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Fi gures
15 Common methods for producing higher olefins typically use relatively expensive

lower olefins as starting materials. Methods are needed to produce higher olefins using
inexpensive feedstocks, particularly byproducts from refinery processes, which otherwise

might have little economic value.

- Summary of the Invention - *
20 The present application provides a method for making unsaturated hydrocarbons,
said method comprising:
providing a mixture comprising one or more cyclic unsaturated hydrocarbons and
an excess of one or more non-cyclic unsaturated hydrocarbons, said cyclic
K _ unsaturated hydrocarbons having a AG of less than 0 at 25 ° C. and
25 comprising a ring structure comprising x carbon atoms and,
exposing said mixture to conditions effective to cross metathesize said cyclic
unsaturated hydrocarbons with said one or more non-cyclic unsaturated
hydrocarbons to produce primarily non-cyclic unsaturated product
hydrocarbons comprising a single molecule of said cyclic unsaturated
30 hydrocarbons and having more than x carbon atoms.

Brief Description of the Figures

Fig. 1 is a graph depicting the wt.% of total product vs. the carbon number of the

product from the cross metathesis of cyclooctene with pentenes (Example 7).
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"cyclic  having from about 10 to about 16 carbon atoms, more preferably from about 11 to about 14"

carbon atoms. In another embodimeént, the process is tailored to produce product
hydrocarbons having a combination of 15 and 16 carbon atoms.
Although ROM can be performed using high value non-cyclic-HC’s, such as
20  ethylene or propylene, ROM has the advantage that it is effective using low-value feeds,
particularly feeds which are readily available as by-products from refinery processes. (-
The cyelic-HC’s

Suitable cyclic-HC’s for use in the cross-metathesis reaction are unsaturated cyclic

hydrocarbons comprising a ring structure having 8 carbon atoms or more, preferably

25  having from about 8 to about 12 carbon atoms, more preferably having 8 carbon atoms or
having 12 carbon atoms, most preferably having 8 carbon atoms. The cyclic-HC’s may be
mono- or multi- unsaturated. Monounsaturated cyclic hydrocarbons also are called “cyclic
olefins.” Diunsaturated cyclic hydrocarbons are called cyclic diolefins or cyclodienes, and
so forth. The cyclic HC’s may be substituted or unsubstituted, as long as the substituent is

30  of asize, type, and location that does not interfere with cross metathesis and/or the desired
product distribution. Methyl substituted cyclic-HC’s may be suitable, for example, for

producing lightly branched products. In order to avoid interference with the metathesis
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(a) the substltuent does not interfere w1th cross metathesis and/or the desired product .
distribution, and (b)\)G at 25 °C. is 0 kcal/mol or below, preferably less than 0 kcal/mol,
more preferably -1 kcal/mol or less, even more preferably -2 kcal/mol or less, and most

20 preferably -3 kcal/mol or less

Cyclooctene and cyclododecene are commercially available, for example, from
Aldrich Chemical Co. A preferred source of cyclooctene is from butadiene
N cyclodimerization using known processes. Exemplary processes for cyclodimerization of
butadiene are described in U.S. Patent No. 3,261,875 and U.S. Patent No. 3,535,397,

25  incorporated herein by reference. A preferred source of cyclododecene is from butadiene
cyclotrimerization. An exemplary process for cyclotrimerization of butadiene is described
in U.8S. Patent No. 6,403,851, incorporated herein by reference.

Non-cvcelic -HC’s

The non-cyclic unsaturated hydrocarbon (“non-cyclic-HC”) is substantially any
30  linear or branched unsaturated hydrocarbon. Preferred non-cyclic-HC’s have from about 4
to about § carbon atoms, preferably from about 4 to about 6 carbon atoms, most preferably
4 carbon atoms. The non-cyclic-HC may be mono- or multi- unsaturated. Mono-

unsaturated hydrocarbons (olefins) generally are preferred, most preferably mono-
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heterogeneous.
ROM catalysts suitably comprise one or rhore a metals selected from the group
consisting of Cr, Mo, W, Mn, T¢, Re, Fe, Ru, Os. Preferabiy, the ROM catalyst comprises
20  one or more metal selected from the group consisting of Mo, W, Re, and Ru, more
preferably a metal selected from the group consisting of Re and Ru. Most preferably, the
ROM catalyst comprises Re.
Heterogeneous ROM catalysts comprise one or more metals on a suitable support.
Although the surface area of the support is not an essential feature, the surface area
25  preferably is at least about 50 mzlg n order to provide sufficient contact between the metal
and the reactants in the feed. In a preferred embodiment, the support has a surface area of
from about 200 m%/g to 400 m*/g. Suitable support materials are acidic or neutral,
preferably neutral. Suitable support materials include, but are not necessarily limited to
alumina, silica, molecular sieves, such as zeolites, activated carbon, aluminosilicate clays,
30  amorphous silicoaluminas, and the like. Preferred supports are aluminum oxide (for Mo

and Re) and silicon oxide (for W).
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catal ysts: peterggencous catalysts. Suitable homogeneous catalysts include, but are not necessanly'
limited to “Grubbs” catalysts, Schrock catalysts, and a vanety of tungsten (W) based .

catalysts. The following are examples of suitable Grubbs catalysts: .

/ Ph
C H
PCya o S Ny
PC
20 PCYs "

The foregoing Grubbs catalysts are commercially available, for example, from Strem
Chemicals and Aldrich Chemicals. Schrock catalysts (based on Mo) are commercially
available from Strem Chemicals. Suitable W-based metathesis catalyst precursors and

25  activators also are available from Strem Chemicals. An example of a W-based metathesis

catalyst precursor is a tungsten halide, such as tungsten hexachloride. Suitable activators
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A pronmoter preferably is used to activate the catal yst. The catal yst may be

exposed tdstillagopeelnpmeetcyVhnge decatalist shomogaagess, Hieble reagisreinchue font al yst
may be activated before it .is f o the reactor. Alternately, the pronoter
may be feaexf”gpfehgc?lﬁglg‘%?Stgl%ﬂbmg‘\g/{\no{‘h the feed. Suitable pronoters. include,
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group consisting of B, Al, Ga, In, TI, C Si, G, Sn, Pb, N, P, .15 As, Sbu
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preferred pitlpmetfesd. iSuithele (padradngtstinelude, but are not necessarily limited to alkyls of
elements selected from the group consisting of B, Al, Ga, In, T, C, Si, Ge, Sn, Pb, N, P,
15 As, Sb, and Bi. Preferred promoters are selected from alkyls of B, Al, Sn, and Si. More
preferred promoters are alkylboranes and alkyltins. The number of alkyl groups will .
depend primarily on the valence of the metal.. A most preferred promoter is tetrabutyltin.
The amount of promoter used should be sufficient to activate the particular catalyst under
the particular conditions of exposure to the promoter. The concentration of the promoter
20 will depend upon the catalyst, the time at which the catalyst is exposed to the promoter,
and other variables. Where the promoter is fed to the reactor with the cyclic-HC, the
concentration of the promoter in the cyclic-HC ranges from about ! ppm to about 10,000
ppm, preferably about 2500 ppm.
The product distribution is controlied by limiting the number of rings added to each
25  molecule of the non-cyclic-HC. This is achieved by maintaining an excess of non-cyclic
HC and controlling the ratio of non-cyclic-HC:cyclic-HC in the feed. The non-cyclic-
HC:cyclic HC feed ratio is sufficiently high to achieve a desired selectivity without causing
gross oversizing of the reactor. In order to produce desired detergent range products, the
molar ratio of non-cyclic-HC:cyclic-HC suitably is from about 20:1 to about 1:1,
30  preferably from about 5:1 to about 3:1, and most preferably about 3:1.
In a preferred embodiment, the LHSV for the cyclic-HC is from about 1 hr' to

