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Anthrachinon

O O @)
alle
gelb
@) O @)

p-Benzochinon  1,4-Naphthochinon Anthrachinon
L T e *
-HZO
H A'\

OH| Chelat-Komplex,

@) ®
OH
s besonders gut haftbar
AlP* auf Fasern.

O
NH,
5 _KCIO; _ O HN
KOH NH O
200-250°C “
@)
oxidative Dimerisierung
Indanthren-Blau RS
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Synthese von Anthron

AIC § Zn
NaOH
CO

OH
lIIII:%X<\IIIII F. C:;Acyl
COOH
/\nthron 0- /\nthrol

(9-Anthracenol)

3 —O)

Phenol
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Synthese von Phenanthren

+

TS HF 1) Zn (Hg)
HCI
HOOC L, THO O\ HC

HF H
X M0 _

Y stabileres Kation
£©

===

H
0] O
instabileres Kation nicht beobachtet
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Basen, die in der DNA (Desoxyribonucleic Acid — Desoxyribonucleinsaure)

vorkommen
NH, NH, O
CH
LIy ¢ fi o
@) I}I @) I}I
H H
Adenin (A) Guanin (G) Cytosin (C) Thymin (T)
“ enzymlsche
Oxidation_ .
OOO enzymlsche
Hydrolyse
Benzpyren BenzpyrenOX|d
ein Arenoxid

nucleophile
Addition an

.
>

den Epoxidring

‘OO Oxidation |
_—

HO"" HO
OH

trans Diol

Zucker ......
‘OO Guanln (G)
HO""

OH
O
Q—e = OO0—C00
Benzoloxid Oxepin Naphthalinoxid

CHy COOH
ey
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Nicht-aromatische Heterocyclen

Cyclische Ether Cyclische Thioether Cyclische Amine
o s > NH
Oxivan (Ethylenoxid) Thiiran (Ethylensulfid) Aziridin (Ethylenimin)

i (] "

Oxetan Thiethan Azetidin
\ \ \
@) S E/NH
Tetrahydrofuran Tetrahydrothiophen Pyrrolidin
O S H
(J () 9
Tetrahydropyran Tetrahydrothiopyran Piperidin
0 OH
[ > 1,3-Dioxalan(AcetaI aus [ + H,C=0 )
O OH
S SH
[ > 1,3-Dithian (Thioacetal aus [ + HZCZO)
S SH
O
ph > NN B-S CH; o a
I Penicillin G O
© O// N CHs p-Lactamring P v

COOH y-Butyrolacton
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Funfgliedrige Ringe
Aromatische 5-Ring-Heterocyclen:

{3 [fl (f) [V,

| @Cl
Pyrrol Furan Thiophen Cyclopenta—
dienylanion
@ """ sp? @ """ sp?
_ rd P
MO-Bild 6 6— H O 3
Resonanzstrukturen

I By [\ T
y o TG V&
H H H H

Dipolmomente Basizitatskonstante Kg =[B _I_HBgOH_]
1O DT ww
H
1.73D 1.90D 1.58 D
l/ >\ v l/ >\ v K/ \B I 2.5 x10™ [M]
O S N
H
0.70D 051D 1.81D

Resonanzenergie: R.E. = 22-28 kcal/mol

Protonierung von Pyrrol: / +HO <——_
N

H
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Porphin
(Grundkorper |
sonst Porphyrine) N

Porphyrin-Derivate:

Chlorophyll (griines Pflanzenpigment)
Hamoglobin (Sauerstoff-Transport im
Blut) (Folie 378)

Nicotin

(Alkaloid des Tabaks)
Alkaloid O alkalidhnliche

also basische Eigenschaften

Synthese von Furan, Thiophen und Pyrrol

1) Furan
CH=0 CH=0
H__
HO—— HZSO4 - ZnO/Crzo:g; = 0
-3H,0 = 400°C
H——OH " Co
CH,OH Furfural Furan
Pentose

(z.B. aus Kleie)

