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Chapter 7: Alkyl Halides and Nucleophilic Substitution

¢ General facts about alkyl halides

¢  Alkyl halides contain a halogen atom X bonded to an sp” hybridized carbon (7.1).

* Alkyl halides are named as halo alkanes, with the halogen as a substituent (7.2).

* Alkyl halides have a polar C—X bond, so they exhibit dipole—dipole interactions but are incapable of
intermolecular hydrogen bonding (7.3).

* The polar C—X bond containing an electrophilic carbon makes alkyl halides reactive towards
nucleophiles and bases (7.5).

¢ The central theme (7.6)

* Nucleophilic substitution is one of the two main reactions of alkyl halides. A nucleophile replaces a
leaving group on an sp° hybridized carbon.
R—X + :Nu

R—Nu +  X:

nucleophile leaving group

The electron pair in the C-Nu bond
comes from the nucleophile.

* One o bond is broken and one o bond is formed.
* There are two possible mechanisms: Sy1 and Sn2.

¢ Syl and Sx2 mechanisms compared

Sx2 mechanism Sx1 mechanism
[1] Mechanism *  One step (7.11B) * Two steps (7.13B)
[2] Alkyl halide *  Order of reactivity: CH3X > *  Order of reactivity: R;CX >
RCH,X > R,CHX > R3CX R,CHX > RCH,X > CH3X
(7.11D) (7.13D)

[3] Rate equation e rate = k[RX][:Nu]
* second-order kinetics (7.11A)

rate = k[RX]
first-order kinetics (7.13A)

[4] Stereochemistry * backside attack of the * trigonal planar carbocation

nucleophile (7.11C) intermediate (7.13C)
* inversion of configuration ata ¢ racemization at a stereogenic

stereogenic center center

[5] Nucleophile e favored by stronger * favored by weaker nucleophiles
nucleophiles (7.17B) (7.17B)

[6] Leaving group * Dbetter leaving group — faster * better leaving group — faster
reaction (7.17C) reaction (7.17C)

[7] Solvent * favored by polar aprotic * favored by polar protic solvents

solvents (7.17D) (7.17D)



Chapter 7-2

Increasing rate of the Sy1 reaction

A A A T
H—C—Br R—C—Br R—C—Br R—C—Br
H H R R
methyl 10/ 2° 3°

Y both
Sp2 Sy1 and Sp2 Sn1

Increasing rate of an Sy2 reaction

¢ Important trends

The best leaving group is the weakest base. Leaving group ability increases across a row and down
a column of the periodic table (7.7).

Increasing basicity Increasing basicity
:NHz H20: F~ Cl™ Br~ I~
Increasing leaving group ability Increasing leaving group ability

Nucleophilicity decreases across a row of the periodic table (7.8A).

For 2™ row elements _ _ B _
. NH H F
with the same charge: Chs 2 ©

Increasing basicity
Increasing nucleophilicity

Nucleophilicity decreases down a column of the periodic table in polar aprotic solvents (7.8C).

Down a column - - - -
T I
of the periodic table F cl Br

Increasing nucleophilicity
in polar aprotic solvents

Nucleophilicity increases down a column of the periodic table in polar protic solvents (7.8C).

Down a column - - - -
T I
of the periodic table F c Br

Increasing nucleophilicity
in polar protic solvents

The stability of a carbocation increases as the number of R groups bonded to the positively charged
carbon increases (7.14).

+ + +
CHj RCH, R,CH RsC
methyl 1° 2° 3°

Increasing carbocation stability
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Principle

Example

* Electron-donating groups (such as R

groups) stabilize a positive charge (7.14A).

* Steric hindrance decreases nucleophilicity
but not basicity (7.8B).

*  Hammond postulate: In an endothermic
reaction, the more stable product is formed
faster. In an exothermic reaction, this fact
is not necessarily true (7.15).

e Planar, sp” hybridized atoms react with
reagents from both sides of the plane
(7.130).

3° Carbocations (R3C") are more stable
than 2° carbocations (R,CH"), which are
more stable than 1° carbocations (RCH,").

(CH3);CO  is a stronger base but a weaker
nucleophile than CH;CH,O .

Sn1 reactions are faster when more stable
(more substituted) carbocations are formed,
because the rate-determining step is
endothermic.

A trigonal planar carbocation reacts with
nucleophiles from both sides of the plane.
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Chapter 7: Answers to Problems

7.1 Classify the alkyl halide as 1°, 2°, or 3° by counting the number of carbons bonded directly to
the carbon bonded to the halogen.

Cbondedto2C's
(inﬂfy‘:’;dhtao"Lg 2° alkyl halide
CH l I
a. CHaCH,CH,CH,CH,—Br b. Oé\F C. CHg=C—CHCHg d. A)Q/
CHs Cl T
C bondedto 3 C's C bonded to 3 C's
3° alkyl halide 3° alkyl halide

7.2 Use the directions from Answer 7.1.

This F is bonded to a C whichis ———F__S
not bonded to any other C's. Therefore,
it cannot be classified as 1°, 2°, or 3°. HO

bonded to C bonded to 3 C's

@\ 3° alkyl halide

bonded to C bonded to 2 C's
2° alkyl halide

7.3 Draw a compound of molecular formula C¢H;3Br to fit each description.

Br
a g >N b. )\_/\ c />(\
: : Br
1° alkyl halide 2° alkyl halide 3° alkyl halide
one stereogenic center two stereogenic centers no stereogenic centers

7.4 To name a compound with the [IUPAC system:
[1] Name the parent chain by finding the longest carbon chain.
[2] Number the chain so the first substituent gets the lower number. Then name and number all
substituents, giving like substituents a prefix (di, tri, etc.). To name the halogen substituent,
change the -ine ending to -o.
[3] Combine all parts, alphabetizing substituents, and ignoring all prefixes except iso.

a. (CHgz)o,CHCH(CI)CH,CH3
I re-draw 2-methyl
N

(1] [2] [3] 3-chloro-2-methylpentane
Cl 2 Cl=——3-chloro

5 carbon alkane = pentane
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b 2-bromo
Br Brr/ .
M1 [2] [3] 2-bromo-5,5-dimethylheptane
T 2
7 carbon alkane = heptane 5,5-dimethyl

C.

