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A new undescribed in the literature N-t-butyloxycarbonylglycyl-(S)-B-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yl]-a-alanine dipeptide has been synthesized by the method of activated esters.

To obtain comparative data on antifungal effect, the synthesized dipeptide and the initial amino
acids (S)-p-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and glycine were studied in vitro. 3
Fungi strains were selected for the study: Aspergillus fumigatus MDC 8403, Aspergillus candidus
MDC 10556, Penicillium chrysogenum MDC 8281. They were provided by the Microbial Depository
Center of the Scinetific and Production Center “Armbiotechnology” of NAS RA.

The study showed that the initial protein and non-protein amino acids did not exhibit antifungal
effect, while the synthesized dipeptide suppressed the growth of the selected strains. Concentration-
dependent subsequent experiments showed that with the increase in peptide concentration the
inhibitory effect enhanced.

Figs. 3, references 6.

Despite the fact that peptides have been studied in various fields of
chemistry and medicine for decades, interest in peptides remains topical today.

Peptides are pharmacologically active compounds used in the treatment of
various diseases starting from diabetes to tumors [1-2].

It is worth mentioning that the number of peptides containing non-protein
amino acids is high among both well-known drugs and new tested compounds

[3].
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However, there are almost no data on peptide-nature drugs with antifungal
effect. Thus, taking into account the efficacy [4] of the triazole ring containing
compounds among antifungal drugs, a new undescribed in the literature N-t-
butyloxycarbonylglycyl-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-o.-
alanine dipeptide, which contains a triazole ring in its structure, has been
synthesized by us. We have also studied the antifungal effect of the synthesized
dipeptide.

The peptide synthesis was carried out by the method of activated esters in a
solution. The method is distinguished by its simplicity and possibility to obtain
final products with good yields and high purity [5]. At the first stage, N-t-
butyloxycarbonylglycine was obtained using di-tert-butyl pyrocarbonate in an
alkaline aqueous-organic medium (Scheme 1).
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At the next stage, from N-t-butyloxycarbonylglycine (3) using dicyclo-
hexylcarbodiimide, succinimide ester (6) was obtained, which by condensation
with a non-protein amino acid in an alkaline aqueous-organic medium was
converted to the corresponding dipeptide — N-t-butyloxycarbonylglycyl-(S)-B-
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine (8) (Scheme 2).

Scheme 2
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The next stage related to study of the effects of the initial amino acids,
including glycine, (S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine
and that of the synthesized dipeptide N-t-butyloxycarbonylglycyl-(S)-B-[4-allyl-

3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine.
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Fig. 1. I-control, 11-0.1 ml, 11-0.2 ml, IV-0.2 ml solution of N-t-butyloxycarbonylglycyl-(S)-p-[4-
allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-c-alanine. 1- Aspergillus fumigatus MDC 8403, 2-
Aspergillus candidus MDC 10558, 3- Penicillium chrysogenum MDC 8281.



The objects of the study were 3 strains of fungi from the National Culture
Collection of Microorganisms of MDC: Aspergillus fumigatus MDC 8403,
Aspergillus candidus MDC 10556, Penicillium chrysogenum MDC 8281.

The study has shown that the synthesized dipeptide suppresses the growth
of strains, whereas the initial amino acids do not affect the growth of strains.

At the next stage, different concentrations of the synthesized dipeptide were
tested, the results are shown in Fig. 1.

As follows from the Figure, when adding the studied dipeptide to the
nutrient medium, suppression of sporulation and partial growth are observed in
test fungi compared with the control, strengthening with the increase in
concentration of dipeptide.

Experimental Part

'"H NMR spectra were recorded on Varian “Mercury 300VX” with an
operating frequency of 300.08 MHz in a DMSO-D¢/CCl, 1/3 solution using the
method of double resonance. TLC was performed on “Silufol UV-254" plates in
a mixture of chloroform-ethyl acetate-methanol (4:4:1), and the developer was
chlorotoluidine. The elemental analysis was performed on an elemental CNS-O
“Euro EA3000” analyzer.

