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Abstract Some 1 (hydroxyphenyl)-l-nonen-3-ones, the corresponding 
Mannich bases, and 0-benzoyl esters were synthesized. Evaluation of 
these derivatives against murine P-388 lymphocytic leukemia indicated 
that, while the hydroxyphenyl styryl ketones and related esters were 
devoid of significant anticancer activities, etherification of the nuclear 
hydroxyl group gave compounds with a discernible increase in mean 
survival time. The hydroxyphenyl styryl ketones showed marked 
potencies against two pathogenic fungi and one yeast, while the corre- 
sponding ethers had diminished activities and the related esters were 
virtually devoid of antimicrobial activities. Two Mannich bases showed 
similar spectra of antimicrobial activities as the phenols and, in particular, 
were active against Trichophyton tnentagrophytes and Saccharomyces 
urururn 
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Recently (1,2), some styryl ketones containing nuclear 
halogen and dimethylamino substituents and the related 
Mannich bases were examined for cytotoxic and antineo- 
plastic activities. Metabolism of the cytotoxic (E)-2-ben- 
zylidenecyclohexanone was shown to proceed, in part a t  
least, by nuclear hydroxylation (3). A convenient synthetic 
route to nuclear hydroxystyryl alkyl ketones would assist 
in identifying the structures of the metabolites; available 
methodology for the synthesis of these compounds indi- 
cates various problems such as dimer formation (4). Fur- 
thermore, certain nuclear hydroxy chalcones have 
tumor-inhibiting properties (5), and a number of cytotoxic 
sesquiterpenoid lactones have hydroxyl groups in close 
proximity to a,O-unsaturated keto functions (6). 

A synthesis of hydroxystyryl Jalkyl ketones was initiated 
to evaluate them for antineoplastic activity. It was also 
considered that phenolic derivatives could be metabolized 
rapidly by conjugation (7) and that, by reacting the nuclear 
hydroxyl group with various benzoyl chlorides, esters could 
be produced which, on hydrolysis, would allow the gradual 
release of the parent phenol a t  a rate dependent on the 
Hammett value of the nuclear benzoyl substituent. 

The interference of microsomal mixed function oxidase 
systems by methylenedioxyphenyl derivatives (8) sug- 
gested the synthesis of 1-(3,4-methylenedioxyphenyl)- 
1-nonen-3-one and the related Mannich base. Further- 
more, as a continuing interest in the antimicrobial activi- 
ties of Mannich bases and related compounds (9-ll), it was 
proposed to examine the new derivatives for both anti- 
bacterial and antifungal activities. 

DISCUSSION 
An initial attempt to prepare l-(hydroxyphenyl)-l-nonen-3-ones, 

utilizing the Claisen-Schmidt method (12), gave only a viscous oil and 

recovery of the starting material. This reaction depends on the formation 
of an intermediate aldol, produced by attack of the anion from the dialkyl 
ketone on the carbon atom of the aromatic aldehyde (13). In the presence 
of aqueous alkali, the phenoxide ion from the hydroxybenzaldehyde di- 
minishes or abolishes the fractional positive charge on the carbonyl 
carbon atom of the benzaldehyde, thus inhibiting or preventing the 
synthesis of the intermediate aldol. Therefore, it was decided to protect 
the phenolic group by chemical modification prior to the condensation 
reaction. Since alkyloxymethyl ethers have been used previously for this 
purpose (14), the reaction sequence for the formation of I shown in 
Scheme I was followed successfully. 

OH OCH~OCH, 

0 

R 0 

In : R = 2- OCH,OCH, 
10 : R = 1 - OCH,OCH , 
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Table I-Antineoplastic Evaluation of Substituted 1- 
(Hydroxypheny1)- 1-nonen-3-ones and Related Compounds 
against P-388 Lymphocytic Leukemia in Mice 

Maximum Increase in 
Mean Survival Time 

Compound (Dose in mg/kg)n 

la 
Ib 

IIa 
IIb 

IIIa 
IIIb 
IVa 
IVb 
IVC 

116 (200) 
121 (100)b 
112 (200) 

94 (200) 
99 (l00)C 

110 (200) 
97 (6.25) 

105 (12.5) 

105 (200) 

V 113 i100)d 
VIa 102 (100) 
VIb 123 (50)' 

a The figures are the ratios of the survival time of treated animals to control an- 
imals expressed as a percentage. * On Day 5, there were 5/6 survivors a t  200 and 
100 m /kg On Day 5 ,  there were 5/6 survivnrs a t  100 mg/kg and 6/6 survivors a t  
50 mg7kg. d On Day 5 ,  there were 1/6 survivors a t  200 mg/kg and 6/6 survivors a t  
100 mgikg. On Day 5 ,  there were no survivors a t  200 mg/kg and 6/6 survivors a t  
100 mg/kg. 

