Accepted Manuscript

Synthesis and evaluation of 3-acyltetronic acid-containing metal complexing agents

Julien Rouleau, Alexandre Korovitch, Claude Lion, Miryana Hémadi, Nguyét-Thanh
Ha-Duong, Jean Michel El Hage Chahine, Thierry Le Gall

PII: S0040-4020(13)01648-7
DOI: 10.1016/j.tet.2013.10.087
Reference: TET 24963

To appearin:  Tetrahedron

Received Date: 12 July 2013
Revised Date: 17 October 2013
Accepted Date: 28 October 2013

Please cite this article as: Rouleau J, Korovitch A, Lion C, Hémadi M, Ha-Duong N-T, El Hage Chahine
JM, Le Gall T, Synthesis and evaluation of 3-acyltetronic acid-containing metal complexing agents,
Tetrahedron (2013), doi: 10.1016/j.tet.2013.10.087.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2013.10.087

Synthesis and evaluation of 3-acyltetr onic acid-containing metal complexing agents

Julien Roulead,Alexandre KorovitcH, Claude Lion? Miryana Hémad?, Nguyét-Thanh Ha-
Duong?® Jean Michel El Hage Chahifighierry Le Gaff”

%CEA Saclay, iBiTec-S, Service de Chimie Bioorganique et de Marquage, Bat. 547, 91191

Gif-sur-Yvette, France

PUniversité Paris Diderot Sorbonne Paris Cité — CNRS, Interfaces, Traitements, Organisation
et Dynamique des Systemes, UMR 7086, Batiment Lavoisier, 15 Rue Jean-Antoine de Baif,
75205 Paris Cedex 13, France

thierry.legall@cea.fr
Abstract:

Potential metal chelators containing one or several acyltetronic acid moieties were prepared
from cyclic or acyclic amines and polyamines, and from bis(phenols) by reaction with 1-4
equivalents of 3-bromoacetyltetronic acid in the presence of potassium carbonate. The affinity
constants of the chelating agents for toxic metallic cations, s and PB" and for
dimethylarsinic acid were measured, at pH 7.5 and 9.3. Compguad acyclic triamine

containing four acyltetronic moieties, was found to complex efficiently all the tested species.
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1. Introduction

Organic compounds able to complex efficiently heavy metal cations can find application in
the sensing of these cations or for their removal from contaminated Miistehus of great

value to identify new compounds having such properties. Several natural compounds
containing a 3-acyltetronic acid moiety have been found to complex metal cations. Examples
include the ionophore tetrona$iand the tyrosine phosphatase inhibitor RK6@agure 1).
Copper complexes of 3-acyltetronic acids have been deséribedyell as complexes of

3-alkoxycarbonyltetronic acids with salts of copper(ll), cobalt(ll) and zin(ll).
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Fig. 1. Structures of 3-acyl tetronic acids

In this paper, we will describe the synthesis of a series of new chelating agents derived from
amines or polyamines, containing one or several 3-acyltetronic acid mbietidsese
compounds will then be evaluated as complexing agents for selected, highly toxic species,
PK*, Ccf*, Cs and dimethylarsinic acid. Pbis well known to cause health problems, such

as kidney and neurological diseafeGadmium toxicity involves oxidative-stress and the
alteration of the homeostasis of essential metals such as copper and zinc. Water contamination
by arsenic is one of the biggest health threats in several codnirigsumans and other
mammals inorganic arsenic is converted to trivalent and pentavalent methylated metabolites,
including dimethylarsinic acid. This compound has been largely employed as herbicide in
agriculture. It has been reported to induce urinary bladder tumors itf Mtzeover, it is
genotoxic in human cells, causing decreased DNA production and shorter DNA $trands.
Cesium is not required for biological processes and few is known about its tdxicitgrest

in finding agents able to complex the cesium cation stems largely from the wish to separate
radioactive cesium generated in nuclear pl&h&uch agents might also be employed for the
decorporation of radioactive cesium. Radioactive cesium was dispersed in the environment
following atmospheric nuclear explosions and also following the accidents of Chernobyl and
FukushimaNorbadione A (Figure 2), a pigment isolated from the mushroom bay boletus
(Xerocomus badi)s* was shown to form a strong 1:1 complex with cesium chloride, owing

to two chelating moieties that both participate to the complexatibikewise, we expected

that by arranging one or several 3-acyltetronic acid moieties on a template constituted by an
amine or a polyamine, would allow to obtain chelating agents able to complex the toxic

cations PB", Cdf*, CS, as well as dimethylarsinic acid, depending on their structures.



Fig. 2. Norbadione A

2. Results and discussion
2.1. Synthesis of 3-acyltetronic acid-containing compounds

A synthesis of bis(acyltetronic acid) derived from dodecanedioic acid was recently réported,
according to the conditions described by Yoshiising DCC, DMAP and triethylamine as
reagents. Hence, this was a potentially attracting method for the preparation of the desired
complexing agents. However, several attempts to obtain the acylation of
ethylenediaminetetraacetic acid (EDTA) with four equivalents of tetronic acid were

unsuccessful.

Another possibility to access such compounds was then envisaged, starting from amines or
polyamines and an electrophile containing already a 3-acyltetronic acid motif. For this
purpose, 3-bromoacetyltetronic adidvas then prepared from tetronic acid and bromoacetic
acid using the DCC/DMAP coupling (Scheme 1).

o 0] DCC, DMAP o O
EtsN, CH,Cl, gy
B + 0O (0]
r\)J\OH \ 70% \
HO HO

1

Scheme 1

Several amines or polyamines were then efficiently converted to the corresponding adducts by
reaction with 3-bromoacetyltetronic acid under mild conditions. For example, the dipodal

adduct2 was prepared as shown in Scheme 2, by treatment of phenethylamirie (twit



equivalents) in the presence ofCO; (two equivalents) in DMF (0°C to RT). Addu2twas
obtained in 66% vyield after purification by reverse phase chromatography (0.01¥NHGO
pH 9/ MeOH).
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Scheme 2

Using a similar protocol, with varying equivalentslodnd KCQO;, depending on the number

of possible alkylations, several adducts, tripoda&)dscyclic tetrapodand 5, 6, aza-crown
ethers derivatived, 8, 9, were prepared from the corresponding amines and polyamines
(Table 1). Two compounds derived from bis(phenols) were also prepared similarly, using

three equivalents of bromide(entries 8,9).
Tablel

Synthesis of 3-acyltetronic acids

Entry Starting material Equiv product Yield
1 (%)
1 2 2 53
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The preparation of the precursors of compouslss described in the scheme 3. Amitiz
precursor of3, was obtained by reaction &f-Boc-phenylalanine with tetronic acid in the
presence of DCC/DMAP, followed by cleavage of the Bed-putoxycarbonyl) group using
trifluoroacetic acid. The known compound$ and 14*® were prepared as described.

