


A JKeHbI

(3 mujienoewie y21e6000p0oobl, 01ePUHbBL) —

yIJIEBOJOPOABCOACPKA-
IHE B MOJIEKY JIC OHY
IBOUHYIO CBSI3b MEK Y

nH2n

aTOMaMH yrJjiepoja u
COOTBETCTBYIOIHE OOMIEH

~ ¢dopmysae CnH2n




CTpoeHue ankeHoB

ATOMbI yrnepoaa ¢ ABOMHOWU CBA3LIO
B MOJIEKYNIe a/IKEHOB HaxOAATCA
B COCTOSAHUM Sp2-rubpuausauuu. Tpyu ruépuaHbIX

obnaka, umelowme HopMy HenpasuIbHOU
BOCbMEpKU, pacnonarailotca noa yrnom 120° u
obpasyioT 0-cesa3u ¢ atomamm Cu H

S ? "
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ImeH (Imujien)



[omonornyeckuun psg ankeHoB

fetet (nemuren)

HasBaHue dopmyna
JTeH (3THIIEH) CH-=CH: CoH,
MponeH (mpommmen) | CH:-CH=CH: CsHs
 BYTeH (6yrunen) | CHi-CH=CH-CH: CaHe
" TMeHTeH (amen) CH:-CH=CH-CH:-CH: CeHio
[ekceH (TeKCHIIeH) CH:=CH-CH:-CH:-CH:-CH3 CeHi2
rentet  (remrunen) | CH:=CH-CH:-CH:-CH:-CH>-CH; C7H14
~ Okres (oktunen) | CHs-CH:CH=CH-CH:-CH:-CH:-CH: CaHie
HOHeH  (mommnen) | CHi-CH=CH-CH:-CH:-CH:>-CH:-CH:-CH: CoHig
CH;-CH=CH-CH:-CH:-CH:-CH>-CH>-CH>-CH:3 CioH0




HenpepenbHbie yriesonopoaHbie

| panuMKanbi:

Busun —CH=CH,

Ammn —CH; - CH=CH;




ANKeHbl NNOX0 pacTBOPUMbI B BOJE, HO XOPOLLO
PacTBOPSAOTCHA B OPraHNYeckux pacTBOpPUTENSX.

Co— C,-rasbl
Cs— C45 - XUOKOCTHU
C,4-7... - TBEpAble BellecTBa

C yBEJITNYEHNEM MOﬂeKyﬂFlpHOVI MacCChbl aJiIKEHOB
MOBbIWWAKTCA TEMNepaTypbl KWNNEHUA

N NNaBJieHNA



CTpykTypHasi H3oMepHsI

H3omepus
1. U3o0Mmepus yriiepoaHoro ckeJjiera

CH,-CH,~CH=CH, CH,~C=CH,
|

OyTen - 1 CH,
MeTHINPOIeH

AJTRCHOB

2. N3oMepusi m0J10:keHUSA KPATHOM CBA3H
CH,— CH,—CH=CH, CH,-CH=CH-CH,

OyTen - 1 OyTeH - 2
3. MexkiaccoBasi H30MepHsa € NHKIoOAJIKaHaAMH
CH,=CH—-CH,
MmporeH

IHKJIOIIPOIIaH

IIpocTpaHCTBEHHAS U30MEPUS

1. TeomeTpHYecKass H3OMepPHS
H3C\C_C/CH3 H3C\C_C/H
7 ~ i
H H H g \CHs

nHC-0yTeH - 2 TpaHc-0yTeH - 2



INOJIYYEHHUE AJIKEHOB

1. KpekuHr u aeruipupoBaHie aJIKaHOB.

600 °C
CsHis ——> C4Hyp + C4Hg

OKTaH OyTan OyTeH

400-600 °C, Cr,0;
CH;-CH; > CH,=CH, +H2T

3TaH 9T€H (3TUJICH)

2. FI/II[pI/IPOBaHI/Ie AJIKMHOB U aJIKa/ITUCHOB.

t, kat
CH=CH+H, —> CH,=CH,

ATHUH (AICTUIICH) 9T€H (3TUJICH)

t, kat
CH,=CH-CH=CH, +H;, —> CH,=CH-CH,-CHj;
Oyranmuen-1,3 Oyren-1



NPABUJIO 3AULIEBA

— oTWenneHue aToMma BOAopoaa B peakumsx
nernpporanoreHMpoBaHMa U gernpgpartanum NnpoUCXoauT
NPenMyLLeCTBEHHO OT HaMMeHee MAPUPOBAHHOIO
aToMa yrnepogpa.

