
Phyrofhemistry, 1977, Vol. 16, pp. 1091-1092. Pergamon Press. Printed in England. 

6,7-DIMETHOXYCOUMARIN IN THE PEELS OF CITRUS 

JAMES H. TATUM and ROBBRT E. BERRY 
U.S. Citrus and Subtropical Products Laboratory, USDA, ARS, Winter Haven, Florida, U.S.A. 

(Reuised receiued 10 Jarwary 1977) 

Key Word Index-Citrus: Rutaceac; fruit peels; 6,7&methoxycoumarin; chemotaxonomy. 

Abstract--6,7-Dimethoxycoumarin was isolated and identified from the peels of Citnrr sinensip cv. Pineappie orange, 
of C. paradisi x C. paradisi x C. reticulata cv. Wekiwa and of C. miti cv. Clamondin. The coumarin was tentatively 
identified in two other sweet oranges, C. sinensb cv. Mediterranean Sweet and Waite Parson Brown, and in C. 
aurantifolia cv. West Indian lime and in C. aurantium cv. Bitter Sweet orange. 

INTRODUCTION 

Until recently, 6,7dimethoxycoumarin had only been 
reported once in citrus when Riov [ 1] isolated it from the 
peel of gamma-irradiated mature grapefruit, but not from 
non-irradiated fruit In a review, Kefford and Chandler 
[2] stated that five other coumarins had been isolated 
from sweet orange. Their references do not show unequi- 
vocal proof that coumarins are present in C. sine&s. The 
isolation of a coumarin from C. sinensis or other citrus 
would show that the allele for the production of coumarins 
was present. 

contained the coumarin but in progressively lower con- 
centration. The peels of Calamondin and West Indian 
lime were examined on March 4, and both contained the 
coumarin when picked A possible precursor of 6,7- 
dimethoxicoumarin, 6-methoxy-7-hydroxycoumarin 
was isolated from C. limon by Horowitz and Gent.% [5]. 

Such information would aid in chemotaxonomy, help 
separate nucellar and zygotic seedlings [3,4] and provide 
more background information on citrus for the produc- 
tion of new hybrids. 

Forty-two orange oils were examined for the presence 
of 6,7_dimethoxycoumarin. There were seven control and 
nine experimental oils of Pineapple, eight control and 
ten experimental oils of Valencia and four control and 
four experimental oils of Hamlin. The experimental oils 
were prepared from.fruit that had been sprayed with 
abscission agents [a]. 6,7-Dimethoxycoumarin was 
detected in all experiinental oils but not in any control 
sample even when concentrated oil samples were 
examined. 

RESULTS AND DISCUSSION 

6,7_Dimethoxycoumarin was found in the peels of 
several different sweet orange varieties and other citrus 
species. These included peels of fruit from seven different 
Pineapple trees, one Mediterranean Sweet and one Par- 
son Brown tree C. sinensis O&e&, one Wekiwa tree C. 
paradisi x C. reticulata x C. paradisi, one Calamondin 
tree (C. mitis Blanko), one Bitter Sweet orange tree (C. 
autantium L.) and one West Indian lime tree (C. auranti- 
folia Christm.). T&e compound was first observed in the 
peel and juice from Pineapple oranges on December 4, 
1975. 6,7-Dimetboxycoumarin was not always detected 
when the fruit was picked. A portion of the peel was re- 
moved and examined by TLC. If the coumarin was not 
visible, the fruit was placed in storage at 9” for six days, 
usually the coumarin was present in the stored fruit. The 
peels of fruit from seven different Pineapple orange trees 
were tested in December. TCo contained 6,7dimethoxy- 
coumarin when the fruit was picked, the other five con- 
tained the compound after storage One Mediterranean 
Sweet and one Parson Brown sample contained the cou- 
marin after storage. Two immature Vale&a samples did 
not contain the coumarin before or after storage. TWO 
Hamilins were tested and the coumarin was found in one 
after storage. The peel of Wekiwa was tested when picked 
on January 29, March 4 and 12, and April 5. Each time, it 

This is the first report of 6,7-dimethoxycoumarin 
presence in five different species of citrus. We did not 
observe this compound each time sweet orange fruit was 
tested As stated above, it was present in some fruit the 
day it was picked and developed in others several days 
after picking. The coumarin may be an intermediate since 
its concentration appeared to decrease as the fruit 
matured. Its presence in 23 experimental orange oils 
indicate that 6,7dimethoxycoumarin is formed when the 
fruit is under senescence or stress since it was not found 
in the 19 control oils. Senescence occurs rapidly after 
fruit is sprayed with abscission agents [6]. 

