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[Inanupyemsbie pe3ynbTaThl O0y4eHUs

o OOII 18.04.01 «Xumuueckast TEXHOJIOTHs (MarucTp)

HpO(l)I/IJIB «XHMHS ¥ TEXHOJIOTHSI OMOJIOTHYECKH aKTUBHBIX BCIICCTB»

Kox
pe3yJib
TAaTa

PesynbTaT 00yuenus
(BBIIYCKHHUK J0J17K€eH ObITH I'OTOB)

Hpod)eccuonaﬂbnbw Komnemernuuu

P1

HpI/IMeHSITB 2Jzy601<ue €CTCCTBCHHO-HAYYHBIC, MATEMATUYCCKUC U
WHXXCHCPHBIC 3HarUus 1JIs1 CO3JAHUA HO6blIX MATCPHUAJIOB

P2

[IpumensTs enybookue 3nanus B 001aCTH COBPEMEHHBIX TEXHOJIOTUN
XMMHUYECKOTO MTPOU3BOJICTBA JJISl PELICHUS MeHCOUCYUNTUHAPHBIX
WHXXEHEPHBIX 3a/1a4

P3

CraBuTh U peliaTh UHHOBAYUOHHblE 3a]laYN UHMHCEHEPHO20 aHAlu3ad,
CBA3aHHBIC C CO3JJaHUECM MaTCpHaJIOB U HSJIeHHﬁ, C UCITIOJIb30BaHHUEM
CUCTCMHOI'0 aHalin3a U MOJACIIMPOBAHUSA 00BEKTOB U IpoueccoB XUMHYECKOMN
TECXHOJIOTHH

P4

Pa3pabarbiBaTh XMMHKO-TEXHOJIOTHUECKHUE MTPOLIECCHI, NPOEKMUPO8ams 1
HCI0JIb30BaTh HO80e 000PYA0BAaHUE I CO3aHUS MaTEPHUAJIOB,
KOHKYPEHTOCHOCOOHBIX Ha MUPOBOM PHIHKE

P5

[TpoBOANTE TEOPETUUECKUE U IKCIIEPUMEHTATILHBIC UCCe008anusi B 00J1acTh
CO3JIaHUS HOBbIX MATEPHAIIOB, COBPEMEHHBIX XUMUYECKUX TEXHOJIOTHH,
HaHOTEXHOJIOIMH

P6

Buenpsits, axcniyamuposams cOBpEMEHHbIE BBICOKOTEXHOJIOTUYHbIE IMHUU
aBTOMAaTU3UPOBAHHOTO MPOU3BOJICTBA, 00ECTIEYUBATH UX 8bICOKVIO
aghghexmuernocms, COOMIOIATH TIPaBUIIA OXPAHBI 3JI0POBBS U O€30MACHOCTH
TpyAa Ha XUMHYECKOM IIPOU3BOJCTBE, BBHITIOIHATH TPEOOBAHHUS T10 3aILIUTE
OKpY’Kalolle cpeJibl

Yuueepc

a/IbHble KoMnemenuuu

P7

Hcnons3o0BaTh 2J1y601<ue SHAHUA 110 NPOEKNMHOMY M@H@OD#CM@Hmy JIIA
BCACHUA MHH06CII4MOHHOZZ HH)KCHCpHOﬁ ACATCIIBHOCTHU C YUETOM
IOPUINYCCKHUX aCIICKTOB 3allIUThL HHTCHHCKTyaHBHOﬁ COOCTBEHHOCTHU

P8

Axmueno BJIAZICTb UHOCMPAHHBIM A1361KOM HA YPOBHC, TO3BOJIAIOLICM
pa6OTaTL B MHOSI3BIYHOMN cpeac, pa3pa6aTHBaTB JOKYMCHTAUULO,
IMPE3CHTOBATh U 3alIUIIATh PC3YJIbTAThI WHHOBAILIMOHHOM PIH)KGHCpHOﬁ
ACATCIIBbHOCTH

P9

DddexTrBHO paboTaTh HHIANBUYATHHO, B KAUECTBE WieHA U PYKOBOOUMEs
2pynnsl, COCTOSIICH U3 CIICIUAIMCTOB PA3JINYHBIX HAIIPABJICHUH U
KBaNU(UKALNNA, TEMOHCTPUPOBATh OTBETCTBEHHOCTH 32 PE3YNIbTAThI PaOOTHI
Y TOTOBHOCTb C1€008amb KOPNOPAMUBHOL KYIbmype OpraHu3alnn

P10

JIeMOHCTPHPOBATD 21YO0KUE 3HAHUSA COYUATLHBIX, IMUUECKUX U KVIbIMYPHLIX
acnexmoé UHHOBAIIMOHHOW MHXEHEPHOU NeATEIIbHOCTH, KOMIIETEHTHOCTD B
BOIIPOCAX YCMOUUUBO20 PA3GUMUSL

P11

Camocmosimenvro yuunmuvpci 1 HEIIPEPBIBHO no6bluldntd K6Cl]lu¢ul<al/;ul0 B
TCUYCHHUC BCCT'O NICPUOJa HpO(I)CCCI/IOHaJ'IBHOI\/II JACATCIIBHOCTHU




TOMSK TOMCKUM
POLYTECHNIC I I NONMUTEXHUYECKUI
UNIVERSITY MM YHUBEPCUTET

MwuHucTepcTBO HayKm 1 Bbiclwero obpazoBaHus Poccuinckoin Megepaumn
depepansHoe rocygapcTeeHHOE aBTOHOMHOE
obpasopaTencHoe yupexaeHue sbicliero obpazosaHns
«HauuoHanbHbIA UccnegoBaTenbcknii TOMCKUA NonUTEXHNYECKNA yHuBepcuTeT (TIY)

HmxenepHas 1M1K0J1a HOBLIX IIPOH3BOICTBEHHEIX TEXHOIOIHH

Hamnpapnenne noaroToBku 18.04.01 «XuMuueckas TeXHOIOTUs, IPOodiib « X MHS ¥ TEXHONOTHS
6MOIOTHYECKH aKTHBHEIX BEIIECTB»

Hayuno-obpaszoBarensssiit neatp H.M. Kiknepa

YTBEPXIAIO:
Pykosoautens OOII

0846/{ Cappruena T.A.
(data) (®.1.0.)

b)
3AIJAHUE

HA BBINO/JHEHHE BBINTYCKHOH KBAJTHPHKANHOHHOH padoThl
B dopme:

MarucTepcKo# quccepTanum

(Gakanaspckoit paGoThl, AUIIOMHOrO MPOCKTa/PabOThL, MArHCTEPCKOH AMCCEPTALIMH)

Crynenty:

I'pynna DHO

4I'M71 Epuny Kupunny JImutpuesuay

Tema paboTsI:

Pa3pabGoTka HOBOro Meroa CHHTE3a apHICY.IbPOHATOR

VTBepiKIeHa IPHKAa30M JUPEKTOpa (J1aTa, HOMEp) 12.04.2019. Ne 2849/c

Cpox cjaym cTyAEHTOM BBITIOJIHEHHOM paboTHI: 03.06.2019

TEXHUYECKOE 3AJIAHUE:

Hcxonnbie nannbie Kk paGore O6bexTom HCCIIe/IOBAHHUS SABIAIOTCS  apeHANa3oHHH
cynbhoHATE, apunTpudTOpMeTaHCY B OHATHI,
(amusisncanise ObamA NCoked uru npoexmup * | apuaTosyoscyibdhoHaThl, apuikaMgopacyib(poHaThI.

TP TRRNHOUI MW ROCYIRS: DY SR [N oM Apwicynb(oHaThl SBISIOTCS COEAMHEHHMSMM C IIHPOKOM

(HenpepLIeHbIT, Nepuooudeckuil, yurIuveckuil u m. 0.); eud
e : " : o0nacTeiO INPHMEHEHHWA B TOHKOM OPraHHY€CKOM CHHTE3E.
CHIPEA WU MAMEPUAn U30enusn, mpebosanus Kk npodyxmy,

uzdenuio unu npoyeccy; ocobvie mpeb K 0cobe MAM

chynryuonup (3Kcmnn) ) obbexma wiu uzoenus &
nigHe Ge30NACHOCIY IKCRTYAMayuy, NUAHUR HAa
OKPYNCAIOWYIO cpedy, IHep203ampamam, 3KOHOMUNecKuli
anamz um. 0.).

Las



Iepevyennp noANeKAMMUX HCCTTOBAHUIO,
NPOEKTHPOBAHHIO H pa3paboTke

BOIIPOCOB

(anarumuyeckuii 0030p NO AUMEPAMYPHBIM UCMOYHUKAM €
YEeNbio ELLACHEHUR DOCMUNCEH U MUPOBOT HAYKYU MEXHUKYU 8
paccMampuedemoii obracmu, nocmanoska 3a0asu

uee.

RpOeEMuUp« KOHCMPYUE

codeporanue npoyedypsl uccreo npoeKmMUp
KOHCMPYUPOBAHUR, 06CYHCOEHUe Pe3ynsmanmos ebiNoTHeHHOU
pabomsl; HAUMEHOBAHUE OONOTHUMENLHBIX PAIVEN0S,
nodnexcawux pazpabomie; axnouenue no pabome).

JlutepatypHblii 0630p

Onucanue 00BEKTa ¥ METOJIOB HCCIIEI0BAHUSA
Cunres 4-6poMbenunn cysibHpoHaToB
Pe3ynbTaTsl IPOBEIEHHOTO HCCIIE0BAHNUS
BriBogst

DOUHAHCOBBIN

MEHEJUKMEHT,

pecypco3dPeKTHBHOCTE

u pecypcocOepekeHne

CornuansHas OTBETCTBEHHOCTh

Ilepeyens rpagEYecKOro MaTepruansa

(c mouneim yKazanuem pORIamenvHbix Yepmedicetl)

KoHCY/IbTaHTBI 0 Pa3/lesiaM BLINYCKHOH KBaIM(pUKANHOHHOH padoTsl

(¢ yrazanuem pazoenos)
Paznen KoncynabTanr
OuHaHCOBBRIA  MeHemkMeHT, | [logonpuropa U.B., JIOIIEHT OT/ICTICHHA COIIHAIBHO-
pecypcoddGeKTHBHOCTE H | rymMaHUuTapHBIX HAayK, K.3.H.
pecypcocbepexeHue.
ConunanbHas Pomanosa C.B., crapmmii npemogaBaTelb — OTACJICHMA
OTBETCTBEHHOCTD 00IIeTeXHUYECKHX JTUCHUILIIAH
HWBocTpanHas 4acTh Peibymxuna C.B., crapmmii npemofaBarenb — OTACICHHSA
MHOCTpPAHHBIX A3bIKOB

fA3bIKaX:

Hazpanus pa3aejioB, KOTOpbIC A0JMAKHbI ObITH HaNmHCAaHbLI HAa PYCCKOM H HHOCTPAHHOM

JluteparypHsiit 0630p

JlaTa BLIIAYH 32aHHS HA BRINOJTHEHHE BITY CKHOM

29.01.2019

KBaM(pUEKANHOHHOH PadoThl N0 JHHEHHOMY rpaduKy

3apanne BbIIaJ PYKOBOAHTE/b:

¥ JlomuocTs GHO

Yuenasn crenenp,
IBAHHE

HMoanncs Hara

PyxoBogutens Kpacnokyrtckas
HOIL HM. EA.
Kwxkuepa

ILX.H., 29.01.2019

npodeccop f '

3apanue NPHHAJ K HCHOJIHEHHIO CTY/IeHT:

I'pynna DHO

Iognuck Hdara

4IM71 Epun Kupunn JIMarpueBud

V 29.01.2019

4




B 3AJJAHHUE J1JI51 PA3JTEJIA
«®UHAHCOBBIX MEHE/[KMEHT, PECYPCOD®®EKTUBHOCTH H
PECYPCOCBEPEXEHHE»

Cryjenry:
I'pynna DPHO
4I'M71 Epun Kupusut JImutpuesny
IIkona HIIT Ornenenne mxonsi (HOLL) HOILL H.M. Kuxnepa
¥Ypoeens oGpazosanusn Mamcrp Hanpasneune/cneunansnocts | 18.04.01 ¢ XuMHuiecKas
TEXHOIOTHA»

pecypeochepeReHHen:

Ucxoaubie nannabie K pazgeny «@uHAHCOBLI MEHEIKMEHT, pecypcoddPpeKTHBHOCTE U

1. Cmoumocms pecypcog nayurno2o ucciredoeanus (HH):
MAMEPUATEHO-MEXHULECKUX, IHEPZEMUYECKUX,
Qunancosslx, UHGHOPMAYUOHHBIX U HEN0BEH ECKUX

CTOMMOCTE ChIpEA, MaTEPHAIOB,
KOMIIEKTYIOMHX H3ACTHI | NOKYNHBIX
nonygabpukaros, criello00pyA0BaHu, 3aTPaThl M0
CTATbAM.

2. Hopabi u Hopmamuebl pacxodosanus pecypeos

PacuerHble BEJIHYHHLI MAaTEepHANOB H ChIpbLA
HAdY4YHO-TEXHHYECKOI'O ITPOEKTA

3. Henonvzyemas cucmema HanoeoobaoiceHus, casku
HANO208, OMHUCTEHUT, OUCKOHMUPOBAHIUA U KPEOUINOGAH s

VhpolleHHas  cHcTeMa  HanoroobJoKeHusl,
TpaHCNOPTHO-3arOTOBHTENbHbIE pacxo/sl,
TpaHCTIOPTHO-MOHTAXHEIE Pacxo/bl,
npeMUaIbHbIH KO3hhUIHEeHT, Ko3hhuuHeHT
ponnar ¥ HanbaBok, paloHHBI Ko3(duIHeHT,
3apafoTHas 1J1aTa no TapugHOH cTaBKe

Hep&‘leﬂb BOIIPOCOB, nonuémamnx HCCIEeJ0BAHHID

NPOEKTHPOBAHMIO H pa3paloTke:

I. Oyenra koMMepPUEcKo20 U UHHOBAYUOHNHO2O ROMEHYuand
HTH

JoCTyIHOCTb MCXOAHBIX MPOAYKTOB, MPOCTOTA
METOIHMKH, CEeleKTHBHOCTh NMpoLiecca,
3KOJIOFPHYHOCTE, CKOPOCTh H BPeMST peakliH,
BBIXOJ M YHCTOTA NONYYEHHOIO MPOIYKTA.

2. ITnanuposanue npoyecca ynpaanenus HTH: empyxmypa u
epagpux nposedenus, Glodicem, pucky u opeaHusayus

PacueT ocHOBHO# 3apafoTHOH nuiatsl, 6anaHc
pabouero BpeMeHH, 0611as CTOMMOCTE

3AKYNOK 000pyAOBAHUA ¥ MATEPHAIIOB
3. Onpedenenue pecypchoil, unancosoii, IKOHOMUYECKOI VY nobcTBO B 3KCIUTyaTallii, MaTepHaioeMKOCTh,
aghghexmusHocmu HAaJIeXKHOCTh, SHeprocOepekenne,

I'IOMEXOYCTDF‘S‘IH BOCTh

Hepe‘leﬂb rpadmllecxoro MATEPHAJA (c mounsiv yrasaruem oOAIAMENbHLIX Yepmedcel):

1. Kaprta cerMeHTHpOBaHMA NOTEHUHANILHOTO PhIHKA
2. Jnarpamma Mcukassl

\ JlaTa BuIIaun 3aJaHus JJIsl pa3/ie/ia no JuHedHoMy rpagpuky ‘ 20.03.14
3a1anne BoIIAJ KOHCYJIBTAHT!
JossnocTs DPHO Yuenas crenenb, Hoanucs F Hdara
IBAHHE e )
Jlouent ITomonpuropa K.3.H., IOLIEHT..| . ‘
OCTH JLB. <l 30.05.(8
y.
3anaHue NPHHJI K HCMOJHEHHIO CTY/IeHT:
I'pynna OHO I!na_quu. Hara
4

4TM71 Epun Kupumn JlMatpuesny £, =190 0%:18




3AJIAHUE JIJISI PA3JIEJIA
«COILUAJIBHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
4I'M71 Epun Kupumt Imutpuesny
I koaa HNIIHIIT Otaenenue (HOLY) HOI H.M.Ku:xHepa
YpoBensn Marucrparypa Hanpapnenue/cnenmans | 18.04.01 Xumunyeckas
o0pa3oBaHus HOCTh TEXHOJIOTUsI
Tema BKP:

PaspaﬁoTKa HOBOI'0O ME€TOAAa CMHTE3a aplfl.]'lcyl).]'[(l)OHaTOB

HUcxoanble JaHHbIE K pasaeiny «COIII/la.]'II)Haﬂ OTBETCTBEHHOCTDb)» .

1. XapakTtepuctuka OOBEKTa HCCICIOBAHUS
(BemecTBO, MaTepual, MPUOOP, aATOPHTM, METOJINKA,
pabouas 30Ha) U 00JIACTH €ro MPUMEHEHHUS

Obvexmom uccneoo8anus sA611emcs
HOBbIU Memoo cunmesd
APOMAMUYECKUX CLONCHBIX IPUpPO8
CYbHOHOBLIX KUCIOM
(mpugmopmemancynoghokuciomsi, n-
MOIYONCYNIbPOKUCTOMBL U
Kkamghopacynvghoxuciomsi).

Apuncyneghonamol mocym Ovimo
WUPOKO UCNONB308aHbL OJISl CUHME3A
Ouono2u4ecky aKmueHvlX 8eujecms
U JIeKapCmeeHHbIX CpeoCcms 8
Gdapmayesmuueckotl obracmu.
Paboma nposoounace 6 nabopamopuu
Hayuno-obpazosamenvrozo yenmpa
H.M. Kuoicuepa TIIY.

Hepequb BOITPOCOB, NOAJICKAINX NCCIICAOBAHNUIO, IPOCKTUPOBAHUIO U pa3pa60TKe:

1. IIpaBoBble M OpPraHU3alMOHHbIE BOINPOCHI
oOecreyeHust 0€30NMACHOCTH:

— CHeluaIbHbIe (xapakTepHbIe npu

JKCIUTyaTallil O0O0BEKTa UCCIIeOBaHMUS,

IPOEKTUPYEMOit paboueit 30HBI)
IPaBOBBIC HOPMBI TPYIOBOTO
3aKOHOJIaTEIILCTBA;

— OpraHu3alllOHHBIC MCPOIIPHATHA IIPH
KOMIIOHOBKC pa6oqel71 30HBI.

Tpyoosoii kodexc Poccutickoii
®Deoepayuu om 30.12.2001 N 197-D3
(peo. om 01.04.2019.

Pabomnukam evioaromes
HeoOX00uMble ey N0 MEXHUYECKOMY
peenamenmy TP TC —09-2011 «O
bezonachocmu cpeocmae
UHOUBUOYATILHOU 3AUJUMBLY.

2. IlpousBoacTBeHHAs 0€30MACHOCTD:

2.1. AHanu3 BBISBICHHBIX BPEAHBIX U OIMACHBIX
¢axTopoB

2.2. O6ocHOBaHNE MEPOMPHUITHI IO CHUKCHHIO
BO3JIcHCTBUS

Bpeouvie u onacnvie paxmopul:

1. Omkxnonenue noxkasameietl
MUKDOKTIUMAMA

2. IIpesviuienue yposus wiyma

3. Brusnue epeonvix eeujecms

4, Heoocmamounas
oceeweHHOCmyb pabouell 30Hbl

5. Tosviuennoe 3HaAueHue

HAnNpAsICeHUus 6 3JZ€Kmpull€CK01/7 yenu,
3aMblKaHue K'OmOpOlZ moacem




Bosoeticmeue obvexkma na eudpocghedpy-
cbpocul;

Bosoeticmeue obbexma na numocgepy-
Omxo0bi.

