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Abstract: Three new compounds have been isolated from the roots of Buxus papillow. (+I- 

Buxapentalacbne (1) and (+I-buxaheptalactone (2) are the rearranged triterpenoid la&ones while (+)_ 

3-deoxybuxandonine (3) is a 4,4-bisnortriterpenoidal alkaloid. The structures of these steroidal 

compounds were determined by using X-ray diffraction and spectroscopic techniques. 

Introduction 

Bums papillosa C. K. Schneider (Buxaceae) has been used for the treatment of malaria, 

rheumatism and skin diseases.2 We have reported over 50 new steroidal alkaloids from its 

leaves. x-4 Work on the roots of this plant has resulted in the isolation of the non- 

nitrogenous triterpeniod (-)-buxatenone (4). 5 In this paper, we report the isolation and 

structure elucidation of the rearranged triterpenoid lactones (+I-buxapentalactone (1) and 

(+)-buxaheptalactone (21, and the 4,4-bisnortriterpenoidal alkaloid (+I-3-deoxybuxandonine 

(3). Their structures were elucidated on the basis of spectral data and single crystal X-ray 

diffraction analysis. 

Reeulta and Discussion 

B. pupillosa roots were collected from Northern Pakistan. An ethanolic extract was 

evaporated and partitioned between chloroform and aqueous acid solution at various pH 

values. These fractions were subjected to column and thin-layer chromatography to afford 1, 

2and3. 

The first compound, (+I-buxapentalactone (11, was obtained as colorless crystals. The 

HREIMS spectrum of 1 revealed the M+ peak at m/z 362.2465 having the molecular 
composition C&3404. The IR spectrum (KBr) revealed the presence of two carbonyl groups 

at 1730 (five membered ketones) and 1742 (five membered lactonee) cm-l. Other absorptions 

were at 3350 (OH), 2900 (CH) and 1090 (CO) cm-l. 



3.578 ATTA-UR-RAHMAN et al. 

Structure 1 for (+)-3-buxpentalactone was conclusively established by single crystal X- 

ray diffraction. A suitable crystal was mounted in a capillary due to the hygroscopic nature of 
the crystalline sample. Compound 1 crystallized in the orthorhombic space group P212121 

with a = 9.505(l) A, b = 14.185(2) A, c = 14.6772(2) A, Z= 4. All unique reflections were 
collected (26.~112’) using 9:26 scans with graphite monochromated Cu-Ra radiation (1.54178 

A). Of the 1497 unique reflections, 1209 (81%) were judged observed with I Fo I > 50 (Fo). The 

structure was solved by direct methods and refined by using full-matrix least-squares 
techniques to final discrepancy index of 4.38 % (&= 6.15%) for the observed data. 

Anisotropic heavy atoms and isotropic riding hydrogens were used in retinements.7 A 

computer generated perspective drawing of fmal X-ray model is given in Figure 1.8 The mini- 

mum energy conformation of 1 was determined with the MM2 program by using crystal coor- 

dinates, and shown in Figure 2.9 

The 1H-NMR spectrum (CDCb, 400 MHz) of 1 showed four quaternary methyl signals 

at 5 0.83,0.99, 1.27 and 1.29. Four 1H multiplets of an isolated AA’BB’ spin system (5 1.62, 

1.74, 2.19 and 2.39) were assigned to the C-15 and C-16 methylene protons. The clear 
appearance of another AMBB’ spin system indicated the presence of a -CH2-CH&=O group. 

A multiplet at 5 2.65 was assigned to the C-l methylene protons, while the C-2 protons 

appeared as multiplets at 5 1.75 and 3.02. Strong COSY interactions in the COSY-45’ 

spectrum further proved the above mentioned assignments. The 13C!-NMR spectrum (CDC13, 

100 MHz) of 1 showed 22 carbon resonances. The carbon multiplicity was determined by 

DEPT and broad-band decoupled 13C-NMR spectra and showed the presence of four methyl, 
nine methylene, three methine and six quaternary carbons. The signals at 5 219.0 and 177.0 

were assigned to ketone and lactone carbonyl carbons respectively. The resonance at 8 91.9 

was assigned to the C-10 spin, quaternary carbon, and the unusually far downfield methylene 

signal was assigned to C-19 due to its disposition in the anisotropic deshielding region of 
lactone oxygen diamagnetic cone. The peaks at 8 177.0, 28.8, 29.7 and 91.9 were 

characteristic of a 8-la&one functionality. The proton-carbon connectivities were established 

through a hetero-COSY NMR experiment. 1oJl Table 1 summarizes the 13C- and 1H-NMR 

assignments for 1. 

