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I.GENERAL DISCUSSION OF LOCAL ANAESTHETICS

ANALGESICS AND ANTISPASMODICS

Pain has followed man as closely as his shadow,
Through the ages man has cried out in agony and prayed for
release from physical torment, Early records show that the
enclent Egyptians and Chinese had some knowledge of narcosis
a8 they used various plant julces as ﬁell as alcohol to
induce artificial sleep andbinsensibility to pain (l). This
insensibillty to pain 1is now divided into two classes;
anaesthesia and analgesia, | |

Ahaeathesia is defined as the loss of feeling or
sensation, especlally loss of tactlile senslibility although
the term is often used for the loss of any other senses (2).
Ansesthesia itself is divided into two classes; general and
local. General anaesthesia 1s the loss of sensation which
affects the whole body, while local anaesthesla is confined
to one limited part of the body. The most important general
angestheties include ether, chloroform, amylene, cyclopropane,
nitrous oxide, ethylene and methylene dichlbride. Typical
local anaesthetlics include cocaine, procalne, butyn,
metycaine and nupercalne,

Analgesia 1s deflined as absence of senslbllity to
pain and may be elther general or surface, The true differ-
entlation between anaesthesia and analgesia must lle in the

depth of narcosis obtained in each case, Anaesthesia, local
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snd general, is apparently a much deeper or profound
physiological effect causing almost complete loss of sense.
Analgeslia, on the other hand, 1is a shallower effect causing
~a diminution of sense perception to such a point that pain
1s not so easily noticed. We_shall discuss briefly the

question of local anaesthetics and of analgesics.
A, LOCAL ANAESTHETICS,.

Probably the best known of the local anaesthetlcs
is cocaine, which was 1solated from coca leaves in 1860
by Niemann (5); It was not until 1923, however, ﬁhat
Wilstatter, Wolfes, and Mader (4) proved the strﬁcture of
cocalne by synthesis,
CHp — CH — CH C OOCHS,

| |
MN-CHy CHOCOC Hg

CH, — CH — CHy

Cocaine proved its worth as a strong local
snaesthetlic but it was soon found to have several serious
disadvantages, both clinical and commercisl, It 1s
difficult to purify, can not be used safely on persons
suffering from hypertension and it is habit forming. Cone
sequently research for new and better anaesthetics was

undertaken, But what are the attributes of a desirable
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anaesthetic? An ideal anaesthetlc should be:

l. Iess toxie than cocaine for the same degree of
angesthesisa,

2. Nelther too acild nor too alkaline or it will give
rise to irritation or tissue damage.,

3. Water soluble.

4, ©Stable enough to be sterillzed by boiling.

5, Compatible with adrenalin, which, by 1its
vasoconstrictive action, makes the area of operation
practically bloodless and prevents too rapid absorption
of the anaesthetlc,

6o Nohuhabit forming.

7. Absorbed slowly so that the duration of anaesthesila
wlll be great enough to permit the completion of complicated
operations,

| Investigation of cocaine was begun in order to
relate local anaesthetlic activity and molecular structure.
It was found that the anaesthetic actlvity was lost if
either the methyl ester or the benzoyl group was rémoved.
It was found, too, that the pyrrolidine nucleus was not

necessary for activity, since the compound alpha-eucaine

s
s g
CHs~A 7 6

| I\Coocu3
C”y(i'l CH,,

C”S

a-EucAINE
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showed as much actlvity as cocalne and has the additional
advantage of being stable in boiling water, Since alpha=-
eucaine is somewhat painful and irrltating on injection,

it was superseded by beta-cucaine,

'ch-?f/ CHy
NH LHOCO CéH\f
l
CH3.
@-EucainE

It was noted that the grouping common to the three

compounds, cocaine, alpha-cucaine, and bets-eucaine, was the
‘ ()

/ | o
—-N C-0-C-C,Hy

]

t

following:

It was therefore proposed that the anaesthesiophoric group
was N-(C)n-O~CO-Ar. Working on this principle Einhorn and
Uhlfelder (5) described the synthesis of procaine or novocalne

which contalns the same anaesthesiophoric group.

C. He o
2 NN - CHo~ CHp -0 = C ~Cy M- N H
P 2 CHy ¢ Ha 2
C, Hy

ProcAINE
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Literallj hundreds of compounds containing the same
anaesthesiophorié arrangement were prepared in the years
following the discovery of procaine. Frém the results of
these investigations more generalizations were made relating
structure and anaesthetic<properties. Cdmpounds with |
anaesthetic properties were prepared in which the Ar-C0-0
grouping was made up of acids such as benzole, phenyl acetle,
alpha-phenyl proplonic, p-tolyic, and piberonylic, to men-
tion a few,

Few generalizations are permitted as to the effect
of varying the number of carbon atoms between the ester group
and the nitrogen atom, The p~aminobenzoates and cinnamates
of dlalkylaminomethanol

NRg;=CHg=0-C0-Ar :
in which R was ethyl, propyl, butyl and iso-amyl have been
prepared. While it was found that an incfease in molecular
welght by increasing the sige of the R group enhanced the
anaesthetic potency, these compounds were not so active as
the homologs of the dialkylaminoethanol type (6).

AT=CO=0mCHy -CHy~NRy |

In cocalne and the eucaines the number of carbons between
the acld residue and the nitrogen atom 1s three. A number
of other compounds with threé carbons in this chain have

been prepared and found to be active. Among them are
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butyn, tutocaine, and larocailne.,

NHzQCoo CHy CHy CHy N (CaHyg),

Eury/v
CH3

NH J
z@coo CH CH CHy ~ (CH5),
CH5

T urocAINE

CHz

LArccAaInE

Compounds with longer connecting chains are 1little known,
It 1=, therefore, impossible to state at just what point
the snaesthetlc activity becomes extinct (7).

The greatest structural modification in the
anaestheslophoric group have been made in the substituents
on the nitrogen atom, Derivatlves of primary amines have
been shown to be active. The primary amine corresponding
to allocaine is almost as active as cocalne and is much

less toxic (8).

?H3 ?R3
Cy My ~CH=CH -N tfy-HCI C, H\,'(’:H-CH-N(CZHJ)Z:HCI
O-CO0-C Hs O0-Co-C, Hy
PRIMAI?y AnMiNE ALLOCAINE
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Derivatives of secoﬁdary amines should have anaesthetic
activity but they, apparently, have not been tested. They
may be rather unstable,aé primary and secondary amine bases
tend to form amides with the ester groupe.

Tertiary amines have been used almost universally.
These may be of three types:

(1) Dialkylemino compounds where the alkylvgroups are
the same, K such as dimethyl-, dlethyl-, dipropyl-.etec. In |
members of thils type the ansesthetic activity seems to ine-
crease up to a certain point with the welght of the alkyl
group. In a series of p~aminobenzoates of ~CHgCHaNR, and
~-CH;CHaCHgNR, it was found that the activity was greatest
when R was made up of three or four carbon atoms (9).

(2) Dialkylamino compounds where the alkyl groups
were different. Methylethlamino- and methylpropylamino-
would be examples of this type (10).

(3) The terminal carbons of the two alkyl groups may
be joined, forming a heterocyclic ring with the nitrogen
atom, Thus,vif the terminal carbons of procaline are joilned,
there results an anaesthetic compound, pyrrolidinoethylep-

aminobenzoate,

4
N%g<::2>coocH2cH2N |
\QHZ-‘C Hz
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A more common type of such a cycle are the piperidino

derivatives such as metycaine (11).,

/2 N\
@coo CHz CHp CHy N, S CHy
CHy~ CH,

MET)IC‘A//VE'

As has already been indicated an Impressive
number of compounds contalning the ansesthesiophoric
grouping, NRz-(C)nO-CO-Ar, have been prepasred. Unfor-
tunately the available data do not permit the desired
comparlson of the relative sactivities, and it 1is therefore
impossible, at the present time, to be specific about the
effect of maeking relatively small changes in the structure,

Practically all of the local anaesthetics con~
sidered 1in this discussion have been derivatives of benzene,
There 1s no reason to suppose that other nuclel could not be
employed as the basls of another series of local anaesthetics,
Little work has been done along this line, however,

Bjerregard and Houston (12) found that alkamine

esters of beta~nsphtholic acild

COOCH,CH N R,
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are slmost as actlve as cocaine but are less toxic. It
seems that increasing the molecular welght of the acid
residue has the same effect as Increasing the size of the
alkyl groups on the nitrogen, that is, causes an increase
in anaesthetlc potency. A few other derivatives of naphthoic
aclds have been prepared and found to possess activity as
great or greater than that of cocaine and usuelly of lower
toxlcity (13) (14) (18).

Roberts and Johnson (16) have prepared the diethyl-
aminoethylimido ester of diphenylanilide

7
} /.Y—Céh:r‘
X S CmO - CHeCHy N(Cy Hy),

7 C-~O-CH CHy N (Cp Hs),
"
N~ Cé HNHg

Y

and found it much more active and much less irritating than

the ordinary ester,

coo cHy cH IV (CaHy),

coocH, CH, ¥ (C, Hs),
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The fact that amines of high molecular weight have
local anaesthetic ectivity is well known, Ogata (17), found,
for example, that benzhydrylamine

H\ ,NHZ
(: C\O
- and amines of the type CgHzCHRNH, were active, From this
congideration it 1is not unexpected to find that 9Y-amino-

fluorene

H\ ,NHZ
C

exhibits some local anaesthetic properties (18). A number
of other derivatives of fluorene have been prepared by Ray
and Rieveschl (19) and found to have ansesthetic properties,
The compounds include derivatives of the types:

o

H\CIH . é‘
COO CHCHNR, v COOCH, CH, NR

N-OH
1]

Cc
C OOCHCHN R,
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In 1942 Gilman and his co-workers (20), while investigating
a number of new compounds for locel anaesthetic propertles,

found that the fluorene derivative

/ Cz—”é_

HO COOCHZCHzN
~ 7/ \CZH&'

was less toxlc and less potent as a surface anaesthetlc,
but more potent as s block anaesthetic than was the corre-

- spondlng benzilic acld ester,

Co H,
Ho /COOcHchzN: 20
rC CzHs

. Mannich and Lammering (21), 1n 1922, found that the
ester linksge was not essentlal for local anaesthetic action

inasmich as ketones of the type

LR
Co cHp ey NI |
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had local anaesthetlic activity., In the following table are

listed some of the compounds that they found to be active.

KETONIC LOCAL ANAESTHETICS

j—@co C Hy C Hy-X

CH.- CH
s F SN
1 - N /C H, H
CHy— CHy
CH. CH
sz 2\
2 -N N - H
CHp — cHT
N
7 N\
3 CHZ CHZ
. |
CH,, H
CHy~CH.
4 /2 SN "y
. -CHy-N /CHZ
\CHz ~ CHp
CHp = CHy
5. -N cHe - O~ CHy
\CHZ - CHZ
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In other words, the exchange of an ester linkage
for a ketone linkage did not destroy local anaesthetic
activity.

During the course of our investigation we pre-
pared a number of ketones derived from fluorene, some of
whlich showed locsl anaesthetic activity when applied

topically to the tip of the tongue.

H M

Cc
COCH,CHy NR,+HCI

B. ANALGESIA AND ANALGESICS

Any review of analgesia should include a dilscussion
of the chemical and physlological properties of the follow=
ing groups of analgesics: salicylates, cinchophen, neo-

cinchophen, acetanilid, acetophenetidin, and morphilne.

1. The salicylste groupe.

During the last third of the 19th century a search
for synthetlic substitutes for quinine was begun. As the

result of this search, a large number of compounds were
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introduced into medicine and, although they showed a
definite lack of antimalarisl activity as well as a differ-
ence in chemical constitution, they shared with cinchona the
ability to produce antipyresls and analgesia.

Salieylic acid (orthohydroxybenzolc acid)

COOH

OH

is so irritating that it should only be used externally and
therefore various derivatives have been prepared for in-
ternal use. These may be divided into two classes--esters
of salicylic acid, and salicylate esters of organic acids,
In addition, there are simple salts of ssalicylic acid such
as the sodium salt (sodium salicylate). By considering the
following structures the relationship between the varlous

classes may be seen:

' THE SALICYLATES

COOH C OoNa
oH oH
SAcicyeic Acio Socoium

SALICYyLATE
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CoOCHy CooC,Hs
OH OH
METHYL SALicyLATE PHENYL SALICYLATE

(OirL or \WinTERGREEN)

CooH
o COCH5

- AcEryisaricyiic Acwo
(Aspirin)

The salicylic acid content of the "salicyl" drugs
is the determining factor in thelr physlological action,
Variations in solubility and propensity to cause local
irritation are the maln factors which determine the degree
of usefulness of these chemicals (22), Benzolc acid shares
many of the asctions of sallcylic acid but is much weaker;
this seems to indicate that the OH group has an important

bearing on the actlon of the drugs.
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The salicylates, especlally salicylic acid, are

wealkly bacterliostatic (22); certain fermentation processes

are inhibited and putrefaction of meat, urine, and other
substances 1s delajed.

