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02/ 0- 57203 PCTI US02/ 00508 was specifically and individually indicated to be
i ncor por at eBefbigneesf erence in its entirety. State of the Art [000121
Hexamant anes are bridged-ring cycl oal kanes. They are the hexaners of
adamant ane (tricyclo[3.3.1.13 7] decane) or Cl10H16, in which various

adanmant ane @0i]s ar dht dodbviiusgpdlicaflvas eahpoentcae hisadan #18 shipdivatndes d”

top ¢ngy, whi ch means their carbon atom arrangenent is superinposable on a

fragfent of S“"PHE“H QWBRH lattice 10 (FIG 1) Hexamant anes possess six of
the "dianond crystal units" and therefore, is postul ated that there are
thirty-nine OSSI b|] e _.hexamant ane_ st ruct ur Anong th twent ght of
the thirty- havé'“b Ikals (g1 rrurpace of %?%H’F%“t’i%ﬁg?n tfét?en’ e ght

w i
396 Dal t ons g_f{( o a5 Heperagriang (Lol 18 g Heep Pregleum R YRY: f8Clenant i omers. Ten
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15 weight 382 Daltons). [000131 The remaini ng hexamantane (FIGS. 2 and 3)
is fully condensed, has the stoichionmetric fornula C26H30 (nol ecul ar

wei ght 342 Dal tons), and conpositions conprising this hexa muhefr e the
subj ect matter of the enbodiments of this 20 invention. of rel ated
processi ng 84t Hent [000141 Very little has been publi SHEEPBEIPE ning to

t he hexamantanes in general, and cycl ohexamantane in particul ar.

Hexamant anewaospeaitivsls, ndvliviohallyasdicatal bibkiisdogddratedslyyntclieeice edits and t hese
conpounds have been recently thought to have only 25 a theoreti cal

exi st ence. "% deni ¢ chenists have primarily focused research on the

i nterplay between physical and chem cal properties in the | ower di anondoi ds
such as adamant ane, di amantane and triamantane. Adanmantane and di anant ane,

for instanc8tate HieceAthieen studied to el ucidate structure-activity

rel afionships in carbocations and radicals.3 Process engineers have
directed efforts toward renoving | ower 30 di anondoi ds from hydrocarbon gas

st reans. 2 -L{H#QI2]di Hesmooitaies aahridawkeng preiislkeans. direy ag thakexpmed @t i on of -

natural gas sol i di.fyi i.nspi.pes an her _pi 5 WO |
02/ 057203 786%%%ﬂ%863199g?ﬁg(F?%giﬁfﬂF@mggﬁﬁgﬁﬁ%épﬁﬁifggﬁﬁfornation
regardi ng t hie fpedaiddC The capplundahdvens dafnohéoidepblapgsvhidiingans distr i s

probably due to extrene difficulties ncoupnt er e t.heir ,isol ation and
due to fail %ﬂﬂb%rwﬁ?lﬂégﬁ%gcgi%‘e‘ﬁﬁ‘fp@“wwb%ﬂ Y pager gf the 85?8}?6?1?,%“%% scuss the

posgh bl e pr gsenpe fkaRSthRYPolsadas ¢fitha datoriCRehed siake aad thebefbiel & ber
postul ate that hexamantanes nay al so be present.' The researchers postul ate

the exi st enpwtubdted thet bempouhiy-Hasessibly hexpmyyans sEREHGEHe AMIOBE Welagnent at | on
pattern. .. tv\);:ggy igllnt%f ﬂ%tthirtg%\ﬂ?e e tﬂe%w?&%or{lgﬁc ifo?fi’lluf’at('hgﬁ%o(fmo@ecﬁlapg! e :
pent amant ané oF Nexanmant ane. r were they able to separate non-ionized
conmponent s dightripstivdions)sipé of thede, sinalosyinmetricdl aving po enangipmersi Jewek an

t ly | i el di hesi f td.-t d
Mol ves. colb et trarvares ke JRIhECEH (kg fr ocedure

congg tions {eight3820adtops)ase on plati num at 360C). Al though one isoner of
tetramantane, i.e., anti-, has been synthesized through a double
honol ogati on route, these syntheses are quite conplex reactions with | arge

or gani ¢: nol @Uiﬂs e IdRBiHRAShexBRRASBnAFIGH Y shdB)tis fulld coichbid, BasakessT ul
(6}

synthesis of other tetramantanes. Simlar 15 attenpts using preferred ring
starting nasteichigmstricifomadaf ablinc@algoulir weighh 3P dipas). 8l cagipsliont gy e

|1 kewi se  ald gl il feADh0RS b i (RERL ARRRGR IR mbbliiffMFaid! t et S

usi ng car bocati on*“rearrangenent routes enploying Lewms acid catal ysts,
uset@l in wyaitieasi zing tri amantane and | ower di anondoi ds, have been
unsuccessful in synthesizing tetramntanes or pentanantanes. Attenpts to
synt hesi ze hexamant anes 20 have al so failed. 1000161 Anobng ot her '
properti es, [0d0 A4T0NYR s 18 Rasebebly phistishéde riaiisig totileiexmelytams dafdngragt abl e
structures of all possible hydrocarhbons that possess. their. nol ecul ar
fornul as duthdyciohexamaptang iartulato HEmARIang FempepRds Bane ohPeiinal 25

o aonds. ex B S e b Al o e cal
rea2sivity, aticeeticdl esistengedsi dradentiy clpndsts bavatvamardy fnehsedessichien thel uni na,
or AL203), ﬁl)t(c(z:]g\llajlf géu)veénhp ryrs];%:l:ll and chemical properties in the lower diamondoids such as
adamantane, diamantane and triamantane. Adamantane and diamantane, for instance,
have been studied to elucidate structure-activity relationships in carbocations and
radicals.” Process engineers have directed efforts toward removing lower
30 diamondoids from hydrocarbon gas streams.” Lower diamondoids can cause
problems during the production of natural gas by solidifying in pipes and other pieces

of related processing equipment.




conductivity, a low coefficient of friction, and high x-ray transm ssivity.
30 [000171 In addition, based on theoretical considerations,

cycl ohexamant ane has a size in the nanoneter range and, i n W3iduly 890% he
properti .above, the inventors contenplate that_such a .conmpound
woul d haé@oggﬁﬁgPy in mcro- and nol ecul ar- el ectroni csPaHESKERYE echnol ogy
applications. In particular, the rigidity, strength, 3 18 July 2005 WO

02/ 057203 PO#P 02T o0Bo8 s edntdins liitlc infyrinatign regarding dot precticalf or ns and

mul tiple at : i h i | ecu] e kes. i.bl e accurate .
constructio%$g€ﬂ§§%%se%§§%§%§¥2?£%$%€F§F%%H g%?%égreﬁggﬁﬁﬁgﬁ%neter :
di mensi ons-ententared inahisr helx@ombatialoe & failel dyhtheds alicigins i nahd Witkpforet er si zed
units shomﬁg@ d%jgeren di anond Iattiéf arrangenents. This Sm%Lanslates
into a variBEPPET TG TC BRSPESPIEITICST ASRAMaaqas & ¢ RS oPdeHR Aifex amant anes-
For sexanpl efurthd2baiihtchir AbRiManged day g6 saeea:.’ TlekiddlshRsapmnt ane has a
"T" shaped structure while [12134] is "L" shaped_and (1(2)3(1)2] is flat

] :
-wi-t h-four -1 GpEssterer ol fhgGompernds Brred en amaps speefromatiic Bagragntatign g2ty ht - handed

screw | i ke ek Ukd s GdwevYeh QP B¥ TR B Liheld pakahal SRR ADGIant S di sC- OF
wheel - shaped. 10 [00018] 1t has been esti ma%ed that M croEl ectroMechani cal

Syst ens ( VEN®)were By ahle i separaigmonfiondzed womporshsuiudng Hetr spgeD@alysises | onger
t hen curreny i ﬁﬂ? i & [ hem cal | i gn and woul d
not pronot g\/l gII]Q e?’é%tg l('rﬁggucsf; :Xgr%m In gji 6%%@?%&?%3%% (I;FCaa? i'tg%aér.%%&ﬂg'ai n, the

i nvidnt or s clirtpeepthat exvblvat canypdboflaxagraiteanie addbemgloy Cdrhsticaciion | ar

attractive properties. plications of | ghexamant ane i n¢cl ude nol ecul ar
el ect roni csc?m%ﬁﬁscfﬁﬁ'ﬁ?s i ‘??e‘ﬂ?ﬂa{’r‘l'frb%ﬂ%@%ﬁj éétgt?uggr?&e RRABEPY uct ur ed

pol ymer s anghfdeihe, TRL 8hd-ahss beb PRk NohWuLR 3 baili RSmbBEsRn 3slHaNt ages of
hexamant anes in general and 20 cycl ohexamantane in particular, the art, as
not ed abovdhese aynthesesqargguteicgmples iprssprs wislarge orgsnicanelgewdssdn disgramant ane, or

processes. tale Mk leRed feLREISAAIIRASI A clulhl ghufpe above.

there i s an ongol ng nee n the art to provide conpositions conprising the
C26H30 hexattamp@ameng prefined rigf etartang ntaverads io podootasxawith timtemoRipa®dVVARY OF

THE | NVENTI 00020] . Enbodi.ment irected toward it
compr | si ng PHE EIeAE ORMAN kA e (PP Par s LRRaer RBE pori -

condensed hexgrabbarien rédatthigermeandeids adpibging LeaiRtadideatadfstscyeiiohexamant ane.
30 [00021] %gor_di nt%I , the present invention is directed toward a
5 Ay

conpositio IRES pnq qad doweydiondoigs haysheepynspsr il By cl ohexamant ane

based on tf%?th@ﬁz@ﬁog R anes o RALGARAST WikMpts 1§ sydthelibehedPmaWE 02/ 057203
'PCT/ US02/ 00508 [ 00022] In one enbodinent, the conposition conprises

cy@Pohexamdatede fakedas range from about 50 to 100 wei ght percent,
preferably about 70 to 100 wei ght percent, nore preferably about 90 to 100
- wei ght percent, and even nore preferably about 95 to

[00016] Among other properties, diamondoids have by far the most

thermodynamically stable structures of all possible hydrocarbons that possess their
molecular formulas due to the fact that diamondoids have the same intemnal
25 “crystalline latticg-” structure as diamonds. It is well established that diamonds exhibit
~extremely high tensile strength, extrefneiy low chemical reactivity, electrical
resistivity greater than aluminum oxide (alumina, or Al,03), excellent thermal

conductivity, a low coefficient of friction, and high x-ray transmissivity.

