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Nenasycené péticlenné heterocykly

Furan — dekarbonylaci furfuralu (kysele katalyzovanou dehydrataci pentos),

— dekarboxylaci furan-2-karboxylové kyseliny

Hs0" O\ Ni- katalyzator 7\
CsHygO5 ——————> Z B + CO

280 °C (&)

furfural

Agzol

Cu-katalyzator
Do 225 [ o
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furan

furan-2-karboxylova

furan
kyselina
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Nenasycené péticlenné heterocykly

Thiofen — cyklizaci butadienu (butanu) se sirou

//—\\_5,@

600 °C s

thiofen
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Nenasycené péticlenné heterocykly

Struktura pyrrolu, furanu a thiofenu

Pyrrol —z ¢ernouhelného dehtu,
— reakci furanu s amoniakem v pfitomnosti oxidu hlinitého
Jurjevovy reakce
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Bazicita dusikatych heterocyklov Priprava pyrrolu

Paalova-Knorrova syntéza pyrrold
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l P R—<_>—R NHs ﬂ
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R
N ) -H:0 N
1,4-diketon pyrrole

DU O +
VRSN o e oA

-H,0 (o)
sp’ sp? aromaticky oo 2
1,4-diketon furan
pyrrolidiniovy ion  pyridiniovy ion pyrroliovy ion ! u
pK, 11,27 pK, 5,25 pK, 0,4

25 % s charakter 33 % s charakter
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Priprava pyrrolu Priprava pyrrolu

Paalova-Knorrova syntéza pyrrold
- produkce atorvastatinu

- statiny - inhibitor HMG-CoA reduktasy (3-hydroxy-3-methylglutaryl-coenzyme A),
- snizuje hladinu cholesterolu (i triglyceridy),

- Pfizer — 12 400 000 000 USD (2008) — ,block-buster drug”

OH OH O

(RNATR)
7\ OH O\V/O N|
NH Y= P

OH OH O

®
XONR OH

1,4-diketon

Atorvastatin (Lipitor, Atoris, ...)

Atorvastatin

Rosuvastatin (Crestor®)
Shionogi/AstraZeneca
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Priprava pyrrolu
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Reaktivita furanu

- aromaticky charakter
- charakter dienu
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Elektrofilni substituce pyrrolu, furanu a thiofenu

- v poloze 2 (a)

0’ O
furan 2-bromfuran
HNO;
(/ \5 — ﬂ\ + H0
N acetanhydrid N NO,
1 H
H
1H-pyrrol 2-nitro-1H-pyrrol
CH,cOClI
i\ —— I\ + HCI
is) snCl, s
o
thiofen 2-acetylthiofen
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Elektrofilni substituce pyrrolu, furanu a thiofenu

- pro¢ reakce v poloze 2 (a) a ne v poloze 3 (B) ?
- mechanismus

+ —
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Elektrofilni substituce pyrrolu, furanu a thiofenu
1\ H HNO; ]\ H H,N—OH I\ H
o} Tﬁ» O,N o ——> O,N ) \
o o N<on
furfural 5-nitrofuran- nitrofuroxim
-2-karbaldehyd
- mechanismus (zjednoduseny)
o o H* o
+ HNO;, o=—= + CH;COOH
)J\ O)j\ 3 )J\i?:m)z 3
H
N\ m i H H
+
0 * )LB:NOZ T onN O + CH3;COOH
0 H
furfural l +
-H
Y i
/@\Y(H cHcoo” HE S\ AN,
ON" g i ‘ o,n” "0 ococH,
5-nitrofuran-
-2-karbaldehyd
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Syntéza isoxazolu a pyrazolu

- napfiklad z 1,3-dikarbonylovych slouéenin

0 NH,OH =
ﬁ - k0
~. 7/

0 N
2,4-pentandion 3,5-dimethylisoxazol
©\ ~NH;

H,N—H,N N

H
e B0
NH N
N N

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

22. Heterocykly: 5- a 6-¢lenné

Organicka chemie

7.4.2020



Syntéza isoxazolu a pyrazolu
- mechanismus syntézy isoxazolu (pyrazolu obdobné)
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Fischerova syntéza indold
- syntéza indolu