Compound$-11 were obtained from commercially available products.

o} 0 1) DCC, DMAP o O
EtaN, CH,Cly, 83%
NHB 3N, LHgLlo, NH
o ) +  HO oc - o 2
2) CF3CO,H, CH,Cly
OH Ph 70% OH Ph
12
VPh~g

HNJ(\/NHCOCF3)2 - 5y Ph\/\N%\/NHQL
iPr,EtN, CHyCN
80 °C, 63% 13
2) KOH, MeOH-H,0
100%
0

1) Pho_~
NH,
P
BI'/\/\N —> h\/\N/é\/\NHZ)2
KoCO3, Kl
) o CH4CN, reflux 96% 14
(2 equiv.) 2) NHp-NH,.xH,0

EtOH, 50°C, 77%

Scheme 3



2.2. Complexation studies

The absorption spectra of the chelators were recorded in the presence of varying
concentrations of the following species: cadmium nitrate, cesium chloride, dimethylarsinic
acid (DMA), lead(ll) acetate. They were performed in two aqueous buffers, at pH = 7.5 and
9.3, except for the cadmium species which was insoluble at pH = 9.3. Comdbwad not
evaluated, because of its low solubility in an aqueous medium. The spectra and the measured
affinity constants were similar in the two buffers, which is in agreement with the fact that the
enol functions of tetronic acids are not protonated in both neutral and basic media. In our
experiments, the lower limit of the spectrophotometric detection was of about 0.1 uM of

chelator, therefore this approach did not permit the measurements of affinities higher'than 10

The absorption spectra obtained with compodndipon addition of Cd, Cs, PE* or
dimethylarsinic acid, are indicated in Figure 3. The analysis of the data by the SPECFIT32

program showed that for all the ligands, only monocomplexes were fdfmed.



Fig. 3. Variation in the absorption spectradfipon addition of Cd (A), Cs (B) and PB"
(D); variation of the differential absorption dfupon addition of M@ASOOH, when4 is

taken as a reference (C); spectra acquired at 25 £ 0.1 °C, pH 7.5.



Table?2

Complexation resulfs

pH 2 3 4 5 6 7 8 9 10 EDTA
cd* 75 <2 <2 6.8+0.2 >7 40+0.1 3.4+0.1 3.1+£0.2 56+0.3 3.2+0.1 13-14
Cs' 7.5 <2 <2 43+01 3.0+0.3 3.3+0.2 3.9+0.1 25+0.3 <2 45+0.1 -
9.3 <2 <2 45+01 3.1+0.3 41+0.2 3.5+0.1 3.6+0.1 <2 3.5+£0.2 -
DMA 7.5 <2 <2 54+01 35+0.2 3.0+0.3 46+0.1 3.0+£0.2 <2 26+04 -
9.3 <2 <2 50+01 3.0+0.1 3.1+0.2 3.8+0.1 29+0.1 <2 29+0.1 -
P* 75 <2 <2 5.7+£0.2 >7 42+0.1 43+0.1 44+0.1 <2 41+0.1 13-14
9.3 <2 <2 6.0+0.2 >7 46+0.1 42+0.1 41+0.1 <2 40+0.1 17-18

2 log of the affinity constants (log K) of compour@id1 and EDTA for C@*, C$, dimethylarsinic acid (DMA), and Pk reported for two pH
values at 25 + 0.1 °C.



Affinity constants (as log K) of the synthetic chelators for three metallic catiohsCSdand

PK* and organic dimethylarsinate are reported in the Table 2. These values are also compared
to those involving EDTA, which is considered as a universal chelator, since it forms very
strong complexes with most met&lsEDTA seems also to form strong complexes with
inorganic As(lll) and to a lesser extent with inorganic As{lHowever, to the best of our

knowledge, EDTA does not complex’®@s organic arsinates.

Compounds2 and3 have low affinities for the four species. This may be due to the lack of
flexibility of the ligands in both chelators. Compoufida tetra(acyltetronic acid) derived

from cyclam (1,4,8,11-tetraazacyclotetradecane), seems to be a good chelatof"for Cd
However, despite the fact that it is a tetrapod, it does not complex the other species. Its
affinity for Cd®* may be related to the presence of the four nitrogen atoms and the possible
occurrence of a cage-like structure. Indeed, nitrogen is considered as a soft basg aschCd

soft acid?> Compounds, which is an acyclic tetra(acyltetronic acid), is a very good chelator
for P* and Cd*, with affinities higher than Ip and can also slightly complex Cand
dimethylarsinic acid. This can be due to the higher flexibility of the complexing tetronic
ligands in comparison witB. Finally, compound}, which differs from5 by the presence of

two shorter spacers between nitrogen atoms, is capable of forming stable complexes with the
four tested species. As with norbadione A and its derivatives, complex formation probably
occurs by inclusion in a pseudo-cavity in which the chelating acyltetronic ligands surround
the metallic species. This cavity can be compared to that of some calixarenes, which display
similar affinities for C&'° The proposed chelators are less efficient than EDTA for the
complexation of Ctf and PB". Therefore, the most interesting chelator seems # tich

has a good affinity for Cs and which is, to the best of our knowledge, the only organic

molecule known to form a stable complex with an organic arsinate.
3. Conclusion

We have synthesized various compounds containing one or several 3-acyltetronic acid
complexing moieties. They were obtained from a new precursor, 3-bromoacetyltetronic acid.
Affinity constants of these chelators for three metallic specieé’, @¥, PKF* and for
dimethylarsinic acid were measured. The best chelating agents were tetra(tetroni¢ awits)

5 in which the tetronic acid moieties are connected to an acyclic framework. Confpaasd
shown to efficiently complex the cesium cation as well as dimethylarsinic acid, while

compound4 gave stable complexes with all the tested species. We envision preparing



polymers that will incorporate such chelating agents and that will be used for the

decontamination of surfaces or water contaminated by toxic metals.

