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Chem 342 Japerse  Summary of Reaction Types, Test 2
1. Radica Halogenaion

Bry, hv .
O/Z—> OLBr resonance stabilized>3Y4>2V4>1Ya>¢

Recognition: Xo, hv

Predicting product: Identify which carboncould give themog stable radical, and subditute
aBr for an H ontha carbon.

Stereochemistry: Leadsto racemic, dueto achird radical intermediate.

Mech: Radical. Be ableto draw propagaion steps

- @f\@rfa g
H —m - r + }Qr

slow step ready

+ H-Br to repeat
first step

2. SN2 Subditution

Any of alargevariety of nudophiles or electrophiles can work.
Recognition: A. Anionic Nudeophile, and
B. 1j or 2¥akyl hdide
(3¥alkyl hdidesfail, will give E2 upontreatment with Anionic Nudeophie/Base. For 2v4
alkyl hdides, SN2 is often accompanied by variable anount of E2.)
Predicting product: Replace the hdidewith theanion nudeophile
Stereochemistry: Leadsto Inversionof Configuration
Mech: Be ableto draw completely. Only oneconcerted step!

(.

O@sr OCH, OAOCHs NS S\2 11421%3% alkenyl

3. E2 Reactions

Br Mech: (Br
NaOCH4
+H-0CH; A>mOCH3 S
H + H-OCH3 + Br
E2: 3va2valva alkenyl

Recognition: A. Anionic Nudeophie/Base, and

B. 3¥er 2¥akyl hdide
(1¥alkyl hdidesundego Sy2 indead. For 2¥alkyl hdides, E2 is often accompanied by
variable amounts of SN2.)

Orientation: Themog subgituted alkeneforms (unless abulky base isused, ch. 7)
Predicting product: Remove hdideand a hydrogen from the neghboiing carbontha can
give themog highly subdituted alkene Thehydrogen ontheneghbaing carbonmug be
trans however.

Stereochemistry: Anti eliminaion. Thehydrogen onthendghba carbonmug betranganti.
Mech: Concerted. Usesanion. Be able to draw completely. Only oneconcerted step!
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4. SN1 Reactions
Br OCH3

HOCH;,
_— + H-Br Sy1: resonance 33>2Y.>1Y4> alke

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

B. 3%er 2¥akyl hdide (Controlled by cation stability).
(1¥alkyl hdidesundego Sy2 indead. For 2¥alkyl hdides, Syl is often accompanied by
variable amounts of E1.)
Predicting product: Remove hdideand replace it with thenudeophile (minusan H atom!)
Stereochemistry: Racemization. Theachira cation intermediate forgets any stereochem.
Mech: Stepwise, 3 steps viacarbocation. Be able to draw completely.

N\
/\ H\@ B@
_ slow HOCHS (OCH,4 OCHs
oL F—F e
+Br@

5. E1 Reactions 3% 22 1v4(Controlled by cation stability)

Br
HOCH;
—_—> O/ El 3&2Y%1
H+

Recognition: A. Neutral, weak nudeophie. No anionic nudeophie/base, and
B. 3¥er 2¥akyl hdide (Controlled by cation stability).
(For 2¥akyl hdides, E1 is often accompanied by variable amount of Sy1.)
Orientation: Themos subdituted alkeneforms
Predicting the major product: Removehdideand a hydrogen fromtheneaghbaing
carbontha can give themog highly subdgituted akene Thehydrogen ontheneghboing
carboncan becisor trans
Stereochemistry: Notanissue Theeiminaing hydrogen can becisor trans .
Mech: Stepwise, 2 steps viacarbocation. Be able to draw completely.

(Br slow C@C
FE e o
H + H—Br

+ Br@

Sorting amongSy2, Sy1, E2, E1: Howdol predict?
Step 1. Check nucleophile/base.
¥ If neutral, then §y1/E1! mixture of both
¥ If anionic, then $\2/E2.
Step 2: If anionic, andinthe §y2/E2, then Check the substrate.
o 1% 52
0 2% Sy2/E2 mixture.  Often more Sy2, but notreliableE
o 3% E2
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Ch. 11 Reactionsof Alkyl Halides: Nudeophilic Subditution and Elimination

10.1,2 ClassificationNomenclature
A. GeneralClassification

Odlkyl halideO

OvinylhalideO

OaryhalideO

OallylichalideO

B. 1Yu2Y3UClassification

Br
\/>< 3V, \/><Br 21, WBI‘ 1y
H

H H

C. SystematicNaming: x-Haloalkane (test responsible) (Include number!)

D. CommonNaming: OalkylhalideO(nottested)
Structure FormalName CommonName
\/\C|

Br

/\)\

Isopropyliodide

SystematidNomenclature:x-Haloalkane (testresponsible)
Common: OalkylhalideO(not tested)

solvents
anesthetics
refrigerants
pesticides

Uses:

reactants |
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Structure:

C
A. Polar Ty

B. WeakBonds,Breakdle

Stability Bond Bond Strength ReactivityTowardBreakage
C-Cl 81
C-Br 68
C-l 53

PhysicalProperties
boiling point: controlledby molecularweight(Londonforce)
watersolubility: low, no hydrogenbonding
density: greaterthanwater,sotheysink (unlike hydrocarbonsywhich float)

103 Preparatiorof Alkyl Halides
Review: R-H + Br,! RBr+ HBr (underphotolysis,Ch.10.3,4)
We will learnotherpreparationsater(10.7)
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BasicOverview/Previewof Alkyl Halide Reactions Substitution(Sy2 or Sy1) or
Elimination(E2 or E1)
BecausdR-X bondsareweak,halidesaregoodleavinggroups.

A. Substitution
R-X +NaZorHZ! R-Z+ NaXorHX
Anion or neutral
2 Variants
1. S\2:
" Anionic nucleophile
TheR-X bondbreakingis simultaneousvith R-Z bond formation

(.2

O@sr OCH, OAOCHs NS S\2 11421%3% alkenyl

2. S\1:
Neutralnucleophile
The R-X bondbreaksfirst to give a carbocatdn in the rate determiningstep;
formationof the R-Z bondcomedater

H® BP
r_ slow /\HOCHs COCH;4 OCHjs
(j/ step Ej/ N ©/+H_Br
+Br@

B. Elimination

—c-c— +NaZ or HZ —— \C:C/ + NaZ or HZ
[ anion or neutral 4 N
2 Variants
1. E2:
Anionic base
TheR-X andC-H bondbreakingis simultaneaswith C=C bondformation

Gr

4>
2. E1:

OCH
H > ©/+ H-OCH; + B
Neutralbase

The R-X bond breaksfirst to give a carbocaion in the rate determiningstep.
C-H bondcleavageandC=C bondformationcomedater

(Br slow C@C
FE e
H + H—Br

+ Br@




Chem 341 Jasperse Ch. 11,10 Handous 6

11.1-5 TheS\y2 Reaction

S T~ Ve
General: Z/\*/(IZ—)I( Z—C + X@
" S e . \ "leaving
nucleophile” “electrophile group”
Example with testlevel mechanism:
) ® 0
NaOH HsC—Br —— HO—CH; + Na X
" doublebarbedarrows(electronpairsmove)
" Na' is aspectator
More DetailedMechanism:
H H © H
H H L dH
. v 4 oy ..O
Ho:”  C—Br HO-----C~----Br HO—C  + :Br:
oo H |l| H oo

Transition-State

Notes:

" Simple,concertecbnestepmechanism.No intermediates.

" The anion needsto be very reactiveand thus not too stable. Normally ANIONIC
NUCLEOPHILE .

" Bothnucleophie andelectrophileareinvolvedin theratedeterminingstep.

" Rate= k[anion][R-X]*

" 2" orderratelaw is why itO<alledS\2: Substitutionyyeeopnilic2nd order

" Thenucleophileattacksoppositesidefrom the leavinggroup.

" This ObacksidattackQ(or oppositeside attack resultsin inversionof stereochemisy

whenachiral, 2¥R-X is involved
H Br HO H _ ) .
;k/ + NaOH A/ Inversion of Stereochemistry at Chiral Center
" The transition _state involves a 5-bonded,trigonal bipyramidalcarbonthat is more
cluttered thaneitherthe original tetrahedrateactantor the final tetrehedralproduct
" Stericcrowdingin the transitionstatemakesthe reactionvery, very, very sensitiveto
stericfactors
0 Fortheelectrphile R-X: CHs-X > 1¥R-X > 2¥R-X > 3¥R-X for steric
reasons
o Forthenucleophilet alsohelpsto besmallerratherthanlarger
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Gengality of S§y2 Reactions
-many kindsof nudeophiles, give many produds

R-X +NaOH! R-OH Alcohols
R-X + NaOR! R-O-R Ethers

0
R-X + NaO~ R | R‘ojLR Esters
R-X +KI! R-l lodides
R-X + NaCN! R-CN Nitriles
R-X+ ©=R | R—=-R Alkynes
Etc.
Notes

¥ Mog nudeophiesare ANIONS

¥ Variousoxygen anionsare goodto make alcohols, ethers, or esters

¥ Halogen exchangeuseful route to iodides (more valuable and less accessible)
¥ There are afew neutral nudeophiles (notfor test): nitrogen family

