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ABSTRACT
The structures of twelve nev pyrazines present in Mesoponara species have
been elucidated using wass spectrometry and confirmed by synthesis.
Ante in the genue Mesoponera are found in the 0ld World tropics with the exception of two
sibling species thet occur in New Zealand., M. castanea is found mainly i{n the North Island

wvheress M. castaneicolor, cheracterized by the presence of alate queens, ie widely distriduted

on both {slands. In a recent communication we described the poison gland constituents of these
ants as a series of sfmple aliphatic primary and secondary amines ranging from i{soamylnonylamine
to heptylnooylamine, along with their corresponding formsmides, acetamides and isovaleramides.l
Exclusively in the cephalic extracts, we also noted a series of compounds whose nass spectra (n
no way resembled the aforementioned substances, and whose nature awaited the accumsulation of
sufficient extract to sllow accurale mass measurement of seversl fons in one of the peaks.
With this data in hand, we have now been able to deduce their structures solely from thefir
w888 spectra as an {nteresting new series of tetrasubstituted pyrazines. Synthesis of several
of the compounds confirme our assi{gnments.
EXPERIMENTAL

Workers of M. castanea were collected at Ohinetonga Scenic Reserve, Owhasngs, New Zesland.
M. castameicolor workers were collected st Aorere Valley, Northwestern Nelson Province, 18
ailes from Collingwood. Workers were decapitated and heads wers placed i{n methylene chloride
and matled to the Unfted States (N.I.K.) for analysis. Mass spectra were obtained using
efther LXB~-3000 or LXB-209! spectroweters operating in the electron impact mode st 70 electron
volts with source temperatutes of 270°C and S0 uamp fonizing current. A packed coluwn (2.5em
x 2m) with 3X O¥-17 on [00-mesh Supelcoport {Supelco, Bellafonte, PA.) wae used {n the former
with a separator at 270°C, while & capillary column (.32mm x J0m) costed with OV-17 directly
coupled to the spectrometer was used in the latter. The packed column favariably gave bdetter
results {n eluting the more polar alcohole while the capillary column was required to completely
separate many of the components. High resolution sessurements were made using a JEOLOOD
015G-2 using a photoplate at 20,000 resolution fn the El wode.

SYNTHESIS

All nelting pointe sre uncorrected and were deterained on s Thomas~Hoover melting point
apparatus. The IR spectra were recorded on a Nicolet~1605X FT-IR. !H and 13C MR spectra
were recorded on a Varian XL-300 NMR spectrometer using tetramethylsilane as {nternal
standard. During synthesis, wass spectra were recorded on a Rinnigan MAT fon trap detector
with automatic gain control accessory. Thin layer chromatography (TLC) wes performed on
Whatman glaes plates costed with 0.25 mm of silica gel (60A MAP, tluorescent at 254 mm).
Flash chromatography wae performed on 70-230 mesh silica gel 60. Elemental snalyses were
performed by Galdbrsith Laboratories, Inc., Knoxville, TN.
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1,1'=(3,6-Dimethyl~2,5-pyrazinediyl)bis-3-methyl-1~butanone (8). To & stirring solution of

1-(3,6-dimethyl-2~pyrazinyl)~3-methyl-1-butenone (6.7g, 34.9 mmole) prepared earlier?
(contaminsted with about 10% of l-(3,S—di-cthyl—l-pytulnyl)-S-Qethyl-l‘buunom).
isovsleraldehyde (10.6g, 139.4 amole), water (35 wl), glacial acetic acid (50ml) and
concentrated sulfuric scid (10ml) at 3-5°C, was added concurreatly 70% t-dutylhydroperoxide
(98, 70 mmole) and s solution of ferrous sulfate hepuhydrat{ (19.4g, 70 mmole) in water (50
ul) over a 15 minute perfod. The resulting heterogeneous mixture was stirred for 16 hours,
during which ti{me the tewpersture was raised to 21°C., Solid sodium sulfite was then added until
& test with starch-lodide paper was negstive. The sixture was next poured over water (300 =ml)
snd extracted with methylene chloride (3x125ml). The combined organic layers were washed with
vater (200ml), satursted aqueous sodium bicardonate solutfon (200ml) and dried (MgSO4). Removal
of the solvent under reduced pressure gave B.1g of crude browmn oil. Coluan chromatography (200g
silica gel 60, eluted with SX athyl acetate/hexana) followed by circular chromatography (4 mm
plate, 1g x 5 runs, 5% ethyl acetate/hexane) gave a 45% yleld (4.)3g, 15.7 mmole) of 8 as a low
melting yellow solfd, m.p. 39.5-41°C. Apparently no dlacyl product wae formed from the
1~{3,5-dimethyl~2-pyrazinyl)-3-nethyl-]-butanone present as a contaminant. Rf 0.68 i{n ethyl
acetate/hexane (1/4);IR(KCl) 2959,2931,2873,1700,1411,1368,1010,924 c-’l; Iy m(com,)
0.99(12H,d,J=6.7Hz) 2.25(2H,m), 2.77(6H,s), 3.04(4H,d, J=7.0Rr); 3¢ NMR(CDCL,) & 22.67,
22.71, 24.80, 48.40, 147.09, 149,60, 203.15; Anal. Calcd for CigHasN202: C,69.53; H,8.75;
N,10.14. Pound: C,69.42; H.B.86; N,10.01.
Reduction of 8: To a stirring sclution of the diketone (1.0g, 3.6mmole) in 2-propanol st
15°C was added & solution of sodium borohydride (17wg, C.45amole) in O.6ml 2-propanol. The
progress of the resction was wonitored by TLC. Additional sodfum borohydride (25.5eg, N.67wmole)
was added until TLC snalysis showed the disappearance of starting material.

