Aldehidoak eta Zetonak (l)



¢ Nomenklatura

» Aldehidoak izendatzeko dagokion alkanoari —O atzizkia aldatzen
zaio —AL atzizkiaz

* Aldehido funtzio-taldeko karbonoa (beti 1) ez dago zenbatu beharrik
* Ohizko izen batzuk azaltzen dira parentesi artean

@)
|| 0] 0]
H~ OH H H
Methanal Ethanal Propanal
(formaldehyde) (acetaldehyde) (propionaldehyde)
O
0]
M CoHs \/lk H
Cl H
5-Chloropentanal Phenylethanal

(phenylacetaldehyde)
» Aldehido funtzioa eraztun bati lotua dagoenean karbaldehido

atzizkia erabil daiteke
* Bentzenokarbaldehido-ren ordez, ordea, bentzaldehido da erabiliena

]
O O
o< O oo
C C H
\ . O
H H

Benzenecarbaldehyde Cyclohexanecarbaldehyde 2-Naphthalenecarbaldehyde
(benzaldehyde)



» Zetonak izandetzeko dagokion alkanoari —O atzizkia aldatzen zaio
—ONA atzizkiaz

* Zetonaren karbonilori ahal den zenbaki txikiena ematen zaio
* Zetona arruntenetan bi alboetako alkilo taldeen izena gehi zetona hitza erabiltzen

da
Butanone 2-Pentanone Pent-4-en-2-one
(ethyl methyl ketone) (methyl propyl ketone) (not 1-penten-4-one)

(allyl methyl ketone)

= Zetona arrunt batzuek IUPAC-ek onartutako izen bereziak hartzen
dituzte

)
O C
0 |
I CCH,
CH,CCH,
Acetone Acetophenone Benzophenone
(propanone) (1-phenylethanone or (diphenylmethanone or

methyl phenyl ketone) diphenyl ketone)



®» Metanoil edo formil taldea (-CHO) eta etanoil edo acetil taldea (-
COCH,) azil taldearen bi adibide dira

0
\
C—H
I
CO,H CH,C @ SOH
2-Methanoylbenzoic acid 4-Ethanoylbenzenesulfonic acid

(o-formylbenzoic acid) (p-acetylbenzenesulfonic acid)



¢ Ezaugarri Fisikoak

= Nahiz aldehido zein zetonen molekulek ezin dute elkarren arteko
hidrogeno-loturarik osatu

* Dipolo-dipolo elkarrekintzak azaltzen dira soilik eta, beraz, alkoholek baino irakite
tenperatura bajuagoak dituzte

N QOJ\H )OK N ~OH

Butane Propanal Acetone 1-Propanol
bp —0.5°C bp 49°C bp 56.1°C bp 97.2°C
MW = 58) (MW = 58) MW = 58) (MW = 60)

» Aldehidoek eta zetonek hidrogeno-loturak eman ditzakete
urarekin. Ondorioz, pisu molekular bajukoak direnak uretan
disolba daitezke

Formula

HCHO

CH4CHO
CH4CH,CHO
CHy(CH,),CHO
CHy(CH,)sCHO
CH4(CH,),CHO
CeHsCHO
CeHsCH,CHO
CHyCOCH;4
CH4COCH,CHs
CHyCOCH,CH,CHs
CH4CH,COCH,CHs
CeHsCOCH;4
CeHsCOCeHs

Name

Formaldehyde
Acetaldehyde
Propanal
Butanal
Pentanal
Hexanal
Benzaldehyde
Phenylacetaldehyde
Acetone
Butanone
2-Pentanone
3-Pentanone
Acetophenone
Benzophenone

mp
(°C)
—92
—125
—81
—99
~915
—51
—26
33
~95
—86
78
—39
21
48

bp
(°C)
—21
21
49
76
102
131
178
193
56.1
79.6
102
102
202
306

Solubility in
Water

Very soluble

oe]

Very soluble
Soluble
Slightly soluble
Slightly soluble
Slightly soluble
Slightly soluble
0

Very soluble
Soluble
Soluble
Insoluble
Insoluble



¢ Aldehido eta Zetonen Espektroskopia

® |G Espektroskopia

® Karbonilo taldeak 1665-1780 cm™1 tartean absortzio sendoa ematen
du, C=0 taldearen tentsio dardarketa

C=0 Stretching Frequencies

Range Range
Compound (em™) Compound (cm™)
R—CHO 1720-1740 RCOR 1705-1720
Ar—CHO 1695-1715 ArCOR 1680-1700
\ / \ /
C=C 1680-1690 C=C 1665-1680
/ \ / \
CHO COR
Cyclohexanone 1715
Cyclopentanone 1751
Cyclobutanone 1785

