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Abstract—Two new series of allocolchicinoids mimicking the structure of (�)-N-acetylcolchinol O-methyl ether (2, NCME) were
synthesized and evaluated for their abilities to inhibit tubulin assembly. Possible antitumor properties resulting thereof were eval-
uated in vitro on the human MCF-7 breast cancer cell line. The first series of NCME-derivatives was brought about by extending
the seven membered B-ring to novel semisynthetic variations with a nitrogen containing eight-membered B-ring similar, for example,
to the artificial, potent steganacin aza-analogue 3. In the second series the seven-membered B-ring of NCME (2) was modified by
annulation with a heterocyclic ring system. The racemic ketone 7a serving as key precursor involved in the syntheses of all the target
NCME variants 9–13 and 15, 16 was easily transformed into the eight-membered B-ring lactams 9 and 10 via a Beckmann rear-
rangement of the corresponding E-oxime 8. The tetrazole annulated congener 11 was prepared via azidotrimethylsilane-mediated
Schmidt rearrangement. Treatment of educt 7a with Bredereck’s reagent led to the enamino ketone 14, which was easily converted
into the pyrazole- or pyrimidine-annulated allocolchicinoids 15 and 16. Remarkably, all the allocolchicinoids 9–13 with an azocin-
B-ring affected the tubulin/microtubule equilibrium only moderately. In contrast, the novel heterocycle annulated seven membered
B-ring variants 15 and 16 proved to be highly potent tubulin-inhibitory, antimitotic agents. Interaction with tubulin occured at
concentrations similar to those observed for colchicine (1) or the lead NCME (2). In all cases the antiproliferative effects correlated
roughly with the inhibition of tubulin assembly.
# 2003 Elsevier Science Ltd. All rights reserved.

Introduction

In continuation of our efforts1 directed towards the
development of hitherto unknown B-ring modified
allocolchicinoids,2�7 we have focused our attention on
the syntheses of novel variants of the highly potent (�)-
N-acetylcolchinol O-methyl ether (2, NCME).8 This
synthetic antitubulin agent 2 is a member of the allo
series of native (�)-(aR,7S)-colchicine (1) with a benze-
noid rather than a tropolone C ring, as occurs in the
natural alkaloid 1. Both proved to be effective anti-
mitotic agents as important representatives of inhibitors
of the tubulin-microtubule equilibrium.3,9 Compared to
the parent alkaloid 1 the allocolchicinoid NCME (2)
combines a higher affinity for tubulin with a better

stability and thus served as a standard by which anti-
tubulin activity in vitro can be measured.9 Like (�)-
(aR,7S)-colchicine (1) NCME (2) is characterized by an
atropisomeric biaryl unit10—comprising a trimethox-
yphenyl ring connected with a p-oxymethyl substituted
benzene unit. Due to the helicity of the sigma-bond
joining these two phenyl moieties allocolchicinoid 2 is
an axially chiral species additionally endowed with a
chiral center at C-7 (atom numbering referring to 1). An
X-ray analysis of an urea-derivative of compound 2 was
used for the indirect assignment of the absolute con-
figuration of C-7 and of the biphenyl unit to be (aR,7S)
in the crystal. Thus, NCME (2) is equipped with the
proper stereochemical arrangement of the A–C biphenyl
backbone, a requirement for the interaction with tubu-
lin.11 As indicated by NMR studies NCME (2) exists in
solution as an atropisomeric mixture of (aR,7S)/(aS,7S)
isomers. The (aR)/(aS) equilibrium dominated by the
configurationally unstable (aR)-conformer varies with
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solvent and temperature. Additionally, the biaryl moiety
is linked by a three-atom-bridge (thus also referred to as
an o,o0-bridged biphenyl) giving rise to a bis(benzo-
cycloheptadiene) skeleton (Scheme 1).

It is well accepted that the primary pharmacophore of
NCME (2) consists of the A and C rings, the character
of the B-ring however decisively contributes to the effi-
cacy of the antimicrotubule agent especially by influen-
cing the conformational mobility of the A–C biphenyl
backbone upon tubulin binding. Removal of the B-ring
of NCME (2) leading to TMB (2a, 2,3,4,40-tetra-
methoxy-1,10-biphenyl) decreases the affinity of the
allocolchicinoid for tubulin.7 The loss of activity (in the
absence of the tethering B ring) however, is attributed to
the conformational properties of TMB (2a) and not
directly to binding site interactions.12

With this in mind, we focused our interest on two
attractive modifications of NCME (2). On the one hand,
this was brought about by extending the seven-mem-
bered B-ring to novel semisynthetic variations such as
9–13 characterized by a central azocin-ring (Scheme 2).
These species additionally mimic the structures of the
artificial, potent steganacin aza-analogue 313 or the
thiocolchicinoid 414 (Scheme 1) comprising an eight
membered B-ring lactam. On the other hand, we
were interested in modifying the seven membered B-
ring of NCME (2) by annulation with a heterocyclic
ring system as realized in the ligands 15 and 16
(Scheme 3).

Scheme 1. (�)-(aR,7S)-Colchicine (1), allocolchicinoid (�)-(aR,7S)-
NCME (2), NCME-variants 2a–c, steganacin aza-analogue 3 and
(aR)-thiocolchicinoid 4.

Scheme 2. Reagents and conditions: (a) 1O2, hn, hematoporphyrin, CHCl3, 80%; (b) Ph3P, CH2Cl2, rt, 40% from 1; (c) 2M aqueous hydrochloric
acid, CH3OH, 20 h reflux, 75%; (d) FMPB/DMF/ CH2Cl2, DBN, (CO2H)2/H2O, 67%; (e) NH2OH.HCl, Na2CO3, CH3OH (92%), reflux 24 h, 91%;
(f) PPA, 70 �C, 20 h, 65% and 7%, resp.; (g) (H3C)3SiN3, CF3CO2H, rt, 24 h, 68% (besides 13% of 9 and 5% of 10); (h) LiAlH4, THF, Pyridin, 24 h,
55% (besides 30% of 9); (i) pentafluorophenylacetate, DMF, 80 �C, 20 h, 85% (concerning the atomic numbering used see Experimental).

1270 S. Bergemann et al. / Bioorg. Med. Chem. 11 (2003) 1269–1281



Both of these structural variations [with all the methoxy
groups similarly positioned as in NCME (2)] are antici-
pated to modify the inter-ring torsional angle between
the A and C moieties of the biaryl backbone and con-
sequently the binding properties to tubulin. For-
tunately, NCME (2) is easily accessible8 by
photooxygenation of the parent alkaloid 1 with singlet
oxygen in the presence of hematoporphyrin—an appli-
cation of methodology developed in these labora-
tories—providing primarily the endoperoxide 5. This
intermediate could successfully be transformed into
NCME (2) in fair yield by treatment with (Ph)3P in di-
chloromethane at room temperature. Syntheses and
spectroscopic data of these novel B-ring modified allo-
colchicinoids are described together with an evaluation
of their abilities to inhibit the assembly of tubulin and
the growth of the human MCF-7 breast cancer cell line.

Chemistry

A particularly attractive synthetic route to gain novel B-
ring variations of NCME (2) originates from the ready
transformation of allocolchicinoid 2 into the well-
known ketone 7a (Scheme 2)—the synthesis of which
was realized through the application of novel extensions
to existing methodology employed in these laboratories15

and independently by Lee et al.16 Thus, the acetamido

group of NCME (2) was subjected to acidolysis with
methanolic hydrochloric acid to form the deacetylated
allocolchicinoid colchinol-O-methylether (6, COME).
Biomimetic transamination of COME (6) using 4-for-
myl-N-methyl-pyridinium benzenesulfonate (FMPB) led
in high yield to the requisite ketone 7a which was iso-
lated as racemic mixture. Obviously its two enantiomers
with a chiral biphenyl backbone are configurationally
unstable. A rapid atropisomerism occurs due to a low
energetical barrier to rotation around the central biaryl
bond. The ketone 7a served as key precursor involved in
the syntheses of the target allocolchicinoids 9, 10, 11a,
12, 13, 15 and 16. Treatment of the ketone 7a with
hydroxylamine hydrochloride/sodium carbonate17

afforded the corresponding E-oxime 8 (anti), most
strikingly, as the sole isolated product.

