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ABSTRACT

It has been found that a number of organic functional groups
can be selectively oxidized with menganese dioxide, and the yields
prove the method to be of preparative value,

A nunber of heterocyclic alcohols were oxidized to the
corresponding aldehydes, namely, 2-, 3- and A4-pyridineme thanol,
the corresponding N-oxides, 6-methyl-2-pyridinemethanol, 2,6-
pyridinedimethanol and imidazole-4(5)-methanol,

Three thiols (thfphenol, allyl mercaptan, and benzyl mercaptan)
were oxidized to the corresponding disulfides,

Two aliphatic acyloins (propionoin and butyroin) were oxidized
to 1,2-diketones,
| Finally A -phenylhydroxylamine was oxidized to nitrosobenzene.

The results of these oxidations appear to fit in the hypo thesis
that free radical intermediates are involved in manganese dioxide

oxidations,
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I. INTRODUCTION

1. Manganese Dioxide as an Oxidiz nt

The use of manganese dioxide as an oxidizing agent has been
established since the beginning of the last century. In organic
chemistry it was originally used for the oxidation of methyl sub-
stituted aromatic compounds to the corresponding aldehydes in a
mineral acid or in aqueous medium.

More recently the reagent has been used as an oxidizing
agent in neutral non-aqueous media, where it has been found to be
often effective at room temperature or at the boiling point of the
solvent. The reagent has been established as a mild oxidizing
agent with selective action on certain groups in the molecule.

The oxidation of ungaturated alcohols by manganese dioxide
was first reported in 1948 by Morton and coworkers.l It was
found that when vitamin A (I) in light petroleum ether was stirred
at room temperature with manganese dioxide (prepared by oxidation
of manganous sulfate with potassium permanganate in aqueous
solution), it was smoothly converted to retinene (II) in an 80%
yield.,

CHs CHs CHs CHs

CH=CH-C=CH~CH=CH-C=CH-CHe0OH =-=-= -

CHs (1)



CHs CHs
1 '
CH=CH-C=CH-CH=CH-C=CH-CHO

C CHs

s (11)

Under similar conditions, isopropyl alcohol, benzyl alcohol, octadecyl
alcohol, cetyl alcohol and a mixture of Cgy alcohols were unaffected.
It was also found that the finer the state of subdivision of the
oxide, the smaller its amount needed for the maximum yield., Various
other solid oxidizing agents were tried as substitutes, but they
failed to produce retinene. Thus chromium sesquioxide, chromic
oxide, barium oxide, lead peroxide, lead tetroxide and eilver oxide,
all proved useless.

This type of reaction proved to be of particular value in the
study of polyenes andpolyenynes. Thus manganese dioxide was used in
five oxidations during the synthesis of vitamin A from cyclohexene
by Attenburrow and ccmo::-l*:err:t.2 In these oxidations an activated
alcohol group, whether primary or secondary, was oxidized to the

carbonyl compound e.g. (III) was oxidized to (IV).

CHs CHs C:Hs C;'Hs CHs CHs CHs CHs
1] ]
CH=CH-C=CH-CH=CH-CHOH =e=-3= CH=CH-C=CH~CH=CH-C=0
0): 4 OH
(111) (V)
CHs CHs

The dioxide was prepared by adding a solution of manganous sulfate
tetrahydrate and a 40% solution of sodium hydroxide simultaneously during

one hour, to a hot solution of potassium permanganate. The dioxide
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precipitated as a fine solid, and stirring was continued for one
hour more. The solid was collected by the centrifuge and washed
with water until the washings were colorless. It was then dried at
100 - 120°C and ground to a fine powder before use.

During the following years, various fomms of manganese dioxide
were used for the oxidation of ethylenic and acetylenic o¢,/8 -un-
saturated primary and secondary alcohols to the corresponding carbonyl
compounds,

The mild nature of the reagent was established when Robeson and
coworkers used & commercial type of the dioxide and dehydrogenated
four geometrical isomers of vitamin A to the corresponding retinenes
without any 71su:nmr:l.emticm.3 It wae also exemplified by the successful
preparation of a number of £ -aminoaldehydes from B -eminoaleohols
of general formula RCH(NHg )CHeCHpOH, where R = H, Me, Iso-Pr, Ph or
p-MeOCgHg-, although here the yields were lmr.4

The manganese dioxide dehydrogenation of the simplest ethylenic
alcohol, allyl alecohol, to acraldehyde, indicates that a single
ethylenic bond provides sufficient activation to bring about the
rcaax:i:ion.2

Al though Morton and his coworkers failed to oxidize benzyl alcohol
to benzaldehyde', more active forms of the dioxide achieved this in
high yields. Thus a form of the dioxide prepared by heating mangenous
oxalate or carbonate at 220 - 280°C in the air, washing with dilute
nitric acid, and then by water, and finally drying, was found to oxidize
allyl and benzyl alcohol eaaily.s This oxide was called "form B", in

contrast to "form A" which was prepared similarly, but not treated with
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nitric acid. The reaction with "form B" was so fast that it could be
effected by passing the alcohol through a column of the oxide.

Tt was found that the ease of oxidation of alcohols decreases
in the order: multiply conjugated alcohols > benzyl and furyl alcohol§>
vinyl and ethinyl carbinols. This was attributed to the differences
in the adsorptive ability; the more saturated the alcohol, the less
readily edsorbed on the oxident.

That this was not the only factor was shown by the addition of
1% water, or 5% tert-butyl alcohol, known to change the adsorptive
characteristics of o-hydroxybenzyl alcohol to a marked extent, which
affected the yield only slightly, if at all.

In another work, a yield of benzaldehyde as high as 8%% was
obtained by shaking a chloroform solution of the alcohol with
manganese dioxide for 23 hours.6 Veratryl alcohol wasg also oxidized
in three hours in 58% yield, and 2-hydroxy tetrahydropyran was
oxidized to the corresponding laotone.6

Various other examples in the literature indicate the activating
effect of aromatic rings in the oxidations of alcohols by manganese
dioxide. Thus by the mse of the Attenburrow oxide, Turner reported
the oxidation of benzhydrol (33%), xanthhydrol (100%) and furoin
(88{%).T He also reported the oxidation of 1,3-diphenyl propencl (V)
and 1-hydroxy-l,2,3,4-tetrahydrophenanthrene (VII) to the corresponding

ketones (VI) and (VIII).
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In 1953, the use of manganese dioxide was extended to the
steroid I‘i.el':l.B The manganese dioxide used in this work was prepared
by the addition of concentrated agueous potassium permanganate to a
stirred aqueous solution of manganous sulfate kept at 90°C until a
slight excess was present (pink coloration of supernatent liquid).
The mixture was then stirred at 90°C for 15 minutes, and the oxide
was collected, washed with hot water, then with methanol and ether,
and dried at 120 - 130°C to a constant weight. It was reported that

only the allylic hydroxyl group was oxidized as shown by the conversion

of androst-4-ene-3 £ 111 4:178 -triol (IX) to 118 -hydroxytestosterone
(x).

OH
HO ==H

&
",

(1x) (x)
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The oxidation was carried out in chloroform at room temperature,

In the same year appeared other reports of even more efficient
conversions of similar systems. Thus compounds containing the systems
A’-To{-ol (X1) and A”(”)-ﬂ-ol .(XIII) were converted to compounds

with the systems /\’~7-one (XII) and ,{5}’(’°)-21-ua (x1v).9

———————
AeD OH AcO 0
(x1) (x11)
CHz0H
!
CH CE-CHO
i e
(x111) (xIv)

These oxidations were carried out in chloroform at room temperature,
and yields higher than 90% were obtained,

In a second paper, the same authors found that, over a longer
period of time, manganese dioxide was capable of dehydrogenating a

4 436
A-B-—ona to a A -dien-3-one, although the products were

diffioult to isolate..°
5

The expected product was however obtained when a A-—B A-ol (XV)

was refluxed with manganese dioxide in benzene for eight hours, where

a rearrangement probably occurred to give (XVI).
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(xv) (xv1)

Cholesterol also gave A"s-choleatadiena-3-one in 27% yield. The
earlier reports indicated that manganese dioxide has no eff'ect on
saturated alcohols, both primary and secondary, but Harfenist and
coworkers showed that this is not strictly true, although the rate
of oxidation is low compared to o, A -unsaturated alooho].a.5

It was however recently reported that given sufficient reagent
and purified solvents, both primary and secondqry saturated alcchols
are cxidized in high ylelds.ll Using 2 g of Attenburrow oxide, or &
commercial oxide supplied by Bacon Inc. to oxidize 100 mg of 5o(-
androstan-17 #-ol in hexane or acetonitrile for 20 hours, Harrison
obtained the corresponding carbonyl compound in 99% yield, The rate
of the reaction was found to depend on the solvent; thus it took four
days to complete the reaction in dimethyl formamide, and seven days
in dimethyl sulfoxide.

