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7.1 How Are Haloalkanes Named?

A.IlUPAC Names -X{EABUREGR, BAETHRE. HBEF

3-Bromo-2-methylpentane 4-Bromocyclohexene  (18,25)-2-Chlorocyclohexanol
or
B. Common Names trans-2-Chlorocyclohexanol
F
CHsCHCH,CHj, CH,=CHCI
2-Fluorobutane Chloroethene

(sec-Butyl fluoride) (Vinyl chloride)
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CH,Cl, CHCl, CH;CCl, CCl,=CHC(I
Dichloromethane Trichloromethane 1,1,1-Trichloroethane  Trichloroethylene
(Methylene chloride) (Chloroform) (Methyl chloroform) (Trichlor)
THES K15 RERH =87, &
see Chapter 6 for Cl
rules on assigning
R/S configurations Br
S

(1S5,2R)-1-Bromo-2-chlorocyclopentane
or
cis -1-Bromo-2-chlorocyclopentane
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7.2 What Are the Characteristic Reactions of Haloalkanes?

leaving

f._!l' 1 l
\( nucleophilic
| bllh‘alllllllﬂll |

Nu: + —C— C—Nu + X
Nucleophile |

Nucleophile(3£1%33.57]) An atom or a group of atoms that donates a pair of electrons to
another atom or group of atoms to form a new covalent bond.

Nucleophilic substitution (3=#ZEX{;) A reaction in which one nucleophile is substituted

for another.

the chloride leaving group
has been substituted by
the acetylide ion

the negatively charged
carbon of the acetylide
ion acts as a nucleophile

H—C=C—CH; + Na'Cl™

T
O
|
aQ

H_ C C Nd —
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B-Elimination reaction(B-jHF# s FZ) The removal of atoms or groups of atoms from two adjacent
carbon atoms, as for example, the removal of H and X from an alkyl halide or H and OH froman
alcohol to form a carbon-carbon double bond.

as a nucleophile, ethoxide I‘IUC]EF}})bl]lc OCHyCH3
ion attacks this carbe substitution . _
1ion attacks this carbon . + Na'Br
(_)Br ethanol
"

(w + CH:,;CHEO_NH,—I_

H a nucleophile B-elimination

/ and a base > + CH3CHyOH + Na Br ~
ethanol '

as a base, ethoxide 10on

attacks this hydrogen
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7.3 What are the products of Nucleophilic aliphatic Substitution

reactions?

notice that a
nucleophile does not
need to be negatively

charged

Some Nucleophilic Substitution Reactions

Reaction: Nu: + CHzX —— CH3;Nu + X~

Nucleophile Product Class of Compound Formed

HO® — CH,OH An alcohol

RO® — CH;0OR An ether

HS? — CH,SH A thiol (a mercaptan)

R;S:‘:_ — CH3§R A sulfide (a thioether)

1 3 — (;HS:I:; An alkyl iodide

‘NHj — CH,NH," An alkylammonium ion

HOH I CH,O—H An alcohol (after proton transfer)
H

CHy;OH — CH,O™— CH, An ether (after proton transfer)
H




'ﬁ% ﬁx‘ﬁid.“.ﬂ“’.

XIAN JIAOTONG UNIVERSITY SCHOOL OF CHEMISTRY

B NaOCHj3
r HOCH, ? OCHg + NabBr

\/\/Br + NatOH™ —>\/\\/OH + Na'Br~

1-Bromobutane Sodium 1-Butanol Sodium
hydroxide bromide

\/\\/Cl \/\/NHE-l_ Cl
ar NHE —

1-Chlorobutane  Ammonia Butylammonium
chloride

O

Q—Br + CH3CO Na®™ —
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7.4 What are the Sy2 and S1 Mechanisms for NucleophilicSubstitution?

A. Sy2 Mechanism

Bimolecular reaction (W% F3E1ZE4L) A reaction in which two species are involved in
the reaction leading to the transition state of the rate-determining step.

k is the rate constant for the reaction

Rate = k[haloalkane][nucleophile]

note inversion of the reactive center

5 1|{ 5 | H
\ “.. o / e
HO: + L — MO C—Br| — HO—C. 4 B
\1 L1 L] ,,‘S‘-:'L )‘ e . \;H -n
H H H
Reactants Transition state with simultaneous Products

bond breaking and bond forming d
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nversion of configuration (f3Z!%J4%) The reversal of the arrangement of atoms or groups
of atoms about a reaction center in an Sy 2 reaction.

the negatively charged (red) oxygen atom is attracted
to the electropositive (blue) carbon atom

Nucleophilic attack from the side
opposite the leaving group

Potential energy

HO™ + CH3Br

HOCHsg + Br™

Reaction coordinate
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B. Sy1 Mechanism

Unimolecular reaction (B9 F31ZHfL) A reaction in which only one species is involved in
the reaction leading to the transition state of the rate-determining step.

