N5+ O The carbonvl acetone
St=a e carbony .
H1520pm (|:|I1213pmH
H N ~
\ lC._:ﬁeoo ﬁ%spm
/C =0 aldehyde HH HH
R’ o
R 174ygl118pm
A & el
/C =0 ketone

£

—C% - [ H* | Carboxylic aci
R C\ LA1D0 ylic ac - Phosgene...!
O cocl,

Paolo Sarti 2011 Chemical weapon
Department of Biochemistry
Sapienza



http://upload.wikimedia.org/wikipedia/it/3/3b/Alcani_IUPAC4.PNG
//upload.wikimedia.org/wikipedia/commons/5/50/Phosgene-dimensions-2D.svg
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Aldehydes structure




Familiar names & IUPAC

Paolo Sarti 2011
Department of Biochemistry
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Aldehydes & Ketons

EXAMPLES OF ALDEHYDES AND KETONES

H H

|
‘- inTe

H H

Formaldehyde Propanal

oy e
H H H H

Acetone Glyceraldehyde

Paolo Sarti 2011
Department of Biochemistry
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The carbonyl

Carbon};rl Group

/N

O

Keto Group Aldehyde Group

Paolo Sarti 2011
Department of Biochemistry
Sapienza



Carbonyl properties:
N5+ o - . both C & O are sp2 hybrids
C = C')' . polarized bond
R . ~165 Kcal/mol stabilized
/ . average bond length 1.22 A

Paolo Sarti 2011

*Depending on R ed R’: different inductive effects
Reactivity of aldheydes and ketons

ateric hindrance of carbonyl carton

0 O
I SR

H™ " H H™ " CH H,C™ " CH

Electrophilic character of carbony! carbon

3

Department of Biochemistry

Sapienza

(2)



Ketones Nomenclature

alk...ane =2 ...one

O
H: Hz Ha Hp  Hy |
C C c C C C
HiC” €7 67 "CHy —=> HiC~ ¢~ €~ T~CHs
Hz  Hz Hz  H
heptanea heptan-Z-one
(methyl pentyl ketone)
O
i
O
NN
He= & GH H,C—CHy |l
H£|: 1|1|: I{|Z‘.H / 7 TOH
oy O=C C.
e N \ I
H I H,C—CH,
o

4-.gxocyclohexane-1-carboxylic acid
1, 4-naphthogquinone

Again, try to figure out the 3D organization of the molecule !

Paolo Sarti 2011
Department of Biochemistry
Sapienza



0
i e o8
l P LI N
HaC O Id“:IJI 7 I:IJI IC1:H
G CH:  HC CH HC. _CH
Hs xﬂrﬁ mﬂ-::“f
H H
- acetons = methyl ethyl ketone _
« dimethy! ketone + MEK * DENzZophenone
» 2-propanone » 2-butanone » diphenyl ketone

R ed R’ = alkyl- or aryl-derivatives/substituents

Nomenclature: IUPAC & familiar/common

Paolo Sarti 2011
Department of Biochemistry
Sapienza



Aldehydes common reactions

oxidation

alcohol aldehyde acid

reduction

Paolo Sarti 2011
Department of Biochemistry
Sapienza



Carbonyl reactivity (aldehydes & ketones)

\8+ 8..— \8+ 8.._ H+cat ._.
C — O. > C :\_,O. > C_O: H+cat
/ ° / ° / )

Carbocation (stabilized by H*)

Addition to double bond

5 Nug B Nu;
\8+ °. \+ o0 \ oo
C=0Q tH+Nu: — C—0: — C—OH
N / /
Trigonal sp2 Intermediate sp3 Final, sp3

(Ex. Nu= H-OH, R-OH, R-SH, HCN, NH,)
H+cat

Paolo Sarti 2011
Department of Biochemistry
Sapienza
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Double bond, nucleophylic addition

Carbo-cation (stabilized by resonance)

Nu:
N .

