% 6% lonic Reactions-Nucelophilic Substitution and
Elimination Reaction of Alkyl Halides (&) *= "5 638 4%

B E 2R E )
1) &% 2e C-Xék g it (polarized):

\ 6+ -
C>—X
\.\“/

d WCRIZXRFZFREEDLR > g =0 C Xt > aé HCH partlal
positive charge, X# partial negative charge. $* 3R % AT 7 &)t =T ehit §

B




C—X Bond 1.39 1.78 1.93 2.14
length (A)

C—X Bond 472 350 293 239
strength

(kd mol=")

VICH;X 5 &) » J&F—1, C-XgEengt & 4 » RV REM - R F) o



Organic halides # 3#Z:alkyl halides; vinilic halides and aryl

halides
\C_C/
/ % &
X

A vinylic halide A phenyl halide

H>:<H

Vinyl halide H X

CH,Cl,: dichloromethane; CHsCl: chloroform; CCl,: carbon tetrachloride



2)F 7 Y £ 8- FF B2 2 F B (Nucleophilic substitution
Reactions)

MRXE &

[— Leaving group
Nu:~ + R ‘( —> Nu:R +: ‘(‘

Nucleophile e HeterolySIS

occurs
here.

- A fLinucleophilesGRFZER) > v 52 £ F AR HT Il THI AL

F oo A F BV BIZAPHE T, BN )%Br» (substrates)" g3 AW
(leaV1ng groups).

\o+ 8-
STEN
w
This is the positive The electronegative halogen
center that the polarizes the C—X bond.

nucleophile seeks.



HO:~ + CH;—I: —> CH;—OH + :1:~

CH;0:~ + CH;CH,—Br: — CH,CH,—OCH; + :Br:"

:1:~ + CH;CH,CH,—Cl: —> CH;CH,CH,—I: + :Cl:"

H—él')= + R—X:—> H—(?*—R + :X1-

H H
Nucleophile Alkyl Alkyloxonium

halide ion

HO |}

H—O—R + H36+ s :):;:‘



Exercise 1n page 242: Rewrite the reactions as net ionic reactions:

CHsl + CH3CH,O > CH,OCH,CHs + I
© + CH3CH,Br > CH,CH,l + Br
H+
CH3;0OH + (CH3)3CCl > (CH3)3COCH3 + Br
lCHgOH

(CH3)3COCH3 + CH3OH2+



L~ 445 leaving group (82 &), Fendgd A @B AF L - BZ 5 R
ek,
3) Sy2(Bimolecular nucleophilic substitution)# %28 & &
A) RPB-F BT i L
a) Nu” + RX ——— Nu--R—-—-X —> NuR + X
BATHEA S chle B > BT A B (52)

E\—‘Fﬁ‘{

b) RX » RT" + X

Nu:” + RT » NuR
RX3 4 $75 & T AT - £ £ PP ®E (SN1)



B) S\2F Rerid 4| endE 3.

a) KF Bes 4ok B (initial rate) XK#FEM F B#+4]: Second order reaction

CH;—Cl + OH™ —> CH —OH + CI™

Experiment Initial Initial Initial Rate
Number [CH,CI] [OH ] (molL 's)

1 0.0010 1.0 4.9 %1077

é 0.0020 1.0 9.8 X 1077

3 0.0010 2.0 9.8 X 1077

4 0.0020 20 19.6 X 1077

Rate = k[CH;CI][OH ]

FRtd 4o REABF BPnERIT Y > FREBEPFF RED AL F @R
# 4 (second order).



b) Sir Christopher Ingold #t3% 3! ¢SN2& R %+

H

H.%Z 5+
- \ 5
H—O: C ﬂlCl
/
H

The negative hydroxide
ion brings a pair of
electrons to the partially
positive carbon from
the back side with
respect to the leaving
group. The chlorine
begins to move away
with the pair of
electrons that
bonded it to
the carbon.

Transition state

In the transition state, a
bond between oxygen

and carbon is partially
formed and the bond
between carbon and
chlorine is partially

broken. The
configuration of the
carbon atom begins to
invert.

