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The role of the electrophilic inframolecular cyclization (EIC) reaction of unsaturated carboxylic acid amides has been
described for the design of arylthio-containing lactams and lactones. In order to identify the effect of the styryl moiety
on regioselectivity of the electrophilic intramolecular cyclization process styryl acetic acid amides with electron-donating
substituents in para-position of the styryl moiety have been studied. It has been found that these compounds react with
phenyl and p-tolylsulfenylchlorides in nitromethane in the presence of lithium perchlorate as a “doping additive” to
form 1,5-diaryl-4-arylthiopyrrolidin-2-ones with the yield of 60-66%. It is most likely that the reaction found includes
the formation of the episulfonium cation stabilized by the perchlorate-anion followed by 5-endo-cyclization onto
the nitrogen atom of the amide group. The structure of the compounds synthesized has been confirmed by their
spectral parameters. In particular, the IR-spectra contain strong absorption bands C=0 at 1703-1703 cm™, and '"H
NMR-spectra of the compounds obtained are characterized by two protons multiple shifts of the H® pyrrolidine ring
at 2.52-2.64 and 3.08-3.22 ppm, respectively, H* proton multiple shifts at 3.61-3.76 ppm and H° at 4.99-5.09 ppm.
Formation of the pyrrolidine ring as a result of cyclization has been reliably proven by *C NMR-spectra with the
typical signals of carbon atoms: C® (37 ppm), C* (48 ppm), C® (69 ppm) and C? (172 ppm).

CUHTES3 1,5-0IAPUI1-4-APUITTIONIPOJIIQNH-2-OHIB PEAKLJIEIO APUIICYJTIb®EHI/TOBAHHS N-APUTTAMIZIB
CTUPUIIOLTOBOI KUCIIOTU
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Knrovoei crnioea: amiou cmupunoymoegoi Kucriomu; enekmpogbinibHa 8HympiluHbOMOIEKYISIPHA UUKITi3auis; apurl-
cynbgheHinxnopudu; niposiOuH-2-oHU

idkpecreHa porib peakuil enekmpobiribHoOI HympiluHBLOMONeKyspHOT yuknisayii (EBLI) amidie HeHacu4eHUX KapboHo8UX
Kucriom 0r1s nobydoesu cyrnbghaHirnoeMiCHUX TaKmaMHUX ma J1IaKMOHHUX CMPYKMyp. 3 Memoto 8USI8NEHHS 81iugy
CMUPUITbHO20 (hpacMeHma Ha pegioceneKmusHICMb Mpouecy enekmpogbinbHOI 6HymMpiuHbOMOMEKYMAPHOT UUKITIZaui
oocriixkeHo psd aHinidie cmupunoymosux Kucaom i3 OOHOPHUMU 3aMiCHUKaMU 8 rapa-rnosioXeHHI apusibHo20
s0pa. BcmaHoerneHo, w0 ekasaHi Crioflyku peacytome i3 ¢beHir- ma napa-morincyibgheHinxmnopudamu 8 cepedosuiyi
HimpoMemaHy 8 pucymHoCMi eK8IMONAPHOT KilbKocmi nepxmnopamy fimito ik «orniHa-006asKu» i3 ymeopeHHAM
1,5-0iapurn-4-apunmioniponiouH-2-oHis i3 suxodamu 60-66%. HadsipozioHiwe, wo 3HalideHa peakuis peasnizyembscsi
3a CXeMoK ymeopeHHs1 cmabinizoeaHo20 nepxsopam-aHiOHOM enicyibghOHIE8020 KamioHa i3 ModasnbWor
5-eHOO-YuKrizauiero Ha amom aomy amioHoi 2pyru. CmpyKmypa CUHMEe308aHUX CriornyK nomeepdxeHa ix criekmparbHUMU
napamempamu. 3okpema, 8 I4-crnekmpax npucymHi iHmeHcusHi cMyeu noenuHaHHs 2pyn C=0 npu 1703-1705 cm.
Cniekmpu 5IMP "H xapakmepusytombcsi dgoma Myribmuriiiemamu rpomoHie H? niponiduHoeoz2o yuksy eidnogioHo
npu 2.52-2.64 ma 3.08-3.22 m.4., @ makox Mynbmurnnemamu rnpomotie H* npu 3.61-3.76 m.4. ma H° npu 4.99-
5.09 m.4u. ®opmysaHHS 8 pe3yribmami yukmizayii niponiouHoso2o ssdpa HadiliHo doeedeHo cnekmpamu SAMP 3C
i3 munosumu cueHanamu amowmie gyaneyro: C* (37 m.4.), C* (48 m.4.), C® (69 m.u.) ma C? (172 m.u.).