Two noticeable effects on the central nervous
system are assoclated with the "sallcyl" drugs. The lowering
of body temperature, antipyresls, l1ls usually rapid and
effectlve in those persons with abnormally high temperatures
but rarely occurs in persons with normsl temperatures,
There is abundant evidence that the salicylates act malnly
on the central nervous system and not "peripherally on
blood vessels or sweat glands" (23)., If the spinal cord is
cut near the bfain the antipyretic drugs do not lower the
temperature of fevered test animals. We generally associlate
sweatlng with the use of sglicylates, but sweating does not
occur unless there is fever, and the latter can be lowered
by the salicylates even when sweating 1s prevented by the
use of atropine. Barbour (24) also claims that the sali-
cylates cause hydratlon of the blood, thus faciliteting both
sweatling and radlation of heat. The same mechanisms of
antipyresis glven here for the sallcylates likewise apply
to acetanilid and acetophenetidin. -

That the analgesic action of the sslicylates is

well known is evidenced by the tremendous quantities of
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aspirin prescribed for himself each year by the layman.
Goodman (22) says that the alleviation of pain is probably
due to a central depressant action located in the optic
thalemi (nerve origins). The salicylates generally cause
no mental disturbance, anaesthesia, or changes in modalities
of sensation other than paln sense. In unusual cases sdme
persons claim to note a mild hypnotic effect which may be
due to psychic factors. An unusual toxlc effecf, called
salicylism, often accompanles the excessive use of these
drugs. It 13 characterized by headache, ringing in the
ears, deafness, weak pulse and stomach derangement with
nausea and vomiting. The types of paln relieved by
salicylates are headache, myalgia, arthralgia, and other
pains.arising from integumental (external covering) struc-
tures r;ther fhan from viscera (25). The salicylates,

however, are much inferior to morphlne as analgesics.

2. Cinchophen and Neocinchophen.

In 1887 Doebner and Gieseke (26) reported the
preparation of 2«phenylquinoline-4«carboxylic acid

(Cinchophen).

CincH orPHEN
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The compound was introduced into medicine in 1908 under the

trade name Atophan, later changed to Cinchophen, and was

proposed for the treatment of gout, It is a yellowlshewhite
bitter powder which is insoluble in water.

In pharmecological action cinchophén resembles
the salicylates, It has the same type and mechanism of
antipyretic and analgesic‘action, but its ability to stimu-
late_bile flow 1s sald to be more pronounced, |

Cinchophen is widely used in the treatment of
gout despite its dangerous hepatotoxic effects. Some
physiclans belleve that the danger of the dlsease is
greater than that of the drug (27).

Neocinchophen (novatophan, tolysin)

NEOCI/INCHOPHEN

is the ethyl ester of 6=-methyl-Z2-phenylquinoline-4~carboxylic
aclid and 1s a light yellow crystalline powder, odorless and
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tasteless and nearly insoluble in water.,

In its pharmacologlcal actions neocinchophen
cldsely resembles cinchophen and is used for the same
purposes and in about the same dosages. Experiments on
animals, however, seem to show that neocinchophen has a
higher margin of safety than has cinchophen, probably due

to slower intestinal absorption (28).

3. Acetanilid and Acetophenetidin.

In 1886 Cahn and Hepp (29) reported that aniline
as well as 1ts acetyl derivative, gcetanilid, exhibited

antipyretic and antineuralgic action. Aniline is, however,
a highly toxlic substance, destroying hemoglobin by forming
methemoglobin, The substitution of an acetyl group for

one of the amino hydrogens was found to reduce the toxicity
to such g point that acetanilid (Antifebrin) could be

introduced into medicine,

NH COCH3

AceraniLio

Early reports on the use of acetanilid indicated

that it sometimes led to serious aniline poisoning. The
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search for less toxic compounds led to p-sminophenol, since
the action of acetanilid seemed to be due in part to its
hydrolysis to aniline and acetic acid, the aniline being
subsequently oxidized to p=-sminophenol,

p-Aminophenol itself also proved to be too toxie
for medicinal use but an investigation of its derivatives
was undertakén with a view to finding one which would not
have this undesirable toxiclity. The results of the in-
vestigation may be summarized (7):

l. Replacement of an amino hydrogen by an acetyl group
yields a compound of lower toxicity than p-sminophenol bﬁt
stlll having antipyretic and analgesic properties.

2. Acetylization of both the hydroxyl and the amlno
groups produces compoundsiinferior to certain of those
prepered by alkylating the hydroiyl group and acetylating

the amino group.

(a) Methacetin (p=-methoxyecetanilid)

OCHy

NH COCHz

Merdace TN
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was found to possess a higher degree of entipyretic and

analgesic activity than any other member of the serles.

(b) Phenacetin or Acetophenetidin

O Cz Hy

NH COCH3

PHENACETIN

was foﬁhd to be less powerful than methacetin as an anti-
pyretic and analgesic; but 1t csuses less hemolysis of the
red blood corpuscles and is consequently more desirable as’

a drug.

(c) Increasing the molecular weight of the alkyl
group, l.e. to propyl or butyl, brings a sharp decrease in
physiological action,

3., Derivatives of p-sminophenol which contain a free
hydroxyl group have no antipyretic value.

4, Substitution of an alkyl group for the amino hydrogen
of phenacetlin results in a compound with grester analgeslc

but less antipyretic action.
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For example the ethyl derlivatilve

OC, Hs

I:/— COCH;z
C,Hs

is more analgeslie, but less antipyretic and less toxic than
phenacetin,

It 1s interesting to note that Phenacetin (or
Acetophenetidin)} was first prepared by Hinsberg (30) in
1887 while seeking a use for a quantity of pe-nitrophenocl
which had been accumulated by the Farbwerke of F. Bayer

and Company 1n Germany,

It 1s belleved that both acetanilid and phenacetin
owe theilr therapeutic as well as their toxiec properties to
conversion in the body to para-aminophenol, Michel, Bernheim
and Bernheim (31) have reported that acetanilid may be
hydrolyzed in vitro by various tissues to aniline and acetic
acld, and that aniline, in the presence of these tissuses,

may be oxidized to p=-aminophenol.
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NH COCH‘3 NHZ

>~ + CHzCOOH

OH

4., Morphine and its Derlvatives.

Morphine, one of the many alkalolds derived from
opium, is unequalled as an analgesic,., It is said that if
it were necessary to restrict the cholce of drugs to a very
few, "the great majority of physicilans would place...morphine
at the head of the 1list" (22).

The exact structural formula of morphine has been
the subject of considerable research and has not yet been
entirely proved., The formula commonly accepted today is

that of Gulland and Robinson (32).
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MO RPUHINE

Studying this proposed structure we notice the
followings:

(1) A partially hydrogenated phenanthrene nucleus.

Hy H
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(2) An oxide bridge -- or a partially hydrogenated

dibenzofuran nucleus,

(3) A nitrogen containing chain (=CHg=CHgwN={CHz)=)
which may be considered part of a six membered heterocyclic

ringe.
CH
C 3

N

H~-C CHy

HYC CH,
\C_ /

/\

(4) A phenolic hydroxy group.

(5) An alcoholic hydroxy groupe.
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) Careful study of morphihe and 1ts derivatives has
led to the assignmment of definite pharmacodynamic properties
to the two hydroxyl groups mentioned above., If the phenolic
OH in morphine is masked by an alkyl group as in codeine
(=0-CH5z) there 1s a decresse 1in analgesic, respiratory,
depressant and intestinal spasmodle actions, but the effects
on the central nervous system are enhanced (22). If, on
the other hand, the alcoholic OH 1s masked, the narcotic
and respiratory effects 6f morphine are exaggerated. When
elther of the OH groups is masked, there is an increase in
convulsant action and a decreasse in emetic actién. These
facts lead to the bellef that the free phenolic OH contri-
butes to the analgesi#, hypnosis, and resplratory depression
of morphine while the alcoholic OH tends to counteract these
effecits,

Both morphine and codeine have proved to be highly
efficacious as analgesics and thelr importance in medicine
can not be overlooked. But morphline, and codeine to a
lesser degree, is an addiction drug; continual use of it
by patients sufferling severe paln causing stronger and
stronger desire for the exhllarating drowsiness and freedom
from anxiety and pain it brings sbout.

h Much work has been done in recent years in an
attempt to determine the relationship between structure and

drug addiction. It was established from this work that

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



syastematlic structural changes in morphine derivatives result
in changes in physiological action whiéh are sometlimes
predictable, It was found that a single change did not alter
all the physlological reactions to the same degree. Certaln
phenanthrens derivatives, particularly those with substli-
tuents in~the 3=position, showedlmarked énalgesic effect,
Some of the phenanthrene derivatlives obtalned were found

to have anti-carcinogenic properties. Two mofphine deriva-

tives, desomorphine and metopon, were discovered and found

to have more powerful pain controlling properties,

N-—CH3

CHy
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Of these, the latter is definltely weaker in addiction
liability.

(a) Phenanthrene derivatives were considered
important since a phenanthrene nucleus 18 present in the

morphine molecule, (33) (34)

Eddy (35) found that although phenanthrene itself
produced a mild general depression in cats,.substitution of
various groups in the 2=, 3-, and 9~ positions increased its

depressant actlon,

X=2-NHz,4,~COOHy~-OHy CHzCO

The greatest effect was found when substituents were put in
the 3-position., Among those derivatives tested were compounds
with the above structure where x was NHp, COOH, OH, and

CH5;CO0, It was also found (36) that muzziing the OH group

in the 2= or 3=position with a methyl or an acetyl group
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decreassed the activity in the compound just as does mizzling
‘the phenolic OH in morphine., Eddy (37) reported, too, that
introduction of two substituents in the phenanthrene nucleus

resulted in decreased activity,

A series of amino alcohols of the ethanol and
propanol am_ihe type were prepared by Mosettlig and his

co-workers (39)

/R
SR

CHOH CHzN

3- - DiAaLkytAaMinvo-1- Hy PROX y-
ETHYL) PHENANTHRENE

CHOH CH, CH, Nfg

3-(2-DiarryLAMino-1- HypROXY
PROPYL) PHENAMTHRENE

and tested by Eddy (38). The most striking of the compounds
was 3(-,2-diethylamino—léhydroxyethyl). phenanthrene which
produced an effect remarkably like {:hat of morphline in cats,
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Each of the amino kstones produced some analgesle action,
but this was much less marked than with the corresponding
aleohol. Among the compounds of the propanol amine type
whlch were tested and found to be active were the ethyl-
amino, diethylamino, and dimethylamino derivatives,
E, E., Nelson {(40) has found; however, that the compound
3'={3=~diethylamino-lehydroxypropyl) phenanthrene is less
active than 3'=diethylamino-le-hydroxyethyl) phenanthrene,
Theée investigations on the phehanthfene deri-
vatives have not proved that the phenanthrene nucleus is
essential for morphine-like analgesla, It was apparent

that other nuclel must also be considered,

(b) Dibenzofuran derivatives were

<0

obviously the next ones to be considered as possible
possessors of analgeslic actlvity. A comparison of analogous
phenanthrene and dibenzofuran derivatives was made by Eddy (41),

By comparing the minimum effective doses (M,E.D.)}, he found
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that lower doses of the dibenzofuran derivatives were required
to produce analgesla but the phenanthrene derivatives were

less toxlca

(c¢) Carbazole derivatives were prepared by Ruberg
and Small (43) and tested by Eddy (42). Among the compounds
tested were amines and amino alcohols of carbazole and
9-methyl-carbazole as well as amines, alcohols, and amino
alcohols of tetrahydrocarbazole. It was found that,
although carbazole is only slightly depressant in the cat
and not analgesic, amino carbazoles are more depressant and
exhibit definite analgesic action, especially when thé NH,

group is in the l- or 3« positions,

H
N NH
9

2-I

NH,

In general the amino carbazoles had more quieting than
analgesic action. The compound 9'-methyl=2'-{3-diethyl-

amino-l-hydroxypropyl) carbazole
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OH CHZCHJ

]
CHCH,CH, N
2 2 \CHZ CH3

had a smaller M,E.D, and greater analgesic action than any
of the phenanthrene or dilbenzofuran compounds tested. It‘
was also found to be somewhat less ﬁoxic and less convulsant
in cats,

Although Mosettig and van de Kamp (44) prepared a
number of propanclamines of phenanthrene, dibenzofuran and
carbazole, the results of the pharmacological tests for
only a few have been published. They point out that Barger
and Dale (45) have carried out a systematic investigation of
the amines, Ar(CH;)y;NH. (Ar being phenyl, hydroxyphenyl, or
iminazolyl). It was evlident that, almost universally, the
greatest physiological action is exerted by compounds in
which x is 2, Compounds of thils type occur frequently in
nature and are probably intermediastes in the photosynthesis
of isoquinoline derivatives. In compounds with x less than
2 or x greater than 2, the physliological action 1s greatly
diminished.
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C. ANTISPASMODICS

The alkaloids of opium mey be divided into two
distinct groups on the basis of their chemical constltue-
tion and their physlologlcal behavior:

1. Derlvatives of phenanthrene,bsuch as morphine and
codeine, which act primarily on the central nervous system

as analgeslcs,

2. Derivatives of benzylisoqulnoline, which have little
effect on the nervous system but which exhibit marked

antispasmodic action on smooth muscle.

