Alkenes:
Reactions and Synthesis
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Diverse Reactions of Alkenes
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Preparation of Alkenes by Elimination Reactions
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Preparation of Alkenes by Elimination Reactions
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Bromocyclohexane Cyclohexene (81%)
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Preparation of Alkenes by Elimination Reactions
Cadal) e ity LSV jrians

JsaSl e o JSIV calalls (e Lel & sy pridall 8 CHUSIY) jucasd oK
; cadall GOlelad aladtiuly

SV alla e HX 5l s s Dehydrohalogenation Je\s .1
Jsadl (e el 3 Lud 58 5 Dehydration Jels 2

. Dehydration
R s ge sl el (3 )l e cldl g 3 QL

HpS04, HpO
THE 50 °C

1-Methylcyclohexanol 1-Methylcyclohexene (91%])

O
{i ! Tetrahydrofuran (THF)—a common solvent :|




Halogenation of Alkenes: Addition of X,
SUSIY ) il sl daLa)
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Addition of Br, to Cyclopentene
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Cyclopentene trans-1,2-Dibromo-
cyclopentane
(sole product)
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Br Br

cis-1,2-Dibromo-
cyclopentane
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Mechanism of Bromine Addition
Lialel) Jelds 4]
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An alkene A bromonium ion
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Mechanism of Bromine Addition
Lialel) Jelds 4]
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Top side open to attack

H/\Br
— S—
2
\'Br—(fBr Br H
Bottom side shielded from attack
Cyclopentene Bromonium ion trans-1,2-Dibromo-

intermediate cyclopentane



Addition of Hypohalous Acids to Alkenes:
Halohydrin Formation
Gl o lled) JS85 JHO-X sl
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An alkene A halohydrin
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Mechanism of Formation of a Bromohydrin

H CHs3
/
C=C
7 Ry
H3C H
B Reaction of the alkene with Br; yields a
bromonium ion intermediate, as previously nl Br,
discussed.
[
:Brs* |
/ N\

B3 Water acts as a nucleophile, using a lone
pair of electrons to open the bromonium

ion ring and form a bond to carbon. Since El
oxygen donates its electrons in this step, it
now has the positive charge. Br CHs3
\ /aH
-C—C
Had! o0t H
3 i I :OH
| H/: ym i | )
[E} Loss of a proton (H*) from oxygen then
gives H3O* and the neutral bromohydrin Bl
addition product.
Br  CH3
/' 2H
.c—=c” + HzO*t
HY7  \
H5C OH

3-Bromo-2-butanol
(a bromohydrin)



An Alternative to Bromine

d.&.:;:uu? qm e\l L;uujm Z\L\ﬁ uuss‘y\ uAdAﬁ\ Bt uA,.J\ dalill e

(NBS) "N-bromosuccinimide g sl e\h-wb c(DMSO)
Bry, J Juaas
Jaea Br, (e slall & cday IS8 daa Jaladll Jen jiiue S 3o 2 NBS
4 aSail) Jeun
0
| (NBS) \ /
C%C/H 8 C\C/Br
I_|| H,0, CH3SOCH3 (DMSO) H/ \H
Styrene 2-Bromo-1-phenylethanol

(70%)
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Addition of Water to Alkenes
Acid-catalyzed alkene Hydration

Al ani dglac a5 ¢ 488 gall J) g2V aedl SV ) el ddlial a3

.Hydration

H,SO, Jis 558 aen (e Jlis 29 a5 elally (SIY) Aallaay Jeléll &4 us
e liall Cile) jadl caalic Jeldl ga (aea 2 9a g dadd) KIBU AalaY) Jelas
gl s Jai e

Sl bl Y elldy ad sail) jridal) Jd dadl B8 Jelis s daleY) Jelss
Al dpdaaa b yh s dlle 5 )

H H

\ / H3PO, catalyst

/C—C\ + H5O0 orooc ~ CH3CH0H
H H

Ethanol
Ethylene
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Addition of Water to Alkenes
Acid-catalyzed alkene Hydration

H—§
\
H

Hyf-. . \& __H

H3C,C_C-"H

2-Methylpropene

K] A hydrogen atom on the electrophile H3O* is
attacked by 7r electrons from the nucleophilic
double bond, forming a new C—H bond. This
leaves the other carbon atom with a + charge
and a vacant p orbital. Simultaneously, two
electrons from the H-O bond move onto
oxygen, giving neutral water.

[E3 The nucleophile H,O donates an electron pair
to the positively charged carbon atom,
forming a C-O bond and leaving a positive
charge on oxygen in the protonated alcohol
addition product.

Protonated alcohol
1

[E] Water acts as a base to remove H*,
regenerating H3O* and yielding the neutral Bl
alcohol addition product.

HO H
C—C. + H30*
H3C/  \'H
HsC H

2-Methyl-2-propanol



Addition of Water to Alkenes:
Oxymercuration -Demercuration

43y 5k Ao g CUSIY) dalal dlae o8 Lo Llle jddll & v
Oxymercuration-Demercuration

5oLl il gy (aae ddla) Jeldi e oxymercuration delis (s shiy Cus v/
s Hg (CH3CO,) , Guisl &l ae Jeliil)l JDA (e el g (<Y1 L +Hg
S (THF) 0525038 Si8 (e (Pla J slaa

aslal il ad Al Oxymercuration - Demercuration 44,k v/

o 5Sa8 S L
1. Hg(OAc),, HyO/THF CH3
CH3 >
2. NaBH4 OH
1-Methylcyclopentene 1-Methylcyclopentanol

(92%)
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Addition of Water to Alkenes:
Oxymercuration -Demercuration

sa_ld elacy (S I HE 32l <l g ;S dias dilia) (3 5k e Jelall oy v
Ak sl 6 s ) Sl

O Bolwd Ll (Al 5 05558 juall 33 LS e olall 81 ill dnal) ddliza) o) v/
3 i e S Lo

s sanll S yall e Demercuration Gal & 33 Jdelis g g Al s shall v
oo geall 20 9 g ae Jel@ill Gk e A0

CH3 CH3
CHg OH
Hg(OAc), H O NaBH,
(O e | -
H
1-Methyl- Mercurinium Organomercury 1-Methyl-
cyclopentene ion compound cyclopentanol

(92% yield)
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Addition of Water to Alkenes:
Hydroboration—oxidation

&l i Al Demercuration -Oxymercuration 44 )k ) byl

eSa 5 yal 4l ollia b Ca o4 S e ddlil

s Sid S Hla uSe i axiHydroboration—oxidation

* 1> 2 Hydroboration Jel& ¢ Jaad Al & jaaall (e 2a
Jelal Hhlie e (Kl aady lavie el Al Regiochemistry

non Marovnikove <588 S 5l sSe =i =l hydroboration

H3C\ /H H\ /BHz H\ /OH
BH H,O,, OH™
C=C - .C—C.. 22 .C—C..
/ \ THF solvent HaC "y \"H H3C-7y \"H
HsC CH5CHg H3C CH,CH3 H3C CH,CH3
2-Methyl-2-pentene Organoborane 2-Methyl-3-pentanol

intermediate
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Addition of Water to Alkenes:
Hydroboration—oxidation

< 12> 2ie Hydroboration Jdeld (e Jaad Al &l jaeall (0 s
Oe CSY ) s syl 5 0505l Adla] Caaadi Cus Y- Stereochemistry
syn- stereochemistry — « = L laa 5 cdie Laal) dday) HII dgall (i

i CH; | CHs
CHj _-H _—-H
BHy H,0,, OH~
THF solvent \ ' \
\BHZ —~OH
g H ‘| H
1-Methyl- Organoborane trans-2-Methyl-
cyclopentene intermediate cyclopentanol

(85% yield)

® 2007 Thomson Higher Education

18



Addition of Water to Alkenes:
Hydroboration—oxidation

syn- stereochemistry 4 ¢ (SBU Hydroboration  Jeld chasy 13kl
¢ Non-Markovnikov regiochemistry «s sSuié oS jla (uSe damia ga ey
AN SO Agall i (o g i gl i B IS B -C 5 H-C Ll sl e DS Y
Aa e cLaS 210 L SYN- Stereochemistry el ebwS oo dagill o) &5
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\H HQCH3
BH~ H< 2 .
/ B ......... |_{

e H,B H
H ¢—=H
\H . -+
1-Methyl- /H H s o
. . s
cyclopentene H C\ . HO H
: : \l Steric
K e B H crowding trans-2-NMethyl-
~H o Jh
ere ] cyclopentanol
NOT formed
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Addition of Carbenes to Alkenes

Cyclopropane Synthesis
LS ) o S0 dalcal

carbine o SY e Jelall ga s SUSH) e ddlay) cleld (o g g lling v
sl Gals elacy

s e SN (A (50 S e (551 Alae s 2 1R2C Sl ) v
IS Al b s el g i)

8 patt Glin KU 8 ¢ 9 STy L_guasqua@\.uuu‘)\ﬁ\c_\\_uﬁuyj v
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R R

R\ \C/
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An alkene A carbene A cyclopropane
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Addition of Carbenes to Alkenes

T— Cyclopropane Synthesis
s o w | e . “ay
Cl—C—H SHUSTYY sz\ UQJSM 49l

I
Cl

Aldlaay (& G )SU A4 5a il @kl Ll (e sasl 5 v
Chioroform KOH Jix 5 88 (sl @ CHCI 585, 581

o|
(e Osis Ol b JSAN (8 (e 8 LSy v

— Cel - J—‘-’M‘ OIS SO oA ‘\J\-wodj-w L,J:uu CHCI3
| ? :CCl, om sl 5518
— CI —
Trichloromethanide
anion

Vacant p orbital
Vacant p orbital

o|

Vacant p orbital

Cl
A sp? orbital
C: + Clu
/ Dichlorocarbene A carbocation
Cl (sp?-hybridized)
® 2007 Thomson Higher Education
Dichlorocarbene
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Reaction of Dichlorocarbene

Jeld cis-2-pentene  ae G )W) A e IS L Jelall
¢ guaia ar Jeldll (b Ja 138 sstereospecific b il dsleal
Jelal) 1 fe il dash am 2] 58

Ol Olg ) ala dadd atyy (JUal) Jaoe de ¢y 8a KU (g el
Bl Gyl Al asd iy (39 j0a (ST e felail

Cl Cl
H H \/
Ye—=iy CHClg  —> £ + KCl
-C C\CH + 3 H. /\ _H
CH3CH2 3 /‘C—C’\
CH3CH2 CH3
cis-2-Pentene
/H
KOH ]
- CHOWic—> 4 + . KCI
> Td
H

Cyclohexene
omson Hi Educatio

er Education
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Addition of carbene
Cuaw O sas Jel&d Simmons—Smith reaction

Jeldi alasinly o gea gl JOA dalall je L) Jala juasil 48yl Juzail
.Simmons—Smith reaction duews ¥ sarw Jel& 1 8
23 53 (Jhe 503 93) IS Galadll g @bl e gz e ae Ll 52 50 (AL Alalrs o Ladind
ICH,Znl <3y
diclimall oyl Nl ) CH2 e sana i 3l a0 g0 (Jifie 93 52) Jii ST 253 50
Obl) Ala JSE o Al ) S

CHoI, + Zn(Cu) ——> ICH,—2ZnI [”=CH2"]

Diiodomethane (Iodomethyl)zinc iodide
(a carbenoid)

/H
Zn(Cu) /
@ + CH212 —m) CH2 - o ZﬂIz
H

Cyclohexene
Bicyclo[4.1.0]heptane
(92%)

7 Thomson Higher Education
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Reduction of Alkenes:
Hydrogenation

(aatl Bl o a2l Jie Galaal) (e Jlés 22 gH2  xe LSl Jelans v
A38) gall CUIKIY) (e d8LaY) gl 53

Lela ) a3 ol can jaa 38 dieliaall ddayl 1 o J il daiil) Caai ol Ky v

Eaand @lld (e Yoy (Sl s Guilaia Jae (8 a3 Y da 3l o v

L b el g bile A3l Jolis inay Adeall Sliall s o o Sl v/
adad) I ) cpian 5 el DS Adla) o3 Cua 1SYN- Stereochemistry

Agall (a8 (e dn 53 34l
CHa
CHs i
Hz, PtOz . H
CH3COoH
CHs solvent ¥/
CHa
1,2-Dimethyl- cis-1,2-Dimethyl-

cyclohexene cyclohexane (82%)

nnnnnnnnnnnnnnnnnnnnnnnn
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Reduction of Alkenes:
Hydrogenation

alaza (e A jaiail) As jagll Jeliiolad i< LilseS Ualis ST i) o v/
S Jelii ga da yoell Jels ola MLy s AY) dandiall e Al o)l Cile sanall
Lol

) iV g el ikl g ccilaaaly) i g AY) dxadiadl e ddds Ml Gle gaadld v
CHUSTY) Ax an da g i olad yuat (50 dewald Y] e IS A e yiall

7Oy 2 “Sn
0 0 Pd/C in ethanol
Hy
Pd/C in etjnal Cyclohexylideneacetonitrile Cyclohexylacetonitrile

(nitrile not reduced)

2-Cyclohexenone Cyclohexanone
(ketone not reduced)
] ]
C C
X" “OCHj Hy “OCH,
Pd/C in ethanol
Methyl 3-phenylpropenoate Methyl 3-phenylpropanoate

(aromatic ring not reduced)
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Hydrogen Addition- Selectivity

Jelii o A jagll Jelii o a4 puiaill A jaell alaia ™ 3yl il jaall (52a)
oyt Le sale Jlaadf 8 el o 81y ddelinall Ay 3 en Al Aial ilua

Aaly ddlal 7l e J saall u93g543£LAA‘Cﬁusu;ujﬁ*u‘ﬁSSH‘a;j;\C,Qigﬁ

Top side of double
bond blocked by
methyl group

[ HsC CH3 I
H
CH 3 H
Pd/C !
H
CHs3
a-Pinene i (NOT formed)

® 2007 Thomson Higher Education
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Catalytic
Hydrogenation
Mechanism

Metal catalyst
€ Molecular hydrogen adsorbs to the
catalyst surface and dissociates into
hydrogen atoms.
Hz bound to
catalyst
@ The alkene adsorbs to the catalyst
surface, using its = bond to complex
to the metal atoms.
H; and alkene
bound to catalyst
© A hydrogen atom is transferred from
the metal to one of the alkene carbon
atoms, forming a partially reduced
intermediate with a C-H bond and
carbon-metal ¢ bond.
Partially reduced
intermediate
O A second hydrogen is transferred from
the metal to the second carbon, giving
the alkane product and regenerating the
catalyst. Because both hydrogens are
transferred to the same face of the alkene,
the reduction has syn stereochemistry.
Alkane plus

regenerated catalyst




Oxidation of Alkenes:
Epoxidation and Hydroxylation

(i ganl) 2ulS) (3 58y LSV Aallaay S sV elae Y CLSTY 3auK]
.meta-chloroperoxybenzoic acid Ji« <RCO;H

53 e ila il e 3 e saOXirane olmsS sl o loayl <o siy) Gy
AN AENE dals 8 e

I ||
o G /o
solvent

> L H K L

- A Sy

N

\_/,O/\ - — | >0+

/C\ \O/C\R //C O4C\R

Alkene Peroxyacid Epoxide Acid

© 2007 Thomson Higher Education
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Oxidation of Alkenes:
Epoxidation and Hydroxylation

Oy B).LAMM L_i\_\.tjmjﬂ.@j\ e‘.la.u.u\ UA.\.A.L\ L-\‘J.\MS)—L;Y\ &L:.L..ay Lg);i :LQJJL
Crn slled) Jelan Ladiad LSV e HO-X  J @l 5 S0 aas ddlia) Je s
(38 sall 2 gV iy g HX  Cada oy 4l sl e

H f
i ,0 :OH H

\H a o ,,’
b, / MaOH, O + H,0 + NaCl
HQO H>,O Z
| “H “H

Cyclohexene trans-2-Chloro- 1,2-Epoxycyclohexane
cyclohexanol (73%)
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Oxidation of Alkenes:
Epoxidation and Hydroxylation

JsSile oy L dIO| dyd\ G sl 1,2- dlalcohol dyd‘ 4.44\441 2 u\eSJA
.glycol

epoxidation/hydrolysis <l ghall A Jelall 48lall duasll & JEL
G O e -OH dasS 5 ael) 4Ll 1 hydroxylation deld s oS e
AdeLaall Ao )l g0 S 553

\ L A A o TN
c—C Epoxidation fﬁc_chﬁ H,0 H‘,C—Cf"‘
/ \ i / \ ) / \"‘III-—
An alkene An epoxide A 1,2-diol
H ; H N e H

