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Dithienylmaleimides
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1.1 Introduction

Photochromism has #@acted great attention in materials scierldeand as a tool in
molecular biology?! A variety of applications are found in molecular optoelectrdfiics
and optical data storagés®! In the field of life sciences, molecular switches have been
used to catrol enzyme activity/1% WatsonCrick base pairing!*3 the regulation of
neuronal activity by photochromic ligands for ion channels and recepto?d antibiotic
effectd?-2?l and even the agility of a living organigfhby light. This broad@plicability is

one of the reasons why photopharmacology has evolved into a vibrant field of red&érch.
Various photochromic molecules, like azobenze@@spiropyran&®l, spirooxazine&®!
fulgided?”l and diarylethene’8®2° have been developed. All these photoswitches can be
reversible toggled between two isomers using light. The well investigated
dithienylethenes (DTEs), including dithienylmaleimides, are characterized by a nearly
guantitative photochemical conversion betee the photoisomers, which are often
thermally stable. Irradiation with light of a specific wavelength switches the DTESs between
their open and closed photoisomer, which differ in conformational flexibility and

electronic conjugation (Figure 1). Many DEEsw high fatigue resistand#!

open closed

Figure 1.Reversible photochemical isomerization oflithienylmaleimide between th@pen and closed
photoisomer by irradiation with light of different wavelength.

Despite their outstandig photophysical properties the synthesis of DTES, in particular of
non-symmetric derivatives, is laboriolfs. 3% Different synthetic routes for the
preparation of dithienylmaleimides were established. Starting from - 3,4
dibromomaleimides and 3;diiodomaleimides, respectively, both thiophene moieties can
be attached by palladium catalyzed Suzuki coupfhifl However, only nitrogen
protected maleimides can be used and the synthesis of-syanmetric compounds is
challenging. Another route uses the réiaa of a dithienylmaleic anhydride with amines
to the corresponding maleimidé*3¢! The synthesis of diarylmaleimides by intramolecular

Perkin condensation of two independently prepared precursors gives selective access to
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non-symmetric diarylmaleimide® 3738 Compared to diarylperfluorocyclopentenes and
diarylcyclopentenes, diarylmaleimides are more hydrophilic and better water soluble,
which is valuable for applications in biology and pharmacy. The absorption maxima of
diarylmaleimides are shiftetb higher wavelengths and thus the photoisomerization can
be induced by light with lower energy reducing potential cell dani&@#oreover, the
biocompatibility of diarylmaleimides is known from bisindolylmaleimides, for instance
arcyriarubins and arcyaflavins with antibiotic activities, several other potent protein
kinase and sirtuin inhibitord% 3243l However, a better synthetic access to functionalized
photochromic dithienylmaleimides is desirable in order to extend their applications.
Herein, ve discuss the synthesis of functionalized dithienylmaleimides substituted on

each thiophene moiety and the maleimide nitrogen atom.

1.2 Results and Discussion

1.2.1 Synthesis

Functionalization of the maleimidaitrogen atom

The transformation of diarylmaleenhydrides into their corresponding diarylmaleimides
provides an easy access to compounds with a functionalized maleimide nitroger?&tom.
Complex functionalities or protecting groups can be introduced at the maleimide nitrogen
by reaction with amines ohydrazires. We used the adapted synthetic approach of

Scandolat al.l38l for the synthesis of anhydridéas precursor (Scheme 1).

CI g g~ Cl
1 2R=M
E3R=Ke

Scheme 1Synthesis of dithienylmaleic anhydride
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Methyl ester2 was converted to its potassium s&@liand condensed in a Perkin reaction
with carboxylic acidl yielding the photochromic maleic anhydride The anhydride

moiety allows the subsequeminctionalization with hydrazis or amines (Scheme 2).

0=~ _0
]\ ]\
4

N,N'-dimethylhydrazine
hydrazine- dihydrochloride
Coz Lys-OH, hydrate, PEG400
(82%) AcOH (86%)
° (72%)
O o}
e o I |
o HN<,, 0N 0 o=N_o0
/\ / \ / \ / \ / \ |\ / \ / \
Cl S s~ Cl Cl S S Cl Cl s s Cl Cl s s~ Cl
6 7 8 9

Scheme 2 Synthesis of the functionalized photochromic dithienylmaleimi@e starting from maleic
anhydride4.

Therefore, maleic anhydridd was treated witha-Cbz protected dglutamic acidg
hydrazidé* (5) and a-Cbz protected dysine to give amino acidé and 7 with a
photochromic dithienylmaleimide on each sidechain. Photochromic tripeptides forming
hydrogels with different aggregation modes mainly depending on the switch moiety were
recently reported? Thereaction of hydrazine hydrate in acetic acid as solvent and 1,2
dimethylhydrazine dihydrochloride, respectively, with maleic anhydddsforded the
maleimide nitrogen protected dithienylmaleimidésand 9 in good yields (Scheme 2).
Remarkably, the form&in of any maleic hydrazide or other tautomers was not observed.
The protected maleimide8 and 9 could be used for further functionalizations on the
thiophene moieties by palladiuroatalyzed cross coupling reactions or other reactions

using the reactivityf the heteroaryl chlorides.

Functionalization as photochromic amino acid

Recently, DTBased nomnatural amino acids were synthesized and successfully
introduced into small peptided8! However, their watessolubility is limited due to the
diarylperflorocyclopentene core and therefore, we developed a more polar

dithienylmaleimide amino acid. Compound8a and 13b were prepared by a Perkin



6| Results and Discuss

condensatioft® 3738l of the thiophene precursoré0and 11 bearing a protected primary

amino or carboxyl groupespectively (Scheme 3).

O NH2 _O

AIIocHNﬂO ©o I\ O

S S
0]

10 1"

BBrs3, Lil,
CHCl; acetone
(47% 13a) (35% 13b)

(20% 13b)

13aR = H
13b R = Alloc

Scheme 3.Perkin condensation of thiophene$0 and 11 yielding dithienylmaleimidel2 and after
deprotection13aand13b.

The Alloc group was chosen as a suitable protection for the amine as it is stable during the
synthesis of compound2. Diester thiophene€ll provides in 4position the carboxylic
ester giving the maleimide core in the Perkin condensation. The estepastzon will

serve as carboxylate of the amino acid. Both carboxylic acids were protected as methyl
ester. Alloc group and methyl ester G2 were cleaved simultaneously with boron
tribromide giving amino acid3ain 47% yield, accompanied by 20% of the @lmino
acid13bas byproduct. A selective ndrydrolytic deprotection of the methyl ester 42

is possible in low yield using lithium iodide in a polar aprotic sol¢&fi. A large excess

of lithium iodide and reflux were necessary to achieve conearseveral solvents were
tested with best yitds in acetone (see Supportingfdrmation, Table S1). Standard basic
hydrolytic conditions for the deprotection of the methyl ester afforded the deprotected
maleic anhydride (see Supportitlgormation, Schem&2). The synthesis of thiopheh@

is depicted in Scheme 4.
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1. LAH,
Et,0
NBS, CuCN, 2. Alloc-Cl,

O\ HCIO, /O\ _DMF /@\ _ THF AIIocHN\/@\
“(84%) (88%) NC~“g (66%) S
16

17

cu)J\,rO\ AICI,  NHLOH,
(49%) AllocHN T(92%) . AllocHN

Scheme 4Synthesis of thiophen#O.

Brominatior*¥ of 2-methyl thiophene {4) and subsequent Rosenmuiwdn Braun
reactior®® giving nitrile 16 were performed according to literature procedures. The
reduction of nitrile16 with lithium aluminum hydride followed by immediate protection
with allyl chloroformate afforded carbamate’ in good yield. Using Fmoc chloride instead
led to the respective Fot derivative in lower yields and caused the formation of side
products in the subsequent Fried€rafts acylation. The yield of glyoxylesi&tin the
FriedelCrafts acylation depends critically on the sequence of the reagent addition. Best
results were dtained by mixind.7 and methyl chlorooxoacetate before adding aluminum
chloride in small portions. Quenching the reaction with saturated sodium hydrogen
carbonate solution avoids the addition of hydrochloric acid to the allyl double bond.
Aminolysis withagueous ammonia converted the glyoxyleste8 in high yield into

compoundl10. The overall yield fat0 after six steps is 22%.

Thiophenell was prepared by esterificatiért! of methyl thiophene acidl9 in the
presence of thionyl chloride followed by FradeCrafts acylation and finally a thallium
trinitrate (TTN) mediated oxidative rearrangem&ft(Scheme 5)All intermediates were
isolated in goodo excellent yields with an overall yield of 68% for three steps. Initial
moderate yields for the Fried&rafts acylation of around 40% significantly increased to

77% after rigorous removal of stabilizers from the solvent chloroform.

