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Chem 350 Jasperse Ch. 6 Notes 1

1. Radical Halogenatio

/
Brp,h -
? (}HL» OZBF resopance stabilized>3°>2°>1°>alkenyl
Re

ponition: X», hv

Chem 350 Jasperse Ch: ummary of Reaction Types, Ch. 4-6, Test 2 7

reditin producty” Identify which carbon could give the most stable radical, and
substitate-aBrTor an H on that carbon.

Stereochemistry: Leads to racemic, due to achiral radical intermediate.
<N . .
@ Radical. Be able to draw propagation steps.
/\ *Br O//\ @—@r
H - -

slow step

Br

+ ®Br

ready
+ H-Br to repeat
first step

NaOCH; O/@sNz: 1°52°53° alkenyl

Any of a large variety of nuclophiles or electrophiles can work.
Recognition: A. Anionic Nucleophile, and
B. 1° or 2° alkyl halide
(3° alkyl halides fail, will give E2 upon treatment with Anionic Nucleophile/Base. For 2°
alkyl halides, SN2 is often accompanied by variable amounts of E2.)
Predicting product: Replace the halide with the anion nucleophile
Stereochemistry: Leads to Inversion of Configuration
Mech: Be able to draw completely. Only one concerted step!

-

O/@r&, OAOCH3 +BF SN2: 1°>2°>3°> alkenyl

3. E2 Reactions.

B NOCH(osq H.‘V Mech: (Br
5 oo Cbm (0 oo, +69
H H ——= + H-OCHjz + Br

Et‘ 3°>2°>1°> alkenyl

Recognition: A. Anionic Nucleophile/Base, and

B. 3° or 2° alkyl halide
(1° alkyl halides undergo SN2 instead. For 2° alkyl halides, E2 is often accompanied by
variable amounts of SN2.)
Orientation: The most substituted alkene forms (unless a bulky base is used, ch. 7)
Predicting product: Remove halide and a hydrogen from the neighboring carbon that can
give the most highly substituted alkene. The hydrogen on the neighboring carbon must be
trans, however.
Stereochemistry: Anti/trans elimination. The hydrogen on the neighbor carbon must be
trans/anti.
Mech: Concerted. Uses anion. Be able to draw completely. Only one concerted step!




Chem 350 Jasperse Ch. 6 Notes 2

4. Sn1 Reactions. @
= (B
HOCH,
—_— ‘ +H-Br Snl: resonance >3°>2°>1°> alkenyl

Recognition: A. Neutral, weak nucleophile. No anionic nucleophile/base, and

B. 3° or 2° alkyl halide. (Controlled by cation stability).
(1° alkyl halides undergo SN2 instead. For 2° alkyl halides, Sn1 is often accompanied by
variable amounts of E1.)
Predicting product: Remove halide and replace it with the nucleophile (minus an H atom!)
Stereochemistry: Racemization. The achiral cation intermediate forgets any stereochem.
Mech: Stepwise, 3 steps, via carbocation. Be able to draw completely.

/\ H@B@
r_ slow ‘/ HOCH, (OCHg OCH,3
step
JECI =0 —d -
©

W

+ Br

5. E_l Reactions. 3°>2°> 1° (Controlled by cation stability)

Br
g’ HOCH,;
- El: 3°>2°>1
T N
= .

Recognition: A. Neutral, weak nucleophile. No anionic nucleophile/base, and

B. 3° or 2° alkyl halide. (Controlled by cation stability).
(For 2° alkyl halides, E1 is often accompanied by variable amounts of Sy1.)
Orientation: The most substituted alkene forms
Predicting the major product: Remove halide and a hydrogen from the neighboring
carbon that can give the most highly substituted alkene. The hydrogen on the neighboring
carbon can be cis or trans.

Stereochemistry: Not an issue. The eliminating hydrogen can be cis or trans. .
Mech: Stepwise, 2 steps, via carbocation. Be able to draw completely.

Br  slow (fr)c
SERS TP
H + H-Br

=
S + BrG>
T

= Sorting among Sn2, Sx1, E2, E1: How do I predict?
Step 1: Check nucleophile/base.
* If neutral, then Sy1/E1 - mixture of both
* If anionic, then SN2/E2.
Step 2: If anionic, and in the Sy2/E2, then Check the substrate.
o 1°> S\2
o 2°-> SN2/E2 mixture. Often more Sy2, but not reliable...
o 3°*2>E2
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Ch. 6 Alkyl Halides;/ Nucleophilic Substitution and Elimination 7

6.1,2 Classification, Nomenclature
A. General Classification

6
O/ljr

“alkyl halide”

hahde counerted ~_C\ A ,
o _an _sp? Gallyl) carben '7LI
' “ =~ Ir“

of* (ViAyl a:allceuy{)

"

aromahc (C,/")

@6(

( “allylic halide”
\

2 /311’ 532

D

Structyre Formal Name Common Name
C:/’ o [=ch loyo,;mmﬂe pfoﬂl d\londe
Br
Qﬁ 2=pbromo Pe’r{a"ﬁ -
ol
Z-icde o
>—I >_I pflo !da «© Isopropyl iodide

\\\M ~unun

_=1 2. anesthetics
3. refrigerants

>

i\,

Systematic Nomenclature: x-Haloalkane (test responsible)
Common: “alkyl halide” (not tested)

do
i

vl
€2
il
El
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6.4 StructurN ,

AN eleckvophie

A. Polar i X / y\-(is,(eoph-(

B Z Weak Bonds, Breakable )4;, ”

s

rSta bilit\‘x 2 Bond Bond Strength Reactivity Toward Breaka§e§
cl1y [81 4 B
IBr/ |68
&L/ [53

y
@-T > t4r 5 L-CI
6.5 Physical Properties

= boiling point: controlled by molecular weight (London force)

