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MCCNEAOBAHUE S-NMPONU3BOAHbIX 2-TUOYPALINJ10B
METOAOM MACC-CMNEKTPOMETPUN

T.B. ®ponosa, A.A. AHyunH, E.WN. baxteesa, 4.I. Kum

MGTOI[OM MacCC-CIIEKTPOMETPUMN TIPOBEACH aHAJIM3 M MHTEPIIPETALIUA MaCC-
CIIEKTPOB S-TPOM3BONHBIX 2-THOYPALIWIIOB, BBISIBJICHBI 3aKOHOMEPHOCTH (par-
MEHTaAlIM MOJICKYJI.

Karouesvie cnosa: 2-aaxun- u  arkenusmuo-4(3H)-nupumuounonsi,  macc-cneKkmpo-
mempus.

BBenenue

YcraHoBIeHUE COCTaBa UM CTPYKTYpbhl OPraHMYECKUX COECAWHEHMI METOAOM MacC-CIEKTPOMETPUU
aKTUBHO WCIIOJIb3yeTcsl uccaenoBateasiMu [1, 2]. Pe3yabTarhl, MOJy4eHHBbIE TIPU MHTEPIIPETALIMM MaccC-
CIEKTPOB, Mal0T UHMOPMAIIMIO O CBOMCTBaX HOBBIX OPraHUYECKUX COCIWHEHUI, YTO SBJSIETCS Ba>KHOW
3aJa4eii B OpraHNn4eCKOn XUMUHU.

B nutepaType mpakTU4YeCKHW OTCYTCTBYIOT JaHHBIE 00 MCCIEIOBAaHUU S-IIPOU3BOMHBIX 2-THOYpPALIM-
JIOB METOJOM Macc-ClieKTpoMeTpuu. B pabote [3] maHHBIE MacC-CIEKTPOMETPMU WCIIOJb3YIOTCS IS
nneHTUGUKaIy 2-ankeHuITno-4(3H)-mupuMuInHOHOB, HO HE paccMaTpPUBAETCs UX (hparMeHTaLIMS.

OO0cyxKaeHne pe3yjbTaToB

HamMu BnepBble M3y4eHO IOBeIeHUE IIpU 3JIeKTpoHHON uoHmzauuu (ODU) 2-mermnrtuo-(la-c),
2-atuntro-(2a-d), 2-6ensuntuo-(3a, b), 2-ctupmwritno-(4a, ¢, ), 2-aumnTuo-(5a-¢), 2-MeTaJUIMITHO-
(6a-d), 2-(3-xnopammun)tuo-(7a-c) u 2-6yrenuntro-4(3H)-nmupumuanHoHoB (8a-c):
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a, b, d Ry=H, ¢ R=C;Hs; a R;=CH;, b R;=CF3, R,=CH;, d R;=NH,, e R,=H

B Macc-crieKTpax BceX COeIMHEHMII PUCYTCTBYET MUK MOJIEKY/IsipHoro noHa [M]™ (cM. Ta6uiy).
B coemuuenusix 1a-c u 2a-d, B KOTOPBIX TP aTOME CEpbl MMEIOTCS METallbHbIC WIM STWIbHBIC pamuKa-
JIBI, TIMKY MOJIEKYJISIPHBIX HOHOB SIBIISTIOTCSI MAKCUMaJIbHBIMU. JIJIS coemMHEeHMit Sa-c, e, 6a-c, 7a-c, 8a-c,
B KOTOPBIX aTOM Cepbl CBSI3aH C aUTMJIBLHOI MM OYTeHMIbHOI rpyrmoi, mik [M]™ cocrapisior  4-44%
OT MaKCHMMAaJbHOTO MuKa. HamMeHbIIWIT MONEKYNIsIpHbIA muK (4 %) HabGmiomaeTcss B MaccC-CIIEKTpe
2-6yreHunTHO-6-TprdropmeTrii-4(3H)-mupumunHoHa (8b).