MeOH, TTN, HCIO,,
_SocCl, AICI3 CHCI3 _ MeOH
97% (77% (90%

Scheme 5Synthesis of thiopheng&l.
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Functionalization by Suzuki coupling

Dithienylmaleimides are conveniently synthesized by the Pdyjga condensation. The
reaction of two precursors yields the maleimide core without the need for prateobf

the maleimide nitrogen. Scheme 6 shows the intermolecular Perkin condensation of the

two chlorosubstituted precursord2 and23.

S s
22 23
KO1tBu,
THF
(63%)

H
o=N_o0
/A /A

cl g s~ ~cl
24

Scheme 6Perkin condensation df2 and23yielding dithienylmaleimid@4.

Both precursors can be differently functionalized by Suzuki coupling before used in the

Perkin condensation yielding neaymmetric dithienylmaleimides.

Precursor 1:

o— boronic acid, o—
Pd,(dba)s, XPhos
K3POy4
MO 1,4-dioxane MO
1
Cl s R S
22 25 R'= phenyl (52%)

26 R'= 4-tBu-phenyl (55%)
27 R'= 3-biphenyl (72%)

Precursor 2:

boronic acid
~ Pda(dba)s,XPhos A P Q. NH:
K3PO4 NH,OH
_ ta-dioxane N © THF N ©
_ s
R2 g R™ s
29 R2= pheny! (63%) 32 R3= pheny! (80%)
30 R?= 4-tBu-phenyl (48%) 33 R®= 4-tBu-pheny! (84%)
31 R2= 3-biphenyl (70%) 34 R®= 3-biphenyl (94%)

Scheme 7Synthesis of functionalized precurs@%27 and 32-34.

Recently,we described the synthesis of symmetric diarylmaleimides, with thiophene
moieties functionalized by palladivcatalysis prior to the condensation reactiBf.
Based on this strategy we prepared a small series ofgyommetric diarylmaleimides

(Schemer). The Perkin condensation to the maleimide core was performed under basic
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conditions combining the different thiophenes. Scheme 8 summarizes the synthesis of the

non-symmetric photoswitche85-37.

0O— HN O
c O)ﬁl
[C g

26 R'= 4-tBu-phenyl 23 R2=C|

27 R'= 3-biphenyl 33 R2= 4-tBu-phenyl
KOtBu,
THF
H
o=N_o
7\ 7\
R’ 2
S s~ R

35 R'= 4-tBu-phenyl, R?= Cl (28%)
36 R"= 3-biphenyl, R?= CI (27%)
37 R'= 3-biphenyl, R%= 4-tBu-phenyl (33%)

Scheme 8Synthesis of nosymmetric substituted dithienylethene&s-37 by Perkin condensation.

1.2.2 Photochromic Properties

The dithienylmaleimide core structure can be toggled reversibly between apag and
ring-closed photoisomer (Figure 1). The photochemical properties of photochromic

compound#, 6-9, 12, 13a 13b, 24 and 35-37 were investigated by UVis spectroscopy.

700

A/ nm

Figure 2 Changes of the UVis absorption spectra of dithienylmaleimide amino at2d50uM in MeOH)
upon light irradiation with 312m; arrows indicate the changes of the absorption maxima oves 42
irradiation in periods of & (Herolab, &V); the avettes show thecolor of the solution before and after
irradiation.
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Despite of reports that diarylmaleimides are not able to undergo photoisomerization in
polar solvents due to a twisted intramolecular charge transfer (T%€%F),we could
observe revesible photoisomerization of the dithienylmaleimidé<9, 12, 13a 13b, 24
and35-37in methanol or dimethyl sulfoxide, respectively. Figure 2 shows the changes of
the U\AVis spectra of compount upon irradiation with light of 312m (Herolab, 6/).

Upon irradiating a methanol solution of the rhogen form of compound 2 with UV light
(312nm), the absorption band at 25@m immediately decreases. Simultaneously, new
absorption maxima at 23@m, 378 nm and 550m arise (Figur@) causing the color
change of the sample from slightly yellow to purple. The isosbestic points indicate a clean
conversion between two components. Compared to typical -Dyidfopentenes the
absorption maxima are red shifte@he photostationary state was reached aftt s of
irradiation (Herolab, 318m, 6W) and the open form can be regained by irradiation with
visible light (> 42@m) for 5 min. The photoswitchable amino atRis stable over at least

seven closing/openingycles (Figure 3).

0.8

o
o

normalized Abs
554 nm
o
'

o
o

0.0

cycle number

Figure 3 Cycle performance of the dithienylmaleimide amino at@l (50uM in MeOH). Changes in
absorption at 554m were measured during alternate irradiation with light of 318 (Herolab, 6V) for
60s and 530m (CREEKP green, TmA) for 5min.

The absorption maxima and their corresponding extinction coefficients for the open and

closed form of all synthesized photochromic compounds are summarized in Table 1.
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Table 1. U\-Vis spectroscopic data of the open and closed (PSS) dbtime synthesized photochromic
compounds¥

Entry Comp. Solvent EOI\;;]C ' | maxopen € | maxclosed €)

1 4 MeOH 100 242 (26.0),298 (9.5) 359 (16.0), 523 (3.7)
2 6 DMSO 50 387 (4.6) 359 (17.4), 510 (3.2)
3 7 DMSO 50 381 (5.0) 355 (20.8), 500(4.1)
4 8 DMSO 50 386 (6.0) 359 (22.7), 508 (4.3)
5 9 DMSO 50 380 (3.3) 351 (12.9), 498 (2.7)

232 (16.2), 378 (13.6)
6 12 MeOH 50 250 (18.5) 550 (3.9)

231 (11.3), 375 (10.0)
7 13a MeOH 50 252 (13.0) 537 (2.7)

232 (12.6), 378 (10.3)
8 13b MeOH 50 250 (14.3) 549 (2.8)

234 (20.6), 352 (13.8)
9 24  MeOH 50 240 (20.2), 370 (4.5) 497 (2.5)

10 35 MeOH 100 264 (18.5),292 (17.1) 369 (9.7), 543 (3.0)

255 (28.8), 294
(14.3)

12 37 MeOH 100 262 (26.1),297 (20.7) 391 (11.5)586 (5.7)

Al UW-Vis spectroscopic data are reported for solutions af@5and reported in nmi ) and 18 cnt M2
(e). The PSS were obtained by irradiation of solutions of the open isomer with light ein3{Berolab,
6 W). [l Shoulder.

11 36  MeOH 100 369 (10.1), 540 (3.7)

Interestingly, the long wavelength absorption maximum of compoi8dis blue shifted

to 537nm compared to photoswitcheks2 and 13b, which may indicate an interaction of
the Alloc group with the dithienylmaleimide core. In contrast, the selective removal of the
methyl ester has almost no influence on the photochromic properties. In comparison to
bischloro dithienylmaleimide 24 the functionalized maleimides35-37 show a
bathochromic shift in their absorption maxima of the closed photoisomer. The enlarged

p-system of the substituted thiophenes can explain this shift to higher wavelengths.
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1.3 Conclusion

In summary, we have prepared severdlopochromic dithienylmaleimides. Maleimide
nitrogen atom functionalized derivatives were obtained by the reaction of dithienylmaleic
anhydride with dfferent hydrazires and amines. Using a Perkyippe condensation non
symmetric dithienylmaleimides were syresized including a photochromic amino acid
and dithienylmaleimides with different aromatic substituents on each thiophene moiety.
Reversible photoisomerization in dimethyl sulfoxide and methanol was observed for all

synthesized photochromic compounds.

