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[51] ABSTRACT 
Disclosed and claimed is the preparation of the 4 
aminomethyl-cyclohexane carboxylic acid isomer as 
saying at least about 90% anti?brinolytically active 
material from speci?c para-disubstituted cyclohexane 
starting material. For example, in 4-aminomethyl 
cyclohexane methanol such as its isomer melting at 118° 
C. in a series of steps its methanol group is converted to 
carbonyl. More speci?cally its amino group is blocked 
by reaction with benzoyl halide and the methanol group 
then oxidized to carboxyl, and the benzoyl group re 
moved to yield the end product isomer. 
l-4-dimethyl-cyclohexane dicarboxylate melting at 
69°—7l° C., another such cyclohexane starting material, 
is hydrolyzed to its mono-ester which with thionyl 
halide is converted to the halide of the half-ester, which 
latter reacted with ammonia gives the corresponding 
ester amide. The latter is heated with thionyl halide and 
converted to methyl 4-cyano-cyclohexane carboxylate 
which then is hydrolyzed to yield 4-cyano-cyclohexane 
carboxylic acid which catalytically reduced using a 
compatible reduction catalyst such as Raney nickel is 
converted to the 4-arninomethyl-cyclohexane carbon 
ylic acid end product. 

4 Claims, No Drawings 



Re. 30,149 
1 

PREPARATION OF ANTIFIBRINOLYTICALLY 
ACTIVE ISOMER OF 

4-AMINOMETHYLCYCLOHEXANE 
CARBOXYLIC ACID 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This invention is that of the anti?brinolytically active 
isomer of 4-aminomethyl-cyclohexane carboxylic acid 
(which as the isomeric mixture has been abbreviated to 
AMCl-lA). The thus active isomer of AMCHA herein 
after conveniently is variously brie?y called “active 
AMCHA” or “active-AMCl-IA isomer” or the "antifr 
brinolytic active-AMCHA isomer.” 
The invention includes the method of preparation of 

active-AMCHA isomer from l,4-disubstituted cyclo 
hexane starting substances wherein one of these substit 
uents can be converted to the carboxylic acid group, 
and the other one can be converted to the aminomethyl 
group. 

Also part of the invention is the method of converting 
the inactive isomer of AMCHA, whether the starting 
material is (a) AMCHA synthesized, for example, by 
hydrogenation or by catalytic reduction and hydroge 
nation from 4-aminomethyl- or 4-cyano-benzoic acid, 
by far the major part of which AMCHA has been found 
herein to be the inactive isomer, or is (b) the inactive 
isomer when otherwise obtained, into the active 
AMCHA. 
A further part of the invention is that of pharmaceuti 

cal preparations wherein the only or principal therapeu 
tically effective agent consists essentially of the active 
AMCHA isomer, such preparations then having the 
property of being surprisingly more effective in treating 
an ailment due to increased ?brinolysis than prepara 
tions heretofore used against such ailments. 

Yet another part of the invention is the method of 
combating (i.e. curtailing or overcoming) an ailment 
due to increased ?brinolysis by administering to a sub 
ject suffering from the ailment the anti?brinolytically 
active-AMCHA isomer in an anti?brinolytically effec 
tive dose at a suitable dosage regimen adequately to 
subdue the increased ?brinolysis. 

Increased ?brinolysis may appear during menstrua 
tion and also in certain diseases following surgical oper 
ations. Because of the serious character which bleeding 
disorders of this type may show, the provision in the 
drug armamentarium of products having an anti? 
brinolytic activity has been gratefully acknowledged. 
The ?rst low-molecular synthetic drug found to possess 
such activity is the nonessential amino acid, epsilon 
aminocaproic acid (as described in US. Pat. 2,939,817), 
to which was given the convenient abbreviation 
EACA. 
The anti?brinolytic activity of EACA has been eval 

uated in in vitro tests as well as in in vivo tests on labo 
ratory animals. By using streptokinase it is possible to 
produce in laboratory experiments an induced, in 
creased fibrinolytic activity. By means of titrations and 
determination of periods of ?brinolysis following addi 
tion of varying amounts of streptokinase and EACA to 
the test systems, the anti?brinolytic activity of EACA 
can be satisfactorily evaluated and correlated with the 
effect in clinical use in patients. Thus, a satisfactory 
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parallel exists for it between the values obtained in the 
various types of laboratory experiments and under clini 
cal conditions. 
The scienti?c evaluation of EACA has demonstrated 

that preparations comprising it manifest an acceptable 
degree of anti?brinolytic activity in clinical use. How 
ever, EACA is so rapidly excreted by the animal organ 
ism, i.e. the subject being treated, that in order to main 
tain the desired antifibrinolytic effect under clinical 
conditions, it has been seen to be necessary to adminis 
ter amounts of 25 grams or more per 24 hours despite its 
indicated relative antifibrinolytic activity. 

