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Abstract—The new sesquiterpene alkaloids la-benzoyloxy-68-nicotinoyloxy-98-acetoxy-48-hydroxydihydro-§-
agarofuran, la-cinnamoyloxy-6f-nicotinoyloxy-9p-acetoxy-2p,4f-dihydroxydihydro-f-agarofuran, 1ax-benzoyloxy-
68-nicotinoyloxy-88,9a-diacetoxy-4-hydroxydihydro-f-agarofuran  and la-benzoyloxy-68-nicotinoyloxy-9a-
acetoxy-8p,4-dihydroxydihydro-g-agarofuran were isolated from the aerial part of Orthosphenia mexicana and from
the root bark of Rzedowskia tolantonguensis and their structures determined by spectroscopic and chemical studies.

INTRODUCTION

The Celastraceae frequently yield polyester dihydro-§-
agarofuran sesquiterpenes [ 1] and when the ester forma-
tion is due to nicotinic acid or its derivatives, these
sesquiterpenes are termed Celastraceae alkaloids [2].
From the American Celastraceae, sesquiterpenes [3],
diterpenes [3], triterpenes [4] and triterpene quinone
methides [5] have been isolated. The alkaloid-containing
fractions of Orthosphenia mexicana [6] and Rzedowskia R R? R R* RS R®

tolantonguensis [7], plants endemic to north-eastern | OBz H ONic H H OAc
Mexico, have now been analysed. 2 OCin  OH ONic H H OAc
3 OCinn  OAc ONic H H OAc
RESULTS 4 OBz H ONic  OAc OAc H
. 5 OBz H ONic OH OAc H
Compound 1 was assigned the structure la- ¢ OBz H OH OH OAc H
benzoyloxy-6f-nicotinoyloxy-98-acetoxy- 48-hydroxydi- 4 OH H OH OH OH H
hydro-f-agarofuran based on the following data. It was g OAc H OH OAc OH H
isolated as a crystalline solid, mp 139-141°, molecular ¢ OCion  OH OAc H H OAc
formula C;H ;505 N. The IR spectrum showed hydroxyl
and ester group bands; the alcohol grouping was tertiary
since it could not be acetylated under normal conditions.
The mass spectrum suggested the presence of a nicotinate
with fragments at m/z 124 and 106, a benzoate fragment at CH30Ac

OB :
m/z 105 and an acetate fragment at m/z 42 [8]. The : z_ §e Ac? H ?Ac

!H NMR spectrum showed signals corresponding to the
protons of a nicotinate with the geminal proton at 4 5.66 as
a singlet, a benzoate with the geminal proton centred at
5.35 as a double doublet (J = 4.0, 12.0 Hz) an acetate
methyl at 1.62 with the geminal proton at 5.08 as a doublet
(J = 6.5 Hz) and four angular methyls as singlets at 1.34,
1.41, 1.50 and 1.51. Analysis of the above data character- 9 11
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ized a polyester dihydro-f-agarofuran sesquiterpene.
Comparison of the 'HNMR data of 1 with those of
celorbicol ester A (9) [9]), the structure of which was
established by X-ray analysis, located a benzoate at C-1a,
an acetate at C-98 and the remaining nicotinate at C-68
(Table 1). These assignments were later confirmed by
double resonance experiments.

Product 2 was obtained as an amorphous solid. The IR
spectrum showed alcohol and ester bands. Its mass
spectrum showed fragments indicative of cinnamate at
m/z 148, acetate and nicotinate. This was confirmed by
'HNMR spectral studies where the acetate methyl ap-
peared as a singlet at 61.94 with the geminal proton as a
doublet at 4.88 (J = 6.6 Hz). The aromatic protons of the
nicotinate grouping were observed as were the vinyl
protons; the geminal proton appeared as a broad singlet at
5.63. A proton geminal to a secondary aicohol group
appeared at 3.68 (m) which was coupled with the cin-
namate group geminal proton. We have previously identi-
fied sesquiterpene 10 [10], which is similar to 2 but
differing in the group to be found at C-6 which is an
acetate in the case of 10 and a nicotinate in 2. The
comparison of the two compounds allowed the identifi-
cation of 2. When 2 was treated with acetic anhydride in
pyridine at room temperature the ester 3 was produced
(Table 1).

