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POTASSIUM HYDRIDE IN ORGANIC SYNTHESIS. A REVIEW
Harold W. Pinnick
Department of Chemistry
Bucknell University, Lewisburg, PA 17837

INTRODUCTION

Potassium hydride is a very reactive compound which undergoes many
useful reactions.1 Because of its reactivity, KH is sold as a dispersion
in mineral o0il (usually 20-35% by weight) and is stable in this form for
many months. Oil-free material can be obtained by washing a weighed
amount of the dispersion with an aprotic solvent in a flask under a dry
(N, or Ar) atmosphere and should not then be exposed to the air.
I. PREPARATION

Potassium hydride has been prepared by various methods. Most involve
the interaction of molten potassium and hydrogen gas under pressure.2 An
older method uses sodium hydride and a fatty acid as catalysts.3 Alterna-
tively, potassium hydroxide can be used in an electrolytic preparation4 or
via reduction with hot graphite.5 Ethylene reacts with potassium to give
KH plus the potassium salt of ethylene.6 Finally, the potassium salt of
methylamine can be reduced by hydrogen to give KH.7

IT. POTASSIUM HYDRIDE AS BASE

A. Carbonyl Compounds

The most popular property of potassium hydride is its basicity and
carbonyl compounds are deprotonated easily with KH. Cyclohexanone reacts
to the extent of 907 with KH after 10 min in tetrahydrofuran (THF).Ba In
contrast, neither sodium hydride nor lithium hydride is nearly as effi-

cient in proton removal. For example, pinacolone, is completely consumed
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by KH after 5 min at RT while NaH and LiH are only 207% and 17 complete in

8
2 hours, respectively (Eq. 1). b
o~ Mt
Q
MH > KH 100% 5 min
RT NaH 20% 2 hr (0
LiH 1% 2 hr

Unfortunately, removal of a proton from unsymmetrical ketones is not
regiospecific. 2-Methylcyclohexanone gives a 67:33 mixture of the more

substituted and less substituted enolates (Eq. 2).9 In addition, 2-

+
K o- &
CHa i N Hs H,
—_—_— + (2)
THF
67:33

methylcyclohexanone reacts with KH in dioxane followed by chlorotrimethyl-
silane (TMSC1l) to give a 59:34 mixture of the less substituted and more
substituted enol silyl ethers as well as 6% of the reduction product (2-
10
methylcyclohexanol),

Even cyclopropyl esters and nitriles react with KH. For example,

chrysanthemate esters are epimerized by treatment with potassium hydride

(Eq. 3).11 When stirred with KH, ethyl cyclopropanecarboxylate gives a
KH
_ | (3)
N
CO.R CO,R

gas and a yellow-brown solution is formed; however, this solution would
. . . 12 s .
not react with various electrophiles. Nitriles react with KH and the
resulting anions undergo conjugate addition to unsaturated esters.
Enolate anions are useful in the reaction with electrophiles to form
carbon-carbon bonds. For example, ketones can be methylated exhaustively

by the one-pot treatment with excess KH and methyl iodide (e.g. Iq. A\.lA
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1. KH (XS) ~
0 0 (&)
[:::>=: 2. Mel (XS) -

Even aldehydes can be alkylated successfully after deprotonation with Ki

(c.g. Eq. 5)15 or trityl potassium formed from KH.]6 There is no aldol

1. KH HO
N
CHO > (5)

Br
2. >>:=/_‘

condensation as a competing reaction. The thermodynamic enolates of

96%

vinylogous amides, esters and thioesters are formed by reaction with Kl
and then react at either the a- or y-position with various electrophiles

(e.g. Egs. 6 and 7).17

0 :N 0 N
1. KH
Eto/u\)\ 2. MeI; EtOJJ\/k/ (6)

82%

KH

(7)
2 Mel

50%
Y-Alkylation predominates only in the case of vinylogous amides. Potas-
sium enolates derived from ketones can be alkylated with 1,4-dibromo-2-
alkenes to give cyclopropyl ketones (Eq. 8).18

