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ABSTRACT

Two unprecedented C,C-linked dimeric indolizidine alkaloids, flueggenines A (1) and B (2), as well as their biosynthetic precursor ( —)-norsecurinine,
were isolated from the roots of  Flueggea virosa . Their structures and absolute configurations were elucidated by spectroscopic methods,
especially 2D NMR and CD spectral analyses, and supported by their unique biosynthetic pathway as proposed. Both 1 and 2 were tested
against two tumor cell lines, and alkaloid 1 showed weak activity against the P-388 cell line.

The roots ofFlueggeavirosa Roxb. ex Willd (Euphorbi- from the roots offF. virosa. Their structures and absolute
aceae), a traditional Chinese medicine, have been used foconfigurations were elucidated by extensive spectroscopic
the treatment of rheumatism, pruritus, cephalic eczema,analyses, especially by their 2D NMR and CD spectra. The
leucorrhoea, and injuridsChemical studies on this pl@nt  biogenetic origin ofl and 2 could be traced back to the
afforded a number of indolizidine-type alkaloids known as coexisting major alkaloid (—)-norsecurinine (Scheme 1) via
Securinega alkaloids, and some of them showed strong
cytotoxicity?* A nonalkaloid, bergenin, isolated from its _
aerial part also exhibited antiarrhythmic activityThe Scheme 1. Plausible Biogenetic Origin af and?2
interesting stereochemistry and biological importance of
Securinega alkaloids have been attracting the attention of
synthetic chemist$.

In the current project, two unprecedented C,C-linked
dimeric indolizidine alkaloids, flueggenines &)(and B @),
along with their precursor (-norsecurininé®were isolated

(1) (a) Li, B. T. Chinese Flora(Zhongguo Zhiwu Zhi); Science Press:
Beijing, 1994; Vol. 44 (1), pp 6874. (b) An Editorial Committee of the
Administration Bureau of Traditional Chinese Medicit@hinese Materia : : : : :
Medica (Zhonghua Bencao); Shanghai Science & Technology Press: a unique blosynthetlc pathway mvolvmg a self-catalyzed

Shanghai, 1999; Vol. 4, pp 85859. Baylis—Hillman reaction as the key step. This biogenetic
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pathway fully supports the structures of flueggeninesLA (
and B @) as assigned.

The air-dried and ground root material (2.8 kg)yofkirosa
was percolated with 95% EtOH at room temperature to give
190 g of crude extract, which was dissolvedli L of H,O
to form a suspension and adjusted to $H8 with 2 M Hy-
SOy The acidic suspension was first partitioned with EtOAc

column (HO—MeOH, 1:0-0:1) to give three major fractions
1-3. Fraction 2 was rechromatographed on a silica gel
column (CHCI,—MeOH, 50:1—-3:1) to afford (—)-norse-
curinine (2.1 g) and two major subfractions 2a and 2b.
Fraction 2a was subsequently purified on an RP-18 silica
gel column (50% MeOH in kD) to give flueggenine AX)
(15.6 mg). Fraction 2b was purified by preparative HPLC
using a reversed-phase C-8 silica gel column (30%@NH

in H,O) to obtain flueggenine B (2) (10.2 mg).

Flueggenine A 1)°> a white amorphous powder, has a
molecular formula of @H»eN-O,4 as determined by HREIMS
at m/z406.1871 [M} (calcd 406.1893). The IR spectrum
exhibited typical absorptions for the norsecurinine type
alkaloids at 1755 (o,f-unsaturatedlactone), 1649, 1622
cm! (olefinic bond)®2d The 'H, 3C NMR, and DEPT
spectra (Table 1) revealed the presence of two lactone

(1 L x 3) to remove the neutral components. The aqueous carbonyls, three trisubstituted double bonds, and 16 sp

phase was then basified with 5% X&D; to pH ~ 10 and
extracted witm-BuOH (800 mLx 3) to obtain 10 g of crude
alkaloids. The crude alkaloids were subjected to a MCI gel

carbons including nine methylenes, five methines and two
oxygenated quaternary carbons. The aforementioned data
suggested that was likely a dimer of two norsecurinine-

