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NOVEL CARBAMATES, THEIR PRODUCTION AND THEIR USE
AS FUELS_ADDITIVES

The present invention relates to novel carbamates, their
. production and their use as fuels additives.
’ Carbamates are useful in agrochemicals, resins, plasticisers
and monomers. A number of therapeutic applications include use as
5 antipyretics, diuretics and antiseptics. A widely used method for
the production of carbamates is the reaction of an alkyl isocyanate
with an alcohol. A disadvantage of this method is that alkyl
isocyanates are highly toxic materials. Other reported methods for
producing carbamates are disclosed in Japan Kokai 77, 14745 wherein
10 NaOMe/MeOH, PhNHg and (Me0O)y CO are reacted to produce PhNHCOyMe,
Japan Kokai 79, 163528 which discloses a similar reaction using
NaOMe, piperidine, imidazole, carbonyldiimidazole,

N-methylpyrolidone or morpholine, US-A-4258683 wherein aromatic

s

amines are reacted with organic carbonates in the presence of zinc
g 15 and stannous salts, and US-A-4268684 wherein there is disclosed a
’ similar reaction to that of US-A-4268683 except that cobaltous salts
are used instead of zinc and stannous salts.
3 Carbamates have also been used as additives to fuels.
A specific problem thought to involve deposit formation in the
20 combustion chamber is that of octane requirement increase (generally
abbreviated to ORI). The problem of ORI is addressed by US Patent
No. 4,236,020, the solution to the problem according to the
aforesaid US Patent being to add to the fuel a
poly(oxyalkylene )carbamate soluble in a hydrocarbon fuel boiling in

25 the gasoline range. The carbamates of USP 4,236,020 comprise a
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Pat ent Z ( OCgHgg )y 0 - C - NH - CHp - CHy -NHy
in which g is an integer 2 to 5, j is an integer such that the
10 molecular weight of the compound is in the range of about 1,200 to
about 5,000, Z is a hydrocarbyl of 1 to 30 carbon atoms and
sufficient of the oxyalkylene units in the compounds are other than
ethylene to render the compounds soluble in hydrocarbon fuels
boiling in the gasoline range. The only method disclosed for
15 preparing the carbamates is the reaction of a suitable capped
polyether alcohol with phosgene to form a chloroformate followed by
reaction of the chloroformate with ethylene diamine t6 form the
active carbamate. A problem associated with this route to
carbamates is the use of phosgene which not only is highly toxic but
20 also can lead to products contaminated with chlorine.
We have now found an improved process for the production of
carbamates wherein strong organic bases are used as the catalyst.
Accordingly, in a first aspect, the present invention provides
a process for the production of a carbamate having the formula:
25
R -0 -C - N m

wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group or the group of
30 formulas
H 0
!
- Z - N~ C - 0 - R (1I1)
wherein Z is either a divalent hydrocarbyl or substituted

35 hydrocarbyl group or a group of the formula:
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[ (alkylene)n(NH);,(alkyleney ] (I11)
in which n = 0 to 4 and m = 1 to 4, and
R is a hydrocarbyl. or substituted hydrocarbyl group, provided that
if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,

which process comprises reacting either a compound of the formula:
H - N (IV)

wherein X and Y are independently either hydrogen, a hydrocarbyl
group, or a hetero-substituted hydrocarbyl group.
with a dihydrocarbyl carbonate having the formula:

| 0

I
R - 0 - €C ~ 0 - R (V)

wherein independently R is as defined above in the presence as
catalyst of a strong organic base and in the proportions necessary
to produce either a mono-carbamate or a bis-carbamate.

Preferably at least one mole of the compound of formula (IV)
per mole of the dihydrocarbyl carbonate of formula (V) is employed.

The compound of formula (IV) may be either ammonia (X = Y = H),
a primary amine (either of X or Y = H) or a secondary amine (neither
of X or Y = H). The amine may suitably be either a monoamine or a
polyamine., X and Y may be independently either a hydrocarbyl group
of a hetero-substituted hydrocarbyl group. Suitably the hydrocarbyl
group may be an aliphatic hydrocarbyl group, of which alkyl groups
are preferred. Examples of suitable hydrocarbyl groups include
methyl, ethyl, propyl or butyl groups. Alternatively, X and Y may
be independently a hetero-substituted hydrocarbyl group. Suitably,
the hetero—substituted hydrocarbyl group may be an aliphatic
hydrocarbyl group substituted by nitrogen or oxygen, preferably a
group of the formula -P-~Q, wherein P is an alkylene or polyalkylene
group, for example a C; to C4 alkylene group or a poly- C; to C,
alkylene group, and Q is either an NHg, -OH or a heterocyclic group,

for example morpholine or piperazine, or a substituted heterocyclic
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10 (iii) X = H and Y = CHyCHoCHgN NH.

C

Finally, the compound (IV) in which X and Y are independently
hetero-substituted hydrocarbyl groups, may be an alkylene polyamine
or a polyalkylene polyamine, suitably wherein the alkylene group is

15 a Cy1~C4 alkylene group, for example ethylene diamine, diethylene
triamine, triethylene tetramine, and the like.

In the dihydrocarbyl carbonate of formula (V) the groups R are
independently hydrocarbyl groups which may suitably be alkyl groups,
preferably C; to C; alkyl groups, more preferably methyl groups.

20 Alternatively, the dihydrocarbyl carbonate of formula (V) may be a
cyclic carbonate, for example ethylene carbonate or propylene
carbonate.

The process may be operated in the presence or absence of an
added solvent. Suitable solvents include liquid hydrocarbon

25 solvents, for example the mixed aromatic solvent designated A260
commercially available from BP Chemicals Limited.

The catalyst is a strong organic base. A preferred strong
organic base is an amidine. By the term amidine is meant a compound
containing the grouping:

30

A
\\\‘N

P
~

wherein the free valencies on the nitrogen atoms are attached to

35 either carbon atoms or hydrogen and the free valency on the carbon
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ein X and Y are independently either hydrogen, a
group or a hetero-substituted hydrocarbyl group or the

group of formul a: [err] (I'1) 35 wherein

Zis either a divalent hydrocarbyl or substituted

atom is attached to either another carbon atom or nitrogen. In the
case that the free valency on the nitrogen is attached to nitrogen
the amidine is a guanidine.
A preferred class of amidine is the cyclic amidines. Cyclic
5 amidines are defined as those amidines whereih at least one of the
nitrogen atoms is part of an aliecyclic or heterocyclic substituted
or unsubstituted hydrocarbyl ring. In the case where the amidine is
a guanidine then any two or the three nitrogen atoms may be in the
same or different rings. Those nitrogen atoms which are not part of
10 any said ring may form part of a substituted or unsubstituted
hydrocarbyl grodp.
A preferred class of cyclic amidine is that in which the
amidine group can form part of a fused ring system containing 6 and
5 membered rings or 6 and 7 membered rings or two six membered
15 rings, as for example in 1,5-diazabicyclo [4.3.0] non-5-ene (DBN)

which has the formula

AN

20 or 1,8-diazabicyclo [5.4.0] undec—-7-ene (DBU) of the formula

or 1,5,7-triazabicyclo {4.4.0] dec~5-ene (TBD) of formula

25 { f’dq

The amidine may be_supported on a suitable support. This may

7

30 be accomplished by deposition of the amidine on a support or by
chemical bonding of the amidine to a suitable support. Suitable
supported amidine catalysts are described in, for example, our
EP-A-0168167.

As an alternative to an amidine, the strong base may comprise a

35 Lewis base and an epoxide. The term Lewis base is generally

-~
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understood to mean a compound coﬁtaining an unshared pair of
electrons capable of sharing with an acid. The terms Lewis base and
amidine are not therefore mutually exclusive. The Lewis base may
suitably be an organic compound containing trivalent nitrogen or

5 phosphorus, for example an amine or a phosphine. The epoxide may
suitably be a substituted or unsubstituted C9 to Cg alkylene oxide,
preferably either ethylene oxide, propylene oxide or butylene oxide.

As regards the reaction conditions, the process may suitably be
operated at a temperature in the range from 0 to 100°C, more

io preferably from 15 to 75°C, most preferably from 20 to 25°C, and the
pressure may be either atmospheric or superatmospheriec, for example
from 1 to 10 bar.

. The process may be operated hatchwise or continuously,
preferably continuously.

15 An advantage of using the process of the present invention for
the production of carbamates is that it avoids the use of phosgene
and its associated disadvantages.

The group R in the carbamate of formula (I) can be exchanged
for a group ri by a process which comprises reacting the carbamate

20 of formula (I) with a compound of the formula:-

rRlon (vI)
wherein Rl is a hydrocarbyl or hetero-substituted hydrocarbyl group
different from R,
in the presence as catalyst of either a strong organic base or a

25 tetrahydrocarbyl titanate.

The group Rl in the compound of formula (VI) may suitably be
any of the groups R as defined for the carbamate of formula (I),
provided it is not identical to the group R. Hydrocarbyl groups
substituted with nitrogen and/or oxygen, for example hydrocarbyl

.30 polyether groups, may be used.

In a preferred embodiment of the present invention there is
provided a process for the production of a carbamate suitable for
use as a detergent additive to internal combustion engine fuels
wherein ﬁhe group Rl in the compound of formula (VI) is a

35 hydrocarbyl or hetero-substituted hydrocarbyl group of a molecular

weight and'composition such as to impart fuel solubility.



n an Y are independently either hydrogen, a hydrocar byl

ng&msm” ubstltuted hydr ocar byl group with a di hydrocar byl
carb he formul a: 15 [err]

(V) dependently R is as defined above in the presence as
catalyst of a strong organi ¢ base which 4s an amdine or a Lews base
and an epoxide and in the proportions necessary to produce 20 either a
nono- car bamate or a bi s-carbanate. Preferably at |east one nole of
t he conpound of fornula (1V) per nole of the dihydrocarbyl car bonat e of

formul a s e 0 un f_for may be

ei t her agn\T/)Dni a ()rzp p)é?gg‘ﬁf °°mp°uﬁ‘;rp??l g%l%g‘? n&ﬁ fﬂlésr PB%“’&Q oi“‘\r"l H or
a secondary argaigallyent helycdb (P86) X¥ogmed/ by the rea'chaoamm@ hydrogpliicabl y be
either a Monoalhuf, drich mPYALIdRr & A0onbr 0 gﬁé?%?p&ﬂ%e%' y either

a hydrocar byl or et ero- substltute group _

Suitably the rﬂ?‘éﬂ'b%%r Byide, 3“‘b|“t9ﬂips"ﬂﬁ9bbéhaﬁe & ¥“ iler wélsleic&nbf,he gr oup,

of which al kylra8geUfion aboull SotPk6T RY,006,; pEesdmbes QbmSitdoabs eobydr @aas by!

groups | nCluc“lre more fully described in the aforesaid US Patent No. 4, 236,020,

- the disclosure of which in respect of suitable PAGs is incorporated
by reference herein. The PAG should contain sufficient oxyalkylene
units other than ethyleneoxy to effect solubility in internal

10 combustion engine fuels. A particularly suitable compound of
formula (VI) for use in the process of the invention is a
polyoxyalkylene glycol obtained by the reaction of p~dodecylphenol
with butylene oxide and having a molecular weight of about 2,000,
which material is commercially available as BREOX (RTM) BC 1362 from

15 Hythe Chemicals Limited. Another preferred class of compound of
formula (VI) suitable for use in the production of detergent
additives is polyalkylene glycols produced by the hydroxyalkylation,
suitably by reaction with alkylene oxides, of amines, for example
ethylene diamine or aminopropylmorpholine.

20 As catalyst for the exchange reaction there is used either a
strong organic base or a tetrahydrocarbyltitanate. Suitable strong
organic bases are those as hereinbefore described in relation to the
preparation of carbamates of the formula (I). The same strong
organic base or a different strong organic base, preferably the

25 same, may be used in the exchange reaction as in the preparation of-
the carbamate of formula (I). Suitably the tetrahydrocarbyltitanate
may be a tetraalkyltitanate. Suitably the alkyl group of the
tetraalkyltitanate may be a C; to C4 alkyl group. An example of a
suitable tetraalkyltitanate is tetraisopropyltitanate.

30 It is preferred to react the compound of formula (I) with the
compound of formula (VI) in the presence of a suitable solvent.
Suitably the sclvent may be a hydrocarbon solvent, for example the
mixed aromatic hydrocarbon solvent identified as A260 which is
commercially available from BP Chemicals Limited.

