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Methods

Synthesis and characterization of 5-oxo-2,3-dihydro-5H-[1,3]thiazolo[3,2-a]pyridine-3,7-
dicarboxylic acid (TPA)

Citric acid 1.21 g (6.3 mmol) (Sigma-Alrich, Germany) was mixed with L-cysteine 0.79 g
(6.3 mmol) (Sigma-Aldrich, Germany) and water (1 ml) until complete dissolution then the
solvent was evaporated under vacuum (10 mbar) at r.t. Afterwards mixture was heated at
100°C for 40 minutes and purified by preparative high pressure liquid chromatography
(Knauer HPLC set: degasser, pump K-500, detectors Rl 2300 and UV/VIS A2500) at r.t. on
Eurospher 100 C-18 column and eluted by 1.35x107 M trifluoroacetic acid in water at a flow
rate 10 ml/min. The luminescent fraction of desired product was collected and freeze-dried.
The chemical structure was confirmed by C*, H!, HSQC and COSY NMR experiments
carried out in DMSO-d6 solution using a Varian Mercury-VX 300 MHz spectrometer. LC-
ESI-MS measurements were performed on a Waters ACQUITY triple-quadrupole tandem
mass spectrometric detector with an electrospray ionization (ESI) interface. The separation
was accomplished at 40°C, on Acquity UPLC BEH C18 1.7 um, 2.1 x 100 mm column using
0,1 % water solution of formic acid as the eluent at flow 0,3 ml/min. UV/VIS absorption
spectra and emission spectra (excitation at 365 nm) of water solutions of TPA were acquired
on a PG Instruments Ltd P80+ spectrophotometer and an Ocean Optics MINI-D2
spectrofluorymeter, respectively.

Synthesis and hydrolysis of cys-BPLP, POC, POCTPAO0.0001-1 films

Citric acid, 1,8-octanediol and L-cysteine were combined at molar ratio 1:1:0.5. After melting
the mixture at 160°C for 20 minutes, the temperature was brought down to 140 °C stirring
continuously for another 45 minutes to obtain the cys-BPLP prepolymer (pre-cys-BPLP). For
comparison reaction without amino acid was also conducted as well as with different amounts
of TPA (1, 0.1, 0.01, 0.001 and 0.0001 % w/w) added instead of L-cysteine to form pre-POC
and pre-POCTPAO0.0001-1, respectively. Afterwards 30% w/w 1,4-dioxane solutions of
prepolymers (pre-cys-BPLP, POC and POCTPA-0.0001-1) were cast on Teflon molds, heated
to 80°C and kept at this temperature for 5 days to produce cross-linked films of cys-BPLP,
POC, POCTPAOQ.0001-1. For hydrolysis 1g of each sample was placed in 6ml of 2 M Na,COj3
and kept at 90°C for 24 hours. Next the hydrolyzate was neutralized with 1M HCI and
luminescent fraction was collected using preparative HPLC and freeze-dried as described
above.
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Figure S1 Synthesis of cys-BPLP (A), POCTPAO0.0001-1 (B) and POC (C).
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Figure S2. Chromatograms of reaction mixture containing TPA (6,3 mmol of citric acid and
6,3 mmol of L-cysteine heated for 40 minutes at 100°C).
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Figure S3. ESI-MS mass spectrum of 5-ox0-2,3-dihydro-5H-[1,3]thiazolo[3,2-a]pyridine-3,7-
dicarboxylic acid (TPA).



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

100 °C

+ _ =
-H,0
1)

citric acid L-cysteine
100 °C| -H,0
100 °C 100 °C
- -
-H,0 -H,0
TPA (4) (3)

Figure S4. The proposed mechanism of TPA formation basing on Olthoff et al.?; amide
formation (1), imide formation (2), dehydratation (3), intramolecular condensation (4)** .
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Figure S5. H! NMR spectrum of 5-oxo-2,3-dihydro-5H-[1,3]thiazolo[3,2-a]pyridine-3,7-

dicarboxylic acid (TPA).
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Figure S6. C** NMR spectrum of 5-oxo-2,3-dihydro-5H-[1,3]thiazolo[3,2-a]pyridine-3,7-
dicarboxylic acid (TPA).
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Figure S7. COSY NMR spectrum of 5-0x0-2,3-dihydro-5H-[1,3]thiazolo[3,2-a]pyridine-3,7-
dicarboxylic acid (TPA).