» Konjokatua denean absortzio-maiztasuna 40 cm' inguru jeitsi
daiteke, loturaren izaera bikoitza zerbait galtzen delako

o

@& "\ <—— Single bond
C— _
\C :/é/ . N +_C//
/ \ / \

®» Aldehidoen C-H loturaren dardarketak bi absortzio ahul ematen
ditu 2700-2775 eta 2820-2900 cm-! tartetan, urrunez-urren



® Aldehido eta Zetonen EMN Espektroak
=» 13C EMN Espektroak

* Karboniloen seinalea d 180-220 ppm tartean agertzen da

=» 'H EMN Espektroak

* Aldehidoen protoiak seinale zorrotza ematen du 6 9-12 ppm-tara
* Sarritan protoi hau akoplatua agertzen da a-karbonoan egon daitezkenekin
* o Karbonoan dauden protoiak 6 2.0-2.3 tartean agertu ohi dira

T™MS




¢ Aldehido eta Zetonen Analisi Kimikoa

® Tollens-en Testa (Zilar Ispiluaren Testa)

» Aldehidoak zetonetatik bereizteko baliagarria

* Aldehidorik bada “zilar ispilua” agertzen da (aldehidoak zilar katioia erreduzitzen
bai du zilar metalikora)

* a-Hidroxizetonek ere Tollens-en testa positiboa ematen dute

| I
Ag(NH,),"
R—C—H “(H O*)- > R—C—O0- + Agl
Aldehyde ’ Silver
mirror
O OH O O
" “ ) Ag(NH,)," “ " ,
R—C—CH—R 2> R—C—C—R’ + Agl
a-Hydroxy ketone ’ Silver
0 mirror
” , Ag(NH,),’ :
R—C—R —> no reaction
H,0

Ketone



¢ Aldehidoen Sintesia

e Alkohol 1°-en Oxidazioa
» Alkohol primarioak oxida daitezke PCC erreaktiboarekin (Cr-VI)

O O
(0] I (O] |
R—CH. OH I—(TI) R—C—H l—(Tl> R—C—OH
1° Alcohol Aldehyde Carboxylic acid

O
PCC (C.H.NH*CrO,Cl") [

R—CH,OH — : —iC—H

2 CH,CI,
1° Alcohol Aldehyde

® Aldehidoak Azido Kloruroen, Esterren eta Nitriloen
Erredukzioz

» Azido karboxilikoen erredukzioa ezinezkoa da aldehidoan geratzea
eta urrunago (alkoholeraino) doa
* Aldehidoak errezago erreduzitzen bai dira azido karboxilikoak baino

| 1
L LiAlH, L LiAlH, R—CH,OH
R OH R H

Carboxylic acid Aldehyde 1° Alcohol



= Aldehidoak lor daitezke erredukzioz azido karboxilikoen deribatu
aktiboagoak erabiliz (azido kloruroak, esterrak edo nitriloak) eta
hidruro iturri ez hain erreaktiboa
* Adibidez, eragozpen esterikodun aluminio hidruroak

XO -

|
Lai* H—/Tl—O—f— H\
0) Al

Lithium tri-tert-butoxy- Diisobutylaluminum hydride
aluminum hydride (abbreviated i-Bu,AIH or DIBAL-H)

®» Azido kloruroen eta litio tri-tert-butoxyaluminio hidruroren arteko
erreakzioan (tenperatura bajura) aldehidoak lortzen dira

I I I
SOCI, 1) LiAIH(O-¢-Bu),, Et,0, —78°C 3
RCOH ——2> RCCI ~—=— W RCH
(2) H,0
I I
C G
I (1) LiAIH(O-t-Bu),, Et,0, —78°C SH
(2) H,0 ]
H.C H.C
OCH; OCH;
3-Methoxy-4-methylbenzoyl chloride 3-Methoxy-4-methylbenzaldehyde

10



®» Hidruro-transferentzia karbono karbonilikora gertatzen da
* Karboniloa ber-osatzean, kloruro taldeak (talde aterakor ona) ihes egiten du

o + .
O—1Li
A N / N
O: "LiAIH[OC(CH,;);]; — R—C + AIH[OC(CH,);],
/ \
R—C :Cl:
\
:(2]:
Li [ Li i
. 3
C O AI[OC(CHY),], O
/] |
R—C\\/H —> |R—C—H AI[OC(CH,),], —
|
:Cls +Cl:
Transfer of a hydride ion to the Acting as a Lewis acid, the aluminum
carbonyl carbon brings about the atom accepts an electron pair from oxygen.
reduction.
(QAI[OC(CH,);]; +O— AI[OC(CH,);]4 0:
| e —LiCl // H,O //
R—C—H Li —> | R—C —> R—C
Ql iy \
:Cl: H H
This intermediate loses The addition of water causes hydrolysis
a chloride ion as an electron of this aluminum complex to take place,
pair from the oxygen assists. producing the aldehyde.

