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Absbpet: A oew b&enxybequmolme alkaloid, clssrmpazltm, h88 been 18olated from the aenal part8 of cusmnpclac 
fhscWuz#u Detailed mtcqetahon of vallow spectra allowed ldcntlficatlon of mold 8tNcmml featuq mcludmg a rare 
methyleneoxy bridge Although attempted methylat~on of tb18 alkaloid led to complex rmxtures, reacchon with &ethyl 
phosphorochlondate gave a single dlethyl phosphate denvatlve and allowed assignment of a 7’-11 ether linkage 
B1oa888ys mdlcate 8lgmficant actlvlty 8s * repellent to the 1eafcutW 8nt Acroqrma ocrospinosru, and hmlted antltimg8l 
achvrty 

Although leafcutter ants harvest material from a broad range of the plant specres found m the troptcal 

Americas, some species appear to be defended agatnst leafcutter ant attack by the presence of novel 

secondary metabolttes.l During the course of our studms on some such plants, we have rsolated a number 

of brologrcally actrve compounds, pnmarrly terpenoids ’ In this paper we descrrbe our mvestrgation of 

Czssampelos fiictctdata, work that has led to rdentrficauon of a new hsbenzyhsoqumolme alkalord 3 

Results and Dllussion 

Aenal parts of Crssampelos fmctculata Benth (Memspermaceae) were collected in Costa Rica after 

our field bioassay4 suggested that fresh leaves were hrghly repellent to a local leafcutter ant, Acromymex 

octospmms (Reich) Because the plant belongs to a farmly known to produce a&lords,’ a Mayer’s test 

was performed on an EtOH extract When thrs test proved posrttve, a portron of the remammg extract was 

SubJected to a standard alkalord extractron sequence Radial dqersron chromatography on the recovered 

material gave two mam fractions One contamed only pure compound 1, a new compound we have named 

crssampentm, whrle the second fractton gave the known alkaloid corydme (3) atter further punficatron by 

reverse phase HPLC 

The molecular formula of crssampentm was established as C,,H,,N,O, by htgh resolutton mass 

spectrometry (m/z 608.2932 ml+), and requires 19 degrees of unsaturatron The 13C NMR spectrum 

implied that sixteen degrees of unsaturatron could be attributed to four aromattc rmgs, accountmg for all of 

the i3C resonances greater than 100 ppm The absence of any other sp2 carbons suggested that the 

remammg three degrees of unsaturahon were due to three addrhonal nng systems Thnteen non-aromauc 

carbons could be characterized by i3C NMR and DEFT experrments (‘Able 1) Four of these signals 

represent methyl carbons (two N-methyl and two O-methyl groups) while the other resonances rmplmd 

seven methylene units (four simply ahphatrc, two bearmg nitrogen, and one bearing oxygen) and two 
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methane units (both bearing nitrogen) These observations led to the hypotheses that crssampentin 

contamed a b&enzylmoqumohne skeleton 

An lnterestlng and unusual feature of the ‘H NMR spectrum is the pair of gemlnally coupled 

resonances at 6 4.57 and 5 06, suggesting a methyleneoxy bridged alkaloid.6 Comparison of the proton 

and carbon chemical shafts of the methyleneoxy bridge with those reported for cycleatJehenlne6b*C 

confirmed a bisbenzyhsoqumohne alkaloid with thrs relabvely rare structural feature Its location in the 

molecule was fixed by a combmatmn of NMR experiments One of the four aromabc rmgs was ldenufied 

as para substituted based on a pattern arming from resonances at 6 7 08 and 13 7 31 in the ‘H NMR 

spectrum (Ihble I) An HMBC’ expenment revealed long range couplmg between one of these aromatic 

resonances (6 7.08) and a carbon resonance at 77.66 ppm. These data, and a correlation between the 

aromatic resonance at 6 7.31 and a carbon resonance (36 28 ppm) representing the second subsbtuent on 

this nng, led to assembly of parhal structure. A 

Partial structures B and C also were mdmated by couplmg patterns m the ‘H NMR spectrum and ‘H- 

13C long range couplmg m the HMBC spectrum The Qstmcuve coupling pattern of the ‘H resonances at 

6 6 78, 6 85, and 6 91 and a correlahon of these three protons wrth two oxygenated aromatic carbons were 

attributed to partial structure B In contrast, the two aromahc H’s assigned to partial structure C appeared 

as singlets m the ‘H NMR spectrum. Thts observation, together with several ‘H-%! correlations (Table 

l), led to the para relationship expressed m C The final aromatic rmg must be pentasubstnuted, bearmg 

three oxygen subshtuents, two carbons, and a sole hydrogen correspondmg to the ‘H resonance at 6 6.21 