[1] @ [2] Oi ~— 2-methyl [3] 1-bromo-2-methylcyclohexane
Br 4

| Br<—1-bromo
T 1

6 carbon cycloalkane =
cyclohexane

d. 2-fluoro

[1] F 2] F [38] 2-fluoro-5,5-dimethylheptane
~— 5,5-dimethyl
T 12 34

7 carbon alkane = heptane

7.5 To work backwards from a name to a structure:
[1] Find the parent name and draw that number of carbons. Use the suffix to identify the
functional group (-ane = alkane).
[2] Arbitrarily number the carbons in the chain. Add the substituents to the appropriate carbon.

a. 3-chloro-2-methylhexane

[1] 6 carbon alkane [2] .—methyl at C2

NN

123456 c|——chloro at C3

b. 4-ethyl-5-iodo-2,2-dimethyloctane

[1] 8 carbon alkane [2]
~——ethyl at C4

/\/\/\/
12345678 f
2 methylsatC2 1-=— jodoatC5

c. cis-1,3-dichlorocyclopentane
[1] 5 carbon cycloalkane [2] chloro groups at C1 and C3, both on the same side

O lﬁ’
c1/ \CS
d. 1,1,3-tribromocyclohexane

3 Br groups
[11 6 carbon cycloalkane [2] B

O R~

C1
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e. propyl chloride

[1] 3 carbon alkyl group [2] chloride on end
CH3CH2CH2— CH3CH2CH2—CI
f. sec-butyl bromide
[1] 4 carbon alkyl group [2] bromide
CH3_?HCH20H3 CH3_?HCH20H3
Br

7.6 Boiling points of alkyl halides increase as the size (and polarizability) of X increases. Remember:
stronger intermolecular forces = higher boiling point.

a.  CHgCH,CH.F CH4CH,CH,CI CH3CH,CH,I
smallest halogen middle size halogen largest halogen
least polarizable intermediate most polarizable
lowest boiling point boiling point highest boiling point
b. CH3(CH,)4CH3 CH3(CH,)sBr CH3(CH,)s0H
weakest forces VDW, DD forces  OH is capable of hydrogen bonding.
nonpolar intermediate

strongest forces

lowest boiling point  boiling point highest boiling point

7.7 a. Because an sp” hybridized C has a higher percent s-character than an sp® hybridized C, it holds

electron density closer to C. This pulls a little more electron density towards C, away from Cl,
and thus a Csp>—Cl bond is less polar than a Csp~Cl bond.

e e

lowest boiling point sp® C-Clbond larger halogen, sp® C—Br bond
intermediate highest boiling point
boiling point

7.8 Since more polar molecules are more water soluble, look for polarity differences between
methoxychlor and DDT.

methoxychlor

DDT
A A
O b+ OL O

CCl, CCl3

2 methoxy groups
more polar
The O atoms can hydrogen bond to H,0.
more biodegradable

2 chloro groups
less polar
readily soluble in an organic medium
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7.9 To draw the products of a nucleophilic substitution reaction:
[1] Find the sp® hybridized electrophilic carbon with a leaving group.
[2] Find the nucleophile with lone pairs or electrons in 7t bonds.

[3] Substitute the nucleophile for the leaving group on the electrophilic carbon.

a. + TOCHCH, —— 7 Y >+ Br
f OCH,CHj

f nonbonded e~ pairs
leaving group nucleophile

o
b. ‘ + Nat-OH — O/ + Na*ClI~
f

leaving group  nonbonded e~ pairs
nucleophile

c. + ?13’ _>/\/\N3+17
}

nonbonded e~ pairs
nucleophile

) o
d. ‘ \ +  Na*<CN O/ + Na'Br
f

leaving group  nponbonded e~ pairs
nucleophile

leaving group

7.10 Use the steps from Answer 7.9 and then draw the proton transfer reaction.

. substitution )\ﬂ'* _
a. + .N(CHZCH3)3 N(CH20H3)3+ Br

nucleophile

leaving group

. substitution FETS /\ — proton ..
b. (CH3)3C + H,O: (CH3)3C—?—H +:Cl: (CHg)sC—0O—H + HCI
!

nucleophile H transfer

leaving group

7.11 Draw the structure of CPC using the steps from Answer 7.9.

\ /N: + Cl
nucleophile substitution .
leaving group
N :Cl:
\_/ T

CPC
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7.12 Compare the leaving groups based on these trends:
* Better leaving groups are weaker bases.
* A neutral leaving group is always better than its conjugate base.

a. CI_, I- b. NH3, NH2_ C. Hzo, st
farther down a column neutral compound farther down a column
of the periodic table less basic of the periodic table
less basic better leaving group less basic
better leaving group better leaving group

7.13 Good leaving groups include CI', Br, I, H,O.

a. CH3CH,CH, b. CH3CH,CH,OH c. CH3CH20H2 d. CHsCHy
. . !
Br~is a good No good leaving group. H,O is a good No good leaving group.
leaving group. ~OH is too strong a base. leaving group. H- is too strong a base.

7.14 To decide whether the equilibrium favors the starting material or the products, compare the
nucleophile and the leaving group. The reaction proceeds towards the weaker base.

a. CHscHz_NHz + Br

CH30H2_Br + 7NH2

Reaction favors

nucleophile leaving group starting material.

better leaving group _
weaker base pKa (NHy) = 38

pK, (HBr) =-9
b. ~ SN ¢ ON e NNy b T
nucleophile leaving group Reaction favors product.
- better leaving group
PKa (HCN) = 9.1 weaker base
pK, (HI) =-10

7.15 It is not possible to convert CH3;CH,CH,OH to CH3CH,CH,Cl by nucleophilic substitution with
NaCl because "OH is a stronger base and poorer leaving group than CI". The equilibrium favors
the reactants, not the products.

CH4CH,CH,OH +  Nacl ——3———  CHECH,CH,CI +  Na ~OH
! !

weaker base stronger base
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7.16 Use these three rules to find the stronger nucleophile in each pair:
[1] Comparing two nucleophiles having the same attacking atom, the stronger base is a stronger

nucleophile.

[2] Negatively charged nucleophiles are always stronger than their conjugate acids.
[3] Across a row of the periodic table, nucleophilicity decreases when comparing species of

similar charge.

a. NHg, NH, b. CH;, HO™

A negatively charged
nucleophile is stronger

Across a row of the periodic
table, nucleophilicity decreases

than its conjugate acid. with species of the same charge. with species of the same charge.

stronger nucleophile stronger nucleophile

Across a row of the periodic

o)
Il
C. CH3NH,, CHgOH dq. C

CHLCH,O ™
cHy No ok

same attacking

table, nucleophilicity decreases atom (O)
¢ stronger base

stronger nucleophile stronger
nucleophile

7.17 Polar protic solvents are capable of H-bonding, and therefore must contain a H bonded to an
electronegative O or N. Polar aprotic solvents are incapable of H-bonding, and therefore do not

contain any O—H or N-H bonds.

a. HOCH,CH,OH b. CH3CH,OCH,CHj

no O-H bonds
polar aprotic

contains 2 O—-H bonds
polar protic

¢. CHgCOOCH,CHj

no O-H bonds
polar aprotic

7.18 « In polar protic solvents, the trend in nucleophilicity is opposite to the trend in basicity down a
column of the periodic table so that nucleophilicity increases.
* In polar aprotic solvents, the trend is identical to basicity so that nucleophilicity decreases

down a column.

