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Chapter 5
Organic Compounds

—Alkene
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1. What are the structures and shapes of alkenes?

2. How do we name alkenes?

3. What are the characteristic reactions of alkenes?

4. What are the mechanisms of electrophilic additions to alkenes?

5. How can an alkene be reduced to an alkane?
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1. What are the structures and shapes of alkenes?
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All alkenes with just one double bond fit the general formula C_H,,
in which n is the number of carbons in the chain.

Ethene C,H, CH,=CH,
Propene C;H, CH,=CHCH,
1-Butene C,H; CH,=CHCH,CH,
2-Butene C,H; CH,;CH=CHCH,

H3C CH3
Cis-trans isomerism \C=C

/

H H

cis-Butene

H H
\C:C/

H CH,

trans-Butene
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Alkane: C,H,, .,
Alkene:C _H, (fewer hydrogen atoms)

Degrees of unsaturation=number of rings and/or multiple bonds

1 degree of unsaturation= 1 rings or 1 double bond

2 degree of unsaturation= 2 double bonds, 2 rings,

1 ring+1 double bond, or 1 triple bond

Example: C¢H,, (fully saturated would be C;H,,)

14 H-10 H=4 hydrogen atoms=2 H, (pairs of hydrogen atoms)

=2 degrees of unsaturation
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If molecular formula contains:

1) Halogen (F. Cl . Br, l)-add number of halogens to number
of hydrogen atoms

C,H,Br, is equivalent to C,H;, degrees of unsaturation =1

2) Oxygen---ignore it!

C;H;O is equivalent to C;Hg, degrees of unsaturation =2

3) Nitrogen---subtract number of nitrogen atoms from number of hydrogen atoms

C;HyN is equivalent to C;Hg, degrees of unsaturation =2
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C,H, 1, CRENsp2Zeft, FRE=AZREiYsp2Zeibiits

e - C—Coi

TR AT EEE . FTANRLOTEE 268k)/molgiE, BEM=ER T ELiLhEE,
=:11: A 37222 21

268kJ/mol
nEFz90 °
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OB FminTER, ZHERE ), ZRIL.
QriEREse, AUlcREHE.
RN ER2EE/9611KJ)/mol,
Rk EREREEE/9347JK/mol,

nEEEEREN611-347=264K/mol

- TR R, ZEENFERMN.

BEE: RGNS, ENER B FEER?

Otz N-H=1 S i e 2 ?

Bond rotation round a C=C bond is not possible and isomers are possible
depending on the substituents present.
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H. _ _CH;
CH,=CHCH,CH, CH,CH=CHCH, H’C_C\CH3
I T I I : |
(EeE) MBS $  Bsis
H3C\ _ ,CH3 H3C\ - ,H
= C-C

H,C C\H TN

lik-2-T % R-2-Ti&

mp. -106°C, b.p 1°C

mp. -139°C, b.p 4°C


cis-2-butene.pdb
trans-2-butene.pdb
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KiE: 6FhEiais

H3C\ /CHZCH3 H\ /CH2CH3
H2C:CHCH2CH2CH3 c=C /C:C\
H/ \H H3C H
R-1- IR-1%-2-1 R-1X-2-%
Pent-1-ene cis-pent-2-ene trans-pent-2-ene
H2C=(ECH2CH3 |.|2(;=(;|-|(i;|-|(;|-|3 H3CHC=?CH3
CH3 CH3 CH3
2-FET-1-45 3-RET-1-45 2-FET-2-1%
2-methylbut-1-ene 3-methylbut-1-ene 2-methylbut-2-ene

Stereoisomers: cis-Butene and ftrans-butene have the same
constitution but differ in the arrangement of their atoms in space,
isomers as such are classified as stereoisomers, and the term cis and
trans specify the configuration of the double bond.
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QBN WRERFEF L IEERN A RNEFRFEL.

a_ by | ®a=b 5§ d=e ZEliE
C ®azb Hdze HliRRS
h /a=dsib=e HIstIIE
e A .
d ‘e v a=e B b=d JRIAIZE
H CH,CH, H3C CH; .
| % t=c¢’ Identical
Identlcal{ H/C—C\H Csz/ \CH3

7ol = 743 7ol =713
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OB EEC=CHBIKHEE L,
QRSHBIEERBIEN—IRTHE, HAMLENTE
FORRALE;

@ The longest continuous chain that includes the
double bond forms the base name of the alkene;

@ The chain is numbered in the direction that gives
the doubly bonded carbons their lower numbers.

