Karbonsavak es szarmazéekaik
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Karbonsavak

A karbonsavak funkcios csoportja a karboxilcsoport:
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carboxyl group carboxylic acid condensed structures
karboxilcsoport karbonsav dsszevont
csoportjeloléssel
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formic acid propionic acid benzoic acid stearic acid
(an aliphatic acid) (an aromatic acid) (a fatty acid)
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carboxylic acid carboxylate ion

karboxilat ion



Karbonsavak szénatomjainak szamozasa

(ﬁ Az a helyzet( szénatom a
—C—C—Cc—C—C—C—OH karboxilcsoporttal szomszédos
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[UPAC name: methanoic acid etansav 2-cyclohexylpropanoic acid 2-acetylpentanoic acid
cOMmMmOoOn name: formic acid (: ecets av) a-cyclohexylpropionic acid a-acetylvaleric acid
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CH;,—CH—CH.—C—QOH CH,—CH,—CH—CH,—C—OH CH,—CH—CH,—C—O0OH
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[UPAC name: 4-aminobutanoic acid 3-phenylpentanoic acid 3-methylbutanoic acid

common name: y-aminobutyric acid B-phenylvaleric acid isovaleric acid



Néhany keétertekl karbonsav (dikarbonsav)

[ABLF 70-7 Names and Physical Properties of Dicarboxylic Acids

Common Solubility

IUPAC Name Name Formula mp (°C) (g/100 g H,0)
ethanedioic oxalic HOOC—COOH 189 14
propanedioic malonic HOOCCH,COOH 136 74
butanedioic succinic HOOC(CH,),COOH 185 3
pentanedioic glutaric HOOC(CH,)3COOH 98 64
hexanedioic adipic HOOC(CH,) 4 O0OH 151 2
heptanedioic pimelic HOOC(CH,)sCOOH 106 5
cis-but-2-enedioic maleic cis-HOOCCH=CHCOOH 130.5 79
trans-but-2-enedioic fumaric trans-HOOCCH==CHCOOH 302 0.7
benzene-1,2-dicarboxylic phthalic 1,2-C¢H4(COOH), 231 0.7
benzene-1,3-dicarboxylic isophthalic 1,3-C¢H4(COOH), 348
benzene-1,4-dicarboxylic terephthalic 1,4-C¢H4(COOH), 300 sublimes 0.002

COOH HOOC COOH COOH

COOH HOOC

o-phthalic acid m-phthalic acid p-phthalic acid

phthalic acid isophthalic acid terephthalic acid



Néhany fontosabb karbonsav
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A karboxilcsoport és a karbonsavak fizikai

tulajdonsagai
O g 1234_ O .
125 s
124°" | ™ Toee 1104 I /0974
Ll H AL v H
bond angles bond lengths
O :t“)_—
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A karboxilcsoport hatarszerkezetei C H < C H
(példa: hangyasav) H/ \_Q.'/ H/ \\E)_./
i major minor |
I ]
CH,—C—OH CH,;—CH,—CH,—OH CH,—CH,—C—H
acetic acid, bp 118 °C propan-1-ol, bp 97 °C propionaldehyde, bp 49 °C
Os+H—O,
A karbonsavak magas forraspontja R—C/// “C—R
a karboxilcsoportok kozotti ! Y 4
hidrogénkotések létrejottével O—Hs=0

magyarazhato hydrogen-bonded acid dimer



Karbonsavak savassaga (aciditasa)

K, (at25°C) pkK,
HCOOH formic acid 177 x 107 3.75
CH;COOH acetic acid 1.76 X 107 4.74
CH;CH, COOH propionic acid 134 X 107 4.87
CH;(CH, ),COOH butyric acid 1.54 X 107 4.82
CH;(CH,);COOH pentanoic acid 1.52 X 107> 4.81
CH;(CH,)4COOH hexanoic acid 1.31 X 107 4.88
CH;3(CH; )COOH octanoic acid 1.28 X 1073 4.89
CH3(CH, )3COOH decanoic acid 1.43 X 107 4.84
CgHs COOH benzoic acid 6.46 X 107° 4.19
p-CH;C¢H 4COOH p-toluic acid 4.33 X 1073 4.36
p-CIC¢H 4COOH p-chlorobenzoic acid 1.04 x 107 3.98
p-NO,C¢H4COOH p-nitrobenzoic acid 393 x 1074 341

O O
R ly‘ O—H + 110 < R—g—O‘ + HO*

_ karboxilat ion
Az asvanyi sav_a_tknal gy_engebb, de [R—CO,~][H,0*]
a szerves vegyuletek kozott .
viszonylag er6s savaknak [R—CO,H]
szamitanak. pK. = -log, K.




Karbonsavak savassaga (aciditasa)

(]

A pK_ a savi disszociacios allando negativ
logaritmusa, adott csoportra jellemz0o érték.

=
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=
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ApK_ ertelmezese: az a pH, ahol az adott csoport
disszociacioja 50%-0s
Az ecetsav példajan:
[CH,COOH] = [CH,COO]

=
.