a. Brr and CI" in polar protic solvent

farther down the column
more nucleophilic
in protic solvent

b. "OH and CI~ in polar aprotic solvent

In polar aprotic solvents:

farther up the column nucleophilicity increases
and to the left in the row O F
more basic Cl

more nucleophilic

nucleophilicity
increases

¢. HS~ and F~ in polar protic solvent

In polar protic solvents:

nucleophilicity increases

farther down the column

and left in the row OF
more nucleophilic

in protic solvent

nucleophilicity
increases
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7.19 The stronger base is the stronger nucleophile except in polar protic solvents when nucleophilicity
increases down a column. For other rules, see Answers 7.16 and 7.18.

a. H.O “OH " NH,

no charge negatively charged negatively charged
weakest nucleophile intermediate nucleophile farther left in periodic table
strongest nucleophile

b. Br- F ~OH
Basicity decreases down a Basicity decreases strongest nucleophile
column in polar aprotic solvents. across a row.
weakest nucleophile intermediate nucleophile
c. HoO CH3COO™ “OH
weakest nucleophile weaker base than ~OH strongest nucleophile

intermediate nucleophile

7.20 To determine what nucleophile is needed to carry out each reaction, look at the product to see what
has replaced the leaving group.

a_ (CH3)20HCH2CH2_B|'—> (CH3)2CHCH2CH2_SH C (CH3)2CHCH20H2_Br—>(CH3)2CHCH20H2_OCOCH3
SH replaces Br. OCOCHj5 replaces Br.
HS" is needed. CH;COO™ is needed.
b. (CH3)20HCH2CH2_B|'_> (CH3)2CHCH2CH2_OCH20H3 d (CH3)20HCH20H2_Br—>(CH3)2CHCH20H2_CECH
OCH,CHjg replaces Br. C=CH replaces Br.
CH3;CH,0- is needed. HC=C- is needed.

7.21 The general rate equation for an Sy2 reaction is rate = A[RX][:Nu"].

a. [RX] is tripled, and [:Nu'] stays the same: rate triples.

b. Both [RX] and [:Nu'] are tripled: rate increases by a factor of 9 (3 x 3 =9).
c. [RX] is halved, and [:Nu'] stays the same: rate halved.

d. [RX] is halved, and [:Nu ] is doubled: rate stays the same (1/2 x 2 =1).

7.22 The transition state in an SN2 reaction has dashed bonds to both the leaving group and the
nucleophile, and must contain partial charges.

a. CHOCHCH—Cl + OCH, ——= CHCHCH,~OCH; + CI" | CHiCHCHy---Glio" ¥
CH3(_ID_:6-
. I SN T
b. - >~"Br + “SH — 7 "SgH + Br :?H
_/\/ ‘Era_
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7.23 All S2 reactions have one step.

CH3CH,CH,- - -Cl:d” i

CH3(.I)_: S

CH3CHQCH2_C|
+ OCHg

Energy

AH°

CH3CH20H2_OCH3 + Cli

Reaction coordinate

7.24 To draw the products of Sx2 reactions, replace the leaving group by the nucleophile, and then
draw the stereochemistry with inversion at the stereogenic center.

CH3CH2\D__ _D/CHzCHs
a. /C_Br + 7OCH20H3 CH3CH20_C\ b. E><I + T CN

H H

o

7.25 Increasing the number of R groups increases crowding of the transition state and decreases the rate
of an SN2 reaction.

Cl
a CHCH—Cl or CHy—Cl b, A or v . er . @
Br
1° alkyl halide ~ methyl halide 2° alkyl halide 1° alkyl halide 2° alkyl halide 3° alkyl halide
faster reaction faster reaction faster reaction
7.26
. , . CH,
These three methyl groups make the alkyl halide sterically hindered. | _ CH C CH.Br
This slows the rate of an S\2 reaction even though it is a 1° alkyl halide. 8 CH 2
3
7.27

X \\‘Q/\CHs R2 ﬁ Ioss of 1/\/>
| H H \
N/ CHs CH3

a proton

+ SR, nlcotlne

7.28 In a first-order reaction, the rate changes with any change in [RX]. The rate is independent of
any change in [nucleophile].
a. [RX] is tripled, and [:Nu'] stays the same: rate triples.
b. Both [RX] and [:Nu'] are tripled: rate triples.
c. [RX] is halved, and [:Nu'] stays the same: rate halved.
d. [RX] is halved, and [:Nu '] is doubled: rate halved.
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7.29 In Sn1 reactions, racemization always occurs at a stereogenic center. Draw two products, with
the two possible configurations at the stereogenic center.

leaving group

nucleophile
CHy CHj CHg
o ! !
CH3 2CH \ 'Br CH3 \ 'OH + (CH3)QCH/ \"CHZCH3 + HBr
CH,CH,4 CH,CHy OH
. enantiomers
nucleophile

b H\<:>/CH3 CH4C00™ H \<:>,CH3 H\<:>,ooc;CH3 o
. R ”, \\\ I’, \\\ I’, + —
CHsCH; Cl CHsCH; OOCCH; +  CH4CH; CHs

2

) diastereomers
leaving group

7.30 Carbocations are classified by the number of R groups bonded to the carbon: 0 R groups =
methyl, 1 R group = 1°, 2 R groups = 2°, and 3 R groups = 3°.

+
a. /\+/\ b. (CH3)3CCH, C. O{ d O/
+

2 R groups 1 R group 3 R groups 2 R groups
2° carbocation 1° carbocation 3° carbocation 2° carbocation

7.31 For carbocations: Increasing number of R groups = Increasing stability.

+ + +
CH30H20H2CH2 CH3CHCH20H3 CH3_C|;_CH3
1° carbocation 2° carbocation 3° carbocation
least stable intermediate most stable
stability

7.32 For carbocations: Increasing number of R groups = Increasing stability.

+
+ + + CH,
a.  (CHg),CHCH,CH, (CH3),CHCHCH3 (CH3),CCH,CHj b. +
+
1° carbocation 2_° carboce_ltion 3° carbocation
least stable intermediate most stable 1° carbocation  2° carbocation ~ 3° carbocation
stability least stable intermediate most stable

stability
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7.33 The rate of an Sx1 reaction increases with increasing alkyl substitution.

a. (CH3)3CBF or (CH3)3CCHZBF

3° alkyl halide 1° alkyl halide
faster Sy1 reaction slower Sy1 reaction

b. /\/\/LBF or /\/\><Br

3° alkyl halide

2° alkyl halide
faster Sy1 reaction

slower Sy1 reaction

CHj

Br
Br

2° alkyl halide
slower Sy1 reaction

3° alkyl halide
faster Sy1 reaction

7.34 « For methyl and 1° alkyl halides, only Sx2 will occur.

* For 2° alkyl halides, Sx1 and Sn2 will occur.

* For 3° alkyl halides, only Sx1 will occur.

GHa H
a. CHy=C—C—Br b, NN
CHz CHs 1° alkyl halide
2° alkyl halide Sn2
Sn1 and Sp2

7.35

operates.
For 3° alkyl halides, only Sx1 will occur.

