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Abstract

One of the main approaches to the change and increase of biological activity of pharmacologically important
peptides is the incorporation of non-natural amino acids into their structure.® A new method for the synthesis
of fluorinated endothiopeptide analogs, containing the thiocarbonyl groups and fluorine atoms in the main
peptide chain, is described. The new method consists of thioacylation reactions of the esters of corresponding
a-amino acids and dipeptides with amides of perfluorinated dithiocarboxylic acids.
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Introduction

One of the main approaches to changing and increasing the biological activity of pharmacologically-important
peptides is the incorporation of non-natural amino acids into their structures.! Peptides containing fluorinated
amino acid residues®™* and endothiopeptides, in which one of the peptidic bonds is replaced by a thiopeptidic
bond,>® have been widely studied over prior decades. Thiopeptides have been found to possess a wide range
of biological properties, including antibacterial’, anticancer®'?, antiplasmodial'**®, immunosuppressive?®,
renin-inhibitory!’, RNA-polymerase-inhibitory!® and antifungal*®activities. In the design of pharmaceuticals,
the introduction of a fluorine atom is used as part of strategy to increase the metabolic stability and
lipophilicity of the peptide, which improved absorption and transport of the agent to its biological target.?0-2*

It is known that the synthesis of fluorinated peptide analogs is generally based on the use of amino acids
containing fluorinated substituents on the side chain. Endothiopeptides are prepared by the thionation
reaction of the amide’s carbonyl group of the corresponding peptides.?

The aim of our work was to research methods for the synthesis of new types of fluorinated thiopeptides
containing the fluorine atoms in the main peptide chain. It is known that the fluorinated substituents (CF, CF;)
have been used as an isosteric analog of the amide functionality.?6-%’

Results and Discussion

Previouslyy, we have shown that, in contrast to non-fluorinated analogs, amides of
polyfluoroalkanethiocarboxylic acids can be mild thioacylating reagents for compounds containing a primary
amino group, including alkyl amines and a-amino acid esters. New fluorinated thiopeptide analogs (2) were
obtained by the reaction of polyfluoroalkanethioamides (1a,b) with a-amino acid esters.?® In continuation of
this work, we have found that 2,2,3,3-tetrafluoropropanethioamide (1b) reacted with methyl DL-a-alanyl-DL-
norleucinate by refluxing in chloroform for 48 h, affording compound (3) that was isolated in 65% yield after
column chromatography (Scheme 1).
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Scheme 1. Reactions of polyfluoroalkanethioamides (1a,b) with a-amino acid and dipeptide esters.
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The main intent of this work, however, was the investigation of the preparation of polyfluorinated
thiopeptide analogs containing a thioamide linkage in the middle of the chain. The thioamides of
polyfluorinated dicarboxylic acids can be used as starting compounds for the preparation of such thiopeptide
analogs. With this objective in mind, we have studied the possibilities to obtain thioamides by the thionation
of amides of difluoromalonic and tetrafluorosuccinic acids.

Recently we have found that the thionation of 2,2,3,3-tetrafluorosuccinamide with phosphorus
pentasulfide (P4S10), in the presence of hexamethyldisiloxane (HMDSO), afforded the corresponding 3,3,4,4-
tetrafluoropyrrolidine-2,5-dithione  (4), probably as a result of the cyclization of 2,2,3,3-
tetrafluorosuccinthioamide.?®. Conversely, the thionation of 2,2-difluoromalonoamide (5) under similar
conditions afforded 2,2-difluoromalonothioamide (6) (Scheme 2).
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Scheme 2. Thionation of 2,2-difluoromalonoamide (5).

We have shown that 3,3,4,4-tetrafluoropyrrolidine-2,5-dithione (4) reacted with methyl L-phenylalaninate,
methyl L-alaninate and isopropyl L-valinate at room temperature for 7 days, affording compounds (7a-c),
which were isolated in 60-71% yields after column chromatography (Scheme 3).
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Scheme 3. Reactions of 3,3,4,4-tetrafluoropyrrolidine-2,5-dithione (4) with a-amino acid esters.
The reaction of 2,2-difluoromalonothioamide (6) with esters of a-amino acids (L-alanine, L-phenylalanine,

L-valine) proceeds more slowly (20 days at room temperature) than in the case of 3,3,4,4-
tetrafluoropyrrolidine-2,5-dithione (4) giving compounds (8a-c) (Scheme 4).

