
STRDCTURR MD SYNTHESIS OF T8rRAsuBsrrTQMD PYRAZINBS IN ANTS 
XN lItE GKN’US UESO?WlM 

Henry N. t414e * 
Laboratory of Cberietry, I4tionrl IWrt, Lmg, and Blood Iartftuts 

ktional Xnrtltuta4 of Health, IWheeda, MU 20892 
Wrrg S. Blu 

Depertment of Entaologg 
Univenlty of Ceorgle 

AthOne, GA 20602 
Evtcatt Y, Smchdck and David La Yilll4r4 

Phfltp Xotrfs ftesaarch Center 
Richmond, VA 23261 

Peter P. Roller 
Laboratory of Expertocnt41 Wlrclnogenesls. N4tfonrt Cancer Ioetttutt 

National Inetttuter of Raalth, fietheada, MD 20892 
A. !&nick Don 

Department of Zoology, Univarelty of Otago 
P.O. Box 56 Ounedln, Wev Zealand 

ABSTRACT 

The etructuree of tvelve MY pyratlnm prrmnt ln lbmoponora l pacleo hava 

been elucldarad using mace l pactrometrp and eonffrwd by aynthe4fe. 

Ants tn the genuo Meoponcrr are found in the Old World tropic* uith tha arcaption of Cw 

4lbllng rpectes thar occur in New Zealand. H. caatan4a 14 found m4ialy in the North Kelaad 

uhereae H, cmtumicolor, characterlrad by the prseonee of alate que4m, tc widely dletributed 

oo both lolands. In a recent communication M d44crtb4d the poiaon gl4nd conatituento of thu4 

ante aa a sariaa of a&p14 l liphattc prtvry end 44condary amfnso ranging from fsouylnonylamfm 

to heptylnonpluine, along with their correrponding forumidee, 4cet4mldso and 1eovaleramidee.l 

Exclu4lvsiy in the caph4llc axtracto, we a140 noted a eerie. of capoundo whole maae 4pectra fn 

no way rocsrblcd fhc aforementioned l ubetsncee, and uhosa wcuru aaired the accumulation of 

rufflclsn1. txtract to allow accurate ma40 me4wrement of several ione lo one of the peaka. 

Ulth thir date In hand, we have now been 4ble lo deducs their atructuree rolely fra rheIr 

11186 spcccra a8 an intrraoring neu l 4riae of tetra4ubetttuted pyrariaas. Synthaafo of aevaral 

of Cha compound4 conflrmo our aseignsnte. 

EXPERXHENTAL 

Worker. of lb caotanea uert collected at Ohtoetongr Scenic Raearve, Obhunga, Ntu Zealand. 

PI. cutreicolor workers vere collected l t: Aorara Valley, Northu4etern Heleon Province, 18 

milss from Coilingwood. Worker8 wtre dac4pftarad and hued8 wre pieced to rthylcne chloride 

and ufhd to the United State* (N.I.H.) for 4~1~01s. M44r sp4ctr4 u4r4 obt4ined using 

elchar LXB-9000 or LxD-2091 spectrowtsro operatfng in the electron Irpecc mode 4t 70 el4ctron 

volrr with oouree temp4r4turee of 270.C and SO uamp lonixing current. A p4eked columo (2.k 

x 281 with 3X OV-17 on IOOq4sh Supelcoport (Supelco, Eellafonte, PA.) wae ueed in the former 

with a l aparator l L 270.C. while a c4pill4ry calm (.3ti x uk) carced utth OV-17 directly 

coupled to the epeetrometer was wad in th4 latter. Tha p4cked column inv4riably gav4 better 

rawlts fn tluting th4 more polar alcohol4 while rha capillary color, “a4 required to completely 

oep4rate meny of cht caponente. High reeolution m44eurementa were made u4lng l JC0l.a) 

OISC-2 uoing A phoroplats aC 20,ooO resolution fn rhe EI mode. 

