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Organic Compound Classification

Functional Groups



Classification

* B.M & M.P (states)
* Solubility

* The length of carbon chain

* The structure of carbon chain (linear, cyclic)

* Functional group!



Functional Group

* Functional group: An atom or group of atoms that determine the

chemical properties of organic compounds
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Functional Group
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Functional Group
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Molecular Representation




Molecular Representations




Molecular Representations

H— —H

I—?—I
I—?—é—I
T—O—T

Lewis structure
LewisZ5 42\

:?H
HiC—C—CHs
H

Partially condensed structure

2B B HE

(CH3)o.CHOH

Condensed structure

ZH

C3HgO

Molecular formula

HFR
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Molecular Representations

* Practice: draw a Lewis structure for the following compound:

(CH3),CHOCH,CHg
o H ..
(CH3)2CHQCHZCH3 ------- > H3C—C|3—Q—CHQCH3
CHs;
Condensed structure Partially condensed structure
H H H H
H .. | |
H3C—Cl)—Q—CHQCH3 ------- > H—(l)—C—Q—(I)—CI)—H
CHsj H H H

Partially condensed structure Lewis structure
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Molecular Representations

* Practice: draw a Lewis structure for each of the compounds below:

(a) CH,=CHOCH,CH(CH-), (b) (CH5CH.,),CHCH,CH,OH
(€) (CH3CH,);COH (d) (CH3),C=CHCH,CHj
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Molecular Representations

* Practice: draw a condensed structure for each of the compounds

below:
H H H H
H—#—O—#—H H—#—#—OH
(a) H H (b) H H
H “O°
H—=C—C—H H—#—g—H
(c) H H (d) H
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Skeletal Formula

e Skeletal formula / bond-line structure
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Skeletal Formula
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Skeletal Formula

* Single bond

* Multiple bond
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Skeletal Formula
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Skeletal Formula

» IR F LRSI EER
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Skeletal Formula

1. Carbon atoms in a straight chain should be drawn in a zigzag format:

TR
H—?_?_?_?_H is drawn like this: P
H HH H

2. When drawing double bonds, draw all bonds as far apart as possible:
Lo} AT

)k is much better than 0
Bad

3. When drawing single bonds, the direction in which the bonds are drawn is irrelevant:

\)\/ is the same as
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Skeletal Formula

4. All heteroatoms (atoms other than carbon and hydrogen) must be drawn, and any hydrogen
atoms attached to a heteroatom must also be drawn. For example:

This H must be drawn:

:OH

is drawn like this: )\/

5. Never draw a carbon atom with more than four bonds. Carbon only has four orbitals in its
valence shell, and therefore carbon atoms can form a maximum of four bonds.

T—O—O—T

i
I-0O—I
|
|
I—?—I
I—-O—I
|
T
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Skeletal Formula

* Practice

Considerthe structure of diazepam, first marketed by the Hoffmann-La
Roche Company under the trade name Valium. Diazepam is a seda-
tive and muscle relaxant used in the treatment of anxiety, insomnia,
and seizures. |dentify the number of carbon atoms in diazepam, then
fill in all the missing hydrogen atoms that are inferred by the drawing.

&

:Cl

Diazepam
(Valium)
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Skeletal Formula
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Skeletal Formula

* Practice: draw a skeletal formula for the following compounds:

HY HH T H H H
\N!/ \N!/
W EHY sty a4
\ /
H—/C—(|3—(l3—(|3—Ci—H H—C—C—C—H HO—C—H
H H H G H H—C—H H H—C—OH
H | H
(a) H (b) H (c) H

(d) (CH3)3C—C(CH3); (e) CH3CH,CH(CHj3), (f) (CH3CH,);COH
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Skeletal Formula

 Skeletal formula: functional groups

R—S(.: F*\ /R
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Skeletal Formula

* X1 (halogen)

o Tt W (carbon-carbon double bond)

o Ttk = ## (carbon-carbon triple bond)

R—x:
(X=Cl, Br, orI)

R—C=C—R

Rz

alkyl halide

iy

alkene

NS

alkyne
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Skeletal Formula

« 325 (hydroxyl)

« fi¥ 5 (ether group)

o FiE(thiol/sulfhydryl)

R—OH
R—O—R
R—SH

Ez/E

alcohol/phenol

Eﬁ

ether

WiEe

mercaptan/thiol-alcohol
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Skeletal Formula

