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present invention relates to a novel process for preparing 5 19 JAN 2004
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The thicamides used for this purpose are obtained, for example,
by reacting an amide with Lawessons’ reagent (1), (2), (3), or by
25 reacting an aminonitrile with HzS (7) K.P. Moder, F.R. Busch, D.C.
Richter, Org. Prep. Proced. Int. 24 (1992), 66; G. Li, P.M.
Warner, D.J. Jebaratnam, J. Org. Chem. 61 (1961), 778; T.P.
Hollex, F.Q. Ruan, A. Spaltenstein, P.B. Hopkins, J. Org. Chem.
54 (1989), 4570; T.P. Culbertson, J.M. Dornagala, P. Peterson, S.
30 Bongers, J.B. Nichols, J. Heterocycl. Chem. 24 (1987), 1509; H.
Moser, A. Flin, A. Steiger, A. Eschenmesser, Helv. Chim. Acta 63

(1986), 1224.

The processes described in the literature are in most cases only
35 suitable for small batches on a laboratory scale. They employ
protective groups which, when used on an industrial scale, would
increase preparation costs owing to the high cost of the starting
materials. Furthermore, in the case of the synthesis of the
thioamides with reaction with H;S, industrial implementation of
40 the process is made difficult owing to high environmental and
safety requirements. The synthesis of the thioamides with
Lawesson’s reagent on an industrial scale is unattractive for
economical reasons, owing to the high cost of the starting
mate 'ials. Furthermore, it has been found that these procedures,
45 when the reaction is conducted on a pilot plant scale, do not
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20 prolyl—[2-(4-hydroxyamidino)thiazole]methylamide hydrochloride.

It is an object of the present invention to provide a process for
preparing 2-aminomethyl-4-cyanothiazole, thus making available
this synthesis building block cost efficiently for other

25 syntheses.

We have found that this object is achieved by a novel way of
constructing the thiazole skeleton which makes the
4-cyano-2-methylthiazole building block industrially accessible.

30
H,N.__ COOR! COOR’
BocHN_  _CN - . N
~ + :I/ BocHN /_jg
>97%
m (n I
15 (v)
COOR! CONH,
3 S
— BocHN BocHN
>96% \/QS 55% \/Q
40 S
V) v
CN CN
s N
3
45 S X- S

(viny (vitny



BocHNVCN + 35 H2ZN V COOR' HST (n) (~~~) COOK 40 ~~ BocHN >96% M >97% 55%
5 BocHN 11 \~~ 5 (1V) BocHN Il 1 S COORL CONH2 CN CN 45 - ph BocHN1atilAN H0i
X. (Mrig1 9 JAN 2004 3 where Rl is branched or straight-chain
Cl-C[err]-alkyl or ~,- (CHerr])n 5 wheren =0, 1 or 2 and R2 is branched
or straight-chain Cl-(err]-alkyl or 31-C4-al koxy or Cl-C4-di al kyl am no.

Preferred ,gubstiit yengs @ec{ %3%%%@_@ ?Hdlb_g\[{]{}j{[ L) lerr],

N(Cerr]Herr])[err], err err

_(CHz)y
=

where n = 0, 1 or 2 and R? is branched or straight-chain
C1-Cyp-alkyl or C;-Cg-alkoxy or C;-Cy-dialkylamino. Preferred
substituents are -OCH3, OCH;CH3, N(CHi);, N(CzHs)z, CHi, CjHs, C3Hj.

10 Here, the thiazole ring is obtained by reacting an aminonitrile
with L-cysteine, giving the thiazolidine, followed by its
oxidative aromatization.

Thiazole syntheses by oxidation of thiazolidines or thiazolanes
15 are known from the literature; however, they have only been
described on a laboratory scale. Frequently, these oxidations are
carried out using manganese dioxide. However, this variant gives
only moderate yields (9) Y. Hamada, K. Kohda, T. Shiciri,
Tetrahedron Lett. 25 (198B4), 5303. Better yields are obtained by
20 using perbenzoic acid esters in the presence of copper salts (10)
F.X. Tavares, A.I. Meyers, Tetrahedron Lett. 35 (19%4), 6803;
(11) A.I. Meyers, F.X. Tavares, J. Org. Chem. 61 (1996), 8207.
Almost quantitative conversion is obtained in the presence of
bromochloroform and DBU (12) D.R. Williams, P.D. Lowder, Y.G. Yu,
25 D.A. Brooks, Tetrahedron Lett. 38 {1997), 331. This reaction is
characterized by particularly mild reaction conditions. However,
this synthesis, too, has only been carried out on a gram scale.

The preparation of a thiazolidine or thiazolane starting from a

30 cysteine derivative has only rarely been mentioned in the
literature. Examples are known where a cysteine ester has been
reacted with aminoaldehydes to give the thiazolane (3), (4),
which is then converted into the thiazole via the thiazolidine
intermediate. However, a-aminoaldehydes are not very stable.

35 Moreover, they are not commercially available, and they therefore
have to be prepared from the corresponding amino acids by
milti-step processes.

In addition, thiazolidine syntheses are known where the

40 thiazolidine is obtained by reacting the cysteine derivative with
imido esters (3), (4), (10), (13) K. Inami, T. Shiba, Bull. Chem.
Soc. Jpn. 58 (1985), 352. However,. imido esters are likewise not
commercially available and have to be synthesized by a multi-step
process, for example from an aminonitrile.

45
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In both steps, the crude products can be employed directly in the

next step without costly purification.

The next step in the synthesis sequence according to the
invention is the aminolysis of the ester to give the amide. The

25 aminolysis can be carried out both in agueous medium and in
alcoholic ammonia solution. It is possible to use alcoholic NHj
solutions (for example in MeOH, EtOH, iPrOH), but also agueous NH3
solutions (for example 25% strength).

30 In aqueous NH3 solutions, higher NH; excesses are required; for
this reason, preference is given to alcoholic NHj solutions, owing
to the higher space-time yield. The process according to the
invention is characterized in that the reaction can be carried
out in highly concentrated form using the crude

35 thiazeolecarboxylic acid ester. If the process is carried out on
an industrial scale, this results in a good space-time yield.

