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Abstract-Tire major volatile trail-marliing pheromone of the Texas leaf- 
cutting ant, Atta texancz, \\-as isolated, identified as methyl 4-methylpyrrofe-2- 
carboxylate, and synthesized. T h e  synthesized pheromone elicited strong traii- 
foi:o~~ir-tg responses from workers in the Laboratory and the field. 

SOCIAL insects h a w  a very sophisticni-ed chemical commtr~~ications system that 
controls food collcctiorn and nest activiti&. This pilenomenon has been studied 
cstc.nsii.r.lji and tfie literature has h e n  tharo~lgl-ily r e ~ i c ~ i  ed by " t 1 - r ~ s o s  (1965a, Is), 
13r.r;~r (1969), and 34os~.n (19'70). 111 this complex olfactory sys"iem, one of thc 
most highly davelsped pllerolnone triggered responses is t11e trail follo~ring- 
hehaviour of ants hnd tcrmi-ces, Tlze trail phero~nones of termites scc111 to be 
nun-specific within genera (Sru,\ilr, 1963 ; Sxir.nrr; ef al., 1967) 2nd it is nor 
knost-rt in al! cases i v l ~ c ~ j x r  these trail-marking compotlnds are synthesized by the 
insects or obtained by ingestion. In o1ie instance the trail phei-omone of the 
termite, Retictllitertrla "iirgifzi~*z~s, idc~ltitiied as cis-3-cis-6-trctizs-8-doi3ccatrien- 
1-01, was obtained frorn ft~ngus-infected woocl as -\i,ell as from the termites 
(,?T, ' ITsu~I~;RA r t  iiJ., f 968). The  only other trail phcrornonc identified chemically 
is I-iesanoic acid, isolnteti from the terrrljte Zoot~i.sr:opsis -rte.ccrci'etuis I-4agc.n (MCXI~IEL 
;tnd ICARLSOX, 1968). 

hlany sp[:cics of nnts are knoirn to use trail pheromones, and trail sharing has 
been repnrtecl in some species ( ~ V I L S O ~ ,  1965a). 'I'he trail-folloti-ing bcllaviour of 
the Texas leaf-cutt irig ant or ton 11 ant, t t a  tesann (Rucklej-), was dc.scribeii by 
3Ios1:ri. and BLT?AI (1963). 3Xos~ri. and SILVERSTEIN (1967) found that the trail 
phcrc-inlone of ttte tonm a n t  contains at least two components, one v~tat i le  and the . . 
other non-i-uiatitc. In a bricf, prci~lninary cclnz~nunicatior~, Tt'~rr,rssos ef nl. 
jlcj7i) reported t i a : i t  r n~ t f l y l  4-nlethylpyrrolc-2-carKoxyI~tc" \ u s  thc ~n: jor  votatilc 
c o m l ~ c ~ x r ~ t  of kf~c trail  ~?lreron-lone of A-l, fesutzn. 

Tl'c nor\- ifescribe title isolation ctf this co~npound f1-:1-o1:1 ;I .  tesnlln, its iclcntifica- 
tion ;~nri synthesis, and r.hc bcilnt irjrir it elicits in 1:aboratory and fieirI cuionies. 
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'IVorkcr ants of mixed sizes were colIected from nests in Grant Paris5, 
I,orrisiana. The wl-zoIr: bodies (3.7 kg) of workers were macerated in zneti~ylene 
ehloricle and tItc soluble nlaterial was distilfed in a short-path still at 90°C and 
0.05 n ~ m  I-lg onto a dry ice cooled condenser. 

