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New substituted 4-chloromethylcoumarins that were used as alkylating agents to modify cytisine were
synthesized by Pechmann condensation.  A series of 4-(12-cytisylmethyl)coumarins containing
pharmacophores of the natural heterocycles coumarin and cytisine in a single molecule was prepared.  The
alkylation gave the best results if diisopropylethylamine was used as the base.
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In continuation of research on the modification of natural compounds, we decided to investigate the alkaloid (-)-cytisine
from seeds of Cytisus laburnum L. and Thermopsis lanceolata R.Br.  Cytisine is of great interest to many researchers because
of its effect on the ganglionic nervous system and its use in medicine as a respiratory analeptic [1].  A variety of N-alkyl
derivatives of cytisine has been synthesized [2-4], among which are compounds with analgesic, antihypertensive, and inotropic
activities [3].  According to the patent literature [5], N-methyl derivatives also possess anti-inflammatory and hypoglycemic
activities.

Therefore, the search for methods of modifying cytisine is very timely.  The combination into one molecule of two
natural heterocyclic compounds can lead to the production of compounds with new types of physiological activity.  Considering
this, we selected substituted 4-chloromethylcoumarins, which are used to synthesize compounds with antimicrobial [6] and anti-
inflammatory [7] properties, as alkylating agents for modifying cytisine.

1, 12: R1 = R2 = R4 = H, R3 = CH3; 2, 13: R1 = R3 = R4 = H, R2 = CH3; 3, 14: R1 = R2 = H, R3 = OH, R4 = CH3

4, 15: R1 = R2 = H, R3 = R4 = CH3; 5, 16: R1 = R4 = H, R2 = Cl, R3 =  CH3; 6, 17: R1 = R4 = H, R2 = OH, R3 = CH3

7, 18: R1 = R3 = CH3, R2 = R4 = H; 8,19: R1 = R3 = H, R2 = R4 = CH3; 9, 20: R1 = R3 = R4 = H, R3 = CH2CH3

10, 21: R1 = R4 = H, R2R3 = CH2CH2CH2; 11, 22: R1 = R4 = H, R2 = R3 = CH3

Several synthetic methods for 4-chloromethylcoumarins are known.    These  include  the  reaction  of phenols with
4-chloroacetoacetic ester in H2SO4 (Pechmann condensation) [8-10], chlorination of coumarin-4-acetic acid in AcOH [11], and
reaction of 4-hydroxymethylcoumarins with PCl5 in benzene [8, 12].  Based on the literature, we selected the Pechmann
condensation for preparing 4-chloromethylcoumarins 1-11.
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Our  challenge  was  to  find  the  optimal  conditions  for  carrying out the reaction because of the instability of the
4-chloromethylcoumarins  to  base  [13]  and  the  structural  features  of  cytisine.    Alkylation  of  cytisine  by   substituted
4-chloromethylcoumarins  occurs  only  in  the  presence  of  bases.    We  used  K2CO3  and tertiary amines {triethylamine,
N-methylmorpholine,   1,8-diazabicyclo[5.4.0]undec-7-ene   (DBU),   diisopropylethylamine}   as   the   base   to  synthesize
4-(12-cytisylmethyl)coumarins 12-22.

As it turned out, using K2CO3 did not give the desired result in either alcohol or acetonitrile as solvent.  If triethylamine
or N-methylmorpholine was used, the principal reaction products were quaternary bis-alkyl derivatives of the cytisine N-12 and
quaternary alkyl derivatives of the amines.  According to TLC, the main reaction pathway using the stronger base DBU was
recyclization of the 4-chloromethylcoumarins into 3-benzofurylacetic acid derivatives.

The best results were obtained if diisopropylethylamine (Hunig's base) in ethanol was used.  Thus, alkylation of cytisine
by 4-chloromethylcoumarins 1-11 occurred with heating for 5-10 h in the presence of Hunig's base.  Under these conditions,
cytisine was monoalkylated exclusively at the N-12 atom and gave 4-(12-cytisylmethyl)coumarins 12-22 in high yields.

