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1. Introduction

Thiolactones are an interesting class of heteresyttiat gained much attention within the last fews/@aseveral
research field$? Especially homocysteine thiolactofei.e. 2-aminodihydrothiophen-2¢3-one, which is available
on large scale and originating from a renewable gguplays an important role in polymer chemigthOriginally
used in biochemistry and medicine, its derivatifred application in bioconjugation or as drugs feratment of liver
diseased™ Recent progress in polymer science demonstratesvénsatility of these compounds in polymeric
materials, such as hydroge€land functionalized hybrid materidfs.

Moreover, this class of cyclic thiol derivativesndae used for creating functional polyurethah@be use of thiol-
ene chemistry as alternative synthetic step-groethrtique for polymers has several advantages @remon free
radical bulk polymerizations, such as high conwersand lack of inhibition by oxygef.Also, it shows much
potential over the commonly used isocyanate styategthe widely applied class of polyurethanes, sashlate
gelation time, low shrinkage, functional group talete and the use of less harmful compodfh@m the other hand,
thiol compounds have certain disadvantages, suaxygen sensitivity and, thus, limited shelf lifadacommercial
availability. All those restrictions can be overcobein-situ generation of the thiol functionalitip this context, the
use of monomers with a protected thiol, masked yrbatyrothiolactone structure, offers a sustainatid improved
method for the synthesis of multifunctional polysevith the advantages @f situ activation and polymerization by
one-pot, rapid and orthogonal amine-thiol-ene cgaiion (Scheme )} Indeed, the use of functional amines to open
the thiolactone ring allows for the introductionaafditional features into the polymer chaifi¥’ and offers a platform
for (multi-)functional materials, such as hydrodend polymers with defined architecturés’
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Scheme 1Scheme for two-step amine-thiol-ene polyadditiothaflactones.

A new field of application for the conjugated amihét-ene polyaddition covers the area of functior@atings’
Products from sustainable sources and high sotidsirgs are, besides the “smart” functionality,igesfeatures. In
this context, a monomer platform with a wide rangglofsical and chemical properties is needed. Heeesyntheses
and qualitative considerations of the properties dérge set of thiolactone derived structuresivddrfrom 1 or 2
(thioparaconic acid) and summarized in Scheme 2 pwitliscussed.
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Scheme 20verview of the chemical syntheses of thiolactorvdd structures.

The potential polymers derived from such thiolaet@mompounds are either polyurethanes, if derivech #-10,
polyamides, if derived frori2-20 and23, or polyesters (fror21, 22). While both polyurethanes and polyamides show
an excellent resistance to abrasion, polyamidegdllp provide better heat and chemical resistaincaddition to
better crack resistance. Polyesters, on the othad,hwould show a rather hydrophobic behavior. Thgsigzal
properties of the resulting polymers are influenbgdhe amine used for the thiolactone aminolysig,also largely
depend on the ‘R’-segment of the thiolactone boddblocks. For example, spacer segments with loargdahctional
groups, e.g. i3, 9, 15, 16, 21 and22, decrease interaction and glass transition teryreravhile aromatic segments,
present inl2 and 14, enhance rigidity and impact resistance. Additioralctive functional groups, such as a triple
bond in7 or additional double bonds &8, allows for the formation of hyperbranched struesuand cross-linking, or
post-modification in case of coatings.

2. Results and discussion
2.1. Precursors and general procedures

Generalized procedure for acid chloride coupling with D,L-homocysteine thiolactone
(hydrochloride)

The reaction of acids with amines is an establishgdhetic method, offering multiple effective patlysaThe
reaction of homocysteine thiolactohewith acid derivatives has previously been repoaeadvell>***° The synthetic
pathway, using a two-phase system of water and 1y&de and five equivalents of sodium bicarbonate for
deprotection of the hydrochloride salt, subseqyemrghcted with activated carbonyl compounds at lemperatures
over a long time, seems effective and — sometimbigyk- yielding, but also bears some limitations. Doghe low
concentration of the starting compounds, large artsoaf solvents need to be used to obtain largeuatsq> 30g) of
the desired products. The extraction using largeuants of organic solvents lowers the life cycle assent of the
procedure. By comparing different organic solvenés.acetone, tetrahydrofuran, hexane and ettetbée, and taking
into account their boiling point, miscibility with wex, toxicity and hazardousness, ethyl acetateetlout to be the
solvent of choice. By lowering the ratios of theataats and screening of the reaction conditionggreeralized and
upscalable procedure was obtained (General procéduegperimental Section), resulting in products @fhhpurity
and in high yields of up to 99% (molecue0, see Scheme 2).
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Synthesis of thiolactone isocyanate

Old reports describe the synthesis of thiolactspeyianaté in a way that is suitable for lab scéleStarting from
homocysteine thiolactone, the isocyanate is forméthin hours under the influence of gaseous phosgene
Experiments to use organic carbonates as a pdtphtiagene replacement for carbamate synthesésifdif° Reasons
for this are the conditions needed for the reaatioamines with the carbonates, the less reactivaeon a secondary
position of é[;‘le thiolactone moiety as well as thedency for ring condensation, forming a stable wiggperazine25
(Scheme 3j.

o)
0 S
P N NH, e e NH H
23 NH, H HN
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1 24 HS 25
Scheme 3Self-condensation of homocysteine thiolactoneylties) in a diketopiperazin.

Taking these facts into account, thiolactone isnay@was prepared starting from a recent protopalrted by our
group?® using triphosgene in solution at low temperatubeEspite an aqueous workup, the average yield isgasds
85%, resulting in approximately 65g of product witle experimental conditions used. A phosgene-frathsgis of
isocyanates that involves the elimination of an alcohol wasmipted, starting from existing thiolactone carba®at
making use of a catalys! at elevated temperatures (Scheme 4). For thislysys, different carbamates were used
(vide infra, 4-6). Even though traces of the corresponding alcoloolsid be identified, none of the performed
experiments gave the desired result. A proceduiegsLewis acid and a bade was tested fo4 and only resulted
in low yields, also making meticulous working undey ¢hert gas atmosphere inevitable. The isolatibithe pure
product was not possible due to limited purificatinathods, considering the reactive nature of comp8u

e}

0
Ca0
ﬁ,n orR #, s 4: R = Methyl
in bulk Nco *tROH|I 5 Ethyl
170° 6 Alyl
46 O 130-170°C 3 Traces y

Scheme 4 Adapted synthesis of thiolactone isocyanate frocaramaté’ Only traces of the products could be
identified.

Synthesis of thioparaconic acid

Unlike the compounds mentioned above, thiolactomgiamot derived from homocysteine thiolactdndout from the
renewable compound itaconic acb), which can be transformed into thioparaconic &id an effective three step
synthesis (Scheme 8)?° The first step of the synthesis was slightly medifiusing lower amounts of thioacetic acid
and catalytic amounts of triethylamine, resultindgdentical yields after only one hour reactiondirfror esterification
reactions, the crude acid could be used, while stallization from chloroform prior to use was neegggor more
complex procedures.

1) AcSH (1.2 equiv.)

cat. NEt; O
(0] 2) HClI (conc.) s
3) TFA
oA o .
0 in bulk, reflux
1) 1h; 2) 6h; 3) 2h o’ OH
26 )

Scheme 5Synthesis of thioparaconic acdrom itaconic aci®6.

2.2. Carbamates

Different ways for the preparation of homocysteinieltittone carbamates are possible (Scherdel®). The two
different approaches used in this article are lyiglflective, but also suffer from several disadeges. Both protocols
are discussed in the following paragraphs. All sysitedl carbamates show good solubility in common racga
solvents and excellent thermostability.

