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ANALGESICS AND ANTIPYRETICS

Antipyretics (drugs which reduce abnormally high body
temperature) and analgesics (drugs which characteristically
relieve palin without produclng stupefaction or unconscious-
ness), are some of the earliest and best known of the syn-
thetic drugs. During the past seventy years, almost numbere
less compounds which possessed antipyretic and analgesic
propertles were introduced by drug manufacturers, but the
number of really new and valuable products is small. The
greater number of these compounds consist of insignificant
variations in a few parent compounds, A few of these, how-
ever, have survived and proved their usefulness, not so much
as antipyretics, but as analgesics., Several have also proved
useful in the symptomatic treatment of acute rheumatic fever
and gout. Since the amount of literature on the subject 1s
so great, the author has made no attempt to give a complete
survey, but rather a general view of the more important
developments in the fileld,

Until the latter part of the 19th century the only ef-
fective agent for the reduction of the body temperature of
fevered patients was quinine, After Pelletier and Canentou
had isolated quinine in 1820, it was many years before the
constitution of this alkaloid was determined. However, it
was known quite early that quinine yielded quinoline upon de-
composition., It was found that quinoline itself has an anti-

pyretic action, but could not be used as a drug, owlng to
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its toxic action, Efforts were therefore made to prepare
non-toxic compounds to replace the then expensive quinine.
Several compounds, derivatives of 6~methoxy-quinoline, were
prepared and shown to possess antipyretic action, but were
all too toxic for use.

This impetus towards the investigation of the quinoline
group was given by Kgnig's synthesls of gquinoline 15 1879,
which was followed in 1880 by Skraup's general synthesis,
Following Fischer's discovery of phenylhydrazine, and its
application to his famous indole synthesis,

[
+ — /@ + HpO + NHg
-CH
H-NH, g °

Knorr, working in Fischer's laboratory, attemptedxto make a
tetrahydro-quinoline derivative from phenylhydrazine and
acetoacetic ester. The product of the reaction, however,
was later shown by him to be‘a pyrazole derivative (1l). The
methyl derivative of this compound, produced with the inten-
tion of obtaining & substance resembling quinine, was a sure
prising success. Its trade name was Antipyrine. In the
commercial process, phenylhydrazine was reacted with aceto-
acetic ester to form a hydrazone, which on heating lost the
elements of alcohol, with the formatlion of phenyl-methyl-
pyrazolone. This was then heated with methyl iodide and
methyl alcohol at 100-150°C., to form antipyrine (2}).
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CHg-G=0 HQN-NH-O cﬁs-cw-};.o
8 + cold H
e 0= 0EL

- HsO0 Et
e Ho-C=0
' Hydrozone
&
~BEtOH
CHz-GN-CHgz CHzwC==N
\ , 3 \ s
2O e | KO
H-C=0 Hy,C—C=0

Phenyl-dimethyl-pyrazolone Phenyl=methyl-pyrazolone
(Antipyrens)

As might be expected, numerous variations of the above
process are possible, and have been patented.

Antipyrene is a white, odorless, crystailine s0lid,
m,p. 111-113, having a slightly bitter taste, It has a very
strong antipyretic action, end is comparatively free from
injurious effect on the haemoglobin. It also has a strong
analgesic actlon, and is used widely 1n various analgesic
mixtures sold to the publiec.

Many compounds related to antipyrene have been prepared
by substituting different radicals for R, R', R", and R"',

in the pyrazol ring:

R'«C~—N-R
He
/
;‘RH-‘ ‘ """'OH-R"'
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Few of these, however, are of practical.value. One of these,
. which has attained some commercisl success, is Pyramidon or
Anminopyrine (4-dimethyiamino-antipyrine), first synthesized
by Stoltz in 1893. It was prepared by treating an acid
solution of antipyrine with sodium nitrite, to form the
nitroso derivative. This in turn was reduced to the amine
with zinc dust and acetic acid, purified by isolation as the
benzylidene derlvative, followed by hydrolysis with HC1l, and
the amino group methylated with methyl lodide or dimethyl

sulfate.
CHg- -—N—GH CHz~C —N-CH
5 S Naﬁoz E \ s
O | O
ON-C——CO
Antipyrine 4=-nitroso~antipyrine
HAc +
Zn dust
CHg~ N-CH CHz~C ——N—CHg
O O
Qca:u- HyN-C—€0
4-benzylidenamino- 4~-amino~-antipyrine
l antipyrine
GBB-C——-N-CH3 CH -C—-~—-N-CH3

Aminopyrine
Since the direct methylation of aminopyrine is difficult
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gnd gives'poor ylelds, many alternate methods have been
’wofked out for alkylating the amino group.
The two mein systemic actions of aminopyrine and antie
- pyrine are analgesia and entipyresis. In this respect they
- resemble the other common drugs of thls nature (sglicylates,
acetanilid and acetopﬁbnetidin). In addition, antipyrine
has some mild local anesthetic and antiseptic properties.

The mechanism of the antipyretic action of all of the
common antipyretics 1s the same., They lower the body temper-
ature of febrile patients only. The normal regulation of
body heat requires s delicate balance between heat production
and heat loss., The central nervous system, especially the
hypothalamic nuclei, seems to play the dominant rble in the
regulation of body temperature, %hrough its control of the
peripheral mechanisms such as blood vessels or sweat glands
which are concerned with the production and loss of body heat.
The hypothalamus is thought to be the body's thermostat. 1In
fevered patlents, this thermostat 1s set at a higher level.
Mntipyretic drugs reset it at a lower level. As proof of
thiS’theory, it has been shown that high sectlon of the
8pinal cord prevents the lowering of body temperature of

 fevered animals through the use of antipyretics.

The analgesic action o6f these drugs, however, 1s not
as well understood. This action 1s attributed to a central
depressaent action located in the optic thalami. The fact
that the site of action 1s not cortical is indicated by the
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lack of mental disturbance, anesthesia, orEchanges in sen-
sations other than pain sense, after the patient receives
aﬁ analgeslc dose of any of the common snalgesics. The
types of pain which are rellieved by these drugs are head-
aéhe; myalgia, arthralgia, and other pains arising from
Integumental structures rather than from the viscera. No
local anestheslia of nerve endings 1s obtained with these
drugs. None of these synthetle analgesics possess the
analgesic action of morphine. Of the synthetic analgesics,
Aminopyrine has the strongest action.

As was the case with Antipyrine, numerous compounds
related to Aminopyrine have been prepared. These may be
considered as derivatives of aminopyrine through substitution
of different groups for the Aryl, R, R", R''', and RE"", in the

following formula:

Rt'=—NK-R
" N-Aryl
R ~ nn
_~NeC——CH-R
RM

None of these derivatives have proven superior to amino-
pyrine in clinical use. .
: Antipyriﬁe 1s very extensively used, Although intro-
duced as an antipyretlc, it is used now more extensively as

an analgesic, It is a constituent of many of the patent
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medicines sold to the public (frequently under misleading
trade names) for the relief of pain. Used in small amounts,
1t seldom causes any harmful reacbions,_except in a few

- allergic patients, in whom it caﬁses a pigmentation of the
skin (like birthmarks} similar to that seen with phenol-
phthalein (a widely used laxitive}.

Aminopyrine is an effective antipyretic and analgeslie,
and was at one time wildely used. Recently however, it has
been suspected of causing the serious and often fatel disease
known as asgranulocytosis in patients who show a hypersuscepti-
bility towards it. For this reason 1ts use is largely re-
stricted.

Following the success of antipyrine, many phenylhydrazine
derivatives were prepared and tested. Most of these were
without practical value due to their toxielty.

The discovery in 1886 by Cahn and Hepp that aniline and
acetanllide have powerful antipyretic and analgesic propertlies
opened a new field of investigation for cheaper antipyreticé.
It was found that while aniline and its salts were toxic in
small doses because aniline destroys the hemoglobin forming
methemoglobin, the introduction of an alkyl or acyl group
in place of an amino-hydrogeh, greatly reduced this toxicity.
:  Through the acetylation of anlline, acetanilide
CeHgNH=CO=CHy, 1s produced. It has marked antipyretic
properties, and also acts es an analgesic. Although it is
much less toxic than aniline, its physiological effect 1s
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due to the slow liberation of aniline, and in time symptoms
of aniline poisoning become apparent. It is only used now
becaﬁse of 1ts cheapness. Other compounds related to acet-
anilide were tried. Thelr action varied directly with their
ease of hydrolysis, since they all depended on the liberation
of free aniline for their physlologlcal effect. Acldic
groups were also added to the molecule in an effort to ob-
tain more soluble derivatives, but since the sparing solu-
bility of ecetanilide does not deter its therapeutic action,
thése attempts were valuveless. Moreover, this 1is in line
with the general pharmacological observation that acidie
groups generally cause a compound to be inert.

After the discovery by Schmiedeberg in 1878 that aniline
and its simple derivatives were converted partially into
p~aminophenol in the body, defivatives of this compound were

- prepared and tested for their antipyretic and analgesic action.
Although p-aminophenol itself is less toxlc than aniline, it
18 still harmful in moderate doses. This toxiclity was reduced
by the substitution of a hydrogen of the OH or NHp; group---
the reduction being greatér if the NHg; group is substituted.,
This reduction of toxicity proved to be greater 1f the group
substituted is alkyl -- less if acyl or aryl., If two H's are
substituted, the reduction in toxicity is greater 1if the

- groups substituted are alkyl and acyl, than if boﬁh of these
radicals are of the same type. The toxieity and therapeutlc

qualities were found to diminish with the increasing molecular
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weight of the introduced group. The most useful derivative
,taated, from the standpoint of toxicity and therapeutic aétinn

was p-~ethoxy-acetanilide

CH30H2-04<::::>>NH-C0-0H3

or Phenacetin as it 1s more commonly called. With larger
,groups, particulerly aromatic groups, the compound became 80
resistant that the therapeutic asction was reduced almost to
nothing. The substitution of halogen atoms in the ring did
nbt modify the antipyretic or toxic action of the original
substance. |

In the original synthesis of phenacetin, pe-nitrophenol
was converted to the sodium salt, treated with ethyl bromide,
and the product reduced with tin and HCl, The para-phenetidine
thus formed was then acetylated by boiling with glacial acetic

acld.
NOg NHpCOGH
EtBr [::J Sn/HC1 [::] HAc [::)
ONa 0-CgHg

Many different procedures for the preparation of phenacetin
are of course possible, and many of them have been patented,
The most economical of these make use of by-products of the

dye~stuffs industry.
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The two chief systemlc actions of acetanilide and
phenacetin are antipyresis and analgesia., In these actlons
they differ little from the other drugs of this nature sugh
a8 antipyrine and aminopyrine. Acetanilide and phenacetin

are the only two aniline derivatives which have surviwved
the past 50 years of clinical trial, and are seconé only to
the less toxic salicylates in popularity.

Poisonings due to the aniline derivatives usually result
from the medical misuse of these drugs, such as the indis-
crimlnate self-administration of proprietary drug mixtures
(usually headache powders)} by the laity. Polisoning may be
’acute or chroniec and death msy result from either. In either
case, the symptoms are those due to aniline poisoning, such
as cyanosis (due to alterations of hemoglobin to methemoglobin
‘and sulfhemoglobin), anemia, weakness, skin reactions, collapse
tand coma,

The phenyl-urethanes have been tested for their pharma-
cological action., Most of them showed some feeble but une
certain antipyretic action, and the lack of any hypnotic ef-
fect.

Among other derivatives of phenetidine are several

- condensation products with aldehydes, such as salicyl-asldehyde:

CH30H20-C>-N=GH-C>

OH

None of these have met with any clinical success.
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A soluble derivative of phenacetin was first prepared
by Schmide and Majert in 1890, by the action of ammonia on

brom-acetyl phenetidine:

0H30H2-0-ONHCOGH2-Br 0H56H2-0-Q~NHGOCH2NH2

+ NH + HBr

The amino-phenacetin is known as Phenocoll. Its salts are
soluble in water; and consequently its actions: appear prompt-
ly but disappear rapidly also. Its salt with sallcylic acid
~(1nsoluble) 1s reported to be stongly antlipyretic and anal~-
‘géSic.
| Several phenetidine derivatives have been prepared in
which the hydrogen of the hydroxyl group has been replaced
by more complex groups, but none of these appears to have
had much clinical success.
Since 1900 several quinoline derivatives have been intro-
duced for the treatment of gout, neuralgia of the sciatic
- nerve, and for urinary antisepsis., They also have anti-
pyretic and analgesic actions slmilar to the other drugs of
that nature. The simplest of these derivatives is Cinchopen,

or

COOH

<

2-phenyl-quinoline~4«~garboxylic acid
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This compound was synthesized in 1887 by Doebner and Glesécke
(3) through the condensation of o-amino benzsldehyde with
acetophenone; although a better method is to heat benzylidene-
eniline with pyruviec acid, and dehydrogenate the produet to

cinchopen:

-COOH Oﬁ COOH
o ko= (o

One commercial process (4) makes use of isatin (from the
dyestuffs industry) by condensing this compound with aceto-
phenone in strongly alkaline solution, to form cinchopen

directly:

GOOH COOH
co GHS
o O T WD
7 0]:4g
NH

Due to its acid character and bitter taste, cinchopen
18 usually converted into 1its sodium salt before administration,
in order to aveid gastric disturbance, Its ethyl ester -=-
KeécinchOpen == i3 none-irritating, while possessing the same
properties as cinchopen. Many e¢inchopen-type compounds have

been patented:
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COOR
: é ™Ns s W
(s
- 1

as well as various fused-ring compounds, but none of these
has any advantage over cinchopen or neocinchopen.

In spite of the useful pharmecological properties pose
 §eased'by cinchopen, it causes severe toxic reactions in
certain individuals., Under certain conditions 1t causes

& toxic cirrhosis of the liver which 1s usually fatal. Since
it is a constituant of dozens of proprietary drug mixtures,
the indiscriminate use of these drugs for the symptomatic
treatment of gout 1s dangerous,

The use of the salicylates for the relief of fevers
dates from anclent times. The usual form was an/extract of
willow bark, (of the genus Salix} which contained the bitter
glucoside, salicin (C,3H350-) which on hydrolysis yielded
dextrose and saligenin, or salicyl alcohol. Sodium salicyl=
ate was first introduced into clinical therapeutics by Buss
in 1875, who used it on patients suffering from typhold,
tuberculosis, diphtheria and rheumatic fever. Salileylle
acid had been first synthesized by Kolbe and Lautemann (5),
‘by the action of carbon dioxide on phenol in the presence

of sodium:

' «OH
Ooma _ %% | Q-ocooua —_— OOOON&
200° resrr.

sodium salicylate
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Salicylic acld is so irritating that 1t can only be used
externally and therefore various derivatives of this acild
have been synthesized for systemle use, These are grouped
iInto two large classes; those which are esters of salieylie
acld through substitution of the H in the carboxyl group,
~and those which are salicylate esters of organic acids in
which the carboxyl group of salieylie acld is retalned and
’gubstitution is made in the OH group.

