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New allocolchicine derivatives bearing 2,3-dihydrobenzo[b]oxepine moiety were synthesized 
via gold-catalyzed cyclization as a key synthetic step. The obtained 2,3-dihydrobenzo [b] oxepine-
containing allocolchicinoids possess cytotoxic activity against HEK293, PANC-1, COLO357, 
HeLa, and Colon26 cancer cell lines at low micromolar range of concentrations. 
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Scaff olds of natural compounds are the most promis-
ing in the design of new effi  cient therapeutic molecules.1—3 
Thus, colchicine, an alkaloid isolated from plants of 
Colchicaceae family, is widely used as an anti-infl ammatory 
drug for the treatment of acute gouty arthritis, Behcet’s 
disease, and familial Mediterranean fever.4—7 Its positive 
eff ect has been reported in the cases of amyloidosis, sclero-
derma, and Sweet’s disease.8 It can potentially be admin-
istered for the treatment of cardiovascular diseases caused 
by infl ammatory processes9—12 and also chronic infectious, 
auto immune, allergic, and neurodegenerative diseases.13,14 
Despite the pronounced antimitotic eff ect, colchicine has 
never been applied in the antitumor clinical practice due 
to the high and poorly controlled systemic toxicity at 
therapeutic doses.15,16 

Nevertheless, the structure of colchicine (1) has been 
recognized as one of the keys in the development of 
new potentially less toxic cytostatic chemotherapeutic 
drugs.17—24 Currently, the only successful approach of 
solving the toxicity problem is the synthesis of heterocyclic 
allocolchicinoids via the conversion of seven-membered 
cycle C into the six-membered ring and the formation of 
heterocyclic moiety D.25—28 Compounds of general struc-
ture 2 obtained in our group exhibit cytotoxic activity at 

nano- and picomolar concentrations,29—36 demonstrate 
a signifi cant decrease in tumor growth rate in vivo without 
any pronounced side eff ects in test animals.30 

X = H, Br;
Y = O (substituted furan), NH(Me) (substituted pyrrole);
R = O, OH, NHAc

The present work was aimed to search for the new 
colchicine analogs possessing improved antitumor proper-
ties. We have examined a series of derivatives 3a—f bear-
ing a 2,3-dihydrobenzo[b]oxepine moiety that replaces 
cycle C in the colchicine structure. Benzo[b]oxepine is 
a frequently found motif in natural products such as 
pterulone,37,38 ptaeroxylin, radulanins, heliannuols, and 
their natural and synthetic analogs.39—46 These compounds 
demonstrate a wide range of biological eff ects, including 
anti-infl ammatory, anti-diabetic, antiviral, antiprolifera-
tive, antituberculosis, antispermetogenic, and antipsy-
chotic activities.47 

*  Based on the materials of the 4th Russian Conference on 
Medicinal Chemistry with International participation (June 9—14, 
2019, Ekaterinburg, Russia).
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The performed molecular docking demonstrated that 
2,3-dihydrobenzo[b]oxepinoallocolchicines 3 fi t well in 
the colchicine site of tubulin, while the geometry of bind-
ing to the colchicine site is fundamentally diff erent for 
compounds 1 and 3a (X = CO2Me, R1 = Ph, R2 = Bun). 
Thus, the molecule containing 2,3-dihydrobenzo[b]ox-
epine moiety turned out to be rotated 90 compared to 
colchicine, which provides a new hydrogen bond with 
Asn101, Van-der-Waals contacts with Met259, and hy-
drophobic interactions with Tyr224 and Lys254 (Fig. 1). 
The number of established interactions allowed us to expect 
eff ective binding of new derivatives to tubulin. 

An effi  cient approach to the formation of 2,3-dihydro-
benzo[b]oxepine rings with high stereoselectivity has been 
recently proposed by J. Liu et al.48 The application of 
gold-catalyzed cyclization of (o-alkynyl)phenoxyacrylates 
with nucleophiles allowed the formation of benzoxepines 
under mild conditions. Herein we report a series of new 
colchicine derivatives bearing a 2,3-dihydrobenzo[b]ox-
epine moiety and synthesized exploiting the gold-catalyzed 
cyclization as a key step of the synthesis. 

Results and Discussion

The synthesis of the series of 2,3-dihydrobenzo[b]-
oxepine derivatives of colchicine was started from the 
preparation of iodocolchinol according to the known 
procedure.28,30,33 At the fi rst step, colchiceine 4 was ob-
tained from colchicine (1) in 98% yield by the treatment 
with 0.1 M hydrochloric acid (Scheme 1). In this case, the 
methyl group was removed from the tropolone cycle of 

colchicine. Colchiceine 4 was then introduced into 
a NaOH—I2—NaI system, which led to the oxidative 
constriction of seven-membered cycle caused by alkali 
and its iodination. 

Iodocolchinol 5 isolated in 70% yield was further in-
troduced into the Michael reaction with terminal alkynes 
in the presence of base to give vinyl esters 6a,b. To optimize 
reaction conditions in the case of methyl propiolate, 
various bases (1,4-diazabicyclo[2.2.2]octane (DABCO), 
diisopropylethylamine (DIPEA), a mixture of diazabi-
cyclo undecene (DBU)—DABCO, and 4-dimethylamino-
pyridine (DMAP)) and solvents (CH2Cl2, THF, toluene, 
and DMF) were used (Table 1). A positive result was 
achieved only in the case of DABCO taken in the amount 
of three equivalents and reaction time increased to three 
days. In this case, the target vinyl ether 6a was obtained 

Fig. 1. Calculated structures of colchicine (a) and compound 3a 
(b) at the tubulin binding sit e. 
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in the yield close to quantitative (see Table 1, experiment 4), 
and product 6b was isolated in 89% yield (see Scheme 1). 

It should be noted that compounds 6a,b were obtained 
in the form of their (E)-isomers, which was confi rmed by 
NMR spectroscopy: J values of the protons of the double 
bond correspond to the (E)-confi guration of vinyl ethers 
(see Experimental part).49 

At the next step, compounds 6a,b were used in the 
Sonogashira cross-coupling reaction with a set of func-
tionalized terminal alkynes (Scheme 2). The reactions 
were carried out at 45 C using a Pd(OAc)2—CuI—PPh3 
catalytic system (5 : 10 : 15 mol.%).30 Target o-alkynyl-
vinyl ethers 7 and 8 were obtained in 54—90% yields. 

The intramolecular cyclization of compounds 7 and 8 
with various alcohols catalyzed by gold complexes was 
carried out at the last step to aff ord desired functionalized 
2,3-dihydrobenzo[b]oxepines 3a—f. Scheme 3 shows 
a proposed mechanism of the cyclization (according to 
the literature49). Obviously, at the fi rst step the Au+ com-

plex is coordinated by the triple bond of substrate 7 (8). 
The electron-defi cient triple bond in complex 9 undergoes 
6-endo-dig cyclization to form pentacyclic organometallic 
intermediate 10 bearing a substituted cyclopropane moi-
ety. A subsequent nucleophilic attack leads to the expan-
sion of cyclopropyl-containing bicyclic moiety to yield 
intermediate 11. The further protonolysis leads to the 
formation of target benzoxepine and catalyst regeneration. 

We have explored the cyclization of compound 7a 
in the presence of freshly prepared gold complexes 
(Ph3PAuNTf2, (C6F5)3PAuNTf2, and Ph3PAuSbF6) in 
various solvents (1,2-dichloroethane, CH2Cl2, toluene, 
and THF) with BunOH as a nucleophile to fi nd optimal 
conditions for this reaction. However, neither of attempts 
resulted in obtaining the desired benzoxepine structure, 
which was obviously due to the instability of gold com-
plexes. An in situ preparation of the catalytic system led 
to 3a in 25% yield (Table 2, experiment 1). A subsequent 
increase in the product yield was achieved by carrying out 
the reaction in the dark (see Table 2, experiments 2—4). 
The best yield was observed using SbF6 as an anion, which 
could be explained by its lower nucleophilicity.50,51 

With found optimal conditions in hand, a set of novel 
allocolchicinoids 3a—f possessing a 2,3-dihydrobenzo[b]-
oxepine ring has been prepared with good and moderate 

Scheme 1

X = CO2Me (6a), C(O)Me (6b)

Reagents and conditions: i. 0.1 M HCl, AcOH, 3 h, 100  C; 
ii. I2, KI, NaOH, 2 h, 0 C; iii. Alkyne, DABCO, CH2Cl2, 72 h, 
25 C.

Table 1. Optimization of the Michael reaction conditions

Exp. DABCO Solvent Time Yield  of 6a 
 /equiv.  /days (%)

1 0.1 THF 1 —
2 0.3 Toluene 1 —
3 1 CH2Cl2 2 ~10
4 3 CH2Cl2 3 95

Scheme 2

 Compound 7 X R Yield (%)
 a CO2Me Ph 90
 b CO2Me Pr 72
 c CO2Me CH2OAc 54
 d CO2Me (CH2)4Cl 65

 Compound 8 X R Yield (%)
 a C(O)Me Ph 63
 b C(O)Me Pr 78
 c C(O)Me CH2OAc 65

 
d C(O)Me 

 
78

 
e C(O)Me 

 
76

 
f C(O)Me  80

Reagents and conditions: i. Pd(OAc)2, CuI, Ph3P, AcOK, MeCN, 
16 h, 45 C.
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yields from compounds 7 in the presence of various alco-
hols. In the case of compounds 8 as starting materials in 
this reaction, the desired products could not be obtained. 

It should be noted that 2,3-dihydrobenzo[b]oxepino-
allocolchicines 3a—f were formed as mixtures of dia-
stereomers A and B in the ratios of 2  : 1 or 3  : 2, which 
diff er in the confi gurations of carboxymethyl and alkoxyl 
moieties of the oxepine ring. Separation of these dia-
stereomers by column chromatography failed. Since 
compounds of such type can exist in the solution as 
Z/E isomers about the amide group and as atropisomers 

(colchicinoids possess an axial chirality),29 it was impos-
sible to determine a confi guration of the major isomer in 
the mixture using a two-dimensional NMR spectroscopy. 
According to the proposed mechanism, the major diaste-
reomer should possess the confi guration shown in Scheme 3. 

Diastereomers of 3 (A and B)

Cytotoxicity of the synthesized compounds against 
human (HEK293, PANC-1, COLO357, and HeLa) and 
mice (Colon26) cancer cell lines was investigated in vitro 
using the standard MTT assay (Table 3).52 The lower 
overall activity of all the obtained target compounds as 
compared to the starting colchicine is presumably related 
to a position of the compounds at the tubulin binding site. 

