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are, in general, expensive, and although they have
The present invention relates to agents for the
high specificity toward particular organisms
control of micro-organisms, that is, germicides, athey
have only a limited range of usefulness in
antiseptics, bactericides, etc., and to compositions controlling
other specific Organisms.
containing such agents. The invention relates 5 Furthermore,certain
mercurial
germicides often exhibit
particularly to a class of N-alkylated alkylene
bacteriostatic action, that is, they prevent growth
polyamines and their salts which have been found
of micro-organisms but do not destroy them com
to be eminently suitable for such purposes.
pletely.
In the presence of serum many germi
It is among the objects of the present invention
cidal
materials,
especially oxidizing agents, are
to provide a Water-soluble active agent for the
ineffective.
control of micro-organisms which agent, shall O rendered
I have now discovered that certain N-alkylated
have uniformly high germicidal power toward a
alkylene
polyamines and their salts with acids
wide range of micro-organisms. Another object
are remarkably effective germicides which are
of the invention is to provide a germicide whose
characterized by a wide range of usefulness for a
activity is not appreciably affected by serum. An wide
variety of micro-organisms. These N-al
additional object is to provide a method of formu 15

lating compositions comprising these germicides

to obtain most favorably these objects. Other
objects and advantages of the invention will be
apparent from the description which follows
hereinafter. As used throughout this specifica
tion the term “germicide' is to be understood to
have a broad significance and to include such
terms as antiseptics, bactericides, disinfectants,

kylated alkylene polyamines are substantially
free from objectionable odor and have no sub
stantial corrosive or caustic action on tissue when
used in dilute solution. Many of the products
20 are Soluble in Water and such solutions have ex
ceptionally low surface tensions. In the presence

of Serum, these germicidal materials exhibit a
loSS of germicidal power but this reduction of

preservatives, etc., which are commonly employed

effectiveness is only of the order of 50%. These

classified into three groups, viz., phenols and sub
stituted phenols, halogens and halogen-engender
ing compounds, and mercury and heavy metal
compounds. The germicides of the present in
vention belong to none of these groups, and lack
many of the objectionable characteristics of each
of the groups. The phenolic germicides in gen

then eminently suitable for washing textiles,
rubber goods, Walls and floors and especially for
Washing hands and skin.
The compounds for use according to the pres
ent invention consist of N-alkylated alkylene
polyamines and their salts with acids. Dodecyl

N-alkylated alkylene polyamines are non-stain
to designate agents for the control of bacteria. 25 ing
and have detergent properties which together
A Wide variety of germicides are in common use
today. These materials can for the most part be with their lack of caustic action on tissue make
30

diethylene triamine,

C12H25-NH-C2H4-NH-C2H-NH2
and hexadecyltriethylene tetramine,

eral have a destructive or caustic action on tissue
which makes it impossible to keep them in con
tact with tissue at any great concentration for

long periods of time. Furthermore, phenols in

general have a low solubility in water. Because
of their low solubility in Water, phenols are used

in emulsified form with soaps or the like, for ex
ample, in disinfectants of the “lysol' type. The
halogens, of Which iodine, chlorine, and com
pounds which liberate chlorine are the outstand
ing examples, also have a caustic action on tissue
and are odorous and fugitive. Iodine is not
water-soluble and solvents such as alcohol or
aqueous potassium iodide solutions must be used
to prepare compositions of germicidal effective
ness. The mercury and heavy metal compounds

40

are typical compounds for use in the invention.
In general, the compounds which are suitable are
alkylene polyamines substituted in one or more of

the amino groups by one or more alkyl groups

containing 8 or more carbon atoms and salts of
these amines with acids. Best effects are ob

tained, however, when the alkylene polyamine
contains only one long-chain substituent in one
amino nitrogen atom, and the amino nitrogen

50

atom in which the alkyl group is substituted is a
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terminal nitrogen atom. The most active agents by a decyl, undecyl, dodecyl, tridecyl, tetradecyl
of the class are those containing from 8 to 18 pentadecyl, hexadecyl, heptadecyl or octadecyl
carbon atoms, inclusive, in the alkyl group. The
alkylene polyamines which are suitable for alkyl radical. As used herein, the term "nitrogen atom
ation to obtain useful agents according to the substituted by an alkyl group' is to be under
stood to mean that one of the hydrogens at
invention are those having not more than 6 tached
to the nitrogen atom, is replaced by an
nitrogen atoms per molecule which may be ob
tained by the reaction of ammonia with dihalo alkyl group, according to the common use of the
term “substitution'
genated ethane or propane having the halogens on acyclic
Compounds. as applied to aromatic or

