Organic Chemistry
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Lecture 10: reactions of organohalides
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C-X bond is polar
(lién két C-X phan cwc)

6.—

X -
Electrophilic
6:“, (l: \/ carbon

C ngheo electrons nén dong vai
tro 1a tdc nhan ai dién tur
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Reactions of alkyl halides

(phan tmg cua dan xuat halogen)

Nucleophilic substitution (SN2, SN1)
Elimination reaction (E2, E1, E1cB)

Substitution

- OH
2 N N
(pu thé) .c—C¢" + OoH —— _C—C._ + Br
7 N\ 7\
Elimination / \ /
, . \
(pu tach loai) .L—C" + OH —— C=C + H,0 + Br
AR /N
r
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Nucleophilic substitution reaction
Phan tng thé a1 nhan.
O 0O 0O O

|| [ PCl I [
HDCCHZ?HCOH Ethor HDCCH2C|ZHCOH

OH Cl

(-)-Malic acid (+)-Chlorosuccinic acid

[a]lp =-2.3
[AQED, HED lAQEDf HED
O 0] O 0]
[ || PClg [ I
HOCCH,CHCOH HOCCH,CHCOH
| Ether |
Cl OH
discovered 1896
(=)-Chlorosuccinic acid (+)-Malic acid by Paul Walden
[a]lp = +2.3
How?
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Nucleophilic substitution reaction

O

* I *
# EHECG- ]
/ : ! + “OTos
H O—Tos Inversion of O H
configuration
,H'C;‘*-h
H3C 0

Change of configuration!
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Nucleophilic substitution
reaction

R—X + Nu: —— R—Nu + X

Change of configuration!
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Problem
(viet san pham phan rng)

Br

Nat C=

k
"~

(S)-1-Bromo-1-phenylethane

Gia su su chuyén do1 cau hinh S => R xay ra
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S\ 2 reaction

(substitution, nucleophilic, bimolecular)

NN

HO:~ + CH3—Br: —— HO—CHz + :Bri-

(van toc phan tmg = van toc tiéu thu chat phan tng)
Reaction rate = Rate of disappearance of reactant

= k X [RX] X [TOH]

where [RX] = CH3Br concentration in molarity
|"OH] = ~OH concentration in molarity

k = a constant value (the rate constant)
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S\2 mechanism
(co’ ché phan (rng S, 2)

i 1#
- CH H CHj
HO:™ H.\\H 3 ﬂ O0— ‘; O—
B — HO----(|3----Br
CHoCH3 CH,CH3
(S)-2-Bromobutane Transition state
Configuration? H3C 1
"OH phan tng theo HO—C”'H + Br
r 7,: - \
hudng nguoc vo1 Br CH,CH

(R)-2-Butanol
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S\2 mechanism

Planar l
Nu—C'/ + X
%
Tetrahedral
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Ingold and Hughes
Prof Edwar ughes

RSClGemensdences

National Chemical Landmark

Chemistry Department
University College London

During the period 1930~1970
Professor Sir Christopher Ingold

pioneered our understanding of the
electronic basis of structure, mechanism
and reactivity in organic chemistry,
which is fundamental to
modern~day chemistry.

28 November 2008
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Problem 1

What product would you expect from a nucleophilic substitution reaction of
(R)-1-bromo-1-phenylethane with cyanide ion, “C=N, as nucleophile? Show
the stereochemistry of both reactant and product, assuming that inversion of
configuration occurs.

Br

Na* —C=N
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Problem 1

What product would vou expect from a nucleophilic substitution reaction of
(R)-1-bromo-1-phenylethane with cyanide ion, “C=N, as nucleophile? Show
the stereochemistry of both reactant and product, assuming that inversion of
configuration occurs.

Br

Nat “C=N

Solution

—C

Il
z

(R)-1-Bromo-1-phenylethane (S)-2-Phenylpropanenitrile
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Problem

PROBLEM 11-2

What product would you expect to obtain from Sy2 reaction of OH™ with (R)-2-
bromobutane? Show the stereochemistry of both the reactant and product.
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Problem

PROBLEM 11-3

Assign configuration to the following substance, and draw the structure of the
product that would result from nucleophilic substitution reaction with HS™

(reddish brown = Br):
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Variables affect Sy 2
(cac yéu td anh hwéng dén phan &rng S, 2

Ning lugng hoat hoa, kich thudc chat tham gia phan tmg. ..