/\>< CH4OH /\><
cl OCHs; + HCI

a.
3° alkyl halide
only Sy1
Br SH
b, g TsH o Oﬂ . o
1° alkyl halide
Only SN2

c. O*Br

d. /><B|’

2° alkyl halide 3° alkyl halide
SN1 and SN2 SN1

* Draw the product of nucleophilic substitution for each reaction.

For methyl and 1° alkyl halides, only Sx2 will occur.
For 2° alkyl halides, Sx1 and Sx2 will occur and other factors determine which mechanism

CH,CH;0

Strong nucleophile
favors Sy2.
OCH,CH,
O/ + I

2° alkyl halide
Both Sy1 and Sy2

are possible.

Weak nucleophile
favors Sy1.

d. /\/\ CHZOH

Br OCHs
2° alkyl halide
Both Sy1 and Sy2
are possible.

+ HBr

7.36 First decide whether the reaction will proceed via an Sy1 or Sy2 mechanism. Then draw the

products with stereochemistry.

a. /7/\/ + H,0 /7/\/ + /7/\/ + HBr
T H "OH [

H ”Br
2° alkyl halide
SN1 and SN2

Weak nucleophile
favors Sy1.

S\1 = racemization at the
Ha H stereogenic C

enantiomers
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b /YC' + :C=C—-H — HCECY\ + CI Spn2 =inversion at the stereogenic C

H D D H

1° alkyl halide
Sn2 only

7.37 Compounds with better leaving groups react faster. Weaker bases are better leaving groups.
+
a. CH30H20H20| or CH3CH2CH2I C. (CHs)gc_OH or (CH3)3C

weaker base weaker base
better leaving group better leaving group

b. (CH3)sCBr  or (CH3)30$ d. CHCH,CH,OH or  CHyCH,CHy{ OCOCH,

weaker base

better leaving group weaker base

better leaving group

7.38 < Polar protic solvents favor the Sx1 mechanism by solvating the intermediate carbocation and
halide.
* Polar aprotic solvents favor the Sx2 mechanism by making the nucleophile stronger.

a. CH5CH,OH b. CHLCN c. CH,COOH d. CH3CH,OCH,CH,

polar protic solvent polar aprotic solvent polar protic solvent polar aprotic solvent

contains an O—H bond no O—H or N-H bond contains an O-H bond no O-H or N-H bond
favors Sy1 favors Sy2 favors Sy1 favors Sy2

7.39 Compare the solvents in the reactions below. For the solvent to increase the reaction rate of an
Sn1 reaction, the solvent must be polar protic.

H,O
H,O .
a. (CHg)sCBr +  H,0 2 (CHg)sCOH + HBr Polar protic solvent
o , or increases the rate of an
3°RX — Sy 1 reaction (CH3),C=0 Sy reaction.
CHZOH

b. /7(\ + CHOH —or />(\ + HCI CH4OH
Cl OCH,4 Polar protic solvent

DMSO _
39RX — S\ 1 reaction increases the rate of an
N Sn1 reaction.

c. ~_Br + TOH H20 O+ B DMF [HCON(CHa),]
or Polar aprotic solvent
1°RX — Sy2 reaction ~ PMF increases the rate of an
SN2 reaction.
d TS ¢ oMo % .o HMPA [(CHg),N];P=0
H CI 1 HMPA H OCHjg _Polar aprotic solvent
increases the rate of an

29RX strong nucleophile

S\2 reaction.
SN2 reaction N
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7.40 To predict whether the reaction follows an Sy1 or Sy2 mechanism:
[1] Classify RX as a methyl, 1°, 2°, or 3° halide. (Methyl, 1° = Sy2; 3° = Sx1; 2° = either.)
[2] Classify the nucleophile as strong or weak. (Strong favors Sx2; weak favors Sx1.)

[3] Classify the solvent as polar protic or polar aprotic. (Polar protic favors Sx1; polar aprotic
favors SN2.)

a. E>70H28r + CHiCH,0 —— E>70HQOCHZCH3 + Br SN2 reaction

1° alkyl halide
Sn2
b. b<|3r + N - b "Ny + Br  S\2reaction = inversion at the stereogenic center
° . The leaving group was "up."
2° alkyl halide Strong nucleophile The nucleophile attacks from below.
favors Sy2.
SN1 or SN2

c. /\/7<I + CH3OH — /\/><OCH3 . HI S 1 reaction

} Weak nucleophile
3° alkyl halide favors Sy1.
Sy

d. + HO0 — /\/7/\ * /\/7/\ + HCl g1 reaction
Cl Weak nucleophile OH HO ~

forms two enantiomers.
3° alkyl halide ~ 18VOrs Sn1-
S

7.41 Vinyl carbocations are even less stable than 1° carbocations.

+ + +

CH3CH,CH,CH,CH=CH CH3CH,CH,CH,CH,CH, CH3CH,CH,CH,CHCH3

vinyl carbocation 1° carbocation 2° carbocation
least stable intermediate most stable
stability
7.42
Na*-CN
a. IECN N ~Sen
carbon nucleophile
framework

Na*-SH
b. | (CH3)3CCHZCH2+STH (CHg)gCCH,CH,—Cl (CHg)gCCH,CH,—SH

!

carbon nucleophile
framework
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OH Cl .. OH
O] dee | 22
nucleophile

carbon
framework
Na+*-C=CH
o, [CHeoH}c=c—H ‘ CHyCH, —Cl CHyCH,~C=C—H
carbon nucleophile
framework
7.43
CHgO + Cl5CH,CH, CH3OCH,CH, CHiCHQ: + CISCHs CH3OCH,CHj
7.44 Use the directions from Answer 7.4 to name the compounds.
[1] CH; (2] CHy 1 [3] 1-fluoro-3,3-dimethylbutane
a. | CHz—C—CH,CH,{F | CHy—C—CH,CH, |F
CHs 3 CH, e
- -fluoro
4 carbon alkane = butane 3,3-dimethyl
3-ethyl
b.[1] [3] 3-ethyl-1-iodo-2-methylhexane
I I
2-methyl — ] } q
6 carbon alkane = hexane -lodo
c.[1] (CHg)sCCH,Br [2] CHs [3] 1-bromo-2,2-dimethylpropane
[CHs—C—Crier
CHj3
2 CH,
CH3;—C—CHy1Br 1-bromo
CHj 2,2-dimethyl
3 carbon alkane = propane
q.011] | N~ | [2]| /\6/\/\2/” [3] 6-bromo-2-chloro-6-methyloctane
| |
Br Cl Br_ Ch
8 carbon alkane = octane 6-mTethyI 6-bromo " 2-chloro
?r ?“— 1-bromo
e. [1] i: [2] o [3] cis-1-bromo-3-iodocyclopentane
o1 "T-— 3-iodo

5 carbon cycloalkane =
cyclopentane

1
1
[1] Cl 2] uCl _ [3] trans-1,2-dichlorocyclohexane
f. , ) trans-1,2-dichloro
Kel T “Cl
2

