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A Convenient Synthesis of Linear Pyranocoumarins.
Xanthyletin and 3-Phenylxanthyletin
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A convenient synthesis of linear pyranocoumarins, viz., 8,8-dimethyl-
2 H,8 H-benzo[1,2—b;5,4—Db"]dipyran-2-one (xanthyletin, 1) and 8,8-dime-
thyl-3-phenyl-2 H,8 H-benzo[ 1,2—b; 5,4—Db Jdipyran-2-one (3-phenylxanthy-
letin, 2) is described. The key steps are blocking the 8-position of appropriate 7-
hydroxy-2 H-1-benzopyran-2-one derivatives with iodine and 1,1-dimethyl-2-
propynylation followed by cyclisation.

( Keywords: Pyranocoumarins; Xanthyletin dertvatives)

Ein einfacher Syntheseweg zu linearen Pyranocumarinen.
Xanthyletin und 3-Phenylxanthyletin

Es wird ein vorteilhafter Weg zur Synthese von linearen Pyranocumarinen
am Beispiel von Xanthyletin und 3-Phenylxanthyletin gezeigt. Das Synthese-
prinzip besteht in einer Blockierung der 8-Position des entsprechenden 7-
Hydroxy-2 H-1-benzopyran-2-ons mit Jod und einer 1,1-Dimethyl-2-propiny-
lierung mit nachfolgender Cyclisierung.

In an earlier publication! we have presented the discovery of a new
route for the synthesis of psoralen derivatives (linear furanocoumarins),
by blocking the 8-position of the coumarin ring with an easily
introducable and removable iodo group; we now see the feasibility of
that route for the synthesis of linear pyranocoumarins, since a number
of these coumarins have been isolated2-14 from natural sources. A few
syntheses of these coumarins are knownl®—2 but these involve a
number of steps and the yield is poor. .

It has been observed18: 2,21 that 7-(1,1-dimethyl-2-propynyl) ethers
(prepared by the reaction of 7-hydroxy-2 H-1-benzopyran-2-one deri-
vatives with 3-chloro-3-methylbut-1-yne in acetone/KyCO3) on heating
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with N,N-dimethyl aniline cyclised at the reactive 8-position resulting
in the formation of angular pyranocoumarins (2 H,8 H-benzo[1,2—b;
3,4—b']dipyran-2-one derivatives). But cyclisation takes place at
6-position if the 8-position is substituted?®.2! and the corresponding
8-substituted pyranocoumarins are obtained. Thus linear pyranocou-
marins having the 8-position free could not be prepared by this method.
However, these coumarins have been synthesised by very tedious
methods!®~19, starting from 7-hydroxy-2,2-dimethylchroman deriva-
tives, which are difficult to prepare. Further in the above methods the
pyrone ring was built up on the preformed chromene nucleus but the
synthesis, which involves the formation of chromene ring on pyrone
skeleton may be closer to the biosynthetic process in plants. Hence a
convenient method for the synthesis of these coumarins has been
developed starting from 7-hydroxy-8-iodo-2 H-1-benzopyran-2-one de-
rivatives, reaction with 3-chloro-3-methylbut-1-yne in acetone/K,CO,
followed by cyclisation with boiling N,N-dimethylaniline. Using this
method the synthesis of 8,8-dimethyl-2 H,8 H-benzo[1,2—b; 54—b'F
dipyran-2-one (xanthyletin) (1) and 8,8-dimethyl-3-phenyl-2 H,8 H-
benzo[1,2—b; 5,4—b"]dipyran-2-one (2) has been carried out. Xanthy-
letin (1) was earlier synthesised!? by the condensation of 7-hydroxy-2,2-
dimethylchroman (obtained by the reaction of CHyMgl with 7-
acetoxydihydrocoumarin) with methyl acrylate in presence of AICl;/HCI,
dihydrogenation over Pd/C, followed by bromination with NBS and
dehydrobromination with collidine.

The synthesis of 1 has now been effected as follows: Propynylation
of 7-hydroxy-8-iodo-2 H-1-benzopyran-2-one! (prepared by iodination
of 7-hydroxy-2 H-1-benzopyran-2-one with iodine and periodic acid)
with 3-chloro-3-methylbut-1-yne in acetone/K,CO; gave 7-O-(1,1-
dimethyl-2-propynyl)-2 H-1-benzopyran-2-one (3) which on heating
with N,N-dimethyl-aniline afforded 1. Its NMR spectral data showed
the presence of aromatic protons at C; and Cjy which indicates that
eyclisation takes place at 6-position and iodine is released. Further, it
was found to be different from its angular isomer, viz., 8,8-dimethyl-
2 H .8 H-benzo[1,2—b; 3,4—b']dipyran-2-one? (Seselin) (4).

Similarly, iodination of 7-hydroxy-3-phenyl-2 H-1-benzopyran-2-
one? with iodine/periodic acid gave 7-hydroxy-8-iodo-3-phenyl-2 H-1-
benzopyran-2-one (5). Its structure was confirmed by the NMR spectral
data of its acetate, which showed the presence of two AB system of
doublets (J = 9.5 Hz) for ortho-coupled H; and Hg protons.

