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Many a tale hath been t0ld in many a way;
but for any one to coin new fancies and
submit them to the touchstone of assay

is perilous indeed.

"The Odes of Pindar"

(Pindar; ca. 518-438 B.C.)



SUMMARY

Methods for the oxidation of aralkyl compounds have been examined
with special reference to the oxidatlon of toluene and o-toluenesulph-
cnamide. Catalytic aerial oxidations have been investigated as
possible procedures with an industrial application. The stabllity
of o-toluenesulphonamide towards oxidation is accounted for and the
mechanism of oxidation of toluene by both homolytic and heterolytic
bond fission is discussed. The preparation of saccharin by oxidation
of o-toluenesulphonamide with manganese dioxide in acid solution is
reported.,

A study of the reactions of the silver II oxidation state with
a variety of funetional groups has been ;g;gi;ed. A comparison of
the potentlal uses of argentic picolinate and silver II oxide as
rreparative reagents for organic oxidations is made and the yleldg of
ﬁroduct and type of reaction occurring with each oxidant 1s reported.
Good ylelds of aldehydo-compounds have been obtained from the
oxidation of primary alcohols angd a~amino aclids with argentic
ricolinate. The possible mechanisms of oxldation of these compounds
and of other reactions with the reagents are discussed. The factors
governing the rate of oxidation of compounds by :argentic pleolinate
have been measured and can be accounted fof in terms of steric and
electronic considerations and cholce of solvent. The kineties of
aleochol oxldation in aqueous media have been investigated by ultra-
violet spectroscopy and the data are presented. The proton magnetic
resonance spectra of carbonyl 2,4-dinitrophenylhydrazones have heen

analysed and data for configurational isomerism about the C=N bond

" have been calculated and are dilscussed.
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GENERAL INTRODUCTION



GENERAL INTRODUCTION.

Stewart (1) has recently defined oxidation in the
following terms, "An oxildation or reduction has occurred in
a chemical reaction 1f the product differs from the reactants
in a way that cannot be accounted for simply by an exchange of
protons, hydroxyl ions, halide ions, alkall metal jons,
ammonium ions, amide ions, ete., or what ls equivalent, by
an exchange of water, hydrogen halide, ammonia, ete.”" For
the pﬁrposas of oxidation reactions involving organic compounds,
the definition is probably the most appropriate as other definitions
tend to be difficult to visualise in terms of organic systems.

Historically, the term oxidation was applied by Lavoisier,
to the reaction of a metal with oxygen to give the metal oxide.
Conversely, the term reduction implied removal of oxygen from
an oxide (usually with hydrogen) to yleld the metal. Therefore
oxidation and reduction are complementary. Nearly two centuries
have lapséd and still the most popular concept of oxidation and
reduction is addition or removal of oxygen and hydrogen.  Since
the time of Lavoisier, scientists have tended to generalise the
term oxidation, and dehydrogenation or the transfer of electrons
from an element or a compound are also oxidation reactioﬁs.
Consequently, the followlng equations are all repfesentative of
oxidation reactions, although this may not be immediately

apparent : -



2Cu+02=2Cuo.-......-....-..........l
Cu+ + Ag+ = cu2++ Ag. LIC IR I B R BN B R B B A BB L .2
CI-IL} + C12 = CH301 + HCI LB B BN BN IR BN BE B RE I B L BN R N .3
and 'Fea+ = Fe3+ + e-..l....... ................5

Equation 1 1s representative of lavoisler's definition of
oxidation, whilst equations 2 and 5 support the later definition
(1.e. the transfer of electrons). Hence in equation 1, copper
1s oxidlsed to its oxide whilst oxygen 1s reduced and in
equation 5, ferrous ions are oxidised to ferric ions by loss
of an electron,

With reference to inerganic oxidation processes; the
transfer or removal of electrons ls an easily recognisable and
usually reversible reaction e.g., equation 5 which for complete-

ness should be rewritten :=-
OXIDATION

2+ -
Fe F""ﬁnﬂ Fe}r"l'e .o.n..no.---c-o6
REDUCTION

However, when this concept is applied to the oxldation of organic
compounds, the analogy is not so clear because (a) the atoms
compounding a molecule are not "seen" to lose electrons except
in an artificial manner and (b) organic oxidation reactions

are rarely reversible except for enzyme oxidation reéctions

in biclogical systems. Hence, for equation 7, 1t is difficult

to assert that electrons have been removed from methanol to yield
formaldehyde because no atom has been deprived of i1ts valence

elec¢trons.



CI'IJOH + [O} - H. CI'IO + Hgooouoooo-olaao'T

But on closer examination, equation 8, it can be seen that
whereas methanol has 14 valence electrons (10 involved in bond
formation), the product has only 12 (8 involved in bond formation).

Hence two electrons have been removed along with two hydrogen atoms,

H H
H:E'“:H-———ﬁH:E':b':+2H'....8

H

1he” 12e”

Classification of oxidation processes.

Organic compounds are essentially covalent compounds and
hence reaction 1s unlikely to occur by direct electron transfer
on collision of an oxidant molecule with the substrate as
valence electrons are relatlvely inaccessible. Therefore for
oxidation to occur, covalent bond fisslon is essential. Because
of the low polarisability of carbon to carbon (C-Cj bonds,
fission of carbon to hydrogen (C-H) bonds is likely to initiate
oxidation and C-C ruptures will oc¢cur hecause of attack at
another site on the molecule, Bond fission of C~H linkages can
oceur by (a) homolytic or (b) heterolytic means.

Homolytic fission is the symmetrical breaking of the bond
to yield a hydrogen radical i.e. a single electron transfer
process {e.g. equation 9)

CH3 - H + cl - Cl “"_" CHj. + HC1|---u--9

The methyl radical so formed has an unpaired electron and must

therefore undergo some further reaction to gain stablility.



The radical can react with another molecule of chlorine to
give a chlorine radical ¢or it can react with another methyl
radical to yield ethane; and each 1s possible. Homolytie
bond fission can be initiated by traces of free-radicals,
exposure to radiant energy or single-electron transfer to an
inorganic lon of the transition element series where an
incomplete gforbitél is available.

Heterolytic oxidation is brought about by transfer of
electron-pairs from one to the other of the atoms involved in
the bond, and hence the heterolytic fission cah be by two
processes (a) proton abstraction and (b) hydride abstraction.
Hydride abstraction always leads to oxldation but proton loss
only leads to oxidation when some subsequent change occurs

in the molecule.

e



SECTION I

A study of the oxidation of aralkyl compounds.



INTRODUCTION,

The oxidation of the alkyl side chains of aralkyl compounds
is of particular interest industrially and one example is the
preparation of saccharin (gfbenzoylsulphonimide) from
o-toluenesulphonamide. Since the turn of the century this
oxidation has been undertaken, in Britain, by the use of an
alkaline solution of potassium permanganate (2). The oxidation
is carried out as a batch process with a very close control of
temperature and pH in order to prevent the hydrolysis of the
imide and the bulld-up of a component having a very bitter taste.
This bitter material is thought to be formed by the condensation
of saccharin and o-toluenesulphonamide. The mechanism of the
oxidation has not been closely studied and the conditions used
have been optimised by a process of trial and error. At pH
falues less than 9, the bitter principle becomes more evident
and at elevated temperatures and pH greater than 10, the cyclic
imide undergoes hydrolysis to form g-sulphonamidobenzole acid.
The reaction as presently employed, can be summarised by the
following equation :-

CH COOH

3 M 9-10; 60°C.
+ KI"InOn —_— +Mn02
SOQNH2 NaOH SOENH2
o-Toluenesulphonamide l -H20 essessll
CO_
//NH
1)
Saccgarin

There is an extensive literature concerned with the

oxidation of alkyl-aromatic compounds, both from an academic
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standpoint and from an fndustrial application. Examination of
the literature shows that a variety of methods have been studied
among which may be mentioned:- oxidations by sulphur and/or
sulphur dioxide; oxidations catalysed by metal ions (aerial
oxidations); oxidations effected by oxidising acids and those
accomplished by a variety of other reagents.

In general reacticns carried out with sulphur and with
sulphur dioxide are heavy industrial processes, employing
extremes of temperature and pressure and usually involve either
water or alkaline solutions as the reaction media. High yields
of m- and p-toluic acids have been obtained (3,4) by the
reaction of the respective xylenes with sulphur and atgqueocus sod:l.w‘nr5
hydroxide at high temperature and pressure. Also by this
process, p-sulphobenzole acid has been prepared in good yleld
from the toluene sulphonic acid, It has alsc been found (5,6)
that sulphur and water will bring about the oxidation of toluene
to benzoic acid at elevated temperature and pressure; but at
extended reaction times the reactlion was found to be reversible,
giving rise to poor ylelds of the acid. However, the addition
of sulphur dloxide to the reaction vessel increases the conversion
to benzoic acid. Sulphur dioxide has been found to oxidlse
toluene (7). In thls process the toluene and sulphur dioxide
were passed over a vanadium penﬁokide catalyst at 510°c. for a
contact time of 3 seconds. Benzolc acid was formed in high yield
and a good conversion was recorded., Similar reactions have been
carried out (8-1%) using the oxides of the heavy metals, vanadium,

niobium and tantalum with sulphur dioxide; all reported satisfactory

6=



yields of the intended product.

By far the most important development, over the past
two decades, has been the introduction of metal ion catalysts
for the liquid phase, aerial oxidation of aromatic compounds.-
On an industrial scale, such catalytice processes are very
attractive because of their cheapness. Cobalt naphthenate
(15) has been proposed for an industrial oxidation of toluene,
by air, on a continuous basis. The parameters have been established
and are extremel& mild by industrial standards i.e. temperature,
1ao°c.; pressure, 6 atmospheres. Under these conditions an
817 conversion tb benzolc acid has been recorded on the
continuous process. OQther processes involving cobaltous ions
have been developed, in which the general reaction is the
same with only minor modifications being employed to improve
vields. Hence cobaltous acetate, acetic acid and p-methyl
benzaldehyde (16); cobaltous acetate, acetic acid and hydrogen
bromide {17, 18); cobalt naphthenate and cumene (19); cobalt
oxide (20); cobaltous acetate, manganese bromide and
o-dichlerobenzene (21, 22); manganese acetate, acetic anhydride
and traces of butyl peroxide {23); cobaltous acetate or
benzoate (24, 25) and the mixed oxides of cobalt and zirconium
with acetic acid (26) have all been employed for the aerial
oxidatlon of toluene in particular, and of aralkyl compounds
in general. Other metal ion catalysts have been used to promote
the required oxidation but mainly in the vapour phase (27-29).

Industrial scale oxidations involving mineral acids have
been reported for aralkyl compounds (30-38). Thus, 15% aqueous

nitric acid, at temperaturezs between 165-22000. and pressures

-7~



Eetween 15-25 atmospheres, will convert p-nitrotoluene to the
corresponding acid (30); whilst p-cymene has been oxidised to
terephthalic acid by 507 nitric acid at 195°C. and 30 K‘g./cm.2
pressure (31). Para-toluenesulphonic acid has been oxidised

to p-sulphobenzolc acid by aqueocus nitric acid at 145°¢., in
a pressure vessel, although some 2-nitro-4-sulphobenzoic acid
was also formed (32). Crude p-cymene has been oxldised to pure
terephthalic acid and go-chlorotoluene to the o-chloro-acid using
a process {33) in which a thermosiphon was used to heat the
pressure vessel., A vertical, cylindrical vessel was used for
the oxidation of p-nitrotoluene to p-nitrobenzoic acid by 30%
aqueous nitric acid at 210°C and 40 atmospheres pressure (34).
Other oxidation processes involving aqueous nltric acld have
been established (35-37) for the oxidation of toluene, and
substituted toluenes, to the expected carboxylic acids. One
major drawback to the use f nitric acid is the heterogeneous
nature of the phases; a patent has been published (38) in which
the passage of nitrogen diloxide through the organic phase,
eliminates stratification of the materials involved, Thus,
aralkyl compounds have been reported to be oxidised in better
yields than with aqueous nitric acid.

The oxidising power of sulphuric aclid alone does not
appear to have been made use of, although oxidations involving
the acid have been reported (39-47). However, these reactions
involve other chemicals such as potassium dichromate or manganese
dloxide. Mixtures of sulphuric acid and pdtassium dichromate

have been considered (39) to be a very powerful and useful

-8-



oxidising agent for alkyl-srommtic compounds. The reaction
conditions, for the oxidation of toluene, appeared to be largely
dependent on the concentration of sulphuric acid employed, as
were the type of products and the ratlo in which they were formed.
Under optimised condltions, toluene gave benzole acid in moderate
¥leld., It is noteworthy that when sulphuric acid was absent,

the side-chain oxidised terminally., Thus, at 27500. and with

one equivalent of sodium dichromate for one hour reaction time
(40); toluene was converted to benzoic acid in 967 yield whilst'
ethylbenzene gave a 967 yield of phenylacetic acid. The use of
pyrolusite and sulphuric acid to oxldise toluene to benzoic acid
has been established (41-45) as an industrial process; and its
use has been extended to substituted aromatic compounds (46,47).
Para-nitrotoluene, 2,4-dinitrotoluene and 2-chloro-4-nitrotoluene
all gave the expected acid in moderately high yield.

A number of other processes are worthy of note: hydrogen
sulphide and alkali-metal bisulﬁhites at 500-800°F. and a pressure
of 1000-3000 p.s.1. have been employed {(48); whilst oxygen, or
a compound such as selenium dioxide, and bromine (49) brought
about the desired reactions. Recently, a new method for promoting
base-catalysed oxidations has been reported (50); in which use
is made of molecular oxygen at room temperature to yleld the
carboxylic acid. Also, oxygen and nitrogen have been passed
through molten m-toluic acid at 4142%¢, to vleld 1so-phthalic
acid.(51). Even a fermentation process has been developed (52).

With regard to the oxidation of o-toluenesulphonamide;

this 1s carried out industrially in Britain using alkaline

=0~



potassium permanganate (2). Remsen and Falberg (53) prepared
saccharin, originally, using neutral permanganate at lower
temperatures; but Pamfilor {54) showed that better reaction
occurred using alkaline potassium permanganate. Only a few
variations on this method have been reported (55-59). Good
vields of saccharin have been reported (55, 56) using potassium
dichromate and sulphuric acid at 40-5500. Chromium trioxide
in acetic anhydride at -5 to 30°C. has brought about the oxidation
(57) but four products were formed:; ene of these products was
identified as W-acetyl saccharin. Chromium tricxide in 20N.
sulphuric acid has been reported (58) to glve good yields of
saccharin; and also peroxy-sulphuric acid with manganese sulphate
and silver nitrate, = catalysts, gave a high yield of pure
sacchafin (59).

Electrochemical studies of the oxidation have led to a
number of publications (60-69). High yields of saccharin can
be obtained by careful choice of electrode materials and the
process becomes industrially viable where cheap electricity is
available, e.g. Japan.

Thiz section describes some attempts to apply the methods
mentioned above to saccharin formation. In addition, since
manganese dioxide is a byrproduct of the present process (2), the

possible use of this material for oxldation was examined.
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DISCUSSION AND RESULTS

The oxidation of o-tolusnesulphonamide by alkaline potéssium
permanganate has been known for a long time (2,5%); but the
mechanism‘of the reaction has not been closely studied. However,
the mechanism of oxidation of toluene with the feagent has been
thoroughly investigated by Cullis and Ladbury (70), although the
medium was aqueous acetic aclid. Study of the kinetics led them

to the conclusion that hydroxyl radicals and Mn3+

ions were the
most likely oxidising species in the reaction; but that all
manganese jons from oxldation 3 to T may be of some importance,
Hence they suggested that the reaction, equation 12, led to the
formation of the principal oxidant.

Mo HO =2 MZtH HO® + H eivieninnenien.l?
Manganous jons and permanganate react rapidly to give intermedlate
ions (71); therefore the addition of manganous ions should
increase the rate of oxidation and this was shown to be the case.
Waters (72) has suggested that permanganate does not exchange
oxygen with water but that in strong alkali, it decomposes to
give manganate jons and oxygen (equation 13).

2

4 MnObr— + JOH —» 4 M0, "+ 0 +2H0 ...l 3

2
' 18
However, Symons (T3) has shown by use of H,.0,” that in

2
alkaline solution all of the oxygen comes from water and there-
fore equation 14 is more probable.

R 2
MnO, "+ OH™ emed MnOy

-+ HO‘ l...l.l..l.’l...l..ll"
The oxidation of toluene by alkaline potassium permanganate
solution is most probably inltiated by the abstraction of a

hydrogen radical to form the stabllised benzyl radical, equation 15.

w]lle=



The radical so formed, stabilised by delocalisation of the
charge around the aromatic nucleus, is then involved in
further reaction with elther (a) water or (b) a hydroxyl radical

to glve benzyl alcohol, equations 16.

06H5.0H3+ HO® ——» C6HSCH2'+ H20..........15

C6H5CH2'+ HO gt 06H5.CH20H + H' . uvennea16(a)
CSI{SlCHQ. + HO' — 06H5CH20H..0-.--oou-o.l6(b)

In alkaline solution, the benzyl alcohol will be rapldly
converted to the aldehyde probably by the initial attack of
hydroxyl ion, equaﬁion 17, followed by hydride ion transfer to
permanganate to give the Mﬂv ion, equation 18. The final step
of the oxidation to yleld benzoic¢ acid is again fast and is
probably initiated by elther the attack of a hydroxyl ion on
benzaldehyde, followed by hydride loss to permanganate ion,
equation 19 (a), or the attack of the permanganate ion to yield
an ester, followed by base abstraction of the aldehyde proion,

equation 19 (b).
~Rapid

CGHS .CHEOH + HO ?——-—=-'5 06H5 .CH20 + H20| tea e 017
- - Siow 2-
C6HSCH20 + m{)u r— C6H5CH0 + HMnOll_ shatenew -18
0’9 0" CH 2}'{61 Moy, - A~ 2
+ = -
CgH 4 HO™ g=2 Cg 5}9 —y C6H5C\QH+ Mo, ~ " ..19(a)
H
CHdp-l—MnO_+H0 C.H_ .00, + HO™
6K, y * B0 e Gl p20-tm0, 19(b)
H i
Fa¥

OH l
0

o -
CHCZ + MnO. "+ HO.
65 \‘OHJ 3 2

<19



The oxldation of o-toluenesulphonamide by an alkaline
solution of permanganate is likely to be by the same mechanisms
the difference however, will be in the rate of the reaction.
Strongly electron-withdrawing substituents, such as the
sulphonamido-group situated ortho on the aromatic nucleus,
will slow the initial abstraction of a hydrogen radical because
its effect will tend to enhance the heterolytic fission of the

C-H bond to give a proton. Hence the production of o-sulphonamido-

benzyl alecohol w;ll be slower than the production of the
unsubstituted aléohol (at the samé temperature ). However,'the
electron-withdrawing nature of‘the ortho-substituent will now
aid the oxidation of the aleohol and the aldehyde (especially
in basic solution) to the acid.

Ball, Goodwin and Morton (T4) first showed that neutral
manganese dioxide could bring about the oxidation of primary
and secondary alcohols to the corresponding carbonyl compounds.
Later, Attenburrow and co-workers (75) showed the oxidant %o
be specific for the conversion of allylie aleohols te allylic
aldehydes and ketones; but since that time this specificity
of action has been challenged (76,77). Hence, it is now
generally known that manganese dioxide can be employed for a
variety of oxidation‘procedures, some of which are novel
rearrangement reactions (78, T9).

Gritter and Wallace (80).and Evans (8L) have prepared
manganese dioxide by a variety of methods and compared the
reactivity of each sample in the oxidation of a variety of

materials under comparable conditions; and Gritter, Wallace and

~13.



Dupre (82) have examined the effect of different solvents on the
oxidation of benzyl alechol to benzaldehyde. They showed that
the physi;al nature of the surface was very important and that
the solvent usedrcan have a marked effect on the activity of

the dioxide. Reactlions carried out in benzene were found to

be Slower than those in carbon tetrachloride which in turn were
slower than those using petroleum ether as the solvent and hence,
the interaction of the solvent with the surface of the oxidant,
inhibits the reaction of the benzyl aleohol with the reagent.

It was apparent that centres 9f low electron~density were present
on the surface of the mangenese dioxide and it was these centres
that could attract the electron-rich ocxygen of the alechol. The
reaction sequence proposed by Gritier, Wallace and Dupre is as

shown in Flgure 1 for the oxidation of benzyl aleochol.

W+ TV “ *
Cell-CH,OH + O = MnT0:MFOtnTle0 —» |Gl CH,-0-H
Ol M: QMmO
Grege 0 O T
(Ve
¥ N — Eipwl‘\
0=MnL 0: M:0mMnEl=0 (T g AT A
i A - B
(C::>- C=0 + 0=Mn=-20::0-MnZELe0 —o 0=tin™ Mi:0=4nTx0 + 5,0
Fig.l.

No oxidation products were isolated when manganese dioxide
was reacted with o-toluenesulphonamide under a varlety of cond-
itions. Manganese éiexide and o-tolusnesulphonatide were reacted
together at different temperaturcs in difforont solvents for

long periods ofltime (Table 2); but even when air was passed

“1ha



through the mixtures, no oxidation was found to occur., The
reactions were carried ocut with three types of material namely
residual manganese dioxide from the saccharin-plant, material
prepared by acid treatment of saccharin-plant. dioxide and
material prepared by the method of Attenburrow et al.(75).
Infra red spectra recorded on the organic material separated
from the reaction mixtures, showed no bands typical of those
expected for products of oxidation.

Although no oxidation was recorded in the reactions examined,
the activity of the acid-washed plant material was established by
the reaction of small amounts of the dioxide with acetone, di-
isopropylidene glycerol and ethanol. Vigorous reactions occurred
on addition of small portions of the crganic materials (di-isopropyl~
idene glycerol spontaneously ignited) but this did not occur when
larger amounts of organic material were added, Both the dioxide
prepared in the laboratory and that direet from the saccharin
plant showed no such activity, even when large amounts of the
dioxide were present. The lack of activity was probably due to
occluded ions of manganese and potassium in the first case and
sodium and potassium in the latter. Tenaciously held o-toluene-
sulphonamide was found to be present to 26% (by weight) in the
plant dioxide. The presence of the starting material may well
deactivate the surface of the oxidant by formlng a strong complex
which could not undergo ele etron change due to the presence of
the sulpheonamide group.

Manganese dioxide in acid medla was examined as a reagent

for the oxldation of ¢o-toluenesulphonamide to saccharin. Reactlons

15~



were carried out in glacial acetic acid, hydrochloric and
sulphurie acid; the results indlcate that in glacial acetic

aclid and hydrochloric acid, manganese dioxide is unsuitable

for the oxidation desired. In all cases examined in these

two media, no oxidation product was found and no indication that
reaction had occurred was noted. However, with sulphuric acid as
the medlum, some oxidation occurred to form saccharin and hence

equation 20 holds in part (see Table 2).

5 COK\\
2 2 2

Pyrolusite in sulphuric acid has been reported (46) to
oxidise toluene and toluene derdivatives to the respective
benzole aclds; and some of the compounds oxidised had de-
activating substituents on the aromatic nucleus e.g., 2-chloro-
4-nitrotoluene to 2-chloro-A-nitrobenzoic acid in high yield.
It was suggested that a reason for the high ylelds with manganese
dloxide (in comparison to potassium dichromate ), is that only
1 atom of oxygen 1s formed per molecule of oxident and hence less
over-oxidation oceurs.

Experiments carried out in the laboratory showed that acld-
washed manganese dioxide in 50% sulphuric acid, oxidised
toluene to benzaldehyde and benzoic acid, while'reactions
involving o-toluenesulphonamide and different concentrations of
sulphurice acid showed that, up to 507 concentration, no
appreciable hydrolysis of the sulphonamide group resultied.

It was also found that 509 sulphuric acid ws necessary to bring

-16-



about the oxidation, whereas 98% sulphuriec acid charred the
material and lower than 503 concentration resulted in no
oxidation occurring. Hence, optimum conditions for maximum
oxidation with least hydrolysis product were found to be 503
sulphuric acid under reflux,

During the early stages of each reaction carried out with
50% sulphuric acid, a purple material was formed. This was
found to occur even when no organic material was present and
therefore must be considered to be due to an intermediate ion
of manganese. An examination of the formation of the purple
colour when o-toluenesulphonamide was present, showed that the
colour had to be dispersed before any oxidation product was
formed (approximately 60 minutes at 90°C. with 507 sulphuric
acid present. This fact would support the formatlon of an
intermediate manganese ion of high oxidation state.

Under conditions where manganese dioxide reacted with
o-toluenesulphonamide (3:1 molar ratio) to form saccharin, four
other components were found in the mixture (see Plate 1) in
addition to starting material. Examination of the reaction
product by thin layer chromatography (t.l.c.) indicated the
presence of saccharin aﬁd a more polar component {possibly a
sulphonic acid derivative) but showed that o-sulphonamido-
benzoiec acid had not been formed. Hence, none of the saccharin
formed had been hydrolysed.

The catalytic use of manganese dioxide for aerial oxidation
of the molten sulphonamide material was examined, but results
indicated that no oxidation had occurred even when benzoyl

peroxide was added to the melt as a co-catalyst (promotor).
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T.L.C. examination of product from reaction of

" Ry¢, 0.99

R, 0.90

R,, 0.77

R,, 0.68

Re,0.51

R,,0.31

o~ toluenesulphonamide, MnO,, and 506 H,SO;.

o-toluene~

T ——
sulphonamide

saccharin

~o=sulphonamido-

benzoic acid

Plate 1



Other aerial oxidation methode were examined, but no
oxidised material was found. Hence, molten o-toluenesulphonamide
was not attacked by air and catalytic amounts of potassium
permanganate; and use of p-cymene to promote aerial oxidation
by a free-radical mechénism, falled. Toluene was reported
(83) to be axidised, catalytically to benzoic acid by potassium
permanganate and a trace of acetone, However, this reaction ecould not
be carried out in the laboratory because high pressure apparatus
was not available., The parallel reaction with o-toluenesulphonamide
was not attempted.

Manganese or ferric stearate and benzoyl peroxide have been
used catalytically (B84-86) for the aerial oxidation of aralkyl
compounds but when reactions of this type were undertaken with
toluene and toluenesulphonamide in the laboratofy, neither
compourxl was oxidised.

Reactions with p-cymene are facilitated due to the
formation of a hydroperoxide with molecular oxygen, equation 21.
The hydroperoxlide can undergo homolytic fission to glve a
hydroxyl radical, which can then promote free-radical oxidation.
Similarly, oxidations with multivalent metal ions and benzoyl
peroxide are initiated by attack of the metal ion on the peroxide
to yield a radical e.g., equat#on 22 (a) and 22 (b).

CH C CH, - CH
3 32 /2 \Zcﬁﬂi

L%
N ¢l _o0_—oH

+ 02 = —

+OH +o 02l
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00
-

ofe” + g-cZ \>c-¢ —t DFe
No-0

*+ 200,428° .erune.i22(2)

2Fe2++ ¢-C<Zn2‘:c-¢ — 2Fe3+ +2 c:’z_ + !6.0:’2_... 22(b)

One possible reason for the fallure to oxidise
o-toluenesulphonamide in these experiments 1s the difficulty
with which the homolytic fission of the benzylic C-H bond
takes place. The presence of the electron-withdrawlng groun
in the ortho-position will tend to facilitate the heterolytic
fission of the bond to yield the carbanion and a proton.

Hence, o-toluenesulphonamide will be more stable to radical
attack than toluene; and this type of reaction is only liksly to
cceur under more severe conditions, i1f it oecurs at all.