35 As regards the reaction conditions. for reacting the compound of
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formul a P-Q, V\,herel n Pis an alkylene gf polyal kylene 35 group, for
exanple a (Jerr] to (Jerr] alkylene group or a poly- (Jerr] to (Jerr]
4

formula (I) with the compound of formula (VI), the temperature may
suitably be elevated, preferably in the range from 100 to 300°C, and
the pressure may be either atmospheric or superatmospheric.

A particular advantage of the process claimed for the

5 production of detergent additives is that it provides a
chlorine-free product, in contrast to prior art processes, such as
that of US Patent No. 4,236,020,

In another aspect the present invention provides an internal

combustion engine fuel concentrate composition comprising as a first

10 component from 1 to 95% by weight of a carbamate of the formula (I)
wherein the group R is a hydrocarbyl or substituted hydrocarbyl
group of a molecular weight and composition such as to impart fuel
solubility as produced by a process as hereinbefore described and as
a second component a fuel compatible solvent therefor.

15 The fuel compatible solvent for the compound of the formula
(I1) may suitably be an internal combustion engine fuel.

Preferably the carbamate is a mono-carbamate.

In another aspect the invention comprises an internal
cpmbustion engine fuel composition comprising a major proportion of

20 an internal combustion engine fuel and a minor proportion of the
concentrate composition as hereinbefore described.

The amount of the concentrate composition present in the fuel
composition may suitably be such as to provide a concentration of
the compound of formula (I) in the fuel composition in the range

25 from 10 to 10,000 p.p.m. by weight.

The internal combustion engine fuel is preferably a fuel
boiling in the gasoline range. The fuel composition may incorporate
additives conventionally employed in fuels compositions. Such
additives may be incorporated either into the fuel concentrate or

30 directly into the fuel composition.

In another aspect the present invention provides as novel
compounds carbamates of the formula (I) other than those disclosed
in US Patent No. 4,236,020 and in particular those wherein X and Y
are independently the group of formula -P-Q as hereinbefore

35 described and their reaction products with a compound of
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for I ne or piperazine, or a substituted heterocyclic
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groups |nclude al kanol am nes, for exanplq,ethanolanine, and conpounds
of formula (1V) wherein:- (i) X=Hand Y = CHerr]CHerr]NH err]
(1) X =Hand Y = CHerr]CHerr]CHerr] , and 10 (rii) X =H
and Y = CHerr]CHerr]CH [err] NH. Finally, the conmpound (I1V) in

ich X and Y are indepepdently 15 het er o- substi tuted hydrocar byl
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hetero-substituted hydrocarbyl group of a molecular weight and
composition such as to impart fuel solubility.
The invention will now be further illustrated by reference to
5 the following Examples.
Preparation of monocarbamate of the formula (I)

Example 1
Dimethylcarbonate (9.0g) and n-butylamine (7.3g) were mixed

with TBD (0.05g) and allowed to stand at room temperature. After

10 6 h a sample of the liquid product was shown, by ge/ms, to be methyl
N-(n-butyl) carbamate (95% yield).
Example 2

Dimethylcarbonate (9.0g) and n-propylamine (5.9g) were mixed
with TBD (0.05g) according to Example 1. The product was shown by

15 gc/ms to be methyl N-(n-propyl) carbamate (93% yield).
Example 3

Dimethylcarbonate (9.0g) and ethanolamine (4.7g) were mixed
with TBD (0.05g) according to Example 1. The product was shown by
gc/ms to be methyl N-(2-hydroxyethyl) carbamate (86% yield).

.20 Example &

Example 1 was repeated replacing the dimethylcarbonate with
diethylcarbonate (9.2g). The liquid product was shown by gc/ms to
be ethyl N-(n-butyl)carbamate. (92% yield).

Comparison Test 1 t
25 Example 1 was repeated in the absence of TBD. Only starting
material was recovered.

Comparison Test 2

Example 1 was repeated replacing the TBD with triethylamine
(0.05g). The 1liquid product was shown by gc/ms to be methyl
30 N-(-n-butyl) carbamate (6% yield).
Example 5
Example 1| was repeated replacing TBD with DBU. The liquid
product was shown by gc/ms to be methyl N-(n-butyl) carbamate (65%
yield).
35
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A mixture of ethanolamine (50.6 g), dimethylcarbonate (74.8 g),
TBD (1.0 g) and m-xylene (10 ml) was refluxed for 3 hours
(ca. 80°C). The mixture was evaporated under reduced pressure
giving the product as a clear liquid (84 g). NMR analysis indicated
10 the product to be methyl [N-(2-hydroxyethyl)] carbamate.
Example 8
A mixture of N-(2-aminocethyl) piperazine (28 g),
dimethylcarbonate (20 g) and TBD (1.0 g) was left to stand open to
the atmosphere for 120 hours. The mixture was evaporated under
15 reduced pressure giving the product (38.75 g) identified by NMR to
be methyl N-[2-(Nl-piperazino)ethyl] carbamate.
Example 9
A mixture of N-{3-aminopropyl) pipecoline (37.1 g),
dimethylcarbonate (23.0 g) and TBD (1.0 g) was allowed to stand
20 open to the atmosphere for 120 hours. The mixture was evaporated
under reduced pressure giving the product (46.1 g), identified by
NMR to be methyl N—[3-(N1—pipecolino)propyl] carbamate.

Example 10 - X = H, Y = CH2CHCHoN O in formula (I).
25 Ste A
A mixture of N-(3-aminopropyl) morpholine {(57.1 g), dimethyl
carbonate (42 g} and TBD (1.0 g) was refluxed for 6 hours with a
nitrogen sparge. The resultant mixture was evaporated under reduced
pressure to give the product as a clear yellow ligquid (74 g). NMR
30 analysis indicated the product to be methyl N—[3-(N1-morpholino)
propyl] carbamate.
Ste B
The intermediate carbamate from Step A (16.5 g), BREOX PC 1362
(114 g) and TBD (1.0 g) were stirred at 150°C for 3.5 hours with a

35 nitrogen sparge. The mixture was cooled, treated with toluene

10
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(50 ml) and magnesium sulphate (1.0 g) and allowed to stand. The
mixture was then filtered and evaporated under reduced pressure to
give the product as a clear pale yellow liquid.

Analysis: Z Nitrogen found = 1.46

Example 11 - X =H, Y = CH2CH2N/-—“\NH in the formula (I).
Step (A
A mixture of N-(2-aminoethyl)piperazine (20 g),
dimethylcarbonate (33.6 g) and DBU (0.2 g) was stirred at 80-120°C
10 for 2 hours with a nitrogen sparge. The mixture was cooled and
filtered to give the product as a clear orange-yellow liquid. NMR
analysis indicated the product to be methyl
N-[2-(Nl-piperazino) ethyl] carbamate.
Ste B
15 The intermediate carbamate product f£rom Step A (10.8 g,
containing DBU catalyst carried through from Step A) and BREOX
PC 1362 (136 g) were stirred at 120 - 140°C for 3 hours with a
nitrogen sparge. The product was cooled and filtered to give a
clear yellow liquid.
20 Analysis: % Nitrogen = 1.10.
Example 12
A mixture of methyl N;[3—(N1—morpholino)propy1] carbamate (the
intermediate product obtained from Example 10, Step A) (10 g),
l-octanol (15.0 g), m—xylene (25 ml) and TBD (0.2 g) was refluxed
25 for 1 hour. The mixture was evaporated under reduced pressure
giving the product as a light yellow liquid (30.4 g). NMR analysis
indicated the product to be n-octyl N-[3-(N!-morpholinc)propyl]
carbamate.
Example 13
30 A mixture of methyl N-[3-(Nl-morpholino)propyl] carbamate (the
intermediate product obtained from Example 10, Step Aj (5.2 g),
polyalkylene glycol (PAG B225 from Hythe Chemicals Limited)
(49.5 g), TBD (0.4 g) and m—xylene (33.4 g) was stirred at 140°C
with a nitrogen sparge for 2 hours. The mixture was evaporated

35 under reduced pressure giving the product as a viscous yellow liquid

11
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(45 g).
Example 14

A mixture of methyl N-[2-(Nl-piperazino)ethyl] carbamate (the
product of Example 8) (5.8 g), l-octanol (4.3 g) and TBD (0.6 g) was
heated at 150°C for 2 hours. The mixture was evaporated under
reduced pressure giving a red-brown product (8.2 g), indicated by
NMR analysis to be n-octyl N-[2-(Nl-piperazino)ethyl] carbamate.
Example 15

A mixture of methyl N—[3~(N1—morpholino)propyl] carbamate {(the
intermediate product obtained from Example 10, Step A) (16.0 g),
BREOX PC 1470 [(ex Hythe Chemicals Limited, prepared by reaction of
p-dodecylphenol (1l mole) with butylene oxide (15 moles)] (10.35 g)
and TBD (0.9 g) was stirred at 150°C with a nitrogen sparge for
4.25 hours. The mixture was then cooled and treated with toluene
(50 ml) and magnesium sulphate (1.0 g) and allowed to stand. The
mixture was then evaporated under reduced pressure giving a clear
liquid product.
Analysis: # Nitrogen = 1.55.
PREPARATION OF BISCARBAMATE OF THE FORMULA (I)
Example 16

Dimethylcarbonate (18.0 g) and bis (3-aminopropyl)amine
(13.1 g) were mixed in a round-bottomed flask with TBD (0.05g), and

allowed to stand at room temperature. After 16h the contents of the
flask had solidified, and this solid was recrystallised from toluene
to give white needles, 16.9g, 96%, mp 105° - 107°C. 'H and 13¢ nMR
were consistent with structure (I).
Example 17

Dimethyl carbonate (25 ml) and bis(aminopropyl)amine (25 ml)
were mixed at 20°C and TBD (0.1 g) was added. A small exotherm was
noted and the mixture was allowd to stand for 16 hours. The mixture
was then stripped on a rotary evaporator and the solid residue
recrystallised from toluene. The product was demonstrated by NMR

to be bis[methyl(N-propyl)carbamate]amine.

12
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Example 18
Step (A

Ethyleﬁe diamine (6g) and dimethyl carbonate (18g) were mixed
together in a round bottom flask at 20°C. TBD (0.lg) was added and
the mixture allowed to stand for 24h. After this time a white solid
product was collected and recrystallised from methanol to give bis
(methoxycarbonyl) ethylene diamine. NMR and IR spectra were
consistent with the desired compound.

Ste B

Bis(methoxycarbonyl)ethylene diamine (17.8g) obtained in Step
(A) above and BREOX (RTM) BC 1362 (4123) (ex. Hythe Chemicals
Limited) were dissolved in A260 (a mixed aromatics solvent ex BP
Chemicals Limited) (0.5 litres) and heated to 160°C with vigorous
overhead stirring for 24 hours in the presence of tetraisopropyl
titanate (5g). A continuous stream of dry nitrogen was passed over
the reactants.

The resulting straw yellow liguid was cooled and filtered
through a sinter. Its nitrogen content was determined as 0.25%.
Example 19

The procedure of Example 18 was repeated except that the BREOX
PC 1362 was replaced by PAG B225 (360g).

The nitrogen content of the product was determined as 0.37%.
Example 20

The procedure of Example 18 was repeated except that the BREOX
PC 1362 was replaced by PAG B335 (480g).

The nitrogen content of the product was determined as 0.16%.
ENGINE TESTING
Examples 21 to 24

The products of Examples 10, 11, 18 and 19 were evaluated in
the Opel Kadett gasoline detergency test at various concentrations.

The Opel Kadett gasoline detergency test is a well-known
industry accepted evaluation procedure approved by the Co-ordinating
European Council (C.E.C.), Reference No. C.E.C.F.-02-T-79.

The concentrations and test results are given in the following

Table.

13
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Comparison Test 3
The procedure of Examples 21 to 24 was repeated using instead

of the biscarbamate products of Examples 10, 11, 18 and 19 a
commercially available gasoline detergent having a nitrogen content
of 0.70%.

The test results are given in the following Table.

Table
Concentration DETERMINATION*
Example of additive
(ppmw/w) Valve Deposit Wt Valve Deposit
(mg) Rating
21 (Ex 10) 233 296 (409) 7.90 (7.0)
22 (Ex 11) 320 110 (291) 7.75 (7.42)
23 (Ex 18) 500 235 (260) 7.32 (7.02)
24 (Ex 19) 500 181 (365) 7.75 (6.62)
CT 3 (- 500 269 (440) 7.2 (6.2)

* base fuel figures in parentheses.