CUHTE3 1,5-ANAPWII-4-APUITTUOINNPPOJINANH-2-OHOB PEAKLMEW APUIICYJIb®EHUITUPOBAHUS
N-APUITAMULOB CTUPUITYKCYCHOU KUCJ1IOTbI
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apurcynbheHunxmnopudbi; MUPPOMUOUH-2-OHbI

lModyepkHyma porsb peakyuu anekmpoguibHOU 8HymMpuMoneKynsapHol yuknudayuu (OBL]) amudoe Hernpederb-
HbIX KapboHO8bIX KuC/10m 0151 MOCMPOEHUS CyrbghaHuicooepauux nakmamMHbIX U JTaKMOHHbLIX CMPYKmyp.
C yenbto 8bisiBNIeHUs 8MIUSHUS CMUPUIbHO20 hpaeMeHma Ha peauoceriekmusHocme rpoyecca 9BL| uccriedo-
8aH psid aHUIUOO8 CMUPUITYKCYCHbIX KUCITOmM ¢ OOHOPHbIMU 3aMecmumerisiMu 8 rnapa-rofioxeHuu apuibHO20
A0pa. YcmaHoerneHo, Ymo yKkasaHHble COeOUHEHUS peacupytom ¢ ¢heHus- U rnapa-monuscynsgeHunxmnopudamu
8 cpede HUMpPOMemaHa 8 MPUCYMCMeuUU 9K8UMO/ISPHO20 Konuyecmea repxriopama fumus Kak «0onuHe-0obas-
Ku» ¢ obpasosaHuem 1,5-duapur-4-apunmuonupponuduH-2-0Hoe ¢ 8bixodamu 60-66%. Haubornee eeposimHo, 4mo
Hali0eHHasi peaKyusi peasu3yemcsi 1o cxeme obpasogaHusi cmabusu3upo8aHHO20 repxiopam-aHUOHOM 3rUCY lb-
¢hoHUEeB8020 KamuoHa ¢ rocnedyroueli 5-aHA0-yuKIu3ayuel Ha amom azoma amudHoU epynkl. Cmpykmypa CuH-
me3uposaHHbIX coeOuHeHUl nodmeepxoeHa Ux criekmparbHbIMU napamempamu. B yacmHocmu, 8 MIK-criekmpax
rpucymecmeyrom UHMeHcUsHble nosnock! noanoweHusi epynn C=0 npu 1703-1705 cm'. Cnekmpobl SIMP 'H xa-
pakmepu3ytomcsi 08yMsi Mynibmurniemamu npomoHo8 H° nupponuduHoeo20 yukna coomeemcmeeHHo npu
2.52-2.64 u 3.08-3.22 m.4., a makxe mynbmurnemamu npomoHos H* npu 3.61-3.76 m.0. u H° npu 4.99-5.09 m.0.
®opmuposaHue 8 pesyribmame Yukiu3ayuu nupuduHoso2o sidpa HadexHo 0okasaHo criekmpamu SMP 3C ¢ mu-
MUYHBIMU cu2Hanamu amomoe yanepooda: C° (37 m.d.), C* (48 m.0.), C° (69 m.0.) u C? (172 m.0.).
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4-Thio-functionalized y-lactams (pyrrolidine-2-ones)
are important building blocks in the synthesis of car-
bapenems - -lactam antibiotics with a wide spectrum
of action. Obtaining compounds of this type described
in literature is based on multistage transformations
of methyl aspargate [1] or dimethyl 3-hydroxygluta-
rate [2]. Taking into consideration the biological and
synthetic potential of pyrrolidine-2-one compounds
[3-6] the problem of developing effective ways to ob-
tain new derivatives, in particular, suitable to vari-
ous modifications of arylsulfanyl groups is urgent to-
day. The results of our previous studies indicate that
the electrophilic intramolecular cyclization of unsatura-
ted carboxylic acids amides using arylsulfenyl chlorides
is a convenient method for designing arylthio-con-
taining lactam and lactone compounds [7-9]. The elec-
trophilic intramolecular cyclization reaction of styryl
acetic acid amides containing substituents of a diffe-
rent electronic nature in the amide moiety shows the
possibility of formation of benzazepin-2-one, lactam and
lactone products [10, 11]. It seemed quite reasonable
to study the effect of electron-donating groups in the
aryl ring of the alkenyl moiety on regioselectivity of
this process. Thanks to this purpose, a number of styryl
acetic acid amides 1a-d containing electron-donating
substituents (Me, i-Pr; or tert-Bu) in p-position of the
aryl ring have been synthesized. It has been determined
that these anilides react with phenyl- or p-tolyl sulfe-
nyl chlorides 2a,b in nitromethane in the presence
of an equimolar amount of lithium perchlorate as a
“doping additive” [11, 12] to form 1,5-diaryl-4-aryl-
thiopyrrolidin-2-ones 3a-fin a good (60-66%) yield.
The results obtained indicate regioselectivity of the
intramolecular cyclization on the nitrogen atom of the
amide moiety. It is logical to assume that the process
isimplemented under the scheme, which contains the pre-
dominant formation of the episulfonium intermedi-
ate A stabilized by the perchlorate-anion followed by
5-endo-cyclization onto the nitrogen atom of the amide
group. It should be noted that electron-donating aryl
substituents better stabilize intermediate A and cre-
ate favourable conditions for a nitrogen atom to at-
tack a soft episulfonium cation (Scheme).