4. Experimental section

4.1. Synthesis

4.1.1. GeneralDichloromethane was distilled oves®; commercially available anhydrous

DMF was employed. Non aqueous reactions were performed under an argon atmosphere.
TLC: Silica Gel 60ks4 plates with detection by UV light and by an ethanol solution of
phosphomolybdic acid. Column chromatographies were carried out with Combiflash Serlabo
Rf75 (silica gel columns RediSep® Rf, 35-Afh; or reversed phase columns packed with
Merck LiChroprep® RP-18, 15-25 pm). Melting points were uncorrected. NMR: 400.133 and
100.624 MHz for'H and**C, respectively. Chemical shiftg)(are in ppm (s = singlet, d =
doublet, t = triplet, m = multiplet, b = broad), and are referenced to residual H in the

deuterated solvent as the internal standard; coupling consipate {n Hz.

4.1.2. 3-(2-Bromoacetyl)-4-hydroxyfuran-2(5H)-onB. (A solution of tetronic acid (4 g,

39.72 mmol, 1 equiv), triethylamine (6.625 mL, 47.67 mmol, 1.2 equiv), DMAP (465 mg,
3.9 mmol, 0.1 equiv) and bromoacetic acid (6.623 g, 47.67 mmol, 1.2 equiv) i€l.CH

(200 mL) was cooled to 0 °C. DCC (9.8359, 47.67 mmol, 1.2 equiv) was added in one
portion and the mixture was stirred 30 min at 0 °C and 12 h at room temperature. The mixture
was filtered and the filtrate was recovered and then the solvents were removed under vacuum.
MeOH (300 mL) was added to the residue and the solution obtained was passed through
Dowex H ion exchange resin (eluent: MeOH). The solvent was removed under vacuum and
the residue was triturated with MeOH. The precipitate was filtered and dried under vacuum to
give the title compound (6,172 g, 70%) as a beige powder; mp 143 V&« (KBr pellet)

3191, 2993, 2970, 2942, 1753, 1661, 1460, 1349, 1224, 1106, 1046, 1014, 959, 879, 845, 759,
671 cm®; &y (400 MHz, DMSOsdg) 4.37 (2H, s, OCH), 4.27 (2H, s, CBBr); ¢ (100 MHz,
DMSO-ds) 190.5, 183.8, 172.1, 96.6, 68.3, 35.5; HRMS (ESM-H", found 218.9303.
CsH4O4Br requires 218.9293.

4.1.3. General procedure for the alkylation of an amine by 3-bromoacetyltetronicTacal.
solution of amine (0.45 mmol, 1equiv) in DMF (3mL) was addedL® (188 mg,

1.36 mmol, 4 equiv). After cooling at 0 °C, a solution of 3-bromoacetyltetronic Hcid
(221 mg, 1 mmol, 2.2 equiv) in DMF (2 mL) was added dropwise. The reaction mixture was



stirred at 0 °C for 1 h and at room temperature for 15 h. Solvent was removed under vacuum
and the residue was purified by reversed phase chromatography (agqueous 0.02NHEHCO
buffer, pH9/MeOH 100/0 to 80/20) to afford the desired product.

4.1.4. 3,3'-[2,2'-(Phenethylazanediyl)bis(acetyl)]bis[4-hydroxyfuran-2(5H)-one] 2). (
Phenethylamine (54L, 4.53 mmol, 1 equiv), ¥CO; (188 mg, 1.36 mmol, 3 equiv) and
3-bromoacetyltetronic acid (221 mg, 1 mmol, 2.2 equiv) were used following the general
procedure to afford the title compou(tR0 mg, 66%) as a white powder; mp 177 9Gax

(KBr pellet) 3445, 3194, 3030, 1732, 1651, 1463, 1353, 1262, 1146, 1044, 906, 769, 702
cm L 3y (400 MHz, CROD) 7.24 (5H, m, H-Ar), 4.52 (4H, s, G8), 4.27 (4H, s, CKCO),

3.50 (2H, m, CHCH:N), 3.04 (2H, m, ChCH:N); &c (100 MHz, CROD) 195.7 (2C),

182.0 (2C), 176.1 (2C), 136.0, 128.4 (2C), 128.5 (2C), 126.7, 94.4 (2C), 70.3 (2C), 61.3 (2C),
57.2, 30.4; HRMS (ES): M-H", found 400.1032. £8H1sNOg requires 400.1032.

4.1.5. 3,3'-(2,2"-{[1-(4-Hydroxy-2-ox0-2,5-dihydrofuran-3-yl)-1-oxo-3-phenylpropan-2-
yllazanediyl}bis[acetyl])bis[4-hydroxyfuran-2(5H)-oneB) Amine 12 (97 mg, 0.39 mmol,

1 equiv), KCO; (119 mg, 0.86 mmol, 2.2 equiv), 3-bromoacetyltetronic &ci91 mg,

0.86 mmol, 2.2 equiv) and DMF (2 mL) were used following the general procedure to afford
the title compound109 mg, 53%) as a white powder; mp 197 9G:x (KBr pellet) 3449,
3186, 1731, 1651, 1463, 1357, 1262, 1146, 1045, 905, 771, 704&n(400 MHz, DO)

7.71 (5H, m, H-Ar), 5.53 (1H, dd,= 8.8, 5.9 Hz, CBn), 4.52 (1H, dJ = 17.8 Hz, CHHO),

4.45 (1H, d,J = 17.8 Hz, CHHD), 4.26 (2H, s, CkD), 4.21 (2H, s, CkD), 4.17 (3H, m,
CH:N), 4.02 (1H, dJ = 17.6 Hz, CHN), 3.09 (1H, dd)J = 14.8, 5.9 Hz, CHPh), 2.93 (1H,

dd,J = 14.8, 8.8 Hz, CHRh); &c (100 MHz, BO) 197.1, 197.0, 196.8, 187.0, 182.9, 182.8,
176.9 (2C), 176.6, 134.1, 129.0 (2C), 128.7 (2C), 127.4, 96.2, 95.1 (2C), 70.7, 70.6, 70.5,
68.2, 61.1, 59.3, 34.5; HRMS (ESI): MHound 528.1133. £H,:NO;, requires 528.1142.

