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thereto. The m xture was shaken in an autoclave at 180[err]C for an hour in

an at nosphere af hydrogen . the initial pressure of which
was 99 atnobspherges gauge The reaction. sol uti on was

concentrated under reduced pressure, 1.35 g (0.024 nol) of potassium
hydroxi de was added thereto and in an.autoclave the m xture was heated at
190- 5 ‘200[err]C. for 18 hours. To the reaction solution, 50
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- COMPLETE SPECIFICATION

Process for the productlon of Tra,nS|-4-Aminomethyl-
2 cyclohexane—l—()arboxyhc Acid '

W'e, DmCHI SEIYARU COMPANY LIMITED of 2, No. 1 3-chome, Edobashl
.Nlhonbashl _Tokyo, Japan; and MiTSuBrsHr CHEMICAL InpusTRIES LIMITED of No. 4
2-chome, Marunouchl Chiyoda-ku, Tokyo, Japan, both Japanese Companies, do
hereby declare the invention, for which we pray that a patent may be granted to us,

5 and the method by which it is to be performed; to be particularly described in and 5
by .the following statement ; — '
..~ The present invention relates to a process for the production of frans-4-amino-
‘methylcyclohexane-1-carboxylic acid.
An object of the present invention is to. provxde an -improved. and economical
10 process for producing tram—4—ammom¢thylcyclohexane- -carboxyhc ac1d which has 10
mgmﬁcant value as an antiplasmic agent. .
. So far, 4-aminomethylcyclohexane-1 -carboxyhc acid has been known as a valuable
stibstance for pharmaceutical use, and it is specifically pointed out in the Specification
' ‘of British Patent No. 949512 that the compound has an antiplasmic activity and an _
15 excellent . therapeutic effect on disorders caused by activated . plasmin 15
i vivo. Two stereo isomers of the compound exist and the frams-isomer has a far DI
stronger - antiplasmic’ activity than the cis~-isomer,
In the reaction of preparing 4-aminomethylcyclohexane-1-carboxylic acid by re-
ducing: the benzene nucleus of 4—amxnomethy1benzo1c acid, Raney-nickel such as any
2 Raney-nickel of W-1 to W-7 (cited in the following references: The Journal of the 20
" Américan Chemical Society, vol. 68, p.1471 (1946), vol. 69, p.3040 (1947) and vol. 70,
"o p.695 (1948) and Organic Syntheses, vol 21, p.15 (1941) is far more convenient than
s platinum as a catalyst to be utilized mdusmally It was recognized, however, that if the
reduction is carried out using Raney-nickel upon 4—ammomethy1benzo1c acid with its -
25  amino group and carboxyl group unprotected, the reaction gives only a small amount 25
" of the desired product,
. We have further executed numerous expenments and studies and have now devel-
~ ‘oped a profitable process of -the present invention for producing #rams-4-aminomethyl-
- cyclohexane-1-carboxylic acid.
30 - In‘the process of: the present invention, the amino group of 4-am1nomethy1benzmc 30
acid is-protected with an acetyl group and the carboxyl group thereof is in the form
‘of an- alkali or alkaline earth metal salt, that is, an alkali or alkaline earth metal salt
.of 4-acetamidomethylbenzoic acid is used as-the starting material,
The process of the present mventlon may be represented by the followmg reaction
35 '-formula s _ : 35
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so that the theoretical anpbunt of hydrogen was absorbed. The catal yst was
r enoved by filtration, and the filtrate was concentrated
under reduced pressure t,0 dryness. To the residue, 12 m of

water and 4.7 g (0.015 nol) of barium hydroxi de was added, and the nixture
was heated in an autoclave at.200[err]C for 15 hours. To the reaction

20 solution 100 M of water was added and, while warm the theoretical
anount of dilute 20 ' sul phuric acid was added to

pregipi tate bar| um suI phate Af ._28§,pol | ng, the pr eci p| tate .

