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Abstract 
A number of N,N-disubstituted decanamides 

have been prepared, characterized and screened 
for their antimicrobiaI activity against a number 
of pathogenic organisms including bacteria both 
gram positive and negative, yeasts and molds. 
Several of these compounds exhibited a broad 
spectrum and high level of activity against all or 
most of the test organisms. The antimicrobial 
activity of these compounds has been shown to 
correlate with their dispersibility and surface 
tension in an aqueous systems. 

Introduction 
It  is well known that many fatty acids and quater- 

nary nitrogen compounds possess antimicrobial activ- 
ity (1-17). Recently Novak et al., in a cooperative 
investigation (18,19), have shown that the morpholino 
derivative of certain fatty acids also exhibit a broad 
spectrum of antimicrobial activity against such varied 
organisms as bacteria, yeasts and molds. In view of 
these results, the screening program on antimicrobial 
activity was expanded to encompass a greater variety 
of N-substituted fat ty acid amides. This paper re- 
ports on the antimicrobial activity of one such fatty 
acid amide group, the N-substituted and N,N- 
disubstituted decanamides. 

Experimental Procedures 
The decanoie acid used in these preparations was 

a purified acid obtained from a methyl ester which 
had been fractionally distilled in a 36 in. Iteligrid- 
packed Podbielniak fractionating column. The de- 
canoyl chloride was a distilled product prepared by 
reacting this acid with thionyl chloride. The amines 

1 So. Uiiliz. t~es. Dec. ])iv., APES, USDA.  

used were commercial or research grade products 
available from research and industrial supply houses. 

The substituted amides, with the exception of the 
two lauramide derivatives, were prepared by one of 
two methods; either by the interaction at reflux of a 
mixture of decanoic acid, 1.5 equivalents of amine 
and sufficient benzene to permit removal of the water 
of reaction by azeotropic distillation (20), or by the 
interaction of decanoyl chloride and an equivalent 
amount of amine in the presence of a slight excess 
of pyridine. The latter method was used in all prep- 
arations involving a volatile amine. The two sub- 
stituted lauramidcs were prepared by a procedure 
involving ester aminolysis (21). Any residual acidity 
in the amide products was removed by percolation 
of a hexane solution of the respective amides through 
an activated alumina column. The acid-free amide 
was recovered from the percolate. 

Densities were determined pycnometrically in a 
thermostated bath at 30 ± 0.1 C. The refractive in- 
dices were determined at 30 C with a precision Bausch 
and Lomb refraetometer using the D sodium line. 
The melting points were determined on a Fisher- 
Johns apparatus. Surface tensions were determined 
by the ring method using a du Nouy tensiometer. 

The micro-organisms used were obtained from stock 
cultures. Difco Bacto Dehydrated Nutrient Agar at 
pH 6.8, Difco Bacto Dehydrated Yeast Morphological 
Agar at pH 4.5, and Difco Dehydrated Mycological 
Agar at pH 7.0 were used to test the inhibition of 
the bacteria, yeast and mold cultures, respectively. 
Seeded agar plates were used to measure the anti- 
microbial activity against bacteria and yeasts. Sus- 
pensions of the test organisms were prepared by 
transferring a loop of spores in the case of spore 
formers and vegetative cells in the case of nonspore 
formers into sterile saline. Hardened agar plates were 
inoculated by placing three drops of the suspension 