Predicting Products for $y2 Reactions
1. Don®changethe structure for the carbon skeleton
2. Put the nucleophile in exactly the spot wher e the halide beganE
3. Unlessthe hdidewas attached to a chiral center; in tha case invert the
configuration for the produd
If the hdide was QvedgedQ the nudeophile should be thashed O
If the hdide was (hashedQ the nudeophie should be QvedgedO
4. Don®mess with any GpectatorOportions whatever was attached to the
nudeophilic anion at the beginning should still be attached at the end
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115 Structural Factors that Impact $2
1. Nudeophie
a. AnionversusNeutral: Should be ANIONIC

b. Anion Stability: Less Stable should be More Reactive (Reactant
Stability-Reactivity Prindple)

1) -anion nudeophilicity decreases across a horizontal row
(electronggativity factor)

~ CH;,Na > ZNHNa > . ~oNa °>

NaF

2) -anion nudeophilicity decreases when an anionis stabilized by

resonance
0

< ONa > )LONa

3) -anion nudeophilicity increases down a vertical column

NaSeH > NaSH > NaOH

c. Size: dl else equd, smaller is beter than bigger
~OoNa > ><)Na
2. Electrophile

¥ Substrate: Allylic > 1Y 2Ye >> 3Ysalkenyl, aryl

o 3%and alkenyl, aryl never do Sy2
trandtion-state stability-reactivity prinaple
Steric clutter in thetrangtion state explainsthe 1v2 2Y2 >> 3Ypatern
Allylic benefits from a complex orbital resonance effect in the T-state
Alkenyl/aryl hdides are bad for some molecular orbital reasons
(backside attack doesn®work, paticularly for aryl haides)

O O0OO0Oo

¥ Leaving Group: R-I >R-Br > R-CI
0 reactant stability-reactivity prinaple
0 weaker bondsbreak faster
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112 Invesion of Stereochem in $2 . )
In the mechanism, the nudeophile attacks from the backsideOor opposte side
fromtheleaving group! inverts configuration

H H H
H H L dH
. VY -/ o ..O
HO:/\IC——Br HO----- (l: ————— Br HO—C  +:Br
e H H o

Transition-State
" Inversion occurs mechanistically in every Sy2 reaction
Butinversionis chemically relevant only when a chiral carbonisinvolved

Br H H OCH Br OCH
M + NaOCH3 R — S 8 N + NaOCH3 - N 3
Inversionmatters sinceproductis chiral InversiondoesnQnatter,for achiralproduct

Predicting produds when chiral carbonsundego inversion:
Keepthe carbonskeletorfixed
If leavinggroupis Ohashed@e nucleophilewill endup Owedgedid the product
If leavinggroupis Owedged@he nucleophilewill endup Ohashed® the product

NaOCH,CH,
B H
Br H
ﬁ NaOH

HaC"

¥ H cis

Two Standad Proofs for $y2 mechanism:
" Inversion of configuration on a chiral carbon
2" order rate law

Predicting Products for §y2 Reactions
1. Don®changethe structure for the carbon skeleton
2. Put the nucleophilein exactly the spot wher e the halide beganE
3. Unlessthe hdidewas attached to a chiral center; in tha case invert the
configuration for the produd
" If thehdidewas QvedgedQ the nudeophie should be hashedO
" If the hdide was (hashedQ the nudeophile should be GvedgedO
4. Don®mess with any GpectatorOportions whatever was attached to the
nudeophilic anion at the beginning should still be attached at the end
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Su2 Problems: For eachof thefollowing
a. ldentify whetheror notan Sy2 reactionwould takeplace?
b. If not,why not?
c. ForthosethatcouldundergoSy2 substitutiondrawin the product.

1. NN +HO —

>

2 "gr +NaOH

0O

3. \><Br +NaoJ\ -

X~ *+NaOCH3

4. Br H

Il’

=

Br, H

M + KOCH>CH3 EE——
Y\Br + KCN —4m8M8M8M»
6.
Y\Br + CH30OH
1.

g g +NaSCH; —>

,,

/\/\Br + NaOH —>

Br.
\O + NaOCHs
10.

Q(B + NaOCHz ——>
,
11.
Br
O/ +NaOH —>
12.




Chem 341 Jasperse Ch. 11,10 Handous 11

More Sy2 Problems
1. RankthereactivitytowardNaOCH; (Foranyproblemlike this, try to recognizewhat
kind of areactionit is, sothatyou know whatstability/reactivityissuesapply).

