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I. INTRODUCTION

Kraug3) in 1908 studied the conductivities of solutions of
alkali metals in liquid emmonia. His work showed that the conduction
process was lonic., On the basis of this evidence, Kraus postulated

that sodium dissolves in liquid ammonia as follows:

Na = Nat + ¢~

Further, the election was ablvate‘d in the ammonia,

e” + nNH, = o7« (NH )n

Since Kraus' article, vblumimusimrk has been done in the
field of reduction of organie compdunﬁé in liquid ammonia. While re-
duction in ammonia is not new, there has been little work done on
’reéeiion mechanisms, identification of rby—products, or the nature of
the effect of process variables.5? Most of the work has been directed
toward the development of new synthetic methods. >'1‘o understand these

new methdds then, it is important to know more about the reactions in

liquid ammonia themselves.

Most of the work has been done using sodium metal and relative-
ly little using other metals such as potassium, calefum, and beryllium.
Williams63 reduced 2-acetylthiophene in ammonia using sodium, caleium,
and beryllium, He jfénmmd that sodium effected a more extensive re-
duction of 2~-acetylthiophene tham did beryllium. This would seem to

indicate that the amount of reduction caused by each metal was in some
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way related to the electrude potentinl of the netal used. This forms

the basis of this investigation, i.e., to study the reducing action of ‘
the nmetals sodium, lithium, aluminum, and beryllium on a single ‘
organic compound methyl ethyl kotone., It 1s hoped that the study of

simple molecules night eventually lead to the selective reduction of
poly-functional molecules once the effects of various netals and proton

donors have been ascertained,

The use of vroten donors V0 assist reduction has been long
practiced by many investigators but the effect in each case has been
unpredictable, In this investigation, the effect of a single type of

proton donor, namely armoniun salts, is to be studied. The extent and

On the basis of these studies it may then be possible to describe the
mechanism of the reducing action of the system metaleorsionium ione

aruzonia on rmethyl ethyl kotonec.

type of reduction brought about by different metals will be evaluated.
By the study of the effect of different netals and various

arrionium ion concentrations on simple nolecules such as nitriles,

ketones, sulfides, and alkynes, it may then be possible to bring about

the selective reduction of poly-functional rwlecules by the a,propriate

choice of metal and proton donor.
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I, HISTORICAL

Soon after the discovery of metallic sodium and potassium by
Davyls in 1807, Gey-Lussac and Thenard?3, during the course of their
exanination of the properties of the newly found nmetals studisd the
reaction of thes*metals with aamonia. They were the first to prepare
the amides of sodium and potassium and assigned the formula NelH, and
KIH, to the new compounds®4, In the years that followed, a great
amount of work was dozne by nmany investigators on the ropertles and

roactions of tho alkali amides.

weylél studied solutions of alkali metals in liquid ammonia and
observed the formation of highly colored solutiorns., Rocently, KragerLO
suggested that the color was due Lo colloidal particles in the solution.
After Vleyl's work, Seely53*54t55 reported that solutions were formed
between metal and annonia with little tendeuncy for the formation of
omides. This has been substantioted by the work of Johnson and Meyer32.
Secly further found that sluminun, masnesiun, thallium, indium, mercury,
and copper were insoluble in liquid ammoniae. Later work by lio1ssani
and Guntz27+28 ahowed cesium, calcium, barium, and strontium to be
soluble in liguid anmoniae Bergstrvml reporbed the solubility of
manganese and analganmated aluminum in ammonium ion-amusonia system atb
room temperature. Recently, aluminum was reported to be very slightly

solublc in liquid ammorial.l3

In 1908, Kraus35, by studies of conductivities of solutions of
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alkali metals in liquid ammonia concluded that the conduction process
was lonic. He postulated that the metal ionized in liquid ammonia as

follows,
M. = Mt + e,

and the free electron was solvated,

e~ + nNHg = e~ . (NHg)n.