TABLE I 

Elemental Analyses and Properties of Some N,N-Disubstituted Deeanamldes 

Surface Density N *o 
tenslon a 30 C L mp C ~ 

%c %H %I~ 
Exp. Theory Exp. Theory Exp. Theory 

N-Buiyldecanamide 
N-Isoamyldecanamide 
N-Cyclohexyl decanamide 
N.N-Bis ( 2-ethexyethyl ) decanamide 
N.N~Bis (2-decancyloxyethyl) decanamide 
N,N-Bis ( 2-hydroxyethyl )lau~amlde 
N.N-Bis (2-deeanoyloxyethyl) Iauramide 
N-Decanoylmorpholine 
N.D ecanoy]-2, 6-dimethylmorpholine 
N.Deeanoylpiperidine 
N.D ecanoyb2 -methylpiperidine 
N-Decanoyl-3-methylpiperldlne 
N-D ecanoyl-4-methylpiperidine 
N.D ecanoyld-ethylplperldlne 
N-Decanoyl-2,6-dimethylplperidine 
N-necancyl-2-methyl-5-ethylpiperi dine 
N-Decanoyl-4-nonylplperidine 
N-Decanoyl-2 - (5monyl) plperidine 
N.D ecanoyl-2 -henzylpiperidine 
N-D ecanoyb 4-benzylplperidine 
N-D eeanoylhexamethylenimi~ e 
N -Oeean oyl-3 -azaM cycle[ B .2.2 ] nonane 
N,N-Di-decanoylpiperazme 
N-DecanoyI-N'-methylpiperazine 
N-Decanoyl-l,2,3,4-tetrahydroquinolin e 

40.5-41.0 
0.8588 1.4496 

77.0-77.5 
0.9093 1.4489 
0.9315 1.4591 

24.6 0.9790 1.4708 
0.9342 1.4582 31.2-32.2 

29.6 0.9608 1.4694 
35.0 0.9331 1.4638 
37.1 0.9101 1.4688 

0.9085 1.4687 
40.4 0.9009 1.4664 

0.9003 1.4666 
41.8 0.9013 1.4681 

0.9079 1.4694 
0.8989 1.4673 
0.8836 1.4693 
0.8906 1.4697 
0.9628 1.5072 

47.7 0.9622 1.5094 
0.9169 1.4726 
0.9551 1.4886 

43.4 59--60 
27.4 0.9308 1.4737 

0.9805 1.5212 

74.21 73.94 12,83 I2.55 6,08 6.16 
74.31 74.56 12.78 12.94 5.39 5.80 
76.07 75.82 12.27 12.33 5.39 5.53 
67.97 68.51 ]1.66 1L83 4.42 4.44 
71.97 71.84 11.41 11.55 2.62 2.47 
63.99 66.79 10.81 11.58 4.87 4.87 
71.89 72.49 11.49 11.68 2.41 2.34 
68.45 69.60 11.11 11.27 5.56 5.40 
70.82 71.26 11.48 11.60 5.04 5.21 
74.47 75.18 11.85 12.21 5.63 5.85 
75.16 75.78 12.20 12.31 5.45 5.52 
75.01 75.78 11.93 12.31 5.39 5.52 
75.35 75.78 12.20 12.31 5.42 5.52 
75.69 76.29 12.08 12.44 5.10 5.24 
75.95 76.29 12.38 12.44 5.14 5.24 
76.49 76.81 12.59 12.55 4.98 4.98 
78.69 78.78 12.90 12.96 3.76 3.83 
78.59 78.78 I2 .70 12.96 3.76 3.83 
80.14 80.19 10.71 10.72 4.15 4.26 
80.37 80.19 10.78 10.72 4.20 4.26 
75.63 75.78 12.43 12.33 5.31 5.53 
72.83 77.33 10.95 11.81 4.89 5.02 
73.15 73.09 11.68 11.75 7.07 7.09 
69.19 66.04 11.39 11.07 10.83 11.01 
79.45 79.32 10.17 10.17 4.79 4.87 

aDynes / sq ,  cm at 25 .5C for a 0 .1% aqueous dispersion of the compound. 
1, Uncorrected, 
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onto the agar. The micro-organisms were spread 
over the surface of the plates with sterile glass rods. 
These plates were employed in the activity estimation 
against microbial growth• Filter paper discs 6.5 mm 
in diameter, made from Whatman Nmnber 1 filter 
paper were used to evaluate the liquid compounds 
and stainless steel cylinders 5 mm I.D. were used 
in the case of the solid compounds, Samples 1, 3, 7 
and 23 of Table IL The paper discs wetted until 
they were completely saturated with the test com- 
pound or stainless steel cylinders containing the test 
solid compound were placed on the surface of the 
a jar  plates inoculated with the test organisms. To 
eliminate any errors which could result from an in- 
sufficient number of tests, a minimum of three ex- 
periments, at different times, employing duplicate 

