Chapter 22

Amino Acids, Peptides,
and Proteins
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pH & pK, D EfR

HA — H* + A
FH#EHK (X, K, = [HIA] / [HA]
—-log K, = —log([H*][A"] / [HA])
—log K, = —log[H*] + —log([A"]/[HA])
oH = —log[H*] . pH = —log[H']  EEERT D&,
oK, = pH - log([A"]/[HA])

X [AT]=[HA] OF;. log([A]/[HAD=0




pKa's of Inorganic and Oxo-Acids

Chem 206

Substrate _pKa H,O (DMSO) Substrate _pKa _ H,O(DMSO)  Substrate pKa H,O (DMSO) Substrate pKa H,O (DMSO)
INORGANIC ACIDS CARBOXYLIC ACIDS ALCOHOLS PROTONATED SPECIES
H20 157 (32) j\ HOH 157 (31.2) e
+ -12.4
HaO* 1.7 X oo MeOH 155 (27.9) | pn"om
= 4.76 (12.3 :
H,S 7.00 CH3N o 68 (12.3) i-PrOH 165 (29.3) o 8
2 2 . - '
HBr -9.00 (0.9) CH,F 2.66 FBUOH 170 (@94 e +OHOH
HCI 80 (1.8) CH,CI 2.86 c-hexzCOH 24.0 s
CH,Br 2.86 Ph”” “CH
HE 317 (15) 2 CF3CH,OH 125 (23.5) s
e gnél ?;g (CF3),CHOH 9.3 (18.2) H
Hocl ' 2 ' CeHsOH 9.95 (18.0) | prwe 6.5
4 CF3 -0.25 m'02N06H4OH 8.4 'il
: : -3.8
HCN 9.4  (12.9) H 3.77 p-O;NCgH,OH 7.1 (10.8) | e me
HN3 472 (7.9) HO 3.6,10.3 p-OMeCgH,OH 102 (19.1) E>0+_H 005
HSCN 4.00 CeHls 4.2 (11.1) 2-napthol (17.1) H
0'02NC6H4 2.17 (|)+ _2.2
H,SO5 1.9, 7.21 m-ONCgH,  2.45 OXIMES & HYDROXAMIC ACIDS Me” o;
OH 1l
H,SO, -3.0, 1.99 p-O2NCgHy 3.44 NT 20.1) LS, 1.8
0-CICgH, 2.94 P 1.3 (20. & Me
HsPO, 2.12,7.21, Ph” Ph
12.32 m-CICgH,4 3.83 0 C ( )
1. ] 13.7 N*-OH 0.79 +1.63
HNO3 3 p—C|C6H4 3.99 Ph)]\N/OH ?NSS) ( ) \ /
HNO, 3.29 0-(CHa3)sN*CgH, 1.37 o H @'Y'e
CHa,)-N*tC:H 3.43 )j\ ~OH (18 5) Me_T_OH (+5.55)
H,CrO, -0.98, 6.50 p-(CH3)3N*CgHj, - Ph” N : e
OMeCgH 4.47 Me
CH3SO,H 26 (16) e SULFINIC & SULFONIC ACIDS
PEROXIDES
CF3SO5H 14 (0.3)
NH,CI 9.24 & 2.6
R=H 4.25 MeOOH 11.5 Me™ “OH
B(OH 9.23
(OH)s trans-CO,H 3.02, 4.38 CH5COH 8.2 f 21
HOOH 11.6 cis-CO,H 1.92, 6.23 Ph” > oH '

*Values <0 for H,O and DMSO, and values >14 for water and >35 for DMSO were extrapolated using various methods.

pKa Table.1 11/4/05 1:43 PM

For a comprehensive compilation of Bordwell pKa data see: http://www.chem.wisc.edu/areas/reich/pkatable/index.htm



Substrate pKa H,O (DMSO) Substrate pKa H,O (DMSO)

INORGANIC ACIDS ALCOHOLS
H,O 15.7  (32)

15.7 (31.2)
15.5 (27.9)

CF4CH,OH

(CF3),CHOH
CgHsOH
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CH,COOH
CICH,COOH

CICH,CH,COOH

CICH,CH,CH,COOH
CICH,CH,CH,CH,COOH

Cl,CHCOOH

Cl;CCOOH
FCH,COOH
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CH,COOH 4.8
CICH,COOH 2.8
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pK,
CH;COOH 4.8
CICH,COOH 2.8

Cl,CHCOOH 1.3
Cl;CCOOH 0.7
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pK
CH3;COOH 4.8
CICH,COOH 2.8
CICH,CH,COOH 4.1
CICH,CH,CH,COOH 45




Amino Acid a-COOH a-NH, Side chain m

Glycine pK., =2.35 pK_,=9.78 O

COOH — COO-+
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Amino Acid a-COOH a-NH, Side chain

Alanine 2.35 9.87

Glycine 2.35 9.78 O
COOH — COO +
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Amino Acid a-COOH a-NH, Side chain m

Alanine 2.35 9.87
Valine 2.29 9.72
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Amino Acid a-COOH a-NH, Side chain
Valine 2.29 9.72
Leucine 2.33 9.74
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Amino Acid a-COOH a-NH, Side chain

Alanine 2.35 9.87
Cysteine 2.05 10.25

HSCH,—CH~ O~
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Amino Acid a-COOH a-NH, Side chain
Alanine 2.35 9.87
Aspartic Acid 210 9.82 3.86
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Amino Acid a-COOH a-NH, Side chain
Aspartic Acid 210 9.82 3.86
Glutamic Acid 210 9.47 4.07
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Amino Acid a-COOH a-NH, Side chain
Glutamic Acid 2.10 9.47 4.07
Lysine 2.18 8.95 10.53

COOH — COO-+

|
u ~ C\
H3NCH2CH2CH2CH2_ CH O_

NH.* — NH, + +NH3

NH,* — NH, +




Amino Acid a-COOH a-NH, Side chain
Lysine 2.18 8.95
Histidine 1.77 9.18
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Amino Acid a-COOH a-NH, Side chain
Arginine 2.01 9.04 "El:’
Histidine 1.77 9.18 3. TC
Lysine 2.18 8.95 10.53
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Amino Acid a-COOH a-NH, Side chain

Phenylalanine 2.58 9.24
Tyrosine 2.20 9.1
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FBE R (pl. Isoelectric point)
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234 + 9.69 12.03
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pK,=1.77, pK,=6.10, pK;=9.18
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0 | / 0K, =2.19
| PN
HOCCH,CH,CH OH

K, = 4.25 / +1\|]H3

Ka=96/
glutamic a$ S

2.19 + 425 6.44
pl = 5 = Sgr = 5. 27
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[ / pK, =2.18
o /C\
H,NCH,CH,CH,CH,CH OH

|
pK, = 10.79 / *NH;
| \ oK, = 8.95
lysine

8.95 + 10.79  19.74
pl = e = —— =9.87




