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Abstract*A novel alkaloid\ dechloroacutumine\ was isolated from Menispermum dauricum roots\ a rich
source of the chlorine!containing alkaloid acutumine\ cultured in chlorine!de_cient medium[ Its structure was
elucidated by spectral and crystallographic analysis[ Þ 0887 Elsevier Science Ltd[ All rights reserved

INTRODUCTION

Natural chlorine!containing compounds of higher
plants are of increasing interest due to their frequent
occurrence\ although it was thought ten years ago that
they were not very common ð0Ł[ The number of natural
organochlorine compounds has grown to more than
0499\ most of which are produced by living organisms\
such as marine and terrestrial plants\ bacteria\ fungi\
lichen\ insects\ marine animals and some mammals
ð1Ł[ However\ limited knowledge is available about
the biosynthetic pathways of chlorinated metabolites\
especially that of the chlorination step[ Chlo!
roperoxidases\ enzymes catalyzing the formation of
carbon chlorine bonds in the presence of hydrogen
peroxide and chlorine ion\ have been obtained from
algae\ bacteria and lower fungi ð2Ł[ These enzymes
exhibit a very broad speci_city with respect to sub!
strates and types of reactions catalyzed[ Their pres!
ence in higher plants has yet to be established[

Acutumine is a chlorine!containing alkaloid found
in Sinomenium acutum ð3Ł\ Menispermum canadense
ð4Ł and M[ dauricum ð5Ł[ Acutumidine\ an analogous
chlorine!containing alkaloid\ was isolated from M[
canadense ð4Ł and M[ dauricum ð5Ł[ Furthermore\ ano!
ther analogue\ acutuminine\ was found in M[ dau!
ricum ð6Ł[ Recently\ we found that cultured roots of
M[ dauricum produced acutumine as one of major
constituents ð7Ł[ Chlorine sources in the arti_cial cul!
ture medium are de_ned and\ therefore\ can be
manipulated[
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In the present work\ we report the isolation and
structural elucidation of a new alkaloid\ named dech!
loroacutumine\ which accumulates in M[ dauricum
roots cultured in a chlorine!de_cient medium[

RESULTS AND DISCUSSION

Roots were cultured in a chlorine!de_cient medium\
which contained only 2[3) chlorine compared with
the standard B4 medium[ Root growth was not a}ec!
ted by chlorine de_ciency[ After 44 days of culture\
roots were harvested and dried[ Alkaloids were
extracted from the dried roots and analyzed by HPLC[
This showed that the acutumine "1# content decreased
from ca 9[04) to 9[0) of the dry wt and that an
unknown base accumulated[ This base was obtained
as colourless crystals after puri_cation as described in
the Experimental and its structure was elucidated as
described below[

Mass spectral ions of the unknown base did not
show isotopic patterns for chlorine atoms[ The molec!
ular formula was found to be C08H14O5N by high
resolution mass spectrometry "m:z 252[0567 for ðMŁ¦#[
The EI mass spectral fragmentation pattern and UV
absorption\ which were similar to those of 1\ as well
as the molecular formula\ suggested that this base was
a dechlorinated analogue of 1[

The 0H NMR spectrum of the base exhibited one
N!methyl and three O!methyl signals\ two one!proton
singlets at d 3[46 and 4[17\ and two mutually coupled
one!proton doublets at d 1[15 and 1[38[ Comparing
with the spectrum of 1\ a one!proton quartet at d

4[05 disappeared and two additional protons were
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observed in the region of the aliphatic protons[ Split!
ting patterns of the up_eld proton signals became
more complex in the unknown base[ The 02C NMR
spectrum of the base was similar to that of 1\ except
for two signals[ Carbons at d 30[4 "t# and 46[8 "d# of
1 shifted to d 18[6 "t# and 21[9 "t# in the unknown
base[ HMQC experiments revealed a correlation
between the carbon at d 46[8 and the proton at d

Fig[ 0[ Crystal structure of dechloroacutumine "0#[

4[05[ These observations strongly suggested that the
unknown base di}ered from acutumine "1# only in the
absence of the chlorine atom at C!09[