/\/\I /\/\Br /\/\I /YB" /\)\ /\/\BI’
Br

Issues:

2. RankReactivitytoward ANANgy (Foranyproblemlike this, try to recognizewvhat

kind of areactionit is, sothatyou know whatstability/reactivityissuesapply).
o)
NaNH NaOCH CH3OH
e : NaO)J\ ’

Issues:

3. Whatnucleophileshouldyou useto accomplisithe following transformations?

Br SH + H Sph
SN .

\/\Br + \/\C\
Qc\
Ph

4. DrawtheProducts)ncluding Stereochemistry(Stereochemistryvill matterfor Sy2
andSy1 reactionsanytimethe haloalkandas 2%

Y +NaoOH
H

Br
H3 r

A " +KCN
H H

Issue:

)

5. ChooseReactantso makethefollowing, from a haloalkaneandsomenucleophile.

* - (o~

Issues:
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116-9 Sy1 = Substitutionyugeophilicst Order= OSolvolysisO
Dramaticdifferencein mechanismrates,strudure dependencegndstereochemical
outcome(comparedo S\2)
General:R-X +Z-H! R-X + HX
neutral

Neutral, non-anionic nucleophilesio the substitution
¥ Oftenthisis justthesolvent(H,O, ROH,RCO,H arecommon) )
o ForthisreasonsthesereactionsareoftencalledOsolvolysis@actions
¥ Heatis oftenrequired
¥ Acid is sometimesisedto acceleraté&syl reactions

PredictingProductsor Sy1 Reactions
1. DonOthangethe structue for the carbonskelgon
2. ConnectOR@NAOZOwhile takingthe halideoff of the electrophileandH off
of thenucleophile
3. Unlessthe halidewasattachedo achiral center,aracemic mixture will result
4. Maintaintheintegrity of the spectatoattachmersg

Examples:

cl
X HO —
Q<| + CH4OH

3-StepMechanism

N\
' slow ’/\HOCH3 H ® B OCH,
step (OCH,4 ‘heB
© O/ r

+ Br

¥ Stepl: CarbocatiorFormation. THIS IS THE SLOW STEP
o Thereforetherateis controlledby cationstabilty!

¥ Step2: Carbocatiorcaptureby neutralmolecue (usuallya solventmolecule)
o0 Whencationandneutralcombine,a cationis produced!

¥ Step3: Deprotonatiorto getneutral

Notes:

Carbocatiorformationis key

Rate=k[R-X] ! Firstorder

Ratedoesnot dependon concentratiorof nuckeophile
Seecations,not anions. Acidic, not basiccondtions. Neutral,not anionic
nucleophile.

. Chargeandatomsmustbalancdan step2. Thus,the oxygenretainsthe hydrogen.
OxygeneventuallylosestheH, butonly in step 3.

Ratecanbeenhancedy AgNOs. TheAg+ cationhelpsstrip the halideoff in stepl.

PwpNPE

~No o
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Structural FactasthatimpactSy1 Rates

Nucleophile Shouldbe NEUTRAL , but otherwisenon-factor

Electrophile

1. Substrate:Allylic > 3V 2%z > 1% alkenyl, aryl

(0]
(0]
(0]

(0]

Resonances huge

alkenyl,aryl neverdo Sy2, 1¥only with AgNO;
productstability-reactivity principle: in theratedeterminingstep,
the morestablethe productcation, thefasterit will form

In termsof 1%2%:3%:Sy1 andSy2 haveexactlyoppositepatterns

2. LeavingGroup: R-I > R-Br > R-CI

(0]

(0]

reactanstability-reactivity principle: in theratedeternining step,
theweakerthe C-X bond,thefasterit will break
This patternis the sameasfor S\2

3. AgNO; Helps

(0]

Ag+ helpsstrip the halideoff in stepone

4. PolarSolventHelps

(0]

A polarsolventhelpsto stabilizetheionsthatformin therate
determiningstep

SolventPolarity:

0
Solvent H,O CH5;OH )J\ ~_O0_~ SN
RelativeRate 8000 1000 1 0.001 0.0001

6.14 S\1 Stereo: Racemization
Original stereochemistrs forgottenat the carbocation;tageget racemicR/S mixture

S
optically active Racemlc Mixture

Why? Carbocatiorforgetsoriginal stereo:

H3C Br

c'\)

@
HsC OH, - HsC OH

Front :
CHj Attack /\/k/ _>/\/k/

—_—

S
optically active

Ex.