6 carbon cycloalkane =
cyclohexane
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g.[11 (CH3z)sCCH,CH(CI)CH,CI 2] CH;  H [3] 1,2-dichloro-4,4-dimethylpentane
CHs H [ CHy—C—CH,-C—CHJCI
| | ] ]
| CH3—C—CH,-C—CH,CI CHj CI~\1 ) aich
,2-dichloro
CH;  Cl 4,4-dimethy!
5 carbon alkane = pentane
h [1]@ [2] %ZI [3] (2R)-2-iodo-4,4-dimethylhexane
I H I{ _ 2~ 3
6 carbon alkane = hexane g (2R)-2-iodo 7/ Clockwise
) 4,4-dimethyl g R
(Indicate the R/S 1 HA4
designation also) N

7.45 To work backwards to a structure, use the directions in Answer 7.5.

a. isopropyl bromide

Br<—— Bromine on middle C

CH3—(|:HCH3 makes it an isopropyl group.

b. 3-bromo-4-ethylheptane

~— 4-ethyl
4
Br=— 3-bromo

c. 1,1-dichloro-2-methylcyclohexane
1,Cl = 1 1-dichloro
Cl=—
5 <«—2-methyl

d. trans-1-chloro-3-iodocyclobutane
Cl<— 1-chloro

o

1“;— 3-iodo

e. 1-bromo-4-ethyl-3-fluorooctane

<~ 4-ethyl
B
r 3 A
1-bromo F <—3-fluoro

f. (35)-3-iodo-2-methylnonane
~—2-methyl
W 1
A

g. (1R,2R)-trans-1-bromo-2-chlorocyclohexane
1R
\ ,Br =—1-bromo
: f”CI<—2-chIoro
2R
h. (5R)-4,4,5-trichloro-3,3-dimethyldecane
5R
CIl\H
4

_— 3,3-dimethyl

4,4 5-trichloro
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7.46
CHs
a.  CH3~C—CH,CHF
CHg
1° halide
b.
I
i
1° halide

C. (CH3)3CCH28I’

1° halide

7.47

1-chloro

1
Cl
1-chloropentane

1-chloro

|

1
1-chloro-2,2-dimethylpropane

2

*

2-chloro —

2-chloropentane
[* denotes stereogenic center]

3-methyl —

2*3

2-chloro — ClI

2-chloro-3-methylbutane
[* denotes stereogenic center]

1-chloro

2-methyl — l
Y \)*\/Cl

1-chloro-2-methylbutane
[* denotes stereogenic center]

d. W g‘
B

ro
3° halide 2° halide
Br<——— 2° halide h.

[=—— 2° halide

Cl=—
. Both are
‘ 2° halides.

’
‘Cl—

Cl
3-chloro —~
\/]3\/

3-chloropentane

2-chloro

- —_— l
2 me’[hyl\)<CI
2

2-chloro-2-methylbutane

|Two stereoisomers |

~y . >
1CI H 1CI H4
Clpckwise Clockwise
"4" in back = "4" in front =
R S

|Two stereoisomers |

A LA
4H7 : H
) b

1CI
Counterclockwise

"4" in front = "4" in back =
R S
|Two stereoisomers |

3 4 4
( ~. H 3 H
\A/Cl \(>\/C|
2.1 2.1
Clockwise Clockwise
"4"in front = "4" in back =
S R

Counterclockwise

H H
Lo

(CH3)2CCH2_(|3_(|3_C| ~——1° halide
Cl H

)
2° halide

I
I
2° halide

3-mew\
cr 1 3

1-chloro
1-chloro-3-methylbutane
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7.48 Use the directions from Answer 7.6.

Br
a. (CH3)3CBI‘ or CHscHchchzBr b /\/\I or /\/\Br C. O or O/

larger surface area = larger halide = more polarizable = nonpolar more polar =
stronger intermolecular forces = higher boiling point only VDW forces higher boiling point
higher boiling point

7.49

a.  CHCH,CH,CH,—Br + ~OH CH3CH,CH,CH,OH + Br

b. CH3CH,CH,CH,—Br + ~SH CHgCH,CH,CH,SH + Br

C. CH3CH2CH2CH2—Br + "CN —’CH30H20H20H2CN + Br

d.  CHCH,CHCH,—Br + TOCH(CHg), — CH3CH,CH,CH,OCH(CHg), + Br
€ CHaCH,CH,CH,—Br + ~C=CH — CHaCHCHCH,C=CH + Br
. +
f. CH3CH2CH2CH2—BF + H20=—> CH3CH20H20H20H2 + Br — CH30H20H2CH20H + HBr

0. CH3CHoCHoCH,—Br + NHj

CH4CH,CH,CH,NH; + Br CHyCH,CH,CHoNH, + HBr
h.  CHeCH,CH,CH,—Br + Na*I- — = CHaCH,CH,CH,l + Nat Br-

i CH30H20H2CH2_BT + Na+N3_ - CH3CH2CHQCH2N3 + Na*Br-

7.50 Use the steps from Answer 7.9 and then draw the proton transfer reaction, when necessary.

?
a. Co — + CI
I T cHy o . !
| Hs
T nucleophile T
leaving group o
b. /\/\/1T + Na*"CN _~_-CN + Nal

leaving group nucleophile

I+ HO0: OH + HI

f

leaving group

. O((Tz o+ CH3CH2(:T):H

nucleophile

o

nucleophile

o

O(OCHchs + HCI

leaving group
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Br
e. O/‘ + Na+_?CH3

leaving group  nhucleophile

OCH3
[:::]/ + NaBr

o
/\/SCH3 + Cl
+

T

leaving group nucleophile

7.51 A good leaving group is a weak base.

a. ‘ c. O €. CHyCHNH, |

bad leaving group This has only C-C . T
~OH is a strong base. and C-H bonds. fNaaci!Za;/t'?gngrg;g e
No good leaving group. 2 9 )

-
b.  CHyCH,CH,CH,{Cl] d. ‘

Cl good leaving group
weak base

f. CHyCH,CH, {1 |
f

good leaving group I good leaving group
H,0 is a weak base. weak base

7.52 Use the rules from Answer 7.12.

a. increasing leaving group ability: "NH, < "OH < F~

!

c. increasing leaving group ability: CI-< Br <1~

most basic least basic most basic least basic
worst leaving best leaving worst leaving best leaving
group group group group

b. increasing leaving group ability: "NH, < “OH < H,0O d. increasing leaving group ability: NH3 < H,O < HyS

! T ! !

most basic least basic most basic least basic
worst leaving best leaving worst leaving best leaving
group group group group

7.53 Compare the nucleophile and the leaving group in each reaction. The reaction will occur if it

proceeds towards the weaker base. Remember that the stronger the acid (lower pK,), the weaker
the conjugate base.

