
EP 0 324 958 B1 Description The invention relates to improvements in the
manufacture of alkyl arsines, including branched alkyl arsines and
substituted alkyl arsines. 5      In prior art, alkyl arsines were made by
multi-step processes involving the reaction of organometallic compounds or
lithium alkyls with inorganic arsenic compounds using oxygenated solvents
such as diethyl ether. A disadvantage of such prior art processes was the
difficulty of separating alkyl arsine products from impurities,
particularly from oxygenated solvents or from other metallic compounds. For
use of alkyl arsines as arsenic source Instead of arsine in metal organic
chemical vapor deposition (MOCVD) processes for 10  manufacture of
semiconductor devices, there is a need to provide alkyl arsines of
extremely high purity. Metallic impurities or oxygenated organic impurities
can be especially detrimental to operation of electronic devices made by
MOCVD processes, even when such impurities are present only in very small
amounts. It has been proposed by Gigauri R.D. et al,. to conduct a
hydroarsenation of crotonaldehyde with a dialkyl arsine. The dialkyl arsine
is added to the carbon carbon double bond of carbonaldehyde (Chemical 15
Abstracts, Vol. 96, 1982, 6822y). According to the present invention, a
process is provided comprising synthesis of alkyl arsine or aralkyl arsine
by acid catalyzed reaction of an arsine with an olefin or an aryl
substituted olefin having at least 3 carbon atoms. The invention is a
method for making alkyl arsines by catalytic reaction of an arsine and an
olefin 20    having at least three carbon atoms, without the need for
metal-containing reactants or catalysts or solvents which would cause
metallic or oxygenated impurities in the product. Thus, alkyl arsine
products of very high purity, especially with respect to absence of metal
impurities, can be obtained more easily by using the process of the
invention. According to the invention, an olefin in the presence of an acid
catalyst reacts with arsine to produce 25  mono and di-substituted arsines
or with a mono-hydrocarbon substituted arsine to produce a di-substituted
arsine. Without being bound by theoretical explanation, it is supposed that
the acid catalyst causes the olefin reactant to form an intermediate
carbonium ion at the ethylenic double bond, which in turn reacts with the
arsine reactant to form the alkyl arsine or aralkyl arsine. The carbonium
ion intermediate theory Is 30  consistent with the observation that arsine
does not add to a terminal carbon atom when the alkyl arsine is formed by
the process of the invention. The term olefin as used herein includes
hydrocarbons having a single ethylenic double bond such as normal and
branched chain aliphatic olefins, cycloaliphatic olefins, and aryl
substituted olefins. Olefins containing at least three carbon atoms are
used. Olefins containing three to 12 carbon atoms are preferred. 35
Normal and branched chain aliphatic olefins most preferred for making mono-
and di-alkyl arsines according to the invention include, for example,
propene, 1-butene, 2-butene, 2-methyl-1-propene (isobutylene), 2-methyl-1
-butene, 2,3-dimethyl-1-butene, 2-ethyl-1 -butene, 2-methyl-1 -pentene,
2,4,4- trimethyl-1-pentene, 1-decene, 1-dodecene,
2,4,4,6,6-pentamethyl-1-heptene. Cycloaliphatic olefins useful as olefin
reactants in the invention include, for example, cyclopentene, 



40  cyclohexene, cyclooctene, 2-methylcyclopentene, 2-methylcyclohexene,
and the like. Aryl substituted alkyl olefins that can be used include
styrene, alpha-methyl-styrene, 4-methylstyrene. The invention is useful for
making compounds which are useful as organometallic sources of arsenic to
be used in processes comprising metalorganic chemical vapor deposition
(MOCVD) in the manufacture of semiconductor devices such as solar cells.