@® H,0
Achiral cation
Back 20 CH3 HO¢ CH3
Attack /\/k/ — ‘

R

HOCH,CH
3 Br Hs OCHZCHg Hs CHa
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Sul Problems: For thefollowing, which are and aren® Sy 1 candidates? If not, why not? What
would bethe produd if they are Sy1 candidates?

\/\| + Hzo

1.

~X~ *+NaOCHg
Bf H

~X~ +HOCH;
Bf H

0]
\X +NaO)J\ -

-
6. A oo ———
)\/\

+CHgOH ———

O\ + Hzo
8. Br

©\ + Hzo
9. Br

10. Rank Reactivity towards HO (For any problem like this, try to recognize what kind
of areactionit is, so tha you knowwha stability/reactivity issues apply).

YT 3K K

)

| ssues:



Comparing Sy2 vs Sy1
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Sl S\

1 | Nucleopnhile Neutral, weak Anionic, strong
2 | Substrate 3YR-X > 2Y/R-X 1YR-X > 2VR-X
Allylic effectE Allylic Helps Allylic hdps

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
(onchiral, nomally 2¥/R-X)

7 | lons Cationic Anionic

8 | Rearrangements Problem at times Never

1. Identify asSy1 or Sy2 or No Reaction. Draw the Product(s)jf areactionoccurs

"~ Br + NaOCH2CH3

Br
(o —
b.
+H,O —
OTBF 2
C.

H Br

q A/ + CH3SNa ——

H Br

+ CH3SH ——
e A/ °

2. Which fit Sy1, which fit Sy2°?
a. Faster in presence of silver nitrate?

b. Faster in water than in hexane?

c. When themoles of reactant is kept the same, but the volume of solvent is cut in hdf, the

reaction rate increases by 2-fold?
d. By 4-fold?
e. 2-bromobutnereacts faster than 1-bromobutne?

f. 2-bromobutanereacts dower than 1-bromobutne?
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1114 E1 Eliminaion Reactions

Examples:
H,0
H H H
H E1 E1l

Sni (major E1) (minor E1)

HOCH;
SNl

(major El) (mlnor E1)

¥ Unde Syl conditions some eiminaion produd(s) form as well
¥ E1and Sy1 nomally compete, resulting in mixtures
o Thisisnotgoodfrom asynthetic perspective.
¥ Structurally Isomeric Alkenes can form
o0 The double bond must involve the original halogenated carbon and any
neighbor carbon (that had a hydrogen to begin with that can be eliminated)
o Normally the alkene with fewer alkene H@ is formed more extensively over
alkenes with more alkene H@. (More C-substituted alkeneis major).
¥ Neutra/acidic (theformula starts neutral butacid is produced)
¥ 1% orde rate law r=k[RX]*

E1 Mechanism: 2 Steps

slow

r
O/ step
©/+ H—Br
+ Br

¥ Stepl: CarbocatiorFormation. THIS IS THE SLOW STEP
o Thereforetherateis controlledby cationstabilty! Justlike Sy1!
0 Benefitsfrom exactlythe samefactorsthatspeedup Sy1 (3¥# 2%RI1 > RBr,
polarsolvent,etc.)
¥ Step2: Deprotonatiorfrom a carbonthatneighborghe cation(andthe original
halogenatedarbon)
o Drawbromideasbasefor simplicity
o ButoftenitOsacually wateror alcoholsolventthatpicks up the proton

E1l Summary
Recognition: A. Neutral, weak nudeophile. No anionic nudeophie/base, and
B. 3%er 2¥akyl hdide (Controlled by cation stability).
(For 2¥akyl hdides, E1 is often accompanied by variable amount of Sy1.)
Orientation: Themos subdituted alkeneforms
Predicting the major product: Removehdideand a hydrogen fromtheneaghbaing
carbontha can give themog highly subdgituted akene Thehydrogen ontheneghboing
carboncan becisor trans
Stereochemistry: Notanissue Theeiminaing hydrogen can becisor trans .
Mech: Stepwise, 2 steps viacarbocation. Be able to draw completely.

11.11-13 E2 Reaction (2™ Order, Unde Anionic/Basic Sy2 type Conditions)
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Q( NaOCH; Q/ Q/ +HOCH; + HBr

31/R X (major) (mmor E2) | No Competing Sy2 for 3¥R-X

NaOH

.

