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Carbonyl derivatives
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Carbonyl derivatives
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Carbonyl derivatives ‘
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Carbonyl derivatives - addition

Nucleophilic additions proceed with strong nucleophiles without problems,
nucleophile is before the reaction mostly generated from its conjugated acid

@ _

©
+ Na NH, O &
HC=CH > HC=C(C| Na
- NH3 © OH
0 + H,0

O ©
CHsCHz-CiH + Hc=Cl Na —» CH3CH2~C C=CH —>CHsCH2-C C=CH

H
ethynylation (ethynyl |ntroduct|on)

- H,0 ® ©
CH;—NO, + NaOH Na ICH,—NO,
® O .
H
.O 1. Na ICH,—NO
Ph—CH,-C7 2 % Ph—CH,- C CH,-NO,
H 2 H,0 !
nitromethyl introduction
NaOH ® 9
HC=N Na  IC=N
- H,0
O 2
I ® © HQ _c=N

Y

C~H 1. Na IC=N <
H : :
2. H,0/H® preparation of cyanohydrines



‘ Carbonyl derivatives - addition

Addition of Grignard reagents for the reaction 2 mols of reagents are
necessary to 1 mol of aldehyde or ketonene

=/
CHz-=M CHs;
_\ ,_/5 — = \c/ + CH3zMgX
C\\ 2 /\CH3 / \OM X
\O Mg, )
>|< H,0 / HY xO
CH,4
\C/ + MgX;
N\
OH o)
o) © MgCl OH
o)
/ O 20 g | |
C\ + CH3CH, Mg Cl T ——— C— CHZCH3W <\3 CH,CH;3
CH3 (\:HS CH3 +MgC|2

After acidification of the reaction mixture in reaction with aldehydes are produced second. alcohols
with ketones tert. alcohols
with formaldehyde prim. alcohol




Carbonyl derivatives - addition

Bulky alkyles in Grignard reagent may surprise by different
reactivity: in a case they have pB-hydrogen, then aldehyde
or ketone is reduced to corresponding alcohol

RCHy
=\ 3 HsC
\ e N N
_C _< \ C\ + C—CH2
A _CH
N A 2 OMgX R-CHj
y H,0 / HY xO
N
C\ + MgX;
7 “oH -
®
//O C|3H3 O MgBr OH
CH3CH2CH2—C\ + CH3CH2—(IJ—CH2- Mg - Br —— CH,CH,CH,—CH CH3CHZCH2—C<H
+ HCl
H H MgBrCl H

In case they have in f—position no hydrogen atom, then Grignard reagent
reacts as a strong base and is transferring carbonyl compound to enolate




Carbonyl derivatives - addition

REFORMATSKY REACTION
e
2 Cl—CH,—C” +Zn —— » Zn (CH»-CO-OCH,CHj),
OCH,CHs
HAC o° 2@
o 0 + Zn (CHACO-OCHCH)y ——=|  C . zn
— + Zn -CO-
(CH2 2C0Ha): e \CHQCOOCHZCH3
HsC
2
H,O / HCI
H
HC_ + ZnCl,
\

\
HaC < T CH,COOCH,CH;

In this reaction less reactive organometallic compound reacts with the keto group only
without any attack of the present ester forming p-hydroxyester.

Product in an acidic medium can loose water and affords a,p-nonsaturated ester.

H3C\ B (04
C==CH,-COOCH,CH;

H3C




Carbonyl derivatives - reduction

REDUCTION

-
-

+  AlHg

reduction with aluminium hydride proceeds via the same cyclic intermediate, we saw
in reaction with Grignard reagents

NaBH,— is reducing only carbonyl (without touching esters functions, NO,, CN), reactions can be
carry out also in a polar solvents like water and alcohols.

LiAIH,— is reducing also other functions, but reacts violently with water; reactions are carried out

in ether.
Q HeC. i
HaC | 1. LiAIH, / Et,0 | NaBH,
HyC—C—C—CH ™™ > H3C——/C——(|3—CH3 >
H5C 2 H;C H MeOH (H,0O)




Aldolisation and aldol condensation— catalysed by a base

8 _

H °'H 5

Ly (P

R—C—C—C
| o Ny
H  H

H 9+H o8

D
R—C—C—C—R

| O

H8+H

—| a —M efect of oxygen in carbonyl is activating a—hydrogen atoms , which are acidic

@® . ©®
Na enolate /9 Na
- Hzo /
CHZ—C// OH Na — > CHs;— c/za‘— < === CH;—CH=C__
H H
keto
keto -enol tautomerism l + H@
By the action of base is generated /OH
enolate, which reacts with the second CH;—CH=—C
molecule (non enolised) Ny
enol
N NS C?_ CH CH
\ a o] OH 3
6/6 ({) | 7P+ H,0 | |- P
CH3—CH—C_~ + CHj— — CH;— CH2—(|3— c—C/ —» CH3—CH2—<|:— C—C_

H “H

H H

During aldolisation the hydrocarbon chain is prolonged

H H

H H




Aldolisation and aldol condensation— catalysed by a base
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Aldolisation and aldol condensation— catalysed by a base

Mixed aldolisation — enol is prepared from compound with a—acidic hydrogen atom and
that then adds to carbonyl group of othercarbonyl molecule without a—hydrogen atom.

