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1. 
This invention relates to certain non-ionic 

compounds useful as surface active agents and 
detergents and to an operable process for their 
manufacture. More specifically, the invention 
concerns certain N-aliphatic substituted car 
bamic acid esters of specific structure containing 
a hydrophilic group and a hydrophobic radical 
having such mutual effect in solution that the 
hydrophilic and hydrophobic properties sub 
stantially balance each other, as requisite to 
micelle formation and Surface activity. 

It is well known and widely recognized in the 
detergent art that the capacity of a particular 
compound to act as a surface active agent or a 
detergent in solution with an appropriate solvent 
depends upon the ability of the compound When 
dissolved in a solvent miscible therewith to Orient 
itself in solution to form micellar aggregates in 
which the hydrophobic portion of one molecule 
aligns itself with the hydrophobic portion of an 
other molecule of the Same compound in Solu 
tion, the hydrophilic portions of the Several 
molecules in the micelle (usually at least Several 
undred in number) likewise becoming aligned 

in adjacent positions to form an aggregate of a 
large number of such molecules, which as a unit 
is referred to as a “micelle.' The products of the 
present invention are novel applications of the 
theory of detergency in which the hydrophilic 
group is a poly-oxyalkylene chain of sufficient 
iength to provide a radical having hydrophilic 
properties and the hydrophobic portion Com 
prises a long-chain aliphatic alkyl group of Suffi 
cient length to impart a degree of Water repel 
lency to the molecule of detergent sufficient in 
effect to balance the hydrophilic properties of the 
inolecule and provide that critical internal bal 
ance between the hydrophilic and hydrophobic 
portions requisite to detergency. The respective 
alkyl and poly-oxyalkylene chain are substitu 
ents of a carbamic acid ester which Serves as 
the structural foundation for the detergent mole 
cule. 
In one of its embodiments, the present inven 

tion concerns a non-ionic detergent comprising a 
compound having the empirical structural for 
mula: 

it z-N--oz 
wherein Z is selected from the group consisting 
of (-OR.) OH and R'' and Z is Selected from 
the remaining member of Said group, R is an 
alkylene group containing from 2 to about 5 car 
bon atoms per group, R is selected from the 
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group consisting of hydrogen, alkyl and substi 
tuted alkyl, R' is an aliphatic alkyl group con 
taining from about 8 to about 25 carbon atoms 
per group, and ac is a whole number having a 
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Value of from about 2 to about 25. 
Another embodiment of the invention concerns 

a process for the production of a surface active 
agent which comprises condensing a substituted 
amine containing at least one and not more than 
two N-Substituents selected from the group con 
Sisting of (-OR) aOH and R' with a halocarbonic 
acid ester containing an alkoxy radical selected 
from the group consisting of (-OR) OH and 
OR. Wherein ac is a whole number having a 
Value of from 2 to about 25, R is an alkylene 
group containing from 2 to 5 carbon atoms per 
group and R is an alkyl group containing from 
about 8 to about 25 carbon atoms per group, Said 
process being further characterized in that not 
more than One (-OR) aOH group and not more 
than one R' group is present in the same mole 
cule of Surface active agent. 

Still another embodiment of this invention re 
lates to a process for the production of a non 
ionic Surface active agent comprising an N-sub 
stituted carbamic acid ester in which the N-sub 
stituent is an aliphatic organic radical, which 
comprises condensing a di-alkyl amine with a 
poly-oxyalkylene glycol ester of chloroformic 
acid, Said di-alkyl-amine being further charac 
terized in that one of the N-alkyl substituents 
is an aliphatic hydrocarbon group Containing 
from 8 to about 25 carbon atoms per alkyl group 
and the other of the N-alkyl substituents of said 
di-alkyl-amine is an aliphatic hydrocarbon g"Oup 
containing from 1 to about 5 carbon atoms per 
molecule, and said glycol ester of chloroformic 
acid is further characterized in that said poly 
Oxy-alkylene glycol ester contains from about 2 
to about 25 oxyethylene groups per molecule. 
A further embodiment of the invention, relat 

ing to one of the preferred species of the present 
non-ionic Surface active agents, concerns a com 
pound represented by the empirical formula: 

