Kap6oHunbHbIe coeauHeHus

Anbaervabl
IUPAC TpuBuanbHble
Ha3BaHuA
y C//0 AnudaTnyeckumn, MeTtaHanb dopmanbgerng,
\H HacCbILWEeHHbIU
c//o Anunuuknunyeckun, | LmknorecaHkap6-
\H HacbILWeHHbIN anbperuna
. C//o AnudaTnyeckum, MNMponeHans AkponeuH
2 \4 HenpeAenbHbIN
//0 Anunuuknuyeckmnn, | LUnknorekc-3-eH-1-
GC\ HenpeaenbHbIN kapbanbaerua
H
ApomaTuyeckum BeH3anbperva

Crapwas rpynna-
KapoOoKcunbHas

4-DopmundeH3on-
HasA KMcnora




KeTOHbI

IUPAC TpuBuanbHble
Ha3BaHUA
CMMMeTPUYHLIN, NMponaHoH AueToH
npenenbHbIN
HecummeTpunyHbin, | 3-byTeH-2-oH MeTUNBUHUIIKETOH

HenpeaenbHbIN

HecummeTpuuHbin, | 1-Uuknorekcun-1- | MeTunuuknorekcun-

O npenenbHbIN 3TaHOH KeTOH
HecummeTpuniHbin, | AuetocheHoH MeTtundeHunnkeToH
apomaTu4eckuu 1-PeHUNITAHOH
Crtapwas rpynna - | 3-OkcobyTtaHoBas
KapboKkcunbHas Kucrnora




Cnocob6bl nony4yeHus

OkucneHue cnnpToB

NMepBUYHbIE CNUPTLI - anbaeruabl
(peakTuB CapetTta-KonnuH3sa)

0
Cr0,2C HN Y,

H,C~+CH5=CH;—OH Ch,Cl; 25°C H,C-+CH5-C{
(93%) H

1-F'enTtaHon lentaHanb

BTopuuHble CNUPTbI - KETOHbI
(peakTnB [I>xoHca)

H H
3C\ Cr0,-H,0-H,S0, 30\
H,C—C OH Jsog - MCE 0 (90%)
H,C aleToH; H,C

4-T pet -6yTMNLMI UTOreKCaHoN 4-T peT -6yTMNLUKIIOreKCaHoH

Henpe.qenbl-lble nepBuUYHbLIE CMUPTbLI — HenpeaesnibHbie anbaernabl

(peakTus CapertTa)
CrO;* C,H.N * HCI
CH;(CH,);—C=C—CH; OH >  CH,(CH,);—C=C—CH=0

OKT-2-uH-1-0n 2-OKTUHanNb

OkuncrneHne cnMpToB A0 anbaerngoB U KETOHOB: cM. PeyToB, T.2, cTp. 266-277



derngpunpoBaHne CnMpToOB.

0 R o
CH Cu: 300 °C N Cu; 300°C 3:
R OH — —~ < / ‘H

2
NepBUYHDbIN 2 H R1 R1

cnupT Anbpernp BTOpPUYHDIMN KeToH
cnupT

OkucneHue ankeHoB

[On3amelleHHbIN ankeH — ABa anbgernga — ABe KUCNOThI
TpusamellueHHbIN arnkeH — anbaerna U KeToH — KMUCIoTa U KeTOH
TeTpa3amellueHHbIN ankeH — ABa KeTOHa

®

s~y  KMNOH o o
H,C~C=CH-CH, g HC—C=0 * 0=C—CH,
CH, CH, OH

AueToH  YKCyCHasli KUC/aoTa

@ //O
>CH3—(|:H—C\ + CO, + H20
CH, OH

KMnO,, H

CH5CH-CH=CH,

CH,

n3omMmacliidHad KUCJioTa



Bakep-npouecc: KatTanMTuyeckoe oKUCrneHue 3TeHa B aueTanbgeruvaa.
OCHOBHOM NPOMBLILINEHHbIX cNOCcOo6 Nnony4vyeHUsa auetanbaeruvaa.

Cucl, 0
H,C—CH,+PdCl,+H,0 — % HC c + Pd + 2 HCI

Pd +2CuCl, > PdCl, + Cu,Cl, H

2Cu,Cl,+ 0, + 4 HCl —> 2CuCl, + 2H,0

O30HONN3 ankeHoB

[n3amMelleHHbIN ankeH — ABa anbaernaa
TpusameLlleHHbIN ankeH — anbaerna U KeToH
TeTpa3amelleHHbIW arikeH — ABa KeTOHa

H,C-HC,  ~ ,CH; 1)0,; CH,Cl,; -78°C 0 o
C=C > H,C-H C—C + C—CH
H Y 2 Zn-CH,COOH “H 4 3

C>=C/CH3 1) O;; CH,Cl,; -78 °C <:>=o 4 0
\ep. 2) Zn-CH,COOH-H,0 ne”C~ch

3 3

U3onponunupeH-
LUKIIOreKcaH



Nmapatauma ankuHoB. Peakuusa KyyepoBa.

OH .yt go2t OH
<:>< H,O; H"; Hg) <:>< Mpasuno MapkoBHuKOBa
C=CH

6/(:—CH3
1-3TMHun- 1-(Tuapokcmumkno-
LIMKITorekcaHosn reKCuJ1)3TaHOH

AunnupoBaHMe apoMaTU4YECKNX CoOeaUHEHUN.

ApomaTtunyeckue KeToHbI.

@)
AICI
+ >\ CH3 3 CH,




M'maponns guranoreHNPou3BOAHbIX

Apomamqecxwe anbgernabl

0
CH, CHCI, CH
H,O, Fe
Ouxnopwme-
T™MNn6eH3on

OkucneHue apoMaTn4vyeCKnx MmetTuinnpon3BoaHbIX

Cr0,; (CH,C0),0
H.C CH, > (AcO),HC CH(OAc), —
H,SO,

FeMMHanbHbIW AnaueTar -
YCTOWUUB K OKUCJIEHUIO

0 0
HS0, 3 4
- C CH  (50%)
H,0-C,H.OH

beH3on-1,4-pukapbanbperng




MmapodopmunupoBaHue ankeHoB

FfoMOreHHbIW MeTanNnoOKOMNNEKCHbIN KaTanu3

Co,(CO), 0 9

_CH=CH, + CO + H, > R-CH;CH; C + R—CH-C
R 2150 0C; 100 -350 atm \ | \
H CH. H

3
Peakuusa Yapuca-CepreeBa

O/OH
H,C / /_CH,

0
LI
c” NcH,

TepMuueckoe aekap6oKkcuUnupoBaHue cornen KapboHOBbLIX KACIOT

H,C._ 0
HZ(])/ C’OH Ba(OH),; 350-400 °C
e - &o + BaCO,+ H,0
i \H C"C\\—c H

2 0 LinknoneHTaHOH




BoccTtaHoBneHue npon3BoAHbIX Kap6OHOBbIX KUucnot

CH,..2% H,; PdBasoO, 2.0
- ? (70%)
Cl aTUnaueTaT uiu
Tonyon; 25 °C
Limknorekcun- Limknorekcun-
aueTUNXJIoOpuA, aueTanbpaeruj
6uc-(2-MeTOKCUITOKCH)
aNloMoruapua nuTus
(‘IH3 /o 1) LiAIH,(OCH,CH,0CH,), CH, 0
/
H3C(|IC\ 6eHson, 25°C _ H,CC— C (81%)
cH, 9 CHs 2 cH,oH CH, H
TPUMeETUIyKCcyC-
HbIM anbnervm
o
// 1) AUBAN-H; Tonyon i
H,CCH;1-C H c+C|-|—)—c (92%)
\N—CH 2)CH,OH
3
(!‘.H AUBAJN-H: AlH(n30-C H,), D,M-uso -6yTMnanioMMHMUIrnaApuA
3

N,N-AumMmeTunneHtaHamup



dPusnyeckmne cBouCcTBa U CTPpOEeHUue MOIneKyIbl.

