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ABSTRAcT.--Three novel polyhydroxylated triterpenes have been isolated from U& 
tmnmtora. Their structures were established as 1 .2 ,  and 3 by detailed spectral studies including 
'H-l3C correlations via long range couplings using the INAPT pulse sequence, noeds, and 2D 
IH-I'C direct chemical shift correlation (HETCOR) nmr techniques. 

Recently we described the Occurrence of a number of quinovic acid glycosides with 
moderate antiviral activity in two plants of the Rubiaceae that are used in South Ameri- 
can traditional medicine ( 1 4 ) .  Such compounds were isolated from the Brazilian plant 
Guettardaplatypoda DC. (2,3) and from the Peruvian plant Uncaria tommtosa (Willd.) 
DC. (1,4). 

During the course of our search for other biologically active metabolites from these 
plants, we have isolated three novel polyhydroxylated triterpenes, 1,2, and 3, from the 
CHCI, extract of U .  tomentosa, and in the present paper we describe the structures of 
these three compounds. 

Displaying a number of structural features frequently encountered with terpenic 
natural products, the molecules studied here may be of some general phytochemical in- 
terest. Therefore, we report here a detailed spectral analysis of 1, 2, and 3, including 
2D-nmr techniques (HETCOR) and 1D-nmr techniques (INAPT or insensitive nuclei 
assigned by polarization transfer, and nOeds or nuclear Overhauser enhancement differ- 
ence spectra). 

RESULTS AND DISCUSSION 

The dried bark of U .  tommtosa was extracted with petroleum ether followed by 
CHC1,. From the CHCI, extract 1, 2, and 3 were isolated by a SiOz column and a re- 
versed-phase hplc separation. 

(488.3502 calcd for 
C30H4805), which gave the molecular formula C3&4805 for 1; this formula was also 
derived by the 13C- and DEFT I3C-nmr analysis and indicated its triterpenic nature. 

The '3C-nmr spectrum of 1 revealed thirty carbon signals due to a pentacyclic 
triterpenic skeleton; these were sorted by I3C and DEPT I3C nmr into -Me X 7,  -CH,- 

1 
X 8 , 9 C H  X 5, >C< X 6, >CH-0- X 2, -5-0- X 1, and -COOH X 1 (Table 1). The 

A I 2 ,  l 3  structure was derived from the resonance of the sp2 carbons at C- 12 (tertiary car- 
bon, deduced by DEFT pulse sequence) at 129.4 ppm and at C-13 (quaternary carbon) 
at 137.6 ppm. The chemical shifcs of the olefinic carbons were useful to distinguish be- 
tween an urs-12-ene and an olean-12-ene analogue (5). The signal at 181.1 ppm 
(quaternary carbon) appeared to be diagnostic for the presence of a 28 carboxyl group on 
the urs- 12-ene skeleton (1,6). 

The 'H-nmr spectrum of 1 in CD,OD at 250 MHz (see Experimental) showed sig- 
nalsforoneolefinicprotonat6 5.25(1H, t ,J=3.5 Hz, H-12)andfortwo-CH-OHat 

Hreims analysis showed a molecular ion at d z  488.3508 
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1 2 

6 3.10 and 6 4.5 1. There were also six partially overlapped singlets due to Me groups at 
quaternary carbons in the region 6 1.08-1.33 and one doublet at 6 0.96 (3H, d, J = 6  
Hz, H-30) due to an Me group at a tertiary carbon. 

These spectral evidences together with the appearance of characteristic signals at 6 
2.59 ( lH ,  s, H-18) in the 'H-nmr spectrum and at 73.3 ppm (C-19, quaternary car- 
bon) in the I3C-nmr spectrum suggested that 1 was an ursolic acid derivative contain- 
ing an Me group and an OH group at C-19 (7,8). We also noted that the OH group at 
the 19 position induced a downfield shift of the resonance of the axial proton at C- 16. 
This signal in ursolic acid derivatives has not been reported in the literature because i t  is 
overlapped with other signals below 6 2.0 whereas in 1 it resonated at 6 2.62 and was 
observed as a ddd with J ~ 1 3 . 5 ,  13.5, 4.5 Ht ,  thus supporting the 19a-OH 
stereochemistry and being compatible only with a cis stereochemistry of the ring-D/E 
junction. 

In addition the eims spectrum (see Experimental) showed prominent fragment ions 
at mlz 264 and 246 (1264 - H,O], base peak), usually resulting from the typical retro- 
Diels-Alder cleavage of urs- 12-enes that possess a C- 17 carboxyl group and a hydroxy 
group on ring D or E (8,9). The ready loss of the carboxyl group from the fragment at 
mlz 246 to afford the ion at mlz 20 1 was also in agreement with its positioning at C- 17 
(8,s). Further, the appearance of a fragment at mlz 224 indicated that two hydroxyl 
groups were present on ring A and/or B (10). 