Wherein R is an ethylene group, a is a whole 
number having a value of from about 10 to about 
15, R' is an aliphatic alkyl grOlip containing 
from about i2 to about 18 carbon atoms per 
group, and R. is an alkyl group containing from 
1 to 5 carbon atoms per group. 
The surface active and wetting agents of the 

present invention, some of which act as deter. 
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gents in aqueous or non-aqueous Solutions, are 
considered broadly as a species of the generic 
class of compounds characterized as N-SubSti 
tuted carbamic acid esters of aliphatic alcohols 
and the specific series of compounds herein 
specified as surface active agents are represented 
by the empirical formulae: 
(1) R 

HO(RO-)-R-N-C-O R' 

and 

(2) R 

wherein R, in both the above (1) and (2) Series 
of compounds is an alkylene group containing 
from 2 to 5 carbon atoms per group, R.' is Selected 
from the group consisting of hydrogen, alkyl and 
substituted alkyl groups, R.' is an aliphatic alkyl 
group containing from 8 to about 25 carbon 
atoms per group, and at is a whole number hav 
ing a value of from 2 to about 25. In eagh case, 
the R' group acts as the hydrophobic portion 
of the molecule while the remaining portion of 
the molecule, and particularly the polyalkylene 
glycol chain, acts in the capacity of the hydro 
philic portion, each portion balancing the effect 
of the other by the proper selection of the coin 
ponent alkyl and polyoxyalkylene groups present 
in the molecular structure. 
The above series of surface active products may 

be prepared by any convenient means availabie 
which produce compounds of the indicated Struc 
ture. A readily availabie rethod of manufact 
ture, generally preferred for the preparation of 
the present products, comprises Condensing an 
ester of a haloformic acid with a poly-substituted 
amine at reaction conditions resulting in a meta 
thasis-type of reaction between the halogen aton 
Cf the halofornic acid ester and a hydrogen 
aton or alkyl group of the poly-substituted 
amine, the reaction liberating the corresponding 
hydrogen halide or alkyl halide and forming a 
carbanic acid ester as the primary condensation 
produet. 

Ihe produets of the present series of Surface 
active agents represented by Formula 1, above, 
and herein designated as an N-polyoxyalkylene 
Substituted carbamic acid ester of an aliphatic 
aleohol are prepared by means of a reaction in 
voiving at least two stages, the number of Stages 
required depending upon the reactants available 
aS starting laterials. The reaction mechanisin 
involved in their preparation involves eSSentially 
the condensation of an N-polyoxyalkylene Sub 
Stituted anie With a halofornic acid eSte. Of 
a long chaira alcohol. Since not generally avail 
able in prepared forn, the anine reactant is 
Synthesized prior to the primary condensation 
reaction by reacting an annine Such as annonia, 
a nono-alkylarine or dialkylannine With a poly 
Oxyalkylene glycol Ol' alkylene OXide containing 
from 2 to 5 cabon atOS per alkylene group, the 
glycol reactant and the ireaction Conditions being 
selected to form an amine containing anhydroxy 
polyoxyalkylene Substituent having at least 2, up 
to about 25 alkylene groups per molecule. The 
reaction is a COdensation-type mechanism and 
is carried out at teiperatures of from about 10 
to about 100° C., preferably from about 30° to 
about 80° C., and desirably in the presence of an 
acid-acting catalyst, present in the reaction mix 
ture in an amount more than Sufficient to neu 
tralize the amine reactant. Superatmospheric 
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4. 
pressures are generally desirable in this reactioni 
to maintain the reaction mixture substantially in 
liquid phase during the course of the CondenSa 
tion reaction, particularly when the reactants 
are volatile at the temperatures utilized in the 
condensation reaction. A preferred means for 
effecting the reaction comprises bubbling the 
alkylene oxide in its gaseous form into a quan 
tity of the ammonia, mono- or dialkylamine 
maintained in liquid form at the desired reac 
tional temperature and at Superatmospheric pres 
sures, if required, to maintain liquid phase con 
ditions. Suitable catalystS for the condensation 
reaction include the strong mineral acids, such 
as hydroghlgric, sulfuric, and phosphoric acids, 
certain inorganic acid-acting materials, such as 
the normally acidic alumina-silica, composites, a 
composite of silica, and phosphoric acid, known 
generally in the art as a “Solid phosphoric acid 
cataliySt' and other naterials Well known as acid 
acting substances. It is to be noted that when 
utilizing a mono-alkylamine in the preparation 
Of the hydroxy-polyoxyalkylene-substituted 
amine, and when suitable reaction conditions are 
Selected which tend to enhance the condensation 
of niore than one poly-oxyalkylene group with 
the ainine, a di- or tri-polyoxyalkylene SubSti 
tuted amine may be prepared which may be pre 
ferred for the natufacture of highly Water 
Soluble Surface active agents and detergents. 
The for nation of the di- (polyoxyalkyiene)-sub 
Stituted a nine is generally favored at rela 
tively high reaction temperatures, whereas the 
preferred in Orio- (polyoxyalkylene) substituted 
amine condensation product is formed by the 
condensation of an alkylene oxide or a poly 
alkylene glycol with a di-alkylainine under re 
action conditions generally less severe (at tem 
peratures, for example, of fron about 0° to about 
50° C.) than for the preparaticn of the poly 
(polyoxyalkylene)-substituted amines. 
The alkylene oxides and the polyoxyalkylene 

