Chem 350 Jasperse Ch. 6 Notes 1

Chem 350 Jasperse Ch.6  Summary of Reaction Types, Ch. 4-6, Test 2
1. Radical Halogenation (Ch. 4)

Bry, hv ili
O/ 2 > OA Br resonance stabilized>3v4>2Y,>1Y,>¢

Recognitiort X», hv

Predicting product: Identify which carboncould give the moststableradical,andsubstitutea Br
for an H on that carbon.

Stereochemistry: Leads to racemic, due to achiral radical intermediate.

Mech: Radical. Be able to draw propagation steps.

e @V SN
H —— Br + }Qr

slow step ready

+ H-Br to repeat
first step

2. Q42 Substitution

O/\Br NaOCH O/\OCI-Ig S\2: We>2vi>3ve> alke

Any of a large variety of nuclophiles or electrophiles can work.
Recogniion: A. Anionic Nucleophile, and
B. 1j or 2%alkyl halide
(3%alkyl halidesfail, will give E2 upon treatmentwith Anionic Nucleophile/Base.For 2%alkyl
halides, &2 is often accompanied by variable amounts of E2.)

Predicting product: Replacahe halide with the anion nucleophile
Stereochemistry Leads to Inversion of Configuration
Mech: Be able to draw completely. Only one concerted step!

(.9

O@BI’ OCH; | O/\OCHs +Br@ S\2: 1¥42%%3vs alkenyl

3. E2 Reactions.

Br (Br

Mech:
O/ NaOCH, ©§
+ a—
H-OCH; b, o
H + H-OCH; + Br

E2: 3¥42Y%%1% alkenyl

Recoqgnitiorn A. Anionic Nucleophile/Base, and

B. 3¥ar 2valkyl halide
(1¥alkyl halidesundergoSy2 instead. For 2%alkyl halides,E2 is often accompaniedy variable
amounts of §2.)
Orientation: The most substituted alkene forms (unless a bulky base is used, ch. 7)
Predicting product: Removehalide and a hydrogenfrom the neighboringcarbonthat cangive
the most highly substitutedalkene. The hydrogenon the neighboringcarbon must be trans,
however.
Stereochemistry Anti elimination. The hydrogen on the neighbor carbon must be trans/anti.
Mech: Concerted.Uses anion. Be able to draw completely. Only one concerted step!
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4. Syl Reactions.

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

Recoqgnitior A. Neutral, weak nucleophile. No anionic nucleophile/base, and

B. 3¥r 2valkyl halide. (Controlled by cation stability).
(1¥alkyl halidesundergoSn2 instead. For 2%alkyl halides,Sy1 is oftenaccompaniedby variable
amounts of E1.)
Predicting product: Removehalide and replaceit with the nucleophile(minus an H atom!)
Stereochemistry Racemization. The achiral cation intermediatgéts any stereochem.
Mech: Stepwise, 3 steps, via carbocation. Be able to draw completely.

He B8P
_ slow qCHa COCH, OCHjg
(j/ step O/ N ©/+H_Br
S)

+Br

5. E1 Reactions. 3/2Y2 1%¥4{Controlled by cation stability)
Br

HOCH;
—_— El: 3V4>2Ys:
H+

Recoqgnitior A. Neutral, weak nucleophile. No anionic nucleophile/base, and
B. 3%or 2valkyl halide. (Controlled by cation stability).
(For 2%alkyl halides, E1 is often accompanied by variable amountgb S
Orientation: The most substituted alkene forms
Predicting the major product: Removehalideanda hydrogenfrom the neighboringcarbonthat
cangive the mosthighly substitutedcalkene. The hydrogenon the neighboringcarboncanbe cis or
trans.
Stereochemistry Not an issue. The eliminating hydrogen can be cis or trans. .
Mech: Stepwise, 2 steps, via carbocatide able to draw completely.