Recent studies<0 of the magnetic susceptibilities of certain metalsin
liquid ammonia indicate that perhaps the following equation may be pre~

ferred.
M, +2%NH_ = o2M' + 2¢7(NH)
8 s T : _ TTelX
Until further evidence is presented however, the equations used in the

present discussion will be those of Kraus,

It is evident that the solvated electron represents a reducing
agent of great power. Thus, solutions of metals in liquid ammonia
represent an unusual opportunity for the study of redox reactions. A
further advantage is the fact that whereas sodium in water decomposes
violently to form hydrogen and a soiution of sodium hydroxide, sodium
in liquid eammonia merely dissolves forming a rather stable system with

relatively little compound formation32,

A study of the properties of liquid ammonie and water reveal the

similarity of the two. Both have unusually high dielectric constants46.



Liguid ammonia is an excellent solvent for a larme variety of sub-

stancesl9, many of which are insoluble in woter, Tre solvent poviers
of liquid ammonia have been compared to that of the lower alcoholsgols.
The tendency for solvolysls (o occur is less in ammonia than in water.
A disadvantage of working with ligquid ammonia lies in the special

apparatus and techniques necessary for handling the material,

Early worxers conceived the idea of using a compound with an
active hydrogen, i.e., a .roton donor, to 2id the reduction., Although
the effects of many proton donors have been noted, rolutively little is
known about the cause vl these effects. The effects of proton donors
sucl as methanol and the amvonium salts upon the reduection of different
compounds show marked variations. The role of co-solvents and diluents

.3 10dl5,02,66 it ruyen 1 3 4o b one i
have been studied~2»®<s“Y. but rnueh work has Lo be done %o clarify

thelr actiong,

Probably the most widely used proton donors are the ammonium
salts. Vatt, Knowles, and Morgan59 have reported that the uge of
anaoniun bromide and methanol as proton donors in the presence of sodium
in ammonia increased or decreased the extent of reduction of nitrobenzene
and 2~-nitrofluorene in an unpredictable way. Henne and Greeulee<d re-
ported thal soaium'alone in ammcnie is .ure effeciive in reducing
acetylene than sodiw: and ammonium sulfate., They further state that

the nascent or atonic hydrogen seemed to be the prime reducing agent,

Extensive investigations have been cerried out on the reduction
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of nany types of corganic compounds, Jmong the nure interesting types
studied are the alitoncs and alkynes, Simple ethylenie hydrocarbons
are not very reactive toward solutions of metals in liguid &tmoxxia,m
but butadiene has boen reduced by sodium to butene and an octadiene3l,
Isoprene was reduced to 2-methyl-2butene ir 60, yiel&"*s but the
2=nothyle2~butene was not further reduced by sodiun in amconig, Roe
cently, Greenleec and Horne?0 reduced a whole ceries of 1, 3 dienes¢
They found only a few cases of 1, 2 addition, most of the addition
being 1, 4. llany phenyl substituted ethylenic hydrocarbons have beon

studied wheroin either reduction or polymerizatlon occurreddd,

Solutions of alkali metals in oomonia ave very inportant in the
atudy of alkynes, -roparation of many substituted aliymes utilize tho
formation of a sodium or caleiun acetylidesnéd,

7HZ = CH + 2hn = 2HC = Clp + H

3

Honne and Greenlec?? have studied the reduction of 2 nusber uf alkynes
using sodium alone and with asmonium @hloride or annoniun sulfate as
proton donors. Thoy meported that the additicn of sodium followed by
the additlon of an wuwonium salt led to complete reduction with high
yields of olefin. uhon amnopium chloride was used, bydrogen was
evolved and reductlon of tho aliyne wns incomplote., They further ro-
ported that the use of relatively insoluble ammonium sulfato increased
the efiiclency of the reduction. From these facts, they renched the
conelusion that the hydrosen from tho alkyne wag a more powerful re-