about 10 hr™', most preferably about 2 hr''. The flow rate of the non-cyclic-HC is variable
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the catalyst 5 conprises Re, preferred tenperatures are fromabout 0 C. to
about 100 Csombipatonrthesesf. Stytable gpwsinchplechutiage ey pasessmlrlimyied ieHende.od al yst
i s{nol ybdenHm(gpzcﬁ,Jd%num oxide, preferred tenperatures are from about 50

C. to about 20 ., préeferably about from about 120 C. to about 150 C. The
pressure prpehdti-atdayuratsd hedrotabsrestodiictabout 15 psig (or about | atm or nore,
10 nore preferably. about 2 psi g, using supstantial]y.any . .inert gas, "low

activity" gas, of %6&8{1%%1?4%&ent0tﬂﬁ%4%by39mr %Ibrr@d&‘égéwaq@ma@,y SBE e e ot

necessayq |yl - B0 A4 -(_;h@? M¥rddes turated
hydrocafrgbondlproiﬁ%ljgtgss;ﬂ%cééﬁlpgi\égI h@b?ﬁ%%?g%h%ro ltjlce 1r;/dro (?rs n products

havi ng pr.i mamsafuyatsbdagldneckrbon bond in the alpha, or terminal position of the carbon backbone;

-~ and, (b) linear or branched multi-olefins comprising or even consisting essentially of
-unsaturated carbon-carbon bonds in- positions.other than the alpha position. Where the.
product hydrocarbons are branched, the product hydrocarbons preferably have from about

20 1 to about 2 branches having from about 1 to about 2 carbon atoms. More preferably,
branched product hydrocarbons have 1 methyl substituent.
The metathesis reaction preferably is tatlored to produce unsaturated product
hydrocarbons having from about 10 to about 16 carbon atoms, more preferably from about
11 to about 14 carbon atoms. The cross metathesis product typically is multi-unsaturated.
25 The following diagram illustrates the product distribution from cross metathesis of

2-butene with cyclooctene:



15 chain |l engths and conprising: (a).linear or branched nulti-olefins
conpri sing an, unsaturgtegbcarbon-cgrb?g)bFnd in thebalpha, or i@FBB mw ’
position o n backbone; and, i near or bran |-olefins
conprisingk%éQ@VQ%kggnsisting essentially of unsaturatedﬁgggggﬁfﬁg?gon
bond's in positions.other than the al pha position. Were the, product

hydr ocar bons are branched, the product hydrocarbons preferably have from
about 20 1 to about 2 branc¢fies\paving fromabout 1 to about 2 carbon atons.
More preferably, branched prodlct hydr ocarbqons have | nethyl substituent.
The netathesis reaction prieferaply is tailored to produce unsaturated
product hydrocar bons havi ng om about 10 to about 16 carbon atons, nore
preferably fromabout 11 to about 14 carbon atons. The cross netathesis
product typically is nulti-unsaturajed. 25 The followi ng diagramillustrates

the product distribution fromcross nmetathesis of 2-butene with
cyclooctene: 7 1 1 FEB 2007 WD 20044052811 PCTJUS20031039248 O Cl12 C20
C28 The following diagramillustrates the product distribution fromcross
met at hesi s of 2-butene and 1-butene with cycl ododecene: 5 Cl6 Cl4 C15 C16
10 Hydrogenation The cros§>#€favhﬁ§ﬁsfbﬁaﬁﬁﬁfy?ypicaIIy is a diene or a
triene. Hydrofornylation of dienexmr trienes yields nostly nono-al cohol s.

The dienes or trienes also may be 8 21 FEB 2001 WD 2004/ 052811
PCT/ US2003/ 039248

WM/W
C20
= = - = g
C28

The following diagram illustrates the product distribution from cross metathesis of

2-butene and 1-butene with cyclododecene:

//\/\/\/\W
N . C14

10 Hydrogenation
The cross-metathesis product typically is a diene or a triene. Hydroformylation of

dienes or trienes yields mostly mono-alcohols. The dienes or trienes also may be



hydr ogenated, to reduce the total nunber of unsaturated carbon-carbon bonds.
Hydr ogenati on may be perforned using any avail abl e procedure. @ F&BIEH erred
procedure, woneaszsm@re of the unsaturated carbon-carbon bonas:pseisiabl y
is/are selectively hydrogenated, |eaving a nono-olefin. A preferred process
for selective hydrogenation is 5 described in U S Patent No. 6,388, 162,

i ncorporated herein by reference. Hydrofornylation In a preferred

enmbodi ment hygiegenatesh tredpesihe jetrl numbhss af wnsateaieth (bt earbohkondsi t her  bef or e

or after h i Iﬂg{ﬁ[ . i i m used
in the ar ﬂd%&%g%%c{ngﬂ%gé ﬁeeac Fg%&%%ﬁggﬁqg) Pﬁqém&?ﬁlreg}ioh gﬁﬁ%& %Eédf%r@%%dglz tuce an
al dehyde/ alonsbomoflofithe oisahasted nabomearboabiialy prtforublyhsfard debectiedgt ant ol ef i n.

Frequently, the ter h droforrryl?ti aon iP Uéed to cover t hg al dehyde. and t he
reducti on thydiogenalids tayinerapng-Rlehin o Papreterreg procassdPoiedsaiiye Bydigacnaieniss t o

the Productiaiiol i sobgks: o o el . A otlolicFALBANY Bkl AR and an al dehyde

reducti on process used ‘heréin,; atron‘refers to the ultimate
product i on Ibfdrébaoistien f rom t he nul ti-unsaturated hydrocarbon product of 15
cross netathesis. Illustrative hydroforpnylation, catal ystgthi ncl ude, but are

not necessaril y 1T ¢ Riafeged nbodippd; the BB LBy Ripd hydrgpaybons, erther
faloh ! . cot b : .
netal -p OS%EaOP?% d#%ﬁ?%g%%ﬁ?@%%ﬁ%ﬁg%ﬁ%ﬁ% HSQirS@nnle?&n 39 ti:f?x%&%?f?” y

limted to e choice of catalysts-
det er m nes théat watehowshe wactionosf an@efint woln €0 apdde. préhee ef aldeblydesaloohski | | i n

the art, by 20 referring tp any of the well-knawn_|iterature on oxo
al coho!lg, %&%@P?Voﬂgf%gﬁﬁ%ﬂ%%ﬂH\?dﬁ%ﬂ“i%ﬁg‘nofr%é‘%gﬁ e!}F%“and pressure
that will th?dfbg\ tHof i§WH % OB hidl fddiy8e %MH%dutcﬁﬁpofoctM%hl'é:Shdl@&gtiﬂr'r at ed