Scheme 3

X = CO2Me

 Compound 3 R1 R2 Yield (%) Compound 3 R1 R2 Yield (%)
 a Ph Bu 60 d Ph Me 30
 b Ph Pri 53 e Pr Bu 40
 c Ph Et 40 f Cl(CH2)4 Bu 22

Table 2. Optimization of conditions for the gold-catalyzed 
cyclization of 7aa in 1,2-dichloroet hane

Exp. Catalyst (equiv.) Yield of 3а (%)

1 Ph3PAuCl + AgSbF6 (0.05) 25
2b Ph3PAuCl + AgSbF6 (0.05) 60
3b Ph3PAuCl + AgNTf2 (0.05) 42
4b (C6F5)3PAuCl + AgSbF6 (0.05) 52

а 2 equiv. of BunOH were used for the reaction. 
b The reactions were carried out in the dark.
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As was demonstrated by the study of binding geometry, 
the bulky benzoxepine moiety does not allow the molecule 
to occupy a position similar to that shown for colchicine. 
A loss of several hydrogen bonds and hydrophobic interac-
tions may lead to a decrease in the activity of compounds. 

In conclusion, we have developed a simple synthetic 
approach to new allocolchicine derivatives containing the 
2,3-dihydrobenzo[b]oxepine ring, starting from commer-
cially available natural colchicine. The key step of synthe-
sis, formation of 2,3-dihydrobenzo[b]oxepine moiety, was 
performed using the gold-catalyzed intramolecular cycli-
zation. The synthesized compounds demonstrated moder-
ate in vitro cytotoxicity towards the human (HEK293, 
PANC-1, COLO357, and HeLa) and mouse (Colon26) 
cancer cell lines. Research eff orts are currently underway 
to improve the antimitotic properties of allocolchicinoids 
of such type. 

Experimental

1Н and 13С NMR spectra were recorded in DMSO-d6 at 
25 С on Agilent DD2 400 spectrometer at the operating frequen-
cies of 400 and 101 MHz for 1Н and 13С, respectively. Chemical 
shifts () are reported in parts per million (ppm) from Me4Si. 
Signals in the proton spectra were assigned using the data re-
ported previously.26—31 The reaction progress was monitored by 
analytical HPLC using Agilent Infi nity chromatograph (Zorbax 
SB-C18 column of 1.8 m (2.150 mm); mobile phase A aque-
ous 0.1% solution of formic acid, and B 0.1% solution of formic 
acid in MeCN; fl ow rate 0.3 mL min–1) equipped with a diode 
array UV detector (DAAD) operating at 230 nm. Mass spectra 
were recorded on Agilent SQ G6120B mass spectrometer oper-
ating in positive electrospray mode. Combustion analysis was 
performed using an Elementar (Vario Micro Cube) apparatus. 
Silica gel 60 (70—230 mesh, Alfa Aesar) was used for the column 
chromatography. Commercially available reagents (Aldrich, Alfa 
Aesar, Acros) were used as received without any further purifi ca-
tion. The solvents were purifi ed according to standard procedures. 
The petroleum ether (PE) refers to the fraction with distillation 
range 40—70 C. 

Colchiceine 4 was synthesized according to the previously 
proposed procedure.28,30,33 The product was isolated as a green-
ish foam, yield: 98%, m.p. 149—151 C. 1H NMR (400 MHz, 

DMSO-d6), : 8.63 (d, 1 H, NH, J = 7.3 Hz); 7.32 (d, 1 H, 
H(12), J = 11.8 Hz); 7.31 (s, 1 H, H(8)); 7.15 (d, 1 H, H(11), 
J = 11.8 Hz); 6.80 (s, 1 H, H(4)); 4.43—4.27 (m, 1 H, H(7)); 
3.84 (s, 3 H, OMe(1)); 3.78 (s, 3 H, OMe(3)); 3.56 (s, 3 H, 
OMe(2)); 2.35—1.89 (m, 4 H, H(5) and H(6)); 1.87 (s, 3 H, 
NHC(O)CH3). 13C NMR (101 MHz, DMSO-d6), : 168.7, 
153.1, 150.2, 149.9, 140.7, 140.1, 134.7, 128.9, 128.2, 125.7, 
125.3, 124.2, 118.2, 107.8, 60.7, 60.7, 55.9, 51.6, 36.9, 29.2, 22.5.

Iodocolchinol 5 was synthesized according to the previously 
proposed procedure.28,30,33 The product was isolated as light 
beige crystals, yield: 70%, m.p. 237—239 C. 1H NMR (400 MHz, 
DMSO-d6), : 10.28 (s, 1 H, ОН); 8.38 (d, 1 H, NH, J = 8.0 Hz); 
7.56 (s, 1 H, H(11)); 6.86 (s, 1 H, H(4)); 6.76 (s, 1 H, H(8)); 
4.40—4.33 (m, 1 H, H(7)); 3.82 (s, 3 H, OMe(1)); 3.77 (s, 3 H, 
OMe(3)); 3.48 (s, 3 H, OMe(2)); 2.23—1.87 (m, 4 H, H(5) and 
H(6)); 1.87 (s, 3 H, NHC(O)CH3). 13C NMR (101 MHz, 
DMSO-d6), : 168.3, 155.6, 152.2, 150.2, 142.4, 140.5, 139.2, 
134.8, 126.6, 123.2, 110.1, 108.1, 81.4, 60.6, 60.5, 55.8, 48.2, 
37.9, 29.9, 22.6.

Synthesis of compounds 6a,b (general procedure). A mixture 
of iodocolchinol 5 and DABCO was dissolved in CH2Cl2 under 
an argon atmosphere; the corresponding alkyne was then added 
dropwise to the resulting solution. The reaction mixture was 
stirred at 40 C for 72 h after that the product was isolated using 
silica gel column chromatography, eluent PE—AcOEt—EtOH 
(8 : 1 : 1). 

N-{3-[(E)-2-Carboxymethylethenyloxy]-2-iodo-6,7-dihydro-
5H-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-yl}acetamide 
(6a). Iodocolchinol 5 (500 mg, 1.04 mmol), DABCO (348 mg, 
3.12 mmol), and methyl propiolate (102 L, 1.14 mmol) were 
used. Product 6a (500 mg, 84%) was isolated as yellow crystals, 
m.p. 147—149 C. Found (%): C, 50.99; H, 4.68. C24H26INO7. 
Calculated (%): C, 50.81; H, 4.62. 1H NMR (400 MHz, 
DMSO-d6), : 8.44 (d, 1 H, NH, J = 8.4 Hz); 7.81 (d, 1 H, 
OCH=CH, J = 12.2 Hz); 7.78 (s, 1 H, H(11)); 7.16 (s, 1 H, 
H(8)); 6.81 (s, 1 H, H(4)); 5.53 (d, 1 H, OCH=CH, J = 12.2 Hz); 
4.55—4.44 (m, 1 H, H(7)); 3.84 (s, 3 H, OCH3(3)); 3.79 (s, 3 H, 
OCH3(2)); 3.67 (s, 3 H, C(O)OCH3); 3.54 (s, 3 H, OCH3(1)), 
2.20—1.95 (m, 4 H, H(5) and Н(6)); 1.86 (s, 3 H, NHC(O)CH3). 
13C NMR (101 MHz, DMSO-d6), : 168.6, 166.4, 159.4, 153.6, 
153.0, 150.2, 143.4, 140.5, 140.1, 134.9, 133.1, 122.1, 114.2, 
108.3, 101.6, 85.0, 60.8, 60.6, 55.9, 51.2, 48.1, 38.2, 29.8, 22.6. 
MS (GC/MS), m/z: 568.1 [М + Н]+. Rt = 9.939 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-2-iodo-6,7-dihydro-5H-
9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-yl}acetamide (6b). 
Iodocolchinol 5 (200 mg, 0.41 mmol), DABCO (138 mg, 
1.23 mmol), and but-3-yne-2-one (24 L, 0.41 mmol) were used. 
Product 6b (220 mg, 95%) was isolated as yellow crystals, m.p. 
185—187  C. Found (%): C, 52.17; H, 4.80. C24H26INO6. 
Calculated (%): C, 52.28; H, 4.75. 1H NMR (400 MHz, 
DMSO-d6), : 8.45 (d, 1 H, NH, J = 8.5 Hz); 7.96 (d, 1 H, 
OCH=CH, J = 12.5 Hz); 7.79 (s, 1 H, H(11)); 7.20 (s, 1 H, 
H(8)); 6.81 (s, 1 H, H(4)); 5.77 (d, 1 H, OCH=CH, J = 12.5 Hz); 
4.51 (dt, 1 Н, Н(7), J = 12.3 and 7.8 Hz); 3.84 (s, 3 H, OCH3(3)); 
3.79 (s, 3 H, OCH3(2)); 3.55 (s, 3 H, OCH3(1)); 2.24 (s, 3 H, 
C(O)CH3); 2.19—1.92 (m, 4 H, H(5) and Н(6)); 1.87 (s, 3 H, 
NHC(O)CH3). 13C NMR (101 MHz, DMSO-d6), : 196.6, 
168.6, 160.0, 153.7, 153.0, 150.2, 143.3, 140.5, 140.0, 134.9, 
132.9, 122.1, 114.3, 112.4, 108.3, 85.0, 60.8, 60.6, 55.9, 48.1, 
36.5, 29.9, 27.5, 22.6. MS (GC/MS), m/z: 552.2 [М + Н]+, 
Rt = 6.649 min.

Table 3. Cytotoxic activity (IC50/mol L–1) of compounds 3a—f

Compound Cells

 HEK293 PANC-1 COLO-357 HeLa Colon26

3a 2.76 2.86 2.16 1.97 2.00
3b 0.50 1—* 0.52 0.53 0.47
3c 0.52 0.65 0.62 0.59 0.45
3d 0.54 1— 0.58 0.50 0.14
3e 2.53 3.27 3.67 2.82 2.46
3f 0.36 0.80 1— 2.48 2.67
Colchicine 0.005 0.031 0.004 0.021 0.006

* Not tested.
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Synthesis of compounds 7a—d and 8a—f (general procedure). 
Anhydrous MeCN was poured under an argon atmosphere into 
a Schlenk fl ask containing starting aryl iodide 6a,b, Pd(OAc)2, 
CuI, Ph3P, and AcOK; and the corresponding alkyne was then 
added to the resulting solution. The reaction mixture was kept 
at 45 C for 12 h. The product was isolated using silica gel column 
chromatography, eluent PE—AcOEt—EtOH (7 : 1 : 1). 

