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ABSTRACT 

Aminimides are a ne~v class of  surface active agents 
which have antimicrobial  activity. These bipolar 
compounds have activity against both gran-positive 
and yeast  organisms. Their activity against gram-nega- 
tive organisms is low or absent. The acyl derivatives 
tested showed maximum activity at chain lengths of  
C14 and C16. Fa t ty  acid derivatives, shorter  (<C14) 
or longer (>C 16), were less active. Unsaturation was 
an important  factor contributing to aminimide activ- 
i ty .  Their low toxici ty  and wide spectrum of anti- 
microbial activity make aminimides ideal candidates 
for further investigation. 

INTRODUCTION 

Aminimides or ammonio-amidates are compounds repre- 
~-+ 

senting a relatively new functional group [R -N-N-]. The 
functionali ty consists of a quaternary nitrogen at tached to 
an imide nitrogen. The compounds exist as bipolar ions. 
The first aminimides were prepared in 1930 by Curtiss (1), 
but  systematic investigation remained inactive until 1954. 
The chemistry of  aminimides has recently been surveyed by 
Timpe (2) and McKitlip, et ai., (3). 

Acyl aminimides possess interesting surface tension or  
wetting propert ies and emulsifying characteristics. They 
behave like nonionic surfactants with respect to  cloud point  
(4,5) and exhibit  a Kraft Point phenomena similar to that  
associated with ionic surfactants (6). 

Because of  their  surfactant functions (7), these struc- 
tures are generally good candidates as antimicrobial agents 
(8,9). Our own interest in the effect of amines and amides 
on bacteria and fungi (10) added further stimulus to  the 
screening of aminimides as potential  antimicrobial agents. 

MATERIALS AND METHODS 

The acyl aminimide derivatives were prepared by the 
organic group of  Ashland Chemical Company (Dublin, 
Ohio) using methods previously reported (11,12). Most of 
the samples were recrystatlized five or six times and were 
chromatographically pure. 

A 0.2 g amount  of compound was dissolved in 0.5 ml 
absolute methanol and quantitatively transferred to 200 ml 
Trypticase soy broth (TBS) (BBL Div. Becton, Dickinson & 
Co., Cockeyville, MD.). If the resulting suspension was 
granular or turbid,  the suspension was carefully heated (ca. 
70 C) to increase drug solubilization. Standard solutions (or 
suspensions) containing 1000 gg/ml were serially diluted 
with additional broth to achieve desired concentrations.  The 
serial dilutions were then dispensed into screw cap tubes 
( 1 6 x  125 mm). 

The organisms used in this survey were clinical isolates 
(Providence Hospital, Southfield, Michigan, 1970-1972); 
maintained in our laboratory.  The organisms had been 
stored in skim milk broth  at -80 C. 

A test inoculum consisted of 0.05 ml of an 18- to  24-hr 
TSB culture (ca. 109 organism/ml). The inoculum was 
aseptically delivered into all dilutions of the compound,  

well mixed and incubated at 36 C in a 5% CO2: 95% O2 
atmosphere. A tube of inoculated broth without  drugs 
served as the positive control;  also, an uninoculated set of  
dilutions was incubated. After  18-hr incubation, the mini- 
mal inhibi tory concentrat ion (MIC) of  each compound 
against each organism was determined. In this s tudy,  the 
MIC is defined as the lowest concentration of  compound at 
which no evidence of  growth was observed when turbidi ty 
of the inoculated bro th  dilutions was compared to  the con- 
trol tubes. 

In cases in which the test compound caused turbidi ty  
and the MIC could not accurately be determined,  a sample 
(0.015 mi) of the well agitated broth  in question was 
inoculated onto a Trypticase soy agar plate containing 5 
percent defibrinated sheep blood, incubated at 35 C and 
examined after 18 hr for bacteriostat ic and bactericidal end 
points. Usually there was only one tube difference between 
the bactericidal and bacteriostat ic concentrations. It was 
found that turbidi ty  from the compounds did not  confuse 
the readings. Most of the compounds were inhibitory at low 
concentrations where solubil i ty was almost complete.  

The pH of the broth  was monitored throughout  the 
study by an Accutint  set (Anachemia,  Montreal, Quebec, 
Canada) and was found to be within the range of  7.3-+0.2. 
Also, at the concentration used, methanol was found to be 
noninhibitory,  in controlled test experiments.  

RESULTS AND DISCUSSION 

In our initial studies (10 , t3) ,  8 gram-negative and 12 
gran-positive organisms were used. To achieve greater 
efficiency, a less ambitious screening program was devel- 
oped which included two gram-negative, five gram-positive, 
and two representative yeast cultures. The present results 
are on this miniscreen. Because of the preliminary nature of 
this report,  ten-fold rather than two-fold dilutions were 
used to determine MIC values. 

The acyl aminimides (R 1 ) reported here are derived 
from C12 through C18:1 fat ty  acids and have the general 
structure shown below. Series I is represented when R 2 is 
methyl,  Series II when R 2 is 2-hydroxyethyl  and Series III 
when R2 is 2-hydroxypropyl  in the general formula: 

0 CH 3 
I! / 
RIC--N N-~R2 

CH 3 

Where R]+C11 to C17 and C17:1 , then R2=CH 3 (Series I), 
or R 2 - CH2CH2OH (Series II), or R 2 = CH2CHOHCH 3 
(Series III). 

The results from tests on these three series are given in 
Table I. Included in the table are data on the effects of 
hexachlorophene,  which was used as a chemical control 
against these same organisms. 

