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Abstract—A new procedure was developed for the synthesis of 8-alkoxycarbonylangelicins by base-catalyzed
cyclization of ortho-acyl(hydroxy)coumarins with haloacetic acid esters. The procedure was successfully
applied to prepare a series of new 8-alkoxycarbonyl- and 8-acylangelicins.

Furocoumarin derivatives are well known as The known method of synthesis of 8-alkoxycar-
compounds exhibiting phototherapic activity in thebonylangelicins and 2-alkoxycashylpsoralenes is
treatment of a series of skin diseases. There are albased on the condensation oftho-acyl(hydroxy)-
data on their bactericide and fungicide activity [1].coumarins with diethyl bromomalonate by the action
In addition, numerous publications appeared in thef potassium carbonate in a polar aprotic solvent
recent years on the use of furocoumarins and the{e.g., acetone, 2-butanone, or etlpdetate) [12].
analogs for blood disinfection [2, 3]. Especially strongThe reaction is carried out in one step, for inter-
activity was demonstrated by psoralene derivatives. mediate ester readily undergoes intramolecular

cyclization followed by aromatization to give the

4 5 5. 4 corresponding furocoumarin. The condensation with

3m 6 ~N? diethyl bromomalonate is accompanied bgcdr-

N0 Z0N0 0 ) boxylation of one ester group. This scheme is applied

sl=—lg to the synthesis of only lower (mainly ethyl) esters

Psoralene Angelicin of angelicin-8-carboxylic and psoralene-2-carboxylic

acids. Various alkyl furocoumarincarboxylates could
I%e prepared by the condensation scheme given below
om the corresponding haloacetic acid esters. How-
forming [2+2]-cycloaddition products with DNA ever, we have found no information on such reactions

pyrimidine bases makes its derivatives difunctional” the. Ilteraturg. )
reagents [4, 5]; as a result, they can exhibit geno- While studying new schemes for preparation of
toxicity and increase the risk of cancer [1, 6]. Therefurocoumarins and their heteroanalogs [13], we
fore, numerous studies in the field of photochemoobtained new data on the synthesis of angelicins con-
therapic drugs are concerned with search for neining an ester group in positidh As starting com-
compounds capable of forming anoadducts with Pounds we used 8-acylfiydroxycoumarinsi-Iii .
DNA bases. Much attention is given to angelicinTh_e condensation of coumaritslil with haloacetic
derivatives which are polyfunctional reagents [7]. In&cid esters in the presence of potassium carbonate was
particular, a large number of methylangelicins werdound to be a convenient route to angelicines having
synthesized and tested. They showed a consideralf}@ ester substituent. With the use of ethyl bromo-
activity and a lower genotoxicity, as compared toacetate we succeeded in obtaining 8-ethoxycarbonyl-
psoralenes [810]. Furocoumarins having electron- furocoumarins in one step with a yield of -&D%.
acceptor substituents, including carbonyl-containing? the synthesis of compoundsXl and XXII we
groups, in the furan or pyran ring also attract interes@lso isolated 2830% of ethoxycarbonylmethoxy
These compounds are characterized by low geno- aftrivatives X and Xl (Scheme 1).

phototoxicity and are also promising for photochemo- The general character of the proposed procedure
therapy [11]. was demonstrated with the synthesis of cholesteryl

However, the presence in the psoralene molecu
of two double bonds (&=C* and C=C®) capable of
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Scheme.
R! R!
R* -
B K,CO3, MeCN B
+ R3 —_— 3
Hig R
HO 0”0 0 070
0
R2CO 0 R2CO
I-I11 IV-IX X-XX

I, 1, X, XH=XX, Rt =Me; I, XI, RE=H; I, X, Xl , XV, XVIl , R =Me; I, XIV, XVIIl -XX, R* = Et; Il , XI, R? = Ph;
IV, V, X, XI, XIll , XIV, R = OEt; VI, Xll, R® = C,;H,s0; VIl , XV, XVIll , R® = Me; VIIl , XVI, XIX, R* = Ph;IX, XVII ,
XX, R® = 4-CH,CH,; IV, VI-XIl, XV-XX, R* = H; V, XIll , XIV, R* = COQ,Et; IV, V, VIl -IX, Hlg = Br; VI, Hig = CI.