Similarly 4-methyleyclohexanol was oxidized in T1% yield, and
n-butyl alcohol in 70% yield by paaaipg a benzene solution through a
column of the reagent, whereas the primary alcohol (XVIT) was oxidized
to the corresponding aldehyde in 76% yield after six hours in aceto-

nitrile.

CH2O0H



- B -

The author attiributed the failure to observe such oxidations in
the past to the smaller proportion of manganese dioxide used, to the use
of solvents nomally containing saturated alcohols as impurities like
chloroform or acetone, or to the ﬁresence of the more reactive allylic
alcohol which consumed most of the reagent,

Although the oxidizing properties of manganese dioxide were first
investigated in connection with alcoholic hydroxyl groups, it proved
to be less gpecific in this respect, and oxidations of other classes
of compounds have been observed, some of them in the course of the
present work,

This reagent was used for the dehydrogenation of the side chain
in N-alkyl and NN-dialkylanilines where three main types of conversion
were observed.12

a) Amide formation, as in the oxidation of monomethyl aniline to

formanilide in over 80% yield,

PhNHCHz JR— PhNHCHO
b) Dealkylation with formation of an aliphatic sldehydes, as in
the initial stage of the oxidation of diethylaniline where acetaldehyde

was isolated (54%) by passing nitrogen through the reaction mixture.

PhNEty ~===2p PhNHEt + MeCHO
¢) Dehydrogenation followed by oxidative cleavage of the
resultant enamine, as in the conversion of monoethylaniline to

formanilide.

PhNHEt —=e—ay PhNHCH:CHp ===y  PhNHCHOD

Conversions(a) and (b) were found to be the major routes for the
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oxidation of dimethylaniline and diethylaniline respectively.
It was found that ethylmethylaniline reacted according to both

routes.

fpmwxo
PWEMQY

PhiHMe —-eom PhNHCHO

A large excess of the reagent was used im the oxidation of tertiary
amines coupled with long periods of times

Primary and secondary benzyl amines were oxidized to the Schiff
bages but only in very low yields, and the reaction was very slow.6
Infrared spectra of the reaction mixture after separation of the
oxide showed the development of a strong C, N double bond.absorption,

A further type of reaction is indicated by the oxidation of
diallyl sulfide to the sulfoxide.l >

At temperatures between 70°C and 120YC, the range of reactions
brought about by manganese dioxide increases, but its selectivity
decreases and so do the yields of polyene carbonyl compounds. Thus
in refluxing benzene an oxo-steroid like A‘-22 £ -spirosten-3-one
containing the system (XVIII) could be dehydrogenated to .A‘ '6-220:;-

spirostadiene-3-one containing the system (XIX) A0

—————y
0

(xvIIz) (xIX)
Oxidations where a C, C bond is broken were also reported, Thus

7,10-dihydroxystearic acid was cleaved im boiling chloroform to
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azelaic acid aldehyde and pelargonaldehyde:’ Under similar conditions
mandelic and benzilic acids gave benzaldehyde and benzophenone respect-
ively.

An extensive atudy15

at the refluxing temperature of the solvent,
and mostly in aqueous media, showed that several saturated primary and
secondary alcohols were oxidized to carbonyl compounds, Thus ethyl,
n-propyl and n-butyl alcohols were oxidized in aqueous medium to give
the corresponding aldehydes in 50% yields, Ethylene glycol, glycerol
and mannitol gave only carbon dioxide. Polybasic acids like oxalie,
malonic, succinic, maleic and fumaric acids gave carbon dioxide
accompanied by ethylene in the second and third and with acetylene in
the last two of them. o( -Hydroxyacids and (X -aminoacids readily
formed aldehydes or ketones with one carbon atom less, Aromatic
aldehydes gave the corresponding carboxylic acids., Aromatic primary
amines gave azo compounds; benzoin and substituted benzoins gave the
diketones. Triphenylphosphine was also oxidized to the oxide.

In a recent investigation, manganese dioxide oxidized 2-hydroxy-
methylindole to 2-indolealdehyde in 65% yield.l® The oxidation was
carried out with "form B" of mangsnese dioxide prepared by Harfenist

5 A mixture of the alcohol and the oxidant in the

and coworkers.
weight ratio of 1:6 and ether was stirred for 24 hours,

The Attenburrow oxide was used for the oxidation of a large
number of substituted anilines to symmetrical azo oompounds.lT The
following compounds were oxidized readily and in yields exceeding 96%:
aniline, p-fluoro, p-chloro, p-bromo, p-iodoaniline, p-anisidine, p-

biphenylamine, m-chloro, o-fluoro, o-iodo, o-ethylaniline and o-anisidine.
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The oxidations, as judged by the rate of separation of wa.ter25 ’
showed only small differences, However the p-substituted anilines
generally reacted more rapidly and the order F> 01> Br> I was
observed, The three isomeric nitranilines had previously been re-
covered unchanged after refluxing/benzene for 24 hou:ra.ls A small
yield (5%) was obtained from o- and p-nitranilines when refluxed in
toluene for 24 hours.'? The suthors explained the failure of the
nitranilines to react as due to the adsorption of the molecule on the
solid surface through the nitro group, thus preventing the oxidation
of the amino group. This was supported by the fact that 3,5-dichloro-
4-nitraniline, in which edsorption through the nitro group is
sterically prevented, could be oxidized in a low yield (10%) while
3y5-dichloro-2-nitraniline, which has the same electronic effects,
but in which the nitr%roup is not hindered, was not oxidized, p-amino-
benzoic acid and anthranilic acid were not affected and polycyclic
aromatic amines like o - and B -naphthylamines and l-aminoanthracene
gave tarry products,

Kelly used Attenburrow oxide for the oxidation of several phenyl -
hydrazides tc carboxylic ac:i.da;.]'8 An example is the oxidation of
N-carbobenzoxy- o -L-glutamylglycine methyl ester Y -phenylhydrazide

: (Xx1)
(XX) to N-carbobenzoxy-e<-L-glutamylglycine methyl ester/in 92% yield.
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0=C-0-CE;CeHs 0=C -0-CHp ~CeHs
L] 1 ]
NH NH OH NH
' ' 1 1
0=C~CHz ~CHp ~CH mm==» 0aC-CHp~CHp-CH
1 1
C=0 C=0
t 1
NH-CH; ~COOCHs NH-CHg ~COOCH;
(xx) (xxT)

The oxidations were carried out in 60% acetic acid, and were complete
within 30 minutes, The reaction was assumed to involve preliminary
oxidation to an azo compound, followed by heterolytic elimination of
nitrogen with addition of water or acetic acid to give a carboxylic
acid, benzene and nitrogen. If the acetate ion was involved, a mixed
anhydride would result, and would give the carboxylic acid on hydro-
lysis.

In a more recent paper Kelly and coworkers suggested the formation
of a benzenediazonium ion by solvolysis of the azo compound and oxidation
of the product.19 The benzenediazonium ion was supposed to be the

precursor of phenol and phenyl acetate which were isolated as products,

Q Q 0 Q,H‘* (or B')
NH N

n N (0)

1 P—— S L " R R,-O-C—R + n FERPRREE, Lol Sy -
NH N H N)
1 1 J 1
0=C-R O0=C=R H
o 5 !

"
R =H or CHsC Benzene + Ng
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Q ~===3» Phenol + phenyl acetate + Njp.