Also, the invention is useful for making higher alkyl or aralkyl 45
arsines which are useful as intermediates for making alkyl or aralkyl
arsonic acid by oxidation of the alkyl arsine intermediates. Alkylarsonic
and aralkylarsonic acids are useful for example as flotation agents in
processes for concentration of tin ores. An arsine and an olefin react by
acid catalyzed addition of arsine to olefin at the double bond. When the
selected olefin has a terminal ethylenic double bond, as in 1-butene, for
example, the arsine adds to the 50  second carbon atom. When an internal
olefin or a cyclic olefin is selected, the addition may occur at either of
the ethylenic carbon atoms. In the case of addition of arsine to a
non-symetrical internal olefin, such as 2-methyl-2-butene for example,
isomeric alkyl arsine products are to be expected. The acid catalyst may be
an organic or inorganic non-ozidizing strong acid such as alkanesulfonic
acids, e.g. methanesulfonic acid, ethanesulfonic acid, arylsulfonic acids,
e.g. benzenesulfonic acid, 55 toluenesulfonic acid, trifluoroacetic acid,
phosphoric acid, sulfuric acid, hydrogen fluoride. Lower alkanesul- fonic
acids containing 1 to 4 carbon atoms are preferred. As non-oxidizing strong
acid catalysts for the process of the invention we may use solid or liquid
acid catalysts in contact with at least the olefin reactant. The acid may
be dissolved in the olefin or in solution 2    EP 0 324 958 1 with the
olefin in a single phase liquid system. For example, the olefin may be
dissolved in a hydrocarbon solvent with a hydrocarbon-soluble acid such as
octane sulfonic acid or dodecylbenzene sulfonic acid. The single phase
liquid is contacted with gaseous arsine under pressure to carry out the
reaction. The acid may be a solid or a liquid which is immiscible with the
organic liquid phase containing the 6  olefin reactant. When an Immiscible
liquid catalyst is used, It may be a liquid non-oxidizing strong acid such
as [err] or it may be an aqueous solution of a non-oxidizing strong acid.
When a monoalkyl arsine is used as the arsine reactant, that arsine may be
in solution with the olefin. In a preferred embodiment of the invention the
reaction is carried out with arsine gas in contact with a liquid which has
two Immiscible liquid phases. One liquid phase is an aqueous phase which
contains the 10  acid catalyst. Arsine is dissolved to some extent in this
aqueous phase. The other liquid phase is an organic phase which contains
the olefin, and an organic solvent when a solvent is used. To increase the
reaction rate the two liquid phases can be mixed efficiently by vigorous
agitation as by stirring during the reaction. Use of an organic solvent is
preferred as a vehicle for the olefin reactant and as a solvent for the
alkyl arsine products. A large amount of the acid catalyst in aqueous
solution is used to increase the amount of 15 catalyst in contact with the
organic phase during the reaction. To avoid oxidation of arsine reactant
and the 



alkyl or aralkyl arsine products, oxidizing agents are excluded from the
reactor. Use of an inert organic solvent for the olefin reactant and the
alkyl arsine products is preferred but not always necessary. Inert
hydrocarbons having boiling points above 60 C are preferred solvents.
Paraffinic hydrocarbons such as the normal and branched alkanes having 6 to
12 carbon atoms are suitable solvents. 20 A solvent having boiling point
well apart from those of the monoalkyl and dialkyl arsine products should
be selected for ease of product separation. The addition reaction is
preferably carried out under pressure when either reactant is a gas.
Reactor pressures in the range from 7 to 70 atmospheres will usually be
suitable In such cases. The reactor is conveniently pressurized with arsine
when arsine gas is the arsine reactant. It is preferred to use a liquid 25
inert solvent for gaseous olefins. A molar excess of arsine to olefin Is
maintained during the reaction. Reaction temperatures in the range from
about 25 C to 100 C may be used and a reaction temperature from 60 to [err]
is usually preferred. A convenient reactor for the process of the invention
is an autoclave with stirring means for constant agitation of the reaction
mixture during the reaction. The time for reaction will depend upon
selected 30 reactants and reaction conditions. About four hours is
sufficient under the conditions used in the examples described below.