Now the bond between
the oxygen and carbon
has formed and the
chloride ion has
departed. The
configuration of the
carbon has inverted.

mg R R - K BEARY TR - AR BB A AR IR G U TR B
FE51012S2+ o F BReiGiB fk & {F B¢ B (intermediates).




c) SN2& J e & 2- 483

Transition state
6-Nu--—-R---Ld-

- e
Nu:-+ R—L

Free energ

Reactants

Free-
energy AG°
change

Free energy of
activation

Exergonic reaction: negative
AG® (products favored)

Nu—R + :L-

Products

Reaction coordinz

An energy barrier is evident because a bond 1s being broken

in going to the transition state (which is the top of the
energy barrier).
The difference in energy between starting material and the

transition state is the free energy of activation (AG* ).
The difference i1n energy between starting molecules and
products 1s the free energy change of the reaction, AG¢




Transition state
- Ng==R ==L

Nu—R + :L-
Products 7

Endergonic reaction: positive AG° (products not favored)



d) SN2F J& = Rg i B 2 3F3:

i H i H
/

W

HO: ——2C
H'{

L&

5 | 5
HO---C--Cl| — HO—C., _+CI-

H

m It
\

An inversion of configuration

L An inversion of configuration Q
H,C Ve H,C H )
+ =(__)H_W =+ :Ql:_
(D7 OH

H
cis-1-Chloro-3- trans-3-Methylcyclopentanol

methylcyclopentane



CH, - cH, |*

\‘ [\ o— I o— /
HO:-—— 2C—Br —|HO---C---Br| — HO—C,, + Br~

H W l 5 ‘ \”fz,H

ty

CH,, . HCH, | CeH,;
[‘ An inversion of configuration 4)
(R)-(—)-2-Bromooctane (S)-(4+)-2-Octanol
[al = —34.25° [a]3 = +9.90°
Enantiomeric purity = 100% Enantiomeric purity = 100%

FERY
a) Page 250:

-
Thinking 1f this molecule is the chiral molecule?



b) Page 251:
a) In a SN2 reaction, based on the configuration of the product,
deduce the configuration of the start material:

Cl CH3
HYCH3 OH" H%OH
Et Et
(R)-2-Chlorobutane (S)--2-Butanol
Cl CH
b) In a SN2 reaction Ha CHs - Ho: 3|
Y _ Y
Et Et
(R)-2-Chlorobutane (S)--(-)-2-lodobutane

I
4<|IO
I
w

Et
(R--(+)-2-lodobutane



)% - AR F B : SN1(Unimolecular nucleophilic substitution)

acetone

Rate « [(CH;);CCl]
Rate = k[(CH5),CCl]

A end X E B 2 tert-butyl chloride kAR A 1w > & Q- B & BE o

Frifprtdedh o ON X3 283 BEF BERAGERLE T Y o 8 F BAHZ
% SN1(Unimolecular nucleophilic substitution)

A) SN1F& B <Mechanism:



Reaction:

Mechanism:
Step 1 CH,
| low
H,C—C

Aided by the polar
solvent a chlorine
departs with the
electron pair that
bonded it to the
carbon.

Step 2 CH,

H C—C/;’.-:"(")—H
K \

|
CH, H

A witer molecule acting
as a Lewis base donates
an electron pair to the

carbocation (a Lewis

acid). This gives the
cationic carbon eight
electrons.

Step 3
CH,

N e fast .
H.\C_C_(ll.-._.” + i0—H .é}'lif_‘—c—()

| |
CH, H H

A water molecule acting as

a Bronsted base accepts a
proton from the
tert-butyloxonium ion.

v

CH,

v WL A AT O,
TR 3 Ve

CH,

I'his slow step
produces the
relatively stable 317
carbocation and a
chloride ion. Although
not shown here, the
ions are solvated (and
stabilized) by water
molecules.

