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Semisynthetic Derivatives of Quassin
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Abstract: The natural product quassin has been modified in order to produce compounds with potential antimalarial
action. The modifications include demethylation reduction of the keto function, esterification with simple organic acids
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The bitter degraded triterpenoid quassmmds have been identified as the active constituents of plants from
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work described in this paper is a continuation of our studies on the chemical modification of quassinoids as

5.

potential antimalariai agents.**
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a C-8 methylene-oxygen bridge to C-11 or to C-13 and the nature o

he C-15 substituent have marked effecis on
antiplasmodial activity.’ It has been suggested that an ester side chain may increase lipophilicity of the compound,
thus aiding delivery to the site of action and that the branched or unsaturated nature of the ester moiety may be
important for effective interaction or bonding at the site of action.® The parent quassinoid, quassin 1 which is
inactive against tumour cells and against plasmodia differs chemically from potent quassinoids such as brusatol 2.
There are three major chemical differences between quassin and brusatol, which contains (i) an extra substituent
at C-15, (ii) different substituents in ring A and (iii) a methylene-oxygen bridge in ring C. In order to investigate
the effect on biological activity of introducing various substituents on the quassin molecule a series of quassin

derivatives has been prepared.

0040-4020/98/$19.00 © 1998 Published by Elsevier Science Ltd. All rights reserved.
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DISCUSSION

To study the structure activity relationship of quassin analogues, different compounds were synthesised
systematically varying the substituents at the C-2, C-12 and C-15 positions.

3
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a H CH,
b  COCH, CH,
c COCH; CH,
d COCH=C(CHj,), CH,
e COCH,C(CH,), CH;
f  CO(CH,)CH, CH,
g CO(CH,),,CH; CH;
h  CH,O(CH,),0CH, CH,
i COCH,[NHOCOC(CH,),] CH,
j COCH[NHOCOC(CH,),]CH(CH,), CH,
k COCH[NHOCOC(CHj;),]CH(CH;)C,H; CH;,
| COCH[NHOCOC(CH,);]CH,C,H, CH,
m COCH[NHOCOC(CH,),J(CH,),CH, CH,
n COCH[NHOCOC(CH,;),XCH),CH;, CH,
0 COCH[NHOCOC(CH,),(CH,),,CH, CH,
p  COCH[NHOCOC(CH,),J(CH,),,CH, CH,
r H H

$ COCH, H

t COCH; H

Modifications at C-2

For the preparation of C-2 modified quassin analogues, quassin was demethylated with 10% HCl in acetic

uassin (3a) was acylated with the correspondin
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C-2, compound 3h was prepared by treatment of compound 3a with methoxyethoxymethyl chloride. Amino acid
esters 3i-31 were prepared from N-(tert.butoxycarbonyl)-glycine,-L-valine,-L-isoleucine and -L-phenylalanine
respectively.

The lipoamino acids and their oligomers provide an excellent means of enhancing the lipophilicity of

different conjugating compounds and also increase the biological stability of the drugs by protecting them from
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enzymatic degradation.*® Lipophilic quassin analogues were prepared from lipoamino acids of increasing
lipophilicity. Reaction of compound 3a with 2-tert.butoxycarbonylamino-decanoic, -dodecanoic, tetradecanoic and
-eicosanoic acid, using standard solution phase peptide synthetic methods, afforded esters 3m-3p. Since the starting
lipoamino acids were racemic, the compounds containing lipoamino acyl substituents were diastereomeric mixtures.

z | B

= H H 4
4 R’ R? R?
a CH, CH, H
b CH, CH, COCH=C(CH,),
¢ CH, CH, COCH,
d CH, CH, COCH[NHOCOC(CH,),](CH,),CH,
e CH, CH, CH,0OCH,CH,0CH,
f H CH, H
g COCH[NHOCOC(CH,),J(CH,),CH, CH, H
h COCH=C(CH,), CH, COCH=C(CH,),
i H H COCH=C(CH,),
i H H H
k COCH[NHOCOC(CH,),J(CH,),CH, H H
1 COCH, COCH, COCH,
m CO(CH,),CH, CO(CH,),CH, CO(CH,),CH,
n CO(CH,),.CH, CO(CH,),,CH, CO(CH,),,CH,

The synthesis of C-15 modified quassin analogues commenced with hydroxyquassin 4a, possessing a 8-
hydroxyl group at C-15, which was prepared and reported previously *'® Acylation of hydroxyquassin 4a with 3,3-
dimethylacryloyl chloride resulted in compound 4b with the same C-15 substituent as brusatol. The C-15 acetylated
product 4¢ was also prepared by reacting compound 4a with acetic anhydride.

To enhance the lipophilicity, quassin conjugate 4d was prepared by reacting compound 4a with 2-
(tertbutoxycarbonylamino)-decanoic acid.
Acylation of the OH at C-15 resulted approximately in a 0.5 ppm chemical shift movement downfield of

the C-15 H signal in the '"H-NMR of the compounds, clearly indicating the completion of acylation reactions.

Modification at C-2 and C-12
Compound 3 was reacted with BBr, resulting in production of diol 3r. Demethylation at C-12 of acetate 3b
and benzoate 3¢ with BBr; provided C-12 hydroxy esters 3s and 3t respectively. The presence of a free hydroxyl

group at C-12 in quassinoids was reported to enhance biological activity."'
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Modification on the C-2 and C-15

Further analogues of quassin 1 were prepared from the C-15 substituted compounds. Hydrolysis of the C-2
methoxy group in hydroxyquassin 4a was achieved with hydrochloric acid in acetic acid under reflux to provide
norhydroxyquassin 4f. Compound 4f served as starting material for the preparation of C-2, and C-15 modified
quassin analogues. When norhydroxyquassin 4f was treated with one equivalent of 2-(terr-butoxycarbonylamino)-

1 femnts et nama A oo Ads 2 aad O1E
d by '"H NMR examination, the protons of compound 4g on C-3 and C-15

ppm and 4.5 ppm respectively.

Norhydroxyquassin 4f provided diacrylate 4h on esterification with an excess of 3,3-dimethylacroyloyl
chloride. In the '"H NMR spectrum of compound 4h the vinylic proton at C-3 had moved down field to =6.1 ppm
from 5.7 ppm of 4f. A similar trend was observed in the case of the proton at C-15, a shift from 8=4.5 ppm to 5.1

ppm was observed (see Experimental).

Modifications at C-2, C-12 and C-15

Exposure of ester 4b to BBr; in dichloromethane at -78 °C hydrolysed the C-2 and C-12 methoxy groups
to provide diol 4i. Compound 4f was reacted with BBr, resulting in formation of the 2,12,15-triol 4j. Triol 4j
generated the C-2 monoester 4Kk, by treatment with one equivalent of 2-(tert butoxycarbonylamino)-decanoic acid,
indicating that position C-2 was the most reactive. The substituents at C-12 and C-15 remained unreactive. The
positive reaction observed with ferric chloride (on thin layer chromatography plate) indicated the presence of a
iblet at §=4.5 ppm for H-15. However,

g

hen comnound 4} was reacted with excess of acetic anhvdride. he
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trihexanoate 4m and tristearate 4n were formed respectively.

Further modifications at C-15
Diacrylate 4h and esters 3j and 30 were reduced with sodium borohydride in ethanol at room temperature

to yield diasteriomeric hemiacetals 5, 6a and 6b respectively.

Synthesis of Glaucarubinone'’ analogues
Conversion of quassin 1 into the corresponding lactol with sodium borohydride followed by treatment with

1centrated HCI in methanol at room temperature provided the methyl acetal 7 (scheme 1).

1 111 111CLi1aliul Juiil tolil Liv Ll M LEU Y ablal o 2

methoxy group in compound 8 proceeded smoothly with pyridinium p-toluene sulphonate in aqueous acetone to
afford a-ketoi 9. Compound 9 was acetylated with acetic anhydride and dimethylaminopyridine (DMAP) in CH,CI,
affording acetate 10. The lactone in ring D was generated in two steps. Deprotection of acetal 10 with 10 % HCI
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i H H :H H
10 OCH, R &
1 v

H
NN o
IH H
12
Scheme 1. Synthesis of glaucarubinone analogues. i) NaB I—L i) HC], iii) NaBH,, CeCl,, MeOH, iv) pyridinium
p-toluene sulphonate in acetone, v) A Ac,0, DMAP, v viy 10 % HC, THF, vii) PPC, CH2C12

in THF furnished lactol 11 which was transformed into lactone 12 with pyridinium chiorochromate (PCC) in
CH,CL,. The double bond between C-3 and C-4 was introduced by the following procedure. The lactol in compound
11 was protected by treatment with concentrated HCI in ethanol resulting in compound 13. Bromination of
compound 13 with phenyltrimethyammonium tribromide (PTAT) in THF at 0 °C gave rise to the C-3 brominated
Droduct 14. Dehydrobromination of compound 14 with LiCO;-LiBr in dimethylformamide furnished the

i~
The in vitro antimalarial activities of these compounds will be report ed elsewhera
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Scheme 2. Synthesis of diene 15 i) PTAT, THF, ii) LiBr, LiCO;, DMF

