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Abstract - On the basis of DNA affinity, a novel isolate was obtained from an extract prepared from 

the seeds of Albizia amara. As determined by a series of spectroscopic techniques, the isolate was 

structurally defined as a mixture of three macrocyclic alkaloids of the pithecolobine type that 

differed only in the length of the aliphatic side chain. The 'H- and "c-nmr spectral parameters 

were unambiguously assigned to these alkaloids, which were given the trivial names 

budmunchiamine A, B or C. With the exception of former studies performed with Pithecolobium 

u, this is the only other report of pithecolobine alkaloids being found in nature. 

As a part of our ongoing effort to find new strategies for the diswvery of biologically active compounds from natural 

sources, a rapid hplc-based method has recently been devised that detects wmpounds capable of binding to DNA.' This 

method is also applicable for the detection of binding agents in complex mixtures, such as plant extracts, and one of the 



materials found to demonstrate a positive response with this detection system was an extract derived from the seeds of 

Alb'iia amara Bolv. (Leguminosae). This plant has previously been studied phytochemically, and a variety of compounds 

has been reported; examples include triterpenes? f lav~noids?*~ uncommon amino acids,4 lipids,5 and ~ t e r o i d s . ~  None 

of these constituents, however, would be anticipated to yield a positive response in the DNA binding assay. We currently 

report the isolation and structure elucidation of the active principles. 

The isolate (data are for the principal constituent) was obtained as a yellow oil with a molecular formula of CZ7Hs6N40 

(hrms). It demonstrated no uv absorption spectrum, but did show absorption for an amide group (1638 cm-I) in the ir 

spectrum. Parameters of the respective 'H- and %nmr spectra obtained with the isolate are summarized in Table 1. 

The "~-nmr ,  A m  and DEPT spectra displayed 24 distinct resonances, the intensity of one of these (at 6 29.6 ppm) 

corresponding to the remaining four carbon atoms. Using commonly accepted chemical shift wrrelation tables7 for the 

assignment of functional groups, the nmr data presented above leads to the following preliminary structural inferences: 

the molecule contains 27 carbon atoms, as one C-methyl [(6 13.5) in an aliphatic chain], three N-methyl (6 35.3, 42.5 

and 43.1), 14 C-CH2 groups (mostly in a side chain), 5 N-CH2 groups (6 51.9, 55.0, 56.2, 56.6 and 56.8), two N- 

CHCH2 (6 29.8, 37.9 ,  one CONH-CH2 (6 38.0), one N-CH (6 61.4), and one amide carhonyl carbon atom (6 172.5). 

Thus, these data suggested that the isolate might have a macrocycle component with a side chain. 

Since many of the methylene signals were not well resolved, most of the l~-resonances were assigned to the 

corresponding carbon atoms on the basis of a hetero ('H-I3c) correlation (HETCOR) map. Three low level cross-peaks 

were missing (at 6 51.9, 28.1 and 27.3), but they were readily reconstructed by using the onedimensional lH-nmr 

spectrum and the complementary spin-connectivity information from the twodimensional homo (~H-'H) wrrelation 

(COSY) map. The COSY spectrum demonstrated that the methine signal (H-4, 6 2.83) was coupled with one separated 

methylene signal at 6 2.23 and 2.27 (H-3), and a methylene signal at 6 1.25, which should be the terminal group of the 

side chain. This spectrum also demonstrated the presence of two chains each containing three methylene groups, and one 

chain of four methylene groups. In addition, it was found that the quartet observed at 6 3.32 (H-17) changed to a triplet 

when the triplet at 8.35 ppm was irradiated, demonstrating the spin-spin couplings between the two signals. 