The E-structure of 8 was unambiguously verified by X-
ray crystallographic analysis (see Experimental).
An ORTEP plot of the solid state conformation of the
E-(aR)-atropisomer of 8 is presented in Figure 1.

Utilizing Berg’s methodology14 for the Beckmann rear-
rangement the oxime 8 was transformed into a mixture
of the two lactams 9 and 10. Because of the preferential
migration of the group anti to the oxime hydroxyl
group, the isomer 9 dominated as expected in a ratio
10:1. Probably, a small amount of the E-oxime under-
goes isomerisation under the reaction conditions before
migration takes place. Both products 9 and 10 could
easily be separated by careful column chromatography.
Reduction of the lactam group of allocolchicinoid 9
with LiAlH4 led to the unstable dibenz[b,d]azocine 12,
which was quickly transformed (without full character-
ization) into the acetamide 13 by treatment with penta-
fluorophenylacetate.18,19 The novel allocolchicinoid 13
was identified by its spectroscopic properties and addi-
tionally verified by an X-ray crystallographic analysis as
detailed in the Experimental. A perspective view
(ORTEP) of the solid-state structure of the (aR)-atro-
pisomer of the racemic allocolchicinoid 13 is presented
in Figure 2.

Scheme 3. Reagents and conditions: (a) Bredereck’s reagent, DMF,
60 �C, 24 h; (b) NH2–NH2

.2HCl, CH3OH, rt, 24 h; 58%; (c)
C2H5ONa, guanidine.HCl, C2H5OH, reflux, 3.5 h, 96%.

Figure 1. Structure of the oxime 8 determined by X-ray crystal-
lography. ORTEP diagram (50% probability ellipsoids) showing the
crystallographic atom-numbering scheme and solid-state conforma-
tion of the E-(aR)-enantiomer in crystals of the racemic oxime 8; small
circles represent hydrogen atoms.
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In order to gain satisfying amounts of the minor lactam
10 we investigated the azidotrimethylsilane- (TMSA)
mediated Schmidt rearrangement20 of ketone 7a
expecting a more non-regioselective carbon migration
(i.e., alkyl over aryl migration). However, under the
reaction conditions employed the substrate 7a afforded
the lactams 9 and 10 in very low yield of 13% and 5%,
respectively. Main product with 68% yield was the tet-
razole fused allocolchicinoid 11a the structure of which
could be determined by spectroscopic methods and
additionally by X-ray diffraction analysis (Fig. 3).

Application of the same protocol with the ketone 7b21

as starting material afforded the corresponding tetrazole
fused allocolchicinoid 11b with a yield of 46%.

The second intention of this project to prepare novel
NCME-type allocolchicinoids with a seven membered
B-ring modified by annulation with a heterocyclic ring
system could be realized, too, with ketone 7a as starting
material. This could efficiently be transformed into the
pyrazole fused allocolchicinoid 15 (to be composed of
the tautomers 15a/15b) in two steps as outlined in
Scheme 3. Treatment of the starting ketone 7a with
Bredereck’s reagent [bis(dimethylamino)-tert-butox-
ymethane]22,23 provided the enamino ketone 14 the key
intermediate for the synthesis of the target compounds
15 and 16. This was simply converted on reaction with

hydrazine dihydrochloride24 into mixtures of the pyr-
azoles 15a/15b with 58% yield. With regard to the
NMR timetable there is a fast proton-transfer between
the two pyrazole-N-atoms of 15 which increases the
symmetry of the system.25 Thus, it was not possible to
observe both isomers in the 1H and 13C NMR spectra as
it is expected for tautomers. The spectra of 15a/15b gave
mean absorption values. Because of the transfer pro-
cesses the involved 13C-signals showed a significant
broadening of the lines and all the signals of the qua-
ternary carbons of the pyrazole moieties could not be
detected at 25 �C. Elaboration to the 2-aminopyrimidine
annulated allocolchicinoid 16 proceeded by condensa-
tion of the enamino ketone 14 with guanidine hydro-
chloride in the presence of sodium ethanolate in ethanol
using a previously established protocol26 providing the
target compound in 96% yield.

Biological Results and Discussion

In vitro tubulin binding assay

All of the newly synthesized allocolchicinoids 8–11, 13,
15a/15b and 16 were subjected to our standard assay
conditions1,27,28 for evaluation of tubulin assembly
inhibition in vitro using calf brain tubulin. In order to
allow a precise comparison between the novel ligands
and the lead NCME (2), the well-known allocolchici-
noids COME (6) and ketone 7a were included in the
evaluation. The IC50 values of all the allocolchicinoids
under consideration were compared to that of deox-
ypodophyllotoxine (DPPT, 17) as the standard, mea-
sured within the same day with the same tubulin
preparation. The data are compiled in Table 1, pre-
sented in terms of the relative IC50/IC50DPPT value
determined from the IC50 values of the test compounds.

As can be seen from the data listed in Table 1 NCME
(2) equals the standard DPPT (17) in its inhibitory
effect. N-Deacetylation of NCME (2) exhibited an
unexpected negative impact on the activity as anti-
mitotic agent. COME (6) proved to be 25 times less
active in comparison with DPPT (17) and NCME (2).
Among the allocolchicinoids newly synthesized and

Figure 2. ORTEP diagram (50% probability ellipsoids) showing the
solid-state conformation of the (aR)-atropisomer of the racemic allo-
colchicinoid 13 (with numbering through the text).

Figure 3. ORTEP diagram (50% probability ellipsoids) showing the
solid-state conformation of the (aR)-atropisomer of the racemic tetra-
zole fused allocolchicinoid 11a (with numbering through the text).

Table 1. Inhibition of in vitro tubulin assembly

Compound IC50/IC50 DPPT

Colchicine (1) 4–8
NCME (2) 1
COME (6) 25
7a 1.3
8 1.0
9 63
10 Inactive
11a 7
11b 6
13 7
15a/15b 1.4
16 2
DPPT (17) 1.0a

aIC50 DPPT varies from 1.0 to 3.0 mM for the different experiments
according to the tubulin concentration.
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tested none of them exhibited a higher activity than
DPPT (17). The ketoxime 8 turned out as the most
active inhibitor of the tubulin/microtubule equilibrium
by binding to the colchicine site. It equaled DPPT (17)
as well as the lead NCME (2) and slightly surpasses the
inhibitory effect of the corresponding ketone 7a and
that of the dihydro-tetramethoxy-dibenzo[a,c]cyclo-
heptene 2b.29 The solid state conformation and the ste-
reochemistry of ligand 8 were determined using single-
crystal X-ray diffraction techniques (Fig. 1). An advan-
tage of having available the crystal structure of this
ligand was the possibility to obtain detailed information
of the three-dimensional arrangement. It is beneficial for
defining the exact stereochemistry of oxime 8, for
example for the determination of the E-oxime configur-
ation (anti) and to settle the possible range of con-
formational variation among the allocolchicinoids
under consideration, for example concerning the tor-
sional angle between the least-squares of the two aro-
matic A- and C-rings, accepted as the most definitive
conformational attribute.15 In the case of oxime 8 this
turned out to be 53�, just like in (�)-(aR,7S)-colchicine
(1) or in other highly potent allocolchicinoids.11 The
significant inhibitory effect of the racemic ligand 8 is so
much the more remarkable as compared to the enan-
tiopure NCME (2) only 50% of the ligand possesses the
appropriate helicity requisite for tubulin binding.

