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Abstract- The preparation of (Z)-=9-tetradeernoic actd from
beef tallow was asscsucd. Over one kilogram of this acid wag

i obtained,in high purity, by a stepwise procedure involvinrg
fractional distillation, low temperaturc crystaltlization fro-
m acctone and fractional crystallization. Confirmition of the
atructure of the isolated acid methyl ester was achiceved by
reductive ozonolysis and IR specetra.Thic ester was ntilized
as starting matcrial fer the preparation of (Z2)-9-tetradecenos
an expected sex pheromonc of the fall army worm., Gther phero- |
moneo; (Z)—9-tctradeceny] acetate and (E)-O-tntrnﬂnmenyl aln—
elyde werc prepared. The three compounds arc now being tcested
in the fiecld as sex attractants.
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J NTRODUCTTION

Many aliphatic compounds having 12,14,0r 16 carbon ntohs
and onc or twc dcublc tonds can function as “chemical mcsasen-
gers" bdetween the differcnt sexcs of the same inscct apecics
(1,2). However,contrary of the nopular impresmsion, inscet
sex attractants arc not necessarly species-specific,sometimes
not e¢ven genous specific or family spccific (2). The concentr-
ations rcquired of these so-called "pheromones"{(3)are cxtren-
ly small(4). By Overﬁaturating the mating arca of n cortnin

inscct species with the respective pheromone,it ie possible

to inhibit olfactory communication between these tnccecta(s).
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Morcovcer, by the usc of phirowoncs, males or fomales of a cor-
tain inSeCt species may be lurced into survey traps, whore th-
cy can be treated with inﬁccfﬁcides or killéd by #n}tbther
moanS(G). _Hf;'_ncc-:, .ph(;romonﬂs c;m_'b(:_ ‘u.fsqd for the 'lu-j-,dl-ogi{ica‘l CO-
ntrol of inscct pests withoﬁt contaminating thce cnvironment
with rathcer high concentrations of chomicals that may 'be harn-
' ful to man and domestic animal s, |
As a rule, tho 1’thi;pnratiuﬁ cf :"‘::f;.:*-c attractants by chomi - -

cal synthesig is tcdioﬁg,mninly hécnuﬁe of thce difficultics

encountered in sceparating the geomctrieal isomers formced( 7). -
As (7)-9-tctradccenol,the sex attractant of the fall army WO -

ronf{Laphygma ffugiperda), cdn be obtainced by a Wittipy syntheo.-

is(8),but this compound must bc separatcd frow its (1)-isomer

by chromatography(7). %

It has been obﬁgrﬁed in this laboratory that becf tallow

and fats from slayghtering wasteos arc excellent nnd'cxtrbmiy

incxpensive raw materials for the isolation of mono-unsatura- -

tcd fatty acids having 12 .14 And 16 carbon atoms, The prescent

communication'ﬁrcsentﬂ a procEﬁS of isol~tion of (2)-9-tctra-

deccnoic acid ih purC form fren boof taliow that contains only

between 0.2 and 0.5% bf tﬁtradecenpic_mcid, The mecthod of scp-

aration sclccted waﬂlbase& on fhé difference in solubility of

fatty acids or their'uroé adducts when present as mixtures_in -

acetone or methanollreﬂpoctively. In addition, the proparation

of the expéctod phecromones :(2)-9-tctrandeccnol, (Z2)-9-totradecw

cnyl acetatehnd (Z);9utétfadeccny1 anldchydc from_tho corrcapo-

ndingffatty acid is also rcported.
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EXPERIMEDINTAL

Instrumecntation- A supcrspcad refrigcratinﬁ'ccnrifugu1,
a micro ozoniser2(10), an infrarecd spcctronhotometeraand A
gas chromatograph (GC)dequipped with ; ncedlce valves and a f1-

ame ionization detcctor, a 10 ft stainless steal capillary co-

o

lpumn packed with 10% cthylcne glycol succinate silicone(EGSSX)

on 100-120 mesh. ,tempernture employcd was ; injcetion port
p250°C, detcctor oven 25000, colgumn 180°¢ fof isothermic dct-
ermination and 40-18¢°C for programming,nitrogen flow through
the colgumn was 15 ml N2_/'mtn, .

