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ABSTRACT

61211

calydaphninone

A new hexacyclic alkaloid, calydaphninone (1), containing a 4-azatricyclo[5.2.2.0 L4undecan ring system, has been isolated from the leaves
and twigs of Daphniphyllum calycillum  (Daphniphyllaceae). Its structure was elucidated by spectral and crystallographic means. Furthermore,
conformations of calydaphninone (1) in solution are discussed on the basis of NMR spectral analysis and computational (B3LYP/6-31G*)
results.

Daphniphyllumalkaloids are a group of structurally diverse Daphniphyllum calycillumBenth (Daphniphyllaceae), and
natural products with unusual polycyclic skeletons that were its chemical structure was elucidated by spectral and crystal-
isolated from plants of the gen@aphniphyllunt In recent lographic means. Furthermore, the conformationloin
years, many new alkaloids with novel skeleton have been solution was also investigated by a synergic experimental
still obtained from this genusTheir unique ring systems and computational (B3LYP/6-31G*) study.

challenged chemists as targets for total syntResisd Leaves and twigs oD. calycillum were extracted with
biogenetic studie$In our search for structrually interesting  95% EtOH. The extract was partitioned between EtOAc and

e : o
alkaloids? a novel one, calydaphninond)( containing a (2) (a) Zhang, W.: Guo, Y. W Krohn, IChem. Eur. J2006 12, 5122

4-azatricyclo[5.2.2.5] undecan moiety, was isolated from 5127, () Kubota, T.; Matsuno, Y.; Morita, H.; Shinzato, T.; Sekiguchi,
M.; Kobayashi, JTetrahedror2006 62, 4743-4748. (c) Zhang, H.; Yang,

T Kunming Institute of Botany. S. P.; Fan, C. Q.; Ding, J.; Yue, J. Nl.Nat. Prod.2006 69, 553-557. (d)

* Institute of Materia Medica. Yang, S. P.; Zhang, H.; Yue, J. M. Nat. Prod.2006 69, 79—-82. (e)

8 Graduate School of Chinese Academy of Sciences. Morita, H.; Ishioka, N.; Takatsu, H.; KobayashiQrg. Lett.2005 7, 459—

9Yunnan University. 462. (f) Yang, S. P.; Yue, J. MOrg. Lett.2004 6, 1401-1404. (g) Zhan,

(1) Kobayashi, J.; Morita, H. InThe Alkaloids Cordell, G. A., Ed.; Z.J.; Yang, S. P.; Yue, J. Ml. Org. Chem2004 69, 1726-1729. (h)
Academic Press: New York, 2003; Vol. 60, pp 1655 and references Morita, H.; Takatsu, H.; Shen, Y. C.; KobayashiT&trahedron Lett2004
therein. 45, 901-903.
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tartaric acid. The aqueous layer was then basified to pH 10, || | NEGTcTcTNGNGNGNGEEEE

followed by exhaustive extraction with CHLCICHCk- Table 1. H (500 MHz) andi3C (100 MHz) NMR Spectral

soluble materials were subjected to an amino silica gel pata for Calydaphninonel) at 298 K in CDC} and CDCY
column (CHCYMeOH 1:0— 0:1), from which a fraction, Pyrds (3:1)

eluted with CHCYMeOH (20:1), was purified on normal H

a b b

silica gel (CHCY¥MeOH, 50:1— 20:1) to afford compound oo o oc o
1 (0.0001%). 1 2135 212.9 (s)
2 74.5¢ 73.9 (s)

3a 35.4 34.5 (t) 1.80 (1H, m)

38 2.20 (1H, m)

4 74.5¢ 73.1(d) 3.81 (1H, br d, 9.0)

5 44.9 44.8 (s)

6 38.4 38.9 (d) 2.58 (1H, m)

7a 55.7 55.2 (t) 2.47 (1H, m)