For the reaction of hydroxyl derivatives of 4-chloromethylcoumarins 3 and 6, use of a sterically hindered base prevents
alkylation of the hydroxyls and gives a reaction that is selective for cytisine N-12 to form phenols 14 and 17.

Thus, we developed the optimal conditions for alkylation of cytisine using 4-chloromethylcoumarins.  This enabled
the synthesis of compounds containing the pharmacophores coumarin and cytisine in a single molecule and provided new
potential for chemical modification of cytisine.

EXPERIMENTAL

The course of reactions and purity of products were monitored by TLC on Merck (Germany) plates with elution by
CHCl3 and CHCl3:CH3OH (19:1).  NMR spectra in DMSO-d6 were measured on a Varian VXR-300 (300 MHz) instrument
relative TMS (internal standard) on the δ-scale.  Analytical data for all compounds agreed with those calculated.

Synthesis of 4-Chloromethylcoumarins 5-11.  A mixture of 4-chloroacetoacetic ester (0.1 mol) and the corresponding
phenol (0.1 mol) was added to H2SO4 (50 mL, 73%), stirred for 18-24 h at room temperature, and poured onto ice.  The
resulting precipitate was filtered off and crystallized from dioxane.

7-Methyl-6-chloro-4-(chloromethyl)-2H-chromen-2-one (5).  Yield 64%, C11H8Cl2O2, mp 219-220°C.  PMR
spectrum (300 MHz, DMSO-d6, δ, ppm): 2.40 (3H, s, Me-7), 5.02 (2H, s, CH2-4), 6.65 (1H, s, H-3), 7.44 (1H, s, H-8), 7.86 (1H,
s, H-5).

6-Hydroxy-7-methyl-4-(chloromethyl)-2H-chromen-2-one (6).  Yield 56%, C11H9ClO3, mp 223-225°C.  PMR
spectrum (300 MHz, DMSO-d6, δ, ppm): 2.21 (3H, s, Me-7), 4.91 (2H, s, CH2-4), 6.58 (1H, s, H-3), 7.11 (1H, s, H-8), 7.21 (1H,
s, H-5), 9.82 (1H, s, OH-6).

5,7-Dimethyl-4-(chloromethyl)-2H-chromen-2-one (7).  Yield 73%, C12H11ClO2, mp 176-177°C.  PMR spectrum
(300 MHz, DMSO-d6, δ, ppm): 2.35 (3H, s, Me-7), 2.75 (3H, s, Me-5), 5.10 (2H, s, CH2-4), 6.63 (1H, s, H-3), 7.04 (1H, s, H-8),
7.12 (1H, s, H-6).

6,8-Dimethyl-4-(chloromethyl)-2H-chromen-2-one (8).  Yield 69%, C12H11ClO2, mp 150-151°C.  PMR spectrum
(300 MHz, DMSO-d6, δ, ppm): 2.35, 2.36 (6H, 2s, Me-6 and Me-8), 5.01 (2H, s, CH2-4), 6.66 (1H, s, H-3), 7.37 (1H, s, H-7),
7.50 (1H, s, H-5).

4-(Chloromethyl)-6-ethyl-2H-chromen-2-one   (9).    Yield 57%,  C12H11ClO2,  mp  145-146°C.   PMR spectrum
(300 MHz, DMSO-d6, δ, ppm): 1.23, 2.70 (3H, t, 2H, q, 3J = 8, CH3CH2-6), 5.05 (2H, s, CH2-4), 6.67 (1H, s, H-3), 7.37 (1H,
d, 3J = 8, H-8), 7.52 (1H, dd, 3J = 8, 4J = 2, H-7), 7.68 (1H, d, 4J = 2, H-5).