+ N2

A large number of N-benzylanilines were oxidized to benzalanilines
in good yields by heating a suspension of manganese dioxide in benzene
with the corresponding benzylaniline in an apparatus equipped with a
Dean and Stark water trap.zo The reaction was represented by the

following equation:
p-RCcH4CHoNHCgH4R'=p + MnOs —--» p-RCgH4CH=NCgH4R'~p + MnO + HgO

where R, R' = H or any of various substituents.

The relative rates of reaction were determined by measuring the
time necessary for 50% of the theoretical amount of water to collect in
the trap. The results of the effect of structural changes on the rate
were considered as confimation of an earlier view that the reaction
proceeds via radical intemediates.23 A sgimilar mechanism was proposed
for the oxidation of benzylanilines.

Some hydrazobenzenes were also oxidized to the azo benzenes in
good yields, Good yields of azobenzenes were obtained from a variety
of anilines by a modified method which involved the distilletion of
water from a mixture of manganese dioxide and benzene before the amine

0

was addad.2 Quinoline was also prépa.red from 1,2,3,4=-tetrahydro-

quinoline, and indole and acridine were readily formed from 2,3-dihydro-

indole and 2,5-dihydroacridina.2o

Manganese dioxide was recently found to oxidize active methyl
groups in compounds like quinaldine, o¢- and Y=-picolines, and l-methyl-

isoquinoline to give the corresponding acids in about 20% yield.21
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B -Picoline did not react, and 3-methylquinoline and ~isoquinoline
were but little affected (below 5%). None of the picoline oxides

could be oxidized.

2. Mode of Action of Manganese Dioxide
Morton and coworkers believed that the oxidation of vitamin A

to retinene by manganese dioxide was due to surface catalyaia.l They
presumed that the process is triphasic comprising the following three
stages:

a) Removal of the alecohol from the solution by adsorption on the
surface of the reagent,

b) Conversion of the -CH2OH group to the -CHO group.

¢) Desorption of the product to the liquid phase.

To determine why the oxidation stops when unoxidized alcohol is
still present, despite a large excess of the oxidizing agent, Harfenist
and coworkers prepared artificial mixtures corresponding in all but one
product to the results of completed oxidations of benzyl alcohol.s
Additional benzyl alcohol was added to each in turm and the oxidation
was allowed to continue, It was found that the extent of oxidation of
the second portion of benzyl alcohol was low, and essentially the same
in the cases in which the aldehyde was present at the start, whether
with or without water. The addition of water and no aldehyde at the
start gave a much less lowering of the yield (within the limits of
reproducibility in successive runs.)

Tt therefore seemed that oxidation stops when the amount of

the carbonyl compound reaches a critical value. It was presumed that
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this represents a concentration at which the carbonyl compound can
successfully displace the alecohol from some active sites of the
solid surface.

A comparative study of different kinds of manganese dioxide was
carried out by Gritter and Wallace who used allyl and benzyl alcohols
as aubatratas.22 They observed that the oxides prepared from potassium
pemanganate generally give rapid oxidations and high yields. They
suggested that this is due to some occluded permanganate, but an
attempt to detect the presence of permanganate by X-rmye was un-
successful. However, when a procedure was used to remove any occluded
permmanganate, the oxidation rate in the initial stages decreased
appreciably. On the other hand, when a trace of permanganate was
added to the oxide (less than 100 mg to 5 g) the initial oxidation rate
showed only a slight increase, This study also showed that the method
of washing and drying has a serious effect on the oxidizing power of
the oxide. When washed with organic solvents the yield was lowered,
possibly because any adsorbed permanganate or other species whieh
causes rapid oxidation was removed by the organic solvent to a larger
extent than by water.

By carrying the oxidation under nitrogen, it was shown that air
oxidation in the reaction is negligiﬁla. It was finally found that a
weight ratio (alcohol:oxide) of 1:5 or 1:10 is necessary to get effect-
ive oxidation., The initial rate in the second case was higher,

They concluded that the most powerful oxides were the Attenhorrowa

and the Ball, Goldwin and Morton oxide.l
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A study of the effect of the structure of the alcohol on the rate
of oxidation by manganese dioxide was carried out by Pratt and De Ca.st:leg3
Oxidations were conducted in hot benzene, and the time necessary for
50% of the theoretical amount of water to collect in a Dean and Stark
trap was taken as a measure of the relative rate.

A wide variety of phenyltarbinols were oxidized rapidly and in
high yields. Some aliphatic secondary alcohols were also oxidized but
slowly and in low yields, It was found that a change in the electron
attracting ability of a para-substituent (CHsO, (CHs)2CH, H, Cl, NOg)
has only a small effect on the rate, less than would be expected if
carbonium ions are important intemediates. Anyway , except for CHsO-,
there was a amall gradual increase in the rate with increasing electron
attracting ability of the group, whereas a sharp decrease should be
observed if carbonium ions were intemmediates.

It was also found that addition of acid slightly decreases the
rate of oxidation of benzyl alcohol although it would be expected to
facilitate the formation of carbonium ions,

These authors considered the relatively minor effect of changing
the para substituents to be consistent with the formation of free

radicals as intermediates, e.g., CgHs COH, since free radicals can be
1
- H
stabilized by either electron release or electron withdrawal,

The addition of diphenylamine decreased the rate of oxidation
of benzyl alcohol, as would be expected for a free radical reaction,
Evidence for the formation of free radicals was also obtained from

the fact that in the oxidation of alcohols of the general fommula



- 17 »

0
L1
CgHsCHOHR, ‘the rate was three times larger when R = C-CgHs than

when R = -CHz2CgHs., This was interpreted as due to the ability of the

carbonyl group to stabilize the radical CgHs C-R.

b

The rapid oxidation of fluorenol compared with benzhydrol was
also considered to be consistent with a free radical mechanism,

The oxidation of primary aliphatic aleohols was extremely slow,
and the amount of the carbonyl compound was very low, The oxidation of
secondary alcchols, both straight chain and alicyclic, was slow and
gave poor yields. On the basis of free radical intermediates, primary
alcohols would be expected to react slower than secondary alecohols, and
these to react elower than phenylcarbinols, as was observed,

The authors suggested a simplified mechanism for the oxidation:
+ .
ReCEOH + OsMnim 0 we-op ReC-OH + HO - Mn™om 0 —con
ReC =0 + HD - Mn'2-0H -cece- ReC =0 + H0 +Mn'™%= 0

The nature of the manganese dioxide used in these oxidations, and
in all the other cases cited before is difficult to define, but Pratt
and De Castle noticed that its oxygen content was decreased by the
emount demanded by the above equation, The nearly quantitative yield

of water alsoc supports this view.

3. Reported Oxidation Reactions Leading to the Products of this Study

A, Oxidation of pyridinemethancls and methylpyridines to pyridine-
car&xa.ldehxdn

The aldehydes of the pyridine series are sensitive, rather
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unstable compounds, and cannot be satisfactorily prepared by the
usual methods. These compounds are important in the development of
some bacteriostatic agents,

The older methods described in the literature for the prepara-
tion of pyridine aldehydes usually give poor yields not exceeding
30,’%.24 Starting with picolines, pyridine aldehydes are made in two
ways:

a) Condensation with benzaldehyde, and ozonolysis of the
resulting stilbazoles,

b) Direct oxidation with selenium oxide, in poor yields.

2

H
1
O, osbotus O PR { Lisio
| s !

