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Method for Preparing an Organo-functional Silane

[0001]  Silicon-carbon bonds are formed by reacting zero-valent silicon (Si9 with alkyl
halides to produce organo-functional silanes, such as organohalosilanes useful as raw
materials in the silicones industry. Typically, organohalosilanes are produced commercially
by the Mueller-Rochow Direct Process, which comprises passing an organohalide, such as
methyl chloride, over Si° in the presence of a copper catalyst and various promoters to
produce a mixture of organohalosilanes. Of the organohalosilanes produced in the Direct
Process, dimethyldichlorosilane is the most valuable. Organohalosilanes are hydrolyzed to
produce a wide range of silicones, such as polydiorganosiloxanes and silicone resins,
which are sold into many different industries. Silicones can also be produced by hydrolysis
and condensation of other organo-functional silanes, such as alkoxysilanes. Alkoxysilanes
can be produced by alkoxylation of halosilanes with alcohols and thus stem from the same
raw materials as described above.

[0002] Si°is expensive to produce due to high energy requirements for reducing SiO» by

carbothermic reduction. There is a need in the silicones industry for reactions that produce
organo-functional silanes without utilizing Si° and that offer an energy and/or cost
advantage.
SUMMARY OF THE INVENTION

[0003] A process comprises reacting ingredients comprising (a) an organometallic
cuprate and (b) a silicon precursor in the presence of a solvent. The process produces a
reaction product comprising an organo-functional silane.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0004] All amounts, ratios, and percentages are by weight, unless otherwise indicated by
the context of the specification. The articles ‘a’, ‘an’, and ‘the’ each refer to one or more,
unless otherwise indicated by the context of the specification. The following abbreviations
have these meanings herein: “Me” means methyl, “Et” means ethyl, “Pr’” means propyl and
includes n-propyl and isopropyl, “Bu” means butyl and includes n-butyl, iso-butyl, t-butyl
and sec-butyl, and “THF” means tetrahydrofuran.
[0005] “Alkyl” means an acyclic, branched or unbranched, saturated monovalent
hydrocarbon group. Alkyl is exemplified by, but not limited to, Me, Et, Pr (e.g., iso-propyl
and/or n-propyl), Bu (e.g., isobutyl, n-butyl, tert-butyl, and/or sec-butyl), pentyl (e.g.,
isopentyl, neopentyl, and/or tert-pentyl), hexyl, heptyl, octyl, nonyl, decyl, undecyl, and
dodecyl as well as branched saturated monovalent hydrocarbon groups of 6 to 12 carbon
atoms. Alkyl groups may have 1 to 30 carbon atoms, alternatively 1 to 24 carbon atoms,
alternatively 1 to 20 carbon atoms, alternatively 1 to 12 carbon atoms, alternatively 1 to 10
carbon atoms, and alternatively 1 to 6 carbon atoms.
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[0006] “Alkenyl” means an acyclic, branched or unbranched, monovalent hydrocarbon
group having one or more carbon-carbon double bonds. Alkenyl is exemplified by, but not
limited to, vinyl, allyl, propenyl, and hexenyl. Alkenyl groups may have 2 to 30 carbon
atoms, alternatively 2 to 24 carbon atoms, alternatively 2 to 20 carbon atoms, alternatively
2 to 12 carbon atoms, alternatively 2 to 10 carbon atoms, and alternatively 2 to 6 carbon
atoms.

[0007] “Alkynyl” means an acyclic, branched or unbranched, monovalent hydrocarbon
group having one or more carbon-carbon triple bonds. Alkynyl is exemplified by, but not
limited to, ethynyl, propynyl, and butynyl. Alkynyl groups may have 2 to 30 carbon atoms,
alternatively 2 to 24 carbon atoms, alternatively 2 to 20 carbon atoms, alternatively 2 to 12
carbon atoms, alternatively 2 to 10 carbon atoms, and alternatively 2 to 6 carbon atoms.
[0008] “Organo-functional silane” means a compound containing an organic group
covalently bonded to a silicon atom. Organo-functional silane includes organo-functional
monosilanes in which one silicon atom is present per molecule. Organo-functional silane
also includes organo-functional polysilanes in which an organic group is covalently bonded
to a silicon atom and two or more silicon atoms are present per molecule, i.e., the molecule
has at least one Si-Si bond.

