
PURIFICATION AND ANALYSIS OF SYNTHETIC INSECT SEX A-I-TRAC- 
TANTS BY LIQUID CHROMATOGRAPHY ON A SILVER-LOADED RESIN 

A description is given of a rcliablc low-prcssurc liquid chrornatographic sys- 
tem for the analytical and preparative separation of geonwrical isomers ofalkrn-l-o1 
xct;ttcs. ~~hich m-c used as insect scs ;tttractants. Basclinc separations of i-600 nlg 
in I-6 h on colun~ns pa&cd \vith ;I mm-oporous c~ttion-cschange resin treated with 
silver nitrate arc reported. These rcusabl c colunu~s are elutcd with methanol and 
continuotisl; monitored by ;I dilii-rcntiat rcfracromctcr. \vhich also allows qurmtirativc 
analvsis. 

Female Icpidoptcrous insects ~~s~rally attract nxtles of their o\vn specks by 
emitting vcrx small amounts of one or nwrc typical chemicals’- and. in the last 
dwads. scvcrsl of these attrxtants have been isolated and idcntificd. They oftsn con- 
&t of nmnoenoic or dienoic :tlcahols \vith ;t straight chain of 11, 14 or 16 carbon 
atoms. or thrir xct:ltcs_ For c.smnplc_ nialr rltk~so~~~/l_1-c~~~ OI.CIIICI* nloihs are attrxted 
by :I misturc of t-is-9-tctradsccn-i-01 acetate (t-i+9-TDA) and cis-I I-tetradccen-l-o1 
acctatc (c&I I-TDA) in a ratio of 9 I I (r&s_ 4 and 5)_ The sanw components but in a 
ratio of I :9 xc optimum for catchrs of C/f~pis spc-ffcrizu’ m~llcsh_ slllr~ll ;\llloLllltS of 

thcgeonictrical isomers either inhibit tht attractancy of the tictivc isomer’-” or, on the 
contrm-y_ enhance in other species the attrxt:incy and m-e even neccssury for oprimtm 
catch&-‘“_ A 213 misturc of c-is- 1 I-TDA and rrcms-I I-tetradccen- 1-d acetate ( II’CIIZS- 
1 I-TDA) is tlttractive t%r nx~lc ,Irc-/rips porirrrza* moths”_ 

Conlpounds m-e obtained as c-ix-isomers by reducing tllkyncs in cold n-hesmw 
with hydrogrn using Lindlar’s ctttalyst’-iz, while rrmzs-isomers can be nude by re- 
duction \vith sodium in liquid ammonia 13- 1J The reaction products nearly :tl\vrtg~ _ 
contain snxtll mnounts of both the undesired isomer and the completely saturated 
compound. 

Synthetic products cm be malysed by infrared spcctron~ctrg and by (capil- 

* Lepidoptera: Tortricidne. 
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larv) gzls chromz~togrzlFhv’-‘j-‘7. Small amounts of pure isomers can be collected by 
g;ti chromatography4 0; thin-layer chromatography on silver nitrate-impregnated 
silica g15. Slow spinning band distillation has been reported as n method for the puri- 

fica:ion of WQ~ZS-I I-TDA”_ 

For the large-scale purification of synthetic products. we used columns 
packed with silicic acid or acid-washed Fiorisil impregnated with silver nitrate ac- 
cording to a_enerally accepted methods’Y-*9_ 

Fractions were analysed by gas-liquid chromtltography. Although compounds 
of zlcceptablr purity could be obtained, this method had severa1 drawbacks: 

( t ) The total elution time was ions ( 12-1s h) and the volume per fraction \v:ts 
iargs. ~1s escessivr tailing occurred_ 

(2) klonitoring of the eiuote with ;t refractometer \x’tls difkult_ if not impos- 
sible_ as gradient clution was necessary- 

(3) After each run_ the column had to be regenerated by passing a larsc volume 
of the initial less-polar solvent mixture through it_ 