4-(Chloromethyl)-7,8-dihydrocyclopenta[g]chromen-2(6H)-one (10).  Yield 77%, C13H11ClO2, mp 240-241°C.
PMR spectrum (300 MHz, DMSO-d6, δ, ppm): 2.07 (2H, m, CH2CH2CH2), 2.94 (4H, m, CH2CH2CH2), 5.00 (2H, s, CH2-4),
6.59 (1H, s, H-3), 7.30 (1H, s, H-8), 7.67 (1H, s, H-5).

6,7-Dimethyl-4-(chloromethyl)-2H-chromen-2-one (11).  Yield 82%, C12H11ClO2, mp 215-217°C.  PMR spectrum
(300 MHz, DMSO-d6, δ, ppm): 2.30, 2.32 (6H, 2s, Me-6 and Me-7), 4.96 (2H, s, CH2-4), 6.54 (1H, s, H-3), 7.20 (1H, s, H-8),
7.58 (1H, s, H-5).

4-Chloromethylcoumarins agreed with literature data for 1, 2 [8, 14], 3 [9], and 4 [10].
General Method for Preparing 4-(Cytisyl-12)-methylchromones 12-22.  A mixture of 4-chloromethylcoumarin 1-11

(2 mmol), cytisine (2 mmol), and diisopropylethylamine (2.5 mmol) in ethanol (20 mL) was stirred for 5-10 h at 70°C
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(completion of reaction monitored by TLC), cooled, mixed with water (20 mL), and left overnight.  The resulting precipitate
was filtered off, washed with water, and crystallized from ethanol.

(1R,5S)-3-[(7-Methyl-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-a][1,5]-
diazocin-8-one (12).  Yield 68%, C22H22N2O3, mp 176-178°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz): cytisine
protons: 1.67-1.90 (2H, m, CH2-8), 2.30-2.45 (3H, m, H-9, H-11, H-13), 2.80 (1H, m, H-11), 2.95 (1H, m, H-13), 3.02 (1H, m,
H-7), 3.60-3.82 (2H, 2d, 2J = 15.5, CH2-10), 5.99 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.21 (1H, dd, 3J = 8.7, 4J = 1.2, H-3), 7.25
(1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.35 (3H, s, CH3-7), 3.59 (2H, s, CH2-4), 6.06 (1H, s, H-3), 6.85 (1H, dd,
3J = 8, 4J = 2, H-6), 7.12 (1H, d, 4J = 2, H-8), 7.42 (1H, d, 3J = 8, H-5).

(1R,5S)-3-[(6-Methyl-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (13).  Yield 80%, C22H22N2O3, mp 149-151°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.69-1.88 (2H, m, CH2-8), 2.30-2.46 (3H, m, H-9, H-11, H-13), 2.85 (1H, m, H-11), 2.96 (1H, m, H-13), 3.03
(1H, m, H-7), 3.62-3.80 (2H, 2d, 2J = 15.5, CH2-10), 6.02 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.18 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.26 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.20 (3H, s, CH3-6), 3.58 (2H, s, CH2-4), 6.12 (1H, s, H-3), 7.20 (1H,
d, 3J = 8, H-8), 7.32 (1H, dd, 3J = 8, 4J = 2, H-7), 7.37 (1H, d, 4J = 2, H-5).

(1R,5S)-3-[(7-Hydroxy-8-methyl-2-oxo-2H -chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H -1,5-
methanopyrido[1,2-a][1,5]diazocin-8-one  (14).   Yield 45%, C22H22N2O4, mp 212-214°C.  PMR spectrum (300 MHz,
DMSO-d6, δ, ppm, J/Hz): cytisine protons: 1.65-1.92 (2H, m, CH2-8), 2.29-2.45 (3H, m, H-9, H-11, H-13), 2.81 (1H, m, H-11),
2.91 (1H, m, H-13), 3.03 (1H, m, H-7), 3.56-3.81 (2H, 2d, 2J = 15.5, CH2-10), 6.02 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.22 (1H,
dd, 3J = 8.7, 4J = 1.2, H-3), 7.27 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.09 (3H, s, CH3-8), 3.52 (2H, s, CH2-4),
5.91 (1H, s, H-3), 6.56 (1H, d, 3J = 8, H-6), 7.25 (1H, d, 3J = 8, H-5), 10.3 (1H, s, HO-7).

