EP 0 324 958 Bl Descri ption The |nvént|on reI ates to inprovements in the
manuf acture of al kyl arsi nes, |nclud|ng branched al kyl arsines and
substituted al kyf .arsines. 5 EPo 32aiges Bart, al kyl arsines were nmade by
mul ti-step processes involving the reaction of organonetallic conpounds or
l'ithium al kyl s W th inorganic arsenic conpounds using oxygenated sol vents
such as dPesetipornet her. A di sadvant age of such prior art processes was the
difficulty of separatl ng al kyl;:arsine products frominpuriti

parti cuI ar | yhe i E’F\é‘t é’t!’“’é’ﬂmf@rft‘ dhegmanuagiyre of [yl WP&I 'F‘i"@'"&d\%ﬂl?ﬁdg‘y' For

use of “al ¥ 9353)%?“‘??'}7 WRF-c s%urc Instead sof in netal or nlc
Che.m Célj Va rbg thc ﬁ‘ P ﬁP T(P :gglfe't% uch . as diethyl
seni conduf \gv mp%cieiéé"fi’@;ﬁﬁ w.t 9°s Ko ik §§ucmm
yfr

extrenel yimg&* ,}oe,sot of alk , i es
can be priir neeeme&t Inet R rmes@&h@&emia. @&tds msn \@? SrolR s
MOCVD By Of&nfabibre of $&conasibr 3b\ides, | thERdisi o AeB§ :oa.srev.darameea}smaa t Yxttethely Sigh pafig! |

anount s.  iétaliAmpbHAGH loriRid AR br é&mc (ohRes icarFbeldspRlaliyPdiatrimena 16 @PéIatich offblectronic
hydr oar s egeaicésOfiade oy SAOTVD pRcebesy lan whenluch iflpuaitiseysre SrésdhitRly inTVory shalllaksyintsar Si ne
i s added t oitthag beshr facposeicbybGigaud du | o alh) g dondifict @hytroarsdnakivh Yol erolohiidenyde aith b5
Abst r act sgialkybbrsin® Ghe §iia8 arsB8 B2adiled tddearadbbmcpriion dblbis twne sleratbonaidebyus i (Chamical
processs i Abspactsy Va8, 1262188231 ng synthesi s of al kyl arsine or aral kyl arsine '
by aci d cat Atopwing to tha etesentinvgntiarna preesshie pravitéd cempisingfsiynthasis ohalkyh prgipe or aralkyl
subst i t ut @dneohyetddcatrlyzpchigacion Plesnoprsing with Bp Glafinaar Grngty! Subelititerl defin ihgting; & legst 3

nmet hod fo?aft}?ﬁRWOW& al kyl arsines by catalytic reaction of an arsine and an
ol ef | Lrl The, inventiep igta metad; for ppking alley} HﬂPPsaqyo??E@'Vt'WﬁaﬁBGt"' pharsiieapgd pn,plefin

et al-Somtailg iee Bte TS BUEH °§d @f meBry @?q L dethe s
retal |1 c YRIOENR AT g wf%g% e il et e DA
product s Rty gyRye! vd pUPTY P HETER Y 3 I SR el s%arsl' Yo fdiea)

process of

i mpuri ti e8] AGEI %ﬁ {.Rdeﬁk f M efin ﬁ‘ﬂﬁé LrXse'Ré’e f%h Q8d Tci% Sy TAGE S Abind B%roduce

i nvent 'P”moﬁ%‘C&rQrd uDdinhdd drditfes bW dr&@-hyd?&ar% neiub&tdtéﬁ ishrf‘e tP REKE G&i-QlbstitflecaCl d
catal yst ggacts arsine to produce nmono and di - sti-tuted arsines
or wth a rrmﬂodamﬁ@s&&.&)ep thw&e&ue&,sﬁneﬂnaf Sishfdoded i Q\dléﬁae catauwt <Rlebsthé bigdned
arsi ne. Wehdduto i@ &10in@1éBiske RyrbnA0IBR bti thedbthyifal G badB, whidh in famSreg@poaRdhet hat
t he aci d gahekgasiantCtaus@s tHehekyD laeihé ror kgt rsibe. (The featboniam idnnin@rmisaidieathéory is