Page 38 ©ARKAT USA, Inc



Arkivoc 2018, part iii, 36-44 Pikun, N. V. et al.

O

R
EF %OA”‘ H RF H
HZNMNHZ NH; AIkOOCYNMNYCOOAIk

s s Etz0, 1t R S S R

8a-c
R =Me, Alk=Me 8a (56%)
R=Bn, Ak=Me 8b (51%)
R="Pr, Ak ='Pr 8c (68%)

Scheme 4. Reactions of 2,2-difluoromalonothioamide (6) with a-amino acid esters.

We have found that 2,2-difluoromalonothioamide (6) reacted with the methyl esters of dipeptides (DL-a-
alanyl-DL-valinate, DL-a-alanyl-B-alaninate) under more drastic conditions than with esters of a-amino acids
(i.e., heating in toluene at 80 °C for 50 h) to afford compounds (9a,b), which were isolated after column
chromatography as a mixture of diastereomers (Scheme 5). The ratio is 50:50 according to °F NMR.
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Scheme 5. Reactions of 2,2-difluoromalonothioamide (6) with dipeptide esters.

Conclusions

We have proposed a new method for the synthesis of fluorinated endothiopeptide analogs containing the
thiocarbonyl group and fluorine atoms in the main peptide chain, by the thioacylation reaction of
corresponding a-amino acids and dipeptide esters with thioamides of perfluorinated dicarboxylic acids. As
shown in the literature, introduction of a fluorine atom can be used as part of the strategy to increase the
metabolic stability and lipophilicity of the peptide, which improves the absorption and transport of the agent
to its biological target, thereby increasing the biological activity of pharmacologically-important peptides.

Page 39 ©ARKAT USA, Inc



Arkivoc 2018, part iii, 36-44 Pikun, N. V. et al.

Experimental Section

General. 'H NMR and *°F spectra were recorded on a Bruker Avance 400 instrument at 399.98 MHz and
376.47 MHz, respectively. 3C NMR spectra were registered on a Bruker Avance 500 instrument at 125.75
MHz. Tetramethylsilane (*H NMR: & 0.00 ppm), CDCl3 (**C NMR: & 77.16 ppm), (CD3)2SO (*3C NMR: & 39.52
ppm), CsFs (*F NMR: & -162.9 ppm) were used as internal standards for *H, 3C and *F NMR spectra,
respectively. LC-MS data were obtained using an ADSI MS, Agilent 1100\DAD\MSD VLG1965 instrument (ESI,
70eV). Optical rotation was measured on an automatic Anton Paar MCP 300 polarimeter. The elemental
analyses were carried out at the Analytical Laboratory of the Institute of Organic Chemistry, National Academy
of Sciences of Ukraine. Melting points were measured on a Boétius heating block. Silica gel Merck 60 (70-230
um) was used for column chromatography. TLC was performed on Macherey—Nagel Polygram® Sil G/UV254
plates and visualized by exposure to UV-light or iodine vapor. The reaction progress was monitored by °F
NMR spectroscopy. All solvents were dried and distilled by standard procedures prior to use.

