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I Chapter 8 Alkyl Halides I
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Opposite ends of the dipoles interact.
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.1 Introduction
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Alky! halide |

RX are classified as
shown below

/ :
sp® hybndnzed C
R—-X X=F,Cl|Br,]
Classification of alkyl halides
| i i T
H—?—X H—?—K n—g—x n—?—x
H H H R
2

| 10 & ‘
| methyl halide (one R group) (two R groups) (three R groups)



| 8.2 Nomenclature |
m Name the parent chain using rules previously
learned.
® Number the carbons of the parent chain
beginning at the end nearer the first
substituent. Assignh each carbon a number.

G 4
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xample
cHy o
CH3CHCH2C|3HCHCH2CH3
CHsj

5-bromo-2,4-dimethylheptane

) 4
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xample

I?r (|3H3
CH3CHCH2CT‘HCHCH2CH3
CHas

2-bromo-4,5-dimethylheptane

) 4
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m If more than one of the same kind of halogen
is present, number each and use the prefixes
di-, tri-, tetra-, and so on.

g

omenclature

$| c|:|
c:ch:Hc:Hc|:|—|c:H2c:|—|3
CHs

2,3-dichloro-4-methylhexane

G 4
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omenclature

m If different halogens are present, number each
according to its position on the chain, but list
substituents alphabetically.

(ljl(ljl
CH3C-?-$HCH2CH3
Br

| 3-bromo-2,3-dichloro-4-methylhexane |
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m If the parent chain can be numbered properly
from either end of the chain, begin at the end
nearer the substituent that has alphabetical
precedence.

g

omenclature

CH3 Br
CH3CHCH2CH2CHCH3

2-bromo-5-methylhexane |



g

omenclature

10

Cl

6-(2-chloropropyl)-2,3-dimethyldecane
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omenclature

Br
Cl Br
Br
2-bromo-6-chloroheptane 1,5-dibromo-2-methylhexane

) 4
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omenclature

Clj\/\ (Z)-3-chloro-2-hexene

=

Cl 4-chloromethyl-6-methyl-1-heptyne

) 4



8.3 Structure and physical properties

m C-X bond is longer as you go down periodic table

m C-X bond is weaker as you go down periodic table

m C-X bond is polarized with positive on carbon and
negative on halogen

TaBLE 10.1 A Comparison of the Halomethanes

Bond length Bond strength Dipole moment
Halomethane (pm) (k) /mol) (kcal/mol) (D)
CH;F 139 452 108 1.85
CH;(Cl 178 351 84 1.87
CHsBr 193 293 70 1.81

CH;l 214 234 o6 1.62

©@2004 Thomson - Brooks/Cole
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e C-X bond is polarized

N

H
Dipole—dipole e oa = s
interactions | /5 5
* H

|

Opposite ends of the dipoles interact.

) 4



General structure CH4F CH4CI CHBr CHyl

= a* 3
~Nex
"t
electron-deficient site
electrophilic carbon

EGe G @

= The polar C—X bond makes the carbon atom electron deficient in each CH X molecule.




| 8.3.2 Physical properties |

JE#&: R-Br (1C) R-Cl(1-2C) R-F (1-3C) 5S4k
HAth— ik, sk Bk

b.p. : RI>RBr>RCl>RF>3#%

thE: RF. RCl<1; RBr. RI. Ar-X>1

X R0, dBEK
A %4k . RI> RBr > RC1 > RF

wElt: AR (BERME, BAEKERH-E)
Syt T AL
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| 8.3.2 Physical properties
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.4 Nucleophilic Substitution reactions

General substitution reaction

R—X + Nuw — R—-Nu + X:
T T !

sp® hybridized C | nucleophile leaving group

) 4



8.4 Nucleophilic Substitution reactions

¢ Alkyl halides undergo substitution reactions with nucleophiles.

R—=X + INu — R-Nu + X
nucleophile T

substitution of X by Nu

¢ Alkyl halides undergo elimination reactions with Brensted-Lowry bases.

| 5 o .