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

130311_TRE-CTRA 91 (1.275) 1: Scan ES+
1004 276.18 2.9266
258.17
Ll 277.11
ol 82,88 120.24 199.34 3752330810 940 52108 57920 62330 g7e05 69473 77ad0 85104 048 oo o0 987n:52
SRS P GBS SFPBPIRPS NS NURFSUEPSUUO P P PO b Yo S SO 2P TR -1 SR 4 o SIS 1 L S-S
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130311_TRE-CTRA 109 (1.429) 1: Scan ES+
100 43220 , 0o 25666
N 113.12 22991 258.17
] 130.81 4 899.25
83.15 275.98
I ol 1 ‘ | 30131 350.03 4°4|'m ?95'22 55“1'15 63317 g 05 733.56 785.08 898.31 \L 901 31 ?52 17 993, 46
0 it JBARAI RaAAS RARRS | BAR RAARNRARRS RARS RS et AR iy JRARARAARANRAARY' T T T SARAI RARA! prhTpr T frerrey 1 Mz
50 100 | 150 200 = 250 = 800 = 350 = 400 450 @ 500 550 | 00 850 & 700 750 & 800 = €50 | 900 = 850 1000
130311_TRE-CTRA 117 (1.497) 1: Scan ES+
1004 278.11 8.81e5
92,88
ES [
1(02 o 190.87.240.02_ 257 837884 475 8?332‘07 0% 48876 se0ss o 871.12 900.18  g55 70
0 I R TTRE AT o hl}u..n.lu Al | ;ul IS VYPPRRTERTINtr WOSH T § WY (TN TIPS PR W I/ et 57?\"?5‘ 7.,2?.‘31‘ 7.:45;33 bt dy ‘i. T n"gml“r,’%;z
50 100 180 | og0 | oko a0 a80 400 | 450 00 B0 | B00 em0 700 780 T 800 | 8aD 800 650 1000
130311_TRE-CTRA 123 (1.548) o O Ha 1: Scan ES+
100+ 24022 g 47 = 1.71e6
83.15 -« N M OH
s}
] Lo
624.26
| 120| 17 ‘253“33 3570157716 48113 468.10 52128 o, 84228 7455075709 88342 03562 ..o
e NV T EERBVOUTVNbs% sl L NP SRR ity M PR IR O (AR TOI  lirow NA N PN  /lr  EEL WPRPIL SV by
50 100 150 200 250 300 350 400 450 500 550 GO0 650 700 750 800 850 900 950 1000
130311_TRE-CTRA 133 (1.633) 0. tH; 1: Scan ES+
1004 240.15_p58.17 Ho, = 2.15e7
- 0>—<\_<N OH
) 21247 | 2789 50324 o s 62428 743.20
8288 120.17 194.09.° T} X ) 432.13.450.15 51816 568,15 e82.76 77219 82624 88182  948.58.06534
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 4
50 100 | 150 = 200 = 250 = 300 = 380 400 450 = 500 550 = 800 650 @ 700 750 800 50 . 900 « 950 1000
130311_TRE-CTRA 160 (1.863) 0. S 1: Scan ES+
1004 240.09 Ho  =( 3.18e7
N N OH
w0 0
’ 161.32 BH02 001 10 32877 479 2; 645.33
8315 13579 1819251909 : 7T 39507 41438"" 569.28 % 6713968021 _ 771.65 81946 86327 913.87 96421 98118
N e R A e e e F e
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130311_TRE-CTRA 169 (1.940) 1: Scan ES+
1004 43226 6.13e6
414.25
5?_,
83,15 22739 396.23 B0 27 seaer 86341
|8a74 15025 2581706067 337.14 f 556,71 S0624 67113 72518 gni44 pasas 21708 7278
PR i JL S -2 SNV Mlsdrl’ =L LTI ZALs SRSV IR0 VD SRV UMM /Nt S N ML C SO\ T RSN .t~ SR SN
50 100 150 200 250 350 400 450 500 550 650 700 800 950 1000
130311_TRE-CTRA 181 (2.042) 1: Scan ES+
1004 260.16 6.14e6
242,15
s
834 151.01 181.19 \ 28196 a50.27307.83 415,31 47595 54122 ?7‘ ST gy 725.31 800.51 531 B sep.54 gas, 2297418985 52
T T T T T T T T T T T T T T T T T \ T T T T T T T T T T T T T T T
50 100 150 200 250 300 350 L o
130311_TRE-CTRA 187 (2.004) 1: Scan ES+
100+ 160.12 1.42e7
O\“_
82.95104.02 160.92
e 2oad0 31989 A1412.8901% 4i90p 53331 sorasepsps 70730 75949 P5% 66334 ser20  assns 225N
At o SR e et b Y B e R R EE e S T S T P e e e e e [T
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130311_TRE-CTRA 195 (2.162) 1: Scan ES+
1004 17002 9.1265
83.08
5% 152.28 25810  341.28
8351 22513 484.11 51596
350.30  433.00 . 707. []3
0 ‘\ N % i, ‘ \1L L L L |I 1wl ILJ pl LN |L f: Vo gt oo by L K. TR { 58? 43 Gga 48\1 -725.11 793 86 ! 865 27 880 8394? 33 987. 28m iz
it "‘..,..",...‘_".,...W.._m,....,‘."_""....,.‘H,.‘H"...,..géd.""‘.,..."....‘H",...._H.,w‘....,....‘H‘w‘...,..",..‘wm.,...w.._‘]‘b,oo,
130311_TRE-CTRA 202 (2.221) 1: Scan ES+
1004 171.15 2.13¢6
o] 8308 22021 25331
° 158.07 254.18 434.33 53a.18
Y S YRR PR NP PR SOOI o v b go“ A | 53544 Lt jores . reees 78835 88207 90443918.26983.56
T T 1 T 1 T 1 T T T T T T T T T T T T T T T T T \ T T I
20T 100 10 o0 om0 a0 T as0 a0 | 4s0 T 800 | %o g0 T es0 700 720 Tg00 | euo 900 ot 1000
130311_TRE-CTRA 214 (2.324) 1: Scan ES+
1004 222.07 2.31e6
240,22
5\?,
41,15
o 27611 3717 39284 44543 51816 55g5q 6241966408 gongs 70776 goaao pepos 01540 gspsr B4
a m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