1.4 Experimental

1.4.1 General Information

Commercial reagents and starting materials were purchased from Acros Organics, Alpha
Aesar, Fluka, Sigma Aldrich or VWR and used without further purification. Solvents were
used in p.a. quality and dried according to comnpoacedures, if necessary. To purify the
chloroform for FriedelCrafts acylations, it wasashed with sulfuric acid (¥), dried over
calcium chloride, filtered through silica, subsequently refluxed with phosphorous
pentoxide (510g L") and distilled unde nitrogen atmosphereCompoundsi©], 2[10]

51441 15491 16501 2051, 220101 25101 28101 29110 and 3211% were prepared according to
previously reported procedured-lash column chromatography was performed on a
Biotage Isolera One automated flash purification system with UV/Vis detector using Sigma
Aldrich MN silica gel 60 M (4B pm, 238400 mesh for normal phase or prpacked
Biotage SNAP cartridges (KR8HS) 6r reversed phase chromatography. Reaction
monitoringvia TLC was performed on alumina plates coated with silica gel (Merck silica
gel 60 Bs4, 0.2mm). Melting points were determined using a Stanford Research Systems
OptiMelt MPA100. NMR spectra were remed on Bruker Avance 308H 300 MHz,

13C. 75MHz) Bruker Avance 400'{: 400 MHz,**C 101 MHz)and Avance Il 600

(*H: 600MHz, 13C:151MH?2) instrument. The spectra are referenced against the NMR
solvent, chemical shiftare reported in ppm and cqling constants] are given in Hz.
Resonance multiplicity is abbreviated as: s (singlet), d (doublet), t (triplet), m (multiplet)
FYR 06 O0NRBIRO® /FNDB2y baw airadaylrfta | NBE NBLEZN
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secondary and (q) for quaternary carbomfe assignment resulted from DEPT, HSQC and
HMBC experimentdass spectra were recorded afinnigan MAT95 (BMS), Agilent ©

TOF 6540 UHD (H885, APGMS), Finnigan MAT SSQ 710 AME] GMS) or
ThermoQuest Finnigan TSQ 7000-ME5 APGMS) spectometer. UV/Vis absorption
spectroscopy was performed using a Varian Cary BIO 50 UV/Vis/INIR spectrometer. IR
spectra were recorded with a Specac Golden Gate Diamond Single Reflection ATR System
in a BieRad FAIRSpectrometer Excalibur FTS 3000 and pealtipns are reported in
wavenumbers (crm). Standard handheld lampswere used for visualizing TLC plates and

to carry out the ringclosure reactions at 312 n(rlerolab, 312 nm, 8Y). The ringopening
reactions were performed with the light of a 200twhgsten light bulb which was passed
through a 420 nm cuoff filter to eliminate higher energy light or the light of a green LED
(CREXP green, 536m, 700mA). The power of the light is given based on the
specifications supplied by the company when thmps were purchased. A light detector

was not used to measure the intensity during the irradiation experiments.

1.4.2 Synthesis and Characterization of Compounds

3,4-Bis(5chloro-2-methylthiophen-3-yl)furan-2,5-dione (4)

To obtain the potassium s&df the ester2 was dissolved in EtOH (2rd_/mmol) and KOH
(1.0eq) was added. After stirring overnight, the solvent was removed and the crude
product 3 was used without further purification. A mixture of the acld(984mg,
5.16mmol), the potassium saB (1.25g, 5.16mmol) and acetic anhydridél5mL) was
heated to 20 °C for5 h. The reaction was cooled toom temperatureand quenched by
adding water(20mL). The aqueouphase was extracted with EtOAcX35mL). The
combined or@nicphases were driedver MgS@ filtered and the solvent was removed
under reduced pressurelThe crude product was purifiedy automated flash column
chromatography (PEYHCb: 30-60%CHCEb) to yield the makic anhydride4 (1.07g, 58%)
asgray solid; R 0.45 (PE/Ci€b: 1/1); m.p.: 205°C;H-NMR (300MHz, DMS@Qe): d =
1.94 (s, 6H, thiophen€Hs), 7.03 (s, 2H, thiophenrld); *GNMR (75 MHz, DMS®): d =
14.1 (+), 125.2 (q), 125.3 (q), 127.2 (+), 134.5 (q), 141.4 (q), 164.5 (q); IR{ae3008,
2922, 1843, 17661629, 1539, 1460, 1252, 1047, 1177, 990, 919MIRESI): calcd. for
Ci14HoCbOsS (M+HY 358.9365; found 358.9362.
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N2-((Benzyloxy)carbonyiN°-(3,4-bis(5-chloro-2-methylthiophen-3-yl)-2,5-dioxo-2,5-
dihydro-1H-pyrrol-1-yl)-L-glutamine (6)

Maleic anhydride4 (40mg, 0.11mmol) was added to a solution of acid hydrazigle
(30mg, 0.10mmol) in THF (L) in a crimp top vial. After heating to 85 for 16h the
reaction was quenched with ¥ aqueous HCI solution (@L) and water (InL). The
agueous phase was &acted with EtOAc (5 mL). The combined organic phases were
dried over MgS®and the solvent was removed under reduced pressure. Purification by
automated reversed phase flash column chromatography (Me@DiMith 0.05% TFA:
10-95% MeCN) yielded compod® (40 mg, 63%) as orange solid; B.01 (EtOAc); Ip.:
103°C;H-NMR (300 MHz, DMS®®): d = 1.74¢ 1.88 (m, 1H, CQH)>-CH), 1.92 (s, 6H,
thiophene ), 2.062.10 (m, 1H, CQOH2).-CH), 2.38.48 (m, 2H, CQOH.)>-CH), 4.03

(dt, J=9.0, 4.8Hz, 1HCH-CHNH), 5.05 (s, 2H,-CHo-Ph), 7.03 (s, 2H, thiophe#d), 7.3%

7.40 (m, 5H, Phi), 7.68 (dJ=8.0Hz, 1H, CHIH-CO), 10.63 (s, 1H;NH-CO), 12.70 (bs,

1H, CO@); 3GNMR (75 MHz, DMS@):dI' Mn ®H O6b0X Hc ®M ObLOI HPDM
125.0 (q), 125.8 (q), 127.6 (+), 127.6 (+), 127.7 (+), 128.3 (+), 131.2 (q), 136.8 (q), 140.6
(q), 156.1 (q), 166.9 (q), 170.8 (q), 173.4 (q); IR (meas) 3250, 2924, 1789, 1727, 1522,
1462, 1434, 125, 1175, 990; HRIS (ESI): calcd. fopAE24CbN:OrS (M+H) 636.0427;

found 636.0428.

(9-2-(((Benzyloxy)carbonyl)amine§-(3,4-bis(5-chloro-2-methylthiophen-3-yl)-2,5
dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoic acid (7)

Triethylamine (131L, 0.95mmol) was added to a suspension of maleic anhydrde
(97 mg, 0.27mmol) and CbtysOH (83mg, 0.30mmol) in THF (&L) in a crimp top vial.
After heating to 85 C for 1eh the reaction was quenched withM aqueous HCI solution
(3mL) and water (8nL). The ageous phase was extracted with EtOAx @@ mL). The
combined organic phases were dried over Mg&@d the solvent was removed under
reduced pressure. Purification by automated reversed phase flash column
chromatography (MeCNA® with 0.05% TFA: 8ID0% MEN) yielded compound
(138mg, 82%) as orange solid; B.09 (PE/EtOA&/1); m.p.: 88°C;*H-NMR (400 MHz,
DMSQdg): d = 1.291.43 (m, 2H, GH{QHy)s-CH), 1.591.65 (m, 3H, GH{QHy)s-CH), 1.67
1.79 (m, 1H, GHCH)s-CH), 1.91 (s, 6H, thiophei@k), 3.49 (t,J=7.1Hz, 2H, NoH-
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(CH)s), 3.93 (dt,J=7.9, 4.6Hz, 1H, NHH-CH), 5.02 (s, 2H, @H-Ph), 7.00 (s, 2H,
thiopheneH), 7.287.37 (m, 5H, PH), 7.57 (dJ=8.0Hz, 1H, COIH-CH), 12.55 (s, 1H,

CO®); °GNMR (101 MHz, DMS®):d=14.16 b0 X HH DY O6bLbO0OX HT DN 66b
po®dp Oo0bU0Z cpPdPo O0LOZ MHRNDPc Olj0Z MHcd®n OljuvZ
136.9 (g), 139.8 (q), 169.6 (), 173.8 (q); IR (neaty 3351, 3095, 2932, 2870, 1698,

1526, 1438, 1404, 121989; HRVS (ESI): calcd. fopsBh7CbN20sS (M+H) 621.0682;

found 621.0684.

N-(3,4-Bis(5chloro-2-methylthiophen-3-yl)-2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)acetamide (8)

Hydrazine hydrate (3AL, 0.81mmol) was added to a solution of maleic anhydridie
(97mg, 0.27mmol) in acetic acid (3.mL). The reaction mixture was heated to T@for
20h and then water (10nL) was addedThe aqueous phase was extracted with EtOAc
(3x10mL). The combined organic phases were dried over M@8@ the solvent was
evaporatedin vacuo Purification by atomated phase flash column chromatography
(PE/EtOAC15-50% EtOA¢g yielded compound (81 mg, 72%) as orangseolid R: 0.23
(PE/EtOAQ/1); mp.. 131°C; HNMR (400 MHz, DMS®): d=1.96 (s, 6H,
thiopheneQHs), 204 (s, 3H, GQHs), 7.01 (s, 2H, thiophenrld), 10.58 (s, 1H, M); 3G
NMR (101 MHz, DMS®): d = 14.2 (+), 20.0 (+), 125.0 (q), 125.8 (q), 127.6 (+), 131.3 (q),
140.6 (q), 166.9 (q), 168.5(q); IR (nem)x 3328, 3088, 2924, 2359, 1717, 1702, 1510,
1429, 1255, 1193, 988; H®&S (ESI): calcd. foreBisCbN20sS (M+H) 414.9739; found
414.9741.