HPLC analysis of the dipeptide was carried out on a “Waters 2695
Separations Module” liquid chromatographer (USA) with a “Waters 2487~
ultraviolet detector using a stationary phase “AltimaC 187, 5 um, 250x4.6 mm;
elution was performed in an isocratic mode; as a mobile phase A: 0.15% TFA +
H20; B: 0.13% TFA + MeCN was used, the flow rate was 1 ml/min, detection
was carried out at a wavelength of 210 nm, column temperature was 25°C,
injection volume was 10 ul. Chemicals and eluents from “Sigma-Aldrich” were
used with a purity of > 99.9% (gradient grade for HPLC).

An optically pure non-protein amino acid was provided by the researchers
of the Laboratory of Asymmetric Synthesis.

Obtaining of N-t-butyloxycarbonylglycine (3) was carried out by the
method of [6]. TLC analysis was in the chloroform-ethyl acetate-methanol
system — 2:4:1. Yield of product 3 — 70%, mp — 95-96°C.

Synthesis of N-t-butyloxycarbonylglycyl-(S)-g-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yd]-a-alanine dipeptide (8). 0.48 g (2.32 mmol) of dicyclohexyl-
carbodiimide, previously dissolved in 32 ml of dioxane was added to a solution
of 0.35 g (2 mmol) of N-t-butyloxy-carbonylglycine and 0.25 g (2.2 mmol) of N-
hydroxysuccinimide in a mixture of 5.4 ml of dioxane and 2 ml of methylene
chloride at 0°C. The reaction mixture was stirred for ~2 hrs at 0°C and left in
the refrigerator overnight. TLC analysis [SiO,, CHCls/ethyl acetate/CH;OH
(2:4:1), developer chlorotoluidine]. The residue formed was filtered off, the
solvent was distilled off on a rotary evaporator, and the precipitate was
crystallized from isopropyl alcohol. Yield 0.38 g (71%). The obtained
succinimide ester was used at the next stage for the synthesis of N-t

butyloxycarbonyl tripeptide.
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In a flat-bottomed flask with a magnetic stirrer, 0.381 g (1.41 mmol) of (S)-
B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine, 2.8 ml (1.4 mmol) of
0.5M sodium hydroxide solution (NaOH) and 0.089 g (1.07 mmol) of baking
soda (NaHCO;) were mixed. At room temperature, 0.365 g (1.34 mmol) of N-t-
butyloxycarbonylglycine succinimide in 4 ml of dioxane was added, the reaction
mixture was stirred for 6 hrs and left overnight. The next day, 10 ml of ethyl
acetate and 3 ml of 10% citric acid were added to the contents of the flask. After
vigorous stirring, the organic layer was separated, and the aqueous layer was
twice extracted with ethyl acetate (6 ml each). The organic layer was dried with
anhydrous sodium sulfate, then the solvent was evaporated to dryness. The
viscous residue was dissolved by heating in a mixture of 10 ml of hexane and
3 ml of ethyl acetate and left overnight. The white precipitate was filtered off on
a nutsche filter, washed successively with 2 ml of ethyl acetate, after which the
peptide was dried at a temperature of 65°C. TLC analysis [SiO,, CHCls/ethyl
acetate/CH3;OH (2:4:1), developer — chlorotoluidine]. Product yield 0.4 g (70%).
Found, %: C 50.11; H 6.75; N 16.31. C;gH,9N506S. Calculated, %: C 50.57; H
6.84; N 16.38. "H NMR Spectrum, 3, ppm Hz: 1.00 (3H, t, J=7.4, CHs), 1.41
(9H, s, Mejy), 1.73 (2H, sx, J=7.4, CH,CH3), 2.57 (2H, t, J=7.4, CH,C,Hs), 3.54
(2H, br.d, J=5.5, CH,NH), 4.30 (1H, dd, J=13.6, 8.3, CH,CH), 4.52 (1H, dd,
J=13.6, 4.8, CH,CH), 4.62 (2H, dt, J=5.1, 1.5, CH,All), 4.72 (1H, td, J=8.3, 4.8,
CHCHy), 5.08 (1H, dtd, J=17.2, 1.5, 1.0, =CH,), 5.19 (1H, dtd, J=10.5 1.5, 1.0,
=CHy), 5.86 (1H, ddt, J=17.2 10.5, 5.1, =CH), 6.28 (1H, br.t, J=5.5, NHCH,),
7.79 (1H, br.d, J=8.3, NHCH).

