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Abstract —— The 3-{1',1'-dimethylaliyl)coumarins chalepin {g), rutamarin (E} and gra-
vell1ferone (4) have been synthesized from umbelliferon (7) via Claisen and Cope re-
arrangenients of 3',3'-dimethylallyl ethers of 6-(3',3'-dimethylallyl)umbelliferon with
and without an jodine atom as blocking group at C-8.

Some natural derivatives of 3-(1',7'-dimethylallyl)coumarins have been seen to have cytostatic,
sometimes selective, effects on leukemic celts! 2 The following compounds have been assayed "in
vitro": chalepensin (1), chalepin (2) and its acetate, rutamarin (3). As these compounds have been
obtained in small quantities from species of M? we have undertaken their synthesis so that they
may be obtained in sufficient quantities for further their pharmacological study.

This paper describes the synthesis of the coumarins 2, 3 and i? in 7.5 %, 7.0 % and 10.3 % overall
yields respectively. The key step involves Claisen and Cope rearrangements of the carresponding
3',3'-dimethylallyl ether of 6-{3',3'-dimethyTallyl}umbelliferon. Qur approach took into account
the high yield of compound 5, obtained in the course of the rearrangement of § from an allylic e-
ther of umbelliferon with position C-6 and C-8 being blocked. As satisfactory results were not ob-
tained with this procedure, the synthesis was undertaken anew without blocking the C-8 position,
which gave better results.

Treatment of umbelliferon (7} with iodine in ammonia gave 8-iodoumbelliferon (8, 84 %}? Alkylation
of 8 with 3-chioro-3-methyl-1-butyne gave 7-{1',1'-dimethylpropynyloxy)-8-iodocoumarin {3, 78 %].
5 was hydrogenated on BaSO4 -Pd  in  toluene, yielding 7-{1',1'-dimethylailyloxy}-8-iodocouma-
rin (E)?

Claisen rearrangement of 10 in dimethylaniline (DMA) at 150°C gave demethylsuberosin (11} and os-
thenoi (12) in 70 % and 25 %, respective]yi.' When Claisen rearrangement was carriad out in ACEO/AcONa
13 (53 %), 14 (31 %} and 15 (11 %) were cbtained.

Treatment of 13 with 3,3-dimethylally] bromide, in the presence of K2C03 in acetone, gave 6-(3',3'-
dimethylallyl)-7-dimethylallyloxy)-8-iodocoumarin (16, 61 %). The same compound was obtained by
hydrotysis of the acetate (13, 97 %) and further isoprenylation (96 %) of the resulting phencl 17.
Rearrangement of 16 in DMA at 200°C gave three main products, characterised as gravelliferone (4,
10 %), demethylsuberosin {11, 36 %) and 6-(3',3'-dimethylaily1)-8,9,9-trimethy?-8,9-dihydroangeli-
cin (18, 36 %). The H-NMR spectrum of 18 was very complex, 5o that it was identified bearing in
mind the results obtained in the rearrangement of 3',3'-dimethylal1y1umbe111'feron6 where one of the
products obtained turned to be 8,9,9-trimethyt-8,%-dihydroangelicin. In any case, the results of
this reaction were not considered satisfactory, given the low yield in 4, as the diversity of
reaction products, and the difficulty in their separation. These facts have to be explained by the
difficulty in the formation of the corresponding states of transition (19 and 20) by steric and/or
electronic factors,

— 1541 —




A
R0 2 0" g
6, R'x Ote, RP= ~CH,-CHzCMe,, RO I
7, Rl= g% R H
g, Rl= R%= H, R%= 1
9, R= H, RZ= -CMe,-C=CH, R= 1
10, R'= H, R%= ~Che,-CH=CH, R= 1
11, R's -CHy-CH=CMey, RZ= R= H
12, R'= R%= H, R3= -CH,-CHeCMe,
13, R'= -CH,~CHeCle,, RP= Ac, R¥= I
14, R's H, RE= Ac, R3= ~CH,-CH=CHe,
15, R'= H, R%= Ac, R%= I
16, R'= R%= ~CH,~CH=CMe,, R= 1
4, R= -CHy-C=Ctey, RZe &= H L R} _EHZ-CH=CMEZ' s H; B 1
s o o R R H 22, R]= R%= -CHZ-CH=CMe§, R3- :;
- 23, R'= -CH,-CH=CMe,, RZ=Ac, R%= H
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HO 0