CH,
fast -
— H_\C'_(l: . (ll_— H
CH; H
I'he product is a
tert-butyloxonium ion
(or protonated
teri-butyl alcohol).

CH,

CHy; H

(CH3);CCI + 2 H;0 —(CH;);COH + H,0

:+ H—O*H

H

I'he products are teri-butyl
aleohol and a hydronium ion.

+ Cl

Free ensigy|

—

Free eneig)]

Sepl gt is much
Transition larger than
state 1 AG'( or AG' 3,

hence this is
the slowest step

AGHy,

Intermediate 1

Reaction coordinith

Step 2

Transition
state 2

Intermediate 2

Reaction coordiiali

Step 3

Transition
state 3

AG(3)
AH

Reacton costilh

A % Pt B enk }%:‘ ) &:&é‘ﬁﬁ @;ﬁfiﬁ’#i—’k—fiﬁffﬁﬁ }.@i"’ﬁi}i ’ ?%}tﬁ‘

Z2_ 2 rate-determining step; AG*3 & *
In the case above kl1<<k2 or k3, and the first step is rate

determining




B) & #X#3+ (carboncations)niig 2 A LE

Vacant p orbitals |

3%
z
“iny, g,
Yen,, "
s,

/c+—( CH,

sp2—sp3
o bond

H,C

(a) (b)

A carbocation has only 6 electrons, is sp# hybridized and has an empty
p orbital

R R H H
/ / / /
R—C* >R—Ct* >R—C* >H—C*
\ \ \ \

R H H H
3 = 2 = 1° > Methyl
(most (least

stable) stable)



Hyperconjugation: stabilizes the carbocation by donation of
electrons from an adjacent carbon-hydrogen or carbon-carbon o bond
into the empty p orbital(& + #C-H& C-Codriig 4 7T AT A L ik ping,
VR EpiaE e TREA ER AR § 0 R AR

Orbitals overlap here

<Vacantp orbital

\

&+
CH CH
s T /H is /H
6+CH _>C5+ more 6+CH —Pp C5+ more 5+CH —p C5+ more H_C+
3 \ stable 3 \ stable 3 stable
than H than H than H
CH,

o+

tert-Butyl cation Isopropyl cation Ethyl cation Methyl cation
(3°) (most stable) 2%

(1°) (least stable)



C) SNILF = q8i- 82 353

CLLCH,CLL CH,CH,CH, CH,CH,CH,
\ - \ /
o C—Br l—> o C—OH + HO—C - + HBr
H3C N l acetone ch b\ ‘ \ /CH3
CH,CH, CH,CIL, CH,CH,

(5)-3-Bromo-3- (S)-3-Methyl- (R)-3-Methyl-
methylhexane 3-hexanol 3-hexanol
(optically active) (optically inactive, a racemic form)

7R RN OF B SECEF RS2 S RehA S > 5 - Racemization.



CH3CH2C{IQ CH,CH,CH,

—Br- The carbocation has
LC—Br—— B a trigonal planar structure
H C\\\ l slow s‘\ and is achiral.
CH ,CH, H,C CH,CH,

;)

CH,CH,CH, /H HQH CH,CH.CH, + H,07
Back-side Ftrtonlt( side \\“\...C — O+(> \\“\“.C— 0:
attack arae H,C" 4 \H H,.C" { \H
CH CH,CH, CH,CH, CH,CH,
Enantiomers ——> A racemic mixture
fast fast
H CH,CH,CH CH,CH,CH
HCCHCH f_) ) /T L/
Front- and back-side . }O—C..,,,w :/O_C'-w,,, + H0*
attacks take place at equal HQH H \ CH,4 H \ CH,
rates, and the product is CH,CH, CH,CH,
formed as a racemic
mixture.

FERY :a) Page 257:



(CH3)3C

D) solvolysis: &t e g gria R Lo+ 8¢ 2 (PR F R

(CH,);C—Br + H,0 — (CH;);C—OH + HBr hydrolysis

| I
(CH,),C—Cl + HCOH —> (CH,),C—OCH + HCI



Step ] (CH),C~—Cl: 225 (CH,),C* +: C1:-

Step 2
” # "
O—C(CH,), :Q—C(CH,;).

o
I o 1S -
(CH,),C* + H—O—CH CH

Step 3
:0—C(CH,), :0—C(CH,), o
pn— s e .