Panizzon®” and NiemanZ® used the method of McFadyen and

Stevensz? to convert nicotiniec acid into 3-pyridinecarboxa1dehyde

in 23-36% yield,

0

n

C-NH-NHSOpCgHs CHO
. NagC0s Q

glycol,160°€
It is worth mentioning that none of the pyridine aldehydes
could be obteined by the Rosenmund reduotién of the corresponding
acid chlorides with palladium as ca.ta.lyst.24
The first successful preparation of these aldehydes in good

yields was through the oxidation of the corresponding pyridine -
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methanols with lead tetraacetate. 2-, 3-, and 4-Pyridinemethanols
were obtained from the corresponding acids by reduction of the ethyl
esters with lithium aluminum hydride, and they were oxidized with
lead tetraacetate to the corresponding aldehydes in 65, 77 and 68%

yield respectively. &8

2CH | HO + Pb(OCOCHs )z + 2CHsCOOH
+ Pb(OCOCHz ) 4 ===

2-Pyridinecarboxaldehyde was also obtained as the diacetate in
46% yield by the rearrengement of 2-pyridinemethanol acetate l-oxide
by the action of acetic anhydride.29 The starting material was
obtained by the action of hydrogen peroxide on 2-pyridinemethanol
acetate obteined by a similar rearrangement from 2-methylpyridine-1-

oxide,

Q-CH,, Acg0 angom HpOp QCH:O.&c Acz0 QCH(OAc)g

¢ |

0 0
However, when 4-pyridinemethanol acetate was carried through the same
sequence of reactions, the corresponding aldehyde was obtained in a
very poor yield. Since 3-nethy1pyridipe-1-oxide does not rearrange
in the same manner, it was not possible to prepare 3-pyridinecarboxal-
dehyde by this method,

Some aldehydes of the pyridine series were also prepared by the
oxidation of methyl substituted pyridines with selenium oxide.jo
2-Pyridinecarboxaldehyde~1-oxide was obtained as the hydrate in 59%

yield from 2-methylpyridine-l-oxide, when the oxidation was carried
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out in pyridine, and in only 19%, when in dioxane, 4-Methylpyridine-
l-oxide gave the corresponding carboxylic acid, while 3-methylpyridine-
l-oxide could not be oxidized, and could even be used as solvent, 2,6~
Pyridinedicarboxaldehyde-l-oxide was similarly obtained from the
corresponding dimethyl derivative in 58% yield.

2-y 3=, and 4-Pyridinemethanols were also oxidized with selenium
oxide to the corresponding aldehydes which were isolated as the
pyridylhydroxyme thanesulfonic acids in maximum yields of 100, 60, and
100% reapectively.n

Further, several derivatives of 2-pyridinecarboxaldehyde were
prepared, in unspecified yields, from the corresponding carbinols by
oxidation with selenium oxide, such as the 4-nitro, 4-methoxy, 6-
methyl-4-methoxy and 6-methyl-4-nitro-2-pyridinecarboxaldehydes. >

Another series of 2-, and 4-pyrdinecarboxaldehydes, and some
me thyl derivatives and l-oxides were similarly prepared, but again
no yields were raported.35

A single exsmple of oxidation of a pyridinemethanol with
manganese dioxide found in the literature, is the oxidation of 6-
me thyl-2-pyridineme thancl to the corresponding aldehyde in about
53% yield.54

The catalytic (V20s5/MoO3), vapour phase (380 - 400°C) oxidation
of 2,6-dimethylpyridine yielded a mixture of 6-methyl-2-pyridine-
carboxaldehyde and 2,6-pyridinedicarboxaldehyde, in unspecified
yields. However, a yield of 60% of 2,6-pyridinedicarboxaldehyde
was obtained by oxidizing, in a similar way, a 5% solution of 6-methyl-

2-pyridinecarboxaldehyde. 35
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B, Oxidation of g(i)-hidaﬂlnoﬂlml to g!i!-lnidggolo-

carboxaldehyde.
4(5)-Imidazolecarboxaldehyde was obtained, in about 50% yield,

by the oxidation of the carbinol by concentrated nitric a.oid.36’37'38
It was also obtained in 55% yield by the oxidation of the
carbinol with concentrated hydrochloriec a,o::.*l.d..”'9
This aldehyde was further prepared in 50% yield from 4(5)-Imida-
zolemethanol hydrochloride by heating with an aqueous solution of

potassium pyrosulfate or pern:ul:t‘at;e.'w’41

C. Oxidation of Thiols to Disulfides.

Various oxidizing agents have been used for the conversion of
thiols to disulfides e.g., nitric acid, hydrogen peroxide, oxygen,
ferric chloride, lead peroxide, sodium hypochlorite, cupric salts
like the chloride and the sulfate, and iodine.4?

It was more recently found that thiols can also be oxidized to
disulfides with lead tetraacetate. Benzenethiol and o(-toluenethiol
were converted to the disulfides in 88 and 80% yield ::-a:;;:»ec.wtixarely.z;3
Alkyl disulfides prepared in this way were n-pentyl (83%), iso-propyl
(71%) end tert-butyl (34%).

Thiocls were also found to be oxidized to disulfides by dimethyl
aulfoxide.44 In these oxidations dimethyl sulfoxide played the role
of both oxidizing agent and solvent. An almost quantitative yield of
diphenyl disulfide, and an 88% yield of dibenzyl disulfide were
obtained in thie way., Several other thiols were oxidized, and high

yields of disulfides were reported.



Further, some aromatic thiols were oxidized with nitroso-
benzene in a mixture of dimethyl sulfoxide and tertiary butyl alcohol

to give the aromatic disulfide in yields ranging between 50 - 70%."'5

D, Oxidation of .Acyloins to 1,2-Diketones.

Many methods for the oxidation of acyloins to 1,2-diketones have
been described, such as the use of copper sulfate in pyridine,46 and
the use of a large excess of ammonium nitrate in acetic aoid.”

Further, chromium trioxide was used, and very satisfactory
results were obtained by the use of cupric acetate in dilute acetie
a.cid.48 This method was found to oxidize benzoin and other acyloins
in 90% or better yields,

Nitrcbenzene in excess was also used to oxidize acyloins, like
furcin and anisoin to furil (80%) and anisil (90%), while benzoin was
oxidized to benzil in a lower yield (34 - 40%)."'9

Propionoin was oxidized to bipropionyl in 70% yield by the use
of cupric acetate in acetic acid, and in 624 yield when ferric
chloride was used as the oxidizing agent.50

Acyloins were also readily oxidized to 1,2-diketones with bismuth
oxide in acetic acid.’t Butyroin was oxidized by this method in a 64%
yield. With other acyloins like furoin and p-methoxy-benzoin the
yields were 90% or more,

Finally, aromatic acyloins were oxidized in good yields by the
action of thalium ethoxide in benzene.’? Thus benzoin gave an 86%
yield, and furoin gave an 82% yield. Aliphatic acyloins like
CHsCH(OH)COCHs and butyroin were not oxidized but gave a thalium
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derivative instead,

In another paper the same authors reported that in the presence
of thalium ethoxide aromatic acyloins were oxidized by aromatie nitro-
compounds, the latter changing to azoxy t:om;poumﬂ.sl.s3 High yields were
reported for most of the aromatic ecyloins oxidigzed.

Manganese dioxide was used for the oxidation of benzoina.15 A

yield of 80% of bengzil was obtained in the case of bengoin itself,

E. Oxidation of Phenylhydroxylamine to Nitrosobengene.
Nitrosobenzene has been obtained by the oxidation of ﬁ ~phenyl -

hydroxylamine prepared by the reduction of nitrobenzene. When the
oxidations were carried out with acidic potassium dichromate yields
of 55 - 60% on nitrobenzene were obtained 04?27

Further, several nitroso compounds, including nitrosobenzene,
were prepared from the nitro compounds by reduction to the corres-
ponding phenylhydroxylamines and oxidation with ferric chloride.

The yields varied from 30 - 60% on n:i.t:roben.zeneu56



II., DEFINITION OF THE PROBLEM
An investigation of the use of manganese dioxide as a

convenient and selective oxidizing agent of cexrtain types of

organic functional groups,
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IV, DISCUSSION OF RESULTS

Manganese dioxide, as prepared and used in the foregoing
oxidations, appears to be an effective oxidizing agent for a
number of heterocyelic carbinocls which are converted to the
coxrresponding aldehydes in yields comparable to and sometimes better
than those obtained by other methods of oxidation.

The oxide is a cheap reagent, and the method of oxidation is
simple and can therefore be used for the synthesis of these
aldehydes.

A definite advantage of manganese dioxide, as compared to other
oxidizing agents, is its mild oxidizing activity beceuse of which
other sensitive groups of the molecule undergoing oxidation are not
affected,

Since some of the pyridine aldehydes are used in bacteriostatic
researches, the advantage of the above method becomes clear.

