Lecture 4
Alkyl Halides, Substitutions on Saturated Carbons
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Organic Mechanisms

Basic Organic Reactions, Electron Effects



Basic Organic Reactions

« BB /RN

- BHE &N (free radical reaction)

1 EF& K [(ionic reaction)

- 13[5] & R (concerted reaction)



Basic Organic Reactions

\L.I

=L &2 M (free radical reaction)

Ly — x|y

Homolytic Radicals
bond cleavage

152 (homolysis) =4 B A& (free radical)
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Basic Organic Reactions

« =85 M (ionic reaction)

v — B - BF
Heterolytic lons

bond cleavage

S 2 (heterolysis) = BF
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Basic Organic Reactions

» 1#1[5] &2 *Z(concerted reaction)

- r/A‘w .
CrU—0O
S o
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Nucleophiles and Electrophiles

o FA%INGT S R I

Methyllithium Methyl chloride

1 17
8- 5+
C C
H T H H T H
H H
The carbon atom is The carbon atom is
electron rich electron deficient
IR FHRILEHEF IR FHILEETF

F4Z11. 57 (nucleophile) = HE i1 55 (electrophile)




Nucleophiles and Electroph

NUCLEOPHILES

FEATURE EXAMPLE
Inductive effects III
H—C8;Li
| «—+
H
Lone pair fo:
H™ TH

7 Bond

ELECTROPHILES

FEATURE EXAMPLE
Inductive effects III
H—c2 i
| +—>
H

Empty p orbital )\
)



Nucleophiles and Electrophil

* Practice: identify all nucleophilic centers and all electrophilic centers in the

following compound:

O\
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Nucleophiles and Electrophi

.U.
O+ r Q‘H

nucleophilic centers

o+

O+ O\H

electrophilic center
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Electron Effects

SHLILFEF

° 1

THYE

3 F R

- 1BESRUN (inductive effect)

H 2R M (conjugation effect)

B AR M (hyperconjugation)

- 1A (field effect)
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Electron Effects

« 15N (inductive effect)

- BT AER TGS

O
]

[?—<t—(?}]2—<t——(j-«1—-()-«1—-}{

- (BB FE KRR TP, —RAZEZREHIN

O— O+ 00+ 000+
C1+CH2—<’_CH2"—CH3
s LB aS ~E, MBURERSGSHETFRENLEHE, NEGLEHBF
o B

W W5 RN (1) b HHWIBE RN (H])



Electron Effects

o LEBOIF SN AR N FIFF [a]
. SHRETEEEENET, BAMEA, RETFESHLHE

- SR FEERBEENER

o E[F

=11+

’ A aFnisE

FEA, W55 NS

SIEFRfE-IREF; ABf-HHET; RAEAR-IRET

O O
| |l

—NR; > —NO; > —ON 5 —COOH & =CO0R = ~=CR(IE-—CH)

> —F > —Cl > —Br > —1 > —C=CH > —OCH;(8 —OH)

> —CgH; > —CH=CH,

> H
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Electron Effects

X3 (conjugation)
» BB (n-n) B W BRAYAE

(conjugated system)

« EHIAEZRP, nBF (pBEF) HEIBeE ST REIZBNMER, HIBEF
% 4 BEigi(delocalized)

(.}
o \‘\\ ,’V/
Ll : ol o

WEF EHIIE (p-n) A RFRAILIEE R
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Electron Effects

« H AP (conjugation effect)

- AR RT, BTREFENBEZRMERZRARNE T (SpEF)
DAL TR TR AR EHEEERUN

o HARF R ERERHRA Rl F R EERE

FrelEEFREFZEEMNE

. R RRIA R PSR
R TE M AHRS

o+ O— O+

z.

o

B LGF

=)

O+

BINE

+H

-

37

+H

vd

LERRIA ; LR R

L3P

o+ O
CH,=CH—CH=CH—CH=CH—C=N
A A \M A
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Electron Effects

o I EE T/ 45 B T 3L AR U

o SBIMXEBFRIEFHIEIEH,
25 (-OH). E|E(-NH,;). FZE(-X), XEEHF

¢ Aﬁﬁﬂ’]ﬁj‘ /\ﬁié’zﬁ

f240-A=B, INFRAHIEELIMEATB,

k|4 ::Lg( N= CRZ) ’