Product 4 was isolated as a solid which crystallized in
needles, mp 114-116°. The mass spectrum had the highest
fragment at m/z 580, corresponding to the loss of a methyl
from the molecular ion and other fragments suggesting
the presence of two acetates, a benzoate and a nicotinate.
The 'HNMR spectrum showed signals for two acetate
groups at 51.46 and 1.87 and four methyls at 1.32, 1.48,
1.50 and 1.68. From the 'H NMR data (Table 1) it could
be deduced that a benzoate group should be found at C-1a
and a nicotinate at C-68. From double resonance experi-
ments the two acetate groups were assigned to C-88 and
C-9a, since the coupling constants Jg_ indicated the
same configuration for these groups as in isoeuonyminol
octa-acetate (11) [11, 12]. Therefore, the structure of 4
was defined as la-benzoyloxy-68-nicotinoyloxy-86,9a-
diacetoxy-4f-hydroxydihydro-f-agarofuran.

Product 5§ was identified as lx-benzoyloxy-68-nico-
tinoyloxy-9a-acetoxy-88,4 8-dihydroxydihydro-f-agaro-
furan from its spectroscopic data and chemical cor-
relation with 4. Acetylation of § yielded 4.

The partial hydrolysis of 5§ with triethylamine at 5° led
to the denicotinoyl derivative 6. In its 'H NMR spectrum
there was no singlet at 5588, as was present in the
spectrum of 5, while a new doublet appeared centred at
4.85 (J = 5.2 Hz) corresponding to the proton geminal to
the hydroxyl group at C-6 which was coupled with the
hydroxyl proton. The structure of 6 was thus determined
as la-benzoyloxy-9a-acetoxy-4p8,68,88-trihydroxydi-
hydro-f-agarofuran. Total hydrolysis of § gave the pro-
duct 7 which, when acetylated, yielded the diacetate 8,
with ester formation only at C-1« and C-88 (Table 1).

