;e3e\:}YttudvXTwh | 6] T: } 24 Novenber 2003 _1 1 PROCESS FOR DI MERI ZI NG
OLEFINS 2 FIELD OF THE I NVENTION 3 The present invention relates to the

di meri zati on of al pha-olefins by catalyzing 4 with a transition netal

conpl ex and a co-catal yst. 5 BACKGROUND COF THE | NVENTI GZ‘h@ler%B?PﬁOOS

al pha-ol ef n production processes yield [arge nolar quantities o

1-butene, which has |limted value. Thus, ways to avoid making 1-butene or
to 8 convert 1-butene into higher value products are desired. Catal ysts
have been 9 used to dinerize 1-butene to octenes, but the selectivity of
the catalysts for 10 they ‘ﬁ%j'(?eﬁﬁbke@iwtémﬁﬁmbﬁl@hﬁ@' octene isoners is
low, and the activity and conversion of the catalysts are low as well. A
catalyst that is active and 12 selective for dinerization is desired. The
product s-may be used as 13 prrecup 0 sHE uvPRDUCt i on of plasticizers. Since
1- pentene) 1-hexene and 14 1-6ctene are al so | ow nol ecul ar wei ght al pha

ol efins; they can also be 15 dinerized for naking linear internal olefin

di ners. 36 GUermasdny nventyd rietiﬁen-:ets: toadintreizplirdef cdthacd i 2 ¢4t8lgbiooy| al umi num
to catalyze 17 a ol ef| one enbodi nent, the reaction
can use T8 0V& %\kgﬁﬁtﬂonp@?té ?ﬁm ||so% ?%F %wt%m num take 4 to 6 hours, and
be conducted 19 at 170 to 220C. Under these conditions, the reaction gives
approxi mgt el y 20 70 per cepfs¥dhauRbabE THEQRVERTION. The converted product
i ncludes 80 to 21 90 wei ght—percent vinylidene and 10 to 20 wei ght percent
internal diner 22 olefins. Such a process is severely limted by high

vinyl i deme ot@tdri a%a&ﬁét@cﬂrbdﬂoﬁtyn pv%ddhieisqrrfadt langeemetas qdestitearit ages i ncl ude
a Tong reaction tine and 24 a q%.ée ﬂlﬁ‘l & |Jrema}én 1bu%e Ngrvte}nber 2003
21 Al dha bPeers s Upissdten 0693’3[ S B G AT HeRES is known.
In a ' 2greipnied. tﬁ,@@dhmherbbsee@aj@lctssdreueecbd rcathieS,tseralvecbleegy is
conposed of 3 bis(cycl opent adi enylg zi rconi um di.chl o a aI unoxane in

a nol ar Gat i el tefimerize JrbHenpHiePCy r@ﬁe?‘ftﬁheaf%ﬁ‘ft'ﬁ%?%fegﬁ%ﬁ "at 40C.

Under -t hgse g m&@e&ttéanaeatshenﬁa@@teh@rsomeree 198, oey wenictiatypdat ol ef n
conversion in two hours. 6 'The converted product jncludes 95 wei ght percent

di mer ol df i recawersion of te catalestgRre Purasens!! %?%t?’ﬁ tItl"%‘)tl BEFRE 2K di sadvant age
of this oatalystsVslGibisusn hiksirkd. PROFVEESs ef¥bd ddelil i nternal ol efins.
Wth proper catalyst ection, even 9 under the nobst reasonable

condi ti offs, prﬁeurlsmsécprrmpdttﬂt@ﬂ|0ﬁpl§ett%’@ﬁ vPINGe WEGNENEt 1 PEXTP A%t nake it
econom cg I y find R vah Mdebdéns. 11 The use
of an al kyl a &%@ﬁ%%eﬁ%ﬁ,o@: lIqul%eaap\fw@Fr}ft;%!e&‘;épdgrgcent yat 100 to 140C 12 has
been di std osrédten&ﬁebrfnaéﬁmt;llveaftlh@m%@‘e@t* dir§rdct yl al umi num as the catal yst
13 is disclosed. In a preferred enbodi nent of the patent, the catal yst 14

concentratl on is 1.7 nole percent at 120C. E ﬂ_lese cqndi %)I ons, the 15
reacti on'i v@@rraﬂtyowbtétdééﬁt 2] PhBOgHER ‘r‘ls”?)%ﬁ'\?é’ g W‘HUT S The 16

