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Biphenylquinolizidine Alkaloids from Lagerstroemia indica
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Two new biphenylquinolizidine alkaloids, 5-epi-dihydrolyfoline (1) and its stereoisomer, dihydrolyfoline (2), along
with lagerine (3) were isolated from the aerial parts of Lagerstroemia indica. The structures of compounds 1—3 were

elucidated by extensive spectroscopic techniques.

The plant Lagerstroemia indica L. (Lythraceae) is a decorative
shrub common in China, Japan, and Korea.! It flowers early in the
summer and produces seedpods that mature in the early fall.
Preliminary studies showed that the alkaloids are concentrated in
the seedpods with only trace amounts in the leaves and stems.?
The isolation and structure determination of the phenylquinolizidine
alkaloids that occur in plants of the Lythraceae family is due mainly
to the work of Ferris and co-workers,>”’ who investigated the
species Decodon verticillatus (L.) Ell. (swamp loosestrife), and
Schwarting and co-workers,*~'® who examined Heimia salicifolia
Link and Otto (‘Hauchinal’) and other Heimia species. After the
report of phenylquinolizidine alkaloids from L. indica by Ferris
and co-workers,® no other study has been carried out on the
alkaloids of this plant. In our research on the alkaloids of this plant,
two new biphenylquinolizidine alkaloids, 5-epi-dihydrolyfoline (1)
and dihydrolyfoline (2), which exist as a diastereomeric pair
differing only in the configuration at C-5, were isolated along with
lagerine (3). We report herein the structures of the two new
alkaloids, 5-epi-dihydrolyfoline (1) and dihydrolyfoline (2), as well
as lagerine (3)®'"'? by presenting the complete 'H and '*C NMR
assignments.
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Aerial parts of L. indica were collected from Daejeon, Korea,
and extracted with 70% ethanol. The extract was subjected to
solvent—solvent extraction and repeated column chromatography
on Si gel to obtain the alkaloids 5-epi-dihydrolyfoline (1), dihy-
drolyfoline (2), and lagerine (3). The structures of compounds 1—3
were determined using 1D and 2D NMR experiments in conjunction
with the analysis of mass spectra and other spectroscopic data.

