
822,279 [err] Examples of other boron compounds according to the invention
are as follows:    4                                    822,279 system may
preferably be effected by means [err]
of  fractional  distillation  or  azeotropic fractional distillation which
permits the re- 35 moval of the water with a minimum loss of the reaction
product. The water of reaction removed from  the reaction system may be
accurately measured so that the formation of the ester anhydrides of the
present invention, 40 rather than the corresponding ester acids, may be
readily controlled. Our invention also includes gasoline to which has been
added up to 6 cc. per United States gallon of tetraethyl lead, a halide 45
scavenging agent, and a boron compound of this invention, the amount of
said boron com- pound added to the gasoline being equivalent to 0.002 to
0.1%  by weight boron. Advan- tages of the boron compounds of this inven-
50 tion are that they are liquid and that they re- act readily with water,
unlike their hydrolysis products which are solids and do not readily
hydrolyse further. The boron compounds of this invention, being themselves
liquid, can  55 readily be added as such to gasoline by con- ventional
metering and blending operations, without the necessity of first dissolving
them in a solvent; furthermore, they will react with 



The invention also includes a process for  any water present in the
gasoline, so re- 60 producing such boron compounds which com-  moving such
water therefrom, without precipi- prises mixing in a 1: 1 molar ratio boric
acid  tation  of the  hydrolysis product which 5  and an alpha or beta
glycol having 3 to 20  although normally solid is also soluble in the
carbon atoms, or an equimolar mixture of  gasoline. two glycols, heating
the resulting mixture until    The compounds of this invention when in  65
liquid and continuing the heating to vaporise  pure form may, on exposure
to moisture, form out, 2[err] moles of water, said glycol or glycols  a
certain amount of solid product and even 10  being such that the compound
produced will  though this-product is soluble in gasoline, the not have
more than 25 carbon atoms in the  presence of solids would  make it more
molecule. To produce compounds within the  difficult to blend the boron
additive into the  70 sub-group referred to above, the glycol or  gasoline.
For this reason it may be desirable glycols to be used are of the general
formula:   to incorporate a certain proportion of solvent therewith during
or before blending them with [err]                  gasoline, so as to
maintain the boron-contain- ing component in -a liquid form, whereby it 75
may the more easily be metered and blended 15
into gasoline; such solvent may for example be toluene, methanol or
hexylene glycol. However, the greater the bulk of the supply of liquid
boron compound the less is there a call 80 wherein R[err], R[err], R[err]
and R[err] have the meanings  for the use of an auxiliary solvent. defined
above.                              The following Examples illustrate the
pro- Of course, in the case of the production of  duction of the compounds
of the present in- asymmetric  boron  compounds, equimolar  vention. 20
quantities of the two appropriate glycols will be used in admixture,
instead of using a                EXAMPLE 1.                  85 single
glycol as  in  the preparation  of    49.5 Grams of dry orthoboric acid and
94.5 symmetrical compounds. The materials are re-  grams of
2-methyl-2,4-pentanediol (a 1:1 acted at mildly elevated temperatures until
the  molar ratio) were mixed together. Upon mix- 25  water of reaction
which is required to be split  ing, the temperature dropped approximately 8
off is vaporised from the reaction mixture. All to 10[err] C. and upon
additional stirring, the 90 the water can be removed by simple boiling.
temperature then rose rapidly to and slightly However, because of the low
boiling points of  above the initial temperature, at which time many of the
compounds a certain amount  the mixture became solid. The mixture was 



30  thereof may be lost due to volatilisation during  then heated and
became completely liquid at the removal of water. For this reason the
about 70 to 75[err] C. 100 cc. of benzene was 95 complete removal of water
from the reaction -added and the water formed was removed    822,279
5 azeotropically by distillation with the benzene proceeds in accordance
with the following over a period of several hours. The reaction  equation:
[err] and the product may be named bis-(1,1,3-tri-  tent in liquid form
than any known boron methyltrimethyleneoxy) boric oxide. The com-  compound
which will not precipitate boric pound of this Example was found to be a
acid when added to wet gasoline. It has the  15 colourless liquid of medium
viscosity. It is  following  additional properties, prior to 10 miscible in
hydrocarbons, and particularly in  purification by repeated fractional
distillation gasoline, and the common organic solvents in  as mentioned
below: all proportions, and has a higher boron con- Boiling point:
Approximately 275[err] C. at atmospheric 20
pressure and 140-142[err] C. at 1 mm. Hg. n[err]
1.4310 Molecular weight               Calculated 269.9,   found 246.5. Per
cent. boron                Calculated 8.01,    found 7.41. The  boron
determination  was made by        %        Calculated  Found by Analysis 25
titration with mannitol, and the molecular weight was done cryoscopically
in benzene.  Carbon      53.39         53.42 Infra red analysis confirmed
the absence of  Hydrogen    8.96          9.02 the hydroxyl group, and
repetition under  Boron          8.01          7.79        40 conditions
permitting recovery of the water of 30 reaction showed that two and
one-half moles    The liquid anhydride product is very of water were formed
for each mole of glycol hydroscopic and readily reacts with water to and
boric acid reacting.                 form the compound shown below, from
which The above compound was twice distilled at  it can also be prepared by
dehydration, by a pressure less than 1 mm. Hg. The narrow  heating or
desiccation. This reversible reaction  45 35 boiling heart cut was
submitted to analysis.  is represented by the following equation: The
following composition was found: 



