CmyoeHm = amo He cocyO0,
KomopbIU Haoo
HarnoJsIHUmb, a gpakeis,
KOmopbIU Ha0O 3a)keyb
J1. ApunmoBuy



PeHOoNbI




HomMeHKnaTypa
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Croco0Obl moryyenus (peHoJsia

e CIJIaBJICHUEM HATPUEBOU COJIU
OCH30JICYIb(POKUCIOTHI C
TUAPOKCHUIOM HATPUS

PhSO,Na + NaOH —
PhONa + NaHSO,



Croco0Obl moryyenus (peHoJsia

* | HapoIIn3 rajJoreHcoaepKanimx

OEH30JIOB

Cl

+ HO

OH
> @ + C|




Croco0Obl moryyenus (peHoJsia

e VI3 costen nuasoHus
[Ph-N"=N]Cl + HZO —
PhOH + N2 + HCl

e 113 OeH30J1a
CﬁH6 + NZO — PhOH + N2



Croco0Obl moryyenus (peHoJsia

* KyMOJIBHBIN METO/T
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KnucnotHocCTtb
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@ @ 6@ @ gj’
S
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deHon

3apsaz JenoKann3oBaH

Bonee cnnbHas Bonee cnaboe ocHoBaHWe
KUCNOTa



CBoucrBa (peHO0JI0B

S,
CHOH + NaOH —= CH.0 Na + H,0

o ®
ciHOH + CH.ONa —™ C,H.O0 Na + C,H.OH

S, ©) S,
Ar—0_Na + H,CO, -~ Ar—O0H + Na HCO;
PactBopuM boneecunbHasa bonee cnabasa kucnoTa.

B BOJE KMCNoTa ManopacTtBopuMa B BOAE



Peakuna BunbssmcoHa
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OOpa3oBaHue CrnoXHbIX 3chnpos

CH,CO —0 —COCH,

NaOH, H,0
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®eHunauerar
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CBoucrBa (peHO0JI0B

 DeHomnbHbIEe coegnHEeHUd
B3aMMOOENCTBYIOT C XJIOPUOOM
xene3sa (lll) n obpasytoT
XapaKTepHble UsemHhble

KomMmrisieKcbl (KadyeCTBEHHAas
peakyus)



CBoucrBa (peHO0JI0B

e @heHOos1 OKpaLLMNBAET B KPaCcHO-
gbuosiemoebiU LUBET, Kpe30J1 - 8
CUHUU, pe30pPUUH - 8 MEeMHO-
gpuosriemossbiu

6C6H50H T FGCI‘_; i Hg[Fe(C(sH;;O)s] + 3HCI



PeHOoNnbI

AnekTpodunnbHoe 3amMmelleHune
B apoMaTU4eCKoOM sgpe



[[anoreHnpoBaHue

OH OH
+ 3B H,0 Br—= | Br
ry y + 3HBr
Br
2,4,6-TpubpompeHon
OH O

Br Br Br, Br Br
H,O E \j

Br Br
Br



[[anoreHnpoBaHue

OH

OH OH
CClI
@ + Br, ? - © + @Br
Br

n-bpompeHon  o-bpomdeHon




HutpoBaHue

OH OH OH
pa36. HN O, 20°C = NO,
- n “ |
NO, o-HutpodeHon

n-HutpodeHon



CynbdhupoBaHue

OH
H,80,20°C _ SO,0H
o-® eHoncy nbdpoHoBas
KncnoTa H,S0,, 100°C
OH
H,S0,, 100 °C
SO,0H

n-® eHoncy nbhoHoBas
KUCnoTa



Anco-3ameLueHue

cynbgorpynnbl
OH
2H,S0, SO,0H _ 3HNO;  O.N NO,
-H,S0, -H O
SO,0H NO,

2,4-® eHongncy nbpoHoOBas
KUCoTa



Hutpo3npoBaHue

OH

OH
NaNO,
5 =
NO
OH O
=Y
HO




C-ankunupoBaHue m

C-aunnunpoBaHue
OH CH. ok
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R ST b H.C (|:3 [
HC-—~ 72 S.Ar 3 | Cl—CH3
CH
CH; X “H;
CH,
r-K peson N 306yTMneH 2,6-un(T pert -6yTnn)-4-metuncdeHon
OH OH
A0 BF,
AN
OH
CH,;,—C=0

n-I ngpokcnareropeHoH



CuHTe3 peHondTaneunHa

OH

_I_
6 100-105°C 1 Ovosp HHO
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[leperpynnupoBKka ®puca

