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New Syntheses of Demethylsuberosin, Xanthyletin, ( + )-Decursinol, (+)-Marmesin,
(—)-Nodakenetin, ( +)-Decursin, and ( +)-Prantschimgin'

WARREN STECK
National Research Council of Canada, Prairie Regional Laboratory, Saskatoon, Saskatchewan
Received February 25, 1971

The title compounds, natural coumarins or their racemic modifications, were synthesized via malonic
acid condensations with appropriate salicylaldehydes. Oxidation of 2,4-dihydroxy-5-(3-methyl-2-
butenyl)benzaldehyde with DDQ, peracid, and acid-peracid gave the aldehydes for xanthyletin, mar-
mesin, and decursinol, respectively. Some '*C-labelled coumarins were prepared similarly. The n.m.r.

spectral data for the products are presented.

Les produits mentionnés dans le titre qui sont des coumarines naturelles ou des modifications racé-
miques ont été synthétisées en faisant appel & la condensation malonique sur les salicaldéhydes appro-
priés. Les aldéhydes nécessaires pour la préparation de la xanthylétine, de la marmésine et du décursinol
ont respectivement été obtenus par oxydation du dihydroxy-2,4 (méthyl-3 butén-2 y1)-5 benzaldéhyde a
l'aide du DDQ, de péracide et d’acide péracide. On a préparé de la méme maniére quelques coumarines
contenant du **C. On rapporte les spectres de r.m.n. des produits.

Canadian Journal of Chemistry, 49, 2297 (1971)

Introduction

The synthesis of coumarins can be achieved
in several ways, of which the most widely used
are the Pechmann reaction (1), the Perkin reac-
tion (2), and condensation with malonic acid
derivatives. The latter reactions require salicyl-
aldehydes as starting materials, and encounter
difficulties when applied to the synthesis of
natural coumarins: for example, the malonate
route has as the final step decarboxylation of the
3-carboxycoumarin, which may affect other
functional groups present; the severe conditions
of the Perkin reaction may be similarly delete-
rious. But in practice the most immediate
problem in most cases lies in obtaining the
suitably substituted salicylaldehydes to begin
with, especially when isoprenoid coumarins are
desired.

I have solved this problem for a number of
natural products by chemical manipulation of
2,4-dihydroxy-5-(3-methyl-2-butenyl)benzalde-
hyde, have converted the aldehydes to coumarins,
and have demonstrated the application of these
sequences to radiochemical labelling. Some
biogenetic-type syntheses of natural coumarins
have been carried out similarly.

Results and Discussion
2,4-Dihydroxy-5-(3-methyl-2-butenyl)benzal-
dehyde (1a in Scheme 1) was prepared from
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2,4-dihydroxybenzaldehyde and 3-hydroxy-3-
methyl-1-butene as previously reported (3). It
was condensed with malonic acid under a variety
of conditions, producing a number of products.
Under vigorous reaction conditions cyclization
of the initially formed product (3-carboxy-6-
[3-methyl-2-butenyl]-7-hydroxycoumarin, 2a)
usually occurred, affording 3-carboxydihydro-
xanthyletin (4). Only under very mild conditions
of condensation was 2a obtained, but in such
cases the yields were excellent, and the product
could be decarboxylated satisfactorily to 3a
(demethylsuberosin) by controlled heating in
copper—quinoline. The final product was com-
pared directly with natural material isolated
from Chloroxylon swietenia wood. This is a more
convenient synthetic method for this coumarin
than that involving the Perkin reaction (5).

The aldehyde 1a was oxidatively cyclized in
three ways to provide salicylaldehyde derivatives
for the synthesis of marmesin, decursinol, and
xanthyletin. With 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) as oxidant, the chromene
16 was obtained in good yield, m.p. 95-96°. Its
conversion to 3-carboxyxanthyletin and xanthy-
letin (3b) was straightforward. With m-chloro-
peroxybenzoic acid/p-toluenesulfonic acid as an
oxidant system the chromanol 1¢ was obtained
in good yield, m.p. 97.5-99°; from it was pre-
pared (=+)-decursinol (3¢). With neutral m-chlo-
roperoxybenzoic acid, 1a gave a mixture of 1c¢
and 14 which was most easily separated by
column chromatography on silicic acid. In
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ScHEME 1. Transformations of 2,4-dihydroxy-5-(3-methyl-2-butenyl)-benzaldehyde (1a).

chloroform 1d always predominated in at least
a 2:1 ratio, and the formatjon of 1c¢ could be
suppressed entirely by using a trace of triethyl-
amine in the reaction or by using acetone as the
solvent. (+)-Marmesin (3d) was synthesized
from 1d; the intermediate acid has been optically
resolved, and the isomers decarboxylated, pre-
viously (6). In my hands the reported alkaline
bisulfite decarboxylation method was unsatis-
factory, so that here again, copper—quinoline
proved a better method. Condensations of 1d
with [2-'*C]malonic acid were also successful,
leading to (+)-, (—)-, and (+)-[3-'*C]marmesin.