Methyl (2,2,3,3-tetrafluoropropanethioyl)-DL-a-alanyl-DL-norleucinate  (3). Methyl DL-a-alanyl-DL-
norleucinate (200 mg, 0.9 mmol) was added to a solution of 2,2,3,3-tetrafluoropropanethioamide (1b) (115
mg, 0.7 mmol) in chloroform (15 mL). The reaction mixture was refluxed for 48 h. The solvent was then
evaporated in vacuo and the crude product was purified by column chromatography on silica gel
(hexane/EtOAc 7:3), to afford compound (3). Yield: 65%. Yellow oil. Rf = 0.33 (hexane/EtOAc 7:3). 'H NMR
(CDCl3, & ppm): 0.90 (m, 3H, (CH2)2CHs), 1.32 (m, 4H, (CH>)>CH3), 1.57 (d, 3Juu 7.2 Hz, 3H, CHCHs), 1.70 (m, 1H,
CHaHg(CH2)2CHs), 1.88 (m, 1H, CHaHs(CH2)2CHs), 3.78 (s, 3H, OCHs), 4.63 (m, 1H, CH), 4.96 (m, 1H, CH), 6.43 (tt,
2JuF 52.8 Hz, 3Jur 5.8 Hz, 1H, HCF2), 9.00 (bs, 1H, NH). 1°F NMR (CDCls, & ppm): -120.3 (dm, g f 252.6 Hz, 1F,
CEAFB), -121.5 (dm, 2./|:,|: 252.6 Hz, 1F, CFAEB), -140.0 (dm, ZJF,H 52.8 Hz, 2F, HCFz). 3CNMR (CDC|3, 6 ppm): 139
(s, (CH2)2CH3), 17.2 (s, CH-CHs), 22.3 (s, CHa), 27.3 (s, CHa), 32.2 (s, CH2), 52.5 (s, OCHs), 52.8 (s, CH), 53.9 (s,
CH), 109.4-112.2 (m, HCF,CF,), 170.1 (s, C=0), 173.0 (s, C=0), 185.3 (t, 3Jcr 23.7 Hz, C=S). MS, m/z: 359
[M-H]". Anal. calcd for C13H20FaN20sS: C, 43.33; H, 5.59; N, 7.77; S, 8.90. Found: C, 43.42; H, 5.57; N, 7.81; S,
8.97.
General procedure for the reaction of 3,3,4,4-tetrafluoropyrrolidine-2,5-dithione (4) with a-amino acid
esters. The respective amino acid ester (2.3 mmol) was added to a solution of 3,3,4,4-tetrafluoropyrrolidine-
2,5-dithione (4) (200 mg, 1.0 mmol) in chloroform (10 mL). The reaction mixture was stirred at room
temperature for 7 days. The solvent was then evaporated in vacuo and the crude product purified by column
chromatography on silica gel, eluting with a mixture of hexane and ethyl acetate (4:1) to afford the
corresponding polyfluoroalkanedithioyl derivative (7a-c). Compound (7a) was described by us early.?®
Dimethyl N,N'-(2,2,3,3-tetrafluorobutanedithioyl) bis(L-alaninate)(7b). Yield: 60%. Yellow oil. [a]p?® -88.9°
(c=1, MeOH). R = 0.39 (hexane/EtOAc 4:1). *H NMR (CDCl3, 6 ppm): 1.51 (d, 3/un 7.3 Hz, 6H, 2 x CH3), 3.81 (s,
6H, 2 x OCH3), 5.00 (m, 2H, 2 x CH), 8.54 (bs, 2H, 2 x NH). *°F NMR (CDCls, 6 ppm): -109.6 (dm, 2Jr.r 259.0 Hz,
2F, 2 x CFACFg ), —~110.5 (dm, g r 259.0 Hz, 2F, 2 x CFACFs ). 133C NMR (CDCls, § ppm): 16.1 (s, 2 x CHs), 53.0 (s, 2
x CH), 53.7 (s, 2 x OCHs), 109.0-114.2 (m, CF,CF;), 171.6 (s, 2 x C=0), 184.2 (t, 2Jcr 27.9 Hz, 2 x C=S). MS, m/z:
393 [M+H]*, 391 [M-H]". Anal. calcd for C12H16F4N204S;: C, 36.73; H, 4.11; N, 7.14; S, 16.34. Found: C, 36.76; H,
4.17; N, 7.18; S, 16.29.
Diisopropyl N,N'-(2,2,3,3-tetrafluorobutanedithioyl) bis(L-valinate)(7c). Yield: 65%. Yellow oil. [a]p?® -119.0°
(c=1, MeOH). Rs = 0.55 (hexane/EtOAc 4:1). *H NMR (CDCls, & ppm): 0.97 (d, 3/un 6.8 Hz, 6H, 2 x CHCH(CHs)2),
1.07 (d, 3Ju 6.8 Hz, 6H, 2 x CHCH(CHs)2), 1.30 (m, 12H, 2 x OCH(CHs)2), 2.40 (m, 2H, 2 x CHCH(CHs)2), 4.91 (m,
2H, 2 x CHCH(CHs)2), 5.12 (m, 2H, 2 x OCH(CHs)2), 8.47 (bs, 2H, 2 x NH). °F NMR (CDCls, § ppm): -108.8 (dm,
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2Je ¢ 248.1 Hz, 2F, 2 x CFACFs ), -111.5 (dm, 2Jgr 248.1 Hz, 2F, 2 x CFACFs ). 133C NMR (CDCls, & ppm): 18.4 (s,
CHCH(CHs)2), 18.9 (s, CHCH(CHs)z), 21.9 (s, 2 x OCH(CH3)2), 31.6 (s, 2 x CHCH(CHs)2), 62.9 (s, 2 x CHCH(CHs)a),
70.2 (s, 2 x OCH(CHs);), 109.1-114.6 (m, CF2CF2), 169.2 (s, 2 x C=0), 184.4 (t, Zcf 26.7 Hz, 2 x C=S). MS, m/z:
506 [M+H]*, 504 [M-H]". Anal. calcd for Cy0H32F4N204S3: C, 47.60; H, 6.39; N, 5.55; S, 12.71. Found: C, 47.72; H,
6.45; N, 5.60; S, 12.86.