We have salready considered the two 1lmportant

members of the first group under the heading, snalgesics.

The primary member of the second group is

papaverine, a derivative of isogquinoline,

CHsO N
CHxO N
CH,
OCH;5
OCH;

P APAVERINE
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TUnlike morphine, papaverine is neither analgesic nor
hypnotic in therapeutic doses. Its chief use is 1in the
treatment of pulmonery arterial embolism when it 1s
administered in solution by lntravenous injection, It is
also used to relax the spasms in renal and biliary colic
when it is administered orally or by injection (7).
Antispasmodics may be divided into two classes;
"those which act to prevent or abolish the action of
stimilation of autonomic nerves, and those which are not
thus related to innervation” (46). The first of these
classes, the neurotropic drugs, is further divided into
sympatholytic (acting on the sympathetic system) and
parasympatholytic (acting on the parasympathetlc system),
The drugs of greatest practical importance are those of

the parasympatholytic group, such as atropine,

CHy —— CH — CH,

| | 5
N — CHx cy..o—?

| |
CHy— e c g CH CH,ON

ATrorinE
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and those not related to innervation, papaverine for example,

The drugs of both groups have a number of dis-
advantages., Papaverline has little effect against spasms
of neural origin, while atropine is almost ineffective
against spasms of muscular origin., In addition, papaverine
relaxes'all smooth muscle equally, giving rise to a prolonged
fall in arterlal blood pressure. Furthermore the action of
atropine occurs in all organs actlvated by the nerves of
the autonomic nervous system and causes cyclopegla, dryness
in the mouth, and sometimes & rise in arterlial blood pressure,

For these ressons Burtner and Cusic (46) attempted
to synthesize compounds which would have a selective atfopine-
like actlon on smooth muscle and only a slight effect on
the puplils, salivary glends and circulation.

Burtner and Cusic attempted to modify the struc-
ture of atroplne by preparing a series of esters from acids
which might substlitute for the acid fraction of atropine.

They chose to study esters of amino alcohols and diphenyl-
acetic gcid and related compounds such as fluorene=Se

carboxylic acid.

C OOH COOH
i
I
CcH f
D, PHENYLACET/C Fr uorR ENE -9~ cARB-
Acip oxyeic Acio
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They found that, out of sixty-two derivatives prepared,
the two most promising antispasmodics were betawdiethyl-
sminoethyl fluorene-C~carboxylate and beta-diethylamino-

ethyl xanthene~S~carboxylate,

CH, CHx
C OO CH, CH, N<

)
eH _CH, CHyg

B-DIeTHYLAMINOETHY L
FLUO RENE-9-CARBOXYLATE

CHZ cHJ
COOCH, cH, N\
‘ C|H Q Hy CHy
o

RB-DieTHYLAMINO ETH YL
XANT HEN E-9-CARBOXYLATE
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It should be added here that the compounds
reported by Ray and Rieveschl (19) have not only been
found to possess local anaesthetic action, but seem also
to possess some antispasmodic action. 'This wonld mean
that, as far as fluorene is concerned, the antispasmodic
activity is not dependent upon substitution in the 9
position as in the compounds prepared by Burtner and Cusic
(46), since compounds of the type prepared by Ray and

Rieveschl (19)

o]

0=
A

7
COO CH CHy N

may also be antispasmodie, It should be noted that in

thls case the 9 carbon has been oxidized to a ketone.
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II PROCEDURE AND DISCUSSION

OF THE PROBIEM

A, INTRODUCT ION

In the foregoling sections we have reviewed briefly
the known facts relating the physiological activity to the
chemlcal structure of anaesthetics, analgesics, and anti-
spasmodics, If a series of mono and dialkylaminopfopanone

and propanol derivatives of fluorene

CH M on
HcC 7
c Ha e, N

z

were prepared, what type of physiological activity could be

expected from them?
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We have slready seen that the grouping Nu(c)n-o-co-Ar
leads to anaesthetlic activity and that the latter is especially
marked when N 1s 2, Furthermore, we have seen that the ester
linkage is not essential for anaesthetic activity (21).

Reasoning by analogy we would expect the compound

R

coocHcH N

to exhibit anaesthetle properties, since it contains the
ansesthesiophoric grouping Ar—CO-O-(C)nNRz. Since III has
an acld radical of high molecular weight, it is reasonable
to suppose that 1t would be quite actlive and of low toxicity
(13) (14). The compounds prepared by Ray and Rieveschl (19)
are similar to IIT except that the methylene carbon has been

oxldized to a ketone,

=0

¢ R
7
» C OO CHCH, N‘R
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These compounds exhibit marked local anaesthetlc action and,
according to preliminary reports, also show antispasmodic
activity corresPonding to that shown bj the compounds of
Burtner and Cusic (46).

If, on the other hand, the ester linkage is not
necessary we may say that the modified anaesthesiophoric
grouping 1is N-(C)nuco-Ar and we would expect compounds of
the mono and dislkylaminoalkyl type to be useful as

.anaesthetics.

The work of Barger and Dgle (45) indicates that we could
expect maxlimum physlological activity when n in the above
formula is equal to 2. This would mean that the mono and
dialkylaminopropanone compounds derived from fluorene would

have anaesthetic properties., On the other hand, if n were

one
H_H
~ - o
< u /R
C—CHZ-—I\/
SR
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we would stlll expect some activity from the compounds,
even though it would probably be less than that shown
when n was 2. The anaesthetlc activity depends to some
degree upon the water soclubility of the compounds. Thus,
if compounds with the structure NR#GHZCO-Ar sre much more
soluble than those with the structure NR,CHzCHaCO-Ar, we
might expect the former to be more active than the latter.
The work of Burtner and Cuslic (46) with dislkyl-

aminoethyl esters of fluorene-~S-carboxylic acid

R
H. /coo CHZCHZ.N\R
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glves us reascn to think that compounds of the type prepared
during this investigation might have antispasmodic activity.
There was no report as to the local anaesthetic properties
of the compounds prepared by Burtner and Cusic, although they
contain the typlcal ester anaesthesiophoric group. If the
ester linkeage is not necessary for anaesthetic activity, 1s
it not alsc possible that it is not required for anti-
spasmodic activity? This would mean that dialkylaminoalkyl
derivatives of fluorene (IV) might also poésess antispase
modic properties. ‘

| When the keto group of a compound  -such as that
shown above 1s reduced to an alcohol, we have a serles of
compounds analogous to those prepared by Mosettig,énd:

van de Kamp (39),:

VIl
My OH
c I
CH—(CHz)nNRZ_
\'"2/14
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The phenanthrene derivatives were shown by Eddy (38) and
Nelson (40) to produce an analgesic effect remarkably like

that of morphine in cats, Furthermore, the dibenzofuran

o oH /R
CHCHZCHZ/V\R
o4
and the 9wmethyl~csarbazole
<Hs |
N ?H R
CHCH2C%AKR
x

derivatives (40) (41) also showed anslgesic sctivity in cats.
The diethylamlinopropyl derivative of 9-methyl-carbazole was
more snalgesic and less toxic than the corresponding

phenanthrene derivative., Coming back now to the fluorene

ring,
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we see that it 1s analogous to dibenzofuran with a methylene
group in place of an oxygen brlidge, or analogous to carbazole
with a methylene group in place of the CHz~N group in the ©
position. These facts would lead us to suppose that compounds
of the propanolamine type might have analgesic activity
comparable to morphine - and have little or no toxicity.

| Considering the above facts, we have inveétigated
the preparation of two series of non-nuclear amino deriva-
tives of fluorene. The first series consisted of compounds
of the dialkylaminopropenone snd propanol type (I and II),
whlle the second series included compounds of the dialkyl-

aminoethanone type (V).
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The former were prepsred by application of the Mannich
reaction to Z2-scetylfliuorene, while the latter were prepared
by bromineting acetylflucorene and rescting the bromo compound

with the meno or dlalkylamine,

B. THE MANNICH REACTION

1. Introduction.

#

Ih 1903 agd 1906 Tollens and his co~workers (47)
{48) found that when acetophenone, ammoﬁiumvchloride and
formaldehyde react, a tertiary émine identified as tri-d-
(l1=-phenyl=l=cxopropyl) amine is obtained, |

0]
(CeHs 'c':-cp:‘z CHyp )N

This was the first published report of a condensation, which
is now known as the Mannich reaction., ILater Petrenko-
Kritschenko and his students (49) studlied reactions of the
same type, but falled to recognize the }eaction as a general
one. In 1917 Mannich (50) began g detaliled study of the
reaction, claiﬁing it to be a definite reaction type.

F, F. Blicke (51) has defined the Mannich reaction
as a condensation of a primary or secondary amine, usually
as the hy@rochloride, with formaldehyde'and a compound

containing at least one hydrogen atom of pronounced reactlivity,
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Essentially the reaction replaces the asctive hydrogen by an
aminomethyl or a substituted aminomethyl group. Thus, letting
RH be a compound with an actlive hydrogen, the general equation
for the Mannich reaction would be: RH + HCHO + HNR'R" —>
RCH,NR'R" + H;o where R' and R" may be the same or different
alkyl, aryl, or hydrogen groups.

The end product of the reaction depends, however,
upon the number of replaceable hydrogen atoms on the nitrogen
atom., Ammonla, for exaﬁple, may react with one, two, or
three molecules of the substance carrying the reactive
hydrogen to give products of the type indicated by the

- equations:
RH + HCHO + NHz —> RCH,NH,
2RH + 2HCHO + NH, —> RCH,NHCHgR

SRE + SHOHO + NHs —> ROH~N-CHeR
| CHgR

It is, therefore, clear that if a primary amine be condensed
- with formaldehyde and a substance having an active hydrogen
atom, it may form not only the secondary amine,
RH + HCHO + R'NH; —> RCH_NHR'®
but the latter may condense with another molecule of RH to

form a tertiary amine,
RCH,NHR' + RH + HCHO ——4>-R~CH2u§~CH2~R
R'
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The mechanism of the reaction has not been
established., The posslbility that the primary step may
be the additlon of the amine to formaldehyde

[}
7 R
e NH + Hel, — R N CHz OH

has been consldered; but Bodendorf and Koralewskl (52) found
thet, in the case of antipyrene, the reaction of dimethyl-
aminomethanol gives a pocrer yleld of condensation product
than either formaldehyde and the amine or formaldehyde and
the aming hydrochloride. ’The latter workers also in-
vestigated the -possibility that the 1nitial reaction might
be the formation of the methylol from the ketone,

. RCOCH; + HCHO —> RCOCH,CHgOH
They found, however, that the methylol from antipyrene does
not react at all with dimethyl amine (52). Apparently
nelther of these processes represents the primary step of
the Maﬁnich reaction, It must be polnted out, nevertheless,
that the negative results obtained by Bodendorf and
Koralewskli are not sufficient proof. Tpe concentration of
the Schiffs base formed from an amine and formaldehyde in
the normal Mannich reaction might be much lower than the
concentration of the Schiffs base in the reaction of

dimethylaminomethanol énd antipyrene, The same would be
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true for the concentrations of the methylol compound in each

case,

2, Sterting Materials.