R?
R2
z z
R | . CH;COOH R )k
X N,NHZ S N
H R H
fenylh: : aldehyd : |
‘enylhydrazin nebo keton indol

- katalyza — kyselinami (AcOH, H,SO,, ZnCl,, atd.)
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Syntéza isoxazolu a pyrazolu
- mechanismus syntézy pyrazolu

22. Heterocykly: 5- a 6-Clenné

Organicka chemie

Fischerova syntéza indold
- mechanismus syntézy indolu
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R? RN m N .>_CH2 N i
e Z =z R’ H
. o2 2 5 & <
o X SR 5 X H I

H; 5 N
1 " - 9
R \%—cna = H J
& &0
}—cu
. 0
R2 G-H
1 1 HC 1
P | R R _ﬁ} ~ ] NP
S “(gH, 0; AR > R -
W) HiC H

! N .
R' }—cu, 4 3f
Z 1 H— Z Z
R—— | % =—>= R N2 gt
NN NH: T N N1
4 \"b )—CHz 7 H
Be
proton transfer indol
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Elektrofilni substituce indolu

Sg — v poloze 3 (B) ?

3
AW —>Br2 N\ + HBr
N1 dioxan, 0 °C N
H H
indol 3-bromindol
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Elektrofilni substituce indolu
Sg — v poloze 3 (B) ?

- mechanismus reakce v poloze 2

reakce na C2 indolu

H H
.
A e* Y H Y H _\_H
> . —~ . —~ .
N N E N E N E
H H H H

indol t
\_H =\ _H =\ H
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Elektrofilni substituce indolu
Sg — v poloze 3 (B) ?
- mechanismus reakce v poloze 3
reakce na C3 indolu
HeE HE
+
AN E H H
—— e - D
N N N
H H H
indol i
He H e
mH - ©C$7H
N N
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Priprava pyridint — Hantzschova syntéza

O HH O
H

N Ho _H
I/\l — 4NH3+6\H/
o]

N|_—-N ~<~—7

Ee)
CH3COONH, =——= NH, + CH,COOH
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Priprava pyridint — Hantzschova syntéza

-3H20
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Priprava pyridint — Hantzschova syntéza

mechanismus — 2. ¢ast
Etooc;I[ \ COOEt Etooﬂooa EtOO(fj/\COOEt
NH N\ 7
2 Nezg: "o)

.NH3 $NH;

EtOO(jfjiCOOEt EtOOCE‘\)\EtCOOEt H* EtOOCj\)\i/‘/\COOEt
H3Qs
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Priprava pyridint — Hantzschova syntéza

mechanismus — 1. ¢ast

INH,

& COOEt COOEt COOEt
e

INH;

R HO!

H e

H COOEt COOEt x._COOEt R
NH

O -~ HZN o s

.NH3

)j/icooa

Y2 _COOEt
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Elektrofilni substituce pyridinu
- probiha tézko — drastické podminky — jenom do polohy 3 (?)
| A
pZ
N
Br, S0, HNO;
300 °C H,S0, \ NaNO; N
HgSO; \370 °C | I
220 °C P
N
Br SO;H NO,
/ / P
N
34 brompyndm pyridin-3-sulfonova 3-nitropyridin
(30 %) kyselina (5 %)
(70 %)
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Elektrofilni substituce pyridinu

reakce na C2 pyridinu

z E+ Z N+
|| — -~
. N E
N
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N

reakce na C3 pyridinu

r H
Q)= | —
I
\ ,
N Nt
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Nukileofilni substituce pyridinu