2,2-Difluoromalonothioamide (6). Phosphorus pentasulfide (9.66 g, 21.7 mmol) and hexamethyldisiloxane
(HMDSO) (5.64 g, 34.8 mmol) were added to a suspension of 2,2-difluoromalonoamide (5) (3.00 g, 21.7 mmol)
in toluene (50 mL). The reaction mixture was stirred at 120 °C for 24h; the reaction was followed by *°F NMR,
monitoring the disappearance of the starting amide peak in the precipitate. The mixture was cooled to room
temperature. The solid material was filtered off and washed with diethyl ether (15 mL). Solvents and excess
HMDSO were removed in vacuo. The residue was purified by column chromatography on silica gel, eluting
with a mixture of hexane and ethyl acetate (1:1). The resulting product was further recrystallized from
chloroform giving 2,2-difluoromalonothioamide (6). Yield: 65%. Yellow crystals, mp 135-136 °C. Rs = 0.74
(hexane/EtOAc 1:1). *H NMR (DMSO_ds, 6§ ppm): 10.22 (bs, 4H, 2 x NH2). **F NMR (DMSO_ds, 6 ppm): =96.5 (s,
CF,). 23C NMR (DMSO_ds, 6 ppm): 112.9 (t, Ycr 258.5 Hz, CF,), 191.6 (t, Ucr 27.9 Hz, 2 x C=S). MS, m/z: 171
[M+H]*. Anal. calcd for CsH4F2N3S;: C, 21.17; H, 2.37; N, 16.46; S, 37.67. Found: C, 21.19; H, 2.41; N, 16.50; S,
37.72.

General procedure for the reaction of 2,2-difluoromalonothioamide (6) with a-amino acid esters. The
respective amino acid ester (2.7 mmol) was added to a solution of 2,2-difluoromalonothioamide (6) (200 mg,
1.2 mmol) in diethyl ether (20 mL). The reaction mixture was stirred at room temperature for 20 days. The
solvent was then evaporated in vacuo and the crude product was purified by column chromatography on silica
gel, eluting with a mixture of hexane and ethyl acetate (7:3) to afford the corresponding
polyfluoroalkanedithioyl derivative (8a-c).

Dimethyl N,N'-(2,2-difluoropropanedithioyl) bis(L-alaninate) (8a). Yield: 56%. Yellow oil. [a]p?® +98.2° (c=1,
MeOH). Rs = 0.30 (hexane/EtOAc 7:3). *H NMR (CDClz, § ppm): 1.56 (d, 3Ju,n 6.9 Hz, 6H, 2 x CHs), 3.82 (s, 6H, 2 x
OCHs), 5.00 (m, 2H, 2 x CH), 8.78 (bs, 2H, 2 x NH). 2°F NMR (CDCls, § ppm): -97.0 (s, CF2). 23C NMR (CDCls, &
ppm): 16.2 (s, 2 x CH3), 53.1 (s, 2 x OCH3), 53.6 (s, 2 x CH), 112.6 (t, Ycr 257.8 Hz, CF,), 171.6 (s, 2 x C=0), 187.9
(t, Zcr 27.9 Hz, 2 x C=S). MS, m/z: 343 [M+H]*, 341 [M-H]". Anal. calcd for C11H16F2N204S5: C, 38.59; H, 4.71; N,
8.18; S, 18.73. Found: C, 38.60; H, 4.67; N, 8.21; S, 18.75.