Compound 1 was obtained as a dark yellow powder and gave a
positive Dragendorff’s test. The molecular formula C,sHxoNOs was
determined on the basis of the [M]" peak (m/z 423.2028, A —1.8
mmu) in the HREIMS spectrum and NMR data. The fragment ion
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observed at m/z 137 in the EIMS spectrum of 1 suggested the
presence of a quinolizidine moiety in the structure. The 'H NMR
spectrum of 1 showed five aromatic resonances at oy 6.95 (dd, J
= 8.0, 2.0 Hz), 6.86 (s), 6.82 (d, J = 8.0 Hz), 6.80 (s), and 6.69
(d, J = 2.0 Hz) and one O-methyl resonance (dy 3.77) along with
aliphatic peaks. The 25 carbons present in the '3C NMR spectrum
(Table 1) comprised one O-methyl, eight methylene, eight methine,
and eight quaternary carbons by using a DEPT experiment. Nine
resonances [Oc 19.0 (CH,, C-8), 25.7 (CH,, C-7), 26.2 (CH,, C-6),
34.5 (CH,, C-4), 38.8 (CH,, C-2), 47.8 (CH, C-1), 50.1 (CH,, C-9),
57.3 (CH, C-5), 71.1 (CH, C-3)] in the '3C NMR spectrum seemed
to be due to a cis-fused quinolizidine ring, as observed in
decamine.'® The downfield aliphatic carbons at 8¢ 47.8, 50.1, and
57.3 indicated an adjacent nitrogen atom. The resonance at d¢ 71.1,
which correlated with a proton at dy 4.89 in the HMQC spectrum,
indicated oxygenation. The HMQC experiment revealed five
aromatic methine carbons (Oc 112.6, 114.0, 116.4, 129.0, and 132.0)
of the two phenyl rings. HMBC correlations (Figure 1) observed
for H-1 (0 4.00) to C-9 (6c 50.1), C-5 (O¢ 57.3), C-3 (6c 71.1),
C-24 (6¢c 114.0), C-20 (6¢ 127.5), C-25 (6¢ 132.8), and C-23 (Oc
146.9) indicated that C-1 was the point of attachment of a phenyl
ring. A proton singlet resonating at oy 6.80 (H-21) showed HMBC
correlations with C-1 (d¢ 47.8), C-18 (d¢ 126.0), C-25 (¢ 132.8),
C-23 (0¢ 146.9), and C-22 (O¢ 146.4), and H-19 (dy 6.69) showed
HMBC correlations with C-13 (¢ 32.5), C-20 (6¢ 127.5), C-15
(6¢c 129.0), and C-17 (O¢ 152.3), suggesting that the two phenyl
rings were linked between C-18 and C-20. H-12 and H-12',
appearing at oy 2.54 and 2.19, showed COSY correlations with
H-13 (0 3.00) and H-13' (Oy 2.71). Furthermore, H-12 and H-12'
showed HMBC correlations with the C-11 carbonyl carbon (d¢
174.6) and C-14 (¢ 131.6), and H-13 and H-13' showed HMBC
correlations with the C-11 carbonyl carbon (¢ 174.6), C-15 (d¢
129.0), C-14 (6¢ 131.6), and C-19 (¢ 132.0), indicating that the
carbonyl carbon and phenyl ring were linked by two methylene
carbons. The HMBC correlation of the broad H-3 singlet (0 4.89)
with C-11 (d¢c 174.6) suggested formation of another ring by
attachment of the lactone, and the fragment ion peak at m/z 379
[M — CO,]* in the EIMS spectrum confirmed the presence of the
lactone moiety. Additionally, the O-methyl proton (dy 3.77) showed
HMBC correlation with C-22 (¢ 146.4). The relative configuration
of C-5 was confirmed using its ROESY correlation. H-1 and H-3,
being axially and equatorially oriented on biogenetic considerations, '*'>
respectively, were used as the basis for correlations. H-1, at oy
4.00, showed ROESY cross-peaks with H-2eq, H-6ax, and H-8ax,
while there was no detectable interaction between H-1 and H-5.
Furthermore H-5 had ROESY cross-peaks with H-4eq, H-4ax,
H-6eq, H-7ax, and H-9ax. These ROESY results clearly indicated
the cis-quinolizidine structure that placed H-5 in an equatorial
geometry in the six-membered ring containing carbons 1—4. The
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Table 1. NMR Data“ of Compounds 1 and 2
117 2¢
no. H (8) m (J) BC (0) HMBC (H—C) 'H (0) m (J) 3C () HMBC (H—C)
1 4.00 d (11.0) 47.8, CH 3,5,9,20,23,24,25 2.99 d (11.0) 59.65CH 3,5,9,20,23,24,25
e 2.33 br d (15.0) 38.8, CH, e 236 brd(15.0) 39.1, CH,
a“ 1.66 br t (13.5) a1.80 brt(13.5)
3 4.89 br s 71.1,CH 1,5, 11 4.97 brs 70.7, CH 1,5, 11
4 e 1.57 br d (15.0) 34.5, CH, e 1.65 37.4, CH,
a 1.99 ddd (15.0, 6.5, 3.5) a 1.65
5 2.99 dd (13.5,2.5) 57.3,CH 1,3 1.97 dd (14.5,9.0) 59.7, CH 1,3
6 e 0.98 br d (13.5) 26.2, CH, e 1.47 33.5, CH,
a 1.66 br t (13.5) al.25
7 e 1.44 br d (12.5) 25.7, CH, e 1.61 24.8, CH,
all4—1.11 m al.l4
8 ¢ 0.82—0.78 m 19.0, CH, e 1.44 26.2, CH,
a0.82—0.78 m a1.44
9 e 2.81 br d (12.5) 50.1, CH, e2.66 brd(11.0) 52.9, CH,
a2.29 br td (10.0, 4.0) alz2l
11 174.6, qC 174.4, qC
12 2.54 ddd (12.5,5.5,2.5) 38.8,CH, 11,14 2.61 ddd (12.5, 5.5, 2.5) 38.5,CH, 11,14
12' 2.19 td (13.0, 2.5) 11, 14 2.28 td (13.0, 2.5) 11, 14
13 3.00 td (13.5,2.5) 32.5,CH, 11,14,15,19 3.14 td (13.5,2.5) 32.7,CH, 11, 14,15,19
13' 2.71 ddd (13.5, 5.5, 2.5) 11, 14, 15, 19 2.79 ddd (13.5, 5.5, 2.5) 11, 14, 15, 19
14 131.6, qC 132.5, qC
15 6.95 dd (8.0, 2.0) 129.0,CH 13,17, 19 7.08 dd (8.0, 2.0) 1294,CH 13,17, 19
16 6.82 d (8.0) 1164,CH 14,17, 18 696  d(8.0) 116.1,CH 14,17, 18
17 152.3, qC 151.6, qC
18 126.0, qC 125.9, qC
19 6.69 d (2.0) 132.0,CH 13,15,17,20 6.84 d (2.0) 131.6,CH 13,15,17,20
20 127.5,qC 126.0, qC
21 6.80 S 112.6, CH 1,18, 22,23,25 6.83 S 111.0,CH 1,18, 22,23,25
22 146.4, qC 145.6, qC
23 146.9, qC 146.6, qC
24 6.86 S 114.0, CH 1, 20, 22, 23 7.17 S 114.4, CH 1, 20, 22,23
25 132.8, qC 136.6, qC
—OCH; 3.77 S 55.9 22 3.88 S 56.3 22