Recrystallization of the base from hexane!EtOAc
provided crystals suitable for single!crystal X!ray
di}raction analysis\ which unambiguously established
the molecular structure and relative stereochemistry
of the base "Figure 0#[ The atomic coordinates are
given in Table[ 0[ The absolute con_guration of 1 has
been determined by X!ray analysis using the anom!
alous dispersion of the chlorine atom ð8Ł[ For the
determination of the absolute con_guration of the
new base\ its CD spectrum was compared with that
of 1[ The CD spectral patterns of both compounds
were quite similar and have negative Cotton e}ects
near 219 and 139 nm as well as a positive Cotton e}ect
near 154 nm[ Therefore\ the absolute stereochemistry
of the base was con_rmed as that shown in structural
formula 0^ the new compound is named as dechlo!
roacutumine[

0H and 02C NMR assignments for 0 and 1 were
based on DEPT\ COSY\ HMQC and HMBC experi!
ments "Table 1#[ The 0H NMR spectrum of compound
0 displayed an N!methyl signal at d 1[39 and its
attached carbon signal was located at d 26[2 in the 02C
NMR spectrum[ From the HMBC spectrum\ con!
nectivity patterns were observed between the N!
methyl proton and the C!04 carbon at d 42[5\ as well
as the C!02 carbon at d 66[2[ Connectivities of C!01
with H!04 "d 1[40 and 1[63# and H!0 "d 3[46# were also
observed[ H!0 was one of the two down_eld one!
proton singlets and another was assigned as H!2 "d
4[17#[ Further connectivities were observed for H!2
with C!3 "d 196[5# and C!00 "d 55[7#^ C!1 "d 078[8#
with H!0 and H!06 "d 2[77#^ C!3 with H!09 "d 0[40 and
1[13#[ Thus\ 0H and 02C signals of the _ve!membered a\
b!unsaturated ketone system were assigned[ HMBC
experiments also revealed correlation of C!5 "d 085[3#
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Table 0[ Atomic coordinates and equivalent isotropic displacement parameters
for compound 0 "estimated standard deviations in parentheses#

Atom x y z B"eq#

O"0# −9[0582"0# −9[2238"0# 9[9527"2# 2[03"3#
O"1# −9[9238"0# −9[2415"0# −9[1102"2# 2[61"3#
O"2# −9[2264"1# −9[2217"0# −9[4901"2# 3[17"4#
O"3# −9[3728"0# −9[4728"0# −9[1703"2# 2[60"3#
O"4# −9[5369"0# −9[3847"0# −9[2947"2# 3[93"3#
O"5# −9[5022"0# −9[2220"0# −9[1339"3# 3[61"4#
N"0# −9[3895"1# −9[2545"0# 9[9805"2# 2[05"3#
C"0# −9[0812"1# −9[2611"0# −9[0935"3# 1[40"4#
C"1# −9[0179"1# −9[2494"0# −9[1516"3# 1[75"4#
C"2# −9[0627"1# −9[2230"1# −9[3086"3# 2[96"4#
C"3# −9[1643"1# −9[2278"0# −9[2741"3# 1[81"4#
C"4# −9[2797"1# −9[3640"0# −9[1523"3# 1[85"4#
C"5# −9[3657"1# −9[4032"0# −9[1535"2# 1[66"4#
C"6# −9[4484"1# −9[3530"1# −9[1535"3# 2[97"4#
C"7# −9[4377"1# −9[2778"1# −9[1108"3# 2[04"4#
C"8# −9[3263"1# −9[1658"1# −9[0406"3# 2[13"5#
C"09# −9[2207"1# −9[1633"0# −9[9883"3# 2[92"4#
C"00# −9[1815"1# −9[2401"0# −9[0641"2# 1[39"4#
C"01# −9[2616"1# −9[3978"0# −9[0136"2# 1[33"3#
C"02# −9[3550"1# −9[2481"0# −9[0968"3# 1[54"4#
C"03# −9[2473"1# −9[3319"0# 9[9626"3# 1[81"4#
C"04# −9[3461"1# −9[3275"1# 9[0467"2# 2[09"4#
C"05# −9[4756"2# −9[2350"1# 9[0493"4# 3[51"6#
C"06# 9[9180"1# −9[2134"2# −9[2522"4# 3[75"7#
C"07# −9[5441"2# −9[4211"2# −9[3729"6# 4[80"8#
C"08# −9[6915"1# −9[2318"1# −9[2211"5# 3[54"7#

with H!4 "d1[15 and 1[38#\ of C!4 "d 35[4# with H!03
"d 1[29#\ of H!4 with C!03 "d 27[2# and C!6 "d028[5#\
and of C!6 with H!07 "d 2[50#[ The remaining carbon
at d 053[4 was assigned as C!7 and correlation of C!7
with H!08 "d 3[97# and H!8 "d 1[14# was observed by
HMBC[