different carbon atoms, that is, having not more
than one halogen on any single carbon atom. 10 The compounds which are suitable for use ac
Such alkylene polyamines include ethylene di cording to the present invention are thus N-al
amine and propylene diamine, diethylene tri kylated alkylene polyamines consisting of al
amine, triethylene tetramines, dipropylene tri kylene polyamines having more than 2 and not
amines, and the like. Only those polyalkylene more than about 6 amino groups per molecule,
polyamines having not more than one amino the different amino groups of which are Sepa
group attached to any single carbon atom are rated from one another by an alkylene radical
preferred. Such alkylene polyamines may also selected from the group consisting of ethylene,
be obtained by other known methods of Synthesis. propylene and trimethylene radicals, at least one
Furthermore, the compounds may be more com of the amino nitrogen groups of which is sub
stituted
by an alkyl group having at least 8 car
plex than those represented, for example, they 20 bon
atoms.
may be a complex amine Such as
Examples of specific compounds whose use is
contemplated herein are N-octyl ethylene di
resulting from reaction of an excess of ethylene amine, N-2-ethylhexyl ethylene diamine, N-decyl
diamine with trimethylene dichloride, or they ethylene diamine, N-tetradecyl ethylene diamine,
may be condensation products of alkylene poly N,N'-didodecyl ethylene diamine, N-dodecyl di
amines with each other or with further quantities ethylene triamine, N-tetradecyl diethylene tri
of alkyl dihalides. The formulae of Suitable al
amine, N-hexadecyl triethylene tetramine, N-oc
kylene polyamines which may be alkylated to tyl trimethylene diamine, etc. Mixtures of such
obtain desirable agents for use according to the 30 compounds consisting either of compounds de
invention are exemplified by:

rived from the same alkylene polyamine with dif
ferent alkyl substituents, such as would result on
Trimethylene
dia. NH-CHCHCH-NH.
le.
treating ethylene diamine with mixed alkyl di
chlorides, or mixtures of varying degrees of al
Propylene diamine. NH-CH-CH(NH)-CH3
35
Diethylene tri- NH-CH2CH-NH-CHCH-NH2
kylation or mixtures containing compounds de
rived from different alkylene polyamines with
DioSiene
triNH-CH2CH2CH-NH-CH2CH2CH-NH.
amines.
CH-CH (-NH2)-CH-NH-CH-CH
the same or different or mixed alkyl substituents
(NH2)-CH3
are also contemplated for use herein. A pre
CH3-CH(NH2)-CH-NH-CH2CHCH
NE
40 ferred mixture consists of that resulting from
Since the nomenclature of the alkylene poly alkylation of ethylene diamine, diethylene tri
amines having more than two nitrogen atoms is amine, or triethylene triannine with alkyl halides
rather complex, I have, as in the above list,
having from 10 to 14 carbon atoms, which may
grouped together all the various isomeric com be obtained by reacting With thionyl chloride the
pounds as dipropylene triamines, tripropylene alcohol fraction resulting from the hydrogena
tetramines, etc. and refer to them throughout 45 tion of cocoanut fatty acids.
this specification in that manner.
Warious methods of preparing compounds
It is not essential in order to obtain effective
suitable for use accCording to this invention are
germicidal action that the alkylated alkylene known. A preferred method of preparing the
polyamine base be soluble in water, however, since 50 Compounds consists in alkylating the alkylene
the compounds may be used in the form of polyamines by means of an alkyl chloride. Long
emulsions. Either the free amine or its salts
chain alkyl chlorides may be obtained by treat
with acids may be used. The salts are in gen
ing long-chain alcohols with an agent such as
eral more soluble than the free amines. The
thionyl chloride. Lauryl (dodecyl) chloride, for
compound N,N'-didodecyl ethylene diamine is 55 example, can be obtained by treating with thionyl
not Soluble in Water to the extent of 1 part in
Chloride the lauryl alcohol fraction derived from
20,000 parts of water. However, N,N-didodecyl the hydrogenation of cocoanut fatty acids. Mix
ethylamine diamine that is emulsified in Water tures of alcohols containing alcohols having from
containing 10% alcohol gives a composition of 10 to 16 carbon atoms consisting predominantly
Ethylene diamine. NE-CH2CH-NH2

effective germicidal strength as is indicated in 60 of even-numbered carbon-atom alcohols may be
used for obtaining corresponding mixed alkyl
the
which are given
after.results
.
. . . in
. . .the. table herein
chlorides and alkylated alkylene polyamines.
Representative preferred compounds for use These mixed alkylated alkylene polyamines are
within the purview of this invention are as foll

lows:

.