- Rz, BlARBHAM/NFB,
FRE(-COOH), FHE(-NO,)

N, O,

=l

Fv S\ CI\ Br. M;/j}jzﬂljﬁ
— R A F AR

Z|E— DR FFIRA BTN, T ARy,
BremBaBE IR, than:

e FHEEHR, tban: EBEEE(-cHO).
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Electron Effects

* Practice: analyze electron effects of the underline groups:

. ' /CH3
(1) CH,=CH—C=N (i1) CH,=CH—NO (m) CH,=CH—N_

CH;

; A . ; s et ekl i ke G fniid
(1) CH,=C—C=N {7 W1 17 T 200 F g e HE 06 .

H s

uncmzﬁ;NﬂBﬁWM%%%ﬂ@ﬂW@?%%ﬁ@o

» CH,;

3 Ot ’ s /S 3 . il ki . - .
iy =6 —=NT {7l 77 S 408 014 1 T 3690408

18



Electron Effects

o FBIEAERU M (hyperconjugation)
» C-HHoHLIE S C=CHIn#iE (SHEZFihMk FrpHiE) BEOREITRIHAR
ST e RN
- FEBELAERD, CHACESNE (HpfulE) et EFHEENE,
XTI & AR A B LA R

n% p’ﬂfﬁ
@% """"" @%C_@ H
A @ ----- o w0



Electron Effects

o FBIEAERU M (hyperconjugation)
« BTN, C-HAoEELHE T
o FBILARRIN EL AN /NS E
o MANIE S pANIEHE SR E A B H AR A K /R

(‘H3_ - R(,‘Hz— - RzCH_

- BHIIMNARTIAI:
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Electron Effects

o« 1AM (field effect)

- MXEESER~ERB, MM ER

- N S51FES M ER AT sEtE R

IF
- Py

7 B S RL R S 33 R

Q’—CEC—CmH
5+(\\V4—"/’(\'\‘\j,
xR

o
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Alkyl Halides

Nomenclature of Alkyl Halides, Physical Properties



Uses of Organohalides

\N/ HO
I
Cl 7 Cl Cl HO QH
@)
N

N Y 5
Ho” Y 020 g

OH Cl

“‘D “‘: = Cl
Cl Cl
Chlorpheniramine _Sucralose
An artificial sweetener, sold
under the trade name Splenda

DDT
An antihistamine, sold under
the trade name Chlor-Trimeton

dichlorodiphenyltrichloroethane R
SUAAE [$MREL])

WX REE=F b



Nomenclature of Alkyl Halidle

- MR R G 63
- MRS RIASERKEEXREEE
- A, FBEFIERRE

 XEFHIFIZE: fluoro-, chloro-, bromo-,

Cl

A

1 3

2-Chloropropane

2-S Ak

iodo-
Br
></4\
2
1 3 5

2-Bromo-2-methylpentane

2-R-2EA B kR
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Nomenclature of Alkyl Halid

» RAJEEILHUA::

¢ (

__&

Correct

2,55 beats | 3, 3,6

AEXKRET) LFEm/

Incorrect
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Nomenclature of Alkyl Halidle

Erl‘i O

SNOLAE

(R)-5-Bromo-2,3,3-trimethylheptane
(R)-5-i8-2,3,3-=FHE Rt
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Nomenclature of Alkyl Halic

* Practice: assign a systematic name for each of the following compounds:

Br. Br
Cl

Br Br

MCI
4 2

5 3 1

4,4-dibromo-1-chloropentane

Br

1-bromo-1-methylcyclohexane

-

-
Z

Cl
(R)-4-chloro-4-ethyloctane

27



Structure Properties

«afiL, B, yir

» ERIZRE

R cl

Primary

(1°)

Secondary

(2°)

R R

X

R Cl

Tertiary
(3°)
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Physical Properties

s M{XIERIFI18]F7: BXE)S3(dipole-dipole interactions)

o— o+ o+ o—

= = Cl_CHz_CHz_C] | N Y
o+  O— LA '
Hat.—L} Ci—LIG—{ ) i— L]
Cj_:? (3:1 CH > B & b
o— O+ P CI_C‘HQ_CHQ_C‘I

