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25 (0009] 7 Bal aban et al., Systematic C assification and Nonencl ature of
Di anondoi d Hydrocarbons -1, Tetrahedron. 34, 3599-3606 (1978). 098101 $
Chen, et al., Isolation of H gh Purity D anondoid Fractions

Components, U. S. Patent No. 5,414,189, issued May 9, 1995 30 1000111 Al |l of

t he above publications and patents are herei gui r cein
their entirety to the saMV(H0HOS7203 f Adac hlﬂllW@mlﬂﬂ[ﬂl’eﬂﬂﬁlﬁﬂllﬂmllﬂlﬂlﬁmﬂllﬁlr
patent 18 July 2005 WO 02/0, 57203 PCT/US02/00508 .. was specifically and
i ndi vi dU&'dBde H:d{TCIQ‘} ﬁ[g l\h,OP"{bﬁ 'hﬂ%h%glgn?‘t ed bQ% erthg %zra? ?the pme lr;n§ Qf&e&ay ngt:fi)é

State of thenhet co. i lMDBl 2N, HRXMBILANES adifshd B 9eRrbid-ONC Ra) KANES:
They are tNEesthexamers of adamantane (tri cyetdofs3. 3. 1. 13, 7] decane) or

C10H16, in which various adamant ane unlngoem#awggtm rigdamlpmemot unds
have a jgi;agpndoi d” topol ogy, which meas, Eheh bl Lpem,me gfrn Hagiene s
super i Mposabh@ndbkaedcs agrent of the di amgeatyadehidr G 4{013 tte . '
Hexamant anes possess six of the "dianond crystal units" and therefore it

- i S post ul at ed that . t her e ar e th' rty_ni ne poss I bl e . hexanantane St r uct uresﬁ e s

Anong them twenty-eight of the thirty-nine have the stoichionetric
formul a C30H36 (nol ecular weight 396 Daltons) and of these, six are
symetrical, having no enantioners. Ten of the thirty-nine hexamant anes
have the stoichionetric formla C29H34 (ol ecul ar 15 wei ght 382 Dal tons).
1000131 The rermai ni ng hexamantane (FIGS. 2 and 3) is fully condensed, has
the stoichionetric fornmula C26H30 (nol ecul ar wei ght 342 Dal ton), and
conpositions conprising this hexamantane are the subject matter of the
enbodi ments of this 20 invention. (000141 Very little has been published
pertaining to the hexamantanes in general, and cycl ohexamantane in
particul ar. Hexamant ane conpounds have not been artificially synthesized,
and t hese conpounds have been recently thought to have only 25 a

t heoretical existence. 1,7 Acadenm c chem sts have primarily focused
research on the interplay between physical and chemi cal properties in the
| ower di anondoi ds such as adanmant ane, di anantane and trianmant ane.
Adamant ane and di amantane, for instance,.




have been studied to elucidate structure-activity relationships in
carbocations and radicals.3 Process engineers have directed efforts toward
renovi ng | ower 30 di anondoi ds from hydrocarbon gas streans, 2005
dlannndouga %gq(ﬁause probl ems during the production of natural gas by
solidifying in prpes and other pieces of related procefSPH3* &M oment. 2
18 July 2005 WD 02/057203 PCT/ US02/ 00508 [00015] The literature contains
little informt COMPOSERIINGCOMPRISANG CICLGIPXAMANIANIDf hexanant anes.
This fact is probably due to extreme difficulties encountered in their
isolation and due to failed synthesis attenpts. Lin and WIlk, for exanple,
di scuss the possible presence of pentamantanes in a gas condensate and 5
further postul ate that hexamantanes nmay al so be present.' The researchers
postul ate the existengg@kcROUGHPPYNISINABRTIGN a Mass spectronetric
fragmentation pattern.  They did not, however, report the isolation of a
si ngl e pent amant ane or hexamantane. Nor were they able to separate
~AON-i-oni zed ring their spectral anal ysis.. MKervey et al.

di scuss an EERT At UGH yi el ding synthesis of anti-tetramantane.3 10 The
procedure invol ves conplex starting materials and enploys drastic reaction

diti h 36 f
ot ramnt anf0of o FP ot Mo lbdd df g sh BT8R " °

honol ogat i OCEbrﬂi[Q}Blﬂilens contieBlg M THEH Gexaimtae hteircefgpleelo seactions with |arge
organic nolecules in the,gas phase and have not led to the successful
synthesi s ofcYseharmeritPamant anes. Similar 15 attenpts using preferred ring
starting materials in accordance with the honol ogation route, have

I'i kew se failed in the synthesis of pentamantanes. Likew se, attenpts

usi ng carbd&dtiﬁﬁLrearrangenent routes enploying Lews acid catal ysts,
useful . synt hesi zi ng tri amantane and | ower di anondoi ds, have been
unsuccessful in synthesizing tetramantanes or pentanmantanes. Attenpts to
synt hesi ze Wé8Zmant arfhs folRGvilpmblisdtioms had padehts 4ro 0BG thisreppdicatidnes
prO@Ertles dlanDQd0|gs have by far the nost thernodynamcally stable
structures BPUEYIP BWELYBI e hydrocarbons that possess their nolecul ar
fornulas due to the fact that di anondoids have the same internal 25

"crystalline |lattige" structure S dlanDn S. E} e§tabllshed t hat
di anonds ex ]t Lin, ¢t al., Natural CCUITENCE o etramantane 28), Pentamantane

(C2sH32) and Hexamantane (CioH3g) in a Deep Petroleum Reservonr Fuel,
74(10):1512-1521 (1995)
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- reference in their entirety to the same extent as if each individual publication or patent



extrenely high tensile strength, extrenely | ow chem cal reactivity,
electrical resistivity greater than alum num oxide (alumina, or A1203),
excellent thermal conductivity, a |low coefficient of frict i 18P ulyu A0 gh
Xx-ray transmssivity. 30 [00017] In addition, based on theoretical

consi der a‘?’ﬁtgﬂg"’,n"c?ycl ohexamantane has a size in the nandfdt&P*?%5ye and, in
view of the properties noted above, the inventors contenplate that such a
conpound: wowhgspaavieallit dnld iifdivitialiyiigdicatedan dhe imdogmudted by ef@ertce onites and

nanot echnol ogy applications. In particular, the rigidity, strength, 3 18
July 2005 ?ﬁ%r@ﬁ-/ 057203 PCT/ US02/ 00508 stability, variety of structural
forms and nultiple attachnment sites shown by this nolecul e makes possi bl e
accurate construction of robust, durable, precision devices wth nanoneter

di nensi ons- StEeofrAbus hexanant anes are t hree-di nensi onal nanoneter sized

uni ts showi ng different dianond lattice arrangements. This 5 translates
into a variety of rigid shapes and sizes for the thirty-ni ne hexamant anes-

~For--exanpl e[00p12 12 Hexdrastaven ara hodisk-ou: olsbdnes] They apale hxgmpmef ane has a

"T" shaped structure i [(32134] Js ~ LY shape is flat |
with four |8 .ta“el'hgc)\f%v\%g 'g‘r%alntjlﬁeocrfa]él?)lsoro “ﬁ‘i’ﬂ%ﬁ%h‘%\ggu%%d%t@aané ‘%gltgsht handed
screw |ike stifaetfugeds The Eympandxizavant dinmopfoid?®pabghoxactamtandeii s di sc- or

wheel - shaped. 10 [00018) It has been timated that, M.croElectroMechani cal
Syst ens ( VERSYON ¥R SFARECHEH Iéﬁ‘fpeﬁ’f“pa?agffﬁoq\"cf’ ?%'Eﬁ“&oﬁttggfh%% '¥i mes | onger

t hepy cur r enfrrgol )y $idxhGaitanclVBRessanco fhariaaor deridha ihia any deestbgnit and woul d
not pronote allergic reactions _in bionedical applications 6 Again, the
i nventors cpestudaipd tiether are thifytpeRessblsthesemanangshpeussy Amopghcay

attractive mcgﬁzg{igﬁt%?the%gkin%t 'aQQﬁae%fong&h&B@m& ¢.08 dge nol ecul ari

el ectronics, ni ¢S, nanonechani ca evi ces, and nanostructured
pol yner s andeightfi®s aitoas)iand of the @S 1 9fe siomwittidad thavid ng codndigmersdgnphges of

hexamant anes i.n general and 20 cycl ohexanan i apd i cul the art, as
not ed abovet,%eiﬂ'éﬂt??“‘ted‘eﬁ% H& ‘&%ﬁﬁ esﬁt?llz;(%ﬂrge{n%ggn%éﬁ%leﬁg”c%l% & amant ane, or
proggsses t Waighveselskllogdd to these conpositions. In view of the above,

there is an ongoing need in the art to provide conpositions conprising the

C26H30 hexamant ane herein referred to as cycl ohexamant ane.
' {00013] The remaining hexamantane (FIGS. 2 and 3) is fully condensed, has the

stoichiometric formula CpgHz (molecular weight 342 Daltons), and compositions

comprising this hexamantane are the subject matter of the embodiments of this

20 - mvention.