It can be seen f£rom the results presented in the Table that the
products of Examples 10 and 11 compare favourably as detergents with
the commercial product and that the products of Examples 18 and 19

have moderate detergent activity.

14
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jjﬂ' Uﬁji ;‘ﬂ ﬂ vaI ency is attached to nitrogen t he
i ne. ,aﬂm rred class of amdine is the

cyclic an1d|nes Cyclic 5 defined as those am di nes wherein
at | east one of the nltrogen at ons |s part of an allcy@ Co Q"

het erocyclic substituted or unsubstituted hydrocar byl rFﬁe Pﬁ°§%@
case where the amdine is a guani dine then any two or the three
nitrogen atons may be in the same or different rings. Those nitrogen
atonms which are not part of 10 any said ring may formpart of a
substituted or unsubstituted hydr ocar byl group. A preferred
class of cyclic amidine is that in which the am di ne group can form
part of a fused ring system containing 6 and 5 nmenbered rings or 6 and
7 menbered rings or two six menbered 15 rings, as for exanple in

1, 5-di azabicyclo [4.3.0] non-5-ene (DBN) whi ch has the formul a

Claims:
1. A process for the production of a carbamate having the

formula:-

a=o
N

R-0-~-C-N (1)
5 \\Y
wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted a hydrocarbyl group or the group of
formula:-
H O
: R
-Z-N-C-0-R ' (11)
wherein Z is either a divalent hydrocarbyl, a substituted
hydrocarbyl group or the group of formula:-
[ (alkylene)m(NH)n(alkylene)m ] : (1I1I)
15 in which n = 0 to 4 and m = 1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl group, provided that
if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,
which process comprises reacting a compound of the formula:-
20 X
H - N;\ | (Iv)
Y
wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group

25 with a dihydrocarbyl carbonate having the formula:-

15



yclo [‘5154h®!HasrBd®d%eﬁ'Ia®me (DBU) of the formula
mlﬁnmmﬁ mnclo [4 4 mﬂw g! (TBD) of fornmula 25
upported on a suitable support.
eposi

ThIS may 30 be acconpllshe I'on of the am dine on a support or

by chem cal bonding of the an1d|ne 0 a suitable support. Suitable
supported am di ne catal ysts are descrlbe i n, for exanple, our
EP- A-0168167. As an alternative to an am dine, the strong base

may conprise a 35 Lew s base and an epoxide. The termLew s base is
general ly

?
R-0- J -0-R )
wherein independently R is as defined above
in the presence as catalyst of a strong organic base and in the

5 proportions necessary to produce either a mono-carbamate or a
bis-carbamate.

2. A process according to claim 1 wherein the compound of
formula (IV) is either ammonia, a primary amine or a secondary
amine.

10 3. A process according to claim 2 wherein the compound of formula
(IV) is either a monoamine or a polyamine.

4. A process according to either claim 2 or claim 3 wherein X and
Y in the formula (IV) is an aliphatic hydrocarbyl group which is an
alkyl group.

15 5. A process according to either claim2 or claim 3 wherein X and Y
in the formula (IV) are independently hetero-substituted hydrocarbyl
groups which are aliphatic hydrocarb&l groups substituted by
nitrogen or oxygen.

6. A process according to claim 5 wherein the hetero-substituted

20 hydrocarbyl group is a group of the formula ~P-Q wherein P is an
alkylene group and Q is either NHy, OH or a heterocyclic group.

7. A process according to any one of the preceding claims wherein
in the dihydrocarbyl carbonate of formula (V) the groups R are
independently Cy to Cjz alkyl groups.

25 8. A process according to any one of the preceding claims wherein
the catalyst is a strong organic base which is an amidine.

9. A process according to claim 8 wherein the amidine is a cyclic
amidine.

10. A process according to any one of claims 1 to 7 wherein the

30 catalyst is a strong organic base which comprises a Lewis base and
an epoxide. _

11. A process according to any one of the preceding claims wherein
the compound of formula (IV) is reacted with the dihydrocarbyl
carbonate of formula (V) at a temperature in the range from 0 to

35 100°C and a pressure in the range from 1 to 10 bar.

16



od tdhﬁﬁhﬁtﬂ% piagdd cont ai ni ng an unshared pair of
m;’g g‘tﬂ of sha Eacid. The ternms Lewi s base and

erefor | usive. The Lewi s base may
SUIta Iy be an organic co ning trivalent nitrogen or 5
phosphorus, for exanple an an1ne or a phpsphine. The epoxide may
_Suitably be a substituted or unsubstituted C2 to C8 al kyl ene oxi de,
preferably either ethyl ene oxide, propylene oxide or butyl ene oxide.

12, A process according to any one of the preceding claims wherein
the group R in the carbamate of formula (I) is exchanged with a
group rl by a process which comprises reacting the carbamate of
formula (I) with a compound of the formula:-

5 rlon : (VI)
wherein R! is a hydrocarbyl or hetero-substituted hydrocarbyl group
different from R
in the presence as catalyst of either a strong organic base or a
tetrahydrocarbyl titanate.

10 13. A process according to claim 12 wherein the group Rl in the
compound of formula (VI) is a hydrocarbyl or hetero-substituted
hydrocarbyl group of a molecular weight and composition such as to
impart fuel solubility and the product is a detergent additive to

~ internal combustion engine fuels.

15 l4. A process according to claim 13 wherein the compound of formula
(VI) is a polyalkylene glycol formed by the reaction of a hydroxylic
compound with an alkylene oxide.

15. A process according to claim 14 wherein the polyalkylene glycol
has a molecular weight in the range from about 500 to 10,000.

20 16. A process according to claim 13 wherein the compound of
formula (VI) is the polyalkylene glycol obtained by the reaction of
p-dodecylphenol with butylene oxide and has a molecular weight of
about 2,000.

17, A process according to claim 13 wherein the compound of

25 formula (VI) is a polyalkylene glycol produced by the
hydroxyalkylation of an amine.

18. A process according to any one of claims 12 to 17 wherein the
catalyst is a strong organic base which is the same as that used in
the process for the production of the compound of formula (I).

30 | 19. A process according to any one of claims 12 to 17 wherein the
catalyst is a tetrahydrocarbyltitanate which is a
tetraalkyltitanate.

20. A process according to any one of claims 12 to 19 wherein the
compound of formula (I) is reacted with the compound of

35 formula (VI) in the presence of a solvent which is a hydrocarbon
solvent.

17
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exarrpl e from1l to 10 bar. The process may be operated

bat chwi se or conti nuously, pr ef erabf'%/ continuously. 15- An
advant age of using the process of the present invention for t he _
production of carbamates is that it avoids the use of phosgene and its
associ at ed di sadvant ages. The group Rin the carbamate of formula

(1) can be exchingefl Process geeordipg i RPEONE of cdajppd@ste RAi Wieredmphbeses

reacting the cedupatnd @£28ormudh (fIQr mllxaaéiéd Wit tﬁe%ﬂﬂ@&w o®fsd 814 eyl a: -
Rl err] OH err] is a hydrocarbyl or

het er o- subst i t &t edtﬁ“fptffﬁ‘é‘érrebﬁ oﬁﬂ‘ge fr°“b|ﬁ'f’? é’r"eﬁR%o T 899 Rt eitherj the

‘presence as Cattioppherd er tshperatmosphergc qrgamixe.base or a 25

tetrahydrogar inz ti .Iu? g&grngl combustionTQSgJ‘glr OytpelR[:g:gcre]ntraté[ b:gm;?ooqeio.und of
formula (VI) may suita
comprising as a first component from 1 to 95% by weight of a

carbamate of the formula (I) as produced by a process as claimed in
any one of claims 13 to 21 and as a second component a fuel
compatible solvent therefor.

10 23. A concentrate composition according to claim 22 wherein the
solvent is an internal combustion engine fuel.

24. A concentrate composition according to either claim 22 or
claim 23 wherein the carbamate of formula (I) is mono-carbamate.

25. An internal combustion engine fuel composition comprising a

15 major proportion of an internal combustion engine fuel and a minor
proportion of the concentrate composition as claimed in claim 22.

26. A composition according to claim 25 wherein the amount of the
concentrate composition is such as to provide a concentration of the
compound of formula (I) in the final composition in the range from

20 10 to 10,000 p.p.m. by weight.

27. A composition according to either claim 25 or claim 26 wherein
the internal combustion engine fuel.is a fuel boiling in the
gasoline range.

28. Carbamates of the formula (I) other than those disclosed in US

25 Patent No. 4,236,020.
' 29. A carbamate of the formula (I) wherein X and Y are
independently the group of formula -P-Q wherein P is an alkylene or
polyalkylene group and Q is either -NH;, -OH or a heterocyclic
group.

30 30. A carbamate according to claim 29 wherein Q is a heterocyclic
group.

31. A carbamate of the formula (I) according to claim 30 wherein
R = Rl, which is a hydrocarbyl or hetero-substituted hydrocarbyl
group of a molecular weight and composition such as to impart fuel

35 solubility.

18
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ABSTRACT

NOVEL CARBAMATES,  THEIR PRODUCTION AND THEIR USE AS FUELS ADDITIVES

A process for the production of a carbamate having the

formula:-
i
R-0-C - h&\ _ (I)
Y
wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group or the group of
formula: -
H

B O -
wherein Z is either a divalent hydrocarbyl, a substituted
hydrocarbyl group or the group of formula:-

[ (alkylene)m(NH)n(alkylene)m ] (I11)
in which n = 0 to 4 and m = 1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl group, provided that
if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,

which process comprises reacting a compound of the formula:-

H-N (IV)
N
Y
wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group )

with a dihydrocarbyl carbonate having the formula:-

R-0- é -0-R ' )
wherein independently R is as defined above
in the presence as catalyst of a strong organic base and in the
proportions necessary to produce either a mono-carbamate or a

bis-carbamate.
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NOVEL CARBAMATES, THEiR PRODUCTION AND THEIR USE
AS FUELS ADDITIVES

The present invention relates to novel carbemates, their
production and their use as fuels additives.
Carbamates are useful in agrochemicals, resins, plasticisers
and monomers. A number of therapeutic applications include use as
5 antipyretics, diuretics and antiseptics. A widely used method for
the production of carbamates is the reaction of an alkyl isocyanate
with an alcohol. A disadvantage of this method is that alkyl
isocyanates are highly toxic materials. Other reported methods for
producing carbamates are disclosed in Japan Kokal 77, 14745 wherein
10 NaOMe/MeOH, PhNHy and (Me0)y CO are reacted to produce PhNHCOjMe,
Japan Kokai 79, 163528 which discloses a similar reaction using
NaOMe, piperidine, imidazole, carbonyldiimidazole,
N-methylpyrolidone or morpholine, US-A-4258683 wherein aromatic
amines are reacted with organic carbonates in the presence of zinc
15 and stannous salts, and US-A-4268684 wherein there is disclosed a
similar reaction to that of US-A-4268683 except that cobaltous salts
are used instead of zinc and stannous salts.
Carbamates have also been used as additives to fuels.
A specific problem thought to involve deposit formation in the
20 combustien chambﬁr is that of octane requirement increase (generally
abbreviated to ORI). Thé‘problem of ORI is addressed by US Patent
No. 4,236,020, the solut%dh to the problem accord;ng to the
aforesald US Patent being to add to the fuel a
poly(oxyalkylene)carbamate soluble in a hydrocarbon fuel beoiling in

25 the gasoline range. The carbamates of USP 4,236,020 comprise a
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5 general formula:

0
II
2 ( OCgHZg )j 0 -C - NH - CHy - CHy -NHy
in which g is an integer 2 to 5, j is an integer such that the
10 molecular weight of the compound is in the range of about 1,200 to
about 5,000, Z is a hydrocarbyl of 1 to 30 carbon atoms and
sufficient of the oxyalkylene units in the compounds are other than
ethylene to render the compounds soluble in hydrocarbon fuels
boiling in the gasoline range. The only method disclosed for
15 preparing the carbamates is the reaction of a suitable capped
polyether alcohol with phosgene to form a chloroformate followed by
reaction of the chloroformate with ethylene diamine ta form the
active carbamate. A problem associated with this route to
carbamates is the use of phosgene which not only is highly toxic but
20  also can lead to products contaminated with chlorine.
We have now found an improved process for the production of
carbamates wherein strong organic bases are used as the catalyst.
Accordingly, in a first aspect, the present invention provides
a process for the production of a carbamate having the formula:
25
R - 0 - C - N . (1)

wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group or the group of
30 formula:
oo
|l
- 2 - N - C - 0 - R - (11)
wherein Z is either a divalent hydrocarbyl or substituted