7b 2.78 (1H, m)
8 58.7 58.5 (s)
9 142.0 141.8 (s)
] ) ) 10 134.2 134.2 (s)

Calydaphninonel() was isolated as white powder, and a 11 26.0 26.4 () 1.98 (2H, m)
part crystalial could be obtained in acetdniés molecular 12a 25.8 25.6 (t) 1.55 (1H, m)
formula, GsH3:NO,, was established by HRESIMS, indicat- 128 1.87 (1H, m)
ing nine degrees of unsaturation. THE NMR spectra ofl 13a 39.5 38.5 (t) 1.70 (1H, dd, 9.0, 14.0)
showed partial broadening signals at 298 K in NMR solvents, 136 2.61(1H, dd, 6.5, 14.0)
e.g., CDC} or a mixture of CDC and Pyres (3:1). Twenty- 14 42.0 41.6 (d) 2.98 (1H, m)

) . 15 56.2 55.5 (d) 3.86 (1H, m)
three signals were revealed, as shown in Table 1, due to four .

. ; o 29.2 29.1 (t) 1.83 (1H, m)
tetrasubstituted gparbon atoms at lower field and 193sp 168 1.18 (1H, m)
carbon atoms (3x C, 5 x CH, 8 x CHz, 2 x CHs, 1 x 17a 42.6 41.9 (t) 2.48 (1H, m)
OCHg) at higher field (Table 1). According to the molecular 178 2.14 (1H, m)
formula and relative NMR data, only one hydroxyl group 18 25.7 25.7(d) 2.86 (1H, m)
was considered to be present in the structure (IR at 3431 192 57.7 5721 2.81 (1H, m)
cml). Additionally, four sp quaternary carbons were 19 2.92 (1H, m)

. 20 14.8 14.2 (q) 0.96 (3H, d, 7.0)
attributable to one ketone group212.9), one ester group
; 21 24.4 24.2 (q) 1.23 (3H, s)
(6c 175.3), and one tetrasubstituted double bahg141.8, 29 175.6 1753 (s)
134.2), while taking into account the three degrees of o3 51.3 50.9 (q) 3.51 (3H, s)

unsaturation. The remaining six degrees of unsaturation were
assumed for the presence of the hexacyclic systefn of
Detailed 2D NMR {H—'H COSY, TOCSY, HMQC, and
HMBC experiments) studies revealed that alkaltidvas
composed of two moieties (Figure 1). The HMBC correla-
tions suggested that the right moiety (in red) contained three
fused ring systems (two five-, one seven-membered rings)

aln CDCls. P In CDCly/Pyr-ds (3:1). ¢ Overlapped.

with a double bond between C-9 and C-10, a carbomethoxy
group at C-14, a methyl at C-5, and a methylene at C-6,
which was the same as that of yunnandaphnirfé |A.the

left moiety (in black), two protonated partial structures of

(3) (@) Denmark, S. E.; Baiazitov, R. ¥. Org. Chem2006 71, 593~ C-19-C-18-C-20 and C-3-C-4 were established by'ttie
605. (b) Sole D.; Urbaneja, X.; Bonjoch, JOrg. Lett. 2005 7, 5461 IH COSY and TOCSY spectra. In HMBC spectrum, cross-
5464. (c) Wallace, G. A.; Heathcock, C. Bl.Org. Chem2001, 66, 450— _ _ _ 5 _
454. (d) Heathcock, C. HProc. Natl. Acad. Sci. U.S.A996 93, 1423~ peaks of H-7bto C-2and C _19 and of-#9 to C-7 showed
1427. (e) Heathcock, C. H.; Joe, D.Org. Chem1995 60, 1131-1142. that a quaternary carbon assigned to C-2 and two methylenes
(f) Heathcock, C. H.; Kath, J. C.; Ruggeri, R. B.Org. Chem1995 60, assigned to C-7 and C-19 were attributable to those attached

1120-1130. (g) Heathcock, C. HAngew. Chem1992 104, 675-691; . . .
Angew. Chem., Int. Ed. Engl992 31 665-681 and references therein. (O the nitrogen atom. HMBC correlations of H-18 with C-1,
(4) (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, STetrahedron Lett1973 14, 799-802.