/\(\ /\H/\+H0+H3r

3YR-X major minor | No Competing Sy2 for 3¥R-X
Br NaOH
/\)\ /\)\ + /W + HZO + HBr
. Sn2 major E2 minor E2
2IRX More of this (of the E2's) (of the E2's)
than either
E2 product Sn2 and E2 Compete for 2YR-X

Normally there is more Sy2 than E2

NaOH
P o~ +NaBr Sn2 only, no competing E2 Compete for 1¥R-X
1YR-X SN2
Notes

¥ E2 hgpopenswith anionic nucleophilesbases, when Sy2 is hindeed
¥ Reactivity: 3YR-X > 2Y/R-X.
0 1¥YR-X andvinyl or aryl hdides donat undego E2.
¥ Structurally Isomeric Alkenes can form
0 Thedoubk bondmug involve the origind hadogenaed carbon and any neighbor
carbon (tha had a hydrogen to begin with tha can be eliminated)
o Normaly the akene with fewer akene H® is formed more extensvely over
alkenes with more alkene H®. (More C-subdituted alkeneis major).

Mech

Gr

mOCH
By o

H-OCH; + Br

anionic. Anionbase gesthingsstarted.
2" order ratelaw.  Rate = k[R-X]'[anion base]*

It all hgpopens in one concerted step, but there are three arrow to show al the bond
making and breaking

BondsMade BondsBroken
Base to hydrogen | C-X bond
C=C pi bond C-H bond

K K K
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E2 Summary
Recognition  A. Anionic Nucleophile/Baseand

B. 3vor 2%alkyl halide
(1%¥alkyl halidesundergoSN2 instead. For 2valkyl halides,E2 is oftenaccompanied
by variableamountsof SN2.)
Orientation: Themostsubstitutedalkeneforms (unlessa bulky bases used ch.7)
Predicting product: Removehalideanda hydrogenfrom the neighboringcarbon
thatcangive the mosthighly substitutedalkere. Thehydrogenonthe neighboring
carbonmustbetrans,howe\er.
Stereochemistry Anti elimination. The hydrogenon the neighborcarbonmustbe
trans/anti.
Mech: Concerted.Usesanion. Be ableto drawcompletely. Only oneconcerted
step!

SvlvsEl
H OH T
N ho H QM e HOH ~® MO .
S\{ —¢c-C— — —C-C— —— —C-C— El —Cc-C— —— C=C_ +H30
| |1 I | 7N

¥ Both satisfy the carbocation. They just meet itOsbondirg needwith different

electrons.
S\2VSE?2
H 9 H OH < N0
' | ,—OH ro S) H OH
SN2 —Cc-C— —— —Cc-c— +Br }_\| \ y o
| I) | E2 —cCc-Cc— c=c/ +H,0+Br
Br | |) /7 N
Br

¥ Both provide an electron pair to displacethe C-Br bond pair. They just use
differentelectrons.

¥ Bothinvolvetheanion. ItOsalledthe nucleopile in the Sy2, thebasen the E2.

¥ The S\2 involves a crowded transition state, and thus is strongly impactedby
stericfactors. The E2 doesnot haveany steic problems(andin fact alleviaes
them).

¥ Thedifferencein stericprofile explainswhy for S\2, 1v& 2v% 3%but thatfor E2,
thereactivity of 3¥%s justfine.
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1110 Zaitsev@ Rule: When E1 or E2 eimination can give more than 1 structurally isomeric
alkene the more highly Carbon-substituted alkene form will predominate over aless highly
carbon-substituted alkene.
¥ Thefewer H@on the product alkenethe better.
o Every Alkenehasfour attachments. Thefewer of these that are H@, the better.
0 When pictures are drawn in which the H® are not shown, the more highly
subgituted alkenes turn out to be the best.
¥ Why? Produd Stability-Reactivity Rule. Alkenes with more C& and fewer H@ attached
are more stable.
¥ Alkene Stability isshown bdow: tetra- > tri- > di- > mono- > unsubdituted
o Why?

Alkene carbonsare somewhat electron poor dueto the inferior overlap of
pi bonds (One carbondoesn®realy QyetOas much of the other carbon®
electron asisthecase in anice sigmabond)

Since akyl groupsare electron donos, they stabilize electron-deficient
alkene carbons

Andogousto why electron-donding akyls give the 3> 2%/ 1Ystability
patern for cationsand radicals

¢ £ ¢ € c HcCc CC HC H H H

¢c ¢ ¢ H H CH HC HH H H H
tetra- tri- s J mono- un-
subbed subbed ] subbed subbed
di-subbed
)\r > )\/ > N /ﬁ /K > X
tetra- tri- m%nbo p un-
subbed subbed subbe subbed
dlsubbed
Examples
H,O
H " H " ElH El
Sni (major E1) (minor E1)
NaOH
/>(\ /\(\ /ﬁw/\ + H2O + HBr
3° R-X major minor | No Competing Sp2 for 3° R-X
Br NaOH
A /\)\ + NN +H0 + HBr
SN2 major E2 minor E2
2VRX More of this (of the E2's) (of the E2's)
than either
E2 product Sn2 and E2 Compete for 2¥YR-X

