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Chapter 9. ALKYL HALIDES

Orbital Bond Bond strength
interactions lengths kcal/mol
‘ H
H‘!,':_F .,'-""/ \ H"'"":‘f -_\1&3:, J.'D'E
F H T
y |
H‘}C_C] .,_l."'] Q Hl.w_‘::'\li\?,? .'El\ 84
Cl H Cl:
| i
HyC—Br v H*/~]1.93 A 70
/ ‘\\E\Br | H \E1
‘ H
" ! (l:‘
HiC—I «f D Hv /= 2.14 A 57
/ VY | H \-[*:



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

NOMENCLATURE OF ALKYL
HALIDES

Common names: alkylhalide (chloride, bromide...)

CH,(Cl CH;CH,F CH;CHI

common name: methyl chloride ethyl fluoride CH;

systematic name: chloromethane fluoroethane .
isopropyl iodide

2-iodopropane

IJUPAC names: halogeno + alkane (chloro, bromo...)
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CH, CH,

| |
CH;CH,CHCH,CH,CHCH;  CHyCCH,CH,CH,CH,Cl

Br CH,
2-bromo-5-methylheptane  1-chloro-5,5-dimethylhexane
Br
og (=,
CH,CH =
CHj;

1-ethyl-2-iodocyclopentane 4-bromo-2-chloro-1-methylcydohexane

Alkyl & halogen substituents are considered of
equal rank
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PREPARATION OF ALKYL HALIDES

Alkyl halides from alcohols

p Only in acidic conditions

CH,OH + Brr —< CH.Br + HO™
strong base

H A
CH;OH +HBr== CH;0H — CH;Br

Br + HE{:}
weak base
CH;CH,CH,0H_2nCl; | . cH,CH,CI + H,0

!
+ HCl >
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Alkyl halides from alkenes

CH; CH,
HCI é I
CH; +.CH3 > CH;CCH;
/ tert-butyl cation 1
{EH-‘ t tert-butyl chloride
CH,C=CH, More stable only product formed
N CH, CH,
HCI | + Cl™ |
CH,CHCH, —— CH,CHCH-CI
isobutyl cation isobutyl chloride

not formed
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Alkyl halides from alkanes

Br
CH,CH,CH,CH; ::—é CH;CH,CH,CH,Br +CH3CH31’LHCH3
2% 98 %
CH; CH; CH; CH;
EH;EEH;EH;J’.‘HEH; L CH3CCH,;CH,CCH;
CH; S CH- Br

82%

Chlorination is much less selective
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REACTIONS OF ALKYL HALIDES

very ) -
reactive CH,Cl CH,=—CHCH,Br

Very
Br RCH=CH—E1_ unreactive

most reactive % RI = RBr=RC] =RF = least reactive

L}

With the same R 8
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NUCLEOPHILIC SUBSTITUTION
REACTIONS

This is the positive ce }'HEI-""'_"‘"-ﬂ\!E‘F --F'_‘"“wa electronegative halogen
that the nuceophile seeks. /C EE polarizes the C=X bond

o .o ) oe
Nu® + R—X?  — R—Nu + $X§5
L 1 L T

Nucleophile Alkyl halide Product Halide ion
(substrate)

Sylvs S2 —depending on alkyl structure,
nucleophile concentration & reactivity, and solvegnt
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Stereochemistry of S\ 2 reactions

Sx2 Reaction takes place with complete inversion of configuration:

CH,
= | G
HO----C----Br

]

HCﬁHH

(R)-(—)-2-Bromooctane
la]ly =-34.25°

An mversion of configuration i}
CH
7 3

—= HO—C.,., + Br
y H
CeHys
(5)-(+)-2-Octanol
(2] =+9.90°

 The nucleophile attacks from the back side / the side

directly opposite the leaving group

e This attacks causes an inversion of configuration

10
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three bonds are in the same plane

»?/-’
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Stereochemistry of S 1 reactions

?HQCHECHJ,

Ca The carbocation has a trigonal
__i planar structure and is achiral.