0— O+ o+ 0—

B - fBa AR B AH LR 5
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Physical Properties

BALY iy ALY BAL

.. MEAXTEEEE | . . AEXIEEEE| ., .. MEXEE| ., . HENEE

BT (alf")}g st/ C (di®) Pt/ T (d??) /T (d?)
CH,—X —78.4 —24.2 3.6 42. 4 2. 279
CH;CH,—X =Tl 12. 3 38.4 1. 440 12.3 1.933
CH;CH,CH,—X -5 46. 6 0. 890 1.0 1: 335 102. 9 1. 747
s iUH—X —9.4 34. 8 0. 859 59.4 1.310 89.5 1. 705
CH;CH,CH,CH,—X 3.5 0.779 78. 4 0. 884 101. 6 1. 276 130.5 1.617
CH;CH,CH(CH ) —X 29, 3 0.766 68. 3 0. 871 g91.2 1. 258 120 1. 595
(CH,;).CHCH,—X 23.:1 68. 8 0. 875 9.4 " 1. 261 121 1. 605
(L) —X I | 207 0. 840 1.1 1. 222 10044
CH;CH,CH,CH,CH,—X 108 0. 883 130 | P 187 | 215
OX 142.5 1. 000 165
CH, X, e 40 1.336 99 2.49 18044 3. 325
CHX; —83 61 1. 489 151 2. 89 F4E 4,008
CX, Gl B e 1. 595 189.5 3. 42 F4E 4, 32




Substitutions on Saturated Carbons




Reactions on Alkyl Halides

- Xk

sp®

\\\\‘>_‘ X

Alkyl halide
e () B

fpz Vil
Aryl halide Vinyl halide

X (&) 1]

J

X (35) 1

Y

not saturated!

AL BF?

(X=CI,Br,orI)

32



Reactions on Alkyl Halides ‘

s KSR R

Substitution
/\/ X

Elimination
e

Cl NaOH

}

> /\/NUC + X@

:Nuc

N

i ©
:Base | /g + H—Base + :X:

OH
N + )\ + H,0 + NaCl

Elimination product Substitution product
(major product) (minor product)

33



Reactions on Alkyl Halides

s X ERIFEFZEUX & B (nucleophilic substitution reaction)

Substitution =
X Nue Nue 4+ 59
substrate nucleophile

(electrophile)
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Reactions on Alkyl Halides

e Back to 1930s...

A concerted mechanism

Nucleophilic attack

(%
‘Nuc

S\2 reaction
/HD Loss of a

leaving group

A stepwise mechanism

Loss of a leaving group

X

A Aue + L X

Nucleophilic attack

)\/\?N uc )

35



Sy2 Reactions

* What is 527

- N ~
-
-
-
-
!
!
|

-
-

Substitution

~
~
~
~
~
~

Bimolecular
|

Nucleophilic

Rate = £ [alkyl halide] [nucleophile]

36



Sy2 Reactions

* Practice

7.2 The following substitution reaction exhibits second-order kinetics, and is therefore presumed to occur via an S\2 process:
~o1 + NOH —— _~_OH 4+ Nal

(@) What happens to the rate if the concentration of 1-iodopropane is tripled and the concentration of sodium hydroxide remains the same?
(b) What happens to the rate if the concentration of 1-iodopropane remains the same and the concentration of sodium hydroxide is doubled?

(©) What happens to the rate if the concentration of 1-iodopropane is doubled and the concentration of sodium hydroxide is tripled?