Propyneation of 5 with 3-chloro-3-methylbut-1-yne in acetone/K,CO,
followed by cyclisation of the 7-O-(1,1-dimethyl-2-propynyl)-8-iodo-3-
phenyl-2 H-1-benzopyran-2-one (6) with N,N-dimethylaniline afforded
2. It was also found to be different from its angular isomer 8,8-dimethyl
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3-phenyl-2 H,8 H-benzo[1,2—b; 3,4—b']dipyran-2-one (7) (3-phenyl-
seselin), which was prepared by heating of 7-O-(1,1-dimethyl-2-pro-
pynyl)-2 H-1-benzopyran-2-one (8) with N,N-dimethylaniline.

The method has wider application for the synthesis of other linear
pyranocoumarins.

R2
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1 R=H 3 R=H; R'=—C(CHy)—C=CH; =1
2 R=-CgH, 5 R=—CgH,; R=H; R=1
6 R=—CgH;; B'=—C(CH;,—C=CH; R2=1
7 R=—CgH,; Rl=—C{CHy),—C=CH; B2=H
4 R=H
8 R=—06H5
Experimental

Melting points are uncorrected. Infrared spectra were recorded on a Perkin-
Elmer Infracord spectrometer. The NMR spectra were measured on a R-32
spectrometer with SiMe, as internal reference.

8,8-Dimethyl-2 H,8 H-benzo[1,2—b; 5,4413; Jdipyran-2-one (xanthyletin) (1)
(1) 7-0-(1,1-Dimethyl-2-propynyl ) -8-iodo-2 H-1-benzopyran-2-one (3)

A solution of 7-hydroxy-8-iodo-2 H-1-benzopyran-2-one! (1g) in dry acetone
(75 ml) was refluxed for 24 h with 3-chloro-3-methylbut-1-yne (4 ml) in presence
of anhydrous potassium carbonate {3g) and anhydrous potassium iodide
(1.5g). The solvent was distilled off and the residue treated with ice. The
separated solid was filtered, washed with dilute solution of sodium carbonate
(2%), water and crystallized from benzene-petroleum ether as pale yellow
shining needles of 3 (0.7g, 63.6%), m.p. 182-183° (Found C, 47.5; H, 3.2.
CiyH1105 requires: C, 47.4; H, 3.1%,). NMR (CDCl;): 8 1.80{s, 6 H, —C(CH;).];
271(s, 1 H, —C=CH);6.32(d, tH,J =9.5Hz, H-3); 744 (d, 1H, J = 9.5 Hz,
H-6); 7.54(d, 1 H, J = 9.5Hz, H-5) and 7.65(d, 1 H, J = 9.5 Hz, H-4).

(i) 8,8-Dimethyl-2 H,8 H-benzo[ 1,2—b; 54—’ [dipyran-2-one (xanthyletin) (1)

The above propynyl ether 3 (200 mg) was refluxed with N,N-dimethyl
aniline (5ml) for 6h. The cooled reaction mixture was poured over ice cold
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hydrochloric acid. The solution was extracted thrice with ethyl acetate, washed
successively with 5% hydrochloric acid, 5% sodium hydroxide and finally with
water and dried (NaySO,). Distillation of ethyl acetate yielded 1 (80 mg) (56.9%)
which crystallized from benzene-petroleum ether as yellow needles, m.p.
128-130° (Found C, 73.52; H, 5.34. C,,H,,0; requires: C, 73.6; H, 5.26%). NMR
(CDCl;): & 1.43[s, 6 H, —C(CHy),]; 5.62(d, 1H, J = 10Hz, Hp); 6.18(d, 1 H,
J =95Hz, H-3);6.27(d, 1 H,J = 10Hz, Hy);6.68(s, 1H, H8);7.02(s, 1H, H5)
and 7.52(d, 1H, J =9.5Hz, H-4).

8,8-Dimethyl-3-phenyl-2 H .8 H-benzof 1,8—b; 54— Jdipyran-2-one (3-phenyl-
xanthyletin) (2)

(i} 7-Hydroxy-8-iodo-3-phenyl-2 H-1-benzopyran-2-one (5)

7-Hydroxy-3-phenyl-2 H-1-benzopyran-2-one? (2.0g) was dissolved in mi-
nimum amount of alecohol and to this solution iodine (0.914 g) and periodic acid
(0.273 g) were added. The mixture was stirred for 2h at room temperature and
then diluted with water to give the coumarin § (2.2¢g) (71.24%). It crystallized
from alcohol as yellow needles, m.p. 239-240° (Found C, 49.2; H, 3.7. C;;HgIO,
requires: C, 49.5; H, 2.5%). Acetate, m.p. 215—216°. [Methy! ether, m.p.
224—225°. NMR (CDCly): 3 3.96 (s, 3H, —OCH,3); 6.81 (d, 1H, J =9.5Hz,
H-6); 746 (d, 1H, J =9.56Hz, H-5); 7.56 (m, 3H, —CzH;) and 7.65 (s, 1 H,
H-4)].

