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Alkaloids from the Leaves of Daphniphyllum longeracemosum
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Two new C-21Daphniphyllumalkaloids, longeracinphyllins Alj and B @), have been isolated from the leaves of
Daphniphyllum longeracemosutnongeracinphyllin A L) is a new daphnilongeranin B type alkaloid with a rearranged
o,B-unsaturated ketone group, and the structure is supported by X-ray crystal data. LongeracinpiB)llia & rfew

sec610,17-daphnilongeranin B type alkaloid.

Plants of theDaphniphyllumgenus are a prolific source of diverse
alkaloids with highly complex polycyclic systemisThey were

demonstrated to be derived from squalene-like intermediates by

isotope tracer experiments and biomimetic total synthesis.
Recently, many new alkaloids were isolated from this spéecigs,

which have attracted interest as challenging targets for total

synthesi%as well as biogenetic studiés? In search for structurally
unique and biogenetically interestiB@phniphyllumalkaloids, two
new C-21-fused alkaloidsl( 2), along with four known ones,
calyciphylline Afelongistylumphylline A3 deoxyisocalyciphylline
B,5¢and deoxycalyciphylline BShave been isolated from the leaves
of D. longeracemosumLongeracinphyllin A {) possesses a
daphnilongeranin B type skeleton with a rearranggtunsaturated

ketone group, and its structure was supported by X-ray crystal data.

Longeracinphyllin B 2) is a newsece10,17-daphnilongeranin B
type alkaloid. Herein, we describe the isolation and structural
elucidation of the new alkaloids.

The HRESIMS data ([M+ H]", m/z 326.2113) of compound
indicated the molecular formula,&,/NO,, corresponding to nine
degrees of unsaturation. IR absorption bands at 1694 and 1604 cm
implied the presence of a conjugated carbonyl group. FO&NMR
and DEPT spectra (Tabl revealed 21 carbon signals, including
one trisubstituted olefin, two carbonyls, tw@spaternary carbons,
six sp methines, seven 3pmethylenes, and two methyls. Two
methylenesdc 58.9,0y 3.07 and 2.529¢ 49.0,0 2.76 and 2.45)
and one methine¥¢ 67.3,04 3.29) were attributed to those bearing
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Figure 1. Selected 2D NMR correlations of compoumd

H-7b to C-4 ¢c 67.3) confirmed that C-4, C-7, and C-19 were
connected through a nitrogen atom. The correlations of H-4, H-6,
and H-21 to C-5 indicated that C-4 and C-&d 49.8) were
connected via the quaternary C-&:(50.7) with an angular C-21
methyl ©c 26.0), which was further confirmed by correlations of
H-3 and H-7 to C-5. One carbonyl group217.0) assigned at
C-1 was indicated by the correlations of H-3 and H-18 to C-1. The
HMBC correlations of H-9 and H-13 to C-1 and C-8¢(63.8)
revealed the connectivity of C-1 to C-9 49.0) and C-13dc
30.5). Quaternary carbons C-5 and C-8 were linked by the HMBC
correlations of H-4, H-6, and H-21 to C-8. The correlations of H-9,
H-11, and H-17 to shquaternary carbon C-104 184.0) indicated
that C-9 and C-114c 27.3) were attached to C-10 of tae0?)
double bond. In addition, the other carbonyl group was assigned at
C-16 (Oc 211.4) on the basis of the HMBC correlations of H-15
and H-17 to C-16, and H-15 to C-184131.9). Thus, the planar
structure ofl, possessing a daphnilongeranin B type skeleton with
a rearrangedy,S-unsaturated ketone group, was unambiguously
established as shown in Figure 1.

The relative configuration ofl was elucidated by a ROESY
experiment. Correlation of $H21/H-13b indicated that C-13 and

a nitrogen atom. Since one double bond and two carbonyl groups c-21 wereg-oriented, and correlations ofs21/H-4, H-21/H-6,

accounted for three degrees of the unsaturationas inferred to
possess six rings.

Three spin systemsa (C-2 to C-4 and C-18, and C-18 to C-20),
b (C-6 to C-7 and C-11), and (C-15 to C-9 and C-13) were

H-6/H-7b, H-13b/H-14b, H-13a/H-2, H-24P20, and H-20/H-19b
indicated that H-2, H-4, H-6, H-7b, H-14b, H-19b, ang-20 were
cofacial. H-9, H-14a, and H-15 wereoriented due to correlations
of H-9/H-15 and H-15/H-14a. Thus the rings A/C, A/D, C/D, D/E,

established as shown in Figure 1, by extensive analysis of 2D NMR and E/F were altis-fused. In addition, ROESY correlation of H-7a/

data of1, including *H—-'H COSY, HMQC, and HMBC. Long-
range HMBC correlations]) for H-7a to C-19 §c 49.0) and for

* Corresponding author. Tel:+86-871-5223263. Fax:+86-871-
5219684. E-mail: haoxj@mail.kib.ac.cn.

