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Chemistry of Carbonyl: lodoform reaction: @

An oxidation reaction of aldehydes or ketones bearing a ketomethyl group in their structure or for compounds that under the reaction condition of the test,
generates such carbonyl compounds in situ.

Reagent: |, in alkali, with Br, in alkali, we have bromoform reaction; commonly known as the haloform test.

0X. no. +2 oX. no. + 3 0X. no. +2
(.g l,, alkali, heat O / '\C/L/
H,C” R NaoCR T HTTY
(yellow ppt.)
0X. no. -3
o} 0 o . o
i I,, alkali, heat I
/u\ I, alkali, heat /&\ + CHI y c/C\CH 2, alkali, heat \ o/C\CH + CHl,
H,C” H NaO (yellow ppt.) 3 3 a 3 (yellow ppt.)
acetaldehyde sodium formate propanone sodium acetate
(o] , O
1 I, alkali, heat X + CHI, HO\C/H I,, alkali, heat g
H;C \@ NaO \© (yellow ppt) Hac”C CH, Hye” O CH,
propan-2-ol propanone
acetophenone sodium benzoate
2-hydroxypropane, does not contain ketomethyl
group but, gets oxidized to acetone under the . alkali. heat
reaction condition of iodoform, and thus, 2 ’
responds favourably.
Not all compounds conatining ketomethyl group 0
respond to this test, e.g. I
NaO O cH, o ST
a
o methyl acetate, contains ketomethyl group but it is an ester; 8 (yellow ppt.)

undergoes base-induced ester hydrolysis under the reaction sodium acetate

MeO” "CH; condition of iodoform reaction. b

v Similarly:

o acetamide, contains ketomethyl group but it is amide; E I, alkali, o I2, alkali, O

I ) : " . H H I heat S

.C. undergoes Hofmann degradation under reaction condition | N heat C _C.
HoN™ "CHs  of jodoform. E H3C/C\OH H,C™ "H NaO™ H

' thanol acetaldehyde sodium formate
: ethano + CHlg

(yellow ppt.)




Chemistry of Carbonyl: Aldol reaction / addition / condensation:

An aldol condensation reaction is a C-C bond forming reaction between carbonyl compounds possessing a-hydrogens and affords p-hydroxyketone

which may eventually dehydrate to an a,pB-unsaturated carbonyl compound.

2

One component acts as the nucleophile -

. . 0] ; i (0]
('(?; ’ (ICJI: acid or alkali a HO\C/ acid or alkali 4 (l;B deprotonation of carbonyl a-H to enolate
N ¥ YN nucleophilic additon <~ 7aC” > - H0 ~EeCTTS
\H \H dehydration | The other component acts as the electrophile
/ B-hydroxy aldehyde o, p-unsaturated
a-H ! B-hydroxy ketone carbonyl compound
aldol addition
<t =
<t r =
aldol condensation
Mechanism in alkali: E
1. g’fe::;?atig_n o E 1. Must have at least two a-Hs
: C(I) /_% (I) . to complete condensation process
CrH Cs !
AT OH 7 TCHz '+ H,0 regenerated |
H> ' 2. Reaction is reversible
2. Nucleophilic C (—\ J] |
addition: Q 03 \O 9 1CoH \ OH® | 3. Catalytic in alkali
/C\ HZC/C\ /C\C/C\ /E\Cac\ + OH :
ketone / aldehyde ' enolate ion Ha Hy 4. Dghydration requires forcing
- electrophile - nucleophile P-hydroxy aldehyde condition
/ B-hydroxy ketone !
+ 5. Condensation b/w same carbonyls
3. Dehydration: | o Lo self-condensation
Ho /@ HO) o @ Po. & o :
/C\H/C\ " oOH ~ _C{Z.C_ SIS + OH . 6. Condensation b/w two different
p Ga B C,“ | T +carbonyls - cross-condensation
H H |
+ Hy0 regenerated E




Chemistry of Carbonyl: Aldol reaction / addition / condensation:

. . . . cyclohexanone
Self-condensation of cyclohexanone in alkali medium: y

- electrophile
,07——< )
HO® + 4 H -~ H + H0 00
0 ©g o 3
resonance-stabilized enolate ion - nucleophile
WA
OH H,O
0] HO
@]
B-hydroxyketone o,pB-unsaturated-ketone
Self-condensation of acetone in acid medium: protonated acetone
- electrophile
D H /
07 ® .
/—\ ® H H 4\'“ H. .
oY = 7 O HO CH O HO: CH;4
(.é H® ‘\% _H® ch); HaC™C CH, Lo - HO H C/(IE\C/\C/\CH _Ho
H enol - nucleophilic at diacetone alcohol
the a-carbon - a B-hydroxyketone
(0] CH
C@Hz TICH H,0 (I‘l C 3 1. Reaction is reversible
HsC” (E} “CHj HyC” C “CHa 2. Reaction is catalytic in acid

me3|tyl oxide
- an ao,B-unsaturated ketone




Chemistry of Carbonyl: Aldol reaction / addition / condensation:

Cross-aldol condensation: A possibility of mixture of products -

0 o) o o - on
N acid/akai 5 \OH g \oH 2\ o 7\
R/ \/C\ R']/ \/C\ - R/C\C/ ~ + R1/ \C\/ \R1 + R1/ \C\/ \R + R/ ;C\/ \R1
H H H H ay ’ /4 ’

self-aldol products cross-aldol products

For successful cross-aldol avoiding mixture of products:

1. only one of the partners must have a-H, not the other (self-aldol of second component not a problem then)
2. the partner without a-H must be more electrophilic than the one which has the a-H (self-aldol of first component not a problem then)

Enolate only from first component, nucleophilic attack of that enolate only on second component

Acetophenone has a-H, benzaldehyde does not, enolate forms from acetophenone only.

G “
@C?H ®OH ©/C\\CH2 + H,0 The basicity of hydroxide is such that a small portion of acetopheone forms enolate, most
2

of it remains in unenolized form; this can add the enolate leading to self-aldol reaction, but...

...benzaldehyde is more electrophilic than acetophenone towards nucleophilic addition due to both electronic and steric factors, hence, the enolate preferentially
attacks benzaldehyde (cross-aldol promoted) and not unenolized acetophenone (self-aldol prevented)
o) H OHO OH 0,)

€ O CHE Cmc
SRS o e o o




Chemistry of Carbonyl: Aldol reaction / addition / condensation:

Finding out the structure of the parent carbonyls from the product aldol / unsatuarted carbonyl:

T 9 HO R Q
BCya CL . _C...C.
R4 9 R3 ... can come from dehydration of ... R G Rs
R, H R
an a,B-unsaturated carbonyl, can be a pB-hydroxycarbonyl compound

considered as an alkene, which...

i.e., add a H at the a-carbon and a OH at the B-carbon

HO R O ¢ 0
. C can come from & R, © ¢
SNACYS ~ YA AN
Ri”C  "Rs nucleophilic additionto ... ~R{” R ..of.. C Ry
H R, H
a B-hydroxycarbonyl compound ketone / aldehyde enolate
can be considered as an alcohol, which... - electrophile - nucleophile
o] O
0 C Ho .C
R2\C/C\R3 ... must come from ...~ "'~>c” >R  and abase
/ N\
H H Ry

carbonyl compound with a-H

i.e., break the C-C between C-Cg, form a=0to Cgand one Hto C,

Overall: I.? 9 3 9
R1ﬁ/C\\(TZ/C\R3 ....must come from ... R(C\\O and H\/C\/C\R (and a base)
R, H Ry
i.e., break the C=C between C,-C, add =O to Cg and two Hs to C,,
B Iﬁa H..O
HzC//C\C/m-|3 must have come from ~c” and l-iSC\C/Cl—I3 (and a base)

I |l| I

but-3-en-2-one formaldehyde propanone

Compounds that do not participate in
self-aldol condensation:

Me\ /Me
C..H
Me/ 9 H\C/H
o o
pivalaldehyde formaldehyde

©\ _H and other
C

i aromatic aldehydes

0]
benzaldehyde
HCs
~C. ..H No a-H present
C
I for these
o
propiolaldehyde

H <=—— oa-H present but
('; H it is not enolizable,

H,C 9 hence no self-aldol

O
acrylaldehyde

These compounds undergo
Cannizzaro disproportionation
when heated with strong alkali




Chemistry of Carbonyl: Cannizzaro Reaction:

When reacted with concentrated NaOH (50 wt%) or other strong bases (e.g., alkoxides), aliphatic and aromatic aldehydes with no a-hydrogen undergo
an intermolecular hydride-transfer reaction known as the Cannizzaro reaction.

oX. no. +1 oX. no. +1 ox. no. -1 0X. no. +2

O
A,

0 H o
P R /A

R™ ~O”

[R = alkyl (without a-H), aryl]

Examples:

no a-H

e

benzaldehyde

no a-H

pivaldehyde

not a-H

2 H4

H
formaldehyde

K,CO4, reflux @_ﬁ OH
- + < >—/
OK

potassium benzoate  phenylmethanol

Me Me
50% NaOH, heat Me_Me
: > + OH
Me O Me)k/
ONa neopentyl alcohol
sodium pivaloate

50% NaOH, r.t. HJ<O +  HiC-OH
ONa methanol

sodium formate

In this base-mediated disproportionation reactio

n,

one molecule of -aldehyde oxidizes another to the
H* H2O corresponding carboxylic acid and is reduced to the
/H corresponding-primary alcohol in a maximum 50% vyield.