N-{3-[(E)-2-Carboxymethylethenyloxy]-6,7-dihydro-5H-2-
phenylethynyl-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-yl}-
acetamide (7a). Aryl iodide 6a (150 mg, 0.26 mmol), Pd(OAc)2 
(3 mg, 0.013 mmol), CuI (5 mg, 0.026 mmol), Ph3P (11 mg, 
0.039 mmol), AcOK (76 mg, 0.78 mmol), and phenylacetylene 
(28 L, 0.26 mmol) were used. Product 7a (105 mg, 75%) was 
isolated as beige crystals, m.p. 178—180 C. Found (%): C, 70.88; 
H, 5.69. C32H31NO7. Calculated (%): C, 70.97; H, 5.77. 1H NMR 
(400 MHz, DMSO-d6), : 8.44 (d, 1 H, NH, J = 8.6 Hz); 7.81 
(d, 1 H, OCH=CH, J = 12.2 Hz); 7.58 (s, 1 H, H(11)); 7.51 
(d, 2 H, Ph, J = 7.6 Hz); 7.38 (t, 3 H, Ph, J = 6.7 Hz); 7.19 
(s, 1 H, H(8)); 6.79 (s, 1 H, H(4)); 5.54 (d, 1 H, OCH=CH, 
J = 12.2 Hz); 4.65—4.47 (m, 1 H, H(7)); 3.84 (s, 3 H, OCH3(3)); 
3.79 (s, 3 H, OCH3(2)); 3.67 (s, 3 H, C(O)OCH3); 3.55 (s, 3 H, 
OCH3(1)); 2.27—2.02 (m, 4 H, H(5) and Н(6)); 1.89 (s, 3 H, 
NHC(O)CH3). 13C NMR (101 MHz, DMSO-d6), : 168.6, 
166.4, 159.4, 154.4, 153.6, 153.0, 150.2, 143.4, 140.5, 140.1, 
135.0, 133.8, 132.9 (2 C), 128.9 (2 C), 122.1, 120.9, 114.1, 111.4, 
108.2, 101.6, 93.0, 84.9, 60.8, 60.6, 55.8, 51.2, 48.2, 38.3, 29.9, 
22.6. MS (GC/MS), m/z: 542.3 [М + Н]+, Rt = 7.399 min.

N-{3-[(E)-2-Carboxymethylethenyloxy]-2-propylethynyl-
6,7-dihydro-5H-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-
yl}acetamide (7b). Aryl iodide 6a (150 mg, 0.26 mmol), Pd(OAc)2 
(3 mg, 0.013 mmol), CuI (5 mg, 0.026 mmol), Ph3P (11 mg, 
0.039 mmol), AcOK (76 mg, 0.78 mmol), and pent-1-yne (26 L, 
0.26 mmol) were used. Product 7b (124 mg, 65%) was isolated 
as light beige crystals, m.p. 158—160 C. Found (%): C, 68.68; 
H, 6.58. C29H33NO7. Calculated (%): C, 68.62; H, 6.55. 1H NMR 
(400 MHz, DMSO-d6), : 8.43 (d, 1 H, NH, J = 8.5 Hz); 7.84 
(d, 1 H, OCH=CH, J = 12.2 Hz); 7.37 (s, 1 H, H(11)); 7.15 
(s, 1 H, H(8)); 6.81 (s, 1 H, H(4)); 5.52 (d, 1 H, OCH=CH, 
J = 12.2 Hz); 4.56—4.49 (m, 1 H, H(7)); 3.84 (s, 3 H, OCH3(3)); 
3.79 (s, 3 H, OCH3(2)); 3.65 (s, 3 H, C(O)OCH3); 3.51 (s, 3 H, 
OCH3(1)); 2.41 (t, 2 H, CH2CH2CH3, J = 6.8 Hz); 2.25—2.01 
(m, 4 H, H(5) and Н(6)); 1.87 (s, 3 H, NHC(O)CH3); 1.53 (dd, 
2 H, CH2CH2CH3, J = 14.3 and 7.1 Hz); 0.97 (t, 3 H, CH2CH2CH3, 
J = 7.3 Hz). 13C NMR (101 MHz, DMSO-d6), : 168.6, 166.5, 
160.0, 154.3, 152.8, 150.2, 142.7, 140.5, 134.9, 134.2, 131.2, 
122.6, 114.1, 112.6, 108.3, 100.8, 95.8, 75.4, 60.7, 60.6, 55.8, 
51.2, 48.1, 38.3, 29.8, 22.6, 21.4, 20.8, 13.2. MS (GC/MS), m/z: 
508.3 [М + Н]+, Rt = 7.764 min.

N-{3-[(E)-2-Carboxymethylethenyloxy]-2-acetoxyethynyl-
6,7-dihydro-5H-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-
yl}acetamide (7c). Aryl iodide 6a (100 mg, 0.17 mmol), Pd(OAc)2 
(2 mg, 0.009 mmol), CuI (3 mg, 0.017 mmol), Ph3P (7 mg, 
0.026 mmol), AcOK (51 mg, 0.52 mmol), and propargyl acetate 
(17 L, 0.17 mmol) were used. Product 7c (50 mg, 54%) was 
isolated as light beige crystals, m.p. 167—169 C. Found (%): 
C, 64.89; H, 6.73. C29H31NO9. Calculated (%): C, 64.80; H, 5.81. 
1H NMR (400 MHz, DMSO-d6), : 8.46 (d, 1 H, NH, J = 8.3 Hz); 
7.84 (d, 1 H, OCH=CH, J = 11.5 Hz); 7.43 (s, 1 H, H(11)); 7.19 
(s, 1 H, H(8)); 6.82 (s, 1 H, H(4)); 5.58 (d, 1 H, OCH=CH, 
J = 12.2 Hz); 4.93 (s, 2 H, CH2OC(O)CH3); 4.57—4.50 (m, 1 H, 
H(7)), 3.84 (s, 3 H, OCH3(3)), 3.79 (s, 3 H, OCH3(2)), 3.67 

(s, 3 H, C(O)OCH3); 3.48 (s, 3 H, OCH3(1)); 2.26—2.07 (m, 4 H, 
H(5) and Н(6)); 2.06 (s, 3 H, CH2OC(O)CH3); 1.89 (s, 3 H, 
NHC(O)CH3). 13C NMR (101 MHz, DMSO-d6), : 169.7, 
168.6, 166.4, 159.4, 154.5, 152.9, 150.2, 144.2, 140.5, 134.9, 
134.5, 131.2, 122.3, 113.8, 110.8, 108.3, 101.5, 89.0, 80.5, 60.7, 
60.6, 55.8, 52.2, 51.2, 48.3, 38.3, 29.8, 22.6, 20.4. MS (GC/MS), 
m/z: 538.9 [М + Н]+, Rt = 7.762 min.