Table 1. H and3C NMR Data of Flueggenines AL} and B Q)2

1 2

no. ou, J (Hz) ¢ ou, J (Hz) dc

2 3.17 (1H, dd, 6.3, 8.2) 66.6 (CH) 3.41 (1H, dd, 8.5, 6.9) 69.2 (CH)

3 o 1.88 (1H, m) 30.4 (CHy) o 1.82 (1H, m) 30.9 (CHy)
£1.97 (1H, m) £ 1.90 (1H, m)

4 © 2.03 (1H, m) 27.9 (CHy)  1.99 (1H, m) 28.0 (CHy)
£1.73 (1H, m) £1.74 (1H, m)

5 0 2.65 (1H, m) 56.3 (CHy) 0 2.79 (1H, m) 58.2 (CHy)
£ 3.24 (1H,dd, 8.6, 7.2) £ 3.36 (1H,m)

7 3.81 (1H, dd, 1.8, 4.7) 61.0 (CH) 3.78 (1H, dd, 6.4, 2.8) 63.4 (CH)

8 a 1.75 (1H, d, 10.7) 37.2 (CHy) a2 2.67 (1H, dd, 11.8, 6.7) 33.4 (CHy)
b 2.67 (1H, m) b 1.52 (1H, d, 11.8)

9 93.5 (qC) 92.7 (qC)

11 174.8 (qC) 174.4 (qC)

12 6.00 (1H, s) 108.4 (CH) 6.09 (1H, s) 114.2 (CH)

13 171.8 (qC) 173.1 (qC)

14 136.1 (qC) 3.55 (1H, m) 43.2 (CH)

15 6.93 (1H, d, 6.7) 140.6 (CH) 3.96 (1H, dd, 8.0, 3.0) 76.7 (CH)

2 3.13 (1H, dd, 9.2, 7.1) 68.6 (CH) 3.84 (1H, t, 7.4) 90.8 (CH)

3 o 1.84 (1H, m) 30.3 (CHy) ®2.24 (1H, m) 28.7 (CHy)
B 1.75 (1H, m) £ 2.51 (1H, m)

4 o 1.96 (1H, m) 27.9 (CHy) 0 2.10 (1H, m) 27.7 (CHy)
£1.68 (1H, m) £2.25 (1H, m)

5' . 2.63 (1H, m) 58.5 (CHy) o 4.12 (1H, m) 60.6 (CHy)
£3.29 (1H, m) £3.57 (1H, m)

7 3.19 (1H, m) 66.3 (CH) 4.93 (1H, dd, 9.6, 4.3) 76.2 (CH)

8 a 157 (1H, d, 11.0) 36.6 (CHy) 2 2.28 (1H, m) 34.7 (CHy)
b 2.64 (1H, m) b 2.21 (1H, m)

9 94.1 (qC) 77.1 (qC)

11’ 175.6 (qC) 173.9 (qC)

12 5.73 (1H, d, 1.9) 110.9 (CH) 5.94 (1H, d, 1.8) 130.3 (CH)

13' 176.4 (qC) 155.6 (qC)

14'  2.73 (1H, m) 29.3 (CHy)  2.23 (1H, m) 36.3 (CHy)
£ 3.00 (1H, m) £ 2.83 (1H, m)

15' 2.71 (1H, m) 44.3 (CH) 2.94 (1H, m) 43.1 (CH)

aRecorded in CBOD; 500 MHz for'H NMR and 125 MHz for'3C NMR. 13C multiplicities were determined by DEPT experiments.
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type alkaloids. By comparison with norsecurinfdehe H
and®*C NMR data ofl showed that the C-14 in the part A
had become a quaternary olefinic carbon andAkedouble
bond in part B had been saturated to form the C-14
methylene and C-15nethine, indicating that the A and B
parts ofl were connected through the C-14 and CHiénd.
The structure of flueggenine Al), especially the C-14
and C-15'linkage between the A and B parts, was further
confirmed by HMQC and HMBC spectra. TRHEC NMR
and HMQC spectra first allowed the assignments of all the
protons to their bonding carbons. The HMBC correlations
(Figure 1, Supporting Information) then confirmed the

