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18 MaYishb @sedl 3 hala8Q] HaREs miPBe adcilonbal ixdesbimyioRe used
al one or in conbination. 20 For chloroalum nate ionic

9I|qU|ds the alkyl halide is preferably an al kyl
20ch |F9f E8caHelhie Bhic Qﬁufﬂ’l& iyt 2kl H&Tlﬂé’&pféf@tﬁﬁl‘} %ﬁlwgiﬁbrxde such

chloride, isopentyl ch loride or butyl lorid
2122 aaptkyl chichider ey witvichbsride lsgrenty h@é@l@@i |bv%| clﬂprmiﬁ%' The
22t h?l kl” VP ARE c@ﬁ) Ehu%dirg']_:%%é J&‘?“v&?ﬁ?ﬁl tﬁe ﬂopa%?ff a}{(? b eﬁ?s used ina
ation reaction tlono 'S0
23W| tgh'eblﬂﬂﬁhﬁen :emtﬁm cﬁbroh@dkuﬁmmﬁh@bumm withibgigheksin for

fera al k
24 2P AP B TRAR, for BrSlpe B P RRlpatk B roiR be 1-
25chhvotyi dﬁm](cikte a- b@@}ﬁb&hiﬁﬁ?‘d @ﬂer@fn ytHued eblogﬁe 6 wniéldﬁkﬁmﬁ of these
Mo'jt prefi ra t he e i.s a deriyative
26 of bl é#%ﬁpge?%%%dl <PF |°ﬁ\¢6k€ea PrIvEtiye &g gl fiespm Lo
27anghiche hﬁﬁfde'u%hﬂ&t dn@hfartidifation OP e addphialiin. Th@ ﬁi}lﬂﬁh lides are
hal i des are 28 used in catalytic anounts

28 hasyhip Gaek o prpwEs. aldryly. Hglapigests §F181§I38<Yﬂ)léalkj§pﬁh%‘¥d be kept at

29  low concentrations and not exceed the molar concentration of the catalyst AlCI. The
30  amounis of the alkyl halides used may range from 0.05 mol%-100 mol% of the Lewis
31 acid AlCl;. Concentrations of the alky! halides in the range of 0.05 mol%-10 mol%
32 ofthe AICK are preferable in order to keep the acidity of the catalyst gt the desired
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29 | ow concentrations and no-, exceed the nol ar
concentration of the catalyst Al 3. The 30 anobunts
wotoorhe2s8 |y, , .| halides used may range from OPOI/US2007/064431
tnol "tt 0-100 nol % of the Less is 31 acid AIC, _
Concentrations of the aik | halides in the range of
0.05 mol % 1 O rnola Q. 32 of Al C13 re pr {’erable
1i n PeFiRREHDE ERIREIED ke 13%$Ia?lt1590%‘§e P! hadidg Prppgrtional to
2destihffc_ﬁgﬁrm&%&clzéﬁgﬁ%ﬁ@oh@%@@tﬂnq%mmé_ per f or i ng
capacity. Al so, the amount of the al kyl halide should
3pe proportional to 2 the olefin and not exceed the

4”D|\@{§h&19 B@[ﬁ@h&%ﬁj 8;9 Qn\p’{ 126\«&?91 %;M! c]l]%nde i t%\:tlﬁ)ﬁﬂe D& Q to

bound to an oride, for exanp
acldctd:éttbwaiumaxammdﬁ bqr@m @tlvhﬁdmchap@ts with AICK tuiods,

Set racﬁ!lal'aéi;dggl s&cm ?% l.@ a(ngd Qﬂfgagr:!?g ﬁ-]?ﬁ :ﬁﬁ trom thcﬁmagar%tim

?s h |(i‘s,t3pdnmabt hebm&mpaﬁaé temerated dthd captém:t 1aastB 'm) rhe tertiary cation
t ted eti { I ds,to t

By et orer e BT bt b e d PreSier et bisrhe

ot hgguy@@i@a@@hfmn in the reaction and, trend. the 9
al kyl' ati on pathway, 10 11 A netal halide may be
wen'pl oyed to nodify the catal yst activity and

11S elﬁ?%iavmume mm%e cilf%ldvea & mB@ky e %atﬂ@&tacﬁ@mﬂl me%qﬂ» The
as i nhibitorsl ITDdI iers in alum num ch orlde-

12 atrats) helides nedst eprmg e pegtifas miﬁh’wﬁr@pﬁ@%gn awéwer»a@ chleride-

Na ] ,
190l S B e S Rl BRI R O
14an BaClh5Ele Mg Rbiohd CuEh grCichedm\ gt otldesRalsed Derebogk and
15 VO' vihngnétt‘ld {970 eﬁnpr E{x%ﬁfe?i%e&%&?é\fo?‘ _@, ? li'@?@) ﬁﬁ%{“g‘rd metal
16any1ahc&fscamrsm€eld r&gﬁiv, ;%t'l‘n_y{,iitm, |OEkONed as co-cat al yst to

1?enhance the activity of 19 the catalyst by boasting
the overall acidity of the ionic |iquid-based

18 Catradiys bny BhRndeRaciRaPbe sMslDy DGRt layst ® e@:ﬁ&hcka @ma &tivity of
liquid catal ﬁsts that are useful in practici