Dimethyl N,N'-(2,2-difluoropropanedithioyl) bis(L-phenylalaninate) (8b). Yield: 51%. Yellow solid, mp
108-110°C. [a]p?® -76.3" (c=1, MeOH). Rs = 0.63 (hexane/EtOAc 7:3). *H NMR (CDCls, § ppm): 3.24 (dd, 2Jun
14.0 Hz, 3Jun 4.8 Hz, 2H, 2 x CHaHg), 3.35 (dd, i 14.0 Hz, 3Jun 4.8 Hz, 2H, 2 x CHaHg), 3.74 (s, 6H, 2 x OCH3),
5.29 (m, 2H, 2 x CH), 7.14-7.31 (m, 10H, 2 x Ph), 8.67 (bs, 2H, 2 x NH). 1°F NMR (CDCls, § ppm): -98.9 (s, CF,).
13C NMR (CDCls, § ppm): 36.1 (s, 2 x CH,), 52.8 (s, 2 x CH), 58.6 (s, 2 x OCH3), 112.4 (t, YUcr 260.2 Hz, CF2), 127.6
(s, 2 x CH Ph), 128.9 (s, 4 x CH Ph), 129.6 (s, 4 xCH Ph), 134.7 (s, 2 x Cq Ph), 170.0 (s, 2 x C=0), 188.0 (t, 2Jcr
28.4 Hz, 2 x C=S). MS (El): m/z 496 [M+H]*, 494 [M-H]". Anal. calcd for CasH24F2N204S: C, 55.86; H, 4.89; N,
5.66; S, 12.96 . Found: C, 55.90; H, 4.87; N, 5.64; S, 13.00.

Diisopropyl N,N'-(2,2-difluoropropanedithioyl) bis(L-valinate) (8c). Yield: 68%. Yellow oil. [a]p?° -187.4° (c=1,
MeOH). R; = 0.56 (hexane/EtOAc 4:1). *H NMR (CDCls, & ppm): 0.99 (d, 3/un 6.8 Hz, 6H, CHCH(CHs)2), 1.07 (d,
3Ju 6.8 Hz, 6H, CHCH(CHs3)2), 1.30 (m, 12H, 2 x OCH(CHs)2), 2.42 (m, 2H, 2 x CHCH(CHs)2), 4.96 (m, 2H, 2 x
CHCH(CHs)2), 5.13 (m, 2H, 2 x OCH(CHs)2), 8.72 (bs, 2H, 2 x NH). °F NMR (CDCls, § ppm): -100.6 (s, CF,). 13C
NMR (CDCls, & ppm): 18.5 (s, CHCH(CHs)2), 18.6 (s, CHCH(CHs)2), 21.9 (s, 2 x OCH(CHs)z), 31.4 (s, 2 x
CHCH(CHs),), 62.7 (s, 2 x CHCH(CHs),), 70.0 (s, 2 x OCH(CHs)2), 112.9 (t, Ycr 258.8 Hz, CF,), 169.2 (s, 2 x C=0),
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188.6 (t, Zcr 28.0 Hz, 2 x C=S). MS, m/z: 456 [M+H]*, 454 [M-H]". Anal. calcd for C19H32F2N204S;: C, 50.20; H,
7.10; N, 6.16; S, 14.10. Found: C, 50.28; H, 6.98; N, 6.18; S, 14.19.

General procedure for the reaction of 2,2-difluoromalonothioamide (6) with dipeptide esters. The respective
dipeptide ester (2.7 mmol) was added to a solution of 2,2-difluoromalonothioamide (6) (200 mg, 1.2 mmol) in
toluene (15 mL). The reaction mixture was heated at 80°C for 50h. Then the solvent was evaporated in vacuo
and the crude product was purified by column chromatography on silica gel, eluting with a mixture of hexane
and ethyl acetate (1:1) to afford the corresponding polyfluoroalkanedithioyl derivative (9a, b) as a mixture of
diastereomers.