glycols utilizable in the condensation reaction 
With the mono- or dialkylamine to for in the cor 
responding N-Substituted polyoxyalkylene ainines 
are Selected from the above reactants in which 
the alkylene group contains from 2 to about 5 
Carbon atoms per alkylene group, including such 
alkylene oxides as ethylene-oxide, a propylene 
Oxide (Such as trimethylene oxide or methyl 
ethylene oxide), a butylene oxide (such as iso 
butylene oxide), and anylene oxide and such 
polyoxyalkylene glycols as polyethylene glycol, 
polypropylene glycol, a polybutylene glycol, and 
a polyanylene glycol. Since the polyoxyalkylene 
groups in the molecular structure of the present 
detergents and wetting agents constitute the hy 
drophilic portion of the molecule, it is evident 
that for the final product to be water-soluble, 
the number of Water-Solubilizing polyoxyalkylene 
groupS present in the compound, relative to the 
Size and effect of the hydrophobic group, must 
predominate; for the preparation of such water 
Soluble products, therefore, the total molecular 
Weight of the polyalkylene glycol must be large 
and the number of oxyalkylene groups per mole 
cule ran Ulst also be relatively large. Thus, the 
Shorter the chain length of the alkylene group 
Of the polyoxyalkylene radical, the greater is the 
Water-Solubilizing capacity of the radical for a 
given molecular weight, and therefore, the poly 
ethylene and polypropylene glycols are the pre 
ferred polyalkylene glycol reactants. The num 
ber of Oxyalkylene units per molecule of poly 
alkylene glycol reactant is preferably at least 5 
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and is desirably from about 10 to about 20 for 
the polyethylene and polypropylene glycols. 

For the production of relatively water-in 
soluble surface active agents and detergents, on 
the other hand, products which may be utilized 
in non-aqueous systems, for example, the poly 
alkylene glycol or polyalkylene oxide utilizable 
in the condensation reaction with the amine is 
preferably selected from the polypropylene, poly 
butylene and polyamylene species, the Solubility 
of the ultimate product tending to decrease as 
the chain length of the alkylene group increases 
beyond 2 carbon atoms, although low molecular 
weight polyethylene glycols, generally contain 
ing less than about 5 oxyethylene units per mole 
cule, do not contain a sufficient number of Water 
solubilizing oxyalkylene groups to produce a Wa." 
ter-soluble product and the latter polyethylene 
glycols, therefore, may be utilized when a product 
soluble in organic solvents, but relatively insolu 
ble in Water, is preferred. 
The primary condensation of the N-poly 

