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Abdract: Aim

Invedigation of akaoids from the leaves of Brazlian medicind plant Croton hemiargyerius var.

gymnodiscus. Methods Slica g column chromatography was used repeatedy for the ilation and purification, and their
gructures were idertified by extensve gpectrosoopy and conmpari on of the chemica and physca data with those of authentic
saples reported in literature. Results  Twelve dkaoids were idlated and their gructures were idertified. Conclusion

Four new akaoids named hemiarginesA (1) , B (5), C(6) and D (7) , together with eight known akaloids namdly ioc
orydine (2) , corydine (3) , noroorydine (4) , utaridine (8) , daucine (9) , tetrahydropametrubine (10) , xylopinoine

(11) , and rorlaudarosne (12) were idlaed.
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Intr oduction

The plants of Croton genus are quite abundart in the
central part of Brazil ; only in the Sate of Rio de Janeiro
thirty-nine ecies of the genus have been identified.
They are largely used asfolk medicine for wound healing.
A preiminary pharmaologca invedigation seemed to
oorfirm the hedling activity of the dkaloids. In previous
work , Pof. R. A. Barnes and his group examined eight
o fifteen Pecies of the genus sowing podtive teg for
akaoids" Croton salutaris contained sl utaricine and its
racemic form salutarine'” |, and C. cdltidifolius possessed
o mgjor akaoids, ioboldine and thaiporphing® .
Croton hemiargerius from Fiburgp of Rio yielded two a-
kaloids, sutaridine and daucine. Croton hemiargyerius
Mud. var. gymnodiscus Mud coollected in the Sate of
S0 Paulo was a new variety of hemiargyerius, and its
chemical condituents have ot been submitted hitherto for
chemica invedigation. We examined the akaoids frac
tions o its leaves in detail and ilated twelve akaloids.
Their dructures were determined by IR, MS, extensve
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1D and 2D NMR spectrum anayss in combination with
chemica converson and synthess.

Results and Discussion

Twelve dkdoids were iolated and purified, of
which two mgjor dkaloids, daucine and iscorydine,
contained 85 % of the crude dkaloids, and the containing
mirnor akaoids were lower than 1% Their chemica
dsuctures were further e ucidated on the bassof IR, UV,
MS (HRMS, EISV, CAMS) , various 1D and 2D hono
and hetero NMR gectra in combination with conpari on
o their phydcd and chemica properties with those of
their repective authentic conpounds, and chemical conv
erdon. Four of them were identified as new dkaloids
namely hemiargnesA (1) ,B (5), C(6) and D (7) ,
and the krown akaoids were imcorydine (2)°,
corydine (3)'® | rorcorydine (4) !, slutaridine (8)' |
daucine (9) ", tetrahydropalmetrubine (10) ™', xylopi-
mine (11) |, and rorlaudarosine (12) . The berber-
ine type akaoid xylopinine wasfound in Croton genusfor
thefirg time. Hemiargine D was concluded to be danple
iquinoline gructure , which seemed to undergo biosyn-
theds by gecid biogenetic pathway.

Hemiargine A has the nolecular formula Gy HxsNO,
dforded by HREIMS. Its "H NMR showed very smilar
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sgnds with those of rorcorydine. The typical arometic
protons &d 6.85 (d,J=8.0Hz) ,0 6.79 (d,J=8.0
Hz) and 6.62 (s) were atributed to H8, H9 and H3,
reectively , by comparion of its NMR data with those of
known akaoids 2 - 4. The presence of four methoxyl
goups 0 3.90 (s) ; 3.89 (s) ; 3.88 (9 ; 3.82 (9) ]
and absence of a methyl group attached to nitrogen led to
propose its dructure as 1-O-methylnorcorydine, named
hemargne A.

