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1. How are haloalkanes named?
2. What are the characteristic reactions of haloalkanes?
3. What are the products of nucleophilic aliphatic substitution reactions?

4. What are the S,2 and S\ 1 mechanisms for nucleophilic substitution?
5. What determines whether S,1 or S, 2 predominates?

6. How can Sy1 and S, 2 be predicted based on experimental conditions?

7. What are the products of B-Elimination?

8. What are the E1 and E2 mechanisms for B-Elimination?

9. When do nucleophilic substitution and B-Elimination compete?



' 595 x4 f ¥ 1. How are haloalkanes named?

IUPAC names for haloalkanes are derived by naming the parent alkane.

v’ Locate and number the parent chain from the direction that gives the substituent
encountered first the lower number.
v Show halogen substituents by the prefixes fluoro-bromo-, and iodo-, and list them in

alphabetical order along with other substituents.

v'Use a number preceding the name of the halogen to locate each halogen one the
parent chain.

v In haloalkenes, the location of the double bond determines the numbering of the

parent hydrocarbon.
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H3C—(|3H—CHzBr RRFTH (FT£R)  iso-butylbromide

CHj 2-BE-1-RAKE 1-bromo-2-methylpropane
1 2 3 4 5 6 7
HBCHZC_H(F’_CHZ__—(;’H_CH2CH3
CHj Cl

3-BE-5-2FIR 5-chloro-3-methylheptane
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H,G—CH—CH,—ClI 3-8.A#%  3-chloropropene
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CH, 1-BE 2.8 2% 2-chloro-1-methylcyclohexane

H
1

HCI (1S,2R)-1-R-2-RIF B I

2
Br (1S,2R)-2-bromo-1-chlorocyclohexane

I
O 2-g-4--1-E

4-Bromo-2-chloro-1-iodo-benzene
Br
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3-Bromo-2-methylpentane

Il | EHg
CH,CHCH,-C-CH-CH,
|

3,3,5-trichloro-2-methylhexane

bcr b
CH,CHCH,CHCH,

2-chloro-4-methylpentane

4-Bromocyclohexene
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H2G:CH__CH2_CI + HBr

BrCH,CH,CH-CI

® HEEHIE

_ﬁﬁﬁ Reflux 6h
OH + HBr Br
4%

EEmlE < patths CHiCH,CHCH; + PBrg——3CHyCH,CHCH; + P(OH);

OH Br

- IERESA RoH + socl, — RCI + SO, + HCl
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SRR
6++| 6|+ A _/ H = ~
C Y/ XH—XIEFEE
TH o B2 iz
T R (FEZ)
S (W) —— | gk R
C (2.5)
F (4.0) Cl (3.0) Br (2.8) | (2.5)
=B 1.5 0.5 0.3 0

The carbon-halogen bond length increases and the bond strength
decreases as the halogen increases in size.



‘ T+ X=F,CIl,Br,|

C—F C—Cl C—Br C—l

ﬁ%-l:’é 139 176 194 214 pm
f#eE 456 351 293 243 kJ / mol

CH,—F CH,—Cl CH,—Br CH,—I
BINEE 182 1.94 1.79 1.64
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—(|3—-x —(‘D—H —(I}-—Y
% 8% = bb 3 FR AR FBIFS
I3 R +138 Nz

RAMRIRF: _F> -Cl> -Br> -I> -OCH;> -NHCOCHj
=> -C6H5 = -CH=CH3} -H > -CHS = -C2H5
> -CH(CHj3), > -C(CHj3)3

HZ B ERA~E KB FSF HZEHWER~ERBEIFS



MEANES (IRBF) MR

H H H H
s v Ip la
H—C—=>C—>C—>C—(Cl

R I
H H H H

000+ 00+ o+ 0-
C—>C—>C—>C—>C(Cl

Y B o

H C

21 25 30

—L R
HYE AT

N

21

o)
35

25

F
40

30

28




C-Xi2HOS A

® BERZ
XERUME
FREABEE
_(I:_ﬂ;( - —C¢ (X

I S~

fiR1E & 1



C-XiERI52e
@ EFENTHERTRE

FE1ZR7T ¢ Nucleophile ) : FEAZRFI(Nu)BUE T 5 F(X)
—EHREREZFRTHNST — EERRL( S, K

S EF, SIEBMEERNFIRA Rz, Nucleophilic

FAZIT Substitution Reaction)

Y |



(&) #F# L4 ALY 3. What are the characteristic Reactions of Haloalkanes?

