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The Deprotonation of Weak Acids
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Alkall metal salts of very week protonic acids commonly have been

prepared by three methods that do not require a metal salt of the acid

as & starting material: (1) reaction with strong bases, (2) direct

- reaction with alkali metals, and (3) cleavage of halo-derivatives with

alkall metais. It is the purpose of this communication to show that the

| thermodynamic limitations of each of these methods may bhe defined in,

terms of acid pK~values.

peaction with Strong Easesn'-‘In this method the weak a01d is

treated w1th an alkall metal salt of a Sulll weaker protonic acid,

sometimeé using one of the protonic acids as & solvent. The pK of the

acid whose salt is used as a reactant is an approximate upper limit to ..

" the pK values of the acids whose salts can be formed in this type

Tables of weak acids and their aqueous PK values may be

found in variousvreferénces.l"3 However these tables must be used with

'cautién, because the pK values listed for hydroxylic acids (e.g. water,

ethanol and acetic acid) are valid only in water, where the anions of
these acids are abnormally stablllzed by hydrogen bonding. In

non-hydroxylic solvenus ‘such as ammon;a,nethers, and dimethylsulfoxide,

the hydroxylic acids are relativelx much weéker,u—6 For example, 1t
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stabilized by hydrogen bonding, the pK of water in water would be about

28, This latter pX value would be the appropriate one to use wheﬂ

-~

‘comparing water with non-hydroxylic acids infa non-hydroxylic solvent. o )
Alkali metal hydroxides are very strong bases, but their base |

strengths are greatly reduced by dissolvihg them in hydroxylic solvents

such as water td alcohols. The intrinsic basicity of hydroxides can

be achieved-by'using them in the solid form in.conjunctien with

non-hydroxylic solvents, in which they are essentially insoluble. In

such cases the driving force for the deprotonation ef an acid is |

merkedly increased when the solid hydroxide is in excess, because the

excess hydroxide can react with the water formed in the reaction te;

form a stable hydrate.‘ Thus the net reaction in the case of potessium

hydroxide is
2KOH(g) + HA — K + AT + KOH-Hz20(g)

By making the reasonable assumptibn that the free energies of transfer
of K + A~ and HA from water to the non-hydroxylic solvent are negligible,7
we may calculate (using available thermodynamic data)8 that the equili- !

brium constant for the latter reaction is 103l h Pﬁ, where pK refers to

the agqueous pK of the acid HA. We see that anhydrous KOHlO is capable of
deprotonating acids with pK values.ae high as 31. We have found several
reactions of thie,type to have synthetic utility.ll By simply stirring

.a suspension of powdered KOH in 1,2-dimethoxyethane with cyclopentadiene ‘ ' {
(pK = 16), indene (pK = 20), or germane (pK = 25), we have obtained

essentially quantitative yields of the corresponding potassium salts.



in tetrahydrofuran:

dissolved salt is the same as that for the salt dissolved in water,
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By using dimethyl sulfoxide as ﬁhe solvent, we have similarly prepared

the potassium salt of triphenylmethane (pK =~ 32). ‘These potassium

salts have been used as intermediates for-the preparation of various

organometallic compounds such as ferrocene, bisindenyliron, ethyl-

germane, and methylphosphine. Undoubtedly many similar applicationé of

- KOH in non-hydroxylic solvents will be found.

Reaétion with Alkali Metals. - In the second method the'weak acid
is treated with an alkall metal, usually suspended in a finely divided

state in a polar solvent. For example the sodium salt of indene may

.be prepared by the reaction of indene with a dispérsion of sodium

12

Collg + Na — Na' + ColHs™ + 1/2 Ha

Reactions of this type may be broken into two‘parts, as follows.

HA = H + A

M+ 5

1/2 Bz + M

If we make the approximation that the free energy.of formation of the.
. _ 7

then we may readily calculate the pK value of the weakest acids which
can react in this way by using the free énergy of formation of the

appropriate alkali metal ion.9 Thus we calculate limiting pK vealues

~of 51, U6, and 49 for lithium, sodium and potassium.
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Metal-ammonia .solutions are often used to deprotonate acids:

e T HAL ‘-» 1/2H2+Aam.

By applying the rﬁie that the pK values{of normal acids are 10 uhits
higher in water than in ammonia,3 and by using available thermodynamic
da.ta,:l":3 we caiculate that acids with agueous pK values less than Lk

* should be capable of‘being deprotonaﬁed by metal-ammonia solutions.
However in préétice, the limiting pK value is around 37, because anions
of acids with aqueéus pK values greater than 37 aré ammonolyzed in

liquid ammonia.

Cleavage by Alkali Metals., - In the third method, the salt of a

weak acid is formed by the reaction of an alkali metal with a hglo
‘derivative of the weak écid. This'method is useful for preparing the
salts of extremely weak acids (e.g., benzene) for which the above twov
methods are inépplicaﬁleilh for exaﬁple; sodium Phenyl is readily

15

formed by the reaction of finely divided sodium with chlorobenzene:
PNa + CeHsCl - — Na CgHs™ + NaCl

Reactions of this general category (in which a metal M reacts with a .

- halide AX) may be broken into three parts, as follows.

-

HA = H+ + A
AX+H = HA+X .
= M+ M+ H

M+ X+ B

{

e 4

4('!
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Obviously, for a given alkali metal and a‘given halogen, the over-all

driving force depends not onLy on the pK of the acid, but alsoc on the

,dlfference in the dissociation energles of the H-A and X-A bonds.

Now, almost all the aC1ds for whlch thls third method is practlcal

are hydrocarbons, ‘Thus we are principally concerned with the

' differences in the dissociation energies of C-H bonds and the

corresponding C-X bonds;_ To the precision with which we may assume

that the latter differences are constant on going from one weak carbon

acid to another,l6 we may estimate the highest pK for which this type

reaction is thermodynamicalky possible. By considering the alkali
metals lithiﬁm, sodium, and potasSium, and the halogens chlorine,.

bromine, and iodine, we find.that the theoretical limiting pK value

varies from ll9 (for the cleavage of a chloro- compound by potassium)

to 102 (for the cleavage of an 1odo- compound by sodlum) 12

" Obviously it is unlikely that any hydrocarbon w1ll be found whose

alkali metal saltsrcannot be made by this method because of thermodynamic

limitations.18

| “ Williem L. Jolly
University of California, and the : ' : _
Inorganiec Materials Research Dlvision of the'

Lawrence Radiation Laboratory, .
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