Carboxylic acidsand Ther
Derivatives






Examp Les

CHzCHoCHoCH (CHz)CHa COOH
Parent compound = & carbons, hexane
Drop -& and add -otc acld
hexawole acld
ﬂ,nrbm:af,i.n carbon Ls #1
Name remarniing substituents

z-methylhexa nole actd




TABLE 10.1 ALIPHATIC CARBOXYLIC ACIDS

Carbon
atoms Formula Source
1 HCOOH ants (Latin, formica)
2 CH,CO0H vinegar (Latin, aceium)
3 CH4CH,CO0H milk (Greek, protos pion, first
fal)
4 GH.(CH,),CO0H butter {Latin, buyrum)
5 CHa(CHo),CO0H valerian root (Latin, valers, to be
sirong)
b CHa(CHs),COOH goats (Latin, caper)
f CH.(CH,):COOH vine blossom (Greek, oanarnthe)
B CHa(CHs):COOH goats (Latin, caper)
9 CH4(CHo);COOH pelargonium (an herl with
stork-shaped seed capsuies;
Greek, pefargos, stork)
10 CHa{CH,)sC00H qoats (Latin, caper)

Common IUPAG

name name

formic acid methanoic acid
acelic acid ethanaic acid
propionic acid propanoic acid
hutyric acid butanoic acid
valeric acid pentanic acid
caproic acid hexanoic acid
enanthic acic heptanoic acid
caprylic acid octanoic acid
pelargonic acid nonanoic acid
capric acid decanoic acid
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CH,—CH—CO,H  CH,—CHCO,H CI—L;(EHCHICOEH

Br OH
2-bromopropanoic acid propenoic acid 3-hydroxybutanoic acid
(a-bromopropionic acid] (acrylic acid) ( B-hydroxybutyric acid)

The carboxyl group has priority over alcohol, aldehyde, or ketone functionality in
naming. In the latter cases, the prefix oxo- is used to locate the carbonyl group of the
aldehyde or ketone, as in these examples:

1 i
HC—CH,COH  CH,CCH,CHCO,H

Br

' = i it | 1 e e 1 3 ol — .
J-0X0propancic acid 2-Dromo-4-0Xopentanoic acic



COsH

CHy H 0
e R C4q-CHIOH)-CHINHZ-COH  Ha——H
CH3 [I:EH;D_I- 2-zmina-3-hydroxybutanaic acid - A=—uH

The 28, IR i is threanine =3
2-ethyl-4,4-dimethvlpentaraic acid = 120rner 15 tirearnine

ar PNl
HaC. P
ELH \(}COQH HJ
ik CJzH

2-aramao-3-mzthylbutanaic add
a-Broolzovaled: acld gz-1,3-wvclohowancdicarboxylic acid



When the carhoxyl group is attached to aring, the ending ~carboxylic acid is added
to the name ol the parcnt cycloalkane.

=% Oloa o o 1l
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o H : C.OOH
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Aromatic acids are named by attaching the suffix -oic acid or -ic acid o an
appropriate prefix derived (rom the aromatic hydrocarbon.

COUH COOH
1
benzoic acid p-chilnraobenzoic acid
(benrzenecarboxylic (4-chlorobenzencearboxylic
acid) acid)
COOH
{.-:I 13_\_\_1- "F'L:':'-‘?‘h._ -_-:______r_,_";“'x_\_\_‘_% -_._d__‘--"-:\_-\:_:}‘_ ',.CC,(—‘)H
H‘M._‘ _.:-;',’.;:? :::-‘""._1 ‘_‘_,.a”’hh'“*x‘ﬁ.:;;::?
o-toluic acid  -naphtholc acid
(Z2-methylbenzenecarboxylic (2 naphthalenecarboxylic

acid) i)



Diacids

TABLE 10.2 ALIPHATIC DICARBOXYLIC AGIDS

Common IUPAC
Formula name Source name
HOOC  COOH oxalic acid plants of the oxalic family ethanedinic acid

(for example, sorrel)

HOOC—CH,—CO0H malonic acid apple (Gk. maion) propanedioic acid
HOOG—(CH,),—C00H succinic acid amber (L. succinum) butanedioic acid
HOOC— (CHs)s—CO0H glutaric acid gluten pentanedioic acid
HOOG—(CH,}4—CODH adipic acid fat (L. adeps) hexanedioic acid
HOOC—(CHa)s COOH pimelic acid fat (Gk. pimele) heptanedioic acid



Aliphatic dicarboxylic acids are given the suffix dicic acid in the IUPAC system.
For cxample,

HOLC—CHLCH,— CO,H HO,C—C—C—CO.H

butanedioic acid iitvriecd toa c el

Many dicarboxylic acids occur in naturce and go by their common names, which are
based on their source. Table 10.2 lists some common aliphatic diacids.” The most
important cammercial compound in this group is adipic acid, used to manufacture
nylon.