35 hydrocarbyl group or a group of the formula:
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[ (alkylene),(NH),(alkyleney ] {1II1)
in which n = O to 4 and m=1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl grouﬁ, provided that
if either one of X or Y is the group of formula (II), the other of X
5 or Y is hydrogen,

which process comprises reacting either a compound of the formula:
H - N (v)

10 wherein X and Y are independently either hydrogen, a hydrocarbyl
group, or a hetero~substituted hydrocarbyl group.

with a dihydrocarbyl carbonate having the formula:

o
|
15 R - 0 - i - 0 - R )
wherein independently R is as defined above in the presence as
catalyst of a strong organic base and in the proportions necessary
to produce either a mono-carbamate or a bis-carbamate.
Preferably at least one mole of the compound of formula (IV)
20 per mole of the dihydrocarbyl carbonate of formula (V) is employed.
The compound of formula (IV) may be either ammonia (X = ¥ = H),
a primary amine (either of X or Y = H) or a secondary amine (neither
of X or Y = H). The amine may suitably be either a monocamine or a
polyamine. X and Y may be independently either a hydrocarbyl group
25 of a hetero-substituted hydrocarbyl group. Suitably the hydrocarbyl
group may be an aliphatic hydrocarbyl group, of which alkyl groups
are preferred. Examples of suitable hydrocarbyl groups include
methyl, ethyl, propyl or butyl groups. Alternatively, X and Y may
be independéntly a hetero-substituted hydrocarbyl group. Suitably,
30 the hetero-substituted hydrocarbyl group may be an aliphatic
Rydrocarbyl group substituted by nitrogen or oxygen, preferably a
group of the formula -P-Q, wherein P is an alkylene or polyalkylene
groﬁp, for example a C; to C; alkylene group or a poly- Cj to (g
alkylene group, and Q is either an NHjy, -OH or a heterocyclic group,

35 for example morpholine or piperazine, or a substituted heterocyclic
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Exanple 4 Exanpl was repeated replacing t nRe cedate
with - dj et élfw (9.29). The liquid product ns to
.be ethyl N-{n}but'yl')carbanmdtd. (92% yield). 15 Oorrpa

Exampl e 1 whst+epeatee—trmthg absence of4 TBD. Only starting materi al
was recover kd. Conpari s Test 2 Exanpl e 1 was repeated
replacing tie-TBD Wth triethylamne 20 (0.05g). The liquid product was
shown by gc/ns to be nethyl N-(-n-butyl) carbamate (6% yield).

Example 5 group, fX3UE1d BSc1AREA! WlahPRIsAGE N1l ewcafhbolaﬁ&; o
liquid produci was shown by gc/ns to be nethyl 3/ car bamat e
(65% 25 yIEHWTFrei“ X and Y are independently hetero-substxtuted hydrocarbyl

groups include alkanolamines, for example ethanolamine, and
compounds of formula (IV) wherein:-
5 (1) X = H and Y = CHyCHoNHy

(i1) X = H and Y = CHpCHyCHy 0, and

10 (iii) X = H and Y = CHyCHyCHgN NH.

E]E’]

Finally, the compound (IV) in which X and Y are independently
hetero-substituted hydrocarbyl groups, may be an zlkylene polyamine
or a polyalkylene polyamine, suitably wherein the alkylene group is

15 a C3-C; alkylene group, for example ethylene diamine, diethylene
triamine, tristhylene tetramine, and the like.

In the dihydrocarbyl carbonate of formula (V) the groups R are
independently hydrocarbyl groups which may suitably be alkyl groups,
preferably C; to C; alkyl groups, more preferably methyl groups.

20 Alternatively, the dihydrocarbyl carbonate of formula (V) may be 2
cyclic carbonate, for example ethylene carbonate or propylene
carbonate.

The process may be operated in the presence or absence of an
added solvent. Suitable solvents include liquid hydrocarien

25 solvents, for example the mixed aromatic solvent designated A260
commercially available f£rom BP Chemicals Limited.

° The catalyst is a strong organic base. A preferred strong
organic base is an amidine. By the term amidine is meant a compound
containing the grouping:

30 N-

F
\\\‘N
~

wherein the free valencies on the nitrogen atoms are attached to

35 either carbon atoms or hydrogen and the free valency on the carbon
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atom is attached to either another carbon atom or nitrogen. In the
case that the free valency on the nitrogen is attached to nitrogen
the amidine is a guanidine.

A preferred class of amidine is the cyclic amidines. Cyclic
amidines are defined as those amidines wherein at least one of the
nitrogen atoms is part of an alicyclic or heterocyclic substituted
or unsubstituted hydrocarbyl ring. In the case where the amidine is
a guanidine then any two or the three nitrogen atoms may be in the
same or different rings. Those nitrogen atoms which are not part of
any said ring may form part of a substituted or unsubstituted
hydrocarbyl group.

A preferred class of cyclic amidine is that in which the
amidine group can form part of a fused ring system containing 6 and
5 membered rings or 6 and 7 membered rings or two six membered
rings, as for example in 1,5-diazabicyclo [4.3.0] non-5-ene (DBN)

which has the formula

AN

or 1,8-diazabicyclo [5.4.0) undec-7-ene (DBU) of the formula

0

or 1,5,7-triazabicyclo [4.4.0] dec~5-ene (TBD) of formula

o1

The amidine may be supported on a suitable support. This may
be accomplished by deposition of the amidine on a support or by
chemical bonding of the amidinpe to a suitable support. Suitable
supported amidine catalysts are described in, for example, our
EP-A-0168167.

As an alternative to an amidine, the strong base may comprise a

Lewis base and an epoxide. The term Lewis base is generally
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now be furtheri i Ilaﬁgtgate byé ference to 5 the foll ow ng Exanpl es.
Prepar ati on of} nonocarbatrate™

the fornulga (1) Exanmple 1
D met hyl carbonhte (9.0g) and n-hutylamne (7.3g) were m xed with TBD
(0.05g) and al 0 stand at roomtenperature. After 10 6 h a sanple
of Lhe liquid product was shovvn by gc/ms to be rret hyl N- (n- butyl)
carbamate (95% y| met h Icar bonat e. (9. 09)
and n-propyl am & ﬁg@ﬁ? Wef“éa’?nax‘é?fnpwnd RPERiniEs la("(Z).uﬁgh redc (r)k%dlgng to

Exanpl e 1. The pilédusinswespadhevat blyaribg withnen tacide Mbe MhedrmblKaviprizasel nd
carbamate (93% yj ?llgx)e are notEéﬁe'mkgre mutually exclusive. The Lewis base may

suitably be an organic compound containing trivalent nitrogen or

5 phosphorus, for example an amine or a phosphine. The epoxide may
suitably be a substituted or unsubstituted éz to Cg alkylene oxide,
preferably either ethylene oxide, propylene oxide or butylene oxide.

As regards the reaction conditions, the process may suitably be
operated at a temperature in the range from 0 to 100°C, more

10 preferably from 15 to 75°C, most preferably from 20 to 25°C, and the
pressure may be either atmospheric or superatmospheric, for example
from 1 to 10 bar.

The process may be operated batchwise or continuously,
preferably continuously.

15 An advantage of using the process of the present invention for
the production of carbamates is that it avoids the use of phosgene
and its associated disadvantages.

The group R in the carbamate of formula (I) can be exchanged
for a group R} by a process which comprises reacting the carbamate

20 of formula (I) with a compound of the formulas-

RrloH (VI)
wherein Rl is a hydrocarbyl or hetero-substituted hydrocarbyl group
different from R,
in the presence as catalyst of either a strong organic base or a

25 tetrahydrocarbyl titanate.

The group Rl in the compound of formula (VI) may suitably be
any of the groups R as defined for the carbamate of formula (I),
provided it is not identical to the group R. Hydrocarbyl groups
substituted with nitrogen and/or oxygen, for example hydrocarbyl

30 polyether groups, may be used.

In a preferred embodiment of the present invention there is
provided a process for the production of a carbamate suitable for
use as a detergent additive to internal combustion engine fuels
wherein the group Rl in the compound of formula (VI) is a

35 hydrocarbyl or hetero-substituted hydrocarbyl group of a molecular

weight and composition such as to impart fuel solubility.



D net hyl car-hdn Té hanol am ne (4.7g) were m xed wi th TBD
' ﬁﬁ@‘@h@m 1] The product was shown by gc/nms to be
roxyethz E C

atbamate (86%yield). 20 Exanpl e 4
i ng the di met hyl carbonate with

di et hyl car borat . | ijqui d prodgct was shown by gc/ns to be
ethyl N-(n-buty : % yi el d). Conparison Test 1 25
Exanple 1 was i bsence of TBD. Only starting mat eri a
was recover ed. Conparison Test 2 Exanple 1 was repeated
replacing the TBD with r|e hyl a uid roduct was
shown by gc/ns to 6‘e ﬁ%{eﬁfj? ﬁmpﬁn? ot 5ﬁf’§)‘11)a g‘g’%ﬁﬁﬁ:%}ifaﬁ%‘@ PET AP

Exanpl e 5 polyalkfessngllpcdll (BAG)r épaaticey teplmaichion BD w&ybr@&l}lic The

Laud Dt O Re St UR Ml UL LR SGRBESE Dbt Wl er bate
y ‘alkylene oxide, and may suitably have a molecular weight in the

5 range from about 500 to 10,000, preferably from 1200 to 5000. PAGs
are more fully described in the aforesaid US Patent No. 4,236,020,
the disclosure of which in respect of suitable PAGs is incorporated
by reference herein. The PAG should contain sufficient oxyalkylene
units other than ethyleneoxy to effect solubility in internal

10 combustion engine fuels. A particularly suitable compound of
formula (VI) for use in the process of the invention is a
polyoxyalkylene glycol obtained by the reaction of p-dodecylphenol
with butylene oxide and having a molecular weight of about 2,000,
which material is commercially available as BREOX (RTM) PC 1362 from

15 Hythe Chemicals Limited. Another preferred class of compound of
formula (VI) suitable for use in the production of detergent
additives is polyalkylene glycols produced by the hydroxyalkylation,
suitably by reaction with alkylene oxides, of amines, for example
ethylene diamine or aminopropylmorpholine.

20 As catalyst for the exchange reaction there is used either a
strong organic base or a tetrahydrocarbyltitanate. Suitable strong
organic bases are those as hereinbefore described in relation to the
preparation of carbamates of the formula (I). The same strong
organic base or a different strong organic base, preferably the

25 same, may be used in the exchange reaction as in the preparation of
the carbamate of formula (I). Suitably the tetrahydrocarbyltitanate
may be a tetraalkyltitanate. Suitably the alkyl group of the
tetraalkyltitanate may be a C; to C; alkyl group. An example of a
suitable tetraalkyltitanate is tetraisopropyltitanate.

30 It is preferred to react the compound of formula (I) with the
compound of formula (V1) in the presence of a suitable solwvent.
Suitably the solvent may be a hydrocarbon solvent, for example the
mixed aromatic hydrocarbon solvent identified as A260 which is
commercially available from BP Chemicals Limited.

35 As regards the reaction conditions for reacting the compound of



10 = a%ﬁlé‘?%”"ff*“‘ f‘” Exanpl e 1 was repeat aHis Sl 1ys BRE rL, Rewgh
t

DBN. The | i quid pr oduct 5 shown by gc/ns to be yl
car banat e 3QVF NGV 4998 5 Exanpl e 7 U

et hanol am ne (5.6 g), dinethyl earbonate (74.8 g), il and

m xyl ene (10 nl )~was™rerruxed féor 3 hoursg (ca. 80[err]C). The m xture

was evapor at ed under reduced.pressure

formula (I) with the compound of formula (VI), the temperature may
suitably be elevated, preferably in the range from 100 to 300°C, and
the pressure may be either atmospheric or superatmospheric.