ducings agentthan the nroton from the anmonium ion.
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Greenlee and Fernelius?> studied the reduction of dialkyl
acetylenes. They obtained hich yields of exclusively the trans olefin

and attributed this to the formation of ionic intermediates

RC = Cli + &7 = RC = CR

il
¢ 2
4‘11
+
0]
I
o8l
I
C

in which the trans isomers are produced by electrostatic repulsion
leading to a configuration which is maintained during subsequent
anwonolysis Diacetylenesz9 have been reduced by sodium or sodium and
ammonium sulfate to the corresponding trans-trans dienes., In the re-
duction of alkynes, at nc place is there ever a conplete reduction,

i,e., to the alkone,

Benzene is not attacked by sodium in ammonia?,52,65 and may
be used as co=-solvent in nany reactions as may xyiene or tolwene,
Benzene is attacked however by scdium in the presence of a proton donor,
Biphenyl has been reduced to the tetrahydrobipheny131o42 and naphthalene
to tetrahydronaphthalenc*l’52a67 but methanol reducos the efficiency

of the reduction,

Alcohols react readily with liquid amronia and alkali metals
as proton domors formin;: hydrosen and alkoxidesgt38. Unsaturated
aleohols are reduced either at the primary aleochol srouning or the
double bondt®»11,12, Phenols react with solutions of alkali metals

in a manrer sinilor to the aliphatie alcohols but naphthols are reduced




to the tetrashydronanphtho L.

Aliphatic ethors are in gencral unreactive towards sodium in
liquid ammonia and have besm used extensively as sclvents. However,
aromaiic ethers are cleaved by sodium or potassiwms in lijuid

amnonia?le23934,49,60 a5 £ollome:
Oglls ~0-Gglls + 2a + NI, —> GgHsCNa + Gglly + Nl
Birch3s4)5 reduced ethers by the use of sodium and ethanol or methae

nol in armonia,

Aldehydos in general react very roadily with liuid ammoniad®
s0 this mediun is not suitable for reactions between metuls and
aldehydes. Relatively few ketones have boen studied wivii solutions
of metals in ammonia. A4celone hias heen gtudied but the reactions pro=
ducts were not fully eharactarizod39. Benzopiienons ;3lus one equiva-
lent of sodium in liquid axvionia forms the netal ietyl +hile with
two equivalents, the diketyl is forrmed, The diketyl ~ives the correse

ponding aleohol when treated with water or anwoniwn chloride as proton
donor3 9 .

Carbohydrates and cellulose derivatives huve bhoen reacted with
solutions of sodium in liguid ammonia, Cellulose anines have been

precared from cellulose nitrate5l.

Carboxylic acids and esters have beon studied”’, Kitroparaffins
are not reduced by sodium plus amoniun bromide58, but are slowly and
inconpletely reduced to corresponding alkyl hydroxylwiines by sodium

in amimonla alone., The reduction of nitrobenzene with sodium in liquid
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ammonia yields varied and complex productséz. However, with either
ammonium bromide or methanol -as a proton domor, greater reduction is

effected and higher yields of aniline are found’?,

1 - Nitronaphthalene is reduced to dihydro-l-naphthylamine in
97% yield by sodium alone but is a slow reaction because of insolu~- |
bility of the l-nitronaphthalene in ammonia’9, If ammonium bromide
is used however, the reduction product is l-naphthylamine in low yields
which may be improved by the use of tolmwene as co-solvent. If methanol
is used in place of ammonium bromide, the dihydro-and tetrahydro-

naphthylamines are isolated.

2 - Nitrofluorene is reduced to tetrahydro-2-aminofluorene in
89% yield by sodium in ammonia. With a:mnonium bromide as a proton
donor, there is no reaction. The tetrahydro-and hexahydro-2-amino-

fluorenes are found if methanol is the proton donor.

Azoxybenzene can be reduced by sodium in liquid ammonia to
azobenzene which can be further reduced to the disodium salt of
hydrazobenzene62. Azobenzene is reduced to aniline by sodium and

ammonium bromide in ammonia.