0
1. KH

2. R
R Br/\/\l/
br

Several studies have focused on the C- vs. O-alkylation of the potassium

R

salts formed from B-ketoesters and KH.19 Borate enolates, obtained by the
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interaction of KH-derived potassium enolates with trialkylboranes, are
alkylated by allylic halides.zo a-Aminoesters are obtained in low yield
by the reaction of esters with KH followed by an O-substituted hydroxyl-

amine (Eq. 9).21

NH,

&)

i, N
CO2R 7
2. H;NO NO,
67
NO,
Potassium hydride causes the condensation of esters, nitriles, ke-
tones and other acidic compounds. Even a,a-disubstituted esters undergo

Claisen condensation with KH, For example, ethyl isobutyrate gives ethyl

2,2,4-trimethyl-3-oxopentanoate in good yield (Eq. 10).22 Diesters

\ 0 0
1. KH,RT
N
COLEt
/ 2Bt S oAe - N OEt 10)

957%
undergo Dieckmann condensation under similar mild conditions (e.g. Eq.
ll).23 1,3-Diketones react with benzophenone and aromatic aldehydes in the

0-Et

(11)

7,
e

79%

presence of excess KH to give products derived from the dianion of the di-
ketone even though only one equivalent of hydrogen is evolved prior to the

addition of the electrophile (Eq. 12).24 Finally, ethyl a-isocyano-

/U\/U\ 1. KH(XS (12)
2. thco_j Ph
3. H,0 Ph

20L
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acetate reacts with lactones and KH to give oxazolines and enamides (Eq.

13).%°

Et0,
0
0 KH N HCHO
NCCH,COEt + _— > / +
0 ) MeC
0
0 COLEL
OMe H} ‘

0
<

(13)

B. Miscellaneous Substrates

Potassium hydride can deprotonate a wide variety of organic compounds

- -2
in addition to carbonyl substrates. Alcohols,9’26 27 9,26-27

amines,
27 - 9 . . .
phenols and sulfoxides”™ are rapidly converted into the corresponding

potassium salts many of which are useful as soluble organic bases. For

example, ethylenediamine reacts in 5 min. at 25° (Eq. 14),26 dimsyl

KH, 25° ; /—__\ .

NH. NH. 5 min. NH, NH K (14)

potassium is formed from dimethylsulfoxide (DMSO) within 8 min. at RT (Eq.

15),26 hexamethyldisilazane is deprotonated within 60 min. at 20°

0 o]
I KH, RT ” .
CH,SCH, 8 min. CH,SCH,~ K (15)
(Eq. 16),27 2,6-di-t-butylphenol gives the phenoxide in less than 5 min.
] ] KH, 20° ~ R
Me;SiNHSiMes TR > (MesSi),N~ K (16)

at 20° (Eq. 17)27 and triethylcarbinol is completely converted to the

KH, 20°

7 \ H —_— o- Kkt (17)

< 5 min.
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potassium salt in less than 1 min. (Eq. 18).9 For comparison, triethyl-

_— (18)

oH o~ Mt

KH 1 min. 1007%

K 20 min. 807 NaH 20 min. 5%

LiH 20 min. NR

carbinol reacts with potassium to the extent of 80% in 20 min. while with
sodium hydride the reaction is only 57 complete in 20 min. and lithium

hydride does not react at all after this time (Eq. 18).9 Deprotonation of
sulfones generally is accomplished better through the use of KH than with

lithium diisopropylamide (LDA) or sodium hydride (e.g. Eq. 19).16 Tetra-

[«

0
S// 1. KH ~

v v
2.459*\\//A\\¢/3

hydrofuran is usually the solvent of choice for reactions involving KH

9,27

(19

7\

o

667

although diglyme often gives the same results.
Potassium hydride itself does not remove benzylic protons but slight
modifications allow this reaction to occur. For example, triphenylmethane

does not react with KH9 but the addition of a little DMSO catalyzes the

9,28,29

formation of the synthetically useful trityl potassium. In addi-

tion, KH in the presence of potassium ion specific 18-~crown-6 (l)BO or

(2.2.2)-cryptand (2)8’31 becomes a much stronger base. For example,
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triphenylmethane, diphenylmethane and bis-p-tolylmethane react with KH
plus 18-crown-6 to 90% completion in 7 min., 18 min. and 87 min., re-
spectively; however, bis=-2,4-dimethylphenylmethane still does not react.30
p-Nitrobenzyl alcohol reacts with potassium hydride to the extent of 82%
in 1 hour but is 1007 complete in 1 min. in the presence of cryptand 2.31
This latter combination (KH/2) is such a strong base that hydrogen is
evolved from THF even in the absence of any substrates.8 p-Nitrotoluene
is deprotonated with KH/DMSO or KH/1 in THF or dimethoxyethane (DME).32

