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0050/ 47212 I\?oveq thrombin inhibitors The present invention relates to novel

f_i ve- menbered heterocyclic 5 amdines, to their preparation and to their
use as conpetitive inhibitors of trypsin-like serine proteases, especially
t hrombi n and ki ni nogenases such as kallikrein. The invention also rel ates
to pharmaceutical conpositions which contain the conpounds as active

i ngr edi ent s,Nawed tbrohizinisahdbitdms conpounds as thronbin 10 inhibitors,
anticoagul ants and antiinflammatory agents. Thronbin belongs to the group
cascade a1 e R et roaftiLie
coagul at i oh Cds, é_‘&é'l %otr}%llzf g’ée%%‘hafeﬁ}P gLf“t‘@ %‘? tg’%g‘ﬁ S?ﬁﬁgséqﬁgg&%%v%.he
product i on ofnhibigeEe nof r‘ifﬁﬁpﬁllBTH]%Tﬁeﬁ.m?hﬁ”b?ﬁﬁaﬁgéat %Tﬁe‘d‘ g e EYW 1

fi bri nogen tand ikiminogémasesnstrhtas kaldalredagding: iarerktPddeaghetaiesof
plate- |ets whigharmabettioal dompositivmsbivhiicimgmitaphatis¢ atonpaonds & and
coagul ati on facitr ightédiaid, aahdrgs themice of dhegkbypowids/asnehrafbin

diators, epnANES:LALAMDLNL0LERIAML aHae aheL IR I:ARaRBty AjdreR.of Lhr ombin

are centLa ngyentz In't e opnent both of white, arterial and of red,
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with the aotaverasy,i eahanse dinronbihhfoymastiease t hronbi n. Pepti des based on
Phe- Pro-Arg in which the NNterminal amno acid is in the D form have

proven partlggéaggﬁﬁ Qgﬁgféﬁﬁégcti h POE- QB ASORIARYh1 eSt&its Sndbhe
descri bed as COmpet Lve 0] n 1 nh hi.t rl(’ .I\@trtgongﬁdag. 5 a
Haemat ol , 109 i’ég)?)en&?)-g'ﬁ .°r¥1r3é' f"%'it | PatTan of é:hoe _aregi’ nine at t{h elg%i
term nus to &R %quygfagfore potentially effective points of attack for
25 drugs. Thrombin inhibitors are, by contrast with heparin, able
independently of cofactors completely to inhibit simultaneously
the effects of free thrombin and of that bound to platelets. They
are able to prevent in the acute phase thromboembolic events
after percutaneous transluminal coronary angioplasty (PTCA) and
30 lysis, and to act as anticoagulants in extracorporeal circulation
(heart-lung machine, hemodialysis). They can also be used gener-
ally for the prophylaxis of thrombosis, for example after surgi-
cal operations.

35 It is known that synthetic arginine derivatives influence the
enzymatic activity of thrombin by interacting with the active
serine residue of the protease thrombin. Peptides based on Phe-
Pro-Arg in which the N-terminal amino acid is in the D form have
proven particularly beneficial. D-Phe-Pro-Arg isopropyl ester is

40 described as a competitive thrombin inhibitor (C.Mattson et al.,
Folia Haematol, 109 (1983) 43-51).

Derivatization of the arginine at the C terminus to the aldehyde
leads to an enhancement of the inhibitory effect. Thus, a large

45 number of arginals able to bind the hydroxyl group of the
ractive” serine in a hemiacetal have been described (EP 185390,
479489, 526877, 542525; WO 93/15756, 93/18060.



| eads to an°8#ﬁéﬁ83%%nt of the inhibitory effect. Thus, a |arge 45 nunber
of arginals able to bind the hydroxyl group of the "active" serine in a
hem acet al have been described (EP 185390, 479489, 526877, 542525; WD
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cell 30 try i ni n in are vasoactive
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an essential part in inflammatory processes. By increasing vascular 35
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20 development in which the agmatine is replaced by an arylamidine
residue.

Kininogenases are serine proteases which liberate vasoactive pep-
tides, called kinins (bradykinin, kallidin and Met-Lys-bradyki-

25 nin), from kininogens. Kininogens are multifunctional proteins
which occur in coagulation and inflammation cascade reactions. As
inhibitors, they protect cells from damage by cysteine proteases
(Miiller Esterl, FEBS Lett. 182 (1985) 310-314). Important kinino~
genases are plasma kallikrein, tissue kallikrein and mast cell

30 tryptase.

Kinins like bradykinin and kallidin are vasoactive peptides which
influence a large number of biological processes. They play an
essential part in inflammatory processes. By increasing vascular

35 permeability, they lead to hypotension and edema. Furthermore,
they are very potent pain-producing antacoids [sic] and have
great importance as cellular mediators in the pathophysiology of
asthma, of allergic rhinitis and of arthritis (X.D. Bhoola, C.D.
Figueroa, K. Worthy, Pharmacological Revies [sic] 44 (1)

40 (1992)1-80).

Irrespective of the mechanisms underlying inflammatory processes,
fluid containing all the protein systems in the circulating blood
escapes from blood vessels. This means that escape of plasma

45 fluid from vessels is involved in diseases such as asthma, rhini-
tis and inflammatory internal diseases. Moreover, mast cell tryp-
tase is released particularly in allergic processes (Salomons-



) 212 . . . .
they are vero;psp? t4gnt pai n- produci ng antacoids [sic] and have great

i nportance as cellular nmediators in the pathophysiol ogy of asthma, of
allergic rhinitis and of arthritis (K Bhool a, C.D. Figueroa, K Worthy,
Phar macol ogi cal Revies [sic] 44 (1) 4071992)1- 80%. Irrespective of the
nmechani sns @edeptydhy iAH-| BAVmtRASPIFr oBeSsei6 f(1APR) cont ailAfAY- al | the
protein systens in the circulating bl ood escapes from bl ood vessels. This
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1535- 1542) . Matd-aEpei nd % HL3R bhetdRB4Ret ones H- (D) - Pr o- Phe- Arg- CH2Cl and
H (D) - Phe- Phe- Arg- CH2- Cl  have been descri bed by Kettner and Shaw 5 as

pl asma kal | ivardionsi symttietdies déBivathioms 67 Hredidirgs-arBreanylamines Enzym
80 (1981) 83GnR4Rloviidlid e SHAiMEIdre derpVaina &aloikbeiyantidhnese and
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benzam di Nes et s s depably. o1 Tal0el b lobary e shGeh ool

PKSI - 527, t & Hydr8tne7-32569 - N- (t r ans- 4- ani nonet hyl cycl ohexyl - 15

car bonyl ) - L- phenyl al ani ne 4-carboxynethylanilide, is also an effective
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where [err] é%%é%tﬁ%e[fﬂﬁibf@3§r8f4{519 kihinggeﬂaéa'(%anaka, Ohamoto et al.,
Thromb. Res., 57 (6) (1990) 889-895).

The invention relates to compounds of the formula I

20
NH
A — B —E— D —</
25 NH»,
where
30 A is
Rr2
Rl— (CH2)y — € — (CH2)n —
35 03
where

40 m is 0, 1 or 2,
n is 0, 1 or 2,
Rl is HOOC-, C;.g-alkyl-00C-, aryl-00OC or -OH,
R2 is H, Cj_sg~-alkyl or Rl-(CH3)p-,
R3 is H or Cj_4-alkyl,
45



n is o, 199%4#% 1 s Hooc . Jerr]-alkyl-00C, aryl-00C or -OH, R2
is H derr]-alkyl or Rerr]- (CHZ)m R3 is Hor (err]-alkyl, 45

0050/ 47212 B is [err] where R4 is H, Cgerr]-al kyl or Rlerr]-(CH2)m (where
R-err] and m have the 15 abovenenti &ned neani ngs), p is Oor 1, RS
is Hor (JerBlimlkyl, R6 is H ({err]-alkyl, phenyl which may carry up to
three identical or different radicals fromthe group of CJerr]-al kyl, CF3,
20 Cerr]-alkoxy, For d, or (Jerr]-cycloal kyl which nay carry up to
four identical or different (Jerr]-al kyRéradicals, or where one or two CC
single bonds in the ring can be replaced by a C=C doubl e bond, or a phenyl
ring can b& fused on, Cerr]-Cergq- 7cgcﬁg),-al kyl or (ferr]-tricycl oal kyl
or 25 R4 and R6 together are an e[( hyl'eng or'Ppropyl ene group, R7 is H,
Cerr]-alkyl, phenyl which may c carry up to three identical or different
radicals fromthe group of CJerr|Nalkyl® TF3, “err]-al koxy, F or C, or
Cerr]-cycl oal kyl which may carry up tolfour identical or different
Clerr]-alkyl radicals, 30 R8 is Hor Crerr]-alkyl, Eis [err]

0050/ 47212 5 Dis [err]

where

R¢ 1is H, Ci.g-alkyl or R-(CHz)m- (where R! and m have the

15 abovementioned meanings),

P is 0 or 1,

R5> is H or C;_sg-alkyl,

Ré is H, Cj;_g-alkyl, phenyl which may carry up to three identical
or different radicals from the group of C;.4~alkyl, CFs,

20 Ci-g—-alkoxy, F or Cl, or Ci_g-cycloalkyl which may carry up to
four identical or different C;.s~alkyl radicals, or where one
or two C-C single bonds in the ring can be replaced by a C=C
double bond, or a phenyl ring can be fused on,
C7-C13-bicyclo—alkyl or Cjp~tricycloalkyl or

25 R% and R® together are an ethylene or propylene group,

R?7 is H, Ci.g-alkyl, phenyl which may carry up to three identical
or different radicals from the group of C;_j-alkyl, CFj,
Ci-4-alkoxy, F or Cl, or Ciz_g-cycloalkyl which may carry up to
four identical or different Cj_s-alkyl radicals,

30 R& is H or C;_4-alkyl,

( (CHz)q
" N

N

40 g is 0 or 1

45



” 0050/47212 . .
where 10 RO is or C[err] al kyl, Rerr] is Hor (err]-alkyl, Rerr] is H

or (Jerr]-alkyl, X is 0, S -NR[err] (Rlerr] =H derr]-alkyl), Y is
-N= or CR[err]— (Rlerr] =H (derr]-alkyl, d, CF3), 15 Z is -N= or
-€Rlerr]=, and the salts thereof with p yS|oI ogically tolerated acids. The
anmino acid dBri%atives represented by B preferably have the (D)
configuration; 3 4- dehydr oprol i ne and 4, 5-dehydropi pecolic 20 acid have the
(L) confi gurat?on RlIgreffrred co un ¥ of the formul a R9 arlemt hose where A
to E have the Fol Ilowin %rlngs A i 5XROOC- oeH2) t - /Q\or 3)

( HOOC- CH2) 3- G DYPTH: | CH(/@OO-I) HO(EC—-—GId(eH(
HOOC- CH( [ &rr] - Al Kyl ) -X— IZIOOCC(C[err]

Clerr]-Al kyl-0O0C (ggtl2) [err]-, 30 B i u[err] 40 is O, 11R4 is H,
Cerr]-al kyl or HO&:—(CHZ)m (m= 1, 2 or 3), R[err] is H nmethyl R6 is
H derr]-al kyl, phenyl which may carry up to three identical or different
radi cal s fropnéfe group of CI—|3 CF3, CH3-0, F or 45 a, or
Jerr]-cyghogbkykg [y\/rgzclé % 1&ETY Up to four nethyl radicals,

1, 4- cycl ohex gg en I b| 2] octyl, bicyclo[2.2.1] heptyl nor bor nyl ,
adamant yl , |n %[ %5"0/&1}% iZ 6 decalinyl, R7 is H derr]-alkyl,

phenyl , V\/m cﬁ 9’3/ 'p4 k¥hree identical or different radicals from
t he group ofxCHS,lSC%:S, (CHNB1% |(B12 = & Ch.6-6Ak¥lErr]-cycl oal kyl which may
carry up to ¥ouri$§ -N= oretOpi3=r qait s &, €R.-8lkyl Coarnr EFa) kyl ,
15 2 is -N= or ~-CRl3=,
and the salts thereof with physiologically tolerated acids.

The amino acid derivatives represented by B preferably have the
(D) configuration; 3,4-dehydroproline and 4,5-dehydropipecolic
20 acid have the (L) configuration.

Preferred compounds of the formula I are those where A to E have
the following meanings:

25 A is
HOOC-(CH3)¢~ (t = 1, 2 or 3), (HOOC-CH,),-CH-, (HO-CH,),CH-,
HOOC-CH,-CH(COOH)-, HOOC-CH(CH;~CH3-OH)-, HOOC-CH(C;_s-Alkyl)-,
HOOC-C (C1_4-Alkyl)s-, Cj-4-Alkyl~0OC-({CHj)¢—,

30 B is
R6
|
R4 (R7-C-R8),
35 |
— N Cc co —
|
RS

40 p is 0, 1,
R¢ is H, Cj4-alkyl or HOOC-(CHy)y- (m = 1, 2 or 3),
R> is H, methyl
Ré is H, C;.g-alkyl, phenyl which may carry up to three identical
or different radicals from the group of CH3, CF3, CH3-O, F or
45 Cl, or Cz_g-cycloalkyl, which may carry up to four methyl
radicals, 1,4-cyclohexadienyl, bicyclo[2.2.2]octyl,
bicyclo[2.2.1]heptyl, norbornyl, adamantyl, indanyl,



(B preferabl9°ﬁ3§4?ﬁé2D configuration), 10 Eis [err] q is 0, 120 (E
preferably has the L configuration), Dis [err] with 30 X =S, 0, NH, NCH3,
NC2H5, Y =CH CCH3, CGd, CGCF3 and Z=CH CCH3, Cd, CGCF3 or X =S5,
0, NHL NNCH3 Y = N Z6= CH, G CH3, GCF3 35 or X = S, O,
NH, NCH3 Y = CHle@&X1,C-CF3 Z = Nor X =S, 0, NH NNCH3 Y =N

= Nferr] wthid5ax q_sg-alkylNHohdF3, wiNGhSmay carehl, uf- €31k hreeCF3 and Z =
gHbHCnga[e?rfFSidghéical 090§9£fQ§€H% £a@5catO e tﬁ£}ﬂ€§é§é§; cHy, ¥F5, N of
X=0, S, NH_ NCH3® SeRg S br2 ?\r5° r‘j %’ctlﬁgggﬂ hign ey ‘Q
CH, C O3, Sc- OFamahvh gagicas, CCH3 CCF3, C-d or X =0, NH NCH3
Y =N R®  PFs-HOM1-CaY1,C CF3,CC or X =0, S, NH, NCH3 Y = CH,
CCH3, Z=NGCCF3 20 or X =0, NH NCH3 Y=Z=N

(B preferably has the D configuration),

( (CHz)q
N/'\”/

15 |

10 E is

o

q is 0, 1
20 (E preferably has the L configuration),

D is
B

X
25 — N— CHZ——< »—
Y°2

with

30 X = S, 0, NH, NCH3, NCHs,
Y = CH, C-CH3, C-Cl, C-CF; and
%z = CH, C-CH3, C-Cl, C-CF3

or X=65, 0, NH, N-CH3 Y = N %z = CH, C-CH3, C-CF3
35 or X =S, O, NH, N-CH; Y = CH, C-CH3, C-CF3 % = N
or X=68, 0, NH, N-CH3 Y = N 72 = N

H

| N
40 — N—/CH; \ /Y
Z

with

45 ¥ = s, 0, NH, NCH3, NC,Hs,
Y = CH, C-CH3, C-CF3; and
z = CH, C-CH3, C—CF3, C-Cl



. . 2
Particul arl yogroe/fligrzrled conmpounds of the fornula | are those where A, B, D

and E have the follow ng neanings 25 A is HOOC- CH2, HOOC- CH2- CH2,
HOOC- CH( CH3) , HOOC- CH(C2H5) B is [err] is 0, 1, R4 is H CH3 40 R5 is
H CH3, R6 is (err]-alkyl, ([err]-cycloal kyl which may carry up to four
met hyl radi catsx=0j cyr) a{c@;2. 2] oat ¥l N bi cyl o[ 2. 2. 1ER6Bt §+CHssCeF¥s nor bor nyl
adamantyl , inda , de i W th _cygl opet v, Lqhexyl and cycl oheptyl
bei ng particﬁfa?%é%%’ i, g?g? er?!gd, ¥E7 (Pfésgﬁil,b (C:jﬁ%% %8 is H CH3,

0050/ 47212 80E KsOpe$r|NH, NGB50/ #7712 3 Yerr] 0050/ 47212 10 with R14: H,
CH3, d, CF3, preferably HRerr]: H d, CF3, preferably H R16: H, CH3,
C2H5, pref%rably CH3 H

|
— il
10

with
X = S, 0, NH, NCH3, NCsHs,
Y = CH, C-CH3, C-CF3 and

15 2 = CH, C-CH3, C-CF3, C-Cl
or X = 0, NH, NCH3 Y =N z = CH, C-CHs,
C-CF3,C-Cl
or X=0, S, NH, NCH; Y = CH, C-CH3, Z = N
C-CFj3
20 or x = 0, NH, NCH;3 Y =2 = N.

Particularly preferred compounds of the formula I are those where
A, B, D and E have the following meanings

25
A  is HOOC-CH,, HOOC-CH,-CHz, HOOC-CH(CH3), HOOC-CH(CyHs)

B is
R6
30 I
?4 (R7—C—R8)p
— N C
|
35 RS

P is 0, 1,

R¢ is H, CH3

R3 is H, CHs,

R6 is C;_g-alkyl, Cs.g-cycloalkyl which may carry up to four
methyl radicals, bicyclo[2.2.2]octyl, bicylo[2.2.1]heptyl
[sic], norbornyl, adamantyl, indanyl, decalinyl with
cyclopentyl, cyclohexyl and cycloheptyl being particularly
preferred,

R7 is H, CHs,

R® is H, CHs,

40

45
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5 Rl7: H CH3, CF3, preferably H CH3 The foll ow ng substances are

particularly preferred: tBuOOC CH2- (D) Chg-Pyr-NH CH2-5-(2-am-thioph 10
HOOC—CHZ-(D)Chg-Pyr-NI—l—CI—IZ-S-(Z-an)-tg_éph t BuOOC- CH2- (D

) Chg- Dep- NH CH2- 5- ( 2- am) - t hi oph HOOC- - (D) Chg- Dep- NH CH2- 5- (2- am) - t hi oph
HOOC- CH2- (D, L) Cpg- Pyr - NH- CH2- 5- ( 2- am) - t hi oph HOOC- CH2- (D,

L) Cheg- Pyr - NE+ BH2- 5- (2- an) - t hi oph 15

HOOC- CH2- ( D, L) Cog- Pyr - NH CH2- 5- ( 2- an) - t hi oph

HOOC- CH2- ( D, L) Nog- Pyr - NH- CH2- 5- ( 2- am) - t hi oph

HOOC- CH2- ( R, L) Adaal a- Pyr - NH- CH2- 5- n%-thi oph HOOC- CH2- (D,

L) 4- MeCha- Pyr - NH- CH2- 5- (2- am) - t hi o%\a< H2)q

HOOC- CH2- (D, L) y- MeCha- Pyr - NH- CH2- 5 % -$hi oph 20 HOOC- CH2- (D, L)

4- MeChg- Pyr - NH- CH2- 5- (2- am) - t hi oph
HOOC—CH[err]-(D,L)3,3-NE[err]Chg-PerNI—l— [err]-5-(2-am-thi oph HOOC- CH2-
(D, L) 3,3-Me2Cha-Pyr-NH CH2-5-(2-an)-thi oph HOOC-CH2- (D, L)

4-i Pr Chg- Rgr - NH- CH2- 5- ( 2- am) - t hi oph
HO&:—CH[err]-(D,Q%F;yl,J_S(I\/EO)[err]Phe-Pyr-NH—CH[err]-5-(2-arr)-thi oph 25
HOOC- CH2- ( D, ) Chea- Pyr - NH- CH2- 5- (2- am - t hi oph HOOC- CH2-  (

D) Di phe- Pyr - NH- CH2- 5- (2-am) -t hi oph HOOC- CH2- ( D, L)
[err]-Me[errPCHa- Pyr- NH CH2-5- (2-an) -thi oph HOOC- CH2- (D, L

) Adagl y- Pyr - NH CH2- 5- ( 2- am) - t hi oph

HOOC- CH2- @B, L) -1- Ti c- Pyr - NH- CH2- 5- (2- an) -t hi ogph 30

HOOC- CH2- ( D, L) Dch- Pyr - NH, €42- 5- ( 2- an) -t hi oph [ s

HOOC- CH2- ( D, by +Prash GH2- 5- ( 2- am) -t-h{yoph - (D)

a- MeCha- Pyr - NH CH2- 5- (2 _thi oph HOOG- C2- (D) [%r r \- Wb Cha’ Dep- Nk CH2- 5-
(2-am -thioph HOOC- CH2/( N- Me) (D) Cha- Pyr-NH CH2- 5- (2-anm) \{ hi oph 35
HOOC- CH2- ( D) Cha- Pyr-N 2-5-(2-am -thi oph HOOC-CH2- (D

) Cha- Dep- BB CH2- 5- (2-am -t hi oph HOOC- CH2- (D)

Cha- Pyr- NH CH2-#- (2- am) -t hi oph HOOC- CH2- ( D) Gha- Dep- NH CH2- 4- ( 2- am) - t hi oph
HOOC- CH2- (D) Gha-Pyr-N 3-5- (3-am -t hi oph 40 HOOC-CHzs (D

) Cha- Dep- NH- = (35 t biloph HOOC- CH2- (D jy—oo ,
)ng-Pyr-NH%&(‘%—zg%h HOOG- GH2- (D B2\ /

) Chg- Pyr - NH CH2- 4- (2-am -t hi oph HOOC- CH2- (D) Cha- Pyr- 6&12-5-(2-arr)-fur

HOOC- CH2- 2BD) Cha- Dep- NH CH2- 5- (2-am) - f ur CH; CH3
H H
| 0 l 0
—N—cm— )— - —N—ci )
30
R15
R16 R16
. | : |
35 N ] N
‘“"‘N—"CHZ_——<\—>7 v ——N——_CHz—Q ’
40 H _R16 H

| S
..__N_-caz-Q ' ——N—CH2—<\]\
N

45



45 Hooc- cH2 PP Y 43RE %y r - NH- CH- 4- (2- am) - fur HOOC- CH2- (D

) Cha- Dep- NH- CH2- 4- (2-am) - fur HOOC- CH2- (D ) Cha- Pyr-NH CH2-5-(3-am) - fur
0050/ 47212 11 HOOC- CH2- ( D) Cha- Dep- NH CH2- 5- ( 3-am) - f ur HOOC- CH2- (D)
Chg- Pyr - NH- CH2- 5- (2- am) - f ur HOOC- CH2- (¥ Chg- Pyr - NH- CH2- 5- (3-am) - f ur
HOOC- CH2- ( D) Cha: Pyr - NH- CH2- 5- (1- Me- 2-am - pyrr_5

HOOC- CH2- ( D) Chg- Pyr - NH- CH2- (1-|\/e-2-arr)-pyrrHHOOC-CI—|23(D

) Cha- Dep- Ne- GH2F 5- ( 1- I\/E)ﬁ “pyrr HOOC OH- |
(D) Cha- Pyr-NI=|-—(BI-1I2“4:E(2I“I-\1 2=a) - pyrr —N—CH2—<\I '
HOOC- CH2- ( D) Cha- Dep- NH CHZ- 4- (| - Me- 2- am) - pyrr 7

HOOC- CH2- (FD) Cha- Pyr - NH- CH2- 5- (1- Me- 3-am - pyrr 10

HOOC- CH2- ( D) Cha- Dep- NH CH2- 5- ( 1- Me- 3-am - pyrr

HOOC- CH2- (D)Cha Pyr - NH- CH2- 5- ( 2- am 3, 4- Me2) - th| oph HOOC-CH2- (D

) Cha- Pyr - NH CHZ 5- (2- am 3- NE) t hi oph

HOOG- GH2- ( D) Chal- Pyr - Ni+ 5- (2- am 4- Me) - thlolph

HOOC—CHZ-% ) G Py1eHlHGH2 B 2- am 3- Me) - fur—ma—caz——{\:ok :

HOOC- CH2- (D) Cha- Pyr-NH— N5- (2-am 4- Me) - f ur HOOC- CH2-

) Cha- Pyr - NH CH2- 5- (3-am¥2- Me) - f ur HOOC- CH2- (D)

Cha- Pyr - NH CH2- 2- ( 5- an')R{’hl az HOOC- CH2- ( D) Cha- Pyr-NH CH2-2-(4-am-thiaz
HOOC- CHz- (D)Cha Pyr - NH CH2- 4- (2-am) -t hiaz 20

HOOC- CH2- (D)Cha Hpyr - NH CH2- 5- (2- an) - t hi az HOGE- CH2- (D)

Chg- Pyr - p-3- (5-am - tflaz HOOC- CH2- (D) Chg} Pyr - NH CHR-< 2- (4- an) - t hi az
HOOC- CH2- D)CtTgNPy'rc - (2+am-thiaz —N—cn,~—(N N

HOOC- CH2- ( D) Chg- Pyr - NH =6- (2-am -t hi az 25 HOOC- CH2-

) Cha- Dep- NH CH2- 2- (5-am -t hiYaz HOOC- CH2- ( D) Cha- Pyr - NH CH2\ 2- ( 4- am) - oxaz
HOOC- CH2- ( D) Chg- Pyr - NH- CH2- 2- (4- am ) - oxaz

HOOC- CH2- ( D) Cha- Pyr - NH- CH2- 5- (3-am | - Me) - pyraz HOOC- CH2- (D

) Cha- Pyr -9+ CH2H3- (5-am - 1, 2, 4- oxadi az 30

HOOC- CH2- (D)Chanyr-NH—@-iQ—E:»(B am-1, 2, 4- oxacrl az

—N—CH *k\)l\ - —-N—-—CH2—~< >——

N
25
16
H R
. : L
—~—ci,— )— . | \
N~—N —N—cH— /N
30 /
R16
R16
H
N__N/
35 l
—— N—CH;—\_=
1
o_ o * H X Y
— N— CHz—S\_Z— —N—~cnz—§\ /\7‘ RY o cap/ X
— N— C
Rl4 R15 rld
R1S

45



HOOC- CH] er r 2932 ¥, r - N CH{ err] - 5- (3-am) - 1, 2, 4- oxadi az
HOOC-CH err] - (D) Cha-Pyr-NHCH err]-5-(3-aml-M)-1,2,4-tri az
HOOC- CH2- CH2- ( D) Cha- Pyr - NH- CH2- 5- ( 2- ar’r) t hi oph HOOC- CH2- CH2-
(D) Cha- Pyr - NH- CH2- 5- (2-am) -fur 35 10
HOOC- CH2- CHZvi(tR) Cha- Pyr - NH- CH2- 5- (1 Me- 2-am - pyrr (HOOC-CH2) 2- (D
gghha gr-mﬁwgﬁ del; adl, 4, :(dﬂ@ﬂ@ychiz) 2CH+ ( D
a- r- a
D) Chg- Pyr- N f;zé ag%krﬁr%qg El% a§H
HOOC- CH2- D‘E’na- -t hi adaz 40
HOOC- CH2- (E))l@i’g iPerINH@:Q' 91(326%9131“3 %Hyxadi az

HOOC- CH2- ( D) Cha- Pyr - NH- CH2-5- (2-an) -1, 3, 4- oxadi az Li st of abbreviations:

Adaal a: T N byl A anibst aAdegl yre partiddbawiyt prefgcred: Al BN:
Azobi si sobutyronitrile 0050/ 47212 12 Ac: Acetyl Al a:

) B o e i g gt o © Jee
tert - But yRBx§¥ 'KD g-Pyr-NH-CH "t oph Benzyl oxycar bony!
Cha: t@}‘lqcm%‘xy(%l%ﬂ RepcliinfH2-5-(2- a’@y‘é’-lhéﬁabt yl al ani ne Cheg:
Cycl ohept y| gH9@e-+#H,€hD) Chg-Dep~-NEERI-Glré R yamyl ydiioPhCog:
Cycl ooct yl gl yedmeHLS ( P8y Cpg-Pyr-NHLQH-6p R4t pitaiopk Cpg:
Cycl opent yI ghysé 181,066 1.) cheg-pyr iy, 0Bexyl sy redbpri de Dch:
Di cycl ohexyl glgfide _ (p, 1.)cog~Pyr-NH-CHp-5- (2-am) -thioph
HOOC-CH,~ (D, L)Nog-Pyr-NH-CH,-5- (2-am)~thioph
HOOC-CH,-(D,L)Adaala-Pyr-NH-CH;~5-(2~am)-thioph
HOOC-CH,~ (D, L)4-MeCha-Pyr~NH-CH,-5~-(2-am)~thioph
HOOC-CHj- (D, L)y-MeCha-Pyr-NH-CH;-5- (2-am)~thioph
20 HOOC-CH;-(D,L)4-MeChg-Pyr-NH~CH;-5-(2-am)-thioph
HOOC-CHj- (D, L) 3, 3-Me,Chg~-Pyr-NH-CHy~5~(2~am)-thioph
HOOC—CHZ-(D,L)3,3-Me2Cha—Pyr—NH-CH2-5—(2—am)-thioph
HOOC-CHy-(D,L)4-iPrChg-Pyr-NH-CH;-5~(2-am)-thioph
HOOC-CH,-(D,L)3, 4,5 (Me0) 3Phe~-Pyr-NH-CHy-5-(2-am) -thioph
25 HOOC-CH,-(D,L)Chea~Pyr-NH-CHz-5-(2-am)~-thioph
HOOC-CH,~ (D)Diphe-Pyr-NH~CH-5-(2~am)-thioph
HOOC-CH, - (D, L)pp-Me,Cha-Pyr-NH-CHy-5~(2~am)~thioph
HOOC-CH,~- (D, L)Adagly-Pyr-NH-CH,-5~-(2-am)~thioph
HOOC-CHy~-(D,L)-1-Tic-Pyr-NH~CHy~5-(2-am)-thioph
30 HOOC-CH,-(D,L)Dch-Pyr-NH-CH,-5-(2-am)-thioph
HOOC-CH,-(D,L)4-iPrCha-Pyr-NH-CH-5-(2-am)~thioph
HOOC-CHj~ (D)o-MeCha-Pyr-NH-CH;-5-(2~-am)~thioph
HOOC-CH;,~ (D)0-MeCha-Dep~NH-CH3~5-(2~am)-thioph
HOOC-CH,~(N-Me) (D)Cha-Pyr-NH-CH;~5~(2-am)-thioph
35 HOOC-CH,~(D)Cha-Pyr-NH-CH;~5-(2-am)-thioph
HOOC-CH,~ (D)Cha~Dep-NH~CH;-5-(2-am)~thioph
HOOC-CH,~(D)Cha-Pyr-NH~-CH;-4~(2-am)~thioph
HOOC-CH,- (D)Cha-Dep-NH-CHz-4~(2-am)~thioph
HOOC-CH,~(D)Cha-Pyr-NH-CH;-5-(3-am)~thioph
40 HOOC-CH,-(D)Cha-Dep-NH-CH;~5-(3-am)-thioph
HOOC-CH,~ (D)Chg-Pyr-NH-CH;-5~-(3-am)~thioph
HOOC—-CH,- (D)Chg-Pyr-NH-CH;-4~(2-am)~-thioph
HOOC-CH,-(D)Cha-Pyr-NH-CHy~5-(2-am)-fur
HOOC-~CH,-(D)Cha-Dep-NH-CHy-5-(2~am)~fur
45 HOOC-CH,-(D)Cha-Pyr—-NH-CHy—-4-(2-am)-fur
HOOC-CH;—(D)Cha-Dep~NH-CHy—4-(2—am)-fur
HOOC-CH,~(D)Cha-Pyr—-NH-CH;-5-(3~am)-fur