Initial attempts to cleave the ethers Ia and Ib to the desired phenols 
IIa and IIb using hydrogen chloride, hydrogen bromide, acetic acid, 
sulfuric acid, and trifluoroacetic acid were unsuccessful. Aqueous formic 
acid led to the required compounds from which the corresponding 0- 
benzoate esters IIIa, IIIb, and IVa-IVc were produced. I t  was decided 
that subjecting the phenols to the Mannich reaction might lead to ring 
aminomethylation (15) and that reaction of Ia and Ib under the Mannich 
conditions followed by cleavage of the protecting group would be feasible. 
However, reaction of Ib with formaldehyde and dimethylamine hydro- 
chloride led to the Mannich base V in 37% yield; i.e., cleavage of the ether 
group occurred under the reaction conditions. Subsequently, it was shown 
that aminomethylation of IIb gave V in 16% yield. The piperonylidene 
derivative VIa was prepared using the Claisen-Schmidt condensation 
and underwent the Mannich reaction to yield VIb. 

The screening results of all compounds against P-388 lymphocytic 
leukemia in mice are summarized in Table I. Eight of the 12 compounds 
were nontoxic a t  the highest dose level examined (200 mg/kg); Ib and IIIb 
had only marginal toxicity. With V and VIb, murine toxicity was noted 
at  200 mg/kg but was absent a t  100 mglkg. In compounds structurally 
related to these two Mannich bases, toxicity has been associated, in part 
a t  least, to impairment of mitochondria1 function (16). The phenolic 
derivatives IIa and IIb gave small increases of approximately 9% in the 
mean survival time. 

While the benzoate esters IIIa, IIIb, and IVa-IVc had lower antineo- 
plastic activities than the precursor phenols, the corresponding ethers 
Ia and Ib increased the mean survival time by 19% on the average. This 
perceptible beneficial response could be due to preferential hydrolysis 
of the ether to the phenol in the tumorous cell since the claim has been 
made that the interstitial fluid surrounding certain cancers is more acidic 
than the plasma of blood afferent to the tumors (17). Alternatively, the 
diminished aqueous solubilities of the benzoate esters in comparison to 
the ethers may have retarded benzoate transport to the sites of action 
and, hence, diminished their anticancer potencies. Conversion of the 
styryl ketones IIb and VIa to the corresponding Mannich bases V and 
VIb increased the antineoplastic activities in both cases. 

Table I1 illustrates the evaluation of the 1-(hydroxypheny1)-1- 
nonen-3-ones and related compounds for antimicrobial activities. The 
high potencies of the phenolic ketones IIa and IIb against the pathogenic 
fungi Trichophyton mentagrophytes and Microsporum gypseum, as well 
as the yeast Saccharonyces uvarum, are particularly noteworthy. The 
related ethers Ia and Ib, as well as the diether VIa, showed similar spectra 
of activities, hut potencies were reduced and conversion of the phenols 

0 
H2d \ / OR 

VIa: R = H  
VI h : R = CH,N(CH J, .HCl 

to the esters IIIa, IIIb, and IVa-IVc produced derivatives that were either 
bereft of activities a t  the higher concentrations tested (500 pglml) or 
showed very low levels of potencies. The Mannich bases V and VIb 
showed similar spectra of activities to the phenols and approached these 
derivatives in demonstrated bioactivities. With the exception of Bacillus 
subtilis, the compounds appeared to be virtually devoid 6f antibacterial 
activities. 