Matcrials- About 100 kg of the distillced fatty acids from

ik *or har s -+ v P E e ks

beef tallow were provideds. Reference standards for GC and re-

6
ductive ozonolysis werc commercially available. aA11 other rea-

gents and chemicals were analytically pure.

Methods- 1- Fractiomal crystallization of fattiy acids:
Series of 10%solutions{W/V) of the selcct.d fraction in aceto-
ne or in saturated solution of urea in methanol were precparcd.
The acctone solutions wcre coolcecd to +5,-15,and—36°c,whereas,

the other solutions in urca werc kept at +20,+5,and-1800.

Supcrnatent liquides were separated by filtration or centrif-
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2SUPELCO,INC.Supelco Park,Pansylvania USA,
3Zcis , Germany.
4Perkin Elmer , model F 7 USA.

5°Henkel and Cie"German chemical company,Dusscldorf.

6Hormel Foundation,USA.
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T

Ugation with cssentinl ultra cooling systoms.

2-_Etggaration of concuntrate

4
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: The suvoernatont solutions coll-
ected after crystaliization from acétonu1at u3600"w¢ru,con0tﬂﬂ
tratcd in a rotary cvaporafOrgto ona third thcir volume then
rccooled at -36°C and the precipetates formed overnight woerc
collected by centrifugation.,
3-_Proparation of methyl catcr- Methyl csters ncuded for GC,
fractional'crystallization%, urca ﬁdﬂﬁrtiun and fractional dié-
tillation werc prepared by the ﬁfthod o f Sintz(g),where benzone,
mcthanol and sulfuric acid were cmployed in the ratio of 10:84:
t6 rcespectively.

4~ Redubtive ozonolysis- Analyticnal grade pontane was usecd foru
preporing the sample solution,?2.5ug/nl pentane,(11). In 100m?
sample solution,cooled at ca. -60°C in methanol dry icc bath,
was passcd ozone 10Oml/min. Timc hoeded for complete OZdHOlyﬂig
was in thce range of 1.5—Z"O'min.iEféﬂn ozoﬁe in the solution
was blowed out by stream of nitrogen. Rbéidue of thc ozonbi#
.was rcdissolved inpyre corben disuliidﬁﬁhun ca.ong of this
solution was injected dircctly into G for “;e ahalysig}of the
fragments formcd. Programied GC s sutable for this purvose.
>- Preparation of dcrivativee- a- Alcohol. The preparationfrom
tetradecenoic arvid was achic¢ved by reductiﬁn of fhﬁ methyl cs-

~ter with 1ithium aluminum hydride in dry diethyl cther. The

product,in etherial solutinn, was workecd up in the usual way(12).
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2= foctatc : The preparation of the osectato war porformed by
reduction of fhe methyl ester with lithium aluminium hydridc

in diethyl cther followed by acctylating decomposition of the
resulting lithium alumino complex with acotic'acid(13).

3- _&lﬁgbxgg_:The preparation of aldchyde rebommvndnd the pre-
formation of the megylate. The reaction of methaneeulphonyl
chloride with tetradeccnyl aléchnl In absolutec pyridine yield-
ed the tetradecenyl ﬁihancaulphonatc('musyiato)(14). Oxidation
of the melylate with dimcthyl sulphoxide led to the formation
of tetradecenyl aldchyde(15). .
Aralysis of the isolatcd écidéﬂter and Eyg_pggggggg;gggiggzEggg:

Tho purity of the isolated ester and its derivatives was asec-
sscd by thin-layer chrocmatography and gas chromatography. The
presénce of impurities in the piccucts could bc Aetected by chro-
mitography on thin layers of silica gel using ether:hexan in the
ratio of 1:4 for developing the ester,alcohol and aldehyde,whi-
le denzene was used as the developing solvent for the wmeSylate

followed by charring with chromic-sulfuric acid eolution.

RESULTS and  DISCUSSTON

Trials for isolation of the precursors of pheromoncs
were performed on beef tallow that contains (Z)-9-tctradeceno-

ic acid, the precursor of the pheromone of the fall army worm,

The German chemical company fractionated the fatty aclin
of beef tallow in two steps. The first distillation yielded

a mixture containing 3.5% of tetradecenoic acid(1). The =secnnd
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distillation yielded twenty seven fractions in which the cantna
ent of (I) was different (Table I). Portions of the latter_fr-. 
inctions were used in our 1aboratory for the further enrichmant
of_the desired acid. - -: “
- Table I~ Fractionation of Fatty Acidslfromlﬁeef Tallow.