4. Be30NacHOCTH B Ype3BLIYANHBIX CHTYAIHAX:

1. YC mexnozennozo u Cmuxuino2o
xapakmepa
2. Hoxcap, svibpoc epedvix gewyecms

| Jlara BBIIAYH 3aJaHHA /I8 pa3jiea no JUHeHHOMY rpaguky [20.03./4
3aganne BBIIAT KOHCYJLTAHT:
JonxnocTs ©HO Vuenas CTENEHE, Mopnucs Hara
IBaHHE o
7 Ba Ceeriian
Crapumii Pomanosa Cse a W’/ 630 £ /4
ITpEnoaBaTelb BragumuposHa

3aganue NPHHAJ K HCHOJHCHHK) CTYACHT!

I'pynna DHO

dara

4I'M71 Epun Knpunn AMutpueBud

20.03./4




Pedepar

BreinyckHas kBanudukanuoHHas paboTta uznoxkeHa Ha 111 c., comepxut
PUCYHKOB 6, cxem 26, Tabnui 24, ICTOUHUKOB HH(pOpMaluu 69, NpuIoKeHui 2.

KiroueBbie cioBa: UA30TUPOBAHUE,  APEHAMA30HUM  CyIb(OHATHI,
TpUPTOPMETAHCYIbPOKUCIOTA, apuITpUPTOPMETAHCYTb(HOHATHL,
apuATONYyOoNCyNb(oHATHI, apuiakaMdopocyibhoHaTHI.

OOBEKTOM HCCIECNOBAHUS  SIBIISTFOTCS apeHINa30HUN CyIb(OHATHI,
apuwitpudTopMeTaHCyIb(POHATHI, apWITONYOJICYNIb(OHATHI,
apuikaM@opocyibhOHATHI.

[enb paboTsl — pa3paboTka HOBOT'O METO/Ia CHHTE3a apuIICyIb(hOHATOB.

B mporiecce rccnenoBanus MPOBOAMIMCH COOP M aHAJIHM3 JINTEPATYPHI TI0 TEME
JTUCCEePTAIIMOHHON PabOThI, SKCTIEpUMEHTAJIbHBIE PabOTHI, YCTAHOBICHUE CTPYKTYPHI
HOJYyYEHHBIX COEIMHEHUN COBPEMEHHBIMU (U3HUKO-XxUMHUeckuMu Mmetomamu (I'X-
MC, omnpeneneHue TemIeparypbl IUIABICHUs), NMPOBOAMWICA AHAINU3 IOJTYYEHHBIX
HKCIEPUMEHTAIbHBIX JaHHBIX.

B pesynprate wuccienoBaHUs IOKa3zaHa MPUHIUIMAIBHAS BO3MOXXKHOCTh
MOJIYYEHUsT apwiIcyab(poHATOB (TO3UIATOB, TpH(IATOB U KamMpopocyab()OHATOB) U3
apeHN30HUN CyJIb()OHATOB B IPUCYTCTBUU CYIb(POKUCIIOT.

OOnacTh NOpUMEHEHUs: apwicyiab(OHATHl — BaXXHbIE MOJYNPOIYKTHI
OpPraHUYECKOTO CHHTE3a, UCIIOJIb3YIOTCS B PEAKIMIX HYKICOPHUIBHOTO 3aMelleHus,
sanuMmuHupoBanus, C-C-coueraHus, [UIsi TOJIYYEHHs UYHUCTBIX HSHAHTHOMEPOB

(apunkamdopocynbhoHaATHI).



O003HaYCHHA U COKPALLCHUA

SAMP — snepHO-MarHUTHBIN PE30HAHC
['X-MC — ra3zoBast xpomarorpadusi—macc-cieKTpoOMeTpus
TCX — ToHKOCHOMHAas XpomaTorpadus
JAMCO — numetuncynbpokrcu
JAM®A — numetunpopmamu
TfOH — tpudropmeTancyabpoKUCIOTa
-OTf — aHnoH TPUPTOPMETAHCYIB(POKUCIOTHI (TPUQIAT-AHHOH )
p-TsOH — n-TonyoncynbdokucaoTa

-OTS™ — aHHUOH TONYOJICYIb(POKUCIOTHI (TO3WIAT-AHUOH)
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BBenenue

Cnoxubie 3Qupbl Cylb()OHOBBIX KHUCIOT H3BECTHbl W MPUMEHSIOTCS B
OpraHMYEeCKOM CHHTE3€ YK€ HECKOJbKO JECATKOB JIeT. Apuicynb(poHaThI
MPEACTaBISAIOT coboi coeauHeHuss oOme Qopmynsl Ar-OSO2R, roe Ar —
apoMatuyeckuid  paaukai, a OSOzR- ocratrok  cyiab(OHOBOW  KHUCIOTHI.
CynbshoHaTHbIC IPYIIIBI - n-TOJYOJCYIb(OHATHAS (To3maTHas) u
TpugTOpMEeTaHCyNIbpoHaTHAS (TpUaTHasA), SBISIOTCS XOPOLIMMHU YXOJAIIUMU
CTPYKTYPHBIMU OJIOKAMH, KOTOPbIE€ OTHOCUTEIBHO JIETKO MOTYT OBITh 3aMEHEHbI Ha
apyrue pyHKIUOHAIbHBIE TPYIIIbI, YTO IPUMEHSAETCA B IIMPOKOM sy peakuuid. B
KayecTBE  AJICKTPOPWIbHBIX  MAapTHEPOB  apWICYJIb(POHATHI  HUMEIOT  MHOTIO
NPEUMYIIECTB, TaKMX KaK JIETKOJOCTYIHOCTh M3 MPOU3BOIHBIX (PeHOJa, MPOCTOTa
CUHTE3a M OYMCTKM M HUX OTHOCHUTENIbHAsl YCTOMYMBOCTH K ruaponnsy. K tomy xe,
UCIIOJIb30BaHUE CYJb(OHATOB SBJISETCS 00JIee HKOJIOTHMYHBIM, YEM HCIOJIb30BaHUE
raJIOreH3aMEeIIEHHBIX COEJUHEHUHN, TaK KaK 3TO MO3BOJISIET M30€XKaTh OTXOJI0OB OT
UCIIOJIb30BaHUS TaIOT€HUIOB.

OCHOBHBIM METOJIOM TOJYYEHUSI apUICYJIb(POHATOB SBIISIETCS AllMJIMPOBAHUE
(eHOIJIOB XJIOPAHTUAPHUIAMHA UITH aHTHIPUIAMUCYITb(POKUCIIOT.

B mannoit pabore npeaaraeTcss MHOW IMyTh MOJIYyYCHHs apHIICyIb(pOHATOB —

N3 apOMATHUYCCKHUX coJiei AUa30HUA.
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I'masa 1 JIutepatrypHbiii 0030p

1.1 IIpumeHeHue apuicyab(pPOHATOB B OPraHU4YECKOM CHHTE3e

Cnoxubie 3pupbl cynbHOHOBBIX KUCIOT (CyIb(OHATHI) SBISIOTCS MOIIHBIM
ANEKTPO(UIOM, KOTOPBIH  MOMKET  HCIIOJIB30BaThCA BO  MHOTMX  BaXKHBIX
IPEBPAIEHUSAX B OPraHUYECKOM CHHTE3E.

Cynbdonarsl, B OOJBUIMHCTBE CJIy4aeB, MOTYT OBbITh MOJIYYEHBI IyTEM
OOBIYHOM 3TepUPUKALUKN CYIb(OOKUCIOT MO0 mepesTepuPuKalmuel ¢ ydacTueM
ciupta u cynbpoHoBoro 3dupa. Takxke cynboHAThl MOTYyT OBITH OOpa30OBaHBI
MOCPEJICTBOM  BBICOKOI(D(HEKTUBHOM  peakiuu  HYKICOPHIBHOTO  allMJIbHOTO

3aMelIeHUs CITUPTOB U CyIb(oHMmIraasoreHuaoB [1-6] (cxema 1).

R-0.9

p-CH3-Ph-SO,ClI O;s’
R-OH >
Pyridine(CH3C|), OOC

t=2,5h-9,5h
R = CqoHz¢ Cq4H24, Cq4Hqg, Cy3H23 CqoH1g

Cxema | — nosydeHnue psijia TO3UIATOB PEAKIUEH M-TOTYOJI-

CyIb(POHMIXIIOPHIA CO CTUPTaMu JTHO0 peHomamu [1]

Bricokas apdextuBHOCTD 3TUX peakiuii (Beixoanl 89%-98% [1]) mpusena k
4acTOMY W IUPOKOMY HCIIOIB30BAHUIO CYJIb()OHATHBIX TPYII B KaueCTBE CPECTBA
3aIUThI CIIUPTOB B X0J/I€ MHOTOCTaIUMHOTO cHHTE3a [7].

ApwicynbhoHaThl MIMPOKO TPHUMEHSIOTCS W B KadecTBe CyOCTpaToB st
Pa3IMYHBIX CHHTETUYECKUX IPEBpPALICHUN. /[BOMCTBEHHOCTH 3alIUTHOW TPYINIbI U
cyOcTpata obecreunBaeT 3alIUTy W MOCJEAyIONIee MPeoOpa3OBaHHUE, YTO MOXKET
OBITh OYEHb MPAKTUYHBIM MPU MHOTOITAITHOM CHUHTE3€. B MATKMX KUCIBIX YCIOBUSIX
OOJILIIMHCTBO CYNb(OHATOB OOBIYHO CTaOWIbHBIL. Cynb(QOTpyIIbl SBISIOTCS IO

ceoeil mpupoae nabunpHbiMu [8]. C. Mwmuiep B cBoeil paboTe, MOCBAIICHHOU
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3alUTHBIM CBOWCTBAM CyJIb(OHATHBIX rpymil [8], mpoaemoHcTpupoBai, uro NaOH
nwmu BBr3 wmoryr pacuienisite OOJBUIMHCTBO TPYINI CyJIb()OHOBBIX 3(PUPOB B
YCJIOBUSIX OTCYTCTBUS BOJIBI.

C Touku 3peHUs CHUHTE3a, CYJIb()OHATHBIC TPYIIBl XapaKTEPUIYIOTCS KakK
XOpOILIKE YyXOASIIWE U TMOJABJISAIOIME PEAKIUOHHYIO CIIOCOOHOCTh  OOIIMX
TaJOreHUJIHBIX YXONSIIMX TPYI, TakuX Kak xjop u Opom. CremoBaTenbHO,
CyJb(pOHATBI MOXHO aHAJOTHYHBIM OOpa3oM MPUMEHSTh B PEAKIMIX 3aMeElICHUs,
SIUMUHUPOBAHMS, BOCCTAHOBJICHHUS, a TaKke B pEaKIUAX, KaTaIu3UPyEeMbIX
nepexoaHbiMu  Metauiamu  [9-16].  CTouT OTMETUTH, UYTO BO3MOKHOCTH
UCIOJIb30BaHUS  apWiCylIb(pOHATOB B KAaueCTBE aJbTEPHATUBHI TaJIOT€HUJIaM
pacHMpseT KOJUYECTBO BO3MOKHBIX IMPEKYpPCOPOB Ui NAJbHEHIIMX peakuui 10
IPOM3BOJILHOTO Habopa (PeHos0B, YTO 00yCIaBIMBAaET BAPUATUBHOCTh U KOJIMYECTBO
JOCTYITHBIX MyTEH 3aMEIeHHsI, KOTOPbIE, 0OBIYHO, HE JIOCTYIHBI MPU MCTIOJIB30BaHUU
rajJoreHnpou3BoAHbIX [11-16].

Taxxe apwicynbhoHAThl NPUMEHSAIOTCS B pPEAKUUAX MEperpymnmupoBKU
®puca 18 MOMYYEHUS] COOTBETCTBYIOIMX cyib(oHmidpenono (cxema 2) [17],
KOTOpbIE  SABJISIIOTCSL  TOJIE3HBIMU  NPOMEKYTOUYHBIMH  COCIMHEHUSMH  JJIS
IPOU3BOJACTBA CEPOOPTAHMYECKUX COCAMHEHUN, TAaKUX KAaK HMHTEpPMEANAThl Jid
MOJIYYCHUS JICKAPCTBEHHBIX U arpOXMMHUYECKUX TMPOIYKTOB, TepMOrpapuuecKkue
Martepuaisl 1 3 (HEeKTUBHBIC POTUBOBUPYCHBIE cpeacTna [18].

Q Ak N

//
OYR > YR + YR OH
solvent

OH

Y = C - Fries rearrangement
Y = S - thia-Fries rearrangement

Cxema 2 — neperpynmnupoBka @puca [17]

Cepocopepikailiie COeUHEHUS B OKPY’KaIOIIEH cpefie JIydille BCEro U3y4eHbI
B pOJM 3arpsA3HSAIONINX €€ BEIISCTB, BO3HMKIIMUX, IO OOJIbIIEH YacTH, H3-3a
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MPUMEHEHUST KpacuTeled U MOBEPXHOCTHO-aKTHUBHBIX BEIIECTB, UMEIOIIUX B CBOEM
cocTaBe cepocojiepxkaiine coequHenus. OnHako, anupaTuyecKue 1 apoMaTUuYecKue
cynb(oHaThl cocTaBisitOT Oousbinyto 4acth (30-50%) cepbl, BcTpedaromieics B
npupojie B adpoOHbIx nouBax [19,20], ¢ oOpazoBaHreM HEOPraHUYECKOTO CyibdaTa
MeHee yeM Ha 5% oT o0Ieil cepbl, a OCTaJIbHOE COCTABISIOT CEPOCOAEpPKALIUE
AMUHOKHUCJIOTBI JMOO0 mnentuabl U cyiabdatHeie »¢upsl  [21]. Paznuunble
anudaTUyecKue U apoMaTHYEeCKUE CYJIb()OHATH MOTYT MCIIOJIb30BaThCSA OaKTEpUSIMU
aub0 B KauecTBE MCTOYHUKOB cepbl [21], nm1Oo B KayecTBE MCTOYHUKOB yriepoja,
azota u oSHepruu B ueiaoMm [22-24]. CnocoOHOCTH MOOMIM30BAaTH CEpy U3
anmudarnueckux C2-cynbpoHATOB, MO-BUIUMOMY, HIIUPOKO PACIpPOCTPAaHEHA CpeIu
NOYBEHHBIX OakTepuil. OHAKO apoMaTUYECKUE CYIb(POHATH MOTYT UMEThH OOJIbIIIEE,
4eM aJKWICYNb(OHAThI, 3HAYEHHWE B KA4yeCTBE HMCTOYHUKA TMUTATEIBHOW MJiA
pacTeHuil cepbl, MOCKOJIbKY OBLIO YCTAHOBJIEHO, YTO MOOWJIM3AIMS Cephl U3
apuicyJb(OHATOB HAIPSIMYIO CBSI3aHA CO CTHUMYJISIIMEH pPOCTa TaKUX KYJIBTYp Kak
TomMaT © apabugorncuc [24]. Takum o0Opa3oMm, MOXKHO YTBEpXIaTh O
NEPCTIIEKTUBHOCTH MCIOJIb30BaHUS aPOMATHUECKUX CIOXKHBIX 3UPOB CYIb(POKUCIOT
B KauecCTBE yI00pEHHUS.

HecMoTpss 10BONBHO OOJNBIIYIO YHUBEPCATBHOCTH apWIICYIb(HOHATOB B
CUHTETHUYECKOM IUJIAHE, MOXKHO YTBEPXKJaTh, YTO, HA JaHHBIH MOMEHT, BaKHEHUIIIEH
00J1aCThIO TPUMEHEHUST apOMATHICCKUX d(DUPOB CYJIbPOKUCIOT SBISIETCS TTOCTOSHHO
pa3BHBAIOMascsa 00J1acTh pa3pabOTKH HOBBIX METOJOJIOTUM CHHTE3a YrIepo-
YTJIEPOIHBIX CBSI3EH. ApuiicynbhoHaTHI (mMpenmyI11ecTBEHHO 3UpHI
TPUPTOPMETAHCYIH(POKUCIOTHI) UCIOIB3YIOTCA B PEaKIUsIX 0O0pa3oBaHUS YIIIEpOJ-
YIJIEPOAHBIX CBSI3€M, TAKUX KaK IMepekpecTHoe coenunenne CoHorammupsl (cxema 3)
[10-16], kpocc-cBsizb Cy3yku (cxema 4) [25-28], kpocc-cBsa3p Herumm (cxema 5)

[29-32] wim peakiuu obpaszoBanus cBsizu C-C, Takue Kak CBsA3b YJUIMaHa (cxema 6)

[33-36].
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Pd(TFA), R’

4
R\_ Ts ~  CyPF-tBu o R\/
QO +Z BuoH, KsPO, N |

85°C, 5-8h R = NHAc, CHO, CN, OCF; CH

R'= C3H; C4Hg, CsHy4 @

Cxema 3 — Peaknus kpocc-couetannss COHOTaImMpsl ¢ UCIOIb30BAHUEM

apunTo3unaToB [12]

TsO
B(OH),
N NHC-Pd(ll)-Im N
T U>J NaoH, THF, 100°C, 12h PR
R R

R =4-OMe, 3-OMe, 2-OMe, 4-Me, 2-Me, 4-Ph, 4-F
Cxema 4 — Peaknus kpocc-coueTanust Cy3yKH ¢ HCIIOIb30BaHUEM

apuITO3UIIAaTOB [28]

I I
Zn NC oTf
L — NCCO2E
THF PEPPSI, THF, t

o,
CO,Et CO,Et 25°C, 4h 8%

Cxema 5 — Peakmus kpocc-coueTtanusi Heruim ¢ ncnonbp3oBaHuemM apuiatpudiaTo

[32]
NiBr, « diglyme, bpy R,
- R, PdCl, dppp \\ X
Br + TsO @ > | | \
DMF, 40°C, Zn, KF = Z
Cxema 6 — Peaknus kpocc-codeTaHus YJIJIMaHa C UCIOJIb30BAHUEM apUJITO3UIIATOB

[37]
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Ho cTtouTt oTMeTuTh, YTO B TaKUX PEAKIMUAX J0 CUX MOP MPOJOJDKAIOT YacTo
UCIONb30BaTh  QJIKEHWJ-, JHUOO0 apuwihoguiabl U  OpoMHUABI B  KadyecTBE
ANEKTPOPUIBHBIX areHTOB M3-3a HX OTHOCUTEIBHO BBICOKON pEaKIMOHHOU
ciocoOHoctu. brnaromapss pa3paboTke HOBBIX JIMTAHAOB CTajl0 BO3MOKHBIM
MEPEKPECTHOE  COCIMHEHUE  HEJAOPOTHX, HO  CJIa00peaKIMOHHOCIIOCOOHBIX
apwixiaopusioB [38]. Opnako, B paboTe C TaJIOTCHIPOU3BOJHBIMU, KaK C
AJKUJIBHBIMU, TaK U C apOMATUYECKUMHU, €CTh HECKOJBKO HEJOCTATKOB: BO-TIEPBBIX,
OpraHOTAJIOTEHUIbI, KaK TMPaBWJIO, HE SBJSIOTCS OSKOJOTMYECKH YUCTBIMU. Bo-
BTOPBIX, B pe3yjbTaTe COYETAaHUS apUITAIOreHU]a, OOpa3yrTCs MOOOYHbIC
rajioreH3aMelnieHHble TPOAYKTBI, KOTOPBhIE TAaKXKe SIBISIOTCS 3arps3HUTEISIMHU
OKpyxaromiei cpeanpl. HakoHer, apwiraJoreHuIsl HE BCErja JIETKO JOCTYITHBI.
Hamnpumep, cuHTE3 apuirajioreHu10B 4acTo TpedyeT TPYAOEMKUX CTaJIui, CYpOBBIX
YCJIOBHH peakiiuu u o0pa3oBaHus oTxoa0B [39].

