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ABSTRAGT

The infrared spectra of six long-chain 2-alkenoic acids with diffefent
types of branching near the double bond are presented and discussed. Several
absorption bands are observed which do net appear in the épectra of uncqnju=
gated long-chain'fatty acids, One of these is the 6.1 /Lca;bon=carbon double
bond stretching vibration band, the intensity of which has évidently beeﬁ
greatly enhanced as a result of conjugation° Othgr new ban@s'appegrmin tpev_w
1@—16‘A.fegion, some of which may prove to be analogous to those in the sPectra

of alkenes which characterize the arrangement of alkyl groups around the double

‘bond. Such a relationship has not been fully demonstrated with the limited

amount of data available.

Use of the 7.25 4 band intensity as an index of the numbér of terminal
methyl groups (previously employed in branched alkanoic acids) was found to be
valid for this group of alkenoic acids. .

Comparison of the spectra withvthat of Co7._phthienoic acid provides
additional support for previous evidence that thié molecule has‘an.egzqmethyl
branch. There is no definite indication regarding the position of & second
nearby methyl group,_except that the lack of spectral conformity with

2,5=-dimethyl-2-heptadecenoic acid rules out this particular structure.
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~ which is on the 9 —carbon atom.
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INTRODUCTION

In the course of extensive'study of the branched-chairn fatty acids of

~

the tubercle facillus, Cason and collaborators have isolated one of the prin-

‘cipal species and shown that it is ano(,ﬁ-unsaturated acid having twenty-

seven carbon atoms and three branching side chains (probably methyl), one of
2’? This acid has been called Com-phthienoic
acid. Infrared Spectromgtry was employed to aid in establishing these
structural features, ana certain inferences were based on the results of a
broad study of saturated branched-chain fatty acid spectra°4 In continuing
efforts to elucidate the structure of 027=phthienoic acid still further,
Cason's group has synthesized severalo{,ﬁ-unsaturated acids with varicus ar-
rangements of branching methyl groups. The properties and methods of synthea'
sis of these acids have been described in the preceding papefso?96' Their
infra:ed absofption spectfa have also been recorded, and afe presented here
with two purposes in view: (1) to examine the relationéhips between struc-

ture and spectra in this restricted class of compounds; (2) tc make direct

comparisions with the spectrum of 027sphthienoic acid,
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EXPERIMENTAL

Materials,’ The six synﬁhetic’acids whose spectra are shown in Figs. 2 and 3

‘are those of which the preparation and properties are discussed in the pre-

ceding papers of this sefies,596 Cop-phthienoic acid is also the subject of
previous publ:‘i.czz'ai',:i.cans.,2”3 Oleic acid (>99%) wes obtained from the Hormel In-
stitute, Austin, Minnesotd., Stearic and elaidic acids were both recrystallized
and are regarded as sufficiently pure for illustrative purposes.

Agparatuso' The spectra were recorded on a Baird Associates Model B double beam

 spectrophotometer equipped with a sodium chloridévprismo The region beyond

6.5 4 in the spectra of Figs. 2 and 3 are of liquid films between salt windows.,

Neither the uncertainties nor the variations in these film thicknesses are re-
garded as important, since quantitative measurements have only been made on the

solution spectra (5.5-6.5 ).
DISCUSSION

The main points of interest in the interpretation of the spectra (Figs.
2 and 3) are the relationships which involve the double bond, with parﬁicular

reference.to the effects of conjugation and the presence of alkyl branches. The:

"~ spectral features of long-chain fatty acids in general have been discussed by

Shreve et alf,,8 and a more recent publication by Sinclair .and collaborators9

includes the spectra of cis and trans-2-cctadecencic acids. Some effects of

‘chain branching in saturated fatty acids have been reported previocusly from this

4

laboratory.

It is well known from the éﬁudy of alkene spectralo that structural dif-

‘ferences among simple olefins may be manifested in cne or more of three regions

of infrared absorption; The first of these is the region of carbon-hydrogen

bond stretching vibrations in the range' from about 3.2 to BaS,a;» Olefinic
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hydr9gen§ can be distinguished in this range, but only with better resolv-

ing power than that of the sodium chloride prism in our spectrophotometer.

<1 . N A

‘Double Bond Stretching Bands.