A particular advantage of the process claimed for the

5 production of detergent additives is that it provides a
chlorine-free product, in contrast to prior art processes, such as
that of US Patent No. 4,236,020,

In another aspect the present invention provides an internal

combustion engine fuel concentrate composition comprising as a first

10 component from 1 to 95% by weight of a carbamate of the formula (I)
vherein the group R is a hydrocarbyl or substituted hydrocarbyl
group of a molecular weight and composition such as to impart fuel
solubility as produced by a process as hereinbefore described and as
a second component a fuel compatible solvent therefor.

15 The fuel compatible solvent for the compound of the formula
(II) may suitably be an internal combustion engine fuel.

Preferably the carbamate is a mono-carbamate.

In another aspect the invention comprises an internal
combustion engine fuel composition comprising a major proportion of

20 an internal combustion engine fuel and a minor proportion of the
concentrate composition as hereinbefore described.

The amount of the concentrate composition present in the fuel
composition may suitably be such as to provide a concentration of
the compound of formula (I) in the fuel composition in the range

25 from 10 to 10,000 p.p.m. by weight.

The internal combustion engine fuel is preferably a fuel
boiling in the gasoline range. The fuel composition may incorporéte
additives conventionally employed in fuels compositions. Such
additives may be incorporated either into the fuel concentrate or

30 directly into the fuel composition.

In another aspect the present invention provides as novel
compounds carbamates of the formula (I) other than those disclosed
in US Patent No. 4,236,020 and in particular those wherein X and Y
are independently the group of formula -P-Q as hereinbefore

35 described and their reaction products with a compound of
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giving the p{ uct ‘as a clear Jiquid (84 g). NWVR analySése bk

t he product %mt‘ﬂylm[zl\l-(z- hydroxyethyl )] carbanat

A m xture ofi N~ am noet hylg i perazine (28 g), aiuﬂ m% te (20
g) and TBD (?l_ 9—«g~) -was -Ieft—t ol stand open to t he 120

hours. The mixture was evaporated under 5 reduced pressure giving the

product (38. 7“5"') Tdentified by NWVR to be net hyl
N-[2-(N err]-piperazino)ethyl] carbamate. Exanpl e 9 A -
~m xture of N (3-am nopropyl) pipecoline (37.1 qg), di et hyl car bonat e

23.0 dT || dt tapd 2 t he at h
for 120 hours. TorEimly EE I aisspf i 1% « Pefes3rerdtted pressure
gi ving the pr odlecérd-éﬁbitg)x;ed thyatodardyll gyoup of AlviRleculze wetlghyl and
L3 (NCorr] - PIdRBEed aB) RLRRYA] oS UBARR ey sorapuafATPIE 10 = X = H Y <

CI-l[err]Cl—l[err] tep (A A
m xture of N-(3- an'i-‘hmppwwi?nndrlﬂ)mw he f("5¥hqr d)lugtingted\ply reference bonate
(42 g) andsTBDgyl. polg),wy\@%sE;:g;ﬂlgged for 6 hours with a ni trogen
sparge. The resultant m xture was evaporated under reduced

Preparation of monocarbamate of the formula (I)

Example 1
Dimethylcarbonate (9.0g) and n-butylamine (7.3g) were mixed

with TBD (0.05g) and allowed to stand at room temperature. After
10 6 h a sample of the liquid product was shown, by ge/ms, to be methyl
N-(n-butyl) carbamate (95% yield).
Example 2
Dimethylcarbonate (9.0g) and n-propylamine (5.9g) were mixed
with TBD (0.05g) according to Example 1. The product was shown by
15. gc/ms to be methyl N-(n-propyl) carbamate (93% yield).
Example 3
Dimethylcarbonate (9.0g) and ethanolamine (4.7g) were mixed
with TBD (0.05g) according to Example 1. The product was shown by
gc/ms to be methyl N-(2-hydroxyethyl) carbamate (86% yield).
20 Example 4
Example 1 was repeated replacing the dimethylcarbonate with
diethylcarbonate (9.2g). The liquid product was shown by gc/ms to
be ethyl N-(n-butyl)carbamate. (92% yield).
Comparison Test 1
25 Example 1 was repeated in the absence of TBD. Only starting
- material was recovered,

Comparison Test 2

Example 1 was repeated replacing the TBD with triethylamine
(0.05g). The liquid product was shown by ge/ms to be methyl
30 N-(-n-butyl) carbamate (6% yield).
Example 5
Example 1 was repeated replacing TBD with DBU. The liquid
product was shown by gc/ms to be methyl N-(n-butyl) carbamate (65%
yield).
35
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Example 6
" Example 1 was repeated replacing TBD with DBN. The liquid

product was ghown by gc/ms to be methyl N~{n-butyl) carbamate
{30% yield).
Example 7

A mixture of ethanolamine (50.6 g), dimethylcarbonate (74.8 g),
TBD (1.0 g) and m-xylene (10 ml) was refluxed for 3 hours
(ca. 80°C). The mixture was evaporated under reduced pressure
giving the product as a clear liquid (84 g). NMR analysis indicated
the product to be methyl [N-(2-hydroxyethyl)] carbamate.
Example 8

A mixture of N~{2-aminoethyl) piperazine (28 g),
dimethylcarbonate (20 g) and TBD (1.0 g) was left to stand open to
the atmosphere for 120 hours. The mixture was evaporated under
reduced pressure giving the product (38.75 g) identified by NMR to
be methyl N-[2-(Nl-piperazino)ethyl] carbamate.
Example 9

A mixture of N-(3-aminopropyl) pipecoline (37.1 g),
dimethylcarbonate (23.0 g) and TBD (1.0 g) was allowed to stand
open to the atmosphere for 120 hours. The mixture was evaporated
under reduced pressure giving the product (46.1 g), identified by
NMR to be methyl N-[3-(Nl-pipecolino)propyl] carbamate.

Example 10 - X = H, Y = CHyCHyCHoN O in formula (I).
Step (A \‘—"j/

A mixture of N-(3-aminopropyl) morpholine (57.1 g), dimethyl
carbonate (42 g) and TBD (1.0 g) was refluxed for 6 hours with a
nitrogen sparge. The resultant mixture was evaporated under reduced
pressure to give the product as a clear yellow liquid (74 g). NMR
analysis indicated the product to be methyl N~[3-(N!-morpholino)
propyl} carbamate.

Ste B

The intermediate carbamate from Step A (16.5 g), BREOX PC 1362

(114 g) and TBD (1.0 g) were stirred at 150°C for 3.5 hours with a

nitrogen sparge. The mixture was cooled, treated with toluene
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(50 ) and ireBEEACEMENTISHEET e (1.0 g) and allowed to stand. The

m xture was g¢hén fiTtéereda ang evaporated under reduced pressure to

give the pro u,t@;%m baj e yel l ow | i quid. Anal ysis: % N trogen
found = 1.46{5 M - X=H Y =CHerr]CHerr]Nerr] NH in
the fornmula ¢l Sl 11 A m xture of

N- (2- am noet yI)p| pera2| ne (2 g), di net hyl carbonate (33.6 g) and DBU
(0.2 g) was stirred at 80-120ferr]C 10 for 2 hours with a nitrogen
sparge. The m xture was cool ed and filtered to give the product as a
cl ear orange-y y [ e du to be
et hyl ?‘? %ﬁk %nﬁg@zf‘ﬁl haSel] ’1? §), 8 £0o68a 1% =fid " e 1

The i nt er nedi aigtone b@natleenpfblﬁsgsd fﬁﬂémwepatﬂ%d( &@dea' geduced PresAvrs teng DBU
catal yst carriggdet bﬁ&‘ﬁqbdxiétogﬁSI ePe#) paiyl yBESX11quid PC 1362 (136 g) were

stirred at 120 - 140[err]C fo hours with a nitrogen sparge. The
product was cckBaddsizid f‘l‘l”t"é?é‘ﬂ" faung el £6 clear yellow Iiquid.
5

Example 11 - X = H, Y = CHoCHoN NH in the formula (I).
Ste A
A mixture of N-{2-aminoethyl)piperazine (20 g),
dimethylcarbonate (33.6 g) and DBU (0.2 g) was stirred at 80-120°C
10 for 2 hours with a nitrogen sparge. The mixture was cooled and
filtered to give the product as a clear orange-~yellow liquid. NMR
analysis indicated the product to be methyl
N-[2-(N1-piperazino) ethyl] carbamate.
Ste B
15 The intermediate carbamate product from Step A (10.8 g,
containing DBU catalyst carried through from Step A) and BREOX
PC 1362 (136 g) were stirred at 120 - 140°C for 3 hours with a
nitrogen sparge. The product was cooled and filtered to give a
clear yellow liquid.
20 Analysis: % Nitrogen = 1.10.
Example 12
A mixture of methyl N-[3-(N1-morpholino)propyl] carbamate (the
intermediate product obtained from Example 10, Step A) (10 g),
l-octanol (15.0 g), m—xylene (25 ml) and TBD (0.2 g) was refluxed
25 for 1 hour. The mixture was evaporated under reduced pressure
giving the product as a light yellow liquid (30.4 g). NMR analysis
indicated the product te be n-octyl N-[3-(Nl-morpholino)propy1}
carbamate. -
Example 13
30 A mixture of methyl N-[3-(N1-morpholino)propy1] carbamate (the
intermediate product obtained from Example 10, Step Aj (5.2 g),
polyalkylene glycol (PAG B225 from Hythe Chemicals Limited)
(49.5 g), TBD (0.4 g) and m-xylene (33.4 g) was stirred at 140°C
with a nitrogen sparge for 2 hours. The mixture was evaporated

35 under reduced pressure giving the product as a viscous yellow liquid
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20  Anal ysj quPL%W&"\Hog'én = 1 10. Exanpl e 12 A mixture of

met hyl N-[ 3k (N[ ert|-nor phol:i no) propyl] carbamate (the I ntermedi ate
product obtjainedf f mﬁagnpl 3 10, Step A) (10 g), 1-octanol (15.0 g),
m xyl ene (25 |m) g g) was refluxed 25 for 1 hour. The m xture

was evapor at dipressure 12 giving the product as a |ight
yellow liquid (30.4 g). NVR anal ysi s I ndi cated the product to be
n-octyl N-[3-(N err]-norpholTno)propyl ] car bamat e. Exanpl e 13 30
A mxture of methyl N-[3-(N err]-norpholino)propyl] carbamate (the

I nternmedi ate pF gt obtai ned from Exanple 10, Step A) (5.2 g),
pol yal kyl ene gl'yc (PAG B225 from Hythe Chem cals Limted) (49.5 9),
TBD (0.4 g) an&mﬂ;%e(334g) was stirred at 140[err]C with a

nitrogen sparge foh ZQUL Sor FhehyT ﬁtw-%umgipsygﬁw 6369115 artdREST (E5Suced
pressure giving the product as Vi SCous
product of Example 8) (5.8 g), 1~octanol (4 3 g) and TBD (0.6 g) was
5 heated at 150°C for 2 hours. The mixture was evaporated under
reduced pressure giving a red-brown product (8.2 g), indicated by
NMR analysis to be n-octyl N—[2-(N1-piperazino)ethy1] carbamate.
Example 15
A mixture of methyl N—[3-(N1-morpholino)propy1] carbamate (the
10 intermediate product obtained from Example 10, Step A) (16.0 g),
BREOX EC 1470 [(ex Hythe Chemicals Limited, prepared by reaction of
p-dodecylphenol (1 mole) with butylene oxide (15 moles)] (10.35 g)
and TBD (0.9 g) was stirred at 150°C with a nitrogen sparge for
4.25 hours. The mixture was then cooled and treated with toluene
15 (50 ml) and magnesium sulphate (1.0 g) and allowed to stand. The
mixture was then evaporated under reduced pressure giving a clear
liquid product.
Analysis: % Nitrogen = 1,55,
PREPARATION OF BISCARBAMATE OF THE FORMULA (I)
20 Example 16
Dimethylcarbonate (18.0 g) and bis (3-aminopropyl)amine
(13.1 g) were mixed in a round-bottomed f£flask with TBD (0.05g), and

allowed to stand at room temperature. After 16h the contents of the

flask had solidified, and this solid was recrystallised from toluene
25 to give white needles, 16.9g, 96%, mp 105° - 107°C. 'H and !3¢c NMR

were consistent with structure (I).