The conversion into the 2-aminomethyl-4-cyanothiazole (VIII) or
(Ia) and {Ib) can then be carried out in a simple manner by

40 dehydratization using, for example, trifluorocacetic anhydride,
and subsequent gentle removal of the BOC protective group.

The process according to the invention is characterized in that
it can be carried out in a simple manner, without costly

45 purification. All the essential reaction steps proceed with
guantitative or almost quantitative yields. The costs of the
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conversion into the 2-am nonet hyl 9 aoth zole (M 1] QL I and (1b)
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isolating the ester. Starting from cysteine ester, it is thus
possible to prepare the crystalline amide in a yield of > 50%, at
little technical expense.

25
The present invention relates to a process for preparing
2-aminomethyl-4-cyanothiazole and its salts of the formulae Ia
and Ib

30

N N
CN CN
HoX HzN/\(/_]/ HzN/\(/J/
S S
n

(la) (Ib)

35 in which
n=1o0r 2 and
for n = 1, X is chloride, bromide, triflate and hydrogen sulfate
and
for n = 2, X is sulfate,

40
which can be reacted [sic] by introducing the
tert-butyloxycarbonyl protective group (BOC) on the nitrogen of
the aminoacetonitrile, followed by reaction with cysteine ester
and oxidation to the corresponding thiazeole-4-carboxylic acid

45 ester and further conversion into the thiazole-4-carboxamide and
finally the 4-cyanothiazole derivative.



and subsequent gentle renoval of the BOC protective group. The process

according to the invention is characterized in that it can be carrit§ JANG00

in a sinple manner, without costly 45 purification. Al the essenti al
reaction steps proceed with quantitative or alnost quantitative yields.
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hydr ol yzi 8§ve Heheesedit-fired, f9r odxahpl Eormgidedls sodi um 15 hydr oxi de
solution, followed by pHcontrolled addition of acid, it is also possible
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BOC- pr ot et irﬁcf}ﬁe% WG AL LA H G285k dhY 1ddsB1EQULE: eird Fe@muliBE Syt hesis
on an industrial scale, 1t 1Is advantageous to prepare the

t hi azol ec8PBo¥ani de in a one-pot process, without isolating the ester.

Starting fromcysteine ester, it is4hus possible to prepare the

crystalline amde in ield > &P at it e i cal expense. 25 30
CNL n BB N' ON FeX(t 2|b)J’ H,N )
- S S

(1a) {Ib)
in which
20n = 1 or 2 and
for n = 1, X is chloride, bromide, triflate and hydrogen sulfate

and,
for n = 2, X is sulfate. In the process according to the
invention, the aminonitrile of the formula II

25

1)
BocHNVCN (an

is stirred with a cysteine ester of the formula III

30 H N CQPR

2
:]/ (i

HS

in which R! is branched or linear Cj;.jg-alkyl or

35
’//(CHZ)n
O

where n = 0, 1 or 2 and R? is branched or straight-chain

40 C,-Cjp-alkyl or C;-Cg-alkoxy or C;-Cy-dialkylamino, in an inert
solvent in the presence of a base at from 0°C to 80°C until the
reaction has essentially proceeded to completion.

The cysteine ester is preferably present as hydrochloride.
45



35 in whichn=1o0r 2 and for n =1, Xis chloride, bromde, triflate and
hydrogen sulfate and for n = 2, X is sulfate, 40 which can be readt®daN 2004
[sic] by introducing the tert--butyloxycarbonyl protective group (BOC) on
the nitrogen of -the am noacetonitrile, followed by reaction with cysteine
ester and oxidation to the correspontling thiazol e-4-carboxylic acid 45
ester and Motbbher, CRNEEINENth MR tihﬁze‘h'@&éﬁp!@i&'r%_@[:?@%ﬁx{;"@ﬁa%ﬁgidﬂé'al ly
the 4-cyanqt hi azol e derivafive. The present invention relates to a process
for preparing 2-am nonethyl-4-cyanothiazole and its salts of the fornul ae
la and Ib 19 JAN 2004 6 The 4-cyanothi azgoss VII and VIII are novel .
Using this process, the internedi ates #¥(and V can be conwerted

advant ageously, wi thout furthePoskibtk-up, ¥ nto the respective subsequent
product. 5 The 4-cyanothi azole salt "VIT$7 which is enbraced by the formula
la, can b eact ed: r .pH.co I ditions with bases to give the
salt-f ree%Fér%goﬁpﬁﬁg%?o%ﬁu?g ?’E)é.roélg%%lﬁgg?hventi on furthernore relates to
processes for preparing  2-am nonethyl-4-cyanothiazole and its salts of the
fornul ae e mAgL1pings toReraleprdirdin acid @sterapnd the fermula X is

chlorid® bromde, triflate and hydrogen sulfate and |
COOR?

N
BocHN \/th )
S

15 in which R! is as defined above is stirred in an alcohol R20H, in
which R? is branched or linear Cj_g-alkyl, HO-CH,;-CHy-,
HO-CH;-CH;-CHy- or Cj;.4-alkyl-0-CH;-CHz-, at from 0°C to 40°C with
from 1 to 50 molar equivalents of NH; until the reaction has
essentially proceeded to completion.

20
Following the steps above, the process can be carried out without
isclation of the intermediates.

The thiazolecarboxamide of the formula VI
25 CONH,

BocHN\/Ej vn
S

can be filtered off as a solid.

30
Furthermore, the amide VI can subsequently be dehydrated to give
the BOC-protected 4-cyanothiazole of the formula VII

vy

CN
N
35 BocHN \/-/(_§
S

and the BOC protective group can be removed.

40 Furthermore, the invention relates to a process for preparing the
compound of the formula V

COOR!