If the aldehyde has a-Hs, the aldol reaction will take place

faster.than the Cannizzaro reaction.

Mechanism:
om H
QL . & ><
R H R
cB of hydrate
irrev.
no a-H ey H /of H H
* H
0" R
H-O OH R0
+ OH I resonance-stab.
R H carboxylate
hydrate ')
P
Using D,O, ~OD there is no incorporation of D at the carbinol carbon :
O NaOD, D,0 Q H H D H
2 J OB g N b X
Ph H Ph ONa Ph oD Ph oD

Using H,O, OH on PhCDO there is no incorporation of H at the carbinol carbon :

, )0]\ NaOH, H,0 j\ D D
Ph” D Ph”” “ONa Ph”” “OH

+ )( but no Ph

D H

X

OH




Chemistry of Carbonyl: Cannizzaro Reaction: @

When reacted with concentrated NaOH (50 wt%) or other strong bases (e.g., alkoxides), aliphatic and aromatic aldehydes with no a-hydrogen undergo
an intermolecular hydride-transfer reaction known as the Cannizzaro reaction.

Intramolecular Cannizzaro reaction: For dialdehydes - heating with conc. alkali;

Mechanism: with glyoxal:
HIO 1.%H, heat  HO~ZO 9
- iH f\ " ©
0% H 2. H30 HO Y, Hj:o) @OH H_T~OH HO.__O 0._0
glyoxal B i i ) E EH
2-hydroxyacetic acid @O HH HO

aka glycolic acid H
glycolate

H H y O+j
CHO ,© 3
@ 1. ”OH, heat OH heat o oxidation
2. H;0* O - H,0 J_, HO. _O
CHO 30 2 AN HOXZ0 o no. +3
phthalaldehyde OH . (0] ox. no. +1 S ’ . H
2-(hydroxymethyl)benzoic acid lam?,gﬁ;,:?g?;?;u'ar O ? H HO™AY, oX. no. -1 HO™ 4
reduction

Crossed Cannizzaro reaction:

In general, a mixture of two different aldehydes o) 0 conc. alkali o] H H )O]\ H)(H
undergoes Cannizzaro Reaction to yield all possible, + — > + )( + o +
i.e. four products. The process is not very useful R1)J\H Rz)J\H R1)J\O@ R4 OH Ry O R, OH

due to formation of mixture of products.
[R4 and R, lack a-H]

However, when one of the components-is formaldehyde, the reaction becomes synthetically useful as the formaldehyde almost exclusively reduces the other
aldehyde and itself gets oxidized to formate. This method is partiularly important for crossed Cannizzaro reactions b/w formaldehyde and an aromatic aldehyde.

H o H oH Why does formaldehyde always acts as the hydride donor?
H
o HO OH
j\ NaOH, H,O J\ i) Formaldehyde exists in ag. medium as hydrate: Y
* H H heat * H” ONa which can donate hydride H™ "H
formaldehyde sodium formate

benzaldehyde benzyl alcohol ii) Has two hydrides to donate, donation statistically more favourable.




Chemistry of Carbonyl: Benzoin condensation:
Cyanide catalysed union of two aldehydes (generally aromatic) into

(0] (o) o an o-hydroxyketone.
NaCN (20 mol%) O Successful for certain (but not all) aromatic / heteroaromatic aldehydes
H o, H and a-ketoaldehydes (glyoxals).
EtOH, reflux, 30 min. ) .
retix min HO H Cyanide-catalysed process generally does not work for aldehydes with a-H.

benzaldehyde benzoin -

an a-hydroxyketone )
donated "hydride"

(donor)

Understanding benzoin condensation in terms of donor-acceptor approach - Trick to recognize
as if one of the carbonyl compounds has donated a hydride to the other: donor-acceptor:

il
H s accepted "hydride"
(acceptor)

Cross-benzoin condensation:

Me\ (@)
\ NaCN, EtOH, el O | .
H H heat R HG is more stable than

Me\N * Me\N O OH (ERG conjugated to C=0)
|
Me benzaldehyde I\I/Ie
4-(dimethylamino)benzaldehyde mixed benzoin / cross-benzoin / Me, OH
heterobenzoin /N Q
- O
o)
S
0@ OH
N is more stable than
EWG o) o) OH @) O
\ } NaCN, EtOH, 0
H heat
0@ * - S0© O 0 9
N N )

o)
I I \®
o) benzaldehyde 0O N
4-nitrobenzaldehyde mixed benzoin / cross-benzoin / o O
HO

heterobenzoin
(two EWG on the same ring in 1,4-position)




Chemistry of Carbonyl: Wittig reaction
The formation of carbon-carbon double bonds (olefins) from carbonyl compounds and phosphoranes (phosphorous ylides) is known as
the Wittig reaction.