" The second region is near 6»;biwhgre_the,carbonncarbon.dquble.bgnd
stretching frequency is located, Itris indicated in the correlation of .

,_Rasmussenlc

that terminal double bonds have their .absorption maxima at
sllghtly longer wave lengths (6,02 =6,12 &) than do- internal double bonds
(5,98 -6.03 M) and that conjugation w1th.carbonyl,groups_alsq tends to dis=
place the peak toward longer wave lengths. The positions .of the C=0 and C=C
stretching bands of the 2-alkenoic acids studies are given in Table I. .

- The ecarbonyl bandsAall lie within a small range near 5.9 %, whereas in
unconjugated long-chain fatty acids (see Fig. 1)-the.corresponding.band is
found at about 5. 84‘um8 The magnitude of the displacement associated with the
conjugative effect is about the same as that observed for esters and ketoneslo n
and for the 2-octadecenoic acids.?

.- The C=C stretching bands are all at élightly longer wave lengths than the
- values quoted above for internal doublé bopds, and. this égain is éonsistent with
a conjﬁgative effeéto (For oleic and other acids in which the double bond is
relatively remote from the carboxyl group, the C=C stretchings bands are very
weak and not easily resolved from the strong CZOVbando They'are not discernible
in Fig. 1.) A methyl group on eiiher of the unsaturated.carbgns appears to cause
a slightly larger shift. In agreement with the alkene correlation, the terminal
- double bond (2amethylenedodecanoic acid) has the longest wave length band.

It may be noted in Figs. 2 and 3'£hat at the same molar concentrations

the carbonyl bands of all of thesevacids have .approximately the same intensity
(range of peak'absofbance is 0.85=0.90), - The C=C absorption intensities; on the

other hand, vary with different arrangements of groups around the double bond.
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Peak absorbance values of these bands have been included in Table I. No ex-
tension to. more refingd quantitative intensity measurements has been attempt-
ed. Neierﬁheless in comparision with the two acids which may be regarded as
l—carboxy—2-a1ky1ethyleneé, it appears that substitution of an additional
methyl group on the B —carbon enbances the iﬁtensity,,whereas in both cases

of L -alkyl substitution the intensity is reduced. If it may be assumed that
the vibrationel interaction between the cqnjugated €=C and C=0 bonds is small,
then tﬁe.gain.invintensity by the C=C band inlgoing from a non-conjugated to
a conjugéted position must be attributable mainly to_its polarization by the
carboxyl group. It may then be.inferred that thglintensity differences as-
sociated with < vs. £ alkyl substitution are a reflection of the relative
abilities of a hydrogen atom and an alkyl group to polarizé the double bond.
The net effect of a hydrogen at one end and an alky; at»thé other is in one
case competing with polarization by the carboxyl, and in the other case rein-
- foreing it. This description is oversimplified, since the absorption intensity
depends on the_chéhge of dipole withvvibration,rather than on the equilibrium
dipole directly. Until absolute infensity measurements and a more detailed
analysis of the factors influencing the intensity can be made, this hypothesis

.provides only a tentative and partial explanation of the observations,

Bands in the Range from 10 to 16.«.

The third region in which double bond configurations may be charac-
terized is beyond 10 « , where the non-planar vgbfations of olefinic hydrogen -
étoms occur. The well-established correlation.of these frequepcies with
alkylethylene structural ty,peslozl2 is summarized in Table II. The baﬁds
whose maximé have been quoted to the nearest 0.05 « are usually strong, sharp,

and well defined, whereas those for the cis and trialkyl types are apt to
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be broad, less intensé; and less constant in position;»fit ha§ been noted -

'by other author38’9 that this correlation is valid for héh;co;jugétéd~fatty
acids in which £he double bond structure is one of the firét three=types listed
in Table II-(Their work did not include any examples‘with’brénchihg structures.,
"Mbreovér, as may be: seen in Fig. 1, the presence of a 14-15 . band in the
VS§eétrum.cf oleic aciq is difficult to verify). Rasmusseni® has shown that
these frequencies are altered if one or more'of‘thé“alkyl'grbups is replaced
by a‘chloriné atorm, ConseQuently it has not been presumed ‘that the correlation
would hold if an alkyl group were repiaced by a carboxyl. Since the 2-alkenoic
acids can be‘regarded as carboxyethyienes, it is of interéSt to examine their

" spectra with ﬁhis'point in mind. Fig. 4 is a chart constructed from: the spectra
of Figs. 2 and 3, showing ﬁhe bands between 10 and 16 .« which do not eccur

in saturated fatty acid spectra; Heights of the solid vertical lines repre-

" sent roughly the relative band intensities. Dotted lines ‘indicate positions
(or ranges) of the characteristic bands for corresponding alkylethylenes,’

i,e., carboxyl replaced by alkyl.