45

10



Dcha: oqaoc/fc-’lz&rﬁaxyl am ne 20 DCM Di chl or net hane Dep:

4, 5- Dehydr opi pecolic acid DVF: D et hyl f ormam de DI PEA:
Dii sopropyl et hyl am ne Dpa: Di phenyl al ani ne 25 Di phe:
2., 5- Di hydr ophenyl al ani ne Et: Elhyl Eq: Equi val ents fur:

Furan Gy: HOOC-CH,-dD)ChaeD8R-NxOH,-5—(3-am)Hfdroxyani di no HOSucc:
Hydroxysucc|;md@..dgz-l-B.)@hg—pyr-NH-ldlfghspm-fammmce | i qui d chronmat ography Hyp:

Hydroxyprol _ ]_ _ L

2- Di hydroin oqggcﬁr f)o@)Ch g%l_ § &5-%') Iidr Leu: Leuci ne
Me: (JMsy{eh I C & xyI al ani ne 40

[err] - Me2ChaHOOC-§ ATﬁWhg'BVETWﬁ I" 3(}@‘{%%&5 P VRYXF acid or

[ err] - Di met BAGSy-CHohEX)\ahat-BabrigHCHyEEh Al -Me—-2-am) MRy | - | - cycl ohexyl ) al ani ne
y- MeCha: sodclkchbt (ty)cha~pyetninecish i al bMere -am3-ps2Cha:

(3,3-Di ”EthYﬂOdCL@ﬁ L phwrial-bapag 181,42~ ¢ Mel2gam) -pyrr
Eg 5 b et Ak e g¢1 ig Sﬁ&'lc‘%"g PAld18-am) pyer i qui d
_ _ pressure |iqui
chr omat ogt4p#RP @DS%’/ 1@%%% Me-3 I%‘l’%?“tdert butyI et her NBS:

N- Br onpsucci ﬁﬁ%-&@zn&)Cha-Pyr-NHﬂ'zbérh@T@ );CI it
1, 2, 4- Oxadi a@dC-CH,-(D)Cha-Pyr-NH-CH;-5~(2-am- —Me)—thloph

HOOC-CH;- (D)Cha~Pyr-NH-CH,-5-(2-am-4-Me)-thioph
HOOC-CH,~ (D)Cha-Pyr-NH-CHy-5- (2-am-3-Me ) -fur

15 HOOC-CHj~(D)Cha-Pyr-NH~CH;-5-(2-am-4-Me)~-fur
HOOC-CH,~ (D)Cha-Pyr-NH~-CH;-5- (3-am-2-Me ) ~-fur
HOOC-CH,- (D)Cha-Pyr-NH-CH;-2~-(5-am)-thiaz
HOOC-CHy~(D)Cha-Pyr-NH~CHy-2-(4-am)~-thiaz
HOOC-CH,~- (D)Cha~-Pyr-NH-CH~4~-(2-am)~thiaz

20 HOOC-CH,~(D)Cha-Pyr-NH-CHz-5-(2-am)~thiaz
HOOC-CH,- (D)Chg-Pyr-NH-CHz~2-(5-am)~thiaz
HOOC-CH,~ (D) Chg-Pyr-NH~-CHy~2~(4-am)-thiaz
HOOC—-CHy-(D)Chg~Pyr-NH-CH~4~(2~am)~thiaz
HOOC-CH,- (D)Chg-Pyr-NH-CHy-5~(2-am)-thiaz

25 HOOC-CHj-(D)Cha-Dep-NH~CHy-2~(5-am)~thiaz
HOOC-CH,~ (D)Cha-Pyr-NH-CH,;-2~(4~am)-oxaz
HOOC-CHj-(D)Chg-Pyr-NH-CH;~2-(4~am—)-oxaz
HOOC-CH;-(D)Cha~Pyr-NH-CH;-5-(3-am-1-Me)-pyraz
HOOC-CH;- (D)Cha-Pyr-NH-CH~3-(5-am)~-1,2,4-oxadiaz

30 HOOC-CH;-(D)Cha-Pyr-NH-CH;-5~-(3~-am)~-1,2,4-oxadiaz
HOOC-CHy- (D)Chg~Pyr-NH-CH;~5-(3-am)-1,2,4-oxadiaz
HOOC-CHj;- (D)Cha-Pyr-NH-CHy-5-(3-am-1-Me)~1,2,4-triaz
HOOC~-CH;-CH;~ (D)Cha-Pyr-NH-CH;-5~(2-am)-thioph
HOOC-CH,-CH,- (D)Cha~Pyr~NH-CHp-5-(2-am)-fur

35 HOOC-CH,-CHy-(D)Cha-Pyr~NH-CHy-5~(1-Me-2-am)-pyrr
(HOOC-CH; ) 2- (D) Cha-Pyr~NH~CH,-5~(2-am)-thioph
(HOOC-CHj ) ,CH- (D) Cha-Pyr-NH~CH;-5-(2-am) ~thioph
HOOC-CH3- (D)Chg-Pyr-NH-CHy-5~-(2~-am)~1,3,4-thiadaz
HOOC-CH,- (D)Cha-Pyr-NH~-CH;-5-(2~am)~1,3,4-thiadaz

40 HOOC-CHj-(D)Chg-Pyr-NH-~CHy-5-(2-am)-1,3,4-oxadiaz
HOOC-CH,~-(D)Cha-Pyr-NH-CH;~-5-(2~am)-1,3,4-oxadiaz

List of abbreviations:
45 Adaala: Adamantylalanine

Adagly: Adamantylglycine
AIBN: Azobisisobutyronitrile



5 Oxaz:

Pi col yl

pi m

005¢¢ 47812 ph:

2- Per hydr oi ndol ecar boxylic acid Pic:
Pi peri di nyl net hyl

anhydri de Pro:

t Bu:
Tetrabutyl a

Tr|fluoroace
Thin | ayer cﬁ?%natograph@zﬁqﬁdéfecarb°xYlFﬁ|éib@e t hi oph:

1Ti c:

O (Cyanoet hogyecar bonyl neﬁ\kwlene) am no]l-N, N, N , N
tetrafl uorob

Benzyloxyg&
e

conpri se
meani ngs,

Proline Py:
3, 4- Dehydr ophot i ne pyr azhcetyl
Room t enper ahuse RP- 18: alanineReversed Phase C-18 20 t:
aggrtiary b
ni um br om
TR acid TF

Phenyl Phe: Phenyl al ani ne 2Phi :
Pi pecolic acid 10 pico:
Pr opyl phosphoni c
Pyridine 15 Pyr:
Pyrazol e pyrr: Pyrrole RT

PPA:
2

Tertiary
Tertiary TBAB:
Trietylam ne [sic] 25 TFA

| fl_.uoroaceti c anhydride TLC

Thi ophene 30

il t:
E%ég%Ab ac%?

Bn: Tet r ahydr®#ngydui nol i necar boxylic acid 3Tic:
3- Tet r ahydr oBsogui nol i necartr@xyl L exyea xboh@I U

- tetramet hyl uroni um [ sic]

ale triaz:g 1 |azole 35 Z
gﬁny Thellj%ﬁiﬂﬂgﬁ Euiﬁ%§;nore rel ates to conpounds which

structur

?ﬁere is dWe
protective gﬁh@ﬂh an unseyssicheptrdgbircingbst it uted natural or

[err] D have the abovenentioned
Iobepty+ 38t om of E a hydrogen atom a
unnat ur al

am no aci d, angunsubsti tcycibhéSybglyedrss i t ut ed carboxylic acid or sulfonic

acid or an ugsgbsti- tut@gbRoctyh§iydieed al kyl radical .

fragment ig

20

25

30

35

40

45

Cpa:
Cpg:
DCC:
Dch:
Dcha:
DCM:
Dep:
DMF:
DIPEA:
Dpa:
Diphe:
Et:

Eqg:
fur:
Gly:
ham:
HOSucc:
HPLC:
Hyp:
imi:
2-Ind:
iPr:
Leu:
Me:
a-MeCha:
pfB-Me,Cha:

4-MeCha:
y-MeCha:

3,3-MesCha:

4-MeChg:

3,3-MesChg:

MPLC:

The structural

Cyclopentylalanine
Cyclopentylglycine
Dicyclohexylcarbodiimide
Dicyclohexylalanine
Dicyclohexylamine
Dichlormethane
4,5-Dehydropipecolic acid
Dimethylformamide
Diisopropylethylamine
Diphenylalanine
2,5~Dihydrophenylalanine
Ethyl

Equivalents

Furan

Glycine

Hydroxyamidino
Hydroxysuccinimide

High performance liquid chromatography
Hydroxyproline

Imidazole
2-Dihydroindolecarboxylic acid
iso-Propyl

. Leucine

Methyl

a-Methylcyclohexylalanine
2~-Amino-3-cyclohexyl-3-methylbutyric acid or
pp-Dimethylcyclohexylalanine
(4-Methyl-1l-cyclohexyl)alanine
{1-Methyl~l1l-cyclohexyl)alanine
(3,3-Dimethyl-1-cyclohexyl)alanine
(4-Methyl-1-cyhexyl)glycine [sic]
(3,3-Dimethyl-1-cyclohexyl)glycine

Medium pressure liquid chromatography



vaI uabl e as %%%%ﬁ‘-f %%t of serine protease inhibitors and espe-

0050/ 47212 14 cially of thronmbin and kallikrein inhibitors. The invention
furthernore relates to the internmediates of the fornula Ila and Ilb 5 A- B
--E- D- CN Ila, A3 B- E- D- CSNH err]

| I'b, 10 wherMTBE: B, E aritetbylatvertHmtydaethgs indicated in claim1l. The
novel internm;at es ar e ngédmbeupe piarieiet he conpounds | and 15 are val uabl e
bui | di ng bl olq : for syntfissioghpligb@sidee protease inhibitors. The conpounds

of the for rru% Jta‘cz1an exi st, %58%8%(%16{ n the formof their salts with

physi ol ogi c ﬁ%’f er at ed’ a(C| es of 20 such acids are:
hydr ochl orP ci t ri 3oL § tartaric acid, lactic acid, phosphoric
acid, net hanElil;UI foni ¢ ackhenydcetic acid, formc acid, maleic acid, fumaric
acid, succinpbseaci d, hydrlenyladapinei c aci d, sulfuric acid, glutaric acid,
aspartic aci ziphpe/r uvi ¢ az-imbrhyaRé ohdo Rjatbogy Uidirariidc aci d, oxal i ¢ aci d,
ascor- 25 big;acid and a&fﬁé@o@lb%@fﬂ The novel conpounds of the formula |
can be enm)oged for the OWI ng i ndications: 30 - di seases whose

e

pat hogen HEThani sm Jrcf véfs direc or indirectly fromthe proteol ytic
effect of thP&#Rbin, -  RHARSFISIEYIR %%13; bat hogeneti ¢ mechani sm derives from
t hr ombi n- depBRBent act i vVEXIRWIPhPspherint dndyarédsi gnal 35 t ransducti ons,

- di seasespassoci at ed mrddireti mul ati on [eg. by PAI-1, PDG- (platelet
derived growpf:factor), Byseligetin, |CAM1, tissue factor] or inhibition
(eg. NO syiPt p9§1s in srmg)t‘b_ !,_,g #ine cells) of the expression of genes

in body ce di seases d |V|ngfromthe m t ogeni c effect of thronbin,
- di seases g’é‘??‘\/l ng fr %ﬁronbl n- dependent change in the

pyrr: yrro e
RT: Room temperature
RP-18: Reversed Phase C-18

20 t: Tertiary
tBu: Tertiary butyl
tert: Tertiary
TBAB: Tetrabutylammonium bromide
TEA: Trietylamine [sic]

25 TFA: Trifluoroacetic acid
TFFA: Trifluoroacetic anhydride
TLC: Thin layer chromatography
thiaz: Thiazole
thioph: Thiophene

30 1lTic: 1-Tetrahydroisoquinolinecarboxylic acid
3Tic: 3-Tetrahydroisoquinolinecarboxylic acid
TOTU: O-(Cyanoethoxycarbonylmethylene)amino]-N,N,N’ ,N'—

tetramethyluronium [sic] tetrafluoroborate

triaz: 1,3,4-Triazole

35 2: Benzyloxycarbonyl

The invention furthermore relates to compounds which comprise the

E——D“</
40 structural element where E and

D have the abovementioned meanings, and there is on the nitrogen
atom of E a hydrogen atom, a protective group, an unsubstituted
or substituted natural or unnatural amino acid, an unsubstituted
a5 OT substituted carboxylic acid or sulfonic acid or an unsubsti-
tuted or substituted alkyl radical. The structural fragment is
valuable as constituent of serine protease inhibitors and espe-



45 - comngﬂ394ﬁ%%}%umlperneability of epithelial cells (eg. vascul ar

endot helial cells), 0050/ 47212 15 - t hr onbi n- dependent t hronboenbolic
events such as deep vein thronbosis, pulnonary enbolism myocardial or
cerebral infarct, atrial fibrillation, Bypass occlusion, 5 -  dissem nated

i ntravascul ariaddygaf athxomb(ibl €pd kallikseén| irhidhitand-for reducing the
reperfusion tinme on conedication with thronbol ytics such as streptoki nase,

uroki nase, PFRULAKERESSN AurRAerfBfGelRltas MHAIRN iacbinediHtes1Of the from
t he sallvarx%%#%ﬂgsIQL éﬂulﬂigs, and the reconbi nant and nutated forns of
S the

all these su ances; - occurrence of early reocclusion and |ate
restenosi s®after PTCA, 15 - t he t hronbi n-dependent proliferation of
smooth nuscle cells, -~ the accymul ation of.active throghy n in the CNS
(eg. in Al zheiner's dr%ease%, 20 T unor gromﬁﬁ and to prevent adhesion and

metastasis of tunor cells. The novel conpounds can be used in particular
for the therapy and 25 prophyl-axis of threnfmswHEdependent ITw onmboenbol i c
event s su?ﬁ as deep vein thronboses, pul nmonary enbolisns, myocardial or
cerebral farcts and unstabl e angina, also for the therapy of dissem -
nated intravascul ar coagulation (DIC). They are furthernore suit- able for
conbi nati on ¥hexeapy & th and Onbargtthes megppngs ndicgted Tp qdiadRsé:

ur oki nase, prourokinase, t-PA APSAC and ot her plasni no- gen activators to
shorten the fRpaifasi ORtéinRiiands extenmbeldheor pessdresithe ¢onpunbsr I hetd

preferred;areas af) J4B%e & 1 nB" BYSM s HHOEPhEnsBRARGEREr B PR0kYase

reoccl usi on aq%_L%te restenosi s after percuianeous trans- |um nal coronary
angi opl asty, *% &V&nt t hr onbi n-i nduced pro- liferation of snpboth muscle

cells, to prevent accunul ation of ) )
The compounds of the formula I can exist as such or in the form

of their salts with physiologically tolerated acids. Examples of
20 such acids are: hydrochloric acid, citric acid, tartaric acid,

lactic acid, phosphoric acid, methanesulfonic acid, acetic acid,

formic acid, maleic acid, fumaric acid, succinic acid, hydroxy-

succinic acid, sulfuric acid, glutaric acid, aspartic acid,

pyruvic acid, benzoic acid, glucuronic acid, oxalic acid, ascor-
25 bic acid and acetylgylcine.

The novel compounds of the formula I can be employed for the fol-
lowing indications:

30 - diseases whose pathogenetic mechanism derives directly or
indirectly from the proteolytic effect of thrombin,

- diseases whose pathogenetic mechanism derives from
thrombin-dependent activation of receptors and signal
35 transductions,

- diseases associated with stimulation [eg. by PAI-1, PDGF
(platelet derived growth factor), P-selectin, ICAM-1, tissue
factor] or inhibition (eg. NO synthesis in smooth muscle

40 cells) of the expression of genes in body cells,

- diseases deriving from the mitogenic effect of thrombin,
- diseases deriving from a thrombin-dependent change in the

45 contractility and permeability of epithelial cells (eg.
vascular endothelial cells),



actlve t hr of5P4473% ons (eg. in Al zheiner's disease), to con- trol
tunors and to prevent nechani sns which |ead to adhesion and 40 netastasis
of tunor cells. The novel conpounds can al so be used for coating artificial
sur- faces such as henodial ysis nenbraf®s and the tubing systens and |ines
necessary t her eftdrromdid-dépendegentboombdenbel ic atearths suchsagideep deinn,
stents and hear ttﬁi@nﬁeslsmﬁxm@wak CabuldRas Rescdnditaleonoeerdbradnpl oyed

for diseases et {21 er 3 W&Bx?@lpéé hﬁgeﬂ%a&s ReA1agisn) derives directly
or indirectly fron1the proteol ytic effect of kininogenases, especially
kal i krein, eg. in inflammtory di seases such_as asth pancreatltls

rhinitis, &rthridissenipated infragasciing qoaeulation iP5kt ory 5 di seases.
The conpounds according to the invention can be adm nistered in a

conventi onal - wayrecdilugion @t eoreradbyins theurepanivslipp tine @re- nously,
intranuscul arly, cdftic@lReibh Gred khrofsstydlilcs) suéhrddistrepokimisegn can al so
take place with Nfcfaﬁ.n%sgr ﬁP& 1})QEQUQI!LPtAheAB§§@Prﬁlra3éﬁﬁﬁ§J;e§F}aﬁﬁﬁva{Bﬁs

dosage depends ondi tLon,and o] he
node of adfi ni st iélha}rm lapds of a'Inl Tg do%rlie g"fhe ?%bls[jlggt grrll%e
per person is ab‘b‘&ﬁa"—f@‘- fe%srﬁ:;f@ﬂrlo?;ﬁ?s%\cﬁﬂqsrt?f‘?%ﬂ on and about 1-200 ngy on
parenteral adm nistration. This dose can be given in 2 to 4 single doses or
once a day as depid dorufreRfe OFE carigl remnyimsids amh leceusesténpsis after
conventional solpgeor |iquid pharmaceutical fornms, eg. as uncoated or

(fil m)co%ed tabl et's, capsul es, powders, granules, supposi tories,

sol utions, “ointments, creans,or ys. . are

convent i onal ~rmanh§ .t hfﬁg'géﬁt?%epsq%ﬁ Bﬁ%]el}s]t%fgﬁlf)org{ g’%%gr%%sscgleb celise
with conven- 25 tional pharmaceutical auxiliaries such as tabl et bi nder s,
bul ki ng agents, phessmonauileeion tefblagtive sthrosgianis, thq GHSr égu atfor s,

plasticizers, wehl:ziginkgestdiselissyersants, enulsifiers, solvents,
rel ease-sl@w ng agents, antioxidants and/or propellant gases (cf.

- tumor growth and to prevent adhesion and metastasis of tumor
cells.

The novel compounds can be used in particular for the therapy and

25 prophylaxis of thrombin-dependent thromboembolic events such as
deep vein thromboses, pulmonary embolisms, myocardial or cerebral
infarcts and unstable angina, also for the therapy of dissemi-
nated intravascular coagulation (DIC). They are furthermore suit-
able for combination therapy with thrombolytics such as strepto-

30 kinase, urokinase, prourokinase, t-PA, APSAC and other plasmino-
gen activators to shorten the reperfusion time and extend the
reocclusion time.

Further preferred areas of use are to prevent thrombin-dependent
35 early reocclusion and late restenosis after percutaneous trans-

luminal coronary angioplasty, to prevent thrombin-induced pro-

liferation of smooth muscle cells, to prevent accumulation of

active thrombin in the CNS (eg. in Alzheimer’s disease), to con-

trol tumors and to prevent mechanisms which lead to adhesion and
40 metastasis of tumor cells.

The novel compounds can also be used for coating artificial sur-
faces such as hemodialysis membranes and the tubing systems and
lines necessary therefor, and of oxygenators in extravascular

45 circulation, stents and heart valves.

The novel compounds can furthermore be employed for diseases
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1978). The admi nistration forns obtained in this way normally contain from
0.1 to 99% by wei ght of active substance. Experinental part 35 The
conpounds of the fornula | can be prep&Ped as shown in Schemes I-111.
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Thls dose can be glven 1 sin e ses or once a day as

depot form.

20 The novel compounds can be used in conventional solid or liquid
pharmaceutical forms, eg. as uncoated or (film-)coated tablets,
capsules, powders, granules, suppositories, solutions, ointments,
creams or sprays. These are produced in a conventional manner.
The active substances can for this purpose be mixed with conven-

25 tional pharmaceutical auxiliaries such as tablet binders, bulking
agents, preservatives, tablet disintegrants, flow regulators,
plasticizers, wetting agents, dispersants, emulsifiers, solvents,
release-slowing agents, antioxidants and/or propellant gases (cf.
H. Sucker et al.: Pharmazeutische Technologie, Thieme-Verlag,

30 Stuttgart, 1978). The administration forms obtained in this way
normally contain from 0.1 to 99% by weight of active substance.

Experimental part

35 The compounds of the formula I can be prepared as shown in
Schemes I-III.

Building blocks A, B, E and D are preferably assembled separately

beforehand and employed in suitably protected form (see Scheme
40 I-III).

45
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Scheme I describes linear assemblage of the molecule I by cou-
pling the amine H-D-CN to the N-protected amino acid P-E-OH to

30

give P-E~D-CN, eliminating the N-terminal protective group to

give H-E-D-CN, coupling to the N-protected amino acid P-B-OH to
give P-B-E-D-CN, eliminating the protective group P to give H-B-
E-D-CN, subsequently alkylating with the unprotected or protected

(P)-A-U building block (U
lating with (P)-A’-U (U

35

leaving group) or reductively alky-
aldehyde, ketone) or Michael addition

with a suitable (P)~A”-C=C- derivative to give (P)-A-B-E~D-CN.
Conversion of the nitrile functionality into the amidine group
takes place either by the classical Pinner synthesis (R. Boder,
D.G. Neilson, Chem. Rev. 61 (1962) 179) or by a modified Pinner

40

synthesis which proceeds via imino thioester salts as intermedi-

ate (H. Vieweg et al., Pharmazie 39 (1984) 226) or directly by
the method of A. Eschenmoser Helv. Chimica Acta 69 (1986) 1224.
Subsequently the protective groups still present in the molecule
are eliminated, preferably by acid hydrolysis.

45

If building block D is incorporated as H-D-CONH; into the synthe-
sis, dehydration of the amide to the nitrile functionality, or
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describes a very efficient way for preparing conpounds | by a convergent
‘synt hesis. The appropriately protected _building 25 bl ocks (P)-A-B-OH and
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dehydrated to (P)-A-B-E-D-CN or converted into (P)-A-B-E-D-CSNH2. The
N-term nal _protective groups enployed are Boc, Cbz or Fnoc, 35 preferably
Boc, and tReSEE final protective groups are nethyl, tert-butyl and
benzyl. If a plurality of protective groups is present in the nol ecul e,

t hey nmust be orthogonal to one another if they are not to be elim nated
simul taneously. If tde inter- nediates cont®in buildingPblock E, the Cbz
and benzyl protective 40 groupsjare unsuitaple. The reqguired coupling
reactions Gnd t he otlher reactionps for introflucing and e} imnating
protectivé gr pRps—are—e Uy Hed—oyt—un@er st ahdard condi t] ons of peptide
chem stry (see M Bqgdanszky, 45]A. Bodanszky "The Practjce of Peptide

Synt hesis", 2pg) editlion, Springer Verd ag Heldel berg, 19p4). 0050/ 47212
20 Boc protective grloups are elilm nated usi pg di oxane/ HOl or TFA/ DCM and
Chz protectivgpproups are elinirateq¥p% hydfogengl ysis pr with HF.
Hydr ol ysi ggof “ester [functionalitlies takes place with LiOH in an alcoholic
sol vent or in dioxane/water. TFA or dioxanel 5 HU [sic]|is used to cleave
t-butyl esters. TheJeactions rechecked Py TLE, nornplly using the

foll owi ng nobil e phases: 10 A |DCM MeCH D5: 5 B. DCM MeCH
9:1 (P) OH H CN
20 (P) CN
¢4s
(P) ~
NH»
//,S-alkyl
(P) X nm
25 _~ NH
=
(P) TN NH
-~ NH
H ~
NH,
30

Scheme II describes linear assemblage of the molecule I by
alkylation, reductive animation [sic] or Michael addition of H-
B-P onto appropriately suitable unprotected or protected A build-
ing blocks to give (P)-A-B~P, elimination of the C-terminal pro-

35 tective group to give (P)-A-B-OH, coupling is [sic] H-E-P to give
(P)-A-B-E-P, elimination of the C-terminal protective group to
give (P)-A-B-E-OH, coupling to H-D-CN to give (P)-A-E-C-D-CN and
reaction of this intermediate to give the final product as in
Scheme I.

40
Where compounds (P)-A-B-P still have a free NH functionality on
B, this must be provided with a suitable protective group before
elimination of the C-terminal protective group. The protective
groups used in each case must be orthogonal to one another.

45
As an alternative to the H-D~CN building block, it is also pos-
sible to employ H-D-CONH;, H-D-CSNH,, H-D-C(NH)NHz, H-D-C(NP)NH,
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Scheme III describes a very efficient way for preparing compounds
I by a convergent synthesis. The appropriately protected building

25 blocks (P)-A-B-OH and H-E-D-CN are coupled together and the
resulting intermediate (P)-A-B-E-D-CN is reacted to give the
final product as in Scheme I.

As an alternative to H-E-D-CN, it is also possible to employ

30 H-E-D-CONH, or H-E-D-CSNH,, and in the first case the coupled in-
termediate (P)-A-B-E-D-CONH, is dehydrated to (P)-A-B~E-D-CN or
converted into (P)-A-B-E-D-CSNH;.

The N-terminal protective groups employed are Boc, Cbz or Fmoc,
35 preferably Boc, and the C-terminal protective groups are methyl,

tert-butyl and benzyl. If a plurality of protective groups is

present in the molecule, they must be orthogonal to one another

if they are not to be eliminated simultaneously. If the inter-

mediates contain building block E, the Cbz and benzyl protective
40 groups are unsuitable.

The required coupling reactions and the other reactions for
introducing and eliminating protective groups are carried out
under standard conditions of peptide chemistry (see M. Bodanszky,

45 A. Bodanszky "The Practice of Peptide Synthesis”, 2nd edition,
Springer Verlag Heidelberg, 1994).
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hydr ochl ori des resulted as pal e colored crystals

cycl ooct yl gl Fopnetantdngc FPBPPRASSRE BBt RESRAT L B?tfr%\r?g fg’%g?yb’?ﬁ fgtgegst 150
mol ) of cycl ooctanone. 26.6 g of 2-norbornyl -

25 Examples of building blocks A employed for the alkylation are
tert-butyl o-bromoacetate, tert-butyl p-bromopropionate, tert-
butyl a-bromopropionate, tert-butyl y-bromobutyrate, tert-butyl
a-bromobutyrate, THP-protected bromoethanol, THP-protected y-bro-
mopropanol, o-bromo-y-butyrolactone, for the reductive amination

30 are dihydroxyacetone, di-tert-butyl acetonedicarboxylate, and for
the Michael addition are tert-butyl acrylate, tert-butyl meth-
acrylate, di-tert-butyl fumarate. Those of said tert-butyl esters
which cannot be purchased are prepared by methods similar to
G. Uray, W. Lindner, Tetrahedron, 44 1988 4357-4362.

35
B building blocks:

A wide variety of possibilities is available in the literature
for the general and specific synthesis of amino acids. A review

40 thereof is provided by, inter alia, Houben-Weyl, Volume El6d/Part
1, pages 406 et seq.

Precursors which were frequently employed were benzophenone imine
acetic acid ethyl ester [sic], diethyl acetamidomalonate and

45 ethyl isonitrileacetate [sic].

Various glycine and alanine derivatives were prepared, for exam-
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m xture wag allowed to reach O[err] C and, after stirring at this
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tenperature for 15 h to conplete the hydrolysis. The orgam c. phase was
separat ed of® sgidtigshedl W& mmedocf etdivdh ispevpneacetate (ima0 molE yRHE
bi car bonat e sad uidded dnodpwideurtat 00 smmhlumfcpbbassﬂelns@BQtTMO}qltdewaB dried
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RT, and the solvent was stripped off in a rotary evaporator. The
residue was mixed with 50 ml of water, 100 ml of acetic acid and
25 100 ml of DCM, and the product was extracted with DCM. The DCM
phase was dried over Na,SO4, and the solvent was stripped off in a
rotary evaporator. The products resulted almost pure but could,
if necessary, be purified further by column chromatography on
silica gel (mobile phases: ether/petroleum ether mixtures).
30
General method for amino acid hydrochlorides starting from the
ethyl 2-formylaminoacrylates

100 mmol of the ethyl 2-formylaminoacrylates were hydrogenated

35 with Pd/C (10%) and hydrogen in 200 ml of glacial acetic acid
until the reaction was complete. The catalyst was then filtered
off, the acetic acid was stripped off as far as possible in a
rotary evaporator, and the residue was refluxed in 200 ml of 50%
concentrated hydrochloric acid for 5 h. The hydrochloric acid was

40 stripped off in a rotary evaporator, and the product was dried at
50°C under reduced pressure and then washed several times with
ether. The hydrochlorides resulted as pale colored crystals.