Carbamates from chloroformates



The synthesis, starting from homocysteine thiolaetbydrochloride and chloroformates, is more coierdrthan
the synthetic pathway via the thiolactone isocyanpteviding carbamates in high yields in a one-gtepcedure
(Scheme 6). During our research, compoufisvere synthesized accordingly. The products werdipdrby simple
filtration over silica gel. However, this processrestricted to the commercial availability of thelaoformate
compounds, which is rather limited. Additionally, tlogicity of chloroformates is evident, even thoubhy are easier
to handle than phosgene. During the optimizatioffierdint amounts of chloroformates were used. In @dblonly the
number of equivalents resulting in the highestdgedre displayed.

o 1) NaHCOj3 (2.2 equiv.) o
@ 2) (Alkyl) chloroformate H OR 4: R = Methyl
s NH; s N—( 5 Ethyl
o EtOAc / water (1: 1) 0 6 Allyl
1 cl 2-4°C-rt; 2h 46

Scheme 6Synthesis of thiolactone carbamates from commilechiaroformates.

Table 1.Overview of thiolactone carbamates from commercidrciormates.

Product  Alkyl chloroformate (equiv.) Yield (%)
4 Methyl chloroformate (1.25 equiv.) 93
5 Ethyl chloroformate (1.15 equiv.) 99
6 Allyl chloroformate (1.10 equiv.) 97

Carbamates from D,L-homocysteine thiolactone isocyanate

Numerous procedures describe the urethane formftbamisocyanates and alcohdfsThe reactions were carried
out in dry ethyl acetate, with dibutyltin dilaura®BTL) catalysis (general procedure B, in Experinaér8ection;
Scheme 7). The yields were excellent to quantitafivable 2), resulting in easy product purificatisych as
recrystallization or extraction. Nevertheless, thecpdent synthesis of the thiolactone isocyanagelsi¢o be taken
into account, including triphosgene, pyridine aadetul compliance of the synthetic procedfire.

o) RCH 0
[cat. DBTL]
O™ e~ L
EtOAc, 70°C 0
3 6-10

Scheme 7 Synthesis of thiolactone carbamates from thiolaetisocyanate and alcohols.

Table 2 Overview of different thiolactone carbamates, sgsired using general procedure B.

Product Alcohol Yield (%)
6 Allyl alcohol (1.1 equiv.) 96
7 Propargyl alcohol (1.1 equiv.) Quant.
8 2-Allyloxyethanol (1.0 equiv.) 98
9 Undec-10-ene-1-ol (1.0 equiv.) 87
10 Triethylene glycol Quant.

Substituted urea from D,L-homocysteine thiolactone isocyanate

To introduce another functional group to the monomertfolio, a urea was synthesized based on thimec
isocyanate8 (Scheme 8). Possible side reactions like aminolyaigd be suppressed by performing the reactidovat
temperatures and use of the less reactive allylaiiline resulting product1 was obtained in good yields (85%) and
shows moderate solubility in most solvents.
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Scheme 8Synthesis of N-Allyl-N’-¢-butyrothiolacton-2-yl) urea.

2.3. Amides

Monothiolactone amides

The synthesis of thiolactone amides proved mosicéffe when starting from homocysteine thiolactarend acid
chlorides (Scheme 9C). If monomers derived frontid& the reaction of the corresponding anhydnigi#is alcohols
(Scheme 9A) to a monoacid monoester and subseqaestdrmation into the acid chlorides (Scheme 9B3 feaind
to be the best pathway. It should be mentioned-tiratcase of ester containing aliphatic acids olring appears
during the chlorination, which could not be comgletemoved with the purification methods used. Teaction of
the anhydride with homocysteine thiolactone and egibent acid chlorination is also possible, butltdsses during
the reaction are significant. A summary of the ai@dimono-thiolactone amides is displayed in Table 3

The monomer properties vary according to the sigrtiompounds, ranging from liquid compounds, (16) to
barely soluble solidsl@, 14). When using phthalic anhydride and allyl alcolibg degradation of the allyl ester was
observed during the chlorination step. In a sidetion, thiolactone phthalimidd4) was formed, which was isolated
during purification.

05920 ROH 0 14:R = CeH,
A) 7 — = = OR  15:  CyHg
L R Ho~ R
PhMe, cal. H,SO, - 16 CH,
reflux, 2-4h o] 18: CoH,
R= o~
i SOCI, (1.1 - 1.3 equiv.) j\
B) -
R™ "OH PhMe, DMF (cat.) R™ “Cl
reflux, 1.5 - 2h
o 1) NaHCO; (2.25 equiv.) o

2) Acid chloride

c) N N R
3 )
Sb/ O EtOAc/water (1: 1) jg
Cl 2-4°C - 1t; 2h

1 ' 12, 14-18

Scheme 9 A) Alcoholysis of a cyclic anhydride to obtain a meacid monoester. B) Acid chlorination using
thionyl chloride. C) Amidation reaction starting finchiolactonel.

Table 3. Overview of amides derived from homocysteine thitae 1 and acid chlorides, derived from the
corresponding acids or cyclic anhydrides.

Product Acid / anhydride Alcohol Yield (%) State and solubility in
common organic solvents
12 N-Alloc anthranilic - 74 Solid, barely soluble
acid
) Phthalic anhydride*  Allyl alcohol - -
14 2-Allyloxyethanol 17 Solid, barely soluble
15 Glutaric anhydride 2-Allyloxyethanol 40 Red oilole
16 Succinic anhydride 2-Allyloxyethanol 40 Brown agluble
17 Crotonic acid - 62 Solid, soluble
18 Maleic anhydride 2-Allyloxyethanol 70 Solid, barely soluble

*Byproduct homocysteine thiolactone phthalimid&



Bisthiolactones

The bisthiolactones19 & 20) synthesized in this study were derived from theresponding difunctional acid
chlorides. The products were obtained in yields miuad 40% (see Table 4); the premature precipitatb the
product effectively seems to inhibit the completafrthe reaction. In case of phthaloyl chlorides groduct could not
be isolated in a pure state; its existence couly loa verified by LC-MS (see supporting informatjoithe products
show - as a result of their symmetry - low solubilityall kinds of organic solvents, hence a puriima was not
possible.

Table 4.Overview of bisthiolactones from acid chlorides.

Product Acid chloride Yield (%)
- Phthaloyl chloride -
19 Glutaryl chloride 43
20 Adipoyl chloride 45

2.4. Thioparaconic acid esters and amides

A difference in reactivity between 3-substitutedhiolactones and 2\)substituted derivatives has been observed
in literature. Keul et al. demonstrated, using synametrical bisthiolactone, that the susceptibitity2- substituted-
thiolactone rings towards amines is roughly 2.5 sinmégher than starting from the corresponding 3sstuied
heterocyclé® This was not further investigated by them, but asflle answer can be found in a publication from
Reyniers et al® As a result of interactions with substituents in Zhposition, a stable intermediate is hypothesized.
The lack of stabilization during the ring-openir@uld explain the lower reactivity of thioparacon@daderivatives.

Thioparaconic acid esters

As known in literature, esterifications of thioparaiacid” can be performed under acid catalysis (Schem®, 10)
using a Dean Stark apparaffighis procedure allows ester synthesis in only daep with a relatively low risk of side
reactions, in contrast to making intermediate atildrides. The ease of workup, the simple react&ops use of less
reactants and fewer purification steps, prior to ékterification, were considered more important ttrenresulting
yield of around 65% (see Table 5).

(0] 0}
S [HZSOA] S
OH PhM%,hreﬂux OR
(0] 0
2 21,22

Scheme 10Synthesis of thioparaconic acid est2t 22.

Table 5. Overview of yields of the thioparaconic acid estétained.