The mass spectrum (HREIMS) of the (+)-buxapentalactone (1) showed the molecular 
ion at m/z 362.2465, corresponding to a molecular formula c&&404 (calcd. 362.2457). The 

fragment ion at m/z 347.2215 (C21H3104) was due to the loss of a methyl group from M+, 

while m/z 344 represented the loss of Hz0 from M +. The base peak at m/z 304.2062 resulted 

from the loss of the C-5 side chain. Structure 1 was assigned for (+)-buxapentalactone on the 

basis of the above studies. The absolute configuration as shown was assumed. 
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1 

Figure 1: A structural drawing of (+)_buxapentalactone is shown on the left 

and a perspective drawing of the final X-ray model is given on the right. 

The absolute configuration shown is assumed. 

Figure 2 : Minimum energy conformation of l(38.97 Kcal) determined with the MM2 

program 

The second compound isolated from the roots of B. papillosa was assigned as (+)_ 
buxaheptalactone (2). HREIMS indicated a molecular formula of Czfl3203 and UV spectrum 

showed only end absorption. The IR spectrum (KBr) displayed two distinct carbonyl 

absorptions at 1725 and 1710 cm-l, indicative of a ketone and a la&me carbonyl respectively. 

Absorption at 1103 cm-l was assigned to a C-O stretching. High resolution mass spectrometry 

indicated that (+I-buxaheptalactone (2) had the molecular formula C2fl3203 (m/z 344.2356, 

calcd. 344.2351). The base peak at mlz 96 was due to the fragment resulting from the 

cleavage of ring D. 
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The 1H-NMB spectrum (CDCb, 400 MHz) showed two 1H AB doublets at 8 0.60 and 

0.65 (J= 4.9 Hz) due to the C-19 cyclopropyl methylene protons. Appearance of both 

cyclopropyl protons in the 1H-NMB spectrum indicated the absence of oxygen and C=C 
fuctionalities at C-l and C-11. Four methyl singlets were observed at 8 0.86, 1.X,1.37 and 

1.42 and a two-proton multiplet at 3 2.68 was ascribed to the C-2 methylene protons. The 

multiplets at 8 2.20 and 2.46 were assigned to the C-16 methylene. The 1%XIME spectrum 

of (+)_buxaheptalactone (2) showed all 22 carbon atoms of which the peaks at 8 221.6 and 

175.0 were of a cyclopentyl ketone and seven-membered lactone carbonyl, respectively. The 
peaks due to the four methyl resonances appeared at 8 19.83,20.62,22.98 and 30.96 and were 

assigned to the C-32, C-18, C-30 and C-31 atoms, respectively. The multiplicities of the 

carbon signals were determined from a DEBT and a broad-band decoupled W!-NMR 

spectrum and are presented in Table 1. The carbon-hydrogen connectivities were confirmed 

by a hetero-COSY experiment. 

(+I-3-Deoxybuxandonine (3) was obtained as a colorless amorphous powder at pH 9. 

The mass spectrum of 3 revealed the molecular ion (M+) peak at m/z 343.3238, corresponding 

to the molecular formula CaH41N (calcd. 343.3234). The compound showed only terminal 

absorption in its UV spectrum. Bands were present at 2910 (C-H) and 1100 (N-C) cm-l in the 

IB spectrum. The 1H-NMB spectrum was particularly informative, showing only two methyl 
singlets at 3 0.91 and the 0.96 for C-31 and C-32 protons. Lack of methyl singlets below 8 1.0 

indicated the 4,Cbisnor nature of ring A. Another 3H doublet at 8 1.32 (J= 5.8 Hz) was 

assigned to the secondary C-21 methyl protons and a six-proton broad singlet at 8 2.29 for the 

N,ZV-dimethyMmino substituent at C-20 of the ring D side chain. Two AB doublets at 8 0.30 

and 0.54 (J= 4.0 Hz) were assigned to C-19 a and 9 protons. In the WXIME spectrum, the 

peaks at 8 16.0 and 18.4 were assigned to the two tertiary methyl carbons (C-31 and C-321, 

while the N,ZV-dimethylamino carbons appeared at 3 40.0. The multiplicities of various 

carbons were confnmed by DEBT and broad-band experiments. Of the 24 carbons observed, 
five were CH3, eleven were CH2, four were CH and hence there were four quaternary 

carbons. 