—C—C— + B — C=C + H-B* + X:
4 base /o
H X new m bond
an alkene

|

elimination of HX
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.4 Nucleophilic Substitution reactions

Recall RX undergo a Nu substitution rxn
due to the 6+ charge on the C of the
C-X bond.

R-X + Nu —> R-Nu + X!
I nucleophile T

substitution of X by Nu

) 4



Examples

[1]

[2]

(3]

Alkyl group

l

GHB_Gl

CHECHECHE_]

_l_

Nucleophile

l

— CH;—OH
—>  CH4CH,CH,—§H
. GHBGHE_QGHE

A new C—Nu bond forms.
The leaving group comes off.

Leaving group

_l_

_|_

=+

8.4 Nucleophilic Substitution reactions

l

CI-

Br~
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Nucleophilic Substitution reactions

o

CHSCHECHELBr + Na*:OH —— CHyCH,CH,—OH + Na*Br

T |

Na* balances charge.

neutral nucleophile

- l
GHSCHECHEL\J *_:N[GHB}E
!

All CH5 groups remain in the product.

) 4

CH,CH,CH,—N(CHJ)s + Br-




8.4.1 Nucleophile

R—X + Nuw —> R-Nu + X
f | !

sp® hybridized C = nucleophile leaving group

# Bases attack protons. Nucleophiles attack other electron-deficient atoms (usually
carbons).

Nucleophiles attack carbons.

b ! =%
Bases attack protons. |17 iNu




| 8.4.2 Leaving Group |

Recall the leaving group iIs the
negatively charge ion that
separates from the carbon atom

during Sy

\



8.4.2 Leaving Group

R—X + Nuw —> R-Nu + X
f | !

sp® hybridized C = nucleophile leaving group

¢ In comparing two leaving groups, the better leaving group is the weaker base.

F% }-—:Nu‘

—  R-Nu + | X

I

MNucleophilic substitution occurs with
leaving groups that are weak bases.




¢ Left-to-right across a row of the periodic table, basicity decreases so leaving group
ability increases.

Increasing basicity

With second-row elements: :NH, H,O: «—— better leaving group

Increasing leaving group ability

¢ Down a column of the periodic table, basicity decreases so leaving group ability
increases.

Increasing basicity

weakest base

F- ClI Br~ I~ best leaving group

Increasing leaving group ability




95 203 5 bk

RX + AgNO; —» RONO, + AgX |

R

PhCH,,
H2C=CH-CH2_

20
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I 8.5 The S 2 reaction |

The two here indicates the

\ / order of the reaction

Sp2

Substitution

+ Nucleophilic

R N
HO™ + CH3-Cl — CH;0H + CI’

| Rate = k [CH;Cl] [OH"] |Second order overall ‘
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.5.1 Mechanism of S\2 reaction

Hughes-Ingold mechanism for S\2 reaction

/7N N
HO™ + CH3-Cl — CH;0H + CI
H - H H 71t H
H I ’




| 8.5.2 Stereochemistry of S 2 Reacti

\

RH
= VY 5
Nu-—~G-—-Br

D

transition state

An inversion of configuration
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Inversion of configuration is known as the

Walden inversion

i CH, 1

7 & “:
" CH,CH, CH4CH;,

]— inversion of configuration 4[

«Cl H H OH

1— inversion of configuration 4[




Inversion of configuration ( Walden inversion)
CH, Cl CH; H

k 7‘ + OH — » K 7{ + CI

H H— H OH

Cis-1-chloro-3-methylcyclopentane trans-1-chloro-3-methylcyclopentane

CH3 (I:| B leaving group departs from the top side
|
|
|

N H

H ~OH nuceophile attacks from the bottom side
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Draw the product of each reaction to include
the correct stereochemistry.