4.1.6. 3,3,3",3"-(2,2',2",2"-{[(Phenethylazanediyl)bis(ethane-2,1-
diyl)]bis(azanetriyl)}tetrakis[acetyl])tetrakis[4-hydroxyfuran-2(5H)-one})( Triamine 13

(146 mg, 0.70 mmol, 1 equiv),,.RO; (437 mg, 3.17 mmol, 4.5 equiv), 3-bromoacetyltetronic
acid 1 (655 mg, 2.96 mmol, 4.2 equiv) and DMF (10 mL) were used following the general
procedure to afford the title compouf8b9 mg, 66%) as a light pink powder; mp 195 °C
(decomposition)ymax (KBr pellet) 3448, 3191, 1729, 1648, 1464, 1261, 1045, 913, 770, 703



cm L 3y (400 MHz, BO) 7.22 (4H, m, H-Ar), 7.15 (1H, m, H-Ar), 4.38 (8H, s, £H, 4.32

(8H, s, CHCO), 3.35 (4H, m, NCh), 2.98 (4H, m, NCH), 2.85 (2H, m, CkBn), 2.75 (2H,

m, CH,Ph); 8¢ (100 MHz, BO) 196.9 (4C), 183.0 (4C), 176.7 (4C), 139.5, 128.6 (2C), 128.5
(2C), 126.3, 95.2 (4C), 70.7 (4C), 61.1 (4C), 54.2, 53.0 (2C), 47.9 (2C), 31.7; HRMS (ESI):
MH™, found 768.2252. £gH3sN3016 requires 768.2289.

4.1.7. 3,3,3",3"-(2,2',2",2"-{[(Phenethylazanediyl)bis(propane-3,1-
diyl)]bis(azanetriyl)}tetrakis[acetyl])tetrakis[4-hydroxyfuran-2(5H)-onéj)

Triamine 14 (35 mg, 0.15 mmol, 1 equiv), .KO; (82 mg, 0.595 mmol, 4 equiv), 3-
bromoacetyltetronic acid (132 mg, 0.595 mmol, 4 equiv) and DMF (2 mL) were used
following the general procedure to afford the title compo@timg, 37%) as a light pink
powder; mp 220 °C (decompositionax (KBr pellet) 3442, 1729, 1648, 1464, 1357, 1262,
916, 769, 702 cif; 34 (400 MHz, DO) 7.40-7.20 (5H, m, H-Ar), 4.36 (16H, s, &b
CH,CO), 3.38 (6H, m), 3.26 (4H, m), 2.97 (2H, m), 2.13 (4H, m,CHHCH,); & (100

MHz, D,O) 196.8 (4C), 189.4 (4C), 177.4 (4C), 137.4, 128.7 (2C) 128.5 (2C), 126.8, 95.8
(4C), 70.4 (4C), 61.3 (4C), 60.9 (2C), 53.7, 51.6 (2C), 28.7, 19.9 (2C); HRMS (ESI): MH
found 796.2555. ¢H4:N3O 6requires 796.2565.

4.1.8. 1,14-Bis(4-hydroxy-2-o0x0-2,5-dihydrofuran-3-yl)-3,12-bis[2-(4-hydroxy-2-0x0-2,5-
dihydrofuran-3-yl)-2-oxoethyl]-6,9-dioxa-3,12-diazatetradecane-1,14-di6he2 (2'-[Ethane-
1,2-diylbis(oxy)]diethanamine (48, 0.31 mmol, 1 equiv), ¥CO; (187 mg, 1.35 mmol,
4.4 equiv), 3-bromoacetyltetronic acid(300 mg, 1.35 mmol, 4.4 equiv) and DMF (2 mL)
were used following the general procedure to afford the title comp@m#img, 79%) as a
light pink powder; mp 255 °C (decomposition).x (KBr pellet) 3449, 2933, 1725, 1648,
1449, 1362, 1248, 1089, 1059, 918, 832, 771, 705;08n (400 MHz, BO) 4.26 (8H, s,
CH;0), 4.01 (8H, s, CkCO), 3.57 (4H, m, OCHCH,N), 3.45 (4H, s, OCKCH,0), 2.97 (4H,

m, OCHCH:N); &c (100 MHz, BO) 196.8 (4C), 177.8 (C4), 160.9 (4C), 96.0 (4C), 70.4
(4C), 69.4 (4C), 67.3 (2C), 61.7 (2C), 54.4 (2C); HRMS (ESI): "Mfdund 709.1729.
CsoH33N201grequires 709.1728.

4.1.9. 3-[2-(1,4,7,10,13-Pentaoxa-16-azacyclooctadecan-16-yl)acetyl]-4-hydroxyfuran-
2(5H)-one 7). 1,4,7,10,13-Pentaoxa-16-azacyclooctadecane (108 mg, 0.41 mmol, 1 equiv),



KoCOs; (62 mg, 0.45 mmol, 1.1 equiv), 3-bromoacetyltetronic &cifil00 mg, 0.45 mmol,

1.1 equiv) and DMF (2 mL) were used following the general procedure to afford the title
compound(158 mg, 96%) as a white powder; mp 130-132V&x (KBr pellet) 3495, 2895,
1718, 1654, 1584, 1436, 1352, 1248, 1106, 958, 836, 767, 6985400 MHz, BO) 4.37

(2H, s, CHO), 4.15 (2H, s, CKCO), 3.67 (16H, s, OCHLH,0), 3.63 (4H, s, NCKCH,0),

3.22 (4H, s, NCHCH,0); dc (100 MHz, BO) 197.1, 184.6, 177.3, 95.5, 70.7, 69.7 (2C), 69.6
(2C), 69.4 (2C), 69.3 (2C), 64.2 (2C), 55.6, 55.4 (2C); HRMS (ESI): Wifdand 426.1750.
C18H290NOgNa requires 426.1740.

4.1.10. 3,3'-[2,2'-(1,4,10-Trioxa-7,13-diazacyclopentadecane-7,13-diyl)bis(acetyl)]bis[4-
hydroxyfuran-2(5H)-one]  §). 1,4,10-Trioxa-7,13-diazacyclopentadecane (100 mgq,
0.46 mmol, 1 equiv), ¥CO; (133 mg, 0.96 mmol, 2.1 equiv), 3-bromoacetyltetronic dcid
(213 mg, 0.96 mmol, 2.1 equiv) and DMF (3 mL) were used following the general procedure
to afford the title compoun(08 mg, 91%) as a white powder; mp 230 °C (decomposition);
Vmax (KBr pellet) 3440, 3235, 2875, 1717, 1633, 1463, 1354, 1251, 1115, 1096, 1045, 938,
774, 704 critt; 3y (400 MHz, BO) 4.37 (4H, s, ChD), 4.09 (4H, s, CKCO), 3.73 (4H, t) =

4.6 Hz), 3.70 (4H, s, OGEH,0), 3.67 (4H, tJ = 4.8 Hz), 3.12 (8H, bs, NGEH,0); 5c

(100 MHz, DO) 197.3 (2C), 183.3 (2C), 177.0 (2C), 95.3 (2C), 70.9 (2C), 69.9 (2C), 63.6
(2C), 63.5 (2C), 60.3 (2C), 55.6 (2C), 54.0 (2C); HRMS (ESI): KMNaund 521.1764.
Co2H30N2011Na requires 521.1747.