[00014]  Very little has been published pertaining to the héxamantanes in general,
and cyclohexamantane in particular. Hexamantane compounds have not been
artificially synthesized, and these compounds have been recently thought to have only
25 a theoretical existence.”’ Academic chemists have primarily focused research on the
interplay between physical 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.



25 SUMVARY OF THE | NVENTI ON [00020] Enbodi nents are directed toward novel
conpositions conprising the C26H30 hexamantane herein referred to_as either
peri - condensed hexanmantane, fully-condensed hexamant ane, or18 July 2005

cycl ohex . 30 (00021] Accordingly, the present invention is directed
t owar d aa‘gg%ggs}?otsi on conprising at |east about 5 percentCHYSGREPYAt ‘
cycl ohexamant ane based on the total weight of the conposition. 4 18 July
2005 WO 02008851 03TirdTeianoo¢ @oReditdopéamationrepmding tixguactealt , t he

conposition ' hex | I e fr ut 50 to 100 :
wei ght per caé)%?g&?%irwz eF%ﬁ@?ﬁg‘%ﬁ%wgP’:’L‘%Bﬁ%é“.‘egﬂ’%"%%‘%‘%g}n 1?t{l(?tlilersmr e preferably
about 90 t centOfnteved phbeipiesiatoii andalnd teefaded syathesipatehqralliy aabollik, ® to 5 100

i ght ent based on the.total weight of the.conposition. 00231 When
eueh compocringhedars Be bR et h kSt i S B RRaran: #h. s e

CONEOSi t i onfufthyt pbsriMteah s hydnintdnBEms) AIMChdifresen®CTRE (kO@iikrs pRRLaher
enbodinment is directed toward a conposition conprising cycl ohexamantane in
~crystal |- nehf BHFFICe PHINBRPEPOIIISPRFO I RS PRHO U MO 0D PATCTEL G |-

i |1 ust r at estihRicaeanskaredpsi [HdGofon 91;? %@%Bﬂ%&lﬁa@}ﬁ hE)tEﬁ{aBtané:S

correlation to dianonds. Specifically, lillustrates the correlation

of the st rienwareticnable fesepiraisings-iemzed gbmpinestsoliring thettispentrabhnelyyist al

Lattice.. [0A0REAoPAG el bHBEAD MG Bl SIS, o ERK,pRE o bon

Framework representations cyc
i | kst r at esTielpeocsdure atvalves wamglewstaviag naterials atdenmsloyodiastdiressood cryst al

| attice pl anes. .of cycl ohexamant ane. | 38@%&] FhG 4 illustrates the gas
chr omat ogr aﬁ‘?f“i‘f‘o‘& (§&s g@dﬁ‘ﬁ@rﬁ‘&l@‘ - Af ‘é“ghﬁeb‘il"“’teﬁ%faor i gi nal .-
fleedst ocks teiefshntaie,iRE oFX ARl REn {TARGSEOGIouA 2 dbL RIBRXBERRL AR, 1 S present
at | ow concentrations, not detectable, but I's shown in vacuumdistillate
fractions (thsegsyntheses are quite complex reactions with large organic molecules in the gas '

phase and have not led to the successful synthesis of other tetramantanes. Similar

15. attempts using preferred ring starting materials in accordance with the homologation
route, have likewise failed in the synthesis of pentamantanes. Likewise, attempts
using carbocation rearrangement routes employing Lewis acid catalysts, useful in
- synthesizing triamantane and lower diamondoids, have been unsuccessful in

_ synthesizing tetramantanes or pentamantanes. Attempts to synthesize hexamantanes
20 have also failed. '

[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



[00028] FIG 5 illustrates a sinulated distillation profile of a gas
condensate 30 feedstock containing petrol eum byproducts used in the
Exanpl es (Feedstock B). Boiling points depicted are at rmspHéH”(':V 2005

equi val ents. Cycl ohexamantane was found in the atnosphgr] i,due (650F+)
of FeedsW(S’(ﬂ%mggﬁ% 18 July 2005 WD 02/057203 PCT/ US02/ 0%@3@‘@8‘6’%291 FIG 6
illustrates a high tenperature sinmulated distillation profile of

at nospher i ¢.ra8) duepbr dhanenaand and shiipasacondensatediowrdEdst ock A and
B Pulfe

Feedstock B. This Figure also illustrates the n-paraffin carBop.cnunber
at nospher i enolesglgimyakics pessivli 3r°i°‘|‘f@‘eﬁB?ﬁtH‘%t.‘oq_%ftﬁg‘?‘?t’&"éart\’gﬁ’ g}eg Jow t he Sporti ons of

each feedstogk Whi oh 4ifi GQMAIR: CXEIO hereampanae HrBOaBEpsiPIG 7
illustrates a gas chronat ographic profile of vacuum di stlJrI.ate resi due

cont ai ni ng neyshahaiadantase watd gt dlnd g HEOTHRISF TSN a %lés condensat e, -

Feedstock A. 10 [.00031]. Fl G . 8, | Shi al-ESfof el thilbey L Rgesxainbiitenesi nul at ed
di stillati 6%“%?"645“?%3‘6 laFyF(fcaf;\erl %{%1%{2&8 usi ng % he at r);ospheri c distillation
t.

--650F+bot t gugp casnpl € gUELOPkexaifibitane if ragisheped) B3 NI IsrratELe @R t &r geted cut -
points (1-10) for higher dj doj 4 i sol ati hexaanbeie i S

cont ai ned éh?ﬁ‘?ﬁ?ﬁm‘f“‘iﬁr\”ﬂﬁeilﬂ;ﬁg‘?etf ?haaB?‘%%‘rﬁfs[?@W?ﬂﬁgﬁ #6. 15 [00032] FIG
9 (A B, CriPhwé Lidtsibidtses [theljgase Riradaigbynaded ssiew SEasHCEI%t i | | at e
Fractions #3, #4, #5, and #6 of Feedstoc?. B at %gp%%é&p distillation 650F+
bottons i ICybheramsatang (RRH 2] §oggniRadh 1571 B4R Exanpl e 1. 20 [ 00033]

FI 10 (A, B) illustrates the gas chromatograns of the concentration of
hexamant anes using pyrolysis. FIG | OB illustrates_the s 17

equi val ent [0em8ymmi) haf been eemakdihe '\élcfﬂ?é‘?ﬂﬁ‘@}\feﬁ{‘ﬁ‘%a? ﬁV%ﬁT%éﬁr@%\cti on #5,
exenplified in Ex e i Was HpEsh @Sed 18 uealcutBntpyhyeiligdn C
processi ng.coﬁ‘?t@c{e%@;l ?ﬁ%ﬁg(\é@ast%gg the & of t hgéb;r oduct_of_ the.pyrolytic
process. 25ENRD34 difGnd ik cherhichlishanimeand meosid ey permefe BHEBSISCINE HPLC

ﬁig?gg;: ggﬂgfﬁ)m@@ Fee?cé E(l)@lllc kﬁ%oﬁgk SHP';g:é_llkljl, e GnvetlorPYTnPinYpikeS tk Mxﬁﬁ&iﬁrﬁt ed
15 would have similar attractive properties. Applications of cyclohexamantane include

molecular electronics, photonics, nanomechanical devices, and panostructured

polymers and other materials.