Product Alcohol Yield (%)
21 Allyl alcohol (3.0 equiv.) 63
22 2-Allyloxyethanol (2.0 equiv.) 64

) Propargyl alcohol (1.7 equiv.) -

The products were obtained in moderate yields, eximeppropargyl alcohol. A possible explanation fie tow
reactivity due to the electron withdrawing effecttbé alkyne bond, a too strong dilution in the reacimixture or
formation of azeotropes with the toluene. All estes liquid with low viscosity, offering the opporttyio perform
aminolysis and thiol-ene reactions in bulk, whiclidisal for planned use in coating formulations.

Thioparaconic acid allylamide

To overcome the stability limitations earlier memi&d, thioparaconic acid allylamid23 was synthesized,
following a known procedur€, without purification of the intermedia@7. The resulting allylamide was obtained in
low yield as a white solid, which also showed limigadubility in most solvents.

7
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Scheme 11Synthesis of thioparaconic allylamide, followingrmcedure via the thioparaconic acid chloffe.

3. Conclusions and outlook

A library of monomers with different chemical struets and functionalities was synthesized, applyiigbke
chemical methods. Thiolactone carbamates from cawiaidalkyl) chloroformates4(— 6) have been made in high
yields, involving straightforward purification. Alghiolactone carbamates, originating from thiolaetasocyanate
(3) and alcoholsg — 10, have been prepared in high yields and is mdst&fe under DBTL catalysis. Thiolactone
ureall could be obtained in good yields from thiolactdsecyanate ) and allylamine at low temperatures.
Thiolactone amidesl@, 14 — 18 are most conveniently synthesized fr@mand acid chlorides. Depending on the
synthesis of the precursors, the products are @dland a purification is inevitable. Bisthiolactcamaides 19, 20
were obtained in low yields; the solids show low sditybin most organic solvents. Thioparaconic acitiees 21,
22) are synthesized from the corresponding acid doohels under acid catalysis with yields dependingtioe
reactivity of the alcohol. Finally, thioparaconiciéi amide23 was obtained as a solid in low yields. The synthetic
processes used for the monomers were optimized ablerscale-up and safe processing of diverse regarti
compounds, typically with amounts higher than 50rgra

4. Experimental
4.1. Materials and instruments

D,L-Homocysteine thiolactone hydrochloride and atlyloroformate were commissioned from Haihang InduSwy,
Ltd. 2-Allyloxyethanol and DBTL were ordered from T@lll other compounds were purchased from Sigma Aldrich

Ethyl acetate and pyridine were dried over calciwdridle prior to use, alcohols were dried over madlecsieves.
Toluene was dried using sodium.

Compounds were weighed using a Kern EG620-3NM balance.

'H-NMR ex?eriments were performed with a Bruker Avancerédhield) 300 (300MHz) or a Bruker Avance 400
(400MHz),*C-NMR spectra were recorded using a Bruker DRX500 {@Bi@) spectrometer.

LC-MS and HRMS analyses were performed on an Agilathmologies 1100 series LC/MSD system with a diode
array detector (DAD) and single quad MS. The exacisn@ the target molecules was calculated usingeanicial
structure analysis program (ChemBioDraw Ultra 14.0).

4.2. General procedures

General procedure A - Reaction of acid chlorides or cyclic anhydrides witimocysteine thiolactone: If not
mentioned otherwise, homocysteine thiolactone hydooide (1.0 equiv.) is dissolved in a 1:1 mixtwfevater and
ethyl acetate (concentration 1.5 mol/l) and codedn with an ice bath for at least 15 minutes. Sodiicarbonate
(2.1 or 2.25 equiv., adapted to the product forniedpded in a few portions. An addition funnel isumted, equipped
with the acid chloride / anhydride (1.1 equiv.) nixeith half of its volume of ethyl acetate or anathppropriate
solvent. The resulting solution is added to thetiea mixture within 15 minutes. Solid acid chlorgdeanhydrides are
either dissolved in ethyl acetate or directly addedion wise. After the addition is completed, tbe bath is removed
and the mixture is stirred for several hours, ttegpess of the reaction is monitored with TLC. Teacation mixture is
acidified to pH < 5.5 using 6N hydrochloric acid. i8glroducts are filtered off with a glass filter aralsed with
demineralized water. Liquid phases are separatedydbeous phase is extracted with ethyl acetatertfamic phases
are combined and dried with anhydrous magnesiumatsulThe crude solution is filtered twice over silgel and
solvent is evaporated under reduced pressure.vi~alfpactions are mentioned in the specific proceslur



General procedure B- Reaction of homocysteine thiolactone isocyandth alcohols: A Schlenk flask, equipped
with a stir bar and septum is dried with a heat guthen vacuum and flushed with argon. Dry ethyl acethtelactone
isocyanate, alcohol and catalytic amounts of dilintglilaurate (DBTL; usually 2 — 3 drops with a glgsipette per
50mL solution) are subsequently added to the flakk. reaction mixture is stirred for four hour$£&t°C. The solvent
and excessive alcohol, if possible, is removed gusinrotary evaporator. Follow-up actions are memtibin the
specific procedures.

4.3. Thioparaconic acid (2) was synthesized according to literatdtevith a slightly modified procedure: itaconic
acid was treated with 1.2 equiv. thioacetic acid ardtops of triethylamine. The acidic treatments waeeformed
using concentrated (12N) hydrochloric acid and 5086 trifluoroacetic acid, resulting in brown crystarield: 90
%. Recrystallization was performed according taditere using chloroforrf.

4.4. Homocysteine thiolactone isocyanate(3) was synthesized according to literattfreAnalytical data is
accordingly.

4.5. Methyl (homocysteine thiolactone) carbamaté4) was synthesized according to general procedureiAgus1.2
g (0.4 mol, 1.0 equiv.) homocysteine thiolactondrbghloride, 38.6 mL (0.5 mol, 1.25 equiv.) methiloroformate
and 75.6 g (0.9 mol, 2.25 equiv.) sodium bicarben@he organic solvent was directly removed aftédification,
and the product was filtered off as white, crystallgolid. The solid was washed with water and the agupbases
were combined and extracted with 100 mL ethyl acefte organic phase was separated, dried and thensalas
removed under reduced pressure. The total amowprbdiict was 65.17 g (93 %)H-NMR (300 MHz, CDCI3): 8
(ppm) = 5.13 (s, 1H, NH), 4.26 (m, 1H, NCH), 3.64 (s, 8Ht};), 3.33-3.12 (m, 2H, C}$), 2.80 (m, 1H, CHC}),
1.93 (m, 1H, CHCH); ™C-NMR (500 MHz, CDCJ): & (ppm) = 205.4 (C), 156.9 (C), 60.0 (CH), 51.8 (L+81.3
(CH,), 27.1 (CH); M (calc.): 175.03031; M (found): 176.0374= 2.8 ppm

4.6. Ethyl (homocysteine thiolactone) carbamatdb) was synthesized according to general proceduresifg61.2
g (0.4 mol, 1.0 equiv.) homocysteine thiolactonadroghloride, 22 mL (0.23 mol, 25 g, 1.15 equiv.hyt
chloroformate and 37.8 g (0.45 mol, 2.25 equivdism bicarbonate. The layers were separated, thecaguphase
was extracted with 50 mL ethyl acetate and the coetbiorganic layers were dried over magnesium suHdate
subsequently filtered over silica gel. After remowélthe solvent, a viscous oil (37.3 g, 98.6 %) whtained which
crystallized over time'H-NMR (300 MHz, CDCJ)): 6 (ppm) = 5.10 (s, 1H, CNH), 4.26 (dt, 1H, CHN, 12.9, 82,
4.07 (g, 2H, OCKCHjs, 7.1 Hz), 3.27 (ddd, 1H, SGH12.1, 11.4, 5.1 Hz), 3.17 (ddd, 1H, 11.3, 7.1,Hz}, 2.80 (dt,
1H, SCHCH,, 11.7, 5.7 Hz), 2.04 — 1.83 (m, 1H, S@HH,), 1.19 (t, 3H, OCKCHs, 7.1 Hz);"*C-NMR (500 MHz,
CDCly): 6 (ppm) = 205.3 (C), 156.5 (C), 61.3 (9H60.5 (CH), 31.4 (Ch), 27.1 (CH), 14.5 (CH); M (calc.):
189.04596; M+H (found): 190.053A;= 0.7 ppm