(1R,5S)-3-[(7,8-Dimethyl-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (15).  Yield 63%, C23H24N2O3, mp 198-200°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.69-1.89 (2H, m, CH2-8), 2.35-2.45 (3H, m, H-9, H-11, H-13), 2.82 (1H, m, H-11), 2.92 (1H, m, H-13), 3.03
(1H, m, H-7), 3.60-3.80 (2H, 2d, 2J = 15.5, CH2-10), 6.02 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.23 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.27 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.23 (3H, s, CH3-8), 2.30 (3H, s, CH3-7), 3.58 (2H, s, CH2-4), 6.05
(1H, s, H-3), 6.86 (1H, d, 3J = 8, H-6), 7.29 (1H, d, 3J = 8, H-5).

(1R,5S)-3-[(7-Methyl-6-chloro-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (16).  Yield 76%, C22H21ClN2O3, mp 207-208°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.69-1.88 (2H, m, CH2-8), 2.36-2.45 (3H, m, H-9, H-11, H-13), 2.87 (1H, m, H-11), 2.95 (1H, m, H-13), 3.04
(1H, m, H-7), 3.68-3.79 (2H, 2d, 2J = 15.5, CH2-10), 6.04 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.19 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.27 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.36 (3H, s, CH3-7), 3.56, 3.63 (2H, 2d, 2J = 15, CH2-4), 6.07 (1H,
s, H-3), 7.34 (1H, s, H-8), 7.58 (1H, s, H-5).

(1R,5S)-3-[(6-Hydroxy-7-methyl-2-oxo-2H -chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H -1,5-
methanopyrido[1,2-a][1,5]diazocin-8-one  (17).   Yield 68%, C22H22N2O4, mp 293-295°C.  PMR spectrum (300 MHz,
DMSO-d6, δ, ppm, J/Hz): cytisine protons: 1.70-1.92 (2H, m, CH2-8), 2.33-2.48 (3H, m, H-9, H-11, H-13), 2.84 (1H, m, H-11),
2.96 (1H, m, H-13), 3.06 (1H m, H-7), 3.68-4.00 (2H, 2d, 3J = 15.5, CH2-10), 6.08 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.24 (1H,
dd, 3J = 8.7, 4J = 1.2, H-3), 7.32 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.19 (3H, s, CH3-7), 3.45, 3.60 (2H, 2d,
2J = 16, CH2-4), 5.75 (1H, s, H-3), 6.91 (1H, s, H-8), 7.09 (1H, s, H-5), 9.44 (1H, s, HO-7).

(1R,5S)-3-[(5,7-Dimethyl-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (18).  Yield 72%, C23H24N2O3, mp 200-202°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.68-1.88 (2H, m, CH2-8), 2.23-2.45 (3H, m, H-9, H-11, H-13), 2.79 (1H, m, H-11), 2.90 (1H, m, H-13), 3.03
(1H, m, H-7), 3.59-3.75 (2H, 2d, 2J = 15.5, CH2-10), 6.01 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.21 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.25 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.28 (3H, s, CH3-7), 2.36 (3H, s, CH3-5), 3.55, 3.66 (2H, 2d, 2J = 15,
CH2-4), 6.09 (1H, s, H-3), 6.79, 6.97 (2H, 2s, H-6 and H-8).