Example 17

Dimethyl carbonate (25 ml) and bis(aminopropyl)amine (25 ml)

were mixed at 20°C and TBD (0.1 g) was added. A small exotherm was
30 noted and the mixture was allowd to stand for 16 hours. The mixture

was then stripped on a rotary evaporator and the solid residue

recrystallised from toluene. The product was demonstrated by NMR

to be bis[methyl(N-propyl)carbamate]amine.

35



12 %EEA%MENT SHEEXE nple 14 A m xture of nethyl
N-[ 2- (N erf ]f pi per azi no) etthyl ] carbamate (the product of Exanple 8)
(5.8 9), Y oct@ToNOV49960) and TBD (0.6 g) was 5 heated at 150[err]C for
2 hours. Thg m xture was ¢vgporated under reduced pressure giving a
red- brown |product (8.-Z27UJ iindicated by 33 NWVR analysis to be n-octyl
N-[2- (N ericl=piperazi no)ethyl] carbanmate. Exanpl e 15 A
m xture of nmethyl N-[3-(N err]-norpholino)propyl] carbanmate (the 10
i nternedi ate product obtained from Exanple 10, Step A) (16. 0f g), BREOX
PC 1470 [(ex H)g,gﬁ;g*nqgl cals Limted, prepared by reaction o

Step (A)

Ethylene diamine (6g) and dimethyl carbonate (18g) were mixed
together in a round bottom flask at 20°C. TBD (0.lg) was added and
5 the mixture allowed to stand for 24h. After this time a white solid
product was collected and recrystallised from methanol to give bis
(methoxycarbonyl) ethylene diamine. NMR and IR spectra were
consistent with the desired compound.
Step (B
10 Bis(methoxycarbonyl)ethylene diamine (17.8g) obtained in Step
(A) above and BREOX (RTM) BC 1362 (412g) (ex. Hythe Chemicals
Limited) were dissolved in A260 (a mixed aromatics solvent ex BP
Chemicals Limited) (0.5 litres) and heated to 160°C with vigorous
overhead stirring for 24 hours in the presence of tetraisopropyl
15 titanate (5g). A continuous stream of dry nitrogen was passed over
the reactants.
The resulting straw yellow liquid was cooled and filtered
through a sinter. Its nitrogen content was determined as 0.25%.
Example 19
20 The procedure of Example 18 was repeated except that the BREOX
PC 1362 was replaced by PAG B225 (360g).
The nitrogen content of the product was determined as 0.37%.
Example 20
The procedure of Example 18 was repeated except that the BREOX
25 PC 1362 was replaced by PAG B335 (480g).
The nitrogen content of the product was determined as 0.16%.
ENGINE TESTING
Examples 21 to 24

The products of Examples 10, 11, 18 and 19 were evaluated in
30 the Opel Kadett gasoline detergency test at various concentrations:
The Opel Kadett gasoline detergency test is a well-known
industry accepted evaluation procedure approved by the Co-ordinating
European Council (C.E.C.), Reference No. C.E.C.F.-02-T-79.
The concentrations and test results are given in the following
35 Table.
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p- dodecyl phenpl 3ot utyl ene oxide (15 noles)] (10.35 Q) and
TBD (0.9 g) whms bm@@%lO[err]thh a nitrogen sparge for 4. 25
hours. The m kt r B dodl ed and treated with tol uene 15 (50 m)
and magnesi un s and allowed to stand. The m xt ure was

t hen evaporat d under reduced pressure givang a clear i quid product.
Anal ysi s: % NH-roger—=—d55- PREPARATI ON OF BI SCARBAMATE OF THE
FORMULA (1) 20 Exanpl e 16 Di net hyl carbonate (18.0 g) and bis
(3-am nopropyl ) am ne (13.1 g) were mxed in a round-bottoned flask

w th TBD (0-059%::1{@3%0:; resfllsd OWed to stand at roomtenperature. After 16h
as

the contents of had solidified, and this solid was
recrystal |ised fronFh®|RFOAedurs of Examples HhitPe2haeq| tepeated 9 in® Gyt end

105[err] - 107{>ﬁrﬁh}e(}1$c[ae'6£rﬂa|tlemd{l@tl’§ b€ lf}lMRples 1oWEne EONHaSient Wth
structure (1). car bonat e (25 m) and

bi s(ami nopr opyl )’%ﬁﬁeﬁgi(%g% ?‘Pﬁ‘zable BARS DR %é&‘%l%/n"'zbf‘%’r”ﬁ] & %ﬁd%ﬁ{)c(’@te@"g)

was added. A snef |0.28Dt her_mvvas 30 noted and the mxture was allowd to
stand for 16 hours. Thﬂ}%s'&n E(esgigs are gi‘%@g fnh%ﬂe Stlolig 1ng 8.-?1; rOt ary

evaporator and the so resi
Table
Concentration DETERMINATION*
10 Example of additive
(ppmw/w) Valve Deposit Wt Valve Deposit
(mg) Rating
21 (Ex 10) 233 296 (409) 7.90 (7.0)
15
22 (Ex 11) 320 110 (291) 7.75 (7.42)
23 (Ex 18) 500 235 (260) 7.32 (7.02)
20 24 _ (Ex 19) 500 181 (365) 7.75 (6.62)
CT 3 (-) 500 269 (440) 7.2 (6.2)

* base fuel figures in parentheses.

25
It can be seen from the results presented in the Table that the
products of Examples 10 and 1l compare favourably as detergents with
the commercial product and that the products of Examples 18 and 19
have moderate detergent activity.
30

35
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Claims:
1. A process for the production of a carbamate having the
formula:~
? X
R-0-C-N (1)
5 \\Y

wherein X and Y are independently either hydrogen, a hydrocarbyl

AN

group or a hetero-substituted a hydrocarbyl group or the group of
formula:-
H O
1o |
-Z-N-C-0-R (11)
wherein Z is either a divalent hydrocarbyl, a substituted
hydrocarbyl group or the group of formula:-
{ (alkylene)m(NH)n(alkylene)m ] (III)
15 in whichn = 0 to 4 and m = 1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl group, provided that
if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,
which process comprises reacting a compound of the formula:-
20 X
H-N (Iv)
~
Y
wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero—substituged hydrocarbyl group

25 with a dihydrocarbyl carbonate having the formula:-



m xed t pgettrer—tr-a—Tpund bottom fl ask at .19) was
added and g &;I ] refajlowed to stand for *24F| |s time a
white soli m WES coll ected and recrystallised fromnethanol to
give bis . nyl) ethyl eneirdi am ne NIVR and IR spectra were
consistent jwith the desired fonpound. St eph tn:IGkBeenRe Iaced

Step (A REPLACEMEET BHEETie} di ami ne (6Q) and m M (18g) were
t Afx ers

Bi s( net hoxyearbonytyethytere di am ne (17.8Q) ob (A
above and BREOX (RTM PC 1362 (412g) (ex. Hyt he Li mt ed)
wer e dissolved in A260 (a,m xed aromatics sol ven em' cal s
Limted) (0.5 litres) andﬁheat ed to 160[err]C wt h VI gor ous -over head
stirring for 24 hoB&s @m €he re&ence of tetraisopropyl 16 titanate (59g).
A conti nuous s{,ﬁmqho{nditbgnggnttgpg@@s\@dppﬁ,ggdagb\(,gr t he reactants.
The resulting straw yellow |iquid was cooled and filtered t hrough a

sinter. Its nii® cfé‘énpﬁﬁ?Péﬁtasw&%ta&éF%% Petbrare (prasufc base apdoipythe 19 20
The procedsire pi-o@fam{sen&&swasy neppiddade itaps d haﬁo-tdaebaal:‘:s%r a PC 1362

was repl aced bx PA‘:%Sr am e(BGOg)

2. A process according to claim 1 wherein the compound of
formula (IV) is either ammonia, a primary amine or a secondary
amine.

10 3. A process according to claim 2 wherein the compound of formula
(1Vv) is either a monoamine or a polyamine.

4. A process according to either claim 2 or claim 3 wherein X and
Y in the formula (IV) is an aliphatic hydrocarbyl group which is an
alkyl group.

15 5. A process according to either claim2 or claim 3 wherein X and Y
in the formula (IV) are independently hetero-substituted hydrocarbyl
groups which are aliphatic hydrocarbyl groups substituted by
nitrogen or oxygen.

6. A process according to claim 5 wherein the hetero-substituted

20  hydrocarbyl group is a group of the formula ~-P-Q wherein P is an
alkylene group and Q is either NHy, OH or a heterocyclic group.

7. A process according to any one of the preceding claims wherein
in the dihydrocarbyl carbonate of formula (V) the groups R are
independently C) to C; alkyl groups.

25 8. A process according to any one of the preceding claims wherein
the catalyst is a strong organic base which is an amidine.

9. A process according to claim 8 wherein the amidine is a cyclic
amidine.

10. A process according to any one of claims 1 to 7 wherein the

30 catalyst is a strong organic base which comprises a Lewis base and
an epoxide,.

11. A process according to any one of the preceding claims wherein
the compound of formula (IV) is reacted with the dihydrocarbyl
carbonate of formula (V) at a temperature in the range from 0 to

35 100°C and a pressure in the range from 1 to 10 bar.



The ni tr ogbnRIFBACEMENDISHEER ppr oduct was deternin Exanple
20 The proceuur Exanpl e 18 was rep mlm"mmgﬂm t he BREOX
25 PC 13 52 p@} m by{ PAG B335 (4809). en
content of{the produ S termned as 0.16% ENG NE TESTING
Exanpl es 2l te-24 he productsef Exanples 10, 11, 18 and 19 were
eval uated {n 30 t he Opel dett gasoline detergency test at various
concentrat I ons. The Qpel Kadett gasoline detergency test is a
wel | - known i ndustry accepted eval uati on procedure approved by the

CECF oo T 742 ® BRI sles telanyion, of Tng PRCEANK o ptoe wherpip
in the foll ow nhe ‘Fxoup TRilincthe carbamate of formula (I) is exchanged with a
group Rl by a process which comprises reacting the carbamate of
formula (I) with a compound of the formula:- '

5 rloH (VI)
wherein Rl is a hydrocarbyl or hetero-substituted hydrocarbyl group
different from R
in the presence as catalyst of either a strong organic base or a
tetrahydrocarbyl titanate.

10 13. A process according to claim 12 wherein the group R! in the
compound of formula (VI) is a hydrocarbyl or hetero-substituted
hydrocarbyl group of a molecular weight and composition such as to
impart fuel solubility and the product is a detergent additive to
internal combustion engine fuels.

15 14. A process according to claim 13 wherein the compound of formula
(VI) is a polyalkylene glycol formed by the reaction of a hydroxylic
compound with an alkylene oxide.

15. A process according to claim 14 wherein the polyalkylene glycol
has a molecular weight in the range from about 500 to 10,000.

20 16. A process according to claim 13 wherein the compound of
formula (VI) is the polyalkylene glycol obtained by the reaction of
p-dodecylphenol with butylene oxide and has a molecular weight of
about 2,000,

17. A process according to claim 13 wherein the compound of

25 formula (VI) is a polyalkylene glycol produced by the
hydroxyalkylation of an amine.

18. A process according to any one of claims 12 to 17 wherein the
catalyst is a strong organic base which is the same as that used in
the process for the production of the compound of formula (I).

30 19, A process according to any one of claims 12 to 17 wherein the
catalyst is a tetrahydrocarbyltitanate which is a
tetraalkyltitanate. -

20. A process according to any one of claims 12 to 19 wherein the-
compound of formula (I) is reacted with the compound of

35 formula (VI)_inmybﬁ presence of a solvent which is a hydrocarbon

solvent.
ﬁmsmaHmBﬁmRﬁ
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21. A process according to any one of claims 12 to 20 wherein the
compound of formula (I) is reacted with the compound of formula (VI)
at a temperature in the range from 100 to 300°C and at either
atmospheric or superatmospheric pressure.

22. An internal combustion enginé fuel concentrate composition
comprising as a first component from 1! to 95% by weight of a
carbamate of the formula (I) as produced by a process as claimed in
any one of claims 13 to 21 and as a second component a fuel
compatible solvent therefor.

23. A concentrate composition according to claim 22 wherein the
solvent is an internal combustion engine fuel.

24. A concentrate composition according to either claim 22 or
claim 23 wherein the carbamate of formula (I) is mono-carbamate.