3T1a 3aKOHOMEPHOCTb 6bina oTKkpbiTa B 1875 r. pycCKMM XMMUKOM
A.M. 3aiueBbiMm.

CH;s CHs
| t H* I
CH3-CH-CH-CH;3 + KOH L4 CH;3-CH=CH-CH3 + KCI +H20 CHS—(F —CH—CHs W CHs—C=!=CH—CHs
(cmmap. p-p) OyTen-2 OH i '

2-xnopbyTan 2-MeTHIOyTaHON-2 2-MeTHIOyTeH-2
(mpemuynslii chupm)




3. BHyTpHMONEKYISIpHas JerHapaTaiusa coapToB (t >140 °C).

Jernapatamusi/THApaTanus - OTIeIlNIeHHe/ mpucoeuHeHne Motekyn HyO.
#-OH émm 061mag HopMyIa peeabHBIX OJHOATOMHBIX CIIMPTOB
YB
pajHKan
THIPOKCHIbHAA rpynna (pyHKIHOHAIbHAL IPYIIa KiIacca)

JlerupaTaisi MPOHCXOAUT B NPHCYTCTBHH BoAooTHHMAaromux areHToB (H,SO4, H3PO4, AlLOs) u mpu
HAarpEBaHHHU.

IIpH OTIIEIUICHHH BOJIBI OT BTOPHYHEIX M TPETHYHBIX CHUPTOB, aToM H oTmeniseTcs, COrjacHO NpaBHIIy
3aiineBa, 0T MEHee THAPHPOBaHHOro aroMa C:

H,SOx0mns 170 °C
CH;-CH,CH,-CH-CH; > CH,-CH,-CH=CH-CH; + H,O

NeHTeH-2

OH

OeHTaHOI-2



IIpu MexMonekynsipHOU Aeruaparanuu cnupros (t < 140 °C) 00pa3yroTcs NpocThie 3PUPHL:

H,S O som, 140 °C

CH;[OH £ HO-CH; > CH;-O-CH; + H,O
MCTAHOJI HHMCTHJIOBBIﬁ
>up

H,SO sxom, 140 °C

C,H5-OH + HO-C:H, > C,H5-0-C;H, + C,H5-0-C,H5 +
3TAaHOJI IIPOIIaHOJ BTHHHPOHHJIOBBIfI I[PI3TPUIOBI)II>1
up up

+ G3H-0-C3H-; + H,O
JTUIPOIIUIIOBBIN
5¢up



4. HCFHHPOFaJIOI"eHHPOBaHHe MOHOT'aAJIOT€CHAIIKAHOB.

JerniporaioreHAPOBAHN e/ THAPOTAJIOTeHHPOBAHAE - OTHIEIUICHHE/ TIPHCOETHHEHHE MOIIEKYII
HCI umu HBr.

Ha wMoHoOramoreHankaH JeHCTBYIOT COHPTOBBIM pP-poM MIENOYH, K-PBIi Bcerja OTHIEIUISeT
rajgoreHOBOIOPOJ.

Ilo NnpaBuIy 3afmesa, IIPpH OTHICIUICHHH TIaJIOr€HOBOJOBOAOPOAAa OT BTOPHYHBIX H TPETHYHBIX
ralIoreHuaoB, arToM H otmemnnsgercs or MeHee THAPHPOBAaHHOro aroma C:

t
CH;-CHOH,-CH; + KOH 1y pp — > CH3-CH=CH-CH; + KC1 + H,0
| OyreH-2
Cl
2-xmopOyTaH

B3-e MOHOramoreHajikaHa ¢ BOAHBIM P-POM IICIO0YH IIPOTEKACT IIO-APYIOMY:

CH;-CH>{C1 + KOH, i pp —> CH3-CH,-OH + KCl
XJI0p3TaH STHIOBBIH
CIHPT



5. IleI‘aJIOI‘eHI/IPOBaHI/Ie JAUTAJTOT CHAJIKAHOB.

I[era.uoremlpOBaHue/ TraJJOr¢cHUPOBAHHUC - OTIIIGHJIGHI/IG/ IIPUCOCIUHCHNEC MOJICKY.JI

Cl, wniu Brs.

