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Organic Chemistry

* Organic chemistry deals with carbon-containing
compounds that contain C-C or C-H bonds, and
sometimes a few other elements such as oxygen,
nitrogen, sulfur, phosphorus, and the halogens.

- there are many more compounds that contain carbon than
there are compounds that do not
- the molecules containing carbon can be very simple and very

complex
+ methane molecule contains five atoms per molecule
+ DNA contains tens of billions of atoms per molecule.

Why is that?
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Hybridization and Orbitals Used by Bonds Formed by
Resulting Geometry Each C Atom Each C Atom Example

109.5

|
3 r 3 0 .
sp’, tetrahedral four sp” hybrids P ; | four ¢ bonds ethane H—C—C—H
‘( ' l‘{ ]ll
¥

H H
S s
sp?, trigonal planar three sp? hybrids, three o bonds, ethylene C=C
one p orbital one 7 bond H/ \H
sp, linear two sp hybrids, two o bonds, acetylene H—C=C—H
two p orbitals two 7 bonds
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’ Hydrocarbons I
Aliphatic Aromatic
hydrocarbons hydrocarbons
Y y
Alkanes ‘ ‘Cyclonlkanes | Alkenes Alkynes
Y Y
Saturated Unsaturated
Figure 27-1 M, Classification of hydrocarbons.
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CH, or H—C—H
I

(a)

CH,

(h)

(c)

(d)

()

Figure 27-2 M, Representations of a molecule of methane, CH,. (a) The condensed and Lewis formulas
for methane. (b) The overlap of the four sp* carbon orbitals with the s orbitals of four hydrogen atoms
forms a tetrahedral molecule. (c) A ball-and-stick model, (d) a space-filling model, (e) a three-dimensional
representation that uses the wedged line to indicate a bond coming forward and a dashed line to
represent a bond projecting backward, and (f) an ECP plot.

Lars Birlenbach
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(a)

&
& &

Figure 27-4 Ball-and-stick and space-filling models and a three-dimensional representation of

propane, CHg.

Lars Birlenbach

Alkanes

&
&

&

H H H -
1 1!
H—C=C—=C--H  Figure27-5 Ball-and-stick
‘ models of the two isomeric
H H H C,H,, hydrocarbons, butane,
CH;CH,CH,CH,, and methylpropane,
CH,C[HCH,

CH,.
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Homologous series

Molecular Normal
Formula TUPAC Name bp (°C)
CH, methane —161

C,Hg ethane —88

C;Hg propanc —42

CiHpo butane +0.6
C;H,; pentane 36

Celyy hexane 69

C,Hyg heprane 98

CgHig octane 126

CoHjzg nonane 150
CipHy, decane 174
Ci1Hz4 undecane 194.5
C|2H26 dodecane 2145
C3Hyg tridecane 234
CyHyp tetradecane 252.5
CysHs, pentadecane 270.5
CisHiq hexadecane 287.5
C7Hy4 heptadecane 303
CigHig octadecane 317
CisHy nonadecane 330
CyoHy, eicosane 205 (at 15 rorr)

Boiling point. °C
g

400

g

(g)

(=]

—100 Gases

] o [
2 4 6 8 10 12 14 16 18 20

Number of carbon atoms in alkane
Figure 27-6 A plot of normal boiling
point versus the number of carbon
atoms in straight-chain, saturated
hydrocarbons.

s

36.7

n.de 7

Example 27-1 Isomeric Alkanes

MOLECULA
REASONI

Write the Lewis formula of each of the three isomers having the molecular formula of
C;sH,,. The boiling points of the three isomers are 9.5°C, 27.9°C, and 36.1°C. Match each

compound with its boiling point.
Solution

CH}C(CH});, bp =

9.5°C; CH,CH,CH(CH,),, bp = 27.9°C;

The three compounds are - 4 CH;CH,CH,CH,CHj, bp = 36.1°C.