Considerable work has been done with heterocyelic compounds,
eSpec ially by Fernmelius and Cappel7’16’l7. Benzoxazole and ben-
zothiazole have been reduced by sodium in ammonia with ring cleavage
in the heterocyclic ring. uiore extensive reduction is reported with

ammonium bromide as proton donor. Alkyl mercaptans and phenyl
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mercaptans react with liquid ammonia to form ammonium salts which in
turn react with sodium to form the corresponding sodium mercaptides37s38.
Aliphatic sulfides react with sodium in ammonia chiefly according to

the following equation.

RBS + 2Na + NHa = RSNa + RH + Na,NH8

From the above survey of reactions in liQnid ammonia, it can be
seen that most of the work is apparently unrelated, and for the most

part with but one purpose, i.e., synthesis,

One can conclude then, that a systematic study of the redox
'react;on in ammonia is highly desirable. From a study of the effect
of different metals and ammonium salts, the nature of the mechanism
of the reaction may be reveéled. Such information may then be applied

to the preparation of organic compounds by selective reduction.



11X, EXFERIMENTAL
MATFRIALS

The ammonia was Nntional inhydrous /immonia supplied Ly the
duPont Company. It was used directly fram the 52 pound eylinder,

The methyl ethyl ketone was iastman Kodak Fo. 383 bp 77-80° C,,

dried over CaCl; prior to use,

The sodium was ¢, p. grade wetal stored under oil and cut as
needed, The bright metal, in cubes of about 5 mm, in length, waas washed
with petrolewn sther to remove the heavy oil coating, Residual petro=
loum ether was removed in a stream of nitrogen, Lithiwmm (¢, p.) was
handled in e similar manner although it was extremely difficult to
keep the metal free of an oxide film,

Beryllium spheres of 977 minimum purity were supplied by the
Beryllium Corporation, The metal was shattered with a heavy hammer to
glve small pleces which could be convenlently handled, The metal was
washed with petroleum ether and dried in a stream of nitrogen,

Manganess flakee (carbide free) were cbtained from the Coleman
and Bell Company, A mieroscopic examination of the surface of these
flakes revealed a very dull appearance, In order to present s clsan
surface for reaction in the reduction experiments the manganese was
treated vith dilute hydrochloric acid, water vashed, and then washed
in tensene, The metal was then weshed with petrolewm ether and dried
in a nitrogen aimosphere. The metzllic surface appeared exceedingly




bright uwder the microscope, The wrmonium chloride, armonium sulfate, |

wnd azmonium bromide were ¢, p. grade dried prior to use,



APPARATUS

The liquid ammonia reactor sysbtem is illustrated in Figure 3,
A round bottom, 3-necx flask protected by asbestos insulation is
connected to a dry ice-ethanol cooled condenser. A rubber sealed
stirrer is attached to the middle neck of the flask while the third
neck i. availavle for addition of reagents. The gas train leading
from the condenser consists of an activated A1203 drying tube to pro-
tect the contents of the reactor, a safety bottle, an acid scrubber
for ammonia, and a2 gas holdere The liguid in the 7os holder is satue
rated sodium chloride solution, which is displaced if there is & posie

tive gas flow in the system.

To determine the temserature in the flesk at given intervals,

a Rubicon Company potentiomoter serial No. 56334 using 2 copper-

from ~359C, to «40°C,

The continuous ether extractor used in this woers is shown in

Figure ,

The fractionating column employed to separate the ether, ketone,
snd aleohol was a vacuun jacketed, silvered column 2." x %“ packed with
1/8" glass helices. Using a test mixture of benzene and carbon tetra~
chloride, this column was rated at 15 theoretical plates under total

reflux,
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REDUCTICN CF LETUYL ETHYL £KB7CHL