Figure 1. Key HMBC (H — C) and 'H—'H COSY )
correlations ofl and 2.

bulk of the two monomer parts A and B indicated it was
fairly fixed. This was confirmed as shown in Figure 2 from
their NOESY correlations between H-15 and Hel4nd
between H-12 and H-15'.

Flueggenine B %)’ was isolated as a white amorphous
solid, and its molecular formula was determined a$igsN,Os
on the basis of HRESIMS at/z 447.1873 [M+ NaJ* (calcd
447.1896) and'®C NMR data (Table 1). The molecular
formula requires 12 degrees of unsaturation. The IR absorp-
tions at 1765, 1635, and 1571 chsuggested the presence
of an a,f-unsaturated/-lactone, an olefinic bond, and a
—COO™ group, respectivel§?® The spectral data mentioned
above also implied th& possessed the character of a dimeric
norsecurinine-type alkaloid. Compared with flueggenine A
(1), theH and 3C NMR data showed that both* and
A double bonds were saturated?imnd that a linkage most
likely existed between C-14 and C-13 quaternary carbon
signal assignable to the C-@&as strongly shifted upfield to
0 77.1 ppm, suggesting that theS-unsaturateg-lactone
ring in the B-part was possibly opened by saponification.
Meanwhile, the C-15 signal &t 76.7 in the A component
and the carbon signals of C-&t6 90.8, C-5'at 6 60.6, and
C-7'at 6 76.2 in the B component were all significantly
deshielded, indicating that the C-15 and the N-atom in part
B were likely linked to form a quaternary ammonium, which
actually caused the severe deshielding effects on its adjacent
carbons. A dimeric indolizidine type alkaloid with an

backbones of the two monomers and their linkage. In the Unprecedented octacyclic ring system was thus tentatively

HMBC spectrum, the correlations of H-12 to C-14 and C-9,
H-15 to C-13, C-7 and C-8, and H-7 to C-2, C-5 and C-9
verified the planar structure of part A; the correlations of
H-12'to C-14'and C-9', H-15%0 C-13', C-7'and C-8', and
H-7' to C-9', C-2'and C-5'proved the planar backbone of
part B; the key correlation between H-@&nd C-14, and
between H-15 and C-1®stablished the C-14 and C:15
linkage.

The relative stereochemistry df was determined from
the 500 MHz NOESY (in CBOD) spectrum (Figure 2). The

Figure 2. Key NOESY correlations of and2.

key NOESY correlations between H-1&1d H-8'a revealed
that H-15 and CH-8' were cofacial and arbitrarily defined
as having g-orientation. The correlations between Hapd

outlined, and was confirmed by 2D NMR spectra (HMQC,
H—1H COSY, HMBC, and NOESY).

Three spin systema, b, andc drawn with bold bonds in
2 were fixed by analysis of itSH—'H COSY spectrum

(2) (a) Nakano, T.; Yang, T. H.; Terao, Betrahedron1963,19, 609—
619. (b) Saito, S.; lwamoto, T.; Tanaka, T.; Matsumura, C.; Sugimoto, N.;
Horii, Z.; Tamura, Y.Chem. Ind. (London}l964, 1263—1264. (c) Saito,
S.; Tanaka, T.; Kotera, K.; Nakai, H.; Sugimoto, N.; Horii, Z.; Ikeda, M.;
Tamura, Y.Chem. Pharm. Bulll964 12, 1520-1523. (d) Saito, S.; Tanaka,
T.; Kotera, K.; Nakai, H.; Sugimoto, N.; Horii, Z.; Ikeda, M.; Tamura, Y.
Chem. Pharm. Bull1965,13, 786—796. (e) Chen, M. J.; Hou, L. Acta
Bot. Sin.1985,27, 625—629. (f) Tatematsu, H.; Mori, M.; Yang, T. H;
Chang, J. J.; Lee, T. T. Y.; Lee, K. H.Pharm. Sci1991,80, 325—327
and references therein. (g) Dehmlow, E. V.; Guntenhéner, M.; Ree, T. V.
Phytochemistn1999,52, 1715—1716.