30 {00017] In addition, based on theoretical considerations, cyclohexamantane has a
~ size in the nanometer range and, in view of the properties noted above, the inventors
contemplate that such a compound would have utility in micro- and molecular-
electronics and nanotechnology applications. In particular, the i gidity, strength,
3



5 100 wei ght percent based on the total weight of the conposition 10

[ 00023] When such conpositions are sufficiently enriched in

cycl ohexamant ane, the conposition may forma crystalline stlBuliiy,£005
Accordingly, another enbodinent is directed toward a ¢ N

conpri si WY €PEibhexamantane in crystalline form BRIEF @@%ﬁag\l OF THE
DRAW NGS [00024] FIG | illustrates the cage-shaped structure of

di amondoi dgyane, thgly of dRceen fehsbhomutipldittrbndy sit@pdernibydify, FIG |

illustrates the correlation of the structures of, di dSietiessubuni t s of
the di anoneraeylstagkes a@qﬂbéf'e%cc'[}fe'e@%s]““ﬁ‘rﬁ&r °€‘f5ﬁ&§'f“‘rbgn§%g§ Te Ball and Stick,

CPK -and C%E{%%F&%E@m&‘énsimpﬁ%emcﬁ& honsnaafaney ek dexamensiand. 20 [ 00026]
FIG 3 illustrates the structure with views nornmal to var'ﬁlsjs di anond
crystal | atmbhoetqlsied sniof shoyoisohBstartainmond [ epHarEcrBres: 4P| | ustrates the
gas chromatogram.of a ga Pe; thiohindRex@hadtesor i gi nal
feedst ocks TELYS ‘ﬁtq%ég@a&n&%gagﬁ?ﬁéesggé%gﬁﬁw . Q(E:}I ohexamant ang_jis present
—at-| ow congRpbiaatploPE2 1 20pliexdatieatedbtad, shined, (1316} xRt df stil l-ate -~
fractions (FIG 7). 30 [O FL 5 ] M kedoedioBdsst i | 1 ation
profile of Shaﬁj%m&ﬁ‘ﬁaé?ﬂglﬁigﬁ%%i@d tsohéﬁedc%n;ats[glbz?(gzﬂgsetﬁ?ol eum byproducts used
in the Exanfl.8s, LEgadskaws B3] HBot léngd pehniaddbgirer Ele srstWtsnospheri c
equi val ents. Cycl ohexamant ane was fouer}d i,n th%%g%%g%gri c residue (650F+)
of Feedst odkycBhexegnantang (18051 WFTPNBESIHSSBEF 8 [000291 FIG 6
illystrates a high tenperature sinmulated distillation profile of

at nospheric residue of dianmondoid rich gas ¢ nden(%?gest: E@gﬂ@%ﬁck A and
Feedst ock B000I8] s Fhaireen astiwentd thefd¥icetdectiofechanicy! a¥ iR oh nunmber

at nrospheric __equj val ent ..boi | J ' 00-&h8&! 1IBnfer angl Brrsit@olysitieopor t i ons  of
each feedstCtS’B’ng\‘m}i(‘?HFOtIEud‘aéncl)%'{daglﬂgmg%FE%%xamant arrllggi.r [00030] FIG .7
i 11 ust rat esvEMIRSndaieORl Bahaphilly imniniand weuldeet Rermeff aHBe et esi due

cont ai ni ng cycl ohexamant ane and hi ghe i hflste b0 B dol@RSmaRAdeENsat e,
Feedst ock AR bignedisghapplicajogs- g\glainl’ glls%t%rrivél3 leos a Mmﬁ teerrpg% ature sinmul at ed

di Sf_;i | | at i ool Rfvel st abRadsopktR. Usiphigatione o beyrirdshanantangingyde| at i on
+

650 bottons as feedstock. Thys figure.al.sg .ill targeted cut
poi nts ( 1- 10ylegudar qiﬁcgﬁewcss@#laﬁ?ﬁ'ﬁawr\g%ﬁ?f&ﬁ‘?ﬁ‘é‘?&’ @%ﬁ%ﬁgégﬁgﬁ ane is

cont ai ned primarilyy if.dhstiddate fractions #3 through #6. 15 [00032] FIG
9 (A B, C,polf)}q'ﬁ%r}:%strgt es the gas chromatograns of vacuumdistillate

Fractions #3, #4, #5, and #6 of Feedstock B at nospheric distillation 650F+
bottonms il at i.n Fl lorkd ' land20 1000331
{géifgﬁl | ﬁgf‘?@[sgmghﬁ%w@gh AR § fbethdntinbXagehea

FIG 10 (A S e gas chronmat &gr ans of the concentration of
hexagant anegycushignadyineliy pirficul &) Ge at 0B nofedpbeyafals 1@ ROVISE PHROI P Equi val ent

col um) of Feedstock at nospheric djsti ' QN iexemhi fied in
Exanpl e 1, W%ﬁlwcggwg&f'%gﬂgﬁ%%%%tir}&t%%/drlg 5’%? gp%r ocgglg?ﬁg. FIG 10A -

i 'l ustrat esjew of the above, there is an ongoing need in the art to provide compositions

comprising the C,gH3o hexamantane herein referred to as cyclohexamantane.

SUMMARY OF THE INVENTION

25
[00020]) Embodiments are directed toward novel |
compositions comptising the CagHso hexamantane herein referred to as either peri-
condensed hexamantane, fully-condensed hexamantane, or cyclohexamantane.

30

[00021]  Accordingly, the present invention is directed toward a

composition comprising at least about 5 percent by weight cyclohexamantane based |

on the total weight of the com_ppsition.
4



the GC of the product of the pyrolytic process. 25 [00034] FIG 11
illustrates results of a preparative HPLC separation of Feedstock B
distillate cut pyrolysis product saturated hydrocarbon f r actiBolths A% ng
HPLC fr i .taken using octadecyl silane "ODS" col unns _and_acet one
nobi | e ;ﬁgg@%ﬁe "x" marks the fraction containing th&“HUGHELEHs
concentration of cycl ohexamantane. 30 [00035] FIG 12(A B) illustrates
GCI M5 total ion chromatogram (TIC) and mass spectrum of ODS HPLC

cycl ohexa ne-cqntaining fractions #23-26. 6 .18 July 2005 W) 02/ 057203
Rt Do ORI 06 R bRe BriBaieAR b BinidiioR Sowbria svdlepananii dot

cycl ohexanmangeainan abyis Sakst (owdigh ppicedt frefeadb@datfonone DB MRLLE beragiti ons
#23-26 (FIG 14). 1000371 FlI 14 jllustrates results _of a HPLC separation
usi ng Hypefflefgrpbgf%f_aéwg?l&s?aﬁgf%%%@éﬂf&ﬂ%ﬁsam’eﬂm%Pﬁe&a@lwﬁz&u% PriG 12).
Cycd ohexanmntvadient ipSrced:@HRM ohthd REWeRRDo il Cochg@flohons #5-11. 1000381 FI G
15 (A, B) illustrates the GO/ M5 total ion chromatogram and mass spectrum |
~of cycl ohexamant ane i sol ated by HPLC using ODS fol | owed by Hypercarb 10
stationar yioghase GRlk SR8 corhBORRAS afd etk eRicted i 8did-fanBlrgf0m crogr aphs

of cycl ohexamantane crystals . precipitated from Hypercarb HPLC fractions

#6- 9 char dbe egnipostlion mag|i@m 4 §ystalbnDETURIUEDABESGRE PTaON eOPMIFMEMENVENT| ON

3 /S DETAIEl THORCCPm it
hexamant ant CRBBb R AESreBL BT om N R L heRaRatah el Chr e lm: on i n

furdther detail, the following ternms will first be defined. 20 Definitions
1000411 As used herein, the followng terns have the foll ow ng neanings. 25
f 00042] The term "di anondoi d" refers to substituted and unsubstituted
‘caged conpounds of BREERDESTRIRTEOSCF aHE DRAWINGsadamant ane, di amant ane,
triamantane, tetramantane, pentanmantane, hexamantane, heptamant ane,

oct anmant ane, nonamant ane, decanant ane, undecamantane, and the |ike, and

al so incl L[@G)(ﬂg] mol egull @iuMBied e Ja@é—@f?a 8d sthlRRRE o FRRORRM:Sinli Ehudi ng

i somers and stereoi soners of 30 .these 1por ms. Substituted di anondoi ds

prief er abl wouelaper toalifmands.| Spegi{itaila AdG norlkustraesgheeerbdiation of the4 subst i tuents

Strar gnt CraREpREhRopRTh ki SR BRRSHELAAR Blice® 1Y ' T 28 ury
200|50\<3/1\Pk22/ 057_2|_g3 PCT/ 1t 522?\02508&00?431 Herrgatmanteanes are bridged-ring
((:%/:’:I cycl oﬁgﬁgﬂl %9’?@@8‘5&@?5 tﬁ'?ggﬁﬁmgﬁ?lﬁﬁagﬁia@ﬂ C%’ﬁ%@o%%’“‘é‘&%fﬁant ane units

are face- fpednuailbhe ooypeirgdsattaiee a "di anondoi d" topol ogy, which neans
their carbon atom arrangenent is superinposable on a fragment of the
di%¥ond lattice

[00026] FIG. 3 i‘llustrates the structure with views normal fo vanous diamond

crystal lattice planes of cyclohexamantane.

{00027]  FIG. 4 illustrates the gas chromatogram of a gas condensate feedstock; one
25 of the original feedstocks used in the Examples (Feedstock A). Cyclohexamantane is
- present at low concentrations, not detebtable, but is shown in vacuum distillate
fractions (FIG. 7).

[00028] FIG. S illustrates a simulated distillation profile of a gas condensate
30  feedstock containing petroleum byproducts used in the Examples (Feedstock B).
Boiling points depicted are atmospheric equivalents. Cyclohexamantane was found in

the atmospheric residue (650°F+) of Feedstock B.