NH, I B
a. O/ + 17%’ O/ +  NH, Reaction will not occur.

weaker base
pK, (HI) =-10
b. CHgCH,I + CH3O

stronger base
pK, (NH3) = 38
CH3CH,OCH;z

+ 1 | Reaction will occur.

stronger base weaker base
pK, (CH3OH) =15.5 pK, (HI) =-10
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C. _~_-OH +F’*' ~_F , oH

T

Reaction will not occur.

weaker base stronger base
PKa (HF) =3.2 pK, (H,0) = 15.7
4 NN 17% o~ 4 “oN | Reaction will not occur.
f
weaker base stronger base
pK, (HI) =-10 PKa (HCN) =91

7.54

Oﬂsr
A

~“OCH(CHj3), needed.

7.55 Use the directions in Answer 7.16.

a. Across a row of the periodic table d.
nucleophilicity decreases.
“OH< _NHZ < CH3_

b. «In a polar protic solvent (CH;0H), nucleophilicity
increases down a column of the periodic table, e.
s0: “SH is more nucleophilic than ~OH.

» Negatively charged species are more
nucleophilic than neutral species so "OH
is more nucleophilic than H,O.

H,0 <"OH < “SH f.

c. *In a polar protic solvent (CH3;OH), nucleophilicity
increases down a column of the periodic table,
s0: CH3CH,S™ is more nucleophilic than CH3;CH,O™.
* For two species with the same attacking atom, the more
basic is the more nucleophilic so CHzCH,O™ is more
nucleophilic than CH;COO™.

CH3COO_ < CH3CH20_ < cHscst_

N(CHg); is needed.

ScH,  SCH; replaces Br. . OA CSc. . G=CGH, replaces Br.
a. O/\ “SCH; is needed. ' CHs *czccﬁ.sis needed.

+
OCH(CHy), OCH(CHz); replaces Br. Oﬂ N(CHg)s  N(CHa); replaces Br.

+ Br

Compare the nucleophilicity of N, S, and O.
In a polar aprotic solvent (acetone),
nucleophilicity parallels basicity.

CH3SH < CH30H < CH3NH2

In a polar aprotic solvent (acetone),
nucleophilicity parallels basicity. Across a row
and down a column of the periodic table
nucleophilicity decreases.

Cl-<F-<~OH

Nucleophilicity decreases across a row so

~SH is more nucleophilic than CI-.

In a polar protic solvent (CH;0H),
nucleophilicity increases down a column so CI-
is more nucleophilic than F~.

F-<Cl-<-SH
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7.56 Polar protic solvents are capable of hydrogen bonding, and therefore must contain a H bonded to
an electronegative O or N. Polar aprotic solvents are incapable of hydrogen bonding, and

therefore do not contain any O—H or N—H bonds.

a. (CH3)>,CHOH c. CHyCl, e. N(CHg);
contains O—H bond no O—-H or N-H bond no O—H or N-H bond
protic aprotic aprotic
b. CHZNO, d. NHj3 f. HCONH,
no O—H or N=H bond contains N-H bond contains an N-H bond
aprotic protic protic
7.57
('c?: CH CI?) A CH 2 + CH
CH3/ \iﬂ/\/\iﬂ/ 3 CH3/ \iT]/\/\iT]/ 3 CH3/ \\'Tl/\/\i?]/ 3
H H H H H H
The amine N is more The amide N is less nucleophilic
nucleophilic since the electron since the electron pair is
pair is localized on the N. delocalized by resonance.
7.58
1° alkyl halide
Sn2 reaction
A~~_CN + Br

a. Mechanism: /\/\SEr -
\/Jr\'CN acetone

b. Energy diagram:

c. Transition state:
.Br: 6]1
N

Energy

8°CN:

Reaction coordinate

d. Rate equation: one step reaction with both nucleophile and alkyl halide in the only step:

rate = k[R—-Br][ CN]
[1] The leaving group is changed from Br-to I":

e.
Leaving group becomes less basic — a better leaving group — faster reaction.

[2] The solvent is changed from acetone to CH3CH,OH:
Solvent changed to polar protic — decreases reaction rate.

[3] The alkyl halide is changed from CH5(CH,)4Br to CH3CH,CH,CH(Br)CHa:
Changed from 1° to 2° alkyl halide — the alkyl halide gets more crowded and the reaction

rate decreases.
[4] The concentration of “CN is increased by a factor of 5.

Reaction rate will increase by a factor of 5.
[5] The concentration of both the alkyl halide and "CN are increased by a factor of 5:

Reaction rate will increase by a factor of 25 (5 x 5 = 25).
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7.59 Use the directions for Answer 7.25.

)\/\/B'

1° alkyl halide
most reactive

Oﬂsr

1° alkyl halide
most reactive

/\/Y AN,
Br

1° alkyl halide
most reactive

faster reaction

faster reaction

—— faster reaction

faster reaction

faster reaction

3° alkyl halide 2° alkyl halide
least reactive intermediate
reactivity
LN
Br
3° alkyl halide ~ 2° alkyl halide
least reactive  intermediate
reactivity
C_ /\/\/\Br
vinyl halide 2° alkyl halide
least reactive intermediate
reactivity
7.60
better leaving group
a. CHSCHzBr + 7OH B —
CH,CH,CI + OH —
stronger nucleophile
b. ~_-Br o+ "OH ———
/\/Br + Hzo
stronger nucleophile
c. ¢ + NaOH
_~_-Cl + NaOCOCH;
I + - —_—
d. OCHs  G,0m
I - —
polar aprotic
solvent
less steric hindrance
e. 7 "TBr +  TOCH,CH,

/YBr & TOCHCH, .
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7.61 All S 2 reactions proceed with backside attack of the nucleophile. When nucleophilic attack
occurs at a stereogenic center, inversion of configuration occurs.

(I)H3 CHj
a. Cy./ + ~OCH Cyn - i iqurati
<3N Cl 3 — N\'D + Cl inversion of configuration
H™ = H™ *NocH, g
/\/\/OH + 17

b. PN + “OH

- %C' + T OCH,CH,
H

/72/\/OCH20H3 + Cl*
H No bond to the stereogenic center is broken,

since the leaving group is not bonded to
the stereogenic center.

@--'CN + Br  inversion of configuration

d. Q—Br + CN

[* denotes a stereogenic center]

7.62 Follow the definitions from Answer 7.30.

. L

+
2° carbocation

QL
|
CH,

1° carbocation

+ +
a.  CHzCH,CHCH,CH; . (CHg),CHCH,CH,

1° carbocation

CH,CHj
(7

3° carbocation

2° carbocation

3° carbocation
7.63 For carbocations: Increasing number of R groups = Increasing stability.