(i1) 7-0-(1,1-Dimethyl-2-propynyl ) -8-iodo-3-phenyl-2 H-1-benzopyran-2-one (6)

A solution of 5 (1g) in dry acetone (75 ml) was refluxed with 3-chloro-3-
methylbut-1-yne (4 ml) for 24 h in presence of anhydrous potassium carbonate
(3 g) and anhydrous potassium iodide (1.12 g). The solvent was distilled off and
the residue treated with ice. The separated solid was filtered, washed with
dilute solution of sodium carbonate 2%, water and crystallized from benzene-
petroleum either as yellow needles of 6 (0.62 g) (52.54%), m.p. 159-160° (Found
C, 55.7; H, 3.6. CyyH;510;5 requires: C, 55.8; H, 3.5%). NMR (CDCl;): 8 1.77 [s,
6 H, —C(CH,),];2.67 (s, 1H, —C=CH);740(d, 1 H, J = 9.5 Hz, H-6); 7.49(d,
1H, J =9.5Hz, H-5): 7.57 (s, 1 H, H-4) and 7.70 (m, 5 H, —C,H,).

(i) 8,8-Dimethyl-3-phenyl-2 H,8 H-benzof 1,2—b; 54— [dipyran-2-one( 3-phe-
nyleanthyletin) (2)

The above propynyl ether 6 (500 mg) was refluxed with N,N-dimethyl
aniline (4ml) for 6h. The cooled reaction product was poured over ice cold
hydrochloric acid. The working up the reaction as in 1 gave 2 which crystallized
from benzene-petroleum ether as yellow needles (250 mg} {70.8%), m.p. 169-170°
(Found C, 78.8, H, 5.4. CyyH 405 requires: C, 78.9; H, 5.3%). NMR (CDCly) 5:
1.45[s, 6 H, —C(CH;),]; 5.63(d, 1 H, J = 10 Hz, Hp); 6.22(d, 1H, J = 10 Hz,
Hy); 6.98,(s, 1 H, H-8): 7.47 (m, 5 H, —CgH,); 7.55 (s, L H, H-5) and 7.60 (s, 1 H,
H-4).

Preparation of the angular isomer 8,8-dimethyl-3-phenyl-2 H,8 H-benzo[1,2—b;
34— Jdipyran-2-one(3-phenylseselin) (8)
(1) 7-0( 1,1-Dimethyl-2-propynyl ) -3-phenyl-2 H-1-benzopyran-2-one (7)

7-Hydroxy-3-phenyl-2 H-1-benzopyran-2-one? (0.5g) in dry acetone
(100 ml) was refluxed with 3-chloro-3-methylbut-1-yne (3ml) in presence of
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anhydrous potassium carbonate (1.5g) and potassium iodide (0.7g). The
solvent was filtered and evaporated and the residue treated with crushed ice to
give required aryl propynyl ether (0.45g) (71.05%,) which crystallized from
benzene-petroleum ether as yellow needles, m.p. 134-135°. (Found C, 78.8; H,
5.37. CyoH 1405 requires: C, 79.0; H, 5.27%). NMR (CDCl;) &: 1.68 s, 6 H,
—C(CHg)]; 2.64 (s, 1 H, ~C=H); 7.06 (dd, L H, J = 9.5 Hz, H-6);7.35 (m, 5 H,
—CgHy); 7.45 (4, 1H,J = 2.5Hz, H-8),7.66 (4, 1H, J = 9.5 Hz, H-5) and 7.75

(s, 1H, H-4).

(i) 8,8-Dimethyl-3-phenyl-2 H.8 H-benzof 1,2—b; 3,4—b' Jdipyran-2-one (3-phenyl
seselin) (8)

The above aryl propynyl ether (0.2g) was refluxed with N,N-dimethyl
aniline (3 ml) for 5-6 h. The cooled reaction mixture was poured over crushed ice
cold hydrochloric acid (30 ml). The solid separated was taken up in ethyl
acetate, washed with hydrochloric acid (5%, 60 ml) and finally with water and
dried (Na,S0,). Distillation of ethyl acetate yielded 8 (0.15g) (75%). It
crystallised from benzene-petroleum ether as yellow plates, m.p. 143-144°
(Found C, 78.8; H, 5.4. C3oH,40; requires: C, 78.9; H, 5.3%). NMR (CDCly) 3:
144 [s, 6 H, —C(CHy),]; 5.64 (d, 1H, J = 10Hz, Hp); 6.64 (d, 1 H, J = 9 Hz,
H-6); 6.82 (d, 1H, J=10Hz, Hy); 7.15 (d, 1H, J=9Hz, H-5); 7.29-7.54

)i
(m, 5H, C4Hj) and 7.58 (s, 1 H, H-4).
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