Alkene Rxns

Hydrohalogenation - _IBr Br Br
+ -
Z — Y _ " _A_
Hydration HO* oH OH
A ——» A
Hydration )\/ H;0" OH
(with rearrangement) 7 > >§/
Addition of Alcohol cion  9CHs QCHs
H* paSd
Bromination Br, Br \Br
CCl, T
/Br Br
Bromination in H,0 Br, OH JOH
— > ey
H,0 .,
Br Br
Bromination in Alcohol OCHg OCH;3
—» "// +
CH;OH
Br

Oxymercuration-

1. Hg(OAc),, H,0

Demurcuration > J\/

2.NaBH, OH OH
Alkoxymerc_uratlon- 1. Hg(OAc),, CH;0H )\/
Demurcuration > * .

2. NaBH =

4 OCH,4 OCH;3

Hy'drot.)oration- 1. BHy THF A\
Oxidation +

2. H,0,, OH", H,0

22, 2 ’/OH OH

Catalytic Hydrogenation
(Catalytic Reduction)

Hydrobromination with

——

CC (meso)
r

. —>
Peroxide ROOR
Epoxidation _/ RC03H /,,
(or MCPBA) l
Anti-Hydroxylation 1. RCO3H \\OH
@ 2 H30+ //OH Q
Syn-Hydroxylation 1. Oso4
O (meso)
2. H,0, oH
Syn-Hydroxylation KMnO, (cold, dilute) OH
O . (meso)
OH
Ozonolysis under 1. 04 0
- - . +
Reducing Conditions )\/\ N TR (CH3)2 /go N

2. Zn/H20




Ozonolysis under
Oxidizing Conditions

A~

1.0,

—_—
2. H,0,

Oxidative Cleavage

PN

KMnOy (hot, conc.)
H;0"

Aot B0

Free Radical Halogenation

Free Radical Bromination

Br2
(high selectivity) O/ . Br
light or heat
Free Radical Chlorination Cl, ol + Cl
(low selectivity) O e g g )\
light or heat
Allylic/Benzylic Bromination NBS
y y /\ » /\/Br
light or heat
or peroxide
NBS Br
—
light or heat
or peroxide
Grignard Rxns
Nucleophilic Addition of a Br 1. Mg/ether
Grignard Reagent to a Ketone ©/ 5 >
OH
2. )]\/
3. H;0"
Nucleophilic Addition ofa Br 1. Mg/ether OH
Grignard Reagent to an Epoxide ©/ >
O
(attacks less substituted side) 2 L
3. H;0"
gu_cleoejhlizleic Ado:i:iogco)f a Br 1. Mgether _ O
rignard Reagent to
9 g 2 ©/ 2.CO, OH
3. H;0"
Protonation of a Grignard Br 1. Mg/ether
Reagent ©/ - ©
(Grignards are protonated in 2. H,0

protic solutions)




Alkyne Rxns

Catalytic Hydrogenation H,
(Catalytic Reduction) b d/C> s
- - _ H
Reduction to cis-alkene — 2 o =\
Lindlar's
Reduction to trans-alkene Naor Li
— N
NH;(1)
Hydrohalogenation leq HBr Br 2ndeqHBr Br. Br

= 2
Br

Br, Br
_ leq Br, . )\ 2nd eq Br, ><( Br
Br Br

Hydration of an Internal Alkyne H,S0, 0

=\ - J_ T

or
1.Sia,BH'THF o
2. H,0,, OH", H,0
Hydration (Markovnikov) _ HgSO, 0
= —>
H,S0, )j\/
Hydration (Anti-Markovnikov) | — 1. Sia,BHTHF H
y ( ) | = 2 - \n/\/
2. HzOz, OH-, HzO O

Sn2 Addition of an Acetylide _ NaNH, e NP _
lon — > — > — N\
Addition of an Acetylide lon to )Ol\
a Ketone 1.