R
—+ 75 -
aromatic compound
| ) ) B Ay (H/E)
° #ﬁ«_..._\(carbonyl) )k )J\ carbonyl compound
R R R H (ketone/aldehyde)
..o.. iAEA
o #%K (carboxyl )J\ R
iﬂ_t( Y ) /H carboxylic acid



Skeletal Formula

0
® lf.’ S E
fi5 2 (ester group) R)k.o./R oster
0
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|
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e F&(amino) ,ll H#
R/‘°\R amine



Charges in Skeletal Formula

 Skeletal formula: charges on carbon

@ @
No hydrogen atoms One hydrogen atom Two hydrogen
on this C* on this C* atoms on this C*
7 . H ®

H,C C C
HC” @ cH, 2 Hy




Charges in Skeletal Formula

e Skeletal formula:

=

l

1 bond + 3 lone pairs

Examples:

© NS
o) :0°

AN

charges on oxygen

No
Charge

!

i 2 bonds + 2 lone pairs

Examples:

OH )
\/ \/ \H

\/'5'\/

\/O\/

@

| 3 bonds + 1 lone pair

Examples:

H
z Don ..cl)@
[/\/ 2 — /\/ \H
H H
i |@ :l@
: ©) - o)
S R = e
H . _H
[ @o/ (—B.O/

=

30



Charges in Skeletal Formula

 Skeletal formula: charges on nitrogen

No
Charge

!

3 bonds + 1 lone pair

©

l

2 bonds + 2 lone pairs

S

l

4 bonds + 0 lone pairs

Examples: Examples: Examples:

S, ']' | ®

S) . °N: N —N— has no lone pairs
H H ?

= = 2. I = ol _ [LG') has no lone pairs

Sa AN A S NS s Ak ~ N~ 2

S)
N@ N N/H .‘N/H @)

—N— has no lone pairs

-

A

%

A

|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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3D Skeletal Formula
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3D Skeletal Formula

 Special representations of cyclic compounds

Cl

Acyclic
(No ring)

Oy -OH
H——OH
H——OH
HO——H
CH,OH

Fischer projection
(Used only for
acyclic compounds)

H O////,,. O/OH

Cyclic
(One ring)

OH H

—

H Br

Haworth projection
(Used only for
cyclic compounds)

j +Br
.u'l/////

Bicyclic
(Two rings)

OMe

(Used only for
bicyclic compounds)

33



Isomerism
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Constitutional Isomer

o TRZEZ 491K (carbon skeleton isomer)

C4Hyg CH;CH,CH,CHj
(1E) Tt

Gl CH;CH,CH,CH,CHj
(1E) ke

CH,CHCH,
e 1 bt
CH;CHCH,CHj

290 RS

CH;
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CH,
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Constitutional Isomer

A}

« (A & FH{(position isomer)

C3;HO CH;CH,CH,OH

CH,CHCH,
I
OH

N B
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Constitutional Isomer

« B feF] F 4914 (functional group isomer)

C,HsO CH;CH,OH
LI

CH;OCH;
HH i
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Constitutional Isomer

« IS A (tautomeric isomer)

D
: | J
C;H0 H,C—C-£CH—H

A il

— -~

()\_H
N

H;(_( :CHz
|-Pi 2R
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Constitutional Isomer

o« 52 FA91K (valence bond isomer)

2 =

T‘fi nbtji ‘.b‘f

@ hv

IS
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Stereoisomer

o $5BY S #{A (configuration isomer)

H;C CH; H,C i CH; CH; 55
= = o <
H>_<Il H>_<CH3 CH-
MGi-2- 1% JZ-2- T4 - 1.4-— F 3E Fi-14-—H 3
7 WA B ke
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H3C/C'"'H H\yc\



Stereoisomer

H H
'
(=Y c—cC.,
H \“H
H H
(1)
P
H H
= \! s & H
A2 X R \_C—(‘/
H / %
H H
(1)

Il

« &R F )& (conformational isomer)
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CE BN

H H

H / H

(i)
A
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Newmanzt;

H
H H
H H
H

( ]l )H
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Nomenclature

Common (Trivial) Nomenclature, Systematic Nomenclature




Nomenclature

- ¥,

Formic acid
Isolated from ants
and named after the
Latin word for ant, formica

B ES

Urea
Isolated from urine

R&

Morphine
A painkiller named after
the Greek god of dreams,
Morpheus

:

O
H\N)kN/H

Barbituric acid
Adolf von Baeyer named this
compound in honor of a
woman named Barbara

