Chapter 11 - Alkyl Halide Reactions.
Nucl eophi | i ¢ Substitution and
El i m nati on Reacti ons*

Useful 1inks:
http://radi cal . chem pitt. edu/teachi ng/ Handout s/ Chapt er 6

b
http://chemaeb. st anf or d. edu/ wi nt er 2000/ chenB83/ Revi ew' r e

vi ew3/ Jake2. pdf

Previ ous exanple of a substitution reaction...

,fﬂlkk{] H
R— CH,—OH —— R—CHZ—%

o0 .\
f ast ¥

:&i?

/ °® nucl eophile

Gener al exanpl e...
(I\/IF is usually Li*, Na*, K'
R—LG + M :Nucc —» R—Nuc + M LG

(LG: | eavi ng group,
usually d°, Br’, |I7; could be a R SO;



Nuc® = (RHO, (R HS, RCO,, NC (cyanide), Ns
(azide), X, NG;

Nuc = H,O, ROH, NH;, HCO,H (form c acid)

Rel ative reactivities with CHs-1 ...

Nucl eophil e Rel ati ve
Reactivity
CH;OH 1
CH;CO, 2 * 107
a- 2.5 * 10°
NH; 3.2 * 10°
CH;O 2 * 10°
| - 2.7 * 10’
CH:S 10°

*Sy2 - substitution nucleophilic
bi nol ecul ar ...

H H
.\.C—Br + HS —» HS— Br-

C{\g% Hig '

CoHh e
CH,
(R) - 2- br onpoct ane (S)-2-octanet hi ol
[a] =- 34.6° [a] = +36.4°

Characteristics...

(1) inversion of configuration (Wl den
I nver si on)

(2) 2" order kinetics, rate = k[ R{[ Nuc]



(3) nmechanismand E profile

Nuc:

Energy ->

R 2
R]-Q d- %‘ / d-
- "C—X - | Nuc------ C- ----- X

I\~

hybri di zati on?

ts

reactants

pr oduct s

Reacti on progress ->




(4) R X reactivity controlled by steric
effects

N acet one .
RBr + Nal| —3 R- | + Na ' Br

R-Br reactivity decreases with
branching at a and b C s
a
CH3Br >/—Br > »>>—Br > >—Br
10 20 30

relative 1 6.1*10°%  4.5%10°6 ~0
reactivity

/\Br > \/\Br \‘/\ ﬁ/\

1 0. 003 ~10°°




(5) Nucl eophilicity

(a) stronger nucl eophil es have - charges;
base > conjugate acid

oH > HLO SH > H,S; NH, > NH;

(b) nucleophilicity increases fromri ght
to left 1 n PT;
decrease follows increase in
el ectronegativity = nore tightly held
non- bonding e's

OH > F; NH;> H,O EtzP > Et,S

(c) nucleophilicity increases down a
colum in PT;



trend follows an i ncrease in size and
pol ari zability

| >Br" >Cl" >F: SeH > SH > OH;
Et ;P > Et 3N

(6) Solvent effects

Pol ar protic solvents H bond to - charged
nucl eophil es and decrease the reactivity
of the nucl eophile. Polar aprotic

sol vents are the best.

AN l\b'ﬁ» /\/\'\b+ B

Dielectric| Type |Relative

Sol vent Const ant of rate
(€) sol vent
Pol ar
CH3CkH 32.6 Protic 1
Pol ar
H,C 78.5 Protic 7

+ 48. 9 Pol ar 1300
|—%(:/"\CI—|3 Aprotic
DVSO,
di met hyl sul f oxi de
Ha C C
SN/
N—C
C{ \4 36.7 Pol ar 2800
H; Aprotic
DMF; N, N-

di met hyl f or mam de




H;C—C=N Pol ar
acetonitrile 37.5 Aprotic| 5000
(CHy) 5N
(CHy) sNp— Pol ar
3/ 2" ~p=0
/ 30 Aprotic| 200, 000
(CH) N
HVPA
Energy profiles...
pol ar
aprotic

protic

DG’ > DG’

*Syl - Substitution nucleophilic
uni nol ecul ar ...

