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ANTIMICROBAL. QUATERNARY AMMONIUM 
COMPOUNDS 

The present invention relates to novel quaternary 
ammonium compounds represented by the general for 
mula: 

wherein R is a long chain alkyl group of 12-18 carbon 
atoms, R and Rare methyl or ethyl groups, n is an in 
teger from 1 to 6, Ar is an aryl radical comprising a 
phenyl, naphthyl or substituted phenyl or naphthyl 
wherein said substituents include alkyl, alkoxy, acet 
amido, amido, phenyl, naphthyl, halo- and/or nitro 
radicals, and X is a compatible anion. These quaternary 
compounds possess superior anti-microbial, anti-caries, 
and anti-calculus activity, are mild and substantially 
non-toxic. 
Typical examples of the quaternary ammonium com 

pounds embraced by this invention include: 
1. 3-(p-cresoxycarbonyl) propyldimethyltet 

radecylammonium bromide 
2. phenoxycarbonylmethyldimethyltetradecylam 

monium bromide 
3.3-(phenoxycarbonyl)propyldimethyltetradecylam 

monium bromide 
4. 3-(phenoxycarbonyl)propyldimethyldodecylam 

monium bromide 
5. phenoxycarbonylmethyldimethyldodecylam 

monium bromide 
6. p-nitrophenoxycarbonylmethyldimethyltet 

radecylammonium bromide 
7. 3-(p-nitrophenoxycarbonyl)propyldimethyl 

dodecylammonium bromide 
8. 3-(p-nitrophenoxycarbonyl)propyldimethyltet 

radecylammonium bromide 
9. 3-(2',4',6' trichlorophenoxycarbonyl)propyldime 

thyldodecylammonium bromide. 
10. 3-(2',4',6' trichlorophenoxycarbonyl)propyl 

dimethyltetradecyl ammonium bromide. 
11. 3-(p-cresoxycarbonyl)propyltetradecyldimethyl 

ammonium chloride. 
12. 3-(2',4',6' trichlorophenoxycarbonyl)propyldim 

ethyltetradecyl ammonium iodide. 
13. 5-(p-cresoxycarbonyl)pentyldimethylhexadecyl 

ammonium chloride 
14. 6-(phenoxycarbonyl)hexyldiethylocatadecyl am 

monium bromide 
15. 4-(p-nitrophenoxycarbonyl)butylhexadecyl am 

monium bromide 
16. 2-naphthyloxycarbonylmethyldimethyltetradecyl 

ammonium bromide 
17. 1-naphthyloxy carbonylmethyldimethyldodecyl 

ammonium bromide. 
The halides, such as the fluorides, the sulfates and 

methosulfates, and analogous compounds, may also be 
employed herein as effective antibactericides. 

It has been observed that the compounds generally 
described by the foregoing formula are particularly ef 
fective against gram positive organisms such as Staphy 
lococcus aureus, Streptococcus mitis, Bacillus subtilis 
and Corynebacterium acnes. 
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The anti-microbial nature of the instant novel com 

pounds was shown by a standard test tube serial dilu 
tion test in which an appropriate number of test tubes 
of broth containing decreasing concentrations of the 
test agent was innoculated with the test organism. The 
test agent was initially at a 10% concentration in etha 
nol which was progressively diluted, first tenfold, and 
then twofold, each time with broth. The broth em 
ployed contained 17 gm of trypticase peptone, 3 gm of 
phytone peptone, 5gm of sodium chloride, 2.5gm of 
dipotassium phosphate, 2.5gm of dextrose and water 
to 1 liter. After a suitable period of incubation, the 
tubes were examined for the presence or absence of 
growth. The activity of the test agent was the lowest 
concentration which inhibited the growth of the organ 
ism and is expressed as the minimal inhibitory concen 
tration in ug/ml. 

