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Abstract-The inhibitory effects of umbelliferone and a number of its alkyl and acyl derivatives on the growth 
of a variety of bacteria, yeasts and molds have been examined. Hemiarin and similar alkyl ethers are more 
effective antimicrobial agents than umbelliferone. 

INTRODUCTION 

THE RESISTANCE of plants to disease may be due to the presence of preformed natural 
fungicides, or to the synthesis of these compounds (phytoalexins) in the plant tissue in 
response to fungal or viral infection .l Wain2 recently suggested that further identification 
of the structures and properties of natural protective agents should lead to the recognition 
of new, effective, and perhaps, safer agricultural fungicides. With this objective we have 
now investigated the inhibitory effects of some classes of natural fungicides and their 
derivatives on the growth in vitro of a representative variety of microorganisms, particu- 
larly species involved in food spoilage. 

Although it has been suggested that some coumarins, including umbelliferone, scopole- 
tin, and furanocoumarins, play important fungicidal roles in plants,2* 3 the activities of these 
substances against a wide variety of bacteria, yeasts and molds have not been extensively 
studied, and little is know of the effects of structural variations within this class on their 
microbial inhibition. In the case of fungi it has been shown that coumarin inhibits growth 
of the yeast Saccharomyces cerevisiae,4 and at higher concentrations (100-1000 ppm) 
inhibits or retards germination of the spores of Aspergillus niger and Penicillium glaucum.J 

Ia, R = H; b, R = Me; c, R = Et; 
d, R = Pr; e, R=oilyl; f, R = 3-methylbutyl; 
9, R = 3-methylbutenyl; h, R = geronyl; 

i, R = benzyl; j, R = cinnomyl; k. R = acetyl; 
1. R = propionyl; m, R = butyryl, 
n, R = myrlstyl; o, R= benzoyl 

* Part III in the series “Antimicrobial Properties of Natural Phenols”. 

l A. J. BIRCH, Chem. & Zmf. No. 27, 1173 (1966). 
2 R. L. WAIN, Proc. Symposium on Potentials in Crop Protection, New York Agric. Bxp. Sta., Cornell 

University, Geneva, p. 26 (1969). 
3 J. T. MARTIN, E. A. BAKER and R. J. W. BYRDE, Ann. Appl. Biol. 57,501 (1966). 
4 J. A. DEGREEP and C. F. VANSUMERE, Arch. Znt. Physiol. Biochim. 74 (3), 512 (1966). 
5 J. S. KNYPL, Nature, Lord. 200, 800 (1963). 
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Chakraborty et aL6p7 studied the activity of umbelliferone (7-hydroxycoumarin Ia) and of 
sixteen other natural coumarins at concentrations of 2 x 10v2 M to 2 x lop5 M against 
Aspergillus niger and Curvularia lunata and found that umbelliferone was virtually inactive 
against these fungi at lower concentrations. Seselin (II), xanthyletin (III), psoralen (IV) 
and luvangetin (V), however, markedly Inhibited growth of C. lunata, and to a lesser 
extent, of A. niger at concentrations between 30 and 300 ppm. 

Umbelliferone has been reported to be active against Brucella species.*-” However, 
from a recent examination of the effects of umbelliferone and other natural coumarins on 
the growth of Gram-positive bacteria (Staphylococcus aureus, Micrococcus lysodeicticus, 
and Bacillus megatherium) and Gram-negative bacteria (Escherichia coli, Aerobacter 
aerogenes and Serratia marcescens), Dadak and Hodakll reported that umbelliferone 
(5 x lob3 M) is completely inactive against all of these microorganisms. Gram-negative 
bacteria were not affected by any of the coumarins they examined. However, ostruthin 

Me0 
7-l2-CH = CMe, 

(YU, R=CHz-CH =C(Me)-(CH&-CH=CMez 

(VI) strongly inhibited growth of the Gram-positive bacteria at concentrations of 10d4 M 
to 2.5 x 10T4 M, and it was also I2 effective against the yeast Saccharomyces cerevisiae. 
These authors suggested that the antibacterial activity of ostruthin requires both the free 
‘I-hydroxyl group and the long geranyl side-chain, since methylation of the hydroxyl 
resulted in considerable loss of activity. In contrast to this observation, however, it has been 
reported13 that the 7-methoxycoumarin, osthol (VII), is very active against some species 
of Gram-positive bacteria. 