Figure S8. ESI-MS spectrum of nonpurified reaction mixture of L-treonine and citric acid (1:1
mol/mol) after heating at 100°C for 40 minutes. Peaks at m/z=~240 indicate formation of 2-

methyl-5-0x0-2,3-dihydro-5H-[1,3]oxazolo[3,2-a]pyridine-

3,7-dicarboxylic acid.
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Figure S9. ESI-MS spectrum of nonpurified reaction mixture of L-serine and citric acid (1:1
mol/mol) after heating at 100°C for 40 minutes. Peak at m/z=~226 indicates formation of 5-

ox0-2,3-dihydro-5H-[1,3]oxazolo[3,2-a]pyridine-3,7-dicarboxylic acid.
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Figure S10. ESI-MS spectrum of nonpurified reaction mixture of ethylenediamine and citric
acid (1:1 mol/mol) after heating at 100°C for 40 minutes. Peak at m/z=~181 indicates
formation of 5-oxo0-1,2,3,5-tetrahydroimidazo[1,2-a]pyridine-7-carboxylic acid.
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Figure S11. ESI-MS spectrum of nonpurified reaction mixture of ethylenediamine and citric
acid (1:1 mol/mol) after heating at 100°C for 40 minutes. Peak at m/z=~212 indicates
formation of 1-butyl-2,6-dioxo-1,2,3,6-tetrahydropyridine-4-carboxylic acid.
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Figure S12. ESI-MS spectrum of nonpurified reaction mixture of ethylenediamine and citric
acid (1:1 mol/mol) after heating at 100°C for 40 minutes. Peak at m/z=~228 indicates
formation of 1-(1-carboxyethyl)-2,6-dioxo-1,2,3,6-tetrahydropyridine-4-carboxylic acid.
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Figure S13. Photoluminescence emission spectrum of 2,5 mg/ml aqueous solutions of
nonpurified reaction mixtures of various amines and citric acid (1:1 mol/mol) after heating at
100°C for 40 minutes. For comparison a spectra of a solution of citric acid heated at that same
conditions is provided. All samples were excited with 365 nm light.
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Figure Sl14a. HPLC elution profile of POCTPA1l hydrolyzate: diode array detector
chromatograms at different wavelength (A,B,C) and total ion current chromatogram of the
ESI-MS detector (D).
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Figure S14b. ESI-MS spectrum of compounds separated from hydrolyzate of POCTPA1
(retention time < 4.75 min.).
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Figure S14c. ESI-MS spectrum of compounds separated from hydrolyzate of POCTPAL

(retention time > 4.75 min.).
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Figure S14d. HPLC elution profile of cys-BPLP hydrolyzate: diode array

detector

chromatograms at different wavelength (A,B,C) and total ion current chromatogram of the

ESI-MS detector (D).