37



Sy2 Reactions

* The Sn2 Mechanism

Nucleophilic attack

©

Nuc: T R—

ey & g

Loss of a
leaving group T
/\ SN2 I
—X — R—C—Nug
A nucleophile attacks the alkyl halide, |
causing the loss of a leaving group H

in a concerted fashion (simultaneous)

_|_

38



Sy2 Reactions

* Practice: identify the nucleophile and substrate, then draw a mechanism for the
following reaction:

-1 + NaOH > _~_-OH 4+ Nal

39



Sy2 Reactions

e S\2 [ M AIR R
o (PH#L/)N, KMZARIR

Reactivity toward Sy 2

Most -
reactive — Unreactive
HaC — X o )\ ><

X X
2° 3°

Methyl 10

- HAWHZEER, REBR

o
© s Br° > Cl

40



Sy2 Reactions ‘

o [RYILFE T /2 B2 IR

DD

ethyl bromide (1°)

attack is easy

HO:_ CHj
e \
\\:.C—Br
HYy

H

GRS EA

isopropyl bromide (2°)
attack is possible
HO: _CHs
- N
\\t-C—Br
H,C'y
H

tert-butyl bromide (3°)
attack is impossible

HO_ C{I3
\\‘C - B
HCY ™
CH,

41



Sy2 Reactions

* SN2 RN ERE ST (A2

H

Me7=—.__|:3:r: 4

Et

(R)

—
—

-

U E

%% [Walden inversion]
H

H§: — HS—{ Me |
Et

(S)

MEE—4

stereospecificity

Front-side

H

Me,,/
/\4)~Br
Back-side Et

attack

B

42

attack



Sy2 Reactions ‘

BT AL PE 58 /N &ELIE XS R 14 P EC

Front-side
attack

Back-side ——»

attack
Me H - =
8- s &
e Me = [\ \:
HS: —Br: ——— HS————(|3————Br
= (R) I Et

~
~

13 7S (transition state)

H

Me,,/
/\;‘Br
Back-side Et

attack

Front-side
attack

43



Sy2 Reactions

s RNATE

‘ H H
‘ S \S /i <)
NEC:/+\/>C—Br —> N=C C\\H + Br
« : :
H =
5= | 5=
N=C-——=~ C-——=~ Br
N S
H H

Potential
energy

H
/
N=C—C—.. + B
\ H
H

A 4

Reaction coordinate

44



Sy2 Reactions ‘

* Practice: draw the S\2 product that is obtained when (R)-2-bromobutane reacts
with a hydroxide ion.

Br

)\/ + “oH — ?

(R)-2-Bromobutane Hydroxide

45



Sy2 Reactions

* Additional steps for S,2

Proton transfer -

Nuc attack
R
loss of LG

core step

Proton transfer

additional step

46



Sn2 Reactions

* Proton transfer at the beginning

@ H>SO,/H50
NaCl g

Why proton H
transfer? /
H—LO0®
Proton N\
This is nota transfer H

good LG!

Nuc attack
+ loss of LG

+H*

SN2

47



Sy2 Reactions

* Proton transfer at the end

/\/\/UI ~ ™ OH

)

HO - >\

Nuc attack
+ loss of LG

|
/\/\/(O
@

A
P

H
NG

NN

/\Q N
Proton
transfer

SN2

48



Sy2 Reactions

+HY — SN2

* Proton transfer before and after the core process

.‘O°.

+
[\ _HO7,

Proton
transfer

H

i-Lo

/DN

Sy2 attack

HO:
3 QH
H H
4
Proton
H O . transfer
NARY
/ @®

_H+

49



Sy2 Reactions

* The complete S\2 process

One concerted step

Possible additional steps

| Nuc attack + loss of LG

e e
Nuc:/\ (\LG —% >7Nuc + :LG

An S\2 process is comprised
of just one concerted step
in which the nucleophile attacks with
simultaneous loss of the leaving group.

Nuc attack
Proton transfer - 4 | e Proton transfer
loss of LG
If the substrate is an If the nucleophile is neutral,
alcohol, then the OH a proton transfer is required
group must be protonated to remove the positive charge
before it can leave. that is generated.

50



Sy2 Reactions

* Practice: ethyl bromide was dissolved in water and heated, and the following
solvolysis reaction was observed to occur slowly, over a long period of time.
Propose a mechanism for this reaction.

~Sgr T > " 0oH

ol



Sy2 Reactions

Nuc attack
Proton transfer - s +
loss of LG

Does the LG need to be
protonated first?

No. Bromide is a good LG.

. = . Proton transfer

Is the nucleophile neutral?