Ha JAUT'AIOTICHAJIKAHBI, YV K-PbIX ATOMBI I'aJIOI'CHA CBA3aHbI C COCCITHUMU ATOMAMU C,

JEACTBYIOT MeTaJuIM4eckuM Zn wim Mg:

t
CH;-CH-CH-CH;3; + Zn ——> CH3;-CH=CH-CHj3; + ZnBr;
| | OyTeH-2
Br Br
2,3-mubpoMOyTaH



CHHOCObLI HOJYYEHUA AJVIKEHOB
-

KPEKHHI' U AETUJIPUPOBAHHUE
AJIKAHOB

.

I'MIPUPOBAHMUE
AJIKMHOB " AJIKA/IMEHOB

@

BHYTPUMOJIEKYJIAPHASA
JAETNAPATAIIUA CITUPTOB

@

JETUJIPOTAJIOTEHUPOBAHUE
MOHOT AJIOTEHAJIKAHOB




XUM. CB-BA AJIKEHOB

P-ITAU INTPUCOE/IMHEHMUW A

1. TI'uapupoBaHHE U raJIOTCHHPOBAHIUE.

t, Pt
CH2=CH—CH3 =+ Hz e CH3—CH2—CH3

MPOTIEH IpOIaH

CH2=CH2 + Bl'z —_ CHz—CHz
ITCH | |

Br Br

1,2-qubpomaTan

OﬁecuBe‘mBaHne 6pOMHOﬁ BOJbI - KAM¢CTBCHHAaA P-IIHA Ha KPpaTHbLIC cBsi3H!



NMPABUJIO MAPKOBHUKOBA

lMpu npucoegMHeHuU ranoreHoBofOPOAO0B U BOADI
K HenpeaenbHbIM yrnesoaopoaaM atToM BOoAopoaa
npucoeauHsercs K 6onee rmapupoBaHHOMY, a
ranoreH unu unu rugpokcorpynna (-OH) k MmeHee
rMmgpupoBaHHOMY aTOMY yrnepopaa.

CH2= CH - CH2 = CH3 + HC' > 4 CH3- ?H = CHz‘ CH3
Cl p—

./




2. T'mpaporamoreHHpOBaHHE H 'HApaTaLHA.

ITo nDpaBAJTY Maplconnmcona, IIpH NPpHCOCIHHCHHH BOJBI H IaJIOTCHOBOJAOPOJA0OB K HCCHMMCTPHYHBIM
MOJICKYJIaM alIKCHOB H alIKHHOB, aTOM H HOPHCOCOTHHACTCA K 00Jee rHIpHPOBAHHOMY aTOMY C:

CH;-CH{OH, + HCI ——>  CH;-CH-CH;

[IpoIeH |
Cl
2-Xnopnpornad
HySO4. t, p
CH;-CH=C), + 0O ——> CH;-CH-CH;
IIponeH |
OH
IPOMAaHOI-2

Ilpncoezmnenne atomoB H maér OPOTHB NpaBH.JIA Maplcommlcona, eCJIk:

e p-IHA THAPOTAIOTCHHPOBAHHSA HIH I'HApPATAHHA NPOTEKAET B IPACYTCTBHH B KagecTBe kat H,0»
e B MOIEKYJIE aIKEHa €CTh CHILHO 3IE€KTPOOTPHIIATENbHBIH 1eMeHT (HanpaMep, F)

CH;CH(OH=CH, + HCl —>  CH;-CH-CH,-CH,Cl

| |

Cl Cl
3-xnopOyren-1 1,3-gExnopOyTan



3. llomamepusanusi.

Iosmumepusanus - p-1iust 00pa30BaHUs OJIUMEPOB.

HOJII/IMepI)I - BBICOKOMOJICKYJIAPHBIC OPIraHUYCCKUC COCTUHCHNMA,

oOpa3yronmecs 13 MOHOMEPOB.

n(CH;=CH;) ——> (-CH,-CH;-)n
TUWICH HOJIUATUIICH
(MoHOMED) (osmmmep)

|

yPp-€ p-IiA IIOJTUMEPU3AIMI Ha IIPUMEPE dTUICHA



P-ITUN OKHUCJIEHHUA

1. IlomHoe okucienue (ropeHue).

-€ P-IIUH IIOJTHOI'O CropaHuia
CoHp+ 1,500, — s nCO,+nH,0 ¢um YPEP™ P
alKeH aJIKEHOB B 00IIEM BHJIE