6 5 4 3 2 1 6 5 4 3 2 1
CH3CH2CH2CH=CHCH3 CH3;CH,C—CHCHCHj;
H3 H3

Hex-2-ene 2,4-Dimethylhex-3-ene
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QENANTRKBERS EiEHENRFHEHRRR, WLRSiZEFHEER.

[FF, RRIME, BEILbRLALL.

& A

C(C,C,C) C(C,C,H) C(C,H,H) C(H,H,H)
BA XK X =1 |

OB ERAI—NMNEFLAINE:
iZGEFZIRE = IR,

(C) (C)
—HC=CH,— » — & —C-H

o

H

2Bk =

 SHtRFHER, WHEEEES

(C) (C)
—c=cn——> btk
(C) (i:)
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RAMBRIE
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H3C\ B /CHZCH3 H\ /CHZCH3

/C—C\ /C= C\
H a H,C H
-2 1 R-IR-2-1%
cls-pent-2-ene trans-pent-2-ene

=300
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® Z. Etmcix

pNEZ I

> RFFREERKHMT, RIUERFIRREXRDHE, MBFXEN
I>Br>CI>S>F>0>N>C>D>H>:

> ESWEEREENFRFRNRFFEER, NWALLRFERIME
B, iXEE, BEIFRINTIRRE

C(CH;);>CH(CH;),>CH,CH;>CH;
CH,OH>CH,CH;; CH,OCH;>CH,OH; CH,Br>CCl;
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om0 =
N

—C=CH > —CH=CH, > —CH;—CH,
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EXV: WEKEF LARPENERISEFUF RS,
Z3\,: WiEKRIEF LA BRNEREFFHEEREM,
{6 H;C. . CHg

_C=C _3- _2-
H™~ " CH,CH, (6)-3-FRX-2-1&
fic
H3C\C=C/CHZCHZCH3
HsCH,C™  "CH-CH; (9)-3-RE-4-FRER-3-I%

ﬂt CH; ﬂt
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> IRIAME SRR =18
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CH2_C= CH2
O/ L WEEEEEE L, SERBE, FAMTE
TREHER L, LARRBIE, RS

2-FAE-3-HCE-1-Al%

2-methyl-3-cyclohexylprop-1-ene

CHZ_CH;;

©/ 4-ZEIRTHR

4-ethylcyclohex-1-ene

PR AN : (E/2)-BRE1-BUR E2-FriEin - B AL E-ene
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« BOEN: 2Rl EAC=CRNSKRIENSHAERE, TR TN
- FRENE: WESKIEISTEN, anFRtESREsae;s

- IR ERUBIRNSHE, WEhaskl, TEoTHE

=, RSN (X8R, Nosis)

REER: NEENRSEIN—mTERES, OEmREIDNERETHSs
BIEIZINT . RincCERRRSBEIMRETUE

HEIZEEININ: WEREERFEAEALS, 25, EEEULIDRERSEI&N
{ired: WmsSeTIREERERS, T~aEElR~F

L]

=. BFRESR (FREASR)

o ERiEIR: mEns e {i=-ene [ fil: pent-2-ene (ZE|FET2-pentene)

o BiER: mEna e GE, g2 = -diene/triene 2 l: buta-1,3-diene

o NG cyclo-BEERETF- (= -ene 2 fl: cyclohex-1-ene (oI &SEENURIE)
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N, REGZHN

« BHIREGESE—I0: vl (FEmethyl, AEethyl, }F2Ecyclohexyl, EEFEREE)
- PSR mEERERNFEIERFHE, Zidi-, Uri-EESRSNNEREF

« HEDAE: ndi- (2) | tri- (Z) , INEEIERAE

» BEEA: NE-RREAE-IRESEK, SEREIDESE

A. JUIREHIE (TIVUPACEIR)

o IERGEIAERE/ZIIRY, cs/trans{iAEiR, IENEE. e EEILER
- BSIER: (I98)-BHER, ESENHANET

« (2)-: WEAERAERLTFRERM; (E)-: MERNEAERTSM



¢ RE: BIHEE+ZiaREE+HRERS)