T Kunming Institute of Botany.

* Institute of Materia Medica.

10.1021/np060088f CCC: $33.50

H-18 indicated thal adopted a conformation with outside direction
of the nitrogen lone pair.

The structure and the relative configuration Jofvere further
confirmed by X-ray crystallographic analysks.The ORTEP
drawing, with the atom-numbering indicated, is shown in Figure
2. In the crystal structure, rings A and B adopted a twist-boat
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Figure 2. ORTEP drawing with atom labeling af. Thermal
ellipsoids are shown at the 50% probability level. Labels for H
atoms are omitted for clarity.

Table 1. H [dy (J, Hz)] NMR Data of Longeracinphyllins A
(1) and B @) at 300 K
no. 1a 20
2 2.01(1H, m) 2.10 (1H, br d, 3.3)

3a 1.98 (1H, m) 2.08 (1H, br dd, 15.4, 3.8)
3b 2.21 (1H, brdd, 14.7, 4.2) 2.47 (1H, m)
4 3.29 (1H, brd, 4.2) 3.51(1H, brd, 2.2)
6 2.28 (1H, m) 2.28 (1H, m)
7a 2.52 (1H, m) 2.77 (2H, m)
7b 3.07 (1H, dd, 9.3, 6.8)
9 4.14 (1H,d, 5.2)
1la 2.85 (2H, m) 2.28 (1H, m)
11b 2.41 (1H, m)
12a 1.76 (1H, m) 1.78 (1H, m)
12b 2.00 (1H, m) 2.02 (1H, brdd,14.3, 3.3)
13a 1.86 (1H, m) 1.79 (1H, m)
13b 1.70 (1H, m) 2.67 (1H, brdd, 11.5, 8.3)
14a 1.24 (1H, m) 2.36 (1H, m)
14b 1.83 (1H, m) 2.53 (1H, m)
15 2.69 (1H, dd, 9.8,5.2)
16a 2.48 (1H, m)
16b 2.60 (1H, m)
17 6.02 (1H, d, 1.0) 3.67 (2H, m)
18 2.91 (1H, m) 2.80 (1H, m)
19a 2.76 (1H, dd, 14.1, 3.9) 2.54 (1H, m)
19b 2.45 (1H, dd, 14.1, 6.3) 2.79 (1H, m)
20 0.99 (3H, d, 6.8) 0.99 (3H, d, 6.0)
21 1.14 (3H, s) 1.34 (3H, s)

aMeasured in CDGI ® Measured in CDGICDsOD (1:9).

Table 2. 13C [0c] NMR Data of Longeracinphyllins A%) and
B (2) at 300 K

no. 12 20 no. 12 20
1 217.0 220.2 12 24.1 19.5
2 441 44.6 13 30.5 34.4
3 20.3 20.5 14 24.8 36.6
4 67.3 66.2 15 49.8 156.0
5 50.7 53.9 16 211.4 33.7
6 49.8 49.4 17 131.9 60.2
7 58.9 54.0 18 34.3 32.3
8 63.8 72.3 19 49.0 50.2
9 48.9 140.0 20 18.6 19.2
10 184.0 208.4 21 26.0 22.6
11 27.3 37.2

aMeasured in CDGI » Measured in CDGICD;OD (1:9).

conformation, rig D a boat conformation, and ring C an envelope
conformation, and ring E was almost planar.

The HRESIMS data ([M+ H]*, m/z 344.2228) of compound
suggested the molecular formula;8,sNOs, corresponding to eight
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Figure 3. Selected 2D NMR correlations of compougd

Figure 4. Energy-minimized model of illustrating the major
ROESY correlations used to define the relative configuration.

The planar structure &was established by 2D NMR (including
HMQC, 'H—1H COSY, and HMBC) analysis, which showed rings
A—C of 2were identical to those df. One ketone groupj¢ 220.2)
was assigned to C-1 on the basis of the correlations of H-2, H-3a,
and H-18 with C-1 and C-100¢ 208.4) and by the HMBC
correlations of H-11 and H-12 to C-10. The additional correlations
of H-13, H-14, H-16, and H-17 to C-1%¢ 156.0) and of H-11,
H-13, H-14, and H-16 to C-9 clearly indicated the presence of a
A%15) double bond. Thus, the planar structure2pfpossessing a
novelsecel0,17-longeracinphyllin A type skeleton, was established
as shown in Figure 3.

The configuration of2 (Figure 4) was analogous to that bf
due to their similar ROESY correlations, except that ring D adopted
a chair conformation, which was suggested by the ROESY
correlation between H-12b ands{21. These data were also
consistent with the results of a conformational analysis after energy
minimization, using MM2 followed by semiempirical methods
(AM1).