(0

CoeavHeHue Mon. .
Macca

CH,(CH,),C(O)H 72 76

byTaHanb

CH,C(O)CH,CH, 72 78

BbyTaHOH

CH,(CH,),CH, 72 36

NeHTaH

C,H.O CH, 74 35

ON3TUNOBLIN 3CUpP

CH,(CH,),OH 74 117

1-6yTaHon

0,1500 Hm
1259

sp3
5C
H

H
sp?

114° C 0
'%1210

0,1124 um

0,1204 um

10



KNCcnoTHOCTbL, OCHOBHOCTbL, CNOCOOHOCTb K €HONMM3auuu

Nu
H / /J
«-—> HC—C oo
3 / \C_ —H
/ o0
2.0 H CH,
Nu
H
/
H3C—C\\ 6.
—0 :
V4 o0
CH,
— €HONNAT-aHUOH

11



XnMmuyeckKkue CBOMCTBA

HykneodmnbHoe npucoeanHeHune Ad,,

MexaHu3m peakuum

@Nu Nu Nu
R1\ 8+ . 0.6— : 5 ’
C: « ——— ™ L C~~‘~nn. —_— \\\\C
J R; : ] \..O
I Il i
Mnockana NMepexopHoe cocTOA-
MoJieKyJa HUue 61M3Koe K TeTpa-
3apUYecKomy
CTpoeHue n peakuMoHHass CNOCOOHOCTbL
CH
l 3
H +. HiC5,+ HiC 8+ H,C—CH5 .+
=0 > =0 > c=0 > ,C=0
H H H,C Hac—?H
3+ > O+ > 8+ > §,+ CH;,

Oi &i iio ai @4 04aé6&7iiié Ari Al &i 7 Ao é:
YBennuyeHue nonoXuMTeNbHOro MHAYKTUBHOIO 3¢ ¢ eKTa aKuJIbHbIX rpynn

YMeHblUeHUe NoNIoNMUTENIbHOTO 3apsifa Ha Kap6oHUNAbHOM aToma C
YBenuueHue ctepuyeckux npensaTcTBUIA AN aTaku HyKneoduna

12



anCOGAMHeHMe unaHmna-noHa. 06pasoBaHMe UnMaHrmnapnHoB.

" P 0
H*, H,0 / /
P KCN, HX OH C3H7_CH'C\ — H3C—HC=CH—c\
ne, & / " on Ho o
“uec” “H 72N JOS LA, |
H3C 2 H3C H2C N —>C3H7_CH-CH§NH2
(75%)
1-F'mppokeu- ) v
6ymaunauna  -H,0 H,C-H,C—CH=CH—CN
MexaHusm Ad, 2
KCN 4+ HX =—= HCN 4 KX
- 6bicTpO _
HCN + X HX + CN
R\/_? - MeaneHHo ? G 1161
C=0 + CN n. ve ) ;
H R™[™SCcN c=ol ~cn
H
? 6bICcTpO ?H i
G 4+ HX wC
R™[ScN R~y t X
H H

13



anICOG,EIMHeHVIe rmapocyn b(bVIT-VIOHa

"5 NaHSO,, H,0 ; H*unn Na,co, HsQ
c=0 > H3C—?—SO3Na > c=0
H/ H o (89%) H Anbgernabl 6onee aKTUBHbI
(cm. BbIxoAbI).
0 H + 0 NaHSO, npucoeauHsioT
3
g NaHSO,, H,0 H C—?—SO N H unu Na,CO0s4 I TONbKO METUNKETOHbI
-~ >~ H gha = AN
H,C CH, H,C CH,

CH, (56%)
NaHSO,, H,0

//o 10 °C /o|-| KCN H,0 /OH
cl Q = = Cl C—SO;Na —= cl CCN (74%)
H H H

2-(4-Xnop ¢ enunn)-
2-ruApOKCUaALLETOHUTPUN

I 2 TR LM ol
/ Ay e —

5 i+ \//\/ . ﬁ_p.. Na — Hsc_?_ﬁzo —> H3C_?—ﬁ—
CH, CH, O CH, O

14



Peakuuu c Mg-OpraHM‘-leCKMMM coeaANHEeHUnsAMun

H,C=0
> R—CH;OMgBr R—CH; OH
R'CH=0 R + R.
R—MgBr >R.:CH—OMgBr A, A0 _CH—OH
-MgOHBT
RlRllC:o R\ R\
- R'—/C—OMgBr R'—/C—OH
R" Rll
MexaHun3m
. Mg-X
R\5+ &~ & &+ R'\
,C=0+ R—MgX — “c==xg + R—MgX —
R” Rll
T H*, H,0 'T
R Mg-X ——> R'—?—O—ng ——>3 R—C—OH
R'\ . -RMgX -HOMgX |
—_— R" R"
/



Peakuusa c consimm ankuHoB

_ Cu,C,; 100°C; P _
H,C=0 + HC=CH > HO—CH;C=CH + O=CH, —

Cu,C,; 100 °C; P

> HO—CH;-C=C—CH;-OH
2-byTuH-1,4-guon

5— o4
NH, (1) e P 0=C

HC=CH + NaNH, —— HC=CNa -
-38°C NH,(#17)-C,H,0C,H,, -38 °C

0—Na OH
NH,CI;H,0; 0°C
> (85%)
C=cH C=cCH

1-(1-3TMHUN)-1-LUMKIIOreKcaHo

MexaHusm AdN

/\ R' . R
R—C=CH + NaNH, N p—c=6 Na c G —> R—C_C—?—R" — > R—C=C—C—R"

-NaOH
0 o— ONa OH

16



HyKneochanoe npuncoeanHeHue - otTwiensieHme npomn3BoaHbIX aMmMunaka.

lNepBUYHbIE aMUHBbI NpeBpawarTcs B UMUHbI (ocHoBaHuA LLnda
ANA apoMaTU4YeCcKUX KapooHuncogepXxawmx coeanHeHnn)