Yes. We will therefore need
a proton transfer at the end
of the mechanism in order

to remove the positive charge.

52



Sy2 Reactions

\/\;Bf
_

o
H” H

>
Nuc attack
+ loss of LG

Nuc attack

+
loss of LG

HQO . \/QH

(solvolysis) ,

A
H/:/ ~H
Ll
\/GB\H Proton
transfer

- e Proton transfer

53



Reactions on Alkyl Halides

e Back to 1930s...

A concerted mechanism

Nucleophilic attack

©
‘Nuc ..O
(\ /\/NUC e :?S:

S\2 reaction
/HD Loss of a

leaving group

A stepwise mechanism

Nucleophilic attack
Loss of a leaving group

o
*Nuc il
Sy 1 reaction ><x )@\/\ > XNUC X

o4



Sy1 Reactions

* What is S 17

Substitution : Unimolecular

Nucleophilic

Rate = £ [substrate]

SH)



Sy1 Reactions

* The Syl Mechanism

Loss of a
leaving group

_x©

Nucleophilic attack

Loss of the leaving
group gives a
carbocation
intermediate

©
. )\/\: Nuc
®

A nucleophile attacks
Carbocation the carbocation
intermediate intermediate to
afford the product

N
>

56



Loss of a

Sy1 Reactions ‘
leaving group Nucleophilic attack

- RMAHTE %Jle L &ﬂﬁ )FNUC

Intermediate
carbocation

A

Potential
energy

b
Y

Reaction coordinate



Sy1 Reactions

B 7S (transition state) 5 A

Potential
energy

Transition states

C AN

\

Intermediates

Reaction coordinate

1 [8)4% (intermediate)

REES, PARTE
REEM, AIHWDH

58



Sy1 Reactions

* Practice: identify the nucleophile and substrate, then draw a mechanism for the
following reaction:

59



Sy1 Reactions

~ >

« ;8558 /2 Bz (solvolysis reaction)

Loss of a leaving group Nucleophilic attack

..@ )
Br —:Br: /E?QH .
step 1. Syl process >Q = )\ > X

@

Q\Q,— Et EtOH :OEt
step 2. proton transfer X X

Substitution
product



Sy Reactions

s RNATE

Energy

Substitution

Reaction coordinate

61



Sy1 Reactions

e S\1R M AIRER

o Ik

CETBRE, REBIR

Increasing stability

H P H R)@\H R)@\R

Methyl Primary Secondary

- HAWHZEER, REBR

o
Ie > Bre > (I

R

s

Tertiary

R R

Vv

62



Sy1 Reactions

- 55+ (carbocation)

Empty p orbital

Esp2Ztik
LH=fAF

Me

This methyl
group stabilizes
the carbocation...

hyperconjugation

... by donating electron density
into the empty p orbital

63




Sy1 Reactions ‘

* iz

S Abﬁgiu\mﬁ# -l-: _>‘F

T Y

Most
stable

sal-

Methyl Primary Secondary Tertiary
(1°) (2°) (3°)

Least
stable

64



Sy1 Reactions

* S\IR M FRIFEEIERET..2

<
i\ (0]

Pr

I
—

M
7—Nuc
Et

\ (0]

Z®
(@]
/k"" =
D
+

Et
Inversion of Retention of
configuration configuration
(slightly) (slightly)
major minor

65



Sy1 Reactions

« Winstein =X H1IE

=
\ 4

Intimate ion pair Fully dissociated ions

REBETX BHEST

66



Sy1 Reactions

« Winstein &= X4 IE

Nucleophilic attack Nucleophilic attack

is unhindered is hindered
:NV Nuc™
o P Pr 5
Nuc_<mMe Me"")*NUC
Et Et
Inversion of configuration Retention of configuration

T ZEFEE TR EET, SRR R E TR A



Syl Reactions

* Practice: draw the products of the following Sy1 reaction:

\\\\\\\ NaBr - 9
I T m

68



Sy1 Reactions

\\\\\\\
Gl

\\\\\\ |
>©\ I eBr

Leaving group Nucleophile

o..
-1° o
R

i

N a B r \\\\\\\B r \\\\\\\
—_—
+ Br

Inversion of
configuration

> 50%

Retention of
configuration

< 50%

69



Syl Reactions

« S\1HRYEHE(rearrangement)id =

Br

H
20 N L
heat OH
?
J
Y
Substitution products
Increasing stability
H H H R
H)@\H R)@\H R)@\R R)@\R
Methyl Primary Secondary Tertiary