EXPERIMENTAL

ctra were recorded on a Perkin-Elmer 402 Ultraviolet-Visible Spectrophotometer using
rade methanol. '"H NMR spectra (CDCL. ;) were recorded on a Bruker WM 250 snectrometer. or
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Bruker AMX 400, or Bruker AM 500 spectrometer, Electron Impact (EI) mass spectra were recorded on a VG
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Analytical LTD ZAB IF Spectrophotometer. Fast atom bombardment ( I rded VG
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{tia were recoraea on a vu
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analytical ZAB-SE spectrometer; samples were dissolved in a 2-nitrobenzyl alcohol plus sodium iodide matrix

(MNOBA + Nal) uniess otherwise stated. High resolution MS (M+H or M+Na). Thin layer chromatography
analysis were performed on Merck aluminium backed precoated thin layer Kiesel gel 60 F,, plates (0.25mm thick).
Chromatograms were visualised by spraying with p-anisaldehyde solution (135 ml of ethanol, 5 ml of concentrated
H,SO,, 1.5 ml acetic acid, 4 ml of p-anisaldehyde) and heating at 110°C. Column chromatography was carried out
by flash technique using silica gel Sorbsil C 60-H (40-60pm) Rhone-Poulenc. The solvents were evaporated in

vacuo.

quassin (32): A mixture of quassin (1) (25 mg, 6.44 mmol), 10% HCI (15 ml), and glaci

U 1RV 0 111 m 2] a1l

5°C for 2 h. The mixture was poured into water (15 ml), neutrallsed ith 2 M NaOH, extracted

/'1.. r .._ “A renain loarrae Az arbrat
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(%): 375 [M+H]" (100), 360 (12), 331 (14), 313 (7), 181 (6). 'HNMR: 8=5.75 (d, 1H, J=2.3 Hz, C-3 H), 5.6 (s, 1H,
C-2 OH, exchangeable with D,0), 4.3 (m, 1H, C-7 H), 3.7 (s, 3H, C-12 OCH;), 3.0 (dd, J=6Hz and 18Hz 1H, C-15
H), 2.9 (s, 1H, C-9 H), 2.55 (m, 1H, C-4 H), 2.4 (dd, J=6Hz and 18Hz 1H, C-14 H), 2.2-1.5 (m, 3H, C-5 H, C-6
Hs, C-15 H), 1.85(s, 3H, C-13 CH,), 1.6 (s, 3H, C-10 CH,), 1.25 (s, 3H, C-8 CH,), 1.1 (d, 3H, J=6.1 Hz, C-4 CH,).
Rf=0.77; CHCl;:MeOH 95:5 (v/v).

T'o a cooled solution of norquassin (3a) (93 mg, 0.249 mmol) and DMAP



(45 mg, 0.367 mmeol) in CH,Cl, (5 ml) acetyl chloride (0.1 ml) was added and the reaction mixture stirred at room
temperature for 15 hours. The mixture was diluted with CH,Cl, (10 ml) washed with saturated aqueous NaHCO,
(10 ml) and brine. The organic layer was dried (MgS0,) and concentrated. The residue was purified by tlc
(CHCl;:MeOH 95:5) to obtain 49 mg (41 %) of 3b as a white solid. MS (FAB) m/z(%): 438 [M+23]"(100), 351
(30), 172 (14), 107 (14). '"H NMR (B): 6=6.22 (d, 1H J=2.3 Hz, C-3H), 4.3 (m, 1H, C-7H), 3.63 (s, 3H, C-12
OCH,), 3.1-2.95 (m, 1H, C-15), 3.0 (s, 1H, C-9 H), 2.6 (m, 1H, C-4), 2.5 (m, 1H, C-15 H), 2.35 (m, 1H, C-14 H),

2.2 (3H, s, CH,CO), 2.2-1.95 (m, 3H, C-6 H, C-5 H), 1.85 (s, 3H, C-13 CH,), 1.72 (s, 3H, C-10 CH;) 1.23 (s, 3H,
C-8CH,), 1.14 (4, 3H, J=6.1 Hz, C-4 CH,).

2-G-desmethyi-2-0-benzoyiquassin (3¢j: Compound 3¢ (46 mg, 39%) was prepared from norquassin {3a) and
benzoylchloride using the method described for 3b. MS (FAB) m/z(%): 501 [M+23]" (100), 413 (19), 393 (7), 301
(2), 176 (16), 149 (16), 105 (44), 91 (12). High resolution MS: Calculated for C,;H,;O,Na (501.1889),
Found=501.2029. 'H NMR (B): 6=8.1-7.4 (m, 5H, aromatic-H's), 6.25 (d,1H J=2.3 Hz, C-3H), 4.3 (m, 1H, C-7H),
3.65 (s, 3H, C-12 OCH;), 3.1-2.95 (m, 1H, C-15), 3.0 (s, 1H, C-9 H), 2.6 (m, 1H, C-4), 2.5 (m,1H, C-15 H), 2.4
(m, 1H, C-14 H), 2.2-1.95 (m, 3H, C-6 H, C-5 H), 1.85 (s, 3H, C-13 CH,), 1.75 (s, 3H, C-10 CH;) 1.25 (s, 3H, C-8
CH,), 1.15 (d, 3H, J=6.1 Hz, C-4 CH,). IR:v,,,, 1710,1680, 1630, 1590 cm™".

2-0O-desmethyl-2-0-(3,3-dimethylacrylyl)quassin (3d): Compound 3d (16.3 mg, 67%) was prepared from

naranaccin {2a) and 2 A_dimethvlacrvinviechlaride ncing the methnd dececrihed far Th Parification: CHOL _Ma)
ll\.ll\'l\muul \u‘l CARANL L7 g7 TNARR \dl-ll] lu\ll] UJI WALINEANAN ualxxs iAW IIAWRIIVGE MWwOWILUWNE AV Ry A WliilwiAbiv/kd. sk l\/g ER S AVANVS W §
Q0. 7 /e RAQ SEYN vn /e £0/%: ARKIAAT NN VTAFENY 2RQ (1AY AL 123221 714N 1K 711N ANY 7OY DO 718N D71
96:2 {(viv). M (E1) VZ (70). 456 Mij (JV), 574 (62), 555 (14), 5346 (15),531 (14), 315 (11), 3U3 (Y), 267 (13}, 271
LY e ] Via T Y -~ ~ 0OMn rNNN W~ AN AN OV Ny AT L Ba To BV EF s BY 1N 7™ N1 71NN I_YT w TR X
(lq'), 243 \10), kél), ZUD [ 40), 187 1{L7), 100 (4D), 14 1), 137 (47), 143 1(23), 1UD {/ J1(10V). H N

26), 1 (45), 149
8=6.15 (d, 1H J=2.3 Hz, C-3 H), 5.8 (s, 1H, C-2'H), 4.25 (m, 11, C-7 H), 3.6 (s, 3H, C-12 OCH,), 3.1 (m,
C-15 H), 3.0 (s, 1H, C-9 H), 2.6-2.3 (m, 2H, C-4 H, C-14 H), 2.18 (s, 3H, C-5' CH,), 1.93 (s, 3H, C-4' CH,), 1.87
(s, 3H, C-13 CH,), 1.64 (s, 3H, C-10 CH,), 1.23 (s, 3H, C-8 CH,), 1.17 (d, 3H, J=6.1 Hz, C-4 CH,).

2-0-desmethyl-2-O-tert-butylacetylquassin (3e): To a mixture of norquassin (3a) (30 mg, 0.0802 mmol), DMAP
(14.3 mg, 0.117 mmol), EDC (22 mg, 0.115 mmol) in CH,Cl, (5 ml) tert-butylacetic acid (0.1 ml) was added and
the reaction mixture stirred for 1.5 hours at room temperature. The mixture was diluted with CH,Cl, (15 ml), poured

into saturated aqueous NaHCO, (10 ml), washed with brine, the organic phase dried (Na,SO,) and concentrated.

The crmide nrodict wae nurified hy tle (CHCL -MaOH 055 v/iv RE=0) 2) tn abtain 168 § ma (44 9%\ of comnound
LG viuuy Pl uvi vwao Pmlll\au v tiv \\JIIULS-LVAUVLL Lo/ Vi Vg ANL U-UL} WV UULALLL 1. L11E, \_l'_" 4 l UL UUIIIPUU&IU
NAQ ST ann 1 d O/ N ATTOITRNATT 71N AT £ VTA LAY AEQ A1DY AL (12 221 710N 21A 7O\ 0T /AN DL £ DD 7N
VIS (BEL) TMVZ{ 70472V (12), 457 (0), 374143, 337 (12}, 34013, 3531 (17}, 314 (0}, 207 (0}, 202 (0), 225 (7 ),
P~ =N 1N AN Nt AN O ™ AN 7 T i L W I ars | s T rath N
165 (9), 151 (15), 100 (42), 91 (41), 83 (24), ( figh resolution MS: Calculated for C,,H,,0,Na

69
(495.2359), Found=495.2886. "H NMR (B): 5=6.05 (d, 1H
C-12 OCH,), 3.05 (m, 1H, C-15 H), 2.95 (s, 1H, C-9 H), 2.6 (m, 2H, 4 H, c-14 H), 2.45-2‘4 (m,3H, C-14 H, a-
CH,), 2.05-1.90 (m, 3H, C-6 H, C-5 H), 1.85 (s, 3H, C-13 CH,), 1.6 (s, 3H, C-10 CH,), 1.2 (s, 1H, C-8 CH,), 1.1
(d, 3H, J=6.1 Hz, C-4 CH,), 1.05 [s, 9 H, C(CH,),].