—. FRTSHE (BRREK)

5= eaEzE: SANERL (1) — 2-methyl E2, 2methyl X
ZMTFRIBICEZE: B9 — 3-cycohexyl-2-methyl 2
E/ZIEERE: BFINEIT — (Z)-pent-2-ene [

ZMUBEHFZE: 2EESR, =8 — 1,3-diene 2

—. RSAZtEERIEAR

o 2ZFrERENSiE: 2-butene X, #iESiEbut-2-ene 2

o EIRFEELREEMS 4-ethylcyclohexene X, #5ESi%4-ethylcyclohex-1-ene 2
« HCEINF: F8FR+EEEE, cyclohexyl HEE methyl Z &l

« ZWRE: JFTREMa (Wbuta-, penta-) , EEEEFN

=, IETRfISE (BERER)

« 2-BET-1-1% — 2-methylbut-1-ene

iE-f-2-4% (FmEZE) — (Z)-pent-2-ene
2-BE-3-H2ER-1-1% — 3-cyclohexyl-2-methylprop-1-ene
4-7 B2 % — 4-ethylcyclohex-1-ene

1,3-7T”# — buta-1,3-diene




2,3-dimethylhept-2-ene

I

(Z£)-3-ethyl-5-methylhex-2-ene

3-ethyl-4-methyloct-3-ene

/\(;)\/k/

(Z£)-3-chloro-4,6-dimethyloct-3-ene
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2.1.3 IGIRRIVIIR IR
> BmBET, BENHS. BRSRIEHRIEL

> KimlEle (a-1EkE) Ak S ELINEIERREEREIRI(E.

H H H  CH,CHj

HsC  CHyCHjs HiC  H

i = 36.9°C 36.6°C

B &= -151.4°C - 136°C
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Ne”
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/TN

ot -347 kJ / mol
iiE -263 kJ / mol
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nlBFRES5RMN, EH
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IRk =FhEZERY B

N\ / m Bk

ORI LIS N,
L
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» EEENAY A—B — A* B (B3)
- B EAL T B e K Be (I5R)
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(1) Electrophilic Addition Reaction

A. Halogen Addition

\C:C/ + X —»= X é é X
/ AN | |

Alkene Halogen Vicinal dihalide
_ ccCl, i
CH;CH—CHCH; + pr, — CHj—f HCH;
2-butene 2,3-Dibromo-butane

CCl
CH3;CH=—C(CH;3), + Br, —4> CHJ_f i(CH3)2

2-Methyl-2-butene 2,3-Dibromo-2-methyl-butane
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1. FRNESIESRINRLRIHENT R RHESE:

H,C=CHBr H,C=CH,  H,C=CHCH; H,C=C(CHj, H,CHC=C(CHy),
0.04 1.0 2.03 5.53 10.4
2 LR FEEE R, g
v— HEMLILS, REEEFEREEA,
FRAB AL R L " SRR, RIS K
-Br2f ! -CH; B4R F&!

2. AP FPEFESCINET, NRM=IHRS:

H,C=CH, + Br, 22, iz + Hie—EH, + HC—CH,

Br Br Br ClI Br OH

FCICH,CH,OHAER;! Why?
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RMEDZHITH:
Br
8+ 8- ///, + \\ ) R
///' ‘\\\ Br—CEr .5: - "C/—\C‘\\\ S - .//./,'C C/!3 .

The carbocation intermediate can be stabilized by
neighboring alkyl groups and_the bromine atom.

B— R RMNANEEL!
RZUINR.
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Evidence for the existence of the bromonium ion is provided from the
observation that bromine adds to cyclic alkenes in an anfi-
stereochemistry.

In other words, each bromine adds to opposite faces of the alkene to
produce only the frans isomer.

None of the cis isomer is formed.