[0009] The process comprises: (1) reacting ingredients comprising (a) an organometallic
cuprate and (b) a silicon precursor in the presence of a solvent. The organometallic
cuprate may have formula (A): M*[CuRo]’, where M is a metal atom selected from group 1

or group 2 of the periodic table and each R is independently a monovalent organic group.
Alternatively, M may be selected from Li, Mg, and Na. Alternatively, M may be Li.
Alternatively, R may be a monovalent hydrocarbon group, such as alkyl, alkenyl, or alkynyl,
as defined above. Alternatively, R may be alkyl or alkenyl. Alternatively, R may be an alkyl
group, such as Me, Et, Pr, or Bu; alternatively Me.

[0010] The organometallic cuprate for ingredient (a) may be prepared, for example, by
reacting an organometallic compound of formula RgM with a copper(l) precursor (“Cu(1)

precursor”’). R and M are as described above. Subscript ¢ is an integer from 1 to a
maximum valence of the metal atom selected for M; alternatively, subscript ¢ may be 1 to
2.

[0011] The Cu(1) precursor has formula CuRD, where R is a displaceable substituent,

which is capable of reacting with the metal atom selected for M, for example, RS may be a
halogen atom or an alkoxy group. Alternatively, the Cu(1) precursor may have formula
CuX, where X is a halogen atom. The halogen atom for X may be Br, Cl, F, or [;
alternatively Br, Cl, or I; alternatively Cl or I; and alternatively . A conventional technique
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for preparing the organometallic cuprate may be used, for example, a technique described
in WQO90/02718 which is hereby incorporated by reference for the purpose of disclosing
how to prepare organometallic cuprates. The organometallic cuprate may be prepared in
situ, where the organometallic cuprate is prepared in a solvent and the resulting solvent
solution of organometallic cuprate is added to the silicon precursor, or where the silicon
precursor is added to the solvent solution used to prepare the organometallic cuprate.
[0012] The silicon precursor for ingredient (b) may be silicon metal or a silane. As used
herein, “silicon precursor” means any compound or composition capable of providing
silicon in the present process to form the organo-functional silane. The silicon precursor
used in the process may be free of copper halide, such as CuCl. Alternatively, the silicon
precursor may be free of metal halides. As used herein, “free of” means containing none
or an amount insufficient to prevent formation of the organo-functional silane, alternatively
containing 0% to 5%, alternatively containing 0% to 1%, and alternatively containing 0% to
0.1%. Silicon metal is commercially available. For example, chemical grade silicon metal
from Dow Corning Alabama of Mount Meigs, Alabama, U.S.A. When silicon metal is used
as the silicon precursor, the silicon metal may have a purity of »85%, allernatively 299%,
and alternatively 289.9%. Allernatively, the silicon metal may have a purity ranging from
95% 10 100%, alternatively 89% o 100%, and alternatively 99.9% 1o 99.89589%.

[0013] Alternatively, the silicon precursor may be a silane. The silane may have formula

(b1): R1(4.n)SiR2y. In formula (b1), subscript n is an integer from 0 to 3, alternatively 0 to

2, alternatively 0 to 1, and alternatively 0. Each R1 is independently selected from a
halogen atom and a group of formula QR3, where Q is selected from NH, O, and S, and R3

is a monovalent hydrocarbon group. Each R2 is independently selected from H and a
monovalent hydrocarbon group.

[0014] Alternatively, the silane for ingredient (b) may be an alkoxysilane, i.e., when R1is
QR3, Q is an oxygen atom, and R3 is an alkyl group. The alkoxysilane may be a
tetraalkoxysilane of formula (b2): Si(OR4)4, where each R4 is independently a monovalent
hydrocarbon group, such as an alkyl group, an alkenyl group, an aryl group, an aralkyl
group, or an alkaryl group. Alternatively, each R4 may be an alkyl group of 1 to 4 carbon

atoms. Alternatively, each R4 may be Me or Et. Alternatively, each R4 may be Me.