N
BocHN /4§ )]



for n =2, Xis sulfate. In the process according to the i nvention, the
anminonitrile of the formula Il 25 30 35 BocHN CN is stirred with a 19 JAN 2004
cysteine ester of the fornmula Il Herr]N COOR HS in which RL is branched
or linear Cl-10-alkyl or (CHerr]) n wheren =0, 1 or 2 and R2 is branched
or straight-chain 40 G Cerr]-alkyl og Cl-C4-al koxy or Cl-C4-dial kyl am no,
in an inerjly, wRPLY & He Iaﬁhl'hgﬁl@ffﬁ@ 8k A aty fromOC to 80C until the
reaction has essentially proceede o conp etion. The cysteine ester is
preferably present as hydrochlorl é§ 9 JAN 2001 7 Mop,eover, accordi ng
to the invention, the resulting £h |aZBPi I ne |V COORL 5BocHNN—( (rv) s
10can be oxidized in an inert solvent. The resulting thiazol ecarboxylic

aci d estserisobtiheed ovirall a Yy&£XXRE BetkN ¢F)tHd formodbchiR err] is as
defined above is stirred in an alcohol Rerr]OH in which R2 is branched

or linear Clerr]-alkyl, FK)C}Q-Cﬁ =, 2- CH2- CH2- or
Cerr]-alkyl-OCH2-CH2-, at from with from1l to 50 nol ar

equi valents of NH err] until the reaftion has essential | proceeded to
conpl eti on. HS

10 in which R! is branched or linear C;_j;p-alkyl or

,/’(CHZ)n
T

15 where n = 0, 1 or 2 and R? is branched or straight-chain
C;~Cj;p~alkyl or C;-Cs-alkoxy or C;-Cy-dialkylamino in an inert
solvent in the presence of a base at from 0°C to 80°C until the
reaction has essentially proceeded to completion.

20 If appropriate, when preparing the compound of the formula IV
' COOR!

BocHN \/Ej
S

25 according to the above process, the resulting thiazolecarboxylic
acid ester of the formula Vv

)

COOR!
8
BocHN /i V)

in which R! is as defined above is stirred in an alcchel RI0OH at

from 0°C to 40°C with from 1 to 50 molar equivalents of NH; in an

aguecus ammonia solution until the reaction has essentially gone
35 to completion.

Furthermore, the invention relates to compound [sic] of the
formulae Ia and Ib

40 N N
CN CN
HpX » HzN/\(/J/ HZN/\(/J/
S ] S
(la) (Ib)
45 in which

n=1or 2 and



20 Fol l owi ng the steps above, the process can be carried out w thout
isolation of the internediates. The thiazol ecarboxanm de of the fornultd AN 2004
25 CONH err] BocHN 11 NO S can be filtered off as a solid. 30 35
Furthernore, the.am de VI can subsequently be dehydrated to give the

BOC- prot ect ed 4-cyanot hi azole of the $ormula VII CN BocHN // 11 and the

-BCC prot egbrVg 9rpumx Gancheor eddV eftomdfe FUE HEIATRr Bndt Beal JPeankLeRaf£l at es
to a procgggy for preparing the conpound of the formula V err] 45 19
JAN 2004 in whjch the am.nonitrile of the formula Il BocHN CN 5 is
stirred with 3 Tyst i é EEE%?t%ﬁ the formula Il Herr]N COOR[err] HST 10
in which RL is branched or linear (Jerr]-alkyl or ,- (CHerr]) n 15 where n
= 0, 1 6&r aRdahd Radwmair enmpedndrofstthei §htmelaivil Clerr]-C err]-al kyl or

Cl- C4- al koxy or Cl-C4-dialkylamno in an inert solvent in the presence of
a base at fromOCto 80C until the reacticdn has essentially proceeded to
conpletion. 20 If appropriate, when pr \ring t he conpoupsh of the fornula

iv COOR[err] BochN __{

S
10
Example 1
Thiazolidine (IV)

15 205.1 g {1.31 mol) of BOC-acetcnitrile are dissolved in 1160 ml
of methanol and, in the presence of 23.2 g (0.23 mol) of
triethylamine, admixed with 244.7 g of L-cysteine ethyl ester.
The mixture is heated at 60-65°C for 20 h. The reaction mixture is
concentrated under reduced pressure and the residue is admixed

20 with 700 ml of toluene and 300 ml of water. The mixture is
stirred at room temperature for another hour. The phases are
separated and the organic phase is washed twice with 200 m [sic)
of water. The combined aqueous phases are extracted with toluene.
The combined organic phases are concentrated at 60°C under reduced

25 pressure.

Yield 366.3 g (>97 %)

1B-NMR (DMSO-d%):8 = 7.4 (t, 1H, NH), 5.1 (t, 1H, CHCOOEt), 4.2
(q, 2H, OCH,0CH3), 3.9 (s, 2H, CH;NH), 3.5 (d/d, 1H, SCHHCH), 3.4

30 (d/d, 1H, SCHHCH), 1.4 (s, 9H, tert-butyl), 1.2 (t, 3H, OCHzCHj3)
PPm.

Example 2
Ethyl thiazolecarboxylate (V)

35
464 g (1.61 mmol) of thiazolidine are dissolved in 2 1 of
methylene chloride and, at from -5 to 0°C, admixed with 277 g of
DBU. At from -5 to 0°C, 364 g of bromotrichloromethane are then
added dropwise over a periocd of one hour, and the mixture is

40 stirred at this temperature for 20 h. 1 1 of water is added, and
the reaction mixture is allowed to warm to room temperature. The
organic phase is washed with 1 1 of water and 1 1 of aqueous
ammonium chloride solution and concentrated at 50°C under reduced
pressure.

45 Yield 458 g (100 %)}, [vield corrected for purity: 96 %]



N BocHN S (M 25 according to the above process, the resulting

t hi azol ecarboxylic acid ester of the fornula V COOR[err] 30 BocHN 'Y'Q
which Rl is as defined above is stirred in an alcohol R err]CH at from%@m
to 40C wth from1l to 50 nolar equivalents of NHerr] in an aqueous

ammoni a solution until the reaction h@s essentially gone 35 to conpletion.