]ll ]‘I Ill Ill l\l
S
H H H H H

i

H*C*IC*C*C*H same as
H
H

Lars Birlenbach

H—C—H
i
H H H H
H—C—C—¢—C—n
oo ow
HisC—H
h
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H\C/C\ /C\C/H
H™ l ‘\ “H  Rotation about a single bond does
H I H H not generate a different isomer. For
example, the following two drawings
H = differ only by rotation about the
‘ } bond shown in red; they both
H CI a represent the same isomer of C;H;,
},C/ ipt-H (see Example 27-1).
H-

Lars Birlenbach
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B Table 27-3 Isomeric C4H,, Alkanes

I[UPAC Name

hexane

2-methylpentane

3-methylpentane

2,2-dimethylbutane

2,3-dimethylbutane

Lars Birlenbach

i Table 27-4 Numbers of
Possible Constitutional Isomers

Formula
of Alkanes
CH;CH,CH,CH,CH,CH;
Formula Isomers
CH;CHZCH3(|:HCH3 C,H,,
CH; CgHig 18
. . R N CoH,y 35
CH;CH,CHCH,CHj
| CioHy, 75
e CiiHyy 159
CH; Ci2Hze 355
e
CH;CH,CCH; CisHag 802
| CisHsg 1,858
CH
’ CisHsp 4,347
C '.%Crf 1 —(‘?I ICH; CyHy 366,319
CH; CH; CysHs, 36,797,588
CyHe; 4,111,846,763

birlenbach@chemie.uni-siegen.de 10

15.12.2022



Cycloalkanes

/ng
i, H,C” CH,
y B,G—CH H.C C
S5 2 2 2 U mce_ _on,
H,C—CH, H,C—CH, H,C—CH, CH,
cyclopropane cyclobutane cyclopentane cyclohexane

A O B
< g O U

cyclopropyl cycloburtyl cyclopentyl cyclohexyl

Lars Birlenbach birlenbach@chemie.uni-siegen.de 11

Naming Saturated Hydrocarbons

SUMMARY OF IUPAC RULES FOR NAMING ALKANES

1. Find the longest chain of C atoms. Choose the base name that describes the number
of C atoms in this chain, with the ending -ane (Table 27-2). The longest chain may not
be obvious at first if branches of different sizes are present.

2. Number the C atoms in this longest chain beginning at the end nearest the first
branching. If necessary, go to the second branch closest to an end, and so on, until
a difference is located. If there is branching at equal distances from both ends of
the longest chain, begin numbering at the end nearest the branch that is first in
alphabetical order.

3. Assign the name and position number to each substituent. Arrange the substituents in
alphabetical order. Hyphenated prefixes, such as fert- and sec-, are not used in
alphabetization of the substituents.

4. Use the appropriate prefix to group like substituents: di- = 2, tri- = 3, tetia- = 4,
penta- =5, and so on. Don't consider these prefixes when alphabetizing attached groups.

5. Write the name as a single word. Use hyphens to separate numbers and letters (plus
some hyphenated prefixes) and commas to separate numbers. Don’t leave any spaces.

Lars Birlenbach birlenbach@chemie.uni-siegen.de 12
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CH,
Cl 1;—(‘11 I—CH,—CH,—CH,—CH,
1 2 3 4 5 6
2-methylhexane
CH,
(LI-I;C:LCI-IB(JII:(ZI-Ig or  (CH,),C(CH,),CH,

CH,
~ CH,
1 2l 73 4 5
(:|i3—(_‘:—(:1|2—(:|12—(:113
CH,
2,2-dimethylpentane
Lars Birlenbach birlenbach@chemie.uni-siegen.de 13
£,
CH;—€—CH,—CH—CH,
CH, CH;
CH,
CH, CH,
1 2|l 3 4 1 2l 73 4 5 6
(L[I3—(‘L—(2I13—(|le—(2][3 or (:113—([:—(:1|_,—(I:H—(:|12—(:|13
5
CH, CH, CH, CH,
3 o 2 3 3
CH,
2,2 4-trimethylhexane
Lars Birlenbach birlenbach@chemie.uni-siegen.de 14
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Writing Formulas from Names

Write the structure for the compound 2-cyclopropyl-3-ethylpentane

i

1 2 3 4 5
CH; —CH—CH—CH,—CH,
CH,

|
CH

Lars Birlenbach birlenbach@chemie.uni-siegen.de 15

Unsaturated Hydrocarbons: Alkenes

One I Hond

Finnira 27-R Fainr € — H v handc 4 3 2 3
CH,—CH, CH,—CH—CH, CH,CH,—CH=CH,
systematic: ethene propene I-butene
trivial: (ethylene) (propylene) (butylene)