convert efy pr Q@K bickR@lrkileai & t‘ﬁQin@@mtﬁﬁfrﬁ@ﬂtthalréﬂwo@betﬁ use di rrers 95 wei ght
17 percent vinylidene, and Onlfgrgai ercen%ﬁl nt er nal (Irj‘rg)r ol ns. Though

the i 8 Pht ehd WagihmeIsgytrisepy Bt ‘”% SPHE- 88 Eﬁoggt'é;} thi s patent

does not4d9 pepiasent-@nusiédthbndondminnE ass zcngh givecessrodineatele the | ong
reaction tines 20 and production of vinylidene ol efins. %%ﬁaé:tl on tinmes

coul d be2% ed7i@ eercEyt 2nha plefrea@ivVEEiIhel e a7V TGP REHTIAAT O®oncentration,
i ncreasi fg t@@Me?%@%é%%n%ﬂt@é@éﬁW@Z@ﬁles@ﬁﬁbﬁwftﬂtr&éﬂﬂawm&r sion goal to
| ess than 90 per coniversi on. However, the reaction tines would stil
be too | ¥hg olefinscSialea propasy issewrakiaiRa Ry b iide s Pisiass. 25 A catal yst
system copogg ctRﬁt bh3&igy, %9 @E@‘gl'sgé%ln)ag@s "rﬁﬂﬁi’e%ﬁg GdHBbh dige @t 26

al um noxane ot han a um noxane (all exanples use 27
|sobutylaﬁunﬁmmﬂamevn&amnWEWWﬁéthyIaIunlnunthas al so been disclosed. In a
28 typical exanple, the catalyst systemis approximately 7.5 mol es

al um num 24 Novenber 2003 -3 1 (3.9 mmol es al um noxane and 3.7 nmol es
trimethylalumnum and 2 0.11 mmmol es of bis(cycl opent adi enyl) zirconi um
dichloride and reacts with 3 128 mvol es of olefin at 50C. Under these
conditions, the catalyst gives a 4 92.7 percent al pha ol efn conversion in
si x hours. The converted product 5 includes 90 wei ght percent diner
vinylidene olefin and only 7 weight percent 6 internal olefin. This system
al so has the di sadvantage of producing 7 vinylidene ol efins and not enough
internal olefins. 8 A nethod of manufacturing al pha-ol efins by contacting
ethylene with an iron 9 conpl ex of a selected 2, 6-pyridinedi carboxal dehyde
bi simne or a selected 10 2, 6-di acyl pyri di ne b|S|n1ne is al so known.

Al t hough the catal ysts used in this 11 nethod are closely related to the
catal ysts used in the present invention, this 12 nethod has not been
connected mnth t he dlnerlzatlon of oleflns Rather this 13 nethod deal s

Y T o 1 o r o A . A .




41 NI / N~ Fle.~ NC~C 35 4 The effective anount of transition netal

conplex catalyst is quite low Wth 5 the catal yst and co-catal yst | ess

than 1 /o by mass of the total al pha-olefin 6 mxture, the dinerization

reaction occurs in mnutes. 7 A preferred catal yst conceptNRLIBEr 4603

0.01-0.1 ng of catalyst per m of 8 al pha-olefin nonomer. rmrer preferred

catal yst concentration is 9 0.02-0.08 rrg of catal yst per n1 of al pha-olefin
200

nononer. An even nore 24 Novenber 3 7 1 preferred catal yst
concentration is 0.05 to 0.06 ng of catalyst per ml of 2 alpha-olefin
mononer. 3 Preferred ca-catal ysts are sel e¢ ted.fr roup, consi sting of
an 4 al urnﬂxan‘elobﬁi o@feewrﬁéﬁewcm‘ma@i@\ﬁ@ Vd“%ﬁﬁ”%sn'séﬁ%ﬁ‘a {TRg agent. A