[0015] The amounts of organometallic cuprate and silicon precursor are sufficient to
produce the organo-functional silane in the reaction product. The molar ratio of
organometallic cuprate : silicon may range from 1:1 to 10:1, alternatively 1:1 to 2:1, and
alternatively 1:1. Without wishing to be bound by theory, the amount of organometallic
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cuprate may be used to influence selectivity of the organo-functional silane in the reaction
product. For example, when 1 mole organometallic cuprate and 1 mole of silane are used,
it is thought that the reaction product may comprise an organo-functional silane of formula

RR1(3_n)SiR2n, where R, R1, R2, and subscript n are as described above, and when 2
mole organometallic cuprate and 1 mole of silane are used, the it is thought that the

reaction product may comprise an organo-functional silane of formula R2R1(2_n)SiR2n,

where R, R1, R2, and subscript n are as described above.

[0016] The solvent may comprise an ether, such as diethyl ether, dimethyl ether,
ethylmethyl ether, n-butylmethyl ether, n-butylethyl ether, di-n-butyl ether, di-isobutyl ether,
isobutylmethyl ether, isobutylethyl ether, or THF. In addition, the solvent may further
comprise a hydrocarbon solvent such as an aliphatic, cycloaliphatic or aromatic
hydrocarbon exemplified by heptane, cyclohexane, or toluene. The amount of solvent is
not critical; the amount of solvent is sufficient to solubilize the organometallic cuprate and
the silane. The exact amount of solvent will vary depending on factors including the type of
solvent selected and the silicon precursor selected.

[0017] The reaction product prepared by the process comprises the organo-functional
silane. When the silicon precursor is silicon metal, the organo-functional silane produced
may have formula (1) RySiz, where R is as described above, subscript y is an integer of 4

or more, subscript z is an integer of 1 or more, and y = (2z + 2). Alternatively, subscript z
may be 1 to 4. Examples of organo-functional silanes of formula (I) may comprise one or
more of R4Si, (R3Si)2SiRs, (R3Si)o(SiRo)2, or a combination thereof; where each R is as

described above. Alternatively, when each R is Me, and Li"CuMes™ is reacted with
chemical grade silicon powder, organo-functional silanes comprising: MeySi,
(Me3Si)oSiMeo, and (Me3Si)o(SiMes)o are generated. The organo-functional silanes of
formula (I) may be used, for example, as raw materials in the silicon carbide industry, e.g.,
the organo-functional silane of formula (I) may be used as raw materials in chemical vapor
deposition processes for preparing silicon carbide.

[0018] Alternatively, when the silicon precursor is a silane, the reaction product may

comprise an organo-functional silane of formula (Il) RaR1(4.a.5)SiR2p, where R, R1, and

R2 are as described above, subscript a is an integer from 1 to 4, and subscript b is an
integer from 0 to 3. Alternatively, subscript a may be 1 to 3, alternatively 1 to 2, and
alternatively 1. For example, when the silicon precursor is an alkoxysilane, such as a
tetraalkoxysilane, the reaction product may comprise an organo-functional silane of formula
(1 RXSi(OR)(4_x), where each R is as described above, and subscript x is an integer of 1
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to 4; alternatively 1 to 3; alternatively 1 to 2; and alternatively 1. Examples of organo-
functional silanes of formula (lll) include organoalkoxysilanes such as Me»Si(OMe)o and

MeSi(OMe)3. Organoalkoxysilanes are useful as intermediates in the silicones industry.

Organoalkoxysilanes may be hydrolyzed to make silicones, such as polydiorganosiloxanes
and/or silicone resins.

