D.H. Ripin, D.A. Evans

pKa's of Inorganic and Oxo-Acids

Chem 206

Substrate _pKa_HoO (DMSO) Substrate _pKa  HO(DMSO)  Substrate pKa HpO (DMSO) Substrate _pKa HoO (DMSO)
INORGANIC ACIDS CARBOXYLIC ACIDS ALCOHOLS PROTONATED SPECIES
H20 157 (32) j\ HOH 157 (31.2)
O
HgO* 1.7 X~ OH MeOH 15.54(27.9) I, 124
X= CHsy 4.76 (12.3) i-PrOH 16.5 (29.3) Ph” “OH
HzS 7.00 CHoNO 1.68 ' OH
2 2 . -
HBr -9.00 (0.9) CH,F 2.66 +BuOH 17 (294 PN 7.8
H I C-heX3COH 24 Ph OH
HCI -8.0 (1.8) CHoC 2.86 OH
CHoBr 2.86 ]
HE 317 (15) 2 CF3CH,0H 12.5 (23.5) N )I\CH3 6.2
e 8ﬂé'. 3-;2 (CF3),CHOH (17.9)
: 1.29
HOCI 2 CeHsOH 9.95 (18.0) ) 65
HCIO, 10 o o OoNCgHsOH 835 i e h
CFj -0.25 m-D2Nea : "
HCN 94 (129) H 3.77 p-O,NCgH,OH 7.14 (10.8) L 38
SEN )
HN3 472 (7.9) HO 3.6,10.3 p-OMeCgH,OH  10.20(19.1) | Mo~ Me
CeHs 42 (11.1) 2-napth C +
-napthol 17.1 0*-H -2.05
HSCN 4.00 0-OuNCeH, 517 P (17.1) °
HpSO3 1.9, 7.21 m-O,NCgHy  2.45 OXIMES & HYDROXAMIC ACIDS ) b ) 20
OH .
HoSO4 -3.0, 1.99 P-O2NCgHy 3.44 N" 201) OH
0-CICgHy 2.94 PS 1.3 (20. s, -1.8
H3PO4 2.12,7.21, Ph Ph Me Me
12.32 m-CICgHg4 3.83 0
13 88 (137 =
HNO3 p-CICgHa 3.99 Ph)I\N/OH ?NS,_?)( ) Qo 0.79
HN02 3.29 0-(CH3)3N+C6H4 1.37 )oI\H
OH
] -(CHg)3N*CgH,4 3.43 Ph” N7 (18.5)
HoCrOy 0.98, 6.50 P E)M 3? ¥ 6714 e 1 SULFINIC & SULFONIC ACIDS
CH3SO3H 26 (1.6) P- oe 64 '
PEROXIDES QL
CF3SO3H 14 (0.3) Y 2.6
NH,CI 9.24
4 R= H 4.25 MeOOH 115 i .y
B(OH)3 9.23 trans-COpH  3.02, 4.38 CHsCOsH 8.2 P NoH '
HOOH 11.6 cis-COH 1.92,6.23

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

For a comprehensive compilation of Bordwell pKa data see: http:/www.chem.wisc.edu/areas/reich/pkatable/index.htm
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D.H. Ripin, D.A. Evans pKa's of Nitrogen Acids Chem 206
Substrate pKa HyO (DMSO) Substrate = pKa HoO (DMSO)  gybstrate pKa HxO (DMSO) gupstrate  pKa HxO (DMSO)
PROTONATED NITROGEN AMINES IMIDES AMIDINES
N*Hy4 9.2 (10.5) | HNg 47 (7.9 o o NSO,Ph
NH (41)
EtN*H 10.6 18 38 R” “NH
EiHs i-ProNH (36 THF)) NH 8.30 NH (147) | Re Me (17.3)
i-PraN"Hp 11.05 TMS,NH 26(THF) (30) Ph (15.0)
EtsN*H 10.75 (9.00) PhNH» (30.6) ¢} 0
PhN*(Me),H 520 (2.50) | NCNHp (16.9) C@ (12) (estimate)
PhoN*H, 0.78 CNH y (44) SULFONAMIDE U N
e H
2—napthaI—N+H3 4.16 Me MeSOgNHg (17 5) DMAP
HoNN*H3 8.12 TMP NH (37) PhSO,NH, (16.1) MezN_CNH 02, (\NH 6.05
HON+H3 5.96 — MeMe CF3SOQNH2 6.3 ( )
Quinuclldl% 11.0 (9.80) ”2N@N (265 | MeSO,NHPh (12.9) | ="
NH
AMIDES & CARBAMATES GUANIDINIUM, W,
Morpholine +H28 36 HYRDAZONES,- IDES, & -INES R
\__/ o .
N*H, R= H (PPTS) 521 (3.4)
N-Me morpholine 7.38 RJ\NH (13.6) t-Bu 4.95 (0.90)
NO» 2 Me,N NMe, '
R= H (23.5) NH Me 6.75 (4.46)
O:N ‘NH;  -9.3 CHg 15.1 (25.5) ’ (21.6) o.h 072
Ph (23.3) PR “Me HETEROCYCLES
NO, CF 17.2 O
ﬂ\'*‘H 2.97, 8.82 NHZ (urea) 226-9; Ph)I\NHNH (18:9) N
e . ) . 2
H o PhSOo,NHNH, (17.2)
HNS 6.90, 9.95 P 21.6) | PhNHNHPh 26.1) | — N\
M NH Et N NH (23.0) / (18.6)
NHg *NHg H ~ HN—7
90.12.0 o) 0 HYDROXAMIC ACID
Proton Sponge OO (-, 7.50) (24.1) )I\ 12 (20.5) S N 1,2,3 triazole
NH (@) NH
888 (137) | | 170 [/\NH (13.9)
OH NH (17.0)
PhCN*H -10 Bn PR” N (NH) N N0