All melttng point4 are uncorrected and u4rc determlntd on a Thare-&over melting point 

appclratus. Tha III l p4ctre w4re recorded on a Nlcoltt-1605X IT-II. *H and 1% N?R rpmtra 

utre rtcordtd on a Vrrftn XL-300 Wik e~crroaetar uafng terrnethyleflam aa tatcrnal 

ttandard. During l yatheele, mees rpeccra were recorded a0 a Rlnnig4n MAT ion trap detector 

viCh l utaratlc gain control l ccee4ory. Thin 14yer chrartography (TLC) var pot-formed on 

Whatman glare plate. coated vith 0.25 I of rilica gel (6OA ml, fluoreecenc at 250 nm). 

Pluh chroutography wae perforwd on 70-230 uteh elttca gel 60. tlcwntal analyeae were 

performed by ‘Albralth L4boratoriar, Inc., Mnoxvllla, RI, 
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l.l’-(3.6-Diuthyl-2,S-pyratlnediyl)bl~-hrthyl-l-butanon8 (8). To a rtlrrtng l olutlon of 

1-~3.6di~ethyl-2-pyrarlayl)-3~~thyl-l-~tanon~ (6.7g. 34.9 -1~) prepared earller2 

(contaminated vith about 10X of 1-(3,S-di~~thyl-2-pyraxlnyl)-3lathyl-l-batanont), 

ioovalxraldehyds (10.6g. 139.4 mole), water (3S l l), glscfal xcsclc acid (S(kl) and 

concaatrated l ulfurlc acid (IOml) at 3-5-C, vae l dded concurrently 70f t-krtylhydropuroxida 

(9g, 70 -10) and a l olucion of ferrous sulfate hepcebydrat; (19.4g. 70 mole) tn vacer (50 

ml) over a 15 minute prlod. The resulting hetetogrneoue mixture vaa stirred for 16 hour*, 

during vhlch tiu the temperature VU raieed CO 2l.C. Solid l cdlum oultitc vax then added until 

a teat vith starch-iodide paper usa nxgacloe. lhe atxturs vu next poured over vater (300 11) 

and extracted vith methylens chloride (3x12%1). lhx combined organic layer6 wrt washed vith 

vater (2OCW), oaturetsd ~ueouo l dlue bicarbonate roluctoa (20001) and drltd (WSO4). Rcsorxl 

of the rolvmc under reduced proreure gava 8.lg of crude brom 011. Column chrcmacograpby (200~ 

rllica gal 60, l lutad vlch St ethyl acscac8/hcxana) followd by circular chromatography (4 I 

plate, Ig x 5 NM, SX *thy1 acstatt/hxxane) gave x 45X ylsld (4.338, 15.7 mole) of 5 l o a lov 

melting yellor rolfd, v.p. 39.S-4i.C. Appemntly no dfatyl produce vae formed from chc 

l-f3,S-dfwthyl-2-pyraxinyl)-3-methyl-l-butanona praeenc ae a concaolnanc. RI 0.68 ln ethyl 

l cstats/htxans (l/Q);IR(KCl) 2959,2931,2873,1700,1411,1368,1010.924 cm-‘; ‘H N?Ut(cDc13) 

0.99(12H,d,Jd.7ilx) 2.25(2H.m), 2.77(6H.r), 3.04OH.d. JI7.0Hr); “C NHR(CWL3) $22.67, 

22.71, 24.80, 48.40, 147.09, 149.60, 203.15; Anal. Celcd for Cl6H24#202: C,69.S3; H‘8.75; 

N,l0.14. round: C.69.42; 8.8.86; N,lO.Ol. 

Uduction of e To a stirring xolutian of the diketone (l&g, 3.6molef tn 2-propanol at 

1S’C vas added a l olution of modfua borohydrldo (17ug, 0.4Samle) in O.&l 2-propenol. me 

progreee of the reaction van uroltored by TLC. Mdltlonal oodlum borohydride (25.w. 0.67mmole) 

vae edded until TLC l nalyxio xhoued the dleappcarance of rcertlng material. 

The reaction alxture vu diluted vlth vater (S0ml) and extractad vich rethylaru chlorlds 

(3 x 25rtlt. Tha caablned organic extracce were veebed with l acuraced rgueoue aronlur chloride 

(CO&), then vtth racer (Loll) and the solveat uax removed on a rotary evaporator to give l.OSg 

of a pale yellov oil. SLllca gsl chromatography (ethyl l cstatclhwanr) gaw pure producta. 