[0019] Alternatively, when the silicon precursor is a halosilane, then the reaction product

may comprise an organo-functional silane of formula (1V) RjX(4_j_k)SiR2k, where R, X, and

R2 are as described above, subscript j is an integer from 1 to 4, and subscript k is an
integer from 0 to 3. Alternatively, subscript j may be 1 to 3, alternatively 1 to 2, and
alternatively 1. Alternatively, subscript k may be an integer from 0 to 2, and alternatively 0
to 1. Examples of organo-functional silanes of formula (IV) include organohalosilanes such
as MeHSiClp, MesHSICl, MeSiClg, MesSiClo, or a combination thereof.

Organohalosilanes are useful as intermediates in the silicones industry.
Organohalosilanes may be hydrolyzed to make silicones, such as polydiorganosiloxanes
and/or silicone resins.

[0020] The process described above provides the advantage that it may be performed in
existing production equipment. For example, the process may be performed in a
continuously stirred tank reactor (CSTR) with continuous addition of the solvent,
organometallic cuprate, and silicon precursor described above into the reactor and
continuous flow of a solution comprising the reaction product out of the reactor. Some
residence time inside the reactor is provided. The exact residence time depends on
various factors including temperature and concentrations of silicon precursor and
organometallic cuprate, however, residence time may range from 30 seconds to 60
minutes, alternatively 30 seconds to 5 minutes, alternatively 10 minutes to 30 minutes,
alternatively 30 minutes to 60 minutes. The solution containing the reaction product taken
out of the reactor can be treated to recover the organo-functional silane, e.g., by
conventional techniques such as filtration to remove solids from the reaction product,
and/or stripping and/or distillation to separate the organo-functional silane, from the
solvent, from unreacted silicon precursor and/or organometallic cuprate (if present), and to
separate different organo-functional silane from one another. The solvent and any
unreacted silicon precursor and/or organometallic cuprate may be recycled back into the
CSTR with make-up organometallic cuprate and/or silicon precursor.

[0021] When the silicon precursor is a silane, then the process may be performed in a
solution phase reaction. The temperature may range from -78°C to room temperature of
25°C, alternatively to 0°C to 25°C, and alternatively -78°C to 0°C. When the silicon
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precursor comprises silicon metal, then the process may be performed in a slurry reaction.
The temperature may range from -78°C to 100°C, alternatively -78°C to 50°C, alternatively
-78°C to 25°C, alternatively 0°C to 100°C, alternatively 25°C to 100°C, and alternatively
25°C to 50°C.
[0022] The pressure at which the process is performed is not critical and may be sub-
atmospheric to atmospheric. The organometallic cuprate, silicon precursor, and solvent
may be mixed to facilitate reaction. The order of addition is also not critical. The
organometallic cuprate may be prepared, as described above, and the silicon precursor
may be added to the organometallic cuprate. Alternatively, the organometallic cuprate may
be prepared, and the organometallic cuprate may be added to the silicon precursor.
[0023] The process may further comprise recovering the organo-functional silane from
the reaction product. The reaction product may comprise a solid and/or other side product
in addition to the organo-functional silane. Recovering may include removal of all or a
portion of the solvent and/or purifying the organo-functional silane and/or separating
different organo-functional silanes from one another. Recovering may performed
conventional techniques such as evaporation, stripping, distillation, condensation, filtration,
and/or a combination thereof.

EXAMPLES
[0024] These examples are intended to illustrate certain embodiments of the invention,
and should not be interpreted as limiting the scope of the invention set forth in the claims.
[0025] Example 1 - A Schlenck tube (50mL) was charged with Cul (0.5 gm, 2.62 mmol)
and EtoO (10 mL) followed by drop-wise addition of 1.6M MeLi in EtoO (3.4 mL, 5.51

mmol) at 0°C for 10 min. The reaction mixture was stirred at 0°C for 1h, resulting in a
colorless solution of Lit[CuMes]~. To this solution was added Si(OMe)4 (0.4 gm, 2.62
mmol) in EtoO (5 mL) over 10 min at 0°C, and the reaction mixture was stirred for
additional 2 h at 23°C. The solid by-product was filtered out and the volatile EtoO was

evaporated-off. The colorless liquid obtained was used for quantification (GC) as well as
characterization (GC-MS) that showed the selective formation of both MesSi(OMe)o and