LOH | AOH
. H;0* + :0OH»
o — O—H —— — + Hz0*
\ : \\.j :OH'/ 1 1
N\ \ : H : H
H H i - OH
H™ ¢ °H
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Oxidation of Alkenes:
Hydroxylation by osmium tetroxide OsO4

Aalall s pale JS5 &4 GIHydroxylation  dewS s xedl Jia) Jeldl (Say
=l Aol g CSIY) Aallaay @lld g 308 W) g o g S 5e JA e el
. osmium tetroxide OSO4 a s s 531 28|

83 )L ety ¥ 5 YN stereochemistry el 8 el (385 Jelall 1 o4 Cua
bl JOA (e 3aal 53 iy oy ge8 Glld (e Yoy (819 dudais gl () 923lS g S

Jstaa aladinly Hladss b ) ga Al g Lalal) e o¥) Jliil (S 1 OsO4
sodium bisulfite NaHSOS3 s sall Cudl sy (40 Sila

heklg i3
CH3 <0 0 | OH
Os0y 7 NaHSO4
_hmintn S Os LT oy
Pyridine w \\O H,0
CH; e {~OH
CH3 CH3
1,2-Dimethylcyclopentene A cyclic osmate cis-1,2-Dimethyl-1,2-cyclo-

intermediate pentanediol (87%)

® 2007 Thomson Higher Education
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Oxidation of Alkenes:
Hydroxylation by osmium tetroxide OsO4

o Jelill) Gl aal g O 2 dsend) aadi5 Al S e 0o 3 4ke 0SO04 Y Sa
290 S jo (e Gl 352 60 OSO4 (e A 3a8at ALB el aladinls o 5) jal
4l iy Al s N-methylmorpholine N-oxide Jie 28Kl Jali 5 (el ac b
NMO @ | jlaidl

E H3C 0~ i
| N i
: N+ i
: . . |
Catalytic {0 0 | _OH |
0sO N / 1
Acetone, NN (N-Methylmorpho-
H20 t 0 O line N-oxide, NMO) | ~OH

H " H
1-Phenyl- Osmate 1-Phenyl-r-1,c-2-cyclo-
cyclohexene hexanediol +
(93%)

e
N
N-Methyl-
morpholine
()

® 2007 Thomson Higher Education
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Oxidation of Alkenes:
Cleavage to Carbonyl Compounds

iday) U e b deddiveall BauS 5all Call KU ST e 2al s 8 Oy 05 5Y)
C=C aacliadll
GJ:&.\JWDJ\);MJ.LC CLA\J\GXL@JMU})}Y\QLA\JQ@Q_\JM
g_\u}aalc\é\_\l,adu_&sh JS.M.\UJLGA;.\&JU mOIOZOI'"deGJa.MJL_ISJA
.0zonide S s Lilass
A88) gal) 4l gy SISl

\_/ )\
/ \ CH,Cly, 78 °C
An alkene

@ 2007 Thomson Higher Education

A molozonide

Electric

discharge

- = >

2 O3
\/ \/ Zn
/ o0~ \ CH3CO,H/H,0

An ozonide
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Oxidation of Alkenes:
Cleavage to Carbonyl Compounds

Lyl sauslill i s 0zonolysis/reduction Jedull 4l dluaal)
L;\JJUA)SL_A\Q_QQLAALJ\}&MJAU:\MSTBJJM C=C ac Liaall
¥ Cacliaall Loyl 1) (50 S

CH3 @)

C/ 1. 03 \ 4 |
- 2.Zn, Ha0* T ChpRCHs

CH3
Isopropylidenecyclohexane ‘Cyclohexanone Acetone |
(tetrasubstituted) = v £
84%; two ketones
O O ) @)
I 1. O3 | I |
CH3(CH2)7CH:CH(CH2)7COCH3 2 Zn H O+> CH3(CH2)7CH + HC(CH2)7COCH3
- £N, A3
Methyl 9-octadecenoate Nonanal Methyl 9-oxononanoate
(disubstituted) 3 v ~

78%; two aldehydes

@ 2007 Thomson Higher Education
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Oxidation of Alkenes:
Cleavage to Carbonyl Compounds

el Leayl cud 5 S 95 0Y) e (AN BauS gall Cailil I e ) lilia
—acliaall dayl

Joi s Sl e gana (o 4y gla il 55 elac Y

ae Jelddl) ld dscliaal) ddag) Hl S0 S aa) e dga g Gan g el GIS W)

S 51 )8 (i sen  azy Cilizia )
JSiy dde bl ddaal Il s S aa) e 33 5a g0 o g el (e () llin (1)
" CO2
CH3 CHs CHg HsC O
CH3(|3HCH2CH2CH2(|:HCH=CH2 K:/;g?"' > CH3C|:HCH2CH2CH2(|2H(|2|OH + CO,

3,7-Dimethyl-1-octene 2,6-Dimethylheptanoic acid (45%)

© 2007 Thomson Higher Education
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Oxidation of Alkenes:
Cleavage to Carbonyl Compounds

ae Jeliill ()l die Ladl) dal 1) g S aa) Lo 35asa dans el OIS La 1Y

AlaS 50 IS (i gen ary Cilizia )
ISy Ao Loaall ddayl 1 5 g0 5S aal e 53 5m sa (g gl (e i) lia (S 13
.CO2
R R R R
KMnQ,4, HROT
o=C e . Yoo 4 o=c
/\ \ / \
R R R R
S I
KMnOy, H:O%
C=a —eS- . C_ + COo,
/TN R™ OH

3
8
E]
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Oxidation of Alkenes:
Cleavage to Carbonyl Compounds

ol L) (S0 Sy (KMNOA 5l s )5Y) e el Jladia) ) ddLaylly
S » Sasdhydroxylation Jdelas lag ;o gha g dalee 4 U3 aady
HIO4258) (8 pans g o Alelas el €1, 2-dliol Jsa) A

(|3H3 CH3 0
' _OH L& I dn CH3
HIO, " Vel
——> I=0 ——

H,0, THF 7N
i OH ; O O H
H i H F @)

A 1,2-diol Cyclic periodate 6-Oxoheptanal (86%)

intermediate

H,0, THF

HO OH O\I/O
ZIA
I @) 0 OH |
A 1,2-diol Cyclic periodate Cyclopentanone (81%)

intermediate
® 2007 Thomson Higher Education
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Alkenes:
Structure and Reactivity

(3diad Azala
Al ) — dauall 441

J oY) Jaadll — & gcand) ¢ Lol
U ) al 2




v 24

d ol

Ll o s siad lis S oo 3oke a5 Qlidd oV Ul end GUSTY v/
O S -0 S aelias

Dbl ai dlee im s Al 50 8 e 3 ke Ethylene v/

138 (5 sty Cun ol O g e Jsaad) $luall a5 B-carotene byl v/
vitamin A ¢pelidll ala Slae jaae jiiay gddcliae by ) 11 e S )l

H”\ ,-’H
C=C
/ N\
H H
Ethylene B-Carotene

(orange pigment and vitamin A precursor)



Industrial Preparation and Use of
Alkenes

LSl aaf (e s LS Lol e propylene s Ethylene o SIS i,
LS all (g S e juaadl cliall 5 giwall e Laliil 2y Al 4t SY)

YA
CH1CH,0H HOCH,CH,0OH CICH,CH5CI
Ethanol Ethylene glycol Ethylene dichloride
0 0 0
H H i | VRN
\ CH4CH CH3COH HoC—CH>
C=C -
Hf ¥ Acetaldehyde Acetic acid Ethylene oxide
Ethylene 0
(ethene) I . .
H,C=CHOCCH}3 ?“—CHECHg—g—n H,C=CHCI
Vinyl acetate Polyethylene Vinyl chloride

13



Industrial Preparation and Use of
Alkenes

LSl aaf (e s LS Lol e propylene s Ethylene o SIS i,
LS all (g S e juaadl cliall 5 giwall e Laliil 2y Al 4t SY)

YA
OH O CHE
| /N o]
CH3CHCH4 H,C—CHCH4 —5-CH,CH—%-
Isopropyl Propylene Polypropylene
H HCHS alcohol oxide
F=4
H H H CH
\w e
Propylene CHCHg
(propene) Cumene




Industrial Preparation and Use of
Alkenes

ddaul 5 Lelia Butene s Propylene s Ethylene (s S jucasi o
LS el il Steam Cracking

CH3(CH,),,CHs  [n = 0-6]
850-900 °C,
steam

HE + HEC:CHE + CHECH:CHE + CHECHECH:CHE

H H H H g .
RYIY H A H  H
S e S H 28, 12 H—e—C¢ | — 2 c=c + H,
ANRA \ /TN
H H H H —— 10 H  H




Naming Alkenes
LSV e

paail —gne 4@l (e Y -ene 4aadl) alaatul LS e
g

STEP 1

Name the parent hydrocarbon. Find the longest carbon chain containing
the double bond, and name the compound accordingly, using the sutfix -ene:

CH3C\I\-I2 ,H CH3C~\H2 H
c=C c=cC
/ & / u
CH4CH,CH, H CH4CH,CH, H
Named as a pentene NOT as a hexene, since the double bond is

not contained in the six-carbon chain



Naming Alkenes
LSV e

STEP 2
Number the carbon atoms in the chain. Begin at the end nearer the dou-
ble bond or, if the double bond is equidistant from the two ends, begin at

the end nearer the first branch point. This rule ensures that the double-
bond carbons receive the lowest possible numbers.

o
CH4CH,CH,CH=—CHCH CH;CHCH=CHCH,CH
6352423 213 ’1323 45263



Naming Alkenes
LSV e

STEP 3

Write the full name. Number the substituents according to their positions
in the chain, and list them alphabetically. Indicate the position of the dou-
ble bond by giving the number of the first alkene carbon and placing that
number directly before the parent name. It more than one double bond is
present, indicate the position of each and use one of the sutfixes -diene,
-triene, and so on.

[
CH3CH>,CH>,CH=—CHCH CH,CHCH—=—CHCH,CH
6 N5 ‘4 -3 307 152 3 a5 2g °
2-Hexene 2-Methyl-3-hexene
CH-CH H
T Ll
CHLCH C;;JI \“H H C—'.’|2 CH=CH
5 °4 23 2 2773 3 47°

2-Ethyl-1-pentene 2-Methyl-1,3-butadiene



Naming Alkenes
LSV e

ad i s Cum Akl e USIV Apandl agliie (S Ailal) LS ans v/
C2 us XNl s C1 0N ol Cacliadll Loy C& Caaay @u\ CSIY|
OSaa 553 J:.o.a\ J oY Jaluilll '\'\iﬁ G g

) & e Loaal) Ayl )l 1Sa 83 (g 5 el pe (e ad) JSAL ol e v
C2 0 Al 5 CL s Sl o Lo B3 g ga Laila L3y elld

CH,
6 . 6
CHs =
5 1 3 5 1 4
1
CH3

4 2 4 2 3

3 3 -

1-Methylcyclohexene 1,4-Cyclohexadiene 1,5-Dimethylcyclopentene

(New: Cyclohexa-1,4-diene)



Naming Alkenes
LSV e

sl 'y &:\;@Lﬂ\ e\m‘ﬁ\mm)&m&u\.& elan) GQUKIY) pasdl aa gy v
Tpal o) 8 e (381 55Y slawY)

Compound Systematic name Common name
HoC=CH> Ethene Ethylene
CH3CH=CH> Propene Propylene
CH4 2-Methylpropene Isobutylene
CH3(|3 —CH,
CH4 2-Methyl-1,3-butadiene Isoprene

|
H,C=C—CH=CH,

gall axd d=8lEN clawd) (ams Slla Layl v
H,C== H,C=CH-%- H,C=CH—CH,—%-

A methylene group A vinyl group An allyl group



Naming Alkenes
LSV e

Give IUPAC names for the following compounds:

(a) H:;(l: {|3H3 (b) '[|:H3
HoC=CHCHCCHy CH4CH,CH=CCH,CH-
CHs
(c) {EHS {lea (d) CHB?HCHECHB
CH3CH=CHCHCH=CHCHCH CH3CH,CH,CH=CHCHCH,CH-

—— Draw structures corresponding to the following IUPAC names:
(a) 2-Methyl-1,5-hexadiene
(b) 3-Ethyl-2,2-dimethyl-3-heptene
(c) 2,3,3-Trimethyl-1,4,6-octatriene
(d) 3,4-Diisopropyl-2,5-dimethyl-3-hexene

11



Naming Alkenes
LSV e

Name the following cycloalkenes:

(a) CHE (b)

CH3 tc} CH{CHg]‘E
CH4
CHaq

Name the following alkenes:

(a) CH;
H CHCH,CH
| \CHGHECH,
C=C
/ \
HaC H
(d) H CH5
HiC  o—=¢’

|/ N\
HEC::CHCH?H H
CH5

(b) $H3 CH,CH (c) |:|:HECH3
CHyCHCH,CH,CH  CHy H,C=CCH,CHs
C=C
7T I\
H3C H
(e) HooH (f) H,C=C=CHCHj
HsC C=C
\r /e N
4= CHa

/ A\
CH3CH>CH> CH,

12



Cis-Trans Isomerism In Alkenes
<l & Cis-Trans ¢ skl

o) Cusa sp2-hybridized ot @13 Cacliaadl Ll Hll g S &l )3
120°

Ssias o (gasee IS pngie P o e gl N lad) 5 ey v
Apagll AN cal

Side view Top view

13



Cis-Trans Isomerism In Alkenes
s 4 Cis- Trans & sbaill

E—
ETE I .Lubj\ds.m.\uujﬂsp UJJ.\MU.\J\JASGu\)MdA\JA\ o

O
bl IS5 A p o oias e Gl el Jadil Laiy .
O Ol G

p orbitals

7 bond

sp? orbitals

sp? carbon sp? carbon Carbon-carbon double bond

14



Cis-Trans Isomerism In Alkenes
<l & Cis-Trans ¢ skl

e Sl ld 33 jdall Loyl 5 1) Jsa Jadl ol ) sall 4plSal (e a2 Sl
e Laal) Jagl ol 4ty s

eyl )l S caa gy 438 dde Lial) Aoyl )l Jss ol sl o (S
iy e L L 1 gar Nl Galall o T 5 LL&As a3l
G o Al lgds p Adaal Hll 38 (e ST JBY) e (68
kJ/mol 350

 bond Broken 7 bond after rotation
(p orbitals are parallel) (p orbitals are perpendicular)

15



Cis-Trans Isomerism In Alkenes
sl & Cis-Trans ¢ skl

Ll AilasS Lail 5 4yl

2-butene Jie Sl 4ol LSV asl Gadl 13 JGall Jus Jad
Agall Ludh 8 o) S5 O Sy S el 1 8 el e gena
CrfiSlaia cyiga 8 Lol g dieLiaall Aoyl ) ) 4w

16



Cis-Trans Isomerism In Alkenes
sl & Cis-Trans ¢ skl

Jsaill )l oy () Sy Y Adeliadll ddayl ) Jisa Jaal 3 O )00 o)) L
a5 o) Sax Y trans-2-butene s cis-2-butene  GASA G L
Sy (adline (S ja e 3 e (pISAL (paed Ul g JSlals JS5

Laglad
T \ d‘; “ H  CH “}
C=GC o ), \ 3 | S )
YA ~ ’ --‘ g c=c_ o @ ©
- - HyC H ' 3
53

cis-2-Butene trans-2-Butene

17



Cis-Trans Isomerism In Alkenes
sl & Cis-Trans ¢ skl

ail QU e Lasd o atay YCis—trans isomerism § sbaill v/
.Jalall

S i)l WS 24 o ¢S4y Cis—trans isomerism ¢ sbilld v/
...~S.~. Qﬂjd% aéc\ . S‘ M“)j\

These two compounds are not identical;

\ / \ they are cis—trans isomers.
E A E

08 ABLie Y aley Ade Ll Al 5l 50,8 aal il 131 o1 v
Jiatuss zeuay Cis—trans isomerism ¢ sbail

D B D
\C_Cf’ 4 ‘\C—{L‘f These two compounds are identical;
/N Ay they are not cis-trans isomers.

D A D

18



Cis-Trans Isomerism In Alkenes
<l & Cis-Trans ¢ skl

Which of the following compounds can exist as pairs of cis—trans isomers? Draw each
cis—trans pair, and indicate the geometry of each isomer.