H;C cp,cn,

f" HH‘r i Hjﬂ-i-

H3CH,CH,C_
Dﬁ

H3EH1CH1C\
ot

Back E.I-[l Fl ont side | H, ™ Y ad
attack attack H H]-EHIC H
E'+

—  Enanfiomers — A racemic mixture
fast fast

H3CEHQCH3 _CH,CH,CHj _CH,CH,CH;
Front side and back side

attack take place at egual - CH,CH;

rates, and the product is
formed as a racemic mixture.

+H;0"
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However, few S\ 1 reactions occur with
complete racemization

More than 50%

089

Less than 509%

13


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Factors affecting the rates of
Syl & S 2

1. The structure of the substrate

2. The concentration & reactivity of
the nucleophile

3. The reaction solvent

4. The nature of the leaving group

14
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Affects of substrate structure

Methyl by 2° Neopentyl 3°

(30) (1) (0.02) (0.00001) (- 0)

Relative rate _
Steric

hindrance
Steric effect in the SNZ reaction

15
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Relative Rates of Sy2 Reactions for Several Alkyl Halides

AlKkyl halide

CH,—Br
CH,CH,— Br

CH,CH— Br

|
CH,

CHa
CH,C— Br

CH,

Sy,2

Class of alkyl halide
methyl

primary

CH,CH-CH.—Br  primary

secondary

tertiary

R—Br + CI' —— R—Cl + Br

Relative rate

1200

40
16

too slow to measure
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Relative Rates of 5,1 Reactions for Several Alkyl Bromides

(solvent is H;0, nucleophile is H;0)

Alkyl bromide Class of alkyl bromide Relative rate

CH,

CH,C—Br tertiary 1,200,000
CH,

CH _ﬁjH—Br secondary 11.6
CH,

CH,CH,—Br primary 1.00*

CH;—Br methyl 1.05%

*Although the rate of the 5yl reaction of this compound with water 1s 0O,
a small rate 1s observed as a result of an 542 reaction
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relative reactivities of alkyl halides in an Sy2 reaction

most methyl halide > 1° alkyl halide >
reactive

2° alkyl halide > 3° alkyl halide <Z least
reactive

The primary factor that determines the reactivity

of organic substrates in an Syl reaction is the
relative stability of the carbocation that is formed

relative reactivities of alkyl halides in an Sy1 reaction

most reactive F»?F‘ alkyl halide > 2% alkyl halide

> 17 alkyl hahide -% least reactive
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Affects of nucleophile concentration
& strength

1) Neither the concentration nor the
structure of the nucleophile affects the
rates of Sy 1 reactions since the
nucleophile does not participate in the
rate-determining step

2) The rates of S 2 reactions depend on
both the concentration and the structure
of the nucleophile

19
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_ SN2
Nu + CH;Br — NuCH; + Br
aqueous ethanol

Nu = HS CN I

Refatlve 455,000 125,000 100,000
reactivity

CH:O HO Cl NH; H-.0
25.000 16,000 1,000 700 1
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Nucleophiles that have the same attacking atom:
nucleophilicity roughly parallels basicity:

RO = HO == R(OE_ > ROH = H;O

Correlation between Basicity and Nucleophilicity
Nucleophile = CH:O HO CH;CO, H,O

Rates of S«2 reaction 25 16 0.3 0.001
with CH,Br

pK. of conjugate acid 15.5 15.7 4.7 -1.7

21
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Increasing
ROH, HOH nucleophilicity
increasing in a protic
size solvent

/\

Cl-

Br-

V.

increasing
basicity

m)
/\

Increasing
nucleophilicity
in the gas phase

V

22
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Affects of solvents on S 2

* In polar aprotic solvent, nuceophilicity parallels basicity
Polar aprotic solvents solvate cation but not anions

Rates of S\2 reactions are generally increased in
polar aprotic solvent

23
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N+ |
Solvent )

Sn2 + Br
Solvent HMPA CH;CN DMF

Relative 200,000 5,000 2,800
reactivity

DMSO H,0 CH.0OH
1.300 6.6 1

24
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Affects of solvents on S 1
Polar protic solvents solvate cation & anions effectively

H LN _
:ﬂﬁ H H Molecules of the protic
A o~ solvent, water, solvate
H---!:}!-- -H\ ) a halide ion by forming
o TI E, : hvdrogen bonds to it.
T~ E,ﬁ’ H -
:OH,
. e o*
Hlﬂfnh E—I— r,,!'}sz
. -": (|: :1
H,0% [ “OH,
+:OH,