Many other organic compounds are deprotonated by KH. For example,
highly dispersed potassium hydride reacts with propylene to give allyl
potassium.33 In addition, phosphines containing a P~H bond give potassium

. 34 . . o . . 35
phosphides and silanes bearing a hydrogen on silicon lose it readily.
Various anhydrous potassium salts can be formed from more acidic sub-
. e 36

strates — for example, potassium dithiocarboxylates.

TIT. POTASSIUM HYDRLDE AS NUCLEOPHILE

A. Reduction of Organic Substrates

Potassium hydride functions as a reducing agent in numerous instances.
In most reactions with enolizable carbonyl compounds, deprotonation is the
major pathway although even cyclohexanone suffers about 67 reduction when
. . . 10 .
allowed to react with KH in dioxane. Non-enolizable carbonyl compounds
undergo much reduction with KH. For example, benzaldehyde gives benzoin
as the major product via a sequence of reactions apparently initiated by

reduction to benzyl alcohol (Eq. 20).37 Weakly acidic compounds such as

0
KH o PhCHO 4
PhCHO PhCH20K {“\ KE
_% 2 __9 . 0/\]}] _é o Ph(zo)

OH

cyclopropyl phenyl ketone undergo extensive reduction by KH in THF
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(Eq. 21);38 interestingly, the addition of one equivalent of 2.2,2-

0 OH
0 2 KH,
35 min

Ph 21
Ph THF, 20° + ph (21

cryptand (2) suppresses the reduction process so that useful yields of

alkylation products can be obtained (Eq. 22).38
0
KH (5 eq) Mel (XS)
N N
Ph 7 7 h (22)
2.2.2-cryptand (1 eq) Me

THF, 20° 90%

Organic halides react with potassium hydride. For example, methyl
iodide is rapidly reduced by KH at room temperature in THF to give meth-
ane.14 Even aromatic halides are metallated by excess (5 equivalents) of
KH at room temperature in THF. Iodobenzene is completely consumed after 3
hrs while bromobenzene reacts to the extent of only 6% in this time,
Chlorobenzene and fluorobenzene do not react under these conditions.39 A
larger excess of KH or the addition of cryptand 2 speeds up the reaction.
For example, 20 equivalents of KH destroys iodobenzene in 70 min. and KH

39

plus cryptand 2 consumes iodobenzene in 6 min.

B. Reduction of Organometallics and Inorganic Substrates

Potassium hydride also reacts with di- and trialkylboranes to give
. . 40-42 .
the corresponding borohydrides. These reactions are fast and quan-
titative permitting the generation of these intermediates in situ. The
trialkylborohydrides are especially useful as stereospecific reducing
agents.43 Finally, there is one report of the reaction of KH with an
alkene in the presence of a halodialkylborane to give a trialkylborane

derived from apparent addition of hydride to the olefin and subsequent

displacement of halogen by the intermediate carbanion.44
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Potassium hydride reacts with a variety of inorganic compounds and
organometallics to give products of displacement, addition or reductive
cleavage. Examples of displacement include magnesium iodide and zinc
chloride which interact with KH to give magnesium hydride45 and zinc
hydride,46 respectively. Boron trichloride reacts with excess KH to give
potassium borohydride47 while silicon tetrachloride yields silane when

. 48
heated with KH and KOH.