It appears that J-pyridinecarboxaldehyde-1-oxide is a new
substance because no reference to it could be found in the literature,
It should be noted that contrary to the 2« and 4-isomers, 3-pyridine-
carboxaldehyde~l-oxide could not be obtained by selenium oxide oxida-
tion of the corresponding picoline-N-oxide,

Manganese dioxide was also found to be very effective for the
oxidation of mercaptans to the corresponding disulfides, High yields

of pure disulfides were obtained.

- 9
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It was further found to oxidize acyloins to the corresponding
diketones, although the yields were not so high as in the oxidation
of benzoin or other aromatic acyloins, where the -CHOH group is
activated by the presence of aromatic centers,

The fact that a simple secondary alcohol group is not oxidized
to a congiderable extent was established by the results of the
attempted oxidation of secondary butyl alecohol, when it was found,
by vapour-phase chromatography, that the ketone was formed in a yield
not exceeding 15%,

It was finally observed that manganese dioxide oxidizes
ﬂ ~-phenylhydroxylamine to nitrosobenzene in a Yield approaching that
obtained by the conventional method of oxidation by potassium di-
chromate and concentrated sulfuric acid,

It was thought that the method used to prepare nitrosobenzene
from nitrobenzene might be applied to the preparation of nitroso-
benzaldehydes from nitrobenzaldehydes, since the aldehyde group
would remain intact during the reaction. The method was only partially
successful with m-nitrobenzaldehyde, where a very low yield of the
impure nitroso compound was obtained, as indicated by the green color
of the distillate. This product was, however, very difficult to
purify by recrystallization, because it dissolved very readily in
most of the common solvents. With o-nitrobenzaldehyde there was no
indication that even a small amount of the nitroso compound was
formed, Instead a dark brown tarry material was obtained. This part
of the work was therefore discontinued,

In most of the oxidations the ratio of substrate to oxide was
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1:5 by weight, and the time of the reaction was five or six hours,
Higher ratios of the oxide were used in only a few cases,

It was concluded, from the first few oxidetions, that chloro-
form was a suitable solvent, end mosf of the oxidations were carried
out in chlorofomm, except for the oxidations of B -phenylhydroxylamine
and propionoin.

The results of the present work fit the hyﬂ%hesis offered by
Pratt and De Castle, that the manganese dioxide oxidations proceed
through free radical intermediates, It should be noted that the
mengenese dioxide used by these investigators is quite similar to
the reagent used in this work.

On the basis of this hypothesis, primery aliphatic aleohols
would be expected to react very slowly and to show little conversion,
if at all, in the comparatively short time of the reaction, This
was established by the attempted oxidation of n-heptanol, when it
was found, by vapour phase chromatography, that most of the alcohol
was unchanged,

Secondary alcohols would be expected to react slowly, and this
was observed in the oxidation of secondary butyl aleochol,

A1l the alcoholic functional groups oxidized were attached
directly to an unsaturated center, the heterocyclic ring in the
heterocyclic carbinols, or the carbonyl group in propionoin and
butyroin. It would be expected that & free radical intermediate would
be relatively stable in such cases, and the degree of stabilization
would be expected to be reflected in the Yield as was roughly observed.

For instance, the markedly lower yield of 3=pyridinecarboxaldehyde and
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its l-oxide, as compared with the 2- and 4-isomers, can be accounted
for by the smaller resonance stabilization of the corresponding free
radical intermediates.

The same arguments can be offei'ed for the oxidation of mer-
captans, where a sulfur free radical could conceivably be the inter-
mediate. In the case of allyl and benzyl mercaptans, an equilibrium
might be supposed to exist between a sulfur and a carbon free radical.
As the sulfur free radical is consumed by dimerization, the equi-

librium is shifted to form more of it.

Q_ CHzSH —wme-ap O-CH-SH € O-CH-SH <~-=-m etc,



V. EXPERTMENTAL

A, Preparation of Mangasnese Dioxide

A solution of 55 g of manganous sulfate monohydrate in 150 ml
of distilled water was placed in a 2-liter, three-neck flask, fitted
with a thermometer and mechanical stirrer, and it was heated wi th
stirring to 86°C. A solution of potassium permanganate was prepared
by mixing 60 g of the salt with 400 ml of water and heating on a hot
plate to 70 - 85°C, The permangesnate solution was added to the
sulfate solution in portions of 35 - 40 ml, When the first 340 ml
had been added the reaction mixture was heated with stirring for
20 minutes. After the addition of another 35 ml the mixture was
stirred for 10 minutes before the remainder of the permanganate
solution was added. Heating was continued for another 30 minutes,
by which time the supernatent liguid had become colorless.

The total operation up to this point took about one hour snd
40 minutes, and the temperature varied in the range 84 - 93°C,

The reaction mixture was then filtered while hot, and the solid
was washed with three 250 ml portions of hot water. It was then
dried for 48 hours in an oven at 110 - 120°C. The dry product
(about 70 g) was brown and could be powdered easily,

After it had been dried, the oxide was kept in a calcium chloride
desiccator, and was ground to a fine powder just before its use.
Relatively fresh preparations of the oxide were used for all the

-3 -
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oxidations carried out,

B. Oxidation Reactions

1, Oxidation of 2 dinemethanol to 2- dinecarboxalde e.

Oon_tor | O

The commercial alcohol supplied by Raschig Co. was distilled under

reduced pressure., The fraction boiling at 1120/15-16 mm was collected
and used.

To a solution of 20 g of the alcohol in 1000 ml of chloroform,
100 g of manganese dioxide was added, and the mixture was refluxed
with stirring for five hours. It was then filtered while hot
through a sintered glass funnel, the solid was washed five times with
200 ml portions of dry ether, and the washings were combined with the
filtrate.

The bulk of the solvents was removed by evaporation at the
espirator, keeping the temperature of the water bath around 50°C, The
residual liguid was distilled under reduced pressure, and the fraction
boiling at 68 - 70°/13-14 mm  (Reported bep.: 70-73°/13 m)2® was
collected. The yield was 13.6 g (68%) of 2-pyridinecarboxaldehyde.

The same oxidation was repeated with benzene as the solvent,
and 10.5 g (53.5%) of the aldehyde was obtained. A Dean and Stark

distilling receiver was used in which 5 ml of water was collected,

2. Oxidation of 3-pyridinemethanol to }-Exggdinecarboxaldegzge.

CH;OH CHO
S
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The commercial alcohol supplied by Raschig Co. was distilled under
reduced pressure, and the fraction boiling at 138 - 140°/10-11 mm
was collected and used,

To a solution of 15 g of the alcchol in 750 ml of chlorofomm
was added 75 g of manganese dioxide and the mixture was refluxed with
stirring for five hours, It was then treated as in reaction number 1,
and the product was collected at 78 -80°/10-11 mm (Reported b,p.:
86-90/13 m)2® The yield was 9.9 g (67.3%) of 3-pyridinecarboraldehyde.

The seme oxidation was repeated in benzene with a reflux period
of six hours, This time 11.5 g (78%) of the aldehyde was collected.
In the course of the reaction 4 ml of water was collected in a Dean

and Stark distilling receiver.

3+ Oxidation of 4-pyridinemethanol to g-pmldinecgbomdogﬂe.

The commercial product supplied by Raschig Co. was purified by
distillation at reduced pressure, and the fraction boiling at 160%/
21 mm was collected. The reported boiling point is 145°/10 mm.

To a solution of 15 g of the elcohol in 750 ml of chloroform
was added 75 g of manganese dioxide, and the mixture was refluxed with
stirring for six hours, The mixture was then treated as in reaction
number 1, and the product boiling at 77 - 78°/11-12 mm was collected.
(Reported b.p.: 77-78°/12 mm)§7 The yield was 10.8 g (73.4%) of

4-pyridinecarboxaldehyde,
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The same oxidation was repeated in benzene with a refluxing
period of six hours, A yield of 10 g (67.9%) of the aldehyde was
obtained.