Abundance Ratio

=
P

=

2.8 3'.3 4'.3 5'.3 6.3 7.3
pH of Solution
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Kisebb pK_er0sebb savat jelent.
A pK -nal alacsonyabb pH-n a csoport protonalt, annal magasabb pH-n a csoport

deprotonalt formaban van foként jelen.

karboxilat ion

] ]

|
R—C—0—H + HO < R—C—0- + HO*

[R—CO,~][H,0*]
2 [R—CO,H]

pK, = -log,,K,



Dikarbonsavak savassaga (aciditasa)

Ka PKa Ky PKa2

HOOC—COOH oxalic 5.4 % 1072 1.27 52 % 107° 4.28
HOOCCH,COOH malonic 1.4 x 1073 2.85 2.0 X 107° 5.70
HOOC(CH,),COOH succinic 6.4 x 107 4.19 2.3 x 1079 5.64
HOOC(CH,);COOH glutaric 45 X 107 4.35 3.8 X 1070 542
HOOC(CH,)4COOH adipic 3.7 X 107 4.43 3.9 x 107 5.41
cis-HOOCCH==CHCOOH maleic 1.0 X 1072 2.00 B [ 6.26
trans-HOOCCH=CHCOOH fumaric 96 x 1074 3.02 1% 1077 4.39
1,2-C¢H4(COOH), phthalic 1.1 x 1073 2.96 4.0 X 1078 5.40
1,3-C¢H4(COOH), isophthalic 24 x 107* 3.62 25 % 107 4.60
1,4-C¢H4(COOH), terephthalic 29 x 107 3.54 3.5 X 1079 4.46

O O O O O

I Ny (i G .
no' CH “om o7 CH oy o7 e o

malonic acid K ;=14x% 1073 anion K,=20x10"° dianion

+ 2 H,O z H30+ + H,0 + 2 H30+
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Alkoholok és karbonsavak aciditasa

R—O—H + H,0:

alcohol

|| "
C—0—H + H)0:

acid

energy — »

—_
%
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R— COOH + H,0

R—{) + H,O*
alkoxide
O o
P4 /
, «—s R— C\ + H30+
Ng No:
carboxylate _
R—0 + H,0*
02 1
N
R—C + H,0
\ %
stabilization 0
of
carboxylate

pK, = 16
(K, = 10716)
pK, =

(K. =1079)

A karboxilat esetében a negativ toltés eloszlik a két oxigénatom kdzott, a
delokalizacié néveli a deprotonalt forma stabilitasat.



Halogéenezett karbonsavak aciditasa

H 9 H O H O Cl(ﬁl

|l | |l |
H—C—C—0—H C¢C—C—C—0—H (—C—C—0—H C—C—C—0—H

H H Cl Cl

acetic acid chloroacetic acid dichloroacetic acid trichloroacetic acid

pK, = 4.74 pK, = 2.86 pK, = 1.26 pK, = 0.64
wonger s )

T I T I T
CH,—CH,—CH,—C—OH CH,—CH—CH,—C—OH CH,—CH,—CH—C—OH
4-chlorobutanoic acid 3-chlorobutanoic acid 2-chlorobutanoic acid
pK, = 4.52 pK, = 4.05 pK, = 2.86

A halogénatomok elektronszivd hatasa stabilizalja a karboxilat iont
Minél tébb halogénatom ill. a karboxilcsoporthoz minél kozelebb kapcsolodik,
annal nagyobb a hatas.



Karbonsavak soi
I I

R—C—0—H + Mr"0OH < R—C—0- M* + H,0

carboxylic acid strong base acid salt water

For example, sodium hydroxide deprotonates acetic acid to form sodium acetate, the
sodium salt of acetic acid.

I I
CH,—C—0—H + Na*~OH g CH,—C—0~ Na* + H,0O
ecetsav natrium-hidroxid natrium-acetat

Egy erGs bazis, mint a natrum-hidroxid, deprotonalja az ecetsavat,
és natrium-acetat keletkezik

| ]
B——0- Mr <+ H~ <~ R—C—0O—H + M-~

acid salt regenerated acid

Erds asvanyi savval a karbonsavak felszabadithatéak soikbol.
I |
CH,—C—O~ Na* + H'C(CI- _— CH,—C—0O—H + Na*(Cl-

sodium acetate acetic acid



Kitekintés: a vizk0 keémiaja

THE CHEMISTRY OF LIMESCALE

Limescale can clog up your kitchen appliances, and build up on your bathroom surfaces. What actually causes this build up? Here's
a quick look at the chemistry behind limescale formation, chemicals that can help prevent it, and others that help to remove it.
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Appliances such as dishwashers can softan water

by passing it through an lon exchangs resin, This
enchanges ing meetal iong in the water for
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sesgquicarbonate can be used o sofien Bundry water,

LIMESCALE & SOAP SCUM REMOVING LIMESCALE
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Dekarboxilacios reakciok

(Tobbek kozott) a B-helyzetben karbonil csoportot hordoz6 karbonsavak hajlamosak ra.