6.6 Preparation of Alkvl Halides
. z Review: R-H + Brag RBr + HBr ]under photolysis, Ch. 4)

=  We will learn other preparations in chapters 8 and 11

—
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Verview/PreView>of Alkyl Halide Reactions@SNz or Syl) or

= R-X +NaZ or HZ > R{Z
=
T 2 Variants
6. SC? 3*’4 ordey
S = /Anionignucleophile
= The R-X bond breaking is snnultaneous with R-Z bond formation
O/\ L OCH3 O@+ Br Sn2: 1°>2°>3°> alkenyl
7. Syl Dreak
* Neutral nucleophile
= The R-X bond breaks first to give in the rate determining step;
- formation of the R-Z bond comes late :
Ts OCH mutt HC’)
= + H—-Br ‘0_@
inter medigte
N _
—Cc-Cc— +NaZ or HZ C=C + NaZ or HZ
(I anion or neutral 4 k\
2 Variants al €le
1. E2:
* TFheR-X and C-H bond breaking is simultaneous with C=C bond formation
(%@
g H OCH,4 ©/+ H-OCH; + B
T 2. El:
= = Neutral base O“Ce“e

= The R-X bond breaks first to give a carbocation in the rate determining step.
S“'c’)wd( C-H bond cleavage and C=C bond formation comes later
fe——

FE e v,

M +Br




=
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-

/U@ ﬁle -barbed arrows (electroj ;galrs gove) from Na.
e
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6(8 The Sn2 Reaction

) i s
General: z/\C—X Z—C/ + X@
Loe b \ "leavin
. . g
Z"nucleoghlle‘]‘ Z"electrophlle"z
apion

Example, with/test-level mechanism:/ Delleberaag
A/aoh nao ek - Ho—ch, + NEXO _ amrows only.

new cld '9 No arrows to Na or

Na'/is a spectator Deal with covalent
bonds only.

More Detailed Mechanism:

..©
-Br:

& 4 bepded
mort feach, C
Notes: .
1. Simple, concerted one-step mechanis ITates=s
2. The_anion needs to be very reactive and thus not too stable. Normall

NUCLEOPHILE.

3. Both nucleophile and electrophlle are involved in the rate determining step.

Rate = k[anlon] [R- X]
4 is'why it’s called SN2 SubstltutlonNucleophﬂ@

5. The nucleophile attackg’opposite sideArom the leaving group.
I ck) results in @ of
stereochemlstry when g/chiral 2° R-X 1§ involved —

H? ?ﬁ + NaOH /k/ mversion of Stereochemistry at Chiral Center7
= %#7 The transition state involves aQ-bonded, trigonal bipyramidal carbon thaCis more E)
Ts' Y & dxhan either the original tetrahedral reactant or the final tetrahedral product
=

8./ Steric crowding in the transition-state makes the reaction very, very, very sensitive to )

a. For the electrophile R-X: CH3 X > 1°R-X>2°R-X >M fo sterlc

reasons md,y, 7 2 Cre

b. For the nucleophile it also helps to be smaller rather than larger 3 ﬂ—X
———— —_— &

Mo Sy)




n = o

W

W

Mechanism

1. Crowded transition state (sterics are crucial)
2. 2nd order (SN2)

3. Opposite-side attack => inversion

H H ¥ H
I Lo . .
HO: WC—<Br:  —>  |HO---C--Br: —  HO—C,, B
CH,¢ S\ | " CH, :
CH,CH, HC CHCH, CH,CH,

(5)-2-bromobutane (R)-2-butanol

Copyright © 2006 Pearson Prentice Hall, Inc.

Steric Factor: methyl > primary > secondary >>> tertiary (can't work)

ethyl bromide (1°) isopropyl bromide (2°) t-butyl bromide (3°)
attack is easy attack is possible attack is impossible
HO: CH; HO:_CHj HO: CH;

s \ 5 AN N AN
\\t‘C—Br \\t‘C—Br \\\‘C—Br
HYy H,CVy H,C'y

H H CH,

Copyright © 2006 Pearson Prentice Hall, Inc.
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6.f Sx2 Reactions

-many kinds of nucleophiles, give many products

e
1. R-X+ NaOH > R- OH Alcohols

§ 2. RX+N@% RQ @

T

= ek ) >
3. R-X+ N Esters
4. @ > R-I Todides
5. MN > R-CN Nitriles
6. RQXJr =R > R——-R Alkynes

= Etc.

=
T
= . =‘__c)‘_st nucleophiles ar

2. Various oxygen anions are good to make alcohols, ethers, or esters

3. logen exchange useful rou@s (more valuable and less
accessible)

4. There are a few neutral nucleophiles (not for test): nitrogen family

V
P

1. Don’t change the structure for the carbon skeleton
g 2.<Put the nucleo; eohile in exax
Ty e “ 2
7 conﬁguratlon for the product <

* If the halide was “‘wedged”, the nucleophile should be “hashed”
* If the halide was “hashed” the nucleophile should be “wedged”

4. Don’t mess with any “spectator” portions: whatever was attached to the
nucleophilic anion at the beginning should still be attached at the end




