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Abstract—The E-dimethylcaffeic and E-p-methylcoumaric esters of 38-O-[0-2-acetamido-2-deoxy-$-D-
glucopyranosyl-(1 —2)-B-D-glucopyranosyl]-218-hydroxyolean-12-en-28-oic acid, and 38-0-[O-f-D-xylopyranoxyl-
(1-»3)-0-B-D-glucopyranosyl-(1—2)-8-D-glucopyranosyl]-218-hydroxyolean-12-en-28-o1c acid were 1solated from the
methanolic extracts of Mussatia sp. nov and M. hyacinthina and their structures determmed on the basis of chemzcal

and spectral evidence.

INTRODUCTION

In previous papers [1-3], we have reported the 1solation
of a series of new phenylpropanoid glycosides from two
Mussatia species used 1n Central and South American
folk medicine (prelimmnary pharmacological studies of
these compounds suggest that they mhibit LTB, forma-
tion). In continuance of our research on the members of
this genus, we now wish to report our results concerning a
triterpene-glycoside-containing fraction isolated from the
bark of Mussatia sp. nov and M hyacinthina.

RESULTS AND DISCUSSION

From the methanolic extracts of the bark of Mussatia
sp. nov and M hyacinthina we isolated a complex
muxture of triterpene glycosides which was subjected to
several seperation techniques (DCCC, RLCC, HPLC,
Sephadex, etc) without completely satisfactory results.
The 'H and !3C NMR spectra of a fraction, shown by
HPLC to consist of a poorly resolved mixture of four
major components, presented signals due to three sugars,
one N-acetyl group, seven methyl groups indicative of an
oleanane type triterpene skeleton, and dimethylcaffeic
and p-methylcoumaric ester functions In an effort to
identify the components and elucidate their structures we
resorted to analysis of the products resulting from selec-
tive acid and basic hydrolyses Treatment of the mixture
of glycosides with 2M hydrochloric acid gave glucose,
xylose and glucosamimme From the organic phase we
obtained, after HPLC separation, the triterpene esters 1
and 2

The molecular formula of 1 was determined as
C,41Hs50, by HR-FAB-mass spectrometry. Its IR spec-
trum exhibited absorption bands at 3400 (OH), 1699
(CO), 1633 (CH=CH) and 1600 and 1513 cm™~! (arom.).
The 'HNMR spectrum showed the presence of two
aromatic methoxy groups at §3.92 and 391, an ABX
system at 66.86 (1H, d, J,=84Hz), 705 (1H, 4, J,
=1.7Hz) and 7.10 (1H, d4, J,,=1.7Hz and J,=8.4 Hz)
and an AB system at 6.27 and 7 59 (J =15.9 Hz), which
revealed the existence of an E-dimethyi caffeoyl group n
1. The LREI mass spectrum of 1 showed a fragment at

m/z 454 (C5,H,440;) generated from the [M]™* (absent in
this spectrum) through a McLafferty rearrangement with
loss of a dimethyl caffeoyl group. The presence of signifi-
cant fragments at m/z 208 and 246, resulting from the
retro-Diels—Alder cleavage of the radical 1on at m/z 454,
suggested that 1 was a A!2-unsaturated triterpene [4].
This was confirmed by both the '*CNMR and the
'H NMR spectra showing signals for C-12 (6122 63), C-
13 (6142.29) and H-12 (65.34) [5]. The existence of an
equatorial free secondary hydroxy group at C-3 was
supported by 'HNMR [63.22 (1H, dd, J=35 and
11.1 Hz)] and by '*CNMR [78.99 (C-3), 2759 (C-2),
38.71 (C-4), 28.67 (C-23) and 1544 (C-24)], while the
equatorial ortentation of the E-dimethylcaffeoyl group at
C-21 was deduced by comparison with published data for
3 [6]. Finally, H-18 was shown to be equatorial by 1ts
chemical shift (62.93) and double doublet coupling (J,,
=14.0 Hz and J,,=3.8 Hz). Thus, the structure of 1 was
established as 3f-hydroxy-218-E-dimethylcaffeoyloxy-
olean-12-en-28-o1c acid