19pr alysp by Pepstiag the onerld aeifligeplode Hmifnh%‘%baspg B«rdfﬂgﬁea he use
20Pate Qﬁch’%@@a’[a%@és a?lﬁ‘ iM0S1quad 9??510% é)‘,lgfgme udoruian graugang thm present

200410 her co-catal ysts that may he used
21 enhmbmt ﬁ@l%bﬁ@dﬂm@x‘ﬁ Hiblished Pappt pyyBiogded Nps. @@%Mé@ and

SRR R LS R o e
22_“ %(}g{»! Z#H“C ’tﬂ’gﬂr{? rt‘, ’té_ S%?%, &I g&%ﬁ .H’(ﬁd .‘ IFE%%L%‘Q?} g\ciudc
23 Sdk’Bb&tddib.ﬂmpE’ltxidSMauﬂw €8 mdtal Haliddd s8ch RafrEiht 2Ry, TiCH,

2§0f S)% Bg the,to.v sol
241, d3G e Bond i o HT0: drgbeggr Rt i dp 1 i s o
25al ldopkmpekon, |ike nobst reactions inionic liquids is
2‘Sr~ roll)" biphasic nd tikes plac : at
27 Due to the low solubility of hydrocarbons in ionic liquids, olefins-isoparaffing
28  alkylation, like maost reactions in-ionie Hquids is generally biphasic and takes place at
29  the interface in the liquid state: The catalytic alkylation reaction is gencrally carried
30 outina liquid hydrocarbon phase, in a batch system, a semi-batch system or a
31  continuous system-using one reaction stage as is usual for aliphatic alkylation. The
32  isoparaffin and olefin can be introduced separately or as a mixture. The molar ratio
33  between the isoparalfin and the olefin is in the range 1 to 100, for example,
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29 the interface in the ligtridstate. The catal ytic
ai kylLrtion reaction generally carried 30 out in a

wO p@ait288 vt t r +oocar bon phase, in. a batch sysSPENUSH07/064431
sem -batch systemor a 31 continuous s 'Stern using
one reaction stage as is usual for & phatie alley
Iatlon The, 32 isoparaffin and olefin can be
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the rang@ 7 to 100, for exanple, -8 WO 2007/1122
7

3 pcard g gezaaplume Hdiisedyes insthy range ph *«!@lam@e”ﬂz» 4G

4 50 ro@c{r% E1ﬂﬁ\lﬂ: Yarlgh 0?5’% L@QQ}gﬁ} w140 é*?r% 11*0&'1&”3{11‘1‘;1% N %E@uahﬁttg Rusure
ys e eis para I's intro first then

3 oI ghddontrct betwesutthe e:acrams pucetha cathlfyity rT he 1®uamdtsmpe:faime can be

L. he L s Loupe-tange.of 9
o Ml s BHLTF S D BhERE! Bpd b EC FEORR-ET Ty prosr
7 uI &b beaoin Kk Mﬂgé)/ﬁomf awspmlcqﬁmmm@m@ idespefebdbdy fidticient (o

ensur e ood. ct en.the reactants and the ., .
8 catamye o ioRELRGH Pl SraTUPe VERe BOSeg  tepgee i n
gr aﬂ&%@&@&m@hﬁ% houl, preamﬂj ¥.5infintd E@Hﬁan“gie he’%@&n&@tcd

+1OOC ressure . 7 can be in the range fr

O at ﬁﬁgﬁﬁ ggctipn 6@1@@5@% ngtgd weyepray-of Hie B8P kpoyn i the skilled person.
11 Subfegl remqrmﬂ& #€ eygﬁgsa béERMab AR Spdfled REmIthh? phase by

phase, Residence tine of reactants in the vessel is in
129 tlerenting dendhd kirerationglaresepamierblr &stilintion arditbie ylaging
13M ﬂse%&g dﬁ'Ql v[*‘ﬂi Et}/has-gta?bgeg a&m%?t@@ f@a}g eleethQ IPEX‘@EI;“.& reaction
, ated using he neans known to
14the sk|IIed pcrsol 11 At the reactor outlet, the
15 hyqqrﬁl \ at%pi%ﬁr?dﬁ 1?% %ﬁa} éﬁl C!)(sﬂgdr it ngtgts@me i) the Ig’g:gpsi of kf%m 5
16d|is&t&ﬂﬂﬁummam&nmhmuséaf&mngiT{Enl30®ﬁ3a@ﬁﬁmmemhﬁmh3DOkPa

has 1 en .converted.is recycl.ed e eq ctor
17 15*%5%%2’?&"1&%%?%%%8 i 1?‘?‘6%%"“?\ ﬁéh"’i“at‘r:’l? s rSdidenctime of
1gcakahiisd 1 wehume in the reactor of fron5 16 vol%to