(a) Formaldehyde may be used in the form of a
20-~40% solution or as paraformaldehyde. In a few cases
it has been found that aqueous formaldehyde 1s superior (853}.
Throughout our Iinvestlgation we used paraformaldehyde, be~
cause of the insolubllity of Z2«acetyl-~fluorene in aqueéus

sclution.

The time of reaction depends upon the nature of
the ketone and the amlne salt, and on the boiling point of
the solvent empioyed. Since we used peraformaldehyde in
the preparation of our compounds, 1t was necessary to choose
an organic solvent for the reaction. Ethanol was tried first,
but no reaction occurred in this solvent, the unchanged ketone
being recovered. Isocamyl alcohol, having a relatively high
boiling point (130°) was used by van de Kamp and Mosettig
(44) in condensations inveolving acetylphenanthrenes and
proved highly satisfactory; it so proved with 2-eacetyl-
fluorene. The condensations in this solvent took place with

most of the amines tried, the time of reaction varying from

15 minutes to 6 hours,
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(b) Compounds with a sultable active hydrogen
atom may be of several types. Compounds with a hydrogen
atom on a carbon alpha to a carbonyl group, such as ketones,
aldehydes, aclds, énd esters have proved satisfactory in
numerous cases (51). Phenols and acetylenes, as well as
alpha-picolines and guinaldines, also have proved to be
satisfactory (51).

As preﬁiously mentioned, the fluorene compound
used as a source of actlive hydrogen 1n this investigation

was 2-acetylfluorene.

(c) Amines used in the Mannich reaction are
generally in the form of the hydrochloride. Hydrogen
chloride seemingly aids in the depolymerization of the
paraformaldehyde,

In preparing the compounds from Z2~acetylfluorene
we found that ammonium chloride and the primary amine |
hydrochlorides used gave rather low ylelds of the condensa-
tion products, In some cases, namely with ammonium chloride

and with monomethylamine hydrochloride, tertiary amines
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were found. Thus Z2-acetylfluorene, paraformaldshyde, and
ammonium chloride yielded a product that was ldentifiled as

tri-3-{1,2'-fluoryl=1l~oxopropyl) amine hydrochloride,
0 0

'ClaH93-033—0H2~?~CH2-CH3-3~013H9-HCl
i
CH,
0 = G-Cyate
while monomethyl amine hydrochloride yielded a small amount
of methyl-di={1l,2'~fluoryl-l-0xopropyl) amine hydrochloride.
0 9
CraHgCmCHomCHpwNeCHymCHowCwly s HgeHC1

Secondary amines, in mdét cases, proved much
more satisfactory. Diethylaminé hydrochloride, however,
gave no condensatlon product, the amine hydrochloride being
recovered, This is not unusual since dlethylamine seems to
be less reactive than other secondary amines, Kermack and
Muir (54) have reported that the condensation does not take
place with diethylamine, ethylmethyl ketone, and formaldehyde,
Furthermore, 1t has been reported that 2-acetylfuran and
formaldehyde react normally with the salts of dimethylamlne,
dipropylamine, di~n-butylamine, and diethanolamine but not
with the salt of diethylamine (55).

The amines which gave the best results in this

investigation, with respect to yleld, time of reaction,
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ease of isolation of the product, and local anaesthetic
activity, were the heterocyclic compounds, piperidine

hydrocinloride and morpholine hydrochloride.

5. Secondary Products of the Reactilon.

The primary products of Mannich condensations have
already been described, It should be noted, however, that
the primary products derived from two molecules of ketone,
two molecules §f formaldehyde, and one molecule of primary
amine are unstable and readily undergo cyclization. Mannich
and,Bail (56) found, for eXample, that the compound obtained

from acetone, formaldehyde, and methylamine underwent such.
cyclization: Ths

o o=¢C

2 CHx CO CHy + 2HCHO + CHzx NHy- HCl—> cusgslcnz T“z

N7 e
\

Ho_ ,CHs / CH,
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We were unable to 1solate and 1dentify any such products
from the reactions carried out in this investligation,
although methyl-, ethylw, allyle, and benzylamines, all

primary, were used.

3. Mannich Condensstion with 2~Acetylfluorene,

We have found in this investigation that the
Mannich reaction proceeds very well with Z2-acetylfluorene
in most cases, Outstanding among these 1s the reaction with
pj_.peridine hydrochloride and with morpholine hydrochloride,

For example, with pliperidine hydrochloride the reyaction,

H  H CHy, — CHy
c Vs N :
COCH, 4+ HCHO + CH, NH . Hcl

\ /

HH _
CHamC H,
COCH CH N CH, «HCI
2

/
2-(3-PiPErIDINC -]- 0X OPRO PY L)-
Fruorene HyprocHLoR IDE
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proceeded very smoothly in iscamyl alcohol., The yields were
high (aprox. 80%), and the product was readily recrystallized
from ethyl alcohol, The compound was noticeably anaesthetic
when applied to the tip of the tongue. We found the sSame
things to be true of the reaction with morpholine hydrochloride.

H, — CH
anicy 2\
o) ’ NH . Hey
N CH, — cH,

Both monomethyl and dimethylamine hydrochloride
condensed as was expected. The yields were rather low in
both cases, probably due to the fact that both products
were so very soluble in the alcohol used for recrystalliza-
tion. We found, however, that part of the product from the
condensation of monomethylamine hydrochloride with formalde=-
hyde and Z2=acetyl-fluorene would not dissolve in alcohol.
Although no attempt was made to purify and establish the
structure of thié insoluble compound, we believe that it
was the tertlary amine resulting from the condensation of
two molecules of formaldehyde, two molecules of 2-acetyl-

fluorene and one molecule of monomethylamine hydrochloride.
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+ 2ZHCHO + CHy NH, - Hal

Benzylamine, when used in the Mannich reaction with
2=acetylfluorene, gave a white crystalline compound that was
insoluble in alcochol., This led us to believe that a tertiary
amine had been formed 1n thils case too, since all the other
primary condensation products had been soluble in alcohol.
The benzylamine product, although not scluble in alcohol,
was soluble in glacial acetic acld. We had previoﬁsly proved
that the compound isolated from the reaction with ammonium
chloride was the tertlary amine, insoluble in alcohol but
soluble in glaclal acetic acid. Analysis proved, however,
that thls conclusion in regard to the benzylamine product
was lncorrect and that we had really obtained the secondary

amine.
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A condensation between 2-acetylfluorene, fbrmaide-
hyde and ethylamine hydrochloride took place readily, despite
the fallure of diethylamine to react, The compound was wvery
soluble in alcohol and had a strong local anaesthetic action.

Some difficulty was encountered in the attempted‘
preparation of 2'-{3-diethanolamino-l-oxopropyl) fluorene
hydrochloride. A number of trials were made before we were
able to isolate a crystalline product from the condensation,
the compound usually separating from the solvent és a heavy
0il, In one trlal we attempted the condensation using no
solvent other than the diethanolamine hydrochloride itself,
The 2-acety1flﬁorene,‘paraformaldehyde‘ahd diethanolémine
hydrochloride were heated in a round-bottom flask placed in
an oil bath heated to 120°, The condensation seemed to
occur, for we noticed dropiets of water collected in the
neck of the flask, The product was a mass of "taffy-like"
material which we were unable to purify by recrystallization,

A solld product was finally l1solated using isocamyl
alcohol as a solvent for the condensation, but the yield
was so low that no further attempts were made to prepare the
compound., When this material was analyzed, however, there
appeared a dilscrepancy between the calculated and found values
for nitrogen and chlorine. This difference could not be
accounted for by lmpuritlies since a second recrystallization

did not change the melting point. On the other hand, if an
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ethanol radical was replaced by a hydrogen atom during the
course of the reaction 2'=({3=ethanolamiho~l=oxopropyl)

fluorene hydrochloride would be the final product,

M
c’ o
n
C - CHy CHA7NH-CH, cHy0oMH . Het

The calculated values for nitrogen and chlorine for ﬁhia
compound agree very well with the values found,

Two other amines, di-n-propylamine and allylamine
were condensed with Zwacetylfluorene and formaldehyde. Both
of them yielded white crystalline products which were soluble
in alcohol and which had strong local anaesthetic asction on
the tongue. The di-nwpropylamine compound was, of the two,
mach more soluble in water,

An interestling phenomenon was observed when di-ne
octylamine was used, The compound isolated from the reaction
proved to be a secondary amine hydrochloride rather than a
tertiary amine hydrochloride, judging from the chloride and

nitrogen analyses.
H M

N .

C o]
[} .HCH

L om, cH-NH (€ HZ)7C Hy

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



This indicated that during the reaction at 130°, one of the
octyl groups was split off and replaced by a hydrogen aton,
and helps to substantiste the replacement of an ethanol

radical by hydrogen 1n the condensation of 2«acetylfluorene

with formaldehyde and diethanolamine hydrochloride,
C. REDUCTION OF THE KETO~-AMINES,

In order to prepare compounds that might have
analgesic value (57) we reduced a few of the ketones derived

from the Mannich condensation to secondary alcohols:

H H_H
/et ROy c ?: o eH, N
COCH, CH,N = —2 Ghefreha Mg
» R Pc

The reduction in each case was carried out with
hydrogen, using platinum oxide catalyst. The reaction was
slow, often taking as much as 24-36 hours, The alcohols
were more soluble 1n ethyl alcohol than the corresponding
ketones, It was necessary to add ether to the ethyl alcohol
solution in order to brecipitate the alcohols,

Although the alcohols have an asymmetric‘carbon

stom (marked by an asterisk in the formula), no attempt was
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made to resolve the d and 1 forms, If it should be found
that any of these secondary alcohols has analgesic action,
we believe that it would then become advisable to separate
these isomers with a view to finding whether or not omne

form is more active than the other.,

D. OTHER DERIVATIVES OF THE KETO-AMINES,

1. 2'e{3-Piperidino-i-oximidopropyl) fluorene hydrochloride.

- Since the keto-amines prepared by the Mannich reaction
showed some local anaesthetlic properties upon topical applicaw
tion to the tip of the tongue,'and yet were not very soluble
in water, it was felt that we might enhance the anaesthetic
properties by converting the compounds to a more soluble form,
The flrst method tried was to convert the ketone to a ketoxlime
which we expected to be more soluble in water. The plperidine
derivative was used, since it was so easily prepared and
showed some local anaesthetic properties. The oxlme was pre-
pared by reacting one mol, of the ketone with 1,5 mol,
hydroxylamine hydrochloride, using barium carbonate to set

free the hydroxylamine for the reaction:
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C - CHy CHy~N JCHy - HCt ~+ NH,OH. HCI
\CH;_"CHZ
BaCO3

The product no longer showed any anaesthetic action on the
tip of the tongue, nor were we able to notice an appreciable
difference in water solubllity between the ketone and the

ketoxime,

2, 2'={3=Piperidino-l-aminopropyl) fluorene dihydrochloride.

As a matter of interest we reduced a sample of the
ketoxime to the corresponding amine, The reductlion was carried
out catalytically, using platinum oxide as a catalyst and

ethyl alcohol as the solvent:
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]

 C -CHy CHy - [CHz -Hel
NcHy-cH,
Hci 2 H,
Pt
noH
\C/ /:/Hz /CHJ-C.HI\
. = EH CHy CHy N CH, -2 Hel

’ CHI_‘CH;'

An excess of hydrochloric acld was added to the solution in
order to form the dihydrochloride salt of the reduced compound

and to prevent the formation of the secondary amine:

e’ <‘:o—1‘2 CH,—NCgs Hyp u\cy
CH-~-NH - C',H
y
s
NCsH; o

The compound that was isolated from the alcohol
solution by precipltation with ether was much more soluble
in slcohol, and was somewhat more soluble in water than the

oxilme. It had no local anaesthetic action on the tongue.
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It was glso found that the reduced compound could be isolated
from alcohol solution as the plcric acid salt by adding an
excess of a saturated solution of picric acid in alcohol.

The compound thus prepared was a yellow crystalline solid
having a sharp melting point at 237°, but was much less

water soluble than the hydrochloride had been.

3. Potassium 2'={3-Piperidino~l=oxopropyl) fluorene-7'-

sulfonate.