The 'H NMR, mass and IR spectral data of 2 were very
similar to those of 1. Compound 2 showed two AB
systems, one belonging to a trans double bond at §6.27
and 7.60 (J=159 Hz) and the other to four aromatic
protons at §7.47 and 6.89 (J =8.8 Hz). Together with the
singlet at §3.83 due to the methoxy group, this supported
the presence of an E-p-methoxycinnamoy! unit in com-
pound 2 instead of the E-dimethylcaffeoyl present in 1.
The remaining signals in the "HNMR of compound 2
were essentially the same as those of 1. Thus, the structure
of 2 was established as 38-hydroxy-21p-E-p-meth-
oxycinnamoyloxyolean-12-en-28-oic acid.

Basic hydrolysis of the mixture of triterpene glycosides
with 2 M NaOH brought about the cleavage of the ester
and acetamide groups, after which HPLC separation
afforded compounds 4a and 5 along with a very small
quantity of 4b.

The molecular weight and the sequence of sugars 1n 4a
were deduced from 1ts negative-ton FAB-mass spectrum,
which showed signals at m/z 794 [M—H]", 633 [M—-H
—161]" (corresponding to the loss of a terminal glucosa-
mine) and 471 (M —H—161—162] (due to the loss of
one glucosamine and one glucose). The presence of these
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two sugars in 4a was confirmed by 'H and '*C NMR,
since the anomeric proton of glucosamine resonated at
4470 and exhibited the expected coupling to its vicinal
proton (genmunal to the nitrogen) at §2.55, as was observed
by COSY-45 and decoupling resonance. Furthermore, C-
2 of glucosamne resonates under '*C NMR at §59 15.
The remaining signals were in good agreement with the
data reported in the literature [7, 8] for other amino
sugar-containing triterpene glycosides. The interglycosi-
dic linkages and the pont of attachment of the sugar
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4a R-H

chain to the aglycone were established by '*C and
"H NMR spectroscopy Comparison of the downfield
shifts of the glucose motety, C-2 (580.15) and H-2 (53 60)
signals with those of methy! glucopyranoside [9] indi-
cated that the glucosamme 1s linked to C-2 of glucose
That the sugar cham s linked to the aglycone at C-3 1s
deduced from C-3 signal at 59189 in the '3C NMR
spectrum [10]. Finally, comparnison of the NMR data of
the aglycone moiety of 4a with those of 1 and 2 clearly
indicates that the oleanane skeleton mn 4a has a free
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hydroxyl group at C-21, and this was confirmed by HREI
mass spectrometry. Thus, 4a 1s 38-0-[0-2-amino-2-
deoxy-f-D-glucopyranosyi-(1 —2)-§-D-giucopyranosyli]-
218-hydroxyolean-12-en-28-o1c acid.

The negative ton FAB mass spectrum of 4b shows a
[M]* at m/z 836 [M—H]~ and other significant frag-
ments at m/z 633 [M —H —203] " (corresponding to the
loss of N-acetylglucosamine) and 471 [M-—H-203
—162]" (corresponding to the loss of N-acetylglucosa-
mine and one glucose unit). The remaining fragments are
coincident with those of compound 4a, and so compound
4b 15 34-0-[0-2-acetamido-2-deoxy-f-D-glycopyranosyl-
(1-2)--p-glucopyranosyl]-21$-hydroxyolean-12-en-
28-oic acid