R! R!
~ ~
K,CO3, MeCN K,CO3, MeCN
X-Xxx — " . ico. 9 oYy ———— o 00
OH
R* R?

R3CO R?
XXI, XXI XXX, R* = Me; XXIl, R* = H; XXI, XXII , XXV-XXVII , R? = Me; XXII, R* = Ph; XXIV, XXVIII -XXX,
R? = Et; XXI, XXl , XXIV, R® = OEt; XXIll , R® = C,H,:0; XXV, XXVIII , R® = Me; XXVI, XXIX, R® = Ph;
XX, XXX, R® = 4-CH,CiH,.

XXI-XXX

angelicin-8-carboxylate XXIIl ) as an example. ketones VII -IX and diethyl bromomalonate V{.
Cholesteryl esters of 7-alkoxycoumarin-3-carboxylicThe products were furocoumarinéxXl and XXIV -
acids were previously synthesized as potential mesaXX which are promising as phototherapic agents.
morphic compounds [14]. In addition, cholesterylThe condensation in the system potassium carbenate
esters derived from coumarin- and furocoumarincaracetonitrile takes a considerably shorter time and
boxylic acids are of interest for preparation of photo-provides greater yield of the target products. For
sensitive monomolecular LangmuBlodgett films. example, the yield of compoun¥Xl from diethyl
It seems hardly promising to involve in the abovebromomalonate was 83% in 1 h against 43% in 6 h
condensation dicholesteryl bromomalonate or mixedinder the conditions described in [12]. The yields
chlolesteryl ethyl bromomalonate, for these reagentdf acylangelicins XXV-XXX from bromo ketones
are difficultly accessible. Moreover, in the reactionwere 6585%, and the reaction time was-8 h
with chlolesteryl ethyl bromomalonate it is impossible(cf. 12-18 h [15]).
to predict which of the ester groups will undergo
decarboxylation. Our attempts to obtain esxeflll EXPERIMENTAL
by acylation of cholesterol with the corresponding
carboxylic acid or carbonyl chloride were unsuccess- The 'H NMR spectra were recorded on a Bruker
ful. Also, the alkylation of furocoumarincarboxylic AC-200 spectrometer (200 MHz) in CDClusing
acid potassium salt with cholesteqtoluenesulfonate TMS as internal reference. The mass spectra (70 eV)
gave no desired product. We succeeded in preparingere obtained on a Finnigan-MAT SSQ-710 instru-
cholesteryl 4,9-dimethylangelicin-8-carboxylatement. The progress of reactions was monitored by
(XXII') only by condensation of coumarih with TLC on Silufol UV-254 plates using chloroform as
cholesteryl chloroacetate according to the generaluent. Preparative chromatographic separations were
procedure described above. The isolated and purifiggerformed on silica gel with chloroform as eluent.
product showed a strong ability to form monomole- Ethy| 2-(8-acetyl-4-methyl-2-0xo-2-chromen-
cular LangmuirBlodgett films with high performance. 7.yloxy)acetate (X) and ethyl 4,9-dimethyl-2-oxo-
The proposed conditions ensured smooth condens2H -furo[2,3-h]Jchromene-8-carboxylate (XXI).
tion of acyl(hydroxy)coumarind-Ill with a-halo- To a solution of 0.5 g (2.3 mmol) of 8-acetyl-7-hy-
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droxy-4-methylcoumarinlj and 1.58 g (0.01 mmol)

TOLMACHEV et al.

9.64 Hz), 7.75d (1H, 4-H) = 9.64 Hz), 7.467.56 m

of potassium carbonate in 40 ml of anhydrous aceto-7H, H,,,,, 5-H, 6-H). Mass spectrumyvz (I, %):

nitrile, heated to the boiling point, we added drop-334 (100) M]*". Found, %:

C 71.83;, H 4.21.

wise under vigorous stirring a solution of 0.39 gC,,H,,0s. Calculated, %: C 71.85; H 4.22.