car bonizanmdngsteratwiti fhe obtehwtiion hat areicauditles nd @ndito avkwimdrial ¢arbot atom whemthe sikyliatsine ishe
ar si ne r efemegiby tteprdcessiof thednventtivey| ar si ne or aral kyl arsine. The carboni um

i on i nt er medhatesn platiroasyuspg h@ein inclodes ihgdregatbong haking i eingld sibylenig dayble bbngisuely 25 ne
does not eadraltand pranehedi chaip alinhetsooieling. siottiehetic plefing| 30d| and sybstitep Plefigsr Pisfinspy

t he proce%staising ehiaast fipe Gerbesrptompigee used: Riefsepitainingstigs lodi 21carpen HomsRse prafaed.

hydr oc&F bon&lomma, pegy branchpd, ghein alip ‘F eﬁi"ts oSt ISR R MstEd, "5@0 Sisly ﬁﬁ?’k\'hﬁrames

br anched RYARS dP ﬁdf“feetwﬂl iBflydas el P gPFgfl &0y | ‘%‘6& %ep 11-propene

substi t ut £ ‘gﬂ' AR i ”W? dﬁ d J@“&f‘ Sr-gtf‘ffag% Pﬁ; Fh&
used G ev p\% PE’? fﬂvgc use 1. as faﬁsln react r?tlsf e mve tion mcl?dep Eo?f err e :1)’0 entene
ande fa 2 Ao oberitof. Slrbelpic/BUAL ol S oerhs ﬁgi Wls ‘1@
and d' | S e a\@tsaanee uemru&u a)ge Oal B el b, Alindutyfok or “exanpl e
propene, 1- Bl flditionds D4P e maldr %Rmﬁhdslwﬂﬂ:ﬁqmul(ab %@Qﬁ&délaﬁ@@éurce@bﬁﬁemy koo 1
-butene, g JwdinBblbsies bokpsng ﬁletalgrgeﬁld'\MJemfbal vapth QBRsitiotr (MOICRB) in Ihe-RANLRNRE of
2,4, 4- tr sdiidoRdictod dgaRBs QURR as doislR6IBNAIs0, Ihed@EMdR REyseful for making higher alkyl or aralkyl
2, 4, 4, @s Gargingst vaichtahy bseflt ixciptbrenadiatesCpCingldrigi Aikiiaty iacikgl| aedonin acid by bxidatiensof deedilyn
r eact ant sarsine infeemeédiatesnlkyansonin ahd delkylérsaniceacipatecysofuly ol epemibessdiotation 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 thé 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,
56 toluenesulfonic acid, trifluoroacetic acid, phosphoric acid, sulfuric acid, hydrogen fluoride. Lower altkanesul-
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
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40 cycl ohexene, cycl doct ene, 2-methyl cycl opentene, 2-methyl cycl ohexene,
and the like. Aryl substituted al kyl olefins that can be used include
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Al so, the ispivashwittomhyidecarsmfsallbié aoid suek esigptdnd gitlenic adid g dodacylbenadnis \shifodib acid. The
arsin s; whisinhle hase liaistigContasted vithegapaous arsimesuntierpraseae togarad dutthe mactiam.al ky|
arsoni € aci.d B asidi rerxttiecmsalid ot §liquig) wdyidh is frymisaible withetherendinia isuid phgsk\cbniiniagthe
and ar al ky|ofia pagtent Ytiep an immiscibledinyid catalist ia uspdpt mavdie o llaud aerrayidizing sifeng adichsuch
processes f‘él’*sc%r?égﬁwﬁ‘!?’bﬂu?ﬂ‘sfq"{‘l°'b?fé§°“'ﬁ1‘f"zé{\9§?’?f§a&ﬁd an ol efl n react by
aci d cat al yzewh%{' ?’?ﬂ ypinals gﬁ*’ﬂé“’ 8 a'(ﬁ\"%fﬁaﬁa'&t‘:‘af il "‘H’BEM"é“