2.0-desmethyl-2-O-hexylquassin (3f)
To a cooled (-5 °C) solution of norquassin (3a) (20 mg, 0.053 mmol) and DMAP (12 mg, 0.098 mmol) in CH,Cl,
(3 ml), hexanoic anhydride (0.25 ml) was added and reaction mixture stirred for 1 h at room temperature. The

maivinra wag diluted with CH.CL, (15 mD wached with hrine dried (MoSO ) and concentrated in vacun
HIIALULIG Wao Quuiead wiin lljfody \(1J 1lj, YYASMIVU  VVIML VLW, WIVU \UWVigidi/ ) $iid vViIwwiild@ilewd 5ie YleL ey,
e cdn i lac s ALl A a2 it nne o mmnmnsativa TT 7 wlata QY LI AANIT QK-8Y vyialdad 2 A maa /27040)
L nro 10grapny O1 i€ Crud product 01l a preparauive 1. prdic (01, LINTL L VICULT 75,3 yICIUCU 6.V g (50 70)



of hexanoate 3f. MS (FAB) m/z (%)= 472 [M] " (41), 458 (10), 388 (11), 374 (100) 359 (58), 346 (68), 331 (50),
315 (39), 287 (29), 262 (40), 245 (18), 223 (47), 203 (20), 179 (26), 152 (88), 137 (32), 99 (98). '"H NMR (B):
8=6.1 (d, 1H, J=2.3 Hz, C-3 H), 4.3 (m, 1H, C-7 H), 3.67 (s, 3H, C-12 OCH,), 3.05 (m, 1H, C-15 H), 2.96 (s, 1H,
C-9 H), 2.60-2.40 (m, 4H,e-CH,, C-4 H, C-14 H), 1.87 (s, 3H, C-13 CH,), 1.67 (s, 3H, C-10 CH,), 1.33 (m, 6H,
3 CH,), 1.17 (s, 3H, C-8 CH;), 1.14 (d, 3H, J=6.1 Hz, C-4 CH,), 0.89 (m, 3H, CH;). Rf=0.66 (CHCL:MeOH 95:5

2-O-degmethvl.2.OQ-stearavinaranasgin (3o) Comnound 3¢ (17 .6 mo. 3?2 %) wag nrenared from noraunasgin (3a)
2-0O-desmethyl-2-O-stearoyinorguassin (3g) Compound 3g (1/7.0 mg, 32 7o) was prepared from norguassin (3a)
and ctanris anid neing tha mathad Aacrrihad far 2o MQ TARY s /7 (O/\=LAL2 TARALINTATT/QQY £2&K /1NN £NKS QY AKT
ana steand acia using e menod GesCrivd I0r 5. Md (FAD ) M/Z (70)=0665 [MTINaj (65), 633 (10U), 60U (5), 451
£ LN 11'\7“",: S _ £ 1N 73 117 TI=Y2 1T M 2711\ A 7 11T M TN Y £ 7 DYIT M 17 MNAMIT N Y NC L 1¥Y M 12~
(0). I INIVLIX, U4, 1n,J=2.3rnzs, -y ), 4.5, iri, L -7 11), 3.03 (5, o1, L-12 ULH}), J.U)(m, 1, -12
H), 2.95 (s, 1H, C-9 H), 2.6-2.35 (m, 5H, OCCHZ,C4HC-14 . 1 3

1.65(s, 3H, C-10 CH,), 1.3 (32H, m, 16 CH,), 1.2 (s, 3
CH,). Rf=0.73; CHCI,:MeOH; 95:5 v/v.

2-O-desmethyl-2-O-(methoxyethoxymethyl)quassin (3h) Compound 3h (27.4 mg, 44 %) was prepared from
norquassin (3a) and MEMCI using the method described for 3b MS (FAB) m/z (%)=485 [M+23]" (28), 413 (40),
385 (9), 353 (8), 329 (7), 301 (10), 277 (10), 247 (24), 217 (17), 199 (11), 176 (100), 149 (56), 107 (30), 95 (48).
'HNMR (B): 6=5.85 (d, 1H, J=2.4 Hz, C-3 H), 4.8 (m, 2H, aCH), 4.4 (m, 1H, C-7 H), 3.55 (s, 3H, C-12 OCH,),

3.4 (s, 3H, OCH,), 2.95 (s, 1H, C-9 H), 3.1 (m, 1H, C-15 H), 2.6-2.4 (m, 2H, C-4 H, C-14 H), 2.25-1.5 (m, 2H, C-
6H, C-5 H), 1.85 (s, 3H, C-13 CH,), 1.55 (s, 3H, C-10 CH,), 1.25 (s, 3H, C-8 CH,), 1.15 (d, 3H, J=6.1 Hz, C-4

I, PACII

<

17
Iy).

)

2-0O-desmethyl-2-O-[2-(tert-butoxycarbonylamino)acetyljquassin (3i) Compound 3i (37 mg, 33 %) was
prepared from norquassin (3a) and N-(fert-butoxycarbonyl)glycine using the method described for 3¢ MS (FAB)
m/z (%)= 554 [M+23-H]" (100), 498 (69), 454 (5), 419 (6), 395 (6), 176 (16). High resolution MS: Calculated for
C,sH;,0,NNa (554.2366), Found=554.3176 'H NMR (A): 8= 6.15 (d, 1H J=2.4 Hz, C-3 H), 5.15 (m, 1H, NH), 4.3
(m, 1H, C-7 H), 4.15-4.0 (m, 2H, & CH,), 3.65 (s, 3H, C-12 OCH,), 3.1 (m, 1H, C-15 H), 2.95 (s, 1H,C -9 H), 2.65-
2.4 (m, 3H, C-15 H, C-14 H, C-4 H), 2.1-1.96 (m, 3H, C-6 H, C-5 H), 1.9 (s, 3H, C-13 CH,), 1.65 (s, 3H, C-10
CH,), 1.45 [s, 9H, C(CH,),], 1.25 (s, 3H, C-8 CH,), 1.15 (d, 3H, J=6.1 Hz, C-4 CH,).

11111

Y N _Adacmoathyul 2 OV [ (tort. hutavvearhanviaminal.iLmathvhitvll anaccin (2 Camnonnd D7 D ma 44 04)
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(FAB) m/z(%)= 596 [M+23-1]7(64), 580 (53), 540 (17), 524 (41), 502 (11), 458 (13), 440 (18), 413 (20), 379 (14),
358 (15), 329 (23), 289 (11), 223 (8). High resolution MS: Calculated for C;;H,;O,NNa (596.2836),
Found=596.3767. ' HNMR (B): 6=6.13 (d, 1H, J=2.3 Hz, C-3 H), 5.05 (m, N-H), 4.4 (m, -CH), 3.65 (s, C-12
OCH,), 2.96 (s, 1H, C-9 H), 1.87 (s, 3H, C-13 CH,), 1.65 (s, 3H, C-10 CH;), 1.45 [s, 9H, C(CHj,),], 1.22 (s, 3H,
C-8 CH,), 1.15(d, 3H, J=6.1 Hz, C-4 CH,), 1.04 (d, CH,), 0.96 (m, 3H, CH,). Rf=0.88; CHCl;:MeOH; 95:5 v/v.

\

2-O-desmethyl-2-O-[2-(tert-butoxycarbonylamino)-3methylpentyloxy]quassin (3k): Compound 3k (32.7 mg,
42 %) was prepared from norguassin (3a) and N-(fert-butoxycarbonyl)-L-isoleucine using the method described

for 3e. MS (FAB) m/z (%)=610 [M+23]" (10), 554 (29), 488 (4), 451 (3), 397 (23), 276 (7), 202 (7), 176 (24), 136

/11y LT ANINAD . sz 174 1LY T-") ‘1 Iy CO2IN £§92 /m 1T NI A28 (m 2H 7MY T AN (e TH (1D
LLij, F1ANIVERN. U000 (U, 111, 07400 034, WT0 i1), J.40 (1, 111, INTI1J, T4 UL, &30, W \412, T ALfy JLUU D, Ji, 14
AAANTT N AN~ s AIT M 181N A DAL 11T A OTIIN A AN D AL 7o ALY M ATT M 1ATTY 1 08 7o AT 12 MITY 1 &N
olH;), 2.5 (m, 11, C-10 1), 294 (S, 10, U-Y 1), 2.47-2.45 (I, 211, U-4 11, U-14r1), 1.6 (8, 261, L-13 LI), 1.02



(s, 3H, C-10 CH,), 1.16 (s, 3H, C-8 CH,), 1.12 [s, 9H, C(CH; ) ], 1.08 (d, 3H, C-4 CH,), 1.1 (d, 3H, J=6.1 Hz, CH ),
0.96 (m, 3H, CH,).