EXPERIMENTAL' 

Melting points and boiling points are uncorrected. Organic extracts 
were washed several times with water and dried over anhydrous mag- 
nesium sulfate. After filtration, the solvent was removed in uacuo, using 
a water aspirator. 
(E)-l-(Methoxymethoxyphenyl)-l-nonen-3-ones (Ia and  Ib) 

-The methoxymethoxybenzaldehydes were prepared by the literature 
method (14), except that the sodium hydride dispersion was added in one 
operation rather than intermittently and the reaction mixture was stirred 
for 1 hr after sodium hydride addition. o-Methoxymethoxybenzaldehyde, 
hp 102'/0.55 mm [lit. (18) hp 100-102'/2.5 mm], was prepared as a col- 
orless oil in 68% yield. The corresponding para-derivative, bp 113'/0.2 
mm [lit. (19) bp 122'/2 mm], was prepared as a colorless oil in 74% yield. 
NMR spectroscopy and mass spectrometry were in accord with the 
proposed structures. 

A mixture of o-methoxymethoxybenzaldehyde (83.1 g, 0.5 mole), 2- 
octanone (76.9 g, 0.6 mole), and sodium hydroxide (10 g, 0.25 mole) in 
water (300 ml) was heated under reflux for 18 hr. On cooling, the two 
phases were separated. The aqueous layer was extracted with benzene, 
and the organic extracts were combined with the original organic layer. 
Removal of both the benzene and excess 2-octanone gave a viscous brown 
oil, which was distilled to give (E)-1-(o-methoxymethoxypheny1)-1- 
nonen-3-one (la) in 59% yield, bp 178'/0.5 mm, as a yellow viscous oil; 
mass spectrum: mle 276 (M.+, 2%) and 45 (100). 

Anal.-Calc. for C17H2403: C, 73.88; H, 8.75. Found: C, 72.80; H, 
8.78. 

The corresponding para-isomer, Ib, was prepared in a similar manner 
as a yellow viscous oil, bp 191'/0.7 mm, in 42% yield. On standing, the 
oil solidified to a very pale-yellow waxy solid; mass spectrum: mle 
276 (Me+, 11%) and 45 (100). 

Anal.-Calc. for C17H2403: C, 73.88; H, 8.75. Found: C, 73.51; H, 
8.43. 

(E)-1-(Hydroxypheny1)- 1-nonen-3-ones (IIa and I1 b)-A solution 
of (E)-l-(o-methoxymethoxypheny1)-l-nonen-3-one (10 g, 0.036 mole) 
and aqueous formic acid (85% v/v, 15 ml, 0.338 mole) in petroleum ether 
(bp 100-120", 250 ml) was heated under reflux for 20 min. On cooling, 
the layers were separated. The petroleum ether layer was concentrated 
to 50 ml and placed in a refrigerator (5') to yield the desired ketone, IIa 
(5.8 g), mp 98-100'. The aqueous phase, on refrigeration, deposited a 
further quantity of the required compound (0.41 g), mp 92-94'. Repeated 
recrystallization of the crude product from petroleum ether (hp 100-120') 
afforded ( E )  - 1 -( o -hydroxyphenyl) - 1 -nonen-3-one (IIa ) (67% yield) as 
pale-yellow granular crystals, mp 101-102"; NMR (CDC13): 6 8.48 (s, 1, 
OH), 8.02 (d, 1, CIH, J 1 , 2  = 16.2), 7.67-6.58 (m, 4, aromatic H), 6.97 (d, 
1, C?H, J1.2 = 16.2), 2.70 (t, 2, CIH), and 2.00-0.58 [m, 11, (CH2)&H3] 
ppm; mass spectrum: mle 232 (Ma+, 5%) and 147 (100). 

Anal.-Calc. for C15H2002: C, 77.54; H, 8.68. Found: C, 78.03; H, 
8.62. 

The corresponding para-compound, IIb, was prepared in an analogous 
manner, except that  petroleum ether was not added to the reaction 
mixture. It crystallized from petroleum ether (bp 100-120') as pale- 
yellow granular crystals (71%yield), mp 76-77'; mass spectrum: m/e 232 
(Me+, 12%) and 147 (100). 

Anal.-Calc. for C1bH2002: C, 77.54; H, 8.68. Found: C, 77.89; H, 
8.42. 