The 0H and 02C signals of the known compound
acutumine "1# were also assigned\ because there had
been no reports on its NMR assignment since its struc!
ture was established by X!ray di}raction analysis 29
years ago ð8Ł[ The 0H NMR spectrum of acutumine
"1# was simpler than that of 0\ because a proton atom
attached to C!09 of dechloroacutumine "0# was
replaced by a chlorine atom[ The 0H and 02C signals
were assigned unambiguously as shown in Table 1\ in
a similar manner to that employed for 0[

Barton et al[ ð09Ł deduced that 1 was a type of
benzylisoquinoline alkaloid\ and proposed a com!
plicated biosynthetic pathway from a simple ben!
zylisoquinoline[ The order of the steps they presented
was arbitrary and there are obvious alternative steps
as they mentioned[ They showed that the chlorine was
introduced not by a working!up process\ but by a true
process of biosynthesis\ on the basis of radiochemical
methods[ Recently\ the proposed pathway was in part
veri_ed by Sugimoto and coworkers ð7Ł\ where they
demonstrated that tyrosine was a building block for
1[ However\ it is still remained obscure at what stage

of the biosynthesis chlorination takes place[ Depend!
ing on the structure of dechloroacutumine\ it can be
converted to acutumine by chlorination at C!09[ The
biosynthetic relationship between 0 and 1 is now under
investigation[

EXPERIMENTAL

General[

0H and 02C NMR spectra were recorded in CD2OD
and pyridine!d4 for dechloroacutumine "0# and acu!
tumine "1#\ respectively\ on a JEOL Lambda 399 MHz
spectrometer[ NMR experiments included 0H!0H
COSY\ 02C!0H COSY\ DEPT\ HMBC and HMQC[
IR spectra were obtained from KBr disks[

Plant material[

Menispermum dauricum roots were obtained from
established cultures as described previously ð00Ł[

Root culture[

There are four chlorine!containing components in
Gamborg|s B4 medium ð01Ł\ CaCl1=1H1O "0[9 mM#\
thiamine = HCl "29 mM#\ pyridoxine = HCl "4 mM# and
CoCl1=5H1O "9[1 mM#[ Roots were cultured in a modi!
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Table 1[ NMR data of dechloroacutumine "0# and acutumine "1#

0 "CD2OD# 1 "C4D4N#
02C 0H 02C 0H

Position d "ppm# m� d "ppm# m J"Hz# Position d "ppm# m� d "ppm# m J"Hz#

0 61[6 d 3[46 s 0 69[6 d 4[99 s
1 078[8 s * 1 078[9 s *
2 092[8 d 4[17 s 2 094[5 d 4[47 s
3 196[5 s * 3 190[3 s *
4 35[4 t 1[15 d 06 4 36[2 t 1[49 d 04

1[38 d 06 2[91 d 04
5 085[3 s * 5 081[8 s *
6 028[5 s * 6 028[9 s *
7 053[4 s * 7 048[7 s *
8 21[9 t 0[81 m 8 30[4 t 1[53 dd 6\ 01

1[14 m 2[03 dd 01\ 01
09 18[6 t 0[40 m 09 46[8 d 4[05 dd 6\ 01

1[13 m
00 55[7 s * 00 57[3 s *
01 44[2 s * 01 42[2 s *
02 66[2 s * 02 62[9 s *
03 27[2 t 0[42 m 03 27[5 t 0[50 m

1[29 m 1[54 m
04 42[5 t 1[40 m 04 40[7 t 1[32 m

1[63 m 1[54 m
05 26[2 q 1[39 s 05 25[3 q 1[27 s
06 48[6 q 2[77 s 06 47[8 q 2[60 s
07 59[7 q 2[50 s 07 59[1 q 2[67 s
08 50[0 q 3[97 s 08 59[4 q 3[92 s

�Peak multiplicities con_rmed by DEPT spectra[

_ed B4 medium\ in which CaCl1 was replaced by
Ca"NO2#1[ The medium\ which was also supplemented
with 2) sucrose and 6[4 mM NAA\ is referred to as
the chlorine!de_cient medium[ Roots "9[0 g fr[ wt#
were cultured in 099 ml ~asks containing 14 ml of the
chlorine!de_cient medium in the dark at 16> on a
rotary shaker "69 rpm#[