2-O-desmethyl-2-O-[2-(fert-butoxycarbonylamino)-3-benzyl propyloxy]quassin (3I) : Compound 31 (21 mg,
25 %) was prepared from norquassin (38) and N-(fert-butoxycarbony!)-L-phenylalanine using the method described
for 3e. MS (FAB) m/z (%)=644 [M+Na]’ (96), 588 (24), 561 (9), 522 (3), 439 (23), 411 (100), 381 (9), 316 (13),

236 (24), 176 (59), 120 (87). 'H NMR(B): =7.4-7.2 (m, 5H, aromatic-H's), 6.0 (d, 1H, J=2.3 Hz, C-3 H), 5.35
\ 77 AN 3 A K \ i N\ 3 e Al At} 3 -~ 3 T REJy e

(m 1 N-HN 428 /m 2H oCH. C7IN 365(c A H C-120CHN) 304(c 1 C.ON 2682138 (m IH .18 1
\liigd L kg LY 2R Jy Tekust \iily Lol iy wvjlz, L= .l.l}, e\ \J, ALy N d e V\/llsl, o\ \Q, Ai1y v Illl, et A NS Tl s T T \lll, Jll, T AS 11’
1411 219 oy LT OCELT O SINY 1 Q0T QLI CY/OLINT1 06 20T 12 OITY 1 €€ 7o 211 010

I}, &.am U, on,U-0 11, Loy, 1.00 (8§, ¥, U{lriy)sy] 1.7 (8, on, U-13 Uy), 1.0 {8, 501, L-1U

2-0-desmethyl-2-O[2-(fer-butoxyearbonylamino)-decanoyloxyjquassin (3m) Compound 3m (33 mg, 36%)
was prepared from norquassin (3a) and 2-(fert-butoxycarbonylamino)-decanoic acid using the method described
for 3e.. MS (FAB) m/s (%)=666 [M+23] (100), 610 (23), 545 (8), 142 (51). 'HNMR: 6= 6.15 (d, 1H, J=2.3 Hz,
C-3 H), 5.05 (m, 1H, N-H), 4.4 (m, 1H, a-CH), 3.65 (s, 3H, C-12 OCH,), 3.0 (m, 1H), 2.95 (s, 1H, C-9 H), 2.60-
2.55 (m, 2H, C-4 H, C-14H), 2.1-1.6( m, 3H, C-6 Hs, C-5 H), 1.85 (s, 3H, C-13 CH,) 1.65 (s, 3H, C-10 CH,), 1.45]
s, 9H, C(CH,),], 1.25 (m, 14 H, 7 CH,), 1.25 (s, 3H,C-8 CH;), 1.15 (d, 3H, J=6.1 Hz, C-4 CH;), 0.85 (m, CH;).

was prepared from norquassin (3a) and 2-(tert-butoxycarbonylamino)-dodecanoic acid using the method described
for 3e. MS (FAB) m/z (%)=695 [M+23]" (100), 639 (47), 595 (4), 567(2), 452 (3), 395 (10), 353 (4), 286 (5), 260
(10), 215 (8), 170 (49), 136 (7), 107 (6). High resolution MS: Calculated for C;;H,,O,NNa (694.3931), Found=
694.3758. 'HNMR (B): 6=6.15 (1H, J=2.3 Hz, C-3H), 5.0 (m, 1H, N-H), 4.4 (m, 1H, o CH), 4.25 (m, 1H, C-7 H),
3.15 (s, 3H, C-12 OCH,), 2.95 (s, 1H,C-9 H), 2.55-2.35 (m, 3H, C-4 H, C-14 H, C-15 H), 2.1-1.6 (m, 3H, C-6 Hs,
C-5H), 1.85 (s, 3H, C-13 CH,), 1.65 (s, 3H, C-10 CH,), 1.45 [s, 9H, C(CH,),], 1.25 (m, 18H, 9 CH,), 1.20 (s, 3H,
C-8 CH,), 1.15 (d, 3H, J=6.1 Hz, C-4 CH,), 0.85 (m, 3H, CH,). Rf=0.91 (CHCIl;:MeOH 95:5 v/v).
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,J=2.3 Hz, C-3H), 5.05 (m, 1H, N-H),
4.4 (m, 1H, o CH), 4.25 (m, 1H, C-7 H), 3.67 (s, 3H, C-12 OCH,), 2.95 (s, 1H, C-9 H), 2.6-2.55 (m, 2H, C-15 H
C-4 H), 2.40 (dd, 1H, C-14 H, J=6Hz and 18 Hz), 2.1-1.5 (m, 2H, C-6 H, C-5 H), 1.85 (s, 3H, C-13 CH,), 1.6 (s,
3H, C-10 CH,), 1.45 [s, 9H, C(CH,),], 1.25 (m, 22H, 11 CH,), 1.2 (s, 3H, C-8 CH,), 1.15 (d, 3H, J=6.1 Hz, C-4

CH,), 0.85 (m, 3H, CH,). IR: v, 3300, 2900, 2800, 1700, 1660, 1620 cm".

2-0-desmethyl-2-0-[2-(fert-butoxycarbonylamino)-eicosanoyloxyquassin (3p):Compound 3p (29.3 mg, 35%)

was prepared from norquassin (3a) and 2-(fert-butoxycarbonylamino)-eicosanoic acid using the method described

for 3e: MS (FAB) m/z (%)=807 IM+231 (100), 751 (44), 707 (5), 608 (3), 510 (4), 451 (6), 395 (7), 283 (30), 223
10T S€ MO \CAD TIVALU/A,70UT [IVATLD ) (AU ), 72155, VD) OVC\2), iV (T 5211V, 2727, &C2\JV), &4&2
/G 1741y IONMDR MY 8K 1574 1T =227 C 21N S050 1TH NI 44(m 1H ~OCHY 165 IH (1)
AJ) 170 (12), ITINWVINAD ), U0 LI\, UT1, 0740 D14, 70 11 ), J.UI Ly 111, INTLIL), T QU 11 Y, WidL ), J.UJ D, J1L, WTis
OCH,), 2.95 (s, 1H, C-9 H), 2.6-35 (m, C-4 H, C-14 H, C-15 H), 2.1 -1.5 (m, 2H, C-6 H, C-5), 1.85 (s, 3H, C-13
CHy), 1.65 (s, 3H, C-10 CHy), 1.45 [s, 9H, C(CH,);], 1.25 (m, 34H, 17 CH)), 1.1 (s, 3H, C-8 CH,), 1.1 (d.3 H,



2,12-dihydroxypicrasa-2,12-diene-1,11,16-trione (3r): To a solution of quassin (1) (39 mg, 1.01 mg) in dry
CH,Cl, (15 ml) a solution of 1 M BBr, in CH,Cl, (4 ml) was added at -78 °C and the reaction mixture stirred for
20 min. The mixture was poured into water (20 ml) and the organic layer separated. The aqueous layer was
extracted with CH,Cl, (2x10 ml) and the combined organic extract washed with brine, dried (MgSO ), and
concentrated. Recrystallisation from ethanol afforded 15 mg, (41%) of compound 3r as colourless prisms, which

(m, 4H, C-5 H, C-6 Hs, c-st), 1.85 (s 3H, C- 13 (,H3) 1.55 (s, 3 10 CH,), 1.2 (s,3H, C- 8CH3), 1.1 (d, 3H,
J=6.1 Hz, C-4 CH,). Rf=0.42 (CHCl,:MeOH 95:5 v/v).

2-Acetyloxy-12-hydroxypicrasa-2,12-diene-1,11,16-trione (3s): 2-acetyloxyquassin (3b) was reacted as decribed
for 3r to yield 14.6 mg (50%) 3s. MS (EI) m/z (%)=402 [M]' (22), 387 (11), 374 (12), 360 (100), 345 (87), 317
(34), 271 (15), 255 (13), 231 (16), 215 (10), 203 (12), 193 (20), 151 (21), 138 (25), 105 (17), 91 (37), 77 (27). 'H
NMR: 6=6.15 (d, 1H, J=2.4 Hz, C-3 H), 4.3 (m, 1H, C-7 H), 3.0 (s, 1H, C-9 H), 3.1 (m, 1H, C-15 H), 2.5 (m, 1H,

CAH).22(. COCH.). 1.9(s. 3H. C-13CH.). 1.65(s. 3H. C-10¢ I—l 13(s.3H.C-8CH). 1.1(d.3H. I=6.1 HZ
L) 2L (S5, WU, 2748, 20, L-13 Lny), 1.02 8, 213, CIly), 1345, 203, -8 gy, 1,1 4G, 20, 2700 N2,
AN
U Ui ).