The mass spectrum of 3 showed M+ at m/z 343.3234. A peak at m/z 328 resulted from 

the loss of a methyl group from the molecular ion while the base peak at mlz 72.0813 was 
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due to the cleavage of trimethyliminium ion fi-om ring D. The mqjor fragmentation points are 
presented around structure S. The above studies led to structure !I for this new steroidal 

base, trivially named aa %deoxybuxandonine. 
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Our chemical studies of Bums papillosa roota have shown it to be a very rich source of new 

triterpenoids. While the exact biogenetic origins are not yet known, Scheme 1 outlines a 

potential biogenetic relationship that could exist between 1,2 and 4. 
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Scheme 1 
Scheme 1: Proposed biogenetic relationships for compounds 1,2 and 4. 
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Compound 2, in contrast, may arise in nature by the complete reduction of (+I-buxandonine-E 

W3 or by the reductive deamination of cyclobuxargentine-G (61.13 Compounds 2,6 and 6 

represent a unique group of Bums bases biogenetically situated between true steroidal and 

triterpenoidal alkaloids. 

O&d:3 H$&< 

; 

5 6 

Table 1: 13C- and 1H-NMR Data of 1 and 2 in CDCl3. 

1 2 
Carbon No. 13C-NMR$,m* hMMR,G,J(Hz) 13C-NMR,5,m* lH-NMR,&JUW 5, 

1 29.7, t 
2 28.8, t 

3 177.0,s 
4 73.9,s 
5 47.1, d 
6 31.8, t 

7 25.4, t 

8 47.1, d 
9 55.0, d 

10 91.9,s 
11 25.2, t 

12 30.4, t 

13 53.0,s 
14 43.9, s 
15 30.7, t 

16 33.7, t 

17 219.0,s 
18 18.3, q 
19 51.6, t 

30 28.4, q 
31 31.7, q 
32 16.6, q 

m* = multiplicity 

2.65 25.6, t 2.68 
1.75 34.9, t 0.70 
3.02dt, 9.5, 13.4 1.82 
- 175.0, s 
- 86.0, s 
1.52 49.4, d 
1.29 26.4, t 1.25 
1.90 2.05 
1.39 23.8, t 1.45 
1.59 1.10 
0.90 47.5, d 1.55 
1.90 22.8, s 
- 27.5, s 
1.29 24.4*, t 1.75 
1.68 1.50 
1.58 30.0*, t 1.80 
1.61 1.53 
- 52.0, 8 
- 43.9, 8 
1.62 32.2, t 1.72 
1.74 1.71 
2.19dt, 8.7, 19.1 34.1, t 2.2Odt, 9.2, 19.4 
2.39ddd, 1.2.9.6, 19.1 2.4Oddd, 3.3,8.4, 19.4 
- 221.0, 8 

0.838 20.6, q 1.158 
1.62 29.4, t 0.6Od, 4.9 
1.90 0.7Od, 4.9 
1.27s 31.0, q 1.40s 
1.29s 23.0, q 1.45s 
0.998 19.8, q 0.908 
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Experimental 

General: Mass spectra were recorded on a Varian MAT 112s mass spectrometer connected to 

a DEC PDP llf34 computer system. HRMS were recorded on a JEOL JMS-HE110 maas 
spectrometer. 1H-NMR were recorded in CDC13 on Bruker AM-400 instrument at 400 MHz, 

while 1X?-NMR spectra recorded on the same instrument at 100 MHz. Ultraviolet and 

infrared spectra were recorded on Shimadzu UV 240 and Shimadzu IR 460 

spectrophotometers, respectively. Optical rotations were recorded on a Jasco DIP-360 digital 

polarimeter. The purity of the samples was checked on TLC (silica gel precoated plates). The 

plant material was identified by the plant taxonomist in the Department of Botany, 

