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580 CARBOXYLIC ACIDS CHAP. 18

18.2 Nomenclature

The aliphatic carboxylic acids have been known for a long time, and as a
result have common names that refer to their sources rather than to their chemical
structures. The common names of the more important acids are shown in Table

~ 18.1. Formic acid, for example, adds the sting to the bite of an ant (Latin: formica,

ant); butyric acid gives rancid butter its typical smell (Latin: butyrum, butter);

Table 18.1 CarBOXYLIC ACIDS

Solub.,
M.p., B.p., g/100 g
Name Formula °C C H,0
Formic HCOOH 8 100.5 o
Acetic CH3;COOH 16.6 118 2}
Propionic CH;CH,COOH —-22 141 @
Butyric CH3(CH3);COOH -6 164 0
Valeric  CH3(CH,);CO0H —34 187 3.7
Caproic CH3(CH2);COOH -3 205 1.0
Caprylic CH3(CH;)COOH 1™ oy 0.7
Capric CH;3(CH;3)sCOOH 31 269 0.2
Lauric CH3(CH3)10COOH 44 225100 i
Myristic CH3(CH3);2COOH 54 251100 i
Palmitic CHa(CH3)4COOH 63 269100 i.
Stearic CHi(CH3),6COOH 70 287100 i
Oleic cis-9-Octadecenoic 16 22310 i
Linoleic cis,cis-9,12-Octadecadienoic -5 23016 i
‘ Linolenic cis,cis,cis-9,12,15-Octadecatrienocic  — 11 23217 i
Cyclohexanecarboxylic ¢yclo-CeHCOOH 31 233 0.20
Phenylacetic CsHsCH,COOH il 266 [.66
Benzoic CeHsCOOH 122 250 0.34
o-Toluic o-CH3CsH,COOH 106 259 0.12
m-Toluc m-CH3CsH4COOH 112 263 0.10
p-Toluie P-CHACsHCOOH 180 275 0.03
a-Chlorobenzoic 0-CICsH4COOH 141 0.22
m-Chlorobenzoic m-ClCsH4COOH 154 0.04
p-Chlorobenzoic p-CiCHCOOH 242 0.009
o-Bromaobenzoic 0-BrCsH4COOH 148 0.18
m-Bromobenzoic m-BrCsH,COOH 156 0.04
p-Bromobenzoic p-BrCsH4COOH 254 0.006
o-Nitrobenzoic 0-0sNCsH4COOH 147 0.75
m-Nitrobenzoic ’ m-0;NCsH4COOH 141 0.34
p-Nitrobenzoic p-0;NC,Hs;COOH 242 0.03
Phthalic 0-CoHy{COOH), 231 0.70
Isophthalic m-CoHy COOH), 348 0,01
Terephthalic p-CsHy(COOH), 300 subl. 0.002
Salicylic 0-HOCsH,COOH 159 0.22
p-Hydroxybenzoic p-HOC¢H,,COOH 213 0.65
Anthranilic o0-H;NCsHCOOH 146 0.52
m-Aminobenzoic m-HaNCsHyCQOH 179 0.77
_p-Aminobenzoic p-HaNCH,COOH 187 0.3
o-Methoxybenzoic 0-CH;0CsHCOOH 10 0.5
m-Methoxybenzoic m-CH30CgHCOOH 110
p-Methoxybenzoic (Anisic) p2-CH30CsH,CO0OH 184 0.04
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Table 19.1 ALDEHYDES AND KETONES
M.p., B.p., Solub.,

°C ‘C  g/l00 g H,O
1- Formaldehyde - 92 - 21 v.sol.
s Acetaldehyde —121 20 @
3~ Propionaldehyde — 81 49 16
on n-Butyraldehyde - 99 76 7
K= n-Valeraldehyde - 9] 103 sl.s
§ ~ Caproaldehyde 131 sks
Heptaldehyde — 42 155 0.1 5
'7 - Phenylacetaldehyde - 194 sl.s
g-—— Benzaldehyde - 26 178 0.3
q- o-Tolualdehyde 196
iz~  m-Tolualdehyde 199
tl»  p-Tolualdehyde 205
Salicyaldehyde 2 197 17
(e-Hydroxybenzaldehyde)
p-Hydroxybenzaldehyde 116 14
Anisaldehyde 3 248 0.2
Vanillin 82 285 1
Piperonal 37 263 0.2
Acetone — 94 56 el
Methyl ethyl ketone - 86 80 26
2-Pentanone - 78 102 6.3
3-Pentanone — 41 101 5
2-Hexanone " - 35 150 2.0
3-Hexanone 124 sl.s
Methyl isobutyl ketone - 85 119 19
Acetophenone 21 202
Propiophenone 2] 218
n-Butyrophenone 1 232
Benzophenone 48 306

‘ Formaldehyde is a gas (b.p. ~21°), and is handled either as an aqueous solu-
tion (Formalin), or as one of its solid polymers: paraformaldehyde (CH,0),,
or frioxane, (CH,0);. When dry formaldehyde is desired; as, for example, for
reaction with a Grignard reagent, it is obtained by heating paraformaldehyde or
trioxane.