50 vol % a tenperature of from-10'Cto .,'-100'C, a
19pressure of from 300 kPa 17 to 2500 %Pa, an i sopentane
2pto h@blﬁf ézﬁbo‘ﬁﬁﬁ@'& of 5"% U@tﬁ@%&:&?&ﬂ%i@ 1hOp 8@ thvand RS higg_eRty

tine hour. 19 20 in one embodi ment
21 of ffapobn@b@a@namwmg of owt Hdatpitesre mecovsivé frondhe allylghion
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24 S ST B B G, BRI S e
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26 follow 27 "9,, WD 2007/112238 PCT/ US2007/ 064431
| EXAMPLES 2 3 Exanple |I Preparation of Fresh |

wo Bwohiid2ps/ri di ni u:, Cliloroalunmu ate |onic Li geé™US2007/064431
Catalyst A (Fresh IL A) 5 6 1-butyl-p\ridiniurn
chloroaltimnate is a. roomtenpe_ar:,:e ionic | quid

prepared by 7 m xing nett |- tyl-pyz-ic itniurn
Tchlori de (a solid) with ni'@é&hﬁéﬁal mi i uiu

gtrichlorii e 8 in an inert atnosphere. The syntheses
of butyl pyridi:niur chloride and the 9 corresponding |
3. pExpmplg Loyt ?T&P?TP*EQWPf@ﬁ"‘%‘?r]oBu‘f’iW“%“Hl&t ehlgreshabege foaeLiquid
4bcm§é;\;g{ A¥Prelil Bya 2-:1:. Teflon-lined autoclave, 400
gm( .05 rnol.) anhydrous pyridine (99.9% pure 12
purchased fromAldrich) were mxed with 650 gm (7
nol | 9 ) s
6" ért&n&ﬁgnmwm SRR PR rdohn PR P SRS Lk pRBhred by
7 m xtiving ngwad -buly- mtnﬁmmdﬂ@tt@@mht} wlith nefGolid dbrninuih trigioride
ger ica Ssure 0
8 oot BECREHGRE s ghlplses QO RIng RRGR I s 0 L. o
9 anketesgdisigl Hedyvi-pyrchhiomahansalanthate ke dasatistiecloed to a
mthree [iter round bottom flask. Concentration of the
reaction m xture at 17 reduced pressure or, ainrr T

11 eVapepal Défichllfed ah&@&ia‘v\@tﬁl@ﬂi et 0} ndo.) LETRMRIS BXAERS (BBY% pure
chloride, tun-jcacted pyridine and the chlorof ormso!

12 5 pyichaseq figmaAidgely ey n&«qswamqo gm flomplyy f-ehlembpigpe GP-5%
13 ts h }119. gﬁ@ﬁﬁ&d%‘m AfRRS). k?‘l/u, Qtﬁtrgté&le Wb Erd tﬁphé‘dt '?xﬁgture was

0 In hot acetone 20 and precipitatiz
14 purBprasde sdt aitlR5°C wder autogryl ressurgpgeratightt rf\qgﬁ‘ qopling off the

d
15 :ng&ﬁé&%y{@}n'&%n m?@;}% tf}é :tegcftféw@gn g?%‘ Qﬁ%ﬁg %écycﬁ}g%h e&' lf gig‘gi)%form and
16 22 upisdretsl)io aftln’edﬂbted&:&nﬂ bohqm Gaike Comsnamionfdt -ﬂw‘macemn mixture at

shiny solid. |1-1- MR and 13C -NVR 23 wer onsi st en
17 a et il ops o b SRR TRy il et D P Sk
181 nplibtifdtas-r&rld pyAdin® bﬁcﬁﬂa\z‘ elloratbrm fbveht gave a tan soiid product.
buty 5¥r|d|n|urn chl oro &rljn te was
)RT

%51 SWiiCation phipe grqdugt was Nt R G bl ]é‘ﬂ“l ighpteetone
20an dmﬁbllcmﬂﬁétﬁfgaﬁe pur& bfoﬁu&lﬂﬁmﬂgﬂtfdoﬁﬁg et dadiddmbofdiethyt ether.

according to | owi ng procedure. The 1-buts .
21| pEiicang éﬁlclﬁfc‘zﬁl%‘lﬁfi‘%féfaﬁlﬂiﬂé Pk gt @ @ rofgry syaperqiargave 750 gm (88%

22 yields) of the desired product as an off-white shiny solid, 'H-NMR and PC-NMR

23  were consistent with the desired 1-butyl-pyridinium chloride and no impuritics were

24 observed.

25

26 l-butylpyridinium chloroaluminate was prepared by slowly mixing dried

27  I-butylpyridinium chioride and anhydrous aluminum chloride (AICls) according to

28 the following procedure. The 1-butylpyridinium chleride (prepared as described

28 above) was dried under vacuum at 80°C for 48 hours to get rid of residual water (1~

30 butylpyridinium chleride is hydroscopic and readily absorbs water from exposure to

31 air). Five hundred grams {2.91 mol,) of the dried 1-butylpyridinium chloride were

32  transterred to a 2-Liter beaker in a nifrogen atmosphere in a glove box. Then, 777.4

33 gm (5.83 mol.) of anhydrous powdered AICI; (99.99% from Aldrich) were added in
~ 0=