Another method commonly used to increase the water
solubility of an orgénic compound is to prepare a sulfonic
acid derivative, It has been found (58) that fluorene carrying
one substituent In the 2 posltion will usually substitute the
sulfonic acid group in the 7 position., Since we were starting
with a fluorene ring substituted 1in the 2 position; we there-~

Fl

fore expected that an entering SOzH group would go to the 7

position.
HH
o cH,-CH
< S AR N .
c - CHZCHzN\ /CHZ “HC/
N
o -
P o /CHz CHy
Ho~ C-CHy CH, N CH,

0= W=-0

Vs
cH,-CH,
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Courtot (58) has reported that 2-nitrofluorene is easily
sulfonated by concentrated sulfuric acid at room temperature.,
The 2'-{3~piperidinotl-oxopropyl) fluorene
hydrochloride was added to sulfuric acid and stirred mechan-
ically for 2 hours at room temperature, When the solution was

poured over cracked lce, the sulfonic acid derivative
separated as a fine white colloid which we were unable to
separate by filtration. In order to isolate the compound

it was converted into the potassium salt and salted out with
KCl, The final product was fairly soluble in water but
showed no local anaesthetic action on the tongue. It may be
found, however, that it possesses analgesic or perhaps anti-
spasmodic activity. '

With hydrochloric acid, the compound underwent a
series of reactions which seemed to prove that the compound
we had prepared really was a sulfonlc acid, When hydro-
chloric acid was added dropwise to a hot aqueous solution of
the potassium sulfonate, a fine whlte precipitate appeared,
which soon redissclved when more hydrochloric acild was added,
It seems to us that these observations might be accounted for

in the followlng equations:
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(Soz.val, 5)

HCI

(TnsorusLe)

° /CH2CHy

11} '

C~CHyCH N CHp eHCI (S 04 UBLE)
cHz"CHz

The soluble potassium salt is converted to the insoluble free
sulfonic acid by the action of the hydrochloric acid. The
sulfonlc acid 1s In turn converted to the soluble amline hydro-
chloride when still more hydrochloric acid is added,

We also prepared sodium=2'w~(3~morpholino-l-cxopropyl)
fluorene~7'~sulfonate from 2'-{3=morpholino~l~cxopropyl)
fluorene hydrochlorlide in a manner similar to that described

above, except that sodium carbonafe, in place of potasslium

A
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hydroxide, was used to neutralize the sulfurlic acld solutlon,
The product was falrly soluble in water but had no noticeable
local anaesthetic properties, It will, however, be tested

for analgesic and antispasmodic properties,
E, AMINES DERIVED FROM OMEGA-HALOGENATED KETONES .

1l. Omega~-bremo=2«acetylfliuorene and fluorenone,

In order to syntheslize the second group of non-
nuclear amino aeriVatives of fluorene we prepared the omega-
bromo ketones by a method described by Mosettlg end van de
Kamp (39) for 2-, 3=, and 9-omega-bromoacetyl-phenanthrene,
The ketones, 2-n¢ety1fluorene or-2-acetYlfluorenone, were
suspended in dry ether et 0° and treated with bromine (mol.
for mol.). The bromiﬁé color faded rapidly as the reaction
proceeded and the omega-bromo ketone separated, The halogenated
ketones were purified by recrystallization from alcohol. The
omega-bfomo~2aace£y1fluorene was a white crystalllne solld
which derkened after standing in bright light for a few hours,
It was insoluble 1in water, slightly soluble in ether and in
cold alcohol, Omega-bromo-z-acetylfluoreﬁone had the
characterlstic bright yellow color of Z2~acetylfluorenone. Its

8olubility was about the same as that of the fluorene compound,
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CO-—BRcwo—Z«Acsryz. WO-Bromo-2-Acse Tys
FruorENE , FLuorENONE

In order to prove the structure of the latter
compound, & small portion of it was oxldized with sodium
dichromete to the known fluorenone-2«carboxylic acid (_59)_.

which gave no Qualitative test for halogen,

o]

c o
fo c?

N=0

2., Omega-Piperidino and Morpholinow=2~ccetylfluorene.

Uslng omega~bromo-2-acetylfluorene we prepsred
omega-piperidino~2~zcetylfluorene hydrochloride and omega-

morpholino=2«acetylfluorene hydrochloride.

c o /C"?-"‘:“Z\cH
c~cH,-N P
, Nen,-cH,

W-PrrEribiInNO-2-AcETY L
Fruorene
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W-MorpPHOLINO-2-ACETY L

FLUORENE

The amlnes were condensed with the omega-tromo=Z=
acetylfluorene in sbsolute ether, 2 molz of the amiﬁe being
used for each mol, of the bromo compound, It was found that
unless anhydrous solvents were used, the hydrochlorides
separasted as olls which were difficult to crystallize, If,
howéver, the free base was prepared in absolute ether, the
ether evaporated, snd the compound redissolved in anhydrous
alcohoi, a crystalline hydrochloride could be obtained by
adding an absolute ether solution of hydrogen chloride.

Both hydrochlorides were white crystalline solids,
slightly soluble In water and having a mllé local ansasesthetic
action on the tongue. No attempts have yet been made to

reduce these ketones to the secondary alcohols,
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ITI EXPERIMENTAL

A. PREPARATION OF THE METHYL KETONES,

1. Preparation of 2-Acetylfluorene (19) (60).

| Fluorene (80 g.,; 0.48 mol,) was dissclved in dry
carbon disulfide (350 ml.) at room temperature in a one liter,
three necked, roundubottoﬁed flask, equipped with a mercury
sealed mechaniqal stirrer with a strong motor, a dropping
funnel and s reflux condenser connected to a hydrogen chloride
trap. The contents of a one-quarter pound bottle of anhydrous
aluminum chloride (approximetely 113 grams, 0,85 mol) was
added and the mixture stirred thoroughly untll 1t became
homogeneous and a dark red color had developed. By means
of the dropping funnel, 37,8 ml., (0.41 mol) of pure, re-
distilled acetic anhydride was added dropwlse, A pan of
warm water was used to warm the flask and inltiate the
reaction 1f it did not start at room temperature. Once the
reaction had started, the addition of acetlic anhydride was
adjusted to such a rate that the heat of reactlion kept the
carbon disulfide in gentle reflux. The addition required
about 45 to 55 minutes. When the asddltion was complete,

stirring and refluxing on a water bath was continued for
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one hour, The heavy dark green mass was filtered on a large
Buchner funnel and sucked as dry as possible. The product

was removed from the funnel, placed in a besker, just

covered with carbon disulfide, stirred mechanically for ten
minutes and flltered agalin. After the product had been
washed with two 50 ml. portions of carbon d;sulfide it was

air drled and then hydrolyzed by adding it in portions to a
stifred mixture of 800 ml. of water and 30 ml, of concentrated
hydrochloric acid, The crude Z2«acetylfluorene was filtered
and washed several times with watef. In order to purify it,

- the crude product (110 grams) was boiled with 800 ml. of 95%
ethanol and 20 grams of animal charcoal for two hours. The
nlxture was flltered through a hot water funnel. The filtrate,
slightly orange in color, was allowed to cool and the 2-
acetylfluorene crystallized out. The yield was 62.5 grams
(73% theoretical) and melted at 127-128°, A second re-
crystallization yielded a pure product melting at 132°C. (60).

2. Preparation of 2«=Acetylfluorenone (19).

Ninety grams of crude Z2-acetylfluorene was
dissolved in 650 ml. of glacial acetic acid by heating in
a five liter flask eqﬁipped wiih a rubber stopper carrylng
a reflux condenser and a one inch glass tube, the latter to

facilitate the asddition of sodium dichromate. Commercisl
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sodium dichromate (90 grams) was ground to a coarse powder
and added in small portions to the hot acetic acid solution
of 2=acetylfluorene., The reaction proceeded vigorously at
first but soon modersted, permitting the dichromate to be
added at a faster rate. About thirty minufes were required
for complete additlion. The mixture was refluxed for two
hours and the hot contents were poured into a four gallon
crock containing about two gallons of hot water. This
mixture was allowed to cool over night, then filtered through
& large Buchner funnel. The insoluble material on the
Buchner funnel was washed with water containihg a little
hydrochloric acid (1 to 100) to remove the chromium salts.
The well washed material was placéd in a besker conteaining
200 ml, of 5% potassium hydroxide and heated to 80° in order
to remove any carboxylic acid resulting from the oxidation.
The suspension was filtered and the product washed well with
water., The yield of the crude 2-acetylfluorenone was 75,3 grams
and melted at 147-148°, The crude product was purified by
dissolving it in 500 ml, of boiling 95% othanol with 10 grams
of animal charcoal and refluxing for one hour, The yleld was

30 grams; m.,p. 153°,
B. PREPARATION OF THE AMINE EYDROCHLORIDES,

l. By precipitation from ether solution.
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'Those smines which were gvallable gs liquids st
roont temperature, and which were soluble in ether as the
free base whlle insoluble as the hydrochloricde, were easily
converted to the hydrochioride by precipitation from ether
solution with anhydrous hydrogen chloride. The free base

- was dissolved 1n absolute ether and the solution cocled to
0° in an ice bath, Pure, dry hydrogen chloride, brepared
by drOpping!concentrated hydrochlofic acid into concentrated
sulfuric acld (61), was passed intc the sclution until the
solution gave an acid resction. The hydrochloride precipi-
tated out, was laclated, washed with dry ether and dried in
a vacuum desiccator over concentrated sulfuric acid. The
amine hydrochlorides llisted in the followlng table were

prepared in this manner,

AMINE HYDROCHLORIDES

AMINE MELTING POINT LIT.
HYDROCHLOR IDE Found Lit. REF,
(a) Diethyl 221-222° 223 ,5° (62)
(b) Allyl ‘ 105-108° 105-110° (63}
(¢) Benzyl 252.254° 255.256° (64)
(d) Piperidine 240.241° 243,5° (65)
(e) Morpholine 174-275° 175~176° (66)

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



2. By neutralization with hydrochloric acid.

(2) Ethylamine hydrochloride was prepared from a
30% solution of ethylamine. To fifty ml. of the solution was
added just enough concentrated hydrochloric acid to make the
solution slightly acid, This sclution was evaporated to a
volume of 20 ml, and cooled to 0° in an ice bath. The
ethylamine hydrochloride which crystallized from the solution
was collected and was dried 1n a vécuum deéiécator~‘over
sulfuric acid; m.p. 106=-207°, Curtiﬁs and Hille (67) give
109°,

(b) Diethanolamine hydrochloride was prepared by
adding concentrated hydrochloric acid (16 ml.) dropwise to
21 grams (0.2 mol) of redistilled commercial diethanolamine.
During the addition of the eclid the dlethanolamine was
stirred mechanically and cooled in an ice bath, When all of
the hydrochloric acid had been added, the solution, which
had become red-brown in color and slightly acid, was heated
on a hot plate untlil most of the water had evaporated. The
hot solution was heated in an oven at 120° for 24 hours,
removed, and cooled in a vacuum deslccator.. The product was
a broﬁn viscous liquid., No melting point for dlethanolamine
hydrochloride is reported in the literature, but it is

described as a dark thick sirup (68).
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(¢} Di-n~propylamine hydrochloride was prepared by
neutralizing pure dien-propylamine wilith concentrated hydro-
chloric acid and evaporating the excess water at 120° in an
oven, Although the hydrochlorlde was Iinsoluble in ether, it
could not be prepared as a crystalline product by sasturating
an ether solution with dry hydrogen chloride since 1t came

out of solution s an oil. |

The white crystalline hydrochloride melted ab
274-275°. No melting point could be found in the literature,
Analysis: Subst., 0,1006; 0.0535 N HC1l, 15,66 ml.,

Calc. for CeHyeCl N : N, 11,71 |

Found: N, 11,66

3. Preparation of di-n-~octylamine hydrochloride.

Di-n-cctylamine (commercial) ié a straw colored
oily liquid, miscible with ether, Its hydrochloride was
prepared by passing dry hydrogen chloride into an absolute
ether solution of the free base at the temperature of an 1ce
Vbath. The colcr of the solutlon gradually darkened untlil it
became dark brown at the neutral point, The hydrochloride was
soluble in ether and d1d not crystallize out. The ether was
evaporated, by warming on a water bath, leaving a dark olly

liquid as the final product.
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The apparatus used in the preparation of the

2'~('1-ox0pr0py1) fluorene amines was the same in each case.
A three-necked, round-tottomed, flask (500 ml,} was equipped
with a mercury sesled Hershberg stirrer (61), and a reflux
condenser, The flask, set on an asbestos covered wlre
gauze, was heated either by means of an electric hot plate

or by a Bunsen burner, low type.