(a) CH3CH=CH, (b) (CH3);C=CHCHj3

(c) CH3CH;CH=CHCHs5 (d) (CH3);C=C(CH3)CH;CH4

(e) CICH=CHC] (f) BrCH=CHCI

19



Alkene Stereochemistry and the
E,Z Designation

Al QLS A sale aadivg Cis—trans isomerism 4l aai
.Jatall

Con gl A g ST Ut i 8 JIaiea¥) dae ol 4806 LSV pa oS
el f st o adiay 3l 5 E,Z system aUab s yay de) il ol
GBlhall sl paas 8 sl Cahn—Ingold—Prelog <l

RULE 1

Considering each of the double-bond carbons separately, look at the two
substituents attached and rank them according to the atomic number of
the first atom in each. An atom with higher atomic number ranks higher
than an atom with lower atomic number.

RULE 2

If a decision can't be reached by ranking the first atoms in the two substitu-
ents, look at the second, third, or fourth atoms away from the double-bond
until the first difference is found.

RULE 3
Multiple-bonded atoms are equivalent to the same number of single-
bonded atoms.

20



Ranking Priorities:

Cahn-Ingold-Prelog Rules

RULE 1

Considering the double-bond carbons separately, look at the
two atoms directly attached to each and rank them according

to atomic number.

An atom with higher atomic number receives higher priority
than an atom with lower atomic number.

35 17 16 15

Br > Cl = §&§ = P = 0O

Low High
oriorit H} . €l riorit
l y \ E / P Y

C=C
Ay \

High CHSE CHj Low

priority priority

(a) (E)-2-Chloro-2-butene

® 2007 Thomson Higher Education

(2) (1)

7 6
= N = C = 2H = ™

Low Low
riority H | CH riorit
p X v, 3 P y
CT—C
4Gl P
High CH3E Cl High
priority priority

(b) (Z)-2-Chloro-2-butene

21



Ranking Priorities:
Cahn-Ingold-Prelog Rules

RULE 2

If a decision can’t be reached by ranking the first atoms in
the substituent, look at the second, third, or fourth atoms
away from the double-bond carbons until the first difference

IS found. H H H H
—%%—H %—(:Z—C:Z—H --0—H —%—O—(:Z—H

H H H Lower H
\ Lower Higher X 4 Higher )

CHs H CHs H
—E—C:I—CH3 —E—c::—CH3 —§—c::—NH2 %—%—m

H H H H

Higher Lower Lower Higher




Ranking Priorities:
Cahn-Ingold-Prelog Rules

RULE 3

Multiple-bonded atoms are equivalent to the same number
of singlebonded atoms.

H

H
\ . . \ O
/C:O\ is equivalent to /C\ _C
This carbon is This oxygen This carbon is This oxygen
bonded to iIs bonded to bonded to iIs bonded to
H, O, O. L, E. H O, 0. i ]
H H
~HM{I CH |
= is equivalent to
/ {\ / 1 \
H
This carbon is This carbon This carbon is This carbon is
bonded to Is bonded to bonded to bonded to
H, C, C. H, H, C, C. H, C, C. H, H, C, C.

23



Alkene Stereochemistry and the
E,Z Designation

Al )l 95 8 (PS03 e JS I A jall Cile ganall 456l ) i 5 o Lalla

© 4ac Liadll

Aoyl 1) (s )S 503 (e JSI e W1 A5 cld e ganall il 130

Z geometry =3 & sbal cllay (SIV) Gl dgall iy dicliadl
for the German zusammen, meaning “together.”

U9 S S0 e IS Ao A ol W) Gl Aile ganal) C0lS 1) Loy,
& gbal Sllay SV W piaSlaia (piean ddeliad) ddayl |l
E geometry s«
for the German entgegen, meaning “opposite.”

24



Alkene Stereochemistry and the
E,Z Designation

Al 1) s 0S (F0 (e IS () A el Cile ganall 45 15l a5 a0y Lallas

© 4ac Liadll

Aoyl 1) (s )S 503 (e JSI e W1 A5 cld e ganall il 130

Z geometry sxia ¢ gbal Sllay (S G Zgall (uity ddeliadl
for the German zusammen, meaning “together.”

Higher | Higher

N oL/ Z double bond
C==C (Higher-ranked groups
/N are on the same side.)

|
| ower ! Lower
|

25



Alkene Stereochemistry and the
E,Z Designation

Al 1) s 0S (F0 (e IS () A el Cile ganall 45 15l a5 a0y Lallas
© 4ac Liadll

O S (S0Y e S e W as d ¥ Gl Ale ganal) il 1) Lady,
& bal cllay SV (8 ricSlaie iigas dicliadl) dday) )
E geometry s«
for the German entgegen, meaning “opposite.”

| ower

L ower | Higher
TR ¢ E double bond
C==C (Higher-ranked groups
i \ are on opposite sides.)
|

Higher

26



Alkene Stereochemistry and the
E,Z Designation

/ \
H5;C CH4

(E)-3-Methyl-1,3-pentadiene

o
HiC—CH  Br
c=cC
/
H,C=C H
\
H
s
HsC—CH  Br
o \)
c=C
&9 &
HoC=C H
\
H

(E)-1-Bromo-2-isopropyl-

1,3-butadiene

]
H4C f}—DH
c=cC
/T N\
- CH,OH
i
HaC C—OH
N/
¢=C
/N
H CH,OH

(Z)-2-Hydroxymethyl-
2-butenoic acid

27



Alkene Stereochemistry and the
 E,Z Designation

Assign E or Z configuration to the following alkenes:

(a) HiC CH,OH (b) Cl CH,CH5
N\ / \ /
C=C C=C
/ \ / \
CH3CH» Cl CH30 CH,CH>CH4
(c) CHy (d) H CN
CO,H \ A
/ C=C
C:C\ H C; WMCH NH
CH,OH < el
A Assign E or Z configuration to each of the following compounds:
a) HOCH CH b H
C=C G==Ll
/ N / N
HsC H Cl OCHg,
c NC CH d) CH,0,C CH=CH
(c) . ; 3 (d) CH30, 3 7 2
C=C Ga=C

/TN i\
CHsCH,  CH,OH HO,C CH,CH



Stability of Alkenes

Ale V) b 5 Cis s (e UL K trans <lsty)

dacliaall dday) HII pe dgadl (8t 83 ga gall 3 Sl i aluiall 42| jall
Cis <l

H CH3 | HsC CH3
\ Acid % /
C=E < = — =

/ N catalyst / \
H4C H H H
Trans (76%) Cis (24%)

Steric strain
4 B

e,

cis-2-Butene trans-2-Butene

29



Stability of Alkenes

Yals SV ciliiY) o bl Sy sy
= o35 elllia S LS CaeLmall Jagl 1) e c¥aliiall axe o) 3 Lalks
s i) oS oS WKl s hyperconjugation s

Tetrasubstituted > Trisubstituted = Disubstituted = Monosubstituted
R R R H R H R H R H
C=C C=C \C C’f C=C \C C
f— Ty - :_} — - —_— f—

/ / / - N
R F F R H R R ~ H —

A el 3 G LS bl J8f IV LS Leal
Si Heats of Hydrogenation

30



Comparing Stabllities of Alkenes

Heats of Hydrogenation 42l 3 ) ja oS LS Ul Jal (K1) LS Lal
Sl

H\ /H
H CHs3 c CHs H3C\ CHs3
Cc=C T2, HsC”™ ¢~ 2 C=C
/ \ Pd £\ Pd /
H3C H H H H H
trans-2-Butene Butane cis-2-Butene
§
e
HaC CH3 - CH3 2
/ A /
C=C Gl
/ A / AN
- H HsC - .
Butane
Cis isomer Trans isomer e > "
L _ Y . eaction Progress =



Electrophilic Addition reactions of Alkenes

LS il g < daaall e Ll

General reaction

mechanism:

electrophilic addition

Attack of electrophile e

double bond, forming a new C-H bond. This

(S u C h aS H B r) O n Tc bo n d leaves the other carbon atom with a + charge

and a vacant p orbital. Simultaneously, two
electrons from the H-Br bond move onto

Of al ke n e bromine, giving bromide anion.

Produces carbocation
and bromide ion

Carbocation is an

electrophile, reacting R ek e
. . ' bond and yielding the neutral addition product.

with nucleophilic bromide

lon

2-Methylpropene

°|

:é:f :.—\ =
H3C oy i

H
4
H3CZ g “\°H
3 N

Carbocation
intermediate

Br H
\ /
LC=Cy

H3C ¢ \H
Hoc  H

2-Bromo-2-methylpropane

32



Electrophilic Addition reactions of Alkenes
LS il g < daaall e Ll

, H—Br LS , 3 s SY\ SIS
I g I J}
HsC ot e Sleldll A nucleophiles
E =
2 - s " \ IS X * Lod o
] A hydrogen atom on the electrophile HBFI?. G})j lg Q.!JSJ d A Cya ‘ﬂl;j M‘
attacked by 7 electrons from the nucleophilic 2-Methylpropene . " .
double bond, forming a new C-H bond. This dac Linall 4.29\)]‘ C @j)ﬂ&‘
leaves the other carbon atom with a + charge . T " :
and a vacant p orbital. Simultaneously, two I um})&m WK U\ USAJ Lﬁj‘j
electrons from the H-Br bond move onto n | .
bromine, giving bromide anion. B A eIeCtrOphlle

reaction of 2-methylpropene
with HBr yields 2-bromo-2-
methylpropane.

Carbocation
intermediate

» [EJ Bromide ion donates an electron pair to the
positively charged carbon atom, forming a C-Br E
bond and yielding the neutral addition product.

Br H
b, /
GG

HaC ¢ NH
HaC H

2-Bromo-2-methylpropane

33



Electrophilic Addition Energy Path

Two step process
First transition state is high energy point

w First transition state Carbocation intermediate
| Second transition state

Energy

Reaction progress —————»



Electrophilic Addition reactions of Alkenes
LS il g < daaall e Ll

s oy Layl Wil s HBP  pee daih oy W <l g 3iSIU daal) A8l Jela

s ¢ H,O s ,HI ,HCI
C=CH, + HC G CH—C—CHs
CH3 CHs
2-Methylpropene 2-Chloro-2-methylpropane
(94%)

I
|
CH3CH,CH,CH=CH, ———  CH3CH,CH,CHCH;
34

1-Pentene (HI) 2-Iodopentane

CH3

CHs
H,0 ) OH
H2S0,4 catalyst

1-Methylcyclohexene 1-Methylcyclohexanol

35



Orientation of Electrophilic Addition:

Markovnikov’s Rule

il a5kl e Y e il p S0 duad) 2ELaY) kel X3
CLS pall (e ol sin g 30 (30 Db 2 5 Adll

HCI &1-chloro-2-methylpropane Jeli o) (S JUall Juaw
Oe @b as 5 S 4aS 2-chloro-2-methylpropane ) sy Y 4l

Sl I Gl ZilaY) Jelis

"% 1
XCZCHE + HClI —— CH3(|3CH3
H3C CHs
2-Methylpropene 2-Chloro-2-methyl-
propane

(Sole product)

i
CH3CHCH,CI

1-Chloro-2-methyl-
propane
(Not formed)
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Orientation of Electrophilic Addition:
Markovnikov's Rule

GA\A.A.\SJ\ dm}é\.@;w\u)mhﬂ\wmdﬂ\ Cu\_uuﬁx_\;_d\m.u

dua B ay ) 1869 sleViladimir Markovnikov (s )
s MarkovnikoVv’s rule 32eB auly s =t Ciaval Al

AR DR PR
S s S M dasi y H ) olé SV aad ) HX ddla) die
Yol S g A X i e Yol

MNo alkyl groups
on this carbon

2 alkyl groups CHS / [|:|
on this carb&n“‘wﬁc —CH, + HCl Ether CHS_(E_CHa
CH4 CH

2-Methylpropene 2-Chloro-2-methylpropane

37



Orientation of Electrophilic Addition:
Markovnikov's Rule

2 alkyl groups
on this carbon

/ CHa
CH3 Br
Oi + HBr Ether

' H

N
H
1 alkyl group
on this carbon
1-Methylcyclohexene 1-Bromo-1-methylcyclohexane
Jal e da al) Gudd e caeliaal) ool 4l e S 553 (63 Ladie
ALY LS je (e g e g S Conall ALY Jelin las,

1 alkyl group 1 alkyl group
on this carbon on this carbon
\ / B|r B|r

Eth
CH3CH,CH=CHCH; + HBr ——=> CH4CH,CH,CHCH; + CH3CH,CHCH,CHs

2-Pentene 2-Bromopentane 3-Bromopentane
38



Orientation of Electrophilic Addition:
Markovnikov's Rule

L g S Caadl) A8LaY) Jelal) g3 I ) o008 o ST 32 L3 o) L
s AUl & JdeMarkovnikov acld delua sale ) (Saall (a8

Camy QLS e HX ddlaal 25 i gy Canal) d8lal) Jelis J3IA
B3 LS (pe Yy Ao 5 80 ,LIS Ylasial JSYI () 58 5 SN 30 5L JSS

Bl Wasia) J8Y) ¢ ¢S g <)

CHs

\ \
C=CH, + HCl

/
CHs

2-Methylpropene

H

5 J
CHa—C—CH,
CHa

tert-Butyl carbocation
(tertiary; 3°)

H

| 4
CHy—C—CHy

CHsq

Isobutyl carbocation
(primary; 1°)

Cl

cIr |

- CHg_(l:_CHg
CHs5

2-Chloro-2-methylpropane

H
cr | _
T CHyC—CHy
CHsq

1-Chloro-2-methylpropane
(Not formed)
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Orientation of Electrophilic Addition:
Markovnikov's Rule

L g S Caadl) A8LaY) Jelal) g3 I ) o008 o ST 32 L3 o) L
s AUl & JdeMarkovnikov acld delua sale ) (Saall (a8

Camy QLS e HX ddlaal 25 i gy Canal) d8lal) Jelis J3IA
B3 LS (pe Yy Ao 5 80 ,LIS Ylasial JSYI () 58 5 SN 30 5L JSS

Bl Wasia) J8Y) ¢ ¢S g <)

CH3
— Oi + HBr
H

1-Methylcyclo-
hexene

H

(A tertiary carbocation)

(A secondary carbocation)

i N
O;H H

Br
CHq

Br

H

1-Bromo-1-methylcyclohexane

H
CHs
_Br
H
Br

1-Bromo-2-methylcyclohexane
(Not formed)
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Orientation of Electrophilic Addition:

Markovnikov’s Rule

Predict the products of the following reactions:

(a) (b) CHs3
HOL | HBr

—_—

@ CHs (d) CH,
CHyCHCH,CH=CH, —22 ., ? U HBr, 2
H,S04

(Addition of H,O occurs.)

What alkenes would you start with to prepare the following products?

(a) Br (b) CH,CH4 (c) [?I'
I CH4CH,CHCH,CH,CHs

CH3C=CHCH,CH; —

?

41



Carbocation Structure and Stability

2 A S O s S O 5SH G dal g (5 sl (B () 5818 s S B0 LS aa) g
£ MR (5 st it U 55 s A 585 B AL 5 SP2 (e

S g ol g, SO JSi A sadia Lgaana g 58LSE <l g Y A Lo 2 g 4l ey
5y sSAa RN Lagh o 1 (5 sna ih 5 el aa gy g Sl p ol

DOV Cun Jlada¥ As )3 ala Jh 05818 50 IS 2 ) 68 40 ala

carbocations tertiary 2~ secondary > primary > methyl.

H H R R
/ £ A
H—C# R—C# N CE R—C+
X %
H H H R
Methyl Primary (1°) Secondary (2°) Tertiary (3°)

Less stabte [N Vo stable

© 2007 Thomson Higher Education
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Carbocation Structure and Stabillity

H
/
H—C+
LY
H
Methyl

Less stable

Methyl:
No alkyl groups
donating electrons
© 2007 Thomson Higher Education

Primary (1°)

H

H3C C/
—C+

¥ O
H
Primary:

One alkyl group
donating electrons

R
/
R—C#
i
H
Secondary (2°)

CHs

H:C C/'"

= X
H

Secondary:
Two alkyl groups
donating electrons

D O) G JagdiuW) As 53 ol Jb sl 5o IS 3 ) o8 485 Al
H
/

R—C¥
\
H

R
/
R—C*
\
R
Tertiary (3°)

More stable

CH3
H3C C/+
sl

CH3
Tertiary:

Three alkyl groups
donating electrons

43



Alkynes: An Introduction
to Organic Synthesis

(el Azala
£ 2 — Ayl A

S oY) Jaadll — & gcand) ¢ Lol
=il aly).




Alkynes
SRR

A G5 S -y 50 S Al ) e ssind clig S50 4 LS .