The oxidation of toluene to benzolec aecid has heen reported
(50) to occur using a base catalysed method, Essentially,
hexamethylphosphoramide was used as a solvent and potassium
t-butoxide assisted molecular oxygen to react with the materiael
at room temperature. The strong base brought about ionisation
of the benzylie C-H bond, followed by transfer of an electron
to oxygen to form a benzyl radical which then underwent
autoxidation, Reactions of this type were carried out with
o-toluenesulphonamide; but no definite product of oxidation was
found. It would seem unlikely thatlthe o-sulphonamidobenzyl
carbanion would lose an electron readily to oxygen at room
‘temperature due to the presence of the substituent on the

aromatic nucleus,



Toluene was oxidised to benzyl alceohol by addition of
argentic picolinatg in aqueous dimethyl sulphoxide at 70°C.
Benzyl alcohol was then oxidised to benzaldehyde and then
further to the carboxyllc acid. Each step in the oxidation was
controlled by the molar ratic of oxidant to toluene employed.
Hence with a molar ratio of oxidant to toluene (2:1), benzyl
aleohol was formed whereas with a molar ratio (6:1), benzoie
acid was produced in good yield. The parallel reaction with
o-toluenesulphonamide was attempted but no oxidation preduct was
recorded although the oxidant was reduced. The discussion of these

reactions is inecluded in Sectlon II.
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Summary of results of reactions with toluene

Reaction Result -
1. MnO2 and 504 HESO4 - {ICHO ‘and @COOH

2. Catalytic aerial oxidation reactions:-
(a) KM?Q and trace CH_COCH No reaction
) Mn gtearate and FELIl drearate No reaction

3, Oxidations with argentic plcolinate in
aqueous dimethyl sulphoxide.

(a) ¢CH3 #iCH_OH.
(b)  gcujon gcHb
(c)  gcud #COOH

TABLE 1 °

Summary of results withg-toluenesulphonamide

i. MnO, in neutral media:-

(a) Plant material No oxidation

(b) Acid-washed plant material (88) No oxidation

(c) Prepared material (75) No oxidation
2. MnO0,.(88) in acidic media:~

(a) Glacial acetic acid No oxidation

(b) Hydrochloric acid ‘ No oxidation

{c) Sulphurie acid Saccharin with 5% Hasou
%, Catalytic aerial oxidation reactions:-

(a) Manganese dioxide No oxidation

(b) Mn0.. and benzoyl peroxide No oxidation

(e) KMnO), No oxidation

(a) p-Cymene No oxidation

(e) MnIl and Felll stearates + benzoyl

peroxide No oxidation

(£) K t-butoxide in hexamethylphosphoramide
No oxidation

confirmed
4, Oxidation reaction with argentic No oxidation
pleolinate in agueous medium product but silver

complex reduced.

TABIE 2
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EXPERIMENTAL

Infra-red spectra were recorded on Perkin-Elmer
Spectrovhotometers 237 and 257. The abbreviations used
in the spectra quoted are as follows :- s = strong,

m = medlum, w = weak, sh = shoulder and b = broad. The
values quoted have the wavenumber (cm.-l) as units and have
been corrected.

Proton magnetic resonance spectra were recorded on
a Perkin-Elmer R.10, 60 Me./s. spectrometer. The chemical
shifts are quoted with reference to tetramethylsilane as
standard and the tau -values recorded for any multiplet
are at the mid-point of that multiplet and may not be at its
centre of gravity. The abbreviations m = multiplet, s =singlet,
d = doublet and t =triplet are used throughout,

Thin layer chromatography was carried out using two
solvent systems :- (A) 20%. diethylether/petroleum ether
(40-60°) used with plates prepared by dipping in a
Kieselgel-GF/chloroform slurry; and (B) chloroform/methanol/
ammonia (s.g.= 0.88 g/ml.)=100/50/11.8 used with plates

(20x5cm. ) prepared by spreading Kieselgel-GF to a thickness

254
of 0.4 mm. and activating at 15000. for three hours (87).

Spots were located by thelr adsorption of ilodine vapour or by
use of a Mineralight UV3-ll, ultra-viclet lamp. Analytical
gasvliquid chromatography (g.l.c.) was carried out on Pye series
104 chromatographs with flams fonisation detectors. Nitrogen,
as carrler gas, at 60 ml./min. was used with the following

colums:= 10% silicon oil (SE-30) on firebrick and 5%

PP



dinonyl phthalate (DNP) on chromosorb-W, Both columns were
1.5m. in length and of 4 mm. bore.

Preparation of Active Manganese Dioxide (75).

A solution of manganese sulphate (tetrahydrate, 89.16g.;
0.4M.) in water (120 ml.) and a solution of sodium hydroxide
(407%; 95 ml.) were added simultaneously during 1 hr. to a hot
stirred solution of potassium permanganate {76.8g.; 0.46M,)
in water (480 ml.). Manganese dloxide was precipitated soon
after the start of the reaction as a fine brown solid. Stirring
was continued for a further hour and the solid was separated by
centrifugation and washed with water until the washings were
colorless., The solid was dried at IEOOC. and ground to a fine
powder before use. Yield; 8.

Preparation of active Manganese dioxide from saccharin-plant material.

(B8},
Manganese dioxide from the saccharin plant {100g.) was washed

free from tenaciously held alkall with several portions of

hot distilled water {5 x 250 ml.), followed by sulphuric acid

(Nfi; 250 ml.) and finally with hot distilled water (5x250ml.).

The material was dried at the pump and then in an oven at 120%.

The material was ground to a fine powder before use. Yield; Thg.
The activity of the prepared material was shown by careful

addition of small quantities of a few oxldisable organic liquids.

Hence for manganese dioxide (1g.) and organic liquid (0.lg.);

the following occurred:-

(a) Iso-propylidene glycerol was converted to iso-propylidene

glyceraldehyde with spontaneocus ignition occurring in one case.

-2



(b} Dry ethanol was comverted to acetaldehyde accompanied
by a temperature rise from 21 to 10700.

(¢) Dry toluene was converted to benzaldehyde accompanied
by a temperature rise from 20 to 80°C.

Preparation of o-sulphonamidobenzoic acid. (83)

Saccharin {40 g.; 0.22 M.), sodium hydroxide {20 g., 0.5M.)
and water (250 ml.) were heated together under reflux for 3 hr,
The mixture was cooled and acidified to pH2 with dilute hydro-
chloric acid (2N) and set aside overnight. The white erystalline
material was separated and washed free from chloride ions with
distilled water. The damp material ﬁas dried at TOOC. to
constant weight (26g.). Yield, 59.6%. The material melted at
151-153°C. (L4t.(89) m.p.154%C.).

Preparation of hexamethylphosphoramide,(90)

Petroleum ether (40-600; 500 ml.) was cooled to
approximately -40°C. using an acetone/dry ice mixture.
Dimethylamine (200 ml.) was added and the flask was fitted
with a mechanical stirrer, a reflux condenser and a dropping
funnel containing phosphorus oxychloride (50 ml,) and petroleum
ether _(40-600; 100 ml.). The phosphorus oxychloride was added
slowly to the stirred solution whilst the temperature was
maintained at -40°C. When all of the mixture had reacted, the
temperature was allowed to reach amblent. The solid amine
hydrochloride was separated and the petroleum ether was removed
from the filtrate by rotary evaporation. The residue was distilled
and the fraction boiling at 73°C./lmm. was collected. Yield; 50g.

n1.4552 (Lit.(93) n§5 1.4570).
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Attempted aerial oxidations with manganese dioxide.

The generzl procedures described below were carried out
with three different types of manganese dioxide i.e. manganese
dioxide obtained from the saccharin plant, acid-washed
manganese dioxide (obtained from the saccharin plant) (88)
and active manganese dioxide prepared in the laboratory.(75)
(a) Dry manganese dioxide (13g.; 0.15M.) and o~toluenesulphonamide
(5g.; 0.03M.) were mixed with dry benzene in a 250ml. flask
fitted with a reflux condenser. The mixture was heated under
reflux and agitated by a mechanical stirrer for a peried of 83 hr.
During this time, aliquots (5ml.) were taken from the reaction
vessel at various intervals. The manganese dioxide was
removed by centrifugation and each aliquot was examined by thin
layer chromatography (solvent system A). All showed a single
spot at 0,95, equivalent to starting material.
(b) Dry manganese dioxide (13g.; 0.15M.) and o-toluenesulphonamide
(5.3 0.03M.) were mixed with dry petroleum ether (100-120°:
150 ml.). The mixture was heated and stirred under reflux for
44,5 hr, The reasction mixture was filtered whilst hot and
the residual manganese dioxide was washed with hot alcohol.
The filtrate and washings were examined by thin layer chromatography
(solvent system A) and showed a single spot at Rf=0.96which was
concurrent with o-toluenesulphonamide. The solvent was removed
and the residue was shown to be unchanged starting matérial,
m.p. 153°C. (1it. (93) m.p. 153-156°C.).
(¢} Dry manganese dioxide (13g.: 0.l5M,) and o-toluenesulphonamide
(5g.: 0.03M,) were heated together under reflux with petroleum

ether ﬁ(100-120°: 200 ml.). During the reaction, air at a
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pressure of 0.5 p.s.l. was passed through the mixture. The
reaction was continued for 24 hr. It was found necessary to

use a very efficient condenser system to prevent the loss of
solvent. The mixture was filtered whilst hot; the residual
manganese dloxide was washed with hot alcohol and the filtrate
and washings were examined by thin layer chromatography (solvent
system A)}. A single spot equivalent to starting material was
recorded at Rf=0.9l. The solvent was removed and the residue
material examined, m.p. 15400. (14t.(93) m.p. 153-600.).

Reactlions of grtoluenesulphonamide with manganese dioxide in

acidic media.

Reactions in acidic media were carried out using manganese
dioxlde prepared by aclid-wash of material obtained from the
saccharin plant,

1. Glacial acetic acid,

(a) o-Toluenesulphonamide (5g.; 0.0PM.) and dry manganese
dioxide (13g.; 0.15M.) in glacial acetic acid {150 ml.) were
képt at room temperature with stirring for 72.5 hr. Four
aligquots (5 ml.) were removed from the reaction vessel at
suitable intervals and the solid manganese dioxide was removed
by centrifugation. The aliquots were examlned by thin layer
chromatography (solvent system A) and showed a single spot at
Ef=0.98 identical with starting material.

(b} Dry manganese dioxide (13g.; 0,15M,) and o-toluene-
sulphonamide (5g.: 0.07M.) were stirred together in glacial
acetic acid (150 ml,) under reflux for 82.5 hr., during which

time 6 aliquots (5 ml.) were removed, filtered and the filtrates
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examined by thin layer chromatography (solvent system A).
Each aliquot showed a single spot at Rf=0.99 equivalent to
o-toluenesulphonamide.

2. Hydrochloric acid.

Manganese dioxide (5.2g.; 0.06M.) and o-toluenesulphonamide
(5.0,; 0.0°M.) were mixed together in a 150ml. flask fitted with
a reflux condenser. After the initial, vigorous, reaction had
subsided, the mixture was heated under reflux for 3.5 hr. in a
fume hood; chlorine was llberated during the reaction. The
reaction mixture was cooled and filtered, the filtrate was
neutralised with sodium hydrogen carbonate solution and then
the solution was evaporated to dryness. The solid residue was
extracted with boiling alcohol and examined by thin layer
chromatography. A single spot was shown at Rf=0.91 (starting

material).

3. Sulphuric acid.

(a) o-Toluenesulphonamide (5g.; 0.03M.) and dry manganese
dioxide (5.2g.; 0.06M.) were mixed thoroughly in a 100 ml.flask
fitted with a reflux condenéer. To this mixture, sulphuric
acid (98% "w; 50 ml.) was added in small portions (5 ml.).
After the vigorous reaction had subsided, the mixture was
‘heated under reflux for 30 min. The mixture was cooled and

the charred and blackened mass was dlscarded.

(b) Dry manganese dioxide (5.2g.; 0.06M.) and o-toluene-
sulphonamide (5.0g.; 0.07M.) were intimately mixed and placed
in a 100ml. flask fitted with a reflux condenser. Sulphuric

acid (50% v/v; €60 ml.) was added in small porticns (5ml.) and
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after the initislly vigorous reaction had subsided, the mixture
was heated under reflux for 45 min. The mixture was cooled

and filtered under vacuum, leaving a buff-coloured residue

which was washed wlth hot alecohol. The yellow filtrate was
brought to pH6 by addition of scdium hydrogen carbonate solution.
The filtrate was then evaporated to dryness by rotary evaporation.
The -+resulting material was ground to a fine powder and
extracted with bolling chloreform from which extract, a yellow
syrup was obtained on evaporation. The Infra-red spectrum of

this material showed absorptions at the following Y max.
3600-2550 (b,s), 3420 (w), 3200 (w), 2630(w), 1720 (s),
1665(m), 1650 (sh), 1610 (m), 1570 (m), 1330 (w), 1300 (w),

1265(m}, 1185 (m), 1150 (s), 1130 (m), 1120 (w), 1090 (sh),

1055(w), 1040 (w), 960(w), 940 (w), 900 (m), 855(m), 810 (sh)},

T70 {sh), 760 (m}, TL5 (m), 670 (m).

(¢) Dry manganese dioxide (2.6g.; 0.0.M.) and o-toluene-~
sulphonamide (2.5g.; 0.015M,) were mixed thoroughly and treated

with sulphurie acid (509 vyv; 20 ml.) in small portions (3ml.).

The mixture was cooled throughout the addition of the sulphurie acid.
A purple colouration was noted during the addition of the acid,

this belng dispersed, when the reaction mixture was gently heated,

to yleld a yellow solution and a buff-coloured precipitate. The
precipitate was separated by filtration and the organic material

was removed by exhaustive extraction with chloroform to give,

on evaporation of the solvent, an orange oil. Neutralisation

of the agueous layer with sodium hydrogen carbonate and
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subsequent extraction with chloroform, yielded no more material.
Examination of the oil by thin layer chromatography (solvent
system A) showed four spots to be present at the following

£ f=0. Starting material
run concurrently iravelled with the solvent front.

values:-Rf=l.0; R_=0.82; Rf=0.65 and R

(d) Investigation of the purple colouration.

Nine boiling tubes were each charged with dry manganese
dioxide (0.lg.), o-toluenesulphonamide (0.lg.} and cold
sulphuric acid (509 V. v; 5ml.). The tubes were placed in a
thermostatted water-bath at 9000. and the first tube was removed
as soon as the temperature of the contents had reached 90°C.
Tubes were removed from the bath at increasing intervals of time
up to 4.5 hr. and all were ¢ooled in iced-water upon removal,
The first four tubes were found to contain a purple material,
the fifth a clear solution whilst the last four tubes contained
a yellow sclution. Each sample was diluted wlth water, where-
upon the purple colour was dispersed from the first four to
yield manganese dioxlide. The solutlions were extracted with
ether and examined by thin layer chromatography (solvent system A).
The first four samples showed a single spot at Bf=0.96; whilst the
remainder showed two spots:- Rf;0.96 and a baseline spot.
o-Toluenesulphonamide run concurrently showed a spot at Rf=0.96.
(e} Dry manganese dioxide (15.2g.; 0.1TM.) and o-toluenesulphonamide
(10g.; 0.06M.) were intimately mixed in a 250 ml. flask fitted
wlth a reflux condenser and a dropping funnel. Sulphurice acid

(50% “/v; 100 ml.) was added dropwise until the vigorous reaction

had subsided and then rapldly until all had been added. The
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reaction mixture was warmed under reflux for 1 hr. further. The
mixture was cooled and filtered under vacuum to remove the buff
precipitate from the yellow solution. The residue was washed
thoroughly with hot alcohol and the combined washings and filtrate
were reduced in volume by evaporation of water and aleohol. The
solution was neutralised with sodium hydrogen carbonate solution,
evaporated to dryness and extiracted with bolling alechol. Removal
of the solvent left a brown solid which contained the following
six components as shown on thin layer chromatography (solvent
system B.):- Rf=0.993 Rf=0.90; Rf=0.773 Rf=0.68: Rf=0.51 and a
baseline spot. Authentic samples of o-tolusnesulphonamide
Rf=0.90; saccharin, Rf=0.51 and o-sulphonamidobenzoic acid,
Rfso.jl were run concurrently (see Plate 1). The spots were

only developed with difficulty as they would not char with
concentrated sulphurie acid, nor would they react with phosphomoly=-
bdic acid.

(f) Dry manganese dioxide (1.52g.; 0.017M.) and o-toluene-
sulphonamide (1.0g.; 0.006M.) were mixed thoroughly in a

100ml. flask fitted with a reflux condenser. Sulphuric acid
(25%“/v, 25 ml.) was added and the mixture was heated under

reflux for 90 min, to give a clear pink solution. The

reaction mixture was cooled and filtered and the residue was
washed with alcohol, The filtrate and washings were neutralised
with aqueous sodlum hydrogen carbonate and filtered to remove

more precipitated manganese sulphate. The filtrate was evaporated
to dryness and extracted with hot alecchol. Examination by thin

layer chromatography (solvent system B) showed the following

-30~



three spots i~ Rf=0.85 (o-toluenesulphonamide ran concurrently);
szo.ll and a baseline spot. The major spot was that at Rf=0.85.
(g) Dry manganese dloxide (7.7 g.; 0.085M.) and o-toluenesulphon-
amlde were mixed thoroughly and sulphuric acid (lOﬂv/v, 50 ml.)
was added. The mixture was refluxed for 60 min., cooled and the
unreacted manganese dioxide was fliltered from the mixture. The
s0lid was washed with alcohol and the combined washings and filtrate
were neutralised with sodium hydrogen carbonate solution. The
solution was evaporated to dryness and the residue was extracted
with bolling acestone. The materlal was found to contain only
starting material by thin layer chromatography (solvent system A).

Oxidation of Toluene.,

Dry manganese dioxide {(5g.; 0.058 M,) and dry toluene
(5g.; excess) were added to a 250 ml., flask fitted with a
.reflux condenser and dropping funnel. Sulphuric acid (507 v/v:
50 ml.) was added slowly until the vigorous reaction subsided;
the remainder of the acid was added and the mixture was heated
to reflux for 2 hr. The mizxture was cooled, the manganese sulphate
was separated from the solution by filtration and washed with
chleroform. The filtrate was diluted with water and extracted
with chloroform. The combined chloroform layers were dried
and examined by gas-liquid chromatography on a silicon oil
(S.E.-30) column at 150°C. Two peaks were recorded with retention
times of 2.55 min. and 3.3 min. (major peak) respectively.
(Benzaldehyde, retention time 2.55 min. and benzyl alcohol,
3.83 min.). On a dinonyl phthalate column at 100°C., the

mixture showed peaks after 14.1 min, and 22.2 min. (major peak);

-3l



benzaldehyde, 14,19 min.; and benzyl alcchol, 36,3 min. The
chloroform layer was shaken with aqueous sodium hydrogen
carbonate. Acidification yielded a white solid, m.p. 117—11900,

(Iit. (93) m.p. 122°C.4 benzoic actd).

Attempted catalytic oxidation reactions with toluene and

grtoluenesulphonamide.

(a) Dry mangarese dioxide (0.1g.); o-toluenesul phonamide
(1.0g.) and fusion mixture (5097 sodium carbonate, 50%
potassium carbonate; O.lg.) were melted together at 180°c.

in a small flask suspended in an oil-bath§ The bath was
maintained at that temperature for 2 hr. and then cooled to
room temperature, The mixture was removed and ground to a fine
powder, extracted with hot alecohol and examined by thin layer
chromatography (solvent system A)., A single spot was shown at
the solvent front; starting material ran éoncurrently.

(b) Reaction (a) was repeated using o-toluenesulphonamide
(lég.) and air, which was slowly metered through the molten
mixture. After cooling and subsequent separation, only
o~toluenesulphonamide was shown to be present by thin layer
chromatography (solvent system A),

(¢) Reaction (b) was repeated employing benzoyl peroxide
(0.1g.) as a free-radical initiator. As before, only o~
toluenesulphonamide was identified by thin layer chromatography
(solvent system A),

(d) Potassium permanganate (0.05g.) and o-toluenesulphonamide

Ze. ) Were eage oge er 1n a glycerol- a . or
(5g.) heated together 1 1 1-bath at 180°%. £
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2.5 hr. Ay was slowly metered through the molten mixture
throughout the duration of the reaction. On cooling, the
mixture was ground to a fine powder and extracted with

boiling chloroform. ZExamination by thin layer chromatography .

(solvent system A) showed a single spot at R_=0.92; equivalent

T
to starting material.

(e) The glass container of a Cookes rocking hydrogenator
apparatus was charged with g—toluenesulphonamide(53.) and
p~cymene (100ml.). The container was placed in the hydrogenator
and the temperature was set and maintained at TOOC. The
expansion cylinder was filled wifh compressed-air to a
pressure of 15 p.s.i. and the mixture was shaken for 14 hr.
during which time, the pressure dropped to 1 p.s.i. The
mixture was femoved from +the apparatus, ccoled and the
solvent distilled by rotary evaporation. The solid residue
was o-toluenesulphonamide (infra-red spectrum);m.p.=154°C.
(T1t.{92) m.p.=153 - 156°C.)

{f) Dry toluene (100 ml.) was placed in the glass container
of the Cookes hydrogenator with potassium permanganate (0.lg.)
and acetone (1 ml.). The mixture was shaken at 60°C. for
17.5 hr; with an atmosphere of oxygen at a pressure of

15 p.§.i. No uptake of oxygen was recorded and vapour
chromatography showed that only toluene was present,

{g) Manganese stearate (1lg.) was dissolved in dry toluene
(100ml.) and placed in the Cookes hydrogenator. The mixture
was shalen for 4 hr. at room temperature under an atmosphere

of oxygen at a pressure of 15 p.s.i. During the reaction, a
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pressure drop of 5 p.s.i. was recorded. The mixture was
examined by gas-liquid chromatography and shown to contain
only toluene.

(h) Ferrlic stearate (1g.) and dry toluene (100 ml.) were
treated as for procedure (g). The reaction was continued for
47.5 hr. in which time a drop in pressure of 5 p.s.i. was
recorded. Only toluene was found by g.l.c.

(1) Manganese stearate (0.1g.), benzoyl peroxide (0.lg.),
o-toluenesulphonamide (1lg.) and water (150 ml.) were placed
in the Cookes hydrogenator. The mixture was shaken at room
temperature for 48 hr. under an atmosphere ¢f oxygen at

15 p.s.i. pressure. During the reaction, no drop in pressure
was recorded and upon subsequent examination by thin layer
chromatography (solvent system A), only o-toluenesulphonamide was
found; Rf=0.9l.

(§) Ferric stearate (0.1g.), benzoyl peroxide (0.lg),
o-toluenesulphonamide (lg.) and water (150 ml.) were reacted
as for procedure (1). The reaction was continued for 48 hr.
in which time no drop in pressure was recorded. Examination
of the mixture by thin layer chromatography (solvent system A)
showed a single spot at Rf=0.93 concurrent with starting
material.

(k) Attempted anionic base catalysed reaction.

Hexamethyliphosphoramide (100 ml.) was placed in a 250ml.
conical flask with o-toluenesulphonamide {(4.3g.; 0.025M.)
and freshly prepared potassium t-butoxide (7.9g.; 0.0TM.)

(94). The flask was stoppered with an inlet device which
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allowed an atmosphere of oxygen te be maintained above

the solution. (The cxygen was metered by a constant head
reservelr system). The mixture was stirred magnetically
and maintained at TOOC. throughout the experiment which
lasted for 1 week. The mixture was distilled to remove
hexamethylphosphoramide and t-butanol, leaving a yéllow oil
which showed the following spots on examination by thin
layer chromatography (solvent system A):- Rf=0.92;

Rf=0.2 and a baseline spot. The major spot was due to
starting material, Rf=0.92.

Reaction of toluere with silver II plcolinate,

(a) Toluene (0.92g.; 0.01M.), argentic picolinate

(7.0g.; 0.02M,) and aqueous dimethyl sulphoxide (50% v‘/v;

20 ml,.) were warmed at TOOC., under vreflux, for €0 min.

The mixture was acidified with hydrochloric acid (2N) and

the residual silver material was removed by filtration.

The filtrate was diluted with water (50 ml.) and extracted
with chloroform. Examination of the extract by gas-liquid
chromatography showed only benzyl alcohol to be present,

(b} Benzyl aleohol (l.lg.; 0.01M.), argentic picolinate
(7.08.; 0.02M.) and aqueous dimethyl sulphoxide (50% ys
20ml.) were warmed under reflux at 6500. for 15 min. The
mixture was acidified with hydrochloric acid (2N), cooled and
argentous material was separated by filtration. The filtrate
was diluted with water (50ml.) and extracted with chloroform.
Examination of the extract by g.l.c. showed only benzaldehyde

to be present,



{¢) Benzaldehyde (.lg.; 0,01M.), silver II picolinate (7.0g.;
0.02M. )} and aqueous dimethyl sulphoxide (SO%V/V; 2 ml.) were
heated under reflux at TOOC. for 45 min, The mixture was
acidified with hydrochloric acid (2N), cooled and the solid
was separated by filltration. The filtrate was diluted with
water (50 ml.) and extracted with chloroform. The extract
was washed thoroughly wlth aqueous sodium hydrogen carbonate
and separated. The aqueous layer was acidified with
hydrochloric acid (2N) and the precipitate was extracted with
chloroform to yleld a white solid, m.p.=119°C. A mixture

of this material with authentic benzole acid, map.=ll9-120°c‘
(Lit.(93) m.p.=122°C.),

Reaction of o-toluenesulphonamide with silver II picolinate.

Argentic picolinate (1% g.; 0.04M.), o-toluenesulphonamide
(1.2g.; 0.007M.) and water (300 ml.) were heated at 70°C. for
3 hr. (The mixture was stirred continually throughout the
reaction. The mixture was acidified wlth hydrochloric acid
(2N}, cooled and the precipitate was separated by filtration.
The filtrate was evaporated and the residue was extracted with
hot chloroform. Removal of the solvent showed only starting
material to be present (infra-red spectrum).

Spectral Data.

o-Toluenesulphonamide,

I.R.spectrum showed absorption at the following Y nax

(em™t):- 3405 (s), 3280 (s), 3110(m), 3070 (w), 2600 {(w),
1995 (w}, 1910 (w), 1830 (w), 1600 (w), 1565 (w), L470 (m),

1455 (Sh)J 15 {(w), 1385 (w), 1315 (3): 1290 (m): 1280 (W):
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1200 (w), 1165 (m), 1155 {s), 1135 (m), 1070 (m), 1050 (w),
955 (w), 920 (m), 875 (w), 805 (w), T70 (s), T6O (m),

710 {m) and 695 (m).

P.m.r. spectrum ﬁeasured in hexa-deuterocacetone showed
signals at the following tau values:- 2.1 (m), 1 proton;

2.6 (m), 3 protons; 3.5 (broad (s.), 2 protons; 7.35 (s),

3 protons.

Saccharin.

I.R. spectrum showed absorption at the following ) .-

(em™) 3425 (w), 3110 (s,b), 3000 (s,b), 2700 (m,b), 1990 (),
1825 (w), 1730 (s,b}, 1595 (m), 1465 (m), 1460 (w), 1400{m},
1350 (s,b), 1320 (sh), 1295 (m), 1260 (s), 1180 (s), 1165 (w),
1140 (s), 1120 (s), 1055 (m), 1015 (m), 1005 (m), 970 (m),
900 (s), 795 (m), 775 (m), 760 (s), 705 (s) and 630 (m).
P.m.r. spectrum recorded in dimethyl sulphoxide showed signals
at the following tau values :- -3.05 (s), 1 proton; 1.98 (m),
L protons.

g—Sulphonamidobenzoic acid.

I.R.spectrum showed absorption at the following \)m ax

(en™2)i~ 3550 (sh), 3380 (m), 3275 (m), 3120 (w), 2635 (w),
2490 (w), 1965 (w), 1835 (w), 1715 (s,b), 1650 (sh), 15%0 (m),
1580 (m), 1545 (m), 1475 (m), 1440 (m), 1395 (s), 1340 (s),
1330 (s), 1300 (w), 1270 (w), 1250 (s), 1160 (s), 1120 (m),

1065 (m), 1050 (w), 970 (w), 910 {m), 895 (w), 865 (w), 810 (m),
800 (m), 760 (s), 720 (m), 690 (w) and 650 (s).
P,m.r. spectrum recorded in hexadeuterocacetone showed signals

at the following tau values :~ o (broad s), 1 proton;



1.9 {m), 2 protons; 2.2 (m), 2 protons; 3.4 (broad s),
2 protons.

Hexamethylphosphoramide.

I.R. spectrum showed absorption at the following), (om™):-
3010 (w), 2930 (sh), 2890 (s,b), 2850 (w), 2810 {m), 1510 (sh},
1485 (w), 1460 (s), 1355 (w), 1300 (s), 1210 {s), 1170 (sh),
150 (w), 1135 (sh), 1110 (w), 1070 (n), 980 (s,b), 925 (),
805 (w), T45 (s) and €90 (w),
P, .y, spectrum recorded in carbon tetrachlioride showed a signal

at the following tau value :- 7.36 (3, J=10 c.pis:) 18 protons.
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SECTION IX

A study of the reactions of the silver II

oxidation state with organlic compounds.