The reaction mixture was diluted with water (S0ml) and extrascted with sethylens chloride
(3 x 258l). The conbined organic extracts were washed with ssturated equeous ammonium chloride
(40ml), then with water (40ml) and the solvent was removed on a rotary svaporator to give 1.05g
of a pale yellow ofl. Stlica gel chromatography (ethyl acetate/hexsne) gave pure products.
Compound 5 (370mg,372), compound 6 a (10ug,1Z), compound 6 g (60mg,6%). In a second experiment
using equimolar samounts of sodium borohydride and diketone and allowing the reaction to
proceed at 21°C for 16 hrs, only the two diastereomeric diols were obtained in equal amounts
in an overall yield of 70%.

Dissterecmer @gg: wp 129.5-130°C; Rf 0.24 ethyl acetate/hexane (1/4); IR(KC1): 3600-3200,
3338, 2954, 2933, 2922, 2867, 1422, 1368, 1266, 1068, 706 ol y um(coc13) 0.96(6H,d,J=6.7He),
1.07(6H,d,J=6.7Hz), 1.3-1.5(4H,n), 2.06(2H,hepter), 2.5(6H,8), 4,11 (2R,br. 8), 4.88(2R,br.
s,J%8.5Hz); 3¢ MMR(CDC1;)  19.99, 21.48, 23.78, 24.86, 47.22, 67.85, 145.62, 153.26; Anal.
Calcd for CygHpgNy09: C,68.53; H,10.07; N,9.99. TYound: C,68.38 H,10.35; N.9.81.

Disstersomer 68: mp 99.5-100.5°C; Rf 0.17 ethyl scetate/haxane (1/4); IR(XC1l): 3600-3200,
3503, 2951, 2926, 2912, 2893, 2870, 1416, 1367, 1292, 1054, 968, 894 ca~!; ln NMR(CDC14),
0.96(6H,d,J=6.7He), 1.07(6H,d,J=6.7Hz), 1.3~1.5(4H,m), 2.06(2R, heptec), 2.5(6H,s), 4.11(2R,br.e),
4.88(2H,br.s, J=8.5Hz); 3¢ e (coCly), 20.03, 21.45, 23.80, 24.89, 47.26, 67.83, 145.54,
153,23; Anal. Caled. for CigHzgN;0p: C,68.53; #,10.07; N,9.99. Found: C,68.15; H,10.26; N,9.73.
1-[5=(3-Hethyl~l-butanol)-3,6~dimethyl-2-pyrazinyl |-3-methyl-1-butanone $: Rf 0.49 ethyl
acetace/hexane(1/4); 'H NMR(CDCly) 60.96(3H,d,J=6.5Hz), 0.99(6H,d,J=6.5H), 1.08(3H,d,I=6.5He),
1.42(24,n), 2.08(1H,m), 2.25(1H,m), 2.55(3H,8), 2.77(3H,s), 3.04(2H,d,J=6.9Hz), 4.13 (1H4,bt.8),
4.19(1Hdd, J=8.9,4.102): ‘3c NMR (CDC13), 20.22, 21.39, 22.73, 22.76, 23.78, 24.84, 24.91, 46.97,
48.29, 68.12, 144.97, 146.04, 149.78, 156,87, 203.23; Anal. Calcd for CjgHagN202: C,69.03;
H,9.41; W,10.06. Pound: C,$%.20; H,9.34; N,10.33.

