Financovano Narodni =
Evropskou unii - plan Wr

NextGenerationEU -~ obmowy  MEEeses

Chemie organickych latek

Ustav
chemickych

UN I
HARM l1éCiv

doc. Ing. Pavel Bobal, CSc. IVI




Chemie organickych latek
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Enzymy (bilkoviny) Lys ++ H,N f—N\H
N / HIS i
Arg - NH
H,N
H
Cys - HS
Met - \S
OH
HO
Ser+ O  sacharid +
OH
HNN NH, HO
Q N-terminal +
COOH
COOH ~cooH Glu +
Trp - O C-terminal + Asp+
Tyr " OH
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Heterocykly: Nazvoslovi

. Hantzschuv-Widmanuv systém

nejCastéji u heterocyklu se 3, 4 a 7-10 ¢lanky a pro heterocykly
obsahujici vétsi pocet heteroatomu

. Zaménny princip nazvoslovi

uziva se pro cykly vétsSi nez 10 a pro mensi cykly obsahujici Si,
pouzivame jej také u bicyklickych a polycyklickych systému

. Trivialni nazvoslovi monocyklickych heterocykli

u 5 a 6-ti ¢lankovych heterocyklu s jednim nebo dvéma heteroatomy

. Systematické nazvoslovi ortho-kondenzovanych heterocyklu
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Heterocykly - nazvoslovi: 3-, 4-, 7- a viceclenneé
O1 H L S1
3\ 2 34\ 3/ \ 2 0
oxiran aziridin thiiran |>\/CI R
3

1 H 4 1 . .
0] N S epichlorhydrin —
Q2 Q2 )2 ‘
3 3 V3 1H-azepin
oxetan azetidin thietan

Zameénny princip nazvoslovi

thiazolidinovy kruh

HHH . thiazolidinovy kruh

N - E S .’ S
0 N 3""/ . .
0’7 123 U
COOH N
1

. 0’7 1 %
penicilin G COOH
(2S,5R,6R)-6-(2-fenylacetamido)-3,3-dimethyl- (25)-7-ox0-4-thia-1-azabicyklo[3.2.0]heptan-
7-oxo0-4-thia-1-azabicyklo[3.2.0]heptan-2- -2-karboxylova kyselina

karboxylova kyselina
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Heterocykly: Nazvoslovi

S H H N H N
)\ N_ N l// N r/ j
thiiran § N ) v L2 Lo

N—N X N -
<S> tetrazol indol purin 1,3,5-triazin
thietan /N ENJ /Nj /N

GGG

S N N X N \N
g\ /7 pyridin pyridazin pyrimidin pyrazin
thiofen N

N NN NN

S\ ~ ~ >

\ N
chinolin isochinolin chinazolin
isothiazol

W, 3y Ly >
\ / ~ & ~ Z

N N N N) N
thiazol chinoxalin pteridin akridin
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Heterocykly: Nazvoslovi

N\ N\
Do O &
o) S
furan-2-yl-  thiofen-2-yl- pyridin-2-yl- chinolin-2-yl isochinolin-1-yl
(2-furyl-) (3-thienyl-) (2-pyridyl-) (2-chinolyl-) (1-isochinolyl-)

pyrazin-2-yl benzo[b]furan-3-yl 1H-indol-2-yl 1H-pyrrol-2-yl  4H-pyrrol-2-yl
(pyrazinyl-) (3-benzo[b]furanyl-) (2-indolyl-) (2-pyrrolyl-)
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Priprava oxiranu
- oxidaci alkenu

H202’ N32W04
HOOC ~ COOH ~ NaOH.H,0 . HOOC  COOH

maleinova kyselina cis-epoxyjantarova kyselina
Cl H
/
0—-0
o)
R/o\/\ 0 > R/O\/<]
m-chlorperoxybenzoova
kyselina

- mechanismus

alken peroxykyselina epoxid kyselina
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Priprava oxiranu

- z halohydrinu pusobenim bazi

H 5 OH H
Cl, ; NaOH :
o O + H,O + NaCl
H H,O A T H,O .
Cl H
cyklohexen trans-2-chlorcyklohexanol 1,2-epoxycyklohexan
- mechanismus
' «O—H NaOH \‘(E g S\2 O

\ H,O - \ - /Q\ + Br

Br 2 _BrQ .

bromhydrin epoxid
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Reaktivita oxiranu: Kysele katalyzované otevirani oxiranu