S preferred ¢ 8l ¥SodirSerTeihb ol sl settaa e:coMIBEY isi ermlsad oéxcess 6
The foll ow ng o servations can be nmade about reaction

th
reaction pt ocee@sciprsrsadiapiargoim AERIOTEE SPEFN R ?Ltrﬂ%ﬁ‘?’”eﬁ” E(S“?]?l%‘ﬁg 8 (2) The

reaction initiated: byogddicidiamn@hintManser Gabat ¥1C. canddrenaenducted at 9 a
tenperature in a range of fromOC to 85C T he reacti on{agroceeds 10 nore

rapidly at5 el elmjtt@dStteﬁrp@aCamgé@s e3peTre) alohwelsdn CaRBEF AL it BO MAlrgr e

obt ai ned AlyelRORRLENRERAE SIEM andoal| owi ng 12 the
reaction é%(/ot erm eﬂ%dﬁb%tu%gﬁgg?ﬁ?onegl3&(r3) Conver si on |g FI mted by the
decr easi ng’ cohwrﬁht peicont ioferalplefipat & dispdysHpia] 8is RLAIYHEYHABURt of di mer

| s increased,  Lhe FO%UE%I c—grg thQQntQFnaﬂée%Ql\%fth Brdﬂ)%?&@t@@@ﬁse@_&iibﬁ SRy lead to
catal yst eac VAP OR 16 wo general procédures used for the

di meri zati®n erxqmltnmn‘ssrea&diamet@nﬂh@ﬂaltm atehelolefipeentivg wavlgdl nat ure of
the substrate. For npponer s i 5, Ao aEmospheric
condi t i oniéa bRAIRSE %&%‘é’ﬁ%ﬁ féé%?%e %gergenlléc%rgroﬁgdﬂoﬁt E’ﬁ@?ng& St aﬁ%ar d Schl enk
l'ine techniques to exclude excess 20 noisture and air. For butene, the

exper | Ment £ Wef, g, ELf 4 fiRfladfhidrPOants, 210 Zinspeloe of eaBtort4d-w || qui d
but ene. The cat arysts 1, 3 5 used are 22 shown bel ow.

Novenber 2D03nhagbesndisclased. F?edacmcalwmw%e@f trocylgipgrinum as hepgatahgst N c/ C

i 34 vgg[gis 2 frieBF find bteht,hhd ciatyst Fle=-N G~ O 5
2 3D rrerléa'lt\llgon teﬁ %)% DF&%) rrcglrmll-\?g?!l gn % p hexene and'yl i quid nononers 5
A two- necked tomskirafidrhisd.Groleparcenist 124 ﬁedJWetrFf'%er‘@f‘ﬂUS%“%éfﬂﬁenser on one
) neck d a thernocou W r t<ORFnEhe ot her neck.
7 The setl méesacﬁ%%gieﬁsaﬁg er?/eért%3%’&5\?@%%2\'%%%2rlra?%irolh%rsaITReedI einthe 8
sept um at 1 hecoorief privrictionidens 88 weitft perchetalphiyoletimgimass.(3d weight

back-fill with nitr rom enser was

t hen remﬁéd E@rcﬁﬂtd"é?y“%'g?ﬁn\geon}ﬁ%P%ﬁgﬁlﬂbg%ta rtoﬁéefﬂ Sr:ell:hguq)rpﬁyst was added
qui ckly. A8t epakht reephcaegmqretrhgombd:dans@ﬁn selpstifityathlc prisniosieeR-"0t 1 | ed t hree

tinmes vmth nltro en 12 har Lhe cases of
1- hexene, ?herel%‘ %nc\/%’g g%rd?#e él% 5‘%‘;@8? gg%wog %{%Eﬂ tre}Tr}lé(.:'a
Qul ft ene- 6g T@Qdb?ocfmtwrﬁ&ffwmsemseldfnsasReaﬁhonStn'esrC'Dnlg bearedibesgillby i n or der to

eftecti veI sl ur 15 th arin ol.ubl e ; nononer .
After sevéral 'Wﬁ““r%”ﬂ@st he ﬁ@Fag%”'EB%c‘éf%%g?nﬁg%{é dec#r%%ggnimrglrﬁggﬁmAlt of the
reacti ons oyer esagdraiied, Qﬁr@duc{r@qm co:ﬂ#brﬁbwgmﬂe@ 162001320 ﬁ@pe.rcee’tr’rper ature or

| ower, but the exothermc nat e reaction .ca erature
in many ca&3es PBVEFIeR EOYRYEG rf???i'on HEse W?%%’Btglr% téﬁﬁéjﬂ@%,ﬁ %Dgﬁl t or ed

usi ng thestherpneRURkLenarfshiling; fretgsratures listed in the tabl e 4
represent the maxi numtenperatures achieved in the reaction. In sone 5

cases, the exothermwas controlled by a water bath. After reaching the 6
mAxi mum t @Apertatatalgstisyseattompgzsedich his(arcloaenpAgnY - sEEsmdishisdarYed. 7