+

oo H
R—HC=0 + H,N—G —<—= R—HC=N—G + H,0

MexaHunam 5— -
s O ),
RHCC+HN G="R H,.C— C-NHiG =
R R
+*
OH . 0|.|
RTHLC-NH<=—=R HC— c\,,kR H,C— C—N <~ R-HC-C— N+H
L NG \ “NH | G |
R1 Rl g R1 R1 6
nonyamMmMHalb KaTUOH UMUHUA UWMMH

k, n/monb c
[

HN—G+H == H2T+—G

H

17



+

. H ..
R—HC=0 + H,N—G =—= R—HC=N—G + H,0

Mpoaykr

Hykneodun H, N—G B3aumopeiicteus R — CH N—G

M'mapasamH H, N NH,
®benunrupgpasmd H, N HNC H,

Cemukapbasmpg H,: N NH-C(0)~ NH,
Tuocemukapbasmng H N— NH- C(SrNH

MmapasoH R —CH =§ N —NH,

dennnrugpasod R—CH=N—NH —CH,
Cemukap6030oH R—CH = N—NH C(0) NH,

Tuocemmkap6oson R —CH =N -NH C(S) NH,

MapoKcunammH Hz‘ N— OH OKCUM R-CH=NOH
(o)
I . cH,cooH Hs&
HC  “cH, T T CH, LC=N + H,0
H,C
(95%)
N-umknorekcun-2-nponaHUuMmH
e u N—OH e H N—NH,
HCC+HNOH<_HCC+HO @*C\+H2N—NH2—>®*C\ + H,0
H H H H
OKCUM rMAPa3oH
aueranbaernia GeH3anbaeruaa
0 + o)
R N L Ne .Co +
= . = H,O
H,C” Z “NH "NH, H,C” SNH TNH, 2
cemukap6asupg ceMUKp6as3oH
6yTaHOHa

18



MNMeperpynnupoBka bekmaHa
R1—C—R H  R—C—NH—R1

| — I

okcum N—OH Y ammp,

MexaHn3m peakuum

cun + /] oD
R OH |.| /OH ~R1 . /R1
C— C=" — R—C=" —
aHT #n R1 -H,0
OKCUM MurpupyeT rpynna us aH™-

NnOoNOXeHUA No OTHOLUeHUI
KyXO,!J,FlLIJ,eﬁ rpynne
HZO R R1 R\ /R1 R /R1

\
—2>  Cc=N  —= c=N /c HN,

+ = H
H,0 W amuj

CuHTe3 g-Kanposakrama — MOHOMepa ANA Nofy4eHus KanpoHa
0

H NH

Okcum
LinknorekcaHoH e—Kanponakram
LMK OreKcaHoHa

19



BTOpuYHbIe aMUHbI NpeBpaLaoTcs B eHaMUHbI

R-H,C—HC=0 + H'il_G — R—HC=CH—lil—G + H,0

G, G,
MexaHusm
8-&::/_\" /0;7
R1 LA

G, R1 G,

&
OH

/ [ X J

R—HZC—C\\N\ — R—H2C7C\/.7. == R—HCLE=N_ == R—HC=C—i—G
R1 G, R1” NT6 |Ia1 G, R1 G,

Kap6V|H0ﬂaMMH G1 KaTUOH UMUHUA €eHaMHWUH

<:>=o £ uN o ——TaCHSON @N O + H,0
\__/ 110°C; tonyon; 1y \__/ ?

a3eoTpONHas OTrOHKa BoAbl  (70%)

20



HykneodunbHoe npucoeamHeHne BoAbl U CNUPTOB

H+ ?H . H+ o_Rl
R—HC=0 + HO—R' <= R—HC—O0—R' + HO—R' == R—HC\
o0 L4 _R'
nonyaueTanb au,eTanbo
B3saumoagencrteBue ¢ Bogomn
P 250c P
H—C + H,0 —= H—?—OH 99,999%
\
H
MeTaHauon
(rempguon)
MexaHu3m
° H H H
R&E:// ﬂ'Jr’R ? R2 <= R ? 0)-'—’+R C ORL-I':
\ - -
?\/ ? 2 R
OH nonykeTtasnb
| 2 -H,0 VL H—O0—R2 N+ ?Rz
R—C—OR, <= R—C—OR,+ HO—R2 - —» R—C—OR
2 I R—C—OR, ~ 2
R1 R1 ? 2 R1
R1 KeTajlb

21



OMe
c + 2CH,0H =—= QC’OMG
H3C—©—SO3H

ON O,N  (76-86%) CH,
c—c\+ 2C,H.OH —><—HC—?H+HO
H OC,H,
0 [\ (60-64%)
o_ _O
H,PO,; Tonyon
+ HO-CH;CH;0H = - + H,0
110°C; 4y
(80-85%)
3awmTta KapOoOHUNbLHOMN rpynnbl
HO-CH;CH;O0H; H*
H C-C-(-CH-)-COOC H, = ~ H C—CdCH;);COOCZHS

0

P
1) LiAlH,, agup c—c—(CH-)-CH OH yo H c—c—(CH—}CH OH
2) H,0 R / 0

o 22 22



TuoaueTanu n TMokeTanu

Qﬂzcxﬁ/‘?”s HS-CH;CH;SH; BF ;OEt, QBZC\C/CHs
o (C,H,),0; 25 °C R f

(95%)
Ni-PeHes; H H,C . <CH;
g CH,
C,H.OH

MNMpeBpaweHne KAPOOHUNBLHOM rPyNNbl B METUNEHOBYHO

CH, CH,
HS-CH;CH;SH; BF OEt,
o (C,H5),0; 25°C C
S
CH

3
Ni-PeHes; H,
—_— (60%)
20°C

23



BeH3oMHOBaA KoHAeHcauus. O6pa3oBaHMe a-rMAPOKCUKETOHOB

O KCN, C,H.0H, H,0 OH
~C H—CH 6eH30MH (90%)
/c CH.

0
MexaHuam.
9 o L=NHo L=N =N
(1) A—C + CN” == Ar—CH  Z= A—CH + OH == Ar—C  + Hp
H ) OH OH
UMHaruapuH
=N e NH ho  ENH
(2) Ar—C—_+ Ar—c5+ == Ar—C—C—Ar _2'<—’Ar—(|: C—Ar + OH™ =—
OH H
O6eH3UNbHbIN OH © OH OH
Kap60aHNOH cTa- 2,3-au¢p eHnn-2,3-purua-
POKCUNPONAHHUTPUN

6UNN3NPOBaH 2J1IEKTPOHO-
akuentopHoit CN rpynnou

(CN H ITI
Ar—C C Ar =—= Ar—|(|: CI: Ar + CN@
CO OH O OH

24



KeTo-eHonbHasa TayTtomepus

OGpa3oBaHuMe eHosna noa AeMcTBMEM KUCNOTLI
-
R1—(i—CH2—R2 + HA =—= R1—C ?—RZ - R1—?:CH—R2+HA
! o

HOY OH

KeTOH eHon

OGOpa3oBaHue eHONAT-aHUOHA nNoa AeMCTBMEM OCHOBaHUA

| 9.