- pfiprava vicinalnich glykolu — 1,2-diolu

(0 HO H

H30+ - ,! H
H™ )y "H H’:) <
H H H OH
oxiran ethylenglykol
(ethylenoxid) (ethan-1,2-diol)
- mechanizmus
i H H
:'H = o'H : OH : OH
° H3O +
0 —> O—H —» — + Hz0*
. ‘u i H [
. A4 ] . H
H w. /I:I To. OH
1,2-epoxycyklohexan \H /
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Reaktivita oxiranu: Kysele katalyzované otevirani oxiranu
- otevirani - halogenovodik HX
H H
Re . HX CtOH
)e — >
( ]?H i
X=F,Br,Cl I

- mechanizmus — primarni a sekundarni — nukleofil atakuje méné stericky branénou
polohu

sekundarni primarni

A}
A} ]
. L)

H.c A\ AL H HCI OH ¢l
7Q< > )\/CI + )\/OH
H H
1,2-epoxypropan 1-chlorpropan-2-ol 2-chlorpropan-1-ol
(90 %) (10 %)

12 Chemie organickych latek




Reaktivita oxiranu: Kysele katalyzované otevirani oxiranu

- terciarni - mechanismus Sy1

terciarni  primarni

TRATAUAT HCI Cl OH
>Q< - OH + o

H;C H
1,2-epoxy-2-methylpropan 2-chlor-2-methyl- 1-chlor-2-methyi-
propan-1-ol propan-2-ol
(60 %) (40 %)
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Reaktivita oxiranu: Kysele katalyzované otevirani oxiranu

VNAND 4D a4

CH; CHg

w o HBr < +
Gt —= O H

H H

1,2-epoxy-1-methylcyklohexan

Br’
Br <

-~

sekundarni karbokation

-

H.C &~ OF H.C

3: ) H 3: OH
Y | CE

H ‘' ¥H
L o+ - Br

2-brom-1-methyl-
cyklohexanol

Br

: 4CH3
CE

. "OH

H

nevznika

terciarni karbokation
stabilnéjsi

2-brom-2-methyl-
cyklohexanol

14
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Reaktivita oxiranu: Bazicky katalyzované otevirani oxiranu

28 [ o | OH
O ¥  :UH OH| H0 OH .
> — + OH
Ou H,0, 100 °C
(o) 1. ether P
2. H;0

H3C7&<H
i

nedochazi dochazi k ataku
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Heterocykly: 3-, 4-, 7- a viceclenné

Priprava aziridind — obdobna
Pfiprava 4-Clennych kruhu

Pfiprava 7-Clennych kruh

H 0 \N o
NH (0)
e S <
o o (CH30),S0,
ol » Cl NH » Cl NH
glycin ethyl-ester diazepinon dimethylsulfat diazepam
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Heterocykly: Nazvoslovi

3 3 3 3
z
/ \ / \ / \ |
2 2 2 ~ 2
N1 01 S1 N
H 1
pyrrol furan thiofen pyridin
5 4 5 4 4 3
IO GG
8 1 8 1 7 H
chinolin isochinolin indol
6 : - 6
5¢ N1 N
N1
LA o ]
4 =z 2 ~
N N s
O 4 N
3 3
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Nenasycené péticlenné heterocykly

Furan - dekarbonylaci furfuralu (kysele katalyzovanou dehydrataci pentos),
— dekarboxylaci furan-2-karboxylové kyseliny

H,0* Ni-katalyzator
Cs5H4¢05 /O@\CHO /0\ + CO

280 °C
furfural furan
Agzo
Cu-katalyzator
@\ - Z/ \> + CO
o COOH 200 °C o 2
furan-2-karboxylova furan
kyselina

18 Chemie organickych latek




Nenasycené péticlenné heterocykly

Thiofen — cyklizaci butadienu (butanu) se sirou

/) S
/ \ 600 °C > @

thiofen
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Nenasycené péticlenné heterocykly

Pyrrol -z Cernouhelného dehtu,
— reakci furanu s amoniakem v pritomnosti oxidu hlinitého
Jurjevovy reakce

NH, -H,0
Q = et HO///_\\\ = n s Q
H

- NH; NH, Ho
furan pyrrol
Al,05 450 °C
-H,S || HS -H,S | | H,S
- H,O NH;

HO///_\\\SH =~ = C/ j\ =~ = HS///_\\\NH

H,0 S - NH, 2
thiophen

20
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Struktura pyrrolu, furanu a thiofenu
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Bazicita dusikatych heterocyklov