hydr ocarbons. An éxanple 1n addition to U S. Paten . , 849,960 1s EP O
903 333 Al totahcer pohrafvedyhsoriafeivyo thefpeodnten offieohpisdiion olafms viaycl i ¢

turated hyd b d d i bed hetein .2 i ety of
Uoso, T nol GERTHEY BRAL FOL B SRS i HipEesh A e Aol LRIy BORLEiTg, ©
drilling fhyugsiiand meiwomcdﬁ%lﬁﬁomé%ﬁﬁ-uﬂsmwW&aneﬁ@m& sent,

the product non-cyclic unsaturated hydrocarbons are converted to any of a
br oad ‘dangeresk metatfeast ant s, i ncl udi ng noni oni ¢, anionic, cationic, and

anphoteric surfagtants., The. pr ct. n-.cycl i nsat urat ed hydr ocar bons
serve as surfac?@%ﬁaﬁm%d%f&ﬁﬁ%ﬁ?n ?g%gf’tf %'fqulgyl?uqtaﬁcemgPS%F&%@%@W%%‘{OWCI ic
unsat ur at egobekydestabing Gedlyshs asd hbal-PYHRIRb 0bhtdsFBinptiying mdheinsidngct ant
nmol ecul e, while the noiety added to the non-cyclic unsaturated hydrocarbons

during t he buteetnecessasily bred sapaladings cabalt had Hipdruhihechoice of catalysts.

determines the various reaction conditions imposed. One of ordinary skill in the art, by

20 referring to any of the well-known literature on oxo alcohols, can readily determine the
conditions of temperature and pressure that will be needed to hydroformylate the product

‘ non-cyclic unsaturated hydrocarbons. An example in addition to U.S. Patent No.
: 5,849,960 is EP 0 903 333 A1, incorporated herein by reference.
The product non-cyclic unsaturated hydrocarbons produced as described herein

25  have a variety of uses, including but not necessarily limited to uses in pulp processing,
drilling fluids, and machine or metal working. In a preferred embodiment, the product
non-cyclic unsaturated hydrocarbons are converted to any of a broad range of surfactants,
including nonionie, anionic, cationic, and amphoteric surfactants. The product non-cyclic
unsaturated hydrocarbons serve as surfactant intermediates. Specifically, the product non-

30 cyclic unsaturated hydrocarbons serve as the hydrophobic moiety of the surfactant
molecule, while the moiety added to the non-cyclic unsaturated hydrocarbons during the

conversion process serves as the hydrophile.



9 21 FEB 2007 WO 2004/052811 PCT/ US2003/ 039248 The application will be
better understood fromthe follow ng exanples, which are illpgtFEpt)pe only

and shoul dwwteohgsgenstrued as limting the clainms. In thecofa5i0¥h39s
exanpl es, the "non-cyclic-HC cyclic-HC' ratio is sonmetines referred to as

the "LOCO" ratio. 5 Exanple |I A heterogeneous rheniumon alum na cat al yst
conprising 10 wt.% Re was prepared by the pore-volune inpregnation of a
tril obe al um naTkxspplidaticn wAMXZbHiter witeaitorelfrém o fdlo@ing erngriesCahahysé

Co it h ti f ' te. 14.41 . f
amon um PP ST PO BRCTO B0 D Bas DR aednE Gllowih 5
solution i Adda hond00ionRrs ol HO¢ 20is sthiRtifRs kduald ¥ALfe M/ dpOVed

by rotary evaporation. The resulting material was dried at 120 C an
finally catabbned at 500 Cto produce the finished catalyst. 15 The testing
uni t vvass a tubul ar fixed-bed reactor operated in upflow node. The reactor
had an -external jacket containing a heat transfer fluid to provide
tenperature control. The reactor vvas%é&;with 10 M of the 10% Re/ Al 203
catal yst. Cycl ooctene was pronoted with tetrabutyltin (TBT) to: give a TBT
concentration oA h2&fognppmrhdinem onathoime tetakysteinpriong Wihet.Pele was prepated of

28 m/hr, giyi LHSY of 2.8 h i. d. 20 . .2- But
fod at o B egRreotmR imbiegecin of bt on ta e e OE b P oSt g s o
The r eArt OfrNGSn TRBARE EYnihnPRwvith A5HREEs R¥btDnlftahdBRGum Jekibiiah. SRIP] es wer e

coll ected and anal yzed by gas chromatography (GC). The cyclooctene
conver si ongaas of ammenium perrgasse Wasalissatvied ol 0mb of deieniggd weisct Bne selation

adj usted over the.r e 5:1.t . 1L.by reduci the cyclopctene flow rate
wh e hol aiepdehe 10 BRPBams o200 e S Rt s ST BY 19T near O ef i v
LQ' CO Rat i gvabdritisie! ?Héie‘éthlﬁ)i%%aterﬁma.?dﬁéﬂ £N205C knd FinalBoalmBy he3ne *t0pl 91
~~| CCE 2-Butene 20:1 95 The foregoing indicates that the feed ratios could

be adj ust eprogucefthy bnish¢recatdysty ed
15 The testing unit was a tubular fixed-bed reactor operated in upflow mode. The

reactor had an external jacket containing a heat transfer fluid to provide temperature -
control. The reactor was loaded.with 10 ml of the 10% Re/Al,O; catalyst. .Cyclooctene
‘was promoted with tetrabutyltin (TBT) to: give a TBT concentration of 2500, ppm: - The
cyclooctene solution was fed at a rate of 28 ml/hr, giving an LHSV. of 2.8 hr ' based on
20 cyclooctene. 2-Butene was fed at a rate of 65 g/hr. The molar ratio of 2-
butene:cyclooctene was 5:1. The reactor was operated at 33 °C and 200 psig nitrogen.
Liquid samples were collected and analyzed by gas chromatography (GC). The
cyclooctene conversion was found to be 96%. The ratio of 2-butene:cyclooctene was
adjusted over the range 5:1 to 20:1 by reducing the cyclooctene flow rate while holding the

25 2-butene flow rate constant

Cycloolefin| Linear Olefin} LO/CO Ratio | C12 Selectivity (%)
COE 2-Butene 5:1 85
COE 2-Butene 10:1 91
COE 2-Butene 20:1 95

The foregoing indicates that the feed ratios could be adjusted to favor the desired
C)2 product. Since it was not possible to achieve 100% C,; selectivity, a non-cyclic-

HC:cyclic-HC ratio (or, LO/CO ratio) of 3:1 was chosen as optimal from a process

10



Cl2:product. Since it was not possible to achieve 100% C12 selectivity, a
“non-cyclic- HC cyclic-HC ratio (or, LOCOratio) of 3:1 was ch S