(0] 0

Sy /0 W m_@Q_c/f R—cd!
< T s =
H R2 H R2 H R2

€HONAT-aHUOH

EHONAT-aHNOH HaMHOro 6osiee akTUBEH, YeM eHOJ

25



Peakuumn c yyacTuem eHONMOB U €eHONSAIT-aHUOHOB
AnbOonbHasa N KPOTOHOBas KOHAeHcaLuus

AnbaornbHasa KOHAeHCcauus.
MexaHu3m. Katanun3s ocHoBaHueMm.

a-CH-cBsi3m 0

Il _ 6bicTpoO @E?H
RY,CL + OH — GOt H0
HC H CH H
OH 0 €HOJIAT-aHNOH _
: 0 OH
= | Il MeAJ1eHHO | 4,0 6bICTPO | 0 -
R\éﬁC\H+ L Re——— R=CHF¢—GH—C( + HOH == R—CHF {—CH—C_ + OH
H H W e, HRrR H H R N
MeTuNeHoBasAs Kap6oHWJIbHas B-rM P OKCHKETOH
KOMMOHEeHTa KOMMOHEHTa (ecnu R=H,anbponb)

KpoToHOBas koHaeHcauus

OH 0 OH 0
| (/,\ - P
R—CH;-C—C —C\ + OH =—< R CHZ? ? C\ + HOH
H R

1

€HONAT-aHUOH anbaons
H
Ci? 0 0 )
R—CHZ—CI:—(I:—C\ — R—CHZ-(I:=(I:—C\ + OH
H R H H R H

a,B-HeHacbIWeHHbIN anbaernp
(ecnu R=H,kpoToHOBI1 anbaerup) 26



AnbaonbHasa U KPOTOHOBasi KOHAEHCaLMUM.
Mpumepbl peakumn.

0 OH 0
/ 4/  NaOH, H,0 | /)
HC—C_+ HC—C  — = HC—E—CHF G (50%)
H H ' ! H
3-ruapoKcubyTaHanb

0 0
/ @ /7 NaOH, H,0
Hac-(-CHz—)-ZCHZ—C\:l- H3C-(-CH2—)-2CH2—C\H YT

neHTaHaJNb

't o 0

/4" NaOH, H,0 _ %

H,C+CHz-CH;-C—CH-C]  —— 2= Hsc-(-CH;)-ZCHZ—C—(I:—C\H

H |CH;-CH, H (CH;)-CHs

2 2

20 ] *H 100°C, 3y
2-nponun-3-ruapoKcurenTaHasb 2-nponun-2-renteHanb

KoHpaeHcauus KeTOHOB.
KeTOHblI BCTYNaloT B peakuuio Xyxe, 4eM anbaerunabil.

0 OH 0
// // BaO I Vi
H,c—C_+ H,C—C_ —»tm H,C ? CH; c\ (80%)
CH, CH, CH, CH,

4-ruppoKcu-4-meTmn-2-neHTaHoH

C,H.ONa, C,H,OH, t
|:>=0 + 0 > — (38%)

LIMKSTOMNEeHTaHOH 2-UMKNONeHTUANEH-
1-UMKNONEeHTaHOH 27




KaTanus kucnotomn.

AnbponbHas KOHOeHcaLuus.

MexaHusm.

a-CH-ceasun 0/\
I

RY¥C_ +H =— g

N/ N\
H,C® H
6_ o0
ﬁ H MeaNneHHo
R ca+ R _——
N /NN / \

Kap6oHUNbHasA
KOMMOHEeHTa KOMMOHEHTa
H 0

0 MeTUuneHoeasd

B Kucnom cpepe peakuuio NnpakTU4ecku
HEBO3MOXHO OCTaHOBUTb
Ha cTagum obpa3oBaHUA anbaons.

ﬁH H
c.+ A =—=R__C_+ HA
, H CH H
eHon
D JOH' H 0
R—CHZ—? (r‘H—C <—R—CH2-C—(|:H—C
H R H HRrR H
B-rmapOKCUKETOH
(anbponb)
H—*H
- 0 0

R-CH—(I:—(I:H—C + HY =— R—CH-C—(T‘R—C —» R- CH—cI:—cl:—c + HY+ H,0

H R H

H H H R H

28



lNMepekpecTHasa anbAoNbHaA KOHAeHcauumaA

o-CH-ceasu OH
0 o - 0 OH 0 OH 0 OH
y g oH | y I y I 4 I V
HiC=G + HyC-CHy G H;C-CHCH;G + HyC-CH7CH-CH-G +H,C~CH-GH=C, + H,C-CH;CH-CH; G
Il H Il H I+] H I+l ¢cH. H I+l cH., H 1+11 H
3 3
a-CH-ceasu
//0 \_67 //0 0 //0
QC\ + He- Hz—c\ NaOH, H,0, 60 °C QHC:CI:_C\ (68%)
H H CH, H
6eHzanbaerng nponaHanb 2-MeTMn-3-p eHMnneHTeHanb
Kap60|-|m1b|-|a9 MEeTUNI€eHOBad
KOMIMNOHEHTa KOMMOHEeHTa
CH,OH
T /° Na,CO,, H,0, 40 °C 220 9
3 H—C—H + H3C—C\ - HOCH’Z_(I: C\ (82%)
H CH,0H H

3-rmapokcu-2,2-au(ruapokcume Tmn)nponaHanb
Peakuna Knansena — LLimmara.

0 (l)H 0
0 CH CH
/ NaOH, H,0 C,H, NaOH, 25°C Z "CH,
CH G+ - - r—
H 10°C, 54 (100%) AHeu (76%)
(apomaTuyecknit  (keToH) 3TUN)-1-UMKNOreKCaHoH LMK OreKCaHOH
anbpgerup)

CuHmMe3 —HeHacbIWEHHbIX KEMOHO8 U anboe2udos, cma6unu3upoeaHHblx COrpsidcKeHuemM ¢ apoMamu4ecKum ﬂapOM.
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Peaxii, poJICTBEHHBIE aJIbI0IbHON KOH/ICHCALH

KapOoHmibHag MeTwieHoBas oo SN
KOMITOHEHTA KOMITOHEHTA POAYEL P E
0
P 0 o ﬁ) ﬁ @» CH = CH—C (’
@C CH,~C—0—C —CH, . oH
~ ~ OpUYHad KUCNoTa
H Y KCyCHbIA aHrnapua pegxumq Neprura
0 0
//O | (lzl—oc H
o 3 _C—0C,H; @CH:C< 2Hs
\H Z\C_OC2H5 l(]:_OCQHs
Il 0
" HunstunbeHsunuieHManoHaT
ﬂMSTMJ]NBﬂOHOBbIM Sde peakuua K HeBeHarens
0]
0 o T
QC/ CH,—C—0C,H, @CH:CH—C—OCQHS
~H y Kcymaa);LMHOBbIM STwibeHsunnaeHaLeTaT
0 0
0 I [
Y4 o _-C—CH; _~C—CH,
C CHy o CH=CZ_
H Il e
0 0
3 TUnoBbli ahup ATUnbeHsNnaeHaleToaleTaT
aLieToy KCYCHOM KUCMOTbI
0
0
Y o I |
QC/ o N @*CH=CH—N®—0®
N 3
H H uTpomeTaH