The observed correlation of this resonance and srgnals at 132 39 and 150 46 ppm, along with a correlatton 

between signals at 6 5 06 and 4.58 and the 132.39 resonance, allowed assembly of parttal structure D, 

representing the fourth aromahc rmg and its attachment to the A fragment 

In the next phase of the structure elucidation, two heterocycllc rings were identlfted, one 

attached to the D fragment and the second to structure C A ‘H-‘H COSY experiment allowed 

ldenttficatlon of a -CI!$CH,- group and a methane further coupled to a benzylic methylene group 

Informahon from the HMBC and HMQC spectra mhcated that these units connect an N-Me group to the 

aromahc nng, formmg a six-membered nng as shown in structure E and leavmg the remarmng aromahc 

posrttons for oxygen subshtuents In a similar fashton, a six-membered rmg mcludmg an N-Me group 

could be added to partml structure C, leading to the larger subumt F For example, correlation of one 

aromatic resonance m C (6 6.63) with the -C%- resonance at 29 40 ppm supports this assignment 

Partial structures B and F were connected to partral structure E based primarily on HMBC data 

Correlations of an aromatic resonance (6 6 78) with the methylene at 40 50 ppm, previously connected to 

the heterocychc rmg of E, defined the connechvny of structures B and E Furthermore, the hydrogens 

of the benzyhc carbon ongmally assigned m A (36 28 ppm) were coupled with the methme H of the F 

subunit, allowmg attachment of the second heterocychc rmg to partml structure E 

A variety of experiments was used to assign the oxygenated subshtuents and the second ether linkage 

of this complex alkaloid Strong NOE’s observed between the resonances at 6 6 21 and 3 87, and between 

stgnals at 6 6 63 and 3 79, allowed asstgnments of the two methoxy groups Wtth both methoxy 

posihons assigned, the thud oxygen subshtuent on the aromahc nng of fragment B must be an -OH group 

The issue of connechvvlty, I e whether the macrocychc nng mvolved a 7’-11 or a 7’-12 ether h&age, 

was difficult to establish by direct spectroscopic means Attempts to methylate clssampentm with 
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lkble I ‘H and 13C NMR Data for C~ssampetm 
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draxomethane gave only decomposmon, conszstent wzth a prevzous report! mdzcatmg low yzeld methylahon 

of a related alkaloid. Attempted reactzon wth methyl Iodide also gave a complex mixture. However, 

phosphorylatzon of the phenol proved posstble upon reactron wrth &ethyl phosphorochlondate, and gave a 

smgle monophosphate that was readily puntied. In thrs phosphate denvauve (2), a dramauc change (ca 

0 5 ppm) m the chemrcal shzft of H-13 allowed asstgnment of czssampentm as the 7’-11 zsomer as shown 

m structure 1 Unforttmately, because czssampentm &elf has been observed only as an oil, and we have 

not yet been able to obtam a crystallzne derivative, it IS not possible to assrgn the C-l and C-l’ 

stereochezmstry at thrs hme. Fmally, no rotahon was observed suggestmg that ussaznpentm IS raceznz~.~~ 

Compound 3, an unrelated alkaloid, also was isolated from thzs plant extract. The EJ mass spectrum 

showed a molecular zon at m/z 341, correspondmg to a compostuon of C,,H,O,N. The ‘H and MS 

spectra of compound 3 were zdenhcal to those mported for the aporphme alkaloid corydme.9 Both the 13C 

and DEPT spectra supported thzs asszgnment 

The bzoactzvuy of crssampentm has been studred usmg a capttve colony of Acromynnex ocfospznosw. 

When tested at the mmzmal natural concentratzon (0 57 mg/g of wheat flakes) the ants demonstrate a 

significant preference for control over test wheat flakes (30/l 1; p < 0.005) 4 Ctssampentm also shows 

some lzzmted mlubrhon of the ant garden fungus at concentrahons of 5 and 10 z.zg/mL,lo’ l1 supportmg the 

hypothesis that some plants are defended by leafcutter attack by the presence of antr-fungal compounds 

Whzle assampentm belongs to the common b&ezuyhsoqumolme famzly, rt IS mterestmg both for the 

presence of the methyleneoxy brrdge6 form and for its brologlcal achvrty. These features should encourage 

studies of related plants from Central Amerzca 

Acknowledgements. W thank Dr Jerome J Howard for collectton of the plant sample, Dr Stephen A 

Ampofo for collechon of the plant saznple and for helpful Qscusszons, Dr R Rueda, (Mzssoun Botazucal 

Gardens) for defimhve zdenhficahon of the plant species, and Mr. Quyen Nguyen for hzs assistance wrth 

the bzoassays We thank the Natzonal Park Service of Costa hca for thezr assistance with our research 