CBV slow CGDC
QNS QoF
H + H-Br

+ Br@

Sorting among &, 1, E2, E1: How do | predict?
Step 1. Check nucleophile/base.
¥ If peutral, then §yI/E1 - mixture of both
¥ If anionic, then $\2/E2.
Step 2: If anionic, and in the Sy2/E2, then Check the substr ate.
o 1¥m> &2 )
o 2Yr> S2/E2 mixture. Often more Sy2, but not reliableE
o 3¥m»> E2
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Ch. 6 Alkyl Halides: Nucleophilic Substitution and Elimination

6.1,2 Classification, Nomenclature
A. General Classification

Calkyl halideO

Qrinyl halideO

Caryl halideO

Qilylic halideO

B. 1Y2v,3YClassification

\/><BI’ 3y, \/><Br 21/, \/YB[‘ 1y
H

H H

C. Systematic Naming: x-Haloalkane (test responsible)(Include number!)
D. Common Naming: Gikyl halideO (not tested)

Structure Formal Name Common Name

\/\Cl

Br

/\)\

|sopropyl iodide

Systematic Nomenclature: x-Haloalkane (test responsible)
Common: Gkyl halideO (not tested)

6.3 Uses

= solvents
anesthetics
refrigerants
pesticides
reactants|
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6.4 Structure:

CC,
A. Polar 1

Y/

X
K

B. Weak Bonds, Breakable

Stability Bond Bond Strength Reactivity Toward Breakage
C-Cl 81
C-Br 68
C-l 53

6.5 Physical Properties
= boiling point: controlled by molecular weight (London force)
= water solubility: low, no hydrogen-bonding
» density: greater than water, so they sink (unlike hydrocarbons, which float)

6.6 Preparation of Alkyl Halides
» Review: R-H + Br, > RBr + HBr (under photolysis, Ch. 4)
=  Wewill learn other preparations in chapters 8 and 11
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6.7 Basic Overview/Preview of Alkyl Halide Reactions. Substitution (Sy2 or Sy1) or
Elimination (E2 or E1)
= Because R-X bonds are weak, halides are good |eaving groups.

A. Substitution
R-X + NaZ or HZ = R-Z + NaX or HX
Anion or neutral
2 Variants
1. S\2:

= Anionic nucleophile
» The R-X bond breaking is simultaneous with R-Z bond formation

(.9

O@BI’ OCH; | O/\OCHs +Br@ S\2: 1¥42%%3vs alkenyl
2. S\1

. Neutral nucleophile
» The R-X bond breaks first to give a carbocation in the rate determining step;
formation of the R-Z bond comes later

H® BO
r  slow ‘m)CH3 (\,OCHS OCHg3
step .
FE. SOl
+Br@
B. Elimination
HX N
—C-C— +NaZ or HZ —— /C=C\ + NaZ orHZ
| anion or neutral
2 Variants
1. E2:

* Anionic base
» TheR-X and C-H bond breaking is simultaneous with C=C bond formation
2. EL

(Br
OCH
3 ©/+ H-OCH, + B
= Neutral base

o
» The R-X bond breaks first to give a carbocation in the rate determining step. C-H
bond cleavage and C=C bond formation comes later

CBV slow CGDC
FE 0w o
H + H-Br

+ Br@
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6.8 The S\2 Reaction

S) /\1’ 7/
General: z /(f—)f Z—C - x©
) o L ) \ "leaving
nucleophile” "electrophile group"

Example, with test-level mechanism:

i ® 0
NaOH H,C—Br —— HO—CH; + Na X

double-barbed arrows (electron pairs move)
Na' is a spectator

More Detailed Mechanism:

H H = H
HH - JH
. Y Y 4 .o p ..O
HO:/\/C_-BI' HO----- C----- Br HQ—C\ + Br:
LN H |l| H LN )

Transition-State

Notes:

Simple, concerted one-step mechanism. No intermediates.
The anion needs to be very reactive and thus not too stable. Normaly ANIONIC
NUCLEOPHILE.
Both nucleophile and electrophile are involved in the rate determining step.
Rate = k[anion]'[R-X]*
2" order rate law iswhy it@ called Sy2: Substitutionyugeopnilic2nd order
The nucleophile attacks opposite side from the leaving group.
This (hackside attackO (or opposite side attack) results in inversion of stereochemistry
when achiral, 2¥R-X isinvolved