The negative 1on FAB mass spectrum of 5 showed a
[M]" at m/z 927 [M —H]~ together with signals at m/z
795 [M —H —132]" (due to the loss of a termmal xylose
unit) and 633 [M—-H—-132-162]" and [M—H-—-132
—162—162]" (corresponding to the sequential loss of
xylose and one glucose unit and xylose and two glucose
units respectively) The FAB mass spectrum (positive ion
spectrum) showed a [M]" at m/z 951 [M+Na]* and a
fragment at m/z 882 due to the loss of COOH. The 'H and
13C NMR data of § were almost 1dentical to those of 4a
except for the signals belonging to the sugars. The
aglycone is the same as tn 4 (as was confirmed by HREI
mass spectrometry), with the sugar chain likewtse hinked
to C-3 of the triterpene The interglycosidic linkages
between the sugar umts were established by comparison
of the NMR data with those reported in the literature [9].
In the }3CNMR spectrum, the signals at §62.44 and
62.79 correspond to C-6 of the two glucose umts and
show that these hydroxyl groups are free, while the
signals at $80.86 and 87.83 indicate that the two glucose
units are bound via C-2 and C-3 The downfield shift of
H-2 in both glucoses as observed by COSY-45 served to
confirm this. Thus the structure of § 1s 35-0-[0-8-D-
xylopyranoxyl-(1 — 3)-O-f-D-glucopyranosyl-(1—2)-8-D-
glucopyranosyi]-218-hydroxyolean-12-en-28-oic  acid.
In accordance with these results we concluded that the
triterpene glycosides 1solated from Mussatia sp nov. and
M. hyacinthina species are the E-dimethylcaffeic and E-p-
methylcoumaric esters of 4b and 5.

EXPERIMENTAL

'H and '*CNMR were recorded at 250 and 628 MHz,
respectively HRMS (FAB) was performed by the Midwest
Center for Mass Spectrometry, Department of Chemistry, Uni-
versity of Nebraska, US A The negative 1on FABMS spectra
were performed by the Dipartamento di Chimica delle Sostanze
Natural,, Napoly, Italy LREIMS, LRCIMS and HREIMS were
recorded on a magnetic sector apparatus HPLC sepns were
performed on a Whatman Partisil ODS column using an
mstrument equipped with an UV detector operating at 254 nm
and a R401 differential refractometer

Plant materials. Extn and 1solation was carried out on bark of
Mussatia sp nov [1] and M hyacinthina [3] from Peru

Extraction and 1solation The procedure previously reported
[1-3] for the isolation of phenylpropanoid glycosides was
followed Bark of Mussatia sp nov (290 g) was defatted with
hexane and the residue extracted with MeOH and then lyophil-
ized to give 72 g of powder Thus extract (45 g) was worked-up as
before [1, 2], partitioning between H,0O and H,O-satd n-BuOH
affording, after concn under red pres, 53 and 24.8 g, respect-
wvely Passing the n-BuOH extract through a column of neutral
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Al,O; [1] gave 17.05g An 8 g sample was fractionated by
RLCC [1, 2] and the stationary phase gave 800 mg of a mixt of
triterpene glycosides. Similar processing of the bark of M.
hyacinthina (45 g) produced 120 mg of a mixt of triterpene
glycosides

Acid hydrolysis, 1solation of 1 and 2. The mixt of triterpene
glycosides (124 mg) was refluxed in aq 2 M HCI for 3hr This
soln was dild with H,O, extracted with CHCl, and the CHCI,
evapd off The residue (62 mg) was first purified by prep TLC
(sihica gel, CHCl;-MeOH-H,0, 13 7:2) and then sepd by
HPLC (reverse phase, MeOH-H,0, 2 23) to give pure com-
pounds 1 (15 mg) and 2 (6 mg). In the aq layer were 1dentified
glucose, xylose and glucosamine.