3,4-Bis(5chloro-2-methylthiophen-3-yl)-1-methyl-1H-pyrrole-2,5-dione (9)

Maleic anhydride4 (54mg, 0.15mmol) and 1,Zimethylhydrazine dihydrochloride
(60mg, 0.45mmol) were heated to 160C for 1zh in PEG400 (&L) in a crimp top vial.
Then water (195nL) was added and the aqueous phase was extracted with EtOAc
(3x15mL). The combined organic phases were washed with brinen(§0 dried over
MgSQ and thesolvent was removed under reduced pressure. Purification by automated
phase flash column chromatography (PE/EtOAG0% EtOAc) yielded compourtd
(48mg, 86%) as orange foam; B.32 (PE/EtOA&9/1); *H-NMR (300 MHz, CREId=
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1.93 (s, 6H, thiophenéHs), 3.13 (s, 3H, ¥0Hs), 6.89 (s, 2H, thiopherld); *GNMR
(75MHz, CDG): d= 14.9 (+), 24.4 (+), 126.0 (q), 127.2 (+), 127.2 (q), 132.7 (q), 140.2 (q),
170.2 (q); IR (neathmax 3098, 2924, 2851, 1765, 1697, 1435, 1386, 1250, 1174, 980; HR
MS (ESlxalcd. for @Hi2CbNG:S (M+H) 373.9649; found 373.9652.

Allyl ((4-(2-amino-2-oxoacetyl}5-methylthiophen-2-yl)methyl) carbamate (10)

To a solution of oxoacetat&8 (282mg, 0.95mmol) in THF (&L) was added a NBH
solution (32% in ¥D) (1.18mL, 9. mmol) at 0°C. The reaction was stirred for 80n at
room temperature and then quenched with water (®L). The aqueous phase was
extracted with EtOAc (810 mL). The combined organic phases were dried over MgSO
and the solvent was removed under reddceressure. Compountio (253mg, 94%) was
obtained as yellow solid and used without further purification; R21 (PE/EtOA&/1);
m.p.: 108°CIH-NMR (400 MHz, CREH = 2.70 (s, 3H, thiopher@Hs), 4.44 (d,)=6.1Hz,

2H, thiopheneCH:NH), 4.59 (d)=5.1Hz, 2H, C#CHELO), 5.21 (dd)J=10.4, 0.5Hz, 1H,
(H;=CHCJ), 5.245.43 (m, 2H, B;=CHCHand NH), 5.90 (ddtJ=16.2, 10.7, 5.5iz, 1H,
CH=CHCH), 6.05 (bs, 1H, ), 7.06 (bs, 1H, ), 7.86 (s, 1H, thiophenrl); 13 GNMR
(101 MHz, CDgldI’ Mc ®T O6bU I opdy OLUOI cpdPP OLOI MMT
137.0 (), 155.7 (q), 156.1 (q), 164.4 (g), 182.1 (q); IR (neat)3402, 3301, 3167, 2962,
1750, 1686, 1649, 1535, 1460, 1254, 1047, 796M3IR(ESI): calcd. forBhsNsOsS
(M+NH)*300.1013; found 300.1012.

Methyl 4-(2-methoxy-2-oxoethyl)-5-methylthiophene-2-carboxylate (11)

Thallium trinitrate (850ng, 1.91mmol) and 70% HCIQ0.30mL) were added to a
suspension 021(316mg, 1.59mmol) in MeOH (3nL) atroom temperature After stirring

for 24 h the mixture was concentrated under vacuum and diluted with waten(5§. The
agueous phase was extracted with EtOAg $3nL) and the combined organic layers were
dried over MgS®@ The solvent was evaporated and purification of the crude product by
automated flash column chromatography (PE/EtOAT5% EtOAc) yielded compouhi
(331mg, 91%) as colorless oil; R34 (PE/EtOA&/1); *H-NMR (300MHz, CDG). d = 2.43

(s, 3H, thipheneCHs), 3.54 (s, 2H, thiopher@C(O)OCE), 3.70 (s, 3H, thiophere
CHC(0)O&s), 3.85 (s, 3H, C(O)&4), 7.61 (s, 1H, thiopher); *GNMR (75MHz,
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CDG):dI' Mody O0bU0UIX 00dy OLOIX pHPA O0bOI pHOM O
162.6(q), 170.9 (q); IR (Neatya: 2997, 2953, 2845, 1736, 1704, 1535, 1457, 1392, 1331,

1291, 1250, 1194, 1132, 1063, 1006, 927, 874, 785, 75MMFRAPCI): calcd. for
CioH120sS (M+H)229.0529; found 229.0531.

Methyl 4-(4-(5-((((allyloxy)carbonyl)amino)mthyl)-2-methyl-thiophen-3-yl)-2,5-dioxo-
2,5-dihydro-1H-pyrrol-3-yl)-5-methylthiophene-2-carboxylate (12)

KQGBu (1 M in THF, 0.88L, 0.88nmol) was added to a solution of glyoxylamiti@é
(206 mg, 0.73mmol) in dry THF (&L) at 0°C under nitrogen atmosphe. After stirring

for 90min at 0°C, diesterl1 (200mg, 0.88mmol) in THF (&1L) was added at T@C and
stirred for 3d atroom temperature Then the reaction was quenched wittMLaqueous

HCI solution (3nL) and diluted with EtOAc (10L). The organicliase was washed with
water (2x10mL), brine (10nL) and dried over MgGOThe solvent was removed under
reduced pressure and purification of the crude product by automated flash column
chromatography (PE/EtOAc:-B9% EtOAcC) yieldet? (148mg, 44%) as yellow foami R
0.20 (PE/EtOA&/1); IH-NMR (400 MHz, CBEId = 1.90 (s, 3H, thiopher@Hs); 1.98 (s,

3H, thiopheneQ), 3.87 (s, 1H, @), 4.45 (dJ=6.0Hz, 2H, thiophen€H.NH), 4.60 (d,
J=4.9Hz, 2H, CHCHELO), 5.135.27 (n, 2H, EL,=CHCHKHand CHNHCO), 5.31 (dd,
J=17.2, 1.2Hz, 1H, B,=CHCH), 5.92 (ddt,)=16.2, 10.8, 5.5z, 1H, CEHCHCH), 6.90 (s,

1H, thiopheneH), 7.74 (s, 1H, thiopherld), 8.30 (bs, 1H, CILO);13GNMR (101 MHz,
CDG):d=15.0 (+), 153 (+), 3. 0b 0SS pO®O > OHM@E Pdprpddy 61j 0 =
127.5 (q), 130.9 (q), 132.7 (+), 134.8 (q), 1834)9139.4 (q), 142.(), 148.6q), 156.0

(9), 162.1 (q), 170.0 (9), 170@); IR (neatnmax 3289, 3070, 2952, 1703, 1540, 1458,
1339, 1248994, 909, 727; HRIS (ESI): calcd. fopi81N0sS (M+HY 461.0838; found
461.0836.



Experimentz

4-(4-(5-(Aminomethyl}2-methylthiophen-3-yl)-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)-
5-methylthiophene-2-carboxylicacid (13a)

and 4-(4-(5-((((Allyloxy)carbonyl)amino)methytR-methylthiophen-3-yl)-2,5-dioxo-2,5
dihydro-1H-pyrrol-3-yl)-5-methylthiophene-2-carboxylic acid (13b)

A solution of BBr(1M in CHCb) (2.0mL, 2.00mmol) was added to a solution of
compound12(92mg, 0.20mmol) in dry CECh (6 mL) in a crimp top vial. The mixture was
heated to 40°C for 5h. Then water (4nL) was addedlia syringe and the suspension was
stirred at 40°C for additional 3@nin. After cooling taoom temperaturethe solvent was
removed at the rotary evaporator. Purification by automated reversed phase flash column
chromatography (MeCNA® with 0.05% TFA:-B00% MeCN) yielded compouriBa
(34mg, 47%) as yellow solid and compour&b (18 mg, 20%) as another yellow solid.

Analyticd data of13a R: 0.02 (PE/EtOA&/1); m.p.: 173°C;*H-NMR (600 MHz, MeOD):
d= 2.00 (s, 3H, thiopher@), 2.08 (s, 3H, thiopher@k), 4.27 (s, 2H, thiophere
CH:NH), 7.18 (s, 1H, thiopherd), 7.64 (s, 1H, thiophenld); 3GNMR (15IMHz, MeOD):

di' Mn®tT 6bVI MpdPo ObLULI oy®dp O0LOI MHYy®DPp OG0T |
135.7 (q), 136.3 (+), 144.6 (q), 149.7 (q), 164.6 (q), 172.4 (q), 172.6 (9); IR{pea008,

2924, 1766, 1712, 1681, 1545, 1463, 1344, 1188, 1137, B39] 799, 756, 723; HRS

(ESI): calcd. fori@hsN20sS (M+H) 363.0469; found 363.0468.