Conversion of S to 8. A fraction of a mg of 5 was stirred in 0.5m1 of methylene chloride with
10 ag of activated MnO; for one hour. Direct GC-MS analysis showed that about 7% conversion
to the earlier eluting diketone (Table I, compound 8) had taken place.
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Conversion of 6f to 7. A fraction of a g of 68 1n 0.5 ml of ethyl acetate was cowubined with
10mg of 10X Pd~om~C and hydrogen dubbled through the solution for 1 hr. GC-MS anslysis showed
that spproximstely 6% had been convarted to the asrlier eluting wmonoslcohol (Tadle 1, cowpound 7).
Conversion of 68 to &. A fraction of a mg of 68 in 0.5 =l of methylene chloride wes treated
with 1 drop of POCLy and hested for 1 hr. The solution was then treated with an sxcess of 50%
KOH and back extracted with msthylene cblovide. GC-NS analysis of the mixture revealed convers-
fon to the a,n’'-dichloro analogue (80%) (281(M**-Cl, 40), 260 (K”-C‘Ba, 68) 225(!("-C‘RSC1.100)
203(M"*~C4H;C1,,49], the monochloro monoolefin (10X) [245(M**~C1,52), 244(N**~HC1,100), 229(244-
013.96).226(91“-0‘2!8,5&)), and the diolefin, presumably conjugated, (10%) (246(?‘",!00), 229
{f'-ai3.98, 214(18), 203(26), 201{34), 199(32), 189(23), 91(30), 77(26)]. The total mixture
was then hydrogenated in the same wedfum with 10 mg of 10X Pd~on~C for 1 hr and again anslyred

by GC-MS. The diolefin and dichloro analogues were unchanged but the monochloro monolefin wae
replaced by a peak corresponding to the fully saturated analogus (NS: Table I, compound 4).
RESULTS
FPigure | shows a typicsl gss chromatogras obtatined on the basic fraction of cne of the cephalic
extracts of M., castanes. These bases were auch more abundsnt in K. castanea than in M.
castaneicolor, so extracts of the former were used for all structural analyses. Ssmples of
total extracts in methylene chloride were found to contain many lipids eiailar to those
reported earlier aluting above 200°C. Ome peak in the total extracts, tmportant ia view of the
findings below, eluted shortly after the solvent st 91°C and was identified as isovaleric acid.
A second pesk eluting at 97°C was identified as aethyl phenylacetate.
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The first pyrszine pesk seen in Pigure 1, eluting at 103°C, was easily tdentified by virtue
of an intense fon st m/z 122 (Tadle !, compound 1, fon structure s). This is a feature
characteristic of all monoslkylated 2,5-dimethylpyrazines without branching at the sethylene
carbon atos adjacent to the heterocyclic ring and results from a McLefferty resrrangement
fnvolving loss of part of the side chain3®., The molacular fon at a/z 178 established the
side chain as a pentyl group, and comparison with the above reference showed it to be 2,5-
dinethyl-3-{sopentylpyrezine (1).

Three of the four peaks eluting at 143°C~153°C shortly after some diethyl phthalate
contszinant, sll appesred to have molecular {ons at m/z 246 (Table 1, compounds dasBsy)e
Assuning a formula CjgHagN;, these substances are i1someric with 2,5-dimethyl-3-citronellyl-
pyrazine (j’_)3d but differ in that the typical pesk at a/z 122 (lon 8) resulting from loss of wost
of the side chain tn the former has bean replaced by fons at w/z 189 and 190 (fon b) in all of
the latter. Thus, four rather than nine carbons have been lost in the henzylic cleavages (m/z 189)
and McLafferty rearrangments (a/x 190) and the presence of two 5 carbon side chains is {ndicated.
Interestingly, only the satursated side chain is lost in these processes. As Biemsnn has -hovn’b,
vhen two side chains are present in pyrazines, the second ie usually lost by direct cleavage
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rather than resrrangement, and this process ie responsible here for the minor peak at a/z 135.

On catalytic hydrogenation (Pd~on-C) all of these peaks disappesred only to augment the
intensity of the small pesk eluting second in the series at 146°C (Table I, compound &) whose
spectrum showed sn sbundant fragment ion at m/z 192 and a molecular ifon at m/z 248. This fe
clearly an a,b-dipentyl-c,d-dimethylpyrasine and by anslogy with 1, the substitution pattern shown
in 4 was euggested. Comparison of its spectrum with that of a synthetic sample obtained by
POCly dehydration and hydrogenation of synthetic diol 6 (see experimental) coonfirmed the location
and branched nature of the side chains as shown in 3 a, g,y and 4. The higher intensities of
the molecular ions of the firet- and second-eluting fsomers (3 o and g, Table I) suggest that
these are the conjugated isomers (E and Z), although the retention time of the last-eluting an
suggests the opposite. In any case, these appear to be three of the four possible olefinic
{somers of 3 and 1t seems unlikely that eny represent the isomer with unsaturation st the
terainal position of the side chain since this would be expected to show an abundant fon
representing cleavage between the benzyl and allyl carbons (2/z191).