The novel NCME-type allocolchicinoids in the series
with an azocin-B-ring 9–13 displayed remarkably dif-
ferent ability to inhibit tubulin assembly obviously
attributed to different conformational properties of
these ligands.12 All of them are devoid of the stereogenic
center C-7 of NCME (2) and exist as racemic mixtures
of two enantiomeric conformations due to hindered
rotation around the pivot bond joining the A and C
rings which are twisted by noteworthyly different tor-
sional angles. Surprisingly, the structurally different
azacyclooctanoids 9 and 10 do not notably affect tubu-
lin assembly despite structural similarity of, for exam-
ple, 10 especially with the thiocolchicinoid 4.14 This is
consistent with earlier findings in the androbiphenyline
series1 and probably due to different conformational
properties compared to NCME (2) with a dibenzo[a,c]-
cycloheptadiene skeleton. As molecular models reveal
the change from a three- to a four-atoms bridge linking
the A–C biaryl backbone in the lactams 9 and 10 results
in comparatively rigid molecules with stable conforma-
tions. It comprises a significant increase of the torsional
angle between the planes of the A- and C-ring from ca.
53� in highly potent anti-tubulin agents such as NCME
(2) to more than 75� in ligands with an azocin-B-ring
lactam.14 Obviously the tubulin binding site seemed to
be unable to accommodate such ligands. These results
underline the importance of the B-ring to influence the
conformational properties of the A–C biaryl backbone
of an allocolchicinoid and thus the antimicrotubule
activity.

Introduction of an annulated tetrazole moiety instead of
the lactam group (9 and 10) leads to the allocolchicinoids
11a and 11b and contributes positively to the inhibition
of tubulin assembly. Conformational variation in these

tetracyclic allocolchicinoids due to the extra strain
introduced into the molecules by the tetrazole ring is
obviously connected with a 10-fold higher anti-
microtuble activity as compared to the lactam 9,
although 6-fold less potent relative to the lead NCME
(2). Judging from the X-ray structure of ligand 11a (Fig.
3) exhibiting the A- and C-rings tilted with respect to
the pivot-bond and a torsional angle between the least-
squares planes of the A–C biaryl backbone of ca. 58�

the observed antitubulin activity of the allocolchicinoid
11a with a relative IC50/IC50DPPT value of 6 was not
unexpected. Structurally related to the only weakly
potent NCME-variant 9 with an azocin-B-ring lactam is
the N-acetylated dibenzo[b,d]azocin 13, characterized by
a solid-state conformation with a torsional angle
between the least-squares planes of the A–C biaryl unit
of 59� (Fig. 2). Similar to ligand 11a the overall struc-
tural conformation of the azacyclooctanoid 13 is less
twisted probably due to the at least in the crystal ener-
getically favored axially oriented N-acetyl group cap-
able of decreasing the torsional angle (compared to
lactame 9) and thus leading to at least moderate anti-
tubulin activity with a relative IC50/IC50DPPT value of 7.

A novel approach to systematic variations in the tor-
sional angle between the A- and C-rings of NCME-type
allocolchicinoids led to hitherto unknown heterocycle
annulated tubulin ligands such as 15a/15b and 16. In
contrast to the already mentioned tetracyclic allocolchi-
cinoids 11a and 11b these are characterized by a diben-
zocycloheptene scaffold as in the potent antitubulin
agent 2c,29 which equals (�)-(aR,7S)-colchicine in its
inhibitory effect on tubulin assembly.

In order to explore the impact of this annulation of the
central B-ring of NCME-type allocolchicinoids on the
tubulin-binding affinity, the ability to inhibit micro-
tubule assembly of these pyrazole- or pyrimidine-fused
NCME-variants was evaluated.

The data listed in Table 1 reveal that both species had
significant inhibitory effects in this assay. Ligand 15
being slightly more potent than 16, both surpassing the
inhibitory effect of the lead (�)-(aR,7S)-colchicine, and
the olefinic allocolchicinoid 2c.

In vitro cell growth inhibition assay

The testing of (�)-(aR,7S)-colchicine (1) and the eight
allocolchicinoids was performed on the human MCF-7
breast cancer cell line. For the evaluation of the sensi-
tivity of this cell line against the leads 1 and 2 and the
newly synthesized allocolchicinoids a computerized,
kinetic chemosensitivity assay was used based on quan-
tification of biomass by staining cells with crystal violet
(see Experimental). The relationship between growth
kinetics of the inhibitor-treated cell line, and the plot of
corrected T/C values versus time of inhibitor cell con-
tact (icc) were recorded as described in ref 30. In order
to yield detailed insights into the mode of action, for
example the inhibition profile reflecting cytostatic, tran-
sient cytotoxic or cytocidal inhibitor effects as well as
development of resistance, the overall effects are
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Figure 4. Effect of (�)-(aR,7S)-colchicine (1), NCME (2), and 7NCME-type allocolchicinoids on the MCF-7 breast cancer cell line at concentra-
tions: *, 0.01 mM; �, 0.05 mM; ^, 0.1 mM; &, 0.5 mM; ~, 1 mM.
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presented as plots of corrected T/C values versus icc (Fig.
4). The test details are described in the Experimental.

In Figure 4, the antitumor effects of the novel allo-
colchicinoids 9–11, 13, 15a/15b and 16 were compared
with those of the leads (�)-(aR,7S)-colchicine (1) and
NCME (2). Proliferation of the MCF-7 cells was sig-
nificantly inhibited by the natural alkaloid 1 even at the
lowest concentration of 0.01 mM (%T/Ccorr) causing a
non transient ca. 70% growth inhibition after ca. 70 h.
Concentration of 0.05 mM of the drug totally inhibited
the proliferation after ca. 70 h. Comparable growth inhi-
bition although slightly weaker and at the concentration
of 0.01 mM with a transient reduction of the cell mass,
was achieved with NCME (2) and similarly with the
oxime 8. Among the allocolchicinoids with an eight-
membered azozine B-ring, lactam 9 proved to be not
active even at the highest concentration of 1 mM (T/
Ccorr=90% after 75 h icc). A significant sensitivity of
the MCF-7 cells against allocolchicinoid 13 was
observed only at the highest applied concentration of
1 mM (T/Ccorr=15% after 125 h icc, slightly transient
after >200 h). Remarkably different inhibitor effects are
found with the two tetrazole annulated azacycloocta-
noids 11a and 11b. Allocolchicinoid 11a inhibited the
growth of MCF-7 cells to the extent of 90% at
concentrations of 0.5 mM (T/Ccorr=10% after 150 h icc)
and of 100% at concentrations of 1 mM. Switch to the
corresponding 3-methylthio analogue 11b caused a 10-
fold higher activity. Thus total inhibition was accom-
plished at concentration of 0.1 mM (T/Ccorr=0% after
75 h icc, cytostatic effect), whereas at a concentration of
0.5 mM a cytocidal effect was observed (T/Ccorr=�20%
after 125 h icc). Remarkable is the mode of action of the
pyrazole-annulated allocolchicinoid 15a/15b, which
besides lead 1 proved to be the most active representa-
tive among the inhibitors tested in the MCF-7 cell cul-
ture. At a concentration of 0.01 mM compound 15a/15b
caused a non transient growth inhibition (T/Ccorr=35%
after 230 h icc), while higher concentrations led to cyto-
cidal effects (e.g., at a concentration of 0.05 mM: T/
Ccorr=�30% after 230 h icc) comparable to the effect of
the leads 1 and 2. Comparatively, the pyrimidine ana-
logue 16 proved to be somewhat less active obvious
from the weaker effects at the 0.01 mM concentration (T/
Ccorr=90% after 230 h icc). The cytocidal effects at
higher concentration are similar to those of allocolchi-
cinoid 15a/15b. Conclusively, the studies on the cyto-
toxicity of (�)-(aR,7S)-colchicine (1) and the various
allocolchicinoids on the MCF-7 cell line revealed the
following order of activity: 1 >15a/15b >2 >16/8
>11b >11a >13 >>9.