4.1.11. 3,3,3",3"[2,2',2",2"-(1,4,8,11-Tetraazacyclotetradecane-1,4,8,11-
tetrayl)tetrakis(acetyl)]tetrakis[4-hydroxyfuran-2(5H)-one] 9)( 1,4,8,11-
Tetraazacyclotetradecane (22 mg, 0.11 mmol, 1 equiv)COK (62 mg, 0.45 mmol,
4.1 equiv), 3-bromoacetyltetronic acid(100 mg, 0.45 mmol, 4.1 equiv) and DMF (2 mL)
were used following the general procedure to afford the title comp(&inchg, 61%) as a
white powder; mp 225-230 °C (decomposition)ax (KBr pellet) 3444, 2848, 1731, 1644,
1471, 1362, 1253, 1046, 923, 770, 705 ¢ (400 MHz, BO) 4.19 (8H, br s, CkD), 3.94
(8H, br s, CHCO), 3.60-2.70 (16H, m, NGE&HN,NCH,CH,CH:N), 1.83 (4H, m,
NCH,CH,CH:N); &c (100 MHz, DO) 196.8 (4C), 193.3 (4C), 178.2 (4C), 96.6 (4C), 70.3
(4C), 61.0 (4C), 50.9 (4C), 47.2 (4C), 20.1 (2C); HRMS (ESI): "Mfdund 761.2529.
C34H41N4O16 requires 761.2518.



4.1.12. 3,3-(2,2'-{[1,1'-Biphenyl]-2,2'-diylbis(oxy)}bis[acetyl] }bis[4-hydroxyfuran-2(5H)-
one] (10). 2,2-Biphenol (19 mg, 0.102 mmol, 1 equiv),,®0; (31mg, 0.226 mmol,

2.2 equiv), 3-bromoacetyltetronic acid(50 mg, 0.226 mmol, 2.2 equiv) and DMF (1 mL)
were used following the general procedure to afford the title comp@Eiindg, 87%) as a
white powder; mpL78-180 °C Vimax (KBr pellet) 3247, 3050, 1720, 1606, 1458, 1410, 1370,
1237, 1147, 1121, 1050, 931, 859, 758, 707'chy (400 MHz, CROD) 7.30-7.20 (4H, m,
H-Ar), 6.99 (2H, tJ = 7.6 Hz, H-Ar), 6.87 (2H, d] = 8.4 Hz, H-Ar), 5.07 (4H, s, GI®AT),

4.28 (4H, s, ChHDCO); dc (100 MHz, DMSO€dg) 193.4 (2C), 186.9 (2C), 174.6 (2C), 155.9
(2C), 131.9 (2C), 128.0 (2C), 126.7 (2C), 119.5 (2C), 112.3 (2C), 93.8 (2C), 71.1 (2C), 69.5
(2C); HRMS (ESI): MN3, found 489.0802. 5H1gNaOy, requires 489.0798.

4.1.13. 3,3'-{2,2'-[Naphthalene-1,7-diylbis(oxy)]bis(acetyl)}bis[4-hydroxyfuran-2(5H)-one]
(11). 1,7-naphthalenediol (241 mg, 1.5 mmol, 1 equiyC&s; (1.245 g, 9.0 mmol, 6 equiv),
3-bromoacetyltetronic acid (1.0 g, 4.51 mmol, 3 equiv) and DMF (10 mL) were used
following the general procedure to afford the title compo(®2¥4 mg, 79%) as a white
powder; mp238-240 °C Vinax (KBr pellet) 3181, 1729, 1629, 1512, 1466, 1364, 1247, 1220,
1046, 939, 826, 779, 742, 693, 638 tndy (400 MHz, DMSOe) 7.75 (1H, dJ = 9.2 Hz,
H-Ar), 7.43 (1H, dJ = 2.4 Hz, H-Ar), 7.34 (1H, d) = 8.0 Hz, H-Ar), 7.10-7.25 (4H, m,
H-Ar, OH), 6.58 (1H, dJ = 7.6 Hz, H-Ar), 5.20 (2H, s, GIAr), 5.11 (2H, s, CHDAY),
4.16 (2H, s, CHOCO), 4.15 (2H, s, C¥DCOY), 3¢ (100 MHz, DMSOds) 193.6 (2C), 186.4,
186.0, 174.7, 174.6, 156.2, 153.2, 129.3, 128.9, 125.9, 123.4, 119.4, 118.8, 105.6, 101.5, 93.9,
93.8, 70.9 (2C), 69.63, 69.58; HRMS (ESI): MNéound 463.0636. £H1sNaOy, requires
463.0641.

4.1.14. 3-(2-Amino-3-phenylpropanoyl)-4-hydroxyfuran-2(5H)-ob®). (To a solution of
tetronic acid (94 mg, 0.94 mmol, 1 equiv) in £Hb cooled at O °C were added triethylamine

(157 pL, 1.13 mmol, 1.2 equiv), DMAP (11 mg, 0.094 mmol, 0.1 equii;Boc-
phenylalanine (299 mg, 1.13 mmol, 1.2 equiv) and DCC (232 mg, 1.13 mmol, 1.2 equiv). The
mixture was stirred for 30 min at 0 °C and for 15 h at room temperature. The mixture was
filtered and the solvent was removed under vacuum. ThegClgf2 mL) and trifluoroacetic

acid (2 mL) were added to the residue and the mixture was stirred at room temperature for 1.5
h. After concentration under vacuum, the obtained residue was purified by reversed phase
chromatography (aqueous 0.01 N HBGIBI, buffer, pH9/MeOH 100/0 to 90/10) to afford the



title compound(161 mg, 70%) as a white powder; mp 225-230 °C (decompositiar);

(KBr pellet) 3030, 1715, 1645, 1363, 1247, 1140, 1048, 1030, 963, 917, 787, 746,699 cm
Oy (400 MHz, CROD) 7.40 (2H, dJ = 7.0 Hz, H-Ar), 7.30 (2H, m, H-Ar), 7.24 (1H, m,
H-Ar), 4.99 (1H, ddJ = 9.7, 3.7 Hz, CIE0), 4.31 (2H, s, CkD), 3.29 (1H, ddJ = 14.3 Hz,

3.7 Hz, CHHPh), 2.78 (1H, dd) = 14.3 Hz, 9.7 Hz, CHPh); 3¢ (100 MHz, CROD) 195.6,

187.0, 176.6, 135.5, 129.2 (2C), 128.6 (2C), 127.1, 93.8, 70.3, 65.6, 57.4, 36.9; HRMS (ESI):
MNa", found 270.0738. GH13NOsNa requires 270.0742.