Rate = Ek[haloalkane]

" An Sy1 Reaction

STEP 1: Break a bond to form a more stable ion or molecule. The ionization of a C— X bond
forms a 3° carbocation intermediate:

CHE.}\ /\ slow, rate ?H:}I
- determining . _
'U.-.,'u" C _B] : > C " + : Br :
CHs CH, \CH
- r F 3
CHj 3

A carbocation intermediate:
carbon is trigonal planar
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STEP 2: Reaction of a nucleophile and an electrophile to form a new covalent bond. Reaction
of the carbocation intermediate (an electrophile) with methanol (a nucleophile) gives
an oxonium ion. Attack by the nucleophile occurs with equal probability from either
face of the planar carbocation intermediate.

the locations of the two lobes of the
empty p orbital of the carbocation allow
the nucleophile to attack from either face

?H?p CH 3\ /CH 3 CH 3\ /G HS

-e m +__.- - 1] t'.. + N

CH30: LG _OCH; fast :0—C, T i 3 ¢
£\ | / \ ‘CH 4 CHS,' / \

H CH- CH: H H CH. CHa H

STEP 3: Take a proton away. Proton transfer from the oxonium ion to methanol (the solvent)
completes the reaction and gives tert-butyl methyl ether:

CHj CH; H CHj CH; H

\L i e SN \C J: ¢ H—d-

A W S X
CHj; H CHg CH, CHjy
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O

Potential energy

CHgOH + (CH?,) 3CBI' — C+ —

by e

Reaction coordinate
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H W

Cl

R enantiomer

[onization
—Cl-

Cl

1) CH,OH

2) (-H")
Proton
transfer to
solvent

Planar carbocation

(achiral)

'Y

CH,0—C., + . C—OCH,
J;H H-.:\

Cl Cl

\S enantiomer R El’lﬂﬂti(}mﬂ‘l‘f

L

A racemic mixture

(5METE)

+ HCI
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7.5 What Determines Whether Sy1 or $S4,2 Predominates?

A A

A. Structure of the Nucleophile Examples of Common Nucleophiles and Their
Relative Effectiveness

Effectiveness

as a Nucleophile Nucleophile
(Br, 1~
good ¢ CH,S, RS~
+ — — —_ —_
GH:J_,GHQBI‘ + NHg —_— CHqCHQNHq + Br hHO , CH;0 , RO e el Sl
(C1™.F~ that negative.:l}r
: charged species
I | are better
=04 - -
FAZAI ERRMIN S F 2 ’Ti( moderate { CHsCO , RCO nucleophiles than
FEEAUL ( Sn2) R S 458 CH;SH, RSH, RyS neutral species
IS
o 7JEI] | NH,, RNH,, R,NH, R;N
£ r
© H,O
£ CH;OH, ROH
4
poor ﬁ' (ﬁ
| CH,COH, RCOH
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B. Structure of the Haloalkane

Sn1: BBFR

Sn2: IR
1. Relative stabilities of carbocations (BRIFE FiaE M) .

1 B TR A TS\ LR Y

2. Steric hindrance (Z=ja]{fzfH) .
RX 45 44t 1] B2 i 465 [ SN2

less crowding; easier
access to the backside

of the haloalkane (JHS\

E—Br

W
H

Bromoethane (Ethyl bromide)

more crowding; blocks
access to the backside
of the haloalkane CHj

2-Bromo-2-methylpropane (tert-Butyl bromide)
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snl-mﬁm . sever by Sl

Governed R;3CX RoCHX RCHoX CH3X
by t:_l{: ctronic (3°) (2°) (1°) (methyl)
factors

——
never by Sn2 Access to the site of reaction ’ SN2 I

Governed b}r
steric factors

INGS: 38 5 KR 89Sy B
SFSNIR R . 3IRX > 2RX > 1RX
S 2B R 19RX > 2RX > 3RX

B ARE EEHATS\ IR, 188K KESHITS2ZRE, 4K
WREAFAARE T, WRE TR,
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C. The leaving group
FIZMER RN PR MEA T EEE
B MeeigE

Rarely act as leaving groups

-ﬁty to act as leaving group  in nucleophilic substitution
O and p-elimination reactions

| ,

[T = Br = >HyO==CH3CO = HO = CHqO > NHE

_&minn; greater strength of conjugate acid

BE FiRE 1555, L HeER A BR M S 5
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an —OH group is a poor leaving group and does not undergo substitution

_|_ —
Na Cl
OH L *
’ 1nor 101
\/JQ 11,0 0 reactio

H
ey N

K H-L: L ) Zo8)
\/kQH — \_JQQH P HO \.)i I

a strong acid can protonate
the —OH group Hy0 is a good leaving group because it is a stable, neutral molecule




D. The Solvent

Protic solvent (BRF&F) : A hydrogen bond donor solvent as (S #9it{k) , for example,
water, ethanol, and acetic acid. We define hydrogen bond donors as compounds containing
hydrogens that can participate in H-bonding (&&H¥i S 5S58HTER) .