Eg/ + NaOH Hi{/ Inversion of Stereochemistry at Chiral Center
The transition_state involves a 5-bonded, trigonal bipyramidal carbon that is_more
cluttered than either the original tetrahedral reactant or the final tetrahedral product
Steric crowding in the transition-state makes the reaction very, very, very sensitive to steric
factors

o For the electrophile R-X: CHz-X > 1YVR-X > 2¥R-X > 3YVR-X for steric

reasons
o For the nucleophileit also helps to be smaller rather than larger
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6.9 Generality of Sy2 Reactions
-many kinds of nucleophiles, give many products

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

0
R-X + NaOJLR > R‘oj\R Esters
R-X + Kl > R-l lodides
R-X + NaCN > R-CN Nitriles
R-X+ ©=R 3 R—=-R Alkynes
Etc.
Notes

¥ Most nucleophiles are ANIONS

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

¥ Halogen exchange useful route to iodides (more valuable and less accessible)
¥ There are afew neutral nucleophiles (not for test): nitrogen family

Predicting Products for Sy2 Reactions
1. Don® change the structure for the carbon skeleton
2. Put the nucleophilein exactly the spot wher e the halide beganE
3. Unlessthe halide was attached to achiral center; in that case invert the
configuration for the product
= |f the halide was QvedgedQ the nucleophile should be GhashedO
= |f the halide was hashedQ the nucleophile should be QvedgedO
4. Don® mess with any GpectatorOportions: whatever was attached to the
nucleophilic anion at the beginning should still be attached at the end
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6.10, 6.11 Structural Factors that Impact Sy2
1. Nucleophile
a. Anion versus Neutral: Should be ANIONIC

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

1) -anion nucleophilicity decreases across a horizontal row (electronegativity
factor)

~CHNa> ~NHNa > . ~ONa >

NaF

2) -anion nucleophilicity decreases when an anion is stabilized by resonance
0

ZONa > )J\ONa

3) -anion nucleophilicity increases down avertical column

NaSeH > NaSH > NaOH

c. Size: all elseequal, smaller is better than bigger
~ONa ><0Na
2. Electrophile

¥ Substrate: Allylic > 1V 2Ye >> 3Yaalkenyl, aryl

o 3Yand alkenyl, aryl never do §\2
transition-state stability-reactivity principle
Steric clutter in the transition state explains the 1¥& 2Y& >> 3Ypattern
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@work, particularly for aryl halides)

© O O O

¥ Leaving Group: R-1 >R-Br > R-CI
o reactant stability-reactivity principle
o weaker bonds break faster
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6.12 Inversion of Stereochem in $y2 . )
In the mechanism, the nucleophile attacks from the backsideOor opposite side from the
leaving group = inverts configuration

HH H
HH L 1 H
. v Y -/ e Ty .0
HO:/\‘,C—Br HO----- C----- Br HO—C  +:Br:
oo H |l| H .o

Transition-State

= |nversion occurs mechanistically in every Sy2 reaction
= Butinversionischemically relevant only when achiral carbon isinvolved

Br H H OCH Br OCH
)\/\ + NaOCH, 3 P + NaOCH; N 3
Inversion matters, since product is chiral Inversion doesn@ matter, for achiral product

Predicting products when chiral carbons undergo inversion:

= Keep the carbon skeleton fixed . )

= If leaving group is QhashedQ the nucleophile will end up QvedgedOin the product
= |If leaving group is QvedgedQ the nucleophile will end up GhashedOin the product

NaOCH,CH,

Two Standard Proofs for Sy2 mechanism:
» Inversion of configuration on achiral carbon
= 2" order rate law

Predicting Products for Sy2 Reactions
1. Don@ change the structure for the carbon skeleton )
2. Put the nucleophile in exactly the spot where the halide beganE
3. Unless the halide was attached to achiral center; in that case invert the
configuration for the product ) . )
= |If the halide was QvedgedQ the nucleophile should be (hashedO
_ = If the haide was OnashedQ the nucleophile should be QvedgedO
4. Don@ mess with any GypectatorOportions. whatever was attached to the
nucleophilic anion at the beginning should still be attached at the end
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S\2 Problems: For each of the following
a. ldentify whether or not an Sy2 reaction would take place?
b. If not, why not?
c. For those that could undergo Sy2 substitution, draw in the product.