| case acid catalysed reaction after the e
reaction we can expect water splitting under
formation of double bond in conjugation with

carbonyle

aldol condensation




Aldolisation and aldol condensation— catalysed by a acid

Aldol condensation may be developed even by acid catalysis

O
HaC ® H3C{ -H HZC\\
C=0 +H~ —— ~ C-OH C—OH
HaC Hye” @ sHO  HC
N N\ HO e OH mesityloxide
H C/ /C—O—H — C. Cy
3 H,C H,C”  CHy-C
CH,
HsC @
Hye O @ oH +  G-OH
/C\ Céo +H H3C\ / ’/\ H3C
H3C CH2' N @ /N /O_H -
CH3 -H H3C CH2_ N
CH,
HY  HsC CHs
C=CH—C—CH=C_ forone
-2H,0  H,C g CH;




Reaction of aldehydes and ketones with N-nucleophiles

reaction is mostly catalysed by an acid — (pay attention to the strength
and concentration of acid)

_ © -
® ,/_\ N NH,-R| -H,O \
\ 7\ H NH,-R 2 2 _
C=0 —>\C—OH 2 - \C/\ —>/C—N—R
/5 o / ® 7/~ “OH
prim. amine . : azomethine
alifatic aldehydes do not need acid catalysis, but alkylidenalkylamine
for aromatic is necessary
o) -H,0 N—CH,CH,CH,CH
CH3—C</ + NH,-CH,CH,CH,CH, 2 > CHB_Cf 2ozl 2t
H H

ethylidenbutylamine

O - H0 N—CH,CH
\
H H

benzylidenethylamine

R_C//N—Q azomethines with phenyl at N atom

| are named Schiff bases
H



Reaction of aldehydes and ketones with N-nucleophiles

When acid is used, we must pay attention to concentration of acid:
with growing pH of the reaction medium is activated carbonyl group,
but in the same time is lowered concentration of non protonated amine for
the reaction



Reaction of aldehydes and ketones with N-nucleophiles

Similarly are adding other nitrogen compounds:

>c=o + NH;_—NH; > >C=N—NH2
H5;C H3C\

/Czo + NH,—NH NO;, — /C=N—NH NO,
H;C H5C

O,N 2,4-dinitrophenylhydrazine O,N
H3C H3C acetone 2,4-dinitrophenylhydrazone
\CZO + NH,—OH ——» \CZN—OH 2,4-dinitrophenylhydrazon of acetaldehyde
/ /
H

acetaldehydoxm (oxim acetaldehydu)

]
0 NH—C—NH,
pe A <
C\ + NH2NH_C NH2

H

semikarbazide
benzaldehyde semikarbazone

semikarbazon of benzaldehyde



Reaction of carbonyl compounds without a—hydrogen atoms

by a treatment of a base they cannot undergo aldolization or aldol condensation

Cannizar reaction (disproporcionation):
H ® © /H from aldehyde alcohol and carboxylic acid

are obtained

ﬁ\_/
S)

<o i
/H = +
C H—=- OH > ’ -

(H\_/E |‘> (|3H2 ® o C
O\ %, II:QI OH Na O/ \O

N7 ob nE

beside benzaldehyde also alifatic compounds with substituted oa—carbon and
other aromates can enter such a reaction:




Reactions of carbonyl compounds

TiScenko reaction

aluminium alkoxide is
used as catalyst

@_
(@) O ©
HiC—CZ~ 4+ AI(OCH,CHs); — = HyC— (\: H  + AI(OCH,CHs),
H ]
OCH,CH3 regeneration
4\ 5 - of catalyst
IOI (@) —
H.C— CH/\ ’CH3 _ CH3'C</ + 'Q_CH20H3
3 OCH,CHj

OCH,CH,

from aldehyde ester is prepared

Aluminium alcoholate as a weak base is not developing any
aldolisation but adds to cabonyle to give ester




Reduction of carbonyl compounds

H3C H.C. @ — reduction in nonaqueous medium (benzene,
N @ 3L 9@ @ .
=0 + €& —b ) C/C—Q' toluene) by a metal (for example by magnesium)
HsC 3 proceeds with a transfer of electrons by radical
mechanism
H3C\ /CH3 H3C\ /CH3 CH3 (:H3 H.O (|:H3 (I:H3
Ce °C — HyC—C——C—CHy —2° > HaC—C——C—CHj
+ | |
10l 10l IOl 1Ol ot 1ot
O ) S S, H H Pinakole
|
pinakoline

rearrangement



Reduction of carbonyl compounds

Reduction of aldehydes and ketones to saturated alkanes

1. Clemensen reduction in acidic medium (reaction suitable
for systems without groups sensitive to acidic medium)

Reaction is carried out in medium of hydrochloric acid, source of hydrogen amalgamed zinc

Cl @) CI
| I Zn [ Hgy
HaC—CH—CH—CHy-C—CHy  ———— HyC— CH— CH—CHy~CHp-CHg
CH3 CH3

in alkali medium substitution of halogen could take place

2. Kizner — Wolff reduction in a alkali medium
Reaction is suitable for systems without groups sensitive to alkali medium

Reaction is carried out at high temperature in a high boiling solvent as diglykol,
triglykol in the presence of concentrated sodium hydroxide.

(||) NH>-NH, / KOH
H2C=CH—CI:H—CH2‘C—CH3 > H2C=CH_(|:H_CH2‘CH2'CH3

CHj 200° / diglykol CHj

In acidic medium would proceed addition of hydrogen to the
double bond