Thi s cool ijng deoes. not n | yst is beconming 8
deacti vat @% Ei? 'T"Eméﬁﬂ O%ﬁ%%ﬁgﬁ Heyw#%é%ﬁlra;e&oetf @?reéér?giéegﬁsgn ki netics, meaning
that 9 as 2rhe ueiﬂms,na!mhmoxsnejomrmmthyﬂﬁemh\em hasf alp@heen @AcpERd- URIR time
begins to 10 ase a di_n to 18 of
Table 1 qlp' 3éam8fn g é%é k/ﬁmlg; a?e@rzgjrfg%#naggﬁlzngﬁ on Met hod
2 Dinmeri zatl on of 1-butene 14 A 500 m Zi ppercl ave reactor was heated under
vacuum at 50C for several 15 hours. The reactor was cooled to room
tenperature under nitrogen. The 16 pre-catal yst was then quickly added to
the reactor, and the reactor was 17 reseal ed and placed under vacuum A
dual - chanbered gl ass sanple charger 18 was then attached to the injection
port of the reactor. Fromthe first chanber, 19 a snmall anmount of

cycl ohexane (usually about 20 m) was added. Fromthe 20 second chanber,
nore cycl ohexane (usually about 10 m ) and the co-catal yst 21 were added.
The total amount of cycl ohexane was carefully nmeasured. The 22 reactor was
then quickly seal ed and charged with 200 ml of liquid butene. 23 The
reactor was further pressurlzed W|th at feast 100 p5| of nitrogen to help

o .



the five catal ysts were used. 24 Novenber 2003 - 13 r _Gd C- nt,
v.nnmmmo No 1~-m Nu: nD hO nE ChNNNnmo a° "mm' EvmM ~no~ nc c~
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mac mMmmmT honoct me. 0000000000~0Z0 ~0 0 r ¢ ~0 NoO ro y~ & mt D
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(3.8 mmoles aluminoxane and 3.7 mmoles timethylaluminum) and

0.11 mmoles of bis{cyclopentadienyl)zirconium dichloride and reacts with
128 mmoies of olefin at 50°C. Under these conditions, the catalyst gives a
92.7 percent alpha olefin conversion in six hours. The converted product
inciudes 80 weight percent dimer vinylidene olefin and only 7 weight percent

internal olefin. This system also has the disadvantage of producing

RV o T o ) IR . S #% B 16 B

vinylidene olefins and not enough internal olefins.

o]

A method of manufacturing alpha-olefins by contacting ethyiene with an iron
S  complex of a selected 2,6-pyridinedicarboxaldehyde bisimine or a selected
10  2,6-diacylpyridine bisimine is also known. Although the catalysts used in this
11 method are closely related to the cataiysté used in the present invention, this
12 . method has not been connected with the dimerization of olefins. Rather, this

13 method deals with the manufacture of alpha-olefins from ethylene.

14  In contrast, Applicants have achieved a process of dimerizing o-olefins using,
15  as a pre-catalyst, a tridentate bisimine ligand coordinated to an iron center.
16  This pre-catalyst is activated by the addition of a co-catalyst, which may be an
17  alumoxane or 2 combination of a Lewis acid and an alkyiating agent. Once
18  activated, the catalyst dimerizes «-olefins rapidly to form a mixture of linear,

19  interna! olefin dimers and methyl-branched internat olefin dimers.

20 SUMMARY OF THE INVENTION

21  The invention relates io a method of making olefin dimers and method of

22  using a transition matal compiex to dimerize alpha-olefins comprising the

23  stepsof:

24 (a) Adding to a container under inert gas atmosphere a catalyst comprising

25 a transiticn meta!l complex;

26 (b) Adding alpha-olefin monomer to the container with the catalyst;
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(c) Adding to the container with the monomer and pre-catalyst an activating

2 co-catalyst; and

(d) Forming a linear intemat olefin dimer mixture comprising linear internal

4 olefin dimers and methyi-branched internal olefin dimers.

5 A preferred embodiment of the invention is a pracess for dimerizing atieast
6 B0 mole percent of an alpha-olefin monomer at a selectivity of at least

7 60 moie percent to linear internal olefin dimers. In a more preferred

8 embodiment, at least S0 moie percent of the olefin dimer mixture is linear

g  olefin or methyl-branched olefin.

10 BRIEF DESCRIPTION OF THE DRAWING

11 The figure is a graph plotting the % linear internal olefin dimers vs. the
12  temperature at which the reaction is run. Dimerization of both C;and C, is

13  plotied using Catalyst 1.