=
=
T

=

W

W

H\ I|{ t /H
- 57 o s o -
HO:T o—if —  |Ho-cif  —  mO—C,
H H H H
nucleophile electrophile transition state product
(substrate)
Copyright © 2006 Pearson Prentice Hall, Inc.
H 5
& | &
HO———/C\———I
H H transition
State
2 H
5 /
5 HO—C -
= \>H
\ H
HO~ /C —1
H '/
H
reaction coordinate ——>
Copyright © 2006 Pearson Prentice Hall, Inc.
Nuc: + R—X —> Nuc—R + X~
Nucleophile Product Class of Product
R—X + i —  R—I: alkyl halide
R—X + ~—:OH —  R—OH alcohol
R—X + “:OR’ —  R—OR’ ether
R—X + SH — R—SH thiol (mercaptan)
R—X + SR’ —3 R—SR’ thioether (sulfide)
R—X + :NH, — R—NH} X~ amine
. + . . + .
R—X + 7:N=N=N: —> R—N=N=N:~ azide
R—X + :C=C—NR’ — R—C=C—R’ alkyne
R—X + —:C=N: — R—C=N: nitrile
R—X + R'—CO0:- —  R'—COO0—R ester
R—X + :P(Ph), —> [R—PPh,]* "X phosphonium salt

Copyright © 2006 Pearson Prentice Hall, Inc.

leaving

group
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@\1 Factors thm

A. Nucleophile —/ H é% H C
. T Lmon VErsus Neutral) Should b@ , oct S'{Q% 2

4 ‘f 3 Mew

2. Anion Stability: Less Stable should be More Reactive (Reactant Stability-
Reactivity Principle)

-anion nucleophilicity decreases across@
%?factom > sfaé‘/@

2Na > /\NHNa > ~BNa > Na
< veao! v,

b. -ani ucleophilicity decreases when ar}; anion is stabilized by
< resonance) reton ’z
4/ 'l'd ifi je

~ONa >

Ve {
oy

W

leu reactive

/ . eqe . . .
S‘:‘j c. -anion nucleophilicity increases down a vertical column

NaSeH > NaSH > NaOH

n =

3. Size: all else equal, smaller is better than bigger

><)Na
B. Electrophile

1. Substrate: Allylic > 1° > 2°>>> 3°, alkenyl, aryl

* 3° and alkenyl, aryl never do Sx2

* transition-state stability-reactivity principle

* Steric clutter in the transition state explains the 1°> 2°>>> 3° pattern
* Allylic benefits from a complex orbital resonance effect in the T-state
Alkenyl/aryl halides are bad for some molecular orbital reasons
(backside attack doesn’t work, particularly for aryl halides)

W
[ ]

2. Leaving Group: R-I1> R-Br > R-Cl
* reactant stability-reactivity principle
* weaker bonds break faster




n=

W

W

Analogy: Anions as Bases, Anions as Nucleophiles.
Factors that make an anion less stable make it more reactive as both a
base and as a nucleophile. (normally....)

Basicity
R Ky,
B: 4+ H—A = B—H + A:
&
Nucleophilicity
RS k | .
B: + —(sz —3 B_(|:_ + X

Copyright © 2006 Pearson Prentice Hall, Inc.

Various Leaving Groups.

1. Halides are good, but not the only leaving groups.

2. The more stable something is after it leaves, the better it is as a leaving group.
-the halide anions are like what you'd get from HCI, HBr, HI (strong acids).

-the sulfonates are like what you'd get from sulfuric acid (strong acid)

-water is like what you'd get from hydronium (strong acid)

3. Notice that things were one charge unit more positive with one extra bond
before they actually left.

-to get H20 off, you'd have had charge ROH2 (cation) first.

-From a neutral alcohol, the leaving group would be hydroxide (bad), not water

Cr
fons: Qi TR TP Tg—S—R TIg—S—UR  T—F-DR
L L .
halides sulfonate sulfate phosphate
| | | |
Neutral molecules: ‘O—H ‘0O—R =I|\I—R =IID—R
R R
water alcohols amines phosphines

Copyright © 2006 Pearson Prentice Hall, Inc.



n = o

W

W

Steric Factor: primary > secondary >>> tertiary

ethyl bromide (1°) isopropyl bromide (2°)
attack is easy attack is possible
HO: CHj HO: CHj
oS N R N
\\t‘C—Br \\t‘C—Br
HYy H;CYy
H H

Copyright © 2006 Pearson Prentice Hall, Inc.

1. Crowded Transition-state. Sterically sensitive
2. Inversion of stereochemistry

H H t
N .o
HO: A —  [Ho—C--lip >
CH,'¢ S\
CH,CH, H,C CH,CH,

(5)-2-bromobutane
Copyright © 2006 Pearson Prentice Hall, Inc.

t-butyl bromide (3°)
attack is impossible

HO: . s

H, C\\\)C—Br
CH;
H
. /
HO—C,,
| “CH,
CH,CH,

(R)-2-butanol




W
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6.12 Inversion of Stereochem in Sy2
In the mechanism, the nucleophile attacks from the “backside” or opposite side
from the leaving group = inverts configuration

©
H H H Hy
o —HH A / 5—¢ L2
HO:/\/C__BI, HO """ C """ Br HQ*C\ +:BI’:
-~ H 4 Ho T

Transition-State

* Inversion occurs mechanistically in every Sy2 reaction
* But inversion is chemically relevant only when a chiral carbon is involved

Br H H OCH Br OCH
M + NaOCHjg : 3 """ +NaOCHj; N 3

Inversion matters, since product is chiral | Inversion doesn’t matter, for achiral product

Predicting products when chiral carbons undergo inversion:
1. Keep the carbon skeleton fixed
2. Ifleaving group is “hashed”, the nucleophile will end up “wedged” in the

product
3. Ifleaving group is “wedged”, the nucleophile will end up “hashed” in the
product
\/Y NaOCHonS - X
e : inverlion
h ocu, ¢ Hy
Br H OH

ﬁ e é imversion of reacting centev
po—hc'

