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Abstract: The compounds such as 3-(1-(benzyloxy)-3-(ethosharayl)thioureido)-2ert-
butoxycarbonyl)propanoic acid and 2-amino-4-(1-@yboxy)-3-(ethoxycarbonyl)thioureido)-
butanoic acidhave been synthesized respectively via an opeeiction ofu-(N-Boc) amino-
B-lactone and a reaction of substitution carried @uy-iodohomoalanine. The structures of
the synthesized compounds were establishetHHyMR, MS data and elemental analysis.
Keywords: Quisqualic acid, Substitution reaction, Glutanrateptor.

1. Introduction

Quisqualic acid is a natural product isolated frdine seeds ofQuisqualis indicaand
Quisqualis fructug1,2]. This derivative has been reported to berangt agonist for AMPA
(o-amino-3-hydroxy-5-methyl-4-isoxazolepropionic gcidceptors and group | metabotropic
glutamate receptors [3,4]. Thus, after administrabf quisqualate, these analogues become
active at concentrations at which they are otherwiactive [5].

In continuation of our research interest in hetgcic amino acids [6-14], we report here our
results concerning the synthesis of some new conmgmuas 3-(1-(benzyloxy)-3-
(ethoxycarbonyl)thioureido)-2-(tert-butoxycarbomybpanoic acid 6 and 2-amino-4-(1-
(benzyloxy)-3-(ethoxycarbonyl)thioureido)butano@d8, linear sulfur-containing analogues
of quisqualic acid through, as key step, an opergagtion ofu-(N-Boc) aminop-lactone and

a reaction of substitution carried outeiodohomoalanine.

2. Results and Discussion

To synthesize the product giving access to thatfisalfur-containing analogues of quisqualic
acid, we performed the condensation of O-benzylrdwyglamine with ethoxycarbonyl
isothiocyanate according to the following react{Scheme 1):

- -O_-Ph
HCLH,N . ~p 1) Pyridine/MeCN HN

h >
2) Et0,C-N=C=S sy COuE!

= O
N IZ

Scheme 1Synthesis of thiourea derivatii_z_e

O-benzyl hydroxylamine hydrochlorideis treated with 1.5 equivalent of pyridine and 1.2
equivalent of ethoxycarbonyl isothiocyanate in aodtile to lead toN-ethoxycarbonyN-
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benzylhydroxythioure& . The later was obtained first by conducting teeatralization of the
hydrochloride with an equivalent of triethylamimme methanol. The condensation reaction of
the O-benzyl hydroxylamine is then carried in THRder nitrogen atmosphere for 16 hours,
to lead to produc® with a yield of about 90%. Mass spectrometry (FAB;H]" (m/z=
255),"H NMR spectrum analysis (250 Hz) and microanalghisw well that it is produ@.

The first way of synthesis of a linear sulfur-caniag; higher analogue of quisqualic acid
consists of the modification of the side chain lo¢ ¥-iodohomoalanin€8 by nucleophilic
substitution reaction using as reagent the devigaif thioure& (Scheme 2).

NHBoc
NHBoc 2 Ph._ 0O, U
0 < . ~ N/\)\COZtBu
I CO,tBu Base/solvent EtOzC\N/&
3 H
4

Scheme 2Synthesis of the N-Boc amino eder

Within sight of the literature, the use of the sodihydride seems to be the method which
would be appropriate best for the reactions of switi®n, a test carried out in the DMF [15],
leads after 76 hours of agitation at room tempeeato the product with a yield of only
50%. The yield could not be improved by modificasmf the reaction conditions.

By against the use of potassium carbonate (2 elgmits, in acetone [16] (24 hours at 25°C)
leads to a better result. The proddds obtained with a yield of about 90%; the puafion
being carried out by chromatography on silica ggumn. The analysis of ittH NMR
spectrum (250 Hz) and its mass spectrum allowedd aenfirm that it is indeed the substitute
product.

A second synthetic pathway of another linear ansdogf the quisqualic acid consists in the
opening of the lacton®& with thiourea derivative2. The nucleophilic attack causes ring
opening by rupture of the carbon-oxygen bond tedatly generate the line&N-Boc sulfur-
containing analogue of quisqualic acid (Scheme 3).

BocHN O ) Ph\/O\N 7 NHBoc
0 - >
o Base/solvent EtOZC\N/& CO-H
N"s
5 6

Schéme 3Synthesis of the N-Boc ;mino abid

Two bases were used, sodium hydride in DMF andsgaien carbonate, thereby obtaining
the product6 with a respectively yield of 20 and 40% (SchemeT3)e yield could not be
improved by modifications of reaction conditionsa$é spectrometry (FAB, [M+H](m/z=
440) shows that the opening reaction has occurred.