Fur t her mong. iR dMbeRk) Oy elgaleps t 0L OBRABBEEL §) C). e0f( st Nen, friyTUlsag 1a
and 1b 40 N N.L X' % HON=<i CN.45 in which n,=. 2.agd 1 9
JAN 2004 dd'fglp’ng@@q'xqu @l‘ Sfird&® i{%m (Jjé? Hli :‘,qudt gegﬁab%ty)gfr)dgelﬁa

sulfate dbd PBr OFB2CH3) ¥RR%: sulfate, 5 and to [l acuna] conpound of the
formula VI CN 10 Exanple 1 Thiazolidine (1V) 15 205.1 g 11.31 nol) of
BOC- acetmixtample &re di ssolved in 1160 ni

N-ethyl-thiazolecarboxamide (VI)

33.5 g (0.18 mol) of thiazolyl ester are dissolved in 140 ml of

methanol and 3 ml of water and, at 5-10°C, ammonia is introduced
10 until the solution is saturated. The reaction mixture is stirred

at room temperature overnight.-The solvent is evaporated and the

residue is, at 80°C, taken up in 100 ml of n-butanol. The mixture

is cooled to 0°C. The precipitate is filtered off with suction,

washed twice with in each case 35 ml of n-butanol and twice with
15 in each case 35 ml of MTBE and dried under reduced pressure.

Yield 17.3 g (58%), yield corrected for purity: 55% based on the

thiazolidine employed.

1g-NMR (DMSO-d%): & = 8.2 (s, 1H, SCHCOOEt), 7.6, 7.7, 7.8 (3x s,

3x 1H, 3x NH), 4.4 (s, 2H, CHyNH), 1.4 (s, 9H, tert-butyl) ppm.
20

Example 4

Preparation of 2-aminomethyl-4-cyanothiazole hydrochloride (VIII)

75.0 g (0.29 mol) of BOC-protected thiazolecarboxamide (VI) were
25 suspended in 524 ml of dichloromethane and, at from -5° to 0°C,
admixed with 78.9 g (0.78 mol) of triethylamine and 79.5 g
(0.38 mol) of trifluorocacetic anhydride. The mixture was stirred
for one hour and allowed to warm to 20-25°C, 1190 ml of water were
added and the phases were separated. 160 ml of 5-6 N
30 isopropanolic HCl were added to the organic phase, the mixture
was heated to the boil for 3 h, stirred at 20-25°C overnight and
cooled to from -5 to 0°C for 2.5 h, and the solid was filtered
off. It was washed with dichloromethane and dried. This gave
48.1 g of 2-aminomethyl-4-cyanothiazole of a purity by HPLC of
35 99,4 area %, which corresponds to a yield of 94.3% for these two
steps.
l1H-NMR (DMSO~d®, in ppm): 8.98 (s, broad, 2H, NH;), 8.95 (s, 1H,
ar-H), 4.50 (s, 2H, CH;z)

40 Example 5
Preparation of N-(ethoxycarbonylmethylene)-(D)-cyclohexylalanyl-
3,4—dehydroprolyl—[2—(4-hydroxyamidino)thiazole]methylamide
hydrochloride

45 The 2-aminomethyl-4-cyanothiazole hydrochloride obtained in
Example 4 is processed further as follows:



of methanol and, in the presence of 23.2 g (0.23 nol) of triethylam ne,
adm xed with 244.7 g of L-cysteine ethyl ester. The mxture is heat eg J"NN 2008
60-65C for 20 h. The reaction mxture is concentrated under reduced
pressure and the. residue is adm xed 20 with 700 m of toluene and 300 m of
water. The m xture is stirred at rogfg tenperature for another hour. The

phases arg, sgp r d .t 9 S ce, vmth 200 m
[sic] of v)vat %ra %]& 1% g%uggu@agﬁgggéa%ﬁ%efggg ﬁm W|th t ol uene.
The conbi ned es are concentrated at 60C under reduced 25

pressure. Yi eId 366 39 (>97 %9 1H NWR (DVMSO-d[err]) :6 = 7.4 (t, 1H NH),
5.1 (t, 1H, CRecoetbdmethyl-4¢qyadthi@dler hy Eddiarar]ife 369 4,5 362Hmmol )

tCH[ f‘r lro] FHl)j 3w5s(£‘e’ldbd ]tld as%lﬂg'f)on 48808 df he | 4 ¢S,

ert-bu [ a e

t hi azol egar bo ate )\CQ édeﬂé[}g? %]lbe hlrrglfo ki nogxareoac ‘ssol ved
in 2 1 of HESFY 4am Fro?"n 3“°cld G’és ﬁﬁﬁ‘?‘%&f%"’t’-ﬁeﬂ? g of

DBU. At from "”5 160‘5@6'11364159 Bhe FUSRSnEient orfsomang tee-TBen  added
dr opwi se over rropEremesphoone doid arhydrite (04 vteengtdOirstethiyed at this
t enperaoure faee@ded) 2b0lgpf 49@tneiol)s waddeskn athedt RoHRESd IRBMEXE U € ' 5
al l oned to wa Q}HH oM henperat Wy, I'Qﬁ Pé 'o% Ry Qé@ré%a ‘@%Q?Heéﬁ"‘
of water and ?qggﬁuril %mmté % Faor solu ra ed at
50C under reduce SR ’21%5? O(iﬁﬁ #pc q@ﬁ ted for
purity: 96 94¥ater Jﬂmezeéﬁ%t) Hhe QUELAPEREREE) Wag sepazayed Oflflr SIECO0EL ) |
7.8 (5, 1H, Nefjueaus)iphade P#é vGdhed WhlEp, 200 Y gf @chmﬂm,lotlde(s 9H,
tert-bdbyl), 4nd tHd orghiniOGHAHES) wielPY Sofixatgd.e TBe collected organic
N-ethyl -thi azgh£sad RR¥AMbERI xS with 200 ml of water and the pH was
adjusted to pH 3 using conc. hydrochloric acid. The organic
phase was separated off again and then washed with 200 ml of
water. The solvent of the organic phase was distilled off and
20 the residue was taken up in 860 ml of isopropanol. 140 ml
{about 2 molar equivalents) of iscopropanolic hydrochloric
acid were added, and the mixture was heated to 40-45°C. After
about 12 hours, the removal of the protective group removal
[sic) was complete (TLC control). A further 140 ml of
25 isopropanol were added, and the solution was heated at 80°C
for one hour. The mixture was subsequently slowly cooled to
0°C and stirred at 0°C for 18 hours, during which the title
compound precipitated out as a salt. The product was filtered
off and the crystals were washed with pre~cooled isopropanol
30 and then with diisopropyl ether. 680 g (yield 72%) of the
title compound were isolated as a white crystalline product.