Q ::B:r: H — Br
- S

H/ \H —_— — / N
;r& HYN-_ (ZH H
| ' .\g/.
‘/:Br: ek trans-isomer
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If water is used as a solvent, the hydroxyl group is attached to

the more substituted carbon.
HO

>=< + HyO + Xy — vy
X

X X 5
420 // \ 05 &
PRI N > "¢ ow
\/ + 2
l-H-‘-

I[I//

H3CH2C Br

HiCHC _ CHs o 1o L
: =/
H¢  H HO  H
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Hydrogen bromide has a polar H-Br bond and so the hydrogen is an
electrophilic center and the bromine is a nucleophilic center.

H3C\ /CH3 & & H\ )Br-
CcC=C + H—Br: o H C/C_C\CH
/ A N A 50 3 \ 3
H,c~ A °"CH, . H,C CH,
Nucleophilic Electrophilic
center center

However, halogen atoms are extremely weak nucleophilic centers and so
this molecule is more likely to react as an electrophile through its
electrophilic hydrogen.
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The mechanism of electrophilic addition is a two stage process
which goes through a carbocation intermediate.

I-I‘?'C\c—c/ ot I-I\c c H 5§r:
HiC 5 III\' Chs HC  CH; Hod CHy
‘/:.B.r: Carbocation

5 intermediate

This is known as a carbocation since the positive
charge is on a carbon atom.

This structure is known as a reaction intermediate.

It is a reactive species and will not survive very long with the bromide
ion in the vicinity.
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The addition of a hydrogen halide to an unsymmetrical alkene can
result in two different products.

O o (D
H3C\ H / AN

/ - R
/C:C\ i» H3C//C C\\H + H3C//C C\\H
H;C H H,C H H,;C H
Hydrogen added Hydrogen added
to left hand end of to right hand end of
double bond double bond
=

This produces the more substituted alkyl halide.

Markovnikov’s rule: AXJFRAEFNEHITIRR MRS, a3l
e IEFBRIERS F RIS SR Z A EHIRES L.
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At 2 EEREM S BHEES EHEN ?
5 R FRIE# IE i = RITS RE I PR ERY,

HB
Bll: CH,CH,~CH=CH, —r>CH30Hz-<|>H—<|3Hz + CH,CH,—CH—CH, (4:1)

Br H H Br
2° 1°
CH;CH,~CH=CH, —>» CH3CH2fCHTCH2 + CH;CH,- CH-fCHZ\

NP
(H—Br sY A " \)g

: i ¥

CH3CH2_CH_CH2 CH3CH2_CH_CH2
Br H H Br
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Carbocations are stabilized by induction, hyperconjugation, or
delocalization.

ciHs (iH3 III H
|
CH;— (f:@) > CH;—~> c® - CH;—> C|?® > H—?@
|
H H
CHs £
©, ©,

CHC®  (CHl),HE®  (CHyHL®  HsC

HJ: 3° C®>2° C®>1° C®>H,C®

Alkyl groups can donate electrons toward a neighboring positive center and
this helps to stabilize the ion. The more alkyl groups attached,
the greater the stabilizing effect.
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H3C*CH*CH2 95%
H Br

CH,CHCH, + HBr

iggy H;C CH CH, 90%

HC C 0 O0-—c cH, CH; C O O C CH,
H
o

J A SR iiftﬂ?%ﬁﬁﬁﬂ':
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wIZAY B HENNR

RN E

HES 1% R—0—0—R -2V, o
R—O" + HBr > R—OH + Br~

HEIEIS

BHHEMNEERSIE
10, El ¥

— > CH,CH—CH,Br  Stable

Br’ + CH,CH=CH,

—> CH,CHBr—CH,” Unstable

 EHREINMHBrad=¥=2

CH,CH—CH,Br + HBr ——— CH,CH;—CH_Br + Br’

s FRINEER, BIthE3° > 20 >

RS EGH{ERY
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‘A4 4% C. Acid-Catalyzed Hydration of Alkenes

(CH3),C=CH, * H,0 —" 5 (CH,),COH
2-Methy|propene tert-ButyI alcohol

® Mechanism:

CH _/‘\ CHj; H
Step 1: 3\C CH, + ({ Slow +_CH3 N :<
H

7 CHy”
2-Methylpropene  Hydronium ion tert-Butyl cation
/\ CH;
Step 2: —CH; ‘fi —({
CH7 H H.,
tert-Butyl cation tert-Butyloxonium ion
CH, CHj;
Step 3: CH34(¥—({H/\ o/ Jost CH34$ + H—J{QH
Hs éHs "

tert-Butyloxonium ion tert-Butyl alcohol
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2 RCH CH, + B,H, 2 RCH,CH,BH,