Common Protic Solvents
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Polarity

Protic Solvent Structure of Solvent | Notes
Water H,O These solvents favor Sy1 reac-
Formic acid HCOOH tions. The greater thg p.CI'|IEI'It‘,|" of

the solvent, the easier it is to form
Methanol CH3;0H carbocations in it because both
Ethanol CHyCH,OH E the carbccatipn and the negatively

e charged leaving group can be
Acetic acid CH;COOH - solvated.
B AFERH TS 1HTE,

H\O / 5~ H
'.,“3' O/
RO

8 7 B
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Aprotic solvent A solvent that cannot serve as a hydrogen bond donor as, for example,

acetone, diethyl ether(Z Bf), and dichloromethane (CH,CI,)

Common Aprotic Solvents

Aprotic Polarity
Solvent Structure of Solvent | Notes
) ) O These solvents favor Sy2
Dimethyl sulfoxide | _ reactions. Although sol-
(DMSO0) CH;SCH; vents at the top of this list
O are polar, the formation
| of carbocations in them is
Acetone CH3CCH;g far more difficult than in
Dichloromethane CH,Cl, protic solvents because
) the anionic leaving group
Diethyl ether (CH4CH5) 0O cannot be solvated by

these solvents.

R AR EEFITS,2
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Summary of Sy1 versus Sy2 Reactions of Haloalkanes

Primary RCH,X

Secondary R,CHX

Tertiary R;CX

Substitution at a
stereocenter

Sp2 is favored.

Sp2 is favored in aprotic solvents
with good nucleophiles.

Spy2 does not occur, because
of steric hindrance around the
substitution center.

Inversion of configuration.

The nucleophile attacks the
stereocenter from the side opposite
the leaving group.

Type of
Haloalkane Sn2 Si1
Methyl CH;X Sp2 is favored. Sn1 does not occur. The methyl

cation is so unstable that it is
never observed in solution.

Sn1 does not occur. Primary
carbocations are so unstable
that they are not observed in
solution.

Sy1is favored in protic solvents
with poor nucleophiles.

Sy1is favored because of the ease
of formation of tertiary
carbocations.

Racemization. The carbocation
intermediate is planar, and attack by
the nucleophile occurs with equal
probability from either side.
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7.7 What Are the Products of B-Elimination?

Dehydrohalogenation (fiiHX) Removal of -H and -X from adjacent carbons; a type of
B-elimination.

ree /
—(|ZB—(|3— + CH3CHsO™ Na™ CILCILON > >C=C\ + CH3CHoOH + Na X~
H X
A haloalkane Base An alkene
formerly the a-carbon
Br

formerly a g-carbon
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Zaitsev’s rule A rule stating that the major product from a B-elimination reaction is

the most stable alkene; that is, the major product is the alkene with the greatest number
of substituents on the carbon—carbon double bond (W & H B ZECENEIR) .

Br CH,CH,0™ Na™
> +
CH,CH,OH =

2-Bromo-2- 2-Methyl- 2-Methyl-1-butene
methylbutane 2-butene
(major product)

Br
S = ~
g CH,0™ Na* ®/ + Q’&LHQ
CH,OH
I-Bromo-1-methyl- I-Methyl- Methylene-
cyclopentane cyclopentene cyclopentane

(major product)
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7.8 What Are the E1 and E2 Mechanisms for p-Elimination?

Correct use of curved arrows...

HsC H CH, H

m ﬂ? - \ /

HN: H OO NHfCE o+ o=
H H

H H

A. E1 Mechanism

Rate = k[haloalkane]

E1 reaction of 2-bromo-2-methylpropaneE
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STEP 1: Break a bond. Rate-determining ionization of the C—Br bond gives a carbocation
intermediate:

CH; CH;

slow, rate I

CHE—G o CHE c]etermining: CHg_G . CHE + E}E
+ ..