[err] EXAMPLE 2.                 product was a clear, colourless, viscous
liquid 52 Grams pentanediol-2,4 is reacted with  having a boiling point of
114[err] C. at 1 mm. 50  31 grams of dry orthoboric acid under the  Hg. It
has the formula same conditions as those of Example 1. The    6
822,279 [err] The yield was 61 grams, which was vacuum   Generally an
amount of the compound to pro- distilled at 1 mm. Hg. to give a yield of
55.8  vide 0.002%  by weight of boron (based on   50 grams. The compound
reacts with water to  the total fuel) is the smallest amount that will 5
give a product that is crystalline solid, having  give any significant
effect. Amounts between a melting point of 76[err] C. and which has the
0.004% and 0.008% by weight are preferred. formula
Use of amounts in excess of 0.1%  usually cannot be justified economically.
55 [err]                                  The specification of our
copending Appli- cation No. 26073/55 (Serial No. 822,278) sets out in
detail the results of tests carried out on gasolines containing the product
of the hydrolysis of the compound of Example 1  60 hereof. Such results
also indicate the advan- tages of the use of the compounds of this
invention, which compounds hydrolyse in wet gasoline to give such
hydrolysis products. Gasoline solutions containing up to 3 cc. 10 per
gallon of tetraethyl lead and to which the    WHAT WE CLAIM  IS: -
65 anhydrides mentioned above had been added    1. Compounds of the general
formula: in an amount to provide 0.002 to 0.1% boron were stored in open
beakers in a humidity          [err] chamber for several months at 75[err]
F. No 15  crystals were formed, and analysis of the gasoline before and
after the test showed the boron content to be the same. No precipitation 



occurred when the samples were stored at  wherein each R is an alpha or
beta alkylene - 10[err] F. for several months, and the boron  radical
having 3 to 20 carbon atoms, such 20 content was the same before and after
the test.  compounds having not more than 25 carbon  70 Fuel containing the
boron compound should  atoms in the molecule. be and is sufficiently stable
to be stored in    2. Compounds according to claim 1, wherein contact with
moisture for three months with-  each R represents a radical of the general
out loss of boron content.                formula: 25    The gasoline base
stocks to which the boron compounds are added may be any of those
conventionally used in making motor gasoline                     [err]
(gasoline for use in an automobile). The gasoline of the invention also
contains 30  tetraethyl lead in amounts up to 6 cc., but usually from [err]
cc., per United States gallon, and a halide scavenging agent. The latter
may be 1 theory of ethylene dichloride and [err] theory of ethylene
dibromide (the so-called 35  " motor mix " or MM) or 1 theory of ethylene
dibromide (the so-called " aviation mix" or  wherein R[err], R[err], R[err]
and R[err], are the same or AM). By " theory " is meant the stoichiometric
different and are each a hydrogen atom or an amount of the ethylene
dihalide for combina-  alkyl group having 1 to 6 carbon atoms. tion with
all of the lead as lead halide. The    3. The compound of the formula: 40
AM  is preferred since in combination with the boron compound there results
a better                                 [err] overall effect in engine
performances. The gasoline may  contain any  of the usual adjuncts such as
anti-oxidants, dyes, solvent 45  oils or alcohols. The amount of the boron
compound added to the fuel may vary and the amount is pre- ferably
expressed  in  terms  of  boron.    6
822,279 