2-benzoyl-12-hydroxypicrasa-2,12-diene-1,11,16-trione (3t). Compound 3¢ was reacted as decribed for 3r to
yield 14.8 mg (38%) 3t. MS (EI) m/z (%)=464 [M]" (100), 449 (5), 378 (5), 360 (100), 345 (97), 327 (15), 327 (15),
317 (53),299 (47), 271 (28), 255 (26), 239 (33), 215 (28), 203 (33), 195 (74), 175 (35). '"H NMR (B): 6=8.13-7.48
(m, 5H, aromatic-H's), 6.25 (d, 1H, J=2.3 Hz, C-3 H), 5.74 (m, 1H, C-12 OH), 4.2 (m, 1H, C-7 H), 3.03 (s, 1H, C-9
H), 2.50-2.40 (m, 2H, C-4/C-14 H), 1.88 (s, 3H, C-13 CH,), 1.70 (s, 3H, C-10 CH,), 1.25 (s, 3H, C-8 CH,), 1.1 (d,
3H, J=6.1 Hz, C-4 CH,).

dacrerihed far Th ta afford 14 mo Y of 4h Hich recolution MS: Caleulated for C..H. . O, (486 2254)
MUOWIIUNG LUVL JUJ WU AQllivlu 17F 1115 /V} VL WA, lllbll AVIVULUMIUVEL 1V1IUJ,., vaivuIGwww AV \/27“34\18 \TOUVLiad™T Jy
T riin AeADL AEN ITTNTAAD /M. 8e& TQ fa 11T M LT £2/4 1T T=7A U M 21N £ 1£7/4 110 T—1N 9D LI
Found=486.2250. 'H NMR (B): 0=5.75 (s, i1, C-2' 1), 5.5 (q, i, 7= 2.4 nZz, L-5 11, 53.10 {4, i1, J=1v.2 nz,
~ ~ T 4 ~ s TY N T -~ S s T LI aYels Y on LR BaalaYals SN "N NE s 1TY Y N TTN ~ AN /1 17T
C-10H), 40(m, IH,C-7/ H), 3.09 (8, , U=12 UUH,), 3.0 (8, 51, L-2 UL IH,), 3.UD (S5, 1R, L-Y 1), £.57 (4, 11,

H 3

-4 H), 2.21 (s, 3H, C-5'CH;), 1.96 (s, 3H, C-4' CH;) 1.92 (s, 3H, C-13 CH,),
1.54 (s, 3H, C-10 CH3), 1.21 (s, 3H, C-8 CH,), 1.12 (d, 3H, J=6.1 Hz, C-4 CH,). Rf=0.89 (CHCI;:MeOH 95:5
v/v).

15p-acetyloxyquassin (4¢): Hydroxyquassin (4a) and acetic anhydride was reacted as described for 3f to afford
27 mg (61%) of 4¢: High resolution MS: Calculated for C,,H;,0, (446.1941), Found=446.1947. MS (EI) m/z
(Ye)y=446 [M]' (8), 404 (4), 386 (94), 371 (86), 353 (25), 343 (31), 329 (19), 315 (17), 301 (18), 283 (15), 269 (15),

255 (14), 205 (25), 165 (46), 151 (28), 121 (29), 105 (34), 94 (100), 77 (54). '"H NMR: 6=5.35 (d, 1H, J=2.5 Hz,

C-3H). 5.25¢(d, 1H, =105z C1SHY 485 (m 1TH O 27(c 3 CI120C0HNY 3615 3 C-2OCH)
o Il)y J.42 (M, 1L, AV.J 114y "™ 1 11), TT.w iy 111, NS KLy Tl \ DOy Ty TRL NI A Ly ST (O SIS 1305
~ 1 7 1YY A NYIN N L1 11T T 1IN E X M TATIN DAL (e 11T M ATIN DD 474 ALY OANWCILTY D18 1 A 21
3.1, 11, L-¥ 1), 2.0(Q, 111, J5IU.D 1Z, U-14 1), 2.4 \IT1, 10, U4 11), £.215, 001, LULIy), £.1571.0 U1l 5 11,
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C-5 H, C-6 Hs), 1.95 (s, 3H, C-13 CH,), 1.5 (s, 3H, C-10 CH,), 1.2 (s, 3H, C-8 CH,), 1.1 (d, 3H, J=6.1 Hz, C-4
CH,). Rf=0.62 (CHC1,:MeOH 95:5 v/v).

15p-[(2-tert butexycarbonylamino)-decanoyloxy]quassin (4d): Compound 4d (22 mg, (33%) was prepared from
hydroxyquassin (4a) and N-(tert-butoxycarbonyl-amino)-decanoic acid- using the method described for 3e. MS
(FAB) m/z (%)=696 [M+Na)" (45), 640 (50), 425 (11), 395 (20), 332 (14), 186 (21), 142 (100). '"H NMR (A):

=5.3 (d, 1H, J=2.4 Hz, C-3 H), 5.0 (m, 1H, N-H), 4.95 (d, 1H, J=10.6 Hz, C-15 H), 4.55 (m, 1H, o-CH), 4.35
(m 1 CTHY 165(s. 3 H CA120CH)Y 355(¢ 3 CO0OCHNY205(¢ 1TH C.OHY 26(d 1H I=106 H> (o
\ikky LERy SoT7 XAJy SV \Dy SRRy T AL NN ALYy T Oy Fhhy T NINLRY )y LTI Dy XL1y T T T, LU\, 101, 0T 1VWU TLL, O
TATIN D28 fsma TH AT 32101 &K feaa 2T O LT N AN 1 Q8 (a0 2T M 12 MNLTNY 1 £ 75 2L A _1INOOTITNY 1 A
14 0y, 2.0 (0, 10, U9 0, £2.1U-1.0 (I, 50, U-3 1, U-0 1018, 1.95 (8, 511, L-15 Uiy, 1.0 (8, o, U-1u Ur), 1.4
[s, 9H, C(CH,),], 1.2 (s, 14H, 7 CH,), 1.1 (s, 3H, C-8 CH,), 1.05 (d, 3H, J=6.1 Hz, C-4 CH,), 0.8 (m, 3H, CH.,)

15p-(methoxyethoxymethoxy)quassin (4e): Hydroxyquassin (4a) and methoxyethoxymethyl chloride was reacted
as described for 3b to afford 11.3 mg (46%) of 4e as a colourless oil. MS (EI) m/z (%)=493 [M]" (26), 416 (26),
403 (75), 386 (37),371 (18), 329 (100), 315 (17),297 (17), 269 (32), 255 (24), 203 (31), 185 (35), 165 (76), 151
(39). 'HNMR: 8=5.25 (d, 1H, J=2.4 Hz, C-3 H), 4.6 (m, 2H, CH,), 4.5 (d, 1H, J=10.6 Hz, C-15 H), 3.8 (m, 2H,
CH,), 3.7 (m,2H, CH,), 3.65 (s, 3H, C-12 OCH,), 3.59 (s,3 H, C-2 OCH,), 3.4 (s, 3H, OCH,), 3.06 (s, 1H, C-9 H),
2.50 (m, 1H, C-4 H), 2.35 (d, 1H, J=10.6 Hz, C-14), 2.08 (5,3 H, C-13 CH,), 1.54 (s, 3H, C-10 CH,), 1.25 (s, 3H,
C-8 ("H ), 1.13 (d 3H, J=6.1 Hz, C-4 (“H ). Rf=0.76 (("H("l ‘MeOH 95:5 v/v\

2,15B-dihydroxy-12-methoxypicrasa-2,12-diene-1,11,16-trione (4f): A mixture of hydroxyquassin 4a (50 mg,
1.24 mmot), 10 % HCI (15 mi), and AcOH (4 mi) was refluxed for 2 hours. The mixture was neuiralised with 2M
NaOH at room temperature, extracted with CH,Cl, (3x15 ml), washed with brine, dried (MgSO,), and concentrated.
The residue was purified by (CH,Cl,:MeOH 95:5 v/v) and recrystallised from ethanol to afford 35 mg (73%) of 4f
as colourless prisms which gave a grey-black colour with ferric chloride. MS (EI) m/z (%)= 390 [M]" (100), 376
(7), 361 (9), 316 (69), 301 (32), 283 (9), 273 (14), 245 (6), 231 (13), 203 (7), 165 (12), 151 (7), 137 (7), 83 (33),
69 (31). '"HNMR (A): 8=5.7 (d, 1H, J=2,4 Hz, C-3 H), 5.5 (s, 1H, C-2 OH), 4.5 (d, 1H, J=10.6 Hz, C-15 H), 4.4
(m, 1H, C-7 H), 3.7 (s, 3H, C-12 OCH,), 3.2 (s, 1H, C-9 H), 2.5 (m, 1H, C-4 H), 2.4 (d, 1H, J=10.6 Hz, C14 H),
2.1-1.5 (m, 3H, C-5, C-6 Hs), 2.1 (s, 3H, C-13 CH;), 1.5 (s, 3H, C-10 CH;), 1.2 (s, 3H, C-8 CH,), 1.1 (d, 3H, J=6.1
Hz, C-4 CH;).

11z,

2-0-desmethyl—2—0—[(2—tert butoxycarbonylamino)—decanoyloxy]hydroxyquassin (4g)' Compound 4g (17

-~

3e. The compound gave negative ferric chloride reaction. MS (FAB) m/z (%)=682 [M+23-17" (100), 626 (39), 582
(3), 413 (14), 258 (6), 232 (8), 176 (45), 142 (35). High resolution MS: Calculated for C,;H,;O,NNa (682.3567),
Found=682.2808. ' H NMR (B): 6=6.13 (d, 1H, J=2.3 Hz, C-3 H), 5.02 (m, 1H, N-H), 4.50 (d, 1H, J=10.7 Hz,
C-15H), 4.48 (m, 1H, C-2'H), 4.44 (m, 1H, C-7 H), 3.68 (s, 3H, C-12 OCH,), 3.29 (bs, 1H, C-15 OH), 3.02 (s,1H,
C-9 H), 2.56 (m, 1H, C-4 H), 2.36 (d, 1H, J=10.7 Hz, C-14 H), 2.08 (s, C-13 CH,), 1.92 (m, 3H, C-6 H, C-5 H),
1.43 [s, 9H, C(CH,),], 1.43 (s, 3H, C-10 CH,), 1.25 (m, 14 H, 7 CH,), 1.15 (d, 3H, J=6.1 Hz, C-4 CH,), 0.86 (m,

JJJJJ

3H, CH,). Rf=0.75 (CHCI; :MeOH 95:5 v/v).