(5) (@) Di, Y. T.; He, H. P.; Li, C. S.; Tian, J. M.; Mu, S. Z,; Li, S. L.;
Gao, S.; Hao, X. JJ. Nat. Prod.2006 69, 1745-1748. (b) Di, Y. T.; He,
H. P.; Lu, Y.; Yi, P.; Li, L.; Wu, L.; Hao, X. JJ. Nat. Prod.2006 69,
1074-1076. (c) Mu, S. Z.; Wang, Y.; He, H. P.; Yang, X. W.; Wang, Y.
H.; Di, Y. T.; Lu, Y.; Chang, Y.; Hao, X. JJ. Nat. Prod.2006 69, 1065~
1069. (d) Li, L.; He, H. P.; Di, Y. T.; Tian, J. M.; Hao, X. #Hely. Chim.
Acta2006 89, 1457-1462. (e) Li, L.; He, H. P.; Di, Y. T.; Gao, S.; Hao,
X. J. Tetrahedron Lett2006 47, 6259-6262. (f) Di, Y. T.; He, H. P.; Liu,
H. Y.; Du, Z. Z.; Tian, J. M.; Yang, X. W.; Wang, Y. H.; Hao, X. J.
Tetrahedron Lett2006 47, 5329-5331. (g) Hao, X. J.; Zhou, J.; Node,
M.; Fuji, K. Yunnan Zhiwu Yanjid993 15, 203—-207.

(6) Calydaphninonelj: white powder; mp 202204°C; [a]?% = —66.7 . .
(c0.38 CHCH); IR (KBr) 3431, 2919, 1729, 1705, 1634, 1438, 1169¢m  rigure 1. Key 'H-H COSY (—) and HMBC () correlations of
1H andC NMR data, see table ESIMSm/z 386 [M + H]*; HRESIMS calydaphninonel).
m/zcalcd for GsH3i:NO4 [M + H]* 386.2331, found 386.2333.
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C-2, and C-3, as well as #8 with C-1, C-2, and C-18 tions at the B3LYP/6-31G(d) levE& were carried out on
showed the linkage of both partial structures to C-2 and C-1. calydaphninone 1). The calculations showed three low-
Furthermore, HMBC correlations of #13/C-1, H-4/C-5 energy conformations df (Figure 3), which were roughly
suggested that both moieties were also connected by bond
C-1-C-8 and C-4-C-5. Thus, the planar structure of
calydaphninone was established as shown in Figure 1.

The relative configuration ol was subsequently eluci-
dated by using ROESY and single-crystal diffraction experi-
ments’ In ROESY spectrum (Figure 2A), NOE correlations
612
6 ?2 1 N7

CTC BHC
(0.01) (0 UU) (0.21)
!: 37% 37% 26%
C15
. (h1ﬁ 12 44
TS1 (CTC-CC} T52 {CC BHC}
(10.3) 8.

) ) ] Figure 3. Three DFT-calculated minimum energy conformers
Figure 2. (A) Key ROESY correlations ofl.. (B) Single-crystal (CTC, CC, andBHC) and two connecting TSTS1 andTS2) found
X-ray structure ofl, in which C-11 and C-12 took upside and for calydaphninonel). Free energies in kcal/mol relative to the
downside orientation, respectively, and the nitrogen lone pair stapblest conformeEC are given in parentheses. Populations of three
pointed downside. conformers (in italics) are also given.

