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https://www.britannica.com/biography/August-Kekule-von-Stradonitz

Functional groups

Carbon frame Functional

provides group imparts
structure reactivity

Picture from Vollhardt & Schore



Alkanes, Alkenes and Alkynes

Methane
Ethane

Propane

Butane
Pentane
Hexane
Heptane
Octane
Nonane

Decane

Picture from modernochem
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Functional groups

Carboxylic Acids -oic acid

Esters -oate

Chloro-/Bromo-
etc.

Amides -ide

Halogenoid Acids

Nitriles Cyano-
Aldehydes

Ketones

Alcohols

Phenols Pheno(l)-
Amines -amine
Ethers -ethane




But first...




Electrophiles & Nucleophiles

Bronsted and Lowry:

i3y



Priority of functional groups

Order of Precedence of Functional Groups

0
I I I
RCOH > RCOCR > RCOR’ > RCX > RCNR} > RCN > RCH > RCR’ > ROH > RSH > RNH,

Carboxylic Anhydride Ester Acyl Amide Nitrile Aldehyde Ketone Alcohol Thiol Amine
acid halide

_ Increasing precedence in haming

Picture from Vollhardt & Schore

N

194

Picture from modernochem
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Alcohols

Functional group
(hydroxy) Common name: alkyl group + alcohol

(e.g. methyl alcohol)
IUPAC names: alkane +
ending (e.g. propanol).
Longest carbon chain
containing the —OH, not
necessarily the longest one.

If more —OH present: \
, etc.
When a substituent (group plorite from 1D ShOSAAT
with higher priority present): i
(e SR (-)-2- HOOC™ \U_{JH
hydroxypropanoic acid) (TR b acid

Picture from Vollhardt & Schore


https://shosh101.wordpress.com/2012/09/22/why-does-alcohol-not-freeze/

Alcohols properties

O-H bond shorter than C-H
bond

Oxygen electronegativity
polarizes the O-H bond —
formation of hydrogen bonds
between molecules — higher*
boiling point

-OH 1s hydrophilic —
increased™® solubility in water
The hydrocarbon chain increases

the solubility in nonpolar
solvents

* Compared to the corresponding
hydrocarbon



Ethers

Ethers might be considered alcohols
where the H in —OH has been
replaced by an alkyl group

The R (alkyl) group can be the same
(R-O-R; symmetric ether) or different
(R-O-R’; asymmaetric ether)

IUPAC names: the shorter
hydrocarbon 1s considered part of the
substituent, the longer defines the
stem, the two connected by

CH,0OCH,CH; — Methoxyethane

Common name: two alkyl group + ether i
(e.g. methyl ethyl ether) ,




Cyclic ethers

Cyclic ethers can be a cyclic
molecule with one or more oxygen
atoms and the connected R group are
substituents

But they can also have the oxygen
replacing one or more of the carbon
atoms

__."-.‘ I .

- - i i |..| |
g L W
T i =

cis-1-Ethoxy-2-

methoxyoyclopentone

1,4-Dioxacyclohexane
(1,4-Dioxane)

—

Oxacyclopentane
(Tetrahydrofuran,
THF)

Pictures from Vollhardt & Schore




Ethers properties

Fairly unreactive — used as -
solvents

No hydrogen bonding — lower
boiling points than 1someric
alcohols

Only the two smallest are
soluble 1n water, with increasing
length of the hydrocarbon chain
they become less soluble 1n
water




Crown ethers properties

Pictures from Vollhardt & Schore

Hole size 18-Crown-6
perfect for K*

The inside of the crown 1s Lewis basic

The inside of the crown can bind metal cations and dissolve
salts in organic media

Together with polycyclic ethers (cryptands) they are 1on
transport agents making 1ons more soluble in non polar
solvents




CeHe

Benzene
Molecular formula

Sigma Bonds
sp’Hybridized orbitals

Picture from Vollhardt & Schore

Benzenes

Kekulé Structures
(lsomers)

3 delocalized pi
6 pporbkals system

Planar Hexagon
Bond Length 140 pm

Benzene ring
Simplified depiction

RSN




Benzenes

If there’s no functional group,
monosubstituted benzenes are named
substituent prefix + benzene (e.g.
fluorobenzene, methylbenzene)

Disubstituted: 1,2-, 1,3-, 1,4- or (o-, m-
-). Alphabetical order!