Conclusions

We have disclosed herein the syntheses of two series of
novel NCME (2) variants in which the seven membered
B-ring of the lead 2 is extended to an azacyclooctanoid
as in the allocolchicinoids 9–13 or annulated with a
N-containing heterocycle as in the tubulin ligands 15 and
16. An investigation of the biological activities led to the

observation, that B-ring expansion more or less drama-
tically decreases the antitubulin activity, among other
things mainly due to an increase of the inter-ring tor-
sional angle between the A–C biaryl backbone, verified
by crystal structure determination of the allocolchici-
noids 11a and 13. The modest activity of the azacy-
clooctanoids in the tubulin test was further
corroborated by low cellular toxicity. In contrast, the
heterocycle fused allocolchicinoids, especially ligand 15,
resembles the leads (�)-(aR,7S)-colchicine (1) and
NCME (2) in their tubulin assembly inhibitor potency
and displays remarkable growth inhibitory activity
against the human MCF-7 cancer cell line. In all cases
allocolchicinoid growth inhibition correlated roughly
with inhibition of tubulin assembly. Further work is
needed to define more detailed SARs of the NCME
series.

Experimental

General procedures

Standard vacuum techniques were used in handling of
air sensitive materials. Melting points are uncorrected:
‘Leitz-Heiztischmikroskop’ HM-Lux. Solvents were
dried and freshly distilled before use according to
literature procedures. IR: FT-IR spectrometer 510-P
(Nicolet). Liquids were run as films, solids as KBr pel-
lets. 1H NMR and 13C NMR: Jeol JNM-GX 400 and
LA 500; d/ppm=0 for tetramethylsilane, 7.24 for
chloroform. MS: Vacuum Generators 7070 (70 eV; 11B).
Column chromatography: Purifications were carried out
on Merck silica gel 40 (40–60 mesh), flash chromato-
graphy. Reactions were monitored by thin-layer chro-
matography (TLC) by using plates of silica gel (0.063–
0.200mm, Merck) or silicagel-60F254 microcards (Riedel
de Haen). Optical rotations: Mod. Dip-370 polarimeter
(Jasco). UV: Spekol UV/VIS (Jena Analytik AG).

(E)-6,7-Dihydro-3,9,10,11-tetramethoxy-5H-dibenzo[a,c]-
cyclohepten-5-one-oxime (8).17 To a suspension of
782mg (2.38mmol) of the ketone 7a15,16 in 50mL of
methanol (92%) were added 186mg (2.7mmol) of
hydroxylamine hydrochloride and 95mg (0.9mmol) of
sodium carbonate. The mixture was refluxed for 24 h
and after cooling to room temperature 10mL of water
and 10mL of chloroform were added. The phases were
separated and the water phase was extracted three times
with 10mL of chloroform. The combined organic pha-
ses were dried (Na2SO4) and concentrated. Column
chromatography (silica gel, CH2Cl2/MeOH 9.8:0.2)
yielded 741mg (2.16mmol) of the oxime and 64mg
(0.19mmol) of ketone 7a. The oxime 8 was recrys-
tallized from methanol to afford colorless crystals, yield
91%, mp 180 �C. UV (CHCl3): lmax (lge) 228 nm (4.56),
270 (4.32). IR (KBr): n (cm�1) 3600–3100 (OH), 2939
(CH), 1597 (C¼N). 1H NMR (400MHz, DMSO-d6) d
2.45–2.75 (m, 3H, 5-H, 6-H), 3.06 (m, 1H, 6-H), 3.46 (s,
3H, OCH3), 3.74 (s, 3H, OCH3), 3.80 (s, 3H, OCH3),
3.81 (s, 3H, OCH3), 6.75 (s, 1H, 8-H), 6.87 (d,
4J=2.7Hz, 1H, 4-H), 7.01 (dd, 3J=8.5Hz, 4J=2.9Hz,
1H, 2-H), 7.33 (d, 3J=8.5Hz, 1H, 1-H), 10.94 (s, 1H,
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OH), 13C NMR (100.5MHz, DMSO-d6) d 29.2 (CH2,
C-7), 34.3 (CH2, C-6), 54.9 (OCH3), 55.7 (OCH3), 60.2
(OCH3), 60.2 (OCH3), 107.7 (CH, C-8), 113.5 (CH, C-
2*), 113.8 (CH, C-4*), 123.8 (C-11a), 126.7 (C-11b),
131.6 (CH, C-1), 135.9 (C-4a), 136.6 (C-7a*), 140.6 (C-
10), 150.7 (C-11*), 152.1 (C-9*), 157.7 (C-5*), 158.4 (C-
3*). *Assignments not confirmed. MS (70 eV) m/z (%):
343 (100, M+), 327 (17). HRMS calcd for C19H21NO5:
343.1416, found: 343.1419. C19H21NO5 (343.38): calcd:
C 66.46, H 6.16, N 4.08; found: C 66.14, H 6.19, N 4.01.

Crystal structure determination of 8

To gain single crystals of 8 for X-ray analysis, 7mg of
the oxime 8 were dissolved in CH2Cl2 (0.5mL) and n-
hexane (3mL) was layered carefully down the side of
the tube on to the solution. The tube was then corked
and left to stand undisturbed for 24 h furnishing col-
ourless crystals suitable for X-ray crystallographic ana-
lysis. A crystal of compound 8 having approximate
dimension of 0.62 � 0.21 � 0.26mm was mounted on a
glass fiber and investigated on a Rigaku AFC5R dif-
fractometer with graphite monochromated CuKa
radiation and a rotating anode generator (Rigaku).
Empirical formula C19H21NO5, molecular mass
343.38 au. Cell constants and an orientation matrix for
data collection, obtained from a least-squares refine-
ment using the setting angles of 25 carefully centered
reflections in the range 67.81<2� <79.27� corresponded
to a primitive triclinic cell with dimensions: a=9.327(2) Å,
a=109.16(2)�; b=12.524(2) Å, ß=111.43(1)�; c=
8.804(2) Å, g=92.66(2)�; V=887.9(3) Å3.

For Z=2 and molecular mass=343.38, the calculated
density is 1.28 g/cm3. Based on a statistical analysis of
intensity distribution and the successful solution and
refinement of the structure, the space group was deter-
mined to be: P1 (#2). The data were collected at a tem-
perature of 23�1 �C using the o-2� scan technique to a
maximum 2� value of 121.0�. Omega scans of several
intense reflections, made prior to data collection, had an
average width at half-height of 0.27� with a take-off
angle of 6.0�. Scans of (1.10+0.30 tan �)� were made at
a speed of 32.0�/min (in omega). The weak reflections
[I<10.0s(I)] were rescanned (maximum of four scans)
and the counts were accumulated to ensure good
counting statistics. Stationary background counts were
recorded on each side of the reflection. The ratio of
peak counting time to background counting time was
2:1. The diameter of the incident beam collimator was
1.0mm, the crystal to detector distance was 400mm,
and the detector aperture was 9.0 � 13.0mm (horizontal
� vertical). Of the 2737 reflections which were collected,
2588 were unique (Rint=0.023). The intensities of three
representative reflections were measured after every 150
reflections. No decay correction was applied. The linear
absorption coefficient m for CuKa radiation is 7.7 cm�1.
An empirical absorption correction based on azimuthal
scans of several reflections was applied which resulted in
transmission factors ranging from 0.90 to 1.00. The data
were corrected for Lorentz and polarization effects. The
structure was solved by direct methods31 and expanded
using Fourier techniques.32 The non-hydrogen atoms

were refined anisotropically. Hydrogen atoms were
included but not refined. The final cycle of full-matrix
least-squares refinements was based on 1766 observed
reflections [I>3.00s(I)] and 226 variable parameters
and converged (largest parameter shift was 0.01 times its
ESD) with unweighted and weighted agreement factors of:
R ¼ � Fok j � Fcj k=� Foj j ¼ 0:043; R! ¼ p ��

�! Foj j�ð
jFcjÞ2=�!Fo2

��
¼ 0:049. The standard deviation of an

observation of unit weight was 1.80. The weighting
scheme was based on counting statistics and included a
factor (p=0.021) to downweight the intense reflections.
Plots of �o( Foj j � Fcj j)2 versus Foj j, reflection order in
data collection, sin y/l and various classes of indices
showed no unusual trends. The maximum and mini-
mum peaks on the final difference Fourier map corre-
sponded to 0.17 and �0.25e�/Å3, respectively.