29 above) was dried under vacuum at 80' C for 48 hours

to get rid of residual water (i - 30 butylp ridinium
w@bkooza1228%l. . i fl-, droscopic and readily absorP@BUSBDE64431

fromexposure to 31 air). Five hundred. grans 9%.91

n7 eL) of the dried 1-but3lpyri,diniumchloride were

321 f t 2-Lit i
12 Rl Bk 0B b BT IRRST L 80P 8RR
2r n@éagﬁorﬁbn@@m{ﬂfaw&hﬁm&&@ﬁ tméasﬁzt&@ aﬁﬁﬁrn&%?(‘mfgﬂﬁgmd was left to
Al drich), were, added in WO 2007/ 112
3 pCEriisxho ProBEs s ﬁwlgle‘ﬁaipqx BBt Hawhwag U\)ﬁ%" ihétf«fgf' i PRIy any

41 0 \GQRNEIQkg e, t"i%@l?@sﬁﬁﬁx ra@ldeh thes E\Jrﬂiﬁ}ln)(m%m%?cﬁ%ﬂﬁﬁte 2vas
reaction. Once all I'C13 was” added the resul ting

5 ayead-as dleskdatagyst thlth indatianeriisopentar wihethyleas, j r
governight in the glove box, The lignmd was then
filtered to renove any 4 un-di ssol ved Al C13. The
resul ting acidic 1-butyl"™Pycidini um chl opgal um | ate
was 5 used as the catal ystlfor t he al kyl at ron of
i soperitane with ethylene. G R3ICNXI1L_d )

2Equi v AJCl ~ neat Il 7 &auto eni ¢ pressure gmlgl
Exanpl e 2, \ WlsoP ane with Ethyl 2Ll
wi t hout tihe presence of & 41 prlondteiv 4513 ﬁ?‘\ 00 cc
aut ocl av sdididsake | W E gM Gkston ¢ Liq d
7cat al yst, 0 gm,l)gm.ag}t}%@r ous |sopenat ane and

et hyl ene. The reaction was themsiirrcd at -1200 rpm
815 and heated to 50' C at auto geni c pressures. | he.
ast arting, pressure was 288 psi. The 16 reaction was n
oweC to run until the %rossure dr opped . down_into the
10sl AyREpgigi t SMikpatigngigelentanggjth IEH“FEﬁF yihgydhepregncogl a
“mg%]e&mreactlon tine). In the ease of sloe, cuing 18
ction, the reaction was allowed to run for |hr
12I ong. At the end of the rca tioil, the 19, reactor
aWa ASAHP r
513 TSk A0 RS, SPAPLF MRS SIBRKER B 0
14wa$ma_,hir@.msbpbmalsmﬂl 1@ gnnmhvlﬁnqa Has eﬂcuonﬂq@ th&lstord agi- bZQU rpm
and anal

1 Eglh éiSKI] }1%’1&% tg gﬁgggte@itog,ﬁrgr PSRt ‘Fhe ﬁarng pxessutre was 288 psi. The

18  reaction was allowed to run until the pressure dropped down into the single digits

17 range (5 psi in this case after 28 minutes reaction time). In the case of slow going

18  reaction, the reaction was allowed to run for 1hr long. At the end of the reaction, the
19 reactor was vented out and g gas sample was checked by GC for ethylene

20 concentration. The liguid reaction mixture was allowed to settle into 2 phases. The
21 organic phase was decanted and analyzed for product distribution by GC analysis.
22 The reaction results are shown in Table 1.

23
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22 The rc a:;tion results are shoal in Table 1. 23
_1'1 WD 2007/ 112238 PCT/ US2007/ 064431 1 Exanple a
wedoyhason of i soPentane with Ethyl ene in t heP@r/E@sSmnvesdd3l
of HO as Co- 2 catalyst 3 4 'f'able 1 bel ow shows
the results of the alkylation of ethylene wth
isgpentane in the 5 presence of g@h}yl chlogide and in |
1t nExgpRis dnce AR o8 pT ol rntes B BdyTenhi e RIFFAICF ghtibs as Co-
26 sQpegitatne with et. hy' ene',vvxas done. according to
the bl lcfwing procedure. 7 8 A 300 cc autocl ave was
3charged with 40 gmof ionic liquid catalyst, 100 girl
9 1LnbYqLioQHFiohs BREDLADES thk B latinf bP%LABE wAlBofbrdan? in the
& TP 36 Rhol S BRSGLATEE ok D3 Y0 Al e
5 edpatencd 200hyiphicaidd atvbimt thelpresens@ Gl osten iyl tiggeds. clhe alkylation of
pressures. .the starting Dt e e Was. 18).- The
O eé?g?‘?né‘f?ev\‘ﬁt}‘ eglll}lﬁ%n\k}e“qm{b%n? %Cr]?c’%rl} E"Istlﬁ%t(%fg“%g lélé 8?%{163 Fopped
712 down into the single digits range (9 psi in this
case after 4 mnutes reaction ti.ac ). Iln 13 the case
8 of Ao guicnigs Bt e ot be e Prisliavlboufond§ efS
o I uBnifyarcll isoh@ititie, 1AEmlechs tend 4@tk 5odm bhahieaat HOM, THeheaction
reactor was vented out and agas §%ngle was checkeggby~ ,
10 coway Bien gt dty eMbrreptcdiitEat] Yht aridosaniurressreacticotring
14 M XM 8: Gad 89 Bl HOWRG clith SRS el I AindintilBe PRASSS dropp&
or tan phase was decanted and anal yzed for product —
12di dewn bue thersinsye Bts rameedRariigitys caph altprbminuing reasgon tige). In
ar 8 SHOW Ao FARkGconl Bie rd2ubX AP R oAb Kh ibf 1900f At
19 e Y e Rt e AEPUR AT B R LAT0RL At the
14 Chkoi olighhemeics the rcwr ves geni@lont 224 Tiges neadt Werrhecked by GC
described in Exanpl e-3 was,repeated. bu Qr ] T
15 ¢ B el oA R ST AR [RRRRLES B Sl it Rt 2
16 aCipbhas0d ThEb)ganithbasesas tdecamtadasd atalyed {d0Rodri 2idiribution by GC

