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ABSTRACT

Four azole derivatives of proline, namely 2-[2-@,4roxadiazol-5-thionyl)]proline 5, 2-[2-( 4-N-anurl,2,4-
triazol-5-thiolyl)] proline 6, 2-[2-(1,2,4-triazob-thiolyl)] proline 7 and 2-[2-( 1,3,4-thiadiazol-thionyl)] proline 8
have been synthesized from proline lvia a commothealyc pathway. IR, 1H-NMR, 13C-NMR and DEPT-NMR,
characterized all intermediates and final producte antibacterial activities assessed using theepadisk
diffusion method against Gram-negative bacteriaed®omonas aeruginosa and Escherichia coli and Gram-
positive bacteria, Bacillus cereus, and Staphyleoscaureus. Some of the synthetic compounds shanwedsing
activity against microorganisms under test in congmn to commercially available antibiotics ampilicil and
gentamycin.
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INTRODUCTION

Proline is needed for the production of collaged eartilage. It keeps muscles and joints flexibid &elps reduce
sagging and wrinkling that accompany UV exposureé aormal aging of the skin. Also, [1] helps in peation
from arteriosclerosis by enables theerywalls to release fat buildup into the bloodstreaexgreasing the size of
the blockages to the heart and surrounding veg2¢33 Therefore, proline decreases the pressure buittyuihese
blockages, decreasing the risk of heart dis¢édke.

According to Pauling and Rath, cardiovascular ee#n be strongly supported by providing the bodfficent
amounts of Vitamin C (which helps maintain the Healproduction of collagen, a vital component faahhy
arteries) and the amino acids L-Lysine and L-Pmlivhich support the body's appropriate use ofedtetol as it
pertains to cardiovascular hedlth-Proline is an osmoprotectant and therefore th&sd in many pharmaceutical,
biotechnological applications. [6-8] Proline andlpre derivatives used as anticonvulsants.g9hthetic proline
derivatives mimetic and analogs in positions ¥4 and 5 offer further options to tune the biologigharmaceutical
or physicochemical properties of peptides and prstf0,11]

Modifications in carboxylic group have also intéegsseveral chemists due to their biological imgace such as
1,3,4-oxadiazoles, 1,3,4-thiadiazoles and 1,2aktles in peptoids containing proline residues vesmrghesized.
[12] These compounds are useful for the treatment odi@maion of symptoms of adult respiratory distress
syndrome, septic shock, and multiple organ faill#eocesses mediated by human neutrophil elastd¢E)(ldre
also implicated in conditions such as arthritigigoontal disease, glomerulonepbhritis, and cystimosis.

In recent years, proline derivatives and analogh sas proline hydrazide are used as enantiosedecttalysts

based on molecular recognition for aldol reactibetveen acetone andketo acids. [13] In addition, they found
increasing popularity as organocatalysts in asymmegnthesis[14and in organocatalytic cyclisation. [15]
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This work is exclusively dealing with the synthesfsl,3,4-oxadiazole, 1,3,4-thiadiazole and 1{Pigkole and 4-
amino-1,2,4-triazole as carboxylic acid derivatieéproline and testing their antibacterial actjvit

EXPERIMENTAL SECTION

All reactions were monitored by TLC analysis (glligel for TLC supplied by MERCK), iodine was usext f
visualization. The melting points were measurechwitBUCHI 540 melting point apparatus and are uected.
The IR spectra exhibited as wave numberc(m?) were recorded using KBr discs in a JASCO V-530
spectrophotometer at University of Oran, Es-SeAlgeria. The'H NMR and**C NMR (250 MHz) spectra in
DMSO-d; exhibited as ppnwere recorded at University of Oran, Es-Senia éAlg). Microorganisms in this study
were supplied by the university hospital of Oran &tentified in our laboratory. The Mueller Hintoredium was
supplied by Difco.

Methyl (2S)-Pyrrolidine-2-carboxylate: (2)

(2S)-Pyrrolidine-2-carboxylic acidl(1.30g, 1.1 mmol), methanol (100ml) ang3@;, (2.5ml) were refluxed for 11h
at 85C°. Cooled and neutralized by aqueous NaHG@) to pH=7. The ester was extracted by dichlatrane,
dried over MgSQ filtered, distilled to dryness to give colorles# (2, 0.98g, 67%).IRv (cmi*):3404.97 (NH);
1740.13 (C=0).

(2S)-Pyrrolidine-2-carbohydrazide: (3)

Methyl (2S)-Pyrrolidine-2-carboxylat®, 0.30g, 2.3 mmol), ethanol (30ml) and hydrazine byel64% (4ml) were
refluxedforl3h. Volatiles were evaporated underuves to dryness to give white solid which recrystalil from
ethanol to give hygroscopic crystallir@ 0.227g, 92%). IR(cm™): 3394.51(NH, NH), 1642(CO-N).