5 (FIG 1)_ Thirty-nine possible hexamantane structures have been
postulated by the ....inventors. Anong them twenty-eight of the
thirty-nine have the nol ecular formula C30H36 (nolecul ar wd gHY

Dal tons) and of these, six are symmetrical, having no enantioners. Ten of
t he thir woqseehexamant anes have the nol ecul ar f or mul epc32@#d34os0§ nol ecul ar
wei ght 382), and the remai ni ng hexamantane (FIG 2 & 3) is the fully 10

condensed nt AAV.] : . a2 | ecul ar
el ght 3 3fRRIBOSGE SHRLIRE: L e B A R bR L T condensed
- hexamant aneimbsphérrgesiduntfeltamadoil gicmgeacanflerGagkIBedsRrckiepnb| v,

cycl ohexa tane, i.s J.n pon- 15.1 oni fo 1 45 .j.owner

di anondoi (rjml%f) °5h§1tthw gﬂgm‘e ésgr@ﬁ rﬁ%ggeﬁi'%ﬁn%fﬁ g%rgon éur{g&?ra %Ilggsngirﬁ ane
conponent s"equiRflefithollihggintaricbels Axdrd Bisieubst poribedofaach fadssdcktwitied
derivatives of adanmantane, di amantane and tri amantane. These | ower

di arondoi d BRESHPERBRIENERSw no i somers and are readily synt hesi zed,
—di-stingui-shi ng t-hem from the "hi-gher di anondoi d-conponents. ™ [000461 The
term "hi gher di anondoi d conponents” refers to any and/or _al]l substituted

and unsubstP030kd K6 7 dishetenesasshipsmreraphic prodispf yagrardigiliatesubst i t ut ed 25
and unsubst |t AP AREHRR r tituted
and unsubglfsltl(%{%t% gﬁﬁ?ﬁ%@%%@ corrponerllé%;lr d%agmg%d%ﬁ%%rgai{x%ndgt%gﬂ tuted
and unsubdiedsuickd.hept amant ane conponents to any and/or all substituted
an(CJI]10 unsubsti tuted octanmantane conponents; to any and/or all substituted
an unsubsti tut ed nonamant ane conponents; to any and/or all substituted
and 30 unsybssif utigd. 8anamRes Aligh CaMRENGs sisnulited dinyllaiodpmfiledi substituted
and unsubstituted undecamant ane conponents,_ as well as m xtures of the
above as waierdsiosk Boisingrte affigshers Qﬁgﬁﬁwpéawaqoéﬂoﬁﬁﬁ%ﬁ%‘@‘ g‘ré'r‘ﬁ amant ane, .
hexanmant ang;gurc i@l Afaled fe tu@EEABR HoRfe( ! -1 m%ﬂeﬁﬂﬁmoﬂﬁﬁ@-[&ﬁti&ﬁ@, _
undecanmant ane, and 8 18 July 2005 i WO 02/U7203 PCT/ US02/ 00508 5 the I|ike
[ 000471 Th&yrclshenanfanags isceRtaingd primpdlyde dishbwafeeipss foBUNBA* refers-to
hyqrso- car bonaceous materials conprising recoverabl e anounts of

cycl'ohexamant ane. Preferably, such feedstocks include oil, gas
condensat e00032f i Gy $ArBAiyR)) ilwwetey diergas cluokstogninis of Nadusm disitlatands,

.and i ke, Kk L,cal |
ecessar i |y HBBTF 6L Biags SPeTng Ao BR B A g e ot | s

nondi anmondQitgrsedROFIEN 8 Sind Thenplified &t Pednpls1t ypi cal |y characterized as
conprising conponents having a boiling point both bel ow and above
tetramantane which boils at 10 about 350C at atnospheric pressure and nore
preher abl y ndidyj NG1a. POiA,IB)GIHRARRE thelRe! QoML ARR\E nRWShNBNEIRIT ane.

Typi cal feedstocks may al'so contain inpurities such as sedinent, netals

i ncl udi ng MEvkEntanesyra pRlysin 16 heB iusarigatic &C (DBrdy eayaien| so cont ai n
het er onol e Nl e ds t N8 hiblBeq ipuch feedstocks
may be subggléﬁlémf@ée?%tg% eaé%grsg’sucjdggct:ﬂti%%%tefgac\?ig?#o’useuhllt Sper ations to

al ter 15 t [Erampiariawhiehives usesl ao feetlsteclomipyraigtic freemdstg cKlGandA ilsteies ret ai n

properties t}%fG o gletpg'oed%tcteoq' the pyrolytic process.

25 ,
[00034] FIG. 11 illustrates results of a preparative HPLC separation of Feedstock B
distillate cut pyrolysis product saturated hydrocarbon fraction showing HPLC
fractions taken using octadecyl silane “ODS” cbiumns and acetone mobile phase.
The “x”* marks the fraction containing the highest concentration of cyclohexamantane.
30

[00035] FIG. 12(A,B) illustrates GC/MS total ion chromatogram (TIC) and mass
spectrum of ODS HPLC cyclohexamantane-containing fractions #23-26.
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feedst ock. [00048] The term "renove" or "renoving"” refers to processes for
renmoval of - nondi anondoi d conponents and/or | ower di anondoi d_conponents _
fromthe 20 feedstock. Such processes include, by way of exéﬁp'l“é‘/%ﬁﬂ5y, si ze

separation techniques, distillation, evaporation either under normal or
reduced pyesses7eas Wel | head separators, sorption, chropplegiaphy, chem cal
extraction, crystallization and the |ike. For exanple, Chen, et al.8
di sclose distillation processes for renpoving adanmantane, substituted

adamant i ne, (@03 %anf %e‘?(%’ﬁbél{‘is’fﬁseﬂméﬁ‘%iﬁﬁ’ﬁfaa’f‘ﬁe?fCé{ﬂﬁh%“??ﬁa’é‘?ﬁﬁit%fﬁe froma
hydr ocar bonggarayscipaeds kemkonSiae.cSeRAbAS #BMhd@rhNisgues include menbrane
separations, nolecul ar sieves, gel perneation, size exclusion

chromat ography and the |ike. 1000491 The term "distillation" or
"distillingyeheher L% of S EMGE L naral & distillation, and
el evated pr sggﬁe gFiﬁﬁ?WE??%Eﬁ%?%%éﬁses onp?hemﬂ%ﬁﬁgcégﬁonaceous f eedst ock
whi ch are csadwetygdateafCHICERLCdtaetiansdi28126 XBltahaéycldhyxaeamtanalis of ot her
--conponents-fromthe feedstock. Unlessyotherw se 'specified;' -9-18 July 2005~
WO 02/ 05720 uﬂ?g”%ﬂpg?ﬁgﬁﬁﬁéﬁ%g‘é %szé'are reported as atnospheric -
equi val ents. PCTI USO2/ 00508 [ 000501 The term "thermal processing to

rolyze" ref to_either_at mospheri edyced .pressure or, el evated — -
B)r/essﬁre heﬁlpﬁ#é OFIQ'HéQf‘e%H‘ilPﬁfEaEesttﬁe %tfﬂ\égﬁg ion JEePRigEraprandEashie or nore
conponent s {gRckbif of @R BhEQGtentah® RBRid bTIEPIiE I ODB dbidimiadyi Wy eraponent s of

a feedstock”™ refers’to conponents of the feedstock that are not di anondoid
i n thar act eMatigmapgihpseicabimngr m " di anondoi d" is as defined herein. 10
[ 00052] The term "chronat ography” refers to any of a nunber of well known
chr omat ogr aphi ¢ techni ques includi ng, by way of exanple only, colum or
gravity chit803f] ogFEpHH(A.B) tietraterarhetimioiographserf spclphrxgwpntanpaerystals
chr omat ogr aphy.. .. hi rf ar L quid ronat oqr d the like. 15
[ 00053] Theﬁ?%Pﬁgq%?¥9 YPPEHErs %%hgq?g?%%Pcéﬁﬁﬁ%rg%@ﬂégi?'ain al kyl groups -
typically having froml to 20 carbon atons, nore preferably 1 to 6 atons,
as Il as cyclic Y r [ cal Vj from3 to 20 carbon atons
and preferably fronﬁéﬁuiéﬂbﬁggéﬁﬁﬁggﬁﬁﬁigjﬁﬁhﬁg§t§ﬁf so includes the
i ntranol ecul ar al kyl ring closures 20 between two attachnment sites on a
hi gher di anondoi d conponent. The term "alkyl" _is exenplified by groups
such as meti90940] ot Rppbodigeripof the prasgnt inveatigs @pdirectsddonerdfsHsec- ~ but yi |
t-butyl, n-ReBbyliancdbigbsiieke |I-We9&¥imior‘%bf@és@ﬁbﬁhg‘hﬁs EYG1tRReR kivher CYCI Ohexyl
and the like. 25 Methodol ogy [ 00054] The conpoSitions of this invention
~can be obt adetrall thefollnwingmigithy will/ hist bepdefinedt arting materials using the
_ fol(pmﬁng general nethods and procedures. It will be appreciated that
where typical or preferred process conditions (i.e., reaction 30
t enper at ur Befiditiores, sol vents, pressures, etc.) are given, other process
conditions can also be used unless otherw se stated. Optinumreaction
.conditions may vary with _

[00041]  As used herein, the following terms have the following meanings.

