Alkenes: Structure and Reactivity

Alkenes, also called olefins, are hydrocarbons containing
one or more double bonds.

Naming the alkenes:

Rule 1: Find the longest chain containing the double bond and name the
compound by replacing the alkane suffix —ane with —ene.

Rule 2: Number carbons in the chain so that double bond carbons have the
lowest possible numbers; if the double bond is equidistant from two
ends, begin at the end nearer the first substituent.

Cch\Hz H CH3C\HQ H
C=¢C C=C
7 % / \
CH3CH,CH, H CH;CH,CH, H

Named as a pentene NOT as a hexene, since the double bond is
not contained in the six-carbon chain

Nomenclature of Alkenes

CH3CHCH=CHCH,CH
1 32 3 4 5 25 3

‘ vinylic carbons ‘

g.H3g.H2(EH2(3:H:gH(1:H3
RCH,—CH=CH—CH,R

2-Hexene 2-Methyl-3-hexene
Hex-2-ene 2-Methylhex-3-ene
Pigls ‘ allylic carbons ‘
2c=C1 CHz
Y

/
CHaCH,CH,  H HoC=C—CH=CH
5 34 23 : 21 2 3 4 2

CHy;=CH- __vinyl group
2-Methyl-1,3-butadiene

2-Methylbuta-1,3-diene CH,=CHCHo— a||:!| group
-diene and -triene ‘

2-Ethyl-1-pentene
2-Ethylpent-1-ene

Cycloalkenes:
CH3

] 6
CH 5
5 ] 2 5 1 4
1 -~
CHz
4 2 4 2 3
F4

3 3

8-1 8-2
Factoids of Alkenes
E,Z Nomenclature
g . HCyx .CH;  HiCyx H . cis or trans?
Polarization of Alkenes [ o= No=c”  Nona Sometimes “cis” and “trans” are ambiguous;
W W v Scm, ™ in such cases we resort to the more formal — 7
m.p. -139 °C m.p. -106 °C E.Z nomenclature. H  CHy
b.p. 4 °C b.p.1°C

= bond broken

.y % O o=

\0

The barrier to rotation is very large. This leads to the possibility of cis and
trans _isomers , stable, separable compounds with different properties.

8-3

Steps to assign E and Z descriptors

* For each C atom, assign substituent priority

« Z if highest priority substituents on same side of double bond

« E if highest priority substituents on opposite side of double bond

’ I higher : hig_;her ]
‘ ok
/ \
lower : lower

Higher —= 5 By F ¢__c— Higher CH;CH, CH,CH,CH;4
pricrity pririty N
anCl C=C on C2 C=C
2 s :
I H CICH,CH, CH,

