ANKWHBI

R1—C=C—R2
CH

HomeHknatypa. n"2n-2

[1lpn3HakomMm TPOMHOW CBA3MN B

Ha3BaHWUM BellecTBa asnaetca cydpdgukce -UH

GH
~CH—C=CH

3
3-meTun-1-6yTuH
TepMUHaJIbHbIN anKuH

CH,
|

,C—CH_ R
CH2 CH3 C\CH
3

2,3-AnMMeTUnN-1-rekceH-4-nH

U3omepus:
1. CTpyKTypHas.

2. [lo NoNoXXeHnto TPOMNHON

CBSA3MW.
3. Ontunyeckas

Cl)H

_CH
CH, “Ca
~ C\
CH3
3-NeHTUH-2-on

CH,_
o Cse Lo
“CH,

3-reKCMHOBas KMUcoTa
1



CnocoObl nony4YyeHUs ankuHoB

CnocoObl nony4yeHusa aueTuneHa

ludponu3 kapbuda kanbyus

2000 °C C 2H
CaO + 3C = ca[| 9, He=cH
C -Ca(OH),
Kapbug, Kanbums

OkucnumesnbHbIU NUPOSIU3 MéMaHa
6 CH,+ 40, —= HC=CH + 8 H, + 3 CO + CO,+ 3 H,0

MeToabl CUHTE3a 6onee COoXHbIX arlkKMHOB

AﬂKUﬂUpOB&HUG auemuJsieHuUO-uoHa u Kap6aHUOHOG mepMUHaJibHbIX aJTIKUHO8

X ©®
HC=CH +NaNH2E(L)> HC=C Na + NH,

AueTuneHng, Harpusi
@/\5+ O—
HC=C _ + CH,CH;~1 —> HC=C—CH;CH, + Nal
) S 273
N 1-byTnH

Na
FM®A unu JJ,MCO)
Sy

R1—C=C—n-Alk
2

R1—C=C ™ + Br—n-Alk



JeaudpozanoceHuposaHue sUyUHasIbHbIX Ou2asio2eHasIkaHO8

2NaNH,, NH; (%)

H,C=CH-CH, + Br, —> H C—CH—C,H > H
: s B0 o R TS TRy 2N,
Br Br
1,2- Anbpomby TaH 1-ByTuH
_ KOH, cnnpr, T
HC=C—C,H, - H,C—C=C—CH,

HeaudpozanozeHupoeaHue 2eMuHasibHbIX Qu2asio2eHasIkaHO8

H.C— C oy 2C PCI5 H.C; gl CHNaNHZ, NH, (), admp B

2% poct, T oNaCE 2Nk, st CECTCH,
O Cl

2-lNeHTaHoH
.0 PCI, NaNH,, NH, (), amp

H,C-CH;C, H,C—CH;-CHCI, >~ H,C—C=CH
H -POC, -2NaCl, -2 NH,

[1ponaHanb



CmpoeHue MOJIeKyJibl auemurJieHa

nt bond
n2 bond

C=H
o bond

s — G
o bond N

n2 bond

1 bond



XapaKTepucTUKM XMMUYECKNX CBA3EeM B MONeKysie arnkKuHOB

CoeaquHeHue Csa3u mexy aromamu C Cesasu C-H
C—C B aTane C=C =C-C H-C= Csp ;H
1107, E, 110, E, 1107, E, 1107, E, o | 102 E, 1,
HM kJIx/Monb HM kJIx/Monb HM kJIx/MoIb HM kJIx/Monb a HM kJ[x/Monb y/s
H—CEC—CH3 15,4 365 12,0 | 828 14,6 347 | 10,6 | 464 1,1 [ 11,0 [ 355 0,3
XapaktepucTtuku ceszer C-H B ankaHax, ankeHax v ankuHax
YrieBonopon JnvHa, Oneprus E, Jlomns s-opOuTanm JnnonbHbIN
1107, k/[x/MOmb aroMa yriepona, % MOMEHT u, /[
| HM
_(|3_H 11,0 405 25,0 0,3
, OTaH
—(C—H
|, oren 10,9 435 33,3 0,6
—C—H
, OTUH 10,6 464 50,0 1,08
o— O+ AneKTpooTpMuaTenbHOCTbL aToMa yrnepogpaa:
—(C=—H Csp3 2,5; Cspz 2,8; CSp 3,1;