25 [00042] The term “diamondoid” refers to substituted and unsubstituted caged
| | compounds of the adamantane series including adamantane, diamantane, triamantane,
tetraxnantane; pentamantane, hexamantane, heptamantane, octamantane,
nbnamantéme, decamantane, undecamantane, and the like, and also inchuding
- molecular weight forms of these components including isomers and stereoisomers of
30 these forms. Substituted diamondoids preferably comprise from 1 to 10 and more
preferably 1 to 4 substituents independently selected from the group consisting of
alky!, including straight chain‘allcyl, branched alkyl, or cycloalkyl groups. .~ -«



f eedst ocks, but such conditions can be determ ned by -one skilled in the
art by routine optimzation procedures. Detail ed nethods for processing
f eedst ocks to obtain hi gher 10 WD 02/ 057203 di anondoi d conpd@i‘ﬁillb%‘losare set
forth in U S. Provisional Patent Application No. 60/262,842 filed January
19, 2001; WO 80vi sional Patent Application No. 601366484 d June
21, 2001; U.S. Provisional Patent Application No. 60/307,063 filed July
20, 2001 anghebk3p. Heeumhditeeahre Batgnitinpytioatkthan They arefthg hexfiméredf 5 Novenber

9, 2001, entjtled "Conpositions Conrisi cl ohexamant.ane and . Processes
for their I'%‘%?F’&P%?l(,m%&g?héyl d&‘é“r?g?) %?‘Orgge%g&cgé’ﬁfouﬁﬁggrgmgﬁnﬁluln%:t%tti ons
are herein LReRERNa! et BmpRhes K6 e “liimbh@iil” @pblogEiwhic ABASHEITO obtain

t he cycl ohexamant ane conpositions, described herein, a_ 10 feedstock is
sel ected sugbanpigm erandemsaiss seErEpRPlecsa fragmarpbp bt diagond e of

cyclphexamaghang,. Tﬁfrﬁfd%xé‘g%s\éibléﬁé%&nﬁui&%%&tg% WS Reh $6SuiRea beast about |-

ppb (parts “per ’bil cycl ohexamantane. It is understood, of course,

~that - f eedst beksohahmgg thring lreenteeigheofithathirthring haveythe wirleralppieranie

facilitate pegovery. 15 [0 Preferred. feedst incl - Qr exarrpler,.
natural gas @%‘ﬁ%ﬁu@ “[aeh%'?g)%élf) ?Iﬁoélrsba"g{% ?tehggn%qﬁ(aa\?‘?ég h%&ﬁﬂggdﬁ}:ng(r?\l{) rations of
hi gher di anendtimss. VWi 6f thegatdnine hexahenthadst lewe teuodlequddrifmenya Shleans

i ncl ude hydr ocar bonaceo streans recoverable fr Ki rocesses,
distillati oﬂ%?‘ecegk i“'ﬁggiéx@)t 4 thy ﬁ?&a‘%‘lef‘%‘ﬂ?‘&?w& E¢ A& e F@é dst ocks

i ncigide gas.geaEedadlfmnlaRERSARNCKS moReaEleHuh), Robedlahlaghtf or mati on 20
in the Gulf of Mexico and fromthe LeDuc formation in Canada. [000571 The

f eedst ocks ¥&ed to obtain the conpositions of this invention typically
conpri se nondi anondoi d conponents having a boiling point both bel ow and

above cycl ohexamantane as well as one or nore |ower di anondoid conponents
and i n suchfoogst]f e®hs tenoKsyclahggdmadnésngreetiera rrefulaomdenkad hekfreantdnge| y

recovered. Accordi ngl syufficignt ,a .aminants i s

removed frof e 'f‘rﬁgﬁ'é%%ﬂmﬂﬁa%@ﬁﬁ%g&ﬁq%g@%s&c})&g?%@?ngag@é&ﬂnggt ed feedst ock
from whi ch pyekoRexamant ane can be recovered. 30 [000581 The renoval of
contam nants including | ower dianondoids, and in nany cases sone :
noncycl ohexamant ane hi gher di anondoi ds and/ or hydrocar bonaceous

nondi amondojgdoqEit emhélerh s Gianfd¥dA@YorRforRKBTBE Cadambitand; Uafat@@ar at i on
techni ques " such as -nenbranes, nol ecul ar sieves, etc., evaporation and

thermal sepanddriamantariedegiponants!'gefyisty apoug/anallopsrdstoid pdbssysloos508 under
normal or T GENGRIs BT SR ERe, FHAAAKE AhEmiaklaBEHECPRAL IS BRHAIANS,
C y, wel ea

crystallization, romat ograp separators, and the like. A
pret@erred sepgoatitoshavendisomers wpd aralrdadily soithedzsd dlissinglishing themdforne he

feedstock tQ r, ve.nondi anondoi d, conponents as well as | ower dianondoid
g aigoed

conponent s, SEEPEEME" 5 noncycl ohexamant ane hi gher di anondoi ds
having a boiling point |less than that of 10 cycl ohexamantane. Preferably,

the feedstock is distilled to provide cuts abgve and bel gw ?lbout 335C,
at nospher i cl098dfil v aiThetermp Shighergligaendpid companenis praferyioany aFllang  bel ow

“about 345C gfRsRliGhd fnsBMinyed RRbmARkel BpBRLIK; (R, HRIG Nsefanal Y, above |

25 and unsubstituted pentamantane components; to any and/or all substituted and
" unsubstituted hexamantane components; to any and/or all substituted and
unsubstituted heptamantane components o any and/or all substituted and
unsubstituted octamantane components; to any and/or all substituted and
unsubstituted nonamantane components; to any and/or all substituted and
30 * unsubstituted decamantane comﬁonents; to any and/or all substituted and
| unsubstituted undecamantane components; as well as mixtures .of the above as well as
isomers and stereoisomers of tetramantane, pentamantane, hexamantanq, - L
heptamantane, octamantane, nonamantane, decamantane, undecamantane, and
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and bel ow about 370C at nospheric equivalent boiling point. In either
instance, the |lower cuts, which are enriched in | ower dianondoids _and | ow
boi l i ng point higher dianondoid and nondi anondoi d nateri al 8 4w 2003 car ded
or used to recover other higher dianondoi ds contained therein.

Di stil | atw@@268sysbe operated to provide several cuts i ECM‘J legipger at ure
range of interest to provide the initial isolation of the identitied

hi gher di anondoi d. The cuts, which are enriched in higher dianondoi ds or
the 15 di an®h#bF-d of interest, are retained and may require further
purification. For recovery of cyclohexamantane, the preferred distillation
cuts are taken at atnospheric equivalent boiling point tenperatures of
from about B8 Ho FhOEm pfeedstackhby/ HydwearbatrseeusIedistook 476G, o Adict | onal

tenperature I W ) i I A C r

concentr at i%‘ﬁ%“?%%ﬁ’%ﬁ%‘@%ﬁ%‘@a%@ e‘E&erﬁrearg le?raerﬂrf%ggéé ffz %‘%{Oqeﬁég%éirrr%\/al of 20

contam nant Bregenably, und¢hheedspuks ifiklodd o1h igadondensetes, irefiedy aycainghrescamwant ane

~—fraecti-on can , additionally include,the;follow.ng nop-|injti -exanmpl es:
1 56 separ dbrisn oy it s EGTE ARG IR P BBk FUF ctuced

pressure, suddhtdBdaigf) comipryssioad bi medeilGter diSRdrAbRI @GRS asWalilashead

separators, flash distillation, fixed and fluid bed reactors, . reduced
pressure, a‘%?&d’caﬁé’nﬂ‘i”Qé?mE‘?il_e?tféO5@@%@#@%%%&%%%4%%3COH’EVS‘&%so i ncl ude
a pyrolysi seondBRerftd hARH PBdiIRly fRint hoMBRRALSRALabLP: [irShidthilvitddh hdil¥hO! YSis i's
an effective nmethod to renove  hydrocarbonaceous, nondi anondoi d conponents
frol t he f cabduitIBORE al atmiosphedid gressers apg maneprefanaply. hevifiiz e dseiliog koinhder vacuum
condi ti ons oc@ign r?)oivgercohat m)%pher%,m[iélz;tl a %Ocl;tsle{%erls%t %E%nolf artit.éseast about -
390C or 400¥Y BIETPeY A B P PSETP AT o R SSP G SRR MRIEP S v about
410C t o abouth d45eQinkent, nidtOdtinbBlulliog aRkéElOuwnading) and stpadhdrigni@0 Miley in@ns

enpl oyed are sel ected such that recoverabl e anoun 1 8 July 2005 WO
0210- 57203_%@WP@W%B@@S?‘E?&P%M@%Héf"&%a‘f‘ﬁ‘aﬁ{ﬁ%d’z‘i" the feedstock.
The sel ect i fosiis@kSMENHE QABHGLERR Ireh@d oVBIbjecdltBviidul @ni bpdrhtiodk td Rrart .
Preferably, pyrolysis is continued for a sufficient. period of tinme and at

a sk fi ci erhs Shamcimisticiod e arigingbleadstack and therran pain propegienefsaiditreated ast  about
10 percent fyeight of the nondi anondoi ds conponents of the feed 5
material prior to pyrolysis. Mrre preferably at | east 50 percent b:y

wei ght, and even nore preferably at |east 90 percent by wei ght of the
nondi anondgj rexqthermally .deg ed. . 060 rolysis, whi-le a
preferred gmgfnenlfeﬁg?% RS Veaﬁ)\?val%%%ﬁlen e%eggrrs S" %rg‘%iﬁ %%afnf)?%egtf e the
recovery, insodliamondoidcorpponeits aabordoweafdiayeldoliccaipapnémntom @eher separati on
met hods may, IIow%or t he concegtrati on .of cycl ohexamant ane to be

suffd ci ent ISPARTOgR PrrhdEeEssehinely %??W?fFWI}IIGPWc‘{‘Z%SP?YW%‘ati on met hods

such as cliéchaRued daEtion Ghpethite dhenaider horRabatTeaREQPRE, a8y and hi gh
performance |iquid chromatography, crystallization, and fractional

subl i mat | oReAh§FPREIoNS Serphen, cgmaloatapbl, chymicakRarion: epealliznonend Even after
distillali o e BV Slarghis D bl '3l RRe diSHiAIIE hrdokd fof Abdcfhg”
cycl ohexamant ane may desired to provide the conpositions &f this

i nvent i on. adxreantargysubs@uisd nddnapane,chanmadtine] gbedusd dirnestand rudat ogr aphy,
crystallization, thermal 20 diffusio chni,gues on efini.n

o 55 essi v SrdrEe TS by ik ont SRl Red R 5iHe e oA Sechihl e

‘ membrane separations, molecular sieves, gel permeation, size exclusion

chromatography and the like.