CoenuHeHMsST 7a-C TIPEICTABISIOT COOOM CMECh yuc- U MPAHC-U30Mep08, MaCC-CIIEKTPhI KOTOPBIX
MTPaKTUYECKA HEOTTNIMMBI. CaMbIM MHTEHCUBHBIM sBJsTeTcs MK [M—Cl]+, 9T0 XapakTepHo ISl XJI0p-
MpOU3BOAHBIX [3].

Bo Bcex Macc-cmekTpax aHaJIM3UpyeMbIX COeIWHEHMWI HaOMomaeTcs OTIIETUICHWE TUOAJKWJIHHOMN
TPYIIBLI B pe3yibTaTe pa3pbiBa cBsa3eil C-SR, a B coequHeHMsx 4a, 4¢ U 8 a-C - OTIICIUICHHUE aJIKWJIb-
HOM TPYIIIBI B pe3yJibTaTe pa3pbiBa CBI3U S-R:
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Hatineno, uro coepunenus la—c, 2a—d, 4e, Sa—c u 8a—c obpasytor nuk ¢ m/z = 95. Ha Hamu B3risz,
OH TPHHAIUIEKUT KaTHoHy 4-rapumuarHona (A, C4H;3N,0), kotophiii 06pasyercs 1o clienyromieH cxeme:
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Iux [M—-CH;]+ npucyTcTByeT BO BCEX MAacc-COEKTpPax HCCIEAyEMBIX COCOMHEHHH, KpoMme
2-ctupuntio-4(3 H)-napuMuuHoHOB (4a, €). DMTUMUHHPOBAaHUE METHIIFHOH I'PYIILI B COSOUHEHHUAX 1a
M 2a MOXKET MPOUCKXOAUTE KakK OT Cephl, TaK ¥ OT THPUMUAHUHOBOTO KOJIbIa.

B otnmume ot coenaunenuit 1a, b u 2a, b B coepunenuax lc u 2c nuxk [M~CH;]+ spnsercs maxcu-
MaJIBHBIM, YTO Ha Hall B3rMsj, o0ycnoBlleHO oOpa3soBaHHMEM apoMaTHYECKOH CHCTEMBI — KaTHOHA
2-anKuNTHO-4-THAPOKCH-7-MeTHI- 1,3 -muasenunus (b):
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B ammunbHBIX Npou3BOAHBIX Sa—¢ M 6a—d muk [M-CHsl+ apnsgercs MakcHManbHbIM. OT0 00y-
CJIOBJIEHO TEM, YTO MpPH pachaje MOJEKY/ISIPHOro HoHa oOpasyercs YCTOHuYMBasg apoMaTHdeckas
7-oxcotnazono|3,2-a)mupumunauepas cucrema (B):
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B ornuune oT alyMABHBIX TIPOU3BOJHBIX Sa—C, €, 6a—d B Macc-CieKTpax COeOUHEHHH 3a—C Makcu-
MabHBIM IMUKOM sBigetcs He [M-CH;l+, a [M-C4H; ]+, uTo coorBeTcTBYeT OTpBIBY OYTEHIIBHOTO pa-
nmukana. J[ng coenunenuii 8a—c pacnag MoJIeKyJISpHOro MOHa MpoTekaeT 0e3 o0pa3oBaHUs apoMaTHue-
CKOM cucTeMbl, mostomy K [M—CH; ]+ He sBisieTcs MakCHMAIBHBIM:
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[IpakTuyecku Uis BceX HCCISRKYEMBIX COSAMHEHMI MMeeTcs MUK, cooTBeTcTBYIOWMH [M-SHi+.
B macc-criekrpax atwicyas¢unos 2a—d nmuk [M-SHJ+ sBngercs MakcuManbsHbIM, YTO, Ha Hall B3I,
o0yclioBneHo (parMeHTalelt, npoTeKatomeit mo cnemyromeii cxeme:
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WccneposaHne S-npon3BOAHbIX 2-TUOypaunioB

mMeTonom

Macc-CrekTpoMeTpum

) xA fx

Jlnﬂ coequHeHni 8a—c obpazoBanue MrKa [M—SH]+ TIPOUCXOMT, HO-BUAMMOMY, 1O CHEeRYIOIICH

cXeMe ¢ o6pa3013aHHeM IMPUIOIIHPHIMHAMHOBOH cuctems! (I7):