O
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0—C—CH, OH OH |

/
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SgAr CH;

C o-I napokcnaueropeHoH

AN

0O CHy
r-I ' napokcmaueropeHoH




[leperpynnupoBkKka KnanseHa




CouyeTaHue ¢ consasmMm AMasoHuUsA

@N Cl + @QI@NaG)—» ®N=N@OH + NaCl

| osized 4 Beadi efead g &
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Peakunsa Konsobe-LLiImutTa
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PeHondopmMmanbaerngHble

CMOIJ1bI
OH OH OH
S o
H~  ~ OHwwmH_ CH,0OH CH24<::>_0H_____,
@ F g0 . @ =©

CH,
H,C=0, OH OH
- ~~CHQTiijCH2 OH
CH,
CH,
: HO CH, -

CH,



bucgeHon A




Peakuna Penmepa-TumaHa

OH — 7]
O@ O@ OH
© CHCI,, NaOH ©/CHC|2 @CHO HCl ©/CH0
CammumioBbin
- - anbaerna,

O

o ©
OH + CHCl,=—= H,0 + :CCl; — Cl + :CCl,




PopmMmunmpoBaHue no

Bunbcmanepy
o CI° 0
(CHy,N—CZY 4 pocl, —> (CH3)N— C—0— P ¢l
H H Cl
OH
@
+ | (CHy)N=- c 0— P cilcr —
Cl
OH f -
OH OH
H,0
— +HCl —>
OH OH
‘C—N(CHs), CHO

H “OPOCI,



OkucneHue

OH

CrO CrO

(DeHon [1upokaTexuH 0-beH30XUHOH
I'I-EeH3OXVIHOH



OkucneHue

|pOCTPaHCTBEHHO 3aTPYAHEHHbIX
doeHonoB 00 heHOKCUSIbHbIX
(apoKkcusnbHbIX) padukasios
OCYyLLeCTBNAeTCcs nog AenUCcTBnUeMm
2ekcauyuaHoeppama (lll) kanus B
buHapHomn cncteme BeH30s1-BoAa,
duoKcuda ceuHua PbO,, okcnaa
cepebpa unn apyroro 0gHO3NEKTPOHHOIO
oKMcnnUTena B UHONPMEPEHTHOWU cpeae, a
TaKKe 3NEeKTPOXNMMNYECKU



C(CH,),

AHTUOKCUAOAHTDI

OH

C(CH.)
33 . C(CH

3)3

- RH
C(CH

3)3

C(CH

C(CH

3)3



XunHonoBble 3¢hupsbl

CeHs

OH
C-H= CeHs O
CgHs CeHs KsFe(CN)g, KOH,aproH 5 ;l\%/\[
- O ~ CBH5
CgHg-H-0

CBH5 CSH5 CBH5




BoccTtaHoOBIeHue

OH OH

3H,
Ni, T, P

@ eHon LI nknorekcaHon




3awmta PyHKUUOHASNBbHbIX
rpynn B OpraHNn4eCcKom
CUHTE3e



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

B MHOrocTaaunMHOM CUHTES3E, KakK
NpaBuIo, NPUXOANUTCHA UMETb
nero c
nosTuPyHKYUOHaIbHbIMU
coeOUHeHUsIMU Sy




Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* MHOrne n3 yHKUMOHaNbHbIX rpynmn
OOIMKHbI coXpaHuUmMbCcsi 8 HEU3MEHHOM
gude B UeNeBOM CoeMHEHUNN

e Llenb 3aWimnTbl PyHKLUMOHANbLHbLIX FPYNn B
CUHTE3€e — npedomepaweHue nx
npeBpaLleHni B yCNOBUAX NpoBeOeHNS
peakyunm



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* [1py 3TOM BO3HMKAIOT NPOOEeMbl:
1) He BCe dpyHKUMOHarbHbIE rpynnbl
cosMecmuMbl 8 OOHOU MOJIeKyIie
(HeNb3sA NONy4YNTb MarHUn- NNu
NMNTUNOPraHNYeCcKoe coeanHeHune,
cogepxalluee B Mosiekyne KapboHUNbHYIO

doyHKuUMo 1 T.4.)



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

QPunp a-aMUHOKUCIIOTbl HEYCTONYNB
- Ierko obpasyet ankeTonurnepasnH
Hapsiay C NOSIMMEPOM,

a R 0 R O
’ NH [ |
R—-CH-C. - + R-CH-C-NH-CH-C—-

l _EtOH NH |
Ng, ©F \”/LR NH,



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* [1py 3TOM BO3HMKAIOT NPOOEeMbl:

2) OOQnH 1 TOT Xe peareHT MOXeT
e3aumodeucmeoeamsb C pPpa3HbIMU
QPYHKUUOHaIbHbLIMU 2pynnamu

— Cl TN
COR




Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* B paCCMOTpPEHHbIX CUTYaLUSAX NCNONb3YHOT
usbupamenbHyro 6510kady TEX NN NHBIX
bYHKUMOHAarbHbLIX rpynn, co3gaBas Tak
Ha3blBaeMble 3alUUTHbIE rPynnbl,
MacKunpyrowme gaHHy yHKLMIO



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* Peakuna KHeBeHarensa mexay
BaHWUIIMHOM U MasiloOHOBOW KUCITIOTOU

OCITOXHSAETCA ApYyrMMU peakumnsamu,
CBsI3aHHbIMW C Hannymnem gpeHonbHon OH-

rpynnbl
C.H.CHO + CH,(COOC_H,), —
C.H.CH=C(COOC_H,), + H,0



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* OH-rpynny BaHunnHa BNoKUPYIOT,
"sawmwatoT"

CHO CH=CH-COOH
_PHCHC1 CHg(COOH)z ,
Kgc:o3
OM mmepn,zmn
OH
CH,CH,COOH
H,, PdiC
—_—
80%
Ohde

OH



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

« 3aa4a Ucnonb3oBaHUS 3aLLUUTHbLIX FPYM
BKITHOYaEeT ABa MOMEHTA: co30aHue
3awjumHou apynnbl U yoasieHue, nocrne
npoBeageHnst Heob6xoaUMbIX N3MEHEHUIA B
MOneKyrne

* OOHY 1 Ty e dYHKUMOHANbHYIO rpynny
MO>XHO 3aLLUUTUTb pasTuUYHbIMU
criocobamu



Cnocobbl co3pgaHna v yaaneHus
3alMUTHbIX rpynn Ana cnupToB

s |
O .~ R _H0 | rooH
~0 O
(THP)

TsOH
: Bu N'F
I e=5iCl1 » R —O—S5iMes Y = R-OH
£ sy
(t-Bu)Me,SiC BugN'F
R-OH S » R—O—Si—But ——» R-OH
I | THF
NH Me
(TBDMS)
H,, Pd/C
RS e R—O—CHpPh 2 R-OH
(Bn)
MeOCHA,C1 HC1

» R—0O—CHOMe —ppHr-l E-OH

NaH QOM)



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

» KOHKPETHYI0 3aLUUTHYIO rpynny BblonparoT
C YYETOM pea2eHmos n ycsioeuu
peakyuu Tak, YToObl B 3TUX YCITOBUSAX
3awjummHas 2pynna He pa3pyuwasachb




Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

L)