< n. C :C. —|— .H
sp dacdd a
—C.H —
G001 ee0e-aees _©, D 74 &l aed eddrd
dacdu a . ~al aaeéai ad
81 16eceraiees C| L 101 eR0l aeoedas,
a ua L ] +0\ A Ner AN 7 A
sp3|. dagd | al aaééei ad
_C .H -
| ae0801 eedesdiees 19 @
jaggaa (|? + H
H3C\ o+ O— O+ 6__
'C=0 +++ H-C=C-H
H,C



XnmMmmyeckue cBoMCTBa

1) PackpbITue KpaTHOW CBSA3U - peakumn npucoeanHenma (Ad);
2) 3amelleHne aTtoMa Bogopoda npu yrrnepone ¢ TpPoOMHOM CBA3bIO,
3) 3amelleHne atoMma BogOpOAa B ankuIibHOM pparMmeHTe (SR).
X\ r Y
X—Y — CH, CH, C=C Ad
NITNE oY E
H,C CH,

Y s — CH NU\CEC/Y Ad
H,C" ‘CH-C5c-—H Nu—H s CH, S55 N
G \/\ H,C CH, H
+ T /C 2
Na'NH, “NH, H,C™ CHyc=c™Na*
° H3C\ /Ctlz /R
Re"Y ———> CH, c=C Ad,
2 / \
Y H
CH
/N 2 T
H,C CH-C=C-H S,
'HY R/ g



Peakyuu npucoeduHeHusi

Kamanumuyeckoe 2udpupoeaHue

R—C=C—R?+ 2H, "WML i cp_cH—R?
CmepeocenekmueHasi
Pd+Pb/CaCO
KaTanmaaTop 3 peaKuUFI 96 O/
_ JinHpnapa _ yuc-ankeHos o
R=C=C—R*+ H, R=CH=CH—R* a1 c-ankeHa 5-10 (;)/o
BoccmaHoersnieHue
Na, NH,
nin
Lian, HCo  H
4 —
CH;-C=C—CH, C=C_ Cmepeocnieyugbudeckas peakyusi
H CH,
MexaHu3m odai fi+2-a60ai
vyl G

CH; C=C—CH,+ Na —= CH-C=C—CH, + Na’
aHNOH-paanKas



@/\ HC. ®  HC

CH
CHyC=C—CH,+{HiNH, — * JcscT + 7 eSe o+ NIT

S
2 &1 | -dae e HToeH,  H NS
Al eaadnol e~eaué | al aadno é+eale
daaeceae daacéae
)
H,C_ 2 Na HCL 2 NH, HC _H
/C;C\ - X /C_JC\ - = /C_C\
H CH, Na® H CH, -NH® H CH,
aei ee-daaeeae aei ee-ai eli O dai -2-adoai



CTepeocneuMd)quCKoe BOCCTaHOBJI€eHUe alilKMHOB A0 yucC-aJikeHOB

R—C=C—R + CH—CH—CH+A|H -
[ 3 21y Tonyon, 0 °-(-10 °)C, N,

CH,
AV-U30-6yTUNaANIOMUHUIATMAPUA
(AMBA)

¥ | H H

H Al1CH;-CH—CH - >=
— 2] 2 C,HOHunu CH,OH, -10°C  p R

CH,

R R yunc-n3omep

Peakyuu anekmpogusnibHo20 npucoeduHeHus (Ad,)

lanozeHupoeaHue (Cl,, Br))

ajwump, -20°C H,C_ _Br
> /CZC\
Br CH,

T paHc-2,3-An6pom-2-6yTeH

H,C—C=C—CH,+ Br,

Br

B peakuusix npucoeauHeHus
ranoreHoB, cynbdeHXIopuaoBs,
CeNleHUNXIopMaoB K He3ame-

ccl, -20 °C LeHHbIM anKeHaMm 1 ankuHam,

74 + Br - 97% ankeHbl bonee akTUBHbBI.
/\/\\\ ) \\

1-rekceH-5-uH Br 5,6-AM6pOM-1-reKCUH

10



MexaHu3m AdE2 [Mpu HM3KOWM KOHLEHTpauumn Br, peakums BTOPOro nopsaka:

v = k[ankuH][Br,]

H,C—C=C—CH, + Br, —= H,C—C=C-CH,

: o+
BT i s
8_
Br
Blr6
Br. ,CH,
H,C—C=C-CH; — H,C—C—C-CH, —= C=C
: o/ HC  Br
Br O+ Br 3
]_i)r O~ NOH 2-6yTEHOPOMOHMUS T paHc-2,3- anopom
7~ KOMIIEKC 2-GyTeH