I&

Hanmaue nuka [M-SH]+ Taroke xapakTepHO M [UTd aJUTMIIBHBIX IPOU3BOAHBIX Sa—<, €, 6a—d, Ta—c,
obpasoBaHKe KOTOpPOro o0ycCIOBICHO IMKIIM3alHeil ¢ 00pa3oBaHHeM KaTHOHA NUpponormpuMuanang (JI):
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CoenuHeHUsT ¢ OEH3UJIBHON TPYIIION MPU 3J1EKTPOHHON MOHU3ALUKU 00pa3yloT YCTONYUBYIO TPO-
MMUJIVEBYI0 CTPYKTYPY
2-tnoypamuioB (3b, ¢).

B macc-crniekTpax 6eH3UIbHBIX 3b, ¢ U CTUPWILHBIX 4a, € MIPOU3BOAHBIX UMeeTCSI TINK ¢ M/Z 77, Ko-
TOPBIN ABNSETCS (PEHUI-KATUOHOM, a B aJUIMJIBHBIX MPOM3BOOHBIX Sa-c, e, 6a-c, 7a-c, 8a-c MUK C
m/z 41, COOTBETCTBYIOLIUI aJJTUJI-KATAOHY.

[31,

YyTO M HaOJomaeTcs B MacCC-CIIEKTpax OEH3UIbHBIX IIPOM3BOJHBIX

Tabnvua
PesynbTtaTthl Macc-cnekTpoB S-npon3BoaHbIX 2-TMOypaumioB
CoenvHenue Macc-cnexTp
1 213 4 5 6 7 8 9 10
Ia s |156] 141 123 109 95 47 ~ B
C.HN,OS [M][M-CHs]"| [M-SH]’ [M—SCH;]" | [C;H;N,01" | [SCH:]®
o2 I, %] 100 3 3 44 11 16 — —
b s |210] 191 177 163 141 95 47 69
CH:N,OSF; [M]}| [M—F]" | [M-SHI" [M-SCH;]" | [M-CF;]" |[C,HsN,OT'| [SCHs]" |[CF3]"
SUEYRTS T 961100 10 2 50 18 6 12 7
le s | 1841 160 151 137 95 47 B _
C.H.N,0S [M]IM—CH;]"| [M-SHJ’ [M—SCH,]" | [CH;N,O]" | [SCH;]”
s L%| 98| 100 22 10 24 7 — -
170| 155 142 137 109 95 61
2a m/Z -+ + + + + + —
C-H.N-OS M} |[M-CH;]| [M-C,H,] [M-SH] [M-SC,Hs1 |[C,H3N,01'} [SCoHs]
7 1,%[100| 44 49 100 50 4 12 —
2241 209 196 191 163 95 61 69
2b m/z H + + + + +
C-H-N,OSF- M][M-CH5]| [M-C,H,] [M-SH] [M-SC,H;s]" |[C4H5N,01'| [SCH;5]" [[CF5
TSRS 0 061100 18 40 80 62 4 15 20
2 s | 1981 183 170 165 137 95 61 B
CoH . NLOS [M] [M~CHs]"| [M-C,H,]" [M-SH]" | [M-SC,Hs]" [[C;HsN,O1' [SCyHs]
s 1,%]|100] 76 36 80 21 47 12 —
d s |J7L] 156 143 138 110 95 61 ~
CH.N-OS “ I IMI[M-CH;]"| [M-C,H,]" [M—SH]" | [M-SC,Hs]" [[C;H3;N,0]"| [SC,Hs]"
e 1,%|100] 22 17 60 56 18 8 —
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OkoOHuYaHue Tabnuubl

