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Abstract: A new multicomponent synthesis of 2-aminothiophene
carbocyclic acids 4 by reaction of methyl 2-siloxycyclopropane-
carboxylates 1, alkyl cyanoacetates, and elemental sulfur is report-
ed. This version of the Gewald thiophene synthesis rapidly provides
a new type of §-amino acids, which can be considered as dipeptide
analogues. Smooth protective-group manipulations allowed regio-
and chemoselective couplings with L-phenylalanine derivatives fur-
nishing new tripeptide analogues such as 5 and 8 or products of type
10.
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The synthesis of substituted 2-aminothiophenes via con-
densation of carbonyl compounds with methylene active
nitriles and elemental sulfur in the presence of organic
bases was reported in the 1960s by Gewald and co-work-
ers.! This novel multicomponent reaction turned out to be-
come the most versatile and important method for the
preparation of 2-aminothiophenes.? The thiophene scaf-
fold is required for a broad range of products including
dyes,? pharmaceuticals,* and agrochemicals.? In addition,
this heterocyclic core is present in several natural prod-
ucts.’

We explored the Gewald reaction as key step for the syn-
thesis of unnatural amino acids A containing a thiophene
backbone. Compounds A are §-amino acids® and can be
considered as isosters to a natural dipeptide B (Figure 1).
We planned to use the conformationally restricted ami-
nothiophene acids A as building blocks in the synthesis of
linear and cyclic peptides and were therefore interested in
their efficient and flexible preparation.
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Figure 1 2-Aminothiophene carboxylic acids A as isosters of di-
peptides B

In the original Gewald protocol ketones, aldehydes, or
1,3-dicarbonyl compounds were used to synthesize sub-
stituted thiophenes. We planned to employ vicinally do-
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nor-acceptor-substituted cyclopropanes such as 17 serving
as equivalents of carbonyl compounds 2. The smooth in
situ ring opening of 1 in protic solvents or in the presence
of mild acids or fluoride reagent generates carbonyl com-
pounds 2 (Figure 2). Our group already developed other
multicomponent reactions employing cyclopropanes 1 as
masked carbonyl compounds, which led to various func-
tionalized heterocycles.®

TMSO, R!
R2 CO,Me R R
1 2

Figure 2 Vicinally donor-acceptor-substituted cyclopropane deri-
vatives 1 as equivalents of carbonyl compounds 2

The aminothiophene derivatives 4a—d were synthesized
employing two different protocols. We applied the classi-
cal one-pot/one-stage Gewald procedure and an alterna-
tive one-pot/two-stage procedure. In the first method the
methyl siloxycyclopropanecarboxylate 1a reacts with the
methylene active nitrile 3 in the presence of elemental sul-
fur and methanol to furnish thiophenes 4a—d. In the alter-
native one-pot/two-stage process the siloxycyclo-
propanecarboxylates 1 were cleaved with a fluoride
source to intermediate aldehydes 2 prior to addition of ni-
trile 3 and elemental sulfur (Scheme 1).

In general, thiophene derivatives 4a—d were obtained in
moderate to good yields (see Scheme 2). Method A pro-
vided aminothiophene 4a (R'=H, R?>=t-Bu) in 66%
yield’ whereas the alternative method B furnishes 4a in a
yield of only 44%.!° The corresponding methyl ester 4b
(R'=H, R? = Me) was isolated in 43% using method A,
whereas the use of the two-stage protocol afforded this
compound in 54%. With benzyl cyanoacetate 3¢ as pre-
cursor the 3-methoxycarbonyl-substituted thiophene 4b
(R' = H, R? = Me) was formed as a result of transesterifi-
cation of the benzyl ester intermediate. However, using
the two-stage protocol with DMF as solvent, the 3-benzyl-
oxycarbonyl group was retained and thiophene derivative
4¢ (R! = H, R? = Bn) was isolated in 44% yield.