Experimental Section

General Experimental Procedures Melting points were obtained
on an XRC-1 apparatus and are uncorrected. Optical rotations were
carried out on a Perkin-Elmer model 241 polarimeter. UV spectra were
obtained in a UV 210A spectrometer. IR spectra were measured in a
Bio-Rad FTS-135 spectrometer with KBr pellets. ESI and high-
resolution mass spectra were recorded using a Finnigan MAT 90
instrument and VG Auto Spec-3000 spectrometer, respectiltéignd
2D NMR spectra were measured on a Bruker DRX-500 instrument,
while 3C NMR spectra were recorded on a Bruker AM-400 spectrom-
eter. Chemical shifts were reported using residual G&] 7.26 and
dc 77.0) as an internal standard. Column chromatography was
performed on silica gel (266300 mesh; Qingdao Marine Chemical
Inc., Qingdao, P. R. China), silica gel H (2@0 um; Qingdao Marine

degrlees of unsaturation. The IR absorptions at 1689, 1660, and 161%-pemical Inc.), and amino silica gel (16@5«m, Fuiji Silysia Chemical
cm™* suggested the presence of a conjugated ketone group. The 1p, japan), and precolated silica gel GF254 plates (Qingdao Haiyang

1H and®*C NMR (Tables 1 and 2) spectra dfwere analogous to
daphnilongeranin B except that an oxygen-bearing®spethylene
(0c 60.2) in2 replaced an spmethine in the latter. All of these

Chemical Plant, Qingdao, P. R. China) were used for TLC.
Plant Material. The leaves oD. longeracemosurwere collected
in Wenshan of Yunnan Province, People’'s Republic of China, in

suggeste@ possessed a pentacyclic skeleton with a hydroxymethyl. December 2004. The sample was identified by Prof. Xun Gong, and a
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voucher specimen (KIB 05020503) has been deposited at the State Key
Laboratory of Phytochemistry and Plant Resources in West China,

Kunming Institute of Botany, Chinese Academy Sciences.
Extraction and Isolation. Air-dried and powdered leaves @.
longeracemosurfll kg) were extracted with 95% EtOH, and the extract

was partitioned between EtOAc and 0.001 N HCI. The aqueous layer

was alkalinized to pH 10 wit 2 N NaOH followed by exhaustive
extraction with CHGJ. CHCk-soluble materials were roughly separated
by an amino silica gel column chromatography, using GANROH
(from 0:1 to 1:0) as eluent, to give 10 fractions. Fraction 2 was purified
by repeated normal silica gel filtration (petroleum etheiEt, 10:1)

to afford 1 (0.12 g). Fraction 6 was chromatographed over a silica gel
column (CHCYCHzOH, 10:1) and then purified by H silica gel
(petroleum ether/ENH, 10:1) to yield2 (0.05 g).

Longeracinphyllin A (1): colorless prisms (C§DH); mp 166-162
°C; [a]?5% —246.2 € 0.57, CHCY); UV (CHCI3) Amax 242, 226 nm; IR
Vmax 2900, 1694, and 1604 crh H and*3C NMR data, see Tables 1
and 2; ESIMSWz 326 [M + H]*; HRESIMSm/z 326.2113 (calcd for
C21H2/NO,, 326.2120).

Longeracinphyllin B (2): amorphous white powderg]?% 89.5 €
0.53, CHC}); UV (CHClg) Amax 247, 200 nm; IR/max 3425, 2900, 1689,
1660, and 1615, 1200, 1175, and 755 éntH and *3C NMR, see
Tables 1 and 2; ESIM&Vz 344 [M + H]"; HRESIMSm/z 344.2228
(calcd for GiH29NOs, 344.2225).

Acknowledgment. The authors thank Prof. Xun Gong for collection
and identification of the plant material.

Supporting Information Available: 1D, 2D NMR, HRESIMS, and
IR spectra for compoundsand?2 and crystal data of. This material
is available free of charge via the Internet at http://pubs.acs.org.

References and Notes

(1) For a review ofDaphniphyllumalkaloids: Kobayashi, J.; Morita,
H. In The AlkaloidsCordell, G. A., Ed.; Academic Press: New York,
2003; Vol. 60, pp 165205, and references therein.

(2) (a) Niwa, H.; Hirata, Y.; Suzuki, K. T.; Yamamura, Betrahedron
Lett 1973 14, 2129-2132. (b) Suzuki, K. T.; Okuda, S.; Niwa, H.;
Toda, M.; Hirata, Y.; Yamamura, Sletrahedron Lett1973 14,
799-802.