{00019} Notwithstanding these advantages of hexamantanes in general and

20 cyclohexamantane in particular, the art, as noted above, fails to provide compositiops
comprising cyclohexamantane, OF processes that would lead to these compositions. In
view of the above, there is an ongoing need in the art to provide compositions

comprising the C,gH3o hexamantane herein referred to as cyclohexamantane.
25 SUMMARY OF THE INVENTION

[00020]) Embodiments are directed toward novel

compositions comptising the CagHso hexamantane herein referred to as either peri-
condensed hexamantane, fully-condensed hexamantane, or cyclohexamantane.
[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



fractions taken using octadecyl silane "ODS' colums and acetone nobile
phase. The "x" marks the fraction containing the highest concentration of
cycl ohexamantane. 30 [00035] FIG 12(A/B) illustrates GO VB 093
chr omat l.C) and nass spectrum of ODS HPLC )
cycl ohe%naa{ny%ﬁ%éé-cont aining fractions #23-26. 6 18 Jul YoY%/ 02/ 057203
PCT/ US02/ 00508 (00036] FIG 13(A,B) illustrates photom crographs of
cycl ohexamant ane crystals which precipitated from ODS HPLC fracti ons

| ustrates result HPLC separation

#23-26 (FI 14) . ( 7] FlL! 4| of a

vaing hypelt2) 5 0B Enebbient ot s eb R Dol e an 32 @ 10y
Cycl ohexanmngesinan about 50 UNIHO weikiy perced frefdRibGy 450ac 10 ONDOARIghl pert€038] FI G
15 (A, B) illustrates the GC total ion chromatogram and mas spectrum
of cycl ohe‘?%ﬁ‘?é’ﬁ?f‘%rﬁély ia’§%‘lt§f)é‘al(%w?—'|ﬁ‘lil@e[?§i“n@“ SRl Bﬁﬁg‘dab&g/a'?%‘/‘bé@ Qarb 10
st ag i onar yi(phasght pelcbiMascd bAARIGMh! kkisht dfihPsdRpdsldorst r at es phot omi crogr aphs
of cycl ohexamantane crystals precipitated from Hypercarb HPLC fractions

- #6-9-charact erized in FIG -15. 15 DETA-LED DESCRI PTI ON OF THE | NVENTION- - -
[ 00040] Enfagehisie e fuch R6mpPEEimt rd YGMANRnAlRdGh ERESRGLAhMMRd C26H30 |

hexanmant ane conpositions. However, prior to describing this invention in
further dbe¢ ednpositie nfay|fbiowh erystaldinerstrugiture. Abeadinply, dwtlienedbodi@eef i ni ti ons

{000a2] s STE R EhET s shlbPn B b R AL PR b iR Pt e caged

coifpounds of the adamantane series including adamant ane, di amant ane,
tri amantane, tetramantane, pentamantane, hexamant ane, hept amant ane,
oct anmant ane, nonanant ane, decamant ane, undecamant ane, and the |i ke, and

‘al so including nolBRIERDESERIPTIONOE THE DReswiNgsponent s i ncl udi ng
i somers and stereoisoners of 30 these forns. Substituted di anondoi ds
preferably conprise from1l to 10 and nore preferably 1 to 4 substituents

i ndependenjpdasape! €CHRE if ifIQMatd thelablPhap O ShthirO 8 @hmondoids and their

15 correlation to diamonds. Speciﬁcélly, FiG. 1 illustrates the correlation of the

structures of diamondoids to subunits of the diamond crystal lattice.

(00025} FIG. 2 illustrates the Ball aﬁd Stick, CPK and Carbon Framework
representations of cyclohexamantane.

20 :
[00026] FIG. 3 i‘llustrates the structure with vie%kvs normal o vanious 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.



al kyl, including straight chain al kyl, branched al kyl, or cycl oal kyl
groups. 7 18 July 2005 WO 02/057203 PCT/ US02/00S08 [ 00043] Hexanmant anes
are bridged-ring cycl oal kanes. They are the hexaners of addfelihatRoS
(tricyclo[3.3.11.13 7] decane) or Cl0OH16 in which various adanmantane units
are facewuead2oiThe conpounds have a "di anondoi d" t opolrsgyysoadsoh nmeans
their carbon atom arrangenent is superinposable on a fragnent of the

di anond | atg 5 | G o Thdrdy- ' ; tructures
- have been 3@%@3]aﬁ§§>§y“#EgES?ﬁ%%ﬁi fgﬁngﬁgﬁggkﬁggﬁéﬁggE%€@§?§ht of the
"t hi r t y- ni netthespkeridvesidwd eclidnammdbidmivhigas ccgdondd®s:(ieodsewllmgndnei ght 396

Daltons) a f ese. six are. ica avi no I rs. Ten of

t he thirtyﬁﬁﬁﬁgmhg&Zﬁﬁ%ﬁ%ﬁ@?kﬁgééﬁgﬁé&ﬁgfé%ﬂﬁgf&gg?ﬁﬁ?%gggg%%%gﬁ(nDIecular

wei ght  382)equiatienttodinggiaitdi Ingelb axadmilpnehé pbifion2of&ad) feedstdcheviiad |y 10

condensed hexamant ane havi ng the nol ecul ar fornula C26H30 (nol ecul ar wei ght
342Y. [ 000481 amycloReRMepRY: ohexamant ane” refers to fully condense

~—hexarmant-ane- ~havi ng a nolecul ar forrmul a of C26H30. Preferably, - -

cycl ohexamantane is in non- 15 ionized form [Q0045] The_term "I ower

di amondoi d [0##PbndHGs 7 ilbstratavigasvhensetossapiraie Blee ! vagyam Hstdiztnt ane
COMPONENt S oditle Ehtainh ARV oA tafl and AP ELlloHsiHs AT FOS LML RY
a ane, di ese

derivatives o anman anmant ane a tri amant ane. ower
di anondoi d E2@dseekponent s show no i soners and are readily synthesi zed,

diﬁ i ngui shing themfrom the "higher dianondoid conponents.” [00046] The
term "hi gher dianondoi d conponents” refers to any and/or all substituted

and unsubst[pdestpd fiet 8 AMBMEENEhigH FpGRENNIS sintwlated§istliaibo prodild oSubst i t ut ed
25 and unsubsti tut ed. pent amant ane .cappone . to any and/or | substituted
and unsybsﬁ??ﬁﬁ@ﬁEH@%&HE%?HW@”@B%ﬂ@H@ﬁpgﬁgbﬁﬁdﬁ§m5ﬁ&?%Fgﬁﬁw'3ﬁﬁ%tituted and
unsubst i t utged  NeptiANRALA R HRFRPHA Pofid Q- ) YordigHeoRiadbhdSd hstatibss ed and
unsubstitut éd octamant ane components; to. any d/or all substituted and

an
unsubst i t ut@dlohormeairnaiscosieirpdpomasly ip distlate Faetions #3 hroughdt i t ut ed and 30
unngstituted decamant ane conponents; to any and/or. all substituted and
unsubsti tut ed undecamant ane conponents; as well as m xtures of the above as
wel | as [00032] FIG. 9 (A, B, C, D) illustrates the gas chromatograms of vacuum distillate '

Fractions #3, #4, #5, and #6 of Feedstock B atmospheric distillation 650°F+ bottoms

illustrated in FIG. 8 and exemplified in Example 1.

20 [00033]  FIG. 10 (A, B) illustrates the gas chromatograms of the concentration of
hexamantanes using pyrolysis. FIG. 10B illustrates the GC (DB-17 equivalent
column) of Feedstock B atmospheric distillation fraction #5, exemplified in
Example 1, which was used as feedstock in pyrolytic proécssiug. FIG. 10A illustrates
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 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.



i soners and stereoi soners of tetramantane, pentamantane, hexamant ane,

hept anant ane, oct amant ane, nonanmant ane, decamant ane, undecanantane, and 8
18 July 2005 WO 02/ 057203 PCT/ US02/ 00508 the |ike. [000471 18l 2005

"f eedst ock" or "hydrocarbonaceous feedstock" refers to hydro- carbonaceous
mat eri al swg@dsi ng recover abl e anounts of cycl ohexamaplppgymsokr ef erably,
such feedstocks include oil, gas condensates, refinery streans, reservoir
rocks, oil shale, tar source rocks, and the like. Such feedstocks

ds,
Cypi oal Ly, DD36T o FIG dSEABA IR atcs ISR EpRE Sovrishaaraugre Ssfiondor d

conmponent's @ficWptdeipiited ABAUHBIPNIC! HactiopPenent®ic ihg feedstock is typically
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 pr bl i < hQiidd i :

cycl ohexama tg% : 5%ﬁ?ﬁ%ﬁgéeég%@%kgqégﬁkg%?%Q§%ﬁ¥%ﬁﬂﬁﬁ%%%$?ties such as
sedifrent, nstaivery phetelndiORf HPEK dtactiomi@di2aiiGand). diveohekamngpmniscs. They may
~-a|so~contai%ﬁggtqﬁonoLq)-Aﬁéﬁpgﬂkgi?hgg sul fur, nitrogen-and the |ike.  Such -
f eedst ocks may P dibEEyue If freg ed or subjected to various unit :
operations to alter 15 the characteristics of the original feedstock and

therein retgin pro ties of said tre f eedst ock. [000481 The term -
"renmove" or ﬁ’“f’%ﬁnvgﬁf{;“ e ﬁ)r gluft@tﬁrtﬁ%gbz“% tqtgjon W%\tf’&raf“ mﬁﬂi‘ﬁ’d? anmondoi d
conponent s gRewak of §WRheHnRRRAE b RAtARTIANENisnd ODISINRVADIBgRRRACK. Such

processes include, by way of exanple only, size separation techniques,
di stq 11 at i o¥aticagrypbpgcol s t her under normal or reduced pressure, well
head separators, sorption, chronmatography, chem cal extraction,
crystallization and the |ike. For exanple, Chen, et al.8 disclose

di still ati olf0p3%)ceEEed6¢/aB) llmstparesmhotomianraraphad cydolpsainaupescrasidsant ane,

di amant ane. , subohld et gl AIRRHARCHAAM: 220 LELATRALANGE O @
hydr ocar bonacéeous feedStocK. "SI ze separati on techniques 1'ncl ude menbrane
separations, nolecular sieves, gel perneation, size exclusion