11



ludpoeanozeHuposaHue (HCI, HBr)

MexaHu3m AdE2

o
Br@

Ar—C=C-CH,+HBr — AI—C:(|3—CH3

H
BUHWJT-KaTUOH
(kapboKaTUOH
6EH3nTbHOro
TVNa)

XapakTtepeH ansi cyobcTpaTtoB, CMNOCOOHbIX
oOpa3oBbIBaTb YCTONUYUBbLIE KAPOOKATUOHDI:
apunaueTuneHbl U apunankunaueTusrieHbl

Br6
@ Br\ /CH3
—_— C— o C=C .
/C—(|3 CH, NG T
Ar H
(2)-1-6pom-

1-peHunnponeH

Ar
\g Ar,  CH,
C—(lj—CH3 — /c:c\

@/ H Br H

Br (E)-1-6pom

1-peHnnnponeH

12



CoanacoeaHHbIU mexaHu3m Ad_3 XapakTepeH Ans cy6cTpaToB, HECNOCOGHbLIX

o6pa3oBbiBaTb YCTONYUBLIE KAPOOKATUOHDI:
ankunaueTuneHbl U guankunaueTuneHbl

H.C HBr #
3 ,
N H,C H
c=cC c=c¢’
, \\ E—
g / \
/ HBr CH3 Br CH3
H,C—C=C—CH, + 2 HBr B -
B B +
BrH BrH #
H _Br
c=C — Cc=C
/N H.C  CH
H,C CH, 3 3

nepexogHoe coctoasHue

13



HBr Br
HC- CH3 Mpaeuno MapkoeHukosa
/

HC=CH + HBr —>H/C=CH2
Br Br

— HZC—CHZ—Br
i & 4a onol é~eal é
Eadai éadef i
HZC:CH—Br + HBr—6
— Br . O+ >,
S'+ 04k ve DBr
— H3C—"’CH—Br — H3C—CHBr2
ai éaa &l é—eal é
éadal éaoet i, cadya
dani daaagal a at elip aé
noal ai e

14



lNudpamauyus (peakyusi Kydyepoea)

Hg ,HSO O
HC=CH + H,0 - H(j(j Ooénoni aé
H aéliaaaea
lpasusno MapkosHukosa
O
Hg , H,S0, I
H,C—C=CH+H,0 = H,C~C=CH, | — H,C~C—CH,
Ol AGED i
EHON

MexaHu3m

@y )
HC=CH+ H —= HC=CH,

o4 O\, ®(|)H2 OH @
HC CH,+ HO — HC= CH—>HC CH,+ H

EHON
15



S B @ ] //O &)
HC=CH +H <= HC—CH==H,C—CH === H,C—C  + H
OH OH 2OH H
eHon i oo b | auetanbgeruna

| YCTONUMBbII KATVIOH I
[

KeTo-eHONbHas TayTomepus (QuHaMmmnyeckas nsomepus)

HC CH, HC—CH

I 2
O‘@\B (\)\@D OH-kucrioma curnbHee,

yem CH-kucroma
eHon (0,00025 %)  auetanbgerng

6osiee CuJbHas 6oriee cnabas
kucnota (1) kucrnota (1)
® O
_ - H Hg I
H,C=CH—C=CH + H,0 ~ H,C=HC—C—CH,
1-byTeH-3-uH 3-byTeH-2-0H
(METUNBUHWIKETOH)

16



l'udopobopuposaHue

\ H,0,,NaOH
3H,C-C=CH + BH, —= (H,C-HC=CH}-B -
3
TpunponeHnnbopaH
O
/
3 H3C—HC=CH—0H} —> CH;CH;C.
EHon [1ponaHanb

lMpucoeduHeHue KapbOHOBbLIX KUC/IOM

0

»’ Hg(OCOCH

HC=CH + HC—C —= ),
oH CH,COOH

H,C=CH-0O—C—CH;

O
BUHWJIALIETAT
lpaesusio MapkoeHukoea
O CH,
B /" Hg(OCOCH,), ]
HC=C—-CH, + H,C—C, - H,C=C-0-C—CH,
og CH,COOH I
n3orponeHusaderar

17



HykneogunbHoe npucoeduHeHue (Ad,)

lMpucoeduHeHue cnupmoe (peakuyusi PasopckKozo)