2-[(2S)-pyrrolidine-2-ylcarbonyl]-hydrazinecarbothioamide: (4)

(2S)-Pyrrolidine-2-carbohydrazid8, 0.3g, 2.3 mmol), ammonium thiocyanates (0.6g, 3moi}), ethanol (10 mL)
and few drops of HCI were refluxed for 15h. Volasilremoved under vacuum at room temperature. Swlded
was dissolved in water (5 mL), extracted with LCH, dried over MgSQ filtered and evaporated to dryness. The
waxy solid was washed with ethanol to give waxy ariat @4, 0.38g, 87 %.). IRy (cmi*):3114.26(NH, NH);
1618.93(N-C=0); 1380.72 (C=S).

5 [(2S)-pyrrolidine-2-ylI]-1, 3, 4-oxadiazole-2(3H)thione: (5)

L-prolinehydrazide , 0.2g, 1.6 mmol), ethanol (15 mL) wax added tantethanolic solution of KOH (0.3g in
ethanol 9 mL). Carbon disulphide (3mL) was droppeadually and the mixture was refluxed for 17 hidifed
with HCI ( 10 %) to pH 6 to give a yellow precigita, filtered off , washed with ethyl acetate aedrystallized
from ethanol to yield a hygroscopic crystalling, 0.931g, 83%.). IRv (cm?): 3390.65(NH), 1630.68(C=N),
1230.63 (C=S), 1051.63(C-O-&). NMR, 8.75(s, 1H, HN-C=S), 4.29(s, 1KCH), 3.20(s, 1H,"NHpyroiding,
2.23(m, 2H’CH,), 2.08(m, 1H>CH,), 1.22(m, 2HCH,), 1.07(t, 2H,"CH,), **C NMR, 206.37(C=S) 170.27( C-
SH), 58.61(0-C=N), 45.28C, CH,), 30.61¢%‘C, CH,), 27.88 {C, CHy).

4-Amino-5-[(2S)-pyrrolidine-2-yl]-2H-1,2,4-triazole-3-thiol: (6)

Oxadiazole %, 0.35 g, 2 mmol) dissolved in ethanol (25mL) ,hydmazhydrate 64% (4mL) was added and refluxed
for 12h. Solid formed after cooling, filtered aretrystallized from ethanol to yellow crystallirg 0.324g, 87 %.).
Mp. 132 C°. IR, (cmi%):3420.64 (NH), 1616.69(C=N), 1253(C=%).NMR, 8.41(s,1H, HNC=S), 6.46(s, 2N;
NH,), 3.57(s, IHNHpyroidind, 3-23(S, 1H, SH), 2.64(m, 2ACH,), 1.90 (m, 2HCHy), 1.53(s, 1HCH,), 1.03(t,
2H, “CH,).»*C NMR, 179.05{C, C=S), 167.24C, CN), 57.54{C, CH), 57.56{C, CH), 45.95{C, CH,), 45.53¢C,
CH,), 29.25{C, CH), 23.36 {C, CH,); RMN DEPT, 29.62%C, CH,), 23.89 {C, CH).

5-[(2S)-pyrrolidine-2-yl]-2, 4-dihydro-3H-1, 2, 4-triazole-3-thiol; (7)

Thiosemicarbazide4( 0.4g) ethanol (15 mL), KOH (0.4g) were refluxed for 13Fhe reaction mixture was
acidified with HCL to pH 6, white ppt formed whichcrystallized from ethanol to give hygroscopicstajline {7,
0.30g, 83%). IRp(cmY): 3251.55(N(3)-H), 2622(SH), 1611.92(C=NH NMR, 7.62(s, 1H,°NH), 7.28(s, 1H,
'NH), 3.72(m, 1H/CH), 3.18(s, 1H, NB,iidine 2.11(S, H, SH) 1.88 (s, 1RCH,), 1.21(t, 2H,°CH,), 1.09(t, 2H,
*CH,), *C NMR, 170.09(C-SH), 61.40(CN), 58.5¢( CH), 45.051C, CH); 27.91¢C, CH); 23.03(C, CH).

5-[(2S)-pyrrolidine-2-yl]-1, 3, 4-thiadiazole-2-amne: (8)

Thiosemicarbazide{ 0.209g, 11 mmol), dissolved in,&0, (3.5 ML) and refluxed for 20h. Neutralized withute
alcoholic KOH to pH=7, to give white powder. Redgatized from ethanol to give hygroscopic crystadl 8,
0.24g, 79%).I1Rv (cm*): 3355 (NH), 3256. 3157 (N(3)-H), 1610.88(C=N), 760(C-S*&)NMR, 8.57 (s,1H, NH-
aromatic),7.14(d, 2H, N§J, 4.14(m, 1H, NHsyoiicind, 3-76(m, 1HCH), 3.16(t, 2H CHapyroiidine 2-15.1.18 (t, 2H,
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3CH,), 1.06(t, 2H,*CH,),®*C NMR, 180.99(C-NH,), 165.69tC=N), 58.48 {CH), 45.18{CH,), 27.71{CH,),
23.40(CH,).