With the aim to avoic this problem, the synthesis of 4 from derivatives mot having the C-8 pesi-
tion blocked by iodine was investigated. Thus, 11 was subjected to jsoprenylation with 3,3-dime-
thylallyl bromide 1n acetnne/K2C03 to give 22 {50 %). 22 was also obtained from 13 by treatment
with In and further 1soprenylation. When 22 was subjected to rearrangement in DMA at 200°C, the
saiie compunds (4, 11 and 18) were obtained in yields of 26 %, 17 % and 57 %, respectively. This
reaction was cleaner, the products easier to separate, and the yield of 4 greater than that in the
rearrangement of 16.

When rearrangement of 22 was attempted 1in Ac20/Ac0Na, only demethylsuberosin acetate (23) as reac-
tion product was obtained.

Treatment of 4 with m-chloroperbenzoic acid {MCPBA} led directly to chalepin {2, 73 %); the reac-
tion was done 1n EtZO and the products were separated by chromatography column on basic alumina.
It was not possible to separate the intermediate epoxide. Acetylation of 2 led to rutamarin (_;i_,
92 %).

In conclusion, the synthesis of rutamarin (3) 1s described for the first time. Chalepin {2} and
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gravellifercne (4) had previously been synthesized,” 1n yields of 0.43 % and 0.69 %, respect'ivtﬂyf5

HO 07

| >

B
| s

EXPERIMENTAL

Melting points were determined in a Kofler block, Reichert-Jung apparatus, and are uncorrected.
IR spectra were recorded 1n a Perkin-Elmer 267 or a Digilab FTS-IMX spectrophotometer, values
being given in cmf] UY¥ were recorded in a Shimadzu MP$-2000, dissolved in MeOH, and are given in
nm. The NMR spectra were recorded with a Hitachi-Perkin-Eimer H-24B 60 MHz instrument or in & Bru-
ker Spectrospin 200 MHz, using TMS as internal reference; chemical shifts are given in é and cou-
pling constants 1n Hz. Mass spectra were measured with a VG 12250, Thin-layer chromatography was
done with MN Alugram SIL G/UV 254 plates, G.25 nm thick. Merck siiica gel (0.06-0.2 nm) was used
n column chromatography, and elutien was carried out with mixtures of hexane and ethyl acetate.

8-iodoumpelliferone {(8)

Totine {3.22 g) previously dissocived 1n 100 ml of 5 % aqueous KI were added dropwise to 2 g of 7
in 50 ml of 20 % agueous NH,OH solution during 30 min under agitation. Agitation was maintained
for additional 2 h, and the necessary amount of 2.5 N H2504 was added to adjust to a siightly aci-
dic pH, thus producing the precipitation of 8. Fﬂtrat‘lon and recrystalliization from EtUH/H 0 pro-
duced 2.9 9 {84 %) of 8, Mp, 218-221°C (EtOH/H ¢) (11t 228-232°C). Spectroscopic data agr-eed with
those found in the 1 terature5

7-(1' )" -Dimetnylpropynyloxy) -8-iodocoumarin (9)

K,C05 (1 g, KI (0.25 g), 8 (0.97 g}, 60 ml of anhydrous acetone and 1 ml of water were mixed.
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3<Lhloro-3-methyl-1-butyne (2 ml) was added, and the mixture was refluxed in glycerire bath at
80°C. The reaction was monitored by TLC, and, when the starting product disappeared, heating was
cut off, The mixture was filtered and the solvent evaporated. The residue was dissolved in AcOEt
and washed with saturated NaHCD3 solution and brine. The organic phase was dried over anhidrous
Na2504, filtered and the solvent evaporated., The product was recrystallized from AcCEt, giving
0.93 g (78 %) of 9, Mp, 186-188°C (AcOEt) (11t5 183-184°C}. Spectroscopic data agreed with those
found in the 11terature§