8 el s i e iae Lo (8 aadig S cclSIY) Tl cplianY)
¢y oIS Juidll (JAN aea cmgalltina) e J sasll 44 6l 30lS deliall
A gall 028 glikaial 3.3S YT (§ 3l STy dibaasSll o) gall (po S 22c
OV Aalia Cnual 4 o 3aleS i) o

iy ymall (po 01 el SYI il yasd g e (8 adiiey i) J1 3 Y
3 Sl o o Al Jelie Ld B ia Y e anlyma N e
Al SJ\JAM Cala

H—C=C—H

acetylene

ethyne



Naming Alkynes
LSy 4

daaYy e\m\e.uc_u;g_\hyjsj‘)m@lu\.d\ Jc\)s]\ a.a\.uﬁ}?\wcm
@@ﬂ\uyﬁdj\eajcmyu)d\c\h\)\ poa 5a 3 5 cyNe-
Al

(AL Cupny AN Aol U oA Al (e Apaat N ALLL) o 53
OSae 220 yrual A dday) )

W

CH3CHyCHCH,C= CCHZCHS Begin numbering at the end

8 7 4 2 -
— 6 § g nearer the triple bond.

6-Methyl-3-octyne

(New: 6-Methyloct-3-yne)
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Naming Alkynes
SLAY) L

« Diynes < 4 saal 5 Ao ) (e 81 3 5a 50 e Al S al) e
a5 el ddal )l e IS (e (558t Al SIS jall e g €13S8 5 <TriyNES
ynen osdsenynes o A5 dday
o) g cb23aa dbay) ) Il ) BY) Aledl) e enynes Al o i oy
A f da g0 e s

o il 8 40 6V ddelizadll ddayl 5 2415 a8 ) & La el ) o) Leie
Sliad 80N ddayl )l e

v 4
HC=CCH»,CH,CH>CH=CH HC=CCH,CHCH,CH,CH—=CHCH
765242322 12 1232452627 893
1-Hepten-6-yne 4-Methyl-7-nonen-1-yne

(New: Hept-1-en-6-yne) (New: 4-Methylnon-7-en-1-yne)

® 2007 Thomson Higher Education —_



Naming Alkynes
SLAY) L

S (e Al A0SV 5 LSV Vol ae sl 5o LS
Lyl A€ QS Cile gana (fld ¢ gl e ety

CH3CH,CH,CHy —5-

Butyl
(an alkyl group)

© 2007 Thomsoen Higher Education

CH3CHCH=CH-%-

1-Butenyl
(a vinylic group)

(New: But-1-enyl)

CH3CH2CEC%

1-Butynyl
(an alkynyl group)

(New: But-1-ynyl)



Name the following compounds?

(a) CH3 CH3

| |
CH3CHC=CCHCHx

(c) C|:H3
CH3CH2(I:CECCH2CH2CH3
GH3

(e)

® 2007 Thomson Higher Education

(b) (|3H3
HCEC(|3CH3
CH3

(d) (|:H3 (EH3
CH3CH2$CECCHCH3
CHE

() CH3CH=CHCH=CHC=CCHj



Electronic Structure of Alkynes
LI A o yisTY) Al

13 s SISl 0 e i) G AN (e 0 59 S-S AN oyl g 1 i
SP (e
panll Lagazy () dnsi da 30 180 (e sl nsp Glised) O laell o 58
2p, 52p, el e ool Hdlae o gasee Hae Jsb (e

O byl ) JSE (il lagiary (e SP Oy QLS ML Ladie
P-p mekilossp -sp

 bond

i@ . .
Oc) o
, . )
7 bond Ly

© 2004 Thomson/Brooks Cole




Electronic Structure of Alkynes
LI A o yisTY) Al

W38 Ot Sm0rse S Sl 5 A A e Asiallsp il laall JS5 Ly
180

Lis» CEC-H ks ge b ssin s clial) ssa b Ml
965 kd/mol ) s~ 85485 C = C 120 pm k) Jske 5180
Adas) DN (e s 585 sl 4D Ayl 1) (50 Jaay Les (231 kcal/mol
C-C 33l

7 bond

(e l
| Bt Q¢ \\
m bond / & '*a )

y B

4

© 2004 Thomson/Brooks Cole



Preparation of Alkynes: Elimination
Reactions of Dihalides

JSV Gladls e HX J elimination <sds Jelaty i€V jcaas Sy
Jia 558 alsl (e 8200 ) paS pn (2lla AL5) IV alla 35 -1 ¢2 Alalaad
Om\ S 5 el S e HX d Cicliae Cids &aay NaNH, sl KOH

[ :] Blz [ :]

H Br
1,2-Diphenylethylene 1,2-Dibromo-1,2-diphenylethane
(Stilbene) (a vicinal dibromide)

z KOH, ethanol

yomod ) rasio s

Diphenylacetylene (85%)

©2004 Thomson - Brooks/Cole



Reactions of Alkynes:
Addition of HX and X,

doae Adlal COlelil mnds of electrophiles S s SIS Say
LS ae Jlall 58 LS Wilai glkynes sV e il g i<

. alkenes

(S 1 Adliza) axy il gy o Sy JU) Juas e HX pe CLSIY) oL
Al AU atie ) g5 HX (e =23 2 g2 0 Jeladll (ST5 ¢ HX (e

Br H Br H

) N | B |
CH,CH,CH,CH,C =CH CH"“L“ 5214 »  CH,CH,CH,CH,C —CH —2', CH,CH,CH,CH,C—C—H

1-Hexyne 2-Bromo-1-hexene Br H

2,2-Dibromohexane

C I\ /CHQCH;;
CH,CH,C=CCH,CH, — é‘ﬁiﬁi‘fi‘ ; /c C\
3-Hexyne CH;CH, H

(Z)-3-Chloro-3-hexene
(95%)

© 2004 Thomson/Brooks Cole



Reactions of Alkynes:
Addition of HX

BuHBr e (A8 2 asd-hexyne  (peSa-1 Jeléi JUall Ja e
OS50 g ALE-2¢2

Bacld aut ddlnay) Jeldliregiochemistry 4w il cluasl) )
AN Aoyl U Whagind SV G 0 S ) o sl Al e o 5S35 L
Yl JAY) G50 S ) G s el Adlal

CH3CH2CH2CH2CECH _ CH3CH2CH2CH2

1-Hexyne

CH3CH,C=CCH,CH3

3-Hexyne

I?r
HBr /CQC/H HBr
|
H
2-Bromo-1-hexene
Gl CHaCHs
HCI HCI
CcC=C
CH3CO,H /T A\ CH3CO2H
CH3CH» H

(Z)-3-Chloro-3-hexene

Br Br
\ /

C
CH3CH,CH,CH,”  C”
H/ \r

2,2-Dibromohexane

Py
CH3CH2C|:—('|)CH2CH3
Cl H

3,3-Dichlorohexane



Reactions of Alkynes:
Addition of X,

il il g8 lae Y LS e olSH g a g sl ddlial Jelii duaa,
A5, Trans stereochemistry (5s_ie 4e) 8 cluasSy

Br H Br Br
g BI’2 \ / Br2 I |
CH3CH,C=CH — CH3CH,C—CH
CH»Cl» / N CH5»Cl» | |
CH3CH2 Br Br Br
1-Butyne (E)-1,2-Dibromo-1-butene 1,1,2,2-Tetrabromobutane

What products would you expect from the following reactions?
(a) CH3CH,CH,C=CH + 2Cl, — ?

(b)
C=CH 4+ 1HBr — ?

(¢) CH3CH,CH,CH,C=CCH3 4+ 1HBr — ?



Hydration of Alkynes
LSy dall

oty jla saalHydration  4aleY) Jeldl acads o) s (Sa

mercury(11) B0 2 ) sé daul g0 jiaa elall 3 il ALl Jelis v
=b =il Mercury(ll)-Catalyzed Hydration of Alkynes
055038 S Hla

Hydroboration—Oxidation sl 5 il e 4y Jelds v
Ca3K3 S jla pSe Adlal 2l andl

13



Mercury(ll)-Catalyzed Hydration of
Alkynes

Gl Sy sl g (aaall Sl J slaall ae 5 _pilee LS Jeliti Y v
IMerificss i Sl Shove Sliaialoahs: g} SR puiads
. Lewis acid v s o=esS mercury(ll) sulfate

Markovnikov s sSxé sS jle damia se sbiasS G Jeldil) Saay v
A G5 S AIOH - 4o gans A8l &1 Cuaa regiochemistry
Mgl J8Y1 e SU I H das 53 Laig Yadial

OH 0
¢ C
CH3CHoCHoCH,C=CH  —2——224, | CH.CH,CHoCHS YCHp | ——> CH3CH,CH.CHF G~
HgSO4 - - L
H H
1-Hexyne An enol 2-Hexanone (78%)

® 2007 Thomson Higher Education
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Mercury(ll)-Catalyzed Hydration of
Alkynes

alkyne hydration <LSIV) dgals (e Llad J 5 jaall AL il b v/
Oisll ged A e Yy (Sls(ene +enol ol)  Jsa¥)

iy xSl el (8 s oS je e ke 8 JsYI Ol ge e N Gle v
keto—enol « o= Aleny S el s jisale) Jeldil 3 il

. tautomerism
H
>
] I
/C\\\\ b Rapid /C\ /H
C o — C
| N
Enol tautomer Keto tautomer

(less favored) (more favored) 15
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© The alkyne uses a pair of electrons to

attack the electrophilic mercury(II) ion, ) l Hg2* 0,2

yielding a mercury-containing vinylic
carbocation intermediate.

(2] Nucleophilic attack of water on the
carbocation forms a C-O bond and el
yields a protonated mercury-
containing enol.

:0Hy
o
v/
H—O\ /H
C=
Lo 2=
R Hg’ 304
© Abstraction of H* from the
protonated enol by water gives Ql
an organomercury compound.
H—O\ H
C= + Hy0*
/ o
R Hg" SO4
O Replacement of Hg2* by H* occurs 0| u.0*
to give a neutral enol. 30
H—O\ _ /l-l
C=C_ + HO
. R H
© The enol undergoes tautomerization 0
to give the final ketone product.
0
E M
R/ \c/
/\
H H

© 2007 Thomson Higher Education
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Mercury(ll)-Catalyzed Hydration of
Alkynes

ohlie e JSG Aol Adalall sy e dalaY) Jeli o Leaie v/
OB S (e O 5Se me i

a8yl STy e 4inkad o Leie 308 ST daleY) Jeld (s el v/
OB S e g e ol g 05BN Uit Jadd g dalal) 23U Y

O O
R—O=G~R S - (”3 (”3
= . - “F
SN ' T R
S CH,R RCH; R
An internal alkyne Mixture
|
H;0%
R7E6=CHm C
HgSO &
* R CH,
17
A terminal alkyne A methyl ketone

@ 2004 Thomson/Brooks Cole



Hydration of Alkynes by
Hydroboration/Oxidation

Ry 5 SV LS Lalad €IV e a s JS3 () sl ddlial Gaan v
Js¥l il H,0, 25 5 2SW o =8Ul vinylic borane Sl
.38 gl

L I3 g Dol 5f Ui 53S Ll e Tautomerization dlee Glé i ey v/
Jeliiall S s il

An internal alkyne

H BR, H OH
; BH, \ , / H,0, \ /
3 CH3CH,C= CCH,CHj4 “THF /C — C\ H.0. NaOH /C —=C
3-Hexyne | CH3;CH, CH,CHj | | CH;CH, CH,CHy
A vinylic borane An enol
O
|
3 CH;CH,CH,;CCH,CHj,
3-Hexanone
@ 2004 Thomson/Brooks Cole 18



Hydration of Alkynes by
Hydroboration/Oxidation

Awall laat 4 Ll GUSSY Hydroboration—oxidation  Jelés of v/

A terminal alkyne

II%RQ_ 0
CH;CH,CH;CH,C=CH| —2> CH;;CHQCHQCHQCHQ(I}H > CHyCH,CH,CH,CH,CH
1-Hexyne BR, s Hexanal (70%)

© 2004 Thomson/Brooks Cole

5l Aale¥) Jelail SLs hydroboration—oxidation duldl yiey v
il Latls ey a3 ol Ay} SIS0 A0 5050 ol 5y Shanal

0

|

H,0, HySO4
o — R—C—CH,
A methyl ketone
R=E=CH

O
A terminal \ ey ||
alkyne L > Yy
y 2. H,0, R—CH,—C—H 1

An aldehyde

© 2004 Thomson/Brooks Cole



Hydration of Alkynes by
Hydroboration/Oxidation

Problem 9.4
What product would you obtain by hydration of the following alkynes?
(a) CH3CH,CH,C=CCH,CH,CHs (b) ?Hg
CH3CHCH2CECCH2CH2CH3
Problem 9.5
What alkynes would you start with to prepare the following ketones?
(a) (l? (b) ﬁ)
CH3CH,CH,CCH3 CH3CH,CCH,CH3
Problem 9.6

What alkyne would you start with to prepare each of the following compounds by a
hydroboration-oxidation reaction?

(a) |C|) (b) CH3 ﬁ)

|
<i__j>——CH2CH CH3CHCH2C$HCH3

CHsj



Reduction of Alkynes

Pd/C s Jléa e H, dilal Jeliy clsl) pla ) oy v/

Jsma Hy 0o JsY) AS ALala -y shady Jeldl) caany v/
H, (o QU S ddlaly &5 (e g (38 gall (S ) S
Gl sl Y L I U eay

Hy
Catalyst {

HC=CH H,C=CH,

e Hy 7
HoC=CH, Catalyst; CH3—CHj




Incomplete reduction: Conversion
of Alkynes to cis-Alkenes

058N e s sVl andiiy Letie 488) gall cLISIY) N o)) il e la i oy v/
.JsS (Pd/C)

alkene ¢SV dls ye die (a6 ol oSay hydrogenation Jelds ol el aw v/
Lindlar Jlas alasiul &3 L 1

A i a3 (A 5 ael IS5 | jaall o WL aas e 3 ke oo Lindlar Jis o) v/
saball A a5 4lled Cadad &5 o3 ey o sl iy S (e Jala e
(sobe ol e 3 ke) il il

syn stereochemistry 4 # sLaSShydrogenation  Jeld &asy v

g .
H, R 7 H,
CH3CHyCHoC=CCHyCHy,CH3 —/—— C=C ———>  Octane
Lindlar / \ Pd/C

catalyst CH3CH>CH> CH,CH,CH3 catalyst

4-Octyne cis-4-Octene



Incomplete reduction: Conversion
of Alkynes to trans-Alkenes

psfill) b o g0 puall fana aladiuly (I D SV o gatl Ay 48y 5k v/

GAEN| (o LY gL indlar &\;j Aqy Hhal dadic 48y yhall sda yiiat v/
.cis alkenes <<l (e Ya trans alkenes 43 5 yic

Jilall aliall 8 sl adallaay 5-decyne arn Ul Jow txd v
trans-5-decene

CH3CHQCHQC{{2 H
T L1

CH,CH,CH,CH,C = CCH,CH,CH,CH, —— 0=¢
5-Decyne H CHchchQCH:;

® 2004 Thomson/Brooks Cole trans-5-Decene (78%)



0 Lithium metal donates an electron to the
alkyne to give an anion radical . ..

@ ... which abstracts a proton from
ammonia solvent to yield a vinylic
radical.

© The vinylic radical accepts another
electron from a second lithium atom to
produce a vinylic anion . . .

O ... which abstracts another proton from
ammonia solvent to yield the final trans
alkene product.