25.0 g of cyclooctylglycine hydrochloride were obtained starting
45 from 18.9 g (150 mmol) of cyclooctanone. 26.6 g of 2-norbornyl-

glycine hydrochloride were obtained starting from 16.5 g (150

mmol) of 2-norbornanone. 26.0 g of adamantylalanine hydrochloride
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(s, Me)) BocCppBaffitkd BtarSthyasory 1b hesd zadobymel yre3fqe £6imyl-ar-meehyhat  of
J. Y. L. Chunggﬁ%%éyexagg;Yékt%(4;6@94eﬁeéﬂgﬁﬁ&c@%ﬂe§}fﬂﬂyc§ﬁe(H§ﬁ¥8bh§5r239)-
8

0050/ 47212 _2 ratiqn_ o oc- 1-tet nyl cln

Boc- 1- Tet r 3l VAT g&%&lﬁsg t's"’n:ptl'lélﬁa%’é‘@l‘“ s{ At F%é;g%ér/onnuﬁ‘o 208 tyfgyoyelo-
napht hal ene. heXangfiehy d8 ol Phtirarend Py lmile &FH/“WH\?&FP%* g oghlo-
1-tetral yl brige derns phtéBred sitairkangtfran 1fed. oteranss - fagndy-41888hY1-The
brom de was sybEstpsanel.y10 epcifed, 3-8 imetilgtifyFopckdlerydatah tmathydand, after
hydrol ytic cLrayaaf webe éEsdiddangtareiid@rafmi 9 gast goBvaihethyirte the
Boc- pr ot _eqtoegglf__rg%%e@gggxgﬁgndard condi t1ons. Another possible preparation

y :

I s descri bed el mann and D. Voss (E. Reimann, D. Voss, Arch.
Pharm 310 (1977) 102). Preparation of Boc-| -<(:D, L)Tic-OH 15

Boc- | - (D, L) TFee qHdehydgr dpEeewy Iny - A-Gteidy Loy crohexang, papieqd fior Eper.
Shuman et al sydthédic i€hprep8®d b§o8)metihd bpreedpmttihoseopf Birskad, BRdch- OH
20 Boc- (D, L) n.épseH et .4y . wakinhyHaperesat adei 011927 )m136+14BCH t oget her

w th catalygtic anounts of 5% Rh/ Al 203 under 5 bar. Filtration and renoval
of the solvept BNl BRUAELRNAIRHEGn 8P H-hEGah (112 afl] OF¥6tmald]) vas

uantitative
9 an .9 gtc}lcI n%’irred solution of

e Prepar t
cycl opent yl gPéﬂ? e‘?r°4’-wil§8p$ ST F e FRPHH ﬁﬁoglﬁgﬁ#ﬂe arfd © :
3, 3- di net hy| dagehphaspcyrpeneidYERESEPARHE 447 d8L net® Frephriy 38D Féalting
cycl ohept anosehydymisogdrt Apbrethet- atops syl Ehel vemMddogesagrpnsion was
3, 3-di net il ¢yehOstirred at -60°C for 15 min and, over the course of 10 min, a
solution of 3,3-dimethylcyclohexanone (13 g, 105 mmol) in 100 ml
of anhydrous diethyl ether was added, keeping the temperature
below —-45°C. The reaction mixture was allowed to reach 0°C and,
after stirring at this temperature for 90 min, 150-200 ml of 38%
25 strength aqueous hydrochloric acid were cautiously added. The
mixture was vigorously stirred at room temperature for 15 h to
complete the hydrolysis. The organic phase was separated off and
washed with 200 ml each of water, saturated sodium bicarbonate
solution and saturated sodium chloride solution. It was dried
30 over magnesium sulfate, filtered and concentrated in a rotary
evaporator in order to remove the solvent. The resulting residue
was employed without further purification as starting material
for synthesizing the amino acid.

35 Boc-(D)-a-methylcyclohexylalanine
3.4 g (12.2 mmol) of Boc-(D)-0-methyl-Phe-OH were hydrogenated in
100 ml1 of MeOH in the presence of 250 mg of 5% Rh on Al;03 under
10 bar of hydrogen at 50°C for 24 h. Filtration and stripping off
the solvent resulted in 2.8 g of Boc-(D)-o-methyl-Cha-CH.

40 1H-NMR (DMSO-d6, & in ppm): 12 (very broad signal, COOH); 1.7-0.8
(25 H; 1.35 (s, Boc), 1.30 (s, Me))

Boc-(3-Ph)-Pro-OH was synthesized by a method similar to that of
J.Y.L. Chung et al. (J.Y¥.L. Chung et al. J.Org.Chem. 55 (1990}
45 270).
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30 hexanone, respectively, with et hyI isonitril eacetate [sic] by a nethod

of HJ. Pratorius (H J. Pratorius, J. Flossdorf, MKu- |la, Chem Ber. 108
"(1985) 3079). Preparation of HD,L- Che OH 35 4.0 g of cycl oheptyl net hyl
met hanesul fonate (19.39 mol), pre- iéd from cycl oheptyl met hanol and

met hanesul f PRAPaERAEHPR oRE BRSré- F%‘H%ﬂa@é’dlﬂég‘é%%r with 4.9 g of benzophenone
I mne glycine ethyl ester [sic] (18.47 nmol), 8.9 g of dry finely powdered
pot assi um 40566ﬂﬂaqea£§1iﬁykd¥§cmﬁa|&asa@&eéage@fsﬁaﬁtnabufy&mumnznuunydwdun de

g_g hmmll')hel no ha@gngryl af“%tlﬂ u%j":ﬁ'n ?qgﬁe ?@aé Q?lrlttlg%gy aédmertﬁgg'e{rﬂ:of or
J % g]ggablé% FhE* Euc% WaS ' &f%/z‘fﬁtg)ggeg%%w th

evaporat ed
at RT for

20 of 2N h&f ocﬁ'PGr‘P@’%ﬁGedWPﬁ atgbsfﬂqugg &Y ’é‘?a}%‘? | Wi
1.5 h The racattanddonalendten ands @ﬁtqn(&Hdaﬂbyt¥ﬂn¢M@éﬁé@%héﬂﬁh§eﬁbétlng
extract ed w gfangiindy bheif et @onietted ainitdi ¢he abge;prandcsed sEgmenhtigr

H D, L- Chea- @Eaﬁ/&%deééﬁ&ﬁgﬁﬁhs. AROBY A 6o%2 i BTe Wrdpabeibm i&@e@bkﬂbéd\%y
range (pH;g d§> rlfdohNEnd U vedR 1S iblnovE! JEANCRELN SR
concentrate |ri‘/§ evapo- tor g3 7 [err] 95% o t‘rﬁ)ry 5
Boc- (D, L) - (3 75 ( 3) Phe- O—l was prepared by alkylation of benzophenone
I mne glycine et hyl ester [sic] with trinethoxyben- zyl chloride,
subsequent i PremchadticonobfBadrd-BBeL JPist-&8t i ve group and ester hydrol ysis.
10 D- (1, 4- q/clohexadi en-1l-yl)ala-OH [sic] was prepared by the nethod of G
Zivi l'i choygkyoc M — %{&&Lcﬂﬂ welRefresifed gﬁeakﬁl@tm@am R.1P. (sk@3h @60:.15.

H (D L)- [errLI\%qn pr epa e of Schol | kopf, 15 R
Meyer, L. An N ol 1?2 %%&i ts%e aﬁéf% dglgere conver!toed W th
di-tert-butyl dicar bonate i n wat er/ di oxane by conventional nethods into the
Boc- pr ot ect eBreRATALiANCE PR @ BMBCR s equent Iy recrystal lized from et hyl
acetate/ 20 hexane m xtures or purified by colum chromatography on silica
20 Boc-(D,L)-Dpa-OH (1 mmol) was hydrogenated in 12 ml of MeOH
together with catalytic amounts of 5% Rh/Al,03; under 5 bar.
Filtration and removal of the solvent under reduced pressure

resulted in the product in quantitative yield.

25 Preparation of cycloheptylglycine, cyclopentylglycine, 4-isopro-
pylcyclohexylglycine and 3,3-dimethyl-cyclohexylglycine

These amino acids were prepared by reacting cycloheptanone,
cyclopentanone, 4-isopropylcyclohexanone and 3,3-dimethylcyclo-

30 hexanone, respectively, with ethyl isonitrileacetate [sic] by a
method of H.J. Pridtorius (H.J. Prdtorius, J. Flossdorf, M.Ku-
la, Chem. Ber. 108 (1985) 3079).

Preparation of H-D,L-~Chea-OH
35
4.0 g of cycloheptylmethyl methanesulfonate (19.39 mmol), pre-
pared from cycloheptylmethanol and methanesulfonyl chloride, were
refluxed together with 4.9 g of benzophenone imine glycine ethyl
ester [sic] (18.47 mmol), 8.9 g of dry, finely powdered potassium
40 carbonate (64.65 mmol) and 1 g of tetrabutylammonium bromide
(3 mmol) in 50 ml of dry acetonitrile under an inert gas atmo-
sphere for 10 h. The potassium carbonate was then filtered off,
the filtrate was evaporated to dryness, and the crude product was
hydrolyzed directly with 20 ml of 2N hydrochloric acid in 40 ml
45 of ethanol, stirring at RT for 1.5 h. The reaction solution was
diluted and then benzophenone was extracted with ethyl acetate in
the acidic range, and subsequently H-D,L-Chea-OEt was extracted



gel (nobile Bﬂﬁgégnﬁ hyl acetate/petrol eumether m xtures). The

Boc- protected am no acids were enployed as B building bl ocks as shown in
"Scherme |. 25 Said amino acids as B buil ding blocks were also in sonme cases
converted into the correspondi ng benzyl2%sters and |inked to the

appropri at el yigh aactiedtite iikadiing bamgsk IpHI A § he angs 4hef sgbrhiopowasls with
an N-H funct geied idverwhaghesiams stilkhté raam] cohtentmed0inudb syt byapo-

protected w }&&‘quegaoymc?th_e Senz94 tga_bgi_group was renoved by
hydr ogenati on, and the buil di ng bl ock A-B- was purified by

crystallization, salt precipitation or _colum chroma: tography. This route
i s descri bédB‘BS/'M)Gﬁge%a?rpq’@of)é{&i%‘mﬁcﬁﬁﬂaé&g Pb)_tﬂ%\!a%ﬁ%& 8€v. 35
Synt hesi s of benzgpliepioary ininmiglychaasthdsesten kisdedtbntoiretboxyoenrg1
mmol ) of D cyel adtebodideansulssdypent- ictitaiuctdon 16l the( 862 pratidctdiveberoun

al cohol and 308.€st@rdfyibdiysmml ) of p-tol uenesul fonic acid nonohydrate in
2200 m of tol uene was slova,y heated to reflux with a water separator.

Evol ution _of hydr n.chloride and.dissqlyvi f ' 0_Q] a
cl ear sol &gi BHYglef%ey&}g P2 ‘a‘lnﬁqt_ﬁésj?g?%eﬂr é%g?g "r’%% eégé?g@ieér)r ! % m I\f{f‘n\d no
further watePfsepdididdcBovskabdut SHTICE 500 CREm %5 Ht- 11 HPEE g L2
distilled ouf19%hk 2508cidbPon mi xture was allowed to cool overnight, and the
resulting residue was filtered off and washed twice with 1000 ml of hexane
each tine. The(pesiUpRLAG,AIRSOH wad(h¥pheddZby SelidluethddSof)U . Waghs hEkops,
suspended 4ign Zéﬁ%bé‘g of ghgplcq{egme §u(1¢) ang,,_ghter addition of 1000 m of

wat er, adjusteée pH9- by gradua
hydr oxi de solution while stirring. The organic phase s separated off
washed twi ceS@ie AN @CHHs Greng COPVERESH tqﬁ’fé‘ dgﬁ%ﬁ‘%&f’is‘gﬁfﬁ%ﬁﬁ at®
and filter edwaberAiprangdeby cesnventandal orridedsaintm tdfe Bre-protacied form
resulted in ihSegicK T4¥e ahdtdbdequlentpy atkaxtysaalpitesl dirom ethyl acetate/
N (tert - bugy h@xygemG-aBt & | R PaChe | 1| shishatRgrapRy on silica

gel (mobile phases: ethyl acetate/petroleum ether mixtures).

addition of 50% strength sodi um

The Boc-protected amino acids were employed as B building blocks
as shown in Scheme I.

25
Said amino acids as B building blocks were also in some cases
converted into the corresponding benzyl esters and linked to the
appropriately protected A building blocks. In the case of com-
pounds with an N-H functionality which was still free, this was

30 subsequently protected with a Boc group, the benzyl ester group
was removed by hydrogenation, and the building block A-B-OH was
purified by crystallization, salt precipitation or column chroma-
tography. This route is described by way of example for tBuOOC-
CH,~-(Boc) (D)Cha-OH below.

35
Synthesis of D~cyclohexylalanine benzyl ester

A suspension of 100 g (481 mmol) of D-cyclohexylalanine hydro-
chloride, 104 g (962 mmol) of benzyl alcohol and 109.7 g

40 (577 mmol) of p-toluenesulfonic acid monohydrate in 2200 ml of
toluene was slowly heated to reflux with a water separator.
Evolution of hydrogen chloride and dissolving of the suspension
to give a clear solution were observed in the temperature range
80-90°C. When no further water separated out (about 4 h), 500 ml

45 of toluene were distilled out, the reaction mixture was allowed
to cool overnight, and the resulting residue was filtered off and
washed twice with 1000 ml of hexane each time. The resulting res-



10 benzyl es?%srwﬁ 62(440 mol ) of D cycl ohexyl al ani ne benzyl ester were
dis- solved in 2000 mM of acetonitrile and, at roomtenperature, 607.5 g
(4.40 nol) of potassium carbonate and 94.3 g (484 mmol) 15 of tert-butyl

br onpacet ate were added, and the mixtur®® was stirred at this tenmperature
for 3 days. Blirehdi&begnhaxad jHhear suspanded\dsh? A0 il wfadéeinnametaane he

not her | i quoandyaaftercadditica ed (GH erlr o€ wafembadjustee tepHidedwasbyt aken
up in 1000 ngrQiudehbricisd lobyby! setdiRftn apdibheydroanis sylasgonashile
extracted Wi Lhs Aoy She CHAldhe! bhife 36s BB aald e dyaild Maakeayanat e
sol u- tion, ecazri mcgaewg rlncﬁ-' ver sodi msul'{gte flltfe dtdo
renove desPcedhi™ ¥BhTe Ak S3mS affF ﬂ’%ﬁﬂ‘%‘f’ﬁ’@: SEHETBETS) \ﬁggere
enpl oyed di r E@t¥gMAvie dpaieeant,r apdt ¢eprentration of the filtrate Yesulted
N- Boc- N- (t er {r blit5/IgoX P4 &) baohytheet byl @ mpodbctyas apebeylealani ne [sic] benzyl
ester The oil (168 g, 447 mmol) obtained in the previous synthesis was

di ssol ved i nyldQO-dlpuel16; aﬁ:‘yo‘hﬂrhﬂn@tl?jl@ne?t-beéy@ﬂiﬂekyQaléﬁir@lgs@c:fo (4. 47
nmol ) of Ratggg&*gnég%g onat e powder and 107.3 g (492 mmol) of di-tert-butyl
di carbonate, "Stirred at roomtenperature for 6 days. The potassium
carbonate was filtered off with suction, washing with _about 1000 mi of
acetonitrilellsr@ (448 mmpl) npfe Dngycltohprarelanipe beyryd estenmdareqdifead
product wer esobtex ned 2088 ml of acetonitrile and, at room temperature,

N-Boc- N- (terbobLs g qayaarheny lorepbyassitym Raepohobe aridaband ng (48i4Cjmol)
&'%{)ghﬁrﬂlg?%ét&@—gﬁlﬁrlI{'—%gonng:a%fﬁte were addedL and the mixture was ]

- - . | - 0 - ; c
benzyl esters%\k‘?léélddia)s%sgﬁ\l/%dt%?eféaékﬁi P%:fl}(lc}rg et gﬁ&naggdﬁégrlg%g%%ed in
the presence®dfr FaFhdPIIBE RS ORLET 1180 T04 BBHISH t'H G, B rF°ﬁ%88F
at nospheri c pratedir(@08€, 220 IWas) p | the gresidue ¥a§ thakenoRP ati Y99PoPal °Bf t he
sol vent in amebhyl \textapotyl adtdrer; eaud tewe iorgadic pHaa@OwaneYtnfctedywitbw
oi | whi ch20asst 8krerttneBitiPid Mcli@Oandl safuratetossd and biearbondte seflhux. The
heating bathyygs, r'ﬁ{g)\b?qan%]dpl?as%ohﬂé' Qi o%érJsédifi RUREItOf GVekobExYy-
pam ne | N ACRLONEINS d1diEant AnRCEohOL AR, MRRRIAI tbURIELng 011

0050/ 47212 ) . .
(168 g) was employed directly in the next reaction.

25 N-Boc-N-(tert-butyloxycarbonylmethylene)-D-cyclohexylalanine
[sic] benzyl ester

The oil (168 g, 447 mmol) obtained in the previous synthesis was
dissolved in 1400 ml of acetonitrile and, after addition of 618 g
30 (4.47 mmol) of potassium carbonate powder and 107.3 g (492 mmol)
of di-tert-butyl dicarbonate, stirred at room temperature for 6
days. The potassium carbonate was filtered off with suction,
washing with about 1000 ml of acetonitrile, and the filtrate was
concentrated. 230 g of the required product were obtained.
35
N-Boc~N-(tert-butyloxycarbonylmethylene)-D-cyclohexylalanine
[sic] cyclohexylammonium salt

115 g of N-Boc-N-(tert-butyloxycarbonylmethylene)-D-cyclohexyl-
40 alanine [sic] benzyl ester were dissolved in 1000 ml of pure
ethanol and hydrogenated in the presence of 9 g of 10% Pd on ac-
tive carbon with hydrogen under atmospheric pressure at 25-30°C
for 2 h. Filtration and removal of the solvent in a rotary evapo-
rator resulted in 100 g (260 mmol) of a yellow oil which was tak-
45 en up in 1600 ml of acetone and heated to reflux. The heating
bath was removed, and a solution of 27 g (273 mmol) of cyclohexy-
lamine in acetone was quickly added through a dropping funnel.



26 The requiqoescplsﬁ%lzbrystal lized out on cooling the reaction mx- ture to
roomtenperature. The solid was filtered off, washed wth 200 ml of acetone
‘and, for final purification, recrystallized once nore fromacetone. Drying
of the residue in a vacuumoven at 5 aB8ut 30[err]Cresulted in 70.2 g of
the requiredrisakreqasredigad tporysteklized out on cooling the reaction mix-

N- Boc- N- (t ergudeuiy| osus ardipaybietdy meeboDid wdsoFa1yboty @ifte fabhdd with
cyc: oEexyl angRNiginbgahde e BHEPH &M fiRal ShridiRatieY, fr&iPylk@allized
ST rdid B PLSE UeRhun peine o ohs gesipe a3, sapuum oven e
cyclohexyl%rﬁﬁﬂﬂtuﬁpg%l"fesfgtﬁ %‘ér%—‘gru?y? 3 51’?85?‘%5$dsrfg‘tteaf6‘f"%’lléeg PPY09
mol ) of bro®&propi onic acid, 150 ml of condensed 2-nethyl propene and 2 ni
of concentrated sulfuric acid were placed at -30[err] C under a

count er cur r eutpdH-NRi £6PGHU A oxycaiBbny 16k 8RFLMRHS-B-cgUl sty gll & imen

aut ocl ave, t‘éﬁgﬂ ¥38h8§é§&#ﬁﬂﬁoﬁiﬁﬁréﬁita%aéoﬂﬂgﬁéygae&ﬁtQréiﬂﬂyér73aﬁ-ffaﬁ'_
wor kup, tgﬁ e C%‘Iﬁ n stsien was agglrnso%ool ed to -30[err]C, and the solution
was caut i s‘f%falr? FENITIT 968 RESDH 5%6- col d sat urat ed sodi um bi car bonat e
sol ution. Excess 2-nethyl propene was 25 all owed to evaporate off with
stirring, theBassiNd@benrbusmlrareerbamleshylers) H-cycioheyylglanine [sic]

di chl or onet heyel ohely 1l aimenivrheatonbi ned organi ¢ phases were dried over
sodium sul fate, the desiccant was filtered off, and the solution was

concent raﬁﬁda}‘”déért"ﬁ%h‘%l?knu%dﬁ%%%ﬁloﬂ-% oil'y residue was 30 purified

by col umm chromat ogr aph | e"phase n-hexane, | ater n-hexane/di ethyl
ether 9:1). 18.86 g of the title caonmpound wer.e obt ai ned. B)

N (tert - Butyl oxyt&rifody (&P RyImeHe) PF}NB’E/‘B‘PWPBF%@W'[ dpRimBpt benzyl
ester 49.4 g (18€ondenspdoR-meEyWdipsResye Anthi2nal bef HgancestEatek s ldnEig| ved

in 250 M of acei®id Weirkepaackd aftt eB0etidindeonaotoBitegcyridil afmlifrogen
tert-butybobronmops opifaRakevadsd10@Mi¢lble fdreRpeadtsdRavel, etlighuery fcdbsbddays.

The resul tng prec iiiteqvas dddu ELffleslfur@ndotarharl $YCShig Tehew (N

acetonitrile, the
Yesi due st akeRORFIT YBBSST P BORRD GroRRSinSne oy phd Ehe dbtliELoh e
was cautiously poured into 200 ml of ice-co saturated
sodium bicarbonate solution. Excess 2-methylpropene was
25 allowed to evaporate off with stirring, the residue was
extracted three times with 50 ml of dichloromethane each
time, the combined organic phases were dried over sodium
sulfate, the desiccant was filtered off, and the solution was
concentrated under water pump vacuum. The oily residue was
30 purified by coclumn chromatography (mobile phase n-hexane,
later n-hexane/diethyl ether 9:1). 18.86 g of the title

compound were obtained.

b) N-(tert-Butyloxycarbonylethylene)-D-cyclohexylalanine [sic]
35 benzyl ester

49.4 g (189 mmol) of D-cyclohexylalanine benzyl ester were
dissolved in 250 ml of acetonitrile and, after addition of
31.6 g (151 mmol) of tert-butyl bromopropionate at room

40 temperature, refluxed for 5 days. The resulting precipitate
was filtered off and washed several times with acetonitrile,
the filtrate was concentrated under water pump vacuum, the
residue was taken up in 350 ml of dichloromethane, and the
organic phase was extracted with 5% strength citric acid and

45 saturated sodium bicarbonate solution. The organic phase was
dried over sodium sulfate, filtered to remove desiccant and
concentrated. The oily residue was purified by column



organic phas‘eo%\%é‘r@&?act ed with 5% strength citric acid and 45
saturated sodi um bi carbonate sol ution. The organi c phase was dried over
'sodium sul fate, filtered to renove desiccant and concentrated. The oily
residue was purified by colum 0050/2%7212 27 chromat ogr aphy (nobile
phase di chl or one¢hiiatohaaply dimoblide opedseaidchibdtanealha@b, S)atek sl ightly
'C;fpulr\f88'0| N\N?tse?ﬁc%il%%ﬁméeﬁame%ﬂahsy?b @y eat byidht lyhempexé digaehson. 5
0 y£h qhex ol C
benzyl ester Th ébt%li% té?{%ed&)so%kaép%r gt{}%)gﬁsl?lgy% hesi ég?ég%mn]{‘a’? ]10
70 mol ) was dissolved in 150 m acetonitrile and, after addition of 28 ml
(160 mmmol )50f diisopropyl ethyl am ne and 19. 2 (88 nmml ) of di-tert-butyl
di car bonat e, cpt |N+m—alb(teomﬁtmmexmcm1@0metsﬂl@}@ -Drg¥clekexyladapineur e
was concentrat ed[sit p be@k@L Yesteapor at or under water punp vacuum 15 t he
resi due was taken up in n- hexane and washed five tines with 3 mM of a 5%

strength citric aeid, gtcgoxrqeqeg%hthyﬁe\h@%scg L gan pases 1o
3

dried over sodi umsulfate s fi ere e re5|due

after cond@ntrat/®INpdd ¥abj i Vﬁg SR hMoAH

chromat ogr aphy (#dbitienprises H@xa(r-"répemlr) é’c,fefiétf‘@@?@)le*-ﬂl%%”& @6‘3 nol )
of the required p®cuct(88emsobptcefi déctexfy-butyl dicarbonate, stirred at

N-Boc-N-(tert- Bui-dé:@w@ebeﬂxyf@tﬁw snaayd: el ebexyial aiixperé siad
cycl ohexyl ammoni ug Saldrataq3en 66 13664 QraQBr under water pump vacuum,
N- Boc- N—(égrt buf__l;{l oxeyc%ggog# eéap( yl egg) 9962{%&%3‘ a3RkBCsi Q:]lmggnzw

ester wer di sso enat e Vg
Sy sach dabg

al and
hydr ogen under a‘t’?‘r’b‘% &y e p?e%%tf‘rtéeﬁgt]%c%(ﬁ ehce of 3
of 10% 30 Pdthe %mml@edcwwcr Bhasgs tyerns; Idﬂa‘t'll‘ﬁf?roﬁ%lh‘ém OR8N
t hrough Cel it e[ ethé,desmisicany was [fidtkaad| offhd andnbhe resfidupeatetment in a
rotary evapor at Ogohi&sitria®dohwad .shbjedted Heldeparation by column
20 chromatography (mobile phase hexane/ethyl acetate 95:5).
32.66 g (64 mmol) of the required product were obtained.

(o]

d) N-Boc—-N-(tert-Butyloxycarbonylethylene)-D-cyclohexylalanine

[sic] cyclohexylammonium salt

25
32.66 g (64 mmol) of N-Boc-N-(tert-butyloxycarbonylethylene)-—
D-cyclohexylalanine [sic] benzyl ester were dissolved in 325
ml of pure ethanol and hydrogenated with hydrogen under
atmospheric pressure at 25-30°C in the presence of 3 g of 10%

30 Pd on active carbon for 14 h. Filtration of the solution
through Celite®, washing with ethanol and removal of the
solvent in a rotary evaporator resulted in 26.7 g of a yellow
oil, which was taken up in acetone and heated to reflux. The
heating bath was removed, and a solution of 7 g (70 mmol) of

35 cyclohexylamine in acetone was quickly added through a
dropping funnel. The required salt crystallized out on
cooling the reaction mixture to room temperature. The solid
was filtered off, washed with 25 ml of acetone and, for final
purification, recrystallized once more from acetone. Drying

40 of the residue in a vacuum oven at 30°C resulted in 26.6 g
(54 mmol) of the required salt as white powder.

N-Boc-N- (tert-Butyloxycarbonylmethylene)-(D)-cyclohexylalanyl-
3,4-dehydroproline [sic]
45
a) N-Boc-Pyr-OH (5 g, 23.45 mmol) was dissolved in MeOH (50 ml),
and HCl in dioxane (4N, 30 ml) was added. After refluxing for



oi |, which v%&,sq/aﬂﬁ}%lp I n acetone and heated to reflux. The heating bath
was renoved, and a solution of 7 g (70 nmol) of 35 cycl ohexyl am ne in
‘acet one was qui ckly added through a dropping funnel. The required salt
crystallized out on cooling the reacti @8 mi xture to roomtenperature. The
sol ! d_ was filteredngf thewsshechtwivas BEnaviedofinag etatreeyapdapdmatori aat
purification, regpstambi ERt-ddhi6r I8 Gvdy OBtatRéD NS pBbyuag Afjeld: of the

residue in a vacy v 30[err]Cresulted in 26. 54 mmol) of the
required salt as mge%g%%)e 9 ( :

N- Boc- N- (tert-Butyl oxycar bonyl met hyl ene) - (D) - cycl ohexyl al anyl -
3, 4- dehydr B bl |1?Te(t[‘§P9}C7$§12ayN1\?CEbdDI3y%:h€]'-& 5(yag 9:2 yggrﬂﬂﬂ% W&% di ssol ved
in MeOH (50 ) ,dimsplMet im diichlanenetidanesd 75 1l haandaddéd- 19 ePtR%E | uxi ng

for 0050/ 472145 iddptadphlahire gabventl we® .2emovel)) iwasaaddedy Afdeapor at or
and H Pyr-Owe hy&fq@lln r hgexyias t@ﬁbéﬂ:&‘tﬁﬂ:ea&oﬁr 90mDA, aYisehdtich &% g (100% .

5 b) N (t-BuGG g)—k %, g. 75 I)lwas di ssolved in
di chl
9. 24 DY vas mﬁgne?hz?gi ﬁmﬁt ét‘ﬁ%%' S?eﬁi%" o, i°.° T

sol ution of H PyPTaRMRCRPAFRRIN IS %BY%BWF gn sshys affdiarei 290 strength;

di chl or onet hane @5l R6waE mddd wae ophens @ddadsarervisse oA B MdFkBEBhoni ¢
anhydride in ethyds asdiraba 450%0stoe0yt [£or2@ hi , THRG nd&tunelyasias luhed added
dropw se, and trﬁhﬂﬁ)ﬁﬂ%hﬁofﬁﬁééﬂdnkrSﬂdaﬁasﬁga wor Bl eavdraebar sdatum The

th urebwggrdil 1car otngtg S 1%§Et(9 e8(?}l %I §Qe(gl1¥f1 aé%%ﬁlﬁq.oﬁogﬁgm

bonate, 0 tiig aci.d,solut]on (.2
rﬂ) and saturat e¥ %“i)dﬂldmat“, “cf@t§f}lﬁ e lgrﬁ 9 e tRE E)i il pl)1ase
was dried over sBeg LRﬁG@@IlFaP’éaS%r‘I’GSt ﬁél%‘?)lq}’é?t Sﬂﬁéumeﬁiﬂ\f@aerna rd€ary
evapor at or. The soludmtpweducemawesi por &f Fethnyy eVrpehatdir-o Phe ogFedshPredift ca
gel, 20 di chyyg¢ aimtilraea/ petilase crrébdtngraphel (silita2ggl( 60%) .

20 dichloromethane/methanol = 95/5). Yield = 6.2 g (60%).

c) N-(t-BuO;C-CH;)-N-Boc-(D)-Cha—-Pyr—-OMe (5.5 g, 11.12 mmol) was
dissolved in dioxane (40 ml) and, after addition of sodium
hydroxide solution (1N, 22.2 ml, 22.24 mmol), stirred at room

25 temperature for 2 h. The dioxane was removed in a rotary
evaporator, and the aqueous phase was washed with ethyl
acetate and acidified to pH 1-2 with potassium bisulfate
solution (20% strength). The aqueous phase was extracted with
dichloromethane, and the combined organic phases were dried

30 over sodium sulfate. Yield: 5 g (94%) of colorless foam.
Recrystallization from n-hexane saturated with water afforded
colorless crystals (m.p. = 158-160°C).

