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Abstract—Six alkaloids have been isolated from the leaves of Glycosmis bilocularis, S of which are known compounds
viz. arborine, arborinine, glycorine, kokusaginine and skimmianine, all previously isolated from other species of
Glycosmis. The sixth alkaloid was identified as 1,5-dihydroxy-2,3-dimethoxy-10-methyl-9-acridone (5-hydroxy-

arborinine).

INTRODUCTION

As part of our examination of Asian Rutaceae, we have
investigated the alkaloids of the leaves of Glvcosmis
bilocularis [1], Thw., a rare species found in the dry zone
of Sri Lanka. Other species of Glycosmis have been
reported [2--5] to contain acridone, furoguinoline and
quinazoline alkaloids, but no 5-hydroxyacridones have
been reported from this genus, although their occurrence
in Rutaceae has been established [6-8]. We now report
the isolation of a new S-hydroxyacridone, along with §
known alkaloids. from the leaves of G. bilocularis.

RESULTS AND DISCUSSION

The leaves were boiled with water in a flask equipped
with a trap [9] to separate the essential oil and the aque-
ous extract obtained was evaporated to dryness. Pre-
parative-TLC of a chloroform extract of the resulting
solid yielded the alkaloids arborine (2a), glycorine (2b}
and skimmianine (3a).

The leaves after extraction were oven-dried, powdered
and extracted in a Soxhlet apparatus successively with

O OR,
N OCH,
|
R: CH,
la Ry =R, =H
1b R, = H:R, = OH
ic R, = H:R, = OCH,
1d R, = CH,;;R, = OCH,
le R, = H:R, = OCOCH,
If R, = COCH;: R, = OCOCH,

petrol (bp 60-80°), chloroform and methanol. On
standing (24 hr), 4 yellow solid separated from the petrol
extract, and preparative-TLC of this solid yiclded ar-
borinine (l1a), skimmianine and an unknown alkaloid
(A).

The petrol mother liquors and the chloroform extract
were separately extracted with N HCI followed by N
NaOH and the acid- and base-soluble compounds were
recovered from their respective extracts. The base-
soluble fraction in each case consisted solely of alkaloid
A. Both acid-soluble fractions contained arborinine,
kokusaginine (3b) and skimmianine, and the acid-soluble
fraction of the chloroform extract contained in addition
arborine and glycorine.

From the aqueous, petroleum, and chloroform ex-
tracts of the leaves of G. bilocularis we have, therefore,
isolated 6 alkaloids: arborine (0.0119%), arborinine
{0.012%), glycorine (0.005%), kokusaginine (0.005%),
skimmianine (0.015%) and alkaloid A (0.014%). The
known alkaloids were identified by comparison (TLC,
mp, mmp, spectra) with authentic samples.

Alkaloid A was not identifiable with any of the known
Rutaceae alkaloids. Its UV spectrum suggested an acri-
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done nucleus and the IR spectrum was very like that of
arborinine (1a} with peaks at 3230 (OH) and 1630 cm ™!
(CO) suggesting hydrogen bonding and the presence of
a peri-OH group. Accurate mass measurement gave
the molecular formula as C, H,,NO; (M~, 301) and
PMR indicated the presence of 3 Me groups at é 3.79
(OCH,), 3.81 (NCH,). and 3.95 (OCH,), the assignment
of the NCH, peak being based on shifts in the peak
positions in the presence of TFA [10,11]. The PMR of
alkaloid A in DMSO-d, /CD,SOCD,Na showed shifts
for all the aromatic protons. indicating that anion
substituents were present on both ring A and ring C
and the aromatic proton absorptions (particularly
well defined in acetone-d, solution) showed an ABX
pattern similar to that oftecleanthine [6], N-methylatala-
phylline [7] and 3.12-dihydro-6,11-dihydroxy-3,3.12-
trimethylpyrano(2,3-c)acridin-7-one [8], suggesting the
presence of a OH group at position 5 of the acridone.
A singlet at é 6.37 was considered, on comparison with
other noracridones, to be at too high a field for a C-2
proton and it was therefore assigned to a C-4 proton
and the methoxyls were assigned to C-2 and C-3. A
sharp singlet at & 13.97 confirmed the presence of a
peri-OH group. We therefore propose structure 1b
{1,5-dihydroxy-2,3-dimethoxy-10-methyl-9-acridone) for
alkaloid A and suggest the trivial name 5-hydroxy-
arborininc.