92{ i}F?LSPh¥e?g??%Bgugkﬁﬁggﬁgggé§ﬁ?égﬁﬁigkﬁgﬁﬂg§tbé%?gIg?st?[lation,and
el evated pressure distillation processes on the
| [00040] Embodiments of the present invention are directed toward CisHjo
hexamantane compositions. However, prior to describing this invention in further
detail, the following terms will first be defined.
20

Definitions
[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. .~ -«



hydr ocar bonaceous feedstock which are conducted to concentrate -

cycl ohexamant ane by renoval of -other conponents fromthe feedstock. Unless
ot herwi se specified, 9 18 July 2005 WO 02/057203 PCT/ US02/ d@stydy 2005
distillation tenperatures are reported as atnospheric equival ents. [000501
The ternﬂ”?ﬁ@@ﬂ%ﬁ processing to pyrolyze" refers to eitH& " EHYsBheric,
reduced pressure or elevated pressure heating of the feedstock to pyrolyze
a portion of000d8)onHecRimarddines arempoRenis; dynloblrendse dtisy aekhe {88053 pf The term

"nondi anondoj d conponen f g.feedstock” refers to. conponents of the
f oadst ock  HATAEABE (B0 A e < AFLE BT HHPEPH AHE TRl

" di amondoi dareiffe FscdeThPESMANG Mave $0dhABAER] ThsloERIWRiCIChEMEEIcOgr aphy”
refers to any of a nunber of well known chromatographic techni ques

i ncl udi ng, BAfbeRAjoTd RITANESMSIES s¥reymPewP I§A8 Adlraggieat Pt e demoBitasSr aphy

(either nor r e AN b BefHeOr mance
i quﬂljd chro@{t}bgi g‘ﬁyf ﬁlﬁﬁ%ﬁﬁ?ﬁ%ﬁﬁ%%@%&%?ame ?ggéntﬂ?tg?kgl v refers to

st r-ai-ght - anthvintem.c Aetng iz tatricyeight ofdlpsthirtyypine hivethtmelesylaf foopala to 20 - -

carbon atong, e preferabl - ASetreYiChd |.kyl groups
typically ngr%{qug%?ag “febgtg'ﬁégélgélgoc?% a%?%ﬁ:&cg%}xﬁ%% er aﬁtlngylf t#dg%ggw to 6

car bon at onenaniléthés.t Bém fahs thinynaine Heambhiendsritavathel nededudar fadriayd Colng '
cl osures 20 between two tachpent sites on hi r, di,amondei.d conponent.
The term " a(‘!%‘i}?"\{\far i“’§‘gé’§<é%bi qrd;t quewmg}gsﬁﬁgmgﬂgw @iﬁr?e‘gﬁslls tﬂ%ﬁ“@l . propyl,
butyd , i SOPERRYsed hSQRIAhihe hdts thDblebulat fobtiMIC ol @Pleydlar vosight| |

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the |ike. 25

Met hodol ogy34200054] The conpositions of this invention can be obtained from
readily available starting materials using the follow ng general nethods -
and procedures. It will be appreciated that where typical or preferred .

process confioddd)ns The teem “cycdatekimpmiBe” teferp b fufly cendensddrhgyamantdngent s,

, etc. ' t | L - al b d
(i oss ot helririee BbiEp S py F RECH B AR GO AT w B R7E,

15 ionized form. ,

[00045] The term “lower diamondoid components” or “adamantane, diamantane
| and tn'amantaﬁe components” refers to any and/or all unsubstituted and substituted
derivatives of adamantane, diamantane and triamantane. These lower diamondoid

20 - components show no isomers and are readily synthesized, disﬁnguishing them from

the “higher diamondoid components.”

[00046] The term “higher diamondoid components” refers to any and/or all
substituted and unsubstituted tetramantane components; to any and/or all substituted
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 components; 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

8




f eedst ocks, but such conditions can be determ ned by one skilled in the art
by routine optimzation procedures. Detail ed nethods for praocessin '
feedstocks to obtain higher 10 18 July 2005 WO 02/057203 PCF{4bH2P®ds50s

di anondoi d conpositions are set forth in U S. Provisional Patent

Appl i cat ivpe oMNx720360/ 262, 842 filed January 19, 2001; U. SpeBlotiaslqnal Pat ent
Application No. 60/300,148 filed June 21, 2001; U.S. Provisional Patent
Application No, 60/307,063 filed July 20, 2001 and U.S. Provisional Patent
Applicatiodhﬂak&filed 5 Novenber 9, 2001, entitled "Conpositions Conprising
Cycl ohexamant ane and Processes for their Isolation, Attorney Docket No.

005950- 752. These applications are herein incorporated by reference in
their entir@0947I[ 0008 BTm TEredstacks or thydrosgbbedrexusifestistane’ esrpgosydicons

descri bed h&rrtﬁjn'a(:eogf m:!i%ri]:ll@ g‘?@lglgs?& Jeéov?%h?eca%%nfs%? Qyél%m?é&?:ﬁ&? feedst ock

conprises recoverabl e anoun cyc exanmant ané’ € erd%ey, such a
f eedst ock chmferibde sudt febdsmsks iaklodd oill gppddnfpantes refaery direhing, oeseneir

b7 Gher - condlHer 8t Fials Beb o BreRsn A W rit RratFRESHERD »Y5 | 00ose)
Preferred fiegdsiconisy, comprisd@ne banoeiang| damdribid@npgamicndansat es and

refinery st reams havi ng hi gh concentrations of higher dianmondoids. Wth
regard to RoRdiamepdeid compennts.fhefepdsteckistypicalinehafatleriRediIsseBPHIRG ceous

streans I ecQuoAtltehdif baiiAGHHIM GolRERE ARSI RirhthfideAteh ¥cRkhng and the
i ke. Particularly preferred feedstocks include gas condensates feedstocks

rectver ed fabowh 330eC Noatpiespderid pressutei apd mo@picferatihe baving a bbiliverdiob and from

t he LeDuc f.ornmti i n nada. [ 000571 e feedstocks used .to obtain the ‘
conposi ti ony {06"1{ a‘fcﬁal‘%s? M ?K/%Z(’r%'f”f%"nan{a?%i gglf%/[?eeg%t &rsin%aé’ aﬁ%’ncd’fﬁg%ﬁ'ag?gescorrponent s
havi ng a bouth agsepimtdnt, nidilhinbladiapnizie, edatiam, ayCdbhrdragaiidsaTheamaypel | as
one or nore_ | ower.di anondoi d conponents. and in such f eedst ocks,

cycl ohexamdfiPA9B% %?mgl@lﬂ?sfcee R Syfﬁﬂeeﬁvg%a!d the ﬁg‘?-oﬁ'ﬁ ly, a

sufficient fasmiddks @hy bOQBEqEQNEHTLRABE SubjcetddRHVNRFhs kR BpdcRfonk apslet ock under
conditions to provide a treated feedstock from which cycl ohexamant ane can

be 1% ecovertbichagtargticesd themmiginabiepdsiack ¢nd ghsrai rataia propeitiseolipaidritpatedwe r
di anmondoi ds.2Rdii N many cases some noncycl ohexamant ane hi gher di anondoi ds
and/ or hydrocar bonaceous : -

[00048] The term “remove” or “removing” refers to processes for removai of
nondiamondoid components and/or lower diamondoid components from the

20 feedstock. Such processes include, by way of example only, size separation
techniques, distillation, evaporation either under normal or reduced pressure, well
head separators, sorption, chromatography, chemical extraction, crystallization and
the like. For example, Chen, et al.® disclose distillation processes for removing
adamantane, substituted adamantane, diamantane, substituted diamantane, and

25 triamantane from a hydrocarbonaceous feedstock. Size separation techniques include
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,”