RESULTS AND DISCUSSION 

With the exception of ostruthin, umbelliferone derivatives which have been reported 
to show activity possess a protected 7-hydroxyl group. In this communication additional 
studies on the effects of 0-alkylation and of 0-acylation on the inhibitory activity of umbel- 
liferone are reported. To obtain comparative structure-activity relationships, growth inhibi- 

6 D. P. CHAKRABORTY, A. DA~GUPTA and P. K. BOSE, Ann. Biochem. Exp. Med. 17 (2), 59 (1957). 
’ D. P. CHAKRABORTY, M. SUN and P. K. BOSE, Trans. Bose Res. Inst. 24 (l), 31 (1961). 
* E. GREIB and R. HAZARD, Bull. Acad. Natl. M&d. 138, 63 (1954); Chem. Abs. 48, 10999 (1954). 
’ P. DUQUENOIS, Bull. Sot. Pharm Bordeaux 94, 156 (1955). 

lo P. DUQUENOIS, M. H. BERRURIER and E. GREIB, Bull. Acad. Natl. M&d. (Paris) 149, 451 (1965); Chem. 
Abs. 63, 18911 (1965). 

I1 V. DADAK and K. HoD.&K, Experientiu 22, 38 (1966). 
I2 DADAK, Pharmuzie 22 (4), 216 (1967). 
I3 G. A. KUZNETSOVA, N. M. MILOVA and M. V. NAZARENKO, Rust. Resursy 2 (2), 216 (1966); Chem. 

Abs. 65,14140 (1966). 
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TABLE 1. EFFECT OF 500 ppm OF UMBELLIFP.RONB DERWATMB ON GROWTH OF FUNGI 

2967 

f 

3 
Y 
E 

-fj 

4 

3 
Y 
E 
2 
P 
Y 
4 

Ia 
Ib 
XC 
Id 
Ie 
If 
Ig 
Ih 
Ii 
Ij 
Ik 
11 
Im 
In 

EII 

E 

- 
+ 

: 

- - 

T:: + - 

- - 
+ + 
+ + 

+ 

- - - 
+ + 

+ + + f 
- 

- - 
+ + 
+ + 

- 

- - + 
+ + + 
+ + + 

I - - 

- 
+ 
+ 
+ - + - 
- 

- 
+ 
- 
- - 

- - - - - - 
- - - - - - - - 

- - - - - - - - - - 
+ - 

1 - 

- - - - + - - - - - 
- + - 

: : 
- 

- - 

T - 
- - - - 
+ - 
+ 
- -1: T 

-I- 
- - - 

- - - 
z!z Lb 

- - _ - 
- - - - 

- - 
- 
- 

- - - 
- - - 

The results are expressed on the basis: + = complete growth inhibition. Measured after 4-5 days. 
f = not completely effective; faint growth occurs. - = ineffective; growth occurs. 

tion was measured by Lederberg’s14 replica plating technique with a coumarin concentration 
of 500 ppm. 

The effects of umbelliferone derivatives on the growth of fungi are summarized in Table 
1. With the exception of ByssochIamys fulva, umbelliferone (Ia) was ineffective against the 
wide variety of yeasts and molds shown in the table. In contrast to the inactivity of umbel- 
liferone, its methyl ether (Ib), herniarin, completely inhibited the growth of five Aspergillus 
species, of Byssochlamys fulva and Penicillium chrysogenum, and of eight of the nine species 
of yeasts examined. Herniarin is a constituent of some food plants and was recently foundIS 
in the leaves of celery which had been attacked by Septoria apii. The broad-spectrum, 

I4 J. LEDERBERG and E. M. LEDERBERG,J. Bacterial. 63, 399 (1952). 
I5 G. CAVALIE, Compt. Rend. 2% (2), 689 (1964); Chem. A&. a,12384 (1964). 
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antifungal properties of herniarin provide additional evidence that this substance may be 
an important, natural protective agent for celery and other plant species. 

The inhibitory effect of herniarin demonstrates that the antifungal activity of umbellifer- 
one may be increased by simple alkylation of the 7-hydroxyl group. The extent to which 
increased antifungal activity is dependent on the length of the alkyl side-chain and on its 

degree of saturation is indicated by comparison of the inhibitory effects of similar alkylated 
derivatives. Thus, 7-ethoxycoumarin (Ic) is similar to herniarin, and it completely inhibited 
growth of all fungi examined, including the yeast Hansenula anomala which was not affected 
by herniarin. 7-Propoxycoumarin (Id) is less broadly effective than the ethyl and methyl 
derivatives, and it inhibited the growth of only SIX of the thirteen species of fungi used. 
7-Allyloxycoumarin (Ie) was active only against Byssochlamys fulva, and is much less 
effective, therefore, than the saturated analogue (Id). 7-(3-methylbutyl)oxy-,7-(3-methyl- 
butenyl)oxy-, and 7-geranyloxycoumarin were inactive against all species of fungi. On the 
basis of these results and the earlier observations of Chakraborty et aL6*’ tt IS clear that the 
antifungal activity of umbelliferone may be increased by O-alkylation with saturated, 
lower alkyl groups (ethyl > methyl > propyl > isopentyl), and by the formation of cyclic 
ethers of types (II)-(V). On the other hand, alkenyloxy derivatives such as 7-(3-methyl- 
butenyl)oxy-, 7-geranyloxy-, 7-farnesyloxy-, and 7-allyloxycoumarin, some of which occur 
naturally, are as inactive (at 500 ppm) as umbelliferone itself. 

