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Abs tract

From the lea ves of Guat te ria schom burgkia na Mart. (Guat te ria ses si lis R.E. Fries), three
pro to ber be ri ne alka loids: ani socy cli ne, lin can ge ni ne and pal ma ti ne, and one te trahydro pro to -
ber be ri ne thai ca ni ne, has been iso la ted. For our knowledge, this is the first re port of the se alka -
loids in the Guat te ria ge nus. The struc tu res were es ta blished by spec tros co pic methods, in clu -
ding pre vious ly un re por ted 13C- NMR and Mass spec tral data for ani socycli ne.
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Al ca loi des pro to ber be ri ni cos de Guat te ria schom burgkia na
(G. ses si lis)

Re su men

De las ho jas de Guat te ria schom burgkia na Mart. (Guat te ria ses si lis R. E. Fries) fue ron ais -
la dos tres al ca loi des pro to ber be rí ni cos: ani socy cli na, lin can ge nia y pal ma ti na, y la te -
trahidroprotober be ri na thai ca ni na. Este es el pri mer re por te de es tos al ca loi des en el gé ne ro
Guat te ria. Las es truc tu ras fue ron es ta ble ci das por mé to dos es pec tros có pi cos, in clu yen do da -
tos no re por ta dos de 13C-RMN y Ma sas para ani socy cli na.

Pa la bras cla ve: Ani socy cli na; anno na ceae; Guat te ria schom burgkia na; lin can ge ni na;
thai ca ni na.

In tro duc tion

The fam ily An nona ceae be longs to the
or der Mag no lia les, which is mark edly rich in 
al ka loids. This or der to gether with re lated
groups such as Ranales, Pa pav er ales, and
Ha ma me li dales is con sid ered among the
most primi tive of all liv ing an gio sperms from 
a mor pho logi cal point of view (1). The an -
nona ceous plants are en coun tered as trees,
shrubs, or li anas (li anas rare in the Neo trop -

ics) in tropi cal re gions with a tem per ate ex -
ten sion into east ern North Amer ica, con sist -
ing of 130 gen era and ca. 2000 spe cies (2).
Gu at te ria is the larg est an nona ceous ge nus,
com pris ing ca. 250 spe cies. It is ex clu sively
neo tropi cal, its range reach ing from south -
ern Mex ico to south ern Bra zil. The fi brous
bark of many spe cies, com monly called ma -
jagua, is used as cord age through out the
Vene zue lan Guay ana (2). About 130 al ka -
loids have been iso lated and iden ti fied from
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ca. 20 phy to chemi cally stud ied spe cies of
this ge nus. Most of them have an apor phine
skele ton (3). Among other types of iso qui no -
line al ka loids found in Gu at te ria there are
bisbenzyl- isoquinolines (4), tet ra hy dro pro -
to ber ber ines (5), and non- isoquinoline 4-
 azafluorenones are also re ported (6). It has
been re ported that from the bark of Gu at te -
ria schom burg ki ana 18 al ka loids were iso -
lated and iden ti fied, 14 of which have the
apor phine skele ton, the rest be ing tet ra hy -
dro pro to ber ber ines (5). The cy to toxic ac tiv -
ity of lin can genine (7), pal ma tine (8), and
thai ca nine (9) over sev eral dif fer ent hu man
can cer cell lines has been re ported (10). In
this work we re port the iso la tion of one pro -
to ber ber ine al ka loid: ani so cycline (11), this
is the sec ond re port of the iso la tion of ani so -
cycline and li can genine in the bib li og ra phy
and the first in the ge nus. In this work un re -
ported spec tral data of ani so cycline, lin can -
genine and thai ca nine are showed.