Preparation of the qgmicarbazoné of g-midimoarboy_;dgm's.s T
To one ml of 4-pyridinecarboxaldehyde in 10 ml of ethyl alcohol

was added water until the solution became faintly turbid, and the
turbidity was removed with a few drops of ethyl alcohol, Then 1 g of
semicarbazide hydrochloride, and 1.5 g of sodium acetate were added.
The mixture was vigorously shaken and heated for 10 minutes in a water
bath, It was then allowed to cool to room temperature, and was further
cooled in ice. The semicarbazone was collected and recrystalliszed

from 50% ethanol, Its m.p. was 215°C (Reported m.p.: 216“&3'.).58

4, Oxidation of 6-methyl-2-pyridinemethanol to 6-methyl-2-

pyridinecarboxaldehyde.

L. = LA

CHs CH20H CHs CHO

The commercial alcohol supplied by Raschig Go. was purified by
distillation under reduced pressure. The fraction boiling at 109 -
110/11 mm was collected.

To a solution of 15 g of the pure alcohol in 600 ml of chloroform
was added 75 g of manganese dioxide, and the mixture was refltixed for
five hours. Subsequent treatment was as described before, The light
brown liquid left after evaporation of the solvents was distilled under
reduced pressure, and the fraction boiling at 71°C/11 mm was collected

(Reported b.p.: 70-72°C/9 m).54 The yield was 9,96 g (67.4%) of
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6-methyl-2-pyridinecarboxaldehyde,

Preparation of the semicarbazone of 6-methyl-2-pyridine-
carboxaldgl_:t;[de.57

The semicarbazone, prepared as in reaction number 3, melted at

218°C (Reported m.p,.: 216%.).54

5. Oxidation of 2-pyridinemethancl-loxide to 2- dine-

carboxaldehyde-l-oxide hydrate.

szcm e +©\ CH-OH
| )

The commercial compound supplied by Raschig Co, melted at 140°C (Reported

l
-

MeDes 14100)59 and it was used without further purification,

To a solution of 15 g of the compound in 900 ml of chloroform,
(prepared by heating and stirring), was added 75 g of manganese dioxide,
and the mixture was refluxed with stirring for six hours. The mixture
was then filtered while hot, and the solid was washed with five 150 ml
portions of dry ether, After evaporation of the solvents an oily
residue was obtained. To induce crystallization pentane was added and
the wall of the flask was scratched with a glass rod, The mixture was
then cooled and filtered. The dried solid melted at 75 - 77°C. The
yield was 10,5 g (62%) of the aldehyde monohydrate. After recrystalliza-

tion from benzene, the product melted at 80°C (Reported maps: 76-80°)°°
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6. Oxidation of 3= dineme thanol-l=oxide to 3= dine-

carboxaldehyde~l-oxide.

an,on L Qcao
| }

The commercial compound supplied by Raschig Co. melted at 86°C. (Reported

MeDe 84-8600)53, eand it was used without further purification,

To a solution of 10 g of the compound in 500 ml of chloroform,
was added 50 g of manganese dioxide, and the mixture was refluxed with
stirring for five hours. The mixture was then filtered while hot, and
the solid was washed with five 100 ml portions of dry ether, The
combined filtrate and washings were evaporated to dryness at the
agpirator. The solid obtained melted at 131 - 133°C after recrystalliza-
tion from benzene, The yield was 5 g (51%).

Preparation of the oxime of j-pxx'_idinecarbo;gdeMQuluoxidc.s 7

To about 0,5 g of hydroxylamine hydrochloride dissolved in 3 ml
of water, was added 2 ml of 10% sodium hydroxide solution and about
0.2 g of the aldehyde. Enough ethanol was then added to give a clear
solution, The mixture was warmed on a water bath for 10 minutes, and
subsequently was cooled in ice. The side of the test tube was
scratched with a glass rod to induce crystallization. The precipitate
obtained was recrystallized from 50% aqueous ethanol. After several
recrystallizations it melted at 230 - 231%C,

Since no information could be found about 3-pyridinecarboxal -

dehyde-l-oxide, the derivative obtained above was analysed for carbon,
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hydrogen and nitrogen.
Angl, Caled. for CgHgNe02: C, 52.17; H, 4.35; N, 20,29

Found: C, 52.40; H, 4-47; N’ 20.46

T. Oxidation of 4-pyridinemethanol-l-oxide to 4-pyridine-
carboxaldehyde-l-oxide
CH20H CHO

S o= &

{ |

0 0
The commercial compound supplied by Raschig Co, was found to melt at
121 - 122°% (Reported MePet 124-1250),34 end it was used without
further purification.

To a sclution of 10 g of the compound in 500 ml of chlorofomm,
was added 50 g of manganese dioxide and the mixture was refluxed with
stirring for five hours, It was then filtered while hot, and the solid
was washed with five 100 ml portions of dry ether. The combined fil-
trate and washings were evaporated to dryness at the aspirator, A
vield of 6,75 g (68.8%) of the aldehyde was obtained. The product

melted at 149 - 150“C without recrystallization (Reported m.p.: 148 -

150%¢), %%
Preparation of the semicarbazone of 4-pyridinecarboxaldshyde-l-
oxide.57

The semicarbazone was prepared as in reaction number 3. It was
found to melt at 248 - 250°C (decomp.) (Reported m.p.: 246-248
(decomp.)).33
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8. Oxidation of 2,6-pyridinedimethanol to 2,6-pyridinedi-

carboxaldehyde.
a) Preparation of 2,6-pyridinedimethanol,>

Commercial di-n-butyl ester of 2,6-pyridinedicarboxylic
acid, supplied by Raschig Co., was recrystallized from ligroin before
use,.

In a one-liter, three-neck, round-bottom flask equipped with a
dropping funnel, condenser, calcium chloride tube, mechanical stirrer
and an inlet for nitrogenws placed 9.5 & (0,25 mole) of 1ithium
aluminum hydride and 400 ml of dry ether. The flask was then cooled in
an ice-salt mixture. While a slow stream of nitrogen was passed through
the system, a filtered solution of 27.9 g (0.1 mole) of di-n-butyl ester
of 2,6-pyridinedicarboxylic acid in 350 ml of dry ether was added with
stirring, The addition of the solution was completed in 60 minutes,
af ter which the reaction mixture was decomposed with 30 ml of water
added dropwise through the funnel, The mixture was then filtered
through & sintered glass funnel, and the solid was extracted ten times
with 200 ml portions of boiling methanol., This was done by suspend-
ing the solid in methanol, passing carbon dioxide for 3 = 4 minutes and
refluxing the mixture on a water bath for 3 - 4 minutes,

The filtrate and washings were combined, and carbon dioxide was
passed through the solution for 3 - 4 minutes, The solvents were then
evaporated at the aspirator, The solid residue was extracted with
portions of boiling benzene until the benzene filtrate gave no preci-
pitate on cooling. The yield was 8.1 g (58%). The crystals of the

alcohol from the benzene solution melted at 118°C (Reported m.p.: 114 -
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118°c) e
b) Oxidation procedure.

A e [
Hore¢ ¥ CHeoH OHC CHO

A mixture of 5.7 g of 2,6-pyridinedimethenol and 500 ml of chloroform
was refluxed with stirring until the solid had dissolved, then 60 g of
manganese dioxide was aided, and the mixture was refluxed with stirring
for five hours, It was filtered while hot, and the solid was washed
with five 100 ml portions of dry ether, The combined filtrate and
washings were evaporated tc dryness at the aspirator, and the solid
residue was extracted with ligroin mixed with some light petrolevm
ether, After a first crop of crystals had been collected, the mother
liquor was concentrated and a second crop was obtained. The yield was
3 g (54.2%) of 2,6-pyridinedicarboxaldehyde melting at 122 - 123%¢C,
(Reported m.p.: 124°C),>7

Preparation of 2.6-pm&inedialdoxima,57

To 1 g of hydroxylamine hydrochloride dissolved in 6 ml of water
was added 4 ml of 10% sodium hydroxide solution and 0.4 g of the
dieldehyde. Ethyl alcohol was added dropwise until a olear solution
had been obtained. The mixture was then heated for 10 minutes on the
water bath, and subsequently was cooled in ice. To induce crystalliza-
tion the side of the tube was scratched with a glass rod, and about
2 ml of water was added dropwise to the solution, The precipitate was
filtered and was recrystallized from water, Almost colorless needles
melting at 212" (decomp,) were obtained (Reported m.p.: 211,5%), >

Anel, Caled, for CrHoN3Oz: C, 50.9; H, 4.2; N, 25,5



- 40 -

Found: C, 50.79; H, 4.12; N, 25,58

Preparation of the phenylhydrazone of 2,6-pyridinedicarboxal -
dek_rxde.ST
To 0,5 g of the aldehyde dissolved in 20 ml of ethyl alcohol,

water was added dropwise until a faint cloudiness was obtained, To
this mixture 0.5 ml of phenylhydrazine was added, and a yellow preci-
pitate was obtained in a few minutes. The mixture was warmed for five
minutes, and then it was cooled, The solid was recrystallized from
alcohol, The mall yellow crystals melted at 198 - 199°C (Reported
MePat 199.500).}‘j

9. Oxidation of imidazole -methanol to imidazole

carboxaldehyde.