 [pynna THP ycton4unBa B WWENOYHbIX ™
ycrnosusx (pH 6-12), Ho HeycTon4mBa K
BOOHbIM pacTBOpaM KUCIOT U K KUCroTam
Ilblonca

* THP rpynna oTHOCUTENbLHO yCTOMYMBA K
OEVNCTBUIO HYKNeOodonoB U
MeTanoopraHn4yeckmnx coeguHeHuun, K
rmapugam, ruapupoBaHnUo U 4ENCTBUIO
OKUCNUTENEN



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

« OoHOU 13 Hanboree nonynApHbIX
3aLMTHBLIX rpynn Osasa CnnpToB SABMSETCA
TpeT-oyTnunanmetuncununoHas (TBDMS)
rpynna




Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* OPMpbLI CNUPTOB C 3TOUN FPYNMNou
YCTOMNYMBbI K 0EUCTBUKO MHOIMMX
peareHToB, NpuyeM 3allnuTHaga rpynna
Nerko ygandaercqa B YCINoOBUAX, HE

3aTparmearoLWwmx gpyrme dyHKLMOHaNbHbIe
rpynnbl

e TBDMS 3awmta npnbnusuntensHo B 104
pa3 boriee ycton4vmaa K ruponunay, 4Yem
TpumetuncununeHasa (TMS) s3awurta

R —O—SiMe;
(T2S)



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

» Cenyac BblpaboTaHbl oripedesieHHbIe
cmpameauu, rno3BosiaoLme
MCNOMb30BaTh 3aLLUUTY Pa3nnUYHbIX rpynn B
npoLecce JaHHOro CUHTE3a

e JaWumHbie 2pynrnbl 8 op2aHU4YecKoU
xumuu, ped. Ix.MakOmu, M., Mup, 1976

e PG.M.Wuts, T.W.Green, Protective
Groups in Organic Synthesis, 3nd ed.,
Wiley, N.-Y., 1999



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* B HacTosiLee Bpems BblOeNAOT dee
OCHOBHbIe cmpameau4decKue JIUHUU
NPW NCNOSb30BaHUM 3aLLUUTHBLIX FPYn:
a) NPUHUMMN «OPTOroHaribHOun
CTaOuUnNbLHOCTU»

0) npuHuun "MoaynNMpoBaHHOMU
nabunbHocTn"



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

e DTN NPUHLIUMNbI OTHOCATCS K TEM
criy4asm, Korga B npotiecce
CUHTEe3a OOHOBPEMEHHO
UCMOJIb3YOMCS HECKOJIbLKO
pas3siudHbIX 3alUMmHbIX 2Py



[MpuHUMN OpTOroHanNbHOWU
CTaOUNbHOCTH

* TpebyerT, 4TOObLI Kaxxaasd N3 UCnonb3yeMblX
3alUUTHbIX rpynn yaansanacb B TaKUX
ycJsio8UsIX, B KOTOPbIX OCTallbHbIE
3alUUTHbIE rpynnbl ocTatoTcs 0e3
N3MeHEHUN (B Ka4yecTBe npumMepa MOXKHO
NPUBECTU COYETAHNE
TeTparnaponupaHunbHon, 6eH301NbHOWU U
OeH3unbLHOW rpynn)



[MpuHUMN OpTOroHanNbHOWU
CTaOUNbHOCTH

O
>_o_
s

A 19’ NaOH ol
a
HF-H,0 Me OH




[MpuHUMN OpTOroHanNbHOWU
CTaOUNbHOCTH

* [1pn Takom nogxone OaHHYIO
3aLlUUTHYO rpynny MOXXHO
yoasiumb Ha Jirobou cmaoduu
CUHTE3a