Mechanismus

C . @ 3
H=0 CH—OH CH—OH CH=0OH
aCHOH . COH C—OH C—OH
+ I -H+
BCHOH HOH  — "2 {®CH <—> CH r—
HOH HOH 2 CHOH CHOH
CH,OH CH,OH CH,OH CH,OH
Keto-Enol-Tautomerie
QH:O ?H:O ?H:o OZQH on CH=0
C—OH C—OH ®C<OH c”
I + | - -H,O0 =
H CH™ 2
N ThS LT T ) TR Y
- - s
HOH 2 |@cH CH CH CH?
CH,OH CH,OH CH,OH
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2) Thiophen

560°C
HC— CHy— CH,—CH ﬁ» C

3) Pyrrol
Cu,C NHy =
HC=CH + 2 H,C=0 ——%2—» HO—CH,—C=C—CH,—OH —3> NH
oder NaNH, . ruck ‘s
2-Butin-1,4-diol
2 H,0

(technische Synthese)

Substituierte Furane, Thiophene und Pyrrole aus 1,4-Diketone

P,O
— O 2,5-Dimethylfuran
- H,0O

/

P,S
_0O — __ S 2,5-Dimethylthiophen

2,5-Hexandion

NH3

_ > A
J2H,0 L NH 2,5-Dimethylpyrrol

\
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Reaktionen

1) Elektrophile aromatische Substitution

Reaktivitat: Pyrrol > Furan > Thiophen >> Benzol
NO,
AcONO
[\ @\ + /[ \; (Nitrierung)
S Ac,0 S N02 S
10°C
70 % 5%

2-Nitrothiophen 3-Nitrothiophen

[l [
/\—\// \ HiC—C-O-C—CH3 @
O BF3[OEt, o lcl;/CHg, (Friedel-Crafts-Acylierung)

O
75-92%
2-Acetylfuran

4 § © — >/ \
QN N el HCI Q\NZN@ (Azokupplung)
|

2-(Phenylazo)pyrrol

J\ v, 29
S Benzol S |
75 %

2-lodthiophen

Orientierung bei der Substitution

® _
L (L Y () S g P S )
S” "NO, S No, s NO,
3
S |\|o2
/ I

B-Angriff S

weniger stabll
unaunstiger als a-Anariff
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2) Diels-Alder-Reaktionen

Reaktivitat: Furan > Pyrrol > Thiophen
0 Q Q5
// /
= J H J 0
o+ o —= H 4
S >—/—O 0
\ O/ O HH
@)
endo-Addukt exo-Addukt
Hauptprodukt Nebenprodukt

3) Hydrierung (gesattigte Systeme)

U H,, Ni U

I}I 200-250°C I}I
H H
Pyrrol Pyrrolidin
f/ \} H,, Ni / \
O 50°C O
Furan THF
Sn2
B@Br Na,S <_\C8r o C
A, 2 A i5|©A -NaBr g
_— - NaBr -
1,4-Dibrombutan Na @ Tetrahydro-

thiophen
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Sechsgliedrige Ringe (Sechring-Heteroaromaten)
L =
Pyridin: @

Dipolmoment

S

2.26 D 1.17D

Kekule-Strukturen

@
= A A =
X = __® — A~ —
N oN No

N NG
Pyridin-Derivate
= | y CH; CHj
|
SNT O CH, Sy 7
N
N
2-Methylpyridin 3-Methylpyridin 4-Methylpyridin
a-Picolin B-Picolin y-Picolin
= | CHj3 _ COOH
|
HC™ SN~ CH, 7 Sy

2,6-Dimethylpyridin

2,6-Lutidin

NS

HC™ N~ "CHj
2,4,6-Trimethylpyridin
(Collidin)

Nicotinsaure

(3-Pyridincarbonsaure)
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Reaktionen des Pyridins
1) Elektrophile Substitution

NO,
KNO; > ~ | 3-Nitropyridin

H S04, 300°C s (22%)

= SO;H
@ 20% SO3, HySO4 @ 3-Pyridinsulfonsaure
N

N 230°C, 24h (71%)