Neutral atom scattering factors were taken from Cro-
mer and Waber.33 Anomalous dispersion effects were
included in Fcalc,34 the values for �f0 and �f00 were
those of Creagh and McAuley.35 The values for the
mass attenuation coefficients are those of Creagh and
Hubbell.36 All calculations were performed using the
teXsan37 crystallographic software package of Mole-
cular Structure Corporation.38

7,8 -Dihydro - 3,10,11,12 - tetramethoxydibenz[b,d]azocin-
6(5H)-one (9) and 7,8-dihydro-3,10,11,12-tetramethoxy-
dibenz[c,e]azocin-5(6H)-one (10). A solution of 500mg
(1.44mmol) of the oxime 8 in 25 g of polyphosphoric
acid was heated at 65–70 �C for 20 h. The mixture was
diluted with 50mL of water and extracted twice with
30mL of chloroform. The combined organic layers were
dried (Na2SO4) and concentrated under reduced pres-
sure. The residue was separated by column chromato-
graphy (silica gel, CH2Cl2/MeOH 9.9:0.1). Fraction 1
contained 325mg (65%) of lactam 9 which could be
recrystallized from methanol. Fraction 2 contained
36mg (7%) of lactam 10.

Compound 9: colorless crystals, mp 229 �C. UV
(CHCl3): lmax (loge) 230 nm (4.58), 252 (4.20). IR
(KBr): n (cm�1) 3168 (NH), 2937 (CH), 1658 (CO). 1H
NMR (400MHz, CDCl3) d 2.54–2.72 (m, 4H, 7-H, 8-
H), 3.53 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.84 (s, 3H,
OCH3), 3.85 (s, 3H, OCH3), 6.55 (s, 1H, 9-H), 6.75 (d,
4J=2.4Hz, 1H, 4-H), 6.91 (dd, 3J=8.6Hz, 4J=2.6Hz,
1H, 2-H), 7.16 (s, 1H, NH), 7.20 (d, 3J=8.6Hz, 1H,
1-H). 13C NMR (100.5MHz, CDCl3) d 29.6 (CH2, C-8),
35.1 (CH2, C-7), 55.4 (OCH3), 55.9 (OCH3), 60.8
(OCH3), 60.9 (OCH3), 108.3 (CH, C-9), 112.0 (CH, C-
4), 113.4 (CH, C-2), 124.2 (C-12a), 128.2 (C-4a), 132.4
(CH, C-1), 134.8 (C-12b*), 136.8 (C-8a*), 141.0 (C-11),
151.1 (C-12*), 153.1 (C-10*), 159.6 (C-3), 174.4 (CO).
*Assignment not confirmed. MS (70 eV) m/z (%) 343
(100, M+), 315 (7), 300 (8). HRMS calcd for C19H21 NO5:
343.1419; found 343.1423. C19H21NO5 (343.38) calcd: C
66.46, H 6.16, N 4.08; found C 66.68, H 6.27, N 4.48.

Compound 10: colorless solid, mp 198 �C. UV (CHCl3):
lmax (loge) 228 nm (4.46), 280 (3.68). IR (KBr): n (cm�1)
3202 (NH), 2925 (CH), 1672 (CO). 1H NMR (500MHz,
CD2Cl2) d 2.69–2.80 (m, 2H, 8-H), 3.25 (m, 1H, 7-H),
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3.34 (m, 1H, 7-H), 3.43 (s, 3H, OCH3), 3.84 (s, 3H,
OCH3), 3.86 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 5.80 (t,
3J=5.5Hz, 1H, NH), 6.51 (s, 1H, 9-H), 6.97 (d,
4J=2.75Hz, 1H, 4-H), 7.01 (dd, 3J=8.5Hz,
4J=2.75Hz, 1H, 2-H), 7.15 (d, 3J=8.45Hz, 1H, 1-H).
13C NMR (125.8MHz, CDCl3) d 33.9 (CH2, C-8), 41.0
(CH2, C-7), 55.4 (OCH3), 56.0 (OCH3), 60.9 (OCH3),
61.1 (OCH3), 109.1 (CH, C-9), 111.1 (CH, C-4*), 115.9
(CH, C-2*), 126.2 (C-4a*), 126.4 (C-12a*), 132.0 (C-
12b*), 132.2 (CH, C-1), 137.8 (C-8a), 141.2 (C-11),
152.1 (C-12*), 152.8 (C-10*), 159.2 (C-3), 173.9 (C-5).
*Assignments not confirmed. MS (70 eV) m/z (%) 343
(100, M+), 329 (12), 314 (62). HRMS calcd for
C19H21NO5: 343.1419, found: 343.1437. C19H21NO5

(343.38): calcd: C 66.46, H 6.16, N 4.08; found C 66.52,
H 6.11, N 4.28.

3,11,12,13-Tetramethoxy-8,9-dihydro-dibenzo[b,d]tetra-
zolo[5,4-h]azocine (11a). To a solution of 150mg
(0.46mmol) of ketone 7a in 2mL of trifluoroacetic acid
0.09mL (0.67mmol) azidotrimethylsilane was added
dropwise. The mixture was stirred at room temperature
under argon for 24 h. The solvent was evaporated in
vacuo and the residue purified by column chromato-
graphy (silica gel, ethylacetate/hexane 3:2). Fraction 1
contained 7mg (5%) of lactam 10, fraction 2 contained
115mg of tetrazol 11a which could be recrystallized
from CH2Cl2/Et2O. Fraction 3 yielded 20mg (13%) of
lactam 9. Colorless crystals, yield 68%; mp 175 �C. UV
(CH2Cl3): lmax (loge) 228 nm (4.55), 252 (4.21), 284
(3.86). IR (KBr): n (cm�1) 2938 (CH), 1615, 1599. 1H
NMR (500MHz, CDCl3) d 2.81–2.84 (m, 2H, 8-H), 3.22
(m, 1H, 9-H), 3.37 (s, 3H, OCH3), 3.62 (m, 1H, 9-H),
3.80 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.88 (s, 3H,
OCH3), 6.54 (s, 1H, 10-H), 7.05 (d, 4J=2.75Hz, 1H,
4-H), 7.14 (dd, 3J=8.6Hz, 4J=2.7Hz, 1H, 2-H), 7.33 (d,
3J=8.7Hz, 1H, 1-H). 13C NMR (100.5MHz, CDCl3): d
25.9 (CH2, C-9*), 28.4 (CH2, C-8*), 55.7 (OCH3), 56.0
(OCH3), 61.0 (OCH3), 61.1 (OCH3), 107.4 (CH, C-10),
111.6 (CH, C-2), 116.8 (CH, C-4), 122.6 (C-13a*), 125.1
(C-13b*), 133.0 (CH, C-1), 133.8 (C-9a*), 134.5 (C-4a*),
141.3 (C-12), 151.4 (C-13), 153.9 (C-11*), 154.1 (C-7a*),
159.6 (C-3). *Assignments not confirmed. MS (70 eV)
m/z (%) 368 (44, M+), 340 (55), 325 (19), 309 (28).
HRMS calcd for C19H20N4O4 (368.39): 368.1484;
found: 386.1465.

Crystal structure determination of 11a

To gain single crystals of compound 11a for X-ray
analysis 40mg of the ligand 11a were dissolved in boil-
ing methanol (2mL). The solution was slowly cooled to
room temperature and left to stand undisturbed for
24 h, furnishing colorless needles suitable for X-ray
crystallographic analysis.