“optimal fro s 10 21 FEB 2007 WD 2004/ 052811 PCT/ lggézgg

st andpoi nt.mFﬁ%08¥/gﬂr2§§w ng table is an expanded version of lllt 2N bl e
.showing all of the products. LOCO Ratio Cl2 Selectivity (%9 C20
Selectivity (%9 C28 Selectivity (%9 5:1 8514 1 10:1 91 90 20:19550
5 Exanpl e Zstddtipoiu.oTeoiollewim tatkly aei] exphnddnersi@pefahedbaizitiige shdvahghwgeneous
nol ybdenum based catalyst (SMO 2, obtained fromCriterion Catal yst

Conpany) . THHe Puriswi ng changes 10 were nade to the protocol: 1. The

catal yst | oading was increased to 30 m. 2. The cyclooctene was diluted in
i sooct ane (L-2—v:v) and no pronpter wasadded. 3 The-cycl ooctene solution

flow rate v{@koﬁ?& Riatin €313 SedexHy ith % ) o ht a Hbde le ity d gk e £¢8 Sty clivityTHe)
reaction temperdtlure was incréfsed to 120 G Unddr these donditidns, th
cycl ooct end_conV&t si on was foéhd to bel35% ThePabaove rud with SMO-2 was
repeated, HQut 2HDD ppmtetrab8fyltin was added to the cycl ooctdne sol Ution.
The cycl ooctene conversion increased to 89% The data below, 20 conpared to
the datg related to the rheni um based catal yst of Exanple 1, indicates that
selectivity is not a function of catalpygipid Pl yi ng that any known
net at hesi s catal yst can be enployed w conpar abl e selectivity. M-based
35% 80% 16% 44, McDATERLARM AR 4% AN R d00L SR b d i Tagar Y
catalyst (SMO-2, obtained from Criterion Catalyst Company). The following changes

10 were made to the protocol:
‘ 1. The catalyst loading was increased to 30 ml.
2. The cyclooctene was diluted in isooctane (1:2 v:v) and no promoter was added.
3. The cyclooctene solution flow rate was 84 ml/hr (28 ml/hr of contained
cyclooctene).
15 4. The reaction'temperature- was inereased to 120 °C. -

‘Under these conditions, the cyclooctene conversion was found to be 35%. .

The above run with SMO-2 was repeated, but 2500 ppm tetrabutyltiin was added to
the cyclooctene solution. The cyclooctene conversion increased to 89%. The data below,
20  compared to the data related to the rhenium based catalyst of Example 1, indicates that
selectivity is not a function of catalyst, implying that any known metathesis catalyst can be

employed with comparable selectivity.

Mo-based 35% 80% 16% 4%
Mo-based 89% 82% 16% 2%
Re/A1203 100% 85% 14% 1%
Theory 8% 14% 3%
25
Example 3

The procedures of Example 1 were repeated using cyclododecene. As seen from
the following Table, the primary selectivity was the same as for cyclooctene, and the

conclusion was made that Cg and C,; cycloolefins have comparable reactivity.

11



Exanpl e 3 The procedures of Exanple | were repeated using cycl ododecene. As
seen from the following Table, the primary selectivity was t@ pps for
cycl ooct en the conclusion was made that C8 and Cu ol ef 1 ns have
conpar abl ea’r"eg’ré}?’f’%?ﬂ’y. 11 21 FEB 2007 WD 2004/ 052811 PCT/'%% PYEY s

Cycl ool efin Linear Aefin LOCO Ratio C16 Selectivity(% CDD 2-Butene 5:1 87
CDD 2-Butene 10:1 88 Exanple 4 5 Experinents were perfornmed to determ ne

t he inmpact of the non-cyclic-HC selected on the results in ROM The

pr ocedur e/ SR Snehr ik | PO/C U Ratib [ EHb Selberviy (907" € changed.

Cycl opent g —tgetd-gs—thepEycrtre=He—phite—a i xtureoff hexene i soners
was used Agn- CYRHEIE | Th ! I - cycl i c- HC was
det er m ned_byCI® _ and2iBytegeveh und8il thelFeed hed8ing in tihe fol I owi ng Tabl e
(wherein "c" refers to "cis,” 10 and "t" refers to "trans"). The unreacted
hexenes fraction in the product streapdmgenthe reactor was al so anal yzed
by GC, and the results are given in the follow ng Table. Conpound Feed Feed

Unr eactc:ed Hexe o - { .
e S S g 4 3
15. 80 15. 6h thé r&ults 3R OBL. ZFlitgirbesterdd. FExatipt0] dei follbwithexdaitahd faekisoadres

that the hexene, i soners displayed sjimlar activities. sed aon this data,
it was corfdrRgR ‘fﬁgﬁ’e&ebﬁa’ab}‘%ﬁdiaﬁéhea‘fﬂmﬂ{ r"ﬁ]éike Ebllné?‘fti"f?sol% AE 1AM EHHBES abl e

rates. Exagp lagfgé n-BH?clyQﬁcQﬁ?ﬂ UrRe c&é%ﬁ?@d%ﬁ?elné{r\ﬁwcliﬁﬂﬁ%ag%e%ﬂ%d by GC

1,5-dimethyl-1,5,-cyclooct adi ene e results are given'in the
f ol | owi ng dndhb etveRunderitimel dONBERiGp nyveae SolbowiGy Te8hk (wherein “c” refers to “cis,”

10 and “t” refers to “trans™). The unreacted hexenes fraction in the product stream from the

reactor was also analyzed by GC, and the results are given in the following Table.

~ Compound Feed Feed |Unreacted Hexene
}1-Hexene 1.30 1.20 0.7
c+t-3-Hexene | 2270 | 23.00 18.6
t-2-Hexene 5930 | 59.30 63.5
c-3-Me-2-Pentene -|~ 030 -4 030 | 05
¢c-2-Hexene ] 15.80 15.60 15.3
t-3-Me-2-Pentene 0.60 | "0.60 1.2

15
The data indicates that the hexene isomers displayed similar reactivities. Based on this
data, it was concluded that alpha olefins and internal olefins react at comparable rates.
Example 5
The procedures of Example 1 were repeated using 1,5-dimethyl-1,5,-cyclooctadiene

20 (DMCOD). The results are given in the following table:

un Time| DMCOD Conversion C9 Cl4
l1h 86% 44% 56%
2h 7% 27% 73%
3h 51% 16% 84%

12



1 h 86% 44% 56% 2h 71% 27% 73% 3h 51% 16% 84% 12 2 1 FEB 2007 WD
2004/ 052811 PCTI US2003/ 039248 Wil e the DMCOD did cross net at hesl £ 20hpi d

cat al yst deqqs rg¢dbd2nn occurred Cross netat hesi s occurred patrambdydoupl e
bonds in the DMCOD, |eading to the formation of C9 and Cl4 diolefin
products The foregoing results do not necessarily nean that DMCOD is not a
suitable cyclic-HC using all catalysts or under all conditions. It may be 5
possi bl e to optiWhie MIGR? deraossanrtpthenzes rapid pridusideadivetiempesupedcess

usi ng Exannle. 6 G.ubbs: t . . .