The structures of compounds 3a-f have been con-
firmed by spectral data. In particular, IR-spectra con-
tain the intense absorption band of C=0 groups in
1703-1705 cm™. In *H NMR-spectra of two protons
the multiple shifts of the H? pyrrolidine ring were
observed at 2.52-2.64 and 3.08-3.22 ppm, respecti-
vely, and H* proton multiple shifts at 3.61-3.76 ppm
and H® at 4.99-5.09 ppm. Formation of the pyrroli-
dine ring as a result of cyclization has been reliably
proven by *C NMR-spectra with the typical signals of
carbon atoms: C* (37 ppm), C* (48 ppm), C° (69 ppm),
C? (172 ppm).

Experimental Part

IR-spectra were recorded on a Vertex 70 spectro-
photometer in KBr tablets. 'H and *C NMR-spectra
were registered on a Varian VXR-400 spectrometer
(399.97 and 125.74 MHz, respectively); TMC was used
as an internal standard. HPLC-MS measurements were
performed on an Agilent 1100\DAD\HSD\VLG 119562
instrument.

The general method for the synthesis of 1,5-aryl-
4-arylthiopyrrolidin-2-ones 3a-f. To the mixture of
2 mmol of amide 1a-1d and 2 mmol of lithium per-
chlorate in 10 mL of nitromethane add dropwise the
solution of 2 mmol of arylsulfenyl chloride 2a-2b in
6 mL of nitromethane while stirring at room tem-
perature. Stir the reaction mixture for 10 h and evapo-
rate under vacuum. Crystallize the solid residue from
ethanol.