To obtain free amino acids, we proceeded to theodeqtion of amine and ester functions.
The simultaneous cleavage of thert-butyloxycarbonyl group andert-butyl ester of
compound4 is carried out by a solution of HCI 1N in acet@da[17] during 2 hours at room
temperature. The amino acid hydrochloriflehus obtained is neutralized with propylene
oxide in methanol to yield the free amino a8idith a yield of around 80% (Scheme 4).
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NH,.HCI NH,
S | ; MeOH Ph_ 0. S

HCI 1N/AcOH Ph._ O,

4 N CO,H - N CO,H
EtO,C.. EtO,C.
Co A A
H H
7 8

Scheme 4Syn_thesis of the optically puseamino acidg

Tests of cleavage of the Boc groupinghBoc amino acid were carried out in order to
obtain free corresponding amino acid (Scheme Sfei@2int methods are used namely HCI
1N/AcOH; HBr/AcOH [17], TFA in dichloromethane [L8kimethylsilyl chloride in tBuOH
[19], p-toluenesulfonic acid in TFA [20,21] and boron @ftigluoroacetate) in TFA [22].

Ph\/O\N 2 NH,

6 N/
= / EtOzC\H/&S CO,H

9
Scheme 5Synthesis essay of the fre@amino acid9

All these methods led, after treatment of the ieactmixture, to a complex mixture of
products difficult to separate on a silica column.

3. Experimental Section

The melting points were determined using a Bdichiltingg point apparatus and are
uncorrected. ThéH-NMR spectra were recorded with a Bruker AVANCED28perating at
250 MHz. Chemical shift{ are given in ppm and are reported relative t@tatethylsilane
TMS and coupling constants)(are given in Hertz. Peaks are described as si(g)letriplet
(t), quadruplet (q) and multiplet (m). All react®were followed by TLC. TLC analyses were
carried out on 0.25 mm thick precoated silica geltgs (Merck Fertigplatten Kieselgel
60F54) and spots were visualized under UV light or bp@sure to vaporized iodine. The
purification was performed by column chromatograpdy silica gel columns 60 Merck.
Optical rotations were measured iBuOMe and CHCl, on a Perkin-Elmer 241 MC
polarimeter with a 10 cm cell (concentration C givie g/mL). The mass spectra were
recorded on a JOEL JMX-DX 300 mass spectrometeastt Atom Bombardment (FAB). The
elemental analyses were performed on a Thermo t8werlash EA analyzer. The
purification was performed by column chromatogragmy silica gel 60 Merck (Kieselgel
60Fs4 Merck Fertigplatten).

Synthesis of ethyl benzyloxycarbamothioylcarbanat€o a solution of 50 mmols of O-
benzylhydroxylamine in 100 mL of anhydrous THF d&led dropwise, during a period of 15
minutes and at 0°C, 55 mmols of ethoxycarbonylisatanate. The reaction mixture is then
stirred at room temperature for 16 hours. Afteruean evaporation of the THF, the product is
recrystallized from ether-hexane. Yield: 90%; whsiid; mp: 100°C (ether-hexane); Rf:
0,72 (AcOEt-hexane: 2/1JH-NMR (250 MHz, CDC}) §(ppm): 1.28 (t, 3H, CH J = 6 Hz),
4.19 (g, 2H, CHCHs, J = 6 Hz), 5.09 (s, 2H, CHPh), 7.39-7.58 (m, 5H, &), 8.2 (s, 1H,
NH-O), 11.6 (s, 1H, NH-CO); MS-FAB (Matrix: m-Nitrbenzyl alcohol (NBA)): [M+H] =
255; Anal. Calcd. for [GH14N203S]: C, 51.96; H, 5.51; N, 11.02; S, 12.60. Found5LC84;

H, 5.67; N, 11.08; S, 12.62.

a - Use of sodium hydride in DMHAD a sodium hydride suspension (0.44 mmol), preshou
washed with hexane in DMF, 0.44 mmol of thiouPesas added. After 30 minutes of stirring
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at room temperature, 0.4 mmol of thodohomoalaning or the lactoné, dissolved in the
minimum of DMF was added to the reaction mediune Téuaction is then carried out at room
temperature for 76 hours. The treatment of theti@acs done as follows:

In the case of the-iodohomoalanine8: The solvent is evaporated in vacuo and the residu
obtained is taken up in ethyl acetate. The orgph@se is washed with water, dried over
sodium sulfate and then concentrated under vactibim oil obtained is chromatographed on
silica gel column (eluent: ether-hexane 1/3).

