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Abstract—Three new quassinoids, 11-a-0-(8-D-glucopyranosyl)-16-a-O-methylneoquassin, 1-a-O-methylquassin and
12-o-hydroxy-13,18-dehydroparain have been isolated and identified from Quassia amara wood. In addition, 16-a-0-
methylneoquassin and 11-acetylparain were isolated for the first time from a natural source. The structures of all
compounds were determined by spectroscopical methods as well as by chemical correlations. The reaction products of
the NaBH, reduction and of the alkaline isomerization of parain were also investigated.

INTRODUCTION

Quassia amara wood is still widely used in traditional
medicine and recently some quassinoids and quassinoid
glycosides isolated from plants of the Simarubaceae have
received renewed attention due to their biological activity
as potential antitumour agents [1-6] as well as antiulcer
agents [7]. Stimulated by these findings we continued our
research [8-107] on the minor components from Quassia
wood.

This paper describes the isolation and identification of
a new quassinoid glycoside, namely 11-a-O-(8-D-gluco-
pyranosyl)-16-a-O-methylneoquassin (1) besides the
known methyiglucoside 4 from methanol extracts of the
wood, and of the two new quassinoids, 1-a-O-methyl-
quassin (10) and 12-a-hydroxy-13,18-dehydroparain (19)
from chloroform extracts. Moreover, 16-2~O-methyl-
neoquassin (6) and 11-acetylparain (12) have been isol-
ated for the first time as natural products. The chemical
and stereochemical structures of all the compounds have
been assigned by means of spectral studies (IR, 'H and
13C NMR) and by chemical correlations. (Schemes 1-4).
The products of the alkaline isomerization of parain (11)
and of its reduction with NaBH,, carried out in the
presence and in the absence of NaOH, have been also
investigated. (Scheme 3).

RESULTS AND DISCUSSION

The *H NMR (400 MHz) and !3C NMR (50.32) spectra
of 1 and its acetylderivative 1a suggested the presence of

*Author to whom correspondence should be addressed.

Preliminary results were presented at 1 er Congreso Conjunto
Hispano-Italiano de Quimica Terapeutica, 19-22 September
1989, Granada, Spain.

B-D-glucopyranose and of a trimethoxylated quassinoid
aglycone moiety, in which the relative configuration at
C-16 (B-H) followed by comparison with the known
compound 21 [8] (Tables 1-3). Acid hydrolysis of 1 [11],
followed by CrO; oxidation, afforded 16-a-O-methylneo-
quassin which proved to be identical with the natural
product 6 (Scheme 1, Tables 1 and 3). Moreover, the
structure of 6 was proved by its identity with the meth-
ylated derivative (7a) of neoquassin (7) (TLC and 'H
NMR). Thus, the spectroscopical and chemical evidences
provided a corroboration for the nature of 1 as an
unusual 11-a-O-glucoside of 11-x-hydroxy-16-a-O-
methyineoquassin (2) [12, 14].

The structure and stereochemistry of the new quassi-
noid 1-a-O-methylquassin (10) was assigned by means of
'H and '3C NMR spectroscopy (Tables 1 and 3), as well
as by chemical correlation with an authentic sample of
quassin (8) (Scheme 2). Analogously the structure and the
stereochemistry of the new quassinoid 12-a-hydroxy-
13,18-dehydroparain 19 has been achieved by "H and '3C
NMR examination and through its acetonide derivative
20 (Scheme 4, Tables 2 and 3).

The structures of the natural products 11-acetylparain
(12) and 16-a-0O-methylneoquassin (6) also resulted from
spectroscopic evidence (H and !'3CNMR spectra in
Tables 2 and 3) and from the chemical transformations
reported in Schemes 1 and 3.

The reaction of parain 11 with NaBH,/NaOH (Scheme
3) led, as expected [15], to the regioselective reduction of
the carbonyl groups at C(1) and C(12). In fact, only one
compound was isolated which was identified as
1-hydroxy-12-a-hydroxyparain (14) successively conver-
ted into the triacetylated derivative 14a.