4.7. N-Allyl (homocysteine thiolactone) carbamatg(6) was synthesized according to general procedurehA.use
of 0.5 mol (76.83 g, 1.0 equiv.) homocysteine thivbne hydrochloride, 1.1 mol (92.5 g, 2.1 equanil 0.475 mol
(57.25 g, 50 mL, 0.95 equiv.) resulted in 92.37 wgep white, crystalline product (96.7 %). Followiggneral
procedure B, 5.7 g (0.04 mol, 1.0 equiv.) homodgstehiolactone isocyanate, 2.32 g (2.7 mL, 0.04, rh® equiv.)
allyl alcohol, 5 mL dry ethyl acetate and one do§fDBTL were reacted for two hours at 70 °C. The sntwas
evaporatsed, giving 8.0 g (99.8 %) liquid product,ickhhardened over time. Analytical data are accwydio
literature:

4.8. N-Propargyl (homocysteine thiolactone) carbamatg7) was synthesized according to general procedure B,
using 13.3 g (0.095 mol, 1.0 equiv.) homocystehislactone isocyanate, 6 g propargyl alcohol (Odl,ré mL, 1.1
equiv.) in 25 mL ethyl acetate. Analytical datadsarding to literaturd’ Quantitative yield of a light brown oil. Note:
The product slowly darkened over an extended pesiotime, even under exclusion of light, but no apes in
chemical composition could be detected by NMR.

4.9. 2-Allyloxyethyl (homocysteine thiolactone) carbamatg8) was synthesized according to general procedure B,
using 15 g (0.104 mol, 1.0 equiv.) homocysteinel#ttone isocyanate, 11.2 mL (0.11 mol, 1.05 ejuds.
allyloxyethanol and catalytic DBTL. The mixture wakloaed to cool down after the reaction and solvent was
removed. Afterwards, oily residue was properly stimgth hexane and the top layer was decanted. Thdualsoil
was dried under vacuum to give 24 g (98 %) of agolgellow, viscous liquidtH-NMR (300 MHz, CDCJ): & (ppm)

= 5.84 (ddt, 1H, CHCH 17.3, 10.4, 5.7 Hz), 5.34 (d, 1H, NH&®.6 Hz), 5.22 (dg, 1H, CHGH17.3, 1.6 Hz), 4.32
—4.20 (m, 1H, CHNH), 4.21 — 4.14 (m, 2H, &IB,), 3.95 (dt, 2H, CHCHCH,, 5.7, 1.4 Hz), 3.62 — 3.52 (m, 2H,
CO,CH,CH,), 3.33 — 3.12 (m, 2H, SG}H .82 — 2.71 (m, 1H, SCIBH,), 2.04 — 1.87 (m, 1H, SGBH,); *C-NMR
(500 MHz, CDC}): 6 (ppm) = 205.1 (C), 156.2 (C), 134.4 (CH), 17.4 (5,H2.0 (CH), 68.1 (CH), 64.5 (CH), 60.6
(CH), 31.3 (CH), 27.1 (CH); M (calc.): 245.07218; M+H (found): 246.098= 5.2 ppm

4.10. Undec-10-en-yl (homocysteine thiolactone) carbamat(®) was synthesized according to general procedure B,
using 5.7 g (0.04 mol, 1.0 equiv.) homocysteinel#tdtone isocyanate, 8 mL (0.04 mol, 1.0 equivdaal10-ene-1-ol
and catalytic DBTL. After the reaction, the mixturesaalowed to cool down and added to cold hexane (B0

The precipitate was filtered off and dried underuan to give 10.9 g (87 %) of a greyish, amorphalisis'H-NMR

(300 MHz, CDC}): 6 (ppm) = 5.74 (ddt, 1H, Cj€H, 16.9, 10.1, 6.7 Hz), 5.03 (bs, 1H, NH), 4.90 (m, H,CH),
4.25 (dt, 1H, CHN, 12.9, 6.4 Hz), 4.00 (t, 2H, L&, 6.7 Hz), 3.35 — 3.11 (m, 2H, SGH 2.82 (dt, 1H,
NCHCH,12.3, 5.7 Hz), 2.04 — 1.81 (m, 2H alkyl), 1.60 — 1(#8 3H, alkyl), 1.36 — 1.15 (m, 12H, alkyfjiC-NMR
(500 MHz, CDC}): 6 (ppm) = 205.1 (C), 156.6 (C), 139.1 (CH), 114.1 ¢CH5.5 (CH), 60.0 (CH), 33.7 (Ch),
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31.6 (CH), 29.4 (CH), 29.3 (CH), 29.2 (CH), 29.0 (CH), 28.9 (CH), 27.1 (CH), 25.8 (CH); M (calc.):
313.17116; M+H (found): 314.1788;= 1.5 ppm

4.11. Triethyleneglycol bis (homocysteine thiolactone) chamate (10) was synthesized according to general
procedure B, using 7.3 g (0.051 mol, 1.0 equivinboysteine thiolactone isocyanate, 3.75 g (0.025 81@5 mL,
0.50 equiv.) and catalytic DBTL. The reaction migtuwas washed with 2N hydrochloric acid and dried. rAfte
removal of the organic solvent, the product wasiobthas highly viscous oil which crystallized ovené. Yield:
10.9 g (100 %)*H-NMR (300 MHz, ¢-DMSO): 6 (ppm) = 7.64 (d, 2H, NHC£8.7 Hz), 4.35 (ddd, 2H, CHN, 12.8,
8.8, 7.0 Hz), 4.13 — 4.05 (m, 4H, CO2g}H3.63 — 3.55 (m, 4H, COH,CH,), 3.54 (s, 4H, O¢H,0), 3.46 — 3.32 (m,
2H, SCH), 3.31 — 3.18 (m, 2H, SGH 2.49 — 2.34 (m, 2H, SGBH,), 2.20 — 2.00 (m, 2H, SGBH,); “*C-NMR
(500 MHz, ¢-DMSO): 6 (ppm) = 205.2 (C), 156.4 (C), 70.6 (9H69.4 (CH), 64.6 (CH), 60.6 (CH), 31.3 (Ch),
27.1 (CH); M (calc.): 436.09741; M+NH(found): 454.1315A = 0.6 ppm