Normally there is more Sy2 than E2
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Stereochemistryf E2 Eliminations
¥ ForE2(notfor E1) C-H andC-X bondsmustbein the sameplane(coplanar)
¥ Thehalogenandthe hydrogenbeingremovedmustbetrans to each
¥ Why?
o Dueto orbital overlaprequirements.
0 In the conceted E2 mechanism the electrans from the hydrogen mug
essentiallycomein backsideo the leavinghalide
" justasin backsideattackSy2 mechanism

-~ Br NaOH
/"Q( )\/ + )\( "D" is deuterium
3 3 isotopically labeled hydrogen
D HD

HD

major minor

¥ Sometimes, a molecule will need to singlebond spin into an eclipsed

conformationto enableit to do atranselimination.
-~ Br
g Br

' NaOH “y H  NaOH
‘::H spin ©/<r X

Can't react Can React

¥ Eliminationsin Cyclic Compoundsare Oftenimpactedby the TransRequirement

D
\\“H CH3
"Bl + CHyONa >
“"CHs

D

wH CH;
1By
CHs + CH30ONa -
I,H

Comparing E2 vsE1

El E2

1 | Nucleophile/Base Neutral, weak, addic Anionic, strong, basc

2 | Subgrate 3YR-X > 2YR-X 3YRX > 2V/RX > 1YRX

Allylic effectE Allylic Helps Non-factor

3 | Leaving Group | >Br>Cl | >Br>Cl

4 | Solvent Polar needed Non-factor

5 | Rate Law K[RX] K[RX][Anion]

6 | Stereochemistry Non-selective Transrequirement

7 | lons Cationic Anionic

8 | Rearrangements Problem at times Never

9 | Orientation Zaitsev@ Rule: Prefer Zaitsev@ Rule: Prefer more
more subgituted alkene Subdituted alkene (assuming

trans requirement permits)
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Eliminaion Problems. Draw the major Elimination Produd for thefollowing Reactions
Classify asEl or E2. (There may beaccompanying Sy2 or Sy1 material, butto whaever degree
eliminaion occurs, draw the major produd.)

.
/\>£ + CH3OH
1. 3

, Br>@ + CH3OH >
;
3 + CHsONa >
. Bf>O + CHzONa——»
iy CH3ON
+ 30Na ——
5. )\/
D
wH CH;
"“BI 4+ CH30H
CHs 3 E——
6. “H
D
\\“H H3
"g[ls + CH3ONa .
7. “H

D

o CH;
1B+ CHzONa >
“"CHj
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11.15 Comparing S\2vs Sy1vsE2vsEL: How Dol Predict Which
Happens When?

Step 1. Check nucleophile/base.
¥ If neutral, then §\1/E1! mixtureof both
¥ If anionic, then Sy2/E2.
Step 2: If anionic, and in the Sy2/E2 pod, then Check the substrate.

0 1% S\2
0 2% Sy2/E2 mixture. Often more Sy2, butnot reliableE
o 3 E2
Notes:
1YR-X S\2 only No E2 or Sy1/E1 (cationtoo
lousyfor Sy1/E1; S\2 too
fastfor E2 to compete)
3YR-X E2 (anionic)or No S\2 (stericstoo lousy)
Sy1/E1(neutral/acidic)
2YR-X mixturescommon
Q1: Anion or Neutral Nucleophile/Base?
Neutral |
SNI/EL Mix SN2/E2
Q2: Is substrate
1Ya, 2%4 or 3%a R-X?
1% R-X 3Ya R-X
Sn2 Only 24 R-X E2 Only
SN2/E2 Mix

(normally favoring Sn2)

¥ Note: Aryl and Vinyl Halides will notundego any of these types of reactions
¥ If you see Bry/hv type recipe then you®e back in the chapter 4 world of radical
hdogenaion




Chem 341 Jasperse Ch. 11, 10 Handous

For each mixture, ) )
" Classify the Type of Reaction (or (ho reactionQ
Draw the major produd. (Or both a subgitution and elim product..)

O
AP+ NaOJ\ _

Br
/>< + NaOH
2,
Q/' + NaOCH;
3,

Br

L Non T

Br
" e —
5.

6. B +KOH ——

I
Y o —
7.