3B-Hydroxy-21p-E-dimethylcaffeoyloxyolean-12-en-28-o1c
acd (1). [¢],—21° (CHCl;, ¢ 010); IR (neat) v,,, cm~! 3400,
2942, 1699, 1633, 1600, 1513, 1258; 'H NMR (CDCl,) E-
dimethylcaffeoyl group 4391 (3H, s, OMe-4), 3 92 (3H, 5, OMe-
3),6.27 (1H, d, J=15.9 Hz, H-8), 6.86 (1H, d, J,=8 4 Hz, H-5"),
7.05(1H, d, J,,=17Hz, H-2), 7.10 (1H, dd, J,=8 4 Hz and J ,
=17Hz, H-6"), 759 (1H, d, J=159 Hz, H-7'); trterpene 5074,
077,091,093,098,107,1.14 (3H each, s, Me), 1 35and 1 90 (1H
each, m, H-19), 1 70 and 1 80 (1H each, m, H-22), 1 60 (2H, m, H-
2), 1.85 (2H, m, H-11), 293 (1H, dd, J=3.8 and 140 Hz, H-18),
322 (1H, dd,J =35 and 11 1 Hz, H-3), 494 (1H, dd, J=4.7 and
119 Hz, H-21), 534 (1H, m, H-12) '3*CNMR (CDCl,) E-
dimethylcaffeoyl group §55.21 (OMe), 5592 (OMe) 109 84 (C-
5'), 111.16 (C-2'), 116 10 (C-8"), 123.50 (C-6'), 127 50 (C-1"), 144 65
(C-7), 149.36 (C-3), 151 26 (C-4'), 166.83 (C-9'). triterpene see
Table 1. LREIMS m/z (rel. int.) 454 [M —C,,H,,0,,74]%, 436
[454 —H,0, 3 7], 408 [454 —HCOOH, 5.9], 246 (100) 208 (85 2),
201 [246—~COOH, 770], 190 (504), 191 (13.8) LRCIMS m/z
(rel 1nt) 662 (M*, 8), 645 (48), 455 (9), 437 (50), 409 (9), 247 (18),
209 (98), 191 (100) HRFABMS m/z (rel. int): 662.4186 (Calc
6624182) (M*, 37), 454 [M-C,,H,,0,, 0.3]", 409 [454
—COOH, 09], 246 (0.7), 208 (2), 201 [246—COOH, 1.1], 151
(138).

3B-Hydroxy-21B-E-p-methoxycinnamoyloxyolean-12-en-28-

oic acid (2). [a]p—23° (CHCl;; ¢ 0.10); IR vie® cm ™ *: 3400, 2946,
1700, 1634, 1604, 1512, 1171; 'HNMR (CDCl,) E-p-meth-
oxycinnamoyl group. 383 (3H, s, OMe-4), 627 (1H, 4, J
=15.9 Hz, H-8'), 6.89 (2H, d, J =8 8 Hz, H-3' and H-5), 7.47 (2H,
d, J=88 Hz, H-2' and H-6), 7.60 (1H, d, J=159 Hz, H-7);
triterpene. 60.74, 0 76, 0.91, 0.92, 0.98, 1 05, 1.14 (3H each, s, Me),
293 (1H, dd, H-18), 3.22 (1H, dd, H-3), 492 (1H, dd, J=4.7 and
11.4 Hz, H-21), 5.33 (1H, m, H-12) LRCIMS m/z (rel int): 631
[M~H, 10]*, 455 [M—-C,,H,,0,, 12]*, 437 (50), 409 [454
—COOH, 6], 247 (12), 209 (11), 201 [246 - COOH, 6], 191 (60),
179 (98), 161 (100)

Basic hydrolysis, isolation of 4a, 4b and 5. The ongmnal of
triterpene glycosides (200 mg) was refluxed in a 10% soln of
KOH i MeOH for 6 hr, then H,O was added and the muxt. extd
with Et,0 E-Dimethylcaffeoyl and E-p-methoxycinnamoyl
acids were 1solated from the organic layer The aq. layer was
neutralized with HCl and concd under red pres. and the residue
(51 mg) subyected to HPLC (reverse phase, MeOH-H,0, 3 2)to
give the saponins 4a (15 mg), 4b (2 mg) and 5 (10 mg)