Other attempts a t  cleaving I b  to the desired hydroxy ketones IIa and 
IIb gave either viscous oils or a mixture of products. When hydrogen 
chloride or hydrogen bromide was bubbled through an ethereal solution 
of Ib at room temperature for 1.5 hr, only brown viscous oils were formed. 
A solution of Ib  in ether and a twice molar ratio of acetic acid were stirred 

Elemental analyses were carried out by Mr. R. G. Teed of the Department of 
Chemistry and Chemical Engineering, University of Saskatchewan. Mass spectra 
(AEI MS-12 mass spectrometer, Picker X-Ray Engineering Ltd., Montreal 304, 
Quebec, Canada) were determined at  70 ev by Mr. D. R. Bain, Department of 
Chemistry and Chemical Engineering, University of Saskatchewan. The 60-MHz 
NMR spectra (Varian T60 spectrophotometer, Varian Associates of Canada Ltd., 
Georgetown, Ontario, L7G 254, Canada) were carried out in deuterochloroform. 
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Table 11-Antimicrobial Evaluation of Substituted l-(Hydroxyphenyl)-l-nonen-3-ones and  Related Compounds '5 

Microorganism I U  Ib IIa IIb IIIa IlIb IVa IVb IVc V VIa VIb 

Escherichra coli (A'I'CC 
8739) 

Pseudomonas 
aeruginosa IATCC 
10145) 

Klehsiella pnc~urnriniar 
(ATCC 4352) 

Salmonella 
typhimuriurn ( C  46) 

Rordetello 
bronchiscptica 
(ATCC 4617) 

Staphy/oc.occu.s aurcus 
(ATOC 6538) 

Streptococcus faecalis 

Bacillus subtilia (ATCC 
(ATCC 8030) 

6633) 
Trichophytrtn 

mentagrophytfs 
(ATCC 9533) 

Microsporum gypsrum 
(ATCC' 14683) 

Aspergillus niger 
(ATCC 10535) 

Candido alhicans 
(ATCC 10231) 

Saccharomyrrs uuarum 
(ATCC 9080) 

Average antimicrobial 

> 500 

> 500 

> 500 
>500 

>500 

>500 

>500 

<loo 

> 250 

<loo 
>500 

>250 

>500 

92 

>500 

>so0 

> 500 

>so0 

>so0 

>500 

>500 

<lo0 

<loo 

> 100 

>500 

>500 

>loo 
115 

> 500 

>500 

> 500 

> 100 

>500 

<lo0 

> 500 

<lo0 

<10 

<10 

>500 

<loo 
<10 

712 

> 500 

>500 

> 500 

>500 

>500 

< 100 

> 500 

<loo 
<10 

<10 

>500 

>500 

<10 

654 

>500 

>500 

>500 

>500 

> 500 

> 500 

> 500 

>500 

> 500 

>500 

>500 

>500 

> 500 

0 

> 500 

>500 

> 500 

>500 

>500 

>500 

>500 

<loo 
> 500 

>500 

> 500 

> 500 

> 500 

39 

>500 

> 500 

> 500 

>500 

>500 

>500 

>500 

>500 

> 100 

> 100 

>500 

>500 

>500 

39 

> 500 

>500 

>500 

>500 

>500 

>500 

> 500 

> 500 

> 500 

>500 

> 500 

> 500 

>500 

0 

>500 

> 500 

> 500 

>500 

>500 

> 500 

>500 

<lo0 

> 250 

>250 

>500 

>SO0 

> 500 

54 

>500 

>500 

> 500 

>500 

>loo 

>loo 
>loo 
<loo 
< 10 

<loo 
> 500 

> 100 

<10 

539 

>500 

>500 

> 500 

>so0 

>500 

> 500 

>so0 

<loo 

<loo 

>loo 

> 500 

>so0 
> 500 

96 

>500 

>500 

> 100 

>500 

>500 

>lo0 

>lo0 

<lo0 

<10 

<loo 
>lo0 

>loo 
<10 

558 
activityb 

a The figures are t,he niinimuin inhibitory concentrations of the compounds in micrograms per milliliter. b Figures were calculated from the following expression: (combined 
antimicrobial activity X 100)/number of microorganisms in the screen. The combined antimicrobial activity was determined by giving the following scores at the highest 
potency of the compound against the microorganism: >250,1; >loo, 2.5; <loo, 5; and <lo, 25. 

at  room temperature for 2 hr, but only a quantitative recovery of Ib was 
obtained. A solution of Ib in benzene and acetic acid ( 5 1  v/v) was brought 
to reflux, 5 drops of sulfuric acid were added, and the resultant mixture 
was heated under reflux for 5 min. The product obtained was a mixture 
of Ih and IIh (PMR and mass spectral evidence). When a solution of Ib  
in a mixture of equal parts of benzene and trifluoroacetic acid was heated 
under reflux for 48 hr, a mixture of Ib and IIb was obtained (PMR and 
mass spectral evidence). 