1. Preparation of tri-3-(1,2'-fluoryl-l~cxopropyl)

amine hydrochloride and its free base,

H
n \Cl o o " ~ r“

(X "
C CHp CH, - /'v-c:-/‘a CH, C

Cl-lz
\
CH,

|
o =C

“‘c’H
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Into the three-necked flask. was placed 5.2 grams
(0.025 mol) R2-gcetylfluorene, 1l.13 grams (00,0375 mol) para-
formaldehyde and 2,02 grams (0.,0375 mol) ammonium chloride,
Twenty flve ml, of isoamyl alcohol was added and thevmixture
stirred and refluxed for three hours. Durlng the first few
minutes of refluxing most of the so0lid material went into
solution but part of it, probably the ammonium chlorlde,
remained undlssolived, At the end of the refluxing period
more solid material had precipltated The flask and its
contents were allowed to cool and then flltered. The crude
product was washed with a 1ittle alcohol followed by some
water to dilssolve the excess ammonium chlorlde. The washed
product, insoluble in alcohol, was recrYstalliZed from
glaclal acetic acid. The white c¢crystalline compound melted
at 248-249° and was insoluble in water and in alcohol,

In order to determine whether one, two, or three
acetylfluorene units had reacted with each ammonium chloride
unit we analyzed the hydrochloride for nitrogen and determined
the molecular weight of the free base. The free base was
prepared from 0,5 gram of the hydrochloride by suspendling it
in boiling alcohol and adding concentrated ammonium hydroxide
drop by drop until a clear solution was obtained., The solution
was éooled and the free base separated as a white crystalline
solld melting at 213°, Only slightly soluble in water, 1t had

no local anaesthetic action on the tongue.
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Analysls: Subst,, 0,1693; 0,05033 N HCl, 4,91 ml,
Cale, for CueH,00s N C1 : N, 1,96
Found: N, 2.04
 Molecular welght by camphor method:
Subst., 0.0174; cemphor, 0.1283; AT = 8°
Calc, for CugHzg0s N : M.W,, 678
Found: M.W., 675

2, Preparation of 2'-(3-methylamino:lquogrogxl[

fluorene hydrochloride,

122

4

T o .
C~CHy CHyNH - CHy - HEI

Ten grams (0.15 mol) monomethylamine hydrochloride,
20.8 grams (0,10 mol) ZQacetylfluorene, 4,5 grams (0,15 mol)
paraformaldehyde, and 60 ml. isocamyl alcohol were mixed in
a three-necked flask, The mixture was heated gently until
the 2-acetylfluorene had dissolved and the monomethylamine
hydrochloride had melted., The mixture was stirred and
refluxed for 3 hours, during which time most of the mono-
methylamine hydrochloride dissolved. Upon cooling, a
crystalline product separated, which was flltered off and
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washed with acetone, The crude product, welghing 28 grams,
was puriflied by refluxing it wlth 1200 ml, of alcohol,
filtering off the undissolved residue (2 grams), and allowing
the filtrate to cool. The 2'-({3-methylamino-l-ozopropyl)
fluorene hydrochloride which crystallized from the solution
weighed 12 grams (27,9% theoretical) and melted at 217-218°,
Analysis: Subst., 0,2146; 0,1085 g. AgCl

Calc., for C1,H;330 N C1 : Cl, 12,36

Found: C1l, 12.50

3. Preparation of 2'-{3-dimethylamino~l~oxopropyl)

fluorene hydrochlorlde.

HH :

/
Cr CHCHy- N < Hcl
N CHg

A mixture of 20,8 grams 2~acetylfluorene (0,10 mol),
12,3 grams (0.15 mol) dimethylamine hydrochloride, 4.5 grams
(0,15 mol) peraformaldehyde and 60 ml. of isoamyl alcohol was
refluxed with stirring in a three~nsckéd flask for a period
of three hours, If the product did not crystallize out on
cooling, the solution was heated for 3-5 minutes without the
condenser in order to remove some of the water formed in the

reaction. The crude product that separated on coolling (26 grams)
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was washed with a 1little acetone and recrystallized from 275 ml
of alcohol., The pure 2'={3-dimethylamino~l-oxopropyl)
fluorene hydrochloride recovered weighed 12,8 grams (32.2%
theoretical) and melted st 187-188°,
Analysis:s Subst,, 0.2011; AgCl, .0950

Cale, for Cy3Hz00C1 N : C1, 11.74

Found: Cl1l, 11.69

4, Preparation of 2'-{3-othylamino-l-oxopropyl) fluorene

hydrochlorlde,

)
0

& - e Hy CHy NH- CHy CHy - HCI

Using the apparatus previously described 10.4 grams
(0.05 mol) 2-acetylfluorene, 2,25 grams paraformaldehyde
(0.075 mol), 6,11 grams ethylamine hydrochloride and 40 ml.
of isoamyl alcohol were refluxed for six hours. Two layers
were formed during refluxing requiring rapid stirring to
insure a reactlon. Upon cooling the solution, the crude
2'm{3=ethylamino=leoxopropyl) fluorene hydrcchloride separated
and was washed with a little acetone, Recrystallization of

the product from ethyl alcohol gave 6.62 grams (40% theoretical)
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of a white crystalline (plates) product melting at 225-226°,

Analysis: Subst.,, 0,1433; 0.05130 N HCL, 9,00 ml.
Cale, for C,gHgoOC1 N : N, 4,64
Found: N, 4,51

5. Attempted preperation of 2'={3-~disthylamino=l-

ox0progglz fluorene hvdrochloride.,

C ,CHy CHy
& -CHyCHy=N - Hel
\CHZ CH3

0

A mixture of 10.4 grams (0,05 mol) Z2-acetylifluorene,
2.25 grams (0,075 mol.) paraformaldehyde, 8,17 grams (0,075
mol.) diethylamine hydrochloride, and 40 ml, isoamyl alcohol -
was refluxed with stirring for 6 hours, When refluxing
was‘st0pped, no materlal crystallized out until the solution
had been bolled without a condenser for 3-5 minutes, The
white product that crystallized after cooling was very soluble
in alecohol and in water; after washing with acetone and drying
it melted at 220-221°, TIts solubility and its melting point
led us to believe that the crystallihe product was unchanged

diethylamine hydrochloride. The crystals, however, were
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large leaflets which did not take up water on standing in
air as does the diethylamine hydrochloride precipitated from

ether by dry hydrogen chloride,

6. Pfegaration’of 2'~(3=ethanolamino=-1-oxopropyl)

fluorene hydroChloridé.

H‘CH "o . _ .
_& - CHyCHyNH-CHy CHOH - Hel

To ten and four tenths grams (0,05 mol.,) 2-acetyl-
fluorene, 2,25 grams (0,075 mol.) paraformaldehyde and 60 ml,
1soamylalcohol was added 10.61 grams (0.075 mol.) diethanol-
amine hydrochloride., The mixture was refluxed with stirring
for four hours, becoming very dark in color, No solid
material separated even though the water was removed by
distillation and the solution allowed to stand overnight.
The solutlion was poured into a 400 ml., beaker and warmed on
a hot plate to about 50°, Pure dry acetone was added to the
warm solutlon until 1t became slightly cloudy. Upon cooling,
approximately 4 grams of a brown solld materigl separated,
The crude product was dissolved in 25 ml. of ethyl alecochol

and refluxed with 2 grams of animal charcoal. The solution
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was filtered while hot; the llight brown filtrate ylelded
gbout 1.5 grams (8.3% theoretical) of a slightly brown
crystalline solid melting at 201-202°, |

The product was very solublé in alcohol and
slightly soluble in water and had little or no anaesthetic
effect on the tongue. The material was prone to come out
of solution as an oll which resisted attempts to crystallize
it,

In one trial 50 ml, of methyl cellosolve was used
as a solvent in place of the isoamyl alecohol. The product
was isolated by adding pure dry acetone, care belng taken
to avold an excess which wpuld cause the product to separate
as an oll. The yield in this trial was no better than in
the previously described method.

When the compound was analyzed for nltrogen and
chlorine it became evident that either the compound was not
pure or that some compound other than that expected had been
formed. Recryatalllization again from ethyl alcohol faslled to
change the meltling point, indicating that the compound was
pure, The other possibility, formation of a different com=
pound, seemed to be confirmed since the analysis agreed very
well with the calculated analysis for 2'=(3~ethanolamino~l-

oxopropyl) fluorene hydrochloride
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E-CHy CHy-NH-CH, eHy 0H - HE!

This would indicate the loss of one ethanol radical ( ~CH;CHzOH)
during the reactlon,
Analysis ¢ For N; Subst., 0,0812; 0,05130 N HCl, 5.30 ml,
For Cl, Subst., 0,1361l; 0,0614 AgCl
(Diethanolamine) Calec, for CzoHo403 N C1 ¢ N, 3.87; C1, 9.80
{Monethanolamine) Calc. for Cy;gHse0z N CL : N, 4,42; Cl, 11,15
Found: N, 4.69; Cl1l, 11l.16

7. Preparation of 2'={3-allylamino-l~oxopropyl) fluorene

hydrochloride.

n
C- CHCH-NH -CHy-CH = CH, « Hcl

Into a three~necked, round~bottomed flask were
introduced 6.24 grams 2-acetylfluorene (0,03 mol}, 1.35 grams
(0.045 mol.) paraformaldehyde, 3.55 grams (0,045 mol,)
allylamine hydrochloride and 30 ml, isoamyl alcohol. The

mlxture was refluxed for two and one-half hours and cooled
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to room temperature. The product, which erystallized out on
cooling was separated from the mother liguor, washed with a
little dry acetone and recrystallized from alcochol. The
purified product was a white crystalline solid, soluble in
alcohol, very sllightly soluble in water, and had a melting
point of £14-215°. The yield was 5.0 grams (53.2% theoretical).
TOpicalvapplicatibn of a few mgm to the tip of the tongue
produced noticeable local anaestheslia accompanied by a
strong écid taste. |
Analysis: Subst., 0.,1977; 0,0533 N HC1l, 13.18

Cale., for: CygHzoO0 N Cl; N, 4,49

Found: N, 4.79

8. Preparation of 2'=(3-di-n-propylamino-l~oxopropyl)

fluorene hydrochloridee.

9 ,CH2CHp CHy
C-CHyCH, N <Hici
N\ CH, CHI.CHS

A mixture of 10.4 grams (0,05 mol.) 2-acetylfluorene,
2.24 grams paraformeldehyde (0,075 mol.) and 10,3 grams
(0.075 mol,) di-n=~propylamine hydrochloride was refluxed for
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four hours, using 40 ml. isocamyl alcohol as a solvent. The
solution was cooled to 50° and dry acetone was added until
a crystalline product had separated, The =so0lld product was
isolated and washed wlth a little absolute ether. In order
to purify it, the crude product was dissolved in 200 ml. of
boiling absolute alcohol. Absolute ether was added slowly
to the alcohol solutlion untll cloudiness persisted, The
pure 2'~{3~di-n-propylamino-l-oxopropyl) fluorene hydro-
chloride separated in the form of fine white crystals from
the alcohol-ether solution after 2 hours. The yleld wa$
about 20% theoretical,

‘ The product was a white crystalline solid melting
at 150-151°. It was very soluble in aléohol and fairly
soluble in water. A few crystals rubbed on the tip of the
tongue produced marked local anaesthesia, having an onset
time of 1.5 min., and a duration of 30«45 minutes,

Anslyslis: Subst., 0.2419; AgCl, 0,0953
Cale, for: CgzHzs0Cl N; C1, 9.91
Found: (€1, 9.75

9., Preparation of 2'=(3-n-octylamino~leoxopropyl)

fluorene hydrochloride,

C-cH, CHy-NH-(CHz) CHy - HC
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To a mixture of 10.4 grams (0,05 mol) 2-acetyl-
fluorene, 2.25 grams (0,075 mol) paraformaldehyde, snd
50 ml. isocamyl alcohol 1In a three-necked flask was added
20.81 grams (0.0?Slmol.) of oily di-n~octylamine hydro-
chloride. The mlixture was refluxed wlth stirring for three
hours, forming a dark brown solution which yielded a slightly
brown crystalline product upon cooling. The crystals were
filtered and washed wlth two 50 ml. portions of absolute
ether, When dried in alr the crystals welghed 15 grams
(60% theoretical) and melted at 180-185,
Recrystallization of the impure product from
50 ml., of alcohol gave 8,9 grams of plate-like crystals
- which melted at 184-185°, The product was insoluble in
water and very solﬁblé in ethyl alcohol, ©No local anaesthetic
action was noticed when applieé topically to the tip of the
tongue.
We found upon analyzing the compound that heither
the percent of nitrogen nor the percent of chlorine agreed

with those calculated for the expected structure.