The stereochemistry at C-11 and C-12 in 14 was
assigned on the basis of 'HNMR evidence (coupling
constants of H-9, H-11 and H-12 are shown in Table 2)
and chemical correlations. Firstly, 14 was acetonylated to
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give 15 which was then treated with CrO, to yield 16. The
same compound 16 was obtained from paraine (11) in
three steps, viz: by reduction with NaBH,, followed by
acetonylation and further Ag,O oxidation (Scheme 3). In
fact, the treatment of 11 with NaBH, in the absence
of alkali reduced both the carbonyl group at C-12 and
the lactone group, whereas the o,f-unsaturated
ketone remained unchanged.

Unlike the case reported for quassin (8) [15], reduction
of the C-1 carbonyl of 11 with NaBH,/NaOH gave 14
which furnished 'H and 3C NMR data which were not
diagnostic for the C-1 stereochemistry (Tables 2 and 3),
probably because of the absence of a carbonyl in C-11,
while reduction of the C-12 carbonyl group of 11 occur-
red with a-hydroxystereoselectivity (14 and 17) in the two
different reaction conditions (Schemes 2 and 3).

Finally, to correlate natural isoparain (18) with parain
(11), we have submitted 11 to alkaline isomerization with

NaOH/EtOH obtaining 18 as the major reaction prod-
uct. The further acetylation of 18, either natural or
semisynthetic, gave the same monoacetyl derivative 18a
(Scheme 3).

EXPERIMENTAL

General. Mps: uncorr. IR: CHCl; or KBr. UV: MeOH
soln. "H NMR were recorded at 400 and 200 MHz using
TMS as int. standard. '3CNMR were recorded at
50 MHz. Merck DC-Alufolien Kieselgel 60 F,5, and
Merck Kieselgel 60 were used for TLC and CC. A voucher
specimen of Quassia amara L. had been deposited at the
Herbarium of the Institute of Vegetal Biology, University
of Perugia, Italy [8].

Extraction. Wood chips were exhaustively extracted
with MeOH at room temp. and the extract evapd in vacuo
as described in ref. [8]. H,O and MeOH were then added
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to the residue and the mixt. extracted with CHCIl,. The
aq. alcohol sol. fr. was evapd to dryness yielding a crude
powdered residue which was repeatedly treated with
MeOH. The MeOH extract was then evapd in vacuo
and the residue (125 g) was repeatedly flash-chromato
graphed on silica gel columns. Elution with solvents of
increasing polarity CHClL;-»CHCL,-MeOH (4:1),
CHCl,—»CHCl,-MeOH-H,0O (21:21:8) yielded inter
alia, methyi-D-glucoside (4) (320 mg) and 11-2-O-{8-D-
glucopyranosyl)-16-a-O-methylneoquassin (1) (72 mg).
The CHCI, sol. fr. was evapd under red. pres. and the
residue extracted with petrol as described in ref. [8]. The
solvent was evapd to give 240 g of an oily residue, 9 g of
which was dissolved in CHCl; and repeatedly flash-

chromatographed on silica gel columns using eluents of
increasing polarity CHCl;—»CHCl,~MeOH (9:1). Quas-
sin (8) (205 mg), 11-a-acetylparain (12) (40 mg), parain (11)
(120 mg), isoparain (19) (20 mg), [8], 11-dihydro-12-
norneoquassin (21) (30 mg) [83, 16,0-O-methylneoquas-
sin (6) (25 mg} and neoquassin (7) (38 mg) were isolated
and identified.
11-0-O~(B-glucopyranosyl}-16-a-O-Methylneoquassin

(1). Isolated from MeOH extract, yield 52 mg, powder
from EtOH, mp<200° dec. IR vKB* cm™1: 3500-3300,
2980, 1430, 1070-1050. '"H NMR: Table 1; 3C NMR:
Table 3.

Acetylation of compound 1. Compound 1 (10 mg) was
acetylated in Ac,O-pyridine at room temp. Usual work-
up and chromatographic purification yielded 8 mg of the
pure tetra-acetylated derivative 1a. *H NMR: Table 1.