1-Hutpo-2-dpeHunnasteH
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PernocenekrumBHas nepekKpecTHasd anbAoJibHad KOHAeHCaLuus

0 oL’
CH, 1] LiNG-C,H,), CHs 1] 0 ZnBr,-78 °C
v —G— + - —_—
"CH-C—CH, "CH-C=CH,+ H,C—C
CH, o, -78°C CH, \H
0 o L 0
CH;, 7] | H,0, NH,Cl, 00c CHs 1]
CH=C—CH;CH—-CH, > CH-C—CH;CH-CH,
CH, CH, oH

S-TUAPOKCU-2-MeTUN-3-TeKCAaHOH
LiN(i-C_H.), - nutniigumsonponunamug (J10A)

pK_(HN(i-C,H-),)=40, pK, (anbpernpaa)=17-18, pK_(ketoHa)=19-20

- - B YyCIoBNAX KNHETUHECKOIO KOHTPOIA

CH, cl) CH, cl) (HU3Kas Temneparypa), NPMMeHeEHNSA
,CH=C=CH, ,C=C—CH, arnpoTOHHOIo pacTBOPUTENA U
CH, | CH, 1 CTepuyecKkn 3aTpyaHEHHOIo OCHOBAHMUA
(J1OA) npenmyuiecTBeHHO obpasyeTcs
eHonAaT |.
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O Li CH,CHO

I NAA, -78 °C
H,C—C—CH; CH, = H,C=C—CH;CH, —
eHONAT NINTUA
Lo OH 0
0 H,0

| I | ]
H,C-CH-CH; C—CH;CH, — = H,C-CH-CH;C—CH;CH,

S-TMAPOKCU-3-TeKCAHOH

0 0 B yCNOBMAX KMHETMUYECKOrO KOHTPONA
_ . ABa U30MEPHbIX HONATa He NpeBpalLaloTCA
Hzc_C_CHECHg H3C_C_CH_CH3 Apyr B apyra. CooTHOLIEHUE NPOAY KTOB

I I onpeaenaeTca cCoTHoOlWEHneM eHonAaToe. Mpe-
MMY LLECTBEHHO 06pa3syeTca eHonAT | u npo-
Ay KT Ha €ro OCHOBe.

(9] 0O B ycnoeuax rTepMoaNUECKOro KOHTpons
ABa U30MEpPHbIX €HOJNAiTa HaXO/ATCA B
H,C=C—CH;CH; === H,C—C=CH-CH; paenoeecun, nonoxeunue kotoporo
onpeaenarcMx ycTonunBocTbio. B npojay krax
| | peaKuun 6y aet npeobnanatb 6onee
cTabunbHaa MoNeKy na, obpasyowanca us
eHonATa ll.
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FanoreHnpoBaHue
KaTtanus kucnorou

o-CH cea3u H0+ MeAN1eHHO )

S s O\

Il
R—C—CH;—R1 == R—C— CH;-R1 =—= R—CUH—R1 + Hal,—> R—C—CH—R1 + Hal
Hal

I
7
+

“ €HOoN
<=~ R—C—CH—R1 + HHal

Hal
o~-raNnoreHKeToH

B kucnom cpene BO3MOXHO BBeAeHUe B a-NMoJyioXXeHUne TOJIbKO OAHOIro atomMma rasioreHa

o-CH cBAa3un MeUJ1eHHO

T e “55_/\

|
H,C—C—CH;~CH, == H,C—C—CH;—CH, === H, C—CvH—CH ,+Br,—

||/?’\~ I

H,C—C—CH—CH, + Br <—H,C—C—CH—CH,+ HBr

eHon

o-6poMOyTaHOH
P y 33



KaTtanu3s ocHoBaHuem

Me/J1eHHO
0 Hal
/ N\, _ -HB_ S0 vy B}
R1—?—C\ + B =—= R1—?—? + Hal, —> R1—(r‘—C\ + Hal
H R2 H R2 R2
Il @0H

R1 S C//0 R1 C
— ~— —
™A T~
H R2 H R2
€HONAT-aHUOH

B weno4yHoun cpeae BO3MOXHO BBeieHME B 0—T0JI0;KeHHe TPeX aTOMOB rasioreHa

ManodopmHasa peakuus -~ _
S A <03 Na'
0 1, NaOH, H,0 f NaoH | G279
R—C—CH, - R—C—Cl,— |R Cl,
Kapb6oHuNbHanA OH
aKTMBHOCTb L i
yBeJinunBaeTCH
~Ht

— RCOOH + Cl, — RCOO + CHI,
nepeHoc NpoToHa ?rc;ﬁgccll))?:)n)

OT KUCNOTbl K

OCHOBaHM10
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Peakuus c PCI5— nony4vyeHme reMMHasribHbIX AUXIIOPNPON3BOAHbIX YrNeBO4OPOAOB.

0 I 0 |
// Il
CH3CHz G + PCl;— CHzCHz¢—Cl CH;CH; C—CH, + PCl;— CH3CH;G—CH,
H Cl
OkucneHue anbgerngoB U KEeTOHOB
/P Cro,H,0-H,50, N 49 KMn0,-H,0-KOH ,0
CHzfCHZFC_ = CHzfCHzFC_ (85%)  CH3fCHz-CH-C_ > CHzfCHz-CH-C (78%)
4"\ aueToH, 0°C 4 “oH Hoe-cH H 0-10 °C 3l oK
reKcaHanb reKcaHOBaﬂ 2 3 HZC'CH3
(kanpoHOBbI (kanpoHoBas) 2-3TUnrekcaHanb 2-3TUnrekcaHoBas
anbp,ervm) KUCJioTa KUcCnoTa

Peakuunsn «cepebpsiHOro sepkanay.
OkucneHue B NnpucyTcTBUM ApYrux pyHkuMoHanbHbIX rpynn: C=C, C=C, CH,OH v gp.