Analytical data ofl3b: R: 0.04 (PE/EtOA&/1); m.p.: 94°C;'H-NMR (300 MHz, GDN):

d= 1.93 (s, 3H, thiopher@H), 1.97 (s, 3H, thiopheréHs), 4.33 (d,J = 63Hz, 2H,
thiopheneGHzNH), 4.52 (dJ= 5.3Hz, 2H, CHCHELO), 5.18 (ddJ=10.5, 1.4Hz, 1H,
(H,=CHCH), 5.27 (ddJ= 17.3, 1.6Hz, 1H, B,=CHCl}, 5.746.05 (m, 1H, G#CHCH),

6.14 (bs, 1H, GNHCO), 6.79 (s, 1H, thiophei#, 7.60 (s, 1HhiopheneH), 8.80 (bs, 1H,

CO®); 3GNMR (78VIHz, CBCN):dl' Mn ®T O6b0X MpdmM O0bOZ nndn
127.2(q), 127.4 (+), 129.0 (q), 131.3 (q), 134.0 (q), 134.3 (+), 136.0 (+), 136.1 (q), 141.1

(q), 141.7 (g), 149.5 (q), 157.0 (q), 16@)B 171.5 (q); IR (neathnas 2926, 1981, 1769,

1709, 1544, 1459, 1344, 1246, 1185, 1150, 1049, 991, 849, 764SHESI): calcd. for
CooH1sN20sS (M+HY 447.0679; found 447.0676.

Alternative procedure to obtaih3b: Compoundl2 (40mg, 0.09mmol) was disslived in
acetone (10mL) and Lil (35fhg, 2.60mmol) was added. The mixture was heated to
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100°C overnight. After cooling tmom temperatureit was quenched with M aqueous
HCI solution (3nL) and diluted with CGi€b (5mL). The phases were separated dhd
aqueous phase was extracted with H (3x 5mL). The combined organic phases were
dried over NaSQ and the solvent was removed at the rotary evaporator. Automated
reversed phase flash column chromatography (MeCRN/Hvith 0.05% TFA:-B0%
MeCN) yelded compoundL3b (14 mg, 35%) as yellow solid.

Allyl ((5methylthiophen-2-yl)methyl)carbamate (17)

LAH (2.78, 73.2mmol) was added in portions to a solution of nitriles (3.019,
24.4mmol) in dry EO (250mL) at 0°C under nitrogen atmosphere. After stirring foh4

at room temperaturethe reaction was quenched with water (8iL) and saturated
aqueous NaHColution (50mL) at O°C. The suspension was filtered and the aqueous
phase was extracted WitEtO (3x 80 mL). The combined organic phases were dried over
MgSQ and concentratedn vacuo Then the residue was dissolved in dry THF (ADp
and pyridine (2.4ML, 30.50nmol) was added at €C. Within Inh allyl chloroformate
(4.02mL, 37.82nmol) n dry THF (51L) was dropped to the solutionaa syringe pump

at 0°C. After stirring for 14 atroom temperaturethe reaction was quenched cautiously
with water (50mL) and extracted with EtOAcX30mL). The combined organic phases
were dried over MSQ and the solvent was removed under reduced pressure.
Purification of the crude product by automated flash column chromatography (PE/EtOAC:
8-15% EtOAc) yieldeti7 (3.40g, 66%) as yellow oil;:R.20 (PE/EtOA&/1); 'H-NMR
(400MHz, CDG): d= 2.44 (s, 3H, thiophendts), 4.44 (d,J = 5.7Hz, 2H,
thiopheneGHNH), 4.59 (dJ=5.3Hz, 2H, CHCHELO), 5.05 (bs, 1H, Hy, 5.21 (dd,
J=10.4, 0.3Hz, 1H, B,=CHC}), 5.30 (ddJ=17.1, 1.2Hz, 1H, B,=CHCH}, 5.92 (ddt,
J=16.4, 10.8, 5.Hz, 1H, CH#HCH), 6.57 (ddJ=3.1, 1.0Hz, 1H, 4hiopheneH), 6.74

(d, J=3.1Hz, 1H, 3hiopheneH); 3GNMR (10IMHz, CDG):dI' mp ®n O6bO S nn dm
ObLbUXI MMT ¢, 126.8 (0)X1328H+), ®3B.8 (q), 139.9 (), 155.9 (9); IR treat)
3335,3073, 2922, 1695, 1514, 1426, 1236, 982, 799MIRESI): calcd. foidBisaNOS
(M+H) 212.0740; found 212.0740.
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Methyl 2-(5-((((allyloxy)carbonyl)amino)methytp-methylthiophen-3-yl)-2-oxoacetate

(18)

Carbamatel7 (169mg, 0.80mmol) and methyl chloroxoacetate (83juL, 0.88mmol)

were dissolved in dry GHb (6 mL) under nitrogen atmosphere. Then AlIGI27mag,

3.20mmol) was added in portions at°@ and the suspension was stirred forr2@troom

temperature The reaction was quenched with saturategli@aous NaHCs3olution (1mL)

at 0°C and diluted with water (B1L). The aqueous phase was extracted withQBH

(3x5mL), the combined organic layers were washed with brinenflLp and dried over

MgSQ. After evaporation of the solvent the crude produggs purified by automated

flash column chromatography (PE/EtOAc:4086 EtOAC) to obtaih8 (117mg, 49%) as

brown oil; R 0.22 (PE/EtOA8/1); 'H-NMR (400MHz, CD@): d= 2.70 (s, 3H, thiophere

QHs) 3.91 (s, 3H, O®), 4.42 (d)=6.1Hz, 2H, thiophee-O,NH), 4.58 (dJ=5.3Hz, 2H,
CH=CHELO), 5.165.34 (m, 3H, B.=CHCkland NH), 5.90 (ddt,)=16.3, 10.8, 5.6z, 1H,

CH=CHCH), 7.32 (s, 1H, thiophenl); 13*GNMR (10IMHz, CDG):d=mc ®0 O0bU I o0 PDT
pH®Y O0bBUI cpdPdh O0LUVI mMmy dPn i, 452.8 (@)H168MP(Q),0 bL X MC
164.0 (q), 180.0 (q); IR (neat)ax 3395, 2954, 1726, 1670, 1517, 1434, 1242, 1200, 1112,

984, 757; HRVS (ESI): calcd. for#hieNGS(M+H) 298.0744; found 298.0744.

Methyl 4-acetyt5-methylthiophene-2-carboxylate (21)

Thiophene 20 (800mg, 5.12mmol) and acetyl chloride (554, 7.68mmol) were
dissolved in purified anhydrous CEIQIOmL) under nitrogen atmosphere. After cooling
to 0 °C AIGI(2.05g, 15.4mmol) was added in small portions. The yellow suspension was
heated to 45°C overnight upon turning bright red, then the reaction was quenched with
ice/water and the aqueous phase was extracted with EtOAc1(BmL). The combined
organic phases were washed with a saturated aqueous solution of NafC@L) and
brine (10mL). The organic phase was dried over Mg&@ the solvent was evaporated.
The crude product was purified by automated flash column chromatography (PE/EtOAc:
5-25% EtOAc) and compourid (781 mg, 77%) was obtained as colorless solid0R1
(PE/EtOA/1); mp.: 84°C;*HNMR (300 MHz, CREId = 2.52 (s, 3H, thiopher@H),

2.76 (s, 3H, acetylHs), 3.88 (s, 3H, @), 8.03 (s, 1H, thiopher); *GNMR (75 MH,
CDG): d= 16.8 (+), 29.6 (+), 52.3 (+),128.5 (q), 185)0136.3 (q), 155.8 (q), 162.0 (q),
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193.7 (q); IR (neabmax 3007, 2957, 1717, 1678, 1539, 1457, 1439, 1254, 1233, 1074,
1021, 745; HRIS (APCI): calcd. foshEo0sS (M+H)199.0423; found 199.0424.

General procedure A: Suzuki coupling:

To a suspension of Hdba) (5mol%), XPhos (1@0l%), the appropriate boronic acid
(1.5eq.) and KPQ (1.5eq.) in 1,4dioxane (0.9M) the appropriate ester (1.69.) was
added. The restihg mixture was heated to 100C and stirred overnight. After cooling to
room temperaturethe reaction mixture was diluted with EtOAc and the organic phase
was washed two times with water. The organic phase was dried over M@B&ed and

the solvent vas removed under reduced pressure.