Hemiargine B dforded a nolecular formula as Gy Hie
NO; by meansof “H and *C NMR spectra in combination
with mass gpectrum. It has one nore unsaturation degree
than iooorydine. The typicd dgnds ad 6.68 (d,J=
8.0 Hz) ,andd 6.72 (d,J=8.0 Hz) , and the presence
o two of the three methoxyl groups subdgituted et C1 and
C-2 were dmilar to those of isocorydine. A third methoxyl
group was conddered to be attached to CG10 due to the
long range correlation between H8 © 6.72, d) and C10
0 146.62, s) , and between methoxyl protonsd 3. 90
(s, OCH;) and G10. A cowle of gemind protons atd
4.28 (d,J=15.2 Hz) andd 3.55 (d,J =15.2 Hz)
were asigned to CH,-7, which inplied that a double
bond was formed between the nitrogen and C-6a, and the
evidence was further supported by a typicd carbon sgnd
ad 179.33 (9 for G6a. Thus, the sructure was prop-
oxd as 5.

Hemiargne C was a polar miror dkaoid, and its
nolecular formula G Hx NO, With ten unsaturatuon , was
dforded by the *H and C NMR data in asciation with
MS spectrum (nolecular weight as m/z 327 [M] ") . The
typical dgndsad 7.62 (d,J=10.5 Hz) andd 7.81
(d,J=10.5Hz) in"HNMR spectrum suggested that the
N- Cs, bond was cleaved. The protons atd 9. 12 (s) andd
7.05 (s) were characterigic of protons H11 and H8,
repectively, in conparion with those of N-methyl seco-
dauci ne"™ . Its difference from N-methyl secod auci ne was
the absence o a methoxyl group in hemiargne C, which
induced chemical shilft of H3 to highfield atd 6. 91 (9
whereas that of N-methylsecogiaucine wasd 7.19 (s).
The absence of oorrelation between hydroxyl proton and
H-3 in NOESY ectrum indicated that the hydroxyl group
was linked to C1. The dructure of 6 was therefore prop-
oxd as shown.

Hemiargne D has a nolecular formula Cs His N
(M", m/z 189. 2222) with five degreesof unsaturation.
IR aborption at 3 300, 1 610, 1 600, 1 580 and 1 575
cm ' suggested the presence of NH and arometic nmiety.
“C NMR data in combination with “H NMR data led to
conclude a snple ioquinoline dkaloid. On the bags of
DQF COSY spectrum, a methyl group ad 1.45 (d,J =
6.8 Hz, 3H) coupled with the proton ad 3.36 (q,J =
6.8 Hz) was asdgned to be connected to C6a. A quater-
nary carbon a G5 was subgituted by a methyld 1.18
(s, 3H) and an ethyl goup © 0.96,t,J=7.2 Hz,
3H;8 1.62, q,J =7.2 Hz, 2H) , repectivdy. The
gemind proton sSgnalsd 2.74 (d,J=11.8 Hz) andd
2.70 (d, J =11.8 Hz) were concluded to be CH,-4.
Four arometic protons betweend 7.09 and 7. 28 (m, 4H)
were concluded to be ring A of iquiroline. The relative
ocorfigurations of G5 and C-6a were determined by the
NOE corrd ation observed between the methyl protons H7
and H10. The gructure was proposed as 7.

Exper imental

General

The melting points were observed by usng Kofler go-
paratus and were uncorrected. The NMR gectra were
recorded for *H and * C NMR in Varian Germini 200.
The IR gectra were observed with Perkin Hmer node
559B , and MS ectra were examined usng 70 eV with
the Micromass 12F and V G Autopec goparatus. The dli-
ca gd and a umina were purchased from Merck Gompany.

Pant material

The plant ecieswas idertified as Croton hemiargy-
erius var. gymnodiscus Mudl. by Pofesor Arline Suza
Oliveira df the Department of Botany , the Federal Univer-
dty of Rio de Janeiro , and the sample was depodted in
Sate Key Laboratory of Natura and Biomimetic Drugs,
Peking Universgty.