“1H (500 MHz) and "*C NMR (75 MHz) (0y 7.24, dc 77.0). Carbon multiplicities were determined by DEPT 135° experiment. qC = quaternary, CH
= methine, CH, = methylene, CH; = methyl carbons. Chemical shifts are expressed in ppm and J values in Hz. ?Recorded in CDCl; + CD;OD.
¢Recorded in CDCls. “e: equatorial proton. a: axial proton. / Signal pattern unclear due to overlapping of two geminal protons. ¢ Positions can be
interchanged.

Figure 1. Selected HMBC (H—C) and 'H—'H COSY (—) cor-
relations of 1 and 2.

minimum energy conformation of 1 and key ROESY correlations
are shown in Figure 2. Thus, compound 1 was elucidated as 5-epi-
dihydrolyfoline (1).

Compound 2 was obtained as a yellow powder and gave a
positive Dragendorff’s test. Its molecular formula was deduced
to be CaysHpNOs (m/z 423.2062, [M]*, A +1.6 mmu) by
HREIMS and NMR data. The EIMS showed an ion peak at m/z
137 corresponding to a quinolizidine ring in the structure, and
fragment peaks were similar to those of 1. Comparison of the
'H and "*C NMR data of 2 with those of 1 inferred that 2 was
an analogue of 1 with a variation in the quinolizidine ring (Table
1). Nine resonances [0¢ 24.8 (CH,, C-7), 26.2 (CH,, C-8), 33.5
(CH,, C-6), 37.4 (CH,, C-4), 39.1 (CH,, C-2), 52.9 (CH,, C-9),
59.6 (CH, C-1), 59.7 (CH, C-5), 70.7 (CH, C-3)] in the *C NMR
seemed to be due to a trans-fused quinolizidine ring, as observed
in decinine.'® The downfield proton H-1 at 0y 2.99 showed the
same HMBC correlations with C-9 (d¢ 52.9), C-5 (d¢ 59.7),