1. N +HO0 —>

2. Br +NaOH -

@)

3. \)<Br +NaoJ\ -

/Y + NaOCH3;

4, Br H

l"

=

Br, H

)‘\/\ + KOCHCHy —>
j/\Br +KCN —
6.
j/\Br + CH30H
7.

g g +NaSCH; —>

W,

>

AP p, + NaOH —>

Br.
\O +NaOCHs
10.

Q(B + NaOCHg —>
)
11.
Br
(Y oo —
12.
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More Sy2 Problems
1. Rank the reactivity toward NaOCH3; (For any problem like this, try to recognize what kind
of areaction it is, so that you know what stability/reactivity issues apply).

i B - NN /w/\Br /\)\ AN g,
Br

| ssues:

2. Rank Reactivity toward - (For any problem like this, try to recognize what kind
of areaction it is, so that you know what stability/reactivity issues apply).
o]

NaNH, NaOCH, \ O)J\ CH30OH
al

| ssues:

3. What nucleophile should you use to accomplish the following transformations?

4. Draw the Products, Including Stereochemistry. (Stereochemistry will matter for Sy2 and
S\1 reactions anytime the haloalkane is 2%

Y +NaOH
BF H

Hs r
H\\ ’,

S

+ KCN >

| ssue:

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

' ~ O~

| ssues:
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6.13 Sy1 = SubstitutionyygeophilicLst Order = CSolvolysisO
Dramatic difference in mechanism, rates, structure dependence, and stereochemical outcome
(compared to Sy2)
General: R-X +Z-H 2 R-X + HX
neutral

Neutral, non-anionic nucleophiles do the substitution
¥ Oftenthisisjust the solvent (H,O, ROH, RCO;H are common)
o For this reasons, these reactions are often called olvolysisOreactions
¥ Heat isoften required
¥ Acidissometimes used to accelerate Sy1 reactions

Predicting Products for Sy1 Reactions
1. Don@® change the structure for the carbon skeleton
2. Connect ROand (XQ while taking the halide off of the electrophile and H off
of the nucleophile
3. Unlessthe halide was attached to achiral center, aracemic mixture will result
4. Maintain the integrity of the spectator attachments

Examples:

Cl
X HO —
@<| + CH3OH

3-Step Mechanism

N\
I slow ’/\HOCH3 H @ B OCHjy
step GOCH,
—_— o O/ - +H—Br

+ Br

¥ Step 1. Carbocation Formation. THISISTHE SLOW STEP
o Thereforetherateis controlled by cation stability!

¥ Step 2. Carbocation capture by neutral molecule (usually a solvent molecule)
o When cation and neutral combine, a cation is produced!

¥ Step 3. Deprotonation to get neutral

Notes:

1. Carbocation formation is key

2. Rae=k[R-X] - First order

3. Rate does not depend on concentration of nucleophile

4. Seecations, not anions. Acidic, not basic conditions. Neutral, not anionic nucleophile.
5. Charge and atoms must balance in step 2. Thus, the oxygen retains the hydrogen.

6. Oxygen eventually losesthe H, but only in step 3.

7. Rate can be enhanced by AgNO;. The Ag+ cation helps strip the halide off in step 1.
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Structural Factorsthat Impact Sy1 Rates

Nucleophile: Should be NEUTRAL , but otherwise non-factor

Electrophile
1. Substrate: Allylic > 3Y& 2Y& > 1Yz dkenyl, aryl
o Resonanceis huge
o akenyl, aryl never do S\2, 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 Intermsof 1%2%3%Sy1 and Sy2 have exactly opposite patterns

2. Leaving Group: R-I > 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 Thispatternisthe same asfor S\2

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

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

step
Solvent Polarity:
o)
Solvent H.O0 |cHoH | A |~ o - NN
Relative Rate 8000 1000 1 0.001 0.0001

6.14 S\ 1 Stereo: Racemization
Original stereochemistry isforgotten at the carbocation stage, get racemic R/S mixture

/iaia/ "0 /\?,iaH/ > CH3
S
optically active Racem|c Mixture

Why? Carbocation forgets original stereo:

Front H3C OH2 - HsC OH

S ® H,O
optically active Achiral cation
P Back 20 ~Hs HQ CHs
Attack /\/k/ —>/\/k/
R

Ex.