Acid hydrolysis of compound 1. A soln of 1 (40 mg) in
1.5 M agq. alcoholic H,SO, (15 ml) was refluxed for 6 hr
and then poured into H,O (15 ml) [16]. After concn
under red. pres. the aq. residue was extd with CHCl;. The
combined CHCl, exts were dried over Na,SO,, evapd
and chromatographed to give 23 mg 11-a-OH-16-2-0-
methylneoquassin (2). 'H and '3C NMR: (Tables 1 and 3).

Oxidation of compound 2. Compound 2 (20 mg) in
Me,CO was treated at 0° with Jones reagent. Usual
work-up of the reaction mixt. and chromatographic
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Table 1. 'H NMR spectral data for compounds 1-10 (200 MHz, 400 MHz*, CDCl,, pyridine-dg1)
H 1*+1 lat§ 21 6*+ 7 Ta 8 9 10
1 — — —_ — — - 4.55s 448 s
3 5.25d(5) 5.204d(6) 525d(5) 5.30d(5) 5.35d(5) 5.30d(5) 5.304d(3) 4.654d(3) 4.68 d (3)
7 362m 3.60m 3.70m 3.62m 3.50m 3.55m 3.60m 429 m 430m
9 3.05d (13) 3.00d4(12) 3.004(13) 321s 3.20s 3205 3155 3385 3255
11 505d(13) 509d(12) 4.27d(13) — - - - -
16 4.80d (3) 4.80d(3) 4.82d(3) 4.804d(3) 490d(3) 485m — e —
OMe-2 3.60s 3.60s 3.60 s 361s 3.63s 3655 3.62s 355s 3.58s
OMe-12 3.65s 3.68s 3.65s 3.67s 3.70s 370s 3.69s 360s 365s
OMe-16 340 s 342s 345s 339s — - — —
Me-4 1.154(3) 1.15d (2) 1.14d (3) 1134 (3) 1.10d (6) 1.12d(6) 1.124d(5) 1.004d(3) 1.08 4 (3)
Me-8 128 s 1.28 s 1.26s 1.30 s 1.20s 1.19s 1.25s 1.23s 1225
Me-10 1.58 s 1.60 s 1.58 s 1.57s 1.56 s 1.56 s 1.57s 1.10 s 1.12s
Me-13 1.82s 1.80s 1.80s 185s 1.85s 1.85s 1.85s 1.88 5 186 s

1 Besides 4.95 (1 x, d, J=42 Hz) H-anom and 3.55-4.00 (6H, m) H-Glc.
§ Besides 4.98 (1H, d, /=12 Hz) H-anom and 4.20-4.55 (6H, m)H-Glc.
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purification yielded 14 mg of a pure product which
proved to be 16-a-O-methylneoquassin (6) identical by
TLC, 'H and !3C NMR (Tables 1 and 3), with the natural
product 6 isolated from the CHCI;, extract.

Methylation of compound 3. The aq. layer obtained
from acid hydrolysis of 1 was chromatographed through
a short column of anion-exchange resin (Amberlite RA
400, OH-form), treated with EtOH and evapd in vacuo to
give an amorphous residue which was dried in the
presence of P,Og for 7 hr under red. pres. at 45°. The
powdered product 3 (5 mg) obtained was identified as
D-glucose by TLC comparison with an authentic sample
[17]. Compound 3 was then suspended in dry MeOH
(5 ml), previously satd, with gaseous HCI, and kept for 16
hr at 70° in a sealed tube. After evapn of solvent, the solid
residue was suspended in H,O, extd with EtOAc and the
combined organie exts, dried over Na,SO,, were evapd at
room temp. under N,. The residue (3 mg) was identical by
TLC (silica gel, CHCl;-MeOH, 9:1 and EtOAc-C.Hg,
1:1) and by 'H NMR, to a synthetic mixture of methyl
a,B-D-glucoside prepared from an authentic sample of D-
glucose. It was also identical to the natural compound 4
(5 mg) isolated from the MeOH-sol. extract.

Acetylation of compound 4. Three samples (10 mg each)
of 4, the natural one, the one obtained from the methyl-
ation of 3 and a synthetic mixt. of methyl-a,8-D-glucoside
were acetylated in Ac,O- pyridine to yield the same tetra-
acetyl-a,$-D-glucoside (5).