(2.3 mmol) of ethyl bromoacetatd\f) in 15 ml of

Cholesteryl 4,9-dimethyl-2-oxo-#-furo[2,3-h]-

anhydrous acetonitrile. The mixture was stirred forchromene-8-carboxylate (XXIl) was synthesized
21-24 h under reflux, cooled to room temperaturefrom coumarinl and cholesteryl chloroacetate. Yield
and evaporated under reduced pressure. Potassi@xsg g (25%),R. 0.43 (chloroform), mp 22230°C
carbonate in the residue was neutralized by addingrom EtOH).'H NMR spectrumg, ppm: 0.70 s (3H,
10% hydrochloric acid to pH -B. The precipitate 18-CH,), 0.87 d [6H, CH(G5),, J = 6.40 Hz], 0.93 d
was filtered off, washed with water, dried in air, and(3H, 21-CH, J = 6.00 Hz), 1.09 s (3H, 19-C}),
subjected to column chromatography on silica gep 50 d (3H, 4-CH, J = 1.06 Hz), 2.90 s (3H, 9-C}),
using chloroform as eluent. We isolated 0.26 g (40%%.93 m (1H, 3-H, cholesteryl), 5.44 d (1H, 6-H,

of compoundXXl and 0.17 g (25%) of compourkX.

CompoundX. R; 0.10 (chloroform), mp 114115°C
(from EtOH) [10].1H NMR spectrumg, ppm: 1.30 t
(3H, CH,CH3, J = 7.02 Hz), 2.40 d (3H, 4-CH
J = 1.22 Hz), 2.66 s (3H, COCH, 4.26 q (2H,
OCH,CHs, J = 7.02 Hz), 4.75 s (2H, OC}), 6.18 d
(1H, 3-H,J=1.22 Hz), 6.75 d (1H, 6-H] = 8.84 Hz),
7.55 d (1H, 5-H,J = 9.14 Hz). Mass spectrunmyz
(I, %): 304 (55) M]*", 203 (100) M—CO,Et-COT".
C16H1606-

CompoundXXI. R 0.30 (chloroform), mp 191
192°C (from EtOH) [12].'H NMR spectrumg, ppm:
146 t (3H, CHCH5, J = 7.04 Hz), 2.50 d (3H,
4-CHg, J = 0.92 Hz), 2.90 s (3H, 9-C})l, 4.47 q (2H,
CH,, J = 7.04 Hz), 6.29 d (1H, 3-HJ = 0.92 Hz),
7.46 d (1H, 6-HJ = 8.84 Hz), 7.64 d (1H, 5-H) =
8.86 Hz). Mass spectrunmvz (I, %): 286 (100)
[M]*". C;gH;40s. CompoundXXIl was also obtained
from coumarinl and diethyl bromomalonate, yield
0.54 g (83%).

Ethyl 2-(8-benzoyl-2-oxo-#-chromen-7-yloxy)-
acetate (XI) and ethyl 2-oxo-9-phenyl-Bi-furo-
[2,3-h]Jchromene-8-carboxylate (XXII) were syn-
thesized in a similar way from coumarih and ethyl
bromoacetate.

CompoundXI. Yield 0.16 g (29%),R; 0.11
(chloroform), mp 123123C (from EtOH).'H NMR
spectrum,s8, ppm: 1.22 t (3H, CH, J = 7.14 Hz),
4.19 q (2H, O®I,CH;, J = 7.14 Hz), 4.65 s (2H,
OCH,), 6.27 d (1H, 3-H,J = 9.58 Hz), 6.78 d (1H,
6-H, J = 8.68 Hz), 7.65 d (1H, 4-HJ 9.58 Hz),
7.91 d.d (2H,0-H, 33 = 7.02,%) = 1.20 Hz), 7.59
7.35 m (4H, 5-H,m-H, p-H). Mass spectrummz
(I, %): 352 (26) M]™". Found, %: C 68.06; H 4.56.
C,0H,60s. Calculated, %: C 68.18; H 4.58.