5-(4-Methylphenyl)-1-phenyl-4-(phenylthio)
pyrrolidin-2-one 3a. Yield - 64%, oil. '"H NMR-spec-
trum (CDCl,), §, ppm.: 2.27 s (3H, CH,), 2.54-2.64 m
(1H, CH), 3.10-3.21 m (1H, CH), 3.66-3.72 m (1H, CH),
5.04 d (1H, CH,J 2 Hz), 6.92-7.45 m (14HAr). 3C NMR-
spectrum (CDCL,), §, ppm.: 21.07 (CH,), 37.52 (C?), 48.30
(CH,69.82(C%),122.13,125.22,125.71,128.17,128.78,
129.35,129.85,132.95,133.16, 136.15, 138.07, 138.18
(C,), 172.36 (C?). Mass spectrum: m/z 360.0 [M+1]*.
Found, %: C 76.88; H 5.85; N 3.93. C,;H,,NOS. Calcu-
lated, %: C 76.84; H 5.89; N 3.90. M 359.5.

5-(4-Methylphenyl)-4-[(4-methylphenyl)thio]-
1-phenylpyrrolidin-2-one 3b. Yield - 60%. M.p. -

Ar'S
\WNHAr LiCIO4 (\NHAr
R 2a,b | cio; Ar' ‘
1a-e |4 sol ] R Ar
A 3a-f

1: Ar = Ph, 4-Me (a), 4-i-Pr (b), 4-tert-Bu (c); Ar = 4-MeC,H,, R =4-tert-Bu (d); 2: A’ = Ph (a), 4-MeC6H4 (b);
3: R = 4-Me, Ar = Ph, Ar’ = Ph (a), 4-MeC6H4 (b); R = 4-i-Pr, Ar = Ph, Ar'= Ph (c), 4-MeC6H4 (d);
R = 4-tert-Bu, Ar = Ph, Ar'= Ph (e), 4-MeC H, (f).