Sodiun=-Ammonium Sulfate. - = Into the three neck flask was run

a total of 500 ml. of arwniz end to this wes added £6.1 ge (0450 1mole)
amropniun suifate (c. peo) and 36.0 5. (0,50 mole) meiiiyyl ethyl otone.
Attachod to the reck of the reasctor _lask Ly means ol Gooch cubing was
an Erlemieyer flask containing 2540 e (1.0 mele) oi cuved sodiume With
constent stirring ol tihe contents of the [lugk, sodiun was slowly added
to the reactor and Lhe gas (hydroéen) evolved was collected by the
digplacenent of a saturated codium chloride solution. A blue color
vhich disappears with cbirring, appears around the sodium metal in the
reaction flask, The reaction mixture was stirred for several hours,
after which 1.5 liters of water was slowly added to the mixture. The
aqueous phase was extracted with 100 ml, of ethyl ether. This extract
was saved and the agueous layer was saturated with sodium chloride.
This solution was then subjected to oontinuous extraction with ethyl
etaer for 43 hours., The original ether extract and this latter exe
tract werc comuined, driod over sodium suifate and subjected to

fracticnction.

Sodium~Annonium Bromide.or Chloride. - = Reduction using these

more soluble proton donors was carried out in a nenner similar to the
above described cxperinent. It should be noted tzat sceveral experiments
were perforzed in wiich tho amuonia wag allowed to weather overnight
and the residue was extracted with ethyl ether. This method was a=

bandoned because of the poor recovery of materials, The addition of




water ond subtsequent continuous extrsction with ethyl ether nroved to

be the better procedure,

Berylliumeinmonium Sulfate, = = 5@ in the sbove cases 0,50 mole
of ketone, 0,5 mole of smmonium sulfate were used with 500 ml, of ammonia,
To this was added 4.5 ge (7.50 mole) beryllium, The mixture was stirred
for 12 hours but no gas vas evolved, After the sddition of vater to

the reaction mixture, the beryllium was recovered unchsnged,

Beryllium=-Anmonium Chloride, = = In the reactor were placed

500 ml, of ammonis, 53,5 g. (1.0 mole) ammoniwm chloride, 36,0 r, (0,50
mole) methyl ethyl ketome, To this vas added 4.5 g, (0,50 mole)

1
!
|
beryllium and the reaction mixture was stirred for a period of 12 hours, l
A total of 7.2 liters (STP) of gas was collected, Water was then added

to the reaction mixture, about one volume of water to one-half volume
of ammonia, The water phase contained a light grey, translucent,

gelatinous solid, perhaps a hydroxide of beryllium, The following ecuae-

tion may represent the formation of this substance,
Be(NHy ) ** + 20,0 = Be(liHy),(0H), + 2nH,"

It wvas not possible to effect a good recovery of organic products by
continuous ether extrauction in the presence of thls solid., Apparently J
both the ketone and the 2=-butanol are strongly sorbed by the gel, It

vas necessary tc aclidify the aqueous layer, thus dissolving the solid

in order to obtain a high recovery of materials,
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Berylliumeinmoniun Bromide. -~ ~ This worik was performed as

in the previously described sxperiment,

Lithium, ~ = Lithiw: zuas using anponium sulfste, amcniwn
ebioride, and ammonium bromide were rade In a manner similuy to tae

sodium runs.

Mencanese. - ~ The atbeunpted use »f moncanese as a reducing
agent wes not successful with the proton donors cescribed in this work,
No zas wus ovclved during the contact of the metal wiln tie uther com=

poaents ~f the systems. The metal was recovered uncianged.

Amalgamated llanrancso. = = Clesn nauganese vetul wes anelgemated

with dilute acueous solution of mercuric chlorife and eihexr wushed. The
renction was nerforumed in a aunncr siniluy to the above exjcriveat. No
£a8 was evolved during a reactlion period of O hours. iuc ..ngaiaesc vas
recovered nnchansed., analganaiion of mesnganess by ~ercuwic ciloride

was accomplished in the presence of berzene, Tuls amcl; an wes 180
inert in the liquid ammonia reaction mirture, Armocium bronide was used

as proton donor in botia experimenta.