1 213 4 5 6 7 8 9 10
3b sz |286] 267 253 209 163 o1 77 ~
C HNOSF “M]| [M-F] [M—SH]’ [M-Ph] [M-SCH,Ph]" | [CH,Ph] [Ph]
PERTREEI NT 9% 44 4 20 3 3 100 20
3 iy |260] 245 227 183 138 91 ~ ~
CHNOS IM][M-CH;]| [M-SHY} [M-Ph]” |[M-SCH,Ph]"| [CH,Ph]"
e 11 %] 50 4 30 4 8 100 - —~
4a oy | 244 109 165 135 140 109 103 7
+ + + + +
CLHN,OS [M] | [M-SH] [M—Ph] [sst] [M-St] [M-SSt] [St] [Ph]
13502 1,%] 56 3 78 10 100 11 12 13
te s |230] 197 153 135 128 103 95 77
CHN.OS “|[M]|[M=SH]"| [M-Ph]" [SSt] [M=St] [St] [M-SSt]"| [Ph]"
12879752 1, %] 91 4 100 60 98 30 62 22
sa L, | 182] 167 149 109 95 a1 _ ~
CHNOS M] [M—CH,]| [M-SH} [M=SANI]" | [C;H:N,O1 [All]
g0 1, %) 37 100 57 22 4 25 - -
b s |236] 221 203 163 69 41 ~ ~
CHN.OSF [M] [M-CH,]l [M-SH} [M-SAll]" [CF,]" [any”
e S AR 100 57 24 27 39 — -
s s |210] 195 177 137 95 41 B ~
CHNOS [M]|[M-CH;]'| [M-SH]" [M-SAlIT" | [CH;N,0T [All]
108514752 1, %] 44 100 54 15 16 41 - -
se oy | 168] 153 135 95 95 a1 B ~
CHNOS [M][M-CH,]'| [M-SH] [M=SAHl]" | [CH;N,0T [All]
T 1% 16 | 100 6 28 5 10 ~ -
6a oy |196] 181 163 155 109 55 41 ~
CoHAN.OS M][M-CH,]'| [M-SH] IM-AITY | [M-C,H,ST" | [CHI" | [Al]
orHz2 1% 15| 100 57 8 15 10 9 -
6b oy | 250|235 217 163 55 41 69
- + + +
C.H.N,OSF [M][M-CH;]"| [M-SH]" [M—C,H,S] [CHI™ | [Al]" [[CF3]
FHOTIETS %1 13 50 100 - 18 27 2 2
6c oy |224] 209 217 183 137 55 41
< + + -
COHANLOS [M] [M-CH;]'| [M-SH]" [M-AN]" | [M—C,H;S]" | [C.H;] [All]
neT L% 26 | 100 76 11 8 21 14 —~
6d e |197] 182 164 156 110 55 41 ~
CoHL NOS “ | [M]IM-CH;]"| [M-SH]" IM-AIl" | [M=C,H,ST" | [CH,I" | [Al]
BT 1, %] 34 100 62 6 34 15 8 —
o oy |216] 181 148 109 77 41 ~ ~
CHN.OSC Lt IM] IM-CIJ' | [M-SH-CI]" | [C;H,CIS]' [C;H,CIJ (Al
gt 1, %] 22 100 45 20 15 10 — -
- s | 270] 234 201 109 77 41 i “
CHNOSCIE, M]| [M=CI]" | [M=SH-CI]" | [C;H,CIS]" [C:H,Cl] [any
B UL %) 17 100 37 10 67 34 — -
e oy | 2441209 176 110 77 41 i _
CuHLNOSCI M]| [M-CI]" | [M-SH-CI]" | [C;H,CIST [C;H,ClT” Al
ot 1, %] 26 100 57 8 26 17 — —
%a s |196] 181 163 142 109 95 55 41
CHN,OS [M][M-CH;]"|  [M-SHJ [M-C,H;]" | [M-SCH;I" |[CH;N,O1" [CiHA1" | [AN]
o2 1% 15 10 20 100 19 16 15 13
gb oy |250 ~ 217 196 163 95 | 55 | 41
C.H-N-OSF ~iM] [M-SH] [M-C,H;]" | [M-SC4H;]" [[C,HsN,O'| [CiHq]™ | [AlL]
SIS N %l 4 - 12 100 34 4 17 13
8 Ly |224] 209 191 169 137 95 55 __
C HNOS L IMIM-CH;J') [M-SH]" | [M-CHy]" | [M-SCiH,]' [[CsH;N,O1) [CoHy]"
et 1% 14 7 10 100 6 4 26 -