+

Elimination products

70



Sy1 Reactions

1E#% (hydride shift)

=) Hydride
/)  —Br @ _shift \M\ % /\ %
Br
H H 690 H

ol

71



Sy1 Reactions

e EB

3/

=

Br

- Br

CH;

1T #%(methyl shift)

HQO
Br  Theat

Methyl
shlft

Substltutlon products

+  Elimination products

72



Sy1 Reactions

* Practice: predict the Sy1 product, and draw a mechanism for the following
reaction.

C,HsOH

73



Sy1 Reactions

* Additional steps for Sy1

Carbocation
rearrangement

Proton transfer - Loss Of LG /< s e . Nuc attack - -~ Proton transfer

additional step core step additional step core step additional step

74



* Proton transfer at the beginning

> OH HCI (aq) X ; -

/ [ H N\
Proton ﬁ / .~ Nucleophilic
H .O@ 'CI’
transfer N oo attack
y H Loss of
H leaving group

e
\
H

75



Sy1 Reactions

* Proton transfer at the end
.'O’.
2R
Loss of —Cl@
leaving group Nucleophilic
attack

A\ 4

e e

H

—LG

\OO../

H

——  Nuc attack

Proton transfer

76



Sy1 Reactions -LG — e ==, Nuc attack
rearrangement

* Carbocation rearrangement

:.B.r:
4.
NaCl .
Cl.
—Br@ Loss of Nucleophilic ©..
leaving group attack :gl :
Carbocation
D rearrangement
N — &
2° 3

carbocation carbocation

7



Sy1 Reactions ‘

* Rearrangement results mixtures

Br

NaCl

Cl
+
Cl
This is the product This is the product
if the carbocation if the carbocation

is captured by the is captured by the
nucleophile before nucleophile after
rearrangement. rearrangement.

78



Sy1 Reactions

* The complete S\1 process

Two core steps

Proton transfer - s .

If the substrate is
an alcohol, then the
OH group must be
protonated before it
can leave.

Possible additional steps

©
%ELG -:LG

Loss of LG Nuc attack

)\ N
/\:Nuc
@

In the first core step
of an Sy1 process,
the leaving group

leaves to form a
carbocation.

In the second core step
of an Sy1 process, a
nucleophile attacks the
carbocation.

Carbocation

Loss Of LG /e . it e /i
rearrangement

Nuc attack

If the carbocation initially
formed can rearrange to
generate a more stable
carbocation, then a
rearrangement will occur.

Nuc

- Proton transfer

If the nucleophile is
neutral, a proton transfer
is required to remove the

positive charge that is
generated.

79



Sy1 Reactions ‘

Proton Loss of Carbocation | Nucleophilic Proton
transfer LG rearrangement attack transfer

®

20
carbocation
Potential

energy

30
carbocation

OH

OMe

Reaction coordinate

A 4

80



Sy1 Reactions

* Practice: draw the mechanism of the following Sy1 process:

Br

EtOH OFt

81



Sy1 Reactions

Br
OEt
EtOH
—
Proton transfer - -== Loss of LG == S Nuc attack ==-- Proton transfer
rearrangement
Does the LG need Is the nucleophile Is the nucleophile
to be protonated ultimately positioned at neutral?
before it can leave? a different location than
the leaving group? Yes. We will therefore
No. Bromide need a proton
is a good LG. Yes. This indicates transfer at the end
a carbocation of the mechanism
rearrangement. in order to remove the

positive charge.