Methylation of compound 7. To a soln. of 50 mg of
neoquassin (7) in 8§ ml of DMFA were added 70 mg Mel
and 70 mg Ag,0 and the reaction mixt. kept in a sealed
tube for 17 hr at 85°. The reaction mixt. was then poured
into H,O (30 ml) and the soln extracted with CHCI,. The
combined CHCI; exts were repeatedly washed with H,O,
dried over Na,SO, and evapd in vacuo. CC purification
afforded 28 mg of 16-O-methylneoquassin (7a), which was
identical, by TLC with natural product 6 and with 6
obtained from I as shown in Scheme 1. '"H NMR: Table 1.
13C NMR: Table 3.
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Table 3. ">*CNMR spectral data for compounds 1, 2, 6, 8, 10~12, 14, 17-19 and 21 (50 MHz) (CDCl,, *pyridine-d,)

C 1* 2 6 8 10 1 12 14 17 18 19 21
i 1931 1936 1978 1975  703¢ 1977 1968  720° 2094 2088 2082 2113
2 1480 1475 1401 1479 1509 1468 1465 1539 1482 1485 14759 1487
3 1165 1164 1161 1163 1044 1140 1139 1016 1165 1162 1158 1177
4 313 309 308 307 309 316 320 318 309 323 308 413
5 458 444 429 430 449 431 450 429 442 450 432 427
6 251% 253 254%  254°  252° 2499 252 258 260° 255  259°  261°
7 681 682 684 815 828  802°  80.8°  814°  789°  820° 826  752°
8 382 360 365 367 371 359 368 370 366 359 358 373
9 463° 441> 482° 456"  460°  429°  425° 428" 436  431° 4250 429°
10 4.1 423 454 455 4L9 433 440 452 409 444 460 487
1 908 798 1921 1907 1920  760°  80.1°  758°  759< 2061 756 713
12 1309 1400 1398 1380 1398 2048 2056  764°  766° 715  TN1 2044
13 1482 1485 1474 1476 1475 306 429 430 432 460  1461¢ 506
14 49.6° 486" 458>  459° 488>  449b  451° 443" 448  446b 4450 444°
15 296  302* 289 319  307°  309* 316  3L1° 308 315 315 3120
16 957 961 966 1687 1689 1694 1690  169.5 982 1688 1693 970
18 1314 1300 1480 149% 1514 123 1050 107* 1090 113¢ 1143 11.0°
19 127¢129° 1240 123 127 1224 127% 1260 125¢ 123 125 123
30 194 189°  19.2°  190°  192°  189°  193° 188  192¢  190°  188°  19.2°
Me-4 193°  201° 215 218  190°  208°  2L1° 198  204°  208°  209°  21.2°

548 551 543 546 544 545 546 543 550 548 552 549
OMe { 590 590 586 589 591  — - - — —~

558 559 538 - 586 — - - -

168.8

OAc  — - - - — { 23 - — -
g 106.4
2 78.6
3 774 - - — — - - - - -
4 77.0
5 75.4
6 59.9

Signals with the same letters in the same vertical column may be reversed.

16-a-O-Methylneoquassin (6). Isolated from CHCI,
extract. Yield 75 mg, powder from MeOH, mp 173-176°.
IR M€ cm 71 2960, 1680, 1640. *H NMR: Table 1. 13C
NMR: Table 3. This compound was spectroscopi-
cally identical with the one obtained by acid hydrolysis of
1 followed by CrO, oxidation and it had the same TLC
R, value as the product of methylation (7b) of natural
neoquassin (7).

1-Dihydro-a-methoxyquassin (10). Isolated from
CHCl; extract. Yield 12 mg, powder from MeOH, mp
168-172°. 'H NMR: Table 1. 3C NMR: Table 3.

Reduction of quassin 8. A soln of 100 mg of 8 in 4 ml of
aq. NaOH (10%) was treated with 300 mg of NaBH,
stirring at 80° for 30 min. The reaction mixt. was then
cooled and quenched with excess Me,CO. After 30 min
the mixt. was acidified with aq. H,SO, (1%) to pH 2 and
extracted with CHCl; [15]. After usual work-up, CC
purification yielded 45 mg of 1-dihydro-a-hydroxy-quas-
sin (9), mp 197-200°. *H NMR: Table 1. '3C NMR: Table
3, in agreement with those reported in the lit. [11].