A clear crystal of 11a having approximate dimension of
0.12 � 0.10 � 0.42mm was mounted on a glass fiber
and investigated on a Rigaku AFC5R diffractometer
with graphite monochromated CuKa radiation and a
rotating anode generator (Rigaku). Empirical formula
C19H20N4O4. Cell constants and an orientation matrix
for data collection, obtained from a least-squares

refinement using the setting angles of 25 carefully cen-
tered reflections in the range 71.56<2� <79.96� corre-
sponded to a primitive triclinic cell with dimensions:
a=11.023(4) Å, a=87.554(7)�; b=21.951(5) Å,
ß=100.689(8)�; c=7.5977(4) Å, g=95.383(9)�;
V=1798(2) Å3. For Z=4 and molecular mass
368.39 au, the calculated density is 1.36 g/cm3. Based on
a statistical analysis of intensity distribution and the
successful solution and refinement of the structure, the
space group was determined to be: P1 (#2). The data
were collected at a temperature of 23�1 �C using the �
o-2scan technique to a maximum 2� value of 120.9�.
Omega scans of several intense reflections, made prior
to data collection, had an average width at half-height
of 0.24� with a take-off angle of 6.0�. Scans of
(1.31+0.30 tan �)� were made at a speed of 32.0�/min
(in omega). The weak reflections [I<10.0s(I)] were
rescanned (maximum of four scans) and the counts were
accumulated to ensure good counting statistics. Sta-
tionary background counts were recorded on each side
of the reflection. The ratio of peak counting time to
background counting time was 2:1. The diameter of the
incident beam collimator was 1.0mm, the crystal to
detector distance was 400mm, and the detector aperture
was 9.0 � 13.0mm (horizontal � vertical). Of the 5000
reflections which were collected, 4889 were unique
(Rint=0.035). The intensities of three representative
reflection were measured after every 150 reflections. No
decay correction was applied. The linear absorption
coefficient m for CuKa radiation is 8.1 cm. Azimuthal
scans of several reflections indicated no need for an
absorption correction. The data were corrected for
Lorentz and polarization effects. The structure was
solved by direct methods31 and expanded using Fourier
techniques.32 The non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were included but not
refined. The final cycle of full-matrix least-squares refine-
ments was based on 3733 observed reflections [I>3.00s(I)]
and 487 variable parameters and converged (largest para-
meter shift was 0.01 times its ESD) with unweighted and
weighted agreement factors of: R ¼ � Fok j � Fcj k=� Foj j
¼ 0:052; R! ¼ p��

�! Foj j�ð jFcjÞ2=�!Fo2
��

¼ 0:060.
The standard deviation of an observation of unit weight
was 2.15. The weighting scheme was based on counting
statistics and included a factor (p=0.017) to downweight
the intense reflections. Plots of �o( Foj j � Fcj j)2 versus
Foj j, reflection order in data collection, sin�/l and various
classes of indices showed no unusual trends. The maximum
and minimum peaks on the final difference Fourier map
corresponded to 0.22 and�0.27e�/Å3, respectively.

Neutral atom scattering factors were taken from Cro-
mer and Waber.33 Anomalous dispersion effects were
included in Fcalc,34 the values for �f0 and �f00 were
those of Creagh and McAuley.35 The values for the
mass attenuation coefficients are those of Creagh and
Hubbell.36 All calculations were performed using the
teXsan37 crystallographic software package of
Molecular Structure Corporation.38

11,12,13-Trimethoxy-3-methylthio-8,9-dihydro-dibenzo-
[b,d]tetrazolo[5,4-h]acozine (11b). To a solution of 143mg
(0.42mmol) of ketone 7b in 2mL of trifluoroacetic acid
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was added 0.08mL (0.63mmol) of azidotrimethylsilane
dropwise. The mixture was stirred at room temperature
under argon for 4 days. The solvent was evaporated in
vacuo and the residue purified by column chromato-
graphy (silica gel, ethylacetate/n-hexane 1:1) to yield
70mg (0.18mmol) of 11b. The product was recrystallized
from chloroform/n-hexane to give colorless crystals.
Yield 43%; mp 179 �C. UV (CH2Cl2): lmax (loge)
230 nm (4.62); 278 nm (4.48). IR (KBr): n(cm�1) 2939
(CH), 1596, 1486 (C¼C), 1143, 1094 (COC). 1H NMR
(500MHz, CD2Cl2): d 2.49 (s, 3H, SCH3); 2.69–2.79 (m,
2H, 9-H); 3.16 (m, 1H, 8-Ha); 3.35 (s, 3H, OCH3); 3.54
(m, 1H, 8-Hb); 3.69 (s, 3H, OCH3); 3.76 (s, 3H, OCH3);
6.53 (s, 1H, 10-H); 7.26–7.29 (m, 2H, 1-H and 4-H);
7.40 (dd, 3J=8.2Hz, 4J=2.0Hz, 1H, 2-H). 13C NMR
(125.8MHz, CD2Cl2): d 15.2 (SCH3); 25.8 (CH2, C-9);
28.3 (CH2, C-8); 55.9 (OCH3); 60.7 (OCH3); 61.0
(OCH3); 107.5 (CH, C-10); 122.3 (C-13a); 123.5 (CH, C-
4*); 127.6 (CH, C-2*); 129.5 (C-13b); 132.4 (CH, C-1),
134.0 (C-9a*); 134.5 (C-4a*); 140.4 (C-3*); 141.3 (C-
12*); 151.3 (C-7a); 154.2 (C-13*); 154.3 (C-11*).
*Assignments not confirmed. MS (70 eV) m/z (%) 384
(82; M+), 359 (10), 356 (100), 341 (19), 325 (27). HRMS
calcd for C19H20N4O3S1 (384.45): 384.1256; found:
384.1259.

3,10,11,12-Tetramethoxy-7,8-dihydro-6H-dibenz[b,d]azo-
cine (12). To a suspension of 67mg (1.75mmol) of
lithium aluminium hydride in 20mL of dry THF was
added a solution of 300mg (0.87mmol) of lactam 9 in
25mL of dry pyridine. The mixture was refluxed under
argon for 24 h and after cooling to room temperature
15mL of a saturated aqueous solution of potassium/
sodium-tartrate was added slowly. The layers were
separated and the aqueous layer was extracted two
times with 10mL of dichloromethane. The combined
organic layers were dried (K2CO3) and concentrated
under reduced pressure. Rapid column chromatography
(silica gel, ethyl acetate) yielded fraction 1, containing
158mg (0.48mmol) of the oily, yellowish product 12
and a second fraction containing 89mg (0.26mmol) of
the educt 9. Yield 55%. IR (film): n (cm�1) 3408 (NH),
2930 (CH). 1H NMR (500MHz, CDCl3) d 1.42 (m, 1H,
7-H), 1.87 (m, 1H, 7-H), 2.62 (m, 1H, 8-H), 2.72 (m, 1H,
8-H), 2.85 (m, 1H, 6-H), 3.23 (m, 1H, 6-H), 3.57 (s, 3H,
OCH3), 3.76 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.88 (s,
3H, OCH3), 6.19 (d, 4J=2.4Hz, 1H, 4-H), 6.33 (dd,
3J=8.6Hz, 4J=2.6Hz, 1H, 2-H), 6.45 (s, 1H, 9-H), 6.91
(d, 3J=8.6Hz, 1H, 1-H). 13C NMR (100.5MHz, CDCl3)
d 31.0 (CH2, C-7*), 31.3 (CH2, C-8*), 42.9 (CH2, C-6),
55.0 (OCH3), 55.9 (OCH3), 60.7 (OCH3), 61.1 (OCH3),
102.7 (CH, C-4), 104.2 (CH, C-2), 107.4 (CH, C-9), 113.9
(C-12a*), 127.1 (C-12b*), 134.7 (CH, C-1), 135.5 (C-8a),
140.7 (C-11), 149.1 (C-4a), 151.8 (C-10*), 152.5 (C-12*),
159.5 (C-3). *Assignments not confirmed. MS (70 eV)
m/z (%) 329 (100, M+), 314 (20), 298 (7). Because of rapid
decomposition amine 12 was not further characterized.