8-4




Stability of Alkenes

Heat of Hydrogenation: a Measure of Stability

Hydrogenation of an Alkene H3C\ /CHg
Steric strain < p ey || AHo© IC - l:\
- ) ) or Pt ! !
H CH HaC CH C=C + H-H ——— —C—C— H H
‘e=c ' Pl : e=c : i H rll
/ Ty catalyst 2T, CH; CH AH® C’SI—ngZE(; kJ |
H3C H H H - s o hydrog = /mo
sCHCH—CH, oy, —ceH,cH, CH{C—CHCH; i -
Trans (76%) Cis (24%) o - 71 el .
2 AH® = ~30.3 keal/mol . T
= AH 28.5 kecal/mol .
mere stable i) | RS | gy W
cis-2-Butene trans-2-Butena £ CH,
g | - Trans isomer
CH,CHCH,CH, AH%hydrog = —116 kJ/mol
Tetrasubstituted > Trisubstituted > Disubstituted > Monosubstituted —Airte
Substituti Alkene {kd/mol) I
R R R H R H R H R H Ethylene H;C=CH, -137 -328
A\ / / A\ / A\ b / ; ;
c=C > CcC=C > C=C = C=C > C=C Monosubstituted CH3CH=CH; —-126 =30.1
/ / \ / \ / / \ )
R R R R H R R H H H Disubstituted CH3CH=CHCHj (cis) =120 —28.6
CH3CH=CHCHj itrans) 116 -27.6
(CHg),C=CH, ~119 -28.4
< more hyperconjugatlon Trisubstituted (CH3);C=CHCHg -113 ~26.9
8-5 Tetrasubstituted (CH3)3C=CICH3); =111 =26.6 8-6
Preparation of Alkenes Reactions of Alkenes: The C=C Double
Elimination Reactions: Bond as a NUCIeOphlle
CH : , e ak H,S0 A
o HiC CH. CHyCH - 2974 — it
CHLCH (l'('H. CH.CH.O"Na™. CHCH.OH, T0°C No—c” . Ne—chi, ‘ follows ZaitseV's rule ‘W HH T >_< Addition
| —HB s N e
tBr: H et e N/ B
- Ik b 70% 30% XC c\ + XY __?C—C-‘._
. Abu y base ) A pi bond can donate electrons
CHy o HyC CHy CH,CH: An E2 reaction that generates ® Elimination
CHjcHicoy; (SEMCCiL A, o= + c=cH, the thermodynamically less E
‘EI‘3 . £ W ol e favored isomer is said to \C=C/ 1
285 e 139 follow the Hofmann rule. /. QA Y l e ©
Dehvdrati f Alcohols: Acid-Mediated Dehydration of Alcohols E® - | . .
ehydration of Alcohols: e l This atom has (@ <
A . - idi
—C—C— > \(‘ C'/ + HOH E @ E re-hybridized
T s N - "® c _ 2 | from sp? to sp?
H :OH - \%. ;*IB—(:K/ e O
: CH; \V
T Conc. HiS04, 170°C . . s Dilue H:S0, 50°C o
CH;CH,OH Chon CH,=CH, (CHy),COH ———————  H,0=C
TS HOH
CH, —
HO: H 100% The brackets denote | This carbon now has an empty
[ 0% HiSOL, 100 ) ] R
CH,C—CCH, WSO IWE, py CH=CHCH, + CHy=CHCH,CH, R — an _intermediate along p orbital; its '“Comp"?te octet
[ CCH, “HOH T S Reactivity in dehydration: the reaction pathway (6 electrons) makes it electron
H H ! : 1° < 2° <3° alcohols |g, deficient 8-8




Classifying Reactants

Many steps in the mechanisms that we will encounter involve
bond formation between Nnucleophiles and electrophiles

Nucleophiles donate electrons. Identifying nucleophiles

o) . * Lone pairs
HO? :Q.I:e \ / * (-) charges
c=C « 1 bonds
H2Q: CHaﬁHz / \

Electrophiles accept electrons. Identifying electrophiles

/ * Empty orbitals (incomplete octet)
HP —C® « (+) charges
H \ 08 « Polarized bonds
H—F )L\ + Weak o bonds
W 5 ‘Br—Br:
8-9

HBr as an Electrophile

o harge distributi
charge distribution
H—@:r:
H
‘ The electrophile revealed ‘ .
@ (e ®
L ¥

HQEr = ¥ :é'rc?

- CHj
// 1 + 082
‘ An electronegative atom ‘

%].

v Identify bonds made and broken

v Identify nucleophiles and
electrophiles CHg

v Draw arrows to indicate reaction
mechanism
:Br:
'y H

The Reaction Coordinate Diagram for
HBr Addition to Alkenes

along the reaction paths are typically high-energy,
unstable species. Unlike TS* however, they have fully formed
bonds and lie in minima on reaction coordinate diagrams.

BrO— ¥
" OtaH

H

.C—C

Hy “H H, m?ﬂH ¥
G

-
'

H,C=CH,
+

HEBr CHz—CH,Br

free energy

progress of the reaction - 811

Product Distribution in HX Addition to Alkenes

CHs CHg CHg In the addition of HX to alkene, the H attaches
OQ _HBr _ + to the carbon with more H’s and X attaches to
the other end (to the one with more alkyl
Br 4 H H W Br

substituents); this is Markovnikov’s rule.