Extraction and isolation[

After 44 days of culture\ roots were harvested and
freeze!dried[ A sample "05[5 g# was powdered and son!
icated for 29 min in MeOH[ Roots were then _ltered
from MeOH through _lter paper[ Treatment with
MeOH was repeated twice[ Thereafter\ the combined
MeOH extracts were dried by evapn[ The dry residue
"3 g# was dissolved in 199 ml of 2) citric acid\ then
the acidic aq[ soln was passed through _lter paper[
The _ltrate was made alkaline with aq[ NH2 and
extracted ×3 with CHCl2[ The CHCl2 extracts were
dried by evapn[ The basic residue "9[21 g# was chro!
matographed over silica gel "49 g# with CHCl2!MeOH[
The proportion of MeOH in the solvent system was
increased stepwise[ Fras eluted with CHCl2!MeOH
"19]0# were concd "33 mg# and further puri_ed by semi!
prep HPLC[ The column was Capcell Pak C07
"149×19 mm# with a solvent of 59) MeOH con!
taining 9[1) aq[ NH2 at a ~ow rate of 6 ml:min−0[ A

short pre!column "09×3[5 mm# was placed between
the injector and separation column[ Dech!
loroacutumine "0#\ Rt 8[1 min\ was detected by UV
absorption at 134 nm[ The collected fras yielded a
white powder "08 mg#[ Recrystalization of this from
EtOAc!Hexane gave 0 as colourless crystals\ mp
067[9Ð067[4>[ ðaŁ14[9

D −43> "MeOH\ c 9[0#[ CD
De208[7−7[7\ De151[3¦06[4\ De127[9−07[6 "MeOH\
6[48×09−4 M#[ UV lmax nm "log e#] 130 "3[16#\ 157
"2[88#[ IR nmax cm−0] 0568\ 0527\ 0500\ 0468\ 0238[ 0H
and 02C NMR] Tab[ 1[ EIMS "69 eV# m:z "rel[ int# 252
ðM¦Ł "099#\ 224 "30#\ 219 "45#\ 119 "15#\ 198 "36#\ 197
"40#\ 070 "14#\ 055 "00#\ 049 "6#[ HRMS m:z 252[0567
ðM¦Ł "C08H14O5N requires 252[0571#[

Acutumine was obtained as colourless crystals from
roots cultured in a B4 medium with 6[4 mM NAA and
2) sucrose as described previously ð7Ł[ CD
De210[1−09[0\ De154[3¦08[4\ De128[5−19[9 "MeOH\
2[40×09−4 M#[ 0H and 02C NMR] Tab[ 1[

X!ray crystallo`raphic analysis of dechloroacutumine
"0#[

A colourless prismatic crystal of C08H14O5N having
approximate dimensions of 9[5×9[3×9[3 mm\ Mr
252[06\ orthorhombic\ a�03[94 "0#\ b�06[36 "0#\
c�6[108 "3# A� \ V�0660 "0# A� 2\ space group P101010

"è08#\ Z�3\ Dc�0[252 g cm−2\ m "CuKa#�7[32 cm−0\
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F "999#�665[ All measurements were made on a
Rigaku AFC6R di}ractometer with graphite mon!
ochromated CuKa radiation and a rotation anode
generator[ A total of 0444 unique re~ections were
collected and the intensities of three representative
re~ections were measured after every 049 re~ections[
The structure was solved by direct methods "SIR81#
ð02Ł and expanded using Fourier techniques ð03Ł[ The
_nal cycle of full!matrix least!squares re_nement was
based on 0371 observed re~ections "I×2s"I## and 225
variable parameters\ and converged with unweighted
and weighted agreement factors of R�9[931 and
Rw�9[946[ The maximum and minimum peaks on
the _nal di}erence Fourier map corresponded to 9[12
and −9[12 eA� −2\ respectively[ All calculation were
performed using the teXsan crystallographic software
package of Molecular Structure Corporation[ The
non!hydrogen atoms and hydrogen atoms were
re_ned anisotropically and isotropically\ respectively[
All data have been deposited at the Cambridge Crys!
tallographic Data Centre[
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