51 o0t r1 oy oneReTRieSs Srt iR ko b Bk Eopdt nab BMTOP: 1660188 15,5 Pefiohas
purchased f4fapg Sid €M GoRMAGRdducts! m@fogé%b\'{@@mﬂtsaios@ﬂ hedgeksatilypgkanidst char ged
with 50nmg of the Grubbs' cat aloiii%t' Di chl oromet hane (10 m ) was added to

di ssol ve t HaMCHPRliyrat 2 spitgbdeeyoicH G peing ehpaabgtser updes psepdiieny. gt may be

1- pentene ( / 2-pen 2 - m was
sti rredgat 3%%%1%838@1?‘%%? féﬁ/ﬁ%%e%fcoﬁéﬁlo%éorﬁggc%gﬁﬂg? Eﬂ) qistsglglrlr%]lﬁé&[\%@t aken
after 17 hours and anal yzed by GC. The 15 cycl ooct ene conversi on was 99%
The carbon nunmber distribution of the repuddhpleg products is given in Fig.
1. The netathesis was also carried out using thel0% Re/ A1203 cat al yst as
described in Exanple 1. The feed m xture was the sane, except-that

i sooct ane was us@oibhs catabat bigjtricycldhex yiphedphimebenzylidee rpthemot€V Wi t h 2500

ppm TBT: Th ar.bgn nunber distributiqgn of 0 the resulfi pf oducts al so
Sy vaih 1 VRGOS werpusgated o SETR B s Ang: v ebhen t e Sk Nedmpar abl o
resul ts wergaachivaieshShite GRRILY Gty BichloeXRIRLE (16 mBvabadéPlol OW ng
Tabl e sunmari Zes the data from variouS experinents and conpares the actual
data with plissicttbelcatadssil tsfeed Briguk dOER02GDAT cyclooctene (8 ml), 1-pentene (12 ml),
{
' and 2-pentene (12 ml) was added, and the mixture was stirred at room temperature under
an inert atmosphere. A sample was taken after 17 hours and analyzed by GC. The
15  cyclooctene conversion was 99%. The carbon number distribution of the resulting
products is given in Fig. 1,
The metathesis was aléo cartied out using the '10% Re/Al,O5 catalyst as described
in Example 1. The feed mixtiire was the same, exéept ‘t_hat isooctane was used as a-solvent;
The feed mixture was promoted with 2500 ppm TBT: “The carbon number iflistr‘ibution of
20  the resulting products also is given in Fig. 1.

The data illustrated in Fig. 1 indicates that comparable results were achieved using

both catalysts.

Example 7

The following Table summarizes the data from various experiments and compares

the actual data with predicted results:
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WD 2004/ 052811 PCT/ US2003/ 039248 LQO CO Prinmary Predicted (% clool efin
Linear Oefin Ratio Selectivity Selectivity COE 2-Butene 5:1 g5l e s

2- Butene 1Qobo@ios9ds; COE 2-Butene 20:1 95 95 CDD 2- But eng19gshosfos8sis CDD
2-Butene 10:1 88 91 The foregoing results are depicted in graphic formin
Fig. 2. Fig. 3 is a graph of the nono/di insertion nole ratio under the
conditions_given in Fig 2 seen fromFig 3 the _incorparation of a
single cyc|ic-HC ngl ecul e in [ h&QYC&HuEt Primartyr ¢d) Psediet¢dr ed| at higher 5
non- cycl i chQIsHenn [Gilkarr@lefins. Rx66p! £ SBldetiorydt Séiestivit(M) on was predi cted
for all cases~HE& Mg t?—%ut&{e' O N0 ASSU(TPL | gﬁs: - Pref eg}‘red
non- cycl i cpHE=E¥etHe—tic+eet—tat .% S eyetHe=tHE—s—havie equi val ent
reactivityl= CI‘Q -[‘}P|P;B-I‘}I?RCQ havd r_\lquj ral nmr regctivit The Iring opening
cross et at he€OE r daclifbriens h cydtlic bl ef 85wi tH an nd-non-clyclic ol efin
wi |l produce a diollefin produgt. This |s the dedired reaction. However,it is

al so possfbreppo |TCOIMALAL €[ Mor &t hap ong7cyclfool efigy Unit |into a grow ng

e

pol yene chan=<thus; electivhty TsTdefgped—agmrthe fjasts how nmany

cycl ool efil:—u%m%afpe@gli A—the SPinal ixtlure. Based on

t he mechani smof the ring opening netathesis reaction, it is possible to
predict t I\ ' t400.. ory: X i equired is
Phat the coiieaoedbals Be Aptlotin SFBREL Loin E ML S92 AR i P2 7S
assunpt i omom/didndeeidn molradtic2thdee theabhditiofs given kdFige2 shkisedn fyora Figlrigtheon of

t he feed conposition, Consider the case where the catal ¥st active sjte has
al ready r ¢BRARYAURR pf sngly cYdsrEE impoleqatle imthe prrstugt (desirrd) dpyered af highgran

react with an.Pe0HeY&lLic 8t efil,p or another nolecule of the cycloolefin. If
t he non-cygﬁi 3/ o‘?le_@lﬁlc?ls presle%t ina5:1 nolar ratio,, then the active
siteis five tines nore likely to redbmmd®h a nol ecule of the non-cyclic
ol efin. Thus, 25 five out of six reactions would give the desired cross

net at hesi s produgduck @fstrduliBh ¥as predicted for all cases using the following assumptions:
-Preferred non-cyclic-HC:cyclic-HC feed ratio is 3:1

10 -cyclic-HC’s have equivalent reactivity

- non-cyclic-HC’s have equivalent reactivity.

The ring opening cross 'm'etamcsis-réacticm'of a cyclic olefin with an non-non-cyclic
olefin will produce a diolefin product. This'is the desired reaction. However, 1t 1s also
possible to incorporate more than one cycloolefin unit into a growing polyene chain, Thus,

15  selectivity is defined on the basis of how many cycloolefin units are incorporated in the
final product mixture. (..

Based on the mechanism of the ring opening metathesis reaction, it is possible to 7
predict the selectivity of a given reaction. The only assumption required is that the cyclic
and non-cyclic olefins have equivalent activity. If this assumption is correct, then

20 selectivity should be strictly a function of the feed composition.

Consider the case where the catalyst active site has already reacted with a
cycloolefin. At this point, the active site can react with an non-cyclic olefin or another
molecule of the cycloolefin, If the non-cyclic olefin is present in a 5:1 molar ratio, then the
active site 1s five times more likely to react with a molecule of the non-cyclic olefin. Thus,

25  five out of six reactions would give the desired cross metathesis product for a molar
selectivity of 83%. This value is defined as the primary selectivity. For the 17% of active

sites that react with a second molecule of cycloolefin, the next reaction can be with the

14



selectivity of 83% This value is defined as the primary selectivity. For
the 17% of active sites that react with a second nol ecul e of ewqgtpgojygf i n,
the next reggfdo@ipssdn be with the 14 21 FEB 2007 WO 2004/ @228%3003/039248