Subsequent investigations resulting in British patent 
speci?cation 949,512 reveal an anti?brinolytic activity 
in 4-aminomethyl-cyclo-hexane carboxylic acid (AM 
CHA). Data presented in that British patent speci?ca 
tion and a series of reports published by Okamoto, S. et 
al., namely: (i) “A New Potent Anti?brinolytic Sub 
stance and its Effects on Blood of Animals," XXII In 
tern. Congr. Physiol. Sci., Leiden, Sept. 10-17, 1962, 
Abstract, (ii) “AMCHA, A New Potent Inhibitor of the 
Fibrinolysis,” Keio J. Med. 11 (1962) No. 3, p. 105, and 
(iii) “In?uence of AMCHA on the Activity of Fibrinol 
ysin (Plasmin),” Ibid p. 117, indicate that (a) AMCHA is 
more active than EACA on a weight for weight basis, 
and (b) the anti?brinolytic activity of AMCHA is of the 
order of twice that of EACA. 
However, the acute intravenous toxicity in mice and 

rats, expressed as lethal dose for 50% of the experimen 
tal animals (LDjn), indicates that AMCHA is two times 
more toxic than EACA. Thus, there is no obvious clini 
cal advantage in using AMCI-IA instead of EACA. 
The work with AMCHA, which resulted in the pres 

ent invention, made it possible as a part of it to identify, 
and to assay the relative amounts of, two isomers in the 
substance referred to as AMCHA in the above-noted 
studies of Okamoto et a1. Thus, the substance which 
they used and called AMCHA is a mixture of isomers. 
It is another part of the present invention that the whole 
anti?brinolytic activity of the hitherto studied 
AMCHA is provided by one of these herein found 
isomers of AMCHA, namely, the one which is referred 
to at the beginning of this speci?cation as the antifr 
brinolytically active isomer of AMCHA, and also 
brie?y as active-AMCHA. This active isomer consti 
tutes about 10 to about 25% of the isomeric mixture, i.e. 
AMCHA, which is obtained by hitherto employed syn 
thetic procedures, e.g. catalytic hydrogenation of the 
benzene group as in 4-aminomethyl-benzoic acid or 
reduction and hydrogenation of 4-cyanobenzoic acid, 
such as are indicated in the British patent speci?cation 
949,512. 

Evaluation of the anti?brinolytic activity of the two 
separate AMCHA isomers by the technique described 
further below shows the active-AMCl-IA isomer to be 
twenty times more potent than EACA whereas the 
other or inactive AMCHA isomer is practically devoid 
of any antifibrinolytic activity. Clinical use of composi 
tions comprising a high relative amount of the active 
AMCHA isomer thus provide a worthy advantage. 
This is especially so as there is no signi?cant difference 
in acute toxicity in terms of LDgo-values between the 
isomeric mixture AMCHA containing 10 to 25% of the 
active isomer and the active-AMCHA isomer iself. 
A signi?cant feature of this invention then is the pro 

vision of methods whose steps yield compositions, by 
far the greater portion of which is the active-AMCHA 
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isomer, whereby they manifest unusually. high, speci?c 
anti?brinolytic activity. 
The various aspects and parts of the invention are 

illustrated, but not to be limited, by the various different 
types of examples which follow. 

Separation, identi?cation and quantitative determina 
tion of the active-AMCHA and the inactive isomer 
respectively of the isomeric AMCHA mixture, and 
from any other amino acids which the test solution 
sample might contain, was carried out by paper electro 
phoresis by following a technique which is chie?y that 
of At?eld, G. N. and Morris, C. J. O. R. in Biochem. 
Jour., volume 81 (1961), page 606. 
The electrophoretic separation was carried out by use 

of a high voltage electrophoresis apparatus equipped 
with a cooling plate of glass, cooled by tap water with 
a temperature of from +2’ to +13’ C. The solution to 
be subjected to the electrophoresis were applied on 
chromatography paper of the type Munktell 302 M. 
The active-AMCHA isomer was separated from 

other possible amino acids in the test sample solution by 
paper electrophoresis at pH 4.5. In the work resulting in 
this invention, it was found that at this pH, AMCHA 
moves towards the cathode and is thoroughly separated 
from all available natural amino acids. After the electro 
phoretic separation, the quantity of AMCHA present 
was developed by treating it with ninhydrin reagent, 
the resulting color complex being extracted with metha 
nol solvent, and the amount of AMCHA was deter 
mined spectrophotometrically by comparison against a 
set of AMCHA standards. 