9



nondi anondoi d material include, by way of exanple only, size separation
t echni ques such as nenbranes, nol ecul ar sieves, etc., evaporation and
thermal separators either 11 18 July 2005 WO 02/057203 PCT/18d8%y 808
under normal or reduced pressures, extractors, electrostatic separators,

crystalli el chr omat ogr aphy, well head separators, Jd ke, A
pr ef erre&ggtg%@?%ﬁsi on nethod typically includes distill é)?i[}gﬁhg@bééhe

feedstock to renove nondi anondoi d conponents as well as | ower dianondoid
conponent s, dianithtion terageyatrasas raported & amopgphetiobaiabatt ane hi gher di anondoi ds
having a boiling point |less than that of cyclohexamantane. Preferably, the
feedstock is distilled to provide cuts above and bel ow about 335C,

at nospher i c[paasi]VvalmapieraCitlcing ppstesing Pyl iderabl sitheadimvephand bel ow

about 345C at nospheri c equi val ent b&iel I n%ggf%%t ang more preferably, above
and bel ow aBs8utedPreeirs OREIS N RIESSEG RETHE PISFO LHRTREZ 3 ROTEPE Rer .
‘instance, the 40l 0Wehp&idh@ in WBirstd6ie enriched in |ower diamondoids and

~|-ow boi |i-ng-poi nt hi gher di-anmondoi d and nondi anondoi d material s, are
di scarded or used to recover other higher dianondoids contained therein. -

Distillati opal) PGnoRehahGHidR bR ABORELIA feedshioh fefrd 3 t eMper ature

range of in to provi e initi Isolation of the identified.

hi gher di ameomgainents Shehe deetistpchvhatcine notdiamnidolddd chanadiérgthercimthan®idoi ds or

t he 15 di anppdoi d, of,.i nt er.es are,retained and may require further
purificati orfldrpgdol éﬁﬁ/‘geﬁi}e%q’er%’?‘cl ohexamant ane, the preferred distillation
cutggare taken at atnospheric equivalent boiling point tenperatures of
from about 330 to 550C, preferably fr om about .390 1o 370@ Addi ti onal

t enper at ur el40853nehbafam Wméﬁogfﬁl?f‘?'oﬁceﬁﬁﬂﬁéyoﬁﬁwtfléﬁ of yiel kpeyn

concentrati ggoﬂgtogﬁégmg REXAIBRLANEding o) Shay BE cRAASe b, diland &ngyvity of 20

contam nants and further purification of an enriched cycl ohexamant ane
fraction cashromeiditaplinéeithsr norredl og eeverse Phase). Gaf Aoy ASEPEY, MiBRg exanpl es:

si ze separaé%ﬁ)%n&&%ﬁ%ﬂ%ﬁ%{{l%ﬁé?@ﬁ%éﬁdtBQliE..ther under normal or reduced

pressure, s I'mati on, 1on, chromatography, well head ,
seppgators, flash distillation, fixed and fluid bed reactors, reduced

oreseur e Sy ik Bim 2ROk RSB PR TR 5P, v

an ef f ecti vgpimly Rl kD618 MY €0 carbon atoms, more preferably 1 to 6 atoms, as well as _
cyf:lic alkyl groups typically having from 3 to 20 carbon atoms and preferably from 3
to 6 carbon atoms. This term also includes the intramolecular alkyl ring closures

20 between two attachment sites on a higher diamondoid component. The term ‘:aikyl”

is-exemplified by groups such as methyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-
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

10




hydr ocar bonaceous, nondi anondoi d conponents fromthe feedstock. It is
effected by heating the feedstock under vacuum conditions or in an inert
atnosphere, at a 30 tenmperature of at |east about 390C or 4d8Je#485f er abl y
about 410C to about 475C, nost preferably about 410C to about 450C for |
fromb5 tQ@fhdiess. The specific conditions enpl oyed é@%? d such

t hat recoverable anmounts of 12 18 July 2005 WO 02/ 057%%’ % 2/ 00508
cycl ohexamantane are retained in the feedstock. The selection of such

condi ti ons dizmongdsid comipbsitionstaiveses forthlin 6% S.tPiyevigeral PRewfAmpliBitipgn Nsyrol ysis i's
continued f ff1.clent i fo Ll t suf finel ently high
enough te rrp@g%if’?ug?‘g ﬁ[[eg & %léafyn%agﬁ ?gblgg]ggal)cﬁéwgtgnﬁ P%g@ﬁpi%%ﬁonf\gd. percent by

wei ght of tdte300oadifdwidinakol Id 20@lo fja® Pestisiondl Phte Appéidationivt. 60/387.0pF i or to

Y et ani y OF FuBaf BHP S bR T AP R i BondBRs Care
thersral Iy Neghddesl 200000GRE “Eysm?bszﬁdrs,cmrisag@yproﬁéﬁmaadnemmi ment, is
|

not--al-ways-necessary to 10 fac

itate the recovery,_ isolation or -
puri fi cat i diowEses el rEikalauemn AfemepPreket R@e %?33?176% TRASHBRRUICARAPS a) | ow f or
the concentgahdGR iRhrdoYAddaXRARRE ANReil thikgty. sufficiently high in certain
feedst ocks that direct purification nethods such as chromatography

~including preparative gas chromat ography and hi gh performance |Iliquid

chr omat og" 4les) TSRl BAlald AGERB)s BUONETR A, Y De Used to

15 isolate 'c hexamant ane: en arter distillation or
pyridl ysi s/ desisiock atselocted fuch ithee theferdstbilc agmmisenfecoveyableodmeovatsenit ane nmay be

desired t i de th it fothis i tion. .On |
pur i 11 cat i GHCPRRARPHERS TSHERO NS ER A JFrdeises STt JEe P LRI her rmat 20

di f fusi on tpeebimidhy escychbaantafahdi 1o ¢ undee@be,ssomesd, ant fetiaddkz having, Size
separation and the l|ike. For instance,, i.n one process, the recovered

f eedst ock itggh%m‘@&qt@HOQsd’flcﬁ‘"éOheF‘B‘F‘PHWerfﬁc‘gmﬁfF‘?"é’Fl‘é’t procedures: 1) gravity
col um- chr omat ogr aphy using silver nitrate inpregnated silica gel; 2)

t wo-col um preparative capillary gas chromatography to isolate

cyclSohex arrdEQQﬁ%b . Ryeferrpd feedpaoky E!Cg-\,de,cfﬁé@@mﬁm natung] gascpndpppatesagdhi gh

per T or MancGofid i LkafiOh AR BOh BRI atbnCoMALIR ilahBhARES. WiRtQUIAlS crystals
of highly concentrated cycFohexamant ane.

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



[ 00062] An alternative process is to use |liquid chronatography including
hi gh performance |iquid chromatography to isolate cycl ohexanmant ane. As
above, multiple 30 colums with different selectivity can W8 Jue2D05-urt her
processi ng using these nethods allow for nore refined separations which can
| ead to swyhgbasbdsal |y pure cycl ohexamantane. 13 18 July, &g@ ol 02/ 057203
PCT/ US02/ 00508 Conposi tions [000631 Accordingly, in one e d]nent of the
present invention, the conposition conprises at |east about 5 rcent by
wei ght cycl Brsk Borm# ‘afrfédlﬁ‘éé@EFS%‘rﬁne’%nﬁ‘éto‘tso?i%tms‘@tlﬂ?\équmo%fc‘)tsF?é‘Zé osi tion.
[00064) In éﬁ}gltﬂ%E,T @gﬁ%ﬁ'ﬁ%ﬁl} sepiriOrS MRS Iikd. OR pRRIRI S atohGh@RRxamant ane
rangi ng from abou rcent by weight, preferably about 70 to 100
per cent bytméia@hmcludW@Smhablem%tb\t feedtkiio gonave nogbapendsehtonppngids ght , and
even nore 1 rabl y ab r t wej ght based upon the
total wei gh? ‘9 IF{S%WHC%%%@ anmpgﬁﬁ?g%gqﬁﬁr&% #ﬁsom%nbodl ment, the -
conpdsi tion nmmdnmﬁanﬁmmm ta flox Hiafond gids1O0ing paodagtpolnt lese itgh that ui) re