12 3 4
CH;CH=CHCH, CH;—C=CH,

2-butene

CH,
methylpropene
(isobutylene)

Lars Birlenbach birlenbach@chemie.uni-siegen.de 16
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1 4 5 1
CH, CH(CHy, CH, H
S S S
}(’_(4\ o g g
H H H CH(CHy),
}-methyl-2-penten trans-4-methyl-2-pentence
1 2 3 4 4 3 2 1
CH,=CH—CH=CH, CH; —CH=C=CH,
1,3-butadienc 1,2-butadiene
Lars Birlenbach birlenbach@chemie.uni-siegen.de 17

Unsaturated Hydrocarbons: Alkynes

CH=CH (:l"']}—(:E(jI'"]
ethyn propyne
(acetylene)

C]];*CHL)*CE(:II (1”3*(23(1*(71113 C”;*('l]]*(:f(:[[
-butyne 2-butyne
e CH,

3-methvl-1-butyne

Write the structural formula of 5,5-dimethyl-2-heptyne

CH,
5 6

1 2 34 7
CH,C=CCI 13(1;(;1 1,CH,
CH

Lars Birlenbach birlenbach@chemie.uni-siegen.de 18
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Aromatic Hydrocarbons

(h) I|I ]ll
H_ _C_ _H H LM
| [ ]
C G ] &
H™ Sc¢” TH H™ ~c” TH
| I
H H
H
N r Y
‘ or, more snnp]y ( )
/L\ //\ Rise
H
Lars Birlenbach birlenbach@chemie.uni-siegen.de 19
CH,CH,4 CH,CHj, CH,CHj,
CH,CH,4
ethylbenzene 1,2,4-triethylbenzene
1 4
(,'Ilg CH,
Pt
2C= c3
Il
O < )
phenylcyclohex is-2-phenyl-2-butene
Lars Birlenbach birlenbach@chemie.uni-siegen.de 20
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Condensed aromatic systems

H
H AN H
L O]
H H : : H
H H H
H H H H H H H
naphthalene, C;gHg anthracene, C4Hg phenanthrene, Cy4H g
Lars Birlenbach birlenbach@chemie.uni-siegen.de 21
Carbon nanotubes
g
A colored atomic force microscope (AFM) image of a carbon
nanotube wire (blue) on platinum electrodes (yellow). The
nanotube is 1.5 nm across, a mere 10 atoms wide. This is
Lars Birlenbach birlenbach@chemie.uni-siegen.de 22
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Saturated hydrocarbons
Contain only C—C

and
C—H single bonds
(Sections 27-1 and 27-2)

Aliphatic hydrocarhons
Contain C—C single,
double, and triple bonds.
‘but no aromatic rings
(Sections 27-1 t0 27-4)

Hydrocarbons
(contain C, H only)

(Sections 27-1 to 27-T)

Aromatic hydrocarbons
(Sections 27-5 and 27-6)

Unsaturated hydrocarbons
Contain one or more
C=C double or
C=Clriple bonds \
(Sections 27-3 and 27-4) ||

Alkanes, C,Hy, 2
Contain no rings

SOME EXAMPLES

methane, ethane,
hexane,

2-methylhexane,

o3 o T

22 ylp

Cycloalkanes, C H,,
Contain rings

— cyclopentane,

Alkenes
Contain one or more
C—C double bonds
(Section 27-3)

Alkynes, C_H,, »
Contain one or more

C=C rriple bonds
(Section 27-4)

cyclopropane,

cyclohexane

Cycloalkenes, C H,, »
cyclopentene,
cyclohexene

Polyenes
\ Contain more than one
C=C per molecule—
e.g.. 1.3-butadiene

acetylene, 1-butyne,
3-methyl-1-butyne

benzene, naphthalene,

Figure 27-13 A classification of hydrocarbons.

anthracene, toluene,
Pp-xylene
T ——

Functional Groups

* Organic Halides

» Alcohols and Phenols

* Ethers

- Aldehydes and Ketones
* Amines

« Carboxylic Acids

- Some Derivatives of Carboxylic Acids

Lars Birlenbach
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N Table 27-7 Some Organic Halides

Ball-and-Stick Electrostatic Charge bp IUPAC Name
Formula Structural Formula Model Potential Plot (°C) Common Name
CH,Cl H 23.8 chloromethanc