C,H4;+30, —> 2CO,7 +2H,0
STHIICH

2. HemnonHoe KaTaTuTUYECKOE OKUCIICHHE.

Ag, 150-300 °C

CH,=CH; + O, -~ H,C —CH;
3THIEH \ /
O
OKCHJ OTHIICHA
t, p, CuCl,, PdCl, é)
CH2=CH2 + 02 > CH3-
3THIICH
3TaHAaIb

t, p, CuCl,, PdCl,

CH;3;-CH=CH; + O, > CH3-C-CH3
IIPOITHIICH (”)
TPONIaHOH

(aneromn)



3. Oxwucinenue KMnOQO,.

a) MsTKoe okucieHue (p-mus Baruepa) - B HeliTpanbHOU WK ci1abomenoyHoM
cpeze 0e3 HarpeBaHUsI IPOUCXOJIUT 0Opa30BaHKE JBYXaTOMHBIX CIIUPTOB - JIMOJIOB:
CH,=CH; + KMnO4 + H,0 ——> CH,-CH; + MnO,] + KOH

ITHICH | I 0CaJI0K

OH OH uépnoro nsera

STAaHAHOJI

ObecuBeunBanue p-pa KMnQO, - kauecTBeHHasi p-IiAsI HA KpaTHbIE CBA3M!



0) XKECTKOE OKUCIICHHE:

B HEUTpaIbHOM WM CIIa0OIIEIOUHON cpelie MPH t IPOUCXOTUT 00pa3oBaHUE KapOOHOBHIX K-T:
t
CH;-CH=CH-CH; + KMnO;, —> CH;-COOH + KOH + MnO,| —>
OyTeH-2 YKCYC -

P-yua nelimpanusayuu

—> CH3-COOK + MnO,|+ KOH + H,0

aleTaT Kaausga

t
CH;-CH,-CH=CH-CH; + KMnOy —— CH;3-CH,-COOH + CH3;-COOH + MnO;| + KOH —>

IICHTEH-2 IIpOoIIaHOBaA K-Ta YKCYCHasA K-Ta

—> CH3;-CH,-COOK + CH3-COOK + MnO;| + KOH + H,0O

MIpOIMNOHAT Kalusa all€TaT Kallusia

t
CH;-CH,-CH=CH, + KMnO, —> CH;-CH,-COOH + [H-COOH] + KOH + MnO,| —>

Oyren-1 MpOIIaHOBAs K-Ta H,0 + Ci)%/l

—> CH;-CH,-COOK + K,;CO; + KOH + MnO,| + H,O -

IIPOIMNOHAT KaJIusia



B KUCJIOH cpejie Ipu t TakyKe MIPOUCXOUT 00pa3oBaHrEe KapOOHOBBIX K-T:

t
CH;-CH=CH-CH; + KMnO,4 + H,SO;, ——> CH3-COOH + K,SO4+ MnSO4+ H,0

OyTeH-2 yKCyCHasl K-Ta

t
CH;-CH,-CH=CH-CH; + KMnO4+ H,SO; —> CH3-CH-COOH + CH3-COOH +

IICHTCH-2 IIpOIIaHOBas K-Ta YKCYCHaAs K-Ta

+ K;SO4 + MnSO, + H,0O

t
CH;-CH,-CH=CH; + KMnO4+ H,SO4, ——> CH;3-CH,-COOH + [H-COOH] + K,S04 +

Oyren-1 IpOIIaHOBAas K-Ta

+MnSO4 + H O ——> CH;3-CH,-COOH + K;SO4 + MnSO4 + CO;1 + H;O

IIpOIIaHOBAas K-Ta



B IIETIOYHOH cpeJie MPH t MPOUCXOIUT 00pa30BaHUE COJIeH KapOOHOBHIX K-T:

t
CH;-CH=CH-CH; + KMnO4 + KOH ——> CH3-COOK + K;MnO4 + H,O

OyTen-2 arerar Kaams

t
CH;-CH=CH-CH,-CH;3 + KMnO4 + KOH — CH;3-COOK + CH;3-CH,-COOK + K;MnO4 + H;O

IIEHTeH-2 alleTaT Kalmsi ITPOIIMOHAT KAl

t
CH;-CH=CH; + KMnO4 + KOH ——> [H-COOH] + CH3-COOK + K;MnO4 + H,O0 ——>
IIPOIICH CO,T +H,0O areTaT Kaiaus