General procedure B: Aminolysis

An NHOH solution (25% in2B) (10.0eq.) was added to a solution of the appropriate
oxoacetate (1.@q.) in THF (0.®81) at 0°C. The reaction was stirred forhlat room
temperature and then quenched with water. The aqueous phase was extracted with
EtOAc. The combined organic phases were dried over M @8€red and the solvent was

removed under reduced pressure.

General procedure C: Perkin condensation

KQBu (1M in THF) (1.29.) wasadded to a solution of the appropriate amide (2Q) in

THF (0.21) at 0°C. After 90min stirring at °C the appropriate ester (1dl}.) was added

at 0°C and stirred overnight @abom temperature The reaction was quenched withvL

HCI and diluted wit EtOAc. The organic phase was washed three times with water and
brine. The organic phase was dried over MgSiered and the solvent was removed

under reduced pressure.

2-(5-Chloro-2-methylthiophen-3-yl)-2-oxoacetamide (23

Compound3was prepared fom 28 (800mg, 3.66mmol) according to general procedure

B. The amid23(640mg,85%) was obtained as light yellow solid and used without further
purification.m.p.: 183°C;*H-NMR (300 MHz, DMS@): d= 2.64 (s, 3H, thiopher@Hs),

7.49 (s, 1HthiopheneH), 7.94 (bs, 1H, M), 8.25 (bs, 1H, ); **GNMR (75 MHz, DMSO

ds): d= 15.2 (+), 123.9 (q), 128.4 (+), 131.4 (q), 150.9 (q), 166.1 (q), 184.2 (q); IR (neat)



Experimentz

Nmac 3446, 3252, 1996, 1670, 1618, 1296, 1221, 1153:MSR(ESI): calcd. for
CHLCINGZS (M+NH)* 221.0146; found 221.0144.

3,4-Bis(5chloro-2-methylthiophen-3-yl)-1H-pyrrole-2,5-dione (24)

Compound24 was prepared from amid23 (600mg, 2.95mmol) and este22 (720mg,
3.54mmol) according to general procedure C. Purification by automated flash column
chromatography (heptane/EtOAc: 5/1) yield2d (660mg, 63%) as orange solid: 18
(heptane/EtOAC5/1); m.p.: 237°C.*H-NMR (400 MHz, DMS@): d= 1.87 (s,6H,
thiopheneGHk), 6.97 (s, 2H, thiophenld), 11.25 (bs, 1H,H); *GNMR (101 MHz, DMSO

de): d= 14.6 (+), 125.0 (q), 127.0 (q), 128.4 (+), 133.6 (q), 140.0 (q), 171.4 (q); IR (neat)
Nmax 3381, 2939, 2818, 1653, 1437, 1002:MRK (ESI): calcd. foi810:CbNGS (M+HY
357.9525; found 357.9523.

Methyl 2-(5-(4-(tert-butyl)phenyl)}-2-methylthiophen-3-yl)acetate (26)

Compound®6was prepared fron22(200mg, 0.98mmol) according to general procedure

A. Purification by automated flash column chromatogragR¥/EtOAC: 25% EtOAC)

yielded 26 (163mg, 55%) as yellow liquids:®.63 (PE/EtOA&/1); *H-NMR (300 MHz,

CDG): d= 1.33 (s, 9HiBu), 2.41 (s, 3H, thiopher@), 3.55 (s, 2H, thiophere

CH.C(O)OCH), 3.71 (s, 3H, thiopher€RC(0O)O&:), 7.08 (s, 1HhiopheneH), 7.327.40

(m, 2H, Ph), 7.43.52 (m, 2H, Ph}3GNMR (75 MHz, CDEIAI' Mo do0 6 b0 X omMPo O b
34.6 (q), 52.1 (+), 124.7 (+), 125.2 (+), 125.7 (+), 130.1 (q), 131.6 (q), 134.8 (q), 140.1 (q),

150.2 (q), 171.6 (9); IR (ne@bax 2961, 1736, 1609, 1520, 1435, 1364, 1239, 1018, 825;

HRMS (ESI): calcd. foigeh3:0,S (M+H)303.1413; found 303.1418.

Methyl 2-(5-([1,1-biphenyl]-3-yl)-2-methylthiophen-3-yl)acetate (27)
Compound®7was prepared fron22 (500mg, 2.44mmol) according tgeneral procedure
A. Purification by automated flash column chromatography (PE/EtOABY0 EtOAC)
yielded 27 (569mg, 72%) as yellow liquids: ®.50 (PE/EtOA&/1); *H-NMR (300 MHz,
CDQ@):d= 2.44 (s, 3H, thiopheréHs), 3.58 (s, 2H, thiopher@+LC(QOCH), 3.72 (s, 3H,
thiopheneCHC(O)0O&s), 7.19 (s, 1H, thiophenrd), 7.37#7.45 (m, 3H, Ph), 7.4654 (m,
3H, Ph), 7.59.66 (m, 2H, Ph), 7.7476 (m, 1H, Ph{3GNMR (75 MHz, CDEId=2.44 (s,
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3H, thiopheneCH), 3.58 (s, 2H, thiopher@H.C(O)OCk), 3.72 (s, 3H, thiophenre
CHC(O)O&s), 7.19 (s, 1H, thiophenrd), 7.377.42 (m, 1H, Ph), 7.4847 (m, 3H, Ph),

7.487.54 (m, 2H, Ph), 7.6065 (m, 2H, Ph), 7.7476 (m, 1H, Ph}3GNMR (75 MHz,
CDG):d=mo®o0 O6bBUVZ ondm 6L 0(T), 1PSBPHY 126.6 () 12M2H(H),Po0 O 1
127.5 (+), 128.8 (+), 129.2 (+), 130.3 (q), 134.8 (g), 135.5 (q), 139.9 (q), 140.9 (q), 141.9

(@), 171.5 (q); IR (neatyax 1707, 1597, 1449, 1262, 1174, 755, 696:MHR(EI): calcd.

for GoHhs0:S (M) 322.1028found 322.1032.

Methyl 2-(5-(4-(tert-butyl)phenyl)-2-methylthiophen-3-yl)-2-oxoacetate (30)
Compound3Owas prepared fron28(500mg, 2.29mmol) according to general procedure

A. Purification by automated flash column chromatography (PE/EtOABY®0 EtOAC
yielded 30 (350mg, 48%) as dark yellow liquids: ®.67 (PE/EtOA&/1); H-NMR
(300MHz, CDG): d=1.34 (s, 9HBuU), 2.78 (s, 3H, thiopher@), 3.96 (s, 3H, thiophere
CHC(0)0&s), 7.397.44 (m, 2H, Ph), 7.4651 (m, 2H, Ph), 7.63 (s, 1H, thiopkeH); G

NMR (75 MHz, CDEId =16.3 (+), 31.3 (+) 34.7 (q), 52.8 (+), 124.2 (+), 125.6 (+), 126.0 (+),
130.3(q), 132.2 (q), 140.5 (g), 151.3 (), 153.5(q), 164.1 (q), 180.2 (q); IR{read61,

2866, 1732, 1676, 1456, 1191, 1127, 993, 753MIR(EI): calcd. fori£Ho0sS (MT)
316.1133; found 316.1139.

Methyl 2-(5-([1,1"-biphenyl]-3-yl)-2-methylthiophen-3-yl)-2-oxoacetate (31)
Compound3lwas prepared fron28(500mg, 2.29mmol) according to general procedure
A. Purification by automated flastolumn chromatography (PE/EtOAc15% EtOAc)
yielded31(537mg, 70%) as yellow oil;:R.40 (PE/EtOAS&/1); *H-NMR (300 MHz, CREI
d=2.81 (s, 3H, thiopher@Hs), 3.98 (s, 3H, thiopher€HC(O)O8s), 7.367.43 (m, 1H,
Ph), 7.457.49 (m, 2H, PhY,.50-7.57 (m, 3H, Ph), 7.6D.65 (m, 2H, 4, Ph), 7.7&.76 (m,
2H, Ph, thiophendd); BGNMR (75 MHz, CDEld = 16.4 (+), 52.9 (+), 124.6 (+), 124.7 (+),
124.8 (+), 126.9 (+), 127.2 (+), 127.7 (+), 128.9 (+), 129.5 (+), 132.3 (q), 133.5 (q), 140.2 (q),
140.6 (), 142.2 (q), 154.0 (q), 164.0 (), 180.1 (q); IR (meat)3028, 1724, 1668, 1598,
1464, 1197, 1132, 1000, 748, 695;-MB (ESI): calcd. for#is0.S (M+H0  10) 0O |
319.0787; found 319.0787.
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2-(5-(4-(tert-Butyl)phenyl)}2-methylthiophen-3-yl)-2-oxoacetamide (33)

Compound3was prepared fron30(312mg, 0.99mmol) according to general procedure
B. The amid83(250mg, 84%) was obtained as light yellow solid and used without further
purification.m.p.: 202°C;*H-NMR (300 MHz, DMS@): d = 129 (s, 9HtBu), 2.71 (s, 3H,
thiophene(Hs), 7.367.48 (m, 2H, Ph), 7.5.59 (m, 2H, Ph), 7.74 (s, 1H, thiophéje
7.91 (s, 1H, N), 8.26 (s, 1H, N); ®°GNMR (75 MHz, DMS@): d = 15.4 (+), 30.9 (+), 34.3
(q), 124.4 (+), 125.0 (+), 126.0 (+), 128)7133.0 (q), 138.9 (), 150.5 (q), 150.6 (q), 167.0
(q), 185.5 (q); IR (neathax 3395, 2955, 1712, 1651, 1454, 1191, 575MER(ESI): calcd.
for G7HoNOS (M+H) 303.1240; found 303.1240.