(3) The columns could be used for only a few runs, as the rr’solntion decreased 
grttdually and pressure build-up was observed. probably due to changes in the \vtlter 

contcnt of the adsorbent. 
Emken et al_‘” described ;I preparative chromatographic procedure in tvhich :I 

silver-saturated ion-exchange resin \vas used with methanol as the mobile phase. 
However. their cation-rschange resin ~~1s not commercially tivailable. and it is pcr- 
haps for this reason that their method has been neglected for the purification of (po- 
tential) ses attractants_ We investigated :t silver-saturated commercial cation-csch;tngc 
resin for the anntysis and purification by liquid chromato~raph_v of acetate esters of 
unsaturntcd rdcohols. This system does not ha\-r any of the drawbacks of the imprcg- 
nated silicic acid columns and is suitable for ;nnounts of l-600 mg of material. 

EXPERISIESTXL 

The liquid chromatographic system consisted of a Z 10 - 1.2 cm polypropylene 
tutc or 150 .- O-6 cm glass tubes with PTFE stool to contain the packing and silicone 
rubber stoppers 1s column tcrminarors. a plunger-tape pump (F. A. Hu$les_ Epsom. 
Great Britain) and a ditkential refractometer (W&s Ass., Frtunin~bam_ U.S.A.. 
&lode1 301). A >OO-ml stainless-steel spiral in the solvent line before the column. the 
column itselfand the detector were maintained at the sane_ constant trmpetrtlture by 
;L precision thermostat- The water jackets surrounding the columns and the tubing 

were insulated with a 2.5cm Iaver of polvethcr padding_ The injection system. with 
a blue silicone rubber septum (-Applied kencr Labs__ State Collrgc. Pa._ U.S.A.). 
was home-made_ 

All of the compounds used in this study were synthesized in our laboratory. 
In addition, rix-7-and rralzs-7-dodecen-l-01 acetate_ cis-Wrtrtldecrn-l-01 acetate 
(c-is-9-TDA) and c-is-1 I-tetradecen-l-01 acetate (c&l I-TDA) wwe obtained from 
Farchan Diu_ (Story Chcm. Corp.. Willoughby, Ohio. U.S.A.). The strongly acidic 
mzlcroporotls~~tior;-sschz\ngsr Lewatit SP lOSO_ particle size 0_07-0.15 mm (C:ltalogur 
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No. 5253) and particle size 0. I-O.2 mm (Cataloguc No. 5245) ~vere purchased from 
E_ Merck (Darmstadt. G.F.R.). The solvents \vere freshly distilled_ 

As the wet resin of the commercial product could not be sieved. the adhering 
liquid was removed by suspendin, = the resin in methanol and washing it tlvice with 
O-7 I of methanol per litre of resin. The resin was washed :L further twice with chloro- 
form-methanol (2:3), and once more with methanol. The material was sucked dry on 
a Biichner funnel and dried overnight at SO’_ The dry material w;~s sieved and three 
fractions were used in this study: 0.075-0.090. 0.1050_125 and 0.175-0.250 mm. 
After swelling in drionizcd water_ the slurry w;fs packed in a glass column of 2.5 cm 
I.D. and ;t 0.4 mule/l solution of silver nitrate W:E passed through the bed until the 
tirst silver ions were detectable in the effluent. Deionized \vater was then passed through 
the bed until no more silver ions could be detected_ and finally 3-5 bed volumes of 
methanol wet-t‘ pumped through the bed. Gas bubbles developed during passage of 
the methanol front and the bed volume decreased to about S5 )I:, of the bed ~~olun~e 
in water. A capacity of 1 _S mrquiv_ of Ag- per millilitrc of s\\-ollen resin was found_ 

The resin slurries prepared in this manner were dt %gassed and packed in the I50 - 

0.6 cm gl;lss colun~ns. except for the O_iO5-0. I25mm fraction. \vhich \vas packed in 

the ZIO :-’ 1.2 cm polypropylene colunin. 

