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ABSTRACT

Two new alkaloids, angustimine (1) featuring an unprecedented skeleton, and angustifolimine (2) being a rare diamino Daphniphyllum alkaloid,
were isolated from Daphniphyllum angustifolium. Their structures were elucidated by extensive spectroscopic analysis. The biosynthetic origin of
1 was postulated. Cytotoxic activities of 1 and 2 were tested, and all of them were inactive.

Daphniphyllum alkaloids are a class of structurally di-
verse and polycyclic natural compounds which have been
attractive subjects of natural products and synthetic chem-
istry for decades.' In recent years, a series of novel Daph-
niphyllum alkaloids have been isolated, some of which
exhibzited cytotoxic activity against several tumor cell
lines.
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Daphniphyllum angustifolium Hutch. is an evergreen
shrub native to southwestern China.> Previous chemical
studies on this plant have resulted in the isolation of a few
flavonoids, iridoid glucosides, and phenyl glucosides.* In
the current study, two novel alkaloids, angustimine (1)
possessing an unprecedented hexacyclic fused skeleton
that was likely derived biosynthetically from a bukitting-
gine-type alkaloid, caldaphnidine P," via the cleavage of a
C-6—C-7 bond and the formation of a C-6—N bond as the
key steps, and angustifolimine (2) representing the second
diamino Daphniphyllum alkaloid,'® were isolated from the
ethanolic extract of the D. angustifolium twigs. Their
structures were elucidated by spectroscopic methods, espe-
cially two-dimensional NMR techniques. The isolation
and structural elucidation of these alkaloids were herein
presented.
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Table 1. 'H and '*C NMR Spectroscopic Data of 1 and 2“

1 2
no. dc Oy (multi, J in Hz) Oc Oy (multi, / in Hz)
1 81.4 3.72(d, 5.0) 201.9
2 38.0 2.46 (m) 51.4 2.42 (m)
3a 16.6 1.78 (m) 20.1 2.26 (m)
3b 1.48 (m) 2.05 (m)
4a 33.7 1.84 (m) 69.3 2.90 (brd, 6.3)
4b 1.80 (m)
5 52.2 51.8
6 111.8 53.2 2.26 (m)
Ta 66.1 3.44(d, 12.5) 62.3 3.38(m)
b 3.33(d, 12.5) 2.30 (m)
8 46.9 140.2
9 50.5 2.34 (m) 120.8
10 43.9 179.4
1la 34.0 1.86(m) 32.0 2.26 (m)
11b 1.79 (m) 2.06 (m)
12a  32.4 2.20 (m, 2H) 30.8 2.08 (m)
12b 1.72 (m)
13a  29.3 2.05(m) 128.3
13b 1.83 (m)
14a  32.0 2.38(m) 124.6
14b 2.28 (m)
15a 28.8 2.00(m) 130.9
15b 1.92 (m)
16a 23.0 1.78 (m, 2H) 30.3 2.75(m)
16b 2.60 (m)
17a 39.5 1.64 (m) 66.0 3.92(dd, 8.0, 2.7, 2H)
17b 1.58 (m)
18 38.9 2.77 (m) 32.0 2.26 (m)
19a 59.8 3.54(dd, 12.3,11.2) 55.2 3.09(dd, 11.5,4.1)
19b 3.04 (dd, 12.3, 10.4) 2.50 (dd, 11.2, 2.7)
20 129 1.03(d, 6.8, 3H) 19.5 1.25(d,7.9,3H)
21 21.4 1.17 (s, 3H) 36.0 1.24 (s, 3H)
22 180.7 173.9
23 52.5 3.68 (s, 3H)
1 41.2 3.59 (m, 2H)
2/ 144 1.38(t,7.4,3H)

“Data were measured in CD;0D at 400 MHz (‘H) and 100 MHz
("3C). Chemical shifts () are in ppm being relative to TMS.