Demethylsuberosin (3a), oxidized in the same
ways as la, gave directly xanthyletin (35) with
DDQ, and (#)-decursinol (3¢) and (+)-mar-
mesin with peracid. This last reaction is a
biogenetic-type synthesis which undoubtedly
proceeds through an epoxide intermediate, as
suggested for the in vivo formation of the prod-

“ucts (7). Both (+)- and (—)-marmesin as well

as (+)- and (—)-decursinol occur naturally and
many of their esters have also been isolated from
plants. For example (—)-marmesin angelate (8),
(—)-prantschimgin (6) (9), and (—)-marmesin
benzoate (10) have been isolated from umbellifers,
and (+)-decursinol angelate (11) and (+)-decur-
sin (5) (12) are also known. Warming 5 mg each
of (£)-marmesin and senecioyl chloride in a few
drops of pyridine gave an excellent yield of
(+)-prantschimgin, m.p. 145-147°, readily identi-
fied by its n.m.r. spectrum. Similar reaction of
(+)-decursinol and senecioyl chloride gave
(t)-decursin as a glassy substance, its n.m.r.

spectrum superimposable on that of natural
decursin.

Aldehydes 1la and d were used as starting
materials for the preparation of !*C-labelled
coumarins. From 1a about 30%, [3-1*C ]demethyl-
suberosin was obtained. From 14 both (+)-
[3-'*C]marmesin and (—)-[3-'*C]nodakenetin
(= (=)-[3-'*C]marmesin) were prepared by
resolving the intermediate '*C-carboxylic acid
with brucine (6) and thermally decarboxylating
each isomer. Besides the yield of each pure
isomer (24 and 32%) a further 20% of racemic
(+)-[3-**C]marmesin also resulted from work-up
of combined.mother liquors.

The difficulty of introducing a 3-methyl-2-
butenyl type group into the 6-position of pre-
formed 7-hydroxycoumarins is well known (13,
14); consequently the synthesis of linear three-
ring coumarins has usually been launched from
natural coumarins in which the necessary sub-
stituents are already in place (11). Rearrange-
ments of 7-alkoxycoumarins favor 8-alkylation
(15). The methods described above give linear
compounds readily and in generally good yields,
and seem to represent an improvement over
existing methods of synthesis.

Experimental

All melting points are uncorrected. The n.m.r. spectra
were obtained with a Varian HA-100 instrument using
tetramethylsilane as an internal reference standard and
are summarized for nine coumarins in Table 1.

Authentic 7-demethylsuberosin and xanthyletin were
obtained by extraction of ground Chloroxylon swietenia
wood (16).
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TaBLE 1. The n.m.r. spectral data for some synthetic coumarin derivatives (Scheme 1)*
Compound Solvent H-3 H-4 H-S H-8 H-a H-b gem-CH3's Other
2a ds-DMSO — 8.66s 7.57s 6.77 s 3.24d” 5.28 t7 1.68,1.70 s 7-OH 11.1; COOH 12.8
(CHz)
2b DCCl; — 8.79 s 7.28 s 6.81s 6.39 4'° 5.78 d*° 1.52s COOH 12.2
2¢c DCCl, — 8.78 s 7.43 s 6.87 s 3.15 d%d'¢ 3.93 d5d¢ 1.41,1.44 s OH 1.95; COOH 12.2
2.89 d6d's
2d dg-DMSO — 8.66s 7.66s 6.82s 4.75t8 3.19d8 1.14,1.17 s OH 4.70; COOH 12.6
3a DCCl, 6.23 4% 7.654d°%5 7.44 s 7.07 s 3.38d7 5.32¢7 1.75,1.80s OH 7.20
(CH>)
3b DCCl; 6.19 @°% 7.56 d°5 7.03s 6.71s 6.334d'° 5.67 d'° 1.46 s
3c DCCl, 6.19 d°-% 7.54 d°-5 7.15s 6.76 s 3.07 d3d'® 3.86 d°d® -1.35,1.38 s OH 1.86
2.80 déd'¢
3d ds-DMSO 6.21 d°* 7.93 %% 7.48 s 6.79 s 3.18 d® 4,71 t® 1.16 s OH 4.66
(CHz)
3d DCCl, 6.16 d°-° 7.56 %3 7.19s 6.70 s 3.20 4% 4,72 58 1.24,1.36s OH 1.96
(CHy)
4 DCCl, 6.21 d°* 7.60 d°-3 7.17s 6.76 s 3.3047 5.28 7 1.70,1.76 s OCH; 3.89
(CH>)