H

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

For a comprehensive compilation of Bordwell pKa data see: http:/www.chem.wisc.edu/areas/reich/pkatable/index.htm
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D.H. Ripin, D.A. Evans

pKa's of CH bonds in Hydrocarbons and Carbonyl Compounds

Chem 206

Substrate pKa HoO (DMSO) Substrate pKa HO (DMSO) Substrate  pKa HpO (DMSO) Substrate  pKa H>O (DMSO)
HYDROCARBONS ESTERS KETONES 0
Me)3CH 0 o} Me
(Me)3 53 ) 24.5 (30.3) )l\/x /@)J\
(Me)>CHo 51 t-BuO Me X
0 - H (26.5)
CHp=CHy 50 )I\/ph (23.6) Ph (19.8) | X= H (24.7)
CH 48  (56) % SPh (en oMe gl
4 N COCHj3 9 (13 3) NMe, (27.5)
j\ CN (22.0)
CHy=CHCH 44 11 (14.2) 19-20 (27.1
2 3 43 (44) J\/U\ e (27.1) o
PhH 43 (15.7) )]\ (28.3) é
PhCHg 41 (43) )I\/”\ ' P o TP
M @7.7) | n= 251
PhyCH, 335 (32.2) J\(S 20.9) t+Bup "Me = 4 225.8;
MeO ' (26.3) o :
PhsCH 31.5 (30.6) S\J Ph)l\i-Pr 6 (26.4)
HCCH 24 0 0 7 (27.7)
30.2 (THF
PhCCH 23 (288 LioJ\/Ph 1802 (THF Ph)l\/x 8 (27.4)
XCgH4CH X= H (24.7)
X= p-CN (30.8) o) (26.6) Ph (17.7) o
p-NO, (20.4) )l\/ph ' COCHs (12.7)
Me2N 133)
-COPh (26.9) COPh ( o (29.0)
P ' J\/sph (25.9) COLEt (22.7)
Me\Q/Me B CN (10.2)
(26.1) . (24.9) F (21.6) o 25.5
v e EtZN)]\O/N Mea OMe (22.85) (85.5)
OPh (21.1)
0 @D C/NJ\/CN (17.2) SPh (16.9)
o o SePh (18.6) o (32.4)
NPh (20.3) :
15 18.0 (1 8.2) 2
@ (18.0) MezN)S]\/”\Me N*Mes (14.6) Me” “me
Ho ~36 (25.7) NO> (7.7)
Me,N Me SO5Ph (11.4)

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

For a comprehensive compilation of Bordwell pKa data see: http:/www.chem.wisc.edu/areas/reich/pkatable/index.htm
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D.H. Ripin, D.A. Evans

pKa's of CH bonds at Nitrile, Heteroaromatic, and Sulfur Substituted Carbon

Substrate pKa HoO (DMSO) Substrate pKa H>O (DMSO)  Substrate pKa H>O (DMSO) Substrate pKa H>O (DMSO)
NITRILES SULFIDES SULFOXIDES SULFONES
NC_X PhSCHpX i O\\//O
X= Ph (30.8) SN o SN
- 31.3 20.8) | X= H 35.1 _
X (|-3|H (31.3) CN (20.8) H 328 = H (29.0)
3 (32.5) COCHg3 ?18-7; SPh 29.0 CHj 531 .O;
Ph (21.9) COPh 16.9 0 Bl 3513421
coph (102) ggﬁ 8(1)22; ph S ECI:CH (22'5)
CONR (17.1) SO,Ph (203) | X= H (33), CH=CHPh 503)
COEt (13.1) SO,CF3 (11.0) Ph &3 CCH (22.1)
CN 11 (11.1) POPh, (24.9) o CCPh §17-8;
I 11.4
OPh (28.1) | MeSCH,SO,Ph @4 | S (24.5) sorn (125)
N*Mes (20.6) | PhSCHPh, (26.7) : OPh (27.9)
20.8 N*M 19.4
g(P)hPh 212 0; (PhS)sCH (e2.8) SULFONIUM N 513.0;
2 ' (PrS)sCH (31.3) | MegS*=0 (18.2) NO 74
M Me SMe 223- )
HETERO-AROMATICS s Me L (16.3) SPh (20.5)
A\ (30.5) Ph”" “CH,Ph SO,Ph (12.2)
Z | (28.2) 87 s PPh, (20.2)
- LFIMIDE LFOXIMINE 0
SN Fh (PhS),CHPh (30| SY S & SULFO S N (22.3)
Z NTs Ph” “CHPh,
30.1 e
A A o0 C * o ag | wcl 11
= e . Me Me
N (30.7) i-Pr 30.7 o O
26.7 A
@\/Ph (26.7) COzMe (20.8) QTS 045 S (18.8)
CN (191 | pr™>me (24.5) o 0
a RSCH,CN Q NMe ¥ (21.8)
Sy Ph 252) | R= Me (24.3) Ph/\S/\M (33) OF_ SiPr
| e \V/;
) Et (24.0) \
0 0, N*Me 26.6
i-p (23.6) A (14.4) | CF (266
[3\/ (30.2) B oSy AL
Ph . t-Bu (229) e \V/2
0 O, NTs S (32.8)
[}V PhSCH=CHCH,SPh (26.3) P4 20.7) | BT E
5 Ph (30.0) | BusH (17.0) | Ph™ CHCI (PhSO,),CHoMe (14.3)
PhSH (10.3)