3 Br 3 OCHZCH3 3C NCH,
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Sul Problems For thefollowing, which areandarenO&y1 candidates?f not, why not? Whatwould
be the product if they arey§ candidates?

1 SN+ H0
/\( + NaOCHgy
2 Br H
~>X~ +HOCH,
3 Br H

X
|

|

oy}
=
T

\§/

+CHOH ———

o8]
=

+CHOH ———

+H,0

+H,0

O 0

Br
0]

10.Rank Reactivity towardth)J\ (For any problem like this, try to recognizeatlind of a
reaction it is, so that you know what stability/reactivity issues apply).

TN G Ty

Issues:
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6.16 Comparing Sy2vs Syl

S S2
1 | Nucleophile Neutral, weak Anionic, strong
2 | Substrate FYR-X > 2V/R-X 1YR-X > 2VR-X
Allylic effectE 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

1. ldentify as Sy1 or Sy2 or No Reaction. Draw the Product(s), if areaction occurs.

a /\/Br + NaOCH2CH3

Br
("o
b.
+H,O —
OTBr 2
C.

H Br

q /Q/ + CH;SNa ——

H Br

+ CHaSH —=

2. Which fit $1, which fit $27?
a. Faster in presence of silver nitrate?

b. Faster in water than in hexane?

c. Whenthe molesof reactantis kept the same,but the volume of solventis cut in half, the
reaction rate increases fdd?

d. By 4-fold?
e. 2-bromobutane reacts faster thabrbmobutane?

f. 2-bromobutane reacts slower thathrbmobutane?
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6-17 E1 Elimination Reactions

Examples:
O 2 o L+ O
H H
E1 E1
SN1 (major E1) (minor E1)

/>(\ HOCH; />(\ /\h /W/\ .

(major E1) (mlnor E1)

Notes
¥ Under &1 conditions, some elimination product(s) form as well
¥ E1 and {1 normally compete, resulting in mixtures
o This is not good from a synthetic perspective.
¥ Structurally Isomeric Alkenes can form
o The double bond must involve the original halogenatel carbon and any neighbor
carbon (that had a hydrogen to begin \th that can be eliminated)
o Normally the alkene with fewer alkene HOsis formed more extensively over
alkenes wth more alkene HOs. (More @ubstituted alkene is major).
¥ Neutral/acidic (thdormula starts neutral but acid is produced)
¥ 1% order rate law r = k[RX]*

E1 Mechanism: 2 Steps

slow

(Br
(j/ step
+ Br

¥ Step 1. Carbocation Formation. THISISTHE SLOW STEP
o Thereforetherateis controlled by cation stability! Just like Sy1!
o Benefits from exactly the same factors that speed up Sy1 (3¥2 2%RI > RBr, polar
solvent, etc..)
¥ Step 2: Deprotonation from a carbon that neighbors the cation (and the original
hal ogenated carbon)
o Draw bromide as base for simplicity
o But often it@ actually water or alcohol solvent that picks up the proton

+ H-Br

E1 Summary
Recoqgnitiorn A. Neutral, weak nucleophile. No anionic nucleophile/base, and
B. 3¥r 2valkyl halide. (Controlled by cation stability).
(For 2valkyl halides, E1 is often accompanied by variable amaafrisg1.)
Orientation: The most substituted alkene forms
Predicting the major product: Removehalideanda hydrogenfrom the neighboringcarbonthat
cangive the mosthighly substitutedchlkene. The hydrogenon the neighboringcarboncanbe cis or
trars.
Stereochemistry Not an issue. The eliminating hydrogen can be cis or trans. .
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Mech: Stepwise, 2 steps, via carbocation. Be able to draw completely.