Extraction and isolation

The dried leaves and gems (0. 80 kg) were ground
and extracted by prolonged percolation with 95 % BOH.
After vacuum didillation, the resdue was dislved in
5% HA lution. After filtration and extraction with COl,
to rermove chlorophyll , the acidic 2lution was made akar
line with amnonia to pH 10 and subsequently extracted
with ether , BOAc, and n-BuOH to &ford three parts of
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crude akaoids. The ether extract contained two mgjor a-
kaoidswith very dmilar R values when teged by TLC.
By repeated chromatogrgphy with columns of dlica gd us
ing hexane-acetone-ethylamine (1 1 0.1) as the duting
lvents, the islation of corydine (3) (250 mg) and iso-
oorydine (2) (125 mg) was acconplished. From higher
Rf (higher than tha of corydine) part of the oollected
fractions ,hemiargine C (6) (11 mg) , hemiargne D (7)
(14 mg) , tetrahydropalmetrubine (10) (25 mg) , and
daucine (9) (12 mg) were ilated and purified by usng
low pressure liquid chromatogrgphy with dlica ge and
preparative TLC. FHom lower R parts of the oollected
fractions, sdutaridine (8) (10 mg) and hemiargine B
(5) (8 mg) were iolated. From BOAc extract , norc-
orydine (4) (7 mg) , rorlaudanosine (12) (23 mg) , xy-
lopinine (11) (18 mg) , and hemiargne A (1) (10 mg)
were ilated and purified by repeated chromatography on
dlica gd columns.

Sructure identification :

Hemiargine A Sguare crygd , np 200 - 202
% +122.2 (¢ 3.6, CHOs). IR (KBr) cm*:
3350,1630, 1615, 1600, 1583, 1560, 1500,
1420, 1210, 1200, 1150, 1 100. ‘H NMRS (DG
l3):6.85 (d,J=8.0Hz) ,6.79 (d,J=8.0 Hz) ,
6.62 (s) , 3.90 (s, OCHs) , 3.89 (s, OCH;) , 3.88
(s, OCH;) , 3.82 (s, OCH;) , 4.22 (dd, J =10.2,
3.0 Hz, H6a) ,3.23,3.19 (m, H5) ,3.20 (dd,J =
12.5,3.0 Hz, HT) ,2.70 (dd,J=12.5, 10.2 Hz,
HB),2.9 (m, H4). *CNMRJ : 145.79 (s, C
1) ,147.22 (s, G2) , 126.23 (s, C1la) , 117.11 (s,
Cib) , 112.43 (d, C3) , 128.47 (s, CG3a) , 29.18
(t,C4) ,48.41 (t, CG5),58.13 (d, C6a) , 36.91
(t, C7), 129.22 (s, CG7a), 119.47 (d, C8),
112.71 (d, G9), 150.00 (s, G10), 146.04 (s,
C11) , 130.02 (s, C11a) , 56.87 (g, OCHs) , 59.21
(q, OCHs) , 60.01 (q, OCHs) , 55.86 (g, OCHs) .
EFMS m/z: 341 [M] ", 326, 330, 192 (base peak) ,
176, 151, 150, 147, 131, 118, 107, 92, 77. HRE}
MS m/z: 341. 1671 (cacld. For CoHxNO, 341. 1627) .

Hemiargine B Anorphous, IR ( KBr) cm !
3330, 2970, 1635, 1610, 1600, 1580, 1555,
1510, 1425, 1210, 1190, 1150, 980, 975, 800.
"HNMR3 (CDQs) : 6.72 (d,J=8.0 Hz) , 6.68 (d,

J=8.0 Hz) , 6.65 (s), 3.89 (s, OCH;, 3.90 (s,
OCH;) , 3.91 (s, OCH;) , 4.28 (d,J=15.2 Hz, H
7) ,3.55(d,J=15.2 Hz, H7) ,3.60 (dd,J=12.5,
3.0Hz, H5) ,3.20 (dd,J=12.5, 11.5 Hz, H5) ,
2.85(dd,J=12.0, 11.5 Hz, H4) , 2.70 (dd, J =
12.5,3.0 Hz, H4). 290 (m, H4). ®C NMRdJ
(CDAs) : 144.42 (s, CG1), 121.45 (s, Cla),
114.45 (s, G1b) , 146.62 (s, G2) , 110.98 (d, G
3),137.71 (s, G3a) ,31.22 (t, G4) ,51.52 (G5) ,
179.33 (s, CG6a) , 32.11 (t, G7), 136.62 (s, G
7a) , 120.78 (d, G8) , 114.43 (d, G9) , 146.62 (s,
G10) , 144.11 (s, G11) , 123.35 (s, CG11a) , 58.81
(q, OCHs) , 55,53 (q, OCHs) , 55.78 (q, OCHs) .
EFMS m/z: 325 [M]" , 300, 286, 192, 176.