Polysubstituted: lowest number, if equal,
alphabetical

)

Picture from Vollhardt & Schore

SA4i



Benzenes

OH NH, CHO O

(’_|‘ COOH
(j ﬁj Ej \m‘[:T

Benzenol Benzenamine Benzenecarbaldehyde 1-Phenylethanone Benzenecarboxylic acid
(Phenol) (Aniline) (Bemaldeh\ de) (Acetophenone) (Benzoic acid)

(An antiseptic and anesthetic  (Used in dye manufacture) (. \rtiﬂcial almond flavoring) (A hypnotic drug) (A food preservative)
used in sore throat sprays)

Picture from Vollhardt & Schore
If there 1s a functional group, we add the corresponding suffix

after benzen.

Common names g S
General term for benzene derivatives:

i Arene.
e C.H:- 1s phenyl; general ar

-A' 1S or



Benzenes properties

Both the m and o frame symmetrize the structure

1.09 A

Pictures from
Vollhardt &
7 Cloud Schore




Benzenes properties

10
naphthalene anthracene
C1oHs Ci4H10
m.p. 81°C m.p. 217° C

5

10

pyrene corannulene
CieH1n CooHig
m.p. 150° C m.p. 268° C

Picture from Vollhardt & Schore

coronene

Ca4H12
m.p. 442° C

chrysene
CigHi2
m.p. 253° C

=

hexahelicene

CzeHig
m.p, 230° C




Benzenes

Cl
Poly-aromatic hydrocarbons PAH @

Naphthalene Phenanthrene
Mothballs () Steroids

0 000 O 9

Anthracene DDT
Dyes and perservatives dichlorodiphenyl

NHCOCH, trichloroethane
COOH

@coocm @

Aspirin Paracetamol
2-ethanoyloxybenzenecarboxcyclic acid  4-hydroxyphenylethanamide

Picture from Vollhardt & Schore

Paracetamol

500mg Tablets

tablets

Easy to swallow

: ,;\,\‘— | ) *THE
RS ' h ) _ . ‘

i = — . GOOD, THE BAD

’ i/ AND THE UGLY

OF ANABOLIC _

STEROIDS

.
.

¢ ®
Vot S






Carboxylic acids

Electrophilic

Pictures from Vollhardt & Schore

0)
|
group: -COOH, -CO,H,



Carboxylic acids

Replace —¢ of alkane name with

H Methan (Formic acid) OH
CH, Ethan (Acetic acid)
CH,CH, Propan
4-Methylhexan
If two present:
Cyclic:
o) O OH

Cyclohexanecarboxylic acid 1-Naphthalenecarboxylic acid



Carboxylic acids properties

The carboxy group is relatively acidic.

Strong polarity — hydrogen bond — up to
butanoic acid are soluble in water

Strong odor




a
Functional Group: Carbonyl P

:0:
0 I
Aldehyde: RCHO, )j\ e -
T R 1
An aldehyde
2 ).
Ketone: RCOR’ 0 &
: : .
R)j\R' ~ R

A ketone

Pictures from Vollhardt & Schore



Aldehydes

Alkane = Alkanal. Longest chain starts at -CH=0,
which contains C'1 (might not the absolute longest).

O O O
” 4 3 2 |
CH,CH,CH  CICH,CH,CH,CH
CH;CH —_— .
> Propanal 4-Chlorobutanal 4,6-Dimethylheptanal
Acet
\ 7 Picture from Vollhardt & Schore
o

IUPAC-accepted common names

A compound with two carbonyl groups ends in



Aldehydes on a ring

after cycloalkane name.

