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.Examples:

Isopropyl alcohol Isopropyl bromide

cH3cH2cH2cH2cH2oH -#t cHrcH2cH2cH2cH2cl
r-Pentyl alcohol ,l-Pentyl chloride

REACTIONS

Reactivity of HX: HI > HBr > HCI

Reactivity of ROH: allyl, benzyl > 3' > 2' > I"

cHicHCHr #ifi:*so.-- cHrcHCHl6, - ";n',;;'--' i,

CH, CH,r-1"
CH3-{-CH3 -#=---r CH5-C-CH3- 

| 
- room lcmp. ' 

IOH CI
,erl-Butyl alcohol ,err-Butyl chloride

2. Reaction with phosphorus trihalides, Discussed in Sec. 16.10.

Examples:

R-OH + PX3 -----+ RX + H3pO3

GX' : rBt3' t','

CHr CHrrl-
CH3CH2CHCH2OH PET! > CH3CH2CHCH2BT
2-Methyl-l.butanol 2-Methyl-l-bromobutane

Dehydration.

tt
-c-c-ttHOH

3.

I

-C:
Ic- + Hzo

Examples:

cHrcH2cH2cH2oH
a-Butyl alcohol

@gr.r, -rr'* @cHcu,
OfI Br

l -Bromo- l -phenylethanc

P+ 12 
' cHrcH2I

Ethyl iodide

5.19-5.23, and 16.3.

ecid

l-Phenylcthanol

CH3CH2OH
Ethyl alcohol

Discussed in Secs.

Reactivity of ROH: 3" > 2" > l"

HrsoJ 
' hcat > cHjcH:cHCH3 and

2-Butene
' Major priduct

Rearrangement fiay occur

CHTCH2CH:CH2
l-Butene

Oo" 
er,o,,rso.,' 

e

!

/

/

I
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ALCOHOLS II. REACTIONS

l6
E.

9Hr CH.

@t'-.r, H2so''hcrt) 

@3:.n,
OH

2-Phenyl-2-propanol

O---H BOND CLEAVAGE

Ro+H

4. Reaction as acids: reaction with active metals.

RO-H + M -____+ RO-M+ + +H2

Reactivity of ROH: CH3OH >

curcttrog -I:-t

2-Phenylpropcnc

Discussed in Sec. 16.6,

M : Na, K, Ms, Al, etc.

1'> 2" > 3.

CHr

cu.l-os or'-l
H

CHjCH2O-Na+ + ]H2
Sodium ethoxide

f',cHr-c-o)3At
H

CHr
I

cHr-c-oH -!=>
I

cHr
,err-Butyl alcohol

5. Ester formation, Discussed in Secs.

Examples:

cH3cH2OH cH:@so:cr
Tosyl chloride

Aluminium isopropoxide

CH:
I

CH3-6-6-11.
I

CH:
Potassium rerr-butoxide

16.7 and 18.16.

H
IR-C:O

An aldehyde

cur@soucHzcu,

Ethyl rosylate

base----.->+

(p_Toluenesulfonyl chloride )

o
CHTCH2OH + CU3{/ ** 

'\oH
Acetic acid

6. Oxidation. Discussed in Sec. I6.g.

.o
cHrcz + H2o

oczH5
Ethyl acetate

R-COOH

KMnO.

: R-CH2OH 
-

A carboxylic acid



DEHYDRATION

no reaction

KrCrrOr ,

Oo' 
Krcr'o"> G"

CyJoh"xanol CYclohcxanonc

(2)

KMnOr ,

CrO!" HOAc >

RI
*l*ot **ry t#

R
I - ncut' Klv!!5

nj-og --
I
R.

CHtCHzCHzOH
n'ProPYt alcohol

(l')

CHr
I

cH3cH2cHCHzoH
2-MethYl-1-butanol

(1')

H
I

CH.CH2C4 * Hz

ProPionaldehYde

' CHr
I

cHrcHzcHcooH
Z-tt{eittYtUutanoic 

acid

3-Cholestanone

! qt 
' 

!-!t ' lrqr;trfrttlrtilrrrrll*rrrlitltllr tE t rrtIi Fnt' -'-



-
and caproic, capr)lic,
goat).

For example:

CH3CH2CHCOOH
I

CHI
z -Methylbutyric

acid

name of rcluic acids.

-czr7boxJli

cHsCH2CH-cHcooH
lt

cH3 cH3
rr, !-Dimethylvaleric

acid

Branched-chain acids and substituted acids are named as derivativesstraight-chain acids. To indicare the position of attactrment, the Greekd-, P-, r,6-, etc., are usedl the cr-carbon i, tt," on. u.".ing the carboxyl

NOMENCLATURE

and capric acids are all found in goat fat

6YB"
c-c-c-c-cooH Used in common names

l+
3

caper,

ol the
Ietters,
group.