[err] The yield was 61 grams, which was vacuum   Generally an amount of the
compound to pro- distilled at 1 mm. Hg. to give a yield of 55.8  vide
0.002%  by weight of boron (based on  50 grams. The compound reacts with
water to  the total fuel) is the smallest amount that will 5  give a
product that is crystalline solid, having  give any significant effect.
Amounts between a melting point of 76[err] C. and which has the  0.004% and
0.008% by weight are preferred. formula
Use of amounts in excess of 0.1%  usually cannot be justified economically.
55 [err]                                   The specification of our
copending Appli- /    3                        cation No. 26073/55 (Serial
No. 822,278) sets out in detail the results of tests carried out on
gasolines containing the product of the hydrolysis of the compound of
Example 1  60 hereof. Such results also indicate the advan- tages of the
use of the compounds of this invention, which compounds hydrolyse in wet
gasoline to give such hydrolysis products. Gasoline solutions containing up
to 3 cc. 10 per gallon of tetraethyl lead and to which the    WHAT WE CLAIM
IS:                  65 anhydrides mentioned above had been added    1.
Compounds of the general formula: in an amount to provide 0.002 to 0.1%
boron were stored in open beakers in a humidity          [err] chamber for
several months at 75[err] F. No 15  crystals were formed, and analysis of
the gasoline before and after the test showed the boron content to be the
same. No precipitation occurred when the samples were stored at  wherein
each R is an alpha or beta alkylene -10[err] F. for several months, and the
boron  radical having 3 to 20 carbon atoms, such 20  content was the same
before and after the test.  compounds having not more than 25 carbon  70
Fuel containing the boron compound should  atoms in the molecule. be and is
sufficiently stable to be stored in    2. Compounds according to claim 1,
wherein contact with moisture for three months with-  each R represents a
radical of the general out loss of boron content.                 formula:
25    The gasoline base stocks to which the boron compounds are added may
be any of those 



conventionally used in making motor gasoline                      [err]
(gasoline for use in an automobile). The gasoline of the invention also
contains 30  tetraethyl lead in amounts up to 6 cc., but usually from [err]
cc, per United States gallon, and a halide scavenging agent. The latter may
be 1 theory of ethylene dichloride and [err] theory of ethylene dibromide
(the so-called 35  " motor mix " or MM) or 1 theory of ethylene dibromide
(the so-called "aviation mix" or  wherein R[err], R[err], R[err] and R[err]
are the same or different and are each a hydrogen atom or an AM). By "
theory " is meant the stoichiometric amount of the ethylene dihalide for
combina-  alkyl group having 1 to 6 carbon atoms. tion with all of the lead
as lead halide. The    3. The compound of the formula: 40  AM  is preferred
since in combination with the boron compound there results a better overall
effect in engine performances. The       [err] gasoline  may  contain any
of the usual adjuncts such as anti-oxidants, dyes, solvent 45  oils or
alcohols. The amount of the boron compound added to the fuel may vary and
the amount is pre- ferably  expressed  in  terms  of  boron.    822,279
7 4. The compounds according to claim  1  of water. hereinbefore
specifically referred to.       8. A process for the production of boron 5.
A  process for the production of the  compounds of the general formula
defined in compounds claimed in any of the preceding  claim  1,
substantially  as described  with 5  claims, which comprises mixing in a 1:
1  reference to either of the Examples.         30 molar ratio boric acid
and an alpha or beta    9. Boron compounds whenever made by a glycol having
3 to 20 carbon atoms, or an  process as claimed in any of claims 5 to 8.
equimolar mixture of two such glycols, heat-    10. Gasoline to which has
been added up 



ing the resulting mixture until liquid and  to 6 cc. per United States
gallon of tetra- 10  continuing the heating to vaporise out 2[err] mols
ethyl lead, a halide scavenging agent, and a  35 of water, said glycol or
glycols being such  boron compound as claimed in any of claims that the
compound produced will not have  1, 2, 3, 8 and 9, the amount of said boron
more than 25 carbon atoms in the molecule.   compound  added  to  the
gasoline  being 6. A process according to claim 5, wherein  equivalent to
0.002 to 0.1% by weight boron. 15  said  glycol or glycols have the general
11. Gasoline as claimed in claim  10, in  40 formula:
which the scavenging agent is one theory of ethylene dibromide per theory
of tetraethyl lead. [err]                       12. Gasoline as claimed in
claim 10, or 11, wherein the boron compound is one in which  45 each R as
defined in claim 1 is an alkylene radical having not more than 4 carbon
atoms. 13. Gasoline as claimed  in  claim  12, wherein each R is a straight
chain alkylene wherein R[err], R[err], R[err] and R[err] have the meanings
radical having 4 carbon atoms.           50 defined in claim 2. 20    7. A
process for the production of the          ELKINGTON and FIFE, compound
claimed in claim 3, which com-   Consulting Chemists and Chartered Patent
prises mixing one mole of orthoboric acid                   Agents, with
one mole of 2-methyl-2,4-pentanediol,    Bank Chambers, 329, High Holborn,
heating the resulting mixture until liquid and          London, W.C.1, 25
continuing the heating to vaporise out 2[err] moles     Agents for the
Applicants. Leamington Spa: Printed for Her Majesty's Stationery Office, by
the Courier Press.-1959. Published by The Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained.    