N-Boc—-N-(tert-butyloxycarbonylmethylene)~-(D)-cyclohexylglycyl-
35 3,4-dehydroproline [sic]

This compound was prepared in a similar way from
N—Boc—N—(tert—buty1oxycarbonylmethylene)—(D)—cyclohexylglycine
[sic] and 3,4-dehydroproline methyl ester.
40
(L)3,4~Dehydroproline employed as E building block can be pur-
chased, and (D,L)-4,5-dehydropipecolic acid can be prepared by
the method of A. Burgstahler, C.E. Aiman, J. Org. Chem. 25 (1960)
489 or C. Herdeis, W. Engel Arch. Pharm. 326 (1993) 297 and sub-
45 sequently converted with (Boc),0 into Boc-(D,L)-Dep-OH.

The D building blocks were synthesized as follows:



c) 'N-(t-Bgcf%??ﬁ:?:&&)-N-Boc-(D)-Cha-Pyr-OVE (5.5 g, 11.12 mmol) was
‘dl ssolved in dioxane (40 nl) and, after addition of sodium hydroxide
solution (1IN, 22.2 m, 22.24 mol ), stirred at room 25 tenperature for
2" h. The di oxane was renoved in a rotar4” evaporator, and the aqueous phase
was washed with ethyl acetate and acidified to pH 1-2 with potassium

bi sul fate sobLknhiibme2Y s2+BREbithiofleneaaqueous phase was extracted with
di chl or onet hane, and t he conbi ned organi ¢ phases were dried 30 over

sodi um sul fape 3t 9%1{1954(amflg§h§%|ﬂrolc§s?aé O&{ErlBﬁCE,Métﬁ ldegatingy from

n- hexane sat ) olorless crystals (m

158-160C). SNEBJHQ P@-(tz EP but yl oxycar bonyl net hyl ene) - (D) - cy((:I oﬁexyl gl ycyl -

35 3, 4-dehydroproline [sic] This conpound was prepared in a simlar way
from N- Boc- N4 amirdonethyll eXyacyamioshibpkens/| ene) - (D) - cycl ohexyl gl yci ne [sic]
and 3,4-dehydropro| ine methyl ester. 40 (L)3, 4-Dehydroproline enployed as E

bui l ding bl o L¥ 58 opRBHe (D, L) - 4, 5-dehydr opi pecolic acid can
be preparg(a% metoﬁlA O?H%\ Bl?rpgstghl er, CE Aiman, J. Og. Chem 25
or

(1960) 48 C. Herdels W _Engel_ Arch. Phar 326 97 and b- 145
sequently conver 88d9 vfi33? (“BBQ:M ;!'6°Fﬂ¥%)tt§c?é’h BeL {%&9’-&5‘4 f l?élHl ?I ng
bl ocks were synt hEshethylgesef g e andopoRyesdy 2925% 100 g (750 mmo

5- Anmi nonet hyl - 2- ayamixusi eptichkoPidepaeaei addesi itnhporbidnsi ﬁgdbthﬁZH:W§lon
carried out as dpsgfikedias tReNRQHFILZIB09% sblAviinanef B4 g2(¢yambi hi ophene
gl) Ssgl \%3 3 e 4 688 'ngﬁﬂl%{&%“ﬁr&&:?@ i% 48201 BPhktaf18nd UHIBEEHé GRheRaqesT
mrol ) of al um nuft PPt (?rvle @Qg X ‘m%rgl §§ fg}qﬂﬁoogﬁg i %Eu&nav?:%? g (750
T xture vas thenatiPYeRd® CANLLRIR (ST T85! f§ f‘rirl e 'coofili, e
reaction solution was poured 1nto 600 g of ice-water and
extracted with methylene chloride, and the organic phase was
20 washed with saturated sodium bicarbonate solution, dried over
magnesium sulfate and concentrated in a rotary evaporator.
64.5 g of crude product were obtained and were purified by
column chromatography (silica gel, methylene chloride/
petroleum ether) to result in a total of 56.5 g of slightly

25 impure product.

ool sl

b) 2-Cyano-4-formylthiophene

7.6 g (85 mmol) of copper(I) cyanide were added to a solution

30 of 13.53 g (70.82 mmol) of 2-bromo-4-formylthiophene in 25 ml
of DMF, and the reaction mixture was refluxed for 3.5 h,
during which the originally pale green suspension changed
into a black solution. After addition of water, the reaction
mixture was extracted several times with ethyl acetate, and

35 the organic phases were combined, washed with saturated
brine, dried over sodium sulfate and concentrated in a rotary
evaporator under gentle vacuum. Addition of ether to the
residue (7 g) resulted in 1.6 g of pure product. The mother
liquor was purified together with the crude products from

40 other batches by chromatography (silica gel, methylene
chloride/petroleum ether 1:1). A total of 56.5 g of
2-bromo-4-formylthiophene was reacted to give 12.6 g of pure
2-cyano-4-formylthiophene (31% yield).

45 c) 2-Cyano-3-hydroxymethylthiophene

3.47 g (91.8 mmol) of sodium borohydride were added in



15 360 ?3/%{‘zjbrom ne in 40 mM of nethylene chloride was added
dropwi se over the course of 45 mn, and the reaction was allowed to
‘continue under reflux for 4 h. After c ling, the reaction solution was
poured into 600 g of ice-water and extrdcted with methyl ene chloride, and
the organi ¢ phasonkdensoto a syspreaion (af datbrat 4 -Sollah Rkar bonat e

sol ution, dried Dvgransadnésimybthibpheme amd 200nokmf @tbdnoh, aandtthey
evaporator. 64. Srghc®fiofl Mgt yeOdhidst s¥efedtatoet wipevat €re Wdxf 2ed, by

col um chromat 0%@&?&5 Aidh & %%wlg'af&f&e%ns ENOF Ak tREA ! %@J%ﬂ@@é) to

result in t ot g I u

2- Cyano- 4- orrryl?%egpﬁgﬂ‘éegt%at °P8g éﬁm e%uf: ‘adoz)lrj(;'png ?ep&gg gc](e added
to a sol ution 30°thyl gretateand waghed SgY EXBQ(#?D %‘F’b"r V?’ﬁf‘%‘bhene
in 25 nl of DMVF,5Hrtrength eaicirignaaistand spsyrated bedaes opnd, @ehorawrcrqg
whi ch the origi nplidse pabedgiebwishspediimnsudiahgeand woocentiaieid soderi on.
After addition ofeciriedr préé@n”ee%%t £@BuTE Xinung . nag X lalnekedpmRy prabiutt mes
with ethyljacet a{ el%n 1385 3). t he organi c phases were conbi ned, washed
with saturated b r72d over sodiumsulfate and concentrated in a
rotary evaporator under entl e vacuum Addition of ether to the residue (7
g) resulted &h 13@r@weghyé-2prca&aeehl%%t her |iquor was purified
together with the crude products from 40 ot her batches by

chr omat ogr aphy (517 ep (gel 07 meidlyl efie2-edyaro-dehpétoxmetinyéthbophkeng) vere
total of %8.5 g @:iss%‘l%an@o Jefrirmylithi pphene (vass? easdi9doko give 12.6 g of

pure 2-cyano-4- f RQ n(e?’%t{o %b@lfggoféléﬁﬁ) room temperature and,
2- Cyano- 3- hydro b hydri d
were added in FE’? 1’2 3‘0“:5'0 iy 8?15 j"& gué enS| on %fg] °y g1“8 ©

mml ) of 2- cyanotﬁltlfﬁﬁrﬁy‘ﬂ“ﬁ?%‘rﬁaﬁ@r?na MR BPT %‘Pf’aﬁToIStlﬁﬁﬂn‘i H”é: r88%t i on
m xture was stirtenpeatatngenforpdoarareas diolioned dey |Q?@CﬁﬁF€ﬁt-’+qn SNERFy
formed a ebear seédiided préfsuresindugurification by chromatography on silica

gel (methylene chloride/petroleum ether) to result in 18.8 g
of pale yellow crystalline product still containing petroleum
ether.

25 e) 4-N,N-Bis(tert-butoxycarbonyl)aminomethyl-2-cyanothiophene

18.81 g of 3-bromomethyl-2-cyanothiophene (crude product,
maximum 84.07 mmol) were dissolved in 160 ml of THF and
cooled to 5°C, and 3.07 g (102.4 mmol of 80% sodium hydride

30 suspension were added in portions. Subsequently 22.25 g
(102.4 mmol) of di-tert-butyl iminodicarboxylate dissolved in
160 ml of THF were added dropwise at 5°C, and the mixture was
then stirred at room temperature overnight. Since conversion
was incomplete according to TLC, the mixture was heated at

35 30-35°C for 4.5 h. After cooling to 0-5°C, 33 ml of saturated
ammonium chloride solution were slowly added dropwise, THF
was distilled off under reduced pressure, the residue was
extracted several times with ethyl acetate, and the ethyl
acetate phases were washed with saturated brine, dried over

40 sodium sulfate and concentrated in a rotary evaporator. The
viscous red residue (34.61 g) was employed as crude product
in the next reaction.

f) 4-Aminomethyl-2-cyanothiophene hydrochloride
45
34.61 g of 4-N,N-bis(tert-butoxycarbonyl)aminomethyl-2-
cyanothiophene (crude product, maximum 84.07 mmol) were



; 0050/47212 . :
5. ~ after concentration under reduced pressure was taken up in ethyl

acetate and washed successively with saturated brine, 5% strength citric
‘acid and saturated brine, and the organi,c phase was dried with sodi um

sul fate and concentrated under reduced essure to result in 11.7 g of

al nost pure prodiigsolged in (§00md of &bhyl @retate, cooled to 0-5°C,

3- Brononet hyl - 2-satamatkedophien ¢iCll gd@s garfdBahiednibd )ragim temperature. After

2- cyano- 3- hydr oxy it hykt beopiang wespeddion wadi somdartdategeiner rothby24.1 g
nd. uhi | o bool | SR ESeb oty Rege sy Iuadgeterll Clled wit IR IBIRASS Hane
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chromat ogr aphy orexs lobtaiged Fsmet bplereowdsror Fdelpavied) EWm tagas) o3t esul t
in 18.8 g of pale yellow crystalline product still containing petroleum
ether. 25 e)2-ghniNoeBhe{isrdyahst Rxymdeonyl ) am nomet hyl - 2- cyanot hi ophene

18. 81 g of 53- brononet hyl - 2- cyanot hi ophene (crude product, maxi num 84. 07
mmol ) were dissolved in 160 mM qf T cooled to 5[err]C, and 3. 07
(102. 4 ol 9t 8 73%”?6‘8?15ﬁ?ﬁwq_gécﬁggaf&q%’?pensi on were deed in port?ons.
Subsequently 22.25 g (102.4 mol ) of di-tert-butyl i m nodicarboxylate

di ssolved in 1604943 & (Z6F.Memmoddded #4rkysniotbiaphsjen2rrarbaldehvde andture
was then stirred2ai8 rOQBLL espamatlyr ef ovEpperdial) . cFamicie weneeswsspEmdedsin

i nconpl et gsaccor thggnt @£ Thbsolfi® BM¥t i@ MEFIuReat 6k & hI5The sAedd[Ras] C

for 4.5 h. After. dd'9nt 9 55 r@rg_,],g% I;’:.gtap agf4§ ur he? angnigug gl ori de

solution were sloﬁ%a%éed rorgr\é{itsela I—i Vas . istjE e oi; under. .reduced

pressure, the re¥TREAREs 1BXT T BG°5aVR Y HAREISHLTS &F ?I?acoex[e? e, and

the ethyl acetat EB5¥has@PaRRtEs wldiKedeit die J2SuPXERRFYSG eIy &V&r 40

sodi um sul f at e ayellwnseduteredasndyiedtiener sedpenawhfat¥handi scous red

resi due (24.61 glomeemteapeayin asxotanyeeyrmmdatbr| nandieheexesubiaiotd gelléy
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4- N, N- bi s(terth]?}g#?a%q__ar l?gwl grghgggys hyl - 2- cyanot hi ophene (crude product,
Wer e

maxi nrum 84. 07

b) 4-Cyanothiophene-2-carbaldehyde oxime

25
11.6 g (84.6 mmol) of 4-cyanothiophene-2-carbaldehyde were
dissolved in 140 ml of methanol, and 12.3 g (116.1 mmol) of
sodium carbonate were added. Then 6.5 [lacuna] (93.5 mmol) of
hydroxylamine hydrochloride were added in portions while

30 cooling at 15°C, and the mixture was stirred at 10°C for 2 h.
After addition of 80 ml of water, the reaction mixture was
extracted five times with 50 ml of diethyl ether each time,
the organic phase was dried over sodium sulfate, and the
solvent was removed under reduced pressure to result in

35 12.5 g of the required product as yellow crystalline powder
(96% of theory).

c¢) 2-Aminomethyl-4-cyanothiophene hydrochloride

40 11.22 g (171.64 mmol) of fine zinc dust were added cautiously
in several small portions to a solution of 4.65 g
(30.60 mmol) of 4-cyanothiophene-2-carbaldehyde oxime in
50 ml of trifluorocacetic acid cooled to 0-5°C in such a way
that the temperature did not exceed 15°C. After stirring at
45 room temperature for 3 h and decantation from excess zinc,
the trifluoroacetic acid was substantially removed under
reduced pressure (oil pump), the remaining oil was cooled to
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0050/ 47212 Sp C?I/SSO% ved in 600 mM of ethyl acetate, cooled to O-5[err]C,

saturated with HO gas and warmed to roomtenperature. After 3 h, the
‘resul ting suspensi on was concentr at ed a rotary evaporator and
codistilled several times with nethyle chl oride, and the residue
was extracted byo°Sti @ riiEumet ﬁfeﬁférﬂﬂaﬁé aﬁlﬁfi%}méﬁdlf%ﬂﬁ?e&%%é%‘braé‘d
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49-|3 g ]g258-05 | n) tRE & n%v ngggwges%psﬂ@@c& %&ydeh@%&%uﬁ Bndtl0. 41
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&% ed

of
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into a Soxl eth [&id]theppavkitles coTheng digi dge,wad ik ofaéMcpedhancdiight, the

yel | ow sol uti on mak-odhiletioweridsedrendidd.arbe guubd2i@t precimicenedairdtiien a
rotary evaporat oform2dé the Hya&'élchwﬁld@blsow wBltdl seasar eangstal lized from

ether to gesult | égs%glga? OH3QQQU8$m B%0h téﬁ%%ﬁﬁh tgé suspen51on at

4- Cyanot hi ophene- 2-car 25 11

y I
4- cyanot hi ophene” ?5%*%&1 gezv\%r% & SSBFve‘ﬁ‘gr ofﬁﬁlrﬁ? % %Otlﬁﬁ%\% and
12.3 g (116. 1 mmAsdiee éBQﬁlRﬁ &BEBBYAt e were added. Then 6.5 [lacuna] (93.5
nmol ) of hydroxyl am ne hydrochl ori de were added in portions while 30
cool i ng at I1H{mrinbfietRyll-3 He diimt iyt hi@phehe+2-athrdoxafids riydrbohl@ride Aft er
addition ¢§ 80 m of water, the reaction mxture was extracted five tines

wth 50 ni ofg d st e@&?h Ldyoho-3Ng- -8 85k AL BV Rle
di .8 Jug¥ieg il JM 2
Tesul't in aiere srgpéncse%flq ﬁ%ﬁrrﬁ%ﬁ{ il Q%neasnﬁg Foir stallige

powder (9696Qﬁdqqq§épy}c acid solution and, after addition of 9.5 g of
carbon (10%), hydrogenated at room temperature. After uptake of
20 4.7 1 of hydrogen (4 h), methanol was distilled out under reduced
pressure, and the aqueous phase was extracted three times with
ethyl acetate and then freeze-dried. 16.3 g of the required
product were obtained as a white solid (70.4% of theory).

25 5-Aminomethylisoxazole—~3-carboxamide
a) Ethyl 5~chloromethylisoxazole-3-carboxylate

21.2 g (210 mmol) of triethylamine were added dropwise to a

30 stirred mixture of 30 g (198 mmol) of ethyl
2~chloro-2-hydroxyiminoacetate and 150 ml of propargyl
chloride cooled to 10-15°C and, after stirring at room
temperature for 1 h, water was added, the mixture was
extracted with ether, and the organic phase was dried over

35 magnesium sulfate and concentrated in a rotary evaporator.
The residue was distilled under 0.5 torr, the product
distilling over at 116-122°C.

b) 5-Chloromethylisoxazole-3-carboxylic acid

40 _ '
47.3 g (250 mmol) of ethyl
5-chloromethylisoxazole-3-carboxylate in 150 ml of ethanol
were mixed with 14 g (250 mmol) of potassium hydroxide, and
the mixture was stirred at 60-70°C for 6 h. After cooling and

45 concentration under reduced pressure, the residue was taken
up in water and extracted with ether, the aqueous phase was
acidified with hydrochloric acid and then extracted several



c) 2- Am norret%sq/“zclyzanot hi ophene hydrochl ori de 40 11.22 g (171.64

mml ) of fine zinc dust were added cautiously in several small portions to
‘a solution of 4.65 g (30.60 mml) of 4- gyanothl ophene- 2- car bal dehyde oxi ne
in 50 M of trifluoroacetic acid cool ed3to 0-5 err]Cin such a way that the
tenperature di d H@ese¥éthetBrer ARE, thy tedhest phaseragt dybed overpspdium
tenperature for shillfazrdankozmcentoatéd amdexcessuaedpreshere ridillupnmpgeet i c

acid was subst arggoghl y31 ejnafedhe uirRdU pLddid e SiEteCob A indd TPy dh1€
remai ni ng oil _gledto 0050/ 47212 32 O[err]C, a m xture of 150 m
r oxi

of 3N sodlgm hy solution and 2 1 of nethylene chloride which had
been cooled to Oferr][C was added in portions._lnsolubles were renoved by
filtration & t &?lpﬁgm%F%ﬁsexﬁﬁ%%%‘Wr?@B&?‘a‘E’é](PréfiF t he aqueous phase
5 was extracted eight times with 20 m of nethylene chloride, the

col I ected organi20plkages3 vmicl )dbif es-ehviRir cmedhyli sosdzal e aAchtbexy L ivhad
cooling in ice, wdrre@iufdd MRigRANST I+6ithy 8HOCHL 064 Gt:tﬁ@h?lV@{l%ﬁ@@eQndThe

product pgol bl (2lebeenor Nyl RkOko} N Y AEAGH! G0l 25: 80 WHdeS. 30hbckq AN

10 crystalllzatl n C ension err]C
sverni ght 2 (REEAURRY RS ThE s oRe L giass 22 §§0% of
theory). 5-Ani ndIRAGWFE- digtifilesk Ayl 1 opPi8Ret2-Refdx AR T hy@B&chfori de 15
19 g (105. 42 mmutheosr)5- cyano- 3, 4- di net hyl t hi ophene- 2- car boxam de were
suspended in 760 m of nethanol and 110 m of 2N hydrochloric acid solution

and, aftefsadgldi t4-QMh18koRebnfl i@oxBdo o TILEBxEASIA . hydrogenated at room
tenperature. After uptake of 20 4.7 1 of hydrogen (4 h), nethanol was

oL, i A SO L
required product>RYEreBeEREPOXazalGi 1R IPePYY FiPTAgeoln t by 0f25

5- Ami nonet hyl i sovethyllens- clakdyidenatel¢r)lChgor 1 h, and the mixture was
5-chl oroneohyl i stnedv ekérBed ath@sphat@mperature for 1 h. After the solution

had been cooled to 0°C, the precipitate was filtered off with
suction and washed with a little cold methylene chloride, and
the residue was extracted by stirring with water twice to
remove ammonium salts. Drying under reduced pressure resulted
25 in 6.58 g of pure product as a pale powder (74% of theory).

e) 5-Aminomethylisoxazole—3~carboxamide hydrochloride

2.44 g (15.2 mmol) of 5-chloromethylisoxazole—-3-carboxamide

30 were added to a mixture of 100 ml of concentrated ammonia
solution and 72 ml of methanol, the solution was warmed to
40°C and, during this, continuously saturated with ammonia
gas. The precursor had reacted after 6 h. The methanol was
removed under reduced pressure, the aqueous phase was

35 extracted twice with methylene chloride, and then the aqueous
phase was carefully evaporated to dryness under reduced
pressure. The white solid residue was employed as crude
product in the coupling with Boc—dehydroproline.

40 2-Aaminomethylthiazole-4-thiocarboxamide was pfepared as described

by G. Videnov, D. Kaier, C. Kempter and G. Jung, Angew.
Chemie 108, (1996) 1604, deprotecting the N-Boc-protected

45
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m of thi onytomprhund dadipatex) abovep drops of pyridine for 10 h, then
concentrat ed under reduced pressure and subsequently distilled under 20

torr. Thelgrgdmindﬂie%hyu.z.ct}fgnok%aﬂSS[err]C toresult in 78 g (58% of
theory). 15 d) 5-Chloromethylisoxazol e-3-carboxan de Amoni a was passed

Lm gr?dzo! lrJ]t | 80 g{cﬁno%uggg_é%anm%lheg 5 chl or onet hyl i soxazol e- 3- car bonyl

165 ml (264 mmol) of a 1.6 molar solution of n-butyllithium
20 in n-hexane were added over the course of 20 min to a
solution of 26.7 g (264 mmol) of diisopropylamine in 600 ml
of tetrahydrofuran cooled to -78°C. The solution was allowed
to reach -20°C, again cooled to -75°C and, at this
temperature, a solution of 22.3 g (240 mmol) of 2-cyanofuran
25 in 100 ml of tetrahydrofuran were slowly added dropwise.
After stirring for 30 min, 93 ml of dimethylformamide were
slowly added dropwise, and the mixture was stirred for a
further 30 min. For workup, a solution of 40 g of citric acid
in 200 ml of water was added at -70°C. After concentration in
30 a rotary evaporator, 600 ml of saturated sodium chloride
solution were added, and the mixture was extracted three
times with 200 ml of diethyl ether each time. The combined
organic extracts were dried over magnesium sulfate. The
desiccant was filtered off and then the solvent was distilled
35 off under water pump vacuum and the residue was purified by
column chromatography (mobile phase dichloromethane). The
eluate was concentrated and the residue was subjected to
steam distillation (boiling range of the azeotrope with
water: 60-65°C at p=0.1 mm Hg). Extraction of the distillate
40 with diethyl ether, drying of the organié phase and
concentration of the solution resulted in 10.6 g (88 mmol,
36%) of the title compound. !H~-NMR (270 MHz, ds—DMSO): & = 7.7
(d, 1H), 7.8 (d, 1H), 9.75 (s, 1lH).

45 b) S5-Hydroxymethyl-2-cyanofuran:

2.34 g (62 mmol) of sodium borohydride were added in portions
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nmet hyl ene ch?or?de at 10-15[err]J]C for 1 h, and the m xture was 20 t hen
stirred at roomtenperature for 1 h. After the solution had been cooled to
O[err]C, the precipitate was filtered ff with suction and washed with a

little cold nmethylene chloride, and th 3 esi due was extracted by stirring

with water tw cef@ @ seABtEenfoRlufh 62145 Mol yPhP1RY@SPIRERMRZEY pressure
resulted 25 ¢arb@l8ehypdefipH08 pi oofictbsaduse pattanodwder -30P4% Bhet heory) .
e) 5- Am nonet hyddlsmienoves Btuiatrkaxasi <xooty dopchlmurdeard A4 lelbodl iim)| )
200 T of goncentyatad area RO TR PN S sorellPhP ALERE AP B D
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ammoni a gas. TheP'BRedarsyr I‘%?&“Fégﬁ?e%oésﬁf"t"th@ﬁ%derﬁélHﬁ%ﬂ%ﬁ?ﬁs weged ety ed
under reduced pridisresiduee thuaddtuphaas wasracted seyprplctioes Wilkh wit h
met hyl ene chl or i 160 mandft dberiyie eatjerceesciphise, wase combiinéd yomyampor ated to
dryness under reghiRE ReessiFied bher WhddresSahi Sul £fidjuendase£idaayedads
crude progyct i fedfiecQuBkt N tReBOSTAGIY daBPaA{NGea*lee unger water

2- Am nonet hyl t hi azol e-4-t | ocar hoxan de vas prepared asg dgscrl%ed l%y G

Vi denov, D. Kai e?“mpc."aﬁgﬂ‘gt%r K0l mﬂ%rnag,“rﬁngew? &S 0B 1,§96%' 1604,
deprotecting thel4¢ BFOLpr B8BL 1A ths titkpmerpesnd as & Gapbured fider B
therein with etHetesmpigiedcritdous ferthem pwsdRi¢apioncAinotheefollowing

4- Am nomet hyl t hi eeadtd-odst hildemrkoyzE0 8z T hés-PMSoYE sor= dt.Aylm, 2H), 5.6

4-am none byl t hi pgd| ang- caldopy, aug, wass pfEprangd as described in US Patent
4 826 816. After introduction of the Boc protective group on the am ne

functionalit t ester group was hydrolyzed, the resulting acid
functional i t%/li vvag%"i%‘ﬁi\?&fe ‘Viaéfo?ﬁ]éa?ﬂ xed anhydride (isobutyl carbonate)
Into the carboxam de and then with Lawesson's reagent into the thioan de.

Elimnation of t3& gr(@décmrek) dirdppeneiphaspbing vere iaddednteli atselasapbund
i ndi cat ed2above.of 15 g (121 mol [sic]) of 5-hydroxymethyl-2-cyanofuran in

250 ml of tetrahydrofuran. The mixture was cooled to -10°C,
and a solution of 48 g (145 mmol) of tetrabromomethane in
100 ml of tetrahydrofuran was added. The mixture was allowed
to warm to room temperature and was stirred at this
25 temperature for 3 hours. The mixture was concentrated in a
rotary evaporator under water pump vacuum and the residue was
purified by column chromatography (mobile phase petroleum
ether:dichloromethane 1:1, Rf = 0.5). 11.5 g of the title
compound were obtained. H-NMR (250 MHz, ds—DMSO): & = 4.8 (m,
30 2H), 6.7 (d, 1H), 7.7 (d, 1H).

P

d) 5-N,N-Bis(tert-butoxycarbonyl)aminomethyl-2-cyanofuran:

4.0 g (135 mmol) of sodium hydride (80% suspension in mineral
35 0il) were added in portions to a solution of 22.9 g
(123 mmol) of 5-bromomethyl-2-cyanofuran in 400 ml of
tetrahydrofuran cooled to 0°C. Then a solution of 29.4 ¢
(135 mmol) of di~tert-butyl iminodicarboxylate in 200 ml of
tetrahydrofuran was added dropwise, during which the
40 temperature did not exceed 5°C. The mixture was allowed to
warm to room temperature and was stirred overnight. Since
conversion was incomplete {(TLC check), a total of 1.2 g of
sodium hydride was added in three portions over a period of
9 hours. To complete the conversion, the mixture was then
45 heated at 35°C for three hours and, after allowing to cool to
room temperature, 600 ml of a saturated ammonium chloride
solution were slowly added. The solvent was distilled off
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mml) of a 1.6 nolar solution of n- butyl lithium 20 I n n-hexane were

‘added over the course of 20 mn to a s ution of 26.7 g (264 mmol) of

di i sopropyl amine in 600 nml of tetrahyd 8 uran cool ed to -78[err] C. The
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35 of founder water punp vacuum and the residue was purified by colum

chr omat ography (nobil e phase dichl oronmet hane). The el uate was concentrat ed

and the residue was subjected to steamdistillation (boiling range of the
azeotrope wi®h \A%TPermos‘etms{ goperafurato arRr LT 198t racti on of the
distillate 40 with diethyl ether, drying of the organic phase and

concentration of3tte gsatfusmm-ubasmhéfd—butowcargox(maminbmeﬁﬁ%—zef t he
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and, while cool i aljowess tadieathedoon pempengtuegand,was éﬁgme@lqwaréuabtd
solutlon 20 and then the resulting suspension was concentrated in a

rotary evaporator, the residue was extracted by stirring with
diethyl ether, the solvent was removed by filtration, and the
solid residue was dried at room temperature under reduced
pressure. 15.1 g of the title compound (77% yield over two

25 stages) were obtained as a pale ocher powder. H-NMR (250
MHz, d¢,-DMSO): 8 = 4.15 (bs, 2H), 6.85 (d, 1lH), 7.65 (d, 1H)},
8.8-9.0 (bs, 3H).