MeSi(OMe)3, as the organo-functional silane. Quantitative analysis showed Si(OMe)q
conversion of 55% with selectivity for Me2Si(OMe)o (67%) and MeSi(OMe)3 (32%) as well

as trace amounts of Me2-siloxanes.
[0026] Example 2 - A Schlenck tube (50mL) was charged with Cul (0.5 gm, 2.62 mmol)
and EtoO (10 mL) followed by drop-wise addition of 1.6M MeLi in EtoO (3.4 mL, 5.51

mmol) at 0°C for 10 min. The reaction mixture was stirred at 0°C for 1h, resulting in a
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colorless solution of Lit[CuMes]-. To this solution was added MeSiClz (0.39 gm, 2.61
mmol) in EtoO (5 mL) over 10 min at 0°C, and the reaction mixture was stirred for

additional 2 h at 23°C. The solid by-product was filtered out from the solution mixture. The
colorless liquid obtained was used for quantification (GC) and the product identity was
confirmed by GC-MS. Quantitative analysis showed MeSiClg conversion of 89% with

selectivity for Me4Si (0.7%), MegSiCl (13%), MeoSiClo (84%) and SiCl4 (2.8%).
[0027] Example 3 - A Schlenck tube (50mL) was charged with Cul (0.5 gm, 2.62 mmol)
and EtoO (10 mL) followed by drop-wise addition of 1.6M MeLi in EtoO (3.4 mL, 5.51

mmol) at 0°C for 10 min. The reaction mixture was stirred at 0°C for 1h, resulting in a
colorless solution of Lit[CuMeo]". To this solution was added MeHSiClo (0.30 gm, 2.61
mmol) in EtoO (5 mL) over 10 min at 0°C, and the reaction mixture was stirred for

additional 2 h at 23°C. The solid by-product was filtered out from the reaction mixture. The
colorless liquid obtained was used for quantification (GC) and the product identity was
confirmed by GC-MS. Quantitative analysis showed MeHSiClo conversion of 45% with

selectivity for Me3SiH (88%), MeoHSICl (2%) and Me2SiCls (10%).
[0028] Example 4 — As described above, a solution of Lit[CuMe»]™ in EtoO was prepared

and then transferred into a head-space vial containing chemical grade silicon (50.0 mg,
<100 micron size) from Dow Corning Alabama under an inert atmosphere. The reaction
mixture was stirred at 23°C for 2 h, resulting into a slurry mixture. The vial containing the
reaction mixture was heated at 50°C for 5 min and using a gas-tight syringe, the volatiles
were injected into a GC-MS. The data showed production of organo-functional silanes
identified as Me4Si, Me3SiSiMeoSiMe3 and Me3Si(SiMes)2SiMes.

[0029] Comparative Example 5 — A sample of direct process mass containing chemical
grade silicon and [5% CuCl + promoters (Sn, Zn, P in ppm concentration)] was made

independently. As described above, a solution of Lit[CuMe»s] in EtoO was prepared and

then transferred into a head-space vial containing direct process catalyst package mass
(silicon + catalyst package (50.0 mg, <100 micron size)) under an inert atmosphere. The
reaction mixture was stirred at 23°C for 2 h, resulting into a slurry mixture. The vial
containing the reaction mixture was heated at 50°C for 5 min and using a gas-tight syringe,
the volatiles were injected into a GC-MS. The data showed no production of an organo-
functional silane.

[0030] Comparative Example 6 — A sample of direct process mass was obtained. The
direct process mass contained 95% chemical grade silicon and 5% of a combination of
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CuCl and promoters (Sn, Zn, and P, each in ppm concentrations) was activated by heating
the direct process mass under nitrogen at 300°C for 2 h. As described above, a solution of

Gilman reagent, Lit[CuMes]" in EtoO, was prepared and then transferred into a head-

space vial containing the activated direct process silicon mass (50.0 mg, <100 micron size)
under an inert atmosphere. The reaction mixture was stirred at 23°C for 2 h, resulting into
a slurry mixture. The vial containing the reaction mixture was heated at 50°C for 5 min.
Using a gas-tight syringe, the volatiles were injected into a GC-MS. The data showed no
production of an organo-functional silane.