oxyalkyleneanine, prepared as indicated above 
in a preliminary stage of the process, and an 
alkylhaloformate takes place in accordance with 
a reaction mechanism in which an alkyl group 
or hydrogen atom substituent on the amino ni 
trogen atom is replaced by the carbonic acid 
ester radical through the displacement of the 
halogen atom of the haloformate ester and the 
liberation of hydrogen halide or alkylhalide from 
the reaction via the resulting condensation. 
Since in the Series (1) compounds of this in 
vention the alkoxy group of the formate ester 
contains the hydrophobic alkyl group essential 
for detergency of the ultimate product, the chain 
length of the alkoxy group must be sufficient 
to impart hydrophobic properties to the alkoxy 
radical; it has been found that such hydrophobic 
properties sufficient to balance the hydrophilic 
properties of the polyoxyalkylene group, are pres 
ent in alkoxy radicals containing from about 8 to 
about 25 carbon atoms per group. Suitable alkyl 
haloformates or alcohol esters of haloformic acid 
utilizable in the condensation reaction, there 
fore, include the bromo-, chloro, and iodoformates 
of such typical alcohols as octanol (including the 
n- and iso-octyl alcohols, undecanol, decanol 
(lauryl alcohol), dodecanol, pentadecanol, octa 
decanol, eicosanol and pentaeicOSanol. Among 
the compounds of the above series which are 
particularly preferred because of their ready 
availability and relative cheapness are the 
chloro-substituted formic acid esters, Such as 
octylchloroformate (also called octyl-chloro 
carbonate), n-dodecylchloroformate, pentadecyl 
chloroformate, and homologous alkylchlorofor 
mates containing from 8 to about 25 carbon atoms 
per alkoxy group. These reactants may be de 
rived from any suitable source, one method of 
preparing the chloroformic acid esters being the 
reaction between carbonylchloride (phosgene) 
and the corresponding aliphatic alcohol desired 
for the ester, Such as n-octanol, decanol, dodec 
anol, etc. The higher molecular weight al 
cohols, Such as eicosanol and alcohols contain 
ing up to about 25 carbon atoms per molecule 
may be prepared by hydrolysis of the correspond 
ing olefins or they may be separated from the 
products formed in the reaction of carbon monox 
ide and hydrogen. 
The reaction between the polyoxyalkylene-sub 

stituted amine and the haloformic acid ester 
may be readily effected by merely heating the 
amine and the alkyl haloformate, for example, 
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6 
at temperatures of from about 10 to about 120° 
preferably from about 20° to about 100° C. and 
may be more efficaciously effected, with result 
ing greater yield, by heating the reactants in 
the presence of a basic catalyst or absorbent of 
the liberated by-product alkyl-halide and/or hy 
drogen halide. Typical of the Substances which 
promote the condensation reaction are Such al 
kaline compounds as the alkali and alkaline 
earth metal-oxides, carbonates, hydroxides, 
mono-basic-oxyhalides, etc. such as Sodium and 
potassium hydroxides, calcium and magnesium 
carbonates, oxides and hydroxides, barium oxide, 
barium carbonate, calcium oxychloride, organic 
bases, such as the tertiary amines, including 
pyridine, quinoline, tributylamine, etc. and Such 
absorbents as of silica gel or alumina gel par 
ticles, activated carbon, etc. One of the pre 
ferred procedures, representative of the above 
described methods for condensing the alkyl halo 
formate and the polyoxyalkylene-substituted 
amine reactants, comprises condensing the react 
ants at a temperature of from about 80° to about 
100° C. in the presence of magnesium hydroxide 
for a reaction period of from about one hour to 
about six hours and thereafter separating the de 
sired condensation product as a bottoms frac 
tion after distillation of the uncondensed react 
ants from the reaction mixture. 
The species of detergent and surface active 

agent comprising the compounds of Series (2) 
herein provided and designated as N-alkyl sub 
stituted carbamic acid esters of polyoxyalkylene 
glycols, in general have the empirical formula: 