1-(3,10,11,12-Tetramethoxy-7,8-dihydro-6H-dibenzo[b,
d]azocin-5-yl)-ethanone (13). A solution of 100mg
(0.3mmol) of the amine 12 and 280mg (1.5mmol) of
pentafluorophenyl acetate were heated in 3mL of dry
DMF at 80 �C under Argon for 12 h. The solvent was

evaporated under reduced pressure and the residue
chromatographed on silica gel with ethyl acetate as elu-
ent to yield 104mg (0.28mmol) of the product 13 which
could be recrystallized from CH2Cl2/ether. Colorless
crystals, yield 90%, mp 179 �C. UV (CHCl3): lmax (loge)
254 (4.35). IR (KBr): n (cm�1) 2968 (CH), 1654 (CO).
1H NMR (400MHz, CDCl3) d 1.52 (s, 3H, COCH3),
1.77 (m, 1H, 7-H), 1.92 (m, 1H, 7-H), 2.15 (m, 1H, 8-H),
2.68 (m, 1H, 8-H), 2.81 (m, 1H, 6-H), 3.77 (s, 3H,
OCH3), 3.84 (s, 6H, 2 � OCH3), 3.87 (s, 3H, OCH3),
4.59 (m, 1H, 6-H), 6.49 (s, 1H, 9-H), 6.76 (d, 4J=2.6Hz,
1H, 4-H), 6.94 (dd, 3J=8.6Hz, 4J=2.6Hz, 1H, 2-H),
7.25 (d, 3J=8.6Hz, 1H, 1-H). 13C NMR (100.5MHz,
CDCl3) d 21.6 (COCH3), 27.6 (CH2, C-7), 32.8 (CH2, C-
8), 49.3 (CH2, C-6), 55.4 (OCH3), 55.8 (OCH3), 60.3
(OCH3), 61.3 (OCH3), 108.1 (CH, C-9), 112.4 (CH, C-
4), 113.4 (CH, C-2), 122.9 (C-12a*), 128.7 (C-12b*),
132.6 (CH, C-1), 137.9 (C-8a), 139.9 (C-11), 144.4 (C-
4a), 150.8 (C-12*), 153.2 (C-10*), 160.0 (C-3), 169.7
(CO). *Assignments not confirmed. MS (70 eV) m/z (%)
371 (100, M+), 356 (3), 328 (3), 312 (4). HRMS calcd
for C21H25NO5 (371.43): 371.1732; found: 371.1684.

Crystal structure determination of 13

To gain single crystals of compound 13 for X-ray
analysis 8mg of 13 were dissolved in CHCl3 (0.5mL)
and n-hexane (2mL) was layered carefully down the
side of the tube on to the solution. The tube was then
corked and left to stand undisturbed for 24 h furnishing
colorless crystals suitable for X-ray crystallographic
analysis. A clear prism of compound 13 having
approximate dimension of 0.15 � 0.10 � 0.20mm was
mounted on a glass fiber and investigated on a Rigaku
AFC5R diffractometer with graphite monochromated
CuKa radiation and a rotating anode generator
(Rigaku). Empirical formula C21H25NO5. Cell constants
and an orientation matrix for data collection, obtained
from a least-squares refinement using the setting angles
of 22 carefully centered reflections in the range
21.14<2� <39.54� corresponded to a primitive triclinic
cell with dimensions: a=10.849(2) Å; b=7.635(4) Å,
ß=99.35(1)�; c=22.802(2) Å; V=1864(1) Å3. For Z=4
and molecular mass=371.43 au, the calculated density
is 1.32 g/cm3. The systematic absences of: h01: 1 6¼2n,
0k0: k 6¼ 2n uniquely determine the space group to be:
P21/c (#14). The data were collected at a temperature of
23�1 �C using the o-2� scan technique to a maximum
2� value of 120.1�. Omega scans of several intense
reflections, made prior to data collection, had an aver-
age width at half-height of 0.19� with a take-off angle of
6.0�. Scans of (1.05+0.30 tan �)� were made at a speed
of 16.0�/min (in omega). The weak reflections
[I<10.0s(I)] were rescanned (maximum of four scans)
and the counts were accumulated to ensure good
counting statistics. Stationary background counts were
recorded on each side of the reflection. The ratio of
peak counting time to background counting time was
2:1. The diameter of the incident beam collimator was
1.0mm, the crystal to detector distance was 400mm,
and the detector aperture was 9.0 � 13.0mm (horizontal
� vertical). Of the 3200 reflections which were collected,
3021 were unique (Rint=0.058). The intensities of three
representative reflection were measured after every 150
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reflections. No decay correction was applied. The linear
absorption coefficient m for CuKa radiation is 7.7 cm.

An empirical absorption correction based on azimuthal
scans of several reflections was applied which resulted in
transmission factors ranging from 0.91 to 1.00. The data
were corrected for Lorentz and polarization effects. The
structure was solved by direct methods39 and expanded
using Fourier techniques.32 The non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were
included but not refined. The final cycle of full-matrix
least-squares refinements was based on 1545 observed
reflections [I>3.00s(I)] and 244 variable parameters and
converged (largest parameter shift was 0.01 times its ESD)
with unweighted and weighted agreement factors of:
R ¼ � Fok j � Fcj k=� Foj j ¼ 0:055; R! ¼ p��

�! Foj j�ð
jFcjÞ2=�!Fo2

��
¼ 0:056. The standard deviation of an

observation of unit weight was 1.86. The weighting
scheme was based on counting statistics and included a
factor (p=0.012) to downweight the intense reflections.
Plots of �o( Foj j � Fcj j)2 versus Foj j, reflection order in
data collection, sin y/l and various classes of indices
showed no unusual trends. The maximum and minimum
peaks on the final difference Fourier map corresponded to
0.28 and�0.26e�/Å3, respectively. Neutral atom scattering
factors were taken from Cromer andWaber.33 Anomalous
dispersion effects were included in Fcalc,34 the values for
�f0 and �f00 were those of Creagh and McAuley.35 The
values for the mass attenuation coefficients are those of
Creagh and Hubbell.36 All calculations were performed
using the teXsan37 crystallographic software package of
Molecular Structure Corporation.38

3,10,11,12-Tetramethoxy-6,8-dihydro-dibenzo[4,5;6,7]cy-
clohepta[1,2-c]pyrazole (15a) and 3,10,11,12-tetrame-
thoxy-5,8-dihydro-dibenzo[4,5;6,7]cyclohepta[1,2-c]pyrazole
(15b). To a solution of 157mg (0.48mmol) of ketone 7a
in 4mL of dry DMF was added at 60 �C under an argon
atmosphere 0.2mL (0.96mmol) of bis(dimethylamino)-
tert-butoxy-methane (Bredereck’s reagent) and the mix-
ture was stirred at 60 �C for 24 h until no more ketone
could be detected by TLC. The solvent was evaporated
under reduced pressure and the resulting yellow solid
was used without further purification. The intermediate
enamino ketone was dissolved in 8mL of methanol and
49mg (0.48mmol) of hydrazine dihydrochloride was
added. After stirring the mixture for 24 h at room tem-
perature the solvent was evaporated under reduced
pressure. Column chromatography of the residue (silica
gel, CH2Cl2/MeOH 9.8:0.2) yielded 100mg (0.28mmol)
of pyrazole 15a/15b which could be recrystallized from
CH2Cl2/n-hexane to afford light yellow crystals. Yield
58%, mp 205 �C. UV (CHCl3): lmax (loge) 244nm (4.46);
270 (4.26). IR (KBr): n (cm�1) 3365 (NH), 2957 (CH), 1606
(C¼N), 1564 (C¼C), 1122, 1093 (COC). 1H NMR
(500MHz, CDCl3) d 3.27 (s, 3H, OCH3); 3.38 (d, 2J=
14.2Hz, 1H, 8-Ha); 3.48 (d, 2J=14.2Hz, 1H, 8-Hb); 3.78
(s, 3H, OCH3); 3.82 (s, 3H, OCH3); 3.83 (s, 3H, OCH3);
6.54 (s, 1H, 9-H); 6.90 (dd, 3J=8.7Hz, 4J=2.7Hz, 1H,
2-H); 7.20 (d, 4J=2.7Hz, 1H, 4-H); 7.34 (s, 1H, 7-H);
7.62 (d, 3J=8.7Hz, 1H, 1-H). 13C NMR (100.5MHz,
CDCl3) d 30.2 (CH2, C-8); 55.1 (OCH3); 55.8 (OCH3);
60.3 (OCH3); 61.0 (OCH3); 106.5 (CH, C-9); 110.7 (CH,
C-4); 113.3 (CH, C-2); 121.8 (C-12a*); 124.2 (C-12b*);