CH,CI, Cl

CHCl, cl

H—C—Cl

CCly Cl
[

Cl——(li—(ll

Cl

Lars Birlenbach

e &
< €
SIS S A
A &

methyl chloride

40.2 dichloromethane
methylene chloride

trichloromethanc
chloroform

76.8 tetrachloromethanc
carbon tetrachloride

birlenbach@chemie.uni-siegen.de 25

Alcohols and Phenoles

H
H—ES
H
water
H
R—(‘;'—OH I
1‘1

a primary (1°) alcohol

CH,—l CH,—CH,—CH,—

methanol
methyl alcohol
(wood alcohol)

1-propanol
propyl alcohol
(a primary alcohol)

Lars Birlenbach

a secondary (2°) alcohol

H

L N
Hoc—cform () forH

H
ethanol phenol
R’ R’
—(‘ — R —(|J—OH
l‘l l|{"

a tertary (3°) alcohol
OH OH

| !
C[lf*(;ll*()l[3 |
CH3
2-methyl-2-butanol
t-pentyl alcohol
(a tertiary alcohol)

2-propanol
isopropyl alcohol
(a secondary alcohol)

birlenbach@chemie.uni-siegen.de 26

CH,—C— 0,

15.12.2022
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H H
nonpolar : polar
PiTCa — H—(lj—Cli——O—I-I *— | part
B Table 27-8 HoH
Normal Solubility in H,O
Name Formula bp (°C) (g/100 g at 20°C)
methanol CH;OH 65 miscible
ethanol CH,;CH,0OH 78.5 miscible
| -propanol CH;CH,CH,0OH 97 miscible
[-butanol CH;CH,CH,CH,OH L7 7 7.9
[-pentanol CH;CH,CH,CH,CH,OH 137.9 T
[-hexanol CH;CH,CH,CH,CH,CH,OH 155.8 0.59

Physical Properties

Lars Birlenbach

birlenbach@chemie.uni-siegen.de 27

polyols are alcohols that contain more than
one -OH group per molecule

("IIIZ*(\TH2 CHR*(]'III*(‘I]I2
OH OH OH 'OH

1,2-ethanediol 1,2-propanediol
ethylene glycol propylene glycol
(the major ingredient in
permanent antifreeze)

Lars Birlenbach

("Jllzf(lﬂf(fll2
OHY MOEE KOFT

1.2 J-propaneti 1ol
glycerine or glycerol
(a moisturizer in cosmetcs)

birlenbach@chemie.uni-siegen.de 28
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Ethers

_(‘;_0_(‘1_ H—O0—H R—O—H R—O—F

‘ ‘ water alcohol ether

TN N S
(7 O=CH == O—7 "\
sl — 0 IsH H,E@SS ST CH, f\/ \'f s F/ \\\T_ { )
E 3 E < 3 N i) \\;} { ) L QL /;
methoxymethanc methoxyethan methoxybenzenc phenoxybenzer
dimc[h_\fl ether methyl ctﬁ_\‘] ether methyl phenyl ether diphenyl ether
(an aliphatic ether) (an aliphatic ether) anisole (an aromatic ether)
(a mixed cther)
Lars Birlenbach birlenbach@chemie.uni-siegen.de 29
Functional Groups
- Aldehydes and Ketones
* Amines
« Carboxylic Acids
 Some Derivatives of Carboxylic Acids
Lars Birlenbach birlenbach@chemie.uni-siegen.de 30
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Aldehydes

Common Name Formula
formaldehyde (methanal) o
H*EI*H
acetaldehyde (cthanal)
Cl l;-g—ll
propionaldehyde (propanal) 9)

[
CH;CH,C—H

benzaldehyde (@]

Lars Birlenbach

@5 =

birlenbach@chemie.uni-siegen.de 31

I
CH;—&—CH;

acetone

( )eo

cyclohexanone

O
1 2l 3
CH;—C—CH,

butanone

Lars Birlenbach

Ketones

(”) O
CH;—J@&8—CH,CH;

methyl ethyl ketone

|
CH;3CH,—C~—CH,CH;

diethyl ketone

~\ M I
= B e\ s

acetophenone
(methyl phenyl ketone)

benzophenone
(diphenyl ketone)