Figyeljuk meg az enol forma megjelenését! Mire emlékeztet a reakcio?
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Kitekintés: az izocitrat dehidrogenaz enzim

J £l T e
NAD(P) NAD(PH + H CH,—CO00

CH,—COO
| = \ __/ L éllz
) I

H—C—COO 66
isocitrate + 2
HO— T_ COO dehydrogenase ﬁ_C’OO
H
Isocitrate a-Ketoglutarate

Four catalytic chains (colored turquoise here) perform the reaction,
and four regulatory chains (colored dark blue here) turn the enzyme
on and off based on the levels of ATP and ADP in our cells
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a-ketoglutarate

1zocitrate

A citromsav-ciklus els6 dekarboxilezesét katalizalja. Figyeljik meg a(z eltavolitott
karobxilcsoporthoz képest) 3-ketosav kialakitasat (oxidacios lepés) a dekarboxilacio el6tt! A

dekarboxilacid mechanizmusa hasonl6 az el6z6 oldalon bemutatotthoz.



Kitekintés: a RuBisCO enzim
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Az aktiv centrumban Iév6 magnéziumion
egyik koordinaldja egy CO, molekulaval

modositott lizin oldallanc. A cukorhoz
kapcsolt CO, ettdl kulonbozik!
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Ribul6z 1,5-biszfoszfat karboxilaz/oxigenaz:
a novények CO, fixalasaert felelos enzim

CHIDPD}E_
H —H
CH,0PO;2 CH,OPO;2- |
HO——C 00" H+0 HO——C=—C00"~ * 2H D
—0 . HO—C—0H - J #
COO
H (I: OH H C QH
: | H—C—0H
CH.OPOs? CHLOPO;

CH,OPOs*
2-Carboxy-3-ketn- rated I-Phospho erate
nanr;lﬁnitn-l in::';drrhedmte PROgH«

1,5-bisphosphate
Glu

asp o

0., Ha i
H

| H

E{im’“ “~o DQ&QYNPOSE s

o 1 )

=0;P0O 0:P0

Ribulose 1,5-bisphosphate Enediolate intermediate

ﬂfx -

wﬁ“\o " Ben

‘ G;PD




Kitekintés: a piruvat
karboxilaz enzim
mechanizmusa

Bicarbonate Pyruvate
0
fﬂ 1
HO—C - EH;—E—«\:H
o (o
ATP
pyruvate :
carboxylase iotin
ADP + P;
0 0
L &
C—CHy—C—C_ Oxaloacetate
i I -
0 o ©

Az “oxalecetsav-készlet
feltbltésének” fontos reakcidja

Sarawut Jitrapakdee et al. Biochem.
J. 2008;413:369-387
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Kitekintés: karboxilacio-dekarboxiklacio a
Zsirsavak bioszintézisében

O Q 0
J]\ oA + ATP + HOD, — J-‘\ oA + ADP + P, + H*
HaC 5”; o ¢ S’J'JC
Hz
Acetyl CoA Malonyl CoAl
ﬁl} (|:05 TI} fT’} 0O +CO7
R—C—SCoA + CHy—C—SCoA — R—C—CH,—C—SCoA
acyl-CoA malonyl-CoA (malonic ester synthesis) l :
reduction
\ 0 0 OH 0
|| reduction | dehydration | ||
R—CH,—CHy,—C —SCoA «<——— R—CH—CH—C—SCoA < R—CH—CH,—C—SCoA

continues the cycle with
a lengthened R group

FIGURE 22-3

Fatty acid biosynthesis. Activated as its coenzyme A thioester, the growing fatty acid
(acyl-CoA) acylates malonyl-CoA in a malonic ester synthesis. Two carbon atoms are added,
with the third lost as CO,. Enzymatic reduction, dehydration, and further reduction gives a
fatty acid that has been lengthened by two carbon atoms.



Nukleofil acil szubsztitucio

- -

[ -

acilcsoport 0O O

| |
\ R—C+X + Nuc: — R—C—Nuc + :X-

Karbonsavak és szarmazékaik alapvet6 reakcioja, ilyen reakciok segitségevel alakithatoak

egymasba az egyes karbonsavszarmazekok.
Emlékezzink, hogy a karbonil szénatom elektronhianyos!
DE: a ketonokkal és aldehidekkel ellentétben a karbonsavakra és szarmazékaikra nem az

addicid, hanem a szubsztitucio a jellemz6 reakcio!

Addicios-eliminacios mechanizmus:
Step 1: Addition of the nucleophile gives a tetrahedral intermediate.

.'()'. B :6:_ ]
- 2 |
Nuc: + C = R
/4N | )
\ y ¥ Nuc tetraéderes
nucleophilic attack tetrahedral intermediate intermedier

Step 2: Elimination of the leaving group regenerates the carbonyl group.