The major reactions undergone by alkyl halides are nucleophilic
substitution where an attacking nucleophile replaces the halogen, and

elimination where the alkyl halide loses HX and is converted to
an alkene.

R R
R%—x LR%—NU + X_ Nucleophilic
R R

substitution

R R

H \c \ x - Base’ R>=<R Elimination
— + H—X:

R/ R/ x R }
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NaOH/H.O
2> ROH (E&2%) + NaX
A
NaCN/&z H30" | rcoomn
> RCN (BB2%) N
(FRER)

NaOR' _ ROR' (Ek#%)  + NaX

NH,

~RNH, (jg%)  + HX

Ag NO3/E§-

A RONO.(iHE&kER) * AgX l
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CH,4 CH;
' © ' ©
H3C—C'3—Br + OH > H3C—(l3—OH + Br
CH3 CH3
Tigsm " . “
Rate o Rate

L
v

1 2 G

1T 2 3 4 A
[ OH ]

[t-Bu-Br]
VvV = k[(C H3)3CBF]
RBiZRMIERN R H—HESRE, XERPMRIRHED FFREZEUCRM (Sy1)
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Step 1
CH; 8
H3C—(|3—Br —
CHj;
Step 2
GHs
HyC-C ® _OF
CH3 '|9&

CHy, |°

| |
H3C=G-==-Br| —= H;C-C ® + Br

CHs

CHsj

CHsj

s allE1)

+
CHj;

|
— HyC—C—OH
CHj
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George Andrew Olah
(1927-2017)
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~TMS (6.0 equiv.)

Me Catalyst (10 mol%) Me
Ar TMSOTTf (1.0 equiv.) NN\ A
™ -78 °
S Et,0 (0.1 M), -78 °C, 18h ™S
(x)-2a, Ar=1-Np 3a

BFYMER, WLIE—EREE LZNFEZHIN Ta{Ek%~ Jacobsen et al. Nature, 2018, 556, 447. 31
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Dimethylallyl \Mg'

diphosphate

X
X NX-"opp .

Sy

Geranyl diphospate

Base

_—

)\/\)\/CHon

Geraniol

AR, FERE

r

)\/ + ?or?ente:]n)t/l
iphosphate
e il N X oPP
HR Hs
Dimethylallyl K
Cabocation § Cabocation * Base
/ OH2
)\/\)\/+ b
R AN X CH2 T NS CH20H2

X

Geranyl Cabocation

From Organic Chemistry by John McMurry
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carbocarion intermediare is stabilized by
leaving group is stabilized by ion-ion resonance with oxygen and by active site

interaction with Mg and H- aspariate residue
bonding/ion-ion interactions with active
site residues % enz
Mag2* Ovﬁ NH; nucleophile is positionedin active site 1o
LR © OG , approach carbocarion fromiop:result is
b =p O~ P : @O inversion at the electrophilic carbon
/] !
© '
o © : :NH, ©
2-0 PO O i? 2 @) :’/‘ 2_0 PO O NH3
3 “04PO ° 3
—— [ N
N> step T, step 2 s =
HO OH HO OH HO OH
I only one stereoisomer formed
@
O
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RBOEZR(molL1S?)

v = k [CH,CI][OH]
W FE5RIFZAVCEIES\ 2
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Paul Walden
(1863-1957) OA:[a]lp = + 36.0° B: [a]p = - 13.5°
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Rethinking the Sy 2 reaction

— e Direct gas-phase 5 2 mechanisms

Rebound o 0‘%3 . C;tg\o o ;g @ 3@: @

o] o o
o
¥ % e °
o &)
Frontside attack o] 33ﬂ Odi 0-(% :’%

Indirect gas-phase 5,2 mechanisms

e o °f. C}%_,.D £ o
Roundabout o Fo o ‘f) ofg® T o
Hydrogen bond complex. "‘38 o-Kg o B0 ¥ e
LIRS 2 RAL IR R R I S IR S 2

