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Texnonornuecknii cnocod noTy4eHust
U Bbl/leJIeHUs] (PEHOTHA3HHA

Paspaboman yoobHwiti Memoo nonyuenusn u evioenenusn geromuasuna. Onpede-
JIeHbl YCI0BUSL CUHME3A (PEHOMUA3UHA, NPU KOMOPLIX OOCMUSAIOMCA MAKCUMATbHBIL
8bIX00 U 8bICOKASL YUCTNOMA YENE8020 NPOOYKMA.

KnioueBble cioBa: gpenomuasun,; ougenunamun,; chiagienue; cepa, KpUcmauiu-
yeckull 100, 8bICOK0IPDEKMUGHAS HCUOKOCTIHASL XPOMAMOSPADUSL.

KonaeHncupoBaHHbIE TpU- U TETPALUKINYECKUE COEAUHEHUS, COAEPKALUE B
CBOCH CTPYKType T'eTepOaTOMBI, JaBHO 3apeKOMEHIOBANIM ce0s B KadecTBe
MpeXxie BCero OMOJOTHIEeCKN aKTHBHBIX coequHeHui [1]. JlaHHBIe BeriecTBa B
OCHOBHOM HCIONB3YIOTCA B (JapMaKOJIOTHH, HO TaKXKe HAITH IPUMEHEHHE MpU
MOJTlydYeHUH KpacuTenedl W wHceKTUiuaoB [2]. TlpowmsBomHble (eHOoTHA3WHA
MPUMEHSIOTCS B NICUXHATPUU KaK IICUXOTPOIHbIE IpenapaThl (AaMUHA3UH, MPO-
Ma3MH, MEMa3uH), TaKKe Y HUX OOHapyXeHbl NPOTUBOTUCTAMHUHHBIE, IPOTHBO-
PaxoBEIe, CeaTHBHBIC, IPOTHBOPBOTHEIE U THIIOTEPMHUUYECKHE cBoMcTBa. Kpome
TOTO, ITOOOHEIE MpeTapaThl IIOTEHIMPYIOT e CTBHE HAPKOTHKOB, CHOTBOPHEIX,
00JICY TOISIOIUX U MECTHOAHECTE3UPYIOIINX BEIECTB, OKA3bIBAIOT IIPOTHBOAP-
utmudeckoe neiicteue [1, 3—5]. Bonee nHTeHCMBHOE pa3BUTHE B OONACTH CHH-
Te3a W HM3YYCHHsS HOBBIX MPOM3BOAHBIX ()EHOTHA3WHA B 3HAYMTEILHOU Mepe
CIEPKHUBAETCSI OTCYTCTBUEM C MO3UIMH TEXHOJIOTUYHOCTH CIIOCOO0B MOTyUCHHUS
CaMoro poJOHAYAIbHUKA 3THX COEAUHEHMH — (eHoTHasnHa. B paboTe mpeio-
KCH ONTHMHU3UPOBAHHBIN CIIOCO0 MoydeHus (eHOTHA3UHA, TO3BOJISIONINN T10-
JY4YUTb Ipenapar ¢ YUCTOToN He MeHee 99%.

IKcnepruMeHTAIBHAS YaCTh

Memoouka cunmesa enomuasuna. B kondy, cHabOKEHHYIO TEPMOMETPOM U
ra3o00TBOJHON TPYOKOH ¢ JIOBYIIKOH IUIsl CEpOBONOpONA, 3arpyxarT 58,8 T
(0,348 wmomp) mudenmnammuaa (1), 22,4 v (0,700 moms) cepel mw 1,05 T
(0,004 Monp) KpUCTAITMUECKOrO Hoaa. PeaklimoHHYI0 cMech MEJIEHHO Harpe-
BatoT 10 180°C m BblAEpKUBalOT Npu 3agaHHON Temmneparype 30 mun. [locne
9TOTO PEaKIMOHHYI0 MAcCy OXJaXITAIOoT IO KOMHATHOH TeMIepaTyphl, 3aTeM
no6aBisioT 200 M TONTyOJIa M KHIIATAT ¢ OOpaTHBIM XOJIOAMILHUKOM 50 MUH 10
MOJTHOTO PAcCTBOPEHHUs ocajka. [lodydeHHbli ropsSsYuid pacTBOp OXJIKIAIOT IO
70°C u npunuBatotr Kk HeMmy 200 My sTaHona. PeakumoHHyr0 Maccy KWIATAT B
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teueHne 50 MuH. Jlanee pacTBOp OXJIaXKAAIOT, BRIMABIINM 0CaJ0K (DeHOTHA3UHA
(2) orunpTpOBBIBatOT, MPOMBIBAIOT Ha GmiIbTpe 100 M sTanona. [Ipoaykr (2)
CyIIaT B BaKyyMHOM IKayy 0e3 Harpepa 0 MOCTOSTHHON Macchl. Beixon ¢peHo-
trasuHa (2) cocrasnusger 62,1 r (90%). Perenepanusi pacTBopuTeneit mocie cuH-
te3a penoruasmuna (2) cocrasiser 70%. T. . 183—-184°C (mmr. 184-185°C [6].
AMP 'H (3, m.1.): 6,68, 6,70 (H', ny6ner, 2H), 6,75 (H?, Tpumner ymr., 2H),
6,90, 6,92 (H*, ny6mer, 2H), 6,97, 6,99, 7,00 (H?, tpumner, 2H). SIMP *C (3,
m.a.): 114,88 (C?), 116,78 (C°), 122,26 (CY), 126,72 (C%), 128,16 (C?), 142,55
(€.