:{.jf'_—) (o}
R_(:;_\jf — /(g\ . vy.-  tavozo csoport
i Nuc | R Nuc

tetrahedral intermediate products leaving group



Fontosabb karbonsavszarmazékok attekintése

I I T I I
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Carboxylate ion




Eszterek képzGdése, egyszeri példak

O O
| H*
CH,CH,—OH + HO—C—CH, == CH,CH,—O0—C—CH, + H,0
[UPAC name: ethanol ethanoic acid ethyl ethanoate
common name: ethyl alcohol acetic acid ethyl acetate
I I I
(CH),CH—0—C—H @o—c@ cm—o—c—cm@
[UPAC name: -methylethyl methanoate phenyl benzoate methyl 2-phenylethanoate
common name: isopropyl formate phenyl benzoate methyl phenylacetatﬂ
|
Ph—CH,—O0—C—CH—CH; CH,—O0— C@ Qo C—H
IUPAC name: benzyl 2-methylpropanoate methyl cyclopentanecarboxylate cyclohexyl methanoate
common name: benzyl isobutyrate methyl cyclopentanecarboxylate cyclohexyl formate
| H,S0, |
cH,—C—0H <+ CH,CH;—0H ﬁ CH,—C—0—CH,CH; + H,0
eq -
; COOH i COOCH,
Nev: az alkohol ERUEE RTINS, L 4
nevének “téve” + a ) )
savmaradék neve COOH COOCH;

phthalic acid dimethyl phthalate



Eszterek képz6dése: mechanizmus

A savkatalizalt nukleofil acil szubsztitucio péeldaja Emlékezziink, hogy az elsé protonalasi

lepés noveli a karbonil szén erzekenyseéget nukleofil tamadasokra.

Part 1: Acid-catalyzed addition of the alcohol to the carbonyl group.

Protonation activates The alcohol adds.

the carbonyl.
s i + H
& H* 54
R—C—OH R_CJ_QH —
R—0—H

(Species in brackets are resonance-stabilized.)

Part 2: Acid-catalyzed dehydration.

Protonation prepares Water leaves.

the OH group to leave.

:0—H Q('C')—H
R—C—0—H - R LL o5¢
—C—0—H = R—C0%

| | M oH

:OR :OR

Deprotonation completes the reaction.

:0—H

R—C—0OH = R—C—OH + R'OH,

:0—H
|+ a
i"fl CO_ R

R—O—H

Deprotonation completes the reaction.

+¢”')JH
R—C.

™

ROH —> R—C.

'OR

e !

protonated ester

+ H,0

OR'

ester hydrate

0:
|

S0R

ester

+ ROH,



Eszterek hidrolizise: mechanizmus

Ez is nukleofil acil szubsztitucio, de bazikus kézegben (a hidroxidion a nukleofil).

Nucleophilic Acyl Substitution in the Basic Hydrolysis of an Ester

Step 1: Hydroxide ion adds to Step 2: An alkoxide ion
the carbonyl group, leaves, regenerating
forming a tetrahedral the C=0 double
intermediate. bond.
(e} €y O
2. < ’ .
R—C—OR — R—(ETJQR' — R—C\ :0—R’
=OH :OH ‘O—H
ester + ~OH tetrahedral intermediate acid + alkoxide

Step 3: A fast, exothermic proton transfer drives the reaction to completion.

J - / L
R—C\ 0—R" — R—C  H—O0-—R
0> 1 O

acid + alkoxide carboxylate + alcohol



Kitekintés: az aszpirin

Felix Hoffman, working at the Bayer company in Germany, made the acetylated form of salicylic acid in 1897.
This drug was named "Aspirin” and became the most widely used medicine of all time. In 1971, Vane
discovered the mechanism by which aspirin exerts its anti-inflammatory, analgesic and antipyretic actions. He
proved that aspirin and other non-steroid anti-inflammatory drugs (NSAIDs) inhibit the activity of the enzyme

now called cyclooxygenase (COX) which leads to the formation of prostaglandins (PGs) that cause
inflammation, swelling, pain and fever.

Platelet = I :
/ Cox-1 | wep A2 4 _— effects .
Cyclooxgenase- .
dependent \ : :
pathways N\ v :
O Cox-2 | wp Tissue : Anti-inflammatory :
|| ‘ \hibit prostaglandin effects -
nhibits itk -
B, - inhibition .
0—C—CH, . :
ASPIRIN " v i
(”:_ OH Inhibit Inhibition of Potential
0 NFB | "a:' staipon | e Anti-cancer
/ SLoer Effects of Aspirin
acetylsalicylic acid _ _
i/ Cyclooxgenase- _ Prevent invasion and
(aspirin) independent Other Mechanisms metasiases
pathways including: esssssssssgpe | INhibit tumour growth
GO arrest and development
B-catenin Inhibit angiogenesis
Wnt signalling Promote apoptosis in
Tumour necrosis factor neoplasiic cells
Polyamine metabolism zdz?::te Ll
DMNA mismatch repair y




Gydrils észterek: laktonok

Lactones Cyclic esters are called lactones. A lactone is formed from an open-
chain hydroxy acid in which the hydroxyl group has reacted with the acid group to

form an ester.

A karboxil- és a
hidroxilcsoport
ugynazon
molekulaban
talalhat6

IUPAC name:

COommon name:

Figyeljik meg, hogy
(a szénhidratokkal
ellentétben) a nyilt
lancu és a gy(rQs
forma nem izomer,
hiszen vizkilépés
tortenik az észterkotés
kialakulasakor.

H\ //O H\ //O
H—C;’"’C e H* H—C;"'C\
H - C ~— 4 H _C — Y
4N WA
H H H H
4-hydroxybutanoic acid 4-hydroxybutanoic acid lactone
y-hydroxybutyric acid y-butyrolactone
Az aszkorbinsav
COOH
(lj_OH H  CH,0H
HOuW% ./
| H* _r
O O
C—H g =
H——OH H
HE)—t+—H HO OH
CH,OH

L-ascorbic acid (vitamin C)



Collage

y

Formation of
triple helix structure

Polymerization
(filamentization)

A C-vitamin
elengedhetetlen a kollagen
egyes prolin aminosavaira
hidroxilcsoportot
szintetizalé enzim
regeneralasahoz.