125.9 (C-8a*); 134.0 (CH, C-1); 139.2 (C-4a*); 140.8 (C-
11); 152.1 (C-10*); 152.4 (C-12*); 158.4 (C-3). *Assign-
ments not confirmed. MS (70 eV) m/z (%) 352 (100,
M+), 337 (8), 321 (7), 306 (4), 278 (5). HRMS calcd for
C20H20N2O4 (352.39): 352.1423; found: 352.1422.

3,11,12,13-Tetramethoxy-9H-5,7-diaza-tribenzo[a,c,e]cy-
clohepten-6-ylamine (16). To a solution of 170mg
(0.52mmol) of ketone 7a in 3mL of dry DMF was
added at 60 �C under an argon atmosphere 0.21mL
(1.04mmol) of bis(dimethylamino)-tert-butoxy-methane
(Bredereck’s reagent) and the mixture was stirred at
60 �C for 24 h until no more ketone could be detected by
TLC. The solvent was evaporated under reduced pres-
sure and the resulting yellow solid was used without
further purification. To a freshly prepared sodium
ethanolate solution (15mg of sodium in 5mL of abso-
lute ethanol) were added 62mg (0.65mmol) of guani-
dine hydrochloride and the mixture was stirred for
30min at room temperature. Then a solution of the
intermediate enamino ketone in dry ethanol was added
and the mixture was refluxed under argon for 3.5 h.
After cooling to room temperature the light yellow pre-
cipitate was separated to give 189mg (0.50mmol) of 16
which was recrystallized from ethyl acetate to afford
colorless crystals. Yield 96%, mp 272 �C; UV
(CF3CH2OH) lmax (loge) 226 (4.37), 239 (4.43), 323
(3.54). IR (KBr): n (cm�1) 3322, 3169 (NH, NH2), 2934
(CH), 1652 (C¼N), 1590, 1546, 1484, 1463 (C¼C),
1146, 1121, 1091 (COC). 1H NMR (500MHz, DMF-
d7): d 3.24 (d, 2J=13.5Hz, 1H, 9-Ha); 3.43 (s, 3H,
OCH3); 3.58 (d, 2J=13.5Hz, 1H, 9-Hb); 3.74 (s, 3H,
OCH3); 3.86 (s, 3H, OCH3); 3.89 (s, 3H, OCH3); 6.50 (s,
2H, NH2); 6.95 (s, 1H, 10-H); 7.13 (dd, 3J=8.7Hz,
4J=2.8Hz, 1H, 2-H); 7.43 (d, 4J=2.8Hz, 1H, 4-H);
7.61 (d, 3J=8.5Hz, 1H, 1-H); 8.20 (s, 1H, 8-H). 13C
NMR (100.5MHz, DMSO-d6) d 33.9 (CH2, C-9); 55.1
(OCH3); 55.8 (OCH3); 60.3 (OCH3); 60.4 (OCH3); 106.1
(CH, C-10); 112.9 (CH, C-4); 114.9 (CH, C-2); 122.2 (C-
8a*); 123.2 (C-13b*); 127.1 (C-13a*); 132.6 (CH, C-1);
137.6 (C-9a); 138.4 (C-4a*); 140.4 (C-12); 151.5 (C-13*);
152.3 (C-11*); 155.5 (CH, C-8); 157.6 (C-3); 161.7 (C-
4b*); 162.9 (C-6*). *Assignments not confirmed. MS
(70 eV) m/z (%) 379 (100, M+), 364 (12), 349 (5), 348
(6), 306 (3). HRMS calcd for C21H21N3O4 (379.41):
379.1532, found: 379.1540.

Tubulin binding assay

Calf brain tubulin was purified according to the method
of Shelanski,27 by three cycles of assembly–disassembly
and then dissolved in the assembly buffer containing
0.1M MES, 0.5mM MgCl2, 2mM EGTA, and 1mM
GTP pH=6.6 (the concentration of tubulin was about
2–3mg/mL). Tubulin assembly was monitored and
recorded continuously by turbidimetry at 400 nm in a
UV spectrophotometer, equipped with a thermostated
cell at 37 �C.28 We determined for all newly synthesized
drugs the IC50 values of their concentrations which
decreased by 50% the maximum assembly rate of tubu-
lin without drug. The IC50 for all compounds were
compared to the IC50 of deoxypodophyllotoxine,
measured the same day under the same conditions.
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In vitro characterization of inhibitor-induced effects with
respect to the human MCF-7 breast cancer cell line growth

The human MCF-7 breast cancer cell line was obtained
from the American Type Culture Collection (ATCC,
Rockville, MD, USA). Cell line banking and quality
control were performed according to the seed stock
concept reviewed by Hay.40 The MCF-7 cells were
maintained in l-glutamine containing Eagle’s MEM
(Sigma München, Germany) supplemented with
NaHCO3 (2.2 g/L) sodium pyruvate (110mg/L), genta-
mycin (50mg/L; Sebio Walchsing, Germany), and 10%
fetal calf serum (FCS; Gibco Eggenheim, Germany)
using 75 cm2 culture flasks (Falcon Plastics 3023) in a
water-saturated atmosphere (95% air/5% CO2) at
37 �C. The cell line was weekly passaged after treatment
with trypsin (0.05%)/ethylenediaminetetraacetic acid
(0.02%; EDTA; Boehringer Mannheim, Germany).
Mycoplasma contamination was routinely monitored,
and only mycoplasma-free cultures were used.

In vitro testing of (�)-(aR,7S)-colchicine (1), NCME (2)
and the newly synthesized allocolchicinoids for antitumor
activity was carried out on exponentially dividing
human breast cancer cell according to a previously
published mictrotiter assay.30,41 Briefly, in 96-well
microtiter plates (Costar), 100 mL of a cell suspension at
500 cells/mL culture medium were plated into each well
and incubated at 37 �C for 2–3 days in a humidified
atmosphere (5% CO2). By addition of an adequate
volume of a stock solution of the respective compound
(solvent: DMF) to the medium the desired test concen-
tration was obtained (max. content of DMF in the
medium: 1 ppm). For each test concentration and for
the control, which contained the corresponding amount
of DMF, 16 wells were used. After the proper incu-
bation time the medium was removed, the cells were
fixed with a glutardialdehyde solution and stored at
4 �C. Cell biomass was determined by a crystal violet
staining technique as described in refs 40 and 42 The
effectiveness of the complexes is expressed as corrected
T/C values according to the following equations: Cyto-
static effect: T/Ccorr [%]=[T�Co)/(C�Co)] � 100,
where T (test) and C (control) are the optical densities at
578 nm of the crystal violet extract of the cell lawn in
the wells (i.e., the chromatin-bound crystal violet
extracted with ethanol 70%), and Co is the density of
the cell extract immediately before treatment. Cytocidal
effect: T[%]=[(T�Co)/Co] � 100. For automatic esti-
mation of the optical density of the crystal violet
extract in the wells a Microplate EL 309 Autoreader
was used.
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