The biologically actir-e distillate rras further fractionated by gas-liquid chro- 
matography ( C t C ) .  C o l u m  A%, 49: SE-30 on 45/61) i-i~esh Chromosorb G ,  
1 sn x 3 mm (i.d.1, 50 cm3i;min He flaw, was held at 55°C for min at'ter injection, 
then prngramllied to 1OUcC at 25",'min, held at 100°C for 6 min, then programmed 
to 20(lcC at 3OC/rnin, and held at 200'6 for the remainder of the run, This 
c o i u m  was connected to a four-port backflush valve so that the Aorv through the 
column could be reversed. At 55 inin after injection the column was hackflushed 
for 5.5 IM~II. Tlic remaining colu~nns were operated in the nornr~al manner as 
follo~vs: (8) 4-3; diethylene glycol succinate on 60:SO iilesh Gas Chrom Q, 
2 in x 4 mm, 20 cm"min He flow, 142°C isothermal; (C)  4U,$ Carbowax 2011 on 
60,231) Glirorl~osorb G, 7.3 rn x 2-4 mm, 25 cnx3/min He, 170°C isothermal ; 
(D) 10:; silicone DC QF-1 m 60/53 Cllrornosorb 6, 3 m x 2.4 mm, 20 cmymin 
He, 130°C isotliei-rnal. 

Fractions collcctcd froin the chromatogr;lph by condensi~lg the coiu~xn eHuent 
in a 12 in. glass capillary t t~be  held in a thermal gradient coifector (RRO'SVTLEI: and 
SILVERSTEIS, 1968) were bioassayed (see later) and the a c t i ~ e  fractions were then 
ct~riirnatographed on the s~icceeding column. 

Spcctrnl analyses of the synthesized and natural pherorxlones were pt.rfcrn?ed 
on gas chroxaatographicaIIy pure samples. fnfra-red spectra were obtained ~ i t h  
about 50 pg  of pheromone dissolved in 10 of carbon tc:trachloride contained in a 
Barnes-Engineering micro-cavity cell. The micro-cell was rnounted in the con- 
densed heam of a Perliin-Einler 3ilk4odel 621 i.r, spectrophotometer. Good XhlR 
spectra resulted horn 25 time-averaged scans, in a Varian J3A-100 spectrometer, of 
125 pg of phero~none dissolved in carbrzn tetrachloride containir~g tctratnethylsilam 
as an internal stanclard. 

For a low-resointior7 mass spectrif~n 5 pg of the coxnpound, collected horn the 
gas chromatograph and scaled in a glass capillary tube, was introduced into the 
micro-inlet systenx of a It'litachi RJZU-6 nlass spectwnwter. For the high- 
resolution spectrum, 25 pg xvas introduced into a CEC, >lode1 21-l10B, ix~ass 
spcctmmetcr in a similar rnanmcr. T i ~ c  mass values were measured by the peak- 
~nritching technique. Plate spectra and a I;igh-resolution nscillographic chart scan 
rverc also rccordcd, 

Sy~zthcsis of the pherornijne tv;~s ; I G C O I ~ I ~ ~ ~ S ~ O ~ ~  by distiltirtg diazorncttl~amc, 
prepared from S-mctFijrl-X-nitros0-p-"i:01i~~11~~1~IF011a1~ii~f~~ (ilo~rs, 19/0), into ;in 
cti~cre;i,l si;Iil~ii:n of 20 lng rii- 4-rniltl;:.lp~rrilIe-2-carE~i)x~Iic acid, l'l;e i.sccss 
ili;:zorr~t:tkarte and the, ether ncre rel:lo\ eci by e~aporatio-i.~ anti the product rs-as 
p~.~riii-it.d by CLC on cslzjrnn B. 

r il I nc synthrsizitii pI-ic.ro~~~otle and 311 fi-actions resulting from each step of t i ~ c  
i s i i l a r i~ r~  pruecdi;rc Mere tested by tllc Idborarory assL%? of 1 1 0 s ~ ~  anif. Br ,u~r  (1963). 



An amount of each fraction equivalent to about 2 g of ?-\ hole ants n as dissolved ifi 
iU of chloroform giving a concentration of 40 mg equivalents of ailts'iil. 
portion of this soltition \\-as then diluted to give solutions of 4 lngiiLl and 0.4 mgipl. 
E ~ e r y  fraction was tested for activity at each of these concentrations. The syii- 
thesized pheromone (2 mg) was dissolved in 0.5 ml of chloroform giving a concen- 
tration of 4 ,uglPl. This solution was serially diluted, by factors of 10, to 0.4 pg;'i*l. 
,&I1 eight of these concentrations were tested for activity. Circles 50 cm in circum- 
ference were described on slick cardboard sheets with 10 ,ul of each sample. Fifteen 
~llinor .it-orkcrs from a laboratory colony were then released into the centre of the 
circle. Only the first 10 that followed the artificial trail at least 15 cm were counted. 
Response n-as considered weak when 3 or 4 workers follolr-ed the trail, medium if 
5, 6, or '7 followed, and strong if 8 to 10 workcrs responiled. 