C“‘arﬁg

W

Wt not cthev cewtzy

H cis

Cthy trapg

Two Standard Proofs for Sx2 mechanism:
* Inversion of configuration on a chiral carbon
o 2" order rate law

Predicting Products for Sny2 Reactions
1. Don’t change the structure for the carbon skeleton
2. Put the nucleophile in exactly the spot where the halide began...
3. Unless the halide was attached to a chiral center; in that case invert the configuration for the
product
a. If the halide was “wedged”, the nucleophile should be “hashed”
b. If the halide was “hashed”, the nucleophile should be “wedged”
4. Don’t mess with any “spectator” portions: whatever was attached to the nucleophilic anion
at the beginning should still be attached at the end
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- Nucleophile:»Anionic
. or 7~ Must be

Sn2 Problems: For each of the following .
a. Identify whether or not an Sy2 reaction would take place? anion for SN?
b. If not, why not?
c. For those that could undergo Sn2 substitution]draw in the prodPrimary, secondary, or

methyl required.
g 1. NN +HDO Ao Aeutyal Tertiary, vinyl, aryl no
V93
m \%@&aw ’Y(L r, 2 - SN2.
s °~ Soit A
Mo o
3. \e}ér”N%iJ\ %’/1/0 3°
3° . .
chira= [ pyerf
S + aOC__H_3 - /}‘{( -EV
4. BFJHO A H- OCH3
p/\ .
g 5. kﬂ/\ %CHQCH3 _— /“>‘\/\ n veyrlicH
T ;’°all1(|c
= YBr +%eN — > Y\CA/ —
. RERSSY
ccﬂdfﬂ.kd Sa, / .
V. lirg
\r\Br +CH3OH > /l/ea-h:a’
7.

azlyhc g ITNSCH,
+l$;aOH —_ !
AP ~Z Mo uml c .
vinyl A %

P Cie

o D& D), e %ﬂd’
¥

a/
Q(Br+ Na%CHs E——
11. A

12.©/ +N%4H _>>< 4 arny!

avyl

W
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More Sy2 Problems
1. Rank the reactivity toward NaOCH; (For any problem like this, try to recognize what
kind of a reaction it is, so that you know what stab111ty/react1v1ty issues apply).

2 ¢ Steric vinyl
PN | N Br /\/\ | /\(\ Br /\/\ Br
S 2 3 | S (A
= Issues: |- primary > secondary >>> tertiary, vinyl, aryl
T 2. RI>RBr>RCl
3. Allylic > non-allylic
= 4. Steric tiebreaker, all else equal
2. Rank Reactivity toward Br (For any problem like this, try to recognize
what kind of a reaction it is, so that you know what stability/reactivity issues apply).
O
NaNH NaOCH CHZOH
2 | o2z 4
Issues: 1. Charge: Anions > Neutral
2. Electronegativity/periodic table: N > O
3. Resonance stabilization reduces nucleophilic reactivity
3. What nucleophile should you use to accomplish the following transformations?
= B H H SPh
S + (5] 3 = -
s o~ S — X~ fh phey\yl =
T
= =
~o + (> ~ N c -
Br Cs C. - . Cse. % Sth S
/4 Ph %

4. Draw the Products, Including Stereochemistry. (Stereochemistry will matter for Sy2
and Sy1 reactions anytime the haloalkane is 2°)

Y\+Na0H - NS
Ch

g
S H

&  Issue: Inversion of stereochemistry at
T reacting carbon

5. Choose Reactants to make the following, from a haloalkane and some nucleophile.

Q<(¢ ' Br/;/

Issues: blA“ not OL& +60/\/ bCCdle 30 LAr

Electrophile RX needs to be methyl, primary, or secondary.

But it can't be tertiary, vinyl, or aryl.

In the problem shown, the "boxed" answers involve a primary RX. The "bad"
answer has a tertiary RX.




W
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6.13 Sy1 = Substitutionyycieophitic1st Order = “Solvolysis”
* Dramatic difference in mechanism, rates, structure dependence, and stereochemical
outcome (compared to Sy2)
General: R-X+Z-H > R-X+ HX
neutral

Neutral, non-anionic nucleophiles do the substitution
1. Often this is just the solvent (H,O, ROH, RCO,H are common)
* For this reasons, these reactions are often called “solvolysis” reactions
2. Heat is often required
3. Acid i1s sometimes used to accelerate Sy1 reactions

Predicting Products for Sy1 Reactions
1. Don’t change the structure for the carbon skeleton
2. Connect “R” and “Z”, while taking the halide off of the electrophile and H off of
the nucleophile
3. Unless the halide was attached to a chiral center, a racemic mixture will result
4. Maintain the integrity of the spectator attachments

Examples: OH
>§Cl/ + HO — /\/\/ + HC

Q<| + CHzOH O<OCH3 4 uI

3-Step Mechanism

N\
r slow '/\HOCH} He BP OCH,
step GOCH;
See L o O/ g +H-Br

+ Br

1. Step 1: Carbocation Formation. THIS IS THE SLOW STEP

* Therefore the rate is controlled by cation stability!

2. Step 2: Carbocation capture by neutral molecule (usually a solvent molecule)
*  When cation and neutral combine, a cation is produced
3. Step 3: Deprotonation to get neutral

Notes:

Carbocation formation is key

Rate =k[R-X] -2 First order

See cations, not anions. Neutral, not anionic nucleophile.

Charge and atoms must balance in step 2. Thus, the oxygen retains the hydrogen.
Oxygen eventually loses the H, but only in step 3.

Rate can be enhanced by AgNO;. The Ag+ cation helps strip the halide off in step 1.