D

CH4CHoal > _ :
\/C—Br + OCH,CH; —— H,CH,CO—C

D ,CHyCH,

H

CN

4



8.6 The S\1 reaction

The o ne here indicates the

\ / order of the reaction

Syl

Substitution

+ Nucleophilic

HO™ + (CH;);C-Cl alje“’”e» (CH;3);C-OH + CI
tert-butyl chloride i

| Rate = k [(CH,;);CCl] First order overall ‘




8.6 The S\1 reaction

Multistep reaction

k] . . k2 . . k3
Reactant——— intermediate 1 intermediate 1 product
slow fast fast
step 1 step 2 step 3

Rate determining step/rate-limiting step

) 4
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.6.1 Mechanism for Sy1 reaction

CH;

+

H;C—C----Cl

CH,

(CH3)3C'C1 + 2H20 — > (CH3)3C-OH + H30+ + CI’

) 4
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.6.1 Mechanism for Sy1 reaction

Step [1] The C-Cl bond is broken

L slow ek . -
HsC—C—Cl: ch—c< + :Cl:
| H,0 CHa 3
CHs
Step [2] The C-O bond is formed
%
+ :0—H 2L pc—C—0—H

| .
H CHzH ‘
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.6.1 Mechanism for Sy1 reaction

N

Step [3] The proton transfer to produce
tert-butyl alcohol

CHs; CHs;
| e /\oo faSt | e oo+
HsC (f ?bﬁ1+ :0—H HsC ﬁ: O—H + H—O—H

CH3 H H CHs H

) 4
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.6.2 Stereochemistry of Sy1 reaction

The stereochemistry of Sy1 is determined by the
structure of the C* intermediate.

.—Vvacant p orbital

A trigonal planar
carbocation 1200 T

EJ
@ sp? hybridized

g y



|,,,\\\C|-|3 <ackside o/\ /"N .. frontside |

H 6/C attack 2 \Q(ff\ :OH, ~ attack >H3C~:/(:\Jr
2 W
a CHg H3C CHj HLC QH
(‘3H3 : (‘3H3
|
|
C,||\\\CH3 | H3CIH:-C
+ NG
H20 : OH;
ot CH3 | H3C e
|

Reactions that involve racemization




Nu: CH,D
‘Nu~ - oCH
‘ f A lﬁ;Nu—G“' > |B
planar carbocation (from the left) \
CH,CH4
CHj, CHeD CHa CH,D
\E—Er —*[1] E+ E
\ 1N
CH;CH5 [ CH4CH, '.
CH, GH2D
A :Nu~ can attack from either side. s g 3 =z
N, ™Ne—nu e
(from the right) S
T CH4CH,

Br-




Examples of racemization in S\1

CH.D CHZD CH, &HD
: JCH H.0 F JCH :

|—+:3{' 4 i HG—E:‘ 3 + ..}G—EI'H +  HI
CH,CH, CH,CH, CH4CHj

racemic mixtures

l

HQ CH, CHy oH

+ A)\/ + HCI

Cl CH, s
2




| 8.7 Factors affecting the rates of Sy1 |

and S,2 Reaction

Experiments have shown that a number of factors
atfect the relative rates of Sy1 and S\2 Reaction. The
most important factor are:
¢ The structure of substrate

¢ The concentration and reactivity of the nucleophile
¢ The effect of the solvent

¢ the nature of the leaving group

G 4
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8.7.1 The effect of structure of substrate

S\2 reactions

Larger R groups will decrease the rate constant of Sy2

CHa—X RCH,—X R,CH—X R,C—X

methyl 1° 2° 3°

Decreasing Rate Constant of Sy2 Reaction

) 4
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N2 reactions

CH;Br CH&CH;B' {CH*.I}:CHBF {CH-]]JCBI'

Decreasing Rate Constant of Sy2 Reaction

) 4



S\2 reactions

- 1% - 11
H H H CH,
& & & o \& &
HG-—-(l}--E*-r HE}---('|J--- Br
H CHj
less crowded transition state more crowded transition state
lower in energy higher in energy

faster S 2 reaction slower S,2 reaction




o

n1 reactions

CHE_K HEHE_K HEGH_:’{ HSC_}{
methyl 1° 2° 3°

Increasing rate of an Sy1 reaction

Note: Methyl and primary RX do not
undergo Sy1 reaction

What is the explanation for this trend in Sy1
reactivity among RX?