Phenyl salicylate (Salol) introduced by Nencki in 1886,
was the first synthetle organic ester made up of two physio=-
1ogically actlve components to be used in medlcine., It was
prepered by heating salicylie acid to 230°, whereupon COg
wes eliminated and the resulting phenol condensed with the

remaining salleylic acld:

OH
. -~OH
230 . + COy

MyoOH

OH o

Nencki's idea was to convert substances (phenol in the case
df’salol) which were too toxic for ordinary use into esters

from which the active component is liberated 80 slowly that
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it produced no iInjurious side reactions, Salol, introduced
as an Intestinal antiseptic, has not proven as effective as
was anticipated. It 1s often excreted unchanged. MNoreover,
decomposition in the intestines is so slow and incomplete,
and the absorption of the phenol liberated is so rapid that
effective germicidal concentrations are not established. It
_has proven of value, however, as an enteric coating for pills;
In spite of the failure of salol itself, Nencki's "Salol
“principle"” has proved of value in the preparation of many
" new medicinals, as for example, the anlline derivatives men-
- tioned earlier. |
Due to the gastric irritation and unpleasant tastetof
salicylic acid and its simple salts, less soluble derivatives,
- @.8., ©sters, have been introduced. It was believed that
these compounds would pass through the stomach unchanged,
and thus avoid the nausea caused by salicylic ascid. While
it was found that they did pass through the stomach largsly
unchanged, the nausea, probably of central origin, remained.
Acetyl salieylic acid, introduced into therapy by Dreser
in 1899, 1s prepared by the acetylation of salicylic acid
with acetic anhydride, It 1s perhaps the most widely used
snalgesic and antipyretic at the'present time, and is sold
under the name Aspirin, 1Its calcium salt is soluble in water,
Derivatives of salicyllic acld with dibaesic acids such
as succinic acid (Diaspirin), anhydromethylene citric acid

(Novaspirin) have been introduced. In general they act exactly
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like aspirin. Diplosal is the salicyl ester of salicylic
acid, prepared by treating salicylic acld with phosgene,
phosphorus trichloride, or thionyl chloride. It behaves

qualitatively 1like sallcylic acid,.
Compounds formed by the replacement of the hydrogen in

the carboxylfgroup of salicylic acid are more readily ab-

sorbed from the skin and are better for external use (counter-

irritants) than 1s salleylic acid itself. These include

methyl salicylate (0il of Wintergreen), as well as esters of

ofher alcohol such as; ethyl alecohol, ethylene glycol, methoxy-
k'mzthyl alcohol, and many others.

Another type of salicylic acid derivative comprises

those in which it is combined with basic radicles, Sallecyl-

amlde

OH

CONHg

is more soluble than sallcylic acid, and has a more marked
~analgesic action. MNany compounds have been prepared in
which salicylic acid is combined wlth substances having anti-
pyretic and analgesic properties, such as aniline and aniline
derivatives,
From the observation of the physiologlcal actlon of the

various salicylates, it is possible to make several generalltles.
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The characteristic actions of the various derivatives are due
to their salicylic acid content. The variations in the solue
| bilitj and tendency to cause local irritation are the main
factors which determine the degree of usefulness of these
‘keompounds. The ortho-position of the OH group seems to be
‘essential for the typlical actlion of salicylic acid; this
action being absent in the meta and para-hydroxy benzoic
aclds, The toxicity of salicylate acid derivatives and their
therapeutic potency depends to a large extent on the amount
of sallcylic acid liberated in the body, and the rate at
which 1t 1s liberated. This depends to a great extent on
thé solubility and stabllity of the compound,

The salicylates in general show some bacteriostatic
action against moulds and fungi, and some (salicylic acid in
particular) are quite irritating to the skin and mucosa, In
general, however, they are quite safe to usse. They are used

:commonly as antipyretics or analgesics, and in the symptomatic

.treatment of rheumatic fever, They are absorbed readily from
the gastro-intestinal track, including the rectum, dnd o ther
Hucoaal surfaces of the body, and shortly after absorption,
~can be found in nearly every tissue and fluid of the body.

The wide use of sglicylates in medicine and their indiscrimin-
ate employment by the lality for every allment has been the
'cause of numerous cases of toxlc reactions. Fortunately,

mnst of these were mild., Moreover the toxlc reactions which
do appear, generally go away when medication ceases., In this
respect thé salicylates are far safer than any of the other

~analgesics and antipyretlics previously discussed.
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PART II
DISCUSSI ON

As has been polnted out earlier, salicylamide, while
~possessing a stronger analgesic action thaen salicylic acid,
18 not used in medicine due to the gastric'distress which

1t causes, This may be due in part to its possessing a
greater solubillity than sallcylic acid. The author, there-
fore, thought it worthwhile preparing a series of derivatives
- of salicylamide which were more insoluble, and which would
decompose slowly with the llberation of salicylamide.
Two series of compounds were chosen, each containing
a benzene ring and a heterocyclic ring containing carbon,

oxygen, and nitrogen. The first of these, the dihydro-

benzoxazones:

(o A NN

are prepared through the condensation of salicylamide with
an aldehyde, are in general, white, crystalline solids which
are insoluble in water. ‘

The second series of compounds were derivatives of

O,Nécarbonyl salicylamide;
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-3
v
[}

O\
z—-
b

in which the hydrogen of the NH-group was to be replaced by

various groups.

THE BENZOXAZONES

Most of the early work on benzoxazones was done in

ffesearches on the labile isomerism among the acyl derivatives

 of salicylamide.

R Titherley and Hicks (6) found that during the benzoyl-
ation of sallecylamide, two mono-benzoyl derivatives were
produced. One'of-thbm, the Owbenzoyl salicylamide (m.p. 144)
‘is labile and is readily converted linto the other, a stable
compound melting at 208°, which was ldentical with the pro-
duct obtalned by Gerhardt and Chiozza (7) by heating benzoyl
chloride and salicylamide.

Awers (8) regarded Gerhardt's salicylamide as the N-benz-
oyl derivative, and held that the isomeric change observed
by Titherley and Hicks involved the transport of the benzoyl
~group. He cited some work which he had done on the acyl

- derivatives of sallicylamide, the O-acetyl derivative of
| which immediately passes into the Neacetyl isomer due to
its instability.
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McConnan and Titherley (9) however, demonstrated that
the simple N-benzoyl formula could not be accepted, and that
acyl salicylamlides in general exhibit remarkable lablle lsomer-
ism. It was demonstrated that Gerhardt's benzoyl salicylamide
1s tautomeric, and can behave as if the benzoyl were attached
té both N and 0. In order to account for the conflicting
eiidence as to the constitution of Gerhardt's benzoylsalicyle
emide and acyl salicylamides in general, they put forth the
hypothesis of cyelic tautomerism, in which the alternate
ﬁautomeric forms are an open chain and a ring. Gerhardt'é
ebmpound by this hypothesis was represented as the ring

derlivative:
o. OH
!
Lgeﬁs
’
co

They assumed that among the labile O-acyl salicylamides that
the CO of the acyl group reacts with the hydrogen of the CONHg
group forming a cyclic hydroxy-derivative which may be tauto-
meric., A compound results which if stable remains as such (B},
or if unstable may undergo one of two changes: 1. the hydroxyl
hydrogen may wander back to the nitrogen atom (giving A), or

. 2, may wander to the phenolic oxygen atom (giving rise to C}:
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0 R OH

N O .~

/zg;f \?\DH NH=CO-R
¢o ,NH co

co
(&) (B) (¢)

Varying degrees of stabllity of types A, B, and C might
‘be expected, according to the nature of R, and according to
whether the residual H of the NH-group is further substituted,
Taking mono-benzoyl salicylamide as an example; form A exists
as & labile compound (m.p. 144) which, stable at 15°, passes
on heating or in ilonlzing solvents easlly into B or C, forme
ing a stable derivative (m.p. 208} which is tautomeric and
may equally well possess the open chain

_GO.NH.CO.CqHg |

03H¢\‘ or the closed chain formula
OH

GO—NE _Cofs
eHo =07 “OH

C-XN
Since the ring O< >
C-C

the metoxazone ring, they called this type of tautomerism

C was at'the time known as

" Metoxazone Tautomerism," and by it explained the ease of
‘mobility of the acyl groups in salicylamide derivatives., It
may be observed in passing that the alkyl derivatives, unlike
the acyl derivatives, are stable,

This scheme of reversible change involved ring production
in one of its tautomeric forms, and is thus analogous to
lactone sautomerism which is shown by certain di-aldehydes

such as succinaldehyde and phthalaldehyde.
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In order to prove his hypothesis of "Metoxazone Tauw
“tomerism!, Titherley (10) attempted to prepare the cyclic
' hydroxy-derivative by oxidizing phenyl-benzometoxazone (as
it was then called}. In thls research, he not only studied
the preparation of phenyl-benzometoxazone by the condensation
}of salicylamide with benzaldehyde, but he also elucldated
this reaction mechanism, and reported many of its reactlons,
The condensation of amides with aldehydes was first
studied by Roth (11), who attempted to prepare the amide
of cinnamic acid by heating acetamide with benzaldehyde.

‘The product was benzylidenediacetamide:
CeHa-CH( NH"GO‘GH@ ) -

Similar compounds have since been prepared by the condensatlon
of aryl and alkyl aldehydes with amides of monobasic acids by
“8chuster (12), and Hoffmann and Meyer (13) to mention only a

few, In each case, the reactions proved to be of the type:

H-NH-COR' __NHCOR'
RCH=O0 + —— RCH + HOH
' HE-NH-COR' “SNHCOR®

The condensation of formaldehyde with amides gave
H—methylol‘compounds R-C0-NH-CHg OH (Einhorn (14)),
from which methylene compounds could be obtalned by further
action of amides CHQ:(NH-GQ-R)Q .
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Cebrian (15) attempted to condense benzaldehyde with
salicylamide using sodium acetate as the condensing agent,
and obtained two products; one of which was insoluble in
aikali and gave no ferric chloride reactlion, and t@e other,
the quantity of which varied with the conditions of the ex~
‘periment, was soluble in alkali and gave a positive ferric

ehioride reaction

OH O\CH o
+ ;KOHO Nele 16 +
140° LH
CONEg ‘ cb CON:CH—Q/ :

Titherley (10} attempted the same reéction, but used
aléoholic HCl instead of sodlium acetate as condensing agent,
~and also ran his reaction at 60°. The only product obtained
invthis7case was the compound which was insoluble in alkali,
and‘which gave no ferrlc chloride test., He put forth the

following mechanism to explain the observed reaction:

__CONH, __CON=CHC¢Hsg
CeHy + CgHgCHO _HCl CoH{
~OH. ~NOH
unstable
COX
rearr. N CGH4<
" 0"03"C335

There might be an alternate mechanism., The metoxazone
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might be formed first and rearrange to the benzylidene form.
o However, if the metoxazone was formed first, N-methyl sallcyl-
amide should react to give a metoxazone, but since it does
not, this mechanism 1s ruled out, Also phenyl benzometoxazone
shows no tendency to rearrange to benzylidene salicylamide.
The free synthetic benzylidene compound obtalned by
Cebrian is stable to HCl and sodium acetate, but the compound
obtained by the rearrangement of the metoxazone (with pyridine
'and'KOH), can be recycalized on melting or heating with certain
so}vents; The existence of the two compounds 1s 1ntelligib1e
oﬁ‘the assumption that they are geometrlc lsomerides (like
the oximes). One 1s amorphous ﬁnd cannot be recrystallized,
while the other can be obtained in a crystalline form. On the
assumption that the syn form 1s obtained from the cyclic com-
pound, the stable form is called the anti ﬂorm. Also, since
the metoxazone has an asymmetric carbon atom as well as an
asymmetric nitrogen (Werner-Hantzsch theory), two pairs of

enantiomorphs are possible:

0 0

HC ~g Hfti,-p’
,N-H H-N

co co

d=syn lesyn

3’-‘7—1—1 fi-ﬂ
_N-H Ho,

co co

de-anti leanti
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However, only one inactive compound is known (m.p. 1690).

The difference in stability between the two isomerie

" benzylidenes:
OH OH
HeG- -
OO-g ¢ c&g H

I II

is explained on the grounds of "steric hindrance" exercised

by the large phenyl group whlch prevents rearrangement in I1I,

f,_(I)‘ia therefore syn and the phenyl benzometoxazone is 4 & 1

 syn (configurstion 4).

The preceeding reactions may be summarized as follows:

B g ~c-2f

- H H-
cb | cd
d=-syn-phenyl l-syn~phenyl
- bengometoxazone benzametoxazone
héat
pyridin;\\\\\“ pyridine
+ +
‘KOH . KOH
OH

HeGe
co-g Qf
syn-benzylidene
salieylamide
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only syn-benzylidene
HC1 salicylamide produced

Salicylemide + benzaldehyde ,
NaAc at™a syn+anti-benzylidene
higher salicylamide produced
temperatures '
Titherley also found that N-benzoyl salicylemide (Ger-
hardt's salicylamide) could not be (1) reduced to phenyl
benzometoxazone, (2) dehydrated, or (3} methylated to methoxye

phenyl benzometoxazone:

O\C/JZ
:ln\sﬂ (1)
co

O\ OH OH ‘ ; O,\C-¢
g — | — m“ (2)
T _NH-CO-F N
€0 co co

Gerhardt'!s benzoyl salicylamide

-

\\E»<\\ . : YO Oﬁe
| N (3)
NH

s
. CO

4

However by dissolving phenyl benzometoxazoﬁe in cold

- concentrated sulfuric acild and oxidizing it with angacetic
acid solution of chromic acid, Titherley was able to obtain
a good yleld of N-benzoyl salicylamide, thus subétantiating

his theory of "Metoxazone Tautomerism:"
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oA OH

C O\../ OH

L? oy \CL; .

/’ b i 0._
co c6 ool 7

~Later work has confirmed rather ﬁhan‘disproved Titherley's
theory. Hicks (16) investigated thebz-methyl_benzoxazone (note
name changé; in connection with the problem of the tautomerism
and labile lsomerism of the scetyl sallcylamides. He pre-
pared this derivative through the reaction of salicylamide
with'paraldehyde in the presence of HCl, and from it prepared
the syn-ethylidene saiicylamide by treating 1t with pyridine
and concentrated alkall, Hicks also prepared the anti-ethyl-
idene salicylamide by heating paraldehyde with saliecylamide

in the presence of sodium acetate at 150o in a sealed tube,

OH \c/gﬂ g-methyl-3,4-
N ~Llg dihydro benz-
+ (GHSCHO)S HC1 H oxazin-4-one
——r ,N
CONHg co
aAc° pyridine
150 +
heat KOH
OH
H
_ H~-C-CH
e~(-H : 3
co coﬁ
anti-ethylidene syn-ethylidene
salieylamide ' sslicylamide
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Hicks was able to oxidize the methyl-derivative to N-acetyl
salicylamlde, thus proving the relationship between these

two compounds.

N 0.. CH OH
“CHs g \C\CH;; —
L Lﬁ — NH-CO-CHz
2 o
co

More recently still, Moucka and Rbgl (17)‘prepared the
i-propyl and the i-bufyl derivatives and carried them through
thé above reactions, obtaining the syn and anti-derivatives
and the corresponding acyl derivatives of salicylamide.

‘ The 2-phenyl dihydrobenzoxazone which had been prepared
by Titherley was also investigated by Keane and Nicholls (18).
They were able to prepare the acetyl derivative by treating |
the compound with acetic anhydride, By treating this com=
pound with concentrated sulfuric acid, they were able to

decompose it into N-acetyl salicylamide:

0 H
*ng o \CiHQf 550, + gCHO
LH —20, N-G 0-CHz 4NH-COCH7
c6 co

I II 111

~

They also found that by heating phenyl~-benzoxazone (I) with
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water over a long period of time, it would be decomposed into
its constituents (benzaldehyde + salicylamide}. In the presence
of aclid, this decomposltion was speeded up, while alkaline
hydrolysls proved to be most raplid of all. On heating (TI)

with aniline, 1t decomposes with the formation of bénzylidenen
aniline and salicylamide.

In his criticism of the metoxazone theory of lablle
isomerism, Auwers (19) attributed the change of N-behnzoyl
salicylamide I, to O-benzoyl salicylamide III, (by boiling
in acetic acld) to the intermedlate formation of the unsatu-
rated ring II, by loss of water, which then immediately de-
composed this hypothetlcal ring, yielding the O-benzoyl

‘derivétive:
0~GO0-
o | o g g
~HOH I HOH
NH~CO- N ONH.
% g ¢ CONHg
I 0 S 111

In order to test the valldity of Auwerd' contention,
Titherley (20) attempted to prepare thlis unsaturated deriva-
ktivé in order to compare its properties with those which
Auwers had attributed to hils hypothetical compound.