PCT/ US2003/ 039248 non-cyclic or cyclic olefin. The probabilities remain the
sanme, so 83%of these reactions wll be with the non-cyclic olefin. Thus,
14% (83% x 17% of the product on a nolar basis wll be a triene in which
two cycl oolnshiayclinpt eychavlkefibedhe prebebibtieateattin tieisameaiofe % of thepefreartidnas t he
secondary selectiwvify. At thi oi re.oM | 4058 % _Qf e .active
sites 5 th:t‘tgﬂl‘ﬁbaev“élﬂ%légf) Ié'ﬁy\gmhct(fie At ﬁ%”r?%l( %:tyﬁ\!:xeho/?)t{):#ydé? g%fjgﬁ{ioﬁ.a 'ﬁ‘ﬂf“sbasw

approach cagillag Leehd Mugdch Wy ¢yclalldfimdnitshavebédniac@poraedhanie varagi ed with a
nol ecul e of non-cyclic olefin leading to chain termnppation. This approach

can be appldedged & the psrondasy selegtivaty. ditilis peind thasp @all stiild be d%nfdlpacsive sitesnes i n
t he deskre rbo 2k _r.an [ X d -cycl.ic .olefin
shoul d Bloq% m?%&ﬁgl%ﬁ?@ti’ea& ?ﬁ“’é&%@s";ﬁ&ﬁlﬁggﬁgb @ggaéf’%%g% E%‘\}ise ‘%éﬁj‘em‘berdedi cted
sel ecti vi t i\ggil hID6S fhe Wetiveaiitys hok réafedoyizh b Giolentd dftnopldPeliidlefie @Adinglth 0S.
LOCO Ratio Primary Sel ective Secondary Selectivity Tertiary Selectivity

1:1 50% 25%M2RIEIIBhaAtion50s 19% 4. 5% 5:1 83% 14% 2. 5% 10:1 91% 8% 1% 20:1
95% 5% 0% . Thislgﬁga f i G I MLt val unni ng
experinments at 1 vﬁafll}’gl?aﬁg C?‘rgéeggﬁrpg%{j 2% 63‘12 éé%)ljr?%gr ?H’\é@tﬁﬁe& éxcggtrllg ro?]i%ﬂ% results
Wi th the prdielies irethe daditedsarbbhinambenmingd, iitsio exjeevedahsidhd har-cydhe ofpf@dhaild ons
gave good approxi mations of the actual selectivities. As a result, this

appr oadl wedwasdy RresepigRSkeaset The epledstpanehawsitpearedicied ssleshyites fona vandnuct
di stributi %n%ﬁ&g@&%"ggg‘\-’@fbi GLPapgsi tion. This nodel made it possible to
[ e

eval.uate poten onpositions w thout running experinents. 20 The ROM
Model results for cycl opentene based on the foregoing assunptions and

nmet hod ar g poveo Ritid N@rimhlyo9dlagivitgb! e Sedondddy BEHBtAER/ | Tertiary Selectivity
1:1 50% 25% 13%
3:1 75% 19% 4.5%
5:1 83% 14% 2.5%
10:1 ' 91% 8% 1%
20:1 95% - ~ 5% 0%

This method of predicting selectivity was validated by running experiments at
15  varying feed ratios and éomparing the éxperimental results with the predicted values. ‘This
comparison revealed that the predictions gave good approximations of the actual
selectivities. As a result, this approach was used to construct a spreadsheet model to
predict the product distribution for any given feed composition. This model made it
possible to evaluate potential feed compositions without running experiments.
20 The ROM Model results for cyclopentene based on the foregoing assumptions and

method are given in the following Table:
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WD 2004/ 052811 PCT/ US2003/039248 1:1 1-Pentene/ Product 2-Pentene Raff-2 .
Cl1-C14 0.77 0.52 (C15-C]6 0.20 0.16 C17-C23 0.32 0.19 Ethyl %@%cﬁﬁoﬁﬁ]o 13
Propyl ene 0.12 0.19 Butylenes 0.32 0.57 Pentenes 0.40 0. 32 - 17708 :
0.38 C7-C WO {P+¥28168 0.92 Total 3.95 3.38 "/" Cli- C1LCINBIAR32Fhe ROV
Model results for cycl ooctene based on the foregoing assunptions are given

in the followng Table: 1.1 1-Pentene/ Product 2-Pentene Raff-2 C10 0.13

8. ég gll- C|14 1. 341(2). 85 Clg— C ?:19‘149“39%> CC):18- CSE 0:98 0. 8045t gyl28ne:c.6 %808
. ropyl ene O. . tyler 2 [ ent enes 0. . -
1.08 0.24 Total 4. 51“.?{%&%1 g?g%gﬁ% 341%%52% Fhe predicted yield of C
11-C 14 using cycl ooct‘m ‘p&:ﬁé&ﬁazl,l A c'lv' that using cycl opentene.
As seen fromFig. 4, t T Naty ahgpred \,tcmg-. esults were conparabl e.
Ethylene 0.08 0.13
Propylene 0.12 0.19
Butylenes .32 0.57
Pentenes 0.40 - 0.32
C6-C8 1.08 0.38
C7-C10 diene 0.68 0.92
Total 3.95 3.38
% C11-C14 19.5 15.2

The ROM Mode] results for cyclooctene based on the foregoing assumptions are

given in the following Table: -

1:1 1-Pentene/
Product 2-Pentene Raff-2
C10 0.13 0.13
C11-C14 . 1.14 0.85
C15-Ci6 | 0.40 ' 0
- 'C18-C32 - 098 . | 060
Ethylene . 0.08 . 0.08
Propylene 0.12 0.12
Butylenes | 0.32 0.37
Pentenes 040 .20
C6-C8 1.08 0.24
Total 4.51 247
% C11-C14 25.3 34.4
5 The predicted yield of C11-C14 using cyclooctene was approximately twice that

using cyclopentene. As seen from Fig. 4, the actual and predicted results were

comparable.
Example 9
10 The testing unit was a tubular fixed-bed reactor operated in upflow mode. The

reactor had an external jacket containing a heat transfer fluid to provide temperature
control. The reactor was loaded with 10 mi of the 10% Re/Al,O; catalyst from Example 1.
Cyclooctene/isooctane (diluted 1:2) (“COE”) was promoted with tetrabutyltin (TBT) to

16



Exanple 9 10 The testing unit was a tubular fixed-bed reactor operated in
upfl ow node, The reactor had an external jacket containing a hpafEB 2asfer

fluid to pron shesbepperature control. The reactor was | oggga;MbdsfsghQs M of
the 10% Re/ A1203 catal yst from Exanple 1. Cycl ooctene/isooctane (diluted

1:2) ("COE") was pronoted with tetrabutyltin (TBT) to 16 21FEB2007 WO
2004/ 052811 PCT/ US2003/ 039248 qive a TBT concentration of 2500 ppm The COCE
was fed at giveafBToonetration ¢S00 gpwi NdedrOE vrs\edst axag of 83 .7 mblegiving an

cycl 0oct eng.; o Bubang-Mas. 6t Ao Ach 2l £pale 80,701 o o108 JPBY 3. TRLI0L0f

2- but ene: cy éine was reactor vias operate J psig

ni trogen. lragpb2-Sarpt esicloetae aab bactie reaadomwal opeedednt 39aS anbinooptiggr aphy
(GCO). The 5 _cycl ooctene caonversion was found to be 95% Approxi mate 4
liters of teregenpdogiid samples weesollesterndpnalysed by ges W%‘%ﬁpbbm}aﬁéﬁ at 80