Fmancral support from the Herman T Frasch Foundahon is gratefully acknowledged 

Experimental 

The NMR spectra (‘H and “C) were recorded on a Bruker AMX-600 instrument zn CDCl, solutzons 

wzth an mtemal TMS standard. Both low and high EJMS were obtamed at 70 eV 

Plant Collection. CIssurnpeZos f~czcukzta Benth was cdlected at Rmcon de la Vqa, au drzed at aznbzent 

temperature, and stored m plashc bags untzl extracted 

Isolation Air-dned aerml parts of Czssampelos f@czczhta Benth (225 g) were ground zn a Wanng 

blender, and then steeped wzth EtOH (2 5 L) After concentrahon of the EtOH extract zn vo, ca 12 3 

g of residue remamed Approximately 7.84 g of the residue was further extracted with 10% HCl, and 

then tihered The filtrate was extracted wrth ether, and the ether layer was discarded The aqueous layer 

was made basic with NH,OH, and then was extracted with CH,CI, After the organic layer was dned 

over MgSO, and concentrated zn vacua, about 225 mg of crude alkaloid mzxture was obtamed. Radial 

Qsperszon chromatography with a MeQHKHC1, gradzent (540% MeGH), gave compound 1 m pure forzn 

(80 mg) corresponding to 0.056% of the dned plant A second fractzon gave compound 3, which was 
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further puxxfied by reverse phase HPLC ~nth MeGH/I$O @O/20%) on a C-18 column (8 c DYNAMAX 

column; 10 mm ID x 25 cm) affordmg 5 5 mg (0 004%) 

Cissampentin (1) yellow ofi; [a]=, = 0 0” (c = 0.002, CH$4); ‘H and 13C NMR data cf lhble I; 

EIMS m/z (relahve mtenslty) 608 (l), 400 (3), 298 (lOO), 266 (15), 206 (29), 161 (20), 132 (7), 104 (3), 

77 (2); HREIMS calcd C,sI,N,o, 608 2876, found 608.2932 

Phosphate 2. To clssampentln (10.8 mg, 0 02 mmol) In benzene (0.5 mL) was added diethyl 

phosphorochlondate (2.88 ~1, 0.04 mmol) followed by one drop of E$N After standmg overmght at 40 

“C, the resultmg solution was purified by radml dlsperslon chromatography (slhca gel, MeOH/CHCl, 

gradlent) to give 1.3 mg (8 5%) of phosphate 2 ‘H NMR, 6 7 31(2H, d, J = 7 8 Hz, H-10, H-14), 7.23 

(2H, d, J = 7 8 Hz, H-11’, H-13’), 7.03 (2H, d, J = 7 9 Hz, H-13, H-14), 6.84 (lH, s, H-lo), 6 79 

(lH, s, H-8’), 6 59 (lH, s, H-5’), 6.22 (lH, s, H-5), 5 06 (lH, d, J = 12 1 Hz, H-15’), 4 73 (lH, s, 8- 

OH), 4 52 (lH, d, J = 12 1 Hz, H-15’ ), 4 26 (4H, m, -(OEt),), 3 87 (3H, s, dOMe), 3.49 (3H, s, 6’- 

OMe), 3 65 (lH, br s, H-l’), 3.58 (lH, m, H-l), 3 41 (lH, dd, J = 16 4, 3 1 Hz, H-c/), 3.26 (lH, m, 

H-3), 3 05 (2H, m, H-3’, H-4’), 2.95 (lH, dd, J = 16 8, 3 1 Hz, H-a’), 2 86 (2H, m, H-4), 2 82 (lH, 

m, H-3), 2 71 (2H, m, H-a), 2 56 (lH, m, H-4’), 2.52 (lH, m, H-3’), 2 50 (3H, s, N2’-Me), 2 27 (3H, 

s, N2-Me), 1 34 (3H, t, J = 7.03, -OEt), 1 31 (3H, t, J = 7.03, -OEt),31P NMR, 6 -6.68. 

Corydine (3). Brown gum; [a]: = +65.42” (c = 0 005, EtOH), ht9 [a]=, = +204’ (c = 0 6, EtOH); ‘H 

NMR identical to bterature data;9 13C NMR 152 27 (s), 149.65 (s), 144.29 (s), 142 80 (s), 131.11 (s), 

128 18 (s), 128 09 (s), 126 86 (s), 124.77 (d), 124.21 (s), 119 66 (s), 111 77 (d), 111 33 (d), 63 02 (d), 

62 39 (q), 56 44 (q), 52 96 (t), 43 99 (q), 35 69 (t), 29.07 (t), EIMS m/z(relatwe mtensq) 341(56), 323 

(29), 310 (lOO), 279 (lo), 155 (28), 133 (14), 125 (8) 
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