4.12. N-Allyl-N’-( y-butyrothiolacton-2-yl) urea (11) was synthesized according to general procedureiBg 5.3 g
(0.037 mol, 4 mL, 1.0 equiv.) homocysteine thiota&t isocyanate, and 2.7 mL (0.036 mol, 0.98 eqaily)amine.
No catalyst was used. The isocyanate was dissolved imL ethyl acetate and cooled down to 0 °C. Allylsenivas
dissolved in 10 mL ethyl acetate and added dropwighe isocyanate solution under vigorous stirrifilge system
was slowly warmed up to room temperature and allowestitdor additional 30 minutes. Subsequently nafsthe
ethyl acetate was removed under reduced pressurtharptecipitate was washed with hexane, to resut3rg (85
%) crystalline white solid’H-NMR (300 MHz, @¢-DMSO): & (ppm) = 6.30 (d, 1H, CHNH, 8.1 Hz), 6.20 (t, 1H,
CH;NH, 5.8 Hz), 5.80 (ddt, 1H, CHGH17.2, 10.3, 5.1 Hz), 5.12 (dg, 1H, CH{H7.2, 1.8 Hz), 5.03 (dg, 1H,
CHCH,, 10.2, 1.7 Hz), 4.42 (ddd, 1H, CHN, 12.6, 8.1, 6.9 B#3 (tt, 2H, 5.4, 1.7 Hz), 3.36 (ddd, 1H, SCH1.9,
11.1, 5.3 Hz), 3.23 (ddd, 1H, SGH.1.1, 7.0, 1.6 Hz), 2.51 (m, 1H, SEEH,), 2.11 — 1.93 (m, 1H, SGBH,); **C-
NMR (500 MHz, ¢-DMSO0): & (ppm) = 207.0 (C), 157.7 (C), 136.9 (CH), 114.9 (;139.8 (CH), 42.2 (Ch),
31.5 (CHy), 27.0 (CH); M (calc.): 200.06195; M+H (found): 201.069%5= 1,4 ppm

4.13. Synthesis of N-Alloc-anthranilic acid homocysteine thiolactone amde (12) 13.7 g (0.1 mol, 1.0 equiv.)
anthranilic acid and 21 g (0.25 mol, 2.5 equivdlism bicarbonate were dissolved in a 1:1 mixtureetbfyl acetate
and water (100 mL) and cooled down with an ice batlyl chloroformate (0.15 mol, 1.5 equiv.) was subsently
added and the mixture was allowed to warm up to roempérature. The biphasic system was acidified with 6N
hydrochloric acid and the layers were separated.affueous phase was extracted with 100 mL ethyl &catat the
combined organic phases were dried over magnesilfatesto give 22.1 g (100 %) white solid.

The N-Alloc-anthranilic acid was suspended in 100 mL drjuéne and 14.9 g (9.14 mL, 0.125 mol, 1.25 equiv.)
thionyl chloride and catalytic amounts of DMF was edldThe reaction mixture was refluxed for 2 hourshwit
subsequent removal of excess thionyl chloride uwdeuum at ambient temperatures. The crude acutidbl was
processed according to general procedure A, usit®)d$0.1 mol, 1.0 equiv.). The crude product wasfigd using
column chromatography (hexane / ethyl acetate )1:Yigld: 23.5 g (73.5 % overall yield)H-NMR (300 MHz, ¢-
DMSO0): 9.88 (s, 1H, NHC¢), 8.71 (d, 1H, CONH, 8.4 Hz), 7.98 (t, 1H, COCCHCNH, 1.9,Hz64 — 7.57 (m, 1H,
CHa), 7.49 — 7.34 (m, 2H, CH), 5.99 (ddt, 1H, CHCH 17.2, 10.6, 5.4 Hz), 5.36 (dq, 1H, 17.2, 1.7 HZQ45dq,
1H, 10.4, 1.4 Hz), 4.83 (ddd, 1H, CHN, 12.8, 8.4, 7.1, &2 (dt, 2H, 5.4, 1.5 Hz), 3.52 — 3.39 (m, 1H, $CB.37

— 3.27 (m, 1H; SCH), 2.53 — 2.41 (m, 1H, SGBH,), 2.38 — 2.21 (m, 1H, SGBH,); “*C-NMR (500 MHz, ¢
DMSO0): 6 (ppm) = 205.8 (C), 166.8 (C), 153.7 (C), 139.8,(C35.1 (C), 133.7 (CH), 129.2 (CH), 121.5 (CH), 118.1
(CH,), 65.2 (CH), 59.2 (C}}, 30.3 (CH), 27.2 (CH); M (calc.): 320.08308; M+H (found): 321.0914= 3.3 ppm

Homocysteine thiolactone phthalimide (13yvas identified as side produ¢-NMR (300 MHz, ¢-DMSO): 6 (ppm)
=7.98 —7.94 (m, 4H, K)), 5.21 (dd, 1H, NCH, J = Hz), 3.63 — 3.41 (m, 2H, $CHR.77 — 2.51 (m, 2H, SGBH,);
¥C-NMR (500 MHz, CDCJ): 6 (ppm) = 205.3 (C), 156.93 (C), 60.5 (CH), 52.4 (CB#),3 (CH), 27.1 (CH); M
(calc.): 247.03031; M+H (found): 248.0378= 1.2 ppm

4.14. Synthesis of phthalic acid —(2-allyloxy)ethyl ester homocysteine thiolactone amid€14): 29.6 g (0.2 mol,
1.0 equiv.), 30 mL (0.28 mol, 1.4 equiv.), 17 mLl7 (@, 0.21 mol, 1.05 equiv.) pyridine, 0.2 g DMAP &l mL
toluene were mixed in a 100 mL round bottom flasHl atirred under reflux for 3 hours. The resultinixtore was
stirred with water and brought to pH 10-12. The orggrtiase was removed and the aqueous phase wasedcidif
using concentrated hydrochloric acid. Subsequetmaeion with 200 mL ethyl acetate and filtration the organic
phase over silica gave 49 g (98 %) phthalic acicho@-allyloxyethyl)ester as colorless liquid. Skighurbidity
resulted from residual phthalic anhydride. The nester was dried in a Schlenk flask under high vacanth75 mL
dry toluene was added, followed by 16 mL (0.22 mdl, dquiv.) thionyl chloride. The reaction mixturesv&fluxed
for 1.5 hours under inert gas atmosphere. Exceshieayl chloride was removed under reduced presauackthe
product was taken up in 30 mL ethyl acetate, prdogedvith general procedure A using 0.15 mol (23 g)
homocysteine thiolactone hydrochloride. The crudedpct was purified using column chromatographyxéme /
ethyl acetate = 1:1). Yield: 11.68 g (16.7 %) whitdics "H-NMR (300 MHz, ¢-DMSO): & (ppm) = 8.77 (d, 1H,
CONH, 8.3 Hz), 7.77 — 7.48 (m, 4H, G} 5.89 (ddt, 1H, CHCH 17.3, 10.6, 5.4 Hz), 5.26 (dq, 1H, CHEH7.3,
1.7 Hz), 5.15 (dg, 1H, CHCH10.4, 1.3 Hz), 4.77 (ddd, 1H, NCH, 12.4, 8.4, 7.0 ¥436 — 4.26 (m, 2H, CQH,),
3.99 (dt, 2H, 5.3, 1.5 Hz), 3.70 — 3.63 (m, 2H,,08H,CH), 3.51 — 3.40 (m, 1H, SGH 3.38 (m, 1H, SC})}, 2.56 -
245 (m, 1H, SCECH,), 2.28 — 2.12 (m, 1H, SGBH,); “*C-NMR (500 MHz, ¢-DMSO0): § (ppm) = 25.6 (C), 168.3
(C), 167.3 (C), 137.5 (C), 135.5 (CH), 132.0 (CH)pB3(C), 130.4 (CH), 129.5 (CH), 128.2 (CH), 117.0 CH1.5
(CH,), 67.7 (CH), 64.7 (CH), 59.0 (CH), 30.5 (Ch), 27.3 (CH); M (calc.): 349.09839; M+H (found): 350.1061 =

1.2 ppm

10



4.15. Synthesis of glutaric acid —(2-allyloxy)ethyl ester homocysteine thiolactone amid¢l5): 22.8 g (0.2 mol, 1.0
equiv.) glutaric anhydride, 30 g (0.23 mol, 1.5i#gu0.2 g DMAP and 5 mL pyridine were added to a &@l0round
bottom flask and stirred for four hours under reflThe reaction mixture was cooled down and 30 mLewand
excess sodium bicarbonate was added while stirrihg. &queous phase was separated, acidified usingrdoaied
hydrochloric acid and extracted with 100 mL ethydtate. The organic phase was dried, filtered oVieasising ethyl
acetate as eluent and the solvent was removed wextlezed pressure, giving 28 g (64.7 %) oily, celsslproduct.