EXPERIMENTAL

Mps are uncorr. 'H NMR spectra were obtained using CDCl,
as solvent, unless otherwise stated. IR spectra were taken in
CHCl;. Dry chromatography was carried out on silica gel
0.05-0.2 mm. Voucher specimens of Orthosphenia mexicana and
Rzedowskia tolantonguensis have been lodged with the Biology
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Department of the Instituto Tecnologico y de Estudios
Superiores de Monterrey, Mexico, nos 7723 and 7853, respect-
ively. The aerial part of Orthosphenia mexicana was extracted
with MeOH and after filtering and solvent evapn, yielded 26 g of
extract. The root bark of Rzedowskia tolantonguensis was
extracted with n-hexane and 3.2g obtained. Both extracts
were subjected to repeated chromatography with mixtures of
petrol-EtOAc as cluent. From O. mexicana the following pro-
ducts were isolated: la-benzoyloxy-68-nicotinoyloxy-98-
acetoxy-4B-hydroxydihydro-g-agarofuran (1) (Smg);, la-
cinnamoyloxy-68-nicotinoyloxy-9p-acetoxy-2p,48-dihydroxy-
dihydro-f-agarofuran (2) (20 mg); la-benzoyloxy-6f-nic-
otinoyloxy-9a-acetoxy-4p,8f-dihydroxydihydro-g-agarofuran(5)
(25mg). From R. tolantonguensis were isolated: (1) (20 mg)
and 1a-benzoyloxy-6f8-nicotinoyloxy-88,9«-diacetoxy-4-
hydroxydihydro-§-agarofuran (4) (20 mg).
1a-Benzoyloxy-6B-nicotinoyloxy-9f-acetoxy-48-hydroxydihy-
dro-B-agarofuran (1). Mp 139-148°. [M]* at m/z 537.2383
(calc. for CyoH ;505N 537.2359). IR vSHCh em ~': 3540, 3000,
2948, 2920, 2845, 1720, 1590, 1450, 1384, 1365, 1278, 1258, 1235,
1135, 1108, 1090, 1023, 965. 'H NMR (200 MHz}: $1.34 (3H, s),
1.41 (3H, s), 1.50 (3H, s), 1.51 (3H, s), 1.62 (3H, s), 2.34 (1H, d, J
= 3.0 Hz),3.01 (1H,s),5.08 (1H,d,J = 6.5 Hz), 5.32and 5.35(1H,
dd,J = 4.0, 12.0 Hz), 5.66 (1H, s), 7.46 (4H, m), 8.05 (2H, m), 8.48
(1H, m), 8.78 (1H, d, J = 4.0 Hz), 9.35 (1H, br s). EIMS m/z (rel.
int.y: 537 [M]* (1), 452 (4), 451 (14), 400 (4), 354 (2), 232 (4), 228
(4), 175 (4), 149 (18), 135 (5), 124 (25), 119 (4), 106 (74), 105 (100),
95 (7), 81 (7), 77 27).
la-Cinnamoyloxy-6-nicotinoyloxy-9p-acetoxy-2p,4-dihy-
droxydihydro-B-agarofuran (2). Amorphous solid. [M
~CH,COOH]* at m/z 5192184 (calc. for C;,H;;0;N
519.2255). IR vEHCh em ~1: 3540, 3000, 2945, 2920, 2840, 1720,
1630, 1445, 1365, 1280, 1245, 1160, 1135, 1020. 'HNMR
(200 MHz): 61.39 (3H, s), 1.42 (3H, s), 1.53 (6H, s), 1.94 (3H, s),
3.68 (1H, m), 4.88 (1H, d, J = 6.6 Hz), 541 (1H, 4, J = 10.6 Hz),
5.63 (1H, br 5), 6.41 (1H, d, J = 16.0 Hz), 7.40 (4H, m), 7.57 (2H,
m), 7.71 (1H, d, J = 16.0 Hz), 849 (1H, d, J = 8.4 Hz), 8.80 (1H,
m),9.35 (1H, m). EIMS m/z (rel. int.): 579 [M] * (0.3), 564 (0.2), 546
(2), 504 (1),493 (3),450 (3),438 (3), 416 (7), 371 (5), 328 (7), 290 (9),
248 (9), 230 (6), 182 (7), 167 (5), 151 (13), 124 (70), 103 (43).
la-Cinnamoyloxy-6B-nicotinoyloxy-2$,98-diacetoxy-48-hy-
droxydihydro-p-agarofuran  (3). Compound 2 (15 mg,
0.026 mmol) was treated with Ac,0 in pyridine and extracted
with EtOH in the usual way, yielding 3 (10 mg, 0.016 mmol, yield
62 %) as an amorphous solid. '"H NMR (200 MHz): 61.42 (3H, s),
1.45 (3H, s), 1.50 (6H, s), 1.84 (3H, s), 1.96 (3H, s), 3.13 (1H, br s),
484 (1H,d,J = 6.0 Hz),4.93 (1H,m), 5.62 (1H, br s), 5.64 (1H,d, J
= 10.0 Hz), 6.43 (1H, d, J = 16.0 Hz), 7.35 (4H, m), 7.56 (2H, m),
767 (1H,d,J = 16.0 Hz), 8.48 (1H, br s). EIMS m/z (rel. int.). 621
[M31* (1), 606 (1), 563 (1), 535 (5), 488 (2), 458 (5), 426 (2), 290 (3),
273 (3), 226 (1), 149 (29), 124 (23), 106 (44), 105 (65), 103 (26), 95
(22), 81 (23), 77 (24).
1a-Benzoyloxy-68-nicotinoyloxy-88,9a-diacetoxy-4-hydroxydi-
hydro-B-agarofuran (4). Mp 114-116°. [M —15]* at m/z
5802233 (cak. for C; H30,0N 5802179). IRvEHC:cm™1:
3660, 3550, 2950, 2860, 1725, 1585, 1445, 1365, 1330, 1275, 1175,
1105, 1065, 1045, 1025. '"H NMR (200 MHz): 1.32 (3H, 5), 1.46
(3H, s), 1.48 (3H, 5), 1.50 (3H, 5), 1.68 (3H, 5), 1.87 (3H, 5), 2.64 (1H,
d, J =3.0Hz), 2.85 (1H, s), 5.11 and 5.17 (1H, dd, J = 4.0,
12.0 Hz), 5.37 and 5.42 (1H, dd, J = 3.3 and 10.0 Hz), 5.79 (1H, s),
597 (1H,d, J = 10.0 Hz), 7.46 (4H, m), 8.01 (2H, m), 8.46 (1H, m),
8.78 (1H, m), 9.34 (1H, d, J = 1.6 Hz). EIMS m/z (rel. int.: 595
[M3]* (1), 581 (2), 536 (2), 535 (3), 510 (5), 509 (15), 474 (2), 271
(14), 228 (5), 148 (10), 124 (43), 106 (74), 105 (100), 95 (7), 77 (27).
1a-Benzoyloxy-6f-nicotinoyloxy-9a-acetoxy-8,4p-dihydroxy-
dihydro-B-agarofuran (5). Mp 184-186°. [M]1" at m/z
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Table 1. '"H NMR spectral data*®