5-Aminomethyl-3-cyanofuran
30
a) Ethyl 4-oxopentanoate

100 g (0.86 mol) of 4-oxopentanoic acid, 150 g of ethanol and
1 ml of sulfuric acid in 200 ml of benzene were refluxed

35 until water separation in the Dean-Stark trap ceased. The
cooled reaction mixture was washed with water, sodium
carbonate solution and again with water and then dried under
reflux with the Dean-Stark trap. When removal of the water
phase was complete, the solvent was removed by distillation

40 and the residue was distilled under reduced pressure. Boiling
point 85-87°C/16 mm Hg, yield 105.5 g (85%).

b) Ethyl 4,4-diethoxypentanoate
45 A mixture of 171.3 g (1.19 mol) of ethyl 4-oxopentanoate,

207 ml (184.2 g, 1.24 mol) of triethyl orthoformate, 26 ml of
absolute ethanol and 1 g of p-toluenesulfonic acid was
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5. I n water reaction m xture was concentrated under water punp

vacuum saturated sodi um chl oride solution was added to the residue, the

m xture was extracted several tinmes with 150 m of diethyl ether each tineg,
t he conbi ned organi ¢ phases were dri ed 3dver magnesi um sul fate, the

desi ccant was 10refluxed| fef ef loMithanioeurauss Stushingeanddthen |distidiprdunder
wat er punp vacuwmder redncédnperssuuee. 18hi% gr ¢332l 3¥d afneRAyly (22 nmmol, 88%
of the title comppiHiiedhoryséitancateOkdre WhitaAnvds wHlliagegoimt hout furt her
purification in id’lﬁlfo%bb?’ﬂ N mgactions. 1H NVR (250 MHz, d6-DMBO): 6 = 4.4
(m 2H), 5.6 15 (bs, H)66(d 1H), 7.5 (d, 1H). c¢)

5- Br ononet ﬁyl 2- cyanofuran (145 mrol) triphenyl phosphi ne were added
to a sol uti o) 20Ethyl 3’r‘f?‘3m¥jlj(ei’2‘flﬁ51'—e[3| c]) of

5- hydr oxynet hyl - 2-cyanofuran in 250 ml of tetrahydrofuran. The m xture was
cooled to -10[ erx]|nGxtaumrd afsoiaitl gn(0f488B mpl()145 ewiptl) of tetrabrononet hane

in 100 nl of tetfahyieehbkpPer@hoaddesdng HEmT X816 92D .8bl Ayed JroevRyn t O
room tenpgpat ur e @ﬁgt\gax?ragté 38 AbpbILE &P a vigbSIRALALYEE, {01l KT S,
The mxture was c tra n %%r % ? der \fva 8
and the re5|due r|f % r@ﬂ‘l h oﬁ%&i {ﬁ{’ Muiils Jen
pet rol eum et her: %I‘i‘ oM 'F‘h%ﬁﬂ? pL110RF3L gvsy. t4Iping s FPPEmued
conpound were obfe rﬁeduthPNl\Rf(,ZBOdl\/Hze R!E@CDWBOD)I“D{MG] was Jlegf Y o 8§band
2H), 6.7 (d, 1H)oveknighd. 2% .mldpf water were added with vigorous stirring,
- S‘ '\FBthg.Se(rjt ?&}?ﬂﬁér PagyédiindeReESY :ae)%exaaﬁfw HMin. 4*1'9%13%5%1?5159&) of
sodi um hydri de %%ngé O‘Sff n %ngﬁé& o ﬁ
portions to a so'f n Fu an
portone 0, sohton ol gl O A LLdg e ew%hee’ﬁtrg"?&ﬁﬂ% Fo3A15859°
(135 mml ) of dite é?Hc 2baf19|eﬁﬁé\?&&fic‘e%‘b)&ﬂhé{tleaFﬂtm (P58 m} b'traé*ﬁya%furan
was added dr opwi segardyy ergragtis iverhedrdbed overeppieitmcdlgrideot exceed
5[err]C. Bbe m xture was allowed to warmto roomtenperature and was
stirred over ni ghtpe %ﬁ?ﬁ;@ GOBVAIS 5o u¥dsn IWEORREEL B14d inaebeskduced t ot al  of
1.2 g of sodi Um?}’%_{n Wgﬁdag%a}rae &{%ﬁQBﬁ' Qgslj?ﬁquoacpfrnhﬁﬁgoélag

e ted at

hours. To conpl e éonvers

35[err] C for thr‘é‘él ahg-s é‘%ag,i‘-lgﬁ b?/vlahilt’%uﬁ%o? (r)%hP' om t enper at ur e,
600 m of a sat uFcFUAVARAPALIRAtEhESA| ks diethyl ketal. The ratio in the

25 mixture depends on the intensity of the stirring and the
duration of the phase separation on isolation of the
formylation products.

VPCUUH1

The benzene layer was likewise dried over calcium chloride,
30 the solvent was removed, and the residue was distilled under
reduced pressure, after which the resulting ethyl
levulinate/ketal mixture was treated as described in b) in
place of the pure ethyl levulinate. Steps (2) and (3a) were
repeated until the required amount of ethyl
35 2-formyllevulinate was obtained.

d) Ethyl 5-methylfuran-3-carboxylate

The abovementioned mixture of ethyl 2-formyllevulinate and
40 its diethyl ketal was dissolved in benzene, the catalyst was
added, and the resulting solution was refluxed with a
Dean—-Stark trap for 3-3.5 h until the water was completely
removed. The reaction mixture was then distilled under
reduced pressure, resulting in 15 g (97 mmol) of ethyl
45 5-methylfuran-3-carboxylate, boiling point 97°C/15 mm Hg.

e} 5-Methylfuran-3-carboxylic acid
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under water punp vacuum the residue was extracted several tinmes with ethyl
acetate, and the conbi ned organi c phases were washed with saturated sodi um
chl oride solution, dried over magnesi ufBsul fate and concentrated in a
rotary 5 evaporator. 37.3 g of an oily residue which still contained
di-tert-butyl i m ndsitaaebak\dlatiegwe?@s airodi)nefl ety Iwsrpeelnpl frad~-as cr ude
product in the fQidyewNgté cagt mANosr [ &3 IserbiVRek 3R MZ um Py ddMRQe bedr] =
1. 40.’ 1.45 (s, 1% ml4ozswét§er %'5%’ éf e(dd§ i‘l_ﬁ’h,rt%%n( geoﬂéﬁ -tol%é‘& and
5- Am nonet hyl Ztﬁ(:ﬁy f.urag rochgorjt € 7 3‘_519 hofd . {4, T
5-N, N-bi s(Tert- tER bEPHR dntAohet 1y SE2SP9ET RYAroghiorG A7 Fer TR
product from d) ,TafitiDieh MBS UReIRS Wi @its EBES SPmneradered £t 2ebnypnd
acetate and cooltde poedjipitdt@ wakeftbtarnddopffiagnd ainiedt bd ednstahgdveight
chl oride gas, a aissesprecid@staténgepnnrat.7ng E188 aibe; 80% )yriof. SHhethgdt ur e
was all owed to reaGh-BoelSRAgakEi®. and was stirred overnight, 20 and
t hen t he sul ting suspension was concentrated in a rotary evaporator, the
resi due was extracted by stirring with diethyl ether, the solvent was
renoved by filtration, and the solid residue was dried at roomtenperature
under reducef) prEdiahgliyman-3ycgrbepel (ghliogid8npound (77% vyiel d over two 25
stages) were obtained as a pale ocher powder. [err]H NVR (250 MHz,
d6-DVBO): [err] 394 35(({bs,mi})), of. Bhodhorlk)v) 7ciifor(ide déde MdBdIifl (bs,
?r;gil)j g]; Azlggggg hamha1d: E:M@BQ&MQ:E: 3os@ir15éd1)éhsﬁe9§£&§@fa'2@?79g mQagmﬁalﬁg _

- _ . an r acid in
200 M of benzeﬂéfa%%%“%tﬁitﬂa&%nfsga%%@? 1870 108 oF bindeh,

ter .separ In.the
Dean- Stark trap CERIEETaRHe TEIMEAOP AL (5T #@t?ﬁ é“ﬂf#?gﬁﬁs TNt er |
sodi um observed. The resulting mixture was refluxed for 4 h and then
distilled under reduced pressure to result in 24.7 g
20 (171 mmol, 91%) of acid chloride, boiling point

79°C/12 mm Hg.
g) 5-Methylfuran-3-carboxamide

25 24.7 g (171 mmol) of 5-methylfuran-3-carbonyl chloride were
added dropwise to a stirred mixture of 80 ml of a 25%
strength ammonium hydroxide solution and 80 ml of benzene at
25-40°C. The resulting mixture was stirred for 3 h and left
to stand overnight. The next day, white crystals of the amide

30 were filtered off, washed with cold water and dried to
constant weight at 40-45°C. Yield 19.7 g (158 mmol, 92%),
melting point 158°C.

h) 5-Methyl-3-cyanofuran

35
32.9 g of phosphorus(V) chloride were added in small portions
to a suspension of 19.7 g (158 mmol) of
5-methylfuran—-3-carboxamide in 100 ml of benzene at 30-40°C.
The resulting mixture was refluxed until clear (3.5-4 h) and

40 then distilled under reduced pressure. The fraction boiling
at 79-140°C/15 mm Hg, was collected. A second distillation
afforded 12.7 g (119 mmol, 75%) of the title compound,
boiling point 79-80°C/15 mm Hg.

45 i) 5-Bromomethyl-3-furancarbonitrile

12.7 g (119 mmol) of 5-methyl-3-cyanofuran were dissolved in
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carbonate so?u??én ana again with water and then dried under reflux with

the Dean-Stark trap. Wien renoval of the water phase was conplete, the
sol vent was renoved by distillation 40 and the residue was distilled
under reduced pressure. Boiling point g 87[ err%C/ 16 mmHg, yield 105.5 g
(85% . b) Ethyl 100wl efhdsyrrehlareaethame, anda2f gt (22 5#“01710% NBS(#nd9
nol ) of ethyl 4-btXopeM3amoal ,oRR2IBN wéidhadieg. The@dremiltiof mixtatdeyas
orthofornmate, 26hsitsd whlisel st EramgaReboddtkly goofode,t ahugnesdl dxotherasd d

was 0050/ 4721ge§<.7t1031 suxeded Oari el émoelgqaeﬁsoistnera@ BEadsY, then
distilled gnder red §

e
4, 4- di et hoRypent ARYA 1@%@?‘5%‘65? é"faﬁseSZlﬁxo-% i%g Bg"/%n °r1§4 16%?errejn(ffﬁled
c) Ethyl 2-FfornyEPciRAm FerBeRatiLa,AadoEh *?LG'E?SIB‘ 15109, SRRy AB1Vas hy
4, 4- di et hoxypent hbtaredandfsandiwashgdeoy, tie 99 1lpet )wigth étehyaclllpromethen@rat e
was added dropw $Ex1® md)ui gorously stirred suspension of 12.7 g (0.55 gram
at om of sodi um (shavings) in 300 m of anhydrous benzene at 10-15[err]C

over pgtirri eg V@fl g«@twy%no%fedagéagﬁ*}%ruéea mu&lae éﬁ@ctlon

mxture was | eft

Vi gorous stirringisiEiation of ik reel e e T R
water |ayer was 3Bph#at &d (86 Fmhd 57R3 BEnzene | ayer was extracted with 70
m of water. The5ebndriaredhadudoinraacarbonttnidiee Roilind eing pH 2 and
extracted with etibyéc/acematie. (Tb0HANYR spedtite shigenithaexit agirtadese dried
over cal cijgm chl eph@ei+idd Thecretgbddudect 8§dai1sPlakt 50N, Ianqdp st i pdred Tueder

d d 2
Ezgl Fggt egre_srﬁtjge rac%m; %Pf ftﬁégé".ﬂ-ﬂ; 23k QQCEJ l]l &%&[ {et\%hgngte and its

di ethyl ketal . Tﬂés‘f’ai]ro%’wbﬁ /Rt Fpou té""d@ﬁ%ﬂ‘g% SRSt htenS|ty of

the stirring and tﬁ@‘hﬂﬂe&ﬂlﬁén%‘fuﬁaﬁ’é’aﬁha%%t Sld®artgt f ofR e cE8PERIbiPSf the
substance, melting point 40-45°C. lH-NMR (CDCl;, ppm): 4.41

20 (2H, CH,), 6.58 (1H, H4), 7.92 1H, H2); 13C-NMR (CDCl;, ppm):
20.86 (CHz), 99.03 (CN or less likely C3), 109.97 (C4),
112.27 (C3 (or CN)), 149.84 (C2), 152.32 (CS5).

The reaction product is highly irritant and must therefore be
25 handled with extreme care.

5-N,N-Bis(tert—~butoxycarbonyl)aminomethyl-3-cyanofuran was
synthesized in a similar way to 5-N,N-bis(tert-butoxycar-
bonyl)aminomethyl-2-cyanofuran. Subsequent elimination of the

30 tert-butoxycarbonyl groups was carried out in a saturated
solution of hydrogen chloride in chloroform.

2-Amidino~5-(N-Boc—-aminomethyl)-l-methylpyrrole hydroacetate
35 a) b5-Cyano-l-methylpyrrole—-2-carbaldehyde

l-methylpyrrole can be converted into 2-cyano-l-methylpyrrole
by reaction with chlorosulfonyl isocyanate and
dimethylformamide in acetonitrile (see, for example, C. E.
40 Loader et al. Can. J. Chem. 59, (1981) 2673-6).
Diisopropylamine (17.5 ml, 124.38 mmol) was introduced into
THF (100 ml) under nitrogen. At -78°C, n-butyllithium
solution in hexane (15% strength, 75.9 ml, 124.38 mmol) was
added dropwise. The mixture was then stirred at -20°C for
45 45 min and subsequently cooled to -78°C again, at which
temperature a solution of N-methylpyrrole-2-carbonitrile
(12 g, 113.07 mmol) in THF (50 ml) was added dropwise. After
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forrryl ation products. The benzene | ayer was |ikew se dried over cal cium

chl oride, 30 t he sol vent was renoved, and the residue was distilled
under reduced pressure, after which the 4]esul ting ethyl |evulinate/ketal
m xture was treated as described in b | ace of the pure ethyl

| evul i nate. StepStigningnat(3E°Cnére 4 reBMﬁnf‘H % e r 8461 $e dmRADUFRS of
et hyl 35 2- f addnd ldrepvisatandivasiobing ved. cantiysd at this temperature
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2-fornyl I evuli naﬁ&ifﬂyid49y warnilng dbelbh ka¥@se dinsabyedid Jreniess.
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of 45% st pgngt h P&ﬁ&ﬁe’%‘i Qm;@.@ydev 4&5} neftﬂet&fud\efagrsﬁéymg for 4

h, then cooledtol err ified to 15% strength
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furan-3-carboxylic acid. 10 f) 5-Methyl fur an- 3-carbonyl chloride 39.2 g

(188 nmol 1 50h) phospitioxym¥t hgiH Bimieday 1By Erciddedchfodbitrilesmal | portions to
a stirred suspension of 23.7 g (188 mml) of 5-nethylfuran-3- carboxylic

acid in 100 m o,% benzene |der:itb[le ev:p)l ion_of heat and of gen
hodooey (B 3 fof Goedt

chl ori de was observed.’ |g[I n%Flmx ur’e we%"’mrle I'ix&d ¥oF then

distilled under #RdRIdERPr é%%‘hr“el t 8fesdt t-}07C2459digm borohydr ide

(2.31 g, 61.13 mmol) was added. After stirring at 0-5°C for
20 1.5 h, the solvent was removed in a rotary evaporator and,
ice-water and 20% strength sodium bisulfate solution were
added to the residue. The aqueous phase was extracted with
ethyl acetate. The combined organic phases were washed with
saturated sodium bicarbonate solution and water until neutral
25 and dried over sodium sulfate. The solvent was removed in a
rotary evaporator and the crude product was purified by flash
chromatography (silica gel, dichloromethane/methanol =
97.5/2.5).
Yield: 7.6 g (91%).

30
1H-NMR (CDCli) & = 1.9 (t, 1H), 3.75 (s, 3H), 4.6 (d, 2H), 6.1
(d, 1H), 6.7 (d, 1H).

c) 5-Azidomethyl-l-methylpyrrole—-2-carbonitrile

35
The product (7.5 g, 55.08 mmol) obtained in b) was dissolved
in DMF (220 ml) and, at 0°C, triphenylphosphine (43.34 g,
165.25 mmol) was added. After stirring at this temperature
for 5 min, tetrabromomethane (54.8 g, 165.25 mmol) was added.

40 The mixture was then stirred at 0°C for 30 min and at room
temperature for 1.5 h. After cooling to 0°C, sodium azide
(4.37 g, 67.21 mmol) was added, and the mixture was stirred
at room temperature for 4.5 h. Saturated sodium chloride
solution was added dropwise at 0°C, and the mixture was

45 diluted with ethyl acetate. The organic phase was separated
off and the aqueous phase was extracted with diethyl ether.
The combined organic phases were washed with water and dried



2Q (171 %%%?’45’1% of acid chloride, boiling point 79[err]C 12 nm Hg.

g) 5-Methyl furan-3-carboxam de 25 24.7 g (171 mmol ) of

5- net hyl furan- 3-carbonyl chloride were gdded dropwise to a stirred m xture
of 80 m of a 25% strength anmoni um hydroxi de solution and 80 nml of benzene
at 25-40[err] C. q¥er rsesiibm siglfate.uTbevarlvant, wag Fefovedh ignd FT¥FATYt 0 st and
over ni ght. The newdpa@torwand etler wsude spoddudie wari pleridied bywekasHk il tered
of f, washed w t hckedmhttriraphpngsidricadgéd, calstiaatevetidgyexahe 49-U3ogr.r] C.

Yi eId 19.7 g (158; 9% 5. %254) 638 Iting poi nt 158[err]C. h)
5- Met hyl - 3-cyanofuran 35 3 § g of phosphorus(V) chloride were added in
smal | portions to Sus

ensi on_ of 19 7 g nmo,
5- et hyl f ur an- 3- c‘?ﬂ%éﬁpﬁb % P 08 %@hZeﬁésat(sisozﬁb[ &9 ¢ THY) -
resulting m xturé.Wa@rdfl)uxed until cI ear (3.5-4 h) and 40 t hen
distilled under reduced pressure. The fraction boiling at 79-140[err]C 15
mm Hg, was collected. A second distillation afforded 12.7 g (119 mmol, 75%
of the titlye conpound, boiling point 79-80[err]C 15 mm Hg. 45 i)
5- Brormrret ur ancar

S ooy o bR et Lntyadetr ol e slrRo819 e 100 m of

tetrachl ororret hane, and 22 g (122 mmol) of NBS and 12 g (73 mmd% of Al BN
were added. The Tbsmltt?dﬁlg:tm(*tm & Wa$ - B8 arreal wivbtained er g9 Vegotisselyedo
70[err] C, when ths medtanelni t00 edct,i andspalXatiumAbhecartbom ¢¥0%utl @) whsheat

ceased, theg 5 ad&@@Ct'IiHén mik¥h+E &/aMAEhEH | Ky RbgahaB86d aFidhChi/erogerh vaadrt hen
cooled to room t%ﬁi e%e QP' ihe o SUbiidid, st gnfﬁt%%e\&aaféldﬁﬁu%@l of f

and washed on th ororre

ane The
sol vent was rerm l'ffﬁd’era 888e%1%1’ EELVRS SRR §F%‘F?a?tn|? SanF Jf¥1e resi due
under reduced pr8¥§E9¥?ﬁﬁE§uPP%dFGSldue was extracted by stirring wit
dichloromethane/diethyl ether = 1/1. The product was flltered

20 off with suction and dried in a vacuum oven at 35°C. Yield:
2.7 g (68%).

lg-NMR (CDCl3) & = 3.75 (s, 3H), 3.85 (s, 2H), 6.05 (d, 1H),
6.7 (d, 1lH).
25
e) 5—(N-Boc-Aminomethyl)-l-methylpyrrole~2-carbonitrile

The product (2.7 g, 19.97 mmol) obtained in d) was dissolved
in dichloromethane (50 ml) and triethylamine (2.8 ml,

30 19.97 mmol) was added. Then a solution of di-tertiary-butyl
dicarbonate (4.36 g, 19.97 mmol) in dichloromethane (30 ml)
was added dropwise. After stirring at room temperature for
2 h, water was added, and the aqueous phase was extracted
with dichloromethane. The combined organic phases were dried

35 over sodium sulfate and concentrated in a rotary evaporator.
The crude product was employed without further purification
in the next reaction.

Yield: 4.4 g (94%).

40 1H-NMR (CDCl3) & = 1.45 and 1.55 (each s, total 9H), 3.7 (s,
3H), 4.3 (d, 2H), 4.7 (sbr, 1H), 6.05 (d, 1H), 6.7 (d, 1H).

f) 5-(N-Boc-Aminomethyl)-l-methylpyrrole-2-hydroxyamidine [sic]
45 The product (4.3 g, 18.27 mmol) obtained in e) was dissolved

in methanol/dichloromethane (100 ml, 1/1) and hydroxylamine
hydrochloride (3.17 g, 45.61 mmol) was added. Then



in 12.7 é)(?sn%oﬁ-n]bz?% of 5-brononet hyl -3-furancarbonitrile, boiling

poi nt 105[err] C/1 mm Hg. The 1H NWR spectrum shows that it contains 15
impurities which produce signal s at [err] 1.3 and 2.2 ppm The content of
these was satisfactorily lower after a gecond distillation, but about 15%
of the product widylesisoprapydaniee hid%-3- il alBraSommot) lwas @ddedhi t e
crystalline substrapedse netl tricog pemperatréS| 2ftdrCstlierdhdl aNVR OCCIED] arr h,
ppm . 4.41 20  and( 2EhotdR)of @h58s&ﬂd'éntH4)1 ah&?ar%“evk?&rat 3G WBer was

(CDA[err], ppmMaa42Q: S’é R; g Pﬁ%ék)é@' Xcﬁ%)fleliog 9H(§4)
112. 27 acti o ro

hi ghi y frr?tantéijr Agetis S% pa %%tgg’% ih%{hdﬁlgg&&f?’rﬁ e el

5- N, N- Bi s(t ert - RPEERYR ar Hish FoPRAN e rRIAPLC 3PR3ARTO MEr gndhkrd Wﬁfhé%‘i"z‘@ﬁ in a
simlar way to Bulfnteiafd eoncbotoatashrin bongtimnievepetramdr.2 Theanodda an.
Subsequent el i mipiaidued wds tpieidded by tflalshbohfomeadighapyy gyiddea yes, carried

out in a saturatfdnieléhéiHurlmBYLaa0e R @blx.@rl 08 d1d:CHl orof @omy
2- Am di no; 5- (N- Boc- am nonet hyl ) -1 - net hyl pyrrol e hydroacetate 35 a)

1
5- Cyano- 1-net hyl pyrrol e 2- car al dehyde 1-nethyl pyrrole cagn be converted
into 2-cyano-1- r’r&t’}w By rjegct(FOng%\l't%yghl(Bro@ﬂ gnjl c#;}/anate and
di met hyl f or mani de 7ré - cé‘t‘orﬁHt)rrl Pe0? skb, fdr exdnisle il E G’br Ebader et
al. Can. J. Chem 59, (1981) 2673- 6) Di i sopropylamne (17.5 m, 124.38

mol ) was i gy od+aeddi id-05-Tih=BodO8midgmethee ) - Hiidtdhgepyridle Hydroacetate

n-butyl li{&i umsolution in hexane (15% strength, 75.9 124.38 mmol ) was

m ,

added dropw se. re sth AR far mn

and subseguentl A cogpjé"riéf”lt ( w% i 6:17t<'§\,"|5"n?sl 1%%'&1 EE]Ber u?’gs“ iit i on

of N-met hyl pyrrotfefe? thapdbrila |f“ ’(1a2° lcligl 7 E;I‘I—qlall1 S

added dropwi se. Remegr nickeggdl47nad weyesepded ngI'featt""?lS?B{‘%ﬁa rl]mirrosenase% n,

DVF (43.9 nml, 546dé6 mmatnospheraddeéchytirmgensat AMPCstorrd rig Msecormcrlmmed at

this tenpﬁﬁall”(to room temperature, the catalyst was filtered off through
Celite®, and the filtrate was concentrated. The resulting
product was employed without further purification in the next

reaction. Yield: 3.7 g (94%).
25 FAB-MS (M+H*): 253.
2-Amidino—4-(N-Boc—aminomethyl)-1l-methylpyrrole hydroacetate

a) 5-Cyano-l-methylpyrrole-3-carbaldehyde

30
Aluminum trichloride (24.24 g, 180.86 mmol) was dissolved in
nitromethane/dichloromethane (1/1, 320 ml) and, after cooling
to -20°C, l-methylpyrrole-2-carbonitrile (8 g, 75.36 mmol)
was added. Then o,a—dichlorodimethyl ether (10.4 g,

35 90.43 mmol) dissolved in dichloromethane (42 ml) was added
dropwise. After the mixture had been stirred at 0°C for 4 h,
it was poured onto ice (200 g). The aqueous phase was
extracted with diethyl ether. The combined organic phases
were washed with saturated sodium bicarbonate solution, water

40 and saturated sodium chloride solution until neutral. After
drying over sodium sulfate, the solvent was removed in a
rotary evaporator. The crude product was employed without
further purification in the following reactions. Yield: 9.2 g
(91%).

45
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for 2 h. Additi

.warnmng to roomtenperature and addition of water 5 (112 m). The THF

was renoved in
wi th sodi um chl
conbi ned or gani
and dri ed over
evapor at or, and

(silica gel bydi ahhaincmitigne)l-ndtwyibyr8o26-g-dadrbotitritt R pebEhfarr]) 6

4.1 (s, 3H, 6.
5- Hydr oxynet hyl
nmol ) obt ai ned
sodi um bor ohydr

0-5[err] C for 2@-carbgniznilet Hes sadvamtregenss ke meduded now a Sttangirgeapor at or

on of citric acid nonohydrate (20.56 g) was followed by

a rotary evaporator, anﬁ3the aqueous phase was saturated

i DL B e " WLEToPat EolEhaof €1 orae 5B utf on

d8ditfiln sul fate. The sol vent was 10 removed in a rotary

t he crude product was purified by flash chromatography

%tﬁgtiﬂéﬁﬁroﬁ-g-éﬁkndudLme%h 1§f%§q%ﬁls—é§5 lde gds Efm%%frl

1 1 2-carh
b S Huheeds o %ﬁw@?ﬁsﬁ%\rk(lz&%tﬁ&fﬁjﬁ?al 225 Toferric

cgrbppitmile . Bowevenmdine dndziARRedhy byt dtetdyilprrrelen

and, ice-water aedcR08f siseengfbor sexcimplebhi suliajaragahuét ol .yeve adgled to the

resi due. ihe aqepens Phae®smgassexisacted with ethyl acetate. The conbi ned
organi ¢ phases were washed with saturated sodi um bi carbonate sol uti on and

| .25 dried ' fate.. T | t
25R0 Etne ool AmnepeE by B B P RED 15 AV AT SRETRF P
chr omat ogr aphy #&F| PESPEC SHRERIRE FFerh AndPHRaMeAhBL - -methylpysyoleyi e d:
2FearboriNwR1eCOUM | [tp 8he dyrkhesislef, 3.75 (s, 3H), 4.6

water until neu
removed in &'ro

7.6 g (91%. 30
(d, 2H), B 1 (d

5- Azi donet hyl -1 - met hyl pyrrol e-2-carbonitrile 35 The product (7.5 g, 55.08

nmol ) obt ai ned
tri phenyl phosph
tenperature for

2 -l dio-5~(8-BddHamitomethyl)-1-methylpyrrole hydroacetate.

M s o) hSS ed in DM (220 m) and, at O[err]C,
F%g %ﬁ§ﬁ§jpéf ?%%ﬂZS mol ) was added. After stirring at this

5 mn, tetrabrononethane (54.8 g, 165.25 mml) was added.

40 The ri-aAmiid Enoveds- (NRBacSdmimoae tayl M EteltGyll pyr3él @rihydatdcetatteOOm

t enper at Bk f or
67.21 mol) S
4.5 h. Satuf@?e

25

30

35

40

45

1.5 h. After cooling to O[err]C, sodium azide (4.37 g,

285t A0 I XI1U9 WaseSddiyad at room tenperature for

lumcC

1-Methylpyrrole-2-carbaldehyde (10 g, 91.6 mmol) was
dissolved in acetonitrile (100 ml) and cooled to -45°C.
Chlorosulfonyl isocyanate (38.9 g, 274.9 mmol) in
acetonitrile (40 ml) was added dropwise over 40 min. The
mixture was then stirred at room temperature for 12 h. After
dropwise addition of dimethylformamide (35 ml), the mixture
was heated at 50°C for 1 h. After cooling to room
temperature, the reaction mixture was added to ice (200 ml)
and 2N sodium hydroxide solution (286 ml). The precipitate
which formed was filtered off with suction. The filtrate were
[sic] extracted with diethyl ether. The combined ether phases
were washed with dilute sodium bicarbonate solution and water
until neutral and dried over sodium sulfate. The solvent was
distilled off under water pump vacuum, and the residue was
combined with the previously obtained precipitate.
Recrystallization from petroleum ether afforded
4-cyano—-l-methylpyrrole—-2-carbaldehyde (4.3 g) (see, for
example, C.E. Loader et al. Can. J. Chem. 59 (1981) 2673-6).

1H-NMR (CDCl3) & = 4.0 (s,3H); 7.2 (s,1lH); 7.3 (s, 1lH);
9.6 (s,1H).

13C-NMR (CDC1l;) & = 37.4; 94.1; 114.7; 125.8; 132.2; 135.8;
179.7.
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sol ution was added dropwi se at 0C, and the m xture was 45 diluted with

ethyl acetate. The organi c phase was separated off and the aqueous phase
was extracted with diethyl ether. The nmbi ned organi ¢ phases were washed
wi th water nd r| ed iO/ 47212 41 over sodium sul fate. The sol vent was
renoved in 'é%?&gw T LPHET ORI G ERBE T s ViSTRI PYRRATSH {1 ash
chr omat ography §§ﬁ¥t¥}z€ daem éte¢ganogdemathby nvrande=24¢aaldehydel: simiday

(63% . 5 [err] HtbiVEhd GQ@ItBpsieref] 5=adindméishyl3ti)-medhBipyrzpleH), 6.2 (d,
1H), 6.7 (d, 1Hp-cdPbéhitr318m nonet hyl -1 -met hyl pyrrol e-2-carbonitrile The
product (4 71 g, 29.25 nmol) obtained in c) was di ssol ved i n et hanol (100
m ), and pall adi on( % g The xtuevvas
t hen hydrogenat gg’%ﬁ rjl?’ounae? é'\ggﬁéspﬁe‘? e(sf’ Hﬁ ht- rhI'I'f«? Cat A st
was filtered of f-#hfdu Oel r@e(srarlréi‘)t'he filtrate was concentrated in a
rotary evaporator. The residue was extracted by stirring with

di chl or onet kaneldari ditlo~st-hRFBec-ldnlinomBehyl Bdutie tWpbpfriddier agd2éhcetatef f

Wi th suctjgon anQagriﬁg{dﬂ%das{{@%% @¥BR SlamizlcReth Mn@tﬂg %y;rtﬂleﬁ-GS/()

1H NVR ( CDd &
(d, lH)( 25 [e)ergu ]tr,g-\l {fr %5') the: %&Esl e

arbonitrile The
product (2.7 g, bdilr}ﬂn? No%?%laﬁéd‘ ﬁtﬁim%tegﬁmi EnEREASEHEL hane
(50 m) and trlethyl am ne (2 8 m, 30 19. 97 mmol ) was added. Then a
sol ution of di -FBB%M&rwmoyIZE(ﬁ.car bonate (4.36 g, 19.97 mol) in
di chl oromst hane (30 m ) was added dropwi se. After stirring at room
temper at ur € s{gh ok AALSLcYBR-A0ded- o0 RS ARYEAUR 1BRSE WS extract ed

wi th di chl oronet hane. “The conbi néd organic phases were dri ed

a) N-Boc-S5-Aminomethyl-3-cyano-1,2,4-oxadiazole

20 Ethyl N-Boc-5-aminomethyl-1,2,4~-oxadiazole-2-carboxylate (S.
Borg et al. J. Org. Chem. 60 (1995) 3112-20) was dissolved in
methanol (50 ml). Ammonia was passed into this solution at
-10°C to RT until conversion was complete. The solvent was
removed in a rotary evaporator. The resulting crude product

25 was dissolved in dichloromethane (70 ml) and, at -5°C,
diisopropylethylamine (2.9 ml, 16.55 mmol) was added. Then
trifluoroacetic anhydride (1.06 ml, 7.61 mmol) dissolved in
dichloromethane (10 ml) was added dropwise. After the mixture
had been stirred at 0°C for 1.5 h it was diluted with

30 dichloromethane, washed 2x with saturated sodium bicarbonate
solution, 2x with 5% strength citric acid solution and 1x
with saturated sodium chloride solution and then dried over
sodium sulfate. The solvent was removed in a rotary
evaporator and the crude product was purified by

35 chromatography (silica gel, dichloromethane:methanol =
97.5:2.5). Yield: 1.2 g (80%).

b) 5-Aminomethyl-3-cyano-1,2,4-oxadiazole hydrochloride

40 The product (0.9 g, 4.0 mmol) obtained in a) was dissolved in
dichloromethane (45 ml) and, at RT, 4M hydrochloric acid in
dioxane (3.9 ml, 15.61 mmol) was added. After stirring at RT
for 16 h, the solvent was removed in a rotary evaporator.
Yield: 645 mg (100%).