Other organometallics react with potassium hydride by addition which

is sometimes followed by loss of a ligand. Organomagnesium compounds form

addition adducts (e.g. Eq. 23);49’50 organozinc compounds react in an
KH + -
n-Bu,Mg _______E> K" n-Bu,MgH (23)
51,52

analogous manner. However, di-sec-butylzinc reacts with excess
potassium hydride to give K.ZnH., by loss of the butyl groups.51 Trialkyl-

indium compounds add KH also.53 Organogallium complexes undergo addition

of KH followed by loss of a silyl ligand (Eq. 24).54 2-Methylhexaborane

Ga(CHTMS)s ——— KGa(CHLTHS)H —>KGa(CH IMS)2 + SiMe,  (24)

loses a proton to KH to form the potassium hexaborane salt55 and hydrido-

ruthenium carbonyl complexes are deprotonated also (e.g. Eq. 25).56
KH N _
HuRu,(CO) 1z~ K HaRuu (C0) 1o (25)

Many organometallics containing a metal-metal bond undergo reductive

cleavage by potassium hydride. For example, Si,H¢ yields silane and

57,58

KSiHjs. The analogous reaction occurs with GezHG.Sg This type re-

action has been used to generate preparatively useful anions in a recent

study of a series of manganese, cobalt and molybdenum compounds (e.g. Eq.

26).60 Another report focuses on the cleavage of S,NJH., with KH.6l

KH
THF or THF/HMP

(Mn(CO)5) —> KMn(C0)s (26)
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Hexamethyldisilane is converted into trimethylsilyl potassium and sodium
by a mixture of KH/NaH.34 In a related reaction, potassium phenylselenide

can be prepared from the combination of KH with diphenyldiselenide.

IV. POTASSIUM HYDRIDE INDUCED REARRANGEMENTS

A. Isomerization of Alkenes and Alkynes

One of the earliest uses of potassium hydride to induce isomeriza-
tions makes use of the potassium salt of 1,3-diaminopropane (potassium 3-
aminopropylamide - KAPA). This intermediate is easily formed from KH and
the diamine (compare with ethylenediamine, Eq. 14) and is especially

. A 63,64 .
useful for isomerizing alkynes and alkenes. Largely because of its
greater basicity, KAPA is 10°-10° times more reactive than potassium tert-
butoxide/DMSO for isomerizations. For example, limonene is converted into

p-cymene (Eq. 27)63 and terminal acetylenes are formed even in the pre-

sence of hydroxyl groups or carboxylate groups (e.g. Eq. 28).64

F;jzz? :

HOCH,C=C (CHz) 5CHs KAP HO(CHg) sC=CH (28)
30 min
0° 927

A closely related isomerization of vinylnorbornene uses potassium hydride

in either DMSO or ethylenetriamine (Eq. 29).65 cH
3

N KH, DMSO or N

> (29)
H,N(CH,) ;NH(CH,) -NH,

B. Formation of Lactams

Lactams have been formed through the agency of potassium hydride.

For example, the pyrrolizidine skeleton has been prepared by the KH-
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66

induced ring closure shown in Eq. 30. This conversion can be accomp-
CO.Et CO,Et
KH, THF -
: ~
30
NH 0°, 25 min. - N (30
CO.Et
977 ©

lished by using potassium tert-butoxide as a base but the yields are
acceptable on a small scale only. One other transformation of lactams has
been carried out with KAPA; Eq. 31 illustrates a three-atom ring expan-

. 67
sion.

0 Nu, KAPA

\4

NH
OH\) (31)

N 1 hr.

C. Rearrangements Involving Silicon

Hydroxysilanes undergo useful conversions when exposed to potassium
hydride. For example, B-hydroxysilanes suffer elimination of both the
hydroxyl and silyl groups to give alkenes.68 The use of KH to induce this
process leads to a stereospecific reaction.69 Enol ethers can be formed
when an alkoxy group is present a to the silyl group.7o a-Hydroxysilanes
form salts when allowed to react with KH and these undergo the Brook re-

71
arrangement (e.g. Eq. 32).

OH 0K

™S

KQ/ (32)
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D. Sigmatropic Rearrangements

Potassium hydride has found considerable application in the dramatic
acceleration of various sigmatropic reactions. Most notable among these
. 72-75 . . o
is the oxy-Cope rearrangement. This type of chemistry was initiated
by Evans' findings in 1975 that the thermal rearrangement of allyl vinyl

carbinols into unsaturated ketones (oxy-Cope rearrangement) was accelera-

ted by factors of 10'°-10'7 (e.g. Eq. 33).72a This process has been used

b
many times to form simple ketones (e.g. Eq. 34)74 and macrocyclic ketones
(e.g. Eq. 35). 73a This latter ring expansion reaction is similar to the