(3) Pu, H. L.; Huang, X.; Zhao, J. H.; Hong, Rlanta Med.2002,68,
372—-374.

(4) (a) Honda, T.; Namiki, H.; Kudoh, M.; Watanabe, N.; Nagase, H.;
Mizutani, H. Tetrahedron Lett200Q 41, 5927-5930. (b) Han, G.; LaPorte,
M. G.; Folmer, J. J.; Werner, K. M.; Weinreb, S. Nl. Org. Chem2000,
65, 6293—6306. (c) Liras, S.; Davoren, J. E.; BordnefQxd. Lett.2001,

3, 703—706. (d) Honda, T.; Namiki, H.; Kaneda, K.; Mizutani, Gg.
Lett. 2004,6, 87—89.

(5) Flueggenine A (1): white amorphous powdex]®s —24 (c 0.50,
MeOH); UV (MeOH) Amax (log €) 212 (4.34), 260 (4.10) nm; CD (MeOH)
213 (Ae +7.35), 265 (Ae—10.9) nm; IR (KBr) vmax 3427, 2964, 1755,
1649, 1622, 1458, 914 criy *H NMR and'3C NMR, see Table 1; EIMS
70 eVm/z(rel int) 406 [M]* (18), 337 (26), 269 (10), 221 (11), 191 (38),
177 (10), 149 (12), 96 (26), 70 (100); HREIMS/z406.1871 (calcd for
Co4H26N204, 406.1893).

(6) Pretsch, E.; Buhlmann, P.; Affolter, Gtructure Determination of
Organic Compounds: Tables of Spectral Dagxd ed; Springer-Verlag:
Berlin, 2000; pp 248251, 290—294.

(7) Flueggenine B (2): white amorphous powder;?f]—70 (c 0.22,
MeOH); UV (MeOH) Amax (log €) 213 (4.22) nm; CD (MeOH) 202A¢
+8.45), 225 (Ae—22.8) nm; IR (KBr)vmax 3442, 2966, 2872, 1765, 1635,

H-14'a indicated that they were on the same side, and they 1572, 1456, 1385, 1155, 1082, 914 ti'H NMR and **C NMR, see