4.2. Complexation studies

Absorption measurements were performed at 25 + 0.1 °C on a Cary 4000 spectrophotometer
equipped with Peltier thermostated cell-carriers. The pH of solutions was measured at 25 +
0.5 °C with a Jenco pH-meter. Affinity constants were determined spectrophotometrically by
the use of the Global Analysis program SPECFIT32. SPECFIT32 is a multivariate data
analysis program for data sets that are obtained from multiwavelength spectrophotometric
measurements. The program utilizes a specially adapted version of the Levenberg-Marquardt
method. This procedure returns optimized model parameters, their standard errors, and the
predicted spectra of the unknown colored spedighe affinity constants were checked when
possible by a variant of the Benesi and Hildebrand method.

Acknowledgments

Financial support by the Agence Nationale de la Recherche (ANR-08-SECU-002) is
gratefully acknowledged.

References

[1] Albelda, M. T.; Frias, J. C.; Garcia-Espafa, E.; Schneider, EGhein. Soc. Re2012,
41, 3859-3877.

[2] (a) Davies, D. H.; Snape, E. W.; Suter, P. J.; King, T. J.; Falshaw,XCOPem. Soc.,
Chem. Commun1981, 1073-1074. (b) Grandjean, J.; Laszlo, TRtrahedron Lett.
1983, 24, 3319-3322. (c) Davies, D. H.; Norris, G. L. F. GB Patent 2,027,013, 1980;
Chem. Abstr1980, 93, 184292w. (d) Ley, S. V.; Brown, D. S.; Clase, J. A.; Fairbanks,
A. J.; Lennon, I. C.; Osborn, H. M. |.; Stokes (née Owen) E. S. E.; Wadsworth).D. J.
Chem. Soc., Perkin Trans1998, 2259-2276, and references cited therein.



[3] (a) Roggo, B. E.; Petersen, F.; Delmendo, R.; Jenny, H.-B.; Peter, H. H.; Rodsel, J.
Antibiot. 1994, 47, 136-142. (b) Roggo, B. E.; Hug, P.; Moss, S.; Raschdorf, F.; Peter,
H.H. J. Antibiot.1994, 47, 143—-147. (c) Hamaguchi, T.; Sudo, T.; OsadeFEBS Lett.
1995, 372 54-58. (d) Osada H.; Obinata K.; Hamaguchi T. Jpn. P&&242545,
1995; Chem. Abstr1995, 124 76504. (e) Sodeoka, M.; Sampe, R.; Kojima, S.; Baba,
Y.; Morisaki, N.; Hashimoto, YChem. Pharm. Bull2001, 49, 206—-212. (f) Sodeoka,

M.; Sampe, R.; Kojima, S.; Baba, Y.; Usui, T.; Ueda, K.; Osada]. Hled. Chem.
2001, 44, 3216-3222. (g) Schobert, R.; Jagusch].@rg. Chem2005, 70, 6129-6132.

[4] (@) Tanaka, K.; Matsuo, K.; Nakaizumi, xhem. Pharm. Bull1979, 27, 1901. (b)
Lusty J. R.; Pollet, Anorg. Chim. Actdl983, 78, L7.

[5] (a) Athanasellis, G.; Zahariou, G.; Kikionis, S.; Igglessi-Markopoulou, O,
Markopoulos, J.Bioinorg. Chem. Appl.2008, 2008 547915. (b) Prousis, K. C.;
Athanasellis, G.; Stefanou, V.; Matiadis, D.; Kokalari, E.; Igglessi-Markopoulou, O.;
McKee, V.; Markopoulos, Bioinorg. Chem. AppR010, 201Q 651652.

[6] Reviews on tetronic acids: (a) Bretschneider, T.; Fischer, R.; Nauen, BRoantive
Heterocyclic Compound Classes: Agrochemichisnberth, C., Dinges, J., Ed.; Wiley-
VCH: Weinheim, 2012; pp 265-278. (b) Athanasellis, G.; Igglessi-Markopoulou, O.;
Markopoulos, JBioinorg. Chem. ApplR010, 201Q 315056. (c) Schobert, R.; Schlenk,
A. Bioorg. Med. Chem2008, 16, 4203—-4221. (d) Zografos, A. L.; Georgiadis, D.
Synthesi2006, 3157-3188. (e) Tejedor, D.; Garcia-Tellado,OFg. Prep. Proc.Int.
2004, 36, 33-59.

[7] Selected 3-acyltetronic acid syntheses: (a) Paintner, F.; Allmendinger, L.; Bauschke, G.
Synlett2005, 2735-2738. (b) Schobert, R.; JaguschSgnthesi®005, 2421-2425. (c)
Pashkovskii, F. S.; Katok, Y. M.; Khlebnikova, T. S.; Koroleva, E. V.; Lakhvich, F. A.
RussJ. Org. Chem. (Engl. Transl2003, 39, 998-1009. (d) Athanasellis, G.; lgglessi-
Markopoulou, O.; Markopoulos, JSynlett 2002, 1736-1738. (e) Mitsos, C. A,
Zografos, A. L.; lgglessi-Markopoulou, @. Org. Chem.2000, 65, 5852-5853. (f)
Jones, R. C. F; Duller, K. A. M.; Vulto, S. I. E. Chem. Soc., Perkin Trans.19298,
411-416. (g) Mittra, A.; Yamashita, M.; Kawasaki, I.; Murai, H.; Yoshioka, T.; Ohta, S.
Synlett1997, 909-910. (h) Ley, S. V.; Trudell, M. L.; Wadsworth, D.T&trahedron
1991, 47, 8285-8296. (i) Sato, M.; Sakaki, J.-i.; Takayama, K.; Kobayashi, S.; Suzuki,
M.; Kaneko, C.Chem. Pharm. Bull1990, 38, 94-98. (j) Kawakami, H.; Hirokawa, S.;



[8]
[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]
[17]

[18]

Asaoka, M.; Takei, HChem. Lett1987, 85-88. (k) Gelin, S.; Galliaud, M. AC. R.
Acad. Sci. Sr. @972, 275 897-900. (I) Lacey, R. N. Lacey, R. Bl.Chem. Sod954,
832-839.

Needleman, HAnnu. Rev. Med004, 55, 209-22.

Winkel, L. H. E.; Trang, P. T. K.; Lan, V. M.; Stengel, C.; Amini, M.; Ha, N. T.; Viet,
P. H.; Berg, MProc. Natl. Acad. Sci. US2011, 108 1246-1251.