.. . .

for Some purposes as suitable for use in the in

. .. .

Ethylene diamine or propylene diamine deriv

atives in which one of the nitrogen atoms of the

65

vention oras homologue.
the compounds derived from a single
isomer
The alkyl chlorides can be made by other
methods, for example, by means of the reaction
of
alcohols with dry hydrogen chloride using zinc
chloride as a catalyst.

diamine have been substituted by an octyl radi
cal. Diethylene triamine and dipropylene tri
amine derivatives in which one of the nitrogen
atoms of the triamine has been Substituted by a 70 The alkylene polyamine is alkylated by heat
decyl, undecyl, dodecyl, tridecyl or tetradecyl rad ing with the alkyl chloride even without pres
ical. Triethylene tetramine or tripropylene tet
Sure; Superatmospheric pressure and elevated
ramine derivatives in which one of the nitro

gen atoms of the tetramine has been substituted

temperatures may be used advantageously.
The extent to which alkylation is conducted
determines the relative amounts of mono- and
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in the free base was used or the acetic acid

poly-alkyl substitution. The mono- alkyl alkyl

ene polyamine may be obtained in pure form
byAn
fractional
exampledistillation.
of a method of preparing a typi
cal compound of the invention, N-n-hexadecyl
triethylene tetramine,

follows: A fraction of alkyl chlorides (boiling at

150° to 160° C. at a pressure of 2 to 3 mm.) ob
tained by reaction with thionyl chloride of the
fraction of fatty alcohols derived from hydroge
nation of cocoanut fatty acids having a boiling
point of 180° to 185° C. at a pressure of 15 mm.
was used. This fraction of the alcohols corre
sponded approximately to hexadecyl alcohol and
the alkyl chloride formed was substantially pure

Salt was used instead of the hydrochloric acid
Salt." The phenol coefficients were as follows:
Phenol coefficient at 20° C.

5

against

pH of

decyl chloride was heated at about 150° C. with

COCC28
22.

10

Ethylene diamine (free base).----------------- <1,i .

<. 6

IDicthylene triamine (free base).-------------- <1.
<1.6
N-n-octyl ethylene diamine hydro
chloride-------------- --------7.9
4. 4
1, 6
N-n-dodecyl ethylene diamine hy
drochloride---------------------6.9
133
45
Nin-tetradecyl
ethylene diamine
7.4
66.6
hydrochloride-------------------6.0
166 -----------4.7
133------------

n-hexadecyl chloride. One mol of this hexa

about five mols of triethylene tetramine for about
5 hours. The reaction mixture, on cooling, sepa
rates into two layers. The upper layer contains

Eber-Staphyllo

0.1% so- . . theila
lution typhi

20

N-n-hexadecyl ethylene diamine
hydrochloride-------------------N-n-octadecyl ethylene diamine
diacetate--------------------N-n-dodecyl
diethylene trianine

7.0

166

50

*4.4

<77.

<66

Nin-dodecyl diethylene triamine

8

...the desired reaction product and is distilled un
der vacuum to separate the unreacted triethylene
tetramine. The resulting hexadecyl triethylene
tetramine was purified by distillation under vac

uum. Its boiling point is approximately 230
to 250° C. at a pressure of 2 to 3 mm. and is a
Wiscous oil which dissolves in water with a most
30
persistent foam.
In a similar manner other N-alkylated alkyl
ene polyamines may be prepared from corre

sponding alkylene polyamines and alkyl chlo
rides. The boiling points of several of these
Substantially pure N-alkylated alkylene polya
mines prepared in this manner are as follows:

base------------------------------

9.7

100

82

50

hydrochloride-- ------------------

6.5
5.5

N-n-tetradecyl
diethylene triamine
hydrochloride--------------------

4.9

78

17

mine hydrochloride.------------ -

6.0

67

60

hydrochloride--------------------

2.3

72

f

N-n-hexadecyl triethylcne tetra

78
44

39.

<40
K16

N,N'-n-dibutyl ethylene diamine
(free base)---------------------------------- .1-4.4 Below 1.6
N,N'-n-didodecyl ethylene dia
mine (emulsified in 10% alcohol
90% water)------------------------------- 60-90
16-20
N-n-decanoyl ethylene diamine
pH of a 1.0% solution.