In Table II are'gjven.the regults of EXperiments carriwd_,.
out to find optimum condltions for th@.enrlohmpnt of ([) 017

its ester, methyl tetradecenoate (II) by nvystall1zatlon
from acetone and by the formation of urea adducts . Tho mqter~
ial worked with contained 10.3% of (1) ot (II) The concpntra— |
tioh of the acid or the ester in the filtrate was determined
by GC at 180%, isotherm .

Table II- Enrichment of Tetradecenoic Acid and Methy1 Tetrade-
enoate by Crystallization from Acetone and Formation of Urea

- Adducts

‘It is evident from the data riven that best reaults were obt-

alned by crystallizatior of the fatty acid raxtur9 from acet~

one at -36°C. Therefore, several fractions of the second dis-i

tillation were further fractionated by crystallization from

acetone gt -36°C. Thus, 10 kg of a mixture of fatty acids con-
- taining 28.6% of (I ) were obtained. This material was used

for the preparation of the concentrate of (I); that yielded

2.2 kg of a superhatent solution,which contained'SO.S % of th-
* 8 acid, After esterification, the methyl esters of these fa-

tty acids were distilled at reduced pressure. The distillation
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provided 1.5 kg of fractions, that contained trom 65 to 80 % of
(11). Recrystallization of these fractione withqut the use of a
solvent, yielded 0.8 kg of a concentrate containing over 90 % of

methyl tetradecenoate (Table III)

Table I11- Preparation ofConcentrate nf Methyl Tetradeceneate.
" i

Since attractancy of insect attractants is devendent upon gt -
ructure, and a single change in the stereochemistry of the%doub-
ie bond may greatly decrease the'ﬁiological activity (4), it was
essential that this candidate, methyl tetradecenoate, be of #n-
own ieomeric composition and purlty, In order to determine this
structure in the concentrate, 0.1 mg of this preparatlon was‘su—
bjected to reductive ozonolyais*and analyzed the fragmerits for-
med by GC. The methyl esters of palmitoleic and oleic acids we-
re similaflytreeted 80 as to be used for comparison. The chro-
matogramg in Figure 1 and Figure II'showed tha{, ozonolysls ofi
the methyl esters of mono—unsaturated fatty acids having 14,16
and 18 carbon atoms yielded a Cg-aldester and a Cs-aldehyde in”’
the case of the isolated methyl tetradecenoate, a Cg-aldester
and a 07-aldehy&e in the case of methyl palmitoleate and a 09-
aldester and a Cg-aldehyde in the case of methyl oleate. Con-
sequently, the ester in the concentrate consisted almost of
the 9-isomer. Positional ieomere, namely, the methyl esters
0f tetradecenoic acids having the douele bond«in 11 or 13 vos-

'tions were in proportions of about 1 %, each, or less

NMR spectrum of the isolated methyl ester in carbon tetra-
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chloride (Figure I1I) showed a pattiern similar to *hat for methy)

Oleate (16), where the observed vaJue CDT*Eonnd Lo the follow=-

ing: olefinic - = 4.72, OCH5 = 6.38 CH200 T7.83,b, umc, Cl4y= C=

9,12 b and CH,, (non allylic) = 8. 72 b. Therefore, this NMR e -

cturm confermed not only the gtructure ol the tsolatad ester, butl

also 1ts(Z) - Jsomerlc form by itg gimilarity to methyl olente,

Morcover, infrnred spectroscopy, the standaré method for annlyols

of trans csntent(l?), ag well a8 sxgentation chromatography on -
thin layers of silica Fel impregnated with 20% asilver nitrate pr-
oved the absence of the (b) ~ 1lsomer, Hencb, it 19 conoluded tha'
the methyl ester of the mono-unsatursted fatty soid in the concen
trate consisted mainly of methyl (Z) - 9- tetradecensate.