b) N-(tert-butoxycarbonylmethylene)-(BOC)-(D)~-cyclohexylalanyl-

3,4-dehydreprelyl-[2-{4-cyano)thiazolelmethylamide

35
3,4-Dehydroprol?l-[2-(4—cyano)thiazolylmethyl]amide
hydrochloride (5% g, 218 mmol) were added to a solution of
N~ (tert-butoxycarbonylmethylene)-{BOC)-(D)-cyclohexylalanine
(preparation described in WO 9806741; 79 g, 206 mmol) in

40 methylene chloride (640 ml). At 0-10°C, diisopropylethylamine
(112 g, 867 mmol) and propanephosphonic acid anhydride
solution (50% strength in ethyl acetate, 193 g, 303 mmol)
were successively added dropwise. The reaction was monitored
by TLC. After the reaction had proceeded to completion, the

15 solution was warmed to room temperature, and 180 ml of water
were added. The pH of the mixture was adjusted to pH 3 using
conc. hydrochloric acid. The organic phase was separated off{



33.5 g (0.18 nol) of thiazolyl ester are dissolved in 140 nl of nethanol
and 3 m of water and, at 5-10C, ammonia is introduced 10 until the “
solution is saturated. The reaction m xture is stirred at roomtenﬂegal%% rg\
overni ght.-The solvent is evaporated and the residue is, at 80C, taken up
in 100 M of n-butanol. The m xture 1S cool ed to OC. The precipitate is

filtered of f wnbheRuCiditns PRIEddcSe YLtk dhcRAglly 629832 nd of
n- but anol and e cg g,' case dried H g
reduced pr essure yighe PLpsi § g %%0 3’/?8 dorcc-‘baf'nrlé:ctp 85?& Pt "By *85%
based on the wﬂﬁ?‘aﬁof‘?’tﬁﬁ%’ ifI By Rf veteRMRE (BRBO336) then washed yithH,
SCHCOCEt ), 7.8707m¥, of waite3xand dﬂ»@dllelyegxmwi)eswmsgif.aﬂﬁ @t ehe] NH), 1.4
(s, 9H, stert- huuyémtpm dAC tEx e | & #4 uReparedicdd @kessure. This gave

2- ami nonet hyl 145cyapeddiyaeqhs Bydmcm i@k dEohpfurd af5a0c81dilredd gemudof

BOC- prot ect ed t hi azol ecar boxam de (VI) were 5 suspended |n 524
di chl oronet hane and, at from-5 to OC adm xed with 78.9 78 nol) of

tri et hyl afit ne NahgeTe - Btexygashonpinethy 1epe)  (BROad S rEYeH Yild‘éanirhe
m xture was sBifreghydmapreodylhbin (it dabkpamiding Jwdii aeobe P t25Camid®0 n  of
water were added and the phases were separated. 160 m of 5-6 N 30

i sopropanol i cxbitde Ml tREGEErbony 1R tOA8AL F- BIRSE.( D DeyHi tdik al\éﬁfl_heat ed
Lo the boll 184 3alhydildebeth afo 20k 236m gy%ﬁz%lteﬁ@@hyfg&#e 278" 5 1O
OC for 2.5 h gg (gr f

di chl or onet han®- A" ¥ q’ﬁ?%‘”@’aﬁ?’e inygt 11‘"‘ ]of(25 )7 the 501“"'10“

2- ami nonet hy| ¥as c3dietad ¥36hehydrorydaring lnﬁgﬂmh@om-d%( ©R Y dGrea % which
correspénds tB82a2ymetld ehd9diBdsfmmpylleebelimine q228p8. g1k NMRMIDVEO d6, in
ppn): 8.98 (Slsbr@aﬂnolanaNFEBﬁ-F]]ﬁ ,ad&e85d£§pwi]s|d wifh- thol thpQwaser 2H,
CHerr]) 40 Exapp] & tRi8PhAbd AL A, Nr er 3h of stirring at room

ethoxycarbony n
4- dehydr opr ol i tjﬂ%) (:Pg gé/aéd:lng') %ﬁ?‘é‘?ﬂ%’“ wastﬁ PERT b eh Hr ocrl:ll ori de 45
The 2- 221 nomet f && SPﬁ?a'ﬁ)‘lr%? Ry GPHRRY &% aéi’é’rBB ar n%}be ﬁ?s" ue was

ta en up in methylene chloride/water and the aqueous phase
was adjusted to pH 3 using 2N hydrochloric acid and
extracted. The organic phase was washed repeatedly with
water, dried over magnesium sulfate and concentrated under
reduced pressure using a rotary evaporator. The residue was

25 triturated with n-hexane, giving 22.5 g of the title compound
as an almost pure white solid.

d) MN-ethoxycarbonylmethylene-{D)-cyclochexylalanyl-3,4-dehydro-
prolyl-{2-{4-hydroxyamidino)thiazole ]methylamide
30 hydrochloride

N-(tert-butoxycarbonylmethylene)-{BOC)~(D)-cyclohexylalanyl-
3,4-dehydroprolyl-[2-(4-hydroxyamidino)thiazole]methylamide
(2.0 g, 3.15 mmol) were [sic] dissolved in ethanol (25 ml},

35 and the solution was admixed with 10 ml of 5N hydrochloric
acid in ether and stirred at 60°C for 3 h.