N-{3-[(E)-2-Carboxymethylethenyloxy]-2-(4-chlorobutyl)-
ethynyl-6,7-dihydro-5H-9,10,11-trimethoxydibenzo[a,c]cyclo-
heptene-5-yl}acetamide (7d). Aryl iodide 6a (682 mg, 1.18 mmol), 
Pd(OAc)2 (13 mg, 0.06 mmol), CuI (23 mg, 0.118 mmol), 
Ph3P (46 mg, 0.177 mmol), AcOK (693 mg, 7.08 mmol), and 
6-chlorhex-1-yne (150 L, 1.30 mmol) were used. Product 7d 
(430 mg, 65%) was isolated as light beige crystals, m.p. 
138—140  C. Found (%): C, 67.29; H, 6.50. C31H36ClNO6. 
Calculated (%): C, 67.20; H, 6.55. 1H NMR (400 MHz, 
DMSO-d6), : 8.46 (d, 1 H, NH, J = 8.4 Hz); 7.87 (d, 1 H, 
OCH=CH, J = 12.2 Hz); 7.41 (s, 1 H, H(11)); 7.19 (s, 1 H, 
H(8)); 6.82 (s, 1 H, H(4)); 5.56 (d, 1 H, OCH=CH, J = 12.2 Hz); 
4.61—4.51 (m, 1 H, H(7)); 3.86 (s, 3 H, OCH3(3)); 3.81 (s, 3 H, 
OCH3(2)); 3.68 (s, 3 H, C(O)OCH3); 3.68—3.56 (m, 2 Н, 
CH2CH2CH2CH2Cl); 3.54 (s, 3 H, OCH3(1)); 2.44—2.01 (m, 
4 H, H(5) and Н(6)); 1.90 (s, 3 H, NHC(O)CH3); 1.88—1.84 
(m, 4 H, CH2CH2CH2CH2Cl); 1.66 (dd, 2 H, CH2CH2CH2CH2Cl, 
J = 14.6 and 7.1 Hz). 13C NMR (101 MHz, DMSO-d6), : 168.6, 
166.5, 160.0, 154.4, 152.9, 150.2, 142.8, 140.5, 134.9, 134.2, 
131.3, 122.6, 114.0, 112.5, 108.2, 100.8, 95.4, 75.6, 60.7, 60.6, 
55.8, 51.1, 48.2, 44.8, 38.4, 31.2, 25.3, 25.2, 22.6, 18.2. MS 
(GC/MS), m/z: 556.3 [М]+, Rt = 7.761 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-6,7-dihydro-5H-2-phenyl-
ethynyl-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-yl}acet-
amide (8a). Aryl iodide 6b (200 mg, 0.36 mmol), Pd(OAc)2 (4 mg, 
0.018 mmol), CuI (7 mg, 0.036 mmol), Ph3P (14 mg, 0.054 mmol), 
AcOK (106 mg, 1.08 mmol), and phenylacetylene (24 L, 
0.41 mmol) were used. Product 8a (155 mg, 81%) was isolated 
as light beige crystals, m.p. 208—210 C. Found (%): C, 73.09; 
H, 5.90. C32H31NO6. Calculated (%): C, 73.13; H, 5.94. 
1H NMR (400 MHz, DMSO-d6), : 8.48 (d, 1 H, NH, J = 8.5 Hz); 
8.10 (d, 1 H, OCH=CH, J = 12.5 Hz); 7.54 (s, 1 H, H(11)); 
7.53—7.48 (m, 2 H, Ph); 7.45—7.40 (m, 3 H, Ph); 7.27 (s, 1 H, 
H(8)); 6.83 (s, 1 H, H(4)); 5.87 (d, 1 H, OCH=CH, J = 12.5 Hz); 
4.60 (dd, 1 H, H(7), J = 9.3 Hz, J = 5.9 Hz); 3.85 (s, 3 H, 
OCH3(3)); 3.80 (s, 3 H, OCH3(2)); 3.54 (s, 3 H, OCH3(1)); 2.21 
(s, 3 H, C(O)CH3); 2.17—1.92 (m, 4 H, H(5) and Н(6)); 1.90 
(s, 3 H, NHC(O)CH3). 13C NMR (101 MHz, DMSO-d6), : 
196.7, 168.7, 160.7, 154.5, 152.9, 150.3, 143.8, 140.6, 134.9, 
134.2, 131.3, 131.2 (2 C), 129.1, 128.8 (2 C), 122.5, 122.1, 114.3, 
112.1, 111.8, 108.3, 94.2, 84.4, 60.8, 60.6, 55.9, 48.3, 38.4, 29.9, 
27.3, 22.7. MS (GC/MS), m/z: 526.3 [М + Н]+, Rt = 7.167 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-6,7-dihydro-5H-2-propyl-
ethynyl-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-yl}acet-
amide (8b). Aryl iodide 6b (200 mg, 0.36 mmol), Pd(OAc)2 (4 mg, 
0.018 mmol), CuI (7 mg, 0.036 mmol), Ph3P (14 mg, 0.054 mmol), 
AcOK (106 mg, 1.08 mmol), and pent-1-yne (24 L, 0.41 mmol) 
were used. Product 8b (140 mg, 78%) was isolated as light beige 
crystals, m.p. 135—137  C. Found (%): C, 70.79; H, 6.70. 
C29H33NO6. Calculated (%): C, 70.86; H, 6.77. 1H NMR 
(400 MHz, DMSO-d6), : 8.42 (d, 1 H, NH, J = 8.4 Hz); 7.99 
(d, 1 H, OCH=CH, J = 12.5 Hz); 7.37 (s, 1 H, H(11)); 7.17 
(s, 1 H, H(8)); 6.81 (s, 1 H, H(4)); 5.74 (d, 1 H, OCH=CH, 
J = 12.5 Hz); 4.54 (dd, 1 Н, Н(7), J = 12.2 and 5.1 Hz); 3.84 
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(s, 3 H, OCH3(3)); 3.79 (s, 3 H, OCH3(2)); 3.51 (s, 3 H, 
OCH3(1)); 2.41 (t, 2 H, CH2CH2CH3, J = 6.9 Hz); 2.21 (s, 3 H, 
C(O)CH3); 2.20—1.93 (m, 4 H, H(5) and Н(6)); 1.87 (s, 3 H, 
NHC(O)CH3); 1.53 (dd, 2 H, CH2CH2CH3, J = 14.3 Hz, 
J = 7.1 Hz); 0.97 (t, 3 H, CH2CH2CH3, J = 7.4 Hz). 13C NMR 
(101 MHz, DMSO-d6), : 196.5, 168.6, 160.9, 154.4, 152.8, 
150.2, 142.7, 140.5, 134.9, 134.2, 131.2, 122.6, 114.3, 112.7, 
111.8, 108.3, 95.8, 75.5, 60.7, 60.6, 55.8, 48.1, 38.4, 29.9, 27.2, 
22.6, 21.5, 20.8, 13.2. MS (GC/MS), m/z: 492.3 [М + Н]+, 
Rt = 6.929 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-2-[(1-acetoxy)ethynyl]-
6,7-dihydro-5H-9,10,11-trimethoxydibenzo[a,c]cyclohepten-5-
yl}acetamide (8c). Aryl iodide 6b (200 mg, 0.36 mmol), Pd(OAc)2 
(4 mg, 0.018 mmol), CuI (7 mg, 0.036 mmol), Ph3P (14 mg, 
0.054 mmol), AcOK (106 mg, 1.08 mmol), and propargyl acetate 
(36 L, 0.41 mmol) were used. Product 8c (124 mg, 65%) was 
isolated as light beige crystals, m.p. 168—170 C. Found (%): 
C, 66.89; H, 6.08. C29H31NO8. Calculated (%): C, 66.78; H, 5.99. 
1H NMR (400 MHz, DMSO-d6), : 8.46 (d, 1 H, NH, 
J = 8.2 Hz); 8.00 (d, 1 H, OCH=CH, J = 12.5 Hz); 7.43 (s, 1 H, 
H(11)); 7.22 (s, 1 H, H(8)); 6.82 (s, 1 H, H(4)); 5.79 (d, 1 H, 
OCH=CH, J = 12.5 Hz); 4.93 (s, 2 H, CH2OC(O)CH3); 
4.60—4.51 (m, 1 H, Н(7)); 3.84 (s, 3 H, OCH3(3)); 3.79 (s, 3 H, 
OCH3(2)); 3.51 (s, 3 H, OCH3(1)); 2.22 (s, 3 H, C(O)CH3); 
2.21—2.09 (m, 4 H, H(5) and Н(6)); 2.05 (s, 3 H, CH2OC(O)
CH3); 1.88 (с, 3 H, NHC(O)CH3). 13C NMR (101 MHz, 
DMSO-d6), : 196.7, 169.7, 168.6, 160.4, 154.6, 152.9, 150.2, 
144.1, 140.5, 134.9, 134.5, 131.2, 122.4, 114.1, 112.4, 110.9, 
108.3, 89.1, 80.6, 60.8, 60.6, 55.9, 52.2, 48.2, 38.3, 29.8, 27.3, 
22.7, 20.4. MS (GC/MS), m/z: 521.5 [М]+, Rt = 7.689 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-2-[(1-hydroxycyclopentyl)-
ethynyl]-6,7-dihydro-5H-9,10,11-trimethoxydibenzo[a,c]cyclo-
hepten-5-yl}acetamide (8d). Aryl iodide 6b (200 mg, 0.36 mmol), 
Pd(OAc)2 (4 mg, 0.018 mmol), CuI (7 mg, 0.036 mmol), Ph3P 
(14 mg, 0.054 mmol), AcOK (106 mg, 1.08 mmol), and 1-ethynyl-
cyclopentanol (40 mg, 0.41 mmol) were used. Product 8d 
(108 mg, 57%) was isolated as light beige crystals, m.p. 
151—153  C. Found (%): C, 69.70; H, 6.70. C31H35NO7. 
Calculated (%): C, 69.78; H, 6.61. 1H NMR (400 MHz, 
DMSO-d6), : 8.42 (d, 1 H, NH, J = 8.5 Hz); 7.98 (d, 1 H, 
OCH=CH, J = 12.5 Hz); 7.38 (s, 1 H, H(11)); 7.19 (s, 1 H, 
H(8)); 6.82 (s, 1 H, H(4)); 5.74 (d, 1 H, OCH=CH, J = 12.5 Hz); 
5.36 (s, 1 H, ОН); 4.60—4.51 (m, 1 H, Н(7)); 3.84 (s, 3 H, 
OCH3(3)); 3.79 (s, 3 H, OCH3(2)); 3.50 (s, 3 H, OCH3(1)); 2.20 
(s, 3 H, C(O)CH3); 2.18—1.89 (m, 4 H, H(5) and Н(6)); 1.88 
(s, 3 H, NHC(O)CH3); 1.86—1.60 (m, 8 H, CyP). 13C NMR 
(101 MHz, DMSO-d6), : 196.6, 168.6, 161.1, 154.3, 152.8, 
150.2, 143.1, 140.5, 134.9, 134.1, 131.3, 122.5, 114.5, 112.3, 
111.8, 108.3, 100.3, 76.2, 72.9, 60.8, 60.6, 55.8, 48.1, 41.9, 41.8, 
38.4, 29.8, 27.2, 23.0 (2 C), 22.7. MS (GC/MS), m/z: 534.5 
[М + Н]+, Rt = 6.987 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-2-[(1-hydroxycyclohexyl)-
ethynyl]-6,7-dihydro-5H-9,10,11-trimethoxydibenzo[a,c]cyclo-
hepten-5-yl}acetamide (8e). Aryl iodide 6b (200 mg, 0.36 mmol), 
Pd(OAc)2 (4 mg, 0.018 mmol), CuI (7 mg, 0.036 mmol), Ph3P 
(14 mg, 0.054 mmol), AcOK (106 mg, 1.08 mmol), and 1-ethynyl-
cyclohexanol (45 mg, 0.41 mmol) were used. Product 8e (124 mg, 
65%) was isolated as light beige crystals, m.p. 153—155  C. 
Found (%): C, 70.28; H, 6.89. C32H37NO7. Calculated (%): C, 
70.18; H, 6.81. 1H NMR (400 MHz, DMSO-d6), : 8.43 (d, 1 H, 
NH, J = 8.4 Hz); 8.00 (d, 1 H, OCH=CH, J = 12.5 Hz); 7.38 

(s, 1 H, H(11)); 7.20 (s, 1 H, H(8)); 6.82 (s, 1 H, H(4)); 5.70 (d, 
1 H, OCH=CH, J = 12.5 Hz); 5.47 (s, 1 H, ОН); 4.62—4.50 
(m, 1 H, Н(7)); 3.84 (s, 3 H, OCH3(3)); 3.79 (s, 3 H, OCH3(2)); 
3.50 (s, 3 H, OCH3(1)); 2.21 (s, 3 H, C(O)CH3); 2.19—1.92 
(m, 4 H, H(5) and Н(6)); 1.88 (s, 3 H, NHC(O)CH3); 1.82 (d, 2 Н, 
CyH, J = 7.2 Hz); 1.60 (d, 2 Н, CyH, J = 2.0 Hz); 1.48 (dd, 
6 Н, CyH, J = 18.2 and 9.6 Hz). 13C NMR (101 MHz, 
DMSO-d6), : 196.5, 168.6, 161.0, 154.2, 152.9, 150.2, 143.1, 
140.5, 134.9, 134.1, 131.3, 122.5, 114.5, 112.4, 111.8, 108.3, 
99.9, 77.6, 67.3, 60.8, 60.6, 55.8, 48.1, 38.4, 30.9, 29.8, 27.1 
(2 C), 24.9, 22.8 (2 C), 22.7. MS (GC/MS), m/z:  547.7 [М]+, 
Rt = 7.133 min.

N-{3-[(E)-3-Oxobuten-1-yloxy]-6,7-dihydro-5H-2-[-pyr-
id in-2-ylethynyl]-9,10,11-trimethoxydibenzo[a,c]cyclohepten-
5-yl}acetamide (8f). Aryl iodide 6b (200 mg, 0.36 mmol), 
Pd(OAc)2 (4 mg, 0.018 mmol), CuI (7 mg, 0.036 mmol), Ph3P 
(14 mg, 0.054 mmol), AcOK (106 mg, 1.08 mmol), and 1-ethy-
nylpyridine (36 L, 0.41 mmol) were used. Product 8f (124 mg, 
65%) was isolated as light beige crystals, m.p. 169—171  C. 
Found (%): C, 70.83; H, 5.81. C31H30N2O6. Calculated (%): 
C, 70.71; H, 5.74. 1H NMR (400 MHz, DMSO-d6), : 8.61 
(d, 1 H, Py, J = 4.6 Hz); 8.48 (d, 1 H, NH, J = 8.3 Hz); 8.11 
(d, 1 H, OCH=CH, J = 12.5 Hz); 7.85 (dd, 1 H, Py, J = 8.7 Hz, 
J = 7.7 Hz); 7.64—7.55 (m, 1 Н, Py); 7.59 (s, 1 H, H(11)); 7.42 
(dd, 1 H, Py, J = 6.7 Hz, J = 5.7 Hz); 7.28 (s, 1 H, H(8)); 6.84 
(s, 1 H, H(4)); 5.88 (d, 1 H, OCH=CH, J = 12.5 Hz); 4.64—4.53 
(m, 1 H, Н(7)); 3.85 (s, 3 H, OCH3(3)); 3.80 (s, 3 H, OCH3(2)); 
3.55 (s, 3 H, OCH3(1)); 2.23 (s, 3 H, C(O)CH3); 2.20—1.93 
(m, 4 H, H(5) and Н(6)); 1.90 (s, 3 H, NHC(O)CH3). 13C NMR 
(101 MHz, DMSO-d6), : 196.7, 168.7, 160.3, 154.7, 153.0, 
150.3, 144.6, 142.0, 140.6, 136.9 (2 С), 134.9, 134.6, 131.3, 127.3, 
123.7, 122.4, 114.1, 112.5, 110.8, 108.3, 93.5, 83.4, 60.8, 60.6, 
55.9, 48.3, 38.3, 29.8, 27.4, 22.7. MS (GC/MS), m/z: 526.8 [М]+, 
Rt = 7.532 min.