R 
- R'-N-C-(OR), OH 

wherein R is an alkylene group containing from 
2 to about 5 carbon atoms per group, ac is a whole 
number having a value of from 2 to about 25, R.' 
is a substituent Selected from the group consist 
ing of hydrogen, alkyl, and substituted alkyl con 
taining from 1 to about 5 carbon atoms per group, 
and R'' is a long chain aliphatic alkyl group con 
taining from about 8 to about 25 carbon atoms 
per group. These products are prepared by the 
condensation of a long chain mono- or dialkyl 
amine with a chloroformic acid ester of a poly 
alkylene glycol. Utilizing either mono- or dial 
kylamines as reactants, these reactants contain 
One and Only One long chain alkyl radical con 
taining from about 8 to about 25 carbon atoms 
per group and When a dialkylamine is utilized as 
the reactant, the other alkyl substituents, in ad 
dition to the long chain alkyl group, contains 
not more than about 5 carbon atoms per group. 
Typical representative mono- and dialkylamines 
utilizable as reactants in the condensation with 
the chloroformic acid esters include such com 
pounds aS mono-octylamine, amyloctylamine, 
nonylmethylamine, dodecylmethylamine, octa 
decylethylamine, eicosanylbutylamine, pentaco 
Sanylamine, and others within the general group 
defined above. As heretofore indicated, the 
Water-solubility of the ultimate product is direct 
ly proportional to the chain length of the hydro 
carbon radical attached to the carbamic acid 
portion of the final detergent product and the 
hydrophobic tendency of such group can only be 
Counterbalanced in the product by the choice of 
a Suitable hydrophilic hydroxy polyoxyalkylene 
group present in the molecular structure of the 
Carbamic acid ester product. It is evident that 
the choice of the various substituents in the struc 
ture of the present esters to form products hav 
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group, for example, such as an alkyl radici taining from about 10 to about 26 carbonatoms 
per group, and the product is to be used in aqueol 
systems, the water-solubilizing capacity of the 
polyoxyalkylene radicalm all must be correspondingly 
large,and for such purpose, a polyethylene glyc 
containing a relatively large number, of oxyethyl 
enegroups permolecule, preferably from about 
10 to about 15 per molecule, is utilized to prepare 
the formate. ester. If a higher molecular weight 
alkylene oxide, or polyalkylene glycol is utilized 
to form the ester, Sugh, as a polyb the polyoxyalkylene group.must 
tively larger number of such oxy 
per molecule, for example. (from about 15.t. 
25 per molecule) to produce a water-sc 
detergent product. The converse is generally tru 
for the preparation of a product designed for 
use in non-aqueous.or, prganic solvents. 
The preparation of the intermediate chloro 

formate ester of the polyalkylene glycol is ef 
fected by reacting the desired polyalkylene glycol 
in which the alkylenegroup contains from 2 to 
about 5 carbon atoms per group with carbonyl 
chloride (phosgene), utilizing about equil 
proportions of glycoland, carbonylchloride 
polyalkylene glycolester may also be formed in 
situ by reacting carbonyl chloride with an alkyl 
ene oxide containing from 2 to 5 carbon atoms 
per alkylene group in a molecular ratio of the 
reactants which will form the ester of the de sired molecular weight containing a sufficient number of polypxyalkylene groups permo 
required for the product to have deterg 
When utilizing the alkylene oxide condensatio 
to form the ester, the molecular ratio of alkylene 
oxide to carbonyl chloride is determined by the 
number-of oxyalkylene units desired in the final 
product, and may vary from 2 to about 25 molec 
ular ratios of the respective reactants. When utilizing a polyaikylene glycol, normally in liglid 
condition, the carbonyl chloride may be merely 
bubbled into the liquid glycol at a temperature 
of-from about -10° to about 60°C. until a carbonyl chloride per mole of polyalkylene gly 
col (based on the average molecular weight of 
the glycols-contained in the mixture subjected to 
reaction) have undergone reaction. When the 
ester-is prepared by reaction of an alkylene oxide, 
such as ethylene oxide, with carbonylchloride, 
the reaction proceeds at temperatures of from 
about 10° to about 100° C., preferably from about 
20° to about 50° C., and may be effected at super 
atmospheric pressures, if-desired, to providees 
sentially liquid phase conditions. In th - 
type of reaction, the alkylene oxide is continuous 
ly led into the reaetion mixture as the c sation proceeds until the resulting halogen sub 
stituted-formic-aeid -ester of the corre ing polyalkylene-glycol contains the desired number 
of oxyalkylene groups per molecule, withi 
range of from 2 to about 25 per molecule. Th 
reaction may also be-conducted continuously by 
feeding the alkylene, oxide into a tower packed 
with -a suitable solid packing material, such 
berl. saddles, silica gel particles, stainless 
rings, etc., while the carbonylchloride reactant 
is-fed into the opposite end of the reactor, the 
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8 
flow rates of the respective reactants being ad 
justed to provide the proper residence time of the 
ester in the packed reactor as the alkylene oxide 
condenses with the free hydroxyl group of the 
ester chain and continues to add to the end of the polyoxyalkylene glycol portion of the ester. 
The condensation of the halogen-substituted 