45

l1H~-NMR (DMSO-dg) & = 4.6 (s, 2H), 9.2 (s, 3H).
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35 over so'rél?ﬁn?su?fate and concentrated in a rotary evaporator. The

crude product was enployed wi thout further purification in the next
reaction. Yield: 4.4 g (94%. 40 1H-NWMR (CDCl [err]) [err] = 1.45 and

1.55 (each s, total 9H), 3.7 (s, 3H), A3 (d, 2H), 4.7 (sbr, 1H), 6.05 (d,
1H), 6.7 (d,Njngthmlr5—aminomethylpyrazole—3—carboxamide

5- ( N- Boc- Am nonet hyl ) - 1- et hyl pyrrol e- 2- hydr oxyam di ne [sic] 45 The

product (4. 3a?§l NSt mb);n m@aﬁ}ﬁdo??rﬁol\éa% ~dhssetMadel Psic)
met hanol / di chl or onet hane (10 , 1/ 1) and hydroxyl am ne hydrochl ori de

3.17 g, 4 added. The 0050/ 47212 42 et hyl di i sopropyl am ne
§19 1 ?ﬂ ?09 65“%%‘?’)-‘/ Sy AT DR S&Y %ﬁ°z 80 %‘%ﬁ’é‘.y&%/ﬁgje P or
stirring at 40[ efPyePFLEd £2°Ih Brid IredBv@] ™t RE solvent in a rotary

evapor at or, wat eR-metshydddenethottrarbesy td;caxbdxyhic nisicdr acivs Jaciodoti ed
to pH5 5 W themcetdi q1a89 Y 48] @¥braldsydvett bn dichleakoard hastdedndoet hyl
acetate. The conbi#gd thﬁn'a@t ml@SQSthEUO@ déﬂuﬁ‘d}u(&vﬁﬁssﬁéjééé@ sl fiat £ and
concentratgd in g, %@t%& ggor ARl teTh'Fh s% GeREO %ctre\ﬂ@gegu%/ er%tgi‘%l 4

flash chromat ogra i ca chl or of ane/

3.4 g (69%. 10 ¢ t("éDc'Fg r’?‘j%l &rY’Ts e&‘ PB, 1819 ter
(d, 2H), 4.7-4.9stigring fog. 65 qin, the, e‘ehaalqldwaiwemwesi (L§b"|il r%‘ﬁry g)

2- Ami di no- 5- ( N- Bevaponiatorgt apd )thHe meshgh@ywasoldd shyliverhcet waem WatHye apdoduct
(3.4 g, 12.67 mmprecipitaiteadby nedoliwastdi &&ql vRd prediptiliatel wdsl ¥d 1ukred

acetic acihg (1. 4§ffﬁw1t§15s§(1:tml )waa.;'ﬂng@.{‘ﬂy d¥etbil A2 rTRE ¥erfopddader |t
was then hydrogepated under & rg%_see_tger§ 9 h()aqlgk?gen at 50[err]C for 5 h.

After cooling 20°° uc%oprrggf’sﬁl enperatuare fecat al yst was filtered off

through Celite , and the filtrate was concentrated The resulting product
was enpl oyedbhi t Hetky¥ dr-meshy briiaviapgpysazeket3neankexydd&ction. Yiel d: 3.7
g (94% . 25 FAB- M5 ( MtH+) . 253.
20 The product (1.5 g, 8.19 mmol) obtained in a) were [sic]
taken up in dichloromethane (20 ml). At -10°C,
diisopropylethylamine (3.85 ml, 22.11 mmol) was added and, at
this temperature, a solution of trifluoroacetic anhydride
(1.3 ml, 9.44 mmol) in dichloromethane (5 ml) was added
25 dropwise over 45 min. The mixture was then stirred at 0°C for
1 h and subsequently diluted with dichloromethane and washed
2x with saturated sodium bicarbonate solution, 2x with 5%
strength citric acid solution and 1x with saturated sodium
chloride solution. After drying over sodium sulfate, the
30 solvent was removed in a rotary evaporator. Yield: 1.35 g
{100%).

EI-MS (M+): 165.
35 ¢) N-Methyl-5-cyanopyrazole-3-carboxamide

The product (1.35 g, 8.19 mmol) obtained in b) was introduced
into methanol (50 ml) and cooled to -10°C. Ammonia was then
passed in for 8 h. After stirring at RT for 12 h, the

40 precursor had completely reacted. The precipitate product was
filtered off with suction, washed with cold methanol and
dried under reduced pressure. Yield: 1.22 g (100%).

IH-NMR (DMSO-dg) & = 4.0 (s, 3H), 7.4 (s, 1H), 7.5 (s, 1lH),
45 7.8 (s, 1H).

d) N-Methyl-5-aminomethylpyrazole-3-carboxamide



’ . 050/472]1
2--Am di no- 4- ?N— B{)c 2nome*t hyl) - 1-net hyl pyrrol e hydroacetate a)

5- Cyano- 1- net hyl pyrrol e- 3-car bal dehyde 30 Alum numtrichloride (24.24 g,
180. 86 mmol ) was di ssol ved in nitronethane/di chl oronet hane (1/1, 320 m)
and, after cooling to -20C, 1-nethyl pyrd®le-2-carbonitrile (8 g, 75.36
mol ) was added. Then a, a-di chl orodi nethyl ether (10.4 g, 35 90. 43
nol ) di ssol ved Tie hmiducton@ihane 2( 42 mhgl wabtadned idr epwae. difdoakrelhe

m xture had beenistdddtad ati®[ @0 he)f oind 1vs ﬁhli\@énﬂp'érne@a%r@ d73emg700
g). The aqueous pgésfdd@ﬁs @Ké rrﬁﬁ&%@e%&@ e‘?xt )d/l:lr #é}f'ar mbi ned

organic phgses carbonate solutlon

wat er 40 and® é’g‘f%’?‘gféﬁ gﬁ%ﬁ%ecﬁf:a#f I GOPOTH WaR cCRTRietear The
dryi ng over sodiGAYakHstaies FhitersdyeRf WREOUGBNBeLIES i &ndothe ySQA¥EBST at or .
The crude producvaswemevptoyrce wiothoyt evapareasprpuyidlidzai.angi (1G9 .

followi ng reactions. Yield: 9.2 g (91%. 45 0050/ 47212 43 [err] H NMR

(CDC [err]) [errgraus3. @+(s. §5H)J 7.2 (s,1H); 7.4 (s, 1H); 9.85 (s, 1H). b)
4- Am nomey gyl - 1- met hyI pyrrol e-2-carbonitrile was prepared 5 starting

from 5- cyanol th prro 3-carbal dehyde_simlar to the synthesis_of
5- ami nomet hyF*a® r{%ﬁﬁy ré’xfcaﬁg‘?‘ﬂglﬁ'l%g‘ﬂlﬁnel—bﬂﬁév&?’cg??ﬁs" lalanyl-3,4-
4- azi domet hy@ellilqﬁﬂpﬁ'?ll}diﬁbﬂ%mzdé&?bﬂrhlﬁnﬁfﬂﬁewaat}@an{ &gébl]\élldgfoﬁ@%mced by

a Staudi ngertaeaction (see, for exanple, S. Nagarajan et al., J. Og. 10
Chem 52 (1987) 5044-6). c)
2- Am di no14- 4+ B@cmmh@a%%ﬂyijh l5~ Q@L@yérny)r_rt%enpyxﬁ’é@eﬁ%}n@&s 8% Ar epar ed

starting from4 amnorrethy 1-met hyl pyrrole- 2-carbonitrile sim Iar to the

Synthests of 15 oot Al A 0800 A 1R L) P RYLIRhS

hydr oacet at e.
4- Anmi di no- 2- (N- B%ccm%ﬁe%@ne) hydgeehiopider dhe5 hgdridadenapt) were dis-

solved in dichloromethane (25 ml) and, at 0°C, ethyldiiso-
20 propylamine (28 ml, 163.8 mmol) with [sic] a 50% strength
solution of propanephosphonic anhydride in ethyl acetate
(24.8 ml, 117 mmol) were added. After stirring at 0°C for 1
h, the mixture was warmed to room temperature and then
stirred at room temperature for 12 h. The reaction mixture
25 was diluted with dichloromethane and washed with sodium bi-
sulfate solution (4x), sodium bicarbonate solution (3x) and
saturated sodium chloride solution (1x). After drying over
sodium sulfate and removal of the desiccant by filtration,
the solvent was distilled off under water pump vacuum. To
30 eliminate the Boc group, the residue was mixed [lacuna] in
dichloromethane (95 ml), stirred at room temperature, evapo-
rated to dryness, codistilled twice with dichloromethane,
again concentrated and purified by column chromatography.
6.6 g of the required product still containing a small amount
35 of solvent were
obtained.

b) N-(tert-Butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexylalanyl

-3,4-dehydroprolyl 5-(2-cyanoc)-thienylmethylamide [sic]:

40
t-Bu0,C-CHy-Boc~(D)-Cha-OH (7.3 g, 18.98 mmol) and H-Pyr-NH-
CH;~5~(2-CN)-thioph hydrochloride (5.12 g, 18.98 mmol) were
dissolved in dichloromethane (100 ml), and ethyldiisopropyl-
amine (12.26 g, 94.9 mmol) was added. The reaction mixture

45 was cooled to 0°C and a 50% strength solution of propanephos-
phonic anhydride in ethyl acetate (20 ml) was added dropwise.
Stirring at 0 - 10°C for 3 h was followed by dilution with



20 a) 4- q/a(r)\%SO/“z%yl pyrrol e- 2- car bal dehyde

1- Met hyl pyrrol e- 2-car bal dehyde (10 g, 91.6 mmol) was dissolved in
acetonitrile (100 m) and cooled to -4?}%err] C. 25 Chl or osul f onyl

i socyanate (38.9 g, 274.9 mmol) in acetdnitrile (40 M) was added dropw se
over 40 min. Thedighdogpmetaane HdQO0sml ) randl aashdom vidpdidute esdddumlBih,
After dropw se asidifiatensolutdioret(3yl{ osatarpaded( 86didn bithebshatedllse1wason

heated at 50[ er r{&x)f @hdlwhteAf (t18) .CROLENGIAQ éomﬁ%odlumt&mm@ Whg rdhe

t t gd t 00 | ut
(236 ). ”‘ﬁe“L?EIﬁEI?atﬁﬁaﬁﬁ%lﬁﬁaﬁg FieotEre *%QQI%Qif Eﬁ%f?oag £ The

filtrate wBre [s‘f%ﬁ Te RPPB YA t%g?gt%ﬁ &t ﬁﬁ é’n&B d”eéf*hg phases
were washed wit ht##i88-e sodi um bi car bonate sol uti on and wat er unti I
neutral and dried over sodium sulfate. The solvent was distill ed of f under
wat er punp veguum (teid-BhitokRardoay Nastigasene (nvidd) -i(be-pyerdreugh y

obt ai ned preci pi i fdf1- BGEJ’-aéﬁﬂiﬂ zeaiyprs-f(rzamn@safﬂo%a%sﬁpﬂ @Hileqyded

4- 15 Ret hyl I - d : f I
c EyaESadéﬁeetyaﬁﬁﬂééaﬁlé G §9y<i981> "2073 6y [err] FNVR (0 [err])
[err] 4.0 (s, 3H) 7.2 (s,IH); 7.3 (s, 1H); 9.6 (s,IH. 45 13C- NWVR

(cbd [err]) [ er rThe: pypduct gubteinedsin by yasgdisgolved igsppridizg 170 ml)
0050/ 47212 44 b)and mmaonglmnelmatmm pyitheolkrea8t Lar harktre |vasveveled egar ed
starting from 4-wyaaadlsauititedy wioh enrireaehakebiiagie ($hd1 ssutliont Bécame

synt hesi s18f 5-ag é&g?t by | wds N@lRY LPYFFY Gt %osxarawetrﬁhhﬁe &zl'dwaNIYR The
(DVBO-d6) [err] &x 1

Sgd 18188 w%j) 1 ? 2 e ek (Sng 7.
1 3 A FFEs/g
(5. 1. o) prepaﬁ%wé Mgt e

due was dissolved in diethyl ether (200 ml) and washed with
dilute sodium bisulfate solution (2x), saturated sodium

20 bicarbonate solution (2x) and water (1lx). After drying over
sodium sulfate, the solvent was distilled off under water
pump vacuum. The crude product (12.6 g) was purified by flash
chromatography (silica gel, gradient from dichloromethane to
dichloromethane:methanol = 40:1). 12.1 g of the required

25 - product which still contained a small amount of solvent were
obtained.

d) N-(tert-Butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexyl-
alanyl-3,4-dehydroprolyl 5-(2-S-methylimidocarbonyl)-
30 thienylmethylamide [sic] hydroiodide:

The product obtained in c¢) was dissolved in dichloromethane
(120 ml), and methyl iodide (16.24 g, 114.38 mmol) was added.
After stirring at room temperature for 12 h, the solvent was

35 distilled off under water pump vacuum. 14.6 g of a yellowish
oil were obtained.

e) N-{tert-Butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexyl-
alanyl-3,4-dehydroprolyl 5-(2-amidino)-thienylmethylamide
40 [sic] hydroacetate:

The crude product obtained in d) was dissolved in aceto-
nitrile (90 ml), and ammonium acetate (2.94 g, 38.12 mmol)
was added. After stirring at room temperature for 2 h and at
45 40°C for 1.5 h, 10% strength ammonium acetate solution in
methanol (14.65 g, 19.05 mmol) was added. The mixture was
then stirred at 50°C for 4.5 h, and the solvent was distilled



3 carbonitri Iogsgllr%’ ar to the synthesis of

2-am di no- 5- (N- Boc- am nonet hyl ) - 1- net hyl pyrrol e hydroacet ate. FAB- M5

(MtH err]): 253. 15 5- Ami nomet hyl - 3-cyano- 1, 2, 4- oxadi azol e hydrochl ori de a)
N- Boc- 5- Ami nonet hyl - 3- cyano- 1, 2, 4- oxadi 480l e 20 Et hyl

N- Boc- 5- am nonet R§E- qnqemmxaduam gragupmr bEhe Iresd diS. waBomgxetd with Hi-Or g.
Chem 60 (1995) 3hlardfbBthame,dtbesdaled woreefilaeeked(SHf Mikth AGEPIvME, \&ad

passed into thistgel giimncat waéoé&ae%tBIte@t I PheC QBY S S %s\ﬂlaanssf%oetﬁtoThe
sol vent was rem)\ég o:ng O&CTE{}%F@ N]& Og,rdggeugroduct 25
was di ssol ed in éfeororre 353 m’rg EE

tl“‘-ielfs 9 % Je

di i sopropyl ot hy| QRERe) ( FegU i é’r]'lrrl f1 uor oacetic
anhydride (1.06 m, 7.61 nmol) dissolved in dichloronethane (10 m) was
added dropw $@. Af-lﬁydndwqadrbbnlyhndwlbaen-sm)i-rayedlohexﬂ[aeuam]yﬂs-sm- 1.5 hit
was diluted w thdéRydroprlgh! o+ preiniaigoe ) waisias 1t iy ldnisrt yeagpd sodi um
bi carbonat e sol uhi@Ppacetatet N 5% strength citric acid solution and 1x wi th
sat ur at ed dium chl oride solution and then dried over sodiumsulfate. The
solvent was renoved in a rotary, evaporator and the crude product was
purified by 35 Thec?n’??f’d’é’ttoﬁp’é%h?ﬁd( Sy Féawiﬁeldls&P&HFGr ighheromsthans =
97.5:2.5). Yiel d(173ml ( 309 ethgrea). hAyiroeklanic. scigarlutipns(dkatlimaol e
hydrochl ori de 40was addesl piroguise ( AfReg, stifkrinylar obdmiteagerataye Was

di ssol ved in dichl hf o haneehdSvdd Jdisndileéd dFE uAlehywHiRG bAmp Cvadiush.i N

di oxane (g9 M, che. fds G );Jaﬂ’atﬁu?é&j‘%)q.thpéié{lo?o&n@{:h&ge Aty ?Ttﬁgrs&ﬁrii?rt the

sol vent was rem)v d |nsai rI%tdar evaec%r atg Yield:

[err]H-Nl\/R(DI\/BO "ri] q¥s ﬂ?e’épémtp"aE i 45

N- Met hyl - 5- ami noREPﬂ tyi% 8 8! 3"’%%@6‘6%51’1?@&%)3“ Rv'BPh?’FChanger (Fluka,

N- met hyl - 5- ani dofyder e 90482 boxyd subspaue)t flash chromatograpy (silica
gel, gradient from dichloromethane:methanol : [sic] 4:1 via

20 dichloromethane:methanol:50% strength acetic acid : [sic]
40:10:2 to dichloromethane:methanol:50% strength acetic acid
= 35:15:5). The product obtained in this way was dissolved in

water.
Insolubles were removed by filtration, and the filtrate was
25 lyophilized to result in 5.55 g as amorphous white solid.

FAB-MS (m+H*) [sic] : 462

The following were prepared as in Example 1:
30
Example 2:

N- (Hydroxycarbonylethylene)-(D)-cyclohexylalanyl-3, 4-dehydro—-
prolyl 5-(2-amidino)-thienylmethylamide [sic] hydroacetate

35
FAB-MS (M+H*): 476

Prepared over several stages as in Example 1 starting from
N-(tert-butoxycarbonylethylene)-(N-Boc)-{D)-cyclohexylalanine
40 [sic] and 3,4-dehydroprolyl 5-(2-cyano)-thienylmethylamide [sic].

Example 3:

N- (Hydroxycarbonylmethylene)-(D)-cyclohexylglycyl-3,4-dehydro-
45 prolyl 5-(2-amidino)-thienylmethylamide [sic] hydroacetate:



) 50/47212
5 " N- Met hy? ?3/ oxycar bonyl pyraozl e-5-carbonyl chloride (prepared from

3.7 g, 20.09 mmol of N- et hyl - 3- net hoxycar bonyl - 3- carboxylic [sic] acid, J.
Org. Chem 54 (1989) 428) was dissolved in toluene and cooled to -10[err]C
Then, at -10[err]Cto O[err]C, anmoni a 4ths passed in until 10

conver si on w‘ééB'db'deIMé‘ﬁé) sol vent was renoved in a rotary evaporator.
The resi due was taken up in ethanol and, after stirring for 15 mn, the

ethanol was pespared ioted $Oiata)l e¥apss alLlin BREMINE I eShetEngVarofi SSOI ved

o L POl AR Sty et ?h%@f Ly ggﬁd%’ﬁﬁéﬁé{@ﬁ?

filtered 1 o acet.a

under redulel® b‘r'gsagﬁ'é V?éehydirofrgﬁ (41% Ethyiamlde [s

N- net hyl - 5- cyanopyr azol e- 3- car boxyl ate 20 The product (1.5 g, 8.19
mol ) obt ai nBYammlea:were [sic] taken up in dichloronethane (20 m). At
-10[err] C, diisopropylethylamne (3.85 nm, 22.11 mmmol) was added and, at

this te”peraﬁ“[@ydz%x%hk‘ﬁb?ln@th&ﬁ.éﬁé}J-O(rga-@: Ei6n bhge-{ 14 eRyarg- 44
or

nmol ) in mn. The
d er’r] )h and Su se% ﬁ?yelzf ted with

m xt ure vvasE stlrre

di chl oronet h ﬁ‘g t3%Ehed 2x with saturated SOdI um bi car bonat e sol ution,

2x with 5% strength citric acid solution and I x with saturated sodi um

chl ori de sol BRBEH¥E (MHEE): di90 ng over sodium sul fate, the 30 sol vent was
removed in a rotary evaporator. Yield: 1.35 g (100%. EI-M5 (Mt): 165. 35

c) N-Methyl pﬁeﬁa/ﬁazp@xaazpﬂ@ éfoﬁ\asbaﬁsﬁmmh}h!%pmﬁtﬁ@tch&it@& end-39 Mol )

obtained in 1’&rer %@r é 428 ciro%rx‘glﬂ?é"@odaqi&
-10[err] C. R for 12
h, Ehe ]40 Agmp%%\r%zlydﬁ%r ﬁp et‘% &@5&?@’3313 ng" bXF‘ ﬁ‘g’t l}%ﬂoduct was
filtered of f marRRLamide; oRic hashdd W%’PPJcﬁ)Ild ﬁﬁ%rﬂﬂmaﬁata?%?f epoc
reduced prespuoeectiivel grodp 2 hgs( OO indl HiNWR wad/BOugded(eor] = 4.0 (s,
3H), 7.4 @9, N-_lH)ert7-b5t6iycéﬂ)ony‘lﬁethylgnéi_-((SI,—B&I:‘D—.(Iﬂ)—cyclohexylalanine

N-Met hyl - 5- apk pofreihhP¥L %P1 £13- BRAPAXATHCof the amide to the nitrile

functionality was carried out in the following way:

rr]C

4.8 g (7.42 mmol) of N-(tert-butoxycarbonylmethylene)-(N-Boc)-

25 (D)~-cyclohexylalanyl-3,4-dehydroprolyl 5-(2-carbamoyl-
3,4-dimethyl)-thienylmethylamide [sic] were dissolved in 60 ml of
methylene chloride and, after addition of 3.83 g (29.64 mmol) of
diisopropylethylamine, cooled to 0°C. 2.8 g of trifluoroacetic
anhydride in 3 ml of methylene chloride were slowly added

30 dropwise, and the mixture was stirred at 0-5°C for two hours. The
mixture was then diluted with 60 ml of methylene chloride and
successively washed three times with 20 ml of 20% strength citric
acid, twice with 20 ml of saturated sodium bicarbonate solution
and twice with saturated brine, and the methylene chloride phase

35 was dried over sodium sulfate and concentrated in a rotary
evaporator. 5.35 g of N-(tert-butoxycarbonylmethylene)-
(N-Boc)—(D)—cyclohexylalanyl-3,4-dehydroprolyl 5—(2-cyano-
3,4-dimethyl)~thienylmethylamide [sic], which still contained
solvent, were obtained and were employed directly in the next

40 stage.

Conversion of the nitrile functionality into the amidine group
and subsequent elimination of protective groups took place as in
Example 1.

45
Example 5:



0650/’47212 4807’%4%%5uct (0.4 g, 2.66 mol ) obtained in c) was dissol ved

in acetic acid (30 m), and 10% pal | adi um on carbon (78 ng) was added. The
m xture was then hydrogenated under 5 at nospheric pressure at RT until
conversion was conpl ete. The catalyst % filtered off through Celite , and
t he sol vent WatHydnnxyedrbonylnedthylgne)affor-ayolohekyladangl43 gi<(ded@Uyo- El - NS
(Mr): 154, 18r&xpnH-€ 3lamidino)-thienylmethylamide [sic] hydroacetate:

N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr opr ol yl

5- (2-am di no)sLhi hyl.am de [sic] hydroace- tate: 15 a)
3,4-Dehydrop%%%g*gg@%g?gyéﬁ%)-thienyInethylanide [sic]:
Boc-3,4-deﬁydroproline (5 9, 23.4 mol) and 5-am nonet hyl - 2-cyanot hi ophene
hydr ochl ori dBremamedy aspengExaRle \er empiicyingobveminaredby At dredacrane (25
m) and, at 6hiopiadie dylybchimmnde2n plage ofy baamireone28ydt, 163.8 mmol)

Wi th [sic] a2589ardtndioghlns MydriceR16fidqe.opanephosphoni ¢ anhydride in ethyl
acetate (24.8 ml, 117 mmol) were added. After stirring at Oferr]C for 1 h,
t he m'xturg )Q/as V\jizaerrge_d to roomtenperature and then stirred at room
tenperatu} SF™MF 1* The reaction mixture 25 was diluted with

di chl oronet hane and washed wi th sodium bi- sulfate solution (4x), sodium
bi car bonat e Yol Bydzaxycaxporndneddydene bl Bodiyghekexwhdlaaydob v tdahydrey .
After dryi ngpoukyl sodi2¢amsdi da)-ahdedy Imeihydlamdfie t heicde Siydeamtetate :
filtration, the solvent was distilled off under water punp vacuum To 30

el i m nat e 4tshgABC P, .t resi due was m xed [l acuna] in dichloronethane
(95 m), g?i?ﬁggﬁzgﬁgﬁb%itﬂﬁ%erature, evapo- rated to dryness, codistilled
twice with dichloronethane, again_concentrated and purified by col umm
chrcnnatograpﬁﬁ?P%E?FgfsoﬂntFEPWRiﬁuﬂrEﬂpkﬁ¥ﬁﬂﬁbﬁ'é?%??m%ﬁ9¥ﬂé?ﬁ?¥ﬁP9¥@§HﬁP?ne
anmount 35  hydfociulordde derplasist @if nédamipomethyl-2-cyanothiophene

N- (tert - But oxydaesdrndidet hyl ene) - (N- Boc) - (D) - cycl ohexyl al anyl

- 3, 4-dehydygopr ol yl 5-(2-cyano)-thi enyl met hyl am de [sic]: 40

Example 7a:

N- (Hydroxycarbonylmethylene)-(D)-cyclohexylalanyl-(D)-4,5-
dehydropipecolyl 5-(2-amidino)-thienylmethylamide [sic]
25 hydroacetate:

FAB-MS (M+H*): 476

Example 7b:

30
N-(Hydroxycarbonylmethylene)—(D)~-cyclohexylalanyl—-4,5—-dehydro-
pipecolyl 5-(2-amidino)-thienylmethylamide [sic] hydroacetate:

FAB-MS (M+H*): 476

35
Prepared as in Example 1 employing racemic
Boc—(D,L)-4,5-dehydropipecolic acid in place of
Boc—-3,4-dehydroproline. It was possible at the stage of
N-(tert-butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexylalanyl—-(D,

40 L)-4,5-dehydropipecolyl 5-(2-cyano)-thienylmethylamide [sic] to
separate the two diastereomeric compounds by chromatography
(silica gel, cyclohexane/ethyl acetate 7:3). The two
diastereomers were subsequently converted into the final products
as in Example 1.

45
Example 8:



t- BuRC cH2- BB 2Hha-oH (7.3 g, 18.98 mmol) and H Pyr- NH
CH2-5-(2-CN)-thioph hydrochloride (5.12 g, 18.98 nmol) were dissolved in
di chl oronet hane (100 m), and ethyldiisopropyl- amne (12.26 g, 94.9 mmol)
was added. The reaction m xture 45 Sdas cooled to OC and a 50% strength
sol ution of pPrEereghosrbgiydmet habdmysiy (@0 —cpc bolppy lgd gept 3 (L2@ehyirowms
added dr opwi §£o1y3t is- B0gmEdind )~thOEnf e thylamede f@licquagdiyaddithtet on with
0050/ 47212 47 dichl oromethane (100 m ) and washing with dilute sodi um bi -
sul fate sol ufj qﬁ(Bg% Lsat grgat ed sodi um bi carbonate sol ution (2x) and water
(I'x). After ]ijlil"% g( B 584fum sul fate and re- noval of the desi ccant, the
sol vent wa8 distilled off under 5 wat er punp vacuum 12.47 g of a pale
br owni sh oi | Pyeparegbast tit rRxfmpdy 1 starting from 5-aminomethyl-3-cyano-

N- (t ert - But oxyispHemay kfigt iy(tere ) b deBamrboby 1 nytt ydleeey FN-Boc— (D) -

al anyl - 3, 4- depytly bYyeyr-{¥1aakApdimneanaanysici.hi enyl - 10

nmet hyl am de [sic]: Thé product obtained in b) was dissolved in pyridine (70
m) and trieth%al]a]fn?iﬁe. (12 m). The reaction m xture was cooled to O[err]C
and sat ur &LeH*HR ydrogen sulfide (the solution becanme 15 green). It

was then stirred at roomtenperature for 48 h. The excess hydrogen sul fide
was di spl acel- (Rydroxycevbeny lmeniylere solDiesychokexi lglyry & gffdehudee— wat er
punp vacuum pddEyT esi(2-auid iy -dhseny et hyl adli é¢ hydicgt hpdr¢afidarke)y and
washed with dilute sodium bisulfate solution (2x), saturated sodi um 20

bi car bona Upd 2%) d water (Ix). After drying over sodium sulfate,
t he sol vetr%s l'?“Qllg%dél g({ﬁf"?'l E'd %f under water punp vacuum The crude product

(12.6 g) was purified by flash _chromatography (silica gel, gradient from

di chl or onet haﬁ@m@ddiaéhmrwﬂignéznﬁﬁgmg fram: 1). 12.1 g of the required
25 pr oduétaminanetbyi+2-cymmogdhnephenss aaid Natrpertt—butoxpearhanier e

obt ai ned. d) mebhylerie)-Buboxy@mar-egbybnetilylgng) -§ N-Behydt Bpralicieoexy] -

al anyl - 3, 4pdehydroprol yl 5-(2-S-nethylim docarbonyl) -

Example 10:

N- (Hydroxycarbonylmethylene)—-(D)-cyclohexylalanyl-3,4—dehydro-
prolyl 5-(2-amidino)-furanylmethylamide [sic] hydroacetate:

25
FAB-MS (M+H*): 446

Prepared as in Example 1 employing 5-aminomethyl-2-cyanofuran
hydrochloride in place of 5-aminomethyl-2-cyanothiophene
30 hydrochloride.
Example 11
N- (Hydroxycarbonylethylene)-(D)-cyclohexylalanyl-3,4-dehydro-
35 prolyl 5-(2-amidino)-furanylmethylamide [sic] hydroacetate:
FAB-MS (M+H*): 460
40 Prepared as in Example 1 employing 5-aminomethyl-2-cyanofuran

hydrochloride in place of 5-aminomethyl-2-cyanothiophene
hydrochloride.