Selective INEPI. experimenus permitted the unambiguous assignments of some carbon signals and also the 

characterization of the basic carbon skeleton. Thus, selective INEPT irradiation of H 4  (6 2.83) enhanced C-2 (6 172.5), 

the N5-methyl (6 35.3) and C-2' (6 27.3), indicating that the side chain should be located at position C 4 ,  and the amide 

group located at position C-3. Irradiation of H d  (6 2.62) enhanced C-4 (6 61.4) and C-8 (6 55.0) through three bonds, 
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and also C-7 (6 26.8) through two bonds; these data position one of the chains wntaining three methylene groups between 

N5 and N9. Similarly, irradiation of H-17 (6 3.32) enhanced the signals corresponding to C-2 and C-15 (6 56.2), and also 

C-16 (6 27.4) through two bonds. This serves to position a second chain wntaining three methylene groups between NI 

and N14, and the remaining chain containing four methylene groups must be located between N9 and NI+ 

Table 1. IH and ')c nmr Data Observed for the Alkaloid Preparation Isolated 
from Alhizia amara. 

8.35 
---- 
2.27, 2.23 overlap 
2.83 AMNXY 
2.20 s 
2.62, 2.40 ABt 
1.61 
2.38 
2.22 s 
2.5-2.2 
1.52 
1.54 
2.5-2.2 
2.18 s 
-2.39 
1.64 
3.32 h,7) 
1.25 
1.27 br 
1.25 
1.25 
1.27 br 
0.88 (t,7) 

The following summary is therefore consistent with these data: the isolate is a macrocycle containing 13 carbon atoms, 

one amide nitrogen atom, three additional nitrogen atoms at positions 5, 5 and 14, and one side chain at position C-4. 

In order to provide additional insight, the isolate was analyzed by high-resolution mass spectroscopy. The spectrum 

demonstrated a molecular peak with a mass of 452.44153 (Cz7HS6N40, calcd 452.44539) and a significant peak was 

also observed at m/z 297, corresponding to M+ - CllHZ3 (297.27173; CI6HJ3N40. calcd 297.26543). This strongly 

supports the former suggestion of a macrocycle with a side chain linked in an a-position relative to an aliphatic amino- 



group. Observation of the temperaturedependence of the mass spectrum revealed that peaks observed at m/z 424 and 480 

belong to minor components of the preparation with an elemental composition corresponding to + C2H4 The low 

intensity of the peaks at 4?/2 269 and 325 suggested that the structural difference among the homologues was present in 

the side chain. 

Thus, in agreement with all of the nmr and ms data, it is concluded that the structure of the principal &&% isolate is 

the macrocyclic wmpound 1.9 Based on the mass spectral analysis, the side chain in the mixture varies in langth and 

contains 9, 11 or 13 carbon atoms. The three homologues are present in the isolate in an approximate ratio of 1:4:1. A 

review of the literature indicates that this wmpound belongs to the class of pithecolobine alkaloids reported by Wiesner 

&!.lo The current report is the first in which pithecolobine alkaloids have been characterized employing contemporary 

spectroscopic techniques, and in which the 'H- and "c-nmr spectral parameters of this type of compound have been 

unambiguously assigned. It is notable that this spectroscopic approach of structure elucidation was suitable to delineate 

the composition of a mixture of homologues, the separation of which is not a trivial undertaking. Further, due to the 

methylation pattern within the macrocycle and the length of the side chain of one of the homologues (n=8), the molecular 

structures of these isolates are unique. In addition, this is the first report in which macrocyclic alkaloids of this type have 

been isolated from any plant other than Pithecolobium saman (syn. &mania saman). 

1, Budmunchiamine A, n=6  

2, Budmunchiamine B, n=4  

3, Budmunchiamine C, n=8 

The biological activity of these pithecolobine alkaloids is a further feature which has not previously been reported. Since 

we initially became interested in characterizing the structure of this substancedue to its interaction with DNA, its biologic 
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potential is an obvious area of interest. In preliminary studies conducted with h &Q model systems, we have verified 

that the isolate does indeed interact with DNA with a KD of approximately 2 x M, and we have also found that it 

mediates a significant cytotoxic response with a number of cultured mammalian cells (EDs0 values < 1 pglml). As judged 

by tests performed with Salmonella mhimurium strain TM677, the isolate is bactericidal at concentrations > 10 pglml, 

but is not mutagenic. We have also found that the isolate inhibits nucleic acid polymerases and platelet aggregation. A 

more complete description of the biological potential of these compounds will be described elsewhere." 