[00049]  The term “distillation” or “distilling” refers to atmospheric, reduced
30 . pressure distillation, and elevated pressure distillation processes on the
- hydrocarbonaceous feedstock which are conducted to concentrate cyclohexamantane

by removal of other components from the feedstock. Unless otherwise specified,”
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the |like. For instance, in one process, the recovered feedstock is
subjected to the follow ng additional procedures: 1) gravi tg col um
chromat ography using silver nitrate inpregnated silica gel A b 40501 um
preparative capillary gas chromatography to isol ate cycl ohexamant ane; or
alternatiyely...one or multiple colum 25 high performa LM

chr onmat og‘¥§6%9%79‘§) crystallization to provide crystals %ﬁ"ﬁ?gﬂ"ﬁ%
concentrat ed cycl ohexamant ane. 100062] An alternative process is to use

| i qui d chr odistilogica pdyparaakiiae ngpoltedybs atpespheriraquialdnitqui d chr omat ogr aphy to

i sol ate cycl ohexamant ane. As above, nultiple 30 colums with different
selectivity can be used. Further processing using these nethods allow for
mor e refi nefossgar ght eas “Wiiah peaesdigad pyolpeb sdfantd dtbeyatmospheric,

cycl ohexamantane. - . _ 13 18 JuIX 005 V\S 02 0=72€3 PCT, USOZ(/@_@OSOP

Conposi t i onEIPEFIPESTUACEFYRIGHRIGSSITe YIS o PHEATE [OPYTPHE HPULRNY -
‘inveation, ther esthpdrRhts if @EREdISBS at | east about 5 percent by wei ght
~cycl ohexamant-ane based upon the total 5 weight of the conposition. 1000641
I n anot her enbodi nent, the conposition conprises cycl ohexamantane ranging
f rom about 1 G . ' to 100 percent
by wei ght, P%ﬂprggggegﬁbll gg%dtl)ou(%n W&pfg%%g%%%toggﬂﬁﬁ%%t and even nore
10 pr ef er abtoymmnents 09Ge fexddt0ck thatrarenat diynondpighin clyasnsel wWheem thisdertiot al  wei ght
of the conpoesition, 1000651, 1 n .another enbodi nent, the conposition

conpri se fro‘ﬁ‘?’ﬁ‘%ﬁf‘i 7D SIRHOTHr cent by wei ght, nore preferably from
aboys 90 to 100 percent by weight, even nore preferably fromabout 95 to
100 percent bx wei grht, and nost prgf,gr bly fro abgut 99 to 100 percent by -
wei ght of  t MUSHIng TEe kel SHERAIEHPEK ColeHBAREAL - PBEBESTeNER S uch o
conposi ti oNg, g Giostabhic Gchilhdt iRMNdiIRE DY Wa oF¥EARNE SRYBaeor grivisy
conposition may forma crystalline structure. Accordi ngly,. anot her

embodi ment  clémathgraphyeither normalier FayRrs 8hase). @at donsagrehyahigBnposi t i on
conpri sing | oh AREnd j form [000671 The conpositions
of the pr eséér%forﬁglﬁ'\%%ﬁ@% corr%‘rr)]%rgﬂetxrisz%% g%airrant ane.. These conpositions are
usefsuul in mcro- and nol ecul ar-el ectronics and nanot echnol ogy :

appl i cationg, particul, Wl rigldit tr th,: iljty, variety of
structur al fﬂ(‘}fi#ﬂ artde R ?%V‘ergﬁsatl%%tﬁ%%}ft%gﬁl €3°s S%IH%wgegp%%examnt ane
makes  possiyplcgllARSHi@k6n 108 30 bbb Aomefmdre lprettrablgurtalblammspaewelbaon devi ces
w t h nanonet er. 30 di mensi ons Thesiﬁq%gfgibﬂ:} structural cgar t‘fri tics set
t hese conpotisis alkyheroups typieallydiing SALDODC RIS F28d T9Mg systens
- and even Trgm O A980S | Tfs tefR Y13 SRt fre idiRBndé@k aklBiihd dibgiresnanomet er
size, variable yet rigid 3-dinensional geonetries, well|l defined distances

for2(pl aces bitwaen tauortteshmenhsites on pihisbar dizmondpid eomypongols ety 6587503
PCT/ US02/ Oog%exgélliﬁj&e@egq‘aﬁ)s | 83 hs b Reth R Slthy 1l Uto i Eodtatsp By, isbthiy1f Rat ur es

make conposition
butyl, t-butyl, n-heptyl, octyl, cyclopropyl, cyclobutyl, cyclopentyl? cyclohexyl, and

the like.

25 Methodology

[00054] The compoﬁitions of this invention can be obtained from readily available
stmﬁng materials using the following general methods and procedures. It will be
appreciated that where typical or preferred process conditions (i.e., reaction

30 temperﬁmres, times, solvents, pressures, etc.) are given, other process conditions can
also be used unless otherwise stated. Optimum reaction conditions may vary with
feedstocks, but such conditions can be determined by one skilled in the art by routihe
optikrriization procedures. Detailed methods for proces_sihg feedstocks to obtain higher
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conpri sing cycl ohexamantane useful in nanotechnogy applications. In recent
years there has been a rapidly rising interest in synthesizi glgl | ar
assenblies of organic nolecules that might be able to servd oI di ng
structures in efforts to construct nolecular objects of nanonmeter sized |
di mensi o o rigidity and special geonetries of %?{rant ane it
i's expec'?‘i?:lo%zztﬁgml ecul ar aggregates and nol ecul ar &%llgl ng ks based
upon such conpositions will enable the construction and synt hesi s of an
unpr ecedent(hdnardoa%ﬁogfposissnswmeéfqmﬁtl@ﬂ SIPsoviiertal RatgnifApplicispNeat i ons i n

ol eoul ar Sl PRLIONI A FOIPYLONY S5 85 BLOLAMILAR RC] nery 10 such.

as nol ecul ar T oboti cs "an i'cat ed manutracturing systens, or sinply
as novel ned0&IG0al48 filddtlonshie @@, lb&mmxcabual Gpeatcgiplicalondia. IﬁﬁféD?,O@ﬂ"ld t her nal

properties for .cgatings f|| I oth applic ns taking
advant age off‘] ‘iT[Hal g&a@ﬁﬁﬂﬂ“ﬁée miﬁ‘r%’ %lrﬁg‘lgeé'gigﬁl elg Cﬁﬁ’ﬁﬁ‘sﬁi ns. 15 [00068]
I n agldi ti omo»%mk:p@e&mmtwaeca@abﬁmusmgmqﬁmgs:lyt:lonmmnamp be used in

—a-hi-gh-quality lubricating. fluid- which exhibit \fs osity Index-and
a very | oWTpEsTes poithir L &OW%BWWOB%BP 94‘?33%’7#]- 98 a fluid of

l'ubri cati nGye ¥d:Sif OfdokpbrARChf e RRRnBDAUReiPerkirt. 10 wei ght per cent
cycl ohexamant ane. 20 [00069] Still further, these cycl ohexamant ane

~containing conp03|t|ons can be used as hlgh density fuels in the nmanner

descri bed “0@3 NOry (%talﬂh %yclaﬂ%&ﬁﬁﬁt{aust ra{ﬂgﬁlg J"de@é{'lbeﬁ?l&%[ cgce. [00070] The |

fol |l ow ng xarrp es are o |s invention and are not 25
t o e constfeadstbck is salagtedvauch st therfeddstogk tdmpﬁcnpeo\mfabldnr@ounmﬁéntl on. Unl ess

h d_all d 18 July 2005 .
1075 20" 26V 4Bh o3t T30 Pon o S GB0E TOUDT e e B bdPRand T n’ che

Fi gures, ther bilidnpvi siglobblarRmiand. | I Bunda@ol Ve codred, linvfaegstoakahavigs. Any
abbr evi ati on not defi ned beI ow has i tsq_i%tgferal | y accepted neaning. API
ATM EQV  FORShFF sgiseriiapons of cygloheapmpgian ANEFFBE MN M. ODS

15 [00056] Preferred feedstocks include, for example, natural gas condensates and
refinery streams having high concentrations of higher diamondoids. With regard to
the latter, such refinery streams include hydrocarbonaceous streams recoverable from
cracking processes, distillations, coking and the like. Particularly preferred
feedstocks include gas condensates feedstocks recovered from the Norphlet formation

20 in the Gulf of Mexico and from the LeDuc formation in Canada. ,

[00057) The feedstocks used to ol?tain the compositions of this invention typically
comprise nondiamondoid components having a boiling point both below and above
cyclohexamantane as well as one or more lower diamondoid components and in such
25 ~ feedstocks, cyclohexamantane cannot be effectively recovered. Accordingly, a
sufficient amount of these contaminants is removed from the feedstock under
conditions to provide a treated feedstock from which cyclohexamantane can be

recovered.

30 [00058] The removal of contaminants including lower diamondoids, and in many
cases some noncyclohexamantane higher diamondoids and/or hydrocarbonaceous
nondiamondoid material include, by way of examﬁlc only, size separation techniques
such as membranes, molecular sicves, etc., evaporation and thermal separators either

11



pA ppb R SFC SIMDS ST TIC VLT VOL PCT W PCT Anerican Petrol eun
Institute atnospheric equivalent end of run traps flane ionization
detector grans gas chromat ography gas chromat ography/ nass dgeeiy 2M5opy

hi gh performance |iquid chromat ography hydroneter reading mnute
mllilitewdopgh@decyl silane pico anmps parts per billien hafitactive

I ndex super critical fluid chromatography sinulated disti IUi ation start
total ion current vapor line tenperature volune percent weight percent 16

18 July 2003°4ANgoRbY S eheT USH0Bg08. Bl Essprmimme.Ertalifdditt i on of
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conponents within a desired _
below about 345°C atmospheric equivalent boiling point and more preferably, above
and below about 370°C atrhOSpheﬁc equivalent boiling point. In either instance, the
10 lower cuts, which are enriched in lower diamondoids and low boiling point higher
diamondoid and nondiamondoid materials, are discarded or used to recover other
_ higher diamondoids contained therein. Distillation can be operated to provide several
cuts in the temperature range of interest to provide the initial isolation of the identified
higher diamondoid. The cuts, which are enriched in higher diamondoids or the
15 diamondeid of interest, are retained and may require further puﬁﬁcation. For
recovery of cyclohexamantane, the preferred distillation cuts are taken at atmospheric
equivalent boiling point temperatures of from about 330 to 550°C, preferably from
about 390 to 470°C. Additional temperature refinements will allow for higher purity
cuts for concentration of cyclohexamantane. Other methods for the removal of
20 contaminants and further purification of an enriched cyclohexamantane fraction can
additionally include the following non-limiting examples: size separation techniques, .
evaporation either under normal or reduced pressure, sublimation, crystallization,

chromatography, well head separators, flash distillation, fixed and fluid bed reactors,

reduced pressure, and the like.