. COOH,,a\t9
Br

p-Bromobenzoic
acid

@.n,
nr-Toluic acid

)

'

CHJCH2CH2CH2COOH CH3CH2C[COOH
Pentanoic acid I

CHr
2-Merhylbutanoic

acid

@.r,.rr.oo,
3-Phcnylpropanoic

acid

-i

@.nr.rr.H2cooH

cHTCHCOOH

OH
c-Hydroxyproppligacid

Laclic acid

COOH

The IUpAC names follow the usual pattern. The longest chain carrying thecarboxyr group is considered. the parent' stru.,rr",""ra is named by repracingthe -e of rhe corresponding arkale 
.yvith 

_9t.. 
{;: ;;;;xample:

fHrcH2CHCooHCI CH:
7-Chloro-a-methylbutyric acid

Generally the parent acid is taken as the one of longest:_-.,.-,.r .r,! par!,,. aLr\r rs ra^En.as rne one ot longest carbon chain, althougtrsome compounds are named as derivatives of acetic aiid.

t""T^",:.":::or; f :^"^* are u sua ily 
.na 

m.d rs leriva rives of r he paren r

fi*: i::"";-id, c6HscooH. .rhe 
methyr ue;,;1";.;-;' ;;;' ffi ;: #:::i

COOH

@^o'
Noz

2,4-Dinitrobenzoic
acid

CH,
.,Arl-.- ^..^,,

i

,-Phenylburyric
acid
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Examples:

CARBOXYLIC ACIDS

fH, cH:
cHrcHrCHCHroH KMno" arra"rJraoot
2-Mahyl-l-butanol Z-Mcthylburanoic acid

CH. 9Ir,
I

CHTCHCH2OH KMnor, cHriHCooH
Isoburyl alcohol Isobutyric acid

2. OxiLtioo of rlkylbcozcnes. Discussed in Scc. 12.10.

rr-n ry{}ff:9' Ar--cooH

Exaryles:

(or ArX)

Examples:

Br

O -E-
CH3-CH CHr

Ethyldimerhylacctic
acid

(2,2-Dimethylburanoic
acid)

R-COOH
------_) or + NHr

. Ar_COOH

MgBr

o_CH
I

CzHs

o:N@cH: K'cr:o" 
'so"h..i) ozN@cooH

P,Nitrotolucnc p-Nitrobcnzoic acid

@;:'=#+ @;,""
aBromololucnc a.Bromobenzoic acid

3. C-erboetioo of Crigmrd rc.gents. Discused in Sec. I8.7.

Rx M8, RMgx @,' RCooMgx -Ij* ncoon
(or ATCOOH)

COOMgBT COOHe H"o
..r,-i|- 6H,-i,

Cu Hs CzHs

9H, 9H, cH:
crur-t-ct "q, crHj-Mgcl -Sr,' H-, . crgr-[-{ooHl_,- --L_ -'-'l--""

CHr CHr CH:
tert-Pcntyl
chloride

4. Hydrolysis.of nitrilcs. Discussed in. Sec. lg.g.

R--GN
or + H2O

Ar--C=N

CzHs

i

p-Bromo-scc-
bulylbcnzcnc



at CARBOXYLIC ACIDS
rq

-The rest of the molecule undergoes reactions characteristic of its structure;
it may be aliphatic or aromatic, saturated or unsaturated, and may contain a

variety of other functional groups.

REACTIONS OF CARBOXYLIC ACIDS

l. Acidity. Salt formation. Discussed in Secs. 18.4, 18.10-18.14.

RCOOH i RCOO-+H*

2CHsCOOH + Zn
Acctic acid

CHr(CHTT9COOH + NaOH
Lauric acid

(CHscoo-)2zn;. + H2
Zinc acetate

CH3(CHrroCOO-Na+ + H2O
Sodium laurate

Sodium benzoatc

(z: -ct, -oR,, -NH2)

o
R-{/ +\oH --* R-(otct

Acid chloride

Examples:

@.oo, * pcr5 '*', O.ocr + poclr + HCr

Bcnzoyl chloride

r&5 a-c17H35cocl + so2 + Hcl
Stearoyl chloride

3CH3COCI + HjpO3
Acetyl chloride

Bcnzoic acid

r-C17H35COOH + SOCI2
Stearic acid Thionyl

chloride

3CH3COOH'+ PCtr
Acctic acid

50"

Bcnzoic acid

2. Conversion into functional derivatives

o
R-C'

z

(a) Conversion into ecid chlorides. Discussed in Sec. 18.15.