Odupsl  T-TOMYOJNICYIb(MOKUCTOTHI  (TO3WIAThI) TPOSBISIOT  MEHBIIYIO
PEaKIMOHHYI0  CIOCOOHOCTh, 4eM  3¢Gupsl  TpUDTOPMETAHCYIb()OKUCIOTHI
(TpudnaTel), MOTOMY HX TMPUMEHEHHE B METAUI-KaTaJU3UPYyEMbIX pEaKIUIX
o0pa30oBaHUs CBS3U «YTJEPOI-YIIepo» N0 HEKOTOPhIX TMOp OCYIIECTBIISIIOCH
ropazno pexe [40]; mnpenmoureHue oOTAaBaIoCh apwiatpudiaram, JHUO00 Ke
apWITJIOreHUIaM, TaK KakK JJIi TPOBEJCHUS OKUCIUTEIBHOTO MPUCOCIUHEHHS C
ydacTHEM apWITO3WIATOB TpeOOoBaluCh JIMOO TOBBIIMICHHAS TeMIIeparypa, JHOo
aKTUBUPOBAHHOE TI€pe] 3TUM COEJAMHEHUE, WM >K€ TMOBBIIICHHBIE 3arpy3Ku
katanuzatopa[41-43] . W HecmMoTps Ha TO, 4YTO KOMIUIEKCHI CTEPUUYECKU
3aTPyIHEHHBIX ANKUI(POCPUHOB MOTYT BCTYNATh B PEAKIUIO AK€ C OTHOCUTEIHHO
cnabopeakImOHHBIMU apuixiopuaamMu [38], Bce ke, HA TOT MOMEHT, OOJIBITUHCTBO
W3 HUX HE TPUCOEINHSIIO apUITO3UIATHI, B KOTOPHIX OTCYTCTBOBAIN aKTHBUPYIOIINE
ux rpynnsl [44].

Ho, Tem He MeHee, WCMOIB30BAaHUE apOMATHYECKUX dA(HUPOB 1I-
TOJYOJICYIb(POKUCIOTH B PEAKUUSIX KPOCC-COUETAHMS BBITVISAUT TEPCIEKTUBHEE,

HEXKEJM UCIOJIb30BaHUE TPUPIATOB — apUITO3UIIATH yI0OHEE B UCIOJIB30BAHUU U
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XpaHEHUHU, TaK KaK OHHM SBJSIIOTCS  BBICOKOKPUCTAIMYECKUMHU  TBEPABIMU
BEILIECTBAMU CO 3HAYUTEIBHO 00Jie€ BBICOKOW THUIIPOJUTUUYECKON CTAOUIBHOCTHIO,
yeM y apunTpudiaaTtoB. OTH CBONCTBA MO3BOJISIIOT HCIOJIb30BaTh APUITO3UIIATHI
KaueCTBE 3allUTHBIX TPYII TPU MHOTOCTYNEHYATOM CHHTE3€, JOIYyCKAIoIeM
HECKOJIbKO OpPTOTOHAJIbHBIX MpeoOpa3oBaHUM, a 3aTeM UX TpaHchopMaIuio uvepes
KpOCC-COYeTaHue Ha COOTBETCTBYIOIIEM JTarme B CHHTETHYECKOI
nocienoBarenbHocT [45]. Y1 HaoOopoT - Oosbinas CTaOMIBHOCTh ApUIITO3UIIATOB
nenaeT 3Ty (YHKIIMOHAIBHOCTh MEHEE PEaKTHMBHON IO OTHOIICHHUIO K Tpolieccam,
KaTaJIM3UPYEMbIM MaJIATACM.

B 2003 r. Hdx. XaptBur co cBoumH Kosuieramu [42—44] coobmmin o
paspabortanHoM wumu komiuiekce Pd (0), KkoTopelii BCTymaer B PeaKIUIO
OKHCITUTEIBLHOTO TPUCOCIMHEHUS ¢ apUIITO3WIIATaMU TIPU KOMHATHOM TeMreparype ¢
obpa3oBanueM BbieasieMoro apuinamtaauii-(11)-ro3uaatHoro komiuiekca. Ota
MsATKash aKTUBAIlUs TIO3BOJIAET IMPOBECTH KaTaTU3UpPyeMOe TMajulaJleM COYeTaHHE
apWITO3WIATOB C AapWJIbHBIMH peareHTaMu [ puHbSIpa WM K€ aMUHAMH TIpH
KOMHATHOM TemnepaType. Takke BO3MOXKHO MPOBECHNE PEAKITUU TTPH MOBBIIICHHBIX
TeMIlepaTypax, HO C YyMEHBIIEHHBIMU 3arpy3kamu. Ha cxeme 7 mnpencrabiieHa

p€akiuAaA OKHCIHUTCIBbHOIO IMMPUCOCANHCHUSA q)eHHHTOSHHaTa K IaJJ1agJucBOMY

KOMILIEKCY.
CeHe 3. R=Ph, X=0Ts
— 4. R=Cy, X=0Ts
g-Bu)Z / 25OC (t'BU)z
\/F’d—L + PhOTs \f’diph +L
@ PR, . CsHs » @ PR,
A 25°C \
FeC FeCp _ _
P Octyl;NBr _ . 5. R=Ph, X=Br
1. R=Ph; 2. R=Cy, n=85-95% 6. R=Cy, X=Br
L=P(o-tol)3

Cxema 7 — peaxiusi OKAUCTUTEIHHOTO MMPUCOSTUECHHSI C 00pa30BaHUEM

dennmmamnaauii(Il)-ro3mnaraoro kommekca [44]
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bnaronaps cBoeil BecbMa OOIIMPHON (PakTUUECKOM 00JaCTH MPUMEHEHUS U
elme He 0 KOHIA pPAaCKPhITOMY CHHTETUYECKOMY TOTEHIHANy, aKTyaJlbHOCTH
apuiCyiIb(pOHATOB CITyCTS MHOTO JIET OcTaeTcs Ha ypoBHe. OmHako, BAOOABOK K
ATOMY, HAyYHOE COOOIIECTBO €Ille CHIIbHEE 3aMHTEPECOBATIOCh 3TUMHU COEAMHECHUSIMU
nocJyie 0OHapy>KEHUsI TOTO, YTO MU3-3a CBOEH BBICOKOW alKWIMpYELIeH/apuiinpyromieit
CHOCOOHOCTH CyNb(pOHATBl, @ B OCOOEHHOCTH CYJIb(GOHATHbIE 3(UPBI MPOCTHIX
CIUPTOB, BCTYMalOT BO B3amMoxeictBue ¢ 1enoukoil JIHK, 9Tto BhI3BIBaET
MYTareHHbIE PeaKIMU, KOTOPbIE BIIOCIEACTBHH MOTYT MPUBECTH K OHKOJIOTUYCCKUM
3abosieBanusaM [46].

DTa BBISIBIEHHAss OCOOCHHOCTh CJIOXKHBIX A(UPOB CYIb(OKUCIOT moOyauia
OOJNBIIMHCTBO KPYNHBIX (apMareBTUYCCKUX KOMIIAHWH HadaTh TIIATEIbHBIC
UCCIICJIOBaHUs O0pa30BaHUsS W THUAPOJIM3a OJTUX COCIWHEHHWH, TaK Kak B
(apMaIeBTHIeCKOi MPOMBIIIJICHHOCTH IIHPOKO MPUMEHSIOTCS CyIb(hOHATHBIE COJN
IPOMEXYTOUHBIX U aKTUBHBIX (papMalleBTUUECKUX HMHIPEAUEHTOB, a CIHUPTHI 4acTO
UCMOJb3YIOTCSI B KAa4e€CTBE PAcCTBOPUTENECH A KPUCTAUIM3ALMKA IPU BbIACICHUU
cyiabpoHaTtHOH conu. Korga cynb(okuciora U CoUpT OJHOBPEMEHHO MPUCYTCTBYIOT
B JJF0OOM KOJMYECTBE XOTs ObI B KAKOM-TO OJHOM IOTOKE IpOLiecca, TO BCE PaBHO
CYLIECTBYET MOTEHLHMAN AJii O0pa30BaHUsS HEKOTOPOTO KOJIMYecTBa 3(pupa 3TOro
CIIUpTa U CYJb(POKUCIOTHI [46].

Jlenasi BBIBOJ, MOYKHO 3aMETUTh, YTO CJIOXKHBIE 3PUPBI CYIb(HOHOBBIX KUCIOT
ABIISIIOTCS BOCTPEOOBAHHBIMU COEIMHEHHUSIMU IIMPOKOTO CIEKTpa NPUMEHEHHs, U

HCCICAOBAaHNA ATOM T'PYIIIBI BCIICCTB aAKTYaJIbHBI U B HACTOAIICC BPCMA.

1.2 Cnoco0bI motyuyeHus apuiicyibGoHATOB

[lepBrie apomatuueckue d3GUPHI CyTb(POHOBBIX KHCIOT yHoMHHatOTCsA B 1936
rony [47]. JanHas pabGoTa cocTrossla B TOJNYYCHUH  psaga  dPUPOB
OCeH30JICYTB(OKUCIOTH U TM-TONYOJICYTb(OOKUCIOTH W3 opmo-, Mema-, U napa-
opomdbeHosoB U 0-, M-, U n-QeHWIPEHOJIOB IMyTEeM UX B3aUMOACHUCTBUS C

XJIOPAHTUAPUIOM CYJIb(POKUCIOTH B MPUCYTCTBUM MUPHUAUHA. ABTOpP COOOIIAET O
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BbIxos1ax 67-94% B cayudae ¢ Oenzoncyiabdokuciotoir u 75-98% B ciyuae ¢ 1-
TOJIYOJICYIb(POKUCITOTOM.

HecMoTpst Ha 1OBOJIHO OOJIBIIOE KOJUYECTBO CHOCOOOB MOJIYUYEHHUS 3THX
BEIIECTB, MOJO00OHAs METOJMKA MOJy4YEHUs apWiICyIb(POHATOB TOBOJBHO IIHPOKO
UCIIOJIb3yeTcsl W B Hame BpeMms. B OOJBIIMHCTBE METOAOB IPOBOJUTCS
B3auUMoOJIeicTBHE (DEHOJNOB C TOZWIUPYIOIIHUMH JUO0 TPUDIUPYIOIIUMHA areHTaMH B
BUJE  aAHTWJIpPUAA  COOTBETCBYIOLIEH  CyNb(OKUCIOTH, WJIX B  BHIE
cynbdoHmIxgopuaa. B kauecTBe OCHOBAaHMS BCE TaKXKE HCIONb3YETCS MUPHUAMH,
peke TPUITUIIAMUH, UHOT/Ia BCTPEUAIOTCS CIy4yau HCIOIb30BaHUS HEOPraHMYECKUX
OCHOBAHHM.

Opnnako, mogo0HbIE METOJIMKM MMEIOT HECKOJIbKO npobieM. OmHON M3 HHUX
ABJIIETCS TO, YTO COMYTCTBYIOIIAs M HEXKeJaTesbHas MOoTeps CyJlb(OHATOB B HX
XJIOPUBI MOXKET MPOUCXOJAUTH HEMOCPEICTBEHHO BOBPEMSI TO3WJIMPOBAHMS, TaK KaK
B XOJle B3aUMOJCHCTBUS 00OpasyeTrcss TMOOOYHOE COEJAMHEHHE MHUPUIUHA
TUAPOXIOpHUI, KoTopoe AeicTByeT kak Cl-Hykieodun. Ota moOodHas peakius 4acTo
UMEET MECTO, KOT/Ia MCTIOIBb3YIOTCS M30BITOUHbIE KOJIMYECTBA MUPUIMHA B KaUYECTBE
pacTBOpUTENS U / WIM, KOTJa TeMIlepaTypa peaklliy IOBbIIeHa. Bo-BTOpbIX, aJs
3aBEPIICHUS TOZWJIMPOBAHHUS OOBIYHO TPEOYIOTCS OOJbIIE, YeM HKBUMOJISIPHBIC
KoiudecTBa (0kojio 10 9KB.) MUPUIMHA, YTO BO3BpAIlaeT HAC K MepBoi mpodieme. B-
TPETHUX, VISl PEAKIMHU MaJOpPEaKIIMOHHOCIIOCOOHBIX CIUPTOB OOBIYHO TpeOyeTcs
OTHOCHUTEJIBHO OO0JIbIIIOEe KOMNYeCTBO BpemeHH (Oosee 10 vacon) [48].

Coyctss mpoloipkuTenbHoe Bpems, B 1956 romy o nomydeHHH
apwicynbdonaroB nuiyT Eddendeprep co ceoumu kowteramu [49]. Ha Tor MOMEHT
y)Ke OBbUIM W3BECTHBI alKWIbHBIE 3GUPHl TpUPTOpMETaHCYIhGOKUCTOTH [50],
3apEeKOMEHJIOBABIINE Ce0sl KaK PEaKIMOHHOCIIOCOOHBIE aJTKWIMPYIONINE areHTHI 3a
cu€T Xopomio yxozsmied TpuduatHoW Tpynmel. B xome maHHOW palboTHl ObLI
MOJIy4eH  psAn  apwiTpudiaToB  peakmuedn  Mexay  (eHoloM ©W - H-

TpuTOpMETUNCYTH(OHUT UMHUIA30JIOM C 100aBIIEHUEM HOHa (DEHOJsATa B KaueCTBE
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Karanusaropa. Peaknus npoBoawmiack npu HarpeBanuu a0 80-90°C B TeueHue nByx

4gacoB (cxema 8).

Q —\
7 Ar—0
Ar— — ——— 3 Ar—0O- + N NH
r—OH + 2 N%/N SO,CF3 2h. 80-900C r—0-SO,CF; P

Cxema 8 — nmostyuenue apuntpudaaToB peakiueil heHosna ¢ H-

TpUPTOPMETAHCYIBPOHMIT UMUIA30I0M [S0]

[To oxoHYaHWMW B3aUMOJCHCTBHS, PEAKIIMOHHYIO MAacCy OCTYXalT [0
KOMHATHOM TeMIIepaTypbl M NPWIMBAIOT HEOOJIBIIOE KOJUYECTBO JUAITUIIOBOTO
s¢upa. MiMunaszosn, KOTOpPBIM HEMEIJEHHO Oca)xaaeTcs mpu JoOaBiieHHd 5 mil abc.
adupa K OXJAXKIESHHONW PEaKIMOHHON cMeCH OT(PUILTPOBBIBAIOT, d(PUPHBIN PACTBOP
npombiBatoT 5 Ma 2 H. NaOH, cymar nHag MgSO4 u OTroHsitOT pacTBOPUTEIb.
Brixosel 3amenieHHbIX GheHunTpudiatoB coctaBuim 68-76%.

UYepe3 Hecckonbko gecsaitkoB Jer JI. @Ppanuem ¢ KojuieramMu —Obuia
NpeJio’)keHa albTepHATHBHAs MeToAuka [51], rae pasnuuHble apuiTpudIaThl
nojiydanu peakuued (eHona ¢ aHTUAPUAOM TPUPTOPMETAHCYIHGOKUCIOTH B
neyxgasznot cucreme Toayon-30%  Ks3POsBomH. (cxema 9).  AHrUupun
TPUPTOPMETAHCYITB(OKUCIOTH MEIJIEHHO J00aBISUIM B PEAKIIMOHHYIO CMECh TIPH
00C, 3aTeM HarpeBaju JO0 KOMHAaTHOM TEMIIEpaTyphl U NepeMeluBaiu B TeueHue 30
MuHyT. [locie, ciom peakiMOHHOM MAacChl Pa3JCNIMIIM, CIOM TOJyoJa MPOMBLUIA

BOJIOW Y 3aT€M OTOTHAJIH, MOJTy4Yasi COOTBETCTBYIOMINI Tpu(IaT.

OH OH
TH,0
| N > | X
'R toluene/30% K,CO4(aq) LR
30 min, 0-25°C

R =H, p-CH3 p-NO, p-Br, m-Cl, m-CN, p-CH3O, p-tBu

Cxema 9 — monyuenne apunTpudiatoB peaknuein peHomaa ¢ aHTUIPUIOM

TpUPTOPMETAHCYITHPOKUCTOTHI [51]
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Kpome Toro, xopomue BBIXOJAbl MOTYT OBbITh IMOJYY€Hbl B OTCYTCTBUE
moboro opranndeckoro pactBoputens (R=H, p-CHz0O). Hakouneu, BbiaeneHue
Tpudnara JErko  JOCTHIaeTcsi MNPOCTBIM  BBIMAPUBAHUEM  OPraHUYECKOIO
pacTBoOpUTENsl Toche paszneneHus ¢a3z Uil MONy4YeHHUs MPOAYKTOB C UYHUCTOTOM
nopsizika 95%.

JlanHbId METOJA MO3BOJSET MOJy4yaTh apuiITpudiaTsl 0€3 HCIOJIb30BAHUS
AMUHHBIX OCHOBaHUM W JOPOTOCTOSIIIMX TPUPIUPYIOUIMX AareHToB, TaKUX Kak
cynabhonmnxsopuasl. [IponomkaroTes nccaeaoBaHus MO PacCIpOCTPAHEHUIO JaHHOM
METOJI0JIOTUH Ha IpyTrue cyOCTpaThl.

Taxxe wu3BecTeH cmoco0 TONYyYEeHUS apwiITO3WiaToB, onucaHHbll C.
Yomarnuem wu P. Illuppmaxepom [52], mnyrem peakuuu aHTuapuga I-
TOJIYOJICYJIb(POKUCIOTHI CO CIUPTAMU U (PEHOJIAMU CIOKHOTO CTPOCHHUS B XJIOPUCTOM
MetuneHe ¢ npoOaBieHuemM Yb(OTH)s B KauecTBe Kartanuzaropa (cxema 10).
Anruapun n-toiyoncyiabdokuciaorsl pactBopuian B CH2Cly, mobGaBwim HaBecky
Yb(OTf); , 3arem, korma HaBecka Karajam3aTtopa pacTBOPHIIACH, TaKXKe IIpHU
NEepEMEIIMBAHUN TPWIMBAJIM CHUPT. Peaknus NOpoXOOUT TMpPU KOMHATHOM
TEMIIEpAaType U, B 3aBUCUMOCTH OT CTPOEHHUS COHUPTa, 3aHUMaeT OoT 10 munyT no 24
yacoB. OuuCTKYy MNpOAYyKTa NPOBOJWIM METOAOM (GudLI-XpoMarorpaguu Ha

CUJIMKAarese, I/ AI0CHTOM SIBJIsLIacCh CMECh dTUianeTaT-rekcad (1:4).

TSzo

Yb(OTf);
R—OH —————® R—OTs

CH,Cl, 10min-24h, rt

TSzo
H/\O Yb(OTf)3 N/\i>
4> H
N CH,Cl, 3h, rt N
/( /(

HO HO
Cxema 10 — nonydeHue apuiITO3WIATOB PEAKIUEN CIUPTOB C aHTUAPUJIOM

TOJYOJICYTbPOKKUCIOTH B ipucyTcTBHH Y b(OT)3 [52]
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TpudropmerancynboHar UTTEpOUss SABIAETCA TOJEPAHTHBIM K  BOJE
MHOTOPa30BbIM  KaTaJU3aTOPOM, KOTOPBIA  CHOCOOCTBYET  NOJIApU3ALMH U
OCJIa0JICHUIO CBSI3U KHUCIOpOJA-cepa, obseryas HYKJICO(QUIbHYIO aTaKy CIUPTOB.
Yb(OTf)3 mnpumensiercs sl CMSITYEHUS YCIOBUU TO3WIMPOBAHUS, YBEIUYEHUS
XEMOCEJEKTUBHOCTH, YMEHBUIEHUS! KOJIMYECTBA MOOOYHBIX PEAKIUN NpHU OOJIBIIOM
M30BITKE aHTUAPUA T-TOXYOJICYIb()OKHUCIOTH U MOBBIILIEHHS BBIX0/1a IPOTYKTOB.