The assignment of a particular band in any of these:spectra -as ‘the
hydrogen non-planar behding vibratiog is somewhat dubious. -The most reliable
choices are probably the bands at 10.18 and 10;15 ¢ in the spectira of 2-
dodecenoic and 5-methyl-2-hendecenoic acids, respectively31~frﬁm,the mé&thod
of éyhthésis596 these cdmpoﬁnds are presumed to be trans, and the. suggested
‘band positions are not greatly different from the characteristic one of the
igéggfl,?ndiaikylethyléne'stfﬁcture (Table II). Sinclair? also observed a
band at 10.2 4 in the spectrum of trans-2-octadecenoic acid which was not.

‘exhibited by the cis dsomers’
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For 2-methylenedodecanoic acid the 10,54 4 band is the most reasonable
selection, principally on the basis of intensity. This tentative choice is
given some support by the appearance of strong bands at 10.6-10.7« (rather

than 11.25 4) in the spectra of methyl méthgcryla},el3 and a number of other

-methacrylate814°

For the compounds which are structurally analogous to trialkylethylenes

- (only one remaining olefinic hydrogen) the uncertainty regarding cis - irans

-relationships,presenﬁs\an additional obstacle.to fuller interpretation. Whereas

the non-planar hydrogen bending bands of cis and. trans -3-methyl-2-pentene ap-

péar to be at 12,2 and 12.3 « respectivelyl3, it must be assumed that the
presence of a carboxyl group may have a marked effect on the corresponding
vibrations in conjugated acids. It seems evident that until there are available
some acids of this type which are unambiguously known to be eis or irans it
will not be possible to disentangle the effects of branching and géometrical
isomerism, nor to establish a meaningful correlation of the double bond ab-

sorption bands for these compounds.

. Number of Branches.

Tt has been shown in previous work” that in a saturated'branched.}
qug—chain fatty acid the number of methyl groups can be determined by a._
suitable calibration and intensity measurement of the 7.25/;-absorption band.
Measurements were made of this band in the spectra of the 2-alkenoic aéids
according to the procedure described elsewhere® for the saturated bfénéhed—
chain acids with the results shown in Table III. The values for the ZPaIkenoic

acids fall within the appropriate ranges, and bearing in mind the slight overlap
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_ between the ranges for two and three methyl groups, it appears that the validity

of thls determlnation is not impaired by the presence of the double bond.

Comparigon with Cp7-Phthienoic Acid,

Whilé no satisfactory structural correlation has been achieved for the
‘branched 2-alkeroic acids, it is nevertheless pertinent to make certain com-
'pafiséns’éf thé~available spectra with that of Cpy-phthienoic acid., Previous
chemical and spectral’ evidence?s> has indicated that this acid has an< -methyl
":bféﬁéﬁ}5”It§75§ectrum7has therefore been included in' Fig. 3 together with those
of the two syhthetic acids which have «<-methyl branches, All three have
absérption bands at about 12.5 and 13,3 4(which do not-appéar.inAany of the
étheriébeétra (see also Fig; L). In-addition the peak absorbance of the carbon-

céfbéﬁfétfétching'band 6f 027—phthiénoic acid (when adjusted- to 0.2M concen-
:tratiéh)‘&aéffoﬁnd'to be 0.33, in agreement with the values. for X -branched
acidé ‘in Table I, * These observations add to the previous evidence for the

K -methyl branch, and the correctness of this much of the structure seems well
established,

The discrepancies among the specﬁra of Fig, 3 in the 10-10.5 «4¢ range
cép”gﬁiy“géftakéh to mean that Cé7=phthienbic acid does not have the same
overall éoﬁfighrdtioh in the vicinity of the double bond as either of the two
”synthétic aéids, Other evidence has indicated that it has two branches in
additiod’ o the & —methyl, one of which is probably on the Y- or’ § -carbon.
‘Such ‘a brérich near the double bond is also .suggested by the spectra, since
‘more remote branching would not be ‘expected to alter the curve appreciably from