Pure methyl(Z)-9-~tetradecenoate was easily obtained from the
concentrate by coloumn chromatography on Florisil contnining si-
lver nitrnte, Thin sdﬁdrbent hsslhi;h copacity and is,therefore,
app]icabls on a semi—prepsrntlvs ncale. From 50 gm of conosnfxnle
was isolsted 42 gm 01 pure methyl totrsdposnosts.

Aliquots of the concentrate as well as the pure_methylhcster
were used Tor the preparation of several suspected pheromones; the -
tetrsdecenol,_tetrsdspenyl acetate and tetradecenyl aldehyde,

The alcohol and acetate derivatives were obteined in qunntit-
ative:yisld;_while the aldehyde was obtained in an overall yileld
of about 595%, Thslfhroo derivatives, {Z)~9-1eterecsnol (2)-9-
tetradecenyl acetate end (Z) -9~ tetrqdevsnyl sldehyde had prope-
rties in agreement with those descrlbed in the lctﬂlsiure (IB)
These derivatives are now being tested_ln ths,fleld by entomolo-
gists in Canada, Germsny;and the United_Ststss.

Wwe are particularly interested in fiding out whether pure compo-
unds are required or whether substances prepared from the concen-

trate would be good enough to be used as sex attractsnts in the
* bilological vontrol of insect pssts.
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From the presented method for the isolation of nheromone
précurgqre an(?i'prc.parat;ton of the 'expeoted pheromnnes,it is
evident that, the method is convenient and economic,
| Whenfpne+ﬁtart$3Wi§h§IOQ kg ol beef tallow then apply tHe pre-
vious procedure, hghcanfoptainca,‘0.5kggf_tetradéccnpic qcid
(Table.IV)',Th15515 rathgr inexpensive when COmparcd wi%h the
milligrams isolated from insects (I9) anq_if prepared by the
tédiops'sphémq:ofrﬁynthesis followed by separation of Fh;ge_

Ometrical isomers formed(4,I18),

-4
2 .
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Table T - Fractionation of Fatty Acids
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ﬂrom:Bbef TalTow

Total f’aﬁty acids
- (0.2 .% Tetradecenoic acid) =

{

Firet distillation

-ut - . N -

~ Forerun of distillation ﬁ
107 kg ‘ S o
(3.5.% Tetradecenoic acid)': -
. Second distillation
L - o

Fract10n5v1410;;$415 kg
(0-5:5 % Tetradecennic' acid)

Fractions 11227, .60.3 kg - .
(10.3215.9 % Tetradecenoic acid) -

RESidﬁe£ 7f0kgi .
(4.5 % Tetradecenoic acid: -
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Table IT- Enrichment

L X NN N N E."¥F N K

of Tetradecenoic Acid and Methyl Tétradecénoate
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by Crystallization from Acetone and Formation of Urea Adducts
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Starting material: 10.3 % tetradec- ‘

efioic acid or methyl tetradecen- Comboaition of filtrate
oate (¥ tetradecenoic acid

or methyl tetradecenocate)

e g s gupeuly Wisnhe wine -y SRR

Enrichment of tetradecenoic acid
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by crystallization from 10 % ublution v 5°¢ 10.3
in acetone - _ . -1800 - 16.8
| -36°C 28.5
through formation of urea adducts from
10 % solut;Ogrinjmgthﬁnol - ..ir;-:'“+2ooc ~H-r=1}'6
S R . 8% 15T?
B R 11+ 18,1
BN o ; o | J I )
Enpichment of methyl tetradecenocate .
by cryatailiz¢tion:from 10 % solution +~5°c-ﬂ - 10,3 e
in acetone o | -18°%C 10.3
SRR _ -36°C 15.0
R A N A B . SR
“through formation of urea adducits from _
10 % solution in methanol o +ZOOQ 10.3
- -18°¢ 15
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c ar s distillation of methyl esters
I N, | _
at 12 mm
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Fractions
0f methyl esters | | -
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Concentrate
r
N
Vome
R .
14:‘I'
30 24 18 12 6 0
Time min

Pigure I- Chromatograms before and after ozonolyslsg
of methyl tetradecencate in the concentrate, |
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* 161
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Figure II~ Chromatograms after ogonolysia of
the methyl esters or:tetradeoenoic(l4{f)f
palmitoleic(16:11) and oleio(18i11) acids.
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Figure IIl- NMR gpectbhm of methyl tetrsdecenosate.
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