3B-0-[O-2-amino-2-deoxy-B-D-glucopyranosyl-(1-2)--D-
glucopyranosyl1-218-Hydroxyolean-12-en-28-o1c acid (4a) [alp
+12° (MeOH, ¢, 028). 'H NMR (CD,0D) aglycone moiety
5074,077,091,093,098, 107, 1.14 3H each, s, Me), 1.20, 1 70
(2H, m, H-19), 1 6 (2H, m, H-2), 1 80 2H, m, H-11),2 93 (1H, dd, J
=38 and 140 Hz, H-18), 344 (1H, m, H-3), 522 (1H, m, H-12);
glucose moiety 64 41 (1H,d, J=71 Hz, H-1), 360 (1H, m, H-2),
343 (1H, m, H-3),3 25(1H,m, H-5),3 84 (1H,dd,J= 50and 100
Hz, H-6a), 3.60 (1H, m, H-6b); glucosamine moiety. 64.67 (1H, d,
J=78 Hz, H-1),2 55 (1H, dd, J =7 8 and 8 6 Hz, H-2), 3.18 (1H,
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Table 1 *3C NMR chemical shift data of
the triterpene skeleton of compounds 1, 4a

and §
1* 4a® 5°

C-1 3841 3987 3991
C-2 2759 2709 2717
C-3 78 99 9189 9178
C-4 38.71 4045 4042
C-5 5521 5716 5729
C-6 1822 1940 1940
C-7 3264 3421 3424
C-8 3925 40 56 40.57
C-9 47.58 4798 4798
C-10 3704 3794 3794
C-11 2338 2457 24 58
C-12 12263 12298 123.07
C-13 142 29 145.75 14570
C-14 41 60 40 56 40 57
C-15 2713 29 34 2934
C-16 24 11 2587 2586
C-17 48 04 C c

C-18 40.48 43.05 4305
C-19 46 41 46 22 46 24
C-20 3526 3727 37.26
C-21 75.01 7247 73.06
C-22 36 40 4217 4215
C-23 28 67 2844 2824
C-24 1545 16 89 16 61
C-25 1526 1592 1595
C-26 1705 1778 17.77
C-27 2571 26.30 2630
C-28 181 00 179 50 180 10
C-29 28 04 2990 29 88
C-30 18 34 1822 1818

a In CDCI,
b In CD,OD

¢ Obscured by the solvent

m, H-3), 325 (1H, m, H-5), 384 (1H, dd, J =50 and 10.0 Hz, H-
6a), 3 60 (1H, m, H-6b) '3C NMR (CD,0OD): daglycone moety.
see Table 1, glucose moiety: §62 95 (C-6), 71.69 (C-4), 77 74 (C-5),
78 83 (C-3), 80 15 (C-2), 105 49 (C-1); glucosamune motety' §59 15
(C-2), 63 54 (C-6), 74 78 (C-4), 77 75 (C-3), 78 57 (C-5), 104 35 (C-
1). HREIMS m/z Found (Calc.,, rel int.) m/z 400-500 454 3446
(454 3447, C;34H 60, 11 9),437.3331 (437 3419, C;,H,50,, 100),
43633411 (43633411, C,oH,,0,, TL6), 42130190 (421 31064,
C,oH,,0,,43 2), m/z 150-400° 246.16650 (246 16197, C,4H,,0,,
25 6), 201 16640 (201.16432, C, H,,, 100), 190 17250 (190 17214,
C,,H,,, 313), 17514900 (175 14867, C,5H,,, 22.6) FABMS
(negative 1on) m/z (rel int). 794 ((M —-H] ", 100), 633 ((M—H
—161]17,75),471 ({(M—H-161-162]", 60)
3$-O-[O-2-amino-2-deoxy-p-D-glucopyranosyi-(1—2)-§-D-

glucopyranosyl }-218-Hydroxyolean-12-en-28-oic  acid  (4b)
FABMS (negative 10n) m/z (rel. int) 836 [M—H]", 100), 633
(IM— H-203]", 35),471 ((M~—H—-203-162]", 35)
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3B-0O-[ O-B-D-xylopyranoxyl-(1 - 3)-O-B-D-glucopyranosyl ]-