:g: H-—0=CH > 0=CH =  HC—0Q—C(CHy),

+ H—Cl:



5) i % SNI4eSN2F fisig is ch ] 4

a)ﬁ%#ﬁﬁéfﬁ(the structure of the substrate)

SN2 Reactions steric effect

In SN2 reactions alkyl halides show the following general order
of reactivity:

Methyl > primary > secondary >> (tertiary — unreactive)

H\ /H H
H\ g o H’C\ o
> C/ H C/ SH
@ \ & Hl/c/ &1 X
Nu —%L X Nu:—pme C—X Nu: ﬁ,c X H/%c X Nu:/\ X
Nu: I" T 1‘: :

H H
Methyl 1° 2° Neopentyl 3°

(30) (1) (0.03) (0.00001) (~0)

Relative rate

Steric hinderance: the spatial arrangement of the atoms or
groups at or near a reacting site hinders or retards a reaction.

In tertiary and neopentyl halides, the reacting carbon 1s too
sterically hindered to react.



SN1 reactions—i&TSN1F Rerh 4t %] % £ 7 £ F 7 A58 Lt m3g

F o

Generally, a) for alkyl halides, only tertiary halides undergo SNI
reactions because only they can form relatively stabilized
carbocations b) allylic halides and benzylic halides can also
undergo SN1 reactions easily.

Explain (b)?



Transition Transition
state state

Highly  Reactants
exergonic

step

Products

Free ¢

Highly Reactants
endergonic

step

Products

Reaction coor

The Hammond-Leffler Postulate

The transition state for an exergonic reaction looks very much
like starting material

The transition state for an endergonic reaction looks very much
l1ke product

Generally the transition state looks most like the species 1t
1s closest to 1n energy



FHF Y Page 261

b)AFiiaR )k R ¥ % B (concentration and strength of nucleophile):
SNIF s 2 R By RER 2 8 R O

¥HSN2F B k3#: 1) Rate is directly proportional to the concentration
of nucleophile; .
2) Stronger nucleophiles react faster: CH,OH + CH,1 2%, CH3(|)CH3 +1-

| 1
CH,0  + CH.I =5 CH,OCH; + I
FB| 1: A negatively charged nucleophile is always more reactive

than i1ts neutral conjugate acid
Fp] 2: When comparing nucleophiles with the same nucleophilic atom,

nucleophilicities parallel basicities:
RO~ > HO >> RCO, > ROH > H,0

Note: the necleophility and basicity are not measure in the same
way (OH- and CN-).



)16‘ HlJ}‘J-SNZF mﬁ’»ﬂ"ﬁ
1) In Protic solvent: having hydrogen attached to a strongly
electronegtive element (H,0, ROH---etc)

O
H /..\H
O Molecules of the protic
AN gl solvent, water, solvate

a halide ion by forming
/=O= hydrogen bonds to it.

H
Nown H

AR A TR RS AR PEERERE FET ORI

R 3 RF SR AP R R RB NI AP RAPRT AFT
/aifi‘d“ AR e & ﬁa?v WHRETFEFAPEEI Z M
aprotic solvent¥ : realative nucleophilicity:

I">Br >Cl >F~

SH_ = CN_ >1" > OH_ B N3_ > Br— > CH3C02_ = Cl_ >F > H20



2) In Aprotic solvent:

-'O'u u'o'- -'O'- -'O'-
. CH,
. [ s A
H—C—N\ CH,—S—CH, CHSC—N\ (CH3)3N—I|’—N(CH3)2
N,N-Dimethylformamide Dimethyl sulfoxide Dimethylacetamide Hexamethylphosphoramide
(DMF) (DMSO) (DMA) (HMPA)

relative nucleophilicity:
F->Cl - >Br >1"
FE R :Page 264

3) &eProtic solvent® > SN1irk ik B € <~ <~ 3% > FIZ AR H7 FHI R

3 g R IE o

FHF Y Page 265



D#d KA T: aSNIFSNZF I ® 4 et A B A8 b s (55
iﬁ) E\‘: \:’ o]‘_’:!’_/J\,{,\—‘;- o

B 4:
Leaving group ability of halides:
I >Br >Cl - =>F~
This trend is opposite to basicity (see Table in page 105):

F->=Cl" >Br >1"

Hiudraipgd A0

] 1 ]
‘O—ﬁ—R O—ﬁ—O—R —o—ﬁ@cm
O (0] O
An alkanesulfonate ion An alkyl sulfate ion p-Toluenesulfonate ion

Triflate ion: CF4S04,



BB S:mdeiE s ¥ oay (T5 Fendpd A E

[\

Nu:- -~ *R—OH —¥— R—Nu + OH™
This reaction does not
take place because the

leaving group is a strongly
basic hydroxide ion.

N

Nu:-— >*R—O0OH — R—Nu + H,O
| This reaction takes place

H because the leaving
group is a weak base.

#HE Y :Page 266



Summary Syl vs. Sy2

In both types of reaction alkyl iodides react the
fastest because of superior leaving group ability

R—I > R—Br > R—C(CI SNl or SNZ

Factor Sy 1 S N2

Substrate 3° (requires formation of a Methyl > 1° > 2° (requires
relatively stable carbocation) unhindered substrate)

Nucleophile Weak Lewis base, neutral Strong Lewis base, rate favored
molecule, nucleophile may be the by high concentration of
solvent (solvolysis) nucleophile

Solvent Polar protic (e.g., alcohols, water) Polar aprotic (e.g., DMF, DMSO)

Leaving group | > Br > Cl > F for both Sy1 and 532

(the weaker the base after the group departs,
the better the leaving group)




SN1, SN2F Jis-] &

1)- ki@ =2t )3 ch&x P (tertiary halides), AL e
nucleophiles, 1 % polar protic solvents3 §I*SNI1» R +% 2 - Such as
solvolysis reactions of tertiary halides.

2)> #g e ek (methyl halides and primary halides) , A ¥%{E$5 en
nucleophiles, polar aprotic solvent, 2 % B Jk & srnucleophilesh| 7 §**
SN2 Jgervig 2,

3)E3 A B FESNIF-SN2F BAp e > TR T3 dk e+ 5 Fongpd A

R—I > R—Br > R—C(CI SN]- or SN2



Functional Group Transformations using SN2 Reactions:

OH"™

> R—OH Alcohol
/
R'O-
> R—OR’ Ether
SH- ‘
> R—SH Thiol
R'S™ _
> R—SR’ Thioether
X~ CN-
rR—x X0 > R—C=N Nitrile
(R = Me, 10, or 20) R—C=C"
X =CLBr,orl]) > R—C=C—R’ Alkyne
0
| (”)
it > R—OCR’ Ester
RN g B . .
> R—NR; X Quaternary ammonium halide
.
D > R—Nj Alkyl azide
CH, CH, Stereochemistry can be
T s ) s . .
:N=C:" +@c—m~m> N=C—C.y + Br controlled in SN2 reactions
CH,CH, CH,CH,

(R)-2-Bromobutane (S)-2-Methylbutanenitrile



4 E B? SN2F BF

~0,CCHCH,CH,SCH,
NH,*
Methionine
|
N itk
CH;  CH,—N*-CH,CH,OH

|
CH,

Nicotine Adrenaline Choline

N
QLN
CH,

N



Triphosphate group

#
O- (IJ- O-
ulfu Leaving
Z::'z;sasl fa Lfltcgg:)phile. <6 group
i
—OZC(|:HCH20H2§CH3 +C —
NH,*
Methionine H
OH OH
ATP
L 1 11
~0,CCHCH,CH,—S—CH, O__  Adenine +-0 W (o] ||=" O—Iﬂ’—OH
NH,* O o) O