Hemiargine C  Anoiphous, IR (KBr) cm’
3450,3 300, 1635, 1610, 1600, 1510, 1 500,
1420, 1 380, 1 300, 1 190, 1 150. '"H NMR?J
(CD;OD) : 9.12 (s, H11) ,7.81 (d,J=10.5 Hz, H
7),7.62 (d,J =10.5 Hz, H6a) , 6.91 (s, H3),
7.03 (s, H5) , 3.98 (s, OCH;) , 3.95 (s, OCHs) ,
3.94 (s, OCH;) , 3.51(t,J =7.5 Hz, 2H, H5) ,
2.87 (t,J=7.5 Hz, H4). ®CNMRd (CD;OD) :
148.32 (s, G1) ,151.45 (s, G2) ,109.72 (d, G3) ,
125.10 (s, G3a) , 134.31 (s, G1b) , 124.62 (s, G
1a) , 115.41 (d, G6a) , 124.12 (d, G7) , 128.32
(s, G7a), 109.00 (d, C8), 148.45 (s, G9),
144.87 (s, G9) ,107.11 (d, G11) , 31.31 (t, G4) ,
42.67 (t, G5). 58.81 (q, OCHs) , 55.51 (q,
OCH;) , 55.72 (q, OCHs). EFMS m/z: 327 [M]",
312, 296, 297 , 265.

Hemiargine D  Anomphous, IR (KBr) cm’
3220,1 600, 1 510, 1 500, 1 420, 1 352, 1151,
987, 760. CFMS m/z: 190 [M + H]" , 147, 71, 43.
'H and ®C NMR data were sown in Table 1.

Isocorydine  Sguare cryga , mp 240 - 242
15 +182.3 (c 1.3, CHO;). IR (KBr) cm *:
3300,1 650, 1620, 1570, 1480, 1460, 1435,
1150, 1 095, 920, 834. EFMS m/z: 341 [M]",
326, 310, 295, 281, 266, 167, 150, 149, 139, 125,
105, 83, 71. "HNMR9 : 6.86 (s, H3) , 2.46 (ddd,
J=17.3,3.9,3.4 Hz, H4a) , 2.70 (dd, J =17.3,
3.4 Hz, H4b) ,3.06 (dd,J=13.0, 17.3, H5b) ,
3.19 (ddd,J=17.3,17.3,3.9 Hz, H5a) , 4.22 (m,

1.

1.
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H6a) ,2.88 (d,J=12.8 Hz, H7a) , 2.44 (dd,J =
12.8,12.8 Hz, H7b) , 6.82 (d,J =8.0 Hz, H8) ,
6.84 (d,J =80 Hz, H9), 2.53 (N-CH:) , 3.90
(OCH:) : 3.90 (OCH;) , 3.70 (OCH:). ®C NMRS
142.19 (s, G1) , 125.00 (s, C1la) , 118.89 (s, G
1b) , 149.11 (s, G2) , 111.12 (d, G3) , 129. 22 (s,
G3a) ,29.26 (t, G4) , 52.67 (t, G5) , 62.83 (d,
G6a) , 35.85 (t, G7), 129.87 (s, G7a) , 118.13
(d, ¢8), 111.17 (d, C9), 151.21 (s, C10),
144.04 (s, G11) , 129.22 (s, G11a) , 43.77 (q, N
CH,) , 55.81 (q, OCHs) , 55.82 (q, OCHs) , 61.91
(g, OCHs) .