The formed monoester (0.129 mol, 1.0 equiv.) wasethiwith 120 mL dry toluene, 19.9 g (12.2 mL, 0.17],rd03
equiv.) thionyl chloride and 2 drops DMF and wasuwedld for 1.5 hours under inert gas atmosphere. $siee
thionyl chloride was removed under vacuum. The blartide product was processed without purificatiofipfzang
general procedura using 18.3 g (0.12 mol, 0.93 equiv.) homocystemelactone hydrochloride and 0.24 mol (20 g,
1.86 equiv.) sodium bicarbonate. Column chromafagyausing ethyl acetate / hexane (2:1) gave 25@8(thol, 40
% overall yield) a cherry red, viscous diH-NMR (300 MHz, CDCJ): 6 (ppm) = 6.18(s, 1H, NH), 5.83 (ddt, 1H;
CHCH,, 17.4, 10.2, 5.7 Hz), 5.29 — 5.09 (m, 2H, CHEH.49 (dt, 1H, NCH, 13.1, 6.7 Hz), 4.23 — 4.11 (H, 2
CO,CH,), 3.96 (dt, 2H, OCKCHCH,, 5.7, 1.4 Hz), 3.66 — 3.48 (m, 2H, SgH2.81 (dddt, 12.1, 6.6, 5.1, 1.4 Hz), 2.36
(dt, 2H, CHCO,, 2.1 Hz), 2.25 (dt, 2H, NCOGH1.8 Hz), 1.93 (m, 1H, SGBH,), 1.89 (dq, 2H, 1.3 Hz)?C-NMR
(500 MHz, CDC})): & (ppm) = 205.3 (C), 173.1 (C), 173.0 (C), 134.2 (CH)7.4 (CH), 71.9 (CH), 67.7 (CH), 63.4
(CH,), 58.9 (CH), 34.8 (CH, 33.0 (CH), 31.0 (CH), 27.3 (CH), 20.8 (CH); M (calc.): 230,06128; M (calc.):
315.11404; M+H (found): 316.121%&;= 1.2 ppm

4.16. Synthesis of succinic acid —(2-allyloxy)ethyl ester homocysteine thiolactone amid (16): 20.2 g (0.2 mol,
1.0 equiv.) succinic anhydride, 30 g (0.23 mol, ddaiiv.), 0.2 g DMAP and 5 mL pyridine were addectd00 mL
round bottom flask and stirred for four hours undftux. The reaction mixture was cooled down andr@0water
and excess sodium bicarbonate was added while gtiriilne aqueous phase was separated, acidified using
concentrated hydrochloric acid and extracted wit @l ethyl acetate. The organic phase was drierdidl over
silica using ethyl acetate as eluent and the soles removed under reduced pressure, giving 376 go) oily,
colorless product. The formed monoester was mixed $20 mL dry toluene, 19.9 g (12.2 mL, 0.17 mol, équiv.)
thionyl chloride and 2 drops DMF and was refluxed f05 hours under inert gas atmosphere. Excessiveyth
chloride was removed under vacuum and the brown cpudeuct was processed following general procedure A.
Column chromatography using ethyl acetate gave 84(40 % overall yield) a brown, viscous diH-NMR (300
MHz, CDCL): & (ppm) = 8.25 (d, 1H, CONH, 8.4 Hz), 5.88 (ddt, 1H, CHCH.3, 10.5, 5.4 Hz), 5.26 (dq, 1H,
CHCH,, 17.3, 1.8 Hz), 5.15 (dq, 1H, CHGHL0.4, 1.5 Hz), 4.59 (ddd, 1H, 12.5, 8.3, 7.0 HZ)94- 4.09 (m, 2H,
CO,CHjy), 3.97 (dt, 2H, CHCHCH,, 5.3, 1.5 Hz), 3.61 — 3.52 (m, 2H, gCH.CH,), 3.47 — 3.21 (m, 2H, SGH 2.60

- 2.35 (m, 5H, OCO@1,CO,, SCHCH,), 2.15 — 1.94 (m, 1H, SGBH,); "*C-NMR (500 MHz, CDCJ): § (ppm) =
205.3 (C), 172.6 (C), 172.1 (C), 134.3 (CH), 11TCBl), 71.9 (CH), 67.7 (CH), 63.8 (CH), 59.0 (CH), 31.1 (Ch),
30.4 (CH), 29.3 (CH), 27.3 (CH); M (calc.): 301.09839; M+H (found): 302.1064~ 2.4 ppm

4.17. Homocysteine thiolactone but-2-enamidé€l7) was synthesized according to general procedunesing 30.6 g
(0.2 mol, 1.0 equiv.) homocysteine thiolactone bytitoride, 26.2 g (24 mL, 0.25 mol, 1.25 equivgtonyl chloride
and 42 g (0.5 mol, 2.5 equiv.) sodium bicarbon@retonyl chloride was synthesized from crotonic gdido g, 1.16
mol, 1.0 equiv.), thionyl chloride (88 mL, 1.2 mdl,03 equiv.) and catalytic amounts of DMF, accaydio
literature® A brownish precipitate was formed, filtered off ardsed with a water-acetone mixture (11: 1). The
product was obtained as a white, crystalline powd@m(262%)."H-NMR (400 MHz, ¢-DMSO): & (ppm) = 8.23 (d,
1H, NH, 8.4 Hz), 6.66 (dg, 1H, COCH, 15.3, 6.8 Hz), 5.91, (H, 15.2, 1.6 Hz), 4.67 (ddd, 1H, CHN, 12.6, 8.4, 7.0
Hz), 3.45 - 3.36 (m, 1H, SGH 3.35 — 3.26 (m, 1H, SGH 2.44 (dddd, 1H, SCj€H,, 12.3, 7.0, 5.3, 1.6 Hz), 2.09
(qd, 1H, 12.2, 7.0 Hz), 1.81 (dd, 3H, 6.9, 1.7 HX}-NMR (500 MHz, ¢-DMSO): & (ppm) = 205.9 (C), 165.4 (C),
139.5 (CH), 125.6 (CH), 58.6 (CH), 30.8 (§H27.3 (CH), 17.8 (CH); M (calc.): 185.05105; M+H (found):
186.0586A = 1.5 ppm

4.18. Synthesis of cis-2-butenedioic acid —(2-allyloxyejtjester - homocysteine thiolactone amid¢18): Maleic
acid (2-allyloxyethyl)ester was synthesized by rieac19.6 g (0.2 mol, 1.0 equiv.) maleic anhydrigg,4 g (22.4 mL,
0.21 mol, 1.05 equiv.) 2-allyloxyethanol and 0.BGAP in 15 mL toluene under reflux for 2 hours. 25 mhater and
an excess of sodium bicarbonate was added to tleomanixture at ambient temperature. The orgatiase was
removed and the aqueous phase was acidified usimgentrated hydrochloric acid, followed by extractissing 50
mL ethyl acetate and drying over magnesium sulféiedd: 39.3 g (98.5 %) of a colorless liquid.