A BB RIEHIE:

Stripping

Sn2 R ETS

N : First imversion S:ond irr.'nrs.inn (}a
BIEERS R, PAlNEE A) L§ ke T

o@o0 e
X ¥ H

Hase et al. Science, 2016, 352, 6281. 43
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Approximate
Rate
Br: ®6.__ CN
Seconda \/'\ Na_ C=N ;
ry NI AN > ANG AN\ 1
. NN
Primary ,,\3/2\1/E}f: = — > 4\3/2\1/CN ~20
.e ®O._
. Na C=N
Methy| HyC” > N ~1000

ertiary AP AN > 4N\G3 1 < 0.001
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CH;—(IIQSI* = CH3—<|:+ + Br
CH,4 CH;
CH; CH; CH,
| m. fast | e I .o +
CH3—c|:+ + B0 — CH3—(|I—C(l)H = CH3—(|3—QH + H,0:
CH; CHq H‘\ CH3
:(I)—H
H
—R R, v =k [RX]
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(CH3)3C—BI’ gl:(CH3)3C§+-"Br6-:| —>(CH3)3c+ + Br

(CH).Ct + OH B[ (CHa)sC--OH?® | — (CHg)3C-OH

reE—
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(CHg )sC—Br

_+
OH
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Be-

B P



VN 5
£ ) A ~4
| | Wl N 7 %
L 74 s j‘

\--._ ’/ XIAN HAOTONG UNIVERSITY
I

S\ 1 REIRISZIA S

MR ZREEFERFEF LARRAZES\17KERM, S "B
Bt NIEFENRMESH, BIINHEbERR

CsH7
N
+C /*Br

HSC““/
C2H5

H,O

C3H;
Ho—c{,,

Q@HS

CoHs

(R)-3-HHE-3-2F2
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%"‘f A. Nucleophilic substitution bimolecular (Sy2):

OH ™ + CH;Br »CH;OH + Br

v=K[CH;Br] [OH ]

The S, 2 reaction is second order since the rate is dependent both on the
alkyl halide and the incoming nucleophile.

sp
RETh B gL B,
Q-+ — O oy B —SeHO—2 M +Br
H H
(A) (B) (©)
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CH;Br + OH’ > CH,OH + Br
R R iEFE=k[CH3Br][OH] Rk
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D+ e

In the transition state for this process, the new bond from the incoming
nucleophile is partially formed and the C-X bond is partially broken.

The orbital geometry requires the nucleophiles to be on opposite sides
of the molecule.

Primary alkyl halides undergo the S,2 reaction faster than secondary
alkyl halides. Tertiary alkyl halides react extremely slowly if at all.



59{11/% B. Nucleophilic substitution unimolecular (S,1)

(CH;);¢—Br + OH-——> (CH5);COH + Br

V=K][ (CH3)3Br]
Stepl: L 5 X _
(CH3)3C—Br =9% 5 (CH3);C-—-Br —— (CH3);C + Br

Transition state Carbocation

Step2:

+ - fast & &
(CH3);C + OH —— (CH3);¢---OH ——> (CH3);C—OH

The S, 1 mechanism is a two-stage mechanism where the first stage is the rate
determining step.

The central carbon of carbocation is now sp? hybridized with an empty 2p,
orbital.




59‘{’“"? C. Factors affecting S, 2 versus S 1 reactions

The nature of the nucleophile, the solvent, and the alkyl halide determine

whether nucleophilic substitution takes place by the S,1 or the S,2
mechanism.

The reactivity of primary, secondary, and tertiary alkyl halides is controlled
by electronic and steric factors.

v FEREZE: o-CEELE®Z, R ANU - #AZEEa-C, TES
HHARE;
v BN o-CERECE

&
W
=
0

%, AFFOHENu#HIKa-C,
Sy 1

>

1° 2° 3°
-




TERLLE Nucleophilicity

The rate of the S,2 reaction increases with the nucleophilic strength of the
incoming nucleophile. The rate of the S,1 reaction is unaffected by the
nature of the nucleophile.