[MpyHUMN MoayNUPOBaHHOWN
NTAOUNIbHOCTH

* [lpuHUMN MoayNMpoBaHHOMN NAOUNBHOCTU
nogpasymMmeBaeT, UTO BCe UCMNOofb3yeMble
3alUUTHbLIE TPynnbl yOanaTCAa B CXO4HbIX
YCNOBUAX, HO € pa3/Iu4HOU J1Ie2KOCMbHO

i i i
OSiMe; OSiMe, 0 07

I | I e [ [ [
OH OSiMe, O O OH OH o~ o” OH OH OH



[MpyHUMN MoayNUPOBaHHOWN
NTAOUNIbHOCTH

* [1lpy 3TOM HanMeHee KNCMOTHO-
YyBCTBUTENBLHYIO
MemOKCUMemuJibHYIO
3aLUMTHYIO rpynny Henb34
yaanuTb, He 3aTPOHYB OCTalbHble
3allUMTHbIE rpynnbl



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

» B HacTosLLEee BpeMs B apceHane XmMmmka-
CUHTEeTUKa nmeetcsa 6osibwioe 4Yucsio
pas3IuUYHbIX 3aWUMHbLIX 2Py

« OOHaKo, CMHTE3 Hag0 CTPEMUTLCS
nnaHMpoBaThb Tak, YTobbl 0bonTUCL NMNMBO
coBceM 6e3 3aWummHbIx 2pynn, Nnnbo
CBECTU UX MPUMEHEHUEe K MUHUMYMY



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* “The best protecting group is
no protecting group”
("Camasi nyqywas 3awyjumHas
gpynna - omcymcmeue
3awumHou 2pynnbi”)



Mcnonb3oBaHue 3allUTHbLIX
rpynn B CUHTe3e

* ilcnonb3oBaHWe 3alNTHbLIX rPynn B
CUHTE3e TpebyeT AONONMHUTENBbHbIX
onepauun (yonuHsiem v yoopoxkaem
CUHTE3)

* [lpmeHeHne 3alnTHBIX FPYNM, Kak
npaBunno, oTpuuaTenbHO CKa3biBaeTCs Ha
ebixode uesieeo20 rnpoodykma



3alWUTHbIe rpynnbl
(HeKoTOpble NpumMepbl)



[[mapokcunbHaga rpynna

 OQnH 13 cnocoboB 3aLmnThbI
rMMAOPOKCUNBLHON rPynmbl

: @
R-OH + CH=CH-CH;Br ——"» ROCH,-CH-CH,

VCTOHYHB K JeHCTBHIO
KHCJIOT H OCHOBAHHIT

- ~A®
ROCH-CH-H; 3—‘[‘?3 R-OCH=CH-CHj H O ROH + O=CH-CH,CH;

b

VIalICHHE 3alllHTEL



[[mapokcunbHaga rpynna

e Cnnocob 3awumsi
» ObpasoBaHue cnoxHbix acdonpos RCOOR’
» lNencteytor R’COCI n nupnauH

« 3allmTa ycTonumBa K ariekmpogburiam,
OKUCJIEHUIO

* YoaneHue 3awmMTHOU rpynnbl
NH, n MeOH



AMUHBDbI RNH2

 AMnagbl RNHCOR’, Ypetanbl RNHCOOR’,
dTanumuabl

» Hencteyotr R’COCI, Xnopdpopmuatsl
R’OC(O)CI, ®dTaneBbiv aHrugpuva

« 3almnTa ycTonvmBea K ariekmpouriam

* YoaneHue 3awmMTHOU rpynnbl HO'-HZO nnu
H*-H,O, ansa R’= CH_Ph: H,(kaTt.) nnu
HBr, nna R'=t-Bu: HY, NH,NH,




AMuUHorpynna

« 3allnTHaa rpy

l
(CH3)300— C_ N3 + HzNCI‘IRCO,H

m pem-0yToKCHKapGOKC-
asnp (BOKN,)

MesC—O,
’,/C— = Boc

nna ¥

a) OCHOBaHNe

> BOK— NHICHRCO,H

0) KucJorTa

 CHATMEe 3aWmnThbl

PR,

A N

“ 0
VA C AN NBoe BN S NIIBoc  1yeq
\{é’gCH'(l T HET e 93 /»—C H>O \r
R! R!
O‘ I ¢ N seesesns S %
NH, L MmBoe  /NEENK )
Y + HO ~