The maleic acid monoester was dissolved in 100 myLetinyl acetate in a Schlenk flask under inert @asosphere.
0.3 mol (23 mL, 1.5 equiv.) thionyl chloride andalgtic amounts of DMF were added and the mixture reflsixed
for 2 hours. Excessive thionyl chloride was remourder reduced pressure and the crude acid chiamadeprocessed
following general procedure A. The solid product fedrduring the reaction was filtered off and combimngtth the
organic layer of the reaction mixture. 1 mL triddwine was added to remove left-over acid. The seid washed
with water and dried under reduced pressure, reguiltir39 g (65 %) of an ochery solitH-NMR (300 MHz, ¢-
DMSO): & (ppm) = 8.93 (d, 1H, CONH, 8.3 Hz), 7.01 (d, 1H, NCOCH5Mz), 6.63 (d, 1H, CHC£15.5 Hz), 5.88
(ddt, 1H, CHCH, 16.8, 10.5, 5.4 Hz), 5.26 (dg, 1H, CHEH7.3, 1.7 Hz), 5.15 (dg, 1H, CHGHO.5, 1.5 Hz), 4.82 —
4.65 (m, 1H, CHN), 4.32 — 4.26 (m, 2H, gIH,), 3.98 (dt, 2H, CKCHCH,, 5.3, 1.7 Hz), 3.67 — 3.61 (m, 2H,
CO,CH,CH,), 3.51 — 3.27 (m, 2H, SG} 3.02 — 2.76 (m, 1H, CHN), 2.55 — 2.40 (m, 1H, $SCH,), 2.19 — 2.03 (m,
1H, SCHCH,); **C-NMR (500 MHz, ¢-DMSO): 6 (ppm) = 205.3(C), 165.3 (C), 163.4 (C), 137.2 (CH85.4 (CH),
129.5 (CH), 117.0 (Ch), 71.4 (CH), 67.8 (CH), 64.5 (CH), 59.0 (CH), 30.6 (C}}, 27.4 (CH) M (calc.):
299.08274; M+H (found): 300.0903;= 0.9 ppm
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4.19. Bis(homocysteine thiolactone) glutaramide(19) was synthesized according to general proceduresiAg80.6
g (0.2 mol, 1.0 equiv.) homocysteine thiolacton@rbghloride, 15.84 g (0.093 mol, 12 mL, 0.47 eguglutaryl

dichloride and 37.8 g (0.45 mol, 2.25 equiv.) sadibicarbonate. The brown solid formed was thorougvdghed
with water and dried under vacuum. Yield: 14.2 g bf@wn solid (43 %)'H-NMR (300 MHz, ¢-DMSO): 6 (ppm) =
8.17 (d, 2H, NH, 8.4 Hz), 4.59 (ddd, 2H, CHN, 12.6, 8.4, Fz), 3.53 — 3.21 (m, 4H SGH 2.41 (dddd, 2H,
CH,CH,CH,, 12.2, 6.9, 5.2, 1.7 Hz), 2.22 — 1.96 (m, 3H,,CB, CHCH) 1.74 (m, 1H, CHCH),); “*C-NMR (500
MHz, di-DMSO): 6 (ppm) = 206.0 (C), 172.4 (C), 58.6 (CH), 34.9 ¢5H80.6 (CH), 27.2 (CH), 21.7 (CH); M

(calc.): 330.07080; M+H (found): 331.0795= 4.3ppm

4.20. Bis(homocysteine thiolactone) adipamid€20) was synthesized according to general proceduresiAg80.6 g
(0.2 mol, 1.0 equiv.) homocysteine thiolactone bytitoride, 18.3 g (0.1 mol, 14.5 mL, 0.5 equiv.)jpayl dichloride
and 37.8 g (0.45 mol, 2.25 equiv.) sodium bicarlbenahe acid chloride was added within 30 minutes #ed
resulting slurry was stirred for one hour. The preate was filtered off, washed with water and driedermvacuum to
give 15.5 g (45.3 %) white solidH-NMR (300 MHz, ¢-DMSO): § (ppm) = 8.21 (d, 2H, NH, 8.3 Hz), 4.53 (dt, 2H,
CHN, 12.6, 7.6 Hz), 3.43 — 3.18 (m, 4H, S§2.40 (dddd, 2H, CHC} 12.3, 7.1, 5.3, 1.6 Hz), 2.25 — 1.94 (m, 6H,
COCH,, CHCH,), 1.55 — 1.39 (m, 4H, COGBH,); “*C-NMR (500 MHz, ¢-DMSO): 6 (ppm) = 206.0 (C), 172.8 (C),
58.6 (CH), 35.5(CH), 30.6(CH), 27.2(CH), 25.2(CH); M (calc.): 344.08645; M+1 (found): 345.0944;=
1.1 ppm

4.21. Synthesis of thioparaconic acid allyleste(21): 14.6 g (0.1 mol, 1.0 equiv.) thioparaconic a&dd,mL (17.8 g,
0.3 mol, 3.0 equiv.) allyl alcohol, 75 mL toluenedatwo drops of concentrated sulfuric acid were miea round
bottom flask, equipped with a Dean Stark apparaths. mixture was heated up and stirred for 7 hourgwureflux.
Samples were taken every 2 hours. Upon completiensgtaction mixture was cooled down, washed twice witlemwat
and dried over magnesium sulfate. The solvent wa®ved under reduced Pressure. Column chromatograging
hexane / ethyl acetate (2 : 1) resulted in 11.8334) of a light yellow liquid. :H-NMR (300 MHz, CDC})): & (ppm)

= 5.85 (ddt, 1H, CHCH 17.2, 10.4, 5.8 Hz), 5.34 — 5.12 (m, 2H, CHEH.59 (dt, 2H, CHCHCH,, 5.8, 1.4 Hz),
3.65 — 3.46 (m, 2H, SCH 3.45 — 3.28 (m, 1H, CHG{ 2.86 (dd, 1H, SCOCK 17.0, 8.7 Hz), 2.71 (dd, 1H,
SCOCH, 16.9, 7.4 Hz)**C-NMR (500 MHz, CDCJ)): & (ppm) = 203.5 (C), 169.2 (C), 130.0 (CH), 116.9 ¢184.3
(CH,), 41.6 (CH), 40.9 (CH), 32.7 (CH M (calc.): 186.03506; M+H (found): 187.0428= 0.2 ppm

4.22. Thioparaconic acid 2-allyloxyethylester(22): 14.6g (0.1 mol, 1.0 equiv.) thioparaconic a@é,mL (20.4g, 0.2
mol, 2.0 equiv.) 2-allyloxyethanol, 75 mL toluenade0.2 mL concentrated sulfuric acid were mixed iwnd bottom
flask, equipped with a Dean Stark apparatus. Theumxvas heated up and stirred for 7 hours undameB8amples
were taken every 2 hours. Upon completion, the reactiixture was cooled down, washed twice with water aiedid
over magnesium sulfate. The solvent was removed rwatium. Yield: 14.8 g (64.4%) of a light yellow .oH-
NMR (300 MHz, CDC}): 6 (ppm) = 5.92 — 5.72 (m, 1H, GBH), 5.27 — 5.08 (m, 2H, CGi&H), 4.25 (dt, 2H,
CO,CH,CH,, 1.2 Hz), 3.95 (dt, 2H, OC&HCH,, 5.7, 1.5 Hz), 3.63 — 3.56 (m, 2H, gBICH,CH), 3.56 — 3.47 (m,
2H, SCH), 3.43 — 3.31 (m, 1H, CHC 2.91 — 2.79 (m, 1H, SCOGH 2.76 — 2.64 (m, 1H, SCOGH “*C-NMR
(500 MHz, CDC}): 6 (ppm) = 205.0 (C), 171.2 (C), 134.3 (CH), 117.2 §LH1.9 (CH), 67.5 (CH), 64.5 (CH),
43.3 (CH), 42.6 (CH), 34.3 (CH; M (calc.): 230.06128; M+H (found): 231.0684 = 0.7 ppm