(@) Wei, M.; Wanibuchi, H.; Yamamoto, S.; Li, W.; Fukushima,Carcinogenesis
1999, 20, 1873-1876. (b) Shen, J.; Wanibuchi, H.; Waalkes, M. P.; Salim, E. |
Kinoshita, A.; Yoshida, K.; Endo, G.; Fukushima,T®&xicol. Appl. Pharm2006, 210
171-180.

Kenyon, E. M.; Hughes, M. F. Toxicolo@p01, 160, 227-236.
Melnikov, P.; Zanoni, L. ZBiol. Trace Elem. Reg2010, 135, 1-9.

Xu, C.; Wang, J.; Chen, $olvent Extr. lon Exci2012, 30, 623—-650, and references
therein.

(a) Steffan, B.; Steglich, WAngew. Chem., Int. EA984, 23, 445-447. For its isolation
from Pisolithus tinctorius see: (b) Gill, M.; Lally, D. A.Phytochemistry1985, 24,
1351-1354; (c) Gill, M.; Kiefel, M. JAust. J. Cheml994, 47, 1967-1977.

(@) Aumann, D. C.; Clooth, G.; Steffan, B.; Steglich, Aigew. Chem., Int. EA989,

28, 453-454. (b) Garaudée, S.; Elhabiri, M.; Kalny, D.; Robiolle, C.; Trendel, J.-M.;
Hueber, R.; Van Dorsselaer, A.; Albrecht, P.; Albrecht-Gary, A@dem. Commun.
2002, 944-945. (c) Desage-El Murr, M.; Nowaczyk, S.; Le Gall, T.; Mioskowski, C.;
Amekraz, B.; Moulin, CAngew. Chem., Int. EQ003, 42, 1289-1293. (d) Kuad, P.;
Borkovec, M.; Desage-El Murr, M.; Le Gall, T.; Mioskowski, C.; Spiess,J.BAm.
Chem. Soc2005, 127, 1323-1333. (e) Korovitch, A.; Mulon, J.-B.; Souchon, V.; Leray,
I.; Valeur, B.; Mallinger, A.; Nadal, B.; Le Gall, T.; Lion, C.; Ha-Duong, N.; El Hage
Chahine, J.-MJ. Phys. Chem. B010, 114, 12655-12665.

Ghobril, C.; Kister, J.; Baati, FEur. J. Org. Chem2011, 3416-3419.
Hori, K.; Arai, M.; Nomura, K.; Yoshii, EChem. Pharm. Bulll987, 35, 4368-4371.

Fenton, D. E.; Hellier, P. @org. Chim. Actal992, 198—-200 577-581.



[19] Binstead, R. A.; Zuberbuhler, A. D.; Jung, B. SPECFIT global analysis system version
3.04.34, 2003.

[20] Smith, R. M.; Martell, A. ECritical Stability ConstantsPlenum Press: New York,
1989; Vol. 6.

[21] Elenkova, N. G.; Veleva, M. G.; Tsoneva, R.JAInorg. Nucl. Chem1972, 34, 191—-
196.

[22] Pearson, R. Gl. Am. Chem. So&963, 85, 3533—-3539.



Synthesis and evaluation of new 3-acyltetr onic acid-containing metal complexing agents

Julien Rouleau, Alexandre Korovitch, Claude Lion, Miryana Hémadi, Nguyét-Thanh Ha-Duong, Jean
Michel El Hage Chahine, and Thierry Le Gall.

Graphical abstract :

HO

NH, “ )

equiv.

O™ e N7 "
\ base N (0]

NH, 66% 4

0
o O ¢ 0
= o)
Br ¢ o HO ( e}
O N
HO
Oy o

Y

o) (0]

O\OH



Synthesis and evaluation of new 3-acyltetr onic acid-containing metal complexing agents

Julien Roulead, Alexandre KorovitcH, Claude Lior? Miryana HémadP, Nguyét-Thanh Ha-
Duong? Jean Michel El Hage Chahifighierry Le Galft”

%CEA Saclay, iBiTec-S, Service de Chimie Bioorganique et de Marquage, Bat. 547, 91191 Gif-sur-
Yvette, France

PUniversité Paris Diderot Sorbonne Paris Cité — CNRS, Interfaces, Traitements, Organisation et
Dynamique des Systemes, UMR 7086, Batiment Lavoisier, 15 Rue Jean-Antoine de Baif, 75205
Paris Cedex 13, France

Supporting information

Contents:

Copies ofH NMR and**C NMR spectra of compounds12 S2-S13

S-1



'H and™C NMR spectra of compourtd(DMSO-ds)

t1gj103b 1H
O N~ oM< © I O
585 8R3 338 BRUKER
O oM NN < S <
LW I o
Current Data Paraneters
NAVE t1gj 103b
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120921
Ti me 11.08
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2945
TD 65536
SOLVENT
NS 8
DS 0
HO SWH 5995. 204 Hz
FI DRES 0.091480 Hz
’ AQ 5. 4657526 sec
O RG 1
B bw 83. 400 usec
r DE 6.00 usec
TE 297.6 K
(0] O D1 1.00000000 sec
MCREST 0.00000000 sec
MOWRK 0.01500000 sec
CHANNEL f1
NUC1
P1 7.00 usec
PL1 -4.00 dB
SFOL 400. 1324000 MHz
F2 - Processing paraneters
S 65536
SF 400. 1300079 MHz
Wow EM
SSB 0
LB 1.00 Hz
B 0
PC 1.00
T T T T T T T 1
9 8 7 6 5 4 2 1 ppm
|| /
HH(‘O old
<™ o
YIRS 1]
TLG J- 103
(=} N -
0 [oe] - < Yo} LITONAO DN
S o o © N SNe®oOY Y
> © ~ © © [eRoNeloNe Ne Ne W]
o — o2} © IITOOMOH®
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S-2



ACCEPTED MANUSCRIPT

'H and**C NMR spectra of compouri(CD;OD)

JR115t 10 (1D 1H) MeOD 400MHz

nnnnnnnnnn

ESHIN iB030es. Aok v

¥]gRanARaRARAS § 4§ ©§  @gsscizEEEEse :

] T T T T I
220 200 180 160 140 120 100 80 60 40 20 ppm




ACCEPTED MANUSCRIPT

'H and**C NMR spectra of compourgi(D,0)