_ NaNH, —° > HO V4

- 2. H,0
Addition of an Acetylide lon to o OH
an Epoxide NaNH, . LI

= > = >




Benzene Rxns

Nitration (EAS) HNO; NO;
o T
H,80,
Sulfonation (EAS) SO, SO3H
o
H,S0,
Chlorination (EAS) Cl, Cl
—_—
AlCly
Bromination (EAS) Br, Br
e
FeBry
Friedel-Crafts Alkylation (EAS) a1
O =
AICl,
Friedel-Crafts Alkylation (EAS) cl
(with rearrangement) © N
AlCl,
Friedel-Crafts Acylation (EAS) 0 0
CI)J\
— >
AlCly
Bromination (EAS) NH, NH; NH;
Br
Br
-NH; is an ortho/para director — = ©/ +
and doesn’t require a catalyst
like FeBrs Br
Chlorination (EAS) OH OH OH
_ _ cl, Cl
-OH is an ortho/para director _— +
AICl,
Cl
Chlorination (EAS) /k /k
: . /J§ 0" o 0" "0
-OR is an ortho/para director 0~ 70 ol o
—2> +
AICl,
Cl
Chlorination (EAS) CHs CHs CHs
Cl
Cl
-CHjs is an ortho/para director © — = ©/ + ©
AlCl,
Cl
Chlorination (EAS) Br Br Br
_ _ Cl, Cl
-Br is an ortho/para director —_— +
AICl,

Cl




Chlorination (EAS)

oO—

o 00
Carbonyl is a meta director Cl
AICI, | |
Cl
Chlorination (EAS) NO, NO,

-NO> is a meta director

s

>
5{9
0

Chlorination (EAS)

-CN is a meta director

CN

s

>
ElQ

Cl

Chlorination (EAS)

-SO3H is a meta director

SO4H

-

SO,H

>
ELNQ

Cl

Chlorination (EAS)

-CF; is a meta director

O
M
w

CF;

Cl

Clemmensen Reduction

Wolff-Kishner Reduction

OH O~

H,NNH,
—
KOH, heat

O~ O O

Side-chain Oxidation cH Os~__OH
(Benzylic Oxidation) ®  1.KMnO,, OH, boil
>
2. H;0"
Side-chain Oxidation Os__OH

(Benzylic Oxidation)

Oa\Ws

1. KMnO,, OH", boil

2. H,0"




Alcohol Rxns

Conversion to an alkyl iodide

©)
I

HI
)\ e
Conversion to an alkyl bromide OH HBr Br
)\ — >
Conversion to an alkyl chloride OH HCI Cl
—>
)\ ZHC12
Conversion to an alkyl chloride OH Cl
with thionyl chloride PN |
(only for 1° and 2°)
Conversion to an alkyl bromide OH PBr Br
(only for 1° and 2°) /V\/ 3 A
Conversion to a tosylate ester OH TsCl OTs
/'\/ /'\/
Acid-catalyzed Dehydration _~_OH H,SO, AN
(or H3POy)
Chromic Acid Oxidation of a 1° Na,Cr,0; OH
Alcohol (Chromic Acid can also ~~OH .50 /\([)I/
be written as H,CrO, or 2o
CI’Og/HzSO4)
PCC Oxidation of a 1° Alcohol OH PCC H
N /\[]/
0]
Chromic Acid Oxidation of an H NayCr,0; OH
Aldehyde Yy 2, Y
@) HzSO4 @)
Chromic Acid Oxidationofa2° | oH  NayCrOy 0
Alcohol )\ H,S0, )l\
PCC Oxidation of a 2° Alcohol OH  pcc o
)\ — > )j\
Ether Rxns

Williamson Ether Synthesis
(2" step is Sn2)

/L@ BI’/\ )\
o

OH (or Na or K)

Acid-Catalyzed cleavage of
Ethers
(also works with HI and HCI)

Excess

)\Br Br

Epoxide Rxns

Base-Catalyzed Ring Opening

OH

+
of an Epoxide O %» H\ -
(Attacks less-substituted side) | £\~ CH;OH
OCH3
Acid-Catalyzed Ring Opening o H* HO +
' —> -
of an Epoxide /\ CH,OH

(Attacks more-substituted side)

OCH;