This assignment is supported by MS. being very
stmilar to that of arborinine with major peaks occurring
atM*-15,M~-30,M*-43, M " -58, arising from concerted
losses of small fragments such as Me, CO, CH,N,
CHO and CH,O. In both cascs the base peak was due
to the fragment M*-15, as would be expected for N-
methyl-acridones [ 13].

Methylation of alkaloid A with diazomethane gave
a monomethyl derivative (1¢c) whilst use of methyl iodide
or dimethyl sulphate produced a mixture of mono-{1¢)
and di-Me (14d) derivatives which were easily separated
by preparative-TLC. Similarly, on acetylation, both
mono- (Ie) and di-acetyl (1f) derivatives were obtained,
as expected since the resistance of 1-hydroxyactidones
to methylation and acetylation is well known.

TLC of cold chloroform extracts of the leaves re-
vealed the presence of all 6 alkaloids, indicating that none
were produced as a result of the extraction and purifica-
tion procedures, and, in particular, that the noracri-
dones isolated were present as such in the plant. We
could not detect 1-methoxyacridones in our extracts.

5-Hydroxyacridones also occur in Atalantia which
is taxonomically very close to Glycosmis. Engler [14]
placed both genera in the same subtribe (Hesperethus-
inae} of the sub-family Aurantioideac, whilst Swingle
{157, in his sub-division of this sub-family, placed the
two genera in adjacent tribes. 5-Methoxyacridones occur
inRutaceacin Tecleaspecies| 6, 16](sub-family Toddalioi-
deae) and it has been suggested [17] that the Auran-
tioideae may have evolved from a Rutoideae/Tod-
dalioideae complex. The occurrence of 5-oxygenated
acridones in both sub-families may provide additional
biochemical support for this concept.

EXPERIMENTAL

All TLC scparations were carricd out on St gel. TMS was
used as nternal standard for all PMR spectra which were
recorded m CDCI, unless otherwise stated
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The leaves of G. hifocularis [ 1] (600 g) were steam distilied
in a Likens and Nikerson [97] apparatus for 12 hr. filtered, and
the ag. extract evapd 1o a dry powder (87 g). CHCl, (Soxhlet)
extraction of this solid followed by separation by TLC(CHCI, -
MeOH; 19:1) vielded 3 alkaloids, C. D and F. The leaves after
steam distillation were oven-dried (40 ). powdered and extracted
successively (Soxhlet. 32hry with petrol. (60 80'), CHCI,
and MeOQH (8 1. of each) The extracts were conced to 200 ml
and left in a refrigerator for 24 hr. A yellow solid separated from
the petrol extract and prep-TLC of this sohd (C, H, EtOAc
MeOH, 40:40-1: or CHCl, McOH. 191} gave alkalowds A,
Band D.

The petrol mother liquor was extracted with N HCL (S x
200 ml) which was neutrahzed (NaHCO,) and extracted with
CHCl,. The evapd CHCIl, extract was separated by prep.-TLC
(CHCI,-MeOH. 19:1) into 3 fractions and clution ol thesc
with CHCl; and MeOH yielded alkaloids B, D and E. The
residual petrol extract was extracted with N NaOH {5 x 200
ml) which was acidified (HCH and extracted with CHCL,.
Prep.-TLC of the evapd CHCI; soln gave alkaloid A,

The CHCI, extract of the leaves was treated ina similar manner
to the petrol mother hquor: the acid-soluble fraction yielding
alkaloids B, C, D. E and F, and the basc-soluble fraction again
vielding only alkaloid A.