Ma te rials and Methods

Ge ne ral ex pe ri men tal pro ce du res

NMR Spec tra (1H and 13C) were re corded 
on ei ther a Bruker AC- 300, a Bruker AMX-
 400 or a Jeol eclipse 270 MHz spec trome ter
in CDCl3 or CD3OD + CF3COOD (5:1) us ing
TMS as in ter nal stan dard. Apart from 1H
and 13C, NOESY and DEPT ex peri ments
were per formed to elu ci date the struc tures
of com pounds. The HRESMS and LRESMS
were re corded on a Mi cro mass Hy brid
Sector- TDF ap pa ra tus. Col umn chro ma tog -
ra phy was per formed us ing sil ica gel 60
(70- 230 mesh) us ing di chlo ro meth ane/
metha nol/ am mo nium hy drox ide (50:10:1)
as the elu ent. Ana lyti cal thin- layer chro ma -
tog ra phy of com pounds or ex tracts was per -
formed on sil ica gel 60 F254, Macherey- Nagel
plates, us ing the same elu ent sys tem as for
col umn chro ma tog ra phy.

Co llec ting of plant Ma te rial

Plant ma te rial of Gu at te ria schom burg -
ki ana Mart. was col lected in the Ama zo nian
for est, along the Ca ta niapo riv er side, 8 km

south east of Puerto Ay acucho city, Vene -
zuela. The taxo nomic iden ti fi ca tion of the
plant was done by Dr. Ani bal Cas ti llo. Cor re -
spond ing voucher speci men (5.156 AC) is
de pos ited in the Na tional Her bar ium of
Vene zuela (VEN, Ca ra cas Bo tani cal Gar -
den), Caracas- Venezuela.

Ex trac tion, pu ri fi ca tion
and iden ti fi ca tion of alka loids

The dried and pul ver ized leaves (2.4 kg)
were per co lated with 5% HCl at room tem -
pera ture. The acidic aque ous so lu tion was ba -
si fied with 10% NH4OH and ex tracted with
CHCl3. The CHCl3 layer was washed with wa -
ter, dried and evapo rated to yield 5.93 g of
crude al ka loi dal frac tion, rep re sent ing 0.25%
of dry plant ma te rial. This al ka loi dal frac tion
was sub jected to col umn chro ma tog ra phy on
sil ica gel us ing as elu ent a mix ture of CHCl3/
CH3OH in creas ing gradu ally the po lar ity to af -
ford 37 col lec tive frac tions. The in ter me di ate
frac tions, posi tive to Dra gen dorff’s rea gent,
were com bined and passed through a sil ica gel 
col umn us ing the sol vent sys tem de scribed in
gen eral ex peri men tal pro ce dures. Fi nal sepa -
ra tion by prepa ra tive layer chro ma tog ra phy
on sil ica gel us ing the same sol vent sys tem en -
abled us to iso late four fol low ing al ka loids:
ani so cycline (0.00021%), lin can genine
(0.21%), pal ma tine (0.00042%), and thai ca -
nine (0.01%).All the al ka loids were iden ti fied
by com pari son of their physi cal and spec tro -
scopic data with those of the lit era ture (7- 11).

Ani socy cli ne 1

Yel low amor phous solid. Mp.190-
 195°C (re ported 195°C); HRESMS m/z
382.16526 (M+, 382.165448 cal cu lated for
C22H24NO5). dH(CD3OD + CF3COOD) 9.80 (1H,
s, H-8), 8.88 (1H, s, H-13), 8.14 (1H, d, J
9.15, H-11), 8.04 (1H, d, J 9.15, H-12), 7.56
(1H, s, H-1), 4.86 (2H, t, J 6.0, H-6), 4.21
(3H, s, OCH3), 4.12 (3H, s, OCH3), 4.02
(OCH3), 3.94 (3H, s, OCH3), 3.93 (3H, s,
OCH3), 3.22 (2H, t, J 6.0, H-5). 

dC (CD3OD)
154.0 (C-4), 150.9 (C-3) ,150.3 (C-10), 145.3
(C-8), 144.5 (C-9), 137.9 (C-2), 137.9 (C-14),
133.7 (C- 12a), 126.1 (C-11), 123.3 (C-12),
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122.5 (C-4a), 122.2 (C-8a), 121.0 (C-13),
121.8 (C- 14a), 105.0 (C-1), 61.2 (OCH3),
60.4 (OCH3), 60.2 (OCH3), 56.3 (OCH3), 55.8
(C-6), 55.7 (OCH3), 20.5 (C-5). Tet ra hy -
droani so cycline (NaBH4): LRESMS m/z 385
(M+, 70%), 220 (20), 164 (60), and 149 (100).
The struc ture was sup ported by cor re la -
tions ob served in NOESY Spec tra.