Rates of S\ 1 reactions are generally increased in e
polar protic solvent
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Affects of leaving group

The best leaving groups are those that become the most
stable ions after they depart

: The best leaving groups are weak bases

Leaving group TosO I
Relative reactivity 60,000 30,000
Br C1 F HO,HN,RO
10,000 200 1 ~()

26
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Syl vs Sy 2

Facror Swl Sw2
3% (requuires formation of a relatively Methyl = 1° = 27 (requires
Substrate . - .
stable carbocation) unhindered substrate)
Weak Lewis base, neutral molecule, . _ _
. : . strong Lewis base, rate favored by
Nucleophile nucleophile may be the solvent . . Y
- high concentration of nucleophile

(solvolysis)
Selvent  Polar protic (e.g. alcohols, water) Polar aprotic (e.g. DME., DM50O)

Leavi , I> Br = Cl=F for both Syl and 5n2
cavilig Sroup (the weaker the base after departs. the better the leaving group)

27
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Functional group interconversions
of 1° & 2° alkyl halides

OH
= R—OH Alcohol
R'O |
r — X > R—OR'Ether
o SH™
(R=Me, 1°, or 2°) - R—SH Thiol
(X=CL Br. or I) RIS

I = R—5SR' Thioether

Elimination reactions will occur for 3° alkyl halides .
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CN

= R— (C=N Nitrile

R—C=C"~ —
- »R—C=C—R' Alkyne
R—X —= {'? ?
— D i 'C B
R=Me. 1% 0r2°)| _RCO _ o OCR' Ecter
(X=CL Br. or I) NR'

1

» R—NR'. X
Quaternary ammonium halide

Elimination reactions will occur for 3° alkyl halides

29
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Willlamson ether synthesis
ROH + Na —— RO~ + Na* + lH,

ROH + NaH —— RO + Na™ + H,

':Hj': HEEHEEI‘ +
propyl bromide — (_H;CH,CH,OCH>CH-CH,CH-
CH;CH,CH,CH, O™ butyl propyl ether
butoxide ion + Br

1: HjC HEC HEC HE Br +

butyl bromide

— CH-CH,CH-,OCH-,CH>CH,CHj
EHgEH?CI__IEEr butyl propyl ether
propoxide ion

+ Br
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Nucleophilic substitutions

CH; CHs,
CH;CH,Br + CHgl‘.'lI'D_ — EHg_EHgIDI:l:CHg,
ethyl bromide CH; l‘.lng,
tert-butoxide ion tert-butyl ethyl ether
CH; CH;

|
EHgCHgﬂ_ 4+ ':Hg':EI' — EHEZ'::lTEHj

ethoxide ion '-J:H3 2-methylpropene

tert-butyl bromide

Eliminations

31
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ELIMINATION REACTIONS

H
. {l:[‘?’_ 4}3‘_ + R ELIMINATION . \C= C/
‘ :L Base (T / \
+ H:B + X

In an elimination reaction:
+ Groups / atoms are eliminated from a reactant
+ A double bond is formed between the 2 carbons
from which atoms are eliminated

32
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Stereochemistry of E2 reactions

e Anti-elimination is highly favored in an E2
reaction
2 groups / atoms are removed from opposite
sides of C-C bond

N anti elimination
base H
s
base
N
Y -

back-side attack 33
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Regioselectivity of E2 reactions

,Bcarh-:rna‘
CH,CHCH, + CH;0O —— CH,CH=CH,
]|3r propene
2-bromopropane Zaitsev’'s rule for an E2 reaction:

more substituted alkene is

‘ | 1normallv obtained
B-carbons
/N

CH,O™
CHail?HCHzCHa chon” CH;CH=CHCH; +CH,=CHCH,CH,

Br 2-butene 1-butene
80% 20%
2-bromobutane (mixture of E and Z)

L

34
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Keep in mind that the major product of an E2
reaction Is always the more stable alkene (not
always the more substituted alkene)