Energy
Energy

Reaction progress —————

Reaction progress ——————
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Variables affect Sy 2
(cac yéu td anh hwéng dén phan &rng S, 2

Ning lugng hoat hoa, kich thudc chat tham gia phan tmg. ..

(a) N (b)
H CH3
\ \
.C—Br .C—Br
H¢ < H¢
H H
(c) (d)
CH CH
\ |
2C—8r L—8r
H3C ¢ H3C¢
H CHj
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Variables affect Sy 2

(cac yéu td anh hwéng dén phan &rng S, 2

Ning lugng hoat hoa, kich thudc chat tham gia phan tmg. ..

R—Br + CI — R—ClI <+ Br

CH3
HaC /.-Chg
3 \ Hg'lz:—l:\x HEC\ HEC\ H\
C—Br C—Br C—Br C—Br C—Br
HC”/ HY; HaC”; H*; H*;
H5;C H H H H
Tertiary Neopentyl Secondary Primary Methyl
<1 1 500 40,000 2,000,000

L R
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Variables affect Sy 2
(cac yéu td anh hwéng dén phan irng S, 2

/ Aryl halide

Vinylic halide
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Variables affect Sy 2

TABLE 11-1

Nu:~ + CHzBr — CH3zNu + Br™

Nucleophile Product Relative rate
Formula  Name Formula Name of reaction
H,0 Water CH30H,* Methylhydronium ion 1
CH5CO,~  Acetate CH5CO,CHy  Methyl acetate 500
NH5 Ammonia CH3NH5™ Methylammonium ion 700
CI~ Chloride CH5CI Chloromethane 1,000
HO~ Hydroxide CH5;0H Methanol 10,000
CH30~ Methoxide CH30CH4 Dimethyl ether 25,000
I~ lodide CHa3l Iodomethane 100,000
—CN Cyanide CH5CN Acetonitrile 125,000
HS™ Hydrosulfide = CH3SH Methanethiol 125,000

Le Quoc Chon - Duy Tan University
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Variables affect Sy 2

Leaving group (nhom ro1 di)

OH~, NH,™, OR™ = [ Br- I~
Relative ~ - .
reactivity << 1 200 10,000 30,000

Leaving group reactivity
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60,000
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Variables affect Sy 2

Leaving group (nhom ro1 di)

Chuyén alcohol vé alkyl halide dé phan tng t6t hon
(Vi —OH khong phai 1a nhom roi tot cho phan tng Sy 2)

O
socl -\ ] crr
2 C—0—S—Cl| —— cCl—C
ether / Spn2 N
H H
~C —0H . Achlorosulfite | An alkyl chloride
/!
H - .
A 1° or 2° PB \ Br-
orz  \ Py C—O—FPBr, . Br—C
alcohol ether / Sn2 N
H H
I A dibromophosphite | An alkyl bromide
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Variables affect Sy 2

Leaving group (nhom roi di)

Thay nhom —OH bang tosylate dé phan tng tot hon (vi
—OH khong phai 1a nhém ro1 tot cho phan ing S, 2)

O P —
D ™, | | / " “"-.,\
- 5 '-._:-.‘_. J_.r. h {:H 3 h C — D -

- {: | / W _ _,rf_.-' \h' ; __,: I_.r' "-{“;.‘_‘-.
"C—OH H S5 )~ CHg
/ Ether, pyridine 0 | N /

H O
A 1°or2° A tosylate

alcohol

Le Quoc Chon - Duy Tan University
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Variables affect Sy 2

Solvent (dung mot)

E|'.'R

H .

5 A solvated anion

RO—H---X:~-H—OR (reduced nucleophilicity due to
F:I enhanced ground-state stability)

|

OR

CH3CHCH9CHo—Br + N3 —— CH3CH2CH2CH,—N3 +  Br—

Solvent CH4OH H,0 DMSO DMF CH4CN HMPA
Relative 1 7 1300 2800 5000 200,000
rEﬂcthlw

Le Quoc Chon - Duy Tan University 24



S\ 1 reaction

“substitution, nucleophilic, unimolecular.
R—Br + H,O —— R—OH + HBr

Reaction rate = Rate of disappearance of alkyl halide

= k X [RX]
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S\1 mechanism

g
CH3 3
:OHZ
(I:HS Carbocation
H3C—C—Br East
W= o=
Rate-limiting step
CI:H3 i CHs
L i i h |
HC—C—QD e HiC—C—OH  + HL0*
g Gis B CHy
OH,
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Stereochemistry of Sy 1

Chiral substrate

l Dissociation

/!