RCH-CH, + RCH,CH,BH, (RCH,CH

,),BH

RCH—CH, + (RCH,CH,),BH

(RCH,CH,),B

EERE M
(RCH,CH,),B4 3 H,0, — > 3RCH,CH,0H + B(OH),

H,O
BMe | T2 | RCH,CH,OH
OH

RCH-CH,

o-IGIREMSH-RICRMIISENAER, IR0k RS ECHEN
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ﬁﬂﬂaﬂ:fil\" ROENEE B21H6
CH,CH=CH, + H-BH, E282 . cy CH..CH, |RESEHE
: EE]]
AR =SREs, nEBEREE H—BH,
SRR, FHEMNRT, 55§
CH,CH~CH,
= He--BH, » CH,CH,CH,BH,
| ERREES | RS b R RS

*1 MZMEE: IRBINNRE (FEAEEIASINEE)
*2 XigiEFEE— RS ECHN,
*3 BAAR—PRE, RMAZI—IHAIES, FRLAASBERFI~E.



(2) Reduction and Oxidation of Alkenes

A. Reduction (Alkenes to alkanes)
H,C=CH, + H, 22%4Y¥SL H.c—CH,

(Catalyst: Pt, Pd, Ni%)

First bydrogen transfers to carbyon
of surface-bouand alkenss
Hydrogen atoms bound H tin,, ‘ﬁH

o medal atoams o o al— 'E'

cataly=t surface H'F"-‘h :_
H I-I

—~— T J—.—i:.‘:.. ‘uw—

Catalyst surface

|

Alkane product Second hydrogen transfers,
releasad froom surface oomgpieting hydrogenation
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SR ——T1mol RN EFNE SR ERFTLE AYREE.

Heat evolved upon catalytic hydrogenation (AH®)
A MEASURE OF ALKENE STABILITY

ALKENE ————i ALKANE

Ho/Pd-C
ENERGY | \ , P
N —
(- 30.3
-} 28.3 kcal/mol
kcal/mol
-)27.4
kKcal/mol
N\ Y y Y
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The greater the substitution, the lower is the heat of hydrogenation.
CH,=CH,>RCH=CH,>RCH=CHR, R,C=CH,> R,C=CHR> R,C=CR,

The heat of hydrogenation of a trans-alkene is lower than that the
iIsomeric cis-alkene.

li-RCH=CHR > R-RCH=CHR

SHAEE, AEIRIEEEIE,

The more substituents which are present on an
alkene, the more stable the alkene is.
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B. Oxidation

r®<

%ﬂ&
*I]HEI':‘I"E:@B

o

— / =

o=c . s
OH
/R"

0=C¢ . E&
H

H < i
7R Ay

R
KMnO4(ﬂ‘€, ?&), OH" \C=O +
ﬁ chr207, H* R'/
(1) O X
3 > \C= o
(2) H,0, Zn /
R'
R Rll
KMnO, (i, 14), OH" | ]
5 (1) 0sO,, (2) H,0 A cl: (i"
OH OH
o)
R [ 1]
RCOOH (AL N\ / R
> C—cC

7 \/ ~H
0



@)7414/4% Summary

1. 15BENEE (EFIRY)

2. 1&5IEaE (IUPACHER. Ii/Ras&. Z/Eds®) ;
3. I ERIML S IR
FEB IRk RRL
ESIE RN

A RR

48
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Cl
Cl

3,3-Dimethyl-1-butene 2-Chloro-3,3-dimethylbutane 2-Chloro-2,3-dimethylbutane
(the expected product 17%) (the major product 83%)

STEP 1: Add a proton. Proton transfer from the HCI (an electrophile) to the alkene
(a nucleophile) gives a 2° carbocation intermediate.

.-i“'f--f-__— +
>(% ﬂ\,\‘;_-[ 61 >(\ (El —_
| — : > +4 00

(an electrophile)

3.3-Dimethyl-1-butene A 2° carbocation
(a nucleophile) intermediate

STEP 2: Rearrangement of a bond. Migration of a methyl group with its bonding electrons
from an adjacent carbon gives a more stable 3° carbocation intermediate. The major
movement is that of the bonding electron pair with the methyl group following.