The chemical purity of the synthesized dipeptide was also studied by
HPLC. The chromatograms are shown below in Figures 3, 4.
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Name Retention Time Area % Area | Height
N-t-Boc-Gly-(S)-p-[4-allyl-3-propyl-5-
thioxo-1,2,4-triazol-1-yl]-a-Ala 5,107 4277543 87,15 202276
N-t-Boc-Gly-OSu 8,238 51141 1,04 2090
N-t-Boc-Gly 12,309 579505 11,81 7456

Fig. 2. Chromatogram of N-t-Boc-Gly-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-Ala
dipeptide after crystallization.
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Name Retention Time Area % Area | Height
N-t-Boc-Gly-(S)-p-[4-allyl-3-propyl-5- 715107
thioxo-1,2,4-triazol-1-yl]-a-Ala 5,106 8 100,00 315864
Fig. 3. Chromatogram of N-t-Boc-Gly-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-Ala
dipeptide after final crystallization.

As follows from the graphs, the dipeptide synthesized at the first stage after
crystallization contained side compounds, the peaks of which corresponded to
N-t-butyloxy-carbonylglycine and N-t-BOC-glycyl-succinimide ester peaks.
This was proved by the HPLC analysis of the mentioned compounds.
Subsequent recrystallization made it possible to purify the target peptide.

Study of antifungal effect. The objects of the study were 3 strains of fungi
from the National Culture Collection of Microorganisms of MDC: Aspergillus
fumigatus MDC 8403, Aspergillus candidus MDC 10556, Penicillium
chrysogenum MDC 8281.

For the study, an aqueous suspension of fungal spores, obtained after 14
days of growth, was used. Suspensions were added to a 40°C Chapek agar
medium and poured into Petri dishes.

0.1M solution of the dipeptide dissolved in DMSO was added per 0.1, 0.2,
0.3 ml to 20 ml Chapek agar medium cooled to 37-38°C and poured into Petri
dishes. After cooling, test fungi were inoculated with an injection. The control
was fungi inoculated on a dipeptide-free Chapek agar medium in the presence of
DMSO.

To evaluate antifungal activity, the studied compound was applied to a solid
nutrient Chapek medium with a fungi culture. Dishes were incubated at a
temperature of 28°C for 5-7 days.

The research results were expressed by visual assessment of the inhibition
of fungal growth by amino acids. The control was the growth of fungi without
adding amino acids.

This study was supported by the ISTC A-2209.
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N-SLESRANFSO-LUPGU AN LPLALPSPL-(S)-f-[4-RLPL-3-N NNDPL-5-
(-hOLUN-1,24-SCPUANL-1-PL]-¢-BLTLPLP 2P NENSPYP URLOE-BAL
GILNUGUULGU3PL UQYE3NFE-3TL N6SU2NSNFUL

S.\. UUure-usuy, 3n. UL - ULA3UYL, U. UL QUUA-UL3UL, k. W 9-30FLAFU 3T,
U. U. bUUSAF, 33U, U. W. -6ULNrAU3TL, N b. NUENR3UL,
Q. 2. Uu/MMpr3uy L W U. UB3UL

Upufligyly & N-wnplanpnnopufljusppntpyibgpy-(S)-B-[4-uypy-3-wpnuyfy-5-fFfopun-1,
2,4-u1[1[11.uzlnl—1-[ll]—(l-ulll.uil[ﬁl ilnl1, q.pl.l.lllulilnLF‘/LuiI lfbg ZilllulpuuHu{Lu&, rl_[uz[liulm[nl.‘
bpppranbyrf wilpnfufusgums Lufdbphbpf byt :