0 CIL
4 1 2 3l 4l 5 6
—CH; CH;—CH,—C—CH—CH,—CH,

4-methyl-3-hexanone

birlenbach@chemie.uni-siegen.de 32
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Amines
NH, RNH, R,NH
]I—T’—H ('III_;—I\‘I—II (’III_;-—IT]—('IH3

H H

ammoma [NL‘:!IV\‘EHIHHC
(a primary amine)

H NH

H
2
|1

|
H—C—C—(\:—C—H

H H H H

2-aminobutane or sec-butylamine

Lars Birlenbach

H

dimethylamine

(a secondur}‘ amine)

NH,

RyN

CH; it CH

CH,

trimethylamine

(a terdary amine)

|
CCHZCH3

I-amino-3-ethylcyclohexanc

birlenbach@chemie.uni-siegen.de 33

Carboxylic Acids

B Table 27-11 Some Aliphatic Carboxylic Acids

Formula

HCOOH

CH,COOH

CH,CH,COOH
CH,CH,CH,COOH
CH;CH,CH,CH,CH,COOH
CH,(CH,),,COOH
CH,(CH,),,COOH
CH,(CH,),;COOH

Lars Birlenbach

Common Name

formic acid
acetic acid
propionic acid
butyric acid
caproic acid
lauric acid
palmitic acid

stearic acid

TUPAC Name

methanoic acid
ethanoic acid
propanoic acid
butanoic acid
hexanoic acid
ti”llk't'.!”"lk' .Ei'id
l]L’\J(]L'K.\H' ri\' J(,'hi

octadecanoic acid

birlenbach@chemie.uni-siegen.de 34
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O O
B. a A B 7
(_,l'l3 (TI[ -C\ (|JH (_,ll —(_,ll -C\

Br OH o
2-bromopropanoic acid 4-hydroxybutanoic acid
(a-bromopropionic acid) (y-hydroxybutyric acid)

O OH O @OH
\\(;/ \CI:/
CH
N ‘/% 3
) X
Cl CH;
benzoic acid p-chlorobenzoic acid 2,4-dimethylbenzoic acid
Lars Birlenbach birlenbach@chemie.uni-siegen.de 35

Some Derivatives of Carboxylic Acids

H
RCCI RCOR R—CNEE

an acyl chloride an ester an amide
(an acid chloride)

O O

I I
CH,C—OH + HO—CH,CH; —> CH,C—O0CH,CH; + H,0

acetic acid ethyl alcohol ethyl acetate

i) O L\ ﬁ)
CH,CH,C—OC(CH,), (,11(, o(\> ( D/ 16— 0CH,

t-butyl propionate phenyl acetate methyl benzoate

Lars Birlenbach birlenbach@chemie.uni-siegen.de 36
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Fats (solids) and oils (liquids)
- are esters of glycerol and aliphatic acids of
high molecular weight

* Fatty acids are long-chain organic acids
whose esters occur in fats and oils.

O
Glycerol is R—('E—O—CH,
HO—ClIH, (@]
II()—(‘;II R —(Il,—O—CII
H( )—(‘:l [ Q

|
R—C—O—CH,

- Waxes are esters of fatty acids and alcohols
other than glycerol

Lars Birlenbach birlenbach@chemie.uni-siegen.de 37

Hydrogenation of fats

0.
L0

0 0
D)\/\/\/\/\‘Q

Ho G NN

Y Q

lﬂo H, / Katalysator

Bildquelle: Wikipedia

H4C
o
o]
O HsC
o o
*’?ﬁ
o
HsC

3

Lars Birlenbach birlenbach@chemie.uni-siegen.de 38
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Autoxidation

— CHy— CH=CH— + 0,

— CH—CH=CH—
0— OH

Linoleic acid is used in making quick-drying oils, . _ .
which are useful in oil paints and varnishes. CH, /C H CI:'
These applications exploit the easy reaction of 0 0
the linoleic acid with oxygen in air, which leads N d

to crosslinking and formation of a stable film ~ — CH;—CH—CH—
called linoxyn

Lars Birlenbach birlenbach@chemie.uni-siegen.de 39

Bildquelle: chemieunterricht.de

Carbohydrates

H 6
H—C=0 .| CHOH I
C—~e—"x

\
"—OH HO™ "\ —C:
4 . : T
HO—C—H L~

H()ﬁ(-L/ OH |

OH W (h)