Titherley first attempted to prepare this ring from
phenyl-dihydrobenzoxazone by eliminating two atoms of hydrogen,
but this was not successful., He then tried to remove s mole-

~cule of water from O and from N-benzoyl salicylamide using
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phosphoric oxide and zine chloride, but both of these attempts
were unsuccessful., He was, however, successful when he react-

ed phenyl salicylate with phenyl benzamidine,

OH NH\ \045
+ :>01¢' ——— + ﬂbH + ¢hH2
“cood g-n Céyq i

m.pes 106

Titherley found the compound to be markedly additive

in its properties. In the presence of pure water or dilute

alkalies, 1t was unaffected, but in the presence of hydrogen

ions, it rapidly added one molecule of water, ylelding N-benz=-

oyl‘salicylamide guantitetively. This effectively disposed
 of Auwers' contention which involved e hydrolytie rupture

at ﬁhe double bond. Moreover, the rupture of the unsaturated

ring between the O and C atoms was discounted due to the

stability of the ringin the presence of hydroxyl ions which

would favor such a rupture, Titherley thus proved that the

mechanlsm of the isomeric chsnges observed in acyl sallcyl=-

amides did not involve the intermediate formatlion of such

an unsaturated ring.

In further investigations of this same unsaturated
| compound, Titherley found that it could be made in good
yield from either N or O-benzoyl salicylamide by boiling it

in toluene or anisole (with an arrangement for the removal
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of water) in the presence of HCl -- the proportion of which
could be varied greatly. He attributed the loss of water
not to a direct dehydration but to the intermediate formation

of a chloro-compound:

OH
Céyﬁ;co-ﬁ .
? ’ HC1 Co
7 o, 135° | ¢
0=CO-g¥ cé C6NH
1 o IT
CONHg too unstable for | { ~HC1
independent existence :
o
~ .*c,-rzf
L
co
111

| In further investigations of this same reaction, Titherley
and Hughes (21) attempted to obtaln 2-chloro-2-phenyl-3,4-
dihydro-1,3-benzoxazin-4~one (II), through the chlorination
of 2-phenyl-dihydrobenzoxszone, but instead, obtalned G-chlorow=
2-phenyl-~dihydrobenzoxazone, which on further chlorination
yielded 6~chloro-2-phenyl-l,3-benzoxazin-4-one, through
loss of HCl: '
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| O\C/ﬂ o\ ¢ 6=chloro-2-
NH c1 C‘H phenyl-3,4~
. 2 . LH dihydro-1,3-
7 C1 , benzoxazin~-
I co 1160 4-one
Cls I'Hz
0\ /ﬁ
7\01 0. 2 6-chloro-2-
~HC C e~ phenyl-1l, 3~
¢l N el | benzoxazin~
co c1 N 4-one

III not isolsated co o
IV  m.p. 215

(II} was proven by synthesis from S5-chloro-salicylamide and
:benzaldehyde, using HCl as a catalyst. (IV) was prepared by

two methods, thus proving its struéture:

N
s e (YT o oeom
¢-NH N o
coog Mmepe 215

5-chloro-pheny1 phenyl-
salicylate benzemidine //// -HC1

N4

7\01
Cl NH
ONHz c 0
O=benzoyl=-5=-chloro

salicylate

They were also able to reduce IV to II, using hydrogen and
a platinum catalyst. This was to be expected in view of
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the additlive properties of compounds of that type, which had

been the subject of one of Titherley's earlier investigations,
Titherley and Bughes found that II on alkaline hydrolysis

yielded benzaldehyde, while IV under the séme circumstances

yielded benzoic acid:

O\.” a
; > benzaldehyde
e ,NH HOH
co OH
11 +
| + C1 ONE
0 | 2
c-gf - COOH
I OH . 08
@ o HOH benzoic acid

Aleo in line with their earlier work, Titherley and
Hughes found that IV would add water in the presence of
| hydrogen ions to form the 2-hydroxy derivative, which in
turn would rearrange to N-benzoyl-5-chloro salicylamide.
| Later, Hughes and Titherley (22) attempted to carry out
these same reactions using bromine instead of chlorine. They
found that‘while one atom of bromine could easily be sub-
stituted into the benzene ring of the phenyl-benzoxsazone, it
was impossible to form the intermedlate 2-bromo defivative
tﬁrough the substitution of the hydrogen atoﬁ on the 2-c§rbon,

a8 had been the case when théy used chlorine in their earlier
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investigation. By treating this bromo-derivative with
pyridine and KOH, they were able to prepare the syn-benzyl-
1dene bromosalicylamide, which on heating was reconverted

to the bromocbenzoxazéne:

o /¢ 0 /ﬁ OH
\C\H \C\H pyridine
Bro + KOH | He 15
,NH B NE A co-g
1 ¢O 11€0 11T

2~-phenyl-3,4-dihydro- 6-bromo-2-phenyl=- syn-benzylidene~
1l,3-benzoxazin-4-one 3,4~-dihydro-1,3~ S5«bromo=-salicyl-
! benzoxazin-4-one amide ,

They were able to prove the identity of II by its independent
synthesis from 5-bromo salicylamide and benzaldehyde, using
HC1l as a catalyst.
By treating S5-bromo salicylamlde with benzoyl chloride

at low temperature, they were able to obtain O-benzoy1-5-br6mo
salicylamide, from which they were able to remove a molecule

| of water, by heating it at a high temperature in the presence
of HCl1l, using a solvent which was immiclible with water:

OH 0Go-gf o4&
~
\ + goo-c1 ..__._"'_""*‘B HOH
B ONH,, . Br” CONHp * cé
1 HC1
0 O\, @&
¢ -& e
~HC1 v
B ,!l w T Br NH
co co
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’ (IV) was found to take up a molecule of water in the
,pfesenea of acld (as did 1its analogues) to form the N-benzoyl
derivative.

They were able to prepare IV from II by reacting it

 with chlorine. As befors, an unstable intermediate was

formed which was converted into IV through the loss of HCl;

o & - »
\C\H \C/g O\C-ﬂ
e [T ;
B . ,m ———— B , -—-—:Hm..... Br P
co co co
I1I Iv

not isolated
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DERIVATIVES OF O,N-CARBONYL SALICYLAMIDE

The preparation of O,N-carbonyl sallcylamide was first
reported by Bogisch (23}, He found that similar to sodium
phenolate, sodium salicylamide when reacted with ethyl-chloro-
formate gave a carbonic ester which when treated with ammonia
is converted into carbamic salicylamide. Both the amide and
the ester on heating will give the condensation product,
carbonyl salicylamide; the former at 186° with splitting off
of ammonia, and the latter at 100°, with the splitting off of

'alcoholz
ONa OCOOEt O\CO
dil. o '
+ C1-COOEt NeOH 100
CONHp CONHg c6+ Bt
NH;S
OCONHg o
186° o
CONHg M
co
-+ NH3

He found the hydrogen of the imido group sufficiently
acldic to allow 1t to be easily replaced by metals. The

potassium salt was used in the preparation of various dériva-

tives, such as:
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O Where R 1s:

CHzCO- -CHgCOOH
e O
) CHzCHp-  -CHgCONHy
CgHg=CHg- -CHpCOOEL

The reactions were usually carried out by heating the salt
of carbonyl salicylamide with the alkyl, or acyl halide in
‘é sealed tube to 150°, The N-phenyl derivative, however,
was prepared from salicylanilide ahd ethyl chloroformate in
dilute NaOH solution:

o .
ONa » “co + NaCl

— |
+ 01-CO0Et ,N_O + EtOH
CONH-g$ co

He found that the N-substituted carbonyl salicylamides
could be decomposed to the N-substituted salicylamides on
heating with ammonia. It is thus evlident that these com-
pounds cen be used in the preparation of pure primary amines,

as is Gabriel's phthalimide synthesis.

On long heating with aniline, carbonyl sallicylamide is
decomposed into salicylamlide and diphenyl ures, phenyl-

carbamic salicylamide being formed as en intermediate product:
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o\C o 0CO-NH-& OH
+ ¢N NH ‘
e ELR
ch CONHp CONHg
+ CO(NH@) o

With phenylhydrazine, carbonyl salicylamide gives a

,NH

co

phenylhydrazone:

When heated with Pp,Sg to 175°, carbonyl salicylamide
ylelds a thio-derivative:

N

c
8

Bogisch attempted to reduce carbonyl salicylamide to a
hydrocarbon, but without success.

Later, Einhorn in his study of the resactions between
acld amides and phosgene, studlied the reaction between salicyl-
emide and phosgene, in which some carbonyl salicylamide 1is
produced. At that time, he was attempting to eluclidate the
mechanism of the reaction between acid amides and phosgene,

Schmidt (24) observed that when benzamide was heated
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with phosgene under pressure to 160-170° ammonium carbonate;
cyaphenine (2,4,6-triphenyl-1,3,5-triazine}, benzoyl chloride,
dibenzoyl urea, and benzonitrile were produced. At ordinary
temperature, however, only benzoyl chloride, and benzonitrile
were produced.

Using a phosgene-pyridinexmixture, which they had found
would remove water from many organic compounds at a low
temperature, Einhorn and Mettler (25) reacted benzamide with
phosgene~-pyridine and obtalned only benzonitrile., Sallicyl-

| amide, on the contrary, gave along with salicylnitrile, a

small guantity of carbonyl salicylamide:

OH
co oH
+ COClg __pyridine L +
CONHg (60 cc.) cé H CN
10 gm. 8 gm. 0.4 gm. 6.5 gm.

vThere were, however, several viewpoints to be taken
about the reaction mechanism, One of these, which found
some confirmation in a technical process (26) for the prepa-
ration of benzal chloride from benzaldehyde in a phosgene-

pyridine solution, was that a hypothetical compound

CelHg~CClg-NH,, was produced at some stage of the reaction.
This compound of course would be expected to subsequently
give off HCl, producing benzonitrile. Such amide chlorides.
had been prepared by Wsllach (27) who reacted some acid

amides with PCls. However, withkbenzamide he obtained a
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phosphorus-containing intermediate compound,

In accordance with Schnidt's observation that dibenzoyl
urea 1s formed from benzamide and phosgene, it may be assumed
that the chlorine, instead of replacing the oxygen of the
carbonyl group, replaces the hydrogen of the amide group,
producing an intermediate benzoyl-derivative of 1aocyanic
acid CeHg=CO~N:CO. This under the existing reaction con-
ditions would be expected to decompose into carbon dloxide
and benzonitrile. In support of this contention is Bchiff's

: qbservation'(ze), that benzoyl chloride when reacted with
potassium cyanate ylelds benzonitrile,

Although Einhorn and Mettler were unable to isclate any
of the Intermediaste products which would have enabled them
to decide upon the correct reaction mechanism, they never-
theless concluded that the latter mechanism was the more
probable., | ‘

In investigating practical methods for the synthesis of
carbonyl salicylamide (salicylamide + phosgene~pyridine gave
3% of carbonyl salicylamide; salicylamide + phosgene in 5%
NaOH gave 44% yield), they repeated the procedure of Boglsch,
reacting salicylamide with ethyl chloroformate in pyridine
solution (instead of dilute NaOH)}. They reported that this

method gave the most satisfactory yield.
Carbonyl salicylamide, which can be assigned the possible

fgrmulas:
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0 )
\cio o o\c,-cn-z
fﬂ ,NH N
C&0H co Cco
1 11 111

1s probably an equilibrium mixture of the three forms, al-
though II 1s the genserally accepted formula,

Einhorn and Mettler found carbonyl salicylamide to be
very resistant to bases at ordinary temperatures, but at high
tem@eratures it was more reédily attacked. They confirmed
Bogisch's observation that with aniline (at 200°), carbonyl
salicylamide gave diphenyl urea and regenerated salicylamide.

In additlon to replacing the imido hydrogen with metals
in order to prepare derivatives, they were able to replace
it diréctly by reacting carbonyl salicylamide with benzoyl
chloride in pyridine solution. Finally, with chlorine they
were able to prepare carbonyl salicyl-chloramide, |

Einhorn and Schmidlin (29) also investigated various
reactions for the purpose of preparing carbonyl sal icylamide,
but all of these reactions were of theoretical interest only.
In these reactions, salicylamide was heated with varlous
carbonyl-containing compounds, but in all cases the yields
of carbonyl salicylamide, whether reported or implied, were

 poor,

In one case, they merely heéted salicylamide with

amyl chloroformates
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OH N
reflux CO + AmOH
+ C1l-C00Am no solvent =
CONHp 1 hour ,NH  + HC1
co
3 gme 4.5 gm. 1.5 gm,

In another procedure, they heated salicylamide with di-
phenyl carbonate, to obtain carbonyl salicylamide:

OH -
0-& 0 "o OH
/ 250 -
+  0C —~ | + 2
CONE 0-@ hours céNH
348 ENle 6 M.

Pyrochatechin carbonate also reacts with salicylamide

to produce some carbonyl saliecylamide:

OH O\ 0 ° \CO CH
, R co 200 I +
/s hours _NH OH
N NcoNdg 0 co

The reaction between sallicylamlde and phenyl isocyanate
was found to produce some carbonyl salicylamide as well as

diphenyl urea:

OH + #N
p C!° b
4+ 0:C:N- __warm _
Hy o NH-&

'~ NH-gf
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In the reaction between salicylamide and urea, they
obtained some carbonyl salicylamide and an eppreciable quantity

of the so-called polynitrile of salicylie acld.

25?011
0 N
" H. 0 0 d + NHg
o e 280 .
N 6 hours NH HOC:H,4-C C-0pgHy OH
CONHg o2 c6 6Hg-C\  /F-06Hs0
15 gm. 8 gm, 2.5 gm, Sym-trihydroxyphenyl-
' triazine
4,5 gm.

This latter compound had been prepared by Limpricht (30},
who obtained it by heating salicylamide to 270°., He report-
ed 1t as salicylnitrile, but Mettler and Schmidlin were able
to show that it was trimolecular.

In conclusion, they were able to obtain a amall quantity

of carbonyl salicylamide by melting together salicyllc acid

and urea:
0
OH o 0 + HOH + NH
220 3
Ay
+ OQ\N. 6% hrs. 4 eyenic acid
COCH Hy co residue
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From the previous discussion of the propartieé and
reactions of the dihydro-benzoxazones, and the N-substituted
~ carbonyl sallicylamides, it is apparent that the physlologlcal
éction of the two series of compounds should be quite differ-

ent. Since the esters of saliecylic acid are oniy partly
hydrolyzed before absorptlion takes place, & considerable
proportion of the unchanged compounds appears ih the circu-
‘lation and tlssues. We can thus expect a regular gradation
in properties among homologues. Other properties, such as
solubility, resistance to hydrolysis, etc., should affect
the speed and duration of theilr analgesic action,

Due to the large number of a;dehydes, ketones, aliphatic
and aliphatic-aromatic halides co%mercially avaeilable, the
author thought it worthwhile and possible to prepare a large
number of dihydro benzoxazones and carbonyl salicylamide
derivatives, 1n order that they might be tested for their
analgeslc activity.

Since the 2,2-dimethyl-dihydro benzoxazone had been
reportéd, the author decided to try to extend the serles
using higher ketones in the reaction with salicylamide.

From the large number of substltuted benzaldehydes avallable,

substituted 2-phenyl derivatives could be prepared. With

the long-chaln aliphatic aldehydes, the preparation of an

homologous series could be attempted. Halogen derivatives
of salicylamide could also be used as 1ntermédiates, to

determine the influence of the halogen atom on the analgeslc
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actlon of these derivatives.