N R LN —



W
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Structural Factors that Impact Sy1 Rates

Nucleophile: Should be NEUTRAL, but otherwise non-factor

Electrophile
1. Substrate: Allylic >3°>2°>> 1°> alkenyl, aryl

o Resonance is huge

o alkenyl, aryl never do Sx2, 1° only with AgNO;

o product stability-reactivity principle: in the rate-determining step,
the more stable the product cation, the faster it will form

o Interms of 1°, 2° 3° Syl and Sy2 have exactly opposite patterns

2. Leaving Group: R-1>R-Br> R-Cl
o reactant stability-reactivity principle: in the rate determining step,
the weaker the C-X bond, the faster it will break
o This pattern is the same as for Sy2

3. AgNO; Helps
* Ag+ helps strip the halide off in step one

4. Polar Solvent Helps
* A polar solvent helps to stabilize the ions that form in the rate-determining step

Solvent Polarity:

O
Solvent H,0 |CHoOH | A [~ 0o |~~~
Relative Rate 8000 1000 1 0.001 0.0001

6.14 Sy1 Stereo: Racemization
Original stereochemistry is forgotten at the carbocation stage get racemic R/S mixture

S
optically active Racem|c Mixture

Why? Carbocation forgets original stereo:

Front HaC, OH2 - HC PH
S
optically active Achlral cation H20 CH,4 HO CHs

BaCk /W
Attack _>/\/k/

HOCH,CH
y SOCHS = (CHj o ,<:>\\OCHZCH3
8 Br 8 OCHZCH3 3 CHj

Ex.
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Sx1 Problems: For the following, which are and aren’t Sy1 candidates? If not, why not? What

/oul h if th. 1 i ?
would be the product if they are Sy1 candidates 1. Check nucleophile. Neutral or Anion?

¢ 2. Check Electrophile RX. Tertiary or secondary (SN1 OK).

\TO\I * 12/0 U04 l Primary, vinyl, or aryl no SN1.
X~ +NaOCH Vo S Sul '
2 BrH A Awen ot Sl nveyhion
» s ocHy - § 1;71* Lsomey
; € Act( ve
e T T T YT T '
4° o OCHq OCHJ fLacem 2aticy

Taw [scmevs
0

Y _ :
4. \>(Br+Nao)K ¢ /m\rm, (ED, MI@D ”_acem'(-

3¢ A
0]
5 \><Br+ Hok ﬁ’ \Xai
OCH OCH L 1fcmevs
Br. H Y 3 73

6. )\/\ + CH3;OH S‘:Is /L&\ + M LaCeml‘C

allyl,c N
. )?/\+CH3OH }/70‘» Vin|

+ HQO

Q Yes Sl O\OH
@B +H,0 Ak, Awyl

r A S,J]

0

(@)

10. Rank Reactivity towards HO (For any problem like this, try to recognize what kind
of a reaction it is, so that you know what stability/reactivity issues apply).

/\(l /YBr /\(CI /\><| /\><| /\(\CI
Issues: 3 ({ 13 2 | é

1. Tertiary > secondary >>>>>>> primary, vinyl, aryl
2. RI>RBr>RCl
3. Allylic > non-allylic
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6.16 Comparing Sy2 vs Sy1

W

Sn1 Sn2
1 | Nucleophile Neutral, weak Anionic, strong
2 | Substrate 3°R-X>2°R-X 1° R-X > 2° R-X
Allylic effect... Allylic Helps Allylic helps
3 | Leaving Group [>Br>Cl [>Br>Cl
4 | Solvent Polar needed Non-factor
5 | Rate Law K[RX] k[RX][Anion]
6 | Stereochemistry Racemization Inversion
(on chiral, normally 2° R-X)
7 | lons Cationic Anionic
8 | Rearrangements Problem at times Never

0w

W

Identify as Sx1 or Sn2 or No Reaction. Draw the Product(s), if a reaction occurs.

L /[\O/Br +NaO;HgCH3 — S 1 /\/()C,H’,_ca-l_z
Br
) g +'j{2/0—' Mo Leact ey
Yy
e o Yok
-
SC

B e : s inverSipn, | iSomev onf achve
4, /yﬁ/* sAa—’S«/l N\ " 1 A

g wemsu—g, 3% T raceminatio
5. by W, NS 2 fomevs

facewmic

Which fit Sx1, which fit Sx2?
1. Faster in presence of silver nitrate? _g W, \

2. Faster in water than in hexane? S ‘/{

3. When the moles of reactant is kept the same, but the volume of solvent is cut in half, the
reaction rate increases by 2-fold?
Su

4. By 4-fold?
Swa
5. 2-bromobutane reacts faster than 1-bromobutane? Sd/l

6. 2-bromobutane reacts slower than 1-bromobutane? G, 2
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-17 El Ehmmat@

Exampies:

. L
H,O
Br OH Br
= 4\ H
- Sn1
T —_
= /y\ HOCH, />(\ — ¢ .
-7 Br OCH3 /ﬁf\
Swi (ma'lczn1 E1) H-I/E1 o
—_— Jor (minor E1)
Notes

 Under Sy1 conditions, some elimination product(s) form as we
* EI1 and Sn1 normally compete, resulting i mixtures

o This is not good from a synthetic perspective.
* Structurally Isomeric Alkenes can form

o The double bond must involve the original halogenated carbon and any
nei in with that can be eliminated
Normally the alkene with fewer alkene H’s is formed more extensively over )
alkenes with more alkene Fs. (More C-substituted alkene is major). /

* Neutral/acidic (the formula starts neutral, but acid is produced)

e 1* order rate law r = k[RX]'