. : _ — JR158¢ 1 (1D 1H) D20 400MHz
Is £ kB

(0]
I =0
- HO
1= (o)
i o O o 0

~ J [ ;%f j/
| W g ‘HeHéH\sf HH PRI HHEH

L < 1 a8 8 55 5 a8 4 :

38

S-4



(10 13C) D20 400MHz

# L L e e e e e e e e e LN B A B b e e i b o e e e e S e e B N e B e e e e
" &0 a0 8 8

pem 20 180 160 140 120 100

'H and**C NMR spectra of compounti(D,0)

B

JR156bisCB 10 (1D 1H) D20 400MHz

S-5



S-6



'H and™C NMR spectra of compour&i(D,0)

HRY AR 8 R & o 1400
N 4 ¥ A IS
N / [ I
1300
163C
1200
/ ; f F 1100
1000
900
(o]
0PN\ ~OH
800
HO o o [0}
NS HOTNy S0
efk/ 700
(o] o /o)
ph/\/N\/\/N OH 600
(e} =
g 500
o
400
300
200
|
t 100
o
2
b
T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 55 5.0 15 1.0 0.5 0.0
2]* g B = HEL B =
| | 1 1 =5
2]
a
2
8 |
|
|
I
T 1 I
| H | ¥ |
M ) I
o I |
ey S T T T S S e I S s S S S oo 1 S T T
pem 200 180 160 140 120 100 80 an

S-7




'H and™C NMR spectra of compoursi(D,0)

g & 3 B & 2 4500
F ¢ F oo ~ =
| I
4000
3500
o~° HO \O
— fo) o
HO o o 3000
NN o NN
o OH
0P NF
HO_\__o
o L
o o 2500
2000
1500
1000
500
I
Fo
@ ~ * o
T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 55 5.0 4. 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
JRZ0O0A 11 (1D 13C) D20 400MHz
o E
Sl
a
o
2
8
a
2|
21
= |
J | |
|
|
- | DMF
R [ DMmF
2 [ |
| | 1
| |
b
|
o
I | 1 1 L
A I [
.I.
] ™ ; 1 /
a | 1 |
s
® = L I O e re vt e B I T ity el T T e SR e T o [rv i et (e Tt Mo G T PR i S e AL D S e o e B S o e e i k- e
Lo 220 200 180 160 140 120 100 &0 60 40 20 o

S-8



ACCEPTED MANUSCRIPT

'H and**C NMR spectra of compouriti(D,0)

JR171B 10 (1D 1H) D20 400MHz ]
+ls BSSSEES moEE RES BV |
_ [l
] <—O (0] O, o
4 [ o _l})_gj i
E <_ _) HO |
jievi |
o [ |
; |
7 |
: et
s
o]
|
§ o HH
Q—- i
b R R ST PR AR MRS S MRS AR MR YRR MR GERRY NEREE SRR SR

i_ : R JR171B 21(1D 13C) D20 400MHz o
[ ERERE il

|

8]

51

2

B

It |

S-9



'H and™C NMR spectra of compour&i(D,0)

] J A
] Hil'l Ihi_l ” IJ-"iI| I.]:__,.I H

o o L B L S L L S B L L L e
PP 75 1 ¥} 5 55 5 a5 4 35 3 25 2 15 1 05 a

171,05
63.48

63.61

13000

197.32
— 183.27
— 177.04

95.33
7095
< 69.86
—60.34

— 55.61
™-53.9

TLG 186B

L

[~ 12000

.

NH,HCO,

11000
10000
[~9000
~8000
[~7000
6000
5000
4000
I ~3000
2000

1000

~-1000
T T T T T T T T T T T 1

r T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

S-10



ACCEPTED MANUSCRIPT

'H and**C NMR spectra of compour@i(D,0)

d

|

—4.19
—3.94
—1.83

\\\a 292
3

JR 172A

/
130
) U{‘Z 120
( %O = 110
J=( o< o
10 100

\
)\I&O
o] -

i |
i |

\
HJ\U\\,J N L

e ~—u .
3 |® g 2 e
i B o
T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

JR172At 21 (1D 13C) D20 400MHz
¢ TR g g 4 Bx :
z Ejesai Saasmsiian i imEa e
s-: |
1 1
g
] |
&

S-11



ACCEPTED MANUSCRIPT

'H NMR spectrum (CBOD) and**C NMR spectrum (DMSQ) of compoundLO

JR254C 10 (1D 1H) MeOD 400MHz |
4 | N |
= OH
( (%‘/\ O [
o oo
o o o o
T
HO :
|
|
o] |
|
|
- |
|
|
e |
J [
|
409 SIS 81 VT O E |
K H 5 |
oo 5 T SR T B g T s i 35 5 s 5 Ts ! 9 il
_JR2-1508t 10 (1D 13C) DMSO 400MHz _ — il
= 1188 188 Il
(]
ks
:E—:
-
9._: 8 I l | }I I| | ! i
RiEER R el B SR a R J
| | | I ! | I T

o L L e 0 L LI L L L WAL UL B W L L B PRI BB LM
[ PR 500 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o



'H and™C NMR spectra of compourtd (DMSO-ds)

JR2-151AC 10 (1D 1H) DMSO 400MHz

| ; '._I_..' { ’(

JJLU ] L ,{L Jk ¢

W ol b f K I

“']'r'r'|11r-1ll[1-rr-'|-1r‘tl[|||l||-r-11|rr1l'rr-i-rr[ii'ris-r'irr'|r1r1|-lrf1|r1-1r]'-1'r'r]lr1'r-]|rir]ll
i
15 T 3 3 65 5 45 4 1 3 a5 a 15 1 05 n

JR2-151AC 20 (1D 13C

>} DMSO 400MHz

s E S S S B e NN S e e e e e e e e e e e e e S S e S S e ey e e e e e e e e e NS B e e e e
o ) 2 180 150 140 1 100 w0 &0 0 b1



ACCEPTED MANUSCRIPT

'H and**C NMR spectra of compouri®? (CD;0OD)

JR249A 10 (1D 1H) MeOD 400MHz

1

nnnnn

nnnnnnn

—<i
5
X

e

£ ST P
‘K%
L—‘—----..
= =
m——
Ty
< o
a8
3 z

|
|

Hl
w K o H |

S-14



195.55
186.99

Bl47a

176,63
— 13548
12918
< 12855
N 12711
93.81
— 7033
— 6561
—57.37
48.11
47,90
47.46
47.38

[
Y

— 3691

= 6500

6000

= 5500

5000

[~ 4500

I 4000

~3500

3000

~2500

[~2000

1500

[~ 1000

500

T T T T T T
180 170 160 150 140 130 120 110

S-15