In the preparation of derivatives of carbonyl salicyl-
‘amide, the author made use of numerous halogen derivatives;
primary and secondary alkyl halides, aralkyl halides, and

| aéyl halides., Many of these were purchased from supply
houses, whlile others were prepared by the author during an

earlier investigation.
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PART ITI EXPERIMENTAL DETAILS

Preparation of Sallcylamide
Since large gquantities of sallcylamide WOuld be re-
“ quired in the preparation of a number of derivatives, it
was decided to investigate the method proposed by Kline (31)
in which methyl salicylate was reacted with a 1argé excess
of concentrated NH,OH in the presence of a wetting agent
{Dreft}. In this method, l-volume of methyl salicylate was
_added to 10+volumes of conc. NH,OH containing about 0.5% of
" Dreft. The mixture was allowed to stand for a week (the
~disappearance of the olly layer showed the reaction to be
complete), diluted with water, neutralized with HCl, and the
fesulting preclipitate washed with water and dried. Without
further purification the product melted at 136-137°, and was
considered pure enough for most purposes. The yield was 70%
of the theoretical amount.
This preparation was repeated using 354 gm. of methyl
salicylate (C.P.}, l-liter of conc. NH,OH and 2 gm. of Dreft.
| The mixture was placed in a 2-liter bottle and shaken occasion-
ally until the oil layer had disappeared -- time 60 hours.
The yield was 280 gm. or 88%.
‘( In the second preparation, 456 gm, of methyl sallcylate,
1300 e¢c. of conc., NH,O0H and 5 gm. of Dreft were stirred
occasionally in a 3-1. round-bottomed flask until the olly
layer had disappeared -- time 40 hours. The yleld was 91%,

or 373 gnm,
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It was thus apparent that the degree of subdivision of
the oll particles determined the speed of the reaction,
Obviously rapid stirring would ensure a thorough emulsifi.
cation of the oll, but the effect of varying concentrations
6f different wetting agents on the speed of the reaction
was not so obvious. It was therefore decided to test this
relationship,

The reactions were carried out in a 3-1. round-bottomed
flask fitted with a wire stirrer of the Hershberg type (38)
which could be turned at the rate of 1000 r.p.m. The author
found that blocks of 1/2 inch Formica through which suitsble
sized holes had been bored, would serve gquite well as bearings
for the shaft. Glycerine was used as a lubricant. During
the stirring, a 5-10°rise in temperature of the mixture was

noted. The results are as follows:

Wt. of Me- Vol., Type wetting Conc. wetting Time of

salicylate NH,OH agent agent reaction
924gm, 2600 cc Dreft 15 gm.(0.5%) 7 hrs,
458 1100 Dreft 5 gm.(0.33%) 9

456 1600 Triton 720 1.9 gm.(0.1%) 9-1/2

' (Rbhm & Hass) _

456 1600 Triton 720 5.7 gm.(0.3%) 6-3/4
456 1600 Triton 720 9.5 gm.(0.5%) 8-1/2
456 1600 Yo wetting agent 7

(The yield in each case was 96%)
There thus seems to be no relationship between the

concentration of the wetting agent and the speed of the
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'reaction. The reaction proceeds roughly at the ssme rate
(stirring constant} with or without the wetting agent. It
may best be left out under these circumstances since it is
rather difficult to wash out of the crude product.

After the reaction was completed, the straw-colored
reaction mixture was usually poured into a crock which was

}‘fitted with a mechanical stirrer, and the execess base neutral-

'szed with dilute sulfuric acid (1:2). Cracked ice was usually

 gdded simultaneously in order to keep the temperature down.

 The solid whiqh precipitated was usually filtered off onto

e 20 cm, Buchner funnel and washed with cold water until the
wa#hings were no longer soapy and the solid more or less free
of the odor of methyl salicylate. If the quantity of sallcyl-
amide prepared was too large to allow convenient washing on
the funnel availlable, the solid was washed by decantation

in the crock; the supernatent liquid being drawn off with an
inverted funnel which could be lowered into the mlxture.
After the solid had been washed thoroughly, it was either
sprea. out on brown wrapping paper to alr-dry, or was dried
on a steam-heated hot plate. Without further purification,
the product melted at 136-137°, and was used as sudh. This

| melting point and the others reported in this thésis were

"taken with the aid of the Hershberg Melting Point Apparatus

(32), which is an electrically-heated Thiele tube (fltted with
a mechanical stirrer) designed to accomodate total immersion

(Anschiitz) thermometers.
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Preparation of 2,2-Dimethyl-3,4-dihydro-1,3-benzoxazin-4-one

OH

Ox
v ¢ (CH
, 00:0H3 Rl |( 3)2
coNg,  CHy C6NH

- Twenty grams‘of salicylamide were dissolved in 200 cc..
of dry acetone and 2 gm. of dry HCl gas were passed into )
" the solution. The flask was then stoppered and allowed to
~stand at room temperature for 24 hours. The solution was
then neutralized with PbC0,, filtered, and the selubioh evapo-
rated to dryness under reduced preséure. The solid residue
‘waé then ground up in a morter with 60 cc of 15% NaOH so-'
: iution,yfiltered and washed with water. The residue was
recrystallized from 95% alcohol. The compound separated in
shining prisms. The filtrate was heated to boiling and
water was added until the solution became turbid. On cool-
ing, an additional crop of erystals separated. The totsal
’yield was 13 gm. or 50% of the theoretical amount. The com-
pound melted at 137°, which agreed with that reported by
'H. 0. L. Fischer (33). |

Acetylation of 2,2-Dimethyl~3,4-dihydro~l-3-benzoxazin-4-one
O, . N
+ (CHzC0) 50 ~——> | + CHzCOOH
co co
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Six grams of (I) were dissolved in 40 cc. of acetic
anhydride, and the solution refluxed for 6 hours in é round-
bottomed flask fitted with a ground-jointed neck and condenser,
'The solution was then cooled somewhat and poured into 150 cc.
of water in a 400 cc., beaker. After all of the acetic an-
hydride had hydrolysed, an oily layer remained which resisted
;epeated efforts to cause 1t to crystallize, such as chilling
and scratching of the bottom of the beaker with & glass rod.
Finally, the mixture‘was heated nearly to boiling and the
beaker plunged into an ice bath, and the mixture stirred
wvigorously while it cooled. Soon a solid separated, which'
was filtered off, washed with water and recrystallized from
dilute aleohol., The compound separated in long needles which
melted at'57.5-58°(Fiseher reported 30-32°), The yield was
5 gm. or 66%. '

Attempted Preparation of 2-Methyl-2-ethyl-3,4-dihydro-1,3-

benzoxazin-4-0one
s HCl [NCHgCHZ
+ OC | P
Hp co + Hg0

The reaction was carried out exactly as was the pre-
ceeding reaction, methyl-ethyl ketone being uséd Instead '~ .
of acetone. The solid residue however, proved to be solu-

ble in sodium hydroxide, and upon acidification and recrystal-
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lization, was identified through mixed melting points as
- salicylamide. The reaction apparently does not proceed at

all with methyl-ethyl ketone.

Preparation of 2-Phenyl-3,4-dihydro-1l,3-benzoxazin-4-one

(O
L

A mixture of 200 gm. of salicylamide and 200 cc. of
benzaldehyde was suspended in 800 cc. of absolute ether
{(which had been saturated with dry HCl1l gas) and heated gently
oh a water bath under reflux (efficient condenser ! ) with
occasional shaking. After about an hour, the solution sudden-
ly solidified, indicating that the reaction was complete.

' The mixture was then cooled, the solid mass broken, filtered
off and washed with a little lce-cold ether to remove the
excess aldehyde. The white solid was then transferred to
a flask containing 750 ce. of.io% Naoﬂ solﬁtian and stirred

vrapidly for 1/2 hour. The mixture was then diluted with water,
and the solid filtered off on a Buchner funnel and washed

répeatedly with water. After partially removing the water
by suction, the s0lid was recrystallized from 95% alcohol,

from which it separated in long needles. Dilution of the
filtrate with a little water ylelded a second crop of crystals.
The yleld was 155 gm. or 47.3% of the theoretical amount.

The compound melted at 168.5-169,.5° which agreed with that
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reported by Titherley (10).

Acetylation of 2-Phenyl-3,4-dlhydro-1,3-benzoxazin-4-one

O

c6 [ -COCHg
A solution of 4.5 gm. of the 2-phenyl derivative in
40 ce. of acetic anhydride was refluxed gently for 4 hours
in a flask fitted with a ground-jointed neck and water-cooled
condenser. The solution was then cooled somewhat and poured
into 200 cc. of water and allowed to stand with occasional
stirring until the énhydride had all hydrolyzed. After
about 1/2 hour of scratching and stirring, the oil which had
remained began to solidify. The solid was then filtered off,
ﬁaahed with water and dissolved in a small quantity of hot
aleohol. On cooling, long needles of the acetyl compound
separated. A further quantity of the product was obtalned
 by diluting the aleoholic filtrate with a little water. The
tbtal yield was 4.5 gm. melting at 88° which sgreed with that

reported by Keane (18).

Preparation of 2-lMethyl-3,4-dihydro-1,353-benzoxazin=-4-one

0
e H-CHg

7
co
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A mixture of 50 gm., of salicylamide, 50 cec. of par-
~aldehyde and 150 ce. of dry ether (to which 4 cc. of conec.
alc. HC1 had been added), were heated gently (under an ef-
ficient condenser) on a water bath. After about 1/2 hour, all
of the solid went into.solution. Heating was continued for
2 hours longer, then the reaction mixﬁure was allowed to
cool and stand overnight. The reaction mixture had by this
time set to a solid mass., This was broken up and filtered
off, washed with cold ether, and then stirred for 1/2 hour with
150 cc. of cold 10% NaCH solution. The residue was then
filtered off, washed with water and recrystallized from
80% aleohol. Yield 33 gm. or 55,5% of the theoretical amount.
The compound crystsllized in long white needles which melted
at 146-146.5°, which agreed with that reported by Hicks (16}.

Acetylation of 2-lMethyl-3,4-dihydro-1,3-benzoxazin-4-one

0
“CH-CHz

,N—COCH5
co

A solution of 5 gm. of the 2-methyl derivative in 40 cec.
of acetic anhydride was refluxed gently (in ground-jointed
'appératus) for 4 hours, then poured into 200 cc. ef.water.
After all of the acetic anhydride was hydrolysed, a clear

oily layer remained on the bottom of the besker. This was
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scratched and chilled for a long period of time, but did not
‘solidify. Finally however, after standing for six days, the
- 01l solidifled when scratching was resumed. The solid was
filtered off, washed with water, and recrystallized from
dilute alcohol. The compound separated in long needles
 which melted at 54-55°. The yleld was 2 gm. It was enalyzed
for nitrogen by the method of Ma and Zuazaga (34}.
Anal, Caled. for C;;H;;0sN: N, 6.83 Found: 6.65

‘éemi-micro Kjeldahl Determination of Nitrogen

The method used by the author consisted assentially in
digesting a 20-40 mgm. sample with sulfuric acid in the
presence of copper sﬁlfate and potassium sulfate. The

' ammonia produced was liberated with caustic and distilled
into 2% boric acid solution. It was then titrated directly
with standard 0.02 N hydrochloric acid, using a mixed in-

- dicator which consisted of l-part of methyl red and S5-parts
of bromocresol green.

Apparatus:

a) Digestion Flasks: These were purchased from s
‘chemical supply house. The bulbs were of 10 cc. capacity
whlle the necks were approximately 15 cm. long by 14 mm. in
diameter, and were made from Pyrex glass.

b} The Digestion Stand used by the author was patterned
after the one deécribed by Niederl and Niederl (55}. It

consisted of a metal stand having a Transite plete 10 x 35 cm.
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with six holes of 25 mm. dlameter drilled in it. ‘Centeredb
below the openings and attached to the gas pipe of the stand
were slx mlcroburners. The fume duct was approximately 40 cm.
long and 32 mm. in dlemeter with six-20 mm. holes blown in 1t

| to accomodate the necks of the digestion flasks., It was
attached to the stand by two arms extending upward at such
an angle that the flasks rested about 50 from the horizontal,
It was connected to a good water pump which served to remove
the decomposition vapors generated during the digestion,

“If neither dlgestion stand nor micro-Kjeldshl dlgestion flasks
are available, the author found 50 cc. round bottomed flasks
clamped over improvised micro-burners to be satisfactory. 1In
this event, the digestion must be carried out in the hood.

¢} Distillation Apparatus: This apparstus ls a modifi-
cation of the one-piece apparatus of Kirk (36}, and was
constructed by the author of Pyrex glass., Detalls of its
construction as well as a description of its operation are
to be found in the Appendix.

Reagentas:

Mixed Indicator: A 0.1% bromocresol green and a 0.1%
methyl red solution in 95% alcohol were prepared separately,
and 5 parts of bromocresol green solution and 1 part of methyl
red solution weré mixed In a bottle provided with a dropper.
This indicator gives a blulsh-purple color in 2% boric acid
solution, which changes to bluish green in the presence of

a trace of ammonia, and to pink with a trace of mineral acid;
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the transition point being very sharp and distinect.

Boric Acid Solution: About 10 gm, of crystal boric acid
were dissolved in 500 cec. of boiling distilled water. After
cooling, this solubtion was transferred to a glass-stoppered
bottle.

Hydrochloric Acid: 0,02 N, This was prepared by dilut-
ing 12 N HCl from the stock-bottle, and standardized against

pure sodium carbonate. It was stored in a bottle connected

with an automatic~filling borette, into which it could be
' -syphoned as needed,
Catalyst: A pulverized mixture of 3-parts of copper

sulfate pentahydrate and l-part of potaesslium sulfate.

Procedure:
a) Digestion: A sample of about 30-40 mgm. containing
,596% of nitrogen is weighed out in a 1ong-handled charging
tube (which could be used with solids as well as viscous
liqulds), and transferred to the bottom of the.digestion
flask, - About 0.8 gm. of the catalyst and 5 cc. of concentrat-
ed sulfuric aclid (which had been protected from ammonlia fumes)
were then added. The flask was then placed on the digestion
stand, the suction pump turned on, and the flask heated care-
fully with a small flame. After the initial vigorous de-
composition had taken place, the size of the flame could be
‘increased and the contents of the flask boiléd vigorously
until straw yellow or light green. The digestion time varied

with the size of the sample and the nature of the compound.
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Some digestions were completed in an hour, while others re-
‘quired as long as 7 hours.

b) Distilletion and Titration: The sepparatus was steamed
ahdbrihsed thoroughly before use. With cold water running in
the condenser, asnd the stopcock on the addition funnel and
pinch clamp on the steem jacket closed, the water in the
steam generator 1s bolled at such a rate that 5 cc. of distil-
late come over per minute. After about 10 minutes of this
‘steaming, the flame is removed from the generator, whereupon

the condensate in the distilling flask is sucked out into the
steam jacket. After draining this cut'by opening the pinch
¢lamp, the addition funnel 1is filled with distilled water.J;
which is run into the dlstilling. The burner is then re-
placed for a few seconds and removed again. The condensing
steam again empties the distilling flask. The apparatus is
now ready for use. A 125 cc. Erlenmeyer flask 1ls rinsed
with dtstilled we;ﬁer, and 10 ce. of 2% boric acid and 5 drops
bf mixed indicatorvadded. The flask 1s then supported under
the condenser with the tlp just under the surface of the
liquid., The digested sample is cooled and diluted with
56c. of distilled water and cooled again under the tap.
With the water in the steam génerator boiling gently (fresh
éhips of porcelain or corburundum should be added each time
the boiling is stopped in order to prevent bumping), and the

| pinch clamp on the steam trap open, the contents of the

digestion flask are quantitatively transferred to the distil-
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lation flask. After adding the rinsings, the funnel 1is washed
down with a stream of water from the wash bottle. The stop=-

- cock on the funnel is closed, and a solution of 8 gm. of NaOH

}.in.ls cc. of water is added in 2-3 ce. portions, the contents
of the distilling flask being mixed after each addition.
This is done by momentarily closing the pinch clamp on the

' steam Jacket and asllowing a buble of steam to stir up the
two layers. This mixing in portions 1s necesssary since
&udden mixing of the entire amount of the NaOH solution may
cause some of the eaustic to be sprayed over into the recelver,
If an excess of NaOH has been added, a brown precipitate of
Cu0 will precipitate. The flame under the steam generator
is turned up, the pinch clamp on the steam jacket closed, and
distillation contlnued for about 5 minutes. After about 2 u
minutes, the recelver may be lowered until the tip of the
condensger is 1 ecm, above the liquid, After about 25 cc. of
distillate has been collected, the tip of the condenser is
rinsed down, the recelver removed, and the flame turned out,
The contents of the distilling flask are then sucked out into
the steam jacket and upon opening the pinech e¢lamp, are run
into the dfain. The ammonia is then titrated with 0,02 N
HCl to the end point. After rinsing out the apparatus in the
manner described above, it is ready for the next determination.