INTRODUCTION.

The role of silver as an oxidising agent for use in
organic chemistry has been appreclated for some considerable
time (95); but within the last few years silver, along with
most other transition metal ions, has been examined in more
detail. The monovalent (argentous) ion has been used in the
form of the oxide (96) and as the nitrate in ammoniacal solution
(97), to bring about mild oxidation reactions. However,
attention of late has been focused on the silver II and silver
IIL oxidation states which are potentially more powerful
- reagents.

Marshall (98) in 181 noted the effect of catalytic
amounts of Ag+i§ns in aqueous solutions of potassium
persulphate, He found that a small amount of the argentous
lon enhanced the powerful oxidising nature of the persulphate
solution and increased its potential as a reagent markedly.
The solution chemistry becomies complex but the simplified
equations 23-25, probably summarise the mode of action.

Hence sulphate radical-ions and

2- . 4 - 2 2+
8208 +Ag —_— 804 +SOJ‘" +AE ........-2} .

2 2+

So .-"l" Ag{-"-—b 301'_ -+ AS Olltl.l.n-l.l..n.!looe)'"

M

2

Sou.-'!‘ H 0 e SO"" -; Ho. + H+ocooo|onl0¢|ooo'.25

2
hydroxyl radicals are produced and the increased efficiency
of the mixture can be attributed to the preduction of argentic

ions which are probably the main oxidising species, ‘Studies
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of this system have been applied to inorganic reactions (99)
and extensively to organic chemistry (100-106). Recently
Bacon has studied the reactions of Aéﬁ/persulphate ion
mixtures with primary and secondary amines and a-amino acids
(106) to yield carbonyl compounds, and the oxidative decarboxyl-
ation of acids (100,101). In all of these reactions, he reports
the reagent to be efficient.

The powerful oxidising nature of AgII, which must be
attributed to its 4d9 electronie configuration, can also
be employed in catalytic amounts by setting up a silver
electrode system (107) in alkaline solution; the argentic state
being produced transiently at the electrode. Measurement of
the electrode potential in 4M. HC10, at 25°C.(108),
indicates the power of silver II as an oxidant (equation 26).

rgt == AT+ e, E° = -2.00 V.(25°C.):....26

To study the potentialities and the mechanism of reaction
of the silver II state, 1t 15 necessary to study the effect of
the ion without interference from persulphate ions or other
species of oxidising abllity. Hence 1t 1s convenient to
stabilise the higher oxlidation state by complex formatiocn,
although this must have some effect on its redox potential.
Bases, such as pyridine and the picolines (109), have been
used to give complexes of the type [Ag.Pyu]2+: in the
presence of a-picolinic acid however, a red-orange complex 1s
formed. This complex has been prepared (110) by the action of

potassium persulphate on aqueous solutions of argentous

picolinate, when the argentic compound separates. The complex
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has been shown to have a square-planar structure (Fig.2)

by X~-ray crystallography {111) and its stability in aqueous
suspension, acid media and cold ammonia solution has been
studied (112)., V¥ith cold aquecus ammonia, a vigorous reaction
ensued in which nitrogen was evolved (see equation 27); however
only approximately 149 of the theoretical quantity of ammonia
is oxidised and therefore equation 28 is probably more
representative of the overall reaction, Reaction of the
complex with hydrogen perocxide, benzldine, antimony trichloride
and methanol (113) and amines (112, 114) show 1t to be a

powerful oxidising agent.

6A82++2N£{3 —_— 6Ag++N2+6H+ .......-.o--........eT

6T+ LN — 6[Ag(NH})2]++ B v erenasennnea2B

CO— &
<
Plg.2.

Oxidation by argentic picolinate will depend on the ability
of the material, under investigation, to displace a-picolinic

acid as the ligand in the complex (115); and on the fact that
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the material may complex with the AgI formed, thus
prohibiting further reaction. It has also been suggested
that the type of solvent influences the yield of the product
and reactions involving the complex in agueous solution and
polar organic solvents have been examined (112), l

The higher oxidation state(s) of silver can also be
stabllised by formation of»silver oxide (116). It was originally
considered that this compound was a mixture of tﬁe AgI and
AgIII oxldes which analysed as Ag0; but Scatturin, et al, (117)
have shown by neutron diffraction, that it has a monoclinic
lattice structure involving both silver I and silver IIT
bonded‘to oxygen. This oxide, referred to throughout this
section as silver II oxide, has heen showm by idngane and Davis
(11.8) to be a powerful reagent for the oxidimeitric determination

4o
of M‘n2+,Ce2

and Cr3+ lons in solution. Dirkse (119) has
measured the standard potential of the AgO/Ag2O/OH- electrode
system against a hydrogen electfode and finds the value to be
0.599+ 0,001 V. at 2500. However, lilttle work has been carried
out using sllver IT oxide for organic oxidation reactions,
although a preliminary report of its use in acidic media has
recently appeared (120).

Experiments have been designed to show thé potential value of
argentic picolinate and silver II oxide in neutral (aqueous)
solution, as oxidising reagents for use in preparative organlc

chemistry. The results of these experiments are discussed in

this section.
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RESULTS AND DISCUSSION.

The reactions reported and discussed in this section
were carried out to establish the use of the silver II
oxidation state as a preparative reagent for use in organic
chemistry. Reactions were examined with various functional
groups in an attempt to show the types of product formed and
thelr yields. In addition, some relative rates of reaction
are reported tdgether with a simple kinetic investigation,
but the thesis does not set out to discuss precise mechanisms
of qxidation or the absolute kinetics and therefore sophisticated
physico-chemical measurements were not made.

A;l, THE REACTION OF ARGENTIC PICOLINATE WITH ALCOHOLS.

The procedure developed for the oxidation of aleohols by
argentic pleolinate 1s a simple one. The alcohol (1 mole)
and the oxidant (2 moles) were stirred together in the form
of an aqueous suspension at an optimised temperature of TOOC.
A stream of nltrogen was passed slowly through the reaction
mixture and any volatile material was swept over into a trap
containing 2,4-dinitrophenylhydrazine (2,4-D.N.P,) reagent.
The products were isolated and examined as their 2,4-D.N.P.
derivatives, The non-volatile products were isolated by treating
the cooled reaction mixture with dilute acid, removal of the
inorganic salts and then extraction with an organie solvenﬁ.
The reaction can be conveniently followed by the colour change
red-orange to white which accompanies the reduction of the silver
from the argentic to the argentous state,

The results of the reactions carried out at TOOC. in
water with many alcohols are recorded in tables 3 and 4,
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Primary aliphatic alcohols were oxidised to the corresponding
aldehyde, secondary alcohols to the ketone and substituted
benzyl alecohols to the equivalent benzaldehyde; all alcohols
were oxidised to give good to excellent ylelds of the carbonyl
compound. The reaction was found to proceed smocthly at 70°C.
and the time for reaction was generally one to two hours.

The results show that the ylelds of the low molecular weight
aldehydes and ketones were very high and may well be quantitative
if the method of isolation of the product is optimised. 'ith
increase in chain length of the alcohol progressively lower
yields of the product were obtdined and this might be accounted
for by further oxidation to the carboxylic acid in the case of
primary alcohols. The removal of the aldehyde from the mixture
as i1t was formed would tend to eliminate the poséibility of
"over-oxidation" but as the products became less volatile with
increase in molecular weight this is not very easy to achieve.
Benzyl alcohols were convefted to the expected benzaldehyde in
high yields even though the products were not removed from

the reaction mixture, but it 1s well accepted that aromatic
aldehydes are more stable to further oxidation than those of
the aliphatié series. Hence, the general reaction between an
alechol and argentic picolinate may be written as in equation 29

2 Ag (pic.)2+ R,CH.OH ~—» R2C=0+2 Ag (pic.)+ 2 pic.-H...29

where ple, = picolinate

k.



THE OXIDATION OF ALCOHOLS BY ARGENTIC PICOLINATE AT 70°C

IN WATER.

ALCOHOL YIELD(%)
Methanol 80
Ethanol T
n-Propancl T
iso-Propanol T9
n-Butanol 76
iso-Butanol oY 4
sec-Butanol 68
n-Pentanol T4
iso-Pentanol 61
neo-Pentanol TO
n-Hexanol 69
Cyclohexanol 66
2-Ethyl-n-hexanol 52
n-Heptanol 54
n-Decanol 68

DL-1-Phenylethanol >
DI-2-FPhenylethanol 61

Benzhydrol 80
Borneol 79
iso-Borneol 53
2-Ethoxyethanol 53

Tetrahydrofurfuryl 62
altohol

Table 3.

PRODUCT

Formaldehyde
Acetaldehyde
Proplionaldehyda
Acetone
n-Butyraldehyde
iso-Butyraldehyde
Methylethyl ketone
n-Pentanaldehyde
iso-Pentanaldehyde
Pivalaldehyde
n-Hexanaldehyde
Cyclohexanone
2-Ethyl-n-hexanaldehyde
n-Heptanaldehyde
n-Decanaldehyde
Acetophenone
Phenylacetaldehyde
Benzophenone
Camphior

Camphor
2-Ethoxyacetaldehyde
Tetrahydrofurfuraldehyde

THE OXIDATION OF SUBSTITUTED-BENZYL ALCOHOLS BY ARGENTIC

PICOLINATE AT 70°C. IN WATER.

T{Hours)

ALCOHOL TIME

p-Nitrobenzyl alecohol 2.5

Benzyl alcohol 1.1

p-Methoxybenzyl 0.42
alechol

3,4-Dimethoxybenzyl 0.08
alcchol
Piperonyl alcohol 0,12

Table J"‘ .
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PRODUCT YTELD
p-Nitrobenzaldehyde 84
Benzaldehyde 19
Anisaldehyde 87
Veratraldehyde 83
Piperonaldehyde TT7



Measurement of the electrode potential of the systems

H%,pic."/AgI(pic.)( ,Ag and H+,pic.'/AgII(pic.) ,Ag at
s) 2(s)

25°C. and pH.5, gave values of 0.694 V, and 0.T20 V.
respectively (121). These values are not the oxidation potentials
of the systems bhut thej are a measure of the change in free
energy of the systems under conditions of reversible equilibrium.
Organie reactions are mostly non-reversible in the sense implied
above therefore the values quoted are only an indication of the
oxidising power of silver II plecolinate. In the introduction
to thié section a value of E'= -é;OO v. (25°C.) was quoted
for the AE+ i A32++ e  equilibrium. This value 1is so
high that silver II compounds are rarely stableg immediate oxidation
of the anion by the silver II cation often occurring; however,
complex formation with ligands such as picolinic acid lowers
the oxidation potential considerably. Although silver II
pleolinate can be considered to be a powerful oxidising agent,
it does not follow that it is a non-selectlive oxidant. The
A32+ ion has the outer-orbital electronic configuration of
Rdg which suggests that to gain the stability of the complete
(4d10)orbital, it will participate in any one-electron transfer
process. Completion of the 4d-orbital partially stabilises the
gllver molety, especially when complexed to a ligand such as
picolinate and reduction of te argentous ion to elemental
silver and hence further oxidation of any organic material

becomes less likely.
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The results shown in tables 3 and 4 indicate the
wide appllcation of the reagent and emphasises the limitations
of other methods avallable for the preparation of aldehydes
from primary alcohols. Aldehydes are very valuable inter-
mediates in organic Syntheses but because of their reactivity,
they are often difficult to prepare. They occupy a central
position in the series of oxidation levels for organic
compounds and hence they readily undergo oxidation to the
corresponding carboxylic acid. Other methods for the oxidation
of primary alcohols to aldehydes suffer the disadvantages of
elther low yields of product or difficulty in the isolation of
the product. Hence chromic acid oxidations (72) may give
good ylelds of the aldehyde; but employs severe acid conditions,
and leads to the formation of esters unless the product is
removed from the mixture continuously (122). The use of
chromium trioxide or t-butyl chromate in pyridine (123) is
more successful but can prove hazardous; whilst the strongly
basic conditions of the Oppenauer oxidation give riss to
condensation and polymerisation of the product (124). Benzylic
and allylic aleohols have been oxidised by manganese dioxide
(81) and the oxidation of aliphatic primary alechols can be
brought about If a large excess of the oxidant is employed
(80, 125); see also section I. Many other oxidants have been
used including ruthenium tetraoxide (126), lead tetra-acetate
(127, 128), mercuric acetate (128), thallic acetate (128),
nickel peroxide (129), selenium dioxide (130), nitrogen

tetraoxide (131}, ceric ammonium nitrate {132), potassium
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hypochlorite in methanol (133), iodosobenzene (134) and
N-bromosuceinimide in carbon teﬁrachloride (135); but with
the exception of lodosobenzene (134) they are often only useful
for the oxidation of benzylic alcohols, Consequently, the
reaction of argentic picolinate with aliphatic aleohols is of
considerable imporiance for the synthesis of aliphatic
aldehydes (136).

Tables 5 and 6.record the results of the reactions
of alcohols with argentlic picolinate at 40°c. 1in agueous
dimethyl sulphoxide (DMSO). These results list the time of
reaction; in these particular experiments products were
nevef isolated. Comparison of the reaction times, for
ethanol for example, given in table 5 and table 6 shows the
effect of stirring the mixture., It can be seen that the
time of reaction was shortened by 6.5 hours when the reaction
mixture was shaken such that the oxidant and alcohol were
kept continually mobile. The effect of adding DMSO to the
reaction mixture 1s also to shorten the reaction time,
presumably by increasing the homogeneity of the mixture.
However, it was found that at 70°C., the reactions proqeeded
very satisfactorily with water only as solvent and the isolation
of the products is simplified; therefore the use of DM30 as

co-solvent was discontinued,
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THE RATE OF REACTION OF ARGENTIC PICOLINATE WITH ALCQHOLS

AT 40°C. IN AQUEOUS DMSO,

ALCOHOL ‘ TIME (Hours).
Cyelohexanol 8

Ethanol 16.5
L4-Methyleyelohexanol 22.5
3,5-Dimethyleyclohexancl 24
2,5«Dimethyleyelohexanol 25.5
2,3=Dimethylbutan-2-o0l 50
3=Methyleyelohexanol 50
2-Methyleyelohexanol ' Eartially %fter %6

3-Methylbutan-l-o0l
2,2~Dimethylbutan-3-0l " " "

Table 5.

THE RATE OF REACTION OF ARGENTIC PICOLINATE SHAKEN WITH

ALCOHOLS AT 40°C. IN AQUEOUS DMSO.

ALCOHOL TIME (Hours).
Benzyl alcohsl 8
Ethanol 10
n-Propanol 12
iso-Propanol 14
2-Butoxyethanocl 14
Tetrahydropyran-2-carbinol 17
n-Butanol 22
iso-Butanol 23
n-Pentanol _ - 24
iso-Pentanol 26
sec-Butanol 2.5
2-Acetoxyethanol 32
t-Butanol No reaction after 50,
Table 6.

From the results in table 5, the effect of substitution
of cyclohexanols on the rate of the reactlon with argentic
picolinate can be appreciated. The rate of reaction.. of
b.methylcyclohexanol was markedly reduced (by comparison with

cyelohexanol) and this alcohol was the least sterically hindered
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of the series examlned. Table 7 shows the relative rates
of oxidation of substituted c¢yclohexanols and it can be
seen that as the site of oxidation (1.e., the hydroxyl group)
becomés more crowded with substituent groups, the rate of
reaction decreases., Little more can be sald about these
reactions as the alcohols examined were mlxtures of the cis
and trans isomers.

The results of reactions carried out at 40°C. showed
elearly the effect of chain lerigth and chain-branching on the
rate of reaction; at TOOC. in water the rates were so fast that
these effects could not be observed easily. The relative rates
of some alecohol oxidations (with ethanol = 100, as standard)
have been calculated and are presented in table 8, These
results show that the rate of reactlon decreases with the
incerease 1in carbon number for aliphatic aleohols and that
secondary alcohols react more slowly than primary aleohols of
equivalent size. Tertlary alcohols react very much more slowly
than secondary alcohols and this decrease in reactivity from
primary to secondary alcchols can be explained by the increase
in steric hindrance at the hydroxyl group carbon atom. In the
case of tertiary alechols oxidation requlres breakage of C-C
bonds, The effect of steric hindrance on the rate of reaction
is very clearly shown by the relative rates of oxidation of
-borneol and iso-borneol (table 8). By reference to fig.3,
the stereo~chemistry of the compounds can be seen to Ee such
that oxidatlon of 1so-bornecl would be expected to be slower

than borneol because of the greater steric hindrance at the
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hydroxyl group. This was shown to be the case, borneol was

CH CH

| 1so-borneol borneocl
(exo-1somer) (endo-1somer)
mg. 2

oxidised at quadruple the rate of iso-borneol. The relative
rates of reaction of some aleohols containing a f-alkoxy- or
B-acyloxy group are recorded in table 9 (relative to ethanol=100)
and it can be seen that the rate of oxidation of 2-ethoxyethanol
was twice that of n-pentanol (table’8) which is about equivalent
in molecular size, whereas 2-acetoxyethanol was oxidised more
slowly.

THE RELATIVE RATES OF REACTION OF SUBSTITUTED CYCLOHEXANOLS

WITH ARGENTIC PICOLINATE.

ALCOHOL RELATIVE RATE
Cyclchexanol 100
4 _Methylcyclohexanol 35
345=Dimethylcyclohexanol 33
2,5-Dimethyleyclohexanol 31

* Rate relative to cyclohexanol=100; at 40°C. in aqueous DMSO.

Table T.
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THE RELATIVE RATE OF OXIDATION OF ALCOHOLSH ARGENTIC

PTICOLINATE,
ALCOHOL. RELATTIVE RATE*
Ethanol 100
n-Propanol 84
iso-Propanol 72
2-~-Butoxyethanol T2
Borneol yr
n-Butanol 46
n-Pentanol Ly
iso-Pentanol 42
sec~Butanol 38
iso-Borneol 12

E;ﬁhtanol -
*Rate relative to ethanol = 100,

Table 8.

THE RELATIVE RATE OF OXIDATION OF B8-ALKOXY-ALCOHOLS

WITH ARGENTIC PICOLINATE,

ALCOHOL. RELATIVE RATE#*
Ethanol 100
2-Ethoxyethanol 80
Tetrahydrofuran-2-carbinol . 76
2-Butoxyethanol T1
Tetrahydropyran-2-carbinol 59
2=-Acetoxyethanol 31

*Rate relative to ethanol = 100,

Table 9,

The oxidation of substituted benzyl alcchols by argentic
picolinate at TOOC. in water is recorded in table 4 and the
relative rates of these reactions are recorded in table 10,
It can be seen that the rate of reaction is increased by
the presence of an electron-donating substituent and

decreased by an electron-withdrawing substituent on the
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aromatic nucleus. Hence the rate of oxidation of the benzyl
aleohols was progressively lncreased with the increase in
electron-donating power of the substltuents on the ring;
whilst p-nitrobenzyl alcohol (electron-withdrawing group
present) was oxidised at the slowest rate.

THE RELATIVE RATE OF OXIDATION OF SUBSTITUTED EENZYL

ALCOHOLS BY ARGENTIC PICOLINATE,

ALCOHOL., RELATIVE RATE#*
p-Nitrobenzyl aleohol 43
Benzyl alcchol 100
p-Methoxybenzyl alcohol 262
3,4-Methylenedioxybenzyl alecohol - 918
3,4-Dimethoxybenzyl alecohol 1505

¥Rate relative .to benzyl alcohol = 100; in water at TDOC.

Table 10.

An investigation of the kinetiecs of aleohol oxidation at 30°C.

The .ultra-viclet spectrum of argentic plcolinate in water
showed absorptionslat 217 ( € = 5,985), 265 ( € =6,110) and
325 mpa ( € =1,660). The absorption peak at 325 mps  was
found to bhe due to the presence of the argentic oxidation
state. (Argentous picolinate showed only sbsorptions at
217 and 263 mpe  ; but on addition of a small quantity of -
potassium persulphate, the sclution became yellow and the
weak absorption at 325 mu appeared). A measurement of
the disappearance of this absorption against time would be
a measurement of the reduction of silver II to silver I
and would indicate the order of reaction with respect to
silver ions.

The rate of disappearance of a compound can be expressed
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as dc/&t, where ¢ = concentration and t = time. Hence an
exprossion can be derived (equation 36) which will apply to
the kinetics 1f the reaction is governed by a first order
rate law.

Rate = - %4t = k.c.
or - dc/’dt = KeCu  sevevesnsvarssassacsssscnsevneessiOu
where k = rate constant.

e = 08/ KUY virviiiiiiaeeneiieineeneenebaaa3)

Integration of equation 31 and imposing the condition that

¢ = c, at t = 0 glves rise to equation 35.

= fkodt ooo-ootoo--b-tooo.oacdoiiunciﬁla032

-f.dc/;

.
. 4

logec = kt 'b' a-! .-....---0.-.--.--..-0--.-33

where a'

constant of integration .
when t = o and ¢ = C, equation 3% becomest-

-loge co =a' .I.l.....‘t..........l..‘.l.ll.l..jll'

n

LI} “logec kt"'logcco olooooaoo-o-oo¢-|-.35

kt ...I....I'...."..l.I...‘..‘..js

or 1oge eo/c

Hence for a first order rate law, the concentration ¢ at
-kt
any time ¥ varies as coe .

For a first order rate law, it is often convenlent to measure
the change in concentration of the reactant by measuring the
change in a function dependent upon the concentration. Hence,

a measurement of the dec¢rease in size of the 325 ma. absorption
band will be a direct measurement of the change in concentration

of silver II ion present in the reaction mixture. 7The reaction

of a series of aleohols with argentic picolinate was examined
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at 30°C. by measuriﬁg the degrease Iy size of the absorption
at 325 mps The reactions were carried out in water with
reactant concentrations in the molar ratio of 1:2, alcohol
to oxidant. The rate of hydrolysis of the oxidant was also
examined.

For the rate of disappearance of AgII to be governed by
a first order rate law, a plot of logloco/c vs. time (t)
should give a stralght line with a slope equal to k'/2.503.
It was found that a plot of loglo(A-Aﬁn) vs. time (t) gave
straight lines for the reactions examined when A = absorbance
at time t and Ay = absorbance at Infinite time, i.e. when all
AgII had been reduced to AgI. When the values of absorbance
against time where used with a second order rate equation,
2 curve was formed and not a stralght line; hence 1t was
considered that the reduetion of silver II obéyed a first

order rate equation.

THE KINETICS OF ALCOHOL OXIDATTION AT 3000.*

ALCOHOL SIOFE k (lst order rate constant)
Ethanol 0.385 ~ 0.98

n-Butanol 0.341 0.79

Cyclohexanol 0.313 0.72

Benzyl alcohol 0.300 0.69

iso-Pentanol 0.239 0.55

sec-Butanol 0.177 0.41

2-Pentanocl 0.165 0.38

Water** 0.042 0.099 (0.1)

* See experimental section and Plates 2, 3 and 4.
**  Hydrolysls constant for argentic plcolinate, included
for comparison.

Table 11.
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The Kinetics Of Alcohol Oxidation at 30°C.
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The Kinetics Of Alcohol Oxidation at 30°C.
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The Hydrolysis of Argentic Picolinate at 30°C.

T (min.) =—> .
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

-0.5 | \

A )
Q0

]O(Aobs_.

<— Log

Plate 4



- 'The calculated rate constants (k) for a seriés of alcohols
are recorded in Table 11, These results show that the relative
rates of reaction (discussed earlier) were correct., The
hydrolysis cohstant for argentic piceolinate was calculated
by a similar method and 1s included for comparison., It can be
seen that the reaction of ethanol with the oxidant is 10 x
faster than water with the oxidant. |

Possible mechanisms for the oxidation of alecohols.

Present evidence {112, 138) favours a one-electron
transfer process for the oxidation reaction by argentic
plcolinate. If this is so then the oxidation of alcochols
{for example) will involve 2 moles of oxidant per mole of alcohol
oxidised; and this was-fbund to be true for all.cases examined.
The kinetics of alechol oxidation, discussed earlier, showed

that the rate of oxidation was proportional to [AgII} i

2. the
reaction was lst order with respect to concentration of silver II
ions. Hence, the initlal step in the oxidation, the rate
controlling step, will be the attack of 1 mole of aleohol on
1 mole of oxidant to give an intermediate complex. The rate of
formation of this intermediate and its subsequent breakdown will
depend on factors such as the abllity of the aleohel to displace

.plcolinic acid from the silver II complex (115), Following
the formation and breakdown of the initial intermediate,
the second mole of argentic picolinate will be reduced more
quickly otherwise the overall rate of reaction would be

II].2 As a radical wiil be involved in

proportional to [Ag
the latter reaction, the reduction of silver II would be
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MECHANISM OF ALCOHOL OXIDATTON
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expected to be faster than when attack is by zn alechol
molecule.

The exact mechanism of oxidatlon by argentic picolinate is
not known, but oxidations with other transition metal oxidants
involving single-glectron transfer processes have been partially
elucldated. The mechanism of oxidation of alcohols by vanadium
V (138) and cobalt III (139) complex ions has been suggested
and assuming that silver II picolinate behaves in a similar
way, plate 5 shows a possible mechanistic sequence. The
fnitial attack of 1 mole of alcohol on 1 mole of the oxidant
will glve rise to an intermedlate (fig.4) and this can break
down in two possible ways (a) to give an alkyl radical (fig.5)
and (b) to give an alkyloxy radical (fig.6). In elther case
the radical formed will be rapidly attacked by the second mole
of argentlc picolinate to glve, in.this example, acetone and
argentous pleolinate.

Proton magnetic resonance spectra of carbonyl 2,4-dinitrophenyl.

hydrazone derivatives.

The 2,4-D.N.P. derivatives of the products of oxidation of
alcohols were routinely examined by p.m.r. spectrometry to
establish whether any skeletal rearrangement had occurred
during oxidation. For all products examined, no skeletal
rearrangement was recorded. The spectral data for aldehyd:
derivatives 1is recorded in table 12 and for ketone
derivatives, table 13.