Example 12:
45



30 thien??%%fﬁ@?ﬁﬁide [ sic] hydroiodide: The product obtained in c) was
di ssol ved in dichloronethane (120 m ), and nethyl iodide (16.24 g, 114.38
mmol ) was added. After stirring at roomtenperature for 12 h, the sol vent
was 35 distilled of f under water p®#& vacuum 14.6 g of a yellow sh oi
wer e obt ai ne- ( BydroMytaeboniButethy temdony)reybdisng)lgl e Bbe) -A-dehggcdohexyl -
al anyl - 3, 4- deryr10BFQlyhmbaingr)a il daMpimetihiye At det faslcgnhg@rdietate: [ Si C]

hydr oacet ate: The crude product obtained in d) was dissolved in aceto-
nitrile (90 1 m acetate (2.94 g, 38.12 mvl) was added. After
stirring at ¥ dﬁ#?ggpggg?gpé for 2 h and at 45 40[err]C for 1.5 h, 10%
strength affmoni um acetate sol ution in nethanol (14.65 g, 19.05 nmol) was

added. The n¥xample Wds then stirred at 50[err]C for 4.5 h, and the sol vent
was distilled 0050/ 47212 48 off under water punp vacuum The residue was

[ﬁhgegi }Mt f’gt gi«- s E’ﬁi’ﬂ?@f%metthgléﬁé)tﬁ(lj’)’eﬁ?cibliéﬁlﬁdaﬁf(i wmeﬁygfa%g?at gnd
A S0k At o Sl oS0 O B-AAIRRE 0 50

salt on a? cha ger

g of a ye Pomnsh oil. ?

N- (Hydr oxycaFBRmiA i BY) erf®F- (D) - cycl ohexyl al anyl - 3, 4- dehydr opr ol yl

5-(2-am di no) -t hi enyl net hyl am de [sic] hydroacetate 10 The product obtai ned
in e) was di ssampled 14 di chl oronet hane (175 m ), and ethereal hydrochloric
acid solution (38.3 m) was added dropmﬁse After stirring at room

tenperatupg fory dfd ey BEp Yn%@%n rcﬂg ﬁ’éaiyl‘é'igﬁ{( el Llie B%{P yacuum
15 The res d’ K |c oro §ﬁ% %e solve
distilled of?rﬁﬂéep ﬁéf%? dﬂ@ 3% obfRA&! (9. 35 g) was
purified on Ardreshlexéfanger (Fluka Crder No. 00402) and subsequent flash
chromat ograpy (silica gel, gradient fromdichl oronethane: net hanol : [sic]
4:1 via
20 a) 5~ (N-Boc—Aminomethyl)-l-methylpyrrole-2—-amidine {sic]
hydroacetate (1.5 g, 4.4 mmol) was dissolved in isopropanol
(70 ml) and, after addition of isopropanolic hydrochloric
acid (5.5 M, 4.5 ml, 24.0 mmol), heated at 50°C for 2 h.
After cooling to room temperature, the solvent was removed in
25 a rotary evaporator, and the residue was added to a solution
of t-Bu0,C-CH,-(Boc)-(D)-Cha-Pyr-OH in DMF (50 ml). The
solution was cooled to 0°C and N-methylmorpholine (1.92 ml,
17.44 mmol) was added. Subsequently, TOTU (1.18 g, 3.58 mmol)
was added in portions. After stirring at 0°C for 45 min, the
30 solvent was removed in a rotary evaporator and the crude
product was purified by MPLC (RP-18, acetonitrile/water).
Yield: 980 mg (45%).

FAB-MS (M+H*): 615

35

b) The product (550 mg, 0.845 mmol) obtained as in a) was

dissolved in dichloromethane (50 ml), and the solution was
saturated at 0-5°C with HCl gas. It was subsequently stirred
at 0°C for 1.5 h. The solvent was removed in a rotary

40 evaporator and the crude product was lyophilized. Yield:
450 mg (100%).

FAB-MS (M+Ht): 459
45
Example 15:



20 dichlgﬁgﬁgt7§ﬁgznethanol:5096strength acetic acid : [sic] 40:10:2 to

di chl or onet hane: net hanol : 50% strength acetic acid = 35:15:5). The product

obtained in this way was dissolved in water. Insolubles were renoved by

filtration, and the filtrate was 25 5?yophilized toresult in 5.55 g as

anor phous whilté Hgaroxycazhpnybng theeae) Y D | stusjloheapla lny 13l # odehygineer e

prepared as iproEyxanpt@-bmidind&xametay2)-pyrrolemethylamide [sic]

N- (Hydr oxycamparyteldvild@nahs (Sefat@aOBE Xy dsxaphe314; dehydro- prol yl

5- (2-am di no) -t hi enyl net hyl am de [sic] hydroacetate 35 FAB-M5S (MtH err]):

476 Prepar ver _seyeral ges as in Exanple 1 starting from

N-(tert-buﬁgfﬁgépﬁo ’Vgiﬁy?%ﬁé)-(N—Boc)-([»-cyclohexylalanine 40 [sic] and

3, 4-dehydroprol yl 5-(2-cyano)-thienyl methylam de [sic]. Exanple 3:

N ( Hydr oxycaExenpleeifey| ene) - (D) - cycl ohexyl gl ycyl - 3, 4- dehydr o- 45 prolyl

5- (2-am di no) -t hi enyl net hyl am de [sic] hydroacetate: 0050/ 47212 49

FAB- M5 ( M+H[ w-r(h}aréﬁ?ca%%agm&m%eseysr%ycifoﬁgﬁfléﬁadﬁ-ﬁxm@étﬁ,&o-

starting fgth t%z.ga«taéxs-ag&%@m?%woﬂ%tay Negec ki)

-cycl ohexyl gl Cihe Sj c[ and 3, 4- oprolvyl

5-12- cyano) - (HEERSMFRAHIR HAS dersRaTer b imppple 14

N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydro- 10 prolyl

5- (2-am di no- 3, 4-di net hyl ) -t hi enyl net hyl am de [sic] hydroacetate: FAB-M

(MH err]): 498-#5 taparegssrarting from

5-am nonetfyyl - 3, 4-di et hyl t hi ophene-2- car boxam de by coupling with

Boc-3,4-dehyg%8§£géipﬁ_to gi ve Boc- 3, 4- dehydr opr ol yl

5- (2- carbanoyl-374-dinethyl)-thienyl- nethylam de [sic] as in Exanple 1

After elimnation of the Boc
N-(tert-Butoxycarbonylmethylene)—-(N-Boc)-(D)~cyclohexylalanyl-—

3,4-dehydroprolyl 2-(4-amidothiocarbonyl)oxazolemethylamide [sic])
20 hydrochloride:

a) t-BuOyC-CH3;-(Boc)-(D)-Cha-Pyr-OH (2.36 g, 4.92 mmol) was
dissolved in dichloromethane (60 ml). At -10°C,
diisopropylethylamine (4.3 ml, 24.59 mmol) was added

25 dropwise. After stirring at this temperature for 5 min,
2-aminomethyloxazole—4-thiocarbamide [sic] hydrochloride
(1 g, 5.16 mmol, G. videnov et al. Angew. Chem. 108 (1996)
1604-9, the Boc group in the N-Boc-2-aminomethyloxazole-—
4-thiocarbamide [sic] described in this reference was cleaved

30 with ethereal hydrochloric acid, and the corresponding
hydrochloride was obtained by concentration) was added and
then a 50% strength solution of propanephosphonic anhydride
in ethyl acetate (5.06 ml, 6.39 mmol) diluted with
dichloromethane (10 ml) was added dropwise over 20 min.

35 Stirring at 0°C for 1 h was followed by warming to RT for
3 h. The mixture was diluted with dichloromethane, washed 2x
with saturated sodium bicarbonate solution, 2x with 5%
strength citric acid solution and 1x with saturated sodium
chloride solution and dried over sodium sulfate. The solvent

40 was removed in a rotary evaporator and the crude product was
purified by chromatography (silica gel, dichloromethane:
methanol = 95:5) (Yield: 2.5 g (82%).

l§-NMR (DMSO-dg) & = 0.5-2.0 (m, 31H), 3.1-5.5 (m, 8H),
45 5.8-6.2 (m, 2H), 8.5-9.3 (m, 3H), 9.8 (sbr, 1H).

b) N-(tert-Butoxycarbonylmethylene)-(N-Boc)—(D)~cyclohexyl-—



protective 99359(47%}§ bui | di ng bl ock was coupled to 20

N- (tert-butoxycarbonyl net hyl ene) - (N-Boc) - (D) -cycl ohexyl al anine [sic] as in
Exanpl e 1. Dehydration of the amide to the nitrile functionality was
carried out in the following way: 4.8 $47.42 mol) of

N- (tert - but oxycaslaiyll-35 2 hiéeyijoprl BdCcl- (£25-amidino)oxazolemethylamide

(D) - cycl ohexyl al payd r yhrdgbyed@prol yl  5-(2- car banoyl -

3, 4-di met hyl ) -thi eny{ met hyl am de [sic] were dissolved in 60 m of methyl ene
chloride and, after addjtion of, 3.83 g (29.64.mo f,

G Sopr oyl ot hyl i i odush Shcaigdsl 3pcs b Sig8er9ed in acphERe S0 ™)
anhydri de Bn 3" nfndf aftemypdditian efi Bether dodrgay (1 <tfdéd 391 D Fmeses and
the m xture was sé¢fhped &or02 3 emMhpCsbbventwandoths . exdessningthye sgliddehen
diluted with 60 werefrefibyl tea aitakydevaputatoecepisd \relsylvasd et uder ee
times with 20 m 064 Q%35 80 veldt LhCrdGidhydrWetfanV (50 28) MAndf a¥ak4r at ed
sodi um bi car bonal g sal 4',0n, And AW S8 WLLD kULal o6 B a8y AL g
met hyl ene _chl ori%leo ase_ 35 Was dri e§ over ‘sodi urf sul fate ahﬂ concentrat ed
'n a rotaly evapb GOF B:3ehy We ROLYERY W5 BSYCHRD ARy PrEPtene) -

(N- Boc) - (D) - cycl evenguadioangnd 3the gander BFABIGH W8S (SoRvasnted into the

3, 4- di met hyl ) - t haeetyd teetulsjthgnamleidrs iegthandec H aset ate comipeil peer 5o lsoppprtwer e
obt ai ned and wer g1ex®looped) di fecidwed Byt her iFeat46n shp@dromaty@rahgn of the

nitrile functionglificd k9, BfciAESmBen O tRAH0 S VRSAGYCRE 8] 4 rﬂsﬂ.@blzgg. of
pr ot ectlvqsgroupgiéﬁf,k 2ploage yn Exanpl e 1. 45 Exanpl e 5: 0050/ 47212
50 N-(Hydroxycar bonyl nmet hy eﬁe -('D) - cycl ohexyl al anyl - 3, 4- dehydro- prolyl
5- (3-am di no) -t hi enyl net hyl am de [sic] hydroacetate: FAB-M5S (MtH err]): 462
5 Prepared as i nFER¥pl(M+E) erffi3oyi ng 5- anmi nonet hyl - 3- cyano- t hi ophene
hydrochl ori de in place of 5-am nonethyl- 2-cyanot hi ophene hydrochl ori de.
c) N-(Hydroxycarbonylmethylene)-(D)-cyclohexylalanyl-3,4-
20 dehydroprolyl 2-(4-amidino)oxazolemethylamide [sic]

hydrochloride:

The product (1.95 g, 2.94 mmol) obtained in b) was dissolved
in dichloromethane (50 ml) and 4M hydrochloric acid in

25 dioxane (3.7 ml, 14.71 mmol) was added. After stirring at RT
for 20 h, the solvent was removed in a rotary evaporator, and
the crude product was dissolved in water and lyophilized.
Yield: 1.5 g (100%).

30 13-H-NMR [sic] (DMSO-dg) & = 168.6, 167.8, 166.2, 162.2,
156.4, 144.7, 129.6, 127.7, 125.5, 67.9, 55.0, 53.5, 45.3,
36.4, 35.7, 33.0, 32.5, 32.0, 25.7, 25.4, 25.2.

Example 18:

35
N-(Hydroxycarbonylmethylene)-(D)-cyclohexylalanyl-3,4~-dehydro-
prolyl 5—-(3-amidino)-1,2,4-oxadiazolemethylamide [sic]
hydrochloride:

40 a) N-(tert-Butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexyl—-
alanyl-3,4-dehydroprolyl 5-(3-cyano)-1,2,4-oxadiazole—~
methylamide [sic]

N-(t~-Bu0,C~CH,)-N-Boc-(D)~-Cha-Pyr-OH (1.93 g, 4.0 mmol) was
45 dissolved in dichloromethane (65 ml) and, at -10°C,

diisopropylethylamine (3.1 ml, 17.67 mmol) was added. Then

5-aminomethyl-3~cyano-1,2,4-oxadiazole hydrochloride (645 mg,



16 Exanpl e 6(_)050/47212

N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr o- prol vyl
4-(2-am di no) -t hi enyl net hyl am de [sic] hydroacetate: 15 FAB-Ms (MtH err]):
462 Prepared as in Exanple 1 enployi ng 3 ani nonet hyl - 2- cyanot hi ophene
hydrochl ori de i nd g awe19f dbsswivedninhgiclaypmetchhnopfidnalhydaschided.de. 20
Exanpl e 7a: N-(Hygtedxwearbony | 181t By heng)a (J9% eyebndendoahanyh -4D) - 4, 5-
dehydr opi pecol y| géog(a%e%m)gé? 1ct *ynﬁ H‘Eé hyl aahge ladGhe2?3hydipacet ate:

FAB- M5 (M+H err] 76

N- ( Hydr oxycar bony! 'i)én tﬁ') 8’9‘ oﬂ’e%c’glog‘ﬁwaﬁe sdefydr 82 f95&80l v

5- (2- ani di Ao) - t NPEREHIREt RYFH Q:lé“l[“& pftex dr dadlt A% tlhﬁ\BmK)St‘HWHFérr] ): 476
35 Prepared as iéileadmath ¢iniiloyongthansemng washed 2x with saturated

Boc- (D, L) - 4, 5- deswydihapibieasbomataCisdlutign A0x afitBoss Ftdedghly deiprial aoed |t
was possi bl e at E&Ehéﬂd%gﬁnéflx with saturated sodlum chloride solution.

N- (tert- but oxycag b 4@% | 508) JCh: Bc) s (A LY ehones-akanid -{dhovid 1o

L) -4, 5- de dr opi | eny Si C epar at e
the two di éster egn’é‘?fr Yc 6¥pB T3 PEnH o aéﬁ?‘g‘]{% EaP EJrPle By

cycl ohexane/ et hyFhERRat@ozaphg) (siieat gol di Pé@ﬂ%‘?fsaf\ﬁeﬁ‘ét 2Rl quaREPY-
converted into t¥WeeXd:ndl.5prodlitt%® .as in Exanple 1. 45 Exanple 8:

0050/ 47212 51

N- (Hydr oxycar bonyAsmidymeae) - (d7.cycl ohexyl gl ycyl - 3, 4- dehydro- prolyl
5-(3-am dijgo) -t hi enyl net hyl ami de [sic] hydroacetate: FAB-M5 (MrHerr]): 448
b) N-(tert-Butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexyl-
alanyl-3,4-dehydroprolyl 5-(3-amidino)-1,2,4~-oxadiazole-
methylamide hydroacetate

20 The product (1.5 g, 2.56 mmol) obtained in a) was dissolved
in methanol (5 ml), and acetylcystein (450 mg, 2.76 mmol) was
added. Then ammonia was passed in at 35°C until conversion
was complete. The solvent was removed in a rotary evaporator
and the crude product was converted into the acetate using an

25 ion exchanger (acetate on polymeric support, Fluka 00402).
The resulting crude product was purified by chromatography
(RP-18, acetonitrile, water). Yield: 300 mg (18%).

FAB-MS (M+H*): 604.
30
¢) N-(Hydroxycarbonylmethylene)-(D)}-cyclohexylalanyl-3,4-
dehydroprolyl 5-(3-amidino)-1,2,4-oxadiazolemethylamide [sic]
hydrochloride

35 The product (300 mg, 0.45 mmol) obtained in b) was dissolved
in dichloromethane (20 ml) and, at room temperature, a 4M
solution of hydrochloric acid in dioxane (0.6 ml, 2.48 mmol)
was added. After stirring at RT for 20 h, the solvent was
removed in a rotary evaporator, and the product was dissolved

40 in water and lyophilized. Yield: 230 mg (98%).

FAB-MS (M+H*): 448,

Example 19:
45



5 Prepared a@??m/g(%t%l e 1 starting from 5-am nonet hyl - 3-cyano- thi ophene

and N-(tert-butoxycarbonyl net hyl ene) - N- Boc- (D) -

cycl ohexyl gl ycyl - 3, 4- dehydr opr ol i ne [SL{A(. 10 Exanpl e 9:

N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl oyl gl ycyl - 3, 4- dehydr o- prol yl

4- ( 2- am di noy- ¢HydeoxyaetbytElmedbylene) - (D) drpatehenyd alasy FAB-dv8ehiitperr] ) :
448 Pr epar edpBslyin sExanahidiho-sit-née t hylpyraablémethylamitiBy f s it )cyanot hi ophene
and N-(tert-hudQaraarhasy! -

met hyl ene) - N-Boc- (D) - cycl ohexyl gl ycyl -3, 4-dehydroproline [sic]. 20 Exanpl e

- (20 am i o3 { (N alHAGHEBHy AT aHrong o S RRe AR a ) 48) FREE NE PR err ) :
446 Prepared as dlardadptedehydnopsplry - Griamdderfyrethydyanof ur an

hydr ochl ori de i npyptazxd eobtby baminiengshy| - 2- cyanot hi ophene 30 hydrochl ori de.
Exanpl e 11 N (Hydroxycarbonyl et hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydro- 35

prol yl 5-(2-ani ding) -gud,anydJekbybanife chal sy traasst gt &, soARmMD) was

(MtH err] ) 460 40 Prepared ‘as j.n e o) g s
5- am noma%lﬁyl - 2- tVES uﬁﬁgnlﬁg%rd&gﬁﬁ%?%&a%e 0 M?’ At -10°C, diisopro-

I N pl'ace o
5- ani nomet hyl - 2- BYAGHEBRRG Nk Wdf“&ch}br]i‘sdéigm%}a‘f’iﬁ fdfsd deopwisgoo@nan 12
52 N ( Hydr oxycar aossAutdony P& neyngtbyleframinongtyy yeyrazp le-dopdcharanifg| v
5- (2-am di no) - f ut@any Igyetzhgb anmalle) [ini cétigtdrdxafetran e 2 AR MBag Middeal.r]): 432
S After stirring for 5 min, a 50% strength propanephosphonic
15 anhydride solution in ethyl acetate (2.36 ml, 3.11 mmol) and
dichloromethane (5 ml) were added dropwise over the course of
5 min. Stirring at 0°C for 45 min was followed by warming to
RT for 12 h. The solvent was removed in a rotary evaporator,
and the residue was taken up in dichloromethane and washed 2x
20 with saturated sodium bicarbonate solution, 2x with 5%
strength citric acid solution and 1x with saturated sodium
chloride solution. After drying over sodium sulfate, the sol-
vent was removed in a rotary evaporator, the crude product
was purified by chromatography (RP-18, acetonitrile, water).
25 Yield: 220 mg (14%).
FAB-MS (M+H*): 617.

b) N-(tert—Butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexyl-
alanyl-3,4-dehydroprolyl 5-(3-cyano-N-methyl)pyrazole-
30 methylamide [sic]

The product (220 mg, 0.36 mmol) obtained in a) was dissolved
in dichloromethane (15 ml) and, at -10°C, diisopropyl-
ethylamine (0.17 ml, 0.96 mmol) was added. After stirring for

35 5 min, a solution of trifluorocacetic anhydride (0.057 ml,
0.41 mmol) in dichloromethane (1 ml) was added dropwise.
After 1 h at 0°C, the mixture was diluted with
dichloromethane and washed 2x with saturated sodium
bicarbonate solution, 2x with 5% strength citric acid

40 solution and 1x with saturated sodium chloride solution.
After drying over sodium sulfate, the solvent was removed in
a rotary evaporator. Yield: 180 mg (84%).

45



Exanpl e 13: W?%ﬁ?ﬁi?car bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr o-
prolyl 5-(3-am di no-furanyl methylam de [sic] hydroacetate: 10 FAB- M5

(MtH err]): 446 Exanple 14: 15

N- (Hydr oxycar bonyl net hyl ene) - (D) - cycl oyl al anyl - 3, 4- dehydro- prol vyl

5- (2- am di noe}- nB¢ yent-{Bytosyeamidnyllast bel¢rs je|(Nhde betH ey doheXy 1x)

5- (N- Boc- Ani noneg iyhy 13-, aebBNy@dogrel191 25 a6 -dinidihetwimdttgnopeeaizdle— 1. 5 g,

4.4 mmol) was di dqR ) and, after addition of
i sopropanolic hy@ég%% orl“ld% éélﬂgf ?@.%%Qkfégg%éﬁm, 24.0 mmol ), heated at

50[err]C for 2 h. After cooling to roomtenperatuyre

f he sol vent S
renoved i n525  The PRRARCcE &U8Hd% Or3 TRRL k RPtRIBEY P swaﬁd‘éhss\c,%"ﬁd
sol ution of t-ButrCreHBNERBo¢)-1D) - Grd- PoetyIcvsheDVF(35EB may. 0T7He mmsilat i on
was cool ed to O] eas]4ddutd herf had BEPEOhcdnmemialw8? pdssell7iddummnidl ) was
added. Subsequentbyvedddbd (hs 1&orkblee28THEDIJ1veRE R&slekbricveROL | DiDLadit er
stirring at Ol erplhiodfledts afiNend Nudl proadt! YBU! c¥RGCIRIDYREL thet rotary
e crude pro PITie

t dt . b - .
oot g oA i entAbed ol onis, wgy e
din

product (550 ngy, FéukazPaAP3))y Bht H59EE RECMER)¥aRa
di chl or omet hane ¢boomdfograptiyt hRP-sId ,uBcehomitr idgt uvater) -atf 1618 e3¢ M9 wit h
HCO gas. It was gubspquently stirred at O[err]C for 1.5 h. The sol vent was
removed in a rotary 40 evaporat or and the crude product was

| yophiliz Yi elds 450 .(100% . FAB-MS (MrH err]): 459 45 Ex e 15
0050/47213&53 rila-5 0¥} 10614 (MrHerr]) anpl e

d) N-(Hydroxycarbonylmethylene)-(D)-cyclohexylalanyl-3,4-
dehydroprolyl 5-(3-amidino~N-methyl)pyrazolemethylamide [sic]
hydrochloride

20
The product (50 mg, 0.081 mmol) obtained in c) was dissolved
in dichloromethane (5 ml), and 5M hydrochloric acid in
diethyl ether (0.147 ml) was added. After stirring at RT for
12 h, the solvent was removed in a rotary evaporator and the
25 product was taken up in water and lyophilized. Yield: 40 mg
(92%).

FAB-MS (M+H*): 460.
30 Example 20:

N- (Hydroxycarbonylmethylene)-(D)-cyclohexylalanyl-3,4~dehydro-
prolyl 5-(3-amidino)isoxazolemethylamide [sic] hydrochloride:

35 Prepared starting from 5-aminomethylisoxazolyl-3-carboxamide and
BOC-3, 4-dehydroproline. After coupling and elimination of the BOC
protective group, the resulting building block was linked to
N- (tert-butoxycarbonylmethylene)-(N-Boc)-(D)-cyclohexylalanine
[sic] to give N-(tert-butoxycarbonylmethylene)-(N-Boc)—(D)-

40 cyclohexylalanyl-3,4-dehydroprolyl 5-(3-carbamoyl)-
isoxazolemethylamide [sic]. After dehydration of the primary ami-
de to the nitrile function-ality as in Example 4, the amidine was
formed as described below.

N- (tert-Butoxycarbonylmethylene)-(N-Boc)~(D)-cyclohexyl~

45 alanyl-3,4-dehydroprolyl 5-(3-amidino)isoxazolemethylamide [sic]

hydroacetate:



N- (Hydr oxycarB fﬁ?r%tlﬁyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr o- prolyl
2-(4-am di no-1-met hyl ) - pyrrol emet hyl am de [sic] hydrochloride was prepared
as in Exanple 14. 5 FAB-M5 (MtH err]): 459. Exanple 16:

N- ( Hydr oxycar bonyl met hyl ene) - (D) - cycl oh@(yl al anyl - 3, 4-dehydro- 10 prolyl

4- (2-ami di no117%es hid -Opyrmed) mﬂ%tNTyItaﬁtd@Jt[@iY@]arhdeb@ﬂmﬁPdé)Was pr epar ed
as 1 n Exanpl enidoc FABD )Moyt Miitéserlallany 2159, 4-Hehlydaopt el yll/ 5~ (3-cyano) -
N-(tert-But O&gsﬁa@&mﬂmymﬁ\fw)mﬁ Bes:}e (d?)ss%)wé@hﬂxWoalmanyf -methanol

3, 4- denydropeghy afed 4-@5& %l&;@r Q”éé PR lbﬁ%@@yi?scdel%o re-

hydr ochl ori dé: ) was

di ssol ved i dPE%I‘Fd’f Pﬁﬁﬁlrﬁ%d‘ %‘% a‘.‘L‘H[o@ F cﬂzlhsoggo%yﬁ1 et%flmm ne
(4.3 m, 24.Yeagab¥d~ was added 25 dr opwi se. After stirring at this
t enper at ure ftgst&im murdfananioretdfy kbgapoddict mhidocentsrsiign [rig|the
hydrochl ori dacetage ook plEBE , byoMPYi dRA6watigraphy AlRpyL 8 ,Caeatod - i1£996)
1604-9, the %‘agegy@um idethe AROC- Fragkaimtil mél Py ih- thsocardzaghde
[ sic] desclrd t%e Paw r%eger%c I3,\(/ilas cl eaved wi th et hereal

ric ac

hydr ochl o he correspondi ng hydrochl ori de was obtalned by
concentration) was added and then a 50% strength sol ution

pr opanephospPeRFetestirlr odethe RimhfledcREedwey Y168 %her@a§9hﬁﬂ’6‘i"3h]tﬂrllﬁt ed
wi t h di chl or grétihanendth¥yleny claboridecdf fonged ddeotitle Famnpeungdscompound
Stirring at gbgeqlcfor 1 h was followed by warmng to RT for 3 h. The

m xture iluted with dichloronethane, washed 2x with saturated sodium

bi carbonate % &% fh I—?‘ﬁ %1 5% strength citric acid solution and I x with
saturated so htori dé so ution and dried over sodium sul fate. The

sol vent 40 was renoved in a rotary evaporator and the crude product was
purified by @xespdeodtaphy (silica gel, dichloronethane: nethanol = 95:5)
(Yield: 2.5 g (82%. [err]H-NI\/R (DMBO-d6) 6 = 0.5-2.0 (m 31H), 3.1-5.5 (m
8H), 45 20 N-ufdaZok lﬁeﬁiyg.l.e'ixe()ﬂl(D$-|=6yc19>h8x§r$blanym=l)3., 4bJehydro-
N-(tert- BUt(”ﬁ@Hi&Qoﬂy ﬁB?QHfJ%d@%ﬁEtﬁyf&midEyqEQ@?XHeroacetate

FAB-MS (M+H*): 463.

25 Prepared as in Example 1 starting from 2-aminomethyl-
thiazole-4-thiocarboxamide and N-Boc-N-(tert-butyloxycarbonyl-
methylene)-(D)-cyclohexylalanyl-3,4-dehydroproline [sic].

Example 22:

30
N- (Hydroxycarbonylmethylene)-(D)~cyclohexylglycyl-3,4-dehydropro-
line 2-(4-amidino)thiazolemethylamide [sic] hydrochloride

FAB-MS (M+H*): 449.
35
Example 23:

N- (Hydroxycarbonylmethylene)-(D)-cyclohexylalanyl-3,4-dehydro-
prolyl 4-(2-amidino)thiazolemethylamide [sic] hydroacetate

40
FAB-MS (M+H*): 463.

Prepared as in Example 1 starting from 4-aminomethyl-
thiazole-2-thiocarboxamide and N-(tert-butoxycarbonyl-
45 methylene)-N-Boc~(D)-cyclohexylalanyl-3,4-dehydroproline [sic].