Lin can ge ni ne 2

Yel low crys tal l ine solid. Mp.
229–233ºC (re ported mp. 250- 251ºC); IR 
vCHCl

max
3  cm -1: 3406, 2934, 2850, 1607, 1508,

1462, 1374. HRESMS m/z 368.14941 (M+,
368.14980 cal cu lated for C21H22NO5). dH

(CD3OD + CF3COOD) 9.65 (1H, s, H-8), 8.60
(1H, s, H-13), 8.00 (1H, d, J 9.15, H-11),
7.92 (1H, d, J 9.15, H-12), 7.19 (1H, s, H-1),
4.87 (2H, t, J 6.40, H-6), 4.15 (3H, s, OCH3),
4.04 (3H, s, OCH3), 3.95 (3H, s, OCH3), 3.88
(3H, s, OCH3), 3.22 (2H, t, J 6.40, H-5). dC

(CD3OD) 153.2 (C-4), 150.8 (C-3),147.5
(C-10), 145.1 (C-8), 144.4 (C-9), 139.1 (C-2), 
138.4 (C-14), 133.7 (C- 12a), 126.6 (C-11),
123.3 (C-12), 122.3 (C-4a), 122.1 (C-8a),
120.9 (C-13), 115.7 (C- 14a), 100.7 (C-1),
61.2 (OCH3), 60.0 (OCH3), 56.3 (OCH3), 56.0
(C-6), 55.5 (OCH3), 20.2 (C-5). The struc ture
was sup ported by cor re la tions ob served in
NOESY Spec tra.

Pal ma ti ne 3

Yel low amor phous solid. Mp. 206-
2100C (re ported mp. 2080C); HRESMS m/z
352.15461 (M+, 352.15488 cal cu lated for
C21H22NO4). dH(CD3OD) 9.77 (1H, s, H-8), 8.82
(1H, s, H-13), 8.13 (1H, d, J 9.13, H-11),
8.02 (1H, d, J 9.13, H-12), 7.05 (1H, s, H-1),
4.88 (2H, t, J 6.42, H-6), 4.21 (3H, s, OCH3),
4.11 (3H, s, OCH3), 3.99 (3H, s, OCH3), 3.94
(3H, s, OCH3), 3.23 (2H, t, J 6.42, H-5). 

dC

DEPT (CD3OD) 145.1 (C-8), 126.7 (C-11),
123.1 (C-12), 120.0 (C-13), 108.6 (C-1), 61.2 
(OCH3), 56.3 (OCH3), 56.0 (C-6), 55.7 (OCH3), 
55.3 (OCH3), 26.5 (C-5).

Thai ca ni ne 4

Dark brown solid. Mp. 137–138ºC (re -
ported mp 144–146ºC), IR vCHCl

max
3  cm -1: 3490,

2950, 2890, 2790, 2710, 1490, 1120, 1080.

HRESMS m/z 371.16927 (M+, 371.42694 cal -
cu lated for C21H25NO5). LRESMS m/z 371 (M+,
100%), 370 (93), 340 (30), 206 (24), 165 (23),
164 (60), and 149 (54). dH(CDCl3) 6.34 (1H, s,
H-1), 2.84 (1H, m, H- 5ax.), 2.50 (1H, m, H-
 5ec.), 2.82 (1H, m, H- 6ax.), 3.22 (1H, m, H-
 6ec), 3.53 (1H, d, J 15.7, H- 8ax.), 4.20 (1H, d,
J 15.7, H- 8ec.), 6.76 (1H, d, J 8.4, H-11), 6.85
(1H, d, J 8.4, H-12), 2.84 (1H, m, H- 13ax.),
3.22 (1H, m, H- 13ec.), 3.53 (1H, m, H-14),
3.90 (3H, s, OCH3), 3.86 (3H, s, OCH3), 3.85
(3H, s, OCH3), 3.82 (3H, s, OCH3),

 
dC (CDCl3)