B L &R

43



Common Nomenclature

- ZB AR

3 iy 44 1
b e FH L ) ot
vh 34 R (Je LA FR)D
He CHy CHy~ H 3£ (methyl, 455 Me)
LS CH3CH; CH3CH,— 2.3 (ethyl, 45 Ev)
CH;CH,CH,— (EO)A R (n-propyl, 485 n-Pr) " *
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Common Nomenclature

 HHBR T

B XTFInFEITEE (B, & A T ..
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Common Nomenclature

e Practice:

BB AL NI EMmR (F
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Systematic Nomenclature

« RGP A SE — Systematic Nomenclature by iupac

 IUPAC - EfrdtEEN AL EHKES

International Union of Pure and Applied Chemistry

LU INTERNATIONAL UNION OF CCS
g PURE AND APPLIED CHEMISTRY —

PELZS




Systematic Nomenclature

s ARG AR A
1. fAEEH: kiEsK, BIRERS
2. REERE R
3. MEMRERS
4. #iTHE (RF: BZAT..)




Systematic Nomenclature

3 A

° ﬁ%EE:

A}
- §%
% Choose longest chain %

Incorrect
(2 substituents)

Correct
(3 substituents)

Teala ]
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Systematic Nomenclature

- FIE X5k

NUMBER OF

CARBON ATOMS

= N0 0. N O 01 BWwWINN-

o

PARENT

meth
eth
prop
but
pent
hex
hept
oct
non

dec

NAME
OF ALKANE

methane
ethane
propane
butane
pentane
hexane
heptane
octane
nonane

decane

NUMBER OF

CARBON ATOMS

11
12
13
14
e
20
30
40
50
100

PARENT

undec
dodec
tridec
tetradec
pentadec
eicos
triacont
tetracont
pentacont

hect

NAME
OF ALKANE

undecane
dodecane
tridecane
tetradecane
pentadecane
eicosane
triacontane
tetracontane
pentacontane

hectane
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Systematic Nomenclature

* Practice: identify and provide a name for the parent in the following

compound:

Correct Incorrect

=y R

4 Substituents 2 Substituents

ol



() ﬁ%iﬂﬂ{’%@%q]% NUMBER OF TERMINOLOGY

CARBON ATOMS
IN SUBSTITUENT

/ 1 methyl |
ethyl

Substituents <« Parent , 2 i
\\\\\\\\\\$ 3 propyl

4 butyl

S pentyl

6 hexyl

7 | heptyl

78. ody/

7 nonyl

10 decyl
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Systematic Nomenclature

* Practice: identify and name all substituents in the following

compound:

methyl

ethyl
propyl

methyl
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Systematic Nomenclature

» BZRRVERKE

2-FAE
2-methyl
1

2-FAETE
2-methylbutyl

o4



Systematic Nomenclature

* Practice: in the following compound, identify all groups that would be considered
substituents and then indicate the systematic name as well as the common name
for each substituent:

isopropyl
(1-methylethyl)

(1-methylpropyl)
sec-butyl

SH)



- fEBKE %S

- BEIKE, BIRERSRER
Correct
2 4 6
1 3 5

« ZHIRES, E—1THRAEERSR

=5/

Correct

2,5,5

2\

beats

Incorrect

-~

Incorrect

3,3,6
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Systematic Nomenclature

» BT HH

Ol

td X4

5 = HE

Correct

4-ethyl-5-methyl
4-7,F-5-FAE

beats

Incorrect

5-ethyl-4-methyl
5-Z&-4-BE

of



Systematic Nomenclature

Identify the parent chain: Choose the longest chain. For two chains of equal length, the par-
ent chain should be the chain with the greater number of substituents.

ok
[ ]

2. Identify and name the substituents.

3. Number the parent chain and assign a locant to each substituent. Give the first substituent
the lower possible number. If there is a tie, choose the chain in which the second substituent has
the lower number.

4. Arrange the substituents alphabetically. Place locants in front of each substituent. For identi-
cal substituents, use di, tri, or tetra, which are ignored when alphabetizing.
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Systematic Nomenclature

* Practice: provide a systematic name for the following compound:

/

methyl

methyl

ethyl
4-Ethyl-2,3-dimethyloctane

4-7,5-2,3-—FE sz
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Systematic Nomenclature

* Practice: provide a systematic name for each of the following

compounds:
(a) (c) (d)
3,4,6-trimethyloctane 3-ethyl-2-methylheptane 3-isopropyl-2,4-dimethylpentane
or
3-(1-methylethyl)-2,4-dimethylpentane
3,4,6-=—FE T 3-CE-2-FRE R 3-BAE-2,4-ZRELL

or

3-(1-BREZE)-2,4-—REXKKE
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Systematic Nomenclature