6-19 E2 Reaction (2 Order, Under Anionic/Basica@ type Conditions)

Examples
N H
Q(Br NaOCH3 Q/ + Q% + HOCH5 + HBr
H H
H E2 E2 : -
3YR-X (major) (minor E2) | No Competing Sy2 for 3¥R-X

NaOH
/>(\ /Y\ + /ﬁ(\ + HZO + HBr
Br
3YR-X major minor | No Competing Sy2 for 3¥R-X
Br NaOH OH
/\)\ + NN N+ H,O + HBr
SN2 major E2 minor E2
2IRX More of this  (Ofthe 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
YT .~ +NaBr Sn2 only, no competing E2 Compete for 1¥R-X
1YR-X SN2
Notes

¥ E2 happens withnionic nucleophiles/bases, whenSy2 is hindered
¥ Reactivity: 3'R-X > 2¥R-X.
o 1¥R-X and vinyl or aryl halides do not undergo E2.
¥ Structurally Isomeric Alkenes can form
o Thedoublebondmustinvolve the original halogenated@arbonandany neighborcarbon
(that had a hydrogen to begin with that can be eliminated)
o Normally the alkenewith fewer alkeneHOss formed more extensivelyover alkenes
with more alkene HOs. (MoresGbstituted alkene is major).

OCH
3 ©/+ H-OCH; + Br@

anionic. Anion base gts things started.
2" order rate law. RatekfR-X]'[anion bas€]

It all happensn oneconcertedstep,but therearethreearrowto showall the bondmakingand
breaking

Bonds Made Bonds Broken
Base to hydrogel C-X bond
C=C pi bond C-H bond

K K K
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E2 Summary
Recognition:  A. Anionic Nucleophile/Base, and

B. 3Yor 2¥akyl halide
(¥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 elimination. The hydrogen on the neighbor carbon must be
trang/anti.
Mech: Concerted. Uses anion. Be able to draw completely. Only one concerted step!

SvlvsEl
/—\ %> H’/\
H®  h0 HOHz v OH I~@ MO .
Syl —¢-C— —— —C¢-C— ——= —C-C—| | Bl —Cc-C— — C5C__ +H30
| | I | 7

¥ Both satisfy the carbocation. They just meet it@® bonding need with different electrons,

S\2VSE2
H I/‘\%H H GH H/\ gH
SN2 —C-C— —= —C-C— +Br ~ \ o
| |> || E2 —cCc-Cc— c=c’ +H,0+Br
Br | |> / AN
Br
¥ Both provide an electron pair to displace the C-Br bond pair. They just use different
electrons.
¥ Bothinvolvetheanion. 1t@ called the nucleophilein the S\2, the base in the E2.
¥ The S\2 involves a crowded transition state, and thus is strongly impacted by steric
factors. The E2 does not have any steric problems (and in fact aleviates them).
¥ The difference in steric profile explains why for S\2, 1¥2 2¥2> 3%but that for E2, the

reactivity of 3%sjust fine.
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6-18 ZaitsevORule: WhenE1 or E2 eliminationcangive morethan1 structurallyisomericalkene,
the_more highly Carbon-substituted alkene form will predominate over a less highly
carbon-substituted alkene

¥ The fewer HOs on the product alkene the better.
o Every Alkene hasour attachments. The fewer of these that are HOs, the better.
o Whenpicturesaredrawnin which the HOsare not shown,the more highly substituted
alkenes turn out to be the best. B B
¥ Why? ProductStability-Reactivity Rule. Alkeneswith more COsandfewer HOsattachedare
more stable.
¥ Alkene Stability is shown below: tetra tri- > di- > mone > unsubstituted
o Why?

» Alkene carbonsare somewhatelectronpoor due to the inferior overlap of pi
bonds. (OnecarbondoesnO‘eaIIy Oget@smuchof the othercarbonOslectron
as is the case in a nice sigma bond).

= Sincealkyl groupsare electrondonors,they stabilize electrondeficientalkene
carbons.

= Analogousto why electrondonatingalkyls give the 3¥2 2¥% 1Ygtability pattern
for cations and radicals

/C:C\ g /C:C\ > :C:C: :C:C\ :C:C: > :C:C: > \C:C/
¢c ¢ ¢c¢ H H CH HC HH H H H
tetra- tri- \ N J mono- un-
subbed subbed ) subbed subbed
di-subbed
/S/ ’ /K/ > N /ﬁ /K .
tetra- tri- N mono- un-
subbed subbed subbed subbed
d|subbed
Examples
H,0
Br OH * * + HBr
H H H H H
E1 E1
S\ 1 (major E1) (minor E1)
NaOH
/>(\ /\(\ /ﬁ(\ +H,0O + HBr
3YR-X major minor | No Competing Sy2 for 3¥R-X
Br NaOH
/\)\ /\)\ + N +HO + HBr
) SN2 major E2 minor E2
2/RX 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
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6-20 Stereochemistry of E2 Eliminations