CH
_ KOH, 140 °C, P 3
HC=C—CH, + C,H,OH - H,C= C—0—C,H,
W30MPONEHSISTUTIOBL I P

2-3TOKCMMNPOeH

MexaHu3sm
> @
C,H;OK+ C,H;OH === C,H,0: +C,H, O‘H
©  +I-apdekt
%» C,H-0O—HC=C=—CH,

o) Meanento ‘MéHee YyCTOMYMBbIN
HC=C—-CH;+ :O-CH— Kap6aHWOH

e e 6

L~ HC= C CH, 6oriee yCToi4mBbIiA
OC H, KapbaH1OoH

?/?@ . ©
H3C—(|3:CH +H)O0-CH,— H3C—(|j:CH2 + 10~ C,H;

OC,H; OC,H,

2-3TOKCUIMPOrIeH 18



lNpucoeduHerHue HCN
Cu,Cl

HC=CH + HCN -

H,C=CH—C=N
aKPUITOHUTPUN

KucnomHocmb afnikuHoe

AL

HC=CH + Na —= HC=C Na+1/2H, g”e”zog p””fﬁl”b”ofbc
auetunneHng sp3 sp2 sp3 sp

HaTpus

Noka3aTenb KUCNIOTHOCTUN HEKOTOPbLIX COeANHEHUN

Bewectso | CH,COOH H,O C,H,OH | HC=CH NH H,C=CH, CH

3
PK, 5,0 15,7 18,0 25,0 36,0 36,5 40,0

. ® O  NH, (K o0
H,C—C=CH +  NaNH, H,C—C=CNa + NH,
L] | |
Bonee cunbHas Bonee cunbHoe Bonee crnaboe Bonee cnabas
KucnoTa OCHOBaHue OCHOBaHMe KucroTa

19



SIS, _ D O
HC-C=CNa + H0 HC-C=C-H + NaOH

I | L |
Bonee cusibHOE Bonee cunbHasA Bonee cnabasn Bornee cnaboe
OCHOBaHUue KUCJIOTa KUCJIOTa OCHOBaHue

AueTnneHnabl WEeno4vHbIX METanoB — MOHHbIE COEANHEHUS

H-C=C—H + 2Ag"(NH;),0H"" —= Ag—C=C—Ag| +2NH,+H,0
AvuetuneHna

cepebpa
H,C—C=C-H + Cu*(NH,),0H —H,C-C=C— Cul +2NH,+H,0
ﬂpOI‘IMHM,[I,
Meau
Auetunnenugsl Ag n Cu — KkoBareHTHble CoeauHeHNs

Cornun anknHoB CUnbHbIE HyKJ'IeO(*)I/IJ'IbI. Nx NCNOJIb3YIOT A4 NoNy4YyeHna arikKuHOB
CJTOXHOIo CTpoeHun4

NaNH,, NH, () ©® n C,H,Br
H,C-C=C-H - H,C-C=C Na = 5> H,C-C=C=C,HyH +Nabr
“NH; HPOI'WIHVI.U. N 2-renTuH
HaTpus

20



B3aumodelicmeue afiKuHoe ¢ KaPGOHUﬂbeIMU coeOQuUHeHuUsIMU

SXS

HC=CH + KOH — HC=C K + H,0 A. E. ®aBopckuinn, 1900 r.
H.C _
TS = OH
He KOH 470K HoO o
. a6c. abmp 11:C C Ko HE=CTG=CH,
© D HC/// CH
= 3
HC=C K 2-Metnn-3-6yTnH-2-on
NaNH,, NH, (oK) o0
HC=CH > HC=C Na + NH,
AvuertunneHna
HaTpus
:\ -~ C=CH C=CH
— 7 a - =
825’, +.CH NH, 00 OK) c 1,0, NH"Ci { c
~ T OD \
CH O Na
LinkrnorexcaHoH 1- STUHWIT- T-LMKIIOreKCaHoS
o oD
HSC\5+_ o2 ~—Na [MCO @ Na H,0, NH,C1 QOH
RO 0O H,C—CH—C=CH H,C—CH—C=CH
H CH
Auetanbaerung, 3-byTnH-2-on

21



CuHTte3 1,3-6ytagueHa (B.Penne, 1925 ).

B H,C=0, Cu,C,, P B
HC:(lj = HO—CH;-C=C—CH;-OH
CH; OH 1,4-ByTrHAOMON
[1prapruioBbIn
cnvpT

_ H,. Ni H,PO,/SiO,
HO~CH;-C=C—CH;OH —2—> HO—CH;-CH;~CH;CH;-OH -
1,4-BytnHamon 1,4-ByTaHapon

— H,C=CH—HC=CH,
1,3-byTagueH

22



AuemuneH-anseHogasi nepeapynnupoeKka u Mmuspayuss mpouHou cesi3u

®.E.PaBopckuin, 1888 r.