N

+ + + +
CH4 RCH- R.CH R;C
methyl 1° i 3°

Carbocation stability affects

Increasing carbocation stability

Two questions:

(1) Why does the stability of C" increase with
more R groups?

(2) Why does the C" affect the reaction?

)\ 4
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arbocation stability is determined by:

N

(1) inductive effects and (2) hyperconjugation

Let’s look at the inductive effect argument first

H R R R

L L X }
H,-f"_l_“mH H.-r’_l_“nH H"‘J"'H‘H H;"'EH
methyl 1° 2 3°

Increasing number of electron-donating R groups
Increasing carbocation stability

\



More positive charge at C™ = a more unstable C*

CH4CH,

Increasing alkyl sul:ﬁtﬂutinn
Increasing dispersal of positive charge




Carbocation Stability and Hyperconjugation

CHs = H— Sl oW R H :
3 - = ~“\j R "'"ICHa = (CHs),CH

H
This carbocation has no opportunity for Overlap of the C—H o bond with the adjacent
orbital overlap with the vacant p orbital. vacant p orbital stabilizes the carbocation.

Delocalization of the positive charge on

C™ = increased carbocation stability




Syl reactions

Increasing rate of the Sy1 reaction

f
H—(.l“,—Br
H
methyl

i i
R—C—Br R-C—Br
H R
1° 20

|

h .
H’Q“H H’Q“H

iE 2°
Increasing carbocation stability
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8.7.2 The effect of the concentration and
strengthof the nucleophile

Syl EE L BEAW KNu  w=—> IR K
S HELEL TR KN ey K

TR A% I ) 3 559 X Sy R A B
BRZEBGE, XFS\2 R A A

M __ B o+rees
RN — 5 CTHIR B j’} MR T 5 I T RERR
Wt — 5 H HSEE

) 4
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Strength and basicity of the nucleophile
RZBEAIMBIEEL B TE& 8, HENA—Z.

ﬂﬁi Bﬁiﬁl’%:
@ W F BIRAZ R T A
RO->OH > ArO > RCOO">ROH > H,0
IECGEZ M) K > 7]\

@ [F]— A BA B 7T 2 A B[R 2R
CH, > NH, > OH > F-

| R,C- >R,N->RO > F-

4
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Bt (EHETHREESD « BB, SRR
o hL RN St S RIEIT—5

EMHER/MIF CH,O0™ >HO~ >PhO~ >CH,COO~ >NO~ >CH,0H
HHERR FIpka 15.9 15.7 9.89 4.8 -1.3 -1.7

® H.LRT AR, EFFAMFGHREBRE, RSNt —2

R,C- R,N- RO~ F-
BRET BT 'J‘%g%ﬁ BT
TREDN > Bl P /S

. SRR " RN ‘
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8.7.3 solvent effect: polar protic and aprotic solvents

WA R TR B FERtEsE )
JoR TP A R AR 1 B A 5

etk (fEtkD) ¥

FEAR 1 v 5
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8.7.3 solvent effect: polar protic and aprotic solvents

RX + OH—> ROH + X

+

SNII‘@%: RX — | 18{—)?]—> R" + X
I 2 B Je S ) LA 2 P
AR AR B T SR A B v A AR e AV FH EE R B K

AE gy | == R

S\ 25t 2 : I :
N~ E: RX + OH—3» [ HO—R—X]—» ROH + X

SERE A LA g1

AR EL A A RS AR E
YERI LS NN e [ NAETE
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ARYEBE RIS\ IR NA R, XSy 2/ 2 BUE AR .
(R S 1R P JESARAERE K, SN2/ BT I AR PN )

SN2 N AP, F B F- 5, 438 40 B T oR R I AL, BRI
AAVHISRAZNE, RN RIS .