Similar alkaloid fractions were combined

Alkaloid A (1.5-dihvdroxy-23-dimethoxyv-10-methyl-9-acri-
done, 1b) {92 mg} was purified by TLC {C_H, EtOAc, 6-4)
and crystallized {Et ,O petrob) as an orange-yelow solid (82 mg.
0.014°;,). mp 206 207 R, (C, H,‘--El(),r\c. 6:4) 063, R,
(C ,H,~EtOH, 9:1) 035 JL08 nm 272 (log « 4 60). 321 (4.32),
333 (sh 4.26), 405 (3.48). ,““" N0 nm; 273 (4.63). 298 (sh 447),
338 (4.31). \"B' cm ' 323 0 {OH), 1630 (CO), 1593, 1560, 1545,
1490, 1445, 1400. 1358, 1265, 1248, 1200, 1182, 1148, 1115, 1090,
1062, 1000, 910, 850, 800, 765, 740. & (100 MHy): 3.79 (s. 3H.
OCH,, C-2). 381 (s, 3H. NCH,). 395 (s, 3H. OCH,. C-3,
6.37 (s, tH, C-4). 7.18 {m. 2H. C-6 and C-7). 79 (dd. 1H. C-8).
1397 (s. 1H. OH. C-1}: é {100 MHz. CD,COCD;) 3.76 (s,
3H. OCH,, C-2). 382 (s. 3H, NCH,). 397 {s. 3H. OCH,,
C-3). 6.4 (s, I1H, C-4). 714 . IH. C- 7 Jo o=d. 4= SHI)
T3dd TH,C-6. 0, - =3H~J —~H1)779(xhl IH. C-8,
Jog=2Hz J,  =8Hz & (100 MHz, CDCL, +trace TFA)
3.85 (s, 3H. OCH C-2),4.03 {s, 6H. NCH, and OCH at C-3);
& {100 MHz CDCI +10°, TFA) 3.87 (s. 3H OCH, C 23, 406
(s, 3H, OCH . C3) 4.13 (5. 3H, NCH,). MS (m/ e) 301 (MY
770, 286(100) 285(33). 271 (44), 243(41) 228 (21), 226 (31). 215
(33), 185 (39), m* 271.7 (301 — 286). (Accurate mass 301.0952:
C,H, NO, requires: 301.0950. Found: C, 63.5; H, 499, N,
4.63. C, H (NO, requires: C. 63.8; H. 502, N, 4.65",)

Methvlauon of atkalowd A. ta) Using diuzomethane. Alkalod
A {20 mg) in MeOH (5 m]) was cooled {0 1 and excess of a cooled
soln of CH,N, in Et,0 added. After stirring at room temp. for
2 days, the solvent was evapd and the residual ycllow sohd
(20 mg) punified by prep.-TLC (toluene EtOAc, 3-2} The major
product (R, 0.81) crystallized from EtOH as yellow needles,
mp 168 169° and was characterized as the monoMe derivative
{1-hydroxy-2,3.5-trimethoxy-10-methyl-9-acridone. le). 20LOH
nm: 266 (loge. 4521 276 (sh. 4.34) 283 (sh 4.52), 316 4.08).
337(sh, 3.96) 3503 821.410(3.76): 21190 Y% um 1 26614.52), 284
{sh, 4.26), 318 (3.92). 336 (sh. 3 73), 418 (3.46); ALOM MO pm:
267 (sh. 4.52), 279 (sh, 4 16), 289 {4.02). 350 (3. 9”) 468 (3 76)

vEBrem 1 3400 (OH). 1630, (C=0) & (100 MHz) 373 (s,
3H, CH,), 3.76 (s, 3H. CH,), 3.94 (s, 3H. CH,). 3.97 (s, 3H. CH,),
(HS(s lH C-4), 714 724(m 2H. C-6, C-7), 791 (dd. 1H. C8
Joog = TSHz J o= 35H2)L 1398 (5. 1H, OH at C-1, ex-
Lhangng with D Ok MS {m/e) 315 (859, 301 (65). 300 (1004,
285 (66}, 284 (541, 270 (43), 257 (34). 256 {36). 242 (33), 228 {21,
224 (27), 200 (25), 158 (44, 135 (28). 115 (35). 91 (41). 77 (54
(M-, 315.1104; C,,H,-NO, requires: 3151106.) (b) Using
Mel. Alkalod A (20 mg). dry K,CO, (500 mg) and Mel (1 ml)
in dry Me,CO (5 ml) was stirred at room temp. and the reaction
monttored by TLC. Formation of the monoMe derivative
{Ic) was very rapid but the dimethylated compound (1d) was
produced more slowly. After 4 davs the reacuon mixture was
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filtered and evapd to give a brown solid which was purified by
prep.-TLC (toluene--EtOAc, 3:2). Two products were isolated,
the minor product being the monoMe derivative (1¢). The major
product was characterized as the diMe ether of alkaloid A
(1,2,3,5-tetramecthoxy-10-methyl-9-acridone, 1d). R,0.17, yellow
needles (from EtOH), mp 97-98°. iAF'%% nm: 267 (log &, 4.88),
308 (4.42), 324 (sh, 4.01), 390 (3.67). viB cm™': 1630 (C=0).
& (100 MHz): 3.64 (s, 3H, CH,), 3.79 (s. 3H, CH,), 3.98 (s, 9H,
3 x CH,), 6.36 (s, 1H, C-4), 7.05 7.28 (m, 2H, C-6, C-7), 7.87
(dd, 1H, C-8, J,_g = THz J, 4 = 4 Hz). MS (m/e) 329 (85%),
314 (100), 300 (59), 298 (61), 286 (59), 284 (52), 270 (80), 256 (60),
242 (46), 228 (43), 200 (44), 198 (45), 149 (41), 126 (39), 115 (37),
77(53). (M* 329.1260; C, H,,NO, requires: 329.1263.)