Acyl aminimides, for the most part,  exhibit  activity 
chiefly against gTan-positive and yeast  organisms. In our 
study,  levels of 1000 #g/ml showed little or no inhibition 
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TABLE I 

The Minimal Inhibitory Concentration (/ag/ml) For Long Chain Acyl Aminimides 

Aminimide a Organism b 

Gram ( - )  Gram (+) Yeast 
Acyl derivatives 1 2 3 4 5 6 7 8 9 

1,1,1Trimethyl 
C12 NI c 
C14 NI 
C16 NI 
C18 NI 

l,l-Dimethyt-1- 
(2-hydroxyethyl)- 

C12 NI 
C14 NI 
Ct6 NI 
C18 NI 

1,1-Dimethyl-1- 
(2~ydroxypropyl)- 

C12 NI 
C14 NI 
C16 NI 
C18 NI 
C18:1 NI 

Hexachlorophene NI 

NI 1000 1000 1000 1000 1000 1000 1000 
NI 100 10 10 10 10 100 10 
NI 10 10 10 10 10 t0  10 
NI 100 10 100 10 100 NI 100 

NI 100 100 100 100 I00 100 100 
NI 10 10 10 10 10 10 10 
NI 100 I0 10 10 I0 10 10 
NI 1000 10 100 100 10 NI 1000 

NI 100 10 100 10 100 100 100 
NI 100 I0 10 10 10 10 10 
NI 100 10 10 10 10 10 10 
NI 100 10 100 10 100 1000 100 

1000 1000 1 10 10 100 1000 10 

I000 1 0  1 1 1 1 0  1 0  100 

ac  n = Carbon number of acyl chain. 
b l )  Escherichia coli, 2) Pseudomonas aeruginosa, 3) Streptococcus faecalis (Group D), 

4) Streptococcus pyrogenes, 5) Staphylococcus aureus 6) Corynebacterium sp., 7) Nocardia 
asteroides, 8) Candida albicans, and 9) Saccharomyces cerevisiae (ref. 8). 

CNI = Non-inhibitory. 

against  gram-negat ive  organisms.  In  th is  respec t ,  t hese  
c o m p o u n d s  are s imilar  to  h e x a c h l o r o p h e n e ,  wh ich  also has  
low act iv i ty  against  mos t  gram-negat ive  organisms (14) .  

M a x i m u m  act iv i ty  of  acyl  derivat ives was ach ieved  w i t h  
cha in  l e n g t h  c o r r e s p o n d i n g  t o  myr i s t i c  (C 14) o r  pa lmi t i c  
(C16)  acid;  f a t t y  acids s h o r t e r  ( < C 1 4 )  or  longer  ( > C 1 6 )  
were  less active.  This genera l i za t ion  he ld  t rue  for  b o t h  
gram-posi t ive  a n d  yeas t  mic roorgan isms ,  and  suppo r t s  
previous  f indings  for  long  cha in  acid amides  (10) .  

The  in f luence  of  u n s a t u r a t i o n  is an a m i n i m i d e  der ivat ive  
was e x a m i n e d  because  it  was previous ly  (15)  c o n f i r m e d  
t h a t  u n s a t u r a t i o n  was an  i m p o r t a n t  f ac to r  in c o n t r i b u t i n g  
to  t he  an t imic rob i a l  p r o p e r t y  of  long  cha in  f a t t y  acids. The  
p r e p a r a t i o n  o f  1 , 1 - d i m e t h y l - l - ( 2 - h y d r o x y p r o p y t ) - a m i n e  
s tea r imide  and  o le imide  a l lowed t he  compar i son  o f  a 
s a t u r a t e d  and  a A9 u n s a t u r a t e d  amin imide .  A c c u m u l a t e d  
MIC's  f o r  t h e  five gram-posi t ive  organisms i nd i ca t ed  o n l y  a 
s i g h t  d i f fe rence  b e t w e e n  s a tu r a t ed  and  the  A9 u n s a t u r a t e d  
derivatives.  The  u n s a t u r a t e d  der ivat ive  was more  act ive t h a n  
t he  s a t u r a t e d  amin imide ,  excep t  for  an  inc reased  MIC 
against  S t r e p t o c o c c u s  faecalis.  This s t r u c t u r e - f u n c t i o n  activ- 
i ty  fo l lows t he  genera l i za t ion  m a d e  for  f a t t y  acids t h e m -  
selves (10) .  

These  in i t ia l  inves t iga t ions  w i th  amin imides  ind ica te  t h a t  
th i s  group of  c o m p o u n d s  possess an t imic rob ia l  spec t ra  and  
ac t iv i ty  s imilar  to  h e x a c h l o r o p h e n e .  These  der ivat ives  m a y  
be less tox ic  t h a n  h e x a c h l o r o p h e n e .  Acu te  t ox i c i t y  exper i -  
m e n t s  w i th  mice  i nd i ca t ed  L D s o  values ( 1 8 0 - 4 0 0  mg/kg)  
a f te r  i n t r a p e r i t o n e a l  in jec t ion .  Becausse on ly  a few classes o f  
the  m y r i a d  of  possible  derivat ives have b e e n  screened ,  an  
u n l i m i t e d  n u m b e r  of  var ia t ions  are available for  f u r t h e r  
screening.  The  wide s p e c t r u m  act iv i ty  for  these  k inds  of  
drugs is ev iden t  because  o t h e r  derivat ives cu r ren t ly  be ing  
sc reened  suggest  t h a t  gram-negat ive  organisms m a y  also be  
a f fec ted .  The  low t o x i c i t y  and  wide s p e c t r u m  a n t i m i c r o b i a l  

ac t iv i ty  o f  a m i n i m i d e ,  especial ly  against  bac t e r i a  and  yeas t ,  
make  t h e m  ideal  f o r  f u r t h e r  inves t iga t ion .  
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