~preferably fr about 90 t b even r ef er abl
1? rom abou%/ i Xai‘i‘)"’é“"ﬁ&Eﬁ%fr%tg%t&%ﬁ@‘ﬁ?‘*éﬁh%&mb’iﬂ&d&cﬁﬁl °‘fer38 gbout 99" -

to 100 per cgfbw RAMoures et adfoshkific Squltdisht S¥Tihe PENETRAL BREANTRESRMd [ 00066]
When such conpositions are sufficiently enrfched in cycl ohexamantane, the

conposi t i onbgiewy abant ﬁﬁl-‘é’Ccaﬂylstrdilbmq wpivatentiedtiingpoingod reirnprieferabdn abdver

enbodi nment esent ventlo ire d to rd a copposition
conpr | 51 ng EYABHERREAIER Sy B SR EH T RO LI 5 EsBRGORE L  The
conmpesi t i ongpwef cdt§1@hEUh%$@&{nchéWﬁ%W&@1ﬁ%ﬁH6M§@nd?héﬁvl soieeRihaghe:  These
conpositions are useful in mcro- and nol ecul ar-el ectroni cs and

nanot echnol $ggrorgel] ndaondingrondaid materiple, Arediscarded or uggddp egeovartathengt h, o
stability, Highd rﬁsa}ho%mdmdﬂ&ﬁéa&eémlhomnm dHbko Pérstea&& ﬁ:‘&@ﬁ@@émﬁﬂt es shoun

by cycl ohexarant ane makes possible accurate constructio r obust
dur abl e, preds witrtenpeatesrangd ¢f infarcsrie prvidg Chalinifahsplhen Oﬂthesi@ntstbém al

structural ghart ALRhhsh! The 28Y WHiSSSe SARAHRTSeAPRlanoh AR o 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 from 5t0 30 hours The

N

specific conditlons employed are selected such that recoverablc amounts of

12



acyclic nol ecul es, fromcondensed ring systens and even from bridged ring
counterparts. The great stability, nanoneter size, variable yet rigid

3-di nensional geonetries, well defined distances for placest8ofulp®80shnent
and nonpl anar 14 18 July 2005 WD 02/057203 PCT/ US02/ 00508 bri dgeheads | ead

to their waioghe,fseatures. Such features make conpositions. cOMRLIsSI NY
cycl ohexamant ane useful in nanotechnogy applications. In recent years

there has been a rapidly rising interest in synthesizing | arge assenblies
of organic ¢Yfshesmantane peretingthin the feaittecks d'hg seloaionnf sedfoppdiBipnsgs st r uct ur es
inefforts tg tf UGE c j : L oSipéff: di mensions.
Due to rigidi t&ﬁgﬁéﬁé;%%%?gﬁpgge%ﬁ%hb?%@ 0 )%(I:S%F%ﬁ@gg?n%ﬁtagné rT‘:t is expected
t hat nol ecupardadgregad es: saffetientp haatuehanghambetafg tbltbaksllbdegpaticdpon such
conpositi ong uction synt hes

wi || abl e the cons n jS.of a
unpr ecedent &8 tﬁi?"r“éﬁ%?m%l‘éi’if rwglﬁ%gogr%é? er'l éﬂoﬁ%ﬂféf cnrﬁ'flo?eflhé’ f %ﬁg%ﬁrai cations in
mol egul ar ehertiilgiio toaflGolgH$ b fetavliycie ast 30 peatirbyzedgipakienar y 10 such
—as-nolecul-ar robgt}miogs al dg el f -reggj: [ ca!tyed- ?r;nu?lect ur'yn S tee ;- or sinply
as novel nEPEArEFEbyaf fre Sl epmrnion i g pf g BoTdimondol G REEIY and ¢ her mu

properties §dradegoatings, filmlayering, and other applications taking
advant age of the dianond-like properties of these conpositions. 15 1000681
I n addition, cyclohexamantane contai ni ng conpositions can.also be used in

2 11 gh qual o) OB RO Hy ) EAGNALRL & SoPyRbpihc L sgiosi ty | ndex. and

a very |ow pour po en 'so enpl oy these flu onprise a fluid of
| ubd® cat i ngfachhiatectbs recgveandsdlatiomoabetficabor of qyclbBenagiaghne.pOhernt

cycl ohexamal ang,, 4808k 2'd,] tlhta]:;clilnrctert)tﬁarti’oH%Pgﬁc?offex%gnqen)é%%gt ane
cont ai ni ng conposi tIons cdn be "used as high density tuel's Tn the manner
descri bed byuffidienny,hight in@kbrtdn feedwtankp tiaadiedt paifeatiobyethodd exlerce. [ 000701 The .

foll ow ng exanples are aoffered to.illustrate this invention and are not 25
to be const f?ﬁalﬁwn&)é@}“%@mmfﬁ‘i“f%%C‘Fﬁ’é‘a@gﬁﬁ@ ?)qcplflﬁﬂ_ger?w&% % on. Unl ess
ot herwi se mjuad @fomabgra @gg@gtaniuﬁm, Aot ShiRRTation Infiy s usédo 18 July 2005

WO 02/ 057203 PCT/ US02/ 0
15 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

13



[ 00071] As used herein and in the Figures, the foll ow ng abbrevi ati ons have
the follow ng neanings. Any abbreviation not defined below has its

general |y accepted neaning. 5 APl Anerican Petrol eum | nsti tlétJuly 2008 EQV =
at nospheric equivalent FOR Traps = end of run traps FID = flanme ionization

det ect or grans GC = gas chromat ography GC/ M5 <
chr onmat odyég’ﬁgﬂ"%ss spectroscopy HPLC = high performangg’?/IUiS Thi

chromat ography HYD RDG = hydroneter reading 15 MN = minute M =
mllilitersCobitonect adecyl silane pA = pico anps ppb = parts per billion
20 R = refractive index SFC = super critical fluid chromatography SIMD'S
= simulated distillation ST = start TIC = total ion current 25 VLT = vapor

l'i ne terrpergwsv% ¥Gbor —m\bﬂk BRMBodificaEdTithd/freRETinvention ght cpepessivn 30 16
18 July 200 02/ 057265 PCT/ US02/ 00508 EXAMPLES EXAMPLE 1. | sol ation of

Cycl ohex arrafmamises at least about 5 percent by weight cyciohexamantane sed upon

5 weightofthe composition.

[00064] In another embodiment, the composition comprises cyclohexamantane
ranging from about 50 to 100 percent by weight, preferably about 70 to 100 percent
by weight, more preferably about 90 to 100 percent by weight, and even more

10 preferably about 95 to 100 percent by weight based upbn 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



5 [000721 The purpose of this exanple is to denonstrate procedures for the
enrichnent and isolation of cycl ohexamant ane. These procedures enpl oyed

"Feedstock B and a pyrolysis step, however this procedure codBduhe2005

facilitated using other materials and wi thout the pyrolysis step. After :
removal Qfq ) boi ling point conponents (including s‘qhnﬁ Mk di anondoi d
conponent s? r‘or‘#the feedstock by 10 distillation, cyclo egéé}naﬁt%ne was
recovered by chromatography and crystallization. Distillation preferably
can be operbiidedhaads loactpitiir wheus feateres utush fegyes ParPPRgSBeh | ower and

hi gher boi | i a0, 0000t 4 BAL A ANbY, SRIDRRENT S ichidia desired
boi l'i ng poi(!r?!t;]rg)rngfr%l gyc@%gﬁggﬁga%ﬁsgﬂﬁa?‘i on t?:an %yr%\i/;i de an i rﬁcree?s_ed

concent r at i therefhes bean adgsdly edingielag tin sintticsining gt sapebliosof ergr@ifige. 15 Step
1: [000731 Suitable startin terials .e _obt ai ned. fials

el uded a BisrianEes Biele et Refoslitife Pl GLOEcrORERTOIRRELL T b o
mat e i al i smelepilgtdftcisdf Afomets?Qizd) dinrndora. gas tedpilanaad speorl cont ai ni ng

~petroleum-byproduct s Feedstock B.(a high te rature sinulated distillation-
profile of %%F@tWBECYGP%WP&F 1t§%ﬁ@8‘8?%{‘1%§3? ﬁc‘ﬁaﬁré.ggreg‘;% Wt hough ot her |

condensat esmoRElEHRMAB blodks BRE] HRh Yudhtompositdoiraduaible t¢lcBndtavion been
used, these two materials were chosen due to their high djanondoid

concent r at | ¥ syathesoxiapanrresedemed aF e degrahiromienasthadeayditder ni ned from
GUVS. 25 Bofhy: ] [ ' AR WaHih bet ween
19 and 20 AR CREHE A IR ind BB A A AR e

di std || ed isatipasmolectigmotyftics 801 fetfaetlicaind manglaciumng Hysichisryy speplies t o separ at e
the I ower boilin int, co ent. ndj i j.anmondoi ds)
and for fur® frm%?)rﬁagse‘ﬁfﬂ? ei@%ir)]c éaﬁldéal’eogﬁ%é’%rlr%ﬁcqg %@F@P@Bk@%ﬁﬁ? gdrl;nndoi ds in
vari ous fr a@hiiggastilmliageriiechrdisotiodr apglivatipl eaking divattagdel cfitlee diammctd-dees of two
separate sanpl es of Feedstock B are shown in Table 1, 17 18 July 2005 WO
02/ 057203 PP L BSE0WMROSHRPS-and are contrasted to the simul at ed '
distillation yields. As seen from Table 1, the sinulation data is in
agreenent with the distillation data. TABLE 1: Yie]lds of At rgos heric
Di sti |1 ati d90#G83ct Inpdditipp,giyslohexamantane containing compositions can also be use