Angustimine (1),” obtained as a colorless solid, showed
molecular formula C5,H33NO; as determined by HREIMS
at m/z 359.2449 [M]* (caled 359.2460) with seven degrees
of unsaturation, which was supported by the pseudo-
molecular ions at m/z 360 [M + H]" and 358 [M — H]~
in the positive and negative modes of ESIMS, respectively.
The IR spectrum implied the functionalities of hydroxy
(3421 cm™ ") and carboxylate (1568, 1458, and 1385cm ™).
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Figure 1. "H-"H COSY (A: —), selected HMBC (A: —), and
ROESY (B: <) correlations of 1.

The '>C NMR spectrum (Table 1) in combining with the
DEPT experiments and 2D NMR spectra displayed 22
carbon resonances, including two methyls, eleven methy-
lenes, four methines, and five quaternary carbons
(including one carboxylate at dc 180.7, and one at d¢
111.8). The only carbonyl group accounted for one out of
seven degrees of unsaturation, and the remaining six
degrees of unsaturation required alkaloid 1 being hexa-
cyclic. Four proton-bearing structural fragments, a (C-1 to
C-4, and C-18 to C-20), b (C-11 and C-12), ¢ (C-13 and
C-14), and d (C-9, and C-15 to C-17) as drawn with bold
bonds, were readily established by "H—"H COSY spec-
trum with the assistance of HMBC (Figure 1). The linkages
of four fragments (a—d) with the quaternary carbons and
heteroatoms were finally achieved by the examination of
the HMBC spectrum (Figure 1). The CH-1 methine (Jy
3.72,d,J = 5.0 Hz; 6¢ 81.4) and CH,-19 (043 3.54,dd, J =
12.3,11.2 Hz, 0y 3.04, dd, J = 12.3, 10.4 Hz; ¢ 59.8) of
fragment a were tentatively attributed to those attached to
the N-atom by the chemical shifts to form the ring B of
pyrrolidine; the CH,-7 methylene (0 3.44,d,J = 12.5Hz,
Oy 3.33,d, J = 12.5 Hz; dc 66.1) and the quaternary
carbon of C-6 (¢ 111.8) were also attached to the N-atom
on the basis of chemical shifts, which was confirmed by the
mutual HMBC correlations of H-1/C-6 and C-7, H,-19/C-
6 and C-7, and H,-7/C-1, C-6, and C-19. The linkage of

(5) Colorless solid; [0]*°» —15 (¢ 0.155, CHCl): IR (KBr) Vpnax 3421,
2956, 2928, 1705, 1568, 1458, 1385, 1259, 1223, 1136, 752 cm ™ '; 'H and
13C NMR data, see Table 1; ESIMS m/z 360 [M + H]*, 358 [M — H];
EIMS m/z 359 [M]" (80), 330 (21), 317 (35), 300 (32), 286 (100), 258 (94),
97 (18), 58 (47); HREIMS m/z 359.2449 [M]* (calcd for C»,H33NOs5
359.2460).
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C-12 to C-6 that bears a hydroxy forming the aminoketal
was assigned by the HMBC correlations from H»-11 and
H,-12 to C-6; the attachments of C-7, C-9, C-11, and C-17
to C-10 were made by the multiple HMBC correlations of
H,-7/C-10, H-9/C-10, H,-12/C-10, H,-15/C-10, H,-17/C-
10, H-9/C-7, H,-11/C-7, H,-7/C-17, H,-17/C-9, and H,-
17/C-11, which constructed rings E and F. The C-1, C-5,
C-9, and C-13 were linked to C-8 by the HMBC correla-
tions of H-1/C-8, H,-4/C-8, H-9/C-8, H,-14/C-8, H,-15/C-
8, H5-21/C-5 and C-8, H-1/C-5, H-1/C-9, and H,-13/C-9;
the Me-21, C-4, and C-6 were fixed to C-5 by the HMBC
correlations from H-1, H»-3, H»-12, and H3-21 to C-5, and
from H»-4 to C-6, which furnished rings A and D. The
connection between C-14 and C-22 was established by the
HMBC correlation from H,-14 to C-22. The planar struc-
ture of 1 was thus established as an intramolecular salt with
an unprecedented nitrogen-containing hexacyclic carbon
skeleton.