2-(5-([1,1-Biphenyl}3-yl)-2-methylthiophen-3-yl)-2-oxoacetamide (34)

Compound34was prepared fron31(250mg, 0.74mmol) according to general procedure

B. The amid84(224mg, 94%) was obtained as light yellow solid and used without further
purification. m.p.: 151°C;*H-NMR (300 MHz, DMS@): d = 2.73 (s, 3H, thiopher@Hs),
7.397.44 (m, 1H, Ph), 7.47.56 (m, 3H, Ph), 7.5B66 (m, 2H, Ph), 7.7.75 (m, 2H, Ph),
7.837.85 (m, 1H, N), 7.93 (bs, 2H, Ph, thiophei®, 8.28 (bs, 1H, M; 3GNMR (75 Miz,
DMSQde): d= 15.4 (+), 123.4 (+), 124.4 (+), 125.5 (+), 126.4 (+), 126.8 (+), 127.7 (+), 128.9
(+), 129.9+), 133.1 (q), 133.2 (q), 138.7 (9), 139.5(q), 141.1 (), 151.1 (q), 166.9 (), 185.6
(9); IR (neathmax 3393, 3302, 3184, 1721, 1652, 159456, 1352, 1196, 747, 689, 608;
HRMS (ESI): calcd. fordhsNO:S (M+H) 322.0896; found 322.0893.

3-(5-(4-(tert-Butyl)phenyl}2-methylthiophen-3-yl)-4-(5-chloro-2-methylthiophen-3-yl)-
1H-pyrrole-2,5-dione (35)

Compound35 was prepared from amid23 (100 mg, 0.49mmol) and este6 (178mg,
0.59mmol) according to general procedure C. Purification by automated flash column
chromatography (PE/EtOAG25% EtOAC) yielde®b (62 mg, 28%) as dark green solig. R

0.47 (PE/EtOA&/1); mp.: 145°C;*H-NMR (300 MHz, DMS@s): d = 1.28 (s, 9H,BuU),

1.88 (s, 3H, thiophen€Hs), 1.99 (s, 3H, thiopher€Hs), 7.02 (s, 1H, thiopherld), 7.28

(s, 1H,thiopheneH), 7.467.49 (m, 4H, Ph), 11.27 (s, 1HH)NSGNMR (75 MHz, DMSO

de): d=14.0 (+), 14.2 (+), 30.9 (8%.2 (q), 124.0 (+), 124.3 (q), 124.7 (+), 125.9 (+), 126.7
(9), 127.8 (q), 127.9 (+), 130.2 (q), 132.7 (q), 134.1 (), 139.3 (q), 139.5 (q), 139.8 (), 150.3
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(9), 171.0 (g), 171.1 (q); IR (neakjax 3055, 2961, 1707, 1459, 1338, 1181, 1018, 987,
825;HRMS (ESI): calcd. fopdheCING,S (M+NHy)* 473.1119; found 473.1116.

3-(5-([1,1-Biphenyl}3-yl)-2-methylthiophen-3-yl)-4-(5-chloro-2-methylthiophen-3-yl)-
1H-pyrrole-2,5-dione (36)

Compound36 was prepared from amid23 (100mg, 0.49mmol) and este27 (160mg,
0.49mmol) according to general procedure C. Purification by automated flash column
chromatography (PE/EtOAc:25% EtOAC) yielde8b (63mg, 27%) as dark red solid: R
0.16 (PE/EtOA&/1); mp.: 137°C; HNMR (300 MHz, DMS@): d= 1.91 (s, 3H,
thiophene (), 2.01 (s, 3H, thiopher@Hs), 7.03 (s, 1H, thiophenrd), 7.377.44 (m, 1H,

Ph), 7.467.56 (m, 5H, thiophenél, Ph), 7.587.63 (m, 1H, Ph), 7.6B.75 (m, 2H, Ph), 7.77
7.79 (m, 1H, Ph), 11.30 (s, 1H)NSGNMR (75 MHz, DMS®): d= 14.1 (+), 14.2 (+),
123.2 (+), 124.1 (+), 124.3 (q), 125.1 (+), 126.1 (+), 126.6 (q)(3P6L27.7 (+), 127.9 (+),
128.0 (q), 128.9 (+), 129.8 (+), 132.8 (q), 133.6 (q), 134.0 (q), 139.4 (q), 139.5 (q), 139.6
(9), 140.2 (q), 141.1 (q), 171.0 (q), 171g); IR (neat)max 2736, 1705, 1338, 1022, 1006,
756, 700; HRMS (ESI): calcd. fopdE2CINOS (M+NH;)™ 493.0806; found 493.0804.

3-(5-([1,1-Biphenyl}3-yl)-2-methylthiophen-3-yl)-4-(5-(4-(tert-butyl)phenyl)-2-
methylthiophen-3-yl)-1H-pyrrole-2,5-dione (37)

Compound37 was prepared from amid83 (260mg, 0.86mmol) and este27 (277mg,
0.86mmol) according to general procedure C. Purification by automated flash column
chromatography (PE/EtOAc:16% EtOACc) yielde87 (155mg, 33%) as purple solig.:

0.13 (PE/EtOA&/1); mp.: 145°C;1H-NMR (300 MHz, DMS®): d= 1.27 (s, 9HBu),

2.02 (s, 6H, thiophen€Hs, thiophene(OH), 7.31 (s, 1H, thiopherd), 7.387.43 (m, 3H,

Ph), 7.447.50 (m, 5H, thiophenél, Ph), 7.567.52 (m, 1H, Ph), 7.5456(m, 1H, Ph), 7.58

7.61 (m,1H, Ph), 7.69.71 (m, 2H, Ph), 7.7678 (m, 1H, Ph), 11.27 (&, NH); B.GNMR

(75 MHz, DMS@g): d = 14.3 (+), 31.0 (+), 34.3 (q), 123.2 (+), 124.1 (+), 124.2 (+), 124.8
(+), 125.4 (+), 126.0 (+), 126.1 (+), 126.8 (+), ¥2J,128.2 (q), 128.3 (), 128.9 (+), 129.9
(+), 130.3 (q), 133.7 (q), 133.9 (), 134.0 (g), 139.4 (g), 139.5 (q), 139.6 (q), 139.8 (q), 140.1
(q), 141.1 (q), 150.3 (q), 171.6 (q), 171.7 (q); IR (mea) 2921, 2851, 1707, 1334, 831,
756; HRMS (ESI):atcd. for GsHsNO:S (M+HY 576.1879; found 576.1875.
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Non-hydrolytic methyl ester deprotection of 12

Table S1Non-hydrolytic methyl ester deprotection df2.

