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which yield unsymmetrical anions, this procedure will result
in a substitutive 1,3-carbonyl transposition!® in some cases.
Presumably, in the case of unsymmetrical anions with dif-
ferent steric requirements at the partially negative carbon
atoms, the least hindered of the latter will be alkylated most
readily as in Scheme IV. Methods of reversing this regiose-
lectivity and of exploiting the interesting implications of this
aspect are now under investigation, as are alternative uses of
the 1,3-bis(phenylthio)alkenes.
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Nitrogen Acids. 1. Carboxamides and Sulfonamides

Summary: Measurement of the equilibrium acidities in
Me2SO of carbon, nitrogen, and oxygen acids has revealed the
expected order, i.e., GOH » GNH,; » GCHj, when G is Ph,
CH;3S0,, or F3CS0,, but when G is CH3CO or PhCO the car-
bon and nitrogen acids have comparable acidities.

Sir: Carboxamides are too weakly acidic to allow equilibrium
acidities to be measured in water by ordinary methods. In fact,
to our knowledge, no report of an absolute acidity measure-
ment for a simple carboxamide has been recorded in the lit-
erature in the 48 years since Branch and Clayton reported the
equilibrium constant of acetamide in water to be 8.3 X 10~16.12
Measurements on carboxamides in strongly basic aqueous
media by acidity function techniques are made difficult, if not
impossible, by hydrolysis, and pK data are scarce for this
important class of weak nitrogen acids.? We wish to report that
absolute equilibrium acidity measurements in dimethyl
sulfoxide solution can be made accurately and conveniently
for carboxamides, as well as for sulfonamides, by the com-
petitive indicator method developed for carbon acids.# These
nitrogen acids differ from oxygen acids in this respect, the
latter having a strong tendency to undergo hydrogen bonding
(“homoconjugation”) with their conjugate bases (e.g., RO~
~HOR), which makes measurements more difficult.4® The
pK'’s in Me3SO for a few carboxamides and sulfonamides are
compared in Table I with those of their carbon and oxygen
analogues.

Examination of Table I shows that the pK for dissociation
of the N-H bond in acetamide is much higher in Me;SO than
in water (25.5 vs. 15.1), This is consistent with results obtained
with other acids in which the negative charge in the anion is
concentrated on oxygen where it can be stabilized by strong
H bonding in water, but not in Me>S0.* Judging from pre-
liminary results with N,N-dimethylacetamide, the pK for
dissociation of the C-H bond in acetamide is above 32 in
MesSO, which places the acidity more than 7 units higher than
the pK in water estimated from deuterium exchange rates.®

The order of acidities of carbon, nitrogen, and oxygen acids
is seen from Table I to be GCH3; « GNH; << GOH, when G
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Table I. Comparison of the Equilibrium Acidities of Analogous Carbon, Nitrogen, and Oxygen Acids in
Dimethyl Sulfoxide Solution

Acid pK Acid pK Acid pK
PhCHj; ~47e PhNH, 30.7° PhOH 16.4,c ~18.5¢9
CH3;COCHj3 26.5¢ CH3CONH; 25.5 CH3;COOH 12.6¢
CH3COCHPh 19.8f CH3CONHPh 21.45
CsH;COCH;3 24.7¢ CsH;CONH,; 23.35 CgH;COOH 11.1¢
CgH;COCHPh 17.7f CgH;CONHPh 18.8 ‘

CH3S0,CHj4 31.1¢ CH3SO;NH: 17.5 CH3S0.0H 1.62¢
F3CSO.CHj3 18.8% F3CSO2.NH, 9.7 FsCSO,0H 0.31#

@ Estimated by extrapolation. ? Preliminary value. ¢ Reference 11. ¢ Z. Margolin, unpublished results. ¢ Reference 4. f Reference

9. & Reference 12. » Reference 10.