Synthesis of compounds 3a—f (general procedure). Starting 
compound 7 (or 8) was placed in a Schlenk fl ask equipped with 
a stirrer and dissolved in 1,2-dichloroethane (1.5 mL) under an 
inert atmosphere. The resulting system was isolated from the 
daylight by a foil. A solution of corresponding alcohol in 1,2-di-
chloroethane (0.5 mL) and a mixture of Ph3PAuCl and Ag[SbF6] 
in 1,2-dichloroethane (1 mL) were then added. The reaction 
mixture was stirred at ~20 C in the dark for 24 h. The product 
was isolated using column chromatography on silica gel, eluent 
PE—AcOEt—EtOH (9 : 1 : 1). 

Methyl (7S,10S,11R,14aR)-7-acetamido-10-butoxy-6,7,10,11- 
tetra hydro-5H-1,2,3-trimethoxy-12-phenylbenzo[6´,7´]cyclo-
hepta[1´,2´:4,5]benzo[1,2-b]oxepine-11-carboxylate (3a). Com-
pound 7a (40 mg, 0.074 mmol), n-butanol (11 mg, 0.148 mmol), 
Ph3PAuCl (2 mg, 0.004 mmol), and Ag[SbF6] (2 mg, 0.004 mmol) 
were used. Product 3a (27 mg, 60%) was isolated as a mixture of 
two diastereomers A and B in the ratio of 2  :  1, light yellow 
crystals, m.p. 169—171  C. Found (%): C, 70.37; H, 6.62. 
C36H41NO8. Calculated (%): C, 70.23; H, 6.71. Diastereomer A. 
1H NMR (400 MHz, DMSO-d6), : 8.40 (d, 1 H, NH, J = 8.5 Hz); 
7.48 (d, 2 Н, Ph, J = 7.6 Hz); 7.36 (t, 3 Н, Ph, J = 6.7 Hz); 7.28 
(s, 1 H, H(11)); 7.01 (s, 1 H, H(8)); 6.92 (s, 1 H, —СН=С<); 
6.78 (s, 1 H, H(4)); 5.66 (d, 1 H, CH–OBu, J = 4.6 Hz); 
4.57—4.51 (m, 1 H, H(7)); 4.47 (d, 1 Н, CHC(O)OCH3, 
J = 4.3 Hz); 3.84 (s, 3 H, OCH3(3)); 3.79 (s, 3 H, OCH3(2)); 
3.71—3.64 (m, 2 Н, OCH2CH2CH2CH3); 3.59 (s, 3 H, C(O)
OCH3); 3.56 (s, 3 H, OCH3(1)); 2.20—2.00 (m, 4 H, H(5) and 



Bukhvalova et al.2212 Russ. Chem. Bull., Int. Ed., Vol. 68, No. 12, December, 2019

Н(6)); 1.88 (s, 3 H, NHC(O)CH3); 1.39—1.30 (m, 2 H, 
OCH2CH2CH2CH3); 1.06—0.96 (m, 2 H, OCH2CH2CH2CH3); 
0.67 (t, 3 Н, OCH2CH2CH2CH3, J = 7.4 Hz). 13C NMR 
(101 MHz, DMSO-d6), : 169.4, 168.4, 152.4, 151.0, 150.3, 
142.1, 140.6, 134.7, 134.4, 132.4, 129.6, 128.4 (2 C), 127.2, 126.2 
(2 C), 124.5, 124.4, 123.7, 115.3, 108.1, 97.9, 68.1, 60.8, 60.5 
(2 C), 55.8, 52.2, 47.8, 38.4, 30.8, 29.9, 22.6, 18.5, 13.4. 
Diastereomer В. 1H NMR (400 MHz, DMSO-d6), : 8.36 (d, 1 H, 
NH, J = 8.9 Hz); 7.48 (d, 2 Н, Ph, J = 7.6 Hz); 7.36 (t, 3 Н, Ph, 
J = 6.7 Hz); 7.29 (s, 1 H, H(11)); 7.01 (s, 1 H, H(8)); 6.86 (s, 1 H, 
—СН=С<); 6.80 (s, 1 H, H(4)); 5.61 (d, 1 H, CH—OBu, 
J = 5.2 Hz); 4.57—4.51 (m, 1 H, H(7)); 4.47 (d, 1 Н, CHC(O)
OCH3, J = 4.3 Hz); 3.84 (s, 3 H, OCH3(3)); 3.78 (s, 3 H, 
OCH3(2)); 3.71—3.64 (m, 2 Н, OCH2CH2CH2CH3); 3.51 
(s, 3 H, C(O)OCH3); 3.46 (s, 3 H, OCH3(1)); 2.20—2.00 (m, 4 H, 
H(5) and Н(6)); 1.88 (s, 3 H, NHC(O)CH3); 1.39—1.30 (m, 2 H, 
OCH2CH2CH2CH3); 1.06—0.96 (m, 2 H, OCH2CH2CH2CH3); 
0.71 (t, 3 Н, OCH2CH2CH2CH3, J = 7.4 Hz). 13C NMR 
(101 MHz, DMSO-d6), : 169.3, 168.2, 152.3, 151.2, 150.4, 
142.0, 140.5, 134.8, 134.1, 132.8, 129.6, 128.5, 128.3 (2 C), 127.2, 
126.2 (2 C), 124.6, 124.2, 123.7, 115.2, 108.1, 98.9, 68.3, 60.8, 
60.6, 60.5, 55.8, 52.0, 47.9, 38.4, 30.8, 30.1, 22.6, 18.5, 13.4. MS 
(GC/MS), m/z:  638.7 [М + Na]+, Rt = 7.663 min.

Methyl (7S,10S,11R,14аR)-7-acetamido-10-isopropyloxy-
6,7,10,11-tetrahydro-5H-1,2,3-trimethoxy-12-phenylbenzo-
[6´,7´] cyclohepta[1´,2´:4,5]benzo[1,2-b]oxepine-11-carboxylate 
(3b). Compound 7a (100 mg, 0.184 mmol), propan-2-ol (22 mg, 
0.37 mmol), Ph3PAuCl (5 mg, 0.009 mmol), and Ag[SbF6] (3 mg, 
0.009 mmol) were used. Product 3b (60 mg, 53%) was isolated 
as a mixture of two diastereomers A and B in the ratio of 2 : 1, 
light yellow crystals, m.p. 173—175 C. Found (%): C, 69.99; 
H, 6.42. C35H39NO8. Calculated (%): C, 69.87; H, 6.53. 
Diastereomer А. 1H NMR (400 MHz, DMSO-d6), : 8.42 (d, 1 H, 
NH, J = 8.8 Hz); 7.48 (d, 2 Н, Ph, J = 8.0 Hz); 7.36 (t, 3 H, Ph, 
J = 7.6 Hz); 7.27 (s, 1 H, H(11)); 7.01 (s, 1 H, H(8)); 6.88 (s, 1 H, 
—СН=С<); 6.78 (s, 1 H, H(4)); 5.67 (d, 1 H, CH—OPri, 
J = 5.0 Hz); 4.55—4.50 (m, 1 H, H(7)); 4.42 (d, 1 Н, CHC(O)-
OCH3, J = 5.1 Hz); 4.04—3.96 (m, 1 Н, CH(CH3)2); 3.83 (s, 3 H, 
OCH3(3)); 3.80 (s, 3 H, OCH3(2)); 3.60 (s, 3 H, C(O)OCH3); 
3.53 (s, 3 H, OCH3(1)); 2.23—1.98 (m, 4 H, H(5) and Н(6)); 
1.88 (s, 3 H, NHC(O)CH3); 1.09 (t, 3 Н, CH(CH3)2, J = 6.0 Hz); 
0.96 (t, 3 H, CH(CH3)2, J = 6.0 Hz). 13C NMR (101 MHz, 
DMSO-d6), : 169.4, 168.4, 152.4, 151.5, 150.3, 142.0, 141.8, 
140.6, 134.7, 134.3, 132.7, 129.4, 128.6, 128.3 (2 C), 127.2, 126.2 
(2 C), 124.5, 123.7, 115.2, 108.1, 97.4, 70.8, 60.8, 60.5, 55.8, 
52.1, 47.9, 38.5, 30.1, 22.6 (2 C), 21.4. Diastereomer В. 1H NMR 
(400 MHz, DMSO-d6), : 8.39 (d, 1 H, NH, J = 8.8 Hz); 7.48 
(d, 2 Н, Ph, J = 8.0 Hz); 7.36 (t, 3 H, Ph, J = 7.6 Hz); 7.29 
(s, 1 H, H(11)); 7.99 (s, 1 H, H(8)); 6.84 (s, 1 H, —СН=С<); 
6.80 (s, 1 H, H(4)); 5.66 (d, 1 H, CH—OPri, J = 5.0 Hz); 
4.55—4.50 (m, 1 H, H(7)); 4.41 (d, 1 Н, CHC(O)OCH3, 
J = 5.1 Hz); 4.04—3.96 (m, 1 Н, CH(CH3)2); 3.84 (s, 3 H, 
OCH3(3)); 3.78 (s, 3 H, OCH3(2)); 3.67 (s, 3 H, C(O)OCH3); 
3.54 (s, 3 H, OCH3(1)); 2.23—1.98 (m, 4 H, H(5) and Н(6)); 
1.88 (s, 3 H, NHC(O)CH3); 1.09 (t, 3 Н, CH(CH3)2, J = 6.0 Hz); 
0.97 (t, 3 H, CH(CH3)2, J = 6.0 Hz). 13C NMR (101 MHz, 
DMSO-d6), : 169.3, 168.3, 152.3, 151.6, 150.4, 141.9, 141.6, 
140.5, 134.8, 133.9, 133.0, 129.5, 128.6, 128.3 (2 C), 127.2, 126.3 
(2 С), 124.4, 123.7, 115.2, 108.1, 98.1, 70.5, 60.8, 60.5, 55.9, 
51.9, 48.0, 38.3, 29.8, 22.7, 22.6, 21.3. MS (GC/MS), m/z: 624.3 
[М + Na]+, Rt = 7.207 min.