major minor
Cl
|
CH3CHCH;CH=CHy + HCI —— CH3CHCHZCHCH3 CH3CHaCHaCHyCHoCl
1-Pentene 2-Chloropentane 1-Chloropentane
(sole product) (NOT formed)
2 alkyl groups
No alkyl groups on this carbon
on this carbon
/ CH3
2 alkyl groups ::;I-‘- / f' L-CHy Br
an-this sarhion """;::::Hz + Ho B cH,—C—CH, £ HEp -Sher;
S |
CHz CHz H H
H
2.Methylpropene 2-Chloro-2-methylpropane 1 alkyl group
on this carbon
1-Methylcyclohexene 1-Bromo-1-methylcyclohexane

8-12




Product Distribution and
the Reaction Coordinate Diagram
according to the energies

CH3 CHg3 CHj
CLO e - 0
Br H H H H Br
of the intermediates.

/Nt

For this step, the TS* is
late. Thus, we ordered
the energies of the TS*s

CH
> 3
o
S
[}
1 e

H
] CHs H
= H H Y Al

+ H® l
progress of the reaction - 8-13

Electrophilic Addition: Alkyl Halide Preparation

» The reaction is successful with HCI and with HI as well as HBr
» Hlis generated from Kl and phosphoric acid

CH3 Cl
A\ o Ether |
/C_CH2 + HCI —— CH3‘—‘(|:‘—CH3
CHz CHa

2-Chloro-2-methylpropane
94%)

2-Methylpropene

I

|
CH3CH,CH,CH=CH, %— CH3CHzCH,CHCH;
3P0y

1-Pentene (HI) 2-Iodopentane

Predict the relative reactivity of the following alkenes toward
electrophilic addition of HX and give your explanations.

(CH;),C=CH, > CH,CH=CHCH, > CH,CH=CH, > CH,=CH,

Rearrangement of Carbocations

] L ¢
HsC HsC H HaC H
: ~ /C“‘-. i HCI : S i * : Mo /Ci
HsC c” TH HaC C H HsC C. H
[ N\ I\
H C H H

2-Chloro-3-methylbutane  2-Chloro-2-methylbutane
(approx. 50%) (approx. 50%)

H4C (l:HS |l-[ N HaC ?HS }|{ ?HS T
o H H
) ;C\c/'C\H ¥ t‘ ~Cl H3 :C\E/C:H H C;C\C/C:H
HaC g C
3 \‘\._,_ o a3l i 3 .z
H H

3-Methyl-1- butene

| o
H

3,3-Dimethyl-1-butene A 2° carbocation A 3° carbocation

|C|_ jCI'

CHz H CHz H
HsC._| | H HsC._| | H
H.c” ¢ H o e T H

A \ /7 \
H Cl HzC H

2-Chloro-3,3-dimethylbutane 2-Chloro-2,3-dimethylbutane 8-15

Electrophilic Hydration of Alkenes

| Cone. HA0,, high wemperature

HC, - sownoH, Hso, G LH: Alcohol > alkene + HO
C=CH, > B HS80,, excess HyO, low temperaturne
H.C ne’ OH
3 y Q
924 :
2-Methylpropene 2Methyl-2-propanol Alkene hydratlon and alcohol
dehydration are equilibrium processes.
. . . . . CH, CH
mechanism SN e [ .
C=CH, +—* e —" === C(CHy{C—0% +—— CHyC—OH
‘/ H , .I!III | + H H” L
Hi( CHs CH; CH;
Acid Catalyzed Equilibration of Alkenes H
H H |
A'I H \(..‘ H—C—H
CHiCH,CH=CH, s> CH,CH.CCH; s> CH;CH=CHCH; I .
| : catalytic
H T P
CHy)sf CICH CH H Terminal erml
i ) [} Il I
114 "»(‘_L,'/ ( h \{._‘.-"
7l catalytic H* AN more stable; major component
H H —_— H CiCHq); .. . .
Cis Trans in isomeric product mixture
8-16