The P-OH substitution at C-3 was evident from the chemical shift and the J value 
of the axial proton at C-3 (6 3.10, dd, J =  11.5 and 4 Hz, H-3). The location of the 
other secondary -OH group at C-6 was deduced by direct 2D-'H, I3C chemical shift 
cross correlations (Table 1) and by spin decoupling experiments, which showed a pro- 
ton sequenceH-5 (6 0.78), H-6(64.51), H-7 (6 1.50and 1.72)startingfrom theH-5 
signal (6 0.78, l H ,  d ,  J = 1.5 Hz). The configuration of this OH group was evident 
from the unresolved signal of the equatorial H-6 proton (6 4.5 1, l H ,  m, W% = 6 Hz) 
and from theresonancesofMe-24(6 1.19), Me-25 (6 1.33), andMe-26(6 1. l l ) ,  which 
were significantly shifted downfield by 1,3 diaxial interactions with respect to unre- 
ported ursolic acid spectrum run in CD,OD (+0.31, +0.34, +0.30 ppm, respec- 
tively) and &-OH triterpenic derivatives (1 1,12). 
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bAssignmrnts confinmd by 2D"C,'H direct c m  correlation spectroscopy (HETCOR) recorded on a Varian XL-400 spectmme- 

'Onedimensional ' H - m r  spectrum obtained ar 400 MHr. onedimensional "C-nmr spectrum obtained at 101 MHr. 
'DEFT were obtained on a Bruker MW-250 instrument. 
'Partially obscured by adjacent signals or overlapped signals. 

ter. 

Because in the literature regarding triterpenoids the 'H-nmr Me resonances are 
normally reported unassigned (8,9,13), and to assign unambigously all 13C-nmr sig- 
nals,  particularly signals arising from C- 1 and C-7, C- 16 and C-2 1, and C-5 and C- 18, 
which resonate very close to each other, we initiated a detailed nmr study of compounds 
1-3. Methyl proton signals that are partially overlapped in CD,OD at 250 MHz be- 
came visible at 400 MHz in a mixture of CD,OD/CDCl,. In these conditions, spectra 
with isolated signals were obtained, all eight methyls were observed distinctly, and 
2D-'H, 13C nmr direct chemical shifi correlation experiments (Table 1) allowed all sig- 
nals to be interrelated. 

In addition, the unambigous assignments of all Me signals were made by some 
INAPT experiments (14), which delineated the correlation of each methyl proton with 
carbons linked via long-range couplings. The INAPT experiments showed that the Me 
signal at 6 1.06 (Me-26) was correlated with the carbon resonances at 39.1 ppm (C-8), 
47.7 ppm (C-9), 4 1.9 ppm (C- 14), and 40.6 ppm (C-7); furthermore the Me signal at 6 
1.30 (Me-25) was observed to correlate with the resonances of C-10, C-1, C-9, and C-5 
(Table 1). 
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These experiments also established connectivities between Me-27 (6 1.26) and the 
resonances of C-14, C-8, and C-15 and between the Me singlet at 6 1.23 (Me-29) and 
the resonances of C-19, C-18, and C-20. The methyl doublet signal at 6 0.95 (Me-30) 
was observed to correlate with the C-20, C- 19, and C-2 1 resonances. This provided an 
unequivocal assignment of all the methyl group signals. From all these data it was con- 
cluded that 1 is 3p,6p, 19a-trihydroxyurs- 12-en-28-oic acid. 

Compound 2 had mol wt 502 and a molecular formula C30H4606, and compound 3 
had mol wt 472 and a molecular formula C2,H,O5 derived from ms and 13C- and 
DEPT 13C-nmr analyses. 

Comparisons of the nmr spectral data of 2 and 3 with those of 1 (Table 1) indicated 
that 2 and 3 are 3p,6p, 19a-trihydroxyurs- 12-en-28-oic acid derivatives. In particu- 
lar, hydrogens and carbons due to the C, D, and E rings of 2 and 3 resonated at almost 
the same frequencies as the corresponding signals in 1, while the A- and B-ring hydro- 
gen and carbon signals were observed at somewhat different positions. 

The nmr spectra of 2 contained one less methyl and one more signal [ 'H nmr 9.52 
( l H ,  s); 13C nmr 209.3 pprn (CH)] than those of 1, suggesting that in 2 one of the Me 
group was replaced by a formyl group. The eims spectrum of 2 showed an intense peak 
at mlz 472, which could be explained as elimination of an aldhedic group from the 
molecular ion (mlz 502). Other prominent fragments were observed at mlz 354, 264, 
and 208 for the retro-Diels-Alder cleavage of the 472 ion. The 'H-nmr spectrum of 2 
showed that H-3 (6 3.76) and H-5 (6 1.39) signals were shifted downfield by 0.62 and 
0.63 ppm, respectively, while H-6 (6 3.88) signal was shifted upfield by 0.66 ppm in 
comparison with the spectrum of 1. 