KB FEAMWEE: F->Cl>Br>1 ERTFHERE,

e 12380 [ B TR
5B TR EIRE: > Br> Cl>F 5w ‘
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gN; SELB B K B C-LANTE, L5 BN = H R

N
XS\ 1 > XS 2 CENuEs [’ B #5580
vHX (BRHF) #2mmR, X 5Hh—EE, 555,
BEWS: I'>Br>Cl >F

0 =3
Bl: (CHy),cx + H,0 224N (CH),COH + HX

o

.7.4 the nature of the leaving group

X: F Cl Br 1 OTs
MNEE: 105 1 39 99 105

) 4



' vOH-, OR-, NH,-, NHR- #RZ5&5, A5 &% ‘
RRIEHR = HEE, BWEREFN T RN

—OR —OHR
_NHZ _-NH3
+
—NHR —NH,R
,fﬁlj CH3CH2CHCH3 + NaBr ﬁ

OH + HBI’_> CH3CH2CHCH3
Br

)
R-0—S20" R (IS:‘G WS, e, RIFKEEEA.

-OH> OTs @ B+ '




eaving group

N

A EE I AE SR AZ B AR R A AR e DL

FHXTEREE: 102 0.5 1 25 50 150 190

P

0 0 0
L: Me—@—o—(:s;—O' @—0—(:5;—0' 0,N{D—0-5-0r
0

FH T 190 300 2800

G 4
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eaving group

A RERH
F, HO, RO, 'NH,, NHR, CN

FHIEEERE
Cl- Br- H,O 1I- 'OSOTQCHs 'OSOr@ '08024</:\>—No2

HERER R R, XSRS\ 2 R MH A .

) 4

0




a Y

b AU CH,F CH,C1 CH,Br CH,I
EfEfE (kJ/mol) 1071.10  949.77 915  887.01

EAEHSS, MHEE

Fg sy, Ba ek

al

HEH

HF < HCI < HBr < HI, WfE: F>Clr>Br->1TI

) 4
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FERR . SRRERHIERIR . RIERAR N4 IR B X5 ?

PhSO,0OR » R" + PhS0O,0" z? CEx

s

A @ SO,—OH  JEIEMR

HAHI: PhSO,0 2 — MRS Ril——— D & A2

) 4
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7.5 summary: S\1 versus S,2

N

Key Characteristics of the S\ 2 Mechanism

1. A one step 2° order reaction

2. Nucleophile attacks from the opposite side of the
leaving group

3. Reactant undergoes inversion of configuration

4. Mechanism affected by steric hindrance

S. Mechanism is best in polar aprotic solvents

) 4



. Y

Key Characteristics of the S 2 Mechanism

TABLE 7.5 Characteristics of the Sy2 Mechanism

Characteristic Result

Kinetics e Second-order kinetics; rate = k[RX][:Nu]
Mechanism ¢ (One step
Stereochemistry ¢ Backside attack of the nucleophile

¢ |nversion of configuration at a stereogenic center
|dentity of R ¢ Unhindered halides react fastest.

¢ Rate: CH3X > RCH,X > R,CHX > R3CX

) 4




ey Characteristics of the Sy1 Mechanism

1. A multistep 1° order reaction

2. Nu attacks from the top and bottom sides of the C”
intermediate

3. Reactant undergoes racemization

4. Mechanism favored by stable carbocations

5. Mechanism is best in polar protic solvents

) 4



Key Characteristics of the Sy1 Mechanism

TABLE 7.6 Characteristics of the Sy1 Mechanism

Characteristic

Result

Kinetics
Mechanism

Stereochemistry

|dentity of R

First-order kinetics; rate = k[RX]
Two steps

Trigonal planar carbocation intermediate
Racemization at a single stereogenic center

More substituted halides react fastest.
Rate: R;CX > R,CHX > RCH,X > CH3X




Predicting the Likely Mechanism of a Substitution Reaction

* Four factors are relevant in predicting whether a given reaction is likely to
proceed by an S\1 or an S2 reaction—The most important is the identity
of the alkyl halide.

¢ Increasing alkyl substitution favors Sy1.
¢ Decreasing alkyl substitution favors Sy2.