83-€

—> CH;3-COOK + K,CO;3; + K;MnO4 + H,O

aneTaT Kalus

IIpu okuclIeHUH aJIKEHOB, COiep KaIMX TPeTUIHBIN aToM C, 00pa3yroTcss KapOOHOBHIE K-Thl H KETOHBI:

CH;
| t
CH;-C=CH-CH; + KMnO4+ H,SO, —> CH3-COOH + CH;3-C-CH; + K;SO4 + MnSO4 + H;O
2-MeTmnOyTeH-2 YKCyCHas K-Ta g

IIPOIIAaHOH



XUMUYECKHUE CBOMCTBA AJIKEHOB

- ¥

PEAKIIUY ITIPUCOEJIMHEHUS [PEAKIIUY OKUCJIEHUS]|

B ¥

HEIIOJIHOE
INOJIHOE OKUCJIEHHUE
(TOPEHMUE) KATAJIMTUYECKOE

OKMCJIEHUE

¥

OKUCJIEHUE KMnO4
et

MAT'KOE OKUCJIEHUE BE3 HAI'PEBAHUA
(PEAKIIUS BATHEPA) - ObPA3YIOTCH UOJIbI

2 24 A 4

g

"KECTKOE OKHUCJIEHUE
(ITPU HAT'PEBAHMUN)

B HEUTPAJILHOHN WM CJABOULIEJIOYHOM CPEJIE IIPU t -
OBPA3YIOTCS KAPBOHOBBIE KUCJIOTBI, MnO2¢, KOH U1 H20

¥

B KHCJIOM CPEJIE ITPU t -
OBPA3YIOTCS KAPBOHOBBIE KUCJIOTBI, K2S04, MnSO4 Y H20

$

‘ B IIIEJIOYHOM CPEJIE IIPU t -
OBPA3YIOTCA COJIM KAPBOHOBBIX KUCJIOT, K2MnO4 1 H20




[fpuMeHeHue aZiIKeHOoOB

* B opouyexpaHuIMIlax i YCKOPEeHHs CO3peBaHus IJ1I0[0B.
* Ilpon3BoACTEO OpPraHUUYECKHX COSMHEeHMNA:

-

- M0/TM3TH/IeHA, TIO/IMNpPONIAeHa, oauBHHUIXI0pHa (ITBX);

- paCTBopHTe]]eﬁ; e
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NIREER 2 (

11.
12.

13.
14.
15.

Bonpocwl ona camokonmpona:

Yto Takoe ankeHbI?

Oo6mas opmysa aJKeHOB?

CrpoeHue ajikeHOB (TUI THOPUAU3ALUN aTOMOB YIJIEPO/1a, BEJIMYMHA BaJ€HTHBIX
YIJIOB, BUJI, THUII 1O MEPEKPHIBAHUIO JIEKTPOHHBIX O0JIAKOB YITIEPOI-YIIIEPOAHBIX U
YIJIEPO/I-BOJIOPOJIHBIX CBSIZEN).

Ha3zoBute nepBoixX 9 npeacTaBuTeNner TOMOJIOTHYECKOTO PAIA ATKEHOB?
[IpuBenuTe MpuMEpPbl OAHOBAIEHTHBIX HEMPEAEIbHBIX YINIEBOAOPOIHBIX PAIUKAIOB?
dur3nyecKrue CBOMCTBA AIKEHOB?

N30Mepust 1 HOMEHKIIATypa aJIKEHOB?

Yto Takoe meraaoreHupoBaHue?

Yro Takoe ruaparanua’? Uro takoe neruaparanusa? HazoBure BOIOOTHUMAOIINE
areHTHI?

[IpaBwmito 3aiineBa?

Yro Takoe aeruaporagoreHupoBanue? YTo Takoe ruporaJoreHupOBaHUE?
[IpaBmiio MapkoBHukoBa? Korga nprucoeinHEHHE aTOMOB BOAOPOa UAET MPOTHUB
npaBuiia MapkoBHUKOBA?

Yro Takoe nonumepuzanus? Uto Takoe monmuMepst?

YeM MATKOE OKMCIIEHHUE TTIEPMAHTaHATOM Kalus OTIWYAETCS OT KECTKOTO?
Ha3zoBuTe KaueCTBEHHBIE PEAKIIMNA HA KPATHYIO CBSI3b?