Compound 1 (37%,37X), compound fi(lOmg.12). compound 9(6-.6X). In n ucond cxperivnt 

urlng equirolar amount* of sodiw borohydrldo and dikatone and rllovlng the reaction co 

proceed at 21.C for 16 bra, only the tvo diuteraoasrlc dlola vem obtained in aqua1 amount8 

in an overall yield of IOX. 

Dlartw~omr fir l p 129.5-130.C; Rf 0.24 ethyl acecate/hsxane (l/4); IR(KC1): 3600-3200, 

33u), 2914, 2933, 2922, 2867, 1422, 1368, 1266, 1068, 706 a -l; lH NKR(cDc13) 0,96(6H,d,Jd.?Hr), 

1.07(6H,d.J16.7Hr), 1.3-1.5(4H,a), 2.06(2N,heptet), 2.S(6H.r), 4.11 (ZR,br. l ). 4.88(2H,br. 

s,J18.5Hr); 13c Nm(cm3) 19.99, 21.48, 23.78, 24.86, 47.22, 67.85, 14S.62, 153.26; Anal. 

Calcd for Cl6H28s2D2: C.68.53; H,l0.07; N.9.99. ?ound: C.68.58 li,i10.35; 11.9-81. 

Dlaecorecaxr 66: rp 99.S-lOO.S*C; Rf 0.17 ethyl l cctata/hexana (l/4); IR(KC1): 3600-3200, 

3503, 29S1, 2926, 2912. 2892, 2870, 1416, 1367, 1292, 1OS4, 964, 894 n-l; ‘H HIIR(:CDCl3), 

0.96(6H.d,Jd.lHx), 1.07(6H.d,J16.7Ht), 1.3-l.s(4H,m), 2.06(2H,hsptat), 2.X611,0), 4.11(2H,br.r), 

4.88(2&br.r, JIS.SHx); 13C NW! (COCl,), 20.03, 21.45, 23.80, 24.89, 47.26, 67.83, 145.S4, 

153.23; Anal. Calcd. far C1&8,,2~: C.68.S3; H,l0.07; N.9.99. Found: C.68.15; H.10.26; N.9.73. 

l-f5-(3-~thyl-l-butanol)-3,Wiwthyl-2-pyrxxinyl)-3nthyl-l-butaaon~ 1: Rf 0.49 sthyl 

l c~teca/hsxana(l/O); IN NMfCDCI,) 60.96(3H,d,J6.SNx), 0.99(6N,d,J-6.fHt). 1.08(3N,d,J-6.5W, 

le42(2H,a), Z.OB(lH,m), 2.25(1H,a), 2.5X3H.a). 2.77(3H,t), 3.04(2H,d,J-6.9Hz), 4.13 (1H.br.o). 

4.19(1Hdd,J-8,9,4.lHr): ‘% NMI (CDC13), 20.22, 21.39, 22.73, 22.76, 23.78, 24.84, 24.91. 46.97, 

48-29. 68.12, L44.97, 146,04, 149.78, ls6.87, 203.23; k\al. Calcd for Cl6R26N202: C,69.03; 

H.9.41; N.10.06. Found: C.69.20; H,9.34; N.10.33. 

Converxloa of 5 to 8. A fraction of a rg of 2 vee l clrred in O.Srl of methylwe chlorlda vlth 

10 q~ of l ccivetod I%% for one hour. Dtrect CC-Nil analyrix xhowd that l bovt 7% conWrOfOn 

to the sarlior eluting dlkxtons (fable I, compound 2) hd taken plats. 



Convetnion of I!$# bo 7. A fraction of a w of 66 In 0.5 al of atbyl acetate vma cabined rlth 

I- of 101 Pd-om-C and hydrmmn bubbied through the l olutioa for 1 hr, W-W l nelymla ohad 

chet epproxircoly 62 had hem converted to the earlier l lutia(r mcmoelcehol (Table 1, compound 7). 