OH OH
S-Adenosylmethionine Triphosphate ion



/—\?H"’

.. %
CH3—I\|I—CHZCH20H + ~0,CCHCH,CH;—S*—CH, O__ Adenine —>

CH, NH,*
2-(N, N-Dimethylamino)ethanol H H
OH OH
CH,
CH,—N*—CH,CH,OH + —OQC|CHCHECH2—§—CH2 O
CH, NH,*

Choline




¥ Ry :Page 270:Starting with (S)-2-bromobutane, outline syntheses of
Each of the following compounds:

Et \\\H Et \H
< \
H3;ONa, CH30H
>ﬁBr CH30Na, CH30 > HsCO \
H3C CH3
) ey B o (elimination reaction)
Eil
—CE(% + B~ —> C—=C +H:B +:X-
| -4 / N\
K v /. vl o (W4 A\ A] »
A base = ﬁl ‘% J'TF ‘{'f-_;:.mi R R P

Explain what is a carbon and what 1s B carbon



B N
C,H,ONa
CH,—C—Br —2>"  C_

3 2

(91%)

+ NaBr + C,H,OH
CH,

C,H,ONa

C,H,0H, 55°C CH,=CH—CH, + NaBr + C,H;OH

CH,CHCH,
| (79%)

Br

1,2-elimination

W R F BetT kLY

2 CH,CH,0H + 2 Na—> 2 CH;CH,0: Na* + H,

Ethanol Sodium ethoxide
(excess) dissolved in
excess ethanol

R—O<H + Na*:H-—> R—Q:"Na* + H—H

CH, (fH_1
2 CH-‘L{_QH +2K—> 2 Cl-l_‘(|j—(:':)=*l(*' + H,
CH, CH,
tert-Butyl alcohol Potassium fert-butoxide
(excess)



a)E2i) % F R th0F Msciof )

E,:

Reaction:
C,H;0 + CH,CHBrCH; — CH,=CHCH; + C,H;OH + Br

Mechanism:
- P £
C,H;—O7 Y : % H
20— 2 g CH, C,H.—O0---H CH, H CH,
X LaH - F aH 5 Pt
B . efBa. N
H H s ['.;.I' . H H ]il' : H H
Transition state +
The basic ethoxide ion Partial bonds in the transition state - " -
begins to remove a proton from the extend from the oxygen atom that is CZHS—QH + ¢ l.?ll'-
B carbon using its electron pair removing the (3 hydrogen, through
; : : A At completion of the reaction,
to form a bond to it. At the same the carbon skeleton of the developing the (iuull)[t' bond i el Sewmad
time, the electron pair of the double bond, to the departing leaving F b e alhane II‘ Kot nii l
B C—H bond begins to move in group. The flow of electron density is I‘m(' j ]:" ” Ll“.L_ ]‘:h - .II ”?m_lld_
to become the 7 bond of a double from the base toward the leaving group P ;m‘“ ,l%‘lumllcl l"' " ‘h;( IIL_‘" iy
bond, and the bromine begins to as an electron pair fills the 7 bonding ’ Om'l “I“ 11‘“1;” b :" ” I‘m .
. . . maolecuie o1 ethanol and a
depart with the electrons that orbital of the alkene. )

3 bromide ion.
bonded it to the « carbon SRR, S

Rate o« [CH,CHBrCH,][C,H;0 ]
Rate = k[CH;CHBrCH,][C,H0]
E, reaction involves concerted removal of the proton, formation of the
double bond, and departure of the leaving group
The orientation of the hydrogen being removed and the leaving group 1is
1n the same plane.



b) E2 versus SN2: % & F 35738 )k & dnucleophiles™ % » % 4 -

LW
o i + Nu—H +:X-
| elimination )
_ E2 P
(a)
H—C—
Nu ;/_/ \.b| / '\;_‘_ p—_—————