Field tests \rere conducted witQhe synthesized pl~eromone by erasing portions 
of a nztural trail arid replacing the erased portion ~ ~ i t h  an artificial trail laid on a 
strip of cardboard. In another test the pheromone in chloroform solution n-as 
dribbled directly onto the sand leading an-ay from the natural trail at a 4-5' angle. 

&As reported previously (3Iosr~ and SILVERSTEIN> 106'7) the non-volatile residue 
from the short-padl distillation ex-oked trail-follov;ing responsc by minor workcrs. 
This material tvas-sayed for further study. The clistillate f r o ~ n  tile sltort-path 
disti!iation was very active in the laboratory assay and nTas fracrionated by G1,C 
?vithotlt any intern~ediate purificatiort. 

1Vht.n the crucle distillate was chromatogl.aphed on column A, the first fieaction, 
consisting mostly of solvent, elicited slight trail hllowing .it-i~en the ecluivalent of 
2 g of \.\hole ants \t, as streaked on the circle. 'l'he second fraction, co!iectcd between 
12 ancl 28 min, elicitcd strong trail following when 4- rng equivalents xas  used to 
ciescribe the circle. 'L'ke third fraction, collected from 28 to 55 min, n-as about 
one-tenth as active as the second, and the higher boili~lg materials, collected by 
reversing the Aoit. and backflushing the columt~ for 55 min, -\vere also slightly acti-r-c. 
Large injections (I ml) werc made on this column, but since tile distillate co:~sistctd 
mostly of solver-it, the soiutc did not appeal- to overlo:icl thc co l~~mn.  Great care 
nas taken to avoid cross-contamination of fractions. 'I'!lcrcforc it appears that t i l e  

wide range of activity can be attributed to the prescncc of more than one actis-c 
compcirrnd. Additioitntly, :;i~bseclucitt cilromatugrapiry of tlresc: four frzctiorts 
shoxeci that the active ~natcrials in tire xrarious fractions eluted at different tirtles 
from other colrrrrtns. 

'I 'i~e second fraction fro111 ctrhzrnn A w s  thcn chromnl.ograpi7:.iira on c o l u ~ n ~ ~  
13. Ti'ht st~aterial efrtt~ii ~ C ~ ~ Y C C X I  27..5 and 35-5 min tvas very acti\-c. rrherr I mg 
equi~-alcnts -\!-ere strcakcd on tile circlc. 1l-Ilcri rht. :ictii-e tnatcrinl from coitimn fi 
rr as ~Iiroi-r~atograyI~c'cI on colurrl~l C a major cctrnpc?ne~-ct, collected betx~ccn 4 h n d  
54 mi11 elicited strong trail follr?:.ilcg at. the 0.4 lng i"i'jr.!i\;dc"nt Ielel. 12~1rthc1- 
pi;rifici:tic?n on colrrr~~lt I4 yiclcied one major component collcctctl from 13.2 to 
15.3 11- in and tn-o minor con~ponunts ,i:no~trrti:lg to only 5 and 1 per cent of thc 



major comporrnd tthich \yere collected together in a fraction eluted between 40 
and 172 min. 'I'lrc major component elicited trail-following response from 100 per 
cent of the minor tvorkers at the 4 rng equivalent level and the mixture of the two 
minor compsncnts elicited weak: response at the 40 mg equivalent level. Xonc of 
the other fractions collected from column D, including that collected between 
the two active fractions, produced the slightest response at less than 400 ing equiva- 
lents. 

About 151) pg of the major active compound svas collected from column D. 
R e c h r o ~ ~ t t o g r p  of this compound on all four columns gave only one peak in 
each casg indicating that it was homogeneous. The average worker collected in the 
field weighs about 15-4 mg. Thus, ignoring losses incurred in processing, we 
est i~~late  that each ivorker contains about 0.6 ng of this co~npound. 