25. An internal combustion engine fuel composition comprising a
major proportion of an internal combustion engine fuel and a minor
proportion of the concentrate composition as claimed in claim 22.

26. A composition according to claim 25 wherein the amount of the
concentrate composition is such as to provide a concentration of the
compound of formula (I) in the final composition in the range from
10 to 10,000 p.p.m. by weight. |

27. A composition according to either claim 25 or claim 26 wherein
the internal combustion engine fuel is a fuel boiling in the
gasoline range.

28. Carbamates of the formula (I) other than those disclosed in US
Patent No. 4,236,020,

29. A carbamate of the formula (I) wherein X and Y are
independently the group of formula -P-Q wherein P is an alkylene or
polyalkylene group and Q is either -NHp, -OH or a heterocyclic
group.

30. A carbamate according to claim 29 wherein Q is a heterocyclic
group.

31. A carbamate of the formula (I) according to claim 30 wherein
R= Rl, which is a hydrocarbyl or hetero-substituted hydrocarbyl
group of a molecular weight and composition such as to impart fuel

solubility.
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[err] REP%W@*%SQE.gnd Y are independently either hydrogen, a hydrocar byl
grouplof a hetero-subpt)tuted hydrocarbyl group or the group of

formiltal- 07 NOV 996 [err] 10 (rn) wherein Z is either a
di val ¢n§ hydrocarbyl, iajsubstituted hydr ocar byl group or the group of

f or mulja: [ (akkylene)[err](NH) [err](al kylene)[err] ]

(rr1) 115 in which n .'0to4 and m=1to 4, and R is a hydrocar byl

or subStituted hydrocarbyl group, provided that if either one of X or Y
is the group of formula (11), the other;pf X or Y is hydrogen

whi ch process conprises reacting a conpound of the formula:- 20
[err] ( wherein X and Y are
i ndependent |y either hydrogen, a hydrg¥%¥ég¥

NOVEL CARBAMATES, THEIR PRODUCTION AND THEIR USE AS FUELS ADDITIVES

A process for the production of a carbamate having the

formula:-
0 X
o-¢-x %)
R-0-C -~ 1
~
Y

wherein X and Y are independently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group or the group of

P

-2~-N~-C-~-0-R (11)

wherein Z is either a divalent hydrocarbyl, a substituted

formula:-

hydrocarbyl group or the group of formula:-

[ (alkylene)m(NH)n(alkylene)m ] (I11)
in which n = 0 to 4 and m = 1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl group, provided that
if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,

which process comprises reacting a compound of the formula:-

H-N (Iv)
N
Y
wheréin.x and Y gre inerendently either hydrogen, a hydrocarbyl
group or a heteﬁé-é&ﬁstitu@ed_hydrccarbyl'gtoup

with a dihydrocarbyl carbonate having the formula:-

R~0 -~ é_- 0-R : (v)
wherein independently R is as defined above
in the presence as catalyst of a strong organic base and in the
proportions necessary to produce either a mono-carbamate or a

bis-carbamate.
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CARBAMATES, THEIR PRODUCTION AND THEIR USE
AS FUELS ADDITIVES

The present invention relates a process for the production
of car.bamates.

Carbamates are useful in agrochemicals, resins, plasticisers
and monomers. A number of therapeutic applications include use as
antipyretics, diuretics and antiseptics. A widely used method for
the production of carbamates is the reaction of an alkyl isocyanate
with an alcohol. A disadvantage of this method is that alkyl
isocyanates are highly toxic materials. Other reported methods for
producing carbamates are disclosed in Japan Kokai 77, 14745 wherein
NaOitfe/MeOH, PhNHy and (Me0); CO are reacted to produce PhNHCOoMe,
Japan Kokai 79, 163528 which discloses a similar reaction using
NaOMe, piperidine, imidazole, carbonyldiimidazole, .
N-methylpyrolidone or morpholine, US-A-4258683 wherein arcmatic
amines are reacted with organic carbonates in the presence of zinc
and stannous salts, and US-A-4268684 wherein there is disclosed a
similar reaction to that of US-A-4268683 except that cobaltous salts
are used instead of zinc and stannous salts. .

Carbamates have also been used as additives to fuels.

A specific problem thought to involve deposit formation in the
combustion chamber is that of octane requirement increase (generally
abbreviated to ORI). The problem of ORI is addressed by US Patent
No. 4,236,020, the solution to the problem according to the
aforesaid US Patent being to add to the fuel a
poly(oxyalkylene)carbamate soluble in a hydrocarbon fuel boiling in

the gasoline range. The carbamates of USP 4,236,020 comprise a




.5 am dine or a e%&ﬂmm and an epOX| de and in the proportions
necessary to prod cgr——e'rfheﬁ—a nono- car bamate or a bi s-carbamate. 2. A

~process accordi nglt erein the conmpound of formula (1V) is
ei ther amoni a, ajpni r}aﬁ‘y‘mﬂm% gondary - amne. 10 3. A
-process according téL&J.a.L.m.Z.meLEl conpound of formula (1V) is
ei ther a nonoanmi n¢ or a pol yam ne. 4. A process according to either

claim2 or claim Yinthe fornula (1V) is an al kyl
group. 15 5. A process according to either claim2 or claim3 wherein X

and Y i Mhydrechbyhokg-t(elriinatie ;smegemamége)abhphabtCathydssu:ar byl
b ted by, nit di
Do chai m 5 withaLk 19 Hatss soLaEThe e B398  vna et s GPALE 1eB% e r oup

of the for rrultau-thQdedemerqugB ars ogycarbonylagkytert® groigroged afoh ofei t her
O o 3 SEhIERLHGS. O OMBrerreq cafarfieBEORES $nAEE UL iE & ARY, OV of

t he precedi ng clarns rocar car onat ®forml a
(V) the grouwnﬁraleformulaq ndependently C[err] to C[err] al kyl groups. 25
8. A process according to any one of gthe preceding clains wherein t he
amdine is a cyclic amdine. |
2 OCgHyg )j 0 - C~ NH - CHyp - CHy -NHy
in which g is an integer 2 to 5, j is an integer such that the
10 molecular weight of the compound is in the range of about 1,200 to
about ‘5,000, Z is a hydrocarbyl of 1 to 30 carbon atoms and
sufficient of the oxyalkylene units in the compounds are other than
ethylene to render the compounds soluble in hydrocarbon fuels .
boiling in the gasoline range. The only method disclosed for
15 preparing the carbamates is the reaction of a suitable capped
polyether alcohol with pﬁosgene to form a chloroformate followed by
reaction of the chloroformate with ethylene diamine to form the
active carbamate. A problem associated with this route to
carbaﬁates is the use of phosgene which not only is highly toxic but
20 also can lead to products contaminated with chlorine.
We have now found an improved process for the production of
carbamates wherein a strong organic base which is an amidine or a
Lewis base and an epoxide is used as the catalyst.
Accordingly, in a first aspect, the present invention provides

25 a process for the production of a carbamate having the formula:
R - 0 - €C - N (1)

wherein X and Y are independently either hydrogen, a hydrocarbyl
30 group or a hetero-substituted hydrocarbyl group or the group of

formula:
Ho 0
- Z - N - C - 0 - R {11)

35 wherein Z is either a divalent hydrocarbyl or substituted



-9. A process according to any one of the preceding clainms wherein t he

._conpound of foh cted with the di hydrocarbyl car bonat e
~of formula (Y) ~tehpett in the range fromO to 30 100[err]C and a
pressure in gh¢ range from 10 bar. 10. A process according to
~any one of thefprZseiiinggyy a wher ei 13 the group Rin the carbamate
of formula (f):is exchanged Ww}lh a group Rlerr] by a process which
conprises reacting the cardy e of formula (1) with a conpound of the
formula:- 35 » [err]
(V1) hydrocarbyl group or a group of the Formula:
[ (alkylene)p(NH),(alkyleney ] (T11)

in which n = 0 to 4 and m = 1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl group, provided that

5 if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,

which process comprises reacting a compound of the formula:

H - N/ (Iv)
10 ~y
wherein X and Y are independently either hydrogen, a hydrocarbyl
group, or a hetero~-substituted hydrocarbyl group
with a dihydrocarbyl carbonate having the formula:
¢
’ [

R - 0 - C - 0 - R (v)
wherein independently R is as defined above in the presence as
catalyst of a strong organic base which is an amidine or a Lewis
base and an epéxide and in the proportions necessary to produce

20 either a mono-carbamate or a bis-carbamate.
Preferably at least one mole of the compound of formula (IV)
per mole of the dihydrocarbyl carbonate of formula (V) is employed.
The compound of formula (IV) may be either ammonia (X = Y = H),
a primary amine (either of X or Y = H) or a secondary amine (neither
25 of X or Y = H). The amine may suitably be either a monoamine or a
polyamine. X and Y may be independently either a hydrocarbyl group
or a hetero-substituted hydrocarbyl group. Suitably the hydrocarbyl
group may be an aliphatic hydrocarbyl group, of which alkyl groups
are preferred. Examples of suitable hydrocarbyl groups include
30 methyl, ethyl, propyl or butyl groups. Alternatively, X and Y may
be independently a hetero-substituted hydrocarbyl group. Suitably,
the hetero-substituted hydrocarbyl group may be an aliphatic
hydrocarbyl group substituted by nitrogen or oxygen, preferably a
group of the formula -P-Q, wherein P is an alkylene or polyalkylene

35 group, for example a Cj to C4 alkylene group or a poly- Cj to Cy
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‘wherein Rerr] i -—«h-yel-r—ee-a&-by»t-—or het er o- substituted hydrocarbyl group
~different fromR 2 the esen:e as catalyst of either a strong organic
‘base or a tetrcLhy% tanate. 5 11. A process according to
claim 10 whereini{t earouo R[err n thg conpound of forrmula (VI) is a
‘hydrocarbyl or hgtero-substituted hydr ocar byl group of a nol ecul ar

wei ght and conpo% ‘ i mpart fuel solubility and the
product is a detergent additive to i nternal conbustion engine fuels.

10 12. A process according to claim1l1l wherein the conmpound of formula
(M) is a polalkyksnemaogby@ol @ disneithsy smdHpetQH OF Brhedefsrdrdis Brevr,
conpound wi t fpane ' ems:&esw@e or pxpel'g'zué PbPCLSULREEQUdl N thfbcgbidm 12
wherein the polya kyl ene as a nol ecul ar wei ght in the range
from about 5@EFOEB. 1@‘0963“1?115 PlPeE&!ll‘Jﬂ% prBeampdes o Syt kb keocParrdst { Iher ei n

the corrpoundv,ﬁh rein xfaﬁawlaqe(iﬂd)epaﬁdetnla@ n@tx%kédmgt@ie\ecxa}dr@m@ymed by
the reaction of p- dodecyl phenol % yl ene oxi de and has a

nol ecul af weigfREp®finclude gligpolandpes. "eor exf&*’l?\ shhgeetwrigecdPting to claim
11 wherein thenpetRiing 8érmd@a (fvoremdra3i4M ) is a pol yal kyl ene gl ycol

rod
produced by th% X = H and Y = CHyCHyNHy

(1i) X = H and Y = CHpCHyCHN , and
10 \

(iii) X = H and Y = CHyCHCH,N

/_\

/"

Finally, the compound (IV) in which X and Y are independently

15 hetero-substituted hydrocarbyl groups, may be an alkylene polyamine
or a polyalkylene polyamine, suitably wherein the alkylene group is
a C1-C4 alkylene group, for example ethylene diamine, diethylene
triamine or triethylene tetramine. )

In the dihydrocarbyl carbonate of formula (V) the groups R are

20 independently hydrocarbyl groups which may suitably be alkyl groups,
preferably C; to C; alkyl groups, more preferably methyl groups.
Alternatively, the dihydrocarbyl carbonate of formula (V) may be a
cyclic carbonate, for example ethylene carbonate or propylene
carbonate. -

25 The process may be operated in the presence or absence of an
added solvent. Suitable solvents include liquid hydrocarbon
solvents, for example the mixed aromatic solvent designated A260
commercially available from BP Chemicals Limited.

The catalyst is a strong organic base which is an amidine or a

30 Lewis base and an epoxide. A preferred strong organic base is an
amidine. By the term amidine is meant a compound coataining the
grouping:

N-

B

F
"~

/
35 N
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‘the sane as thatju

REPLACE
ME i BHEET 16. A process according to any one of
in the ™ fcatalyst is a strong organic base which is

Jt 998 thée process for the production of the

compound of fqr a(l). 25 7. A process according to any one of
clainms 10 to 15 wherein the - catalyst is a tetraal kyltitanate.