A carbocation
Intermediate

STEP 2: Take away a proton. Proton transfer from the carbocation intermediate to methanol
(which in this instance is both the solvent and a reactant) gives the alkene:

CH; CH,

H
N | 1 N |
208+ H—/E‘;i;\—(‘ —CHy -2, }OLH + CHy=C—CH,

CHg/ CHj

H
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B. E2 Mechanism

Rate = k|haloalkane]|base]

E2 reaction of 1-bromopropane

the E2 mechanism
is concerted CHjy

CH3CHy O+ H—CH 5 CHy—Br: — CHyCH, O —H + CHyCH=CH, + :Br:

_/
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Table 7.6 summarizes these generalizations about B-elimination reactions of haloalkanes.

Summary of E1 versus E2 Reactions of Haloalkanes

Haloalkane E1

E2

Primary RCH,X E1 does not occur. Primary
carbocations are so unstable
that they are never observed in

solution.

Secondary R,CHX Main reaction with weak bases
such as H,0 and ROH.

Tertiary R3;CX Main reaction with weak bases

such as H,O and ROH.

E2 is favored.

Main reaction with strong bases such
as OH and OR".

Main reaction with strong bases such
as OH and OR .
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Predict the Type of B-Elimination Reaction a Haloalkane Will Undergo

(a) Classify the structure of the haloalkane. Primary haloalkanes will not undergo E1 reactions.

Secondary and tertiary haloalkanes will undergo both E1 and E2 reactions. ({HR XA X
HEIRR; fh. MEREET AL EEIME2R )

(b) Identify and assess the base. E2 reactions are favored with strong bases and rarely occur
with weak bases. E2 reactions can occur in any solvent. E1 reactions can occur with both weak
and strong bases, but require polar protic solvents to stabilize the carbocation formed in the
first step of the reaction. GRIEBFITFE2, E2 oK EEEEEFIF; EL7ESSIH R, T ERRE
%%, ERFERMENRTLEF)
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7.9 When Do Nucleophilic Substitution and p-Elimination Compete?

nucleophilic
substitution B
| | » H—C—C—Nu + X
H—C—C—X + :Nu
| | B-elimination . e B
> C=—C  + H—Nu + X
/ AN

RAFERR RV FERFE, HERS

A. Sy 1-versus-E1 Reactions
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CHa
El N
> CHy—=C +H
CH,
CHg
CHy—C—1
CHj
Syl | N
>~ CHy—C—OH + H
HoO |
CHj
CH —(|] Cl
Syl +
- —_ ' —
Gicior - CHs—C—OCH,CH; + H

CHs
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B. S\2-versus-E2 Reactions

1. Branching at the a-carbon or B-carbon(s) increases steric hindrance about the o-carbon
and significantly retards Sy 2 reactions. By contrast, branching at the a-carbon or -carbon(s)
increases the rate of E2 reactions because of the increased stability of the alkene product.

( x-C/ B-C(s) L $E¥&HN, (PRIEIN, W EMIZN, EFFITFE2)
2. The greater the nucleophilicity of the attacking reagent, the greater is the S 2-to-E2 ratio.
Conversely, the greater the basicity of the attacking reagent, the greater is the E2-t0-S,2

ratio. (EIZMEEAFTSN2, WHEEEFITE2)

attack of a base on a S-hydrogen by E2 is
only slightly affected by branching at the

a-carbon; alkene formation is accelerated R
R
H—C g
N
Sn2 attack of a nucleophile is impeded R@"j—‘” cavilg sroup

by branching at the a- and -carbons
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Summary of Substitution versus Elimination Reactions of Haloalkanes

Halide Reaction Comments
Methyl Sn2 The only substitution reactions observed.
CH5X SiT Sn1 reactions of methyl halides are never observed. The methyl cation is
so unstable that it is never formed in solution.
Primary Sn2 The main reaction with strong bases such as OH™ and EtO . Also, the
RCH,X main reaction with good nucleophiles /weak bases, such as I” and
CH;COO".
E2 The main reaction with strong, bulky bases, such as potassium tert-
butoxide.
SiHET Primary cations are never formed in solution; therefore, Sy1 and E1
reactions of primary halides are never observed.
Secondary Sn2 The main reaction with weak bases/good nucleophiles, such as I and
R,CHX CH;COO".
E2 The main reaction with strong bases/good nucleophiles, such as OH™
and CH;CH,0 .
Sn1/E1 Common in reactions with weak nucleophiles in polar protic solvents,
such as water, methanol, and ethanol.
Tertiary SN2 Sn2 reactions of tertiary halides are never observed because of the
R3;CX extreme crowding around the 3° carbon.
E2 Main reaction with strong bases, such as HO™ and RO".
Sy1/E1 Main reactions with poor nucleophiles/weak bases.