Crnektpsl SIMP cHHTE3UpOBaHHOTO coeiuHEeHHs (2) perucTpupoBald Ha
npubope «Ascend-400» (Bruker) B pactBopax JIMCO-ds (400 MI'm). Temnepa-
Typy IUTaBIIeHUsI Oompeaensuin Ha mpudope M-560 ¢upmbl Buchi B oTkphiTOM
kamuusipe. Yuctoty deHornazuna (2) koHTpoiaupoBanu MetogoM BOXKX Ha
xpomaTtorpade Dionex Ultimate 3000.

Pe3yabTaThl 1 NX 00CyKAeHHE

Ha mepBom stame paboT HaMu OblIa BBIIOJTHEHA CEpUsl IKCIIEPUMEHTOB II0
nosyuyeHuro penornasuna (2) B pacTBOpe 0-KCUJloja, NpeasioKeHHbIX B paboTe
[7]. 3ameHa HaMM 0-KCHJIONA Ha XJIOPOEH30J CYLIECTBEHHO HE YJIyYIIWIa CHH-
Te3 (eHoTHasmHa (2), MONYYCHHBIE pPE3yJIbTaThl OKa3ajlnCh HEYIOBJICTBOPH-
TENBFHBIME C TIO3WIMH BBIXOJa MPOAYKTa M €ro KadecTBa, YTO CTallo MOOyau-
TEJbHBIM MOTHUBOM [ TIOUCKA APYTHMX METOAOB ero noiaydyeHus. C 1emnbio mo-
HCKa JIy4dIIX ITapaMeTpoB CHHTE3a (peHOTHAa3WHA HAMU yCOBEPIICHCTBOBAH Me-
TOJI €T0 TIOJIYYEeHHSI B paciuiase [6].
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OTJIMYHUTENBHBIM PU3HAKOM CHHTE3a TPOIYKTa (2) IO BBHIIICONMCAHHONW Me-
TOJIUIKE SIBJISIETCSI TO, YTO CIDIaBiieHne mudenmiamuaa (1) ¢ cepoil mpoBOAAT MpH
temnepatype 180°C B Tteuenue 30 muH. Takoro BpeMeHU U TeMIIEpaTypbl AO-
CTaTOYHO JUIS MPAKTUYCCKH MOJHOW KOHBEPCHH MCXOMHOTO nudernnamuna (1)
U TIOJyYeHHs meneBoro mnpoxykra (2). [lpu 3ToM mepexpucTamm3anuio (peHo-
THa3uHa (2) TpoBOIAT 0€3 UCIOIb30BAHUS APOOJIEHHS 3aCTHIBIIETO IJIaBa C HC-
MOJIb30BAaHUEM TOCTIEIOBATEIbHO BBOJUMBIX B PEAKIIMOHHYIO CMECh TONYOJa U
sTaHona. Vcnonb3oBaHre KOMOMHAPOBAHHOTO PACTBOPHTEIS IS IEPEKPHUCTATI-
JU3alid TO3BOJISET MOBBICUTH BBIXOJ (heHOoTHasuHa (2) mo 90%, a ero umcro-
Ty — 10 99,9%, npu 3TOM NepeKpUCTAIN3AIMS IPOBOAUTCS OJHOKpATHO. st
OIIEHKH YHCTOTHI KOHEYHOTO MpoayKTa (2) ucronk3oBaics Meroa BOXKX (puc.
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1). Kak BUIHO U3 pHCYHKa, BpeMsl yJepKUBaHHS 1eJIEBOT0 MpoaAyKTa (heHoTHa-
3uHa (2) coctasmsier 14,99 MuH, cyMMapHOe coAep>KaHue MHUHOPHBIX TIPHUMECEH
cocranisier 0,06%, 4To CBUAETENBCTBYET O BHICOKOM YHUCTOTE MPOAYKTA (2).
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No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU ~ mAU*min %
1 2.82 n.a. 0.058 0.007 0.01 na. BMB*
2 4.71 n.a. 0.034 0.007 0.01 na. BMB*
3 6.88 n.a. 0.087 0.015 0.01 na. BMB*
4 13.49 difenilamin 0.168 0.041 0.03 0.000 BMB*
5 14.99 n.a. 423.995 133.659  99.95 na. BMB*
Total: 424,342 133.729 100.00 0.000