Final, sp3




H,O addition

Paolo Sarti 2011
Department of Biochemistry
Sapienza

AN

C—oOH
'
T

OH
Hydrated keton

"~

y //C — OH
OH

Hydrated aldehyde



R-OH , R-SH addition

v

Aldehyde + Alcohol

A

R U3 )
H//C —0—R
]
Hemi-acetal

Glucose cyclization

I~ o7
C=0 +R”-OH
y )

R’ Sp2

ketone + Alcohol

Paolo Sarti 2011
Department of Biochemistry
Sapienza

v

R
\Sgs O—R”
R /

OH

Hemi-ketal

Fructose cyclization



Paolo Sarti 2011 MUTAROTATION (H,0, 20 °C)

Department of Biochemistry

Sapienza
H\\ ,fD (112-52)
R s = 0.64 = 64% P
H—C—OH (112-19)
HO-—C—H p-Gilucoze
H—*(lz—nH
H—"‘clt—DH
"CH,OH
SCHLOH ” SCH.OH
IIJII’EI A H g DH Hf’f | N, OH
o H iC |/ W - i H iC
I, OH HI; % — C OH H ;C{ — I OH H » \-I
C C H() !
7] ] L L ?] 2]
H OH | (|}" OH
ce-n-Glucopyranose fA-p-Glucopyranose
o, pure (crystallized in methanol) B, pure (crystalfzedoin acetic ac. )
[a] = 112° [o] = 19
100 % o (+) 112°« 52 » (M19° 10006
________________________ )

o Increases



o , pure (in methanol)

Glucose ; specific optical rotation

B, pure (in acetic ac. )

[o] = 112° o] =19°
Specific optical rotation [a] = +52
time =t
anomeric
CH,OH carbon  (CH,OH CH,0OH
0O O oH
OH - L OH
HO OH HO anomeric
carbon
OH OH
a-D-glucose | 3¢, ) a-D-glucose a-D-glucose

(pld |46y C7)
|u| 112

Paolo Sarti 2011
Department of Biochemistry
Sapienza

(rorme aldeadhon)

(p1 15370
Itll |V



Glucides dimerization - polymerization

hemiacetal + hemiacetal —<—— acetal + H,0O
O —bond (ether)

Glycosidic Bond Formation

CH,OH

H OH lcoh H OH

a-D-Glucose B-p-Glucose
hydrolysis || condensation

H,0 -

s H,0

Maltose
a-D-glucopyranosyl-(1-—-4)-p-glucopyranose



keto-enol tautomerization

Definition : two isomers are reciprocal tautomers if
(within the molecule) there might occur the transfer of:

1) 1= electron-pair
2) 1Ha

this typically occurs between :

1 carbonyl C & 1 a C (keto-enol)
1 carbonyl C & 1 a N (nucleic a. bases G, T, U)
1imine N &1 o N (nucleic a. bases A, C)

Involving c=0 “C=N-H

/ ~

Carbonyl C Imine N



Keto-enol Tautomerism

Properties of an aC

o.C displays acidic properties !!

AN
b
R Y224
||-| Keto-enol Tautomers
1 carbonilicC &1 aC

o - \C:C/

ACetoNe (di-methylketone, propanone)
OH

O
CH, - & - CH, ——  CH,=C-CH,
keto enol



-NHa, displays acidic properties !
o QRIS Pop o. position (C,N)

definition & properties

1 carbonilicC &1 aN

g /OH
C=0 — N=C
Noy ~ AN
H
keto enol
1imine and 1 aN |\/|H
. AN /
C=N-H — UN=C My

NG

I

IMINe keto, lactam form amine enol, lactim form




Thymine
(keto or lactam form)

Thymine

(enol or lactim form)

Guanine
(keto or lactam form)

Guanine
(enol or lactim form)