isopentane, 10 gin ethylene and 0.9 pm c. hl oroet hanein
17 40 oS bﬁTVF‘Wg? ERShi g@'%‘ﬂﬁﬁg%gl‘ urni natc ionic

4gl i quid catal yst, The use ofchl oroethank was as etfecli
26 using HCO in the reaction. Table 1 sunmari zes

1 9te h%iaf@aléﬁi on Aeduianet awpdertamgrith Biglene mptho Brasgngaple 5
oA @]@5&9&3% albsopsat ane Wi th Ethylene in the Presence
of t- Cnl ol 0- 2-
21
22 The reaction described in Example 3 was repeated but chloroethane (CHyCHCl) was
23  addedin place of hydrochloric acid (HC). The reaction was run on 100 gm
24 isopentane, 10 gm ethylene and 0.9 g chloroethane in 40 gm 1-butylpyridinium
25  chloroaluminate ionic liguid catalyst. The use of chloroethane was as effective as
26  using HClin the reaction. Table 1 summarizes the reaction results and conditions.
27
28 FExample 5 Allylation of Isopentane with Ethylene in the Presence of 2-Chloro-2-
29 methylBuane (Iospentyl Chioride) as Promoter
30
31 The reaction described in Example 4 was repeated but tospenty! chloride was added in
32 place of chloroethane. The reaction was run on 100 gm isopentane, 10 gm ethylene
33 and 1,2 gm of iospentyl chloride in 40 gm 1-butylpyridinium chloroaluminate ionic
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29 net hyl utane(, losperrtyl Chloride as Pronoter 30

31 The reaction described in Exanple 4 was repeated
whed7iiezpent yl ch or ide A vas added in 32 plBCBEUS§007/064431

chl oroet hane. The reaction was run on 100 grit

I sopentane, 10 prn ethylene 33 and L2 gm of iospentyl

chloride in 40 gin, 1-butyl pyTidiniuzi chloroali.,

1} riligaeaiabith dsonniigd ity Pi??ﬁ?‘%‘g o hse19eSdeiF de pprocthanc

21 1 gHd dce af @k Ydlaribs OPeRlans M kI Rna PPEaF a6 dnovR&xiremely
more effective than chloroethane 2 and HCl in the ,

3al kyheTBnaskthe e pe apel Qg B FRpcdoTeiemppratureiactl b freaction
WaS. x4 | ¥he e SUQUIRGIHIH $nsBRY | 18 {6 Ptro

ATRTIPHIETE e plo RO DG R RRp LB R0 PRSI, ARt rrom

5t enjpsiatnueseyre of BE7 prie$shir & sanmppe tharstciionaenulis asbtopditions.
to the single digit mark from5 starting pressure of

"337 psi. Table 1 summari zes the reaction. results and

7conrdishoeni Tabbe 7, wAsnshglwhlondekaldsperityl akrehleatdaptided, the
chlorj.de.or iospentyl .chlorj = added, the 8..

o eagelghid wet TRE by »Eiiehid TBn apo BReBt B bkl Prippesmy

8i n chiagidpnesenceqatker oopentwimiBeahh oThdRamngs Mighhighly

qui cker (;lrnpst n t ~ntaneous . The_reactions re.
10n; GRIGerIY: BB a0 AR PRER S IREP ' hE egres o RL ol clearly
11t hemidhs thREyIRCHANETRL Ak ad@5M §Salieh @RIbEYes bhd on the progress of
indicate the ver'' profound effect the addition of
12a) kijylaganoiniierds lingids-on the progress of 12 al kyl ati ons
qainionic, litl"ids. 13 Na - --------------------- HCl
or RA WH G WEthy 1.4 W.Iospentyl-C tart

Pressure 288 psiNg BAGrR-Ch | 3@HGr i| gVE3M i ¢ Wbmpentyl-Cl
Pr egsure—5—pst¢g—tt—pstg-9-prtg—7F—ReactonFime—28-—mn
4 min. 6 nia. 2 mn Selectivity C3- OMA 0 0.01 O
CA QSBht PrediGrel | 9 4si@7 G | G40 i@ (381 0sig. r 933763 C 6
1.14 2.6-.244.5.19. . C/7.22.33 1932 (8.2.-94 3 2 3 cilf,
4 17 End Pressure | 5 psig i1 psig | 9psig

ReactionTime | 28 min 4 min; 6 min. - 2 min.