25
- [00059] The contaminant removal may also include a pyrolysis step either prior or
subsequent to distillation. Pyrolysis is an effective method to remove
hydrocarbonaceous, nondiamondoid compenents from the feedstock. It is effected by
heating the feedstock under vacuum conditions or in an inert atmosphere, at a
30 temperature of at least about 390°C or 400 °C (preferably about 410°C to about

475°C, most preferably about 410°C to about 450°C for f_ern 5 to 30 hours. The

N

specific conditions employed are selected such that recoverable amounts of

12



boi ling point range. Such fractionation can provide an increased
concentration for a desired product within the tenperature range. 15 Step
1: [00073] Suitable starting materials were obtai ned. These téaludy 2805
included a gas condensate oil, Feedstock A (a gas chromat ogr amof this

material w9 odgPhgted in FIG 20 4), and a gas condensat g.Qjl Zgﬂgn‘;gal ni ng
petrol eum byproducts Feedstock B (a high tenperature si rrul a?

distillation profile of this pe of material is depicted in FIG 5).
Al t hough ot Ohémmr@ata@getaweg mohe fegdstocly The pelpdion of gech Caﬁht“msdﬁiuct coul d

have been WsedimhNES& il WPwmER:. eﬁfe?elrzﬁ)l)}’\@&% F0a8 8&1t91ld9d f atsm’cfé:nth'

di anondoi d concentration, approximate per cent di anondoi
det er m ned permdhoBOhiBnd aQ‘EsuB’mdmtlpdaahﬁlomemﬂetutﬁ tghhemmllx)d@;hdamtl had API

gravities. bgt 0.74 m Feedst ocks A
and B were %Fssftal ?Wtﬁp?rﬁ% &h&%ﬁh% an ad %orﬂggﬁeﬁ%é’é hgg %oi I'i ng poi nt
to separat emhdaeallpmmro ;igmlysmg\dmlpmfe@bnmomemss penrtemcivanagdandsvand | ower
—di-ampndoi-ds) and fui thgp concentrat.i OF and enrlqc%(gent of particular -

di anondoi dsPiF RFFIBlYE Jeest SPpeRRE fresght af the ngpdiamen thermallysi i) ate

fracti ons ofcgtaegseparate sanples of Feedstock B are shown in Table 1, 17
18 July 2005 5 WD 02/057203 PCT/ US02/ 00; 08 bel ow, and are contrasted to t he
sinmulated distillation yields. As seen from Table 1, the .sinulation data

51 20T o) biokte G hbeHLPB AR ey TAB B LS, 6 A roSpher ¢

Distillation Fr ctlon arate Runs of eedstoc B Cut (F)Sim
Di slfP:eedstofaklllBte(tﬂamCQ‘)erDll$oﬂa§menceur‘«ﬁcatl@lsoi(dmlomamad@nwth@r 3498. 07-60. 4

349 to 49157 057 7-Qz 7,491 331.030. 6 hi gher4, 04. 1-0-1 Cut
(B)S m D s FReRLraundos i By R bt o G PRl oy T
47763. 259. %f&:ém hiigh 151:&41118%3&{(2:1(5tkﬁﬂ.&rdcﬂpxﬁﬁ&ﬁﬁorﬁ&l:thﬂds?su@’h 649 and

hi gher 3- 52 51 Table | shows the |eId heri c
distillati o%“?'flﬁ& aﬁ's‘mfl}‘%ﬂg PGBty can Shgp tog{fﬁ ‘{ll‘—*g]éair? ® and as a
conpari son ﬂicfiﬁﬁ Srbatbgdapl, Yiyehtisation! ard ﬁdcﬂbkha%uﬂﬂmdﬂioﬁtmdy'b@htd@lﬁo As seen

fromthe table, there is a good correlation. FIG corrpares a
isolate cyclohexamantane.

[00061] Even after distillation or pyrolysis/distiliation, further purification of
cyclohexamantane may be desired to provide the compositions of this invention. One
may use purification techniques such as chromatography, crystallization, thermal

20 “diffusion techniques, zone refining, progressive recrystalization, size separation and
the like. For instance, in one process, the recovered feedstock is- subjected to the
following additional procedures: 1) gravity column chromatography using silver
nitrate impregnated silica gel; 2) two-column preparative capillary gas
chromatography to isolate cyclohexamantane; or alternatively, one or multipie column

25 high performance liquid chromatography; 3) crystallization to provide crystals of

highly concentrated cyclohexamantane.

[00062] An alternative process is to use liquid chromatography including high
~ performance liquid chromatography to isolate cyclohexamantane. As above, multipie
30 ~columns with different selectivity can be used. Further processing using these
methods allow for more refined separations which can lead to substantially pure

cyclohexamantane. ' S LR L
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hi gh-tenperature sinul ated distillation profile of the atnospheric residue
of the gas condensates, Feedstock A and Feedstock B. Additionally outlined
is the identified |ocation and size of the cycl ohexamant ane8chiy 2006 ng
fractions. In terns of 15 atnospheric equival ent boiling points the

cycl ohex n conponents are anticipated to be predgm W|th| n the
rrange of %8{5@%@0 to 550F with a large portion wthi ngglﬁ@glr'z(lr%% of about

395 to 460F. The nondi anondoid material can be renoved by subsequent
processes sg@emp&sidagr ol ysis. 20 [00076) A sanple of gas condensate,
Feedstock A was distilled into 38 fractions to renove |ower dianondoids
and concentrate di anondoids of interest as verified by GC (see FIG 7)
wher ei n reS[ﬂ@U@]' efakcafitgly, hldae érlnsbdihieﬁ!tdfmib mfesea&nbéramm thasommrtmcover ed,
predoninately boiling in the ran out 750 atrm r|c
equi val ent ) comprises "’tté‘?‘?ﬁ%ﬁba‘ﬂttﬁ@“‘re& WF‘@ tCtyﬁ Frentepg E?fg &?‘31 %lpherl c
equi yal ent ggi fq]];éjé’o Bg’n wherein the actual distillation can occur under
1-oNs 1 nc | ng reduced pressure. Additionally, Feedstock B
was distilled into fractlons cont ai ni ng hi gher di anondoi ds gui ded by hlgh

t enper at uregﬁpégil a}neaqwqw%@g(aﬁ%ﬁn%&g&@ﬁ(@ C@O"@hsesl cldBexdiadtag®05 WO

02/ 057203 , 004INOri QU r~ Pkl
00 rn 0%_ Ukdn g §froaNBOOICH) 10180 pafent bX@e] by, I‘}@efeﬂ@bly@bﬂllﬂ 0)fta 1 frac@bao Q@

a00i nrve)r nl())y \%eight, more preferably about 90 to 100 percent by weight, and even more
10 preferably about 95 to 100 percent by weight based upon the total weight of the

composition.

[00065] In another embodiment, the composition comprise from about 70 to 100
_ percent by weight, more preferably from about 90 to 100 percent by weight, even
15 ~ more preferably from about 95 to 100 percent by weight, and most preferably from

about 99 to 100 percent by weight of the single cyclohexamantane component.

[00066) When such compositions are sufficiently enriched in cyclohexamantane,
the composition may form a crystalline structure. Accordingly, another embodiment
20 of the present invention is directed toward a composition comprising

cyéiohexamantane in crystalline form.
Utility

25 {00067] The compositions of the present invention comprise cyclohexamantane.
These compositions are useful in micro- and molecular-electronics and
nanotechnology applications. In particular, the rigidity, strength, stability, variety of
structural forms and multiple attachment sites shown by cyclohexamantane makes
possible accurate construction of robust, durable, precision devices with nanometer

30 dimensions. These special structural characteristics set these compounds apart from |
acyclic molecules, from condensed ring systems and even from bridged ring
counterparis. The great stability, nanometer size, variable yet rigid 3-diiensional
géometries, weil defined distances for places of attachment and nonplanar

14
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bridgeheads lead to their unique features. Such features make compositions
comprising cyclohexamantane aseful in nanotechnogy applications. In recent years
there has been a rapidly rising interest in synthesizing large assemblies of organic
molecules that might be able to serve as scaffoldmg structures in efforts to construct
5 molecular objects of nanometer sized dimensions, Due to rigidity and special
| mgéonietrics of éyéiohexamanté.ne itis expecied that molecular aggfégétes and
molecular building blocks based upon such compositions will enable the construction
and synthesis of an unprecedented array of desirable materials that may- find
applications in molecular electronic and computing devices, miniaturized machinery
10 such as molecular robotics and self replicated manufacturing systems, or éimply as
novel materials with special chemical, optical, electrical, and thermal properties for
~ coatings, film layering, and other applications taking advantage of the diamond-like

properties of these compositions.

15 [00068] In addition, cyclohexamantane containing compositions can also be used
in a high quality lubricating fluid which exhibits a high Viscosity Index and a very
low pour point.* When so employed, these fluids comprise a fluid of lubricating

viscosity and from about 0.1 to 10 weight percent cyclohexamantane.

20 [00069]  Still further, these cyclohexamantane containing compositions can be used
as high density fuels in the manner described by Chung, et al.’, incorporated herein by

reference.

[00070] The following examples are offered to iliustrate this invention and are not
25 to be construed in any way as limiting the scope of this invention. Unless otherwise

stated, all temperatures are in degrees Celsius.
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[60071]  As used herein and in the Figures, the following abbreviations have the
following meanings. Any abbreviation not defined below has its generally accepted
meaning.
5
o TAPT “American Petroleum Institute
ATMEQV = atmospheric equivalent
EOR Traps = end of run fraps
FID = flame ionization detector
10 G = grams
GC = gas chromatography
GC/MS = gas chromatography/mass spectroscopy
HPLC = high performance liquid chromatography
HYDRDG = hydrometer reading
15 MIN = minute
ML = milhliters
ODS octadecylsilane
pA = pico amps
ppb = parts per billion
20 RI = refractive index
SFC = super critical fluid chromatography
SIM DIS = simulated distillation
ST = start
TIC total 10n current
25 VLT = vapor line temperature
VOL PCT = volume percent
WT PCT = -weight percent
30
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EXAMPLES
EXAMPLE 1: Isclation of Cyclohexarﬁantane

5 [00072]  The puipose of this example is to demonstrate procedures for the

"~ enrichment and isolation of cy.cl(.)he.xamantan'e. ‘These prbcedufés"erﬁployéd“
Feedstock B and a pyrolysis step, however this procedure could be facilitated using
other materials and without the pymlysié step. After removal of lower boiling point
components (including some lower diamondoid components) from the feedstock by

10 distillation, cyclohexamantane was recovered by chromatography and crystallization.
Distillation preferably can be operated to provide specific cuts, thus removing both
~ lower and higher boiling point components, leaving only components within a desired

boiling point range. Such fractionation can provide an increased concentration for a
desired product within the temperature range.