+ the driving force of this
a _
the two electrons in + rearrangement is the
this bond move to S formation of a more
the electron-deficient stable carbocation
carbocation A 2° carbocation A 3° carbocation

intermediate intermediate
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STEP 3: Reaction of a nucleophile and an electrophile to form a new covalent bond. Reaction
of the 3° carbocation intermediate (an electrophile and a Lewis acid) with chloride
ion {a nucleophile and a Lewis base) gives the rearranged product.

/ N N :Cl:
& —

{a nucleophile) A 3° carbocation
intermediate
(an electrophile)

—— PROBLEM 5.8

The acid-catalyzed hydration of 3,3-dimethyl-1-butene gives 2,3-dimethyl-2-butanol as the major product. Propose a mecha-
nism for the formation of this alcohol.

CH; CH; CHs
I H,SO, |
ﬁﬁ=ﬂH—?—fH34-Hﬁ) =1,  CHy;—CH—C—OH
CH, CH;

3,3-Dimethyl-1-butene 2,3-Dimethyl-2-butanol
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Name each alkene, and, using the cis-trans system, specify
its configuration: (a) (b) M

Mame each alkene and specify its configuration by the E,Z system:

Cl
Br

3-Methylcyclopentene 4-Ethyl-1-methylcyclohexene
(not 5-methylcyclopentene) (not 5-ethyl-2-methylcyclohexene)
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(a) 3,3-Dimethylcyclohexene

(a) (b) .
{(b) 1,2-Dimethylcyclopentene
{c) 4-lsopropyl-1-methylcyclohexene
(c) 4.15 Draw a structural formula for each compound: (See

Examples 4.1, 4.5)

{a) trans-2-Methyl-3-hexene
(b) 2-Methyl-3-hexyne

(c) 2-Methyl-1-butene

(d) 3-Ethyl-3-methyl-1-pentyne
(e) 2,3-Dimethyl-2-butene

(f} cis-2-Pentene

(g) (£)-1-Chloropropene

(h) 3-Methylcyclohexene

4.16 Draw a structural formula for each compound: (See
Examples 4.1, 4.5)

(a) 1-Isopropyl-4-methylcyclohexene
(b} (BE)-2,6-Dimethyl-2,6-octadiene
(c) trans-1,2-Diisopropylcyclopropane
(d) 2-Methyl-3-hexyne

{e) 2-Chloropropene

(f} Tetrachloroethylene
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Name and draw a structural formula for the major product of each alkene addition reaction:

CH,

(a) CH '!3 CH HI — (b) ’
: =CH, +
@ ? : + HCl ——

5.19 Complete these equations by predicting the major
product formed in each reaction: (See Examples
5.2, 5.5)

) ®/\ + HCl ——

(€) S X + HI —

(d) + HCl ——
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STEP 1: Reaction of a nucleophile and an electrophile to form a new covalent bond. Reaction

of the pi electrons of the carbon—carbon double bond {a nucleophile} with bromine
(an electrophile) forms a bridged bromonium ion intermediate in which bromine
bears a positive formal charge:

an electrophile

(%Br:
7
1?tl_’»r: N
- Br: T s
= :Br:
.r.un,,._\\‘ — JI: "',z"l 1.‘" \ ) e -
f’(d_ ;-..“_ ¥ “1?{._[1“-“,”” * '||'l""”'"'{-"_r~‘ ----- il + :liir:

a nucleophile

A bridged bromonium
ion intermediate

STEP 2: Reaction of a nucleophile and an electrophile to form a new covalent bond. A bro-

mide ion (a nucleophile and a Lewis base) attacks carbon (an electrophile and a

Lewis acid) from the side opposite the bridged bromonium ion, opening the three-
membered ring:

an electrophile

(-;ﬁr : H l?'!:r -4 Br
/N /
e C_(_-: L]
ﬁl

, 1\'\-\“\

I||'-/ \ —_— fc_cl"'f.rlf

iy
‘Br: \ B
o/ a '
:]ir: Anti (coplanar) orientation

A Newman projection
of added bromine atoms

of the product

a nucleophile viewed from the left
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