/’ \\

e \
4 \
/ \

> A curiosity... lactams

Ny

If
o O

curiosity...
saccharin

greek letter = n° of C in the ring out of carbonyl


//upload.wikimedia.org/wikipedia/commons/b/b7/Lactams_General_Formulae_V.1.png
http://upload.wikimedia.org/wikipedia/commons/a/a0/Formic-acid-3D-balls-B.png

B-lactames inhibit
bacterial cell wall
synthesis

B-lactam ring

NG
Z/ \ﬂ/\s>< penicillins

H
N - .
NN cephalosporins
Z// —( p p



//upload.wikimedia.org/wikipedia/commons/c/c9/Penicillin_spheroplast_generation.svg
//upload.wikimedia.org/wikipedia/commons/d/d8/Beta-lactam_antibiotics_example_1.svg
//upload.wikimedia.org/wikipedia/commons/b/b7/Lactams_General_Formulae_V.1.png

DNA bases: keto-enol tautomerism

Predominant forms
' 7

Cytosine

N‘ >

Guanine '« )\
> 4
H,N

! liminicN and1N «

+ 1 carbonilicC and 1N «

Lactam

Figure 19-5 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.




DNA bases : keto-enol tautomerism & H-bonds

a= H bond acceptor
d = H bond donor

Predominant forms

| 1
Hod _H H
\N/ \N
d Z i 6 N
Adenine Ny e \> - N‘JI \>
C1> — L
H .
H\'C}/H H\N . 1N iminic and 1N «
d = H\ N
Cytosine jﬁ - sz ]
do ﬂ o &
Amino Imino
ao ~o
dn
~ 6 N Ze N
L N > N‘ AN
Guanine )§ | > : /K | > \
d HNT SN TN HN7 SN N
H -
~o . 1 C carbonylicand 1 N &

oa
H ~ N & CH 3 N “a CH 3
Thymine )i | —_— ): | @)
1
0 : 07 N !

H NH
Lactam Lactim S/
Figure 19-5 Principles of Biochemistry, 4/e I
© 2006 Pearson Prentice Hall, Inc. (@) O

saccharin


http://upload.wikimedia.org/wikipedia/commons/a/a0/Formic-acid-3D-balls-B.png

5° = 3’ direction

Hydrogen
bonds

/H
N
oo '\I/H
,/ \ N .
>_ ; 0 ?
=N
Hzc—o—||==o
adenine 2
N—H e ) N H

N
()

| N .......H\NW)\/
o
llllll ssee N
T .o

cytosine

3’ end

5’ end

5° = 3’ direction




double helix (DNA)
OVERALL PICTURE

(a) (b)
Phosphorus .
. ¥ Minor
Carbon in groove
sugar—phosphate
“backbone”
Hydrogen
Oxygen Major
groove
0.34 nm

© 2000 Sinouer Associates, Inc.




CARBOXYLIC ACIDS




CARBOXYLIC ACIDS

mono- di- poly-
O O

r—c{- |0 = r—c{- + w
O O

Carboxyl group Carboxylate ion

o O O

R R R

O o) O

7t bond resonance


http://en.wikipedia.org/wiki/Image:Malonic_acid_structure.png

Some organic acids

EXAMPLES OF CARBOXYLIC ACIDS (ORGANIC ACIDS)

Formic acid Acetic acid




Others : watch R...! (inductive effects)

Ka=1.77 x 10 pKa= 3.75 Ka=1.34 x 10 pKa=4.87
i i
H—C—OH CH;—CH,—C—OH
formic acid propionic acid
Ka=18x 105 pKa= 4.75 [I:IJ 'ﬁ'
CH;—C—0H CH3—CH,—CH,—C—OH
acetic acid butyric acid
, 0 OH (l:i' ':l:i'
" ‘ c c
] :YO @E ~OH @[ ~OH
pKa= 3.5 0 OH NH-
Aspirin salicylic acid anthranilic acid
' Ka=1.07 x 10 pKa=1.96 Ka=7,24x 103 pKa=2.14