The 1line spectra recorded can be aceounted for by
reference to figs, 7 and B and plates 6 and 7. The one-proton

singlet at -l.1 tau, exchanged by deuterium oxide,
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2
Ha Har .
'02N N— N=C < THE P.M.R.SPECTRAL DATA OF ALDEHYDE 2,4-DINITROPHENYL-
. ™R yrRazoNes.
H5 5 2ig. 1. _

CHEMICAL SHIFT (CDClj). Tau COUPLING CONSTANT (c.p.s.}
gngm- H 113 H5 | He 1H + oH, 1 R group JHsz JHSHG JlHa'R-JEHa.R
Pormal- [-1.25(s) 0.78(a) 1.55(ad) 1.95(d) [2.75(a) 3.20{(d) [R=H 2.75 9.60 11.0
dehyde
Acetalde--1.10(s) 0.86(d) 1.65(dad) 2.05(d) |2.4(q) = 7.8(d) 2.50 9.65 5.50
hyde
Propion- |-1,10(s) 0.80(a) 1.60(ad) 2.02(d) [2.3(t) 3.0(t) |7.5(c),8.75(sx) 2.35 10.0 1.87 5.42
aldenyde
Propion- (-1.40(s) 1.10(d) 1.60(dad)} =2.10{d) |1.9(t) - 7.85(q),8.85(t) 2.50 9.75 5.0 =~
aldehyde*
n-Butyr- |-1.02(s) 0.9(d) 1.65(dd) 2.05(d) |2.38(t) 3.0(t) ! 7.60(m),8.30(m),8.90(%),8.95(t) 2.92 9.65 5.38 5.42
aldehyde _
iso-Butyrsy oy 0.86(a) 1.60(dad) 2.08(d) [2.50(d) 2.90(d) | 7.35(m),8.75(a) 2.50 9.15 5.0 5.3
aldehyde *

Table 12



_65_

CHEMICAL SHIFT (CDClD) tau Coupling constant(c.p.s.]
DERIV- Ha 0o H 1H , 2H_, R group J, J J J
ATIVE e 5 6 2 3 Bl Hglo M R “2H, 4o
2.Methyl~ [-1.03(s) 0.86(d) 1.66(dd) 2.05(d) [2.53(d) 7.60(m),8.45(q),8.79(d),9.0(t) 2.50 1).0 5,50
butyraldehyde .
2-Ethyl- [-1.15(s) 0.81(d) 1.58(dd) 1.98(d) |2.49(da) 3.18(d) | 7.63(m),8.38(m),9.01(t) 2.58 9.57 6.50 8.83
butyraldehyde*#* .
n-Pentan- (-1.03(s) 0.85(d) 1l.65(dad) 2.05(a) [2.38(t) 3.0(t) | 7.55(m),8.40(m),9.0(t) 242 9.50 5.32 5.20
aldehyde :
iso-Pentan--1.01(s) 0.90(d) 1.65(dd) 2.06(a) |2.20(t) 2.95(t){ 7.65(t),8.20(m),8.95(d) 2.15 9.95 5.92 5.%0
aldehyde
Pivalalde- |-1.10(s) 0.80(d) 1.60(ad) 2.00(d) |2.45(s) =~ 8.75(s) 2,59 10,0 - -
hyde
n-Hexan- |-1.15(s) 0.85(d) 1.60(ad) 2.00(d) |2.30(t) 2.95(t) | 7.50(m),8.45(m),9.05(t) 2.59 9.85 5.42 5.42
aldehyde .
2-Ethylhex-~1.05(s) 0.84(d) 1.61(dd) 2.00(d) |2.45%(d) - 7.60(m),8.50(m),9.02(t),9.08(t) 2,66 10.0 6.84 -
analdehyde
n-Heptan- -1.0(s) 0.88(a) 1.68(dd) 2.05{d) {2.42(%+) 3.0%(t)|7.53(m),8.58(m),9.08(%t) 233 2.6% 5,49 5.25
aldehyde

*  Spectrum recorded in hexadeutero-dimethyl sulphdxide (DMSO-D6)

%% Prepared by standard procedure (140) for comparison

Table 12 ( cont.)



o,
H
a R*
- THE P.M.R.SFECTRAL DATA OF KETONE
O N O N— NZ C &' 2,4~DINTTROPHENYLHYDRAZONES .
Fig.8.
Hy Hg L2
CHEMICAL SHIFT (CDCIB) tau Coupling constant(c,p.s
DERIVATIVE H H H H IR 2R R' J, J,
a 3 5 6 it A5
Acetone -1.10(s) 0.85(d) 1.65(da) 2.02(d) |7.82(s) - 7.89(s) 2.50  9.30

Methyl ethyl [-1.10(s) 0.85(d) 1.65(ad) 2.00(d¢) | 7.85(s) 7.92(s)] 7.5(a),7.52(a),8.75(¢),8.78(t) | 2.25 9.35

lketone

Methyl t- =1.13(s} 0.80{da) 1.60{(ad) =2.00(d)}|7.95(s) = 8.75(s) 2.58 @ 10.0
butyl ketone*#* _ '
Ethyl n-butyl {~1.30(s) 0,78(d) 1.60(ad) 1.95(d) [ 7.5(m), 8.65(t)} 7.5(m),8.4(m),8.92(t) 2.42  9.60
ketone¥*#

Cyclo- -1.32(s) 0.80(d) 1.62(ad) 1.95(a)| 7.55(m),8.20(m) - 2,58 9.67
hexanone

* R = smaller group where relevant

%% Prepared by standard procedure (140) for comparison.

Table 13,
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can be assigned to proton-Ha. Its presence at a very low field
must be due to strong hydrogen-bonding to the nitro-group on

ring-carbon (When DMSO was the solvent the signal moved down.

2.
field to.-1l.5 t&d). The one<proton doublet at approx. 0.8 tau

can be assigned to proton -HB. The doublet arises by meta-~

coupling to proton -H5(Jh Y éca. 2.5 ¢c.p.s.) and its position

35
approx. 120 c.p.s. down-fleld from benzene is due to deshielding

by the nitro-groups on 02 and G# of the aromatle nucleus. The
one-proton double-doublet at approx. 1.6 tau can be assigned to

proton—HB and the. signal multiplicity is due to meta coupling

with proton-H, and ortho coupling to proton-H.(J
3 ———— 6 H5H6

c.p.5.). The doublet at approx. 2 tau is consequently assigned

= ca, 10

>
occurred as no further multiplicity (J= ca. 1 ¢.p.s.) was

te proton -H6. Apparently no para coupling between H, and H6

recorded. The single proton signal pattern at approx. 2.3-3,2
tau can be assigned to proton-H_ , (aldehydes only). Its
presence at low fileld 1s due to the deshielding of the C=N
bond in the same plane as prcton—Ha,. The multiplicity of this
methine proton is necessarily dependent upon the group ﬁ

(table 12): eg., H, 1 appears as a quartet in acetaldehyde. The
remaining proton signals can be accounted for by R (and R' for
ketones) and appear at 7 to 9.1 tau.

In addition to the spectral data recorded for 2,4-D,N.P,
derivatlives, the p-nitrophenylhydrazone derivatives of n-hex-
analdehyde and methyl ethyl ketone were prepared (142) and
their p.m.r. spectral data &re recorded in table i#.‘The

assipgnment of the line spectra can be made with referende to
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fig.9. The two-proton double=doublet at 1.9 tau is due to
protons-H3 and H}" Multiplicity is accounted for by ortho
coupling (Jﬁ2H3=°a' 9 c.p.s.) and meta coupling (J H3.= ca.
1.% ¢e.p.s.). Apparently para coupling is zero. The presence
of the nitro group on carbon-4 is reflected in the chemical
shift of approx. 60 c.p.s. (down field) from the normal benzene
singlet (6 protons). Consequently the two-proton double-
doublet at approx. 2.9 tau can be assigned to ptrotons--H2 and
Hé,. Proton -Ha appears at higher yileld than in 2,4-D.N.P.
derivatives and this is due to lack of hydrogen-bonding as
the nitro-group on 02 is now absent. Oroups R and R' protons
occur, as expected, between T and 9.1 tau and account for

the skeletal structure of the respective derivative.

Configurational isomerism about C = N bonds from p.m.r.data.

The possibility of configurational isomerism about the C© = N
bond of 2,4-D.N,P.derivatives is well accepted as the presence
of a mixture of the 2 isomers would account for the variable
melting polnts often recorded for some aldehyde derivatives
(140). Recently, Hegarty and Scott (142) published the
kinetics of syn-anti conversion of 2,4-D.N.P.derivatives and
it was then discovered that Karabatsos (143) had published
his findings on the p.m.r. spectral data of some aldehyde
2,4-D.N,P.derivatives.

During the routine ahalysis by p.m.r. spectra, of the
2,4-D.N.P, derivatives forﬁed by aleohol oxidation products,
1t was noted that the methine proton (-CH = N -~ ) of some
derivatives did not alwayé integrate for one proton. On these

occasions, a smaller signal was recorded at ca., 40 ¢.p.s.

~62a
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THE P.M.R. SPECTRAL DATA OF CARBONYL p-NITROPHENYIHYDRAZONES,*

H H
r R¥% -
/
ON NN = ¢
2 \q,
Hj' H2, Fig.9.
DERIVATIVE Hy(Hye)  Hy(Hy)  H 1R 2R R' Tty o
} CHEMICAL SHIFI'(CDClj)
n-Hexanaldehyde } 1.90(dd) 2.98 (ad) 1.13(s}| 2.69(t) 3.4(t)|7.75(a), 8.62(m), 9.12(t) | 1.33 9.0 5.5
g"(ethvl ethyl 1.83(ad) 2.90(ad) 2.33(s)| 7.95(s) 8.1(s)|7.7(m), 8.9(t) 147 9,35 -
etone

* Prepared by standard procedure (141}

**R = smaller group (or hydrogen).

Table 4.




up-field of the main signal., Close Inspection of the spectra

of some ketone derivatives showed that the R group proton signals
were also dﬁplicated; however the chemlcal shift was only ca.

4 ¢.p.s. down~field of the main peak. The results of these
observations are recorded under lHﬁ' and EHa. in table 12 and

IR and 2R in table 13. The areas under these signals were
computed by use of equation 37 (Il and I, were the measured
values and I,' and I,'

1 2
in table 15 (a) and 15 (b). From these corrected values the

are the corrected values, recorded

syn-antl ratio was calculated.

I I,
1 _ ¥ oa T ' =———_—
Il ".Il+I2 arnd 12 Il+Ia.ll.......'....l..'...37

Syn-anti isomerism (£1g.10) occurs because of the lack of
rotational freedom around the "rigid" C = N bond and the syn-
isomer might be expected to be the dominant lsomer because it
is thermodynamically more stable than the antl-isomer. The
ratios of syn-antl isomers for aldehyde and ketone derivatives
are recorded in table 15 (a) and 15 (b) respectively. It can
be seen that the syn-isomer 1s the predomlnant form but that
as much_és 20% of the anti-isomer was found to be present for

some derivatives. The syn-isomer was asslgned

N’O2
.
—
o_N '
2 R" greater than R
N
| B
™~ ~
B"”’ R Fig.10 R R
#yn-isomer anti-isomer

-6l



Syn-anti isomerism of carbonyl 2,4-D,N,P.'s and p-Nitrophenyl-

hydrazones by p.m.r. spectral data.

Derivative 1H ,* 2 , Syn-anti ratio
——— a a

Formaldehyde - - -

Acetaldehyde 1.0 0 100/0
Propionaldehyde 0.84 0.16 84/16
Propionaldehyde*+ 1.0 0 100/0
n-Butyraldehyde 0.75 0.25 75/25
iso-Butyraldehyde 0.86 0.14 86/14
2-Methylbutyraldehyde 1.0 o] 100/0
2-Ethylbutyraldehyde 1.0 0 100/0
n-Pentanaldehyde 0.81 0.19 81/19
iso-Pentanaldehyde 0.83 0.17 8317
Pivalaldehyde 1.0 o] 100/0
n-Hexanaldehyde 0.81 0.19 81/19
2-Ethylhexanaldehyde 1.0 0 100/0
n-Heptanaldehyde 0.80 0.20 80/20

(b) Ketone 2,4-D.N.P, derivatives.

Derivative 1R* 2R Syn-anti ratio
Acetone - - -

Methyl ethyl ketone 0.51 2,49 83/17

Methyl t-butyl ketone 0 3.0  100/0

Ethyl n-butyl ketone Impossible to measure from spectrum
(¢} p-Nitrophenylhydrazones.

Derivative 1R* 2R Syn-anti ratio
n-Hexanaldehyde 0.82 0.18 82/18
Methylethyl ketone 0.57 2,45 81/19

* Refers to integration of lower field signal in +tables 12,
13 and 14,

%%  Recorded in DMSO - D6.

Table 15.
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to the lower field signal (for aldehydés) on the fact that
the syn-isomer should be the major isomer in the mixture

and that the proton -H_, would probably be deshielded (in
comparison to when it is in the Eggirfbrm) due to the close
proximity of the aromatic nucleus. Similarly for ketone
derivatives, the R group will be slightly more shielded when
it 1s in the syn form than when it is in the anti-form

and the syn-lsomer will be thermodynamically more favourable.
The p-nitrophenylhydrazone derivatives can be analysed in an
identical manner and the results of syn-anti isomerism are
recorded in table 15 (c).

All spectral data shown in the preceding tables were
recorded on solutions of the precipitated derivative dissolved
in deuterochloroform. The solutions were all examined within
20 minutes of being prepared and the results indieate that
both the syn-and gggifiéomers are present in some cases.
However, Karabatsos (143) reported that freshly prepared
solutions of aldehyde 2,4-D,N.P.'s showed only the syn-isomer
to be present and that the anti-isomer was not formed until
the solutions had bheen standing at room temperature foyr several
hours, Isomerisation of these compounds rmst involve breakage
of one C - N bond; energetically this would be very
unfavourable, and it 1s surprising that Karabatsos observed
such rapld isomerisation in the absence of a catalyst.

A.2., THE REACTION OF SILVER IT OXIDE WITH ALCCHOLS.

The alcohol was stirréd with silver II oxide (molar
ratio, 1.1) in water at 7000. and the reaction was allowed to

proceed until only elemental silver appeared to be present.
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The results of these reactions are recorded in table 16 and
indicate that primary aliphatic alcohols give the carboxylic

acid whilst the substituted benzyl alcohols give the corresponding
aldehyde. This behaviour is partly in contrast with the reactions
of argentic picolinate.

THE REACTION OF SILVER 1T OXIDE WITH ALCOHOLS AT TOOC.

IN WATER.
ALCOHOL TIME PRODUCT YIELD(%)*
(hours)

Ethanol 1k Acetic acid 100
n-Propanol 15 n-Propionic acid 100
n-Butanol 13 n-Butyric acid 99.9

n-Butyraldehyde 0.1
2-Ethyl-n-butanol 13 2-Ethyl-n-butyric acid 33
sec- Butanol T2 Methylethyl ketone 96
n-Pentancl 15 n-Pentanoic acid 100
iso-Pentanol 15 iso-Pentancic acid 100
n-Hexanol 24 n-Hexancic acid 35
2-Ethyl-n-hexanol 14 2-Ethyl-n-hexanoic acidlQ0
n-Octanol 24 n-Octanoic acid 22
Borneolw#+ 15 Camphor ca.50
1so-Borneol** 72 Camphor ca,50
Benzhydrol %6 Benzophenone T0
p-Nitrobenzyl alcohol 72 No reaction -
Benzyl alcohol 12 Benzaldehyde 12
p-Methoxybenzyl alecholld5 Anisaldehyde L)
3, 4-Dimethoxybenzyl 60 Veratraldehyde ca.50

alcchol**

Piperonyl alcochol 13 Pipercnaldehyde 48

*Yield calculated from g.l.c. on the basis of 1:1 molar ratlo
of oxidant:alcochol with the exception of#
Table 16.

The yields of carboxylic acld from the oxidation of
primary aliphatic aleohols are high; the yields are calculated
on the basis of a molar ratlo, 1l:1 {(alcochol:oxidant) and as
thé alcohol requires 2 moles of silver II oxide, the conversion
is only 50% for an indicated yield of 100%. However, the

yield for most aclds was quantitative and with the exception
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of a trace of butyraldehyde, the aldehyde was not detected
as a product. The yileld of product decreased with incréase
in molecular weight of the alcohol even when the reaction
time was increased and in general, chain-branching had an
adverse affect on the conversion to the acid. Szcondary
alechols were converted to the corresponding ketone in high
yield., Substituted benzyl alechols reacted with silver IT oxide
to glve the corresponding benzaldehyde although this reaction
did not appear to be as favourable as the reaction of argentic
picolinate with benzylic alechols. p-Nitrobenzyl alcohol was
not oxidised by the reagent even after 72 hours; but as the
electron~donating power of the substituents on the ring was
inereased, the yilelds became higher. Consequently benzaldehyde
was formed in 12% yleld whilst 487 piperonaldehyde was isolated.
The benzaldehydes'appeared to be stable towards further
oxldation as the corresponding carboxylic acld was not detected.
The reaction of silver II oxide with, for example,
alcohols iz difficult to follow in comparison to the reactions
with argentic plcolinate. As the reaction proceeds, elemental.
silver is deposited and hence 1t can never be seen with any
certainty when the oxidant has been completely reduced.
Methods for following the rate of a reaction, such as removal
of aliguots at diffbrent_times, are not practical due to
the heterogeneity of the mixture and so the effect of chain-
branching, carbon-number etc., on the rate of reaction cannot
be discussed. However, the reaction of silver II oxide with
aleohols is likely to proceed by a two-electron transfer

process and the reaction is most likely alded by electron
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availability at the site of oxidation. The reaction of the
oxidant with alechols can be summarised by the following
equations:-~

R.%OH + 2 AgO e R.COOH + 2 Ag + Hao-ocnnnllo}S

R« R\
R’C}{OH +Ago snnt R’c = o + AS + Hzooocnouutoocojg

and AP.CH20H+A80 — AP, CH0+A3+H2O.'l....l..l1I'0

It is 2l1s0 evident that the very severe acld conditions
employed with AgIIO by Syper {120) are not necessary as the
reactions proceed satisfactorily in essentially neutral
condlitions, FPurthermere, AgIIO decomposes in acldic
solution with evolution of oxygen, and consequent wastage of
oxldising agent.

The reactions of silver II oxlide with aliphatlce
and aromatic alcohols show no consistency in 1ts power as
an oxidising agent, i.e. primary aliphatic alcchols are
oxlidised to the carboxylic acid in a short reaction time
whilst attack on benzylic alcohols to give the aldehyde, 1s
difficult to bring about. Scatturin ‘et al.(117) have shownby
neutron diffraction that silver II oxide 1s stoichiometrically
AgQ but conzists of AgI and AgII ions bonded in the same
lattice structure to atoms of oxygen. Hence, it might‘be

IT .nd the lack of complexing

expected that the presence of AgI
ligands would render it a more powerful oxidant than argentic
plcolinate; but the results indicate it to have approximately
the same oxidising power but less useful because of the

transfer of 2-electrons per mole of oxidant.
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B.l THE REACTION OF ARGENTIC PICOLINATE WITH ALDEHYDES.

The reaction of argentlic plcolinate with a series of
aldehydes was examined by a simple procedure similar to that
used with alcohols, i.e. the aldeshyde and the oxidant (molar
ratio 1:2 respectively) were stirred together at TOOC. in water
until the colour change orange-red to white was complete, For
the aldehydes examined, the resctions proceeded smoothly to glve
the expected carboxylic acid, with two eiceptions. The resulis
of these reactions are summarised in tables 17 - 19,

The times of reaction of various aldehydes at 50°C. in 50%
aqueous dimethyl sulphoxide are recorded in table 17 and the
results indicate that aliphatic aldehydes were oxidised rapidly
whilst substituted benzaldehydes were generally more stable towards
the reagent. (It is well known that aliphatic aldehydes are more
susceptible to oxidation than aromatic aldehydes, but even so
the rate decreases with increase in chain length). The rapid
reaction of p-N,N-dimethylaminobenzaldehyde is almost certainly
the result of oxidation at the site of the tertiéry amino-group and
not at the aldehyde function (see part E.L.). Examination of the
results in table 18 shows that the reaction of substituted benzaldehydes
i1s acecelerated by the presence of eleetron-donating groups whilst
electron-withdrawing groups hinder the reaction. The overall
reaction for the oxidation of aldehydes can be summarised by
equation 4l.

R.CHO + 2 Ag (pic.)2 + HEO - R.COOH + 2 Ag pic.+2plc-H.,..41

The results of reaction of argentic picolinate with
substituted-benzaldehydes at 70° in aqueocus media, are recorded
inltable 18. It can be seen that p-nitrobenzaldehyde, benzaldehyde

and p-methoxybenzaldehyde all gave the corresponding acld in
-0~



moderate ylelds, whilst very anomalous reactions occurred
with 3,4-dimethoxybenzaldehyde and piperonaldehyde. These

two aldehydes were oxidised very many times faster (see

table 19) but no oxidation product was isolated; in fact

only starting material was found. This was recovered in good
yield. Two possible explanations for these observations,

both assuming extensive oxidative breakdown of the aromatic
nucleusto the exclusion of the normal reaction at the aldehyde
site, are as follows. (a) Due to the enhanced electron
availability in the nucleus of these two aldehydes, a TV -—complex
could be formed with AgII {see part F) which then leads to
complete breakdown of the ring with consumption of several
moles of the oxidant. (b) Ag+/32082- mixtures are known

to bring about oxidative decarboxylation of carboxylic acids
(100) and argentic picolinate is also reported (114) to
convert phenylacetic acid to benzaldehyde (30% yield). If

tﬁe activated aldehydes were oxidised to tlhe respective acids
which then underwent oxidative decarboxylation, the aromatic
nucleus would almost certainly be destroyed at the expense of
the normal reaction. It is interesting to note that the
corresponding alecohols i.e. piperonyl and 3,4-dimethoxybenzyl
alcohols were oxidised to the aldehydes at a fast rate with
no abnormal reaction; hence, formation of a silver II-alcohol
complex must be more favourable than a silver II-aromatie ring

complex in these cases.



THE REACTION OF ALDEHYDES SHAKEN WITH ARGENTIC PICOLINATE AT

50°C. IN AQUEOUS DMSO.

ALDEHYDE

p-NN-Dimethylamino-benzaldehyde

2-Ethyl-n-butyraldehyde
2-Ethyl-n-hexanaldehyde
Furfuraldehyde
p-Tolualdehyde
Benzaldehyde
p-Nitrobenzaldehyde
p-Chlorobenzaldehyde

Table 17.

TIME (Hours)

Instantaneous
0.23

0.84

3

4

T
28

Partial reaction at 28.

THE REACTION OF ARGENTIC PICOLINATE WITH SUBSTITUTED-BENZALDEHYDES

ALDEHYDE

p-Nitrobenzaldehyde
Benzaldehyde
p-Methoxybenzaldehyde

3,4-Dimethoxybenzaldehyde

Piperonaldehyde

*% starting material recovered unchanged.

AT 70°C. IN WATER,

Table 18 v

YIEID (%)

p-Nitrobenzole acid3l
Benzole acid 58
p-Methoxybenzoic

5T
85%
6O*

THE RELATIVE RATE OF OXIDATION OF AILDEHYDES BY ARGENTIC PICOLINATE

ATLDEHYDE

p-Nitrobenzaldehyde
Benzaldehyde
p-Tolualdehyde
Furfuraldehyde
Anisaldehyde
Veratraldehyde
2-Ethyl-n-hexanaldehyde
2-Ethyl-n-butyraldehyde
Piperonaldehyde.

Benzyl alaoohol*#
p-Nitrobenzyl alcohol**

* Rate Relative to benzaldehyde = 100
**Included for comparison.

Table 19.

RELATIVE RATE*

93
100

180
240
300
870
895

2040
5000
2170

915



The relative rates of oxidation of the aldehydes, compared
with benzaldshyde = 100, are récorded in table 19 and from this
it can be seen that the effect of electron-releasing groups
on the rate of oxidation is marked. (Piperonald:hyde is oxidised
at a rate 50 times greater than the parent aldehyde). Included
in +table 19 are the relative rates of oxidation of benzyl and
p-nitrobenzyl alechols under comparable conditions. The
succassful oxidation of alcohols to aldshydes depends on the
lower reactivity of the latter and 1t can be seen that benzyl
alcohol was oxidised by the reagent approx. 20 times faster
than was benzaldehyde.

Possible mechanism of oxidation.

As for the oxidation of aleohols by argentic picolinate, no
detalled evidence is avallable but on the assumption that the
behaviour is similar to other one-eglectron transfer reactions
(144) schemes can be suggested. Equations U42 and 43 show
that the Initial attack could be the abstraction of a hydrogen
radical by one mole of argentic pilcolinate and this step would
be rate-determining. Hence in the example shown (equation 42)
a benzoyl radical would be formed whlch then undergoes further
attack by the second mole of oxlidant in the presence of water

to yleld the carboxylic acid (equation 43). The removal of the

H .
4
€.8. CGHS - C\}O"‘ Ag (pic.)a—'—. C6HSC =0 + Ag(pic.) + pic—ﬂ-.-..’-l-a

Cgl C=0 + Ag (pic.)2+ H.O CgH

4
c
5 “on

hydrogen atom leading to the formation of the radical could be

~T3=~



brought about by (a) the loss to a picolinate ligand with a
subsequent one-electron removal (fig.1ll; plate 8) or (b) the -
formation of a complex by donation of an electron pair from
the oxygen followad by subsequent ligand displacement and

the formation of the radical (fig.l2).

B.2 THE REACTION OF SILVER II OXIDE WITH ALDEHYDES.

The reaction of silver IT oxide with aldehydes at 70°C.
in aqueous media was investigated. As might be expected the
reaction yilelds the carboxylic acid in a similar manner to argentic
picolinate; however piperonaldshyde and 3,4-dimethoxybenzaldehyde
reacted normally to give the carboxylic acids. This is perhaps
surprising since the oxidant is potentially a more powerful
agent than the picolinate complex. The results are recorded in
table 20 and 1t will be noted that the ylelds of aliphatic
carboxylic acid are high in comparison to the yields of
substituted benzele acids. This i1s probably accounted for
by the comparative ease with which aliphatic aldehydes undergo
oxidation. In general a-branched aldehydes gave a lower yleld
of the aecld and this might jindicate that steric hindrance at
the site of oxidation, slowed the reaction. Since the exact
reaction time for the oxlidation of the varlous aldehydes was
not easily measured, the effects of substitution and steric
hindrance are not readily distingulshed.

The main difference between the oxidation of aldehydes
with argentlc picolinate and silver II oxide is that in the latter
case, molar ratios of 1l:1 (oxidant:aldehyde) may be used and this

results in the fbrmation of elemental silver. Hence, the overall

~Th-



MECHANISM OF ALDEL
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0
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- V=—Ag~—— 0 ~——» CHC =0+ Agipic.) + plc.-
65 0@ l u? 65
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&
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Intermediate

Ag(pic.),
Ag(pic. )+ CgHCO0H + pic.-H a——— Cgh.C = 0 + Ag (pic.) + pic. - H

H20

(as for fig. 11).
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Plate 8



reaction between aldehydes and silver II oxide may be written
as equation 44. In this way, silver IJ oxlde agaln behaves
as a two=-electron transfer agent.

R.CHO'I'AgO‘—'—“ R.COOH"‘ASQ -c--o..-n.nc--n-.oouq’

THE REACTION OF SILVER II OXTDE WITH ALDEHYDES AT TOOC.IN WATER.

ALDEHYDE TIME  PRODUCT YIEID(%)
: (Hours)

2-Ethyl-n-butyraldehyde 18 2-Ethyl-n-butyric acid  93*
n-Hexanaldehyde 22 .n-Hexanoic acld 100%

' 2-Ethyl-n-hexanaldehyde 25 2-Ethyl-n-hexanoic acid 68+
p-Nitrobenzaldehyde 21 p-Nitrobenzoic acid 38
Benzaldehyde 22 Benzoic acid 51
p-Methoxybenzaldehyde 10 p-Methoxybenzoic acid 57
3,4-Dimethoxybenzaldehyde 12 3,4-Dimethoxybenzoic acidl7
Pipercnaldehyde 20 Piperonylic aecid 30

* Yield calculated from g.l.c.data.

Table 20.

C. THE REACTIONS OF ARGENTIC PICOLINATE AND SILVER II OXIDE

WITH ORGANO-FHOSPHCRUS COMPOUNDS.

The reactlons of phosphite esters and triphenylphosphine
with both argentlc picolinate and silver II oxide were carried
out at 70°C. in water, The procedures used were similar to those
outlined in the preceding discussion (i.e. parts A and B)., The
mixtures of products were examined by thin layer chromatography
and the results of the oxidation reactions are summarised in
.tables 22 and 23. For the chromatographic examination, the
respective phosphate esters were prepared by the standard
method of Rydon and Tonge (145) (the action of bromine on the
rhosphlte ester and subsequent hydrolysis to give the phosphate
eéster). Triphenylphosphine oxide was examined by T.L.C. and
also separated and its identity confirmed by comparison of the

infra-red spectrum with that of the authentic material.

«T5=

.



The results of the oxldation reactions with argentic
pilcolinate (table 22) show that in general the phosphite csters
were converted to the phosphate esters in moderate ylelds, whilst
triphenylphosphine gave the oxide in 1004 yield. All of the
chromatograms examined, showed the presence of free alecchel
(or phenol) in the mixture but whether it was formed during
the oxidation step or by acid-catalysed hydrolysis of the phos-
phate ester during the separation of lnorganic salts, is difficult
to establish. However, the oxidation of phosphlite esters by
argentic picolinate can be best summarised by equation 45,
eg. (C6H50)3P + 2Ag(pic.)2+ H0 ~» (06H50)3P=o + 2Agplc.+2pic.-H...45

Table 2% records the results of the oxidation of the same
five phosphorus compounds with silver II oxide and it can be seen
that the ylelds of phosphate esters are slightly higher than
recorded with the other oxidant. However, triphenylphosphine
iIs not converted quantitatively to triphenylrhosphine oxide.