TABLE I 

Compound No. Minimum inhibitory Concentration (ugjml) 
S. aureus S. mitis (S-3) 

l 0.78 3.2 
2 12.5 6.25 
3 0.78 1.56 
4 3.2 2.5 
5 2.5 25 
6 6.25 12.5 
7 6.25 25 
8 0.78 6.25 
9 12.5 3.2 
10 6.25 3.2 

These dilution tests evidence the bacteriostatic effec 
tiveness of compounds of this invention against gram 
positive bacteria. 
When used against bacteria, compounds of the in 

stant invention may be applied directly to the surface 
to be protected or may be dissolved in a pharmaceuti 
cal carrier. Typically, an effective amount, e.g., 0.1 to 
about 10% by weight of the compound, is included in 
an inert carrier and a dispersing or surface-active 
agent. Alternatively, an effective amount, e.g., 0.1 to 
about 10% by weight, may be incorporated into a solid 
carrier which may be inert, such as talc, clay, diatoma 
ceous earth, flour, etc. 
The quaternary ammonium aryl esters of instant in 

vention are particularly effective in inhibiting the de 
velopment of dental calculus as shown by the results of 
tests on litter-mated albino rats, in groups of 15 males 
and 15 females, who were fed a Zipkin-McClure calcu 
lus producing diet. For 6 weeks, the teeth of each ani 
mal were swabbed for 30 seconds each day with a 0.1% 
concentration test solution or water for the control 
group. The animals were then sacrificed, defleshed, 
and scored by Baer's method for calculus. The results 
were analyzed by Student's "t' test and in the results 
quoted were 99% significant. 

TABLE II 

Compound No. Calculus Reduction 

8.7% 
35.8 
17.1 
20.8 
19.5 
34.4 
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The results set forth above indicate the significant ef 
fectiveness of the quaternary compounds of the inven 
tion in inhibiting formation of oral calculus in concen 
trations as low as 0.1%. 
A theoretical explanation for this effectiveness re- 5 

sides in the possible reactivity of the aryl esters with the 
amino or other group in the protein molecule of plaque 
to chemically modify plaque and inhibit calculus. The 
presence of the quaternary ammonium group in afore 
said esters provides substantivity before reaction oc 
curs. More specifically, plaque-reactive compounds 
have a quaternary ammonium group to provide a tem 
porary binding to the organic constituents of plaque 
and a reactive site for permanent attachment, whereby 
the compound is held until the reactive group, namely 
the aryl ester, has formed a more permanent bond with 
some atom or group in the protein or carbohydrate of 
the plaque. Laboratory tests have shown that instant 
quaternary esters react rapidly with amine groups (i.e., 
in protein) to form amides, the rate of reaction, how 
ever, varying with the particular ester utilized. In addi 
tion to the protein breakdown via the amide bond, the 
quaternary ammonium group may increase the solubil 
ity of the plaque, thereby rendering the plaque more 
dispersible and consequently easily removable from the 
teeth. 

Instant quaternary compounds are also effective in 
reducing caries, as shown by the results of tests on lit 
ter-mated caries-susceptible hamsters, in groups of 15 
males and 15 females, who were fed a Mitchell cario 
genic diet and received constant deionized water. For 
6 weeks, the teeth of each animal were swabbed for 30 
seconds each day with a 0.1% concentration test solu 
tion or water for the control group. The animals were 
then sacrificed, defleshed, and scored by a modified 
version of the Keyes scoring method. Mean averages 
and percentage changes from the control were deter 
mined and tested statistically to determine the signifi 
CaCe 
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TABLE III 

Compound No. Caries Reduction Statistical Significance 

l 52.4% 99% 
2 30.6 -- 45 
O 49.5 95% 

These results are indicative of the significant effective 
ness of instant quaternary compounds in the reduction 
of caries in concentrations as low as 0.1%. 
When compounds of the instant invention are in 

tended for use in compositions which reduce formation 
of caries and inhibit formation of oral calculus, they are 
typically incorporated in oral preparation in effective 
amounts up to about 5% by weight, preferably 0.1-1%, 
and most preferably 0.25-0.5% by weight of the oral 
preparation. Typically, the oral preparation is a denti 
frice, such as a dental cream, tablet or powder, contain 
ing as a vehicle about 20–95% by weight of a water 
insoluble polishing material, preferably including wa 
ter-insoluble phosphate such as dicalcium phosphate, 
tricalcium phosphate, trimagnesium phosphate. The 
dentifrice may also include water, binders such as glyc 
erine, sorbitol, propylene glycol, and polyethylene gly 
col 400; detergents; gelling agents such as Irish moss 
and sodium carboxymethyl cellulose, additional anti 
bacterial agents; coloring or whitening agents; preser 
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4. 
vatives, silicones, chlorophy compounds; additional 
ammoniated materials; flavoring or sweetening materi 
als, and compounds which provide fluorine-containing 
ion such as sodium fluoride, stannous fluoride and so 
dium monofluorophosphate. 
The oral preparation may also be a liquid such as 

mouth rinse, which typically contains 20–99% by 
weight of an aqueous alcohol such as ethanol, n-propyl, 
or isopropyl alcohol and being present in amount of 
about 5-30% by weight of the oral preparation. 
Such oral preparations are typically applied by brush 

ing the teeth or rinsing the oral cavity for 30–90 sec 
onds at least once daily. Typical oral preparations of 
the invention which can be applied in this manner are 
set forth below. 