(1R,5S)-3-[(6,8-Dimethyl-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (19).  Yield 75%, C23H24N2O3, mp 120-122°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.68-1.88 (2H, m, CH2-8), 2.31-2.45 (3H, m, H-9, H-11, H-13), 2.85 (1H, m, H-11), 2.93 (1H, m, H-13), 3.03
(1H, m, H-7), 3.60-3.80 (2H, 2d, 2J = 15.5, CH2-10), 6.03 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.18 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.27 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.16 (3H, s, CH3-8), 2.28 (3H, s, CH3-6), 3.53, 3.60 (2H, 2d, 3J = 15,
CH2-4), 6.12 (1H, s, H-3), 7.22 (2H, s, H-5 and H-7).
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(1R,5S)-3-[(2-Oxo-6-ethyl-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H -1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (20).  Yield 91%, C23H24N2O3, mp 155-156°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.70-1.88 (2H, m, CH2-8), 2.34-2.45 (3H, m, H-9, H-11, H-13), 2.88 (1H, m, H-11), 2.97 (1H, m, H-13), 3.04
(1H, m, H-7), 3.63-3.80 (2H, 2d, 2J = 15.5, CH2-10), 6.04 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.18 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.27  (1H, dd, 3J = 6.9,  3J = 8.7,  H-4);  coumarin  protons: 1.12, 2.53 (3H, t, 2H, q, 3J = 8, CH3CH2-6), 3.57, 3.64 (2H, 2d,
2J = 15, CH2-4), 6.08 (1H, s, H-3), 7.24 (1H, d, 3J = 8, H-8), 7.38 (1H, dd, 3J = 8, 4J = 2, H-7), 7.40 (1H, d, 4J = 2, H-5).

(1R,5S)-3-[(2-Oxo-2,6,7,8-tetrahydrocyclopenta[g]chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H -1,5-
methanopyrido[1,2-a][1,5]diazocin-8-one (21).  Yield 85%, C24H24N2O3,  mp 223-225°C.   PMR spectrum (300 MHz,
DMSO-d6, δ, ppm, J/Hz): cytisine protons: 1.67-1.88 (2H, m, CH2-8), 2.30-2.45 (3H, m, H-9, H-11, H-13), 2.70, 2.98 (6H, m,
H-11, H-13, coumarin CH2-6 and CH2-7), 3.02 (1H, m, H-7), 3.61-3.78 (2H, 2d, 2J = 15.5, CH2-10), 5.99 (1H, dd, 3J = 6.9,
4J = 1.2, H-5), 6.16 (1H, dd, 3J = 8.7, 4J = 1.2, H-3), 7.24 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.02 (3H, m,
CH2CH2CH2), 3.56 (2H, s, CH2-4), 6.09 (1H, s, H-3), 7.15 (1H, s, H-8), 7.37 (1H, s, H-5).

(1R,5S)-3-[(5,6-Dimethyl-2-oxo-2H-chromen-4-yl)methyl]-1,2,3,4,5,6-hexahydro-8H-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-one (22).  Yield 83%, C23H24N2O3, mp 237-239°C.  PMR spectrum (300 MHz, DMSO-d6, δ, ppm, J/Hz):
cytisine protons: 1.68-1.88 (2H, m, CH2-8), 2.31-2.44 (3H, m, H-9, H-11, H-13), 2.85 (1H, m, H-11), 2.94 (1H, m, H-13), 3.03
(1H, m, H-7), 3.60-3.78 (2H, 2d, 2J = 15.5, CH2-10), 6.02 (1H, dd, 3J = 6.9, 4J = 1.2, H-5), 6.18 (1H, dd, 3J = 8.7, 4J = 1.2, H-3),
7.26 (1H, dd, 3J = 6.9, 3J = 8.7, H-4); coumarin protons: 2.09 (3H, s, CH3-6), 2.25 (3H, s, CH3-7), 3.56 (2H, s, CH2-4), 6.03
(1H, s, H-3), 7.10 (1H, s, H-8), 7.32 (1H, s, H-5).
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