Trisubstituted cyclopropane derivative 1b bearing an ad-
ditional benzyl substituent at C-1'! was also used as start-
ing material. The multicomponent reaction with 3a
(method A) furnished aminothiophene 4d in moderate
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Scheme 1 Synthesis of 2-aminothiophene carboxylic acids 4a—d
via one-pot/one-stage Gewald reaction (method A) and the alternative
one-pot/two-stage procedure (method B; for substituents R!' and R?
see Scheme 2)

o CO,R?
TMSO R method A or B f \
MeO
CO,R? s~ NH
CO,Me R
1ab CN 3a—c 4a—d

4a R'=H, R? = +-Bu 66% (A), 44% (B)
4b R'=H, R% = Me 43% (A), 54% (B)
4c R'=H, R?=Bn 44% (B)

4d R'=Bn, R? = +-Bu 37% (A)

Scheme 2 Synthesis of thiophene derivatives 4a—d. Reagents and
conditions: method A: one-pot/one-stage procedure: la,b (1.05
equiv), 3a—c (1.0 equiv), S (1.0 equiv), Et,NH (1.0 equiv), MeOH, re-
flux, 7 h, r.t., overnight; method B: one-pot/two-stage procedure: a)
1a (1.05 equiv), DMF, Et;N (2.9 equiv), EN-HF (37%, 1.2 equiv),
r.t., 1 h; b) 3a—c (1.0 equiv), S (1.0 equiv.), 60-75 °C, 7 h, r.t., over-
night.

37% yield. This product can be regarded as dipeptide iso-
ster with a phenylalanine substructure. Other substituents
at C-1 of the precursor cyclopropane 1 should allow the
preparation of different aminothiophene carboxylic acids
of type 4 mimicking other dipeptides.

We investigated the applicability of the aminothiophene
carboxylic acids 4a—d in the synthesis of small peptide an-
alogues. Coupling of 4a with N-Cbz-protected L-phenyl-
alanine (Cbz—Phe-OH) using PyBOP as reagent'’ and
DMAP in CH,Cl, gave tripeptide analogue 5 in very good
yield (Scheme 3).

The use of amino-protected thiophene carboxylic acids in
peptide coupling reactions was also examined. Typical
amino protective groups such as Boc, Cbz, and Fmoc'3
were effectively introduced transforming 4a into 6a—c
(Scheme 4). Saponification of 6a (PG =Boc) and 6b
(PG =Cbz) with LiOH at room temperature smoothly
gave the corresponding carboxylic acids 7a and 7b in very
good yields (87-97%). Hydrolysis of the Fmoc-protected
derivative 6¢ using 3 equivalents of LiOH at 0 °C fur-
nished 7c¢ in only 33% yield. Not unexpectedly, the N-
deprotected thiophene derivative was isolated in 29% as
side product.'*

o CO,tBu o CO,t-Bu
e W S
s~ ~NHPG s~ TNHPG
PG = Boc:? 6a 78% 7a 87%
PG = Cbz® 6b 84% 7b 97%
PG = Fmoc:®© 6¢c 78% 7c 33%

Scheme 4 Synthesis of amino-protected thiophene derivatives 6a—c
and amino-protected thiophene carboxylic acids 7a—c. Reagents and
conditions: protection: a) 1) Boc,0O (1.6 equiv), DMAP (1.0 equiv),
MeCN, r.t., 10 min. 2) --BuOH (1.6 equiv), MeCN, reflux, 62 h.!> b)
CbzCl (1.6 equiv), EtOAc, reflux, 1 d.'® 3) FmocCl (1.2 equiv), Et,0,
0 °C, 20 min, then r.t., 89 h.!” Hydrolysis: a) LiOH (3.0 equiv), THF-
H,0 (3:2), r.t., 24 h; b) LiOH (3.0 equiv), THF-H,O (3:2), r.t., 2 h; ¢)
0.2 N LiOH (3.0 equiv), THF, 0 °C, 1 h.'8

The PyBROP-mediated coupling'? of carboxylic acid 7b
with L-phenylalanine methyl ester hydrochloride (H-
Phe-OMe-HCI) in the presence of Hiinig base provided
the desired tripeptide analogue 8 in 80% yield
(Scheme 5).