As in the preceding reactions, the respective alcohol (or phenol)
was found to be present in the reaction mixtures. The reaction
between silver II oxide and the compounds can be summarised

by equation 46, From this reaction it can be seen that

eg. (06H50)3P + AgQ ——‘-(CGHSO)B P=0+ A serveconseassssdb
l:1 molar quantities of ester and oxlidant were employed and
therefore the oxilde behaves as a two-electron transfer agent
whilst argentic picolinafe (equation 45) was seen to behave as

a one-clectron transfer agent i.e. 2:1 molar ratio (oxidant/ester).

~T6~



THE REACTION OF ARGENTIC PICOLINATE WITH ORGANO-PHOSPHORUS

COMPOUNDS AT 50°C. IN AQUEOUS DM30.-

COMPOUND TIME (mins.)
Tri-iso-propyl phosphite Instantanecus
1n

Tributyl phosphite .
Triamyl phosphite "
Trihexyl phosphite "

Tri{2-ethyl hexyl )phosphite 5

Triphenyl phosphite 5

Tridecyl phosphite 10

Triphenyl phosphite 10

Divenzyl phosphite 1o

Triauryl phosphite 35
Table 21

THE OXIDATION OF ORGANO-PHOSPHORUS COMPOUNDS BY ARGENTIC PICOLINATE

COMPOUND YIRID (%)* PRODUCT
Triphenylphosphine 100 Triphenylphosphin: oxide
Triphenyl phosphite 30 Triphenyl phosphate
70 Phenol
Trihexyl phosphite 40 Trihexyl phosphate
' 20 n-Hexanol
Tridecyl phosphite 20 Tridecyl phosphate
_ 25 n-Decanol
Trilauryl phosphite 80 Trilauryl phosphate
20 n-Dodecanol

* Yields (t 10% accuracy) estimated from T.L.C. examination.
Table 22,

‘THE OXIDATTON OF ORGANO-PHOSFHORUS COMPOUNDS BY SILVER II OXTDE

COMPOUND YIELD (%)* PRODUCT
Triphenylphosphine 40 Triphenylphosphine oxide
Triphenyl phosphite 30 Triphenyl phosphate

T0 Phenol
Trihexyl phosphite 5 Trihexyl phosphate
Tridecyl phosphite 40 Tridecyl phosphate

20 n~Decanol
Trilauryl phosphite €0 Trilauryl phosphate

25 n-Dodecancl

* Yield (t 10% accuracy) estimated from T.L.C. examination,

Table 23.
«Tl=



From the results presented, it can be seen that the
yields of phosphate esters from reactions with both oxidants
are only poor to moderate. Yields of greater than 80% are
obtained by oxidation of phosphite esters with p-benzoquinone
in benzyl alcohol at room temperature (146) or with N,N-
diethyltrichloroacetamide (147). These latter reagents however,
give poorer ylelds than the silver IT compourxis in the oxidation
of triphenylphosphine. Moderate to good ylelds of phosphate
esters and phosphine oxides have been cbtained by aerial oxidation
in refluxing iso-propanol (148),

The relative rates of oxidation of some phosphite esters
and triphenylphosphine, by argentic plcolinate at 50°C. in
507 aqueous dimethyl sulphoxide, are recorded in table 21.
It can be seen that even at moderate temperatures, the reaction
of all compounds was extremely fast. Tri-lso-propyl,
tributyl, triamyl and trihexylphosphites reacted instantaneously
upon contact with the oxident. Although the reactlon rates are
fast, it does seem that the rate is dependent upon chain length
(see earlier parts). The rate of reaction with silver II oxide
is also rapld; triethyl phosphite in the absence of solvént
was found to react explosively (149).

Possible mechanism of reaction.

Complexes between silver I compounds and tertliary phosphines
are known to exist (150) and it has been suggested (151) that
these complexes are bonded by 7v -bonds formed by phosphorus.
Nitrogen 1s unable to form % -bonds and yet complexes between
amines and AgI are known and it has been further suggested that
amines complex with Ag'™ (112). As phosphorus is less eleotro-
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negetive than nitrogen, it is reasonable to assume that some

form of complex or intermediate- could be. formed between

silver II and tertiary phosphorus compounds. (The lone pair

of eleétrons is more available on phosphorus than on nitrogen

and because the element is less electronegative the tetrahedral
structure 1s distorted such that the bond angle is further reduced
from the normal 109728' leaving the lone pair of electrons more
vulnerable to attack). A mechanism for oxldation of the compounds
examined and a possible explanation for the formation of either
phencl or the alcohol 13 schematlically represented in plate 9.
Figure 13 (plate 9) shows the intermediate which can rearrange

by a series of one-electron shifts to give the phosphorus

radical which then undergoes rapid oxidation to the phosphate
ester (fig.l4). However, it is possible that the electron
trgnsfer mechanism shown in figure 15 could participate and

hence diphenyl phosphate would be formed.

D.1 THE REACTION OF MRGENTIC PICOLINATE WITH AMINO-ACIDS AND

a~AMINO-ACID ESTERS.

The reactions of amino-acids and g-amino-acid esters with
argentic plcolinate were examined. The procedure for these
reactions, carried out at.TOOC. in aqueocus media, followed that
outlined in preceding parts of the discussion., g=-Amino-acids
were oxldised and the volatile products were swept from the
flask by a stream of nitrogen and trapped in 2,4-dinitrophenyl-
hydrazine reagent. The derivatives were isolated and routinely
examined by p.m.r. spectrometry and the data are incorporated
in table 12, Examination of the p.m.r. spectra of the

products showed that d-amino-acids were oxidatively-cleaved
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MECHANISM OF PHOSPHITE OXIDATION

XN N\
I’N o
N, 7
(C6H5O)j Ps + Ag(pic.)2 —— (C6H5O)3P'. —-——73'\
0 N™
\co =2
Intermediate
Fig.l>%
, N CO\\\ ‘
N 0 OH
N, 7

(C6H50)3P§"‘/"2"’“"A3\/2 ——— (C6H50)5P'+ Ag (pic.)+ pic.-H

Ag (pic.)2

(06H50)5 P =0+ Ag(pic.) + pic.-H

Fig.1l4

4
(c6f{50)213\ + 061{501-1 + Agl{pic.) + pic.-H.
oM

Fig.,15.,
Plate 9



to give the lower homologous aldehyde. Nonevelatlile products
were isolated by addition of 2,4-D.N.P. reagent to the aquecus
reaction mixtures after the silver salts had been removed.

The products from the oxidation of g-amino-acids are
recorded in table 24 and it can be seen that the aldehydes
are formed in high yleld after a short reaction time. The
rates of reaction at 70°C.were too fast to permit the différentation
of those factors which affect the oxidation but by analogy
with other systems examined, it is probable that increase in
chain length and chainebranching will adversely affect the
rate of reaction. The very high yield of product 135 especlally
noteworthy as it is in contrast wlth many other reported
procedures (152). Hence, oxidative~decarboxylation (the
Strecker degradation) of a-amino-acids glves rise to poor to
moderate ylelds of the aldehyde when, for éxample, silver I
oxide (96), sodium hypochlorite (153) or 32082‘/;\3* mixtures
(106) are employed as the oxidising agents.

The reaction of argentic picolinate with gramino-acid
" esters gave two products (table 25), DL-Ethyl-g-alaninate
reacted to give & 50/50 mixture of ethyl pyruvate and ethyl
acr&late whilst DL-methyl-g-valinate and I-methyl-a-leucinate
gave 87 and 62% of the a-keto-ester, respectively and one
other product in each case. The ethyl acrylate and ethyl
ryruvate were separated by preparative g.l.c. and thelr identity

was established by examination of their p.m.r.spectra and
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comparison with the authentic material. The products of
oxidation of methyl valinate and methyl leucinate could
not be separated by g.l.c. because of pyrolysis on the
column but their mixtures were examined by p.m.r. and I.R.
spectra and g.l.¢c. The p.m.r. Spectra could be znalysed to
show the presence of the a~keto-ester and the possible
presence of a f-hydroxy-ester. The I.R. spectra showed a
broad band at 3400 cm.~L (valinate product) and 3380 om.”t
(leucinate product). This data could be attributed to the
presence of a B-hydroxy-function in each preduct.

B-Hydroxy-ester formation could be accounted for by hydration

of the af-unsaturated ester. In acid solution, the unsaturated
ester can undergo acld-catalysed hydration at the f-position

to give the hydroxy-ester (see fig,1l6), The difference in

ratio of the a-keto- to B-hydroxy esters formed from reaction of

@H‘“ /0-H "'0H2 -/0-H
/s 7 H,0 R

R.CH.QH-C = [R,CH:CH:C ¥ 2 [a.cn-cn=c\ ]
Me OMe l OMe

OH *on

H | 2
R.CH-CHQ-COOMe ——— [R.CH-CHa-COOMe]

Fis.16.

the_two amino-acid esters might be accounted for statistically
i.e. a molecule of ammonia will be eliminated more readily
from methyl leucinate because there are two 8-hydrogen atoms
present whereas there is only one in methyl valinate. Hence,

more of the unsaturated ester might be expected from methyl

leucinate and consequently more of the B-hydroxy ester.
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THE_OXIDATION OF AMINO-ACIDS BY ARGENTIC PTCOLINATE IN WATER

AT 70°C.
AMINO=-ACID TIME (mins.) PRODUCT YIELD(%)
DL-¢-Alanine 26 Acetaldehyde 88
DL-a-Amino-n-butyric 25 Propionaldehyde T2
acld
DL-Valine 28 iso-Butyraldehyde 20
DL-nor-Valine 18 n-Butyraldehyde 9%
DL-Leucine 46 iso-Pentanaldehyde 88
DL-nor-Ieucine 38 n-Pentanaldehyde 95
DL-iso-Leucine 23 2-Methyl-n-butyralde~ 91
hyde
DL-2-Amino~n-~octanolic 39 n-Heptanaldehyde 5
neid -
DI~FPhenylglycine 25 Benzaldehyde i)
DI~Phenylalanine 25 Phenylacetaldehyde T3
. Q-Amino—g-butyric acid 32 Suceinaldehydic acid 779
L-Glutamic acid 22 Suceinaldehydic acid 80
Table 24,

THE OXIDATION OF a-AMINO-ACID ESTERS BY ARGENTIC PICOLINATE IN
WATER AT T70°C.

a-AMINO-ACID ESTER TIME (mins.) PRODUCT YIELD (%)
DL-Ethyl-a-alaninate 30 Ethyl pyruvate 4o
Ethyl acrylate 51
DL~Methyl-a-valinate 20 Methyl 2-oxo=-3-methyl-
n-butyrate 87

Methyl 3-hydroxy-3-
_ methyl-n~butyrate* 13
L-Methyl-a-leucinate 20 Methyl 2-oxo-4-methyl~
' n-pentanoate 62
Methyl 3-hydroxy-i-
methyl-n-pentanoate* 38

* Possible product but not confirmed.

Table 25.

Possible mechanisms for the oxidation of a-amino acids and esters,

It has been shown that the oxidative decarboxylation of
a-aminoeacids in the Strecker degradation, is not dependent
upon the presence of an g-hydrogen atom (153), and hence the

oxidation of the amino-group to the imine followed by hydrolysis
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and decarboxylation is discounted. The mechanism suggested

here for the oxidation by argentic picolinate {plate 10) does
not require the presence of an a-hydrogen atom either. The
reaction, summarised in equation 47, is initited by attack of the
nitrogen lone~palir of electrons at the AgII site to give an
initial intermediate (fig.l7). This is followed by. a rearrange-
ment of bonds to displace a picolinate ligand and thus involves
the amino-acid in direct bonding with the silver II atom (fig.

18). This complex, in the presence of the second mole of

R-CH-COOH + 2 Ag (pie.)

~ H20 — R CHO + 2 Ag(plc. )+ 2 pic-H+COa+NH
I >3
ma . .l"..n?

argentic picolinate can undergo a concerted elimination of carbon
dioxide resulting in the oxidatlion of the amino-acid to the

imine (fig.19). This is then hydrolysed to the aldehyde and
ammenia. To support this mechanism, pyruvic acid was reacted with
{a) argentic picolinate, (b) argentous picoliﬁate and (¢} plcolinic
acid. Acetaldehyde was not found in any of these three reaction
mixtures and hence decarboxylation of pyruvic acid'in this system
is unlikely to occur.

The mechanism of oxidation of g-amino-acid esters is
complicated by the competing elimination. However, a mechanism
involving the initial intermediate formed by donor bond hetween
the oxidant and the amine can be postulated (fig.20, plate 11},
This intermediate can then undergo the electronle rearrangements
shown (f1g.21) with further oxidation to give the imine or the
mechanism (f18.22) could occur in which case the af-unsaturated
ester would be formed. Presumably the amino-group will remain
bonded to the silver I picolinate formed.

~83-



MECHANISM CF a-AMINO-ACID OXIDATION

+ Ag(piec, )2 ————n

co
Fg.l7
H -—/o) o0 0
e =9 X N \
| LN 0 =20 N <7
A VN
/CH NH, > Aq ——— CHs = CH 3 co
CH G—/ \N N /' \ o
N o AF °
+ pic.-H
Fig.l18
\ v
FTCANY
/D \?9/ Ag(pic.), .
CH, —CH Cco —e——p [CH_-CH=NH]+CO_+ pic.-H+2Ag(pic,)
N N\ 2 2
&NH H,0 h
CH,CHO + NH,
(H T

Fig.l9

Plate 10



MECHANISM OF g-AMINO-ACID ESTER OXIDATION.

R.CH, o i Ny CO
\ 5 =N\
CH e . \ O
I NH2 -i-Ag(p:Lc.)E o NHE *A_g/
N
COOEt E+00C O\ N
cord! N
Intermediate
_ . Fig. 20
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*Ho —u 0 R.CH,
CH ) / N -+
-_ """"Aj /J —_— CH=— NH + Ag(pic.)+ pic.-H
/U (—/J\
E00C Ntg NI E£00C
| \co — l Ag (pic.),
RCH,, RCH,
NH \co 2 \C '
+ ; «— " == NH + Ag (pic.)+pic.-H
2 / /

Route to uf-unsaturated ester

R.CH, (;\;( N 0 R ,CH —H
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|
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D.2 THE REACTION OF SILVER II OXIDE WITH a-AMINO-ACIDS.

The reaction of silver II oxide with a-amino acids at
7000. in water was investigated., A procedure, similar to that
used for the oxidation of aleohols was employed and the products
were examined by g.l.c., p.m.r. and I.R. spectroscopy. The
reaction of DL-2-amino-n-butyric acld was also carried out under
a stream of nitr&gen. The volatile product was swept into
2,4-D.N,P.reagent and the derivative was shown to be that of
n-butyraldehyde. With the exception of the lavter and phenylglycine
which gave benzaldehyde, the product of oxidation was the lower
homologdus earboxylic scid. However for the amino-aclids with a
carbon number greater than 5, a second product was also isolated.
The acld-products of these latter reactions were isolated and their
identity established by examination of their p.m.r. spectra. The
lower aclds were examined by g.l.c. against authentlic compounds as
standard, and showed the approprlate bands in their I.R.spectra..
The second product of the reactions with the leucines and
g-amino-n-octanoic acid were all shown to be neutral compounds,
pure‘ﬁy g.l.¢, but remain unldentified because p.m.r. and I.R,
spectra are 1nconclusivé. However, the p.m.r. spectrum of each
indicated the presence of the N - H grouping.

THE OXTIDATION OF a-AMINO-ACIDS BY SILVER II OXIDE IN H, O AT TOOC.

2
a-AMINO ACID TIME(hours) PRODUCT  YIELD(%)
DL~a-Alanine 12 Acetic acid 100#
DL-2-Amino-n-butyric acid 14 {(a) Propionic acid 100%
DL-nor-Valine 12 n-Butyrie acid 100+
DL-Valine 20 iso-Butyric acid 100*
DL-nor-Leucine 12 n-Pentanoic acld 49
DL-Leucine 12 iso-Pentanolc acid 61
DL~-iso-Leucine 12 2-Methyl-n-butyric acid 53
DL~2-Amino-n-octanoic acid 24 n-Heptenoic acid 58
DL-Phenylglycine 10 Benzaldehyde 79
DL-2-Amino-n-butyric acid 14 (b) Propionaldehyde 37
* Yield calculated from g.l.c.data,

Table 26
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The results of these reactions are recorded in table 26 and
show that oxidation proceeds to the carboxylic acid unless the
first product of oxidation (the aldehyde) is removed from the
sphere of oxidation. Benzaldehyde was not removed from the
reaction mixture and therefore the relative stability of
aromatlc aldehydes towards further oxidation is again shown.
Equation 48, summarises the reaction of silver II oxide with
a-amino-aclds and shows that the oxidant behaves as a two-
electron transfer agent.

R-?H.COOH + 2 Ag0 —% R.COOH + 2 Ag + Ni,+ COpoeavansshB
NHQ

E.l THE REACTION OF ARGENTTC PICOLINATE WITH SOME ORGANO-NITROGEN

COMPOUNIS .

In an initial survey carried out to establish the scope of
the reactions of argentlic picolinate with variocus functional
groups (154), a series of nitrogen compounds was examined
with the reagent., The results shown in table 27 indicate the
products obtained when some of these nitrogen compounds were
reacted with argentic pleolinate in eilther dimethyl sulphoxide or
water as solvent. The effect of the selvent on the condition
of reaction 1s immediately obvious: benzylamine was oxidised
to benzaldehyde in approx. 10 min. in DMSO whilst in water at
70°C » the reaction took 1 hour. It can be seen that DMSO only
affected the reaction rate and not the product of the reaction.
DMSO was used in an attempt to make the reaction mixture
more homogeneous and this may be the factor leading to faster
reaction, The electron-transfer process may take place across

the solvent/solid interface (112), therefore the greater the
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~ homogeneity of the mixture the faster the reaction will occur.

The results in table 27 indicate that two maln types of
reaction were occurring for the compounds examined. Compounds
such as benzylamine, t-butylamine and N-acetylbenzylamine
underwent oxidation whilst cinnamide, benzylidene p-nitroaniline,
benzoin-oxime and cyclohexanone-oxime were hydrolysed. Bacon
4nd Hanna (112) have reported the reaction of argentic picalinate
with primary and secondary amines and find that, in general, the
carbonyl compound was isolated although M’e3C.CH2 CH(Me)CHECHENH2
gave the corresponding nitrile. On the basis of thelr results
they proposed the mechanism outlined in equations 49 and 50; to
support this they reported that the imine, when stable to hydrolysis
under the conditions used, was isolated, From these two equations
it can be seen that oxidation occurs by~ the successive removal
of two electrons from one mole of amine by two moles of argentic
pleolinate to glve the imine which then undergoes hydrolysis.

Ag(II) ,

o .

|
R.CH,-NH.R' =— Ag(I) + R.CH,-NH.R'=— R.CH-NH.R' + H' venesdo

+
B+ Ag(I) + R.CH=NR

7

Ag(IT) + R.CH-NH.R' Qieo) 1(3120)1 tesaranesBO
+

H + Ag{I) + R.CH-NH.R'== R.CHO + R NH2
OH
The formation of benzaldehyde from benzylamine, reported by
Bacon and Hamna was confirmed in this work and the reaction was
shown to be alded by use of DM30O, as solvent.
The factors influencing the oxidation of amines by

argentic picolinate were outlined in the introduction to this
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section. From these factors it becomes evident that the
"availability" of the lone pair of electrons on the nitrogen
atom will affect the displacement of a ligand from the square-
planar Ag(II) complex i.e. the more basic the amine, the greater
the "availability" of the electrons and presumably the stronger
the complex formed by donor bond to the AgII ion, Thus a
molecule having & less basie nitrogen atom than a primary amine
should react more slowly. In amido-compounds the electrons on
the nitrogen atom are delocalised due to partleipation in
resonance, structures summarised iasgquation 51; and reaction
06H5.—-1:1H-8-CH34——0 CGHS-fGﬁ— (!‘.-CHj] 2 §
of N-acetylbenzylamine was shown to be extremely slow in
comparison to benzylamine. However, N-acetylbenzylamine will
similarly not complex as easily with AgI (formed in the
oxidation) and therefore it is less likely to be removed from
the sphere of oxidation, |

The exidation of t-butylamine was shown to give iso-butylene:
by elimination of ammonia and a mechanism which will account for
this is proposed in figs.20 and 21, {plate 11). In contrast,
benzylidene p-nitroaniline gave benzaldehyde and p-nitroaniline
by a hydrolysis reactilon which involved the reduction of the
silver I1 plcolinate. Similarly cinnamide gave cinnamic acid
and ammonia, There are two possible mechanisms for these reactionsi-
(a) the nitrogen portion of the molecule is oxidised in situ
and the product is hydrolysed or (b) the molecule is hydrolysed
in the presence of argentic pilcolinate and then the liberated
nitrogen-compound is oxidised., The latter might seem more

probable as p-nitro-aniline and ammonia (respectively) were
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found to be products of the reactlons; approx. 1li4% of the
liberated ammonia will be oxidised by the argentic picolinate
{see equation 52),
6 ASII"‘ 14 NH, —» 6 Ag ( )*"‘ 6H++ N ....n......52
) NH32 2

Cyclohexsnone-oxime gave an emerald green complex when it was
reacted wlth argentic picolinate; the complex was soluble.in
chloroform but unstable and breakdown led to a deposit of a
gllver salt and cyclohexanone,., The fact that 2-methyleyelohexanone
semicarbazone did not react with the reagent under similar
conditions must be accounted for in terms of steric hindrance

at the site of the tertiary nitrogen atom.

THE REACTION OF ARGENTIC PICOLINATE WITH ORGANO-NITROGEN COMPOUNDS.

COMPOUND SOLVENT TEMP.(°C) TIME  PRODUCT YIELD(%)
(hours)
Benzylamine DMSO 40 0.15 Benzaldehyde -
HéO TO 1 " T
t-Butylamine DMSO 70 4 iso~Butylene ca.40
H,0 0 64 — -
N~-Acetylbenzylamine
DM30 50 0.3 Benzaldehyde. -
H,0 T0 2 " 49
Cinnamide Dﬁso 50 0.2 Cinnamic acid 53
H20 60 0 . 7 " n -
Benzylidene p~ DMSO 50 0.1 é Benzaldehyde ; -
nitro-aniline H,0 65 3.5 p-nitroaniline) -
Benzoin-oxime . DMSO 30 0.2 Benzoin + trace -
of benzil.
Cyclohexanone- DMSO 4o Green complex =~
oxime
2-Methylcyclohexanone .
semicarbazone DMSO 4o 1 week No reaction -
Table 27.

E.2 THE REACTION OF SILVER IT OXIDE WITH AMINES.

The reaction of silver II oxide with amines at 70°C. in
aqueous media has been examined (149). The procedure employed

was similar to that outlined for the reaction of the oxide with
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alcohol§ and the molar ratio of reactants was again 1 mole

of oxidant per mole of amine: The products of these reactions
were isolated and examined by g.l.c. (see table 28). The
results of these reactions indlcate tha® primary amines were
oxidised to the aldehydo-compound and the nitrile; the
Schiff':¥$:; also 1solated in most cases. Only two g-chaine
branched primary amines were reacted with the reagent; one gave
the cofresponding ketone in poor yield and one other compound
which was not identified; whilst 3:butylam1ne gave 2-nitro-2-
methylpropane. Diphenylamine was reacted with the reagent and
gave a mixture of 10 products by T.L.C.; the mixture was not
separated., In addition to the products identified from the
reaction of primary amines; the iso-cyanide was suspected to be
present in most reaction mixtures but its presence was only
establlished, by g.}1.¢., in the product from the reactlon §f benzyl-
amine. In thls case 1t was only present in a trace amount.

The results of the oxidation of primary amines by the reagent
show little consistency in the ratlo of products, but it can be
seen that the aldehyde was usually fbrmed in small yield. The
other oxidation product, the nitrile, was usually formed In moderate
yield., The formation of the aldehyde can be accounted for by a
two-electron transfer process in whieh two atoms of hydrogen are
removed to give the imine which undergoes hydrolysis to the
aldehyde (equation 53). However, for the formation of the nitrile
a further 2 atoms of hydrogen have to be removed and this would
involve another two-electron transfer process and 2 second mole

of silver II oxide (equation 54), Oxidation of amines to nitriles

-89-



_1%.(:1{2.1\1H2 + Ag0 —# Ag + R.CH=M + H,0 —+ R CHO + My.......55

R.CH=NH + Ag0 —®R.C = N + H,0 + Ag P
is known to occur with bromine (155), 1odine pentafluoride (156)
and lead tetra-acetate (157). If this is the case for the reaction
as carried out (molar ratio l:l, oxidant:amine) then there will be
less oxidant present than will be required to oxidise all of the
amine. Schiff's base fﬁrmation could account for the removal of
the excess amine and the aldechyde from the sphere of oxidation;
hence the products of oxidatlon, before the isclation of the
products from sllver by acid~treatment, might be the nitrile and
the Schiff's base. During the separation procedure, the Schiff's
base will be partially hydrolysed to the aldehyde and the amine.
This could account for the varying yields of the aldehydes
isolated since the rate of hydrolysis will vary from one Schiff's
base to another. The formation of the lso-cyanide can only be
accounted for by a 1:2 migration of, for example; & phenyl group
and 1ts bond electrons. Equations 55 and 56 show how this might
ocecur.

+
CgH CH=NH: ==+ Ag0 —b [061'1 WCH=N] + Ag + OH .c.vvevecesonesd5

5 >

+ + +
[N ] sl 06H5n=cn] "’C6H5Nc + H tevereareonseass56

THE_OXIDATION OF AMINES EY SILVER II OXIDE AT 70°C. IN WATER.

AMINE TIME PRODUCT YIELD(%)
{hours)

n-Butylamine 5 n-Butyronitrile 87
Schiff's base 13

2-Ethyl-n-butylamine 12 2-Ethyl-n-butyraldehyde 17
2-Ethyl-n-butyronitrile 40
Schiff's base. 43

Sec~-Butylamine 2.5 Methyl ethyl ketone 10
Unknowvn compound 90

n-Pentylamine 12 n-Pentanaldehyde 13

(continued)
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THE OXIDATION OF AMINES BY SILVER II OXIDE AT TOOC. IN WATER (cont'd)

AMINE TIME PRODUCT, , YIEID(%)
(hours)
) n~Pentonitrile 87
n-Hexylamine 12 n-Hexanaldehyde
n-Hexonitr'ile 26
Schiff's base T3

2-Ethyl-n-hexylamine 13 2-Ethyl-n-hexanaldehyde 25
2-Ethyl-n-hexonltrile 5

Cyclohexylamine 4 Cyclchexanone 100
Benzylamine 4 Benzaldehyde 23
: Benzonitrile 77

Phenyl isocyanide
t-Butylamine 48 2-Nitro-2-methylpropane 100
Diphenylamine 18 Mixture of ten products -

* Yield calculated from g.l.e., data
Table 28.

F.1 THE REACTION OF ARGENTIC PICOLINATE WITH OLEFINE AND AROMATIC

HYDROCAREONS .
Olefins. In an initial investigation, the reaction of olefins with
argentic picolinate at 50°C. in aqueous DMSO was examined and thg
specific oxidation of styrene and Egggg—stilbene-at 70°C. inwater was
investigated. The procedures employed for all these feactions
were similar to those outlined for the oxidation of alechols by
the reagent. The results of the rate of reaction of silver II
with olefins are shown in tables 29-31 whilst the products of
oxidation of styrene and trans-stilbene are recorded in table 32.
It can be seen from the results in tables 29 and 30 that
the rate of reaction of cyclic mono-olefins decreasges with
inerease in ring size and that 4-methyleyclohexene reacted more
slowly than cyclohexene. For straight chain olefins (tables
29 and 31), the rate of reaction decreases with (a) the
inerease in chain length énd (b) the increase in chain-
branching. Also, cis-olefins appear to be oxidlsed at a
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faster rate than the trang-isomer (compare maleic and fumaric
acids) whilst terminal olefins react more slowly than the
symmetrical isomer (compare cis-pent-2-ene and pent-l-ene).

In general the substitution of an electron-withdrawing group,
such as a carboxyl group, in conjugation with the carbon-carbon
double bond will hinder the reaction by limiting the formation
of a donor bond to the silver atom.