Hydride Reduction Rxns

Reduction of a ketone to a 2° NaBH _NaBH, _ OH
alcohol )k/
EtOH
1. LiAH, OH
)K/ 2. H30+
Reduction of a aldehyde to a 1° NaBH OH
alcohol /\)k ke, B
EtOH
/\)k 1. LiAH, OH
2. Hj O+
Retiluctlon of an acid chloride to NaBH4
a 1° alcohol \)J\ 0K
EtOH
1. LiAIH,
_—
Cl 2. H,0 OH
Reduction of an ester to two O 1. LiAIH,
alcohols \)}\ —_— N + T
o>\ 2 H,0' OH * HO
Reduction of a carboxylic acid O 1 LAH
to a 1° alcohol \)k : 4 S oH
OH 2 H;0*
Re(_juctlon of an amide to an O 1. LiAIH,
amine \)k ———— N \H
NH, 2.H;0" 2
Reduction of an ester to an O 1. DIBALH -78°C 0
aldehyde using DIBALH (also \)k -
called DIBAH) o~ >N  2.H,0 H
DIBALH is diisobutylaluminum
hydride (shown below)
\‘/\ AI\I/W/
H
Reduction of an acid chloride to @) . 9)
an aldehyde using tri-t- \)J\ L1A1[OC(CH3)3]3H> \)J\
butoxyaluminum hydride Cl -78°C H
Hoffman Rearrangment O
Converts an amide to an amine \)k Br, NH
with the loss of a carbon NH, OH- S~

(note the difference with
reduction of an amide with
LiAlH4 where there is no loss of
carbon)




Carboxylic Acids and Derivatives (Nucleophilic Acyl Substitution

O
SOCI, (or PBrj for acid bromides) )j\

>
Cl

acid chloride

R Rj)\OHl
RJ\OJ\R o

acid anhydride
Y RJ\O@

O R'OH / H* Q R'OH

> o or l Y
)k o7 R “ro

ester R'O

carboxyhc a01d ?O%
H+
\ )]\ 2eq R7NH l

H+

amlde

0]

© )j\ -
O R 'OH
carboxylate

Diels-Alder Rxns

Basic Diels-Alder Rxn
(a 4+2 cycloaddition rxn) = ” A




Nucleophilic Addition to Ketones and Aldehydes

there’s a difference

Addition of water to form a O HO., OH
hydrate

H,0

H* or OH"

Addition of an alcohol under O HO OR
basic conditions to form a hemi- )
ketal RO

ROH
Addition of 1eq of an alcohol in O HO, OR RO, OR
acid to form a hemi-ketal and ROH
then a 2" eq to form a ketal ROH e

H H

Addition of ethylene glycol to 0] [\
from a cyclic ketal which H O/ \OH ®) @)
functions as a protecting group
for ketones and aldehydes - "
HsO" is used to de-protect

H;0"
Addition of a 1° amine to form 0 R
an imine 'l\l

RNH,
(can be reversed with H30") ‘T+—‘ + H,0

W

Addition of a 2° amine to form o Ro _R
an enamine N

R,NH
Forms on less substituted side if —+ H,O

(can be reversed with H30")




Wittig Rxn
Addition of a phosphylide to
form an alkene

Formation of a phosphoylide
from an alkyl halide

R1 Ry

o) Ri @

@)Tpphs

R,

'

Ry PPh; Ri @ BuLi
>—Br —>= )—PPhy —»
R, Rz acts as a base

R
G])}T%Phg

R

Michael Addition
(also called pB-addition or
conjugate addition)

ij EtO OEt éﬁ

Michael Addition with a
lithium dialkylcuprate

ﬁ (CH3)2CUL| é\
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Alpha Addition Rxns

Self Aldol Condensation

Mixed Aldol Condensation

@*w@ﬁ h

Self Claisen Condensation

1. NaOEt
2 200
- 442
OEt OEt
Mixed Claisen Condensation 1. LDA o) e
3.H,0
Malonic Ester Synthesis 1. NaOEt O
O O
2.~ Br EtO OEt Hs OH
Et0” P OFt + co,
3. NaOEt
Acetoacetic Ester Synthesis 1. NaOEt O 0 O
O O +
2. - Br EtO HsO'
3. NaOEt

Br
JJ
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