Exanpl e...



r general exanpl e

H,0 of a solvolysis
Br ——> OH + HBr ¢ rxn; this rxn can
al so be call ed

( hydrol ysis

solvol ysis = solvent is also a reactant
Characteristics...
(1) 1% order, rate = k[R-X]

(2) mechanism and E profile

H
H,O O
\\C—Br — \c+ O \\0—04 Br-
/ (sl ow) / (f ast) / \
Br- H
A B C
(v. fast)

H
\€>~——C{ + HBr

D



f,ionization

Ener gy

Reacti on Coordi nat e

(3) R-X reactivity ~ carbocation stability

CHBr + HO
CH;Br </—Br < >—Br < s—Br
. 1° 20 3°
relative 1 1 12 1.2+*10°
reactivity

(4) Stereochem stry (partial racem zation)



H

H
\C_B H,O Et OH I_KC H /
N, I > W\ ;o + I K) uy,
CH N CeHi i "CsHi4
CHs Oy CHs
(R)-(-)-2- (R -(-)-2- (S)-(+)-2-
br onooct ane oct anol oct anol
retenti on I nver si on
17% 83%

|
optical purity =
66% = 83 - 17%
Leaving group (Br’) partially protects one side

fromthe nucleophile leading to nore retention
product than inversion product

H\(‘v

H
|+ ri ght side
wC—Br —3 "Br- hi nder ed by
W P -
C6H|}|4C/ ( , t } proxi mat e Br
3 =

HZO HSC C6H14

OH,
/83/ 100 \ 17/ 100

| nver si on retention
(5) Nucleophilicity - rate determ nining
step is formation of the carbocation;

rate of decrease in [R-X] is independent of
[ nuc] and its nucl eophilicity



Br — — \C+— Br -
CH;COH sol vent

001 M Step #1 = SLOW

FAST/‘Z ep # 2\ FASTER

m nor maj or

step # 2: k(NaN;) >> k(CH0H)

Ener gy

Reacti on Coordi nat e

(6) Solvent effects -
rate increases with carbocation stability a e

sol vent e reaction rate




Ac OH 6 1

CH;OH 33 4
HCO,H 58 5000
H,O /8 150, 000

(7) Possible rearrangenents —

H
Br H,O 7&\
>__< —_— + ?

93%

*E2 - elimnation binol ecul ar...

(reaction is both regiospecific &
st ereospecific)

Exanpl es...

X
/\C—L\/\ a E)ase, e_g> \C:(,/ N . e
/ H OH or OR / \

A )M

71% 29%

Na OEt

——» Ci S & trans-4-nonene
Et OH

r 23% 77%
5- br omononane
Zaitsev's (Saytzeff’'s) rule: In the elimnation

of HX from an al kyl halide, nost highly
substituted al kene predom nat es



Ki neti cs and nechani sm..
Useful I1inks:
http://ww. col unbi a. edu/itc/chem stry/ chem

c3045/ or gani c/ text _chapt ers/ch5. htn
htt p: // www. ndsu. nodak. edu/ i nstruct/grcook/ chenB41 98/1 e

ctures/Il ecture33.shtni
Rate = k[ R-X] [ base]
Reactivity: Rl > RBr > RC > RF

H and Br are anti peri planar

HB + me=— + B

Exanpl e/ question: Rationalize the relative
amounts of al kene products in the follow ng
reaction. Wiy nore trans than cis?

Af—m» N\ A

(- HBr) 60% 20% 20%



H CH; _ _
| ower E anti peri pl anar
conformati on -> trans-al kene
Hy H
Br
H
H
< hi gher E anti peri pl anar
conformation -> ci s-al kene

Br

*E1l - elimnation uninol ecul ar ...
(for 2° and 3° R-X; like Syl -> has a carbocation
I nt er medi at e)

rate = k[ R- X]



H,O

t - Bud » t-BuOH +
Et OH, 60°
S\l = 64% E1
CH
!: 3 CH,OH Ph
Ph H—CH, ———>» —

!2H3 !1 ° Hs

nmaj or

t- BuCEt +

36%

Sy = 80% E1I = 20%

t - BuCl KOEt

\ 7% E1+E2

Et CH

*Elimnation reactions and cycl ohexane

confornati ons...

