Summary & Applications (Synthesis)
———— Syt /Etvs-Si2/E2

E2 and E1 Reactions

Table 11.3 Summary of the Reactivity of Alkyl Halides in Elimination Reactions

Primary alkyl halide E2 only
Secondary alkyl halide El and E2
Tertiary alkyl halide El and E2

Table 11.4 Stereochemistry of Substitution and Elimination Reacti

Mechanism Products

Syl Both stereosiomers (R and S) are formed (more inverted than retained).

El Both E and Z stereoisomers are formed (more of the stereoisomer with
the bulkiest groups on opposite sides of the double bond).

Sx2 Only the inverted product is formed.

E2 Both E and Z stereoisomers are formed (more of the stereoisomer with

the bulkiest groups on opposite sides of the double bond is formed)
unless the B-carbon of the reactant is bonded to only one hydrogen, in
which case only one stereoisomer is formed, with a configuration that
depends on the configuration of the reactant.

Substitution vs. Elimination

Alkyl halides can undergo Sy2, Sy1, E2 and E1 Reactions

1) Which reaction conditions favor Sy2/E2 or Sy1/E1?

*S\2/E2 reactions are favored by a high
concentration of nucleophile/strong base

*S\1/E1 reactions are favored by a poor
nucleophile/weak base

2) What will be the relative distribution of substitution product
vs. elimination product?

Table 11.6 Summary of the Products Expected in Substitution and Elimination Reactions

Class of alkyl halide Sx2 versus E2 Syl versus E1

Primary alkyl halide Primarily substitution, unless there is steric hindrance  Cannot undergo Sy1/E1 reactions
in the alky! halide or nucleophile, in which case
climination is favored

Secondary alkyl halide Both substitution and elimination; the stronger and bulkier Both substitution and elimination
the basc, the greater is the percentage of climination
Tertiary alkyl halide Only elimination Both substitution and elimination

Consider the Substrate

Table 11.5 Relative Reactivities of Alkyl Halides

In an SN2 reaction:  1° > 2° = 3° In an Sy1 reaction: 3° = 2° > 1°

In an E2 reaction: ~ 3° > 2° > 1° Inan El reaction: 3% > 2° > |°

NOTE: a bulky base encourages elimination over substitution

the nucleophile is sterically hindered
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Returning to Sn2 and E2:
Considering the differences

+ Br + CH,O- _— F
© + CHBr — —*> +OCH3

Can you prpitain tihe producis?

Substitution and Elimination Reactions
in Synthesis

Williamson ether synthesis

R—Br + R—0" > R—O—R + Br~
alkyl halide  alkoxide ion ether

CH;CH;CHBr + CH;CH,CH,CH,0" — CH;CH,CH;OCH,CH,CH,CH; + Br~

propyl bromide butoxide ion butyl propyl ether

CHyCH,CH;CH,Br + CHyCH,CH,0" — CH;CH,CH,OCH,CH,CH;CH; + Br™
butyl bromide propoxide ion butyl propyl ether

A hindered alkyl halide should be used if you
want to synthesize an alkene

l‘Br ?H
CHiCHCH; + HO™ —> CHyCH=CH, + CH;CHCH; + H,0 + Br
2-bromopropane major product minor product

CH;CH,CH,Br + HO" —> CH;CH=CH, + CH;CH,CH,OH + H,0 + Br
1-bromopropane minor product major product

Which reaction produces an ether?

e,
CH,CH,Br + CH,;CO- —»
CH,

CHs
CH,CH,0- + CH;CBr —»
CH,

Consecutive E2 Elimination Reactions:
Alkynes

Br
I “NH, NH
RCHZ([ZR S RCHZClR —25 RC=CR
Br Br an alkyne
a geminal dibromide a vinylic bromide
“NH, “NH,
R(le(leR — RCH=(‘ZR — > RC=CR
cla a an alkyne
a vicinal dichloride a vinylic chloride

Intermolecular vs. Inframolecular Reactions

lan intermolecular reaction
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A

BrCHy(CH,), CH,OCHA(CHy), CH 07+ Br™

an intramolecular reaction

* A low concentration of reactant favors an intramolecular
reaction

» The intramolecular reaction is also favored when a five-
or six-membered ring is formed




Three- and four-membered rings are less easily formed

Three-membered ring compounds are formed more
easily than four-membered ring compounds

The likelihood of the reacting groups finding each other
decreases sharply when the groups are in compounds
that would form seven-membered and larger rings.

Designing a synthesis ...
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retrosynthetic analysis
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