Compound XXII . Yield 0.34 g (54%),R; 0.28
(chloroform), mp 16817C°C (from EtOH).'H NMR
spectrum,s8, ppm: 1.22 t (3H, CH, J = 7.12 Hz),
430 q (2H, CH, J=7.14 Hz), 6.34 d (1H, 3-HJ =

cholesteryl,J = 4.14 Hz), 6.29 d (1H, 3-HJ =

1.06 Hz), 7.45 d (1H, 6-HJ = 8.82 Hz), 7.63 d (1H,
5-H, J = 8.82 Hz). Mass spectrunm)/z (1., %): 627
(40) [M+1]", 369 (60) [CH,d", 259 (100)
[C,4H1,06]". Found, %: C 78.43; H 8.69. GHc,Ox.

Calculated, %: C 78.56; H 8.68.

Ethyl 9-ethyl-4-methyl-2-oxo-2H-furo[2,3-h]-
chromene-8-carboxylate (XXIV) was synthesized
from coumarinll and diethyl bromomalonate. Yield
0.52 g (81%), mp 174175°C (EtOH).'H NMR spec-
trum, 8, ppm: 1.38 t (3H, CHCH;, J = 7.48 Hz),
145 t (3H, OCHCH,, J = 7.12 Hz), 2.50 d (3H,
4-CHg, J = 0.92 Hz), 3.38 q (2H, CKH J = 7.46 Hz),
4.47 q (2H, OCH, J = 7.14 Hz), 6.29 d (1H, 3-H,
J=0.94 Hz), 7.46 d (1H, 6-HJ) = 8.84 Hz), 7.64 d
(1H, 5-HJ = 8.84 Hz). Mass spectrunmyz (l,), %0):
300 (100) M]*". Found, %: C 67.91; H 5.36.
C,7H,40s. Calculated, %: C 67.99; H 5.37.

8-Acetyl-4,9-dimethyl-2H-furo[2,3-h]chromen-2-
one (XXV) was synthesized from coumarin and
bromoacetone. Yield 0.38 g (65%), mp 22B2C
(from EtOH). 'H NMR spectrum,8, ppm: 2.51 d
(3H, 4-CH;, J=1.14 Hz), 2.92 s (3H, 9-C}), 2.63 s
(3H, COCH,), 6.30 d (1H, 3-HJ = 1.14 Hz), 7.43 d
(1H, 6-H,J=8.84 Hz), 7.67 d (1H, 5-H] = 8.86 Hz).
Mass spectrumgvz (1., %): 256 (100) M]*". Found,
%: C 70.26; H 4.68. GH,,0,. Calculated, %:
C 70.31; H 4.72.

8-Benzoyl-4,9-dimethyl-H-furo[2,3-h]chromen-
2-one (XXVI) was synthesized as described above
for compound XXl from coumarinl and phenacyl
bromide. Yield 0.58 g (79%), mp 26809°C (from
EtOH). 'H NMR spectrum, 8, ppm: 2.52 d (3H,
4-CHg, J = 1.08 Hz), 2.93 s (3H, 9-C})l, 6.31 d (1H,
3-H, J = 1.08 Hz), 7.46 d (1H, 6-H) = 8.84 Hz),
7.49-7.64 m (3H,mH, p-H), 7.68 d (1H, 5-H,J =
8.86 Hz), 8.05 d.d (2Ho-H, 3J = 8.20,%J = 1.70 Hz).
Mass spectrummz (I,o, %): 318 (95) M]*", 317
(100) M—H]". Found, %: C 75.43; H 4.41.4H,,0,.
Calculated, %: C 75.46; H 4.43.
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4,9-Dimethyl-8-(4-toluoyl)-2H-furo[2,3-h]chrom-
en-2-one (XXVIl) was synthesized as described

above for cormpound XXI from coumarinl and 1.