00"
300 C

3-Brompyridin 3,5-Dibrompyridin

Br

= Br2 = . -
| —>HOA | 5-Brom-2-aminopyridin
~ C =~
N NH, 20°C N NH,

2-Aminopyridin

Erklarung der Orientierung des Substituenten in die m- bzw. 3-Position

Elektronensextett und positive Ladung
am N-Atom [J besonders unglnstig

X ST ZZNC o
|ﬁ|> v < _ v < | v 0-Substitution

H N 'H N 'H
H Y H Y H Y
BN @ ® ® fj p-Substitution
©) Z N
N N
H ® H
= = o
- Y <— | Y  m-Substitution
S @ @ N N/
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2) Nucleophile Substitution

a)

= |\||_|3 =
| +INH;—2—> (*Br — | _NAs (7
N \ o NH,Br
N Br g)'H3 Br N NH2

@ - NH3
2-Aminopyridin

b) Tschitschibabin-Reaktion und Ziegler-Reaktion

~
+NaNH,—2—— (\/IL o wH,l 22, (\/L
1)Ph=N(CHg), | o~ @ NaOH

(Rickflug)y L N NH Na NH,
= 2) H,0 2—Am|nopyr|d|n
| 70-80%

N
+Q Li —>110 S | + HZ/
Toluol

2-Phenylpyridin

Mechanismus

N G e
~ J'NHz |\|H2 - NH, < | NH,
N N" N"

H,0_
® GH + H,
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3) Basizitat

X AN
| ) +HO0 =—= | +©O0H Kg=23010°

@
o )
sp H
_~_ H
/\ + HO — | o +©0H Kg=2510""
N N H
| I
H H
®
RsNI + H,0 RsNH + ©0OH Kg = 10

Relative Aziditat

» abnehmende Aziditat

H-C=C-H > QH bzw. H,C=CH-H > HyC—CH,—H
T \ ! f

sp sp? sp? sp®

Stabilitat der Anionen

» abnehmende Anionenstabilitdat, zunehmende Basizia
H—CECQ)e > @@ > H3C—CH2@@
sp sp?

3

sp

@N@ > ch—?le@
I T 3

sp? sp

{ Mti v weczeon ==

starkere Base starkere Saure

QH + H-C=CI® Li®
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4) Alkylierung von Pyridin (Sy2-Reaktion)

= =
|+ CHyg — @ © N-Methyl-
N 3 N pyridiniumiodid
N N&
CH;

5) Reduktion

~ | 3 Hy 5 O Piperidin
N Pt, HCI, Kg = 20107 [M]
N° 25°,3atm N

H

Hantzsch-Synthese von 2,6-Dimethylpyridin

I — >

CH+CH-,0 CO,CH,CH CH3CH,0,C CO,CH,CH
32 2\(|3H2 H,C™ 2L H3 3-H2L2 II 27 3HNO3, H,S0,

C C -3H20
7N\ 7
HC o \CH3 H4C EI CHs
NH3 89 %

Diethyl-1,4-dihydro-2,6-dimethyl-
3,5-pyridincarboxylat

CHyCH,0,C.__~_CO,CH,CH; 1 KOH, Hz0 _
J\/j\
j:\/( - 2 CH4CH,0H, - 2 CaCO; A

HC~ "N~ “CHa HC~ "N~ “CHy
65 % 65 %

Diethyl-2,6-dimethyl-3,5- 2,6-Dimethylpyridin
pyridincarboxylat
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5

4 5 4
10
7 =92 7 _N
SQIII g 0 1 2

Chinolin Isochinolin
Kg = 3071° [M] Kg = 1.1[07° [M]

a) Skraup-Synthese von Chinolin

CH,0H
H,S0;, (FeSO,)
/
NH, CHZOH QNOz A

Anilin Glycerin

b) Friedlander-Synthese

CHO CH
77\ _EN°
NH, O H  400°C N7

Aldol-Kondensation
nucleophile Addition

¢) Bischler-Napieralski-Synthese von Isochinolin-Derivaten

LeW|s—Saure
/O - P O
. R -HCl_ P05
NH; H NH
R
2-Phenylethylamin G Frledel Crafts-

o Alkylierung

X
- HOH Pd. A
NH _N -H, _N

R OH R R
R = CHj : 1-Methylisochinolin
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Alkaloide: Physiologisch wirksame Heterocyclen der Natur

Morphin Heroin Chinin

O CH,
H\O HCs N

PN

(I 40

X CH3 @) N

N

\
CHa

Strychnin Nicotin Coffein