The oxldation of styrene and tranwstilbene is recorded in
table 32. Examination of the products by g.l.c. showed that
benzaldehyde was formed in each case but surprisingly, acetaldehyde
was not found as an oxldation product of styrene. The reactions
were carried out with 2 moles of oxidant per mole of olefin amd on
thls basis, the yields of benzaldehyde are low especially from
trans~-stilbene because 2 moles of benzaldehyde might have been
expected per mole of stilbene.

THE RATE OF REACTION OF /RGENTIC PTCOLINATE WITH CIEFING IN AQUEOUS
DM3SO AT S0°C.

OLEFIN TIME (Hours)
¢is-Pent-2-ene 0.25
Cyclopentene 1.25
Cyclohexene 1.5
4.Methyleyclohexene 2
Indene 2.5
HeX=2«ecne 3
Cycloheptene 3
Methylene cyclohexane 2425
Cyeleododecene 3.5
Hept-3-ene 4
a-Methyl styrene 4
2-Ethyl-n-hex-l-ene 5
Styrene 11
trans~Stilbene 17
Cyclo-octene 19.5
Oct-l-ene 20.5
Di-1so-butylene 23
2,4, k< Trimethylpent-2-ene 24
2-Methylbut-l-ene 27
Pent-l-ene 46
Malele acid a9
2-Methylbut-2~ene : 100
Fumaric acid no reaction after 102,

Table 29. -92-



THE RELATIVE RATE OF REACTION OF CYCLO-OLEFINS WITH ARGENTIC PICOLINATE

CYCLO~OLEFIN RELATIVE RATE *
Cyclopentene 108
Cyclohexene 100
4.Methyleyclohexene i

Indene _ _

Cycloheptene 50
Cyclododecene 43
Cyclo~ootene 8

*Rate, relative to cyclohexene = 100 at 50°C.1n agueous DM30,

Table .

THE RELATIVE RATE OF REACTION OF OLEFINS WITH ARGENTIC PICOLINATE

OLEFIN RELATIVE RATE*
¢ls-Pent~2-ene 1600
Hex-2-ene 133
Methylene-cyclohexane 123
Hept«3-ene 100
a-Methylstyrene 100
2-Ethyl-n-hex-l-ene 80
Styrene %6
trans-3tilbene 2k
Oct<l-ene 20
Di~iso-butylene 17
2,4, F-Trimethyl pent-2-ene 17
2.Methylbut-l-ene 15
Pent-l-ene 9
Maleic acid 4
2-Methylbut-2-ene ' ' 4
Fumaric acid -

*Rate relative to Hept-3-ene = 100; at 5000. in aqueous DMSQ.

Table 31.

THE OXIDATION OF AROMATIC HYDROCARBONS AND OLEFINS BY ARGENTIC
PICOLINATE AT TO°C. IN WATER.

COMPOUND TIME PRODUCT YIELD(%)
(Hours)

Toluene* 1 Benzyl alcohol -

Ethylbenzene 5 Acetophenone 27

p-Cymene 17 p-Cuminaldehyde 32

Styrene 175 Benzaldehyde 46

trans-Stilbene 3.75 Benzaldehyde 23

#Reaction carried out at 65°C. in aqueous DMSO.

Table 32.



Due to the low yleld of benzaldehyde from transgtilbene

and the absence of acetaldehyde and acetic acld as products of

the oxidation of styrene, 1t is difficult to postulate a reasonable
mechanism to account for the oxidation reaction by-argentic
picolinate. However, the oxidation almeost certalnly proceeds via
an olefin~sllver II intermediate. Silver I-olefin complexes are
well known, sometimes as crystalline compounds (158) and therefore,
even if unstable, some form of complex with silver II should exist.
The bonding of silver I compounds to olefins can be explained in
terms of a simplified meolecular orbital theory as the overlap of
¥ -orbitals from the olefin with empty d-orbitals on the silver I
atom followed by back-bonding to acceptor W -orbitals on the
carbon atoms (see fig.23). Silver I compounds complex more easily
to cis-olefins than the trans-isomer and only with cyclic olefins
when strain in the ring system can be reduced by so doing (158).
Complexes between palladlum IV and olefins are known and 1t 1s via
such intermediates that olefins are oxidised to carbonyl compounds
(159), Hence, an intermediate such as shown in fig.24 might be
the initlal complex in the oxidation of clefins by silver II
picolinate.

Aromatic hydrocarbons.

- The reaction of argentic picolinate with aromatic hydro-
carbons at TOOC. in elther water or agqueous DMSO, was examined.
The procedure employed was similar to that already outlined in
previous parts of the discussion. The results of these
reactions are recorded in table 32 from which it can be seen
that foluene (molér ratio 1:2, compound to oxidant) gave the
alcohol whilst a molar ratio of l:4 used with ethylbenzene and
p-cymene gave the respective carbonyl compounds, The reaction

Gl
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times indicate that the use of DMSO increased the rate of
reaction,

In section I of this thesis (p.20), the results of reactions
of toluene and o-toluenesulphonamide with argentic picolinate
were recorded. It was seen that L mole of toluene was oxidised
to benzyl aleohol by 2 moles of argentic pleolinate and that
by the successive addition of 2 moles of oxidant to each
product, benzaldehyde and ultimately benzolc acid. The stepwise
oxidation was controlled by reactant ratios i.e. the addition
of 2 moles of oxidant per mole of compound at each stage. The
reaction of o-toluenesuiphonamide with argentic picolinate
(table 2) showed that no oxidation product was isolated although
the oxidant was reduced. The oxidation of ethylbenzene gave
acetophenone and p-cymene gave cuminaldehyde and in the latter
case there are two types of a-carbon atom at which attach could
take place. Apparently, attack takes place at the site of the
primary hydrogen and not at the tertiary atom.

The oxidatlion of toluene by homolytic bond fission at the
~@-carbon atom was discussed in section I and there it was
suggested that a one-electron trﬁnsfer rrocess would yileld the
benzyl radical which would be stabllised by delocalisation of
the electron around the nucleus, The mechanism of oxidation
by a one-electron transfer process. is not well established (e.g.
oxidation by cobaltic salts (160)). However, it can be assumed
that a possible mechanism of reaction will Involve the removal
of a hydrogen radical froﬁ the g-carbon atom by. a complex
elther between the alkyl group and the silver II atom or the
IV —eclectron system of the nucleus and the transition element.

The latter might be discounted because {(a) the T\-—electron
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system is more”"tightly” held than in the case of an isolated
carben-carbon double bond system and {b) such a complex would
possibly lead to oxidation of the aromatic nucleus and the
cohsumption of many moles of the oxidant, Homolytic bond
fisslon at the a~carbon atom then leads to the attack of
water and the second mole of oxidant (equations 57 and 58).
C6H5.CH + Ag (pic.)e-———b CéﬁS.CHé + Ag(ple.) + pic-H .....57

3
06H5.0Hé + Ag(pic.)2 + H,0 -—+-C6H50H20H + Ag(pic.) + pie-H ...58
In the case of o-toluenesulphonamide, where a strongly electron-
wilthdrawing group such as the sulphonamido-group is present,
the homolytic bond fission to give a hydrogen radical will be
less favourable than for toluene and the group being ortho-
substituted will sterically hinder the formation of the initial
complex with the silver II atom. It 1s possible that the oxid-
ation of aromatic hydrocarbons by argentic picolinate proceeds via
hydrogen atom transfer by an outer sphere mechanism (equation 59).
CeH -CH,-H + ‘pic. Qg(pic.) — CH

5 5cae + Hepie, + Ag(pic.) ..59

F.2 THE REACTION OF ARGENTIC PICOLINATE WITH OTHER ORGANIC COMPOUNDS.

The reaction of 1 mole of l:4-hydroguinone with 2 moles of
argentic picolinate at TOOC. in water gave l:li-benzoquinone in high
yleld. The product {table 33) was identified by g.l.c. and infra-red
spectroscopy by comparison with authentic material. The reaction
proceeded smoothly and all of the oxidant was reduced in 30 minutes.
The reaction of other hydroguinones was complicated by the instab-
11ity of the produchs e.g. 2,6-dihydroxynaphthalene gave a mixture
of produects.

An examination of the reaction by argentic picolinate with

a-hydroxyacids at 7000. in water was carried out; tne results
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are shown in table 33. Lactic acid and mandelic acid

underwent oxldative-decarboxylation to the lower homologous
aldehyde. The reactions gave a moderate yield of acetaldehyde and
an excellent yileld of benzaldehyde. For a posslble mechanism

see plate 10 (oxidation of g-amino-acids).

The reaction of argentic picolinate and g-hydroxy-esters at
TOOC. in agueous media was examined and the results are recorded
in table 33. Ethyl lactate was oxidised to ethyl pyruvate
which was 1solated and identified as the 2,4-D.,N.P, derivative
and ethyl mandelate gave ethyl benzoylformate. This a-keto
ester wasg established by g.l.c. and p.m.r, spectrum of the
resulting mixture and the yield indicated from both g.l.c. and
p.m.r. data agreed within 10%.

THE OXIDATION OF OTHER COMPCUNDS BY ARGENTIC PICOLINATE AT 7000.

IN WATER.
COMPOUND TIME  PRODUCT YIELD(%)
(Hours)
1,4.Hydroquinone 0.5 1,4-Benzoquinone 89
Mandelic acid 0.17 DBenzaldehyde 90
Lactic acid 1.33 Acetaldehyd: 43
Ethyl mandelate 4,25 Ethyl mandelate 25
Ethyl lactate 3.7T5 Ethyl pyruvate 30
Table 33.



EXPERIMENTAL.

Infra«red spectra (I.R.) were recorded on Perkin-Elmer
spectrorhotometers 237 and 257. The abbreviations used in
the data quoted are as follows :- s = strong, m = medium,

w = weak, sh = shoulder and b = broad. The values quoted have
the wave-number (cm.-l) as units and have been corrected.
Ultra-vioclet (u.v.) spectroscopic data were recorded on a
Unicam-S.P.800 instrument.

Proton magnetic resonance (p.m.r.) spectra were recorded
on a Perkin-Elmer R.10, 60 Mc.p.s. spectrometer. The chemical
shifts are quoted with reference to tetramethylsilane as
standard and the tay~-values recorded for any multiplet are at
the midpoint of that multiplet and may not be at its centre of
gravity. The abbreviations s = singlet, d =doublet, t = triplet,
q = quartet, qtsquintet, gx = gsextet, h = heptet, o = octet,

m = multiplet and b = broad are used throughout.

Thin layer chromatography {(T.L.C.), unless stated, was
carried out with plates (7.5 x 7.5 cm.) prepared by dipping in
a Kieselgel-GF/chloroform slurry and spots were identified by
adsorption of iodine vapour. Other T,.L.C. examinations were
carried out on plates (20 x 5 cm.) spread with K;les.e.‘l.gel--GF'25,_L
which had been activated at 15000. for 3 hours, Spots were
identified by use of a Mineralight UVS-ll, ultraviolet lamp.

Analytical gas-liquid chromatography (g.l.c.) was
carried out on Pye, serles-l04 chromatographs with flame-
lonisation detectors. Nitrogen, as carrler-gas, at 60 ml.

per min. was used with the following columns '- 10% silicon
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01l (S.E.- 30) on firebrick; 5% silicon oil (S.E.- 52) on
firebrick; 5% polyethylene glycol adipate (PEG.A) on celite;
5% dinonyl phthalate (DNP) on chromosorb-W and 10% apiezon-L

on chromosorb-W. (All columns were 1.5 m.x 4 mm.).

Preparative g.l.c. was carried out on an Aerograph autoprep,
705 chromatograph with flame ionisation detection using a 30%
FEG.A on chromosorb-W column (30'x3/8" with nitrogen as carrier-
gas at 200 ml. per min.

Preparation of a-Picolinic acid.(161)

g-Picoline (50g.; 0.54% M), potassium permanganate (90g.;
0.57 M) and water (2.5 1.) were heated under reflux until the
purple colour had dispersed. Potassium permanganate (90g.;
0.5TM) in water (500 ml.) was added and the heating was continued
until the purple colour was again dispersed. The mixture was
allowed to cool partlally and the solid manganese dioxlde was
removed by filtration under reduced pressure. The residue was
washed thoroughly with hot water (1 1.) and the flltrate and
washings were concentrated to a volume of approx. 200 ml, by
rotary evaporation. This solution was acidified to pHS5 (congo
red paper) with concentrated hydrochloric acid and then evaporated
to dryness. The solld residue was heated under reflux with
ethanol (95%; 250 ml.) for 1 hr. and the mixture was filtered.
This proceduré was repeated with a further portion of ethanol
{95%; 150 ml.) and the alcohol was removed from the filtrates
to give a white solid (40 g.); m.p. = 128 - 120°C. (lit. (162)
m.p.=136°C.); vield, 60%. I.R.spectrum showed absorption at
_1)

the following ))max (em ~):- 3660-2600(s,b), 3100 (w),
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1862 (w), 1720 (w), 1655 (m), 1600 (s}, 1580 (sh), 1562 (m),
1516 (w), 1446 (w), 1378 (s), 1338 (w), 1286 (m), 1242 (w),
1212 (w), 1148 (w), 1079 (w), 2037 (w), 990 (w), 827 (w),

79 (w), T43 (s), 695 (m) and 672 (s). P.m.r. spectrun was
recorded in deuterlum oxide showed signals at the following

tau values :- 1,1 (d, J=5 c¢.p.s.), 1 proton; 1.6 (m), 3 protons,

Preparation of Argentic picolinate,

Picolinic acid (61.5 g.; 0.5 M) was dissolved in water
(apérox. 2 1.) and a solution of silver nitrate (42.5 g.;
0.25 M) in water (500 ml.) was added slowly whilst the bulk
solution was stirred. The argentous picolinate separated as a
white solid. A solution of potassium persulphate (33.8.;
0.125M) in water (500 ml.) was added to the agueocus suspension
of the argentous material and the mixture was stirred and left
to stand in the dark for 3 days. (The mixture was stirred
occasionally during this time), The argentic picolinate, which
gseparated as a red-orange solid, was removed from the solution
by filtration under reduced pressure and washed several times
with cold water (6 x 250 ml.). The material was partially dried
on the filter and finally in a darkened vacuum cven at 3000 to
constant weight (76 g.); yield, 87%. The solid material was
ground to a fine powder and stored Iin thé dark. I.R.spectrum
showed absorption at the following P max.(cm-l):-
1655 (w}, 1650 (w), 1638 (w), 1605 (s), 1582 (s), 1565 (s),
1440 (m), 1815 (s), 1405 (s,b), 1295 (w), 1240 (w), 1090 (w),
1045 (w), 1005 (w), 995 (w), 850 (w), 840 (w), T50 (m),

710 (m) and 705 {m). U.V. spectrum, recorded in water, showed
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absorption at the following xma,x.h AN A (ema.x.=

5,985), 263 mu (€, =6,110) and 325 mu (€ .. <1,660).

max

Preparation of silver II oxide. (116)

Pelleted sodfum hydroxide (72 g.; 1.7M.) was dissolved
in water (1 1.) and brought to approx. 80°¢. on a water-bath.
Potassium persulphate (75 g.; 0.28M,) was added to the solution
followed by the slow addition of silver nitrate (5lg.; 0.37M.)
in water {250 ml.). The mixture was stirred for 5 min. and
then left to stand at 80°C. for 1 hr. The silver II oxide,
which separated as a grey-black solid, was removed by
filtration under reduced pressure after the solution had
been cooled. Potassium persulphate was removed from the
solid by washing with water (500 ml.) containing sodium
hydroxide (5g.; 0.125 M,) and then water (500 ml.), The
material was partially dried on the fllter and then dried
to constant weight (36.5 g.) in a darkened oven at 30°C.

The material was ground to a fine powder and stored in
the dark. Yield, 98.5%.

A.l. The reaction of argentic plecolinate with alecochols.

Initial investigation of rate of reaction.

{(a) A series of alcohols was treated with argentic picolinate at
50°C. The aleohol (0.5 mM.) was mixed with the oxidant (0.35g.:
1mM.) and 50% agueous dimethyl sulphoxide (iOml.) and kept at

a constant 40°C. until the colour change red-orange to white

had been completed. The time for the reaction was recorded

(see Table 3).
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(b) A series of alcohols was treated with argentic picolinate
at 40°C., The procedure was identical with (a) except that the
mixtures were shaken throughout the duration of the reaction.
(see Table 4),

Detailed investigation of reactions.

In general, twe procedures were undertaken for the isolation
of the products of oxidation of alecohols. One procedure involved
the formation of the 2,4-dinitrophenylhydrazone derivative;
the second involved the separation of the product{s)} and their
subsequent identification.

Procedure 1. The alecohol (3mM.) was reacted with argentic
plcolinate (2.1g.; 6mM.) in water (50ml.). The mixture was
heated under reflux at 70°C. and stirred for the duration of

the reaction. Nitrogen gas was bubbled slowly through

the mixture and any volatlle product was swept into a trap
containing 2,Y4~dinitrophenylhydrazine reagent (50ml.). The
reaction was continued until the colour change orange-red to
white had been completed; the mixture was then acidified with
hydrochloric acid (EN).and ccoled. The precipitated silver

salt was removed by filtratlion under reduced pressure and

the flltrate was treated with 2,4-dinitropheny1hydrazine reagent
until precipitation (if any) was complete. The solid derivatives
were combined and carefully washed free from the reagent on

a filter. The derivative was dried to a constant weight at
80°C. and the conversion of alecohol to carbonyl compound was

calculated on the basis of the weight recorded.
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Procedure 2. Procedure 2 was ldentical to procedure 1l with

the exception that (a)} nitrogen was not passed through the
mixture and (b) the aqueous solution (after the solid material
had been removed by filtration) was extracted with chloroform
or the product was isolated by rotary evaporation and subsequent
extraction of the resulting solid. (The physical properties of
the product(s) determined the method of isolation), The
following data were recorded for the alcohols nameds:-

Methanol, The alcohol (0.096g.) was treated by procedure 1

(0.8 hr.) and the formaldehyde was isolated as the 2,4-dinitro-
phenylhydrazone (2,4%-D.N,P,) derivative (0.48g.); m.p.=160°C;
yield, 80%. The proton magnetic spectrum (p.m.r.), recorded

in deuterochloroform (CDClj), see Table 12.

Ethanol. The alcohol {0.l4g.) was treated by procedure 1 {0.83 hr.)
and the acetaldehyde was isolated as the 2,4-D.N.P.derivative
(0.49g.); m.p.:lhloc; yield T7%. The p.m.r.spectrum, recorded
in CDClz, see Table 12.

nePropanol., The alechol (0.18g.) was treated by procedure 1

{1 hr,) and the proplonaldehyde was isolated as the
2,4-D.N.P.derivative (0.48g.); m.p.=151°C.; yield, T1%. The

p.m.r, spectrum, recorded separately in CDCl apd deutero=-

3
dimethyl sulphoxide, see Table 1l2.

iso-Propancl. The alcohol (0.18g.) was treated by procedure 1

(1.4 hr. ). The acetone was isolated as the 2,4~D.N.P.derivative
(0.56g.); m.p.=120-122°C.; yield, 79%. The p.m.r.spectrum,

recorded in GDClj, see Table 13.
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n-Butanol. The alcohol (0.22g.) was treated by procedure 1
(1.4 hr.) and the n-butyraldehyde was isolated as the
2,4-D.N.P.derivative (0.55g.); m.p.= 119-121°C.3 yield, T6%.

The p.m.r. spectrum, recorded in CDCl,, see Table 12,

3
iso-Butanol. The alcohol (0.22g.) was treated by procedure 1
(1.1 hr,) and the iso-butyraldehyde was isolated

as the 2,4-D.N.P.derivative (0.41g.); m.p.=183°C.; yield,

57%. The p.m.r. spectrum, recorded in CDClj, see Table 12,
sec-Butanol, The alcohol (0.22g.) was treated by procedure 1
(2.5 hr.) and the methyl ethyl ketone was isolated as the
2,4-D.N.P.derivative (0.49g.); m.p.=111-113°C.; yield, 683,

The p.mir. spectrum, recorded in CDCl,, see Table 13,

>
n-Pentanol. The alcohol (0.26g.) was treated by procedure 1
(1.5 hr.}. The n-valeraldehyde was isolated as the
2,4-D.N.P.derivative (0.57g.); m.p.= 106°C.; yield, T4%.

The p.m.r. spectrum, recorded in CDC].B, see Table 12,

iso-Pentanol. The alcohol {0.26g.) was treated by procedure 1

(1.25 hr.). The iso-valeraldehyde was isolated as the
2,4.D.N,P.derivative (0.47g.); m.p.=119-12100.: yield, 61%.
The p.m.r. spectrum, recorded in CDCly see Table 12,

neo-Pentanol. The alcohol (0.26g.) was treated by procedure 1

(1.3 hr.) and the pivalaldehyde was isolated as the
2,4-D,N,P.derivative (0.5% g.); m.p.=199-200°C (Lit.(162),
210°C.); yield, 70%. The p.m.r.spectrum, recorded in CDC1,3
see Table 12,

n-Hexanol. The alcohol (0.31g.) was treated by procedure 1

(1.5 hr.) and the n-hexanaldehyde was isolated as the
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2,4-D.N.P.derivative (0.56g.); m.p.=202°C.; yield, 69%.

The p.m.r.spectrum, recorded in CDCl_:; see Table 12,

3
Cyclohexanol. The alcohol (0.30g.) was treated by procedure

1 (1.3 hr.) and the oyclohexanone was isolated as the
2,4-D,N,P.derivative (0.48g.); m.p. =158°C.; yleld, 66%.
The p.m.r.spectrum, recorded in CDCl.; see Table 13.

3
2-Ethylhexanol. The alcohol (0.39g.) was treated by

procedure 1 (1.5 hr.) and the 2-ethylhexanaldehyde was
isolated as the 2,4-D,N,P.derivative {0.48g.); m.p.= 11900.:

yield, 52%. The p.m.r. spectrum, recorded in CDCl,; see

3
Table 12,

n-Heptanol, The alcohol (0.35g.) was treated by procedure 1l
(1.5 br.) and the n-heptanaldehyde was isolated as the

2,4-D ,N,P.derivative (0.46g.); m.p.=105°C; yield, 543,

The p.m.r. spectrum, recorded in CDCIE; see Table 12,
n-Decanol. The alecohol (0.47z.) was treated by procedure L
(2.3 hr.). The n-decanaldehyde was isolated as the 2,4-D.N.P.
derivative (0.66g.); m.p.=98°C. 3 yield, 68%.

DL-1-Phenylethanol, The alechol (0.37g.) was treated by

procedure 1 (2,6 hr.) and the acetophenone was isolated as
the 2,4-D.N.P.derivative (0.66g,); m.p.=247—249°0.; yield,

5%
DL~2-Phenylethanol, The alcohol (0.37g.) was treated by

procedure 1 (1.1 hr.) and the phenylacetaldehyde was 1so=-
lated as the 2,4-D.N.P.derivative (0.55g.); m.p.=114-116°C.;

yield, 61%,
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Benzhydrol, The alcohol (0.53g,) was treated by procedure 2
(5.75 hr.). The product in chloroform was examined by g.l.c.
on a silicon oil (8.E,-30) column at 250°C. A single peak
was recorded at Rt=4.2 min. whilst benzophenone was shown to
have an identical retention time under identical conditions.
Removal of the solvent ylelded benzophencne (0.42g.); yield, 80%.
Borneol. The alcohol {0.46g.) was treated by procedure 1
(L.75 hr.) and the camphor was isclated as the 2,4-D.N.P.
derivative (0.79g.); m.p.=172°C.; yield, T9%.

iso-Borneol. The aleohol {0.46g.) was treated by procedure 2
(7 hr.). The product in chloroform was examined by T.L.C, on
Kieselgel-GF254(0.5mm.) in 0% CHEOH/CHCI solvent. A single

>

f=0.62 was recorded, which ran concurrently with an

authentic sample of camphor. Removal of the solvent gave a

spot at R

white solid (0.24g.): yield, 53%. The p.m.r. spectrum, recorded

in carbon tetrachloride (CGlu), showed signals at the following

tal values:~ 8,15 (multiplets), T protons; 9.05(s), 3 protons;

9.15 (s), 6 protons. The p.m.r. spectrum of authentic DI~camphor,
recorded in CClu), was identical with the above unresglved spectrum,

2-Ethoxyethanol. The aleohol (0.27g.) was treated by procedure 1

(1.75 hr.) and the 2-ethoxyacetaldehyde was isolated as the
2,4-D.N.P.derfvative (0.41g.); m.p.=118%C. (Lit.( 163),115-116°C.);
yleld, 53%-

Tetrahydrofurfuryl alechol. The aleochol (0.35g.) was treated by

procedure 1 (1,6 hr.) and the tetrahydrofurfuraldehyde was
1solated as the 2,4-D.N,P.derivative (0.57g.); m.p.=120°C.;

yield, 62%.
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Benzyl alcohol, The alcohol (0.32g.) was treated by procedure

1 (1.1 hr.) and the benzaldehyde was isolated as the 2,4-D.N.P,
derivative (0.65g.); m.p.=232°c.; yleld, 79%.

p-Nitrobenzyl aleohol. The alcohol (0.46g.) was treated by

procedure 2 (2.5 hr.) and the product, in chloroform, was

examined by g2.l.c. on a silicon oll (S.E.-30) column at 25000.

A single peak was recorded at Rt= 2.75 min. whilst p-nitrobenzaldehyde
was found to have a Rt=2'70 min. under identical conditions.

Removal of the solvent gave p-nitrobenzaldehyde (0.38g.); yleld, 8i%,

Anisyl alcochol., The alcohol (0.41g.) was treated by procedure 2

(0.42 nr.) and chloroform extract was examined by g.l.c. on a

silicon oil (S.E.~30) colum at 210%¢. A peak was recorded

at Rt=3°56 min. whilst anisaldehyde was recorded at Rt=3'60 min.
under identical conditions. Removal of the solvent gave anisaldehyde
(0.%6g.); yield, 8T%.

3 4_Dimethoxybenzyl alecohol. The alcohol (0.5g.) was treated

by procedure 2 (0.08 hr.) and the product was examined by g.l.c.
on a silicon oil (S,E.~30) colum at 23000. A peak was

recorded at Rt=2.80 min. whilst veratraldehyde was recorded

at Rt=2'79 min, under 1ldentical conditions. The solvent was

removed to give veratraldehyde (0.42 g.); yield, 83%. The p.m.r.
spectrum, recorded in CClu, showed signals at the following

tau values f= 0.20 (8), 1 proton, 2.65 (double d,Jﬁ g 2 C.PeS.,
276

Jﬁ H6=10.c.p.s.), 1 proten; 2.7 (d’JﬁéH6= 2 ¢.ps8.), 1 proton;

5

3.15 (4, =10 ¢.p.s.), 1 proton; 6.15 (s), 6 protons.

J
HH,

Piperonyl alcohol. 'The aleohol (0.46g.) was treated by

procedure 2 (0.12 hr,) and the product was examined by g.l.c.
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on a silicon oil (8.E.=30) column at 2}000. A peak was
recorded at Rt=2.2 min. whilst piperonaldehyde was recorded

at Rt=2.2 min, under identical conditlions. Removal of

the solvent gave piperonaldehyde (0.36 g.); yield, T7%.
The p.m.r.spectrum, recorded in CCln, showed signals at
the following tau values:- 0.2(s), 1 proton; 2.65 (double 4,

J. =2 CePeS., J, =10 c.p.s.), 1 proton; 2,72 (4, J =
HoHg HiHg HyHg
2 c.p.s.), 1 proton, 3.10 (4, J, ., =10 c.p.s.), 1 proton;

3.92 (s), 2 protons.

A KINETIC STUDY OF ALCOHOL OXIDATION BY U.V,. SPECTROPHOTOMETRY.