CH CH, KOH cnupr, 120 °C KOH cnuprT, 170 °C
/ 2\ / 3 ) ’
CH, /C\C| : /\% > —

Cl 1-6yTHH 2-6yTnH
MexaHuam MpomomponHasi nepe2pynnupoekxa.
CZHSO -‘ to (X A C2H50H C2H50 -' to
R—(IlH—CECH = > RCH—C=CH = —= RC=C=CH, =———=
i C,H.OH C,H0 , t° | C,H.OH
S C,H.OH
oo_ _r‘ - _
RC=C=CH, = - R—C=C-CH,
C,H O ,t©°
TepmMoOuHamuyecKuli KOHMPOJIb.
CH KOH, cnupr, c\H3 KOH, cnupr,
2 o o
/c|-|2\ ¢z 1:5 C, 3t|=. CH-CH 175 C,3u. CH—C=C—CH,
CH3 CH2 2 \\C‘ CH
1-neHTUH N\ 3 2-neHTHH
(1,5%) 1,2-nentapned CH, (95%)
(3,5%)

23



KENH(CH,),NH,

MOHOKaJineBasf CoOJib
1,3-amammHonponaHa (KAPA) .
H.C—(CH,)—C=C—(CH,)~CH ~ H.C—(CH,)~C=C"K 1 N
: 2 #5772 NH,(CH,),NH,; 20 °C, 5 MuH. o1

H,0

—> H,C—(CH,);C=CH

24



OKucrieHue asiKuHoes

OKUCINEHNE B «KECTKUX» yCnoBuAx

+COOH

JNaypuHoBasi KUCNoTa A MNUHOBas KUCOTa

KMnO 4
C=C—(CH,);-COOH q H,C—(CH,);;COOH + HOOC—-(CH,)

H,C~(CH o1

Do

OKucneHne B « MArKMX» yCnoBuAx

KMnO,,

O
_ anokcaH, pH 7,5 1
H,C—(CH,);-C=C—(CH,);-CH, > H,C-(CH,);7C—C—(CH,);CH,
OkTapgekaHanoH-8,9
Cr,0 ~
HC=C—(CH,); CH=C(CH,), —2— HCSC-(CHY;C. |+ (CH;),C=0
H
2-MeTwuit-2-HoHeH-8-UH 6-I enTMHOBasA KUCSIOTa aLleToH
____HCOOOH _ . HO _
H,C=CH-C=CH H,C-CH-C=CH—— Hz(lj—(le—C:CH
O HO OH
1-byTeH-3-uH 2-3TUHWUNIOKCUpPaH 3-byTuH-1,2-mon

25



Peakyuu padukanbHo20 npucoeduHeHusi K mpouHou ces3u (Ad,)

NMpucoeauHeHue npotue npaBuna MapkoBHMKOBa

hvV HnH

Huuyuuposanue X —Y ——pocn o> X +Y
q M
Pocm yenu: a) X - T RC=CH ——> /C:C‘\
R X
H Y\ H
6) C=C_+X—Y —— C=C  +X
/ . / S
R X R X

26



MpuMepbl peakuui pagukansHoro npucoeaMHeHus. Mexanusm Ad,

H H
CH;C=CH + HBr ;;"GC /\CZC‘: + CH;CBrCH,Br
i CH; Br
(70%) (30%)

YHCTEIH ITHC-H30M ep

CHz H
o hv b S <
CH;C=CBr + HBr —~» Cc=C
-78°C B N
1 B
(75%)
0
I v H e P
HC=C—COH + CHs;CH,SH — > Jc=c__
B oS COOH
(74%)
CeHs, ,SCHyCH;
CsHsC=CH + CH;CH,SH > =t
H H
(68%)

27



Onuromepusaumusa U nonumMmepusaums.

Oumepusauma. OKMcnutenbHoe covyeTaHue.
Cut, Ht

— + = > —

1-6yTeH-3-uH

LUuknotpnmepusaums. Peakuusa Penne

Ni(CO), + Ph,P ©
T

BbIXOJ,
KOJINYECTBEHHbIN

LuknoTteTpamepusayus

Ni(CN),
4 =— -

LMKNOOKTaTeTPpaeH

NMonunmepusauus

KaT.

nosineH

KaT., T

Y

28