14 DETAILED DESCRIPTION OF THE INVENTION

15  Alpha-olefins that can be used in the process include straight chain terminally
16  unsaturated monoolefinic aliphatic hydrocarbons. Preferred alpha-clefins are
17  those containing at least 4 and up to 36 or more carbon atoms. Most

18 preferred alpha-olefins are 1-butene, 1-pentene and 1-hexene or a mixture of

19  the group consisting of 1-butene, 1-pentene, 1-hexene and 1-octene.

20  Any transition metal complex with a co-catalyst may be used as a catalyst in

21  the process. In a preferred embodiment, the activating co-catalyst may be

22  alumoxane or a cambination of 2 Lewis acid and an alkylating agent.
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aoUme N 24 Novenber 2003 -15 1 While the present invention has been
described with reference to specific 2 egnbodinents, this application is

i ntended to cover various changes and those 3 skilled in the art may nake

t hose substitutions wthout departing fromthe 4 spirit and scope of the

appended ci ai Mae prefdfe@daMomeitherz Z003ekdsargbridbntale BRITNAE 1i@andwaki Nng
internal olefin dinmers conprising the steps of; (a) adding to a contai ner

under inerf g&CrHINBIEE t@é‘t“d[%s‘fent%ﬁb?lchW&aﬁo? LIS B?Pt%%ﬂ Ayt ase
conpl exed wi t BitiertstbstRieatsr uRbRistiungy. | | gand bearing substituted or
unsubstituted aryl rings; (b) adding al pha-ol efin nononmer to the container
wth the pre catalyst; (c) adding to the container with the nononer and
pre-catal yst dine actst patiérrg icanstimh ahatsitcorameket de s@ectedfoanthelgedumn di nes
m xture copprisi Cﬁfar ol Lln dj ner and net hyl branched ol efin diners.
2. The et odc%wmgf' CTBWﬁ?r i‘n°y a”% st 50 mal e percent of the al phaoiefn
mononer is dinerized to internal olefin dines. 3. The nethod of claiml
wherein at |east 90 nole percent of the olefin dimes mxture is |inear :
el efin or nethyl-branched olefin. 4. The nethod of claim2 wherein at |east
60 nol e percent of the internal olefin digfes¥s linear internal olefin
dinmes. 5. The nethod of claim1 wherein tﬁe tnansition netal center is
iron. 6. T he nethod of claim1l wherei ntyation of the transition
metal catalyst is in a range from0,01 fo 0l1 al yst per m of
al pha-ol efin nononer. 17 24 Noye ?Sgé%zj— “method of - claim6
wherein the concentration of metal catal i giin ge fromO0.02 to 0.08
ng catal yst per ml of al pha-ol efi oner. 8. The hod of claim®6
wherein the concentration of netal catalystlis in a range from0.05 to 0.06
nmg catalyst per ml of alpha-olefin nmonomer. 9. The method of "claim1
wherein the catalyst and co-catalyst are less than 1 % by mass of the
al pha-ol efin nononmer in the container. 10. The nethod of claim1 wherein
the activating co-catal yst is al um nunoxa a conbination of a Lew s
acid and an alkylating agent. 11. The nethod ¢f claimb5 wherein the

r Qgggnsisting of

transition netal conplex is selected o]
structures 1, 2. 3, 4 and 5. . ~rr ~/ yyl | %~~ C~C 1 18 24
~F
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19 24 Novenber 2003 12. The method according to claim1 wherein the
al-pha-ol efin nononer is selected fromthe group consisting of normal

al pha-ol efn chains having from4 to 36 carbon atonms. 13. The net hod
according to claim 12 wherein the al pha-ol efin nononmer b%NS@&RESCHOEr oM t he
group consisting of 1-butene, 1-pentene and 1-hexene. 14. The net hod
according to claim 12 wherein the al pha<ol efin nononer is a mxture of at