(Several steps are involved.)
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= Ester baten erredukzioa aldehidora DIBAL-H erabiliz ematen da
tenperatura bajuan
* Karboniloa ber-osatzean alkoxido taldea da ateratzen dena

0: “Al(i-Bu), *O—Al(i-Bu),
R—C H — R—C H —
\ \
:QR’ :QR’
The aluminum atom accepts an Transfer of a hydride ion to the
electron pair from the carbonyl carbonyl carbon brings about its
oxygen atom in a Lewis acid—base reduction.
reaction.
Q‘O—Al(i-Bu)2 *O—Al(i-Bu), O:
| / H,0 /
R=C=H —_— R=C —— R=—C
¢l \
SOR? H H
This intermediate loses The addition of water causes hydrolysis
an alkoxide ion as an electron of this aluminum complex to take place,
pair from the oxygen assists. producing the aldehyde.

(Several steps are involved.)
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¢ Zetonen Sintesia

e Alkeno, Areno eta Alkohol 2°-tik abiatuz

®» Alkenoen ozonolisia

R B R R”
N 7 (1) 0, N P
: C=0 + ():(j\

/ — N (2) Zn, HOACc ” i
R’ H R’ H
Ketone Aldehyde

» Friedel-Crafts-en Azilazioa (aromatikoak)

O O
H AICI, H
ArH + R—C—Cl ———— Ar—C—R + HCI
An alkyl aryl

ketone

= Alkohol 2°-en oxidazioz

OH O

H,CrO), ”
—_—

|
R—CH—R’ R—C—R’



® Zetonak Alkinoetatik Abiatuz

®» Alkino baten hidratazioan (Markovnikov) alkohol binilikoa sortzen
da lehenik (enola), baina berehala birmoldatzen da zetonara (zeto)

H H
Hgso, | \ 4 |/
—C=C—+H—0H —/— C=C —— —C—IC
HSO, | /7N N\
OH H 0]
A vinylic Ketone
alcohol
(unstable)

» Birmoldaketa hau tautomerizazio zeto-enoliko-z ezagutzen da
* Oreka bat da, gehienetan zeto egoeraruntz lerrotua

H H
/\ < |/ |/
H— () H + / \ —>—C|3—C\\ —>—C|3—C\\ —i—H“O+
H,O:

W So—m i odn D n b
Vinylic Ketone
alcohol

/ HA | b
C=C —— —C—C
|\

:Q—H H O
Enol form Keto form
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®» Muturreko alkinoetatik zetonak osatzen dira hidratazioak
Markovnikov-en araua jarraitzen duelako

* Etinoak azetaldehidoa emango luke
* Barne-alkinoek bi zetonen nahastea ematen dute (simetrikoak ez direnean)

CH: CH,
Hg2+ \» \
CH3CECH + HO —— C=CH,|— C—CH%
o 2 H30+ / 2 // S
HO 9)
Acetone

HgSO,
CH,CH,CH,CH,C=CH + H,0 —=> CH3CHZCH2CH2(”3CH3

@)
(80%)
H H H o H
HgSO, \ / |/
H—C=C—H+ H,0 —— C=C —> H—C—C
- H,S0, 7 AN | \
H OH H [0
Ethyne Ethanal

(acetaldehyde)



® Zetonak Litio Dialkilkupratoetatik abiatuz

» Azido kloruroek dialkilkupratoekin akoplatzen dira (Corey-Posner
edo Whitesides-House erreakzioen aldaketa)

General Reaction

O
/ / .
R,Culi + R™—C — R’™—C + RCu + LiCl
\ N
Cl R
Lithium Acyl Ketone
dialkylcuprate chloride
Specific Example
O O
/ . —78°C / ,
C + (CH,),Culi — C + CH,Cu + LiCl
N\ 32 Et,0 % ~
Cl CI.
Cyclohexanecarbonyl (81%)
chloride 1-Cyclohexylethanone

(Cyclohexyl methyl ketone)

16



® Zetonak Nitriloetatik abiatuz

=» Organolitikoak zein Grignard-en erreaktiboak nitriloekin
erreakzionatzean zetonak osatzen dira

* Organometalikoaren bigarren adizioa ez da gertatzen (horrek 2 kargadun
nitrogenoa emango luke)

General Reactions

N~ MgX* 0
// H,O™ //
R—C=N + R'—MgX —> R—C\ — R—C\ + NH,* + Mg?* + X~
R’ R’
N- Li* 1)
. // H., 0" //
R—C=N+ R —Li —> R—C\ — R—C\ + NH,* + Li*
R’ R’
N N-Li* N~ 2 Li*
a R'—Li / R'—Li |
R—C=N:———>R—C X R—C—R’
(A \ |
R’ R’

(The dianion does not form.)