The carbon attached to -CH=0 is

OH
[i%iT/OCHS
‘/

|

CHO

4-Hydroxy-3-methoxy-
. benzenecarbaldehyde
Cis-2- cyclo- (4-Hydroxy-3-methoxy-
hexane benzaldehyde)

Cyclohexanecarbaldehyde

Picture from Vollhardt & Schore



Ketones

Alkane = Alkanone. Longest chain

incorporates carbonyl carbon and 1s numbered
from terminus close to C=0.

Cyclic ketones are

Cl

3 3 ! /J\ /L : S (1H
\\ 'I'// /\"\‘ 2 - g 7 ~ 6 \\// I TN 3/ /2 \\\ - ~ 3
O O

2-Pentan 4-Chloro-6-methyl-3-heptanone 2.,2-Dimethylcyclopentanone
Picture from Vollhardt & Schore

If more C=0 present: etc.




O O
An aldehyde containing a ketone C=0 is called an | |

alkanal » CH3 CCH2 CH
3-Oxobutanal

Substituent name:

Pictures from Vollhardt & Schore



The carbonyl group contains a short, strong, and very polar
bond.

Descriptions of a Carbonyl Group

AN

= <—>ﬁ//co} BN C s clectrophilic |
it é O nucleophilic and slightly basic

Nucleophilic
and basic

Higher boiling points than
corresponding hydrocarbon

Smaller carbonyl derivatives
soluble 1n water, >6C 1nsoluble

Electrostatic Potential Map

Pictures from Vollhardt & Schore



Amines

NH,
’ i “OCH;
\_

=
-—
=
-
=
=
=
=
-
-
=
=
—

OCH,

H Pictures
Lysergic acid (X = OH) Penicillin from
Lysergic acid diethylamide, LSD v
(CH3CH2)2N] Vollhardt &

Heroin (R = CH;C) Schore



Amines

Amines are derivatives of ammonia
The number of R substituents determines the amine
classification

Ammonia Primary amine Secondary amine Tertiary amine

Alkan

CH;

|
CH3NII, CH3CHCH,NIH,

Methanamine 2-Methvl-1-propanamine (R)-trans-3-Penten-2-amine

Benzenamine
(Aniline)

Pictures from Vollhardt & Schore
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Amines

=
-—
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Amines are derivatives of ammonia
The number of R substituents determines the amine
classification

Ammonia Primary amine Secondary amine Tertiary amine

IUPAC: Primary amines
Alkan

O HoN |

' M~
CH3NI, CH3;CHCH,NH, P

Methanamine 2-Methyvl-1-propanamine (R)-frans-3-Penten-2-amine

If two amine functions present:

Pictures from Vollhardt & Schore



Amines

-
=
-
=

-_—
=
=
-

-
=

—

Aromatic amines are called
But the naming doesn’t change, at the end. Or, 1f more
groups present benzen : , etc.

Benzenamine
(Aniline)

Secondary amines
alkyl alkan

I|I

CH3NCH,CH3

N-Methylethanamine

Pictures from Vollhardt & Schore



Amines

=
-—
=
-
=
-—
=
=
-
-
=
=
—

Tertiary amines
alkyl alkan

N.N-Dimethyl-1-propanamine

Lowest priority group, prefix

HOOC

NH,
4-(2- )benzoic acid

Pictures from Vollhardt & Schore
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Amines properties

All amines are basic, but primary and secondary amines can also
behave like acids

Weak hydrogen bonds — lower boiling points and less soluble 1n
water than alcohols (in between alkanes and alcohols)
Nucleophiles

Primary and secondary amines are less acidic and form weaker
hydrogen bonds than alcohols, and they are more basic and more
nucleophilic

Secondary amine

HiC _y H

N CH;

— N ——
Primary amine N—~C —N
\

/

H *NH; ~c1CH3

Picture from Vollhardt & Schore



Amines - inversion

H

St 5
E. = 5-7 kcal mol 2 Ha,_,h\

€ N

Although they form enantiomers, it’s difficult to maintain an
enantiomerically pure form

Pictures from Vollhardt & Schore