* Practice: draw a skeletal formula for each of the following compounds:

a. 2-methylhexane b. 2,3-dimethylbutane c. 4-ethyl-2,2-dimethylheptane

Ak
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Systematic Nomenclature

» BT IR Y Ap
» —ARIBERME R B

Substituent
Parent

Propylcyclohexane

- Faltt, SEALEEHERE O, AHEMRS{EERAE

Substituent [>_/_\ Parent

1-Cyclopropylbutane
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Systematic Nomenclature

* Practice: provide a systematic name for each of the following

compounds:

(b)

sec-butylcyclohexane
or
1-methylpropylcyclohexane

fif (Z2R) THIRCK
or

1-FAEREIRC K

(f) ()

2-cyclohexyl-4-ethyl-5,6-dimethyloctane 1,3-diisopropylcyclopentane
or
(4-ethyl-5,6-dimethyloctan-2-yl)cyclohexane  1,3-di(1-methylethyl)cyclopentane
-2 E-4-CE-5,6- —HEFER 1,3-“FREM IR
or

(4-Z%-56- — AR FR-2-E)I Ok 1,3-—(1-RECE) IR X IR
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Systematic Nomenclature

* Practice: draw a skeletal formula for each of the following compounds:

(a) 1-ethyl-2-methylcyclohexane (b) 1,2,5,6-tetramethyl-3-propylcycloheptane (c) 1-cyclopropylcyclopropane
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Systematic Nomenclature

« —IMEEH(bicyclic compound)

@ is the same as Lb

bicycloheptane

b
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Systematic Nomenclature

« —IMEEH(bicyclic compound)

ek (k)

Bridgehead
LB

Bridgehead
Wk (B

bicyclo[2.2.1]heptane
“IR[2.2.11 KR
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Systematic Nomenclature

o« HIFLTIEHY AF 2
- FfE BHAERIRIRE FHE
c MERNT I LR aNRIEFHE (FEFLR)
s EN EWWERIEFHE (FEFHLIR)
 HHE RS FIEVRE
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Systematic Nomenclature

68



Systematic Nomenclature

Bicyclo[3.1.1]heptane

Bicyclo[2.2.1]heptane
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Systematic Nomenclature

* Practice: assign a name for the following compound:

bicyclo[4.4.0]decane
ZIN[4.4.0) %%

decahydronaphthalene / naphthene
+EMHE
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Systematic Nomenclature

I ERVEKE
* IS RN -
« Wikt Ftia
« FBEKXM, KEH—HKik, BENR
- HIaEM _LIREIE—M Kk

8-methylbicyclo[3.2.1]octane
8-FAE T IN[3.2.115F ke
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Systematic Nomenclature

* Practice: assign a name for the following compound:

methyl

methyl
isopropyl

2-1sopropyl-7,7-dimethylbicyclo[3.2.0]heptane
2-FARE-7,7- " FRETIF[3.2.0] Bk
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Systematic Nomenclature

 BZINET IR AU AP 2
- FfE BHAERIRIRE FHE
c MER T LR ANRIEFHE (ANEEERET)
 HHE RS FIEVRE

2R T

spiro atom

\

spiro[2.3]hexane

B2[2.312 k%
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Systematic Nomenclature

o« BZILN_ERYEUIRE
° éﬁ%%ﬁdﬂﬂ :

o WINER b Bl i3 R F RO i 4a (CXD
« LFENIR, ZIREF, BEKXRF | o
. EI1ZIZ[EF W24, 5])2% k¢

s wEINFERAgEERREAFRD spiro[4. 5]decane
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Systematic Nomenclature

* Practice: assign a name for the following compound:

6-ethyl-1,2-dimethylspiro[2.5]octane
6-C4-1,2- Z R EBZ[2.5]2F %
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Systematic Nomenclature

« ARER, SRIRE AR AR

L EZN

BRIR

EEBAR

E X

HHIEF &R

B3\

[ ]

ST

bridged ring
52 Et ARt RS
|2 F B Z I kg

7L
bridgehead carbon

Be  +EHARHR
cyclo+|[ ]+parent name
[RER. NI A

Kk > K-> 55— ki
> INR SRR > E M Sk bk

spiro ring
52 A= RETF
FIESZN SIS
2R

spiro atom

B2+ J+EHARER

spiro+[ ]+parent name

[/NER.KIR]
INER LIRS F B B > N ER
>R F->KIE
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