was +enmoved-by-fil tration. at-g Fed-—and--ik precipit-ated
crystals were recrystalli zed er X ce‘tone - They were
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In 50 m of water 3.9 ¢ (0 02 rml) of 4-acet ani-qonet -y’fﬁenzolc aci d and
0.74 g n of cal ci urf®hydr oxi de(mere\suspendédj\,Tn an aut ocl-ave.
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atmospheres gauge, so that the theoretical amount of hydrogen is absorbed. The
resultant - alkali or alkaline earth metal salt of 4-acetam1domethylcyclohexane-1-
carboxylic acid (II), with or without being isolated from the reaction mixture, is
20 then subjected to the second step of the process, which conveniently involves heating . 20
the isolated salt or the reaction mixture aforesaid at 180—2509C in-an autoclave:for '
8-—18 hours with an aqueous solution of an alkali metal hydroxide such ‘as sodium or
 potassium hydroxide or an alkaline earth metal hydroxide such as calcium hydroxide or
barium hydroxide. The amount of alkali or alkaline earth metal hydroxide should be
25 sufficient to hydrolyze the acetyl group, for example, about 1——1 2 mol equxvalent of . 25
the amount of the compound (II).
Thereafter, the treatment may be contmued as follows in order to remove mor—
anic jons: .
& (1) When an alkali- metal salt of 4-acetam1domethy1benzorc acid is used as the *
30 starting material and/ or an alkah metal hydx:ox1de is used as the hydrolyzmg-transform- 30
ing agent: « -
8 The reaction mixture containing the salt of trms—4-annnomethylcyclohexane—l- S
carboxylic acid is passed through a column of a strong cation-exchange resin, for
example Diaion KS #1 (H type) (trade name of Mitsubishi Chemical Industnes
35 Limited, Japan) into which 5%, aqueous ammonia is then poured to elut¢ the ammonium
salt of tnms-4-ammomethylcyclohexane—1-carboxyhc acid. This- procedure may  be
stmphﬁbd when the potassium salt of 4-acetam1domethy1benz01c acid- is- used as the
starting material and potasslum hydroxide is used as the: hydrolyzmg-transformmg
agent, since the difference in solubility between the potassium: acetate produced by.
40 deacetylation of the 4-acetamidomethylbenzoic acid-and.the potassium salt: of. the
desired product can then be utilized, and the potassium acetate. removed by dissoltion
in methanol without recourse to the aforesaid treatment with a catxon—exchange resin.
(2 When an alkaline earth metal salt of 4-acetamidomethylbenzoic acid- is used
as the starting material and/or an alkalme earth metal hydroxide is used as the hydro- :
45  lyzing-transforming agent: 45
: An equivalent amount of an acid (for example, sulphunc acid or oxahc aad) .
capable of formmg a sparingly soluble alkaline earth metal salt must be added to the. . .
reaction mixture before the treatment with a east~iem-cxchange resin, to remove the cation
alkaline earth metal ion contained therein, as, for example, barium sulphate or calcium:
50 oxalate. Treatment with a cation-exchange resin can, however, be omitted when an 50
aikaline earth metal salt of 4-acetamidomethylbenzoic acid and an alkalige earth metal
hydroxide are used.
The final filtrate is concentrated and the residue recrystalhzed from water-acetone




melts at 380-390[err] C (deconp.). 40 _ Having regard to the
provi sions of Section 9 of the Patents Act, attention is 40

di r ected—to—the—Crarfrs—of—Speeiii-cation No.10360952

VWHAT. VE CLAIM | S: - 1. A process for producing
trans-4-am nonet hyl cycl ohexane-| - carhoxyl t ¢ acid, whi ch
conprises reducing an alkali or alkaline earth netal salt of ?
4- acet am donet hyl - 45 benzoic acid by heating it under pressure
in the presénce of a hydrogena}tiom;ﬁ%@! y:s_t 45 T apd ;lnt an
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step 60 ‘cation .exchange resin, Dision SK#. The column was washed with .water, and -then
20 irans-4-aminomethylcyclohexane-1-carboxylic .acid was eluted with 5% .aqueous 20

’ -ammonia. This .ammoniacal eluate (positive in the Ninhydrin Reaction) was concen-

‘trated -to-.dryness, ;and' the residue -was recrystallized- from :water-acetone .or .water-

alcohol to.give 2:25 g (yield: 71%) of .crystals of -trans-4-aminomethylcyclohexane-1-~ 'd'a\
. <carboxylic acid-which melt at 380--390°C (decomp.).
25 - Analysis for C,H, QM. | 25
s Calculated (%) C6L12, H®962 - N 8L
Found (%) C61.10, H952 N 858,
EXAMPLE 2 '