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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5 Two Separate Runs of Feedstock B Cut (F) SimD s Feedstock B (Run 2)
Difference Yields (W % Yields (W To 349 8.0 76 0.4 349 to 491 57.0
57.7 -0.7 491 to 643 31.0 30.6 0.4 643 and higher 4.0 4.1 -18JulyZ845 (F)
SimDi s Feedstock B (Run 1) Difference Yields (W % Yields (W To 477
63. 2 59. 477 to 515 4.8 7.3 -2.5 515 to 649 28.5 - { 649 and
hi gher 33%83%&’740%4 [ 00075) Table I shows the yields for ngﬂf#.%g%ﬁ’gﬁ C -
distillation fractions fromtw 10 separate runs of Feedstock B and as a
conpari son {#0874al duslustddebrain endds thoFigares itmfodpeihe abbsyiatipesthaphticAs seen
fromthe taple, .there.is d cqrrel ati I .

hi gh-t enper E’gIBFVéngsT??ﬁfnﬁ‘egnng% r?"ilﬁggp ?‘8?\1&86?1 gg Pﬁggoqagfﬁgg%‘?g %@25%8??(: resi due
of the gas meafigensates, Feedstock A and Feedstock B. Additionally outlined
is the identified |ocation and size of the cycl ohexamant ane-cont ai ni ng
fractions. In terns of 15 atnospheric equival ent boiling points the

cycl ohexamant ane conponents are anticipated to be predom nately within the

395 to 460F. Thesfppnghgmondoi d miiehdridleqidMehe renmoved by subsequent
processes such aggﬁy[rrﬁsysi;s. 20nd @ipA sanpl e of gas condensate,

Feedst ock A was tilledntogld.i4actihP88edie remove | ower di anondoi ds
andl&once'ntrate i anondoi ds of grest as verified by GC (see FIG 7)
wherein residue Eft after_the di gtill; ra%ﬂ, of 38 fractions was recovered,

predom nat el y boLFi in the r &n o ?éo ut E+ (at nospheric
equivalent). T E%grper ature %@0?%?grfl?1 Zlggﬁs%ig%%%gcriggar e at nospheric

equi val ent tenp reé‘, 75 wheIEPRPHENSE Quift cBEoTYAGEr Y o can occur under -
various conditi RRPudihg r BYJeREeT 5PY88ure. Additional |y, Feedstock B -
was!distilled i iM&Nfracti ohs cB¥RYS ni ng: hi gher di anondoi ds gui ded by high
tenperature si m%%tsed di sti 11 afid¥teurve (FIG 8). 18 '

= 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 ion 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 purpose of this example is to demonstrate procedures for the

"~ enrichment and isolation of cyclohexamantane ‘These procedures employed
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

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 B

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: El enental Conposi t1i8chulp2005

Feedst ock B Anal yses on Feedstock B Atnospheric Distillation 650+F Resid

Measur ed
Vanadi um

‘i/(gh 2720 i trogen 0.991 wt% Sul fur 0.863 w % I\y, %ﬂzﬁoaﬁ} m

M 000771 Table 4 illustrates the el enental conposition of

Feedst ock B atnospheric distillation (650 F+) residue including sone of
the identified inpurities. Table 4 displays the weight percent nitrogen,

sul fur,

ni ckel and VABREi4rElpmes@hCompbsition ofiFeedstodeBst ock. These nmterial s

are renoved i n subsequent steps. 5 Step 3: Renpval of nondj anondoi ds usi ng
ppyrolysis 10 |[ O00&ABulysdstoh BeeB&t@pP B AdhéshiguighisiiptiontéeFResidy for the recovery of
cycl ohexamantane from sone starting materials such as feedstock A, is

ei t her

necessary or ngaaS#ryd facilitlates cyc! Xﬂﬂeﬁ(&a_n:anl,a_n_%_r ecovery from
ot her feedstodks, e. g NIEEdst ock B.-|\Vé usedQ§§§%§!

. wivo -
enriching the
variety of tenpera

vajcuat ed reactor to

P

d
oy

D D

grade-a uﬁlion of—t-He—nondrgppndot-d—conponent s whil e
:annndobag&ug the—residue—Such; Ly, reactors| can operate at a
tures—and pressures. FIGS 1I0(A B) ifTustrate this

nmet hod and show a gas chromat ogram of the Feedstock B 650F+ distillation:
fraction 5 before pyrolysis and the resulting pyrolysis product. Prior to

pyrol ysis,
nondi anond

10

5

20

25
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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 nondiamondoid components to

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 '



conponents. Pyrolysis can be used to degrade the nondi anondoi d conponents
to 20 easily renovabl e gas and coke |ike solids. As shown in FIG 10A the
hexamant ane peaks are clearly visible after pyrolysis. [O00BAulA2EPRR(r)
reactor, from PARR | NSTRUVENT COVPANY, Moline, Illinois, was used to
process the distillation fractions obtained fromvacuum %5 gi tillation of
a feedst rERMYFESR this exanpl e, Feedstock B 650F+ disti LAY 9)22003933 18 July
2005 WD 02/057203 PCT/ US02/ 00508 fraction 5 was used as a feedstock for
pyrol ysis. fRytioh$Sis wsebastdfeadsmok rgpladysan Brdysigwanthenfondhited gahpl e by
heati ng the sanpl e under vacuumin a vessel at 450C forﬁtég?cﬁ:g‘lgours. 5 Step

4: [00080] gR®s Af GicsampichidratRgihe SHPNHEHICE VENPTIREY 5 the

distillatiofg®foStep 2 and the pyrolysis of Step 3 (if needed), were
further isolated to a cyclohexamantane fraction in the follow ng way. In
one case the distillation fraction 10 of Feedstock A contai ning :
cycl phexa tteag_e (i.e., the residue left after vacuum distillation

Zﬁ—%— ~a~GC profile identifying this fractionis shown in FI G 6) was
passed through a silica-gel gravity chromatography colum to renobve pol ar-

conmpounds a phaltenes. . The use of a silve it.rat silica
gel provi d@&%ﬁea%? ﬁtﬁﬁ‘éﬁf’dﬂ’a‘&ld&l‘-“ﬁ%ﬁ%{’ Sn%mtcﬁ%({(};olh%‘ﬁls“ 6@%@%@%@1‘1,[ he free
aromati ¢ angked aR@ R pyESITROGESIES3 (iMdeli@l)] werk Surtiet isokegigsary t0 use this
chromat ographic aromatic separation nmethod, it facjli tai es %{ubsequent
steps. [0008/Eloharamaniaeifipeiin ingheiollowips way p I eRfasoihe gisgtdiop gl s+ act i on

of [gedstocks BeifK A chftaiRfs $ookdrhRtittihedi 81 He¢akidiR!lcfEM vhdhughr omat ogr aphy
colum to renove polar 20 cofrpounds and asphal t enes. The use of a silver

nitrate i npdistijition drasiidn ¥aaGsl ppfilsvdantifyieg GifEction HHpusintESo At Wi ng
fractions by r ving the fre | lto CHRRR 's. In either

i nst ance, 't%aésegi °|“1g‘|93?‘&%‘?@&%‘@‘%@?’%&5@&?8?‘3}5“?@0grodu@ft%g‘} coul d be
purified usésmgpoubdsagitaephajienesr Thouswlis sdre nitratsioipatdroted slioggelures. 25 Step
5: [00082] HPL s used to ovide sufficient enric n f .

cycl ohexanaffP¥ %S\A@Sa“e‘é 'IW‘?‘@‘&'C?'F%’“’EE;[@?%"IS?’% arronee @gﬁ%ﬁ%@n e s £ or
usej@re vel holl@wpohsnts. "WhRe R Kd Adt @ekessary 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 coluan 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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in the art. In sone cases, reverse-phase HPLC with acetone as nobil e phase
can be 30 used to effect this purification. A preparative ODS HPLC run of

- Feedstock B distillate cut 6 pyrolysis product saturated hyl@riutya2005n
fraction was perforned and the HPLC chronmat ogram-yecorded using a

di fferenty Lfractometer: elution fractions 24 18 Ju <

02/ 05720?@%‘%‘5‘@% / 00508 for cycl ohexamant ane are shomlj?ﬁag@é&%\? The "x"
mar ks the fraction (#23) which contains the highest concentration of

cycl ohexarraf@traﬁéohefiﬂﬁmaﬂz alprboMPIIC IEb 1 inthBe (S enatligthe fragiiprg@éh whidomm | .