4-methylphenacyl bromide. Yield 0.65 g (85%),
mp 248249C (from EtOH).'H NMR spectrum g,

ppm: 2.47 s (3H, gH,CH.), 251 d (3H, 4-CH, J= 2.

1.22 Hz), 2.92 s (3H, 9-C§), 6.31 d (1H, 3-HJ =
1.22 Hz), 7.34 d (2Hm-H, J = 8.00 Hz), 7.45 d (1H,
6-H, J = 8.84 Hz), 7.67 d (1H, 5-H) = 8.84 Hz),
7.97 d (2H,0-H, J = 8.0 Hz). Mass spectrunvz
(lep %): 332 (35) M]*", 317 (100) M-CH,]".
Found, %: C 75.82; H 4.85. £H;0,. Calculated, %:

C 75.89; H 4.85. 5.

8-Acetyl-9-ethyl-4-methyl-2H-furo[2,3-h]chrom-

en-2-one (XXVIIl) was synthesized as described 6.

above for compoundXXIl from coumarinll and

bromoacetone. Yield 0.39 g (67%), mp 1934C 7.

(from EtOH).H NMR spectrum3, ppm: 1.36 t (3H,
CH,CHa, J = 7.38 Hz), 2.50 d (3H, 4-CH J =
1.18 Hz), 2.63 s (3H, COCY), 3.38 q (2H, CH, J =
7.38 Hz), 6.32 d (1H, 3-HJ = 1.18 Hz), 7.43 d (1H,
6-H, J = 8.82 Hz), 7.66 d (1H, 5-HJ = 8.84 Hz).
Mass spectrumgvz (1., %): 270 (100) M]*". Found,

%: C 71.07; H 5.21. GH,,0, Calculated, %:

C 71.10; H 5.22.
8-Benzoyl-9-ethyl-4-methyl-H-furo[2,3-h]-
chromen-2-one (XXIX) was synthesized as described

above for compoundXXIl from coumarinll and 1g.

phenacyl bromide. Yield 0.57 g (80%), mp 207
208°C (from EtOH). 'H NMR spectrum,8, ppm:
144 t (3H, CHCH4, J = 7.42 Hz), 2.52 d (3H,
4-CHy, J = 0.96 Hz), 3.40 q (2H, CH J = 7.42 Hz),

6.32 d (1H, 3-HJ = 0.96 Hz), 7.45d (1H, 6-H) = 11.

8.82 Hz), 7.537.63 m (3H,mH, p-H), 7.69 d (1H,
5-H, J = 8.84 Hz), 8.05 d.d (2Hg-H, 31 =8.30,% =
1.58 Hz). Mass spectrumqvz (I,o, %): 332 (72)
[M]*:, 317 (100) M-CH,]". Found, %: C 75.85;
H 4.83. G;H,40,. Calculated, %: C 75.89; H 4.85.

9-Ethyl-4-methyl-8-(4-toluoyl)-2H-furo[2,3-h]-
chromen-2-one (XXX)was synthesized as described
above for compoundXXl from coumarinll and
4-methylphenacyl bromide. Yield 0.62 g (83%),
mp 206-207C (from EtOH).lH NMR spectrum,s,
ppm: 1.43 t (3H, CBCH,, J = 7.42 Hz), 2.46 s (3H,
C¢H,CH5), 2.51 d (3H, 4-CH, J = 0.92 Hz), 3.39 q
(2H, CH,, J = 7.42 Hz), 6.30 d (1H, 3-HJ =
0.92 Hz), 7.33 d (2HmM-H, J = 8.02 Hz), 7.44 d (1H,
6-H, J = 8.80 Hz), 7.67 d (1H, 5-H) = 8.84 Hz),
7.97 d (2H,0-H, J = 8.02 Hz). Mass spectrunmyz
(lep %): 346 (22) M]*", 331 (100) M-CH,]".
Found, %: C 76.25; H 5.23. £H;40,. Calculated, %:
C 76.29; H 5.24.

w
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