were thus assigned tleconfiguration. Although the C-14
C-15 bond could rotate to some extent, the significant steric
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Table 1; ESIMS (positiven/z447 (52) [M+ Na]*, 425 (100) [M+ 1]*,
407 (9) [M — H;0 + 1]*; (negative) 423 (100) [M— 1]-, 375 (22);
HRESIMS m/z447.1873 (calcd for GH,eN20sNa, 447.1896).
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(Figure 1). The HMBC spectrum was then applied to biogenetic reasoning and the fact that it coexisted with (—)-
assemble three subunits b, and ¢ with the quaternary  norsecurinine in this plant. The absolute configuratior of
carbons and other functionalities. In the HMBC (Figure 1, was thus assigned as depicted. The CD spectrum of flue-
Supporting Information), the basic skeleta of the two ggenine B (2) showed a split Cotton effectia225 nm (Ae
monomer parts A and B could be fulfilled by the relevant —22.8) and 202 nmAe +8.45) centered at 213 nm; this
correlations as depicted; the key correlations of G215, corresponded to the UV maximum af,B-unsaturated
H-5'/C-15, H-15/C-7', and H-7'/C-5howed the linkage carbonyl groups, which could be well interpreted by the
between C-15 and the-atom in part B. The C-14 and C-15  exciton chirality method.The negative chirality o? resulted
bond revealed byH—'H COSY was confirmed by the from the dipole—dipole interaction between the electric
HMBC spectrum. No outer anion, such as 6f SQ?-, was transition moments of the two chromophores of thg-
observed in both the positive and negative mode of the ESI- unsaturated-lactone andx,-unsaturated carboxylate, in-
MS spectra, indicating that alkaloRBlwas an inner salt. dicating that the two chromophores were oriented in a
The relative configuration oR was established by its  counterclockwise manner (Figure 3b). Accordingly, both the
NOESY spectrum (Figure 2), in which, the correlations of C-9 and C-9'0f 2 were assigned th8-configuration, which
H-2/H-15, H-15/H-7', H-7'/H-8', and H-8a/H-14 showed is also identical to that in-)-norsecurining? The absolute
that they were all cofacial and arbitrarily assigned as structure of2 was therefore established as depicted.
p-oriented; the key correlations among H42-14, and H-15, The unique biogenetic origin of flueggenines A and B can
as well as the correlations between H-15 and H-8b, and plausibly be traced back te-§-norsecurininé?¢a coexisting
between H-8a and H-5q, indicated that they were on the major alkaloid in this plant (Scheme 1). Nucleophilic attack
same side and-oriented. of the N-lone-pair of electrons in the B-component ef){
The absolute configurations of flueggenines14 and B norsecurinine on the C-15 position of the A-component of
(2) were determined on the basis of the CD spectral analyses(—)-norsecurinine would trigger a self-catalyzed Baylis
(Figure 3). The negative Cotton effect at 265 nm fgr Hillman reactioff to form a key intermediate)( which would
subsequently undergo a quaternary ammonium eliminétion

_ via an E2 mechanism to yieltl or a simple saponification

to produce?.
20 T cD The in vitro activity of the two alkaloids against the P-388
10 NA [mdeg] murine leukemia and A-549 human lung carcinoma cell lines

! were tested by using the MTT and SRB? methods,
20 F--4 respectively, and with pseudolaric acid®Bas a positive
-30 |- Ti;""‘i-j-‘ub?s‘e‘cmﬁiﬁé ------ control (1IGo = 0.74 uM against P-388). Only alkaloid
T

LU showed weak activity (16 = 51.5:M) against the P-388
-50 tumor cell line.
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Figure 3. C[.) and UV SpeCt.ra ot, 2, and (—)-norsecu_rinine (‘?‘?? (8) (a) Harada, N.; Nakanishi, Kl. Am. Chem. S0d.969,91, 3989—
chiral analysis o2 (b). Bold lines denote to the electric transition 3991 (h) Harada, N.: Iwabuchi, J.; Yokota, Y.; Uda, H.; NakanishiJK.

dipole of the chromophores. Am. Chem. Socl981,103, 5590—5591.

(9) Faltin, C.; Fleming, E. M.; Connon, S. J. Org. Chem2004, 69,
6496—6499.
. . . . (10) Feit, I. N.; Saunders, W. H., Ir. Am. Chem. So497Q 92, 5615-
relating to the conjugated transoid diene and tHactone 5619.

chromophore, was very similar to that of \-norsecurinine, (11) Alley, M. C.; Scudiero, D. A Monks, A Hursey, M. L.
P y X Czerwinski, M. J.; Fine, D. L.; Abbott, B. J.; Mayo, J. G.; Shoemaker, R.

whose absolute configuration was assignedisy9CD and H.; Boyd, M. R.Cancer Res1988,48, 589—601.
chemical mean&!?¢ suggesting that the A-part of alkaloid 28(()12%£a0, D.; Zhu, S. P.; Gu, Z. LActa Pharmacol. Sin1997, 18,
1 also had the S-configuration. A $-configuration in the (13) Pan, D. J.; Li, Z. L.: Hu, C. Q.; Chen, K. Chang, J. J.: Lee, K. H.

B component ofl was also assumed on the basis of Planta Med.1990,56, 383—385.
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