The two butenedioic acids played a historic role in the discovery of cis—trans
isomerisim and are usually known by their common names maleic®* and fumaric*™>
acid.

HOOC COOH 11O 11
. ot T
] and =
{__f \"-._ -‘_‘,.-' x.\-‘ y
= L1 5 COOH
aleic actcl M aric aci
(cis 2 butenedioic acid) ( rrans- 2-butenedioic acid )

The three benzenedicarboxylic acids are generally known by their common names.

cL:{ ), H (l::: ). H
el ea ks e OO,H “onaat

COLH

Fe=rs "'|'. NMAINTC A



Physical Properties of carboxylic acids

Hydrogen bonding O-—H Q“‘{; 1
Solubility in water L A
0—H -0

(lower acids)

TABLE 10.3 PHYSICAL PROPERTIES OF SOME CARBOXYLIC ACIDS

i bp, mp, Solubility,
. Name °C °¢ /100 g H,0 at 25°C
. formic acid 101 8]
. acetic acid 118 17 o
§ miscible (=)
| propanoic acid 141 —22
' butanoic acid 164 8
| hexanoic acid 205 — 1.8 1.0
|' octanoic acid 24() 17 0.06
5 decanaic acid 270 31 0.01

benzoic acic 249 122 0.4 (but 6.8 a1 95°C)



Prop evties

Aclds
+ Very polar with high boiling points
« Exhibit hydrogew bonding

O -=m HO

R_"::I::}r \C_R
\ v
OHe O

« Cawn dissoclate - actd character

+

B-COoOOH —= r-Cc0o0 + H




Acidity of carboxylic acids

€D Acidity and Acidity Constants

Carboxylic acids dissociate in waler. vielding a carboxylate anion and a hydronium ion.

/'C} /EQ i
R 4HOH +=— R—C + I—0O—H (10.1)
\_ ' M g s
OH 0

carhbowylate anion  hydronium ion
Their acidity constant K, in water is given by the expression

RCO; ][H;07]

[RCO,H] {1t

Kat=s

pKa - —Iog Ka
As K, increase or pK, decrease, the acidity increase



TABLE 10.4 THE IONIZATION CONSTANTS OF SOME ACIDS

Name

formic acid
acetic acid
propanoic acid

butanoic acid

chlornacetic acid
dichioroacetic acid

trichloroacetic acid

2-chlorobutanoic acid

3-chlorobutanoic acid

henzoic acid

e-chlorobenzoic acid
m-chlorobenzaic acid
p-chlorobenzoic acid

p-nitrobenzoic acid

phenol
ethanol

waker

Formula K,

HCOOH ol ol

CH4COOH 1.8 % 16
CH-CH-COOH 145 16"
CH4CH-CH,COOH 1.6 102
CICH,COQOH 145 5 10
Cl.CHCOOH 5.0 % 10 2
CCI;COO0H 2.0 % 10 7
CH,CH.CHCICOOH 1.4 10
CH-CHCICH,COOH 8.9 > 107°
CzHsCOOH 6.6 > 107°
0-Cl—CzH,COOH 12.5 5 10 4
m-Cl - CsH,COO0H Tex 10"
p-Cl—CsH,CO0H 0 AES 2 b
-N0D»  CgH4COOH 4 0107
CeH-0OH U T 1 Jaihe
CH.CH.0OH 1.0 =10

HOH 1.8 21072

pX;

3.68

4.74
4.85
4.80

2.82
1.30
0.70

2.85
4.05

418
2.90
S5.80
4.00
.40

10.00
16.00
15.74



Resonance and Inductive effect
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Conversion of acids to salts

Carboxylic acids, when mreated with a strong base, form carboxylate salls. l'or example,

,:,:?{-'} r:::f('_‘.l‘
R—C | DT HOT d: iom g + FTOH (10.5)
“OH Ot
arboxyvlic acid STTOTIE, a sodium carboxyviate water
Pk, 35 yase fwenle base) ok, 16