[0031] A process for preparing a reaction product comprising an organo-functional silane,
is described herein. The process comprises:

(1) forming an organometallic cuprate of formula M*[CuRo]", where M represents a metal

atom selected from metals of group 1 and group 2 of the periodic table, and each R is
independently a monovalent organic group; and

(2) reacting the organometallic cuprate and a silicon precursor. Without wishing to be
bound by theory, it is thought that in comparative examples 5 and 6, the CI (halide) present
in the direct process mass formed MeCl with the Mes from the Gilman reagent of formula

Li*[CuMeo]-, rather than the desired reaction in step (2) to react the Me group onto the

silicon atom. Direct process mass is the starting material for the Mueller-Rochow direct
process to make organohalosilanes and hydrohalosilanes. Without wishing to be bound by
theory, it is thought that direct process mass is not suitable for use as the silicon precursor
in the process described herein. Alternatively, the ingredients used in step (2) of the
process may be free of copper halide, such as CuCl. Alternatively, the ingredients used in
step (2) may be free of metal halides.



WO 2014/074229 PCT/US2013/060821

CLAIMS
1. A process for preparing a reaction product comprising an organo-functional silane,
where the process comprises:
(1) forming an organometallic cuprate of formula M*[CuR2], where M represents a metal

atom selected from metals of group 1 and group 2 of the periodic table, and each R is
independently a monovalent organic group; and
(2) reacting the organometallic cuprate and a silicon precursor.

2. The process of claim 1, where step (1) and/or step (2) is performed in the presence of a

solvent.
3. The process of claim 2, where the solvent comprises an ether.

4. The process of any one of claims 1-3, where M is selected from Li, Mg, and Na, and
each R is a monovalent hydrocarbon group.

5. The process of any one of claims 1-4, where the organometallic cuprate is formed by a
method comprising reacting ingredient (i) and ingredient (ii) in the presence of the solvent,
where ingredient (i) is an organometallic compound of formula RM, where subscript ¢ is

an integer from 1 to maximum valence of M, and ingredient (ii) is a copper (I) precursor of

formula CuR®, where RO is a displaceable substituent, which is capable of reacting with the
metal atom selected for M, thereby preparing the organometallic cuprate in situ.

6. The process of any one of the preceding claims, where the silicon precursor is a silane

of formula: R (4.)SiR2;,, where subscript n is an integer from 0 to 3, each R1is

independently selected from a halogen atom and a group of formula QR3, where Q is

selected from NH, O, and S, and R3 is a monovalent hydrocarbon group, and each R2 is
independently selected from H and a monovalent hydrocarbon group.

7. The process of claim 6, where n is 0, and R1 is OR3.

8. The process of claim 7, where the organo-functional silane has formula RXSi(OR)(4_x),

where subscript x is an integer from 1 to 3.

9. The process of claim 6, where the oraano-functional silane has formula
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RmSiR1nR2(4-m-n), where subscript m is an integer from 1to 3, and (m + n) < 4,

10. The process of any one of claims 1-5, where the silicon precursor is silicon metal.

11. The process of claim 10, where the organo-functional silane has formula RySiz, where

subscript y is an integer of 4 or more, subscript z is an integer of 1 or more, and
y=(2z + 2).

12. The process of any one of the preceding claims, where the reaction product further
comprises a solid side product.

13. The process of any one of claims 6-9, further comprising (3) recovering the organo-
functional silane from the reaction product.

14. The process of claim 13, further comprising (4) hydrolyzing, and optionally condensing,
the organo-functional silane.

15. A silicone product prepared by the process of claim 14.

16. The process of claim 10 or claim 11, further comprising chemical vapor deposition of
the organo-functional silane.

17. A silicon carbide product prepared by the process of claim 16.
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