Conver8fon of 6) to &. A fr8ctfou of l q~ of 68 fa 0.5 d of mt!tyleoe chloride wee treated 

with 1 drop of POC3.j ad heated for 1 hr. The solutton w then truted with on wxn~~ of MX 

KOH and bxck xxtrxctd vlth uthylonr chloride. W-US enelyel# of the mixsore ruulrd converr- 

Ion to the o,o’-dichloro anelollw (801) [2f1I(r(**-Cl, 401, 260 (r(‘*-C4i$,, 68) 22S(l@*-C4R,,C1,100) 

203(U+’ -C3H7C12,49). the oonochloro mmoolefin (10%) [245(It*‘-Cl,SZ). HYI(*‘-HCI,lOO), 229(244- 

ac3,96),224(W**-C4%,54)], end the diolefln, pteeuubly conjugated, (10X) I24L(ti*,lOO), 229 

frc*W3,98, 214(18), 203(26), 201(U), 199(32), 189(23), 91(30), ?7(26)]. The tote1 xixture 

wee then hydtogonatd in the sama wdiu vich 10 mg of 101 Pd-on-C for 1 hr and again l rulyud 

by CC-r(s. The dtolsfin and dlchloro l neloguee were unchanged but the mnochloto monolofln wae 

replaced by I peek correrpondlng to the fully #acurated enalogua (NS: fable I, compound 2). 

Figure 1 shm a typical gee chraxtogrm obtainad on the haic frectlon of me of the cephalic 

eztract8 of FL c4*tane8. Them bases wre much mora abundant la K cxxtxnox rhan In n. - 

ca@taneicolorl #o extract8 of the former wm ured for all rtructural l nelyrer, Sople* of 

total extracw In wthylen chloride wre found to contein uny liplde rlmiler to ttmeo 

reported earlier elucln(l above 2OO.C. Om peak in the total extrecto, tmportant io view of the 

ftndinge belou, aluted shortly after the l olvant l t 91.C end me identified l e feovelerlc l cid. 

A racond peak atuting at 97.C yu Idantffied l * authyl phenylacetatr. 

Th8 firrt pyrarine peak l een in Pfgur* 1, elutfng at 103*C, vae easily tdtntfficd by virtue 

of en lntsnre ion et m/z 122 (Teble 1, compound 1, ion l tnacture l ). fhie is n feeture 

eharacterietic of all monoolkplated 2.5-dimethylpprarinas without branching at the ethylene 

crrbon l toe l djrcent to the hsterocyclic rtng aod rorultr fra n McLafforty rrrrrawwent 

Involving loem of part of the old* chain3.. the molecular ton at m/r 178 setablirhed the 

l fde chain ao a pentyl group, end comparison vith the above reference l howd It to be 2,5- 

dlnathyl-3-ieopentylpyrazine (r). 

Three of the four peak* eluting at 143*C-153’~~ shortly after SJOW diethyl phthalete 

contaminant, all appeared to have molecular tono at m/r 266 (Tablo 1. compound@ _lo,~ ,y 1. 

tiwuming a fomh C1&682, there l ubrtanca are lromric vith 2,.5-dtwthyl-_)-Citronellyl- 

pyrerine (l)3d but differ in that the typical peak at m/t 122 (ion 2) rveultlq fra loom of molt 

of the uide chain in the former her been ropleced by lone et r/t 189 and 190 (ion&) in all of 

the latter. Thur, four rather then nine carboao here been loet ln th* henrylic cleevegee (m/r 189) 

end HcLefferty reerrangwnto (n/z 190) and the proeence of tw S carbon side chalne is idicated. 
Interestingly, only the saturated aide chain le lort in theme procereee. ti Biemxm hao l hom3b, 

when tvo l lde chelne l re preeent in pyretlneo, the rocood ie wually loet by dtroct cluvye 
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mther than raatratagwent, and thla proceaa la reapoaoible hero for the minor peak at e/t 135. 