® 2007 Thomson Higher Education

R—C=C—R’

0|

r

R—C=C—R' + Li*

91 kH—/\i\'n-uz

1

R’
. / e
R—C=C + NHy™
\
H
eju
R’
= / o
C=C + Li"
/ \
R H
01 H—Gﬂ-Hz
H R’
/ os
C—C\ + NHZ—
R H

A trans alkene

24



Alkyne Acidity:
Formation of Acetylide Anions

et 4 plall S o sV 5 sV Gl Giaaadl Cadiall v

sodium amide NaNH, Jic 5.8 osbuls (A sl (Sl Jalay Laniad v/
Allod) aliay) 3a jLs e JSE6, 8 k) Q,g;jﬁ,;@i\ t‘).\.i‘e.ﬂ
acetylide anion

e N\ i
R—C=C—HR.+:NHoNa™ — R—C=(C:7"'Na™ + :NHj;

Acetylide anion

© 2004 Thomson/Brooks Cole



Alkyne Acidity:
Formation of Acetylide Anions

Table 8.1 | Acidity of Simple Hydrocarbons

Family Example K, pK;
Alkyne ~ HC=CH 10772\, 25 Stronger
acid
Alkene'. (HyC=CH, 10~% 44 '
Weaker

Alkane CEy 10-90 60 acid

Thomson Higher Education



Alkyne Acidity:
Formation of Acetylide Anions

CH g u\_\ﬁ‘ﬁ\wc\.mp)ﬁ\ujﬂ\ u_aLuSJY\ ujSuAu_md\\.Auﬁj
¢ Ly

).\S\acetyhde anions Adludl alindY) o) ed 10 5 Al Gl g v
falkyl anion 4dldl JSIV 55l i 5 vinylic anion =) sé (e G

M\ odjwuu‘ UJJJSJ\ o‘).lu.i;@_udjmdjﬂ.km.d\ J.\...us.d\ u\ v
sl b NGl Sp oenedsd ¢S et Al ada Y1 sa jLas

S J\m‘ UAJLAIA 0/050 dLu J\JA ‘_Ar— é».aju 4\_\]\.».»]\

—  ailad xaSp? Gl 5 O Sl vinylic anion 3a_ld iy v
Sl e %33

uaab.a;_ajsp UA@JU}JJSJL.\MM\ d.\SIY\ aJJ\.uu\A ‘J.\A‘} v
SOl e %25



Alkyne Acidity:
Formation of Acetylide Anions

CH g uhﬁ‘ﬁ\u.amj&)ﬁ\u)ﬂ\ u_aLuSJY\ UJS@M\\.AUSX}
¢ Ly

@A‘)f\ ‘_,;Ajé\_\;j.d\ Aaa il ¢l o\jﬂ\ uAL_USY\ (s® S il ylaall u\ v
)@uujﬁ\wsuu\w\uuqmpuumu 4 i Lals

Y sp el 53 \.uj\@uu}s\uu\w\wsﬁ\@mj/



Alkyne Acidity:

Formation of Acetylide Anions

T sp
X
G A—C=0
H ¢
H
Alkyl anion Vinylic anion Acetylide anion
25% s 33% s 50% s

Less
stable

® 2007 Thomson Higher Education

More
“ staile
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Alkylation of Acetylide Anions

Sl 3gasall @il s g I oo sall g Al sl ) v
\h&)&d.ﬁj.\js.uuco‘)hc J.\L.\MY‘DJJLMUA(_J&AJU)JJSM

u)\AﬁjJ.\ﬁ\}!\ dﬁ:\ﬁ.u u\ USAJ .A.\L.w.n\)” oJJLu u\ﬂ éubj v
ah Alee S glkyl halldes SIS Glulla Jia electrophiles
JJJA alkyne ¢ nsn & ‘<‘)A L~5“J u_g C_u_\j J_\j\_ej\ d\\n ‘ LG \Q

H H

X\ e Nl )

s H—C=C:" Ya™ s C—Bp——" B0 0/U—LH + NaBr

H H

©2004 Thomson - Brooks/Cole



Alkylation of Acetylide Anions

0 The nucleophilic acetylide anion uses its
electron lone pair to form a bond to the
positively polarized, electrophilic carbon
atom of bromomethane. As the new C-C
bond begins to form, the C-Br bond
begins to break in the transition state.

@ The new C-C bond is fully formed and
the old C-Br bond is fully broken at the
end of the reaction.

® 2007 Thomson Higher Education

H—C=C: Nat .-C—Br
H"¢
H
0|
. ;
s=f | &
H_CEC Br + Na+
VAN
H g

Transition state

31



Alkylation of Acetylide Anions

NIEYY w\j.d\ A_J\.MJ\ DAJLA\ GJ\ ‘\.L)AJ NTE) USA.\ termmal alkyne
UASJY\ C_\.\.\J AJSYY\ dr_\m e.u d.\SJY\ u\ﬂ\.&» .A;\_\ oJAY\ XYY 4\;]\.&4.1

Gl 54l internal alkyne LQs\al\

PR ELREIR ah g ALl Ay, ) 1- -hexyne o ent JUall Joe J=d v
5-decyne «S » =l 1-bromobutane g

1. NaNH», NH
CH3CH,CH,CH,C=CH kil N >  CH3CH,CHyCHoC=CCH,CH,CH,CH3
2} CH3CH2CH2CH28F
1-Hexyne 5-Decyne (76%)
NaNH, = RCH,Br
H—C=C—H ——2> |[H—C=C{ Na*| ——2> H—C=C—CH,R
Acetylene A terminal alkyne
NaNH, R'CH,Br

R—C=C—H ——2% [R—C=C{ Na*| ——25> R—C=C—CHR

A terminal alkyne An internal alkyne

® 2007 Thomson Higher Education



Limitations of Alkylation of
Acetylide Anions

primary A 5Y) STV il g 50 alasiind e Jaad 2SI Jels paisy v/

primary alkyl iodides 24 5Y! JASS\J\ Sl g 5 alkyl bromides
—8da Jelaly a ool 488 A Ho (g oLy Loyl o4 Al 30 5L Y ellh g

pe Jelad Lo Al 5 substitution Jlainy) Jeld (e Y elimination
Al g A SN Gl

O: + CH3C=CH + Br~
H
Y Br Cyclohexene
+ CH;,C=C:"
_CHj
H
Bromocyclohexane O/

(a secondary alkyl halide)

NOT formed

© 2004 Thomson/Brooks Cole



Show the terminal alkyne and alkyl halide from which
the following products can be
Obtained?

(a) CH,CH,CH,C=CCH,

(b) (CH,),CHC=CCH,CH, (c) OC—CCH3



Practice Problem

CH,CH,CH,C=CH —., CH,CH,CH,CH,CH,CH,CH,CH,

1-Pentyne Octane

@ 2004 Thomson/Brooks Cole

— 1. NaNH,, NH; A N S
CH3CH20H2C —_ CH 9 P)I'CH-“)CHZCH;;;, THF % CH3CHQCH2C — C(/l 13CH_;CI'{g
1-Pentyne 4-Octyne
lHy"Pd in ethanol
H H

|
CchHQCHQC &0 CC I‘IJCHJCH;

H H

Octane
@ 2004 Thomson/Brooks Cole



Synthesize from acetylene

(a) CHyCH,CH,C=CH (b) CH,CH,C=CCH,CH,

0
(¢) (CH,),CHCH,CH=CH, () CchBIZCHJJCHZCHQCHQCH3
(e) CH5CH,CH,CH,CH,CHO

©2004 Thomson - Brooks/Cole
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Reactions of Alkyl Halides:

Nucleophilic Substitutions and
Eliminations




Alkyl Halides React with
Nucleophiles and Bases

» the carbon-halogen bond in an alkyl halide is polar and that
the carbon atom is electron-poor.

> Thus, alkyl halides are electrophiles, and much of their
chemistry involves polar reactions with nucleophiles and
bases.

> Alkyl halides do one of two things when they react with a
nucleophile/base, such as hydroxide ion: either they undergo

1. substitution of the X group by the nucleophile, or
2. elimination of HX to yield an alkene.

— SUbStitution H H OH
i T A/
/,C—C - D —— /C—C\ + Br”
7 -y 7\
Elimination H
{14 N

® 2007 Thomson Higher Education



Alkyl Halides React with
Nucleophiles and Bases

53 o O3Sl 8,05 (ki ol ) o JSIY) culadla (8 s a0 S Dl DN )
il g IV 3 e

L3 g I 50 cali JSIY) clalla (8 il >

s el (e e il JSIV) Cladly jazads o) (S 3

DA S5 0 X Aaane Jatid i s substitution JagiuY) cdlels 1

Gl =il HX J elimination <aall &3lelss 2

Substitution H

H OH
- x I\ ¥
" JB—C + O — _G—C4 /+ Br
/ 3 LY .
Elimination H
e, X/

® 2007 Thomson Higher Education



The Discovery of Nucleophilic Substitution

Reactions—Walden

The reactions alter the array

at the chirality center

The reactions involve
substitution at that center

Therefore, nucleophilic
substitution can invert the
configuration at a chirality
center

The presence of carboxyl
groups in malic acid led to
some dispute as to the
nature of the reactions in
Walden’s cycle

@) O O O
I I PClg | I
HOCCH2(|IHCOH W HOCCH2C|)HCOH
OH Gl
(-)-Malic acid (+)-Chlorosuccinic acid
[alp =-2.3
TAQQ_O, H,0 lAgzOl H20
@) @) @) @)
I I PCls ] |
HOCCH2(|ZHCOH Fende HOCCHz?HCOH
Cl OH
(-)-Chlorosuccinic acid (+)-Malic acid
[alp = +2.3

007 Thomson Higher Education



The Discovery of Nucleophilic Substitution
Reactions—Walden

Laall Jlaiay) E e i CalEis) 2 gey 0 0 0 0
slePaul Walden Sl A 3) 5l HOgCHZCHgOH % HOgCHQCH(l,lOH
1896 i i &
(-)-Malic acid (+)-Chlorosuccinic acid

¢ sbaall Jasad (Say il 2a g Cua m [alp = -2.3
¢ juadl I (-)-malic acid il
Sld 5 821l 5(+)-malic acid &1 TAgzo, H20 lAgzﬂ H20
Alaasll el (e s Pla 50

v o , @) @) @) @)
Walden 4als auly e L s | I PClg [ |
HOCCH2(|IHCOH F el HOCCHz?HCOH
Cl OH

Sy el MA (e Say 1358 5

Skl S e 8 el LeSe 31 sall Andll (-)-Chlorosuccinic acid (+)-Malic acid
) © 7 : [alp = +2.3
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The S,2 Reaction

3 pall 58 55 s Jelil) 4 iy (3 Jomal) e 3_pdle de lllia e Jelii ) 3

HO:~™ J+ CHo~Brft —3> ®O—CHsz % :Br:
Jlaiy) Jelatll hasy e laiall o) gall (e dhma 35S0 yig ma Jae g dlma 3 ) n A )2 2iad
L (e Janay
s3a Jia A, Jlatu) Jeldl & gan Jara Caeliaty deléial) o gall 3:S) 55 ddeliag o3 Lo 13
AN Aa Al e Jeld sy Jelall geas Al
a8 Mall YA e AUl da jall OO W e e ) (S

Reaction rate = Rate of disappearance of reactant
= k X [RX] X [TOH]

where |RX] = CH3Br concentration in molarity
|"OH] = “OH concentration in molarity

k = A constant value (the rate constant)



The S,2 Reaction

e e Oe Jeliill A8 ja s el Q) e DS puds ANV ) m

O:~ LI .. ; B

. Cﬁ C:*r J Jbaidl a5 S 2 reaction sl s s 401 sl
2113

substitution,nucleophilic, bimolecular

(§)-2-Bromobutane

0| 5 o baally 8By o 4l §42 Jelitl bt M dirall m
oo BN 30 g S pnls esie. oy S 5

HI_F{CCHEB; i 3_dadll de gandll Gj)ﬂ uSlaall dgall
éHQCHg
Transition state ULS O S0 Jant yol AlEal) dgall e b sal<sl) 6_',’1_, Ledizd m
2] S g2 Lae i gl Gy g 5 AV Agall (e alag Cpa il
L;f:\)él\ gl ulSa)
H3C
—I:::—C;""H + Br
CH2CHs5

(R)-2-Butanol



Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

£¢ Al sl e 81l Aumal) Jlaia¥) celi 8 i ) Jalsall g
el il a8l sThe substrate 35Sl
The Nucleophile Ja sl
The Leaving Group &l ie saadll
The Solvent Jal
O

) CH3CO™ P -OT.
1 O—Tos Inversion of d H 4 oS
— configuration |
e

Nucleophile

2w NP

Electrophile

Leaving Group



Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

i) @l ol LW sThe substrate 35S0 1

o Gl ) il ) (Gaad Le ) 8 dan dall 5 dadin e e Jaad N3 3S ) o v
O30S — b 5alSall p La ool I S8 wiad ML 5 A sy Jid S J guan
3 S )

L O5S Sllg) e 8 daan je 318 1 Al Allad) ddlda (g A0 3 5l g v/
o S L et 0585 (aaleall di Sl Jsia s (e (pane 5 S
s et Jiu¥) Jelii 5% (il e 8 dana e

(c) (d)
CH CH
\ 2 (3
SC—Br .C—B
H3C'/ H3C’/
H




Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

el il ol il sThe substrate 35S0 1

A3 5 e A2 3 LS Camal 35S ) e Ja8 IS ) 80 o 680 ale g v
Al g 5 Lnal ()5S Gua Jlagn) Jeldly el o S0 e Y aliall

o Aull
R—By g CIT S5 > R—Cl g Br
CH4
/. CH,
ch\ HaC— C\ HgC\ ch\ H\
H3C":F_Br H"",F_Br H3C""';p_8r H{F—Br H""}p_Br
HaC H H H H
Tertiary Neopentyl Secondary Primary Methyl
Relative <1 1 500 40,000 2,000,000

reactivity

_ Snzreactiviy
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

i) @l ol LW sThe substrate 35S0 1

Sl Sl ol Josdil) cladla e 5 Y S 2 cleld ol JSAL o) e v
ige ) ) dley) 1) Sld 3 gay

R. | % :Nu~
H,f/ﬁ %é No reaction -—LI % No reaction
/
Nus:™ Aryl halide

Vinylic halide
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Nucleophile Jaési<ill 2

D9y o (S Al nd ey OIS gl Aind Jany ST ) s 30l ) v
5 5all el JIadiul) colelds 8 b gl

Jalzia (5 S A8lal) il (Ll () gandia (SN IS La 13 v

Lula) () sandia () sS4l il U Jalatie Jud sl (S 13 Ll v/

Negatively charged Neutral
nucleophile \ / product
TN
Nu:- + R—Y — R—Nu + Y:7
- “\ .f““'-

Nu: -+ R "r’ —— R—Nut* + Y:™

Neutral Positively
nucleophile charged product
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Nucleophile Jasi<ill 2

L e Lol i

Nu:™ + CH3;Br — CH3Nu+Br™

Nucleophile Product Relative rate
Formula Name Formula Name of reaction
H,0 Water CH30H,* Methylhydronium ion 1
CH,;CO,~ Acetate CH4CO5CH3 Methyl acetate 500
NH3 Ammonia CHaNH,* Methylammonium ion 700
Cl— Chloride CH3Cl Chloromethane 1,000
HO~ Hydroxide CH30H Methanol 10,000
CH3;0~ Methoxide CH30CH3, Dimethyl ether 25,000
I~ Iodide CHaI Iodomethane 100,000
~CN Cyanide CH3CN Acetonitrile 125,000

HS— Hydrosulfide CH3SH Methanethiol 125,000



Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Nucleophile J# i<l 2
Gaadl g la e e HISHAdlad il GO alSAl) (amy (ST gy GlY i ) v
Lo 9 53 38,01 (8 Jid s SV () 9a S 8 )3 () Adladl Lgral) () (5 g lld
Nucleophilicity asb s =
T O 9 el Ly ale JSS5 v
) Aalaiall O IS e Al ES) Al A Jaad ) S0 S|
Al Rins Jaad ¥
SV e sl dsaall e 2al 5l 5 seall & Nucleophilicity 2313 I
Jawy)
basicity 4stall aba )l xe 5 3) 580 Nucleophilicity 22 I
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Leaving Group 3_3xall de ganadll 3
Gﬂ Allld) s Bl s Lflc '6).3\3]\ L_ﬂ.cj.a;d\ L EJJULAM L"_il.cj.o;.d\ ad) 8]

Al sl
O
; CH3CO™ : )
4 : 3 / + OTos
H O—Tos Inversioh of O H
configuration |
Cx
Electrophile Nucleophile

Leaving Group
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Leaving Group 3_3aall 4 geaall 3
o) it U e sanall (o OIS aal) 50l il gendll ol sle J< s

Cl, Br, and Tosylate ion Ji 44
NH2 ,0H ddmias jolae Gile sanae 40Ul Cle ganall it Lol

OH~, NH,~, OR™ F~ CI™ Br- I- TosO~
Relative - - v

reactivity <<1 1 200 10,000 30,000 60,000

Leaving group reactivity
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Leaving Group 33l de ganadll 3
Jasin¥) & (s ddamall 3 y0laall e sanall Jysad i ) 131
Sl JUall 8 Jlall s LS a5 yalae e gana I 9

O
s0Cl, -\ 1J cr _ /
//r————+ C—0—57Cl —— CI—C
ether / Sn2 N
H H
HXC—OH | A chlorosulfite | An alkyl chloride
/
H
A1°or2° \_PBrg T Br~
/ N \
H H
| A dibromophosphite | An alkyl bromide
O P—
O =~ / ..1\. . T &
“I_E N\ “ CHq C—0
of NS/ }K E; \ (
—0 — A —CH
,fC oH Ether, pyridine o || ’
H O B
A 1°or 2° A tosylate

alcohol
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Characteristics of the Sy 2 Reaction
S\2 SOleld 83 yigall Jal sal

The Solvent J=all

Jslidl Jie Protic solvents ¢ sis_all dsilal) dudasll cdlaall o)
aad) dndadl) O s Lu.uSNZ Jlaia¥ ilels S JS50 (L an Ll
2 58l Jrine 52 5 i i) Jis polar aprotic ¢ sissll dail

CH4sCH,CH,CHo—Br 4+ Ny~ —— CH3CH,CH,CH,—Ng 4+ Br~

Solvent CH4OH H,0 DMSO DME CHaCN HMPA
Relative 1 7 1300 2800 5000 200,000
rea Ctl‘u"lt'}f
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S\2 Transition State

- The transition state of an S, 2 reaction has a planar arrangement of the
carbon atom and the remaining three groups

Tetrahedral

©2007 Thomson Higher Education

Planar l Reaction progress ————

/ —

Nu—C + X:

Tetrahedral

© 2007 Thomson Higher Education
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11.3 Characteristics of the Sy 2

Reaction

Occurs with inversion of chiral
center

Sensitive to steric effects

Methyl halides are most
reactive

Primary are next most reactive
Secondary might react

— ~Tertiary are unreactive by this
path

No reaction at C=C (vinyl
halides)

(S)-2-Bromobutane
0|

1%
H CHg
1 \ 5

HO----C----Br
I
CH,CHg

Transition state

HaC
7 H
HO—C”
\
CH,CHs

(R)-2-Butanol

Br

20



Steric Effects on S2 Reactions

(c) (d)

CH CH
3 1
SC—Br =G—Br
H3C¢ H3C ¢
H

CHs

The carbon atom in (a) bromomethane is readily accessible
resulting in a fast Sy 2 reaction. The carbon atoms in (b) bromoethane
(primary), (c) 2-bromopropane (secondary), and (d) 2-bromo-2-

methylpropane (tertiary) are successively more hindered, resulting in
successively slower S, 2 reactions.