| east two of the group consisting of 1-butene, 1-pentene, 1-hexene and
1-octene. 15. The nethod according to claim1l wherein the addition of
activating co-catalyst in step (c) is conducted at a tenperature in a range
fromOC to 85C. 16. The nethod accordi ng claim15 wherein the addition
of activating co-catalyst in step c) isfconducted at a tenperature in a
range from30C to 85C. 17. A nethod of Musi a fransition netal conplex as
a catalyst to dinerize al pha-ol efins i the steps of: (a) adding to
a contai ner under inert- gas a p yi=Ag a transition netal
center conplexed with a trident aring substituted or
unsubstituted aryl rings; (b) _nosomer to the container
with the pre catalyst; (c) addi t he onta| ith the nononer and
pre-catal yst an activating co-cg?aly%t; and 2P ovenber 2003 ~d)
forming an olefin dimer mxture cemprising linear~dlefin dinmers and methyl
branched ol efin diners. 1S. The nethod of claim1l 7 wherein at |east 50
nmol e perceit of the al pha-olefin nononer is dinerized to internal olefin
dimer. 19. The nmethod of claim 17 whereinhsat |east 90 nole percent of the
olefin dimer mxture is linear olefin met hyl - branched ol efin. 20. The
met hod of claim 18 wherein at | east. 60 percent of theinternal olefin
dimer is linear internal olefin dinenr met hod of claim 17 wherein
the transition netal center is \\n. IThe hod-~0of claim 17 wherein the
concentration of the transitioh me c/atai\ l‘\{ma range fromD. 01 to
0.1 ng catalyst per nml of alpha- eflﬁfnnnoéb he nmet hod of claim 22
" wherein the concentration of netal catalyst is in a range fromO0.D2 to 0.08
ng catalyst per m of al pha-olefin nononer. 24. The nethod of claim22
wherein the concentration of nmetal catalyst is in a range fromO0.0~ to 0.06
ng catal ysg per m of al pha-olefin nonomer. 25. The method of claim 17
wherein the catal yst and co-catal yst are |l ess than 1% by nmass of the

al pha-ol efn nononer in the container. 26. The nmethod of claim 17 wherein
the activating co-catalyst is alum nuno or a conbination of a Lewi s
acid and an al kyiating agent. 27. The of claim 22 wherein the
transition netal conplex is selected i
structures 1, 2, 3, 4 and 5: : 4 Der
ar’r ~ 1 vl 1 ~N Fe -N~-i ~ tefCl ~i;2 N N\Cl /i ~ 3 22 24
Novenber 2003 r \ N Fe -N' Bra ~1 #'ne~ --*rp&---Nv C~ C 5 28. The
met hod according to claim 17 wherein the %Ipha ol efin nmononer is selected
from the gPoup consisting of nornmal al phaol efin chains having from4 to 36
carbon atons. 29. The method according to claim28 wherein the al pha-olefin
nononer is selected fromthe group conS|st|ng of 1-butene, 1-pentene and

1- hexene. 30. Trefirstvpamastioy deAgiPbMEIAFHPRIEX RREST ¥ T8 '3V pHYl ol ef i n

nononer a @ mxd uaRiyat afd cé-eét%tysm@s Shn e bPHRIEE oE PlRIDEN BiRBaRfefih- but ene,
1-pentene, 1-hexene and 1-octene. i. The nethod according to claim17

wherein thé addrtirerhefingizeian reiﬁ’t‘jt'%g‘?é.’f':’aﬂf%’f‘“ f- step (c) is conducted at
a tenperature in a range fromOC to 85C. 32. The nethod according to claim
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a @QOAOGAAAHANAQARASAVAVWAZA[ Ac Ad AWAX AAAAAAAAAAAAA~ysni ¢ YSmhUl ¢ al ca]c alU]c
ajcaljc aUc aJcalc aUc aJca]jc aUc aJc-mU c aJc aUc alJc aUc alJc aUc a]c
aUc aJc aJcalc aJclalc aUc ajc aUc a]J]c a AAAAAAAAABBBBBBBBBBB! B5B9B;
B?BABDBFBHBJBLBNB~ysnhc] Xi cAYSmhU]c a]Jc aUc aJc aUc ale aUc ajc aUc a]Jc
alU] c a] ¢ ab)] c radferradkstankcadreemtdtionad cabao aldecmabtadteiystidee mabeal ¢ al] c

aj C :
a] ca| 2  alpha-olefin monomer.

3 Preferred co-catalysts are selected from the group consisting of an
4  alumoxane or a combination of a Lewis acid and an alkylating agent. A

5 preferred co-catalyst is methylaluminumoxane (MMAO] in moiar excess.
6  The following observations can be made about the reaction:
7 (1} The reaction proceeds more rapidly in neat a-olefin than in solution.