Two graduated flasks (50.0ml.) were each charged with the
aleohol (approx.0.007 mM.) and the volume was made up to
50.00ml. with distilled water. The flasks were placed 1In
the cell compartment of the u.v.spectrophotometer and allowed
to reach ambient temperature (30003 1 hr.). Argentic
picolinate (approx.0.0l4 nM,) was added to one of the flasks
and the clock was started as the oxidant was virogously
shaken with the aqueous aleohol sclution. The quartz celis
(10 mm. path length) were filled (a) with the aguecus alcohol
solution and placed in the reference beam whilst (b) the
oxidant/agueous alcohol mixture was placed in the sample
beam. A measure of the decreasing absorbance at 325 myL
was recorded against time. The recorded data for the

aleohols examined were as follows :-
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1, Ethanol. The reactlon of argentic plcolinate (5.18 mg.)

and ethanol (0.3’4 mg.; 0,043 ml.).

t (min.} i% . Aps.-Peo tog)y(A s R )
1.5 0.700 0.095 -1.02

2.0 0.675 0.070 -1.155

2.5 0.655 0,050 -1.30

3.0 0.640 0.035 ~1.46

3.5 0.635 0.030 =l.52

6.0 0.615 0.010 -2.00

o 0.605 - -

2. n-Butanol, The reaction of argentic picolinate (5.08mg.)

with n-butanol (0.528 mg.; 0.066 ml.).

t (min,)  Ag, Aobs . oo 1085 (A e R oo )
1.5 0.84 0.25 -0.60

2.5 0.70 0.11 -0,96

3.5 0.64 0,05 -1.30

4.5 0.63 0,04 ~1.40

5.5 0,62 0.03 -1,52

o 0.59 - -

3. Cyclohexancl. The reaction of argentic picolinate

(5.095 mg.) and cyclohexanol (0.7L4 mg.; 0.075 ml.)

t (min.) A_o_pg. Aobs . 'Aoo loglo (Aobs . -A oo ).
0.75 0.84 0.22 -0.66
1.0 0.81 0.19 ~0.72
1.5 0.74 0.12 -0.92
2.0 0.70 0.08 -1,10
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3. Cyclohexanol {continued)

t (min.) f_EE' Aobs. Pao log) o (A shs R0 )
2.5 0.68 0.06 -1,22
3.0 0.66 0,04 ~1.40
k.0 0.64 0.02 =1.70
6.0 0.63 0.01 -2.00

m 0c62 - -

4, iso-Pentanol. The reaction of argentic picolinate

(5.008 mg.) and iso-pentanol (0.641 mg.; 0.079 ml.).

b (min.) Ay, Asbs. Ao 108158 s, o0 )
1.5 0.67 0.09 1,05

2.5 0.63 0.05 -1.30

3.5 0.61 0.03 -1,52

5.0 0.60 0.02 -1.70

00 0.58 - -

5. sec.-Butanol, The reaction of argentic picolinate-

(4.824 mg.) and sec-butanol (0.526 mg.; 0,065 ml.).

b (min.) A, Asbs. oo 108154 ps. 00 )
2.5 0.84 0.2k -0.62

3.5 0.76 0.16 ~0.80

4.5 0.70 0.11 -0.96

5.5 0.67 0.07 -1.15

7.0 0.63 0.03 ~1.52

0o 0.60 - -
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6. 2-Pentanol. The reaction of argentic picolinate (4,901

mg.) and é-pentanol {0.615 mg.; 0,076 mi.).

t(min.) A, Asvs, R oo 10815 (A s "R oo
2.5 0.92 0.32 -0.495

3.5 0.82 0.22 -0.66

4.5 0.73 0.13 -0.89

5.5 0.68 0.08 -1.10

7.0 0.64 0.04 ~1.40

9.0 0.62 0.02 ~1,70

12,0 0.61 0,01 -2,00

00 0.60 - -

7. Benzyl alcohol, The reaction of argentic picolinate

(4.82% mg.) and benzyl aleohol {(0.77L mg.; 0.072 ml.).

t (min.) 2295. Asbs. P00 loglO(Aobs."Aoa
1.0 0.70 0.10 -1.0

1.25 0.68 0.08 -1.05

1,50 0.67 0.07 =1.155

1.75 0.66 0.06 -1.22

2.25 0.64 0.04 -1.40

3.0 0.625" 0.025 -1.60

4,0 0.62 0,02 =-1.,70

8.0 0.615 0.015 - 1,82

m ' 0.60 - -
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8.  Hydrolysis of argenti¢ picolinate. The reaction of argentic

picolinate (5.195 mg.) with water (50.0 ml.),

t (min,) f_ég- Abs. oo 1oglo(A°bs‘-AcD )
1.5 1.32 0.74 ~0,13
6.0 1.26 0.68 -0.17
8.0 1.19 0.61 -0.215
10.0 1.10 0.52 -0.28
12.0 1.00 0.42 -0.38
14,0 0.92 0.34 -0.47
16.0 0.86 0.28 -0.55
18.0 0.81 0.23 -0.64
20.0 0.77 0.19 -0.72
22.0 0.74 0.16 ~0.80
25.0 0.70 0.12 -0.92
30.0 0.60 0.02 -1,70
0 0.58 - -

A.2. THE REACTION OF SILVER IT OXIDE WITH ALCOHOLS.

The alcohol (4mM,) was reacted with silver II oxide

(0.58.; 4mM.) in water (5 ml.). The mixture was heated under
reflux at TOOC.; and the mixture was stirred for the dwration

of the reaction. The reaction was allowed to proceed until

only elemental silver appeared to be present, The mixture was
treated with hydrochloric acid (2N) and cooled. The precipitated
silver salt was removed by filtration under reduced pressure

and the filtrate was extracted with chloroform. The residue

was extracted with chloroform (approx. 5ml.) and the extracts

were combined, dried and examined.
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Ethanol. The aleohol (0.19 g.) was reacted for 14 hr. and the
product was examined by g.l.c. on a PEG.A ¢colum at lTOOC.

A single peak was recorded at Rt=2'8 min. An authentic sample
of acetlce acild was recorded at R, =2.76 min. under identical

t
conditions, Tﬁe I.R. spectrum, recorded in chloroform solution,
showed absorbance at })"mx.(cm—l):- 3480 - 2560 (m,b) and
1720 (s). Yield, 1007.
n-Propanol, The aleohol (0.25g.) was reacted for 15 hr, and
the product was examined by g.l.c. on a FEG,A column at lTOOC.
A single peak was recorded at Ht=3.6 min., proplonic acid
showed Rt=3.6 min. under identical conditions. The I.R.spectrum,
recorded in chloroform solution, showed absorbance at
Y o len T )im 3580-2600 (m,b) and 1720 (s). Yield, 100%.
n-Butanol, The alcohol (0.28 g.) was reacted for 13 hr., and
the product was examlned by g.l.c. on a FEG,A column at 175°C.

Peaks were found to be present at R,=1.8 min. and Rt=5.7 min.

t
n-Butyraldehyde was recorded at R,=1.8 and n-butyric acid at

t
Rt=5'7 min. under identical conditions. Yield, n-butyraldehyde,
0.1%; n-butyric acid, 99.9%.
sec-Butanol. The alecohol (0.28 g.) was reacted for T2 hr., and
the product was examined by g.l.c. on a2 PEG,A column at 60°¢c.
Peaks were recorded at Ht=6 min. {sec-butanol concurrent) and
Rt=6.9 min. (methyl ethyl ketone concurrent). Yield, 96%.
n-Pentanol. The aleohol (0.35g.) was reacted for 15 hr. and
the product was examined by g.l.c. on a FEG.A colum at lTOOC.
A pesk at Rt=9.35 min. was recorded which was concurrent with

authentic n-pemtanoic acid. The I.R. spectrum, recorded in
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- chloroform solution, showed absorbance at y nax (em™t):-

3380 - 2300 (m,b) and 1720 (s). Yield, 100%.

iso-Pentanol. The alcohol (0.358;) was reacted for 15 hr.

and the product was examlned by g.l.c. on a PEG.A column at

l?OOC. A ﬁeak was recorded at‘Rt=5.25 min. Calculation of the
boiling point from a plot of b.p. vs. 105103t' for‘the homologous
acld series indicated a wvalue of 176.700. (g§g;pentanoic acia,
b.p.:l??oc.) The I.R. spectrum, recorded in chloroform, showed
absorbance at )Jmax.(cm."l)z- 3400 - 2300 {m,b) and 1720(s).

2-Ethylbutanol. The alcohol (0.4lg.) was reacted for 13 hr,

and +the product was examined by g.l.c. on a FEG,A colum at
160°C. Peaks were recorded at Rt=l‘95 and Rt=8'25 min.
Authentic 2-ethylbutanol (Rt=l'95 min.) and 2-ethylbutyric

acid {Rt=8.25 min.) were recorded under identical conditions.
Yield, 33%.

n-Hexanol. The alcohol (0.4lg.) was reacted for 24 hr. and the
product was examined by g.l.c. on a PEG.A column at lTOOC.
Peaks were recorded at Rt=2‘25 min. and Rt=10.35 min., whilst
suthentic samples of the aleohol and acid were recorded at

Rt=2.25 and‘10.35 min. respectively. Yield, 35%.

2-Ethylhexanol. The aleochol {0.52g.) was reacted for 14 hr. and

the product was examlned by g.l.c. on a FEG.A column at 17000.
A single peak was recorded at Rt=12'l5 min, This peak was
shown to be equivalent to 2-ethyl-n-hexanole acid recorded
under ldentical conditions. The I.R. spectrum, recorded in
chloroform, showed absorbance at )}max. (cm-l):- 3360 - 2620
{m,b) and 1720 (s). Yield, 100%.

n-Octanol. The aleohol {0.52g.) was reacted for 24 hr. and
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the product was examined by g.l.c. on a PEG.A colum at
170°C. Peaks were recorded at R,=3.9 min. and R,=2l.3 min.
and found to be equivalent to authentic samples of the
alcohol (Rt=3.9 min.) and n-octanoic acid (Rt=21'3 min. )
Yield, 22%.

Borneol, The alechol (0.62g.) was reacted for 15 hr. and
the product was examined by T.L.C. on Kieselgel-GFésu

(0.5mm. )} by development in 20% CHBOH/CHCl Two spots

%
were recorded at R.=0.91 (minor intensity) and Rf=0.84.

Bornecl and camphor run concurrently showed camphor to be

the major material present. Yield, ca. 50%.

iso-Borneol, The alcochol (0.62g.) was reacted for 72 hr, and

the product was compared with the product from the borneol reaction.
Camphor was shown to be the major material present.

Benzhydrol. The alcohol (0.75g.) was reacted for approx.

%6 hr. and the product was examined by g.l.c. on a silicen

01l (S.E.-30) column at 250°C. A peak was recorded at

Rt=3'75 min. whilst under identical conditions; benzhydrol,

Rt=4.2 min. and benzophenone, Ht=3’75 min. were recorded.

p~Nitrobenzyl alcohol, The aleochol (0.62g.) was reacted for

72 hr. and the product was examined by T.L.C. in 50/50
ether/petroleum ether. A single spot at Rf;0.25 was
recorded. p-Nitrobenzyl alcchol and p-nitrobenzaldehyde,

examined as internal standards, showed R_=0.25 and Rf=0.6

f
respectively, Starting material recovered unchanged.
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Benzyl alcohol, The alecohol (0.43g.) was reacted fbr'lz hr,

and the product was examined by g.l.c. on a silicon oil
(8.E.=-30) colum at 150°C. Peaks were recorded at Rt=3.3
min, and Rt=6'75 min. Benzaldehyde (Rt=3.3 min.) and benzyl
alcohol (6.75 min.)} were recorded under identical conditions.
The extract was shaken with sodium hydrogen carbonate and
subsequent acid treathent and examination showed benzolc acid
to be absent. Yield, 12% (benzaldehyde).

Anisyl alcohol., The aleochol (0.56g.) was reacted for 15 hr.

and the product was examined by g.l.c. oh a silicon oil (S.E.-30)
column at 200°C., Peaks were recorded at Rt=3'15 min. and Rt=3.6 min,
Anisaldehyde and anisyl alcohol were recorded at.Rt=3.l5 min.

and Rt=3.6 min., respectively, under ldentical conditions.

Yield, 44%. The extract was shaken with aqueous sodium

hydrogen carbonate solution and subsequent acid treatment

and examination showed anisic acld to be absent.

Piperonyl alechol. The alcohol (0.62 g.) was reacted for

13 hr. and the product was examined by g.l.c. on a silicon
ol (S.E.-30) column at 23000. Peaks were recorded at
Rt=2'7 min, and Rt=3.3 min. and were shown to be equivalent
to pilperonaldehyde and piperonyl alcohol, respectively.

The product was shaken with aqueous sodium hydrogen carbonate
and subsequent acid treatment and examination showed
piperonylic acid to be absent. Yield, 48% (piperonaldehyde}.

3,4-Di methoxybenzyl alecohol. The alecohol (0.68g.) was

reacted for 60 hr. and the product was examined by T.L.C.
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Spots were recorded at Rf=0.61 (veratraldehyde) and

RfFO.Hl (veratryl alcohol) when developed with 103
CI:HBOH/CHCI3 on Kieselgel-GFé54(0.5 mm, ). Relative inten-

sitles of the two spots lndlcated that the yleld of the
aldehyde was approx. 50%.

B.l. THE REACTION OF ARGENTIC PICOLINATE WITH ALDEHYDES,

(a) Initial investigation of rate of reaction.

A series of aldehydes was treated with argentic picolinate
at 50°C. The aldehyde (0.5 mM.) was shaken with the oxidant
(1mM.) and 50% aqueous dimethyl sulphoxide (10ml.) and kept
at a constant 50°C. until the c¢olour change red-orange to
white had been completed. The time for the reaction was
recorded. {see Table 17).

(b) The aldehyde (3mM.) was reacted with argentic picolinate
(2.0g.; 6mM.) in water (50 ml.). The mixture was heated
under reflux at TOOC. and stirred for the duration of the
reaction. The reaction was allowed to proceed untll the
colour ¢hange red-orange to white had been completed and

the mixture was then treated with hydrochloric acid (2N) and
cooled. The precipitated silver salt was removed by flltration
under reduced pressure and the residue was washed with a
small portion of chloroform (approx.lOml.). The filtrate
was extracted with chloroform and the organic extracts were
combined, dried and examined.

p-Nitrobenzaldehyde. The aldehyde (0.43g.) was reacted for

26 hr, and the product was examined by T.L.C. The extract

was shown to contain a spot at Rf=0.75 (concurrent with
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p-nitrobenzoic acid) when run in 1003 ether, The extract
was shaken with agqueous sodium hydrogen carbonate solution
and subsequent isolation gave p-nitrobenzoic acid (0.15g.).
Yield, 31%.

Benzaldehyde. The aldehyde (0.3g.) was reacted for 25 hr.

and the produet was isolated by formation of the sodium
galt and acid precipitation., A& white solld (0:2g.) separated,

m.ps=119°C. Yield, 58%.

Anisaldehyde, The aldehyde (0.39g.) was reacted for 8 hr.
and the product was examined by T.L.C. The chromatogram
(run in 50% ether/petroleum ether) showed spots at

f=0 .05
(picolinic acid), The product was isolated from the mixture

R.=0i9 (anlsaldehyde), R.20.6 (anisic acid) and R

by treaiment with agueous sodium hydrogen carbonate solution,
acid treatment and extraction with chloroform. Removal of
the solvent gave a white solid (0.25g.); yield, 57%.

Piperonaldehyde, The aldehyde (0.43g.) was reached for

0.5 hr, and the product was examined by T.L.C.; a single

f=0.8 was observed in 50% ether/petroleum ether.

Piperonaldehyde ran concurrently. Removal of the solvent

spot at R

gave a solid (0.25g.). Recovery of starting material,
approx. 60%.

3,4.-Dimethoxybenzaldehyde. The aldehyde (0.47g.) was

reacted for 2,1 hr. and the product was examined by T.L.C.;
a single spot at Rf=0.75 {veratraldehyde) was recorded in
50% ether/petroleum ether. Removal of the solvent gave a

solid (0.%g.); recovery of starting material, 85%.
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B.2. THE REACTION OF STIVER II OXTDE WITH ALDEHYDES.

The aldehyde (4mM.) was reacted with silver II oxide
(0.5g.; 4mM.) in wa;er {5ml.). The mixture was heated
under reflux at 70°C. and was stirred for the duration of
the reaction. The reaction was allowed to proceed until
only elemental silver appeared to be present. The mixture
was treated with hydrochloric acid (2N) and cooled. The
prec¢ipitated silver salt was removed by filtration under
reduced pressure and the residue was extracted wlth
chloroform (approx. 5ml.). The filtrate was extracted with
chloroform and the extracts were comblned, dried and examined.

2-Ethylbutyraldehyde. The aldehyde (0.4g.) was reacted for

18 hr. and the product was examined by g.l.c. on a2 silicon
oil (S.E.-52) column at 95°C. Peaks were recorded at
Rt=1.32 min. and Rt=3.9 min. 2-Ethylbutyraldehyde and
2-ethylbutyric acid had Rt=1‘30 and 3.90 min., respectively.
Yield, 937.

n-Hexanaldehyde. The aldehyde (0.l4g.) was reacted for

22 hr, and the product was examined by g.l.,c. on a silicon
oil (8.E.-30) column at 170°C. A single peak at R,=2.40 min.
(n-hexanoic acid) was recorded. Yield, 100%,

2-Ethylhexanaldehyde. The aldehyde (0.52 g.) was reacted

for 25 hr. and the product was examined by g.l.¢. on a silicon
o1l (S.E.-52) column at 130°C. Peaks were recorded at
Rt=l.35 min. (aldehyde) and Rt=2'85 min. (2-ethyl-n-hexanoic

acid). Yield, 687.
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p-Nitrobenzaldehyde. The aldehyde (0.60g.) was reacted for

21 hr. and the product was examined by T.L.C. Spots were

recorded at Rf=0.6 and R,=0.14 when run in 10% petroleum

ether/chloroform. p-Nitrobenzoic acid ran at R_=0.1l4.

£
Isolation of the acid by treatment with aqueous sodium
hydrogen carbonate and subsequent re-extraction (after acid
treatment) gave a solid (0.25g.); m.p.= 176 - 178°%.

Yield, 387.

Benzaldehyde. The aldehyde (0.43 g.) was reacted for 22 hr,

and the product was isolated by treatment with aqueous sodium
hydrogen carbonate solution and subsequent re-extraction.
Removal of the solvent gave a white solid (0.25g.) which was
shown to be benzoic aecid by T.L.C. (Rf=0.9 in ether solution).
Yield, 51%.

Anisaldehyde. The aldehyde (0.55g.) was reacted for lOhr. and the-

product was isolated by treatment with aqueous sodium hydrogen
carbonate solution and subsequent re-extraction, A solid
{(0.35g.) was formed and shown to be anisic acid by T.L.C.
(Rf=0.35 in 50% chloroform/petroleum ether). Yield, 577.

3,4-Dimethoxybenzaldehyde. The aldehyde (0.66 g.) was reacted

. for 12 hr, and the product was examined by T.L.C. on g
Kieselgel—GFé54(0.5mm.) plate. Spots were recorded at
Rf;O.TB (veratraldehyde ) and Rf=0.43 in 107 CHBOH/CHCIE.
The acid was isolated as a pale yellow solid (0.34g.);
m.p.=170 - 172°C (subl.). Yield, ¥7%.

Piperonaldehyde. The aldehyde (0.6g.) was reacted for 20 hr,

and the product was examined by T.L.C, on Kieselgel-GFésu
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(0.5mm.). Spots were recorded at nfao.77 (aldehyde) and Rf=0.18

in 1073 CH'j_OH/CHCl3 solution. The acid was isolated by
treatment with aqueous sodium hydrogen carbonate solution
and subsequent re-extraction gave a solid (0.2g.); m.p.=

215 - 21700. (subl.); yield, 30%. I.R. spectrum absorptions
at the following vmax.(cm-l):- 3220 - 2400 (b), 2620 (w),
2560 (w), 1680 (s,b), 1610 (s), 1580 (w), 1300 (s,b), 1260
(s) and 1115 (s).

C. THE REACTION OF ARGENTIC PICOLINATE AND SILVER II OXIDE

WITH ORGANIC-PHOSPHORUS COMPOUNDS.

(a) A series of organic phosphorus compounds was treated

with argentic picolinate at SOOC. The compound (O.5mM.) was
mixed with the oxidant (0.35g.; 1lmM.) and 507% aqueous dimethyl
sulphoxide (10ml.) and kept at a constan£ 50°C. until the colour
change red-orange to white was noted. This time of the reaction
was noted; see Table 2L,

(b) The phosphorus compound (0.8 mM.) was reacted with argentic
picolinate (0.57g.;. 1.6nM. ) and aqueous dimethyl sulphoxide
(10ml.; 25% DMSO) at 60°C., The mixture was shaken intermittently
until the colour change red-orange to white had occurred and

the mixture was acidified with hydrochlorie acid (2N) and
cooled., The precipitated silver salt was removed by flltration
under reduced pressure and extracted with chloroform. The
filtrate was extracted with chloroform, washed with water

to remove DM30 and filtered. The extracts were combined,

dried and examined by T.L.C.
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(¢) 'The phosphorus compound {0.8 mM.) was reacted with
silver IT oxide (0.lg.; mM.) and water (10ml.) at &0°c.

The mixture was shaken intermittently until elemental silver
was present. The preoduct was isolated as described above

and examined by T.L.C. Comparison was made with the product
from reaction with argentic picolinate.

Triphenyl phosphine. The phosphine (0.21g.) was reacted

separately with the two oxidants and the products were
examined by T.L.C. in chloroform. The argentic plcolinate
product showed a single spot at Rf=0.26 (triphenylphosphine
oxide) whilst the other product showed spots at Rg=0.7,
0.3 and 0.26, The product of the former reaction (a white
so0lid) was isolated and the I.R. spectrum was recorded.
Absorptions were recorded at the following v rna.x.(cm-l):'
%060 (w), 2930 (w), 1980 (w), 1910 {w), 1820 (w), 1740 (w),
1590 (w), 1480 (m), 1435 (s}, 1320 {(w), 1190 {s), 1160 (w),
1120 (s), 1090 (m), 1070 (w), 1025 (w)}, 970 (m}, 850 (w),
755 (s), T45 (s), T20 (s) and 695 (s).

Triphenyl phosphite. The phosphite (0.25g.) was reacted

separately with the two oxldants and the products were examined
by T.L.C. in 509 chloroform/petroleum ether. Both products
showed spots at Rf=0.83 and 0,52. Phenol ran concurrently at
Rf=0.83 and triphenylphosphate (145) at Rf=0.52.

Trihexyl phosphite. The phosphite (0.27 g.) was reacted

separately with the two oxldants and the products were examined

by T.L.C. in 5073 chloroform/petroleum ether. Both products
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showed spots at Rf=0.9 and 0,52 whilst the product of
argentic picolinate reaction also showed spots at nf=o.7u,
0.65 and 0.30. Trihexyl phosphite, trihexylphosphate (145)
and n-hexanol were shown to have Rf=0.90, 0.52 and 0.T4
respectively, when run concurrently.

Tridecyl phosphite. The phosphite (0.41g.) was reacted

separately with the two oxidants and the products were examined
by T.L.C. in 207 chloroform/petroleum ether. Spots were
recorded at Rf=0.95,.0.73 and 0.36 for both reaction products.
Tridecyl phosphite, tridecyl phosphate (145) and n-decanol

were shown to have Rf=0.95: 0.73 and 0.36 respectively, when
™Mn concurrently.

Trilauryl phosphite. The phosphite (0.48g.) was reacted

separately with the two oxidants and the products were
examined by T.L.C. in 5% chloroform/petroleum ether. Spots
were recorded at Rf=0.85, 0.64 and 0.30 for both products.
Trilauryl phosphite, trilauryl phosphate (145) and n-dodecanol
were shown to have Rf=0.96, 0.6% and 0.85 respectively, when
run concurrently.

D.1. THE REACTION OF /RGENTIC PLCOLINATE WITH AMINO-ACIDS AND

- AMINO-ACID ESTERS.,

(a) Amino-acids. The amino-aclid (3mM.) was reacted with
argentic picolinate (2.0g.; 6mM.)} in water (50 ml.). The
mixture was heated at TOOC. under reflux and stirred for the
duration of the reaction. Nitrogen gas was bubbled through

the mixture and any volatile product(s) was swept into a trap
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containing 2,4-dinitrophenylhydrazine reagent (50 ml.). The
reaction was continﬁed until the colour change orange-red Yo
white had been completed; the mixture was then treated with
hydrochloric acid {2N) and cooled. The precipitated silver
salt was removed by filtration under reduced pressure and
the filtrate was treated with 2,4%-dinitrophenylhydrazine
reagent until precipitation (if any) was complete. The solid
derivatives were combined and carefully washed free from the
reagent., The derivative was dried to constant weight and
the converslion to the carbonyl compound was calculated on
the basis of the weight recorded.

DL-a-Alanine. The amino-acid (0.26g.) was reacted for

26 min., and acetaldehyde was isolated as the 2,4-D.N.P.
derivative {0.54g.); m.p.= 141°.; yield, 88%. The p.m.r.

spectrum, recorded in CDClB, see Table 12,

DL-a-Amino-n~butyric acid. The amino-acid (0.3g.) was reacted

for 25 min. and propionaldehyde was isolated as the
2,3-D,N.P,derivative {0.5g.); m.p.=148 - 150°¢. ; yield, T72%.
The p.m.r. spectrum, recorded in CDClj, see Table 12.
DL-Valine. The amino-acid (0.34g.) was reacted for 28
min., and iso-butyraldehyde was isolated as the 2,4-D.N.P.
dertvative {0.65g.); m.p.<187°C.; yield, 90%. The p.m.r.
spectrum, recorded in CDCl_, see Table 12.

2
DL-nor-Valine. The amino-acid (0.34g.) was reacted for

18 min. and n-butyraldehyde was isolated as the 2,4-D.N.P.
derivative (0.67g.); m.p.=119°C.; yield, 93%, The p.m.r.

spectrum, recorded in CDCl,, see Table 12,

3
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DL-leucine. The amino-acid (0.38g.) was reacted/}or 18 min.
and iso-valeraldehyde was isolated as the 2,4-D,N,P.derivative
(0.65g.}; m.p.=119°C.; yield, 88%. The p.m.r. spectrum,
recorded in CDCl,, see Table 12,

3
DL-nor-Leucine. The amino-acid (0.38g.) was reacted for

38 min. and n-valeraldehyde was isolated as the 2,4-D.N.P.
derivative (0.708.); m.p.=122°C.; yield, 95%. The p.m.r.

spectrum, recorded in CDCl,, see Table 12.

>
DI~iso-Ieucine. The amino-acid (0.38g.) was reacted for 33 min.

and 2-methylbutyraldehyde was isolated as the 2,4.D.N.P.
derivative (0.67g.); m.p.=120-121°¢. (Zit.(162), 120.5°C.);

yield, 91%. The p.m.r.spectrum, recorded in CDCl,, see Table

3
12,

DI~@-amino-n-octanole acid. The amino-acid (0.46g.) was

reacted for 39 min. and n-heptanaldehyde was 1lsolated as the
2,4-D,N.P.derivative (0.8g.); m.p.=104°C.; yield, 75%. The

p.m.r.spectrum, recorded in CDCLl., see Table 12.

3
DL-Phenylglyeine. The amino-acid (0.43g.) was reacted for

25 min. and the product was 1lsolated by extraction with chloro-
form (exception to general procedure; Né was not passed into

the reaction mixture) and examined by g.l.c. on a silicon oil
(8.E.-30) colum at 120°C. A single peak was recorded at Rt=4.65
min. Benzaldehyde, Rt=4.65 min., was recorded under ldentical
conditions. Removal of the solvent gave benzaldehyde (0.2g.);

yield, 7555-
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DL-Phenylalanine. The amino~acid (0.47g.) was reacted for

25 min. The product was extracted with chloroform and

examined by g.l.c. on a silicon oil (S.E.-30) column at 170°¢C.
when a peak was recorded at Rt=2'7 min. {Phenylacetaldehyde

was recorded at Rt=2'7 min. under identical conditions).

T.L.C. examination on Kieselgel-GF254(0.5mm.) in chloroform
showed spots at Rf=o.83 (phenylacetaldehyde) and R.=0.17
(phenylacetic acid, very minor spot). Treatment with agqueous
sodium hydrogen carbonate solution and subsequent extraction gave
phenylacetaldehyde (0.25%g.). Yield, T3%.

L-Amino-n~-butyric acid. The amino-acid (0.3g.) was reacted for

32 min. Succinaldehydic acid was 1solated as the 2,4-D.N,P.
derivative (0.65g.); m.p.=196°C. (Lit.(162), 200.5°C.); yield,
T9%.

I-Glutamic acid. The amino-acid (0.42g.) was reacted for

22 min. and sucecinaldehydic acid was isolated as the 2,4-D.N,P.
derivative (0.65g.); m.p.=194°C.(Lit.(162), 200.5°C.); yleld 83%.