Increasing rate of the Sy1 reaction

H H H i
H-C—X R—C—X R—-C—X R—-C—X
H H R R
methyl s b 2° 3-

g N J
Y both
Sy2 Sy and Sy2 Sy

Increasing rate of the Sy2 reaction

¢ Methyl and 1° halides (CH2X and RCH,X) undergo Sy2 reactions only.

¢ 3° Alkyl halides (R;CX) undergo Sy1 reactions only.

¢ 2° Alkyl halides (R,CHX) undergo both Sy1 and Sy2 reactions. Other factors
determine the mechanism.




A better leaving group increases the rate of both S 1 and S,2 reactions.

Transition state of the
Sp2 mechanism

s \s
Nu---C---X

5

Transition state of the rate-determining step
of the Sy;1 mechanism

1

Increasing rate of Sy1 and S, 2 reactions

Increasing leaving group ability




Predicting the Likely Mechanism of a Substitution Reaction

TABLE 7.7 Summary of Factors that Determine the Sy1 or S,2 Mechanism

Alkyl halide Mechanism Other factors
CHaX 5.2 Favored by
RCH.X (19) » strong nucleophiles (usually a net negative charge)
* polar aprotic solvents
RaCX (3°) Sn1 Favored by
» weak nucleophiles (usually neutral)
* polar protic solvents
R.CHX (2°) Sy1 or §,2 The mechanism depends on the conditions.

Strong nucleophiles favor the S,2 mechanism over the Sy1 mechanism. For
example, RO is a stronger nucleophile than ROH, so RO favors the 5,2 reaction
and BOH favors the S,,1 reaction.

Protic solvents favor the Sy1 mechanism and aprotic solvents favor the S,2
mechanism. For example, H.O and CH,OH are polar protic solvents that favor the
Sy 1 mechanism, whereas acetone [(CH;).C=0] and DMSO [(CH4),S=0)] are polar
aprotic solvents that favor the S,2 mechanism,




TABLE 7.8 Molecules Synthesized from R—X by the S,2 Reaction

Nucleophile (:Nu™) Name
Oxygen compounds “OH R—OH alcohol
I |
“OR' R—OR' ether
‘.? D
~C e ester
g8 R’ R+-0O R'
Carbon compounds “CN R—CN nitrile

:C=C—H REE=E=H alkyne

Nitrogen compounds Ny~ R—Ng azide
INH, R—NH, amine

Sulfur compounds ~SH R—SH thiol
“SR' R—SR' sulfide

T

the products of nucleophilic substitution
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(Elimination reaction) l

EX: MASERE—TTRUE, ERMRER KX
PR A B AR 8 RV B S MY
CH,-CH,X B, CH,=CH, + HX

(1) T iHEERMN(E2)

| W\CH3CH2CH2BI‘%J 5] -
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—
CH;

iy o N
— _ ZNIAA
CH;
* ) @ ¥ pl v e & _
OH ——| H-"CH—CH; Br > CH;CH=CH, + H,0 + Br
6_I VN 74
| OH | B- R MY

Fid R NEARZENET: HOMTRN, BRFEBHZ
a-C, REHEFBZEBMNRN; HOBIT RN, HREBHZ
B-H, KRAEHZHERRMN.

AR NIRRT I, AR RI R FIH BR AR 2 — 2
SERII RN, R HIB) TR -

| o= K[RX] [ ] % = HO, RO %, ‘



#1459 R B (E1) BA (CHS) {CBr ‘

3
ol

18 al OH

CH3 (lj_ r —> CH3 Cl CH3
B By ‘ ) | _
CH; CH,—H = CH;—C=CH, + H,0 + Br

WA W: a. RN PIHITH; b, VIR
FERAERXAXR, HalTEHTEN: 0= k[ RX]

B, SEIZEAR I RNV B e 2 AR B 3w 4
FERE R A B .

CH, CH, CH CH,
C,HsOH | |
CH3(|:CH2CH3 ” CH3(|:CH2CH3 + CH3C: CHCH3 + CH2: CCH2CH3
T
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