150.6 (C-2), 150.3 (C-9), 146.5 (C-4), 145.1
(C-10), 133.8 (C- 14a), 133.6 (C-3), 128.6 (C-
 12a), 127.7 (C-8a), 123.9 (C-12), 115.0 (C-4a),
111.0 (C-11), 100.6 (C-1), 61.0 (3- OCH3), 60.2
(9- OCH3), 56.0 (2- OCH3), 55.9 (10- OCH3), 59.5 
(C-14), 54.1 (C-8), 51.0 (C-6), 36.2 (C-13).

Re sults and Dis cus sions

From the leaves of Gu at te ria schom -
burg ki ana Mart., (= G. ses silis R.E.Fr., G.
sand withii R.E.Fr., G. spruceana R.E.Fr., G.
fla vo virens R.E.Fr., and G. ber nar dii R.E.Fr.)
[2], four pre vi ously known al ka loids, the
pro to to ber ber ines, ani so cycline 1, lin can -
genine 2, pal ma tine 3 and the tet ra hy dro -
pro to ber ber ine thai ca nine 4 were iso lated.
Lin can genine 2 and thai ca nine 4 were rela -
tively abun dant in this spe cies.

Ani so cycline 1, was iso lated as a yel low
amor phous solid, (Fig ure 1); HRMS meas -
urement gave a mo lecu lar for mula C22H24NO5

([M+] 382.16526), giv ing ab sorp tion maxima
at 229, 266 (ac com pa nied by a shoul der at
276 nm), 336, and 425 nm in the UV spec -
trum. A highly con ju gated sys tem in the
mole cule and the ob ser va tion of two no ta bly
de shielded singlets at 8.88 and 9.80 ppm in
the aro matic pro ton re gion in its 1H- NMR
spec trum, are agreed with the pro to ber ber -
ine skele ton. The above men tioned aro matic
pro tons can be as signed to H-13 and H-8, re -
spec tively, in the pro to ber ber ine skele ton. A
pair of mul ti plets at 3.22 and 4.86 ppm are
as sign able to H-5 and H-6 meth yl ene pro -
tons, re spec tively. The re main ing pro ton sig -
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nals are one singlet (1H) at 7.56 ppm, a pair
of dou blets (2H) at 8.04 and 8.14 ppm as the
AB sys tem with or tho cou pling con stant
(9.15 Hz) and five methoxyl groups (3.93,
3.94, 4.02, 4.12 and 4.21 ppm) in the mole -
cule. The 13C- NMR and 13C- DEPT NMR spec -
tra of 1 re vealed 22 car bons con sist ing of 5
CH3, 2 CH2 and 5 CH leav ing be hind 10 qua -
ter nary car bons. 2D NOESY ex peri ment de -
ter mined the lo ca tion of three aro matic pro -
tons and con se quently, of all methoxyl
groups, as in di cated in the Fig ure 2. Ani so -
cycline 1, was re duced with NaBH4 to the
cor re spond ing tet ra hy dro pro to ber ber ine.
Its mass spec trum showed two in dica tive
peaks at m/z 164 (58%) and 220 (18%), de -
rived from retro Di els–Al der cleav age of
ring-C. The frag ment at m/z 220 cor re -
sponds to the iso qui no line A/B rings bear -
ing three methoxyl groups, while the one at
m/z 164 re fers to C/D rings with two
methoxyl groups. Ani so cycline was iso lated
for first time from Ani so cy cla cy mosa (11).