0w

E1 Mechanism; 2 Steps

r I
FE G
+ H—Br

_J.Rr

1. Step 1: Carbocation Formation. THIS IS THE SLOW STEP
a. Therefore the rate is controlled by cation stability! Just like Sy1!
b. Benefits from exactly the same factors that speed up Sx1 (3° > 2°, RI > RBr, polar
solvent, etc..)
2. Step 2: Deprotonation from a carbon that neighbors the cation/original halogenated carbon
a. Can draw bromide as base for simplicity
b. But often it’s actually water or alcohol solvent that picks up the proton

El Summary
Recognition: A. Neutral, weak nucleophile. No anionic nucleophile/base, and
B. 3° or 2° alkyl halide. (Controlled by cation stability).
(For 2° alkyl halides, E1 is often accompanied by variable amounts of Sy1.)
Orientation: The most substituted alkene forms
Predicting the major product: Remove halide and a hydrogen from the neighboring
carbon that can give the most highly substituted alkene. The hydrogen on the neighboring
carbon can be cis or trans.
Stereochemistry: Not an issue. The eliminating hydrogen can be cis or trans. .
Mech: Stepwise, 2 steps, via carbocation. Be able to draw completely.

W
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6-19 E2 Reaction (2™ Order, Under Anlonlc/Basw Sn2 type Conditions)
Examples

o i e
q NaOCHy Q/ W +HOCHj + HBr A ienic 37 X

E2 E) m/y
@ (major) (mlnor E2) | No Competing Sp2 for 3° R-X |

~

=
=
T
NaOH + H,O + HB
s />(\ /Y\ /\”/\ +H,0 + r
G~ or | |
3° R-X major minor No Competing Sy2 for 3° R-X 70
apd 2]
Br NaQH OH )
/\%\#i’ + /\/j\\ + /\j\z +H,0 + HBr
20 R-X SNE major E2 minor E2
MoPEBT this (of the E2's) (of the E2's)
—— than either
— E2 product Sn2 and E2 Competd(or 2° R XY
y there is more SgZhan E2
= —
= NaOH

C
o~ + NaBr Sn2 only, no competing E2 Compete for 1° R-X I 5‘/1

= on ( y
ut"’ Anionic/hucleophiles/bases, when SN2 is hindered
~ —
¢ Structurally Isomeric Alkenes can form
o The double bond must involve th&ariginal halogenateﬁ carbopand any neighbor
_.ca.l:b.on (that had a hydrogen to begin with that can be eliminated) —
o[ Normally the alkene with fewer alkene H’s is formed more extensively over
alkenes with more alkene H’s. (More C-substituted alkene is major).
‘
Mech
O%B . A charges Befpen at once
oncev
= ‘—ZOCHS +BO +w
S Ireqk -
=
=

"
* anionic. Anion base gets things started.
* 2"orderrate law.  Rate = R
* It all happens_in_one concerted step, DUt tiere are three arrow to show all the bond
—

making and breaking
Bonds Made Bonds BrokeT>\

Base to hydrogen | C-X bond
C=C pi bond C-Hbond |
/
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Cagmmn >

pgnition:

e

‘ 2

(1° alkyl halidesTundergo SN2 instead. For 2° alkyl halides, E2 is often accompanied

by variable amounts of SN2.)
= _(_g irientation Ij he most substituted alkene forms (unless a bulky base is used, ch. 7)
= Predicting product Remove hahde and W@mﬁom thg carbon
T that can gi ited alkene. The hydrogen on the neighboring
= carbon must ¥ Bowever
Stereochemistry: Anti elimination. The hydrogen on the neighbor carbon must be )
Mech: Concerted. ( ijses anion./\ Be able to draw completely. Only one concerted
step! — ) ——— —
Sxl vs E1
H H %)H H OH /\
H,O roT 2 -H* ] H20
Swl —Go— O gl ML) | g _é—_\‘@l — c=c +H0*
= | | (I I
Ts * Both satisfy the carbocatlon They just meet it’s bonding need with different
electrons.
=
Sn2 vs E2
H < H OH < N9 A@(
" | »—O0H Lo S) H OH
S\ —C-C— —— —(C-C— +BbBr \ Py o
| |) | E2 —C-C— c=c_ +H,0+Br
Br | |) 77N
Br

W

1. Both provide an electron pair to displace the C-Br bond pair. They just use different

electrons.

Both involve the anion. It’s called the pucleophile in the SN2, the base in the E2.

The SN2 1nvolves axrowded transities state, and thus is strongly impacted by steric

factors. The E2 does not have any steric problems (and in fact alleviates them).

4. The difference in_steric profile explains why Tor SN2, 1° > 2° > 3° but that for E2,
the reactivity of 3° is just fine.

bl
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6-18 Zaitsev’s Rule: en E1 or E2 elimination can give more than 1 structurally isomeric
e more highly Carbon-subsftituted alkene form wi ominate over a less

e fewer H’s on the product alkene the
o Every Alkene has four attachments The fewer of these that are H’s, (the bette
o When pictures are drawn in which the H’s are not shown, the more highly

=S substituted alkenes turn out to be the best.
) Why? Product Stability-Reactivity Rule. Alkenes with Mamed
are more stable. —
c. Alkene Stability is shown below: tetra- > tri- > di- > mono- > unsubstituted
S o Why? -
= Alkene carbons are somewhat electron poor due to the inferior overlap of
' 9 pi bonds. (One carbon doesn’t really “get” as much of the other carbon’s
electron as is the case in a nice sigma bond).
C—— C = Since alkyl groups are electron donors, they stabilize electron-deficient
alkene carbons. — —
0 O = Analogous to why electron-donating alkyls give the 3° > 2° > 1° stability
pattern for cations and radicals —

G@G C >C;®H\/H

s / \ C C\ C C c=c
s CC@E@CHHCHJ@EH’ W
T tetra- tri- N mono- un-
subbed subbed ) subbed subbed
= di-subbed
f ]