Thin-layer chromatography. Preparative platea (1 mm thick) 
were prepared with Si gel HF-254. Thin-layer plates (0.25 mm 
thick) were commercial si gel GF type. Solvent systems were: 
C,HcMe,CO (4: 1) (1),(19: 1) (2). C,H6MeOH (39: 1) (3) and 
C,H,-Me&O-HOAc (43 : 5 2) (4). 

1091 

Preparation of samples fos TL.C survey. log flavedo ~a13 IT- 
moved from fruit and diced. Whole peel wss used (lo& from 
the Calamondin and West Indian lime. The diced peel was 
blended 1 min in 50 ml MeGH and filtered. Ten pl of this extract 
was spotted on a 20 channel 0.25 mm Si gel GF plate below a 
2 cm mark on the plate. To concentrate all samples at a common 
starting mark, the plate was placed in a tank containing Me&O, 
developed to the 2 cm mark and air dried. This procedure was 
repeated and the. plate air dried again before developing to the 
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top of the plate (18 cm) with solvent (4) The R, was 0.33 for 6,7- 
dimethoxycoumarin if developed one time. Jf the plate were 
dried and developed again, the R, was 0.47. When solvent (1) was 
used for survey the R, was 0.41. When whole juioz was tested the 
fruit were Lightly hand extracted The juice was filtered through 
cheese cloth and then spotted (25 ~9 using a 3 cm origin air 
dried, spotted (25 d for a total of 50~1 of juice, and treated as 
above. 

Preparation of samples for isolation. The fIavedo from 6 
pineapple oranges was removed with a potato peeler, ground in a 
Waring Blendor and transferred to a beaker with C&H,. It was 
extracted in a counter-rotating mixer for 5 mm twice with 
C,H,, then once with 0.4L of Me&O. The extracts were 
filtered, combined, concentrated and placed on 4 preparative 
plates and developed twice with C,H,-Me&O (17 33) A blue 
fluorescent band at R, 0.58 was collected and eluted with solvent 
(I), rechromatogaphed with solvent (2), developed 3 times and 
collected, rechromatographed with solvent (3), developed 2 
times and collected. 6,7-Dimethoxycoumari recrystahixed 
from EtOAc ( x 4) had mp 142-3”. For isolation of the coumarin 
from Cafamondin, 1200 g of whole peel was used; from Wekiwa, 
1200 g flavedo was used. For isolation of the coumarin from one 
experimental orange oil, 100 ml whole oil was stripped of (+)- 
hmonene at 50” and 1 mm Hg. A portion of the residue was 
placed on 8 preparative plates and separated as above. 

Synthesis of 6,7_dimethoxycounrmin 6-Methoxy-7-hydroxy- 
coumarm was methvlated according to DeBoer and Baker [7]. 
The product, 6,7-&methoxycoum&n, was isolated by pre- 
parative TLC with solvent (3). Mp 142-3”, MS: m/e 206 (m+), 
191, 178, 163, 135. 6,7Dimethoxycoumarin, isofated from the 
peels of the Pineapple orange, Calamondin and Wekim was 
identified bv comwrison (ma fR MS, TLC) with the synthetic 
compound*6,7-D~methoxyc&marin in the.other sam&s was 
identikd by colour under long wave W Light and TLC in two 
solvents. 
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-The aereal parts of Ethulia conyzoides contain two new coumarins which are related to those of Erlangea 
and Bothriwline. They are, however, condensed with a terpene. The structures have been elucidated by spectroscopic 
methods. 

Vertreter der Gattung Ethulia (Tribus Vernonieae) Die Wurzeln van E. conyzoidm enthalten das weit 
bd bisber nocb uicht eirrgeheud untersucht worden. verbreitete Pentaineh 1 urni das Entetrainen 2 Cl]. Die 

oberirdischeh Teile enthalten jedoeh zwei neue Cumarin- 
Derivate mit den Summenformeln CsoHs,,Os und 

*16 Mitt. in der Serie Natilrlich vorkonunende Cumarin- CsoH,G,. Die ‘H-NMR-Spektren zeigen, daB wie 
Derivate; 15 Mitt Bohlmanq F. tmd Z&o, C. (1977) P&o- bei Erlan@a [2] uud Bothriocline [3] Methylcumariue 
chemistry, in press. tH&heren und das I’- und r-Signal 2- vorliegen mqsseu, die in 3,4-Stelluug substituiert sind. 
t&f&en Felderh verschoben. Wik schon die Summenformeln deuteu such die NMR- 