is Ph, CH3SOg, or F5CSOs. In these systems there is nearly the
same difference in acidity between the carbon and nitrogen
acids as between the nitrogen and oxygen acids. The difference
is ~15 pK units when G is Ph or CH380,, and ~9.5 pK units
when G is F3CSO,. When G is CH3CO or PhCO the difference
in acidities between nitrogen and oxygen acids (12 to 13 pK
units) appears to be in line with that expected by analogy with
the corresponding acids where G is Ph or CH3SOs, but the
difference in acidities between the carbon and nitrogen acids
is only ~1.5 pK units in each instance. Furthermore, the
carbon acids in which a phenyl group has been substituted for
a hydrogen atom at the acidic site, i.e., CH;COCHoPh and
CeHsCOCH2Ph, are actually over 1 pK units more acidic than
their nitrogen analogues, CH;CONHPh and CgH;CONHPh.
In comparing the acidities of carboxamides to ketones it is
clear that some factor is present that negates the intrinsically
greater acidity of the N-H bond as compared to the C-H
bond. It seems likely that the strong resonance stabilization
of the undissociated carboxamide is responsible. Judging from
the results with the other carbon, nitrogen, and oxygen acid
systems (Table I), the difference in acidities between ketones
and carboxamides should be as large as between carboxamides
and carboxylic acids or ~7 pK units (half the difference in
acidities between the carbon and oxygen acids). If “extra”
resonance in the carboxamide is the cause of the much smaller
difference actually observed (1.5 pK units), this would require
a resonance energy of ~7.5 keal/mol. It is interesting to note
in this connection that the barrier to rotation around the C-N

bond in carboxamides is high, ranging from about 14 to 18

kecal/mol at the appropriate coalescence temperatures.®

Resonance between the electron pair on nitrogen and the
function to which the nitrogen atom is attached no doubt oc-
curs in the undissociated forms of all of the nitrogen acids
listed in Table I. Evidently, this resonance in aniline and in
the sulfonamides is relatively much weaker than in the car-
boxamides.

Acknowledgment. We are grateful to the National Science
Foundation (MP 574-12665) for support of this research. A
sample of trifluoromethanesulfonamide was kindly furnished
by Professor James Hendrickson.

References and Notes

(1) G.E. K. Branch and J. O. Clayton, J. Am. Chem. Soc., 50, 1680 (1928).

(2) J. Hine and M. Hine, J. Am. Chem. Soc., 74, 5266 (1952), measured relative
acidities of a variety of weak acids in isopropy! alcohol, including some
carboxamides. Bowden has converted these to “pK’s" by reference to
acidities determined by the H— method in mixed aqueous solvents using
diphenylamines as reference standards.® The “pK’s” estimated in this way
with “water as a standard state’”’ must be considered as only rough esti-
mates, however, since it is highly unlikely that the diphenylamine indicators
would have the same acidities in aqueous media as in isopropy! alcohol,
even if they could be measured in the absence of lon palring effects.

(3) (a) K. Bowden, Chem. Rev., 66, 119 (1966); (b) R. B. Homer and C. D.
Johnson, “The Chemistry of Amides”, J. Zabicky, Ed, Wiley-Interscience,
New York, N.Y., 1870, pp 238, 239.

(4) W. S. Matthews, J. E. Bares, J. E. Bartmess, F. G. Bordwell, F. J. Cornforth,
G. E. Drucker, Z. Margolin, R. J. McCallum, G. J. McCollum, and N. R.
Vanier, J. Am. Chem. Soc., 97, 7006 (1975).

" (5) 1. M. Kolthoff, M. K. Chantooni, and S. Bhowmik, J. Am. Chem. Soc., 90,

23 (1968).

(6) R.G. Pearson and R. L. Dillon, J. Am. Chem. Soc., 75, 2439 (1953). Esti-
mates of pK’s based on kinetic acidities must be viewed with considerable
caution, however.”

(7) F.G. Bordwell, W, S. Matthews, and N. R. Vanier, J. Am. Chem. Soc., 97,
442 (1975).

(8) J. A. Hirsch, R. L. Augustine, G. Koletar, and H. G. Wolf, J. Org. Chem., 40,
3547 (1975), and references cited therein.

(9) F.G. Bordwell, J. E. Bartmess, G. E. Drucker, Z. Margolin, and W. S. Mat-
thews, J. Am, Chem. Soc., 87, 3226 (1975).

(10) F.G. Bordwell, N. R. Vanier, W. S. Matthews, J. B. Hendrickson, and P. L.
Skipper, J. Am. Chem. Soc., 97, 7160 (1975).

(11) 1. M. Kolthoff, M. K. Chantooni, and S. Bhowmik, J. Am. Chem. Soc., 80,
23 (1968).

(12) C. McCallum and A. D. Pethybridge, Electrochem. Acta, 20, 815 (1975)

F. G. Bordwell,* Donald Algrim

Department of Chemistry, Northwestern University
Evanston, Illinois 60201

Received March 19, 1976