AMMMauHbIN pacTBOp

Q 0
okcupa cepebpa (pea- 0 \ N\
reHT Tonnexca) H_ ,CH Ag,0, H,0, NH, H_ ,C~oH
C=C > =C
Ag,0, H,0, NH / \
2 . 20c 5 OH H,C—CH,  CH, H,c—cfl, CH,
0 o .
3-MKOreKceH 3 (97%)  2-metun-2-neHTeHanb (98%)
) ) -LIMKNOreKceH- ) Py
1-kap6anbaernp 1-kap60HOBas KUCNOTa 2-MeTUN-2-NeHTeHoBas

KUCcnoTa
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KMnoO,, KOH, Ho_ _0 HO__ _0 o
H,0 ? ~¢” Se0
—> | i 2 - )
to H,C( ,CH, CH,COOH-C H, (60%)
o) CH
(]

LnKnorek- rekcaH-1,4-guoBas 1,2-umMKnorex-
CaHoH (aaunuHoBas) KMUCNoTa CaHAUOH

Peakuusa banepa-Bunnurepa
B3anmopencrtBme KeTOHOB C NepPKUCIIOTaMun

ﬁ 0
ScH, C4H;COO00H 0N ~A° CH,CO00H
CHCI, H CH ;COOC,H,
o 3
(67%) LMKNOreKCaHoH

1-uMKnorek- LUK OreK- g-Kanpo1aKToH
cun-1-3TaHoH cunauerar

O—0)

MexaHu3m: dHUOHOTpPOMNHaA MUrpauus ankusbHOW rpynnbi

0 (I?H o ©
!:I + CF,CO00H == H,C w // ~CH,
U~ - I ay —Q -
H,C +CH3 iy CF3
OH 0
| + CF cooe — - I + CF,.COOH
PN 3 /C\ 3
H,C” “O0—CH, H,C” N0—CH,
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BoccTtaHOBNeHue anbgerngoB U KETOHOB

//O NaBH
CH;-CH-CH;CH;C\ 4 CH>CH-CH;CH;CH;OH  (85%)
H C,H,OH
4-neHTeHanb 4-neHTeH-1-on
1) LiAlH,, acbmp, 0-10°C
O T > CH;OH (94%)
— 2)H,0,H",0°C
2-uuKnorekceH-1-oH 2-UMKnorekceH-1-on

MexaHun3im BocctaHoBneHus LiAlIH .

R1 R\ S @
\c=o +G|_9ip?|-|4 — H—/C—O—AIH3 Li —
R2/ | R2
R1
R S®

\ H,0 \ ]
H—/C—O Al Li | —4 H—/C—OH + AI(OH),+ LiOH
R2 4 R2




Peakuua C.KaHHMuapo (okucrieHMe-BocCcTaHOBIEHUeE)

Anbperngbl, He nmerowme o-C-H-ceasen, B NnPUCYTCTBUU LLIENTOYU
noaBeprarvTcsAa peakumm amcnponopunmoHnpoBaHus.

.0 KOH .0
2 Ar—C\ - Ar‘HZC-OH 4 Ar-C\
\, cnupT-Bopa 9K
.0 KOH .0
2 R,C—GC ~ R,C-H,C-OH + R,C—C
\H cnupT-BoAa \OK
cnupTt COJIb KUCNOTbI
MexaHu3m
5— ?_
52 o Ar—/C—/OD P
Ar—C\ <—L H H —— Ar—C\ + Ar-HZC-OH
H "~els '
Ar/




/°  50%-Has KOH Vi
2 C\ 100 oé CH;OH + C\
CNUpT-BOAA,
4 P A oK
HO HO (94%) HO (94%)
3-fmppokcu- 3-Fun,p0|(cu-v 3-frmapokcu-
6eH3anbperup 6eH3unoBbIN 6eH30aT Kanus
cnupT
H H H
- I C//o 50% -Hast KOH P s
H,C—C— > H,C—C—C H,C—C—CH;-OH
’ ? \  cnupTt-BOAa, 100 °C 3 (f \ T HC CHz-0
CH, H CH, OK CH,
Z;2-AMHeTin- 2,2-iumeTun- 2,2-inmeTvn-
riponanant nponuoHar nponaHon
Kanus

Mpu nepekpecTHoM peakumn KaHHnuapo dopmanbaerun npespailiaercsi B

¢popmMuaT aHUOH

0 0
/Y /~ KOH
H.C C 4+ H—C —
\H \H C,H,OH

BblCOKasi
Kap6oHunbHan
aKTMBHOCTb

0
U
H3C—©—CH2—OH + H—C
0K

(90%)
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Scheme 2. Synthetic functional group interconversions of oxabycicles 6, 7 and 9

_PCC.CHCL Me::.
* ri., 80 min. s
Me MeCHOH oo Me Me COOH
7 1
R: 2 R, O
ME'-)/:L)& H. 10% PdIC Me'm
————
Q H EtOAc, 40 °c (o] z
Me R: R: 17-22h Me R R:
(6):R,=Me,R,=COOCH; R, =H  (12):92%
(7):R:=Me,R;=CH,0H.R; = H (13):88%
(14} 22%

{10): R, = Me, R, = CHO, Ry = H

Rs o] e, R o]
Me'.
cs@ NaBH, EtOH_ . 7@&
40°C.235h g

K
me Ry R Me Ry R2
n (15):839%
(9):Ry=Me R;=H R:=Ms (16): 78%
R Me,, ]
Me::. ) NaBH, EtOH_  °
(o) s 40¢eC HO H
Me MeCCOOCH: .0 Me Me COCCH;
(6) A7
o]
Mer- _LiAH, THE M:@
H °C e i HO
Me MeCHO 75% Me Me CH;OH
(14) (18)

PCC-nnpngnHnin xnopxpomat
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BoccTtaHOoBnNeHne A0 NUHAKOHOB

R1 R1
R1_ Mg/Hg, C,H,, t © |
2 /C=O - Rz_?_cl;_Rz
R2 OH OH
MexaHusm
R1 € B 2+ ]
- Ma-. -
\/ =0 -.-Vg (i)
R2 , + Mg/Hg — Ce C: Avmepusaums
R1_ {\/ _R1 R2 R1 R2_
/C_ aHWOH-paauKansbl
R2
M
/'R
OHOH
H0 || NMMHaKOH

R2—(I3—CII—R2 — RZ—?—CII—RZ
R1 R1 R1 R1

(Buy. guon)



Henpe.qeanble anbaerngbl U KETOHbI

Henpep,eanble HecornpsaXeHHble anbaernabl U KETOHbI

—_C— -(CH-)- —0 [poaBnsaT cBONCTBa ankeHoOB U
2 o
n KapOoHusncogepxawmx coeguHeHUNn

HenpepenbHble conpsiXkeHHble (a,-HeHacbIWeHHbIe) anbaernabl U KETOHbI

B I
—T=T—T=O H,C=CH—CH=0 H,C=CH—C—CH,
nponeHanb 3-6yTeH-2-0H
(akponeuH) (MeTUNIBUHUITKETOH)
CnocoObl nonyyeHus
KpoToHOBas koHAeHcauusa
0 0 0
// / H _ Y
HC—C + HC—C —= HC—CH=CH—C
H H 2-6yTeHanb H
0 ()
//0 | NaOH, 20 °C
CHs G + H,C—C—CH; —— =" CHzCH=CH—C—CH, (85%)
H 1,3-au¢ eHun-2-nponeH-1-oH
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OKucneHne HeHacbIWEHHbIX cnupTtoB

MnoO, °
HCEC—CH:?—CHz—OH - HCEC—CH:C—C\ (72%)
CH.CIL, 25°C H
CH, CH,
2-MeTUN-2-neHTeH-4-uH-1-on 2-MeTUNn-2-neHTeH-4-uHanb