It also was found that the distances covered by vari 
ous amino acids at pH 4.5; at tension reduction 50 
v./cm.: in 200 minutes at the temperature of +6‘ C., 
was respectively: 

Millimeters 

Alanine 25 
Active-AMCHA isomer 135 
EACA 150 
Inactive AMCHA isomer 160 
Lysine 240 

The buffer for pH 4.5 was made up of 40 ml. acetic 
acid, 40 ml. pyridine, 150 ml. acetone, and diluted with 
distilled water to 1000 ml. 
Thus, the active-AMCHA isomer moves a distance of 

135 millimeters in 200 minutes in a high voltage electro 
phoresis system using chromatograph paper in an aque 
ous system buffered at about pH 4.5 by an acetate pyri 
dine buffer and operated at voltage reduction 50 v./cm. 
and ampere reduction 5 ma./cm., as compared with 
movement by alanine of about 25 millimeters under 
identical conditions. 
The ninhydrin reagent was that described by Heil 

man, 1., Barollier, 1., and Watzke, E. in Hoppe-Seyl 
Zeitschrift, volume 309 (1957), page 219, as made up of 
0.050 gram cadmium acetate dissolved in a mixture of 
5.0 ml. distilled water and 1.0 ml. acetic acid; 50 ml. 
acetone was added, and the mixture was shaken until 
the precipitate was dissolved. To this mixture 0.50 gram 
ninhydrin was added and dissolved. This reagent was 
intended for one day use only. 
The methanol to dissolve the colored spots is re-dis 

tilled or of analytical quality. 
Standard solutions were prepared for comparisons, 

comprising pure active-AMCHA isomer dissolved in 
water at the following concentrations; 20; 10; 5; and 2.5 
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4 
mg./ml. respectively. These amounts correspond to 
120, 60, 30, and 15 gamma (i.e. 'y) of pure AMCHA 
isomer, e.g. isolated by electrophoresis from isomeric 
AMCHA mixture. 

Analytical procedure: 6 rnicroliters (i.e., pl.) of these 
respective standard solutions were applied on respec 
tively separate areas on the chromatography paper. The 
unknown test solution also was applied on the paper. 
The chromatograph paper then was moistened by 
spraying on the buffer solution, was placed on the cool 
ing plate of the apparatus, and the electrophoresis car 
ried out as described above. The chromatography paper 
then was dried for 2 hours by cool air, dipped into the 
ninhydrin reagent and re-dried. The paper then was 
kept in the dark in an air-tight container, above a quan 
tity of concentrated sulphuric acid used to keep the 
atmosphere free of ammonia. . 

After 20 hours, the colored spots were removed to 
gether with a corresponding amount of the non-colored 
part of the paper, and extracted with the methanol. 
Each of the red solutions was ?ltered, and its extinction 
at 500 millicrons (i.e. mg) was measured against that of 
the control sample. 
The ?gures obtained were utilized for determination 

of the amount of active-AMCHA isomer present in the 
sample. Content of the inactive isomer was and can be 
assayed by the same procedure. 
Active-AMCHA crystal properties: The foregoing 

analytical procedures together with data from infrared 
spectroscopy, nuclear magnetic resonance studies, and 
X-ray crystallography indicate that the active 
AMCHA isomer appears in its crystals as an inner salt 
(i.e. Zwitterion) and as having the crystal axis a=6.29, 
b=7.90, and c: 16.66. ' 

Anti?brinolytic activity quantitative assay was con 
ducted by a technique utilizing the procedures de 
scribed by Christensen, L. E. in J. clin. Invest, volume 
28 (1949), page 163, and Wasserman, A. E., et al. in J. 
Lab. clin. Med., volume 4 (1953), page 812. This tech 
nique involves measuring the amount of active 
AMCHA isomer necessary for producing 50% inhibi 
tion of streptokinase-induced ?brinolysis in vitro. The 
system consists of ?brinogen, plasminogen, and throm 
bin, to which is added 6 units of streptokinase which 
produces a lytic effect. The 50% inhibition studied 
corresponds to a lytic activity of 3 units of streptokin 
ase. In principle. streptokinase activates the pro-enzyme 
plasminogen to plasmin, which latter enzyme . 0 ¢ : -—:: a 

?brinolytic activity. The time necessary for the formed 
plasmin to dissolve a standard ?brin coagulum is deter 
mined. 
The following table furnishes the data on the in vitro 

anti?brinolytic activity of the several compounds con 
sidered in this speci?cation, expressed as 50% inhibition 
of 6 units of streptokinase: 