H.-T. Kumom u [I. O. [Ixanrom Obu1 pa3pabotaH MArkuil u 3pPeKTuBHbBIN
KaTaJu3upyeMblii MHAMEM MeToj 0e3 MCIOJIb30BaHUS OCHOBAaHUM, pa3paOOTaHHBIN
JUTSI IOJTyYEHUS! CYJIb(OHAMUIOB U CIOXKHBIX 3(UPOB Cynb()OHOBBIX KUCIOT [53]. Psn
apWJITO3WJIATOB OBLT TMOJYYEH B3aUMOJACHCTBHEM TONYOJICYIbGOHUIXIOpUIA C
(deHosoM TpHU KUMSYEHUH B aneToHuTpuwie B mnpucyrctBuu 0.1 skB. uHaus. B
pactBop mn-tonyoscynbporunxiopuaa B CH3CN nobasisin HaBeCcKy KaranuzaTopa u
nepeMenMBaii B atMocdepe aproHa B TeueHue 8-12 gacoB (cxema 11).. Oumctky
OpOAYyKTa MPOBOIWIM METOJIOM (QunI-xpomarorpadpuu Ha CUIMKareie, IJie

OJIIOCHTOM BJIAJIACh CMCCh OTHJIAICTAT-TCKCaH (1 4) BI)IXO,IILI IMPOAYKTOB COCTaBUIIA

74-86%.

TsOCI
O et O
CH3CN,8-12h,refl

R =H, Et, p-CH30, p-Br, NO, 2,4,6-(CHj),

Cxema 11 - katanusupyeMoe MHIWEM MOJyYEHUE apUITO3UIATOB Yepe3

B3auMoieHicTBHE ()EHOJIOB C TONYoJICYnb(oHMmIXI0pHIOM [53].

Hesamemennpiii heHon u (HEHONBI ¢ DIEKTPOHOJOHOPHON TPYIION Jar0T
COOTBETCTBYIOIIME CYIb()OHOBBIE d(PHUPHI ¢ XOPOUTUMHU BBIXOJAAMH, B TO BpeMs Kak
MPOAYKTHI ~ peaknuid ¢  (eHonamMu, UMCIUMH B  CBOEM  CTPOCHUHU
AJEKTPOHOAKLENTOPHYIO TPYIIIY, MOJYYAKTCA C MEHBIIMM BbIXOAOM. CTEepuyecKu
3aTPYJHEHHBIH TPUMETHI3aMEIICHHBIM (eHoN JaBajl IUIOXOM BBIXOJA LIEJIEBOrO

CyIb(OHATA, HO BBIXOJ YBEIIMUWICS IIPH MpoBeaeHnn peakiuu B MDA mpu 120°C .
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C. JreM ¢ rpymmoit kosuier Obul pa3paboTaH 0Oojiee IKOJOTHYHBIA METO.
noyiyyeHuss apwicyiabpoHatoB [54], NpPEeUMYyIIECTBO KOTOPOTrO 3aKIIOYaeTCs B
OTCYTCTBUM OPTraHUYECKUX OCHOBAHUN U TaJIOT€HCOJAEPKAIUX PACTBOPUTEIICH.
Metoauka 3aKiaO4aeTcsl B PEaKIMM MEXKIY XJIOPAHTUIAPUAOM CYIb(OKHUCIOTH U
dbenonamu pasHoro crpoenus B npucyrctBuu 15% NaOH nu6o 10% KoCOs. Taxke
CTOUT OOpaTUTh BHHUMAaHUE HA TO, YTO XJOPAHTUIAPHUI TOJIYOJICYIbPOKUCIOTHI
MOJIBEPraeTCsl TUIPOJIM3Y B OCHOBHBIX YCIIOBUSIX TIPU TeMIIEpaType OKPYKaroIieH
Cpe/bl, TO3TOMY KpaliHe BaXKHO KOHTPOJUPOBATH TeMiieparypy peakuuu npu 0°C Bo
BpeMs ero nobOamieHus. Taxxke ObUIO MPUHITO BO BHMMaHue, 4yto Ms2Cl Gonee
PEaKIIMOHHOCTIOCOOCH MO OTHOIIEHUI0 K Boje, uyeM TsyCl, W ONBITHBIM IyTeM
MOATBEPXKJICHO, YTO TPU MPUMEHEHUU METOJIOB TO3WIMPOBAHUS B TOJTYYECHUH
ME3WJIATOB, TOJIY4aeTCsi CMECh MCXOAHOTO ()eHola C ero Me3wnaToM. Tak Kak
METaHCYIb(OOHWIXIOPU SBIETCS 00Jiee PEaKIIMOHHOCIIOCOOHBIM 110 OTHOIIEHUIO K
BOJIE, Y€M TO3WIXJIOpUJ, TOo TBepblil mopomok K,CO3 ucnonbp3oBaiu B KauecTBe
OCHOBBI JiJIs1 yMeHbIeHus: ruaponau3za MsCl. B utore onsite Obuta mojiydeHa cMech
¢deHosa u ero Me3usiaTa, 4ro, BEpOSITHO, CBA3aHO C TUI0X0M pacTBopuMocThio K2CO3
B TT'®. Tlocne npoBeneHus moadopa ONTUMAIBHBIX YCIOBUN ME3UIUPOBAHUS, OBLIO
3aME€YE€HO, YTO peakius me3uwiaupoBaHuss B TI'D B MpHUCYTCTBMHM TPUAITUIIAMUHA B
KaueCcTBE OPraHMYeCcKOro OCHOBaHMs mnpouuia 3a 10 MuHyT ¢ BeIxoaoM 99%, Ta xe
caMasl peakuus B JITHIALIETAaTE TAKXKE Jajla TakoW ke Xopoumuil Bbixoz dyepe3 10
MUHYT. Mexay TI'® wum sTmnaneratoMm Oojiee NPEANOYTHTEICH STHIIAIICTAT,
MIOCKOJBKY OH Oojiee »kojormueH, dem TI'®d [55,56]. Kpome Toro, mpwm
WCIIOJIb30BaHUU dSTHUJIAllETaTa B KAueCTBE pACTBOPUTENS, HET HEOOXOIUMOCTH
MCITIOJIb30BaTh JOTIOJHUTEIBHBIA PACTBOPUTEND HA CTaIUU OOPaOOTKH, U pa3/eicHue
OOBIYHO TIPOIIE U OBICTpEE.

Taxum oOpa3zom ObLT MOTyYeH BeChMa MMPOKUA psiag u3 41 crmoxkHOTO 2dUpa
TOJYOJICYNb(O- U METAHCYTb()OKHUCIOT COOTBETCTBEHHO C BhIxojamu He meHee 70%.

OO6m1as cxema JaHHOTO CIOCO0a MOMYYEHUs ApUITO3UIATOB MPEACTABICHA HA CXEME

12.
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TsCl, 15% NaOH

» Ar-OTs
THF-H50, 0-25°C, 2h

Ar-OH———

TsCl, 15% NaOH
» Ar-OMs
EtOAc, 0-25°C,10 min

Cxema 12 — 3K0JIOTMYHBIN c1OCO0 MOTyUYEHUs apuiICyIb(OHATOB peaKiren

XJIOPAHTUIPUIOB CYJIbPOKUCIOT ¢ (PeHOTaMHU B IPUCYTCTBUU OCHOBaHUS [54 ]

B  nouckax ObICTpOro ¥  YHUBEpPCAIbHOIO  CrHocoba  MOJyYeHHS
apwicynbdonato, Croit JI. u Cs. Y. nmonyunnu psii apuiaTO3UIATOB C MPUMEHEHUEM
KOHTPOJUPYEMOTO MHKPOBOJIHOBOrO M3ydeHHs [57], THoe XJIOpaHruapuja M-
TOJYOJCYNb(POKUCIOTE pearupyeT ¢ (enonamu B mnpucyrcrBun KoCOsz nu6o
Na,COs, KOTOpbIE BBICTYNAIOT OJHOBPEMEHHO B pPOJIM OCHOBAaHUS M B POJHU
ocymaromero arenrta. (cxema 13). Brixoasl mponykToB coctaBmim  92-99%.
N3BecTHO, YTO C(POKYCHpPOBAaHHOE MHKPOBOJIHOBOE U3IYUYEHHE 3HAYUTEIHHO
COKpallaeT BpeMsl peakUHUH JI1 HECKOJIbKUX Pa3IMYHbIX TUIIOB OPraHUYECKUX H

METAIIOOPTraHMYECKUX TpeBpalneHuii [58—62].

OH OTs
TsCl/
X K,COs4 N
L >
R Microwave R

Solvent-free
R = H, p-NOzy p-CH3’ O-CH3, 2,4,6-CH3

CxeMma 13 — nonydyeHue apuiITO3WIATOB C IPUMEHEHHEM KOHTPOJIUPYEMOTO

MUKPOBOJIHOBOTO M3y4eHUs [57]

B nanHoil pabGore OBUIO MPOBEAEHO CpPABHEHHWE BPEMEHU MPOTEKAHUS
peakiuii U BBIXOJOB MPOAYKTOB MPHU BO3ACHUCTBUM MHUKPOBOJH U MHpU OOBIYHOM
HarpeBanuu a0 45°C. Bo Bcex mpeAcCTaBlIEHHBIX B 3TOM paboTe ciiydasix, MOA

HeﬁCTBHCM MHUKPOBOJIIHOI'O U3JIYUYCHUA pCaKIHA IMIPOXOAUT C 0O0IBIIM BBIXOJOM H CO
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CKOPOCTBIO, ITPEBBIIIAIONIYI0 CKOPOCTh PEAKIIMU TTPU OOBIYHOM HarpeBe Oosiee ueM B
100 pas.

W3BecTeH ele 0OANH aJbTEPHATUBHBIN CIIOCOO MOMYYEHHUS apuiICyJib(OHATOB
0e3 MpPUMEHEHUs] PacCTBOPUTENS 3aKIIOYAETCS B PEAKLUUHM MEXIY XJIOPAHTUAPUIOM
TOJNYOJCYJIb(OKUCIOTH W  (PeHoJaMu B MPUCYTCTBHM  MOJHOKCOMETANIATOB
(monekatanryrpodochar amomunus (AIPW1204) u  ponexkamonubmodocdar
amoMuaust (AIPMo012049) B KadecTBe BBICOKOI(P(HEKTHUBHBIX, HETHTPOCKOIUYHBIX,
HEarpecCUBHbIX, T€TEPOTr€HHBIX U SKOJOTUYECKU OJaronpHusATHBIX KaTaau3aToOpoB s
3 PEeKTUBHOTO TO3WIMPOBAHUSL pa3IUYHBIX cnupToB U ¢eHonoB [63]. Haecky
AIPMo012,040 u QeHon pactuparoT B CTynke npu KomHaTHOW Temmeparype 10-30
MUHYT, 3aTeM Macca Heurtpanmusyerca pactBopom NaHCOs u skcrparypyercs
xsopodopmom. [IpoaykThl oOUHIIATUCh KOJIOHOYHOM XpoMartorpadueil Ha ciaukaresne
cMmechlo atunanerar-rekcan (1:4). Beixonsl mnpoayktoB coctaBuim 45-98% B
3aBUCUMOCTHU OT CJIOKHOCTU CTPOCHHUS CIIUPTA.

[IpeumyiecTBa JaHHOTO METOAA MOTYT OBITh CYMMHUPOBAHBI KakK: BBICOKas
CTEPEOCEIEKTUBHOCTh, XOPOIIHME BBIXOJbI JKEJIaeMbIX MPOIYKTOB, KOPOTKOE BpeMs
peakuuu, MSTKMe YCIoBUsI 0€3 pacTBOpHUTENEH M MpocTas SKCIepUMEHTaIbHas
npoleypa M BBIJCICHHE MPOAYKTAa. ENMHCTBEHHBIM HEJOCTATKOM 3TOH CHUCTEMBI
seisieTcst Beienenne HCI B kauecTBe moOGOYHOTO IPOTYKTA.

Eme omuuM  cmocoboM — monydeHus ~— apwicylb(OHATOB  SIBISETCS
paspaboraunslii Jio X., FOampwkens C. u I'y . Mmeron, 3akmovarommiics B
TO3WJIOKCHWJIMPOBAHUU aHWIHAOB C wucnoib3oBanueM Qenmwmonnna (III) Owuc
(TpudTopamneTaTa) (PIFA), C TOIYOJICYJIb(POKUCIOTOMN JUISTIONYYEHUS
cooTBeTcTBytomero To3mwnara [64]. K pacrBopy anwmmma u BF3*OEt B
anetonutpuwie gobasmsror  PIFA  w  cynedokmcnoTy, peakimoHHass wMacca
MepeMeIINBaEeTCsl MPU KOMHATHOM Temmeparype (cxema 14). BbeIxolbl TpOIyKTOB
cocrapmu  16-97% Ilpumenenne GdeHnINOM030TpUTOp-aneTaTa CrIocoOCTByeT

IMOJTYUYCHUIO ITIapa-OKCUI'CHUPOBAHHLIX IIPOAYKTOB.
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R2 = H, CH3
R3= CH3‘ t-BU, CF3
Cxema 14 — nonyyeHue apuiTO3UIATOB YEPE3 TOZUIOKCHIIMPOBAHUE AHUJIN]IOB

TOJIYOJICYNIbPOKUCIOTOH ¢ ucnoiab3oBanreM PIFA [64]

ABTOpBI TaHHOHM PabOThI TaKXKe MPEACTABISAIOT BO3MOKHbIN MexaHu3Mm PIFA-

HHAYOUPOBAHHOT'O TO3UJTOKCHUIIMPOBAHWA aHUJIINIOB (pI/IC 1)

Ph._ _
I* CFsCO0
o NH__~ o N -
| I . Ph(OCOCFy), ——> L T
-\..\...:_.-.‘::-‘ 0 y -y - Cl'
1 TFA A
y = Phi
CF3C00 CF£00
. _NH_ o~ N._~ w N_ _~
= '”' TsOH ' o > e
OTSE LH #J 8] - [r*-n = 8] " __'.’3'"’[ ”
2 c B

Pucynok 1 — npeanonaraemplii MEXaHU3M TO3WJIOKCUJIMPOBAHUS AaHWIHJIOB

M. Bapbepo ¢ coaBropamu [65] HCTIOJB30BAIN MPUHIUITHAIBHO WHOHN MOAXO0/T
JUISL TIONTyYEHHUs ME3UJIATOB: pAa3jOKEHWE TMpPU HarpeBaHUU apeHANA30HUN O-
O6eH3onaucynbPOHNMHIOB B MeTaHCYIb(hokucimore (cxema 15). B pesynbprate ObLI

MOJIYYEH IUPOKUHN PsIT apUIMETAHCYTH()OHATOB C XOPOIITUMH BBIXOJaMHU.

02 02
S 60-120°C S
+ - —
Ar—N, N 4+  CR3SOH——® Ar—0SO,CH,H, + HN
2 \SD 3903 0.5-8h PAARVIRE] \s
02 02

Cxema 15 — nonydenue apuiMe3nsiaToB [65]
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Kpome Toro, ObuI0 TOKa3aHO, YTO H30MEPHBbIE XJIOp(PEHUIAMAZOHUM O-
OeH30/1IuCyIbPOHUMHIBI  [IPU  HAarpeBaHUU B  TPUPTOPMETAHCYIbPOKUCIOTE
YCIEUTHO MpeBpamiarTcs B COOTBETCTBYIOMIME heHmTpudiatel (cxema 16).

O,
S 90-120°C
.
@—Nz NS +  CR3SO;F ————— /N OSO,CH4F
X ™~ 1-2h P
Cl S
O,

Cl
Cxema 15 — nonmyuenue apuitpudiaton [65]
[IpeumytiecTBaMu TaKOTo MOJX0/Ia 0 MHEHHUIO aBTOPOB SIBIISIETCS MPOCTOE
MOJIyY€HUE UCXOJIHBIX COJIEH TMA30HUS C BBICOKUM BBIXOJA0M 85-99% [66] u BhIcOKad

BApUATUBHOCTL CTPYKTYPBI ITIOJIYHACMBIX CyJ'IB(l)OHaTOB, 3aBHc5IIIIefI OT CTPOCHHUA

VCIOJIb3YEMOW TUAa30HUEBOU COJIH.
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I'naBa 4 ®UHAHCOBBII MEHEIKMEHT, pecypcodPPeKTUBHOCTH U

pecypcocOepexeHune

4.1 lIpeanpoexTHbIN aHaau3. [loTeHMaIBbHBIE MOTPEOUTETH
pe3yabTaTOB MCCJICI0BAHMUS

B mHacrosmee Bpemss apoMartuyeckue dPUpPbl CYIbPOHOBBIX KHCIOT
OPUMEHSIOTCS B IIUPOKOM PSAAY pPAa3iIMYHbIX peakuuid, OJHAKO OCHOBHOE
HanpaBJICHUE MPUMEHEHHS] 3TUX COCIUHEHUN - MPUMEHEHHE UX B peaklMsIX Kpocc-
COUETaHUS BMECTO pAa3JIMYHBIX TAJOT€HUAOB, TaK KaK CyJIb(OHATHBIE TPYIIIIbI
oOnamalT xopomied yxoasmed crnocoOHOCThIO. Peakiuum  Kpocc-codyeTaHus
OPUMEHSIOT B  MPOMBIIIJIEHHBIX  Mpolleccax, B  YacTHOCTH, B  CHHTE3€
(apmaneBTHYECKUX MPEenapaToB.

B mnameii paGote uccienyercss U ONTUMHU3UPYETCS METOJ MOJIY4YeHUs psaa
3¢UpoB Cynb()OKHUCIOT, U B JaJbHEHIIEM, pe3yJabTaThl dTUX HCCIEIOBAHUNA MOTYT
OBITH UCIIOJIB30BAHBI B MPOU3BOJICTBE PA3TUUYHBIX CYOCTaHIUH.

MOoXHO clenaTh BBIBOJ, YTO MOTCHIIMAIbHBIMU MOTPEOUTENIAMH Pa3IUYHBIX
apwicyib(QOHATOB  SBIAIOTCS TPEANPUATHSA, 3aHUMAIOIIMECS MPOU3BOJCTBOM
XUMUYECKHUX peareHTOB u cyOcTpaToB, a TaKXKe NpEeANPUITHUSA,
CHEIUANTM3UPYIOMNECS Ha BBITYCKe (DapMalieBTUUeCKON MPOTYKIIHUH.