I. Preparation of imidagole -me thanol
a) Preparation of imidagole -methanol picrate®l
CH20H
' HeOH
C=0
(' ) CulOg ,Cu(OH}g!
CHOH )3 HN
! conc. ammonia \/N as picrate
CHp0H

To 222 g (1 mole) of basic copper carbonate in a 5-liter flask was
added 1.5 liter of distilled water, and 720 g (800 ml) of 28% emmonia,
The bulk of the copper carbonate was brought into solution by swirling,
and 112 g (100 ml) of 37% formaldehyde and 90 g (0.475 mole) of
commercial 95% fructose were added., The contents were mixed well and
rlaced in a water bath under & hood, After 30 minutes of heating with

occagional sheking a moderate current of air was bubbled through the
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mixture, and heating was continued for two more hours, The reasction
mixture was then chilled in ice for three hours, and the olive-brown
precipitate of the copper complex of the imidazole derivative was
filtered off and washed with 500 ml of cold water. It was then sus-
pended while moist in one liter of water, and made slightly acidie
by the addition of concentrated hydrochloric acid (about 40 ml).
Hydrogen sulfide gas was then passed through the solution with frequent
shaking until the copper sulfide had precipitated out (3 hours). The
precipitate was filtered and extracted with 500 ml of hot water in
two or three portions, The filtrate, light-brown to reddish-brown, was
boiled for 15 minutes, then 60 g (0.26 mole) of picric acid was added
with stirring; heating was continued until solution was complete,

The greenish yellow plates which separated as the solution was
cooled to room temperature were filtered, washed three times with
150 - 200 ml portions of water, and air dried. The filtrate and
first washing were combined and heated, 10 g of pieric acid was added,
and the mixture was cooled and filtered., Both fractions were found to
melt above 200°C. They were combined, and recrystallized from water,
by adding 700 ml of water for every 30 g of solid, treating with
charcoal and filtering through a hot funnel, Crystals deposited upon
slight cooling as long yellow needles, which were filtered, washed with
water and air-dried. The yield of orude product was 60% (Reported
61 - 64%).
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b) Conversion of imidazole -me thanol picrate to imidazole-

]

-ne thanol ochloride.
HN\\4¢¢4N in benzene HN___ZN.HC1

CH-OH

CHz0H
‘ ‘ . +; S
as picrate

In a 2-liter flask immersed in a water bath at 80°C were placed 60 ml
of concentrated hydrochloric acid, 150 ml of water and 300 ml of benzene,
To this mixture was added 60 g of the pure picrate with shaking until
the picrate had dissolved, The benzene layer was decanted, and the
aqueous layer was extracted five times with 200 ml portions of benzene,
treated with about 3 g of animal charcoal and filtered, The clear pale
yellow filtrate was evaporated to dryness under vacuum. The resulting
801id was dissolved in the minimum quantity of hot absolute ethanol
(about 20 m1). Colorless needles deposited on cooling, Three volumes
of dry ether were added, and the mixture was kept in the refrigerator
overnight, The ocrystals were filtered,washed with a little ether and
dried in a vacuum desiccator. This gave 23 g (95%) of the chloride
salt (Reported 90-95%).

¢) Isclation of imidazole-4(5)-methanol from the gxdrochloride.38

CHe0H _ CHe0H
NagCOg’ ‘ I
EN\.//'N.HCI HN\/N

A solution of 22 g of the hydrochloride in water was treated with 25 ml

C———

of satursted aqueous sodium carbonate solution. The resulting solution
was distilled to dryness under vecuum. The remaining residue was

extracted twice with 30 ml of anhydrous ethanol and filtered, After
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addition of 30 ml of benzene, the solution was concentrated to 10 ml.
It was then cooled in the refrigerator and induced to orystallize by
scratching with a glass rod, After several days in the cold, the
large somewhat yellow crystals were filtered, Their m.p. was 89 - 90°
(Reported me.p.: 91°C), A second crop of the same m.p. was obtained

from the mother liquor. The total yield was 9.3 g (56%) (Reported 85%) .

II. Oxidation procedure®?

CH20H —
‘ i MnOgp 3 ‘ !
EN\/N HN\/

A solution of 8 g of imidazole-4(5)-methanol in 800 ml of doxane

CHO

was prepared by stirring the mixture vigorously at 60 - 70°C until the
solid had dissolved, To this solution was added 80 g of manganese
dioxide and the mixture was stirred at 80°C for four hours. The mixture
was then filtered while hot, and the solid was washed with five 100 ml
portions of ether., The combined filtrate and washings were evaporated to
dryness at the aspirator, and the solid obtained was dried in a vacuum
desiccator. The yield was 4.6 g (58.8%) of imidazole-4(5)-carboxal -

dehyde melting at 174°C without recrystallisation (Reported m.p.: 174°)3°

10, Oxidation of thiophenol to enyl disulfide

a) Preparation of thio hen0165

S02C1

SH
, = 6 [H)(E2504 + 2n) O’

~
In a 3-liter, three-neck, round-bottom f1ask fitted with a thermometer

and a mechanical stirrer was placed 720 g of crushed ice, and to this

was added 130 ml of concentrated sulfuric acid. After the mixture had
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been cooled to 0°C by placing the flask in an ice-salt bath, 60 g of
benzenesulfonyl chloride was added slowly over half an hour, Zinc
was then added in small portions to keep the temperature at 0°C,
Efficient stirring was continued because benzenesulfonyl chloride
solidified when added to the cold mixture. The contents of the flask
were stirred for one hour more at the same temperature. An efficient
condenser was then attached to the flask, the cold bath was removed
and the flask was allowed to warm spontaneously to room temperature
with continued stirring. The mixture was then boiled until it

became clear with continued vigorous stirring (a total of seven

hours of heating was found necessary).

The mixture was subsequently steam-distilled. Thiophenol was
separated from water and dried by shaking with calcium chloride for
five minutes, and distilled at 169°C (Reported b.p.: 169.5°C.). The
yield was 34 g (90%) as reported. The crude product was redistilled

under reduced pressure to give colorless thiophenol b.p. 70”6/15 mm,

b) Oxidation procedure

' w 70

To a solution of 10 g of thiophenol in 500 ml of chloroform was added
50 g of manganese dioxide, and the mixture was refluxed with stirring
for five hours, It was then filtered while hot, and the solid was
washed five times with 100 ml portions of ether. The combined
filtrate and washings were evaporated at the aspirator. An oily
residue was obtained which solidified on chilling the flask in ice,

The sclid was recrystallized from absolute ethancl, Colorless needles
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melting at 60°C were obtained (Reported MePet 6100)64. A second
crop melting at 58°C was obtained by concentrating the mo ther liquor,
cooling and seeding. A total of 9.25 g (92.4%) of phenyl disulfide

(8425 g from the first crop and 1 g from the second) was obtained,

11, Oxidation of allyl mercaptan to allyl disulfide

2 CHpCH-CHpSH —2292—  (,.0H,CHp~5-S~CHp CH=CHs

The commercial product supplied by Aldrich Chemical Co. was distilled
& nd the fraction boiling at 67 - 68°C was collected.