Corydine np 150- 152 , [0 ]5 +207 (c 1.0,
CHO). IR (KBr) cm ':3450,2980,1620,1 550,
1450, 1200, 1150, 820, 730. ‘HNMR3 (CDds) :
6.71 (s, H3) ,2.50 (dd,J=13.5,17.0 Hz, H4) ,
3.10 (dd,J =135, 4.0 Hz, HB) , 2.65 (dd, J =
17.0,2.5 Hz) , 3.20 (ddd, J=17.0, 17.0, 4.0 Hz,
H®) ,270 (dd,J=13.0,2.0 Hz, H4) , 7.11 (d,
J=8.0,H8),6.90 (d,J=8.0Hz, H8) , 3.9 (s,
OCHs) , 3.95 (s, OCH;) , 3.76 (s, OCHs) , 2.60 (s,
N-CH:). EFMS m/z: 341 [M]", 326, 310, 298,
324,280, 268, 252, 170, 155, 139, 120, 105, 91,
74.

Norcorydine Anorphous, [t |5 +67.2° (¢ 3.2,
CHJ3). IR (KBr)em ': 3450, 3300, 2970, 2 960,
1632, 1610, 1550, 1 520, 1 420, 1 400, 1 220,
1200, 1 170, 1 100, 850, 720, 700. “H NMRJ
(CDAs) 1 6.77 (s, H3) ,7.15 (d,J=8.0 Hz) , 6.95
(d,J=8.0Hz) ,3.99 (s, OCH;) , 3.89 (s, OCH;) ,
3.80 (s, OCH;) , 2.55 (dd, J = 14.0, 14.5 Hz,
H4) ,3.05 (M), 310 (m), 270 (m), 2.60 (dd,
J=14.0, 25 H) , 292 (dd, J =16.0, 14.0 Hz) .
EFMS m/z: 327 [M]" , 326, 312, 310, 298, 163.

Salutaridine np 223- 225 , [0 |5 + 140 (c
2.0, CHd;). IR(KBr) cm ‘: 3320, 2980, 1 670
(CO) , 1600, 1580, 1460, 1400, 1 250, 1 170,
1020, 1000, 830, 790, 750. ‘"H NMR3 (CDQ;) :
6.81 (d,J=8.3 Hz, H1),6.72 (d,J =83 Hz,
H2, 7.60 (s, H5), 6.38 (s, H8), 3.95 (s,
OCH;) , 3.80 (s,0CH;) , 3.40 (d, J=18.5 Hz) ,
3.05 (dd,J=18.5,6.5Hz) ,3.75 (d,J=6.5 Hz) ,

2.50 (\-CH:) , 2.25 (dd,J=16.5, 8.5 Hz, H15) ,
1.82 (ddd, J = 16.5, 16.5, 6.5 Hz, H15) , 2.65
(m) ,2.40 (m, H16). EFMS m/z: 326 [M]" , 190,
178, 58, 39.

Tablel The 'H and ® C NMR data o hemiargine D in
CDCl;
No. Bco) HO) Hz
la 126.20 d 7.23d 7.6
1 126.56 d 7.28d 7.6,7.8
2 126.55 d 7.09d 7.8,7.8
3 131.09 d 7.23d 7.8
3a 135.00 s
1b 137.50 s
4 29.59t 1.74d 11.8
2.70d 11.8
5 55.31s
6a 61.34d 3.36q 6.8
7 18.74 q 1.45d 6.8
8 21.64t 1.62 q 7.2
9 11.81 q 0.9t 7.2
10 18.02 q 1.18s

Qaucine np 120- 122 , [ ]5 +128 (¢ 6.9,
CHO3). IR (KBr) cm ':2800,1610,1605,1585,
1450, 1 320, 1 200, 1 105, 970, 950. ‘H NMRJ
(CDAs) @ 8.10 (s, H11) , 6.98 (s, H8) , 6.63 (s,
H3) ,3.90 (s, OCH;) , 3.88 (s, OCH:) , 3.78 (s,
OCHs) , 3.70 (s, OCHs) , 2.52 (s, N-CHs) . EFMS
m/z: 355 [M]" , 254, 340, 324, 312, 297, 281.