In addition, one of the methyl signals was affected by the presence of the formyl 
group; its resonance was shifted downfield to 6 1.42 in 2 from 6 1.16 in 1. Therefore 
the -CHO group should be restricted to the C-23 or C-24 positions. 

The most significant features of the 13C-nmr spectrum of 2, which suggested the 
location of the formyl group at C-23, were the downfield shifts exhibited by C-4 
(+ 16.7 ppm) and C-6 (+2.2 ppm) and the upfield shifts experienced by C-3 (-6.5 
pprn), C-5 (-6.3 pprn), andMe-24(- 17.6ppm). Similarshifts werereportedforgyp- 
sogenin, which has a 23 equatorial -CHO group, when compared with oleanolic acid 
(13,lS). 

Furthermore, 'H-nOeds experiments were applied for substantiation of the above 
relative stereochemistry at C-23 and C-24: by irradiation of the signal at 6 9.52 (-CHO) 
we observed an nOe with the signal at 6 1.39 (H-5a), 1.42 (Me-24 axial), 3.88 (H- 
6a), and 3.76 (H-3a). NOe's were also observed between H-5a, H-ba, H-3a, and the 
aldehydic signal at 6 9.52. These nOe's led us to confirm the equatorial orientation of 
the formyl group. Therefore the structure of 2 was elucidated as 38,6p,19a-trihy- 
droxy-23-oxo-urs- 12-en-28-oic acid. 

The eims spectrum of 3 showed a fragmentation pattern identical to that of 2, start- 
ing from the molecular ion at m/z 472. The 'H-nmr spectrum, by comparison with that 
of 1, showed the lack of two Me signals (Me-23 and Me-24) and the presence ofcomplex 
signals at 6 4.72 ( l H ,  t , J=  3.5 Hz) and 5.27 ( l H ,  br s), which could be assigned to 
the CH2=C group. The major differences between the two spectra involved the H-3 
and H-5 signals which were shifted downfield by 0.84 pprn (from 6 3.14 in 1 to 6 3.98 
in 3) and 0.96 ppm (from 6 0.76 in 1 to 6 1.72 in 3), respectively, and the H-6 signal 
shifted upfield by 0.1 ppm to 6 4.44 in 3 from 6 4.54 in 1. 

Further evidence for the presence of a CH2=C group was provided by the I3C-nmr 
resonances of the sp2 carbons C-4 (quaternary) at 150.9 ppm and CH,= (secondary) at 
104.5 ppm. The location of the =CH2 group at C-4 was also justified by the disappear- 
ances of the signals arising from Me-23 and Me-24 and by the shift values of the carbons 
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neighboring the C-4 position; in fact C-3 and C-5 were shielded by -6.3 and -3.8 ppm, 
respectively, while C-6 was deshielded by + 1.2 pprn with respect to the corresponding 
signals in 1. It follows that 3 can be formulated as 23-nor-24-esomethylene- 
3@,6@, 19a-trihydroxyurs- 12-en-28-oic acid. 

EXPERIMENTAL. 
GENERAL EXPERIMENTAL PRocEDuREs.-The following instruments were used: for nmr, Bruker 

MW-250 Spectrospin and Varian XL-400 spectrometers; for eims, AEI MS-30; for hplc, Waters Model 
Goo0 A pump equipped with a U6K injector and a differential refractometer, model 401; for optical rota- 
tion, Perkin-Elmer Model 14 1 polarimeter. 

Monodimensional spectra were measured both in CD,OD and in CD,OD-CDCI, (1: 1); the 2D and 
the INAPT experiments were measured in CD,OD-CDCI, (1: 1). Chemical shifts are reported in ppm (6) 
downfield from internal TMS, and coupling constants ( J )  are given in Hz. 

The nOe, DEPT, direct HETCOR, and INAPT experiments were carried out using Varian or Bruker 
commercial microprograms. The nOe experiments were performed using the spectral subtraction tech- 
nique (nOeds). The samples for nOe measurements were previously degassed by bubbling argon through 
the solution for 40 min. 

The DEPT (Distortionless Enhancement by Polarization Transfer) experiments were performed using 
polarization transfer pulses of 90' to obtain only CH groups and 135" to obtain positive signals for C H  and 
Me and negative ones for the CH,. Polarization transfer delays were adjusted to an average CH coupling of 
135 Hz. These delays were also applied for 2D direct I3C-'H shift correlations (HETCOR) on a 
5 12 X 2048 data matrix (Varian XL-400). 