VWHATMAN 5 amsetﬁé/ﬁn ﬁcs gm er&‘%éiofccﬁ)ﬁ% B@ggt ed in series (Watnan

col umms ar e*"Wanu fured A 500 mcroliter sanple of
a solution of the cut 6 pyroI ysi s product saturated hydrocarbon fraction

54 was, i nj.ect i the col.umm ol u in
Sootone a WOBKTC) The HPLE s ik RS v WEars PR bREATRIANG 2550 56
reached theod@é&eb}l)éll&ﬁ(@l)s%?olﬁnﬁé oﬁb&ﬁﬁﬁﬁ&éﬂesf(Whaﬂ:ﬂa:mbﬁjrﬂ&emcarmnt ane to

~crystaltize. FIG 13A B illustrates phatomcrograph Eepre§ nt ative - :
cycl ohexamﬁ?‘aﬁ%ﬂr@f@?@!é{‘f@t mAndgs- At e 2PP BHsTeIE Pk ?fraa“i? YUgRetthen3. 26, The
ot her cycl ofg¥% ANFoGRIDARSR r&a}wn%afcﬁ@&m%g)wlnqea&i men8E at ed

using further c romato raphic tec ques including preparative gas

chr onat ogr agtiymns rThﬁﬁﬁlsmpﬁ efﬁ@rsawg/usm&ﬁcpioeﬁ a3 WIE%UFIUW 'I}Q‘i"i?g?héﬁl ums of -
different SEES! WAL ETod At ke RFRY ERIHIARY figr techniques
known in thé crys rZation art cou t|1|ze |nc udi ng but not

liniaded to cfyrchxhe:tanmtans tehiry stelbizeo FIGpt Yy BeBesrass ph@mmcmwlﬂm pAtion or zone
refining. Ste 0841 After. obtai nln sul-t abl e si ze,
cycl ohexana‘i‘?{’%ﬁeé‘ta@é'ﬁF&cj"glfx%rgﬂ'fa“efgrs gﬁ‘?’ﬁ%‘? %’é%ﬁnﬁf’ g{slﬁgﬁlu& ng X-ray
di ffracti ong3EAMRebikd: cfceteRdniane bopeienlian aitfiiaios cod bblsépagiteino HPLC
Colums with D fferent Selectivities 1000851 As shown i Exaqr&llﬁl 1,

cycl ohexametingfarthes shypmategiphicderhpiques ’Qﬂ“ﬂ\?glpf?ﬂaﬂg?ﬁfﬁ%r@t #¥ds. In

this exanpl & méBhferGbiy Mdbnfal APLEhRNingRbRrds b HifRfenVBdl & tivity as
15 outlined below. Additionally other techniques known in the crystallization art could
be utilized including but not limited to- fractional sublimation, progressive

recrystallization or zone refining.

Step 6:
20 _
[00084] After obtaining crystals of suitable size, cyclohexamantane could be sent

for structural determination using X-ray diffraction.

EXAMPLE 2: Isolation of Cyclohexamantane

25
Using Two HPLC Columns with Different Selectivities

[00085] Asshownin Examplcrl , 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 octédecyl silane (ODS) HPLC colutnn with-
acetone as a mobile phase. This first HPLC system consisted of two Whatman M20
25




30 used in succession to isolate cycl ohexamantane. FIG 12 shows results of
a preparative separation of cycl ohexamantane fromdistillation cut

6- pyrol ysis product saturated hydrocarbon fracti on using angahiypdeas |
silane (ODS) HPLC colum with, acetone as a nobile phase. This first HPLC
systemtc i of two Whatman M20 25 18 July 2005 WO

PCT/ USOZ%@@%&?%QP 10/ 50 ODS col ums operated in seri espgﬁlslg%‘%g%etone as
nobi | e phase at 5.00 nL/mn. The detector used was a differential,

ref r act omet @0/50 PSR diithss dgPta@drin serics nsing pestenc ag aRbGIEse &, 5-ADN /Mgy e

conbi ned ang, taken for furth rificati udRLGisystem This
conbi ned f r&@? 3%%0‘%%%{’%?"?\%‘&"@{7{:@?@ léﬁg%qgorﬁeg%é%(ggflﬁgggg% Furt her

purificati op2pbe ¢RI NEPWEPSohIBInE] bidtakdndnsiwBa-fR6 fivetmn cactcewdd using a
HYPERCARB st ati onary phase HPLC col umm whi s adifferent selectivity

h
in the sepafBLiCowsEh S GRS 'é?fbcof‘ﬁéﬂ‘arﬁtcﬁgo EMAYfiim di scussed above.

FI G 514 shows a preparative Hypercarb HPLC run indicating elution tinme of

10 cycl-ohexamant-ane. [ 000871 Usi ng this nmethod, -a 50 mcrqliter sanple of- -
G Aapseps s -

appr oxi mat ell§0086ky Fakthamsrifippion of sembnedOPS I f et one was
injected intg.t ; i 3L EPPC o612 0w HRh hePedigbed: usi ng
acet one at §866VQ§19|/§%18§ Eg?ﬁ;{o(gi e pngrsl%QES‘ (@80 psi), and using._a

di f f er ent i akele@ivitgdt testmratide pécyarhexamintanc GRS tpPPS colym digysFlact i on

#2520 s, BELIO PR SPALCH Lot hab et Sid e AFTRCARS, bRk yiyst em sor

of the cycl 8 n-spontaneous ;?lp ecipitated as a
finggwhite p abhtede. woul d di ssolve only slightly in cycl ohexane
sol vent . anal ysis showed this precipitate to be cycl ohexamant ane.

Phot om crographs of the 20 fine crystalline particles in the precipitate

are shown ifodos®  k3sind BRIGGHod N BEMiab e Bliplé sfppioaittatigrang ak@NST esul ti ng
in the isolation and subsequent crystallization.of c(yhfl ohe arrgnt ane (FI G

15A, B) . PhotBthGecmjringsoction #33:3 isispieng Taseingeripd inge thediypetraragie nt ane
obtained by by 5.@1?&596’;;@5,%8%%%5111 28301483 0b &k /Biin A h6vilegibadl i ng

crystal s of 'sui e Size, ohexdmant ane coul d be sent for structural
det asni nat i ¢@486 piy axd nsiye alilffferentinl rofract@geter detector. While ODS HPLC |

combined fraction #23-26 was being prepared for injection in the HPERCARB HPLC
system, some of the cyclohexamantane in the fraction spontaneously precipitated as a
fine white powder which would dissolve only slightly in cyclohexane solvent. GCMS
analysis showed this precipitate to be cyclohexamantane. Photomicrographs of the

20 ~ fine crystaﬂine particles in the prec:ipitate are shown in FIG. 13.

[00088] Hypercarb HPLC fractions were taken resuiting in the isolation and
subsequent crystallization of cyciohexaxhantane (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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18 July 2005 WO 02/057203 PCTI US02/ 00508 WHAT IS CLAIMED IS: 1. A
conposition conprising at |east about ‘5 percent by weight cycl ohexamant ane
based upon the total weight of the conposition. 2. The conpotsi Julp20e8 clai m
1, wherein the cycl ohexanmant ane conprises about 5 50 to 100 percent by

wei ght basg n the total weight of the conposition. osition
of claim1l, vﬁerel n the cycl ohexanmant ane conpri ses abou?CT/;%bng 0 percent
by wei ght based upon the total weight of the conposition. 10 4. - The
conposi t i oYYHAT &% ELAIMERMASY ei n t he cycl ohexanant ane conpri ses about 95 to
100 percent by weight based upon the total weight of the conpositi on. 5.
The conposition of claim4, wherein the conposition conprises

cycl ohexanant aneA compasptiinadopriging ofrlaast dwupY percent by wetght

cyclohexamantane based upon the total weight of the composition.

2. The cc.).mp.osition.of claim i, wherein the cyclohexamahtaﬁé 'compr'iées'a'bb'ut
5 50 to 100 percent by weight based upon the total weight of the composition.
3. The composition of claim 1, wherein the cyclohexamantane comprises about

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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