~In .an -aqueous :solution :prepared by dissolving 1.1 -8 -€0:02 mol) of potassium
30 “hydroxide in 30 .ml of .water, 3:9 g (0.02 ‘mal) of 4-acetamidomethylbenzoic acid was 30
: -dissolved to -make -a -neutral solution. ‘In this aqueous solution, :1 g of Raney-nickel
catalyst was suspended, -and the suspension was:shaken in.an autoclave at 170-~180°C
for:abeut ‘2 :hours in :an :atmosphere -of hydrogen, the initial pressure of which was 90
- -atmespheres gauge, ‘so :that the theoretical .amount of hydrogen was absorbed. After
35 cooling, ‘the catalyst was removed by filtration. To -the filtrate, :1.35 .g (0.024 mol) of 35
: ‘potassivm hydroxide was added, and .in an autoclave the solution was heated at 190-—
200°C for 18 hours. After cooling, 1.45 g (0.024 mol) of glacial acetic acid was added
ito :the reaction solutien-to-neutralize it, and the solution was then concentrated under
reduced pressure. To the residue, 15 ml of -methanol - was.added to remove ;potassjum
% 40 acetate by dissolution. The residue was further treated twice with methanol to give a
crystalline powder. This powder gave, upon recrystallization from water<acetone,
2336 g (yield: 75%) of colourless crystals of trans-4-aminomethylcyclohexane-1-car-
‘boxylic .acid :which ;melt_ at 380—390°C. (decomp.). This product agreed well with
-an :gythentic .sample -in respect -of :both .infra-red. spectrum and melting point.
In 30 ml of :water, 3:9.g-(0.02-mol) of 4-acetamidomethylbenzoic acid and 3.15¢
(0.01 mol) of barium hydroxide were suspended, 1.g of Raney-nickel . catalyst was
added :to ‘this.suspension, and :the .reuction was carried out by heating in a hydrogen
atmosphere under superatmospheric pressure, The catalyst was removed : by filtration
50 frem.the reaction mixture.and; the filtrate was concentrated 1o dryness. To the residue, 50
1.2 ml of water and 0.96 g (0.024 mol) of sodium hydroxide were’added, and:the
‘mixture yvas ‘heated in . an antoclave .at 190-—200°C for 16 -hours, To . the reaction
solution, 100 ml of water was added, and, while warm, the :theoretical amount of - _
dilute -suiphuric -aeid was added -to :precipitase -barium sulphate. . After cooling, the

55 barium sulphate was filtered, and the filtrate was treated: with a.strong cation exchange 55
Fesin; in. the same- manger .as in; Example .1 t0.give 2.55 g (vield: 81%,).of colourless
crystals of trm_zs-4-aminomethy1cyt:lohexane-1-carb9.¥¥.1ic acid which melt at 380— —
390°C- (decomp:). - : 4 :

60 In 50 ml of water, 3.9 g (0.02 mol) of 4-acetamidomethylbenzoic acid and-0.74 = 60
g of calcium hydroxide were suspended, and 1 g of Raney-nickel catalyst was added




of recovering trans-4-am nonet hyl cyol ohexane- 1-carboxylic acid fromthe
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-thereto. The mixture was.shaken:in an autoclave at 1809C for an h

solution was- conceptrated ‘under : reduced . pressure, :1.35 g (0:

‘hydrolysis-conversion - reaction- by heatmg it under pressure thh-

8 40 to 100 atmospheres gauge. -

"m the fifst step is 120 to 200°C.
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of hydrogen, the initial pressure of* which was 99 atmospheres

hydroxide -was -added - thereto-and«in ‘ari autoclave: the misture: was: —hea_
200°C:for 18 hours. To the reaction- solution; 50. ml -of-water-was added,
theoretical amount of oxalic. acid ‘was::added ‘to - precipitates e~ calcitrr
precipitate was removed . by- filtration-and . the filtrate- was treated- with: %
exchange resin in the same manner as in Example 1 to give 2'08 g {yield* 66%) of -~
colourless crystals of trms-4-anunomethy'lcyclohexane—1-carboxy{;c Giel™ whléff meltfat
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'380—-390°C (decomp) _ : T

EXAMPLB 5 .
In-30 gal of water, 39 g (o 02 mol) of: 4-acetam1domethylbenzm deid-and 3358