Antibacterial activity:

Each of the various synthesized compounds disddiveDMSO at concentrations of 10, 10/2, 10/4, 1Q/&/16

pg/mL were prepared. Paper discs of Whatman filtgrer n°1 were cut and sterilized in an autoclaye paper
discs were saturated with 10 of newly synthesized compounds dissolved in DMS&glution. The DMSO as
negative control and were placed aseptically inRb&i dishes containing Nutrient agar media inatad with the
above-mentioned two bacteria separately. The gisiies were incubated at 37°C.Ampicillin and gertieimwere

used as a standard drug.

RESULTS AND DISCUSSION

The synthesis of proline derivativ@s8, achieved by common synthetic pathway (see SchHemklethyl ester2
was prepared according to literature procedurd,daé

0 0
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a)
CH30H, H,S0,, b) EtOH, NH,NH, ¢) EtOH, NH,SCN, HCI, d) i- EtOH, CS,, KOH, ii- HCI, e) i- EtOH, KOH, ii- HCI, f) H ,SO,
SchemelSynthetic pathway for azole derivatives of prolines-8

Characterized by IR bands at 3405'dior NH and 1740 ci for CO in 67% yield. The hydrazideregarded as the
real starting material for the synthesis of thelezb-8. Hydrazide3 has been synthesized in 92% yield, by treating
ester2 with hydrazine hydrated 64% in ethanol at reflamperature. IR confirmed that the conversion hksrta
place by presence of broadband at 3295 fon NH and NH and another band at 1642 ¢for CO-N. These bands
had disclosed the probability of formation dikefmiazine derivative of proline which sometimes+tgkplace
depending on hydrazine concentration and reactigatidn. [17] The oxadiazole thiorfeand N-amino triazole
thiol 6 were obtained by refluxing hydrazi@with CS in ethanol followed by acidification with HCI, nelsing
oxadiazole thions in 83% vyield, as a mixture of (thior thiol) tautomers. [18](see Figure 1).This has been
confirmed by IR spectroscopic measurements whicweld bands at cm3391 (NH), 2642 (SH), 1630 (C=N) and
1230(C=S)'H NMR exhibited signals at 8.8 (HN-C=S), 4.3 (N=E)Sppm of oxadiazole and®C-NMR at
206.37(C=S) and 170.27(N=C-SH) ppm of the tautom€il9,20] The latter5a, after treatment with hydrazine
under reflux yielded M-amino-1,2,4-triazolethidb in 87% vyields. IR 3421, 3047(NH, N} 2466(SH),

}V\N }\I\N/H
-, - 4K
i |

5 S5a

Figurel. Enole (5)- keto (5a) tautomerism of oxadiele thione(5a)

1617(C=N), 1253(C=S) cm ‘H NMR, 8.4(HNC=S), 6.5(N-Nb), 3.6(N'H, of pyrrolidine), 3.2(SH), 2.64, 1.90,
1.53 and 1.03 H of Pyrrolidiné’C NMR, 23.36{C, CH,), 29.25¢C, CH,), 45.53fC, CH,), 57.54¢{C, CH),
167.24{C, CN), 179.05(C, C-SH). RMN DEPT, 23.89C, CH,), 29.62¢C, CH,), 45.95(C, CH,), 57.56{C, CH).
The other two heterocyclic bas@sand 8 were synthesized from thiosemicarbazitlavhich was obtained by
reacting3 with ammonium thiocyanate. The synthesis of 1H4t{Biazole-3-thiol7 achieved by cyclisation &fby
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heating with KOH followed by acidification with HCIR showed the characteristic bands 3420, 26226 &d
1253 cnt for NH, SH, C=N and C=S bonds respectively, simitaoxadiazole ring’s tautomerism (see Figure 1).
'H NMR, also showed the expected signals at 7.62 foprN"H of pyrrolidine ring , 7.28 and 3.18 ppm for NHdan
SH of triazole thiol ring and 7.46 and for NH this tautomer’>C NMR, exhibited the signal of N=C(N)-SH at
170 ppm.