RESULTS 

Espcriments \vith a 150 - 0.6 cm column packed with a O_ 175-0250 mm fmc- 
tion of Le\vatit SP IOSO (Ag; ) gave ~ tlood btlselinr separations of a IO:35145 test 
mixture of tetradecan-l-o1 twetatc. tr-um-1 1-TDA and t-ix-1 I-TDA. Plate heights and 
resolutions wet-e slightly better for the test compounds at I3 than at 9 or 20. under 

the conditions used (Table I)_ Consequently_ all further \vork \V;LS undertaktn with a 
system regulated at a wxttx-bath tempcrrrture of 13 _ 

In order to optimize these separations. a t 50 -’ 0.6 cm column -W:IS packed 



N. W. H. 

0 r&l io --: 
1.5 r;, 

F!ow-r&L* Cmt/min! 

HOUS. S. VOERMAN, W. M. F. JONGEN 

with 0.075-O-090 mm pa-ticks of- Lmvatit SP IOSO. The resolution nas l.h-3-7 tbr 
the conlponrtits of the test tnisture at fio\v-rates of 2.0-0.25 ml:min. Hcncc rht tltrcc 
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p&s. were found at 13” at a flow-rate of 0.74 ml/min (Fig. 1). Although the compo- 
nents of interest were well separated in 50 min at a flow-rate of 2 ml/min, flow-rates 
of about O-75 ml/min were preferred because of the impurities in the synthetic ma- 
terial. The composition of the synthetic material used is clearly shown in a chromato- 
gram at tow few-rate (Fig. 3). The first peak of tetradecan-l-01 acetate is unretained, 
like all the other saturated compounds used in the study (see Table II). as it was co- 
chromatographed with ethanol, chloroform and other unretained compounds. The 
retention volume ofthese unretained compounds is almost unaffected by variations in 
the temperature used. However. a slight increase in retention volumes of the trms- 
compomlds and a considerabk increase in those of the c-is-compounds with decreas- 
ing temperature were found. This might be expected, as the silver complexes involved 
arc more stable at lower temperatures (Table I). 

RETENTION VOLUXIES OF A HOXIOLOGOUS SERIES OF ACETATE ESTERS OF 
SXTURATED AND V-MONOENOIC STRAIGHT-CHAIN ALCOHOLS 

Colunm ( 150 cm :- 0.6 cm I.D.) packed with Lewntit SP lOS0 (Ag’). 0.075-0.090 mm. Solvent, 
methanol: flow-rate. O-70 ml3ninr temperature. 13-‘: sanipie size. Ltrrlr detection. differential refi-xtive 
index. 

- Total retention volume from injtaxion. __ 
-- Retention volunx relative to ethnnol or saturated alcohols (unretnined compounds). 

Sample sizes up to 150,1cl of ester (density OS4 g/ml) could be chromatographed 
in Z h on the 150 :;: 0.6 cm colutnn and five times as mutih on the 210 s 1.1 cm col- 
umn in 3-5 h without overlap of the components of interest_ The sample used in Fig. 3 
did not contain the unkno\vn impurity nor the 1 I-tetradecyn-l-01 acetate. _ 

The influence of chain length on the retention volumes of a hon~olo~ous 
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srrics of rlcctatt t‘stt‘rs of-saturated and 9-monoenoic straight-cfwin afcofwfs is clearly 
dcmonstrtttrd in Trtblr II_ There \v;ts no clear corrcfation btt\veen retention \ofu~~~es 
of the positional isomers of rr~~zs-TDA or c-is_TDA and the position of the doubfc 
bond (Table III). On t\vr) diKerat cofun~ns. \vt’ found similar retention \olumcs for 
the compounds with the double bond in positions 6 to lo_ and the rettxtion ~~OIUIIW of‘ 

cLY-I I-TDA \v;ts mucf~ grwtcr than filr any other of this series. 