Specific Examples
//O
1) Et,O
C,H,—C=N + CH,CH,CH,CH,Li 52; =L CH,—C
CH,CH,CH,CH,
7
CH,CH—C=N + C,HMgBr -2 E:0 CH,CH—C
3 | 675 2) H;O' 3 |
CH, cH, CH;s
2-Cyanopropane 2-Methyl-1-phenylpropanone

(isopropyl phenyl ketone)



® Ariketa : Sintetizatu 5-nonanona 1-butanoletik soilik
abiatuz

Retrosynthetic Analysis
N

\/\/\‘/
0 T
Pentanenitrile
5-Nonanone Bng\/\/ 1-Bromobutane 1-Butanol

Butylmagnesium bromide

Synthesis
N

/
PBr ) d/7 Add RMgB O

i \/\)JV\/
s eI

18



¢ Adizio Nukleozalea Karbonilo Taldearengan

=» Nukleozale baten adizioa karbono karbonilikoaren 6+ kargak
errazten du

General Reaction / \/\
Nu R i, CSLO..‘S* =N
"\ D o L
/C=O + H—Nu R—C—OH

| Aldehyde or ketone The nucleophile may
H H (R or R' may be H) attack from above or below.

» Nukleozale sendoen adizioek (hidruroa, Grignard-en erreaktiboak)
artekari moduan alkoxido tetrahedrikoa ematen dute
* x Elektroiak alkoxidoaren oxigenoan amaitzen dute
* Karboniloaren karbonoa trigonala izatetik tetrahedrikoa izatera pasatzen da

Nu Nu
R’ >
/////’/"'-, 5 \ 3 /_\ H £ Nu \
C==0, — L—0: /—/—/—— +C—O—H + :Nu~
R( (}' O R,\\\\ .o R/\\\\
6+ 65—
Trigonal planar Tetrahedral Tetrahedral
intermediate product
In this step the nucleophile In this step the alkoxide
forms a bond to the carbon oxygen, because it is strongly
by donating an electron basic, removes a proton from
pair. An electron pair shifts H—Nu or some other acid.

out to the oxygen.
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w Katalisi azidoa erabiltzen da, horrela nukleozale ahulek
karboniloarengan adizioa eman dezaten
* Oxigenoa protonatzean karbonoaren elektrozaletasuna areagotzen da

Step 1
I///,, e, = /\ ,///"/:, ,////,,
~C=0_+ H—A 'C=OH <— __C—OH|+ A:"
RY s+ - RY T+ R” +
(or a Lewis
acid)
In this step an electron pair of the carbonyl oxygen accepts a proton from the acid (or associates
with a Lewis acid), producing an oxonium cation. The carbon of the oxonium cation is more
susceptible to nucleophilic attack than the carbonyl of the starting ketone.
Step 2
H
¥
*Nu Nu:
!
/////,,,”n' /\ \ e AT \ v
SCTOH :Nu—H==  C—O0—H +C—O—H + H—A
R + R, \ R’ \/
R R

In the first of these two steps, the oxonium cation accepts the electron pair of the nucleophile. In the
second step, a base removes a proton from the positively charged atom, regenerating the acid.

20



® Erreaktibotasun Erlatiboa: Aldehidoak versus Zetonak

®» Orokorrean aldehidoak zetonak baino erreaktiboagoak dira
* Zetonetan sortzen den adizio-artekari tetrahedrikoan pilaketa esterikoa

haundiagoa da

* Aldehidoen karboniloa elektrozaleagoa da R talde elektroi-emale bakarra duelako

a

O()—

[

C6+
R7 H
Aldehyde

Carbonyl carbon is more
positive.

Ketone

Carbonyl carbon is less
positive.

21



¢ Alkoholen Adizioa: Hemiazetalak eta Zetalak

® Hemiazetalak

®» Aldehido edo zetonek alkoholen adizioz hemiazetalak ematen
dituzte oreka baten bitartez

* Hemiazetalak hidroxilo eta alkoxido taldeak ditu karbono berean

* Hemiazetal aziklikoak ezegonkorrak izan ohi dira; ziklikoak ordea (5 eta 6-ko
eraztuna dutenak) egonkorrak izan daitezke

i

R R O—R’ R O—R’
\ /\ \ /-. \ /-.