Methyl (7S,10S,11R,14аR)-7-acetamido-10-ethoxy -6,7,10,11- 
tetra hydro-5H-1,2,3-trimethoxy-12-phenyl-benzo[6´,7´]cyclo-
hepta[1´,2´:4,5]benzo[1,2-b]oxepine-11-carboxylate (3c). Com-
pound 7a (40 mg, 0.074 mmol), ethanol (11 mg, 0.148 mmol), 
Ph3PAuCl (2 mg, 0.004 mmol), and Ag[SbF6] (2 mg, 0.004 mmol) 
were used. Product 3c (17 mg, 40%) was isolated as a mixture of 
two diastereomers A and B in the ratio of 2  :  1, light yellow 
crystals, m.p. 175—177  C. Found (%): C, 69.64; H, 6.29. 
C34H37NO8. Calculated (%): C, 69.49; H, 6.35. Diastereomer А. 
1H NMR (400 MHz, DMSO-d6), : 8.45 (d, 1 H, NH, J = 8.4 Hz); 
7.48 (d, 2 Н, Ph, J = 7.6 Hz); 7.36 (t, 3 Н, Ph, J = 6.7 Hz); 7.27 
(s, 1 H, H(11)); 7.03 (s, 1 H, H(8)); 6.90 (s, 1 H, —СН=С<); 
6.78 (s, 1 H, H(4)); 5.65 (d, 1 H, CH—OEt, J = 4.6 Hz); 
4.58—4.50 (m, 1 H, H(7)); 4.46 (d, 1 Н, CHC(O)OCH3, 
J = 5.0 Hz); 3.83 (s, 3 H, OCH3(3)); 3.79 (s, 3 H, OCH3(2)); 
3.70—3.61 (m, 2 Н, OCH2CH3); 3.59 (s, 3 H, C(O)OCH3); 3.54 
(s, 3 H, OCH3(1)); 2.20—2.01 (m, 4 H, H(5) and Н(6)); 1.89 
(s, 3 H, NHC(O)CH3); 1.01 (t, 3 Н, OCH2CH3, J = 7.0 Hz). 
13C NMR (101 MHz, DMSO-d6), : 169.4, 168.4, 152.4, 151.3, 
150.3, 142.0, 141.8, 140.6, 134.7, 134.4, 132.6, 129.5, 128.5, 
128.4 (2 C), 127.2, 126.2 (2 C), 124.2, 123.7, 115.2, 108.1, 
98.4, 64.2, 60.8, 60.5, 55.8, 52.2, 47.9, 38.5, 30.1, 22.7, 14.7. 
Diastereomer B. 1H NMR (400 MHz, DMSO-d6), : 8.43 (d, 1 H, 
NH, J = 8.4 Hz); 7.48 (d, 2 Н, Ph, J = 7.6 Hz); 7.36 (t, 3 Н, Ph, 
J = 6.7 Hz); 7.26 (s, 1 H, H(11)); 7.03 (s, 1 H, H(8)); 6.86 (s, 1 H, 
—СН=С<); 6.80 (s, 1 H, H(4)), 5.61 (d, 1 H, CH—OEt, 
J = 5.3 Hz); 4.58—4.50 (m, 1 H, H(7)); 4.47 (d, 1 Н, CHC(O)
OCH3, J = 5.0 Hz); 3.83 (s, 3 H, OCH3(3)); 3.78 (s, 3 H, 
OCH3(2)); 3.70—3.61 (m, 2 Н, OCH2CH3); 3.59 (s, 3 H, 
C(O)OCH3); 3.50 (s, 3 H, OCH3(1)); 2.20—2.01 (m, 4 H, H(5) 
and Н(6)); 1.89 (s, 3 H, NHC(O)CH3); 1.03 (t, 3 Н, OCH2CH3, 
J = 7.0 Hz). 13C NMR (101 MHz, DMSO-d6), : 169.3, 168.4, 
152.4, 151.4, 150.4, 141.9, 141.6, 140.5, 134.8, 134.1, 132.9, 
129.5, 128.5, 128.3 (2 C), 127.3, 126.3 (2 C), 124.2, 123.6, 115.2, 
108.1, 99.2, 69.8, 60.6, 60.3, 56.0, 52.0, 47.9, 38.4, 30.2, 22.7, 
15.1. MS (GC/MS), m/z: 610.8 [М + Na]+, Rt = 7. 291 min.

Methyl (7S,10S,11R,14аR)-7-acetamido-6,7,10,11-tetra-
hydro-5H-10-methoxy-1,2,3-trimethoxy-12-phenylbenzo [6´,7´]-
cyclohepta[1´,2´:4,5]benzo[1,2-b]oxepine-11-carboxylate (3d). 
Compound 7a (40 mg, 0.074 mmol), methanol (11 mg, 
0.148 mmol), Ph3PAuCl (2 mg, 0.004 mmol), and Ag[SbF6] 
(2 mg, 0.004 mmol) were used. Product 3d (32 mg, 30%) was 
isolated as a mixture of two diastereomers A and B in the ratio 
of 2  :  1, light yellow crystals, m.p. 189—191  C. Found (%): 
C, 69.24; H, 6.21. C33H35NO8. Calculated (%): C, 69.10; H, 6.15. 
Diastereomer А. 1H NMR (400 MHz, DMSO-d6), : 8.42 (d, 1 H, 
NH, J = 8.6 Hz); 7.47 (d, 2 Н, Ph, J = 7.3 Hz); 7.38—7.34 (m, 
3 H, Ph); 7.28 (s, 1 H, H(11)); 7.05 (s, 1 H, H(8)); 6.91 (s, 1 H, 
—СН=С<); 6.79 (s, 1 H, H(4)); 5.60 (d, 1 H, CH—OMe, 
J = 4.7 Hz); 4.58—4.52 (m, 1 H, H(7)); 4.47 (d, 1 Н, CHC(O)-
OCH3, J = 4.7 Hz); 3.84 (s, 3 H, OCH3(3)); 3.79 (s, 3 H, 
OCH3(2)); 3.57 (s, 3 H, C(O)OCH3); 3.56 (s, 3 H, OCH3(1)); 
3.40 (s, 3 H, CH—OMe); 2.22—2.02 (m, 4 H, H(5) and Н(6)); 
1.89 (s, 3 H, NHC(O)CH3). 13C NMR (101 MHz, DMSO-d6), 
: 169.4, 168.4, 152.4, 151.0, 150.3, 142.1, 141.7, 140.6, 134.7, 
134.4, 132.4, 129.6, 128.5, 128.4 (2 C), 127.2, 126.2 (2 C), 124.6, 
124.2, 115.3, 108.1, 97.9, 60.8, 60.5, 55.8, 55.7, 52.2, 51.2, 
47.8, 38.6, 30.8, 22.6. Diastereomer В. 1H NMR (400 MHz, 
DMSO-d6), : 8.39 (d, 1 H, NH, J = 8.4 Hz); 7.47 (d, 2 Н, Ph, 
J = 7.3 Hz); 7.38—7.34 (m, 3 H, Ph); 7.30 (s, 1 H, H(11)); 7.05 
(s, 1 H, H(8)); 6.87 (s, 1 H, —СН=С<); 6.76 (s, 1 H, H(4)); 
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5.57 (d, 1 H, CH—OMe, J = 4.9 Hz); 4.58—4.52 (m, 1 H, H(7)); 
4.50 (d, 1 Н, CHC(O)OCH3, J = 4.9 Hz); 3.82 (s, 3 H, OCH3(3)); 
3.78 (s, 3 H, OCH3(2)); 3.53 (s, 3 H, C(O)OCH3); 3.48 (s, 3 H, 
OCH3(1)); 3.40 (s, 3 H, CH—OMe); 2.22—2.02 (m, 4 H, H(5) 
and Н(6)); 1.87 (s, 3 H, NHC(O)CH3). 13C NMR (101 MHz, 
DMSO-d6), : 169.3, 168.2, 152.3, 151.2, 150.4, 142.0, 141.6, 
140.5, 134.8, 134.1, 132.8, 129.1, 128.4, 128.3 (2 C), 127.2, 126.3 
(2 C), 124.4, 123.7, 115.2, 108.1, 98.9, 60.6, 60.5, 55.8, 55.7, 
52.0, 51.3, 47.8, 38.6, 30.8, 22.6. MS (GC/MS), m/z: 596.3 
[М + Na]+, Rt = 7.454 min.

Methyl (7S,10S,11R,14аR)-7-acetamido-10-butoxy-6,7,10,11- 
tetra hydro-5H-1,2,3-trimethoxy-12-propyl-benzo[6´,7´]cyclo-
hepta[1´,2´:4,5]benzo[1,2-b]oxepine-11-carboxylate (3e). Com-
pound 7b (100 mg, 0.197 mmol), n-butanol (29 mg, 0.394 mmol), 
Ph3PAuCl (5 mg, 0.010 mmol), and Ag[SbF6] (4 mg, 0.010 mmol) 
were used. Product 3e (46 mg, 40%) was isolated as a mixture of 
two diastereomers A and B in the ratio of 2  :  1, light yellow 
crystals, m.p. 181—183  C. Found (%): C, 68.25; H, 7.52. 
C33H43NO8. Calculated (%): C, 68.14; H, 7.45. Diastereomer А. 
1H NMR (400 MHz, DMSO-d6), : 8.36 (d, 1 H, NH, J = 8.5 Hz); 
7.14 (s, 1 H, H(8)); 6.96 (s, 1 H, H(11)); 6.77 (s, 1 H, H(4)); 
6.36 (s, 1 H, —СН=С<); 5.39 (d, 1 H, CH—OBu, J = 5.2 Hz); 
4.52—4.48 (m, 1 H, H(7)); 3.83 (s, 3 H, OCH3(3)); 3.78 (s, 3 H, 
OCH3(2)); 3.71—3.69 (m, 1 Н, CHC(O)OCH3); 3.65 (s, 3 H, 
C(O)OCH3); 3.55 (s, 3 H, OCH3(1)); 3.20—3.14 (m, 2 Н, 
OCH2CH2CH2CH3); 2.17—2.10 (m, 4 H, H(5) and Н(6)); 
2.08—2.00 (m, 2 H, CH=C—CH2CH2CH3); 1.86 (s, 3 H, 
NHC(O)CH3); 1.55—1.48 (m, 2 H, OCH2CH2CH2CH3); 
1.47—1.42 (m, 2 H, CH=C—CH2CH2CH3); 1.41—1.32 (m, 2 H, 
OCH2CH2CH2CH3); 0.86 (t, 3 Н, CH=C—CH2CH2CH3, 
J = 7.7 Hz); 0.74 (t, 3 Н, OCH2CH2CH2CH3, J = 7.4 Hz). 
13C NMR (101 MHz, DMSO-d6), : 169.7, 168.5, 159.0, 152.4, 
151.3, 150.3, 140.8, 140.6, 136.7, 134.8, 133.5, 128.6, 126.7, 
124.8, 123.8, 115.2, 108.1, 99.6, 68.0, 60.8, 60.5, 56.2, 55.9, 52.1, 
47.8, 40.3, 38.5, 30.8, 30.0, 22.6, 20.8, 18.5, 13.5 (2 C). 
Diastereomer В. 1H NMR (400 MHz, DMSO-d6), : 8.43 (d, 1 H, 
NH, J = 8.5 Hz); 7.15 (s, 1 H, H(8)); 6.97 (s, 1 H, H(11)); 6.78 
(s, 1 H, H(4)); 6.36 (s, 1 H, —СН=С<); 5.36 (d, 1 H, CH—OBu, 
J = 6.1 Hz); 4.52—4.48 (m, 1 H, H(7)); 3.83 (s, 3 H, OCH3(3)); 
3.79 (s, 3 H, OCH3(2)); 3.78—3.73 (m, 1 Н, CHC(O)OCH3); 
3.64 (s, 3 H, C(O)OCH3); 3.55 (s, 3 H, OCH3(1)); 3.28—3.22 
(m, 2 Н, OCH2CH2CH2CH3); 2.17—2.10 (m, 4 H, H(5) and 
Н(6)); 2.08—2.00 (m, 2 H, CH=C—CH2CH2CH3); 1.86 (s, 3 H, 
NHC(O)CH3); 1.55—1.48 (m, 2 H, OCH2CH2CH2CH3); 
1.47—1.42 (m, 2 H, CH=C—CH2CH2CH3); 1.41—1.32 (m, 2 H, 
OCH2CH2CH2CH3); 0.89 (t, 3 Н, CH=C—CH2CH2CH3, 
J = 7.7 Hz); 0.76 (t, 3 Н, OCH2CH2CH2CH3, J = 7.3 Hz). 13C 
NMR (101 MHz, DMSO-d6), : 169.7, 168.5, 159.0, 152.4, 
151.5, 150.4, 140.8, 140.6, 136.7, 134.8, 133.8, 128.8, 126.7, 
125.0, 123.8, 115.2, 108.2, 99.6, 68.1, 60.8, 60.6, 56.2, 55.9, 52.0, 
47.9, 40.3, 38.5, 30.8, 30.1, 22.7, 21.0, 18.6, 13.4 (2 C). MS 
(GC/MS), m/z: 604.5 [М + Na]+, Rt = 7.120 min.