Since, according to TLC (methylene chloride/methancl/acetic
acid: 100/20/5), conversion was not complete, another 10 ml
40 of 5N hydrochloric acid in ether were added, and the mixture
was stirred at 60°C for another 3 h. The reaction mixture was
concentrated under reduced pressure using a rotary evaporator
and the residue was co-distilled repeatedly with ethanol and
ether to remove adhering hydrochloric acid. The product was
45 subsequently dissolved in a little methylene chloride and
precipitated with ether and the residue was filtered off with
s suction and dried under ieduced pressure. This gave 1.65 g of



Exanple 4 is processed further as follows: 1 9 JAN 2004 11 a)

3, 4-dehydroprol yl -[ 2- (4-cyano)thi azol yl met hyl ) am de hydrochl oride 19 jAN 2004
2- Am nonet hyl - 4- cyanot hi azol e hydrochl oride (64 g, 364 nmol) 5 was added
to a solution of -HOC- 3, 4-dehydroproline (77.5 g, 349 mmol) in nethyl ene
chloride (150 m). At fromO to 10C, 1¥ii sopropyl ethyl am ne (157 g, 1.2

nol ) was added.yl @RWSCcold kI &4k ' At from-2 to
-5C, propaneprll%s_g‘ o?{qﬁ:ﬁﬁ%’%ﬁgﬁtﬁ%riﬂg%ﬁom s??gﬁgﬁ%ﬁ&gt hyl 10 acet at e,
290 g, 456 mmol) was en ‘a 8 d dropwi se over a peribDd of 2 h. After 13
h,-the reaction mxture was warned to 20C, and 240 ml of nethyl ene
chloride and then 310 ml of water were added. The organi c phase was
separatesl off, the aqueous phase was washed with 200 m of nethyl ene
chloride 15 and the organi c phases were conbi ned. The col |l ected organic
phases were adm xed with 200 ml of water and the pH was adjusted to pH 3
usi ng conc. hydrochloric acid. The organic phase was separated off again
and then washed with 200 mMl of water. The solvent of the organic phase was
distilled off and 20 the residue was taken up in 860 m of isopropanol. 140
m  (adbddut 2 nol ar equival ents) of isopropanolic hydrochloric acid were
added, and the mxture was heated to 40-45C. After about 12 hours, the
removal of the protective group renmoval [sic] was conplete (TLC control).
A further 140 m of 25 isopropanol were added, and the solution was heated
at 80C for one hour. The m xture was subsequently slowy cooled to 0C and
stirred at OC for 18 hours, during which the title conpound precipitated
out as I# salt. The product was filtered off and the crystals were washed
Wi th pre-cool ed i sopropanol 30 and then with diisopropyl ether. 680 g
(yield 729% of the title conpound were isolated as a white crystalline
product. b) N-(tert-butoxycarbonyl net hyl ene)-(BQOC) - (D)-cycl ohexyl al anyl - 3,
4- dehydroprol yl -[ 2- (4-cyano)t hi azol e] net hyl am de

20

25

30

a5

40

45



35 3, 4- Dehydroprol yl -[2-(4-cyano)thiazol yl methyl]am de hydrochl oride (59
g, 218 mmol) were added to a sol ution of 19 JAN 2004
N- (tert-but oxycarbonyl net hyl ene) - (BOC) - (D) - cycl ohexyl al ani ne (preparatlgg
described in WD 9806741; 79 g, 206 mml) in 40 nmethylene chloride (640 m).
At 0-10C, diisopropylethylamne (112 g, 867 nmmol) and propanephosphonic
acid anhydride solution (50% strength in ethyl acetate, 193 g, 303 mmol)
wer e successively added dropw se. The reaction was nonitored by TLC. After
the reaction had proceeded to conpleti&ﬁ, the 45 solution was warned to
room tenpewatiaig, and 190 ml of water were added. The pH of the m xture
was adjusted to pH 3 using conc. hydrochloric acid. The organi c phase was
separated off 1 9 JAN 2004 12 and the aqueous phase was extracted once

more with 120 nh pedcess ﬂi’%}iaﬁﬁ‘@a it Sk dartRxy HNRidCRIFPbfTBGI Yani ¢ phases were
washed wth a further 170 ml of water at pH 3 and then washed with 170 n
of water and dried over magnesium sul fate, and the 5 solxent was distilled
of f under reduced pressure. This gave 117cgo¥'90% vyield) "of the title

conpound as a colorless solid. ¢ N
N—(tert-butoxycarbonylnethylene)g%BOC) (D) cycl ohexyl al anyl - 3,
4-dehydropro|y|-[2-(4-hydroxyaﬁ“ {azol e] net hyl am de 10
N—(tert-butoxycarbonylnethylene)-(BC()-(%»-cyclohexylalanyl-

3, 4-dehydroprol yl - (2-(4-cyano)thi azol e]met hyl am de (22.2 g, 36.7 mol) was
di ssol ved | ar he tion was adm xed wi th hydroxyl am ne
hydrochlor%ﬁ%g%g.%%La%%%gwg%%gcﬁﬁ§W§9éﬁd di i sopropyl et hyl am ne (23.8 g,
3.6 m, 184.5 mml) was slowy added dropwi se with cooling (water bath)
to this suspension. After 3h of sjd4,kring. at room tenperature, the reaction
sol uti on was concentrated under~ tedu essure using a rotary
evaporator, the residue was 20 taken ufp i mym&thyl ene chloride/water and the
aqueous phase was adjusted to pH 3 usi N hydrochloric acid and

wherein n is 0, 1 or 2, and R? is branched or linear C,.jp-alkyl or C;4-alkoxy or C,4-dialkylamino,

which comprises the step of preparing a thiazolidine of formula IV

(v)
COOR!
N
BOCHN\/(
S

by stirring an aminonitrile of formula 1I

iy

Bor:HN\/CN

with a cysteine ester of formula III

)