EXAMPLE 1 35     An autoclave reactor having approximately 3.8 liter
capacity is charged with 400 grams of isobutylene reactant, 600 grams of
n-octane solvent and 1000 grams of aqueous 70% methanesulfonic acid
catalyst. The reactor is pressurized to about 12.3 atmospheres at room
temperature by addition of arsine reactant in molar excess with respect to
isobutylene. The autoclave is sealed and its contents are heated at
80-[err] with constant agitation for four hours reaction time. The contents
are then cooled to [err] before the reactor 40 Is opened. Unreacted arsine
is vented from the reactor. By gas chromatographic analysis of the liquid
reaction product mixture, yields of 350 grams mono-1,1-dimethylethylarsine
(36.6% yield) and 85 grams bis(1,1-dimethylethyl)arsine (6.3% yield) are
measured. The organic phase separated from the liquid product mixture is
washed with water, dried and then distilled at 68-69 C to separate the
mono-1,1- dimethylethylarsine. The bis(dimethylethyl)arsine is separated by
further distillation of the reaction product. 45 EXAMPLES 2 - 8 By the
process described in Example 1, except with variations as shown in Table 1,
other monoalkyl and dialkyl arsines are synthesized. 50 55 3    EP 0 324
958 B1 [ERR] 



EP 0 324 958 B1 Examples of compounds that can be produced by the process
of the invention include but are not limited to mono 1-methylethylarsine,
mono 1-methylpropylarsine, mono 1,1-dimethylethylarsine, mono 1- 55
methylbutylarsine, mono 1,1-dimethylpropylarsine, mono
1,1-dimethylbutylarsine, mono 1,1-diethylethylar- sine, mono
1,1,2-trimethylpropylarsine, mono 1,1,3,3-tetramethylbutylarsine, mono
1-methylheptylarsine, mono 1-methylnonylarsine, mono
[err]-methylbenzylarsine, mono [err]-dimethylbenzylarsine, mono
[err]-methyl(4- methylbenzyl)arsine, bis(1-methylethyl)arsine,
bis(1-methylpropyl)arsine, bis(1,1-dimethylethyl)arsine, bis(1-    EP 0 324
958 B1 methylbutyl)arsine, bis(1,1-dimethylpropyl)arsine,
bis(1,1-dimethylbutyl)arsine, bis(1,1,3,3,-tetramethylbutyl)- arsine and
bis( [err]-methylbenzyl) arsine. In some embodiments of the invention an
olefin is reacted with a mono alkylarsine to form dialkylsub- stituted
arsines. For example, isobutylene is reacted, respectively, with mono
1,1-dimethylethylarsine to 5  form bis(1,1-dimethylethyl)arsine, with mono
1-methylethylarsine to form 1-methylethyl-1,1-dimethylethylar- sine, and
mono methylarsine to form methyl, 1,1-dimethylethylarsine. Additional
examples of dialkyl substituted arsines that may be prepared by such
combination of reactants include but are not limited to
methyl-1-methylpropylarsine, methyl1,1-dimethylpropylarsine and
1-methylethyl-1,1-dimethylpropylarsine. The monoalkyl and dialkyl arsine
products obtained by the process of the invention can be readily 10
separated from the liquid reaction product mixture by phase separation and
distillation of the organic phase. The very high purity requirements for
use of the alkylarsines In MOCVD may require subsequent further
purification, which can be readily accomplished by redistillation. Because
no metal-containing reactants have been used for the synthesis, there is no
need for removal of metals from products made by the process of the
invention. 15 Claims 1. A process for preparing alkyl arsine or aralkyl
arsine by acid catalyzed reaction of an arsine with an olefin or an aryl
substituted olefin having at least 3 carbon atoms. 2. A process defined by
claim 1 wherein the olefin contains 3 to 12 carbon atoms. 3. A process
defined by Claim 1 wherein the acid catalyst is a non-oxidizing strong acid
catalyst. 25  4. A process defined by Claim 1 wherein the defined reaction
is carried out using a liquid reaction mixture comprising an olefin or
substituted olefin and a catalyst in contact with arsine gas under
pressure. 5. A process defined by Claim 4 wherein the liquid reaction
mixture further comprises an inert liquid solvent for the olefin and the
alkyl arsine products. 30 



6. A process defined by Claim 5 wherein the solvent is a hydrocarbon having
boiling point above [err]. 7. A process defined by Claim 1 wherein the
olefin is isobutylene. 35  8.  A process defined by Claim 7 wherein the
acid catalyst is a non-oxidizing strong acid catalyst in aqueous medium. 9.
