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Abstract—A convenient synthesis of novel 4-aminomethyl-4,5,6,7-tetrahydro-1,3-benzothiazole arginine side-chain mimetics
designed for incorporation into thrombin inhibitors is reported. © 2001 Elsevier Science Ltd. All rights reserved.

During the last 3 years there has been a growing
interest in heterocyclic arginine mimetics, comprising
heterocyclic amines and aza-heterocycles as synthons
for the preparation of trypsin-like serine protease
inhibitors.! The reduced basicity of these heterocyclic
compounds and the rigidity of the heterocyclic ring as
compared to the guanidinoalkyl side-chain of arginine
contribute to the increased bioavailability and selectiv-
ity of thrombin inhibitors containing heterocyclic
arginine mimetics.>* These peptidomimetic building
blocks generally possess an amino group by which they
are coupled to the rest of the inhibitor molecule by an
amide bond. It has been demonstrated several times
that a methylene linker between the heterocycle and the
amino group, allowing substantial conformational free-
dom of the heterocycle, is crucial for the design of
potent thrombin inhibitors.>”
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Recently, we have reported a general synthetic
approach to the aminomethyl substituted heterobicyclic
arginine side-chain mimetic 1, which, through a syn-
thetic strategy based on N-[(4-oxocyclohexyl)-
methyl]acetamide as the key intermediate, provided
compounds bearing an aminomethyl group at the
meta/para position relative to the ring junction, in-
cluding S-aminomethyl-4,5,6,7-tetrahydroisoindole,
S-aminomethyl-4,5,6,7-tetrahydroindazole, 6-amino-
methyl-4,5,6,7-tetrahydro-1,3-benzothiazole and  6-
aminomethyl-5,6,7,8-tetrahydroquinazoline deriva-
tives.>® Among them, 6-(aminomethyl)-4,5,6,7-tetra-
hydro-1,3-benzothiazol-2-amine (2) was shown to be
one of the most promising arginine side-chain mimetics
providing potent and selective thrombin inhibitors.!® In
order to optimize interactions of the P1 part of the
inhibitors with the S1 pocket of thrombin, modification
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of the arginine mimicking part of the inhibitor molecule
by a different point of attachment of the aminomethyl
group seemed to be a logical choice.

We report here a synthetic strategy leading to novel
4 - aminomethyl -4,5,6,7 - tetrahydro - 1,3 - benzothiazole
arginine side-chain mimetics 3 which were designed as
building blocks for the preparation of thrombin
inhibitors.

Starting from commercially available ethyl 2-oxocyclo-
hexanecarboxylate (4), bromination with bromine in
diethyl ether afforded the 3-bromo derivative 5'!
(Scheme 1). In the next step, a classical Hantzsch
thiazole synthesis'?* applying thiourea or amidinoth-
iourea as an S—C-N synthon afforded fused thiazoles
6a'3" and 6b.2° Reduction of the esters 6a and 6b with
lithium aluminum hydride and subsequent tosylation
with p-toluenesulfonyl chloride in pyridine afforded
tosylates 8a and 8b. In the case of the 2-amino deriva-
tive 7a, in addition to the tosylate 8a, the N-tosyl
derivative was obtained as a by-product in 25% yield.'*
Nucleophilic substitution of tosylates 8a and 8b with
sodium azide in N,N-dimethylformamide produced the
azides 9a and 9b. Catalytic hydrogenation of the azide
9b using 10% palladium on charcoal as a catalyst
afforded the arginine side-chain mimetic 3b.'®*! In con-
trast, when the azide 9a was subjected to reduction
under various conditions (hydrogenation over palla-
dium on charcoal,’ reduction with tin(II) chloride'®),
the reaction was not successful due to formation of
numerous by-products. Therefore, a direct substitution
of the tosylate 8a in liquid ammonia was attempted and
this successfully produced the target arginine side-chain
mimetic 3a in 40% yield.'*?!
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Interestingly, reduction of 6b to 7b with lithium alu-
minum hydride was accompanied by deguanylation
yielding4,5,6,7-tetrahydro-1,3-benzothiazol-4-ylmethan-
amine (7c¢) in 36% yield and by scission of an N-C
bond in the guanidino group giving 7a in 45% yield."”
Although deaminations of similar substituted 1,3-thia-
zol-2-amines are known, according to the literature
they are performed by reduction with sodium in liquid
ammonia or mercury(Il) oxide and generally give a
mixture of products.'”® By reducing the excess of
lithium aluminum hydride from 1.6 to 1.3 equiv., the
formation of 7a and 7¢ was completely suppressed and
7b was obtained in 72% yield.

For conversion of 7c¢ to arginine side-chain mimetic
3¢,”! the same strategy as described above for the
synthesis of 3a and 3b was applied.