A hidroxiprolin hianyaban a
kotdszoveti rostok elvesztik
mechanikai tartasukat, a
fogak kihullanak, az
iztiletekben bels6 vérzések
alakulnak ki stb.

Kitekintés: skorbut
és a C-vitamin

N (3 amino acid-repeating structure)
=aegarice /— Hydroxylation of proline
OH ‘/ 011
'{AfJA¢
O 011‘ OH
2-Oxoglutarate Succinate
‘s A
O3c-OH % . Og-OH
H(I:HE S~ m""‘* H(l:gi
| H Proline hydroxylase l—) I N C-LOB
HN\ / "‘_,.--r-‘vi.. “y HN\C/
Hg "" ““‘ Hg
Proline ‘ Hydroxyproline
O, Fe?* Fe3*, CO, 0%
R ¢
‘\‘I '#‘
Ssamezl’
HO "y
Hllu- 0 0
HO
O O
Dehydroascorbate Vitamin C

(ascorbic acid)



sty [y Kitekintés: a y-valerolakton mint
“z0ld alapanyag”

I ]

Fuels | Chemicals

— / wrlas _/
GL

Sc-lvents_._;.
Hemicellulose Cellulose Lignin
v cats L We propose that y-valerolactone (GVL), a
m@ﬂm ﬁ:ﬁ, (e.g. solvents) naturally occurring chemical in fruits and a
xylose glucose " frequently used food additive, exhibits the most
H'lm_jzn “H*Hzo important characteristics of an ideal
o ] o | sustainable liquid, which could be used for the
e = production of both energy and carbon-based
H . consumer products. GVL is renewable, easy
metal 2 fHED ] .
\ N \ e and safe to store and move globally in large
@) ¢ o CH quantities, has low melting (=31 °C), high
H* m

e i scig o ,,  boiling (207 °C) and open cup flash (96 °C)
alcohol RRM L [{RoH \{j ~ points, a definitive but acceptable smell for
H i & eu |  easyrecognition of leaks and spills, and is

N miscible with water, assisting biodegradation.

o
ethyl levulinate



Eszterek hidrolizise: zsirok elszappanositasa

0 0
|

.,-"\ -"ﬁ‘\__ 'A‘--x PN .-"‘\"- o CH2 T O o H + Na+ K 0 T C .-"A"m -’;l‘."\ 'F-“ _.-"A\ '/“\.\ .-"'A\'\ ™
o LV p .-"'.‘ b .-"." l“"‘. ‘\"-\,»"'r k i / ..l'\._,-'f Y " l““'- 4 .\\, %,

0 0
|

|
S + 3NaOH —> CH—O—H + Na* -0—C A A A A A

0 O
| |

CH— 00— C A K A Ao xR _
" v / l‘"\_- . "x\'f" \\__ \ ¥ Fi \/ \,

N N 1 vi d
a fat (triester of glycerol) glycerol soap (salts of fatty acids)

HosszU szénldncu zsirsavak soi keletkeznek, a
szappanokrol lasd a lipides el6adast.

— — £ = —( A I M, / M A,
CH,—O0—H + Na* “0—C A A A AAAN



Kitekintés: lipazok
mechanizmusa

B PP

OH
/ﬁ\/\/\/\ Lipase i
07 +3H0 =—== lon +3 HO)I\/W\
D)L\/\/\/\\ oH
Triacylglycerol Glyceral Fatty acid

Két nukleofil acil szubsztitucios lepés

Lipaz és kolipaz (a piros alegység
balra lent, a lipidrészecskéek
felszinéhez val6 asszociaciot seqiti)
fehérje szerkezete

(A) Free enzyme

(B) ES complex

lipase _—_

éermtlj
"!

Hls

_—

lipase ,_,—-__%____\J
R

I,r—Ser—f{.}nC=D
l H™OR'

0 \—His——N

| b
R-C-OR' (S) \ l“rlq>
f H

e

- / {j-
o —_ { fASﬁC:G
d—h\ o k_;___-f‘"" - ~
Acylation I
| j\< R'O-H
'.
Daacylatmn (C) Acyl-enzyms intermediate
- lipase _______1____‘|
Lowo
R [—Ser—O-C-R
§: |
| \
Nu-H His—rlfN
. >
Ez a nukleofil N
tipikusan OH- H
(tehat H,O tdmad) o
[ ~C=
—~ _Asp O
5% R




Karbonsavakbol szarmaztatott csoportok nevel

A karboxikcsoportbdl a hidrogén elhagyasaval kapott csoport a savmaradek,
az OH elhagyasaval kapott csoport az acilcsoport.

