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ABSTRACT

Two new complex polycyclic alkaloids, macropodumines D (1) and E (2), both possessing unprecedented skeletons, along with four known
related alkaloids, were isolated from the leaves and barks of Daphniphyllum macropodum  Mig. The structures including the relative
stereochemistry of new compounds 1 and 2 were elucidated on the basis of detailed spectroscopic data analysis.

Daphniphyllumalkaloids, produced by plants of the genus have been discovered and reportednd some of them
Daphniphylum, are a structurally diverse group of natural possessed new carbon skeletons, which have greatly widened
products with highly complex polycyclic skeletoh3hese the knowledge of this intriguing group of natural products.
unusual structural features have attracted great attention as Many Daphniphyllumspecies, such aB. macropodum
challenging targets for total synthesis well as biosynthetic ~ andD. calycinum are used in traditional Chinese medicine
studies® Recently, a series of neaphniphyllumalkaloids for the treatment of asthma, cough, rheumatism, inflamma-
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tion, fever, and snakebite. For example, the extracts of theolefin, one carbonyl, one ester carbonyl, twd gpaternary
leaves and fruits ob. macropudunis used in China for the  carbons, seven $pmethines, eight spmethylenes, one
treatment of inflammatiop. methyl, and one methoxy. Among them, two methylerdgs (
D. macropodunMiq. is an evergreen tree which is widely ~ 62.2,0y 2.43 and 2.95§¢ 50.2,0y 2.18 and 2.51) and one
distributed in the southern part of China. Previous chemical methine (¢ 63.2,04 3.33) were ascribed to those bearing a
investigations on the title plant of Japanese origin carried nitrogen, while one methine (73.0, oy 4.42) and one
out by Japanese researchers in the 1960s and 1970s haohethylene §c70.0,04 3.71 and 4.54) were assigned to those
resulted in the isolation of numero@aphniphyllumalka- bearing oxygen atoms (Table 1).
loids, which could be classified into six different carbon

skeletons. ]
In the_ course of our search for bioactive secondary Table 1. H NMR (3) and*C NMR Data fc) for 1 and2
metabolites from Chinese medicinal plahtsje made a Measured in CDGlat 300 K

collection ofD. macropodunirom Guangxi Province, P. R.
China, and three noveDaphniphyllum alkaloids named
macropodumines AC,* which possess either an unusual no. 6w (mult,J, Hz)*  6cb on (mult, J, Hz) dc?

1 2

skeleton or a rare zwitterion moiety, were isolated from this 2152, 5 3.66(d, 6.5) 60.9,d
plant. Very recently, we encountered the same plant from s 2604, 5.9 52.3,d 2.54 (m) 37.9,d
Emei Mountain, Sichuan Province, China. Our continuing 3c.  3.33(dd, 5.6,3.9)  63.2,d 2.28(dd, 25.3,12.7) 24.4,t
studies on the chemical constituents of this new collection 33 1.79 (m)
led to the isolation of two new alkaloids, macropodumines 4  4.42(d, 4.4 73.0,d 4.99(dd,11.7,5.1)  75.4,d
D (1) and E @), both of them possessing unprecedented 2 . igg’z zgig’s
carbon skeletons, along with four known related compounds, o by 8
L - 8.7b ) - 7a  2.51(dd, 12.6,2.7) 50.2,t 8.03(s) 165.8,d
yuzurimine?! yuzurimine B8 7" macrodaphniphyllidiné and b 2.18 (m)
. . 10 . . . .
daphmglaucm_D:Q_). We report herein the isolation and g 58.7,s 52.0, s
structural elucidation of the new compountsnd?2. 9 145.5, s 1417, s
The usual workufi'! of the CHC}-soluble fractions of 10 133.6, s 139.9, s
the 95% EtOH extract of the leaves and barks Dbf 11a 1.80 (m) 24.4,t 2.18 (m) 24.4,t
macropodunyielded the new compounds(5.1 mg) and2 11b  1.92 (m) 2.52 (m)
12a 1.46 (m) 24.4,t 2.66 (m) 42.1,t
(9.3 mg). 12b 1.92 (m) 2.66 (m)
Macropodumine D (2 _showed the pseudomolecularion 3, 913 (m) 421t 2.12(m) 39.1,t
peak atm/z402 (M + H)* in the ESIMS, and the molecular 135 3.69 (m) 2.50 (m)
formula, GsH3:NOs, was established by HRESIMSn|z 14 2.96 (m) 43.6,d 3.05(dd, 16.5,8.4) 41.2,d
402.2286, (M+ H)™, + 0.6 mmu]. IR absorptions implied 15 3.85(m) 57.9,d 3.52 (m) 51.3,d
the presence of ester carbonyl and ketone (1732 and 1693t6a. 1.96 (m) 28.2,t 2.08 (m) 285,
cm !, respectively) functionalities’*C NMR and DEPT 1‘;ﬁ ;;z Edd)’ 11.0,8.3) ot ;'g; Em; ‘05t
ra revealed 23 carbon signal ne tetr iqia'm 41 adsim 9
spectra revealed 23 carbon signals due to one tetrasubstitute 75 2.32(dd, 14.8,7.9) 2.42 (m)
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1torial ommittee (over mempers) o e ministration
Bureau of Traditional Chinese Medicine. i@hinese Materia Medica 192 2.95 (m) 62.2,t 2.70 (m) 49.6,
(Zhonghua Bencgo Shanghai Science & Technology Press: Shanghai, 19b  2.43 (m) 3.86 (dd, 11.4, 6.8)
1998; Vol. 4, pp 865867. 20 1.09(d,7.1) 20.6,q 0.93(d, 7.0) 11.1, q
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1039. (b) Wang, J. D.; Li, Z. Y.; Xiang, W. S.; Guo, Y. Welv. Chim.
Acta 2006,89, 1367—1372. (c) Wang, J. D.; Li, Z. Y.; Guo, Y. Welv. 21b 3.71(d, 12.1) 446 (d, 11.8)
Chim. Acta2005,88, 979—985. (d) Zhang, W.; Guo, Y. VPlanta Med. 22 178.2,s 173.8, s
2005,71, 283—285. (€) Shao, Z. Y.; Zhu, D. Y.; Guo, Y. Whin. Chem. 23  3.66 (q) 51.8,q 3.67(q) 51.8, q
Lett. 2003, 14, 926—929. (f) Shao, Z. Y.; Zhu, D. Y.; Guo, Y. V€hin. 24 2.00 (s) 20.9, q
Chem. Lett2002,13, 1181—1184. 95 169.8. s
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3727-3738. 27 171.0,s
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2004,60, 6279—6284.