Jlns  aHamm3a  moTpeOuTeNne  ObUT  PAacCMOTPEH  IEJIEBOM  PHIHOK
(apMaLleBTUYECKUX MPOU3BOJAUTENEH M  MPOBEJEHO €ro CEerMEeHTHUpPOBaHHE.
CerMeHTHpOBaHME PhIHKA MTOTpeOUTENCH TaHHON PabOThI MPOBEACHO HA OCHOBE ABYX
dakTopoB: pasmep (DapManeBTHUECKOW KOMIIAHMM W cepa TPHIOKEHUS

OroMaTepuaos.
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Cdepa npusiokeHust 6MoMaTEPUAIOB
EBpomneiickuit CIIIA
COI03

Poccus

Meinkue

Cpennue

I'oToBBIEC TIEKApPCTBEHHBIE CuHre3 cyOcTaHIUi

CpeacTBa

PucyHnok 4.1 — Kapra cerMeHTHpOBaHHs IOTEHIIUATBHOTO PhIHKA

Kak BumHo wu3 pucynka 4.1, OCHOBHOM pBIHOK  POCCHUHCKOMN
(dbapmaneBTUYeCKON MPOMBIIIUICHHOCTH, B OTJIMYKME OT 3apyOEKHBIX, COCTaBJISET
MPOU3BOJICTBO TOTOBBIX JIEKAPCTBEHHBIX CpeAcTB. Pa3spabaThiBaemble Hamu
METOJIMKH CUHTE3a MOTYT ObITh IPUMEHEHBI B CUHTE3€ JIEKAPCTBEHHBIX CyOCTaHIIUN
Ha tepputopuu Poccun.

4.1.1 AHaIu3 KOHKYPEHTHBIX TEXHHYECKUX pellleHUil ¢ mo3uIuu
pecypcod3dPeKTUBHOCTH U pecypcochepeKeHus

JleTasbHBIN aHANM3 KOHKYPUPYIOIIMX pPa3paboOTOK, CYIIECTBYIOIIMX Ha
PBIHKE, TIPOBOAMUTCS PETYISAPHO, TOCKOJBKY PBIHOK MPEOBIBACT B MOCTOSHHOM
INBWKEHUHM. AHaluM3 KOHKYPEHTHBIX TEXHUYECKMX pEIIEHHH C  TO3ULHUHU
3(¢(HEeKTUBHOCTH HUCHOJIb30BAaHUS PECYPCOB IO3BOJSET OCYIIECTBUTH OLIEHKY
CpaBHUTENBbHOU J(P(HEKTUBHOCTH HaIlIed HAydYHOW pa3pabOTKM U OIpPEAeNUTh
HAIPaBJICHHS 11 COOTBETCTBYIOIIETO MOBBINIEHUS () PEKTUBHOCTH.

JlaHHBIM aHaNU3 OCYLIECTBISIETCS C MOMOIIBIO OLICHOYHOM KapThl, KOTOpas

npejcTaBieHa B Tabmuie 4.1.
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Tabmuuma 4.1 -—

TEXHUYECKUX pellleHni (pa3padboTok)

Ouenounass kapra s

CpaBHCHHUSA KOHKYPCHTHBIX

Bec banmnel KonkypeHTocnocoOHOCTh
Kpurepuu oneHku kpure | B | Bk | Br2 | Ko Kk1 Ki2
-pust
1 2 31 4 5 6 7 8
Texunyeckue KpUTEpUH OLCHKHU pecypcod(PpPeKTHUBHOCTH
1. DKOIOrHYHOCTH 0,1 6 |6 4 0,6 0,6 0,4
2. Y100CTBO B 9KCIUTyaTaluu 0,05 5 |3 6 0,25 0,15 0,3
3. [IpocToTa MeToAMKHU 0,11 9 |9 6 0,99 0,99 0,66
4. CxopocTb npotekanus | 0,11 4 |3 5 0,44 0,33 0,55
peaknuu
5. JAuTenbHOCTh peaKIuu 0,1 4 |3 6 0,4 0,3 0,6
6. Beixo 11eeBoro mpoaykTa 0,08 4 |5 5 0,32 0,4 0,4
7. VcnoBus nposeaenus | 0,02 6 |6 4 0,12 0,12 0,08
peakuuu
8.KoHkypeHTOoCTIOCOOHOCTB 0,15 5 |5 5 0,75 0,75 0,75
IPOJYKTa
9. Ilena 0,1 5 |5 3 0,5 0,5 0,3
10.YpoBeHb  MPOHUKHOBEHHS 0.1 3 |3 4 0,3 0,3 0,4
Ha PHIHOK
11.dunancupoBaHNE HAy4YHOM 0,03 5 |3 3 0,15 0,09 0,09
pa3paboTKu
12.Cpok BbIXOAa Ha PHIHOK 0,05 4 |5 5 0,2 0,25 0,25
HUrtoro 1 5,02 4,78 4,78

b¢ — Ilonydenune apomaTrueckux 3pUpoB CyJIbHOKUCIOT YEPE3 TEPMUUECKOE

pazliokKEeHUe M-3aMEUIEHHBIX coJiel (PeHMIANAa30HUS B TPUCYTCTBUU

COOTBETCTBYIOIIEH CYIb(POKUCITOTHI (7151 yI0OCTBA CPaBHEHHSI BO3bMEM PEAKIIHIO C

TPUPTOPMETAHCYIHPOKUCITOTOH );

bx1 — [Momyuenune apomatudeckux 3pUpoB CyIbHOKUCIOT Yepe3 TEPMUIECCKOE

pa3lioKEeHUEe apuIAua30Hui 0-0€H30IIUCYIb()OHUMHIOB B

tpudTopMeTaHcyinbhokuciaore [53];
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bx2 — Ilonydyenue apuicynbpoHaToB peakiueit heHona ¢ aHruapUaOM
TpudTopMeTaHCYIb(HOKUCIOTH B IByX(asHoi cucteme Tonyoi- KsPOs BoaH. [37].

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PELICHU orpeaensercs no Gopmyne:
SR
I'ne K — KOHKYpeHTOCTIOCOOHOCTh HAy4YHOH pa3pabOTKU UM KOHKYPEHTA,

Bi — Bec mokazarens (B goisix enquHuIb); bi — 6at iI-ro moka3zaTerns.

Pacuet k03 puiineHTa KOHKYPEHTOCTIOCOOHOCTH

K =0 =502 _ 4 9502
K., 4,78

Koaddunment konkypeHTOCTIOCOOHOCTH OoOblie 1, 4YTO yKa3biBaeT Ha

CIIOCOOHOCTD HaHHOT'O UCCIICAOBAHUA COCTABUTH KOHKYPCHIIMIO Ha PBIHKC.
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4.1.2 Imarpamma Ucukasbl

Huarpamma HcukaBel — croco0, MO3BOJSAIOMNNA Tpaduyecku H300pa)kaTh NMPUUYUHHO-CIIECTBEHHBIE CBSI3U MEXIY

dbakTOpaMu U MOCHEACTBUAMU B JaHHOM HcciefaoBaHuu. st naHHO#M pa®oTel nuarpamma VMcukaBbl mpeacTaBieHa Ha PUCYHKE

4.2.

TTnunran

MMamansra ™ Hevanmaraurorn "en(\n"a T

Danfrnnnvrrn ™
Hurwraa aurrara \
Monmamanama
»
>
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IMTnoanowrvrarorra

V
TToAavaa

Hunvraa rmuarrara Hunrvuais prrvan

Hananrttaa
"ﬂﬂn“n""n“"
/ » Y XN mnanramrnrrmadhirsrnnr
Henocrarok HesepHsrit BI)I6()p/ /

ohoNVITORAH
MeTona

Hoaranmamarnmra Hesnanue
OTpunarejbH
blil pe3yJbTaT

EFEAN T ATIAD OTTTETE

YnyvmracTe

BBICOK 3arpsA3HEHHOCTD WU

OrpaHnyeHHOCT
[ P .
b [ @ PR
/ 7 JOCTYITHBIX
Hucrora
Cnoxdocts  OrpaHH4eHHOCTD pacTBopuTeseit 3
P~ JOCTYITHOTO NEanvmana ArpASHCHHOCT HCI/ICHpaBHOCT (M"namncrba

PP~V

Pucynok 4.2 —O0muii Bua auarpammel Mcukasl 11 pa3pab0TKH HOBOTO METOJIa CHHTE3a apHIICYIh(OHATOB
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4.1.3 OueHka roTOBHOCTH MPOEKTA K KOMMePUUAIU3AIUN

CrerneHb TOTOBHOCTH HAay4YHOI'o IIPpOCKTa K KOMMCpHOHUAIMU3alUUu MOKHO

OICHUTL C IIOMOIIBIO pAda KPHUTCPHCB. bmank OLCHKHM TI'OTOBHOCTH AJAaHHOI'O

HAy4YHOT'O MPOEKTa K KOMMepIUaIn3aluy MpeaocTaBieH B Tadbuuue 4.2.

Tabmuua 4.2 — braHK OLIGHKM CTENEHHM TOTOBHOCTH MPOEKTa K
KOMMeEpLHaAIU3aLuu
Crenennb Yposenr,
Ne UM XCS
HaumenoBanue NpopaGoOTAHHOCTH .
n/n 3HAHMH Y
HAY4YHOI0 MPOeKTa
pa3padoT4yuka
1 OnpeneneH UMEOINICS HayYHO-TEXHUYECKHI 5 4
3ajen
OmnpenesneHbl MepCIeKTHBHBIC HAPaBICHUS
2 |KoMMepluaNnn3anui HayIHO-TEXHUIECKOTO 3 2
3ajena
3 Omnpenenenbl OTpaciau U TEXHOJIOTHH (TOBaphI, 2 5
YCIIYTH) JUTsl IPEJIOKEHHSI HA PhIHKE
Omnpenenena ToBapHas (hopMa HayqHO-
4 |TeXHWYECKOTO 3ajesia Il MPeCTaBICHUS Ha 2 2
PBIHOK
5 OmnpenesneHbl aBTOPHI U OCYIIECTBIICHA OXpaHa 3 9
UX 1IpaB
5 [IpoBesneHa oleHKa CTOMMOCTH 5 9
WHTEJUICKTYaJIbHOW COOCTBEHHOCTH
7 [IpoBeneHbI MAPKETUHTOBBIC UCCIICTOBAHMSI 5 9
PBIHKOB COBITA
8 Pa3paboTan Ou3HEC-TUIaH KOMMEPIUATH3AUN 1 1
HAy4YHOU pa3paboTKu
9 OmnpeeseHbl MyTH TPOABIKECHHUS HAYYHOH 5 1
pa3pabOTKK HA PHIHOK
10 Pazpaborana crparerus (popma) peaausanuu 5 3
HAy4YHOH pa3paboTKu
[TpopaboTaHbl BOMPOCKI MEXTyHAPOIHOTO
11 |coTpynHuvecTBa U BBIXOJA Ha 3apyOEKHBII 2 2
PBIHOK
IIpopabGoTaHbl BOIPOCH! HCHOIB30BAHUS YCIYT
12 |uH}pacTpyKTyphl MOANEPKKH, OTYyUESHUS 4 3
JBIOT
13 [TpopaboTanbl BOPOCH (PUHAHCHPOBAHUS 3 3
KOMMepIHAIN3alluid HayqYHO! pa3paboTKu
14 Nmeercss xomaHma s KOMMEPIIUAIHU3AIMH 3 5
Hay4HOU pazpaboTKu
15 [IpopaboTan MexaHHU3M pean3alui HAyYHOTO 4 4
IPOEKTa
NTOI'O BAJIJIOB 41 37
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O1ieHKa TOTOBHOCTH HAYYHOT'O MPOEKTA K KOMMEPIUATU3AINH (MIIH

YPOBEHb UMEIOIIMXCA 3HAHUH y pa3paboTUMKa) pacCUUTHIBAETCS MO PopMyIie:

chM = ZBi

3HaueHue b¢yy paBHO 37, U3 4Ero MOXKHO CHENaTh BBIBOJ O HAIWYUU Y
JAHHOTO MPOEKTa CPETHETO YPOBHS MEPCHEKTUBHOCTA KOMMEPLUATU3ALUH.

Henocratkom siBisieTcst cinabast mpopabOTKa CTpaTeruy BHEAPEHUS TaHHOU
TEXHOJIOTUU Ha NTUPOKUN PHIHOK.

4.1.4 MeToabl KOMMEPUUAIN3ZANMUYU Pe3yJIbTATOB HAYYHO-
TEXHUYECKOI0 HCCJIeI0BAHMS

st KOMMepIUaIU3aluu pPE3yNbTaTOB HAYYHO-TEXHUYECKOTO
UCCJIEIOBAHUS MOXKHO HCIOJB30BaTh TOPTOBIIO MATEHTHBIMU JIMIICH3USIMH, TO
€CTh, ATO TpoAaxa pa3pabOTKU HMCCIEIOBAaHUS TPETHUM JIMLAM-JIMIIEH3HAaTaM, a
TaK)K€ C TMOMOIIBIO OPraHU3alMUd COBMECTHBIX MPEANPUITHI, paboTaoImuX Mo
CXEM€ «POCCUUCKOE MPOU3BOACTBO — 3apyOEKHOE PACTIPOCTPAHEHUEY.

Hcnonb3oBanue TOProBiAM TMATEHTHBIMHU JUIEH3USIMH, HalEJIeHO Ha
JanbHeWIee COTPYAHMYECTBO C 3apyOEKHBIMU CTpaHaMM, YTO MO3BOJUT
NOBBICUTH 3(P(HEKTUBHOCTh MCCIENOBAHUS U OCYIIECTBIATh TEXHOJOTHYECKUU U
HAyYHO-TEXHUUYECKUH OOMEH, a TakKe OOMEH OIBITOM PabOTHI MEXIY JIOJbMH U3
pa3HBIX CTpaH, pabOTAIONIMMK B JaHHOW oOsacTH. Takoil HaydHO-TEXHUYCCKHM
OOMEH HEM3MEHHO TMPHUBOJAUT K OSKOHOMHUYECKOMY pAa3BUTHIO CTpaHbl M
YKPEIUICHUIO MEKIyHAPOIHBIX YKOHOMHUUYECKUX OTHOLIECHUM.

Opranuzanusi COBMECTHOTO MPEANPUATHUS MEPCIIEKTUBHA MTPUBJICYEHUEM B
CTpaHy IEPEIOBbIX TEXHOJIOTHI M MX BHEJIPEHUEM B Mpou3BoAcTBO. Kpome Toro,
MO00HBIE COBMECTHBIC MPEATPUATUS SBISIFOTCS UCTOYHUKAMH JOTIOTHUTEIHHBIX
MaTepHATBHBIX U (DHHAHCOBBIX PECYpPCOB, MOCKOJIBKY MPUBIEKAIOT WHOCTPAHHBIN
KanuTal B POCCHICKYIO 3KOHOMUKY. biarogapsi 3ToMy CTaHOBHUTCSI BO3MOKHBIM
pacuIMpeHrue SKCHOPTHOM 0asbl, COKpalllEHHE MMIOPTAa W PACUIMPEHUE PBIHKOB

cOBITA.
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4.2 Manuuanus NpoeKTa

[Ipy  wHUIUMAIMM ~ UCCIIEIOBATEIIbCKOIO  MPOEKTa  OMPEACSIIOTCS
MepBOHAYAIBHbBIE IEJU TMPOEKTa WU COJepkKaHue HayuyHOU paboTel. Takxke, B
JAHHOM pa3Jielie OMNpeNessioTcs HadallbHble (UHAHCOBBIE 3aTpaThl. s
s dexkTuBHON paboOThl B paMKaxX JAaHHOTO TIPOEKTa Takke HeoOX0oauMo
OMpENEeNIUTh BHYTPEHHHE U BHEIIHUE 3aWHTEPECOBAHHBIE CTOPOHBI IPOECKTA,
KOTOpbIE BJMSIOT Ha OOIIUNA pe3yldbTaT HAYYHOTO HccienoBaHus. s sToro
HAy4YHOTO TMPOEKTa WMEIOTCS 3aMHTEPECOBAHHBIC TPYIIIBI, MPEICTABICHHBIC B
tabnune 4.3, Hwke, B Tabnuue 4.4, yka3aHbl HadaJbHBIC IIEIM U PE3yJbTaThl
paboThl HAJ MPOEKTOM, a Takxke pabodas Tpymma, BHIMOJHSIONMAS JIAHHOE
uccienopanue (Tabmuma 4.5).

4.2.1 llesn u pe3yJIbTaT MPOEKTA

B nanHoM pasnmene mnpuBeneHa wuHOOpMalUS O 3aUHTEPECOBAHHBIX
CTOpOHAX MPOEKTA, UePAPXUH IIeJIeH TPOCKTa U KPUTEPUIX JTOCTUKEHUS IICIICH.

Tabmuma 4.3 — 3anHTepecOoBaHHBIE CTOPOHBI ITPOCKTA

3anHTepecoBaHHbIE CTOPOHBI IPOEKTA O:xuaHus 3aMHTEPECOBAHHBIX CTOPOH
[TonmydeHre MpOMEKYTOUHBIX COETUHEHU C
Hayunblit pykoBoaHuTeIb IOCTATOYHOM YMCTOTOM IS NAJIBHEMIIIErO

CHUHTE3a C MPUEMIIEMBIMH BBIXOJIaMU U
HENOCPEACTBEHHOE MOJTYyYeHHE KOHEUHBIX
MPOJYKTOB C JOKA3aTeIbCTBOM HX CTPYKTYPBHI.

Maructpant

Tabmuma 4.4 — Llenu u pe3yapTaT mpoekTa

Co3panue MeToga CHHTE3a psia 3aMEIICHHBIX apOMaTHYECKHX 3(HUpPOB
Cynb()OHOBBIX KMCIOT Ha IpUMeEpe peakuuil psiza cynb(OHATHBIX coJel
Lenu npoekra: 3aMEIIEHHOr0  apWIOWA30HHA C HEKOTOPBIMH  CyJIb(OKUCIOTaMHu,
onucanue (U3MUECKUX CBOMCTB M CHEKTPAJbHBIX JAHHBIX MOTY4YECHHBIX
COCAMHEHUH, CPABHEHUE C JIUTEPATYPHBIMH UCTOUHUKAMH.

HOJIyquI/Ie pdaa paHee HU3BCCTHBIX, 4 TAKIKXEC HOBBIX apOMAaTHYCCKUX

O:xupnaembie pe3yJibTaThl
3¢upoB CyJIb(OKHCIOT C HCIOIb30BAHUEM pPa3pabOTaHHOrO MeTona

NpoeKTa: .
CHHTE3a JaHHBIX COSTUHEHUH.

Kpurtepuu npuemkn BocnponsBoarMocTe  METOIUKH, SAMP-cniekTpsl, TEeMIEpPaTypbl
pe3yJibTara NpoeKTa: riaByieHus, cnekTpel ['X-MC

TpedoBanue:

Bricokue BBIXobI (ITperapaTUBHbIE) [ENEeBBIX 3(DUPOB.

TpeOoBanus Kk pe3yabTaTy

PazpaboraHHasi MeToaMKa JOJDKHA ITO3BOJISATH IMOTYYaTh IIMPOKHHA PSIT
NMpoeKTa:

apoMaTU4ECKUX 3(PUPOB CyNIb(OKUCIIOT.

CoOOTBETCTBHE CIIEKTPOB CTPYKTYpPE COENNHEHUI
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4.2.2 Opranu3alluOHHAsA CTPYKTYpPa NMPOEKTa.

Ha nanHOM »3Tane€ MHULMAUMU MPOEKTa MpUBEAEHA Bcs pabodvas rpymnmna

JaHHOI'O ITPOCKTA, OIIPCACJIICHA POJIb KaKIO0T0 Y4YaCTHHUKAa B JaHHOM IIPOCKTC, a

TaK¥XKEC

TPYA03aTPaThl B IPOEKTE.