CH; CH,
| HO- |
CH,=CHCH,CHCHCH, ——— CH,=CHCH=CHCHCH,

l:|:*] 5-methyl-1,3-hexadiene

d4-chloro-5-methyl-1-hexene

a conjugated diene
major product

CH- CH;
| HO- |
@*EHEIT’THEHEH; — CH=CHCHCH;
Br
2-bromo-3-methyl- 3-methyl-1-phenyl-1-butene
1-phenylbutane the double bond is

conjugated with the
benzene ring

major product
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In some E2 reactions, the less stable alkene is the
major product due to steric effects

Zaitsev’s product

cu,
approach to the hydrogen |

is sterically hindered bulky baae‘ CH;C=CHCH,

2-methyl-2-butene
{|?H3 / ?H]/ 28%

CH.CCH.CH n CH-.CO™ )
-‘| =03 3| (CH;);COH CH,

Br CH; |

2-bromo-2-methylbutane tert-butoxide ion +  CH;=CCH,CH;
2-methyl-1-butene

12%

L

Hofmann'’s prodgjﬁct
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Effect of the Steric Properties of the Base on the

Distribution of Products in an E2 Reaction

CHa, CHs; CH;
RO™ |

CH;E‘H—{ECH_;—J CH3IC|T=CCH3 + CH;CHC=CH,
CH:; Br CH- CH-
RO

CH,CH,O™ 79% 21%
CH;

CH3{|?G— 27% 73%
CH;
T

CH_;\{':"'{T 19% 81%
CH,CH;

{FHEEH
CH,CH,CO™ 8% 92%

|
CH,CH

37
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Rearrangements in E1 & S 1

CH, ffﬁs
Sp 1,2-hydride shift
N CH.CHCHCH, + Br —— S . CH,CCH,CH;
HID +h +h -
secondary tertiary
?HE' carbocation CH carbocation
CH,CHCHCH; o0 o
L —= CHg,(l:'.CHgEHg,
2-bromo- OH
3-methylbutane H
=
CH-

C Hg,'.TC Hg CHj, -+ H3D+

|
OH

2-methyl-2-butanol

38
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':HE. ':Hj

Su1 | 1,2-methyl shift |
/ 20 CHy(—CHCH; + B R CH;C—CHCH;
CHa | CHEN CH, CHs
| secondary H.0 | tertiary
CH;C—CHCH carbocation — =, carbocation
¢S 3 b =~ (CH;C—CHCH; b
CHaBr "OH CH-
3-bromo-2,2- H
dimethylbutane
’H(HID
CHa

|
CH3;C—CHCH; + HyO*

|
OH CH,

2,3-dimethyl-2-butanol

39
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ik I[l"H3 1,2-methyl

| CH=OH e
@7? LTHEHS — @7'? CHCH, —==
+

CH; Cl CH; 1\

3-chloro-2-methyl-
2-phenylbutane

|5&cc:ndar}r carbocation

CH-

|
@—C CHCH; —— C CCH3 + H*

/{ CH3

tertiary benzylic cation

2-methyl-3- phenyl
2-butene

40

L
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Stereochemistry of E1 reactions

The carbocation formed in the 15t step Is planar,
so both syn & anti-elimination can occur

| BN
CH;CH,CHBr ——— CH.C—C — C=C
| | SN
P“ CH; H CH, H CH;
: ~ (E)-2-butene
ﬁgrﬁﬁnrggaém el major product
HyC CH,
\ /!
+ ,-’C_C"m + H
The major product is the H H
more stable alkene (Z)-2-butene

minor product
41
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GRIGNARD REAGENTS

diethyl eth

cyclohexyl cyclohexylmagnesium
bromide bromide
THF
CH,=CHBr + Mg ——— CH>,=CHMgBr
vinyl vinylmagnesium
bromide bromide

Strong base

. B

- +
CH,CH,MgBr reacts as if it were CH,CH, MgBr

Strong nucleophile J 42
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REACTIONS OF GRIGNARD REAGENTS

{f! \;] MgBr + CH.OH — -:"’{ \\} + CH,OMgBr

Strong

CHyCH,CHCH;
MgBr CH:CH,CHCH,
D

CH,CH,MgBr + HC=CH — CH,CH.+ HC=CMgBr

Grignard reagents readily react with acidic
groups: -OH, -NH,, -NHR, -SH, -C=CH, -COOH,,
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Reactions of Grignard reagents with
aldehydes & ketones