The salt can be isolated by evaporating the water. As we will see in Chapter 15, car boxylate
salts of certain acids are useful as soaps and detergents.
Carboxylate salts are named as shown in the following examples:

O £ = 9 O
_,;f.? ;” '\.'k\\ J_‘-’;j,. . /_;'_,.- L
CH—E 7 0y e CHLOILC Caz+
i , ix i Ty =
O " Nat — O~K™* \ O/
s LT, sle T LSS LU bentsoale ._'_‘|!-__'i'|||:'|r;- apa 1o ie

(soclium ethanoale)



Preparation of carboxylic acids

D3
EK=C=C-ER
then H,O
E B R 0,
H: : n H-O, work-up
Mg ) 1. CO,
BE—X R-MgX T B
2. H,0
ik o R’M‘DH
TC=N H,0
R—LG = E-C=N
heat
] oxidation
R-CH;OH
O
JJ\ oxidation
R H
0
oxidation
Ar—CHEzZ = -)L :




From Alkenes

« Oxidative cleavage of an alkene with KMnQO, gives a
carboxylic acid if the alkene has at least one vinylic
hydrogen (see Section 7.8)

ﬁ TN
CH4(CH,);COH + HOC(CH,),COH

CHH‘kCHﬁrFlI[ = 1II(CH2);COH L

H, 0

Oleic acid Nonanoie acid Nonanedioic acid
& (W4 ThomaonBroolE Colg

17 Based on McMurry, Organic

Chemistry, Chapter 20, 6th
aditinn (") 2002



20.6 Preparation of Carboxylic Acids

« Oxidation of a substituted alkylbenzene with KMnQO,
or Na,Cr,0O- gives a substituted benzoic acid (see
Section 16.10)

e 1°and 2° alkyl groups can be oxidized, but tertiary
groups are not

O

o Va KMnO, :
(}2N4<\—/>—uu B, G Ogh@(tJfl

p-Nitrotoluene p-Nitrobenzoic acid (88%)

£ 14 Thawmamn=mas Temn

18



Carboxylation of Grighard
Reagents

e Grignard reagents react with dry CO, to yield a metal
carboxylate

« Limited to alkyl halides that can form Grignard
reagents (see 17.6)

Br il'-.n'l-

H.C_ ,.f\\ _-CH, H,C /J\ H.C ,‘J;-:_: _-CH,
I ].. Lk '_'. EALLREED =
) T j 1)
S L
CI, r*n1 I,
I-Bromo-2,4,6-trimethyl- 2,4,6-Trimethylhenzoic acid
benzene [87%)

2004 Thomreon'Bicoke Coa

19 Based on McMurry, Organic

Chemistry, Chapter 20, 6th
aditinn (") 2002



Mechanism of Grignard
Carboxylation

 The organomagnesium halide adds to C=0 of carbon
dioxide

 Protonation by addition of agueous HCI in a separate
step gives the free carboxylic acid

O
. i 1 H
R:~ *MgBr + 0=C=0 — O

e ' -~ T
O:~ *MgBs R OH
@ 2004 Thomeon'Braoks Cale ek

20 Based on McMurry, Organic

Chemistry, Chapter 20, 6th
aditinn (") 2002



21

Hydrolysis of Nitriles

 Hot acid or base yields carboxylic acids

e Conversion of an alkyl halide to a nitrile (with cyanide
lon) followed by hydrolysis produces a carboxylic acid
with one more carbon (RBr - RC=N — RCO,H)

« Best with primary halides because elimination
reactions occur with secondary or tertiary alkyl
halides

@

= [
— . RCH,COH + NH,

#2004 ThomeznvEmoeke Calz

RCH,C=N

{SNE ]

Based on McMurry, Organic

Chemistry, Chapter 20, 6th
aditinn (") 2002



From Alcohols

e Oxidation of a primary alcohol or an aldehyde with
CrO, In aqueous acid

()
{ :‘.]'1:-}_- : | |
H,O*

CH,(CH,),CH,0H CH,(CH,),COH

1-Decanol Decanoice acid (93%)
O O
1 s [

——8=,  O1,CH,CH,CH,CH,COH

CH,CH,CH,CH,CH,CH 55

Hexanal Hexanoic acid (85%)

2301 ThomzonBooke Cale

22 Based on McMurry, Organic

Chemistry, Chapter 20, 6th
aditinn (") 2002



Reactions of carboxylic acids

SOCL, "
base H'C“C]
Q
RCO,H TR
h - L. .C.
eat R 0 R
0 (]
I R'OOH I
-C. =~ PLON
R 0OH H* / heat R OR'
Hl
T . _C.
heat R NR,
()
base I
e .-



Esters

Nomenclature

Esters
Propy Lbutawnoate

0
|

Hz
C 554
- P
HaC H‘"‘E o
2

Frowm (butawnore actd)

S0 You would use butanoate.




