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Introduction:

Welcome to your second semester of Organic Chemistry! This packet reviews the most important
concepts from the first semester that you will likely see again in the course. This is by no means a
comprehensive review of every topic in your first semester, but it is a great refresher of some useful
naming rules and reactions. We encourage you to try this packet without the video to see what you
recall, then check your answers! Happy studying.
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Nomenclature Rules from Organic 1

I. To Name a Compound:

1. Determine if a priority group is present. Priority groups are listed at the end of the parent chain
name.
Priority Functional Group Substituent Name Parent Chain Suffix
1 Alcohol -OH N/A -ol
2 Amine -NR2 -amino -amine
3 Alkene & Alkyne -C=C/-C=C N/A -ene / -yne
No Priority Halogens, Alkyl -X, -R, -OR Variable N/A
Groups, Ethers
2. Find the longest continual chain of carbons that includes the priority group.
i. If there are multiple chains of equal length, choose the chain with the greatest number of
substituents.
3. Number the longest chain such that the priority group has the lowest locant.
i. The locant of the priority group must be included unless the parent chain is a cyclic ring. In
this case, the priority group is assumed to have position 1.
ii. If thereis no priority group, number the chain such that the substituents receive the lowest
possible locant.
iii. If you can number in either direction and the locants are the same, pick the direction that
gives the first alphabetized substituent the lower locant.
4. Identify and name the substituents with a locant in front, denoting where the substituent falls
on the parent chain.
i. If there are multiple substituents of the same type, aggregate them together and include a
prefix denoting the number, along with their locants (ex. 2,2,3-trimethyl).
5. Assemble the name by alphabetizing the substituents, then adding the parent chain name,
then the priority group at the end (if there is one).
i. Never alphabetize by prefixes (di, tri, etc.) unless the prefix is inside the parentheses of a
complex substituent.
6.

Any stereochemistry present (R/S or E/Z) should be placed in front of the name inside
parentheses.

i. If there is only one stereocenter of a type (ex. one chiral center), no locant is necessary.

IUPAC Name Break Down:

Stereochemistry Substituents Parent Chain Saturation Priority Group
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Example: Provide the IUPAC name for each of the following compounds.

V\(w

pea
Ls

_—

Br
=
=

fl

OH
Z

=

=
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Chapter 2: Acids and Bases
I.  Bronsted Acids and Bases:
a. Bronsted Acids: proton (hydrogen with no electrons) donors
b. Bronsted Bases: proton acceptors

1. Generally, are [neutral with a lone pair of electrons] or are [negatively charged with a
lone pair of electrons]
2. Always Bases: Any time an alkali or an alkali earth metal is attached to a non-metal,
this species will always be the base (ex. NaCl, BrMgCH3, etc.)
Il.  Lewis Acids and Bases:
a. Lewis Acids: electron acceptors (usually group Ill making three bonds or transition metals).
1. Uncommon Lewis Acids: TiCls, FeBrs, SnCl,, AlICl; and BFs. Remember that any of the
halogens used in the list above can be exchanged with other halogens.
2. Other neutral Lewis Acids can accept a pair of electrons via a resonance form.
b. Lewis Bases: electron donors

lll.  Ranking Acidity: Acidity can depend on several situations depending on the relationship between
the atoms bearing the most acidic proton.

The Most Acidic Proton is Located On....

Identical Atoms Different Atoms
1. Hybridization: more s character = more acidic 1. Size: larger atom = more acidic
2. Resonance: more resonance = more acidic 2. Electronegativity: more EN = more acidic

3. Inductive Electron Withdrawal:
more EN groups close to acidic proton = more acidic

Example: Assess the pairs of compounds shown below and select the most acidic.

OH Q OH NH,

O O O

O

OH ® OH OH

® O ®
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Chapter 6: Electrophilic Addition Reactions of Alkenes

Acid Catalyzed Hydration (Rearrangement Possible)

HQSO4, HQO (or H30+)

b =

Stereochemistry: N/A
Regiochemistry: Markovnikov
Reactants: Alkene

Products: Alcohol

Oxymercuration/Demercuration

N 1HI(OAC) Hp0, THF.
2. NaBH,

Stereochemistry: Anti
Regiochemistry: Markovnikov
Reactants: Alkene

Products: Alcohol

Modified Oxymercuration/Demercuration

/\(\ 1. Hg(OAc),, CH30H, THF
2. NaBH,4

Stereochemistry: Anti
Regiochemistry: Markovnikov

Reactants: Alkene

Products: Ether

Hydroboration/Oxidation

@7 1. 9-BBN, THF
2. H,0,, KOH, H,0

Stereochemistry: Syn
Regiochemistry: Anti-Markovnikov
Reactants: Alkene

Products: Alcohol
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Hydrohalogenation (Rearrangement Possible)

Stereochemistry: N/A

AN HX Regiochemistry: Markovnikov
X=Br,ClL,I,F Reactants: Alkene

Products: Alkyl Halide

Halogenation

Stereochemistry: Anti

Xz, CH,Cly Regiochemistry: Markovnikov
A >
X =BrorCl Reactants: Alkene
Products: Vicinal Dihaldie