Electrophilic Addition of Halogen to Alkenes

Halogenation of Alkenes

Stereochemistry Elucidates the Mechanism

[;Top side open to attack ]

carbon of hromonium ion

H

8-19

. s Br—Bre. co, . Br
S X CH;s(CH,)3:CH=CH, CH3(CHy):CHCH,Br
s K N, s |
C—c > _C—C tBr: H Br
~ 7 N\ - :Br: — —
ey 90% = : A
T Vicinal dihalide 1-Hexene 1.2-Dibromehexane H I H
S b :B;U\ Br H
- Br—Br
i e a carbocation would \s
Br—Br tBr: be trigonal planar [Bonum side shielded from anack]
H H ?F CH ?f ?F Cyclopentene Bromonium ion trans-1,2-Dibromo-
Possible Aol i intermediate cyclopentane
mechanism? /C_C\ H= [ _C\ H_ﬁ;_?_
H H H H H H
e " " i ‘ Octet satisfied for all atoms ‘
"\L' (_/H 1., CCL, p "I\(.__ LatH n Hi( Q'(_'——L'f o ~
H_—_ Br B' SN = M g /5 SVH :Br:
Q BB Q p Q/\p Hyg CH, cH s LBy CH Brs/
— cis-2-Butene (2R 3R)-2.3-1 125.385)-2.3- 1k b :Br: +
’ ‘ u o A
Br H Br He, o H B Mo CHe  Bri —=C=C< —— _..C—C... + :Br
e o N oCHs S/ I . =
Cyclopentene trans-1,2-Dibromo- cis-1,2-Dibromo- o el > WCTs AN T /R SVH { J
cyclopentane cyclopentane frans-2-Buten - BEs - T s,
) ) (NOT formed) Tdentheal
a racemic mixture (£) 8-17 meso-23-Dibromobutane 8-18
Bromonium Trapped by Other Nucleophiles Regioselectivity in Halonium lon Opening
X ~ Br.
\ / -\-“\ / P 2 -~ .
Bt . }c—c‘ + HX Chon L =H H o CH, P][ CH;
2 ~ ~ 3 > YOCH; = + T A—B” —C—C—C
HG ﬁr/H R /C. _C\ — H (l (I CH,
Hk CH
An alkene A halohydrin m"_]'Br::w_j_nmh"“_ H Hy A B
exclohexane Addition Product to
H Fil ¢ H H : l.'{.r: Name Structure 2-methylpropene
. N H o E
//\\\7 Br., Hy n e \ 5 /{ H G Bromine chloride P Br—Cl: : BrCH,C(CHy)y
\ = He ?‘ H \ TOH o
3 - . (] -
B (%) Cyanogen bromide :Br—CN: - E:i:r(‘l-{:(lTlCH;Ig
. :OH B ®
Hy( Brs, H—OH | . CN:
/('=('}I3 T CHyCCH,Br:  but no ‘[}Il Todi hlorid .‘[. (.':| : '.I.CH (CH
HiC CHa CH, similarly following P ERanCe I Zf 3
82% yield Markovnikov rule Cl:
1-Bromo-2-methyl- 2-Bromo-2-methyl- . as ..
l.ptnlpann: ) |-pm|mnn|l ) Sulfenyl chlorides RS—ClI: RSCH,C(CHa),
+ des .
N ) G 1
(CHy:C—CH, + HZOR — C0—CHAr = CRC—CHBr Mereuric salts XHz—X¢ HOH NHECH,C(CHy);
Attack al more substiluted H—03" :E.?H :0H
— 8-20




Oxymercuration and Demercuration

cH 1. HglOAcy, Hy0/THF CH3 P N
3 2. NaBH, OH 1-Hexene

n}

1-Methylcyclopentene 1-Methylcyclopentanol §
(92%) L |_|:_~.c__|ct Hul,
CH.OH
2.NaBH,
NaOH. H0

Step 1: oxymercuration

H
CH3 CHy CH3
CHgy
O/ HalOAcl, foone H20 aH NaBH, oH
' HgOAc H :0CH,
H H H

65%
2-Methoxyhexane

Step 2: demercuration

1-Methyl- Mercurinium Organomercury 1-Methyl-
cyclopentene ion compound cyclopentanol
192% yield)

Nugcleophilic n|h‘niny[1 Markovnikov rcgim‘cl(‘cti\'it_\'l]