C,H—CH—C=CH C10;H,0-R,39, C,H-—C—C=CH (80%)
aLleToH, 25 °C Il

OH o)
1-¢p eHun-2-nponuH-1-on 1-¢ eHUn-2-NponuH-1-oH
1. |
CTtpoeHune monekynbl °0 C—
N2y 375 1 2
CLC ~

/ o+ \

0y, 5,6— 8, C— 0. C—
/7 \ / /
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Cnencrteue conpsiXeHus:

NN * MOHWKEHHasi peakLUMOHHasa cnocobHOCTb
B peakumnax AdE (CMeLLEeHME SNEKTPOHOB

K Kncnopogy),

 1,2- n 1,4-npucoeanHeHue.
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XnMumnyeckKkme cBomcTBa [MpucoeanHeHne no C=C cBA3u

[MpucoegmHeHne no C=0 cBsa3n
ConpsikeHHoe NpucoegnHeHne

1,2-NMpucoepnHeHune K o,f-HeHaCbIWEHHbIM €HOHaM

ConpsikeHHOe npucoeAnHeHue

1,4-MpucoegnHeHue K o,f-HeHaCbIWEHHbIM €HOHaM

5 | | |
1 415+ _
0:\92(3\’/ RSN Q\C\& O\ Iil
cLtc +v ="c=} +H—"\C —C ‘y
/N /7 \Y
HyKneo¢ unbHas €HONIAT-aHNOH
aTaka Ha aKTUBM- (HeycTOiluMBOE KeTo-eHOJIbHasA
pOBaHHYI0 ABOM- coeiuHeHune) TayTOMepus
HY IO CBAI3b ﬂ
T | e
1,4-npucoegnHeHns1 -
— C z
0\ _ /C\ +8I-Ji \C C/ \ eHoN
C—C\y - Y (meycToiiunBoe

coefiuHeHue)
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1,2-MpucoepunHeHune no C=C cBA3n

FanoreHnpoBaHue

P By H,C—CH— c0
H C=CH—-C —2
2 \H CCl, 2T ] H

Br Br
2,3-pmépomMnponaHanb

Peakuusa OQunbca-Anbaepa

i |
H 4CH2 HC/CH
A
Scn, M

3-LLUKIOreKCceH-
1-kap6anbgerunp,
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1,4-MNMpucoegnHeHne anekTpPopurbHbIX peareHToB

/ /
H,C H,C
3-neHTeH-2-0H 4-rnppoKCcU-2-NneHTaHOH

H
H,C—CH HBr /
c=0 — H,C—CH
/ —
H Br’ ,6=0
H
3-6pomMmnponaHanb

«MPOTUB»

aKponeuH
(nponeHanb)

,,,,,,,,,,,, ® OH
MexaHun3m H,C—CH=C| | csonanchbiii rm6pug

AN ® m H
. //0: HBr //O_H /QH ® /QH -
1. HC=CH-C~ === |H,C=CH-C == H,C=CH—C "<—H,C—CH=C ~ |+Br

H H H H
P -Br:
2. H,C—HC=CH—OH —> H,C—HC=CH—OH
Kap60oKaTMOH Br ewnon

aJlJInNbHOIO
TUNa

0
Z
3. H,C—HC=CH—OH == H2(|:—H2C—C\/

Br Br H
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1,4-lMpucoeanHeHne HyKneoPUnbHbIX peareHToB

NMpucoeguHeHne ammMHOB

P 8+/\ /CHiCH3 20 OC /CHECH3
H,C—C—CH=CH, + “:NH —~ 7~ H,C—C—CH;-CH;—N
¢!l \ C,H;0H I 2\
5— CH;CH, 0 CH;CH,
3-6yTeH-2-oH AN3TUNaMUH 4-N,N-puammnammHo-2-6yTaHOH

NMpucoeanHeHmne HCN

Onsa o,f-HeHacbIWEeHHbIX anbAernaoB NpeMmyLecTBeHHO
nportekaet 1,2-npucoeauHeHune no C=0 cBA3uN.

//0 /OH
R—CH:CH‘C\ 4+ HCN — R—CH:CH‘C\—CN
H umaHrmapun H

Onsa o,p-HeHacCbIWEeHHbIX KETOHOB HabNoAaeTCA KOHKYpPeHLUUs
1,2- n 1,4-npucoeguHeHusn (CTepuyeckmne saTpyaHeHus)

0 OH 0
z / Z
R—CH=CH-C\ + HCN — R—CH=CH-C\—CN + R- H-CHz—C\
R1 LMaHIMAPUH R1 CN R1
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NMpucoeanHeHue peakTuBOB MPUHbSsIpa

Onsa a,p-HeHacbIWeHHbIX anbaernaoB NpPeMMyLLecTBeHHO
npotekaet 1,2-npucoeanHexHue no C=0 cBA3M

,° 1) RMgBr JOH
R—CHZCH'C\ N > R—CHZCH-C\—RZ + HOMgBr
H 2)H,0 H

Onsa o,p-HeHacbIWeHHbIX KETOHOB HabnoaaeTcA KOHKYpeHUus
1,2- n 1,4-npncoeguHeHnsn

,° 1) R2MgBr ,OH P
R—CH=CH-C\ +> R—CH=CH-C\—R2 + R—CH—CHz—C\ + HOMgBr
R1 2)H;0 R1 R2 R1
1,2-npucoepnHeHne 1,4-npucoeiMHeHne
KUHEeTU4eCKnUun TepMO AMHAMNYEC KNI
KOHTPOJb KOHTpPOJb
,° 1) CHMgBr ,OH Hs P
H,C—CH=CH-C > H,C—CH=CH-C—CH, + H,C—CH-CH;-C_ + HOMgBr
+ AN AN
CH, 2)H;0 1,2-(72%) CH; 1,4-(28%) CH,
3-NeHTeH-2-0H 2-MeTUn-3-NeHTeH-2-on 3-MeTUN-2-NeHTaHOH
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CootHoweHue mexay 1,2- u 1,4-npucoegnHeHnem

OH
\! 1,2-npucoepuHeHmne
,C— (6bicTpO) AN ,C—
C=C + o — c=¢C
/N HY / N\
1,4-npucoepuHeHue
(MepneHHO)
QH 2
BbicTpo
Yic—c/’c -—— Yy—Cc—CH
KeTo-eHonbHas /

TayTOMepus

OH OH
LY

\
/C\ N //C\
\C:C Y—C—C
/ N\ / N\

\ _Y MeHee cTabunbHbIl NPOAYKT,

6bicTpee ob6pa3syeTtca. MpoayKbl
1,2-u 1,4-npucoeguHeHUs He
HaxoAATCA B paBHOBECHMU.
KUHeTMUYECKNIA KOHTPOJIb.

Bonee cTabunbHbI NPOAYKT,

,C— mepneHHee o6pasyeTtcs. MpoayKTbl

1,2-u 1,4-npucoepguHeHuUs
HaxoAATcs B paBHOBECUMU.