In the event that a little alkaline spray 1ls carrled over

in the initial mixing of the NaOH, the indicator in the re-

- eceiver will turn orange. The determination still is not
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spoiled. The solution in the receiver is made acid with a
little HC1l, and the distillation carried through as usual.
:After»removing the residue from the distilling chamber, the
. distillate is run in as before, made alkaline with more NaOH,
and the ammonia steam distilled into a fresh batch of boric
~acid solution. The error introduced depends on the care

wlth which the above operations have been carried out.

Preparation of 2-~Ethyle3,4-dihydro-1,3-benzoxazin-4-one

0 g
(I \(i'ﬁ-CHQCﬁs
_NH
co

A ﬁixture of 50 gm, of salicylamide, 60 ce¢c. of propion-
~aldehyde, 100 cec. of dry ether and 4 cc. of saturated alcoholic
HC1 was heated gently under reflux on a water bath for 2 hours,
then allowed to stand overnlight. By that time the mixture
had solidifled. The lumps were broken up, flltered off,
washed with a little cold ether, and stirred for 1/2 hour with
’150‘cc. of 10% NaOH solution. The solid residue was then
filtered off, washed thoroughly with water, and recrystallized
from 95% alcohol. The compound separated in long white
needles which melted at 116-117.5°, The filtrate was heated
to boiling and water added until the solution was turbid. On
cooling, an additional crop of crystals separated. Total yleld:

36,5 gm. or 57% of the theoretical amount.
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Anal: Calecd. for C;0H;,0pN: N, 7,91 Found: 7.93

Preparation of 2-n-Propyl-3,4-dihydro-l,3~-benzoxazin-4=-one

0
\ci H~CHgCH,CHy
_NH

co

A mixture of 50 gm. of salicylamide, 60 cc. of n-butyr-
aldehyde (which had been freshly distilled.before use}, 150 cc.
of dry ether, and 4 cc. of alebholiec HCl, was refluxed gently_
on a water bath. In a short time the solution became clear.

~After 1 hour, heating wes discontinued, and the reaction mix-
ture allowed to stand overnight. The next day, the reaction
mixture had set to a solid mass. It was then heated under

- reflux for 4 hours, cooled, and the solid broken up and
filtered off. This was stirred for 1/2 hour with 150 cc. of
cold 10% NaOH solution, filtered off and washed thoroughly
with water, and recrystallized from 80% alcohol, The com~
pound separated in long needles which melted at 85.5-86.56.
The yield was 51 gm., or 73% of the theoretical amount.

Anal., Caled. for C;;H;50pN: N, 7.33 Found: 7.40, 7.20

Acetylation of 2-n-Propyl-3,4-dihydro-1,3-benzoxazin-4-one
|HﬁCH20H26H3

_N-GoCHZ
co
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A solution of 10 gm; of the n-propyl derivative in 40 cc.
of acetic anhydride was refluxed (in ground-jointed apparatus}
for 6 hours, cooled somewhat and poured into 150 cc., of water,
The oil which remained ffter all of the acetic anhydride had
hydrolysed could not be made to solidify, even on cooling,

80 the excess acetic acdld in the mixture was neutralized with
10% NaOH, and the mixture extracted with ether. The ether
~solution was then dried with calcium chloride, the ether
evaporated off under reduced pressure, and the oil which
iramained distilled under reduced pressure. The yield was

7.6 gm, of a clear viscous oil which boiled at 112-116° under
1l mm, Hg pressure,.

Anal, Calecd. for C;3H;s0zN: N, 6,01 Found: 6,20

Preparation of 2-i-Propyl-3,4-dihydro-1,3~benzoxazin-4-one

O\CH-CH(CH3)2
N
co

4 mixture of 50 gm, of sallcylamide, 60 ce. of iso-
butyraldehyde, 100 ce, of dry ether and 4 ce. of saturated
" alcoholie HC1 was heated gently on a water bath under reflux
‘for 2 hours and then allowed to stand overnight. The next
day the solution remained clear, so 1t was refluxed for
4 hours longer. The reaction mixture was then chilled in

the refrigerator, whereupon the compound crystallized out in
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long beautiful needles. These were filtered off and the fil-
trate concentrated under reduced pressure. An additional
quantity of solid separated. This was combined with the
first batech and the material purified as before, The yield
of the pure product was 34 gm. or 49% of the theoretical
amount. The compound melted at 105.5-106.5°, which agreed
with the literature (17).

Acetylation of 2-1-Propyl-3,4-dihydro-1,3-benzoxazin-4-one

0
¢ H~CH(CHgz)g

_N-COCHg
co

A solution of 10 gm, of the isopropyl derivative in
40 cc., of acetic anhydride was refluxed for 4 hoﬁrs, and
then poured into 300 cc. of water. After all of the acetlc
anhydrlde had hydrolysed, an olly layer remained on the
bottom of the beaker. On standing overnight, some of the
0il held on the surface of the water (probably by surface
tgnsion since 1t was denser than water} solidified. This
was pushed down into the o0ill on the bottom and stirred. In
a few minutes the whole mass solidified. This solid was
allowed to stand for an hour to allow the mass to solidify
completely, and was then filtered off and washed with water,
The so0lid was dlssolved in hot alcohol and water added until
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the solutlon became turbid. On cooling, thiek crystals
separated, which melted at 34,5-35,5°, The yield was 10,5 gm.
Anal, Caled. for CysH;s0sN: N, 6,01 Found: 6.13

Preparation of 2-(l-ethyl}-n-Propyl-3,4-dihydro-1,3-benzox-

azin-4-0ne

°\c'n.c§:g§§§§5

NH

co
A mixture of 50 gm, of salicylamide, 60 cc., of 2«ethyl-

~ butyraldehyde, 150 cc. of dry ether, and 4 cc. of alcoholic
HCl, was heated gently under reflux on a water bath for 6
hours, then allowed to stand overnight. Since no solid had
separated by that time, the ether was evaporated off under
reduced pressure until a thick syrupy oil remained, which
did not solidify on c¢hilling. However, on the additlion of

- 2-volumes of ligroin, a solid precipitated out., This was

~ filtered off, e:tracted with NaOH solution, washed with
’water, and recrystallized from dilute alcohol. The compound
separated in small glassy crystals, which melted at 98-99°,
The yield was 39 gm. or 49% of the theoretical amount,
Anal, Calcd., for C;azH;,0pN: N, 6.39 Found: 6.15,‘6.25
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Acetylation of 2-(l-ethyl)-n-Propyl-3,4-dihydro-1,3-benz-

o0xazine4~one

O H-CH(CH,CHg) 5

CéuQcocH3
/ A solution of 10 gm. of the preceeding benzoxazone in
40 cc. of acetic anhydride was refluxed for 6 hours, poured
into water and stirred until the‘excess acetic.anhydride had
all hydrolysed, As before, an oil remained. The solution
was neutrallzed with dilute NaOH, cooled, and extracted with

ehher. The ether extraﬁt‘was then dried over calcium chloride,
filtafed and evaporated té dryness, In this case, the com-
pound was obtalned as a s0lid residue, This was dissolved

in hot aleohol, filtered, and the solution allowed to cool
slowly. The compound separated in long needles which melted
at 56,5-57,5°, The yield was 10 gm,

Anal, Calcd. for CygH;¢0zN: N, 5,37 Found: 5,17, 5.16

" Preparation of 2-p-Methoxyphenyl-3,4-dihydro-1,3-benzox-

azin-4-.ons

0
\CHOOCHS
e

co

A mixture of 50 gm. of sallicylamide, 54 cc. of anis-
aldehyde, 20C cc. of dry ether, and 4 cc. of alcoholic HC1
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wés heated gently under reflux for 5 hours on a water bath,
then allowed to stand overnight. The next day, the solution
(containing a few crystals) was transferred to an Erlénmeyer
flask, and about 100 c¢c. of ether removed by reduced-pressure
evaporation. About 300 cc. of ligrolin were then added to
the residue, whereupon a white solid sepsrated, This was
filtered off and ground up with 10% NaOH in a morter, Most
of the solid dissolved, indicating that the reaction had
only preceeded partially., The solid residue was filtered
off, washed free of aldehyde with a little cold ether, and
fecpystallized from alecohol., The compound separated in
neédles which melted at 166°, in agreement with the value

reported by Keane (37). The yleld was 7 gm.

Preparation of 2-(2,3-dimethoxy)-Phenyl-3,4-dihydro-1,3~

benzoxazin-4-one

OMe OMe
0
C He

SNH
co

A mixture of 25 gm. of salicylamide and 32 gm. of

2,3-dimethoxy benzaldehyde and 100 c¢c. of dry benzene was
saturated with dry HC1l gas, and heated in an Erlenmeyer

flask under reflux. The reflux condenser was provided with
a callbrated receiving tube (such as 1s used in the determi-
nation of water in petroleum products) so that the water

produced during the reaction could be determined, and the
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- course of the reaction thus followed. In the course of 2

- hours of refluxing, 2;2 cc. of water were given off. On
cob6ling the solution, & solid separated out. This was fil-
tered off, extracted with dilute NaOH, washed with water,
and recrystallized from alcohol. The compound separated in
needles which melted at 150.5-151°, The yield was 19 gm.,
or 38% of the theoretical amount, An earlier attempt to
prepare the same compound, using ether as a solvent with

HC1 as catalyst and without the removal of water, falled.
‘It thus appears that the above me thod might be used advan-
tageously in increasing the ylelds in the preceeding reactions,
especlally where a high-boiling aldehyde is used,

Anal, Calcd. for CigH;s0,N: N, 4.91 Found: 5.08

“Preparation of 6-Bromo-2,2-dimethyl-3,4~-dlhydro~l,3-benz-

oxazin-4-one

\C(CHS)Q

’
co

Twelve gm, of 5-bromo-salicylamide (Dow)} were dissolved
1n-550 cc. of dry acetone, and dry HCl gas bubbled in until
4,5 gm, had dissolved. The solutlion was allowed to stand at
room temperature for 24 hours, and was then neutrallzed with
lead carbonate, filtered, and the acetone removed by reduced-

pressure evaporation. The so0lid residue was then extracted
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with 10% NaOH, washed with water and dissolved in salcohol.
The compound crystallized out in large glassy hexagonal
erystals which metled at 180-181°, The filtrate was heated
to‘boiling and water added until the solution became turbid.
On cooling, a second ¢rop of crystals was obtained, Total
yield, 7 gm., or 50% of the theoretical amount,

Anal, Caled., for C;oH;o0NBr: N, 5.47 Found: 5.68

Preparation of 6-Bromo-2-sthyl-3,4-dihydro-l,3-benzoxazin«4-one

N
CH~CHyCH

/7
co

A solution of 25 cc. of propionaldehyde in 100 cc. of
dry ether was saturated with dry HC1l gas. To this solution
fwas added 25 gm., of 5-bromo salicylamide, and the Qixture
then heated on the water bath under Peflux. During the
course of 2 hours, the s0lid went into solutlion, the so-

lution turned reddish in color and then another separated.,

The reaction mixture was then cooled, the solid filtered off
~and extracted with 10% NaOH, and the residus washed with

water and recrystalllized from 95% alcohol, The compound

.s‘egarated in neédles which mel ted at 149.8-150,5°, The

yield was 12 gm., or 40% of the theoretical amount.

Anal, Calcd. for C; o H;o0eNBr: N, 5.46 vFound: 5,77,5.62
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Preparation of 6~Bromo-2-n-propyl-3,4-dihydto-1l,3-benzoxazin-4-one

N
CH-CHy CHyCHy

/’

co

| A cooled solutlién of 25 cc. of n-butyraldehyde in 100 cec.

’or'dry ether was saturated with dry HCl gas, and to thls was
‘édded 25 gm, of 5-bromo salicylamide., The mixture was gently

‘ iefluxed on a water bath with occasional stirring. In a

- short time the solid dissolved, but in an hour another solld
appeared, Meanwhile, the liquid turned from water-white to
dark red, After standing overnight, the reaction mixture
turned black. The so0lid was filtered off, and the dark
adhering solution washed off with a 1ittle cold ether. The
s0lid which remeined was white. Thls was extracted with
dilute NaOH, washed with water and recrystallized from 95%
félcohol. The compound crystallized in needles which melted
at 152,5-153,5°, The yield was 18 gm., or 58% of the theo-
retical amount, |

Anal, Calcd., for C;,H;20,NBr: N, 5.18 Found: 5.27, 5.29

Preparation of 6-Bromo-2-i~propy1—3,4-dihydﬁc-l,3-benzoxazin-4-one

| “CH~CH(CHgz) o
A LT
co
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A solution of 25 gm. of isobutyraldehyde dn 100 ecc. of
dry ether was cooled and saturated with dry HC1l gas. To this
solution was added 25 gm, of 5-bromo salicylamide, and the
mixture then heated under reflux on a water-bath for 2 hours.
The mixture was then cooled and the solid which had separated
was filtered off, washed with a little ether to removebthe
excess aldehyde, extracted with dlilute NaOH, washed with
water, and recrystallized from 95% alcohol. The compound
melted at 156,5-157°, The yield was 21 gm., or 87%.

Anal, Caled., for C;;H;.0.NBr: N, 5.18 Found: 5.18,5.36

Preparation of 6-Bromo-2-(l-ethyl)}-n-propyl-3,4-dihydro-

1,3-benzoxazin-4-one

o .
“CH-CH(CHgCHg) o
¢6

A solution of 25 ce. of 2-~ethyl butyraldehyde in 100 cec.
of dry ether was saturated with HCl gas. To this was added
25 gm, of 5«bromo salicylamide, and the mlxture then heated
uhder reflux on a water bath for 4 hours, There was no dis-
kcoloration of the solution as before. After standing over-
night, a solid separated. This was filtered off, washed
with a little cold ether, extracted with 10% NaOH, washed
with water and recrystallized from 95% alcohol. The'com—

pound crystallized out in white needles which melted at
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119«120°, The yield was 20 gm. or 58% of the theoretical

amount,

Anal, Caled, for CyzHie0gNBr: N, 4.70 Found: 4.79, 4.68

Preparation of 6-Bromo-2-phenyl-3,4-~dihydro-1,3~benzoxazin-4-one
o

w2

"

co

A mixture of 25 gm. of 5-bromo salicylamide, 25cec. of
benzaldehyde, 100 ec. of dry ether (containing 2 gm. of dry
HC1l) was heated under reflux on a water-bath for 5 hours.
The so0lid which had separated from the clear solution was
filtered off, extracted with dilute NaOH, washed with water,
and recrystallized from alcohol. The compound crystalllzed
in needles which melted at 224 ,5-225,5°, which agreed with
the literature (22). The yield was 17.5 gm., or 50% of the
theoretical amount.