In conclusion, we have developed a straightforward
synthetic pathway to novel 4-(aminomethyl)-4,5,6,7-tet-
rahydro-1,3-benzothiazole arginine side-chain mimetics
bearing either an amino group or a guanidino residue
at carbon 2. They were used as synthons for the prepa-
ration of non-covalent thrombin inhibitors which will
be reported elsewhere.
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Scheme 1. (a) Br,, ether, rt, 2 h, 98%; (b) H,NCSNH,, abs. EtOH, rt, 16 h, 98%; (c) H,NCSNHC(=NH)NH,, DMF, rt, 16 h,
73%; (d) LiAlH,, THF, ice bath then reflux, 16 h, 31-72%; (e) TsCl, pyridine, rt, 16 h, 34-62%,; (f) NaN;, DMF, reflux, 3 h,
65-77%; (g) SnCl,-2H,0, MeOH, rt, 16 h, 15%; (h) H,, Pd/C, MeOH, 55%; (i) lig. NH;, abs. EtOH, 50°C, 16 h, 40%.
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The O-tosyl (R;=0.36; mp 131-134°C) and the N-tosyl
(R;=0.27; mp 73-76°C) derivatives were separated by
column chromatography on silica gel using CH,Cl,/
MeOH (20:1) as eluant and fully characterized by NMR,
IR, mass spectrometry and CHN analysis.
Hydrogenation was carried out in methanol using 10%
Pd/C as a catalyst at room temperature and normal
pressure or in abs. ethanol at 90°C and 9 bar.
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Compounds 7a (R;=0.27; mp 62-65°C), 7b (R;=0.00;
mp 81-85°C) and 7c¢ (R,=0.47; yellow oil; previously
described in Ref. 11) were separated by column chro-
matography on silica gel using CHCI;/MeOH (9:1) as
eluant and fully characterized by NMR, IR, mass spec-
trometry and CHN analysis.

Compound 3b: yield 55%, yellow solid; mp 149-153°C;
IR (KBr): v 3347, 2928, 1606, 1547, 1451, 1255, 967, 735
cm~!'; 'TH NMR (300 MHz, DMSO-d,): ¢ 1.55-1.70 (m,
2H, CH,), 1.75-1.87 (m, 2H, CH,), 2.40-2.55 (m, 3H,
CH, CH,), 2.89-2.97 (AX part of an ABX system, J,p=
11.50 Hz, Jox=3.20 Hz, 1H, CH,-N), 6.72 (br s, 4H,
NHC(NH)NH,); '"H NMR (300 MHz, CDCl,): § 1.50—-
1.70 (m, 2H, CH,), 1.87-2.01 (m, 2H, CH,), 2.58-2.67
(m, 2H, CH,), 2.68-2.79 (m, 1H, CH), 2.90-2.98 (ABX
system, 2H, J,5=18.08 Hz, J,x=5.27 Hz, Jyx=6.41 Hz,
CH,-N); MS (70 eV, EI): m/z (%) 225 (M*, 20), 196
(100). Anal. caled for CyH,sNsS-0.5H,0: C, 46.13; H,
6.88; N, 29.89. Found: C, 46.52; H, 6.99; N, 29.76%.
Compound 3a: yield 40%, brownish solid; mp 8§9-92°C;
IR (NaCl): v 3310, 2933, 1623, 1524, 1311, 1111 cm™"; '"H
NMR (300 MHz, DMSO-d,): 6 1.43-1.68 (m, 2H, CH,),
1.71-1.88 (m, 2H, CH,), 2.35-2.48 (m, 2H, CH,), 2.52—
2.60 (m, 2H, 2xCH), 2.75-2.85 (AX part of an ABX
system, Jop=12.25 Hz, J,x=4.70 Hz, 1H, CH,-N), 3.05
(br s, NH,+H,0), 6.60 (br s, 2H, NH,); MS (70 eV,
FAB): m/z (%) 184 (MH", 100); HRMS calcd for
CgH,;N5S: 183.083019. Found: 183.083650.

Ethyl 2-{[amino(imino)methyl]amino}-4,5,6,7-tetrahydro-
1,3-benzothiazole-4-carboxylate hydrobromide (6b): To a
solution of compound 5 (19.2 g, 77 mmol) in 40 mL of
anhydrous DMF was added 2-imino-4-thiobiuret (10.0 g,
85 mmol). After being stirred at room temperature for 12
h, the solvent was removed in vacuo. The resulting oily
residue was treated with ether, and the precipitate dried
in vacuo over P,Os giving 19.6 g (73%) of the title
compound as a white solid, mp 190-193°C; IR (KBr): v
3298, 3174, 2868, 1717, 1675, 1606, 1510, 1377, 1297,
1185, 1087, 1012, 930, 703, 613 cm~'; 'H NMR (300
MHz, DMSO-d;): ¢ 1.19 (t, 3H, J=7.16 Hz, CH,),
1.72-1.90 (m, 2H, CH,), 1.94-2.08 (m, 2H, CH,), 2.65-
2.74 (m, 2H, CH,), 3.69-3.78 (m, 1H, CH), 4.11 (q, 2H,
J=7.16 Hz, CH,-OH), 8.17 (br s, SH, NHC(NH)NH,");
MS (70 eV, El): m/z (%) 268 [(M-HBr)*, 100]; Anal.
(free base) calcd for C;;H,;(N,0,S-:0.75H,0: C, 46.86; H,
6.26; N, 19.87. Found: C, 47.33; H, 6.25; N, 19.48%.
The target compounds were obtained as racemates.