% Selectivily

3. .04 ] 0.01 10

C4 0.86 1.88 1.93 4.97

C3 T67.78 677 6279 65.53

6 1.14 26 2.44 519

C7 22.33 19.32 22.33 14.78

C8 2.94 125 3.68 3.27

o 241 ' 2.12 2.93 2.65

Ci0 1.5 1.59 1,78 1.64

Cl11 05 0.8 0.93 0.95

C12+ 05 0.75 0.98 1.02

Total 100 100 100 100
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PCT/ US2007/ 064431 | The alk flations in the prc = ous

E nnples were done using pure i sopentai e feeds. 2

Table oWs a conpari s n tween .di ffereot .catal
Tsc ﬁé’ﬁé@‘y aHoRHa TR WEYIaES O VgTE %‘?ﬂ%@% pﬁ’é‘h‘t%&‘é’}{%\}‘i‘?ﬂ‘

2 et hyhigN&hHdS h Bempaksbh bet%&xﬁﬁxf@fcn@&aﬂﬂ}sﬁ 6dNeBich Bethe Aikylation of
prormters 4 Analy>s. s of the refi ner%tr% ntanes rsi

33’ refinsty powEanpEWHb EoleRe bong BR.aTe: o6ty Cshlar Ble 8 RosRaers.
45 ér{a ysﬂ?m@r@ﬁn@y SHhrdles WB%E @ﬁ%t@@to@\ﬁaﬁ% 49 iso-pentane,

I NS ~ nictins The rerefiner
5pe Sampentafoll shueomBalhEd-68 dWi Ai2by olgms (Cryed Cs olefing).

re N, I
O nd 6 gy Rpal AR B IEARL PRt o FEE TR nESBigndy B gyterm
?Wl mhr@t‘ﬂny'ﬂhem&acnmwl werBrtnyd gsydeadibnd Umhixab@les 6, 7, 8 and 9,
8ChI oroal um nate-No Pronoters 11 12 The refinery

i sopentane feed with specs described earlier was dried

W tHa@yRre 13 AUl Refhey Beittnds erdvthday indsBatuiplyridinium
eater. Then éOé |n of the dried feedwas, 14 with
1010 Cﬁ‘ﬁ?‘"@?‘“’ﬁm&g t hiATERESin 42 gmionic 1iquid catalyst
11according to the procedure 15 described in Exarrpl e l.
Tabl e 2 sunmari zes the reaction and the results.
1217 Tz aptisrieisqpeniary fosd Mot b@PCSPé@m@We@Bﬁt%é‘gwmﬂﬁ ver a

13Et t?dei&%Far vl 1o rgﬁ%w Qﬁ’r rbgéjiga'l %%ﬁr &, 101 pi:g of ’[2118 dried feed was

I'or oal t rani nat e- ww Pr onof er 0 Usi ng
14t hevl]dT Boodof purd ebgiend @d@?q m Ean Yo catgyst deqoeding Blithgpfocedure

O EHLOPINELAGREL I, Ll 2L UL RE, SRS S

mo pure
1Bethyl ene in 42 gra 22 |on|c I|qU|d catal yst in the

F ﬂgf ; g‘;{lmqulém Eg)}efr mery ?enztanes Wi ﬁt%ﬁgnet 1?1% B&F Ppynglmum
1 8 thnmal uminate-with HC1 as Promoter
19
20  Using the procedure described in Example 3, dried 101 gm of refinery isopentane feed
21 with the spees deseribed earlier was alkylated with 10 gm of pure ethylene in 42 gm
22 ‘ionic liquid catalyst in the presence of 0.6 gm HCL Table 2 summarizes the reaction
23  and the resuls.
24
25 Example 8  Alkyiation of Refinery Pentanes with Ethylenein 1-Butylpyridinium
26 Chloroaluminate-with H;O as Promoter
27
28  Using the procedure described in Example 3, 101 gm of the dried refinery isopentane
29  feed with the specs described earlier was alkylated with 10 gm of pure ethylenc in 42
30  gmionic liquid catalyst 0.1 gm water. Table 2 summarizes the reaction and the
31 results.
32
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25 Exanple 8 Al elation of Refinery Pentanes wth
Ethylene in | -Butylpyridinun 26
w@hdooneaBginni nate-with 1-170 as Pr o rroter 27PCERBS2007/064431
Usi ng the procedure described inExaniple :3, 101 gm
oftlre dried refinery i50pentane 29 feed wth the
pecs descri dearll was _a | ated. wth 1
rﬁéalapﬁﬁ eng yiagion g5 e%fzgﬁ?lﬁeﬁ% i i‘d@rloﬂedaﬁgf?w%d*fwm
ZQWrﬁﬁuniT@QL@]ﬂ?Lﬁxym@bhé@& frh@cteaction and the 31
results. 32, -14 WD 2007/112238 PCT/ US2007/ 064431
3 Exanple 9 Al kylation of Refinery Pentanes with
4Et iyl :‘Foriﬁ uhﬁcc"du@&%&@éﬁ'n@ EE&I hABh. 201 pm of the dried refinery ismpﬁntane