@coou * NaHCo3 -- @coo-*,* * co2 * H2o

o
R-{i -+'to,



a
(b)

o
F.--1//toH

REACTIONS O

Conversion into esters. Discussed in Secs' 18'16 and 20'15'

o
p4' + H2O Reactivitv of R'OH: l'> 2" (> 3')

toR'
An ester

H+
+ R'OH :------'

o.9()
J/ scr:n, *-g//- n'on, *-aZ

aoH tcl 'oR'
Ari acid chloride An ester

*9, R-1f,tct

cH3coocH2o + H2o

Benzyl acetate

c'?tiloH > (cH3)3ccooc2H5
Ethyl trimethylacetate

"e! **/

An acid chlorids

crhcr) (cHr)iccH2ol4Alli H'* 
>

+ 2liAlo2 + 4H2

Examples:

@.oo, * cHroH+ @tooCH3 * Hzo

Bcnzoic acid Methanol Methyl benzoatc

cH3cooH r @cHzon S
Acetic acid BcnzYl alcohol

(cHj)rcco6H socr' t (cHr3ccocl
Trimethylacctic acid

(c) Conversion into amiles' Discussed in Sec' 18'17'

o,
R-c-toH

Example:

Exomples:

4(CHrrccooH + 3LiAlH4

Trimethylacet'ic
acid

c6HscH2cooH 
tot"t cuHPH,cocl

Pienylacetic acid Phenylacetyl chloride

3. Reiluction. Discussed in S€c' 18'18'

RCOOH LiArHr , RCH2OH Also reduced oia esters (S*. 20.22)

l" alcohol

t"r.
An amide

N'', coHrcH2coNH2
PhenYlacetamide

(cHr)3ccH2oH
Neopentyl alcohol

(2,2-Dimethyl-
l-propanol)

cooH !]izon

O.*. 
uArH'> (O).r.,

I
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tlE Structure

I"*'*l',*;Jil:i'[:il1:
or aromatlc'

Htc:o
/

R

R,tc:o
R
A ketone

-2b:t

AldehYdes and Ketones

NucleoPhilic Addition

"Ji|:8:H:' i:i[T 1."'": ? T":J:: ffi""T;

An aldehYde

-tf,;r3,;*t1i,;iffi1;;:-l:; $"'";

$mm**

-,

I
1

I

1

I

I

I
I

I

I

I

\

\

I

1

i.

\
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3
joined by a double bond. The part of the molecule immediately surrounding
carbonyl carbon is fat; oxygen, carbonyr carbon, and the two atoms directl!
attached to carbonyl carbon lie in a plane.

The electrons of the carbonyl double bond horir together atoms of quite
different electronegativity, and hence the electrons are not equally shared; in
particular, the mobile z clciud is pulled strongly toward the more electronegative
atom, oxygen.

The facts are consistent with the orbital picture of the carbonyl group.
Electron diffraction and spectroscopic studies of aldehydes and ketones irrow trrat
carbon, oxygen, and the two other atoms attached to carbonyr carbon lie in a
plane; the three bond angles of carbon are very close to I20". The large dipole
moments (2.3-2.8 o) of aldehydes and ketones indicate that the electrons of rhe
carbonyl group are quite unequally shared. we shall see how the physical and
chemical properties of aldehydes and ketones are determined by the stiucture of
the carbonyl group.

19.2 Nomenclature

The common names of aldehydes are derived from thq names of the corre-'
sponding carboxylic acids by replacing -ic acid by -atdehyde.

The IUPAC names of aldehydes folrow the usual pattern. The rongest chain
carrying the -CHO group is considered the parent structure and is named by
replacing the -e of the corresponding alkane by -at. The position ol a substitueni
is indicatid by a number, the carbonyl carbon always being considered as c-1.
Here, as with the carboxylic acids, we notice that C-2 of the IUpAC name corre-
sponds to alpha of the common name.

ALDEHYDES AND KETONES (E!

arrarrJ* CH.,CHrCHrS:O

H
IH-C:O

Formaldehyde
Methanal

H
I

CH3C:o
A'c€taldehyde

Ethanal

H

p-Nitrobcnzaldchyde

Propionaldehyde
Propanal

n-B.utyraldehyde

Butanal

H

or:"
Bcnzaldchydc

c
CH.CH,CH,CH-l

(-H

o,N(e3:o

p
CH3CH2CHCH2

I
aaL:t

H
vl

CH3CHCH2CH2C:O
I

-tr ^I H

cH:Q)3:o @S;', @.u,J:op-Tolualdchydc phcnylacctaldchydc
Salicylaldchydc (phcnylcthanal)

(o-Hydroxybenzaldchydc)

H
Ic:o

H
Ic:o

i

I

I

I.l
I

i

i

I

I

I

I
I

I

I.t
I

I

I

I

I

I

i
I

I

I

I

I

I

l.