sel ected ol % ;" }; Sf jﬂ 8 cHre ““5' %a!%
I uld whlc mmis Ui qu is
exar‘rpl €, :ot Q d%ét,ﬂyﬂ qsgdlssglvb]é e t0§ a u?usi]\aip othe uld % anlc
'?lhgf Ie'[]h)(;lr e%rgs\éﬁeliﬁg [+ tﬁvfs thb $I§Inl; %ﬁ :ﬁfﬁ}gét ; o B-yf §tm?'lnc .9‘ qh R‘é%u
ter 1 can l ly y iorl ‘as { d e reaction.
non- symet r iysglor hm@amowe.heé proterrédi5sa Sehicly 1OF 936';%9‘ B dsOf soms,%rm 4R aliyl
i someri c aladkgie prddbiitd) A 1HE sihsuhtSof Bletucki RatPst MX4YBEIUS Jolutidm B vBéd 16l Inedhsd| theSdmoimYbt D
an or ganisC catalystMOEcPREtiwith BRbrgadic Phadé BEing the QEEdtionC Telaveid GlidaBon & lalsmb esatthrdt @Rl 16e
aci ds, e. g.akpiek bakg asiné produetsasiditing egdnBraacaxtifided iromatei reékctoar yI sul f oni ¢ aci ds,
e.g. benzenes\Hefqb an Derhorpahjc solert BF the Pfintehaant endatbe alkyl brsing producd dc@éfereed oot bt
phosphor i ¢ ahisipecesshriyunérchydtopatond haling eling points stdes 60 Gvwer prafoiketirmaiverits. Phrefiiic
aci ds cont divedrosapons such # theindynd aed byanshet alkapgsdidng &lg. 12 sgrbancptpms)aredsuitablecgolsentsong
aci d ‘eat 2l ystolvent havingrheiling poind well apprt frora topa,ef the enopliey! prghydialkylcersing| reguey 3'101"61 bed
acid cat al yeipged far eagaef aopuchpappralion. | east the olefin reactant. The acid may
be dissol ved T8 addiiongpaction,is (Hf"fei’ﬁ‘?'ys‘iﬁ’f"ﬁ? PYjrpnger prespise 6“93292!"395?"‘!’“\)\? t‘ Hast ﬁéacmf
olefin in XM '8‘ 13248 oMo, 1oy % ropsehg “"SFB' 8 ‘Té““atf"h@ Y or s
di ssol ved Nl SEur1d ﬁ"‘%,&’ls\’)%l? W 8 8F7‘a wJt Bme °"8,% *° s§6 iguid,

ert sov 4] fo aseo olar exce rsme o olai mtam tlon
oct ane S l f atftl n 8!»3% Otﬂe 235 C%asy je us?tF an% c on ?m ahature
liquid-is Sl neun

jofal
reaction. % hea %Gﬂv .ame 5 fa tﬁ@ Ao&spaf e lnb&gancks\ahla&&avé wkmrﬁ.s 'ntaL;ﬁs M doflst nhe
organi ¢ | i GiidlorPBRHE rSelith i ki thE redelich! IThb GiR&Gr 38Hction Wi Bogdhd LBBR Sfe

l'iquid cat ae&ms lafd d8cti6h cdnamdmyAbb.ﬁ idur héurllis duriiint Ghabrthe Edn@tichs (428 Gh tﬁ&bﬂm%ld&h
as [err] oOrdeddribétgloRe an aqueous sol ution of a non-oxidizing strong acid.

When a nonoal kyl arsine is used as the arsine reactant, that arsine may be
in soluti orexamPlEthe olefin. In a preferred enbodi mrent of the invention the
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By the process described in Example 1, except with variations as shown in Table 1, other monoalkyl
and dialkyl arsines are synthesized.
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di al kyl arsines are synthesized. 50 55 3 EP 0 324

isobutylene
2—methy1-1-bu£ene
2-methyl-1l-pentene
Z,A,A-Crimethyl-
l-pentene '
2-methyl-1l-heptene
1-decene
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EP 0 324° 958 Bl Exanpl-es of conpounds that can be produced by the process
of the invention include but are not linmted to nono 1-nethyl ethyl arsine,
nono 1-net hyl propyl arsi ne, nono 1, lgplp 324 bsd @1 hyl arsi ne, nono 1- 55

met hyl but yl arsi ne, nono 1, 1-di met hyl propyl ar si ne,, nono

1, 1- di net hyl butyl arsi ne, nmono 1, 1-di ethyl ethyl ar- sine, nono

1,1, 2-trinethyl propylarsine, nono 1,1, 3, 3-tetranet hyl butyl arsi ne, nono

1- met hyl heptyl ar si ne, nono 1-net hyl nenyl arsi ne, nono
[err]methyl benzyl arsine, nono [e[y] > net hyl benzyl arsine, nono
[err]fﬁ%thyl(4- nethylbenzyl)arsig , w2 §( 1- net hyl et hyl ) ar si ne,