Chl or 6a I nate-wit lor e as Pronoter

3 Us mn:g withethp m@@edwebasﬂe@drer b@@l alkpla@d avihl & 8n ofipire gimytshe in 42
th r | Al
6, I% 8}’23‘#4{‘ ca&\%ﬂ}/l%ﬁ gf’ﬁ[‘} 1%3?01 1dghtr%§9 *%ﬁz&a};ge% BPREES and
Tethhdrendisin 42 6 gin ionic liquid catalyst 18m. of
8et hyl chloride. Table 2 summarizes the reaction and 7
the results. 8 9 Table 2 summarizes the results o_ f

gal Eyd}lat”i stugﬁn&fzeg tﬁgicﬂﬁ]!syoﬂdﬂ@lﬂ)ﬁlﬁh:aﬁﬁ‘eﬁn@? iswgzirharﬁufétﬁi wi%l@pure

et ne es ed in es 6, 7, 8 and 9. 11 Ref.
10Feég 3’% deBhe fﬁﬁ%@a%%%ﬂ%@éq‘("'d INO) F d or
44Wi 1H1ICl WEthyl-d WI112+ 1z _O Start Pressure 226

psi T12-49 psi 295 psig.313 psi End Pr_o _ssure 104psi
10 jpsi 13 p dg 1Repdieed Radkefitesd 6uRafped 19 |1Refiteed 24
mn, 2% mn  Y%BSuddElwi (WS- o] M1EGybYl 0. 981 19
C410.7.71.19 1.0 1,271 C5 81.34 69,35 62.69 68.93

Start Pressure | 326 psi | 249 psi | 295 psig 313 psi

End Pressure 104psi 10 psi [3psig |15 pb}

I;f;iﬁm | 64 min. 19 min, 24.min. 28 min.

YeSelectivity,

C3- 0.21 0.07 0,05 0.19

4 577 {19 39 127

C5 181.34 69.35 62.69 68.93

6 282 3.06 3.87 2.97

C7 8.74 1836 | 21.03 18.18

C§ 3 138 5.03 3.93

5 Al 302 335 24

Clb 1082 126 1.70 1.24

Cl1 0.37 042 083 0.53

Ci2+ 053 048 0.84 0.61

Total 100 100 100 100

12  Table 2( Alkviation of Refinery l*cu:! n Buhlnvndmlum Chloride-2AICH/FLCl
13
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C 182 3.06 3.87 2.97 C7r S 74 18.36 21.03 1 8,18 t.t
C33s505C1a1l1202255214 C0OO0-82 1.26
wa200011248 Cl1 0.37 0.42" 0. 3 1:53 Cl12+ 0.53rOr/482007/064431
0.84 0.61 Total 100 100 100 100 12 Li bt 2i 11.
lation of 1Re inr, Feed in B ttv "ridini rn
Chlorlde--2A1C1 |EtC 1't 13 -15 WO 2007/ 112238
1 PCThers ST B AU Ariakonf B the %F?%i&‘ﬁ@?‘kﬁ’ﬂé‘”\) Jra PpssHde Brfight of
2t heLERSENE ahdMPREHRD NhABs &E81RATSIRL & ik ﬂl@l‘éﬁ‘i’(@tun@érstood
2 the teachi ngs and supporting exanpl es descri bed
Bhetlt pithin thy §LUIPF=\ ef b wlgnumjémb@tm ingvepthen MANDY pqapﬁiwi
4! R BORE 1h of BitclrRil OSB! bilnpi 26 1 }nr%ent on may
be practiced erwi se than as speci fi cal
descri bed or exenplified herein.. 16 WO 2007/112238
PCT/ US2007/ 064431 1 WHAT IS CLAILIIED IS 2 3 1 An
all ylation process conprising contacting a
hydr ocarbon m xture 4 conprising at |east one olefin
having from2 to 6 carbon atons and at | east one 5
i soparafiin having from3 to 6 carbon atons under
al kyl ation conditions, said 6 catalyst conprising a
m xw c of at |east one acidic ionic liquid and at
| east one 7 alkyl hlalide, 8 9 A process according
to claiml1l, where the acidic ionic liquidis a 10,
chl oroalumt-zate ionic liquid prepared by m xi ng
alumnumtrichioride ( 1C13) 1'1 and a hydrocar byl
substituted pyr dirium halide, a kdroca byl
sull-aituted 12 i-m dazoliunmhalide,
trial kyTl an-u-ztoni Lan hydrohalide or tetraal ky | anmon
urz . 13 halide of the general fornulas A, B, C and
D, respectively,
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14 1 RARA NX X 3f Rs 16 ABC11) 1;7 18 where
R=H, methyl, ethyl, propyl, butyl, perayl or hexyl

w@emapiesl X is a 19 halidc and preferably a Ptil/081008064431
and 1 1 and R2=I=I, nmethyl, ethyl- p:op\-1, 20 butyl,
pentyl or - hex | group an(t \th ie Rl and R2 may or

he {EE 21 and Rs Rl, and wid

5 s y-=propyl, butyl, pentyl or hexyl

zgroup 22 arse =here R3, R4 R and R6 may or may not
be the sane. 23 24 :3. A process according to claim

32, lnher 8nAyRECRBIOGRE CPBRTIBNE FRUAENE § hydiosTbemive

4from thg, graup £asd ik ioRGin by Trp H”"oleca}rl%(ﬁzta‘t\ms hnd 4 1&st one
it3it~itzzm chl orual um nate %f) S T