AL L L L (e OF O

3° carbocation 1° carbocation 2° carbocation 3° carbocation

1° carbocation 2° carbocation
least stable intermediate most stable least stable intermediate most stable
stablity stablity
7.64
o
S K A b W
s H=GGr Hog-g-gr H=G=0=C
5-Cl H H JH H H H H
3 Clgroups — methyl group resonance stabilized
electron-withdrawing without added Cl's most stable
destabilizing more stable

least stable
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7.65
CHy Step [1] (\ Step [2] CHg
' CHa- ¢ CHS—C:J—CHZCHs

a. Mechanism:  CHy—C—CH,CHy + H,0 ®>C-CH,CH, + Hz0
CHg :OH,
o

Sn1 only <
A B . I~ c

b. Energy diagram:

>
>
(O]
C| 0 e o Y N - - -
w IAH°2
- AH yerall = 0
A CHq C CHs
CHS_CE—CHQCHS CHS*CE*CHZCHS
I +OH,
Reaction coordinate
c. Transition states: L I CHy_ o* T
~C-CH,CH,3 ~C-CH,CHj
Hs" 3 |
Lo :OH,
6+

d. rate equation: rate = k[(CH3)>,CICH,;CH3]

e. [1] Leaving group changed from I~ to CI-: rate decreases since I” is a better leaving group.

[2] Solvent changed from H,0O (polar protic) to DMF (polar aprotic):

rate decreases since polar protic solvent favors Sy1.
[3] Alkyl halide changed from 3° to 2°: rate decreases since 2° carbocations are less stable.

[4] [H50] increased by factor of five: no change in rate since H,O is not in rate equation.
[5] [R—X] and [H,0] increased by factor of five: rate increases by a factor of five. (Only the concentration of

R—X affects the rate.)

7.66 The rate of an Sx1 reaction increases with increasing alkyl substitution.

Br , Br Br

. 1° alkyl halide XA
: least reactive T T

3° alkyl halide

2° alkyl halide
most reactive

intermediate
reactivity
b. Br Br
O L R
T Br
\eat teactive 2°alkylhalide  3° alkyl halide
intermediate most reactive
reactivity
Br Br
S NS WS
aryl halide 2° alkyl halide 3° alkyl halide
intermediate most reactive

least reactive
reactivity
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7.67 The rate of an Sx1 reaction increases with increasing alkyl substitution, polar protic solvents, and
better leaving groups.

cl
aryl halide

a. (CHz)sCCl + H,O —
slower reaction

+ Hy0

(CH3)sCI  + H,O — Dbetter leaving group

e —
faster reaction Cl + H.O 2° halide
2 faster Sy 1 reaction
/YI

b. ><Br + CHOH ——  3°halide d. + CHzCH,0H polar protic solvent
faster Sy 1 reaction CH3CH,OH faster reaction
)\/Br + CH.OH 1° halide I .
3 . + CH3CH,OH ———— polar aprotic solvent
slower Sy1 reaction /ﬁ/ DMSO slower reaction
7.68
CH4CH, CH3CH2 CHZCHS
= LHs NG
a. Br—C + H0 Ho—¢&” NC—oH + HBr
CHz CH, CH3 CHs
40 S
b. C._ + CHOH PN + HCI
CH3CH» Cl CH5CH,™~ o(;|-|3

(OCH,CH; | CHyCH,0,
: * 2 + HBr
Br OH

7.69 The 1° alkyl halide is also allylic, so it forms a resonance-stabilized carbocation. Increasing the
stability of the carbocation by resonance, increases the rate of the Sy1 reaction.

o

CHZOH

CH3CH20H20H=CHCH200H3 + CH30H20H20HCH=CH2 + HBr
OCHs

CH3CH20H20H=CHCH2Br

CH3CH20H20H:CH?H2 —_— CH3CH2CH20H:CH_EH2 - CHscHQCHng_CHchZ + Br
Br 2

resonance-stabilized carbocation

Use each resonance structure individually to continue the mechanism:
.
CH3CH,CH,CH=CH~CH, CHeOH - GHyCH,CH,CH= CHCH, —— CHyCH,CH,CH= CHCH,OCH, * HBr
 Hg oc:H3
Br
CHSCHZCH2C+)H—CH=CH2 — CHscHZCHZCH CH=CH, —— CH30H20H29HCH=CH2 + HBr

/_‘H OCH3 :QCHS

.. B
CH,OH r
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7.70
" >\H/\/
\\\ _ ~ CN —
a. >\/VB" + CN + Br
1° alkyl halide acetone
Sn2 only
b. N .
)\/?i * OCHs puso /k/y + Br  reaction at a stereogenic center
: g ; ; A .
, H OCHs inversion of configuration
2 atgiale  Stongnuceopile
Sn1:and Sy2 Both favor Sy2.
OCH
c. 5 + CHgOH <:>/ ° 4+ Her
"“CH,CH,CH, ‘CH,CH,CHj
3° alkyl halide
Sy1 only

d -9+ CHyCOOH i OK00CCH; T CHC00m YOyt HL _
CHs CHj CH, reaction at a stereogenic center
racemization of product

2° alkyl halide Weak nucleophile
Sn1 and Sp2 favors Sy1.

e. \/Q\ + TOCH,CHs \/O . g reaction ata stereogenic center
Br DME ""OCH,CHs inversion of configuration
2° alkyl halide strong nucleophile
Sn1 and Sy2 polar aprotic solvent

Both favor Sy2.
\OCH,CH
f. “ + CHCH,OH OCHZCHs ° 2o two products — diastereomers
s + + HCI Nucleophile attacks
from above and below.

2° alkyl halide Weak nucleophile
Sn1 and Sp2 favors Sy1.

7.71
CN (axial)

H
‘CN . . . .
a. (CHS)BC\VM\(eBc:) Soetone (CHS)SC\VM\H inversion (equatorial to axial)
H T ‘

H
polar aprotic solvent
Sn2 reaction  Large tert-butyl group in
more roomy equatorial
position.

Br (axial)

CN
acetone

inversion (axial to equatorial)

b. (CHy)sC (CH3)sC CN(eq)

polar aprotic solvent
S\2 reaction
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7.72

TINa*H~

(CH3)2NCHZCH2.¢_JH

:OCH,CH,oN(CHg),

4
— P

S |
— (CH3)2NCH,CHO: + Na* QC—Q + NaBr
+ H2 |
H
diphenhydramine

7.73 First decide whether the reaction will proceed via an Syl or S 2 mechanism (Answer 7.40), and

then draw the mechanism.

H_ :Br
PR
Y * OCH,CHg
e — O o — Ol - O
3° alkyl halide can attack from 7
Sy1 only above or below e ‘
) OCH,CH,
C(QCHZ% . (I + HBr
7.74
nucleophile
—Olj _— \ + Br
o:
“Br <'Br
B CrH1605
leaving'group
7.75
:ér: Hr\ KBr |T|
N + NT N N .
| CHj COz2 | \O 7 CH N NSH N
= Br~ P —_— oH CO4
N N = 3

+ HCO3_

nicotine

+ NaHCO3; + NaBr
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7.76
a. Hexane is nonpolar and therefore few nucleophiles will dissolve in it.
b. (CH;3);CO™ is a stronger base than CH;CH,O

T

The three electron-donating CH, groups add electron density to the negative charge of the
conjugate base, destabilizing it and making it a stronger base.
c. By the Hammond postulate, the Sx1 reaction is faster with RX that form more stable carbocations.