C=0 + HO—R'=— C = C
4 LFe " / N\ 7N\
H H O - H Q—H
Aldehyde Alcohol Hemiacetal
(or ketone) (usually too unstable to isolate)
\ J \ J
Y Y
In this step the alcohol In two intermolecular steps, a proton is
attacks the carbonyl carbon. removed from the positive oxygen and a
proton is gained at the negative
oxygen.
.'O'. . . .o OH
CH, 'O.” CH, O—H 0]
G . —
. GG C(“:H H2(|: \é/ ) two H2C| \é/ =
H p—— e
HQ B CH,CH, AN steps sl X
N H,C— H,C— OH
'~ H 2>™~0 H HO
| - OH
H (+)-Glucose

(a cyclic hemiacetal)

22



®» Hemiazetalen sortzea azidoek nahiz baseek katalizatzen dute

R TN ok R\ /—\ 5
C=0  + H—O—R'—= C=0 +:0—R' —
5+ 8 | / (1+\
H R H g
(R” may be H) An alcohol molecule adds to the
Protonation of the carbon of the oxonium cation.
aldehyde or ketone

oxygen atom makes the
carbonyl carbon more
susceptible to nucleophilic
attack. [The protonated
alcohol results from reaction
of the alcohol (present in
excess) with the acid
catalyst, e.g., HCL.]

. H
o A8 :O—R’ .
R'—0© | :0—R’
| . H | = ¥
R”—C|—Q—H R”—Cl—Q—H + H—O0—R’
R R H

The transfer of a proton from the positive oxygen to another
molecule of the alcohol leads to the hemiacetal.

" i} R'—O: R'—O:
R\ A/..\“’Q—R' | .. —~»ulor | . .
C=0. R'—C—0:{ ———R'—C—O—H + O0—FR’
S5+ (16’— | oo pre )
R R R

(R” may be H)

An alkoxide anion
acting as a nucleophile
attacks the carbonyl
carbon atom. An
electron pair shifts
onto the oxygen atom,
producing a new
alkoxide anion.

The alkoxide anion abstracts a proton
from an alcohol molecule to produce the
hemiacetal and regenerates an alkoxide anion.

23



» Aldehidoak (edo zetonak) uretan disolbatzean beraien
hidratoarekin orekan ipintzen dira

* Hidratoa gem-diola da (gem = geminal, bi ordezkatzaileak karbono berean daudela

adierazten du)

* Zetonen hidratoetan oreka zetonaruntz lerrotua dago, hidratoan ematen den

pilaketa esterikoarengatik

H;C H3C 00—
— N W
C=0+H0— C
- 7 N
H H O—H
Acetaldehyde Hydrate

(a gem-diol)

H,C H,C. OH, H,C. :OH

v N\ - Ny
C=0. +:0H,=— C
/5+ (6* 7 N\ g 7\

In this step water attacks In two intermolecular steps
a proton is lost from the
positive oxygen atom and
a proton is gained at
the negative oxygen atom.

the carbonyl carbon atom.
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® Azetalak

» Aldehidoek (edo zetonek) alkoholaren soberakin batekin eta
katalizatzaile azidoren laguntzaz azetala osatzen dute

% Lehendabizi hemiazetala osatzen da
% Azetalak bi alkoxi talde ditu karbono berean

H /_\
N SN (n , \ ,
C=0 H-—O0—R — +:0—R —
o+ o | / (}' o \
R H H
Proton transfer to the Nucleophilic addition of the
carbonyl oxygen first alcohol molecule
+ /H o
R'—0< TR L 0—FR
53 H | i
H—C—O0—H

H—$—§—H+H—?—w

R R H

————————————————

Proton removal from the positive oxygen results in
formation of a hemiacetal.

=3 H—(.;—R' .
:O_R, | :O_R, H
| / H Q‘l %) Y +,
H—C—0O—H+—7————H—C—O0H,* — C=0 + H,0
| .o | . / \ , 4
R R R R

Protonation of the hydroxyl group leads to elimination of water
and formation of a highly reactive oxonium cation.



P|I

9 K\ ..

. /—\ YOT_R’ :O—R’
\ R'—O—H

. R'—O—H .
H—(|I—Q—R’ e H—C|—Q—R’ + R'OH,*

R R

Attack on the carbon of the oxonium ion by a second molecule of the alcohol, followed by
removal of a proton, leads to the acetal.

» Azetalak egonkorrak dira isolatu eta purifikatu ondoren

m Azetalen sortzea itzulkorra da

* Azetalak hidroliza daitezke katalizatzaile azido bat erabiliz eta ura soberan,
aldehidoa (edo zetona) eta alkohola bereskuratuz

R  OR O
N7 H,0* I
C +HO ——R—C—H + 2R'OH
/. \\ “ (several
H OR’ steps)
Acetal Aldehyde
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®» Azetalen osatzea zetonetik eta alkohol arruntetik abiatuz
nekezagoa da (aldehidoetatik baino)
* 5 eta 6 unitateko azetal ziklikoak, ordea, erraz sor daitezke
* Hauek aldehido eta zetonen talde babestzaile bezala erabil daitezke
* Azido ahulekin uretan talde babestzailea ken daiteke (hidrolisia)

ey HOCH, no+ ~\ O ¢t
/C=O + I —=— /C\ + H,0
R HOCH, R O—CH,
Ketone (excess) Cyclic acetal
R = R’ .
N, A O—CH, HO*  \ CH,OH
/C\ -+ HzO — /C=O = |
R ()—CHZ R CH,OH
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® Azetalak Talde Babestzaile Moduan
» Azidoekiko izan ezik, gainontzeko erreaktiboekiko inerteak dira