A charged nucleophile is stronger than the corresponding uncharged
nucleophile. Nucleophilicity is also related to base strength when the
nucleophilic atom is the same.

RO" > HO" > RCO, >ROH > H,0

In polar aprotic solvents, the order of nucleophilic strength for the halides
iSF>CIr>Br>1I



@) 747444 Leaving group

The reaction rates of both the S,1 and the S,2 reaction is increased if the
leaving group is a stable ion and a weak base. lodide is a better leaving group
than bromide and bromide is a better leaving group than chloride.

Alkyl fluorides do not undergo nucleophilic substitution.

The better the leaving group, the faster the reaction.

The best leaving groups are the ones which form the most stable anions.

This is also related to basicity in the sense that the more stable the anion, the
weaker the base.
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C(25) F(4.0) CI(3.00 Br(2.8) | (2.5)

{2 : CH,CH,-Cl CH,CH,-Br CH,CH,-| CH,CH,
{BiR%Eu(D): 2.05 2.03 1.91 0

m Strengths of various bonds (all values in k] mol-1)

C-H = 413

C-F = 467 (very polar, but very strong and difficult to break)
C-Cl = 346

C-Br = 290

C- = 228 (non polar, but it is polarized in the reaction by

any nucleophile)
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Transition state

2-methyl-2-bromopropane comprex
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"OH>H,0, - NH,>NHj;, - CI>HCI

> FZTS SRR
"CH;>-NH,>-OH>"F

s CH CHs HsC, CH
> SE[Efufl HsC, ( : HaC—( H3é-3< 3
NO 2 NO > NO > N ©
H,C ( HsC—( H,C
CHj CHs HsC CHg

71



© #2114t BINFRAKRMAIE R

BEEE e

R— X + Nu = R—Nu + X

> BEERNEXEEEENRTEEZERANIEFNRENE, WitE, #waEx

> NRBZEBF=RDEABRESER, WARSEE -OH, -OR, -NH,, -F,
BEEH H,N", HO™, RO" F- CI Br I TsO"
AN R MR << 1 1 200 10,000 30,000 60,000

> BEEENEEERILIRE < < RENEES ;

/

H Br-

- = S/
C-OH + PBr; . C,C"O-PBl’z  — Br=C
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(2) Elimination

R @
Base R R
—_—
/ N\
@ v R R

2B
CH3CH2(|:HCH3 oH 2 > CH3CH=CHCH3; + CH;CH,CH=CH,
Br (81%) (19%)
CH; CH,
CH,CHICCH; 2 CHiCH=C(CH): CH,CHL=CH,
Br (71%) (29%)

Zaitsev’s rule: Eliminations that are regioselective in the direction that yields

the alkene with the more substituents. In another word, in the elimination of
HX from an alkyl halide, the more highly substituted alkene predominates.




FFXALT A Elimination bimolecular (E2):

The E2 mechanism is a concerted, one-stage process involving both alkyl halide
and nucleophile. The reaction is second order and depends on the concentration
of both reactants.

oy - O-
uB/w B-.....
H

85+ 7y | 5+ P

{x N
A TES

IR RINERS SR RO B R Rt 1T
FRMNFRHE V = K[RX][B:]

C=C_ + H-B + X

N/
7\

The diagram show that the four atoms involved in the reaction are in a planar
with the H and Br on opposite sides of the molecule.