4% aspirin (acetyl-salicylic acid) Ka=1.4x10° pKa= 4.84


http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=OWrg4C184eUUEM&tbnid=B8exFuU2WggI7M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.123rf.com%2Fphoto_13614205_3d-molecular-structure-of-aspirin-acetylsalicylic-acid--an-analgesic-antipyretic-and-anti-inflammato.html&ei=GEGnUqCiN4fqswaNroDQBw&bvm=bv.57799294,d.bGQ&psig=AFQjCNGW_5ByMWwLVA9bkSF4pGGj1IuWgA&ust=1386779281485424
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=OWrg4C184eUUEM&tbnid=B8exFuU2WggI7M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.123rf.com%2Fclipart-vector%2Fstructure.html&ei=P0GnUsb1Cs3Esga3jICgAQ&bvm=bv.57799294,d.bGQ&psig=AFQjCNGW_5ByMWwLVA9bkSF4pGGj1IuWgA&ust=1386779281485424

Dissociation Constants of Some Acids at 25°C*

Perchloric
Permanganic
Chlgric
Nitric
Hydrabromic
Hydrochlaric
Sulfuric (1)
Hydrated praton or
protonatad solvant
Trichloroacetic
Oxalic (1)
Dichloroacetic
Sulfurous (1)
Sulfuric (2}
Phosphoric (1)
Bromaacatic
Malonic (1)
Chloroacatic
Nitrous
Hydrofluorie
Farrmic
Benzoic
Oxalic (2)
Acetic
Propionic
Malonic {2)
Carbonic (1)
Sulfurous (2)
Hydrogen sulfide {1}
Phosphoric (2)
Ammonium ion
Hydragyanic
Silvar won
Carbonic (2}
Hydrogen paroxide
Hydrogen sulfide (2)
Phosphoric (3}
Watere

HCIO,
HMnO,
HCIO,
HNO,
HBr
HCI
H,50,

H‘t‘

CC1,CO0H
HOOC—COO0OH
CHCI,COOH
H;50,

HS0;

H,FO,
CH,BrCOOH
HOOC—CH, —COOH
CH,CICOOH
HNO,

HF

HCOCH
C¢H,COOH
HOOC—CO0-
CH,COOH
CH,CH,CO0H
HOOC—CH, —C00-
CO, + H,0
HSO05

H,S

H,POZ

NH}

HCN

Ag* + H,0
HCOj7

H,0,

HS-

HPO3-

H,0

H;O(solvent)
CCl,CO0~
HOOC—COO0-
CHCI,CO0~
HS03

503~

H,PO7
CH,BrCOO~
HOOC—CH, —C00-
CH,CICOO-
NO7

F-

HCOO-
C4H,CO0-
-00C—CO0-
CH,COO0-
CH,CH,CO0~-
-0CC—CH,—CO00~
HCO3

s03-

HS-

HPO3-

NH,

CiN-

AgOH

cog-

HOz

§i=

PO~

OH-

o= =R = WO
0O O BN
KX AEXAAKAKXKKXK

R e I O AN

w
=]
]
X

XKHAKKKX

1.00

0=
10-2
10-2
10-2
102
10-2
10-3
10-3
10-3
10-¢
10-4
10—
10-%
10-%
10-%
10-*
10-¢
10-7
10-7
10-®
10-8
10-1e
10-10
10=11
10=1
10-12
10=12
10=18
1018

0.00
0.70
1.23
1.48
1.81
1.82
2z
269
2.83
2,85
334
3.48
3.78
419
4.19
4.75
4.87
5.69
6.37
6.91
7.04
7.21
9.28
2.31
10.04
10.26
11.62
11.96
12.67
15.76