indicated that relative configuration of Me-21, C-13, H-14, distinguished as chair,twist-chal€TC), chair,chair CC),
H-15 in 1 was identical to that in yunnandaphniné®-4 and boat,half-chair RHC) according to conformational
took ap-orientation due to NOE correlation of H-48H-4. difference in seven-membered rings A (C-1, C-2, €658,
B-Configuration of the C-12 methylene group was deduced and nitrogen atom) and D (C-5, C-6, C-8-12). Among
from the NOE effect between Me-21 and HAl2and them, conformerCTC, the only one with C-12 taking
consequently, the-orientation of C-11 was establishgd.  a-configuration, is in good agreement with the X-ray crystal
The single-crystal structure of, shown in Figure 2B, structure of1,*® while CC, characterized with the nitrogen
confirmed the planar structure and relative configuration of lone pair taking ana-configuration and C-12 taking a
1. However, the conformer ofl in crystal was not in  f-configuration, is the lowest energy conformer, &tdC,
accordance with that in solution as assigned by the ROESY With both the nitrogen lone pair and C-12 taking-arienta-
spectrum. Specifically, configuration of C-11 and C-12 in tion, is the highest energy conformer.
the solution was opposite to that in crystal. Meanwhile, the ~ The calculations also showed two transition states (TS1
broadening peaks in tHéC NMR spectrum were partially ~and TS2) (Figure 3} which corresponded t€TC—CC
coalesced by measuring it at 333'KAll data suggested conversion an€C—BHC conversion, and their free energies
that several interconversional conformationsl@exist in against the stablest conformeéC were 10.3 and 8.1 kcal/
solutionit mol, respectively. Therefore, the occurrence of comparatively
To model its conformational constitution and corre- rapid interconversion o€C to CTC andBHC is a logical
sponding interconversion process in solution, DFT calcula- Process in solution at room temperature, which leads to some
broad peaks in NMR spectra.
(7) Crystallographic data for calydaphninorig kave been deposited at The calculated distance between Me-21 and H-APCC

the Cambridge Crystallographic Data center (deposition no. CCDC-618286). ; ; ;
Copies of data can be obtained free of charge via www.ccdc.cam.ac.uk/ (2'2 A) andBHC (2'4 A) |mpI|ed that the NOE correlation

conts/retrieving.html.

(8) The same conformation dfwas indicated by NOE correlations, in (12) (a) Gaussian 03 was used to search for the stable conformations of
NMR solvent, CDC{ or mixture of CDC} and Pyres; for more details see 1 and transition state structures. The crystal structurewés used in the
Supporting Information. stable conformations search bf B3LYP/6-31G(d) was used to optimize

(9) Configuration of C-11 or C-12 is relative to a reference plane, which all conformations and transition states. Only one negative eigenvalue and
is determined by C-5, C-9, and C-10. one imaginary frequency were obtained for each TS in computations. The

(10) Broad signals of C-1, C-2, C-3, C-6, C-7, C-10, C-11, C-17, C-19, frequency calculations and eigenvalues for transition state structures were
and C-20 located at or near the substructure 2,7-dimethyl-11-hydroxy-6,8,8- passed the analyses. The free energy magnitudes were used throughout the
trisubstituted-4-azatricyclo [5.2.2:flundecan-9-one ring system at 298 K theoretical studies. (b) Frisch, M. J. et &aussian 03revision B.04;

were slightly changed sharply at 333 K in a mixture of Cp&hd Pyres Gaussian, Inc.: Pittsburgh, PA, 2003. Full references for Gaussian programs
(3:1). For more details, see Supporting Information. are provided in Supporting Information.