Cther Metals, = - <ine, sluainum, and magnesium did not roact in

the -resence of ammonium caloride, =mwienium suifale, cr arv..aiun bromide

and ammonia under the conditions of the experimentis,

Blank. = - o oigbure of 500 ml, of anmonia, 30,0 7. (050 mole)
methyl etuyl setone and 90,0 5. (1.0 #ole) MH, Br was stirred for several

hours. No metal was sdded. The experiment was completed by the usual
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continuous ether extraction. In addition, to the ketone, 6.7 g. of

higher boiling material was obtained. This fraction nay contain the
products of anmonolysis of the “etone., The higher boiling material

was & dsrd brovn, viscoows 1igquid vith a sherps odor vot vnlike

pyridine,

2=Butanol. - - The alcohol resulting from the reduction of methyl
ethyl ketone wae characterized by its 3, 5 dinitrobenzoate mp 75=6“C,

{uncorr.) az corpared with 75° C. reported by shriver and Fuson.o®
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IVe DILCULIIGH

The present wurk comorisecs o siuay or tas netcis litoiwn,
sodiunt, beryiidus, sogauese, and aluminum in liguid aconia av
at@ospheric pressucs in presence of metnyl eihy. keuwne end the T oohon
donors susoniws svuliut-e, armaoniur cnlioride, and sooenivn bromide, In
Tabie 1 gre prescuied tie huli-cell potentidls of tusse sceuls in the

waver gysies, aud il awwnle rescved W Loe normsi hydso on eiectrode

pobeaiLial I tue Ajuecus gysiem as ZeT0.

Tabie 1
Standurd wlectrude Foteavial E°
B LUL

HA0 at 259C Mg at =50°C 7540
1 340 3.0
o 2.9 244
Ne 2.7 2.6
AL 147 .
Be 1.7 1.2 *
¥n L.l —

*The value for beryllium is an estimate based upon ’leskov's

value for calecium,

Litiie infomution is available on electrode potentials in

licuid ammonie and most of the published data are not free fron
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junction potentials. The values quoted in Table 1 are of importance.
in the light of comparison of the reducing power of those metals but
the absbld%e numbers cannot be quantitatively interpreted.

ot

In Table 2 are presented the solubilities of the ammonium salts
at -40°C. in liquid ammonia, and the concentrations of the salts used

in this york. The tabulated concentrations are initial wvalues and in

iy

case of ammonium sulfate and ammonium chloride the amounts of salts

used exceeded the solubilities at -40°C,

Table 2
| Solubility50 Concentration
Salt
(Mole/liter) Mole/liter
(NH4)2804 00~ 0.0~
NH,Cl 1.4 1.4
NH,Br 5el 2.0

Kraus 39 postulated that when a metal, say sodium, dissolves in

ammonia the reaction may be described by the equilibria,

M =M+ 6
e” + xNHa' = eA‘ggs?x.

The metal is recovered unchanged upon the evaporation of the ammonia.

20

Recent studies of the magnetic susceptabilities of certain metals



in ammonia indicate that perhaps the following eguation may be pre-

ii 2 4 S — L . 2 ( E ) x

Since the problem is still unsolved, the first equation of Kraus will
be used in the discussion with the understanding that the electron is

solvated.

Of the metals discuséed in this work aluminum and manganese
failed to react under the conditions of the experiment, Béfgstrom 1
reported that manganese and aluminum (amalgamated) dissolved at room
tamperaturé in ammonium salts in ammonia with the evolution of hydrogen.
In the present 1nve$tigation, amalgamated manganese also failed to re-
act at =40°C, Lithium and sodium reacted uhder all the experimental
conditions. Beryllium did not undergo reaction in the presence of
ammonium sulfate, but did react in the presence of the chloride and
bromide, thus, data on the ease of reduction of methyl ethyl ketone are
presented for the metals lithium, sodium, and beryllium having stand-
ard half-cell potentials in ammonia as shown in Table 1. Bergstromz
reported that beryllium dissolved, with the evolution of hydrogén, in
ammonia, in the presence of ammonium chloride, ammonium iodide,
ammonium cyanide, and ammonium thiocyanéte at roonm température.
Anmonium sulfate was not included in the report of his study. A summary
of the results of the experiments with lithium, sodium, beryllium, and