The relative configuration of 1 was fixed by a ROESY
experiment (Figure 1), in which the correlations of Hs-21/
H-4a, H5-21/H-9, H3-21/H-14b, and H-9/H-11a indicated
that H-9, H-11a, and Hs-21 were cofacial and randomly
assigned in a 8-configuration. In consequence, the ROESY
correlations of H-1/H-2, H-1/H-7b, H-1/H-13b, H-1/H-
15b, H-1/H-18, and H-7b/H-19b showed that H-1, H-2,
H-7b, H-15b, H-18, and H-19b were o-oriented. The
ROESY correlations of H3-20/H-19a, H-19a/H-7a, H-7a/
H-11b, H-7a/H-12b, and H-15a/H-17b were also
observed to support the above assignment. The afore-
mentioned ROESY correlations suggested that the six-
membered rings A and D took chair conformation,
the five-membered rings B, C, and F adopted envelope
conformation, and the six-membered ring E was in a
twisted boat conformation. Thus, the structure of 1 was
finally elucidated.

Alkaloid 1 was an intramolecular salt featuring an
unprecedented hexacyclic fused skeleton via the cleavage
of a C-6—C-7 bond and the formation of a C-6—N bond.

Angustifolimine (2)® was obtained as a yellow solid. Its
molecular formula was established as C,sH34N,O4 by
HREIMS at m/z 426.2529 [M] " (caled 426.2519) requiring
ten degrees of unsaturation, and this assignment was
supported by the pseudomolecular ions at m/z 427 [M +
H]" and 425 [M — H] ™ in the ESIMS. The '3*C NMR
spectrum with DEPT experiments resolved 25 carbon
signals (Table 1) comprising four methyls (one oxygenated-
), eight methylenes (for those resonated at oc 66.0, 62.3,
55.2, and 41.2 being linked with O- or N-atoms), four
methines (one resonated at dc 69.3 being likely linked with
the N-atom), and nine quaternary carbons (six olefinic,
one ketone at ¢ 201.9, and one ester carbonyl at 6 173.9).
Two carbonyl groups and three double bonds accounted
for five out of the ten degrees of unsaturation, and the

(6) Yellow solid; [0*’p —243.0 (¢ 0.070, MeOH); UV (MeOH) Anax
(log £) 376 (4.28), 292 (4.02) nm: IR (KBr) vyyay 3425, 2929, 1699, 1589,
1423, 1352, 1242, 1158, 1076, 889, 731,605cm ™ '; 'Hand '>*C NMR data,
see Table 1; ESIMS m/z 427 [M + H]", 425 [M — H]"; EIMS m/z 426
[M]* (12), 394 (32), 381 (100), 376 (14), 349 (18), 294 (30), 175 (16), 109
(75), 111 (100), 107 (89), 94 (13), 77 (2), 55 (3); HREIMS m/z 426.2529
[M]+ (Calcd for C25H34N204 4262519)
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Figure 2. '"H-'H COSY (—), selected HMBC (A: —), and
ROESY (B: <>)correlations of 2.

