Organic Chemistry Reaction Sheet

Reactions Organized by Compound Families

Alkanes
1. Combustion
2. Halogenation

Alkenes and Alkynes
1. Additions: hydrogenation, halogenation &

halohydrin formation*, hydrohalogenation,
hydration

Polymerization

Hydroboration*

Oxidation (KMnO4) and Ozonolysis (O3)*
Free radicals

A i

Epoxide synthesis

Aromatic Compounds
1. Substitutions: nitration, halogenation,

sulfonation
2. Friedel Crafts Alkylation/Acylation *
3. Reduction w/ H2 Rh/C at 100°C*
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Alcohols

1.
2.
3.

Elimination: dehydration

Oxidations

Ether synthesis: acid-catalyzed dehydration of
ethanol*, Williamson Ether*,

Alkoxymercuration-Demercuration™®

Aldehydes and Ketones

l.

Addition: Acetal/hemiacetal formation by
alcohol addition (Reverse reaction: Acetal
hydrolysis with acid), imine* & enamine
formation*

Michael addition*

. Oxidation and Reduction for aldehydes

(*Ketones go through reduction only)
Wittig*

. Grignard Reaction*
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Organic Chemistry Reaction Sheet

Amines Epoxides
1. Acid-Base reactions 1. Nucleophilic ring-opening*
2. (Hoffman elimination: from amine to alkene)* 2. Acid-catalyzed ring-opening*
3. Gabriel Synthesis: primary alkyl halide->
primary amine* Pericyclic Reactions
1. Cycloaddition*
Carboxylic Acids 2. Electrocyclic*
1. Substitutions: esterification, amidation (Reverse 3. Sigmatropic*
reaction: ester hydrolysis with acid or base,
amide hydrolysis with acid or base) Phosphoric acid and Phosphates
2. Acid-base reactions 1. Phosphoric acid: Esterification with alcohol
3. Decarboxylation of B3 keto acids* 2. Phosphates: Phosphorylation
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Organic Chemistry Reaction Sheet
Reactions Organized by Reaction Type

1. ADDITION
a. Alkenes and alkynes
m Hydrogenation

H\ _ ,H Pd catalyst ';I ';'
L6+ Hp —— {_c—c-H
H H o
H H
H H
Pd catalyst
H—CZC—H + 2Hp H=C—C—H
| 1
H H
m Halogenation
H\ /H ?I ?l
’C=C\ + Cl, (or Bry) ———® H_Cc=C—H
H H Lo
H H
m Hydrohalogenation
H H o Cl Markonikov’s Rule
Y ' .
,c=c_ + HCl(orHB) —— H=C—C—=H applies: H adds to C
H CHs H CH;  with more Hs already.
m Hydration
H\ ,H H+ catalyst l;' ?H
,C=C_ + H,0 —® H-C-C—H Markonikov’s Rule
H CHa H CH;  applies.

b. Aldehydes and ketones
m Addition of alcohol to get hemiacetals or acetals

CrackOAT.com

Page 3


http://www.crackoat.com/

Organic Chemistry Reaction Sheet

0
1]
HsC—C—H(R) + CHyCH,0H

2. SUBSTITUTION
a. Aromatic compounds
m Nitration

H,SO, catalyst
+ HNO;, ———»

m Halogenation

H* catalyst

CI)H
H3C—(IJ—H(H) + CH3;CH,OH
O_CHchs
hemiacetal
0 _CH2CH3
H* catalyst 1
—— H3C _(E_ H(R)
0 _CH2CH3

acetal

NO,

y

FeCl3 (or FeBr3) catalyst Cl
+ Cl; (or Bry)

m Sulfonation

H,80, catalyst SOgH
+ S0, —————

b. Carboxylic acids
m Esterification with alcohol
8]
HSC—IC!—OH + CH3CH,OH

m  Amidation with amine
0
HsC—C=0OH + CHgNH;

c. Phosphoric acid and phosphates
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H* catalyst i

o)
— H,C—C—-0CH,CH; + H,0

heat ﬁ

— > H.C—C—=NHCH; + H,0

+H,;0
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m Phosphoric acid: Esterification with alcohol