‘(0 01 mol) of barium hydroxide were suspended. In an autoclave; 1:g of ‘Raney-nickel

catalyst. was ‘added thereto; and - the mixture ‘was. shaken:at -170-—180°C- fur :an. hour
in an atmosphere. of hydrogen,:the-initial pressure of -which was'98 atmospheres gauge,
so that the theoretical .amount: of hydrogen was absorbed. The: icatalyst was remoyed
by filtration, and. the filtrate was concentrated: under- reduced -pressure to: dryness. To
the residue, 12 ml of-water and: 4.7- g (0:015 mol) of barium.hydroxide ‘was added,

and the mixture was heated in .an autoclave ‘at. 200°C for 15 hours, To the reaction

solution 100°ml of water. was-added and, while warm, the theoretical ‘amouint: of ditute
sulphuric acid was added: to- precipitate: barium sulphste. After-cooling,.thé précipitate °
was- removed by filtration. The -filtrate  was evaporated. and the- precipitated: crystals .
were recrystallized - from -water-acetone. : They::were :again recrystallized from: water-
methanol-acetoné to give 2.55 g (yield: 81%,) of irams-4-aminomethylcyclohexane-1- -
carboxylic acid which melts at 380—390°C (decomp.). The product agreed well with
an authentic sample in respect of 1nfra-red spectrum meltmg pomtxand,the -character- -
istics of 1ts denvauves 8 B
EXAMPLE 6

In 50 ml of water, 3 9¢g (0 02 mol) of 4-acetam1domethylbenzom acid and 0.74 g
of calcium hydrozide were suspended: In an autoclave. 1 g of Raney-nickel was added
thereto, and the mixture..was shaken at 180°C. for.an: hour.in:.an-atmosphere of
Lydrogen, the- initial pressure of which was-99 atmosphéres:gauge: The réaction mixture
was concentrated: to 20 ‘ml, 0.85:.g (0.015 mol) of caltium .. oxide: was- added: 'with
resultant hydration and: the mixture was heated in. an- autoclave at:200°C for 1S hours. -
To the reaction solution, 50 ‘ml of water was added; and then the theoretical amount
of ‘oxalic acid was-added to precipitate calcium oxalate;: The: precipitate. was. removed

'by filtration, and - the . filtrate was treated :in' the same manner as:in: Exainple 5. to

give 1.6 g (yield: 51%,) of tram-4-annnomethylcyclohexane~1-carboxyhc ac1d whxch
melts at 380—390°C (decomp.).i -+ - : :

Having regard .to ' the - prowsmns ‘of Sectmn 9: of the Pateuts Acty attenuon is
dn'ected to the Clalms of Spec1ﬁcatwn No 1086952 - _ s

WHAT WE CLAIM IS — : S - L
1. A process” for producmg trms—4-ammomethylcyclohexane-1-carboxyl1c acrd

-wh1ch ‘Comprises reducmg an alkali- 6¢-alkalirie earth-metal salt ‘of 4-acetam1domethyl—

benzoic acid by heating it -uider: pressure in the ' presence of a:hydrogenation-¢atalyst
and in an atmosphere of hydrogen to produce an alkali or alkaline earth metal salt
of 4-acetatmdomeﬂ1y1cyolohexane—l-earboxyhc acid, and sub,ecung such- salt to a

' aqueous alkah

or alkaline ‘earth: métal hydroxide. -
* 2. -A process according to Clauu 1lin whlch the mmal pressure in. the ﬂrst step

3. A process socording to-Claim 1 o Cla:m 2in whlch the malyst""' kaney—;

mckel : £ :
4, A process accordmg 0 any one of Clanns 1 to 3 1n whlch the temperature

‘5. A process accordmg to any one of Clauns 1 to 4 in: wluch !
in* the ‘second step is 180 to 250°C:

"6. A process according to any one of Clalms 1 to 5 m wlu' T
mthesecondstep1s8t018hours ' : '

7. A process according to any one of the precedmg Clalms mcludmg-the'snep
of recovenng #am—4—ammomethylcyolohexane-1—carboxylzc acrd from the reactxon
mixture, i
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ERRATA SPECI FI CATION No. 1,112,897 Page 2, line 48, for "cast ion",

read "cation" Page 3, line 23, for "trans" read "trans" Page 3, |ine 47,
after "suspended" for "full stop" substitute "comm"
4 1,112,897 ’

thereto. The mixture was shaken in an autoclave at 180°C for an hour fnan atmosphere
of hydrogen, thé initial pressure of* which was 99 atthospheres gauge. The reaction

solution was concentrated under reduced pressure, 1.35 g (0.024 mol} of. potassium pe
hydroxide was added thereto and in an autoclave, the mixtore was heated at 190— . - . lfetf%
5 200°C for 18 hours. To the reaction solution, 50 ml of water was added, and.then the ) ®

theoretical amount of oxalic acid was added to precipitate - calcium .oxalate. The -
- precipitate was removed by filtration and the filtrate was treated with a strong jon-
exchange resin in the same manner as in Example 1 to give 2.08 g (yield: 66%,) of
colourless crystals of trans-4-aminomethylcyclohexane-1-carboxylic acid which melt at
‘10 380—390°C- (decomp.). - : - ) ST
' : EXAMPLE 5 : '