(11) The leaves and bark @f. macropodunwere extracted with 95% Detailed analysis of the 2D NMR spectra bfrevealed

EtOH, and the extract was partitioned between EtOAc and acidic water P :
(pH 4-5). The aqueous layer was basified to pH1® with saturated that compound was Composed of two moieties (F'gure 1)'

NaCQ; and then extracted with CHEIThe CHCh-soluble materials were ~ The right moiety contained three rings (rings A, B, and C)

subjected to silica gel column chromatography (C#CH;OH/ELNH, SO: with a double bond between C-9 and C-10, a carbomethoxy

1:0.1 to 1:1:0.1). Repeated column chromatography on amino silica gel

afforded macropodumines [1,(0.0004% yield) and E2( 0.0007%). group at C-14, and two methylenes at C-5 and C-6,

IR((JI-<ZB? l)\/lacrogggﬂdnggg é1)117§glolrge;3§ 32:3[?&11—6180-? 5(;%%1& CF&?% respectively, which was the same as that of daphniglaucin
I) Vmax s ) ) , ) ) an 10 i i P

NMR data, see Table 1; ESIMSVz 402 (M + H)*; HRESIMs mz D (3)-7 In the left moiety, two partial structures of C-2

402.2286 ([M+ H]*, calcd for GaHz:NOs 402.2280). C-3—C-4 and C-19-€-18—C-20 were established by analy-
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Figure 1. Selected two-dimensional NMR correlations for macrop

odumine$)ad E ).

sis of lH—H COSY spectrum. Further, the connectivity of
C-2 (6c 52.3) to C-18 §c 33.4) was revealed by the cross-
peak of H-2/C-18 and C-20 in the HMBC spectrum.
Moreover, several significant HMBC correlations were
observed for H-19a to C-7 {%0.2) and C-3 (6 63.2), H-7b
to C-19 ¢c 62.2) and H-3 to C-7, suggesting that C-3, C-7
and C-19 were connected to each other through a nitrogen
atom. The presence of a ketone at Cék @15.2) was
suggested by the HMBC correlations for H-2 and H-3 to
C-1. Furthermore, the cross-peaks of Hx18 C-1 and H-3
to C-5 suggested that the right and left components are
connected by bonds C-1C-8 and C-4-C-5. Thus, the gross
structure ofl, possessing an unprecedented hexacyclic-fused
ring system, which formally would be derivative of daph-
niglaucin D (3), was established as shown in Figure 1.

The relative stereochemistry df was deduced from
analyzing its ROESY spectrum. The ROESY correlations
(Figure 1) of H-2/H-3, H-2/H-20 and H-3/H-20 indicated
the S orientation of these protons. While tfeoriented C-4
hydroxyl group was suggested by the ROESY cross-peaks
between H-4 and H-6; H-4 and H-7b, respectively. In
addition, ROESY correlations of H-21a/H-6, H-21b/HE13
H-13a/H-14, and H-14/H-15 indicated that the relative
configuration at C-5, C-6, C-8, C-14 and C-15 is the same
as that of3 leading to structuré. for macropodumine D.