On caralytlc hydrogsnacloa (Pd-on-C) all of rheee ~e&r dieappeared ooly to l wnt the 

lntenslty of the null peak aluciog l ecood in the l erlee at 146.C (Table I, forpound C) uhoee 

rpectrur ahod an l buodaat fragment ltm at a/z 192 and a molecular ion at m/z 248. Thhia le 

clearly an l .bdlpeatyl-c,d-dlwthylpyraslne and by analogy with 1, the l ubetltuclon Pattern ehown 

in 4 vaa l ggartd. Comparlron of lta epectrum ulth chat of a l ynthetlc maple obtalned by 

POCl3 dehydratloa and hydroganatlon of l ynthetlc dlol a (see l xperlrntal) cooflmsd the location 

and branched nature of the l lde chalna ae ehovn ln 1 o, g,y ud A. The higher lntaneitlaa of 

the wlecular lone of tha flrrt- and l ocoad-elutlng laoum (1 o and g, Tabla I) l wgest that 

thee8 are the conjugated ieowra (II and 2). although the mtentlon tlu of the laet-eluting (2) 

l uggeata the oppoalta. In l ny case, there appear to be thme of the four ponolble oleflnlc 

leomre of 1 and lt l e- unlikely that any reprsront the laaar with unraturatlon at the 

terminal poaltioa of the l lde chain elnce thle would be amcted to l hou an abundant lon 

raprerentlng cleavage between the bentyl and ally1 carbone (3/2191). 

The spectra of the following peaka on the chrwatogram appeared quite putrling until mane 

naaurewnt of eereral iona In the peak aluting at 166-C rho& the pmrence of two oxygmn 

l tou in the pyrarins (Table I, compound 1). Thua, while tha wlecular ton at m/a 278 

exhibitad tha typical loea of C&, the resulting abundant ion at m/z 222.1371 Ia eetabllrtwd 

aa C12HlgN202 (222.1368). This ion then loat CO to fom m/t 194.1392 (CllHlgN20 req. 194.1419) 

and then another C&I&J to Corn I/L 138.0788 (C7HlON20 req. 138.0793). 

Aseurlng tha Cblig aide chain lore. the wlecular formula of 2 la C16N26N202 (me l lgnal fra 

the wlecular ion lteelf waa too vaak to mearurs). Retention of oxygm, first by the ion at 

o/z 222 then by dz 138 ahocn that the orygsna are not in the butyl portlona of the (preaurcd) 

lropentyl l lde chalna while loaa of 28 fra ti* and CO fra e/t 222 strongly imply tha prerence 

of a ketona. The fomula then rsqulrar that the reulnlng oxygen be prerent ae slther a hydroxyl 

or an ether llnkane. ma orerence of an ion at m/t 261 (n**-OH) indicrtrd’the forwr and 

J:)+ L J;$**& ST& 

1 . 2 

11 
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l ttuctuce 5 Y” a~setsd. Cap.tiron vich . ryathrrtc ample (gee 4xp4rlant.l) confirnd th4 

.WlgnUnt. 

TUO relatd compoonde. cXuclng hortly after at 171’C and IM’C, are Lmmww 4th ldonticel 

aam spectra and h.ve o~lcculst iona tuo us. eaite htghot th.n the k4to .fcohol~, .Long rfth 

the typic.1 Pf’-C& p4.k .t m/z 226 (Table I, cmpatod. 60 .B 1. TM4 iora of C&, is 

follovsd by lo.. of C&b co provide the abundant #Ld4+ch.ln-free ton forulnced a. c .t a/r 167 

and IL 1s clear chat thee4 .re the correepondina YK, end l rythro dlola a. A(18111, cmpsrlson 

ulth aynthetlc ..aplw showed th.t chls .rsfgnmnt w.a correct, althoogb we .?a not able 

.t thle time to nrsign their r~ap4cclv4 scer4ochemlcrl conftguration~. 

The corrcspondfng monoilcohol 1 could also b4 1dcncifSed alutlng s.rllcr at 158’C (fable 

1. compound f). The typic.1 low of CgHg from ctr mol4cul.r lo. .t a/r 266 1. qaln followed 

by loss of C4H9 to form the .bund.nc .r4n-electron lon .c m/t 151. IC 1s .ppar4nc that looe of 

a side chain by ?tcL.ffsrty rerrr.ngcrcenc taker preference evw ov4r th4 uwally facllc hydrotyl- 

aselntcd bentyllc cle.v.ga. Cooparlson rtth . synehsclc n.mpla prap.red by p.rctal eat.lytlc 

hydroganolysta (Pd-on-C) of the synth4tic dlol 2 (e4c crpertwntal) conflmd the .tructurc. 