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

130220_7A 50 (0.926) 1: Scan ES+
100, Unknown 55711 57942 2.25¢7
wrgs 21496 ik
L - 208.05 | 264.15266.02 425.15 447.09 580.11
67 146,03 287.08 530.16
ol L T | rm\sg{ ‘ L ot W LA .L5?2'18928f25 ez T sem X,
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 152 (1.795) 1: Scan ES+
100- 242.01 [TPA+H]+ 7.16e7
<]
242.88 483.05
8295 190.03203.99 | 28309 5478538014477.14_ | 48505 606.11.624.13 24606 74612 764.07 84831 921.19.935.42.956.10
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 1889 (2.111) 1: Scan ES+
100 143.97 Unknown 2.41e7
ES
144.96
B2 B8 Jireoraa1s 2op1z 830 6 Masros 48312 ssrap sz BT TM27e3ss 85408 67006802 50 0670708320
PPR VSRR AL S - - b S 2 e - - o ool
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 272 (2.818) 1: Scan ES+
100 218.22 Unknown 8.70e8
51117
= 210.21 54322
8321 20107 [219. :
R 11399 7 a7 1734026 VOB 16 sg | | naapy 9590 gsonT0T03 TSIT6. .  grngg 90842 g o
: - — e T —— — — — — o
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 284 (2.920) 1: Scan ES+
51147 1.19e7
100 Unknown
® 51217 68562&21
59.75 18292 218.02 37928 41106 45427 | e 90742 962.28
([ B2Ts [ i 308.02 A 51310 582 37 626.25 . 717.34 788.1480031 87531 =
Dt - e . . e 4 — : : R e
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 @800 850 900 950 1000
130220_7A 312 (3.159) 1: Scan ES+
1004 Unknown 685.29 6.32e7
" 686.22
687.22
8288 1139914503 2271924992308 15 36619 azq.zp 9912 5208,  EET21 E 73821 goo18  859.29  917.26 962 2807418
. , T ; . b e , e ; T e st
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 318 (3.210) 1: Scan ES+
100+ 147.09 [OCt+H]+ 1.14e8
111.08
= 147.95
68.79 - 685.29
0 { 18804 24,26 29326 31892 39, 55 43612 482,06 551.09.569.15  669.20. 1 Lo o0 7562370001 869.35 %5129 g1 1g 99419
e el — Lot L L — et e e
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 339 (3.389) 1: Scan ES+
100 [Ctr-Oct+H]* 21 1.06e8
ES 25717 28515 2.1 641.34
b 14702 1302 ) (3840532 4704 49515 55326 sops |02 71720 75231 gisag anaze B2 ggisp 7844
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 385 (3.611) 1: Scan ES+
100 [Ctr'-Oct+H]* *1® 8.2667
= 322.05 M
281 MT02 55945 25717 [ ase2s 116 4es20  seszz sesay |0 74925 g15.34 54120475 54 961,55.978.57
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 508 (4.838) 1: Scan ES+
i . 62333 2.41e7
100 [Oct-Ctr-Oct-Ctr+H]
® 624.26
(8315 WTI8 ygoup  pseoe 32118 30647 44623 s1oqs 00031 | (| 84640 so555 70738 gapep 86960 gggq 96933 ]
ey - e ; - L L ; Attt —— e —
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 544 (5.136) 1: Scan ES+
+ 44928 .24e7
100 [Oct-Ctr-Oct+H] 924
= 450.28
27213 303.24 431.27  |a71.20 83030 897.58 919.59
8288 14696 2550427213 7 370.31 02l 471 558.38 62346 69260 74227 79818 o0 S8 _esim
T T T T T T T T T T T T T T T T T T T T T T T T T T 1
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
130220_7A 561 (5.281) 1: Scan ES+
+
100 [Oct—Ctr'-Oct+H] 449.35 2.26e7
= 450.28
919.59
83.01 147,15\182'72205.05 255.44 30317  azosa 11 | AT228 5530657498 g4533 817773944 glog2 o798 \ 941‘60973.;;" N
0 b 5D ; S . ; e . o : , e —t
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

Figure S14e. ESI-MS spectrum of compounds separated from hydrolyzate of cys-BPLP.
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Synthesis of esters of TPA and 1,8-octanediol

TPA 50 mg (0,2 mmol) and 1,8-octanediol 90 mg (0,6 mmol) were combined and heated at
140°C for 1 hour. Products of this reaction were characterized by LC-ESI-MS (Figure S10a
and S10b).

s
"o T 140 °C, 1h
3 HO—(CHZ%OH + N\ N OH —— ' » HO*(CHZ%
Yy, O
TPA

1,8-octanediol

esters of TPA and 1,8-octanediol
R=H or -(CH,),OH

Figure S15 Synthesis of esters of TPA and 1,8-octanediol.
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Figure S16a. HPLC elution profile of esters of TPA and 1,8-octanediol: diode array detector
chromatograms at different wavelength (A,B,C) and total ion current chromatogram of the
ESI-MS detector (D).
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Figure S16b. ESI-MS spectrum of esters of TPA and 1,8-octanediol.