MPOTNUCAHBI

Tabnuua 4.5 — Paboyas rpynna npoekra

(bYHKHI/II/I, BBIIIOJIHACMBIC KaXIbIM M3 YY4CTHUKOB M HX

e davuaua U.0.
I /;1 MecTO padoThl, DYyHKIUHN B POEKTE OcHoOBHBIE 005I3aHHOCTH
JOJIZKHOCTh
Ocy1iecTBIsIeT 1eTaTbHOE
TJIAaHUPOBAHUE TTPOCKTA;
KpacHokyrckas Enena p P ’
AnexcaHJpoBHa, JI.X.H.
. Ap > 1L PYKOBOIHTEH MPOSKTA MH(GOPMALIUIO JUIS CO3JaHUS U
npodeccop aKTyaJIn3alliy TIAHOB PaboT;
KOHTPOJIUPYET CPOKHU BBITIOJTHEHHSI
paboT Mo MPOEKTYy
Camxmuea A.H., acupanT Koopnuuamwmst neficTBuit OkazaHue MOMOIIM B peain3aluu
JUISL BBITIOJIHEHUS PaOOTHI IIOCTaBJICHHBIX 3aJ1a4 B paMKax
HUCITOJTHUTCIIA Een HpoeKTa.
Epun Kupunn
o | Amutpuesny, HcnonnuTtens mpoexTa BrinoJsiHsIeT mpoexT
MAarucTpaHT
[Tononpuropa Uruar Koncynbtant o Oka3zaHue METOOUYECKON ITOMOIIU
BanepneBuy, K.3.H., paszneny «®@UHAHCOBBIA | TP pabOTe HAM pa3/IeiIOM
JIOLICHT MEHEKMEHT, «PHUHAHCOBBIM MCHEHKMECHT,
3 pecypcoddhPekTUBHOCTD | pecypcodPPEeKTUBHOCTh U
U pecypcocOepekeHue» | pecypcocOepekeHne) B
MAarucTepcKon auccepTauu
Pomanosa Cpetrnana KoncynbranT no Oxazanue METOAUYECKOU
BrnapumuposHa, pasneny «CouuanbHas MOMOIIIKM TP paboTe  Haf
4 crapimii OTBETCTBEHHOCTHY pasnenom «ColpanbHan
HPCII0AaBaTCIIb OTBETCTBEHHOCTb»
Pri6ymikina CBeTiiana OkazaHue METOIMYECKON TTOMOIITU
BnagumuposHa, npu paboTe Hall IEPEBOJOM YacTu
5 N KoHCynbTaHT-TMHIBUCT N
cTapIun MarucTepcKoM AuccepTaluy Ha
MpenoaBaTeb WHOCTPaHHBIN A3BIK
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4.2.3 OrpanuyeHus W 1ONMYIIeHUS NMPOEKTA

K orpanuueHussM mnpoekTta OTHOCAT T€ (PAKTOpbl, KOTOpPbIE MOTYT
MOCIIY)KUTh OTPaHUYEHHEM CTENEHU CBOOOJBI YYAaCTHUKOB IPOEKTa, a TaKXKe
«TpAHMIIBI IPOEKTA» - MApaMETPbl MPOEKTA WM €ro NPOAYKTa, KOTOPbIE HE OYIyT
peann30BaHbl HA TAHHOM dTarle uccienoBanus (Tadnumna 4.6).

Tabnuua 4.6 — OrpaHudyeHus IpoeKTa

dakrop Orpanunyenust/ 1onymeHnst

brojpker npoekra -

WcTounuk GpuHaHCcHpOBaHUS -

Cpoku mpoekTa 10.2018 — 06.2019
JlaTa yTBEep KJIeHUS TIJIaHa YIPaBJICHUS TPOCKTOM 5.10.2018
Jlata 3aBepiieHust MPOeKTa 3.06.2019
[Ipoune orpannyenus u gonymeHus ™ He nmerorcs

Takum 06pa30M, MbI OINPCACINIIN B pPaMKax HWHHIOHWALOWUKW IIPOCKTA
Ha4dYaJIbHBIC ICIIN U q)HHaHCOBBIG PECYPChI, 3AUHTCPCCOBAHHBIC CTOPOHBI IIPOCKTA,
,ZIGI\/iCTBI/I}I KOTOPBIX HAIIPAaBJICHBI HA NOCTHKCHHC O6I_HGFO pe3yibTarta. Taxsxe ObLI

IMPOBCACH aHAJIN3 BCCX OI'PAHUYUTCIIbHBIX (i)aKTOpOB JaHHOT'O ITPOCKTA.

4.3 IlnanupoBaHue yNpaBJeHUs] HAYYHO-TeXHHUYECKHUM MPOEKTOM

4.3.1 Nepapxudeckasi CTPYKTypa padoT mpoeKTa

Hepapxuueckas crpykrypa pador (MCP) — neranuzamms yKpyImHEHHOM
CTpYKTYypbl pabor. I[lnaHupoBaHHEe HAYYHOTO MPOEKTa COCTOUT M3 IMPOIECCOB
OTIpEJICNICHHSI 1IeTTU palbOoThl, pa3pabOTKU TOCIEAOBATEIBHOCTH JIEUCTB U OOIIETO
comepkaHusi pabOThl, TpPeOyeMbIX IS JOCTIDKEHUS OMPEJCICHHBIX IeTeH.

Pe3ynbTaT miianupoBaHus MPEACTaBICH HA pUCYHKe 4.3.
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[ Maructepckad JHCCepPTALHA
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@.1

[logroToEHTETERENR ]

paboTh

-
@.1.1 Hzyuemme
IHTeDaTVDEI

l
)

[ . 111

CocTaemeHne 112
MET O HE

el

IMomyweEme HEXOMHER ]

[ 1.1.1.1 TPOIYETOE

$2 Iposemerne
CHHI 233
’_‘;'l P Owmrctra ]
@3 TMomyemme
NPogVETOE {eakInn r
&, Hp errrodwixa s
l 32 EELIECTER
|
Oroicamme
semects & 32.1 | Homepeme TemmepaTypsl &, Monyuetme
TUTAE SENLE 322 CTIEKTPOE
I A POMATOTPAMM
$ 4 HccnegoEaHne CEOIICTE
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d 51 CocTaemerre OTYSTOE,
TROMHIT

Pucynok 4.3 — Hepapxuueckasi CTpyKTypa padboT 10 IpOEKTy

4.3.2 KoHTpOJIbHBIE COOLITHS IPOEKTA

Tabmuma 4.7 — KOHTpoJIbHBIE COOBITHS ITPOEKTA

()
I‘E; KO:OT;:) (::ll;:oe Jara PesyabTat
1 Ecsz:::;f;mepmypﬁmx %%1222%]5%_ CocraBrieHue JUTEpaTypHOTO 0030pa
[IpoBeneHne MOATOTOBUTEIBHBIX CHHTE30B:
2 [IpoBenenune 10.10.2018- MONyYeHHNE NCXOMHBIX TTPOAYKTOB,
MTOTOTOBUTEIBHBIX pa0OT 30.12.2018 HEOOXOANMBIX IS AalIbHEHIIero CHHTE3a;
OYHCTKA BEIECTB
03.12.2018- OntuMuzanys ¥ peanu3anus pa3padoTaHHON
3 Pabora HaJ MarucTepcKoin 30.05 .2019 METOJIKH TIOTY4YEeHHUS apUiICyIb(POHATOB
Jccepraeii 01.04.2019- Hammcanue Marucrepckoil Auccepranum
01.06.2019
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4.3.3 Il.1an npoexkTa

JUis TTaHUPOBaHUS KaKOro-MM00 HAYYHOIO MPOEKTa HEOOXOIMMO BBICTPOHUTH
KaJeHJapHbIM IUIaH mpoekTa. KaneHaapHbli IuiaH JaHHOTO MPOEKTa OTOOpakeH B
Tabnuue 4.8.

Tabnuua 4.8 — KanenaapHelil miian mpoekTa

Cocras
YYaCTHHKOB
Kon JINTeIbHOCTD, Aara Aara (®HO
padoTt Havajaa OKOHYAHHUS
Ha3Banue JTHHU OTBETCTBEHHBIX
bl padoTt padoTt N
VICTIOJTHUTEJICH )
1 JlutepaTypHbIii 0030p 55 15.10.2018 | 30.12.2018 Epun K. .
CocraBneHne MEeTOIIK Kpacnokyrexas
2 6 20 8.10.2018 | 06.11.2018 E.A.,
PabOThI CamxmueB A.H.
IIpoBenenue peaxuuii
TIOJTy4EHUSI
apuiICcynb(pOHATOB C
Epun K.JI.
3 MTOCIEAYIOIMMH 138 06.11.2018 1.06.2019 Caroxies. AL
W3MCHEHUSIMH B
TepBOHAYAILHOU
METOJINKE
HccnenoBanue
4 CBOICTB, aHATH3 16 06.05.2019 | 30.05.2019 Epuit K.JL
Canxwuer A.H.
MOJTYYCHHBIX BEIIECTB
Epun K./I.,
5 Obcyicnerne 2 30.05.2019 | 01.06.2019 | Cwiues AH,
PE3yNbTaTOB KpacHokytckas
E.A.
Epun K.JI.
6 CocrapieHue oriera 18 01.05.2019 | 03.06.2019 KpacHokyTckas
E.A.
HToro: 201
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Tabmuma 4.9 — Kanennapusiii mian-rpadux nposeaenuss HUOKP no teme:

Pa3paboTka HOBOro MeTO/1a CUHTE3a apUiICyIb(OHATOB

Tk, MpoaoNKUTENBHOCTL BbINOJHEHUA PaboT
pab.
08.10. 15.10. 06.11 06.05. 30.05. 01.06.
OH
2.
2018 2018 2018 30 2019 2019 2019
K
oA UcnonHutenun 2018
pabot ) ) ) ) } }
15.10 06.11. | 3012, | 0005 | 3005 | 01.06. | 03.06.
2019
2018 2018 2018 2019 2019 2019
1 MaructpaHT - -
55
2 Pykosoautenb
20
AcnupaHT I
3 AcnupaHT
138 B D
MarucTpanT I I N |
4 AcnupaHT
16
5 MaructpaHTt [
AcnupaHT 2 I
Pykosoautenb
6 MaructpaHT
18 I I N e
Pykosoautenb
uToro
158
PykoBogurens
Acnupant —
MarucrtpaHt ]
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4.4 BroKeT HAY4YHOT 0 UCCJIEeA0BAHUSA

[Ipu mnnaHupoBaHuM OIOJKETA HAYYHOTO HCCIEIOBAHUS JOJDKHO OBIThH

00ecre4eHo IOJIHOE M JOCTOBEPHOE OTPaKEHHE BCEX BHJOB IUIAHUPYEMBIX

pacxoaos, HCO6XOI[I/IMBIX JJIA €I'0 BBIIIOJITHCHUS.

4.4.1 Cpipbe, MaTepHaJibl, NOKYIHbIE U3/1eJU (32 BLIY€TOM 0TXO0/10B)

B ostoM pasgene BKIIOYAKOTCA

3aTpaThl

Ha CBIPBCBLIC MATCPHUAJIBI,

KOMIUICKTYIOIINX HOHy¢)36pI/IKaTOB )51 I/IBILCJ'II/If/'I, H€O6XOIII/IMBIX JJIs1 BBITIOJIHCHMUA

pa6OTBI. HOTpe6HOCTB CBIPBCBBIX MATCPHUAJIOB OIPCACIICTCA IO KOJIHUYCCTBY HX

pacxoaa.

Tabnuua 4.9 — Ceipse, MaTepualibl, KOMIUIEKTYIOIIUE U3ECIUS U MOKYIHBIE

nosypadpuKaThl
HawnmenoBanue Egunnma KommuectBo Lena 3a en., pyO. 3aTpaTel Ha MaTepUabl,
H3MeEp EHMsI (tapa) (Bw), pyo.
Jdumernncynbd hi§ 10 4231,5 4231,5
OKCHJ
Juxaopmeran b} 41 291 1164
Ju>THIIOBEII hi§ 4n 400 1200
adup
I'excan 1 47 182 728
Oranon b In 140 140
Aueron 1 47 103 412
OTnnanerat 1 61 153 918
T-OyTHITHUTPUT MIT 100 M 3500 3500
DL-10-kamdopa r 100 r 3000 3000
CyIb(pOKHCIOTa
n- r 100 r 15360,05 15360,05
TONYOJICYNb(OKUCT
oTa
Tpudropmerancyib r 100 r 2913,91 2913,91
(hoxucnora
Bcero 3a marepuansl 33567,46
TpaHCIOPTHO-3aroTOBUTENBHBIE pacxobl (3-5%) 1678,373
Htoro no cratbe Cy 35246
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4.4.2 CneuuajibHOe 000pyI0BaHHUeE AJIs1 HAYYHBIX (IKCIIEPUMEHTAJbHbIX)
pador

B nanHyro cTaThi0 BKJIIOYAIOTCS BCE 3aTpaThl, CBSA3aHHBIE C MPUOOpETeHHEM
cenuanbHoro  obopynoBanus. OmnpeneneHHe CTOMMOCTH — CHE000pYJOBaHUS
MPOU3BOAMUTCS 1O JACUCTBYIONIMM TpelckypantaM. CTOMMOCTh 00OpyIOBaHUS,
MMEIOIIETOCS] B HAYYHO-TEXHUYECKON OpraHu3alliy, YYUTHIBAEM B KAJIBKYJISIUU B
BUJIC aMOPTU3AIMOHHBIX OTYHCICHUH.

Tabmuua 4.10 — Pacuer Orwmkera 3arpaT Ha  npuoOpeTeHue

CHen000py10BaHMsl ISl HAYYHBIX paboT

Kon-Bo Ilena
Ne | HaumenoBanwue zlg;g;;() . CAHIN | O6man
n/m | o60pyaoBaHUS BAHIA N e— ) 06OPYI[0B<;§:;MOCT
pyo. pyG. ’

1. | Hummauap 3 120 360
2. | lratus 1 1800 1800
3. | Konba kpyrmononnas 2 97 194
4. | Crakan 6 91 546
5. Konb6a mimockomonHas 3 65 195
6. | [lanouyku cTeKIsIHHbIE 3 13 39
7. | Tepmometp 1 200 200
8. [IpsiMoii X010 TMITBHUK 1 260 260
9. | Hedmermarop 1 1190 1190
10. | INumerka mepHas, 0,1 mu 1 171,9 171,9
11. | Iumerka mepHas, 1 M 3 54 162
12. | ITunerka mepHas, 10 v 3 46 138

Hroro 5256

4.4.3 PacyeT aMOpPTH3aLIMOHHBIX OTYHUCJICHUH

3arpaThl ONPEESI0TCS B BUAC aMOPTU3ALHH 110 (hOpMyIIe:

_ Z K.:.ﬁi 'Huﬁa' ’ TDEii

Ean 365-100
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rae Kosi — crouMocts en. mpubopa uinu odopynoBanusi, pyo0.; Hayi — HOpMa
amopTu3auuu mpubopa win oOopynoBaHusi, %; To — BpeMs HCMOIb30BAHUS

o0opyI0BaHUs, JHHU.
Tabmuua 4.11 — Pacuer Oromxera 3arpar Ha npuoOpeTeHue

cnenoOopyI0BaHus sl HAYYHBIX padoT

Cymma
HaumenoBanue Llena equHuULIBI Bpewms Hopma aMOPTHU3ALHOH -
No 000pyIOBaHUS 000pyIOBaHHUs, | WUCIOJB30BAHUS, | aMOPTH3AIMK | HBIX OTUUCIICHHUM,
B Ko6i,py6 To0i,1an ,Hawmi, % Eawm, pyo0.
DNEeKTPOTUIUTKA
c
1 MAarHMTHO 18500 90 10,4 4744
Y MeIIaJIKon
HP-
20D-Unit
Becni
aQHAJIUTUYECKUE
2 [HTR- 40120 1 8,8 9,67
120CEShinko
3 | AKBaIUCTHIISITO 19467 50 10 266,7
p A2-4-2M
I"azoBbIit
xpoMarorpad
4 Agilent 7890A 3727994 10 11 11235,05
5 | Ucnapurens 98430 20 10 539,34
POTOPHBII
Hroro 12525

4.4.4 Pacuet ponaa 3apaboTHOM MJIATHI

CraThs BKIIOYAET OCHOBHYIO 3apa0OTHYIO MIIaTy paOOTHHUKOB,
HETMOCPEACTBEHHO 3aHSATHIX BBIIIOJIHEHUEM MPOEKTA, (BKIOYAs MPEMUH, AOIIATHI) U
JOTIOJIHUTENbHYIO 3apa00THYIO TIJIaTy.

C3H - 3OCH + 3Z[Ol'[

rae 3o — OCHOBHAS 3apaboTHAas 11aTa;
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3101 — IOTIOJTHUTENbHAS 3apab0THAS IJIaTa
OcHoBHast 3apabotHast miaata (3¢) PYKOBOIUTENS PACCUUTHIBACTCS TI0

cienymwiieit popmyre:
3OCH = 3,HH ) T

pab

riae 3o — OCHOBHAs 3apabOTHas IjIaTa OJHOTO pabOTHHUKA;
T, — MNOPOJOMKUTENHFHOCTh pPadOT, BBIMOJHAEMBIX HAYYHO-TEXHUYESCKIM
paboTHUKOM, pad. JH.;
3m— CpeaHeaHeBHas 3apa0boTHas 1iaTa paboTHUKA, PYO.
CpennenneBHas 3apaboTHasI JIaTa pacCUUTHIBaeTCs 1o popmyre:
_ 3,-M
AH F y

a

3

rae 3y — MECSYHBIN TOHKHOCTHOM OKJIaJl pabOTHHKA, PYO.;

M — KOIM4eCTBO MecAIeB PabOTHl O€3 OTITyCKa B TEUCHUE TOJIa:

npu otirycke B 24 pab. gus M =11,2 mecsia, 5-qHeBHasS HEEms;

npu oTirycke B 48 pab. quert M=10,4 mecsiia, 6-1HeBHAS HEIES;

F. — neiictBuTenbHbIi TOMOBOM (oHA paboyero BpeMEHH HAYYHO-

TEXHUYECKOTO0 MepcoHaia, pab. JaH.

o _ 51584 104
AH T 251 - ’ p/ﬂH
pon _ 9924 104
AH T 251 = ,85 p/nH
2477 -10,4
mar/6ak __ A
B = ——er—— = 13141 p/an

MecsiuHbli TOTKHOCTHOW OKJIaJl paOOTHHKA:
3, =3, - (k,, +K,) -k,

rae 3 — 0a30BBINA OKIIA, PYO.;
Knp — mpemuanbHbiid KodpdummeHT , (onpeaensiercs [lomoxenunem o6 orurate

Tpyna);
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ki — xodddumment mommatr m HambaBok (B HUM u Ha NpOMBIINIICHHBIX

NpEeANnpuATUAX — 3a pacupeHue chep oOcmykuBaHMs, 3a NPOoPecCHOHANTBHOE

MacTepCTBO, 3a BPEIHbIC yCIOBUs: onpenensiercs [lonoxkennem 06 oriate Tpyaa);

K, — pationHsIii k03 dunment, paBusiii 1,3 (s Tomcka).