82



- Proton transfer

_ Carbocation
Sy1 Reactions Loss of LG efie e Nuc attack

:.B.r:
5 .
OEt
EtOH . N
A N\
Et
o Loss of \O/ H
=Br leaving s Proton
group transfer
Nucleophilic
/ attack T H
Srav Carbocation /\ ., S| @
rearrangement /O\ Q\
. Et H_ Et
2° carbocation 3° carbocation

83



Comparison between Syl &

H
Energy
diagram
Ea
Potential ! Potential E
energy energy 8
= >
Reaction coordinate Reaction coordinate
Rate equation Rate = k [substrate] [nucleophile] Rate = k [substrate]
Rate of reaction =~ Methyl > 1° > 2° > 3° 3°> 2°> 1° > methyl
Stereochemistry  Inversion of configuration Racemization (with slight preference for inversion

due to ion pairs)

84



Factors of Predominates

* The Substrate 5,2 Sy1
RateT ° Rate/[ °
o [ )
10 20 30 10 20 30
X —x© s, e s
M /\_] & & R
Allylic halides

Resonance stabilized

@
/}( _X@ /\@<—> > >
@ @

Benzylic halides Resonance stabilized




Factors of Predominates

 Vinyl halides and aryl halides are unreactive in substitution reactions

X
> x ©/

Vinyl halides Aryl halides
BE 77 E VL PH 5SS, 2
VO
S B R RS E HORR IE B Tt 175,1

Not stabilized by resonance

Oy =

Not stabilized by resonance

86



Factors of Predominates

* Practice: identify whether each of the following substrates favors S\ 2, Sy1, both,
or neither:

1
Br
Cfaf Ok @Q L)< é@ Oy e
(a) (b) (c) (d) (e) (f) (9)
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Factors of Predominates

* The Nucleophile
* a strong nucleophile favors S\2

* a weak nucleophile disfavors Sy2 (and thereby allows Sy1 to compete
successfully —Sy1 does not depend a lot on nucleophile strength)

Common nucleophiles

Strong Weak
©  Hs®  HOo | F°
B HsS RO | HO
c® RsH N=C | RoH

58 AR I T — AR B BB RY (Lewis ) BR T4 FNEL K HIAR 1L RE



Factors of Predominates

* Practice: does each of the following nucleophiles favor Sy2 or S, 17

@)~ OH ©b) — sH © -~ o (d) NaOH () NaCN
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Factors of Predominates

* The Leaving Group

RDS

,%Jle

H—A: + 0-
LB, H/ \H

Strong acid

Conjugate base
(weak)

SRR A AR R BT S A E A

Acid PK, Conjugate base
Strongest Most stable o
acid I—H -1 base I
Br—H -9 Br°
Cl—H -7 cP
Good
o (0] leaving
Il [l roups
(0] (0]
T
-2
(0] (0]
H ® H H™ OH
e PLON i 15.7 HO
Bad
leaving
groups
>< H L >< ©
o~ o)
H
N 38 N
e ~N
Weakest H H Least stable H™ ~H
acid base
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Factors of Predominates

 Sulfonate ions can also be good leaving groups

Halides Sulfonate ions
O O O
= B> of H3COQ—O@ H3C—g—O@ F3c—|s|.—o@
A
lodide Bromide Chloride Tosylate Mesylate Triflate
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Factors of Predominates

* Practice

7.28 Consider the structure of the compound below.
(a) Identify each position where an Sy2 reaction is likely to occur if the compound were treated with hydroxide.

(b) Identify each position where an Sy 1 reaction is likely to occur if the compound were treated with water.

Cl Cl

TsO OMe

Br NH,
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Factors of Predominates

* The Solvent

(0] O O.
H™ TH Me~ TH Et” °H

Water Methanol Ethanol

i
)J\ H\ N .
o H™ TH

Acetic acid Ammonia

protic solvent

BT 14 a 7

I
/S\ Hs,C—C=N
Dimethylsulfoxide Acetonitrile
(DMSO)
(@) @)
)k = \N L N/
; T‘ /N
A
Dimethylformamide Hexamethyl-
(DMF) phosphoramide
(HMPA)

polar aprotic solvent

AEBF AR A
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Factors of Predominates

protic solvent

polar aprotic solvent

T
T

\

/
T

/O\

..H

=k
| |
| |
.l.
I-.-:Q:--‘

T
/
®)
§

Hydrogen-bonding The lone pairs on the oxygen The anion is not stabilized
by the solvent.

interactions .
stabilize the anion. atoms of DMS.O stabllize
the cation.