Dimethyl N,N'-(2,2-difluoropropanedithioyl) bis(DL-a-alanyl-DL-valinate) (9a). Yield: 58%. Brown oil. Rf = 0.63
(hexane/EtOAc 1:1). Mixture of diastereomers (ratio of 50:50 according to F NMR). *H NMR (CDCls, 6§ ppm): 0.89 (d,
3Jun 6.4 Hz, 6H, CH(CH3),), 0.94 (d, 3Ju 6.4 Hz, 6H, CH(CH3),), 1.59 (m, 6H, 2 x CHCHs), 2.17 (m, 2H, 2 x CH(CHs)2), 3.76 (s,
6H, 2 x OCHs), 4.58 (m, 2H, 2 x CHCOOMe), 5.00 (m, 2H, 2 x CHCH3), 6.76 (d, 3/ 8.8 Hz, 2H, 2 x C(S)NH), 9.09 (bs, 2H, 2
x C(O)NH). 1°F NMR (CDCls, & ppm): -99.6 (dm, ¥ 229.3 Hz, 1F, CFaFs), ~99.7 (m, 2F, CF,), ~100.8 (dm, g 229.3 Hz, 1F,
CFaFg). 3C NMR (CDCls, & ppm): 17.2 (s, CHCHs), 17.3 (s, CHCHs), 18.0 (s, CH(CHs),), 18.1 (s, CH(CHs)2), 19.1 (s, CH(CHs),),
19.2 (s, CH(CHs)2), 31.5 (s, CH(CHs)2), 52.49 (s, CHCHs), 52.53 (s, CHCHs), 54.48 (s, CHCHs), 54.53 (s, CHCHs), 57.5 (s,
OCHs), 113.1 (t, Yer 267.7 Hz, CF,), 170.1 (s, C=0), 172.4 (s, C=0), 172.4 (s, C=0), 188.1 (t, 2Jcr 26.6 Hz, C=S), 188.2 (t, Ycr
26.6 Hz, C=S). MS, m/z: 541 [M+H]*, 539 [M-H]". Anal. calcd for C1H34F2N4O6S;: C, 46.65; H, 6.34; N, 10.36; S, 11.86.
Found: C, 46.72; H, 6.40; N, 10.41; S, 11.92.

Dimethyl N,N'-(2,2-difluoropropanedithioyl) bis(DL-a-alanyl-B-alaninate) (9b). Yield: 47%. Brown oil. Rs =
0.43 (hexane/EtOAc 1:1). Mixture of diastereomers (the ratio is 50:50 according to °F NMR). *H NMR (CDCls, 6
ppm): 1.54 (m, 6H, 2 x CH3), 2.56 (m, 4H, 2 x CH2C(0)), 3.54 (m, 4H, 2 x NCH,), 3.70 (s, 6H, 2 x OCH3), 4.83 (m,
2H, 2 x CH), 6.57 (m, 2H, 2 x C(S)NH), 8.89 (m, 2H, 2 x C(O)NH). °F NMR (CDCls, § ppm): =99.9 (m, 2F, CF2),
-101.1 (dm, %Jgf 229.6 Hz, 1F, CFaFs), =100.2 (dm, 2Jrr 229.6 Hz, 1F, CFaFs). MS, m/z: 483 [M-H]". Anal. Calcd
for C17H26F2N406S2: C, 42.14; H, 5.41; N, 11.56; S, 13.24. Found: C, 42.22; H, 5.48; N, 11.60; S, 13.2

Supplementary Material

BF NMR, 'H NMR, and 3C NMR Spectra of dimethyl N,N'-(2,2-difluoropropanedithioyl) bis(L-
phenylalaninate) (8b) (in CDCl3); F NMR, 'H NMR, and 3C NMR Spectra of dimethyl N,N'-(2,2-
difluoropropanedithioyl) bis(DL-a-alanyl-B-alaninate) (9a) (in CDCls).
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