Tabnuua 4.12 — bananc paboyero BpemeHu

Iloka3atesnn pado4ero BpeMeHH PykoBoautesib|CTyaeHThI | ACHHPAHT
Kanennapnoe uncio aneit 365 365 365
KonuuectBo Hepabouux nHen
-  BBIXOJHBIC JHU 44 48 48
- Tpa3gHUYHBIC THU 14 14 14
[ToTepu pabouero BpemMeHu
- OTIyCK 56 28 28
- HEBBIXOJBI 10 00JIE3HU 0 0 0
€HCTBUTENBHBIN ro10BoH (HoH padodero
A A10BOH OHA P 251 251 251
BPEMCHHU
SHCTBUTENBHOE pabouee Bpems
A P p 158 158
pea3yeMoro NpoeKTa
Ta6muma 4.13 — PacyeT ocHOBHOM 3apabOTHOM TUTATHI
3apaboTHas Beero
3apaboTHas
Tpymno- [iata, ImIaTa
Ne Hcnonuutenu Py MPUXOSIIASIC
HanmMmenoBanue 3Tamnos €MKOCTb, II
H/ II 10 KaT€ropusam s HA OAUH
YelL.-IH. o Tapudy
YeJL.- OH.,
THIC.pyO (oxnanan),
PYD- TBIC. PYO.
1 CocTaBlIcHHE METOINK 20
paboTs K
pacHokyreikas 2,13734 81,219
E.A.
2 OO6cyxeHne pe3yabTaToB 18
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CocraBieHue
METOIN
3 . 20
paboThl
4 | Honyuenne apuncymb$poHatos | Capyyen A.H. 0,41785 66,02
Hccnenoranue
5 CBOMCTB, aHAJIN3 MOTYyYEHHBIX 138
BELIECTB
6 OO0cyxeHe pe3yIbTaToR
7 CocraBjieHHE OTUETA.
8 JluteparypHslit 0030p
9 [Monyuenne apuiicyib(HoHATOB
Hccnenosanne 15+138
10 | cBoiicTB, aHaIM3 HOTy4YEHHBIX Epun K./I.. 0,10429 15,956
BELLECTB =153
11 O6cyxIeH e Pe3yIbTATOB
12 Cocrasienne ordera
Ta6muma 4.14 — PacyeT 0CHOBHOM 3apa0OTHOM TLIATHI
Ucnonmanrenu 35, Kip Ky kp 3y, 3, Tp, Bocn,
pyo. pyo py0. |palb. mH.| pYyoO.
PykoBouTens 39680 - - 1,3 51584 |2137,34| 38 81218,92
AcriapaHT 7634 - - 1,3 9924 |417,85| 158 66020,3
Maructpant 1906 - - 1,3 2477 |1104,29| 138 | 15656,37
Hroro: 162895,6
4.4.5 lonoJiHUTEebHAS 3apa0O0THAA IJIATA HAYYHO-TIPOU3BOACTBEHHOT 0
mepcoHaia

JlononHuTenbHas 3apaboTHas mjaTa paccuntbiBaeTcs ucxods uz 10 - 15% ot

OCHOBHOW 3apaboTHOI TmjaTel, pPaOOTHUKOB, HETMOCPEACTBEHHO YYACTBYIOIIMX B

BBIIIOJIHCHUC TCMBI:

3 =

Jaon

k

o1

-3

OCH

rae  3on — JOTIOJHUTEIbHAS 3apaboTHAas 1iata, pyo.;

Kion — KO3 PHUIIMEHT TONOTHUTEILHOM 3apIlIaThl;

30cu — OCHOBHAs 3apaboTHas 1iata, pyo.
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B Ttabn. 4.14 npuBenenHa ¢opma pacu€Ta OCHOBHOW U JOMOJHUTEIHHOMI
3apabOTHOM TUIATHI.

Tabmuua 4.14 — Pacuer A0MONHUTENBHON 3apa00OTHOM TIAThI

3apa6oTHas miara PykoBoauTesib AcnupaHT MarucrpaHT
OcHoBHasl 3apriaTa 81218,92 66020,3 15656,37
JlomomtHATEIBHAS 3apIliaTa 12182,84 9903,04 2348,45
Hroro no cratee Ciy 93401,76 75923,34 18004,82

4.4.6 OTunc/ieHHs BO BHEOIOIKeTHBIe (DOHBI (CTPAXOBbIE OTYHCICHHS)
B naHHOW cTaThe pacxolioB OTpaxkaloTcs 00s3aTelbHbIe OTYUCIICHUS,
YCTAHOBIICHHBIE 3aKOHOIATENBCTBOM Poccuiickont Denepanni.

3BHC6 = kBHe6 ) (3OCH + 3;1011)

e Kpnes — KOIDOUIMEHT OTUUCIICHUI HA YIUIATY BO BHEOIOKETHBIC (DOHIBI
(nerncuoHHbIN (HoHA, POHJT 0043aTENHHOIO MEIUIIMHCKOTO CTPAXOBaHUS U TIp.).

Ha 2019 r. ycraHoBieH pa3mep CTpaxoOBBIX B3HOCOB paBHbIM 28% mis
YUPEKICHHUM, OCYIIECTBISAIOINX 00pa30BaTEIbHYIO U HAYYHYIO JI€ATEIbHOCTb.

CraTbhs BKJIOYAET B C€0S OTUUCIIEHUS BO BH€6IO,II>K€THBI€ (1)0HI[LI.
CBHe6 = kBHe6 ) (3OCH + 3;[on) )

re Kenes — KOOPOHUIUMCHT OTYMCICHUI Ha YIUIATy BO BHEOIOMKETHBIC (hOHIBI
(nencuonHbIN hoHM, HOH 0053aTETLHOT0 MEAUITMHCKOTO CTPaXOBaHUS U TIP.).

Tabmuma 4.15 — OTuncienns Bo BHEOHOHKETHBIC (OHIBI

OcHoBHas 3apaboTHas [ononHuTtenbHan 3apaboTHas
UcnonHutenb
nnaTa, pyb. nnara, pyb.
PykoBoauTenb npoeKTa 81218,92 12182,84
AcnupaHT 66020,3 9903,04
MarucTtpaHT 15656,37 2348,45
o)
KoadppumumneHT oTuncneHms so 28%

BHeblogKeTHble GOHAbI
OTtuncnenus, pyb. 45610,7652 6841,615
UToro 52452,37998
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4.4.7 JlonoiHUTEIbHAS 3aPpA00THAA IJIATA HAYYHO-TIPOM3BOACTBEHHOI'0
nepcoHaja

Haknaguele pacxoapl cocTaBisitoT nopsinka 16 % OoT cymMMbl OCHOBHOM U
JOTIOTHUTENIbHOM 3apa00THON IUIAaThl, pAOOTHUKOB, HEMOCPECTBEHHO YYaCTBYIOIIUX
B BBINIOJIHEHUE TEMBI.

PacueT HakIaHBIX pacXo/I0B BEJIETCA MO CIENYyIOIei popMmye:

Craor = Kiaor * Boen T 350m)

OCH
e Kyan — K03QPUIIMEHT HAKITATHBIX PACXOIOB.
Charnr = 0,16 -169517,3 = 27122,768

Tabmuma 4.16 — I'pynnupoBka 1Mo cTaTham

HaumenoBanue cratbu CymmMma, pyo.

Marepuanshsie 3atpatsl HTU 35246

3aTpaThl Ha crielanbHOEe 000PYI0BaHUE 171 HAYyYHBIX
(9KCIIEpHMEHTAIBHBIX) PA0OT 17781

3aTpaThl IO CHOBHOM
3apabOTHOM IIaTEe UCTIOIHUTENEH TEMBI 162895,6

3aTpathl 10 IOTIOJIHUTEIILHOM 3apa00THOM TJIaTe MCIOJHUTEEH
TEMBI 2443434

OT4yuCIEeHUs BO

50766,41
BHEOOKETHBIE (DOHIBI
Haxuamubie pacxoapl 27122,768
Uroro: 293811,778

Taxum oOpaszoM, clellaB yKa3aHHBIC PacyeThl, MOXKHO CJIEJIaTh CJCAYIOIIHI
BBIBOJI, YTO JAHHBIH MCCIIEIOBATCIIBCKUM TPOCKT 3(PGEeKTUBEH. DKOHOMHYCCKUE
3aTpaTtbl IIO pacdeTaM CYUHTAIOTCA IIPUCMIICMBIMHU. CpOKI/I peajin3alii OaHHOI'O
MPOEKTa MOJTHOCTHIO COBMAAAIOT.

4.5 PeecTp pUCKOB NPOEKTA

Ha nytu peanuzamum mnpoekTta MOryT BO3HUKHYTh Pa3HOTO pOAa PHUCKH,
npcaAcCTaBIAOINIMC OIIACHOCTDb TOI'0, YTO ITOCTABJICHHBLIC ICJIN IIPOCKTA MOT'YT OBITH HE

AOCTHUI'HYTHI IIOJIHOCTBIO WJIM YaCTHYHO. ITonHoCTRIO M30EXKATh PHUCKA ITPAKTHUYCCKHU
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HEBO3MO>XHO, HO CHU3UTh UX YIPO3y MOKHO, YMEHbIIIAs AEHCTBUE HEOIArompUsTHBIX
dakTopoB. Bo3amoxkHbIE pHCKU TIpecTaBiIeHbl B Ta0auIe 4.17.

Tabnuma 4.17 — Peectp puckoB

Ne Puck BepostHocTs Binsiaue VYposeub | CocoObl cMATYEHUS
HactyrieHus (1-5) | pucka (1-5) | pucka pHcKa
1 Huzknit 3 5 BBICOKHH | O4HCTKA UCXOIHBIX
BBIXO]T BEIIECTB; YHCTAsT XUM.
L[EJIEBOTO MOCy/a; TOYHOE
MIPOJTyKTa CJIeTOBAaHUE METOJIUKE
CUHTE3A.
2 | Obpa3oBanue 4 5 BBICOKH | OYnCTKA MCXOTHBIX
0OJIBIIIOTO BEIICCTB; YUCTAS XHM.
KOJIMYECTBA MOCy/1a; TOYHOE
MOOOYHBIX clIeTOBaHHE METOINKE
MIPOJTyKTOB CUHTE3A.

4.6 OuneHnka cpaBHUTEIbHOM 3 (PeKTUBHOCTH HCCIEIOBAHUSA

Onpenenenne  3pGHEKTUBHOCTH TMPOUCXOAUTHA  OCHOBE pacuera

UHTETPAIbHOTO TOKa3zaTens A((PEKTUBHOCTH HaydHOro wuccieaoBanus. Ero

HaXO0XKJIACHUC CBiA3aHO C OIOpCACIICHHUCM [BYX CPCAHCB3BCHICHHBIX BCIWYHH!

¢brHaHCOBOM 3(PHEKTUBHOCTH U pecypcoddHEKTUBHOCTH.

WNuTterpansubiii  mokazatenb  (GUHAHCOBOH  A(P(EKTUBHOCTH  HAYYHOTO
WCCJIEIOBaHMS TIOJNY4YalOT B XOJ€ OIICHKH Oro/pkera 3aTtparT Tpex (uinm Oosee)
BApUAHTOB WCIOJHEHUS HAYyYHOrOo wuccienoBanusa. [ »Toro Hambombimii
MHTETPAJIbHBIA TIOKa3aTeIh pean3alui TEXHUYECKOW 3aauil MpUHUMAeTCs 3a 0asy
pacdera (Kak 3HAMEHATEh), C KOTOPHIM COOTHOCHUTCS (DMHAHCOBBIC 3HAYCHUS TIO
BCEM BapHaHTaM HCIONHEHUS. VIHTerpanbHbI (PMHAHCOBBIN MOKA3aTeNlb Pa3paboTKu

omnpeaensieTcs Kak:

@

wemi Di

dusp —

max
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rie Iyyeap — MHTErpanbHbIl GHHAHCOBBII MOKa3aTeTh pa3paboTKi; Py —

CTOUMOCTbD I-TO BapHaHTa UCTIOTHEHHUST, Ppmax — MaKCHUMAaJIbHasl CTOMMOCTh
UCIIOJTHEHUSI HAYYHO-HUCCIIEI0BATEIbCKOTO MPOEKTa (B T.4. aHAJIOTH).
WuTerpanbHbIil moka3aTenb pecypcoddHEKTUBHOCTH BapHAHTOB UCIIOTHCHUS

00BEKTa UCCIAEAOBAHUS MOKHO ONPEACIUTh CIEAYIOIHNM 00pa3oMm:

rae  I,; — MHTerpanbHbIi IOKa3aTenb pecypcodhPEeKTHBHOCTU Ui i-TO

BapuaHTa UCITIOJTHCHHA p8,3pa6OTKI/I;

@; — BeCOBOM K0d(h(pHIIMEHT I-r0 BapraHTa UCIIOJHEHUS Pa3pabOTKH;

b2, bP OaytbHasI OllCHKa I-r0  BapWaHTa  HKCIIOJHEHUS  Pa3pabOTKH,
YCTaHABJIMBACTCS IKCIIEPTHBIM ITYyTEM 110 BRIOPAHHOM ITKaJIe OIICHUBAHUS;
N — 9UCIIO MMTapaMeTPOB CPAaBHEHUSI.
Pacdyer wHTerpampHOro mokazarensi pecypcodddHEeKTHBHOCTH TPHUBEACH B
dopme Tabubl (Tadi. 4.18).

Tabnmuna 4.18 — CpaBHuTeNnbHas OLEHKA XapaKTEPUCTUK BapUAHTOB

HCITIOJIHCHUA ITPOCKTA

OO0BEKT UCCIIETOBAHUA Becosoii Hcm.1 Amnaio Amnaino
Kpurepun koahpurreH rl r2
T IapameTpa

1.CnocobeTBYyeT 0,1 4 5 5
poct

y

MIPOU3BOJIUTEIILHOCTH TPY/Ia

2. Y100cTBO B 9KCILTyaTalluu 0,15 4 5 5

3. DHeprocbepexkeHune 0,15 4 4 4

[Tponomxkenue Tabauirst 4.18

4. Hane:xHOoCTh 0,20 5 5 5
5. Bocnipon3BoaumMocTh 0,25 4 4 5
6. MarepuanoemMKoCTh 0,15 4 4 4
UTOI'O 1 4,2 4,45 4,7
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Wurterpanphplii  mokaszatenb 3((MEKTUBHOCTH  BapUAHTOB  MCIOJHEHHS

pa3paboTKu Iicni OTpesensercs Ha OCHOBAHMM HMHTEIPAJbHOIO IMOKa3aTels

pecypco3PpPeKTUBHOCTH U MHTErPATILHOTO (PMHAHCOBOTO MOKa3aTels 1o Gpopmyiie:

, UT.O.
I _ lp—nem _ Ip—mcnz
meml — e HCIL2 — jecoz
duEp frp

CpaBHEHHE  WHTETPAIBHOTO  MOKaszarens  A(PQPEeKTUBHOCTH  BApUAHTOB
UCTIOJTHEHHUS DPa3pabOTKH MO3BOJIUT OMPEACTUTh CPABHUTEIBHYIO 3(()EKTHBHOCTH
npoekTa W BbIOpaTh HauOosiee 1enecoo0pa3Hblii BapuUaHT M3 MPEII0KEHHBIX.

CpaBuutenbHas 3 HekTHBHOCTD TIpoeKTa (Dep):
_ I Homl
cp T I

HCIL 2

3

Tabnuua 4.19 — CpaBaurtenbHas 3pPeKTUBHOCTH pa3pabOTKH

Ne | Iloka3zarenn Hcn.1 Hcn.2 Hcn.3

n/n

1 HHTerpanbHbIi (dbuHaHCOBBIN rmokasarens | 0,999 0,999 1,000
pa3paboTKu

2 HHTerpanbpHbIi rnmokasareip | 4,2 4,45 4.7

pecypcoahhekTUBHOCTH pa3pabOTKH

3 HHTerpanbHbIi mokazaTenb 3PQPEKTUBHOCTH 4.2 4,45 4.7
4 CpaBauTenbHas 3pGEeKTUBHOCTh BapUAHTOB 0,94 0,95 1,00
WCTIOJTHCHUS

BoiBoa: CpaBHeHHE 3HAYEHUN MHTETPaIbHBIX MOKa3aTeiael 3P (eKTUBHOCTH
BAPUAHTOB HCIIOJHEHUS pa3pabOTKHU MOKAa3aJlo, YTO BCE TPU BapUAHTA UCIOJIHEHUS
SBJISTFOTCS] TIPAKTUYECKN PABHO3HAYHBIMU C TOYKH 3PCHHS (PMHAHCOBOU M PECYPCHOU

TOYEK 3PEHUS.
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1.1 The usage of aryl sulfonates in organic synthesis

The sulfonate esters (sulfonates) are a potent electrophile that are used in
several important transformations in organic synthesis. Sulfonate esters canbe
formed through typical esterification of sulfonic acids, and through
transesterifications involving an alcohol and sulfonate ester. Alternatively, sulfonate
esters may be formed via the highly efficient nucleophilic acyl substitution reaction

of alcohols and sulfonyl halides [1-6] (Scheme 1).

O
p-CH3-Ph-802C| -S

R-OH » O
Pyridine(CH3C|), OOC

t=2,5h-9,5h

R = CyoH21, C44H2q, C14Hqg Cq3H23 CyoH1g

Scheme 1 — preparation of a series of tosylates by the reaction of p-toluene

sulfonyl chloride with alcohols or phenols [1].

The efficiency of these reactions (yields 89% -98% [1]) has led to the
widespread use of sulfonate formation as a means to protect alcohols in the
course of multistep syntheses [7].

Sulfonate esters may also be used as substrates in various synthetic
transformations. This protecting group/substrate duality allows for protection
and subsequent transformation, which can be wvery practical in multistep
syntheses. Under mild acidic conditions, most sulfonates are generally stable. The
sulfonate ester group is intrinsically labile [8]. S. Miller, in his work on the
protective properties of sulfonate groups [8], demonstrated that NaOH or BBr; can
cleave most sulfonic ester groups under nonaqueous conditions.

Synthetically, sulfonate esters are characterized as good leaving groups,
trumping the reactivity of the common halide leaving groups, like chlorine and
bromine. Thus, sulfonate esters can be similarly applied in substitution, elimination,

reduction, and transition metal-catalyzed reactions [9-16]. It’s worth noting that the

95



possibility to use sulfonates as alternative substrates to halides is advantageous in
that it expands possible precursors to a medley of phenols which often offer
unique patterns of substitution in which halide analogs are not commonly
available [11-16].

Aryl sulfonates are also used in Fries rearrangement reactions to produce the
corresponding sulfonylphenols (Scheme 2) [17], which are useful intermediates for
the production of organic sulfur compounds, such as intermediates for the preparation
of medicinal and agrochemical products, thermographic materials and effective

antiviral agents [18].

) o)

O
| AlCls /7 N
solvent

OH

Y = C - Fries rearrangement
Y = S - thia-Fries rearrangement

Scheme 2 — Fries rearrangement reaction [17]

Sulfur-containing compounds in the environment are best studied in the role
of polluting substances, which have arisen, for the most part, due to the use of dyes
and surfactants, which contain sulfur-containing compounds. But aliphatic and
aromatic sulfonates constitute the majority (30-50%) of sulfur found in nature in
aerobic soils [19,20], with the formation of inorganic sulfate less than 5% of the total
sulfur, and the rest is sulfur-containing amino acids or peptides and sulfate esters
[21]. Various aliphatic and aromatic sulfonates can be used by bacteria either as
sources of sulfur [21] or as sources of carbon, nitrogen, and energy in general [22-
24]. The ability to mobilize sulfur from aliphatic C2-sulfonates appears to be
widespread among soil bacteria. However, aromatic sulfonates may be more
important as a source of nourishing sulfur for plants than alkyl sulfonates, since it has
been found that the mobilization of sulfur from aryl sulfonates is directly related to

the stimulation of the growth of such crops as tomato and arabidopsis [24]. Thus, it
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can be argued about the prospects for the use of aromatic esters of sulfonic acids as
fertilizer.

Despite the relatively high versatility of arylsulfonates in synthetic terms, it
can be argued that, at the moment, the most important area of use for the aromatic
esters of sulfonic acids is the constantly developing area of developing new
methodologies for the synthesis of carbon-carbon bonds. Aryl sulfonates (mainly
trifluoromethanesulfonic esters) areused in carbon-carbon bond formation reactions,
such as Sonogashira cross-coupling (Scheme 3) [10-16], Suzuki cross-coupling
(Scheme 4) [25-28], Negishi cross-coupling (Scheme 5) [29-32] or reactions of C —
C bond formation, such as the Ullman coupling (Scheme 6) [33-36].