EXPERIMENTAL 

Isolation of Budmunchiamines A-C. The seeds of Albizia amara Bolv. (Leguminosae) were collected in India in I974 by 

staff members of the Economic Botany Laboratory, Agriculture Research Service, BARC-East, USDA, Beltsville, 

Maryland. Voucher specimens are on deposit at the herbarium of the National Arboretum, Washington, D.C. The seeds 

were milled, defatted with petroleum ether, and extracted at ambient temperature with MeOH to exhaustion. This extract 

was found to result in complete diminution of the DNA peak when evaluated by a recently described hplc elution 

technique.] The isolation procedure has been described in detail." In brief, plant extract (6 mg) was applied to a wlumn 

containing double-stranded DNA-cellulose (0.5 g, Sigma Chemical Co.), and the column was eluted essentially by the 

procedure of Zunino g The isolate that was obtained on the basis of DNA affinity was examined by tlc using a 

variety of solvent systems, but development with CHC13:diethylamine (10:l) andlor cyclohexane:diethylamine @:I) 

followed by detection with Dragendoms reagent proved most valuable. These procedures revealed the presence of four 

spots (alkaloids), and these alkaloids were collected and used as markers to direct the isolation of larger quantities of the 

same substances from a total MeOH extract prepared from A. amara seeds. This extract (100 g) was dissolved in 2% 

aqueous HOAc (500 ml) and partitioned with CHC13 (500 ml). The aqueous acidic fraction was saved, and the CHClj 

fraction was extracted with additional 2% aqueous HOAc (500 ml). The aqueous fractions were wmbined, adjusted to 

a pH of 9.0 with 30% NH40H, and extracted with CHC13 (1 I). The CHC13 fraction was recovered and concentrated 

to dryness. Using silica gel column chromatography with CHC13:diethylamine (150:l) as the solvent, this crude alkaloid 

fraction (21 g) was separated into three fractions. The first fraction was separated into two additional fractions by silica 

gel wlumn chromatography with cyclohexane:diethylamine (50:l) as the solvent. One of these fractions (8 g) was used 

for the current study. When analyzed by tlc using CHC13:diethylamine (10:l) andlor cyclohexane:diethylamine (5: 1) as 

the solvent system and Dragendoms reagent for detection, the material appeared to a be homogeneous substance (single 
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spot) that was identical to one of the marker compounds that was obtained on the basis of DNA affinity using DNA- 

cellulose resin. Additional analysis by hplc using a CI8 column (5p particle size) failed to separate the isolate into 

multiple components. 

Strumre Elucidation of Budmunchiamines AX.  Infrared spectra were recorded in KBr pellet on a Nicolet MX-I 

interferometer. ' H - N ~ I  homonuclear COSY spectra and %nmr APT, DEPT and HETCOR spectra were recorded with 

a Bruker AC250 or a Nicolet NT360 spectrometer, in CDCL3 solution, with TMS as an internal standard. Standard 

microprograms from the B ~ k e r  library were used. Selective INEPT experiments were recorded at 250162.3 MHz or 

360190 MHz irradiating protons at 3.32, 2.83 and 2.62 ppm, according to the technique described by  ax.'^ Electron 

impact mass spectra (70 eV) were recorded with a Finnigan MAT-8430 mass spectrometer [accelerating voltage, 3 kV, 

ion-source temperature, 250° C, direct inlet, resolution 1250 (10% valley)], equipped with the SS300 data system. 

