto npaB — NonuHr unn Menpgeneen?
« Torga novyemy gepXXnumcsd 3a Hee 40 CUX rnop?

26.11.2018 Odpuuepos E.H. 10



3. Resonance

Remember, any structural feature that increases the stability of the conjugate
base will increase acidity.

Key question: can the lone pair of the conjugate base participate in resonance
with an adjacent x bond?

Resonance will increase the stability of the conjugate base (therefore increasing
aciaity) because the negative charge can be delocalized.

Example 1 - contrast methanol versus phenol.

o ©
The anion of phenol can be stabilized
P L < 10 through resonance
more acidic

Example 2 - alcohols (e.g. methanol) versus carboxylic acids

S0 | A Y
CH30H -
: bl Hsc’u*o@ Hsc’ko
pKa 15 < 4
more acidic
Queation: Which proton (in red) would you expect to be more acidic?
H H. H

C
ch"ﬁ/ﬂ HaC”~ “CHg
26.11.2018 B OduLiepos E.H. 11



4. Electronegativity and inductive effects:

Two principles - electron-withdrawing substituents can increase acidity

of a nearby atom, which increases with electronegativity and decreases
with increasing distance to the atom.

Electronegativity increases inthe order F>Cl>Br> | :

0 0 0 0 0
1075 < 107 5! < 0P < 1o < Ho”
H”H H” “H H”H HH HH

pKa 4.76 3.15 2.86 2.81 2.66
More acidic -
O 0O O
HO’U\CHQCH?_CH,_Br < HOJLCHQCHQBr < HO/U\CHzar
pKa 4.59 4.01 2.86
26.11.2018
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5. Orbitals

The higher the gscharacter of a bond to hydrogen, the more acidic it will be.

sp’ sp’ sp

25% < 33% < 50%
s-character s-character s-character

H

Woadh O H—=—H

pKa 50 42 25

increasing acidi
g aadity o

Questions: What do you think about the acidity of the following pratons in red?

H, - ®
1.  H,N=CH,R N=<R H=N=—R

H R
2 o= HO=CH,R
&\

26.11.2018 Odbruepos E.H.
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[Tlapapokc aueTuneHa

» CBsA3b C-H B auetuneHe no cpaBHEHUIO CO
CBS13bl0 B 3TUJIEHE HAMHOTIO NMPOYHee,
TEM HE MEHEE Mbl FTOBOPUM O TOM, YTO
NPOTOH B aLleTUINeHe aHOMarbHO KUCTIbIN.

e AHOManNmMa B mo3rax?

26.11.2018 Odpuuepos E.H. 14



Ewe oanH npumep

26654 BB} 60 4 &4 o—
H.C——CH,—»CH,—»—CH_—»—C|

L C | A crude orbital picture showing how the
inductive effect dies down along the chain
”

D«.crmsmb skewness of charge
distribution along the C-skeleton

26.11.2018 Odbruepos E.H.
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C anekTpooTpUuLaTeNIbHOCTLIO NMOYTY
BCe HOpPMaJibHO

CH3F CH3Cl CH3Br CH3l CH3H
§(CH3) 4.13 184 245 1.98 0.13
Electonegativity (Pauling) 4.0 3.0 28 25 21

26.11.2018 Odbruepos E.H. 16
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Hy

Hy

+ 8.9 ppm

- 1.8 ppm

Odmuepos E.H.

CH

-4.25ppm
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Examples of strong hvdrogen bonds

H
0—H— 0 o o
R—</ / " )\/U\
0—H—0 H;C CH
0 = 9-15 ppm o= 154 ppm

26.11.2018 Odbruepos E.H. 18



MHAYKTUBHBLIN 3adhbpeKT — ewe pas

 "In strict definition, an experimentally observable effect (on rates of
reaction, etc.) of the transmission of charge through a chain of atoms
by electrostatic induction. A theoretical distinction may be made
between the field effect, and the inductive effect as models for the
Coulomb interaction between a given site within a molecular entity and
a remote unipole or dipole within the same entity. The experimental
distinction between the two effects has proved difficult, except for
molecules of peculiar geometry, which may exhibit 'reversed field
effects’. Ordinarily the inductive effect and the field effect are
influenced in the same direction by structural changes in the molecule
and the distinction between them is not clear. This situation has led
many authors to include the field effect in the term 'inductive effect'.
Thus the separation of values into inductive and resonance
components does not imply the exclusive operation of a
through-bonds route for the transmission of the non-conjugative part of
the substituent effect. To indicate the all-inclusive use of the term
inductive, the phrase 'so-called inductive effect' is sometimes used.
Certain modern theoretical approaches suggest that the 'so-called
inductive effect reflects a field effect rather than through-bonds
transmission."