C-3 (0c 70.7), C-24 (6c 114.4), C-20 (Oc 126.0), C-25 (O¢c 136.6),
and C-23 (Oc¢ 146.6) as those of 1, indicating the attachment of
an aromatic ring at C-1. Thus, the downfield aliphatic carbons
at Oc 52.9, 59.6, 59.7, and 70.7 were assigned to C-9, C-1, C-5,
and C-3, respectively. H-1 (dy 2.99) was more upfield compared
to 1, with its cis-fused quinolizidine ring. A trans-fused
quinolizidine ring can be readily distinguished by downfield
shifts in '3C NMR values of C-1 and C-5 in comparison with
their counterpart. Hughes et al. reported that when H-5 is in a
cis-fused quinolizidine system, C-1 and C-5 appear upfield at
Oc 47.2—47.5 and 56.6—57.0, respectively, whereas when H-5
is in a trans-fused quinolizidine system, C-1 and C-5 appear
downfield at d¢ 59.5—59.6 and 59.7—59.9, respectively.'?
Moreover, H-5 (0y 1.97) also appeared significantly upfield
compared to 1. This proton showed a ROESY correlation with
H-1 (0y 2.99) along with H-7ax (0y 1.14) and H-9ax (0y 1.21)
(Figure 2), indicating a trans-fused quinolizidine ring system.
Considering the configuration of C-1 and C-3,'*'* the structure
of compound 2 can be elucidated as dihydrolyfoline (2). The
minimum energy conformation of 2 and key ROESY correlations
are shown in Figure 2.

Although lagerine (3) had been isolated from this plant,® the
structure suggested by Ferris et al. was shown to be in error by
demonstrating that a substance synthesized unambiguously by
Hanaoka et al. to reproduce the Ferris structure differed from natural
lagerine in its chromatographic and spectroscopic properties.'''?
Hence, here we report the reisolation of natural lagerine along with
complete 'H and '*C assignments of 3 by using extensive 1D and
2D NMR spectroscopy (Table 2).
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Figure 2. Minimum energy conformations and key ROESY (<) correlations of 1 and 2.

Table 2. NMR Data“ of Compound 3

no. 'H (0) m (J) 13C (9) HMBC (H—C)

1 3.37 d (12.5) 45.1,CH 2,3,5,20,24,25
2 e 1.37  brd (13.0) 36.8, CH,

a l.57
3 4.88 br s 68.2, CH 1,5, 11
4 e 1.45 brd (15.5) 34.8, CH,

a1.99
5 3.04 57.1, CH 1,3
6 e 1.08  brt (15.0) 25.4, CH,

al.75 dd (13.5,4.0)
7 e 1.86 brd (13.0) 26.1, CH,

a 137 brd (13.0)
8 e 1.08 brt (15.0) 19.6, CH,

al.64 dt(13.5,4.0)
9 e 2.56 50.6, CH,

a242 brd(13.5)
11 172.4,qC
12 2.58 ddd (11.5,4.5,2.5) 39.7,CH, 11,14
12 2.28 td (13.0,5.5) 11,14
13 3.04 ddd (13.0,5.5,3.0)0 325,CH, 11,15,19
13’ 2.85 td (13.5,5.0) 11, 15, 19
14 134.6, qC
15 6.95 dd (8.0, 2.0) 1309,CH 13,17, 19
16 6.51 dd (8.0, 2.0) 116.2,CH 14,17, 18
17 159.6, qC
18 7.34 dd (8.0, 2.0) 118.5,CH 14,16, 17
19 7.26 dd (8.0, 2.0) 129.9,CH 13,15,17,18
20 143.6, qC
21 148.0, qC
22 146.8, qC
23 6.74 d (8.0) 108.3,CH 22,24, 25,
24 6.91 d (8.0) 1199,CH 1, 20,22,23
25 138.4,qC
-OCH; 3.93 56.4 22,23

“1H (500 MHz) and '3C NMR (75 MHz) recorded in CDCl; (Oy
7.24, Oc 77.0). Carbon multiplicities were determined by DEPT 135°
experiment. qC = quaternary, CH = methine, CH, = methylene, CH; =
methyl carbons. Chemical shifts are expressed in ppm and J values in
Hz.

Experimental Section

General Experimental Procedures. FT-NMR spectra were recorded
on a Bruker Avance 500 spectrometer (‘H NMR, 500 MHz) and a
Bruker DRX-300 spectrometer ('3*C NMR, 75 MHz) using CDCI; and
CD;0D as the solvent and TMS as an internal standard. Chemical shifts
() were expressed in ppm with reference to the TMS signals. 2D NMR
(HMQC, HMBC, COSY, and ROESY) experiments were performed
on a Bruker Avance 500 spectrometer. Mass spectra were obtained
with a JEOL JMS-700 Mstation mass spectrometer. Semipreparative
HPLC was conducted on TRILUTION LC with a UV/vis-151 detector,

a 321 pump, a 402 syringe pump, and a GX-271 liquid handler (Gilson,
Inc.), using a YMC-pack Pro Cig (250 x 20 mm, i.d.) column. Column
chromatography was performed using Si gel (Kieselgel 60, 70—230
mesh and 230—400 mesh, Merck). TLC was performed on Merck
precoated silica gel 60 F,s4, and compounds were observed under 254
and 365 nm UV or visualized by spraying the dried plates with
Dragendorff’s reagent.