*§-Values. s, Singlet; d, doublet; t, triplet; m, multiplet; superscripts are J values in Hz, H-a is the proton or protons of the sidechain carbon next to the aromatic ring; H-b is the proton of the

carbon beyond.
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3-Carboxy-6-(3-methyl-2-butenyl )-7-hydroxy-
coumarin (2a)

Malonic acid and 1a (1.0 g each) were dissolved in
5.5 ml pyridine containing 0.5 ml aniline, and the solu-
tion, after 24 h at 22°, was poured into 80 ml ice-cold
10% HCI. The yellow precipitate was washed with cold
water to remove mineral acid, then air dried. Yield 1.3 g
(100%), m.p. 205-215°, raised to 218-224° on recrys-
tallization from EtOAc-MeOH-hexane [2:1:2]. Amax
(EtOH) 261, 363 nm. For n.m.r. data see Table 1.

6-(3-Methyl-2-butenyl)-7-hydroxycoumarin
( Demethylsuberosin, 3a)

Crude 2a (0.23 g) in 2 ml quinoline containing 0.4 g
Cu powder was held 3 min at 215-220° in an oil bath,
cooled and diluted with 30 ml chloroform. The decanted
solution was shaken with 2 x 30 ml 10%, HCI then with
30 ml water. The dried chloroform solution was evapo-
rated, leaving a tacky orange solid which was chromatog-
raphed on a small amount of silicic acid (developed with
50 up to 100% EtOAc-hexane) to afford 0.12 g (62%;)
cream crystals of 3a, m.p. 129-133° (lit. m.p. 133-134°
(16)). The product co-chromatographed (paper chroma-
tography, t.l.c., g.l.c.) with authentic material and had
identical u.v. and n.m.r. spectra. Am., (EtOH) 247, 257,
333 nm.

2H-2,2-Dimethyl-7-hydroxychromen-6-aldehyde (1b)

Compound 1a (0.60 g) was oxidized with 0.6 g DDQ
(2,3-dichloro-5,6-dicyanobenzoquinone) in 15 ml benzene
(5 min boiling). The filtrate was freed of solvent and the
residue chromatographed on silicic acid (ether—hexane,
1:1), giving 0.44 g (75%) colorless crystals of 15, m.p.
95-96° from hexane.

Anal. Calcd. for C,,H;,05: C, 70.6; H, 5.9. Found:
C, 70.4; H, 6.0.

The n.m.r. signals (DCCl;) at 8 1.46 (singlet, CHj’s);
5.58 and 6.26 (doublets, J = 9.5 Hz, H-3 and -4); 7.10
and 6.33 (singlets, H-5 and -8); 9.67 (singlet, CHO), and
11.4 (singlet, 7-OH).

Xanthyletin (3b)

The procedure for 2a gave, from 0.40 g 16 and 0.7 g
malonic acid, 0.4 g crude and 0.21 g (40%;) purified 25,
m.p. 193-195° from alcohol. A, (EtOH) 263, 280, 374
nm. Decarboxylation in copper—quinoline (235-240° for
S min) gave, after work-up, 50% yield of 35, m.p. 128-130°
(lit. m.p. 128-131° (16)).

( + )-2,2-Dimethyl-3,7-dihydroxychroman-6-aldehyde
(Ic)

A mixture of 0.50 g 1a, 0.50 g m-chloroperoxybenzoic
acid, 0.02 g p-toluenesulfonic acid, and 60 mI chloroform
were kept overnight at room temperature, then the
solution was washed with dilute aqueous NaHCO; and
H,O. Evaporation of the chloroform left crystals, m.p.
97.5-99°, from benzene-hexane. Yield 0.4 g (75%).

Anal. Calced. for C,H,;,04: C, 64.8; H, 6.3. Found:
C,64.5; H, 6.5.