Methyl (7S,10S,11R,14аR)-7-acetamido-10-butoxy-12-(4-
chlorobutyl)-6,7,10,11-tetrahydro-5H-1,2,3-trimeth oxy benzo-
[6´,7´] cyclohepta[1´,2´:4,5]benzo[1,2-b]oxepine-11-carboxylate 
(3f). Compound 7d (96 mg, 0.184 mmol), n-butanol (22 mg, 
0.370 mmol), Ph3PAuCl (5 mg, 0.009 mmol), and Ag[SbF6] 
(3 mg, 0.009 mmol) were used. Product 3f (30 mg, 22%) was 
isolated as a mixture of two diastereomers A and B in the ratio 
of 3  :  2, light yellow crystals, m.p.  168—170 C. Found (%): 
C, 64.97; H, 7.14. C34H44ClNO8. Calculated (%): C, 64.80; 
H, 7.04. Diastereomer А. 1H NMR (400 MHz, DMSO-d6), : 

8.37 (d, 1 H, NH, J = 8.3 Hz); 7.15 (s, 1 H, H(8)); 6.96 (s, 1 H, 
H(11)); 6.77 (s, 1 H, H(4)); 6.40 (s, 1 H, —СН=С<); 5.39 (d, 
1 H, CH—OBu, J = 5.7 Hz); 4.54—4.47 (m, 1 H, H(7)); 3.83 
(s, 3 H, OCH3(3)); 3.78 (s, 3 H, OCH3(2)); 3.72—3.69 (m, 1 Н, 
CHC(O)OCH3); 3.66 (s, 3 H, C(O)OCH3); 3.62—3.57 (m, 2 H, 
CH2CH2CH2CH2Cl); 3.55 (s, 3 H, OCH3(1)); 3.54—3.47 
(m, 2 Н, OCH2CH2CH2CH3); 2.20—2.12 (m, 4 H, H(5) and 
Н(6)); 2.08—1.98 (m, 2 H, CH=C—CH2CH2CH2CH2Cl); 1.86 
(s, 3 H, NHC(O)CH3); 1.76—1.69 (m, 2 H, CH2CH2CH2CH2Cl); 
1.61—1.52 (m, 2 H, CH2CH2CH2CH2Cl); 1.19—1.09 (m, 2 H, 
OCH2CH2CH2CH3); 1.08—0.98 (m, 2 H, OCH2CH2CH2CH3); 
0.72 (t, 3 Н, OCH2CH2CH2CH3, J = 7.4 Hz). 13C NMR 
(101 MHz, DMSO-d6), : 169.5, 168.4, 158.6, 152.3, 151.2, 
150.3, 140.8, 140.5, 136.7, 134.7, 133.1, 128.5, 126.7, 124.7, 
123.7, 115.2, 108.1, 99.0, 68.0, 60.7, 60.5, 55.8, 52.1 (2 C), 47.8, 
45.1, 38.4, 31.4, 31.3, 30.8, 30.0, 24.6, 22.6, 18.5, 13.4. Dia-
stereomer B. 1H NMR (400 MHz, DMSO-d6), : 8.43 (d, 1 H, 
NH, J = 8.1 Hz); 7.14 (s, 1 H, H(8)); 6.97 (s, 1 H, H(11)); 6.78 
(s, 1 H, H(4)); 6.36 (s, 1 H, —СН=С<); 5.43 (d, 1 H, CH—OBu, 
J = 5.1 Hz); 4.54—4.47 (m, 1 H, H(7)); 3.83 (s, 3 H, OCH3(3)); 
3.78 (s, 3 H, OCH3(2)); 3.72—3.69 (m, 1 Н, CHC(O)OCH3); 
3.65 (s, 3 H, C(O)OCH3); 3.62—3.57 (m, 2 H, CH2CH2-
CH2CH2Cl); 3.55 (s, 3 H, OCH3(1)); 3.54—3.47 (m, 2 Н, 
OCH2CH2CH2CH3); 2.20—2.12 (m, 4 H, H(5) and Н(6)); 
2.08—1.98 (m, 2 H, CH=C—CH2CH2CH2CH2Cl); 1.86 (s, 3 H, 
NHC(O)CH3); 1.76—1.69 (m, 2 H, CH2CH2CH2CH2Cl); 
1.61—1.52 (m, 2 H, CH2CH2CH2CH2Cl); 1.19—1.09 (m, 2 H, 
OCH2CH2CH2CH3); 1.08—0.98 (m, 2 H, OCH2CH2CH2CH3); 
0.75 (t, 3 Н, OCH2CH2CH2CH3, J = 7.4 Hz). 13C NMR 
(101 MHz, DMSO-d6), : 169.6, 168.4, 158.6, 152.3, 151.3, 
150.4, 140.9, 140.5, 136.7, 134.8, 133.1, 128.7, 126.8, 124.8, 
123.8, 115.2, 108.2, 99.0, 68.1, 60.6, 60.5, 55.8, 52.1, 52.0, 47.8, 
45.2, 38.5, 31.5, 31.3, 30.8, 30.1, 24.7, 22.6, 18.5, 13.5. MS 
(GC/MS), m/z: 653.1 [М + Na]+, Rt = 7.347 min.

Analysis of cytotoxicity in vitro. Cytotoxic eff ect of the allo-
colchicinoids was estimated by a standard 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma) test. 
Human cell lines of pancreatic carcinoma (metastases) COLO-357, 
pancreatic duct carcinomas PANC-1, embryonic kidney cells 
HEK293, cervical cancer cells HeLa, and cells of mouse colon 
adenocarcinoma Colon26 were used. The cells were cultivated 
in RPMI-1640 (PANC-1, COLO-357, HeLa, and Colon26) or 
DMEM (HEK293) medium. Fetal bovine serum (FBS) (8%), 
L-glutamine (300 g mL–1), ampicillin/streptomycin (50 g mL–1), 
and 2-mercaptoethanol (5•10–5 mol  L–1) were added to 
the media. The cells were cultivated in a CO2-fi lled incubator 
at 37 C. To this end, the cells were introduced into a fl at-bot-
tomed 96-well plate (50 thousands per well), wherein the pre-
parations were titrated in advance. The plates were incubat-
ed in a CO2-fi lled incubator for 72 h, and before the last 4 h, 
MTT (250 g  mL–1) was added. The supernatants were re-
moved at the end of incubation, and DMSO (100 L) 
was added into the wells in order to dissolve formazan. The 
plates were analyzed on a Titertek plate reader at the wavelength 
of 540 nm. The inhibition index (II) was calculated according to 
the formula 

II = 1 – ODexp/ODcontr, 

wherein ODexp and ODcontr are the optical density of experimen-
tal and control solution, respectively. IC50 values   were determined 
as a half of the inhibition index. 
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Docking was performed using Autodock 4.253 and AutoGrid 
programs. A MGLTools 1.5.6 shell was used during the work 
with the program. Each the docking experiment was performed 
using a LGA genetic algorithm (200 conformations, 25 000 000 
calculations per each). The - and -subunits of stathmin-like 
domain 1SA0.pdb54 were taken as the starting protein. The 
geometry of colchicinoid molecules was optimized using the 
Gaussian 0355 program according to the density functional 
method B3LYP/6-31G(d,p). 

This work was fi nancially supported by the Russian 
Science Foundation (Project No. 19-13-00158).

References

1. F. E. Koehn, G. T. Carter, Nat. Rev. Drug Discov., 2005, 
4, 206.

2. A. A. Koparde, R. C. Doĳ ad, C. S. Magdum, in Pharmacognosy. 
Medicinal Plants, Ed. S. Perveen, IntechOpen, London, 2019.

3. N. E. Thomford, D. A. Senthebane, A. Rowe, D. Munro, 
P. Seele, A. Maroyi, K. Dzobo, Int. J. Mol. Sci., 2018, 
19, 1578.

4. C. Cerquaglia, M. Diaco, G. Nucera, M. Regina, M. Mon-
talto, R. Manna, Curr. Drug Targets Infl amm. Allergy, 2005, 
4, 117.

5. D. Zemer, A. Livneh, Y. L. Danon, M. Pras, E. Sohar, Arthritis 
Rheum., 1991, 34, 973.

6. E. Ben-Chetrit, M. Levy, Semin. Arthritis Rheum., 1991, 
20, 241.

7. K. Masuda, A. Nakajima, A. Urayama, K. Nakae, M. Kogure, 
G. Inaba, Lancet (London, England), 1989, 1, 1093.

8. R. A. Kyle, M. A. Gertz, P. R. Greipp, T. E. Witzig, J. A. Lust, 
M. Q. Lacy, T. M. Therneau, N. Engl. J. Med., 1997, 336, 1202.

9. M. Imazio, F. Gaita, Future Cardiol., 2016, 12, 9.
10. M. Imazio, A. Brucato, R. Cemin, S. Ferrua, R. Belli, 

S. Maestroni, R. Trinchero, D. H. Spodick, Y. Adler, Ann. 
Intern. Med., 2011, 155, 409.

11. G. Cocco, D. C. C. Chu, S. Pandolfi , Eur. J. Intern. Med., 
2010, 21, 503.

12. A. Y. Gasparyan, L. Ayvazyan, M. Yessirkepov, G. D. Kitas, 
Expert Opin. Drug Metab. Toxicol., 2015, 11, 1781.

13. E. Peña-Altamira, F. Prati, F. Massenzio, M. Virgili, A. Con-
testabile, M. L. Bolognesi, B. Monti, Expert Opin. Ther. 
Targets, 2016, 20, 627.

14. J. Zhang, G. Rane, X. Dai, M. K. Shanmugam, F. Arfuso, 
R. P. Samy, M. K. P. Lai, D. Kappei, A. P. Kumar, G. Sethi, 
Ageing Res. Rev., 2016, 25, 55.

15. Y. Finkelstein, S. E. Aks, J. R. Hutson, D. N. Juurlink, 
P. Nguyen, G. Dubnov-Raz, U. Pollak, G. Koren, Y. Bentur, 
Clin. Toxicol., 2010, 48, 407.