rTime

bi s(1- mePhyl propyl ) arsi ne, bis(1, dﬁﬁé hyl et hyl ) arsi ne, bis(1- EP 0 324
958 Bl net hyl butyl)arsine, bis(1,8;dgueshyl propyl)arsine,

bis(1, 1-di met hyl butyl)arsine, bistl, 233, -tetragethylbutyl)- arsine and
bis( [err]-methyl benzyl) arsine. In o enbodi ngnts of the invention an
olefinig reacted with a nono al kyl arsine to forg dial kyl sub- stituted
arsines. For exanple, isobutylene is,reacted, respectively, with nono

1, 1-dimethylethylarsine to 5 formbgs(1, 1-di mret@ylethyl)arsine, with nono
1-nethylethylarsine to form 1-nethylgthyl -1, 1-di &gt hyl et hyl ar- sine, and
mono net hyl arsine to formnethyl,gl,3-di methyl ety arsi ne. Additiona

exanpl essof di al kyl substituted i Bes that nmayolge prepared by such

conbi nation of reactants include But§are not ling®ed to

met hyl - 1- met hyl propyl arsi ne, net h§| X5& di net hyl p¥ &yl ar si ne and

1-met hyl et hyl -1, 1-di net hyl propyl arsi 8¢ The nonq@jkyl and di al kyl arsine
products obtained by the process of the inventiaoggan be readily 10
separare¥ fromthe liquid reaction product nixt ug & by phase separation and
distillation of the organic phase. Tge very highggurity requirenments for
use of the alkylarsines In ySrequire sub%&uent further
purification, which can be reag)|$| agconplished Hy redistillation. Because
no metal ;containing reactants -Aavg| bgen used for,ihe synthesis, there is no
need for renoval of netals frog pfodBcts made by ghe process of the
invention. 15 Clainms 1. A progess for preparing @fkyl arsine or aralky
arsine by acid catal yzed react]jonglf, an arsine WB@h an olefin or an aryl
substituted ol efin having at |elasd| 35carbon aton$® 2. A process defined by
claim1l wherein the olefin conflaigls B to 12 carbpf atons. 3. A process
defined by daim1 wherein thesjacd|d $atal yst is ggnon-oxidi zing strong acid
catalyst. 25 4. A process definegl b oCl ai m1 whggein the defined reaction
is carried out using a liquid reaStip® m xture c®gprising an olefin or
substituted olefin and a catal ystali nff¢ont act wi thSarsi ne gas under
pressure® 5. A process defined by<dai®m 4 wherei®h3the liquid reaction

m xture further conprises an inert liquid solverl 4for the olefin and the
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Examples of compounds that can be produced by the process of the invention include but are not

fimited to mono 1-methylethylarsine, mono 1-methyipropylarsine, mono 1,1-dimethylethylarsine, mono 1-

56 methylbutylarsine, mono 1,1-dimethylpropylarsine, mono 1,1-dimethylbutylarsine, mono 1,1-diethylethylar-
sine, mono 1,1,2-trimethyipropylarsine, mono 1,1,3,3-tetramethylbutylarsine, mono 1-methytheptylarsine,
mono 1-methyinonylarsine, mono a-methylbenzylarsine, mono a, a-dimethylbenzylarsine, mono a-methyl(4-
methylbenzyl)arsine, bis(1-methylethyl)arsine, bis(1-methylpropyl)arsine, bis(1,1-dimethylethyl)arsine, bis(1-
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6. A process defined by daim5 wherein the solvent is a hydrocarbon having
boi |l i ng point above [err]. 7. A process defined by Claim1 wherein the
olefin is isobutylene. 35 8. A proc249s8iBii ned by Caim7 wherein the
acid catal'yst. is a non-oxidizing strong acid catalyst in aqueous medi um 9.
A process defined by Oaim8 wherein the strong acid cataly IS an
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| st. The very high purity requirements for use of the alkylarsines in MOCVD may require subsequ@tt fuftther
Ver f ahr erpunfaonAnisigh cenhbel readiip redompliisheddiy rediswiation. BRezalsh i nd MmatdHcartainifey raeonatsng
el her fl Uses besn Usedikor ittensynthési, there Isring obrdnigr ook biUnettls iom chroducts arsde hyl thei n
A ef i n odegcessdh teiinventien.t es A efin und ei nen Katal ysator in Kontakt mt
Arsing#s unter Druck. 6 EP 0 324 958 Bl net hyl butyl)arsi ne,