€D Esters

Esters are derived from acids by replacing the —OH group by an —OR group. They
are named in a manner analogous (o carboxylic acid salts. The R part of the —OR group
is named first, followed by the name of the acid, with the -ic ending changed to -ate.

] I ]
CH.C—OCH, CH.C—OCH,CII; CH,CH,CH,C—OCH;
methyl acetate '-".!!I‘.lm.'."- e HC'll.']j'-'. butanoate
(methyl ethanoate) (ethyl ethanoate] bp 102.3°C
bo 57° bp 77°

Notice the different names of the following pair of isomeric esters, where the R
and R groups are interchanged.

) Lk ®
I 7 7 N L
CH.C—0— ) ¢ »—C—OCH,
- ST
I '|1l.'!‘|':~'! adocetaly IMEL |':'|, | henzoale

bp 195.7°C bp 196.6°C



Examples

CH, CH, O

o I



Reactions of ca rbﬂxg Lie actos

Formation of Esters

#° =
H.,ce —+ CHzCHo,OH — HsCE + Ho O

Bsco
oH oOCH.CH,

eth Y L ethawnoate

7~ 72
HiCHLCE  + CHz-OH —— H.CHLCE 4 oo
Ot OCH,

mﬂthgj L propan.oate




Smelly stuff

I
CH=CHaOHACO0H S

methy butawpate
APP Les

il
1]
E—H'E_{:‘HEE‘H:ESG H:ﬂ H'3

ethy butawnoate
‘F‘Lwﬁﬂpp!,ag

||
CHCHS CHSCOSCHS

wmethyth obutawnoate
Strawberries

[
do
CHLCHS CHSCO(CHS ) 4 CH

penty Lbutawpate
AP vieots




Lactones (Cyclic Esters)
TH/E> Laciones

Hiydroxy acids contain both functionsl groups required for csiler formation. If these
sroups can comde in contact through bending of the chain, they may reasct with ane
anolthcer to forim coyclic esters called lactones. For example,

e
A
K

.z'. ] =

i 3 E 1 i 2

CH LCHRLEL — [ Y 4 B0 (10.21)
_ o

OTT !

“Inmlvralactone

MAost common lactones have five- or six-membered rings, althoueh lactones with
smaller or larger rings are lknown. lwo cxamples of sic-cmembered lactomoes [rom
pnature are cowmarin, which is responsible for the pleasant odor of newly mown hay,
and mepelalactone, the compound in catnip that excires cats. Eryithromycin. widely
used as an anlubiotic, Is an example ol a macrocyclhic lactona"

>
o = e | U O

i rj_“._l T ey s L [ CHEL
U G W i T e T Tt (IS S0 5
[.:-_h__ _” -J /:\, g o ._|*| e R i s ST e

O T i S et ] e BT G O S el TOR
[ &= PR IR = 20 | 1 I
O e Ral ity



Reactions of ca rbﬂngLa acLos

Soap formation

Produced from Long-chalw aetds




Nowpolar ta Ll
dissolves L oLl

Polayr ‘heads’
are attracted
to the water.




Reactions of Esters with Grighard Reagent

O OMgBr OH
H prerall ‘ - H:G : 1 1 27
R—C—OR’ +2 R'MgBr —““— R—C—R" —2= R—C—R’"  (10.27)
CSLe] Hr. |\.: it
14 T"ﬂgl‘}[‘ 141 hol
! " MgBr
Br) g——(l) (\f
e —R'OMgb‘L B—C—R __[

R—C—OR



Formation of Amides (Ammonolysis of Esters)

CED Ammonolysis of Esters

Ammonia converts esters to amides.