TepMogMHaAMUYECKMI
KOHTPOJIb.
OH OH
\ Y \
\ i ’/C\
c=C == Y—C—-C
/ /\
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OKkucneHue

OkucneHue peaktuBom TonreHca (peakumsa «cepedbpsHOro sepkarna»)

i
H CH=O0 —
\  / Ag,0, H,0, NH, H  C—OH
,C=C, > c=cC
_ \ / \
H,C—CH,  CH, H,C—CH, CH,
2-MeTUN-2-NeHTeHaNb 2-MeTUN-2-neHTeHoBas

KUCNnoTa

B XeCTKux yCcrnoBuUsAX oKucrieHme npoxoauT C pa3pyLieHnemM MorJieKyrbl.

BoccTtaHoBneHue

KaTtanutuyeckoe BoccTtaHOBJIEHMe

H,, Ru/C
— > H,C—CH;CH;CH;OH + H,C—CH;CH;CH,

0
U
H,C—CH=CH—C_
H H,Pd P
— H3C—CH2-CH2—C\
H
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CenekTuBHoe BocctaHoBneHne C=0 rpynnoil.
BoccTtaHoBUTENMN LiAIH4, NaBH4

/2 1) LiAIH,; agup; 10 °C
H,C—CH=CH—C, ~ H,C—CH=CH—CH;OH

\ +.
H 2)H07; 0°C 2-6yTeH-1-on

CenektnBHoe BoccTtaHoBneHue C=C rpynnbl.
BocctaHoBuTtenu Li/ NH3; Na/ Hg, CZHSOH, H20.

1) Li; NH,; -33°C

o) o)
— 2) NH,CI; H,0
CH, CH,
2-MeTun-2-4uKno- 2-MeTun-2-4uKno-
rekceH-1-oH reKCaHoH

(82%)
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KeTeHbl

\c=c=o H,C=C=0 H,C—HC=C=0
/ KeTeH MEeTUJM1KeTeH
KyMMYJIUPpOBaHHbIe
ABOWHbDbIE CBA3U
Cnocobbl nony4yeHusn
NMuponus
Va AIPO,, 700 °C
H3C—C\ > H,C=C=0 + H,0
OH
0
I 700-750 °C
H,C—C—CH, > H,C=C=0 + CH,

ﬂeranOFanOFEHHMpOBaHMe ranoreHaHrmapuaoB Kap6OHOBbIX KUCHoT

Hal
//0 (CZH5)3N | //0 7n
R—CHZ—C\ ———> R—CH=C=O0 R—CH—C\ — R—CH=C=—/0
Hal Hal
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Pusnyeckmne cBomcTaea u CTpoeHue MorJeKysbl

— A4 O
KeTeH — ras, T,.=41 C

R mﬂ 5 R1 |

Rz(ﬁ g \} R2

sp?2 — Sp sp?
XnmMunyeckme cBoMCTBa
Oumepusauuma

KeTeH B XKMAKOM COCTOSIHUMN AnMepusyertcs

3H N5~
H,C=C=0 AN Z
HZC=T_O Hz?_?
O+ yO— + cC—O0
H,c=C= H,C=C—0 4
H,C  pukeren,
T, =127
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Peakuuu c Hykneodunamum

MexaHusm
0: 0
R, o+ \5- R1.5¥) g\ R, /)
C=C=0 +:NuH — C=C_, —~ c\—c
R2 ~—_ R2 NuH R2” {4 Nu:

NMpumMmepsbl peakumn

H,C=C=0
l H,0 lCH30H lc H,NH, lCH3COOH
0 0
/} /) //
H3C—C< H3C—C< H,C—C_ (CH,C0),0
OH 0—CH, NH-CH;CH3
o—

8+/ (@) 0
| /

H,
(|: (|: + CH0H —= H,C—C—CHzC_
0—CH;CH,

H,C p,u KeTeH aLeTOYKCYCHbI 3¢ up
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XUHOHBLI

0 0 0
94 0 QO
(0]
0 (0] 0
1,2-6€H30XMHOH  1,4-6€H30XUHOH 1,4-Ha¢ TOXMHOH 9,10-aHTpaxUHOH
Cnoco6bl nony4yeHus
Peakuus okucneHusa ¢peHONIOB 1 aMMHOB
H NH, f
CH
(o} 3
Na,Cr,0., 30 °C CH, Na.Cr,0,5 c:
H,S0 H,0 H,S0,-H,0
OH 0
(44%)

(90%)
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OKucneHne NONMUMKINYECKUX apoOMaTUYECKUX yrneBogoponoB

MpoMblLWIeHHbI MeTo4 NoNy4YeHUss aHTpaxuHoHa U ¢ eHaHTPEeHXUHOHA

O Na,Cr,0; 80-100 °C O
O e QL @

0

0  9,10-¢ eHaHTPEHXMHOH

0

V,0
320-390°C

0o 9710-aHTpaxnHoH

AuunupoBaHue 6eH3ona

0 0

AICl,, 70 °C H,S0,, 100 °C
o+ — > -
C.H
6’6 COOH

0

0 (93%) (85-90%) 0
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CTpoeHue Monekynbl

...6_

CO 0149w

0,132 HMm
ol

XnmMmmyeckme cBomcTBa

BoccTtaHOBNeHMe XMHOHOB

@ﬁgjﬁ?ﬁ,?;\\%

CEeMUXUHOH
(aHuoH-papukan)

XWHOHBI — o,f-HenpeaenbHble KETOHbI

AOHOp XUHIMAPOH aKuenTop

3J1IeKTPOHOB AOHOPHO- 3J1eKTPOHOB

T—OCHOBaHUe akuenTopHbIX T-KUCJI0Ta
KOMINeKe

OH

OH
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1,2-lMpucoepnHeHue

0 h1—0H I~1—0H
¢+ NH,0H —> Q+ NH,O0H —> @
0 0 N—OH
MOHOOKCUM AWOKCUM
0 0 0
H
cl
—Cl usb6. Cl,, t
+ cl,—= —
—H - HCI
cl cl
Cl
0 0 0

Cl

Cl
o

XnopaHun

(cunbHBINA
OKMCJIUTEND)
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1,4-NMpucoepnHeHmne

LA

O—H
|

+ H—X— -~
0

*OH

AN
C\H
o)

X = Cl, Br, CH,C00, CH,0, C,H,NH

Peakuunsa OQunbca-Anbaepa

OH H
"
H X
0] OH

0 0 OH
H
z N CH,COOH HCl ‘O
A
H
0 ° OH

1,4-aMrnapokKcu-5,8-
aurnapoHadg TanuH



BoccTtaHoBrneHue aHTpaxuHOHa

0
Zn + HCI
CH 3COOH
o

KeTo-eHOJIbHas
aHTp0H TayTOMepus

AneKkTpodunbHoe 3aMmelleHne

SO,H
H,S0,t% ‘O NaOH, 0,
I'U'IaB

HyKneodunbHoe

3ameweHune SO H

anusapuH
(kpacuTtenb)
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