7-(1",1"-Dimetnylallyloxy)-8-iodocoumarin (10}

9 (200 mg) was dissolved in 25 ml of toluene. Pd/BaSO, (10 %) (50 mg) was added, and the mixture
was subjected to hydrogenation at ! atm pressure of HZ' Wher the starting material disappeared,
as ascertained by TLC, the reaction was stopped. The catalyst was filtered through celite, and to-
Juene was removed by distillation under reduced pressure. The reaction product was recrystallized
from chloroform, the reacticn yield being quantitative, Mp, 10(2-105°C (CHC13) (11t§ 98-101°C). Spec-
troscopic data agreed with those given in the 11terature§

Claisen Rearrangement of 7-{1',1'-Dimethylallyloxy}-8-iodocoumarin {10} in Acf)/AcONa

7-(1',1' -Dimethylallyloxy)-8-iodocoumarin (10) (280 mg) was dissolved in 20 ml of distilled ACZG‘
Dry anhydrous AcONa (1.8 g) was added, and the mixture was heated at 150°C for 1 h. The anhydride
was hydrolyzed trough the addition of ice water and agitation for 30 min. The mixture was extrac-
ted with AcOEt, neutralized with saturated NaHCU3 solution, washed with brine and dried over anhy-
drous Na2504 Evaporation of solvent furnished 300 mg of crude product. Column chromatography on
silica gel of the crude product gave 8-lododemethylsubercsin Acetate, {13), (16? mg, 53 %}; Osthe-
nol Acetate (14), (66 mg, 31 %) ; B-Iodoumbelliferon Acetate {15), (28 mg, T %)

8- lododemethylsuberosin Acetate {13) --- Mp 151-154°C (hexane/AcOEt). UV Amax 284, 234. IR
{KBr) 1770, 1750, 1620, 1550, 1200, 840. H-NMR (CDC1 ) 7.55 (d, Jg= 9 5, H-4); 7. 30 {s, H-5); 6.30
(d, J=9.5, H-3}; 5.20 {br t, J=7.0, H-2'); 3.23 (d, J 7.0, H—T' H=1) ), 2.56 (s, Mef0-); 1.75 (br
s, gem-Me); 1.66 (br s, gem-Me).

Usthenol Acetate (i4} --- Mp 91-93°C (hexane/AcOEt) (11t§ 94-95°C). UV ;Lmax 284.5. IR (KBr) 1760,
1740, 1610, 1240, 810, H-NMR 7.70 (d, J=9.5, H-4); 7.36 (d, J=8, H-5}; 7.00 (d, J=8, H-6};
6.30 {d, J=9.5, H-3); 5.18 (br t, J=8, K-2' ); 3.47 (d, J=8, H-1'); 2.36 {s, MeCO-); 1.80
(br s, gem-Me); 1.66 (br s, gem-Me){in CDC]a).

8-Iodoumbelliferon Acetate (15) --- H-NMR (CDC13) 7.65 (d, J=9.5, H-4); 7.45 (d, J=8, H-5); 7.06
(d, J=8, H-6)}; 6.40 (d, J=9.5, H-3); 2.40 (s, MeCO-}.

Hydrolysis of 8-lododemethylsubergsin Acetate (13)

13 (40 mg) was dissolved in 5 ml of MeOH and 2 m1 of a solution of 4 g/1 of NaOH in Me(H was
added. The mixture was stirred at room temperature and monitored by TLC. No differences in Rf va-
lues were observed, but the phenol showed blue fluorescence unlike the starting material. The
reaction mixture was neutralized with sotution of HC1 and taken to dryness. The residue was washed
with brine, extracted with AcOEt, dried over NaZSO4 and concentrated, giving 32 mg (97 %) of 8-Io-
dodemethylsuberosin (17}, Mp, 162-165°C {AcOEt). UV.lmax 327, IR (KBr) 1700, 1620, 1580,
1250, 860. H-NMR (CDC13) 7.53 (d, J=9.5, H-4); 7.17 (s, H-5}; 6.23 (d, J=9.5, H-3}; 5.30 (br t,
J=8.0, H-2'}; 3.40 (d, J=8.0, H-1é H—]s); 1.73 (br s, gem-diMej. MS m/z 356 (12}, 341 (106}, 301
(43), 288 {iQ).
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Deprotect1on with Zn of 8-lododemetnylsuberosin Acetate (13)