O . .
acetilcsoport: az ecetsavbol
i szarmaztathato acilcsoport
acilcsoport H.C
3
lasd:
nuklefil acil szubsztitucio, | 0 ,..;,O
acilezés, Il OC
acil-koenzim-A HaC—(CHyp)s—C— N
heptanoil ciklohexankarbonil
ﬁ O
savmaradék
' HgC—(CHps—C—0 o
/?Sd" : heptanoat ciklohexankarboxilat
eszterek nevei




Transzészterifikacios reakciok

Egy észter masféle eészterré torténd konvertalasa hidrolizis nélkul, kozvetlendl

alkohollal
0
R—(|3|—O—R’ + R"—OH SR
(large excess)
Example
0
(@—O—CHZCHE + CH—OH 1O,

ethyl benzoate methanol

Mechanizmus: nukleofil acil szubsztitlcio

Step 1: Addition of the nucleophile. Step 2:
O :6:—
[> 2
~ocn (I:CQL h
\“ b= ‘OR
- :(_:)R

tetrahedral intermediate

0
I|

R—C—0—R" + R—0UH

]
@C—O—CH3 + CH,CH,—OH

methyl benzoate ethanol

Elimination of the leaving group.

..'()'.
|

C
“OR

=

_:QC‘H_}I



Kitekintés: zsirsavak transzportja a mitokondrium

belsO membranjan keresztul R,
=0
O HsQ HO, 0 H3C ::ff 0
b = 1 ! e
R s CoA+ Hisgfmlaf& |\""::: — H.s:'gmtﬂ)ilﬁh*ﬂ +HsoA
Acyl CoA ’ Camitine 3 Acyl carnitine

Acyl CoA CoA

Transzészterifikacios reakciok észter és Carmitine U Acyl carnitine
tioészter (lasd késébb) résztvevékkel /
. . L Cytostlic
Az acil-koenzim A nem tud atjutni a side .'“I
membranon, csak a karnitin ill. az acil-karnitin. cﬁm Wﬁ
Translocase ( | | | | | |

I
)\




Kitekintés: a splicing

Intronok kivagasa /—} oH O
MRNSbAI (lasd biokémia) [Egn ik A—dBong] — “—A—aBong — [Exon | Exng,
Két atészterezodési

eszerezGdési e, +
reakcio, nincs hidrolizis és ligacio .
Az érintett észterek a riboz hidroxilcsoportjai 'éé} T s

és foszfatcsoportok kdzott jonnek létre

5' splice site U2 snRNP — 3 splice site
5" exon —\ ;,~ Ul snRNP // 3’ exon sequence
sequence . | |
ntron sequence Lo P
5 e e 3 Sl
< - mRNA molecule 'PII
us, U4/U6, etc. Assembly of O Eli,::}—H O
spliceosome == an g g 1 a ar g
.. Go =) I OP-0-GU O-A-0—AG-0-P-O- Il
i T P J - 5
{ U2 Lariat formation and 5’ N/ O O
N -0_®]\U5 splice site cleavage (P Ay
5 s 3 — > 5 g | 3
3’ splice site 5 I L
cleavage and exon UG—D—P-G_ + - Qi
= \ sequence ligation | o
7 k! 12 O O
Excised intron sequence 3 i :

| > ! | al 5
rﬁ“l)\ in the form of a lariat G’S-A"' O-=——AG _GHE =) -

~—~— A {will be degraded in nucleus) U
Us OH ¢
O

+
re mRNA (ligated LN =
W 3 Mu;l:t:n sequﬁr&cgsjre UG—[}E—P—D l
IEI
|O EI 3" .3|I::|J
;@A—G—AG—GH + R O-P-O- I

O



Tioészterek

I I
R—C—OH + R"—OH 2 R——y—K * HZO
acid alcohol ester

I I
R—C—OH + R—SH = R—C—3»—R + HO

acid thiol thioester

Az észterekkel analog, de azoknal reaktivabb karbonsavszarmazékok. Figyeljik meg, hogy a
ket szénatommal kotést kialakitd oxigént helyettesitjik kennel!

Relative reactivity

] 0 ] ] ]
R—LC—(€l > R—LC—=0—C—R =z |R—L—H—R 3 B—LC—0—R |z R—-L—NH

acid chloride anhydride thioester ester amide




Kitekintés: tioeszterek reaktivitasa

The enhanced reactivity of thioesters results from two major differences. First, the
resonance stabilization of a thioester is less than that of an ester. In the thioester, the sec-
ond resonance form involves overlap between a 2p orbital on carbon and a 3p orbital
on sulfur (Figure 21-12). These orbitals are different sizes and are located at different
distances from the nuclei. The overlap is weak and relatively ineffective, leaving the
C—S bond of a thioester weaker than the C—O bond of an ester. ~

The second difference is in the leaving groups: An alkyl sulfide anion (": S —R)
is a better leaving group than an alkoxide anion (~:O—R) because the sulfide is less
basic than an alkoxide, and the larger sulfur atom carries the negative charge spread

good C—O thicester poor C—3S§
I I n overlap ‘ I m overlap

O (0]
|| . | [
R—C—0—R «— R—C=0—R R—C—§—R «— R— c S—R

ester

stronger n overlap J weaker m overlap ~



Kitekintés: tioészterek a biokemiaban

*NH,4
N7 N
L0152

0 H O H O CH, O- O-

| | |l -

CH,—C—S—CH,CH,N—C—CH,CH,N—C—CH—C—CH,—0—P—0—P—0—CH, O
2 2 | 2

- | | |
thioester OH CH?_ o O "