16. J. Yonkof, D. Young, B. Maheshwari, M. Crespo, Ann. Allergy 
Asthma Immunol., 2018, 121, S63.

17. G. F. Mangiatordi, D. Trisciuzzi, D. Alberga, N. Denora, 
R. M. Iacobazzi, D. Gadaleta, M. Catto, O. Nicolotti, Eur. 
J. Med. Chem., 2017, 139, 792.

18. A. Kumar, P. R. Sharma, D. M. Mondhe, Anti-Cancer Drugs, 
2017, 28, 250.

19. A. A. Ghawanmeh, K. F. Chong, S. M. Sarkar, M. A. Bakar, 
R. Othaman, R. M. Khalid, Eur. J. Med. Chem., 2018, 
144, 229.

20. J. Kurek, P. Kwaśniewska-Sip, K. Myszkowski, G. Cofta, 
M. Murias, P. Barczyński, B. Jasiewicz, R. Kurczab, Med. 
Chem. Comm., 2018, 9, 1708.

21. I. Spasevska, A. Ayoub, P. Winter, J. Preto, S. Wong, C. Id, 
J. A. Tuszynski, Int. J. Mol. Sci., 2017, 18, 1676.

22. E. S. Shchegravina, D. S. Tretiakova, A. S. Alekseeva, T. R. 
Galimzyanov, Y. N. Utkin, Y. A. Ermakov, E. V. Svir-
shchevskaya, V. V. Negrebetsky, N. Yu. Karpechenko, V. P. 
Chernikov, N. R. Onishchenko, E. L. Vodovozova, A. Yu. 
Fedorov, I. A. Boldyrev, Bioconjugate Chem., 2019, 30, 1098.

23. N. S. Sitnikov, A. Yu. Fedorov,  Russ. Chem. Rev., 2013, 
82, 393.

24. A. I. Konovalov, I. S. Antipin, V. A. Burilov, T. I. Madzhidov, 
A. R. Kurbangalieva, A. V. Nemtarev, S. E. Solovieva, I. I. 
Stoikov, V. A. Mamedov, L. Ya. Zakharova, E. L. Gavrilova, 
O. G. Sinyashin, I. A. Balova, A. V. Vasilyev, I. G. Zenkevich, 
M. Yu. Krasavin, M. A. Kuznetsov, A. P. Molchanov, M. S. 
Novikov, V. A. Nikolaev, L. L. Rodina, A. F. Khlebnikov, 
I. P. Beletskaya, S. Z. Vatsadze, S. P. Gromov, N. V. Zyk, A. 
T. Lebedev, D. A. Lemenovskii, V. S. Petrosyan, V. G. 
Nenaidenko, V. V. Negrebetskii, Yu. I. Baukov, T. A. Shmi-
gol´, A. A. Korlyukov, A. S. Tikhomirov, A. E. Shchekotikhin, 
V. F. Traven’, L. G. Voskresenskii, F. I. Zubkov, O. A. 
Golubchikov, A. S. Semeikin, D. B. Berezin, P. A. Stuzhin, 
V. D. Filimonov, E. A. Krasnokutskaya, A. Yu. Fedorov, A. V. 
Nyuchev, V. Yu. Orlov, R. S. Begunov, A. I. Rusakov, A. V. 
Kolobov, E. R. Kofanov, O. V. Fedotova, A. Yu. Egorova, 
V. N. Charushin, O. N. Chupakhin, Yu. N. Klimochkin, V. A. 
Osyanin, A. N. Reznikov, A. S. Fisyuk, G. P. Sagitullina, 
A. V. Aksenov, N. A. Aksenov, M. K. Grachev, V. I. Mas-
lennikova, M. P. Koroteev, A. K. Brel’, S. V. Lisina, S. M. 
Medvedeva, Kh. S. Shikhaliev, G. A. Suboch, M. S. Tovbis, 
L. M. Mironovich, S. M. Ivanov, S. V. Kurbatov, M. E. 
Kletskii, O. N. Burov, K. I. Kobrakov, D. N. Kuznetsov, Russ. 
J. Org. Chem., 2018, 54, 157.

25. G. Micheletti, M. Poli, P. Borsotti, M. Martinelli, B. Imberti, 
G. Taraboletti, R. Giavazzi, Cancer Res., 2003, 63, 1534.

26. B. Yang, Z. C. Zhu, H. V. Goodson, M. J. Miller, Bioorg. 
Med. Chem. Lett., 2010, 20, 3831.

27. A. O. Termath, S. Ritter, M. König, D. P. Kranz, J.-M. 
Neudörfl , A. Prokop, H.-G. Schmalz, Eur. J. Org. Chem., 
2012, 2012, 4501.

28. N. Nicolaus, J. Reball, N. Sitnikov, J. Velder, A. Termath, 
A. Yu. Fedorov, H.-G. Schmalz, Heterocycles, 2011, 82, 1585.

29. N. Sitnikov, J. Velder, L. Abodo, N. Cuvelier, J. Neudorfl , 
A. Prokop, G. Krause, A. Yu. Fedorov, H.-G. Schmalz, Chem. 
Eur. J., 2012, 18, 12096.

30. Yu. V. Voitovich, E. S. Shegravina, N. S. Sitnikov, V. I. 
Faerman, V. V. Fokin, H.-G. Schmalz, S. Combes, D. Allegro, 
P. Barbier, I. P. Beletskaya, E. V. Svirshchevskaya, A. Yu. 
Fedorov, J. Med. Chem., 2015, 58, 692.

31. E. S. Shchegravina, A. A. Maleev, S. K. Ignatov, Iu. A. Gra-
cheva, A. Stein, H.-G. Schmalz, A. E. Gavryushin, A. A. 
Zubareva, E. V. Svirshchevskaya, A. Yu. Fedorov, Eur. J. Med. 
Chem., 2017, 141, 51.

32. E. S. Shchegravina, D. I. Knyazev, I. P. Beletskaya, E. V. 
Svirshchevskaya, H.-G. Schmalz, A. Yu. Fedorov, Eur. J. 
Org. Chem., 2016, 34, 5620.

33. Iu. A. Gracheva, I. V. Voitovich, V. I. Faerman, N. S. Sitnikov, 
E. V. Myrsikova, H.-G. Schmalz, E. V. Svirshevskaya, A. Yu. 
Fedorov, Eur. J. Med. Chem., 2017, 126, 432.



2,3-Benzo[b]oxepine derivatives of colchicine Russ. Chem. Bull., Int. Ed., Vol. 68, No. 12, December, 2019 2215

34. N. S. Sitnikov, A. V. Sinzov, D. Allegro, P. Barbier, S. Combes, 
L. A. Onambele, A. Prokop, H.-G. Schmalz, A. Yu. Fedorov, 
Med. Chem. Commun., 2015, 6, 2158.

35. N. S. Sitnikov, A. S. Kokisheva, G. K. Fukin, J.-M. Neudörfl , 
H. Sutorius, A. Prokop, V. V. Fokin, H.-G. Schmalz, A. Yu. 
Fedorov, Eur. J. Org. Chem., 2014, 29, 6481.

36. N. R. Kuznetsova, E. V. Svirshevskaya, N. S. Sitnikov, 
L. Abodo, H. Sutorius, J. Zapke, J. Velder, P. Tomopoulou, 
H. Oschkinat, A. Prokop, H.-G. Schmalz, A. Yu. Fedorov, 
E. L. Vodovozova, Russ. J. Bioorg. Chem., 2013, 39, 543.

37. M. Engler, T. Anke, O. Sterner, U. J. Brandt, Antibiot., 1997, 
50, 325.

38. M. Engler, T. Anke, O. J. Sterner, Antibiot., 1997, 50, 330.
39. M. Stefi novic, V. Snieckus, J. Org. Chem., 1998, 63, 2808.
40. S. Yamaguchi, K. Furihata, M. Miyazawa, H. Yokoyama, 

Y. Hirai, Tetrahedron Lett., 2000, 41, 4787.
41. S. Yamaguchi, N. Tsuchida, M. Miyazawa, Y. Hirai, J. Org. 

Chem., 2005, 70, 7505. 
42. M. Yoshida, K. Nakatani, K. Shishido, Tetrahedron, 2009, 

65, 5702.
43. K. Takabatake, I. Nishi, M. Shindo, K. Shishido, J. Chem. 

Soc., Perkin Trans. 1, 2000, 1807.
44. F. A. Macias, D. Chinchilla, J. M. G. Molinillo, D. Marin, 

R. M. Varela, A. Torres, Tetrahedron, 2003, 59, 1679.
45. S. K. Sabui, R. V. Venkateswaran, Tetrahedron Lett., 2004, 

45, 983.
46. J. R. Vyvyan, J. M. Oaksmith, B. W. Parks, E. M. Peterson, 

Tetrahedron Lett., 2005, 46, 2457.
47. D. S. W. Lim, E. A. Anderson, Synthesis, 2012, 44, 983.
48. J. Liu, Y. Liu, Оrg. Lett., 2012, 14, 4742.
49. M.-J. Fan, G.-Q. Li, L.-H. Li, S.-D. Yang, Y.-M. Liang, 

Synthesis, 2006, 14, 2286.
50. S. B. Alyabyev, I. P. Beletskaya, Russ. Chem. Rev., 2017, 

86, 689.

51. S. B. Alyabyev, I. P. Beletskaya, Russ. Chem. Rev., 2018, 
87, 984.

52. T. J. Mosmann, Immunol. Methods, 1983, 65, 55.
53. G. M. Morris, R. Huey, W. Lindstrom, M. F. Sanner, R. K. 

Belew, D. S. Goodsell, A. J. Olson, J. Comput. Chem., 2009, 
30, 2785. 

54. R. B. Ravelli, B. Gigant, P. A. Curmi, I. Jourdain, S. Lachkar, 
A. Sobel, M. Knossow, Nature, 2004, 428, 198.

55. M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, 
M. A. Robb, J. R. Cheeseman, J. A. Montgomery, Jr., 
T. Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. 
Iyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, 
G. Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M. Hada, 
M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, 
T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, 
J. E. Knox, H. P. Hratchian, J. B. Cross, V. Bakken, 
C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, 
O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, 
P. Y. Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. 
Dannenberg, V. G. Zakrzewski, S. Dapprich, A. D. Daniels, 
M. C. Strain, O. Farkas, D. K. Malick, A. D. Rabuck, 
K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G. 
Baboul, S. Cliff ord, J. Cioslowski, B. B. Stefanov, G. Liu, 
A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J. 
Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, 
M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen, 
M. W. Wong, C. Gonzalez, J. A. Pople, Gaussian 03, Revision 
C.02, Gaussian, Inc., Wallingford CT, 2004.

Received August 5, 2019;
in revised form September 29, 2019;

accepted October 9, 2019


	Gold-catalyzed cyclization in the synthesis of antimitotic2,3-dihydrobenzo[b]oxepine derivatives of colchicine
	Abstract
	Results and Discussion
	Experimental
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Newton-Bold
    /Newton-BoldItalic
    /Newton-Italic
    /Newton-Regular
    /Pragmatica-Bold
    /Pragmatica-BoldObl
    /Pragmatica-Book
    /Pragmatica-BookObl
    /SymbolMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