Br
OL + PhSH —>
8.

o. A\ +H0 —>

o T e ——

23
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Design Synthetic Plans for converting the starting materialsinto the target
molecules.
" In each case, more than one chemical operation will be required.
" Strategy: R-H! R-Br (viabrominaion)! Subditution produd (via Sy2)
or alkene (viaE2)

W
1. OCHgj

v
N

Q/ > (no substitution
side product)

L -

/\r (some alkene
> would accompany
/\ﬁ)CHC“ this product)

Keys. B
These can®be donedirectly, in asingle opeaation

Each sequence ends up increasing the numbe of fundiond groupsin the
ultimate produd.

Thekey reaction for increasng the functionality: R-H!

Once you@e conveated the starting material to an you can
interconvat tha fundiond groupinto something else by subditution, or into an
akeneby eliminaion
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Draw the mechanism for formation of the major produd in each of thefollowing
reactions In some cases where both elimination and subdgitution might compete,
the problem specifies whether to draw the subditution or eliminaion mechanism.

Br (Subst.)
©/ + Hzo R ——
1.

Br
H )
elim.
“D + NaOCH; ——
2.
Cl
z
+ BI’2 —_—
O
3.
H
H O
Subst.
+ NaOJ‘k _
4. Br
Br

i
5 )\/ +H0 N
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Rank the Reactivity of the chemicals shown toward thethingin thebox. Keys:
|dentify thetype of reaction tha would beinvolved
Think aboutthe rate-determining step and how reactant or produd or trandtion-
state stability would influence therate.

OH X Br
~ T L e

1.
Br,, hv H;C—CHy N AN\
2.
3.
N 1
| CH;OH )I\ ~ONa
4 ONa
>( (Sn1) Solvent: Pentane i H,O
Br )I\ 2
5.

NaOH N )\| )\Br
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Give the Major Produd(s) for each of thefollowing. If it@ likely to give a mixture
of both subgitution and elimination, jus draw the subdgitution produd. Designae
stereochemical outcomes when stereochemistry is relevant (2%/substrates).

Key: Try to recognize what type of reaction will hgppen first.

N~ ~_-Br+ NaOCH; ——

hv

+Br2 —_ >

Br
_~_ +CH;SNa ———>
show sub
only

H H only
@) Br
+H,0 —m—
show sub
H H only
H Br

\A + NaOCH, show elim

DH only
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Provide Reactants for the Following (One of the Starting Chemicals mug bean R-
Br)

1 — O

2 H OCHg

EE—— trans onl
HsC H ( )

3 (no substitution
> side product

formed)

4 >< (no elimination
— 0 side product
formed)

5
CHj
—_—_— ,"H

Draw the Major Alkene Isomer, Following Eliminaion

NC, H
)YCl + NaOCH;
A show elim
6. Br H only

H+H0O —»
show elim
B

7 r only
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Cation Rearrangaments (and their impact in Syl and E1 reactiong (See Section 6.12)

1. Carbocationsare very ungable, and sometimes rearrangeto other carbocationstha are more

stable.
2. A rearrangament requires tha a supeior cationwill result. Four cases:
¥ 2% 3
¥ nonalylic! alylic
¥ drainedring! ungrained orless strained ring
¥ 1%ation! 2Yr 3Ygation (rare, since 1¥gationsare hard to make and pretty rare)
Hydride Shifts Alkyl Shifts
CHs
Y — @
5k :
H ’ H H CH,
24 K7

2Y4 3Ya

S

U —- @

@ \/B(
H H

2Y4 2vallylic

P - oF

3. Two processes for cation rearrangament:

¥ Hydri
¥ Alkyl

deshift (an H jumpsove)
shift (a carbonjumpsover)

4. Theresulting rearranged cation mug always be on a carbondirectly adjacent to theorigind
5. Cationrearrangament does notoccur if you start with a pretty goodcationin thefirst place.
¥ Thus mog cation mechanisms tha start with 2%or 3%cations don® undergo
rearrangament because rearranganent does notlead to improved cation stability

Why Bother? H
No Stability Gain, JQ( >S/
No Motive, W ©)
Won® Happen 3, H

4 2Y4

H H H

2Ya 2v,

Examplesin SN1

(Br

H
+
minor major
o
Com,
Path A

f‘OHZ
® Path B

H.O ? OH
2 @/K O/\ + some E1 alkenes

-HD

¥ Produd mixture results from compdition between Path A and Path B.

AP

via
HOCH;

OCH3 ® via
/\% /\H\ + /Y< /\é<
OCHj

H H
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