» Adibidez: Ester bat erreduzitu daiteke zetona taldea ikutu gabe
azken hau azetal moduan babestua dagoenean

] ~o T

@) COCE T HA /\\ ‘ COCH; () LiAlH,
HOCH,CH,OoH O~ Et,0
) H,0
CH,OH go+ O CH,OH
BNy

N
- S
o’
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® Tioazetalak

®» Aldehidoek edo zetonek tiolekin osatzen dituzte

* Tioazetalak CH, (metileno) taldean bihur daitezke hidrogenatuz katalizatzaile baten
laguntzaz, adibidez Ni Raney-a

R R S—CH,CH,
N N o
C=0+ 2CH,CH,SH — C + H,O
A T HA 7N -
H H S—CHZCH3
Thioacetal
AN BF, N, F -
C=0 + HSCH,CH,SH < C + H,O0
7 S /N
R’ R’ S—CH,

Cyclic thioacetal

R S—CH.
N S " Raney Ni N .
C —> CH, + H—CH,CH,—H + NiS
# X% (Hy) A .
R’ S—CH, R’
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¢ Amina Primario eta Sekundarioen Adizioa

®» Aldehido eta zetonek amina primarioekin (amoniakoa barne)
erreakzionatzean iminak ematen dituzte
* Amina sekundarioa bada enaminak sortzen dira

R R R
R \R' R N—R”
¥
RI
Imine Enamine
R’,R" = C;

R=CorH



® Iminak

®» Azkarren sortzen dira erreakzioaren pH 4-5 denean

* Azido ahulak hidroxilo taldearen ihesa errazten du aminoalkohol artekaritik; azido
sendoak, ordea, hasierako aminaren nitrogenoa protonatuko luke deaktibatuz

= .
NH,—R NH—R
N \ A N H0*
C==0, + HHN—R — & — C
7 (e /" N\ /" N\
10 OH
Aldehyde 1° Amine Dipolar Aminoalcohol
or ketone intermediate
The amine adds to the carbonyl group Intermolecular proton transfer from nitrogen
to form a dipolar tetrahedral intermediate. to oxygen produces an aminoalcohol.
g\NH—R 0 Hq ..
4 —H,0 % vV :OH, N .
C C=N C=N + H,0*
7 e /7N e
(OH,* R R
Protonated Iminium ion Imine
aminoalcohol [(E) and (Z) isomers]
Protonation of the oxygen Transfer of a proton to water
produces a good leaving group. produces the imine and regenerates
Loss of a molecule of water the catalytic hydronium ion.

yields an iminium ion.
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® Enaminak

=®» Amina sekundarioek ezinezkoa dute imina neutroa ematea
nitrogenoak bigarren protoia galduz

* Ordez, enamina bat ematen dute
Step 1 O
QII

:07 H :C“)H
|_Co ) R T
R
H R H R H R
Aldehyde or Secondary Aminoalcohol
ketone amine intermediate

The amine adds to the ketone or aldehyde carbonyl
to form a tetrahedral adduct. Intermolecular proton
transfer leads to the aminoalcohol intermediate.
['\\
H—A R
ZéH +
e | N

Step 2

R + H,0 +:A"

Aminoalcohol Iminium ion
intermediate intermediate

The aminoalcohol intermediate is protonated by the
catalytic acid and a water molecule departs.
Contribution of an unshared electron pair from the
nitrogen atom leads to an iminium cation intermediate.

Step 3

A Enamine

A proton is removed from the carbon adjacent to the iminium group. Proton removal occurs
from the carbon because there is no proton to remove from the nitrogen of the iminium cation
(as there would have been if a primary amine had been used). This step forms the enamine,
neutralizes the formal charge, and regenerates the catalytic acid. (If there had been a proton to
remove from the nitrogen of the iminium cation, the final product would have been an imine.)
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e Amino-deribatu askorekin, aldehidoak eta zetonak, oximak, hidrazonak eta
semikarbazonak ematen dituzte. Substantzia hauek solido kristaltsuak izaten dira,
eta beraien koloreak eta fusio-puntuak sarritan erabiltzen dira jatorrizko konposatu
karbonilodunak karakterizatzeko.

HsG HiC OH
\Fo + H,N-OH — >= N
CH;CH, CH5CH,
H H _NH-Ph
>= O + H,N-NH-Ph —>» >= N
CeHs CeHs

):o + H,N-NH-CO-NH, —> /EN\

H H NH-CO-NH,
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e Fosforo  pentakloruroak eta  pentabromuroak aldehido eta  zetonekin
erreakzionatzerakoan gem-dihalogenuroak ematen dituzte.