#H4 is the acid form, with acid strength decreasing down the table. A= is the conjugate base, with base strength

increasing down the table. The equilibrium is HA& 2 H* < A~ and the equilibnium-constant expression is

pKI = —hg-.n Ka

YA
T

"The notation (1) indicates a first dissocation or proton-transier reaction; (2) indicates a second dissociation;
and (3) indicates a third dissociation.
“This K, value for water explicitly uses [H,0] = 55.6 moles liter—" in the denominator, for the sake of con-

sistency with the other entries in the table. The standard & is obtained by noting that 656.6 X 1.8 %


http://en.wikibooks.org/wiki/File:Chemical_Principles_Table_5.3.png

Methanoic vs butanoic acid

pKa = 3.74 Ka=103" =18x10*

20

pKa = 4.82 Ka=1048 = 15x 105



http://upload.wikimedia.org/wikipedia/commons/d/d4/Butyric-acid-3D-balls.png
http://upload.wikimedia.org/wikipedia/commons/a/a0/Formic-acid-3D-balls-B.png

Most common reactions

Oxidation

alcohol aldehyde acid

<

Reduction



mono-carboxylic acids

HCOOH formic acid
CH,COOH acetic
CH,CH,COOH propionic
CH,CH,CH,COOH butyric
CH,(CH,),COOH hexanoic
CH,(CH,),COOH octanoic
CH,(CH,),COOH decanoic
CsH;COOH benzoic

methanoic acid
ethanoic
propanoic
butanoic
capronic
caprylic
caprynic




Inductive effects & acidity (mono-carboxylic)

Carboxylic Acid
Ethanoic acid
Propanoic acid
Fluoroethanoic acid
Chloroethanoic acid
Dichloroethanoic acid
Trichloroethanoic acid

Nitroethanoic acid

Structure
CH,-COOH
CH,CH,-COOH
CH,F-COOH
CH,CI-COOH
CHCI,-COOH
CCl,-COOH
O,NCH,-COOH

pKa
4.7
4.9
2.6
2.9
1.3
0.9
1.7



=
=

=
oo

1.7

1.6

1.5

Carboxylate group dipole, D

=

I
I1'|".
.-r" “n
h
L
-
b L-"d
|
Q 1 pKa 5
acidity high acidity low




di-carboxylic acids (K,; vs K,!)

HOOC - COOH

HOOC-CH,-COOH
HOOC-(CH.,),-COOH

HOOC-(CH.,),-COOH

oxalic

malonic

succinic

glutaric

acC

Kal
5.4 x 102

1.4 x 103
6.2 x 10

4.6 x 10>

5.4 x10°

0.2x10°
0.2x10°

0.4 x 10



Fischer Esterification

R
AN R .
c=d OH —— —OH —— =d +H,0
sp2 Nus q/
HO N2
sp3
acid + alcohol —— intermediate — ester + H,O0
/O & /O
R-C7  + R =—R—=<T
OH HO N0 R’ + H,0




The mechanism (Fischer)

unstable sp3 Intermediates

Catalytic H*
. (OH
O HCI T redoom N
I === | — % —C— )
R—C—OH — R—(C—OH N SR OR T
Y R—Dlli E—-0O
sp2 (initial) L
HO-E
nucleophilic attack Egtr?(;

" (51‘13 OH,

O H H-Cl
S AT i
I —CC »L=0H R C—OR +H’
R —0 FE—0 F—0 :
final sp2
hydrated
Pole

formation



Fischer mechanism : relevant steps

Fischer Esterification Reaction Mechanism {nucleaphilic acyl substitution)

- ﬂ\‘( O”H
_/ + H+ R—C//+
“OH
carboxylic acid
5 H
R or R\ /O”
. 7t
\o- + R—C A A —_— / \3
ol i Q4 ~H
H |
H
alcohol
{weak nil?:leophﬂe) tetrahedral interrae diate
CR ¢ | . _H + H
R o il R 0 R 0
/O \C(,_/ .- N
; st . /C
R'—'O/ \0-._H —_— R — (}OmH R —0 + O-H
5 A s
o j H
good leaving
proton transfer group
*O~H
i d
H 0
¥ H. +
=07 | ~O-n
T ——= R—C—0—R + [

ester (H:0M)



dicarboxyl IC (inductive effects)