(b) u‘%(lj—'x |

(b) H—C—

substituti | X
su S‘l ution No—C—
5.2 |

BB 1 AS L - BdsiRin s A RAHKERT o SN2F Rk BA -

CH,CH,0~Na* + CH,CH,Br — "> CH,CH,0CH,CH, + CH,—CH,
(—NaBr)
) E2
(90%) (10%)

P 2:% Ry 5 - sk ARKIERT > E2F RiEBE o

C,H.OH
CH,CH,0"Na* + CH,CHCH, ——*~— CH,CHCH, + CH,=CHCH,

| B
Br (=Nabio) OCH,CH,
S\2 E2

(21%) (79%)



o B-BrMEFEFEFLYIFRT

I

A3 FARPFIEZBHEREE SN2F T2 L5 o AAeHiigdgiERT
WEF Rt G HBEY

I I i
C,H,OH
CH,CH,0~Na* + CH3(|3CH3 **—— CH,CCH, + CH,=CCH,
Br MY OCH,CH,
S\1 Mainly E2
9%) (91%)

RB] 4:4ciE G {1 45 & (both Bl and E2) % 2 -
SR 5: KA A eag T FINEQF R 4



CH,

|
CH3—(|2—O‘ + CH,(CH,),.CH,CH,—Br (ng;EOH >
CH,
e
CH,(CH,),.CH=CH, + CHB(CHE)ISCHQCHz—O—('T—CH3
CH,
E2 S2
(85%) (15%)
CH4OH, 65 °C
CH30_ + CH3(CH2)15CH2CHzBr

CH3(CH2)15CH2CH20CH3 + CH3(CH2)15CH:CH2

99% 1%

2R 6: WiE ek (NH,, CHO, etc) § fIE2F g d 5 & &0
1133 4k (C1-, CHy,CO, )R 5 F1*SN2F M ervgg 4 o



@M?%F@aﬁﬁ@%ﬂ

The E1 reaction competes with the SN1 reaction and likewise goes
through a carbocation intermediate.

Step 1
CH, CH,
| (e sI()\.\. / =
HiC— =) == H.C—C" “+il:
3 | o H,0 \ e
CH, CH;
Aided by the This slow step
CH, CH, polar solvent, a produces the
S| ) - chlorine relatively stable 3
—— CH,C—OH + CH,C—OCH,CH, departs with carbocation and a
] ] the electron chloride ion. The
CH CH; CH, pair that ions are solvated
- (]:_"Cl 80% C,H,OH fer:-ButyI alcohol  tert-Butyl ethyl ethel; Step 2
i 20% H,0 &
25°C (83%)
CH, H\ /CH_.,
tert-Butyl chloride - CH, ;i 0 + H— C‘ H— O__H i C=C
— CH,=C a\ | H/ \CH
i \CH H H CH, H 3
3 A molecule of water This step produces the
2-Methylpropene removes one of alkene and a
(17 %) the hydrogens from hydronium ion.

the 3 carbon of the
carbocation. These

hydrogens are acidic

due to the adjacent
positive charge. At
the same time an

electron pair moves in
to form a double bond

between the e and
P carbon atoms.
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6.13 Show how you might use a nucleophilic substitution reaction of propyl

bromide to synthesize each of the following compounds.

OH" H,0 P N(CHs)3 |@_
a) B 2 . ~_OH 9 s "
NN Nal EIOH hy B '\[')al\;':\' - CN
Q) _ANUB EtONa, EtOH .~ _-OEt i Pl H2S . S
d) AU-Br CH3SH . _~_-SCHz
o CHCO A" . _CO,CH;
DMF

g N T AN
EtOH

6.14 Which alkyl halides would you expect to react more rapidly by an SN2
reaction



C
b) CH3CH,CH,l > CH3CH,CH,CI d))\/\CI > /Y\CI

Br
&) NN > @

6.15 Which SN2 reaction of each pair would you expect to react more rapidly in
protic solvent? Explain

a) 1) >2)