The n.m.r. signals (IDCCl;) at § 1.36 and 1.38 (CHj’s),
6.36 (H-8), 7.21 (H-5), 9.65 (CHO), and 11.0 (7-OH), all
singlets; 2.05 (broad, 3-OH). The presence of a six-mem-
bered ring was indicated by a —CH,CH— ABX system,
8 2.73 and 3.02 (doublets of doublets, J,p = 16 Hz,

CH,), 3.82 (doublet of doublet, Jax = 5, Jgx = 6 Hz,
CH).

( + )-Decursinol (3c)

The procedure for 2a gave, from 1.6 g 1c and 2.5¢g
malonic acid, 1.5g (72%) 2¢, m.p. 191.5-193° from
methanol. An. (EtOH) 358 nm.

Anal. Caled. for C;5H,,06: C, 62.0; H, 4.9. Found:
C, 61.7; H, 5.0.

This product (0.10 g) was decarboxylated in copper—
quinoline (230° for 10 min) to give about 0.05 g 3¢, m.p.
166-168° from benzene (lit. m.p. 167.5-168.5° (11)).
Amax (EtOH) 248, 258, 329 nm.

( + )-2,3-Dihydro-2-( 1-hydroxy-1-methylethyl)-6-
hydroxybenzofuran-5-aldehyde (1d)

Aldehyde 1a was oxidized as in the preparation of 1¢
above but omitting p-toluenesulfonic acid. The crude
product was chromatographed on a small column of
silicic acid (developed with 1:1 ether-hexane) to obtain
first a small amount of 1¢, then 14 (65-85% yield), m.p.
116-118° from benzene:hexane (lit. m.p. 117-118°) (6)).
The n.m.r. signals (DCCl;) at § 1.23 and 1.35 (CHy’s),
1.75 (+~OH), 6.36 (H-7), 7.26 (H-5), 9.65 (CHO) and 11.7
(6-OH), all singlets. A five-membered ring was indicated
by the coupled signals at & 3.11 (doublet, CH,) and 4.71
(triplet, CH, J = 8.5 Hz).

(+)-Marmesin (3d)

This was made from 14 by the reported method (6).
From 0.20 g malonic acid and 0.12 g aldehyde kept 24 h
in 2 ml pyridine containing a drop of aniline was obtained
0.15 g (95%) 2d, m.p. 217-222° (lit. 222-223°). The decar-
boxylation with bisulfite and alkali (6) gave poor yields
and was replaced by the copper—quinoline method
(50-80% yields).

[3-1%C] Demethylsuberosin

A solution of 100 mg 1a and 52 mg [2-'¢C]malonic
acid in 0.5 ml 9:1 pyridine:aniline was kept 4 h, then a
further 50 mg non-labelled malonic acid was added.
After yet another 18 h the solution was acidified with
ice—3 N HCI and the precipitated yellow solid was
filtered, washed thoroughly with cold water, and air-dried
to give 140 mg (107%) crude [3-'*C]-1b. It was decar-
boxylated by heating 3.5 min at 214-218° in 1.5 mi
quinoline containing 0.3 g copper powder. Work-up as
described above gave a tacky orange product which was
purified by chromatography on silicic acid followed by
chromatography on Polyclar AT powder (development
with 2:1 methanol-water)., Yield of [3-!*C]demethyl-
suberosin was 38 mg (33%) after recrystallization from
ethyl acetate — hexane. A further 6 mg (5%) was recovered
from the mother liquors. The material was radiochem-
ically pure and melted at 131.5-133° (lit. m.p. 133-134°
1e)).