It is worthy to note that thé3C NMR chemical shifts of
carbons at C-9, C-10, C-11 and C-12 bfare somewhat

(13) Macropodumine E2j: colorless oil; 2% —51.1 (c0.47, CHC});
IR (KBr) vmax 2922, 1732, 1703, 1660, 1247, 754 ¢m'H and3C NMR
data, see Table 1; ESIM®/z524 (M + Na)'; HRESIMS m/z524.2234
(IM + NaJ*, calcd for G/H3sNOg 524.2260).
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different from those o8 though they share the similar right
moiety. This anomaly was probably caused by the difference
in the left moiety of the structures between compoumds
and3.

Macropodumine E (2§ was obtained as a colorless oil.
Its molecular formula was deduced to beMssNOs by an
HRESIMS pseudomolecular peal/z at 524.2234 [(M+
Na)*, A —2.6mmu], indicating eleven degrees of unsatura-
tion. Detailed analysis dfC NMR and DEPT data revealed
one carbonyl, three ester carbonyls, one formyl carbonyl,
and one tetrasubstituted double bond, accounting for six
degrees of unsaturation. Thus the remaining degrees of
unsaturation were ascribed to five rings in the molecule.

Three partial structures (C-1 to C-4, C-18 to C-19 and
C-20, C-2 to C-18)b (C-11 to C-12), ana (C-13 to C-17)
were revealed by analysis of 2D NMR spectr&2dHSQC,
COSY, HMBC). HMBC correlations suggested that these
structural unitsg—c) and the remaining one formyl and one
methoxy group had to be connected to each other through
six quaternary carbons (C-5, C-6, C-8, C-9, C-10, C-22) and
one nitrogen atom as shown in Figure 1 to complete the
structure of2.
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Scheme 1. Plausible Biogenetic Pathway for Macropoduminesipgnd E R)
2COCH COOMe COOMe MeOOC

The planar structure o2 was reminiscent of that of podumines D 1) and E ) is proposed (Scheme 1). Both
daphniglaucin C (4)# In fact, 2 differs from 4 only by the compoundsl and?2, like alkaloids3 and4, should have a
presence of a five-membered ring A and two acetate common precursor, an imine intermediate which, after
functionalities, as well as the isomerization of thA&(°) the formation of C-14C-15 bond, will yield hexacyclic
double bond. COSY correlations of H-14 805)/H-15 (6 intermediates. Successively, epoxidation at C-3 and C-4 of
3.52) clearly suggested that C-13141.2) and C-15 (&1.3) 5 will give 6. Further cleavage of the C-N bond of the
are connected to each other to form the ring A, while the epoxide intermediaté accompanying the formation of a
disappearance of the olefinic protonab.74 in4 implied C-3—N bond will generate the skeleton of macropodumine
that the trisubstituted double bond¥'%) was replaced by D (1). For compoune, the isomerization of the double bond
a tetrasubstituted olefin i, which was located a&°® as A’M™ in intermediateA will afford 7. Oxidation of N, C-6
a consequence of cyclization of ring A. Moreover, HMBC and C-7 of7 and cleavage of C-6 to C-7 bond of intermediate
cross-peaks between H-4 4.99), H-21 (04.46 and 4.66), 8 by Polonovski-type reactidh will give the skeleton of
and two ester carbonyl carbon 171.0 and 169.8, respec-  macropodumine E2), although an alternative path through
tively) revealed that two acetoxyl groups were attached 10 gxidative cleavage of C-6 to C-7 bond is also possible.
C-4 and C-21, respectively. Due to the oxygenation at C-4, o, compoundd and2 were evaluated for their inhibi-

C._3 was downfield shifted (frorﬂq 16.7 |.n4 t0 24.4in2). tory activity against hPTP1B (human protein tyrosine phos-

Sm;ﬂarly, .H2'21 were aldso dovynﬁeld sh|ﬂ§d l(fr%ﬂ“ 4'4?1 phatase 1B), a key target for the treatment of type Il diabetes

detglftilolr:nof‘ot:fg;q h4.§ri>l<'2' rreosupecnve y) due to the and obesity” Unfortunately, the results indicated that both
Y y Y group. compoundsl and 2 were inactive. Other bioassay studies

Thus, the gross structure of macropodumine E was . . - -
. : : .~ for antibacterial and anti-inflammatory activities are currently
assigned a2 having an unprecedented pentacyclic-fused ring underway

system. Moreover, to the best of our knowledge, macro-

odumine E represents the second exam hniphyl-
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of calyciphylline A} daphniglaucin D 3),*° and daphniglau-
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(15) Morita, H.; Kobayashi, JOrg. Lett.2003,5, 2895—2898.
(16) Grierson, DOrg. React.1990, 39, 85-295.

(14) Morita, H.; Takatsu, H.; Shen, Y. C.; Kobayashi,Tétrahedron (17) Byon, J. C. H.; Kusari, A. B.; Kuseti, Mol. Cell. Biochem1998,
Lett. 2004,45, 901—904. 182, 101-108.

480 Org. Lett, Vol. 9, No. 3, 2007