'that of 2-methyl-2-dodecenoic acid, The absence of a 10.1 .« band in the.
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spectrum of 2;5-dimethyl-2-heptadecenoic acid rulés out at least one isomeric
form of this structure. The avaiiaﬁle spectra do not provide any basis for

a choice from among the other most likely structures.
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. ' . ’ B : ( ) RTINS SR ( ) .. Intensity? of
2-Mkenoic Acid Ag=0™4 A g=g\« C=C band

2-dodecenoic acid © 5,90 6.05 0,39
5-methy1-é-hendeceqqigJaQid/ o 5ﬁ87‘~ ,(:=”>6°05 o ‘-0;39l h
_2-methYl¢ﬁedodg;an;ic;acidiJ:;“:M:;._5;89v-‘>h.v 6013v Tst _ TO,29’
3-methyl-2-n§nen;ic ééid N o éoéb a ’GlldJ““‘A- | 0;53
2-methyl-2-dodecenoic acid 5,91 6,068  0.33

2,5-dimethyl-2-heptadecenoic acid 5,90 6,09 0.32

(2) Intensity is expressed as the peak absorbance of the band for a 0,2M

solution in chloroform in a 0.1 mm cell,
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Table II%
Klkyl-substituted Ethylene o ¢5€r§éteris£ic wave length («)
RCH = CHp : | | 10,05, 10.95
 RCHT CHR! (trems) . 10.35
RCH = CHR' (eds) -~ | : L 1415 |
RIC=CH, | - 11.25
RR'C = CHR" . 11.5-12.5

(a) These are esséntially the fié.l_ues given in Ref. 10. Other authors give

slightly different limits to the ranges for cis and trisubsitituted types.
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. Table III

s
o1

Intensity measurements of'§,25,q absorption band. ‘' 0.1M solutions in CClA;
0.5 mm cell; estimated baselines (see Ref. 4)e

Absorbance Range e
Number of Found in Saturated Absorbance of

Methyl Groups Branched-chain Acids 2-Alkenoic acid =~ '7.25-4 Band

1 - 0,03-0,05 2—dodecen01c T 0,05
2-methylene- EEE

o dodecanoic o “quqé
2  0.10-0.17 3-methyl-2-nonenoic | 0.1l
' _'wz-methyl-2-dodecen01c " 0.10

‘ "‘ﬁ..A"‘n* .S-methyl-Z—hendecenoic B ?Qf14 .v ﬂ:

3 : 0,1540;§i'-nﬁw'2 5-dimethyl-2- -

heptadecenoic 0.17
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- FIGURE CAPTIONS

Infrared absorption spectra of some non—conjﬁgated fatiy acids;

Infrared absorptlon spectra of someci,é’-unsaturated fatty acids,

5052605 2, 0.2M°in CHCla, O.1 mm cell.

605~ lé,q;.llquid films: “upper two. curves; 0,025 mm spacer; lower
two curves, no spacero

Infrared absorption spectra of somea: g—unsaturated fatty aclds
having 0<-methyl brancheso

Upper two curves: 5. 5—6 5/4, 0.2M in GHGl3, 0o l mm cell 6 5-16#-,
llquld fllms, 0 025 mm spacero

ng—phthienoic acids 5,56, 5F_, 0025M inﬁCHGl3, 0,1 mm cell} 7;16}59
50 gm/1 in CS,, 0.9 mm cell, : '

Line diagram of the spectra of Figs, 2.and 3 (omlttlng 10, 7 and 13 8-
bands) . v

Solid lines represent absorption bands.

Dotted lines show positions of characterlstlc absorptlon by same

structure when COOH is replaced by alkyl.

2,5-dimethyl-2-heptadecenoic acid )

A 2-dodecenoic acid o 3 HO,CCH=CHR (trans)
B 5—methyl 2-hendecenoic ac:d I -

C ‘Z-methylenedodecanolc acid . HOpCCR=CHp -

D 3-methyl-2-nonenoic acid HOchH'CRR' »

B 2_methyl-2-dodecenoic acid ) HOZCCR=CHR“ |
G

027-phth1en01c e01d
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