21



Order of Reactivity In S 2

The more alkyl groups connected to the reacting
carbon, the slower the reaction

= Relative
reactivity

BR—F H O \1—> B \+ Br
CHj

HaC HaC— o CHa HsC HaC H

\C B \C B \C B \C B \C B
HaC H plor ™ Sy wg ] wr T
H3C H H H H
Tertiary Neopentyl Secondary Primary Methyl

< 1 500 40,000 2,000,000

@ 2007 Thomson Higher Education
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The Nucleophile

Neutral or negatively charged Lewis base

Reaction increases coordination at nucleophile
Neutral nucleophile acquires positive charge

Anionic nucleophile becomes neutral

Negatively charged Neutral
nucleophile \ /product
Nty L R—Q — RN, H Y&
g F*

Neutral Positively
nucleophile charged product

© 2007 Thomson Higher Education
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Relative Reactivity of Nucleophiles

Depends on reaction and conditions
More basic nucleophiles react faster
Better nucleophiles are lower in a column of the periodic table

Anions are usually more reactive than neutrals
Table 11.1 | Some Sy2 Reactions with Bromomethane

Nu:— + CH3Br — CH;Nu + Br—
Nucleophile Product Rolutive sdte
Formula Name Formula Name of reaction
H,0 Water CH30H,* Methylhydronium ion 1
CH3CO,™ Acetate CH3CO,CH34 Methyl acetate 500
NH4 Ammonia CHaNH3™ Methylammonium ion 700
10 Chloride CH,Cl Chloromethane 1,000
HO™ Hydroxide CH30H Methanol 10,000
CH3;0™ Methoxide CH3;0CH3 Dimethyl ether 25,000
i lodide CHal lodomethane 100,000
—CN Cyanide CH3CN Acetonitrile 125,000
HS™ Hydrosulfide CH3SH Methanethiol 125,000

24



The Leaving Group

A good leaving group reduces the barrier to a reaction

Stable anions that are weak bases are usually excellent
[eaving groups and can delocalize charge

OH™, NH,™, OR™ F Cl Br b TosO™
Relative - v ~
reactivity <<1 1 200 10,000 30,000 60,000
Leaving group reactivity
® 2007 Thomson Higher Education
O
-\ [ -
2y C—OSatLl A gl
ether SN2 A\
H H
™~C_OH | A chlorosulfite | An alkyl chloride
H 2 -
o o P \\\ — /,,,
Atror2e \ PBry *C—0—PBr, S5, BT
alcohol ether / SN2 \
H H

| A dibromophosphite | An alkyl bromide

® 2007 Thomson Higher Education 25



Poor Leaving Groups

If a group is very basic or very small, it prevents reaction
OH™, NH,~, OR™ > ClI™ Br- kg TosO™
Relative - ¥ ~
reactivity <<1 1 200 10,000 30,000 60,000

Leaving group reactivity
® 2007 Thomson Higher Education

Alkyl fluorides, alcohols, ethers, and amines do not typically
undergo S,2 reactions.

Poor Leaving groups can be made into good leaving groups

O
-\ X 7 [

— > H 5 CH
g Ether, pyridine oéll ’
H “Tosyl chloride” O
A 1°or 2° A tosylate

alcohol

© 2007 Thomson Higher Education
26



The Solvent

Solvents that can donate hydrogen bonds (-OH or —NH) slow S2
reactions by associating with reactants

Energy is required to break interactions between reactant and solvent

Polar aprotic solvents (no NH, OH, SH) form weaker interactions with
substrate and permit faster reaction

CH3CH7CHoCHy—Br 4+ N3o ——>  CH3CH9CH,CHo—N3  +  Br-

Solvent CH30H H,0 DMSO DMF CH3CN HMPA
HEIGHvS 1 7 1300 2800 5000 200,000
reactivity
@ ‘J ﬁ
ch/ \CH3 (H3C)2N/ \’”I::NC(ﬁHS)Z H3C\N/c\H
OR (CH3)2
_ | DMSO HMPA |
H Dimethyl Sulfoxide  Hexamethylphosphoramide s
5 DMF
RO—H-+ X:=-H— R 0 Dimethylformamide
H |
|

® 2007 Thomson Higher Education
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11.4 The S\ 1 Reaction

Tertiary alkyl halldes react rapidly in protic solvents by a
mechanism that involves departure of the leaving group
prior to addition of the nucleophile

Called an Sy 1 reaction — occurs in two distinct steps while
S\2 occurs with both events in same step

If nucleophile is present in reasonable concentration (or it
IS the solvent), then ionization is the slowest step

R—Br + H,0 —— R—OH + HBr

H H3C H3C H3C
\ X \ \
I e T e I Y E Te
H H H H3C
Methyl Primary Secondary Tertiary
Relative <1 1 12 1,200,000
reactivity

TS o TTATNEED

® 2007 Thomson Higher Education



S\ 1 Energy Diagram and Mechanism

0
H3C—C—Br
| \U

CHs3

o Rate-limiting
step

i

H3c—c|:+ »\+ Br-
CH

3 o
Carbocation

0|

CI3H3 H
eC=C0" 5

CH3 H’ﬁ

o &

i
H3C—(|:—OH + H30"
CHs

Energy

"""""""""""" .

B + % |
Carbocation
intermediate

AG* (slower)

RX +

RNu +

Reaction progress ———»

Rate-determining step is
formation of carbocation

rate = kK[RX]

AG¥ (faster)



Reaction
leads to loss of }:‘ Chiral substrate

The planar
Ch | ral Ity l Dissociation

Stereochemistry of Sy 1
Intermediate
A free , >
carbocation is @:{ 9\ *q/ };@
achiral ' A |

P r O d u Ct IS 50% inversion of Planar, achiral carbocation 50% retention of
configuration intermediate configuration
07 Thomson Higher Education

— racemic or has
some inversion

30



S\ 1 In Reality

Carbocation is biased to react on side opposite leaving group
Suggests reaction occurs with carbocation loosely associated

with Teaving group during nucleophilic addition (fon Pair)
Alternative that S, 2 Is also occurring is unlikely

This side open This side shielded
to attack\ from attack
o {@-—-* f/ 0] - l@?
Ion pair Free carbocation
, 1
@U — + - =
D ‘
— | _ . Inversion Racemization
H-C - CH HaC
3 CH,CH3 H,O CH3CH, {3 3 CH,CH3
ClI—C’ CH3 e e CHg ‘C—OH + HO—C’ CHs
A\ | Ethanol | / |
CH,CH,CH,CHCH3 CH3CHCH,CH,CHo CH,CH,CH,CHCH3
(R)-6-Chloro-2,6-dimethyloctane 60% S 40% R
(inversion) (retention)

® 2007 Thomson Higher Education 31



11.5 Characteristics of the Sy 1 Reaction

Substrate
Tertiary alkyl halide is most reactive by this mechanism

Controlled by stability of carbocation

Remember Hammond postulate,”Any factor that stabilizes a high-
energy intermediate stabilizes transition state leading to that
intermediate”

H /H
H H C—C+ H H CHs
74 V4 / \ / / /
H—C+ H3C—C+ H—L H CF H3C—C + H3C—C+
\ \ \ \ \ \
H H H H CHj CH3
Methyl < Primary < Allylic ~ Benzylic = Secondary < Tertiary

Carbocation stability

® 2007 Thomson Higher Education

Allylic and benzylic intermediates stabilized by delocalization of charge
Primary allylic and benzylic are also more reactive in the S2

mechanism CH3CH,—Cl H,C=CHCH,—Cl ©/CH2CI
338 kJ/mol 289 kJ/mol 293 kJ/mol
(81 kcal/mol) (69 kcal/mol) (70 kcal/mol)

®© 2007 Tho n Higher Edut n
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Effect of Leaving Group on S\ 1

HO™

f|3H3 /_\‘H[i\ér

Critically dependent on leaving CHs—(lt—ééH
group CH3

Reactivity: the larger o H

halides ions are better

leaving groups CHg

[CHS_%_,@HZJ + Br

In acid, OH of an alcohol is Sk
protonated and leaving group
is H,0, which is still less o

reactive than halide {

CH3
CH3—(I:+ + Hy0
p-Toluensulfonate (TosO") is J;HA
excellent leaving group '

:Br:
< CI- < Brf < I = TosO~ H,0 o

CH3

|
Leaving group reactivity CH3_C(|:_Br
H3

Thomson Higher Edu

cation
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Nucleophiles in Sy 1

Since nucleophilic addition occurs after
formation of carbocation, reaction rate is not
normally affected by nature or concentration
of nucleophile

?H3 ?H3
CH,—C+0OH ¢+ HXF CHgC=X /+  H0

| |
CH, CH,

2-Methyl-2-propanol (Same rate for X = CI, Br, I)

® 2007 Thomson Higher Education
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Solvent in Sy 1
Stabilizing carbocation also stabilizes associated transition
state and controls rate

Protic solvents favoring the S, 1 reaction are due largely.to
stabilization of the transition state

Protic solvents disfavor the Sy 2 reaction by stabilizing the
ground state

Polar, protic and unreactive Lewis base solvents facilitate
formation of R*

H . H Cl:Hs CI:H3
I? .O: Iﬂ CH3—(|3—C| + ROH — CH—C—OR + HO

CH3 CH3

H

C 40% Water/ 80% Water/

Ethanol 60% Ethanol 20% Ethanol Water
—H H Relative

(|) | e ctll\\//lty 1 100 14,000 100,000

o, "
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11.7 Elimination Reactions of
Alkyl Halides: Zaitsev's Rule

Elimination is an alternative pathway to substitution
Opposite of addition

Generates an alkene

Can compete with substitution and decrease yield,
especially for S, 1 processes

Substitution H H OH
e K 'y
/,C—C\ + O — BB + Br
< 7\
Elimination H
- 1> /

\
c—C + OH — /C:C H,O + Br

36



Zaitsev’s Rule for Elimination Reactions

In the elimination of HX from an alkyl halide, the more
highly substituted alkene product predominates

Br
| CH3CH,O~ Na* -
CH3CH,CHCH3 CHaCH,OH CH3CH=CHCH3 + CH3CH,CH=CH,
2-Bromobutane 2-Butene 1-Butene
(81%) (19%)
Br CH3 CH3
CH5CH C|3CH ELEROTNY § gl CH—(|3CH + CHsCH (|:—CH
3 2| 3 CHsCH,OH S g 3 SN 2
CHj
2-Bromo-2-methylbutane 2-Methyl-2-butene 2-Methyl-1-butene
(70%) (30%)

® 2007 Thomson Higher Education

Mechanisms of Elimination Reactions
E1l: X leaves first to generate a carbocation
a base abstracts a proton from the carbocation

E2: Concerted transfer of a proton to a base and
departure of leaving group

37



11.8 The E2 Reaction

A proton is
transferred to base
as leaving group
begins to depart

Transition state
combines leaving of
X and transfer of H

Product alkene forms
stereospecifically

Rate = k[RX][B]

38



Geometry of Elimination — E2

Syn arrangement requires eclipsed conformation = disfavored
Anti arrangement allows orbital overlap and minimizes steric interactions

verl fth velopin rbital in the transition
periplanar geometry, anti arrangement

/X il
LS A 8
ey

Syn periplanar geometry
(eclipsed, higher energy) - ]

Anti periplanar reactant Anti transition state Alkene product
© 2007 Thomson Higher Education

E— ~ H Nu ’\\;\C—[)(\
o :@* o/
\ N
—c{_ X
X Sn2 reaction E2 reaction
(backside attack) (anti periplanar)

Anti periplanar geometry
(staggered, lower energy)

2007 Thomson Higher Education
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Predicting Product

E2 is stereospecific
Meso-1,2-dibromo-1,2-diphenylethane with base gives cis-1,2-diphenyl

Base:
. F\ H_ c—Ph Gt H\C/Ph
\ / \ Ethanol C",’;’/
Br™ ">ppy Be} " Fh

Ph =
k
z Ph
A Ph
Br%:Ph
Br Ph

Br

meso-1,2-Dibromo- (E)-1-Bromo-
1,2-diphenylethane 1,2-diphenylethylene

(anti periplanar geometry)
© 2007 Thomson Higher Education

RR or SS 1,2-dibromo-1,2-diphenylethane gives trans 1,2-diphenyl

: Ph H

B°\/ \(|:/ Ph\C/H
H
|//BD e /
C

P> B / =~
©® 2007 Thomson Higher Education
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E2 Reactions and Cyclohexene Formation

Abstracted proton and leaving group should align trans-diaxial
to be anti periplanar (app) in approaching transition state

Equatorial groups are not in proper alignment

Axial chlorine: H and Cl are anti periplanar

H H H

Base
= .>N+HCI
E, reaction

Cl Cl

Equatorial chlorine: H and Cl are not anti periplanar

H H H

Cl H .
Base No reaction from

Cl this conformation

H

® 2007 Thomson Higher Education
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(a) H Cl /Trans diaxial
H CH(CH3), Cl
_  HsC
» CH(CH3)
H3C H 32
H H o
Neomenthyl chloride
(b) H H
H CH(CH3)»
H3C Cl
H H

Trans dlequatonal

[

CH(CH3),

Menthyl chloride

Trans diaxial - .

Ve

CHs o

@ 2007 Thomson Higher Education

Fast H3C *
Nat "OEt CH(CH3);

Ethanol
3-Menthene

H3C
/m/cmcm)z >< /‘/CH(CHs)z

2-Menthene

[

CH(CH3),

Fast ~
Na™ "OEt

Ethanol
CH3

42



11.10 The E1 Reaction

Competes with S, 1 and E2 at 3° centers
Rarely have “clean” 52 or E1 single products

Rate = k [RX], same as S\1

Cl
D
CH3—(|3—CH3
CHs
0 Rate-
limiting
B _ ?HS C|H3 H3C\ /H
= P H-»O, eth I
HaC He —:Base H3sC—C—Cl £ 6:°Cano H3C—CI:—OH 2 /C:C\
\ |
tcLc—H + or CH3 CHs H3C H
/]
H3C H 2-Chloro-2-methylpropane 2-Methyl-2-propanol 2-Methylpropene
) . (64%) (36%)
gHFast
CH H
\ 3
C=C

43



Comparing E1 and E2

Strong base is needed for E2 but not for E1
E2 is stereospecifc, E1 is not
E1 gives Zaitsev orientation

CH(CH3),
H
H H3C
- T H CH(CH3)2
Cl
CHs Cl Menthyl chloride H

E2 conditions E1 COHditiOES—
(1.0 M Na™ ~OEt (0.01 M Na™ ~OEt

in ethanol at 100 °C) in 80% aqueous
ethanol at 160 °C)

CH(CH3),

H H3CCH(CH3)2 + H3CCH(CH3)2

CH3 H

2-Menthene (100%) 2-Menthene (32%) 3-Menthene (68%)

@ 2007 Thomson Higher Education
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E1cB Reaction

Takes place through a carbanion intermediate
Common with very poor leaving group (OH-)

HO-C-C=0 fragment often involved

E1cB Reaction: C-H bond breaks first, giving a carbanion
intermediate that loses X~ to form the alkene.