It IS of interest that the effects of O-acylation on the antifungal activity of umbelhferone 
are similar to those observed upon O-alkylation. Thus, 7-acetoxycoumarin (Ik) and 7- 
propionyloxycoumarin (11) inhibited the growth of nine and eleven species of fungi, re- 
spectively (Table 1). Activity drops with increasing length of the acyl group. 7-Butyryloxy- 
coumarin (Im) was active against only four species, while the myristoate (In) and benzoate 
(10) were generally inactive. 

Alkylation and acylation of umbelliferone with lower alkyl and acyl groups increase its 
inhibitory effect on the growth of a number of species of bacteria. Thus, umbelliferone (Ia) 
and its allyl, 3-methylbutyl, 3-methylbutenyl and geranyl ethers were completely ineffective 
against the Gram-positive and Gram-negative bacteria shown in Table 2. Herniarin (Ib), 
however, inhibited the growth of Bacdlus cereus, Sarcina lutea, and Alcaligenes faecalis, 
while 7-ethoxycoumarin inhibited growth of five species, including the Gram-negative 
organisms, Escherichia coli and Salmonella typhimurium. 7-Acetoxycoumarin (Ik) exhibited 

(3zllI) (IXa), R = H 

(Eb), R = Me 

a bacteriostatic effect on the growth of Bacillus cereus and of the five Gram-negative micro- 
organisms for a period of 48 hr, after which period normal growth of the organisms occur- 
red. A similar bacteriostatic effect was observed with the propionate (11). The nuclear- 
substituted umbelliferone derivatives (VIII), (IXa) and (IXb) were generally mactive agamst 
both bacteria and fungi. 

Measurements of the approximate minimal inhibitory concentrations of herniarin and 
the other active, umbelliferone derivatives described above indicate that, with a few excep- 
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TABLE 2. Epwcr OF %ltl ppm OF UMBELLIFBRONE DERIvAT~W ON 

GROWTH OF BACTERIA 
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* Measured after 48 hr. Growth occurs thereafter. + = complete 
growth inhibition. f = not completely effective; faint growth occurs. 

- = ineffective; growth occurs. 

tions, these compounds are not effective microbial inhibitors at concentrations substantially 
less than 500 ppm. Exceptions noted include 7-propoxycoumarin which is active against 
Byssochlamys fulva and Botrytis cinerea at 125 ppm. 7-Acetoxy-, 7-propionyloxy-, and 
7-butyryloxycoumarin were active against Botrytis cinerea at 125 ppm, and against the 
yeasts Zygosaccharomyces japonicus and Candida tropicalis at 250 ppm. 

On the basis of the above results it is apparent that umbelliferone and its derivatives 
are not sufficiently active at low concentrations to be considered as potentially useful 
preservatives. Herniarin and similar alkylated derivatives, however, may be effective 
protective fungicides in plants because of their localized formation in high concentrations 
at the point of infection. 

EXPERIMENTAL 

The coumarins used in this investigation are mostly known compounds. They were synthesized from 
umbelliferone by standard alkylation and acylation procedures. Purity and identity of each compound 
was contirmed by elemental analyses and by means of its NMR spectrum. 
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All compounds were initially tested at a concentration of 500 ppm (w/v). Plates were prepared by adding 
a measured amount of the coumarin in acetone solution to 10 ml of sterilized medium, mixing thoroughly, 
pouring into 60 x 15 mm plastic Petri dishes, and allowing the gel to set. The plates were then inoculated 
with the test orgamsms. In the case of bacteria and yeasts the inoculation was done by Lederberg’s replica 
plating technique,t4 applying nine bacteria or seven yeasts on each plate. In the case of molds, drops of 
homogenized culture were placed on the surface of the plates, applying three of four molds per plate. 
The media used were: plate count agar (Difco) t&H 7.0) for bacteria; potato dextrose agar (Difco) (pH 5.6) 
for yeasts and molds. Control plates were also prepared containing the media plus acetone and inoculated 
with the same organisms. The plates were incubated at 28” for 1-5 days and evaluated by comparison with 
the controls. 

Sources of the cultures used in screening are identified in Tables 1 and 2. 