Actual 
amount 

Relative of com 
Compound activity pound 
EACA l 47 
lsomeric AMCHA, 
comprising 10% active 
isomer 2 2y 
Active-AMCHA isomer 20 0.27 
lnactive-AMCHA isomer 0.1 307 
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The presently more advantageous synthetic route 
resulting in a high yield of the active-AMCI-IA isomer is 
that of using as the starting material a 1,4-disubstituted 
cyclohexane wherein one of these substituents is the 
aminomethyl group or a group which can be converted 
to it and the other of them is a group which can be 
converted through a series of reaction steps that can 
convert it to the carboxyl group and separating the 
resulting 4~aminomethylcyclohexane carboxylic acid 
anti?brinolytically active isomer. Such procedures are 
shown, but not to be restricted, by Example 1 and 2. 

EXAMPLE I 

Active-AMCHA from dimethyl-cyclohexane 
dicarboxylate 

800 grams of the isomer of 1,4-dimethyl-cyclohexane 
dicarboxylate, having the melting point (i.e. M.P.) 
69°—7l° C., are dissolved in 2 liters of methanol, 255 
grams of potassium hydroxide dissolved in 175 milli 
liters (i.e. ml.) of water are added thereto slowly, while 
cooling the resulting mixture. The reaction mixture 
thereafter is heated and re?uxed for 30 minutes, and 
followed by cooling and neutralization with concen 
trated hydrochloric acid. The precipitated mono-ester 
is isolated by ?ltration and washed with aqueous metha 
nol. Its M.P. is l24°-l25‘ C. and yield 93%. 

310 grams of this intermediate half ester are mixed 
with 295 grams of thionyl chloride at room temperature 
and heated on a steam-bath for one hour. Unreacted 
thionyl chloride is evaporated off under vacuum, and 
the residue distilled at 138“-l4l° C. Yield of cyclohex 
ane methyl-half-ester acid chloride is 79%. 
200 grams of this latter intermediate cyclohexane 

half-ester acid chloride are added drop-wise to 2 liters 
of concentrated ammonia at a temperature below 10° C. 
After standing overnight in the cold, the precipitated 
corresponding ester amide is isolated by ?ltration, 
washed and dried. M.P. l89“—l90° C. Yield 80%. 

125 grams of this intermediate ester amide are re 
?uxed for 5 hours together with 400 grams of thionyl 
chloride and 200 ml. of benzene. The reaction mixture is 
?ltered and the ?ltrate concentrated by evaporating off 
the solvent. The residue is distilled giving a 70% yield 
of methyl 4-cyano-cyclohexane carboxylate boiling at 
148°-l56° C. at 14 millimeters of mercury. 

71 grams of this 4-cyano-cyclohexane carboxylic acid 
methyl ester are dissolved in 200 ml. of methanol and 
treated with 27.1 grams of potassium hydroxide in 50 
ml. of water, to hydrolyze the ester. The resulting 4 
cyanocyclohexane carboxylic acid has a M.P. l5l°—152° 
C. Yield 85%. 

14 grams of the free “yam-cyclohexane carboxylic 
acid, admixed in 40 ml. of concentrated ammonia and 
150 ml. of water, are reduced catalytically in presence 
of 2 grams of Raney nickel at a pressure of 1 atmosphere 
and a temperature of 25° C. for 6 hours. After ?ltration 
of the reaction mixture, the ?ltrate solution is evapo 
rated under vacuum, and re-crystallized from aqueous 
acetone. 95% yield of active-AMCHA isomer. 
The active-AMCHA isomer obtained by this route 

assays 95% or better and can be used without further 
puri?cation. 
The reduction of the foregoing free 4-cyano 

cyclohexane carboxylic acid can be conducted by dis 
solving it in sufficient of a water-soluble alkaline agent 
suitable for use in catalytic reduction, and feeding in 
hydrogen gas in the presence of a suf?cient quantity of 
a compatible reduction catalyst which, as in the forego 
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6 
ing paragraph, advantageously is Raney nickel, and 
until the desired reduction is substantially complete. 

EXAMPLE 2 

Active-AMCHA from aminomethyl cyclohexane 
methanol 

To a cold reaction mixture of 143 grams of 4 
aminomethyl cyclohexane methanol of M.P. 118° C., 
and 270 grams of sodium carbonate in 3.5 liters of tolu 
ene, are added drop-wise 140.5 grams of benzoyl chlo 
ride in 100 ml. of benzene, while cooling. During 5 
hours the reaction temperature is allowed to return to 
room temperature, followed by refluxing for 4 hours, 
and ?ltration. Yield of 4-benzoylaminomethyl cyclo 
hexane methanol is 70%. 