Lin can genine 2, C 2 1H 2 2NO 5 ( [M + ]
368.14941), was iso lated as yel low crys ta -
line solid. As well as this UV spec trum (ab -
sorp tion maxima in MeOH at 225, 261, 325,
and 423 nm), its 1H- and 13C- NMR spec tra
are simi lar to those of ani so cycline 1, hav ing 
one OH in stead of OCH3 group. Two singlets
at 8.60 and 9.65 ppm in the aro matic pro ton 
re gion in the 1 H- NMR spec trum can be as -

signed to H-13 and H-8, re spec tively. A pair
of trip lets at 3.22 and 4.87 ppm with a cou -
pling con stant of 6.4 Hz are as sign able to
H-5 and H-6 re spec tively. The re main ing
proton sig nals are one singlet (1H) at 7.19
ppm and a pair of dou blets (2H) at 7.92 and
8.00 ppm as the AB sys tem with or tho cou -
pling con stant (9.15 Hz). On the other hand,
there are four methoxyl groups (3.88, 3.95,
4.04, and 4.15 ppm) in the mole cule, and the 
fifth oxy gen atom cor re sponds to a hy droxyl
group, evi denced by a broad band at 3406
cm-1 in the IR spec trum. The 13C- NMR and
13C- DEPT NMR spec tra of 2 re vealed 21 car -
bons con sist ing of 4 CH3, 2 CH2, 5 CH and 10
qua ter nary car bons. 2D NOESY ex peri ment
de ter mined the lo ca tion of three aro matic
pro tons and con se quently, of all methoxyl
groups, as in di cated in the Fig ure 2. Lin can -
genine 2, was re duced with NaBH4 to the cor -
re spond ing tet ra hi dro pro to ber ber ine. Mass
spec tral analy sis of this com pound showed
the char ac ter is tic retro Diels- Alder frag -
ments as so ci ated with a tet ra hy dro pro to -
ber ber ine skele ton pos sess ing two methoxyl
groups in the D ring (m/z 164, 100 %) and at
least two methoxyl groups in the A ring. This
analy ses also sug gested that this com pound
con tained an ad di tional hy droxyl group in
ring A (m/z 206, 37 %).The de ter mi na tion of
struc ture for lin can genine 2 was achieved by 
chemi cal shifts dis place ment of the singlet
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at 7.19 (H-1) in the 1H- NMR spec trum reg is -
tered in deu ter ated metha nol in com pari son 
with that taken in al ka line me dium. On ad -
di tion of NaOH pel let to the NMR tube con -
tain ing metha nol so lu tion of lin can genine,
this singlet shifted nota bly to up- field by
0.47 ppm. It is well known that phe no late
ion for ma tion in al ka line me dium causes
sig nifi cant up- field chemi cal shifts for the
pro tons in or tho and para po si tions but not
in meta po si tion. Ac cord ing to this, OH
group should be lo cated on C-4 be cause
NOE ex peri ment dem on strated that the po -
si tion orto to the singlet at 7.19 (H-1) has a
methoxy group. Lin can genine 2, was iso -
lated for first time from the Stepha nia lin can -
gen sis (7).

Pal ma tine 3, C21H22NO4 (M
+ 352.15461), 

was iso lated as amor phous solid. Their
struc ture was con firmed by com pari son of
their spec tro scopic data (8).

Thai ca nine 4, was iso lated as dark
brown crys ta line solid and 13C- NMR chemi -
cal shifts and cou pling pat terns of this al ka -
loid agree well with those re ported for thai -
ca nine, first iso lated from Pa ra baena sag it -
tata Miers (Menisper ma ceae) (9).

Con clusions

Three pro to ber ber ine al ka loids: ani so -
cycline, lin can genine and pal ma tine, and
one tet ra hy dro pro to ber ber ine thai ca nine,
were iso lated fol low ing an acid- base ex trac -
tion of the metha nolic ex tract from G. schom -
burg ki ana leaves. The al ka loids lin can -
genine and thai ca nine were the most abun -
dant rep re sent ing 0.21 and 0.1% of dry plant 
ma te rial re spec tively. This is the first re port
of lin can genine, ani so cycline and thai ca nine 
in the ge nus Gu at te ria.
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