Supporting Informatio

Entry Lil [eq] Solvent T [°C] Isolated yield?
1 3.0 EtOAC RT --
2 3.0 EtOAc reflux --
3 30 EtOAc reflux 26%
4 3.0 acetone reflux --
5 30 acetone reflux 35%
6 30 MeCN reflux --
7 30 DMSO 100°C --
[@l If conversion was too loythe product13bwas not isolated.
Synthesis of compounds 11S, 12S, 13S and 21S
0 N o)

(8% 128) s S

_KOBu. THF —
AllocHN (14% 12) AllocHN_ // \ / \_ OR
o

10

12 R=Me
128 R = Et

Scheme SIPerkin condensation df0 and 11Syielding dithienylmaleimidd2and12S

NaOH
MeOH/H,O/THF

12R =Me
12S R = Et

138

Scheme SZHydrolytic ester cleavage yielding maleic anhyddgs

O

o,

'\ o.~r _ACLCHCL _ I\ o
S S (71%) S

208 218

Scheme S3Synthesis of ethyl esteérlS

TTN, HCIO,,

MeOH O J

(82%) S
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Ethyl 4(2-methoxy-2-oxoethyl)}-5-methylthiophene-2-carboxylate (11S)

Thallium trinitrate (2.2@, 4.94mmol) and 70% HCIQ2 mL) were added to a suspension

of 21S(875mg, 4.12mmol) in MeOH (10nL) at RT. After sting for 24h the mixture was
concentrated under reduced pressure and diluted with waterrfil). The aqueous phase

was extracted with CHE{3x 15mL) and the combined organic layers were dried over
MgSQ. The solvent was evaporated and purificatiortte# crude product by automated

flash column chromatography (PE/EtOAd53%6 EtOAC) yielded compoutadS(816mg,

82%) as yellowish oil.;:R0.23 (PE/EtOA&/1); 'TH-NMR (400MHz, CDG): d= 1.35 (t,

J=7.11 1T = o | XH)h 4L (s, 3H, thiopher@k) = o0 ®p n HAGOY 3.70I(SE  / b/
ol = / BehHI(gI=7.11 T I HHEH)HH60 (s, 1H, thiopherl); 3GNMR
(101MHz, CD@:dI' Mo ®dy O0b0X mMndn O0bOUI oody OSLOZ pi
135.4 (+), 143.8 (q), 162.2 (q), 171e); IR (neathmax 3081, 2987, 2922, 1730, 1705,

1460, 1254, 1201, 1172, 1061; NS (ESI): calcd. fornEi4NaQS (M+Na)265.0505;

found 265.0502.

Methyl/Ethyl 4-(4-(5-((((allyloxy)carbonyl)amino)methytp-methyl-thiophen-3-yl)-2,5
dioxo-2,5-dihydro-1H-pyrrol-3-yl)-5-methylthiophene-2-carboxylate (12/12S)

KGBu (1M in THF, 1.3#L, 1.34nmol) was added to a solution df0 (316mg,
1.12mmol) in anhydrous THF (BL) at 0°C under nitrogen atmosphere. After stirring for
90 min at 0°C, diestef1S(326mg, 1.34mmol) was added and stirred for tbat RT. Then
the reaction was heated to 6C for 1h, quenched with M HCI solution (4nL) and
diluted with EtOAc (1L). The organic phase was washed with watet§3nL), brine
(5mL) and dried over MgSOThe solvent was removed under reduced pressure and
purification of the crude product by automated reversed phase flash column
chromatography (BO/EtOH: 2045% EtOH) yieldeti2S(40mg, 8%) as orange foarh?
(74mg, 14%) as yellow foam and a mixed fractd both (65mg).Analytical data ofl2S

R: 0.25 (PE/EtOA&/1); 'H-NMR (400MHz, CD@:d=1.36 (tJ=7.11 1 = o I:H)h b/ |
1.91 (s, 3H, thiophenéHs), 1.97 (s, 3H, thiopher@Hs), 4.33 (q,J=7.1Hz, 2H,

h bHbLCH), 4.45 (dJ=5.9Hz, 2H/ bH:LNH), 4.60 (d)=4.81 T = HHECH)hS:14
5.26 (M, 2H, Bl / | tp &ntl CEHLNHLCO), 5.31 (dd]=17.2, 1.1Hz, 1H, & / | )/ |
5.92 (ddt,J=16.3, 10.8, 5.61z, 1H, C#0HLCHY), 6.90 (s, 1H, thiopherd), 7.75 (s, 1H,
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thiopheneH), 7.97 (bs, 1H, h tHbCO):*GNMR (10IMHz, CDG): d= 14.3 (+), 15.0 (+),

Mp®o O0bUXZ odpdPPph 6LVLXZ cmMPdPn ObLLXI cpPP OLUVI MMT
132.7 (+), 132.8 (q), 134.7 (+), 139.4 (q), 142.1 (q), 148.4 (q), 156.0 (q), 161.7 (q), 170.0
(9),170.1 (q); IR (neathnax 3288, 3071, 2980, 1710, 1541, 1458, 1252, 995, 916, 760; HR

MS (ESI): calcd. foppsN.0sS (M+H)Y 475.0993; found 475.0992; UV/Vis @M in

MeOH): open isomet:max=250nm; closed isomet: max=232nm, 378nm, 554nm.

4-(4-(5-((((Allyloxy)carbonyl)amino)methykp-methylthiophen-3-yl)-2,5-dioxo-2,5
dihydrofuran-3-yl)-5-methylthiophene-2-carboxylic acid (13S)

A mixture ofl2and12S(62mg) in 10mL of HO/MeOH/THF (2:5:3, v/v/v) was stirred for

20h with NaOH (781g, 1.% mmol) at RT. After addition of water (18L) the reaction
mixture was washed with EtOAcX20mL) and then acidified with conc. HCI to pH'he
aqueous phase was extracted with EtOA& {® mL) and the combined organic phases
were dried over MgS£Evaporation of the solvent and purification of the crude product

by automated reversed phase flash column chromatograpbh@{MeCN: 2665% MeCN)
yielded 13S (29mg)* as green solid. fR0.02 (PE/EtOA&/1); mp: 84°C; 'H-NMR
(400MHz, DMS@&s): d = 1.90 (s3H, thiophenelHs), 1.96 (s, 3H, thiopheréHs), 4.28 (d,
J=6.1Hz, 2H, thiophen€H,NH), 4.49 (d)J=5.3Hz, 2H, C#CHELO), 5.17 (ddJ=10.5,

1.4Hz, 1H, 8,=CHC}), 5.27 (ddJ=17.2, 1.5Hz, 1H, B,=CHC}J, 5.90 (ddt,JJ=17.2,

10.6, 5.3Hz,1H, CH=CHCH), 6.86 (s, 1H, thiophenrld), 7.65 (s, 1H, thiophenr), 7.92 (t,
J=6.0Hz, 1H, CHNHCO), 13.30 (bs, 1H, CBORGNMR (10IMHz, DMS@l): d = 14.1
obvXZ Mnod®p O6bbUVLX oydPy O0LUVXZ cndn O6bLUVXEZ 3BmMc PP O b
(+), 133.9 (q), 134.1 (+), 135.6 (q), 140.8 (q), 141.4 (q), 148.6 (q), 155.9 (), 162.2 (q), 164.9
(q), 164.9 (q); IR (neathax 3327, 3164, 3020, 2925, 1764, 1702, 1541, 1458, 1254, 931,
750; HRMS (ESI): calcd. fordhsNO'S (M+H)Y 448.0519; foud 448.0516; UV/Vis

(50puM in MeOH): open isomelmax=246nm; closed isomel: max=384nm, 568nm.

Ethyl 4acetyt5-methylthiophene-2-carboxylate (21S)
A solution of acetyl chloride (128., 1.80mmol) in anhydrous CHGPR mL) was added to
AIC} (480mg, 3.60mmol) at RT under nitrogen atmosphere. After stirring fomii@ a

AYield could not be determined because the ratid@fo 12Sin the mixture was not calculated.
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solution of 20S (204mg, 1.20mmol) in anhydrous CHC{2 mL) was dropped to the
suspension. The mixture was heated to°&for %, then the reaction was quenched with
ice/water and the aqueous phase was extracted with GHZx30mL). The combined
organic phases were washed with saturated aqueous solution of NafBD@L) and
brine (50mL). The organic phase was dried over Mg&@ the solvent was evaporated.
The crude producwas purified by automated flash column chromatography (PE/EtOAC:
8-30% EtOAc) and®1S (180mg, 71%) was obtained as colorless solig. R15
(PE/EtOA®/1); mp: 103°C; HNMR (400MHz, CD@): d= 1.37 (t,J=7.1Hz, 3H,

h b /:HOHs), 2.52 (s, 3HhiopheneGHg), 2.75 (s, 3H, acetdHs), 4.34 (qJ=7.1Hz, 2H,

h 5 HbLCH), 8.02 (s, 1H, thiopherld); 3 GNMR (10IMHz, CDG): d= 14.3 (+), 16.8 (+),
HpdPc ObLX cmMdn ObLUVLX MHGPDPA OljLX MondT ObBOLZ
Nmax 3008, 2985, 2944, 1713, 1670, 1540, 1452, 1250, 1236, 1082, 1021, ™B (HSI):
calcd. for @H130sS (M+H)213.0580; found 213.0581
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'H- and 13 GNMR spectra
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'H-NMR (300MHz, DMS@is) for compoundb:
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32

'HNMR (400MHz, DMS@is) for compound?:
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'HNMR (400MHz, DMS@is) for compounds:
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'H-NMR(300MHz, CDG) for compound®:
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'H-NMR (400MIHz, CDG) for compoundLO:
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