COOR?

ngj/

HS



extracted. The organi c phase was washed repeatedly with water, dried over
magnesi um sul fate and concentrated under reduced pressure using a rb8any 2004
evaporator. The residue was 25 triturated with n-hexane, giving 22.5 g of
the title conpound as an al nbst pure white solid. d)

N- et hoxycar bonyl nmet hyl ene- (D) - cycl ohexyl al anyl - 3, 4- dehydr o-

prol yl -(2-(4-hydroxyam di no)thi azol e] net hyl am de 30 hydrochl ori de
N—(tert-butoxycarbonylnethylene)-(BCE)-E{?-cyclohexylalanyl-

3, 4-dehydroprol yl - [ 2- (4- hydr oxyam di no) thi azol e] met hyl amde (2.0 g, 3.15
mmol) were [sic) dissolved in ethanol (25 ml), 35 and the sol ution was

adm xed with 10 m of 5N hydrochloric acid in ether d stirred at .qQ0C for
3 h. Since!Madessaiiy ip Hle?["@e'(':ﬁ@f hhase AT dr oY Fré‘PWéR er%@aﬁwsceswaaﬁ

100/ 20/ 5) , ©foffM&d BicempMasn. not conpl ete, another 10 m 40 of 5N hydrochloric
acid in etﬂer wer e added and the mxture was stirred at 60C for another 3
h. The reaction m xture was concentrated under reduced pressure using a

rotary evapor at Qr.on3pshdtdtehe ESIHE s co-distilled repeatedly w t h et hanol
and ether to renove adhering hydroc Iorlc aci d. The product was 45

subsequent|ly dissolved in a I|tt£§ yrsqigfgﬁaFF e and precipitated
with ether and the residue was fifTte of f\w suction and dried under
reduced pressure. This gave 1.65 g ot 1 9 J 004 10 15 20 25 30 35 40
13 the title conpound as a white hygroscoplc SO|Id FAB MB) (MtH*): 507

H,N/\(S/J/

in which
n=1 or 2 and
for n=1, X is chloride, bromide, triflate and hydrogen sulfate
and

for n=2, X is sulfate.

3. A compound of the formula VII
eN (V)
: N—j
Boch\/( \
5
4, The process defined in claim 1, which further comprises oxidizing the thiazolidine of

formula IV in an inert solvent to obtain the thiazolecarboxylic acid ester of formula V.

5. The process defined in claim 4, wherein the preparation of the thiazolidine of formula IV

and the oxidation of the thiazolidine are carried out without isolating the thiazolidine.

6. A process for preparing 2-aminomethyl-4-cyanothiazole or its salt of formulae Ja and Ib
(=)
N CN
HX * HzN/Y/J/ }
S »
(M)
N CN

aed

5



45 19 JAN 2004 We claim 14 1. A process for preparing a thiazolecarboxylic
acid ester of formula V BocHN wherein RL is branched or |inear 9 JAN 2004
Cerr]-alkyyl or / (CH aR2 wherein nis 0, 1 or 2, and R2 is branched 8$

| i near 01.10-al kyl or (err]-alkoxy or Clerr]-dial kylam no, which
conprises the step of preparing a thiazolidine of formula N COOR BocHN by
stirring an amnonitrile of formula Il with a cysteine ester of formula Il
N BOCHN CN Herr] N COOR[err] HS (M 19 JAN 2004 15 in an inert solvent in
the presence of a base at fromO Cto 8 C until the reaction has
essentially proceeded to conpletion. 2. A conpound of the fornmula la or Ib
a in which, E? b or 2 and for n=1, X is chloride, bromde, triflate and

hydr ogen su e and for n=2, X is sulfate. 3. A conpound of the formula
Vil (QE) 4. TheanGHQSQMdefined in claiml, which further conprises

?)f(]: glzg: ggaf' ng; 18 é‘lgl{%dd broPﬁe m{lzg? glhﬁﬁ o§evuﬁate W]]EI?I?I;Stl anc{ vent to obtain the

X is sulfate when n is 2,

which comprises the step of preparing a thiazolecarboxylic acid ester of formula V

V)
COOR!
N—/<
BocHN\/< \
s
in accordance with the process defined in claim 1.
7. The process defined in claim 6, which further comprises oxidizing the thiazolidine of

formula I'V in an inert solvent to obtain the thiazolecarboxylic acid ester of formula V.

8. The process defined in claim 7, wherein the preparation of the thiazolidine of formula IV

and the oxidation of the thiazolidine are carried out without isolating the thiazolidine.

9. The process defined in claim 7, which further comprises stirring the thiazolecarboxylic
acid ester of formula V in an alcohol R?0H, in which R? is branched or linear C;s-alkyl, HO-CH,
-CH,-, HO-CH;-CH,-CHj;- or C.4-alkyl-O-CH, -CHj;-, at from 0° C to 40° C with from 1 to 50
molar equivalents of NH; until the reaction has essentially proceeded to completion, to obtain a

thiazolecarboxamide of formula Vi

CONH, VD

10. The process defined in claim 9, wherein neither the thiazolidine of formula IV nor the

thiazolecarboxylic acid ester of formula V are isolated for further conversion.