Scheme
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116-117°C. IR-spectrum, v, cm™*: 1705 (C=0). 'H NMR-
spectrum (CDCL,), §, ppm.: 2.29 s (3H, CH,), 2.36 s (3H,
CH,), 2.54-2.64 m (1H, CH), 3.08-3.19 m (1H, CH), 3.61-
3.66 m (1H, CH), 4.99-5.04 m (1H, CH), 6.95d (2H,,,
J7.8Hz),7.04-7.40 m (11H, ). *C NMR-spectrum (CDCL,),
&, ppm.: 21.09 (CH,), 21.20 (CH,), 37.50 (C?), 48.63 (C%),
69.65 (C°),122.02,125.09,125.73,128.73,129.27,129.81,
130.12,133.61,136.27,137.98, 138.28, 138.59 (C,,),
172.51 (C?). Mass spectrum: m/z 374.2 [M+1]*. Found,
%:C77.22; H 6.24; N 3.72. C,,H,,NOS. Calculated, %:
C77.17; H6.21; N 3.75. M 373.5.
5-(4-Isopropylphenyl)-1-phenyl-4-(phenylthio)
pyrrolidin-2-one 3c. Yield - 66%. M.p. - 114-115°C.
[R-spectrum, v, cm™: 1703 (C=0). 'H NMR-spectrum
(CDCL,), 8, ppm.: 1.18 d (6H, 2CH,, ] 3.6 Hz), 2.55-2.60 m
(1H, CH), 2.75-2.90 m (1H, CH), 3.09-3.22 m (1H, CH),
3.66-3.76 m (1H, CH), 5.00-5.09 m (1H, CH), 6.93-7.47 m
(14H,,). ®*CNMR-spectrum (CDCL), §, ppm.: 23.86 (CH,),
23.92 (CH,), 33.69 (C7), 37.41 (C), 48.28 (C*), 69.68
(C%),121.97,125.10,125.66,127.20,128.12,128.82,
129.31, 132.89, 133.25, 136.38, 138.31, 148.92 (C,,),
172.36 (C?). Mass spectrum: m/z 388.2 [M+1]*. Found,
%: C77.54; H6.47; N 3.62. C,.H,.NOS. Calculated, %:
C77.48; H6.50; N 3.61. M 387.5.
5-(4-Isopropylphenyl)-4-[(4-methylphenyl)
thio]-1-phenylpyrrolidin-2-one 3d. Yield - 63%.
M.p.-99-100°C. IR-spectrum, v, cm*: 1704 (C=0). 'H
NMR-spectrum (CDCl,), §, ppm.: 1.18 d (6H, 2CH,, J
6.8 Hz), 2.34 s (3H, CH3), 2.52-2.60 m (1H, CH), 2.77-
2.89m (1H, CH),3.09-3.15m (1H, CH), 3.63-3.65m (1H,
CH), 5.02-5.07 m (1H, CH), 6.93-7.42 m (13H,). ©3C
NMR-spectrum (CDCl,), 6, ppm.: 21.23 (CH,), 23.80
(CH,), 23.89 (CH,), 33.77 (€™, 37.39 (C?), 48.58 (CY),
69.58(C%),121.92,125.02,125.59,127.15,128.69,129.37,
130.07,133.56,136.49, 138.37, 138.55, 148.84 (C,,),
172.46 (C?). Mass spectrum: m/z 402.2 [M+1]*. Found,
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%: C77.80; H6.72; N 3.50. C,.H,,NOS. Calculated, %:
C77.77; H6.78; N 3.49. M 401.5.
5-(4-tert-Butylphenyl)-1-(4-methylphenyl)-
4-(phenylthio)pyrrolidin-2-one 3e. Yield - 66%. M.p. -
162-163°C. IR-spectrum, v,cm*: 1703 (C=0).'H NMR-
spectrum (CDCL,), §, ppm.: 1.25 s (9H, 3CH,), 2.24 s
(3H, CH,), 2.54-2.58 m (1H, CH), 3.10-3.19 m (1H, CH),
3.69-3.71 m (1H, CH), 5.00-5.04 m (1H, CH), 6.96 d
(2H,,/8Hz),7.04d (2H,,J8Hz), 7.23-7.35m (7H,,),
7.41-7.45m (2H,,). *C NMR-spectrum (CDCL), §, ppm.:
20.82 (CH,), 31.23 (CH,541), 34.56 (Cr+But), 37.34
(C%), 48.23 (€Y, 69.74 (C°), 122.14, 125.38, 126.03,
128.11,129.31,129.37,132.89, 133.35,134.93, 135.72,
136.11, 151.14 (C,,), 172.30 (C?). Mass spectrum: m/z
416.2 [M+1]*.Found, %: C 78.05; H7.01; N 3.40.C,,H,,NOS.
Calculated, %: C 78.03; H 7.03; N 3.37. M 415.5.
5-(4-tert-Butylphenyl)-4-[(4-methylphenyl)
thio]-1-phenylpyrrolidin-2-one 3f. Yield - 62%.
M.p. - 149-150°C. IR-spectrum, v, cm’: 1704 (C=0).
'H NMR-spectrum (CDCL,), §, ppm.: 1.25 s (9H, 3CH.,),
2.34s(3H,CH,), 2.53-2.62 m (1H, CH), 3.09-3.20 m (1H,
CH), 3.61-3.68 m (1H, CH), 5.03-5.07 m (1H, CH), 6.92-
7.41 m (13H,). 3C NMR-spectrum (CDCL,), 8, ppm.:
21.15 (CH,;), 31.27 (CH,*7), 34.55 (Crr+54), 37.39 (C9),
48.55 (€%, 69.68 (C°), 122.03,125.14,125.36, 126.01,
128.80, 129.34, 130.07, 133.54, 135.95, 138.26, 138.55,
151.17 (C,), 172.72 (C?). Mass spectrum: m/z 416.2
[M+1]*. Found, %: C 78.08; H 7.00; N 3.34. C,,H,,NOS.
Calculated, %: C 78.03; H 7.03; N 3.37. M 415.5.
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The effective method for the synthesis of 1,5-dia-
ryl-4-arylthiopyrrolidin-2-ones based on the arylsulfe-
nylation reaction of N-arylamides of styryl acetic acids
containing electron-donating substituents in the aryl
ring of the styryl moiety has been developed.
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