13 (90 mg) was dissolved in MeCH, and arcund 100 mg of activated Zn was added. After agitating for
18 h, the mixture was filtered through celite and the solvent evaporated, 10 % KC1 and Etzo were
added to the residue, and the organic layer was separated. This was washed with brine, dried over
anhidrous Na2504 and taken to dryness. TLC showed that the residue was a mixture of two products
which, when separated by column chromatography, were: Demethylsuberosin (ll), (40 mg, 77 %), Mp,

131-133°C (CHClS}; Demethylsuberasin Acetate (23),(12 mg, 19 %}, Mp, 96-98°C (CHC13) (Iitg 97-98°C),

Claisen Rearrangement of 10 in DMA
10 (170 mg) was dissolved in 7 ml of DMA. The solution was heated for & h at 150°C in a stream of
N2 and cooled. A sclution of 10 % HCY and Et20 was added. The organic layer was separated and neu-

tralized with saturated NaHCO3 solution, washed with brine and dried over anhidrous Na2504. Evapo-
ration of solvent led to a mixture of products, separation of which by column chromatography gave:
Demethylsuberosin (11}, (77 mg, 70 %); Osthenol (12}, (27 mg, 26 %), Mp, 120-122°C (CHC13).

Treatment of 8-Iododemethylsuberosin (17) with 3,3-Dimethylallyl Bromide
17 (112 mg) was dissolved in 15 ml of anhydrous acetone, and 500 mg of K2C03 and 150 mg of 3,3-Di-
methylallyl Bromide were added. The mixture was refluxed at 80°C for 30 min, after which it was

filtered, taken to dryness, dissolved in AcOEt, washed in a saturated NaH{ZO3 solution, with brine
and dried over anhidrous NaZSO4. Solvent evaporation Jed to 128 mg (96 %) of the alkylated product
(16).

6-(3',3'-Dimethylallyl)-7-{3",3"~dimethyiallyloxy)-8-iodocoumarin {16} --- 0il. Uv’lmax 325, 253.
IR (film) 1740, 1620, 1500, 1130, 825, H-NMR (CDC]3) 7.60 (d, J=9.5, H-4}); 7.25 (s, H-5}; 6.30
{d, J=9.5, H-3}; 5.65 (m, H-2"); 5.25 (m, H-2'}; 4.50 {d, J=7.5, H~1; H-lg); 3.5¢ {d, J=8.0, H-'I'a

H—]E}; 1.75 (br s, 2 gem-diMe). M5 m/z 424 {25), 409 (10}, 394 (15), 356 {100}, 292 (12).

Treatment of 8-Iododemethylsuberosin Acetate (13) with 3,3-Dimethylallyl Bromide

13 (23 mg) was dissolved in 5 m1 of anhydrous acetone, and 100 mg K2C03 and 30 mg of 3,3-Dimethyt-
allyl Bromide were added. The mixture was heated in reflux for 24 h, After cooling, the precipita-
te was filtered, and the solvent was evaporated. The residue was dissolved in AcOEt, washed with
a saturated NaHCU3 sofutien, with brine, and dried over anhidrous Na2504. After purification by
column chromatography, 18 (16 mg, 61 %) was obtained.