Ci

° Et,O
+ PCl; > cl + O=PCl;

e Erreakziobidea:

Cl Cl
® Cl
:0: ®F Q| QO—PCIZ; ’\‘ IID/ CI
cl —
ﬂ ‘

ci_ cl c O—P cl

R1>< R2 * O=PCl; = >< R2 CI
\_/4 34




¢ Hidrogeno Zianuroren Adizioa

= Aldehido eta zetonek HCN-rekin zianohidrina ematen dute
* Zianuro kantitate katalitikoak erreakzioa azkartzen du

SRGE T /N “H—C=N: /N
\/ C=N: C=N:
®» Ziano (nitrilo) taldea hidrolizatu nahiz erreduzitu daiteke

* Hidrolisiz azido a-hidroxi karboxilikoak osatzen dira
* Erredukzioz -aminoalkoholak osatzen dira

0O HO HO O

I HCN | HCI |

C —— CH,CH,—C—CN —— CH,CH,—C—COH
S H,0 T

CH,CH;” CH, B

CH, CH,
a-Hydroxy acid

95% H,S0,
heat

(“) O OH
HCN . (1) LiAIH,
/COH (:/r HCN | ©<LN W ©<
CH,CH=C
’ .

CH,
a,3-Unsaturated acid

C == ¢ + ~:C=N:

OH
CH,NH,
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¢ lluroen Adizioa: Wittig-en Erreakzioa

®» Aldehido eta zetonek fosforo iluroekin erreakzionatzen dute
alkenoak emanez
* lluroak, neutroak izanik, karga positiboa eta negatiboa jarraian daukate

R R” R R”
. , + =/ e v ,
C=0 + (CH,),;P—C —> C=C + O=P(CH;),
v o R / AN o
R ’ R!’I R 4 RI”
Aldehyde or Phosphorus ylide Alkene Triphenyl-
ketone (or phosphorane) [(E) and (Z) isomers)] phosphine

oxide
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=» Trifenilfosfinak alkil halogenuro 1. edo 2. batekin erreakzionatzean
fosfonio gatza osatzen da
* lluroa osatzeko fosfonio gatza base sendo batez deprotonatzen da

General Reaction

RN RII
DN i a
Reaction 1 (C6H5)3P=/I$/ CHEX = (C(,H5)3P—C§ X~
RI” RI”
Triphenylphosphine An alkyltriphenylphosphonium
halide
R’I RII
' + é s = + 4
Reaction 2 (CH;),P—C~H :B— (CH,),P—C:~ + H:B
o N o AN
RI” RIN

A phosphorus ylide
Specific Example
. CHg :
Reaction 1 (C(Hy);P: + CH;Br —/——  (C,H,);P—CH, Br-
Methyltriphenylphosphonium

bromide
(89%)

+ +
Reaction 2 (CHs);,P—CH; + C.H.Li — (C,H,),;P—CH,:~ + CH, + LiBr5
Br- 7



®» lluroaren adizioa: lehen urratsean oxafosfetanoa (4-ko eraztuna)
sortzen da

* Oxafosfetanoaren apurtzeak alkenoa gehi trifenilfosfina oxidoa ematen du
* Prozesu osoa produktoruntz lerrotzearen arrazoia P=0O loturaren egonkortasunean

datza
R! R!/ R! RVI R! R!/
P | |
R—C + :C—R”" —|R—C—C—R" |— R*C—tC—R’”
ol ] [ ] R4
0 E: (CeHy); —:0 u‘: (CeHs)y ‘O—P(CeHy),
Aldehyde Ylide Betaine Oxaphosphetane
or ketone (may not be formed)
l{/ RH
AN / .-
C=C + O=P(CH;),
7 AN ’ o
l{ RU!
Alkene Triphenylphosphine
(+ diastereomer) oxide
Specific Example
- +
O, + :CH,—P(CiHy); — ‘CHZ
#0¢ f(coHs)s
s
Methylenecyclohexane ‘0—P(CHy),

(86 % from cyclohexanone
and methyltriphenylphosphonium
bromide)
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» Wittig-en erreakzioan, sinpleki esanda, C=0 lotura C=C loturan
bihurtzen da

R X R” R R”
N\ 5 R " / several N\ 5 . 7 :
C=0 + € — C=C + diastereomer
A Z N steps 4 L
R 14 H R”I R 4 R”I
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» Ariketa: Prestatu 2-Metil-1-fenilprop-1-enoa Wittig-en
erreakzioaren bidez