4.23. Thioparaconic acid allylamide (23) was synthesized using thioparaconic acid chlomdele from 29.2 g, 0.2
mol thioparaconic acid, following known literatuffeThe crude acid chloride was mixed with 20 mL dryéole in a
Schlenk flask and cooled down with an ice bath. A amixtof allylamine (8.6 g, 0.15 mol, 0.85 equiv.)y @yridine
(14.2 g, 14.5 mL, 0.18 mol, 0.9 equiv.) and 20 niz tbluene was added via cannula. After completetexidithe
reaction mixture was allowed to warm up and stirredoaim temperature for two more hours. The crudeti@ac
mixture was washed with 80 mL 2N hydrochloric acid. @heeous phase was extracted with 50 mL ethyl acatate
the combined organic phases were dried over magmesilfate. The solvent was evaporated under redoi@sure
and the crude product was further purified usinguewl chromatography (hexane — ethyl acetate = 1 AZ)ale
yellow oil, which crystallized over time, was obtain@d..3 g, 30.5 %)*H-NMR (300 MHz, CDCJ): & (ppm) = 6.39
(bs, 1H, CONH) 5.76 (ddt, 1H, CHGH17.1, 10.2, 5.6 Hz), 5.24 — 5.02 (m, 2H, CHEK.83 (it, 2H, 5.7, 1.6 Hz),
3.57 (dd, 1H, SCH 11.2, 9.7 Hz), 3.42 (ddd, 1H, SgH 1.1, 6.6, 0.8 Hz), 3.21 (ddt, 1H, CHCO, 10.8, 9.8,Hz),
2.89 (dd, 1H, SCOCK 16.8, 10.8 Hz), 2.80 — 2.44 (m, 1H, SCOLHC-NMR (500 MHz, CDCJ): & (ppm) = 207.1
(C), 170.7 (C), 135.4 (CH), 115.7 (gH44.2 (CH), 43.7 (CH), 41.5 (Ch), 35.6 (CH); M (calc.): 185.05105; M+H
(found): 186.0583A = 0.1 ppm

Acknowledgments

The research leading to these results has recéiveting from the People Program (Marie Curie Actjookthe
European Union’s Seventh Framework Program (FP7/2003) under REA grant agreement n° 607882.

Supplementary Material

'H- & ®*C-NMR spectra, LC-MS chromatograms and HR-MS spexttae compounds can be found in the supporting
information.

12



References and notes

Nogohrwdbr

@

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24.
25.
26.

27.
28.
29.
30.
31.
32.

33.

34.
35.
36.
37.
38.

Espeel, P.; Du Prez, F. Eur. Polym. J. 2015,62, 247-272.

Espeel, P.; Du Prez, F. Macromolecules 2015,48, 2-14.

Espeel, P.; Goethals, F.; Du Prez, F1.Am. Chem. Soc. 2011,133, 1678-81.

Espeel, P.; Goethals, F.; StamedpM. M.; Petton, L.; Du Prez, F. Polym. Chem. 2012,3, 1007.

Espeel, P.; Goethals, F.; Driessen, F.; Ngulyem, T.; Du Prez, F. EPolym. Chem. 2013,4, 2449.

Reinicke, S.; Espeel, P.; StameoWl. M.; Du Prez, F. EACSMacro Letters 2013,2, 539-543.

Belbekhouche, S.; Reinicke, S.; Espeel, P.; Da,f¥eE.; Eloy, P.; Dupont-Gillain, C.; Jonas, A.;\demoustier-
Champagne, S.; Glinel, RCS Appl. Mater. Interfaces 2014,6, 22457-22466.

Espeel, P.; Carrette, L. L.; Bury, K.; Capenber§hsMartins, J. C.; Du Prez, F. E.; Madder Agew. Chem. Int.
Ed. 2013,52, 13261-4.

Maksimchik, Y. Z.; Lapshina, E. A.; Sudnikovidh, Y.; Zabrodskaya, S. V.; Zavodnik, |. 8ell Biochem. Funct.
2008,26, 11-18.

Tanaka, E.; Hagino, S.; Yoshida, T.; Kuroiwa, ®hno, H.; Numata, HThe Journal of Toxicological Sciences
1984,9, 245-251.

Reinicke, S.; Espeel, P.; StameidpM. M.; Du Prez, F. EPolym. Chem. 2014,5, 5461.

Satti, A. J.; Espeel, P.; Martens, S.; Van Haret, T.; Du Prez, F. E.; Lynen, &.Chrom. A 2015,1426, 126-132.
Hoyle, C. E.; Lee, T. Y.; Roper, Journal of Polymer Science Part A: Polymer Chemistry 2004,42, 5301-5338.
Lowe, A. B.Polym. Chem. 2014,5, 4820-4870.

Rudolph, T.; Espeel, P.; Du Prez, F. E.; Schra¢hed.Polym. Chem. 2015,6, 4240-4251.

Goethals, F.; Martens, S.; Espeel, P.; varBigg, O.; Du Prez, F. Blacromolecules 2014,47, 61-69.
Driessen, F.; Herckens, R.; Espeel, P.; Du Fe&,Polym. Chem. 2016,7, 1632-1641.

Driessen, F.; Du Prez, F. E.; EspeeA®S Macro Letters 2015,4, 616-619.

Zhang, Z.; You, Y.-Z.; Wu, D.-C.; Hong, C.-Macromolecules 2015,48, 3414-3421.

Mommer, S.; Keul, H.; Moller, MMacromol Rapid Commun 2014,35, 1986-93.

Resetco, C.; Frank, D.; DiiT.; Claessens, S.; Verbrugge, T.; Du Prez, FEugopean Polymer Journal 2016,82,
166-174.

Miller, G. A.; Heindel, N. DJ. Org. Chem. 1981,46, 3.

Allen, S. D.; Thompson, M., 1986.

Blain, M.; Jean-Gérard, L.; Auvergne, R.; BenaRetCaillol, S.; Andrioletti, BGreen Chemistry 2014,16, 4286.
Blattmann, H.; Fleischer, M.; Bahr, M.; MulhauRt,Macromol Rapid Commun 2014,35, 1238-54.

Pyo, S.-H.; Persson, P.; Mollaahmad, M. A.;eB8en, K.; Lundmark, S.; Hatti-Kaul, Rure and Applied
Chemistry 2011,84.

du Vigneaud, V.; Patterson, W. I.; Hunt, MBiol Chem 1938,126, 217-231.

Driessen, F.; Martens, S.; Meyer, B. D.; Du PRe£E.; Espeel, AMacromol. Rapid Commun. 2016 947-951.
Barclay, J. R.; Kurkjy, R. P., 1962.

C. D. Butler, D.; Alper, HChem. Commun. 1998 2575-2576.

Garbiras, B. J.; Marburg, Snthesis 1999,1999, 270-274.

Mrowka, P.; Kozakiewicz, J.; Jurkowska, A.;r&iewicz, E.; Przybylski, J.; Lewandowski, Z.; Pogiski, J.;
Lewandowska-Szumiet, Mlournal of Biomedical Materials Research Part A 2010,94A, 71-83.

Desmet, G. B.; D’hooge, D. R.; Sabbe, M. K.; Mafs. B.; Du Prez, F. E.; Espeel, P.; Reyniers, MJ:-forg.
Chem. 2015

Welter, T. R., 1996.

Fischer, E.; Speier, Berichte der deutschen chemischen Gesellschaft 1895,28, 3252-3258.

Dean, E. W.; Stark, D. Dournal of Industrial & Engineering Chemistry 1920,12, 486-490.

Zhang, Z.; You, Y.-Z.; Wu, D.-C.; Hong, C.-Folymer 2015,64, 221-226.

Ramachandran, P. V.; Nicponski, D.; Kim@ganic Letters 2013,15, 1398-1401.

13