6-(3',3'-Dimethylallyl)-7-{3",3"-dimethylallyloxylcoumarin (22} }

11 {100 mg} was dissolved in 15 m) of anhydrous acetone and 500 mg of K2C03 and about 200 mg of
Iscpentenil Bromide were added. The mixture was refluxed at 80°C. After 30 min the starting mate-
rial disappeared on TLC. Then the reaction mixture was cooled, filtered, dried and the residue
dissolved in AcOEt, washed with saturated NaHCO3 sotution, with brine, and dried over anhidrous
Na2504. Solvent evaporation led to 116 mg (9C %) of 22, 0i1. qul max 325, 253, IR (film) 1740,
1625, 1570, 1500, 1730, 830. H-NMR (CDC]S) 7.66 (d, J=9.5, H-4}; 7.02 (s, H-5); 6.B0 {s, H-8);
6.25 (d, J=9.5, H-3}; 6.65-6.13 (m, H-2' and H-2"); 4.63 (d, J=7.0, H-1"}; 3.33 (d, J=7.0, B-1');
1.8 (br s, 2 gem-diMe). MS m/z 298 (M').

Claisen Rearrangement of 22 in DMA

22 (250 mg) was dissobved 1n 20 m! of DMA with agitating innitrogen atmosphere. The mixturewas hea-
ted at 200°C for 6 h, after which EtZO and 10 % HC) were added. The organic layer separated and
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neutralized with a saturated NaHC03 sclution, washed with brine and dried over anhydrous Na2504.TLC
showed a mixture of three products which, when separated by column chromatography to give: 144 mg
(57 %) of 6-(3',3'-Dimethylally1)-8,9,9-trimethy1-8,9-dihydroangelicin {18), 64 mg (26 %) of gra-
velliferon (4}, Mp, 160-162°C (hexane/AcOEt)} (1it. 166-168°C), and 42 md_717%) of demethylsubero-
sin {11},

Claisen Rearrangement of 22 in Ac,0/AcONa
22 (61 mng) was dissolved in 5 ml of distilled ACED and 250 mg of AcONa was added, The mixture was
heated for & h at 200°C under nitrogen. It was then cooled, and ice water was added with agitating

for 30 min. The mix.urz was extracted with AcOEt and the organic Tayer was neutralized with a sa-
turated NaHCO3 solution, washed with brine, and dried over anhidrous NaZSD4 After taking to dry-
ness, 56 mg crude product was obtained. TLC showed the appearance of a principal product which,
after separation through a silica gel column, was identified as demethylsuberosin acetate (23},
{50 mg, 88 %).

Claisen Rearrangement in DMA of 6-(3',3'-Dimethylallyl)-7-(3",3"-dimethylallyloxy)-8-1iodocoumarin

s)

16 (44 mg) was dissolved in 5 m) of DMA and it was heated at 200°C for 6 h in nitrogen flow and
then cooled. Et20 and 10 % HCT were added, and the organic layer was washed with saturated NaHC03

solution, with brine and dried over anhidrous Na2304. Evaporation of solvent led to 30 mg of crude
product, TLC of which showed the presence of three products that were separated by column chroma-
tography with elution of hexane/AcOEt mixtures (9:1; 8:2; etc.). Thus, the following compounds we-
re isolated as follows: 17 {11 mg, 30 %), 4 {3 mg, 10 %), and demethylsuberosin {11), (11 mg, 46
%).

Chalepin (2)

Gravelliferon (4) {30 mg) was dissolved in 5 ml of E£t,0, and the solution was couled at G°C. MCPBA
(20 mg} was dissolved in 5 ml of Et,0, was added. After agitating for & h the reaction mixture was
washed with saturated NaHCO3 solution, ther with brine and dried over anhydrous Na2504. The reac-
tion mixture was chromatographied on an alumina column, separating 23 mg (73 %} of 2, Mp, 136-
139°C {hexane/AcOEt) (1it?b 118-119°C), UV 'llnax 330. IR (KBr) 3200, 1715, 1630, 1600, 1500, 1290,
H-NMR (200 MHz, CDC]3) 7.45 (s, H-4); 7.17 (s, H-5); 6.69 (s, H-8); 6.15 (dd, J=18.0 and 10.2,
H-2'}: 5.10 {d, J=18.0, H-3' trans); 5.04 {d, J=10.2, H~-3' cis); 4.70 (t, J=9.0, H-2"); 3.20 (d,
J=2.0, H-3"); 1.77 (s, OH); 1.45 (s, C-]'Mez); 1.34 (s, Me-C-OH}; 1.21 (s, Me-C-OH)., MS m/z 314
M,