8 (2} The reaction initiated by addition of the co-catalyst can be conducted at

g a temperature in a range of from 0°C to 85°C. The reaction proceeds
10 more rapidly at elevated temperatures (30-70°C). These temperatures o
11 | are obtained by activating the reaction at room temperature and altowing
12 the reaction exotherm to heat the solution.

13 (3) Conversion is limited by the decreasing concentration of substrate
14 available. As the amount of dimer is increased, the concentration of

15 a-olefin decreases. This may lead to catalyst deactivation.

16 There were two general procedures used for the dimerization experiments,
17 with the difference depending on the nature of the substrate. For monomers
18  that are liquids at standard atmospheric conditions, benchtop experiments
19  were carried out using standard Schienk line technigues to exclude excess
20  moisture and air. For butene, the experiments were performed in a 500 mi

21  Zipperclave reactorin liguid butene. The catalysts 1, 2, 3, 4 and & used are

22  shown below.
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3 Dimerization Method 1

4 Dimerization of 1-hexene and liquid monomers

A two-necked flask with a stirbar was fitted with a reflux condenser on one

5

6 neck and a thermocoupie with the appropriate adapter on the other neck.

7 The setup was heated under vacuum via the insertion of a needle in the

8 septum at the top of the condenser. After heating, the setup was back-filled

g  with nitrogen from the Schienk manifold. The condenser was then removed
10 under positive nitrogen fiow and the pre-catalyst was added quickly. After
11 replacing the condenser, the flask was back-filled three times with nitrogen
12 and charged with the liquid monomer. In the cases of 1-hexene, the
13 monomer was a commercial grade of Chevron Chemical's Guiftene-6. The
14  monomer was used “as is". Stiing was begun in order 1o effectively siurry

15  the sparingly soluble catalyst in the neat monomer. After several minutes, the

16  co-catalyst was added via syringe. Al of the reactions were activated at room
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cases, the exotherm was controlied by a water bath. After reaching the
maximum temperature in each reaction, a cooling process was observed.

This cooling does not necessarily indicate that the catalyst is becoming

6

7

8 deactivated. Itis quite likely a feature of the reaction Kinetics, meaning that
9 as the substrate is consumed, the heat of reaction per unit time begins to

0 decrease accordingly. Examples 1to3,5to 8 and 10to 18 of Table 1 were
y

made using Dimerization Method 1.

12 Dimerization Method 2

13 Dimerization of 1-butene

14 A 500 mi Zipperclave reactor was heated under vacuum at 50°C for several
45 hours. The reactor was cooled to room temperature under nitrogen. The

16  pre-catalyst was then quickly added to the reactor, and the reactor was

17 resealed and placed under vacuum. A dual-chambered glass sample charger
18  was then attached to the injection port of the reactor. From the first chamber,
18 a small amount of cyclohexane (usually about 20 ml) was added. Fromthe
20 second chamber, more cyclohexane {usually about 10 ml} and the co-catalyst
21  were added. The total amount of cyclohexane was carefully measured. The
22  reactor was then quickly sealed and charged with 200 mi of liquid butene.

23 The reactor was further pressurized with at least 100 psi of nitrogen to help
24  keep the butene in the liquid phase. The reaction was stirred rapidly, and the
25 temperature was monitored using & thermocouple. Exotherms due to the

26 heét of reaction were observed, and the reaction temperatures listed

27  comespond to the maximum femperatures observed in the reactions.

28 Examples 4 and © of Table 1 were made ustng Dimerization Method 2.
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10% & ( 5 by gas chromatography (GC). GC analysis showed clear separation of the
6 linear from the branched species, and hydrogenation of the products
7 confirmed these results. The percentages of linear vs branched materials in
8 the products were usually determined from the hydrogenation data, but it was
¢ often possible to determine these numbers accurately without hydrogenation.
10 ®C NMR and *H NMR were used to confirm the internal olefin content in the

i1  products, with only about 1% of vinylidene products present. The Figure is &
12  plot constructed to show the selectivity for linear internal species for catalyst 1
13  with changes in temperaturé. ‘Note that while the activity and the conversion
14  of the catalyst decreases with decreasing temperature, the selectivity for

15 internal olefins increases. Based on Example 13 in the Table 1, it appears

16 that 40°C may be the optimum temperature for running these reactions. Also,
17  note from the plot that the selectivity for linear internal products does not

18 depend on the monomer.