2 /k/ > /\/2 /w /g > AN
tetra- tri- mono- un-
subbed —Stbbed subbed  subbed
i di- subbed

—_—
g
e /
H>0 SH
Br OH + HBr
2 .
H
H E1 d‘
ST (major E1) (minor E1)
U4l
= NaOH \ 4
+ + r
= X0 N+« B
T Br di
3° R-X mindr | No Competing Sp2 for 3° R-X
=
mon o
Br  NaOH on
/\)\ /\)\ /&/\C /\z/\ +HO + HBr
20 RX SN2 major E2 minor E2
More of this (of the E2's (of the E2's)
than either ~~—> ——— —
E2 product Sn2 and E2 Compete for 2° R-X

Normally there is more Sy2 than E2
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¢ Stereochemistry bi iminations/(6.20) )
. Fo (not for E -H and C-X bonds must be in the same plane (coplanar)

X A* | 2. The halogen and tlfe hydrogempeing removed must betransjo each cthey
NSN———

T

=
i

Sde

3.

30

Why?

a. Due to orbital overlap requirements.

L—

b. In the concerted E2 mechanism, the electrons from the hydrogen must
essentially come in backside to the leaving halide (o/ /01'1 ({)

o just as in backside-attack Sy2 mechanism

\
adl
¥ m Sdeuterium
Cife )\( isotopically labeled hydrogen
H D - “EE—

e/@ NaOH
e,
C )
A

Br
G

e resoval of “+anC

4. Sometimes, a molecule will need to single-bond spin into a “trans” conformation to

enable a trans-elimination.

D .
major minor

=
=
T 3=2E
=
Aras —S /D)

stevee y,

- anL
dl‘tq'. Comparing E vs”El

W

_—
——

Eliminations in Czclic Compounds are Often impacte

anf

— E2
' 1_| Nucleophile/Base | Neutral weak acidic | Anionic, strong, basic
2 | Substrate Por 2° 3° RX pet Mﬁ%e
Allylic effect. .. “AllyTic Helps Non-Tactor
3 | Leaving Group 1>Br>Cl 1>Br>Cl
4 | Solvent Polar needed Non-factor
5 | Rate Law k[RX] k[RX][Anion]
6 | Stereochemistry Non-selective Trans requirement
7 | Ions Cationic Anionic
8 | Rearrangements Problem at times Never
9 | Orientation Zaitsev’s Rule: Prefer Zaitsev’s Rule: Prefer more
more substituted alkene Substituted alkene (assuming
trans requirement permits)

2V Ver
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Elimination Problems:
Classify as E1 or E2.

3

s P

T >

= (A

- ) Br>aO + CHSEOI-ll >
) 43 e%lld / -S‘d/(

3 /\>'£r + CHgg\la
3

J
s$J Br>é + CH3ONa—>
T

= ’ [ B2 oply )

)

e

Br
\})\QL/ + CH3ON3. [
5. JO A
EX Sy2

——

\\H
Sut @ '@ +CHOH — »

S —

\\‘\H H3
=+ CH3ONa >
. "’CH‘s\.f

21

Draw the major( Elimination Product for the following Reactions.
(There may be acC mg Snx2 or Syl material, but to whatever

degree elimination occurs, draw the major product.

/\/I\

oli
=<

@

tvi
CH,
/V A
Majov alkepo Swl
H

~—cH Ltetvasied  fest |
@ El, cisHrans doent

tetra 4 atter
0 0+ /V'aducf b
@(u e _veactant, due
+ . -." 3 .('D El wvs El §7LC"¢0
’i ] .
H 4ih. diort erecpey
C:l A Frodycie
totiq T



0w

W

22

Chem 350 Jasperse Ch

omparing Sx2 vs Sy1 vs E2 vs ET: How Do 1 Predict Which
Happens When?

€.

N

1°R-X Sn2 only No E2 or SyI/El (cation
too lousy for Sy1/El; S\2
too fast for E2 to compete)

3°R-X E2 (anionic) or No Sy2 (sterics too lousy)
Sy1/E1 (neutral/acidic)
2°R-X mixtures common

Q1: Anion or Neutral Nucleophile/Base?

A

, AMI‘OM,‘Q

Q2: Is substrate
1°, 2° or 3° R-X?

SN1/E1 Mix

SN2/E2 Mix
(normally favoring Sp2)

* Note: Aryl and Vinyl Halides will not undergo any of these types of reactions.
* If you see Bry/hv type recipe, then you’re back in the chapter 4 world of radical
halogenation
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For each mixture,
a. Classify the Type of Reaction (or “no reaction”)
b. Draw the major product. (Or both a substitution and elim product..)

J.Ia A
/xBr + NaOH -
2. 37‘ p /4 SA/}/@ /Ql/

T

Sul
E\

]

W

&

Q( @gﬂ SM/E( Q/m @

" cl

L é—e” & -

fall i< berd. ary(c
P Y +KOH — ¢}, ILX/I
Vn\y( A
O o — Mo Ky
| UIW(
+ Phef—> Sth
8. N SA[EI ol :QT/

- e [ ]
IOW- 7

23
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Design Synthetic Plans for converting the starting materials into the target
mole :

1. In each case, more than one chemical operation will be required. k_H
2. Strategy:'/ R-H - R-Br (via brommation] 7 Substitution product (via SN2) or 56 P
= alkene (via E2) @,h r fCC\'G;Z L &l v,
= S Sty
T A3 ; 2 . 4 ‘/ z L
=
] ]ﬁ? /\&‘/J oo ‘ o
‘A,
fecpe | &, £2
. reapg I recige 2 no substltutlon
D L % side Qroduct
2]
hv E not S,
§ ,/
. ‘O
T by | H &1
L St [ x.