(D P /)

sp3 sp? aromaticky
pyrrolidiniovy ion  pyridiniovy ion pyrroliovy ion
pPK, 11,27 pPK, 5,25 pK, 0,4

25 % s charakter 33 % s charakter

22
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Priprava pyrrolu

Paalova-Knorrova syntéza pyrrolu

R'_<_>_R - > R'AR

0 0 -H20 N
1,4-diketon pyrrole

R'_<_>/'_R a > R'/@\R

1,4-diketon furan
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Reaktivita furanu

- aromaticky charakter
- charakter dienu

(o)
O
—ee
0 o
exo-forma
-
<R o I W
~ zahrivani
O
o
25 °C \
—
O:(
N o
endo-forma
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Elektrofilni substituce pyrrolu, furanu a thiofenu

- v poloze 2 (a)

n

(0

furan

n

N
I

H
1H-pyrrol

0

S

thiofen

Bl’z

- >
dioxan

HNO;

o
acetanhydrid

CH5COCI

SnCI4

@\Br + HBr

O

2-bromfuran

2-nitro-1H-pyrrol

/ \ + HCI

S
o

2-acetylthiofen
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Syntéza isoxazolu a pyrazolu

- napriklad z 1,3-dikarbonylovych sloucenin

NH,OH
e g
~ /

o N
2,4-pentandion 3,5-dimethylisoxazol
©\ _NH,

H2N_H2N H

— —

I<NH /E<N_©
>~ / ~ /
N N

3,5-dimethylpyrazol 3,5-dimethyl-1-fenyl-1H-pyrazol

26
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Fischerova syntéza indolu

- syntéza indolu

R2
= CH,COOH
R—— | oo + oo r
NS N/NHZ 9
H R’
. aldehyd
fenylhydrazin nebo keton

- katalyza — kyselinami (AcOH, H,SO,, ZnCl,, atd.)
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Elektrofilni substituce indolu

Sg — v poloze 3 (B) ?

Br
3
Br
\y 2 A Ny + HBr
N1 dioxan, 0 °C N
H H
indol 3-bromindol

28
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Priprava pyridinu — Hantzschova syntéza

H _H
O \ﬂ/ O O HH O
O
APRFea S 500h
0 0 -3 H,O N
NH4 H
N H_ _H
,\ll/(j\] > > 4NH; + 6 \ﬂ/
/-N—/ O
oD

CH;COONH, == > NH; + CH3;COOH
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Priprava pyridinu — Hantzschova syntéza

-3 H,0
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Elektrofilni substituce pyridinu

- probiha tézko — drastické podminky — jenom do polohy 3 (?)

R

Z
N

Bl'z SO3 HNO3
300 °C H,S0, \ NaNO,

HgSO, \370 °C | =
220 °C P

Br SO;H NO,
s s s
N N

3-brompyridin pyridin-3-sulfonova  3-nitropyridin
(30 %) kyselina (5 %)
(70 %)
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Nukleofilni substituce pyridinu

- pouze v polohach 2 a 4 (ne v poloze 3 !)

| N NaOEt | N
> + NaCl
= Z
N cl EtOH N~ OEt
2-chlorpyridin 2-ethoxypyridin
Cl OEt
| N NaOEt | N
> + NaCl
Z Z
N EtOH N
4-chlorpyridin 4-ethoxypyridin
| N NaNH, | X
' + NaCl
~ NH3 ~
N Cl N NH->
2-chlorpyridin 2-aminopyridin
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Nukleofilni substituce pyridinu

- nukleofilni substituce vodiku v pyridinu — Ciéibabinova reakce

N~ “NH,

2-aminopyridin

Qe QL

2-aminopyrazin
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Syntéza chinolinu a isochinolinu

- syntéza chinolinu — Skraupova syntéza

H

NH, _N
©/ v ANE° - [~ |\j
N =

akrolein

chinolin
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Syntéza chinolinu a isochinolinu

- syntéza isochinolinu — Bischlerova-Napieralského cyklizace

H;PO, HNO; A
—_— —_—
NH  P,Os _N _N

1-methyldihydroisochinolin 1-methylisochinolin
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Elektrofilni substituce chinolinu a isochinolinu

S¢ reakce na aromatickém jadre prednostné

Br
AN Br, AN AN
+ + HBr
% H,SO, 0 °C o, <
N ’ N N
Br

chinolin 5-bromchinolin 8-bromchinolin
51 49
NO,
R HNO; N N
: o + + H,0
~-N H;SO4 0°C ~N ~N
NO,
isochinolin 5-nitroisochinolin  8-nitroisochinolin
90 10
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