* 0 HO
HOMOH OH
Oxalic ac. Malonic ac. Succinic ac.
HOOC — COOH HOOC — CH, — COOH HOOC - (CH,), — COOH

pK,, 1.27 pK,,4.26 K., 2.87 pK_,,5.70 pK,, 4.25 pK,,5.64


http://en.wikipedia.org/wiki/Image:Kwas_bursztynowy007.svg
http://upload.wikimedia.org/wikipedia/commons/8/8e/Phthalic_acid-3d.png

di-benzoic acids

Acido ftalico
COoH CaoH COoH
COoH
ZOoH
COoH
pK,, 2.95 3.62 3.54
pK,, 5.41 4.61 4.45
orto meta para



http://en.wikipedia.org/wiki/Image:Saccharin-2D-skeletal.png

Fatty acid salts & detergents

|

v

(h)



la ai “colesterolo" 1oL

R Lo b Bt ]

@D t-igliceridi
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14 @D colesterol esteri D apolipoproteine




_Cholesteryl ester _ Mekcapos wiew mixiscage com
Phospholipid ' ViDL

Unesterified cholesterol -

non-polar

Apolipoprotein

Unesterified

Cholessenod Cholesteryl Euer

Trielvoeride
# Al lipoprotein particles are riglyceric

Apolipoprotein B-100 heterogeneous

o Within classes
o Within each patient
o Between patients

mmlw . o
P » Particle composition, not
O phehoiigics s prateity i
e berot ErOl et exctenteral exeern cholesterol concentration,

determines metabolic function

-

Low density lipoprotein (LD
as d micelle:
hydrophilic exterior-protein/ionic heads
interior-TG and cholesterol esiér;‘ :

LDL

Protein
Cholesteryl Esters

Cholesterol

HDL
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Aldehydes Nomenclature

alk...ane -> *.. .anal (but see also common/familiar names)
O
0 0 | Ha H3
§| |§ ,r*"[:“x ,f"':“‘-.‘ ,-f"c‘“‘a. f‘H
iy AL H C C C
H H HaC H Ha Ha {
O
- formaldehyde - acetaldehyde = 1-B-hexandial
« oxomethane « 1-ethanal
= methanal

Paolo Sarti 2011
Department of Biochemistry
Sapienza
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Sapienza Aldehydes Nomenclature

alk...ane -> *...anal (but see also common/familiar names)

@]
o .
Hie” ¢ 67 0 = H.e” e ¢ H
H:  Hs Ha  Hz
hexane hexanal
o HC—CH o 0
N/ N 7 A
c—C c—C H,C—C
/ 4 N , N,
H HC—CH OH HaN H
p-formylphenylacetic acid aminoacetaldehyde
Q. H
“@Cf o
T w0 NP
2
L LB _C HC? ~c” =¢” TH
H C C H | Il |
Ha Haz HCs _C.___-CH
C C
H H
1,5-pentandial 1,2-naphthalenedicarbaldehyde
(glutaraldehyde)

Try to figure out the 3D organization of the molecule !




examples

Paolo Sarti 2011
Department of Biochemistry

Nomenclature Sapienza
P T I
HC=G—6—6=0H HCogCh
HHHH H H
Heptanal Propanal
I 0 H OHH K K b
RN SRS REes
HH—C—H H H CHH H H
|
H

2-methyl-butanal

3,4-di-methyl-heptanal

CHg
CHz—C—CH,—CH—CHj
CHg

CHs  CHs
CH3 EL CH,— CH —CH;
CHq

2,2,4 tri-methyl-pentane  OK


http://upload.wikimedia.org/wikipedia/it/d/da/Alcani_IUPAC3.PNG
http://upload.wikimedia.org/wikipedia/commons/b/b6/Resonance_stabilization_of_carboxylic_acids.png