15
Step 1:

[00073] Suitable starting materials were obtained. These materials included a gas
condensate oil, Feedstock A (g gas chromatogram of this material is depicted in FIG.
20 ' 4), and a gas condensate oil containing petroleum byproducts Feedstock B (a high
temperature simulated distillation profile of this type of material is depicted in FIG.
5). Although other condensates, petroleums, or refinery cuts and product could have
been used, these two materials were chosen due to their high diamondoid
concentration, approximately 65 percent diamondoids, as determined from GC/MS.

25 Both feedstocks were light colored and had AP] gravities between 19 and 20° API.

Step 2:

[00074] 'Samples from Feedstocks A and B were distilled into a number of
30 fractions based on boiling point to separate the lower boiling point components
(nondiamondoids and lower diamondoids) and for further concentration and
enrichment of particular diamondoids in various fractions. The yields of atmosphetic
distillate fractions of two separate samples of Feedstock B are shown in Table 1, .
17
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below, and are contrasted to the simulated distillation yields. As seen from Table 1,

the simulation data is in agreement with the distillation data.

TABLE 1: Yields of Atmospheric Distillation Fractions from

O 130000d0000 O pNOOCa4 O o NN+YN [IZINM Hirr + 00 00

5 Two Separate Runs of Feedstock B
Cut (°F) Sim Dis Feedsteck B (Run 2) Difference
Yields (Wt %) Yields (Wt %)

To 349 8.0 7.6 0.4
349 t0 491 57.0 577 0.7
491 to 643 31.0 30.6 04

643 and higher 4.0 4.1 0.1
Cut (°F) Sim Dis Feedstock B (Run 1) Difference
Yields (Wt %) Yields (Wt %)

To 477 63.2 59.3 39
477 ta 515 4.8 7.3 -2.5
515 to 649 2835 31.2 -2.7

649 and higher 35 2.1 14

[00075} Table 1 shows the yields for atmospheric distillation fractions from two

10 separate runs of Feedstock B and as a comparison the calculated yields for a simulated
distillation. As seen from the table, there is a good correlation. FIG. 6 compares a
high-temperature simulated distillation profile of the atmospheric residue of the gas
condensates, Feedstock A and Feedstock B. Additionally outlined is the identified
location and size of the cyclohexamantane-containing fractions. In terms of

15 atmospheric equivalent boiling points the cyclohexamantane components are
anticipated to be predominately within the range of about 330 to 550°F with a large
portion within the range of about 395 to 460°F. The nondiamondoid material can be

removed by subsequent processes such as pyrolysis.

20 [00076]

remove lower diamondoids and concentrate diamondoids of interest as verified by GC

A sample of gas condensate, Feedstock A was distilled into 38 fractions to

(see FIG. 7) wherein residue left after the distillation of 38 fractions was recovered,
predominately boiling in the range of from about 750°F+ (atmospheric equivalent).
The temperature range for these fractions are atmospheric equivalent temperatures,
25 wherein the actual distillation can ocour under various conditions including reduced
pressure. Additionally, Feedstock B was distilled into fractions containing higher |
diamondoids guided by high tcmperatﬁre simulated distillation curve (FIG. 8).
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TABLE 4: Elemental Composition of Feedstock B

Analyses on Feedstock B Atmospheric Distillation 650+F Resid
Measured - Value
Nitrogen 0.991 wt%
Sulfur 0.863 wt%
Nickel 8.61 ppm
Vanadium <{.2 ppm

{00077} Table 4 illustrates the elemental composition of Feedstock B atmospheric
distillation (650°F-+) residue including some of the identified impurities. Table 4
displays the weight percent nitrogen, sulfur, nickel and vanadium present within this

feedstock. These materials are removed in subsequent steps.

Step 3:
Removal of nondiamondoids using pyrolysis

[006781 This step, although not necessary for the recovery of cyclohexamantane
from some starting materials such as feedstock A, is either necessary or greatly
facilitates cyclohexamantane recovery from other feedstocks, ¢.g. Feedstock B. We
used a sealed, evacuated reactor to i)yrolyze and degrade a portion of the
nondiamondoid components while enriching the diamondoids in the residue. Such
reactors can operate at a variety of temperatures and pressures. FIGS. 10(A, B)

illustrate this method and show a gas chromatogram of the Feedstock B 650°F+

~ distillation fraction 5 before pyrolysis and the resulting pyrolysis product. Prior to

pyrolysis, the hexamantane peaks are obscured by the presence of nondiamondoid
components. Pyrolysis can be used to degrade the non_diamondo id components {0

easily removable gas and coke like solids. As shown in FIG. 10A, the hexamantane

- peaks are clearly visible after pyrolysts.

[00079] A PARR® reactor, from PARR INSTRUMENT COMPANY, Moline,
Tilinois, was used to process the distillation fractions obtained from vacutim™
distillation of a feedstream. For this example, Feedstock B 650°F+ distillation

| 23 o
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8 July 2005 WD 02/ 057203 TABLE 4: El enental Conposition of FsSahdy28e5B
ECT/ ZIJSO2/ 00588 iAnaI yses on Feedstock B Atnospheric Distillation 650+F

esi d MeasuredVal ue Nitrogen0.991 wt % Sul fur0.863 wt % N ckel 8. 61 m
Vanadi uméwé.‘néoaﬂ?o[}OOO??] Table 4 illustrates the el enent gﬁ"r@(g%o&qst i on of
Feedstock B atnospheric distillation (650F+) residue including some of the
l dle ]pt ified fkrﬁlfTWdﬁ iS'S)i/efSSlsedgﬁm feeditoct ifaplyaysist Fyraledigvts thex caducted e gen,
sul fur, nickel and vanadi um present within this feedst Jhese materials
are renovedsems el dewmpin bysicatieg the sagplyunder pacyymap aa#%ﬁ%ﬁ?%ﬁ&ﬁaoi ds using
p3Eol ysis 10100481 This step, although not necessary for the recovery of
cycl ohexamantane from sone starting materials such as feedstock A is
ei ther necessary or greatly facilitates cycl ohexamantane recovery from
other f eeds%gc%s, e g. Feedstock B. W used a seal ed, evacuated reactor to
per yze-and- 'grade a port i on-of ‘the o o e

{00080]  The higher diamondoid components enriched following the distillation of

Step 2 and the pyrolysis of Step 3 (if needed), were further 1solated to a '

cyclohexamantane fraction in the following way.- In one case the distiltation fraction
10 of Feedstock A containing cyclohexamantane (i.e., the residue left after vacuum

distillation fraction 38; a GC profile identifying this fraction is shown in FIG. 6) was

. passed through a silica-ge! gravity chromatography column to remove polar

compounds and asphaltenes. The use of a silver nitrate impregnated silica gel

provides cleaner diamondoid-containing fractions by removing the free aromatic and
15 polar components. While it is not necessary to use this chromatographic aromatic

separation method, it facilitates subsequent steps.

[00081]  Alternatively, a pyrolysis product of a distillate fraction of Feedstock B
could be passed through a silica-gel gravity chromatography column to remove polar
20 compounds and asphaltenes. The use of a silver nitrate impregnated:sili(:a gel
provides cleaner diamondoid-containing fractions by removing the free aromatic and
polar components. In either instance, the distillate fraction or the pyrolysis products

could be purified using this step prior to subsequent isolation procedures.

25 Step 5:

[00082] HPLC was used to provide sufficient enrichment of cyclohexamantane to
allow for its crystallization. Suitable columns for use are well known to those skitled
in the art. In some cases, reverse-phase HPLC with acetone as mobile phase can be
30 used to effect this purification. A preparative ODS HPLC run of Feedstock B
distillate cut 6 pyrolysis product saturated hydrocarbon fraction was performed and

the HPL.C chromatogram recorded using a differential réﬁﬁctometer:"élﬁtidﬁ fractions
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nondi anondoi d conponents while enriching thé di anondoi ds in the residue.
Such 15 reactors can operate at a variety of tenperatures and pressures.
~FIGS. 10(A, B) illustrate this method and show. a gas chror8tJudy 2005f t he
Feedstock B 650F+ distillation fraction 5 before pyrolysis and the
resultin is product. Prior to pyrolysis, the h ne peaks are
obscuredgg§¥%‘zM%resence of nondi anondoi d conponents. E;?o y?ﬁggcan be
used to degrade the nondi anondoi d conponents to 20 easily renovabl e gas and
coke |ike sfrrpdohepamatiownrd shown @ FILOAL. The“Harakaihe dretiong@dlsvintte clearly
visible after rolysis, f / ctor, from PARR | NSTRUVENT
COVPANY, Nb??%g%tﬁ?%ﬁ%%?g¥m§g%g§£gﬁwggﬁg%%%g%§gthe distillation fractions
obtai ned fromvacuum 25 distillation of a feedstream For this exanple,
Feedst ock B + djstgillatjon 23 .18 Jul 005 ﬁgl/USOZ/OOSOB
fraction 5 uﬁggﬁseghﬁgbghf8gﬂﬁ?8§?‘?%?Hﬁ%%%?&%?%%%géigﬁééﬁgdmas t hen
condgict ed Ofciidedyi sUARNMODI cdllings SR EInBYH M Habgan buns@rgpd € under vacuum
~in -a-vessel- at 450C for -16.7 hours. 5:-Step 4. [000?01-Th?‘hi%g§r~-----~
di anondoi d dasietaRd By Shatreandac £ BPAbw R0 PHEC kP TEIM St iToR Hen O58p 2 and
the pyrolysig sg)fym%l;s?sopr_ dufcl fanRSEHRTHocABInGAcHER 153 md) SRk djedled Ritdthe

cycl ohexamant ané fraction in the Tollow ng mgy. I n " one case the :
di still ati osplinese tThemoluoms fveraeiden e xeEanial- M mYmes s oRebiieiiateane (i . e.,
t he residue | eft A A I SE I t ] , profile
identifyinga¥ﬁf§Pﬁﬁ%ﬁ%?%ﬁ&#éqgﬁg%%éékeg%éﬁﬂ%§éa§%A£Q5§§g; t hrough a

si |l ika- gel grhhbtanantine madrpgaibyeh FIGo1 mB itlatmesphaopaiegraphs ofipounds and
.asphal tenes. The use of .a silyer nitrate.i.npregna il Lca gel provides
cl eaner diaWBWﬁ%WﬁWEBH?QFﬁ?ﬁﬁ%FF§9@%%H§aﬁ?ﬁ$gﬁgvpKgﬂ%ﬁ%t¢§%%&§Fonatic and
15 pol ar comporenits oth¥h bydotickanhdhtade compeRatan yhis Padiidr colld He edpacundt ogr aphi ¢
aromatic ‘separation nethod, it facilitates subse uentéﬁ%ﬁﬁf' ; 00811