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

For a comprehensive compilation of Bordwell pKa data see: http:/www.chem.wisc.edu/areas/reich/pkatable/index.htm
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D. H. Ripin, D. A. Evans

pKa's of CH bonds at Heteroatom Substituted Carbon & References

Chem 206

Substrate pKa HyO (DMSO) Substrate pKa HoO (DMSO)  Substrate pKa H,O (DMSO)
ETHERS PHOSPHONIUM 5 NITRO
+ ) ' RNO
CH50Ph (49) |\P/| FF',‘LH 14 2
e ] =
MeOCH,SO,Ph (30.7) L 27 1 R= CH -0 (17.2)
EtsP*H 9.1 ! CHoMe (16.7)
PhOCH,SO,Ph (@79 | phyp*CH, (22.4) CHMe, (16.9)
PhOCH,CN (28.1) | phgpti-pr (21.2) CHoPh (12.2)
0 + .
PhsP*CH,COPh 6.2) ! CHoBn 16.2
weo (21.1) | PhaP CHo ©2) 2 12
Ph PhsP*CH,CN (7.0) CHSPh (11.8)
i CH,S0,Ph (7.1)
: CH,COPh (7.7)
PHOSPONATES & ; 2
SELENIDES PHOSPHINE OXIDES | o,
O 1
i :
PhSe\)J\Ph (18.6) | (EtO)P X
= 27.6)
PhSeCHPh, (275) | *= Ph (276) 1 o 3 (26.9)
CN (16.4) 4 (17.8)
(PhSe),CH, (31.3) CO,Et (18.6) ( | )
! 5 16.0
PhSeCH,Ph 31.0 26.2)
eCH, (31.0) cl (26.2) i 6 (17.9)
PhSeCH=CHCH,SePh (27.2) SiMeg (28.8) 7 (15.8)
PhyP. X E
AMMONIUM N ! IMINES
_ 24.9) !
X= SPh (24.9) : o~
MesN*CH,X CN (16.9) )l\ (24.3)
X= CN (20.6) + Ph” Ph
SO,Ph (19.4) PHOSPHINES : Oxime ethers are ~ 10 pka units less
COPh (14.6) : acidic than their ketone counterparts
: Streitwieser, JOC 1991, 56, 1989
CO,E (20.6) | Ph2PCHaPPhy (29.9) :
CONEt, (24.9) | Ph,PCH,SO,Ph (20.3) !

REFERENCES
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JACS 97, 7007 (1975)
JACS 97, 7160 (1975)
JACS 97, 442 (1975)
JACS 105, 6188 (1983)
JOC 41, 1883 (1976)
JOC 41, 1885 (1976)
JOC 41, 2786 (1976)
JOC 41, 2508 (1976)
JOC 42, 1817 (1977)
JOC 42, 321 (1977)
JOC 42, 326 (1977)
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JOC 43, 3095 (1978)
JOC 43, 1764 (1978)
JOC 45, 3325 (1980)
JOC 45, 3305 (1980)
JOC 45, 3884 (1980)
JOC 46, 4327 (1981)
JOC 46, 632 (1981)
JOC 47, 3224 (1982)
JOC 47, 2504 (1982)
Acc. Chem. Res. 21, 456 (1988)
Unpublished results of F. Bordwell

Water:
Advanced Org. Chem., 3rd Ed.
J. March (1985)
Unpublished results of W. P. Jencks

THF:
JACS 110, 5705 (1988)

See cited website below for additional
data

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

For a comprehensive compilation of Brodwell pKa data see: http:/www.chem.wisc.edu/areas/reich/pkatable/index.htm
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DMSO Acidities of Common Heterocycles
Bordwell, ACR, 1988, 21, 456

e \ ©[ \ ©[
O 0 > LN > O

23.0 19.8 18.6 16.4 13.

24.0 20.8 15.0 12.1
AN AN
| | ) )
N (@) N (@) N S
H H H N N
H H
26.4 24.0 13.3 14.8 11.8
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