The low-resolution mass spectrum and the i.r. spectrurn of this corn- 
pound are shown in Fig. 1. The parent ion at 139 nz/e in the low-resolutioa mass 
spectrurn was found to have a mass of 139.0640 by high resolution mass spectro- 
scopy, clefinitive for the xnolecular forrnula C,H,O,?J. The mass values of the 
other major fragments, measured by high-resolution mass specboscopy, svere in 
agreement with those expected for a substituted pyrrole carboxylate. The i.r. 
spectrr~m s h o ~ s  S-H stretching bands at 3465 cm-l and 3320 cml-l and a charac- 
teristic carbony1 absorption at 1695 cm-I. In  the NhIK spectruin a three-proton 
singlet at  7.867 and one at 6 . 1 6 ~  are characteristic of a methyl attached to an aro- 
matic or heteroaromatic ring and a methyl attached to the oxygen in a methyl 
ester? rcspectivcly. Onc-proton overlapping multiplets at 3.327 and at 3.387 can 
be assigned to the ring protons. 4 barely dgtectabla broad signal from 1.27- to 
0--27 confirms the N-11 moiety, Methyl 4-methylpyrrole-2-carboxyIate (I) has 
the structure n~os t  consistent with the spectral data. 

Coinpouiid I has been previously synthesized ( R . 4 ~ o r o ~ ~  and BORDXER, 1964) 
and we obtained 20 rng by estcrification of 4-inethylpyrrole-karboxylic acid. 
'T'be mass, i.r., and S J I R  spectra of the synthesized co~npound were congruent 
n i th  those of the natural product. Additionally, GLC retention times of the natural 
and synthesized pheromone \yere identical on all four columns. 3Iorc rccently, 
coml>ound I was sptiiesized by S o x s e ~  (1971) and this marerial \\-as identical 
cheniically and in biological activity to our synthetic product. 

\YIicn synthesized I Jvas assayed in the laboratory, the lower threshold of 
detection for minor u-orkcrs was 0.08 pgicrn (3-48 x 10%noleculcsjcm). Strong 
responses \\ere obtained from 0.8, 8-0, ;~nti 80.0 pgicm. 'fhe pheroinonc obtained 



by isolation cl-oked strong responses at about the same levels. Some repellency 
u ns evident with the spthesizcd pheromone at 0.8 and 8.0 ngcm,  and greater 
concentrations strongly repelled minor workers. 

I:I(;. 1.  Llass artti i .r.  spectra of mcthyl 4-methylpyrrole-2-c;trhoxyIate. 

111 the field, liiecIin!;l- :in<! large-sizcd norkcrs readily foilowed trails protlucecl 
virh eiic synthcsizcd ,l~cro;lionc. Erasing portions of a natural trail icading from 
a nest ciisr~tpted t h e  worker trail-lollox\ing acti\-ity. 12-hen. the erased portion was 
bririgeci \\it11 a 2.7 ngcn,  trlaif of synthesized pl~erts~none on a 15 ern cardboarcl 
strip the ;iorl;ers rcsnrrred irijllowing this trail. Thy  dctcctetl another trail made 
by dribbling 3 4.0 j)g,jp-CI so!t~ti(m 011 the sand at a 45" angic to the field trail; 
response \\;.as strong at 40.0 pg/pI. 



7"he rcst~fts of this strid>- prove conclusis-ely that methyl 4-methylpyrrole-2- 
carbox>-iatc is the rxnjor volatile trail pheromone of A. texalza. The function of the 
other iinitientif cci I-oiatifcs that elicit trail-folfowing response is unknotr-n. Recently 
S o s s ~ r  and 3 1 0 s ~ ~  (1972) hat-e derrronstrated that texann workers respond to 
sever31 analogrtcs of methyl 4-n1ethylpyrrolc-2-carbo~ylate. Also, ?,~\~OSER et 
nl. (in preparation) found that compound I \%-as equally potent as a trail 
111arlic.r for several attines from the most primitive to the most advanced species, 
but that species from other subfamilies failed to respond. We might speculate that 
other active corliponents of the At tn  trail pheromone are identical to  some of the 
synthmized ana1ogrlt.s and that they have other functions in the communication 
system, or scrvc to cfistinguisit. ,4. texann trails from those of other closely refated 
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