Al t er nat i veWsing fHrthsr chrmategtaphisderbpiayes ipelyfiegipropatave gag ¢ gedst ock B

coul d be pagsggte bRFQHIY 2@difibilal ARE.OShnsAlsiicoMinfil b BFRAE SMYivEPhIM to
remove polar 20 conpounds and asphal tenes. The use of a silver nitrate

i mptegnat edowtlindddaloye | Additapplletberdpehminues maronde dysdhitaiongosid act i ons by
renovi ng t i - _ - . i r instance, the
di still atehl?er'gt{él??%%&g?ﬁl ﬁ’gt'%3?8‘?‘3@02&%“?@%%?@%%831@0%‘13&%i fied using this
step prior feaystabisggunentonegefiabg.on procedures 25 Step 5: 1000821 HPLC was
used to provide sufficient enrichnment of cyclohexamantane to allow for its
crystallization. Suitable colums for use are well known to those skilled
in the art.sikpgsone cases, reverse-phase HPLC with acetone as nobil e phase
can_be 30 used to effect this purification. A preparative ODS HPLC run of
Feetist ock B distillate cut 6 pyrol ysis product saturated hydrocarbon
fraction Wall%o@&vr]f O FBSbMiflng Ly StalsiBk SuifBlcQiR! SRIGAB dnffiGind e6uld Bt Bt a
differential refractoneter: elution fractions 24 WO 02/ 057203
- PCTJUS02100®08grucaial igtermimetemsmeaneayhlfrasion in FIG 11. The "x" marks the
fraction (#23) which contains the highest concentration ‘ ’
of cycl ohexamant ane.

EXAMPLE 2: Isolation of Cyclohexamantane

25
Using Two HPLC Columns with Different Selectivities
[00085] As shown in Example 1, cyclohexamantane can be isolated in high purity
using HPLC methods. In this example, HPLC columns of different selectivities were
30 used in succession to isolate cyclohexamantane. FIG. 12 shows results ofa

preparative separation of cyclohexamantane from distillation cut 6-pyrolysis product

saturated hydrocarbon fraction using an octadecyl silane (ODS) HPLC column with

acetone as a mobile phase. This first HPLC system consisted of two Whatman M20
25 |




(000831 The HPLC colums used were two 50cm x 20mm |.D. WHATMAN 5

oct adecyl silane (ODS) columms operated in series (Whatnman colums are
manuf act ured by Whatman Inc., USA). A 500 nmicroliter sanpl e 1@ July 20051t i on
of the <cut 6 pyrolysis product saturated hydrocarbon fraction (54 ng) was °
i njected | colums. The colums were set-up usi at 5.00
m/mn as‘bgto%%%?q%e phase carrier. WLC fractions 23-26%?g§féﬁ% @@he purity
(FIG_ 12 A B) necessary for 10 cycl ohexanantane to crystallize. FIG 13A B
i |1 ustrat es 150008 anagnsaqpes:tafin seregs neing ateterions mopis prsk alva?t BAENEr yst al s

recipitated,fraom ODS HPLC fracti.ons 23-26. - phsxamant ane
(F:)orrpolr[:ent s &He fAPLor sy Y’F%ﬁdlé%fﬁnhglﬁgﬁ%cgopﬁert%f ggomﬁg?ﬁgﬁ{?ufﬁ%ﬁ%r '

chr omat ogr aphi 06 {ICH N2 A He&re chabindi gl pkaar Atrthuepugisatohroomeseogdaphy  or
nore preferably additional HPLC runs usi nr%gcol ms_of different selectivity

as 15 out | i AEECHRFEH: TRfsombEvdITagtion BRI SHAPHTRL AT i n t he

crystallization art could be utilized including but not limted to

~fractional-sublimation, progressive -recrystallization gor zone-refining. - -
i - G dppuon#a26 n

Std: 20 1000@M861Af tharthertnusifinatiog of combiapd OB HEJy o A7l ohexamant ane
coul d be sent, . fgr str ARBLELILLAbARE HE (NGl RHicH hhd A digtiean.
EXAVPLE 2: PLBP'S iuglﬁl%(%#f%ﬁc%hexg%%gﬁg 25 Using Two HPLC Col ums with
Di fferent Setlegivityiit ihesephf0io8 5T cyadohshapanting tr PS polugyrdigiesednant ane can
be isolated jn hi uri t usi n LC : lise QUaPhge ofHPLC

col ums of 6%’?‘Fer‘:g€tp4ssgf"g§??vpﬁa gé_ﬁ s g?gge%&@gzcgﬁc%essi onto isolate
cyclighexanag{aexamhsttanel 2 shows results of a preparative separation of

cycl ohexamant ane fromdistillation cut 6-pyrolysis product saturated

hydr ocarbon fraction using an octadecyl silane (ODS) HPLC colum wth, o
acet one as oA | QGNARE mcbRis 60 hiirolBL Grleoppansisly ddnpdf 016 What man
M20 25 18 July 2005 02/ 157203, PCT/ US02/ 00508. 10/.5Q DS col unms oper at ed
in series udii§ eeativwddrasiom$hi-Peinssaienc wis injegisd ifte Mg HRyPerophLo ctor used
was a differgnt] ustng QBRI 2% 3 0BG Mias hbBiRijhags  #23- 26
(FIG 12A) @@??&?ﬁg%%ﬁ%@é’ﬁ %or further purificati onIj on a second
HPL@5syst em(@hBb psilantisiegla fiffeodntiolrefrantorastercdttasios] YluleARNHERE. 5 [ 000861

Further purificatian_of ined ODS HP -act | MRS p@ghi eved
using a HYPI?QE%’IQ%d g‘f’%ﬂ‘ﬁ“&*ﬁg% “ﬁ’?;%g‘élglqﬁ{(pée gﬁ{;ﬁﬁ&%ﬂéﬁﬁeﬁlﬁﬁ?di fferent

sel ecti Vi ty sidlerh Onfeldcaitiohexamantint itk famioh apetdrisawsly precioit8edas aurm

di scussed above. FI G, 14 shows a.pr.eparat.i dypercarb H r iradi cati ng
elution ti n@“éf“’h‘titﬂoti’%lvﬂﬂ“et}(‘é{ﬁﬂﬂg&ﬁ v ‘(‘6156‘8%\@3’&\%{%@0 TS Sﬁ@?%ﬁ%b%@ 50
mcroliter sanbliesfveaRRs Hoekifhie y/bd cydbhefan(dfne. Phdlomieniyraps of thact i on
#23-26 in acetone was injected into the Hypercarb C%| um, 10 mm1.D..x 250

mm 26per at edingsiystpllineproistes i thg powinREHSI9e IR EIG-d3phase 15 (@80 psi),

and using a differential refractoneter detector. Wile ODS HPLC conbi ned

fraction #23-26 was being prepared for injection in the HPERCARB HPLC
[00088] Hypercarb HPLC fractions were taken resuiting in the isolation and

subsequent crystallization of cyciobexamantane (FIG. 15A,B). Photomicrographs of
representative crystals of cyclohexamantane obtained by this method are shown in
25 FIG. 16A,B. After obtaining crystals of suitable size, cyclohexamantane could be

sent for structural determination using X-ray diffraction.
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system sone of the cycl ohexamantane in the fraction spontaneously
precipitated as a fine white powder which would dissolve only slightly in
cycl ohexane sol vent. GCMS anal ysis showed this precipitate f3uhe2005

cycl ohexamant ane. Phot om crographs of the 20 fine crystalline particles in
t he precipi re showmn in FIG 13. 1000881 Hypercarb tions were
t aken res‘ﬁ%z?otﬁgm?n the isolation and subsequent crystafw{zjétzgogbﬂgof '
cycl ohexamant ane (FI G 15A, B). Photoni crographs of representative crystals
of cycl oheWAhshiage AAMERP A&d by this nethod are shown in 25 FIG 16A, B.
After obtaining crystals of suitable size, cyclohexamantane could be sent
for structural determ nation using X-ray diffraction. 26 18 July 2005 WD
02/ 057203 PCTI USQ2410p5&08n\dbdprisifs @lsdsMiDut Bpertent By ea@ighosi ti on conpri si ng at

| east about er cent i gh cl ohex nt ane. based upon the total

wer gt of - DREnSGHE5ENs P ot e e SR E RN EPE m 1 Pwher o n ¢ he

cycl ohexamant ane conprises about 5 50 to 100 percent by wei ght based upon
~the-total -wei ght: of the conposition, 3, The cqonposition of .clajm 1, wherein
the cycl ohexanantisrempesiiien eledainygouere h?@’“i‘%@"?f’éﬁ”&@ﬁtwﬁﬁnﬁéig‘!@‘ﬁ'f based |
upors t he tof@l odeiBdH: b ivelAELACNRRN thd @M winflof RbEmYERE tion of claim 1,

wherei n the cycl ohexanant ane conpri ses about 95 to 100 percent by wei ght
based upon the total weight of the conmposition. 5. The conposition of claim

4. whereim the cRIRSHIpbASh SGUMA' S Gherefiifid RIIRIRRIARE cbipfilek 3| 1 ne Torm

70 to 100 percent by weight based upon the total weight of the composition.

10 4, * The composition of claim 1, wherein the cyclohexamantane compnises about

95 to 100 percent by weight based upon the total weight of the composition.
5. The composition of claim 4, wherein the composition comprises

cyclohexamantane in crystalline form.
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