H
C|} OH
=P -0
coenzyme A (CoA) [|)H
[} :fj:' St
O
B | 2 / "
CH,—C—S—CoA| + Nuc: — CH3—(|3\—,L§—-CDA — CH;—C\‘ + S—TCoA
\\—// 2
Nuc i
tetrahedral intermediate acylated product

acetyl coenzyme A

Citromsav-cikus, zsirsavlebontas




Kitekintés: tioészterek a biokémiaban

Phosphopantetheine
group

Acyl carrier protein Coenzyme A

Zsirsavszintézis: acetil-koenzim A — acetil-ACP: tioészterek kozotti atészteszterez6dés



" " 2 miv'\.- o pantothenic acid
K I te kl n te S : N H’I\f!:L\;ﬂ (pantothenate)
tioészterek a R —

- V4 =y o O CHy &
biokemiaban A Frgr commonnatec

* 5

&

CTP + Cysteine 4uphosphopantathenic aod
synthetose
COF = Pi
- o s
MJI.I}’GHP - 4 -phosphopantothenoylcysteine

i

[+]

Lwphosphopontothenic agid
. . o , decarbaxylase
Az SH csoport ciszteinbdl, a hordozo }\-m;
“kar” tdbbi része a B5-vitaminnak i

megfelel6 pantoténsavbol szarmazik A A BT SARDE

e
L ATR dephospho-Cod ¥ SHADP
prrophesphandose
PR CoA
hydealase
&y dephu&phu coenzyme A
HS L: ]
CH3 OH O ﬂJ\m "B 5.0
R N
HOH:C—C—C—C—XN—CH:—CH:—COOH a2y < J
.. o
CHs H ;
I 1 ] ATP dephospho-Cod
Pantoic Acid Part B-Alaninine Part kinase
0 i ADP
Pantothenic Acid oy kﬂ S | e

0,

e, o

e® 8 %



Savanhidridek

T 0 I i
R—L——L—R ¥ H = R—C—OH + HO—C—R
anhydride water two molecules of acid
(e} 0 10 0 . 0
. < o |

R—C—0—0C R = R—C-—0—C—R —3  R—C t0—C—R
/‘ s | \Es “Nuc -
Nuc:- Nuc carboxylate

leaving group

A tioésztereknél is reaktivabb karbonsavszarmazékok, két karboxilcsoportbol
vizelvonassal szarmaztathatoak.

Relative reactivity

O O O O O O

| | | || | |
R—C—Cl > R—C—0—C—R |> R—C—S—R’ > R—C—O0—R > R—C—NH,

acid chloride anhydride thioester ester amide




Savanhidridek

A két karboxilcsoport szarmazhat két molekulabdl, ebben az esetben az anhidrid lehet
szimmetrikus vagy aszimmetrikus, illetve szarmazhat egy molekulabdl is, ebben az
esetben intramolekularis / gy(rds anhidridrol beszélhetlink.

O O
0 1T
CH,—C—O0—C—CH, CF,—C—0—C—CF, 0 0
(abbreviated Ac,0) (abbreviated TFAA) 0O )
ethanoic anhydride trifluoroethanoic anhydride benzene-1,2-dicarboxylic anhydride but-2-enedioic anhydride
acetic anhydride trifluoroacetic anhydride phthalic anhydride maleic anhydride

Anhydrides composed of two different acids are called mixed anhydrides and are
named by using the names of the individual acids.

0 T
CH,—C—0—C—H CHCH, —C—0—C—CF,
[UPAC name: ethanoic methanoic anhydride trifluoroethanoic propanoic anhydride

common name: acetic formic anhydride trifluoroacetic propionic anhydride



Szervetlen és vegyes savanhidridek —
az ATP peldaja

ADENOSINE TRIPHOSPHATE - ATP

"High" energy molecule

1. unstable, reactive with respect to hydrolysis </

2. delta G"<<0 for hydmlysm phosphoryl transfer

%

0—P 20 ||= P—0
L S
Hf’:" D“‘H anhydride link
0 0 0
ol ol {o 11,
o f o f ér

anhidrid (foszforsav egységek
kapcsolodnak)

észter (foszforsav és
hidroxilcsoport kapcsolodik)

NH.
N
0

J
I

= ADP+0—P_p

"

- The reaclants can nol be
stabilized to the same extent as
products by resonance due to
compeling resonance of the
bridging anhydride O's.

- The charge density on the
reactants is greater than that of
the products

- Theorlical studies show that the
products are more hydrated than
tha reactanis.



Kitekintés: karboxilcsoport “aktivalasanak”
altalanos biokemiai mechanizmusa

0 0
,,zk_ + ATP —— )-L + PP, (1) Vegyes anhidrid
R - R AMP (képz6déséhez

Fatty acid Acyl adenylate ~2 ATP ekvivalens
. hasznalodik el)

0
J\ + HS—CoA ——= /L _CoA + AMP (2) Tioészter
R S

R AMP

(egyeb
Acyl CoA esetekben lehet
e e B észter)
Karbonsav Acilcsoport akceptor Folyamat
aminosav tRNS transzlacio
zsirsav koenzim A zsirsavlebontas
acetat koenzim A glioxalat ciklus

ubiquitin (egy fehérje) E1l (egy fehérje) ubiquitinacio



Kitekintés: a glikolizis ket egymas utani lépése

8

AD*

N
H K(—:c-

C

a

“H CHOH

[
_—

| gy
— By CH,0PO;”

|

Glyceraldehyde 3-Phosphate Dehydrogenase Mechanism

NADH

Aldehidcsoport oxidacioja kabonsavszarmazékka (vegyes
anhidrid!) - két nukleofil acil szubsztitucios lepés!