21B-Hydroxyolean-12-en-28-o1c acid (5} [o]p +8° (MeOH, ¢ 020)
'H NMR (CD,OD). aglycone motety 50.82, 083, 089, 091,
092, 1.03. 111, (3H each, s, aliphatics Me), 1 20, 1 70 (2H, m, H-
19), 1.60 (2H, m, H-2), 1 80 (2H, m, H-11),2.92 (1H, dd, H-18), 3 35
(1H, m, H-3), 5 21 (1H, m, H-12), glucose moety I 6441 (1H,d, J
=74 Hz, H-1), 3 58 (1H, m, H-2), glucose mosety I1 54 61 (1H, d,
J =76 Hz, H-1), 3.35(1H, m, H-2), xylose moiety; 64 78 (1H, d, J
=77Hz), 320 (1H, m, H-2) *CNMR (CD,0D) daglycone
motety see Table 1, glucose units §62 44 (C-6), 62 79 (C-6), 70.23
(C-4) 71 51 (C-4), 7526 (C-2 and C-3), 77 18 (C-5), 78 36 (C-5),
80.86 (C-2), 87 82(C-3), 104 56 (C-1), 104 02, (C-1); xylose moiety"
86695 (C-5), 7041 (C-4), 74 76 (C-2), 76 18 (C-3), 10569 (C-1)
HREIMS m/z (rel 1nt). 454 34467 (C,,H 403, 1 1), 43733194
(C30H,;50,, 37), 43633220 (C,oH, 0, 36), 42131064
(CyoH,4, 05, 22), 40833920 (C,H,,O, 08), 39331572
(C,5H,4,0,25),246 16197 (C, H,,0,,43 6), 201 16432 (C,(H,,,
100), 19017214 (C,,H,,, 652), 17514867 (C,3H,,, 320)
FABMS (negative 1on) m/z (rel mt) 927 ((M—-H]", 100), 795
((M~H-132]", 50), 633 ((M—H—-132-162]", 45), 471 (M
—~H-—132-162—162]", 45) FABMS (positive 10n) m/z (rel
mnt) 973 ((M—H+2Na]*, 68), 951 ((M + Na]*, 98). 905 ([M
—HCOOH +Na]*, 100), 882 ({M—~COOH]*, 60)

Acknowledgements—This work was supported by the U S -Spain
Joint Commuttee for Scientific and Technological Cooperation
(Grant CCB-8402/006) and by an F PI grant awarded by the
Spamish Ministry of Education and Science to CJ G We thank
the Midwest Center for Mass Spectroscopy for HRFAB and
FAB mass spectra We are aiso grateful to Prof Minale for
helpful discussions

REFERENCES

1 Jiménez, C, Villaverde, M C, Riguera, R, Castedo, L and
Stermuitz, F R (1987) Phytochemustry 26, 1805
2 Iiménez, C, Villaverde, M C, Riguera, R, Castedo, L and
Stermutz, F R (1988) Phytochemistry 27, 2947
3 Jiménez, C, Villaverde, M C, Riguera, R, Castedo, L. and
Stermutz, F R (1989) J Nat Prod 52, 408
4. Ogunkoya, L (1981) Phytochemistry 20, 121.
5 Tor, K., Seo, S, Yoshimura, Y, Nakamura, M, Tomita, Y
and Ishii, H (1976) Tetrahedron Letters 4167
6 Delgado, M C C, Da Sulva, M S and Braz Fo, R (1984)
Phytochenustry 23, 2289
7 Ripperger, H, Preiss, A and Schmudt, J (1981) Phytochem-
istry 20, 2434
8. Okada, Y, Shibata, S, Ikekawa, T, Javaellana, A M.J and
Kamo, O (1987) Phytochenustry 26, 2789
9 Bock, K and Pedersen, C (1983) Adv Carbohydr Chem
Biochem 41, 27
10 Torn, K, Seo, S, Shimaoka, A and Tomita, Y (1974)
Tetrahedron Letters 4227