manganese is presented in Table 3, and in part plotted in Figure 1 and 2.
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Table 3
Results ‘
Metal
Proton Donor % 2-Butanol % Cthers | Vol., Hp(STP)
Na (N54)2304 54 26 1.35
HHLGl INA 7 1,98
l{gg&r 3L 10 2.43
L1 (11,)550, 50 14 2.9*
NHLGI L5 11 3.1
NHABI‘ 31 6 3.38
Be (NHA)QSOL 0.0 - 0.0
NHACl 0.0 — 0.0
MABI' 000 - 0.0

*This value was taken from a duplicate lithiumesmmonium sulfate

Tull,

From Table 3 it is seen that the experiments employing sodium
and lithium resulted in decisively gsreater reduction of the ketone
than the use of beryilium. Reductions obtained with sodium and lithium
show a high degree of similarity. Perhaps the relatively small differ-

ence in standard halfe-cell values (0.4 wolt) is overshadowed by solu-
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bility and solvation effects while beryllium is of sufficiently lower
potential to reveal the difference in the reducing power of the metal.
As the concentration of ammonium ion increases, the amount of hydrogen
evolved incroases and the reduction of the ketcne decreascs. Therefore,
it appears that the ammonium ion comp-etes mors Tavorably for the
electron from the metal than does the organic compound, This is readily
seen to be the case at low E° values, i.e., with beryllium metal. In
the case of lithium and sodium the decrease in the iield of 2-buteanol
as the more soluble ammonium salts are used as proton donors is COnw
tinuous and ig of the same order of masnitude for these two metals.

This trend is apparent in the case of beryllium although comparisorn in
the case of annonium sulfate is not nossible since the beryliium failed
to react under the experimental conditions. The large amounis of
hydrogen obtained in the reactions employing beryllium and arrmoniun
chloride and ammonium bromide indicate a hich degrec of reactivity of
the metal although the extent of reduction of methyl ethyl ketone vas
smalle The reactions studied gave in addition to the 2-butanol, very-
ing quantities of materials having a boiling range rweh hicher thar the
alcohol, This higher boiling liguid appears to be in part comprised

of rroducts of the ammonolysis of the methyl ethyl ketone. This premise
is in agreerent with recent vwork reported concernins the condensation

of alkyl aryl ketones in armmoniaz forning pyridine derivatives,

In the reduction of alkynes, Greenlee and Fernelius =5 postulate
that the addition of two electrons to the alkyne is followed by a proton

transfer, the lonic intermediate maintaining a trans configuration
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during the proton transier.(:.7)The product is exclusively the trans
olefin, Hoeune tnd Greenlee~’ attribute the difference in ease of
reductiocn of acetylene Ly sodium and by sodium and ammonium sulfate
to the hypotiesis that the Lydrogen {rom the aéetylene is rniore active

thon that from the aonmoniuvm ione

The rcoults of tie present work may be interpreted on the basis
of the following equations:
(1) 28 = 20" + 20

(2) ami,” + ze” = 2NH, + H,

&

o

C

(3) CH,-CeCH.CH, + 227 +2NH,*= CH_ C.CH;CH, + 2NH,

o CH
Squation (1) is the rcducing half reaction and then ecuctions (2) and

<

—

(3) compete for the electrons from (1), «.@., ther cre oxidizing half
reactions. In the case of berylliun, a large volume of hydrogen is
obtained but reduction of ketone is slight. This is rot easily ex=
plained by any concepts of "nascent" or active hydrocen but is easily
correlated with the avove scheme by saying equaticn (2) proceeds more
rapidly than (3). The use of sodium or lithivn, i.e., 3 nore potent
reducing half resction brings alout an increase in the reduction of
mothyl ethyl ketone, Thus, equation (3) which needed o stronzer "force"

behind it is now competing very favorably Tor uvie electrons from (1).