Acetylation of alkaloid A. (a) Monoacetate (1e). Alkaloid A
(30 mg), HOAc (0.3 ml), Ac,O (1 ml) and NaOAc (1 g) were
stirred (room temp.) for 3 days, diluted with H,O and extracted
with CHCI,. Evapn of the dried CHCI, extract gave a yellow
solid which crystallized (Me,CO-hexane) as yellow prisms,
mp 128-129°. iE'%H nm: 267 (sh), 273, 309, 416, AEOH-NaOMe .
266 (sh), 275, 320, 337 (sh), 432. zEOB AlCh nm: 276, 286, 318,
335, 466. v¥B cm ' 1763 (acetyl C=0), 1630 (acridone C=0).
4 (60 MHz): 2.36 (s, 3H, acetate CH;), 3.83 (s, 3H, OCH,),
39 (s, 3H, NCH,), 4.01 (s, 3H, OCH,), 6.64 (s, 1H. C-4), 7.33
(m, 2H, C-7, C-6), 8.22 (m, 1H, C-8). 14.67 (s, 1H, OH at C-1,
exchanging with D,0). M * at 343 for C, ;H, .NO,. (b) Diacetate
(1f). Alkaloid A (30 mg), Ac,O (1 mi) and Py (1 ml) were heated
at 100° for 2 hr, poured into H,O and extracted with CHCl,.
Evapn of the dried CHCI, extract gave a yellow residue which
was purified by TLC (tolucne- EtOAc, 3:2) yielding the diacetate
as the main product (R, 0.43). It crystallized from Me,CO-
hexane as pale yellow prisms, mp 192-193°. AE% nm: 2725,
301 (sh), 402. vKBrem=1: 1763 (acetyl C==0), 1630 (acridone
C=0). 6 (60 MHz): 2.44 (s, 3H, acetate CH,), 2.56 (s, 3H,
acetate CH,), 3.82 (s, 3H, OCH,), 39 (s, 3H, NCH,), 4.02 (s,
3H, OCH,), 661 (s, 1H. C4), 742 772 (m, 2H. C-6. C-7).
832(d, 1H,C-8,J, , = 8 Hz). M* 385 for C, H,,NO,.

Alkaloid B (arborinine, 1a) (80 mg) was purified by TLC
(C H-EtOAc, 3:2) to give a yellow powder (72 mg, 0.012%,),
crystallized from EtOH-Et,O as yellow needles (65 mg), mp
174-176°, undepressed on admixture with authentic arborinine.
R, (Me,CO-petrol-Et,NH, 2:7:1) 0.18; R, (C H -EtOAc:
3:2) 048: R, (CHCl,-McOH,. 19:1) 0.79. UV. IR, PMR and
MS data idenuical with an authentic sample. (M~ 285.0999,
C, H, NO, requires: 285.1001.)

Alkaloid C (arborine, 2a) (78 mg) was purified by TLC
(C,H,-EtOAc: 3:2) to give a white powder (68 mg, 0.011%)
which crystallized from C _H,-EtOAc (60 mg), mp 154-156°,
undepressed on admixture with authetic arborine. R (CHCIl,-
MeOH, 19:1) 0.52: R, (C H,-EtOH, 9:1) 0.22: R, (n-BuOH-
HOAc-H,0, 6:1:1) 0.65. UV and IR spectra identical with an
authentic sample. 100 MHz) 3.62 (s, 3H, NCH,), 4.27 (s. 2H,
benzyl CH,),7.25-7.80(n,8H, phenylring protons and protonsat
C-6,C-7and C-8),8.33(dd, |H,C-5). MS(m/e)250(M *, 81 %), 249
(100), 235 (44), 234 (40), 205 (22), 180 (25), 133 (24), 132 (31),
125 (24), 121 (29), 105 (65), 104 {68}, 91 (65), 78 (56), 77 (61).

Alkaloid D (skimmianine, 3a) (103 mg) was punfied by TLC
(C H4-EtOAc, 3:2) giving a white solid (92mg, 0.015%)
which crystallized from EtOH (85 mg), mp 174-176°, mmp 176°.
R, (Me,CO-petrol-Et,NH, 2:7:1) 0.27: R, (CHCl,-MecOH,
19:1) 0.75: R, (C H,-EtOH, 9:1) 0.41. Identical in all respects
with an authentic sample of skimmianine. (M* 259.0844:
C,.H,3;NO, requires: 259.0844.)