Ppuwlutigly £ ufufthgfws qpuylbympep b Qudbdumwlwl adpugibp omubogne
l.l.l[[ill[l.l.ll[lgﬂl[ blulJ[lil LUlr[lillU[J[;ﬂLillTp[l (S)'B'[4'llll[ll'3'll[ﬂﬂlli[ll'5‘/;[lolgllI1'1,2,4'"1[1[11-”1[1['
l-ﬁl]-a—wlwil[ﬂl[l I 11_1113[111[1 <ullll.l.ll.lilllul‘/[lil ulzlll_bgnL[JJulil in vitro Clnnt.utlnmnl_lf.'
”LunLLﬁuuu[l[urlufl 4Lulflul1 Eilmlnllil ku 3 ufl[lmJﬁfl zmwlﬂipﬂ‘ Aspergillus fumigatus MDC
8403, Aspergillus candidus MDC 10556, Penicillium chrysogenum MDC 8281, npnfqg
&binp bl plpdfly Suypwnwbfs dubipliubph wfwiigugpdul jiunpoify :

Qlamugmnny [Fyuds wpugynihpned pusgw Syl &, np bypy s wodfbu @ dncidipp gk gne-
guphply Swlpbiluyfil wgglgn Gy, puly ufifdhqywd gfugbopnpup Sioky b plapdws
pmundbipp wip: L inp&wplndibpp fupufms hriglbinupghogpy gy ki adby,
np ubupnfugf ynlgbnpugfogf dbSwgndp  phpned b wpgbpulfs - wqplgnedyub
Lﬂn}wglfulflﬂ.‘

CHUHTE3 N-TPETBY TUWJIOKCUKAPBOHMNJI-(S)-B-[4-AJIJINJI-3-TIPOITNJI-5-
THUOKCO-1,2,4-TPUA30JI-1-UJ1]-a-ATAHUH JUTNTENITU A
U UCCJEJJOBAHUE EI'O AHTUTPUBKOBOI'O JTENCTBUSI

T. O. CAPI'CAH, 10. M. JAHT'SIH, C. M. I’ KAMI'APSH, 3. A. TIOJIYMSH,
H. A. XAYATYPSH, C. A. TEBOPI'SIH, E. 1 AKOIISIH, 3.3. MAPJIUSIH u A. C. CAT'SIH

MeToJI0M aKTHBUPOBAaHHBIX 3()UPOB CHHTE3MPOBAH HE ONHUCAHHBIN B JIMTEpaType
aunentan  N-tper-OyTrnokcukapOoHmtrmuii-(S)-f-[4-ammmi-3-nponmn-5-tokco-1,2,
4-tpuazon-1-un]-o-amaHuHa.

OcyIIecTBICHO HCCIeJ0BaHMUE N Vitr0 aHTHTPHOKOBOTO IEHCTBHUSI CHHTE3UPOBAHO-
ro JWMENTHAA M HCXOJHBIX aMHHOKUCIOT (S)-B-[4-ammmn-3-nponmi-5-tokco-1,2,4-
TpHua3oi-1-nn]-o-anaHuHA ¥ TIIULIKHA.

OOBeKTaMK UCCIIeIOBAHMS CITYKHUIH 3 mTaMMa rpuboB 13 HalroHaapHOW KoJUIeK-
M  KymsTyp MukpoopranusmoB Apmennu; Aspergillus fumigatus MDC 8403,
Aspergillus candidus MDC 10556, Penicillium chrysogenum MDC 8281.

Pe3ynbTaThl MCCIEIOBAHUS BBISBUIIM, YTO HMCXOJHbIE aMHHOKHCIOTBHI HE HPOSB-
JISIFOT QaHTUTPUOKOBOTO JICUCTBHUS, & CHHTE3UPOBAHHBIN JAMUIENTH]I TOAABJISIET POCT BbI-
JIeNICHHBIX IITaMMOB TI0 CPAaBHEHHIO C KOHTPOJIeM. BhIIo Taxke OTMEueHO IMOAaBIeHHE
CIIOPOHOIICHNS W YaCTHYHO POCTa TPHOKOB, YCHIIMBAIOIIECECS C MOBBIIIICHUEM KOHIICHT-
pauuu JUIenTHIa B TUTATEIbHOM cpejie.
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