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

| A NaOEt

7
N cl EtOH

2-chlorpyridin

Cl
| A NaOEt
7
N EtOH

4-chlorpyridin

| X NaNH,
~
N el NH,

2-chlorpyridin

X
| + NaCl
N7 okt

2-ethoxypyridin

OEt

B
| + NaCl
N

4-ethoxypyridin

I X
_ + NaCl
N~ NH,

2-aminopyridin

22. Heterocykly: 5- a 6-Clenné

Organicka chemie

29 Organicka chemie
Nukileofilni substituce pyridinu
- mechanismus
X /—\ NH, X .
| _ —_— —>| _ + Cl
Nl N~ TNH,
2-chlorpyridin 2-aminopyridin
M NH, M _
—_— B —y + Cl
L, NE .
2-chlorpyridin - - 2-aminopyridin
y NH,
—_—
@)Y
acyl‘c%orid L
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Nukileofilni substituce pyridinu

- nukleofilni substituce vodiku v pyridinu — Ci¢ibabinova reakce

A NaNH,
| —

Z

N
S NaNH,
| —_—
N/ NH3

2-aminopyridin

K
N

L
N~ “NH,

2-aminopyrazin
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Nukileofilni substituce pyridinu

Cigibabinova reakce - mechanismus

A5 NaNH, S A NaNH, A
| ) =—=|[ _ | 1, — )
N N N ~NHs N
B : | NH A NHNa
Na Na
l—NaH
&S S
| - |
7
N~ “NH, N

N~ “NHNa

2-aminopyridin
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Syntéza chinolinu a isochinolinu
- Skraupova syntéza — mechanismus

H H
< H
akrolein Z |
Qs 02
Tl“"’

H H H H
N H N W N N
3 H H |
HGO-H OH H :OH (" *on

H

H
l- H,0
N ]
- HNO; A
—_—
P4 =

1,2-dihydrochinolin chinolin

22. Heterocykly: 5- a 6-¢lenné

Organicka chemie

Syntéza chinolinu a isochinolinu

- syntéza chinolinu — Skraupova syntéza

H
NH, o N
Z

akrolein

chinolin

34
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Syntéza chinolinu a isochinolinu

- syntéza isochinolinu — Bischlerova-Napieralského cyklizace

HsPO, HNO; X
—_—— —_—
NH P,05 N ZN

o}

1-methyldihydroisochinolin 1 ylisochinolin

36
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Syntéza chinolinu a isochinolinu

- Bischlerova-Napieralského cyklizace — mechanismus

P,0s H
D A,
N -H0 sNH SNH
+0—H -O—H

4
1-methyldihydroisochinolin — H —
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Priklady heterocyklickych léciv

(S)-Zopiclone

o 9 o
CL O = (0
\Y e \Y
OH o}

. >—O
racemat
Jd =
racemat
CAL-B
spontanni racemizace dioxan

o 0 7\ o
N _ N _ HN  N— N _
E : N—<}CI + [ D NOCI e [ D NO—Q
N N N (o N N s N
or R CNIVanY
}—o >_N N—
Jd = d
50 % converze .
98 % e.e. E>100 (S)-Zopiclone

Elektrofilni substituce chinolinu a isochinolinu

Sg reakce na aromatickém jadfe pfednostné

Br
A Bry A A
_ + + HBr
<~ HyS040°C = Z
N ’ N N

Br
chinolin 5-br hinoli 8-br hinolin
51 49
NO,
BN HNO, A A
—_— + + H,0
2N H;S0, 0°C ZN ZN
NO,
isochinolin 5-nitroi! 8-nitroi 10lin
920 10
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Priklady heterocyklickych Iéciv

Aprepitant - antiemetikum

CF3

“® CF3
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Priklady heterocyklickych Iéciv

Clopidogrel — trombolytikum

Cl Cl OH Cl OH

o Mandelonitril lyasa RNcNn  HCI R™MCOOH

KCN
2-PrOH/H,0
>83%e.e.

Cl COOH

©)
S

clopidogrel (Plavix)
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Pyrrol: Pigmenty Zivota

HO,C
COH
0.
oH HO, COH
HO,C
Porfobilinogen Uroporfyrinogen 1l
/\ Deaminasa Syntasa
N
NH, H
HO, COH
Porfobilinogen
HO, COH
/ Uroporfyrinogen 11
- sirohydrochlorin
N, N - cytochrom
”m - ZluGové pigmenty
J
[ o= |
oo ¢
Q f
) L
chlorofyl a hem koenzym F 430 vitamin By
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