—_—

50% inversion of Planar, achiral carbocation 50% retention of
configuration intermediate configuration

Le Quoc Chon - Duy Tan University
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S\ 1 reaction

R—Br + H,0 —— R—OH + HBr

H H;C H;C H5;C
\C B \C B \C B \C B
—Br —Br —Br —Br
HY / H”; H3C”/ H3C”/
- . - H3C
Methyl Primary Secondary Tertiary
<1 1 12 1,200,000

I o
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Example: S\ 1

HaC . CHs H4C
7 .CH,CH H,0: CH3CH3 3\ 7 .CH,CH
a—c e CHy 2 CHg t—oH + Ho—C e CHg
CH,CH,CH,CHCH4 CH3CHCH,CH,CH>5 CH,CH»CH;CHCH4
(R)-6-Chloro-2,6-dimethyloctane 60% S 40% R
(inversion) (retention)
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Substrate

Leaving group

Nucleophile

Solvent

Syl characteristics

The best substrates yield the most stable carbocations. As
a result, Sy1 reactions are best for tertiary, allylic, and
benzylic halides.

Good leaving groups increase the reaction rate by lower-
ing the energy level of the transition state for carbocation
formation.

The nucleophile must be nonbasic to prevent a competi-
tive elimination of HX (Section 11-7), but otherwise does
not affect the reaction rate. Neutral nucleophiles work
well.

Polar solvents stabilize the carbocation intermediate by
solvation, thereby increasing the reaction rate.
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Elimination reactions

and Zaitsev’s rules
(pu tach va quy tic Zaitzev)

H
N N/
€~ 4+ o — C€=C + H,0 + Br
v, /N

ZAITSEV’'S RULE

In the elimination of HX from an alkyl halide, the more highly substituted
alkene product predominates.

Br
CHaCH (|2HCH CH3CHO™ Na™ CHaCH—CHCH: + CH2CH»CH—CH
3CH32 3 CHaCH,OH 3 3 3CH2CH—CH;
2-Bromobutane 2-Butene 1-Butene

(81%) (19%)

Common mechanism: E1, E2 and E1cB
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E1 reaction

E1 Reaction: C—X bond breaks first to give a carbocation intermediate,
followed by base removal of a proton to yield the alkene.

_E“;_\V + E—H
H ’ H
\ S, N+ \ /
##,C—C — H,E—C::__ —> C=C
7 ND 7 /7 N\
+ X
Carbocation

Le Quoc Chon - Duy Tan University
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E1 reaction

elimination, unimolecular

Carbocation

>

|
CHs

CHz—C—CHs

o Rate-
limiting

HC |
tclc—H + cr
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Dw doan san pham phan rng sau

Cl

CHj KOH
Ethanol

. ?
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Problem

PROBLEM 11-16

What alkyl halides might the following alkenes have been made from?

(a) CHj CHj (b)

I |
CH3CHCH,CH,CHCH=CH, q

CHs

CHj
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E1cB reaction

E1cB Reaction: C—H bond breaks first, giving a carbanion
intermediate that loses X™ to form the alkene.

_ N _
B: 7 + B—H
H ,
)/ N/
;,E—C/ —> FC—C! — C=C
70 7 \w /7 A\
X~
Carbanion *
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E2 reaction

E2 Reaction: C-H and C-X bonds break simultaneously, giving
the alkene in a single step without intermediates.

Ei“\l
H +

1\‘; ; \\ / E_H

!,c—t::"' —  ¢=c¢

AR, /N X
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E2 reaction

elimination, bimolecular "

Most common
for elimination
reactions

H\”“\ ‘RR
H‘?CLC?
R X"
[ B H R &
5+ "
c=c”
R - .
R }‘("3__

Transition state
H S

Hf"'
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More details: read books