— () —CH,0”

1 i
R R2



AMuHorpynna

« BeH3nnokcnkapboHunbHas rpynna

0 _0 7 -0
CHsCH,—O0-C—-Cl + H,N—-CH- C —— CH,LCH,~O0—-C—NH-CH — C
56H3VU'IXJ'IOpKap6OHaT I!'Q O H -HCl == 53_7;1|_-|:|._V_||_-|--|._e_|'-I |-‘|_"—:l;:| -------- ||:{ O H

aMUHOrpynna
T
PhCHEO'C'ITH Hz, (1 E\'].'M)._ PtOp_
o

HOOC(CH,),CHCONHCH,COOEt  EtOH, CH3COOH

) . _
HO-C -I\|1H
— > PhCH; + | HOOC(CHy),CHCONHCH,;COOEt | ——>

NH,
— > CO, + HOOC(CH,),CHCONHCH,COOEt



Anbpernasbl RCHO

* Auetans RCH(OR’ )2 (1,3-OnokcornaH)

« Nencteytror R'OH, |
mnn HOCH,CH,OH, H*

e 3alumnTa yCTof/’NMBa K HyKneogusiam,
OCHOBAHUSIM, 80CCMaHoO8UMESISIM

* YOaneHue 3aluTHOU rpynnbl
H, H20

HOCH,CH,OH 0 ArCH,CN =N
OHC@NOz [ >—®N02 — 0 ~
O </O Ar




KeTOHbI RZCO

 KeTtanb RZC(()R’)2 1,3-0MOKCONaH
« Nencteytor R°'OH, H*
mnn HOCH,CH,OH, H*

« 3aliMTa ycTonvmBa K HyKrneoghusnam,
OCHOBAHUSIM, 80CCMaHoO8UMESISIM

* YOaneHue 3aluTHOU rpynnbl
H, H20




Kucnortbit RCOOH

« CnoxHble adoupbl: RCOOMe, RCOOEt
RCOOCH,Ph, RCOOBu-t,
RCOOCH CCI

,El,eMCTByroT CH N,, EtOH n H*
PhCH,OH u H¥
H* u t- BuOH, CCI,CH,OH

e 3aluunTa yCTOI/ILII/IBa K Cﬂa5bIM
OCHOB8aHUAM, ariekmpoagburiam

* YoaneHue 3awmtHou rpynnsl HO" n H O
H,(kaT.) unn HBr, H*, Zn n MeOH



deHonbl ArOH

* [IpocTble MeTunoBbIe 3chnpbl UNK
MEeTOKCUMMeTUIroBble 3¢pupbl

* Hencreytotr Me, SO, n K,CO,, MeOCH,CI
N OCHOBaHUe

« 3almnTa yctonvmea K OCHoO8aHUSAM W
cnabbiM annekmpoagouriam

* YoaneHue 3awmtHou rpynnbl HI u HBr
NNu BBr3, CH3COOH-H20



Tvnonbl RSH

» 3awmTHaga rpynna AcSR
» lencteytor RSH+AcCl+ocHoBaHue
« 3allnTa ycTon4vMBa K asriekmpodgburiam

* YOaneHue 3aluTHou rpynnol
HO'-H20



3awmTa nosioXXeHun
apomMaTU4ecKoro KosrbLa

ArNH, + NaNO, + 2 HCI —
ArN*ENCI + NaCl + 2 H,0

® .9 H,PO, H,0
QNEN cl ——=2 2 » @H + H,PO, + HCI + N,
OO sk OO

75 %




?OOH COQOH COOH
Fe +HCI Br; Br Br
EE— —
NO H,O HBr, H,O
2 NH; NH-
Br
COOH COOH
NaNO; g Br HsPO2 Br. ~Br
E— —_—
HCI, g-5 + - 09
N, CI
Br bl’
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