p la tes  were made for each compound under test. All 
plates were incubated at the optimmn growing tem- 
perature for each organism and readings were taken 
after 24, 48, 72 and 120 hr periods. The zones of 
inhibition were compared to those for the controls. 

Results and Discussion 
The densities, refractive indices and elemental an- 

alyses of the various decanoyl derivatives are reported 
in Table I as are the melting point ranges of the solid 
derivatives and the surface tension at 25.5 C of 0.1% 
aqueous dispersions of some selected derivatives. 

The antimicrobial activity of these decanoyl deriva- 
tives against several species of bacteria, yeasts and 
molds, under optimum growth conditions of the re- 
spective organisms for 120 hr, is reported in Table II. 
Six of the derivatives, Samples 6, 8, 9, :10, 21 and 24, 
exhibit a broad spectrum of activity with a sustained 
high degree of inhibition, giving + ÷  and + ratings, 
against all but a few of the test organisms. 

The N-decanoyl-2- and -3-methyl piperidines, Sam- 
ples 11 and 12, although tested on fewer organisms 
do exhibit an activity pattern which suggests that 
they may also be broad spectrum antimicrobials. The 
other decanamides show either a lower degree of 
activity, a narrower spectrum, or no activity at all. 
However, even these less active compounds cannot be 
completely discounted as antimicrobial agents for 
they could manifest, under less favorable growing 
conditions for the organisms, a higher level of activity. 
It is also possible that they could be active against 
other micro-organisms than those used in the tests. 

Whatever structure-activity correlation exists in 
these derivatives appears to be overshadowed or 
masked by the effect of dispersibility of the com- 
pound in an aqueous medium or of the surfactant 
characteristics as reflected by the surface tension 
of an aqueous disperson. That these are real fac- 
tors becomes apparent when one compares the 
following pairs of closely related compounds: (a) 
N,N'-didecanoylpiperazine with N-decanoyl-N'-methyl- 
piperazine, Samples 23 and 24, and (b) N,N-bis(2- 
decanoyloxyethyl) decanamide with N,N-bis (2-hydrox- 
yethyl) lauramide, Samples 5 and 6. In both pairs, 

the first named compounds, which are at best poorly 
dispersible, have little or no antimicrobial activity 
whereas the last mentioned compounds in both pairs, 
which are quite dispersible, have a very high and 
broad activity spectrum. These deductions are sub- 
stantiated by the surface tensions reported in Table I 
obtained on 0.1% aqueous dispersions of the com- 
pounds in question. The most surface active com- 
pounds, those giving the lowest surface tensions, are 
the most active antimicrobially. 

The somewhat better performance of the N-decanoyl 
morpholine and N-decanoyl-2,6-dimethylmorpholine, 
Samples 8 and 9, over that of the N-decanoyl- 
piperidine, Sample 10, must also be due, at least in 
part, to the more hydrophilic and better surfactant 
character of the morpholides. This effect is also 
readily demonstrated in the piperidine series where 
both moieties are individually quite active anti- 
mycotics. Here we observe that as we increase the 
hydrophobicity and decrease the surfactant char- 
acteristics, by increasing the number and complexity 
of the alkyl substituents on the piperidine ring, we 
decrease the antimycotic activity of the decanoyl 
derivative. 

The broad antimicrobial spectra of several of the 
N-substituted decanomides suggest potential utility in 
biostatic products. In view of the established com- 
patibility of these derivatives with polyvinyl chloride 
(22,23) these dccanoyl derivatives may have utility 
as biostatic additives for plastic compositions. 
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