In many cases, the alcohol from

o 0 demercuration is the same as acid-
HeOCCH, CH,COHg catalyzed hydration of alkenes; however,
D . il because no carbocation intermediate is

A—C + H—OH » e . . .
{ ™ . H involved, oxymercuration-demercuration

:0H is not susceptible to rearrangement

Alkylmercuric acetate of carbocation intermediate.
8-21

Hydroboration-Oxidation: an Anti-
Markovnikov Hydration

H,0,
RCH=CH, + BH, (RCH,CH,),B 3 RCH,CH,OH
|. BH,, THF
Borane is commercially available | (CH,),CHCH,CH—CH, -~ O, (CHy),CHCH,CH,CH,OH
in an ether-tetrahydrofuran solvent. 0%
4-Methyl-1-pentene 4+Methyl-1-pentanol

',.-'H R’ Hes g
H—B + 0 — H—B—Q;
H

9 | Borane THF BH3 -THF complex|
H-.\ 5
—H B .
: : c—cC mechanism
Borane-alkene : : rd '\H
complex HE - H H,B

Empty p orbital Four-center

transition state 8-22

Mechanism of Hydroboration-Oxidation

—E<—%  :0—0H — —B=0OH —— —B
e GERT . ..
R Hydroperoxide ion | e \O —R

mechanism

H,O
(ROBB + 3NaOH ——> NayBO; + 3ROH

r +
Q H Consequences:
- : chm anti-Markovnikov;
AN B HQ% syn-addition
BH; :
s/ f

B
H C'i- H
% i ¥
1-Methyl- H H CHs
e

cyclopentene

1 HO H
] i \H ] Steric
Floeeeenes : G | crowding trans-2-Methyl-
H here cyclopentanol

NOT formed 8-23

Carbene Formation and Cyclopropane Synthesis

R R
R\ \c/
—Cc=Cc<_ + €t —> I\
-— T—
Fl/ oG
/N
An alkene A carbene A cyclopropane
Vacant p orbital
' 1 p orbi
Lone pair
. ¥ "
singlet carbene oy R T
(vs. triplet carbene) o Q R N
® - |9
Dichlorocarbene A carbocation
{sp?-hybridized)
Carbene formations and reactions:
(CHy,CO: + H—CCly ——— (Cl, —— (Cl, + Ol
M - (CH),COH al . - -
.'J“ s Dichlorocarhene
¢l ¢
o~ - CCly \/
P TP e Hiss vl KOH [+
+iccL, —s | /"'H OO, 7 OCHER Ho/\ _H *+ KXo
" LA CH3CH, 3 Pl vl
e -~ H CH3CH, CHz
395 cis-2-Pentene

8-24




Carbene and Carbenenoid Reactions

hvor A or Cu

e +
HQCf?EN: — > H,C: + N=N:
\

Diazomethane Methylene
H H
H
CH,M, CHM,
o 4 _,/H ¢ b on A
e . CH;CH; CH,CH; -
' g H © CHCH, CHLCH;
40% 50-T0%

bicyclo[4.1.0]heptane cis-diethylcyclopropane

CHoI, + Zn(Cu) —— ICH;—Znl ":CHp"

Simmons-Smith reagent: (iodomethyl)zinc iodide
“carbenoid” (a carbene-like substance)

H
Zn(Cu) .
O + CHjl; Tﬁ:- O>CH2 + Znlp

Reduction of Alkenes: Catalytic Hydrogenation

Hydrogenation of an Alkene

N Pdor Pt | |
C=( + H-H —— —C—C—
- ~ | |
H H
w_-CH,CH o ~H Hig 57 syn- addition
| H. Pik, CHCHOH. 25°C ~CH.CH CH.CH.~
[ " X g I
! =H Hs,
CH CH H.C”
2% .
. _— Top side of double
1-Ethyl-2-methyleyclohesene cis-1-Ethyl-2-methyley clohexane bond blocked by
(Racemieh methyl group
H-. ~~¢ _--H HaC

=y
_hen m =CH,
- aoppmyy tn=cn, _uiJ

Catalyst surface
]l a-Pinene

HaC CH;
H H H H
Hy Y, FaH ! A
\}_(1/ ‘,’ / 2,4'”
/ \c A“ ’ diastereoselective ‘ !