(CHg)sC + (CH3).C +
CF3™ Although this carbocation is also 3°,
3° Carbocation is stabilized by the three electron-withdrawing F atoms
three electron-donor CH5 groups. destabilize the positive charge. Since

the carbocation is less stable, the
reaction to form it is slower.

d. The identity of the nucleophile does not affect the rate of Sy1 reactions since the nucleophile does

not appear in the rate-determining step.
Polar aprotic solvent

e. favors Sy2 reaction.
o H H, < Br H, Br
2° alkyl halide ., )\/ 4 B

Sn1 or Spy2 \/ . acetone

:Br: S
(2R)-2-bromobutane
optically active  strong nucleophile
favors Sy2 reaction.
This compound reacts with Br~ until a 50:50 mixture results, making the mixture optically inactive.
Then either compound can react with Br~ and the mixture remains optically inactive.
7.77

e e SO T

.. N .. A N Jr;/\H .. N ",H +
CI/\/ \/DCI: + CH3NH2 _CI/\/ \/\I}I:H Cl/\/"\/\ll\l + CH3NH3
+ QT CHs CHg
N

N .ol
N:  :N—CH; + CHyNHg -— ﬁN: Nz + Cl:
/N
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7.78 In the first reaction, substitution occurs at the stereogenic center. Since an achiral, planar
carbocation is formed, the nucleophile can attack from either side, thus generating a racemic

mixture.

3° alkyl halide P \/\(\/\(
l CHsQ/H_\ two steps < OCHs3
W SN1 W .
Br
(6R)-6-bromo-2,6-dimethylnonane + Br \/>/\/\(
achiral, OCHjy

planar carbocation racemic mixture
optically inactive

In the second reaction, the starting material contains a stereogenic center, but the nucleophile does
not attack at that carbon. Since a bond to the stereogenic center is not broken, the configuration is
retained and a chiral product is formed.

_— 3° alkyl halide configuration
Br . /\ OCHg / retained
):\/\‘/\/\ CHsOH )+\/Y\/\ two steps
Sn1 T + Br
. Reaction does not occur at optically active
(5R)-2-bromo-2,5-dimethylnonane the stereogenic center.
7.79
The nucleophile has replaced the leaving group.
a. /k/\ )\f Missing reagent:
=k O
0

cl ‘ = The nucleophile has replaced the leaving group.
b. issi Do
Missing reagent C=CH
O No The nucleophile has replaced the halide.

Starting material: : Cl

LSH The nucleophile has replaced the halide.
d ~SH Starting material: . )
' Cl The leaving group must have the opposite
orientation to the position of the
nucleophile in the product.

7.80 To devise a synthesis, look for the carbon framework and the functional group in the product. The
carbon framework is from the alkyl halide and the functional group is from the nucleophile.

a M SH ’ Mm Na" “SH MSH

T functional

carbon group
framework
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a” O~

b. IZ\l/o\/\ ’ A O

T functional
carbon group
framework

C.  |CHZCH,CN ’ CHgCH,Cl

I) functional
carbon group
framework

q O Cl Na® O~ O
functional

rou
T group 2° halide
carbon

framework O Na'
or
O/ 0 This path is preferred.
0@ Cl_~ ~ The strong nucleophile favors
19 halide an Sy\2 reaction so an unhindered
T 1° alkyl halide reacts faster.

carbon

functional framework
group

e. OCOCH3

functional

carbon group
framework

Na® CN

CH4CH,CN

+ p—
OCOCH
CH,CH,Cl 1@ 3

CH3CH,OCOCH;

7.81 Work backwards to determine the alkyl chloride needed to prepare benzalkonium chloride A.

CHj
41
a. @CHzN(CHs)z * CHj3(CHy)4/Cl <j>7CH2—ITI—(CH2)17CH3 cr
CHs
B A
s
b. CHS(CH2)17N(CH3)2 + @CHzcl @CHZ_’T‘_(CHZ)WCH(?' cr-
CHg
C A
7.82
©< Na* ocH3 O<§0H3
E

very crowded 3° hallde

o preferred method
©< CH?’I O<QCH3 The strong nucleophile favors S\2
reaction so the alkyl halide should
E be unhindered for a faster reaction.

unh|ndered methyl halide
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7.83

CHa(CHy),CH,Br
NaH H_C=C- o(CHa)7 G, CHa(CH,),CH,C=cH _NaH

A B
+ Hp CHa(CHy)11CH,Br

HoC=C—H CHy(CH,p),CH,C=C ~ + He
C

H M addition of H, B
CH3(CH2)7CH2C:CCH2(CH2)1 1CH3

/ \ .
CHa(CHz),CHy  CHa(CHy)11CHy (1 equiv) D

muscalure

7.84

N D
*H: 2] CH5—Br:
/\/\/\Oﬂ [1]Na*H NG [21 CHs=Br /\/\/\(:):/CHs + Na*Br

(Chapter 9) + Hp

[1] Na+7; NHQ _ [2] CH3CH2—B_I’:
b. CH30HZCH2—CEC\7H — CH3CH,CH,—C=C: CH3CH,CH,—C=C—CH,CH; + Na*Br-

+ NH3

(Chapter 11)

[1] Na* TOCH,CHg [2] CGH59H2fE%r‘

c. H CH(COCH,CHy)2 " ICH(CO,CH,CH3),

(Chapter 23) + Na*Br
+ CHscHQOH

CGH5CH2_CH(COZCH2CH3)2

7.85

quinuclidine triethylamine This electron pair is more hindered

The three alkyl groups are "tied back" éj / by the three CH,CHj groups.
/s

in a ring, making the electron pair N These bulky groups around the N
cause steric hindrance and this
decreases nucleophilicity.

more available.
This electron pair on quinuclidine is much more available than the one on triethylamine.

less steric hindrance
more nucleophilic
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7.86
Ho B O: 07
C
QH )
I-Iba é”
57 N\ A
f CH3;—Br 2]
:0:
T ChaB 2]
—br
U
7.87

base
OH :0:
b.
wﬁ Pase M
(CH3)3C Br (CH3)3C (Br
. Br (Br
base
crpe—t—/ L, CHyso—L Lde
3° alkyl halide

harder reaction

OH 0°
i ﬁ : ﬁ(
base
Br UB"
(CH3)3C (CH3)3C

3° alkyl halide
harder reaction

intramolecular

minor product

0: + NaBr
CHj

major product

intramolecular
Sn2

e
intramolecular (CH3)3C
SN2
B (CH3)3C \k;
intramolecular
Sn2

CH3)3C\%Q

SN2
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7.88

3
Cl bonded to sp® C Cl bonded to sp° C

cannot undergo S :él élt <~—— no resonance stabilization possible
go onT. m for the carbocation formed here
0~ ¢k Cl bonded to sp® C
Resonance-stabilized carbocation forms.

best for Sy 1

A ~ I:
0 Cl: (1 equiv) >
J re-draw
AN + Gl
H
:(:3_'| _¢.I:
O QCH:a

K