[pumeuanne. ] — WHTEHCHMBHOCTD OTHOCHUTENBHO MakcuManbHoro nuka; All — CH,=CH-CH;;
St — C¢Hs—CH=CH-.
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®posnoBa T.B., AHyunH A.A., WccnenoBaHne S-npoun3BOAHbIX 2-THUOYpPaLnIoB
baxteeBa E.N., Kum [.T. MEeTo4OM  MaccC-CrneKkTpoMeTpumn

IKcnepuMeHTAILHAS YaCTh

Macc-cnieKTpel  CHATBI Ha XxpomaroMmacc-criektpoMmerpe [ X/MC-DBM  dupmer  Agilent
Technologies, razoerlii xpomatorpad 6890N, macc-cenexTuBHbIN AerekTop 5975. CuHTes coelMHEHHUI
4e v 5a—, 6 a—d, 7a—c ommcanw B paborax [1, 4-6].

Obwas MemoouKa anKuUIUPpOSAnA 6-memui-, 6-amuno-, 6-memun-5-3mun-2-muoypayunoe

K pactBopy 2 MMOMAb HaTpHEBOH COMM 2-THOypaumia UIH 6-MeTWUl-, 6-aMHHO-, 6-METHI-5-3THI-
2-tHoyparuwios, 2 mMoiie NaOH B 5 mi Boast npubasisiior 20 Mr teTpabyTunaMMOHKE OpoME/ia MITH
HECKOJILKO Karenb TUMETHICYIb(OKCHAE, 2 MMOJIb TaOreHalTKeHa (IMMEeTHIICYIb(daT, HOTUCTDIN ITHIL,
XJIOPHCTBIN OeH3mW, 3-OpomriponieH WM OpOMHCTBIA OyTeHMN) M TepeMElMBAIOT Ha MarHUTHOH Me-
majike 2 4. PeakiMOHHyIO CMECh HEHWTPaJIM30BBIBAIOT YKCYCHOH KHciaoroi. Bemapmuit ocanok oT-
(GUITBTPOBBIBAIOT, IPOMBIBAIOT BOAOH U MEePEKPHCTAIUIN30BBIBAIOT U3 TeKCaHa.

2-Meruntuo-6-metnn-4(3 H)-nupumunnsod (1a). Beixon 0,240 r (77 %), 1. mn. 210 °C, R=0,60.

2-Meruntio-6-metmi-5-3tun-4(3 H)-mpumunuaon (1¢). Beixon 0,295 r (80 %), 1. . 197 °C,
R=0,59.

2-Druntro-6-metun-4(3 H)-nmupumunuaon (2a). Beixon 0,245 v (72 %), T. . 284 °C.

2-Otuirrno-6-metnn-5-atun-4(3 H)y-mupumuaubor  (2¢). Beixon 0,297 r (75 %), 1. mn. 225 °C,
R~0,92.

2-Oruntuo-6-amuno-4(3 H)-mupumuanHoH (2d). Berxon 0,230 r (67 %), T. . 198 °C, R=0,06.

2-bemzuirrio-6-metin-5->rui-4(3 H)-nupumununod (3¢). Beixon 0,338 1 (65 %), T.nn. 135 °C.

2-Crupuntuo-6-metwi-4(3 H)-nupumuauHoH (4a). Berxon 0,278 r (57 %), 1. . 176 °C, R=0,21.

2-Anmmantro-4(3 H)-nupumuarHoH (Se). Bexon 0,225 1 (67 %), 1. wot. 117 °C, R~0.60.

2-byrenwnrro-6-metun-4(3 H)-rmapumuaunoH (8a). Berxon 0,215 1 (55 %), 1. mun. 178 °C, R=0,32.