T ° SEHz) CH
-c—-CHchz—/\/ « HCI
: Ne H,_j7<:H5
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The analysls dld, however, agree with that calculated forx

2'«{3=n-octylamino=l«oxopropyl) fluorene hydrochloride,

u
C-CHCH,-NH-(CH, ), CHy . HCI

This indlcated that one octyl group was replaced
by a hydrogen in the reaction. It would seem that at 130°
(the boiling point of the solvent) the di-n-octylamine
hydrochloride is unstable and loses one octyl group forming
n-octylamine hydrochloride.,

Analysls: For N: Subst., 0.18988; 0.05130 N HC1l, 10,12 ml
For Cl: Subst., 0.2665; AgCl, 0,0986
Calcs for CzaHygO N Cl : N, 273 ; C1, 6.9
Cale. for CouHssO N CL 3 N, 3.63; Cl, 9.20
Found: N, 3,663 Cl, 9.15

10, Preparation of 2'-{3-benzylamino=le=oxopropyl)

fluorene hydrochloride,

©

"
C-CH,CH, -V H _Q .« HCI
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A mixture of 6.24 grams (0,03 mol.) of 2-acetyl-
fluorene, 6.43 grams (0,045 mol.) benzylamine hydrochloride,
1,3 grams (0,045 mol,) paraformaldehyde, and 60 ml, isoamyl
alcohol were refluxed with stirring for a periliod of one hour,
The solid material went Into solutlon rapidly and the product
began to»separate out almost Immediately, The resulting
suspensidn was cooled and filtered, the product sucked as
dry as possible and washed with a 1little acetone., Recrys-
-tallization from acetic acid gave a white crystalline
product which melted at 239-240°,

In order to prepare the free base the hydrochloride
was suspended In hot alecohol, in which it was insoluble, and
concentrated ammonium hydroxide was added drop by drop until
the materlal went into solution. TUpon cooling a white
crystalline solid (2.5 grams) separated, Its melting point
was 229-230°,

The final compound as the free base had no notlceable
effect as a local anaesthetic on the tongue. As the hydro-
chloride, however, 1t exhibited slight anaesthetic action.
Analysis: Subst., 0,1989; 0.05130 N HC1, 11.05 ﬁl.

Calc. for CgoHza0z N C1 : N, 2.40
Cale, for CzgH,20 N C1l : N, 3,85
Found: N, 3,98
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11l. Preparation of 2'={3-piperidino~l-oxopropyl)

fluorene hvdrochlorlde.

cHz’CHz

i \ Hel

C-CH, CHy =N cH, - HC
\ cH, -CH,_/

Into a three~necked flask was placed 42.6 grams
(0.20 mol,) 2-acetylfluorene, 36.4 grams (0,30 mol.)
piperidine hydrochloride, 9.0 grams {(0.30 mol.) paraformalde~
hyde, and 120 ml., isoamyl alcohol and the mixture refiuxed
for one hour. The product began to separsate out a few |
minutes after boiling began. At the end of one hour the
flask and 1ts contents were cooled to room tempersature
and filtered. The crude product was washed with a little
dry acetone and air dried, Recrystaliization from 1000 ml,
of alcohol ylelded 53,2 grams (78% theoretical) of a white
erystalline solid only slightly soluble in water and melting
at 212-213°,

A few mgm. of the white crystals, ground to a

white powder, when applied to the tip of the tongue produced

a merked local anaesthesis. The onset time was sbout one
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minute; the durstion of anaesthesia about 45 minutes.
Analysis: Subst., 0.1978 g.; AgCl 00,0827 g.

Calc, for Cp3H,O N C1 : Cl, 10,31

Found: Cl, 10.34

- {a) 2'=(Z~Piperidino~l~cximidopropyl) fluorene
hydrochloride was prepafed in the hope of 1ncréasing the
water solubllity of 2'—(3-piperidino~1~oxopr0pyl) fluorene
hydrochloride without substantially changing the structure,

and therefore the local ansesthetic power.

NOH JCHy-CH,
0
C-cH,cH, N cH, . HC)

N\ en,-c Hf

The 2'~(3~piperidino-l~cxopropyl) fluorene hydrochlorilde

(8.6 grams, 0,025 mol.) was refluxed for flve hours on a
water bath with four grams (0.057 mol,.) hydroxylamine
hydrochloride and 7 grams of barium carbonate in 200 ml,
ethyl alcohol. The solution was filtered while hot to

remove barium carbonate. Upon cooling, the pure 2'«(3-
piperidino-l&oximido~propyl) fluorene hydrochloride separated
as white crystale, moderately soluble in hot alcohol and

slightly soluble in cold water. Evaporation of the mothor
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ligquor to about one~hslf ites original volume gave another
crop of crystals. The tqtai viald was 6 grams (67.3%
theoretical), the pure compound melting at 217-218°,
‘Although the water solublility of the oxime was somewhat
greater than that of the ketone, the local anaesthetic
action on the tongue was decreased,
‘Analysis: Subst., 0.2201; AgCl, 0,0888

Calec. for CgiHzs0 N C1 : C1l, 9.80

Found: (€1, 9.98

(b) 2' (3-Piperidino=-l~aminopropyl) fluorene

dihydrochloride

/CHZ-CHZ \

CH, . 2 Hcl

\CI+2~ CHz

was prepared by catalytic reduction of the oxime., Five
grams (0.0156 mol,) 2'=(3-piperidino-l-cxinidopropyl)
fluorene hydrochloride was suspended in 250 ml, ethyl
alcohol in the pressure bottle of a Parr hydrogenation
apparatus, The platinum oxide cataiyst (0.1 gram) was
added, followed by 3 ml. concentrated hydrochleoric acid, the
latter to help prevent the formétion of‘secondary amines

during the reduction. The pressure bottle was connected to
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the hydrogen tank under a starting pressure of 58 1lb. per
8¢, in..gauge and shaken for 6 hours, at which time the
pressure had droppred to 56,75 lb, The solution was allowed
to stand overnight under pressure, After 24 hours (total)
the pressure had dropped a total of £,5 1b, per sg. in.
gauge (theoretical drop for 0.0156 mol, 2.5 1lb.). The
solution was filtered twice through a fine paper in order tp
recover the platinum catalyst. The filtrate was evaporated
to one=half its Qriginal volume and dry ether was added |
untlil the solﬁtion‘became cloudy. The cloudy solution was
allowed to stand overnight and the crystalline compound
collected, The compound was purified by dissolving it in
50 ml. absolute alecochol, adding anhydrous ether until the
solution was cloudy, and collecting the soiid product
(2.2 grams, 37.,3% theoretical) which melted at 262-263°.
The compound was moderately soluble In water and very
scluble 1n ethyl‘aicohol. It hed a strong tendency to come
down as an oil if too much ether were added to an alcohol
solution of the compound, probably due to the presence of
water,
Analysls: Subst., 0,1978 3 0.05130 N HC1i, 19,70 ml,

Calc, for Cp3HzgClNg; ¢ N, 7,07

Found: N, 7.15
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We were able to prevent the formation of an olly
product and obtain better ylslds by convertling the reduced
compound to the diplerate. The reduction of the oxime was
carried out in the same manner as previously described,

The solution was evaporated on a steam bath until only a
heavy oil remained and no odor of hydrogen chloride was
present, The 01l was redissolved in 100 ml. hot alcohol
and 25 ml. of a saturatsd alcohollc solution of pleric

acid was added. Upon cooling, 5.2 grams (59.1% theoretical)
of a yellow crystalline s0lid sepsrated. Recrystallization
of 0.5 gram of the dipilcrate from alcohol gave pure 2'-(3-

piperidino~l-aminopropyl) fluorene dipicrate,

H\C’H /I\/Hz /CHZ.‘C”z\
CHCH, CH-N CHy 22 (No‘)s C,Hy, OH
Nen,-CH,

which melted at 237°., The compound had no local ansesthetic

action on the tongue.

(c) Potassium 2'=(3-plperidino~l=cxopropyl) fluorene-
7'=sulfonate was prepsared from 2'-(S-piperidino-l-chpropyl)
fluorene‘hydrochlofide using concentrated sulfuric acid as

a sulfonating agent. In a 250 ml. beasker was placed 100 grams
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concentrated sulfuric acld. Usling a mechanical stirrer
the sulfuric acid was stirred rapldly while 10 grams of
2 (3~piperidino=l~oxopropyl) fluorene hydrochloride were
added in small portions, Hydrogen chloride gas was evolved
and the solution took on a green<brown color, Stirring was
continued for 2 hours at room temperature. It was then poured
over about 1 XKg. of crushed lce in & 2000 ml. besker.
. Attempts to filter off the Whitetsolid which precipitated
failed, the product passing through the filter paper for a
few minutes and then clogging the pores of the paper. The
suspension was diluted to 1.5 L., warmed to 80°, and 25%
potassium hydroxide solution added until the solution be-
came clear. The product was salted out by addling potassium
chloride until no more precipitate resulted, The solid |
material was collected by flltering. It was soluble in hot
water and had llttle or no local anaesthetic action on the
tongue., When dilute hydrochloric acid was added to a hot
agqueous solution, a white precipitate (probably the free
sulfonic acid) appeared but redissolved upon the sddition of
more hydrochloric acid. .
Analysis: Subst., 0.,2084; BaSO,, 0.1148

Calc. for C,;Hz30,NSK : S, 7.56

Found: S, 7.55

@

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



12, Preparation of 2'={3-mcrpholincel=oxopropyl)

fluorene hydrochlorlide,

\C.' |°‘ /CH,_-CHZ
C~CH,CH,-N o HcClt
CHy—~ CHy

A mixture of 42.6 grams (0,20 mol.) 2eacetylfluorene,
9.0 gramé (030 mol,) paraformaldehyde, 36,6 grams (0.30 mol,)
morpholine hydrochloride, and 120 ml. isoamyl alcohol was
placed In a three~necked flask and refluxed with stirring for
2.5 hours. As in the case of 2'=(3=-piperidino-l-cxopropyl)
fluorene hydrochloride, the product began to separate after a
few minutes of boiling. At the end of two hours the flésk
was cooled to room temperature and the product was isolated
by filtering. The crude 2'=(3-morpholino=l=cxopropyl)
fluorene hydrochloride was washed with a little écetone and
recrystaliized from 1700 ml. of alcohol. The pure compound
(46 grems, 68% theoreticel) had a melting point of 226-227°,
The white crystalline product was moderatély soluble in
alcohol and only slightly soluble in water, Marked local
angestheslia was noted when a little of the crystalline

materiael was rubbed on the tip of the tongue: onset, 45 sec.,
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duration, 45 minutes.
Analysis: Subst. 0,2000; 0,05033 N HC1l, 1l.12 ml,
Calc, for Cz@szOz N C1 : N, 4,08

Found: N, 4,13

{(a) Sodium 2'w(3-morpholino-~lecxopropyl) fluorene-
7'wsulfonate
\C (-] ,C“z.‘c“z\
e “CH, CH,-N o

\cu,-cuf

was prepared by adding 3.2 grams of 2'=(3-mcrpholino-l-
oxopropyl) fluorene hydrochloride, in small portions, to

100 ml. concentrated sulfuric acid with stirring. The
solutlion darkened in color during the addition, turning from
yellow to brown, After stirring for one hour, the solutlion was
poured over 500 grams of crushed ice, producing a colloldal
preclpitate, The suspension was neutralized with sodium
carbonate and the sodium salt brought down by adding alcohol
to the solution. The product was a white solid, soluble in
hot water and having no melting point below 300°, When
dissolved 1in water and dllute hydrochloric acld added
dropwise, a precipitate of the free acld was formed, which

redissolved upon addition of more hydrochloric acid,
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indicating the formation of t he amine hydrochloride.
Analysis: Subst. 0.2010; BaS0,, .1149
Calc, for CzoH;:05NSNa ¢ S, 7.81

Found: S, 7.84

D. PREPARATION OF AMINES OF 2'=(1-HYDROXY PROPYL) FLUCRENE.

The reduction of the ketones fo secohdary alcohols
was carried out in a Parr hydrogenation apparatus. The pure
ketones were suspended in 250.ml; alcohol contained in a
pressure bottle and the platinum oxide catalyst (0.,05-0,10
grems) was added. Hydrogen under initial pressures of 45
to 55 1lb. per sq. inch gauge was shaken with the suspension
at room temperature until the gauge pressure had dropped
the theoretical number of pounds (82 1lb, per sgq. in. gauge
per mol, of hydrogen, Hp}. The reduction in most cases was
very slow, usually requiring 24 hours for a pressure drop
of 4~5 pounds. During the reductlon the suspended ketone
dissolved slowly untlil, at the end of the reduction, the
solution was complete, only the blatinum catalyst being
undissolved, |

The platinum catalyst was removed by filtering,
the secondary slcohol being recovered from the flltrate by

elther of two methods:
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1) The solution was evaporated to one-=half its original

volume, the crystalline product separating‘on cooling.,

2) Dry ether was added slowly to the warm alcohol solu-

tlon until the solution became cloudy, the crystalline product

separating after standing overnight.