CH,OH H 6 |||
6
4

| CHOH o p ¢ u »OH
(a) H(1~*'(‘-\k}( /“\ HO—C k\( i \
H OH
H ~— ~ /
HO / (;H \IL/ ll(l ( \(ll—i \
i
H OH H

(el (c2)

Lars Birlenbach birlenbach@chemie.uni-siegen.de 40
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B Table 28-4 Some Important Monosaccharides

Monosaccharides with Five Carbon Atoms

CHO CHO CH,OH
{]—(‘i—()ll II()—(‘I—II (|I=()
El—(‘l—()ll ll—(‘I—()ll ]l—(|2—()ll
i]—(‘i—()ll ]l—(‘:—()ll H—C—OH

(‘Illz()ll (‘Illz()ll CH,OH

ribose arabinose ribulose

Monosaccharides with Six Carbon Atoms

CHO CHO CHO CH,OH
H—C—OH HO—C—H H—C—OH (‘::0
HO—C—H HO—C—H HO—C—H [1()—(‘:—{1
H—C—OH H—C—OH HO—C—H 11—(‘:—()11
H—C—O0H H—C—OH H—C—OH 11—(‘:—()11
(’:Hz()ll CH,OH CH,OH (‘j]ll()ll
glucose mannose galactosc fructose
Lars Birlenbach birlenbach@chemie.uni-siegen.de 41

o-glucose

@)

' Chon_ 0 1 chy0H
HO-C——C+ ﬁl\ HO-C——>¢ lﬁ\
1 [ . I
\ ~\LH \ .,

: ! H
H/((_)H i H/((_)H G

0-C 3 0-
H }CEI‘ OH _H,0 H E :
———— + H,0
+ H,O -
6 O 0] 2
HOH,C / ' \L,/Ol-[ HOH.C / ' \ /
Cs C c Ca
s \ ’ \
H \]“l (I.?H (\'H:OH H \[:{ (L)y CH,OH
SR T
OH H OH H

f-fructose sucrose

Figure 28-11 Formation of sucrose by the condensation of an a-glucose molecule with a
B-fructose molecule.

Lars Birlenbach birlenbach@chemie.uni-siegen.de 42
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Figure 28-13 A small portion of amylopectin, or glycogen (a biopolymer).

Lars Birlenbach birlenbach@chemie.uni-siegen.de 43

Amino Acids

a-Amino acids are substituted carboxylic acids with the general structure
1
R*(‘ - — GO
N1,

where R can be either an alkyl or an aryl group. a-Amino
acids are the components of proteins, which make up the
muscle and tissue of animals

Lars Birlenbach birlenbach@chemie.uni-siegen.de 44
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Common Amino Acids Found in Proteins

alanine (Ala)

glycine (Gly)

isoleucine (lle)

leucine (Leu)

methionine (Mer)

Nonpolar R Groups
CH,CHCOOH
NH,

HCHCOOH

NH, )

. proline (Pro)

CH;,

Cl l‘(Z[]_,(II [(‘,[I(Z()()l]

NH, -

tryptophan (Trp)

(CI I‘):( "HCI 1:(|.‘l 1COOH
NH,

CH; SCH,CH,CHCOOH valine (Val)

NH,

. T e e
phenylalanine (Phe) C/ (@1 l:(l,il(.()()[l

NH,

‘\‘J S COOH

H
/(:Ilz(il 1COOH

-
> \\ .
QL
|
H

(CH,),CI l(‘:li( ‘OOH
NH,

A protein is a biopolymer, of molecular weight typically 5000 g/mol or
greater, consisting of one or more polypeptide chains. The a-amino acids
that occur in nearly all proteins are the L optical isomer.