The magnitude of the changes in pH value

. . which occur on adding Solutions of the germi
35 cides to the culture medium are shown in the
following results: Two 0.1% solutions were made
n-dodecyl diethylene triamine and their pH
Boiling point, millimeters of
values
were adjusted to 5.65 and 8.5, respectively,
N-n-octyl ethylene diamine-- 118-121 C./10 with hydrochloric
acid. These solutions were
N-2-ethylhexyl ethylene di
40
to the Stolphylococcus aureats culture
amine... 108-110° C./12 added
media and the pH values were found to be 6.8
N-n-decyl ethylene diamine--- 40°-145 C./ 9 instead
of 5.65 and 8.3 instead of 8.5. The acidity
N-n-tetradecyl ethylene, di
of the Staphylococcus culture medium itself Was
". . . .
amine
187-191° C./ 9
7.9, to which fact can no doubt be attributed
N,N'-di- (n-butyl) ethylene di
these
changes in acidity. The phenol coefficients
amine-- 110-115 C/15
of
the
solutions as determined at 20' C. by the
N-n-dodecyl diethylene tri
F. D. A. method for the two solutions were as.
amine-- 204°-206 C./ 8
follows:
N-n-tetradecyl diethylene trio
amine-- 190°-197 C./ 2 50
Phenol coefficient at 20° C.
The effectiveness of the germicides of this in
pH of Eber- Staphyllo
vention is shown by the phenol coefficients of
0.1% so- theila
coccats
various members of the series that are tabulated
ution
tiphi
ets
hereinbelow. The phenol coefficients of several
Other compounds are also given for comparison. N-n-dodecyl diethylene triamine
These phenol coefficients were determined at
hydrochloride-------------------- { g
;
20° C. by the method of the U. S. Food and Drug
Administration against two standard organisms,
Inasmuch as there is a difference in the phenol
Eberthella typhi and Staphylococcus aureus. coefficient
of solutions of the germicides of the
The phenol coefficients vary somewhat with the 60 invention of different acidities and the optimum
acidity or alkalinity of the solution and the re phenol coefficients are found at approximately
Sults with several of the compounds are shown
the neutral point, it is preferred in preparing
at various pH values to illustrate this variation. germicidal solutions according to the present in
In the results, unless otherwise indicated, alkyl vention to adjust the acidity to a value at or
ated alkylene polyamine was added to water to 65 about a pH of 7. As can be understood, solu
make
a 0.1% solution (1 gram per liter of water) tions having an acidity greater or less than this
and sufficient hydrochloric acid Was added to
can be used but, in either case, correspond
make a clear solution and to attain the desired
ingly larger proportions of the alklated alkylene
pH value. These solutions were subsequently 70 polyamine constituent will be required to attain
diluted and used for the tests. The pH did the same phenol coefficient.
not change Substantially on dilution but changes
Substantially neutral or slightly alkaline dilute
of pH did occur when the solutions were added solutions of the alkylated alkylene polyamines
to the different culture media. The polyamines have substantially no irritating effect on the skin
were present as hydrochlorides in the Solution 75 or mucous membranes. They are somewhat

except in those cases which are indicated where

4.
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astringent in action, however, and have a bitter
taste and a soapy feel.
Instead of using the free bases or their hydro
chlorides or acetates, other salts, for instance,
nitrates, sulfates, alkyl sulfates, phosphates, or
salts with organic acids, for instance, formates,
lactates, tartrates, citrates, benzene or toluene
sulfonates, benzoates, salicylates, etc. may be em
ployed. Preferably those water-soluble alkylated
alkylene polyamines in which the alkyl radical

contains 8 to 18 carbon atons or mixtures of

5

0.

Constituents are rendered unnecessary since the
germicide acts as its own penetrating agent.
Inasmuch as the above specification comprises
preferred embodiments of the invention it is to
be understood that the invention is not limited
thereto and that changes and modifications may
be made therein without departing substantially
from
invention which is defined in the ap
pendedtheclaims.
I claim: .