The spectra of the following peaks on the chromatogran sppeared quite puzzling until mass
measuresent of several ions in the pesk eluting at 166°C showed the presence of two oxygen
atoms in the pyrazine (Table I, compound 5). Thus, while the molecular lon at s/3 278
exhibited the typical loss of CgiHg, the resulting abuadant fon at m/z 222.1371 was established
as C)2H|gN707 (222.1368). This fon then lost CD to form m/z 194.1392 (€} HygN20 req. 194.1419)
and then another C4Hg to form a/z 138.0788 (CyH|oN20 req. 138.0793).

Assuaing the C4Hg side chain loss, the molecular formula of 5 fe C)gH2N202 (The signal from
the molecular fon ftself was too weak to measure). Retention of oxygen, first by the fon at
a/z 222 then by m/z 138 shows that the oxygens are not in the butyl portions of the (presused)
i{sopentyl side chains while loes of 28 from M*s and CO from m/z 222 etrongly imply the presence
of a ketone. The formula then requires that the remaining oxygen be present as either a hydroxyl

or an ether linkage. The oresence of an fon at m/z 261 (M**—OH) indicated the formser and
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structure 5 was suggested. Comparison wvith & synthettc sample (see experimental) confirmed the
ass{gnment.

Two related compounds, eluting ehortly after at 174°C and 176°C, are feomers with tdenticel
msass spectrs and have aolecular fons two mass units higher than the keto alcohol 3, along with
the typical ﬁ“—C4HS peak at w/z 224 {Table |, compounds 6g ,8 ). This loss of CiHg 18
followed by loms of Cg4Hg to provide the abundant side~chain-free fon formulated as c at a/z 167
and [t {s clear that these are the corresponding meeo and erythro diole 6. Again, coeparison
with ayntheti¢ samples showed that this assignment was correct, althdagh we ate not able
at this time to assign their respective stersocheaical configurations.

The corresponding monocalcohol 7 could also be tdentiffed eluting earlier at 158°C (Tabdle
1, compound 7). The typical loss of CgiHg frow {ts molecular fon at nm/z 264 is again followed
by loss of C4Hg to fora the abundant even-electron lon at a/z 151. It is apparent thet loss of
a aide chain by McLafferty rearrangement takes preference even over the usually facile hydroxyl-
assisted benrylic cleavage. Comparison with a synthetic sample prepared by partial catalytic
hydrogenolysis (Pd-on-C) of the synthetic diol 6 (see experimental) contirmed the structure.

Froa the retention times of the above compounds it {s spparent that treplacement of a ketone
by a hydroxyl increases the reteation tewperature by ca. 5°C, so that by exasining the chroma~
togram in the appropriaste region before elutfon of the keto alcohol 5, it was possible to detect
a snall peak contatning diketone 8. As expected, it showed a molacular ton at a/z 276 (Table I,
compound 8) and losses of CO and CyHgtCO to forn fons at a/z 248 and 192 respectivaly. A
second loss of the same moeties produces the siaple dimethylpyrazine fon st a/z 108. Comparison
with both synthetic 8 and a saaple prepared by MnO; oxidation of the keto alcohol 5 (see
experimental) conf{irmed this assignment. Lose of CO fcom the wolecular fons of the adove
compounds (s {nteresting and suggests that the isobutyl group as well as a hydrogen may be
capable of migrating to the nltrogon6 in & structure analogous to 8. Subsequent losa of CO
from & ketene-like stde chain would then be straightforward

A compound isomeric with this diketone was found in some extracts eluting at 166°C just
before the xeto alcohol 5. Its spectrum is very stailar to that of 8 (Table 1, compound 8),
but {ts molecular fon at v/z 276 is relatively much more Lntense. Weak paaks are seen for
losses of 17 and 19 m.u. from M*:, a feature not seen in the diketone 8 but noted in the keto
alcohol 5., We speculate therefore that this fe sn unssturated keto-alcohol and further that
it ts 9 rather than 10 since {t exhibits an fon at n/z 83 representing the unsaturated ketone
side chain (see next).

finally, a peak eluting shortly after 6, again not seen in all extracts, proved to be
the unsaturated diketone (Table I, compound 11) on the basis of a molecular {on at n/z 274,
the typical CO losses from M**, and the H"-C6N8Cﬂ forr at m/z 190. A peak at =/x 83
representing the unsatursted saide chain {s now {ts base peak.