H
1. KH 7
_— (33)
2. H,0 2
H
KH, DME
A
—
78%
KH
—_— (35)
I/,,,/
o 75%

key step in the synthesis of periplanone B.73b Another natural product

(34)

synthesis made use of the KH-accelerated oxy-Cope reaction (Eq. 36);753

KH, THF
/ 25°, 10 hr;. (36)

this reaction was even faster when 18-crown-6 or HMPA is added.
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Potassium hydride has been used to prepare the key intermediate for
the Claisen rearrangement shown in Eq. 37;76 the overall process involves

0

0
OH CF3CH2§Ph N CF2=CHIS'Ph
7 > —_— >
' KH (2 eq.)

0

< Il 0

F SPh Xy —Ph (37)

O> R s R . 1.A: N

>_/— W 2.H,0 \/\/\com{
R R

Rl

two elimination reactions and occurs under mild conditions. Sulfoxide

R

elimination and hydrolysis converts the Claisen rearrangement product into
a dienoic acid.
[1,3]-Sigmatropic shifts also have been facilitated by the use of
77,78

potassium hydride. "’ For example, ring expansions to macrocyclic

ketones are possible without any competition from oxy-Cope reactions (Eq.

38).77b Acyclic systems also undergo rearrangement (Eq. 39).788 Some
0% (38)
- KH, THF 3
18 6 />
— eom- (9
OH

unsaturated hydroxydithianes give ketodithianes (Eq. 40).78b'

0
OH g KH
Ph ® \J . i ° (40)
S
\ \_)

213



11: 46 27 January 2011

Downl oaded At:

PINNICK

Other sigmatropic rearrangements involve less common molecular
shifts. For example, Paquette et al have reported the formation of

bicyclic products from a monocyclic dienol and KH (Eq. 41).79 In the

OH CHa

KH, THF . = )
CHs A, 3 hr. \

607% 407
presence of 18-crown-6, the reaction proceeds at 20° and results in the
formation of only the second product. The first compound apparently is
formed by a transannular dehydration followed by an electrocyclic ring
closure while the latter diene comes about via a [1,5]}-sigmatropic shift
of hydride.79 A related trienol undergoes a [1,3]-shift at low tempera-

tures under the influence of KH/18-crown-6 as well as a competitive oxy-

Cope rearrangement at RT without crown ether (Eq. 42).79b Several other

KH, THF
18-crown-6
H -25° OH
867
(42)
KH |\\\“\( PRV
" %, 0 ~,
= =

skeletal rearrangements have been initiated by treatment of unsaturated

80

alcohols with potassium hydride (Eqs. 43 and 4481). In 1981, a novel

37 . . .
rearrangement was reported. In this case, potassium hydride caused
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KH, RT
——5
THF /

1o’ OH

677

(43)

KH, 2 hr. (44)
—_
120°

OH 70%

the conversion of benzaldehyde to benzoin. Although a potential explana-
tion for this reaction is the direct deprotonation of the aldehyde to

form benzoyl anion, mechanistic studies support the sequence shown in

37

Eq. 20 The conversion of benzyl benzoate into benzoin is analogous

to the Wittig rearrangement and will not occur with bases weaker than
KH.37

V. MISCELLANEOUS REACTIONS

Potassium hydride reacts with many compounds by abstraction of a
proton. Alkenes undergo this reaction followed by addition to another
alkene (dimerization). The most completely studied system is propylene

(Eq. 45).82 Many alkenes and dienes undergo polymerization when KH is

KH
—_— /\)\ (45)
/\CH

’ Major Product
used in combination with other reagents,
Potassium hydride has been used to effect dehydrogenations when in
the presence of an appropriate hydride acceptor. For example, KH/1,3-
diaminopropane (KAPA) converts limenone into p-cymene (Eq. 27).63

Potassium hydride and fenchone provides another system which can remove

hydrogen from a molecule (e.g. Eq. 146).84
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VI. CONCLUSION
In conclusion, the utility of potassium hydride in synthetic organic

chemistry is a result of its remarkable reactivity as a base and nucleo-

phile despite its stability as a storable mineral oil dispersion.

Certainly, chemists will continue to take advantage of KH to generate

anions in future reactions and discover additional uses for this modern

reagent.
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