0 @]
T T
HO—P—OH + CH3OH —— HO—P=0CHjz + H-0
OH OH
m Phosphates: Phosphorylation
1l 1] ﬁ Q Q Q
Adenosine—O—T—O-ll’—O—T—O' + ROH — Adenosine_o_g_o-g_o- + no—%‘r—ov + Energy
o o o o o o

3. ELIMINATION
a. Alcohols
m Dehydration

';' ?H H,S80, catalyst H. _ _CHj |;|
HC—C—C—=CHy ——— 3, ..C=CJ + HzC—C—C=CH, +H20
1 1 H4C H 1 1
H H _ H H
major minor
Zaitsev’s Rule applies: More highly substituted alkene is major
product.
4. OXIDATION/REDUCTION
a. Alcohols
m Oxidation
OH 0
oo [0] 9 [0] T
1 R—C-H —» R-C-H —» R—C-OH
H aldehyde carboxylic acid
OH 9]
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OH

| ©
3° R—T—R P No Rxn
R

b. Thiols
m Oxidation
(O] R ’ [H]
2 RSH R-S-S-R ( everse rxn: R-S-S-R —>» 2 RSH
c. Aldehydes
m Oxidation
W (O] @
R—C—H —>» R-—C-OH
aldehyde carboxylic acid
m Reduction (also addition)
W [H] OH
R=C=H —> R—C—H
I
H
d. Ketones
m Reduction (also addition)
(0]
i [H] H
R=C—=CHz ——> R—(I:‘,—CHS
H
5. ACID-BASE

a. Amines (basic)
m Reaction with water
CHSCHENHz + HEO ———— CH3CH2NH3+ + OH-

m Neutralization with strong acid to get ammonium ion or salt
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CHCHNH, + H30* — 3 CH3CHoNHg* + H50
CHaCH,NH, + HCl — gm CHLCH,NH4* CI-

( Reverse rxn: ammonium

ion or salt + base CHaCHzNH3+ Cl- + NaOH — CHaCHzNHz + NaCl + HEO)

b. Carboxylic acids (acidic)
m  Rxn with water
i 2
HeC—C—OH + HO —  c_C-0- + H,0*

m Neutralization with a strong base to get carboxylic acid salt
@]

0
"
H;C—C=OH (ag) + NaOH (aq) —)-H

1]
3C—C—=0- Na*(agq) + H50

c. Phenols (very weakly acidic)
m Neutralization with a strong base to get salt

OH ONa*
™ o —= (™

6. RADICAL REACTIONS
a. Alkanes
m Combustion (also oxidation/reduction reaction)

heat
CHy(g) + 20,(g) —3 CO, + 2H,0 + Heat

m Halogenation

light or heat ?I
CH3CH,CHy + Cl;————— HCl + CH4CH,CH,Cl + CH;CHCH,

(;)I (I}\
+ CHaCCH3 + CHGCH,CH,
ol &
Mixed products

a cl cl ¢l
+ 1 1
¥ CHZCHLCH2 * CH,CHCH,

b. Alkenes

CrackOAT.com Page 7


http://www.crackoat.com/

Organic Chemistry Reaction Sheet
m Polymerization

-~ CH, CH,
initiator I I
CHyCH=CH, — Ha Hap

—G—C —G—C
7. HYDROLYSIS
a. Esters (reverse reactions of carboxylic acid esterification)

m Acid hydrolysis to get carboxylic acid and alcohol
0

1] H* catalyst
R—C—0-CHy + H,0 —— 3=

R—C—0OH + CHOH

m Saponification: Base hydrolysis to get carboxylic acid salt and alcohol

o]
i H,0 EI)
R—=C—=0-CH;z + NaOH (ag) ——» R—C—0-Na* + CHzOH

b. Amides (Reverse reactions of carboxylic acid amidation)

m Acid hydrolysis to get amine
9 H H+ catalyst ﬁ
HsC—C—N=CHz + Hx0 H,C—C—0H + CHgNH,

m Base hydrolysis to get amine
a H H,0 9
H,C—C—N—CH; +NaOH (ag) ——» HsC—C—-OH + CH3NH»
c. Acetals (Reverse reaction of acetal formation from aldehydes/ketones)
m Acid hydrolysis to get aldehydes of ketones (reverse of acetal formation)