An initial attempt to prepare IIa and IIb by the conventional Cla- 
isen-Schmidt reaction (12) from the appropriate hydroxybenzaldehyde, 
2-octanone, and aqueous sodium hydroxide (3% w/v) produced only 
brown tars and unreacted hydroxybenzaldehyde (33%). 
(E)-l-(Benzoyloxyphenyl)-l-nonen-3-ones (IIIa, I I Ib ,  and  

IVa-IVc)-The esters IIIa, IIIb, and IVa-IVc were prepared by the 
following general method. The appropriate benzoyl chloride (0.025 mole) 
was added to a solution of either IIa or IIb (0.022 mole) in dry pyridine 
(20 ml), and the mixture was heated on a steam bath for 10 min and then 
stirred at  room temperature for 24 hr. The solution was then poured onto 
crushed ice (20 g). After the ice melted, the crude reaction product was 
extracted wit.h ether and purified by recrystallization. 

(E ) - 1 - 10 - (p  -C hlorohenzoy1oxy)phenyl) ~ 1 -nonen-3 -one (IIIa ) crys- 
tallized from methanol as colorless needles in a 68% yield, mp 47- 
48.5'. 

Anal.--Calc. for Cr2H&103: C, 71.29; H, 6.26. Found: C, 71.43; H, 
6.23. 

The corresponding p -nitro ester, IIIb. crystallized from methanol as 
pale-yellow needles in a 59% yield, mp 62-63.5'. 

Anal.-Calc. for CzzH23N06: C, 69.26; H, 6.08; N, 3.67. Found: C, 69.81; 
H, 6.18; N,  3.62. 

(E)-l -I. -(Benzoyloxy)phenyl]-1 -nonen-3-one (IVa) crystallized from 
ether as colorless flakes in an 83% yield, mp 85-86". 

Arial.-Calc. for C22H240:j: C, 78.57; H, 7.20. Found: C, 79.11; H, 
7.03. 

The corresponding p-chloro ester, IVb, crystallized from ether as 
colorless flakes in an 85%yield, mp 115-116'. 

Anal.-Calc. for CzzH23C103: C, 71.23; H, 6.26. Found: C, 71.62; H, 
6.13. 

The corresponding p-nitro ester, IVc, crystallized from ether as cream 
flakes in a 65% yield, mp 99-101". 

Anal.-Calc. for C ~ ~ H ~ ~ N O S :  C, 69.26; H, 6.08; N, 3.68. Found: C, 67.45; 
H, 5.94; N,  3.52. 

PMR and mass spectral studies also confirmed the structures. 

The crude reaction product from IIa and benzoyl chloride was distilled 
to give an orange oil, bp 198-206"/0.2 mm. TLC of the distillate, using 
silica gel and a solvent mixture of chloroforin-ethyl acetatediethylamine 
(92:5:3), indicated the presence of unreacted ketone 110, which was not, 
separated from the desired ester by a chromatography column packed 
with silica gel and eluted with the solvent mixture used for TLC. At-  
tempted redistillation of the oil led only to the formation of a yellow- 
ish-brown viscous mass. 

( E )  -4-Dimethylaminomethyl - 1- (p-hydroxypheny1)-1-nonen- 
%one Hydrochloride (V)-A mixture of (E)- Ib  (15 g, 0.054 mole), di- 
methylamine hydrochloride (4.4 g, 0.054 mole), and paraformaldehyde 
(4.9 g, 0.054 mole) in ethanol (100 ml) containing hydrochloric acid 
(0.5-2.0%) was heated under reflux for 24 hr. Oh cooling, the alcohol was 
removed in uacuo; the residue was suspended in water and extracted with 
ether. Separation of the organic phase, followed by removal of ether, af- 
forded (E)-IIb (2.1 g, 17% yield). The aqueous layer was cooled with ice 
water and basified to pH 9 with aqueous sodium hydroxide (0.1 M ) .  