170 grams of 4~benzoylaminomethyl cyclohexane 
methanol, 2000 ml. of water, and 7 grams of sodium 
hydroxide form a reaction mixture to which 109 grams 
of potassium permanganate are added during 1.5 hours 
at a temperature below 40° C. The reaction mixture is 
agitated overnight at a room temperature, and ?ltered. 
The ?ltrate is acidi?ed by hydrochloric acid and 
cooled. The oily layer is separated. Yield of 4-ben 
zoylaminomethyl cyclohexane carboxylic acid is 60%. 

81 grams of this intermediate 4-benzoylaminornethyl 
cyclohexane carboxylic acid and 700 m1. of 18% hydro 
chloric acid are re?uxed for 16 hours. The mixture is 
evaporated to 25% of the original volume and ?ltered. 
The ?ltrate is evaporated to dryness. Yield of 4 
aminomethyl cyclohexane carboxylic acid is 98%. 
49 grams of this 4-aminomethyl cyclohexane carbox 

ylic acid are dissolved in 500 ml. of distilled water and 
adsorbed in 500 ml. of chromatography resin (Amber 
lite IR 4 B-H-form, product of Rohm and Haas, Phila 
delphia, Pa.), and eluted by 2 liters of distilled water. 
After evaporation to 100 ml., 500 m1. of acetone are 
added, and the precipitated 4-aminomethyl cyclohexane 
carboxylic acid active isomer is isolated by ?lration, to 
a yield of 75%. 
The active-AMCI-IA isomer thus obtained assays 

90% or better, and can be used as such or after a second 
recrystallization from aqueous acetone, which yields its 
product assaying 95% or better as to the active 
AMCHA isomer. 
The foregoing Example 2 illustrates the synthetic 

route resulting in a high yield of the active-AMCI-IA 
isomer by using as the starting material a 1,4-di-sub 
stituted cyclohexane where one of these substituents is 
the aminomethyl group and the other para to it is the 
methanol group (which group can be converted to the 
carboxyl group). 

In conducting the steps of that Example 2 starting 
with the 4-aminomethyl cyclohexane methanol with the 
melting point at 188° C., that di-substituted cyclohex 
ane, dissolved in an inert solvent for it and with adding 
to that cold solution suf?cient alkali metal carbonate to 
neutralize later formed hydrogen halide, is reacted with 
suf?cient benzoyl halide (dissolved in a suitable inert 
solvent advantageously miscible with the ?rst solvent) 
and cautiously while cooling the reaction mixture to 
avoid undesirable temperature rise, to form the corre 
sponding 4-benzoylaminomethyl derivative. 
The resulting reaction mixture then is heated, even at 

reflux, for a time suf?cient for substantially complete 
formation of that benzoyl-derivative. Any insoluble 
material then is removed from the reaction solution and 
the solvents are distilled off, and from the residue is 



Re. 30,149 
7 

recovered the resulting 4-benzoylaminomethyl 
cyclohexane methanol. 
The latter then is admixed with water and sufficient 

alkali metal hydroxide to provide oxidation conditions, 
and a compatible oxidation agent is added to the mix 
ture in an amount sufficient to oxidize the methanol 
group to the carboxylic acid group while controlling 
the temperature advantageously below 40° C. until 
addition of that agent is completed and then bene?cially 
with agitating until substantial completion of the oxida 
tion. Any insoluble material then is removed from the 
reaction mixture and it is acidi?ed with mineral acid and 
cooled. 
The separated oily layer of 4-benzoylarninomethyl 

cyclohexane carboxylic acid is removed from the reac 
tion mixture and heated, even at re?ux, with sufficient 
mineral acid and for a sufficient time to split off the 
benzoyl group. The resulting mixture then is concen 
trated in about the original volume of that oily layer of 
the benzoyl-intermediate and any insoluble material is 
removed from it. The ?lrate is evaporated to dryness 
and the dry material dissolved in distilled water and 
passed through a bed of chromatography resin. The 
?ltrate from it is evaporated to about concentrated 
state, and suf?cient acetone is added to precipitate the 
desired anti?brinolylically active 4-aminomethyl 
cyclohexane carboxylic acid isomer. 
When the synthetic procedure for synthesizing 

AMCHA comprises catalytic hydrogenation of 4 
aminomethyl benzoic acid, or a benzoic acid substituted 
in position 4 with a group, convertible to the amino 
methyl group, for example, the reduction of 4 
cyanobenzoic acid, or other similar route resulting in a 
mixture of the active and predominately the inactive 
AMCHA isomer, the inactive isomer can be converted 
practically completely into active~AMCHA isomer by 
subjecting the isomeric AMCHA mixture or the iso 
lated inactive form, to treatment with an alkali metal 
which can form a salt with AMCHA. Such reaction 
preferably is carried out in a reaction medium wherein 
the alkali metal salt of AMCHA is soluble. This in 
volves also isolation of the free acid which primarily 
comprises active-AMCHA, and puri?cation. 