When4 reacted with BSO, the result was 5-aminothiadiazden 79% yield. IR showed the characteristic bands
3366, 3257 cm for NH in pyrrolidine and thiadiazole rings, 16ahd 1611 for C=N bonds in thiadiazole rith.
NMR, spectrum exhibited thsignals at 8.57 and 7.14 ppm for NH in thiadiazole ringl &h15 ppm for NH of
pyrrolidine rings.**C NMR, showed signals at 180, 165 and 58 ppm far tarbons in thiadiazole and one in
pyrrolidine rings.

Antibacterial activity:

The eight compounds-8 were screened for their activity against Gram-pesibtaphylococcus aure@ndBacillus
Cereusand Gram-negative bacteriascherichia Coliand Pseudomonas aeruginosBhe antibacterial activities of
the tested compounds were evaluated using the phgediffusion method. DMSO, which is known as tesial
static in the above-mentioned concentration, wasl & negative control, standard disks (Mast Distigg) UK)
saturated with known antibiotics ampicillin, anchtgmycin as positive control were applied. Aftezubation at 37
°C for 24 h, the zone of inhibition of growth areueach disk was measured in millimeters and zomeetiers were
interpreted in accordance with CLSI and NCCLS @ampylobacterspp.) guidelines. [21-23The experiments
were performed in duplicates and the average seatdt summarized in Table 1.

Table 1, showed that the under-tested organismm@sitive Staphylococcus aurewgas almost resistant to all
synthesized compound$-8 except compound$ and 7, where they showed slight activity only at high
concentration. While Gram-positiigacillus cereuswas slightly affected by the synthesized compouedsept
compound6 which showed no activity at all even in relativdligh concentration in the other hand, the Gram
negative bacterig.coli andP.aeruginosavere highly affected by all compountis8.

Microorganisms not affected by compounds testedmimamum inhibition concentration (MIC) test conded.
Those which showed activity, MIC was done by DM3nb significant activity, while for highly affded bacteria
the dilution was stepped down gradually till reachi/16 pg/mL.

Table 1. Antibacterial activity of I-proline 1 and its synthesized derivatives 2-8 in mm

Gram positive Gram negative
Staphylococcus Bacillus Escherichia Pseudomonas aeruginosa
aureus cereus coli 1139

Inhibition zone Inhibition zone Inhibition zone Inhibition zone

Comp
a* | b* [c* | d* | e |a* | b* [ c* |d* | e |[a*|b*|c|[d|e |a"|b*|[c |d|e*

1 0] 0| 0[O |O] 8 0 0| 0] O
2 0] 0| 0O|]O|O]| 8] 6 0| 0] O
3 0] 0| 0O0|]O|O]22|]10| O] O 0
4 0| O| 0| O | 0 |24|214|12]| 6 0
5 0| 0| 0| 0O | 0O0]15[15]|15]|12| O
6 14| 8 ojojojoO 0 0| 0] O
7 8 | 6 0| 0| 0[23[12|12| 8 | O
8 0] 0| 0| O|O|10]8|8]| 6|6
T 0 - |- - - |10 - - - - 112 - - - - |10 - - - -
¥ 12 - | - -1 8 - - - - 127 - - - - | 28] - - - -
DMSO | - -

a*, b* c*, d*,e* : concentrations :(10, 10/2, 10/40/8, 10/16) ug/mL., respectivelyt :Ampicillin Gentamycin. Key to the inhibition zones
activities: Highly active= Inhibition zone > 15mrivloderately active= Inhibition zone 10-15 mm; Sligt#ctive= Inhibition zone 6-8 mm;
Inactive= Inhibition zone < 6 mm.

Compound$ and8 exhibited significantly high activity even at las@ncentration upon Gram-negatiZzecherichia
coli. Similarly, compoundsgl, 5 and8 were excreting high activity on Gram-negatRseudomonas aeruginosa
highly diluted solution 1/16 pg/mL.

CONCLUSION

We have described the synthesis of several diagetevatives ofl-proline 2-8 starting with|-proline via six

synthetic steps as described in Scheme 1. Inteatge8i[(2S)-pyrrolidine-2-yl]-1, 3, 4-oxadiazole3®{)—thion &
a) was found to exist in equilibrium form with iteiél tautomer %) as indicated by IR, 1H-NMR and 13C-NMR.
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The name and structures of all intermediates amal iompounds were established on basis of IURKgsical
and spectral data.

Antibacterial activity of all compounds were testadainst Gram-positiv&taphylococcus aureusnd Bacillus
cereusand Gram-negative bacteriischerichia coliand Pseudomonas aeruginosdsing commercially known
antibiotics ampicillin and gentamycin as positiventol. Some of tested compounds have shown progisi
antibacterial effect against almost all kinds ottesia under test particularly the Gram-posittaphylococcus
aureusandBacillus cereus

Our future plan is to study some other biologiahaty and more derivatives of proline.
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