Lars Birlenbach
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asparagine ( Asn)

glutamine (Gln)

Polar, Neutral R Groups

0
I

H,N( I(le:(ill(l( YOH serine (Ser)

NH,

O
[
III.\'(.(.EII(.Ilz(l.]l(.()()ll

NH,

threonine (Thr)

HOCH,CHCOOH
;\"Il:
OH
Cl l‘(".l I(|II ICOOH

NH,

Polar, Acidic R Groups

Polar, Basic R Groups

aspartic acid (Asp)

glutamic acid (Glu)

cysteine (Cys)

tyrosine (Tyr)

Lars Birlenbach

HOOCCI II(Zl[(I( JOH

.\!'H_. arginine (Arg)

HOOCCH,CH,CHCOOH
.‘\’I I,

“5(:”3("‘[ ICOOH histidine (Iis)

NH,

HO— <7>>7(Jll_,(|ll](2( YOH

NH,

lysine (Lys)

T'H
|
H,NCNHCH,CH,CI l:(‘ll 1COOH

NH,
N—
)
SN (,l[:(‘,ll(.()nll
H NH,

H,NCH,CH,CH,CH,CHCOOH
NH,
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Polypeptides and Proteins

e peptide
/,-' bond
/
lll (H) |‘| (‘) H (H) [ lll (H)
| E—T—(i—(:—()l I+ lI—T—(..‘—(,‘—()II — ll—fl\'—(l—(i - T—(lﬁ—(l—l)l [1 H,0
H R H R IH R H R
(|7\) (|7|) (\7|)
H,NCHCNI IC|:I ICOOCH, H,NCHCH, CH,CNHCHCNHCH,COOH
CH,  CH, COOH CH,SH
y glutathione
(.( )( )H Ph (GIIPC_\'&(}I»\')

aspartame
(Asp-Phe-OClH;3)

Each protein consists of one or more polypeptide chains with a unique sequence
of amino acids. The order of these monomers is termed the primary structure

of the protein.
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Val-Leu-Ser-Glu-Gly-Gu-Trp-Gin-Leu-Val-Leu-His-Val-Trp-Ala-Lys-Val-
lu-Ala-Asp-Val-Ala-Gly-His-Gly-GIn-Asp-lle-Leu-lle-Arg-Leu-Phe-Lys- L.
Sor-His-Pro-Glu-Th-Leu-Gh-Lys-Phe-Asp-Arg-Phe.Lys- His-Leu-Lys- The secondary structure of a protein is
Thr-Glu-Ala-Glu-Met-Lys-Ala-Ser-Glu-Asp-Leu-Lys-Lys-His-Gly-Vak Thr- .
Val-Leu-T:l-Ara-L:U-élsy-A.l:-l;-Lﬂ:—LYSF:LyB:LVZfGI;?His?HE)-‘G\:—Ala- The Gr‘r‘angemen‘f In Space Of The
Glu-Leu-Lys-Pro-Leu-Ala-GIn-Ser-His-Ala-Thr-Lys-His-Lys-lle-Pro-lle-Lys- M H
Tyr-Leu-Glu-Phe-lle-Ser-Glu-Ala-lle-lle-His-Val-Leu-His-Ser-Arg-His- pOIYPePTIde baCkbonel WIThOUT reference
Pro-Gly-Asn-Phe-Gly-Ala-Asp-Ala-Gin-Gly-Ala-Met-Asn-Lys-Ala-Leu- to The Confor-mafions of The side Chains
Glu-Leu-Phe-Arg-Lys-Asp-lle-Ala-Ala-Lys-Tyr-Lys-Glu-Leu-Gly-Tyr-Gin-Gly
(R groups).

The tertiary structure of a protein
describes the overall shape of the
protein, including the side chains and
@ any other nonpeptide components of
the protein.

Some proteins consist of multiple
" polypeptide units called subunits. These
subunits are held to one another by
noncovalent interactions such as
hydrogen bonding, dipole-dipole
O interactions, or ionic attractions to form
the quaternary structure of the protein.
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Primary Structure Secondary Structure
%Q RS [ |
o pogp
Q" a-helix
NH, ﬂoj
%00 B-pleated sheet
Tertiary Structure Quaternary Structure
w e von or Woate tnperaetiens :
CII
,:“.n" _ltn,4_»:n,

o

1
—CH,—CH, —CH, N0 - C —CH,—
tomic bona

Fig.10.2 Levels of protein organization
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Spider Silk

beta-sheet nanocrystal

beta-strand semi-amorphous phase fibril bundle=fiber fiber web
A nm >10 nm >100 nm um >mm
Push chemical concepts to larger scales (H-bonds, = o= . ck
molecular unfolding. .. )p ol : Push pts to scales
< > (modulus, strength...)
€
Molecular dynamics Coarse-grain model Continuum mechanics