Prom the teccotlo~ clm46 of the .bov* compounds it is .pparent ch.c rcplnc4ment of . keton4 

by a hydroryl lncr4sseq the retantlon temperature by c.. I’C, IJO chat by cxaalning the chrom.- 

cogram ln tho .pproprl.ce rwlon b4fora elorlon of the kcto nlcohol 1, It w.s possfble to detect 

. arull pc.k c~ntalnfng dlk4tnnr 8. As expected, it rhowd . oolscular ton .t s/r Z7b (T.blc I, 

compound 5) and loesea of CO nnd cbh+_% co form lone at n/r 208 and 192 r.np4cclo4ly. A 

second loss of the 8.~ moetles producsr the tfnpla diwchylpyrwlne loo .c r/r 108. Capsrl8on 

vlth both synthetic 8 and a sample pr4p.red by MnO2 oxtd.tlon of th4 keto alcohol 1 (see 

c~p4rlaenc.l) conFlrmed t\ls sratgnncnt. Loss of CO From the molecular ton6 of the .bova 

compounds 1~ Incsrwtlng and sug~eecr chat the lsobutyl group 80 well 40 . hydrogen rsy be 

cspeblc of mtgraclng co the nltrogen& In . *crutcurc .rulogou* to 2. Subsequent losr of Co 

from a kacene-ltke slde chsin would than b4 l trslghtfotverd 

A coopounl lsowrlc etch this diketow YNJ found In l omc extracts l lutlq nt 16b.C just 

before the kato alcohol 1. Its l pccrum 18 very aImllar to th.t of 0 (t.bl4 I, compound 8). 

but 1c.1 molecular ton .C n/z 276 f. relattvely such more 1nten.s. U4.k psnks .re neen for 

lo.ss* of 17 and 19 m.u. from W’*, . fs.cur4 ooc n4cn ln the dik4tona 8 but noted tn the keto 

alcohol 5. UC ep4culaca therefore th.t chls 10 en unsaturated kcto-alcohol and further th.t 

it 1s 2 rather then 10 since lt exhibits .n ion at 4/t 83 reprascnclng the unescurrrcad ketnne - 

side chain (see next). 

Plnally, a peak elutlng rhorrly rfter &, .g.ln not s4en In .11 extracts, proved to be 

the une.rur.tcd dlkctoae (Tabla I, compound II) on the b.els of a molecular ton at m/z 271, - 
ths typfc.1 CO Lorras from Pi+‘, .nd th4 #+.-C6H8C0 ton .c m/t 190. A p4ak at I/I 83 

rspresenrtng the unnrtur.ced sldr chain 1s nom lto bass peak. 

a3HcLuSlONS 

The aourcr~ of the lsopentyl elde chaina of theos 2,5-dlnethylpyrrtlnee lr not lmmedl.tclp 

app.renc hut th4 prsssncc of taovalcrlc acid in the e:tr.cc rugll.qta that direct .lkyl.tlon 

of the dloechylpyrarlne nucleus is r+ posstblllty. On the other h.nd. thlr m.y wrrly reprsnsnt 

a elde pachu.y from a C5CZ (or double dlwchylatton of a C3C2) polykaclde route.5 The 

.ppaarsncs of both isomers of dfol 2 1s peculi.r, nuggsattng lack of stereospeclflctty fn the 

reducclon of the ketones. 5 In different flpeclc~ l vldance has been presented for .brorpclon 

of the pyrarlnes from plant*; In other spsciee dlrrcc btosynthesls l 4ems tnvolved.6 However, 

since these pr4d.tory ant,, In cormton vfth other ponerlne apeclee, do not feed on pl.nt*, 

we assume thst the pyratlnca .re eyntheclrsd d4 nova by kl4aoponct.. 