Reaction of pyruvic acid with argentic picolinate.

Pyruvic acid (164) (0.5 g.; approx. 0.6mM) and argentic
pleolinate (4.0g.; 1.2mM.) were heated bogetber under reflux
at TOOC. in water (50ml.). Nitrogen was slowly passed through
the mixture into a trap containing 2,4-dinitro phenylhydrazine
reagent (approx. 50ml.). After 40 min. the oxidant had been
reduced but no precipitate was found in the trap. The mixture
was treated with hydrochloric acid (2N), cooled and the solid
material was removed by filtration under reduced pressure. The

filltrate was dlstilled at atmospheric pressure and the fraction
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distilling at 100°C. was collected (approx.lOml.). Examination
by g.l.¢c. on an apiezon-L column at lOOOC. showed no peak to be
recorded, Under identical conditions, acetlc acid had an

Rt=40 Sec,

Reaction of pyruvic acid with picoliniec acid.

Pyruvic acid (0.5gi; 0.5TmM.), plecolinic acid (0.7g.:
0.5TrM. ) and water (50ml.) were heated together under reflux
at 70°C. for 19 hr. Nitrogen was passed through the reaction
mixture and into a trap tontaining 2,H-dinitrophenylhydrazine
reagent (approx. 25ml.). No derivative was found in the trap
at the end of the reaction.

Reaction of pyruvic acidinth argentous picolinate.

The mixture from the above reaction was treated with freshly
precipitated silver hydroxide (lg.; BmM.) and the reaction was
allowed to proceed for & further 26 hr. At the end of this time,
no precipitate w;s found in the trap.

{b). «-AMINO-ACID ESTER HYDROCHLORIDES.

The amino-acid ester hydrochloride (3nM.) was added to
sodium hydrogen carbonate (0.24g.; 3mM.) in water (50ml.)
After the evolution of carbon dioxide had ceased, argentic plcolinate
{(2.0g.; 6mM.) was added and the mixture was stirred under reflux
at TOOC. The reaction was allowed to proceed until the oxidant
had been completely reduced (i.,e. colour change red-orange to
white). The mixture was treated with hydrochlorie acid (2N),
cooled and the precipitated silver salt was removed by filtration.
The residue was extracted with chloroform. The filirate was
extracted with chloroform and the extracts were combined, dried

and examined.
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DL-a-Ethyl alaninate hydrochloride. The ester hydrochloride

(0.48g.) was reacted for approx. 30 min, The product was
examined by g.l.c. on an apiezon-IL column at 100°¢C. Peaks
were recorded at Rt=0.8 min. and Rt=l.3 min. whilst under

the same conditlons, ethyl acetate and ethyl pyruvate (165) had
identical retention times with the product peaks. The mixture
was separated by preparative g.l.c. on a PEG,A colurn at 120°¢.
to glve ethyl pyruvate; yleld, 49%. The p.m.r. spectrum,
recorded in 0014, showed signals at the following tau values:-
5.75 (q,J=8 ¢.p.s.), 2 protons; 7.65 (s), 3 protons; 8.65
(t,9=8 c.p.s.), 3 protons. Ethyl acrylate; yield, 51%; p.m.r.
spectrum, recorded in CClh, showed signals at the following tau
values:- 4,0 {m), 3 protons; 6.88 (q, J=7 ¢.p.s.), 2 protons;

8.7 (t, J=7 c.p.s.), 3 protons.

DL-Methyl valinate hydrochloride.The ester hydrochloride (0.48g)

was reacted for 20 min. The product was examined by g.l.c. on
a PEG.A.column at 120°C. when peaks were recorded at Rt=3.6
min, and 4.95 min.; ‘ratio of peak areas was 13%% and 87%
respectively. The 1.R. spectrum of the mixture showed
absorptions at the following \J max.(cm.'l):?’-q’\o(ob,w), 2980 (m),
2940 (w), 2880 (w), L1755 (sh), 1740 (s), 1735 (s), 1680 (w),
1515 (m), 1465 (m), 1435 (m), 1385 (w), 1370 (w), 1270 (s),
1255 (sh), 1170 (w), 1110 (w), 1045 (s), 930 (w), 865 (w),

790 (s), 770 (s) and 685 (w). The p.m.r. spectrum, recorded
in CClq, showed signals at the following tan values:-

6.2 (s), 3 protons; 6.8 (h,J=7.5 c.p.s.)}, 1 proton; T.9 (s),

2 protons; 8.7 (d), 6 protons; 8.85 (4, J=T.5 c.p.s.),

6 protons.
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I-Methyl leucinate hydrochloride. The ester hydrochloride

(0.52g.) was reacted for 20 min. and the product was examined
by g.l.c. on a PEG.A column at 120°C, Peaks were recorded

at R$=2'55 min. and Rt=9'3 min.; ratio of peak areas was 38%
and 62% respectively. The I.R. spectrum showed absorptions

at the following y>max.(cm.'l):- 3380 (b,w), 2960 (s), 29%0 (s},
2860 (m), 1745 (s), 1680 (m), 1590 (w), 1570 (w}, 1515 (m),
1465 (m), 1435 (m), 1370 (w), 1265 (m}, 1205 (w), 1165 (w),
1120 (b,w), 1020 (w), 800 (m) and 750 (m). The p.m.r. spectrum,
recorded in CClu, showed signals at the following taw values:-
6.2 (s), 3 protons; 6.25 (m), I proton; 7.3 (d,J=7.5 c.p.s.),
7.8 (m), 2 protons;8.2 (m), 1 proton; 8.9 (a, J=6 c.p.s.),

6 protons; 9.0 (4, J=6 c.p.s.}, 6 protons.

D.2, THE REACTION OF SILVER IT OXIDE WITH a-AMINO-ACIDS.

The ¢-amino-acld (4nM.) was reacted with silver IT oxide
(0.5g.; 4mM.) in water (5ml.). The mixture was heated under
reflux at TOOC. and the mixture was stirred for the duration
of the reaction. The reaction was allowed to proceed until only
elemental silver appeared to be present. The mixture was
treated with hydrochloric acid {2N) and cooled. The precipitated
silver salt was removed by filtration under reduced pressure
and extracted with chloroform (approx. 5ml.). The filtrate
was extracted with chloroform and the extracts were comblned,
dried and examlned,

DL-a-Alanine. The amino-acid (0.36g.) was reacted for 12 hr.

and the product was examined by g.l.c. on a PEG.A.colum at 17000.
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A single peak was recorded at Rt=2'55 min.; acetlic acid,

Rté2.55 min. was recorded under identical conditions. The

I.R.spectrum, recorded in chloroform, showed absorptions at
‘ -1 :

the following \P max.(cm. yi= 3520 - 2460 {b), 1720 (s).

Yield, 100%.

DL-2-Amino-n-butyric acid, The amino-acid (0.4lg.) was

reacted for 14 hr. and the produet was examined by g.l.c.
on a silicon oil (S.E.-30) column at 130°C. A peak was
recorded at Rt=1.35 min. Proplonic acid was recorded at
1.35 min, under identical conditions. Yield, 100%.
The above reaction was repeated under ldentical
conditions with the exception that nitrogen was passed
slowly through the mixture. Any volatile material was
swept into a trap containing 2,4-dinitrophenylhydrazine reagent
(approx. 50ml.). Propionaldehyde was isolated as the 2,4-D.N.P.
derivative {0.35g.); m.p.=146-149°C.; yield, 37%. The p.m.r.

spectrum, recorded in CDCl_, see Table 12.

3
DL-nor-Valine. The amino-acid (0.47g.) was reacted for

12 hr. and the product wag examined by g.l.c. on a silicon

oil (S.E.-52) colum. A peak at R.=3.75 min, {n-butyric

acid) was recorded. Examination on a PEG.A column at 175°C.
showed a single peak at Rt=5.7 min. (grbutyric, 5.7 min., under
identical conditions). The I.R. spectrum, recorded in

CHCl.,, showed absorptions at the following )’max (cm‘l):-

5
approx.3500 « 2400 (b), 1720 {s). Yield, 100%.
DL-Valine. The amino-acid (0.47g.) was reacted for approx.

20 hr. and the product was examined by g.l.c. on a PEG.A

-130-



colum at lTOOC. A peak was recorded at Rt=4.2 min. from
which & b.p.= 156°C. was calculated (iso-butyric acid, b.p.
= 155°C.). The I.R., spectrum, recorded in chloroform, showed
absorptions at the following \) max.(cm.-l):- 2500 - 2450
(b), 1720 (s). Yield, 100%.

DlL-nor-leucine. The amino-acid (0.52 g.) was reacted

for approx. 12 hr. and the product was treated with aqueous
sodium hydrogen carbonate solution. Subsequent acid treatment
and isolation gave n-pentanoic acid (0.2g.); yield, 49%.

The p.m.r. spectrum, recorded Iin CClu, showed signals at

the following tau values:- -1,85 (s), 1 proton; 7.75

(t, J=6 c.p.s.), 2 protons; 8.48 (m), 4 protons; 9.05

(t, J=6 ¢.p.s.), 3 protons. Examination by g.l.c. on a

PEG.A column at lTOOC., showed the product to have an identical
retention time to authentlc materlal.

The chloroform extract, containing a single, neutral
compound (by g.l.c.), showed & p.m.r. spectrum which was
inconclusive.

Dl-leucine. The amino-acid (0.52g.) was reacted for approx.

12 hr. and the extract was treated with aqueocus sodium hydrogen
carbonate solution. Subsequent acid treatment and isolation
gave 1so-pentanoic acid (0.25g.); yield, 61%. The p.m.r.
spectrum, recorded in CClu, showed zlgnals at the following

tay values:~ -2,05 (s), 1 proton; 7.8 (d, J=2.5 ¢.p.s.),

2 protons; 7.9 (m), 1 proton; 9.0 {d, J=6 ec.p.s.), 6 protons.

The chloroform extract, containing a single, neutral
compound (by g.l.c.), showed a p.m.r. spectrum which

was inconclusive.
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DL-iso-Ieucine. The amino-acid (0.52g.) was reacted for

approx,. 12 hr, and the product was treated with aqueous sodium
hydrogen carbonate solution. Subsequent acid treatment and
isolation gave 2-methylbutyric acid (0.22g.); yield, 53%.
The p.m.r. spectrum, recorded in CClu, showed signals at the
following tau values:- -1.95 (s), 1 proton; 7.6 (m), 1 proton;
8.75 (m), 2 protons; 8.8 (d, J=T7 c¢.p.s.), D protons; 9.05
(t, J=7 e.p.s.}, 3 protons.

The chloroform extract, containing a single, neutral
compound (by g.l.c.), showed a p.m.r. spectrum which was
inconchSive.

DL-2-Amino-n-octanoic acid. The amino-acid (0.64g.) was

reacted for 24 hr. and the extract was treated with aqueous
sodium hydrogen carbonate solution. Subsequenf acld treatment
and isolation gave n-heptanolc acid (0.3g.); yield, 58%.

The p.m.r. spectrum, recorded in CClu, showed signals at the
following tau values:- -1,7 (s8), 1 proton; 7.7 (t, J=6 c.p.s.),
2 protons; 8.5 (m), 8 protons; 9.1 (coll.t), 3 protons.

The chloroform extract, containing a single neutral
compound (by g.l.c.), showed a p.m.r. spectrum which was
inconclusive., The I.R. spectrum showed absorptlions at the
following Y (em):- 3580 (b,s), 3210 (b,s), 2970 (m),
2950 (s), 2870 (m), 1710 (w), 1670 (s,b), 1635 (s,b}), 1470 (m),
1420 (s), 1410 (s), 1355 (w), 1320 (m), 1270 (m), 1220 (m),
1140 (m), 875 (w), 810 {(w), 725 {w) and 700 (b,s).

DL-Phenylglyeine. The amino-acid (0.6lg.) was reacted for

10 hr. and the product was examined by g.l.c., on a silicon
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o1l (S.E.-30) column at 130°C. A peak was recorded at
Rt=4.65 min.; benzaldehyde, examined under identical
conditions was recorded at Rtuh.GS min. Removal of the
solvent, after the product had been shaken with aqueous

sodium hydrogen carbonate solution, gave benzaldehyde (0.3g.);
yield, T9%.

E.l, THE REACTION OF ARGENTIC PICOLINATE WITH SOME ORGANO-

NITROGEN COMPOUNDS.

Procedure (a) The nitrogen~compound (0.01M.), argentic

plcolinate (0.02M.), dimethyl sulphoxide (10ml,) and water
(10ml,.) were heated together under reflux. The time for the
colour change orange-red to white was recorded and the mixture
was poured into water (250ml.)}. After treatment with hydro-
chloric acid (2N), the precipitated silver salt was removed

by filtration under reduced pressure and the filtrate was
extracted with chloroform.

Procedure (b) Procedure (a) was followed with the exception

that dimethyl sulphoxide was omitted from the reaction mixture.
Hence the necessity to pour the reacted mixture into excess
water was removed.

Benzylamine. {(a) The amine (1.07g.) was reacted for 10 min.

at 40°C. and the product, after isolation, was shown to be
benzaldehyde; the I.R. Spectrum was identical with authentic
material.

(b) The reaction was carried out at 70°C. for 1 hr. and the
product was isolated as the 2,4-D,N.P.derivative (1.3g.)

from the aqueous filtrate. Yield, 46%.
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t-Butylamine. (b) The amine (0.73g.) was reacted for

64 hr, at TOOC. and nitrogen was passed slowly through the
mixture. Any volatile material was swept into a trap
containing bromine/carbon tetrachloride solution. The
contents of the trap were treated with agueous sodium
metabisulphite solution and the organic phase was dried
and examined by g.l.c. on a silicon oil (8.E.-30) column
at 130°C. A peak was recorded at Rt=#.0 min. whilst on an
apeizon-L colum at 100°¢. a peak was recorded at Rt=3.} min.
| On both columns, under identical conditions, l,2-dibromo-2-
methylpropane recorded similar retention times. Removal of
the solvent gave a liquid (1g.); ND

22
1.5160), Further examination by g.l.c., showed solvent to

= 1.4830 (Lit.(1G6),

be present to a small extent. Yield, approx. 40%,

N-Acetylbenzylamine., (a) The compound (1.5g.) was reacted

for 20. min. at 50°C. The product was isolated and examined by
I.R. spectroscopy. DBenzaldehyde gave an identical spectrum.
(b) The compound was reacted at 70°C. for 20 hr. and the
product was 1isolated from the aqueocus filtrate by formation

of the 2,4.D.N,P.derivative (l.%g.); yield, 49%.

Cinnamide, (a) The compound (1.47g.) was reacted at wo°c.

for 10 min. During this time ammonia was evolved. The

product was isolated and examined by its p.m.r.spectrum.

The spectrum, recorded in CDCl_, showed signals at the

>
following tsu values:- ~0.1 (s), 1 proton; 2.23
(4,J=16 c.p.s.), 1 proton; 2.55 (m), 5 protons; 3.6

(4,J=16 c.p.s.) 1 proton., The low field proton was exchanged
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when shaken with deuterium oxide. Cinnamic acid (0.4g.)
was isolated; yield, 537.

(b) The reaction was repeated at 60°C. for 40 min.
Cinnamic acld was again isolated.

Benzylidene-p-nitroaniline. {a) The compound (2.7g.) was

reacted at 40°C. for 5 min. A brown complex was formed which
disappeared upon addition of dilute acid. The chloroform extract
was shown to contain benzaldehyde (I.R.spectroscopy) whilst the
aqueous layer upon treatment with aqueous sodium hydregen
carbonate and subsequent extraction gave p-nitroaniline; m.p.=
142-145%C,

(b) The reaction was repeated at 65°C. for 3.5 hr.,

Benzaldehyde and p-nitroaniline were lsolated.

Benzoin-oxime., (a) The compound(2.3g.) was reacted at 40°%.

for 10 min. and T.L.C. examination showed three components to
be present. By comparison with authentic materials run
concurrently, benzoin, benzil and benzoin-oxime were identified.

E.2._THE REACTION OF STIVER IT OXIDE WITH AMINES.

The amine (4mM.) was reacted with silver II oxide (0.5g.;
4M.) in water (Sml.)., The mixture was heated under reflux
at TOOC. and the mixture was stirred for the duration of the
reaction. The reaction was allowed to proceed until only
elemental silver appeared to be present. The mixture'was
treated with hydrochloric acid (2N) and cooled. The precipitated
silvef salt was removed by filtration under reduced pressure and
the residue was extracted with chloroform (approx. 5ml.).
The filtrate was extracted with chloroform and the two extracts

were combined, drled and examined.
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n-Butylamine. The amine (0.3g.) was reacted for 5 hr. and

the product was examined by g.l.c. o a D,N.P.column at 8000.
Peaks were recorded at thj.j min,, Rt=4.2 min. and Rt=h4.7 min,;
whilst under the same conditions n-butyraldehyde, n-butyronitrile
and the Schiff's base %gg'were recorded at the following
retention times respectively: Rt=l.5 min., Rt=3‘3 min. and
Rt=43.4 min. Yields: nitrile, 87%; Schiff'’s base approx. 0.1%;
unknown, 1%7.

2-Ethylbutylamine. The amine {(0.41g.) was reacted for 12 hr.

and the product was examined by g;l.c. on a D.N.P.column at

100°C. Peaks were recorded at R =6.45 min., R,=8.25 min.

and Rt=22'8 min, whilsfkf-ethylbutyraldehyde, 2-ethylbutyronitrile
and the Schiff's base (87 were shown to have the same retention
times, respectively, under the same conditions. VYields: 43%
Schiff's base; 407 nitrile and 177 aldehyde.

sec,.,-Butylamine. The amine (0.3g.) was reacted for 2.5 hr, and

the product was examined by g.l.c. on a PEG.A column at 60°C.
"Peaks were recorded at Rt=5'7 min. and Rt=8.85 min. whilst under
identical conditions, Rt=5‘7 min, was recorded for methyl ethyl
ketone. The unknown compound (Rt=8.85 min.) co-distilled with
chloroform. Yield of ketone, 10%.

n-Pentylamine. The amine (0.35g.) was reacted for 12 hr. and
the product was examined by g.l.c. on a D.N.P, colum at 9000.
Peaks were recorded at Rt=3.45 min., and Rt=7.05 min., under
identical conditions; n-valeraldehyde, Rt=3.45 min. and
n-valeronitrile, Rt=7°05 min., were recorded. Yields: 13%

aldehyde; 87% nitrile.
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n-Hexylamine., The amlns (0.4lg.) was reacted for 12 hr. and

the product was examined by g.l.c. on a PEG.A colum at 100°C.
Peaks were recorded at Rt=3'9 min., Rt
min. Under identical conditions; n-hexanaldehyde, capronitrile

=10.2 min, and Rt=29'55

(168) and Schiff's vase (167) were found to have comparable retention
times, respectively, Yields: 1% n-hexanaldehyde; 26% capronitrile
and T3% Schiff's base.

2-Ethylhexylamine, The amine (0.52g.) was reacted for 13 hr.

and the product was examined by g.l.c. on a silicon oil (S.E.-30)
column at 13000. Peaks were recorded at the following Rt values:~-
2.dmin., and 3.3 min. and were shown to be 2-ethylhexanaldehyde
and 2-ethylcapronitrile, respectively, by comparison with authentic
materials. Yields: 25% aldehyde and 75% nitrile.

Cyclohexylamine. The amine {0.40g.) was reacted for 4 hr. and

the product was examined by g.l.c. on a silicon oil (S.E.-30)
colum at 150°C. A peak was recorded at Rt=2.85 min. and was
shown to be cyclohexanone (authentic material, Rt=2'85 min, )
Examination on a D.N.P. column at 100°C. showed a peak at Rt=9‘15
min. corresponding to cyclohexanone. Yield, 100%.
Benzylamine. The amine (0.43g.) was reacted for‘u hr, and
the product was examlned by g.l.c. on a silicon oil (8.E.-30)
colum at 160°C. A peak was recorded at Rt=2.85 min. whilst
both benzaldehyde and benzonitrile were recorded at 2.8% min.
under the same conditions. Examination on a D,N.P.column at
100°C. showed the following peaks; R.=13.2 min., R =16.65 min.
and R =22,05 min. Under identical conditlons phenylisocyanide

(169) benzaldehyde and benzonitrile were recorded at R =13.2
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min., Rt=16.65 min. and Rt=22‘05 min.; respectively. Yields:
2%% venzaldehyde and 77% benzonitrile.

t-Butylamine. The amine (0.3g.) was reacted for 48 hr. and
the product was examined by g.l.c. on a silicon oil (S.E.-30)
column at 90°C. A single peak was recorded at 3.3 min. and
shown to be 2-nitro-2-methylpropane by comparison with zuthentic
material., The I.R. spectrum, recorded as a thin-film, showed
%):- 2000 (m), 2950

(w), 2880 (w), 1565 (sh), 1545 (s,b), 1480 (m), 1465 (w),

1405 (m), 1375 (s), 1350 (s), 1255 (w), 1220 (w), 1180 (w),

935 (w), 860 (m), 800 {w), T60 (s) and 670 (w). (Identical with

absorptions at the following Pmax {em,”

authentic material), Yield, 100%.

Diphenylamine. The amine was reacted for 18 hr. and the

product was examined by T.L.C. on Kiesalgel-GF254(0.ii9mn.)

in 10% ether/petroleum ether. Nine spots were recorded at
Rf=0.72; 0,55; 0.48; 0.19; 0,15; 0,07; 0.04; 0.0l and a baseline
spot. The I.R. spectrum of the mixture showed absorptions at
the followingY max.(cm.‘l):- 2030 (ﬁ), 1500 (m), 1510 (sh),
1490 (s), 1305 (m), 1265 (m), 1170 (w), 1150 (w), 1070 (w),
1025 (w), 990 {(w), 820 (w), T45 (m) and 690 (m).

7,1, THE REACTION OF ARGENTIC PICOLINATE WITH OLEFINS AND

AROMATIC HYDROCARBONS.

Iritial investigation of the rate of reaction of AQ;II with olefins.

A series of olefins was treated with argentic plecolinate at
50°C. The olefin (0.5 mM.) was shaken with the oxidant (0.35g.;
1mM.) and 50% aqueous dimethyl sulphoxide (10ml.) and kept at a

constant SOOC. until the colour change red-orange to white was
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completed, The time of this reaction was recorded {see Table
29).

Styrene. Styrene f0.595.; 6mM. ), argentic picolinate (4.0gz.;
12mM. ) and water (75 ml.) were stirred under reflux at 70°C.
for 1.75 hr., The mixture was treated with hydrochloric acid
(2N), cooled and the precipitated silver salt was removed by
filtration under reduced pressure. The residue and the filtrate
were extracted with chloroform and the combined extracts were
dried and examined by g.l.c. on a FEG,A column at 130°C.

Peaks were recorded at Rt=u.5 min. and Rt=l4.5 min. Under
identical conditions, benzaldehyde and styrene were recorded
at Rt=4.5 min, and 14.5 min., respectively. Yield, 46%.

The reaction was repeated with a stream of nitrogen
passing through the mixture. A trap containing 2,4-dinitro-
phenylhydrazine reagent (50ml.) was employed to isolate any
volatile material; but no derivative was formed.

trans-Stilbene. Stilbene (0.51g.; ZmM.) and argentic picolinate

{(2.0g.3 61M,) in water (50ml.) were stdrred together under
reflux at 70°C. for 3.75 hr. The product was isolated as

for the styrene product and examined by g.l.c. on a silicon
o0il (S.E.-30) colum programmed from 100-25000. (24°c. per
min., temp, rise). Peaks were recorded at Rt=3.3 min, and
9.45 min. Benzaldehyde and trans-stilbene were shown to have
Rt=3.3 min. and 2.3 min., respectively, under identical
conditions. Yield, 23%.

Aromatic hydrocarbons.

Toluene. See experimental to section I, p.35
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Ethylbenzene. Ethylbenzene (0.30g.; 3mM.) and argentic plco-

linate (4.0g.; 12nM.) and water (100ml,) were stirred together
under reflux at TOOC. fér T5 hr. The mixture was treated
with hydrochloric acid {2N), cooled and the precipitated
silver salt was removed by filtration under reduced pressure.
The filtrate was extracted with chloroform, dried and examined
by g.l.c. on a FEG.A column at 180°%. a single peak was
recorded at Rt=9.4 min. and acetophenone was shown to have

a comparable retention time under identical conditions. The
solvent was removed and 2,4-D.N,P, reagent (20ml.) was added.
The acetophenone was isolated as the 2,4-D.,N.P.derivative
(0.49g.); recryst. m.p.=2}6°C.; yield, 27%3.

p-Cymene. The hydrocarbon (0.38g.; 3mM.), argentic picolinate
(4.0 g.; 12mM,) and dimethyl sulphoxide (20ml.) in water
(50ml.) were stirred together at TOOC. under reflux for approx.
17 hr. The product was exiracted as for toluene reaction and
after the removal of the solvent, 2,4%-D.,N.P.reagent (20ml.)
was added; the cuminaldehyde was isolated as the 2,4-D,N,P,
derivative (0.3g.); m.p.= 210°C.; yield, 32%.

F.2, THE REACTION OF ARGENTIC PICOLINATE WITH OTHER CRGANIC

COMPQUNDS ,

1:4-Hydroguinone. Hydroquinone {0.3lg.; 3mM.), argentic

picolinate (2.0g.; 6mM.) and water (50ml.) were stirred together
&t TOOC. for 30 min. The product was extracted as for the
ethylbenzene reaction and removal of the solvent gave
1l:4-benzoquinone (0.27g.); yield, 89%. The product was

established by g.l.c. Comparison with authentic material on
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a silicon oil (S.E.-30) column at 200°C. and the I.R,
spectrum, recorded in KBr disc, was ldentical with the
quinone.,

Mandelic acid. Mandelic acid (0.87g.; 6mM.), argentic

picolinate (4.0g.; 12mM.) and water (50ml.) were stirred
together.at 7000. under reflux. The reaction was allowed to
proceed for 10 min. and the product was isolated as for the
styrene reaction. The product was examined by g.l.c. on a
silicon oil (S.E,-?0) column at 150°C. A pesk was recorded
which was shown to be benzaldehyde by comparison with authentic
material. The solvent was.removed to glve benzaldehyde (0,55g.);
yield, 90%.

Lactic acid. The acid (0.52g.; 6mM.), argentic picolinate
(4.0g.; 120M.) and water (50ml.) were stirred together under
reflux at 7000. The reaction was allowed to proceed for 80 min.
whilst nitrogen was passed through the mixture. Volatile
-material was swept into a trap containing 2,4-dinitrophenyl-
hydrazine reagent (25ml,) and acetaldehyde was isolated as

the 2,4.D.N.P.derivative (0.55g.); m.p.=139-140°C.; yleld, 43%.

Ethyl mandelate. The ester (0.52g.; *mM.), argentic

plcolinate (2.0g.; 6mM.) and water (50ml.) were stirred

together under reflux at 7000. The reaction was allowed to
proceed for 4.25 hr. and the product was examined by g.l.c.

on a silicon oil (8.E.-30) column at 210°C. Peaks were
recorded at Rt=4.95 min. and Rt=5.40 min. whilst ethyl mandelate
was shown to be the latter under identical conditioms,

Yield 31%. (g.1.¢.). The p.m.r. spectrum, recorded in CC1y,
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showed signals at the following tau values:- 1,9 (m), 2 protons;
2.45 (m), 3 protons; 2.65 (m), 5 protens; 3.85 (s), 1 proton;
5.62 (q, J=T7.0 c¢.p.s.), 2 protons; 5.85 (q, J=7.0 c.p.s.),

2 protons; 8.65 (t, J=7.0 ¢.p.s.), 3 protons; 8.85 (t, J=T.0
c.p.S.), 3 protons. Yield (p.m.r.), 38%. Mean yleld, 35%.

Ethyl lactate. The ester (0.67g.; 6mM.), argentic picolinate

(4.0g.; 12mM,.) and water (50ml.) were stirred together at TOOC.
under reflux. The reaction was allowed to proceed for 3.T75 hr.
and the product was extracted as for the styrene reaction.

The ethyl pyruvate (0.2g.); yield, 30% was isolated and identified

by p.m.r. spectrum (see DL-ethyl alaninate product),
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