H
HSC—CIJ—O—CHzCHa + H,0 H+ catalyst

O~—CH,CH,

H,C—C—OH + 2 CHCH,OH

CrackOAT.com

Page 8


http://www.crackoat.com/

Organic Chemistry Reaction Sheet

Other Reaction Types

Additional Reactions for consideration

1. Hydroboration Reaction: reduction of an alkene (syn addition of OH)/alkyne (produces cis-alkene)

H,C H G i
’ H,0,
— — —
oH H OH
H H
2. Oxidation/Ozonolysis of Alkene/Alkynes
KMnO4 H+
—— —-
OH Q
|| /\OH
O, H,0 O
— —_—

cel,

3. Friedel-Crafts Acylation (Part of Electrophilic Additions to Benzene)

- ﬁ
TTO o7

AlCl,
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4. Reduction of Aromatic Compound via H2 and heat

H2 Pt/C
Heat

5. Gabriel Synthesis- the substitution of a primary acyl halide to a primary amine

H
/\/NH_
N~ \\ NH,NH,
_— O L
KH Heat

6. Michael Addition: addition to an enolate carbanion (formed with a strong base like LAH) of a carbonyl compound with a
neighboring double bond
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/\/
O| 6 ——
00— \(!
/\”/\”/
O O

7. Wittig Reaction: substitution of C=0 double bond with C=C

0
/H\ Php X

R e

8. Decarboxylation of a beta keto acid: heat produces carbonyl compound + CO2

/\/\/OH P Y

[
O 0

O
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9. Grignard Reaction: nucleophilic attack of Grignard reagent (RXMg) on a &+ carbonyl carbon to form an alcohol

H,C—Br Mg
)j\ /‘\
10. Halohydrin formation: halogenation reaction plus water, with anti-addition of an OH and halogen group to an alkene

Br
Br2 H2 0
_>
""’/ K

11. Ether synthesis: acid-catalyzed dehydration of EtOH, AKA solvolysis or ethanolysis

T e —

12. Williamson ether synthesis: formation of asymmetrical ethers using NaH or NaOH in acidic conditions and RX; does not apply
to 3° alkyl halides

Na—H

o — NN
N

Na—OH O/\

OH .

/\Br
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13. Alkoxymercuration-Demercuration: Markovnikov addition of an alcohol to an alkene, followed by NaBH4 reduction

+ Hg(OAc),

—OH \ / NaBH,
" HO/ HgOAc HO> <H

Markovnikov addition

14. Free radical addition: ether reaction with O2, AKA autooxidation, causes explosive hydroperoxide to form

OH
(0]
—2> + Hzo
/\O/\ /\o
15. Epoxide ring openings:
a. Nucleophilic
‘o :QH‘ :0: Hzo:: :OH
A HO, HO\J
Nucleophilic attack on carbon Proton transfer Diol

b. Acid-catalyzed
O H——X
16. Pericyclic reactions
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a. Cycloaddition, AKA Diels-Alder reaction: addition of a diene to a monosubstituted double bond, creating a cyclic
compound with the same number of bonds

X
/ W X
.|.
—_—
\ ©/
Diene Dienophile Adduct

b. Electrocyclic addition: rearrangement of double bonds to create a cyclic compound

C — C

c. Sigmatropic rearrangement: migration of sigma bonds around a conjugated system

S =
= ™
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17. Imine/Enamine formation: aldehyde/ketone (R2CQO) reaction with a primary or secondary amine under acidic conditions,
resulting in a carbon-nitrogen double bond or rearranged carbon-carbon double bond, respectively
R
~N
NH,’ N

<

[H+]

RNH,
(0] [H4] B ol Imine

e ¥
R R
R R
N \N - \N/

RoNH

(H+]

RZNH Enamine
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