"\Ct‘ OH /Q.
~é",_cHchz—N\ .HCH
NITROGEN SUBSTITUENTS MELTING POINT
Rx Rx FROM ALCOHOL
R, Ry, /i |FROM ALGOHOL AND ETHER
1) CHs H 261-262
24 CHa CHa 179-180 ‘ 159-160
3] CHLCHg H 265
4f CH, - CHy 217 212-213
\
‘N CHz
\ /
CHZ -t CHz
N
~N 0
N
CHZ Lt CH2
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E, PREPARATION OF AMINES OF 2'~(1-OXOPROPYL) FLUCRENONE.

1. Preparation of 2'=(3-plperidino~lecxopropyl) fluorenone

hydrochloride.

CH; CH,

tl

C-CHy CH-N CHy - HC
\cH, cH,

- A mixture of 4.4‘grams (0.02 mol,) 2=acetylfluorenone,

3.64 grams (0,03 mol.) piperidine hydrochloride, 0.9 grams
(0.03 mol.) paraformsldehyde and 30 ml isoamyl slcohol was
placed in a three-necked, round-tottomed flask and refluxed
for one hour, the product beglinning to separate as soon as
boiling started, The solution was cooled and filtered; the
product was washsd wilth a little dry acetone and recrystallized
from 300 ml. ethyl alcohol. The yellow crystalline compound
(5.1 grams, 71.8% theoretical) was insoluble in water and
moderately soluble in alcohol; it melted at 231-232°, The
compound had no noticesble local snaesthetic action on the
tongue.,
Analysis: Subst., 0,1148; AgCl, 0,0453

Cale. for CpiHgs0p N CL : C1, 9.96

Found: C1, 9.76
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¥. PREPARATION OF OMEGA-BROMO AND AMINO KETONES,

1. PreparatiquQf Omega-bromo=~2-acetyifluorene.

wo H
c o

E_CHzBr

A éuspenaion of 20.8 grams (0,10 mol.) of 2=-acetyl-
fluorene in 1000 ml, of anhydrous ether contained in a 2
liter flask was cooled to 0° in an ice bath. To the suspension
was added all at once 5 cc¢c (16.0 grams, 0,10 mol.) bromine
dissolved 1in 200 cc of absolute ether at 0°. The mixture was
stirred mechanically for two hours at 0°, then allowed to
stand for 45 minutes at room temperature. The dark red
bromine color had disappeared at the end of two hours and
the gray crystalline product which had precipltated was
filtered off, The filtrate was treated with solid sodium
carbonate, to remove the hydrobromic acid, and evaporated
to dryness giving another crop of crystals of crude & -bromo=-
2wacetylfluorene. The crude products from these operations
were combined and recrystallized from 1100 ml. of ethyl
alcohol., The pure white crystalline product whilch separated
weighed 17.8 >grams (62% theoretical) and melted at 144-145°,
The compound was slightly soluble in ether, moderately soluble

In aleohol, and insoluble In water. A qualitative test for
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bromine was positive, No attempt was made to prove the
structure of the compound.
Anslysis: Cale, for C,zH;,0Br : Br, 27.86

Found: Br, 27.67 |

2. Preparation of Omega~bromo-2~acetylifluorenone,.

©

L
(o]

c 1 }
c-cH,Br -

To a suspension of 1l.,1l grams (0,05 mol.) 2-acetyl-
fluorenone in 500 ml. absolute ether cooled to 0° in an ice
bath was added a solution of 8.0 grams (0.05 mol.) bromine
in 100 ml. absolute ether. The mixture was stirred for 4

- hours at 0° and the resulting product filtered off. Neutral-
ization of the filtraté with sodium carbonate and subsequent
evaporation to dryness gave only about 1 gram more of the
product. The crﬁde product was recrystallized from 600 ml,
of ethyl acetate, ylelding 9.5 grams (63,1% theoretical) of
a bright ysllow crystalline compound melting at 211.212°,

The product was insoluble in water, moderately soluble in
alcohol, and very slightly soluble 1ln ether, A qualitative
test for bromline was positive.

In order to prove the structure, 0,5 grams of the

pure omega-bromo-2~acetylfluorencne was refluxed in 50 ml,
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of glacial acetlc acld with 5 grams of potassium dichromate
for 6 hours. The acetic acld solution was poured into 500
ml. df hot water end the resulting precipitgte collected and
washed with water, The precipltate was suspended in water,
heated to 80°, and a solution of potassium hydroxide (25%)
added until all of the solid went into solution. A 1little
animal charcoal was sdded and stirred with the solution to
remove adsorbable impurities. The suspension was filtered
snd the filtrate treated with concentrated hydrochloric acid
added dropwise untlil the free acid separéted. The product,
fluorenone~2«carboxylic acid,

o

"
C

melted at 335-340° (copper block) (59) and gave no qualita-
tive test for halogen. By this oxidation we proved that

the bromine was present in the side chain.

(o]
LT} o
c o Y
/ . | n
eecHBe (o] .o
- ' C<omu

Analysis: Cale. for C;5H 0.Br : Br, 26,55

Found: Br, 26.25

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



- 101 =

3. Preparation of Omega-piperldino-2-acetylfluorene

hydrochloride,

A suspension of 5,74 grams’(o.oz mol,) omegsa-
brdmo-znacetylfluorene in 600 ml, of absolute ether was
stirred rapidly while 3.40 grams (0.04 mol.) piperidine
was added. A white precipitate of plperidine hydrobromide
began to separate at‘once; Stirring was contlinued for 2 hours
at room temperature and the resuliting suspension filtered to
remove the piperidine hydrobromide (3.2 grems, 96.9% theo-
retical). The filtrate was evaporated on a steam bath until
all the ether was removed, leaving a reddish colored oil
which crystallized on cooling. The crude crystalline free
base was refluxed for 30 minutes with 5 grams of bone-black
in 100 ml, absolute alcohol and filtered., To the colorless
filltrate was added, dropwlse, enough of an absolute ether
solution of hydrogen chloride to make it slightly acid. Upon
standing, a whité crystalline product separated. The pure
omega-piperidino~2-acetylfluorene hydrochloride weighed 3.1
grems (47.4% theoretical), and melted at 273-274°., It was
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8lightly soluble in water, falrly soluble in alcohol, and
had a mild local anaesthetic action on the tip of the tongue.
Analysis: Subst., 0.1078; AgCl, 0.1315

Cale. for CpoHzz0 N C1 : Cl, 10,81

Found: C1, 10,94

4, Preparation of Omega-morphollino-~2«acetylfluorene.

C o] /CHZ-CHZ

1
C-CH, - o)
New,-eHf

To a suspension cf 5,74 grams (0.02 mol,) omega-
bromo=2=acetylfluorene in 600 ml, of absolute ether was
added 3.5 grams (0,04 mol.) morpholine, The mixture was
stirred mechanically at room temperature for 2 hours and
the resulting prescipitate of morpholine hydrobromide was
filtered off. The filtrate was evaporated to dryness
leaving a so0lid residue which was recrystaliized from alcohol.
The pure product, welighing 2.0 grams (33% theoretical),
melted at 145-146° and was a white crystalline solid, very
soluble in aicohol and slightly soluble in water,

One gram of the pure product was dissolved in

25 ml. absolute alcohol. To this solution was added just
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enough of an absolute ether solutlon of hydrogen chloride to
make it slightly acid. The pure omega-morpholino~2~acetyle
fluorene was a white crystalline solid melting at 263-264°,
It was slightly soluble in water, more soluble in alcohol,
and produced slight local anaesthesla on the tip of the

tongue,
Analysis: Subst., 0.2194; AgCl, 0.0938
Cale, for C;gHzeOz N C1 & C1l, 10,75

Found: €1, 10.56
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IV SUMMARY

In view of the fact that compounds of the type
R'COO(CngnNRz, R'CO(CHB)nNRz, and the corresponding alco-
hols have been found to be physiologically active as local
anaesthetlcs, analgesics and antispasmodics, we declded to
prepare a new serles of compounds analogous to the latter
two types, in which R' is fluorene or fluorenone. Many of
the compounds prepared showed marked local anaesthetic
action when applied to the tip of the tongue. The compounds
are to be teated to determine whether or not they possess
analgeslic or antlispasmodic activitye.

Unfortunately, our imminent entry into the Armed
Forces has curtailed further work in thls series.

In the following table are listed the new compounds
prepared durling the course of the investigation. The melting
point for each compound that melted below 300° is included.
Analysis are glven for all but the secondary alcohols that

were prepared by catalytic reduction of the amino-ketones.
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1.
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NEW COMPOUNDS PREPARED

During the Course of Thls Investigation

COMPOUND

Tri-3=(1,2'=fluoryl=l=oxopropyl
amine hydrochloride

(a) free base

2'u{3=Methylaminoml=oxopropyl)
fluorene hydrochloride

2'-(3~-Dimethylamino=l=oxopropyl)
fluorene hydrochloride

2'={3=Ethylamino~1leoxopropyl)
fluorene hydrochloride

2'm( 3=Monethanolamino~l-oxopropyl)

fluorene hydrochloride

MELTING
POINT

248249

213

217-218

187-188

225-226

201-202

FORMULA

CasHs 00zNCL

C4 SH5 GO5N

Cy7Hz g ONC1

C1eHp oONCL

C1gHz oONC1

Cl gHg O\OQNG}.

CALC.

N, 1,96

MW, 678

Cl, 12.36

c1, 11.74

N, 4,64

N, 4,42
c1l, 11.15

ANALYSIS

FOUND

N, 2,04

M.W. 675

C1, 12.50

c1l, 11,69

N, 4,51

N, 4.69
cl, 11,16
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8 [ o . )
86°6 ‘10 08°s ‘10 TO%H098 %) 8T3~4LTS (T4doadopTuTXo~T=ouTpTaedEi=g)=,3 *TT
apTIoTyUOoaphy susaonyy
a0 @ e 3
20T ‘10 12°0T ‘10 TONO g %) 213312 {14doadoxo=T~outprasedid=g¢)=,2 *0T
OPTIOTYDO0JXpAY suaaonyJ
8 § ®
85°¢ N eR°e ‘N TONOZ%H®%) 0¥3=622 {1Ldoadoxo=g=outusTLzusg=g),3 *6
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18.

19.

20.

el.,

22.

23.

COMPOUND
2'w(Dimethylemino-l~hydroxypropyl)
fluorene hydrochleoride

2'(3-Ethylamino-lehydroxypropyl)

fluorene hydrochloride

2'=(3-Piperidino=lehydroxypropyl)

fluorene hydrochloride

2'-(3-Morpholino=l-hydroxypropyl)
fluorene hydrochloride

2'w(Z~Piperidino~l-cxopropyl)

fluorenone hydrochloride

Omega=-bromo=2agcetylfluorene

MELTING
POINT

179-180

265

217

222-225

231-232

144~145

FORNULA CALC, ANAIYSIS
FOUND

Gy 6Han ONC1

C;eHzoONCL

Cp1Ha sONCL

CpiHpp0aNCL C1l, 9,96 Cl, 9.76

C15Hy1 0B Br, 27.86  Br, 27.67
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GOMPOUND

24, Omega-bromo~2-aéety1fluorenone

25, Omega~piperlidino~2-acetyl-

fluorene hydrochloride

26, Omega~morpholino-2~acetyl-

fluorene hydrochloride

- 109 -

MELT ING
POINT

211-212

273=074

263-264

FORMULA

Ci1sH0,Br

CpoHanONC1

Cl gHz QOzNCl

CALC.

Br, 26,55

¢1, 10,81

¢1, 10,75

ANATYSIS
FOUND

Br, 26,25

c1, 10,94

¢1, 10.56
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(5)
(6)
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(8)
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(10)
(11)

(12)

(13)

(14)

(15)
(16)
(17)
(18)
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