+
Bz"\v + B—H
H
X N/
/Q—C/ _— /Cf\VC/ —2 C=C
7\ lod /N
+ X
Carbanion
X 4 & < X (9 Q :O‘_ 203
\/ \/ n A/ G |
/C\&C\ —> /C\ C e /C\/C\ C\ S /C%C/C\
/N \ | |
:Base \
Resonance-stabilized anion

® 2007 Thomson Higher Education



Summary of Reactivity: Sy2, Sy1, E1, E2

Alkyl halides undergo different reactions in competition, depending on
the reacting molecule and the conditions

Based on patterns, we can predict likely outcomes

. Br O
O/Ll\H ~_ ] Good L.G.
HCOH | h ©/\ 20 alkyl halide
i Poor Nucleophile
Sy = Polar Protic Solvent

Syl and E1 products
Primary Haloalkanes

Sy2 with any fairly good nucleophile
E2 only if Bulky, strong base

Secondary Haloalkanes

Sp2 with good nucleophiles, weak base, Polar Aprotic Solvent
— Sy1/E1 with good LG, weak Nu, Polar Protic Solvent
E2 with strong base

Tertiary Haloalkane

Sy1/E1 with good LG, no base (solvolysis)
E2 with strong base
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Alcohols I e Y

) Jlaiel) 48 o3 (gM) elall &) gme LS GY gudll 5 JI eV yaiat W
i il e Ar ol R 4 seac de ganay Gl g jagll

Lead 0588 Al QLS el e 4 sall de senall jaili dplaall 4l (e
=3 Lty SP3 (pagd Oy Aandia (50 S 33 (I ddasi je OH de sens
SP? (el 9 L e S ) ddasi je OH de gena Lead 585 Al GLS )4l
Enols @V suY)

OH OH ) I

OH
| \  /

Bk VRN

An alcohol A phenol An enol
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Alcohols I e Y

A40) gl Clapdaill (e el Gllat g dapdall (8 al o IS5 JI s W) 2a) 55
dacluall g

Ll Lelia aadtiny dua dpas) e liall dibiasl) 3 gall fiS) aa) J gilialld o
Y men s 3nall o sill £GY A 53 ) oS

Giall JsaS adde Gllay ol gl 5 ol sell Gl il a0 juiand oy

1S gl J S ol gla j¥) ddal g palall B ll 6 juiant A%y o
O soued) Ol aa (s S

Gile all candl iy 568 il alu S je Jliall gl JSAIL paaall ey o
(de 250-100) 58N Sl jally Ggall 5 (da 15) 3_praall

20026
CO + 2H, Cu/ZnO/ Al,Oj catalyst

> CH;0H
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Alcohols I e Y
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Hydration J) Jeld ddau) s (5 il aladiuB el e J o0 Joaniy W
s 8l (aes (e o g 2 g O

A LS Ole s A s g o 8 o JaeS Wl JSlY) 2ot m

H;PO, A
H,C=CH, + H,0 —50ec> CH;CH,0H “ /
)



JI s Y dpans

a2ad e lld g (3) 48l (2) sl (1) sl Jse) ) e V) Cival

OH OH On
|
C. C .C.
R4 "H R4 "H R4 TR
H R R

A primary (1°) alcohol A secondary (2°) alcohol A tertiary (3°) alcohol



JI s Y dpans

Al S i [JUPAC J) s cavea Aaped) J1 52 V) ans
- OL 4aa>

fe gana e g glally J gl A g0 ,SI ALLL) sl = 4 Baslall o
Ol el (38) sl G -@ Al Jlasinls Al (310 Cus JruS 5yl
JUall o (A=d (i em (3 s (8O0 adal @llh g @ Al s G Cas
propaneol o« s propanol

Ao ganal o AY) Al (e oy A g0 ySI ALL) o 53 1 2 Bac )
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DS A AU g ALl e Leaiial gl Lad ALl a8 532 3 BacAl) o
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OH
1 2|13 4 5
CH3(|3CH2CH2CH3
CHs

2-Methyl-2-pentanol
(New: 2-Methylpentan-2-ol)

® 2007 Thomson Higher Education

cis-1,4-Cyclohexanediol
(New: cis-Cyclohexane-1,4-diol)

3-Phenyl-2-butanol
(New: 3-Phenylbutan-2-ol)



JUPAC J! Js

CH,0H CH,
|
[::::(ﬁ H,C=CHCH,OH CH3COH

CHs

Benzyl alcohol Allyl alcohol tert-Butyl alcohol
(phenylmethanol) (2-propen-1-ol) (2-methyl-2-propanol)

HOCH,CH,OH HOCH,CHCH,0H

|
OH

Ethylene glycol Glycerol
(1,2-ethanediol) (1,2,3-propanetriol) g



Give IUPAC names for the following compounds:

(a) ?H CliH OH (¢) HO
CH30HCH2CH(|3HCH3 : ,CHZCHZCCHg \@

CHs

(d) H (e) H3C (f) OH
.y

—y
OH

Draw structures corresponding to the following IUPAC names:

(a) (£)-2-Ethyl-2-buten-1-ol (b) 3-Cyclohexen-1-ol

(c) trans-3-Chlorocycloheptanol (d) 1,4-Pentanediol

(e) 2,6-Dimethylphenol (f) o-(2-Hydroxyethyl)phenol
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H O H O,
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— An alcohol An oxonium ion

11

+
[or ArOH + HX <— ArOH, X_}
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J &Y ailas

dlaid) g1 2300 Jslaa (B Couma (S0 0 00 L8 ddmia (4 ganS 5 W
2SSV B3 L g HyOF 83505 3 ga elall Lgigi g g i

alkoxide ion
/\ H
WH ) |
g =t +
R—O: + H/Q\H «— R—0: + H/Q\H
An alcohol An alkoxide ion
_ H i
NS 2 T Y
or Y T TN — Y + H307

A phenol A phenoxide ion
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Alcohol Acidity
J &Vl da gan

Ka da gandl 4340 Wi e o) (S slall 8 (aes sl 568 )

- O+
- [A™] [H307] LK = e K,
‘ [HA]

A gen Jil S5 3 Sl pKa J) g 3_seall Ka J) I3 LS alle

i gen ) (4S53 paall pKa JI g 30S) Ka J) ld Gl jal) Laiy

slall duia gan (i Ly 35 cllad J V) 5 J siliall Jie ddapead) JI 52 V)

— JUdl Ji ed dmganll e ju€ il Alaliiall e sanall 5K o)) (S
2,2,2-trifluoroethanol s —wea (2es s tert-butyl alcohol o4

SR e A

SIS A gen I (52 DU Ay S ilinline 4 5) Y gl g Y gidl) )
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Compound Pk,
(CH3)zCOH 18.00 Weaker
acid
CH3zCHzOH 16.00
H.0 15.74
CH3zOH 15.54
CF3CH>0OH 12.43
p-Aminophenol 10.46
CH3z5H 10.3
- p-Methylphenol 10.17
Phenol 9.89
p-Chlorophenol 9.38
Stronger
p-Nitrophenol 715 acid

14



Alcohol Acidity
J &Vl da gan

AISat) 1 aash ) U8 3 pms U2 W) A gen Ll LLSIN) Jaliiall L3l o) m
il e Aanlll auasS SIY) 30 LS

J.\S\ o.JJLJ\ XYY L_U\SLJSMWJ.\S\ Mﬂ&\adjudh\ ULSLASSS ]
il LS aaalal) 4l (e liada 'BJJ\JZJ\ s 5 IS LS ¢ Wil
) Gl el J i) A g

Sterically less accessible;
Sterically accessible;
less hindered and

more hindered and
more easily solvated.

less easily solvated.

/

Methoxide ion, CH30~ tert-Butoxide ion, (CH3)3CO~ 15
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Alcohol Acidity
J &Vl da gan

ENEEATY, PETE: AP QNG & T e O TP T
3 I 59 L8 A 50l e Jand JBR) Jasee e il 5 iSO Al

4 gan
@] &
Electron-withdrawing groups | |
stabilize the alkoxide ion F3C”’/C\CF3 versus H3C———/C\CH3
and lower the pKa. FaC HaC

pKa =5.4 pKa = 18.0

® 2007 Thomson Higher Education
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H-,C CH HL,C CH
) \\Cf ’ + 2 K 2 ' \Cf N + H
HsC™ “OH H,C~ o~ K* ’
tert-Butyl alcohol Potassium tert-butoxide
(2-methyl-2-propanol) (potassium 2-methyl-

2-propanolate)

CH3O0H + NaH —— CH30 Nat + H,

Methanol Sodium methoxide
(sodium methanolate)

CHECHEDH + N-HNHE — g CHECHED_ I’“~.Ia+ + NH3

Ethanol Sodium ethoxide
(sodium ethanolate)

OH O~ *MgBr
+ CHsMgBr —— (:I/ + CHy

Cyclohexanol Bromomagnesium
cyclohexanolate



Alcohol Acidity
J &Vl da gan

2 Jat Lald SN )52 V) (4 dia gan S QY g3dl) yiiat m
oo ddalun Lelad (Say 5 W€ NaOH J saeall Liladl Jallaall
SH P ?3 O L}_‘,\_A Jolaa wu\ At Ao o =

atanl sale |
OH O~ Na?t
©/ + WaOH “~—2 ©/ + H50
Phenol Sodium phenoxide

(sodium phenolate)
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- S gl Cilial Calide (e Jilee 2ae I J1s2 Y1 Jeai o) (S

\
@) = C @)
|l / ) 1
R OH R R
Alkene
Carboxylic Ketone
@) acid O
|| 2\ e \/ ||
c 74 c
R~ TOR’ R~ H
\
Ester = ‘% Aldehyde
ROH
RX Alcohols ROR’ 20

Alkyl halide Ether
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UK ) elall ddlal Jelds ddasd o0 152 Y jucant (S m
1O ile e (8 Hla Bale aadtiy m

8 K18 oS jla u€e ddlal S e aad Hydroboration—oxidation
b oK1 ¢S Hla ddlial € e axd oxymercuration—demercuration

CHg CHs
| ,H | JH
B H202
THF ~OH
| “BH, | OH
I H | H
CH3 trans-2-Methylcyclohexanol
(84%)
[ CHy | CHy
1-Methylcyclohexene ! JOH i ,OH
Hg(OAc), NaBHg4
H20
| VH
HgOAc_ 21

1-Methylcyclohexanol
(90%)
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oS08 6S Hle uSe ddlial oS je =l Hydroboration—oxidation
o sS4 ¢S Hle ddlial S e Ja=d oxymercuration—demercuration

CHj CHg
| M | oH
BH3 H,0,
THF ~OH
| BH» { YOH
" H | H
CH3 trans-2-Methylcyclohexanol
(84%)
{ CH; | CHy
1-Methylcyclohexene i ,OH i ,OH
Hg(OAc) NaBH4
H,O
| VH
] HgOAc |

1-Methylcyclohexanol 22
(90%)
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bl hydroxylation A4S jagll Jelésy 1,2-Diols jpast (S m
NaHSO, daul s gla ) Jelily ¢ e OsO4 ddassd g0 S

€ 02 dpaaa dgalay ] 2-Diols pasd (Say 5l m

Q/CH3

1-Methylcyclohexene
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GHa g
' .0 i_0OH
OsO4 C]: \_ 29 NaHsOs (I
- Os ——
Pyridine ¥ s H20
e O 1 =OH
H H
An osmate A cis 1,2-diol
(1-methyl-r-1,c-2-cyclo-
hexanediol)
CH3 QH
// : CH3
RCO3H - H30%
CH2Cl>
\, 1 YOH
H H

1-Methyl-1,2-epoxy-
cyclohexane

A trans 1,2-diol
(1-methyl-r-1,t-2-cyclo-
hexanediol)

23



Problem 17.6
Predict the products of the following reactions:

(a) CH3

| 1. BH
CH3CH C — > ?
STENCFTNCH;  2.NaOH, H0,
|
H
(b)
1. Hg(OAc)y, HO -
2. NaBHy4 1D
(¢) CH3CH,CH,CH,  CH,CH,CH,CHs
\ / 1.0504

C=C
/TN
H H

2. NaHSO3, H,0

?
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O OH
| ] | where [H] is a
/C\ ~ "7C\H reducing agent

A carbonyl compound An alcohol
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53 5 Sl gla

_q;ah‘ﬁ\?c\gk:ﬁubﬁﬂ\t\;)\

(|:|) |:|:”_|
[H]
C — .C
R..-—"f. “\"“-‘H R.ﬂ"‘/ l\“\
H
An aldehyde A primary alcohol
t|:|:| C|:II_I
[H]
C _— A
R.r""‘ “‘HR‘. H.;{{ H“‘\-.H

26

A ketone A secondary alcohol



Al g SN LS ) el ) e J) s V) jpian
53 5 Sl gla

Aldehyde reduction

0 OH

CH3CH2CH2|C|H > ﬁig'ﬂ“’ o CH3CH2CH2(|3H
;

Butanal 1-Butanol (85%)

(a 1° alcohol)

Ketone reduction

O H OH
| N
Q &
1. NaBHg, ethanol _
2. H30t .
Dicyclohexyl ketone Dicyclohexylmethanol (88%)

(a 2° alcohol)
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O
1. LiAlHg, ether
2. H30*

2-Cyclohexenone 2-Cyclohexenol (94%)

sed b yshd €I Leay) Iy NaBH, o 4allad <) LAIH, o) =
) J abiad aie (5 il Sy ST 5 elall e Cainy Jeli
2 120 (-
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Al 6o )SI LS jall e la )l e ) se V) juaas
53 5 Sl gla

WLJMEJJMMLA\MSoJA&\AJY\uuAQ@A;u\ ]

i i )
/\:H_ H30™
G — .C > .C
AT N /// \H // \H
A carbonyl An alkoxide ion An alcohol

compound intermediate
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0 0 OH
. : H :
or e |

R~ “OH R~ “OR’ Fi’;l/ ~H

A carboxylic acid An ester A primary alcohol
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Carboxylic acid reduction

O

I 1. LiAIH4, ether
CH5(CH,)7CH=CH(CH,);COH

2. H30™*

9-Octadecenoic acid 9-Octadecen-1-ol (87%)
(oleic acid)

> CH3(CH,)7CH=CH(CH,);CH,OH

Ester reduction

O

| 1. LIAIHg, ether
CH3CH,CH=CHCOCHj;

2. H30*
Methyl 2-pentenoate 2-Penten-1-ol (91%)

CH3CH,CH=CHCH,OH + CH30H

31
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What carbonyl compounds would you reduce to obtain the following alcohols?

N (l:Hg (:l}H [ /J\/\
CH3CH2CHCH2CHCH3 — CHZOH

CHy O CH; OH

| | - | |
CH3CH,CHCH,CCH3 ; ':agf“ orLiAlfs | CH4CH,CHCH,CHCH;4
- T

32
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What carbonyl compounds would you reduce to obtain the following alcohols?