Sridi ni uprst&n baviopimei  w §BFon alalmwm: akyiﬂmmmndmns, said

g M da ol
1 -1 pé o %%Iﬂé&agw?‘ga e?ﬂﬁ?’%«é 896 %édu( ’_(ﬁgjl. l;i%d.%at least one
72007/ 112RB8aRET/ US2007/ 064431 1 4. A process
8accordi ng to claim1,wherein the catal yst further
conprises an 1-1Cl 2 co-catalyst. 3 4 5. A process
9 aclaor di R@fr(ﬁcﬁsﬁiuﬁthrmnk 10 MaRk € \ﬂhdrhﬁlei*xﬁ?tb&bﬂxﬁfllhmdi1§a
o Se ecte rom the consisting O ohut a
0 sopent gﬂ‘é@alﬁﬁlﬂ’aﬁh “ﬁ‘ggldtﬂﬁ"é?aé‘éif by Tgixing %“m‘/&“‘ﬁ‘r%@é%‘%de (AICL;)
11 accor di /i £1§dedcaivn Qubsﬂmﬁ Sl-Aditen iRk ﬂw‘d%ocﬁﬁ;‘ﬁ%lb@ﬁ’mted
from the group 8 consisting of ethylene,” propyl ene
hl tyrl @ﬁg%wh}é@mab%éiIcéﬁdamwm@fdmhek@oqr tetgraliylanymonium
7 A pr
13 21y SRR AR A T ShE i OREEINP
4 yol urre in the reactor of from5vol a to 50 viol"o, a
tenperature of 13 from-10C to 100C, a pressure of
from 300 kPA to 2500 kPa, an isopentane 14 to olefin

T R R e
:r/ X ““‘ff' X Ry ‘}:Rs Ry O\ SRs
R
16 A B C D
17
18 where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
19 halide and preferably a chloride, and Ry and R:=H, methyl, ethyl, propyl,
20 butyl, penty] or hexyl group and where Ry and Ry may or may not be the samse,
21 and Ry, Ry, and Rs and Re=methyl, ethyl, propyl, butyl, pentyl or hexyl group
22 and where Rs, Ry, Rs and R¢ may or may not be the same.
23
24 3 A process according to claim 2, wherein the acidic ionic Liquid is selected
25 from the group consisting of 1-butyi-4-mcthyl-pyridinium chloroaluminate
26 (BMP), 1-butyl-pyridinium chlorcaluminate (BP), 1-butyl-3-methyl-
27 imidazoliom chloroaluminate BMIM) and 1-H-pyridinium chioroaluminate
28 (HP).
29
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15 16 A process according to claim1l1, turthcr

conprising recovering high quality 17 gasoline
whb@ndinigonponents of [Omw v latility. 18 19rQOr/US2007/064431

niroco, .s according to claim 43 further conprising

bl endi ng sai d conaponents 20 unto gasoline, 21 22

10; A process according to claiml1, wherein the a I
Thali de HaOTROHFTding 1g tlamm | cwhiseiA i %k%&ﬂ%‘sﬂﬁi’mﬁs an HC
2 process acgarding to claim10, Nrhere the all: vi

halide is selected fromthe 2 group consisting of
3nethyl halide, ethyl halide; pr:~py=l halide, 1-butyl

4 hal" de ;ﬁzﬁc% '_Hd{-n td cn% ly dﬁhiré g lifhe 5ﬁﬁrsz% W set&@{eﬁ $Ben the

spentyl exy
5 s i S0 henoyb cdmiﬂhdg of ishiopine| wwwdssq*lm mixbirgsgagreol}
8IIA|d s:, octvl h1=",rles and 29 isooctyl halides.

30 31 12. A process according to claim9, 1,vlierc
7t he. al kylprémad dedording 18 elaﬁ‘ﬁﬂ e‘ﬁih_tfreiﬁrthl& dlefin B2clgriodifrom the group
| S
8 ;?E;Idsgiﬂ }spagegtl k‘%}éen& propyl eniéj b% yielﬁégf lpt:t%tgx%s 91%(? ini:ﬁﬂrdes thereof.

o

i

10

11 7 A process according to clatm 1, wherein the alkylation conditions include a
12 catalyst volume in the reactor of from 5 vol% to 50 vol%, a temperature of
13 from -10°C to 100°C, a pressure of from 300 kPA 1o 2500 kPa, an isopentane
14 to olefin molar ralioc of from 2 to 8 and a residence time of 1 minute to 1 hour.
15

16 & A process according to claim 1, further comprising recovering high quality
17 gasoline blending components of low velatility.

18

19 9. A process according to clatm 8, further comprising blending said components
20 into gasoline.

21

22 10, A process according to claim 1, wherein the alkyl halide has from 1 'to 8

23 carbon atoms

24

25 11, A process according to claim 10, where the alkyt halide is selected from the
26 group consisting of methyl halide, ethyl halide, propyl halide, 1-butyl halide,
27 2-butyl halide, tertiary butyl halide, pentyl halides, iospentyl halide, hexy!

28 halides, isohexyl halides, heptyl halides, isoheptyl halides, ety halides and
29 isooctyl hatides,

30

31 12, A process according to claim 9, where the alkyl halide is selected from the
32 group consisting of alkyl bromides, alkyl iodides, and alkyl chlorides.

33
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