I. Oxidation of primary alcohoIs. Discussed in Secs. 16.g and I9.5.

ArCHCl2 &oArCH3

Examples:

ArCHO

r"@ca,
p-Eromotoluenc

,r:\Br()cHo
P-Bromoben2sldgh)dg

'a

I

B.p. 7C

l

/

,1Trg" 
Krcr'ot' 

^=[r"Arcohot iriri
CHTCH2CH2CH2OH x,c.:or,srsor, *arm

z-BuM atcohol -------> CHTCH2CH2CHO
(I-Butanol) ,-Butyratdehid"
B,p. I18. (Butanal)

2. Oxidation of methylbenzenes. Discussed in Sec. 19.5.
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PHYsIc-tL PRoPERTtEs G

rhesimprestll,4":t:::::",l:,,ff ;:Jil"ffi T:"Xl,Xiiff i;i?l#$l
::Hf]':m'T"[lli"ii:";;;., iv ir'" iord' ketone' A ketone in which the

carbonyl group is attached '#';;";;l'g 
is named as a -phenone' as illustrated

below.
According to the IUPAC system' the longest-chain carrying the carbonyl group

is considered the parent tt;;il;;;;-tt nained bv'replacins the -e of the corre-

soonding alkane with -'l' fi; e"'f*" of various^ groups are indicated by

numbers, the carbonyl "t'oon 
Utin'g given the lowest possible number'

CH3--C-{H3
ll
o

Ac€tone
ProPanone

cHrcH2-4--cH3
ll
o

Methyl ethyl ketone

Butanone

CHI
I

CHrCH-e -CHr-il
o

Methyl isoProPYl ketone

3'lvtethYl-2-butanone

,l-Butyrophcnonc

-Noz.r,@fi&)
o

3-N itro4l-mcthYibcnzoPhcnonc

cHrcHzcHz-{,,-{H:
o

Methyl n-ProPYl ketone

2-Pentanone

@.r,-q--'",
o

Benzyl mcthyl kctonc

l-PhenYl-2-ProPanonc

CHTCHz-C-CHzCHl-ll
o

Ethyl ketone

3'Pentanone

Ac€toPhcnonc

@,t-at"' @rc-at"tH"*t'
o

@t@
o

BcnzoPhenonc

19.3 PhYsical ProPerties

The potar carbonyl group makes aldehydes and ketones polar compounds'

;#*"'J,i&lfl l*ii]i";t;],ffi r.".']:rril'l;"'*""r":;$;
li.tn'*f*lmiff;TJ,i'ffi '"',,p"iour' "J""h:l: 

or carboxvric acids' For

fl-;ll*i*]t*fl fj{l$;':,ffi ;.;
**;[;;;;"*.::"^1.^,X,'rl,'J::il#ffi1"r.:#:;.ffi;",'".oruur"i"
solubility is reached at aoo

I

I

\

1

1

I

I

I
I

I

I

1

I

I

I

I

I

l

I
I

I

1

\



E PREPARATION
&
-

@.o.'.O-s'@F;$"Hc'
Bcnzoyl chlori& o

Benzophcnonc
(Phcnyl ketonc)

.(cHrco)2o. 
t o 19+ Ctrr-fc -F cHrcooH

Acctic anh,drrdc 
oo,o$"non.

(Methyl phcnyl kctonc)

3. Reoction of ecid chlorides with orgEno.admium compounds. Discussed in Sec.

19.7.

RMgx g9> R'2cd 

- I
RCOCT 

- 
*-fi-R' or Ar-C-R' R'must be aryl

or I I I orprimaryalkyl
ATCOCI

Examples:

CHr
I

(CH3CH2CH2CH2)2Cd 2CH3CHCOCI
Di-n-butylcadmium Isobutyrylchloridc

cdcl,
CH3CH2CH2CH2MgBT 

--:-:>

CHr

Idr, "' ,\.Y
rrr-Bromotolucnc

Ctl3

CHrI-
2CH3CH2CH2CH29CHCH3

o
n-Brrtyl isopropyl kctonc
(2-Mcthyl-3-hcptanonc)