RI
Pd(TFA), //
R Ts . CyPF-tBu R

N\ R » <
QO T2 BuOH, KsPO, U

85°C, 5-8h R = NHAc, CHO, CN, OCF; CHs

R'= C3H; C4Hg, CsHyy O

Scheme 3 - Sonogashira cross-coupling reaction using aryl tosylates [12]

TsO
B(OH),
| N NHC-Pd(I1)-Im | AN
- X NaOH, THF, 100°C, 12h X
R R

R =4-OMe, 3-OMe, 2-OMe, 4-Me, 2-Me, 4-Ph, 4-F
Scheme 4 - Suzuki cross-coupling reaction using aryl tosylates [28]
I I
Let — NCCOZE
THF PEPPSI, THF, t

()
CO,Et CO,Et 25°C, 4h 8%

Scheme 5 - Negishi cross-coupling reaction using aryl triflates [32]
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NiBr; « diglyme, bpy R,
- R, PdCl, dppp \\ AN
Br + TsO @ > | | \
DMF, 40°C, Zn, KF = Z

Scheme 6 - Ullman cross-coupling reaction using aryl tosylates [37]

But It is worth noting that in such reactions, alkenyl- or aryl iodides and
bromides are still often used as electrophilic agents because of their relatively high
reactivity. Thanks to the development of new ligands, it became possible to cross-
connect inexpensive but weakly reactive aryl chlorides [38]. However, there are
several disadvantages in working with halogen derivatives, both with alkyl and with
aromatic ones: first, organohalides, as a rule, are not environmentally friendly.
Secondly, as a result of a combination of aryl halide, halogen-substituted products are
formed, which are also environmental pollutants. Finally, aryl halides are not always
readily available. For example, the synthesis of aryl halides often requires laborious
stages, harsh reaction conditions and waste generation [39].

The p-toluenesulfonic esters (tosylates) are less reactive than
trifluoromethanesulfonic esters (triflates), so their use in metal-catalyzed carbon-
carbon linkages has been much less common [40]; preference was given to aryl
triflates or aryl halides, since for carrying out the oxidative addition with the
participation of aryl tosylates, either an elevated temperature or a pre-activated
compound or increased catalyst load were required [41-43]. And despite the fact that
complexes of sterically hindered alkylphosphines can react even with relatively
weakly reactive aryl chlorides [38], yet, at that time, most of them did not attach aryl
tosylates, in which there were no groups activating them [44].

However, the use of p-toluenesulfonic acid aromatic esters in cross-
coupling reactions looks more promising than the use of triflates — aryl tosylates are
easier to use and store, since they are highly crystalline solids with a significantly
higher hydrolytic stability than in aryl triflates. These properties allow aryl tosylates
to be used as protective groups in multi-stage synthesis, allowing for multiple

orthogonal transformations, and then transforming them through cross-combination at
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an appropriate stage in a synthetic sequence [45]. And vice versa - greater stability of
aryl tosylates makes this functionality less reactive with respect to processes
catalyzed by palladium.

In 2003, J. Hartwig and his colleagues [42—44] reported on the Pd (0)
complex that they developed, which reacts oxidative addition with aryl tosylates at
room temperature to form the aryl palladium- (1) —tosylate complex. This mild
activation allows palladium-catalyzed combination of aryl tosylates with aryl
Grignard reagents or amines at room temperature. It is also possible to conduct the
reaction at elevated temperatures, but with reduced loads. Scheme 7 shows the
reaction of the oxidative addition of phenyl tosylate to the palladium complex.

3. R=Ph, X=0Ts

CeHs
4. R=Cy, X=0Ts
w8 s b oWy
\Fd—L + PhOTs \/F’diph +L
Shofe Ny St

A 25°C \
FeC FeCp _ _

P Octyl;NBr _ . 5. R=Ph, X=Br

1. R=Ph; 2. R=Cy, n=85-95% 6. R=Cy, X=Br

L=P(o-tol)3

Scheme 7 — oxidative addition reaction with the formation of the phenyl

palladium (1) -tosylate complex [44]

Due to its very wide application area and not yet fully disclosed
synthetic potential, the relevance of arylsulfonates after many years remains at the
level. However, in addition to this, the scientific community has become even more
interested in these compounds after discovering that, due to their high alkylating /
arylating capacity, sulfonates, and in particular the sulfonate ethers of simple
alcohols, interact with the DNA chain, which causes mutagenic reactions that can
later lead to cancer [46].

This feature of sulfonic acid esters prompted the majority of large
pharmaceutical companies to start a thorough study of the formation and hydrolysis
of these compounds, since sulfonate salts of intermediate and active pharmaceutical

ingredients are widely used in the pharmaceutical industry, and alcohols are often
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used as solvents for crystallization in the isolation of sulfate salt. When sulfonic acid
and alcohol are simultaneously present in any quantity at least in any one process
flow, there is still the potential for the formation of some amount of the ether of this
alcohol and sulfonic acid [46].

Concluding, it can be noted that sulfonic acid esters are demanded
compounds of a wide range of applications, and studies of this group of substances

are still relevant.

1.2 Methods for the synthesis of arylsulfonates

The first aromatic esters of sulfonic acids are mentioned in 1936 [47].
This work consisted in the preparation of a series of benzenesulfonic acid esters and
p-toluenesulfonic acids from ortho-, meta-, and para-bromophenols and o-, m-, and p-
phenylphenols by their interaction with sulfonic acid chloride in the presence of
pyridine. The author reports on the yields of 67-94% in the case of benzenesulfonic
acid and 75-98% in the case of p-toluenesulfonic acid.

Despite the rather large number of methods for producing these
substances, a similar method of obtaining arylsulfonates is quite widely used in our
time. In most methods, phenols are reacted with toiling agents or triflicating agents in
the form of anhydride of the corresponding sulfonic acid, or in the form of sulfonyl
chloride. Pyridine is also used as a base, less often triethylamine, sometimes there are
cases of using inorganic bases.

However, similar techniques have several problems. One of them is that
the concomitant and undesirable loss of sulfonates in their chlorides can occur
immediately during tosylation, since during the reaction a side compound of pyridine
hydrochloride is formed, which acts as a Cl-nucleophile. This side reaction often
occurs when excessive amounts of pyridine are used as a solvent and / or when the
reaction temperature is elevated. Secondly, to complete the tosylation usually more
equimolar amounts (about 10 eq.) Of pyridine are required, which brings us back to
the first problem. Thirdly, the reaction of low-reactive alcohols usually requires a

relatively large amount of time (more than 10 hours) [48].
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After a long time, in 1956, Effenberger and his colleagues write about
obtaining arylsulfonates [49]. At that time, trifluoromethanesulfonic acid alkyl esters
[50], which proved to be reactive alkylating agents due to a well-leaving triflate
group, were already known. In the course of this work, a series of aryl triflates was
obtained by the reaction between phenol and n-trifluoromethylsulfonyl imidazole
with the addition of phenolate ion as a catalyst. The reaction was carried out by
heating to 80-90°C for two hours (Scheme 8).

© =\
/7 Ar—0O
Ar—OH + 2 _ Ar—0 g Ar—0-SO,CF, + N _NH
' T2 NQON=S0CFs 780 900C e

Scheme 8 — Preparation of aryl triflates by reacting phenol with n-

trifluoromethanesulfonyl imidazole [50]

At the end of the reaction, the reaction mass is cooled to room temperature
and a small amount of diethyl ether is added. Imidazole, which immediately
precipitates upon addition of 5 ml of abs. ether to the cooled reaction mixture is
filtered, the ether solution is washed with 5 ml of 2 n. NaOH, dried over MgS0O4 and
the solvent is distilled off. The outputs of the substituted phenyltriflates were 68-
76%.

After several decades, D. Frantz and colleagues proposed an alternative
method [51], where various aryl triflates were obtained by reacting phenol with
trifluoromethanesulfonic anhydride in a two-phase system of toluene-30% K3zPOaaq.
(Scheme 9). Trifluoromethanesulfonic anhydride was slowly added to the reaction
mixture at 0°C, then heated to r.t. and stirred for 30 minutes. After that, the layers of
the reaction mass were separated, the toluene layer was washed with water and then

distilled off to obtain the corresponding triflate.

OH OH
Tf,0
| N > | X
'R toluene/30% K,CO4(aq) 'R
30 min, 0-25°C

R =H, p-CH3 p-NO; p-Br, m-Cl, m-CN, p-CH30, p-tBu
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Scheme 9 — Preparation of aryl triflates by reacting phenol with

trifluoromethanesulfonic anhydride [51]

In addition, good yields can be obtained in the absence of any organic solvent
(R = H, p-CHs30). Finally, the isolation of triflate is easily achieved by simple
evaporation of the organic solvent after separation of the phases to obtain products
with a purity of about 95%.

This method makes it possible to obtain aryl triflates without the use of amine
bases and expensive triflicating agents, such as sulfonyl chlorides. Research is
continuing on the spread of this methodology to other substrates.

Also known is the method for the preparation of aryl tosylates described by S.
Chomagic and R. Schirrmacher [52] by reacting p-toluenesulfonic anhydride with
alcohols and complex phenols in methylene chloride with the addition of Yb(OTf); as
a catalyst (Scheme 10).

Anhydride of p-toluenesulfonic acid was dissolved in CH,Cls, a portion of Yb
(OTf); was added, then, when the portion of the catalyst dissolved, the alcohol was
also poured in with stirring. The reaction takes place at room temperature and,
depending on the structure of the alcohol, takes from 10 minutes to 24 hours.
Purification of the product was performed by the method of flash chromatography on

silica gel, where the eluent was a mixture of ethyl acetate-hexane (1: 4).

TSZO

Yb(OTf),
R—OH ————® R—OTs

CH,Cl, 10min-24h, rt

oJNe! Ts,0 SO 0
H/b Yb(OTf)s N/\/\>
N CH,Cl, 3h, rt N
J J
HO HO

Scheme 10 — Preparation of aryl tosylates by reacting alcohols with toluene
sulfonic anhydride in the presence of Yb(OTf); [52]
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Ytterbium trifluoromethanesulfonate is a water-tolerant reusable catalyst that
promotes polarization and weakens the oxygen-sulfur bond, facilitating the
nucleophilic attack of alcohols. Yb(OTf); is used to mitigate tosylation conditions,
increase chemoselectivity, reduce the number of side reactions with a large excess of
p-toluenesulfonic anhydride and increase product yields.

Kim J.G. and Doo O.J have developed a soft and effective base-catalyzed
indium-catalyzed method designed to produce sulfonamides and sulfonic acid esters
[53]. A series of aryl tosylates was obtained by reacting toluenesulfonyl chloride with
phenol by boiling in acetonitrile in the presence of 0.1 eq. India. A portion of the
catalyst was added to a solution of p-toluene sulfonyl chloride in CH3CN and stirred
under argon for 8-12 hours (Scheme 11).

Purification of the product was performed by the method of flash
chromatography on silica gel, where the eluent was a mixture of ethyl acetate-hexane
(1: 4). Yields of products amounted to 74-86%.

TsOCI

O gt O
CH5CN,8-12h, refl

R =H, Et, p-CH30, p-Br, NOZ’ 2,4,6-(CH3)3

Scheme 11 — indium-catalyzed production of aryl tosylates through the

interaction of phenols with toluensulfonyl chloride [53]

Unsubstituted phenol and phenols with an electron-donating group give the
corresponding sulfonic esters with good yields, while the reaction products with
phenols that have an electron-withdrawing group in their structure was obtained with
a smaller yield. The sterically hindered trimethyl-substituted phenol gave a poor yield
of the desired sulfonate, but the yield increased when the reaction was carried out in
DMF at 120°C.

S. Lei and a group of his colleagues developed a more environmentally

friendly method for the preparation of arylsulfonates [54], the advantage of which is
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the absence of organic bases and halogen-containing solvents. The method consists in
the reaction between sulfonic acid chloride and phenols of different structure in the
presence of 15% NaOH or 10% K,COs. You should also pay attention to the fact that
toluenesulfonic acid chloride hydrolyses under basic conditions at ambient
temperature, so it is extremely important to control the reaction temperature at 0 ° C
during its addition. It was also taken into account that Ms,Cl is more reactive towards
water than Ts,Cl, and it was experimentally confirmed that using tosylation methods
in the preparation of mesylates, a mixture of the starting phenol with its mesylate is
obtained. Since methanesulfonyl chloride is more reactive with water than tosyl
chloride, solid K;CO3; powder was used as a basis for reducing the hydrolysis of
MsCI. As a result, a mixture of phenol and its mesylate was obtained again, which is
probably due to the poor solubility of K,COs in THF. After selecting the optimal
mesylation conditions, it was noticed that the mesylation reaction in THF in the
presence of triethylamine as an organic base took place in 10 minutes with a yield of
99%, the same reaction in ethyl acetate also gave the same good yield after 10
minutes.

When choosing between THF and ethyl acetate, ethyl acetate is more
preferable because it is more environmentally friendly than THF [55,56]. In addition,
when using ethyl acetate as a solvent, there is no need to use additional solvent
during the processing step, and separation is usually easier and faster.

Thus, a very wide range of 41 toluenesulfonic and methanesulfonic acid
esters, respectively, was obtained with yields of at least 70%. The general scheme of
this method of obtaining aryltosylate presented in scheme 12.

TsCl, 15% NaOH

» Ar-OTs
THF-H,0, 0-25°C, 2h

Ar-OH

TsCl, 15% NaOH
» Ar-OMs
EtOAc, 0-25°C,10 min
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Scheme 12 - an eco-friendly method of producing arylsulfonates by reacting

sulfonate chlorides with phenols in the presence of a base [54]

In search of a fast and versatile way to get arylsulfonates, Xu L. and Xia. C.
received a number of aryl tosylates using controlled microwave radiation [57], where
p-toluenesulfonic acid chloride reacts with phenols in the presence of K,COs; or
Na,COs, which act simultaneously as a base and as a drying agent. (Scheme 13). The
outputs of the products amounted to 92-99%. It is known that focused microwave
radiation significantly reduces the reaction time for several different types of organic

and organometallic transformations [58-62].

OH OTs
TsCl/
N K,COj N
> >
R R

Microwave
Solvent-free

R = H, p-NOZ’ p-CHS’ O-CH3, 2,4,6'CH3

Scheme 13 - production of aryl tosylates using controlled microwave
radiation [57]

In this work, a comparison was made of the reaction time and product yields
when exposed to microwaves and with ordinary heating to 45°C. In all the cases
presented in this work, under the action of microwave radiation, the reaction proceeds
with a high yield and at a rate exceeding the reaction rate during normal heating by
more than 100 times.

Another alternative method for the preparation of arylsulfonates without the
use of a solvent is the reaction between toluenesulfonic acid chloride and phenols in
the presence of polyoxometalates (aluminum dodecatatangutrophosphate
(AIPW12040) and aluminum dodecamine molybdophosphate (AIPMo012040) as highly
effective, non-hygroscopic, non-aggressive, heterogeneous and environmentally
friendly catalysts for effective tosylation of various alcohols and phenols [63]. A

portion of AIPMo012040 and phenol is ground in a mortar at room temperature for 10-
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30 minutes, then the mass is neutralized with a solution of NaHCO3; and extracted
with chloroform. The products were purified by silica gel column chromatography
with ethyl acetate-hexane (1: 4). The outputs of the products amounted to 45-98%,
depending on the complexity of the structure of alcohol.

The advantages of this method can be summarized as: high stereoselectivity,
good yields of desired products, short reaction time, mild solvent-free conditions and
a simple experimental procedure and product isolation. The only drawback of this
system is the release of HCI as a by-product.

Another method for the preparation of arylsulfonates is the method developed
by Liu H., Yuanzhen S. and Gu Y., consisting in tosyloxylation of anilides using
phenyliodine (I11) bis (trifluoroacetate) (PIFA) with toluene sulfonic acid to obtain
the corresponding tosylate [64]. PIFA and sulfonic acid are added to a solution of
anilide and BF3 * OEt in acetonitrile, the reaction mixture is stirred at room
temperature (Scheme 14). Product yields were 16-97%. The use of phenyliodo-

dosifluoroacetate helps to produce para-oxygenated products.
R

I2 R2
N TsOH*H,0 ,PIFA N
AN R 2 3 3 X
R1—:(;/ O% 3 BF3*OEt2 » R1_: P O%Rfi

CH3CN, rt, 0.5 h OTs

R1 = CH3‘ OCH37 F, CI, Br, COzCH3
R2 = H, CH3
R3= CH3‘ t-BU, CF3
Scheme 14 — Preparation of aryl tosylates through tosyloxylation of anilides
with toluene sulfonic acid using PIFA [64]
The authors of this work also present a possible mechanism for the PIFA-

induced tosyloxylation of anilides (Fig. 1).
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Figure 1 — The alleged mechanism of anilide tosyloxylation

M. Barbero et al. [65] used a fundamentally different approach to the
preparation of mesylates: decomposition when heated arediazonium-
benzenedisulfonimides in methanesulfonic acid (Scheme 15). As a result, a wide

range of aryl methanesulfonates was obtained with good yields.

02 02
S 60-120°C S
+ = / /
Ar—N, N +  CR3SOH———® Ar—0SO,CH,H, + HN
2 \S:© 3 0,5 8h ' 2=t g
02 02

Scheme 15 — Preparation of aryl mesylates [65]

In addition, it was shown that the isomeric chlorophenyldiazonium o-
benzenedisulfonimides, when heated in trifluoromethanesulfonic acid, are

successfully converted into the corresponding phenyl triflates (Scheme 16).

O,
_ S 90-120°C
@—Nz N 4 CRsSOF —— = ¢ N—080,CHsF
P . 1-2h Pl
cl S
O,

Cl”—

Scheme 16 —preparation of aryl triflates [65]

According to the authors, the advantages of this approach are simple
preparation of initial diazonium salts with a high yield of 85-99% [66] and high

variability of the structure of the resulting sulfonates, depending on the structure of
the diazonium salt used.

107



	Введение
	Глава 1 Литературный обзор
	1.1 Применение арилсульфонатов в органическом синтезе
	1.2 Способы получения арилсульфонатов
	Глава 4 Финансовый менеджмент, ресурсоэффективность и ресурсосбережение
	4.1 Предпроектный анализ. Потенциальные потребители результатов исследования
	4.1.1 Анализ конкурентных технических решений с позиции ресурсоэффективности и ресурсосбережения
	4.1.2 Диаграмма Исикавы
	4.1.3 Оценка готовности проекта к коммерциализации
	4.1.4 Методы коммерциализации результатов научно-технического исследования
	4.2 Инициация проекта
	4.2.1 Цели и результат проекта
	4.2.2 Организационная структура проекта.
	4.2.3 Ограничения и допущения проекта
	4.3 Планирование управления научно-техническим проектом
	4.3.1 Иерархическая структура работ проекта
	4.3.2 Контрольные события проекта
	4.3.3 План проекта
	4.4 Бюджет научного исследования
	4.4.1 Сырье, материалы, покупные изделия (за вычетом отходов)
	4.4.2 Специальное оборудование для научных (экспериментальных) работ
	4.4.3 Расчет амортизационных отчислений
	4.4.4 Расчет фонда заработной платы
	4.4.5 Дополнительная заработная плата научно-производственного персонала
	4.4.6 Отчисления во внебюджетные фонды (страховые отчисления)
	4.4.7 Дополнительная заработная плата научно-производственного персонала
	4.5 Реестр рисков проекта
	4.6 Оценка сравнительной эффективности исследования
	Список публикаций