19 The conversiohs and yields were determined by comparing the product peaks
20 to intemal standard peaks, and by assuming equal response factors of the

21  standards and the products. For the hexene dimerization experiments,

22 {-hexene was the internal standard, and for the butene experiments

23 cyclohexane was used. The butene conversion levels are approximate

24  because the exact density of butene under the reaction conditions is not

25  known.

26 Table 1, below, collects the data frem 18 experiments, fifteen experiments
27 (Examples 1,2,3,5,6,7,8,10, 11,12, 13, 14, 15, 16 and 18) performed

28  with the hexene monomer according to Dimerization Method 1, two
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adding 1o a contaner unlge«r inert gas a pre-catalyst comprising a
transition metai center complexed with a tridentate bisimine

ligand bearing substituted or unsubstituted aryl rings;

{b) adding alpha-olefin monomer to the container with the pre-

catalyst;

{c) adding to the container with the monomer and pre-catalyst an

activating co-catalyst; and

{d) forming an olefin dimer mnixture comprising linear olefin dimers

and methyt branched olefin dimers.

2, The method of claim 1 wherein at least 50 male percent of the alpha-

oiefin monomer is dimerized fo internal olefin dimer.

3. The method of claim 1 wherein at least 80 mole percent of the alefin

dimer mixture is iinear olefin or methyi-branched olefin.

4, The method of claim 2 wherein at least 60 mole percent of the internal

clefin dimer is linear internal clefin dimer.
5. The method of claim 1 wherein the transition rmetat center is iron.

5, ‘The methog of claim 1 wherein the concentraticn of the transition

retal catatyst is in a range from 0.01 to 0.1 mg catalyst per mi of

alpha-olefin monomer.
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10% & ()-/ 10% & ()-/ 10% & ()-/{Al A} A~AAAAr X>$ 10% & ()-/ 10% & () -/

10% & ()-/ 10% & (©) -/ The method of claim 1 wherein the catalyst and co-catalyst are less

than 1% by mass of the alpha-olefin monomer in the container,

The method of claim 1 wherein the activating co-catalyst is
aluminumoxane or a combination of a Lewis acid and an alkylating

agent.

The method of claim 5 wherein the transition metal complex is selected

from the group consisting of structures 1, 2. 3, 4 and 5. .
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) selected from the group consisting of 1-butene, 1-pentens and

1-hexene.

14. The method according to claim 12 wherein the alpha-olefin monomeris
a mixture of at least two of the group consisting of 1-butene, 1-pentene,

1-hexene and 1-ociene.

15. The method according to claim 1 wherein the addition of activating
co-catalyst in step (c) is conducted at a temperature in a.range from 0°C

to 85°C.

16. The method according to claim 15 wherein the addition of activating

co-catalyst in step c) is conducted at a temperature in a range from

30¢°C to 85°C.

17. A method of using a transition metal complex as a catalyst to dimerize

alpha-clefins comprising the steps of:
(&) adding to a container under inert gas a pre-catalyst cornprising a
transition metal center complexed with a tridentate bisimine

ligand bearing substituted or unsubstituted aryl rings;

(b) adding alpha-olefin monomer to the container with the pre-

catalyst;

(c) adding to the container with the monomer and pre-catalyst an

activating co-catalyst; and
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! O 18, The methed of claim 17 wherain at least 90 mole percent of the olefin

dimer mixture is tinear olefin or methyl-branched olefin.

20. The method of claim 18 wherein at least 60 mole percent of the internal

olefin dimer is linear internat olefin dimer.
21 The method of claim 17 wherein the transition metal center is iren,

22 The methed of claim 17 wherein the cencentration of the transition metal
. catalyst is in a range from 0.01 to 0.1 mg catalyst per ml of alpha-olefin

monomer.

23. The method of claim 22 wherein the concentration of metal catalyst is in

a range from 0.02 to 0.08 mg catalyst per ml of aipha-olefin manomer.

24. The method of claim 22 wherein the concentration of metal catalystis in

a range from 0.05 to 0.06 mg catalyst per mi of aipha-olefin monomer.

25, The method of claim 17 wherein the cataiyst and co-catalyst are less

than 1% by mass of the alpha-olefin monomer in the container.

26. The method of claim 17 wherein the activating co-catalyst is
aluminumexane or a combination of a Lewis acid and an alkyiating

agent.

27. The method of claim 22 wherein the transition metal complex is selected

from the group consisting of structures 1, 2, 3, 4 and &:
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co-catalyst in step (c) 1s conducte at & temperalt)ure in a range fro

30°C to B5°C.