H,C~ O\cm
~~CH,0CH;0CH;0~~
Paraformaldehyde 0\ -0
CH,
Trioxane

Acetaldehyde (b.p. 20°) is often generated from its higher-boiling trimer by
heating the trimer with acid: &
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646 ALDEHYDES AND KETONES CHAP. 19

derivatives like 2,4-dinitrophenylhydrazones, oximes, and semicarbazones (Sec.
19.14),

P

Methyl ketones are characterized through the iodoform test (see Sec. 16.1

Problem 19.19 Make a table to summarize the behavior of each class of coni-
ound we have studied toward each of the oxidizing agents we have studied.

Problem 19,20 A convenient test for aldehydes and most ketones depends upon

the fact that a carbonyl compound generally causes a change in color when it is added
to a solution of hydroxylamine hydrochloride and an acid-base indicator. What is tke

b

4

asis of this test?

Problem 19,21 Expand the table you made in Problem 18.18, p. 608, to include
ldehydes and ketones, and, in particular, emphasize oxidizing agents.

19.18 Spectroscopic analysis of aldehydes and ketones

1).

Infrared. Infrared spectroscopy is by far the best way to detect the presence
of a carbonyl group in a molecule. The strong band due to C O stretching
appears at about 1700 cm ™!, where it is scldom obscured by other strong ab-
sorptions; it is one of the most useful bands in the infrared spectrum, and is often
the first one looked for (see Fig, 19.1).

Wavelength, u

Figure 19.1. Infrared spectra of (a) n-butyraldehyde and () acetophenone.
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PROBLEMS 647

The carbonyl band is given not only by aldehydes and ketones, but also by
carboxylic acids and their derivatives. Once identified as arising from an aldehyde
or ketone (sce below), its exact frequency can give a great deal of information
about the structure of the molecule.

C=0 stretching, strong

RCHO 1725 cm~! R,CO 1710 cm~! Cyclobutanones 1780 cm—!
ArCHO 1700 cm~! ArCOR 1690 cm ™! Cyclopentanones 1740 cm~!
s [ |
—C=C—-CHO 1685 cm~! -——C—=C—C=0 1675 cm-! *CJ‘LC—{T‘—-- 1540-1640 cmy— !
OH---0
(enols)

The —CHO group of an aldehyde has a characteristic C--H stretching band
near 2720 cm~!; this, in conjunction with the carbonyl band, is fairly certain
evidence for an aldehyde (see Fig. 19.1).

Carboxylic acids (Sec. 18.22) and esters (Sec. 20.25) also show carbonyl
absorption, and in the same general region as aldehydes and ketoncs. Acids,
however, also show the broad O —H band. Esters usually show the carbonyl
band at somewhat higher frequencies than ketones of the same general structure;
furthermore, esters show characteristic C—Q stretching bands. (For a comparison
of certain oxygen compounds, see Table 20.3, p. 689.)

Nmr. The proton of an aldehyde group, —CHO, absorbs far downfield,
at & 9-10. Coupling of this proton with adjacent protons has a small constant
(J 1-3 Hz), and the fine splitting is often seen superimposed on other splittings.

Ultraviolet. The ultraviolet spectrum can tell a good deal about the structure
of carbonyl compounds: particularly, as we might expect from our earlier ciscussion
(Bec. 13.5), about conjugation of the carbonyl group with a carbon-carbon double
bond.

Saturated aldehydes and ketones absorb weakly in the near ultraviolet,

‘Cenjugation moves this weak band (the R band) to longer wavelengtts (why?)

and, more important, moves a very intense band (the K band) from the far ultra-
violet to the uear ultraviolet,

I Lok

ot ) O
Amax 270-300 mu. Amax 300-350 my Amax 215 250 mr
€max 10-20 €max 10-20 €max [0,000—20,(00

The exact position of this K band gives information about the number andl location
of substituents in the conjugated system.

PROBLEMS
1, Neglecting enantiomerism, give stcuctural formulas, common names, ard IUPAC
names for:

(a) the seven carbonyl compounds of formula CsH;,0
(b) the five carbonyl compounds of formula C. sH3O that contain a benzene ring