O _OPO3
|
H-—2(|3 — OH + ADP
3CH20P0§“
1,3-Bisphosphoglycerate
(1,3-BPG)
phosphoglycerate
2
Mg** /‘ kinase (PGK)
2. o O
C
|
H—2(|3—OH + ATP
SCHZOPO§‘

3-Phosphoglycerate
(3PG)

A kovetkez0 lepésben a
foszfatcsoport ADP-re kerdl
at: karbonsav es ATP
képzbdik — tiszta nyereség!




Savhalogenidek

O O
|+ |+ | s
R— C—halogen R—C—£] R—C—8F
an acid halide acid chloride acid bromide
(acyl halide) (acyl chloride) (acyl bromide)
.07 -
0O:
- . / =
R— C Cl - — R—CEQI: > R C\ :Cl:
Nuc: _j l\lluc Nuc leaving group

A halogén elektronszivé hatasa noveli a karbonil szén elektronszegény
jellegét, ezaltal jobb célpontta téve nukleofil agensek tamadasahoz.

an acid chloride (acyl chloride)

addition

||)

R—{—L]
Nuc: )

acid chloride

=

|
K—{ ]
| Ny

Nuc

tetrahedral intermediate

elimination

—

'.O..
|

R—(C—Nut

acid derivative

+ (CI°



Kitekintés: savhalogenidek elballitasa

I I i
R—C—OH + Cl—S—Cl —s R—C—Cl + SO,1 + HCl1
a carboxylic acid thionyl chloride an acyl chloride
:t|'>—H C|21 I :tl'}—H (|:1 'ﬁf’—H (|:1 )
: . + W - —
R—C=0._ ,S=0—>R—C=0—8S—07 «— R—C—0—S—0:
| \A | |
A karboxilcsoport Cl B Cl Cl 2
te,gy'k oxigene “A nukleofil acil szubsztitucié
amad nukieotiiken /@— kénre vonatkozo valtozata”
I . % =y R
R—C—0—S8—0O¢ » R—C—0—S—C —— R—C—0—S8—Cl
| a chlorosulfite anhydride
Cl kloroszulfit anhidrid
) O -0: O O
R !‘) 0 |S|> Cl R cl‘) O g Cl R {! SO B
; > . — . * + + N
o % N 2
) | W& ~al
Cl- Cl

Majd a koztitermék egy Cl- nukleofil acil szubsztituja reven alakul savkloridda



Fontosabb karbonsavszarmazékok reaktivitasa

Reactivity Derivative Leaving group Basicity
more reactive : O less basic

acid I

chloride E—L—4d Cl
o I
anhydride R—=—=—0—L—RK Q—L—R
I
ester R—C—0—NR’ O—R’
I
I -
less reactive carboxylate R—C—0 — more basic




Nukleofil acil szubsztittcido savhalogenidekkel

Step 1: Addition Step 2: Elimination Step 3: Loss
of the nucleophile. of the leaving group. of a proton.

R—{—L1 % H(jj—l':—R’ = R—C—C] — R— . == R—¢ —{)—1L—KR
S

0O 0 : 03 0 0 0
& || B H || ||
|

o \ O anhydride
acid chloride acid SN /0 SN A
H C—R H., C—R’ + H—C
tetrahedral intermediate
Step 1: Addition Step 2: Elimination Step 3: Loss of a proton.
of the nucleophile. of the leaving group.

- .. |~ / |
R—C—Cl+ R—OH — R—C—CI —> R—C + b — R—({—0—R
“—--...___‘_‘_._,_,f iz | N ‘\ F/) : o

acid chloride alcohol : O :0—H it
e )
: H | + HCI
tetrahedral intermediate R

Step 1: Addition Step 2: Elimination Step 3: Loss of a proton.
of the nucleophile. of the leaving group.
R gjtﬁ 2RIN—H = R ggﬁj R J% R g

—C—Cl: 'N—F —C—CI: —_— — —_— —_—

= 2 + N s

T | , N\ RON— H<—~ 'NR;

acid chloride amine R:N—H i S .
' RNH + R)NH, CI

tetrahedral intermediate



Mit kell tudni?

« Karboxilcsoport, karbonsavak értékiisége

« A karbonsavak és halogénezett karbonsavak savassaga

» Karbonsavak soi

» A dekarboxilez6dés (mechanizmus nélkul)

» A nukleofil acil szubsztiticio elve, legalabb egy mechanizmus lépései

« Eszterek: szerkezet, képz6dés (elv), hidrolizis (elv), transzészterifikacio (elv), laktonok
» Anhidridek levezetese

» Tioészterek, savhalogenidek és reaktivitAsuk a karboxilcsoporthoz képest