_,.:":|2|'F'
C +  CH,CH,CH,CH,—MgBr —
T AT e TS /
H + H -~
formaldehyde butylmagnesium
bromide
H;O"

" - o
CH,CH,CH,CH,CH,0O7 MgBr —— (CH,CH,CH,CH,CH,OH

an alkoxide ion 1-pentanol
a primary alcohol

L

Only for the reaction of HCHO

44
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________Ch____‘_ + EH}EHEEHE Th‘ing —
CH,CH; *._% H ) P
“‘a_______ i -
propanal propylmagnesium
. bromide
:07 MgBr :OH
| H;0* |
CH;CH-CHCH-CH-CH; * CH;CH,CHCH-CH-CHs;

3-hexanol
a secondary alcohol

45


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

;r:'j'
—

C + CH,CH,—MgBr ——
CH; 4 ~CH,CH,CH;
2-pentanone o o thylmagnesium
bromide
. + .
.0 MgBr .OH
H;O"

CH,CCH,CH,CH; * CH,CCH,CH-,CH;

CH,CH; CH,CH,

3-methyl-3-hexanol
a tertiary alcohol

46
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Numbers 1 & 2 are used to indicate that the acid is not added
until the reaction with the Grignard reagent is complete

0 OH
| 1. CH;MgBr
_C S+ CH;CH,CCH,CH;
CH;CH- CH-CH, = "3
CH,

3-pentanone
3-methyl-3-pentanol

(lj 1. QMgEr ?H ,r’;
C rEH;EHEEHECH4< >

- +
CH.CH,CH; ~H % M©

butanal 1-phenyl-1-butanol

47
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Reactions of Grighard reagents with

esters 0

||
C.____+ CHy—MgBr —
CHyCH;™ X" OCH;

an ester B
» O
o3 MEB] |
|~ — C_  + CH;O
EH;C‘H%T" OCH; CH;CH; 4 ~CH; '
\ A - = H“'m '
CH; a ketone ™
lCHg—MgEr
Can NOT be isolated ... . :OH

0 MgBr

| + |
CH,CH,CCH; H3© EHHCH:‘?‘THA
CH,

st | - g}.
CH
: a tertiary alcohol
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Can be chiral

:

() 1. EH;MEIEI' , OH
| 2. H;O'

C CH-CH-CCH»CH-CH
CH;CH;  CH,CH,CH; ;CH,CCH, CHCH;
CH.,

‘ﬁ" 1. 2 CH;CH,MgBr OH

el il o CH,CH,CH,CCH,CH,
CH.CH,CH,  CI

butyryl chloride

CH,CH,
3-ethyl-3-hexanol

Alcohols from esters / acyl halides Can NOT be chiral 4
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Reactions of Grignard reagents with

nitriles
NH ()
.| , |. diethyl ether |, . HO.H” ”, .
RC=N+ R'MgX > HO RCR ——— RCR
Mitrile Grignard [mine ketone
reagent
CH Mgl 4+
Methylmagnesium 0
1ochide ”
. diethyl ether
2 IHlul-?-Z-.IIIII:. : EEH?‘
CN hea
F.C
FsC

. o m-i TnfluoromethvDiacetophenone
m-{ Trifluoromethylbenzonitrile ﬁq;_’_.{ '| P 50
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Reactions of Grignard reagents with
carbon dioxide

&

N
O=C=0 + CH,CH,CH,—MgBr —
.-""-.

.

carbon prc:-py'im agnesium
dioxide bromide
| H-O" I
C 3~ ., C
P + A T
CH;CH-CH- O MgBr CH-.CH-CH- OH

butanoic acid

51
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Reactions of Grignard reagents with
epoxides

B—

f/ MgX — R—CH,—CH,—0i MgX -2 RCH,CH,0H
CH, (may be written as
H‘“D"f RCH,CH,OMgX)

Ethylene oxide

Primary alcohol

H-(C

|. diethyl ether

Y H.O7
— .l .

> C,H.CH,CHCH,
0O |

OH

Phenylmagnesium |, 2-Epoxvpropane |-Phenyl-2-propanol (604 )
bromide

52
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