CH;

(NOT formed)
.— —

H
92% 825 8-26
Oxidation and Reduction in Organic Epoxide Synthesis
Chemistry 0
lect hili \C_C/ Epoxidation C/—\C
electrophilic = -
Reduction increase electron density on carbon by: P /N { N\
H . ~ .4—_—‘~1__ H R "
— forming: .C__H ﬁ\\_____/0%+ ﬁ e \(I:\O i \? An alkene An epoxide
— or breaking: C-O C-N C-X P e, SN /’C/ o?°~r
H H Alkene Peroxyacid Epoxide Acid oxidation t-)y 1.
cmCo” 4 H, -Cotalst Moo peroxycarboxylic acid:
- — 2 H—’/ \“-H 8]
H H Iy H < 2
\(__(_/ . cHal (f N
= HC- L~ CH
Oxidation  decrease electron density on carbon by: W CH TAN Ot
— forming: C-O C-N C-X Cl o
breaklng C H trams-2-Butene neta-Chloroperoxybenzoic acid traes-23-Dimethyloxacyclopropane
—or :C—

o

Epoxidation /N
Bl ool -

L

an epoxide 827

- - IMCPBA)
via halohydrin: H

Cyclohexene trans-2-Chloro-
cyclohexanol

_H
NaOH | (}o + H0 + NaCl
HaO -

H

1,2-Epoxycyclohexane
(73%) 8-28




Diol Formation: Epoxide Ring-Opening

\ i 0 HO ’
c=C Epoxidation F C/—\C\_ Ha0* ,,_.\C - C\“‘
/A Z 7
An alkene An epoxide A 1,2-diol
H H H H
i LOH | | JOH
eN H50* + __::!H_
| g —— d—H E20H, - B
\ o el Ty ™
I I: ! THf ! H
H \H_/ " ?} o OH
1.2-Epoxyeyclo- .2-Cyclo-
i @2y
(86%)
Reeall the follawing:
\ H W
. o P J B
: H 1. MCPEA, CHCI, HO: H Fr e S L 7Y
N v N LCH, | NN, L\/]f ;) @ .
A ne N Fod
o Cyelohexonn
H CH; 3 H ‘OH "":.':.f,f,"’_',?l""'

trans-2-Butene meso-23-Butancdiol

B . vicinal anti
H H  uossona, T H. H :OH dihydroxylation
c-_(-/ 2.H ,}:-u o A\ ._(.’J/( H, + HyC ‘k.‘.‘(. c.’{ Yy Yy

Vicinal Syn Dihydroxylation of Alkenes

Potassium Permanganate Test for Alkene Double Bonds

cold, dilute Not very useful for
HO: ‘OH . .
N v (w/ NaOH) \ synthesis: easily over-
/( =L\ + KMnO, — /L —(“_ + MnO, oxidized into ketones
Durk purple and/or carboxylic acids.
H.C | H KMInO 0
>=-=< _KMnOs )]\ +  CH,COOH
1 A
C,Hs CH, HyC CyHs
Use of OsO,: 0 St ] i & 0
y 4 1. 0500, THF, 25°C ””\' i T MIA:']‘.' B o 2 o Woms > o
\C=C 2.H:5 or NaHSO, N _‘,C—CN‘ P o - ~ - oy
Ve N { \ o 95 o 3 Q

; p e, o @ i
H ) MY CH
Catalytic | B | =0H i N
030, k- '.’PO o
Acetone, /05\\ [N-Methylmaorphao- i
Hy0 TR0 O line Neoxide, NMO) T OH 0