C. and 200 ' Agcbotal ‘ . 1 S
recover (gad. c@?&rﬁggﬁ %l%%r%gﬁé%%?%%o&g%pﬂéﬁg r%géﬁ&ﬂ%@%foﬁfﬁtgf%r d'il Y5500 cc
stai nl ess st@ekrel) Thieppeiuel wasehenldeovapettB0 (7 apd2OThbarad issdae PieredAw t h

ni trogen, charged with S}/ngas, H2/ CO, 2:1, and heated to the target
t enper at ur dotal of H0gEams of kasypseecevesd cap of the reactor at constant

conposition, the makeup gas was H2/ (nga\}ﬁgelt@ssuned to be the stoichionetry
of the gas consuned in the reaction. based hydrof ornyl ati on

catal yst was disgolyed in_the Cie. s dissolv, i n_decanol ., These
sol ut%/ons wer e fﬁ?r{y‘éﬂrg p(!)e% 1S Fﬁoﬁwgﬁl?ﬂs Ndike ?Esﬁrsfeﬁbe. Sanpl es
vere talen zﬂiﬂe}dwvet. hﬁierr%?&ri(ﬂ 2diafd) Wil pubRdW3ith nitrd 84, B it s €S- Both

internal and external GC standards were used for analysis of the sanples.
The conventH:dw@l 2:il narerheated ¢ tha dapet tempérdiacs e ordgato Kegp it a2 ciyeof the reactor

unsati sfactor due to overlap with the di t.artin terial..The C12

f eed appearagaalrfsf)a"géor%%tfong%%%‘é‘? BAPNRAS ‘i? ﬁal ﬂ?ﬁswlggpé\?&aertéc a@m&l})cf’il%'a’ct ane,
cycl ooct enef tchs©3Rsunteldah eeirBactibfl  Aaebale kRAHVERortlEtion chabet RAE Was
slowy hydrofornylated to cycl ooctyl net hanol; this reaction was not further

quant i fi ed.dissthyedén dxgar.i kEht wasdasselved inidecanal. Theee winiwine Worssthemehasgasito
experi qgnt t e”Spéé‘r%xavé %%tHlatgrir?g"é?S%{p es {vierzeecgkénndu-gﬁl%ltﬁe geactilbﬁ at 0, 30, 60,120,
180 and 240 minutes. BotH-iﬁfernal and ektemai GC standards were used for analysis of
the samples. The conventiqi}él internal standard, tridecane, was found to be unsatisfactory--
due to overlap with the diene st,zirﬁng material.
The C,, feed appeared to be about 93% pure. The main impurities were
20  cyclooctane, cyclooctene, and C20 triolefin. In each experiment the cyclooctene was
slowly hydroformylated to cyclooctylmethanol; this reaction was not further quantified.
Three experiments were conducted. The conditions for each experiment and the

results are summarized in Table 1:

17



21 FEB 2007 WD 2004/ 052811 PCT/ US2003/039248 Table 1. Summary OI: E’;?@lf” ts
Exp. | Exp. 2 Exp. 3 sec-UH dodecadi ene dodecadi ene dodecadi ehbft in Rxn
M x 98.6 5&dnodfeds@obalt source Cobalt Carbonyl Cobalt GarReghsEpbal t
Carbonyl 9N Co in Rxn Mx 0.1 0.1 0.05 RwM17/Co 1.39 1.15 1.13 KOH Co O
0.55 0.55 Co-solvent none decanol decanol 9% in Rxn Mx 40.2 66.2
Tenperature (C) 180 180 180 Pressure (Psig) 1050 1050 1050 H2/CO Ratio 2 2
2 React i ofiebE nsuptipyof BesBitss  ( ef i n Conversion 99 90 80 Products derived
from dodecadi ene Tridecanol, linear + branched (% 58 45 37 Linearity (%
71 75 71 Sumof tridecyl formate, trigléi‘d&rial, an tFEREIécenol i somsrd (% 3
3 15 Tot af**t4'3 products (% 61 48 57°%FHE8ane 6°¥°EE" Fr om FHEFEP%goi ng,

it was determned that,gdodsqad _ehe producgglgby cross n’ﬁ'@t hesis 5 could be
hydr of or nybabed,uf@ primarily tri decapel canforfi SONSoth cbbiyDar Y Bbdildarbiy t he
art will recognize tftcoreiy vxodi ficationsglay be madefo the presgpd

i nvention rithifrosit departing fromthe spiriisand scope nisthe present.is

i nventi on. Kdireo enbodi ment descri bed herein s nmeant toofe illustratose only
and shoul dCo-¢emot be taken as limting tieeinventi osecanshi ch i s dedceed in
the follow ng clains. “8in/Rxt MEEB 2007 40.2 66.2
Temperature (°C) 180 180 180
Pressure (Psig) 1050 1050 1050
H2/CO Ratio 2 2 2
Reaction Time (hrs) 4 5 5
Olefin Conversion 99 90 - 80

Products derived from dodecadiene

Tridecanol, linear + branched (%) 58 45 37
Linearity (%) 71 75 71
_Sum of tridecyl formate, tridecanal, 7 _ .
and fridecenol ispmers {%) 3 3 15
Tot;al C.1‘_3 products (%) 61 48 52
D?::decéané | ] 85 4

From the foregoing, it was determined that dodecadiene produced by cross metathesis

5  could be hydroformylated to primarily tridecano!.

Persons of ordinary skill in the art will recognize that many modifications may be
made to the present invention without departing from the spirit and scope of the present
invention. The embodiment described herein is meant to be illustrative only and should

10°  not be taken as limiting the invention, which is defined in the following claims.
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.CLAIMS 1. A nethod for nmaking unsaturated hydrocarbons, said nethod
conprising: providing a m xture conprising one or nore cyclic ynsBERfgt ed
hydr ocar bons and an excess of one or nore non-cyclic unsaturated

hydr ocar bons, wherein the nolar ratio of non-cyclic unsaturated

hydr ocarbons to cyclic unsaturated hydrocarbons is from5:1 to 3:1, said
cyclic unsaturated hydrocarbons having a AG of less than 0 at 25 C. and
conprising a ring structure conprising x carbon atons and; exposing said
m xture to conditions effective to CLAIMS net at hesi ze said one or nore
cyclic unsaturated hydrocarbons with said one or nore non-cyclic

unsat urated hydrocarbons to produce primarily non-cyclic unsaturated
product hydrocarbons conprising a single nolecule of said cyclic
unsaturated hydrocarbons and having nore than x carbon atons. 2. The net hod

of cl aiym 1 i a6arbons rom 10
to 16 &arb %t o8 %Id‘f'lnér]&q{ dcfﬂ al mllycé%é;&; el n -‘2% § nsa uraC{
producbompydedagrbons conprise fron111 to 14 car bon at ons. 4. The net hod of
claim1l wherein sald unsat ur at ed product hydrocarbons conprise 15 and 16

carbon at of¥°VE Nk ATkt RS TS 1% MHe R ek FYFLLF Rt wiated

unsat un%%camb%araaan%nareac%s@y oF QLo MIPA AR PrifSSiratkd The
nmet hod o0f any of clains 1-5 wherein said non-cyclic unsaturated