"18. A process according to any one of clains 10 to 17 wherein the

conmpound of forrmula (I) is reacted mﬁtﬁ‘?%e conmpound of 30 formula (VI) in
t he presence of a hydrocarbon sol vent. 19. A process according to
any one of clains 10 to 18 wherein the compound of formula (1) is
reacted with the conpound of formula (V) at a tenperature in the range

from 100 to 3Yrein] €heafdealvabbidies &b the atitespéreratomsrareuperathedpheri c

ressure.
P either carbon atoms or hydrogen and the free valency on the carbon

10

15

20

25

30

35



17 1§EPMQﬁMEBHsSHEETC rding to any one of the preceding clains
wherei n tthe group R e carbamate of fornula (1) is exchanged with
a gr ouy F{ezg]J%Mr c,ss whi ch conpri ses reactl ng the carbamate of
formula (1) i pf fthe formuga:- 5

Rl err] OH V1) wherein R err] is a hydrocarbyl or
het er o- subst gt ut ed hydrocar byl} group different fromR in the
presence as catal yst or efth a strong organic base or a

Lot 2?% d{ ocar ?.g%m&i; 654 GJhtthhe comfound o PIRrRESa AGTY Hil0thiherhfl D A2y
gsulgably be elevated, preferably in the range from 100 to 300°C, and

the pressure may be either atmospheric or superatmospheric.
A particular advantage of the process claimed for the

5 production of detergent additives is that it provides a
chlorine-free product, in contrast to prior art processes, such as
that of US Patent No. 4,236,020,

An internal combustion engine fuel concentrate composition
comprises as a first component from 1l to 95% by weight of a

10 carbamate of the formula (I) wherein the group R is a hydrocarbyl or
substituted hydrocarbyl group of a moleculaf weight and composition
such as to impart fuel solubility as produced by a process as
hereinbefore described and as a second component a fuel compatible
solvent therefor.

15 The fuel compatible solvent for the compound of the formula
(I) may suitably be an internal combustion engine fuel.

Preferably the carbamate is a mono-carbamate.
An internal combustion engine fuel composition comprises a
major proportion of an internal combustion engine fuel and a minor

20 proportion of the concentrate composition as hereinbefore described.

The amount of the concentrate composition present in the fuel
composition may suitably be such as to provide a concentration of
the compound of formula (I) in the fuel composition in the range
from 10 to 10,000 p.p.m. by weight.

25 The internal combustion engine fuel is preferably a fuel
boiling in the gasoline range. The fuel composition may incorporate
additives conventionally employed in fuels compositions. Such
additives may be incorporated either into the fuel concentrate or
directly into the fuel composition.

30 The invention will now be further illustrated by reference to
the following Examples.

Preparation of monocarbamate of the formula (I)

Example 1
Dimethylcarbonate {9.0g) and n-butylamine (7.3g) were mixed

35 with TBD (0.05g) and allowed to stand at room temperature. After



ydrocar byl or hetero-substituted
ar wei ght and conposition such as to

"conpound of £ oRPR{AREGVAY
I
el product is a detergent additive to
e
I

hydr ocar byl ¢r«

dnpart fuel so and t

i nt er nal corraust%(ﬁm%ﬁgﬂm fudls. 15 14. A process according to claim13
wherein the folmpound of for a (V) is a polyal kyl ene glycol formed
by the react] on of a hydroxylijc coPmound wi th an al kyl ene oxi de.

15. A process—aeeerding-ta.cldim 14 wherein the pol yal kyl ene gl ycol

has a nol ecul ar weight in the range from about 500 to 10, 000. 20 16. A
process according to claim213 wherein the conpound of formula (M) is
the pol yal kylene agéyehle ebtmenephutiy prieueeaeki shoval, by ge/is,dedasy hptignol

wi th butyl ene_oxide and has a r14 ecul ar |ght of about 2, 000.

17. A proces348cBrH g SBEPEEF i 2 Xﬁﬁéf‘ in the conpound of 25 fornula
(M) is a polm;{_e gl ycol produced by the hydr oxyal kyl ation of an
am ne

) C 0_any one f cI a erein
t he cat aI yst la‘éetg’ 3??&?@ ?égn?%) Saé;e \Rﬁ? hgg%ﬁgere mixs? used
in she Wia®esBD f(@. 0b5e apmﬁhmglmmim;uhel comheup\rbdmf:t fwasnsHown(by . 30

19. A proce}ﬁ/gl%(r:g%&&pggatg%aﬂy rio_ge y1> aai,b ag.ez (tggzly e%?rel n the

catal yst is
Example 3
Dimethylcarbonate (9.0g) and ethanolamine (4.7g) were mixed

with TBD (0.05g) according to Example 1. The product was shown by
10 gc/ms to be methyl N-(2-hydroxyethyl) carbamate (86X yield).
Example &
' Example 1 was repeated replacing the dimethylcarbonate with
diethylcarbonate (9.2g). The liquid product was shown by gc/ms to
be ethyl N-(n-butyl)carbamate. (92X yield),

15 Comparison Test 1

Example 1 was repeated in the absence of TBD. Only starting
material was recovered.

Comparison Test 2

Example 1 was repeated replacing the TBD with triethylamine
20 (0.05g). The liquid product was shown by gc/ms to be methyl
N-(~-n-butyl) carbamate (6% yield).
Example 5
Example 1 was repeated replacing TIBD with DBU. The liquid
product was shown by gec/ms to be methyl N-(n-butyl) carbamate (65%
25 yield).

30

35



. tetraal kyItitanate 20. A process according to any one of clains 12 to
© 19 wherein t conpaund. of forrmm”"muﬂlﬂlmﬂllm with the conpound of
.35 f or mul megmmhe\wges nce of s a hydrocarbon
“sol vent. —— 121. A prdceS§s accbrding to any one of clains
12 to 20 wherdi n,th
24 JuL 1958
!
f
4
15
Claims:
1. A process for the production of a carbamate having the
formula:-
o] X
R-0 g N// (1)
- - - 1
N
5 Y
wherein X and Y are irdependently either hydrogen, a hydrocarbyl
group or a hetero-substituted hydrocarbyl group or the group of
formula:~
0
o H
-Z~-N~-C~0-R (1n)
wherein Z is either a divazlent hydrocarbyl, a substituted
hydrocarbyl group or the group of formula:~-
_ [ (alkylene),(NH),(alkylene), ] (I11)
15 in whichn =0 to 4 and m = 1 to 4, and
R is a hydrocarbyl or substituted hydrocarbyl group, provided that
if either one of X or Y is the group of formula (II), the other of X
or Y is hydrogen,
which process comprises reacting a compound of the formula:-
20 X
H -~ N// (1V)
N\
Y
wherein X and Y are independently either hydrogen, & hydrocarbyl
gfoup or a hetero-substituted hydrocarbyl group
25 with a dihydrocarbyl carbonate having the formula:-




D

_conpdurpEPPACHMENTUSHERT )| is reacted with the ¢ f La (V)
at a prer-ature hg range from 100 to 300&@@@%}*&“{"%&%‘1&

' t fospheric pressure. 5 x 2%. combust i on
engi n tg conmposition léconprising.as a first conponent
from 0_95% hy _wei ght} of a carbamate of the formula (1) as produced
by a process as clainmed in any one of clainms 13 to 21 and as a second
conpokept—a—ftret conpati bl e sol vent therefor. 10 23. A concentrate
conposition according to,.claim22 wherein the solvent is an internal
conbustion engi ne fuel. 24. A concentrate conposition according to
either claim22 or - 0 - © ai®n-28 wherein the carbamate of{"Pornul a (1) is
nono- carbamate. | . 25. Anp inte I | gi ne fuel conposition
conpri si ng a ¥PSreid; b’?‘?‘iﬁe&g%?t[qiyo% of ag(r)fgit%ﬁﬁéedr %gloggorrbust i on_engine fuel and
a m nor f Qper profeme ficatoletnef & strengposedtisnbase ¥PEHEd 40 clai m
22. 26. A conpositiqn accordin | at e grgfyaynt of the
concentr &t e cHHOIEEL PHA® ﬁé“éﬁg‘ﬁsasa ogtgre \?IQ(ijdé@ éﬁg\gﬁgetﬁlter%ﬁ}on of the
conpound of fosdassaryl doiprotiies fiitldr eompostartomate athd PimgGark@hi20 10
to 10,000 p.p.m by weight. : 7. PR ol coksHung df0 eit her
claim25 or cl&i m%@rﬁﬁg?seiaﬁmrdmg%ohgf?ﬁn?er naltreégnn%%és:t i on engine fuel is a
fuel boiling férmdla (IV) is either ammonia, a primary amine or a sec ndary

amine.
10 3, A process according to claim 2 wherein the compound of formula

(IV) is either a monoanine or a polyamine.
4. A process according to either claim 2 or claim 3 wherein X and
Y in the formula (IV) is an alkyl grOUp.

15 5. A process according to either claim 2 or claim 3 wherein X and

Y in the formula (IV) are independently aliphatic hydrocarbyl groups
substituted by nitrogen or oxygen.

6. A process according to claim 5 wherein the hetero-substituted
20 hydrocarbyl group is a group of the formula —P-Q wherein P is a;x
alkylene group and Q is either NHy, OH or a heterocyclic group.

7. A process according to any one of the preceding claim; wherein
in the dihydrocarbyl carbonate of formula (V) the groups R are
independently C; to C; alkyl groups.

25 8. A process according to any one of the preceding claims wherein
the amidine.is a cyclic amidine.

9. A process according to any one of the preceding claims wherein
the compound of formula (IV) is reacted with the dihydrocarbyl
carbonate of formula (V) at a temperature in the range from 0 to

30 100°C and a pressure in the range from 1 to 10 bar,

10. A process according to any one of the preceding claims wherein
the group R in the carbamate of formula (I) is exchanged with 2
group Rl by a process which comprises reacting the carbamate of
formula (I) with a compound of the formula:-

35 rlon (vI)
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formula (1) A r i ndependentty 4 ha group formul a

- P- Q wherei n{Piis- an-al-kylenre br 15ol yal kyl ene group and Qis either
-NH err], - or a heterocycli¢ group. 30 30. A carbamate
accordi ng to ‘etarm2o-nerein Q is a heterocyclic group. 31. A
carbamate of the formula (1) according to claim30 wherein R=FRerr],

which is a h;xdn—emryﬂylisoa Hy@retrbylbst hbtdd shiysh tared)ydrocarb§l Qupupl a

mol ecul ar wedlglgere fcrgr’r'p,g)smlon such as to inpart fuel 35 solubility.
in the presence as catalyst of either a strong organic base or a
tetrahydrocarbyl titanate.

5 11, A process according to claim 10 wherein the group Rl $n the
compound of formula (VI) is a hydrocarbyl or hetero-substituted
hydrocarbyl group of a molecular weight and composition such as to
impart fuel solubility and the product is a detergent additive to
internal combustion eagine fuels,

10 12, A process according to claim 11 wherein the compound of formula
(VI) is a polyalkylene glycol formed by the reaction of a hydroxylic
compound with an alkylene oxide.

13. A process according to claim 12 wherein the polyalkylene glycol
has a moleculay weight in the range from about 500 to 10,000.

15 l4. A process according to claim 1! wherein the compound of
formula (VI) is the polyalkylene glycol obtained by the reaction of
p-dodecylphenol with butylene oxide and has a molecular weight of
about 2,000,

15. A process according to claim 11 wherein the compound of

20 formula (VI) is a polyalkylene glycol produced by the
hydroxyalkylation of an amine.

16. 'A process according to any one of ciaims 10 to 15 wherein the
catalyst is a strong organic base which is the same as that used in

the process for the production of the compound of formula (I).
25 17. A process according to any one of claims 10 to 15 wherein the

catalyst is a tetraalkyltitanate.

18. A process according to any one of claims 10 to 17 wherein the
compound of formula (I) is reacted with the compound of

30 formula (VI) in the presence of a hydrocarbon solvent.

19. A process according to any one of claims 10 to 18 wherein the
compound of formula (I) is reacted with the compound of formula (VI)
at a temperature in the range from 100 to 300°C and at either

35 atmospheric or superatmospheric pressure.