Ph H
Ph.__O 1-Ph_ELO Ph\%\H . ,p\Ph
Yo+ H,C” “Ph O~ "Ph
Ph Ph triphenylphosphine
benzophenone methylenetriphenyl- 1,1-diphenylethene oxide
phosphorane

Ylides: Compounds in which an anionic site Y~ (originally on carbon, but now including other atoms) is attached directly to a heteroatom X*
(usually nitrogen, phosphorus or sulfur) carrying a formal positive charge. They are thus 1,2-dipolar species of the type R, XY R,

Ph Ph ; - i
Triphenylphosphonium methylide
Two forms for ylides are possible when Y is a third row element, like P: H,C? p\Ph -~ HZGC)S' :E: P akay Shos:))honium yIide,y
ylene form ylide form aka Wittig reagent
Preparation of phosphonium ylides: (as in alkene) (as in halide)
H H nucleophilic o | stabilization :
SN2 i
m(;\; PPh, _ONF ® o RLIin TNE > /C\@P)/Ph - /C\\P/Ph i) close proximity of opposite charges,
‘L PPhs X or Nal, QMSO Pt Ph PH Ph ii) p,(C)-d(P) backbonding
phosphonium salt
electrophilic ® relatively stable carbanions but also reactive
prim. or sec. substarte for H3C_IPPh3’ ylide formation reverses
[X = halogens, OTs] pKa = 22.6 (in DMSO) the polarity

Examples:
® 0 ® <:>:
:PPh, ©  phLi <:>_< . o= P Ph

H3C Br — > H3C PPh3 Br — H2C_PPh3 ——

phosphonium salt phosphonium
ylide methylenecyclohexane

PPh ©) ®
O—Br e O—Ppm B Uk, ?:"F' O@PPhg SUEELE + 0= P Ph

phosphonium salt phosphonium ylide




Chemistry of Carbonyl: Clemmensen and Wolff-Kischner reduction:

Reduction of C=0 group: Deoxygenation - converting carbonyl to methylene

Method-1: Clemmensen reduction: Limitation: Cannot be used for acid-sensitive substrates:
Me
('c)': Zn(Hg),, c. HCI Hb’H Me Me Zn(Hg)y, conc. HCI v )\/YMe
N solvent, reflux N HO ©
aldehyde alcohol is dehydrated O H H
or ketone in acid
Examples:

O Zn(Hg),, conc. HCI

H H |

fv Zn(Hig) o HCI= )k/\ Me then work up HoN Me
Ph COOH PhMe, reflux Ph COOH o Y

NO, gets reduced
in Zn/HCI

Synthetic utility: /\/\)J\ H H

Accessing alkylbenzene derivatives Me Cl Me  Zn(Hg),, HCI WMe
via Fridel-Crafts acylation-reduction AlCI toluene, reflux

sequence: 3

(direct prep. problematic due to polyalkylation)

Method-2: Wolff-Kischner reduction: Examples:

OYNHZ (:/rNNHZ KOH, heat OLH
_NH -
semicarbazone N KOH 180 °C
_NH
N2
Ph)J\Me

9]

formation PN heat H H
9 -N,, -~ CO,, H H EtOH, NaOEt, 180 °C X
SO/ iNH; [ _C- sealed tube Ph™ Me
_NH o "
carbonyl hydrazone N R KOH Limitation: Cannot be used for base-sensitive substrates:
[ YTeerE B AL
formation SN heat 1. Aldehydes, ketones bearing a-H are prone to enolisation -
=N, can lead to epimerization.
2. Organohalides with B-H are prone to elimination
Modification: using a 0 NH,NH,, H,0 (85%), KOH HH
. o 2NF2, F3 0),
high-boiling solvent: )J\/\ > ArX/\COOH H N,H,, KOH H
Ar COOH HO -~ o =
OH, 190-200 °C
[Ar = 4-PhOCgH,] o} (CH,0H),, heat H H

then work up 3. Esters, lactones, amides are normally hydrolysed.
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