Schematic representation of the hierarchical structure of spider silk

including detailed views of the microscale structure and flaws in silk fibers.
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Keratin based biomaterials

0.51 nm

ball-and-stick model of the polypeptide chain, and a-helix showing the location
of the hydrogen bonds (red ellipse) and the 0.51 nm pitch of the helix
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(b)  20m "
had

0
a%@

-

~45 nm — — \ - —

P

"N | — —
~—

-
Dimer Protofilament  protofibril Intermediate
filament

a-helix
chain

Schematic drawing of the intermediate filament formation: a-helix chains twist to
form the dimers, which assemble to form the proto-filament. Four proto-filaments
organize into the intermediate filament
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Isomerism

[somers

Constitutional
(structural)

Stereoisomers

(GGeometric Optical
(cis- or trans-) (enantiomers)
(b- or L-)
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Constitutional Isomers

pRpEy o mEen o omey

S A S N 0 D S A N
H HHHH H H H H H CH; H
pentane, CsHj, me thylbutar dimethylpropane
isopentane, CsH,, neopentane, CsH;,

CH,=CHCH=CHCH,CH, CH,=CHCH,CH=CHCH, CH,=CHCH,CH,CH=CH,

1,3-hexadiene, CgHyo 1 A-hexadiene, CgH o 1,5-hexadiene, C¢Hyo
pyy oy
CLEeT TR
OHOHH OHH OH
\-propanedi l, C3H902 1,3-propanedicl, C3H502
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T
H H
ethanol, C;HgO

15y

H—C—C—C—C—H

[
H HH

‘ |'<|‘~.)C4HEO
(butyraldehyde)

Lars Birlenbach

Cl
|
®
Newd
Cl T
Cl
enzene, CgHyCly -dichlorobenzene, CgH,Cly
H H
H—C—O—(E—H
H H
meth Xymethar -,CQHSO
(dimethyl ether)
b
H—C—(E—C—C—H
H H H
butanone, C4HgO
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(methyl ethyl ketone)

Stereoisomers

(@) )

Figure 28-2 Models of {a) cis-1-chloro-3-methylcydopentane and (b) trans-1-chloro-3-

methylcyclopentane.

Lars Birlenbach

(b)

Figure 28-1 Models of
(a) cis-dichlorocyclopropane and
(b} trans-dichlorocyclopropane.
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Optical Isomers

-
s
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No Optical Isomers

-
-
o
Mirror plane

Figure 28-4 Models of two mirror-image forms of bromochloromethane, CH,BrCl. The two models
are the same (superimposable), so they are achiral. CH.BrCl does not exhibit optical isomerism.

(
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Optical Isomers

¢y

Mirror plane

Ball-and-stick model of L-phenylalanine.
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Conformations
Staggered Eclipsed
conformation hd conformation \
H H
4 ¢
H// \H H/‘\I—I \)
H\C/H IiI
C
|
H < g .
(a) ()}

Figure 28-7 Twao possible conformations of ethane. (a) Staggered. (b) Edipsed. Rotation of one
CH; group about the C— Csingle bond, as shown by the curved arrows, converts one conformation
to the other.
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(a)

Conformations

(b)

Figure 28-9 Two conformations of
cyclohexane. (a) Chair and (b) boat.

Lars Birlenbach birlenbach@chemie.uni-siegen.de 61
Oxidation of alcohols
e COntent g
éc_-reqye&
™ i
1° alcohol R*(%*H m’ R—E—Fl (aldehyde)
H
T i
2° alcohol R—e ==l T R—&=-R' (ketone)
| oxidation
Rﬁ
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Oxidation of alcohols: primary

O
K,Cr,0; H
CH 3OH H—C—H
dil. H,50,
methanol methanal
bp = 65°C (formaldehyde)
bp = 221°C
O
K,Cr,0, |
CHSCH;, CHZCHZOH CH3 CHZCH2C—H
dil. 1,50,
1-butanol butanal
bp = 117.5°C {(butyraldehyde)
bp = 75.7°C
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Oxidation of alcohols: secondary
OH O
| K.Cr,0, I
CH,—CHCH, —~“'— CH,—C—CH,
dil. 1,50,
2-propanol acetone
(isopropyl alcohal)
[ H K,Cr,0,
————
L/ dil H,S0,
cyclooctanol cyclooctanone
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