O 4,/0
R—c’i LNH, —= BR—CF R (10.24)
OR’ NH,
ter amide
For example,
i 0 . O
7N - N e p
<§ %—cﬁ + NH, e, {’/ \;}f—— C:j + CI1;011 (10.25)
%
s/  OCH \— NH,

methy] benzoate benzamide



Reduction of Esters
Esters can be reduced to primary alcohols

O
B e omy L peyoE 4 ROH
| ether _ - ny

ester primary alcohol

I,I}‘LII..LLIE 15 l!luuu'..\.. LLlW fAf ' rlinans.

- - - 58 ; 1 5 oy
It is possible to reduce an ester carbonyl group without reducing a C—C bond
in the same molecule. For example,

O
|| I - " ¥ =
C1LCH=CHC—OCHCLL, A CH,CH—CHCH,0H + CH,CH,OTL  (10.30)

ethyl 2-butenoate e 2-buten-1 ol



The Cliasen Condensation

O O
| _ | e 1. NaOCH,CH;
CH3C OCH,Cl L3 7] {;CHZ_CM_O(_'HE( Hs in ethanol ]
ethyl acetate *-'il'l}'i acetate 7. H30+
O O
|

I
CH,C—CH, C—OCH,CH; + CH,CH,OH
-L‘I.|1:'~i acetoacelate

(cthyl 3-oxobutanoate)

I

The product is
O O

lg o |
CH:CH.C—CH—CO¢H ;CH;



Acid Halides

They are prepared from the reaction of acids with thionyl chloride or
phosphorus halides

Reactions of ca rbn)cg Lie actds
Formation of derivatives
Acld chlorides

Feks H. G ET?D

=

X
OH cl

ethawole actd ethanoyl ehloride
(acetic actd)




Prop evties

Derlvatives
Acid chlorides
Noxious, trvitating, slightly polar
react 'u"E&l.l!thg witth water

Ecters
.SLE,ghi:LE] polar, pleasant odor
Low MW spectes are water soluble

AL and Hdr'irﬂ!&;
Not as polar as actds
May deconpose Ln water




Reactions of acid chlorides

Acid chlorides react rapidly with most nucleophiles such as water,
alcohols and ammonia

Acyl halides have irritating odors. Benzoyl chlorid is a lachrymator
(tear gas)
O

)k + HCI

H,C~ T~OH

H,O

)k EtOH Q

H.C~ ~cl - )k + HCl
H,C~ TOR

NH,

H.C”™ ~NH + HC



Reaction with Grignard Reagent

that acyl halides also react with Grignard reagents to aive tertiary alcohols. The first
steps involve ketone [ormation as tollows:
d(;|\] C}_Mg}i (-]:|]

N I
R —Cl+ R'Mgk — R—C—Cl — R—C—R +Mgxcl [1049)

R’

The ketone can sometimes be isolated, but usually it reacts with a second mole of
Grignard reagent to give a tertiary alcohol.

L O MgX

R’

0
I | + |
R C—R' + R'MgX — R—C—R - R—(|;—R’ (10.45)

PROBLEM 10.35 Predict the product from the reaction of phenvlmagnesium
bromide (C.H-MegBr) with benzoyl chluride (Cel 1;COCI).



AcLol ﬂthdr‘Edﬂg

Formed from the combination of two acids
awnd the Loss of water.

” 0 O
i-aH t J:' r! +H-0
gat

Hieo o7 cH, <2

C
AR
H4C OH

2 ethanole aclds ethanole ﬂnhgdrﬁdﬁ




O
H‘\ ..-'“C‘ - H “":}.
Lo OH jase 77\
- ‘ W (10.37)
H 3= “\Cf‘ ' H x\\U

|
O

T‘I‘L'.[t'i-;' -.II.,‘itl I"-L_llﬂ‘it' u]l'l]'.l}'{l!":l.ll'

e
PROBLEM 10.27 Predict and namc the product of the following reaction:

#=_ JCOOH
i & heat

1

|

o

" “COOH

PROBLEM 10.28 Do you expect fumaric acid (page 288) to form a cyclic

 anhydride on heating? Explain.
\

s sttt ——— T —



Preparation of mixed anhydrides

0 0
C-H_;CH;CHE—(‘,l—d + 1\1&+"o—(‘£—CH3 — -

0 0
CH,CH,CH, g 0 é‘ CH, + NaCl

] : T 1 'L B '-l'il'-l.-
DULANOIC -:_'||!L|;‘=uln. L!r-.|.--.x;.|lt.|,-x




Actd anh Y drides

MNoncermelature
Stmple exanaple: both halves are frome the same actd.
Mame by ehawnging acid ending to anhydride.