93%



H
H
¥ i Pr NaOEt,
3 H Et OH
b E2

neonment hyl
chl ori de

<

~ < > ,
H; | Pr

3-ment hene = 78%

+

\_ 2-menthene = 22%

I Pr ment hyl chl ori de
R Zad g
Na OEt _
> —_— |\P I Pr
Et OH
CH, E2
@ 2- ment hene
H J 100%
H i Pr

VWhat a difference conditions can make...



H
H H H —— HC I Pr
cl
H
1 M NaOEt 0.001 M NaOrt
E2 E1l
Et OH 80% Et O+ H,0O
100° 160°

H3C—<;>—i Pr 2-ment hene +  3-nent hene
32% 68%

2- nent hene
100%

Take- hone question: In an E2 reaction, the nost
stabl e stereoi osner of 1,2,3,4,5, 6-

hexachl orocycl ohexane reacts ~7000 sl ower than
any ot her stereoisonmer. Wy?

*Synt heses with substitution reactions



— NaNH, __= .+ Jgood nucl
R—C=C—H —¥» R—C=C Na {& strong base
- 4 , SN2

R—C=C Na + R X

» R—(C=C—R

best if R = CH; or 1¢
X =10Br, |, Ofs

_ Br

93% E2
ROH+ HO — RO + HH
3°R = §1

1° R = 52

*Sul fonat e | eavi ng groups

In S reactions,

| eavi ng group abilities can be ~
correlated by basicities of LGs (eg LG).

| eavi ng group pKa of relative
conj. acid rate
- 8
F,C—SO; TfO -6 10




-2.8 10°

| - - 10 100
Br- -9 10
H,O -1.7 10
- -7 1
F 3.5 10°°
An exanpl e...
Na Br
NEC /T ¢ NaOTs
Ts r
82Y

How coul d the foll ow ng be done?

H N
t-Bu\\ZC::::7J\‘C}1___;>, t-Bu\\ZC::::7J\‘H

., | Tsd
pyridi ne SN2

H NaNg

t-Bu\\ZC::::7J“CﬂS

*Mechani sm ->

htt p: // ww. chem und. edu/ cour ses/ chen33/ React i onMechani
sns/cl SCA 2. gi f



And this one?

8 ST e e ST

Summary of RX and S vs E reactivities ->

http://ww. chem und. edu/ cour ses/ chen233/ Handout s
&Topi cs/ substn_table. htm

Sone specific exanples...
(a) 1° R-X --> no S\l

acet one
B -
AN N —mm e AU

CN = good nucleophile & noderate base; only S

//A\\/,Bf + OO — ,/\\/'(x}I3 + //Q§§

CH,O = strong base & good nucl eophil e;
sone E occurs at expense of S

CHs) ,CO
" —>( s ANF NN o

CH,) 3OH
(CHy) 5 85% E2 15% S\2

t-BuO is a strong hindered base;
S\2 is hindered; rxn primarily E2



)

pure S2; | is good nucl & weak base
Br Csz OC,H; :
EtC]—I
40% Sp2 6092

wi th branched 1° RX & strong base,
Sis hindered & E favored

(b) 2° RX --> S\1 & S\2 & E2; E1 is m nor

br OC,H;
)\ GHOH heat )\ A
(sol vol yS|s) _ _
maj or m nor
S\l E,

_ DwveO
/T+CN .
I

CN is a good nucl eophile, not a strong base;

DVMSO is a good sol vent for Sg2

Br C,ZHSO_ OC,H;
J.o—
20% S\2 80% E,

CZH50- is a strong base



CH;COH

+ HBr

Br SN]- OZCCH 5

solvolysis (acetolysis) reaction;
AcOH = poor nucl eophile & good ionization solvent,;
key carbocation internediate is the resonance

stabilized allylic cation

(c) 3° RX --> no S2

OH, heat
(HO) o0 Br 2 — (Hy0) 30—0C,H; + >:

(sol vol ysi s)

80% S\1 20% E,
G H;OH Is a weak base

( CH,O CrgCH, Y formed
CH3OH y
CH5CH, H El & E2
S is hindered; wth strong base both E1 and E2

occur

(HC) 3C—Br + AcO — >7

AcC is a weak base
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