0050147212 53°2P4AT#3, 4 dehydroprol yl 2- (4--ami di no) oxazol emet hyl ani de

[ sic] hydroacetate: The product obtained in a) was dissolved in acetone (50
m) 5 and, after addition of nethyl_iodide (1.97 m, 31.29 mmol),
refluxed for 2 h. The solvent and the &&ess met hyl iodide were renoved in
a rotary evapwampl® 24Fhe resulting crude product was dissolved in
tetrahydrofuran (50 m) and, after addition of amnium acetate (466 ng,

6. 05t mol ), ﬁe@ﬁﬁ‘}hﬁiycégbonyln@h@léﬁgi(@) -%yélbheM%weyyem,mmyaﬁafvted in
a rotar eva r . . n rl.e acetat e
y BRSAL P 4-3;2-?%%’&6 H%?a%%%% Wi §ENVE ﬂyﬁﬁ%%%%s

usi ng an i Qn-exchang cetat'e on p i C support, ),

foll owed b urification by chromatography (silica gel,

di chl or orret h ﬁ%fWﬁﬂﬂ%aﬁBP?a%%%ic acid = 75:20:5). 15 Yield: 2.0 g (75%.
FAB-M5 (MtH err]): 603. c)

N- ( Hydr oxycapbepatdietaly i g negan(e- ¢y stanedtly gkamyd-ahidrom@Ohyl- dehydroprolyl
g' g(gj ﬁan"D f“) ng%{%%éﬂb&{fﬁ%&%@ﬂ&&ﬁ%&]am ﬁf—QQEkﬁi%xﬂ%xyzﬁﬁbMﬁﬂUC'ﬁﬂ (1. 93 gM
nydlr oot oft e e Egihe S ol G SRR 0N SR 1§28 AR crhe ki R )

stirring at RT for 20 h, the solvent was renoved in a rotary evaporator,
and the crudB*prRkRIESE swas di ssolved in water and |yophilized. Yield: 1.5 g
(100% . 30 13-H-NWR [sic] (DVMSO-d6) 6 = 168.6, 167.8, 166.2, 162. 2,
156. 4, 144. 7n- @ParfoxytdFbdny Intrhylefid) 9 D)5yl lohéxyilal4ny 3+ 3 36-dehydbo,

33.0, 32.35 Egof&l.%513-aﬁ?dfh%§¥iigzoE@ﬁﬁﬂﬂyia%§de3F§ﬂ&j hydroacetate
(Hydr oxycar bonyl net hyl ene) -(D) -cycl ohexyl al anyl -3, "4-dehydro- prolyl
5-(3-anidino£-1,2 4- oxadi azol enmet hyl am de [sic] hydrochloride: 40 a)
N-(tert - But o¥DB D IWETRE A%ne) - (N-Boc) - (D) - cycl ohexyl -

Prepared as in Example 21.
20
Example 26:

N- (Hydroxycarbonylmethylene-(D)~cyclohexylglycyl-3,4-dehydro—-
prolyl 2-(5-amidino)thiazolemethylamide [sic] hydroacetate

25
FAB-MS (M+H*): 449.

Prepared as in Example 22.
30 Example 27:

N-(Hydroxycarbonylmethylene)-(D)~-cyclohexylalanyl-3, 4-dehydro-
prolyl 5-(2-amidino)thiazolemethylamide [sic] hydroacetate

35 FAB-MS (M+H*): 463.
Prepared as in Example 23.

Example 28:

40
N-(Hydroxycarbonylmethylene)-(D)~cyclohexylglycyl-3, 4-dehydro-
prolyl 5-(2-amidino)thiazolemethylamide [sic] hydroacetate

FAB-MS (M+H*): 449.
45
Prepared as in Example 24.



alany1-3,4-dgw§ /38302§| 5-(3-cyano) -1, 2, 4- oxadi azol e- net hyl am.de [ sic] g
N-(t-Bu®2C CH2) - N-Boc- (D) -Cha-Pyr-OH (1.93 g, 4.0 nmmol) was 45H|5 SHEET HAS BEEN |
di ssol ved in dichl oronethane (65 m) and, at -10C, diisoprop%lethyﬁg@ﬂg@gm i
(3.1 m, 17.67 mol) was added. Then 5-591nonethyl-3-cyano-1;274wexadfa20#9”“““
hydr ochl ori de (645 ng, 0050/ 47212 55 4.0 mol ) dissolved in

di chl or onet haweecl80mm ) was added. After stirring for 5 min, a 50%strength

sol ution of propanephosphonic anhydride in ethyl acetate (3.9 nml, 4.93

ol ) diluted w th dic thang, dd aMy) was added 5 re30
min., After 1°h at O er%’%{ Qﬁenﬁi x?lt(Jreawas diluted with d ngﬁﬂgﬂgwid
washed 2x th saturated sodi um bi carbonate sol ution, 2x e

citric acid solution and | x with saturated sodi um chloride solution. After

drying over sodiumsulfate, the solvent was renp¥Ed in 10 a rotary
evaporator and the crude Q%ngcg ﬂ@§quLLf'ed % chromat ography (silica
gel, dichl oronet hane: net hdhol =795:5)" Yield: 55 g (71% . FAB-MS

(MrH err]){q 587. 15 b) NH>

N (tert-Butoxycarbonyl met hyl ene) - (N-Boc) - (D) - cycl ohexyl -

al anyl - 3, 4- dehydr oprol yl 5-(3-am dino)-1, 2, 4- oxadi azol e- net hyl am de

hydr oacet ate 20 The product (1.5 g, 2.56 mmpl) obtained in a) was

di ssolved in nethéeok (5 n), and acetylcystein (450 ng, 2.76 mmol) was
added. Then ammoni a was passed in at 35[err]C until conversion was

conpl ete. jhe solyvggt was renoved in a rotary evaporator and the crude
product was converted into the acetate using an 25 i on exchanger
(acetate on polyneric support, Fluka 00482). The resulting crude product
was purified by chromatography (RP-18, aFetonitriIe, water). Yield: 300 ng
(18% . FAB- M5 (NHH[err])kIQQA.“ﬁg)m —_C —

(CH2)n —

20 R3

where
o5 m is 0, 1 or 2,

n is 0, 1 or 2,

R! is HOOC-, C;._g-alkyl-00C-, aryl-C;-Cs-alkyl-00C or -OH,

RZ is H, C;_g-alkyl or R-(CHj)p-,

R3 is H or Cj;_4-alkyl,
30

B is

R6
35 l
RY (R7-C-RB),
— N C Co —

40 R®

where

R4 is H, C;_4-alkyl or R!~(CH;)p~ (where R! and m have the
45 abovementioned meanings),
P is 0 or 1,

. aced
R> is H or Ci.g-alkyl,



c) N (Hydr X9RY BERYE et hyl ene) - (D) - cy l] w&mzﬁ“ | 4ll- defr JTHi%BHBE HAS BEEN |

5- (3-am di no) -1, 2, 4- oxadi azol enet hyl am rochl ori dei35  REFIMEED i
product (300 ng, 0.45 mmol) obtained in_b) was dissolved in ditchroromettane™
(20 M) and, at roomtenperature, a 4M&ol uti on of hydrochloric acid in

di oxane (0.6 m ,R2. 48s rfwlCy-avad kul derhenslt which iRay §GraY W ¥0rthPBeh, the

sol vent was renoved idemticallacy divEfieereat oradiarad st fieopridougronnsotli ssol ved
40 in water and élygpi.g{ze@ Yl@ll fLaBkyhUr(88%1, boABeNR-EMtgarkyll) :

ﬁ?wgggl:gr égnylélrSreth‘nyﬁ L Jos ? tﬁex allac.iﬁ tical or different J)

5- (3-ami di Ao- N- net hytpyré ﬁﬁ}g eEf %g,%rdgcﬁ@“é(gﬁ lggrlg ¥onds
N- (t ert - But oxycar bony® rigiehFiefeFan NF%G@P ee5d Bicio e“iy‘il e boRd, o

al anyl - 3, 4- dehydr opr phery 15 r{i8ganan deNinsedydn - Goy€ardicwHel vadlar & [SI c]
N (t - BuRC- CH2) - N- Bogy-BriEpetdanky@Hof 1. 25 g, 2.59 nmol) was 10

I ntroduced into gi Ccmdo @n%:jl@d%%r( aPe et'ﬁééeﬂr@[ﬁ dropydéhé QficRp,

pyl et hyl a ne(l 5 'H T tion of
N- net hyl - glam noﬁit hy raz1 ?e c)_é %og{l ggl’:?m&%r E'Snt@ i
t et r ahydr of uran (20 %‘Pg aﬂﬁeﬁl ’5[@ §?§1’ 3 ?8}11 %he ghroug g%% trength
pr opanephosphoni ¢ 15Ci- 4-aéh!ﬁ1y'dqude %bMU%JrWY'nFePﬁ 1a@&t S8 C¥ChRR ]rsﬁ 13711
mol ) and di chl or onevhicie n@y chirywere t@ddedrdxdﬁ!wlgelovérdltﬂf@réﬁﬁrse of 5
mn. Stirring at O ee{],Cairyl 4maicalsps fol l owed by warmng to RT for 12 h.
The sol ventg was genmoygdyidy &,r QlAakyievaporator, and the residue was taken
up in dich ororret hane and washed 2x 20 vmth saturated sodi um
bi carbonate solutigon, 2x with 5% strength citric acid solution and Ix with
saturated sodi unFchforide sol ution. After dryi ng over sodiumsulfate, the
sol - vent was renoved in a rotary evaporator, the crude product
EE (CHz)q

20

N

25 q is 0 or 1
D is
R? R0 R? RI10 R% RI10
T RN A
NG S e I e
| y—z |z | 7=
Ril Rr1i1 R11
35 where

R? is H or C;_3-alkyl,
R10 is H or Cj;.4-alkyl,
R1l is H or C;_s-alkyl,
X is 0, §, -NR!2 (R12 = H, C;_g-alkyl),
40 Y is -N= or -CRi3= (R!3 = H, C;_s-alkyl), Cl, CF3,
2 is -N= or -CR13=,
and the salts thereof with physiologically tolerated acids.

2. A compound of the formula I as claimed in claim 1 for use for
45 controlling diseases.
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was purifi ed°B§°éﬁ75?’rﬁt ography (RP-18, acetonitrile, water). 25 Y= )
220 ng (14% . FAB-MS (M+H err]): 617. b) ) HiS SHEET HAS BEEN‘
N- (tert-But oxycarbonyl net hyl ene) - (N-Boc) - (D) - cycl ohexyl - REPLACED
al anyl - 3, 4-dehydroprol yl 5-(3-cyano-N- hyl ) pyrazol e- 30 met hyl am de

[sic] The praducthd 2 wf, aOcfpomml pfobbeifrethuila h)asiasadinsgolvedain 1

di chl or onet hane £4® gHodudltlg @fugsl@bekr] C, di sopropyl et hyl am ne (0. 17
m, 0.96 nmol) was added. After stirring for 35 a solution of
trifluoroacetic anhydride

0. N N horomat_hane(l m )
s siced opu S0 EHSRer Wittt o %Z@'*“@éﬁi W
2x Wi th 5% strength effedtc ofcitbram@pin, solution and Ix with satura

sodi um chl ori de sobubissasedf Whbsérpdtigpgevetisatiahansshfddreiveshe sol vent was
renoved in a rotary evaRdiombinYidldhdehB80a8Bik24%h. oft Srecegt@?28/ 47212 57 c)
N- (tert-Butoxycar bon¥+5re {)&Q g_n@}ar( ‘J%Q:EL))HQD) cycl ohexyl -

O_

al anyl - 3, 4- dehydr opr ql y! fh I | e- I d
hydr oacet 3P 5 v aég stﬁfué‘F PIBY yrazo e m?b’ll‘lr??x am e Letel

di ssol ved in net hanoFl?Il o )theaﬁﬂplé%se&%c%t%??ﬁs( 52‘ B°% ced.152 rrrml ) was
added. Then, at 35pedijcasemmdeninivgsinoasshe nitagenik ebfralr ofon was
conpl et e. The sol venthyarbirenoved in a rotary evaporator and the crude

?;gg?gt ewas gglnvrenr; Fgléé‘é&oﬁ P@rlgln fx%ﬁﬁhaEﬁréhﬁil@Gdéﬁeh&é’h@XChanger i od
by chroma'(t1 %grap%y ( h%&p lngL'Et Bﬁﬁ&?ﬁroa%%qg%'g iﬁ%’e}!@&%ﬁ%‘*f‘é’?; plirSI €
FAB-MS (MrH err]): 6%Bithglia
N- ( Hydr oxycar bony| frethyerinid)-depprdgrt shappbasmbRdics exentiehydr opr ol yl
5- (3- ami di no- N- net hyh}pyemtdtedethytmmlpmcqagulatlon,
reocclusion and for reducing the reperfusion
20 time on comedication with thrombolytics,
* the occurrence of early reocclusion and late
restenosis after PTCA,
e the thrombin-dependent proliferation of smooth
muscle cells,
25 » the accumulation of active thrombin in the CNS,
* tumor growth and to prevent adhesion and metas-
tasis of tumor cells.

4. The use of a compound of the formula I as claimed in claim 1
30 for producing drugs for:

* diseases whose pathogenetic mechanism derives
directly or indirectly from the proteolytic
effect of kininogenases, especially kallikrein,

35 *» inflammatory diseases such as asthma, pancreati-
tis, rhinitis, arthritis, urticaria and other
internal diseases in which kallikrein is in-
volved.

40 5. A compound of the formula I as claimed in claim 1 for coating
surfaces.

6. A compound comprising a structural fragment of the formula

45
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hy‘drochl ori d8°§8/ﬂ515roduct (50 ng, 0.081 mmol) obtained in c) was
di ssol ved in dichloronmethane (5 m ), and 5M hydrochloric acid 15 &iHEERHAS BEEN
ether (0.147 nl) was added. After stirring at RT for 12 h, tkeHs?o(yggﬁAA@%%s

renoved in a rotary evaporator and the % product was taken.up- ——
and |yophilized. Yield: 40 ng (92% . FAB-MSgM+Herr]): 460. 30 Exarrpl e 20

N- (Hydroxycarbonyl met hyl ene) 3- (D) -cycl ohgxyl al anyl -3 4 dehydro- proly

5- (3-ani di no) i soxazol enet hyl agt d&TsP rochl ord de: ﬁ ﬁuﬁﬂlﬂum m,g
from 5-am nonet hyl i soxazol yl - 3- car boxam de BCOC- 3, 4- de

After coupllng and elimnation of the BOC profective group, t he Fesll t%i ng

bui | di ng blPock was |inked to

N- (t er t - but oxycaFBeFs | Hretdy Peheye (thepBepnimgs dpcientsy|ia gArie Isic] to
give N-(tert-butoxycarbonyl nethyl ene)- (N Boc)-(D)- 40

cycl ohexyl al anyl a3cdmpianadoeperReé Ydoraul3- €84 kaihh- | soxazol enet hyl am de
[sic]. After dehydration of the prinmary am- de to the nitrile

function- %Iolty as in Exanple 4, the am dine was forned as descri bed bel ow.
N-(tert-Butoxycarbonyl gethylgne) - gN-Bocp -LD)cg¢ycl ohexyl - 145,

al anyl - 3, 4- dehydr oprol yl 5-(3-am di no)i soxazol enet hyl am de [ sic]

hydr oacet at e: 0050/ 47212 58 1.75 g (3.0 mmol ) of
N-(tert-butoxycarbonyl BettylRney-E — D — CSNH; IIb,

(N-Boc) - (D) -cycl ohexyl al anyl - 3, 4- dehydr oprol yl 5-(3-cyano) -

i soxazol engt hyl am de [sic] were dissolved in 10 nl of nethanol and, after
addition of 0.54 I f. N-acetyl cystein 5. fl.uxed whil
passing in gaseo&’geémm’nl d An‘% hB em%ge l%{eoafmﬂ-gace ?/]fcatc?)‘?sf'g %]\'mlm 1.
purification of the product and conversion into the acetate took place by
MPL chromat ography (RP-18, acetonitrile/ water/0.1M acetic acid).
Freeze-drying resulted in 1.39 g of whi-

20
25
30
35

40
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10 te pomder°?§86g6?1?heory). Deprotection of the purified product with

et hereal hydrochloric acid in nethylene chloride afforded the title
conmpound conpound [sic]. 15 FAB-MS (MtH err]): 448. Exanple 21: 20

N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr o- prol yl

2- (4-am di no)thi azol enet hyl am de [sic] hydroacetate FAB-M5 (MrH+): 463. 25
Prepared as h@vdXaimofbinsimibigkgrsr om 2- am nonet hyl -

t hi azol e- 4-t hi ocar boxam de and N-Boc-N-(tert-butyl oxycarbonyl -
nethylene)-(g%-%yclohexylalanyl-3,4-dehydroproline [sic]. Exanmple 22: 30
N- (Hydr oxyca o fT%éthylene)-(E»-cyclohexylegcyI-3,4-dehydropro- l'ine
2-(4-anidiﬁo)thiazolenethylanide [sic] hydrochloride FAB-MS (MtH err]):
449. 35 Exanfbmpamds of the formula

N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr o- prol yl
4-(2-am di no)thi azol enet hyl am de [sic] hydroacetate 40 FAB-M5 (MtH err]):
463. Prepared as in Exanple 1 starting from 4-anjgonet hyl -

t hi azol e- bthiocarboxanide and N-(tert-butoxyc onyl - 45

met hyl ene -N—Boc-([»-cyclAhexyIQkanyE-BTﬂ-mehyé{oproline [sic].

0050/ 47212 59 Exanpl e 24: 5
N-(Hydroxycarbonylnethylene)-([»-cyclohexylglycf133,4-dehydro- prol yl
4-(2-am di no)thi azol enet hyl am de [sic] hydroacetate 5 FAB-MS (MtH err]):
449, Prepared as in Exanple 1 starting from 4-am nonet hyl -

15 where A, B, E and D have the meanings indicated in the descrip-
tion, and their preparation are described. The substances are
suitable for controlling diseases.

20
25
30
35
40
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H00>533~ <L

t hi azol e- 2-t hi ocar boxani de and N-(tert-butoxycarbonyl- 10 BEPLACEMENT SHEET

nethylene) exyl gl ycyl - 3, 4-dehydroproline [sic

N- (Hydr oxy mﬁ Mﬁﬂi&@ - (D) -cycl ohexyl al anyl - 3, 4- dehydrobél?%g ;I

2- (5-am di no)thiazo am de [sic] hydroacetate FAB-MS (I\/HrH ). 463.
Prepared as in Exanple 21. 20 Exanple 2@,

N- (Hydr oxycar bonyl met hyl ene- (D) - cycl ohexyl gl ycyl - 3, 4-dehydr o- prolyl

2- (5-am di no)thi azol emet hyl am de [sic] hydroacetate 25 FAB-Ms (MtH err]):

449. PreparedfaslizgamrExanpl e 22. 30 Exanple 27:
N- ( Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl al anyl - 3, 4- dehydr CBEDM&FMEI\JT SHEE

5- (2- ani di no) t hi az oJompBuhy | serice Esimdladydr oacet ate 35 FAB- NB (M+H[err])
463. Prepared as in Exanple 23. Exanple 28: 40 28 APR §
N- (Hydr oxycar bonyl net hyl ene) - (D) - cycl ohexyl gl ycyl - 3, 4- dehydrjo- pr ol y1 "

5- (2-am di no) t hi azol emet hyl am de [si c] hydroacet aie FAB-M5 (iMHter-rt9-+—449-
45 Prepared as in Exanpl e 24. 60 we claim / A conpound_of the fornula
| [err] where Ais [err] where @ —SEO—1 T

NH,
where
‘ —

A is

R2

Rl—— (CHz)y —™ C - (CH2)n —

R3

where

m is 0, 1 or 2,

n is 0, 1 or 2,

Rl is HOOC-, Cj.g-alkyl-00C-, aryl-C;-C4-alkyl-00C or -OH,
R2 is H, Cj.g-alkyl or RI-(CH;)p-,

R} is H or Ci.4-alkyl,

&

RG
l

R4 (R7-C-R8),

|

— N C co —
RS
where

R¢ is H, Cj_4-alkyl or R}~(CHz)n— (where Rl and m have the
abovementioned meanings),

p is 0 or 1,

RS is H or Cj_4-alkyl,



n is 0, 1 or 2, Rerr] s HOOC-," (Jerr]-al kyl - OOC-,

aryI-C[err]-C[er O—| R2 iIs H derr]-alkyl OrBEPLAEEMENT SHEET
RI-(CI—I[err])[err,]"mHm my err]-alkyl, Bis [err] where RA is H,
Cerr]-alkyl or R erer + err] (where R err] and m have the
abovenenti oned neani ngs), p |s 0 or 1, Rerr] is Hor (err]-alkyl,

61 R6 is H ({err]-alkyl, phenyl which carry up to three identical or
different radicals fromthe group of C[erE?{-al kyl, CF[err], (err]-al koxy,

For O, or (errkscygkog| kyl_,nigh ,MBNef@l kiR hwfcmﬂr,r denabcarrn@r

different Cferr]-al kylldéggrgaarl Syr Qb £¥ nq._ ogg ;0L gvpog; 91?| £ Rends in
the ring can berepla ed yk, Qr ggen r|n ,Zn be

fused on, (Jerr]- C[err oy cr'bacr%’ - fr PEYET bal kyP-br
together are an ethyl & c’br‘“‘ﬁ’r&ﬁf NP d’r"ouﬁurR‘?de’}%mH €f F+I=5EPRY | , phenyl
which may carry up tofthradkylerrdicalsorogivhespefre remitesl §- @r%*ﬁqlﬁebgﬁ‘éfﬂp
of CJerr]-al kyl, CF3, if] ehe |rialgkory, bd- meplatecd oy @ €~C] daoykcloalchyl, ehixh
may carry up to four bpeenyl Cza:lngOE:aditié efueBt & erayl-calloilcyeadatiay s .orR err]
is Hor (err]-alkyl, ¢k J@J_[-:?Eﬁ_],a rgzsRO is Hor C[err] al kyl, Rerr] is
Hor (Jerr]-alkyl E{ . r A err]
(R[err] = H, qerﬁalﬁy )k-'8 ‘pi'r 511 &I Xi g’rreEe—gﬂﬂ"
_3-a kyl, nhenvl whi cn ay ca = P to three

Clerr]-alkyl), d cr3

identical or different radicals from the group of

Ci-4=alkyl, CF3, Cy_4—alkoxy, F or Cl, or Ci_g-cycloalkyl

which may carry up to four identical or different

Ci-4-alkyl radicals,

R8 is H or C;.s-alkyl, -

q is 0O or 1

‘D is
R9 T,IO Re T,m R? RIO
X [ Y
L e N N S N N7 8
RL1 Ril R1l
where

R? 1is B or Cj.;-alkyl,

R0 is H or C;.4-alkyl,

Rl is B or Cj.q-alkyl,

X is 0, s, -NR!2 (R!2 = H, C;_g-alkyl),

Y is -N= or -CR!3= (RI3 = H, C;_4-alkyl), Cl, CF3,

z is -N= or ~CRl3=,

and the salts thereof with physiologically tolerated acids.
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Z is -N or -CRlerr]= and the salts thereof with physi oRBRIACEMENT SHEET
tol erated aci ds. *CL M4 S 62 2. A conmpound of the formula |I as

clainmed in clai CHerr])t- (t =1, 2 or 3
( HOOC- m[err])[mmlmnllﬂuul err]()[[err]]CI)—I- I(—IOCCCHZ CE(CO)O—I)
HOOC-CH(CH[ err]-TtH®rr]-&H) 2, HOOC-CH(( err]-Al kyl) -
HOOC-C( [ err] - Al kyl) 2-, C[err] AIkyI (CH[err])[err]-, Bis [err] p S
0, 1, 4 is H, C[err] aIkyI or err])[err] (m- 1, 20r 3),

err is H methyl err |chrra ry up to
{Q[hree]ldentlc?al oft &PF‘P‘é‘r*%ﬁlrtc’ﬁ'aH’recﬁP m‘?]ramﬁtaﬁ 3?%‘&% of? (BF th P
CHerr]-O For d, or (Jerr]-Cycloal kyl, which may carry up to four nmet hyl
radi cal s, 1,4-cychohexadi enyl, bicyclo[2.2.2]octyl, bicyclo [2.2. 1]hepty|,
norbornyl, adamangybe.- c'qnngmyl degal § ngG)R? -'ES L& -3 gy(lmzt)%g

which may carry u tic eren radr ou
of CHerr], CF3, %@gé (Sj&ﬂ QO(‘O EEI é(%"ltog l%&%/% Rfkgi ‘up
to four nethyl T ClR[ ér]'ﬁL]Yl?’s“’H 1 ]’ N (ZB‘ preferably has the D
configuration), E|s is 0, 1 (E preferably has the L configuration),

Dis [err] with B is

RrR6

|

R* (R7-C-RE)p

I i

- N c co —

RS

P is ¢, 1,

R¢ is H, Cy.4-alkyl or BOOC-(CHj)x- (m = 1, 2 or 3),

RS is E, methyl

RS is H, C;.s-alkyl, phenyl which may carry up to three identical
or different radicals from the group of CH;, CF3, CH3-0, F or
Cl, or Cj.g-cycloalkyl, which may carry up to four methyl
radicals, 1,4-cyclohexadienyl, bicyclo(2.2.2]octyl,
bicyclo[2.2.1]heptyl, norbornyl, adamantyl, indanyl,

decalinyl,

R7 is H, Ci-g-alkyl, phenyl, which may carry up to three
identical or different radicals from the group of CH;, CFj3,
CH30, F or Cl, or Ci.g-cycloalkyl which may carry up to four
methyl radicals,

R® is H, Cj.g-alkyl,

(B preferably has the D configuration),

f\ (CHz)q
N/\[(

Q

E is

REPLACEMENT SHEET
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- : : : : 1
A cH3. g ﬂ!\lﬁ m‘ rIE“] lﬁ[ 0, NHY NGBy oN Td e ﬁg@&@@j&“ﬁ
CH C OB, C i N NGB Y = i COB GO Z=Nor X =

S. 0, NE,b, NCE3 Y ' = NJerr] with X S, 0, NH,
NCH3, NC2H[err] Y = CH, CHerr], CCF3 a nd Z=CH CCH3, CGCF3, CGd or
X=0, NH, NCH[err] Y = N 63 Z=CH, CGCHerr],CCF3 or

X—O, S, NE, NcHE ¥9cH CCHerr],CGCF3 Z=Nor X=0, S, NE, NCH3 Y = Z
= NJerr] with X =S 0, NH NCH3, NC[err]H[err] Y = CH CCH3 CCF3 and

= CH C CHS, E @B tdably hadbdHer L&an@igdﬁlitiwgﬁ Y =N
Z =CH GCCHerr], GCF[err], CGd or X=0, S, NH NCHerr] Y = CH,
CCHerr], Z=}jNgCF3 or X =0, NH NCH3 Y=2Z=N 3, A conpound

of the formula I as claimed in claims 1 or 2 for use for control ling

di seases. 4. The use of a conpounf of the formula | as clainmed in clains 1
or 2 for producing drugs for: * di seases whoge pat hogeneti c nmechani sm
derives directly or indirectly Frourtheapfﬁgbo ic effect of thrombin, *
di seases whose pat hogenetic nechani sm derives-4 rom t hronbi n- dependent
activation of receptors and signal transductions,

with

X =8, O, NH, NCH;, NC;Hs,

Y = CH, C-CH3, C-CI, C~-CF3 and
Z = CH, C-CH;, C-Cl, C-CF;

’

or X =5, O, NH, N-CH; Y = N 2 = CH, C-CH3, C-CF,
or X =8, 0, NH, N-CH3 Y = CH, C-CH3, C-CF3 2 =N
H

] X
— N——-—cgz-—(\ ;y
z2—_

- with
x = s, O' NH' NCH3' NCZHSI
Y = CH, C-CH;, C-CF; and
Z = CH, C-CHj, C-CF;, C~Cl

@ or X=0, NH, NCH, Y =N ) . 2=CH,C-CH;,C~CF;
or X=0, S, NH, NCH; Y = CH, C-CH;,C-CF; Z=N

H

Y,
—_— N“‘—'CHZ——</ X
-,
z/K

with
X = s, 0, NH, NCH;, NC;Hs, REPLACEMENT SHEET
Y = CH, C-CH;, C-CF3 and !

5

Z = CH, C-CH;, C-CF3, C-Cl APR 1599




* di seases associated with stinmulation or inhibi- tion of theBEAEEMENTSHEET
genes in body cells, * diseases deriving fromthe mtogenic effect of
thrombin, * di jﬂ Euwjl ml m"Lom a t hronbi n- dependent change in the
contractility anme " i "bf epithelial cells, * thronbin-dependent

t hromboenbol i c events, * dissem nated intravascul ar coagul ation, *

reoccl usion and for reducing the reperfugfion time on conedication with

t hronbol ytics, * the occurrence of early reocclusion and | ate restenosis
after PTCA, * e tdr | r,l-glgplﬁndentz praliferatiore of CBho®tdfanuscl e cel |l s,

* the accunul aCH]o}r{\ ofd)'glcﬁ:b%li ve thrombin in the CNS, * t@GreFi- 6kt h and to
prevent adhesion and fretasy,tagds ofy tUggr eeths. z = 8 5. The use of a
conmpound of t R fOrnul'a™’ as’ cl arrmed inccka,ns 1 or 2 for producing drugs
for: * diseases whose_pat hogenet i C m;cshalni:sw derives directly or indirectly
fromthe prote®¥y&i? ¥f et ¥%3 ki ni nogenases, especial ly kallikrein, *

I nfl ammat ory di seases such as asthma, pancreati- tis, rhinitis, arthritis,
urticaria and other internal diseases in which kallikrein is in- volved. 6.
A conmpound; of hheod Ul B¢l RS IrauTROr idy GLAiREd Lidic12indl §o0at fdiguse
surfaces. 7. ApGONPAAN16Q0YiLsidad. a structural fragnment of the formula
[err] where E and D have the neanings indicated in clains 1 or 2. 8. A
conpound oistf¥%'fornula lla and IIb A- B- E- D -

Il a e use of a compound of the formula I as claimed in claims 1
’ or 2 for producing drugs for:

¢4
* diseases whose pathogenetic mechanism derives

directly or indirectly from the proteolytic
effect of thrombin,

* diseases whose pathogenetic mechanism derives
from thrembin-dependent activation of receptors
and signal transductions,

* diseases associated with stimulation or inhibi-
tion of the expression of genes in body cells,

* diseases deriving from the mitogenic effect of
thrombin,

* diseases deriving from a thrombin-dependent
change in the contractility and permeability of
epithelial cells,

* thrombin-dependent thromboembolic events,

* disseminated intravascular coagulation,

* reocclusion and for reducing the reperfusion
time on comedication with thrombolytics,

* the occurrence of early reocclusion and late
restenosis after PTCA,

* the thrombin-dependent proliferation of smooth
muscle cells, :

* the accumulation of active thrombin in the CNsS,

* tumor growth and to prevent adhesion and metas-
tasis of tumor cells.
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A B- E- D- CSNHerr] - |Ib, where A BRERLAGEMENTSHRET

T A

65

5. The use of a compound of the formula I as claimed in claims
1 or 2 for producing drugs for:

* diseases whose pathogenetic mechanism derives
directly or indirectly from the proteolytic
effect of kininogenases, especially kallikrein,

* inflammatory diseases such as asthma, pancreati-
tis, rhinitis, arthritis, urticaria and cother
internal diseases in which kallikrein is in-
volved.

6. A compound of the formula I as claimed in claims 1 or 2 for
coating surfaces. ‘

7. A compound comprising a structural fragment of the formula
' NH
bemo—l .
NH,;

where E and D have the meanings indicated in claims 1 or 2.

8. A compound of the formula IIa and IIb

A— B — E— D —CN 1Ia,

A— B — E — D — CSNH; IIb,

where A, B, E and D have the meanings indicated in claims

1 or 2.
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