While . rclsted 2,5-dtlsobucyl-~,6-dloxopl~rsrina Ia p.rt of the red ptgmenr pulckarrlnln 

found ln tindfd. pulcherrtm.c7 and Z-methoxy-I-1eopropyIpyrazlne occurs in Wciorrhywhus 

rhlpdus, 8 ~4 ar4 .v.re of no reports of tetrasubstltuted pyr.rInen ln lnsecrs. However, 
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rrcently Tecle, et l l,9 beve reported the exlrtence of rsveral S~chyl-2,3-(d~~ropentyl end 

peatenyl)pyrezlnse in the heed. of R. metellice, .n Auetrelien poncrlnc ant. 

Thr pycesiooe in wnerel l eem to l erve both l e troll-leying pheroronerLo end alert 

pheromoorell la l rice. Recently evidence bee aleo hn obtained impllcetln# choir uee by 

ineecte l e remilrg rubeteacee egeinrt bird predetore.6 

TAILE I 

caQoufMi km Spwtrcr (a/r. (Srroctoce. Interuity)) 

1 178(n+’ ,I), 163~~-013.9). 149(3), 135(11), 122(~,100), 107(2), 80(r), 54(3)’ 

3elphe 246(!f+‘,lDO), 23l(M-CH3.43). 203(15). 19O(b.l1). 189(81). 

l60(13), 147(10,) 13X9). 122(8), 9l(21), 77(15)* 65(‘5), 

3bece 246(H+* ,17), 23l(n-Qi3,39), 203(17), 19O(&lOO), 189(l4). 

l6O(l2), 147(6), 135(33), 122(22), 91(17). 77(15), 6x7). 

3gaaa 246(n**,4), 231(h0?3.25), 203(2l), 190($1@3), 189(U)). 

l60(18), 147(6), 135(10), 122(6). 91(16). 77(l5). 65(12). 

4 248(H+’ ,2) 233(H--Q13,8), 205(7), 192(dihydro a, loo), 187 

17X65). 173(16), 

51( 40) 

175(41). 173(9), 

53( 29) 

75(92), 173(14), 

53(28) 

I), 149(9). 136(54), 

135(67), l21(4), lO9(3), 930). 82(3), 80(4), 66(8). 57(9). 53(1‘)* 43(1’)* 

42(11) 

5 278(r(*.,4), 263(~a3.19), 2610tOH.4). 2%x8). 235(10)# 222(100), 22’(24)o 

2,8(18), 194(48), lSO(l7). 165(18), I51(28), 138(44). 137(31). 135(“)* “‘)(“)* 

101(22). 95(11), 87(E), 85(19), 8002) 

28O(&,O.l), 265(&Q13,D.5), 263(X_OH,l), 24U0.5). 237(4L 224(56), 223(22). 

167(]00), 151(7), 138(17), 109(O), 80(4), 69(6), 56(9). 55(I). 43(15)* 

42(18), 4101). 39(14) 

264($.,0.5), 249(+CH3,4), 247(WOH,1), 231(l), 221(1l), 208(86), 207(19)s 

152(26), 151(100), 149(7). 13X7), 122(E), i21(7), 80(6), 69(6), 67(7). 66(5)@ 

53(13), 43(13), 42(17), 41(29) 

276(r(**,6), 261(re~j~,11), 248(11), 233(5), 220(6), 219(4), 206(13). 192(100)* 

164(17), 150(11), 149(16). 136(19), 122(10), 108(27). 8X”), 80(‘2)* 

67(15), 57(65), 53(l2) 

9 276(H+’ ,40), 261(Wa3,15), 2596~OH.5). 248(7), 219(9). 206(‘0)9 192(100)* 

l64(18), 149(l9), 136(32), 122(14), 108(52), 8X35). 80(24), 67(27), 57(58)* 

5X35), 53(20) 

11 274(U+* ,9), 259(,,-C,$,ll), 246(13). 231(11), 204(9). 190(50). IR5(11)* 172(‘o)* 

171(E), 157(6), 107(5), 83(100). 77(10). 70(13). 57(14), 5x48). 53(12) 
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