Tetrahydr opal matr ubine  Anorphous, IR (KBr)
cm *:2980,2976,1615,1600,1550,1520,1 430,
1400, 1355, 1200, 1150, 990, 875, 730. 'H NMRJ
(DAs) : 6.78 (d,J=8.0Hz) ,6.73 (d,J=8.0 H) ,
7.00 (9 ,6.62 (9) ,4.28 (d,3 =150 Hz) , 3.90 (s,
9H) ,3.52 (d,J =150 Hz) , 3.30 (dd,J =142, 3.0
H) , 315 (m), 3.00- 250 (m, 6H). ®C NMRd
(CDA,) : 147.37 (9) , 147.30 (9) , 143.95 (9) , 141. 42
(9 ,129.53 (9 , 127.83 (9 , 126.68 (9 , 121.00 (9 ,
119.13 (d) , 111.26 (d) , 108.89 (d) , 108.51 (d) ,
59.13 (d) , 56.03 (q) , 55.56 (q) , 55.73 (qg) , 51.27
(t), 36.15 (t) , 28.90 (t). EFMS m/z: 327 [M]",
326, 312, 310, 298, 163.
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Xylopinoine mp 182 - 183 , IR(KBr) cm*
2980, 2 975, 1 610, 1 580, 1 550, 1 510, 1420,
1215,1 155, 870, 720. 1H NMRd (CDds) : 6.71
(9,6.70 (), 6.62 (s) , 6.55 (s) , 4.26 (dd, J =
12.0,3.5 Hz) , 4.12 (dd,J=14.0, 6.0 Hz) , 3.90
(s,0OCH;) , 398 (d,J=15.2 Hz) , 3.70 (d, J =
15.2 Hz) , 3.30 - 2260 (m, 6H). ® C NMR S
(CDbds) @ 129.60 (s, Cla), 108.46 (d, C1),
147.38 (s, G2) ,147.38 (s, CG3) ,147.38 (s, C3) ,
111.24 (d, C4) , 126.60 (s, C4a) ,29.25 (t, C5) ,
51.23 (5, C6) , 58.20 (t, C8) , 59.50 (d, CG9) ,
35.97 (t, G10) , 126.20 (s, G11) , 109.14 (d, C
12) , 147.30 (s, CG13), 147.30 (s, G14) , 111.43
(d, G15) , 55.95 (q, 4x OCH;). EFMS m/z: 355
[M]", 354, 340, 324, 281, 94.

H,C0™™ 10

I.Rt=R =0Cl'la, R3=H :
2.R|= ]‘Ia,Rz"OI‘l,R;“CH;
3.R)=0H, R; = OCH,, Ry = CH;,
4.R.|'=OI'1,R2=OC ,R3=H

H,CO

HO

HCO

10.R;=0H,R;=H
11.R; =H, Ry =0CHj3

Norlaudanosine  Anorphous, IR (KBr) cm *:
3350,1610, 1 600, 1 550, 1 515, 1 440, 1 400,
1335, 990, 980, 780. '"H NMR& (CDJ;) : 6.80
(dd,J=8018Hz),6.78 (d,J=8.0 Hz) , 6.80
(d,J=1.8 Hz) , 6.58 (s) , 6.52 (s) , 4.26 (br) ,
3.88 (s, OCHs) , 3.87 (s, OCH:) , 3.86 (s, OCH:) ,
3.72 (s, OCH;) , 3.20- 2.75 (m, 6H). “C NMRd
(CDA5) : 111.17 (d, G1) , 147.70 (s, G2) , 147.70
(s, G3), 112.45(d, G4) , 28.00 (t, G5) , 41.55
(t,C6) ,56.15 (d, G8) , 128.50 (s, G9) , 126.80
(s, G10) , 40.06 (t, G11), 130.07 (s, G12) ,
111.53 (d, G13) , 148.84 (s, G14) , 146.99 (s, G
15) , 109.38 (d, G16) , 121.49 (d, G17) , 55.69
(9) ,55.76 (q) ,55.67 (@) ,55.97 (q). EFMS m/z:
343 [M]", 327,191, 151.

12

Figure1 Sructure of éompounds 1-12
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