(a) (|3H3 Cl)H (b) /J\/\
1. NaBH4 or LiAIH
f’fLH“J?§?KWH4O 4 4

2. H30%

)\/\CO2CH3 1. LiAlHa X )\/\CHQOH

2. H30*

1. LIAIH /
)\%\CC}QH [ 4

2. H30%
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Problem 17.7
What reagent would you use to accomplish each of the following reactions?

a0 v/
?
CH3CCH,CH,COCH3 ——> CH3CHCH,CH,COCH3

“og )
?
CH3CCH,CH,COCH3 ——>  CH3CHCH,CH,CH,OH

(c) O OH
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o— | ot R =1° 2° or 3° alkyl, aryl, or vinylic
R—X 4+ Mg ——> R—MgX
X =Cl, Br,1
- A Grignard -
reagent
O OH

| 1. RMgX, ether (l: + HOMaX
U 2.Hg0t / R .
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o— | ot R =1° 2° or 3° alkyl, aryl, or vinylic
R—X 4+ Mg ——> R—MgX
X =Cl, Br,1
- A Grignard -
reagent
O OH

| 1. RMgX, ether (l: + HOMaX
U 2.Hg0t / R .
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Formaldehyde reaction

MgBr i
[ J i HﬁC“H
Cyclohexyl- Formaldehyde
magnesium
bromide

Aldehyde reaction

____.::::j'xm-.%__ - II"."II 0 BI’ [l:HE‘ {i':!
| ‘ + CH3CHCH,CH
Phenylmagnesium 3-Methylbutanal
bromide

"
-

1. Mix in ether
rl H3D+

=

P

Cyclohexylmethanol (65%)
(a 1° alcohol)

?Ha ?H —
CHaCHCH,CH—/  \

1. Mix in ether

2. HyO*

3-Methyl-1-phenyl-
1-butanol (73%)
(a 2° alcohol)
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Ketone reaction

0
. EH CH
1. Mix in ether 213
CHaCH MgBr - + Cﬁ 2. H3O* O/

Ethylmagnesium Cyclohexanone 1-Ethylcyclohexanol (89%)
bromide (a 3° alcohol)

| HEC‘\ XCHE
_CH 1. 2 EgMghr €+ CHqCH,0H
CHaCH>CH2CH2 OCH;CHg  2-H30 CH4CH;CH5CH» OH
Ethyl pentanoate 2-Methyl-2-hexanol (85%)

(a 3° alcohol)
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Ketone reaction

0 OH

x CH,CH

y _ 1. Mix in ether _ 2113
CH3CHoMgBr  + (/vr 2. HaO* O/

Ethylmagnesium Cyclohexanone 1-Ethylcyclohexanol (89%)
bromide (a 3° alcohol)
0 HaC CHj
— ¢ L2 Tl ol + CH4CH,OH
CHaCH,CHoCHo™ “OCHoCHa 2. H30* CHaCHoCHoCH,~ “OH e
Ethyl pentanoate 2-Methyl-2-hexanol (85%)

{a 3° alcohol)
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How could you use the reaction of a Grignard reagent with
a carbonyl compound to synthesize 2-methyl-2-pentanol?

O
g 1. CH3MgBr
CH3CH,CH,~ “CHy  2.H3Of \ R
2-Pent d \C/ 5
-rFentanone
CH5CH,CH,”  ~OH
O 2-Methyl-2-pentanol
(|Jl 1. CH3CH2CH2MgBr
HsC” ~CH; 2. H30*

Acetone
40
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H-0
R R R R| R
R‘ HCI R‘\‘ m \./ Cr- R\‘
C—l ———> Ci—PHy —%> C+ — C—CI (Br)
/ or HB1 of SN | or Bi /
R R R R
A 3° alcohol A carbo- An alkyl chloride

—— cation or bromide
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PBr; s SOCI2 ge 4 58l 5 4 ¥ J s V) Jelas )
381 5ol JSIV) laglla et

o
A%
29 Sclovsld || —> @—¢” + so, + cr
ether / SN2 \
H H
<\ | Achlorosulfite | An alkyl chloride
"C—OH
/
H gk . Br ]
B ooee x N\ A [
alcohol PBr3 SR W7 -
othar /C O—PBry S—NZ) Br C\ + BroPO
H H
| A dibromophosphite | An alkyl bromide
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CH, CH; CH,
| H,0*, THF \ —
H3C — (lj — CHQCH3 95°C > /C — CHCH3 aF /C — CHQCH3
OH CHj CH;
2-Methyl-2-butanol 2-Methyl-2-butene 2-Methyl-1-butene
(trisubstituted) (disubstituted)
Maior product Minor product
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H H R H R R
\C/ \C/ \C/
— R~ OH o R™ “OH

Primary < Secondary < Tertiary

201
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CH, CH,
OH POCI;

Pyridine, 0°C -

H

1-Methylcyclohexanol 1-Methylcyclohexene (96%)
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OH
@ The alcohol hydroxyl group reacts with ( Cl
POCI3 to form a dichlorophosphate 1] O—P—ClI
intermediate.

(SOPOCI,

@ E2 elimination then occurs by the usual
one-step mechanism as the amine base
pyridine abstracts a proton from the (2.
neighboring carbon at the same time that
the dichlorophosphate group is leaving.
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~ What products would you obtain from reaction of 1-pentanol with the

following reagents?
(a) PBry (b) SOCI,
(c) CrO3, H>O, Ho504 (d) Dess—Martin periodinane

How would you prepare the following compounds from 2-phenylethanol?
More than one step may be required.

(a) Styrene (PhCH=CH>) (b) Phenylacetaldehyde (PhCH,CHO)
(c) Phenylacetic acid (PhCH»,CO-,H) (d) Benzoic acid

(e) Ethvlbenzene (f) Benzaldehyde

(g) 1-Phenylethanol (h) 1-Bromo-2-phenylethane

How would yvou prepare the following compounds from 1-phenylethanol?
More than one step may be required.

(a) Acetophenone (PhCOCH3) (b) Benzyl alcohol

(c) m-Bromobenzoic acid (d) 2-Phenyl-2-propanol



acids (highest)

esters

aldehydes

ketones

alcohols

amines

alkenes, alkynes

alkanes

ethers

halides (lowest)
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H C F Br F H
\ / -y | |
fC:Ex. F—f|3—£|?—H Cl—C—F H—Ell—E!r
Cl Cl F Cl [|:| H
Trichloroethylene Halothane Dichlorodifluoromethane  Bromomethane

(a solvent) (an inhaled anesthetic) (a refrigerant) (a fumigant)
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Naming Alkyl Halides

STEP 1

Find the longest chain, and name it as the parent. If a double or triple
bond is present, the parent chain must contain it.

STEP 2

Number the carbons of the parent chain beginning at the end nearer
the first substituent, whether alkyl or halo. Assign each substituent a
number according to its position on the chain.

AN | 1Y
CHECHCHE%HCHCHEEHE CHECHCHEl]?dHCHCHECHE
CHa CHq

5-Bromo-2,4-dimethylheptane 2-Bromo-4,5-dimethylheptane



Naming Alkyl Halides

If different halogens are present, number all and list them in alphabetical
order when writing the name.

Cl

|
BrCH;CH,CHCHCH
S hikaadty B

CHsg

1-Bromo-3-chloro-4-methylpentane

\ STEP 3

If the parent chain can be properly numbered from either end by
step 2, begin at the end nearer the substituent that has alphabetical
precedence.

CHa lBr
CH4CHCH,CH,CHCH
6 35 i 23 EE 1 :

2-Bromo-5-methylhexane
(Not 5-bromo-2-methylhexane)




Common name of Alkyl

Halides
> £|3|
\ CHal CHaCHCH4
Iodomethane 2-Chloropropane
(or methyl iodide) (or isopropyl chloride)

:
5

e

Bromocyclohexane
(or cyclohexyl bromide)
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Table 10.1 A Comparison of the Halomethanes

Bond strength
? Halomethane Bondlength (pm) (kJ/mol) (kcal/mol) Dipole moment (D)
; CHsF 239 460 110 1.85
CH3Cl 178 350 84 1.87
CH3Br 193 294 70 1.81

CHasl 214 239 5% 1.62
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Give I[UPAC names for the following alkyl halides:

(a) CH3CH,CH,CH5I (b) {|3H3 (c) (|:H3
CH3CHCH,CH,CI BrCHECHECHEL":CHEBr
CHs
(d) (|:H3 (e) I CHQCHzm (f) [?r {|:|
CHgﬁ:CHECHECI CH3CHCHCH,CHa CH3CHCH,CH,CHCH4
Cl

Draw structures corresponding to the following IUPAC names:

(a) 2-Chloro-3,3-dimethylhexane (b) 3,3-Dichloro-2-methylhexane

(c) 3-Bromo-3-ethylpentane (d) 1,1-Dibromo-4-isopropylcyclohexane
(e) 4-sec-Butyl-2-chlorononane (f) 1,1-Dibromo-4-tert-butylcyclohexane



” .

DS sl gl ae ST Jeld (g pazaal ) ¢Sy ddasad) JSIY) Cilala v
DA Jelai Al DA e s sudall 3 g
@_[C\Ii hv

\ Initiation step = 2l
(H3C—H H—Cl
I Step 1 )
+ 5 +
Propagat_ion steps ] Cl- HaC-
. (a repeating cycle)
-+ Step 2 +
> — <
y HsC—Cl cl—cl
8

(HaC+ + +CH —— H3C—CHj

Termination steps T T CH, = ClgECH3

Cle g @t —=x 1 €l €1

Overall reaction CHs + Cl, ——> CH3Cl + HCI
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hv
\ CHy + Clp — CHsCl + HCl

y Cl
R CH,Cl, + HCI
Cl
Fh 8 CHCl; + HCI
| Cly
CcCly + HCI




; (|3H3 (|3H3 (|3H3 Dichloro-,
| hv trichloro-,
CH3CHCH3; + Cl, —— CH3C|20H3 + CH3CHCH,CI + tetrachloro-,
2-Methylpropane Cl I8 50 €
2-Chloro-2- 1-Chloro-2-
methylpropane methylpropane
35:65
\
b
. Cl Dichloro-,
hv ) | trichloro-,
CH;CH,CH,CH3 + Cl, —— CH3CHoCH,CH,ClI +  CH3CHoCHCHg + tetrachloro-,
and so on

Butane 1-Chlorobutane 2-Chlorobutane

30:70




Relative Reactivity

- Based on quantitative analysis of reaction products,
| relative reactivity Is estimated

- Order parallels stability of radicals
k = Reaction distinction Is more selective with bromine than

chlorine
H H H H R H | |
N/ 4 \ 4 A ﬁ "\ ﬁ \ ‘
. R H R R R R R/C\H R/C\R R/C\R
)
J Primary <  Secondary <  Tertiary Primary < Secondary <  Tertiary

1.0 3.5 5.0




S e DS Cladla yuaa

Allylic Bromination

) Jelits a5 oSI) (pe U JSIY) ol pumadl (o ) GGyl o

KKy Gl ¢ gl 0 a0 S 20 NBS  N-bromosuccinimide
ostaall s )SI o2 g gall) G g ped) dladinl e @l S pall (5 jan

N a5l (V) a8 gall 8 2y e s 5 aclizadll Loyl

: QN —Br (NBS) Br 0
: AIIyllc
posmons hv, CCla + N—
O

Cyclohexene 3-Bromocyclohexene
(85%)




Allylic Stabilization

Allyl radical is delocalized
More stable than typical alkyl radical by 40 kJ/mol

Allylic radical is more stable than tertiary alkyl radical

Allylic
/ 370 kJ/mol (88 kcal/mol)

H

H

H
) ey J \ Vinylic

| 410 kJ/mol (98 kcal/mol) 465 kJ/mol (111 kcal/mol)

(L‘ H) H H’ R
X - \ \ /\
|

)
€ . | (» o
Vinylic < Methyl < Primary < Secondary < Tertiary < Allylic

H7 H ~H R” R R




Stabllity of the Allyl Radical:
Resonance Revisited




SEGURERIR IR

el T 1 e cpum ol dilal L

Cacliadd) oyl 1 e cpa sl cua g s ddlal o

\ H ~_ X y HQCHa%A
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X CHs H CHs
X =ClorBr X=Cl Br,orl




Allylic Bromination |

oA a5 B35 ) ag NBS &= Allylic bromination Jelé& .
| conjugated diene (38 e Cielias Ll ) AU oy (slisl 352 50
aiaall LS yall (yiany plilacal b age Jelill 1aa L

Br
\ NBS KOH
> _
L hv, CCly

Cyclohexene 3-Bromocyclohexene 1,3-Cyclohexadiene
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Hl s HBr  HCl « Jsall dldas Je e adiad (3l o3 Jacal o)

\/ = N/

‘ ~">0H S T )T

.
H H H H R H R R
\C/ \C/ \C/ \C/
H”  SOH R™ “OH R~ “OH R™ ™OH
Methyl < Primary < Secondary < Tertiary

YAy
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N H;C OH HyC Cl

HCI (gas)

Ether, 0 °C * H20
\
\ 1-Methylcyclohexanol 1-Chloro-1-methylcyclohexane

(90%)




PBr3 J—M)J—‘j‘ @)‘-’ Jﬁ%ﬁﬂ‘ J‘ SOCI
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socl,

Pyriding + S0, + HCI

0 0]

» Benzoin (86%)
b,
?H ?r
F'Brg
3 CH4CH,;CHCH34 Ether. 35 °C 3 CH3CH,CHCHs 4+ H3PO4
2-Butanol 2-Bromobutane

(86%)
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p.53 Yia— (9 S
1° alkyl |
\ 2° alkyl Cl
\ 3°alkyl f —— R—X <«<—— < Br
alkenyl I
aryl y Mg Ether
or THF

R—Mg—X
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Leo i bl ) 8 o ke — g0 8 Bl b b e R8I S Suali
i g1l s & (alal SIS 5 (3) 53l ana) JdsalSs 0 50 SN (e Jy

I Mgl
(I: Mg s_ | _——Basic and nucleophilic
H"? *-.\,_‘H Ether H'? H“'H
H H
Iodomethane Methylmagnesium iodide

-

Mo H-0
CHgCHgCHECHECHECHEBF ﬁ* CHSEHECHECHECH2CHEMQBF -_— CHSEHECHECHQCHECHE

1-Bromohexane 1-Hexylmagnesium bromide Hexane



Organometallic Coupling

Reactions

> Ay pandl QLS jall o paall et (Sl ¢ 2l S ) AdLLYL .
| LS e pean (S JUa Jaae  Jad JSIY) ciladdla (e U diaell
asilll aza aa adly JSI Jeldi (e | lie] gl JS
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Lo e Lgaladiinl 4alSa) () 4 gianll o ofilll JSI LS o dpan] 2523
Gl ye e 3 ke a5 Gilman reagents Olebis i) S anly o jay
\ lithium diorganocopper compounds

2 Li . .
CHaCHCHoCHgBr - ——>  CHgCHyCHCHaLi  +  LiBr

1-Bromobutane Butyllithium
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y 2 Li
CH4CH,CHCH4Br Pema'ne: CHaCHyCHsCHoLi  +  LiBr

1-Bromobutane Butyllithium




Aiaaall iy guaall S all 5l 5 el A @

Reactions Organometallic Coupling ©

Gl e e 3 ke 25 Gilman reagents glebia 2d) £ aly o jay

> Lo ypumat o ilgata Rl LGS 1 g pamal Rl ST S o Gpanl 3 a5
lithium diorganocopper compounds

Eth
2 CHali + Cul ——— (CHa),Cu~ Li* + LiI

Methyllithium Lithium dimethylcopper
(a Gilman reagent)

Ether
_ = ===
0°C

Lithium 1-lododecane Undecane (90%)
dimethylcopper

(CHa)oCuli +  CHga(CHog)gCH,l CH3(CHo)gCHoCHy  + LI+ CHsCu
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L) Jiall
\ n-C7H\15 H n—C7H\15 /H
/C:C\ + (n—C4H9)2CuLi f a—— /C:C\ + n—C4H9Cu + Lil
H I H C4H9—n
" trans-1-Iodo-1-nonene trans-5-Tridecene (71%)

I
O/ + (CHg)oCuli —— O/ + CH3Cu + Lil

Iodobenzene Toluene (91%)
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Reactions Organometallic Coupling

| CH4(CH5) (CH5)7CH5Br CH+(CH5) {CH9)419CH
3 2 ?\ ! & : [CH4(CH5)4]5Culi \ 2 1\ ! 212 3
! A / A
H H H H
cis-1-Bromo-9-octadecene Muscalure

(92-tricosene)

:
5




Predict the product(s) of the following reactions:

socl,

(a) H3C OH (b) CH3CHoCH9CHoOH ——= 7
HEr 2
Ether
() (d) OH
: NBS > [ PBrs -
hv, CCly . Ether
Mg H,0
— = 7 > ?
(e) CHCH9CHBrCH4 Ethar A B:
Li Cul

A? —— B?

(f) CH3CH,CH,CH2Br

Pentane

Eth
(g) CH3CHoCHoCHoBr  +  (CHg)pCuli —— s ?




How would vou carry out the following syntheses?

Cyclohexene

Cyclohexanol —— O/w

Cyclohexane =

A The syntheses shown here are unlikely to occur as written. What is wrong
. with each?

(a) CHaCHoCHoF 8 > CHaCHoCH

a) LHgbHpbRlm - H,O+ 3CH2CH3

(b) Br e} F CHq

CHo CH4
NBS ] (CH3),Culi
hv, CClg Ether
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