The half-cell potential o tie reducing hall reaction and the
concentration of the _roton doacr in Lhe oxidizing half-cell play a
fundamental and prime role in the reduction of compounds in ligquid

anmonia, The use of other proton donors such as methanol would have to
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be similarly investicated, especially in view of its role of co=

solvent which may have a marked effect on the half-cell potential,

The above mechanism of reduction in ammonia may be applied to
the results of other workers. Henne and C»reenlee29 found that sodium
and ammonium sulfate is a stronger reducing system than sodium and
ammonium chloride. This may be easily explained by noting that the
ammonium ion concentration is greater using the ammonium chloride than
ammonium sulfate hence equation (2) is favored with ammonium chloride.
at the expense of the main reduction reaction, i.e., equation (3),
Thus sodium~ammoniun sulfate reduces the alkyne studied rore than

sodium-anmoniun chloride,

It should be pointed out that a great many reactions using
ammionium bromide as proton donor were not very successful as compared
to the same reactions using sodium alone with no proton donor. Since
ammoniun bromide is one of the most soluble ammonium selts, it is to
be expected that the eguation (2) will be highly favored at the expense

of equation (3) since the ammonium ion concentration will be quite high.

Ammoniun nitrate was not used in this investigation because of
the possibility of its reduction to the ammonium nitrite thus offering
numerous poscibilities of side reactlons and undesirable by-products
which would complicace the interpretation of the mechanism of the re-

action.

That the results reported for the various metals are reproducible

may be goui o ar examination of Table 4. Experiments 2 and 3, 5 and 6
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are duplicate runs. Llore than twenty-five runs have been made. Those
not included in the table usually involved mechanical difficulties such
as maintaining a tight seal at the stirrer shaft and sudden evolution
of large amounts of gas due to too rapid addition of the metal, The
products isolated from some of these experiments were in agreement with

the experiments shown in Table /.

It is emphasized that the work reported was not directed toward
maximum yield, although the yilelds reported are in fair agreement with
the work of Boord and co--workers6 who reported yields of about 60%
for simple ketones. In that work sodium was added to the ietone in
liquid ammoniz and the rroton donor subsequently added. Such a pro-
cedure does not lend itself conveniently to a gtudy of differént netals
gince side reactions may invalidate the correlations of the metals

themselves.

At the present stage of development of the study of reducing
action in liquid amronia, it is possible to suggest that if after the
reducing action of geveral metals on monofunctional substances are
studied, it may be possible to selectively reduce a polyfunctional
molecule, The reduction of an alkyl ketone has already been described.
At present, work is under way on the investigation of reduction of
orgenic sulfides by various metals, It can be seen that when more data
is found concerning the reduction of sulfides, it masy be possible to
study the reduction of a riore complex moleculs such as 2-acetyl thioe
phene, and perhaps selectively reduce, let us say the carbonyl group

without breaiing “he ring or break the ring without reducing the




carbonyl group. Other groups such as acids, nitriles, nitro-compounds

and alkynes may be studied with selective reducticn as zoal,
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V. SUp

A systematic investigation of the reducing zc**~n of different
metals on an organic compound in 1liquid ammonia is reported for

the first time,

The greater the half-cell potential of the metal, the greater

the extent of reduction effected by that metal.

A high concentration of the ammonium salt as a proton donor
favors the formation of hydrogen and decreasez the reduction of

methyl athyl ketona,

A mechanism of the reducing action of the system metal-smmonium

ion-ammonia on metiyl ethyl ketome is presented.

The possibility of selective reduction of polyfunetional molecules

is mentioned,
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