Compound H-1 H-2 H-6 H-7 H-8 H-9 Ac-1 Ac-2 Ac-8 Ac9
1 5.35 5.66 5.08 1.62
(dd, 4.0, 12.0) (s) (d, 6.5) (s)
2 541 3.68 5.63 488 1.94
(d, 10.6) (m) (brs) (d, 6.6) (s)
3 5.64 493 5.62 484 1.84 1.96
(d, 10.0) (m) (br s) (d, 6.0) (s) (s)
4 5.14 579 264 5.40 5.97 1.87 1.46
(dd, 4.0, 12.0) (s) (d,30) (dd,33,100) (d,100) (s) (s)
5 5.27 5.88 279 447 6.06 1.87
(dd, 4.0, 12.0) (s) (d, 2.6) (dd, 2.6, 9.0) (d,9.0) (s)
6 5.10 4385 247 393 5.77 1.68
(dd, 4.0, 10.0) (d,52) (d,30) (m) (d, 9.0) (s)
8 5.20 514 244 4.76 433 207 201
(AB, d, 40 Hz) (d,50) (d,30) (dd,30,100) (d,80) (s) (s)

*Run in CDCl, at 200 MHz. Values are in 4. Multiplicities and coupling constants (Hz) are given in parentheses.

5§53.2311 (calc. for C3oH 505N 553.2386). IR vSHCH em ~!: 3600,
3540, 3000, 2945, 1720, 1588, 1445, 1365, 1275, 1110, 1023, 1003.
'HNMR (200 MHz, C,D,O}). 61.50 (3H, s), 1.60 (3H, s), 1.64
(3H,5), 1.70(3H, 5), 1.87 (3H,5),2.79 (1H,d, J = 2.6 Hz),2.84 (1H,
5),445and 449 (1H,dd,J = 2.6,9.0 Hz), 5.24 and 5.30 (1H, dd, J
= 4,0,12.0 Hz), 5.88 (1H, 5),6.06 (1H,d,J = 9.0 Hz), 7.46 (4H, m),
8.01 (2H, m), 8.46 (1H, m),8.78 (1H, br s),9.34 (1H, br s). EIMS m/z
(rel.int): 553 [M]* (1), 539 (1), 538 (2), 535 (1), 520 (2), 467 (9), 305
(10), 271 (12), 259 (9), 148 (9), 124 (39), 121 (8), 105 (100), 95 (10),
77 (23).

Acetate of compound 5. Compound 5 (25 mg, 0.045 mmol) was
treated with Ac,0O in pyridine and after usual extraction, yielded
4 (12 mg, 0.020 mmol, yicld 45%).

Hydrolysis of compound 5. Compound 5 (78 mg, 0.141 mmol)
was dissolved in MeOH (3ml) and treated with 0.2 ml of
triethylamine at 5° for 16 hr, taken to dryness and chromatogra-
phed, yielding 5 (30 mg) and 6 (30 mg, 0.067 mmol, yield 48 7).

1a-Benzoyloxy-Sua-acetoxy-68,88.48-trihydroxydikydro-$-agaro-
Suran (6). '"HNMR (200 MHz): §1.35 (3H,s), 1.40 (3H, s),
1.54 (3H, 5), 1.57 (3H, 5), 1.68 (3H, 5), 247 (1H, d,J = 3.0 Hz), 3.14
(1H, br s),3.93 (1H, m),4.40 and 5.29 (2H, d, J = 5.2 Hz), 507 and
5.12 (1H, dd, J = 4.0, 100 Hz), 5.77 (1H, d, J = 9.0 Hz). EIMS
m/z (rel.int.;. 433 (M — 15]* (17), 415 (2), 388 (1), 370 (2), 355 (6),
293 (5), 202 (19), 166 (28), 149 (56), 105 (100).

Hydrolysis of compound 6. Compound 6 (19 mg) dissolved in
MeOH (12 ml) and C¢H,, (5 ml), was heated under reflux for 2
days, the volume was reduced under lowered pressure, the
substance was poured into H,O and extracted with EtOAc in the
usual manner and after purification yielded 10 mg of 7.

Acetate of compound 7. Compound 7 (10 mg) was treated with
Ac,0 in pyridine and extracted with EtOAc in the usual manner,
yiclding 8 (2 mg).

1a,88-Diacetoxy-6,9a,48-trihydroxydihydro-B-agarofuran (8).
'H NMR (200 MHz): 51.15 (3H, 5), 1.49 (3H, 5), 1.51 (3H, 5), 1.56
(3H, s), 2.01 (3H, 5), 2.07 (3H, 5), 2.44 (1H, d, J = 3.0 MHz), 4.33

(1H, d, J = 8.0 Hz), 4.39 and 5.14 (2H, d, J = 5.0 Hz), 4.74 and
479 (IH, dd, J = 30, 100 Hz), 5.19 and 522 (1H, dd, J,g
= 4.0 Hz). EIMS m/z (rel. int.y: 371 [M — 151" (2), 368 (1), 353 (1),
326 (2), 311 (2), 308 (3), 251 (4), 248 {4), 233 (5), 205 (8), 191 (9), 149
(10), 109 (25), 98 (53), 83 (26).
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