No resction was obtained when 2 cc., of alcoholic HC1

was used as a catalyst, even after 9 hours of refluxing,

Preparation of 6-Bromo-2-p-methoxyphenyl-3,4-dihydro~1,3-

benzoxazin-4-one
0
c HO OCHg
Br ,LH
co
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A solution of 25 cc. of anisaldehyde in 100 cc. of dry
ether was saturated with dry HC1l gas, and to this was added
25:gm. of 5-bromo salicylamide, The mixture was heated under
reflux on a wéter bath for 4 hours, cooled, and the solid
material filtered off, This was then extracted with alkali,
washed with water, and recrystallized from a mixture of ale
eohol and "Cellosolve" since the compound is rather insol-
uble in alcohol alone. The compound crystallized in needles
which melted at 234-237°, The yield was 8 gm., or 21% of
the theoretical amount.

Anal, Calcd. for C,zH;20,NBr: N, 4.18 ©Found: 4.56
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Notes on the Preparation of 2-Substituted Benzoxazones

1. While there are numerous literature references to
procedures in which salicylamlide ls:;reacted with aldehydes

to form benzoxazones without the use of a solvent, the author
found that almost invariably, resinous by-products were formed
during the reaction, and although the yields might be greater
in the former case, the final product is harder to 1solate

in a pure form. Moreover, while an increase in the Propor=
tion of HC1l used almost invariably increases the reaction
‘rate and the yleld, the quantity used must be regulated in
individual cases since some aldehydes are more easily poly-
merized than others under the same condltions,

2, If the water produced during the reactlion 1s removed

by distillation with an immiscible solvent, condensations

may be carrled out which would be impossible by other methods.
As an example, the author cites the condensation o: salicyl-
amide with 2,3-dimethoxy benzaldehyde. There were other
reactions of this type which the author has not yet reported.
3. The condensation of salleylamide with long-chain ali-
phatic aldehydes proceeds slowly, 1f at all, and the latter
are easlily polymerized if the concentration of the catalyst
1s high.

4, The benzoxazones are best acetylated with acetic an-
hydride, Acetyl chloride causes a hydrolysis of the mole-
cule to salicylamide;and the aldehyde.- Thé acetates are

usually low-melting solids or viscous liquids.
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Preparation of O,N-Carbonyl Salicylamide
(3,4-Dihydro-1,3-benzoxazin-2,4-dione)

co pyridine

- o
OH EtO_ “co + HC1
/

) |
+ 0 N + EtOH

CONH,, co

In a 2-1liter 3-necked round-bottomed flask fltted with
‘a 500 ce., dropping funnel, thermometer, and a mechanical
stirrer of the Hershberg type (38) (which could be rotated
ﬁépidly), was placed 300 gm. of powdered salicylamide, Pyri-
dine was added until all of the solld had gone into solution
--- gbout 600 cc. The flask was then immursed in an ice bath
and the solution stirred until the temperature had fallen to
about 5°, Then 324 gm. of ethyl chloroformate (caution!
lacrymatory) were added dropwise at such a rate that the
ﬁemperature did not rise above 10-12°, This required about
2 hours, By the time the addition of the ethyl chloroformate
~was completed, the reaction mixture had become qulte peasty.
‘The 1ce bath was then replaced by a hot-water bath, and the :
mixture heated by this for 2 hours. In ashort time, all
of the solid had gone into solution, so that stirring could
then be stopped. The dropplng fumnnel could also be replaced
with a water-cooled condenser, although this is not absolute~
ly necessary since very little of the pyrdidine vapor escapes
at the temperature of the water bath. After heating the

regction mixture for two hours, it was poured with stirring
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’ 1n§9“3-11ter3 of a mixture of water and cracked ice. The
'80l1id materisal which precipitated was filtered off and washed
‘with 2-1liters of water and allowed to dry over the steam |
plate, ©Since the compound proved to be rather insoluble in
~ alcohol (1/2 gm. per 100 cc.) 1t was recrystallized from "Ethyl
Cellosolve" in which it is soluble to the extent of about
20 gm. per 100 cc. abt the bolling point. The compound
crystallized out in beautiful needles. After filtering off
the solid, 1t was found necessary to wash the material with
a 1little alcohol to remove the last of the Cellosolve. The
yield was 299 gm., 6r 84% of the theoretical emount. The
mélting point was 230.5-231,5°, which agreed with that in

the literature (25).

Preparation of the Sodium-salt of O,N-carbonyl salicylamide

0
o %o
+ NgOH —™ + 0
/LH ,L—-Ha H2
co co

Thirty-five gm., of dry carbonyl salicylamide were placed
in an 800 cc. beaker and about 40 cc. of 6N NaOH were added
in 1~2 cc. portions. As each portlon touched the solid, it
turned to a yellow paste. This paste was stirred rapidly
with a glass rod untll the color disappeared, and the mass
became white again. As more and more NaOH reacted, the mix-

ture became more and more fluld, until in the end a glycerinea
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like liguid rémained with one 6f two scattered blts of un-
reacted solid. An excess of NaOH however, is to be avoided
’s£$¢e this will cause an insoluble white solid to precipitaté.
For some unknown reason, the author found that freshly re-
cryatallized carbonyl salicylamide reacted more readily
than that which had stood for some time. After all of the
- NaOH had been added, 700 cc. of absolute aleohol were added
with stirring to precipitate out the sodium salt, Alsolute
alcohol is necessary in this procedure since the sodium salt
is exfiemely soluble in water, and the use of 95% alcohol
“w0u1d cause the loss of at least one-third of the yleld.
The beaker was then allowed to cool in the refrigerator for
1/2 hour before the soli& was filtered off on to a Buchner
funnel. The filtration may go a little slowly toward the
end since the particles are finely divided and the materisl
packs down. <After,draw1ng ailr through the solid to remove
as much of the alcohol as possible, the s0lid was heated over
a steam plate, and stored in a vacuum desiccator éver 8N

hydrous calcium chloride.

Preparation of N-Methyl-O,N-carbonyl salicylamide

0 i s s
' “¢o “co
2 L + (CHz)pS04 —— L + Nag80,
: «Na . 7 *GHS;
co '

’
co
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Ten grams of carbonyl salicylémide were dissolved in
6N NaOH, using the same precsutioms as in the preparation of
‘the sodium selt., The mixture was then cooled In an ice bath
while 7.7 gm, (5.7 cc.} of dimethyl sulfate were added drop-
wise with stirring. This operation was carried out in the
hood with extreme care since the vapors of dimethyl sulfate
are poisonous and the liquid i1s corrosive. After almost all
of the dimethyl sulfate had been added, the reactlion mix-
ture solidified suddenly with the evolution of much heat.
The ice bath was then replaced by a water bath, and the
reaction mlixture heated for l-half hour, then cooled, and

100 cc. of water added. The solid material was filtered off,
and recrystallized from alcohol, The compound erystallized
‘in beautiful needles which melted at 146°, which agreed with
that in the literature (25). The yleld was 7.7 gm., or 71%

of the theoretical amount.

Preparation of N-Ethyl-0,N-carbonyl salicylamide

%o
,L ~CH,CHg

co

Ten grams of carbonyl salicylamide were dissolved in
6N NaOH and 9.5 gm. (8.1 cc.) of diethyl sulfate were added
dropwise with cooling and stirring. There was very little

evidence of a reaction occurring except the appearance of an
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0lly layer on the bottom of the flask, After all of the
dlethyl sulfate had been added, the mixture was heated on a
water bath for two hours. By this time, a solid had separated
out in the mixture. This was filtered off, after cooling

the mixture, washed with water, and recrystallized from
alcohol, Since the compound was rather solutle in alcohol,
the alcohol soclution was heated to bolling, and water added
until it became turbid and allowed to cool. The compound
crystallized in needles which melted at 107°, which agreed
with that in the literature (25)., The yleld was 2.5 gnm.,

or 21% of the theoretical amount.

Preparation of N-Benzoyl-O,Necarbonyl sallcylamide

%o
cal“"’O
Ten grams of carbonyl salicylamide were partially dis-

solved and suspended in 35 cc., of pyridine, and 9.7 gm. of
benzoyl chloride added dropwise with stirring and cooling
(when necessary). By the time all of the benzoyl chloride
had been added, the mixture had become pasty. The flask
was stoppered and the reaction mixture was then allowed to
vﬁtand for 24 hours. On the addition of 200 cc. of ligroin,

a white solid separated. This was filtered off and washed

with water, partially dried by drawing alr through the solid
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on the filter, and recrystallized from alcchol., The com-
~pound crystallized in long needles which melted at 171-172°,
which agreed with the literature (25). The yield was 8.5 gnm,,

or 52% of the theoretical amount.

Preparation of N-Phenacyl-C,N-carbonyl salicylamide

°~ o
hocroo-d
co

A suspension of 9.2 gm. of the sodium salt of carbonyl
salicylamide (dried and powdered}, emnd 7.7 gm. of phenacyl
chloride (caution! lacrymatory), #n 100 cc. of absolute al-
cohol, was heated under reflux for 24 hours, The mixture by
-this time had turned reddish, and there was & small quantity
of solid oﬁ the bottom of the flask, To this mixture was
added 100cc. of ligroin, but no additional solid separated,

80 the mizxture was sllowed to stand overnight in the refriger-
ator, The next day the greenlish-brown solid was filtered off,
ground up in a morter wlith water to remove unreacted sodium
salt, and recrystallized from alcohol. The compound crystal-
‘lized out 1n small cubes (1 mm, on edge) which melted at
186-187°, which agreed with that in the literature (25},

The yield was 5.5 gm. of 40% of the theoretical amount.
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Preparation of N-Benzyl-0,N~carbonyl salicylamide

0
“co

céL-CHzO ‘

Ten grams of the sodium salt of carbonyl salicylamide
wera‘thoroughly dried, powdered, and mixed with 20 cc. of
benzyl chloride in a 125 cc; Erlenmeyer flask, The fla sk
was then fitted with an gir-cocoled condenser closed with a
calcium chloride tube, This condenser was 60-70 cm. long
and was made from a plece of 8 mm, melting-point tubing,
which had walls about 0.5 mm, thick. The flask was heated
over a free flame which had been adjusted to such a heéight
that the reaction mixture refluxed gently. Thé flask was
shaken occasionally to keep the pasty mixture from caking,
After about 3 hours, most of the}solid had gone into solution,
The contents of the flask were then poured into water in order
to femove a8 far as possible the NaCl and the unreacted

kHaosalt, The pasty mixtupe on the bottom of the beaker then
congisted of the benzyl-derivative and excess benzyl chloride,
This was filtered off on a Buchner funnel, end the solid
ﬁaterial pressed under water in order to force most of the
benzyl chloride through. The solid residue was then washed
with a little diiute alcohol, and recrystallized from 95%
aleohol. The compound crystallized In fine needles which
melted at 135°, which agreed with the literature (39). The

yield was 7.5 gm., or 51%¥ of the theoretical amount,
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Preparation of the Ethyl Ester of g~N-carbonyl salicylamido-
| Acetic Acid

0
“co

c6 CH200-00H20H5

A mixture of 10 gm, of sodio-carbonyl sslicylamide and
50 cc. of ethyl-d~chlorocacetate was fefluxed for 3 hours in
8 125 cc. Erlenmeyer flask fitted with an air-cooled condenser
closed with a calcium chloride tube. Occasional shaking served
to keep the pasty mass well mixed. At the end of 3 hours a
bit of the s0lid material was withdrawn, placed on a plece
of pink litmus papér, and molstened with distilled water., If
any unreacted Na-salt had been present, it would have glven
a basic reaction. Since the material tested was neutral,
the reaction was considered to be over. The reactlon mix-
ture was then cooled and ligroin added to precipitate any
of the compound which might have beed dissolved in the ex~
cess halide, After cooling the mixture for an hour in the
refrigerator, the soclid material was flltered off, washed
with a iittle ligroin, sucked almost dry by drawing air through
the mass on the filter, then washed free of the unreacted
sodio=carbonyl salicylamide by adding a layer of water above
the s0lid on the filter and drawing it slowly through the mass
while at the same time keeping it tightly packed with the
flattened end of a thick glass rod, The residue was then
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recrystallized from alcohol. ©Since the crude solid was
8lightly brown, a little Darco charcoal was used to remove
this discoloration. The compound crystallized in needles
which melted at 126,5-127.5°, which agreed with that in
the literature (39). The yield was 11 gm., or 82% of the

theoretical amount.

Preparation of N-Acetonyl-O,N-carbonyl salicylamide

%o |
. 032-8-055

’
0

A mixture of 10 gm. of sodio-carbonyl salicylemide and
30 cc. of bromoacetone (lacrymatory) was heated in a 125cc.
‘Erlenmeyer flask fitted with a small water-cooled condenser
- closed with a calcium chloride tube, for a period of 7 hours,
cooled and the reactlion mixture treated with ligroin. A
viscous 01l separated which, after scratching and seeding,
was set aside to cool in the refrigerator. After seversl
hours, the oil set to a semi-s0lid mass which was filtered
off, pressed free of liquid, washed successively with ligroin,
then water, and recrystallized from alcohol. The compound
separated in fine needles which melted at 99,5-100°, The
yleld was 2 gm., or 17% of the theoretical amount.
Anal, Caled, for C;;Hg0,N: N, 6,40 Found: 6,59
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Preparation of E-Allyl-O,N-carbonyl salicylamide
o

o

6L—CH20H:CH2

o

A mixture of 12 gm. of sodio-carbonyl saliéylamide and

30 cc. of allyl bromide was refluxed for 36 hours in a 100 CCe
round-bottomed flask fitted with a ground joint and water~cooled
condenser., The mixture wes then cooled, the solid mass broken
up, and made into a paste with a little acetone, and then re-
precipitated with ligroin, After cooling the mixture for‘
seversal hours, the solid was filtered,off, washed thoroughe

ly with water and recrystallized from aleohol. The compound
erystallized in small white needles which melted at 101.5-102.5°,
The yield was 10 gm. or 76% of the theoretical amount.

Anal, Caled. for C;;Ho0zN: N, 6,90 Pound: 7.05

Preparation of N-(8-Phenoxyethyl)}-0,N-carbonyl sallcylamide

Q
0

,N-CHgCHg-O-—O
co

A mixture of 7 gm. of sodio-cerbonyl salicylamide and
20 cc. of fN-chloroethyl-phenyl ether was heated under reflux
in & 125 cc. Erlenmeyer flask fitted with an air-cooled

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



83

condenser closed with a calcium chloride tube. After 9 hours
“mbst of the solid had gone into solution, so the contents of
the flask were transferred to a beaker, cooled, and ground
 :ap thoroughly with ligroin. The solid was then filtered off,
dried, and washed thoroughly with water, and recrystallized
from aleohol. The compound crjstallized in small needles
which mélted at 137-137.5°, The yield was 6.5 gm., or 65%
of the theoretical amount.
Anal, Caled. for CygH;50,N: N, 5.24 Found: 5.22
Preparation of N-(4-tert-butyl«2-chloro-phenoxy)-Ethyl-
0, N-carbonyl salicylamide

o

l
N=CHy,CHy=0 c(cH
6 B -<i:::>> (CHa)3

Cl

‘ A mixture of 12 gm. of sodio-carbonyl salicylamide and
25 cc. of (4-tert-butyl-2-chlorophenyl}-2-chlorcethyl ether,
was heated on a hot-plate to 175° for 36 hours in a 125 cc.
Erlenmeyer flask fitted with an alr condenser closed with a
calcium chloride tube. The solid was made into a paste with
a little acetoné and then reprecipitated with ligroin, cooled
for several hours, filtered, dried, and washed thoroughly
with water., The reslidue was recrystallized from alcohol,

The compound separated in small white needles which melted
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at 130-131°, The yield was 11 gm., or 49% of the theoretical
amount,

Anal, Calcd, for CgoHgi0,C1N: N, 3,75 Found: 3.87

‘Preparation of N-(vY=phenoxy)-Propyl-0,N-carbonyl salicylamide

0
o

I
-c -
c6~ Ho CHp CHg o<:>

4 mixture of 12 gm. of sodio-carbonyl salicylamide and

30 cc, of ~-phenoxypropyl bromide was heated to 185°, in an
0il bath for 17 hours, in a 125 cc. Erlenmeyer flask fitted
with an air-cooled condenser closed with a calcium chloride
tube. The mixture was then cooled, 1igroin.added, and the
flask set aside to cool for several hours in the refrigerator.
The solid was then filtered off, washed with a little ether
xto remove excess bromlde, then with water, and recryétailized
from alcohol, The compound separated in small needles which

- melted at 108-108.5°, The yield was 11 gm., or 61% of the
theoretical amount.