Alkaloid E (kokusaginine, 3b) (38 mg) was purificd by TLC
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(C,H(-EtOAc, 3:2) yielding a pale brown powder (32mg,
0.005 %), mp 170-172°. R[ (Me,CO-petrol-Et,NH:2:7:1) 0.27;
R, (C,H-EtOAc, 3:2) 0.50: R, (CHCI,-MeOH, 19:1) 0.79.
UV, IR, PMR and MS data were identical with those of an
authentic sample of kokusaginine. (M* 259.0841: C, ,H,,NO,
requires: 259.0844).

Alkaloid F (glycerine, 2b) (32 mg, 0.0059%,) was purified by
TLC (C¢H,-E1tOAc: 3:2) and crystallized (C H,- EtOAc)
as a white powder, mp 145-146°. R, (CHC1,-MeOH: 19:1)
0.13; R, (n-BuOH-HOAc-H,0, 6:1:1) 0.34; R,(C,H - EtOH,
9:1) 0.05 .t nm 268 (log &, 3.94), 277 (3.99), 306 (4.23), 317
(4.19); 520 nm_ 278 (4.0), 294 (4.04), 305 (3.90). K% cm '
3340, 1705, 1665, 1600, 1518, 1463, 1380. & (100 MHz): 3.76
(s, 3H, NCH,), 7.27-7.88 (m, 4H), 8.12-8.44 (m, 2H). MS (m/e)
160 (M* 100%), 133 (47), 132 (71), 105 (66). 83 (42), 78 (30).

Acknowledgements- We thank Prof. M. U. S. Sultanbawa and
Dr. N. Balasubramaniam (Univ. Sri Lanka) for supplying the
plant material; Dr. P. G. Waterman, Dr. S. C. Pakrashi and Dr.
B. S. Joshi for authentic alkaloid samples: and Sunderland
Polytechnic for the provision of a Research Assistantship
(K.P.W.CP).

REFERENCES

1. Voucher No. 9E4, P.S.G.B. Museum, Univ. of Bradford,
Bradford, Yorks.

2. Chakravarti, R. N, Chakravarti, D. and Chakravarti, S. C.
(1953) J. Chem. Soc., 3337.

3. Govindachari, T. R, Pai, B. R. and Subramaniam, P. S.
(1966) Tetrahedron 22, 3245.

4. Pakrashi, S. C. and Bhattacharrya, J. (1962) J. Sci. Ind. Res.
(India) 21B, 49. C.A., 57, 2331d.

S. Chatterjee, A. and Majumdar, S. G. (1954) J. Am. Chem.
Soc. 76, 2459.

6. Pegel, K. H. and Wright, W. G. (1969) J. Chem. Soc. (C),
2327,

7. Govindachari, T. R, Viswanathan, N, Pai B. R.
Ramachandran, V. N. and Subramanian, P. S. (1970)
Tetrahedron 26, 2905.

8. Fraser, A. W. and Lewis, J. R. (1973) J. Chem. Soc. Perkin.
Trans 1, 1173,

9. Likens, S. T. and Nikerson, G. B. {1964) Am. Soc. Brew.
Chem. Proc., 5213.

10. Reisch, J., Szendrei, K., Minker, E. and Novak, L. (1972)
Die Pharmazie 27, 208.

11. Ma, J. C. N. and Warnhoff, E. W. (1965) Can. J. Chem. 43,
1849,

12. Pakrashi, S. C., Roy, S. K., Johnson, L. F., George, T. and
Djerassi, C. (1961) Chem. Ind. (London), 464.

13. Bowie, J. H, Cooks, R. G., Prager, R. H. and Thredgold,
H. M. (1967) Aust. J. Chem. 20, 1179.

14. Engler, A. (1931) Die Naturlichen Pflanzenfamilien (Engler,
A. and Prantl, K., eds) 2nd Edn, Vol. 19a. Engelmann,
Leipzig.

15. Swingle, W. T. and Reece, P. C. (1967) The Citrus Industry,
(Reuther, W., Webber, H. J. and Batchelor, L. D., eds))
2nd Edn., Vol. I, p. 195. Univ. California Press.

16. Vaquette, J., Cleriot, M. O., Paris, M. R., Pousset, J. L,
Cave, A. and Pans. R. R. (1974) Planta Med. Phytother.
8, 57.

17. Waterman, P. G. (1975) Biochem. Syst. Ecol. 3. 149.