INAPT (selective polarization transfer spectroscopy via long-range 'H-I3C- couplings) spectra were 
obtained using the pulse sequence described by Bax and co-workers (14,16) and Radics and Sandor (17). 
The delays used in the pulse sequence were set to 60 msec (A,) and 25 msec (A,) for Me groups. 

EXTRACTION AND ISOLATION.-The plant material and the extraction procedure have been de- 
scribed earlier ( I  ,4). The CHC1, extract of the bark of U. tomenrosa was evaporated to dryness to give 1.63 g 
of residue which was then chromatographed on a SiO, column by using CHCI, and increasing MeOH con- 
tent to 10%. After the monitoring [tlc on SiO, plates, CHCI,-MeOH (95:5)], the fractions were combined 
togivethreemainfractions, A(50.3 mg), B(39.6mg), andC(89.3mg). Purificationofeachfractionwas 
achieved by hplc on a C,, p-Bondapak column (30 cm X 8 mm, flow rate 2 mYmin) using MeOH-H,O 
(9: 1) as the eluent to afford pure compound 1 (32.5 mg, elution time 3.5 min) from fraction A, compound 
2(28.7mg,elutiontime5.2min)fromfractionB,andcompound3(16.7 mg,elutiontime5.5 min)from 
fraction C. 

Compound 1.+a]25D+52.70 (c= 1.0, MeOH); ms m/z  [MI+ 488, [M-H,O]+ 470, 
[M - 2H20]+ 452, 1M - HCOOH]+ 442, [M - HCOOH - H20]+ 424, I452 - IS]+ 437 
(424 - 15]+ 409, 1409 - H20]+ 391, 370, 264, 1264 - 18]+ 246 base peak, [246- 151' 251, 224, 
[264-COOH]+ 219, [264-HCOOH]+ 218, 1224- 18]+ 206, 1246-COOH]+ 201, [201- 14]+ 
187; 'H nmr (CD,OD at 250 MHz) 6 0.78 ( l H ,  d , J =  1.5 Hz, H-5), 0.96 (3H, d , / = 6  Hz, Me-30), 
1.08 (3H, s, Me-23), 1.11 (3H, s, Me-26), 1.19 (3H, s, Me-24), 1.23 (3H, s, Me-27), 1.33 (6H, br s, 
Me-29andMe-25), 1.50(1H, br, H-7eq), 1 .72(1H,dd, j= 11.6and3Hz, H-7ax),2.59(1H,s, H-IS), 
2.62(1H,ddd,J=13.5,  13.5,4.5Hz,H-16ax),3.10(1H,dd,]=11.5,4.0Hz,H-3),4.51(1H,m, 

Compound 2 . + ~ ] ' ~ ~ - 1 5 . 2 "  (c= 1.0, MeOH); ms m/z [MI+ 502, [M-H20]+ 484, 
IM - HCHO]+ 472, [M - HCOOH]' 456, (472 - HCOOH]+ 426, 1426 - H,O]+ 408, 384, 354, 
264,246(basepeak), 231,219,218,208,201, 190, 187; 'Hnmr(CD30Dat250MHz)80.96(3H,d, 
J = 6 Hz, Me-30), 1.12 (3H, s, Me-26). 1.24 (3H, s, Me-27). 1.37 (6H, br s, Me-29, Me-25), 1.44 (3H. 
s, Me-24), 2.60 ( IH ,  s, H-IS), 2.62 ( l H ,  ddd , J=  13.5, 13.5, 4.5 Hz, H-l6ax), 3.70 ( l H ,  dd, 
J =  11.5, 3 Hz, H-3), 3.91 ( IH ,  m, H-6), 5.26(1H, m, H-12). 

Compound 3.+a]25D+500 (c= 1.0, MeOH); ms m/z [MI+ 472, [M-H,O]+ 454, 
[M-HCOOHl+426, [426-H20]+408, 354, 264, 246(basepeak), 231, 219, 218, 208, 201, 190, 
187; 'Hnmr(CD,ODat 250MHz)G0.96(3H, d,]=6Hz, Me-30), l . I 1 (3H,  s, Me-26), 1.21(3H,s, 
Me-25). 1.24(3H,s,Me-27), 1.39(3H,s,Me-29), 2.60(1H,s, H-IS), 2.62(1H,ddd,]= 13.5, 13.5, 
4.5, H-16ax), 3.98(1H, brm,  H-3),4.40(1H, m, H-6), 5.25(1H,m,H-12),underH20signal, 5.38 
(each IH,  br s, =CH,). 

H-6), 5.25 ( IH ,  t , J=  3.5 Hz, H-12). 
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