(11) Rapid interconversion between confromers at room temperature was  (13) The calculated bond lengthes, bond angels, and dihedral angels of
also observed in othddaphniphyllumalkaloids: (a) Morita, H.; Yoshida, CTC are in good agreement with the crystallography results. The average
N.; Kobayashi, JJ. Org. Chem.200Q 65, 3553-3563. (b) Morita, H.; rms differences are 0.012 A, 0972.7, respectively. For more details,
Ishioka, N.; Takatsu, H.; Kobayashi, Org. Lett.2005 7, 459-462. see Supporting Information.
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signal between Me-21 and H-22should be observed in Biogenetically,1 might be derived from Yuzurimine-type

ROESY spectrum. This is in agreement with the experimental alkaloids such as yunandaphnine B, which may be converted

results. to intermediate A followed by rearrangement to produce a
Furthermore, the calculated orientation of the nitrogen lone new 4-azatricyclo[5.2.2)#undecan ring system, calydaph-

pair could be comfirmed by experiments. It is clear in Figure ninone () (Scheme 1).

4A that the'H NMR spectrum ofLa (TFA salt of calydaph-

_ Scheme 1. Biogenetic Pathway PI’OpOSGd for Calydaphninone
(€

NH* o .
P AL B e~ e
¥ $
NH* B H-4 yunnandaphnine B
/
e T e N et The cytotoxic activities ofl against the growth of tumor
ppm 1100 10.50 5.00 450 cell lines [P-388 (mouse lymphocytic leukemia), A549

(human lung adenocarcinoma), and HT-29 (human colon
Figure 4. Partial'H NMR spectrum, including two sets of distinct ~ adenocarcinoma)] were evaluated. The results indicated that

prOtOﬂSI at(ni)tfogen and C-4, gf gFA salt of calydf?phninone 1 was inactive against the above cancer cells (50% effective
in CDCl;. (A) Spectrum recorded at 298 K soon after TFA was dose of clonal inhibition (E >10 uo/mL

added. (B) Spectrum recorded at 298 K after the solution was heated ER) He )

at 333 K for 20 min. Acknowledgment. This research work was financially

supported by the Natural Science Foundation of China
(project no. 20672120) and Yunnan committee of science
ninone) showed two sets of signals with a ratio of 4:1, which and technology (project no. 2005B0048M). The authors are
suggested the existence of two types of conformational very grateful to Xishuanbanna Tropical Botanical Garden,
isomers, with different nitrogen configuration. This was Chinese Academy of Sciences (CAS) for plant collection,
further confirmed by*C NMR experiment. In this case, the Prof. Deding Tao of Kunming Institute of Botany, CAS for
contribution of both of the TFA salts @C andCTC, with the identification of the specimen, and Super-Computational-
the same configuration of the nitrogen atom, should be the Centre in Beijing, CAS for the computational support.

cause of one set of signals in NMR spectra. Supporting Information Available: Detailed 2D-NMR

As shown in Figure 4B, heating the solution at 333 K for - ¢qrelations of TFA salt of (table and figures); experimental
20 min led to (equilibrium) a change of the ratio from 4:1  rocedures and computational methods; detailed 1D-, 2D-
to 1:2 in the'H NMR spectrum implying the occurrence MR spectra ofl and corresponding TFA salt; and calcula-
of a transition from a higher energy isomer to a lower energy tjon, results (including free energy and standard orientation
isomer. The most stable isomer was suggested to be the TFAy three conformers, two TSs and HCI salts of three
salt of BHC, which was indicated by the ROESY correlations  comformers). This material is available free of charge via
of H-125/Hs-21, H-18/H-1@, and H-@/H-19: of the the Internet at http://pubs.acs.org.
corresponding major one in Figure 4B. Meanwhile, the
calculation results also indicated that BEC-HCI was the =~ OL070218R
stablest one in the model of the HCI saltb#® Therefore, (15) DFT calculations at the B3LYP/6-31G(d) level were carried out on

the calculation was Supported by experiment results. a model of the HCI salt of calydaphninong).( Three stable conformers

were found. Among thenBHC-HCI is the stablest conformer. The other

two, CC-HCI and CTC-HCI, are 2.36 and 1.65 kcal/mol higher in free

(14) The ratio of two set of peaks remained almost unchanged after energy than the stablest conform€C, respectively. For details, see
heating at 333 K for 1 h. Supporting Information.
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