Puc. 1. Xpomarorpamma eHoTHA3NHA

Pesromupyst mpoBeZicHHBIE UCCIIEAOBAHUS, CIEYyeT OTMETUTh, YTO TIOCIE0-
BaTEIFHOE HCIIOJIF30BAHUE PACTBOPHUTEINICH MO3BOJISIET NOOUTHCS OOJBIIETO BEHI-
X072 BBICOKOTO KadecTBa (peHOTHa3HHa (2) B IiepecuéTe Ha CyXOi MPOIyKT.

3aki10ueHne

B craTbe mpezcTaBieH METOJ CUHTE3a (PeHOTHA3UHA (2), 3aKII0YAIOMIUNCS B
cruiaByieHud audenunaamuna (1) ¢ aneMeHTapHON cepoif B IPUCYTCTBUM KaTalu-
TUYECKUX KOJIMYECTB MOAa C MOCIENYIOUUM OXJIaXIAECHUEM U NEepEeKpUCTalIu-
3anuel, OTAMYAIOLIUICS TeM, YTO KUISUYEHHE MOMYyYEHHOIO 0CaKa IPOBOJAT B
TOJIyOJIe M ATAHOJIE, ITOCIE0BATEIBHO BBOJIS PACTBOPUTEIIH, YTO CIIOCOOCTBYET
MOJTyYE€HUI0 KOHEYHOTO MPOJYKTa (2) ¢ BEICOKUM BBIXOJIOM U YHCTOTOM.
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The technological process for the preparation and isolation of phenothiazine

A method of synthesizing phenothiazine is presented that permits obtaining the
desired product with a large yield and high quality. It is based on the reaction be-
tween diphenylamine and sulfur in the presence of catalytic amounts of iodine crystals
in the melt, followed by cooling and recrystallization. For obtaining phenothiazine of
the required quality, toluene and ethanol were used as solvents in a specific combina-
tion. The recrystallization step proceeded without further crushing of the resulting re-
action melt. Introduction of these solvents occurred sequentially, thereby obtaining a
final phenothiazine product with high yield and purity.

It has been shown in a series of experiments that synthesis of this heterocycle in a
solution using o-xylene did not lead to the formation of phenothiazine with a good
yield and sufficient quality. Furthermore, it was found that the replacement this sol-
vent of chlorobenzene did not improve the characteristics of the target product. As a
result of further studies, we suggested synthesis of phenothiazine in the melt followed
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by a technological method of isolating it. The method of preparing and isolating phe-
nothiazine described in the article differed from known methods in the literature by
the high yield of the desired product, 90%, and high purity, > 99%. The content of
impurities in the synthesized heterocycle according to data from high performance
liquid chromotography was < 1%, confirming the high purity of the obtained com-
pound.

Synthesis conditions described in the article promoted complete reaction and total
conversion of the starting material, diphenylamine.

The obtained tricyclic compound phenothiazine was reliably characterized by da-
ta from nuclear magnetic resonance on nuclei 'H and 3C in a solution of deuterated
dimethyl sulfoxide. Furthermore, the melting point of the product was determined and
fully corresponded to the values shown in the literature. High performance liquid
chromatography was used to evaluate the purity of the synthesized sample.

The method developed of preparing and isolating the phenothiazine allowed ob-
taining the desired compound with a yield of > 90% conversion into the dry substance
and with a substance content of > 99% The proposed method of synthesis of pheno-
thiazine is an excellent basis for obtaining and investigating new biologically active
derivatives based on it and also other promising compounds for practical applica-
tions.

Keywords: phenothiazine; diphenylamine; alloying; sulfur; iodine crystal; high
performance liquid chromatography.
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