Halohydrin

Stereochemistry: Anti

\)\ X5, H,0 Regiochemistry: Markovnikov
X X =BrorCl

Reactants: Alkene

Products: Halohydrin

Modified Halohydrin

Stereochemistry: Anti

X,, ROH Regiochemistry: Markovnikov
X =BrorCl Reactants: Alkene
Products: Halohydrin
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Peroxyacid Epoxidation

s )
Stereochemistry: Syn
mCPBA, CHoCl Regiochemistry: Markovnikov
N or >
1. X5, Hp,O Reactants: Alkene
2. NaOH (base)
L ) Products: Epoxide
Catalytic Hydrogenation (does not reduce arene double bonds)
( | Stereochemistry: Syn
H, Pd/C Regiochemistry: N/A
/ Reactants: Alkene
L ) Products: Alkane

Ozonolysis (Reductive Workup): The alkene will cleave down the middle. To determine what products
will form, you must see how many hydrogen atoms are attached to the opposing ends of the alkene.
Ozonolysis will consume all double bonds in a compound unless they are a part of an arene.

Zero hydrogens:
ketone

</ One hydrogen:

-
1. 03, -78°C
2. Zn AcOH or (CH53),S
_
p
F 1. 03, -78°C
2. Zn AcOH or (CH3),S
-

N aldehyde
Two hydrogens:
formaldehyde

J
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Ozonolysis (Oxidative Workup)/KMnO, Oxidation: The alkene will cleave down the middle. To

determine what products will form, you must see how many hydrogen atoms are attached to the

opposing ends of the alkene. KMnQO, Oxidation will consume all double bonds in a compound unless

they are a part of an arene.

KMnO4, H30+

1. 04, -78°C
2. H,0,

Z KMnO,, Hs0*

\

Zero hydrogens:
ketone

</ One hydrogen:
carboxylic acid

1. 03, -78°C
2. H,0,

\

Two hydrogens:
CO,

Chapter 7: Reactions of Alkynes

Formation of the Alkyne from the Alkene

1. X,

/N

2. 2 eq NaOH (base)

Stereochemistry: N/A
Regiochemistry: Markovnikov

Reactants: Alkene

Products: Alkyne

Hydrohalogenation of the Alkyne

1.1 eq HCI

2.1 eq HBr

Stereochemistry: N/A
Regiochemistry: Markovnikov
Reactants: Alkyne

Products: Geminal dihalide
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Halogenation of the Alkyne

10

1.1 eq C|2, CH20|2

2.1 eq Br2, CH20|2

Stereochemistry: Anti
Regiochemistry: Markovnikov
Reactants: Alkyne

Products: Polyhalogenated

Mercury Catalyzed Hydration of the Alkyne:

HgSO4,
H,SO4, H,O

/

HgSO,,
H,S0,4, H,0

R HgSO4,
— H,S0,, H,0

HgSO4,
_ H,SO04, H,0

Stereochemistry: N/A
Regiochemistry: Markovnikov
Reactants: Alkyne

Products: Carbonyl
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Hydroboration Oxidation of the Alkyne

11

1. 9-BBN, THF
2. H202, NaOH, Hzo

1. 9-BBN, THF

2. Hzoz, NaOH, Hzo

1. 9-BBN or BH3, THF
2. H202, NaOH, H20

1. 9-BBN or BH3, THF
_ 2. H202, NaOH, H20

/T -

Stereochemistry: N/A

Regiochemistry: Anti-Markovnikov

Reactants: Alkyne

Products: Carbonyl

Notes: Terminal
alkynes must
use 9-BBN

Catalytic Hydrogenation of Alkynes

H,, Pd/C

Stereochemistry: Syn
Regiochemistry: N/A
Reactants: Alkyne

Products: Alkane

Dissolving Metal Reduction: Produces the trans-alkene. Can NOT be used on terminal alkynes.

Na or Li,

NH; -78°C

Stereochemistry: Trans
Regiochemistry: N/A
Reactants: Alkyne

Products: Alkene
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Lindlar’s Reduction: Produces the cis-alkene.

12

H,,
Lindlar's Catalyst

Stereochemistry: Cis
Regiochemistry: N/A
Reactants: Alkyne

Products: Alkene

Oxidative Cleavage of the Alkyne: Will always cleave down through the triple bond to produce a

carboxylic acid (no terminal Hydrogen) or CO, (1 terminal hydrogen).

KMnO4, H30+
or

1. 04, -78°C
2. S(CH3),

KMnO4, H30+
J— or

1. 03, -78°C
2. S(CHs),

Alkylation of the Acetylide Anion

1. NaNH,, NH3, -78°C

2. /\BI’
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Example: Complete the following spiderweb of reactions by providing the product(s) for each of the

indicated reactions.