CHy  CH,  CH (st |CH3
(a) = = =0+ ?(|:—CH3 — H—(lj—CH3
H CH3 H P(C6H5)3 X

+ O=P(CH,),

CH, ~CH, |C6H~ cH,
(b) Cc=C —> H—C: + 0=C
H/ \CH | \CH
' "P(CeHy), 2
C(|H5

H—?—H + O=P(CH,),

X
By _ RLi
(a) (CH3)2CHBT + (C6H5)3P _—> (CHg)zCH_P(CﬁHs):; Br —
CH;CHO

(CH3),C—P(C¢Hs); — (CH;),C=CHCgH; + (C¢Hs);P=0

£ RLi
(b) C6H5CH281’ + (C6H5)3P — C6H5CH2_P(C6H5)3 BI‘_ —l>

o CH;),C=0
C6H5CH_P(C6H5)3 L) C6H5CH=C(CH';)2 + (C6H5)3P=O
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» Horner-Wadsworth-Emmons-en erreakzioan fosfonato esterra
erabiltzen da eta nagusiki (E)-alkenoa osatzen da

Step 1
0) Na* O
CHZ—IT—OEI r— CH—I|3—OE1 + H—H
OEt OEt
A phosphonate ester
Step 2

T i 5\ T
QéH—li—OEt + H — C=C\ + EtO—lr—O‘ Na*
OFt H OEt

(84 %)

1
@CHZ—X + Eto—i|>'—0Et — @CHZ—P—OEt + EtX
OFEt OFEt

Triethyl phosphite
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» Wittig-en erreakzioa oso baliagarria da sintesian. Adibidez, A bitamina prestatzeko.

PhSPQwCOzCH:;

A A A AN CO,CH;

1) LiAlH;  2) H,0 XNNXN0oH

 Sufre iluroek, aldehido eta zetonekin erreakzionatuz, epoxidoak ematen dituzte.

H3C\(;),CH3
{0 Qe —] ) 0
Q9 @ cH, 3
HQC—S\ —
CH, ~ S(CHy),
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¢ Organometalikoen Adizioa: Reformatsky-ren

Erreakzioa

=» Organozinkiko bat eta aldehido edo zetonaren artekoa
* Organozinkikoa a-bromoesterretik prestatzen da

* Produktoa -hidroxiesterra da, zein erraz deshidratatu daiteken ester o,-asegabea
emanez azkenean

| | \C =/NO BrZnO | H(|) |
r N &5— +
Br—C—CO,R ———> BrZn :(‘Z—C()ZR < —(li—L|‘—COZR 1o, —(|I—C—C02R
HO o)
1 H, Ot  \
—C—C—COR ——— C=C
| | heat
H (—H,0) ﬁOR
o)
B-Hydroxy a,3-Unsaturated
ester ester
i T
() Z
CH,CH,CH,CH + BrCH,CO,Et ano’ CH,CH,CH,CHCH,CO,Et
(”) CH, C|)H CH,
1) Z
CH,CH + Br—C— CO,Et Ez) —— CH,CH—C—CO,Et
CH, CH,

43



¢ Aldehido eta Zetonen Oxidazioa
= Orokorrean aldehidoak zetonak baino errazago oxidatzen dira

(0] (0]

” KMnO,, OH~ H H,O0* ”
RCH RCO- —— RCOH

(0) O (0)

| agoon | o]

H
RCH RCO- ———— RCOH

® Baeyer-Villiger-en Oxidazioa

= Oxigeno atomo berri bat karboniloaren alboan sartzen da
* Zetonen oxidazioak esterra ematen du

* Oxidatzailea peroxiazido bat izaten da (-OOH), adibidez azido m-
kloroperbentzoikoa (MCPBA)

O ‘“’ O
; H RCOOH . H
CH.—~C—CH,—— C,H.—O0—C—CH,
Acetophenone Phenyl acetate
. HA H H
+
0 :0 0 20 0
(“: — (‘%5 H—0—O0 3 R —CH (’Z 00 ﬁ R —
S +H—0—0O0—C—R — e AT A —
s "y s (\/ = 3 Y
CH; “C.H, CH; ~C.H, | Z]
CH, H
.
The carbonyl reactant The peroxy acid A proton is
removes a proton from attacks the protonated removed from the
an acid. carbonyl reactant. oxonium ion.
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CeH;

The peroxy acid carbonyl
group in this intermediate
is protonated, preparing the
RCO,H portion to be a
leawng group.

— CH,—C

| + H
:O/ :O/
e
AN

C()HS

The phenyl group migrates
with an electron pair to the
adjacent oxygen, simultaneous
with departure of RCO,H as
a leaving group.

O
g
CH';/ \é—C()HS

—R—>

G5
St

I
C
CH; +

O:

|
CH,

6775
A proton is
removed, resulting

in the ester product.

» Migraziorako joera karbonilora lotutako taldeen artean:
H > fenilo > alkilo 3° > alkilo 2° > alkilo 1° > metilo
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