Methylation of compound 9. Compound 9 (10 mg) was
methylated with Me,SO, in DMSO at 50° for 15 hr

according to the usual procedure. The product of the
reaction, after CC purification, (25 mg) was identical by
TLC, mp, 'H and !3CNMR (Tables 1 and 3) to the
natural compound 10.

11-Dihydro-12-norneoquassin 21. Isolated from CHCl,
extract. Yield 19 mg, identical to an authentic sample [8].
'H NMR: Table 2. 13C NMR: Table 3.

Parain (11). Isolated from CHCI; extract. Yield 250 mg,
identical to an authentic sample [8]. 'H NMR: Table 2,
13C NMR: Table 3.

11-Acetylparain (12). Isolated from CHCI, extract.
Yield 14 mg, *H NMR: Table 2. 1*C NMR: Table 3.

Acetylation of parain (11). Parain (60 mg) was acetyla-
ted in Ac,O-pyridine at room temp. After usual work-up,
CC sepn afforded 40 mg of 11-acetylparain (12), identical
to the isolated natural compound, and 5 mg of the
diacetylated product 13. '"H NMR: Table 2. 13C NMR:
Table 3.

Reduction of parain (11). Parain (11) (120 mg) was
reduced with NaBH,~NaOH as described in ref. [15].
CC purification of the product of reaction yielded 45 mg
of 1-hydroxy-12-a-hydroxyparain (14), mp 219-223°.
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Powder from MeOH. 'H NMR: Table 2. '3C NMR:
Table 3. Compound 14 was also acetylated yielding the
triacetyl derivative 14a.

Acetonylation and oxidation of compound 14. Com-
pound 14 (25 mg) was treated with dry CuSO, in Me,CO
at reflux temp. for 24 hr. After the usual work-up 20 mg of
12,13-acetonylderivative (15) was obtained. 'HNMR:
Table 2. Compound 15 was then oxidized by Jones
reagent at 0° yielding product 16.

Reduction of parain (11) by NaBH,. Parain (11) (40 mg)
was dissolved in 40 ml of EtOH and stirred with 120 mg
of NaBH, at 60° for 1 hr. The reaction furnished 22 mg of
12-dihydro-a-hydroxyparain (17) identified by 'H (Table
2) and *3C NMR (Table 3) and by the formation of the
triacetyl derivative (17a).

Acetonylation and oxidation of compound (17).Com-
pound 17 (20 mg) was acetonylated as described above.
The product of reaction was directly oxidized with Ag,O
in EtOH-H,0 [8] yielding, after CC purification, prod-
uct 16 (10 mg) which was identical by TLC and 'H NMR
to the compound obtained by CrO; oxidation of 15
(Scheme 3 and Table 2).

Isoparain (18). Isolated from CHCI, extract. Yield 28
mg, needles from MeOH, mp 259-261°. 'H NMR (Table
1) identical to those reported in lit. [8, 18]. 3C NMR:
Table 3.

Isomerization of parain (11). Parain (11) (20 mg) was
poured into a mixt. of 10 ml of EtOH and 10 ml of 0.1 M
aq. NaOH and the soln refluxed for 48 hr. After acidific-
ation with 0.1 M HCI and extraction with CHClj;, usual
work-up gave a residue which was chromatographed
yielding 25 mg of isoparain (18) identical by TLC, *H and
I3CNMR (Tables 2 and 3) to the natural compound.

Acetylation of isoparain (18). A sample of 18 from
alkaline isomerization of 11 (20 mg) and a sample of
natural 18 (20 mg) were acetylated with Ac,O-pyridine
furnishing the same monoacetyl derivative (18a). 'H
NMR: Table 2.

12-a-Hydroxy-13,18-dehydroparain (19). Isolated from
CHCl, extract. Yield 11 mg, powder from MeOH, mp
238-241°. IR v$HC ¢m~1: 3500, 2980, 2950, 1730, 1690,
1630, 1450, 1400, 1130. tH HMR: Table 2. 13C NMR:
Table 3. Compound 19 was then acetonylated according
to the procedure above described to give the acetonyl
derivative 20.
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