o o o o

I I I I

HLC xcfc RD,-": xcf':"'! ':Hﬂ-f"c
Ha Ha

propa MOLC bewnzole
anhyy Avide ﬂwhﬂﬁv'idt

H,C~ "0~ “Ph

Mixed anhydrides _ _ _
Acetic benzoic anhydride



Nucleophilic substitution of anhydrides
i I

HiYy
LW

"+ CHLC—OH + CIL,C—O0H

acid

@) O ? ﬁ
|| ” RO—]
CHH:,—_C—O—‘C—CH% - 2 C113C OR -+ CH;C—OH
acctic anhvdride aster

bp 139.5°C

I i
e |
2" . CHLU—NH, + CH.C—0OH

S EH A —O—CCH, — | 1 I CH,COH
“ CO,H

i 1 - |I|
salicvlic acid acelic wnhydride acetvlsalicylic acid

l'.jw_;'; I}



Amides

 Nomenclature

Amide nomenclature

Similar to carboxylic acid.
Drop -cic acid ending and replace with amide

CH3-CH2-C-NH2

Propanamide

Benzamide




Properties of Amides

)
N /’N: i
e T [11 Cc=0 II
&+t
}l'.; O N* or H—N N
W% Yoy ppintey
t? 11 H—-0=€
N
R R

They have exceptionally high boiling points for their molecular weights, al-
though alkyl substitution on the nitrogen lowers the boiling and melting points
by decreasing the hydrogen-bonding possibilities, as shown in the following
two pairs ol compounds:

] I I I

!

H—C—NH: H—C—N{CHs)2 CIIsC NII» CH,C—N{CHas):
formamide N, N-dimethylformamide acetnmide V. N-dimethylacetamid
bp 210°C 153°C 222°C 1657C

mp 2.5°C — B0 81°C 20°C



Preparation of amides

Production from a carboxylic acid

O O

L] NH3 ]
CHa—ﬂHz— -OH g e CH3—CH2—C—NH2

Production from an acid chloride

NH3




Amide Resonance




Nylon

If we have a diamine and a diacid chloride, we can produce
a polymer using amide bonds. Mylon is an example.

O O s
” ” hexamethylenediamine
n CI_E—‘{(:HE]J_C_EE + n HEH*{CHEIGHHE

adipoy| chloride *

Amide
O o linkage

] I+ .

C—(CHy), 7€ NT(CHy ) s NT—
dn

polyamide nylon




Reactions of Amides (Hydrolysis and Reduction)

8 )

| ' I
R—C—NH; - H—O0H ———+«} (—O0Il+ NH. (10.42)
- 'H':“]

.Iq1||.|.-_

The reactions are slow, and prolonged heating or acid or base catalysis is usually

NeCessary.

PROBLEM 10.33 Using eq. 1042 as a model, write an equation for the
hydrolysis of acetamide.

Amides can be reduced by lithium aluminum hydride to give amines.
()

LiATH, =
ether ROH-NH, (10.43)

=Nk

amide amine

This is un excellent way to make primary amines, whose chemistry is discussed in the

next chapler,

PROBLEM 10.34 UJsing eq. 10.43 as a model, wrile an equation for the re-
duction of acetamide with LiAlH,.



Some significant exa mples

Awnaloesics - pain killers
fﬁcnti.‘P{.j etics - fever reducers

Os, O

? oH
Angtandlnophen
Acekly IsnLi..:HLn accd f‘l‘ﬂ[:m}L‘.l
(Aspirism)

H
: e
i EHI:'-IM# ! \(J\
H‘h—._ (]

H

[ e -~
E'H.l. = S Ig
(]

Flhend et
(APC tablets)




More examples, pheromownes
P

Pherowiones - ehemateals seereated bld aninidle
alter the behavior of other members of the
samLe Species.

CHgCHoCH=CH(CHS f{ﬂﬂﬂgmﬁﬂﬁg_

tﬂtrﬁncnngL acetiate
(ewropeaw corn Dover sex pheromont)
CHa o
ﬂHEéHﬂHEﬂHQDHGHE

LSE:IHHLHL Acetate
{]-"I.DMH bee alari)