In place of the alkali metals themselves, there can be 
used a corresponding alkali metal hydride, hydroxide, 
amide, methoxide, and other alkali metal alcoholate. 
The reaction medium can be melted AMCHA itself, or 
an inert organic solvent such as an aliphatic alcohol, 
preferably a high boiling alcohol or glycol, or glycol 
ester, or dimethyl sulfoxide, as well as an inert aromatic 
solvent as benzene or its alkyl-substituted derivatives 
like toluene or xylene. An advantageous method for 
puri?cation involves, for example, cation exchange 
chromatography. 
Such a method for converting the inactive AMCHA 

isomer into active-AMCHA is demonstrated, but not 
restricted to, the following: 

EXAMPLE 3 

Converting inactive AMCHA to active-AMCHA 

by sodium amylate 
157 grams of AMCHA obtained by hydrogenation of 

4-aminomethyl benzoic acid, and comprising about 
10% of the active-AMCHA isomer, are added to 2 liters 
of sodium amylate prepared from 92 grams of sodium 
and 2 liters of amyl alcohol (technical grade) of HP. 
l30°—l32° C. 

65 
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The reaction mixture is re?uxed for 48 hours, and the 

excess alcohol then evaporated. The residue is dissolved 
in 2 liters of water and passed over a cation exchange 
resin (Amberlite IRC-50, a Rohm and Haas product). 
The eluate is evaporated to a small volume (e.g. 200 ml. 
or somewhat more) and the dissolved AMCHA is pre 
cipitated from the hot solution by admixing acetone. 
Yield of active-AMCHA product is 95 grams. 

Additional quantities of active-AMCHA can be re 
covered from the filtrate by further evaporation and 
acetone precipitation. The product obtained assays 95% 
or better with regard to the anti?brinolytically active~ 
AMCHA isomer, and is suitable for the production of 
pharmaceutical preparations for clinical use without 
further enrichment. 
The procedure of Example 3 can be repeated with 

some other alkali metal amylate or alcoholate. Simi 
larly, the conversion can be carried out by using an 
alkali metal, or an alkali metal compound of the type 
described above, and in any of the above-described inert 
solvent vehicles. 

Separation of the active-AMCHA and inactive iso 
mer from the isomeric AMCHA mixture and quantita 
tive determination of their content, as well as quantita 
tive assay of anti?brinolytic activity, are carried out by 
the methods described above. 

Pharmaceutical preparations comprising adequately 
effective dosage quantities of the anti?brinolytically 
active-AMCHA can be prepared in any of the neces 
sary dosage forms incompatible carriers, as illustrated 
by, but not limited to, the following examples: 

EXAMPLE 4 

Parenteral solution 

A solution for injection is prepared from 100 grams of 
anti?brinolytically active-AMCHA isomer (assaying 
95% active material) and sterile water for injection to 
make 1000 ml. The aqueous solution is passed through a 
sintered glass ?lter and divided into vials of 10 ml. each 
containing one gram of the active-AMCHA. The subdi 
vided material is autoclaved at 120“ C. for 30 minutes. 

EXAMPLE 5 

Elixir 

An elixir is prepared containing the following per 
liter: ' 

Grams 

Active-AMCHA isomer, 95% pure 105 
Sorbitol, 70% aqueous solution 100 
Citric acid 2 
Sorbic acid 0.5 
Sodium cyclamate 5 
Orange ?avor 4 
Water to make 1000 ml. 

The above respective quantities of active-AMCHA 
isomer, citric acid, sorbic acid, and sodium cyclamate 
are dissolved in warm, de-ionized water. The sorbitol 
solution is admixed, and after cooling then the ?avor is 
added. Finally, the volume is made up with water to 
1000 ml., containing practically 0.1 gram of active 
AMCHA per ml. 