hydr ocawbl@ns:acb@pususerharﬂlnﬁglt@m mediagr dedd cc &b Een-CrdBerT bovRRturftiedst
remai n g@rrg ggglacacrb Uy cHaGKhy %%th‘}attggr Iy Td‘:::oc% e 1%”5%;3:;( ngrto he

car bon- and secon remai n carbon
ri ght gf:1saisdidnggiciiat et saiuran et Wikl 2MA& hearimn badl,oS5dies s ivhkin

renalnder and gald second remgi nder qof o
at . and comprising a ring structure comprising x carbon

atoms and;

exposing said mixture to conditions effective to cross
metathesize said one or more cyclic unsaturated hydrocarbons with
said one or more non-cyclic unsaturated hydrocarbons te produce
primarily non-cyclic unsaturated product hydrocarbons comprising a
single molecule of said cyeclic unsaturated hydrocarbons and having
more than x carbon atoms.
2. The metheod of claim 1 wherein said unsaturated product
hydrocarbons comprise from 10 to 16 carbon atoms.
3. The method of c¢laim 1 wherein said unsaturated product
hydrocarbons comprise from 11 to 14 carbon atoms.
4, The method of claim 1 wherein said unsaturated product
hydrocarbons comprise 15 and 16 carbon atoms.
5. The method of any of claims 1-4 wherein said non-cyclic
unsaturated hydrocarbons are a by-product from a refinery process.
6. The method of any of c¢laims 1-5 wherein sald non-cyclic
unsaturated hydrocarbons comprise a single unsaturated carbon=-
carbon bond, a first remainder of said carbon backbone to the left

of said unsaturated carbon-carbon bond and a second remainder of

sald carbon backbone to the right of said unsaturated carbon-
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sai d carbon backbone conprising the sane nunber of carbon atons. 7. The

nmet hod of any of clains 1-6 wherein x is from8 to 12. 8. The nethod of any

.of clains 1-7 wherein x is 8. 9. The nethod of any of clains 1-271 bt 7087 n x

sis 12. 10. The nethod of any of clains 1-9 wherein said cyclic unsaturated
hydr ocarbons conprise a single unsaturated carbon- carbon bond. 11. The

met hod asfrhety indd o aded 1£ 10 heered indeu damycﬁied secendr neralhger ochr bons

conpri se 3 r| struct 0 ubstl uent.s v'n a
si ze, S @ ?rbcaeﬁ}%&b CIEI%\rq%i’?irln%n‘%% uc?rﬁlg 'ﬁ% rd% 0?1]6?0 n?{é?‘g%re
with crpss méamérﬁsa;@ of2anghef nelbogs of -6l @hsrdinvket ei Bx8mi § eselpr nore
substituents are |ocated on saturated carbon atonms. 13. The nethod of any

of claiths 18ha eHaP@i P 2y SheChR RDr &~/ sﬁ%%??%ﬁeﬁtésape met hyl groups.
La. They metiipd pleiby 8f &gl B8 d1d2nuher el fnadhh CYCibCygunsat urated

hydr ocarbons have a AG of or | ess at 15. The met hod of
any of kﬂéﬂ?hﬁ]maﬁhmmemélmnsapﬂ cyaing lu&snheraiadshydrogaibons have a AG

of -2 kcal /.nol l.es 16. .The net hod, of ag& inms 1-1
AR

wher ei H“%ﬁaqtd‘rc%fc‘?q &Y %%ﬁ{H%I[‘%ac?f{}%’flo%%r%oﬁsn%ﬁ?/eu%s ‘Ft%’ék?‘?lf‘ml or
| ess ateav¥orCbohid. The nmet hod of claim 7-8 and 10-16 wherein said cycllc

unsat urated hydrocarbon_is cyclooctene and said nethod further conprises
cyclodlk%W|E¢¢mﬂ?ﬁh%ﬁhQ§mﬁ@B of oabedng i yleyeheseibngaldigyc¥he met hod of

Cyel oo I e A A S oL St Eaing 908 e
to prod:ucencscaa cbtdqaﬂmimmmvmgg & hel ot Mogbof amy bécatibomsod- i&d\/nerei n
sal & no Gy A Suc IR by S Qe RONB DAY S, L1 AL B L8Len; 8t

12. The method of claim 11 wherein said one or more substituents

are located on saturated carbon atoms.

13, The method of any of claims 11-12 wherein said one or more

substituents are methyl groups.

14. The method of any of claims 1-13 wherein said cyclic
unsaturated hydrocarbons have a AG of -1 kcal/mol or less at

25 °c.

15, The method of any of claims 1-13 wherein said cyclic
unsaturated hydrocarbons have a AG of -2 kcal/mol or less at

25 °C.

16. The method of any of claims 1-13 wherein said cyclic
unsaturated hydrocarbons have a AG of -3 kcal/mol or less at

25 °c.

17. The method of claim 7-8 and 10-16é6 wherein said cyclic
unsaturated hydrocarbon is cyclooctene and said method further
comprises cyclodimerizing butadiene to produce said cyclooctene.
18. The methed of claim 7 and 9-16 wherein said cyclic unsaturated
hydrocarbon is cyclododecene and said method further comprises
cyclotrimerizing butadiene to produce said cyclododecene.

19. The method of any of claims 1-18 wherein said non-cyeclic

unsaturated hydrocarbons have from 4 to 8 carbon atoms.

20



20 21 FEB 2007 20, The nethod of any of clains 1-18 wherein said non-cyclic
unsat ur ated hydrocarbons have from4 to 6 carbon atons. 21. The nethod of
any of claims 1-20 wherein said non-cyclic unsaturated hydrocarpbFB 2007
conprise butene. 22. The nethod of any of clainms 21 wherein said non-cyclic
unsat ur at ed hydrocarbons conprise 2-butene. 23. The nethod of any of clains

1- 22 f &Q-hfhegmpihed et prawi of ngladss skt e esin | saidseenrayebic

nydr 0CaERARS, LN L5 lia dLAMBA AWM el Wd G UARET o s The et hod of
any of 14 e A Urther conprising providing as sal £ non-cyclic

unsat urdt.ed'iy dierdasd ok a@f féhHatlaimon 2 CvhestetansdidmamoyeIia cracker.
25. The net hod ,of ﬁh@'ﬁ124 wherein, before providing said mxture, said

raf f i naF3B5E&R AR RE R 3RS R but ene as said  non-cyclic
unsat urgt edrly OGP WY Zly of claims 21 wherein said non-cyclic

unsaturated hydrocarbons comprise 2-butene.

23. The method of any of claims 1-22 further comprising providing
as said non-cyclic unsaturated hydrccarbons the €5 cut from a
fluid catalytic cracker.

24. The method of any of claims 1-22 further comprising providing

as said non-cyclic unsaturated hydreccarbons raffinate from a Cy4

stream from an olefin cracker.
25. The method of claim 24 wherein, before providing said mixture,
said raffinate is isomerized to produce primarily 2-butene as said

non-cyclic unsaturated hydrocarbon.
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