A process defined by Claim 8 wherein the strong acid catalyst is an
alkanesulfonic acid containing one to four carbon atoms. 40 10. A process
defined by Claim 8 wherein the synthesis is carried out under pressure in
the range from 7 to 70 atmospheres and at a reaction temperature in the
range from [err] to [err]. PatentansprUche 46 1. Verfahren zur Herstellung
von Alkylarsin odor Aralkylarsin durch sAurekatalysierte Reaktion eines
Arsins mit einem Olefin oder einem Aryl-substituierten Olefin mit
mindestens 3 Kohlenstoffatomen. 2. Verfahren nach Anspruch 1, wobei das
Olefin 3 bis 12 Kohlenstoffatome enthAlt. 50 3. Verfahren nach Anspruch 1,
wobei der Sdurekatalysator ein nicht oxidierender, starker Saurekatalysator
ist.                                                             C- 4.
Verfahren nach Anspruch 1. wobel die definierte Reaktion unter Verwendung
elner flUssigen Reaktions- 56     mischung ausgefUhrt wird, umfassend ein
Olefin oder substituiertes Olefin und einen Katalysator in Kontakt mit
Arsingas unter Druck. 6    EP 0 324 958 B1 methylbutyl)arsine,
bis(1,1-dimethylpropyl)arsine, bis(1,1-dimethylbutyl)arsine,
bis(1,1,3,3,-tetramethylbutyl)- arsine and bis( a-methylbenzyl) arsine. In
some embodiments of the invention an olefin is reacted with a mono
alkylarsine to form dialkylsub- stituted arsines. For example, isobutylene
is reacted, respectively, with mono 1,1-dimethylethylarsine to 5  form
bis(1,1-dimethylethyl)arsine, with mono 1-methylethylarsine to form
1-methylethyl-1,1-dimethylethylar- sine, and mono methylarsine to form
methyl, 1,1-dimethylethylarsine. Additional examples of dialkyl substituted
arsines that may be prepared by such combination of reactants include but
are not limited to methyl-1-methylpropylarsine,
methyl1,1-dimethylpropylarsine and 1-methylethyl-1,1-dimethylpropylarsine.
The monoalkyl and dialkyl arsine products obtained by the process of the
invention can be readily 10   separated from the liquid reaction product
mixture by phase separation and distillation of the organic phase. The very
high purity requirements for use of the alkylarsines in MOCVD may require
subsequent further purification, which can be readily accomplished by
redistillation. Because no metal-containing reactants have been used for
the synthesis, there Is no need for removal of metals from products made by
the process of the Invention. 



15 Claims 1. A process for preparing alkyl arsine or aralkyl arsine by acid
catalyzed reaction of an arsine with an olefin or an aryl substituted
olefin having at least 3 carbon atoms. 20 2. A process defined by claim 1
wherein the olefin contains 3 to 12 carbon atoms. 3. A process defined by
Claim 1 wherein the acid catalyst is a non-oxidizing strong acid catalyst.
25  4. A process defined by Claim 1 wherein the defined reaction is carried
out using a liquid reaction mixture comprising an olefin or substituted
olefin and a catalyst in contact with arsine gas under pressure. 5. A
process defined by Claim 4 wherein the liquid reaction mixture further
comprises an inert liquid solvent for the olefin and the alkyl arsine
products. 30 6. A process defined by Claim 5 wherein the solvent is a
hydrocarbon having boiling point above [err]. 7. A process defined by Claim
1 wherein the olefin is isobutylene. 35  8. A process defined by Claim 7
wherein the acid catalyst is a non-oxidizing strong acid catalyst in
aqueous medium. 9. A process defined by Claim 8 wherein the strong acid
catalyst is an alkanesulfonic acid containing one to four carbon atoms. 40
10. A process defined by Claim 8 wherein the synthesis is carried out under
pressure in the range from 7 to 70 atmospheres and at a reaction
temperature in the range from [err] to [err]. PatentansprUche 45 1.