(3) (a) Wallace, G. A.; Heathcock, C. H. Org. Chem2001, 66, 450—
454. (b) Heathcock, C. H?roc. Natl. Acad. Sci., U.S.A996 93,
14323-14327. (c) Heathcock, C. H.; Joe, D. Org. Chem1995
60, 1131-1142. (d) Heathcock, C. H.; Kath, J. C.; Ruggeri, RJB.
Org. Chem.1995 60, 1120-1130. (e) Heathcock, C. HAngew.
Chem., Int. Ed. Engl1992 31, 665-681, and references therein.

(4) (a) Morita, H.; Ishioka, N.; Takatsu, H.; lizuka, T.; KobayashiJJ.
Nat. Prod.2006 69, 418-420. (b) Morita, H.; Ishioka, N.; Takatsu,
H.; Kobayashi, JOrg. Lett. 2005 7, 459-462. (c) Takatsu, H.;

Notes

Morita, H.; Ya-Ching, S.; Kobayashi, Jetrahedror2004 60, 6279
6284. (d) Morita, H.; Takatsu, H.; Ya-Ching, S.; Kobayashi, J.
Tetrahedron Lett2004 45, 901-904. (e) Morita, H.; Kobayashi, J.
Org. Lett.2003 5, 2895-2898. (f) Kobayashi, J.; Takatsu, H.; Ya-
Ching S.; Morita, HOrg. Lett.2003 5, 1733-1736. (g) Morita, H.;
Takatsu, H.; Kobayashi, JTetrahedron2003 59, 3575-3579.

(5) (a) Yang, S. P.; Zhang, H.; Yue, J. Nl. Nat. Prod.2006 69, 79—
82. (b) Zhang, Z. J.; Zhang, C. R.; Yue, J. Metrahedron2005
61, 11038-11045. (c) Chen, X.; Zhan, Z. J.; Yue, J. Melv. Chim.
Acta2005 88, 854-860. (d) Yang, S. P.; Yue, J. NDrg. Lett.2004
6, 1401-1404. (e) Zhan, Z. J.; Yang, S. P.; Yue, J.MOrg. Chem.
2004 69, 1726-1729. (f) Yang, S. P.; Yue, J. Ml. Org. Chem
2003 68, 7961-7966.

(6) Jossang, A.; Bitar, H. E.; Pham, V. C.;\@®&et, T.J. Org. Chem.
2003 68, 300-304.

(7) (a) Bitar, H. E.; Nguyen, V. H.; Gramain, A.; @enet, T.; Bodo, B.
Tetrahedron Lett2004 45, 515-518. (b) Bitar, H. E.; Nguyen, V.
H.; Gramain, A.; Seenet, T.; Bodo, BJ. Nat. Prod.2004 67, 1094
1099.

(8) Di, Y. T.; He, H. P.; Liu, H. Y.; Du, Z. Z.; Tian, J. M.; Yang, X.
W.; Wang, Y. H.; Hao, X. JTetrahedron Lett2006 47, in press.

(9) (a) Denmark, S.; Baiazitov, R. Org. Chem2006 71, 593-605.
(b) Sole D.; Urbaneja, X.; Bonjoch, JOrg. Lett. 2005 7, 5461
5464.

(10) Crystal data for longeracinphyllin AY; Cz1H27/NO,; MW = 325.45;
dimensions 0.16 0.20 x 0.30 mm; monoclinic system, space group
P2;, a=8.626(2) Ab=10.240(2) Ac=10.035(2) A = 103.58-
(3).V=2863.2(3) B, Z=2,d=1.252 g/cm, T = 295 K. A crystal
was used for measurements on a MAC DIP-2030K diffractometer
with a graphite monochromatow(scans, Bmax = 27.43), Mo Ka
radiation. The total number of independent reflections measured was
1836, of which 1725 were observedr? > 26|F|?). Final indices:

R = 0.0490,WwR, = 0.1229,S= 1.123, (A\/0)max = 0.031, (\/p)min

= —0.139 e/A, A\/p)max= 0.157 e/A. The crystal structure bfwas
solved by direct methods using SHELXS-97 (Sheldrich, G. M.
University of Gottingen: Gottingen, Germany, 1997) and expanded
using difference Fourier techniques, refined by the program and
method SHELXL-97 (Sheldrich, G. M. University of Gottingen:
Gottingen, Germany, 1997) and the full-matrix least-squares calcula-
tions. All H atoms were placed in geometrically idealized positions
and constrained to ride on their parent atoms. The absolute config-
uration of this compound was not determined. Crystallographic data
for the structurel reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre (deposition number:
293035). Copies of the data can be obtained, free of charge, on
application to the Director, CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (fax: +44-(0)1223-336033 ore-mail: deposit@ccdc.cam.ac.uk).

NP0O60088F