The lone pairs on the
oxygen atoms of H,0
stabilize the cation.

FA. BREFIIHURTL PHESFHIAEFIT
i BTS2 - e ENBETF R/ FRFRELRE

BT S\ -REPEFRTES
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Factors of Predominates

for Sy 1

Polar aprotic

Potential
energy

Protic

—
Reaction coordinate

protic solvents favor the reaction

for Sy 2
Polar aprotic
Potential
energy
Protic

—
Reaction coordinate

polar aprotic solvents favor the reaction
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Factors of Predominates

* Practice: when used as a solvent, will acetone favor an Sy2 or an Sy 1 mechanism?
Explain.

O

PN

Acetone
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Factors of Predominates

* Summary
FACTOR FAVORS Sp2 FAVORS Sy 1
Substrate | Methyl or primary ~ Tertary
Nucleophile Strong nucleophile ~ Weak nucleophile |
Leaving group Good leaving group  Excellent leaving group |
Sokent Polar aprotic | Protic




Factors of Predominates

* Practice: determine whether the following reaction proceeds via an Sy 1 or an S,2
mechanism and then draw the product(s) of the reaction:

Br

/'\/\/ T
DMSO [
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Intro to Synthesis Route Des

BRIZITY)Z

B ReFIHYEE 1L

A=
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Intro to Synthesis Route Des

v

NaCN

A4

NaSH

A\ 4

NaOH

NaOR

A\ 4

\ 4

NaX

\ 4

R—OH

Ester

Nitrile

Thiol

Alcohol

Ether

Alkyl halide
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Intro to Synthesis Route Des

« FIFTsCISE AR EE R B B B BEFBY3% 1£.(S\2 process)
SRR RFEEES
TsCl
T o Y
: | l
I [
/\ |\___________9___a'> /\
R OH Pyridine R OTs

OTsEIF IS EEH
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Intro to Synthesis Route Des

* Practice: identify the reagents you would use to accomplish each of the following
transformations:

OH Br

@~ >N —— 7 >OH (b)

Br
© ~ " S0H —— (d) )\/ v

lllllm
i ¥
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*Biochem — Methylation

uc

e
mc—l.
N I

* S\2 reactions in biological systems — methylation

HsN

/y 75

S:
HsC™ %

Methionine

il

x>

FR 7 =S

OH OH

Adenosine triphosphate
(ATP)

OH OH

S-Adenosylmethionine
(SAM)

S-IRE RS

Sn2

\ 4

Nuc — CH3

I
@)

(Leaving group)

103



*Biochem — Methylation

 SAM - the biological equivalent of methyl iodide

@)
©)
H3N //,,’ O@
lodide is a relatively NH;
simple leaving group.
N NN This leaving group
S </ | ) —— is more complex.
HaC —1 Y- Z
3C HsC 5. 0 N
Methyl iodide
OH OH

S-Adenosylmethionine (SAM)
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*Biochem — Methylation

* Biosynthesis reactions included SAM

HO  H
HO N2

HO
Noradrenaline

EZHELERE

R
/ /
Nu%):qc 1\3{9 ——> Nuc—CH; + S

R

S-Adenosylmethionine
(SAM)

)
HaN,,

R
N
R
Excellent LG
OH H
|
HO N
. —H+ CH,3
HO
Adrenaline
S ERRZE
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*Biochem — Methylation

* Practice: choline is a compound involved in neurotransmission. The biosynthesis
of choline involves the transfer of a methyl group from SAM. Draw a mechanism
for this transformation:

H,C OH CH3
N
/N_/_ M, o N_/_
H3C CH3
CHj,
hint: try to use S as an abbreviation for SAM

R~ ® g
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*Biochem — Methylation

* Practice: choline is a compound involved in neurotransmission. The biosynthesis
of choline involves the transfer of a methyl group from SAM. Draw a mechanism
for this transformation:

HaC, _/m z% c|3H_3/—0H
\;

D H-C—N
F R™® R> 3 |@
H5;C
CHj

The nitrogen atom functions as a nucleophilic center and attacks the electrophilic methyl group in SAM,
forming an ammonium ion.
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