Verfahren zur Herstellung von Alkylarsin oder Aralkylarsin durch
sdurekatalysierte Reaktion eines Arsins mit einem Olefin odor einem
Aryl-substituierten Olefin mit mindestens 3 Kohlenstoffatomen. 2. Verfahren
nach Anspruch 1, wobei das Olefin 3 bis 12 Kohlenstoffatome enthAlt. 50 3.
Verfahren nach Anspruch 1, wobei der Sdurekatalysator ein nicht
oxidierender, starker Sdurekatalysator ist. 4. Verfahren nach Anspruch 1,
wobei die definierte Reaktion unter Verwendung einer flOssigen Reaktions-
5S      mischung ausgef0hrt wird, umfassend ein Olefin oder substituiertes
Olefin und einen Katalysator in Kontakt mit Arsingas unter Druck. 6    EP 0
324 958 B1                  1111111 111111 H1  11111 11 1111 W
*  ~~~~~~~~~~~~~~~~~~~~C   L   M   S * 5. Verfahren nach Anspruch 4, wobel
die flfssige Reaktionsmischung femer eln Inertes flUssiges Losungs- 



mittel fUr das Olefin und die Alkylarsinprodukte umfaSt. '...-    6.
Verlahren nach Anspruch 5, wobei das LUsungsmittel ein Kohlenwasserstoff
mit einem Siedepunkt Ober a      so I C ist. 7. Verfahren nach Anspruch 1.
wobei das Olefin Isobutylen !st. 8. Verfahren nach Anspruch 7, wobei der
Saurekatalysator ein nicht oxidierender, starker Saurekatalysator 10    in
wisserigem Medium ist. 9. Verfahren nach Anspruch 8. wobei der starke
Sgurokatalysator eine Alkansulfonsaure ist, die eln bis vier
Kohlenstoffatome enthlilt. 15  10. Verfahren nach Anspruch 8, wobel die
Synthese unter Druck Im Berelch von 7 bis 70 Atmosphiren und bel elner
Reaktionstemperatur Im Bereich von 25 IC bis 100 IC durchgef~hrt wird.
Revendlcations 20  1. Procddd de preparation d'alkylarsine ou
d'aralkylarsine par rdactlon, catalysde par un acide, d'une arsine avec une
olifine ou une ol6fine aryl-substitu6e comportant au moins 3 atomes de
carbone. 2. Proc6de selon la revendication 1, dens lequel l'oifine contient
3 5 12 atomes de carbone. 25  3. Proceds selon la revendication 1, dens
lequel le catalyseur acide est un catalyseur acide fort non oxydant. 4.
Proced6 selon la revendication 1, dans lequel la r6action definie est
realisee A I'aide d'un m6lange r~actionnel liquide comprenant une olefine
ou une ol6fine substitu6e et un catalyseur en contact avec 30     une
arsine gazeuse, sous pression. 5. Proc6d4 selon la revendication 4, dans
lequel le m~lange reactionnel liquide comprend en outre un solvent liquide
inerte pour l'olefine et les produits alkylarsines. 35  6. Procedd selon la
revendication 5, dans lequel le solvant est un hydrocarbure ayant un point
d'ebullition sup~rieur h 60 I C. 7. Procedd selon la revendication 1, dans
lequel l'olefine est l'isobutylbne. 40  8  Proc~dd selon la revendication
7, dans lequel le catalyseur acide est un catalyseur acide fort non oxydant
dens un milieu aqueux. 9. Procdd4 selon la revendication 8. dans lequel le
catalyseur acide fort est un acide alcanesulfonique contenant 1 & 4 atomes
de carbone. 45 10. Procede selon la revendication 8, dans lequel la
synthbse est r6alisee sous une pression dans la gamme de 7 a 70 atm et h
une temperature r~actionnelle dens la gamme de 25- C a 100 IC. 50 55 7    