2-0O-desmethyl-2-0-(3,3-dimethylacrylyl)-1503-(3,3-dimethylacryloxy)quassin (4h): Norhydroxyquassin 4f and

P o/ g | AL NACQ 7MY

_5 3- mmetnylacryloyl chioride were reacted as described for LOIIIPOUIIU 3b io afford 30 mg (D.J /0) of 4h. MS (A1}

-



m/z (%)=577 [M+23]’ (30), 555 (M+H)' (86), 528 (14), 513 (7), 473 (20), 455 (29), 413 (7), 391 (8), 373 (26), 118
(15), 100 (16), 83 (100). High resolution MS: Calculated for C,,H,;0,Na (577.2414), Found= 577.3048. '"H NMR
(B): 6=6.1 (d, 2Hz, 1H, C-3H), 5.8 (m, 2H, C-2'CH), 5.1 (d, 1H, J=10,6 Hz, C-15H), 4.55 (m, 1H, C-7H), 3.65 (s,
3H, C-12 OCHy), 3.01 (s, 1H, C-9 H), 2.56 (d, 1H, J=10,6 Hz, C-14 H), 2.5 (m, 1H, C-4 H), 2.2 (s, 3H, C-5' CH,),
2.15 (s, 3H, C-5' CH), 2.0 (s, 3H, C-4' CH,), 1.95(,3 H, C-4' CH,), 1.9 (s,3 H, C-13 CH,), 1.6 (s, 3H, C-10 CH,),
1.25 (s, 3H, C-8 CH,), 1.15 (d, 3H, J=6.1 Hz, C-4 CH,). Rf=0.92 (CHCL:MeOH; 95:5).
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which gave a grey-black colour ferric chloride reaction. MS (FAB) m/z (%)= 481 [M+23]" (36), 413 (

~ - AN ~ -/-‘ IMOCN 1AL rery - . 4YT e oA v

357 (3), 326 (6), 301 (9), 199 (13), 176 (100), 154 (285), 136 (27), 107 (19). '"HNMR (A): 6=5.79 (s, 1H, C-2'
5.74 (m, 1H, C-3 H), 5.16 (d, 1H, J=10.2 Hz, C-15 H), 4.52 (m, 1H, C-7 H), 3.11 (s,1 H, C-9 H), 2.70 (1H, m,
C-4H), 2.65 (d, 1H, J=10.6 Hz, C-14H), 2.21 (s, 3H, C-5' CHj,), 1.96 (s, 3H, C-4' CH,), 1.96 (s, 3H, C-13 CH,),

1.52 (s, 3H, C-10 CH,), 1.24 (s, 3H, C-8 CH,), 1.12 (d, 3H, J=6.1 Hz, C-4 H).

2,12-di- O-desmethyl-15-hydroxyquassin (4j): Hydroxyquassin 4a was reacted as described for compound to give
30 mg (50%) of ferric chloride positive compound 4j. Recrystallisation from ethanol gave colourless prisms. MS

(ET) m/z (%)=376 [M]" (44), 361 (3), 330 (7), 315 (13), 301 (100), 287 (18), 273 (14), 259 (8), 231 (8), 215 (9),
192 (12). 165 (12). 151 (19Y). 137 (10). 105 (7. 91 (12). 77 (9). 69 (59). 55 (R). '‘HNMR (A} §=672 (s. 1H. C-12
17212), 100 012), 121 (17), 12/ LIV, 10O/ ), i), 11 {7), 071 27),228). IMINMIN{A) OF0.2L 5, i, 14
NN §7(3 1T I=24H, C AN S L4 1T OO A8 /3 1 1210272 U, OIS ITN A A e 1T £ 71N 21
uriy, 3.7 \Q, 111, 75249 NZ, U3 11), 5.0 (S, 111, L& VUL J, 7.5 (Q, 111, JTI1V.2 11Z, =10 1), 4.4 (I, 111, U-/ 1), 3.1
(s, 11, C-9 H), 2.5 (m, 1H, C-4 H), 2.4 (d, 1H, J=10.2 Hz, C-14 H), 2.2-1.8 (m, 3H, C-5H, C-6 H), 2.1 (s, 3H, C-
13 CHy), 1.5 (s, 3H, C-10 CH;), 1.2 (s, 3H, C-8 CH;), 1.1 (d, 3H, J=6.1 Hz, C-4 CH,). U.V. (MeOH) A=274 nm

2,12-di-O-desmethyl-2-0-[(2-fert-butoxycarbonylamino)-decanoyl]-15-hydroxyquassin (4k)
2,12,15-Trihydroxyquassin 4j and 2-(tert-butoxycarbonyl-amino)-decanoic acid were reacted as described for
compound 3e to yield 12.6 mg (21%) of 4k. MS (FAB) m/z (%)=[668+23-1]' (37), 613 (13), 186 (10), 142 (100),
95 (36). High resolution MS: Calculated for C;5Hy,0,,NNa (668.3411), Found=668.3766. '"H NMR (B): 6=6.5 (d,
1H, J=2.4 Hz, C-3 H), 6.15 (s, 1H, C-12 OH), 5.0 (m, 1H, N-H), 4.45 (d, 1-H, J=10.7 Hz, C-15 H), 4.4 (m, 1H, C-2'
1, 1H, C-7 H), 3.2 (s, 1H, C-15 OH), 3.1 (s, 1H, C-9 H), 2.6 (m, 1H, C-4 H), 2.38 (d, 1H, J=10.7 Hz),
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7 CH,), 1.20 (s, 3H, C-8
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2,12-di-O-desmethyi-2,12-di-O-acetyl-15-acetyloxyquassin (4I): Compound 4j was reacted with acetic anhydride
as described for compound 3f to yield 21 mg (45%) of 41. MS (CI) m/z (%)=525 [M+23]" (100), 503 [M"] (28),
478 (8), 460 (25), 443 (15), 418 (6), 391 (11), 343 (6), 279 (6), 198 (4), 151 (3), 120 (4). High resolution MS:
Calculated for C,,H,,0,,Na (525.1737), Found= 525.2489. '"H NMR (B): 8=6.1 (d, 1H, J=2.4 Hz, C-3 H), 5.25 (d,
1H, J=10.8 Hz, C-15 H), 4.5 (m, 1H, C-7 H), 3.1 (s, C-9 H), 2.7 (d, 1H, J=10.8 Hz, C-14 H), 2.55 (t, 1H, C-4 H),
2.25 (s, 3H,C- 12 COCH,), 2.2 (s, 3H, C-2 COCH,), 2.15 (s, 3H, C-15 COCH,), 2.1-1.85 (m, 3H, C-6 Hs, C-5 H),
1.85 (s, C-13 CH,), 1.6 (s, 3H, C-10 CH,), 1.4 (s, 3H, C-8 CH,), 1.15 (d, 3H, J=6.1 Hz, C-CH,). Rf=0.84
(CHCl;:MeOH 95:5 v/v).
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hexanoic anhydride as described for compound 3f to afford 9.3 mg (21%) 4m. MS (FAB) m/z (%)=671 [M+1]"
(100), 646 (9), 605 (13), 573 (33), 559 (10), 527 (13), 489 (8), 463 (10), 391 (24), 359 (13), 302 (16), 279 (36),
206 (9). 'HNMR (A): 8=6.07 (d, 1H, J=2.4 Hz, C-3 H), 5.15 (d, 1H, J=10.7 Hz, C-15 H), 4.55 (m, 1H, C-7 H),
3.05 (s, 1H, C-9 H), 2.7 (d, 1H, J=10.7 Hz, C-14 H), 2.55-2.49 (m, 7H, C-4 H, a CH,), 2.2-1.6 (m, 3H, C-6 Hs, C-5
H), 1.85 (s, 3H, C-13 CH,), 1.57 (s, 3H, C-10 CH,), 1.37 (s, 3H, C-8 CH;), 1.16 (d, 3H, J=6.1 Hz, C-4 CH,), 0.91(
m, 9H, 3 CH,).

-stearovl-15 stearovloxvauassin (4n) Compound 4j was reacted with stearic acid

3 ~ g et ] 5 ~ NSRS Uy AT A OVVESA Uy AU Y M WSSO RAR \ VAR J WVAMP UL TE] YYWOD 1wdviwid VYL olvadl v aviu
as described for compound 3e to yield 18 mg (28%) of tristearate 4n). MS: (FAB) m/z (%) =1197 [M+23] (20),
1114 (63), 1097 (13), 1084 (13), 1068 (11), 1056 (17), 1042

1181 (14), 1169 (100), 1156 (18), 143 (98), 1128 (18),

Nnan or4 1r . AT AN B s 4 1 eW¥T ¥ x —~ o~ N

(15), 1028 (14), 1014 (i14). ' HNMR (B) =6.1 (d, 1H, J=2.3 Hz, C-3 H), 5.2 (d, 1H, J=10.6 Hz, C-15 H), 4.6 (m,
1H, C-7 H), 3.15 (s, 1H, C-9 H), 2.75 (d, 1H, J=10.6 Hz, C-14 H), 2.65-2.4 (m, 7H, 3 «-CH,, C-4 H), 2.2-1.5 (m,
3H, C-6 Hs, C-5 H), 1.89 (s, C-13 CH,), 1.62 (s, 3H, C-10 CH,), 1.41 (s, C-8 CH,), 1.20 (d, 3H, J=6.1 Hz, C-4

CHj;), 0.90 (m, 9H, 3 CH;). Rf=0.93 (CHCl;:MeOH 95:5 v/v).