Re. 30,149 
9 

EXAMPLE 6 

Tablets 

Tablets containing 500 milligrams (i.e. mg.) of active 
AMCHA isomer each are prepared from the following: 5 

Grams 

Active-AMCHA isomer 500 10 
Wheat starch 324 
Gelatine 22 
Magnesium stearate 24 

The 500 grams of active-AMCHA are mixed with 
260 grams of wheat starch and moistened with 200 ml. 
of water containing the gelatine. The mixture is granu 
lated by passing it through a No. 8 mesh screen, and 
then dried at 40° C. for 24 hours. The dried granulation 
then is passed through a No. 16 mesh screen, mixed with 
the magnesium stearate and the remaining wheat starch, 
and pressed into tablets weighing 870 mg. (concave 
punch, diameter 13.5 mm). 

EXAMPLE 7 

Capsules 
A mixture is prepared containing equal parts by 

weight of active-AMCHA isomer and lactose. This 
mixture then is ?lled, 500 mg. per capsule, into standard 3 
clear gelatine capsules; and after closing, the capsules 
preferably are dusted with talc or corn starch. The 
resulting capsules contain per dosage unit 250 mg. of the 
active-AMCHA isomer. 

Instead of the lactose, any other compatible therapeu 
tically acceptable diluent applicable in capsule mixes 
can be substituted. Alternatively, the diluent may be 
omitted, thus: 

25 

La lh 

EXAMPLE 8 

Capsules (without diluent) 
Active-AMCHA isomer, after screening, is filled into 

clear, standard gelatine capsules, holding 500 mg. per 
capsule. After closing the capsules are dusted with corn 
starch. 
The different dosage forms of the pharmaceutical 

preparations of the invention need not be limited to 
those illustrated by Examples 4 through 8 above. Like 
wise, neither their speci?c content of active-AMCHA 
isomer nor their qualitative composition need be re 
stricted to those respectively speci?cally recited in 
those examples. 

Instead the qualitative compositions of each speci?c 
dosage form as to the ingredients other than the active 
AMCHA isomer can be varied by replacing any of 
them by any other or others equivalent for the respec 
tively same purpose, or by addition of any other or 
others for additional needs, so long as all are compatible 
within the ultimate composition and are not contra 
indicated for the use herein required of the preparation 
and the particular route of administration of the particu 
late dosage form. 

In addition, the content of active-AMCHA can be 
varied so as to provide it in the individual dosage units 
within the range of from about 100 to about 1,000 milli 
grams per dosage unit. The speci?c amount within that 
range per dosage unit of any of the applicable dosage 
forms then can be selected in accordance with the neo 
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10 
essary dosage regimen for the speci?c ailment stemming 
from increased ?brinolysis, which is to be treated. 

Thus, the pharmaceutical preparations of the inven 
tion comprise a therapeutically acceptable dosage form 
having incorporated therein an anti?brinolytically ac 
tive agent consisting essentially of active-AMCHA 
within the range of from about 100 to about 1,000 milli 
grams per individual dosage unit. . 

Within the invention there is the method of combat 
ing an ailment which results from increased ?brinolysis, 
which method comprises administering to a subject 
suffering from such ailment an anti?brinolytically effec 
tive dosage of a pharmaceutically useful preparation as 
described in the preceding paragraph at a dosage regi 
men sufficient to overcome said ailment within the time 
indicated by its type and intensity. 
While the invention has been explained in relation to 

certain illustrative embodiments of it, it is understood 
that many modi?cations and substitutions may be made 
in any of the speci?c embodiments within the scope of 
the appended claims which are intended also to cover 
equivalents of them. 
We claim: 
1. The method of preparing the 4-aminomethyl 

cyclohexane carboxylic acid isomer which in substan 
tially pure state assays at least about 90 percent anti? 
brinolytically active material, which method comprises 
reacting the 4-aminomethyl-cyclohexane methanol iso 
mer melting at 118° C., in an inert solvent for it and the 

0 presence of sufficient alkali metal carbonate to neutral 
ize later formed hydrogen halide, with suf?cient ben 
zoyl halide dissolved in an inert solvent for it, and while 
cooling, to benzoylate its amino group, heating the 
reaction mixture until substantially complete benzoyla 
tion of said group occurs; recovering the resulting 4 
benzoylaminomethyl-cyclohexane methanol and ad 
mixing it with water and sufficient alkali metal hydrox 
ide to provide oxidizing conditions, adding sufficient of 
a compatible oxidizing agent to oxidize the methanol 
group to the carboxylic acid group while controlling 
the temperature below about 40° C. until substantial 
completion of the oxidation; removing the resulting 
4-benzoylaminomethyl-cyclohexane carboxylic acid 
from the reaction mixture, heating it with sufficient 
mineral acid to split off the benzoyl group; and separat 
ing the resulting 4-aminomethyl-cyclohexane carbox 
ylic acid anti?brinolytically active isomer. 