EXAMPLE 1. 

Dental Crean % 

3-(p-cresoxycarbonyl)propyldimethyltetra 
decylammonium bromide 0.50 

Nonionic detergent" .00 
Glycerine 22.00 
Sodium pyrophosphate O.25 
Carboxymethyl cellulose 0.85 
Sodium saccharin 0.20 
Sodium benzoate 0.50 
Calcium carbonate (precipitated) 5.00 
Dicalcium phosphate dihydrate 46.75 
Flavor 0.80 
Water 22.5 

*-Tween 80 - Polyoxyethylene (20 moles ethylene oxide) sorbitan monooleate, 

EXAMPLE 2 

Mouthwash % 

Compound No. 1 0.25 
Nonionic detergent (Pluronic F-68) .00 
Ethyl alcohol (containing flavor) 5.00 
Glycerine 10.00 
Saccharin 0.02 
Water 73.73 

* - Block polymer of 80% polyoxyethylene and 20% polyoxypropylene. 

In lieu of Compound No. 1, any of the listed 17 qua 
ternary compounds and analagous compounds may be 
incorporated into above or similar dentifrice or mouth 
rinse formulations to provide protection against plaque 
formation, calculus and/or caries. 

Instant quaternary ammonium arylesters can be pre 
pared by a two-step process of reacting essentially equi 
molar quantities of a phenol or naphthol with a halo 
alkanoic acid, or salt of a phenol or naphthol with a 
halo-alkanoyl halide to form an aryl halo-alkanoate; 
followed by reacting with essentially an equimolar 
amount of a tertiary amine to form the quaternary am 
monium salt, as illustrated by the following equations: 

1 . CH.Ky - Uri -- Oil (CH), 
O 
t 

ciC) -oc (CH, cl. t. 
2. CH,Cy-oco (CH, Cl + CHN (CH)2 --> 

CHK) oco (CH2)N(CH3)2CH29 
A salt of a phenol may be used in lieu of the phenol 

in Step 1, as shown below: 

COOH -s. 

HO 

Cl 
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3. CH,{)0 Tl + Cl(CH) COCl. --> 
O 

CHS) OC (CH) Cl - TC 
The phenol salt may be obtained by the reaction illus 
trated by the following equation: 

b O 4. CH {X H+Tloch- CH K) O -- CHOH 

5 

6 
EXAMPLE 5 

Preparation of 3-(p-cresoxycarbonyl)propyltet 
radecyldimethyl ammonium chloride: 

) C. H "" (ch,(O)-oco (CH)N(CH, 2142 11 : 9 Jol 

Other phenolic salts may be used in lieu of thallous to In a 2 liter one-neck flask fitted with a Dean-Stark trap 
phenolate, inclusive of the alkali metal phenolic salts, 
etc. as the reactant with a halo-alkanoyl halide in ac 
cordance with Equation 3. The preferred process uti 
lizes the phenol or naphthol reactant as illustrated by 

and a reflux condenser were placed 84.7 g (0.78 mol) 
p-cresol, 87.4 g (0.71 mol) 4-chlorobutyric acid, 875 
ml toluene, and l ml concentrated sulfuric acid. The 
mixture was refluxed for three days. After neutralizing 

Equation 1. 5 the acid with 6 g of sodium bicarbonate, the reaction 
The following examples illustrate the manner in mixture was filtered, and the solvent removed by vac 

which compounds of this invention are prepared. uum evaporation. The residue was distilled through a 
15 inch Vigreux column to yield 106 g of colorless oil 

EXAMPLE 3 boiling at 144 (4T), and confirmed by infrared and 
Preparation of phenoxycarbonylmethyltetradecyl- 20 nmr spectra as p-cresyl 4-chlorobutyrate. 