To a sclution of 10 g of the mercaptan in 500 ml of chloroform
was added 50 g of manganese dioxide, and the mixture was refluxed for
8ix hours, It was then filtered while hot, and the solid was washed
five times with 100 ml portions of ether, The combined filtrate and
washings were evaporated at the aspirator to a amsll volume (about
25 ml), This liquid was distilled under reduced pressure, and a yellow
liquid boiling at 74 - 76°C/15 mm was collected (Reported bepes T8 -
80°%/16 mm).64 The yield was 6.5 g (65.9%) of allyl disulfide.

To confirmm its nature, the product was mixed with zinec dust and
was distilled. The infrared spectrum of the distillate was identical

with that of diallyl sulfide.

12, Oxidation of benzyl mercaptan to benzyl disulfide

¢SH Hp ~5-S-CHz

Cc
: = QO
To a solution of 12 g of benzyl mercaptan (b.p. 194-195°C) in 600 ml

of chloroform was added 60 g of mangeanese dioxide, and the mixture was
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refluxed for five hours, It was then filtered while hot, and the
solid was washed five times with 100 ml portions of ether. The filtrate
and washings were combined and evaporated until a solid had started to
deposit. The flask was then cooled, and the solid obtained on filtra-
tion was recrystallized from absolute alcohol,

A total of 9.87 g (82%) of benzyl disulfide was obtained, Of this
9.1 g (m.p. 69 - 70°C) was collected as a first crop, and 0,77 g (m.p.
68°C) was obtained by concentrating the mother liquor (Reported MePat
71 - 72°C and 69 - 70”0}.64

13. Oxidation of butyroin to bibutyryl

a) Preparstion of but;srroin65
Cz H>C-ONa
2 C3gHyCO00C2Hs + 4 Ng —weed + 2 C2HsONa
C3H»C-ONa
CzH,C-ONg Caz HyC~0OH C3zH»C=0
HpSO4 "
CzH7C-0Na CsH,C-0H CzH7CHOH

In a one-liter, three-neck, round-bottomed flask fitted with & reflux
condenser and a stirrer was placed 23 g of clean sodium and about 60 ml
of xylena. The flask was heated until the sodium had melted, then it
was cooled with vigorous stirring whereupon the metal was changed to
small pieces. The cooled xylene was decanted and the metal was washed
five times with dry alcohol-free ether, and was finally covered with
300 ml of zbsclute etaer., The flask was then fitted with a dropping
funnel in which was placed 58 g (0.5 mole) of ethyl butyrate. About

10 ml of the eater was added, and this caused the ether to boil.
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Subsequent eddition was regulated so that a constant gentle
ebullition was meintained. This addition took about two hours, and
the mixture was refluxed for a further half an hour, by which time
there was no more reaction and practically 211 the sodium had been
changed to the yellowish white precipitate which appeared in the first
stages of the reaction,

The flask was then placed in an ice bath, and the contents were
stirred vigorously while a cooled solution of 52,5 g of sulfuric acid
(speg.: 1.84) in 87.5 ml of water was carefully run through the funnel,
The stirrer was removed, and the flask was kept in the ice bath until
the lower layer of hydrated sodium sulfate had solidified., The ether
layer was decanted, and the solid was washed with 100 ml of ether.

The combined solution and washing were dried overnight over
anhydrous potassium carbonate, The ether and alcohol were removed by
distillation at the aspirator, and the remaining liquid was distilled
under reduced pressure, The fraction boiling at 80%C/12 mm was
collected, It was colored light yellow probably due to traces of the
diketone. (Reported b.p.: 80 - 86°C/12 mm).

b) Oxidation progedure
CaH7C=0 Ca H7C=0
MnOp .
CsH,CHOH Ca HyC=0
To a solution of 7.8 g of butyroin in 400 ml of chloroform was added
40 g of mangenese dioxide and the mixture was refluxed with stirring
for five hours,

The mixture was then filtered while hot and the solid was washed

five times with 80 ml portions of enhydrous ether., The bulk of the
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solvents was removed by distillation at the aspirator, and the residusal
liquid was distilled under reduced pressure. The fraction boiling at
56 - 58°C/12 mm was collected (Reported b.p. of bibutyryl: 58-58,5°C/
11 mm).64 The yield was 4.5 g (58%) of bibutyryl. The infrared
spectrum of the product showed it to be essentially free of -OH absorp-
tion. The infrared spectrum of the residue left in the distilling

flask was that of practically unchanged butyroin.

Preparation of the dioxime of bi.bui_xgl57

To a solution of about 2,5 g of hydroxylamine hydrochloride in
15 ml of water were added 10 ml of 10% sodium hydroxide solution and
about 0,8 g of the product, and the solution was made clear by the
eddition of ethyl alecohol, The mixture was left in a water bath for
10 minutes and was then cooled in ice. The solid collected was
recrystallized from dilute ethanol and yielded colorless needle-shaped
crystals, melting at 183°C (sealed tube) (Reported m.p. of bibutyryl

dioximes 186-1870C).%4

14, Oxidation of propionoin to bipropienyl

a) Preparation of propioncin
Propionoin was prepared by the seme procedure as that used for butyroin

except that ethyl propionate was used as the starting material. The
product distilled at 55 - 60°C/11-12 mm (Reported b.p.: 60-65°C/12 m).65

b) Oxidation procedure

C2HyC=0 CeHsC=0
o0z o
C2HsCHOH CoHsC=0

To a solution of 10 g of propionoin in 500 ml of dry ether was added
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50 g of manganese dioxide, and the mixture was refluxed with stirring
for five hours, Subsequent treatment was similar to that used in the
oxidation of butyroin, Upon vacuum distillation of the product a
yellow oil, b.p. 34 - 36°C/12 mm, was obtained (Reported b.p. of bi-
propionyl: 32YC/10 11:1::).64 The yield was 5.1 g (51.9%).

Preparation of derivatives

a) Dioxime: It was prepared as for bibutyryl. It melted at 190°C
(Reported m,p.: 185"0).64

b) Semicarbazone: It was prepared as in reaction number 3., It

melted at 271°C (decomp.) (Reported m.p.: 270°C (deocmp.)).64

15, Oxidation ofé-gheg:ll_:,moglmine to_nitrogobenzene

A solution of £-phenylhydroxylamine was prepared, and without prior
isolation the product was oxidized with manganese dioxide.

a) Preparation of £ -phenylhydro lmin366

In a one-liter flask were placed 12,5 g of ammonium chloride, 400 ml of
digtilled water and 24 g of pure nitrobenzene, and the mixture was
stirred vigorously. In the course of 15 = 20 minutes, 31 g of zinc dust
of 85% purity was added., During this addition the temperature rose to
60 - 65°C., Stirring was continued for 15 minutes after all the zinc
had been added, The temperature ceased to rise indicating complete
reaction, The mixture was filtered, and the filtrate was received in a
flask cooled in an ice-salt mixture, The zinc oxide was washed on the
funnel with 200 ml of boiling weter, and the washings were added to the

main solution,
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b) Oxidation procedure

NHOH NO
O wm U

To the sbove solution cooled to 0°C, was added 70 g of manganese
dioxide and the mixture was stirred at O°C for three hours. It was
then immediately subjected to steam distillation. A green distillate
passed through the condenser, and was received in a thoroughly cooled
receiver where a white solid (slightly colored green) was formed., The
distillate solidified partly in the condenser, and the stream of water
was stopped occasionally to avoid blocking of the condenser, Steam
distillation was continued until the green liquid was no more detect-
able in the condenser, and an oily yellow substance started condensing
there.

After filtration, the solid was dried by pressing it between
several sheets of filter paper. It melted at 60 - 62°C. When
recrystallized from alcohol its m.p. became 64-65°C (Reported m.p. of
ni trosobenzene: 64-6700).6 6 The yield was 8,7 g (41.3% from nitrobenzene).
This correspgnds to a 63,5% yield from phenylhydroxylemine, since the
best yield of 4 -phenylhydroxylamine obtained by isolation from the
yellow solution before oxidation (sal ting out at 0°C with 150 g of

sodiumn choride) was 14.5 g (68%) (reported 68%).66
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