D) 2) > 1) msimpo) mipsalt 24 posoi &
C) 2) > 1) =+ * Gkl PR s 2+ Rk i it
d) 2 > 1) the concentration of nucleophile is higher

6.16 Which SN1 reaction of eeach pair would you expect to react more rapidly in
protic solvent? Explain



a) 2) > 1) Bris better leaving group
b) 1) = 2) CH3OH is weaker base (see page 105)

C) 2) >1) concentration d) about the same; e) 1) >2)
6.17 synthesize the following compounds:
NaCN, DMF
Nal, EtOH g) CH3Br » CH3CN
a) CHsBr » CHsl
NaCN, DMF
h) CH3CH,Br » CH3CH,CN
Nal, EtOH
b) CH3CH,Br > CH3CHal NaOCHg, CH3OH
i) CH3Br » CH30CH3
NaOH, H,0 %
c) CHsBr > CH30H _ NaOCH3, CH3OH
J) CH3CHzBr - CH3CH20CH3
NaOH, H,0
d) CH3CH,Br » CH3CH,OH
H,S
e) CHsBr » CH3SH oKt
H,S
f) CH3CH,Br > CH3CH,SH <:§
6.18

a) Strong base can not be as leaving group.
b) same as above

C) same as above
d) ??? e)CH3O isastrong base f) the formation of NH4* and CH3OH



6.19 Which compound is more suitable for preparing styrene by
dehydrohalogenation using KOH in ethanol?

Br

Br

Br SN2 HO.

Br

\

OH™ EtOH

E2



6.20 Which of the following reaction is more suitable for the preparation of
CH3OCH(CH3)2
Answer: 2) Is better than 1), because 1) %% ; i R 2 % LR

6.21 write the major product:

a) /\/\/Br CHgCHzo-, CH3CH20H, 50 OQ /\/\/OCH3
SN2

b) o~ BI__(CH9)sCO", (CHg)sOH, 50°C_ ~

E2
0 - CH30", CH3OH, 50 °C |
=18 >
£2 |
CH3)-CO", (CH3)20OH, 50 °C
d) Br (CH3)3CO", (CHa)s o |
E1l
Cl
I 50 °C, acetone
e) (H3C)3CM - (HeClC [T/ ™
SN2

cl OCHj3

CHj3
0

SN1




CHgO_’ 50 OC, CHgOH
e) /Y\ SN
E2

Cl

/\(\ CH3CO5", CH3CO,H /\/\
f) -
. SN2 Oj(

@)
CH
HaC I OH", 25 °C H
—Br > HO—X{
SN2
Et Et
(R) (S)
N > /\)\/
(S) SN1 racemic
B rsooc | "\
f) \/\/\>\ ’ .~ \/\/\)\ \/\/\>\
(S) CH3OH SN1 (R)



6.23 Explain:

) ) ) Br .
In SN2 reaction, /\Br is more than 10 time faster than\(\ because of the less steric hindrance

CR5CH,O" CHsCH,ON > /\OCHZCH3 major product i”“j‘ i SObUty 1 bI'OHlide ;i %i ’ SN2 F
| B € % FIIA 2 g 0 &E2F b
YBV CH3CH»,0O” CH3CH,OH . \’/ major product f‘l’_aé‘\ i& fu% ff—" L fé; fﬁ%ﬁt

6.24
Answer: SN2

6.25
Answer: in protic solvent; nucleophicility:

CH3NH->CH3NH2  (C6H5)3P>(C6H5)3N  HS >H2S

/\Br

CH30 > CH3CO2- H20 >H30"
OH->CH3C02

CH3SH > CH30H NH3 > NH4*



6.33 Give the structure of the products:

TQT Nal ( 1 mol) ;QT
H

Br H H
(2 mol)
ﬂd Nal ( 1 mol) N\u
Cl >
I
(12 mol)
SRS
Br/\/BI’ + +|\|a-5\/\s_|\|a+ K)
CI\/\/\ NaH CI\/\/\
OH - o
NaNH, CHgl

HsC———H » H3C—C=C

> HyC——

CHs;