PAC. 1994, 66, 1077 (Glossary of terms used in physical organic chemistry
26.1112PAEL Recommendations 1994)) on padaitiepds E.H. 19
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Surface charges induced in metal objects by a nearby charge. The electrostatic field (lines with
arrows) of a nearby positive charge (+) causes the mobile charges in metal objects to separate.
Negative charges (blue) are attracted and move to the surface of the object facing the external
charge. Positive charges (red) are repelled and move to the surface facing away. These induced
surface charges create an opposing electric field that exactly cancels the field of the external
charge throughout the interior of the metal. Therefore electrostatic induction ensures that the

electric field everywh&rbemhrgspiglaetalgonductive object is zero.

26.11.2018 20
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OO0 aaguTMBHOCTMU BINTUSAAHUA 3aMecTuUTerneun
NN KTO Ha KOro BnusieT

Table 1405, Effect of Cl Substitution on Acidity of Acetic Acid.

Acid
CH3COsH

CICH,CO4H
ClCHCOH
CClCO4H

26.11.2018

pKy
4.8

Ka Kn((.‘l)mn(m
1.7 x l(l'5 '
1.4 x 1073 80
§1 x 10'2 3 000
27 x l(l'l 12.940

Odmuepos E.H. 22



Ewe pa3 06 yKCyCHbIX KUCoTax

Effect of Multiple Substitution on pK,.

Compound K, single ApK, | total ApK,
CH,CO,H 4.74 - <
CICH,CO,H 2.87 1.87 1.87
CLCHCO;H 1.29 1.58 345
CCHLCOH 0.65 064 | 409

26.11.2018 Odbruepos E.H. 23



pK,'s of Monosubstituted Carboxylic Acids, X-CH,-C(O)OH

X pK, X pK,

-NO, 1.68 -l 3.16

+ 1.83 = 1.84
—N(CH3)3 -C=CH

-OCHj; 3.53 -C(O)CH, 3.58

-SO,CH4q 2.36 -SCH4 3.72

-CN 247 -CgHs 4.31

-F 2.66 -CH=CH> 4.26

-C(O)OH 2.83 -H 474

-Cl 2.87 -COy 5.69

-Br 2.90
26.11.2018 Oduuepos E.H. 24



Effect of Distance of Substituent on pK,

Compound

CH3CH;CH2;CO2H

Cl

|
CH3CHCHCOzH

Cl
|
CH3iCHCH.CO2H

Cl
|
CH:CH,CH-COzxH

8 OdnLepos E.H.
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AHrynsipHaa 3aBUCUMOCTb 3adhdeKTa

Cl

® ‘Q s LY Q o O ‘Q i

Grubbs and Firzgerald,
Tetrahedron Letters, 4901(1968)

26.11.2018 Odbruepos E.H. 26



Pe3oHaHCHbIe NI Me30MepHbIe

adpdeKkThbi

l,- +R-achhekTbI
CO;H CO-H CO;H
< HeWle
OCH:
-1 effect only OCH;
pKa 4.18 4.09 4.47

26.11.2018 Odbruepos E.H.
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Ctabununsaumna otpuuatesibHOro

3apaga

1, -R 3amectutenu

OH OH

NOs
-1 effect only

pK 9.92 8.40

26.11.2018 Odbruepos E.H.
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NO-

5.17

28



BnusHue BC

CO,H CO,H CO,H

58§ &~

pK,: 4.18 2.98

COxH COzH 0:-:0

C” H
ijr @“ :

26.11.2018 Odbruepos E.H.

pka:

CO,H

2.30
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Ctepuyeckoe MHrmobnposaHue

CO,H CO,H CO,H CO,H 002
pKy: 4.18 434 3.25

OzH

@ @ @ ©f‘8"

06413015 : chMLl,epOB E.H. 4 30



PK,:

26.11.2018

ConpsixeHue B paay coneun

H H H
+ | + | 4 |
©/N(CH3)2 : ;NE @

5.06 7.79 10.58

ot

A=273 A=2179

Odmuepos E.H.
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