“““

c\ Red atoms are in Antiperiplanar
¢ one plane arrangement

H

#Reactivity of alkyl halides by E2 mechanism

RF < RCI < RBr < RI

RCH;X < R,CH—X <  RsC—X

| ncreasing et deydroogeration
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B. Elimination unimolecular (E1):

(CH3),CBr —N2oH

»CHZ - C(CH3)2

U:K[(CH3)3 Brl
Stepl:

-+ —
s & +
(CH3);C—Br —3'°% _ (CH3);C---Br — > (CH3)3C + Br

Transition state Carbocation
Step2:
VN s +
7 + fast
HO H —@—C(CH:,)Z ———> |HO '"H"CHz‘"C(CHs)z
fast
- H,O CH2=C(CH;),

The rate determining step is the first stage involving
loss of the halide ion.
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REZSHNER
S 25E2: RCH, X, R{k#i#m, E2(kfHlEH, S 2tLHI TR

R=—X 1° 2° 3° —
- Nu “
HH < ,___}C) H B~
N —C~

CH,0"
CH3CH,CH,CH,Br =——=—3 CH3CH,CH,CH,0CH; + CH3;CH,CH=CH,
CH;OR 90% 10%
0 0

CH;0"
(CH3);CBr ———3 (CH,),C=CH, + (CHs3);COCH-
CH3OH
93% 7%
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E15SNTRIESH

> Fild, ZASN1SE1/RRE, LASN1AE
> o-C EIREZep-C L3745, E1LLHI EH
CHa

> iHRFEIRFEERIRR RN, LIERRMAE
|

(CHg),CHCH,Br — CH8CH20H,  (CH3),CHCHOCH,CH;  +  HaC—C=CH,

95% 5%
¥
CH3CH>,OH
(CH3)3CB|’ il (CH3)3COCH2CH3 + H3C—C=CH,
81% 19%
Q_CH2CH2|3F M ©_CH=CH2 + @_CHz(:HzoEt
CH3CH,ONa
95% 5%

S\ 15E1: BBXE1HF



#Reactivity of alkyl halides by E1 mechanism

RCH7X < R,CH—X < Ry C—X

A mixture of isomers may be obtained with the more
stable (more substituted) alkene being favored.

These are the same conditions for the S,1 reaction and so
both these reactions usually occur at the
same time resulting in a mixture of products.
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AR RAERIESE, IFIREZIEESS. EUAVEEIEIRSS. o
SRRV S AR EF SR R E R A=,

E o é
? C—X BL___alt
H

\sNz ] \SNl

N NU‘(B) N _Nui(B)
E2 E1

HE =S

RMEESEEMTER (FHIEC - HAC - X) ;
RAGEERAFITEIC (RBRC - X)
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Syl, Sy2, E1, and E2 reactions

CH;X

Methyl

30

Gives Sy 2
reactions

Gives mainly 2
except with a
hindered strong
base [(CH;);CO]
and then gives
mainly E2.

Gives mainly Sy2
with
Weak base
[I, RCO,]
and mainly E2
with strong
bases (RO").

No S, 2 reaction.
In solvolysis gives
Sy1/E1,
and at low
temperatures
SN1 is favored.

When a strong bases

(RO’)
is used,
E2 predominate.
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H,C H3C\ H,C H
\cHoCH._i _MZOEL_ CH-CH,—OCH,CH, *+ . )<
/ 2 HMPA / H,C H

Treatment of a primary halide with an ethoxide ion
is likely to give a mixture of an ether arising from S, 2 substitution along with
an alkene arising from E2 elimination, with the ether being favored. By using
sodium tert-butoxide instead, the preferences
would be reversed.

Increasing the temperature of the reaction shifts the balance from the S,2
reaction to the E, elimination. This is because the elimination reaction has a
higher activation energy due to more bonds being broken.
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OCH,CHy
CH,CH,ON
cl = 202 CH,CHCH; + CH,CH=CH,
| 25% 75%
CH,CHCH;——
[CHsCH,S82 CH,CHCH,
| 100%
SCH,CH,

Bt : CH,CH,O > CH,CH,S; &% CH,CH,S > CH,CH,O

CH3CH20N3
(? (CH3)20=CH2 + (CH3)2CHCH2002H5

H.CH,OH
CH;Ch, 62% 38%

(CH3)2CHCH2Br

CH-).CONa
(CH;)s o

(Chy).CON (CH3)2C=CH2 + (CH3)2CHCH20C(CH3)3
33

92% 8%
TR, BFIS\2 iR, AR, BFIE2,
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P231 7.9

P232 715 717 718 7.19 7.20
P233  7.22

P235  7.36(a)(d)
P236 /.43
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