WC k;-s! that the csccssivtz tailing tfxlt \V:K l-ound in our lix-mc_r \vorl; lvitft 
silvrr nitrate-irnpr~~t~ared silia gels. txen if particles of 0.0X!-0.063 mm \verr’ used. 
occurred hscausc chromatogrnpiric proccsscs other than that of the silver complcs 

principls (such as adsorption or partition) a-t‘ involved it‘ silica gel is the support 
material”_ The chrot~~ato~r~~phic process on the ion-cschange resin \vith silver ions as 
counter-ions bshaves as if only one principk is invoIvcd_ namely formation af a silver 

cotnpics xith the of&n_ Even with owrloaded columns. sharp peaks \vt’rtz obtained 
in a peak \-olume of not more than 30 ml and no esccssivc tailins occurred- Tfw LISL’ 

of narrowx sized fractions of smaller particles must be the grcxtcst contribution to 
tfls better separations obtained in this stud- than by Emkn cv nf_.“‘_ 

The incrtxtse in peak lvidth and. axordingly. the slight loss in resolution at 
the lower tcmprr;tture that occurred in tile espcriment with varying tempcraturcs 
(Table 1) is probably due to the impairment of mass tr:tnskr by thr slower ditl‘usion 
processrs in the largw- particles used in that experiment_ By merely decreasing the 
temperature. thr rctsntion \olumrj of the rrc~~zs-compounds. and to a much St-cater 
esttnt_ those of the t-is-campounds. c;m be increased, whet-as those of the saturttwd 
compounds are tdm:>st unatKxtcd_ With smtllkr packing mtttcrirtl_ mucfl may br g-ain- 
cd by apfoitins these t~mI?t’rtttur~-dcprttidetlt incrwses in rr’tt’ntion vofumc. In con- 
ventiontlf argcnttttion chromatography with silica gcf 3s support material. it simikir 
cikct can also be achieved by decreasing the polarity of the solvent misturc. This 
alkts both the saturated rind unS;ttur;tted components and always causes csccssivs 
tailing. cspcciafl_v if continuous grrrdients are used. 
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homologous isomeric t&tty acid esters on silica ei impregnated with silver nitrate”-23_ 
we also found that the components with the longer aiiphatic chain eiuted earlier 
(Table II). The large difi’ercnce between the t-nobilities of the zr-am-complex and the 
t-is-complex indicates that in the present system the individual c-k-compounds are 
t~iwt~ys separated from each of the rrctfls-compounds. without overlap. 

The separation pattern of the positional isomers on the coi~min used sho\vs 
less clearly the sinusoidal type of curve described as the chromt~to~raphic pattern of 
positionally isomeric c*is- and rrmrs-octadecenoates on thin-layer plates impregnated 
with silver nitratez5_ If plotted as in ref _ 21. Fig. 2, a relatively high mobility is found 
with our results for Gs- and w~~~z~-~-TDA_ However. the compounds with double 
bonds in positions 6-10 show the same relative mobiiities and c-iv-1 I-TDA has the 
io\vest mobility (Table I I I). 

There are also some similarities with the chromatogrnphic pattern of eposy- 
oct:ldecenoates cm :I gas cliromatogr3phic system as described by E~nk;tn~‘. in his 
sysicm. the c-2-6.7-. cis-9. IO-. and cjs- 17.1 j-eposyoctadeccnoates have the same re- 
tention times. \vhereas the (r*j-3:-substituted component. the cis- 15. I Geposyoctadc- 
cenoate. has ;t longer retention time_ Likewise in our system. the component \vitii 
three carbon atoms after the double bond. c-is-1 I-TDA. has thl- ian%est r&ention time_ 

COEC-LL’SlOK 

The high resolution for the geometrical isomers ofaikenyi esters. the relatively 
short time needed to obtain :I chromttto~rtim. and the direct measurement \vith the 
recording diltk~ntiai refr;letomett’r ati&- great advanttlges over gas cilrom~ttographic 
techniqur’s’D-l’ and thin-layer or liquid chrc~mato~rapi~~ \vith the ~~npleas~nr silver 
nitr:it~-impr~_ti~it~~ silks gel_ 

As :dre:ld; nlcntionedL”_ the stabilitv and rcliabilitv of this “cicnn” system 
are outstanding: we have run the col~~~nns for 4 months \cith more than 100 injcc- 
:ions 1x1 ~~icli \\-ithout any sign of deterioration. 
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