Plant Material. Aerial parts of L. indica were collected from
Daejeon, Korea, in September 2006 and identified by one of the authors
(K.H.B.). A voucher specimen (CNU 1517-1) was deposited at the
herbarium in the College of Pharmacy, Chungnam National University.

Extraction and Isolation. The air-dried aerial parts of the plant (6.0
kg) were crushed and extracted three times with hot 70% EtOH. After
evaporation of solvent under vacuum, the concentrate was suspended
in H,0, acidified to pH 3 with HCI, and extracted with EtOAc. The
aqueous layer was then basified with NH,OH to pH 9 and extracted
with EtOAc. The EtOAc extract was dried with Na,SO, and concen-
trated in vacuo to obtain the crude base (5 g). This was chromatographed
on a Si gel column eluted with MeOH/CHCI3/NH,OH mixtures of
increasing polarites, which afforded lagerine (3) (2.5 mg), dihydroly-
foline (2) (5.5 mg), and 5-epi-dihydrolyfoline (1) (7.0 mg). These
compounds were purified by HPLC over a YMC-pack Pro C;g (250 x
20 mm, i.d.) column using MeCN/H,O/NH,OH (45:55:0.1) as eluent.

Computer Molecular Modeling. Molecular modeling and graphic
display were performed on GaussView 3.09, and the resulting minimum
energy conformations were gained by Gaussian 03 using the optimiza-
tion method B31YP/6-31G.

5-epi-Dihydrolyfoline (1): dark yellow powder; [a]*p —11.1 (¢ 0.70,
CHCl3); UV (MeOH) Apax 298 nm; 'H NMR (500 MHz, CDCl; +
CD;0D) and *C NMR (75 MHz, CDCl; + CD;0D) see Table 1; EIMS
milz 423 [M]T (100), 407 [M — O]* (37), 379 [M — CO,]* (19), 363
(40), 339 (100), 299 (23), 255 (77), 253 (34), 227 (69), 197 (12), 182
(17), 165 (15), 137 [CoH;sN]™ (27), 97 (12), 84 (60), 55 (29); HREIMS
milz 423.2028 [M]T (calcd for CpsHyNOs, 423.2046).

Dihydrolyfoline (2): yellow powder; [a]*°, —8.0 (¢ 0.55, CHCl,);
UV (MeOH) Auc 298 nm; '"H NMR (500 MHz, CDCl3) and *C NMR
(75 MHz, CDCls) see Table 1; EIMS m/z 423 [M]* (100), 407 [M —
O]* (41), 379 [M — CO,]" (28), 363 (56), 339 (100), 299 (22), 255
(95), 253 (48), 227 (69), 197 (14), 182 (22), 165 (15), 137 [CoH;sN]™
(26), 97 (15), 84 (66), 55 (32); HREIMS m/z 423.2062 [M]" (calcd
for C25H29NO5, 4232046)

Lagerine (3): yellow powder; [a]*’, —13.6 (¢ 0.25, CHCl3); UV
(MeOH) Apay 298 nm; 'H NMR (500 MHz, CDCl;) and '*C NMR (75
MHz, CDCl5) see Table 2; EIMS m/z 423 [M]" (100), 407 [M — O]"
(7), 379 [M — CO,]* (48), 365 (10), 339 (35), 299 (22), 255 (100),
253 (55), 227 (100), 182 (20), 176 (14), 137 [CoH;sN]T (40), 122 (21),
84 (82), 77(26), 55 (48); HREIMS m/z 423.2039 [M]" (calcd for
CysHoNOs, 423.2046).
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