2,15p-di(3,3-acryloxy)-16-hydroxy-12-methoxypicrasa-2,12-diene-1,11-dione (5): To a solution of 4h (8.6 mg,
0.015 mmol) in ethanol/ chloroform (2 ml, 11ml) NaBH, (10 mg) was added and and the reaction mixture stirred
at room temperature for 30 min. The mixture was diluted with CHCI, (5 ml), washed with brine, t

AF
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(40), 279 (19), 269 (14), 241 (20), 219 (33). High resolution MS: Calculated for C;,;H,;0,Na (579.2570), Found=
( =6.08 (d, 1H, J=2.4 Hz, C-3 H), 5.81 (s, 1H, C-2'H), 5.7 (s, 1H, C-2’H), 5.42 (m, 0.5H,
C-16 H), 5.23 (dd, 0.5H, J=11.3 and 3.4 Hz, C-15 H), 5.07 (m, 0.5H, C-15 H), 4.6 (m, 0.5H, C-16 H), 4.04 (m,
0.5H, C-7 H), 3.65 (s, 3H, C-12 OCH,), 3.27 (s, 1H, C-9 H), 2.53 (d, 1H, J=11.3 Hz, C-14 H), 2.51 (m, 1H, C-4
H), 2.20 (s, 3H, C-5' CH,), 2.19 (s, 3H, C-5'CH,), 1.94 (s, 3H, C-4' CH;), 1.93 (s, 3H, C-4' CH;,), 1.93 (s, 3H, C-13

H), 1.60 (s, 3H, C-10 CH,), 1.25 (s, 3H, C-8 CH,), 1.11 (d, 3H, J=6.1 Hz, C-4 CH,).

On

2-desmethyl-2-[2-(fert-butoxycarbonylamino)-3-methylbutyloxy]neoquassin (6a): Compound 3j was reduced
using the procedure described for compound 5 to yield 10 mg ( 66%) of 6a as a diastereomeric mixture. MS (FAB)
m/z (%)=599 [M+Na+11" (100), 581 (14), 542 (18), 526 (7), 458 (8), 377 (6), 329 (12}, 272 (9), 207 (D), 176 (54},
154 (49), 136 (30), 116 (21). High resolution MS: Calculated for C,,H,;O,NNa (598.2992), Found= 598.3852. 'H
NMR (B): 6=6.03 (d, 1H, J-2.4 Hz, C-3 H), 5.31 (d, 0.5H, J=2.4 Hz, C-16 H), 5.0 (m, 1H, NH), 4.8 (m, 0.5H, C-16
H), 4.33 (m, 0.5H, a-CH), 4.30 (m, 0.5H, «-CH), 3.8 (1, iH, C-7 H), 3.55 (s, 3H, C-12 OCH,), 3.09 (s, 0.5H, C-9
H), 3.08 (s, 1H, C-9 H), 2.5 (m, 1H, C-4 H), 1.79 (s, 3H, C-13 CH,), 1.54 (s, 3H, C-10 CH,), 1.37 [s, 9H, C(CH,), ],
1.22 (s, 3H, C-8 CH,), 1.14 (d, 3H, J=6.1 Hz, C-4 CH,), 0.99 (m, 3H, CH,), 0.87 (m, 3H, CH,). Rf=0.77

(CHC,:MeOH 95:5 v/v).

2-desmethyl-2-|2-(tert-butoxycarbonylamino)tetradecanoyloxy]neoquassin (6b): Compound 30 was reduced
using the procedure described for compound 5 to yield 11 mg (73%) of 6b. MS (FAB) m/z (%)=725 [M+23] (54),

'V'(Il)’ v - \~ 7 \."’ e = Iy = \=>7s
136 (17). 'HNMR {B): §=6.l (d, !H, J=2.4 Hz, C=3 u), 5.39 (m, IH, CfléH), 5.0 (m, 1“, NH},4 4 (m, IH, a=CH),
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39 (m, tH, C-7H), 3.7 (s, 3 H, C-12 OCH,), 3.13 (5, 1H, C-9 H), 2.51 (m, 1H, C-4 H), 1.85 (5, 5H, C-15 CH,;),
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2,12,16-trimethoxypicrasa-2,12,-diene-1,11-dione (7): To a solution of quassin 1 (2.8 g) in abs. ethanol (400 ml)
1 equivalent of NaBH, was added and the mixture was stirred for 2.5 h at room temperature. A few drops of acetic
acid was added to destroy NaBH, and the solvent was evaporated to give a white residue. The residue was placed
in water, extracted with CH,Cl, (4x35 ml) and the combined organic extracts washed with brine (50 ml), dried
(MgS0,), and concentrated in vacuo to yield the hemiacetal, neoquassin which was used without further

nnnf'mnnn To a solution nfn_enmchm (2.4 g, 6.15 mmnh in methanol (30 ml), conc. HC! (2 ml) was added and
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the reaction mixture stirred at room temperature for 5 h. The mixture was poured into a solution of saturated
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C ganic extracts were washed with
brine (20 ml), dried (NaSO,) and concentrated. The residue was purified by tlc (ethyl acetate 100%) to afford 2.15g
(86%) of 7. MS (EI) mv/z (%)=404 [M]" (100%), 389 (22), 372 (18), 357 (13), 329 (23), 302 (37), 212 (32), 152
(80), 127 (32), 105 (24), 91 (38), 69 (82), 55 (37). 'HNMR (A): 6=5.28 (d, 1H, J=2.4 Hz, C-3 H), 4.8 (m, 1H, C-16
H), 3.62 (m, 1H, C-7 H), 3.7 (s, 3H, OCH,), 3.6 (s, 3H, C-2 OCH,), 3.35 (s, C-16 OCH,), 3.2 (s, 1H, C-9 H), 2.4
(m, 1H, C-4 H), 2.1-1.2 (m, 3H, C-6 Hs, C-5 H), 1.85 (s, 3H, C-13 CH;), 1.55 (s, 3H, C-10 CH;), 1.2 (d, 3H, J=6.1

Hz, C-4 CH,), 1.15 (s, C-8 CH,).

1B-hydroxy-2,12,16-trimethoxypicrasa-2,12-diene-11-one (8): To a solution of 7 (2.0 g, 4.95 mmol), in abs.
tha

1anol, CeCl.7H,Q (1.9 mg, 5.09 mmol) was added and the reaction mixture stirred for 15 min at room

s

temperature. The mixture was cooled (-5°C) and a solution of NaBH, (200 mg) in abs. ethanol (15 ml) was added
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(EI) m/z (%)—406 [M]"(9), 391 (8), 375 (81), 359 (14), 343 (13), 327 (6), 315 (6), 299 (7), 212 (23), 179 (14), 165
(16), 152 (32), 94 (89), 69 (35), 55 (54), 43 (100). "H NMR (500 MHz): 5=6.71 (s, 1H, OH), 4.83 (m, 1H, C-16
H), 4.51 (s, 1H, C-1 H), 4.03 (m, 1H, C-3 H), 3.65 (m, 1H, C-7 H), 3.63 (s, 3H, C-12 OCH,), 3.56 (s, 3H, C-2
OCHL,), 3.38 (s, 3H, C-16 OCHj,), 2.89 (s, 1H, C-9 H), 2.36-2.15 (m, 3H,C-15 H, C-4 H, C-14 H), 2.04 (s, 3H, C-13
CH,), 1.15 (s, 3H, C-10 OCH}), 1.1 (s, 3H, C-8 CH,), 1.01 (d, 3H, J=6.1 Hz, C-4 CH,).

._.
S,
=
a
e
=

g
=
e
5
o
=Y
G
9
=N
S
g

@

) <
=t
=
a

) (2]
pS
=
cu
a

ke
=

)
)

acetate-hexane 3:1) afforded 550 mg, (71%) of 9. MS (EI) m/z (%)=392 [M]" (12), 360 (9), 331 (6), 317 (7), 287
(9), 245 (11), 212 (58), 179 (28), 165 (32), 152 (100), 137 (27), 105 (27), 91 (47), 77 (40), 69 (65), 55 (72), 43 (85),
29 (24). 'H NMR (500 MHz): 8=4.9 (m, 1H, C-16 H), 4.01 (s, 1H, C-1 H), 3.65 (m, 1H, C-7H), 3.58 (s, 3H, C-12
OCH,), 3.36 (s, 3H, C-16 OCH,), 3.11 (s, 1H, C-9 ), 2.3-1.5 (m,6H, C-3 H, C-4 H, C-5 H, C-6 H, C-14 H, C-15
H), 1.85 (s, C-13 CH,), 1.04 (s, 3H, C-10 CH,), 1.03 (s, 3H, C-8 CH,), 1.01 (d, 3H, J=6.1 Hz, C-4 CH,). IR: v,,,,
=3400, 1730, 1700, 1670 cm".
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1B-Acetyloxy-12,16-dimethoxypicras-12-ene-2,11-dione (10): To a solution of 9 (500 mg, 1.27 mmol) and