2-byrenuntao-6-MeTan-5-31in-4(3 H)-mupuMuauHon (8c). Bemxox 0,210 r (47 %), 1. m1. 80 °C,
R=0,77.

Obwan MemoouKa anKuiupoOBanua 6-mpu@mopmemun-2-muoypayuios

K pactBopy 1 MMonb HaTpHeBOH conu 6-TpudropmMeTHn-2-THOYpaliia B 5 M IuMeTHI(popMaMuia
no0apnstoT | MMONE rajoresajkeHa M NepeMelIMBaloT Ha MarHUTHOM Memanke 2 4. K peakimoHHO#
cmecH TipubaBiaioT 30 MIT BOAB M OT(UIBTPOBLIBAIOT BIMABINKE OeNblil 0caioK.

2-Meruntuo-6-tpudropmetnn-4(3 H)-nupumuannon (1b). Bexon 0,231 r (55 %), 1. nn. 120 °C,

R~0,42.

2-Oruntuo-6-rpudropmetn-4(3 H)-mmpumununon (2b). Bexon 0,260 r (58 %), . mn. 145 °C,
R=0,47.

2-bewzuntao-6-rpudropmetin-4(3 H)-mupumunnaon (3b). Beixox 0,429 r (75 %), 1. mn. 100 °C,
R~0,39.

2-byrennntuo-6-tpudropmetnn-4(3 H)-mpumunuHon (8b). Breixom 0,320 r (64 %), 1. nn. 95 °C,
R/~0,23.

3aknouenne

H3yueHo moBeldeHHE NPU 3ACKTPOHHOH HOHM3ALMM 2-METHITHO-, 2-3THITHO-, 2-0€H3HITHO-,
2-CTAPHITITHO-, 2-aJUTWITHO-, 2-MeTaJUTUATHO-, 2-(3-xmopammn)Tio- 1 2-0yrenuntuo-4(3 H)-mupumMu-
JHHOHOB. B Macc-cnextpax 2-ajikuil- U 2-aJUTWIWITHO-G-MeTHI- U 6-MeTun-5-31an-4(3 H)-nupumu-
JHHOHOB MaKCHMajIbHBIM siBistercst muk [M—CH;J+ uro obycnorneso o0pa3oBaHHEM apOMAaTHUECKOrO
KaTHOHA 2-aJKWUNTHO-4-TUAPOKCH-7-MEeTWI-1,3-1uazenunnus B ciydae 2-ajKHIATHO-0-MEeTWI-5-0TUI-
4(3 H)-nupMMHIMHOHOB, & B ClIy4ae S-ajlyIWAbHBIX ITIPOM3BOIHBIX 2-THOYPALMIIOB 3a MCKIIOYCHHEM
S-XA0paIMABHEIX MPOM3BOJHBIX — OOpa3oBaHMeM 7-0KCOTHAa30710[3,2-a]IpHMHUIMHUCBONH CUCTEMBI.
Haiineno, yro Hanuuue nuka [M—SH}+ B Macc-cniekTpax o0ycnoBieHo o0pa3oBaHUEM CHCTEM: TTHpH-
JNOTHPUMHUANHNS 1 OyTeHuncynspuaos 8 a-¢ U DUPPONOMUPUMHANHUS Uit ATHICYIbQHIOB Sa-e,
6a—d u 7a—c. [lpu sneKkTpoHHON MOHM3ALMK U (PPArMEHTAIMH S-TIPOH3BOIHBIX 2-THOYPALHIOB 00pazy-
eTCs KaTHOH 4-IHPUMUIMHOH.
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RESEARCH OF 2-THIOURACILE S-DERIVATIVES BY MEANS
OF MASS SPECTROMETRIC

Analysis and interpretation of mass spectrums of 2-thiouracile S-derivatives were carried out by
means of mass spectrometric. Regularity of molecules fragmentation was found.
Keywords: 2-alkil- and alkenylthio-4(3H)-pyrimidinones, mass spectrometric.
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