(+)-[3-**C]Marmesin and ( — )-{ 3-**C]Nodakenetin

A solution of 0.45 g 14 and 0.21 g [2-**C]malonic acid
in 3 mi pyridine and 0.2 ml aniline was kept overnight
at room temperature, then 0.40 g non-labelled malonic
acid was added. After a further 24 h the solidified reaction
mixture was stirred with 30 ml ice— 3 N HCI and the
yellow solid was filtered, washed with water, and air
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dried. The yield of (+)-3-carboxy[3-'*C]lmarmesin was
0.49 g (84%; based on aldehyde). This was boiled 2 min
with 0.70 g (—)-brucine in 10 ml methanol, then the
solvent was evaporated and the residue crystallized over-
night from 30 ml water. Hydrolysis (6) of crystals and
mother liquors gave, respectively, 0.23 g crude (+)-3-
carboxy[3-'*Clmarmesin and 0.20 g crude (—)-3-car-
boxy[3-'“CInodakenetin. Recrystallization from meth-
anol (150 ml per g acid) gave 0.18 and 0.12 g of pure
materials, both m.p. 240-244° (lit. m.p. 241,° 236-237°
(6)). Each isomer was decarboxylated in 2 ml quinoline
containing 0.2 g Cu powder (7 min at 230-232°), and the
products, isolated in the way described above, were recrys-
tallized from benzene (about 100 ml/g coumarin). Overall
yield of (+)-[3-'*Clmarmesin, m.p. 178-186° (lit. m.p.
186.5-187° (6)), was 0.08 g (32% of theoretical); yield of
(—)-[3-**C]nodakenetin, m.p. 186-189° (lit. m.p. 188-
189° (6)) was 0.06 g (24%). Both products gave only one
radioactive spot on paper chromatograms.

(+ )-[3-1*C] Marmesin

All the mother liquors from the above crystallizations
were combined and concentrated to give a crystalline
mixture of labelled marmesin and 3-carboxymarmesin
which was decarboxylated to provide 0.10 g (209, based
on aldehyde) (#)-[3-'*Clmarmesin, m.p. 150-152°
(lit. m.p. 153-154° (6)).

Derivatives of 3a

( £ )-Marmesin and ( % )-Decursinol

Oxidation of 3a with 1 equiv of m-chloroperoxyben-
zoic acid gave (& )-marmesin and a small amount of
(£ )-decursinol, which were separated by column chro-
matography on silicic acid (development with 1:3
EtOAc-hexane). (&)-Decursinol was eluted first, m.p.
166-168° from CH,Cl,-ether (lit. m.p. 167.5-168.5°
(11)), and was identified by g.l.c., n.m.r. spectrum, and
by comparison with 3¢ prepared as described above.
(x)-Marmesin was eluted next, m.p. 152-154° from
benzene (lit. m.p. 153-154° (6)), and was identified
similarly.

Xanthyletin

Oxidation of 3a with DDQ in boiling benzene gave a
50% yield of xanthyletin, m.p. 128-130° (lit. m.p. 128-
131° (16)) which was identical with xanthyletin as pre-
pared earlier and with xanthyletin isolated from Chlorc xy-
lon swietenia.

Suberosin (4)

A solution of 0.1 g 3a in 3 ml 1:1 methanol-methylene
chloride was treated with 3 ml fresh diazomethane solu-
tion. Evaporation of the solvent left a viscous yellow
syrup which on chromatography gave mostly suberosin,
m.p. 84-86° (lit. m.p. 86-87° (5)), whose identity was
confirmed by n.m.r.

( + )-Prantschimgin (6)

A solution of about 5mg (+)-marmesin in 0.1 ml
pyridine was treated with 1 drop of senecioyl chloride
(3-methyl-2-butenoyl chloride) and warmed a few
minutes. After dilution with CH,Cl, and work-up as for

decarboxylation reactions, 6 mg yellow syrup was
obtained. Gas chromatography showed one major peak.
The product from a five-fold reaction was crystallized
from ethyl acetate — hexane to needles, m.p. 145-147°,
and identified by n.m.r. spectroscopy. Besides appro-
priate signals for the marmesin nucleus, senecioate peaks
were seen at & 5.53 (quartet J~ 1 Hz, = CH), 2.09
(doublet, J ~ 1 Hz, trans-CH3) and 1.85 (doublet, J ~ 1
Hz, cis-CHs;).

( + )-Decursin (5)

This was prepared from (+)-decursinol and senecioyl
chloride in the same manner as (& )-prantschimgin, and
was isolated pure by gas chromatography. It was obtained
as a glassy product and was characterized by n.m.r.
(signals, assigned as above, at & 5.67, 2.14, and 1.88).
The same spectrum and gas chromatographic behavior
was exhibited by a specimen of natural decursin.

I thank Mr. B. K. Bailey for skillful technical assis~
tance, Mr. W. Haid for microanalyses, and Mr. M.
Mazurek for measurement of n.m.r. spectra. A specimen
of natural decursin was kindly supplied by Prof. K. Hata
(Osaka College of Pharmacy, Osaka, Japan); Chloroxylon
swietenia wood was the generous gift of Robert Bury &
Co., Toronto, Ontario. I am also indebted to Drs. D. J.
Austin and S. A. Brown for their interest and assistance
in problems of synthesis.
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