CONCLUSIONS

The soutrce of the isopentyl side chains of these 2,5~dimethylpyrazines {s not immediately
apparent but the presence of isovaleric acid in the extract suggests that dtrect slkylation
of the dimethylpyrazine nucleus is a possidility. On the other hand, this may merely represent
a side pathway froa a CS5C2 (or double dimethylation of a C3C2) polykettide route.> The
sppeatance of hoth {somers of diol 6 is peculiar, suggesting lack of sterecspecificity in the
reduction of the ketones.d In different apecies evidence has been presented for absorption
of the pyrazines from plants; {n other species direct biosynthesis seens {nvolved.b However,
8ince these predatory ants, in common with other ponerine epecies, do not feed on plants,

we assume that the pyrazines are synthesfzed de novo by Mesoponera.

While &8 related 2,5-diisobutyl-3,6~dioxopiperazine ts part of the red pigwent pulcherrinmin
found in Candida pulcharriqgl7 sad 2-zethoxy-3-isopropylpyrazine occurs in Metiorrhynchus

rhi ua,8 we are avare of no reports of tetrasubstituted pyrazines {n insects. However,
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recently Tecle, at ¢1.9 have reported the existence of several S-sethyl-2,3-(dif{sopentyl and
peatenyl)pyrazines in the heade of R. metallica, an Australian ponerine ant.

The pycrszines in general seea to serve both as trail-laying pharononeclo and alarw
pheromonesl]l tn ants. Recently evidence has also been obtained fmpltcating their use by

insects as warning eubstances sgainst bird prodotoro.6

TABLE 1
Compound Mass Spectrum (a/z, (Structure, Intensity)) .
1 l78(H",l). 163(H—CR3.9), 149(3), 135(11), 122(a,100), 107(2), 80C4), 54(3)

3alpha 246(M** ,100), 231(H-CH4,43), 203(15), 190(b,11), 189(81), 175(65), 173(16),
160(13), 147(10,) 135(9), 122(8), 91(21), 77(15), 65(15), 53(40)

3beta 246(M°°,17), 231(M-CH4,39), 203(17), 190(b,100), 189(14), 175(41), 173(9),
160(12), 147(6), 135(33), 122(22), 91(17), 77(15), 65(7), 53(29)

Igama  246(M*°,4), 231(M-CH4,25), 203(21), 190(b,100), 189(30), 175(92), 173(14),
160(18), 147(6), 135(10), 122(6), 9i(16), 77(15), 65(12), 53(28)

4 248(M**,2) 233(%-CH,,8), 205(7), 192(dthydro b, 100), 187(S), 149(9), 136(54),
135(67), 121(4), 109(3), 93(S), 82(3), 80(&), 66(8), 57(9), 53(14), 43(11),
42(11)

S 278(M** ,4), 263(M-0H,,19), 261(M-0H,4), 250(8), 235(10), 222(100), 221(24).

208(18), 194(48), 180(17), 165(18), 151(28), 138(4s), 137(31), 135(13), 103(15),
101(22), 95(11), 87(8), 85(19), 80(12)

6 280(x**,0.1), 265(M-CH4,0.5), 263(M=-0H,1), 267(0.5), 237(4), 224(56), 223(22),
167(100), 151(7), 138(17), 109(4), 80(4), 69(6), 56(9), 5%(7), &3(15),
42(18), 41(31), 39(14)

7 264(M"*,0.5), 209(n-cu3.a). 267(M-0K,1), 231(1), 221(11), 208(86), 207(19),
152(26), 151(100), 149(7), 135(7), 122(8), 121(7), 8O(6), 69(6), 67(7), 66(5),
$3(13), 43(13), 42(17), 41(29)

8 276(**,6), 261(M-CY¥q,11), 248(11), 233(S), 220(6), 219(&), 206(13), 192(100),
164(17), 150(11), 149(16), 136(19), 122(10), 108(27), 85(11), 80(12),
67(15), 57(65), S3(12)

9 276(M** ,40), 261(!—033.15). 259(M-0H,5), 248(7), 219(9), 206(10), 192(100),
164(18), 149(19), 136(32), 122(14), 108(52), 83(35), 80(24), 67(27), 57(58),
55(35), 53(20)

11 276(M*,9), 259(M-CHq,11), 246(13), 231(11), 204(9), 190(50), 185(11), 172(10),
171¢8), 157¢6), 107(S), 83(100), 77(10), 70(13), S7(14), 55(48), 53(12)
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