2. The method of preparing the 4-aminomethyl 
cyclohexane carboxylic acid isomer which in substan 
tially pure state assays at least about 90 percent anti? 
brinolytically active material, which method comprises 
reacting the isomer of l,4-dimethyl-cyclohexane dicar 
boxylate melting at 69°—7l° C., dissolved in a water-mis 
cible lower alkanol solvent for it, with sufficient of an 
aqueous solution of an alkali metal hydroxide to hydro 
lyze said diester to the corresponding mono-ester and 
while cooling at a rate to avoid undesirable temperature 
rise; heating the resulting reaction mixture until conver 
sion to the mono-ester is substantially completed; cool 
ing and neutralizing the reaction mixture with mineral 
acid thereby precipitating the mono-ester; reacting the 
latter with suf?cient thionyl halide to provide the corre 
sponding acid halide of said half-ester heating their 
mixture until sufficiently complete formation of the 
corresponding cyclohexane methyl half-ester acid hal 
ide results; evaporating off any unreacted thionyl halide 
and distilling from the residue the cyclohexane methyl 
half-ester acid halide; reacting the latter half-ester acid 
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halide under conditions to maintain the temperature 
below about 10° C. with concentrated ammonia to con 
vert said half-ester acid halide to the corresponding 
ester amide; allowing the reaction mixture to stand 
while cold for the corresponding cyclohexane methyl 
half-ester amide to precipitate out; separating said pre 
cipitated half-ester and heating it in an inert solvent 
with thionyl halide until said half-ester amide is con 
verted to methyl 4-cyano-cyclohexane carboxylate, 
?ltering off any insoluble material in the reaction mix 
ture and evaporating off the solvent from the clear 
?ltrate reaction mixture, and distilling off from the resi 
due the methyl 4-cyano-cyclohexane carboxylate; re 
acting the latter dissolved in a water-miscible lower 
alkanol solvent for it under ester-hydrolyzing condi 
tions with an aqueous solution of an alkali metal hy 
droxide to hydrolyze said ester to 4-cyano-cyelohexane 
carboxylic acid; separating the latter from the reaction 
mixture and dissolving said carboxylic acid in sufficient 
of a water-soluble alkaline agent suitable for use in cata 
lytic reduction, and feeding in hydrogen gas in the pres 
ence of su?icient of a compatible reduction catalyst 
until the desired reduction is substantially complete; 
thereafter separating the insoluble material from the 
reaction solution and concentrating said solution to 
recover from it said 4-aminomethyl-cyclohexane car 
boxylic acid end product. 

3. The method as claimed in claim 2, wherein the 
reduction catalyst is Raney nickel. 

4. The method of preparing the 4-aminomethyl 
cyclohexane carboxylic acid isomer which in substan 
tially pure state assays at least about 90 percent anti? 
brinolytically active material, which method comprises 
adding to a cold reaction mixture of 4-aminomethyl 
cyclohexane methanol and sufficient alkali metal car 
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12 
bonate to neutralize the later formed hydrogen halide, 
in an inert solvent for said cyclohexane methanol, suffi 
cient benzoyl halide to form the corresponding ben 
zoylaminomethyl derivative, the benzoyl halide being 
added in a suitable inert solvent advantageously misci 
ble with said ?rst solvent and cautiously while cooling 
the reaction mixture to avoid undesirable temperature 
rise; then heating said mixture until substantially com 
plete formation of said benzoyl-derivative occurs; re 
moving any insoluble material from the reaction solu 
tion and distilling off the solvents, from their residue 
recovering the resulting 4-benzoylaminomethyl 
cyclohexane methanol; admixing the latter with water 
and sufficient alkali metal hydroxide to provide oxida 
tion conditions and to the resulting mixture adding a 
compatible oxidizing agent to oxidize the methanol 
group to the carboxylic group while controlling the 
temperature advantageously below about 40' C. until 
addition of said agent is completed, and then bene? 
cially with agitation until substantial completion of the 
oxidation; removing any insoluble material from the 
reaction mixture and acidifying it with mineral acid and 
cooling it; removing the separated oily layer of 4-ben 
zoylaminomethyl-cyclohexane carboxylic acid and 
heating it with sufficient mineral acid to split of!‘ the 
benzoyl group; then concentrating the resulting mixture 
to about the original volume of said oily intermediate, 
and removing any insoluble material therefrom; thereaf 
ter evaporating the ?ltrate to dryness, dissolving it in 
distilled water and passing it through a bed of chroma 
tography resin; evaporating the ?ltrate therefrom to 
about concentrated state and adding sufficient acetone 
to precipitate the said autifibrinolytically active 4 
aminomethyl-cyclohexane carboxylic acid isomer. 
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