The liberated oil was extracted with ether, and the organic extract was 
washed with water, dried, and then acidified with ethanolic hydrochloric 
acid (20% w/v). The solution was concentrated and placed in a refriger- 
ator, and the colorless solid that deposited was recrystallized from acetone 
to give V (6.5 g, 37% yield) as a colorless powder, mp 174-176"; NMR: 6 

aromatic H, J2,,3, = 8.7), 6.90 (d, 2, aromatic H, J5r.w = 8.7), 6.90 (d, 1, C2H, 
J1,2 = 16.0), 3.80-3.00 (m, 3, C4H,CH2), 2.72 [s, 6, N(CH&], and 1.90-0.57 
[m, 11, (CH2)4CH3] ppm; mass spectrum: mle 289 (M+I -iHCl,i2%)/and 
58 (100). 

Anal.-Calc. for CleH2&1N02: C, 66.34; H, 8.66; N, 4.30. Found: C, 
62.03; H, 8.71; N, 4.08. 

(E)-l-(3,4-Methylenedioxyphenyl)-l-nonen-3-one (VIa) and the 
Related Mannich Base (V1b)-A mixture of 3,4-methylenedioxy- 
benzaldehyde (24.0 g, 0.16 mole), 2-octanone (23.1 g, 0.18 mole), and 
sodium hydroxide (4 g, 0.1 mole) in water (100 nil) was heated under re- 
flux for 23 hr. On cooling, the reaction mixture was extracted with ben- 
zene. Evaporation of the solvent produced a yellow solid, which was 
recrystallized from petroleum ether (bp 100-130') to give VIa (16.4 g. 
39% yield) as colorless needles, mp 56.5-58" [lit. (20) mp 61"); mass 
spectrum: m/e 260 (M-+, 22%) and 175 (100). 

Anal.-Calc. for C16H2003: C, 73.81; H, 7.75. Found: C, 73.92; H, 
7.95. 

A solution of hydrochloric acid (10 ml) in ethanol (250 ml) was added 
to a mixture of VIa (41.2 g, 0.16 mole), dimethylamine hydrochloride (12.9 

10.56 (s, 1, N+H), 10.22 (s, 1, OH), 7.72 (d, I, CiH, J i , 2  = 16.0), 7.64 (d, 2, 
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g, 0.16 mole), and paraformaldehyde (4.8 g, 0.16 mole) in methanol (12.5 
ml), and the resultant mixture was heated under reflux for 1 hr. On 
cooling, a colorless solid deposited, which was recrystallized from acetone 
to give (E~-4-dimethylamino-l-(3,4-methylenedioxypheny~)-l-nonen- 
3-one hydrochloride (Vlb)  (18.3 g, 32% yield) as colorless needles, mp 
149-150’; mass spectrum: rn/e 317 (M+ - HCI, 2%) and 58 (100). 

Anal.-Calc. for CIgH&lN03: C, 64.47; H, 7.98; N, 3.96. Found: C, 
64.78; H, 8.07; N, 3.81. 

Screening-For anticancer screening2, the compounds were admin- 
istered in saline ( H a ,  IVa-IVc, and V), saline with polysorbate 80 (IIb, 
IIIa, IIIb, VIa, and VIb), saline with alcohol (Ib), and hydroxypropyl- 
cellulose (Ia) intraperitoneally to CD2Fl mice. Injections were made daily 
for 9 consecutive days. 

For the antimicrobial screen3, the compounds were dissolved in water 
or dimethyl sulfoxide and diluted serially to various concentrations. The 
concentrations of stock solutions were prepared in such a way that when 
0.5 ml was added to 15 ml of agar medium, the desired final concentra- 
tions were obtained. Trypticase soy agar medium was employed for the 
bacteria, and modified Sabouraud agar was used for the fungi and yeasts. 
The test organisms were grown previously for 2 days a t  35’ for bacteria 
and yeasts and 1 week for fungi a t  24” on slants of the same medium. 

The agar plates were streaked with a loopful of cell suspension that had 
been washed off from the slants and diluted to approximately lo5 or- 
ganisms/ml. The plates were incubated for 2-14 days a t  24’ for fungi and 
a t  35’ for bacteria. The bacteria were assessed a t  500 and 100 pg/ml; 
therefore, >lo0 indicates a compound showing inhibition of growth a t  
100, hut not 500, pg/ml. The fungal growth was measured a t  concentra- 
tions of 500, 250,100, and 10 pg/ml; >lo0 indicates, for example, that  
growth was inhibited a t  100, but not 250, pg/ml. 
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