20

¥ For E2 (not for E1) C-H and C-X bonds must be in the same plane (coplanar)
¥ The halogen and the hydrogen being removed must be trans to each

¥ Why?
o Dueto orbital overlap requirements.

o Inthe concerted E2 mechanism, the electrons from the hydrogen must essentially

come in backside to the leaving halide

= just asin backside-attack Sy2 mechanism

- Br NaOH
p +
{ D HD

HD
major minor

"D" is deuterium
isotopically labeled hydrogen

¥ Sometimes, a molecule will need to single-bond spin into an eclipsed conformation to

enable it to do atrans-elimination.
- Br

- Br
- NaOH “/'H  NaOH
SH spin ©Ar X

Can't react Can React

¥ Eliminationsin Cyclic Compounds are Often impacted by the Trans Requirement

D
\\“H CH3
'"Ef + CH3ONa >
““CHj
D

\\“H CH3
By
&, + CHaONa >
I,H

6.21 Comparing E2 vs E1

E1l E2

1 | Nucleophile/Base Neutral, weak, acidic Anionic, strong, basic

2 | Substrate 3YR-X > 2YR-X 3YRX > 2URX > 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 Trans requirement

7 |lons Cationic Anionic

8 | Rearrangements Probkem at times Never

9 | Orientation ZaitsevOs Rule: Prefer ZaitsevOs Rule: Prefer more
more substituted alkene Substituted alkene (assuming

trans requirement permits)




Chem 350 Jasperse Ch. 6 Notes 21

Elimination Problems: Draw the major Elimination Productfor the following Reactions Classifyas
El or E2. (Theremay be accompanyingSy2 or Syl material, but to whateverdegreeelimination
occurs, draw the major product.)

.
/\>£ + CH4OH
1. 3

)
Br>® + CH30H >
2.
/\>£r
+ CH3ONa >
3. s
Br>® + CHiONa——»
4,
Br
)\/ + CH30Na ——5»
5.
D
\\“H CH3
By
Chg * CHaOH ——»
6. “H
D
\\“H CH3
By
Chy * CHaONa >
7 “H
\\“H CH3
+ CH3ONa >
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Comparing S\2vs Sy1 vs E2 vs E1: How Do | Predict Which Happens
When?

Step 1. Check nucleophile/base.
¥ If neutral, then SYI/E1 - mixture of both
¥ If anionic, then Sy2/E2.
Step 2: If anionic, and in the Sy2/E2 pool, then Check the substrate.

o 1> 52
o 2% S\2/[E2 mixture. Often more Sy2, but not reliableE
o 3Yr> E2
Notes:
1VR-X Sy2 only No E2 or Sy1/E1 (cation too
lousy for SyI/E1; S\2 too
fast for E2 to compete)
JYR-X E2 (anionic) or No S\2 (sterics too lousy)
SWV/E1L (neutral/acidic)
2/R-X mixtures common
Q1: Anion or Neutral Nucleophile/Base?
Neutral
SN1/E1 Mix SN2/E2
Q2: Is substrate
1°, 2° or 3° R-X?
1°R-X 3° R-X
SN2 Only 2° R-X E2 Only
SN2/E2 Mix

(normally favoring Sn2)

¥ Note: Aryl and Vinyl Halides will not undergamy of these typesf reactions.
¥ If you see Byg/hv type recipe, then youOre back in the chapter 4 world of radical halogenation
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For each mixture, . )
» (Classify the Type of Reaction (or Gno reactionQ
= Draw the major product. (Or both a substitution and elim product..)

O
1. ANAB 4 NaOJ\ —
Br
/>< + NaOH -
2.
)

Q/ | 4 NaOCH,
3.

Br
A Non

Br
" me—
5.

5 B +KOH ——

I
(Y o —
7.

Br
8.