University of Rarachi, where a voucher specimen of the plant has been deposited. 

isolation of (+)-Burapentalactone (1) and (+I-Buxaheptalahne (2) 

The EtOH extract of Bums papillosa roots (100 kg) was evaporated to a gum and the 
material was redissolved in water. Fractions were obtained by fractionation with CHC13 at 

different pH values. The fraction obtained at pH 3.5 (160 g) was loaded on a silica gel column 
(70-230 mesh, ASTM, Merck). Elution with CHC13 afforded a mixture of two triterpenes. 

This mixture was subjected to medium pressure liquid chromatography using a silica gel 
column (LiCroprep Si 60, 40-63 pm) employing pet.ether-EtOAc-EtzNH (6:4:0.1) as the 

eluting solvent. This afforded compounds 1 and 2. 

(+I- Busapentalactone (1): Colorless crystals (70 mg); [alag~ = 10.9’ (CHC13); UV Lax 

(MeOH) 230 run; IR KBr) V,, cm- 1: 1090 (C-O), 1730 (cyclopentanone), 1742 aactone) and 

3450 (O-H); lH-NMR (CDCl3,400 MHz) Table 1; 13CNMR (CDCh, 100 MHz) Table 1; HRMS 
m/z (relint., %): 362.2465 (CggH3404, 20), 347.2215 (CglH3104,24), 344 (C22H3203, lo), 

304.2062 (ClgH2803, loo), 271.1718 (Cl&I2302,38). 

(+)- Buxaheptalactone (2): Colorless crystals (40 mg); [ozI~~D = 70’ (CHC13); UV Lax 

(MeOH) 230 nm; IR (RBr) Vmax cm-l : 1000 (C-O), 1710 (ester carbonyl), 1730 

(cyclopentanone); 1H-NMR (CDC13,400 MHz) Table 2; uXXlMR (CDC13, 100 MHz) Table 1; 

HRMS m/z (rel.int., 96): 344.2356 (C!22H3203, loo), 329.2126 (CglH2g03, 85), 287.1954 

(C1gH27Og,l2), 231.1747 (C1cH&&, 29), 111.0800 (C7H1102,19). 

Isolation of (+M-Deoxyburandonine (3) 

The ethanolic extract of roots was evaporated to a gum (500 gm) and resuspended in aqueous 
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different pH values. The fraction obtained at pH 9.0 (60 gm) was loaded on a silica gel 
column (300 g silica gel). Elution was carried out first with hexane and then with CHCls- 

MeOH mixtures. The fraction collected on elution with CHCb-MeOH (9:l) was washed 

repeatedly with acetone to supply amorphous 3 (40 mg); ~zI~~D = 100 (CHCls); UV X max 

(MeOH): 201,264,276 nm; IR V- (CHCl$ cm-l : 1100 (C-N); lH-NMR (CDCl3,400 MHz) 8 : 

0.30 (lH, d, J = 4.0 Hz, H-19a), 0.64 (lH, d, J = 4.0 Hz, H-19),0.91 (3H, 8, Me), 0.96 (3H, 8, 

Me), 1.32 ( 3H, d, J = 5.8 Hz, CH3-21),2.29 (6H, 8, N(Me)a); 13C-NMR (CDCls, 100 MHz) 6: 

29.8 (C-l), 32.7 (C-2), 26.4 (C-31, 35.4 (C-4), 44.4 (C-S), 27.4 (C-61, 21.5 (C-7),48.3 (C-81, 19.4 

(C-91, 26.1 (C-101, 26.1 (C-11), 36.5 (C-12),41.9 (C-13), 49.0 (C-14), 32.7 (C-151, 20.5 (C-161, 
49.4 (C-17), 18.3 (C-18),33.6 (C-19),50.7 (C-20),9.3 (C-211, 15.98 (C-32),40.0 (N(C&b); MS 

m/z (dint., %I: 343.3288 (C24H41N, 101,328 (C23HssN, 181,298 (Q&&,2), 85 (CaHlrN, 

22),72.0813 (C&ON, 100). 
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