The presence of the methoxycarbonyl and the zert-butyl-
carbonyl groups allows clear differentiation of the two
functional groups of compounds such as 6b. The high
yielding cleavage of the tert-butyl ester of 6b was accom-
plished using trifluoroacetic acid in the presence of trieth-
ylsilane without touching the methyl ester (Scheme 6)."°
Components such as 9 may also serve as amino acid iso-
sters, here with the potential to induce a B-turn.? Peptide
coupling of thiophene carboxylic acid 9 with L-phenylala-
nine methyl ester hydrochloride (H-Phe-OMe-HCl) us-
ing BOP as reagent'?> and DMAP in CH,Cl, yielded 10 in
almost quantitative yield (Scheme 6).

In conclusion, several 2-aminothiophene carboxylic acids
are smoothly available by the multicomponent reaction
employing siloxycyclopropanes in the Gewald reaction.
We could demonstrate that selective protections and

o CO,t-Bu o CO,t-Bu
a (0]
Meow MeO /
NH. 84% € N
S 2 S H NHCbz
Bn
4a 5

Scheme 3  Synthesis of tripeptide analogue 5. Reagents and conditions: a) Cbz—Phe—OH (1.2 equiv), PyBOP (1.5 equiv), DMAP (3.0 equiv),

CH,CL,, r.t., 24 h.
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Scheme 5 Synthesis of tripeptide anlogue 8. Reagents and conditions: a) H-Phe—~OMe-HClI (1.0 equiv), PyBrOP (1.5 equiv), DIPEA (3.0

equiv), CH,Cl,, r.t., 24 h.
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Scheme 6 Cleavage of the terr-butyl ester of N- and C-protected thiophene 6b and synthesis of peptide analogue 10. Reagents and conditions:
a) TFA (13 equiv), Et;SiH (2.5 equiv), CH,Cl, (32 equiv), r.t., 12 h; b) Phe—-OMe-HC1 (1.0 equiv), BOP (1.5 equiv), DMAP (3.0 equiv), CH,Cl,,

r.t, 24 h.

deprotections are possible affording precursors for pep-
tide couplings in three different positions leading to new
peptide analogues.?! The synthesis of extended acyclic
and of macrocyclic peptides incorporating the new 2-ami-
nothiophenes will be reported in due course.
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tert-butyl cyanoacetate (0.143 g, 1.01 mmol) and sulfur
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refluxed for 7 h, and then stirred overnight at r.t. After
addition of water and EtOAc the layers were separated and
the aqueous layer was extracted two times with EtOAc. The
combined organic layers were dried with Na,SO,, filtered,
and concentrated. Column chromatography (SiO,, hexane—
EtOAc =8:1to 7:1 to 6:1) provided 0.180 g (66%) 4a as a
brownish oil.

Analytical Data for fert-Butyl 2-Amino-5-(2-methoxy-2-
oxoethyl)thiophene-3-carboxylate (4a)

"H NMR (500 MHz, CDCl,): & = 1.50 [s, 9 H, C(CH,);],
3.56 (s,2H, CH,), 3.68 (s, 3 H, OCHj), 5.90 (br s, 2 H, NH,),
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CSNH) cm™!. MS (EIL 80 eV, 60 °C): m/z (%) = 271 (14)
[M]*, 215 (59) [M — C Hyl*, 197 (33) [M — CsH,,]*, 156
(100) [M-CsH,,0,]*, 138 (61), 57 (37) [C;H,]*. HRMS (EI,
80 eV, 60 °C): m/z caled for C,H,;NO,S: 271.0878; found:
271.0880. Anal. calcd for C,H;,NO,S (271.3): C,53.12; H,
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