11. The process defined in claim 16, wherein the thiazolecarboxamide of formula VI is filtered



5. The process defined in claim4, wherein the preparation of the
thiazolidine of formula IV and the oxidation of the thiazolidine arked JAN 2004
carried out without isolating the thiazolidine. 6. A process for preparing
2- am nonet hyl - 4- cyanot hi azole or its salt of formulae la and Ib N CN HaX
H2N SDY 112N CN (Eb) 19 JAN 2004 16 wherein nis | or 2, and X is chloride,
brom de, triflate or hydrogen sulfate when nis 1, and X is sulfate when n
is 2, which conprises the step of prepqung a thiazol ecarboxylic acid ester
of formula V COORS BocHN in accordance With the process defined in claim1l.
M 7. The process defined in claim®6, which further conprises oxidizing the
thiazolidine of formula IV in an inert solvent to obtain the
thiazolecdﬁ%ﬁ%VPF% acid ester of formula V. 8. The process defined in claim
7, wherein the preparation of the thiazolidine of formula IV and the

oxi dation of the thiazolidine are carried out w thout isqlating the

t hi azol i di He. oThemreessrdsbnadan glafp wagh fusthen comprises dlbydeating thet her conpri ses
stirri ng tthﬁz&l@a%ﬂn%ﬁ@ﬁmﬁﬂdlé 91 to%{a% £80€prafcidaay. @dh&hlyzdlé‘oﬁﬂrnﬁlhac@ﬂlm'
Rlerr]OH, 1 n which Is branched or linear (err]-alkyl, FE)CH[err]

-CH err]-, HO CH2- Gﬂ CH2- or Cl.,-alkyl-O-CHerr] [err]-, at fromO C
to 40 C mﬁth froml to 50 nolar equival ghts of NH[e?ET unti | the reaction

has essentially proceeded to conpleti to obtain a thiazol ecarboxam de
of fornmula VI BocHN 10. The prpcess gefined in claim9, wherein neither the
thiazolidine of fornmula IV nor t .-€zol ecarboxylic acid ester of

formula V are isolated for further conversion. 11. The process defined in
claim 16, wherein the thiazol ecarboxam de of forrmula VI is filtered 1 9 JAN

2004 of f a&d%u@s%tjegﬂy removing the BOC protective group from the 4-cyanothiazole of formula VII to

obtain the 2-aminomethyl-4-cyanothiazole of formula Ib or its salt of formula la.

13. A process for preparing 2-aminomethyl-4-cyanothiazole or its salt of formulae la and Ib

(Ia)
. /\(/‘NJ/CN

S

(b)

wherein
nis1lor2, and
X is chloride, bromide, triflate or hydrogen sulfate whenn is 1, and
X is sulfate when n is 2,
which comprises

stirring an aminonitrile of formula II

BocHN\/CN (I



17 12. The process defined in claimwhich further conprises dehydrating the
t hi azol ecar boxam de of fornmula VI to obtain a BOC protected 4-cyanothiaaglmy
of formula VIl BocHN and subsequently renoving the BOC protective group
fromthe 4-cyanothiazole of fornmula VI to obtain the

2- am nonet hyl - 4- cyanot hi azole of formula Ib or its salt of fornula la. 13.
A process for preparing 2-am nonmethyl -4-cyanothiazole or its salt of
formulae la and Ib (la) Herr] X' wher |n [err] NCN | H2N~ Y 111 S H2N
CNnis 1or 2, and Xis chloride, brom triflate or hydrogen sulfate
when nis 1, and X is sulfate when n is 2 whi ch conprises stirring an
anlnonltrlle of formulall BOCHNCN (TT) 19 JAN 2004 is with a
cysteine ester Bithfgyyaineesier pffmepa IN cook HS to obtain a thiazolidine of
formula IV COOR[ err] BocHN oxidizing the thiazolidine of formula IV in an
inert solvent to obtain a thiazol ecqlrhpoxyl | C acid ester @fy formula V COCR
BocHN (V)

HS

to obtain a thiazolidine of formula IV

1
COOR! ™

oxidizing the thiazolidine of formula IV in an inert solvent to obtain a thiazolecarboxylic

acid ester of formula V

™
COOR!

m“*m\/z&

stirring the thiazolecarboxylic acid ester of formula V in an alcohol R?OH, in which R? is
branched or linear Cy_g-alkyl, HO-CH,-CH, -, HO-CH; -CH,-CH,- or C,.4-alkyl-O-CH-
CH; -, at from 0° C to 40° C with from 1 to 50 molar equivalents of NH; until the reaction

has essentially proceeded to completion, to obtain a thiazolecarboxamide of formula VI

CONH, O
e AT

dehydrating the thiazolecarboxamide of formula VI to obtain a BOC-protected 4-

cyanothiazole of formula VII

(VI

st



stirring the thiazol ecarboxylic acid ester of formula V in an al cohol
Rlerr]OH, in which R2 is branched or linear Cl-a-alkyl, HOCH err] FUVA 2004
HO-CH err]-CH err]-CH err]- or (Jerr]-al kyl -O CH2- C}{err] -, at fron10’8
to 40 Cwith from1l to 50 nolar equivalents of NH3[err] until the reaction
has essentially proceeded to conpletion, to obtain a thiazol ecarboxam de of
formula VI BOCHN dehydrating the thiazol ecarboxam de of fornula VI to

obtain a BOC-protected 4- cyanothiazole1 f formula VI1 (VII) BocHN 1 9 JAN
2004 19 and renoving the BOC protective group fromthe 4-cyanot hi azol e of
formula VIl to obtain the 2-am nonethyl-4-cyanothiazole of formula |b or

its salt of formula Ia. The process defi . ai n the
preparation of e tRYas F#ﬁ%ﬂ@“@ﬁ“?é?ﬂﬁ??””ﬁvgéﬁﬁof gkigﬁwppﬁﬁ t he
thi azol i di pgtaighie: Tahib@eth ALt cydhdthiaitle dfFoinld BGr ithaltdnkamelailgi ne. 15. The
process defined in claim13, wherein neither the thiazolidine of formula IV

nor the thiazolecarboxylic acid ester of fornula V are isolated for

further copyers 'rﬁppméés dekined PY GRS, »dl?efrélﬂﬁlg pteparaticH dNtlehia¥IRne ioNfdhifla
t hi azol ecarboxam de of fornula VI is filtered off as a solid prior to
furt her colX arkthepxidation of the thiazolidine are carried out without isolating the thiazolidine.

15, The process defined in claim 13, wherein neither the thiazolidine of formula IV nor the

thiazolecarboxylic acid ester of formula V are isolated for further conversion.

16. The process defined in claim 13, wherein the thiazolecarboxamide of formula V1 is

filtered off as a solid prior to further conversion.