formic acid ester of the polyalkylene glycol and 
the long chain mono- or dialkylamine to form the corresponding N-alkyl-substituted carbamic 
acid ester of the polyalkylene glycol may beac. 
complished at reaction conditions essentially simi 
lar to the reaction conditions maintained in the 
condensation of the alkylhaloformate with the 
polyoxyalkyleneamine, as hereinabove described. 
Thus, the condensation reaction proceeds attem 
peratures of from about 10° to about 150° C. pref 
erably from about 20° to about 80°C., and the 
condensation is further promoted by the presence 
of an alkaline or basic substance or an absorbent for the hydrogen halideliberated during the con 
densation reaction. As heretofore indicated, such 
alkaline substances are preferably selected from 
the alkali and alkaline earth metal oxides, car bonates, and hydroxides, the organic tertiary 
amines, and suitable absorbents include such 
porous Substances as activated carbon, particles 
of silica gel, alumina gel particles, etc., the 
reaction mixture containing the absorbent or 
alkaline substance being preferably stirred to ef 
fect intimate contact between the reactants and 
alkaline substance or absorbent. Following.com 
pletion of the reaction, the unconverted reactants, 
Such as the long chain alkylamine and/or the 
haloformate may be removed from the desired 
condensation product by distillation and extr 
tion procedures with suitable solvents.for the 
reacted starting materials or a combination of such procedures may be employed. 
The products of the present invention, char 

acterized generally as N-substituted carbamic 
acid esters of aliphatic alcohols, including both 
the polyoxyalkylene glycol carbamate species and 
the polyoxyalkyleneamine carbamate species 
herein provided are normally liquid products of 
low melting point, wax-like materials which may 
be either Soluble in aqueous solutions, or alter 
natively, Soluble in organic solvents, depending 
upon the structure of the respective compounds, 
as hereinbefore indicated. The compounds are 
substantially neutral, that is, they have a pH 
in aqueous solution of about 7, and hence do 
not irritate the skin of animals, particularly 
human skin, When utilized as an aqueous de tergent. The species of product provided herein 
are mutually compatible in admixture with each 
other and may be furthermore combined in ad 
mixture. With fatty acid soaps, or other ionic or 
non-ionic detergents. The present carbamic 
acid esters being non-ionic when dissolved in 
aqueous solution are not affected by alkaline 
earth metal ions dissolved in water, such as cal 
cium and magnesium ions inhard water. There 
fore, they do not form a curd or scum, when dis 
solved in such hard waters, as is typical forcer 
tain ionic detergents, such as the fatty acid soaps. 
The Water-soluble detergent products of this in 
vention are normally effective in concentrations 
of froin about 0.1 to about 0.5% in aqueous solu 
tion, although higher concentrations, may be re 
quired in deterging operations in which the pres 
ent detergent is required to emulsify a large 
quantity of grease or other oleaginous materials. 
The present invention is further illustrated 

with respect to specific embodiments.thereof in 

  



2,649,473 
9 

the following representative, examples, which, 
however, are not intended to define within strict 
limits the operable ranges of the variables Con 
templated herein. 