Anal, Calcd. for CyqH1s0(N: N, 4,72 TFound: 4.96

Preparation of N-( -benzyloxy)-Ethyl-C,N-carbonyl salicylamide

%o _
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A mixture of 12 gm. of sodio-carbonyl salicylamide andl

30 ec. of -chloroethyl-benzyl ether was heated to 185° in an
0il bath for 17 hours, in a 125 cc. Erlenmeyer flask fitted
~with an air condenser. The reaction mixture was then treated
a8 in the above procedure. The compound after lsolation

and recrystallization from alcohol melted at 96.5-97.5°,

The yleld was 11 gm., or 61% of the theoretical amount.

Anal, Calcd. for 0173150431:‘ N, 4.72 Found: 5,07

Preparation of g-Phenpxy-A'-N-carbonylsalicylamido-diethyl

ether

%o

C6L-CH20H2-O-03201{2-OO

’A mixture of 10 gm. of scdio=-carbonyl salieylamide aﬁd
30 ec, of ﬁ-phenoxy-p'-chloroethyl ether was refluxed under
an air-cooled condenser in a 125 ec. Erlenmeyer flask for
2 hours. The reaction mlxture (which by this time had turned
black) was allowed to cool, then ligroin was added and
stirred well into the pasty mass, After standing in the re-
frigerator, most of the solld which had been in solution had
precipitated, and it was filtered off, washed with water, and
recrystallized from alcohol ~~ Darco being used to decolorize
the material. The compound separated in small needles which |

melted at 86-87°, The yleld was 7 gm., or 40% of the theo-
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retical amount,

Anal, Caled. for C;gH;,0;N: N, 4.28 Pound: 4.37
Preparation of N-(g-phenyl)-Ethyl-O,N-carbonyl salicylamide

o

céL-CHzcﬁg-Q

A mixture of 12 gm, of sodio-carbonyl salicylamide and

25 cc, of phenylethyl bromide was heated in a 125 cc. Erlen-
meyer flask fitted with an air-cooled condenser closed with
a calcium chloride tube, for 36 hours on a hot-plate at a

- temperature of 175°., The reaction mixture was then cooled,
the solid broken up and made into a paste with a 1little
acetone, and precipitated with ligroin, After standing in
the refrigerator for several hours, the brownish solid ma-

terial was filtered off, washed with water, dissolved in
95% alcohol (14 gm./700 cc.), treated with Darco charcoal,
and allowed to cool. The compound after two recrystallizations

melted at 163.5-165°, The yield was 11.5 gm., or 67% of the

theoretical amount.

Anal, Calcd., for C,gHy30zN: N, 5.25 Found: 5.39

Preparation of N-(4q-phenyl}-Propyl-0,N-carbonyl salicylamilde

%o

l
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A mixture of 12 gm., of sodlo-carbonyl salicylamide and

25 cc., of phenylpropyl bromide was heated in a 125 cc. Erlen-

meyer flask fitted with an air-cooled condenser closed with

g calcium chloride tube, for 36 hours on a hot-plate at a

temperature of 175°, The reactlon mixture was purified as
in the preceeding preparation. The compound which was more

soluble than the phenyl-ethyl derivative, crystallized in
 prisms which melted at 71-72°, The yield was 8 gm., or 44%
 of the theoretical amount,

Anal, Caled. for Ci7H;50sN: N, 4,98 Found: 5.10

kPreparation of NeCetyl-O,N-carbonyl calicylamide

%o

,N=CHg (CHp ) 4CHz
c6

A mixture of 12 gm. of sodio-carbonyl salicylamide and
25 cc. of cetyl bromide was heated in a 125 cc. Erlenmeyer
flask fitted with an air condenser closed with a calcium
chloride tube, for 23 hours on a‘hot-plate at a temperature
of 175°. On cooling, the resctlion mixture set to a white
- wax-like solld. This was made into a paste with a little
 acetone, then treated with an excess of ligroin. The solid
was then filtered off, and washed with water. <The residue
was dissolved in hot alecohol, but as soon as the solution

had cooled slightly, it set to a so0lid mass. Even the use
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of a hot-water funnel could not prevent this long enough for
1t to be filtered. The solid was then filtered off and re-
erystallized from ethyl acetate, from which it separated as

8 powdery white solid. The compound melted at 94-95.5°, The
yield was 16 gm., or 64% of the theoretical amount.

Anal, Caled. for CpoHz,0pN: N, 3.62 Found: 3.73

Preparation of N—QT-hydroxy)-Propyl—O,N-cérbonyl salicylamide

%o

,N=CH,CH,CHy, - OH
co

A mixture of 12 gm. of Sodio-carbonyl salicylamide and
25 cc., of trimethylene chlorohydrin was heated under reflux
for 17 hours, The reaction mixture on cooling, solidified.
This was broken up, made into a paste with acetone, and
precipitated with ligroin. A&After cooling the mixture in the
refrigerator for several hours, the soli@ was flltered off,

- washed with water, and recrystallized from alcohol. The
compound separated out as a finely divided solid, which
melted at 99-101°, The yield was 6.5 gm., or 48% of the
theoretical amount,

"Anal, Calcd. for C,1H;,0,N: N, 6.33 Found: 6.07
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Preparation of 6-Bromo-0,N-carbonyl sallicylamide

| OH [:::I:O\OO + HC1
4+ (1-COOEt — L
, H + BEtOH
Br CONH, Br cé

- In a 3-necked 500 cc. round-bottomed flask fitted with

a Hershberg wire stirrer, thermometer, and 60 cc..dropping
funnel,was placed a solution of 39 gm. of S5~bromo salicyl-
amide in 150 ce. of pyridine. An ice-bath was placed around
the flask and the contents were stirred until the temperature
hed fallen below 10°. Then, 27 gm. of ethyl chloroformate
were added drgpwise at such a rate that the temperature did

" not rise above 10°., The ice-bath was then replaced by a
hot-water bath. After heating the mixture for 2 hours, the
contents of the flask were poured with stirring into a mixture
of ice and water. The solid which preciplitated was filtered
off and washed with water, and recrystallized from "Butyl
Cellosolve”, The compound crystallized in plates which
‘melted at 287-288°, The yleld was 32 gm., or 73% of the
theoretical amount.

Anal., Caled. for CgH,O0zNBr: N, 6.19 Found: 6.09, 6.34
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Preparation of the Sodium Salt of 6-Bromo-carbonyl salicylamide

o
o
B ,N-Na
co
In an 800 ce. beaker was placed 8 gm. of 6-bromo-carbonyl
sallcylamide, and 15 cc. of 6N NaOH were added with stirring
in 1-2 c¢c. portions; each portion being allowed to react be-
fore the next was added. To the resulting past mass was
| added 500 ecc, of absolute alcohol to precipiltate out the

sodium salt, The s0lid was then filtered off and dried ovér
a steam table at 105°, The yield was 7.5 gm. or 75% of the

theoretical amount,

Anal, Caled. for CgHsOzNBrNa: N, 5.30 Found: 5.52, 5.44
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Notes on the preparation of Derivatives of O,N-carbonyl

Salicylamide

1. For some unknown reason, the reaction between aqgueous
sodium hydroxide and carbonyl salicylamide to form the sodium
salt, seems to go more smoothly with freshly reorystallized
carbonyl salicylamide; With samples which have been pre-
pared for some time, the sodlum salt may precipitate out
while the NaOH is being added. This will also happen if an
excess of NaOH is added at one time,

2; Unless the halide 1s very active, the reaction ﬁemper-
ature must be rather high In order to obtain aﬁ appreciable

- reaction rate. This is most convenliently obtalned by using

~an excess of the high-boiling alkyl (or aralkyl) halide as
a solvent, since a high concentration of reactant is essential.
Moreover, the reaction temperature must be high enough for
the product to melt and be dissolved in the solvent, not
oniy to prevent its coating over the unreacted sodiuhpsalt,
but aiso to prevent its being coated over by the sodium halide

- formed in the reaction. It was found that mechanical stirring
of the reaction mixture did not appreciably alfer elther the
reaction rate or the yleld, and due to the long perlods of
time usually required, it might be dispensed with in the
interest of economy. |
3.  Satisfactory ylelds in the reactions between carbonyl
salicylamide and acid halides (other than benzoyl) could not

be obtained under the same conditions. The following acid
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halides were used:

CHaC0-C1 Acetyl Chloride

<::::>>-O-CH200-CI v Phenoxy-acetyl chloride
,<:::::>_CH200-01 ' Phenyl-acetyl chloride

The carbonyl salicylamide could usually be recovered un-
changed at the end of the reactlon. Even the reaction

between the aeld halide and sodio-carbonyl salicylamide in

an inert solvent usually resulted in the production of

carbonyl salicylamide.

4; Secondary halides do not react at all with sodio-carbonyl
salicylamide under the usual conditions. The followlng second=~

arey hallides were tried:

_CH,-CH
CHy H-Br Cyclohexyl bromide
“CHg-CHg Cyclohexyl bromide
, CHz~GH-(CHg) CHsy sec-0Octyl bromide
. Br
H,
Z i
N\ ;)C-Cl 2-Amino-4«chloro
CHga-CHg pyrimidine

Their unreactivity might be due in part to stearic hindrance,

but since in most cases some carbonyl salicylamide is re-
generated (amounting in one Instance to a quantitatiye re-
covery), it may be that the basic sodio-carbonyl salicylamide
is able to split out HX from the compound (like NaOEt}, and
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this acid caused the release of the carbonyl salicylamide,

5., Very low yields were usually obtained with the hydroxye
alkyl halides (especially halohydrins) -- usually less than
a 10% yield of the desired product. The following compounds

were reacted with sodio-carbonyl salicylamide with low ylelds:

Cl-CHgCHg~0H Ethylene chlorohydrin
Cl1l-CH,CHzCHg=0H Trimethylene chlorohydrin

C1-CHgCHp-0-CHoCHe-0H  g-Hydroxy-@a'-chloroethyl
ether
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PART IV

PHYSIOLOGICAL ACTION OF THE DIHYDRO-BENZOXAZONES
AND OF THE CARBONYL SALICYLAMIDE DERIVATIVES

‘These compounds were tested for their analgesic activity
in ﬁhe laboratories of Parke, Davis and Co., Detroit, Michigan,
Thls analgesic activity was evaluated by measuring the rise
in pain threshold produced after thelr administration to
guinea pilgs. The exact experimental procedure used cannot

 be published at this time, but it i1s understood that it 1is
a variation of the procedure employed by Hardy, Wclff, and
Goodell (40) for measuring the pain threshold in humans.,

In the Wolff, Hardy, Goodell method, light from a 1000
watt lamp is focussed by a condensing lens through a fixed
apérture onto the blackened forehead of the subject, The
intensity of the radiation was controlled by means of a
rheostat, Immediately in front of the lamp was an auto-
matic shutter which was arranged to allow radiation to pass
to the subject for exactly three seconds, This exact timing

- of the exposure was important since the authors found that
the pain threshold depended upon the length of the radiation.
The stimulus felt was considered to be purely thermal, After
the subject had been irradiated, he feported the sensation,
If there had been no paln, the exposure was repeated with a
more intense light after thirty‘to sixty seconds. They re-
ported that the threshold was easily observed sven by an
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untrained subject. The subject was then removed and the
radiation measured by a radiometer in gram-calories per
square centimeters per second. The measurements were con=-
sldered to be reproducable wlthin + 5% of the average value,
After the required period after the administration of an
analgesic drug, the procedure was repeated. The difference
in intensity of light required to cause pain was considered
to be the rise in pain threshold.

In adapting such a method to test animals, use can be
made of the tendency of such animals to move almost any part
of thelr bodies which might be strongly stimulated. For
example, Smith, D'Amour and D'Amour (41), in a variation of
this method, used the tendency of rats to flick their tails
aside when they were strongly irradlated; the movement in-
‘éicating the pain threshold,

A1l of the compounds described in the experimental
section were tested for their analgesiec action on gulnea
pige. While it is impossible at the present time to publish
the exact results, a qualitative description of their physio-
logical actions might perhaps be in order, From a survey

~ of the results, several trands are apparent:
kl. The acute toxicity of these compounds varies with the
type of compound and with the method of administration, For
the dihydro benzoxazones, the MLD-50 in gulnea pigs was ap-
proximately 400mg./k'g subcutaneously, and 600 mg./kg. when
administered orally. For the carbonyl salicylamide derivatives,

the acute toxiclty under oral administration varied between
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700 and 1000 mg/kg. As a comparison, Asbirin when orélly
administered, has an acute toxicity of about 600 mg/kg.
2. Concerning the analgesic activity of these compounds;
‘thﬂ dihydro benzoxazones proved to be the more promising.
0f these, 2-phenyl-dihydro benzoxazone was by far the most
active. The rise in pain threshold after the administration
of this drug proved to be about twice that of aspirin, This
may have been due to several factors. It might be & case of
lsynergism between the analgesic action of the salicylamide
”;gnd the hypnotic action of the benzaldehyde produced on hy-
.(dfdlysis. Observers have noted a slight increase in the a@ﬂ
’ééﬁivity of analgesics when administered along with hypnotics
such as the barbiturates. On the other hand, the action may
have been due to the 2-phenyl derivative itself, It was
noted that when methoxy groups were substituted in the benzene
ring, as in the p-methgxyphenyl derivative, and in the 2,3-di=-
methoxyphenyl derivative, the activity was greatly reduced.
The other dihydro benzoxazones showed activity equal to, and
in some cases greater than Aspirin.
Se Acetylation of the dihydro benzoxazones cut down the
énalgesic activity considerably. This might be due to the
fact that the N-acetyl salicylamide formed from the decompo-
'sition of these~compouqu, is 1éss active than salicylamide
itself. o
4, The 6-bromo-dihydro benzoxazones in general showed little
eanalgesic action, as compéred with the unhalogenated deriva-

tives .
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5, Of the carbonyl salicylamide derivatives, the sodium
salt was without analgeslc action, probably because of 1its
~extreme solubllity. N-benzoyl carbonyl sallicylamide showed
promising analgesic activity, but chronlc toxieity studies
showed that i1t caused some dasmage to the internal organs.
Noné of the other derivatives showed any greater anaigesic

activity than Aspirin,
6. N-allyl carbonyl salicylamide was found to possess

some hypnotlc activity on mice, but not on rats.
Use of the Bengzoxazones as Sun 3creens

It has been found that of the'solar spectrum which
reached the earth, a certain part of the ultraviolet radlations
is capable of causing tanning and bufning of the human skin,
when exposed to these rays for a certain length of time, 'If'
the wavelength of light is plotted sgalnst the relative spec-
tral effectiveness of radlant energy in the production of
sunburn and of suntan, two curves will be obtained which more
less coincide at a miximum point at a wavelength of 2950~
3000 ﬁ, It has been found that for light of wavelength
shorter than 2700 ﬁ, only superficial effects are produced,
while light of wavelength 2950-3150 i produced sunburn followed
by tenning, end erergy of wavelength longer than 3150 A
produced direct tanning with little or no burning.