A @

[ /7(7 % _
— 7 YFoon, yauldascomry
\/ Sol

Neuteyl

/Yh\r

eys:

g 1. TheseCcan’t be done directly, 1n a single tecipe—At least two laboratory
T operations are required.

2. Each sequence show above requires an increase in functional groups. An

Sn2/Sn1 or E2/E1 changes functionality but does not create functionality. But

Tadical bromination does create a functional group. 6! "
;

? 3. Thus the key reaction for creating the functionality: R-H 9 (- Lf

?

e —
—

4. Once you’ve converted the starting alkane to alkyl bromide, you can
interconvert that bromide group into something else by Sy2/Sy1 or E2/E1



Chem 350 Jasperse Ch. 6 Notes 25
Mechs:

Radical halogenatlon J

Practice: Mechanism Practice SN2~

Draw the mechanism for formation of the ng ﬂ‘onl C
reactions. In some cases where both eliminiSN1 \<
the problem specifies whether to draw the sulE1

= s (h G on KRG 4
©/ + Hzo ©/ Deprot (in an SN1 or an E1)

1. No base shown
2. Bromide anjon as base
Ej(\ 8;2 3. Solvent molecule as base
E2 p<r_N/a%CH3’ @ f-ocH; 4

{2
£ b°
Ts CI ‘fl/\r l br

- M e

3’ allylu L\ @/ X é <H/37 by

H— By 0
H ]
S;/l + Naok@ ‘ 7 "y
4.
g hi ﬂd - mJer('
=
= > Br
El s < +H,0 ﬂ /%l/
n v i =
d,
(47
N
N—H,
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Practice: Ranking Practice

Rank the Reactivity o chemicals shown toward the thing in the box.
= Identifyv th at would be involved
» Think about the rate-determining step and how reactant or product or

transition-state stability would influence the rate.

= 1—x
s /YOH ’L ﬁ? \/'1 B X \B/\

salel Medral L% YQ \k\@a&/\ ~—

@
e A 2
: Br,, hv | e HsC—CHs N A
| i2al 2 .
. el A 25T
= @ @ 7 X allrh‘c
Ts ad L-H @ Cle Br I
3 & (L 7 l 2 / =
0
Mat /b\l CHZOH A ONa
’ S‘fa@;.ldy [ heut 2 fi\;)eﬁla =2

3 (

NaOH AKI'OVI N @ )\I@ )\g
Jb

6. o ,
Sv2 P> l 7
1> Ar
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Practice: Predict-the-Product Practice

Give the Major Product(s) for each of the following. If it’s likely to give a
mixture of both substitution and elimination, just draw the substitution product.
Designate stereochemical outcomes when stereochemistry is relevant (2°
substrates).

g Key: Try to recognize what type of reaction will happen first.
-
Swi
' §
racical
> al\yll\

Br . /¢ .

: CH4SN Ihvesion
sS‘/)- \/:\ + zoNa <how sub \/\ A —
= 3 ) A only
-

I
= X +CHOH — %CHJ /(\

Sul E

H"’G " +NaOCH, ——= \/'\
%E) 5 A

@NaOH{ show sub 5 \ ‘M Uef’glan Slﬂ?{e I‘.Co'uer
only OH
‘WM caly
Op B ‘
Or+ e ho _on MO —  Huo isonevs

h
, i) i ", show sub +

only — \
@ 0 W ol cls + s

Br, H
\*%+ NaOCH;g SFow e \'/l\
s (OH A amw
rags E2 i

W
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Provide Reactants for the Following (One of the Starting Chemicals must be an R-

ﬁ.— — =
(Y &w o
= °
=
T
2
=
3
Ts 4 (no eliminatio
de-product
= formed)
[Sv3 )= 7 v 2°
net J°
H, c
’ O CH,
',"ﬂnj H
F X C(Ean E=>EJ=725
Draw the Major Alkene Isomer, Following Elimination
NC @ -‘VGM C_U
A C{
= Cl + NaOCH; )\/
= H)c . show elim \l
T o (BH EQ oy L
=

H +H20

4 /showelim> \,/{\/OH
7. B E( only

- —tetra
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6-15  Carbocation Rema d their impact in Sy1 and E1 reactions)
sometimes rearrange to other more stable carbocations.

2 A rearrangement requires that a superior cation will result. Four cases:
a. 2°>3°
b. non-allylic = allylic
c. strained ring = unstrained or less strained ring

g d. 1°cation = 2° or 3° cation (rare, since 1° cations are hard to make and pretty rare)
T Hydride Shifts Alkyl Shifts
CH,
S . 3 — J@
©)
H H CH,
2° 3°
H H
H @ H
\ \, - @ i@ _
2° aIIyllc
3. Two processes for cation rearrangement:
S a. Hydride shift (an H jumps over)
= b. Alkyl shift (a carbon jumps over)
T = The resulting cation must always be on a carbon adjacent to the original
= = rearrangement does not occur if you start with a good cation.
4. Most cation mechanisms that start with 2° or 3° cations don’t undergo rearrangement
because rearrangement does not lead to improved cation stability
Why Bother? ® H H H H
No Stability Gain, )Y )S/ W \)Q(
No Motive, 4 H @H @H " )
b
Won’t Happen 30 0o o0 H
5. Examples in SN1
@)\ Q)\ O/\ + some E1 alkenes
manI’ major
-HD
s Ao
= Path A
s ( 75 D Path B ‘ B o GO/\HQ

* Product mixture results from competition between Path A and Path B.

via H

' HOCH, OCHj @ via H
= = % Tz /\%
OCHj4 ®
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