Rutamarin (3)

Distilled Ac,0 (1 m1) and a catalytic amount of p-toluensuifonic acid were added to 20 mg of 2.
The mixture was stirred for 2 h, ice water was added, and then stirred for 30 min more. The mix-
ture was extracted with AcOEt, and the organic layer was neutralized with saturated NaHCO, solution,
washed with brine and dried over anhydrous Na2504. Evaparation of solvent furnished 21 mg (92 %)
of rutamarin (3], Mp, 100-103°C (nexane/AcOEt} (1it3° 107-108°C). Uv A . 333, 298, 258. IR (KBr)
1740, 1710, 1620, 1590, 1240, 990. H-NMR (200 MHz, CDCl3) 7.45 (s, H-4); 7.14 (s, H-5}; 6.68 (s,
H-8); 6.14 {dd, J=10.2 and 17.9, H-2'); 5.05 (t, J=8.0, H-2"); 5.04 (d, J=17.9, H-3' trans); 5,02
{d, J=10.2, H-3' cis); 3.19 (d, J=B.0, H-3"); 1.96 (s, MeC0-]); 1.53 {s, Me-C-4"); 1.48 (s, Me-C-
4"); 1.44 (s, Mey-C-1"). 13C-MIR (COC1y)  170.1 (€O, acetate); 162.5 (C-7); 160.6 (C<0-2); 154.9
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{(C-8); 145.7 (C-2'); 138.0 {C-4); 131.1 (C-3); ]123.8 {C-6}; 123.1 {C-5); 113.1 (C-10); 12.1 (C-
3'); 97.1 (C-8); 88.3 (C-2"}; 88.2 (C-4"); 40.3 (C-1'); 29,7 (C-3"}; 26.1 (MEZ-C‘]'); 22.1 (Mez-
c-4"); 21.0 (Me-CGz-); these asignations were carried out with the aid of INEPTRD. MSmiz 358(M*).

ACKNCWLEDGEMENT

Financial support from Comisidn Asesora de Investigacidn Cientifica y Técnica (CAICYT} is gratefu-
Hy acknowledged {n® PR84-0247),

REFERENCES
1. M. Gosalvez, R. G. Cafiero and M. Blanco, Europ. J. Cancer, 12, 1003 (1976).

2, A. G. Gonzalez, V, Darias, G. Alenso, J. N. Boada and F. Rodriguez Luis, Planta Medica, 31, 351
(1977).

3. 8] R. M. Brooker, J. N. EbTe and N. A. Starkovsky, Lloydia, 30, 73 (1967). b} A, G, Gonzilez,
E. Diaz Chico, H. Lopez Dorta, J. R.'Luis and F. Rodriguez Luis, An. Quim., 73, 430 (1977). c)
J. Reisch, I. Novak, K. Szendrei and £. Minker, Acta Pharm. Suec., 4, 179 {1967). d} T. M. An-
don, N. V. Belova and G. A. Denisova, Herba Hung., 11, 21 (1972}. e) J. Reisch, K. Szendrei,
W. Rozsa, I. Novek and E. Minker, Phytochemistry, 11, 1529 {1972],

4. J. Reisch, K. Szendre1, E. Minker and I. Novak, Experientia, 24, 992 (1968).

5. J. Borges del Castilio, J. C, Rodriguez Ubis and F. Rodriguez Luis, An. Quim., 81, 3106 (1985).

6. R. B. Sharma and R. S. Kapil, Indian J. Chem., 22, 538 (1983).

7. 5. 5. tele and 5. Sethna, J, Org. Chem., 23, 1731 (1958); S. S. Lele, M. G. Patel and §. Sethna,
J._Indian Chem. Scc., 37, 775 {1960},

8. R. D. H. Murray, M. Sutcliffe and P. H. McCabe, Tetrahedron, 27, 4501 (1971).

Received, 6th January, 1987

— 1548 —