™~ {
TN 7y ;.?Ee N /55N ; !
. . y “H
HiC CH; CH; *OH HO: CH; 1-Phenyl- Osmate 1-Phenyl-r-1,6-2-cyclo- N-Methyl-merpholine
cis-2-Butene (2R AR)-23-Butanediol (25.35)-2. 3-Butanediol 8-29 cyclohexene hs:;;‘:::ml 8-30
Oxidative Cleavage: Ozonolysis More Oxidative Cleavages to Carbonyl
i C=0
\_/ o o Ty /" KMnO i
o=¢ —% . v | — s ¥ ¥ B @ KMnO, — _KMnO, )k +  CHCOOH
/ Y, CHaCly -78°C e L VAN CH3COzH/H,0 / H* HAC C.H
B \ (or CH,SCH,) 0 C\ CoHs CH3 3 2Ms
An alkene A molozonide An ozonide HO: :OH
1. 0s0,, THF, 25°C A /
S /" 2HS orNaHso; oo
STEP 1. Molozonide formation and cleavage e AN '/ S
mechanism: N P _
G=C || N o G s
RN C | OH _ =0 OH
| > e/ | — I+ Il 4 g0 | —
VAN t;v L o o 0 ~~OH Hz0, THF ! 0,. Ny
0. 0 2 & H H
[8] " -
A molozonide A carbonyl oxide A 1,2-diol Cyclic periodate 6-Oxoheptanal (86%)
intermediate
STEP 2. Ozonide formation and reduction
L 5 438 HIO
s 2 0=0 + (CHyS=0 Q—Q o T Q_Q —
o e ‘4 HO  OH <
NN . B
e SN Py d { 0’ OH
L0—0, ] N .. .
s 2 C=0 + ZnO : iod Cyel
Oronide P 0 nt) 8-31 A 1,2-diol Cyclic p ¥ (81%)

intermediate 8-32




Anti-Markovnikov Product Formation from
Radical Addition of Alkenes

Some weak bonds have a tendency to fragment
homolytically e.g., peroxides RO—-OR

This provides a

pathway to initiate HBr + NS ———

radical reactions.

Compare:

Yo-o
HBr + \F

;i ! i i
*C—H < *C—R < +*C-R < +*C—R

W b 0 a Review stability of

. . carbon-centered radicals

methyl primary secondary tertiary
radical radical radical radical

increasing stability 8-33

Mechanism of Radical Chain Addition

RO-OR
57 v\ it

RO- H—Br: — RO-H + Br:

cua\/\/\[\m —_— cna\/l\/ '

|
. ; propagation
ot A W g B
' ? = anti-Markovnikov product

termination

Brﬁ r\'Br — Br—Br: CH3\).\\/$:;(Q3-\//LE}}; — ) R
B"/\Qa-\/)lj\/af —_— CHS&Q}:

2 RO-

%

I

8-34
Radical Polymerization of Ethylene Polymerization of Other Alkenes
H H H —CH,(CH,),,CH,CH,— HC=CHCHy — —LCHZE:;HZE:;ng:Esz:i)—
;C :Ci }fc‘\ c Propylene Polypropylene ALY (I:H:‘l s
i 9 Hf Bz0+ W HpC=CHCH3 —* B20—CHp—CH- BzO—CH—CHj:

Polymerization of ethylene

Rty Polysthylons happens via a radical mechanism.
o [0}
fon i
\O'"I 0‘/ Heat \O‘
e - 2 = BzO-
Initiation:
Benzoyl peroxide Benzoyloxy radical
Propagation: 8207 VHyCiCH, —  B20—CHyCHy'

/Y
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Formula Trade or common name of polymer Uses
Ethylene HsC=CH3 Polyethylene Packaging, bottles
Propene (propylene) HzC=CHCH3 Polypropylene Moldings, rope, carpets
Chloroethylene HyC=CHCI Poly(vinyl chloride) Insulation, films, pipes
(vinyl chloride) Tedlar
Styrene HC=CHCgHg Polystyrene Foam, mokdings
Tetrafluoroethylene FzC=CFy Teflon Gaskets, nonstick coatings
Acrylonitrile HaC=CHCN Orlon, Acrilan Fibers
Methyl methacrylate CHy Plexiglas, Lucite Paint, sheets, moldings
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Vinyl acetate HsC=CHOCOCH; Poly(vinyl acetate) Paint, adhesives, foams 8-36