CHr

2CH3CH2CH2COCI
Butyryl chloridc

CH3

Ogt*"""',
o

n-Propyl nr-tolyl kctonc

(Onre, slst, r@lca



'r ALDEHYDES KETONESA}-{D

i

E
o,*@"r,

p-Nitrotoluene

R_C_R'
lto

Ketone

o
R-C/ + ArHtct

Acid chloride

CH
Hrc' t"r,
(-)-Menthone

1ffi.* rt-c-Ar + HCI

o
Ketone

Examples:

a-c5Hlrcocl + O 
Arcr!, n-c5H1,-fiO t HCI

Caproyl chloride O
n-Pentyl phenyl ketone

No rearrangemenl oJ' n-pentyl group

ctor' Acro'' or*@cH(oAc)z H2o' H2so'> ozN@cHo
p-Nitrobcnzaldchydc

orN@cocl LiArH(Bu-or' or*OcHo
pNitrobcnzoyl drloridc p-Nitrobbnzaldehyde

4. Reimer-Tiemann reaction. Phenolic aldehydes. Discussed in sec. 24.12.

PREPARATION OF KETONES

I. Oxidation of sccondary atcohots. Discussed in Sec. 16.8.

RCHOHR, CrororKzCrzOr,

2" Alcohol

Example:

K2Cr2O7, HzSOa...-----+

(-)-Menthol

2. Friedel-Crafts acytation. Discussed in Sec. 19.6.

3.. Reduction of acid chlorides. Discussed in Sec. I9.4.

Rcocl or Arcoct LiAIH(Bu't)r t RCHo or ArcHo
Acid chloride Aldehyde

Examples:

't



ALDEHYDES AND KETONES

REACTIONS OF ALDEHYDES AND KETONES

1. Oxidation, Discussed in Sec. I9.9.

(a) Aldehydes

27

-

RCHO or ArCHO

Examples:

CHTCHO + 2Ag(NH3)2+ + 3OH-
Colorless
solution

RCOOH or ATCOOH

-> 
2Ag + CHjCOOT + 4NHr + 2H2O

Siluer
mirror

RCOO- or ArCOO- + CHXI

C2H5COO-+CHIr+2OH-
Iodoform

Yellow; m.p. l l9"

I_C-OH
I

H

Used
chief y
.fo,
detection
of
aldeh;des

Tollens'
lest

Halohrm
reactian

(b) Methyl ketones

R-C-CH1 or Ar-C-CHj 3L
ltltoo

C2H5-C-CH] + 3OI-

o

-tc:o

_->

QH, 9H, QHrll
CH3C:CHCCH, $! CHCIj + curi:cucoo;1 H:sor, cu,3:cHcoon

,!O 3-Methyl_2-butenoic acid
Mesityl oxidc

(+Methyl-3-pcntcn-2-one)

2, Reduction

(a) Redtction to alcohols. Discussed in Sec. 19.10.

Hr + Ni, Pl, or Pd

I rJoH
r^\ H,.Nr x.'
\ /----+\ /\__/

Cyclopentanonc

l,-)\-c-cs, 14rH,,

A8(NH!), +

Cyclopentanol

hl I I

rl I

i

I

I

I

i
l

i
I

!

i

I

Examples:

Examples:



F REACTIONS. NUCLEOPHILIC ADDITION

(b) Reduciion to hydrocarbons' Discussed in Sec' t9'lo'

I

I

-C-H
I

H

I_C-H
I

H

Clemmensen reduction

.lbr <'ompounds sensitite to base

Wolff-Kishner reduction

.litt' t'ot.ttpounds sensiiite to acid

litumples:

(c)

---> -c-R
i

OMgX

lg -J-n
I

OH

:: -t-cxt,
Cyanohydrin

HH-H
6>i:"#i Gi-'* H2o'Hcr> 6!l-'oo'

O stE 4rr! @g.r,.r,.r, 4!L @.n,.*,.r,.",
O a-ButYlbenzene

a-ButYroPhenone

lPhcnyl a-proPYl ketone)

q H-.H

d r-*"*- O
Cyclopcntanonc Cyclopentanc

Reductive amination. Discussed in Sec' 22' l I '

3. Addition of Grignard reagents' Discussed in Secs' l5'12-15'15 and I9'll'
-\

'C' + RMcX
ti

o

4. Addition of cyanide. Cyanohydrin formation' Discussed in Sec' l9'12'

\c/ + cN-
ti
o

Zi(HO, conc HCl - *

..1
,:o --l

I n*r*nr, o"* -- -

I

I
I

1

I

I
I

i

I

Dxanrples:

I

I

i

a
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