9. AT +HO0 —>
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Design Synthetic Plans for converting the starting materials into the target
molecules.
= |n each case, mor e than one chemical operation will be required.
» Strategy: R-H = R-Br (via bromination) = Substitution product (via Sy2) or
akene (viaE2)

W

Y
\

Q/ - (no substitution
side product)

3.) 3 )\|

/\r (some alkene
> would accompany
%CH3 this product)

Keys. .

These can@ be done directly, in asingle operation

Each sequence ends up increasing the number of functional groups in the ultimate
product.

» Thekey reaction for increasing the functionality: R-H -

= Once you(®e converted the starting material to an you can
interconvert that functional group into something else by substitution, or into an
akene by elimination
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Draw the mechanism for formation of the major product in each of the following
reactions. In some cases where both elimination and substitution might compete, the
problem specifies whether to draw the substitution or elimination mechanism.

Br (Subst.)
(o=
1.

Br
H )
elim.
‘D + NaOCH; ——>
2.
Cl
=
+ Brz —_—
O
3.
H
H @)
Subst.
+ NaOJk —_—
4, Br
Br

5 )\/ + H,0 _ehm»
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Rank the Reactivity of the chemicals shown toward the thing in the box. Keys:

= |dentify the type of reaction that would be involved

= Think about the rate-determining step and how reactant or product or transition-state
stability would influence the rate.

A~ R \jr\ 5NN \Br/\

O Br
1,
Br,, hv H3C—CHj N 2
2.
Pl Cl¥ Br¥ [¥
3.
P T
| CH;OH )I\ ~ONa
4 ONa
>( (Sn1) Solvent: Pentane 7 H,O
Br )J\ 2
5.

NaOH N )\I )\Br
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Give the Mgjor Product(s) for each of the following. If it@ likely to give a mixture of
both substitution and elimination, just draw the substitution product. Designate
stereochemical outcomes when stereochemistry is relevant (2/substrates).

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

~e~Br+ NaOCHy ———

+Br2 _

g

r

NN\ *+CH3SNa ——>
show sub
only

|
X +CHOH —  »

H,G Br

\A +NaOCH; —>

@) Br
+ NaOH ——— »
show sub

H H only
@] Br
+H,0 — >
show sub
H H only
H Br

\AA +NaOCH;

DH only
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Provide Reactants for the Following (One of the Starting Chemicals must be an R-Br)

1 —
2 H CH,
—_— (trans only)
H;C H

3 (no substitution
— side product

formed)

4 (no elimination
— 0 side product
formed)

5
CHj
—_— "’H

Draw the Major Alkene Isomer, Following Elimination

NC :H
)‘YCI + NaOCH3
A show elim
6. Br H only

H+H,O0 ——
show elim
B

7. r only
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6-15 Cation Rearrangements (and their impactyh &1d E1 reactions)
1. Carbocations are very unstable, and sometimes rearrange to other carbocations that are more stak
2. A rearrangement requires that a superior catitiresult. Four cases:

¥ 2V 3V

¥ nonallylic - allylic

¥ strained ring> unstrained or less strained ring

¥ 1Ygation—> 2¥r 3%ation (rare, since Tdtions are hard to make and pretty rare)

H drlde Shifts Alkyl Shifts
CHj
- J — ®
S)
H H CH,
24 31/4 2° 3
H H
H H H @ H
\)%( — ©® d)\ ‘/
® o
Y vgﬁ ©
2Y4 2vallylic

3. Two processes for tian rearrangement:
¥ Hydride shift (an H jumps over)
¥ Alkyl shift (a carbon jumps over)
4. The resulting rearranged cation must always be on a carbon directly adjacent to the original
5. Cation rearrangement does not occur if you start with a pretty good catienfirst place.
¥ Thus, most cation mechanismghat start with 2¥or 3¥cationsdonOundergorearrangement
because rearrangement does not lead to improved cation stability

Why Bother?

No Stability Gain,
No Motive,
WonOt Happen

&74&

3]/4 21/4

A H H
2o

H

Examples in SN1

o

@)\ O/\ + some E1 alkenes

mlnor major
HD
@OHZ
Path A
(.OHz

W H 1o “om,

(9

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

via .
I HOCH, OCH3 @ H via H
= = = N /ﬁ)<
OCH3 ®

Path B

—_—
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