In 30 ml of water, 3.9 g (0.02 mol) of 4-acetamidomethylbenzoic acid and 3.15 g
(0.01 mol) of barium hydroxide were suspended. In an autoclave, 1 g of Raney-nickel
catalyst was added thereto, and the mixture was shaken at 170—180°C for an hour
. 15 in an atmosphere of hydrogen, the initial pressure of which was 98 atmospheres gauge, 15
so that the theoretical amount of hydrogen was absorbed. The catalyst was removed
by filtration, and the filtrate was concentrated under reduced pressure to dryness. To
) the residue, 12 ml of water and 4.7 g (0.015 mol) of barium hydroxide was added,
RN and the mixture was heated in an autoclave at 200°C for 15 hours, To the reaction :
20 solution 100 ml of water was added and, while warm, the theoretical amount of dilute 20
sulphuric acid was added to precipitate barium sulphate. After cooling, the precipitate
was removed by filtration. The filtrate was evaporated and the precipitated crystals
were recrystallized from water-acetone. They were again recrystallized from water-
methanol-acetone to give 2.55 g (yield: 81%,) of trans-4-aminomethylcyclohexane-1- .
25 carboxylic acid which melts ar 380—390°C (decomp.). The product agreed well with 25
- an authentic sample in respect of infra-red spectrum, melting point and the character- :
istics of its derivatives. : '

10

ExAMPLE 6
In 50 ml of water, 3.9 g (0.02 mol) of 4-acetamidomethylbenzoic acid and 0.74 g

30 of calcium hydroxide were suspended. In an autoclave. 1 g of Raney-nickel was added 30
thereto, and the mixture was shaken at 180°C for an hour in an atmosphere of
hydrogen, the initial pressure of which was 99 atmospheres gauge. The reaction mixture
was concentrated to 20 ml, 0.85 g (0.015 mol) of calcium oxide was added with
resultant hydration and the mixture was heated in. an autoclave at 200°C for 15 hours.

35 To the reaction solution, 50 ml of water was added, and then the theoretical amount 35
of oxalic acid was added to precipitate calcium oxalate, The precipitate was removed
by filtration, and the filtrate was treated in the same manner as in Example 5 to
give 1.6 g (vield: 519%.) of trans-4-aminomethylcyclohexane-1-carboxylic acid which
melts at 380—390°C (decomp.). . o

40 _ Having regard to the provisions of Section 9 of the Patents Act, attention is 40
directed to the Claims of Specification No. 1086952.

WHAT WE CLAIM 1S:— : .
1. A process for producing trans-4-aminomethylcyclohexane-1-carboxylic acid,
which comprises reducing an alkali or alkaline earth metal salt of 4-acetamidomethyl-
45 benzoic acid by heating it under pressure in the presence of a hydrogenation catalyst 45
and in an atmosphere of hydrogen to produce an alkali or alkaline earth metal salt
of 4-acetamidomethylcyclohexane-1-carboxylic acid, and subjecting such salt to a
hydrolysis-conversion reaction by heating it under pressure with an aqueous alkali
or alkaline earth metal hydroxide. :
50 2. A process according to Claim 1 in which the initial pressure in the first step 50
is 40 to 100 atmospheres gauge. '
3. A process according to Claim 1 or Claim 2 in which the catalyst is Raney-
nickel.
4. A process according to any one of Claims 1 to 3 in which the temperature

55 in the first step is 120 to 200°C. . 55
: 5. A process according to any one of Claims 1 to 4 in which the temperature o
in the second step is 180 to 250°C. ‘ E
. 6. A process according to any one of Claims 1 to 5 in which the time of heating
in the second step is 8 to 18 hours.
60 7. A process according to any one of the preceding Claims including the step 60
of recovering frans-4-aminomethylcyclohexane-1-carboxylic acid from the reaction
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