In the case of lactong After evaporation under vacuum of the DMF, theidae is taken up
in water, the aqueous phase is then extractedetliyl acetate to remove excess unreacted of
reagent and of lactone. Thel pvas brought to 3 using a 1N HCI solution, the agpsephase

is then extracted with ethyl acetate (3 times). €ktracts are combined, dried over sodium
sulfate and the solvent is evaporated under vactiuengil obtained is purified on silica gel
column (eluent: ethyl acetate-methanol 20/1).

b - Use of potassium carbonaf€o a solution of thiourea derivati&(6 mmoles) in 25 mL
of anhydrous acetone is added 12 mmoles of£ds. After 30 minutes, they-
iodohomoalaning or the lactoné& (5.53 mmoles), dissolved in the minimum of acetos
added and the reaction mixture agitated at roonpégature during 24 hours. Treating the
reaction is carried out identically to that presbyureported for the use of sodium hydride in
DMF.

tert-butyl  4-(1-(benzyloxy)-3-(ethoxycarbonyl)thieido)-2-(tert-butoxycarbonyl)butanoate
4: Yield: 90%; oil; Rf: 0,35 (ether-hexane: 3/i#{-NMR (250 MHz, CDC}) (ppm): 1.26 (t,
3H, CH;, J = 6.6 Hz), 1.44 (s, 9H, C(Gb), 1.45 (s, 9H, C(CH)s), 1.85-2.28 (m, 2H, Ckj),
2.8-3.0 (m, 2H, Chk¥), 4.12-4.21 (q, 2H + 1H, CHCH3, CH-NH, J = 6.6 Hz), 5.06 (s, 2H,
CH,-Ph), 7.36 (m, 5H, Harom), 7.97 (s, 1H, NHBoc),611s, 1H, NH-CO); MS-FAB
(Matrix: NBA): [M+H]" =512; p]p = + 4 (C = 6, CHG).
3-(1-(benzyloxy)-3-(ethoxycarbonyl)thioureido)-2r{tbutoxycarbonyl)propanoic  acid 6:
Yield: 40%; oil;"H-NMR (250 MHz, CDC}) &(ppm): 1.28 (t, 3H, CH, J= 7.13 Hz), 1.46 (s,
9H, C(CH)3), 3.2-3.55 (m, 2H, CH)), 4.17 (g, 2H, CHCHs, J = 7.13 Hz), 4.45-4.62 (m, 1H,
CH,), 5.05 (s, 2H, CKPh), 7.39 (m, 5H, Harom), 7.9 (s, 1H, NHBoc), 1&51H, NH-CO);
MS-FAB (Matrix: NBA): [M+H]* = 440; ]p = - 13 (C = 1, CHG).

Acid hydrolysis of the tert-butylic ester and tydakycarbonyl To a solution olN-protected
amino este4 (1 mmol) in 10 mL of 1N HCI/AcOH was stirred fowd hours at room
temperature. After evaporation under vacuum ofsibigent, the amino acid hydrochloride
is crystallized from ether, solubilized in the nmmim of methanol and neutralized with
propylene oxide to lead to corresponding amino 8cid

2-amino-4-(1-(benzyloxy)-3-(ethoxycarbonyl)thiodmbutanoic acid hydrochloride 7:
Yield: quantitative; white solid; mp: 131°C (metlwsether); MS-FAB (Matrix: NBA): [M[
= 356; Anal. Calcd. for [H2oN3OsSCI]: C, 45.97; H, 5.61; N, 10.72; S, 8.17. Foufx.:
45.82; H, 5.62; N, 10.50; S, 8.31.

2-amino-4-(1-(benzyloxy)-3-(ethoxycarbonyl)thiodmbutanoic acid8: Yield: 80%; white
solid; mp: 143°C (water-methanobH-NMR (250 MHz, DMSO-@) &(ppm): 1.22 (t, 3H,
CHs, J=6.6 Hz), 1.7-2.2 (m, 2H, Gy, 2.7-3.1 (m, 2H, CH), 3.2-3.5 (m, 1H, CH), 4.1 (q,
2H, CH-CHjs, J = 6.6 Hz), 5.09 (s, 2H, GHPh), 7.3-7.49 (m, 5H, Harom), 8.2 (s, 1H, NH-
CO); MS-FAB (Matrix: NBA): [M+H]" = 356; Anal. Calcd. for [(3H2:NsOsS]: C, 50.70; H,
5.91; N, 11.83; S, 9.01. Found: C, 50.59; H, 581;11.68; S, 9.11;d]p = +13.97 (C =
0.465, HCUN).
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4. Conclusion

The works that we realized show the difficulty ghthesis of sulfur-containing analogues of
quisqualic acid. The need for obtaining unprotecedno acids themselves represents an
increased additional difficulty because of the mpidt functions. Despite this, we have
prepared the linear analogues of quisqualic andogoisqualic acids while controlling the
chirality in position 2.
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