1. An agent for the control of bacteria, which
these are used because of their water Solubility. .
Although I prefer to use my germicidal mate comprises a compound selected from the group
rials in aqueous solutions, compositions may be consisting of N-alkylated alkylene polyamines
prepared by the use of a wide variety of other ls and salts thereof with acids, said N-alkylated
solvents. The alkylated alkylene polyamines are alkylene polyamines corresponding to the gen
soluble in alcohols such as ethyl alcohol and \ eral formula
isoamyl alcohol; hydrocarbons such as benzene,
xylene, mineral oil, and kerosene; vegetable and in which R is an alkylene radical selected from
animal oils such as cottonseed oil and linseed oil;
the group consisting of ethylene, propylene and
and in chlorinated hydrocarbons such as carbon 20 trimethylene
radicals, at is a number from 0 to 4,
tetrachloride. This solubility is suggestive of a
and X and Y are selected from the group con
wide variety of germicidal compositions which sisting
of hydrogen and alkyl radicals at least
may be prepared with the compounds.
One
of
which
alkyl radical having not less
The alkylated alkylene polyamines have proved 25 than 12 and notis an
more
than 16 carbon atoms.
suitable for the most various preserving and dis
2. An agent for the control of bacteria, which
infecting purposes. For example, they may be comprises
selected from the group
employed for the disinfection of all kinds of table consisting aofcompound
alkylene
and salts
utensils, surgical instruments, etc. They are thereof with acids, saidpolyamines
alkylene
polyamines
further advantageously used for disinfecting having more than 2 and less than 6 amino ra
purposes in medical practice, for instance, for 30 dicals
per molecule, the different amino radicals
articles used in dressing wounds, for rubber of which
are separated from one another by an
goods, for disinfecting laundry and for the Scrub alkylene
radical
Selected from the group con
bing of hands; furthermore, for cosmetics, for sisting of ethylene,
propylene and trimethylene
instance, face powder, hand lotions and media
radicals, at least one of the amino radicals of
for hyperidrosis. Floors and walls may likewise 35 said
polyamine being substituted by an
be disinfected. Dilute solutions may be used for alkyl alkylene
radical
not less than 12 and not
irrigation of body cavities, bladder lavages, more than 16 having
carbon atoms.
urethral irrigations and vaginal douches. E Jod
3. An agent for the control of bacteria which
stuffs such as fruits, vegetables, meat, etc. may 40 Comprises
a compound selected from the group
be preserved or disinfected by these germicides, consisting of
alkylated diethylene triamines and
which are easily washed therefron. They are
Salts
thereof
with
in which the alkylation
also further suitable for preservation of animal has been effected acids
at a terminal nitrogen atom
materials such as skins, blood, glands and other with an alkyl radical
containing not less than
organs, etc. In some instances a germicidal com
12
and
not
more
than
atoms, said
position which leaves a stain to indicate its pres agent being characterized16 bycarbon
improved re
ence on tissue, etc. is desirable and this result sistance to loss of activity in theanpresence
of or
may be obtained by tinting solutions of the ganic matter.
alkylated
alkylene
polyamines
by
means
of
4. An agent for the control of bacteria, which
known dyestuffs.
comprises
a compound selected from the group
My new disinfecting media may be diluted consisting of
N-dodecyl diethylene triamine and
with hard water without diminution of their
Salts thereof with acids, in which the dodecyl ra
activity or precipitation of insoluble salts. Solu
dical is attached to a terminal nitrogen atom.
tions of the compounds in Water have a penetrat
5. An agent for the control of bacteria which
ing action as a result of their low surface tension.
comprises a compound selected from the group
Water at 25 C. has a surface tension of about
consisting of N-tetradecyl diethylene triamine
72.8 dynes per centimeter. Solutions of the and
salts thereof with acids, in which the tetra

alkylated alkylene polyamines in the table here
inbelow have the surface tensions at the concen

trations indicated at 25° C.

decyl radical
atom.

60

0.125% 0.03125% 0.0078% 0.0039%

ene triamine.----------

30.3 -----------------------------33.7

34.0

36.6 ----------

3.0

3.3

30.7

38.2

6. An agent for the control of bacteria which
consisting of N-hexadecyl triethylene tetramine
and Salts thereof with acids, in which the heaxa
decyl radical is attached to a terminal nitrogen
atom.

comprises a compound selected from the group

Surface tension of solutions at 25 C.

Bodecyl diethylene tria
mine. ----------------n-Hexadecyl
triethylcne
tetramine-------------Decyl-tetradecyl diethyl

is attached to a terminal nitrogen

7. The method of suppressing the growth of

bacteria on a material which comprises applying

to the material an agent as defined in claim 1.
70

In formulating germicidal Solutions, penetrants
which reduce the Surface tension of the solution
are frequently incorporated. With the germi

cides of the present invention these additional 75

8. The method of suppressing the growth of

bacteria on a material which comprises apply

ing to2. the
Clain,

material an agent as defined in
9. An agent
for the control
of bacteria
which
comprises
N-dodecyl
diethylene
triamine,
in
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which the dodecyl radical is attached to a ter11. An agent for the control of bacteria, which
minal nitrogen atom.
comprises N-hexadecyl triethylene tetramine, in
10. An agent for the control of bacteria, which
which the hexadecyl radical is attached to a
comprises N-tetradecyl diethylene triamine, in terminal nitrogen atom.
which the tetradecyl radical is attached to a ter- 5
minal nitrogen atom.
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