L
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DMAP (200 mg, 1.63 mmol) in CHCI; (5ml), acetic anhydride (3 ml) was added and and the mixture stirred for
1 h at room temperature. The mixture was diluted with CH,Cl, (10 ml), washed with saturated aqueous NaHCO,
(10 ml), brine (10 ml), dried (Na,SO,) and concentrated. The residue was purified by tlc (ethyl acetate-hexane 3:1)
to yield 306 mg (55%) of 10. MS (EI) m/z (%)=434 [M]" (16), 404 (29), 392 (42), 374 (7), 302 (12), 271 (14), 212
(35), 179 (25), 165 (28), 152 (100), 137 (28), 121 (84), 105 (28), 91 (47), 83 (62), 69 (56), 55 (51). '"H NMR (B):
&=5.1 (s, 1H, C-1 H), 4.9 (m, 1H, C-16 H), 3.65 (m, 1H, C-7 H), 3.5 (s, 3, C-12 OCH,), 3.0 (s, 1H, C-9 H), 2.5

(m, 1H, C-15 H), 2.3-1.5 (m, 6H, C-15 H, C-14 H, C-6 Hs, C-5 H, C-4 H), 2.2 (s, 3H, C-1 COCHj,), 1.75 (s, 3H,
C-13 CH,), 1.4 (s, 3H, C-10 CH,), 1.1 (s, 3H, C-8 CH,), 1.05 (d, 3H, J=6.1 Hz, C-4 CH,).
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1p-acetyloxy-16-hydroxy-12-methoxypicras-12-ene-2,11-dione (11): A solution of 10 (100 mg, 0.23 mmol) in
THF (2 mi) and 10% HCI (2ml) was stirred at room temperature for 10 h. The mixture was poured into a cool (0°C)
solution of saturated NaHCO, (5 ml), and solid NaHCO, added until no bubbles were seen. The mixture was
extracted with diethyl ether (3x10 ml), dried (NaSO,), and concentrated. Purification of the residue by tlc (ethyl
acetate-hexane 75:25) yielded 73 mg (75%) of 11. MS (FAB) m/z (%)=443 [M+Na]' (83), 429 (58), 413 (75), 401
(27), 379 (33), 361 (7), 329 (87), 307 (21), 289 (26), 273 (7), 219 (50). H' NMR (B): =5.0 (s, 1H, C-1 H), 4.8 (m,
1H, C-16 H), 3.90 (m, 1H, C-7 H), 3.55 (s, 3H, C-12 OCH,), 3.0 (s, 1H, C-9 H), 2.4 (m, 1H, C-14 H), 2.2-1.5 (m,
3H, C-15H, C-6H, C-5H), 2.1 (s, 3H, C-1 COCH,), 1.8 (s, 3H, C-13 CH,), 1.5 (s, 3H, C-10 CH;,), 1.3 (s, C-8, CH,),
1.0 (d, 3H, J=6.1 Hz, C-4 CH,).
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L, (4 M) pyriainum chlorochromate (£0U mg, 1.2 mmoi) was aaded and mixture stirred at room temperamre

for 2 h. The reaction mixture was diluted with diethyl ether and filtered through a pad of flash silica gel. The filtrate
was concentrated and the residue purified by column chromatograpy (100% CHCL) to give 32.2 mg (44%) of
lactone 12. MS (FAB) m/z (%)=441 [M+23]" (27), 413 (69), 391 (14), 329 (6), 259 (4), 219 (3), 176 (35), 149
(100). 'HNMR (B): 6=5.1 (s, 1H, C-1 H), 4.3 (m, 1H, C-7H), 3.55 (s, 3H, C-12 OCH,), 3.01 (dd, J=6Hz and 18
Hz, 1H, C-15 H), 2.85 (s, 1H, C-9 H), 2.6-2.4 (m, 3H, C-4 H, C-14 H, C-15 H), 2.2-1.6 (m, 4H, C-6 Hs, C-5 H, C-3
H), 2.1 (s, 3H, C-1 COCH,), 1.84 (s,3 H, C-13 CH;), 1.43 (s, 3H, C-10 CH;), 1.17 (s, 3H, C-8 CH,), 1.05 (d, 3H,
J=6.1 Hz, C-4 CH,).

1B-acetyloxy-16-ethoxy-12-methoxypicras-12-ene-2,11-dione (13): The compound was prepared by an identical
WAY A% AOMBONN A IO oty A tlhmiaal £ tlam trabmmdiandiomm AFf 0 1L adhnaer cenrim RAQ LT can /e O/ N AAQ TRALTITT 7910
way as COIpOouiia 1v, umug €uiaiios 10T i€ HNTOGUCHOI 01 LU-10 SUl0XY ZIoup. Ivio (L4) IVZ (/0)=447 [iVITI1| (£1),
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435 (11),421 (9), 407 (100), 393 (23), 375 (10), 361 (14), 345(13), 317 (11), 287 (13),274 (11), 245 (14), 217 (19),

207 (18). High resolution MS Calculated for C,sH,,0, (449.2539), Found=449.2535. '"H NMR (B): 8=5.11 (s, 1H,
C-1 H), 4.98 (m, 1H, C-16 H), 3.74 (m, 1H, C-16 OCIL,), 3.71 (m, 1H, C-7 H), 3.51 (s, 3H, C-12 OCH,), 3.50 (m,
1H, C-16 OCH,), 3.0 (s, 1H, C-9 H), 2.54 (m, 1H, C-14 H), 2.4-2.15 (m, 3H, C-15, C-6 H, C-4 H), 2.13 (s, 3H, C-1
COCH,), 1.79 (s, 3H, C-13 H), 1.32 (s, 3H, C-10 CH,), 1.25 (m, 3H, C-16 CH,), 1.02 (s, 3H, C-8 CH,), 1.01 (d,
3H, J=6.1 Hz, C-4 CH,). IR:v,,,,=1750, 1725, 1690, 1650 cm'.

1B-acetyloxy-3-bromo-16-ethoxy-12-methoxypicras-12-ene-2,11-dione (14): To a cooled (-5°C) solution of 13
(34 mg, 0.07 mmol) in dry THF (5 ml) phenyl-trimethylammonium tribromide (PTAT, 30 mg, 0.0798) was added

and the mixture was stirred for 1.5 h at this temperature. White crystals of pheny! trimethylammonium bromide
__________ Jh RRVIEPL T A s R PR R S R | e Tha canads i s faron Ao mmtirard Tda A sae i e
precipitaied at the bottom of the flask itom the orange solution. The reaction mixtuie was poured into a mixture
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of 0.1N Na,S,0;.5H,0 and saturated aqueous NaHCO, (10 ml 1:1) and extracted with ether (3x10 ml). The organic
phase was washed with water (3x15 ml), brine (10 ml), dried (Na,SO,) and concentrated. Column chromatography
of the residue (ethyl acetate-hexane3:1) yielded 17 mg (42%) of 14. MS (EI) m/z (%)=528 [M+H] (23), 484 (42),
440 (100), 404 (35), 388 (17), 361 (67), 347 (17), 331 (13), 313 (7), 279 (9), 361 (67), 345 (17), 331 (13), 313 (7),
279 (9), 219 (8), 179 (18), 107 (4). 'H NMR: $=5.90 (s, 1H, C-3 H), 5.0 (m, 1H, C-1 H), 4.4 (m, 1H, C-16), 3.7
(m, 1H, C-7 H), 3.56 (m, 2H, C-16 OCH,) 3.55 (s, 3H, C-12 OCH3), 3.1 (s 1H, C-9 H), 2.55 (m, 1H, C-14 H), 2.2-
1.5 (m, 6H, C-15 H, ,C-6 Hs, C-5 H), 2.15 (s, 3H, C-1 COCH,), 1.8 (s, 3H, C-13 CH,), 1.35 (s, 3H, C-10 CH,),
1.1 (m, 3H, C-16 CH, ), 1.10 (d, 3H, J=6.1 Hz, C-4 CH,), 1 95(533 CH,

2337, 4
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do «

1B-acetyloxy-16-ethoxy-12-methoxypicrasa-3,12-diene-2,11-dione (15): To a solution of 14 (12 mg,0.0227
mmol) in anhydrous DMF (5 mi), LiCO, (43 mg, 0.58 immol) and LiBr (42 mg,0.484mmol) were added and the
mixture refluxed at 115°C for 2 h. The mixture was cooled, poured into water (10 ml), extracted with ether (3x10
ml), washed with brine (10 ml), dried (Na,S0,) and concentrated. The residue was purified by column
chromatography (ethylacetate:hexane3:1) to afford 5.3 mg (52%) of 15. MS (EI) m/z (%)=447 [M+H]" (24), 406
(100), 392 (17), 378 (6), 360 (7), 325 (5), 257 (3), 217 (4), 183 (13).High resulution MS calculated for C,H,,0,
(446.2305), Found= 446.2301. 'H NMR (B): §=6.04 (m, 1H, C-3 H), 5.26 (s, 1H, C-1 H), 5.0 (m, 1H, C-16 H), 3.76
(m, 1H, C-7H), 3.75-3.54 (m, 2H, C-16 OCH,), 3.52 (s, 3H, C-12 OCH,), 3.23 (m, 1H, C-5 H), 3.14 (s, 1H, C-9
H), 2.15 (s, 3H, C-1 COCH,), 2.3-1.80 (m, 5H, C-15Hs, C-14 H, C-6Hs), 1.96 (s, 3H, C-4 CH,), 1.81 (s, 3H, C-13
(‘H\ 1.36 (s, 3H, C- Iﬂ(‘Hj), 1.25 (m, 3H, C- 16 CH,).
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