remaining ones required that compound 2 was pentacyclic.
Four structural fragments a (C-2 to C-4 and C-18 to C-20),
b (C-6 and C-7, C-11 and C-12), ¢ (C-16 and C-17), and d
(C-1" and C-2') were deduced as drawn in bold lines (Figure 2)
by using a combination of the 2D NMR spectra (HSQC,
"H-'H COSY, and HMBC). The linkages of the four
structural fragments a—d, the quaternary carbons, and
heteroatoms were mainly achieved by examination of the
HMBC spectrum (Figure 2), in which the methoxyl group
was readily located at C-22 by the correlation between
OCHj; at 0y 3.68 and C-22 at O¢ 173.9. The only hydroxy
was assigned to C-17 by the chemical shifts of CH»-17 (0y
3.92,dd, J = 8.0, 2.7 Hz, 2H; d¢ 66.0). The A'* double
bond and the linkage of C-15/C-9 were fixed by the multi-
ple HMBC correlations of H»-16/C-9, C-14 and C-15, and
H»>-17/C-15, which also allowed the attachment of
—C,H50H to C-15. The connectivity of C-11 and C-10
was revealed by the HMBC correlations from H»-11 and
H»,-12 to C-10. The linkage of C-1" and C-10 via a nitrogen
atom was furnished by the proton and carbon chemical
shifts of CH,-1" (g 3.59, m, 2H; d¢ 41.2) and C-10 (d¢
179.4), and the key HMBC correlation between H,-1" and
C-10. Two major fragments a and b were linked via a
nitrogen and the quaternary carbon C-5 (¢ 51.8) to form
the piperidine of A ring and the pyrrolidine of C ring by the
chemical shifts of C-4 (6c 69.3), C-7 (0¢ 62.3), and C-19
(0c 55.2), and by the mutual HMBC networks of H-4/C-5,
C-7, and C-19; H,-7/C-4, C-5, and C-19; H,-19/C-4 and
C-7; and H»-3, H-6, and H,-12/C-5. The HMBC correla-
tions from H;-21 to C-4, C-5, C-6, and C-8, and from H-4
and H-6 to C-8 allowed the linkage between C-5 and C-8,
and also attached CH;3-21 to C-5. The ketone group was
assigned to C-1, which built a bridge between C-2 and C-13
as judged from the HMBC correlations from H-2, Hj-3,
and H-18 to C-1, and from H-2 to C-13. The connectivity
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Scheme 1. The Plausible Biosynthetic Origin of 1

between C-8 and C-9 was tentatively assigned by the
HMBC correlations from H-4 to C-8 and C-9. Although
there were no direct HMBC correlations observed to
furnish the linkages of C-8/C-13, C-13/C-14, and C-14/
C-22, these linkages could be tentatively assigned by
chemical shifts of relevant carbons to finally construct
the B and E rings, and to attach the moiety of —CO,Me
at C-14, and this assignment was supported by compar-
ison of the *C NMR data of the E ring of 2 with those of
daphnicyclidin F.” Thus, the planar structure of 2 was
established.

The relative configuration of 2 was assigned by the
performance of a ROESY experiment (Figure 2). The
ROESY correlations of Hs-21/H-4, H3-21/H-6, H3-21/H-
11a, H-4/H-6, H-6/H-11a, H-4/H-7a, and H-6/H-7a sug-
gested that they were cofacial, and arbitrarily assigned in a
p-configuration. Consequently, the ROESY correlations
of H-18/H-19b and H-19b/H-7b indicated that they were

(7) Kobayashi, J.; Inaba, Y.; Shiro, M.; Yoshida, N.; Morita, H. J.
Am. Chem. Soc. 2001, 123, 11402-11408.
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a-oriented. The ROESY correlations of H3-20/H-2, H-2/
H-3b, and H-3b/H;-21 showed that H-2 and H-3b were 3-
directed.

To the best of our knowledge, alkaloid 2 is the second
diamino Daphniphyllum alkaloid with a unique structure,
and the first one was isolated from D. paxianum.'

The biosynthetic origin of 1 could be traced back to a
bukittinggine-type alkaloid, caldaphnidine P," which
after hydrolysis would give intermediate i. The intermediate
i would yield 1 via a cascade of chemical reactions by
involving the key steps of a C-6—C-7 bond cleavage (ii)
and a C-6—N bond formation (iii) as shown in Scheme 1.

The in vitro cytotoxic activities of alkaloids 1 and 2 were
evaluated against HL-60 (human leukemia) and A-549
(human lung adenocarcinoma) tumor cell lines by using
the MTT® and SRB® methods, respectively. All of them
were inactive.
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