ACKNOWLEDGMENTS 

JMP is the recipient of a Research Career Development Award from the National Cancer Institute (1984-1989) and a 

Research Fellowship from the Alexander von Humboldt Foundation (1990-1991). This work was supported, in part, by 

a grant (CA 20164) from the Division of Cancer Treatment, National Cancer Institute, Bethesda, Maryland, and research 

project Az 436RTng between the Deutsche Forschungsgemeinschafi and the Hungarian Academy of Sciences. 

REFERENCES AND NOTES 

1. J. M. Pezzuto, C:T. Che, D. D. McPherson, G. Topcu, C. A. J. Erdelmeier, and G.A. Cordell, Biospecific 

Identification and Isolation of Naturally Occurring Potential Antitumor Agents. NIH Workshop: Bioassays for 

Discovery of Antitumor and Antiviral Agents from Natural Sources, Lister Hill Auditorium, National Library of 

Medicine, Bethesda, MD, Oct. 18-19, 1988; 1. M. Peuuto, C.-T. Che, D. D. McPherson, G. Topcu, C. A. J. 

Erdelmeier, and G. A. Cordell, DNA as an Aff~nity Probe Useful in the Isolation of Biologically Active Natural 

Products (Workshop on "Simple Bioassays"). International Research Congress on Natural Products, San Juan, Puem 

Rico, Aug. 6-10, 1989; J. M. Pezzuto, C.-T., Che, D. D. McPherson, G. Topcu, G., C. A. 1. Erdelmeier, and G. 

A. Cordell, 1. Nat. Prod., 1991, 54, in press. 

2. C. V. R. Sastry, C. Rukmini, and L. R. Row, Indian 1. Chem., 1967, 5, 613; I. P. Varshney and K. M. 

Shamsuddin, 1. Scient. Ind. Reg., 1 x 2 ,  t lB ,  347. 



HETEROCYCLES, Vd.  32, No. 70, 0,991 1967 

3. V. H. Deshpande and R. K. Shastri, Indian J. Chem., 1977,15B, 201. 

4. G. 1. Krauss and H. Reinbothe, Biochem. Phvsiol. Pflanzen, 1970, 161, 243. 

5. I. Chandra, R. P. Sud, and K. L. Handa, I. Scient. Ind. Res., 1956, 15B, 196. 

6. I.P. Varshney, S.P. Bhatnagar, and M.K. Logani, Indian I. Pharm. 1965,27, 231. 

7. E. Pretsch, T. Clerc, J.  Seibl, and W. Simon, Tabellen zur Strukturanklaerung organischer Verbindungen mit 

spektroskopischen Methoden, Springer Verlag, Berlin, 3, Aufgabe, 1986. 

8. G. A. Cordell, Phvtochem. Anal., 1991, 2, 49. 

9. To commemorate the collaboration between M a p e s t ,  &ich and m c a g o  which led to its discovery, the principal 

constituent of the isolate has been assigned the trivial name budmunchiamine A. 

10. K. Wiesner, D. M. MacDonald, Z. Valenta, and R. Armstrong, Can. J.  Chem., 1952, 30. 761; K. Wiesner, D. 

M. MacDonald, C. Bankiewicz, and D. E. Orr, Can. 1. Chem., 1968, 46, 1881; K. Wiesner, Z. Valenta, D. E. 

Orr, V. Liede, and G. Kohan, Can. I. Chem., 1968, 46, 3617. 

11. W. Mar, G. T. Tan, G. A. Cordell, J.  M. Peuuto, K. Jurcic, K. Red, B. Steinke, and H. Wagner, J. Nat. Prod., 

1991, 54, in press. 

12. F. Zunino, R. Gambetta, A. DiMarco, and A. Zaccara, Biochim. Bioohvs. Actg, 1972, 277, 489. 

13. A. I. Bax, Maen. Reson., 1984, 57, 314. 

Received, 9 t h  Ju ly ,  1991 