bi s(1, 1- dPaEShyl propyl ) arsi ne, bis(1, 1-di met hyl butyl) ar si ne,
bis(1,1,3,3,-tetranethyl but arsine and bi s( a-nethyl benzyl) arsine. In
some emboli Aetiecessier P’ﬂ'é’"f‘%@’é’rﬁla'sﬁﬁ onraligy atsing, by aciq galalyzed;repgtion, °é am@pigp with an

al kyl ar si ne°'Pf8‘ ?’6? A LAvaTRiAdolefn havpe Ftdiaé'(? ‘ﬁfbg“‘ fiergs- For exanpl e, isobutylene

i eat e |
b (1 1 o ATEGPRRUeS kY it whofdp1Re cond TR ol 1ol BPBENe (o rorm
1-met hyl ef hyl (fm]ces]s dg1 %gﬂa% PYAein ¢ c?é&?catagﬁq QPJ%Q) %%’tloggf Sdi cﬂ&faliygt form

methyl, 1,1-dinmethyle ar si ne. d| tion exarrp Substituted

arsi neg; tafp mssth%f.&a QP ¥l weréw.b dGRGIeRBSH 1© earﬁhfd uEBhY 8 Mg Je&ﬁubM@lﬁtuRUt
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the pr Ef’ce%s Ad?m‘{eFﬁad?fﬂ% H¥ IC&;{n 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 alkanesulfomc acid containing one
L/,. 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 25°C to 100°C.

Patentanspriiche
a5
1. Verfahren zur Herstellung von Alkylarsin oder Aralkylarsin durch séurekatalysierte 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 Kohlenstoifatome enthiit.

50
3. Verfahren nach Anspruch 1, wobei der Siurekatalysator ein nicht oxidierender, starker SHurekatalysator

ist. -

4. Verfahren nach Anspruch 1, wobei die definierte Reaktion unter Verwendung einer fllissigen Reaktions-
56 mischung ausgeflihrt wird, umfassend ein Olefin oder substituiertes Olefin und einen Katalysator in
Kontakt mit Arsingas unter Druck.
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6. A process defined by Claim 5 wherein the solvent is a hydrocarbon having boiling point above 60°C.

7. A process defined by Claim 1 wherein the olefin is isobuty'lene.

3s 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 contammg one
(__ -+ to four carbon atoms.
40
10. A process definad 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 25°C to 100°C.

Patentanspriiche
45
1. Verfahren zur Herstellung von Alkylarsin oder Aralkylarsin durch sfurekatalysierte 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 enthilt.

50
3. Vertahren nach Anspruch 1, wobei der Sdurekatalysator ein nicht oxtd:erendar starker S&urekatalysator

ist. .-

4. Verfahren nach Anspruch 1, wobei die definierte Reaktion unter Verwendung einer fllissigen Reaktions-
55 mischung ausgefUhrt wird, umfassend ein Olefin oder substituiertes Olefin und einen Katalysator in
Kontakt mit Arsingas unter Druck.
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35 6. Procédé selon la revendication 5, dans lequel le solvant est un hydrocarbure ayant un point-d'ébutlition
supérisur 3 60°C.

7. Procédé selon la revendication 1, dans lequel 'oléfine est llisobutyléne.

— 40 8. Procédé selon la revendication 7, dans lequel le catalyseur acide est un catalyseur acide fort non
. oxydant dans un milieu aqueux. :

9. Procédé selon la revendication 8, dans lequel le catalyseur acide fort est un acide alcanesulfonique
contenant 1 & 4 atomes de carbone.

10. Procédé selon la revendication 8, dans léquel la synth&se est réalisée sous une pression dans la
gamme de 7 & 70 atm et A une température réactionnelle dans la gamme de 25°C & 100°C.