Cosmetics mamafacturers have introduced substances called
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- "sun screens" which have the power of absorbing ultraviolet
light of the wavelength which causes burning. These are
spread in a thin layer on the skin, and allow it to be tanned
by the energy of higher wave length which is allowed to pass.

- Among the hundreds of compounds which have been tested for
this property are a nuwber of salicylates:

Benzyl salicylate Bornyl salicylsate
Triethanolamine sylicylatel Salicylate of diethylene-
' glycol nonoethyl ether
Phenyl salicylate Sodium salicylate
Phenylphenyl ssalicylate i Amyl salicylate
Several of the dlhydro benzoxazones and cerbonyl salicyl-
amide derivatives were therefore tested for their sun-screen
activity. It was found that the absorption curves of each
member of a glven type were almost identical. The maximum
for the dihydro benzoxazones occurred at about 2800~3000 3,
while that of the carbonyl salicylamide derivatives had
shifted to about 3100 4. The dihydro benzoxazones there-
fore seemed more promising in that respect. Tests were also
made on these compounds to determine the changes, 1f any,
which occurred on prolonged exposure. Since chemlcal sun-

~ sereens absorb the ultraviolet energy they come in contact

with, chemical change of the screen often takes place which

‘often destroys the activity of the compound, or in some cases
therpposite happens, the screening éction may be enhanced,
It was found that on continued exposure of the dihydro benz-

oxazones to ultraviolet light, the absorption maximum in-
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creases, indicating that the screening power of these come
pounds 1is enhanced on exposure.

’,‘ One of these compounds, 2;2?dimethyi-dihydro benzoxazone
was given a practical test. A 5% solution of it in 95% ethyl
alcohol was made up, and to this was added some butyl steérate

~to serve as s film-forming substance. This solﬁtion was
’painted In strips onto the skin, which was then exposed to

the sun for several hours. After about 20 hours, the untreated

areas showed a definite reddening, but the portions which ha:

been treated with the sun-screen were unaffected.
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PART V
SUMMARY

1. A convenient method for the preparation of large quantie
ties of salicylamide is described.

2. Salicylamide condenses in the presence of HC1l with
certaln aldehydes and with acetone, to form‘dihydro benzox-
amnes. It does not react, under the same conditions, with
higher ketones. A list of the compounds prepared, as well

#s some of thelr derivatives, is to be found in Appendix 1.
3. In the presence of pyridine, salicylamide condenses with
ethyl chloroformate to form O,N-carbonyl ssallcylamide, The
imido hydrogen of this compound is acidic enough to be re-
‘placed by metals, and these metal salts will react with alkyl
halides to form N-substituted derivatives. A list of the
cOmpounds prepared 1s to be found in Appendix 1.

4, On Guinea Pigs, the dihydro benzoxazones showed marked
analgesic activity, greater than that shown by the carbonyl
salicylamide derivatives, Acetylation of the imido hydrogen
or the substitution of bromine in the nucleus was found to

reduce this sctivity greatly.
5, A simplified steam-dlistillation apparatus for use in
the seml-micro Kjeldahl determination of nitrogen has been

described (Appendix 2.).
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PART VI

APPENDIX 1

TABLE OF COMPOUNDS PREPARED

Formla
OH

1,

2.

O

4.

S.

CONHg

N

_N-R
co

Value of R

Hydrogen

~C0-CHg

0
“cH-R

_N-R!
co

Value of R Value of R'

Phenyl Hydrogen
Phenyl »-CO-GHa
-CH, Hydrogen
-CHy -C0-CHy
-CHgCHj, Hydrogen

Name New

Salicylamide

2,2-dimethyl-3,4-dihydro-~1,3-
benzoxazin-4-one

N-acetyl-2,2-dimethyl-3,4-di=
hydro-1,3-benzoxazin-4-one

2-phenyl-3,4~dihydro~1,3~benz-
oxsazin-4-cne

N-acetyl-2-phenyl-3,4-dihydro-
l,3=-benzoxazin-4-one

2-methyl-3,4~.dihydro~.l,3-benz-
oxazlin-4-0ne

N-acetyl-2-methyl-3,4-dihydro- #
l1,3-benzoxazin-4-one

2-ethyl-4,3~dihydro-1,3-benz-
oxazin-4-one
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No. Formuls Name New

cH-R
’ R'
co
Value of R Value of R'

9, =~CHgCHgCH, Hydrogen 2-n-propyl-3,4-dihydro-1,3-benz-
oxazin-4-cne

10, =CHaCHzCHj5 =C0=~CHy Nescetyl-2-n-propyl-3,4-dihydro-
1l,3-benzoxazin-4-one

11. =CH(CHgz)p Hydrogen 2«1-propyl-3,4-dihydro-1,3-
: benzoxazin-4-cne

12, -CH(CHs)s  =C0-CH; N~acetyl-2-i-propyl-3,4-di-
hydrosl,3-benzoxazin-4-cne

13, -CH(CHgCHz)}p Hydrogen 2-(l-ethyl)-n-propyl-3,4-di-
» hydro-1,3-benzoxazin-4-one

14, -CH(CHpCHgz)p =-CO-CHsz N-acetyl-2-(ethyl)-n-propyl-3,4-
dihydro-l,3«benzoxazin-4-one

- 15. -<i:::>>OCH5 Hydrogen 2-p-methoxyphenyl-3,4-dihydroe-
1,3-benzoxazin~-4-one

16, -<i:::>> Hydrogen 2-(2,3-dimethoxy)-phenyl-3,4-
dihydro-1,3-benzoxazin-4-one
OMe OMe
17. ‘CH3 6-bromo~2, 2-dimethyl-3, 4-dihydro-
H 1,3-banzoxazin-4-one
iH&R
NH
Value of R
18, -CHaCHy 6-bromo-2~-ethyl-3, 4-dihydro-

1l,3~benzoxazin-~4-one
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19,
20.
21,
22,

25‘

24,
25,
26 .
27,
28.

29,

30,
31.

Formula
On,

7H-B
B NH

/
co
Value of R

*CHQ CHz CH@,
-CH(CHz) 5

wCH(CHoCHZ) »
e

_N-R
co

Value of R
Hydrogen
Sodium
«CHz
~CHgoCH3
~CO0-CgHg

‘CHzCO’CeHs

ECHE-CQHs
~CHLC0m0C ¢Hp
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Name New

6~bromo=2-n-propyl-3,4~dihydro-
1,3~benzoxazin~4-one

6=-bromo-2-1~propyl=-3,4-dihydro-
1,3-banzoxazin-4-one

6-bromo-2-(l«ethyl}-n-propyl-3,4-
dihydro-1,3~benzoxazin-4-one

6-bromo-2~-phenyl-3,4-~dihydro-
l,3-kenzoxazin-4-one

6«bromo-2-p-methoxyphenyl«3,4-
dihydro~1,3-benzoxazin-4-one

O,N~carbonyl salicylamide

N-sodio-0,N-carbonyl salicylamide
N-methyl-C,N-carbonyl sallicylamilde
N-ethyl-0,N~carbonyl salicylamide

N-benzoyl-0,N-carbonyl-
sallicylamide

N-phenacyl-0,N-carbonyl-
salicylamide

N-benzyl-0,N-carbonyl-salicylamide

ethyl-a-(N-carbonylsalicylamido)=-
acetate
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No. Formulea Name New #*

0
\TO
,N-R
Cco
Value of R
32. «CHz=CO=CHj N-acetonyl-O,Nécarbonyl- K
salicylamide
33. =CHgCHCHg N~8llyl-C,N«carbonyle- *
salicylamide
34, «CHCHz-0-CgHg Ne(B-phenoxy)}-ethyl-0,N-carbonyl #
salicylamide
35, “CHQCH2‘0‘<i:::>>‘C(CHs)s Nw(4-tert-butyl-2-chloro=~ *
phenoxy)}-ethyl-0,N-car-
Cl bonyl salicylamide
36, =CHgaCHLCHg«0-CgHg N- (A ~phenoxy)-propyl-0,N-car- *

bonyl salicylamide

57« =CHgCHp-0=CHg=-CgHg N-(B-benzyloxy)-ethyl-0,N-car« *
bonyl salicylamide

38, =CHpCHp-0=CHpCHp=0-CeHs  A-phenoxy-g -(N-carbonylsalicyl- #
_ amido)~diethyl ether

39, =CHaCHg-CgHg N-{(p-phenyl)-ethyl-0,N-carbonyl +*
salicylamide
40, =CHpCHaCH,-CgHg N-(«¥-phenyl}-propyl-0,N-carbonyl
\ salicylamide
41, =CHa(CHg);1,CHz N-cetyl-0,N-carbonyl salicylamide *
42, =CHoCHgoCHp-CH N~ (7Vehydroxy)-propyl carbonyl *
salicylamide
“co
B ,L—R
co
Value of R
43, | Hydrogen 6~-bromo~C,N-carbonyl salicylamide
44, Sodium 6-bromo-N-sodio~0, N=carbonyl %*
salicylamide
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No, Formula

1C.
1.
12.
13,
14,
15.

16,

17,
18.
19.
20,
21,
22,
23,

CoH,05N

C1oH1105N
CigHi1505N
Ci451102N
C1eH1505N
CoHgOgN

C11Hy 102N
C1oH1210N
C11H3302N
CiaH150sN
C11Hi502N
CazH1505N
C1aH1 702N

C15H1 905N

Cl 5H1303N

Ci1el180.N
C10Hy oOgNBr
C10H100,NBr
C11H; 0o NBr
Cy11H,20,NBr
Ci3H; g0 NBr
C14H1002NBr
C1H120sNBr

DATA ON COMPOUNDS PREPARED

Mol.
Wt

137
177
223
225
267
163
203
177
191
233
191
233
219
261
255
285
256
256

270
298
304
334

270

Analysis, %N

Melting

Point Calecd.

136-137°

136-137°

57.5-58°

168.5-169,5°
L]

88

146+146,5°

54-55° 6,83

116-117.5°  7.91

85.5-86,5" 7.33
(bepo}

112-116 ° 6,01

1 mn, Hg °

10505-10605

34,5-35.5°  6.02

98-99° 6439

56.5=57.5° 5,37

166 °

150.5-151° 4.9
180-181°  5.47
149,8-150,5" 5.47
152.5-153,5° 5.18
156.,5-157°  5.18
119-120° 4.70
224 ,5-225,5°
234.237"° 4.18

Found

6.65

7.93
7.40, 7.20

6.20

6,15, 6.23
5017',“ 5.16

5.08
5.68
5.77,5.62
5427,5.29
5.18,5.36
4.79,4.68

4 .56

105

Yield,%

96
50
66
47.3
84
5545
32
57

.73
62
49
86
49
84
7.5
37
50
40

67
58

21
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No.

24,
25,
26.
o7,
28,
29,
30.
31.
32,

33.

34,
35,
36.
37.
38.

39

40,

41,

42,
43,
44,

Formula

CeHgOaN

CgHy Oz NNa

CHpO0gN

Cy oHoOsN
C1sHoOu N
Ciel1105N
C1eH1105N
C12H1106N
Ci11HoON
Cy HoOsN

CreH1a304N

CaoHe10,NC1

Ci7H1504N
CioH1s04N
C1sH1,05N
CieH1502N
C17H1505N
Coelz70sN
C11H110.N
CgH4OgNBr

CgHa 03 NBrNa 264

Mol. Melting Analysis, % N
Wt. Point Caled. Found
163 230.5-231.5°

185

177 146 °

191 107°

267 171-172°

281 186-187°

255 135°

249 126.5-127.5°

219 99.5-100° 6,40 6.59
203 101.5-102.5° 6.90 7.05
267 137-137.5° 5.2¢ 5,22
374,5 130-131° 3,75 3.87
297 108-108.5° 4.72 4,96
297 96.5-97.5° 4.72 5.07
327 86-87° 4,28 4,37
267 163,5-165° 5.25 5.39
281 71-72° 4,98 5.10
387 94-95,5° 3.62 3.73
221 99-101° 6,33 6,07
242  287-288 6.19 6.09, 6.34

5.30 5.52, 5.44

106

Yield, %

84
99
71
21
52
40
51
82
17
76
65
49
61
61
40
67
44
64
46
73

75
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APPENDIX 2

SEMI-MICRO DISTILLATION APPARATUS

From the preceeding illustration of this apparatus,
several advantages of this design are apparant. All rubber
connections are eliminated from the distillation train., The
danger of breakage 1s reduced by its strong coﬁpact construc-
tion. It takes up little désk space because of its compsact,
upright design, Since the distilling flask is surrounded
by the steam jacket, very little condensatlon occcurs in the
flask. Only one precaution is necessary in its successful
operaﬁion, i.e., the prevention of sucking back of the sample.

The spparatus consisté of a distilling 'flask (32 mm, in
diameter by 15 c¢m. in length, with a volume of approximately
100 cc.), enclosed in & 45 mm, glass jacket which serves as
é steam jacket and trap. The steam generator consists of a
500 cc. twoenecked flask; one neck of which is fitted with
a 24/40 € jolnt for fitting to the apparatus, while the other
is a 14/35 8 Joint fitted with a cap, through which water and
fresh bolling stones (porcelain or silicon carbide) may be
added, A larger sized flask for use as a steam generator
‘ie not recommended due to the 103; of smoothness of control
of the distillation,

A tube is sealed into the flask and an opening into
the steam jacket leads steam through the solution being
distilled. The arm of a Y in this tube is sealed through

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



108

the top of the flask to the filling funnel. Leading from

- the top of the flask is a trap (made from a 50 cc. bulb) and
a tube leading to the bulb condenser which drains through a
vertical delivery tube into the reoeiﬁer. The use of Pyrex

| glass in the condenser 1s not objectionable since it has been
shown (42) that it 6auses no more errors in operation than
would a silver-tubed condenser. ‘

The apparatus 1s shlelded from drafts by cardb&ard
screens to prevent sudden cooling. A few chips of pbrcelain
or silicon carbide are used in the generator to'prevént irregu-~
lar bolling. |

The apparatus is used in a manner similé.r to the usual
micro-Kjeldahl distillation.. The digested sample 1s rinsed
in through the filling funnel, followed by caustie. It is

~ inadvisable to mlx the two layers all at once, since the
resulting foaming may splashvdver into the receiver. It is
mixed a little at a time until the solution 1s almost basic,
by momentarily closing the drain tube and letting a bubble
of steam stir up the contents, or the operator may stir up
the m;xture himself by gently puffing through a mouthpiece
attached to the drain tube, before the water in the'éenerator
has started to boil. The last of the ceustic is added to
make the sclution basic, the cock on the addition funnel
and the clamp on the drain are closed, and the steam then
‘allowed to run into the now basic solution., After the dis-

t1llatlon has once started, no more cold liguid may be
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added through the funnel since the resulting condensation of
‘steam would suck the contents of the flask into the stream
”jacket. This also happens on removing the flame from the
generator, and since it is quite rapid, it is necessary to
‘make certain that the flame is well shielded during the
distillation. After the distillation is over and the residue
in the flask sucked into the steam trap and drained out, the
flask 1s rinsed with a little cold water, which is also prompt-
ly sucked into the trap. The apparatus 1s then ready for the
.next sample. It is advisable to add a small chip to the
generator before it 1s reheated in order to insure smooth

- boiling from the beginning.
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