dimethyl ammonium bromide: A mixture of 89.5 g (0.42 mol) p-cresyl 4 
chlorobutyrate and 102.0 g (0.42 mol) tetradecyldime 

Compound 2. (O) OCOCHN (CH)2C, 429 Br thylamine was prepared in a 500 ml Erlenmeyer flask, 
To a solution of 37.6 g (0.40 mol) phenol in 600 ml of stoppered and placed in an oven at 100 for 3 days. 
ether was added with stirring 100 g (0.40 mol) of that- 25 After cooling to room temperature, the crystalline mass 
lous ethoxide. The white precipitate of 120 g thallous was slurried with ether, filtered, and dried to 145g. The 
phenoxide was removed by filtration and dried in vac- product was recrystallized from ethyl acetate, mp. 
uum. To a solution of 80.9 g (0.40 mol) bromoacetyl 110-114 to a liquid crystal, 166-167 to a clear liq 
bromide in 1 liter of ether was added portionwise with uid. 
stirring 120 g (0.40 mol) of thallous phenoxide. After 30 
standing overnight, the reaction mixture was filtered --------ma-rama V 
from thallous bromide, washed with water until neutral, Analysis: Calculated for CHCINO, 
and then dried over Drierite. After removal of the w 9.2i; 26:28 
ether, the phenyl bromoacetate was distilled through a Found: C 71.43, H, 1078, Cl, 83 
short Vigreux column and product was collected from 35 
80-86 (1.3 T). 
A mixture of 55 g (0.26 mol) phenyl bromoacetate w a - 

and 62 g (0.26 mol) of tetradecyldimethylamine was Although this invention has been described with ref. 
allowed to stand at room temperature for 3 days. The erence to specific examples, it will be apparent to one 
resultant crystalline mass was washed well with ether 40 skilled in the art that various modifications may be 
and dried to l 14 g. Recrystallized from ethyl acetate made thereto which fall within its scope. 
and vacuum dried, the compound melted at 87-91.5. What is claimed: 

1. A chemical compound having the structural for 
Analysis: Calculated for CH4BrNO: mula: 

C, 63.4; H, 9.27; Br, 7.50. 45 
Found; C, 62.88; H, 9.4, Br, 17.61. 

O 
EXAMPLE 4 l 2 -- a 

Other compounds prepared in accordance with the R N(CH2 )COA X 
procedure of Example 3 include: 50 

26 Bre 
MF Calcid. Found 

1. (CHO) Oco (CH2)N(CH3)2CH2.JBr 1 O4- 1 O8 16. O5 15, 98 
5. (C) Oco(CH2)N(CH)2C, 429 Br 89-92. 59 16, 49 1642 
4. (O) oco (CH2)N(CH2)2C12H2 Br 84-89.5 17.5O 17. 48 

8, 6 8.6 5. LC) OCOCHN (CH)2C, 225 Br 76-81 1 5 5 
r 9-12O 6. Noa(O) OCOCHN (CH) chao ) 9-120 15, 95 15.86 

7. NOO) OCO(CH2)N(CH3)2C12H25 Br 15.93 15.84 
n d 8. No(O) Oco (CH)N(CH) ches Br 120-2 15. O9 15 OB 

l 
s 9. o:Ooooh,), (ch,,,,,, Br 139-146 1 4.25 14.25 

l 

10. Oo(c.), (city.,..., Br 152-5 13.59 13.84 
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wherein R is a long chain alkyl group of 12-18 carbon consisting of phenyl and naphthyl. 
atoms, R and Rare methyl or ethyl groups; n is an in- 4. A chemical compound as set forth in claim 1, 
teger from 1-6, Ar is a substituted aryl radical selected wherein X is a halide. 
from the group consisting of phenyl and naphthyl, said 5. A chemical compound as set forth in claim 1, hav 
substituted moiety being selected from the group con- 5 ing the structural formula: 
sisting of tri-halo- and mono-nitro-radicals; and X is an 
anion selected from the class consisting of halides, sul- l 
fates and methosulfates. cCScocci), ii (CH3)2(CH2), CH Br 

2. A chemical compound as set forth in claim 1, l 
wherein n is 3. 10 

3. A chemical compound as set forth in claim 2 6. 3-(p-nitrophenoxycarbonyl)-propyldimethyl 
wherein Ar is a tri-chloro-substituted aryl radical dodecylammonium bromide. 
wherein said aryl radical is selected from the group xk 3k k k xk 
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