Eacample I 
A product possessing, detergent properties and 

having the structure of an N-alkyl carbanic acid 
ester of a polyalkylene glycol is prepared by the 
condensation of a chloroformic acid ester of a polyalkylene glycol (a polyoxyalkylene chloro 
formate) with an N-alkylamine. The reactants 
utilized in the condensation reaction are dodecyl 
methylamine and the polyoxyethylene glycol 
ester of chloroformic acid in which the polyoxy 
ethylene chain contains an average of about 15 
oxyethylene groups per ester radical. The do 
decylmethylamine may be prepared in a prelim 
inary reaction by the condensation of Sodium 
methylamide with dodecylchloride at a tempera 
ture of from about 20° to about 30° C. in a closed 
pressure autoclave in which the pressure is in 
creased to about 10 atmospheres with methyl 
amine. In the preparation of the reactants, 
methylamine in excess is led as a gas into the 
pressure autoclave containing finely. divided 
particles of sodium which are heated to a tem 
perature of about 80° C. as the reactor is ro 
tated. The mixture is thereafter cooled to a 
temperature of -30° C. to liquefy the methyl 
amine and thereafter dodecylchloride formed by 
the hydrochlorination of dodecylene is admitted 
into the autoclave and the reactor heated to a 
temperature of about 20° C., Which increases to 
about 30° C. in the ensuing exothermic reaction. 
The excess methylamine is removed from the 
reaction heating the autoclave to distill off the 
low boiling methylamine. The desired dodecyl 
methylamine in the form of its hydrochloride 
salt, may be recovered from the reaction mix 
ture by extraction with dilute hydrochloric acid 
Solution. 
The polyalkylene glycol ester of chloroformic 

acid in which the ester contains an average of 
about 15 polyoxyethylene groups per molecule is 
prepared by reacting carbonyl chloride with a 
mixture of polyethylene glycols having an aver 
age of about 15 polyoxyethylene groups per mole 
cule. The reaction is effected by bubbling the 
carbonyl chloride into the glycol maintained at 
a temperature of about 30° C. The addition of 
carbonyl chloride is continued as the reaction 
mixture is rapidly stirred until approximately a 
molar equivalent of the carbonyl halide has re 
acted, the molar ratio being based on the aver 
age molecular weight of the polyethylene glycols 
contained in the glycol mixture. 
The chloroformic acid ester of the polyethyl 

ene glycol is condensed with the above prepared 
dodecylmethylamine by mixing approximately 
equimolar proportions of the reactants and heat 
ing the mixture with rapid stirring to a temper 
ature of about 80° C., and in the presence of 
Soda-lime which absorbs the liberated hydrogen 
chloride. The product is a viscous liquid, solu 
ble in water but only slightly soluble in aromatic 
hydrocarbons, Such as benzene. Other com 
pounds containing both longer and shorter chain 
length alkyl groups attached to the nitrogen 
atom of the resulting carbamic acid ester prod 
uct and containing both shorter and longer chain 
polyoxyethylene groups in the alkoxy group of 
the formic acid ester radical when tested for 
detergency in an aqueous Solution by the stand 
ard Launder-O-Meter procedure, have somewhat 
lesser detergencies than the above N-dodecyl 

10 

10 
carbamic acid ester of the polyalkylene glycol 
containing an average of about 15 polyoxyeth 
ylene groups per molecule. As the chain length 
of the N-alkyl group increases, the products tend 
to be less soluble in Water and more soluble in 
organic solvents; the opposite tendency in gen 
eral holds true as the chain length of the poly 
Oxyalkalene group increases. All products in 
which the N-alkyl group contains at least 8 and 
not more than about 25 carbon atoms per group 
and productS containing at least 2, up to about 
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25 alkylene groups per polyoxyalkylene radical of 
the carbamic acid ester have surface active 
properties. 