1. 9-BBN, THF mCPBA

HCI
2. H,0,, OH
Br2 Brz
- /\ B — e
CH20|2 HZO
1 eq KOH
EtOH
1. NaNHz, NH3,
1 eq KOH 78°C
— _—
EtOH 2. CH3CH,Br
HgSO,, H,O 1. 9-BBN, THF H, Lindlar's
HZSO4 2. HZOZ: "OH Catalyst
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Chapter 8: Conjugation and Aromaticity
Diels Alder Cycloaddition

14

If the diene is trans-trans,
=z ( A substituents will add syn
+
X If the dienophile is Z,

substituents will add syn

If the diene is cis-trans,
= A substituents will add anti
N |

If the dienophile is E,

substituents will add anti

+

= A If the dienophile is an
+ | | alkyne, it will react down to
X an alkene
OCH If you have EDG & EWG
3 0 A present, resonate the
= + compounds and align
l opposing charges to find
X major product
Aromaticity

. PI ?
START: YES an?r . YES Is there a huckle # of pi electrons?
Cyclic? (all atoms in cyclic An +2 = pi e
ring are sp?) (4n =pie)
NO N All but atom(s) YES NO
with lone pairs

NO If the atoms were sp?, YES
Non-Aromatic <,; will the compound have a Aromatic Anti-Aromatic
Huckle # of pi e™?

Example: Determine whether the compounds below are aromatic, anti-aromatic or non-aromatic.

©)

>

-
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Chapter 9: Nucleophilic Substitution and Elimination

Sn1 Reaction (Rearrangement possible)

15

Electrophile: 3° required
Mechanism: Carbocation formed

Stereochemistry: Equal amounts
R&S

Favored by: Low temp,
protic solvent

Sn2 Reaction

Br

/'\/ NaCN

Electrophile: 1° best, 2° will work
Mechanism: Backside attack

Stereochemistry: Inversion

Favored by: Strong nucleophile,
\ weak base
E1 Reaction (Rearrangement possible)
p Electrophile: 3° best, 2° will work
Mechanism: Carbocation formed

/Y H,O

Br A

Stereochemistry: Most stable double bond

Regiochemistry: Zaitsev (most substituted
double bond)
Favored by: High temp, protic solvent
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E2 Reaction

16

Br
", KOH

Mechanism:

Favored by:

Electrophile:

1°,2°or 3°

Concerted

Stereochemistry: Anti-periplanar

Regiochemistry: Zaitsev, unless a

bulky base is used or

F is leaving group or

unable to take more

substituted hydrogen
(not anti-PPL in cyclic ring)

Strong base,
weak nucleophile

Picking Major Pathway Chart

Strong Nucleophile/ | Weak Nucleophile/ | Strong Nucleophile/ Weak Nucleophile/
Strong Base Strong Base Weak Base Weak Base
NaOH NaNH; KOC(CHs)s LDA KCN NaSR H20 HOCHs
NaOR NaH DBU DBN | LiNs3 KOOCR NH3 HSCHs
1n SN2
Alkyl Sn2 E2 (A) Sn2 (If nucleophile strength is
Halide greater than the fluoride ion;
if not, no reaction)
Sn2
2° (If nucleophile strength is
A|ky| E2 E2 Sn2 greater than the fluoride ion)
Halide or
E1 (A)
3° Snl Snl
Alkyl E2 E2 &/or &/or
Halide E1 (A) E1 (A)
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Chapter 13: Infrared Spectroscopy

100 ' 5
— arene
2 i undertones !
8 : i :
= N-H 5 c=C ;
< ; C=N 5
8 i aldehyde arene,
% O-H ' CH peak!
2 sp H = :
s cH | e=c
€ 2! 3 H
% sp | sp c=0 |
s C-H:C-H :
4@0 3000 y, 2000 1500 1000 500
%/—/
Y
Hydrogen Triple Double
bonds bonds bonds
Chapter 14: Nuclear Magnetic Resonance
H-NMR Reglons alcohol
I (broad singlet) I
. aldehyde D .
|_carboxylic | |aromatic || vinylic | (allylic; alkane |
| acid I | | Il | | I |
| | | | | | | | | | | | |
[ [ [ [ [ [ [ [ [ [ [ [ |
12 10 8 6 4 2 0
PPM
increasing frequency
C-NMR Regions C-N
| C-X |
[ |
= Cc=C
c=0 c=C Z 3
aromatic c-0 aliphatic (sp” C)

|
[
| |
[ I

100 50

PPM

increasing frequency

o |— L
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Practice Problems — test your understanding and try these problems out on your own! An answer key

will be posted to the Science Guyz website.
1. Provide the IUPAC name for each of the following compounds.

Br

OH

cl I
b

Cl

s NH,

HO
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2. Select the more acidic compound out of the pairs of molecules below.

0]

. : Y
HF vs HI HO)J\/ vs HO
O O O

SH

SH
O

O O

3. Select the stronger base out of the pairs of molecules below.

Q Q
NaNH S. CHalLi S.
2 v 3kl CI/\/O v F/\/O

O O O O

4. Provide the missing reagent(s) for the following transformations.

—
o
o
(jf .
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5. Provide the missing reagent(s) for the reactions shown below.

Q,

Cts X
o o

6. Provide the missing reagent(s) for the reactions shown below.

e

B %
]
T
A

s i
|

% 7= )

)\/OCH3 )\/CN

7. Propose a synthesis for the following transformation.

Br
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