Eacample II 
A detergent product having the structure of 

an N-polyoxyalkylene carbamic acid ester of an 
aliphatic alcohol is prepared by the condensa 
tion of a haloformic acid ester of an aliphatic 
alcohol with an N-substituted amine in which 
at least one and not more than two of the sub 
stituent groups is a polyoxyalkylene radical and 
the other N-substituent is an alkyl group. 
The polyoxyalkylene-substituted amine re 

actant may be prepared by the reaction of a 
Secondary amine with an alkylene oxide a con 
densation reaction conditions. In the present 
Series of compounds, ethylene oxide is utilized 
in the reaction to form the polyoxyalkylene chain 
and various secondary amines are utilized in the 
condensation to compare the effect of the length 
of the polyoxyalkylene group and the chain 
length of the alkyl substituents in the structure 
of the secondary amine on the detergency of the 
liltinate product. The preparation of the amines 
is illustrated by the condensation of ethylene ox 
ide with amylmethylamine in which the con 
densation is continued until an average of ap 
proximately 12 Oxyethylene groups are present in 
the polyoxyethylene chain. The condensation is 
effected by introducing the ethylene oxide into 
the amine contained in a stirred pressure auto 
clave until the polyoxyethylene chain contains 
the desired number of oxyethylene units. The 
reaction is effected at a temperature of 50° C. and 
at a pressure of 40 atmospheres in the presence 
of a Small quantity (about 10 grams per 100 
grams of reactants) of pyridine. The mixture is 
stirred as the reaction proceeds and is allowed 
to continued until about 12 moles of ethylene ox 
ide have condensed to form the polyoxyalkylene, 
generally within a reaction period of from about 
30 minutes. The polyoxyalkylene group may also 
be introduced into the structure of the amine aS 
a substituent thereof by reacting the amyl 
methylamine with a polyethylene glycol contain 
ing an average of about 12 oxyethylene groups 
per molecule, the reaction being carried out at 
a temperature of about 50° C. and is also pro 
moted in the presence of pyridine. 
The condensation of the polyoxyethylene 

amylmethylamine and ethylchloroformate to 
form the detersive carbamic acid ester is ob 
tained by heating the reactants in equimolar pro 
portions at a temperature of about 60° C. in the 
presence of two molar proportions of calcium 
hydroxide in aqueous suspension. The reaction 
mixture is thoroughly stirred to obtain an inti 
mate dispersion of the reactants and the lime 
suspension, thereby obtaining maximum con 
version to the desired end product. The product 
is a viscous liquid which when dissolved in an 
aqueous solution and shaken foams profusely and 
has a detergency approximately equivalent to 
that of a fatty acid soap, such as Sodium-laurate. 



2,649,473 
1. 

The product is water-soluble in all useful pro 
portions normally utilized in deterging opera 
tions, although the product tends to become less 
Soluble as the number of polyoxyethylene units 
per molecule decreases or the chain length of the 
alkyl groups attached to the nitrogen atom of 
the carbamic acid ester derivative, increases in 
the number of carbon atoms per group and de 
creases, as the number of alkyl substituents on the 
nitrogen atom increases. from 1 to 2. All prod 
lucts: containing at least 2. Oxyethylene groups 
per polyoxyethylene Substituent on the nitrogen 
atom of the carbamic acid ester and containing 
at least 8 but not more than about. 25. carbon 
atoms per alkoxy group. of the formic acid ester 
have surface active properties, some of which are 
merely wetting agents and others having. de 
tersive properties. The solubility of the products 
in water tends to decrease as the number of car 
bon atoms in the alkoxy radical increases with 
out, a simultaneous increase in the number of 
Oxyethylene groups in the polyoxyethylene chain. 
Conversely, the solubility of the product in water 
and its insolubility in organic solvents, such as 
hydroearbons, increases as the number of poly 
oxyethylene units per molecule increases and the 
number of carbon atoms in the alkoxy group of 
the carbamic acid ester decreases. 
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Eclaim as my invention: A compound having the empirical structural 

formula: 
R. Q 

z---oz 
wherein Z is selected from the group consisting 
of -(OR) OH and R'' and Z' is selected from 
the other member of said group, R is an alkylene 
group containing from 2 to 5 carbon atoms per 
group, R’ is selected from the group consisting 
of hydrogen and alkyl containing from 1 to about 
5 carbon atoms per alkyi, R” is an aliphatic 
alkyl group containing from 8 to about 25 carbon 
atoms pergroup, and acis a whole number having 
a value of from 2 to about 25, 
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